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B O O K S  


REVIEWS 


Legal Medicine Annual. Edited by CYRIL H. WECHT, M.D., J.D. Ap- 
pleton-Century-Crofts, 440 Park Ave., New York, NY 10016, 
1969. 442 pp. 16.7 X 24.4 cm. Price $14.00. 
This book contains 22 monographs by 26 authors covering 


various aspects of forensic medicine. The largest part of the book is 
devoted to a discussion of professional liability and forensic toxicol- 
ogy. The remainder of the book is rounded out with a discussion of 
criminal responsibility, organ transplantation, and abortion laws. 


Two chapters that deserve special mention are: Chapter 8, dealing 
with the preparation for trial in drug liability cases. The author gives 
an excellent discussion of how probing an attorney’s inquiry can be 
into the facts and responsibilities for adverse drug reactions. 


Chapter 5 gives a clear overview of the medicolegal problems of 
hospital liability and the extent to which the courts are forcing 
hospitals to exercise increasing control over medical staff conduct. 
While this chapter focuses on potential liability of the medical 
staff, it is clear that members of the paramedical staff, such as, 
clinical pharmacists and nurses can face the same types of potential 
liability. 


A b3ok of this nature would not be of interest to the pharmaceu- 
tical scientist or pharmacy practitioner unless he has a strong in- 
terest in medicolegal problems. 


Reviewed by William C. Roemer 
Academy of Pharmaceutical Sciences 
American Pharmaceutical Association 
Washington, DC 20037 H 


Physician’s Book Compendium. Edited by MAX CELNIK. Physician’s 
Book Compendium, Inc., 25 West 45th St., New York, NY 
10036, 1969. xxvi + 846 pp. 17 X 23.5 cm. Price $29.50. 
While the idea behind the “Physician’s Book Compendium” of 


compiling into one source all books from the medical field and giving 
pertinent bibliographic information is sound and would have useful 
applications, the product of this idea falls considerably short of its 
goal, as stated in the Preface, of being “an indispensable reference 
volume.” 


Probably the first objectionable feature that the user would notice 
is the inserts of business reply cards, provided for ordering books. 
The thickness of these inserts, and their location interspersed 
throughout the text, makes flipping pages difficult. The next an- 
noyance is the numerous pages of advertisements scattered through- 
out the volume; they seem to be out of place in a book of this type. 
The very fact that this book costs nearly thirty dollars and is filled 
with ads, in itself, might be objectionable to some purchasers of this 
book. 


Had both of these aforementioned materials been placed at the 
beginning or end of the book, the usefulness of the book would have 
been somewhat increased, as well as bettering its appearance. 


The paragraph summaries, which are not provided for all books, 
read like the publicity flyers sent out by the publishers. No attempt 
could be discerned to evaluate or critique any book, an omission 
which certainly detracts from the value of the compendium. This 
omission is particularly significant with regard to the older books. 


With just a quick check of the section on “Pharmacology,” it was 
noted that nearly half of the books included were published before 
1964. One cannot help but wonder if these are all significant, classic 
books, or if they were included to fill out the space available. 


The inclusion of books with a popular approach or nature tends 
to diminish any remnant image of a scholarly attempt at compiling 
a technical work. 


The use of the same type face, although admittedly a little larger, 
for both the subheads within sections and the authors’ last 
names adds to the reader’s confusion. 


While there is apparently a need for this type of book and the 
editors have made an initial step, it would be difficult, if not impos- 
sible, to recommend this book for general use. 


StaffReview 


Contraception: The Chemical Control of Fertility. Edited by 
DANIEL LEDNICER. Marcel Dekker, Inc., 95 Madison Ave., New 
York, NY 10016,1969. xiv + 269 pp. 15.5 X 24cm. Price$13.75. 
This is an excellent book for researchers who are entering the 


field of female antifertility. It contains six chapters which deal with 
biology and chemistry of steroidal and nonsteroidal agents. Each 
chapter is authored by men who are well versed in their respective 
fields. 


Chapter One introduces the reader to the reproductive cycle of 
the human female and discusses the interplay between the hypo- 
thalamus, pituitary, and ovary. 


Chapters Two and Four emphasize the biology of steroidal and 
nonsteroidal compounds that are either being used as contraceptive 
agents or have been evaluated in animals. Chapter Two in particular 
discusses in detail the mode of action and the rationale for selecting 
the present steroidal contraceptive agents. Chapter Four, on the 
other hand, primarily emphasizes the biology of nonsteroidal estro- 
gens and antiestrogens. The chemistry is also divided in two chapters. 
Chapter Three covers the synthesis and the biological activity of 
various 19-norsteroids and progesteronelike compounds. Other 
chemical antifertility agents, referred to as nonsteroidals, are dis- 
cussed in Chapter Five. The free use of flow diagrams and isolated 
structures brings to light the various routes and rationale that medic- 
inal chemists have explored over the past decade. 


Finally, the big plus for the book is the chapter on Assays and 
Screens. The author has compiled various methods that have been 
employed by a number of workers in screening for antifertility 
agents. The use of tissue slides enhances the appreciation of a novice 
for these assays. 


All in all, the book is well written and the chapters are well co- 
ordinated. It does have, however, many typographical errors espe- 
cially in Chapter Five. A chapter on “absorption, excretion, and 
metabolism” of existing contraceptive agents, in my opinion would 
have contributed immensely. Also, some mention of male anti- 
fertility would have been in order even though the editors did explain 
its omission in the Preface. The book can certainly be recommended 
for advanced graduate students and researchers in the field of con- 
traception. 


Reviewed by Arvin P. Shroff 
Ortho Research Foundation 
Raritan, NJ 08869 


Isolation and Identification of Drugs (in pharmaceuticals, body fluids 
and post-mortem material). Edited by E. G. C. CLARKE. The Phar- 
maceutical Press, 17 Bloomsbury Square, WC-1, London, England. 
U. S. distributor: Rittenhouse Book Store, 1706 Rittenhouse 
Square, Philadelphia, PA 19103, 1969. xxii + 870 pp. 14.8 X 
22.6 cm. Price $39.00. 
Clarke has drawn into monograph form drug identification 


methods, properties, metabolism, and toxicology. Most of this vast 
amount of information was available previously in assorted compi- 
lations but this book is the first large-scale collation of data of greatest 
interest to toxicologists, biochemists, pharmacists, pathologists, and 
forensic and pharmaceutical chemists. There is a clear need for this 
compilation and one can only regret the rapid obsolescence inherent 
in these active areas of research. All the more for this admirably 
printed and bound volume. The book was produced by the Phar- 
maceutical Society of Great Britain as a companion volume t o  the 
Extra Pharmacopoeia. 


The essence of the work is the Monograph. Most concern com- 
mercial drug substances but some pesticides, herbicides, and hal- 
lucinogens are included. Unfortunately, the editor does not state 
criteria for selection or a cutoff date so one wonders at the absence 
of some recent, noted drugs. As most important compounds are 
listed, there is little loss in scope of coverage when transplanted to 
this country. Each monograph ideally contains statements or para- 
graphs on title, pharmacologic category, synonyms, trade names, 
structure, physical properties, screening tests, extraction, coded 
chromatographic systems, UV and IR absorption, references to 
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quantitative methods, dose, metabolism, and an abstract of the refer- 
enced toxicology literature. 


Following the monographs are individual collations of each iden- 
tity test. Drugs are grouped under the standard chromatographic 
systems. Melting points, UV maxima, and IR bands are listed nu- 
mericallywith thedrugsentered opposite. Celor test data arecompiled 
by observed reaction. Such devices are familiar and welcome to 
those experienced in qualitative organic analysis. Hundreds of IR 
spectra are reproduced, six to a page, and the transparent plastic 
bookmark carries wavelength and wavenumber grids to be super- 
imposed on the spectra. This is attractive, but of questionable value 
in view of the difficulty in obtaining sufficiently pure samples and 
the ready availability of spectra elsewhere. Problems caused by the 
polymorphism of some categories of drugs also are not signaled. 
Appendixes include preparation of many reagents, description of 
color tests, the bibliography, and a good index. 


Ten introductory chapters supply general discussion in support of 
the contents of the monographs. The fmt chapter contains rapid 
screening procedures for drug types known to account for most of 
drug ingestion cases brought to hospitals. Subsequent chapters dis- 
cuss the three monograph chromatographies, spectrophotometric 
techniques, the older color and crystal tests, extraction pro- 
cedures, and drug metabolism. At first notice, Smith’s chapter on 
patterns of drug metabolism may appear unrelated to some readers. 
Further thought reveals the necessity of knowing excretion and 
metabolic aspects of drugs in humans. Little value to haphazard 
searching of the wrong tissues or fluids for evidence of a drug or 
more commonly, overlooking major metabolites while searching 
only for unchanged drug. An observation may be made that the 
monographs and tables are concerned with unchanged drugs and 
the general omission of metabolite identification is a weakness in 
this work. This is partly editorial, but also reflects the limited infor- 
mation in this area. 


The major weakness of the volume lies in the area of sample isola- 
tion. As now offered, the book is largely one of identification 
methods. Common clean-up techniques aren’t presented in a usable 
form. Isolation methods from pharmaceuticals just aren’t treated. It 
is not a text for isolation and purification of samples. 


Clarke’s compilation is a practical fusion of qualitative organic 
analysis and toxicology in monograph form. The reference value of 
this work is unquestionable. This and the several innovations 
strongly recommend the volume to laboratories handling com- 
pounds of biomedical interest. 


Reviewed by Lee T. Grady 
Drug Standards Laboratory 
American Pharmaceutical Associaiion Foundation 
Washington DC 20037 


Marine Pharmacology. By MORRIS H. BASLOW. Williams and 
Wilkins Co., Baltimore, MD 21202, 1969. xiv + 286 pp. 18 X 26 
cm. Price $19.75. 
The text represents the first comprehensive coverage of the 


embryonic field of marine pharmacology. It is the outgrowth of the 
author’s interest in this field developed from a graduate course 
on the subject presented at the University of Hawaii for three 
years. In its comprehensive overview coverage, one finds chapters 
ranging from the antibiotic activity of sea water, through the bio- 
dynamic principles of various phyla of microorganisms, algae, 
sponges, jellyfish, marine worms, molluscs, arthropods, echino- 
derms, and finally culminatingin the various higher vertebrates. 


Since no other basis for classification is yet reasonable, the 
taxonomic one used by the author is very effective. Each chapter 
on a particular phylum is logically arranged and follows a smooth 
progression of subcategories so designed as to  point out bioactive 
data in an easily readable fashion. References are at the end of 
each chapter and are numerous and current. For example, the 
chapter on blue-green algae starts with a brief consideration of 
the characteristics of the group and the history of reviews on the 
subject then proceeds through the known chemistry performed on 
bioactive algal principles, the pharmacology and toxicity of their 
active substances, and a conclusion based on the potential for the 
development of useful drugs or other agents from the phylum. 


The chapters are profusely illustrated with tables containing 
pertinent condensed data from numerous investigators. Many 


chemical structures of known substances are also given as well as 
reproductions of kymograph and physiograph recordings of effects 
of the more important marine principles on various test organisms. 
The final chapter summarizes in table form (10 pages), the pharma- 
cological potential of substances isolated from marine organisms. 
The index is excellent and complete so that one can start with the 
name of an organism, the chemical principle, or type of activity 
and find a summary on these as well as appropriate references in 
the current scientific literature. 


The text is to be highly recommended for use by pharmacologists, 
pharmaceutical chemists, and pharmacognosistsas a prime reference 
on the subject. The main, and perhaps only, undesirable feature 
is the high price for this publication. If the publishers wish to 
make it readily available a t  all levels of interest, the price should be 
reduced considerably. In addition, the first eight pages (two of which 
contain four-color photographs of marine organisms), are printed 
on glossy paper while the remainder of the text is printed on less 
expensive yellowish stock paper. 


Reuiewed by A. H. Der Marderosian 
Philadelphia College of Pharmacy and Science 
Philadelphia, PA 19104 rn 


NEW JOURNALS 


Comparative and General Pharmacology. Edited by G. A. KERKUT 
and G. N. WOODRUFF. Scientechnica Ltd., 823-825 Bath Road, 
Bristol, England BS4 5NU, 1970. i + 128 pp. 18 X 24.5 cm. 
Price: Annual Subscription $40, Single Copies $1 1. (English) 
This quarterly journal will publish original research on all 


aspects of pharmacology with special emphasis on comparative 
pharmacology. Occasional review articles and short communica- 
tions will also be published. The editor, Professor G. A. Kerkut, 
is in the Department of Physiology and Biochemistry, University of 
Southampton. Southampton, England. 


NOTICES 


Pharmaceutical Handbook. Edited by R. G. TODD. The Phar- 
maceutical Press, 17 Bloomsbury Square, W. C. 1 London, En- 
gland, 1970. xv + 702 pp. 12.5 X 19 cm. Price $9.50. 


Chirurgenverzeichnis. By BURKLE DE LA CAMP. Springer-Verlag, 
Heidelberger Platz 3, 1 Berlin 33, Germany, 1970. viii + 1088 
pp. 14.5 X 21 cm. Price $20.90. (German) 


Gas-Liquid Reactions. By P. V. DANCKWERTS. McGraw-Hill Book 
Co., 330 West 42nd St., New York, NY 10036, 1970. xiii + 276 
pp. 15.5 X 23.5 cm. Price $11.50. 


hethods of Biochemical Analysis, Vol. 18. Edited by D. CLICK. 
Wiley, 605 Third Ave., New York, NY 10016,1970. vi + 421 pp. 
15 X 23.5 cm. Price $16.50. 


Ingredient X. The Production of Effective Drugs. By LOUIS C. 
SCHROETER. Pergamon Publishing Co., Maxwell House, Fairview 
Park, Elmsford, NY 10523, 1969. vii + 157 pp. 13.5 X 20.5 cm. 
Price $7.75. 


Mutation as Cellular Process. Edited by G .  E. W. WOLSTENHOLME 
and MAEVE OCONNOR. J. & A. Churchill Ltd., 104 Gloucester 
Place, London, England, 1969. xi + 244 pp. 15.5 X 23.5 cm. 


Homeostatic ReguIators. Edited by G. E. W. WOLSTENHOLME and 
JULIE KNIGHT. J. & A. Churchill Ltd., 104 Gloucester Place, 
London, England, 1969. viii + 327 pp. 15.5 X 23.5 cm. 


Foetal Autonomy. Edited by G. E. W. WOLSTENHOLME and MAEVE 
OICONNOR. J. & A. Churchill Ltd., 104 Gloucester Place, London, 
England, 1969. x + 326 pp. 15.5 X 23.5 cm. 


Microbiologie Industrielle e f  Genie Biochimique. By P. SIMON and R. 
MEUNIER. Masson et Cie, 120 Boulevard Saint-Germain, Paris, 
France, 1970. vi + 567 pp. 16.5 X 25 cm. Price 180 fr. (French) 
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Kinetics and Mechanisms of Action of Drugs on 
Microorganisms XI: Effect of Erythromycin and Its 
Supposed Antagonism with Lincomycin on the Microbial 
Growth of Escherichia coZi 


EDWARD R. GARRETT, SAMUEL M. HEMAN-ACKAH, and GEORGE L. PERRY 


Abstract 0 The steady-state growth of Escherichia coli in broth 
cultures is inhibited by erythromycin with a new steady-state 
growth-rate constant (kapp.), which is linearly related to drug 
concentrations in the range 0-10.0 mcg. mi. -l as k,,,. = ko - kEE, 
where kE is the inhibitory-rate constant for drug concentration E 
of drug-free rate constant ko. The k,,,. at  E > 10.0 mcg. ml.-I 
adheres to a kinetic model, which implies the saturation of a 
limited number of receptor sites in accordance with the equation 
k,,,. = ko - k,E/(1 + k&), where k ,  and kb are constants of propor- 
tionality related to drug concentration partitioned into the biophase 
and its affinity for available receptor sites. The dependence of E. coli 
growth rate on drug concentrations is invariant with the organism 
population or broth concentrations. However, values for k ,  in- 
crease 10-fold as the pH of broth is increased from 6.80 to 7.80 
while ko remains constant. This indicates that the unprotonated 
fraction of the drug concentration contributes to the activity. 
Lincomycin in Phase I-affected growth has the same formal de- 
pendency on concentration as does erythromycin with a potency 
ratio of 6.68: 1, erythromycin base to lincomycin base, on a weight 
basis. The combined effects of erythromycin and lincomycin in 
Phase I of its effect are not antagonistic on the growth rate of E. cofi 
in the subinhibitory range and can be predicted on the basis of 
adding equivalent amounts in accordance with the coincident 
response-dose curves of erythromycin and lincomycin (Phase I). 


Keyphrases Erythromycin effect-Escherichia coli steady-state 
growth Lincomycin growth, Phase I&e.rythromycin effect 
Reversibility-erythromycin antimicrobial activity 0 Microbiologi- 
cal analysis-erythromycin action on E. co/i 0 Kinetics-erythro- 
mycin action on E. coli. 


The mode of action of the macrolide erythromycin is 
generally ascribed to inhibition of protein synthesis 
(1-9). Erythromycin binds exclusively to the 50 S 
subunit of ribosomes from Escherichia coli (1, 4, lo), 
Staphylococcus aureus (1 l), Bacillus subtilis (6, 8 ,  12), 
Bacillus megaterium (2, 13), and Bacillus stearothermo- 
philus (2) in reconstituted cell-free systems to inhibit 
polypeptide synthesis which has been stated to be a 
rapid and reversible process (8). Tanaka et al. (4) 
observed maximum binding of the 50 S ribosomal sub- 
unit of E. coli Q. 13 at very low concentrations of 


erythromycin (-0.6 mcg. ml.-l). Only about one- 
tenth of that amount was found to bind to the ribosomes 
of resistant mutants. 


It has been speculated (8) that erythromycin competes 
with the transport RNA carrying the peptidyl radical 
involved in amino acid polymerization for a common 
binding site on the 50 S subunit of ribosomes. An alter- 
native proposed model (12) for erythromycin’s protein 
inhibition is that it inhibits a “translocase” factor which 
is necessary for the transfer of the peptidyl t-RNA 
elongated by a single aminoacyl residue from a ribo- 
somal acceptor site to a donor site. 


Conflicting views have been expressed about the 
modes of action of those antibiotics (e.g., erythromycin, 
lincomycin, and chloramphenicol), which are supposed 
to have the common 50 S ribosomal binding site (7, 8, 
10,12). In fact, combinations of erythromycin and linco- 
mycin have been claimed to be antagonistic (2, 3, 8, 
10, 12), which would not necessarily follow from an 
assumption of similar modes of action. 


The application of microbial kinetics to the quanti- 
fication and prediction of antimicrobial action has been 
demonstrated (14-22). The effects of subinhibitory 
concentrations of drugs on the growth of bacteria have 
been studied in simple reproducible systems with E. coli 
strain B/r as the test organism to derive kinetic param- 
eters that may characterize antibacterial action and 
drug-receptor interaction and to provide insight into 
the possible mechanisms of drug action. 


This paper presents the results of such studies on the 
action of erythromycin on the growth of E.  coli. It 
considers the formal dependence of the kinetic constants 
of growth inhibition on antibiotic concentration as 
affected by inoculum size, composition and pH of the 
media, and reversibility of the erythromycin concentra- 
tions. In addition, the actions of combinations of 
erythromycin and lincomycin on microbial growth, as 
compared with their a priori expectation, are con- 
sidered. 
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EXPERIMENTAL 


Organism-Replicate slants of E .  coli strain B/r were used in all 
experiments. The slants had been prepared from a single colony 
and were stored in a refrigerator at 4O.l 


Culture Media-Bacto Antibiotic Medium 3a was rehydrated 
according to the specifications of the manufacturer to peptone 
broth USP. The media were filtered twice through Millipore 0.45-r 
HA filters and autoclaved at 120" for 15 min. The pH of the media 
was 7.05 f 0.05, with the exception of those that were used to 
study the antibacterial activity as a function of pH. To obtain 
media with a pH in the range of 6.8-7.8, various amounts of Milli- 
pore-filtered 1.7 N HCl and 2 N NaOH, respectively, were added to 
the culture media aseptically after the sterilization. 


Antibiotic-An assayed sample of erythromycin lactobionate3 
(670 mcg. base eq. mg.-l) was used and will be referred to here as 
erythromycin 1. An assayed sample of lincomycin hydrochloride' 
(895 mcg. base eq. mg.-l) was also used. The references to concen- 
trations of drugs throughout this paper refer to these samples of 
antibiotics. 


Bacterial Cultures-An aliquot ( 5  ml.) of culture medium was 
inoculated from a fresh slant, and the culture was allowed to grow 
for 12 hr. at 37.5" in an incubator. A sample of 0.5 ml. was then 
diluted 100-fold into fresh medium. The growth of the culture was 
followed up to 2 X lo7 E. coli ml.-l. Samples of 0.5 ml. of this 
culture (undiluted or suitably diluted in broth) were finally added 
to replicate volumes of 49.0 ml. broth in loosely capped 125-ml. 
conical flasks. The growth of culture was followed to a desired 
inoculum size, and 0.5 ml. of drug was added. The cultures were 
maintained at 37.5 f 0.1" in a 50-gal. constant-temperature water 
bath equipped with a shaker. All pipets and media used for the 
dilutions of the cultures were prewarmed to protect the organisms 
from temperature shocks. 


Total Count Method-The method has been previously de- 
scribed (16). Samples of 1.00 ml. were withdrawn at 20-min. inter- 
vals from the cultures. They were diluted to obtain counts within a 
range of 10,000-30,000 counts/50 p1. on the Coulter counter, 
model B.6 The diluent used was a Millipore 0.45-fi HA-filtered 
aqueous solution of 0.85% NaCl and 1 %  formaldehyde. The in- 
strument was equipped with a 30-fi orifice. The settings were: 
aperture current, 5 ;  amplification, 8; gain, 10; lower threshold, 13; 
and upper threshold, maximum. The total counts were corrected 
for the background count of the particular batch of medium used 
and diluted in the same way as the sample. The background counts 
in general did not exceed 1000 counts/50 pl. 


Viable Count Method-Samples of 0.50 ml. were withdrawn from 
the cultures and appropriately diluted into sterilized 0.85 % saline 
solution so that 50-150 colonies per plate would result. From these 
dilutions, aliquots of 1.00 ml. were pipeted onto each of three 
replicate agar plates. The plates were incubated for 48 hr. at 37.5", 
and the colonies were counted on a Colony counter, model C-110.6 


Effect of Antibiotic Concentration on Growth Rates-Fresh solu- 
tions of the respective antibiotics were aseptically prepared for each 
experiment. They were sufficiently diluted so that aliquots of 0.5 
ml. added to 49.5 ml. culture volumes yielded the desired drug 
concentrations (Table I). The solutions were added to the cultures 
growing at 37.5" in the logarithmic phase at an organism population 
of 1.3 X 106 E. coli m1.-1. Samples were withdrawn every 20 min. 
and counted by both the viable and total cell count methods. One 
culture without drug was studied in each experiment as the control 
to obtain the growth-rate constant in absence of the drug. The 
growth curves for 0-250 mcg. ml.-l at pH 7.05 were obtained (Fig. 
1). A similar experiment was performed for 0-50 mcg. ml.-l 
erythromycin 1, but counts were obtained by only the total cell 
count method (Fig. 2). 


The strain B!r of E. coli is an "in house" strain originally obtained 
from the Bacteriology Department of the University of Maine (Dr. 
D. B. Pratt) and has been used in both the Departments of Bacterio1,ogy 
and Pharmaceutics of this university for the last 10 years. In previous 
publications on "Kinetics and Mechanisms of Action of Drugs on Micro- 
organisms I-X' (14-22), the authors have referred to this E. coli 
as strain B/r. A sample of this strain is being sent to the AmericanType 
Culture Collection for appropriate "official" numbering. 


Supplied by Abbott Laboratories, North Chicago, Ill. 
Supplied by The Upjohn Co., Kalamazoo, Mich. 
Coulter Electronics Co., Hialeah, Fla. 


6 New Brunswick Scientific Co., New Brunswick, N. 3. 


* Difco Laboratories, Detroit, Mich. 


Table I-Growth-Rate Constants (kapp. in sec. -l) and Calculated 
Parameters for Erythromycin-Affected and Lincomycin-Affected 
E .  coli in Broth at 31.5" and pH 7.05 


~ ~~ 


10' kspp. 
Linco- 


Lincomycin mycin 
Drug Concentrations, Erythro- HCl, HCl, 


mcg. ml.-l x na mycin 1 Phase I Phase I1 


0 
2.5 
5.0 
7.5 


1o:o 
20.0 
30.0 


60.1 60.1 60.1 
56.9 56.9 
54.6 53.6 
50.6 50.0 41.7 


- 
- 


.. . 


45.6 47.5 35.1 
36.9 34.8 26.2 
25.5 24.8 14.5 


40.0 18.0 18.6 8 . 4  
50.0 13.4 14.3 5 .7  


106 kE (ml. mcg.-l sec.-l)b 
lo6 k, (ml. mcg.-l sec.-l>. 1.64 0.35 0.63 
lo6 k,/kb (SeC.-') 117.65 117.65 66.7 
lo2 kb (ml. mcg.-l) 1.39 0.28 0.93 


- 1.50 0.27 


0 n = 1 for erythromycin; n = 0.2 for lincomycin, i.e., actual concen- 
tration of lincomycin is five times that stated. 6 Calculated from the 
slope of the plot of kepp. uersus concentration from 0 to 10 mcg. mL-l 
erythromycin 1 or 0 to 100mcg. mI.-llincomycinHCI. c k,, kb, and ka/kb 
are estimated from the slopes and intercepts of D/(ko - kapp.) versus 
D, where D is concentration of drug and ko is knpp. at D = 0 for the 
expression 0 / ( k 0  ; kap ) = D(kb/ka) + l / k ,  for erythromycin 1 > 
10mcg. ml.-~andImcom~cinHClin thesteady-statephase1 > 100 mcg. 
ml. and for all studied lincomycin concentrations in the second steady- 
state Phase I1 that occurs after several generations of lincomycin- 
affected growth (22). 


Effect of Broth Concentration on Drug-Affected Growth Rates- 
Various strengths of peptone broth USP, buffered at pH 7, were 
prepared so that the concentrations of broth ingredients were 


I 


108 - 


,i' 


106 
0 100 200 300 


MINUTES 


Figure 1-Semilogarithmic plot of E. coli/ml. against time afrer 
broth inoculation in the presence of erythromycin I .  Each curve is 
labeled in terms of micrograms per milliliter of erythromycin 1. 
The open symbols are total counts obtained by the Coulter counter. 
The solid symbols are viable counts obtained by colony counts. 
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Figure 2-Typical semilogarithmic plots of E. coli growth by total 
counts (Coulter) in the presence of the labeled concentrations of ery- 
thromycin I in micrograms per milliliter at 37.5" andpH 7.05. 


normal, halved, and doubled. Six replicate 49.5-m1. volumes of 
each kind were inoculated with 0.5 ml. culture containing 2 X 
lo7 E. coli ml.-I in the logarithmic growth. They were maintained 
at  37.5"; when the cell concentration reached lo6 ml.-l, 0.5 ml. of 
drug solutions was added to achieve erythromycin 1 concentrations 
ranging from 5-80 mcg. ml.-l (Table 11). The sixth replicate con- 
tained no drug. Coulter counts were obtained from samples with- 
drawn every 20 min. 


Effect of Organism Population on Drug-Affected Growth Rates- 
Each flask of three sets of six replicate 49.5-1111. volumes of culture 
medium was inoculated with 0.5 ml. of appropriately diluted cul- 
ture growing in the logarithmic phase. The three sets were allowed 
to grow at 37.5" to cell concentrations of 1.6 X lo4, 1.3 X lo6, 
and 1.1 X lofi E. coli ml.-l, respectively. Aliquots (0.5 ml.) of drug 
solutions were added to achieve erythromycin 1 concentrations from 
2.5-12.5 mcg. mL-l (Table 111). One culture in each set contained 
no drug. Coulter counts were obtained from samples withdrawn 
every 20 min. 


Reversibility of Drug Action-A 49.5-ml. volume of broth was 
inoculated at zero time with E. coli to a cell concentration of 2 X 
10K mL-l (Figs. 3 and 4). The culture was allowed to grow at 37.5" 


Table II-Growth-Rate Constants (khpp.) for Erythromycin- 
Affected E .  coli in Various Brotha Concentrations at pH 
7.05 and 37.5" 


Erythromycin 1 I lo6 k,,,., set.? 
Concentration, Peptone Doubled One-Half 


mcg./ml.-1 (USP) Broth5 Nutrients Nutrients 


0 61.1 57.2 58.6 
5 54.3 52.3 52.4 


10 45.7 45.8 45.4 
20 37.5 38.9 34.0 
40 22.7 24.8 26.4 
80 5.9 7.5 5.4 


-The normal composition in grams per liter of broth was: beef 
extract, 1.5; yeast extract, 1.5; peptone, 5.0; and dextrose, 1.0. The 
KaHPOa of 3.68 g./l. and KHzPOI of 1.32 g./l. were maintained for all 
three broths. However the NaCl was 3.5 gJ1. for the normal, 0.37 for 
the doubled. and 4.40 for the halved nutrients prepared from Bacto 
Antibiotic Medium 3 (Difco Laboratories, Detroit, Mich.). 


Table 111-Growth-Rate Constants (kapp.) for Erythromycin- 
Affected E. coli of Various Organism Populations at the Time of 
Drug Addition 


Erythomycin 1 105 /c:~,,. set.-' 
Concentration, --E. coli/ml. at Time of Drug Addition-- 


mcg. ml.-1 9.0 X lo3 1.0 x 106 1.10 x 106 


0 
2 .5  
5.0 


61.5 
59.5 
51.8 


61.0 59.5 
55.8 56.0 
52.1 49.9 


7.5 46.2 45.4 46.8 
10.0 42.0 41.2 41.6 
12.5 34.6 35.0 37.9 


(Curves A). At 50 min., when the growth was in the logarithmic 
phase and the cell concentration was lo6 E. coli ml.-I, 0.5 ml. of a 
sufficiently diluted erythromycin 1 solution was added to achieve a 
final concentration of 50 mcg. ml.-I (Curves B). At 125 rnin., after 
the culture of Curve B had settled into a new steady-phase 
growth, aliquots of 5 and 0.5 ml. were added to 45 and 49.5 ml. 
fresh broths, respectively, so that both organisms and drug con- 
centrations were diluted 10-fold (Curve C, Fig. 3) and 100-fold 
(Curve C, Fig. 4). The drug-free culture of Curve A was likewise 
diluted 10-fold (Curve D, Fig. 3) and 100-fold (Curve D, Fig. 4). 
At the same time, aliquots of the cultures of Curve B (Figs. 3 and 
4) were diluted 10-fold (Curve E, Fig. 3) and 100-fold (Curve E, 
Fig. 4), respectively, in broths containing enough erythromycin 1 
so that the drug concentration was restored to 50 mcg. ml.-l. 
Dilutions of the cultures of Curve B were also made 10-fold (Fig. 
3) and 100-fold (Fig. 4) in broths (Curves F) containing enough ery- 
thromycin 1 to increase the drug concentration about 2-fold (ix., 
100 mcg. ml.-I). 


At 200 min., when the cultures of Curves C containing 5 mcg. 
mI.-I (Fig. 3) and 0.5 mcg. ml.-I (Fig. 4) of erythromycin 1 had 
emerged from the lag phase, 0.5-ml. aliquots of solutions con- 
taining enough erythromycin 1 were added to reestablish both drug 
concentrations to 50 mcg. ml.-I (Curves G, Figs. 3 and 4). 


Whenever any variation was effected, samples of the broth 
culture were taken and counted on the Coulter every 10 min. for 
the first 30 min. and thereafter a t  intervals of 30 min. 


Effect of pH on Drug-Affected Growth Rates-Sufficient amounts 
of 1 N HC1 and 2 N NaOH were added to the broth to obtain pH 
values of 6.80, 7.05, 7.20, 7.60, 8.20, and 8.40 (Fig. 5) .  Six replicate 
49.5-ml. volumes of each broth were inoculated with 0.5 ml. of 
appropriately diluted E.  coli culture in the logarithmic phase of 
growth. They were maintained at 37.5" until the organism popula- 
tion reached 106 E. coli ml.-l. Drug solutions (0.5 ml.) were added 
to five replicates to achieve the desired concentrations of antibiotic 
shown in Fig. 4. The sixth replicate in each set contained no drug. 
Coulter counts were obtained from samples withdrawn every 20 
rnin. 


Comparison of Growth Rates of Erythromycin-Affected Organisms 
with Lincomycin-Mected Organisms-Solutions (0.5 ml.) of ery- 
thromycin 1 were added to five replicate 49.5-m1. volumes of broth 
inoculated with E .  coli in the logarithmic phase of growth and 
containing an organism population of lo6 ml.-l at 37.5'. The final 
concentration of the drug achieved in the broths ranged from 2.5 
to 50 mcg. mL-l erythromycin 1. This was repeated for concen- 
trations of lincomycin HCl, from 12.5 to 250 mcg. ml.-l (Table I). 
Counts were obtained from samples withdrawn every 20 min. The 
relationships between the apparent growth-rate constants, kapp,, 
and drug concentrations are shown in Fig. 6. 


Action of Erythromycin and Lincomycin Combinations-Repli- 
cate 49-ml. samples of cultures in the steady-state growth (Curve A, 
Fig. 7) with 106 ml.+ E. coli were treated with antibiotic solutions. 
Aliquots (0.5 ml.) of appropriately diluted erythromycin 1 or lin- 
comycin HCl solutions were added to separate cultures of Curve A 
50 min. after inoculation. The resultant plots are given as Curve B 
in Fig. 7 for final concentrations of 15.8 mcg. ml.-l of erythromycin 
1 or 60 mcg. ml.-I of lincomycin HCl or as Curve D for final 
concentrations of 31.6 mcg. ml-l of erythromycin 1 or 120 mcg. ml.-l 
of lincomycin HCl. Seventy-five minutes after the addition of the 
drug, when the culture had settled to a new steady-state growth, 
aliquots (0.5 ml.) of appropriately diluted lincomycin HCI or eryth- 
romycin 1 solutions were added to the replicate solution that had 
been treated previously with the alternate drug. The resultant curve 
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Figure 3-Semilogarithmic plots of reversi- 
bility studies of E. coli growth with time on 
addition of erythromycin I and 1 : 10 dilution 
of culture with broth. Curve A is without drug. 
Curve 3 is after addition of 50 mcg./ml. 
Curves C ,  E ,  F, and G are after I : 10 dilution 
of the Curve B culture and have final drug 
concentrarions of 5 ,  50, 100, and 50 mcg./ml., 
respectively. The dilution broth contained the 
erythromycin I in the cases of Curves E and F. 
There was no drug in the diluent in the case of  
Curve C, and drug was added at 200 min. for 
Curve G. Curve D is after I : 10 dilution of the 
culture of Curve A with no drug added. 


0 100 200 300 
MINUTES 


for both replicates, independent of the order of addition, was 
Curve C, Fig. 7. The final concentrations of the drugs in the cultures, 
represented by Curve C, were 15.8 mcg. d - 1  erythromycin 1 and 
60.0 mcg. ml.-l lincomycin HCl. Coulter counts were obtained on 
samples that were withdrawn from the treated cultures every 20 min. 


Effect of Mixtures of Graded Equipotent Concentrations of 
Erythromycin and Lincomycin-Equipotent solutions of 42.55 
rncg. ml.-I erythromycin 1 and 200 mcg. ml.-l lincomycin HCl 
were prepared. They were then mixed in graded proportions using 
1004% of the lincomycin solution and the residual percentage 
of the erythromycin solution (Fig. 8). This was repeated to give 
nine graded equipotent mixtures for each of three antibiotic equiv- 
alent concentrations. Replicate 49.5-m1. cultures in steady-state 
growth that contained 106 E. coli ml.-l were each inoculated with 
an aliquot (0.5 ml.) of one of the antibiotic mixtures. Coulter 
counts were obtained for samples withdrawn every 20 min. 


RESULTS 


The addition of graded concentrations of erythromycin to 
growing balanced cultures of E. coli strain B/r demonstrated a 
linear semilogarithmic plot (Figs. 1-4) shortly after the addition 
or dilution of the antibiotic concentration in accordance with Eq 1 : 


In N = k,,,.t + intercept (Eq. 1) 
where N is the number of organisms, t is time, and k,,,, is obtained 
from the slope of the appropriate plots in the steady-state growth. 
In the absence of antibiotic, k,,,. is ko and the intercept is the natural 
logarithm of the inoculum size, In NO, at time zero. 


Coincidence of Total and Viable Counts of Organisms-The 
coincidence of total (Coulter count) and viable (colony count) 
numbers of E. coli ml.-l in drug-free and in erythromycin-treated 
growing balanced cultures could not be denied for all erythromycin 
concentrations up to 150 mcg. ml.-I (Fig. 1). There is no significant 
evidence of kill in the time intervals studied at doses above the 
inhibitory concentrations. This evidence of the bacteriostatic 
action of erythromycin permits the use of total counts to determine 
the growth rates of organisms affected by subinhibitory concen- 
trations of erythromycin. 


Effect of Drug Concentrations on Growth Rates-The derived 
apparent growth-rate constants, k,,,. (Eq. l), for various concen- 


400 


trations of erythromycin 1 were obtained from the slopes of the 
plots of Fig. 2 and are listed in Table I. 


The extent of inhibition is directly proportional to the eryth- 
romycin 1 concentration, E ,  in the range 0-10 mcg. ml.-l in ac- 
cordance with the expression: 


k,,,. = ko - kEE (Eq. 2) 


where kE is defined as the specific inhibitory-rate constant. The 
k,,,. is not a linear function of increasing drug concentration when 
E > 10 mcg. &.-I, but it asymptotically approaches zero (Figs. 
5 and 6). A plot of E/(ko - kapp.) versus E is reasonably linear for 
those concentrations >10 mcg. ml.-l but shows deviations at 
concentrations of 0-10 mcg. ml.-l. This implies quantitative ad- 
herence of the action of erythromycin 1 on E. coli to a previously 
derived kinetic model (20,22): 


at erythromycin 1 concentrations, E > 10 mcg. ml.-l. The k ,  and kh 
are constants of proportionality, which may be related to drug 
availability in the biophase and drug affinity to receptor or binding 
sites. The calculated values for the constants k ,  and k b  were ob- 
tained from the slope and intercept of the linear portion of such a 
plot in accordance with Eq. 3. Typical plots are given for the data 
of Fig. 5 in Fig. 9. 


Analysis of Culture Broth Variations-The apparent growth-rate 
constants, kapp., obtained at different concentrations of eryth- 
romycin 1 at different concentrations of nutrients in broth are given 
in Table 11. Variation of these growth-rate constants among the 
different broths is not significantly different from that observed 
in daily variation in organism growth rates. There is no significant 
inactivation or binding of the erythromycin by broth constituents 
at the nutrient concentrations studied. 


Effect of Organism on Drug-Afkted Growth Rates-The apparent 
growth-rate constants, k,,,., for E. coli obtained at various con- 
centrations of erythromycin 1 for three different organism con- 
centrations at the time of drug addition are given in Table 111. 
There are no significant differences among the growth rates for 
the different organism concentrations at any drug concentration 
in the range studied. In the absence of any evidence for systematic 
influence of organism population on growth-rate constants, it is 
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Figure &Semilogarithmic plots of reversibility studies of E. coli growth with time on addition of erythromycin I and I :  100 dilution of 
culture with broth. Curve A is without drug. Curve B is ajier addition of 50 rncg./ml. Curves C, E, F, and G are after I :  I00 dilution of the 
Curve B culture and have finfinal concentrations of 0.5, 50, 100, and 50 mcg.lml., respectively. The dilution broth contained the erythromycin I in 
the cases of Curves E and F. There was no drug in the diluent in the case of Curve C, and drug was added at 200 min. for Curve G. Curve 
D is after I : 100 dilution of the culture of Curve A with no drug added. 


Figure 5-Dependence of the ap- 
parent growth-rate constant, k,,,. 
in sec.-l, for E. coli on erythromycin 
concentration at various p H  values 
and at 37.5". 
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concluded that the drug is neither metabolized by the organisms 
nor depleted in the medium as a result of adsorption to cellular 
components, inactivation by excretory products of metabolism, and 
other interactions which may be functions of organism numbers. 
The effective drug concentrations may, therefore, be assumed 
to remain constant over the period of study. 


Reversibility of Drug Action-The equilibrium of drug between 
the nutrient medium and the biophase in the microorganism is 
readily achieved. It took about 30-50 min. after drug addition for 
the culture to attain a new steady-state phase of growth (Figs. 
1-3). The steady-state growth of E. coli inhibited by 50 mcg. 
mLW1 erythromycin 1 (Curves B in Figs. 3 and 4) reverted to a new 
steady state when diluted 10-fold and lO@fold, respectively (Curves 
C in Figs. 3 and 4). The new growth-rate constants were coincident 
with those found in the presence of the resultant concentrations 
of the drug, i.e., 5 and 0.5 mcg. ml.-l, respectively. The new 
steady state was attained after 20-30 min. of an apparentinitial 
lag phase. Both drug-free (Curves D in Figs. 3 and 4) and drug- 
affected cultures (Curves C in Figs. 3 and 4) showed this initial 
lag period on dilution into fresh broth, so that this may be at- 
tributed to a possible need for cell rejuvenation before reestablish- 
ment of the new steady state or to a consequence of the shock of 
dilution. 


Cultures inhibited by low concentrations of the drug, i.e., 
5 and 0.5 mcg. ml.-I erythromycin 1, were further inhibited by 
addition of more drug to a final concentration of 50 mcg. ml.-l, 
with predictable growth-rate constants (Curves G in Figs. 3 and 4). 
The time for equilibration of drug between the medium and bio- 
phase was also 20-30 min. Similarly, 10-fold and 100-fold dilutions 
of the culture of Curve B by fresh medium with the same concen- 
tration of drug (Curves E of Figs. 3 and 4) achieved similar steady- 
state growth rates after the same initial lag phase periods of 20-30 
min. There were no significant changes in growth-rate constants. 
A similar ddution of the culture of Curve B into fresh medium 
containing high concentrations of the drug to  increase the final 
concentration twofold (Curves F of Figs. 3 and 4) produced 
further inhibition and new steady-state growth rates were attained 
after u3-30 min. with predictable rate constants. 


Thus it was concluded that the action of subinhibitory concen- 
trations of erythromycin on intact E. coli cells is readily reversed 
in finite time intervals. Time lags introduced by dilution effects 
were the same in the presence or absence of erythromycin. 


m a t  of pH on Drug-Mated Growth Rat-The apparent 
growth-rate constants, k,,,., obtained for E. coli in broth at pH 
values 6.80-8.40 in the absence and presence of graded eryth- 
romycin 1 concentrations are plotted in Fig. 5.  Growth-rate con- 
stants for drug-free cultures are not significantly affected by pH; 
the values for drug-affected cultures are significantly decreased at 


Figure 6-Demonstration of the coincidence of 
the dependencies of the apparent growth-rate 
constants, k,,,. in sec.?, for E. coli at 37.5” 
and pH 7.05 on equipotent concentrations of 
erythromycin 1 and lincomycin HCI. Curve A rep- 
resents this dependence, where the closed symbols 
are for erythromycin 1 and the open symbols for 
lincomycin HCI in its Phase I growth and where 
the actual concentrations of lincomycin HCI are 
five times the stated values. The dashed line, Curve 
B, demonstrates the linear dependency of k,,,. on 
drug concentration at low drug concentrations. 
Curve C represents the k,,,. dependence for Phase 
I 1  steady state of lincomycin-affected microbial 
growth. 


CONCENTRATION OF ANTIBIOTIC mc /ml X n 
= 1 FOR ERYTHROMYCIN LACT~BIORATE 


n = 0.2 FOR LlNCOMYClN HCI 


higher pH values for the same erythromycin concentrations (Fig. 5). 
Since it has been shown (22) that numbers of microorganisms in the 
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Figure 7-Nonsignijkant effects of order of addition of equiporent 
erythromycin I and lincomycin HCl on growth rates of E. coli. Curve 
A is for growth of E. coli in the absence of drug. Curve B is for growth 
of E .  coli in the presence of 15.8 mcg./ml. erythromycin I (closed 
symbols) or equipotent 60 mcg./ml. lincornycin HCI (open symbols). 
Curve C is when equipotent lincomycin HCl (60 mcg./ml.) is added 
to the erythromycin-affected culture of Curve B (closed symbols), 
or when equipotent erythromycin l(15.8 mcg./ml.) is added to the 
lincomycin-affected culture of Curve B (open symbols). Curve D is 
when 200 mcg.lm1. lincomycin HCI (open symbols) and 31.6 mcg./ml. 
erythromycin I (closed symbols) are added to the culture of Curve A. 
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Figure 8-Effect of continuously varied erythromycin I and linco- 
mycin HCI fractions in equipotent mixtures at three different po- 
tency levels on the apparent growth-rate constants, k,,,. in ser.-', of 
E. coli at pH 7.05 and 37.5". Erythromycin I is presumed to be .five 
times as potent as lincomycin HCI on a weight-to-weight basis, 
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Figure 9-Demonstration of saturation kinetics for the action of 
erythromycin I at higher concentrations, E ,  on the upparenr growth- 
rate constants, kapp., of E. coli at 37.5". The curves are labeled as to 
the pH values of the media and are pIotted in accordance with the 
expression E/(ko - kapp.)  = (kb/k,) E + Ilk, where kb/k, and Ilk, 
are the slopes and intercepts, respectively, and ko is the rate consfant in 
rhe absence ofdrug. 


6 7 8 
PH 


Figure 10-Semilogarithmic plot of the apparent inhibitory-rate 
constant, k,, for the effect of erythromycin I on the growth of E. coli 
af  37.5". The drawn line is consistent with the expression k. = k,* 
(K,/(K, + [Hf]), where k,* = 1.11 X 10-3 ml./mcg.-see. is the 
intrinsic inhibitory-rate constant for the nonprotonated erythromycin I 
of pKa' 8.8, and k, is obtained from k,,,. = ko - k,E/(I + kbE). 


growing culture have no significant effect on the pH of the medium 
up to 108 m1.-1 organisms, the variations in growth-rate constants 
are attributed to variations in the initial pH values of the broths. 
The calculated values of k ,  obtained from the intercepts of the 
plots of Fig. 9 in accordance with EQ. 3 are plotted as a function 
of pH in Fig. 10. The values of k ,  increased about 10-fold for a 
unit increase in the pH over the range 6.80-7.60. The slope of the 
log k ,  uersus pH plot tended to lessen above that pH value. 


Effect of Order of Addition of Lincomycin and Erythromycin on 
Microbial Growth-The dependence of the growth-rate constants 
of erythromycin-affected cultures on drug concentration is similar 
to that of lincomycin-affected cultures in Phase I of growth (22). 
The plot of k,,,. versus concentration (Fig. 6 )  for erythromycin 1 is 
coincident with that for lincomycin HCI when the actual lincomycin 
concentration is reduced by an average factor of 5.0. This implies 
that 5.0 weight units of lincomycin HCl are equipotent to 1.0 
weight unit of erythromycin 1, i.e., there is a molar potency ratio of 
11.9. Aqueous solutions of erythromycin 1 lose potency during 
storage at refrigerator or room temperature. Consequently, the 
potency ratio between erythromycin 1 and lincomycin HCI may be 
far less than the figure quoted, unless freshly prepared aqueous 
solutions are compared. 


There were no significant differences among the growth-rate 
inhibitions produced by 31.6 mcg. rnl.-I of erythromycin 1 (Curve 
D, Fig. 7), equipotent 120 mcg. ml.-l lincomycin HCl (Curve D, 
Fig. 7), and equipotent combinations of 15.8 mcg. ml.-I eryth- 
romycin 1 and 60.0 mcg. mL-1 lincomycin HCI (Curve C, Fig. 7) 
where Curves C and D had the same slopes. Also there was no 
significant difference in the effective inhibition by the combinations 
(Curve C, Fig. 7) when the equipotent amount of erythromycin 1 was 
added after 75 min. of lincomycin-affected growth (Curve B, Fig. 7) 
or when the equipotent lincomycin HCI was added after 75 min. of 
erythromcyin-affected growth (also Curve B, Fig. 7). Thus, the 
order of addition of the antibiotics showed no significant dif- 
ference in ultimate growth inhibition. 


Effect of Mixtures of Graded Equipotent Concentrations of 
Erythromycin and Lincomyin-The growth-rate constants of cul- 
tures affected by mixtures of erythromycin and lincomycin 
are plotted in Fig. 8. The mixtures contained lW% erythro- 
mycin 1 and the residual percentage of equipotent lincomycin 
HC1 solution. The mixtures were prepared so as to be u priori 
equipotent in their combined action on E. coli growth, in accordance 
with Fig. 6, at three different levels of action. The null slopes of the 
plots of the kapp. for all the a priori equipotent mixtures demonstrate 
the lack of any significant bacteriostatic antagonism or synergism 
(23) in the subinhibitory range. 
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DISCUSSION 


The steady growth rates of E. coli, as affected by concentrations of 
erythromycin, are unaffected by significant changes in the con- 
tituents of the nutritive media (Table 11) and by organism popu- 
lation (Table 111). The extent of inhibition of growth (ko - kapp.)  
is not directly proportional to drug concentration over the complete 
range (Fig. 6) in accordance with Eq. 2 and suggests that some 
saturable process, such as the binding of the drug to a limited 
number of receptor sites, may become rate determining at higher 
drug concentrations. 


An operative kinetic model, similar to that which defined the 
kinetics of lincomycin action (22) on E. coli, may be applied: 


Ki K2 
E S  El + R S  EiR 


where E, the erythromycin concentration in the culture medium, is 
in equilibrium with El, the concentration within the cell or biophase, 
which reversibly binds to a free receptor site R to form a drug- 
receptor complex EIR. On the basis of the assumption that the 
rate of increase in microbial numbers in a balanced culture is 
proportional to a net rate of protein synthesis above a minimum 
rate required for life-sustaining processes and is proportional to 
the number of organisms initially present in the culture, the fol- 
lowing expression has been derived (18) to quantify the extent of 
inhibition of growth produced by the action of the drug: 


where ko is the growth-rate constant of the drug-free culture; k,,,. 
is the growth-rate constant of culture affected by the concentration, 
E, of erythromycin; kb = KlK2, the product of the partition co- 
efficient, K I ,  and the affinity constant, K2, of f!q. 4; and k ,  = qKlK2, 
where q is a proportionality constant. It may be that at low drug 
concentrations (0-10 mcg. mI.-l), the inhibition of microbial 
growth is affected by reaction of the drug with only a small fraction 
of the available receptor sites. Thus K2, k,, and kb are small with 
k& << 1 ; Eq. 5 simplifies to @. 2, which is an expression for the 
observed linear dependence of the growth-rate constant on the 
drug concentration in this concentration range (Fig. 6 and Table I). 


At higher drug concentrations, >10 mcg. ml.-l, it is possible 
that the already complexed receptor sites either reduce the avail- 
ability of remaining sites by steric effects, configurational changes, 
protective colloid action, etc., or transform them to another type 
of reduced but constant affinity. Whatever the mechanism, it 
takes progressively greater concentrations of the drug to bind the 
remaining sites. Thus, the k,,,. does not remain linearly dependent 
on erythromycin concentrations. The arithmetic transformation of 
Eq. 5 is Eq. 3, so that the linear plots of E/(ko - kapp.) versus E 
for concentrations >10 mcg. mI.-l (Fig. 9) demonstrate adherence 
of the data to Eq. 5. The calculated value of k,/kb = 117.25 X 
from such a plot (Table I) is approximately 2 ko, and it is the same 
with lincomycin (22). 


The addition of the drug to a balanced culture results in in- 
hibition of growth, with a new steady state of growth attained after 
30-50 min. (Figs. 1-4). Dilution of drug-affected organisms into 
drug-free or drug-containing media established a new steady-state 
growth of the culture within similar time intervals. The rate tran- 
sitions were no slower than those occurring on dilution of the drug- 
free culture into fresh media. Cultures inhibited by erythromycin 
reverted to growth rates coincident with those found in the presence 
of very small concentrations of the antibiotic when they were diluted 
into fresh broths. Conversely, cultures inhibited by low concen- 
trations of the antibiotic were further and quickly inhibited by 
addition of more antibiotics to predictable growth-rate constants 
(Figs. 3 4 ) .  It is concluded that the action of erythromycin on 
bacterial culture is readily reversible. 


Progressively larger amounts of erythromycin are needed to 
produce the same degree of inhibition of growth of E.  coli as the 
pH is increased (Fig. 5).  This confirms the literature (24, 25) that 
the minimum inhibitory concentration (M.I.C.) for erythromycin 
action on Gram-positive and Gram-negative organisms decreases 
with an increase in pH. Erythromycin base has a pKa = 8.8 (25), 
and the enhanced antibacterial action observed at higher pH values 
may be assigned to the unprotonated fraction, A of the total drug 
which contributes to the activity. If it is postulated that only the 
unprotonated species partitions into the microorganism (26), the 


inhibitory-rate constant, k,,  of Eq. 5 should be a function of this 
unprotonated fraction, and then 


where the intrinsic inhibitory-rate constant of the unprotonated 
species is k,* = qKl*K2, Kl* is the intrinsic partition coefficient 
between medium and microbial biophase for the uncharged species, 
qK2 is invariant in that the biophase pH is considered constant, and 
fcan be defined by the parenthetical expression of Eq. 6 (22). 


A plot of log ka versus pH must, therefore, approach a slope of 
unity when [H+] > K,, and the slope should tend to decrease as 
K ,  becomes less than [H+J, as in Fig. 10. The calculated value for 
k,* is 11.08 f 0.70 X 10-4 (ml./mcg.-sec.), from which it is es- 
timated that at pH 8.8 the activity of erythromycin will be 30-fold 
that at pH 7.0. 


The coincidence of the plot of k,,,. against concentration for 
erythromycin 1 and lincomycin HC1 in Phase I (22) (Fig. 6), when 
the latter is presumed to have one-fifth the potency of erythromycin 
on a weight basis, is not inconsistent with the same mechanisms of 
action for the two antibiotics. Antagonism would not be predicted 
for the action of combinations of these two antibiotics (23) on the 
premise of this same peculiar dependency of growth inhibition on 
dose (Fig. 6). This a priori prediction for E. coli is well verified by 
the fact that equipotent mixtures of lincomycin and erythromycin 
demonstrate the same inhibitory effect on the growth of E. coli 
at any magnitude of inhibition in the subinhibitory range (Fig. 8). 
Also, the sequence of addition of erythromycin and lincomycin 
produced no differences in growth-rate inhibition when the resultant 
drug combinations were equipotent (Fig. 7). For freshly prepared 
solutions, when the potencies of the antibiotic samples are taken 
into account, erythromycin base is 6.68 times as potent as the 
lincomycin base at 37.5” and pH 7.05 in the system against E. coli. 


These observations are consistent with the facts that each of 
these compounds binds to the 50 S ribosomal subunit (2,3,7,9,10) 
in cell-free extracts and thus may inhibit polypeptide synthesis 
similarly in the intact living cell by interfering with the function of 
transfer RNA. If there is no peculiar or physicochemical inter- 
action, the combined action of the two drugs should be predictable 
on the basis of the potencies determined from their individual 
doseresponse relations (23) and assigned to their relative ability 
to compete for binding sites, where the relative potencies are 
functions of the products of their relative affinity for the receptor 
site, Kz, and their partition into the biophase, Kl ,  as per Eq. 4. 


Since the n priori prediction and the kinetic results do not dem- 
onstrate antagonism, the problem is to reconcile this condition with 
the statements of supposed antagonism that exist in the literature 
(2, 3, 8, 10, 12). Most of these statements of antagonism are based 
on studies of protein synthesis in cell-free extracts, where the criteria 
of effect are degrees of amino acid incorporation (3, 8) where 
added erythromycin is supposed to  reverse the inhibition of amino 
acid incorporation by lincomycin. It is apparent, however, that 
in balanced growth cultures of intact cells such as E. coli, no such 
antagonistic effects appear. 


The present studies on such combinations were based on the 
Phase I lincomycin-affected steady state of E. coli growth (22). 
However, lincomycin has a second mode of action on a growing 
culture after prolonged contact with the cells. The kaPP, dependency 
on lincomycin concentration during this Phase I1 steady state of 
lincomycin-affected growth is different from that of the Phase I 
dependency and that of erythromycin-affected growth (Fig. 6). 
Thus, Phase I1 lincomycin effects may be expected to be different 
than erythromycin, and the observed cell-free antagonisms may be 
possible. The action of combinations of erythromycin and linco- 
rnycin in Phase I1 will be investigated further to test this hypothesis. 
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Biosynthesis of Deuterated Benzylpenicillins I: 
Solvent Deuterium Oxide Participation 


BRUCE C. CARLSTEDT”, HENRY L. CRESPI, MARTIN I. BLAKE?, and JOSEPH J. KATZ 


Abstract 0 The 53-414 strain of PeniciNium chrysogenum was cul- 
tured in a defined medium containing glucose, acetate, lactate, and 
phenylacetic acid as carbon sources and 99.8% deuterium oxide as 
solvent. Partially deuterated benzylpenicillin was isolated from the 
culture. The extent of solvent participation in the biosynthesis of 
the penicillin molecule was determined by analysis of the proton 
magnetic resonance spectra. Incorporation of deuterium appears 
almost complete at two positions: the C-3 position of the thiazol- 
idine ring and the C-6 position of the b-lactam ring. A partial 
incorporation of deuterium at the C-5 position is also observed. 
The deuterium atoms in the C-5 and C-6 positions apparently arise 
during biosynthesis of the amino acid cysteine. The deuterium atom 
at the C-3 position apparently arises either in the biosynthesis of the 
amino acid valine or in the closing of the thiazolidine ring. 


Keyphrases 0 Deuterated benzylpenicillin-biosynthesis 0 Pen- 
icillium chrysogenum cultures-benzylpenicillin deuteration 0 
Biosynthesis, deuterated benzylpenicillin-P. chrysogenum cul- 
tures 0 Proton magnetic resonance-analysis, structure 0 IR 
spectrophotometry-structure 


A variety of organisms has been successfully cultured 
in pure deuterium oxide (DzO) (1); in several instances, 
pharmacologically active principles containing deu- 
terium have been isolated and studied. Nona et al. (2-4) 
studied the effects of DzO on the growth of Penicillium 
ianczewskii. Deuterated griseofulvin was isolated and 
its antifungal activity evaluated. Mrtek et al. ( 5 ,  6 )  
cultured a strain of Claviceps purpurea in DzO and 
examined the biosynthesis of deuterated clavine alka- 
loids isolated from the culture. Katz and Crespi (7) 
reviewed the literature on isotope effects in biological 
systems. 


Shaffer et al. (8) observed the effects of DzO on the 
growth rate and morphology of Penicillium notatum, but 


penicillin production was not investigated. Mohammed 
et al. (9, 10) reported the effects of DzO on the growth 
and antibiotic production of 13 low-producing strains 
of two species of Penicillium and three high-producing 
strains of Penicillium chrysogenum. Here again, deuter- 
ated antibiotic was not isolated. Behrens et al. (11) 
synthesized deuterophenylacetyl-W-DL-valine and 
found the deuterophenylacetyl moiety was incorporated 
into the benzylpenicillin molecule. Demain (12) used 
partially deuterated benzylpenicillin, which contained 
five deuterium atoms in the benzene ring, to study the 
stability of penicillin during fermentation. Laskar and 
Mrtek (13) synthesized and studied the activity of a 
benzylpenicillin which was fully deuterated in the benzyl 
moiety. A reduction in antibiotic activity was reported. 


In the present study, P .  chrysogenum 53-414, a mutant 
of the Wisconsin 4-176 strain, was cultured in a defined 
medium containing DzO as the solvent. Partially deuter- 
ated benzylpenicillin was isolated, and the degree of 
solvent participation in its biosynthesis was determined 
by proton magnetic resonance (PMR) analysis of this 
isotope hybrid compound. 


EXPERIMENTAL 


Preparation of Slants-P. chrysogenum, Wisconsin strain 53-414, 
was obtained from the American Type Culture Collection (number 
12690) in the lyophilized form. Agar slants were prepared as de- 
scribed by Mohammed et al. (9). The lyophilized material was sus- 
pended in Difco nutrient broth, streaked on the surface of the agar 


“Isotope hybrid compound” refers to a compound that contains 
one type of atom but also more than trace amounts of one of its isotopes 
(14). 
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Complexes of Ergot Alkaloids and Derivatives IV: 
Investigations into the Nature of Ergot 
Alk aloid-Xanthine Complexes 


H. V. MAULDING and M. A. ZOGLIO* 


Abstract 0 Studies of the effect of xanthines on the solubility of 
molecules related to the proteinaceous ergot alkaloids indicate the 
indole moiety to be a primary site for complexation. The tendency 
of indole and several analogs to form intermolecular complexes 
with caffeine was surveyed. This property leads to considerable 
solubility elevation for many of the compounds examined. Appar- 
ent equilibrium or association constants are calculated based on 
an assumed 1 : 1 complex between the indole substrate and xanthine 
ligand. Experimental evidence with several simple indoles and 
caffeine indicates general adherence to this principle. These rela- 
tively uncomplex compounds and even larger more complicated 
molecules such as methysergide exhibit this property of increased 
solubility through interaction. These substances may be treated 
in a somewhat rigorous manner contrary to the intricate protein- 
aceous alkaloids previously examined. 


Keyphrases 0 Ergot alkaloid-xanthine complexes-solubility ef- 
fect Xanthine-ergot alkaloid complexes-solubility effect 0 
Spectrophotometry-analysis 


The oral administration of ergotamine tartrate with 
caffeine has been reported to bring about an enhance- 
ment of the clinical activity of the alkaloid against 
migraine headaches (1,2). 


In the course of investigating the physicochemical 
nature of the combination, several ergot alkaloids and 
their analogs, such as ergotamine, 9,lO-dihydroergo- 
cristine, and methysergide, have been observed to 
possess the capacity for interaction with caffeine and 
other xanthines in aqueous solution (3-6). This mutual 
attraction is exemplified by: (a) increased solubility; 
(b )  increased dissolution-rate constant, and ( c )  altered 
partitioning-rate constants depending on pH. These 
changes are noted on inclusion of xanthines as com- 
pared to the alkaloids alone (3-6). Recent biological 
results (7) were found to be in good agreement with the 
postulation that complex formation leads to increased 
enteral absorption of ergotamine and ergot alkaloids. 


A series of papers in 1957 reported that caffeine 
and related compounds complex with a wide variety of 
organic compounds (8-10) as well as with themselves 
(1 1). This behavior of caffeine and other xanthines has 
been studied by means of solubility (8, 11, 12), spectral 
(13), and kinetic (9, 10, 14) techniques. 


It was believed that an investigation of simpler 
indoles might give some clue regarding the nature of the 
complex present in complicated ergot alkaloids. A 
project was initiated to examine indole and several 
congeners to determine structural factors affecting 
interaction and delineation of structure-activity rela- 
tionships. It was hoped this approach would help in 
the eventual unraveling of the nature and stoichiometry 
of the species comprising the ergot-xanthine complex, 
the ultimate aim being application of these and other 
data to  formulation of more suitable medicinal agents. 


EXPERIMENTAL 


Watertight, screw-capped vials (18-ml. capacity) containing 
exactly 10 ml. of solvent, 100 mg. of substrate (indole compound), 
and varying amounts of caffeine were clamped onto the edge of 
metal disks, 15.24 cm. (6 in.) in diameter, mounted on a motor- 
driven shaft and rotated vertically at 6 r.p.m. in a constant-tempera- 
ture bath at 30 f 0.2". After exactly 24 hr., samples were with- 
drawn using pipets with filters attached and analyzed for the indole 
compound by the Van Urk method (3). Each sample was run at 
minimum in triplicate. 


RESULTS AND DISCUSSION 


The absence of observable spectral changes precluded utilization 
of this technique in these experiments. The kinetic method was not 
employed because of the absence of a suitable reaction for study, 
thus leaving solubility analysis. This mode has previously been 
found to be practicable in the study of proteinaceous ergot deriva- 
tives, although certain problems have arisen from their erratic 
solubility properties (3-6). 


The usual experimental operation involves addition of an equal 
weight (in excess of its normal solubility) of the slightly soluble 
substrate into each of several vials containing a fixed amount of 
solvent. Varying amounts of xanthine were placed in the vials, 
which were rotated 24 hr. in a constant-temperature bath. The 
solution phase was withdrawn by means of a filter pipet with care 
taken not to include undissolved indole. Assays were performedIby 
the Van Urk (15) method, which lends itself to most molecules 
containing the indole nucleus. The colors formed absorbed'at 
various wavelengths, depending on the compound in question 
(Table I). 


Data obtained by the solubility analysis scheme may be treated 
in the following manner, as summarized by Connors and Mollica 
(16) and using their symbolism. The term S in Eq. 1 represents 
substrate, indole compound, and L represents ligand, xanthine: 


mS + nL F? S,,,L,, (Eq. 1) 


The strength of the complex is given in terms of KWL,, which is the 
stability or association constant : 


Table I-Absorptivity and Wavelengths of Maximum Absorbance 
of Indole Compounds 


Compound €a A, mpb 


1. Indole 
2. 1-Methylindole 
3. 2-Methylindole 
4. 3-Methylindole 
5. 5-Methylindole 
6. 7-Methylindole 
7. 5-Methoxyindole 
8. 6-Methoxyindole 
9. 7-Methoxyindole 


10. 5-Fluoroindole 
11. 5-Chloroindole 
12. 5-Bromoindole 
13. Methysergidec 


4217 400 
5245 400 
4810 380 
3142 410 
4810 410 
4198 42 5 
5151 400 
3287 400 
2362 450 
5575 400 
6216 400 
6240 400 
6905 322 


0 Molar absorptivity. b Compound 13, methysergide, measured in 
the UV region; the remainder in the visible,o using Van Urk reagent 
(13). c Measured as bimaleate salt, pH 6.65, 25 , 


Val. 59, No. 11,  November 1970 0 1613 







Table 11-Values Obtained from Phase Diagrams of Indole and 
Analogs in the Presence of Caffeine. 


Compound* Slopec So x 10Zd K 2  


0 I J 
0 5.0 10.0 


CAFFEINE CONCN. (moles/l.) X 102 


Figure I-Sohbility phase diagram for the indole-cn ffeine system 
at  30" in pH 6.65phosphate buffer. 


The parsimonious approach stipulates assumption, in lieu of 
conflicting information, of a 1 : 1 stoichiometry brought about by a 
single complex to be responsible for the results. Thus the values 
for rn and n (Eqs. 1 and 2) are 1. Making proper substitutions in 
these equations, one obtains the following (16): 


In Eq. 3 the quantities SL and SO are the total concentrations (moles/ 
1.) of indole or alkaloid in solution at various finite and zero xan- 
thine concentrations, respectively. K11 is the association constant as 
previously stated, and Lt is xanthine concentration in moles/liter. 


A plot of L,  against S t  gives a straight line with a slope of 


C i S e  
1 + KiiSo 


and a y-intercept of SO or the solubility at zero ligand concentra- 
tion. If a single 1 :1 complex is present, the apparent Kll, written 
K:, may be written (16): 


(Eq. 4) 
slope 


y-intercept (1 -slope) K;i = 


The compounds considered in this work were run at pH 6.65 in 
phosphate buffer. The simpler substances such as indole, l-methyl- 
indole, and 5-methoxyindole all have pKa values of 2 or less. There- 
fore, they are essentially present in only the neutral species at the 
hydrogen-ion concentrations employed. The same is true for caf- 


I 


0 5.0 10.0 
CAFFEINE CONCN. (moles/l.) x 10, 


Figure 2-Phase solubility diagram for the 2-methylindole-ca ffeiiz 
system at  30" in pH 6.65 phosphate buffer. 


1. Indole 0.34 2.11 24.1 
2. 1-Methylindole 0.13 0.30 50.0 
3. 2-Methylindole 0.19 0.41 59.4 
4. 3-Methylindole 0.31 0.55 83.8 
5. 5-Methylindole 0.35 0.48 112.0 
6. 7-Methylindole 0.23 0.50 59.7 
7. 5-Methoxyindole 0.47 1.30 64.1 
8. 6-Methoxyindole 0.16 0.41 47.1 
9. 7-Methoxyindole 0.30 0.85 52.9 


10. 5-Fluoroindole 0.19 1.52 15.8 
11. 5-Chloroindole 0.06 0.28 23.0 
12. 5-Bromoindole 0.07 0.13 58.3 
13. Methysergide 0.26 1.60 22.0 


a Measurements made at 30 f 0.2" in pH 6.65 phosphate buffer. 
b Compound 2 secured from K & K, Inc., Plainview, N. Y.; Compounds 
6 and 8 from Chemical Procurement, College Point, N. Y.; and the 
remainder from Aldrich Chemical Co., Milwaukee, Wis. c For calcula- 
tions, see text and figures. d Intrinsic solubility of substrate, 30", and 
zero xanthine concentration (moles/l.). 6 K;, = slope/( 1 - slope)&. 


feine. As a result of negligible protonation of both molecules 
(substrate and ligand) at these pH values, the result should be 
binding between two neutral species. Methysergide possesses a pKa 
of 6.62 f 0.02 (6) ,  which indicates any study concerning the mole- 
cule at pH 6.65 is at the point of half-ionization, i.e., pH = pKa. 


Caffeine was chosen as the best candidate for the ligand for 
several reasons. It is more soluble than the naturally occurring 
xanthines such as theophylline and theobromine and offers the 
best basis for comparison. Much of the earlier work was done with 
this compound, even though it does complex to an appreciable 
extent with itself in aqueous solutions (8-14). Caffeine exhibits about 
2% solubility at 30". For this reason, caffeine (ligand) concentra- 
tions of greater than 20 mg./ml. were not generally examined. 


When the concentration of proteinaceous alkaloid is plotted 
versus caffeine concentration, a strictly linear function is not 
generated (3). Positive and negative deviations from this linearity 
take place more or less at random, depending on the alkaloid, 
xanthine, and solvent in some unknown manner (4, 5) .  With simple 


0 5.0 10.0 
CAFFEINE CONCN. (moles/l.) X 102 


Figure 3-Phuse sohbility diugram for 1he I-niethylindole-f 
system at  30" in pH 6.65 phosphate bufler. 
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indoles, this is not the situation, as may be seen in Figs. 1-3. These 
substances have K;l values; other pertinent information is listed in 
Table 11. 


CONCLUSION 


The stoichiometry of the complex has not been delineated, 
but slopes of less than one as encountered in Figs. 1-3 imply a 1 : 1 
complex. This does not prove the absence of other complex species 
(16). 


Table I1 illustrates that all K,', values, including that of methy- 
sergide, are of approximately the same magnitude. This indicates 
that a good portion of the capacity for complexation of the high 
molecular weight ergot alkaloids lies within the indole moiety of 
the molecule. The role the cyclic tripeptide portion plays in the 
mutual attraction of caffeine and related xanthines for these pro- 
teinaceous alkaloids has yet to be spelled out; however, it is likely 
that these protein substituents may alter binding in some way. 
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Absolute Configuration of (+) -trans-2-o-Tolylcyclohexanol 
by X-Ray Crystallography 


ARTHUR CAMERMAN", LYLE H. JENSEN, TODD G. COCHRANt, and ALAIN C. HUITRIC 


Abstract 0 The determination of the absolute configuration of the 
3-nitro-4-bromobenzoate ester of (+)-trans-2-o-tolylcyclohexanol 
by X-ray crystallographic analysis is reported. The results give 
unequivocal proof that the original assignments of (1 S,2R)-( +)- 
trans-2-o-tolylcyc1ohexano1, (1R,2R)-( -)-cis-2-o-tolylcyclohexanol, 
and (2R)-( +)-2-o-tolylcyclohexanone are correct. 


Keyphrases 0 X-ray crystallography-configuration, (+)-trans- 
2-o-tolylcyclohexano1 0 (+)-trans-2-o-Tolylcyclohexanol-config- 
uration confirmation, X-ray crystallography 


The absolute configurations of (+)-rruns-2-o-tolyl- 
cyclohexanol (I) and (-)-cis-2-o-tolylcyclohexanol (11) 
were reported in an earlier communication (1) on the 
basis of the positive Cotton effect of the carbonyl 
chromophore of the (+)-2-o-tolylcyclohexanone (111) 
obtained from the oxidation of I and 11. Compounds 
I and I1 are two of several key reference compounds 
currently used in this laboratory in a study associated 
with Cotton effects of aromatic chromophores. Al- 
though the original assignment of absolute configura- 
tions of I and I1 was considered reliable, an unquestion- 
able proof was desired. Unequivocal proof is now given 
from X-ray crystallographic analysis of the 3-nitro-4- 
bromobenzoate ester of I that the initial assignments 
of (1S,2R)-(+)-truns-2-o-tolylcyclohexanol for I, 


(1R,2R)-( -)-cis-3-o-tolylcyclohexanol for 11, and (2R)- 
(+)-2-o-tolylcyclohexanone for I11 are correct. 


Figure 1 shows perspective drawings of the three- 
dimensional structure and correct absolute configura- 
tion of the 3-nitro-4-bromobenzoate ester of (+)-trans- 
2-o-tolylcyclohexano1. 


EXPERIMENTAL. 


(1 S,2R)-( +)-trans-2-o-Tolylcyclohexyl 3-nitro-4-bromobenzoate 
was prepared by reaction of the known (+)-trans-2-o-tolyl- 
cyclohexanol (I) with 3-nitro-4-bromobenzoyl chloride in pyridine. 
The ester was purified by chromatography on silica gel, using a 
50 : 50 benzene-hexane mixture, and recrystallized from hexane, 
m.p. 64.5-65.5', IR (KBr) 1720 cm.-I (C=O), 1536, 1352 (NOz), 
[a]" + 100" (c 1.0, methanol). 


The compound crystallizes in space group P21212 with the fol- 
lowing crystal data: 


a = 7,922 f 0.002 a = @ = y = 90" 
b = 26.342 f 0.008 Dm = 1.4 (flotation in CsCl solution) 
c = 18.694 f 0.006 Dale. 1.426 2 = 8 molecules/unit cell 


X-ray intensities were measured on a crystal approximately 0.13 X 
0.38 x 0.53 mm. to 26 = 45", corresponding to an interplanar 
spacing of 0.93 A, on a computer-controlled, four-circle diffrac- 
tometer. The w/20 scan technique using Nb-filtered Mo radiation 
was employed. A total of 2928 independent reflections were mea- 
sured, of which 1852 had intensities greater than twice the standard 
deviation of their measurement. Absorption corrections were ap- 
plied using the method of De Meulenaer and Tompa (2), and struc- 
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of a concentrate may not affect the viscosity of the resulting foam 
in exactly the same manner. Surface viscosity and surface area are 
dominant factors in the viscosity of the pressurized foam. 


The pressure rheometer can be a useful tool for studying aerosol 
concentrates containing propellants. Since foam-producing systems 
are generally emulsions or micellized solutions, determining the 
rheological properties of concentrates before pressurization is of 
limited value. Commercial pressure rheometers have become 
available since this research was begun. However, the magnetic 
clutch unit (introduced by the Polyscience Corp., Evanston, Ill.) 
for use with the Rotovisco viscometer requires a sample size of ap- 
proximately 1 I., which makes it unattractive for product-develop- 
ment work. The Viscoclav MA attachment to the Contraves rheom- 
eter (Olkon Corp., Stanford, Conn.), which also utilizes a mag- 
netically driven bob, employs a much smaller (10 ml.) sample. 


It is important that cosmetic and pharmaceutical aerosol chemists 
investigate their pressurized systems using techniques such as those 
described in this paper if meaningful rheological data are to be 
generated. 


SUMMARY AND CONCLUSIONS 


The design of a device for modifying a commercially available 
rotational viscometer to measure the rheological properties of fluids 
under pressure is described. 


Data presented for simple aerosol concentrate soap formulations 
revealed pseudoplastic properties which could not always be cor- 
related with the flow properties of the resultant foams. This lack of 


correlation may be attributable to the role that surface viscosity 
(rather than bulk viscosity) plays in determining foam consistency. 
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Abstract 0 Titanium dioxide, ranging in particle size from 0.005 
to 0.040 p, has been investigated as an adsorbate in the manufacture 
of lake dyes from certified water-soluble dyes. The manufacturing 
technique for the titanium dioxide lakes and the pharmaceutical 
application in color-coating tablets have been demonstrated and 
discussed in conjunction with automatic spray coating. 


Keyphrases Titanium dioxide lakes-preparation 0 Lakes, 
water-soluble dyes-titanium dioxide adsorbate 0 Spray drying- 
titanium dioxide lake preparation [7 Color coating, tablets- 
titanium dioxide lakes 


Color lakes, prepared in liquid suspension, have 
been extensively employed pharmaceutically for color- 
ing sugar-coated tablets. There are advantages for 
using the color lakes rather than the water-soluble 
dyes, which are well known to the coating expert. 
These advantages consist of: significant time reduction 
for the color-coating operation, greater color stability, 
and greater color uniformity for consecutive batches 
(1). The majority of color lakes are manufactured by 
employing alumina as the adsorbate material inter- 
acted with various dyes. Commercial lakes are available 


as micronized powders that render better color disper- 
sion in liquid suspensions than if not so treated. 


Color-concentrate suspensions prepared from color 
lakes are commercially available and are extensively 
used by the pharmaceutical industry for coloring sugar- 
coated tablets. 


The purpose of this study was to determine the 
acceptability of titanium dioxide as an adsorbate 
material for color lake manufacture from water-soluble 
dyes. The titanium dioxide selected is referred to as 
“fumed” and possesses a submicron particle size The 
ultimate goal of this project was to prepare extempora- 
neously color lakes for tablet coating. 


EXPERIMENTAL 


Materials-Fumed titanium dioxide‘ was selected for study as 
an adsorbate in the manufacture of color lakes because it possesses 
a suitable particle-size range from 0.005 to 0.040 p.  Titanium 
dioxide USP differs significantly from the fumed material with 


1 Titanium Dioxide P-25, DeGussa, Inc., Kearny, N. J.; Cab-0-Ti, 
Cabot Corp., Boston, Mass. 
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regard to the particle-size range and the quantity of soluble titanium 
salts. Commercial titanium dioxide USP, which is used as an 
opaquing agent with soluble and insoluble dyes in tablet coating, is 
unsuitable for this purpose (2). The imbalance of electrostatic 
charges on the surface and particle-size dimensions of the titanium 
dioxide USP causes agglomerates to form which prevent significant 
physical or chemical surface interaction with the dyes. The water- 
soluble dyes employed in this project were: F.D. & C. Red No. 3, 
F.D. & C. BlueNo. 1, F.D. & C .  Yellow No. 5, F.D. & C. Violet 
No. 1, and F.D. & C. Green No. 3. In addition, surface-active 
agents, i.e., polyoxypropylenepolyoxyethylene condensates; bind- 
ing agents, Le., partially hydrolyzed polyvinylacetate; and acidifying 
agents, i.e., hydrochloric, acetic, tannic, and citric acids, were also 
employed in the manufacture of the color lakes. 


Color Lakes Composition and Method of Manufacture-The 
following color lakes were prepared with modification of the com- 
position as an indication of the versatility of this method for 
preparing color lakes. Numerous lakes have been prepared ; how- 
ever, only one example of each modification is described in the text. 
The component quantities indicated are representative of 1 kg. of 
finished color lake. 


Type 1 
Fumed titanium dioxide P-25 
F.D. & C. Violet No. 1 


Percent by 
Weight 


96 
4 


The F.D. & C. Violet No. 1 was dissolved in 500 ml. of distilled 
water. The fumed titanium dioxide was dispersed in 2000 ml. of 
water and maintained in a state of agitation employing a Kady 
colloid mill4 with a rotor of 12,000 r.p.m. The dye solutionwas added 
to the titanium slurry and milled for 30 min. The resultant color 
slurry was filter pressed and washed with distilled water to remove 
soluble titanium salts. The slurry was then vacuum dried and stored 
in suitable glass containers. 


Fumed titanium dioxide P-25 
F.D. & C .  Red No. 3 
Surface-active agent 


(Pluronic F-68) 


Percent by 
Weight 


75 
20 


5 


The F.D. & C. Red No. 3 was dissolved in 2 1. of distilled water. 
The fumed titanium dioxide was dispersed in 700 ml. of distilled 
water and maintained in a state of agitation by employing a Kady 
colloid mill. The dye solution was added to the titanium slurry and 
milled for 30 min. The surface-active agent (Pluronic F-68) in 1 1. 
of distilled water was added to the color slurry. The color slurry and 
1 % acetic acid-ethanolic solution was then simultaneously pumped 
in equal portions into a Nerco-Niro portable laboratory spray 
dryer6 employing a Sigmamotor pump.6 The heated chamber of the 
spray dryer was maintained at 175" inlet and 75" outlet tempera- 
tures. The color lake obtained was then vacuum dried for 6-8 hr. 
at 45" and stored in a suitable glass container. 


Percent bv 
Type 3 Weight 


Fumed titanium dioxide P-25 
F.D. & C .  Blue No. 1 
Surface-active agent (Pluronic F-68) 
Partially hydrolyzed 


polyvinylacetate 


89.5 
5.0 
0.5 
5.0 


The F.D. & C. Blue No. 1 was dissolved in 2 1. of distilled water. 
The fumed titanium dioxide was dispersed in 900 ml. of distilled 
water and maintained in a state of agitation by employing a Kady 
colloid mill. The dye solution was added to the titanium slurry 
and milled for 30 min. Then the partially hydrolyzed polyvinyl- 
acetate in 1 1. of hot distilled water was added to the color slurry. 
The surface-active agent (Pluronic F-68) was dissolved in 300 ml. 


2 Pluronic F-68, Wyandotte Chemical Corp., Wyandotte, Mich. 
3 E. I. du Pont de Nemours & Co., Wilmington, Del. 
4 Kinetic Dispersion Corp., Buffalo, N.  Y .  
6 Nichols Engineering & Research Corp., New York, N. Y. 
8 Sigmamotor, Inc., Middleport, N.  Y .  


Table I-Pertinent Operational Details of the Automatic Color- 
Coating Operation Employing the Titanium Color Lakes 


Coating pan speed 26 r.p.m. 
Air inlet temperature 
Air exhaust temperature 


55". 150 c.f.m. 
35", 200 c.f.rn. 


Liquid nozzle (DeVilbiss) 
Air nozzle (DeVilbiss) 491-D 


AV I I 1  5-D-S 


Color-coating 55" 
suspension temperature 


Liquid pressure 30 p s i .  
Air pressure 20 p.s.i. 
Spraying time 30 sec. 
Dwell time 4 min. 
Drying time 6 . 5  min. 
Color coat weight 25-35 mg./tablet 


Color coating time 100-120 min. 
Number of applications 8-1 2 


of distilled water and was added with thorough agitation. The color 
slurry was then spray dried in the same manner as described in 
Type 2; however, the acetic acid-ethanolic solution was eliminated 
from the procedure. 


Fumed alumina7 was also employed in exactly the same manner 
as with Types 1,  2, and 3, which gave similar results as obtained 
with the fumed titanium dioxide. 


Color-Coating Suspension-Fumed titanium dioxide lakes were 
employed to prepare coating suspensions that were applied to sized 
or smoothed tablets. As outlined in Method 2, extemporaneous 
preparation of the color lake with a sucrose syrup (71 % w/w) was 
used to obtain a color suspension for pan-coating tablets. The 
composition of the color suspensions and two procedures for manu- 
facture are outlined as Methods 1 and 2. 


Method 1 


described as Type 2 
Titanium dioxide color lake 


Polyvinylp yrrolidone 
Sucrose syrup 71 w/w to 


Per 3 1. 


60.0 g. 


15.0g. 
3 . 0  1. 


Sixty grams of color lake described as Type 2 was dispersed in 2.8 
1. of sucrose syrup (71 % w/w) in which 15 g. of polyvinylpyrrolidone 
was dissolved. The resulting suspension was milled, employing 
the Kady colloid mill for 30 min. The color suspension was brought 
to volume, and was then suitable for application to smooth-coated 
tablets. 


Method 2 Per 10 kg. 


Fumed titanium dioxide 0.100 kg. 
F.D. & C. Violet No. 1 0.004 kg. 


0,001 kg. F.D. & C. Green No. 3 
F.C. & C. Yellow No. 5 0.015 kg. 
Titanium dioxide USP 0.100 kg. 
Distilled water 2.000 kg. 
Sucrose, granular 5.000 kg. 
Sucrose syrup 71 % w/w q.s. ud. 10.000 kg. 


The F.D. & C. dyes were dissolved in 1 1. of distilled water. The 
fumed titanium dioxide was dispersed in 1 1. of sucrose syrup 
(71 w/w). The liquids were then placed in the Kady colloid mill and 
milled for 1 hr. Five kilograms of sucrose was added to the Kady mill 
vessel and milled until solution was obtained. The titanium dioxide 
USP was mechanically milled in 1 1. of distilled water and then 
was added to the color lake suspension. The resulting color suspen- 
sion was brought to volume with sucrose syrup ( 7 1 z  w/w) and 
milled an additional 15 min. 


The resulting color suspension was then applied to 25 kg. of 
smoothed tablets which were contained in a rotating coating pan. 
The tablets employed in this project had a 180-mg. core weight and 
250-mg. smooth-coat weight. The tablet cores were 8 mm. in diam- 
eter and had a deep concave shape. The coating pan employed was 
the Manesty CP-2 which has a 91.44-cm. (36-in.) diameter. The 
coating pan was equipped with four baffles as described by Lach- 
man (3). The color-coating suspension was sprayed, using an 
apparatus similar to that described by Steinberg (4). A DeVilbiss 


7 Aluminum Oxide C, DeGussa Inc., New York, N. Y.; Alon C, 
Cabot Corp., Boston, Mass. 
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automatic spray gilrl (AGB504) equipped with an internal mixing 
nozzle was employed in this study. Pertinent parameters of the 
automatic color-coating operation are outlined in Table I. 


Color Fastness of the Color Lakes-The permanency of the color 
lakes prepared from fumed titanium dioxide and the soluble dyes 
was tested using a centrifuge technique. One gram of color lake 
was suspended in 30 ml. of water and submitted to centrifugal 
force at 5000 r.p.m. for 5 min. The supernatant liquid was poured off 
and observed for color-leaching tendencies. The same color lake was 
resuspended in 30 ml. of water and centrifuged. In most cases, 
negligible transfer of the dye to the aqueous media occurred during 
the first step but was absent after the second treatment. 


Dispersibility of the Color Lakes-The dispersibility of the color 
lakes when in an aqueous suspension was determined by employing 
sedimentation-rate analysis. Commercially available lakes were 
used as a control for this study. Two grams of color lake was 
suspended in 100 ml. water and placed in a 100-ml. graduated 
cylinder. The commercial lakes settled out about five times as 
rapidly as those prepared and indkated poor dispersibility. The 
color lake particles containing fumed titanium had greater resistance 
to the force of gravity, which was evidenced by its flocculated state 


RESULTS AND DISCUSSION 


Fumed titanium dioxide was employed in this investigation as 
an adsorbate for color lakes. The application results from a physico- 
chemical reaction of the submicron material with water-soluble 
dyes. This results from the strong attractive forces existing between 
the positive-charged fumed inorganic dioxide and the negative- 
charged dye particles. The fumed material ranges in particle size 
from 0.005 to 0.040 p, and thus it possesses a surface area (B.E.T. 
method) from 35 to 100 m.2/g. (5). The absence of permanent inter- 
action between titanium dioxide USP and dyes without permanency 
of lake formation is well known to the dye chemist (6). 


The traditional method for color lake formation involves the 
coprecipitation of a soluble dye with a selected, hydrated, inorganic 
oxide or freshly precipitated salt such as calcium sulfate or barium 
sulfate. This method is not applicable for titanium dioxide lake 
formation from the USP grade material since it does not have the 
necessary physical characteristics of the traditional lake adsorbates. 
Titanium dioxide USP used for pigmentary purposes results in 
particle aggregation and a deficient pigment having less than 
optimum dispersibility and decreased properties, i.e., tinting 
strength. This causes the titanium pigments to possess the following 
undesirable qualities: poor dispersibility, aeration, and fast settling, 
which interfere with excellence in their pharmaceutical use. The 
titanium dioxide lakes which were prepared from the fumed ma- 
terial resulted in a lake particle having optimum pigmentary proper- 
ties, notably tinting strength, and demonstrated improved dispers- 
ibility. 


As a result of fumed titanium dioxide’s smaller particle size as 
compared with the USP grade, when it was dispersed in an aqueous 
medium it appeared relatively transparent and exhibited a much 
lower tinting strength. 


When the fumed titanium dioxide was dispersed in an aqueous 
medium, it showed an isoelectric point at pH 6.5. Fumed titanium 
dioxide differs from the regular opacifying grades, because it 
possesses a substantial positive surface charge which causes it to 
interact exceptionally well with negatively charged particles, i.e., 
soluble dyes. Acidification of the titanium dioxide-dye slurry when 
preparing the color lake permitted greater dye inclusion, since the 
potential of the titanium dioxide is higher at a low pH. The iso- 
electric point should be avoided in lake formation because it would 
provide the lowest potential. The acidified dyes are poorly soluble 
in water, and the color lake formed was evaluated as more per- 
manent. An important aspect of the titanium lakes is that strong 
acids such as hydrochloric and acetic may be employed to fix the 


dye without causing the adsorbate to dissolve, as would occur with 
alumina. When a particular acid was varied in the treatment of the 
dye adsorbate, different shades of a specific color were obtained. 


The spray-dried titanium lakes had a particle-size range similar 
to those obtained by a micronizing process and fall in a range from 
1 to 10 p as demonstrated by photomicroscopy. Excellent dispers- 
ibility of these color lakes in water was observed when compared 
with the commercially available color lakes prepared by jet-milled 
micronization. 


An opaque gel structure formed during the extension of the 
dye on the fumed titanium dioxide. Addition of the dye caused a 
thickening of the fumed titanium slurry almost instantly, provided 
that the amount of dye was either in excess or sufficient to saturate 
the dye-adsorbing capacity of the fumed material. When the 
amount of titanium dioxide in the slurry was about 1 % w/w and the 
dye about 1-2 % w/w, a change occurred, a shifting from a colloidal 
suspension to a dense precipitate at the saturation point. If the 
dye saturation point was just reached, the lake obtained was easily 
separated by centrifugation; however, those slurries with a de- 
ficiency or excess of dye behaved like colloidal suspensions, and it 
was extremely difficult to separate the lakes from the dispersion 
medium by centrifugation. This phenomenon varied with the 
chemical structure of the dye considered. 


The method of choice in the manufacture of the titanium lakes 
was the employment of the spray-drying technique which included 
preacidification before atomization into the spray-drying chamber. 
The inlet and outlet temperatures of the spray dryer were based on 
the composition of the dispersion media. The viscosity of the slurry 
prior to spray drying was decreased by using either inorganic or 
organic acids. If strong acids were employed, it was imperative 
that they were volatile a t  the inlet temperature of the spray dryer. 
The color fastness of these titanium dioxide lakes prepared by 
spray drying exhibited exceptional permanency of the dyeadsorbate 
interaction. 


The color lakes prepared in this study were suspended in sucrose 
syrup (71 w/w), and the certified dye content, in  certain cases, was 
utilized at 0.4% w/v. The color suspension was then applied to 
rounded, rotating tablets, and the tablets required about 8-12 appli- 
cations to be considered acceptable from a color and physical ap- 
pearance standpoint. The coating suspension permitted a reduction 
of the color-coating operation when compared with conventional 
dye solutions. The advantages of this process for coating tablets 
are: uniform color dispersion, consecutive batch reproducibility, 
extemporaneous preparation of color lakes, and the necessity of 
only 8-12 applications of the color suspension to obtain maximum 
color tone. 
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quantitative methods, dose, metabolism, and an abstract of the refer- 
enced toxicology literature. 


Following the monographs are individual collations of each iden- 
tity test. Drugs are grouped under the standard chromatographic 
systems. Melting points, UV maxima, and IR bands are listed nu- 
mericallywith thedrugsentered opposite. Celor test data arecompiled 
by observed reaction. Such devices are familiar and welcome to 
those experienced in qualitative organic analysis. Hundreds of IR 
spectra are reproduced, six to a page, and the transparent plastic 
bookmark carries wavelength and wavenumber grids to be super- 
imposed on the spectra. This is attractive, but of questionable value 
in view of the difficulty in obtaining sufficiently pure samples and 
the ready availability of spectra elsewhere. Problems caused by the 
polymorphism of some categories of drugs also are not signaled. 
Appendixes include preparation of many reagents, description of 
color tests, the bibliography, and a good index. 


Ten introductory chapters supply general discussion in support of 
the contents of the monographs. The fmt chapter contains rapid 
screening procedures for drug types known to account for most of 
drug ingestion cases brought to hospitals. Subsequent chapters dis- 
cuss the three monograph chromatographies, spectrophotometric 
techniques, the older color and crystal tests, extraction pro- 
cedures, and drug metabolism. At first notice, Smith’s chapter on 
patterns of drug metabolism may appear unrelated to some readers. 
Further thought reveals the necessity of knowing excretion and 
metabolic aspects of drugs in humans. Little value to haphazard 
searching of the wrong tissues or fluids for evidence of a drug or 
more commonly, overlooking major metabolites while searching 
only for unchanged drug. An observation may be made that the 
monographs and tables are concerned with unchanged drugs and 
the general omission of metabolite identification is a weakness in 
this work. This is partly editorial, but also reflects the limited infor- 
mation in this area. 


The major weakness of the volume lies in the area of sample isola- 
tion. As now offered, the book is largely one of identification 
methods. Common clean-up techniques aren’t presented in a usable 
form. Isolation methods from pharmaceuticals just aren’t treated. It 
is not a text for isolation and purification of samples. 


Clarke’s compilation is a practical fusion of qualitative organic 
analysis and toxicology in monograph form. The reference value of 
this work is unquestionable. This and the several innovations 
strongly recommend the volume to laboratories handling com- 
pounds of biomedical interest. 


Reviewed by Lee T. Grady 
Drug Standards Laboratory 
American Pharmaceutical Associaiion Foundation 
Washington DC 20037 


Marine Pharmacology. By MORRIS H. BASLOW. Williams and 
Wilkins Co., Baltimore, MD 21202, 1969. xiv + 286 pp. 18 X 26 
cm. Price $19.75. 
The text represents the first comprehensive coverage of the 


embryonic field of marine pharmacology. It is the outgrowth of the 
author’s interest in this field developed from a graduate course 
on the subject presented at the University of Hawaii for three 
years. In its comprehensive overview coverage, one finds chapters 
ranging from the antibiotic activity of sea water, through the bio- 
dynamic principles of various phyla of microorganisms, algae, 
sponges, jellyfish, marine worms, molluscs, arthropods, echino- 
derms, and finally culminatingin the various higher vertebrates. 


Since no other basis for classification is yet reasonable, the 
taxonomic one used by the author is very effective. Each chapter 
on a particular phylum is logically arranged and follows a smooth 
progression of subcategories so designed as to  point out bioactive 
data in an easily readable fashion. References are at the end of 
each chapter and are numerous and current. For example, the 
chapter on blue-green algae starts with a brief consideration of 
the characteristics of the group and the history of reviews on the 
subject then proceeds through the known chemistry performed on 
bioactive algal principles, the pharmacology and toxicity of their 
active substances, and a conclusion based on the potential for the 
development of useful drugs or other agents from the phylum. 


The chapters are profusely illustrated with tables containing 
pertinent condensed data from numerous investigators. Many 


chemical structures of known substances are also given as well as 
reproductions of kymograph and physiograph recordings of effects 
of the more important marine principles on various test organisms. 
The final chapter summarizes in table form (10 pages), the pharma- 
cological potential of substances isolated from marine organisms. 
The index is excellent and complete so that one can start with the 
name of an organism, the chemical principle, or type of activity 
and find a summary on these as well as appropriate references in 
the current scientific literature. 


The text is to be highly recommended for use by pharmacologists, 
pharmaceutical chemists, and pharmacognosistsas a prime reference 
on the subject. The main, and perhaps only, undesirable feature 
is the high price for this publication. If the publishers wish to 
make it readily available a t  all levels of interest, the price should be 
reduced considerably. In addition, the first eight pages (two of which 
contain four-color photographs of marine organisms), are printed 
on glossy paper while the remainder of the text is printed on less 
expensive yellowish stock paper. 


Reuiewed by A. H. Der Marderosian 
Philadelphia College of Pharmacy and Science 
Philadelphia, PA 19104 rn 
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NOTES 


Synthesis of Radiolabeled 
1,l-Bis (p-chlorophenyl) -2-nitropropane 


RALPH H. JARBOE, Jr.*, JOHN B. DATA, and JOHN E. CHRISTIAN 


Abstract 0 Radiolabeled l,l-bis(p-chlorophenyl)-2-nitropropane 
was synthesized, and its purity was established by TLC. Autoradio- 
grams of labeled and unlabeled products were compared for 
authenticity. The specific activity was determined. 


Keyphrases 0 1,1-Bis(p-chlorophenyl)-2-nitropropane-synthesis, 
specific activity 0 14C-Labeling-specific activity, 1,l-bis(p-chloro- 
phenyl-2-nitropropane Liquid scintillation spectrometry- 
specific activity 0 TLC-analysis 


The primary objectives of this work were to  devise a 
practical synthesis and to establish the purity of radio- 
labeled 1,1-bis(p-chlorophenyl)-2-nitropropane (I) for 
the purpose of subjecting the compound to distribution 
and metabolic studies in its use as an insecticide. The 
preparation of I is basically an adaptation of the 
method described by Hass et al. (1): 


1 Cl-@HO + CH,-CH2-N0, 


I 
Scheme 1 


The desired compound (I) was obtained in 32.5% 
yield. Purity of the product was established by TLC, 
using two solvent systems and a commercial ads0rbent.l 
Autoradiograms of the labeled product were compared 
to an authentic, unlabeled sample. The pure product 
had a specific activity of 13.85 f 0.11 pc./mmole. 


EXPERIMENTAL 
1-p-Chlorophenyl-2-nitro-1-propanol-Fifty-six grams (0.4 mole) 


of p-chlorobenzaldehyde was stirred mechanically for 3 hr. with 200 
ml. of water containing 50.0 g. (0.475 mole) sodium bisulfite. 
Thirty-three grams (0.44 mole) nitroethane, previously dissolved in 
80 ml. of 6.25 N NaOH at 8-13', was added in small portions to the 
stirred, thick, white suspension of bisulfite addition product. As 
the reaction proceeded, the magma dissolved and a flocculent pre- 


~~ ~ 


1 Adsorbosil P-1, Allied Science Laboratories Inc., State College, Pa. 


cipitate formed. Stirring was continued for 18 hr. after the last addi- 
tion of the alkaline nitroethane solution. 


The reaction mixture was transferred to a separator, the yellow 
organic layer which settled to the bottom was removed, and the 
milky aqueous layer was extracted three times with 25-ml. portions of 
ether to remove additional organic material. The combined organic 
substances were extracted with 50-ml. portions of 10% aqueous 
sodium bisulfite solution until all unreacted p-chlorobenzaldehyde 
had been removed. The ethereal solution was dried with anhydrous 
sodium sulfate for 2 hr. and filtered; the solvent was removed under 
reduced pressure to give 70.0 g. of light-yellow oil. Fractionation of 
the crude product gave 31.0 g. (36.1 %) of highly viscous yellow oil 
which distilled at 145-147" at 0.2 mm. 
l,l-Bis(p-chlorophenyl)-2-nitropropane-14C-T'o 25 ml. of 2 Z 


fuming sulfuric acid, maintained at 10" and mechanically stirred, 
was added 57 mg. (0.50 mmole) of chlorobenzene-14C (2.98 mc./ 
mmo1e)z and 3.8 ml. of unlabeled chlorobenzene used to rinse the 
shipping vial. When the mixture had reached bath temperature, 8.78 
g. (0.041 mole) of 1-p-chlorophenyl-2-nitro-1-propanol was added 
dropwise. The cooling bath was removed; the reaction mixture was 
stirred for an additional 1.5 hr., poured onto 100 g. cracked ice, and 
allowed to stand for 2 hr. The product was extracted exhaustively 
with ether, and the combined ether extracts were washed successively 
with 50-ml. portions of 5 x  sodium bicarbonate. 10% sodium bi- 
sulfite, and water. The ether was removed under reduced pressure, 
the oily residue was steam distilled, and the product remaining in 
the distillation flask was dissolved in ether. 


The ethereal solution was dried with anhydrous sodium sulfate 
for 2 hr. and filtered. The ether was removed under reduced pres- 
sure, and the viscous oil was poured onto a watch glass to solidify 
overnight. About 2 ml. absolute ethanol was added to the original 
flask to dissolve residual material. The alcoholic solution and the 
solidified material were combined, crystallized from hot ethanol, and 
twice recrystallized from ethanol to obtain 4.1276 g. (32.5%) of a 
white, crystalline product. 


TLC-Microscope slides coated with commercial adsorbent 
were placed vertically in individual, small, square, amber bottles 
containing 10 ml. of the desired developing solvent. The bottles 
were capped and slides were equilibrated overnight. Five microliters 
of the sample, in methanol, was pipeted onto each slide about 1 cm. 
above the solvent level. The slides were developed for about 10 min., 
air dried, exposed to UV radiation to locate I, and sprayed with a 
plastic preservative if subsequent autoradiography was intended. 
Repeated runs with authentic samples of I gave an R f  value of 0.48 
in hexane-ethyl acetate (9 : 1) and 0.30 in hexane-acetic acid (9 : 1). 


Autoradiography-For autoradiography, separate solutions of 
the authentic unlabeled product and of the labeled product contain- 
ing 10 mg./ml. were prepared in methanol. Five-nicroliter samples 
of the authentic and labeled products were chromatographed in 
parallel on 20 x 20-cm. commercial adsorbent thin-layer plates, 
using both of the solvent systems described previously. In both 
solvent systems, UV irradiation of the plates disclosed identical R, 
values for authentic and unlabeled samples. In neither solvent was 
there evidence of impurities. The plates were sprayed with plastic 
preservative to prevent sloughing, exposed for 6 days to film, 
developed, and fixed.3 For both solvent systems, a single radioactive 


2 Uniformly labeled. 
3 Eastman No Screen medical X-ray film. Developed and fixed in 


Eastman Kodak liquid developer and liquid fixer, respectively. 
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spot, corresponding to the position of the authentic unlabeled 
sample, was obtained. There was no tailing in the hexane-ethyl 
acetate system, but there was a small amount of tailing in the hex- 
ane-acetic acid system. 


Determination of Specific Activity-A 10 mg./ml. solution of 1,l- 
bis(pchlorophenyl)-2-nitropropane- llC in methanol was used to 
determine the specific activity of the compound. 


Five samples were prepared by pipeting 100 @I. of the solution 
into five scintillation vials containing a liquid scintillation cocktail 
composed of 0.14z PPO (2,5-diphenyloxazole) and 0.01 % di- 
methyl POPOP [ 1,4-bis(4-methyl-5-pheny1-2-oxazolyl)bemene] in 
equal volumes each of toluene and 2-ethoxyethanol. These samples 
were cooled in a Packard TRI CARB liquid-scintillation spec- 
trometer, model 3003, for 0.5 hr. The window width of 50-100” was 
chosen. Utilizing an internal standard of toluene-14C (toluene- 14C, 
5.01 X los dis./min./ml., R-21 Tracerlab), the observed counts per 
minute were converted to disintegrations per minute and corrected 


for quenching and counter efficiency. A specific activity of 13.85 f 
0.1 1 pc./mmole was obtained. 
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Development of Tolerance to Pentobarbital 


JASBIR M. SINGH, BRUCE FIEGENSCHUE, and CARL SCHEXNAYDRE 


Abstract [? Tolerance to pentobarbital developed 4 hr. after the 
first injection and reached a peak at 17-22 hr., after which it 
decreased to nonsignificant levels by 48 hr. The duration and fre- 
quency of administration of pentobarbital affected the degree of 
development of tolerance to pentobarbital. PTI (Percentage Toler- 
ance Index) decreased progressively with the increase in the number 
of injections. When four injections were given within the span of 
28 hr., the animals showed a greater degree of tolerance on the 
third injection which was administered 24 hr. after the initial injec- 
tion. Tolerance was also present on the fourth injection but to a 
lesser degree when compared with the third injection. The experi- 
mental data from this study suggest that tolerance to pentobarbital 
does develop and is the result of the pentobarbital stimulating its 
own metabolizing enzyme. 


Keyphrases 0 Pentobarbital-tolerance development, rats 0 
Drug tolerance-pentobarbital, rats 0 Tolerance, pentobarbital- 
rats 


Animals can be shown to develop tolerance to barbi- 
turates, pentobarbital and thiopental (1). Gruber and 
Keyser found that dogs tend to become tolerant to a 
variety of barbiturates (2). As a criterion of tolerance, 
they used the reduction of the sleeping time elicited by 
the same dose after it had been repeated several times. 
According to Goodman and Gilman, tolerance to 
barbiturates has developed when, after repeated admin- 
istration, a given dose produces a decreasing effect or, 
conversely, when increasingly larger doses must be 
given to obtain true barbiturate effects obtained with the 
original dose (3). Tatum et al. provide the classic defini- 
tion of tolerance as “a phenomenon characterized by 
the fact that more drug must be used to produce equiva- 
lent effects” (4). Jaffe and Sharpless have shown that 
some degree of physical dependence can be produced in 
as little as 20 hr. after pentobarbital administration ( 5 ) .  
Singh has also shown that tolerance to pentobarbital 
and thiopental is developed within 24 hr. (1). The pur- 
pose of this paper is to report that: (a) a certain time 


lapse occurs before the tolerance is developed, and (21) 
this developed tolerance reaches a peak and then 
declines. 


EXPERIMENTAL 


Female albino rats, random by breed (Caeserian Drive One) and 
weighing 125-175 g., were used. Pentobarbital sodium was dissolved 
in distilled water. The volume of each injection was kept constant, 
i.e., 1 ml./kg. All injections of pentobarbital (25 mg./kg.) were given 
intraperitoneally. The sleeping time (difference between loss of 
righting reflex and regain in righting reflex in minutes) was deter- 
mined. 


Animals were divided into five major groups: 
Group 1-Pentobarbital was administered to 34 animals at 


zero time and at an interval of 24 hr. 
Group %Eighteen subgroups were composed of 10 to 15 animals 


each. In these subgroups, the first injection was given at zero time 
and then the second injection was given at intervals of 2, 3,4, 7, 9, 
13, 17, 18, 19, 20, 21, 21, 22.5, 22.5, 24, 48, 72, and 168 hr. Some 
experiments (21 and 22.5 hr.) were duplicated. 


Group 3-Pentobarbital, 25 mg./kg., was administered daily to 
10 animals at intervals of 24 hr. for 16 days. 


Group &Three subgroups were comprised of 10 to 15 animals 
each. To each subgroup, pentobarbital, 25 mg./kg., was adminis- 
tered at intervals of 0,2,24,26; 0,3,24,27; and 0,4,24,28 hr. 


Group 5-Clinical signs, i.e., water consumption, urine output, 
food consumption, and growth, were observed in animals that had 
developed tolerance to pentobarbital, 25 mg./kg. Each animal was 
housed separately in a metabolism cage, and initial observations on 
each animal were taken. Each animal was given two injections of 
pentobarbital after the initial observations. Then the animals were 
allowed to recover on the third and fourth day. Statistical methods 
used were those of Snedecor (6). 


Because most work on the development of tolerance to barbi- 
turates has been done on male rats, guinea pigs, mice, and dogs, in 
this project the authors decided to study tolerance to  pentobarbital 
in female white rats. Percentage tolerance index (PTI) was computed 
as follows (1): 


x 100 
hypnotic effect of first injection 


hypnotic effect of second injection 
~~ 


If PTI is unity, i.e., loo%, it indicates no tolerance. PTI greater 
or less than unity indicates tolerance or cumulative effect. Before 
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indoles, this is not the situation, as may be seen in Figs. 1-3. These 
substances have K;l values; other pertinent information is listed in 
Table 11. 


CONCLUSION 


The stoichiometry of the complex has not been delineated, 
but slopes of less than one as encountered in Figs. 1-3 imply a 1 : 1 
complex. This does not prove the absence of other complex species 
(16). 


Table I1 illustrates that all K,', values, including that of methy- 
sergide, are of approximately the same magnitude. This indicates 
that a good portion of the capacity for complexation of the high 
molecular weight ergot alkaloids lies within the indole moiety of 
the molecule. The role the cyclic tripeptide portion plays in the 
mutual attraction of caffeine and related xanthines for these pro- 
teinaceous alkaloids has yet to be spelled out; however, it is likely 
that these protein substituents may alter binding in some way. 
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Absolute Configuration of (+) -trans-2-o-Tolylcyclohexanol 
by X-Ray Crystallography 


ARTHUR CAMERMAN", LYLE H. JENSEN, TODD G. COCHRANt, and ALAIN C. HUITRIC 


Abstract 0 The determination of the absolute configuration of the 
3-nitro-4-bromobenzoate ester of (+)-trans-2-o-tolylcyclohexanol 
by X-ray crystallographic analysis is reported. The results give 
unequivocal proof that the original assignments of (1 S,2R)-( +)- 
trans-2-o-tolylcyc1ohexano1, (1R,2R)-( -)-cis-2-o-tolylcyclohexanol, 
and (2R)-( +)-2-o-tolylcyclohexanone are correct. 


Keyphrases 0 X-ray crystallography-configuration, (+)-trans- 
2-o-tolylcyclohexano1 0 (+)-trans-2-o-Tolylcyclohexanol-config- 
uration confirmation, X-ray crystallography 


The absolute configurations of (+)-rruns-2-o-tolyl- 
cyclohexanol (I) and (-)-cis-2-o-tolylcyclohexanol (11) 
were reported in an earlier communication (1) on the 
basis of the positive Cotton effect of the carbonyl 
chromophore of the (+)-2-o-tolylcyclohexanone (111) 
obtained from the oxidation of I and 11. Compounds 
I and I1 are two of several key reference compounds 
currently used in this laboratory in a study associated 
with Cotton effects of aromatic chromophores. Al- 
though the original assignment of absolute configura- 
tions of I and I1 was considered reliable, an unquestion- 
able proof was desired. Unequivocal proof is now given 
from X-ray crystallographic analysis of the 3-nitro-4- 
bromobenzoate ester of I that the initial assignments 
of (1S,2R)-(+)-truns-2-o-tolylcyclohexanol for I, 


(1R,2R)-( -)-cis-3-o-tolylcyclohexanol for 11, and (2R)- 
(+)-2-o-tolylcyclohexanone for I11 are correct. 


Figure 1 shows perspective drawings of the three- 
dimensional structure and correct absolute configura- 
tion of the 3-nitro-4-bromobenzoate ester of (+)-trans- 
2-o-tolylcyclohexano1. 


EXPERIMENTAL. 


(1 S,2R)-( +)-trans-2-o-Tolylcyclohexyl 3-nitro-4-bromobenzoate 
was prepared by reaction of the known (+)-trans-2-o-tolyl- 
cyclohexanol (I) with 3-nitro-4-bromobenzoyl chloride in pyridine. 
The ester was purified by chromatography on silica gel, using a 
50 : 50 benzene-hexane mixture, and recrystallized from hexane, 
m.p. 64.5-65.5', IR (KBr) 1720 cm.-I (C=O), 1536, 1352 (NOz), 
[a]" + 100" (c 1.0, methanol). 


The compound crystallizes in space group P21212 with the fol- 
lowing crystal data: 


a = 7,922 f 0.002 a = @ = y = 90" 
b = 26.342 f 0.008 Dm = 1.4 (flotation in CsCl solution) 
c = 18.694 f 0.006 Dale. 1.426 2 = 8 molecules/unit cell 


X-ray intensities were measured on a crystal approximately 0.13 X 
0.38 x 0.53 mm. to 26 = 45", corresponding to an interplanar 
spacing of 0.93 A, on a computer-controlled, four-circle diffrac- 
tometer. The w/20 scan technique using Nb-filtered Mo radiation 
was employed. A total of 2928 independent reflections were mea- 
sured, of which 1852 had intensities greater than twice the standard 
deviation of their measurement. Absorption corrections were ap- 
plied using the method of De Meulenaer and Tompa (2), and struc- 
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Figure l+lS,2R) - (+)-trans-2-o-To~ylcyclohexyl3-nitro-4-bromo- 
benzoate. 


ture amplitudes were obtained from the intensities in the usual 
fashion. A sharpened, origin-removed, three-dimensional Patterson 
synthesis enabled the positions of the two unique bromine atoms to 
be found; the coordinates of the 50 other nonhydrogen atoms com- 
prising the two molecules in the asymmetric unit were determined 
in subsequent electron-density maps based on phases calculated 
from the bromine positions. The positional and thermal parameters 
of all the atoms were refined using full matrix least squares 
until a discrepancy factor, R, of 0.089 was achieved. 


Up to this point the normal bromine scattering curve, fk", was 
used with no correction for anomolous scattering of the X-rays by 
the bromine atoms. At this stage, the absolute configuration of the 
molecule was determined by the following method. The true bromine 
scattering curve, including anomolous scattering effects, j~~ = 
fBro + AfBr' + iAfBr", was then applied; structure factors were 
calculated for molecules with atom coordinates x ,  y, and z and for 
molecules with atom coordinates - x ,  -y, and - 2 .  That is, struc- 
ture factors were calculated for both possible optical isomers. The 
discrepancy factor, R = (ZlIFol - iFcll)/ZlFo/, was 0.098 for one 
structure and 0.086 for the other enantiomer. The difference is 
highly significant (3), and the absolute configuration for this struc- 
ture is thus unambiguously established as the one giving the lower 
R.  One last cycle of least-squares refinement, using the atom co- 
ordinates corresponding to the correct optical isomer but neglecting 
anomalous corrections to the scattering curve, brought R down to 
0.079. Although hydrogen atoms could be located from a difference 
Fourier map, they were not included in the calculations since the 
additional significance does not compensate for the added cost of 
refinement for a structure of this size. 
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Muscarinic Receptors: 4-Substituted-3-trimethyl- 
ammoniumtetrahydrofuran Halides 


WENDEL L. NELSON, JOHNNY K. WONG", FRANK F. VINCENZI, 
PETER H. BLAKE?, and DONALD L. SMITH 


Abstract 0 Preparation of the cis- and trans-4-hydroxy-3-trimethyl- 
ammoniumtetrahydrofuran and 4-acetoxy-3-trimethylammonium- 
tetrahydrofuran halides and 3-trimethylammoniumtetrahydrofuran 
iodide is described. Weak muscarinic activity was noted for the 
unsubstituted 3-trimethylammoniumtetrahydrofuran salt, being 
about 1OOO-fold less potent than acetylcholine. The trans-hydroxy 
and trans-acetoxy compounds showed even less activity, and the 
cis-compounds were inactive. 


Keyphrases n 3-Trimethylammoniumtetrahydrofuran halides, 4- 
substituted-muscarinic receptors, synthesis, pharmacologic test- 
ing Muscarinic receptors-3-trimethylammoniumtetrahydro- 
furan halides, 4-substituted, synthesis, pharmacologic testing 


The fundamental problem of relating molecular 
structure to biological activity at various drug receptors 
becomes extremely difficult when considering small 


conformationally mobile molecules such as acetyl- 
choline. Regardless of the existence of preferred con- 
formations in the solid state and in solution (1-5), it 
should not be assumed that these conformations are 
those in the drug-receptor surface complex (6). 


Various conformationally rigid or semirigid cholin- 
ergic agents have been prepared to aid in determination 
of the architectural features af the drug-receptor com- 
plex on various cholinergic sites, e.g., muscarinic, 
nicotinic, and acetylcholinesterase (7-12). Attempts 
which incorporate the least number of additional atoms 
have generally been most successful, although compari- 
sons of closely related compounds in higher series also 
seem valid (12). 


In this study, various analogs of 3-trimethylammo- 
niumtetrahydrofuran iodide were prepared. This system 
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Biosynthesis of Deuterated Benzylpenicillins I: 
Solvent Deuterium Oxide Participation 


BRUCE C. CARLSTEDT”, HENRY L. CRESPI, MARTIN I. BLAKE?, and JOSEPH J. KATZ 


Abstract 0 The 53-414 strain of PeniciNium chrysogenum was cul- 
tured in a defined medium containing glucose, acetate, lactate, and 
phenylacetic acid as carbon sources and 99.8% deuterium oxide as 
solvent. Partially deuterated benzylpenicillin was isolated from the 
culture. The extent of solvent participation in the biosynthesis of 
the penicillin molecule was determined by analysis of the proton 
magnetic resonance spectra. Incorporation of deuterium appears 
almost complete at two positions: the C-3 position of the thiazol- 
idine ring and the C-6 position of the b-lactam ring. A partial 
incorporation of deuterium at the C-5 position is also observed. 
The deuterium atoms in the C-5 and C-6 positions apparently arise 
during biosynthesis of the amino acid cysteine. The deuterium atom 
at the C-3 position apparently arises either in the biosynthesis of the 
amino acid valine or in the closing of the thiazolidine ring. 


Keyphrases 0 Deuterated benzylpenicillin-biosynthesis 0 Pen- 
icillium chrysogenum cultures-benzylpenicillin deuteration 0 
Biosynthesis, deuterated benzylpenicillin-P. chrysogenum cul- 
tures 0 Proton magnetic resonance-analysis, structure 0 IR 
spectrophotometry-structure 


A variety of organisms has been successfully cultured 
in pure deuterium oxide (DzO) (1); in several instances, 
pharmacologically active principles containing deu- 
terium have been isolated and studied. Nona et al. (2-4) 
studied the effects of DzO on the growth of Penicillium 
ianczewskii. Deuterated griseofulvin was isolated and 
its antifungal activity evaluated. Mrtek et al. ( 5 ,  6 )  
cultured a strain of Claviceps purpurea in DzO and 
examined the biosynthesis of deuterated clavine alka- 
loids isolated from the culture. Katz and Crespi (7) 
reviewed the literature on isotope effects in biological 
systems. 


Shaffer et al. (8) observed the effects of DzO on the 
growth rate and morphology of Penicillium notatum, but 


penicillin production was not investigated. Mohammed 
et al. (9, 10) reported the effects of DzO on the growth 
and antibiotic production of 13 low-producing strains 
of two species of Penicillium and three high-producing 
strains of Penicillium chrysogenum. Here again, deuter- 
ated antibiotic was not isolated. Behrens et al. (11) 
synthesized deuterophenylacetyl-W-DL-valine and 
found the deuterophenylacetyl moiety was incorporated 
into the benzylpenicillin molecule. Demain (12) used 
partially deuterated benzylpenicillin, which contained 
five deuterium atoms in the benzene ring, to study the 
stability of penicillin during fermentation. Laskar and 
Mrtek (13) synthesized and studied the activity of a 
benzylpenicillin which was fully deuterated in the benzyl 
moiety. A reduction in antibiotic activity was reported. 


In the present study, P .  chrysogenum 53-414, a mutant 
of the Wisconsin 4-176 strain, was cultured in a defined 
medium containing DzO as the solvent. Partially deuter- 
ated benzylpenicillin was isolated, and the degree of 
solvent participation in its biosynthesis was determined 
by proton magnetic resonance (PMR) analysis of this 
isotope hybrid compound. 


EXPERIMENTAL 


Preparation of Slants-P. chrysogenum, Wisconsin strain 53-414, 
was obtained from the American Type Culture Collection (number 
12690) in the lyophilized form. Agar slants were prepared as de- 
scribed by Mohammed et al. (9). The lyophilized material was sus- 
pended in Difco nutrient broth, streaked on the surface of the agar 


“Isotope hybrid compound” refers to a compound that contains 
one type of atom but also more than trace amounts of one of its isotopes 
(14). 


1456 0 Journal of Pharmaceutical Sciences 







Table I-Composition of Protio Culture Media 


Seed Culture Medium Protio Culture Medium 


Dextrose 6.00 g. Lactose 3.00 g. 
Lactose 1 .OO g. Dextrose 0.50 g. 
Standard salt 10.00 ml. Standard salt 10.00 ml. 


mixture mixture 
NH4 Acetate 0.35g. NH40H 0.559 g. 
NH4 Lactate 0.693 g. Lactic acid 0.520 g. 


(go%, syrupy) Acetic acid 0.273 g. 
Water to make 100.0 ml. Water to make 100.00 ml. 
CaCO, 1.50g. 


Standard Salt Mixture 
KHzP04 3.00 g. 
MgSO4'7HzO 0.25 g. 
FeSO., . 7Hn0 0.10 E. 
cuso; * 


ZnSOI. 7Hz0 
MnS04. HzO 
CaCL 
Water to make 


0 .  OOTg. 
0.02 g. 
0.02 g. 
0.05 g. 


100.00 ml. 


slants, and allowed to grow at room temperature for 5-7 days. The 
agar slants were stored at  5 "; fresh slants were prepared every 4-6 
months from lyophilized spores. 


Preparation of Seed Culture-The seed culture medium was pre- 
pared according to the formula shown in Table I. The pH of the 
medium was adjusted to 6.9 with 25 z KOH prior to the addition of 
CaCO8. Fifty milliliters of medium was transferred into a series of 
250-ml. conical flasks, and the flasks were autoclaved. Each flask 
was inoculated with a loopful of the aerial mycelium from an agar 
slant and placed on an Eberbach rotary shaker at 185-190 r.p.m. for 
96 hr. The resulting inoculum, consisting of pellets ranging from 1 
to 3 nim. in diameter, was recovered aseptically by collection on 
filter paper in a Buchner funnel. For HzO cultures, the mycelial pad 
was washed with distilled water and stored in a sterile container. 
For D20 cultures, the mycelial pad was rinsed once with distilled 
water, rinsed twice with DzO, and stored in a sterile container. 


Water Culture Techniques-The protio medium was prepared 
according to the formula shown in Table I. The pH was adjusted 
to 6.85 with 25% KOH (aqueous) prior to autoclaving. Three 
hundred and fifty milliliters of the medium was added to a series of 
2-1. conical flasks and autoclaved. Twenty-eight grams (wet weight) 
of the seed culture mycelium was added to each culture flask by 
aseptic technique. All flasks were placed on an Eberbach rotary 
shaker at 185-190 r.p.m. for approximately 160 hr. at which time 
the cultures were harvested. Phenylacetic acid (PAA), as the po- 
tassium salt, was added as a sterile solution at the rate of 29.2 mg. 
PAA/35O ml. culture medium/day. Protio cultures were used as con- 
trols and for penicillin isolation studies. 


Deuterated Culture Methods-A modified replacement technique 
was used for culturing P. chrysugenurn in DzO. The DzO nutrient 
medium (Table 11) differed from that of the protio cultures in the 
following ways: DzO replaced water as the solvent, a vitamin mix- 
ture (Table 11) was added, and a daily addition of carbohydrate was 
required. The DzO nutrient medium was adjusted to apparenta 
pH (15) 6.9 with 25% KOH in DzO; 50 ml. was transferred into 
250-ml. conical flasks and autoclaved. One milliliter of the vitamin 
mixture was added to each flask. Each flask was inoculated with 4 g. 
(wet weight) of mycelial pad which had been previously rinsed with 
DzO. The flasks were allowed to ferment on an Eberbach rotary 
shaker at 185-190 r.p.m. for approximately 160 hr. Anhydrous 
D-glucose, exchanged once with DzO, was dissolved in sufficient DzO 
to give a final concentration of 0.125 gJ.5 ml., transferred to a 
multiple-dose vial, and autoclaved. 


PAA in D 2 0  was neutralized with 2.5 % KOH in D20. The solu- 
tion was diluted with DzO to give a final concentration of 4.17 
mg./0.5 ml., added to a multiple-dose vial, and autoclaved. 


Daily addition of the D-glucose and PAA was accomplished with 
a sterile syringe and needle by injection through the cotton plug. 


Bioassay Procedures-A 1-ml. aliquot of the culture medium 
was removed each day by means of a sterile disposable pipet and 
was placed in a 3-ml. test tube which was stoppered to reduce dilu- 


a The apparent pH of a D?O solution is that pH observed with a pH 
meter. The pH of a solution 1s the apparent pH plus 0.4 UNt. 


Table 11-Composition of DzO Nutrient Culture Medium 
and Vitamin Mixture 


DzO Nutrient Culture Medium Vitamin Mixture" 


Dextrose 1.00 g. Biotin 0.005 g. 
Standard salt 10.00 ml. Inositol 0.005 g. 


mixtureb Ca pantothenate 0.005 g. 
NH40H 0.55 g. Pyridoxine HCI 0.005 g. 
Acetic acid 0.273 g. Thiamine HCl 0.005 g. 
Lactic acid 0.52 g. DzO to make 100.00 ml. 
DeO to make 100.00 ml. 


a Filtered through Millipore filter for sterilization. b Prepared as in 
Table I but with DzO as the solvent. 


tion of the deuterium by atmospheric moisture. The aliquot was 
used for three analyses: pH or apparent pH, penicillin titer, and 
DzO content where applicable. The USP XVII (16) bioassay pro- 
cedure was employed, except that the test organism was Surcina lutea 
(17), obtained from the American Type Culture Collection (number 
9341). The organism was maintained on an agar slant of Difco 
Bacto Antibiotic Medium 1 and was reslanted every 7-10 days. A 
10-ml. base layer of Difco Bacto Antibiotic Medium2 and a6-ml. seed 
layer of Difco Bacto Antibiotic Medium 1 were utilized. Sodium 
penicillin GS was used as the reference standard. Microliter (10- 
100) portions of the aliquot were diluted to 10 ml. with 1 phos- 
phate buffer, pH 6.0. Reference standard penicillin was included 
with each cup plate assay. The plates were incubated at  30" for 18- 
24 hr. A graph of inhibition zone diameter versus penicillin concen- 
tration was plotted. Titer values were read from the graph, multi- 
plied by the dilution factor, and expressed as units per milliliter of 
culture medium. No correction factor was applied for the deuterated 
penicillin. All values of penicillin are in terms of sodium penicillin 
G reference. 


Determination of pH-The pH of the protio cultures and the 
apparent pH of the DzO nutrient cultures were determined daily on 
the aliquot removed from the culture medium. 


Deuterium AnalysisD,O content was determined daily by the 
spectrophotometric method of Crespi and Katz (18). Aliquots for 
analysis were centrifuged to yield a clear sample prior to determina- 
tion. 


Extraction Procedures-Centrifugation of the broth and my- 
celium and vacuum filtration on a Biichner funnel through double 
filter paper yielded a culture broth which contained essentially all 
of the penicillin produced in the fermentation. The extraction pro- 
cedure was modified from a general solvent transfer method de- 
scribed by Chain (19). The method utilized amyl acetate, 
buffer, chloroform, and water as the four separate extraction steps. 
The method of Seifter and Richardson (20) involved amyl acetate, 
bicarbonate buffer, ether, and silica gel column with buffer elution 
as the four extraction steps. In the present study, butyl and/or amyl 
acetate were used as the nonpolar solvents. The broth was cooled to 
3-5" in an ice-salt bath, acidified to pH 2.0 with phosphoric acid, 
and then shaken with cold ( 0 - 5 O )  20% butyl acetate in amyl acetate 
saturated with water. Emulsions were broken by centrifugation. 
The butyl acetate-amyl acetate fraction was extracted with cold 
(0-5") 3 z pH 7 phosphate buffer. The buffer fraction was acidified 
to pH 2.0 and extracted with cold (0-5") amyl acetate saturated 
with water. The amyl acetate fraction was extracted into distilled 
water with 2.5z KOH until the pH approached 7 as recorded on 
the pH meter. The water fraction was lyophilized, and the crude 
extract was stored in a vacuum desiccator. 


Isolation and Identification of Penicillin-Initial purification of the 
crude extract was accomplished by recrystallization. The crude 
extract was dissolved in 85 % acetone in water and kept cold in an 
ice-salt bath. Small flakes of penicillin formed upon addition of cold 
acetone. These flakes were isolated by centrifugation, dissolved in 
water, lyophilized, and the residue was stored in a vacuum desiccator. 
This proved to be sufficient purification for the protio penicillin, but 
further purification was required for the partially deuterated peni- 
cillin. The N-ethyl piperidine salt of the partially deuterated peni- 
cillin was prepared (21) and recrystallized, first from chloroform 
by additions of cold acetone and then from chloroform by additions 
of cold amyl acetate. The N-ethyl piperidine salt of a reference 


~ 


3 Nutritional Biochemicals Corp. 
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Table 111-Chemical Shifts (6, p.p.m.) of Protio and Partially Deuterated Benzylpenicillinsa 


Compound 
Side-Chain 


Phenyl 


@-Lactam 
CH-CH 
(J ,  C.P.S.) 


Side-Chain Thiazolidine Thiazolidine 
-CH- -CHz- (CH3)Z 


3.68 1.58, 1.51 I. K benzyl- 7.38 5.54d(4 c.P.s.), 4.26 
penicil1inb.c.d 5.43d(4 c.P.s.) 


11. K benzyl- 7.38 5.53d(4 c.P.s.), 4.23 3.68 1.56, 1.49 
penicillineScJ 5,43d(4 c.P.s.) 


111. K benzyl- 7.37 5.53d(4 c.P.s.), 4.22 3.68 1.56, 1.49 
penicillin@~c,/ 5.43d(4 c.P.s.) 


IV. K partially 7.36 5.50 4.22" 3.68 1.54, 1.46 
deuterated 
benzylpenicil- 
linh , c ,  f 


d denotes doublet; J values in c.p.s. b Green el 01. (28). c Referred to DSS. d Solvent-DaO. e Purchased from Nutritional Biochemicals 
Corp. f Solvent-apparent pH 7.4 0.01 M phosphate buffer DzO. u Protio benzylpenicillin prepared in this laboratory. h Partially deuterated benzyl- 
penicillin prepared in this laboratory. 6 Very small peak. 


penicillin G was also prepared for comparative purposes. The 1R 
spectrum of isolated material was obtained with a Beckman IR 7 
spectrophotometer using a Nujol mull on Irtran I1 plates. The PMR 
spectra were obtained on a Varian HA 100 spectrometer (probe 
temperature at 3 1 ") after dissolving the sample in 0.01 M phosphate 
DzO buffer (apparent pH 7.4) or in deuteriochloroform. The lock 
material was hexamethyldisiloxane (HMS), internally for deuterio- 
chloroform solutions and as an external capillary for D,O solutions. 
The chemical shifts for DzO solutions (Table 111) were referred to 
3-(trimethylsilyl)-l-propanesulfonic acid sodium salt (DSS). The 
chemical shifts for the CDC13 solutions (Table IV) were referred to 
tetramethylsilane (TMS). Bioassays were performed on the partially 
deuterated penicillin as described under Bioassay Procedures. 


RESULTS AND DISCUSSION 


It has been demonstrated on numerous occasions that organisms 
cultured in media containing high concentrations of heavy water 
experience a severe inhibition in the biosynthesis of metabolic 
products. Experiences of the authors with ergot alkaloids (6), bella- 
donna alkaloids (22), penicillin (9, lo), and griseofulvin (2) have 
been reported. Thus, poor yields of penicillin obtained in this study 
(Fig. 1)  were not unexpected, nor does this represent a serious de- 
terrent in studying the biosynthesis of this antibiotic. 


Isolation of penicillin on a laboratory scale has been described 
(1 1) but does present certain difficulties, principally because of the 
extreme instability of penicillin at pH values below and above 
neutral. This is compounded in the present studies by low titer 
values imposed by the inhibitory effects of heavy water and by the 
necessity for developing a defined medium for biosynthetic studies. 
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Figure 1-Typical growfh curves for P. chrysogenum 53-414 in 
DzO nutrient medium. Key: 0, apparent pH profile; 0, penicillin 
titer; and A, DtO dilution. 


Knowledge of the composition of the medium and the availability 
of nutrient components and precursors in deuterated form is 
essential if the biosynthetic pathways are to be charted. Although 
optimal growth and penicillin production are achieved when corn- 
steep liquor is incorporated into the nutrient medium, its use here 
was precluded because of its unspecified composition. Further, the 
introduction of hydrogen atoms in this way would interfere with 
biosynthetic studies involving fully deuterated nutrient media 
needed for the production of fully deuterated penicillin. 


The objectives of this study were: (a)  to select a suitable strain of 
Penicillium, which would produce adequate amounts of penicillin 
under the constraints of a deuterated environment; (b)  to develop 
an appropriate, defined, nutrient medium yielding maximum peni- 
cillin titers; ( c )  to isolate the antibiotic in a sufficiently pure state to 
permit identification, characterization, and analysis of deuterium 
distribution within the penicillin molecule; and (d) to determine the 
extent of participation of solvent D20 in the biosynthesis of peni- 
cillin. 


Five strains of P .  chrysogenum, Q-176, 49-133, 51-20, 51-20 F3- 
64, and 53-414, were examined in preliminary studies for their 
ability to grow and produce antibiotic on a defined medium con- 
taining heavy water as solvent. The last two strains listed demon- 
strated the best performance in a series of growth and production 
studies. After further experimentation, the 53-414 strain was selected 
for the present work on the basis of higher penicillin titers (about 
80 units per ml.). 


For the protio cultures, the nutrient medium described by Singh 
and Johnson (23) was utilized. Cultures of the test organisms in this 
medium were used as controls, as a reference for establishing the 
appropriate medium and culture conditions for the DzO nutrient 
cultures, and to provide a source material for the development of 
suitable extraction, isolation, and purification procedures. The 
composition of the protio culture media is shown in Table I. Since 
only one form of penicillin, benzylpenicillin, was desired in the 
fermentation broth, phenylacetic acid was added as a precursor to 
the nutrient. 


In the development of an appropriate medium for the deuterio 
cultures, an attempt was made to include only those components 
that were also available in fully deuterated form. This was con- 
sidered at this time since in subsequent studies the production of a 
fully deuterated penicillin was planned. The basic DzO nutrient 
culture medium is listed in Table I1 and is an adaptation of the 
protio medium of Singh and Johnson (23). Lactose is a component 
of the protio medium, since it is slowly metabolized and represents 
a continuous source of glucose. Soltero and Johnson (24) demon- 
strated that increased penicillin titers resulted when cultures were 
fed glucose or sucrose on a continuous basis rather than only initially 
as a single addition of lactose which presumably has a similar effect 
as continuous or repeated additions of glucose. However, since 
deuterated lactose is not available a t  this time, the authors resorted 
to daily addition of glucose. Deuterioglucose is readily available 
fromalgae grown in heavy water. 


The culturing procedure employed in this study is a modification 
of the replacement medium technique suggested by Halliday and 
Arnstein (25) for studying the metabolites in penicillin biosynthesis. 
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Table IV-Chemical Shifts (6, p.p.m.) of Protio and Partially Deuterated N-Ethyl Piperidyl Benzylpenicillins in CDCISa 


Side- @-Lactam Thia- Side- Thia- 
Chain Amide CH-CH zolidine Chain zolidine 


Compound Phenyl -NH- (J, C.P.S.) -CH- -CHg- (CHJz 


V. Benzyl- 7.34 6.35d(8.5 c.P.s.) 5.52, 4.38 3.67 1.52, 1.45 


VI. NEP- 7.37 6.22d(7.5 c.P.s.) 5.62, 4.35 3.70 1.63,1.51 


VII. NEP- 7.37 6.22 5.62 - 3.70 1.62, 1.52 


penicillinic 5.70d(4 c.P.s.) 
acidb,c 5.49d(4 c.P.s.) 


Benzylpeni- 5.69d(4 c.P.s.), 
cil1inC.d 5.63d(4 c.P.s.) 


Partially 
deuterated 
benzylpeni- 
cillinc+ 


(1 d denotes doublet; J values in C.P.S. b Green ef al. (28). c Referred to TMS. d Prepared as in Experimenful section from reference benzylpenicillin. 
c Prepared from IV in Table 111. 


Nona e f  a/ .  (3) and Mrtek et al. (6) used a replacement technique in 
culturing P. jamzewskii and C.  gurpurea, respectively, in deuterated 
culture media. In their experiments the organism was allowed to 
mature in a protio medium and was then introduced into a D,O 
medium containing only deuterated substrates. Hopefully the protio 
organism would synthesize deuterio metabolic products from the 
deuterated substrates. The technique was applied successfully for 
the production of deuterated griseofulvin and certain deuterated 
ergot alkaloids. It has not yet been successful for deuterated bella- 
donna alkaloids when the method (26) is applied to a higher plant. 
The modification of replacement technique as applied in the present 
study involved the preparation of the seed culture in a protio 
medium. The mycelial pad from the protio seed culture was rinsed 
with DgO and used as the inoculum for the deuterated culture. 


The beneficial effect of a vitamin mixture addition on the cultur- 
ing of organisms in a deuterated medium has been demonstrated by 
Mohan c't al. (27) with Torulopsis utilis. Nona et al. (2) and Mrtek 
et a / .  ( 5 )  also reported the effects of adding selected vitamins to the 
culture medium. After preliminary experimentation the vitamin 
combination shown in Table 11 was found to enhance penicillin pro- 
duction. 


Figure 1 shows the change in apparent pH, the dilution of deu- 
terium by exchange with atmospheric moisture, and penicillin 
titer values for a typical DzO nutrient culture over a 160-hr. study 
period. The apparent pH profile shows an expected immediate drop 
to an apparent pH 6.2 followed by a rise to a plateau value of ap- 
parent pH 8.6. If the fermentation was permitted to continue beyond 
that indicated in Fig. I, the apparent pH would eventually drop. 
The data for the curves in Fig. 1 are based on the observations from 
thirty 50-ml. cultures. Maximum penicillin titers (70-80 units per 
ml.) are obtained after about 120 hr. of fermentation, at which 
point the apparent pH begins to plateau. At this apparent pH, au- 
tolysis begins and penicillin breakdown is evident. Over the course 
of study the DzO content of the medium diminished at the rate of 
about 0.26% per day. 


Because of the extreme lability of the penicillin molecule in solu- 
tions of low pH, caution was exercised during the processing of the 
fermentation broth. The primary problem in the extraction proce- 
dure was the formation of emulsions in the first step, which was 
overcome by centrifugation. After recovery of the crude extract in 
lyophilized form, the penicillin was recrystallized from 85 acetone 
in water by additions of cold acetone. The partially deuterated 
benzylpenicillin was found to be 60% pure by bioassay. The IR 
spectrum showed characteristic carbonyl absorptions at  1770, 1665, 
and 1608 cm.-l, which confirmed the presence of penicillin but also 
showed a broad shoulder between 1550 and 1575 cm.-l that indi- 
cated the possible presence of carbonyl groups other than those of the 
penicillin. The PMR spectrum showed additional peaks in the upfield 
region (0.70-2.30 p.p.m.) which were not due to the benzylpeni- 
cillin. 


Chemical shifts for ordinary and partially deuterated benzylpeni- 
cillins are given in Tables 111 and IV. PMR spectrum for potassium 
benzylpenicillin in D,O (11) shows a resonance at 7.38 p.p.m. for 
the five protons of the phenyl ring and two doublets at 5.53 and 
5.43 p.p.m. due to the C-5 and C-6 protons (Structure I) of the p- 
lactam ring, respectively, in the downfield region. The amide proton 
is exchanged with the deuterium of the solvent and is not observed. 


O H  


partially deuterated benzylpenicillin 
I 


In the upfield region of the spectrum, the C-3 proton of the thia- 
zolidine ring is observed at 4.23 p.p.m. and the methylene protons 
of the benzyl side chain at 3.68 p.p.m. The two methyl groups on the 
thiazolidine ring appear as singlets at 1.58 and 1.51 p.p.m. The PMR 
spectrum for the isotope hybrid compound isolated in this study 
(IV) shows the same resonances for the phenyl, side-chain methyl- 
ene, and thiazolidine methyl groups. The resonances at 4.22 and 
5.43 p.p.m. are almost completely absent and a singlet is observed 
at 5.50 p.p.m. Interpretation of these spectra indicates the possi- 
bility of two points of full deuteration, which are surmised to be the 
C-3 position of the thiazolidine ring and the C-6 position of the P- 
lactam ring. Also, the C-5 position of the P-lactam ring appears to 
be partially deuterated. 


C-3 Position-In accord with the assignments made by Green 
et a/. (28), the resonance at 4.22 p.p.m. (Table 111) is almost com- 
pletely absent (5-10% normal value) and indicates extensive deutera- 
tion at  the C-3 po~i t ion .~  It has been shown that penicillin is bio- 
synthesized from L-cysteine (29) and valine (30). The C-3 position 
of the thiazolidine ring arises from the a-carbon of valine, and an 
examination of the pathway for biosynthesis of valine (3 1) reveals 
that a deuterium atom from the solvent may be incorporated at the 
a-carbon by transamination. Arnstein and Crawhill (32) suggested 
a mechanism for the formation of the thiazolidine-0-lactam ring. 
In the final step for the thiazolidine ring closure, the suggested path- 
way allows for incorporation of a proton, or a deuterium atom, at 
the G 3  position, so that the deuterium atom evidenced here may 
be due either to previous incorporation into the valine or this last 
ring closure step. 


C-5 and C-6 Positions-The assignments made by Green et al. 
(28) for potassium benzylpenicillin in DgO (I) are in agreement with 
this work, except for the p-lactam ring protons at C-5 and C-6. They 
assigned the resonance at 5.43 p.p.m. to the C-5 proton and the 
resonance at  5.54 p.p.m. to the C-6 proton (Table 111). In the par- 
tially deuterated benzylpenicillin isolated in this study, the doublet 
at 5.43 p.p.m. is essentially absent and the doublet at 5.53 p.p.m. is 
replaced by a singlet at 5.50 p.p.m. (Table 111). The C-5 and C-6 
positions of the 8-lactam ring arise from the p- and a-carbon atoms, 
respectively, of cysteine (29). From an examination of the biosyn- 
thetic pathways for formation of cysteine (33), it is observed that a 
deuterium atom from the solvent may be incorporated at the a- 
carbon of cysteine (i.e., the C-6 position of penicillin) by trans- 


4 The presence of protons at these points might be due to the 3-5 % 
water in the medium or a preferential isotope incorporation of the pro- 
tons over the deuterium atoms during biosynthesis. 
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amination. This position should then be essentially fully deuterated. 
Thus, the observation of deuteration at  the position which normally 
resonates a t  5.43 p.p.m. indicates that this resonance represents the 
C-6 proton rather than the C-5 proton. The authors conclude, there- 
fore, that the assignments by Green ei al. (28) for the P-lactam pro- 
tons are inverted. This observation is further confirmed by the data 
from Table IV in which chemical shifts for penicillin in organic 
solvents are listed. 


The assignments of Green et al. (28) (V) are for benzylpenicil- 
link acid in CDCI,. The N-ethyl piperidyl salts of protio (VI) and 
partially deuterated (VII) benzylpenicillins were used in this study. 
Green et al. (28) assigned the resonance at 5.52 p.p.m. to the C-5 
proton, the two doublets centered at  5.70 and 5.49 p.p.m. to the C-6 
proton (which is coupled to the C-5 proton and the amide proton), 
and the doublet at 6.35 p.p.m. to the amide proton. Resonances ob- 
served for N-ethyl piperidyl protiobenzylpenicillin (VI) differ slightly 
but are in good agreement with these assignments. The spectrum ob- 
served for the N-ethyl piperidyl partially deuterated benzylpenicillin 
(VII) shows singlets at 6.22 and 5.62 p.p.m. The singlet observed at 
5.62 p.p.m. is the same resonance as that assigned to the C-5 proton 
and indicates its presence in the partially deuterated benzylpenicillin. 
Agreement with the conclusion that the resonance observed in D,O 
solutions at 5.50 p.p.m. (Table 111) is due to the C-5 proton is thus 
retained. Also, if the protons had been present at the C-6 position, 
splitting of the amide resonance would have been observed. The 
change in assignments to 5.54 p.p.m. for the C-5 proton and 5.43 
p.p.m. for the C-6 proton indicated by this study would involve 
only those assignments for potassium benzylpenicillin in DnO solu- 
tion. 


The assignments made by Green et LJ. (28) for other penicillins 
or benzylpenicillins in other solvents or under different conditions 
than those examined in this study are assumed correct, since factors 
such as solvent or conformational effects could be influencing the 
chemical shifts. Incorporation of deuterium at the C-6 position is 
probably greater than 90%,4 since there is no observable splitting 
of the singlet peak at 5.50 p . p m  (Table 111). Partial deuteration 
at the C-5 position is estimated to be 50-75z. The amide proton 
in the CDCL spectrum for VII (Table IV) was used as an internal 
reference. Saur et al. (34) observed isotopic exchange of deuterium 
in the fi-carbon protons of phosphoenolpyruvate when examining 
deuterium isotope effects on fermentation of hexoses. Thus, deu- 
terium may have been incorporated at  the P-carbon of 3-phospho- 
hydroxypyruvate during the biosynthesis of the cysteine (33). 
Arnstein and Crawhill (32) suggested that one of the &protons of 
cysteine is retained during ring closure of penicillin biosynthesis and 
thus deuteration at the C-5 position would be observed. 


Further studies will attempt to biosynthesize a fully deuterated 
benzylpenicillin, to examine its potency in relation to protiopeni- 
cillin, and to examine the fate of dd-acetate in the fermentation. 
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quantitative methods, dose, metabolism, and an abstract of the refer- 
enced toxicology literature. 


Following the monographs are individual collations of each iden- 
tity test. Drugs are grouped under the standard chromatographic 
systems. Melting points, UV maxima, and IR bands are listed nu- 
mericallywith thedrugsentered opposite. Celor test data arecompiled 
by observed reaction. Such devices are familiar and welcome to 
those experienced in qualitative organic analysis. Hundreds of IR 
spectra are reproduced, six to a page, and the transparent plastic 
bookmark carries wavelength and wavenumber grids to be super- 
imposed on the spectra. This is attractive, but of questionable value 
in view of the difficulty in obtaining sufficiently pure samples and 
the ready availability of spectra elsewhere. Problems caused by the 
polymorphism of some categories of drugs also are not signaled. 
Appendixes include preparation of many reagents, description of 
color tests, the bibliography, and a good index. 


Ten introductory chapters supply general discussion in support of 
the contents of the monographs. The fmt chapter contains rapid 
screening procedures for drug types known to account for most of 
drug ingestion cases brought to hospitals. Subsequent chapters dis- 
cuss the three monograph chromatographies, spectrophotometric 
techniques, the older color and crystal tests, extraction pro- 
cedures, and drug metabolism. At first notice, Smith’s chapter on 
patterns of drug metabolism may appear unrelated to some readers. 
Further thought reveals the necessity of knowing excretion and 
metabolic aspects of drugs in humans. Little value to haphazard 
searching of the wrong tissues or fluids for evidence of a drug or 
more commonly, overlooking major metabolites while searching 
only for unchanged drug. An observation may be made that the 
monographs and tables are concerned with unchanged drugs and 
the general omission of metabolite identification is a weakness in 
this work. This is partly editorial, but also reflects the limited infor- 
mation in this area. 


The major weakness of the volume lies in the area of sample isola- 
tion. As now offered, the book is largely one of identification 
methods. Common clean-up techniques aren’t presented in a usable 
form. Isolation methods from pharmaceuticals just aren’t treated. It 
is not a text for isolation and purification of samples. 


Clarke’s compilation is a practical fusion of qualitative organic 
analysis and toxicology in monograph form. The reference value of 
this work is unquestionable. This and the several innovations 
strongly recommend the volume to laboratories handling com- 
pounds of biomedical interest. 


Reviewed by Lee T. Grady 
Drug Standards Laboratory 
American Pharmaceutical Associaiion Foundation 
Washington DC 20037 


Marine Pharmacology. By MORRIS H. BASLOW. Williams and 
Wilkins Co., Baltimore, MD 21202, 1969. xiv + 286 pp. 18 X 26 
cm. Price $19.75. 
The text represents the first comprehensive coverage of the 


embryonic field of marine pharmacology. It is the outgrowth of the 
author’s interest in this field developed from a graduate course 
on the subject presented at the University of Hawaii for three 
years. In its comprehensive overview coverage, one finds chapters 
ranging from the antibiotic activity of sea water, through the bio- 
dynamic principles of various phyla of microorganisms, algae, 
sponges, jellyfish, marine worms, molluscs, arthropods, echino- 
derms, and finally culminatingin the various higher vertebrates. 


Since no other basis for classification is yet reasonable, the 
taxonomic one used by the author is very effective. Each chapter 
on a particular phylum is logically arranged and follows a smooth 
progression of subcategories so designed as to  point out bioactive 
data in an easily readable fashion. References are at the end of 
each chapter and are numerous and current. For example, the 
chapter on blue-green algae starts with a brief consideration of 
the characteristics of the group and the history of reviews on the 
subject then proceeds through the known chemistry performed on 
bioactive algal principles, the pharmacology and toxicity of their 
active substances, and a conclusion based on the potential for the 
development of useful drugs or other agents from the phylum. 


The chapters are profusely illustrated with tables containing 
pertinent condensed data from numerous investigators. Many 


chemical structures of known substances are also given as well as 
reproductions of kymograph and physiograph recordings of effects 
of the more important marine principles on various test organisms. 
The final chapter summarizes in table form (10 pages), the pharma- 
cological potential of substances isolated from marine organisms. 
The index is excellent and complete so that one can start with the 
name of an organism, the chemical principle, or type of activity 
and find a summary on these as well as appropriate references in 
the current scientific literature. 


The text is to be highly recommended for use by pharmacologists, 
pharmaceutical chemists, and pharmacognosistsas a prime reference 
on the subject. The main, and perhaps only, undesirable feature 
is the high price for this publication. If the publishers wish to 
make it readily available a t  all levels of interest, the price should be 
reduced considerably. In addition, the first eight pages (two of which 
contain four-color photographs of marine organisms), are printed 
on glossy paper while the remainder of the text is printed on less 
expensive yellowish stock paper. 


Reuiewed by A. H. Der Marderosian 
Philadelphia College of Pharmacy and Science 
Philadelphia, PA 19104 rn 


NEW JOURNALS 


Comparative and General Pharmacology. Edited by G. A. KERKUT 
and G. N. WOODRUFF. Scientechnica Ltd., 823-825 Bath Road, 
Bristol, England BS4 5NU, 1970. i + 128 pp. 18 X 24.5 cm. 
Price: Annual Subscription $40, Single Copies $1 1. (English) 
This quarterly journal will publish original research on all 


aspects of pharmacology with special emphasis on comparative 
pharmacology. Occasional review articles and short communica- 
tions will also be published. The editor, Professor G. A. Kerkut, 
is in the Department of Physiology and Biochemistry, University of 
Southampton. Southampton, England. 


NOTICES 


Pharmaceutical Handbook. Edited by R. G. TODD. The Phar- 
maceutical Press, 17 Bloomsbury Square, W. C. 1 London, En- 
gland, 1970. xv + 702 pp. 12.5 X 19 cm. Price $9.50. 


Chirurgenverzeichnis. By BURKLE DE LA CAMP. Springer-Verlag, 
Heidelberger Platz 3, 1 Berlin 33, Germany, 1970. viii + 1088 
pp. 14.5 X 21 cm. Price $20.90. (German) 
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pp. 15.5 X 23.5 cm. Price $11.50. 
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Price $7.75. 
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spot, corresponding to the position of the authentic unlabeled 
sample, was obtained. There was no tailing in the hexane-ethyl 
acetate system, but there was a small amount of tailing in the hex- 
ane-acetic acid system. 


Determination of Specific Activity-A 10 mg./ml. solution of 1,l- 
bis(pchlorophenyl)-2-nitropropane- llC in methanol was used to 
determine the specific activity of the compound. 


Five samples were prepared by pipeting 100 @I. of the solution 
into five scintillation vials containing a liquid scintillation cocktail 
composed of 0.14z PPO (2,5-diphenyloxazole) and 0.01 % di- 
methyl POPOP [ 1,4-bis(4-methyl-5-pheny1-2-oxazolyl)bemene] in 
equal volumes each of toluene and 2-ethoxyethanol. These samples 
were cooled in a Packard TRI CARB liquid-scintillation spec- 
trometer, model 3003, for 0.5 hr. The window width of 50-100” was 
chosen. Utilizing an internal standard of toluene-14C (toluene- 14C, 
5.01 X los dis./min./ml., R-21 Tracerlab), the observed counts per 
minute were converted to disintegrations per minute and corrected 


for quenching and counter efficiency. A specific activity of 13.85 f 
0.1 1 pc./mmole was obtained. 
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Development of Tolerance to Pentobarbital 


JASBIR M. SINGH, BRUCE FIEGENSCHUE, and CARL SCHEXNAYDRE 


Abstract [? Tolerance to pentobarbital developed 4 hr. after the 
first injection and reached a peak at 17-22 hr., after which it 
decreased to nonsignificant levels by 48 hr. The duration and fre- 
quency of administration of pentobarbital affected the degree of 
development of tolerance to pentobarbital. PTI (Percentage Toler- 
ance Index) decreased progressively with the increase in the number 
of injections. When four injections were given within the span of 
28 hr., the animals showed a greater degree of tolerance on the 
third injection which was administered 24 hr. after the initial injec- 
tion. Tolerance was also present on the fourth injection but to a 
lesser degree when compared with the third injection. The experi- 
mental data from this study suggest that tolerance to pentobarbital 
does develop and is the result of the pentobarbital stimulating its 
own metabolizing enzyme. 


Keyphrases 0 Pentobarbital-tolerance development, rats 0 
Drug tolerance-pentobarbital, rats 0 Tolerance, pentobarbital- 
rats 


Animals can be shown to develop tolerance to barbi- 
turates, pentobarbital and thiopental (1). Gruber and 
Keyser found that dogs tend to become tolerant to a 
variety of barbiturates (2). As a criterion of tolerance, 
they used the reduction of the sleeping time elicited by 
the same dose after it had been repeated several times. 
According to Goodman and Gilman, tolerance to 
barbiturates has developed when, after repeated admin- 
istration, a given dose produces a decreasing effect or, 
conversely, when increasingly larger doses must be 
given to obtain true barbiturate effects obtained with the 
original dose (3). Tatum et al. provide the classic defini- 
tion of tolerance as “a phenomenon characterized by 
the fact that more drug must be used to produce equiva- 
lent effects” (4). Jaffe and Sharpless have shown that 
some degree of physical dependence can be produced in 
as little as 20 hr. after pentobarbital administration ( 5 ) .  
Singh has also shown that tolerance to pentobarbital 
and thiopental is developed within 24 hr. (1). The pur- 
pose of this paper is to report that: (a) a certain time 


lapse occurs before the tolerance is developed, and (21) 
this developed tolerance reaches a peak and then 
declines. 


EXPERIMENTAL 


Female albino rats, random by breed (Caeserian Drive One) and 
weighing 125-175 g., were used. Pentobarbital sodium was dissolved 
in distilled water. The volume of each injection was kept constant, 
i.e., 1 ml./kg. All injections of pentobarbital (25 mg./kg.) were given 
intraperitoneally. The sleeping time (difference between loss of 
righting reflex and regain in righting reflex in minutes) was deter- 
mined. 


Animals were divided into five major groups: 
Group 1-Pentobarbital was administered to 34 animals at 


zero time and at an interval of 24 hr. 
Group %Eighteen subgroups were composed of 10 to 15 animals 


each. In these subgroups, the first injection was given at zero time 
and then the second injection was given at intervals of 2, 3,4, 7, 9, 
13, 17, 18, 19, 20, 21, 21, 22.5, 22.5, 24, 48, 72, and 168 hr. Some 
experiments (21 and 22.5 hr.) were duplicated. 


Group 3-Pentobarbital, 25 mg./kg., was administered daily to 
10 animals at intervals of 24 hr. for 16 days. 


Group &Three subgroups were comprised of 10 to 15 animals 
each. To each subgroup, pentobarbital, 25 mg./kg., was adminis- 
tered at intervals of 0,2,24,26; 0,3,24,27; and 0,4,24,28 hr. 


Group 5-Clinical signs, i.e., water consumption, urine output, 
food consumption, and growth, were observed in animals that had 
developed tolerance to pentobarbital, 25 mg./kg. Each animal was 
housed separately in a metabolism cage, and initial observations on 
each animal were taken. Each animal was given two injections of 
pentobarbital after the initial observations. Then the animals were 
allowed to recover on the third and fourth day. Statistical methods 
used were those of Snedecor (6). 


Because most work on the development of tolerance to barbi- 
turates has been done on male rats, guinea pigs, mice, and dogs, in 
this project the authors decided to study tolerance to  pentobarbital 
in female white rats. Percentage tolerance index (PTI) was computed 
as follows (1): 


x 100 
hypnotic effect of first injection 


hypnotic effect of second injection 
~~ 


If PTI is unity, i.e., loo%, it indicates no tolerance. PTI greater 
or less than unity indicates tolerance or cumulative effect. Before 
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Table I-Effect of Pentobarbital (First and Second Injections) on 
Sleeping Time (S.T.) 


440 


400 


Mean S.T. Interval z 
of First of Second Mean S.T. of Change 


Injection, Injection, Second Injec- Difference between 
min. (A) hr. tion, min. (B) in S.T. A and B 


- 
TOLERANCE EFFECT 


PERCENTAGE TOLERANCE INOEX . IS GREATER THAN 100 


102 (lop 2 140 (10) +38* 
lOO(l1)  3 112(11) +12 
88 (12) 4 72 (12) - 16 
67 (12) 7 53 (12) - 14 ~. 


63 (12j 9 56 (iZj -13 


47 (10) 17 15 (10) - 32 
57 (13) 13 24(13) -33 


62 (14) 18 18 (i4j - 44 
70 (14) 19 16 (14) - 54 
57 (12) 20 12 112) - 45 .- 


64 (12j 21 15 (is - 49 
55 (12) 21 14 (12) -41 


22.5 20 (12) - 44 z $3 22.5 23 (12) - 50 
57 (14) 24 24 (i4j - 33 


70(10) 168 64 (10) +1 


88 (15) 48 72 (15) - 16 
88 (10) 72 80 (10) -8 


+37.3" 
+12.0 
-18.2 
-20 .9  
-20.6c 
-57.G 
-68.W 
-70.9 
-77 .2  
-78 .9  
-76.6C 
-74.5" 
-68.7C 
-68.9 
-57.8c 
-18.2 
-9.1 
+1.4 


a Sample size is given in parentheses. b (+) or (-) indicates increase 
or decrease in S.T. C p  < 0.05. 


computing PTI, the data of the first and second injections were 
analyzed by means of differences (6). 


RESULTS 


Group 1-Significant tolerance ( p  < 0.05) was developed in 
female albino rats when the second injection of pentobarbital was 
administered at an interval of 24 hr. after the initial injection. 


Group 2-Effect of pentobarbital (first and second injections) 
on the sleeping time is computed from Table I and given in Fig. 1. 
Significant cumulative hypnotic effect was present during the first 
3 hr. The animals began to show tolerance after 4 hr., reaching 
a peak between 17 and 22 hr., then declining and was not evident 
at or after 48 hr. 


Group 3-Table I1 shows the effect of continuous administration 
of pentobarbital on the development of tolerance. In this group, 
four injections of pentobarbital were given to the same animals at 
different time intervals. No tolerance was exhibited at 2 and 3 hr. 
However, tolerance was present if the third and fourth injections 
were given at 0,2,24,26,0, 3,24,27; and 0,4,24,28 hr. Comparison 
is made between the first two injections (0,2; 0,3; 0,4) and the last 
two injections(24,26; 24,27; 24,28). Significant ( p  < 0.05) tolerance 
is developed at and after 24 hr. Significant (p < 0.05) tolerance was 
present when the fourth injection was given at 26, 27, and 28 hr. 
following the initial injection. However, the degree of developed 
tolerance was significantly ( p  < 0.05) less when compared with the 
third injection. 


Group &The effect of continuous administration of pento- 
barbital daily for 16 days is shown in Table 111. Significant (p < 
0.05) tolerance was developed after 24 hr. PTI decreased progres- 
sively with the increase in the number of injections. 


Group 5-Clinical signs, i.e., urine output, water consumption, 
food consumption, and weight, were not affected during the devel- 
opment of tolerance to pentobarbital. However, on the 3rd day, 
24 hr. after the second injection, a significant ( p  < 0.05) increase in 
water consumption and urine output was observed; food consump- 
tion was not altered over the period of 5 days. Weight remained 
constant in the treated rats. However, a significant (p < 0.05) 
increase in weight was observed in the control animals. 


DISCUSSION 


The hypothesis of the authors was that the development of 
tolerance to pentobarbital can be influenced by interval and fre- 
quency of administration of the drug, duration of administration of 
the drug, and metabolism in the liver. 


Interval and Frequency of Administration of Drug-Singh has 
shown that tolerance to barbiturates, pentobarbital, and thiopental 
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Figure 1-Effect of pentobarbital, 25 mg.lkg., on the percentage 
tolerance index of female albino rats. 


is developed in 24 hr. (1). Results of the present experiment also 
indicate that a minimum of 4 hr. is necessary for the tolerance to 
be induced (Table I). Maximum tolerance is induced in an animal 
if the second injection is given between 17 and 22 hr.; then it declines. 
Nonsignificant tolerance is present after 48 hr. In less than 4 hr., 
animals showed cumulative effect instead of tolerance. 


Duration of Administration of Drug-Duration of administration 
of pentobarbital will also affect the degree of development of tol- 
erance to pentobarbital (Table 111). PTI was greater on the second 
and subsequent administrations. In these experiments, all the injec- 
tions were given daily for 16 days. On the other hand, when four 
injections were given within the span of 28 hr., animals showed a 
greater degree of tolerance on the third injection administered at 
24 hr. after the initial injection (Table 11). Tolerance was also 
present on the fourth injection but to a lesser degree when compared 
with the third injection. 


Metabolism in the Liver-The liver plays an important role in 
the duration of action of barbiturates (3). Duration of action of 
barbiturates is decreased once tolerance is developed to barbiturates 
(Tables I1 and 111). Anesthesia induced by barbiturates can be 


Table 11-Effect of Continuous Administration of Pentobarbital 
(25 mg./kg.) on Development of Tolerancen 


Sub- 
groups 


-Intervals, hr.---- 
0 2 24 26 


1 S.T. 


PTlb 


2 S.T. 


PTI 


3 S.T. 


PTI 


76.4 
(10) 


0 
87.9 
(10) 


0 
78.9 
(10) 


123.0 
(10) 
62. Oc 


3 
105.5 
(10) 
8 3 . 3  


4 
52.3 
(10) 


150.8c 


27.1 59.4 
(10) (10) 


281.9 128.6c 
24 28 


21.1 41.8 
(10) (10) 


416.9 2lO.W 
24 28 


27.2 33.5 
(10) (10) 


290.0" 235.5" 


a N = 10. The same animals are used in each group. b PTI = per- 
centage tolerance index. c p  (0.05. 
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Table 111-Effect of Continuous Administration of Pentobarbital 
(25 mg./kg. i.p.) on Development of Tolerance 


Injection 
No. In- Interval, Mean S.T., Tolerance 
jections Dayso min.b Index, % 


1 1 46.4 


2 2 26.7 


3-7 3-7 
8 8 36.0 1 28c 


173.0” 
(8) 


(8) 


(8) 


- 


9 9 31 .’8 I4Y 
(8) 10-14 10-14 - 


I5 15 38.2 121c 
(8) 


16 16 41.6 1 1 1  


a Injections were given daily to the same animals for 16 days. b The 
sleeping time was determined on 1, 2, 8, 9, 15, and 16 days. Samplesize 
is given in parentheses. c p  <0.05. 


prolonged by hepatic injury (7). Plaa el al. found a positive relation- 
ship between the doses of several hepatotoxins and the prolongation 
of pentobarbital sleeping time (7). Singh and Boyd found that tannic 
acid, which causes centrilobular liver necrosis, prolonged the sleep- 
ing time of thiopental(8). This effect became evident at 72 hr. after 
the administration of tannic acid. Balazs and Grice also reported 
that administration of carbon tetrachloride can prolong the sleeping 
time of pentobarbital (9). 


Pentobarbital is metabolized in the liver (3). Conney e f  al. have 
shown that pentobarbital is an enzyme inducer (10). One explanation 
of the development of tolerance to pentobarbital is that pento- 
barbital possibly stimulates its own metabolizing enzyme and thus 
results in increased pentobarbital metabolism on repeated adminis- 
tration and decreased sleeping time (Tables 1-111). This leads the 


authors to suggest that in the development of tolerance to pento- 
barbital, the liver possibly is involved. 


Clinical Signs-During the development of tolerance to pento- 
barbital, neither water consumption nor urine excretion was affected. 
However, on the day after the tolerance had been induced, a sig- 
nificant increase (p < 0.05) was noticeable in water consumption 
and urine excretion. Singh reported similar clinical findings with 
thiopental also (1 1 ) .  
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Sterility Testing of Insulin by Membrane Filtration: 
A Collaborative Study 


MIRIAM P. CALHOUN, MACK WHITE, and FRANCES W. BOWMAN 


Abstract 0 A membrane filtration procedure was devised for test- 
ing the sterility of insulin zinc suspensions solubilized in ascorbic 
acid diluting fluid. A collaborative study showed that the filtration 
procedure afforded significant improvements over the direct method 
of sterility testing. 


Keyphrases 0 Insulin, sterility-membrane filtration 0 Membrane 
filtration-sterility testing, insulin zinc suspensions Sterility 
testing-insulin, membrane filtration Collaborative study-mem- 
brane filtration, insulin sterility 


In  1941 the Federal Food, Drug, and Cosmetic Act 
was amended to establish a certification service to en- 
sure the safety and efficacy of insulin-containing drugs 
by testing each lot prior to  distribution. The official 
analytical methods and standards of quality and purity 
are described in the USP (I), the N F  (2 ) ,  and the Code of 
Federal Regulations (3). Since insulin must be admin- 


istered by parenteral injection, these official compendia 
require all insulin preparations to be sterile. 


The official USP XVII/NF XI1 method for the 
sterility testing of insulin requires that 20 containers 
from each “filling operation” be tested in thioglycollate 
broth for detecting bacteria and in Sabouraud fluid 
medium for molds and yeasts. The solution or suspen- 
sion of insulin is transferred with a sterile syringe and 
needle directly to tubes of media. Tubes containing thio- 
glycollate medium are incubated for not less than 7 days 
at  30-32” and those containing fluid Sabouraud for 
not less than 10 days at 22-25”. After incubation the 
media are examined for the presence or absence of 
microbial growth. 


The principal objection to the USP XVII/NF XI1 
method is that a precipitate i s  formed by the insulin 
suspensions in the culture media. Macroscopically the 
precipitate is indistinguishable from microbial growth; 
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Interaction of Hexachlorophene with Human Epidermis I: 
In Viuo Bioelectrometric Study of pH Influence 


ROLLAND I. POUST and VICTOR F. SMOLEN 


Abstract 0 The effects of pH and hexachlorophene on the net fixed- 
charge density of the colloids composing the epidermal surface 
were studied in uiuo employing human subjects. The results are 
analogous to titration curves of amphoteric macromolecules. The 
study was performed over a pH range of 1.1-12.3 in the presence 
and absence of saturated concentrations of hexachlorophene. Both 
the control and hexachlorophene titration curves were nonhysteretic 
when initiated at either extreme of the pH range; this finding in- 
dicates reversibility of the observed pH and hexachlorophene-in- 
duced changes. The presence of hexachlorophene decreased the 
net fixed-charge density of the tissue surface below pH 5.6. Above 
pH 5.6, a net increase was consistently observed. Mechanistically, 
the hexachlorophene-induced alterations in fixed-charge density are 
hypothesized as resulting from allosterically effected changes in the 
dissociation constants of ionogenic protein side groups located 
vicinally to hexachlorophene interaction sites. The bioelectrometric 
method allowed the study to be performed without causing any 
injury or discomfort to the subjects. The results of the present study 
suggest a further utility for the bioelectrometic method in studies of 
the substantive antibacterial behavior of hexachlorophene on human 
skin. 


Keyphrases 0 Hexachlorophene interaction-human epidermis [7 
Epidermal surface colloici-acid-base binding properties 
Charge density, fixed-human epidermis Bioelectrometric study 
-pH effect, hexachlorophene-human epidermis interaction 


Following transient exposure, the substantive effec- 
tiveness of a skin antibacterial such as hexachlorophene 
largely depends upon the extent of its deposition onto 
the colloids composing the stratum corneum as well as 
the manner in which it is subsequently available to 
affect microorganisms. Commonly employed experi- 
mental techniques do not always permit the substantive 
activity of skin antibacterials to  be readily evidenced, 
particularly under conditions of actual product usage. 
The recovery and quantification of very small amounts 
of the antibacterial agents are often necessary. Some 
techniques require the excision of the treated skin and 
are, therefore, inapplicable for extended and routine 
use with human subjects. Techniques that involve the 
disintegration of the skin and fractionation of its con- 
stituents are further disadvantaged by the obvious dif- 
ficulty of distinguishing and correcting for antibacterial 
bound to the colloid in civo and that which becomes 
interacted in vitro through the activation of binding 
sites by the in citro treatment of the tissue. 


A bioelectrometric method, which has been success- 
fully applied in studies of the interaction of other sub- 
stances (1-5)-some of which have been phenolic (6)- 
could conceivably be applied to allow the detection of 
residual, bound quantities of hexachlorophene on 
human skin in vivo under realistic conditions of product 
usage, without any chance of injury resulting from the 
measurements. 


The purpose of the present study was to determine the 
sensitivity of the bioelectrometric method in detecting 
changes in the net fixed-charge density of the epidermal 


surface occurring in response to the interaction of hexa- 
chlorophene. The interpretation of the results of the 
investigation was anticipated to provide some mechan- 
istic insight into the nature of observed phenomena. 


METHOD 


The application of the bioelectrometric method to the study of 
solute interaction with tissue surfaces is dependent on the detection 
of solute-induced changes in the net fixed-charge density of the 
surface colloids relative to suitable controls. The fixed charge 
originates from the dissociation of counterions from immobile 
ionogenic groups covalently bonded or otherwise sorbed onto the 
surface. The magnitude of the fixed-charge density, at any given 
composition of applied solution, determines the magnitude of the 
electrical potential difference developing across the colloid-aqueous 
boundary. The measurement of a potential, El, includes this 
equilibrium phase boundary potential as well as all other potentials 
developed in the circuit. These extraneous potentials have been 
found to remain constant for the short period of time required to 
replace the initial solution in contact with the tissue surface with a 
dilution of this same solution, followed by the immediate recording 
of a second potential, EZ.l The difference of these two measured 
potentials (Ez - El), termed the dilution potential, E d ,  is devoid 
of extraneous potentials and includes only those potential dif- 
ferences developed between the aqueous medium at the tissue sur- 
face and the bulk of the applied solution. This consideration allows 
the interpretation of Ed in terms of the familiar Donnan equilibrium 
(7) and its treatment as a diffusion potential (8). Under the con- 
ditions of its measurement, Ed is characteristic only of the tissue 
surface rather than reflecting the properties of the bulk or interior 
of the tissue phase. 


General equations relating the dilution potential and fixed- 
charge density (f) have been presented in earlier reports (1, 2). 
Determinations of the fixed-charge density of tissue surfaces under 
conditions of varying pH resemble and are analogous to pH 
titration curves of amphoteric macromolecules (9) or insoluble 
colloids (10,ll) when plotted as a function of pH. The form of these 
curves is dependent upon the nature of the ionizing groups, the 
presence of interacting solutes, and the state of aggregation of the 
colloids composing the tissue surface. The fixed-charge density on 
tissue surfaces is often quite sensitive to  interacting substances, as 
reflected in alterations in the shapes of titration curves. Such 
changes can often be interpreted to yield information concerning 
the extent and nature of the interaction. 


Details of the experimental arrangement, preparation of the 
tissue surface, and precautions concerning how the measurements 
are to be performed have been reported earlier for human finger 
epidermis (2). Briefly, the experimental procedure consists of 
standardizing the condition of the skin by thorough cleansing and 
allowing the skin to become prehydrated by soaking in 0.15 N 
NaCl for approximately 15 min. This treatment also removes 
labile, water-soluble, ionogenic materials (1 2), which would other- 
wise be elutriated during the measurements. Such losses contribute 
to uncontrolled variations in the measured potentials. As shown in 
Fig. 1, the experimental finger and a saturated calomel electrode are 
placed together into a buffered isoosmotic solution, which may or 
may not contain the solute whose interaction with the surface is of 
interest. The reference finger is placed into another beaker con- 
taining 0.15 N NaCl solution along with another saturated calomel 
electrode. Neither the reference finger nor the electrode is further 


1 The solutions used for the measurment of Ez were 10-fold dilutions 
with regard to all components except the hexachlorophene. 
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Figure 1-Diagram of experimental arrangement for the elecfro- 
metric study of hexachlorophene interaction with human finger 
epidermis. P = poientiomerric device. 


disturbed during the experiment. 
The internal circuit between the experimental and reference 


fingers is completed by the body of the subject. The electrodes in the 
external circuit are connected to a potentiometric device used for 
the null point reading of the developed potentials. The potential, 
El, is recorded until its observed variations become less than 
approximately 0.2 mv./min. When the epidermis is pretreated as 
previously described, this stability is usually achieved within 1 min. 
following immersion. Following the measurement of El, the finger 
is removed and immersed in a 1/10 dilution of the same solution; 
the potential, Ez, is immediately recorded. The finger is then re- 
moved from the 10-fold dilution and reimmersed in the previous 
solution. The potential, El, is again measured and compared to the 
previously determined value to ensure that the extraneous potentials 
in the circuit have remained constant. Agreement within 1.0 mv. 
was taken as acceptable. The mean of the two measured values was 
used to obtain the dilution potential, Ed. 


M ATERl ALS 


Corning, miniature, fiber-junction, calomel reference electrodes 
were used in conjuction with a Heath pH electrometer-recorder. The 
potentials were read directly from the recorder chart. The potential 
measurements were performed on three male, human volunteers 
ranging from 20 to 25 years of age. All reagents were of analytical 
grade, except for hexachlorophene. 


The buffered solutions used for the determination of El were each 
prepared to an ionic strength of 0.15 and a buffer capacity of 0.0288. 
This buffer capacity is approximately equivalent to that of a 0.05 A4 
phosphate buffer at pH 7.21. The ionic strength is the same as that 
of isotonic sodium chloride. The compositions of these solutions 
are listed in Table I. Tenfold dilutions of these solutions, as well as 
of each of these solutions saturated with hexachlorophene, were 
also prepared and used in the experiment. 


Calculations were performed with the aid of a CDC 6500 digital 
computer. Calibration curves, relating measured values of the 
dilution potential to corresponding theoretical values of the fixed- 
charge density, were constructed with a model 563 Calcomp digital 
incremental plotter.3 Representative curves, corresponding to 
several buffer solutions, are shown in Fig. 2. Figure 3 contains a 
corresponding nomograph. The verity of the calibration curves 
was tested experimentally through the in uirro measurement of Ed 
values corresponding to zero net fixed-charge density, i.e., Edo values. 
In the absence of fixed charge, the Edo values are tantamount 


2 Supplied by Armour-Dial, Inc., Chicago, Ill. 
3 California Computer Products, Inc., Anaheim, Calif. 
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Table I-Composition of Buffer Solutions Employed in the 
Determination of Titration Curves of Tissue Surfaces 
(Concentrations in Moles/Liter) 


Sodium 
PH Components Chloride 


1.0 
2.2 
2.9 
3 . 7  


4.6 


5 . 5  


6 . 5  


7.4 


8.5 


10.0 


11.5 
13.0 


Hydrochloric acid, 0 .1  
Hydrochloric acid, 0.0061 
Hydrochloric acid, 0.0013 
Sodium acetate, 0.0136; acetic 


acid, 0.155 
Sodium acetate, 0.021 1 ; acetic 


acid, 0.0304 
Sodium acetate, 0.0821 ; acetic 


acid, 0.0055 
Sodium phosphate, dibasic, 


0.0148; sodium phosphate, 
monobasic, 0.0762 


Sodium phosphate, dibasic, 
0,0319; sodium phosphate, 
monobasic, 0.0206 


Ammonium hydroxide, 0.015; 
ammonium chloride, 0.08 16 


Ammonium hydroxide, 0.061 3 ; 
ammonium chloride, 0.0104 


Sodium hydroxide, 0.003 16 
Sodium hydroxide, 0 . 1  


0.05 
0.1439 
0.1487 
0.1364 


0.1289 


0.0679 


0.0344 


0.0337 


0.0684 


0.1396 


0.1438 
0.05 


to liquid junction potentials across a free diffusion-type boundary 
(8). Such boundaries may be conveniently formed using a filter 
paper bridge between each solution and its 10-fold dilution. How- 
ever, an error can result in such measurements if a fixed charge 
resides on the filter paper. To determine whether an error is intro- 
duced from this source, diffusion potential measurements were 
performed with the formation of a liquid junction, between 0.1 
and 0.01 N KCl solutions, within the filter paper. The measured 
potential had a mean value of 0.8 mv., indicating that the filter 
paper was effectively neutral and suitable as a matrix for the forma- 
tion of free diRusion boundaries. Diffusion potentials measured in 
this manner have previously been found to agree generally within 1 
mv. with values determined using free diffusion boundaries formed 
within glass capillaries (1). 


The averages of six determinations of E,to values are listed in 
Table 11 with their corresponding standard deviations. The agree- 
ment between experimental and calculated values is most often 
within 1 mv. and is considered acceptable. The presence of saturated 
concentrations of hexachlorophene in both the buffers and their 
10-fold dilutions does not appear to influence the magnitude of the 
measured potentials. 


To determine the influence of pH on the interaction of hexa- 
chlorophene with the epidermal colloids, the fixed-charge density of 
the tissue surface was determined at each of the 12 pH values de- 


U 


W 


0.29 
a 
I 


-0.14 
W 


U. 
x 


-0.57 


-60 -46 -32 -18 -4 10 24 38 
DILUTION POTENTIAL 


Figure 2-Plot of calibration curves for several buffered measuring 
solutions using the digital incremental plotter. 
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10.07 


10.91 


1 2 . 3 0  


scribed, both in the absence and presence of hexachlorophene. The 
use of the controls permitted the changes in fixed-charge density due 
to hexachlorophene interaction to be evidenced. Measurement of 
Ed values for the control points were made following the attainment 
of an apparent equilibrium of the solutions with the surface; usu- 
ally only a few minutes were required. However, the measurements 
with hexachlorophene-containing solutions were made after 46 min. 
to allow time for complete interaction with the epidermal surface. 


RESULTS AND DISCUSSION 


Normal and Hexachlorophene-Displaced Titration Curves- 
Figure 4 demonstrates the influence of pH on the net fixed-charge 
density of normal and hexachlor ophene-treated human finger 
epidermis. The results resemble and are analogous to hydrogen- 
ion titration curves of proteins. A reversibility in the effects of 
pH and hexachlorophene on the fixed-charge density was indicated 
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by a lack of any systematic differences between titration curves, 
differing only in that the measurements were initiated at low and 
high pH. This conclusion was found to be further supported sta- 
tistically by the results of a paired t test comparison performed be- 
tween the up-curves and the down-curves; such curves were sta- 
tistically the same in the case of both the control and hexachloro- 
phene-treated skin. It was, therefore, concluded that the interactions 
of the solution components with the colloids constituting the epider- 
mal surface are reversible. 


Inspection of the curves reveals that, relative to the control curve 
below approximately pH 5 ,  hexachlorophene induces a net decrease 
in the density of fixed positive charge on the epidermal surface and 
causes a small shift in the isoelectric point in the direction of a more 
acidic pH. In contrast, above the isoelectric point, near pH 5 ,  a 
hexachlorophene-induced reduction in the fixed anionic charge 
density of the epidermal surface is observed. It is pertinent to note 
that, in excess of this pH, the proportion of hexachlorophene [pKa = 
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Table 11-Comparison of Calculated and Experimental 
Dilution Potentials for Control and Hexachlorophene- 
Containing Buffer Solutions 


pH of -Observed Potentials- 7 


Buffer Calculated Plain Buffer HCP in Buffer 


1.12 
2.20 
2.82 
3 39 .... 


4.40 
5.33 
5.99 
6.95 
8.60 


10.07 
10.91 
12.30 


31,87 
-5.89 
- 12.04 
-11.14 
-10.42 
-3.83 


4.65 
4.72 


-5.81 
-11.68 
-13.36 
-31.57 


31.58 f 1.63 
-3.56 f 0.24 


-11.50 f 1.64 
-12.80 i 2.96 
-8.25 f 0.48 
-2.43 f 0.29 


6.83 =k 0.23 
6.10 + 0. 34 


-4.95 f 0.19 
-9.70 f 0.18 


-10.90 i 0.32 
-27.15 =!= 0.35 


~~~ ~ 


33.65 Z!Z 1.36 
-3.30 f 0.65 
-8.72 =k 0.93 
-9.50 f 1.30 
-9.57 i 1.12 
-4.17 f 0.87 


6.83 f 0.90 
6.60 i 0.60 


-5.20 i- 1.19 
-8.23 =k 1.41 


-10.78 =k 0.98 
-31.47 f 1.50 


5.4 (12)] existing in solution as anions relative to unionized hexa- 
chlorophene increases very rapidly with increased alkalinity. It, 
therefore, appears that the reduction in net positive surface charge 
observed at low pH may be reasonably attributed to the results of 
the interaction of unionized hexachlorophene, while hexachloro- 
phene anions are apparently responsible for the reduction of net 
negative charge in the less acidic and alkaline pH range. Although an 
interaction of anions with a negatively charged surface, which re- 
sults in a reduction of negative charge density, may initially appear 
to be a rather unique phenomenon, it has previously been observed 
to occur in similar studies involving phenolic (6) and other anions 
(2,4). The interaction of anions with proteins in solution above their 
isoelectric point has also been commonly reported (13). 


Mechanism of Hexachlorophene Effects-Solute-induced changes 
in fixed-charge density, which result in the displacement of titration 
curves such as observed for the effects of hexachlorophene, can 
result from an irreversible loss of titrable groups from the surface 
or through the masking of their charge. Changes in the fixed-charge 
density, which might occur from the elutriative loss of charged 
materials from the skin (14, 15), are minimized by the treatment of 
the skin performed prior to the measurements. Any further elutria- 
tive losses, which could conceivably occur during the measurements, 
are apparently minimal as indicated by the previously described re- 
versible nature of the effects. Since irreversible chemisorption is 
obviously also not a plausible mechanism, the hexachlorophene 
effects must be attributed to a masking of fixed surface charge. 


Since at low pH the hexachlorophene is unionized and at high pH 
the interaction of anions lowers the anionic fixed-charge density, 
the observed phenomena must occur by a means other than a direct 
neutralization such as could result from salt binding of the hexa- 
chlorophene to the ionogenic fixed surface groups. Since hexachloro- 
phene is a dihydric phenol, its mode of interaction with proteins 
may be expected to resemble that attributed to phenols in general. 
Kiintzel(16), in describing the action of phenols on collagen, sug- 
gested that their interaction with proteins occurs through hydrogen 
bonding of the phenols with the peptide linkages constituting the 
protein backbone. The affinity of the interacting molecules for the 
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Figure &Control (0) and hexachlorophenr-displaced (0) titration 
curves of human finger epidermis. Each point is the average of six 
replicates on one subject. 


protein is postulated to result from a polarity induced into their 
aromatic nuclei by the phenolic hydroxyl group; there results a 
development of activated CH groups with alternative net positive and 
negative partial charges. The CH group adjacent to the hydroxyl is 
postulated as the primary binding site within the molecule. 


Pankhurst ( 17), on the other hand, suggested that the binding of 
phenolic molecules occurs directly by the formation of hydrogen 
bonds between the phenolic hydroxyl and the peptide nitrogen. 
Conceivably both sites may be operative and serve to complement 
one another; however, the direct hydrogen bonding of the hydroxyl 
appears to be more reasonable in providing the primary mode of 
interaction (18). In any event, only peptide linkages could occur in 
sufficient number to provide the binding sites for the extraordinarily 
large quantity of phenols commonly observed to be sorbed by 
proteins. That the sorption does not directly involve ionogenic 
groups is indicated by the mineral acid-binding capacity of collagen, 
for example, remaining unchanged (18). The degree of dissociation 
of ionogenic groups located vicinally to hexachlorophene-interacted 
peptide sites may, however, be influenced indirectly by hexachloro- 
phene binding. Such influences can be propagated through space by 
direct electrostatic field effects or through the atoms constituting 
the protein itself through an inductive delocalization of electrons 
(19). Both mechanisms can operate to alter the acidic pK's of ion- 
izable vicinal groups. The observed changes in fixed-charge density 
of the epidermal surface, therefore, can be postulated to occur as a 
consequence of an uptake or release of protons occurring concomi- 
tantly with the binding of hexachlorophene with peptide linkages 
vicinal to the affected ionogenic groups. Electron inductive effects 
have been shown to be effectively transmitted through as many as 
five saturated carbon atoms (20). Pauling (21) described the trans- 
mission of inductive effects through peptide linkages to be facilitated 
by the high polarizability, due to the partial resonance, of the peptide 
amide bond, which has been discerned to possess a transmissivity 
for inductive effects approximately tantamount to two methylene 
groups (22). Ling (22) and Szent-Gyorgi (23) convincingly postulated 
that such effects can be transmitted through hydrogen bonds to 
alter the reactivity of groups located in positions neighboring the 
binding sites of hydrogen bond-forming interactants. 


Based on these considerations, the electronic mechanisms opera- 
tive in the manifest effects of hexachlorophene on the epidermal 
fixed-charge density can be postulated to occur as diagrammatically 
described in Scheme I. 


The influence of hexachlorophene at low pH must primarily be 
directed toward the fixed carboxyl groups, which are titrable within 
the pH range of 2-6 (9). Carboxyl groups are plentiful in the stratum 
corneum. It has been found (24) that aspartyl and glutamyl residues 
comprise approximately 21.7% of the weight of keratin, the major 
proteinaceous constituent of stratum corneum. 


At low pH the hydrogen bonding of the electrophilic phenolic 
hydroxyl with the peptide linkage may be envisaged to induce a 
withdrawal of delocalizeable electronic charge from the carboxyl 
group of a vicinal aspartyl or glutamyl side group, resulting in a 
lowering of the acidic pK of the groups. The accompanying re- 
lease of protons into the milieu manifests as a reduction in the net 
positive fixed-charge density of the surface. The high density of 
carboxyl groups and their separation from the polypeptide backbone 
by only one or two methylene groups contribute to an expected high 
probability that such groups may be located within the inductive 
influence of bound hexachlorophene. The presence of the three elec- 
tronegative chlorine atoms on the aromatic nuclei of the hexa- 
chlorophene molecule may be expected to contribute substantially 
to its electrophilic inductive efficacy. 


At high pH the electrophilic character of the hexachlorophene 
can be considered as abrogated by the excess electrons resulting 
from the dissociation of protons from the phenolic groups. Scheme I 
also illustrates the electronic mechanism postulated as responsible 
for the observed lowering of fixed negative charge density of the 
epidermal surface at high pH. The groups primarily affected in the 
upper pH range are likely constituted by the 6-amino group of 
lysine, which together with the guanidyl group of arginine and the 
phenolic group of tyrosine comprises approximately 13% of the 
amino acid content of keratin (24). Delocalization of electronic 
charge originating in the bound hexachlorophene to groups nor- 
mally dissociating their protons in the upper pH range is postulated 
to increase their acidic pK's and manifest in a lower net density of 
fixed charge on the surface. A similar increase in the pK's of titrable 
groups i s  apparently responsible for the reported anion-induced 
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(a)  effects a t  low pH 


c1 61 
( b )  effects a t  high pH 
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Scheme I-Simplijied diagramma tic representation of the postulated 
electronic inductive mechanisms of hexachlorophene-induced 


changes in the fixed-charge density of human epidermis 


shifts in the position of hydrogen-ion titration curves of wool and 
soluble proteins in the direction of increased alkalinity along the 
pH axis (9, 10,25). The proteins were reported to appear to combine 
stoichiometrically with both hydrogen ions and the anions inducing 
the shifts (26, 27). 


The possibility of direct electrostatic salt binding between fixed 
cationic groups on the colloids and hexachlorophene anions cannot 
be entirely excluded. Such interactions would depend upon the avail- 
ability of both fixed cationic groups and hexachlorophene anions. 
The interactions would be expected to manifest in a net reduction 
of fixed positive charge density and could possibly be contributing 
to the effects of hexachlorophene observed in the vicinity of pH 
below 5.7 in which imidazolyl and a-amino groups (9) can be ex- 
pected to be involved. However, if salt binding of hexachlorophene 
is contributing to its observed effects, it cannot be resolved from the 
operation of the inductive mechanisms which have been postulated 
as primarily responsible. 


SUMMARY AND CONCLUSIONS 


The results of the present study clearly indicate that the bioelec- 
trometric method is capable of detecting the influence of hexachloro- 
phene on the acid-base binding properties of the colloids consti- 
tuting the epidermal surface. The application of the method has 
revealed aspects of the interaction of hexachlorophene, which are 
undetectable by other more conventional experimental techniques. 
The mechanistic interpretation of the observed hexachlorophene- 
induced displacement of the titration curve of the epidermal surface, 


although speculative, is In general agreement with related results 
previously reported and the postulations of other investigators. 


The further utility of the electrometric method in the investiga- 
tion of the kinetic and equilibrium interaction behavior of hexa- 
chlorophene with human skin in vivo and the manner in which the 
results relate to its substantive antibacterial properties are topics of 
subsequent reports in the present series. 
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Figure l+lS,2R) - (+)-trans-2-o-To~ylcyclohexyl3-nitro-4-bromo- 
benzoate. 


ture amplitudes were obtained from the intensities in the usual 
fashion. A sharpened, origin-removed, three-dimensional Patterson 
synthesis enabled the positions of the two unique bromine atoms to 
be found; the coordinates of the 50 other nonhydrogen atoms com- 
prising the two molecules in the asymmetric unit were determined 
in subsequent electron-density maps based on phases calculated 
from the bromine positions. The positional and thermal parameters 
of all the atoms were refined using full matrix least squares 
until a discrepancy factor, R, of 0.089 was achieved. 


Up to this point the normal bromine scattering curve, fk", was 
used with no correction for anomolous scattering of the X-rays by 
the bromine atoms. At this stage, the absolute configuration of the 
molecule was determined by the following method. The true bromine 
scattering curve, including anomolous scattering effects, j~~ = 
fBro + AfBr' + iAfBr", was then applied; structure factors were 
calculated for molecules with atom coordinates x ,  y, and z and for 
molecules with atom coordinates - x ,  -y, and - 2 .  That is, struc- 
ture factors were calculated for both possible optical isomers. The 
discrepancy factor, R = (ZlIFol - iFcll)/ZlFo/, was 0.098 for one 
structure and 0.086 for the other enantiomer. The difference is 
highly significant (3), and the absolute configuration for this struc- 
ture is thus unambiguously established as the one giving the lower 
R.  One last cycle of least-squares refinement, using the atom co- 
ordinates corresponding to the correct optical isomer but neglecting 
anomalous corrections to the scattering curve, brought R down to 
0.079. Although hydrogen atoms could be located from a difference 
Fourier map, they were not included in the calculations since the 
additional significance does not compensate for the added cost of 
refinement for a structure of this size. 
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Muscarinic Receptors: 4-Substituted-3-trimethyl- 
ammoniumtetrahydrofuran Halides 


WENDEL L. NELSON, JOHNNY K. WONG", FRANK F. VINCENZI, 
PETER H. BLAKE?, and DONALD L. SMITH 


Abstract 0 Preparation of the cis- and trans-4-hydroxy-3-trimethyl- 
ammoniumtetrahydrofuran and 4-acetoxy-3-trimethylammonium- 
tetrahydrofuran halides and 3-trimethylammoniumtetrahydrofuran 
iodide is described. Weak muscarinic activity was noted for the 
unsubstituted 3-trimethylammoniumtetrahydrofuran salt, being 
about 1OOO-fold less potent than acetylcholine. The trans-hydroxy 
and trans-acetoxy compounds showed even less activity, and the 
cis-compounds were inactive. 


Keyphrases n 3-Trimethylammoniumtetrahydrofuran halides, 4- 
substituted-muscarinic receptors, synthesis, pharmacologic test- 
ing Muscarinic receptors-3-trimethylammoniumtetrahydro- 
furan halides, 4-substituted, synthesis, pharmacologic testing 


The fundamental problem of relating molecular 
structure to biological activity at various drug receptors 
becomes extremely difficult when considering small 


conformationally mobile molecules such as acetyl- 
choline. Regardless of the existence of preferred con- 
formations in the solid state and in solution (1-5), it 
should not be assumed that these conformations are 
those in the drug-receptor surface complex (6). 


Various conformationally rigid or semirigid cholin- 
ergic agents have been prepared to aid in determination 
of the architectural features af the drug-receptor com- 
plex on various cholinergic sites, e.g., muscarinic, 
nicotinic, and acetylcholinesterase (7-12). Attempts 
which incorporate the least number of additional atoms 
have generally been most successful, although compari- 
sons of closely related compounds in higher series also 
seem valid (12). 


In this study, various analogs of 3-trimethylammo- 
niumtetrahydrofuran iodide were prepared. This system 
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offered the opportunity to  look at possible analogs of 
muscarine, in which a conformation similar to the one 
in which the trimethylammonium head is directed toward 
C-4 of muscarine is represented by attaching this radical 
at C-3 in tetrahydrofuran (Structure I). In these com- 


muscarine 
1. X = Y = H  
2 , X = O H  Y'H 
3.X=OAc Y=H 
4.X=H Y=OH 
5.X'H Y=OAc 


pounds, the distance of the two-carbon separation of 
oxygen from nitrogen is similar to that in the transoid- 
conformation of acetylcholine (ACh). 


In addition, the cis- and trans-3-acetoxy (and hydroxy) 
analogs were prepared as conformational analogs of 
ACh in which the acetoxy oxygen and trimethylammo- 
nium nitrogen are fixed distances apart, similar to totally 
eclipsed and eclipsed conformations of ACh. These 
compounds can also be related to the acetyl-a,b- 
dimethylcholines held in fixed conformations, with the 
methyl groups attached to each other through an ether 
bridge. 


Also, the 4-hydroxy compounds could show some 
structural analogy to muscarine, if the other speculation 
concerning the position of the trimethylammonium 
groups proved to be true. 


SYNTHESIS 


Preparation of Compound 1 (Scheme I) was accomplished from 


C a ; O H  - Q0 


d 8 


6 7 I::* 
N (CH& 


1 -  


Scheme I 


3-tetrahydrofuranone (Compound 7) which was readily prepared 
from 1,2&butanetriol (13). Dehydration afforded Compound 6, 
which was oxidized to Compound 7 (14). 


Initially, it was planned to convert the oxime of ketone 7 to 3- 
aminotetrahydrofuran, as reported by Korobitsyna et ul. (15). 
In the present study, the reported solid oxime could not be isolated, 
and the sodium amalgam reduction of the crude oxime failed to 
produce material that could be proven to be the desired amine. 
However, direct conversion of ketone 7 to Compound 8 was accom- 
plished using Bach's modification (16) of the Leuckart reductive 
alkylation procedure, using dimethylformamide and 90% formic 
acid (17). 


The 3,4-disubstituted analogs of tetrahydrofuran were prepared 
by stereospecific routes from 2,5-dihydrofuran (Scheme 11). Epoxi- 


9 10 


1) INCO 
2) CH,OH I 0 


12 13.R=H 
14. R = CH, 


15 
Scheme I1 


dation of Compound 9 at 0" provided 3,6-dioxabicyclo[3.1.O]hep- 
tane (Compound lo), which was treated with dimethylamine to 
yield fran~-3-hydroxy-4-dimethylaminotetrahydrofuran (Com- 
pound 11). Compound 2 was prepared from Compound 11 by 
quaternization with iodomethane, and Compound 3 by acetylation 
followed by quaternization. 


Formation of Compounds 4 and 5 was accomplished from trans- 
3-carbomethoxyamino-4iodotetrahydrofuran (Compound 12), 
which was prepared by addition of iodine isocyanate to Compound 
9, followed by methanolysis of the intermediate isocyanate. Pyroly- 
sis (130") of Compound 12 produced 2,7-dioxa-4-azabicyclo[3.3.0]- 
octan-Zone (Compound 13), which was alkylated by formation 
of the sodium salt of Compound 13 and dimethyl sulfate. Other 
alkylation procedures, including sodium hydride-iodomethane, and 
utilization of other bases, e.g., sodium hydroxide and sodium car- 
bonate, failed. 


The stereochemistry of these tetrahydrofuran-fused oxazoli- 
dinones, although not in question from the synthetic scheme, is 
readily assigned from their NMR spectra. This is most apparent in 
the spectrum of the N-methylated derivative (Compound 14) 
(Structure 11). 


I1 


The signals for H-1 and H-5 are quartets at 5.05 and 4.28 6, re- 
spectively, with J1.5 = 7 c.P.s., Js,e  = = 4 C.P.S. Signals for pro- 
tons H-6 and H-8 were observed as overlapping quartets at 3.42 
and 3.58 6, .Ige,,, = 10 C.P.S. The downfield signal was assigned to 
H-8 on the basis of decoupling experiments. Upon irradiation at 
the frequency of H-1, H-8 collapsed into a doublet, showing J,,, 
only. Protons H-6' and H-8' apparently have almost identical 
chemical shifts. A slightly broadened doublet at 4.10 6, J,,, = 
10 c.P.s., was observed integrating for two protons. 


Lithium aluminum hydride reduction of Compound 14 produced 
cis-amino alcohol (Compound 15), which was converted to Com- 
pounds 4 and 5 in steps analogous to conversion of Compound 11 
to 2 and 3. 


PHARMACOLOGY 


Muscarinic assays were determined using strips of guinea pig 
ileum in oxygenated Tyrode's solution. 3-Trimethylammonium 
iodide (Compound 1) showed significant muscarinic activity, being 
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active at  1 X 10-4 M, equivalent to 1 X M acetylcholine, 
or 1000-fold less potent, but a = 1 .O. The trans-compounds, 2 and 
3, showed activity at 5 x 10-3 M (a = 1.0). The cis-compounds, 4 
and 5, were inactive at concentrations up to M. The agonist 
effects were not blocked by hexamethonium, indicating the ob- 
served effects are postganglionic parasympathetic in origin. No 
atropinelike effects were observed for the compounds tested. 


The marginal activity of the former compounds, 1, 2, and 3, can 
be rationalized in terms of a maximal O+N+ distance, similar to 
the 1,3-dioxolanes (18) and calculations on muscarhe (19), or the 
extended conformation of acetylcholine (7, 11, 12). However, the 
low level of activity precludes worthwhile speculation. 


EXPERIMENTAL 


Melting points were obtained with a calibrated Thomas-Hoover 
Unimelt apparatus and are corrected. IR data were recorded on 
Beckman IR-5A and IR-8 spectrophotometers. NMR spectra were 
determined with Varian A-60 and T-60 spectrometers, using tetra- 
methylsilane (TMS) or 3-trimethylsilyl-1-propanesulfonic acid 
sodium salt as the internal standard. Microanalyses were conducted 
by Drs. G. Weiler and F. B. Strauss, Oxford, England. 


%Tetrahydrofuranone (Compound 7)-A mixture of 100 g. (0.94 
mole) of 1,2,4-butanetriol and 2.0 g. (0.01 mole) of p-toluenesulfonic 
acid monohydrate was distilled, using a water aspirator at 100-120", 
to afford about 100 g. of distillate in 2-3 hr. (13). The product, a 
mixture of water and 3-hydroxytetrahydrofuran, was not separated 
but subjected to oxidation as described by Yurev et al. (14). 


To a cold solution (-loo) of 100 g. of the crude distillate of 
Compound 6 in 150 ml. of ether was added dropwise a cold (Oo) 
solution containing 100 g. (0.33 mole) of sodium dichromate di- 
hydrate, 120 g. (0.12 mole) of concentrated sulfuric acid, and 150 
ml. of water. The stirred solution was kept cold (- 10 to 0")  for 
5-6 hr. and then overnight at room temperature. The mixture was 
partitioned between ether and water, and the aqueous layer was 
extracted four additional times with ether. The combined ether layers 
were dried (MgS04), and solvent was removed, affording 42.1 g. 
(52% in two steps) of a slightly yellow oil; IR, 3.37, 3.47 (C-H 
stretching), 5 . 7 2 ~  (-0 stretching); NMR (CDCI,) 6: 4.23 (triplet, 
J = 7 c.P.s., C-5 protons), 3.83 (singlet, C-2 protons), 2.47 (triplet, 
J = 7 c.P.s., C-4 protons). 


3 - Dimethylaminotetrahydrofuran (Compound 8 t h  a glass- 
lined autoclave were placed 6.00 g. (70 mmoles) of Compound 7, 
10.0 g. (210 mmoles) of 90.9% formic acid, and 15.3 g. (210 mmoles) 
of dimethylformamide. The autoclave was sealed and heated at 
185" for 16 hr., cooled to room temperature, and opened; the 
contents were then removed. The crude reaction mixture was acidi- 
fied with 40 ml. of aqueous 10% HCl and washed with several por- 
tions of ether. The aqueous acid extract was made alkaline with 
aqueous 2 N NaOH and extracted with ether. The combined organic 
extracts were dried (MgSO*) and evaporated, affording a colorless 
oil which was converted to the quaternary ammonium salt without 
further purification. 


3-Trimethylammoniumtetrahydrofuran Iodide (Compound 1)-To 
a cold (0") solution of 2.88 g. (25 mmoles) of crude Compound 8 
in 10 ml. of acetone was added 9.90 g. (70 mmoles) of iodomethane. 
After 12 hr., the slightly yellow crystalline solid was collected and 
recrystallized from methanol-ether, affording 1.50 g. (23 % of 
theory) of+Compound 1, m.p. 235-236", NMR (CD30D) 6: 3.06 
[singlet, N+CH3)3 protons], overlapping multiplets centered at 
3.65, 4.20, and 4.37 integrating for the five aliphatic protons, 2.43 
(multiplet, Wh = 14 c.p.s., c-4 methine protons). 


And-Calcd. for C7H161NO: C, 32.70; H, 6.27; N, 5.45. Found: 
C, 32.86; H, 6.33; N, 5.66. 
3,6-Dioxabicyclo[3.1.O]heptane (Compound 10)-To a cold (0") 


solution of 34.0 g. (0.186 mole) of rn-chloroperbenzoic acid in 400 
ml. of chloroform was added carefully 12.6 g. (0.18 mole) of 2,5- 
dihydrofuran (Compound 9) in 100 ml. of chloroform. The solution 
was maintained at 0" for 18 hr. with constant stirring; it was then 
extracted with cold aqueous 5% NaOH, washed with H20,  and 
dried (MgS04). The solvent was removed utilizing a rotary evap- 
orator, affording 10.0 g. (65%) of a slightly yellow, thin oil which 
was used without further purification. 


trans4Hydroxy - 3 - dimethylaminotetrahydrofuran (Compound 
ll)--To a cold (0") 150-ml. capacity, steel autoclave chamber were 
added 5.0 g. (0.058 mole) of Compound 10 and 26.2 g. (0.58 mole) 


of anhydrous dimethylamine; 50 ml. of benzene was also added as 
solvent. The autoclave was sealed and heated at 100" overnight. 
Initial pressure on the gauge was 100 p.s.i. After coo- to O", the 
autoclave was opened and the contents were removed. The solvent 
was evaporated and the residual oil distilled, affording 6.08 g. 
(80%) of a slightly yellow oil, b.p. 82" (1.2 mm.). The product was 
carried to the next reaction without further purification. 


trans-4-Hydroxy - 3 - trimethylammoniumtetrahydrofuran Iodide 
(Compound 2)-This compound was prepared by a method similar 
to that used with Compound 1, using ethyl acetate as solvent. An 
analytical sample was prepared by crystallization from methano!- 
ethyl acetate, m.p. 194-195"; NMR (DzO) 6: 3.22 [singlet, N- 
(CH&], 3.60 (quartet, J = 6 c.P.s., C-3 methine proton), 4.25 
(multiplet, w h  about 18 c.P.s., five protons). 


And-Calcd. for C7H161N02: C, 30.78; H, 5.90; N, 5.13. Found: 
C, 30.79; H, 5.86; N, 5.15. 


t r a n s 4  - Acetoxy - 3 - trimethylammoniumtetrahydrofuran Iodide 
(Compound 3)-To 2.00 g. (0.01 5 mole) of trans-4-hydroxy-3-di- 
methylaminotetrahydrofuran (Compound 11) was added 20 ml. of 
acetic anhydride. After heating the mixture at reflux for 1 hr., excess 
acetic anhydride and the by-product acetic acid were removed. 
Aqueous 3% HCI, 100 ml., was added to the residual oil and al- 
lowed to stand for l hr. The aqueous mixture was washed with 
ether, made alkaline with aqueous 10% NaOH, and extracted four 
times with ether. The combined ether extracts were dried (MgS04) 
and the solvent removed, affording 1.95 g. (75 %) of a light-yellow 
oil. 


A solution of 1.00 g. (5.7 mmoles) of the crude amino ester in 
75 ml. of ethyl acetate and 5 ml. of iodomethane was stoppered and 
shaken occasionally for 1 hr. A white precipitate formed and was 
removed by filtration, affording 1.82 g. (100%) slightly yellow solid. 
An analytical sample was prepared by crystallization from metha- 
nol-ethyl acetate, m.p. 231 '. 


And-Calcd. for C9HI8INO3: C, 34.29; H, 5.71. Found: C, 34.73; 
H, 5.71. 


The chloride salt of Compound 3 was prepared from the qua- 
ternary ammonium salt, Compound 2, which was first converted to 
the chloride salt by ion exchange, followed by acetylation, m.p. 
185". 


And.-Calcd. for C9H18C1N03: C, 48.78; H, 8.11. Found: C, 
48.49; H, 8.17. 


trans-3-Iod0-4 - carbomethoxyaminotetrahydrofuran (Compound 
12)-To a cold (-15") solution of 12.6 g. (0.18 mole) of 2,5-di- 
hydrofuran in 540 ml. of anhydrous ether were added 59.9 g. (0.40 
mole) of freshly prepared silver cyanate and 45.7 g. (0.18 mole) 
of iodine. The stirred mixture was allowed to warm to room tem- 
perature over a period of 6 hr. After this time, the initially red solu- 
tion had become a yellow slurry. The inorganic salts (silver iodide 
and excess silver cyanate) were removed by filtration. Anhydrous 
methanol, 50 ml., was added to the filtrate, and the resulting mixture 
was refluxed overnight. After removing the organic solvents utilizing 
a rotary evaporator, the residual dark-brown oil was dissolved in 
ether, washed with 10% aqueous sodium bisulfite, with water,dried 
(MgS04), and evaporated, affording 24.4 g. (50% in two steps) of a 
yellow solid. An analytical sample was prepared by crystallization 
from ether, m.p. 107-108"; IR (potassium bromide), 3.08 (N-H), 
3.40, 3.50 (C-H stretching), 5.98 ( G O  stretching). 


And-Calcd. for C6H,~IN03: C, 26.59; H, 3.72; N, 5.17. Found: 
C, 26.65; H, 3.75; N, 5.14. 


2,7-Dioxa - 4 - azabicyclo[3.3.0]octan - 3 - one (Compound 13 j A  
stream of dry nitrogenwas passed over 5.0 g.(l8.4mmoles)of truns-3- 
iodo-4-ca~bomethoxyaminotetrahydrofuran and bubbled through a 
mixture of benzene and pyridine while heating the solid in an oil bath 
at a temperature of 130". When no additional pyridine methiodide 
formed, the reaction was stopped (about 45 min.), affording 2.0 g. 
(83.3%) of a brown oil which solidified at room temperature. An 
analytical sample was prepared by crystallization from methanol- 
ethyl acetate, m.p. 116-117", IR (potassium bromide), 3.08 (N-H), 
3.35, 3.50 (C-H stretching), 5.77 (C=O). NMR (CD30D) 6: 
5.17 (quartet, J = 4 and 7 c.P.s., methine proton at C-1), 4.33 
(quartet, J = 4 and 7 c.P.s., methine proton at C-5), 4.40 (broad 
multiplet, N-H proton), 3.93 (doublet, Jgem = 11 c.P.s., one proton 
at C-6 and at C-8), 3.53 and 3.47 (overlapping quartets giving the 
appearance of a doublet of triplets, J = 4 and 11 C.P.S. in each case, 
one proton at  C-6 and at C-8). 


A n d X a l c d .  for CsH7N03: C, 46.51; H, 5.47; N, 10.86. Found: 
C, 46.61; H, 5.64; N, 11.10. 
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4-Methyl-2,7-dioxa-4azabicyclo[3.3.0]octan-3-one (Compound 14) 
-A solution of sodium methoxide was prepared from 2.0 g. (0.087 
g. atom) of sodium and 150 ml. of anhydrous methanol. After 
the addition of 5.0 g. (0.04 mole) of Compound 13, the mixture was 
evaporated to dryness in vacuo. The residue was suspended in 200 
ml. of dry toluene, and 10 ml. of freshly distilled dimethyl sulfate 
was added dropwise with stirring and cooling. The reaction was 
then heated at 100” for 1 hr. An equal amount of HzO was added to 
the toluene solution to destroy any excess dimethyl sulfate, and the 
mixture was partitioned. The aqueous solution was then extracted 
with five portions of chloroform. The combined chloroform and 
toluene extracts were dried (MgS04) and evaporated, affording 4.67 
g. (85%) of a slightly yellow oil which solidified on cooling. An 
analytical sample was prepared by crystallization from chloroform- 
hexane, m.p. 80”. NMR (CDCL); 6 2.88 (N--CH3, singlet), 3.42 
and 3.58 (two overlapping quartets, J = 4 and 10 C.P.S. integrating 
for two protons tentatively assigned to one proton at C-8 and one pro- 
ton at C-6). The downfield quartet was assigned to the C-8 proton, 
because upon irradiation of the C-5 proton the 3.58 6 signal col- 
lapsed into a doublet, J,,, = 10 C.P.S. Similarly upon irradiation in 
the 3.4-3.5 region, the C-1 proton collapsed into a singlet Jl.s = 
7 c.P.s., 4.10 (broadened doublet, Jeem = about 10 c.P.s., assigned 
to one proton at C-8 and one at  C-6 which show coupling constants 
with protons at C-1 and C-5, respectively, approaching zero), 4.28 
(quartet partially obscured by doublet, J = 4 and 7 C.P.S. assigned 
to other protons at C-6 and C-8), 5.05 (quartet, J = 4 and 7 c.P.s., 
assigned to proton at C-1). 


Anal.-Calcd. for C6H9NO3: C, 50.34; H, 6.34; N, 9.78. Found: 
C, 49.97; H, 6.36; N, 9.99. 


cis4Hydroxy-3-dimethylaminotetrahydrofuran (Compound 15)- 
All equipment was dried at 120” overnight. A stream of dry nitro- 
gen was passed over a suspension of 2.0 g. (52 mmoles) of lithium 
aluminum hydride in 200 ml. of anhydrous tetrahydrofuran. Two 
grams (14 mmoles) of Compound 14 in 50 ml. of tetrahydrofuran 
was added dropwise over a period of 10 min., and the resulting 
slurry was refluxed overnight. Excess hydride was destroyed by 
addition of aqueous 4 0 z  Rochelle salt, and the mixture was fil- 
tered with suction through a diatomaceous earth’ pad. The filter 
cake was extracted four times with ethyl acetate. The combined 
tetrahydrofuran and ethyl acetate portions were evaporated, af- 
fording 1.18 g. (65z)  of a slightly yellow oil which turned into a 
solid upon cooling. An analytical sample was prepared by crystal- 
lization from ethyl acetate, m.p. 51 ’. 


Ad.-Calcd. for C&N02: C, 54.94; H, 9.90; N, 10.68. Found: 
C, 54.87; H, 9.68; N, 10.92. 


cis - 4 - Hydroxy - 3 - trimethylammoniumtetrahydrofuran Iodide 
(Compound 4)-This compound was prepared by a method similar to 
that used with Compound 1 using ethyl acetate as solvent. An an- 
alytical sample was prepared by crystallization from methanol- 
ethyl acetate, m.p. 162”. 


Anal.-Calcd. for GHl6INa:  C, 30.78; H, 5.90; N, 5.13. Found: 
C, 31.00; H, 5.78; N, 5.19. 


~ 


1 Celite. Johns-Manville, N. Y. 


cis - 4 - Acetoxy - 3 - trimethylammoniumtetrahydrofuran Iodide 
(Compound 5)-This compound was prepared from Compound 15 
by a method similar to the conversion of Compound 11 to C0.m- 
pound 3. An analytical sample was prepared by crystafizatlon 
from methanol-ethyl acetate, m.p. 193 ’. 


Anal.-Calcd. for C9HI8INO3: C, 34.29; N, 4.44; H, 5.71. Found: 
C, 34.48; N, 4.38; H, 5.71. 
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quantitative methods, dose, metabolism, and an abstract of the refer- 
enced toxicology literature. 


Following the monographs are individual collations of each iden- 
tity test. Drugs are grouped under the standard chromatographic 
systems. Melting points, UV maxima, and IR bands are listed nu- 
mericallywith thedrugsentered opposite. Celor test data arecompiled 
by observed reaction. Such devices are familiar and welcome to 
those experienced in qualitative organic analysis. Hundreds of IR 
spectra are reproduced, six to a page, and the transparent plastic 
bookmark carries wavelength and wavenumber grids to be super- 
imposed on the spectra. This is attractive, but of questionable value 
in view of the difficulty in obtaining sufficiently pure samples and 
the ready availability of spectra elsewhere. Problems caused by the 
polymorphism of some categories of drugs also are not signaled. 
Appendixes include preparation of many reagents, description of 
color tests, the bibliography, and a good index. 


Ten introductory chapters supply general discussion in support of 
the contents of the monographs. The fmt chapter contains rapid 
screening procedures for drug types known to account for most of 
drug ingestion cases brought to hospitals. Subsequent chapters dis- 
cuss the three monograph chromatographies, spectrophotometric 
techniques, the older color and crystal tests, extraction pro- 
cedures, and drug metabolism. At first notice, Smith’s chapter on 
patterns of drug metabolism may appear unrelated to some readers. 
Further thought reveals the necessity of knowing excretion and 
metabolic aspects of drugs in humans. Little value to haphazard 
searching of the wrong tissues or fluids for evidence of a drug or 
more commonly, overlooking major metabolites while searching 
only for unchanged drug. An observation may be made that the 
monographs and tables are concerned with unchanged drugs and 
the general omission of metabolite identification is a weakness in 
this work. This is partly editorial, but also reflects the limited infor- 
mation in this area. 


The major weakness of the volume lies in the area of sample isola- 
tion. As now offered, the book is largely one of identification 
methods. Common clean-up techniques aren’t presented in a usable 
form. Isolation methods from pharmaceuticals just aren’t treated. It 
is not a text for isolation and purification of samples. 


Clarke’s compilation is a practical fusion of qualitative organic 
analysis and toxicology in monograph form. The reference value of 
this work is unquestionable. This and the several innovations 
strongly recommend the volume to laboratories handling com- 
pounds of biomedical interest. 


Reviewed by Lee T. Grady 
Drug Standards Laboratory 
American Pharmaceutical Associaiion Foundation 
Washington DC 20037 


Marine Pharmacology. By MORRIS H. BASLOW. Williams and 
Wilkins Co., Baltimore, MD 21202, 1969. xiv + 286 pp. 18 X 26 
cm. Price $19.75. 
The text represents the first comprehensive coverage of the 


embryonic field of marine pharmacology. It is the outgrowth of the 
author’s interest in this field developed from a graduate course 
on the subject presented at the University of Hawaii for three 
years. In its comprehensive overview coverage, one finds chapters 
ranging from the antibiotic activity of sea water, through the bio- 
dynamic principles of various phyla of microorganisms, algae, 
sponges, jellyfish, marine worms, molluscs, arthropods, echino- 
derms, and finally culminatingin the various higher vertebrates. 


Since no other basis for classification is yet reasonable, the 
taxonomic one used by the author is very effective. Each chapter 
on a particular phylum is logically arranged and follows a smooth 
progression of subcategories so designed as to  point out bioactive 
data in an easily readable fashion. References are at the end of 
each chapter and are numerous and current. For example, the 
chapter on blue-green algae starts with a brief consideration of 
the characteristics of the group and the history of reviews on the 
subject then proceeds through the known chemistry performed on 
bioactive algal principles, the pharmacology and toxicity of their 
active substances, and a conclusion based on the potential for the 
development of useful drugs or other agents from the phylum. 


The chapters are profusely illustrated with tables containing 
pertinent condensed data from numerous investigators. Many 


chemical structures of known substances are also given as well as 
reproductions of kymograph and physiograph recordings of effects 
of the more important marine principles on various test organisms. 
The final chapter summarizes in table form (10 pages), the pharma- 
cological potential of substances isolated from marine organisms. 
The index is excellent and complete so that one can start with the 
name of an organism, the chemical principle, or type of activity 
and find a summary on these as well as appropriate references in 
the current scientific literature. 


The text is to be highly recommended for use by pharmacologists, 
pharmaceutical chemists, and pharmacognosistsas a prime reference 
on the subject. The main, and perhaps only, undesirable feature 
is the high price for this publication. If the publishers wish to 
make it readily available a t  all levels of interest, the price should be 
reduced considerably. In addition, the first eight pages (two of which 
contain four-color photographs of marine organisms), are printed 
on glossy paper while the remainder of the text is printed on less 
expensive yellowish stock paper. 


Reuiewed by A. H. Der Marderosian 
Philadelphia College of Pharmacy and Science 
Philadelphia, PA 19104 rn 


NEW JOURNALS 


Comparative and General Pharmacology. Edited by G. A. KERKUT 
and G. N. WOODRUFF. Scientechnica Ltd., 823-825 Bath Road, 
Bristol, England BS4 5NU, 1970. i + 128 pp. 18 X 24.5 cm. 
Price: Annual Subscription $40, Single Copies $1 1. (English) 
This quarterly journal will publish original research on all 


aspects of pharmacology with special emphasis on comparative 
pharmacology. Occasional review articles and short communica- 
tions will also be published. The editor, Professor G. A. Kerkut, 
is in the Department of Physiology and Biochemistry, University of 
Southampton. Southampton, England. 


NOTICES 


Pharmaceutical Handbook. Edited by R. G. TODD. The Phar- 
maceutical Press, 17 Bloomsbury Square, W. C. 1 London, En- 
gland, 1970. xv + 702 pp. 12.5 X 19 cm. Price $9.50. 
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Heidelberger Platz 3, 1 Berlin 33, Germany, 1970. viii + 1088 
pp. 14.5 X 21 cm. Price $20.90. (German) 


Gas-Liquid Reactions. By P. V. DANCKWERTS. McGraw-Hill Book 
Co., 330 West 42nd St., New York, NY 10036, 1970. xiii + 276 
pp. 15.5 X 23.5 cm. Price $11.50. 


hethods of Biochemical Analysis, Vol. 18. Edited by D. CLICK. 
Wiley, 605 Third Ave., New York, NY 10016,1970. vi + 421 pp. 
15 X 23.5 cm. Price $16.50. 
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SCHROETER. Pergamon Publishing Co., Maxwell House, Fairview 
Park, Elmsford, NY 10523, 1969. vii + 157 pp. 13.5 X 20.5 cm. 
Price $7.75. 
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and MAEVE OCONNOR. J. & A. Churchill Ltd., 104 Gloucester 
Place, London, England, 1969. xi + 244 pp. 15.5 X 23.5 cm. 


Homeostatic ReguIators. Edited by G. E. W. WOLSTENHOLME and 
JULIE KNIGHT. J. & A. Churchill Ltd., 104 Gloucester Place, 
London, England, 1969. viii + 327 pp. 15.5 X 23.5 cm. 
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OICONNOR. J. & A. Churchill Ltd., 104 Gloucester Place, London, 
England, 1969. x + 326 pp. 15.5 X 23.5 cm. 
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France, 1970. vi + 567 pp. 16.5 X 25 cm. Price 180 fr. (French) 
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Table 111-Effect of Continuous Administration of Pentobarbital 
(25 mg./kg. i.p.) on Development of Tolerance 


Injection 
No. In- Interval, Mean S.T., Tolerance 
jections Dayso min.b Index, % 


1 1 46.4 


2 2 26.7 


3-7 3-7 
8 8 36.0 1 28c 


173.0” 
(8) 


(8) 


(8) 


- 


9 9 31 .’8 I4Y 
(8) 10-14 10-14 - 


I5 15 38.2 121c 
(8) 


16 16 41.6 1 1 1  


a Injections were given daily to the same animals for 16 days. b The 
sleeping time was determined on 1, 2, 8, 9, 15, and 16 days. Samplesize 
is given in parentheses. c p  <0.05. 


prolonged by hepatic injury (7). Plaa el al. found a positive relation- 
ship between the doses of several hepatotoxins and the prolongation 
of pentobarbital sleeping time (7). Singh and Boyd found that tannic 
acid, which causes centrilobular liver necrosis, prolonged the sleep- 
ing time of thiopental(8). This effect became evident at 72 hr. after 
the administration of tannic acid. Balazs and Grice also reported 
that administration of carbon tetrachloride can prolong the sleeping 
time of pentobarbital (9). 


Pentobarbital is metabolized in the liver (3). Conney e f  al. have 
shown that pentobarbital is an enzyme inducer (10). One explanation 
of the development of tolerance to pentobarbital is that pento- 
barbital possibly stimulates its own metabolizing enzyme and thus 
results in increased pentobarbital metabolism on repeated adminis- 
tration and decreased sleeping time (Tables 1-111). This leads the 


authors to suggest that in the development of tolerance to pento- 
barbital, the liver possibly is involved. 


Clinical Signs-During the development of tolerance to pento- 
barbital, neither water consumption nor urine excretion was affected. 
However, on the day after the tolerance had been induced, a sig- 
nificant increase (p < 0.05) was noticeable in water consumption 
and urine excretion. Singh reported similar clinical findings with 
thiopental also (1 1 ) .  
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Sterility Testing of Insulin by Membrane Filtration: 
A Collaborative Study 


MIRIAM P. CALHOUN, MACK WHITE, and FRANCES W. BOWMAN 


Abstract 0 A membrane filtration procedure was devised for test- 
ing the sterility of insulin zinc suspensions solubilized in ascorbic 
acid diluting fluid. A collaborative study showed that the filtration 
procedure afforded significant improvements over the direct method 
of sterility testing. 


Keyphrases 0 Insulin, sterility-membrane filtration 0 Membrane 
filtration-sterility testing, insulin zinc suspensions Sterility 
testing-insulin, membrane filtration Collaborative study-mem- 
brane filtration, insulin sterility 


In  1941 the Federal Food, Drug, and Cosmetic Act 
was amended to establish a certification service to en- 
sure the safety and efficacy of insulin-containing drugs 
by testing each lot prior to  distribution. The official 
analytical methods and standards of quality and purity 
are described in the USP (I), the N F  (2 ) ,  and the Code of 
Federal Regulations (3). Since insulin must be admin- 


istered by parenteral injection, these official compendia 
require all insulin preparations to be sterile. 


The official USP XVII/NF XI1 method for the 
sterility testing of insulin requires that 20 containers 
from each “filling operation” be tested in thioglycollate 
broth for detecting bacteria and in Sabouraud fluid 
medium for molds and yeasts. The solution or suspen- 
sion of insulin is transferred with a sterile syringe and 
needle directly to tubes of media. Tubes containing thio- 
glycollate medium are incubated for not less than 7 days 
at  30-32” and those containing fluid Sabouraud for 
not less than 10 days at 22-25”. After incubation the 
media are examined for the presence or absence of 
microbial growth. 


The principal objection to the USP XVII/NF XI1 
method is that a precipitate i s  formed by the insulin 
suspensions in the culture media. Macroscopically the 
precipitate is indistinguishable from microbial growth; 
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Table I-Recovery of Microoramisms from Insulin Zinc Suspension Preserved with 0.1 z Methylparaben Tested at 0 Time and 
after 7 Days at 25'" 


Estimated r- Insulin _- - --0.1 z Peptone Solution--- 
No. 0 Time 7 Days 0 Time 7 Days 


M icroorganisrns Cells/ml. USP MF USP MF USP MF USP M F  


Succharomyces cerecisiae 


Aspergillus iiiger 
ATCC 9763 15 + + + + + + + + 
ATCC 6215 (spores) 20 + + + + + + + + 
Burillus subtilis 
ATCC 6633 (spores) 10 + + + + + + + + 
Bur illirs circuluiis 
PCI 260 (spores) 10 + + + + + + + + 
Corynebacterium uciies 
PCI 1502 20 + + - + + + + 
Pseudomotias aerirgitiosa 
ATCC 9027 15 + + - + + + + 
Salmonella sp. 
PCI 431 10 + -t - + + + + 
Stuphylococcus arrreus 
ATCC 6538P 10 7- + - + + + + 


- 


- 


- 


- 


0 MF = Membrane filtration method; USP = direct method; - = no growth; + = growth. 


therefore, subcultures are necessary to determine 
whether viable microorganisms are present. Because the 
additional work required for these subcultures is time- 
consuming and expensive and could lead to false posi- 
tive results due to adventitious contamination, a 
method was sought to improve the test. 


EXPERIMENTAL 


The membrane filtration sterility test method described for anti- 
biotics by Bowman (4) is easily applied to insulin solutions, because 
they filter readily and leave no residue on the membrane. However, 
the suspensions (e.g. ,  protamine zinc insulin suspension, isophane 
insulin suspension, and insulin zinc suspension) are not amenable to 
the filtration sterility test, because the crystals are insoluble in the 
peptone diluting fluid used in the procedure. 


Solubilization Studies-Because insulin suspensions presented 
problems in filtering, various procedures were tried for solubilizing 
them. When the pH was lowered from the normal of approximately 
7.2 to 3.2 i 0.2, the suspended material immediately dissolved at 


room temperature and the resultant solutions could then be filtered 
quickly, without leaving any visible residue on the membrane. 
However, when 1 N hydrochloric acid was used to lower the pH. 
it was toxic to some vegetative organisms. 


Preliminary investigationindicated that ascorbic acidwould besuit- 
able for solubilizing insulin suspensions without adversely affecting 
the viability of microorganisms that might be present. A 1 z ascor- 
bic acid solution (AA diluting fluid) was prepared in 0.1 % peptone 
(w/v) solution (pH 3.2 =t 0.2). Protamine zinc insulin suspensions 
were solubilized immediately and insulin zinc suspensions were 
solubilized in approximately 1 min. with the AA diluting fluid. The 
membranes were assayed by a radioimmuno assay for residual 
insulin (5). Less than 1 unit of insulin was retained by a membrane 
used to filter 1600 units of insulin (6). 


Survival Studies--To assess the ability of organisms to survive in 
insulin suspensions, survival studies were performed. Vials of sterile 
insulin containing 0.1 methylparaben as a preservative were 
inoculated with vegetative bacteria or yeasts or with spores of 
bacteria or molds. Vials containing peptone water were used as 
controls. All were tested for sterility by the USP/NF method and by 
the proposed membrane filtration test at zero time and after 1 week 
at room temperature. Growth of the added microorganisms was ob- 


Table 11-Results of a Collaborative Study Comparing the Direct Method (DM) to the Membrane Filtration 
Method (MF) for the Sterility Testing of Insulin Suspensions (80 units/ml.)a.b 


COl- Insulin----- --7 0.1 Peptone Solution Controls 
lab- ---1-5 CPU---- 7-5&100 CPU- -----1-5 CPU--- 7-5&100 CPU--- 


orator --DM7 ---MF- --DM-- -MF----. --DM- -MF----. --DM-- -MF--- 
Test Organisms No. FTM SBCDFTM SBCDFTM SBCDFTM SBCD FTM SBCDFTM SBCD FTM SBCDFTM SBCD 


Salmonella sp.  1 Neg. I 7 7 1 1 1  1 1  1 1 1  1 1 1  1 
PCI 431 2 1 I 1  N e g . 7 1 1  I 1  I l l  1 I 1  1 - 
Bacillus subtilis 1 Neg. 7 Neg. 7 1 1 1  1 1 1 Neg. 1 1 1 1  7 
ATCC 6633 (spores) 2 Neg. 1 I 1 1 1 Neg. 1 Neg. 1 Neg. I 1 1 Neg. 1 
Staphylococcus uureus 1 1 1 7 1 1 1 1  1 1  I l l  I I 1  1 
ATCC 6538P 2 1 1 1  7 1 1 1  1 1  I I 1  I l l  1 
Aspergillus niger 1 10 Neg. 1 1 1 0 1 1  1 1 Neg. Neg. 1 1 1 1  I 
ATCC 6215 (sporesl 2 10 10 Nee. 1 1 10 1 1 1 10 Nea. 1 7 1 1  1 - - 
Bacillus circulans 1 1 Neg. 7 1 1 1 1  7 1  1 I 1  7 1 1  7 
PCI 260 (spores) 2 1 Neg. 1 Neg. 1 10 1 7 I 10 Neg. Neg. 1 10 1 7 
Bacillus sp. 1 1  I 1  7 1 1 1  7 1  1 1 1  I l l  7 
PCI 261 (spores) 2 1 1 1  10 7 1 1  7 Neg. 7 Neg. Neg. I 7 7 7 
Saccharomyces 1 7 Neg. 1 7 1 Neg. 1 7 1 Neg. 1 I I Neg. 1 7 


ATCC 9163 2 Neg. 7 1 1 I l l  I Neg. 1 10 1 7 1 1  7 
Candida albicaitsc I 14 Neg. 1 1 14 14 1 7 7 Neg. 1 1 I 14 1 7 
ATCC 10231 2 Neg. 7 1 I 1 1 1  7 Neg. 1 7 I 7 7 7  7 


cereclisiae 


Results are given as the maximum number of days incubation required for recovery of microorganisms. b Definitions and conditions as follow:: 
CPU, colony-producing units; FTM, fluid thioglycollate medium incubated at  32-35 "; SBCD, soybean-casein digest medium incubated at 22-25 . 
c Subcultures were necessary to determine whether viable microorganisms were present or absent when the direct method was used. 
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tained from all the suspensions at  zero time. As shown in Table I, 
only the yeast and the sporing microorganisms survived in insulin 
for 7 days. In a similar study on globin insulin preserved with 
phenol, Sykes and Hooper (7) found that vegetative bacteria were 
killed by components other than preservatives (such as protamine) 
while spores of bacteria and molds survived. 


The results obtained in these survival studies indicated that a 
filtration sterility test could be applied to insulin suspension and 
solutions. After some preliminary studies in collaboration with two 
manufacturers of insulin, it was decided that a definitive collabora- 
tive study should be conducted to establish the validity of the filtra- 
tion method before proposing its inclusion in the USP and NF. 


Collaborative Study on the Sterility Testing of Insulin-The pro- 
cedure used was essentially that used for antibiotics (8) except that 
a separate membrane was used for each medium, soybean-casein 
digest broth was substituted for liquid Sabouraud medium, and the 
membrane was washed only once with 0.1 % peptone (w/v) solution. 
These changes were based on the understanding that USP XVllI (9) 
and NF XI11 (10) will include a similar membrane filtration sterility 
test as an  alternative test for sterile preparations that are amenable 
to filtration. 


Cultures of the eight microorganisms used in the study were sup- 
plied by the authors. Dilutions of inocula were selected to  simulate 
low levels of contamination that might possibly be encountered in a 
contaminated insulin preparation. 


The following directions (11) were followed by the two collabor- 
ating laboratories: aseptically add 39 ml. of insulin suspension pre- 
served with 0.1 % methylparaben to each of 80 sterile 60-ml. (2-oz.) 
prescription bottles. To each of another 80 bottles, add 39 ml. of 
0.1 % peptone solution. Prepare a dilution of one culture to yield five 
cells per ml., then aseptically add 1 ml. of this dilution to  each of five 
bottles of insulin suspension and to five bottles of the control pep- 
tone solution. Prepare another dilution of the same culture to yield 
approximately 100 cells per ml., and add I ml. t o  each of another 
five bottles of insulin suspension and of peptone solution, respec- 
tively. 


Perform a USP XVII/NF XI1 direct sterility test on the contents of 
two of the bottles of each dilution of microorganisms. From one 
bottle transfer 2-ml. portions to each of 20 tubes containing 40 ml. of 
thioglycollate medium and from the other bottle transfer 2 ml. to 
each of 20 tubes containing 40 ml. of soybean-casein digest medium. 


Perform the proposed membrane filtration test, described here 
and in USP XVIII. using two more bottles of each dilution of micro- 
organisms in the test fluids. These two bottles simulate the two 
pooled vessels (prior to filtration) t o  be described in the USP 
XVIII method. 


As a control on the inoculum, filter the contents of the remaining 
bottle through a membrane filter; but instead of transferring the 
membrane to  fluid media, place it on  the surface of a soybean-casein 
digest agar plate. 


Read all tests after incubation at the appropriate temperature for 
7,10, and 14 days. 


Repeat this procedure for each of the other seven micro- 
organisms. 


Thus, for each microorganism, there is a total of 10 bottles for 
each testing fluid, five containing 5 cells per bottle and five contain- 
ing 100 cells per bottle. 


Proposed Membrane Filtration Method-Aseptically transfer the 
required volumes from each of 20 containers either directly to each 
of two sterile filter funnels or to each of two sterile flasks for pooling 
prior to transfer. [For required volume see the table in the chapter on 
Sterility Tests (9) in USP XVIII which describes the ratio of product 
to container content.] If the sample is a suspension, solubilize it by 
pouring the pooled insulin from a flask into 200-400 ml. of 
freshly prepared 1.0% ascorbic acid USP in 0.1 % (w/v) peptone 
solution. (If the sample is a solution, omit this solubilization step.) 
After solubilization is complete, filter the solution through a bac- 
teriological membrane filter. All air entering the system must be 
passed through air filters capable of removing microorganisms. 
Filter one 100-ml. portion of 0.1 peptone solution through the 


membrane to remove residual insulin. Transfer the entire membrane 
to  a sterile 38 X 200-mm. (outside dimensions) test tube containing 
approximately 90 ml. of sterile thioglycollate medium. Repeat 
this procedure for the pooled insulin in the second flask, and 
transfer the second membrane to a tube containing approximately 90 
ml. of fluid soybean-casein digest medium. Incubate the tubes for 7 
days at  32 and 25”, respectively, and then examine for macroscopic 
evidence of growth, i.e., the development of turbidity. The batch 
meets the requirements of the test if growth is absent in all tubes. 
If growth is observed in any tube, the lot fails to meet the require- 
ments of the test for sterility, unless it can be demonstrated by re- 
tests or by other means that the test was invalid for causes unrelated 
to the product. 


RESULTS AND CONCLUSIONS 


As shown in Table 11, both the high and low levels of micro- 
organisms were recovered by the USP XVlI/NF XI1 direct method 
and by the proposed membrane method. The inoculum control 
proved that the added test microorganisms were within the desired 
range of either 100 cells or 5 cells per 40 ml. of the sample. In each 
individual test by membrane filtration the microorganisms grew in 
one of the two media within 7 days. However, the USP/NF direct 
method required 10 days of incubation for the visual detection of 
Aspergillus niger, and the growth of Saccharomyces cereoisiae and 
Candida albicans could be determined only by subculture. Both 
collaborators agreed that the proposed membrane filtration method 
using AA diluting fluid to  solubilize zinc insulin suspension is ac- 
ceptable for sterility testing. Since USP XVlII (9) and N F  XI11 (10) 
are expected to  recognize both the direct and the membrane filtra- 
tion methods, either may be acceptable for the sterility testing of 
insulin after these compendia become official. However, several 
advantages accrue from the use of the filtration test. The incubation 
time is shortened from 14 to 7 days, the necessity for subculturing 
turbid broth tubes to determine the presence or absence of micro- 
bial growth is eliminated, and the volume of medium required for 
testing is drastically reduced. 
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Adsorption of Methylene Blue by Potato 
Starch: Effect of Methanol, Dioxane, 
Sucrose, and Urea in Aqueous Systems 


ARVIND L. THAKKAR, WILLIAM L. WILHAM, and GEORGE ZOGRAFI" 


Abstract 0 Methylene blue is adsorbed by potato starch from 
aqueous solution as a monomer or dimer, depending upon its 
concentration. The adsorption phenomenon can be described by 
the Langmuir equation. The effect of methanol, dioxane, sucrose, 
and urea on methylene blue adsorption has been examined. These 
water-miscible additives shift the monomer-dimer equilibrium of the 
dye in the direction of the monomer and reduce the extent of methyl- 
ene blue adsorption without significantly affecting the maximum 
possible adsorption. This appears to indicate that their effect is 
primarily on the effective concentration of the dye. At high concen- 
trations, methanol and dioxane apparently further reduce adsorp- 
tion by affecting the surface of potato starch. 


Keyphrases Methylene blue-potato starch adsorption 0 Starch, 
potato-methylene blue adsorption Methanol, dioxane, sucrose, 
urea effects-methylene blue adsorption 0 Sucrose effect-methyl- 
ene blue visible spectrum 0 Colorimetric analysis-spectrophotom- 
eter 


Enhanced adsorption of water-soluble certified dyes 
to various solid dosage form ingredients has been 
suggested as a means of overcoming the problems of 
dye migration during the drying of tablet granulations 
(1). During a study of anionic dye adsorption on various 
starches, significant adsorption was noted for all types 
of starch except potato starch (1, 2). Schoch and May- 
wald (3) observed also that Congo Red, a negatively 
charged dye, is not adsorbed by potato starch, presum- 
ably because of the presence of phosphate groups not 
ordinarily found in the other starches (4). In view of 
this negative charge, potato starch would be expected 
to adsorb cationic substances significantly. Schoch 
and Maywald (3) found that the cationic dye, methylene 
blue, strongly stains potato starch granules, but no 
quantitative studies on the adsorption of cationic sub- 
stances by potato starch have appeared. 


In the present study, methylene blue was chosen 
as a model dye in view of the information available 
concerning its state in solution (5-8). In dilute aqueous 
solutions, the dye exists principally in its monomeric 
form, while in concentrated solution the dimeric and 
rnultimeric forms predominate as a result of hydro- 
phobic self-association. Since the monomer-multimer 
equilibria are sensitive to various polar additives ( 5 ) ,  
the effect of such substances on methylene blue adsorp- 
tion was also investigated. The additives examined were 
dioxane, methanol, sucrose, and urea. 


EXPERIMENTAL 


Materials-Methylene blue USP and potato starch (purified 
powder)' were used as received. Water contents of the trihydrate 


~ 


1 Fisher Scientific Co., Pittsburgh, Pa. 
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dye and the starch were determined and were taken into considera- 
tion when recording their weights. Reagent grade dioxane, meth- 
anol, and sucrose and urea USP were used without further purifica- 
tion. Dye solutions for adsorption studies, with or without additives, 
were always freshly prepared using double-distilled water. 


Spectral Studies-To illustrate the effect of concentration upon 
the visible spectrum of methylene blue, the following concentrations 
were employed: 1.2 X M ,  1.2 X M ,  and 1.2 X M ;  
the cells used were of 0.1-, 1-, and 10-mm. light pathlengths, re- 
spectively. The effect of additives upon the spectrum of the dye was 
examined at constant dye concentration (1.2 X lo-* M )  and various 
additive concentrations, using 1-mm. cells. Spectra were recorded at 
room temperature on a spectrophotometer (Cary 15). 


Adsorption Studies-All adsorption experiments were done at a 
controlled room temperature of 26 3= 1" .  Approximately 0.5 g. 
of potato starch was accurately weighed into each of a series of 
vials. Ten milliliters of a dye solution was added to each vial, and 
the vials were stoppered with butyl rubber closures. It was initially 
ascertained that these stoppers adsorbed no methylene blue. The 
adsorption vials were shaken occasionally over 4 hr. Preliminary 
experiments indicated that this time was more than sufficient for the 
various systems to attain equilibrium. 


Upon equilibration, 1 ml. of clear, granule-free, supernatant dye 
solution was withdrawn from each vial. It was then suitably diluted 
with water, and its concentration was determined spectrophoto- 
metrically at 660 mp. A spectrophotometer (Cary 15) and 1-cm. 
glass cells were used. When the systems contained additives, it was 
necessary to make sure that the dye solutions were diluted to a point 
where the additive concentrations were too low to interfere with the 
spectral procedure. This precaution precluded adsorption studies 
at relatively low equilibrium dye concentrations in the presence 
of additives. From the concentration of dye solutions before and 
after contact with starch, the amount of dye adsorbed was deter- 
mined. 


RESULTS 


Spectral Properties of Methylene Blue-The changes in the visible 
spectrum of methylene blue, reflecting changes in the state of ag- 
gregation with increasing dye concentration, are shown in Fig. 1. 
The peak at -660 mp has been assigned to the monomeric form, 
which predominates in dilute aqueous solutions. The dimeric form 
absorbs at -590 mp; the population of this form increases as the 
dye concentration is increased. Possibility of higher multimers has 
been proposed for some time; recently, existence of a trimer was 
conclusively proven and a rather broad peak at -580 mp (not 
shown in Fig. 1) was ascribed to the trimer (8). Because of these 
spectral properties, the Beer's law relationship is applicable only in 
a limited concentration range, up to -1 X 10-5 M ,  when absor- 
bance cells of I-cm. light pathlength are used. 


Figure 2 illustrates the effect of increasing additive concentra- 
tions upon the spectrum of the dye. Relative effectiveness of these 
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Figure 2-Effect of additive concentration upon the visible spectrum 
ofmethylene blue at room temperature. 1: Methanol, A ,  0%; B, 5 %; 
C, lo%; D ,  IS%;  and E, 20z  u/v. 11: Dioxane, A ,  0%; B, 2.5%; 
C, 5%;  and D ,  10% v/v. Ill: Sucrose, A ,  0 M; B, 0.5 M; C, I M; 
D,  1.5 M; and E ,  2.0 M. IV: Urea, A ,  0 M; B, 1 M; C, 2 M; D ,  
3 M; and E, 4 M. Dye concentration: I .2  X 10P M; I-mm. cells. 


additives in diminishing the self-association of methylene blue 
may be examined by considering the ratio of the absorbance of the 
monomer peak to that of the dimer peak. Plots of monomer/dimer 
ratio (M/D ratio) versus the concentration of additives are shown in 
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Figure &Relationship between ndditive concentration and absorbance 
ratio of the monomer and dimerpeaks. Key: 0, methanol; 0, dioxane; 
B, sucrose; and 0, urea. 


Fig. 3. Sucrose is more effective than urea, on a molar basis, in 
reducing the self-association of the dye. This observation has an 
interesting parallel in the work of Emerson and Holtzer (9) who 
found that at equimolar concentrations, sucrose is more effective 
than urea in raising the CMC of dodecyltrimethylammonium bro- 
mide. Of the two organic solvents employed, dioxane is more ef- 
fective than methanol at equal volume concentration. 


Adsorption Studies-The Langmuir equation for adsorption from 
solution may be written in its linear form as follows: 


c c 1  2M=&+- kikz 


where C is the concentration of the solute at equilibrium, x / M  is 
the amount of solute adsorbed per unit weight of the adsorbent, and 
kl and kz are constants. The constant kl represents the tendency for 
adsorption to occur and may be considered as an equilibrium con- 
stant for the adsorption process; kz represents the maximum value 
of x / M  at a given temperature determined by the number of avail- 
able sites or the surface area of the adsorbent. If a system follows 
the Langmuir adsorption equation, then plots of C/(x /M)  versus C 
should be linear. The constants kl and kz may be calculated from the 
values of the slope and intercept of such Langmuir plots. 


Figure 4 is a Langmuir plot for the adsorption of methylene blue 
on potato starch from water. The plot shows two linear regions of 
significantly different slopes. The lower region corresponds to dilute 
solutions in which methylene blue exists predominantly as the mono- 
mer; the higher region corresponds to solutions in which the dimers 
predominate. These regions are referred to hereafter as the monomer 


I A*  
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Figure 4-Langmuir plots for adsorption of methylene blue on potato 
starch from water. A: Solid line and data points are for dimer range; 
dashed line is for monomer range. B: Solid line and data points are for 
monomer range; dashed line is for dimer range. The lines drawn are 
calculated least-squares lines. 
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Table I-Langmuir Constants for Adsorption of Methylene Blue 
on Potato Starch from Aqueous Solutions at  26” 


Cor- 
rela- 
tion 


Coef- 
ficient 


Dye Concentra- --Langmuir Constants- of Linear 
tion Range kl ,  l./mole kz ,  moles/g. Fit 


~ 


Low, predomi- 0.466 X lo4 2.18 X 10-6 0.996 
nantly monomer 


nantly dimer 
High, predomi- 1.54 X lo4 3.04 X 10-6 0.998 


and dimer regions, respectively. Since the trimer is formed at  rela- 
tively high concentrations, it was assumed that within the dye con- 
centration range employed in this study the fraction of trimer present 
was negligible. 


The Langmuir constants calculated from the linear plot of Fig. 4, 
along with the correlation coefficients of the linear fits, are listed in 
Table I. 


Effect of Additives-Figures 5-8 show, respectively, the effect of 
methanol, dioxane, sucrose, and urea upon the adsorption of 
methylene blue by potato starch. Over the dye concentration range 
employed, adsorption decreases with an increase in the additive 
content of the system. This finding is in agreement with previous 
observations made with dye-starch systems containing water-mis- 
cible organic solvents (2, 10, 11). In the experiments reported here, 
it was not possible to obtain valid results at low dye concentrations 
because the presence of additives gave rise to difficulties in the analyt- 
ical procedure, as indicated in the Experimental section. The data 
obtained in the presence of additives, therefore, refer to relatively 
high dye concentrations (dimer range). 


All the systems examined followed the Langmuir equation. Repre- 
sentative Langmuir plots, for the systems containing sucrose, are 
shown in Fig. 9. The Langmuir constants and the correlation co- 
efficients for all the systems examined are listed in Table 11. For 
comparison, the values of M/D ratio for these systems are also 
listed. The values listed in Table I1 make the following points ap- 
parent: (a)  kl decreases with an increase in the additive content of 
the system; (b)  k,  decreases as the M/D ratio increases (or as the 
relative amount of dimer decreases); and (c) kz remains relatively 
unchanged (except at 10% volume concentration of methanol or 
dioxane). 


DISCUSSION 


Effect of Additives upon Self-Association of Methylene Blu- 
All four additives employed in this study shift the monomer/dimer 
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Figure 5-Isotherms for adsorprion of methylene blue on potato 
starch. Key: 0, water; m, 5% methanol; and U, I O Z  methanol. 
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0, water; N, 5 %  
dioxane; and 0, I0  
dioxane. 
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equilibrium of methylene blue in aqueous solution toward the 
direction of the monomer. The organic solvents, methanol and 
dioxane, probably act this way by interacting with water and by 
lowering the dielectric constant of the system (12). However, it 
seems unlikely that the same mechanism is operative with urea and 
sucrose; urea increases the dielectric constant of water (13), whereas 
sucrose decreases it (1+16). Mukerjee and Ghosh (5) suggested 
that urea affects the monomer/multimer equilibrium of methylene 
blue by disrupting the structure of water. Uedeira and Uedeira (17) 
suggested that sucrose also diminishes self-association in some 
aromatic azo dyes by a similar mechanism. 


Additionally, urea and sucrose are said to have opposite effects 
upon water structure (18); urea is believed to be a “structure 
breaker” and sucrose a “structure maker.” The terms structure 
maker and structure breaker, as applied to the action of urea on 
water, have been the subjects of recent controversies (19,20) of both 
a mechanistic as well as a semantic nature. In view of such contro- 
versies, it is difficult to say what specific mechanisms are responsible 
for the actions of the four additives used in this study. However, 
these additives all have the potential for interacting with water 
and they all diminish self-association of methylene blue in aqueous 
solution. 


Adsorption of Methylene Blue from Water-Giles er al. (21) and 
Giles (22) suggested that methylene blue is adsorbed as the dimera 
on several nonporous adsorbents. The results of the present study 
show that, although at relatively high concentrations the dimer may 
be preferentially adsorbed, at very low concentrations, in which the 
monomer predominates, anappreciable amount of thedye isadsorbed 
on potato starch. It would appear that if adsorption experiments 
were performed with only relatively high concentrations of methylene 
blue, the monomer region might remain undetected. Additional 
evidence for the possibility of monomer adsorption comes from the 


Figure 7-Isotherms 
for adsorption of 
methylene blue on 
potatostarch. Key:O, 
water; m, 0.5 M 
sucrose; and U, 1.0 
M sucrose. 
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2The work of Giles et al. (21) and Giles (22) suggests that dimer ad- 
sorption of methylene blue involves adsorption of one molecule upon 
the adsorbent with the second molecule stacked lengthwise on top of the 
first. Dimer adsorption is not believed to involve side-by-side arrange- 
ment of two molecules on the surface of the adsorbent. 
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Table 11-Langmuir Constants for Adsorption of Methylene Blue 
on Potato Starch from Aqueous Systems Containing Additives and 
M/D Ratios for These Systems 


---hngmuir Constantsa-- 
Correla- 


tion Coef- 
ficient M/D 


ki, kz, of Absorb- 
l./rnole molesig. Linear ance 


System X X lo6 Fit Ratio* 


Water (dimer range) 1.54 3.04 0.998 1.129 
5 % (v/v) Methanol 0.76 3 .11  0.980 1.316 
10% (v/v) Methanol 0.67 2.87 0.997 1.458 
5 (v/v) Dioxane 0.40 3.07 0.997 1.545 
10% (v/v) Dioxane 0.39 2.47 0.983 1.796 
0 . 5  M Sucrose 0.74 3.07 0.996 1.350 
1.0 M Sucrose 0.36 3.08 0.994 1.545 
0 . 5  M Urea 0.77 2.97 0.995 1.279 
1.0 MUrea 0.47 3.08 0.997 1.429 


a Determined at experimental temperature of 26 f 1 ’. * At methylene 
blue concentration = 1.2 X 10-4 M .  


work of Iimura (23), who found that more methylene blue was ad- 
sorbed by some clays when the initial dye concentration in the system 
was high than when methylene blue was added in small successive 
amounts until the same total concentration was reached in the sys- 
tem. This observation may be interpreted as follows: When theinitial 
concentration is high, methylene blue exists principally as the dimer, 
and it is adsorbed as a monolayer predominantly of dimers; when 
small successive amounts of methylene blue are added, it exists in 
the unaggregated (monomer) form which is adsorbed. 


If the two regions of the Langmuir plot (Fig. 4) corresponded 
strictly to monomers and dimers, then one would expect that kz 
(dimer) should be twice as large as kz (monomer). Experi- 
mentally, such is not thecase; kz (dimer) is only 1.39 times kz (mono- 
mer). This finding suggests that in neither the “monomer” nor the 
“dimer” region is there adsorption of only one dye species. The 
two regions of the Lzngmuir plot represent the predominant species. 


Additionally, the specific surface area calculated from both of  the 
kz values and a molecular area of 120 AZ for methylene blue (22) do 
not agree with the specific surface area determined by porosity mea- 
surements (24). These values (in m2/g.) are: 15.6 [from kz (mono- 
mer)], 11.0 [from kz (dimer)], and 0.2 (from porosity measurement~).~ 
These much higher values from methylene blue adsorption mea- 
surements may be due to penetration and diffusion of the dye solu- 
tion into the starch grain. Thus the actual area available for ad- 
sorption would be much greater than the outer grain surface. A 
similar lack of correlation between the specific surface area values 
obtained by different methods was found in a study of the adsorp- 
tion of various anionic certified dyes by several starches (2). The 
structure and porosity of the starch grain are important factors to 
be considered in the study of adsorption by the grain; both the ex- 
ternal and the internal surfaces of the grain probably participate 
when dissolved substances are adsorbed. 


Adsorption in the Presence of Additives-The equilibria between 
various forms of methylene blue can be represented as shown in 
Scheme I: 


Equilibrium 3 comes into the picture, apparently, only at very low 
dye concentration. Under the conditions employed in this study, 
dimer adsorption is predominant. The Langmuir constants listed in 
Table I1 refer to adsorption characteristics of methylene blue dimer. 


The decreasing value of kl when the systems contain increasing 
amounts of additives indicates essentially what Figs. 5-8 show, 


3The cooperation of H. M. Rootare of the Department of Dental 
Materials, University of Michigan, in specific surface area determination 
is gratefully acknowledged. 
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Figure 8-Isotherms for ad- 
sorption of methylerte blue 
on potato starch. Key: 0, 
water; B, 0.5 M urea; and 
0 , I . O  M urea. 
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i.e., the extent of adsorption decreases with an increase in the amount 
of additive. All the additives employed in this study shift Equilib- 
rium 1 in the direction of the monomer, resulting in a decreased 
effective concentration of the dimer. The relative amount of dimer 
is still much greater than that of monomer and, since dimer is the 
predominant adsorbing species, decreased adsorption is reflected 
in lower kl values. 


The relatively unchanged values of kz (or maximum possible 
amount of dye adsorbed) with increasing additive contents of the 
system indicate that the number of sites available for adsorption 
remains essentially unaltered. This observation indicates that the 
additives primarily affect the dye rather than the starch. However, 
at organic solvent concentrations of 10% (v/v) or higher, the starch 
is apparently affected. This is reflected in diminished values of both 
kl and kz. When the systems contained 50% or higher volumes of 
methanol or dioxane, dye adsorption was virtually eliminated. 
Starch is known to contain water of hydration as part of its grain 
structure. It is possible that organic solvents in excess shrink or de- 
hydrate this hydrophilic polymer. 


Apparent adsorption, as noted in this study for methylene blue, 
can also occur with a variety of cationic substances including drugs. 


5 10 
C, mole/l. x lo4 


Figure 9-Langmuir piot for adsorption of methylene blue on pofuto 
starch from aqueous sucrose solutions. Key: - - -, water (dimer range); 
0 , O . j  M sucrose; and a, 1.0 M sucrose. 
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In the case of dyes, enhanced adsorption is desirable for uniform 
coloring of solid dosage forms. However, in the case of drugs, ad- 
sorption to a seemingly inert excipient such as starch may affect their 
release and availability. Problems due to drug adsorption by excip- 
ients may also arise during in aitro evaluation of the solid dosage 
forms and during quantitative analysis for the active ingredient. 
This would be particularly true for potent drugs that have low 
effective doses. Adsorption studies during the preformulation stages 
in the development of a drug product can provide clues to such 
problems. 
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Spectrophotometric Determination of 
Diphenhydramine Hydrochloride in 
Antiallergic Cream 


FABRIZIO De FABRIZIO 


Abstract 0 A specific method for the quantitative determination of 
diphenhydramine hydrochloride in a cream formulation has been 
developed. The method entails the extraction of diphenhydramine 
by chloroform, further purification of the extracted base by column 
chromatography using alginic acid, and its spectrophotometric 
determination in the eluate at 258 mp. 


Keyphrases Diphenhydramine cream-analysis 17 Column chro- 
matography-separation UV spectrophotometry-analysis 


The isolation of a pharmacologically active ingredient 
from a pharmaceutical formulation containing surfac- 
tants is often difficult. Various authors have followed 
different procedures for the removal of unwanted in- 
gredients. Jones ( 1 )  described a method for the deter- 
mination of diethylstilbestrol in a water-dispersible 
suppository using column chromatography followed by 
TLC. Gottlieb (2) used refluxing with an organic sol- 
vent to break down the emulsion and subsequently 
recovered the active drug (which was also diethyl- 
stilbestrol) using an aluminum column. More recently, 


an 


Forman ( 3 )  developed an assay for dienestrol in a 
cream using urea-inclusion chemistry to remove the 
excess of monostearin. The information obtained from 
any of these studies is valuable and may indicate a 
general approach to  analysis employing the two basic 
steps of extraction and cleanup. However, each of them 
is a specific case which depends upon the physical and 
chemical properties of the active component. 


Therefore, it is reasonable to assume that different 
methods of separation may be required for differing 
formulations containing the same active ingredients 
and for differing active ingredients contained in similar 
formulations. Diphenhydramine hydrochloride is found 
in various combinations in commercially available 
pharmaceutical preparations, and various assays for 
its determination have been reviewed (4-6). No pro- 
cedure, however, has been reported involving the 
quantification of diphenhydramine hydrochloride in an 


The analysis was applied to a product containing 2% of diphen- 
hydramine hydrochloride and marketed as “Allergin Cream.” 
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Critical Evaluation of Extraction Procedures 
in Determination of Atropine and Scopolamine 
from Datura Powder 


MARK J. SOLOMON* and FRANK A. CRANE 


Abstract 0 The simultaneous quantitative extraction and deter- 
mination of atropine and scopolamine from Daturu powder has 
been performed. This combination procedure afforded relative 
precisions of 5.11 and 3.85% for atropine and scopolamine with 
relative accuracies of -3.02 and - 1.47 %, respectively. Duplicate 
determinations of duplicate extractions over a 2-month period 
indicated that for atropine, 23.92 Z of the variation was attributable 
to the determination procedure and 76.08x was attributable to 
the extraction method. For scopolamine, 29.09 of the variation 
was due to the determination procedure and 70.91 % to the extrac- 
tion method. Comparisons of the USP percolation, continuous 
extraction procedure, and differential solvent extraction procedures 
are given. A theoretical discussion of total variation in quantitative 
methods in relation to extraction and determination is developed. 
Attempts to identify an unknown peak related to scopolamine are 
reported. 


Keyphrases 0 Atropine, scopolamine, extraction from Datura 
powder-comparison, evaluation of various procedures 0 Scopol- 
amine, atropine, extraction from Dafura powder-comparison, 
evaluation of various procedures 0 Datura powder-extraction of 
atropine, scopolamine, comparison, evaluation of methods 


The work of Brochmann-Hanssen and Svendsen (1) 
led Solomon et al. (2) to attempt the GLC determination 
of atropine and scopolamine from solutions and plant 
powders. This method provided good accuracy and 
precision, although dehydration products of atropine 
and scopolamine were formed. A minor GLC peak 
attributable to scopolamine was not determined. Wu 
Chu and Mika (3) are presently studying several sub- 
stances as internal standards for this partition chro- 
matographic method. Recently, Zimmerer and Grady (4, 
5 )  reported a GLC and spectrophotometric assay for 
hyoscyamine sulfate, atropine sulfate, scopolamine bro- 
mide, and phenobarbital tablets and elixir. This method 
utilized homatropine as an internal standard. 


Wu Chu et al. (6 )  reported an extraction procedure 
for atropine and scopolamine, utilizing a photodensito- 
metric determination method adapted to the quantita- 
tion of plant powders. No attempt was made, however, 
to combine the extraction method with the GLC method 
of Solomon et al. (2). 


Some initial considerations of the problems of com- 
bining an extraction and determination procedure indi- 
cated that a good quantitative method must not only 
have good accuracy and precision, but the extraction 
procedure must have a variation within the range of that 
of the determination method. Upon closer examination, 
if: sQ2 = sampling variation in the total quantitation 
method, sd2 = sampling variation in the determination 
method, se2 = sampling variation in the extraction 
method, and 


(Eq. 1) (2 - x)Z - (expectancy of x - value of x ) ~  s '=z - -x  
N number of samples studied 


Table I-Overall Precision and Accuracy of Combined 
Extraction and Determination of a Standard Powder 


Alkaloid 
Statistic Atropine Scopolamine 


2, mg. Z 21.87 6.81 


RSD X loo%* 5.12 3.85 
95Z CLz, mg. %" 21.60-22.14 6.78-6.87 


Absolute accuracy,c 
mg: -0.66 


Relative accuracyd -3.02 
-0.10 
-1.47 


N 64 64 


Q The mean will occur within these limits in 19 of 20 determinations. 
b Relative standard deviation = SDjX X 100%. c Calculated as devia- 
tions from the median. dRelative accuracy = absolute accuracy X 
100 zjx. 


- where iq = expectancy of the total quantitation method, 
Xd = expectancy of the determination method, and x. = 
expectancy of the extraction method, it can be shown 
that 


$1' = Sd' + se2 (Eq. 2) 


Thus, 


$8' = 8 ~ '  - Sd' (Eq. 3) 


For n samples, where n is small enough to be corrected 
for the small sample bias, after expansion and subse- 
quent simplification, Eq. 3 can be written as 


If the determination method is vastly improved with- 


(Eq. 5 )  


out improving the extraction procedure, 


lim (?d - x,) = 0, where N >> n 
n-N 


By simplifying Eq. 4, 


Thus, an excellent determination procedure coupled 
with a relatively coarse extraction procedure will pro- 
duce a quantitative method in which the variation of the 
extraction procedure is measured with excellent preci- 
sion and accuracy. Consideration of this problem along 
with a study of the variation in extraction of Daturu 
alkaloids in relation to an established determination 
method is the purpose of this paper. 


MATERIALS AND METHODS 


Standard Powder-A standard powder was prepared from the 
leaf laminae (petiole removed) of 144 DS 2 (7) field-grown plants of 
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Table II-Contribution of Extraction and Determination to Total Variationo (sQ2 = sd2 -I- s?) 


Atropineb -. --Scopolaminec - 
Contribu- % Contribu- 
tion to tion to 


Source of Variation DF F P Total MSd F P Total MS 


Extraction 
Between months 1 1.6630 n.s. 48.52 0.4249 n.s. 12.36 
Between weeks 


within months 2 0.2450 n.s. 7.15 1.6617 n.s. 48.34 
Between days 


within weeks 4 0.1272 n.s. 3.71 0.2382 n.s. 6.93 
Between extractions 


within days 8 0.5720 n.s. 16.69 0.1130 n.s. 3.29 
Determination 


Within 16 Error - 23.92 Error - 29.09 


Total 31 - - 99.99 - - 100.01 
term term 


a Modified analysis of variance table. b Calculated as y = (0.1784~ + 1.8600)/w X loo%, where y = milligrams percent of atropine, x = integra- 
tor counts adjusted to 200 atten., and w = weight (grams) of powder extracted. c Calculated as y = (0.2472~ + 0.1200)/w X loo%, where y = mil- 
ligrams percent of scopolamine, x = integrator counts adjusted to 200 atten., and w = weight (grams) of powder extracted. d Mean square of variable/ 
sum of all mean squares X 100%. 


Datura stramonium, forced-air dried at 50°, and ground to a 40- 
mesh powder. 


Extraction Method-Ten grams of the standard powder was ex- 
tracted by the method of Wu Chu et al. (6),  scaled up from 4 g., 
and finally washed to volume in a 5-ml. rather than 10-ml. volumet- 
ric flask. Unless otherwise stated, this extraction method was r e  
ferred to as the "differential solvent extraction method." The USP 
XVII (8) methods of percolation and continuous extraction pro- 
cedure were utilized as stated, except for the addition of washed 
sand as a bulking agent. All continuous extraction procedures were 
run for 8 hr. to ensure exhaustive extraction. 


Determination Procedures-Two-microliter samples of the final 
extract, brought to volume in a 5-ml. volumetric flask, were quan- 
titated according to the GLC procedure of Solomon et al. (2). 


Materials-All chemicals used for the chromatographic portion 
of this paper were analytical reagent grade. Atropine and scopol- 
amine' and scopoline2 produced a single spot on TLC. Silane- 
treated glass wool3 was used (9). 


Aposcopolamine Synthesis-Aposcopolamine was unavailable 
commercially, so it was synthesized according to the method of 
Willstatter and Hug (10). The resulting product was recovered as 
long needles (m.p. 96.5-97.0"), and the identity was confirmed by 
NMR and mass spectrometry. 


Experimental Designs-The precision and accuracy study (Table 
I) was run on 64 independent extractions. The study of variation 
with time (Table 11) represents the effect of heirarchal or nested 
time levels on the variation of the total quantitative method. The 
USP XVII percolation and continuous extraction procedures, as 
stated in the Belladonna Leaf Monograph, were compared (Table 
HI), and these procedures were then compared to the differential 
solvent extraction method in a 3 X 3 Latin square design (11). 
All precautions for randomization were taken. 


RESULTS AND DISCUSSION 


The use of silane-treated glass wool to hold column contents in 
place decreased the formation of dehydration products but did not 
eliminate them entirely. 


Attempts to identify the minor peak associated with scopolamine 
occurring at retention time 14.5 min. (236"), as previously reported 
(2), were not successful. Injection of pure scopoline, the compound 
considered as the most likely degradation product, afforded a single 
peak with a retention time 3 min. 24 sec. (170"). Mass spectral 
analysis of a collection of the effluent at 14.5 min. (236") retention 
time for a combined running time of 20 hr. was inconclusive, 
because only two peaks were obtained (m/e 263 and 240). The 
placement of the scopoline GLC peak and the fact that fragments 


~ ~ ~ 


1 Aldrich Chemical Co. 
2 K & K Laboratories. 
8 Applied Science Laboratories. 


of at least m/e 263 could be obtained from the unknown compound 
did indicate, however, that the compound was probably not scopo- 
line. 


Since collection of the compound was not possible with the system 
available, it was hypothesized that dehydration of scopolamine was 
occurring similar to the formation of apoatropine from atropine. 
Synthetic apoatropine was prepared (parent ion m/e 285 represent- 
ing 72% of the base peak of m/e 94 in the mass spectrum), but upon 
injection it afforded a single peak at retention time 16 min. 54 sec. 
The mass spectral studies of aposcopolamine indicated no frag- 
ments between m/e 285 (parent ion) and m/e 154. Thus, the partial 
spectrum of the unknown compound and the spectrum of the apos- 
copolamine definitely appeared dissimilar. The partition pattern of 
scopolamine and its dehydration product aposcopolamine was 
parallel to the partition pattern of atropine and apoatropine. Both 
dehydration products were detected about 1 min. before the parent 
compound on the methylsilicone gum on a silanized diatomite 
system. The unknown compound, however, had a retention time of 
3.5 min. less than the parent scopolamine. 


The differential extraction method was very satisfactory for com- 
bination with GLC analysis. The photodensitometric determina- 
tion method (6) originally reported with this extraction procedure 
was not as accurate or precise as the GLC method. However, it had 
the advantage that when the alkaloid was in low concentration, 
more of the final chloroform extract could be applied to the TLC 
plate without too much danger of overloading. The GLC deter- 
mination method was more accurate and precise but dilute solu- 
tions required injection of more than 5 pl., which produced tre- 
mendous tailing and even occasional extinction of the flame. 


Examination of Table I indicates that the overall relative pre- 
cision of the combined extraction and determination of the stan- 
dard powder was 5.12 and 3.85% with relativeaccuracies of -3.02 
and - 1.47% for atropine and scopolamine, respectively. The 95 % 
confidence limits of the mean (95 % CLz) indicated that these data 
were repeatable. 


The contribution of the combined extraction and determination 
components over a 2-month period was examined (Table 11). The 
variation between months or between weeks within months rep- 
resented the largest component of variation for both atropine and 
scopolamine, although the components of variation between 
months, between weeks within months, between extraction sets 
within weeks (between days within weeks), and between extractions 
within days were all nonsignificant for both alkaloids quantitated 
using the determination variance component as the error term. 
Further examination indicated that 23.92% of the variation for 
atropine and 29.09 % of the variation for scopolamine were attrib- 
utable to the determination method, while 76.08 % of the variation 
for atropine and 70.91% of the variation for scopolamine were 
functions of the extraction method. These analyses indicated that 
the extraction and determination methods were comparable; 
even though the extraction method was more variable than the 
determination method, the difference was not so extensive that the 
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Table IIl-Comparison of Continuous Extraction, Percolation, and Differential Solvent Extraction Proceduresa 


Atropineb -Scopolaminec--- 
Source of Variation DF F P F P 


Between treatments 2 
Continuous extraction VS. percolation 1 17.174 <0.001 30.96 <o ,001 
Continuous extraction and percolation 


us. differential solvent 1 191.450 <0.001 39.85 <0.001 
Between days 2 2.553 <0.01 < 1  n.s. 
Between replicates 2 1.256 ns .  < 1  n.s. 
Treatment us. days 4 
Continuous extraction us. days 1 2.86 <O.  05 <1 n.s. 
Percolation us. days 1 12.69 <0.001 4.57 <O.  05 
Differential solvent vs. days 1 <1 ns. 3.12 n.s. 
Continuous extraction and percolation 


us. days 1 27.65 <0.001 2.38 n.s. 
Pooled error 43 Error term Error term 
Total 53 


Error term Error term 
- - - - 


a 3 X 3 Latin square design with one structural restriction (1 1). * Milligram percent per gram dry weight of powder. c Milligram percent per gram 
dry weight of powder. 


total variation could be considered a total function of either pro- 
cedure. A comparison, however, of the USP XVIl extraction 
methods with the differential solvent method was indicated. 


Statistical analysis of the secondary and tertiary interactions for 
atropine and scopolamine (Table 111) indicated that only the dif- 
ferential solvent method was nonsignificant over the days tested 
in this experiment. The continuous extraction ( p  <0.05), percola- 
tion ( p  <0.001), and continuous extraction and percolation com- 
bination ( p  <0.001) methods varied over the period studied (3 
randomized days). However, only the percolation method had a 
significant contribution for days when scopolamine was analyzed 
( p  <0.05). All the methods did not vary significantly between rep- 
licates (three) within days as would be expected. These data were 
interpreted to indicate that although the USP extraction methods 
may be satisfactory for total alkaloidal quantitation, they may be 
too variable for the present determination needs. Therefore, this 
would be an experimental example of the conclusion reached in 
Eq. 6. 


When the orthogonal comparison of the combination of con- 
tinuous and percolation extraction methods versus the differential 
solvent extraction method was considered, the Fl,43 value was highly 
significant for both alkaloids studied ( p  <0.001). When the contin- 
uous extraction and percolation methods were compared, they 
were highly significantly different ( p  <0.001) in this study, although 
USP XVII lists these methods as alternate extraction procedures. 


SUMMARY 


The combination of the differential solvent extraction and GLC 
determination methods produced an analytical procedure which was 
both precise and accurate. Analyses over a 2-month period indicated 
that time did not produce a significant variation in results. Compari- 
son with USP XVII extraction methods indicated that the differen- 
tial solvent extraction method was less variable. Comparison of the 
continuous extraction and percolation methods, listed as alternate 
quantitative extraction procedures in the belladonna leaf assay, 
demonstrated that these methods were not as satisfactory extraction 
procedures in this study as the differential solvent method. 
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Simultaneous TLC Separation of Khellin and Visnagin 
and Their Assay in Ammi visnaga 
Fruits, Extracts, and Formulations 


M. S. KARAWYA", M. A. EL-KIEY, A. SINA, and G. NOURf 


Abstract 0 A rapid and sensitive two-dimensional TLC-colori- 
metric method for the simultaneous determination of khellin and 
visnagin in Ammi uismgu fruits, extracts, and formulations is 
presented. Horstmann's m-dinitrobenzene colorimetric method was 
studied; a modified method, ensuring stability of the produced 
color and strict adherence to Beer's law over a wide range of con- 
centration (5-150 mcg.), is proposed. 


Keyphrases 0 Khellin-colorimetric determination, m-dinitro- 
benzene 0 Visnagin-colorimetric determination, m-dinitrobenzene 
0 Column chromatography-separation 0 TLC-separation, de- 
termination 0 UV spectrometry-analysis 


In  1956, Schonberg and Sidky (1) described a color 
test for 2-methylchromones with m-dinitrobenzene, 
in the presence of alkali, whereby a deep-violet color 
was produced. On the basis of this color test, Horst- 
mann ( 2 )  later devised a quantitative method for estimat- 
ing khellin and visnagin in Ammi uisrzugu fruits. He 
allowed the dry chromone derivative to  react with rn- 
dinitrobenzene ethanolic solution in the presence of 
ethanolic potassium hydroxide; he measured the de- 
veloped dark-blue color at 570 mp. However, Horst- 
mann stated that the color was unstable and disap- 
peared rather quickly. The authors of this article con- 
firmed the instability of the produced color, and they 
found that the linear relationship between absorbance 
and concentration was poor in the range of concentration 
(10-70 mcg.) described by Horstmann, especially with 
visnagin. In addition, the ethanolic potassium hydrox- 
ide solution (12 %) was unstable. It changed rapidly 
to  a reddish-brown color, thus giving interference due to  
background absorption. Consequently, an attempt was 
made to improve the m-dinitrobenzene colorimetric 
method so as to obtain a stable, sensitive, and mea- 
surable color. I t  was hoped that this color could be 
used in a new TLC-colorimetric assay of khellin and 
visnagin in fruits, extracts, and pharmaceutical formu- 
lations of Ammi uisnugu. 


EXPERIMENTAL 


Reagents and Apparatus-The following were used: authentic 
samples of khellin, visnagin, and other known constituents of Ammi 
uisnngu fruits; m-dinitrobenzene solution, 2 % w/v in ethanol; potas- 
sium hydroxide solution, 50% in water; sodium chloride solution, 
10% in 25% ethanol; isobutanol-ether mixture (1 : I ) ;  ethanol 
(aldehyde free) ; methanol ; chloroform; aluminium oxide for adsorp- 
t b n  chromatography (British Drug House); silica gel G (RhGne 
Poulenc); Beckman DU spectrophotometer ; and Desaga TLC equip- 
ment. 


Analytical grade reagents were used whenever possible. 
Color Reaction-The factors affecting color development and 


stability due to the action of m-dinitrobenzene and potassium 
hydroxide on khellin or visnagin were investigated. These factors 
were: (n) temperature, (b) time, (c)  medium of reaction, and (d) 


concentration of reactants. The following experimental conditions 
for the colorimetric estimation of khellin or visnagin were found 
to be optimum. 


For a concentration range of 5-150 mcg. of either khellin or 
visnagin in 1.5 ml. of an ethanolic solution, 0.5 ml. of 2z ethanolic 
m-dinitrobenzene and 0.5 ml. of 50% aqueous potassium hydroxide 
were adequate, giving a final ethanolic strength of about 75 % in the 
medium. The color was obtained best at 20 f 2", 30 min. after 
the addition of the reagents. The stability of the formed color was 
improved by its extraction with an isobutanol-ether mixture (1 : 1) in 
the presence of sodium chloride (10%) in ethanol (25%).  The ab- 
sorbance of the colored organic layer was measured at 570 mp 
within 30 min. after the addition of the sodium chloride solution. 


Standard Curve-These same conditions were employed, and 
absorbance-concentration curves for khellin and for visnagin were 
plotted using the following method. Introduce, from a 0.01% 
ethanolic solution of either khellin or visnagin, variable concentra- 
tions (5-150 mcg.) into dry, glass-stoppered 15-ml. test tubes and 
complete to 1.5 ml. with ethanol. To each tube add 0.5 ml. of m-di- 
nitrobenzene solution and 0.5 ml. of potassium hydroxide solution. 
Mix gently and maintain the tube at 20 f 2" for 30 min. Then add 5 
ml. of sodium chloride solution and 5 ml. of isobutanol-ether ( 1  : 1). 
Stopper the tube, shake it for about 10 sec., and allow the phases to 
separate completely. Pipet a portion of the clear bluish-violet 
upper layer into a 1-cm. silica cell; measure the absorbance of the 
color at 570 mp against a blank within 30 min. after the addition of 
the sodium chloride solution. 


The amount of khellin or visnagin in a solution of unknown con- 
centration can be deduced from the respective standard curve or 
simply by adaptation of a Kfactor: 


visnagin (mcg.) - Kvisnaein = - 
A670 


where Aa7" is the absorbance value of the respective concentration at 
570 mp. These K values (average of six concentrations) of khellin 
and visnagin must be ascertained according to prevailing experi- 
mental conditions. 


Quantitative TLC Recovery of Khellin and Visnagin from Their 
Mixtures-Silica gel G plates' (20 x 20 cm. and 0.25 mm. thick) 
were spotted with ethanolic solutions of both khellin and visnagin 
corresponding to a concentration range of 20-120 mcg. for each. 
Spotting was done, with an Agla micrometer, at the corner of each 
plate 2 cm. away from the lower edge and the side edge. The plates 
were developed with ethyl acetate until the solvent front ascended 
about 15 cm. Thedeveloped plates were allowed to dry and then were 
redeveloped with the same solvent to 15 cm. at a right angle to the 
former direction. The plates were then dried and examined under 
UV light. The well-separated yellowish-brown and greenish-blue 
fluorescent areas corresponding to khellin and visnagin, respectively, 
were removed quantitatively by means of a vacuum zone extractor 
and eluted with 5 ml. of chloroform. Simultaneously, similar blank 
areas of the silica gel G layer, free from any constituent, were treated 
in the same way. The chloroform was evaporated on a water bath; 
the residues, after cooling, were dissolved in 1.5 ml. of ethanol. The 
ethanolic solution was then treated with the color-developing rea- 


1 Before the layer was spread, the silica gel G was washed three times 
with three parts of boillng methanol and dried. 
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Table I-Recovery of Khellin and Visnagin from Their Mixtures 
by Silica Gel G Plates 


Table 11-Analysis of Khellin and Visnagin" in Samples of 
Ammi uisnaga Fruits and Extracts 


~ 


Added, mcg. Recovered, mcg. Recovery, % Khellin, % Visnagin, % 


20 
40 
60 
80 


100 
120 


120 
I00 
80 
60 
40 
20 


~ ~~ 


Khellin 
19.0 
39.2 
58.5 
77.5 
96.5 


118.2 
Visnagin 


119.0 
98.0 
80 1 
59 5 
41.4 
19.4 


95.0 
98 .0  
95.0 
96.1 
96.5 
98.5 


99. I 
98.0 


100. I 
96. I 


103.9 
97.0 


gents, and the color was measured following the method previously 
outlined. Results were deduced from previously constructed stan- 
dard curves of reference khellin and of reference visnagin recovered 
from silica gel G plates (Table I). 


Determination of Khellin and Visnagin in the Fruits and Extracts 
of Ammi Visnuga by the TLC-Colorimetric Method-In Fruifs- 
Transfer 0.5 g. of powdered Anzmi uisnugu fruits t o  the top of 2 g. of 
acid alumina in the thimble of a small continuous extraction ap- 
paratus. Exhaust the powder with chloroform (Exhaustion is tested 
by evaporating a few milliliters of the extract to dryness and then 
adding a few drops each of ethanol, m-dinitrobenzene solution, and 
potassium hydroxide solution. No violet color should be obtained.) 
Evaporate the extract to dryness, dissolve the residue in chloroform, 
adjust the volume to I .O ml. with chloroform in a volumetric flask, 
and mix well. Apply aliquots of the chloroform solution containing 
30-100 mcg. each of khellin and visnagin (usually about 10-30 PI.) to 
the corner of a silica gel G plate and proceed as described under the 
preceding method. See Table II. 


In Exfructs-In the case of the liquid extract of Ammi ois/iugu 
fruits (Egyptian Pharmacopoeia 1963), an aliquot expected to con- 
tain 30-100 mcg. each of khellin and visnagin (corresponding to 
about 10-30 gl.) was applied directly to the plate and treated as 
previously described. See Table 11. 


Determination of Khellin in Pharmaceutical Formulations- 
Simple Khellin Formulatioiw-Lynamine and Lynamine Forte 
tablets,2 containing 20 and 100 mg. of khellin, respectively, were 
used (Table I l l ) .  


Weigh and powder 20 tablets. To an amount of the powder 
equivalent to 40 mg. of khellin, add 40 ml. of ethanol and stir with a 
magnetic stirrer, equipped with a heating device, for 30 min. Filter 
the supernatant alcoholic sdution through dry filter paper (What- 
man No. 2) into a dry 100-ml. volumetric flask. Repeat extraction of 
the residue with 3 X 10 ml. of ethanol, filtering each time through the 
same filter into the same receiver. Wash, cool t o  room temperature, 
and adjust to volume with ethanol. Mix well. Dilute 10 ml. of this 
solution to 100 ml. with ethanol. From this dilution, pipet off 1.5 ml. 
(equivalent to 60 mcg. of khellin) into a dry, glass-stoppered test 
tube. Proceed with the m-dinitrobenzene colorimetric method de- 
scribed in the Standard Curae section, starting with the words, "add 
0.5 ml. of m-dinitrobenzene solution. . . ." 


Complex K h d h  Formulatioiis~Glucolynamine injections2 were 
used. Each 10 ml. of the injection solution contained: khellin, 30 
mg.; theophylline, I50 mg. ; and glucose, 2000 mg. 


Column Chromatographic Method-Measure accurately 10 ml. of 
the injection solution in a separator. Dilute with 30 ml. of water and 
extract with 4 X 20 ml. of chloroform. Filter the combined chloro- 
form extracts, through a small layer of anhydrous sodium sulfate 
previously washed with chloroform, into a 100-ml. volumetric flask. 
Wash the filter, and adjust t o  volume with chloroform. Mix well. 
Evaporate I0 ml. of the chloroform solution (equivalent to 3 mg. of 
khellin) to dryness. Dissolve the residue in 2 ml. of chloroform and 
transfer to the top of a previously prepared 17-g. aluminium oxide 
column (1.4-cm. diameter). Carry out the chromatographic process 


* Memphis Chemical Co., Cairo, U.A.R. 


1.078 
1.168 
1.221 
1.070 
1.260 


0.599 
0.627 
0.601 
0.559 
0.530 


Fruits 
0.761 
0.667 
0.718 
0.629 
0.650 


0.372 
0.392 
0.437 
0.417 
0.401 


Extracts 


Results represent the average of at least three assays. 


in a dark cabinet equipped with UV light. Wash the column with 
chloroform containing 2 % methanol. Reject the first nonfluorescent 
8-10 ml. of effluent. Collect the yellowish-green fluorescent khellin 
zone into a 50-ml. volumetric flask until the eluate is free from any 
fluorescence. Bring to volume with chloroform and mix well. 
One milliliter of this solution is equivalent t o  60 mcg. of khellin. 


Pipet off 1 ml. of the chloroform extract, evaporate to  dryness, 
dissolve the cooled residue in 1.5 ml. of ethanol, and complete the 
assay as previously described. 


TLC Method-Spot directly a 2O-gl. aliquot of the injection solu- 
tion (equivalent to 60 mcg. of khellin) on a silica gel G (methanol- 
washed) plate and develop the plate with the chloroform-ethanol 
(98.5 : 1.5) solvent system (3) for a distance of 15 cm. 


Dry the plate in air, elute khellin from the respective spot area, 
and proceed as previously described. 


RESULTS AND DISCUSSION 


During this investigation of factors affecting the development 
and stability of the studied color reaction, the authors found that the 
test could be conducted in ethanolic solutions of khellin or visnagin 
instead of the dried residues of the chromone substances mentioned 
by Horstmann (2). Accordingly, the evaporation step of the 
ethanolic solutions of the chromones could be avoided. The direct 
conduction of the reaction was possible on ethanolic solutions of 
khellin prepared by extraction or simple dilution of pharmaceutical 
preparations, c.g., tablets and ampuls. 


The appropriate concentration of m-dinitrobenzene was found to 
be 2 %  ethanolic solution as described by Horstmann (2). Lower 
concentrations, e.g., 1 %, gave lower intensities of the developed 
color, while higher concentrations were unsuitable because crystals 
separated on standing. The 2% ethanolic solution was reasonably 
stable when kept a t  room temperature(25-30") for about 2 weeks. 


The color produced by reacting khellin or visnagin with m-dinitro- 
benzene in 95% ethanol was more intense than with the 50% 
ethanolic medium. However, the bluish-violet color obtained in 95 
ethanol, as described by Horstmann, was highly unstable and thus 
difficult t o  measure. The reddish-brown color obtained in the 50% 
ethanolic medium had a different wavelength of maximam absorp- 
tion (480 mg) and did not obey Beer's law. On further trials, 75% 
ethanol was found to be a suitable medium for obtaining a sensitive 
and stable color. This was achieved by the addition of 0.5 ml. of 50% 
aqueous potassium hydroxide solution to  a mixture of ethanolic 
solution of the sample (1.5 ml.) and 2 %  m-dinitrobenzene solution 
in 95 ethanol (0.5 ml.). 


The optimum temperature for this color reaction was found to be 
20 1 2 " .  Raising the temperature to 30 or 40" caused a diminution 
in the color intensity; the absorbances decreased by 20 and 15 % at 
30" for khellin and visnagin, respectively, although linearity between 
concentration and absorbance was still maintained. 


The time necessary for maximum color intensity was found to be 
30-40 min. Dilution of the reaction mixture after full development of 
the color with 50% ethanol, as described by Horstmann, led to a 
rapid fading of the color and diminution of the absorbance 
values. To increase the stability and sensitivity of the formed color 
after full development, the authors attempted its isolation by extrac- 
tion of the reaction mixture with suitable organic solvents-oiz., 
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Table 111-Analysis of Pharmaceutical 
Formulations of Khellin" 


Labeled 
Khellin Khellin 


Content, Found, 
Samples mi?. mg. Recovery, 


Lynamine tablets 20 20.3 101.5 
Lynamine Forte 


tablets 100 100.3 100.3 
Glucolynamine 


injection 30 
Column 29.44 98. I 
TLC 29.98 99.9 


a Results represent the average of at least three assays. 


chloroform, ether, isopropyl ether, and isobutanol. The color could 
not be extracted with less polar solvents such as n-hexane, cyclo- 
hexane, and benzene. With chloroform and isopropyl ether, the 
clarity of the colored solution was impaired by the presence of inter- 
fering opalescence which could not be removed by either filtration or 
centrifugation. Ether gave a clear solution which was stable for about 
110 min., but its volatility rendered it unsuitable for spectrophoto- 
metric measurements. Extraction of the colored product with iso- 
butanol resulted in a clear solution, but the color was unstable. An 
isobutanol-ether mixture (1 : 1) proved to be the most suitable sol- 
vent, being less volatile and giving sharp and quick separation of the 
phases during extraction of the developed color, which was aided by 
the addition of 10% sodium chloride in 25 ethanol. The separated 
organic layer was clear and suitable for direct spectrophotometric 
measurement. The color thus obtained was found to be stable for at  
least 45 min. and obeyed Beer's law over a concentration range of 5- 
I50 mcg. for either khellin or visnagin, which is a much wider range 
than that described by Horstmann (10-70 mcg.). 


3,5-Dinitrobenzoic acid was also tried as a color-developing 
reagent, using similar conditions as described for the m-dinitro- 
benzene method. It gave a bluish-violet colored product with khellin 
and visnagin and was also soluble in an isobutanol-ether mixture 
( 1  : I ) .  


K hello1 and khellol-glucoside reacted also with m-dinitrobenzene 
and 3,5-dinitrobenzoic acid in the same manner as did khellin and 
visnagin, although their colored products with 3,5-dinitrobenzoicacid 
were not extractable with the organic solvent mixture, isobutanol- 
ether ( I  : I ) .  


Extraction of the active principles from the powdered fruits was 
carried out by using chloroform according to  a previously described 
method (4). Horstmann used boiling water, a nonselective solvent 
leading to the extraction of water-soluble impurities, which neces- 
sitated a preliminary purification of the aqueous extract before paper 
chromatography. The presence of acid aluminium oxide during the 
extraction step was beneficial; it retained most of the extractive 
matter other than the chromone constituents (4). In the proposed 
method, the chloroformic extract was chromatographed (TLC) 
directly without any need for preliminary purification. 


Horstmann effected the separation of khellin and visnagin from 
Ammi visnugu fruit extracts by paper chromatography using filter 
paper impregnated with polyamide and water-saturated butanol as 
the developing solvent. I n  view of the well-known advantages, 
especially rapidity, of TLC over paper chromatography, the authors 
of this study resorted to the former technique. Successful separation 
of khellin and visnagin from the other constituents of Ammi visnuga 
fruits has been achieved on silica gel G plates (3). Contrary to 
previous findings ( 5 ,  6), the authors were not able to achieve com- 
plete separation of khellin from visnagin using the solvent systems 
described. Solvent systems other than those reported in the litera- 
ture, e.g. ,  chloroform-ethanol-methanol (97 : l :2), chloroform- 
methanol-formamide (90 : 5 : 51, and chloroform-methanol-water 
(90:9: l), were tried and found unsatisfactory. However, two- 
dimensional TLC on silica gel G plates (Fig. I), using ethyl acetate as 
the developing system, offered a better separation of khellin from 
visnagin than the unidimensional multiple-run technique. This 
method was used in the quantitative recovery of these two con- 
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Figure 1-Two-dimensional TLC using ethyl ucetcite us the derelop- 
ing system. 


stituents and their subsequent colorimetric estimation. The results 
cited in Table I indicate the efficient recovery of khellin (95-98.5z) 
and visnagin (96.1-103.5%). The ratio of khellin content to visnagin 
content in the examined fruits and extracts of Ammi uisnagu was 
found to  range from 1.4 : 1 to 1.9 : 1 and from I .3 : 1 to 1.6 : I ,  respec- 
tively. 


Quantitative extraction of khellin from tablets was achieved effi- 
ciently by hot ethanol. The m-dinitrobenzene colorimetric method 
could then be applied directly to the suitably diluted ethanolic ex- 
tract. On the other hand, direct application of this color reaction to 
complex khellin formulations (e.g., glucolynamine injection) after 
suitable dilution with ethanol (1 : 100) was unsuccessful. The results 
obtained were about 70% of the labeled khellin concentration. Thus 
the separation of khellin from the other interfering ingredients 
(theophylline and glucose) was deemed necessary. This was achieved 
by either chromatographing the chloroform extract on aluminium 
oxide or recovery of khellin by TLC prior to its colorimetric deter- 
mination. 


REFERENCES 


(1) A. Schonberg and M. M. Sidky, J .  Org. Chem., 21,476(1956). 
(2) C. Horstmann, Kulturpflunze, 10, 132( 1962); through Chem. 


(3) L. Horhammer and H. Wagner, Deut. Aporh.-Ztg., 102, 733 


(4) M. S. Karawya, A. Sina, and G. Nour, to be published. 
( 5 )  S. 1. Balbaa, A. Y. Zaki, and S. M. Abdel-Wahab, Plutrtu 


(6) M. M. Badawi and M. B. E. Fayez, ibid., 15, 140(1967). 


Absfr., 59,67086(3963). 


(1962). 


Med., 16, 329(1968). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received October 10, 1969, from the Quality Control Department, 
Chemical Industries Deoelopment Laboratories (CID), Giza, U.A.R., 
and the Phurmucognosy Department, Faculty of Phurmucy, Cairo 
University, Cairo, U.A.R. 


Accepted for publication January 14, 1970. 
* Present address: Faculty of Pharmacy, Kasrel Aini, Cairo, 


t Present address: Chemical Industries Development (CID), 
U.A.R. 


Giza, U.A.R. 


Vol. 59, No. 7, July 1970 0 1027 








In the case of dyes, enhanced adsorption is desirable for uniform 
coloring of solid dosage forms. However, in the case of drugs, ad- 
sorption to a seemingly inert excipient such as starch may affect their 
release and availability. Problems due to drug adsorption by excip- 
ients may also arise during in aitro evaluation of the solid dosage 
forms and during quantitative analysis for the active ingredient. 
This would be particularly true for potent drugs that have low 
effective doses. Adsorption studies during the preformulation stages 
in the development of a drug product can provide clues to such 
problems. 
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Spectrophotometric Determination of 
Diphenhydramine Hydrochloride in 
Antiallergic Cream 


FABRIZIO De FABRIZIO 


Abstract 0 A specific method for the quantitative determination of 
diphenhydramine hydrochloride in a cream formulation has been 
developed. The method entails the extraction of diphenhydramine 
by chloroform, further purification of the extracted base by column 
chromatography using alginic acid, and its spectrophotometric 
determination in the eluate at 258 mp. 


Keyphrases Diphenhydramine cream-analysis 17 Column chro- 
matography-separation UV spectrophotometry-analysis 


The isolation of a pharmacologically active ingredient 
from a pharmaceutical formulation containing surfac- 
tants is often difficult. Various authors have followed 
different procedures for the removal of unwanted in- 
gredients. Jones ( 1 )  described a method for the deter- 
mination of diethylstilbestrol in a water-dispersible 
suppository using column chromatography followed by 
TLC. Gottlieb (2) used refluxing with an organic sol- 
vent to break down the emulsion and subsequently 
recovered the active drug (which was also diethyl- 
stilbestrol) using an aluminum column. More recently, 


an 


Forman ( 3 )  developed an assay for dienestrol in a 
cream using urea-inclusion chemistry to remove the 
excess of monostearin. The information obtained from 
any of these studies is valuable and may indicate a 
general approach to  analysis employing the two basic 
steps of extraction and cleanup. However, each of them 
is a specific case which depends upon the physical and 
chemical properties of the active component. 


Therefore, it is reasonable to assume that different 
methods of separation may be required for differing 
formulations containing the same active ingredients 
and for differing active ingredients contained in similar 
formulations. Diphenhydramine hydrochloride is found 
in various combinations in commercially available 
pharmaceutical preparations, and various assays for 
its determination have been reviewed (4-6). No pro- 
cedure, however, has been reported involving the 
quantification of diphenhydramine hydrochloride in an 


The analysis was applied to a product containing 2% of diphen- 
hydramine hydrochloride and marketed as “Allergin Cream.” 
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Table I-Results of Determination of Diphenhydramine Hydro- 
chloride in Eight Synthetic Mixtures” 


Table II-Analysis of Diphenhydramine Hydrochloride in Eight 
Commercial Formulations 


Found for Eight 
Mixture Containing Taken, g. Determinations, g.b 


Diphenhydramine hydro- 2.00 1.97, 2.01, 2.10, 1.98, 
chloride 2.04, 1.96, 2 .01,  


a The preparation also contains emulsifying wax, liquid paraffin, 
parabens, glycerin, water, color, and menthol. b Mean percentage re- 
covery of diphenhydramine hydrochloride = 100.5 %. 


2.10 


emulsified cream base. The procedure described in this 
paper is a modification of an analysis method for the 
determination of diphenhydramine hydrochloride in a 
cough mixture (6).  The method entails the recovery 
of the diphenhydramine by chloroform extraction and 
further purification through an alginic acid column, 
followed by quantitative spectrophotometry at 258 mp. 


EXPERIMENTAL 


Apparatus-A Beckman DB spectrophotometer and 4-cm. 
square, fused silica cells were used. A glass column, 30 X 1.8 cm., 
with a stem, 5 cm., was fitted with a buret key. 


Reagents-The following were used : cation-exchange resin, 
alginic acid, 40-100 mesh (available from British Drug Houses); 
2 N hydrochloric acid in water; 0.1 N hydrochloric acid in water; 
5 %  hydrochloric acid in water; 95% ethanol in water; and 80% 
ethanol in water. Except where otherwise specified, all reagents 
were of British Drug Houses’ Analar quality. 


Standard Solutions-The following solutions were prepared with 
suitable reference standards: (a) diphenhydramine hydrochloride, 
2 g./100 ml. in 5 %  hydrochloric acid; and (b )  diphenhydramine 
hydrochloride, 3.2 mg.1100 ml. in 0.1 N hydrochloric acid. 


Column Preparation-Alginic acid, about 4 g., was slurried in 
water and allowed to soak for 4 hr. The slurry was poured into a 
glass column which had been fitted with a cotton wool plug and 
allowed to settle. The column was washed with 2 N hydrochloric 
acid, until the absorbance of the eluate (pathlength 4 cm.) was 
less than 0.005 at 258 mp, and then with distilled water until the 
eluate was neutral to litmus. Finally, 25 ml. of 80% ethanol was 
passed through the column. 


Sample Treatment-An amount corresponding to approximately 
2 g. of cream (about 40 mg. diphenhydramine hydrochloride) 
was accurately weighed into a 150-ml. separator. The cream was 
suspended in 6 ml. of 5 %  hydrochloric acid. The suspension was 
extracted with four successive portions of 15 ml. each of chloro- 
form; each extraction was filtered through a pledget of cotton wool 
into a 100-ml. volumetric flask, and the solution was brought to 
volume. An aliquot of 20 ml. was pipeted into a 25-ml. volumetric 
flask. The chloroform was evaporated to dryness on a water bath 
with the aid of a current of air. The residue was dissolved in 95% 
ethanol, and the solution was brought to volume. An aliquot, 10 
ml., was pipeted onto the prepared column, and the solution was 
allowed to pass through the column at a rate of 1 ml./min. The 
column was then washed with 50 ml. of 80% ethanol divided 
into two portions, also at a rate of 1 ml./min., and finally with 200 
ml. of water at a rate of 4 ml./min. Diphenhydramine was subse- 
quently eluted with 0.1 N hydrochloric acid at a rate of 1 ml./min. 
The first 5 ml. of eluate was discarded and the balance collected 
into a 100-ml. volumetric flask until 100 ml. was collected. The 


Claim for 
Diphenhydramine 


Preparation Hydrochloride, g. % Found, % of Claim 


A 
B 
C 
D 
E 
F 
G 
H 


2 
2 
2 
2 
2 
2 
2 
2 


105.30 
98.73 


100.23 
99.45 


102.70 
100.68 _.. 


98 . io  
99.79 


absorbance of the solution was then determined at 258 mp, using 
4-cm. cells and 0.1 N hydrochloric acid as blank. 


RESULTS AND DISCUSSION 


The cream examined was of the oil-water type. The oil phase 
contained menthol as a coolant. A nonionic emulsifying wax was 
used as the emulgent, as well as providing a cream of the required 
consistency. The aqueous phase contained diphenhydramine hydro- 
chloride, parabens, red color, and glycerin as a humectant. In a 
preliminary study, attention was focused on the possibility of find- 
ing a combination of solvents which would help liquify the cream 
and at the same time facilitate the diphenhydramine extraction. 
The most suitable system found was chloroform-water. By initially 
acidifying the cream, the difficulty, which is normally encountered 
in alkaloidal extractions using chloroform-water systems, of extrac- 
tion of the active ingredient favoring the aqueous phase instead 
of the chloroform phase is overcome. In addition to diphenhydra- 
mine, the chloroform extract contains menthol, liquid paraffin, 
parabens, and the emulsifying wax. For this reason, the residue 
after the evaporation of chloroform was dissolved in 95 % ethanol 
instead of water which would have given a turbid solution. Al- 
though the alcoholic solution used does not dissolve the oily par- 
ticles in the residue, these are easily eliminated by filtration of the 
solution through a pledget of cotton wool. When the procedure 
was followed to analyze eight synthetic mixtures of the cream 
(prepared in a manner similar to commercial formulation), the 
results in Table I were obtained. 


When the method was applied to eight commercial products, 
the results in Table I1 were obtained. 


The reasonable results obtained with commercial and empirical 
products establish the validity of this procedure. 
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First pKa Values of Some Acid-Base Indicators 


V. DAS GUPTA and JOHN B. REED, Jr." 


Table I-Concentrations of Various Dyes Used 
Abstract An attempt was made to estimate the first pKa values 
of bromocresol green, bromocresol purple, bromophenol blue, 
cresol red, and phenol red using a method similar to that of Reilley 
and Sawyer. Values of -0.75 (-2.13 on the Hammett acidity 
scale) for bromocresol purple, +1.05 for cresol red, and +1.03 
for phenol red were estimated. pKa values of cresol red and phenol 
red were not estimated on the Hammett acidity scale, since this 
scale is good only for acidic solutions stronger than 0.1 M. Trials 
to estimate the first pKa values of bromocresol green and bromo- 
phenol blue were not successful due to the upper limitation on the 
strength of commercially available hydrochloric acid. Values of 
-0.85 (approximately -2.7 on the Hammett acidity scale) or less 
for bromocresol green and -0.95 (-3.2 on the Hammett acidity 
scale) or less for bromophenol blue have been predicted. 


Keyphrases Indicators, acid-base-first pKa determination 0 
pKa determination, first-acid-base indicators 0 Dyes, organic- 
first pKa determination 


Many organic dyes are used as acid-base indicators 
by scientists in a variety of analytical and industrial 
applications. Some of these dyes have also found use 
as diagnostic agents in medicine (1-4). Some of them 
are used in the quantitative determination of many 
pharmaceutical amines, since they form stable salts with 
this group of chemicals (5-8). These amine dye salts 
can be extracted with organic solvents and the dye 
component measured spectrophotometrically (9). 


Preliminary investigations on bromothymol blue, 
reported by Gupta and Cadwallader (lo), indicated 
that these dyes may have more than one pKa value. 
For example, the literature value of about 6.3 for 
bromocresol purple (1 1) may be the pKaz rather than 
the pKal value. 


The purpose of this research was to determine the 
first pKa values for: (a) bromocresol green (BCG); 
(b)  bromocresol purple (BCP); (c)  bromophenol blue 
(BPB); (d) cresol red (CR); and (e) phenol red (PR). 
The usefulness of this information is well documented. 
For example, without knowing the first pKa value, it is 
not possible to determine the true partition coefficients 
of these dyes. 


EXPERIMENTAL 


Reagents-All chemicals and reagents used were either USP, 
NF, or A.C.S. grade. All of the dyes were used without further puri- 
fication. 


Preparation of Solutions-Each dye (50.0 mg.) was dissolved in 
10 ml. of ethyl alcohol in a 100-ml. glass-stoppered volumetric 
flask, and sufficient distilled water was added to make a total volume 
of 100 ml. Solutions of lower dye concentration were prepared by 
diluting this stock solution with hydrochloric acid of various 
concentrations. The concentrations of the various dyes are reported 
in Table I. Hydrochloric acid USP was diluted with distilled water 
to obtain the dilutions needed. 


Determination of pKa Values--The pKa values were determined 
according to the procedure of Reilley and Sawyer (12). Solutions 


1CR was manufactured by Allied Chemicals, and all other dyes 
were from Eastman Organic Chemicals. 


Concentration, z wlv 


BCG 
BCP 
BPB 
CR 


PR 


0.001 
0.001 
0.001 
0.001" 
0.0005a 
0.001a 
0.0005" 
O.OoO25" 


~~~~~ 


0 More than one concentration was used to obtain readings within 
the scale of the spectrophotometer. 


of each dye in hydrochloric acid solutions of various concentrations 
were scanned between 360 and 600 mp, using a Beckman DK2 
spectrophotometer. Distilled water was used as the blank. Two 
wavelengths were chosen where the (HJ) and (HI-) forms of each 
dye showed a maximum difference in their absorbance. Plots of 
absorbance versus the theoretical pH value (-log H+) were pre- 
pared for each of the two wavelengths selected. Two horizontal lines 
across each of the plots were drawn, one corresponding to the ab- 
sorbance of the dye solution having a theoretical pH value of - 1.0 
and the other corresponding to the absorbance of the dye solution 
having a theoretical pH value of -0.398 or higher. 


Line A represents the absorbance of the dye, i.e., the indicator dye 
represented as "I," when present entirely in the (HJ) form. Line B 
represents the absorbance of the dye when present entirely in the 
(HI-) form. The midpoint of each curve, between Lines A and B, 


I I I I 


-2.0 -1.0 0 1.0 2 .o 


- log  KM3 


Figure I-Determination of the first pKa value of BCG using absorb- 
ance values at 564 mp. 
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Table 11-First pKa Values of Various Dyes 


First pKa 
Value Using 


Hammett- 
First Acidity 


Dye pKa Value Average Function Average 


BCP 
BCP 
BCP 
BCP 


CR 
CR 
CR 
CR 


PR 
PR 
PR 
PR 


-0.78 
-0.73 
-0.75 
-0.75 


1.08 
0.97 
1.10 
1.05 


1.03 
0.95 
1.05 
1.07 


-0.79 


1 .  O Y  


1.03O 


-2.15 
-2.11 
-2.12 
-2.13 


-2.13. 


a Average of the four values. 


represents the equal concentration of the (H21) and (HI-) forms of 
each dye. This was marked as the midpoint on each curve. The re- 
sults are presented in Table 11. Figures 1-3 are presented as samples. 
In the case of BCP, the pKa values were also estimated using Ho 
(Hammett acidity function) instead of theoretical pH. Results are 
presented in Table 11. From these figures, the ratio of (HI-) to 
(H21) at various pH values was obtained by measuring the relative 
distances of the point from the (HI-) and (HJ) lines. Plots of log 
(HI-/H21) (vertically) versus theoretical pH were prepared for each 
of the two wavelengths selected. The point where the line crossed 


0 


-2.0 -1.0 


.4 


1.2 


1.0 


0.8 


0.6 


0.4 


80.2 


1 I 
1.0 2 .o 


- l o g  CHt3 


Figure 2-Determination of the first pKa value of BCP using absorb- 
ance values at 530 mp. 


the pH axis corresponded to the pKal value, since (HJ) - (HI-) + 
(H+). The dissociation of (HI-) to (I--) and (H+) can be neglected 
in the pH range of -1.0 to approximately 2.0, since Ka values of 
these dyes range from 1 X 10-4 to 5 X The results are pre- 
sented in Table 11. Figure 4 is presented as a sample. In the case of 
BCP, the pKa values were also estimated using Ho instead of pH. 
Results are presented in Table 11. 


DISCUSSION AND CONCLUSIONS 


Bromocresol Green-Trials to estimate the first pKa value of this 
dye were not successful, since the difference between the absorbance 
readings at the theoretical pH values of -0.875 and -1.0 was so 
high (Fig. 1) that it was not possible to assume that the whole dye 
existed in the (H21) form at  the lowest theoretical pH value 
of -1.0. It was not possible to prepare dye solutions of much 
lower theoretical pH values due to the upper limit on the strength 
of commercially available hydrochloric acid. From Fig. 1, it 
appears that the first pKa value of this dye is -0.85 (approximately 
-2.7 on the Hammett acidity scale) or less. 


Bromocresol Purple-The first pKa value of this dye was esti- 
mated to be -0.75 or -2.13 on the Hammett acidity scale (Figs. 2 
and 4 and Table U). The true pKa value may be somewhat lower, 
since the dye might not be totally in the (H2I) form at the theoretical 
pH value of - 1.0. This is due to the fact that the difference between 
the absorbance values at the theoretical pH values of -0.875 and 
- 1 .O (Fig. 2) is not negligible. 


Fkomophenol Blu-Trials to estimate the first pKa value of this 
dye were not successful due to the reasons reported for BCG. From 
Fig. 3, it appears that the first pKa value of this dye is -0.95 
(approximately -3.2 on the Hammett acidity scale) or less. 


Cresol Red-The first pKa value of this dye was estimated to be + 1.05 (Table 11). This value appears to be correct, since a transition 
interval of f0.2 to +1.8 (red to yellow) for this dye has been 
reported (13). The pKa value of this dye was not estimated on the 
Hammett acidity scale, since this scale is good only for acidic 
solutions stronger than 0.1 M. 
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-0  


I I 
I .o 2.0 


-LOG (H+) 


Figure 3-Determination of the first pKa value of BPB using absorb- 
ance values at 530 mfi. 
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Figure 4-Determination of the first pKa value of BCP using log 
(HI-IHtI) (from Fig. 2) versus - log (H+) plot. 


Phenol Red-The first pKa value of this dye was estimated to be 
$1.03 (Table IT). The Hammett acidity scale was not used due 
to reasons previously explained. 


It was not possible to take into account the activity coefficients 
at these higher concentrations of hydrochloric acid. This will, no 
doubt, cause some error in the determination of the first pKa values 


of these dyes. Wherever possible, the Hammett acidity scale was 
also used as explained previously. 


Analytical Applications-The information provided is very useful 
for the determination of the true partition coefficients as reported 
by Gupta and Cadwallader (10). This information could also be use- 
ful to correlate the structural formulas of the dyes. 
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Dipole Moment and Structure of 
Thiophene Derivatives and Benzene Analogs 


E. J. LIEN* and W. D. KUMLER 


Abstract The dipole moments of 2-halothiophene, 2,2’-bithio- 
phene, 2-thiophenecarboxylic acid derivatives, and the correspond- 
ing benzene analogs have been measured in benzene and in dioxane. 
Evidence is presented that the conformation in 2-thiophenecar- 
boxylic acid derivatives has the thiophene dipole (which has the 
sulfur negative) opposed to the resultant dipole of the carboxyl or 
ester group. The conformation in 2,2’-bisthiophene is shown to be 


cis. In dioxane, there is more resonance interaction between the 
thiophene ring and the functional groups than between the benzene 
ring and these groups. The chemical shift and the coupling constant 
of the NMR spectra of the 2-halothiophenes and 5,5’-dihalo-2,2’- 
bithiophenes have been assigned. 
Keyphrases 0 Thiophene derivatives, benzene analogs-dipole 
moment, structure determination 0 NMR spectroscopy-structure 


The dipole moment has been shown to be a useful 
electronic parameter in some structure-activity correla- 
tion studies (l), e.g., the insecticidal activity of chlor- 
phenothane (DDT) isomers (2), the cholinesterase 
inhibitory activity of N-alkylsubstituted amides (3), the 


respiratory stimulation activity of cyclic ureas and 
thioureas (4), and the inhibition of viral neuraminidase 
by dihydroisoquinoline derivatives (5). 


The usefulness of dipole moments in structure-ac- 
tivity correlation is more restricted than other physico- 
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I f  they don’t, they have no justification. And the only way you can 
prove the justification of a concept-the correctness of a concept- 
is to see if it not only explains already known facts, but also leads 
to a new and unexpected discovery. That proves that there is some- 
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. . .  Concepts are extremely usefir1 to the human mind, but concepts 
may change and change very fast. What remains are the facts, the 
experimental facts, the discoveries. I f  a new concept leads to a dis- 
cowry, you may award a prize without hesitation. But a concept 
without a discovery would have little chance. Concepts are instru- 
metits in scientific research. They help you to make new discoveries. 


Adrenergic drugs can almost serve as a prototype for 
the classical development of a group of medicinally 
active compounds. The initial lead arises from the ob- 
servation of physiological activity associated with a 
natural product. Eventually, the chemical structure of 
the active substance is revealed, synthetic analogs are 
prepared, and their pharmacological activities are de- 
termined. An empirical body of structure-action rela- 
tionships develops as a result of these studies, which 
leads to the synthesis of more compounds and, as 
knowledge of structural chemistry and pharmacological 
mechanisms becomes more refined, ideas concerning the 
relationship of chemical structure and pharmacological 
action become less empirical. 


All these steps have been followed in developing the 
area of adrenergic drugs to its present state. I t  is par- 
ticularly notable that the lead compound, epinephrine, is 
optically active. The early syntheses leading to racemic 
material and the pharmacological evaluation of the 
racemate made it apparent that some stereoselectivity 
was involved since the racemate was less active than the 
optically active natural product. Thus, at  a very early 
stage in the development of adrenergic drugs, steric 
effects were observed. I t  is surprising that more resolu- 
tions were not performed and absolute configurations 
were not determined for many of the major synthetic 
analogs until recently. However, some attempts have 
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been made to review natural asymmetry and pharma- 
cologic action (1, 2). The current revival of interest in 
this area makes it desirable to  review what is known 
about steric effects and adrenergic agents. 


A detailed discussion of adrenergic mechanism would 
be out of place here, but a brief review of some basic 
concepts is essential for any meaningful discussion of 
steric aspects. 


Ahlquist (3) suggested the terms a and 0 for two 
different types of adrenergic receptors. This classification 
was based on the comparative effectiveness of the com- 
pounds epinephrine, norepinephrine, and isoproterenol 
on various tissues. In those tissues where the order of 
activity was epinephrine 2 norepinephrine >> isopro- 
terenol, the receptors were called LY and associated with 
excitation or contraction. In  tissues where the order was 
isoproterenol >> epinephrine 2 norepinephrine, the re- 
ceptors were designated /3 and associated with inhibition 
of function or relaxation. The validity of this concept, at  
least with respect to certain tissues, has been supported 
by experiments with selective antagonists, some of 
which block only a-effects and some of which block 
only 0-effects. Other types of adrenergic receptors have 
been suggested, but most of the experimental work to 
date has been done with so-called a-agonists and 0- 
agonists and their respective antagonists. A more com- 
plete discussion of the concepts of a- and 0-receptors 
may be found in a recent publication (4). 


The concept of direct and indirect action has received 
ample experimental verification. In its simplest sense, it 
suggests that sympathomimetic agents may act: pre- 
dominantly directly, that is, at  the effector site; pre- 
dominantly indirectly, by releasing endogenous nor- 
epinephrine; or by a combination of these processes. 
Actually, there is evidence that the mechanism of action 
of indirect-acting sympathomimetic amines is more com- 
plex. Many indirect acting agents appear to block the 
uptake of norepinephrine as well as cause its release (5 ) .  


Regardless of the intricacies of the mechanism of ac- 
tion of indirect-acting sympathomimetic agents, it is 
important to keep in mind that drugs which are closely 
related structurally, such as the phenethylamines, may 
produce pharmacologically identical effects by different 
mechanisms. Analyses of structural or stereochemical 
requirements for activity are considerably complicated 
by this fact, and comparative studies of synipathomi- 
metic amines done prior to  the establishment of this 
concept must be reevaluated in modern terms. 


Uptake of catecholamines by adrenergic nerves has 
been shown to proceed against a concentration gradient, 
and it seems that a saturable active transport system is 
involved. Iversen (6) has defined two uptake processes: 
uptake1 and uptake2. Uptakel is operative at  low per- 
fusion concentrations, accumulated norepinephrine is 
not readily washed out by perfusion with norepineph- 
rine-free medium, and the process appears to be stereo- 
selective for the enantiomers of both norpinephrine and 
epinephrine. Uptakez is operative at  higher concentra- 
tions. The uptake is characterized by rapid washout of 
accumulated norepinephrine and complete lack of 
stereoselectivity. After exogenous catecholamines pass 
through the neuronal membrane, they may be retained 
by storage granules inside the neurone. There is 


considerable evidence for the existence of more than one 
pool of stored catecholamines within the neurone. 
Perhaps the most complete information available deals 
with norepinephrine storage granules isolated from 
bovine splenic nerves and the adrenal medulla (7). The 
ability of these isolated storage granules to accumulate 
the isomers of norepinephrine, epinephrine, and some 
related compounds has been studied and will be dis- 
cussed later. 


Before leaving the subject of uptake and storage, the 
effects of cocaine and reserpine must be mentioned. 
These two drugs have been widely used as pharma- 
cological tools in the study of adrenergic mechanisms. 
Cocaine apparently acts by inhibiting uptake of cat- 
echolamines and related compounds at  the adrenergic 
neurone membrane. On the other hand, reserpine 
appears to  exert its effect on the intraneuronal storage 
mechanisms and acts to prevent accumulation of 
norepinephrine or related compounds. Reserpine does 
not affect neuronal membrane uptake. The recently pub- 
lished monograph by Iversen (6) provides a detailed and 
extensively documented discussion of various aspects of 
the uptake and storage processes. 


STEREOCHEMICAL NOTATION 


Any discussion of stereochemical aspects of drug 
action must involve the proper use of notation to iden- 
tify and specify the actual three-dimensional char- 
acteristics of the molecules considered. The small capital 
letters D and L are generally used to denote the con- 
figuration of an asymmetric carbon atom (Structure I) 
in a molecule of the type: 


R’ 
I 


H-C-X 
I 
R 
I 


The molecule is oriented so that the number 1 carbon of 
the principal chain is at the top in the usual Fischer 
projection (8). This is sometimes stated differently, that 
is, that the carbon in the highest oxidation state is at  the 
top, but since this would be the number 1 carbon, there 
is no conflict between these statements. If, when the 
molecule is so oriented, X is on the right, the con- 
figuration is said to be D; if X is on the left, the term L is 
used. These letters should neuer be used to denote sign of 
rotation. In many cases the lower case letters d and 1 
(dextro and leuo) have been used to specify sign of rota- 
tion, but this can lead to ambiguities. Some authors, 
particularly in the biological literature, use the upper 
case and lower case symbols interchangeably. For 
example, in some studies of sympathomimetic amines, 
the more active enantiometer of norepinephrine has 
been referred to as the L-isomer. In these cases, this 
means levorotatory ; but most chemists would interpret 
this as meaning the “L” configuration, and the L isomer 
of norepinephrine is dextrorotatory. This example 
should suffice to show that when either upper case or 
lower case symbols of this type are used, the reader 
cannot be sure which enantiomer is being discussed. 


The most reliable notation for specifying absolute 
configurations is usually referred to as the “sequence 
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rule.” This method has been described in the literature 
(9) and has been widely accepted. An important distinc- 
tion between the sequence rule and DL nomenclature is 
that while the symbols D and L relate the configuration 
of a molecule to some arbitrary standard, the sequence 
rule notation is self-consistent for the molecule in ques- 
tion but cannot be used to relate a series of compounds. 
This can be most clearly seen by considering the follow- 
ing compounds(Structures I1 and 111): 


COOH COOH 
H + - H  H,N-+H 


CH, C H a H  
L-alanine L-cysteine 


I1 I11 
These two compounds are obviously related configura- 
tionally and have the same absolute configuration. How- 
ever, due to the difference in atomic number of the sub- 
stituents, L-alanine has the S-configuration while L- 
cysteine has the R-configuration. 


Medicinal chemists and pharmacologists are often 
interested in describing structure-action relationships in 
a series of structurally related drugs. When this is done, 
it makes little difference which method is used to de- 
scribe the compounds evaluated as long as the method is 
unambiguous. For this reason, the symbols D, L, d, and 1 
should not be used in these cases. Rotations, if desired, 
should be indicated by either (+) or (-), and absolute 
configurations by either R or S. Throughout this review, 
isomers are identified by the signs (+) or (-). 


frequently the physical form of the isomers is not 
explicitly stated. 


Pharmacologic activity of the sympathomimetic 
agents at adrenergic synapses is complicated by func- 
tional integrity of the uptake site (or transfer site) or 
storage site or by the presence of both a- and P-adren- 
ergic receptors. The enzymes, dopamine-P-hydroxylase, 
monoamine oxidase (MAO), and catechol-o-methyl 
transferase (COMT), further complicate the situation. 
Optical isomers of adrenergic drugs are known to inter- 
act differently with many of these factors that influence 
pharmacologic activity. Depending upon the objective of 
the investigator in a given problem dealing with optical 
isomers, the following modifications can be made: 


1. Reserpine pretreatment can be given to an animal 
to eliminate stored norepinephrine. Sufficient time must 
be allowed between reserpine pretreatment and deple- 
tion of endogenous norepinephrine. Korol et al. (13) 
studied optical isomers of octopamine on the cardio- 
vascular system of the dog and concluded that both 
isomers of octopamine are acting directly. However, 
only 1 hr. was allowed between reserpine treatment and 
testing of the isomer. It is well known that during the 
early phase of action of reserpine, the effects of tyramine 
or phenethylamine are potentiated. 


2. Cocaine can be used to inhibit uptake at the 
adrenergic neuronal membrane. 


3. If the pharmacologic effects of closely related 
agents such as (+)-isomers and corresponding deoxy 
derivatives’ are to be studied, it is important that the 
enzyme, dopamine-0-hydroxylase, be inactivated by a 
suitable inhibitor. Many deoxy derivatives are good sub- 
strates for this enzyme. Shore (14) and Patil et al. (15) 
used a similar approach when activity of deoxy deriva- 
tives was compared with corresponding (-)- or (+)- 
isomers. 


4. Comparative pharmacologic effects of a-methyl- 
ated and non-a-methylated sympathomimetic amines 
should be studied under the influence of M A 0  inhibitor 
because the latter amines are quickly inactivated by 
enzyme monoamine oxidase. Selection of monoamine 
oxidase can add one more variable in experimental 
design. The enzymatic action can be avoided by studying 
a-methylated amines only. 


5 .  Although in some tissues the role of COMT in 
termination of pharmacologic effect of (-)-norepineph- 
rine may be negligible, its sole for that of (+)-isomer is 
yet undefined. Recently, fairly stable inhibitors of this 
enzyme were available. Comparison of activity of both 
isomers of norepinephrine in the presence of cocaine and 
under the influence of COMT inhibitor should give a 
better idea regarding the activity ratio of these antimers. 
It is difficult to talk about the receptor level when drug 
effects on a complex parameter such as blood pressure 
are studied. Studies on isolated tissues are better for 
controlling the variables. 


6. While studying a-adrenergic receptors, @-receptors 
should be blocked by a suitable @-blocker which has 
a minimal a-adrenergic blocking property. Rat vas 


FACTORS COMPLICATlNG 
INTERPRETATION OF RESULTS 


In every review or symposium, it has become in- 
creasingly important to discuss factors that can influence 
the interpretation of results. This review on optical 
isomers cannot be an exception. First and most impor- 
tant, when the activity of (-)- and (+)-isomers is com- 
pared, it is assumed that both forms are pure. However, 
this may not be the case. The activity ratios between 
(-)- and (+)-isomers of isoproterenol were reported as 
1 1.8 for cat blood pressure (10) and 87.45 for dog blood 
pressure (1 1). Subsequently, Lands et al. (12) obtained 
higher activity ratios, 1000 for cat blood pressure and 
450 for dog blood pressure. They pointed out that con- 
stant specific rotation or melting point is not the best 
criterion for optical purity, but that constant biological 
activity is. 


Occasionally, pharmacologic activity of (-)- and 
(+)-isomers is expressed in mcg./kg. or mcg./ml. If both 
isomers have identical salts, it should not influence the 
calculation of the activity ratio. However, if one isomer is 
bitartrate salt and the other is hydrochloride salt, it will 
obviously affect theexpression of the activity ratio. Hence, 
the dose or concentration should be expressed in molar 
terms, which necessitates knowing the molecular weight 
of a given drug. Further, it is interesting to know that 
different physical forms can have different biologic 
activity. Lands el al. (12) found that (+)-isoproterenol as 
a bitartrate salt is more toxic than when given as a base 
dissolved with dilute hydrochloric acid. Unfortunately, 
where the isomers are obtained from outside sources, 


- 
1 Amine without 8-hydroxyl group. The term deoxy derivative will 


be used interchangeably with the other name of the amine, for example, 
deoxymetaraminol or a-methyl-m-tyramine. 
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deferens, seminal vesicles, rabbit aorta, cat spleen, 
mouse spleen, and cat nictitating membrane are 
generally used for testing a-adrenergic drug activity. 
Guinea pig atria, trachea, and rat uterus are generally 
used for testing P-drenergic activity. If desired, different 
tissues from the same species could be used. Every test 
tissue has its own characteristic. Some sympathomimetic 
amines produce tachyphylaxis (acute tolerance), and the 
rate of tachyphylaxis varies with different isomers 
(16, 17). Two tachyphylactic amines, therefore, cannot 
be assayed on the same tissue. This introduces some 
variability in testing procedure and, hence, in the inter- 
pretation of results. By taking care of variables in experi- 
mental design, facts are clearly exposed. Furchgott (18) 
has critically evaluated various problems in a study of 
adrenergic drugs. 


Frequently, biological activity of a single isomer is 
derived from that of the racemic form. However, some 
wrong assumptions may be made. Various possibilities 
can occur: 


1. Only one isomer is active while the other isomer is 
practically inactive; for example, (- )-isopropylmethox- 
amine is a potent P-adrenergic blocker on trachea while 
(+)-isopropylmethoxamine is practically inactive (1 5). 


2. One isomer is relatively more active than the other 
isomer. Both the isomers of sotalol are active in block- 
ing P-adrenergic receptors. The pA2 value for the (-)- 
isomer is 6.8 and that of the (+)-isomer is 5.15. The 
effect is stereoselective2 (19). 


3. Both the optical isomers can be equiactive. On the 
isolated rat vas deferens, isomers of hydroxyamphet- 
amine produce equal effects which do not differ from 
racemic hy droxyamphetamine (20). 


4. A given isomer may not produce any apparent 
effect, but it may be antagonistic to the pharmacological 
effects of other isomers. Luduena (21) reported that 
(+)-isoproterenol antagonizes the effects of (-)-iso- 
proterenol. 


5. Similarly, Fielden and Green (22-24) found that 
(+) -N-(  1 -phenethyl)guanidine has little effect of its 
own but antagonizes the potent adrenergic neurone- 
blocking effect of the (-)-form. 


6 .  A very unusual finding reported by Porter et al. 
(25) is that racemic a-methyl-p-tyrosine causes greater 
depletion of norepinephrine from tissues than either 
isomer alone. In other words, the racemic form can be- 
have as the third molecular species. 


Occasionally, the relationship between the activity of 
(+)- and (-)-isomers may be different when different 
parameters are used. (+)-P-Hydroxyphenethylguanidine 
has about one-quarter the norepinephrine-depleting ac- 
tivity of the (-)-isomer. However, as compared to the 
(-)-form, the (+)-isomer is more effective in prevent- 
ing ptosis caused by the adrenergic neurone-blocking 
agent. Such findings might be very useful in analyzing the 
mechanism of drug action. These observations clearly 
state that the norepinephrine depletion caused by the 
drug and the antagonism of the adrenergic neurone 
blockade are two different mechanisms (26). 


Over the years, radiolabeled agents have facilitated 
research projects on adrenergic drugs, but they also have 


2 This term is preferred over stereospecificity2 
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added another complication. Many labeled sym- 
pathomimetic drugs are only available in racemic form. 
When single desired isomers of high specific activity be- 
come available, it will be necessary to reevaluate some 
previous studies with the racemic form. The role of 
single molecular species then will be clarified. 


BIOSYNTHESLS 


The biosynthetic pathway by which norepinephrine 
and epinephrine are formed has been intensively 
studied, and a recent review summarizing this work has 
appeared (27). 


All of the work to date has confirmed the original 
postulation of Blaschko (28) with respect to the major 
pathway in animals (Scheme I). 


The substrates for the first two steps are optically 
active compounds. Dopamine, while not optically 
active, yields an optically active product, (-))-norepi- 
nephrine, which can then be converted to another 
optically active compound, (-)-epinephrine. Each of 
these reactions may, therefore, exhibit some stereo- 
chemical features which will be considered at this point. 


Tyrosine --t Dihydroxyphenylalanine 


The action of tyrosine hydroxylase has been studied 
by several groups, and the properties of the enzyme have 
been defined (29). D-Tyrosine, tyramine, DL-m-tyrosine, 
and L-tryptophan were found to  be inactive as sub- 







strates, indicating a high degree of structural and 
stereochemical specificity (30). 


Dopa --t Dopamine 


The enzyme responsible for this conversion is best 
known as dopadecarboxylase, although the term 
aromatic L-amino acid decarboxylase is probably more 
correct (31). As this name suggests, the enzyme is stereo- 
specific because L-aromatic amino acid does not de- 
carboxylate D-dopa (28, 32, 33). It has been shown, 
however, that D-dopa is converted to dopamine in uiuo, 
presumably by conversion to  the keto acid followed by 
transamination to give L-dopa (34). 


In addition, it has been demonstrated (35) that the 
enzymatic decarboxylation of amino acids proceeds with 
retention of configuration. Obviously, this point is not a 
major one in the reaction dopa + dopamine, since 
dopamine contains no asymmetric carbons. It is of 
major importance, however, in the reaction of a- 
methylated amino acids, where both the substrate and 
the product contain asymmetric carbon atoms. The 
a-methylated analogs of many sympathomimetic amines 
have been the subject of widespread interest because of 
their ability to act as false adrenergic transmitters (36). 


Biochemically active a-methyldopa has been shown 
to have the S-configuration (37). This corresponds to the 
L-configuration of dopa. Decarboxylation of this com- 
pound with retention of configuration should yield 
a-methyldopamine, which also has the S-configuration 
(Scheme 11). 


OH OH 
S( -)-a-met hyldopa S( +)-a-methyldopamine 


Scheme I1 


The observation that decarboxylation of L-a-amino 
acids produces dextrorotatory a-methylamines (38), 
coupled with the proof that the absolute configuration of 
levorotatory a-methyldopamine (not the natural 
metabolite) is R (39), establishes the absolute configura- 
tion of the natural metabolite as S and serves as proof 
for the retention of configuration in the a-methyl series. 


Dopamine --t Norepinephrine 


This transformation is catalyzed by the enzyme dopa- 
mine-p-oxidase, whose properties have been recently 
reviewed (40). 


The substrate specificity of dopamine-6-oxidase 
is rather low. In the case of the conversion of 
dopamine to norepinephrine, substrate stereospeci- 
ficity is not a factor since the substrate contains no 
asymmetric carbons. The product, (-)-norepinephrine, 
has the R-configuration. 


In the case of substrate with an a-methyl group, 


substrate stereospecificity is involved, and several 
studies have demonstrated that only one enantiomer is 
P-hydroxylated (41-44). 


In the series under discussion, where the sequence rule 
priorities of functional groups remain essentially the 
same, those enantiomers with the S-configuration at the 
P-carbon are active substrates while those with the R- 
configuration are not. The introduction of the hydroxyl 
group at the P-carbon is apparently stereospecific, 
yielding compounds whose absolute configurations at 
the P-carbon are the same as R( -)-norepinephrine. 
Thus, S(+)-a-methyldopamine is converted to as, PR- 
(-))-a-methylnorepinephrine. 


Norepinephrine Epinephrine 


This interconversion is catalyzed by phenethanol- 
amine-N-methyltransferase, which can utilize both 
enantiomers as substrates, those with the R-configura- 
tion showing greater activity (45). 


SELECTIVITY OF UPTAKE AND STORAGE 
MECHANISM FOR OPTICAL ISOMERS 


After reviewing different papers on this subject, a 
need for consistent terminology became evident. For 
the sake of uniformity, the term accumulation is pre- 
ferred over deposition, uptake site over transfer site, 
and release over efflux or chemorelease. In many 
instances the drug was injected by various routes, and 
tissue accumulation was observed at a fixed time. This 
type of tissue accumulation will not distinguish between 
accumulation by adrenergic nerve endings and extra- 
neuronal uptake. Further, uptake by nerve endings is a 
two-stage process: (a) uptake by neuronal membrane in 
the cytoplasm, and (b) uptake by granular membrane 
into granules. 


In 1963, Kopin and Bridgers (46) investigated the 
biological differences in (-)- and (+)-isomers of 
norepinephrine. Rats were subcutaneously injected with 
equal amounts of either the (*)-norepinephrine- I4C and 
(*)-norepinephrine- 3H or the (-)-norepinephrine- 14C 


and (*))-n~repinephrine-~H solutions. Animals were 
killed 1 or 24 hr. later; the 3H-14C ratio in hearts and 
spleens was determined. From these experiments, the 
relative role of (-)- and (+)-norepinephrine in tissue 
uptake and retention was defined. They concluded that 
both isomers are bound to the tissue to the same extent, 
and that the disappearance of (+)-n~repinephrine-~H is 
more rapid than that of (-)-isomer. Subsequently, 
Maickel et al. (47) reported that 5 min. after the intra- 
venous injection of (=t)-n~repinephrine-~H, the ratio of 
(-)-norepinephrine- 3H<+)-norepinephrine- 3H in the 
rat heart was 11 : 1. This ratio indicated a higher affinity 
of uptake mechanism for (-)-norepinephrine. The lack 
of detection of selectivity of the uptake mechanism by 
Kopin and Bridgers (46) was then due to methodology. 
Maickel et al. (47) separated the isomers of norepineph- 
r i ~ ~ e - ~ H  by an isotope dilution technique. Kopin and 
Bridgers tested the differences after 1 hr. as compared to 
5 min. by former investigators. 


More details on the kinetic analysis of uptake of 
norepinephrine isomers were presented by Iversen (48). 
Isolated rat heart was perfused for various times with 
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diflerent concentrations of norepinephrine isomers. The 
initial rates of uptake by various concentrations obeyed 
Michaelis-Menton kinetics. On the basis of the Michaelis 
constant, K,, (+)-norepinephrine has only one-sixth the 
affinity for uptake as has (-)-norepinephrine. I t  is 
interesting, however, that the v,,,. for (+)-norepineph- 
rine is higher than that for the (-)-isomer. Under 
similar experimental conditions, when hearts were per- 
fused for 5 min. a t  100 ng./ml. of epinephrine isomers, 
the tissue accumulation of (+)-epinephrine was only 
one-third as compared to that of (-)-epinephrine (49). 
This indicated differences in uptake for isomers of 
epinephrine. Although accumulation of (-)-nor- 
epinephrine in the adrenergic neurone is considered to 
be an active process (ix., against a concentration gra- 
dient), Born (50) has argued against this concept. The 
uptake of (-)-norepinephrine in the human erythro- 
cytes occurs by simple diffusion. This process is also 
stereoselective (51). However, in contrast to the accum- 
ulation of (-)-norepinephrine in the adrenergic 
neurone, the accumulation in the erythrocytes is not 
inhibited by cocaine. Thus there appears to be some 
differences between the process of accumulation in these 
two systems. Selectivity of accumulation of norepineph- 
rine isomers was also studied in the guinea pig heart 
(52). After intravenous injection of 1 pmole/kg. of the 
appropriate isomer in the anesthetized guinea pig, 
the norepinephrine content in the heart and aortic blood 
was examined. One minute after injection the net uptake 
of (-)-norepinephrine by the heart was higher than that 
of (+)-norepinephrine. However, 60 min. afterwards, 
the net uptake for both isomers appeared to be the same. 
Possibly because of the small number of observations 
and the large variability in results, selectivity in uptake 
might not have been detected. 


Westfall (53) used a systematic approach to study the 
stereoselectivity of epinephrine accumulation in the rat 
heart. After equal intramuscular doses, 1 mg./kg., both 
(-)- and (+)-epinephrine caused a greater accumula- 
tion of (-)-isomer in the heart, with concomitant 
greater loss of endogenous norepinephrine. The granu- 
lar fraction exhibited greater selectivity than other tissue 
fractions from the heart. Selectivity in accumulation of 
the physiologically more active isomer of epinephrine 
was also demonstrated in the mouse heart (54). Ap- 
proximately 1 hr. after 2-mg./kg. doses, i.p., of epi- 
nephrine isomers, the accumulation of (+)-isomer was 
only one-third of that of (-)-isomer. In mouse femoral 
muscle, the accumulation difference between (- )- and 
(+)-isomers was very small. 


Work demonstrating the stereoselectivity of nor- 
epinephrine isomer uptake and storage has continued to 
be reported. At relatively high concentrations of 
norepinephrine isomers, Mueller and Schideman ( 5 5 )  
were unable to demonstrate the stereoselectivity in the 
particular fractions of cat atria. Reinvestigation of the 
problem with a modified technique eventually did show 
the differences at low concentrations of these isomers 
156). The accumulation of total tritium from (*)- 
norepinephrine was relatively more inhibited by un- 
labeled (-)-isomer. Green and Miller (57) reported that 
in uilro labeled epinephrine accumulates in the rat 
uterus and that (-)-norepinephrine causes greater re- 


lease of labeled epinephrine while (+)-norepinephrine is 
significantly less effective. These results indicate a possi- 
ble stereoselectivity for uptake and/or release in 
norepinephrine isomers. Tissue perfusion provides a 
better test system to demonstrate selectivity for uptake 
than studies in intact animals with various routes of ad- 
ministration. Kirpekar and Wakade ( 5 8 )  used perfused 
cat spleen to  investigate several factors influencing 
norepinephrine uptake. When (+)-norepinephrine was 
infused at  0.51 mcg./min. into the arterial supply of the 
spleen, 55 % of the infused amount was recovered in the 
venous effluent. The recovery for that of (-)-nor- 
epinephrine was only 34%. Results indicate a 66% 
accumulation of (-)-norepinephrine by spleen and only 
45 for (+)-norepinephrine. 


Greater accumulation of exogenous norepinephrine 
can be demonstrated in the tissues if endogenous norepi- 
nephrine is depleted by a suitable agent which does not 
drastically block or impair the storage mechanism. 
Mackenna (59) used prenylamine-treated rabbits to 
study the uptake of norepinephrine and epinephrine iso- 
mers. After injection of 0.41 mg./kg. i.m. of either iso- 
mer, as compared to (+)-isomers, the accumulation and 
retention of (-)-isomers in the heart were higher, with 
longer duration. Similarly, von Euler and Lishajko 
(60) investigated the uptake of catecholamines in rabbit 
hearts depleted by decaborane. When the (-)- and 
(+)-epinephrines were given with (-)-norepinephrine, 
simultaneously and in equal amounts, relative to the up- 
take of (-)-norepinephrine the uptake of (-))-epi- 
nephrine was 2-3 times greater than that of (+)- 
epinephrine. I t  is suggested that when isomers are taken 
up  in specific stores, the (-)- and (+)-isomers are 
released at  the same rate. 


The amine uptake in adrenergic nerve granules from 
bovine splenic nerves deserves special comment, since the 
study of specificity of uptake on such a simple system is 
more meaningful. The spontaneous depletion of endog- 
enous norepinephrine from bovine splenic nerve 
granules is prevented more by (-)-norepinephrine than 
by the (+)-isomer. The amine uptake is enhanced by 
adenosine 5’4riphosphate (ATP). I t  is concluded that 
uptake is stereoselective at  low concentrations (1 mcg./ 
ml.) for naturally occurring isomers of both norepi- 
nephrine and epinephrine (61). The“a%nity ratio,” (-)- 
norepinephrine-(+)-norepinephrine, is reported as  
5.9 : 1 (62). 


However, reuptake of spontaneously released norepi- 
nephrine from the surrounding medium previously dis- 
torted the calculations of the affinity ratio of norepi- 
nephrine isomers. Von Euler and Lbhajko (63) overcame 
this difficulty by studying &ha&iky ratio for uptake in 
the presence of potassium ferricyanide, an agent which 
continuously removes norepinephrine from the incuba- 
tion medium of adrenergic nerve granules. The mean 
value for the affinity ratio found by the new method was 
9.4. In the partially purified preparation of norepineph- 
rine storage granules from rat heart, Potter and Axelrod 
(64) tried to demonstrate the affinity differences between 
isomers of norepinephrine. However, the differences did 
not appear to be great or significant. 


Under proper conditions, condensation of formalde- 
hyde with tissue catecholamines produces green fluores- 
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cent adrenergic nerves. Reserpine pretreatment depletes 
norepinephrine and, hence, fluorescence disappears. It 
can be reinstituted in the nerves by a suitable catechol- 
amine. In catecholamine-depleted rat iris and salivary 
glands, after equal doses of either isomers of norepi- 
nephrine, an identical fluorescent intensity was observed 
in the nerves (65-67). Since the method is semiquantita- 
tive, small differences in the uptake might not have been 
detected. The optical isomers may differ in the rate of 
uptake and show identical accumulation at the end of a 
fixed time interval. On the other hand, it may be that the 
uptake mechanism in the rat iris and salivary gland and 
that in the heart are dissimilar. In his recent study, 
Iversen (68) was unable to observe differences between 
(-)- and (+)-isomers of amphetamine in regard to the 
affinity in the rat iris, but the same isomers showed a 20- 
fold difference in heart tissue. On this basis, he con- 
cluded that the uptake mechanism in two tissues from 
the same species may be different. 


Although (-)- and (+)-isomers of ( f )-erythro- 
levonordefrin are resolved, ( f )-pseudolevonordefrin or 
( * )-threo-levonordefrin are as yet unresolved. Hence, 
the question regarding stereospecificity of the levonorde- 
frin molecule for uptake and storage is only partly 
answered. Muscholl and Lindmar (69) compared the 
uptake and binding of (-)-levonordefrin and ( f )- 
threo-levonordefrin in the perfused rabbit heart. Like 
( -)-levonordefrin, (* )-threo-levonordefrin was readily 
taken up and retained by the heart with concomitant 
equivalent loss of norepinephrine. While initial uptake 
for (-)-levonordefrin, (f)-levonordefrin, and (f  )- 
threo-levonordefrin appeared to  be the same, their re- 
lease rates were different. Similarly, in the mouse heart 
at various times after injection of 20 mcg./kg. i.v. of 
(*)-thre~-~H-levonordefrin or either ( ~ ~ = ) - e r y t h r o - ~ H -  
levonordefrin, there was essentially equal uptake of both 
erythro- and threo-levonordefrin (70). But ( f )-threo- 
levonordefrin (half-life, 20 hr.) appeared to leave faster 
than the (zt)-erythro-form (half-life, 72 hr.). In the 
catecholamine-depleted rat iris, Patil and Jacobowitz 
(7 1) studied reinstitution of fluorescence caused by iso- 
mers of levonordefrin. It was observed that (-)- and 
(+)-levonordefrin produced equal fluorescence inten- 
sity, indicating possible equal affinity for uptake and/or 
storage sites. However, even higher doses of( f )-threo- 
levonordefrin failed to  produce fluorescence in the 
nerves. Thus, histochemical evidence in rat iris is against 
that found in the heart. As previcrusly stated, it is very 
likely that uptake characteristics are very different in the 
two tissues. 


Under the influence of the M A 0  inhibitor, nialamide, 
the release of labeled ( f )-erythro-levonordefrin from 
the mouse heart is not influenced, while (*)-threo- 
levonordefrin is virtually lost after 18 hr. (72). During 
the first 6 hr. after infusion, (f)-erythro-N-methyl- 
levonordefrin4 retained by the heart was lost with a half- 
time of 5 to  6 hr. Likewise, (&)-threo-N-methyl- 
levonordefrin was taken up by heart and spleen. How- 
ever, the concentrations did not decrease exponentially 
with time and the initial rates of loss were greater than 


a Cobefrin. 
4 or-Methylepinephrine or dihydroxyephedrine. 


those observed with ( f )-erythro-N-methyl-levonorde- 
frin (73,74). Histochemical work of Patil and Jacobo- 
witz (7 1) indicates that ( f ))-erythro-N-methyl-levonor- 
defrin restores the fluorescence in catecholamine-deple- 
ted rat iris: while ( f )-threo-N-methyl-levonordefrin 
does not. These findings are similar to those for (*)- 
erjthro- and ( * )-threo-levonordefrin. 


Shore and Alpers (75) developed a sensitive and spe- 
cific fluorometric method for the estimation of meta- 
raminol in tissues. Since chemical methods do not 
distinguish between optical isomers of metaraminol, it 
has provided a valuable tool for studying stereoselectiv- 
ity of these molecules. It was observed (76) that after 
injection of 50 mcg./kg. i.v. of either (-))-metaraminol, 
(+)-metaraminol, or ( f )-deoxymetaraminol, only (-)- 
metaraminol was retained in the rat heart for up to 24 
hr. The tissue concentration of (+)-metaramino1 and 
(*)-deoxymetaraminol fall sharply 10-15 min. after 
administration. Lack of accumulation of (-)-meta- 
raminol in immunosympathectomized animals in- 
dicated that accumulation of (-))-metaramino1 in 
normal animals was in sympathetic nerves only. Ilttra- 
cellular distribution of these agents in different fractions 
from the heart revealed that (-))-metaramino1 displaces 
heart norepinephrine and is significantly associated with 
particulate cell fraction, whereas ( f )-deoxymetaraminol 
neither depletes norepinephrine nor is associated sig- 
nificantly with cell particles. Although (+)-metaramino1 
does not deplete norepinephrine, it shows some associa- 
tion with cell particles (77). In uitro, rabbit heart slices 
also exhibit selective accumulation of (-))-metaramino1 
over (+)-metaramino1 or ( f ))-deoxymetaraminol. Pre- 
treatment of these slices with imipramine or ouabain 
markedly inhibited accumulation of both isomers of 
metaraminol (78). Reserpine pretreatment does not 
prevent accumulation of (-)- and (+)-metaraminol. 
But, combined treatment of reserpine and ouabain 
markedly prevents the accumulation of (-))-meta- 
raminol more than ouabain alone. A similar combination 
is not synergistic for prevention of the accumulation of 
(+)-metaraminol. On this basis, it is suggested that 
reserpine, perhaps by creating local ionic imbalance in 
the cell, allows ouabain to exert a greater effect on the 
local Na+-K+-ATPase-amine pump-linked mechanism 
which normally allows the (-)-form of catecholamine to 
be accumulated more rapidly than the (+)-form (79). 
Both in the normal and the reserpine-pretreated heart 
slices, the washout rate for amines is (f ))-deoxynketa- 
raminol > (+)-metaramino1 > (-)-metaraminol. 
However, amines are washed out more easily in the 
reserpine-prekeated animals (80). Using ( f )-rneta- 
r a m i n ~ l - ~ H ,  Lundborg (81) and Lundborg and Stitzel 
(82) elaborated on the stereoselectivity of (-)- and (+)- 
metaraminol in the different tissue fractions from mouse 
heart. The two isomers of metaraminol were able to 
displace ( f )-metaraminol- 3H from subcellular fractions 
of the mouse heart when given 15 min. after administra- 
tion of the labeled amine. The (-)-form was more effec- 
tive. If unlabeled isomers were given 24 hr. after (f)- 
metaraminoL3H, only the (-)-isomer was an effective 
agent. In the adrenal medullary granules, (-))-meta- 
raminol was more effective in preventing the uptake of 
(=k))-metaramin~l-~H than the (+)-form (83). 
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Table I-Release of 3H-Norepinephrine ( 3H-NE) from Mouse 
Hearts by Optical Isomers and Deoxy Derivatives of 
Sympathomimetic Agents 


3H-NE in 
-Heartb - 


Steric mg./kg. Con- De- 
Agent Structure S.C. trol pletion 


Dose,- Z Z 


(-)-Norepinephrine bitartrate 
(+)-Norepinephrine bitartrate 
Deoxynorepinephrine 
(-)-Epinephrine bitartrate 
(+)-Epinephrine bitartrate 
Deox yepinephrine 
( - )-Levonordefrin 
(+ )-Deoxylevonordefrin 


(methyldopamine) 
(-)-Metaramino1 bitartrate 
( f )-Deoxymetaraminol 


(a-methyl-m-tyramine) 
( -)-m-Octoparnine tartrate 


(m-tyramine) 
Norephedrine 
( - )-Deoxynorephedrine 
( +)-Deoxynorephedrine 
Phentermine 
Ephedrine HC1 
( +)-Pseudoephedrine 
( +)-Deoxyephedrine 
Mephentermine 


1R 2 . 5  33 67 .. ~~ ~. ~ ~~~ 


1s 2 . 5  57 43 
5 50 50 


1R 2 . 5  36 64 
- 


1s 2 . 5  62 38 
- 5 55 45 
1R 
- 


1R 
- 


1R 


? 
2R 
2 s  


? 
- 


1S,2R 
2R 


2 . 5  20 80 
5 39 61 


5 22 I8 
5 38 62 


10 34 66 
5 38 62 


10 68 32 
10 86 14 
10 58 42 
10 95 5 
10 91 9 
10 84 16 
10 62 38 
10 100 0 


Q Drugs were administered 60 min. after intravenous 3H-NE. b Two 
hours after drug administration. Data after Daly et al. (89). 


Histochemically, the accumulation of isomers of dopa 
has been studied in several tissues. The number of green 
fluorescent enterochromafinlike cells that could be 
induced by administration of the (+)-isomer of dopa 
was usually smaller than that after the (-)-isomer (84). 
The transport of amino acid into islet cells of the rat 
pancreas was selective, since accumulation of (+)-dopa 
could not be demonstrated histochemically even after 
pretreatment with nialamide. In contrast to this, fluores- 
cence developed in the exocrine cells, both after ad- 
ministration of (-)- and (+)-dopa (85, 86). Similarly, 
the parafollicular cells of mouse thyroid (87) and the 
endothelial cells in the capillaries of mouse brain (88) 
selectively accumulate the (-)-isomer of dopa. When the 
rat iris is incubated with (-)- or (+)-dopa, a marked 
diffused fluorescence is seen after (-)-dopa, while (+)- 
dopa is selectively accumulated in the iris capillarie~.~ 


STERIC STRUCTURE- ACTIVITY RELATIONSHIPS FOR 
RELEASE OR DEPLETION OF ENDOGENOUS AMlNES 


BY SYMPATHOMIMETIC AGENTS 


Tissue norepinephrine-depleting 'effects of certain 
isomers are described in the previous section. Many 
studies, which are summarized in this section, were 
designed for obtaining information regarding a struc- 
tural requirement for releasing biogenic amines. Daly et 
al. (89) investigated the norepinephrine-releasing po- 
tencies of a wide variety of sympathomimetic amines 
and related compounds. Endogenous cardiac norepi- 
nephrine was prelabeled with 5 pc. of (%)-norepi- 
ne~hrine-7-~H with a compound that caused loss of 
tritiated norepinephrine. Relative activities of some 
selected agents are presented in Table I. It is clear that 
monophenolic or diphenolic amines with 1R stereo- 


~ 


6 B. Hamberger and T. Malmfors, personal communication, 1969. 
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chemistry are better at depleting cardiac norepinephrine 
than are corresponding isomers with IS stereochemistry. 
Nonphenolic amines, in general, were very weak in de- 
pleting n0repinephrine-7-~H. (+)-Deoxynorephedrine 
appeared to  be a better depleting agent than (-))-deoxy- 
norephedrine. Because enzymes in biotransformation 
of these agents were not inhibited, it is open to  question 
whether observed differences between (+)- and (-)- 
deoxynorephedrine are valid. Loss of asymmetry by 
substitution of one more or-methyl group in deoxynore- 
phedrine and deoxyephedrine made molecules very 
weak in depleting cardiac 3H-norepinephrine. 


Shore (14) compared the norepinephrine-depleting 
activity of various sympathomimetic amines in which a 
limited number of optical isomers was included. 
Drugs were given intraperitoneally to rats; 3 hr. later 
the change in heart norepinephrine was measured. 
Drugs used were optical isomers of p-hydroxyamphet- 
amine, levonordefrin, and metaraminol. The structure- 
activity relationships showed again that ( -)-metara- 
minol (IR) in relatively low doses, 1 mg./kg., is the most 
effective in depleting cardiac catecholamines. Higher 
doses of deoxymetaraminol(l0 mg./kg.) were also effec- 
tive in lowering the tissue norepinephrine, but this 
activity was inhibited by benzyloxyamine, an inhibitor 
of dopamine-@-hydroxylase. 


In the isolated perfused rat heart, after labeling 
endogenous norepinephrine stores, release of tritiated 
norepinephrine by optical isomers of catecholamines 
was investigated by Nash et al. (90). The release rate for 
(-)-isomers of norepinephrine, epinephrine, and iso- 
proterenol was higher than for corresponding (+)- 
isomers. In uiuo, tyramine is rapidly converted to its 
P-hydroxylated product, octopamine. Carlsson and 
Waldeck (9 1) used this approach to study structure- 
activity relationships for release of 14C-octopamine that 
was formed from 14C-tyramine. Mice were injected with 
0.2 mg./kg. i.v. of 14C-tyramine. Fifteen minutes was 
allowed for conversion of 14C-tyramine to  14C-octop- 
amine. Various amines were injected, and after 15 min. 
the loss of 14C-octopamine from the heart was deter- 
mined. The steric structure-activity relationship for re- 
leasing 14C-octopamine is very similar to that for releas- 
ing norepinephrine. 


Availability of all four isomers of ephedrine enabled 
Abdallah et al. (17,92) to investigate the norepinephrine 
release by these agents. In the perfused rabbit heart, 
(-)-ephedrine is more effective in both the rate- 
accelerating effect and releasing the cardiac norepi- 
nephrine in the perfusate. However, a t  equivalent doses, 
(+)-ephedrine, (-))-pseudoephedrine, and (+)-pseudo- 
ephedrine released approximately the same amount of 
norepinephrine in perfusate, but their heart rate- 
accelerating effects were not the same. 


Recently, synthesis, resolution, and pharmacology of 
( =k )-threo-metaraminol and related agents have been 
carried out by Saari et al. (93), Torchiana et al. (44), 
Waldeck (94), and Carlsson et al. (95). (-)-&-Methyl- 
dopamine (deoxylevonordefrin) is approximately 3 times 
as potent as its (+)-form in causing norepinephrine 
depletion from mouse heart, while for similar effects 
(+)-or-methyl-m-tyramine is more active than its (-)- 
form. A reasonable and logical explanation for the 







higher norepinephrine-depleting effects of (+)-a- 
methyl-m-tyramine (deoxymetaraminol) is that this 
agent is converted to (-)-metaraminol, which is a very 
potent agent in depleting endogenous norepinephrine. 
The (-)-form may not undergo similar biotransforma- 
tion; in addition, the (-)-form might be inactive as 
such. The norepinephrine-depleting effects of the (-)- 
and (+)-forms of a-methyldopamine are quite opposite 
to those of isomers of a-methyl-m-tyramine. Under in 
uitro conditions when (+)-forms are incubated with 
semipurified dopamine-P-hydroxylase from bovine 
adrenal medulla, the corresponding (-)-forms of amine 
metabolites [namely (-)-levonordefrin from (+)-me- 
methyldopamine and ( -))-metaramino1 from (+)-a- 
methyl-m-tyramine] can be obtained. The (-)-forms 
of both a-methyldopamine and a-methyl-m-tyramine 
failed to yield corresponding P-hydroxylated products. 
This indicates that marked norepinephrine-depleting 
effect of (-))-a-methyldopamine might be caused by the 
parent molecule itself. Furthermore, it is probable that 
dopamine-P-hydroxylase is also inhibited by this agent. 
However, exogenous administration of ( =k)-threo- 
levonordefrin can cause dose-dependent reduction of 
cardiac norepinephrine, with a concomitant fall of blood 
pressure in rats (96). As compared to (=k)-threo- 
levonordefrin, ( =t )-threo-metaraminol appears to be 
much less active in depleting cardiac norepinephrine 
from the heart. 


So far, only a limited number of optical isomers have 
been studied. Validity of any structure-activity relation- 
ship can only be studied by investigating structurally 
similar isomers on one system under well-controlled 
experiments. Norepinephrine depletion should not only 
be studied at equimolar doses but at a dose which will 
cause equivalent depletion or release. The former 
criterion is easier than the latter one. 


INHIBITION OF UPTAKE 


Several drugs are known to inhibit the uptake of 
exogenous norepinephrine into the sympathetic nerve 
endings. In the isolated perfused rat heart, Burgen and 
Iversen (97) made a systematic study of chemical struc- 
ture of sympathomimetic amines and its relationship to  
inhibition of ( f )- 14C-norepinephrine uptake. Similarly, 
in the perfused rabbit heart, Muscholl and Weber (98) 
studied the inhibition of uptake of levonordefrin by 
some sympathomimetic amines. The following gener- 
alizations can be made regarding steric structure-action 
relationships: (a)  In phenolic amines, deoxy derivatives 
are more potent than their corresponding (-)-isomers 
which are in turn more potent than (+)-isomers. (b)  
In nonphenolic amines such as ephedrine and norephe- 
drine, deoxy derivatives are also more potent than (-)- 
isomers. But in the latter case, the situation is 
complicated by two asymmetric carbons. ( c )  (+)-Deoxy- 
norephedrine is about 20 times more potent in inhibiting 
norepinephrine uptake than that of (-)-deoxynorephe- 
drine. (d) (+)-Norpseudoephedrine is more potent 
than either ( - )-norephedrine or (+)-deoxynorephe- 
drine (Table 11). Ross and Renyi (99) investigated effects 
of a series of amines on accumulation of (h)-norepineph- 
r i r~e-~H in cortex slices from mouse brain. As in the 


Table IL-Inhibition of Norepinephrine Uptake by Sympathomi- 
metic Amines in the Rat Isolated Heart 


Relative 
Steric Inhibi- 
Con- tion of 


Agent figuration M Uptakeb 


Phenethylamine - 


(+)-Norepinephrine 1s 
Deoxynorepinephrine - 


(&)-Epinephrine - 
Deoxyepinephrine - 


(& )-Levonordefrin - 
(+)-Deoxylevonordefrin - 


(-)-Norepinephrine 1R 


(-)-Epinephrine 1R 


( - )-Levonordefrin 1R,2S 


(methyldopamine) 
( -)-Metaramino1 1R,2S 
(-)-Ephedrine 1R,2S 
( +)-Deoxyephedrine 2s  
Mephentermine - 
( +)-Deoxynorephedrine 2s 
(-)-Deoxynorephedrine 2R 


1.1 x 10-6 1.00 
2.7 X 4.07 
1.4 x lo-& 0.78 
1.7 X lo-’ 6.50 
1.0 x 10-6 1.10 
1 . 4  X 0.78 
7.6 X 1.45 


4.2 X 10-7 2.60 


7 . 6  X lo-* 14.40 


2.0 x 10-7 5 .50  


1 .8  x 10-7 6.10 


2.2 X 0.50 
6.7 X 1.65 
1.0 x 10-6 1.10 
1.8 x lo-’ 6.10 
3.7 X 1W6 0.30 


~ 


,Z Drug concentration producing 50% inhibition of norepinephrine 
uptake. * Relative inhibition = (ID50 of phenethylamine)/(lDao of 
drug). Data in part taken from Burgen and Iversen (97). 


heart, uptake of tritiated norepinephrine resembles that 
of the enzymatic reaction according to  Michaelis- 
Menton. In a concentration-dependent manner, various 
sympathomimetic amines prevented accumulation of 
tritiated norepinephrine in brain slices. However, the 
slopes of these dose-response curves varied considerably. 
Isomers, (-) and (+), of metaraminol exhibited distinct 
differences; the (-)-form was more potent. At the 
Iowest concentration,O. 1 mcg./ml. of( -)-norepinephrine 
and (*))-norepinephrine, the inhibition of uptake was 
identical. This possibly indicates that (-)- and (+)- 
isomers of norepinephrine may not differ in preventing 
accumulation of tritiated norepinephrine. It is difficult 
to understand why isomers of metaraminol continue to 
exhibit stereospecificity a t  various concentrations while 
isomers of norepinephrine, amphetamine, and nor- 
phenylephrine did not differ in this respect. 


Independently and simultaneously, Thoenen el al. 
(100) and Ross et al. (101) have observed that tissue ac- 
cumulation of labeled nonphenolic agents such as 
amphetamine, norephedrine, and phenylethanolamine 
are not influenced by cocaine. They have suggested that 
tissue accumulation of nonphenolic amines is a function 
of their physical-chemical properties, while that of 
monophenolic or diphenolic amines is a function of the 
hydroxyl group. These studies suggest that some pre- 
cautions are needed in comparing uptake inhibition by 
phenolic and nonphenolic amines. It is reasonable to 
compare activity of (-)- and (+)-isomers on any single 
parameter because their physical-chemical properties 
are identical. However, to make any generalizations 
regarding steric structure-activity, a study of a large 
number of antimeric pairs of both phenolic and non- 
phenolic amines is required. 


IMPLICATIONS OF UPTAKE, STORAGE, INHIBITION OF 
UPTAKE, AND RELEASE OF ADRENERGIC DRUGS 


Endogenously released or exogenously administered 
(-)-norepinephrine is mainly inactivated by rapid up- 
take into the adrenergic nerve endings. (+)-Norepineph- 
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Figure l-Stereoselective potentiation of isomers of levonordefrin 
by cocaine ( 5  mg./kg. i .v.)  in the spinal cat. Data in part obtained 
from Tye et al. (109). 


rine has very little affinity for both uptake and storage 
site (see Inhibition of Uptake). The physiologic implica- 
tions of these findings are reflected in the transmitter 
economy. The naturally occurring (-)-norepinephrine 
and (-)-epinephrine are most efficiently utilized. One 
important concept that has emerged from the study of 
uptake and storage mechanisms is the concept of “false 
neurochemical transmitters.” It is possible to substitute 
a molecule which is weaker than the natural neuro- 
hormone in activating pharmacologic receptors. These 
agents have proved to be very valuable substances in the 
treatment of hypertension. The classical example is that 
of a-methyldopa. The biotransformation and the 
formation of the false neurochemical transmitter are dis- 
cussed in the previous section. 


Because of modern instrumentation and laboratory 
facilities, many research projects are being carried out at 
a much faster rate than they were 20-30 years ago. There 
is also no doubt that many recent studies are better 
designed than before; however, it is of historical im- 
portance to comment on early reports concerning optical 
isomers of various adrenergic drugs. Tainter (102) and 
Luduena et al. (103) reported that pressor effects of 
isomers of norepinephrine and epinephrine were po- 
tentiated by cocaine. On the other hand, pressor effects 
of (+)-levonordefrin and (+)-phenylephrine were un- 
affected or desensitized by cocaine (104, 105). The in- 
testinal smooth muscle of an unanesthetized dog is re- 
laxed by (-)-norepinephrine and ( -)-epinephrine. 
This effect was potentiated by cocaine, while that of 
(+)-isomers was unaffected or slightly antagonized by 
cocaine (106). 


Trendelenburg (107) and Trendelenburg et al. (108) 
studied sensitization by cocaine for (-)- and (+)- 
isomers of norepinephrine and epinephrine. The cat 
nictitating membrane effect caused by (-)-isomers was 
sensitized more than the corresponding (+)-isomers. 
Independently, Tye et al. (109) also investigated the 
influence of cocaine on the isomers of norepinephrine, 
epinephrine, levonordefrin, and phenylephrine. In 
both normal and catecholaniine-depleted cats, the nic- 
titating membrane and blood pressure effects of (-)-iso- 
mers were sensitized by cocaine. When studied simi- 
larly, the effects of (+)-isomers were less sensitized or 
desensitized. Unequal potentiation of optical isomers 
was explained on the basis of previously reported un- 


equal rates of uptake of these agents into the adrenergic 
neurone. In terms of the structure-activity relation- 
ship, it is clear that 1 R stereochemistry is necessary for 
stereoselective or stereospecific sensitization by cocaine. 
However, the role of the 0-hydroxyl group becomes sec- 
ondary, if the molecule is heavily substitutedon nitrogen. 
(-))-Isomoterenol has 1R stereochemistry at Clbut is not 
potentiated by cocaine. Draskbczy and Trendelenburg 
(1 10) found that over the wide range of concentrations, 
(-)- or (+)-norepinephrine is removed from perfusate 
by the heart a t  approximately equal rates. In the same 
tissue, however, cocaine did produce marked stereo- 
specific supersensitivity in favor of the (-)-isomer. 
Since perfused rabbit heart did not exhibit stereo- 
specific uptake and since cocaine did not potentiate 
(+)-norepinephrine, they proposed that the lack of 
potentiation of (+)-norepinephrine by cocaine is caused 
by low potency of this isomer, which exerts pharma- 
cological effects only in concentrations that saturate the 
uptake mechanism. The effect of cocaine becomes 
negligible when the uptake site is saturated (1 11). It was 
also demonstrated that in the lower concentration, (+)- 
norepinephrine, whieh caused little effect, markedly 
potentiated the positive inotropic effects of the (-)- 
isomer. According to these observations, the stereo- 
specificity of the sensitizing effect of cocaine can no 
longer be ascribed to differences in the rate of uptake of 
the isomers. Seidehamel et al. (1 12) selected dopamine in 
an attempt to determine the importance of the posi- 
tional role of the P-hydroxyl group. This agent is 
structurally similar to norepinephrine, except it lacks the 
@-hydroxyl group. The sensitization of the nictitating 
membrane to these agents produced by cocaine has the 
following sequence: (-)-norepinephrine > dopamine = 
(+)-norepinephrine. West et al. (1 13) also attempted to 
explain the unequal potentiation by cocaine of (-)- 
and (+)-isomers of norepinephrine, metaraminol, and 
octopamine in relation to degree of uptake. Cocaine- 
induced supersensitivity in atria and the rate of uptake 
occurred in a diminishing fashion : (-)-norepinephrine 
> (+)-norepinephrine > (-)-metaramino1 > (-)- 
octopamine > (+)-metaramino1 > (+)-octopamine. 
Here, again, saturation of uptake rather than rates of 
uptake might be an important factor in explaining the 
rank order. Desipramine, a cocainelike agent, is reported 
to produce stereoselective sensitization crf norepineph- 
rine isomers on rat vas deferens (1 14). Two other agents, 
namely prenylamine (1 15) and a,a’-bis(dimethy1am- 
moniumacetddehyde diethylacetal) -p,p’ - diacetylbi- 
phenykrsmide (DMAE), also behave like cocaine 
(1 16). These agents markedly potentiate pressor effects 
of (-)-norepinephrine and produce little or no poten- 
tiation of (+)-norepinephrine. In anesthetized cat nic- 
titating membrane, after the administration of DMAE 
or cocaine, Wong and Long (116) did not observe a 
stereospecific sensitization for (-)- and (+)-epineph- 
rine. Thus, it appears that stereospecific or stereo- 
selective sensitization after cocaine or cocainelike agents 
would be best demonstrated in an antimer which ex- 
hibits high isomeric ratio in activation of pharmacologic 
receptors, as well as high affinity difference for uptake 
sites [e.g., (-)- a nd (+)-isomers of levonordefrin] 
(Fig. 1). As compared to other antimers, the isomeric 
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ratio and difference in uptake for (-)- and (+)- 
epinephrine are small. Hence, it may be difficult to 
obtain a clearcut separation by sensitizing effects of one 
isomer over another. 


Before leaving this section, it should be emphasized 
that stereoselective potentiation of norepinephrine 
isomers by a given agent should not be taken as a 
criterion for cocainelike effects. A ganglionic blocker, 
mecylamine, which does not resemble cocaine in any 
respect, also causes stereoselective potentiation of 
norepinephrine isomers (1 17) (Fig. 2). 


Various drug treatments and surgical procedures are 
known to produce supersensitivity to certain sym- 
pathomimetic agents. For further information, readers 
are referred to an excellent review on this subject (118). 
Surgical removal of sympathetic ganglia causes degen- 
eration of postganglionic fibers. A few days after the 
procedure, there is a marked loss of transmitter. The 
end organ continues to develop a supersensitivity, at 
least until the 28th postoperative day (1 19). Denervation 
supersensitivity has two components: (a) cocainelike 
and (b)  nonspecific, such as described for decentraliza- 
tion. With any agent that interferes with the release of 
the neurotransmitter, the end organ develops a super- 
sensitivity which is more like that produced by surgical 
decentralization. Chronic treatment with reserpine 
produces a decentralization type of supersensitivity. 


The idea of utilizing optical isomers of sympatho- 
mimetic amines to study supersensitivity caused by de- 
nervation can be traced to as early as 1939 (120). 
However, it was only after the role of these agents for 
uptake, binding, and release had been clarified that they 
became useful tools for analysis of various types of 
supersensitivities. Trendelenburg (107) reported that 7 
days after excision of the superior cervical ganglia of a 
cat, the denervated nictitating membrane was nearly 100 
times more sensitive to (-)-norepinephrine than the 
corresponding normal side of the same animal. The 
sensitivity to (+)-norepinephrine, on the other hand, 
increased only by a factor of 3.5. Soon after this, it was 
realized that the variable tone of the denervated nictitat- 
ing membrane of the spinal cat, determined under ether, 
complicates the accurate estimation of supersensitivities 
(121). Seidehamel et al. (122), therefore, studied the 
various types of supersensitivities in both normal spinal 
cat as well as preparations in which tone of the nictitat- 
ing membrane was reduced to a relatively stable level by 
acute treatment with reserpine. It was concluded that 
supersensitivities caused by decentralization and chronic 
treatment with reserpine cause stereoselective potentia- 
tion in favor of (-)-norepinephrine. However, denerva- 
tion supersensitivity appeared to be nonstereo- 
selective, because both isomers of norepinephrine were 
equally sensitized by this procedure. The role of COMT 
becomes important when uptake mechanism is lost. 
Thus, during the investigation of stereoselectivity and 
nonstereoselectivity of denervation supersensitivity, the 
enzyme COMT should be inhibited by a stable enzyme 
inhibitor like tropolone. Langer et al. (119) re- 
ported equal sensitizing effects of dopamine and 
(+)-norepinephrine. Green and Fleming (1 23) observed 
that denervated cat spleen in uitro produced three- to 
fourfold potentiation of (-)-norepinephrine, while that 
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Figure 2-Stereoselective potentiation of isomers of tiorepinepliritie 
(NE)  by mecamylamine (3-min. incubation). Isolated rat uas de- 
ferens was the test organ, Vertical lines are SEM. Data from Patil 
et al. (117). Key: -, control; - - -, with mecamylamine, 3 X lo-' 
M ; 0, (-)-NE: andO, (+) -NE.  n = 8. 
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of (+)-isomer was slightly desensitized. The super- 
sensitivity resulting from chronic reserpine treatment 
could not be demonstrated in this tissue. Failure to 
demonstrate such a sensitivity in uitro was attributed to 
the isolational procedural stress. From these reports it 
appears that the whole problem of change in the activity 
of optical isomers of norepinephrine in relation to 
denervation supersensitivity deserves reinvestigation 
under well-controlled experimental conditions. After 
denervation, if there is a qualitative change in a- 
adrenergic receptors ( ie . ,  change in the configuration), it 
should be reflected in isomeric ratios of norepinephrine. 
Hence, the isomeric ratio after denervation should be 
different from that in the normal tissue after administra- 
tion of cocaine (124). 


After a series of well-controlled experiments in 
reserpine-pretreated spinal cat, Trendelenburg (1 25) 
reported an interesting finding with (-)- and (+)- 
isomers of norepinephrine. During nerve stimulation, 
after equieffective doses of isomers of norepinephrine, 
the nictitating membrane effects of (-)-norepinephrine 
were potentiated more than those of the (+)-isomer. 
These observations were explained on the basis that 
during nerve stimulation, injected (-)-norepinephrine is 
immediately available for release. The (+)-isomer has 
less affinity for the uptake site and, therefore, will not 
be stored. Hence, no potentiation will result. 


Many sympathomimetic amines and related agents 
inhibit the uptake of norepinephrine into the sym- 
pathetic nerve endings. This implies that relatively more 
concentration of norepinephrine will then be available 
for activation of pharmacologic receptors. Since various 
sympathomimetic amines displayed varying inhibition 
of uptake of norepinephrine (97), it was anticipated that 
different sympathomimetic amines should produce 
varying potentiation of norepinephrine effects. In the 
isolated rat vas deferens, Swamy et al. (126) studied 
potentiation of (-)-norepinephrine by (+)- and (-)- 
amphetamine. At all concentrations, 10-7-10-5 M ,  of 
amphetamine, the potentiation of exogenous norepi- 
nephrine was identical. In the presence of amphetamine, 
responses to the effects of endogenously released norepi- 
nephrine can be potentiated. Day (127) carried out ex- 
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periments on the isolated guinea pig vas deferens. The 
effects of (+)-, (-)-, and (+)-amphetamine were com- 
pared on the maximal response to sympathetic nerve 
stimulation over the frequency range 2-50 pulses/sec., 
using both pre- and postganglionic stimulation. It was 
found that both optical isomers and racemic mixture 
produced identical results. Thus, it appears that on vas 
deferens, isomers of amphetamine produce identical 
potentiation of exogenous or endogenous norepineph- 
rine. 


Swamy et al. (128) used a systematic pharmacologic 
approach to define some stereochemical characteristics 
of uptake site. An assumption was made that potentia- 
tion of exogenous norepinephrine is a faithful reflection 
of the ability of molecules to inhibit the uptake of nor- 
epinephrine. Only metabolioally stable a-methylated 
amines were selected. Two isolated tissues from rat, vas 
deferens and right atria, were used to study the poten- 
tiating abilities of these agents. On both tissues at rela- 
tively low concentrations, M ,  these drugs produced 
a potentiation of exogenous norepinephrine. The iso- 
mers were ranked according to their abilities to potentiate 
norepinephrine. In the isolated rat vas deferens, there 
was not a clearcut separation of steric structure and 
ability to potentiate norepinephrine. (-)-Metaraminol, 
which has the highest affinity for uptake site in the heart, 
was ranked 20th on the vas deferens. (-)-Amphetamine, 
which has a poor affinity for uptake, was ranked first. 
Rat vas deferens contains mainly a-adrenergic receptors. 
A given sympathomimetic amine can compete for both 
uptake and direct a-adrenergic receptors. If a given agent 
has higher affinity for both uptake and direct sites, then 
observed potentiation may not be a true reflection of the 
amine to inhibit uptake. In other words, norepinephrine, 
which is spared, will not produce its full effect on a- 
adrenergic receptors which might be occupied by the 
amine. In the isolated rat atria, which mainly contains p- 
adrenergic receptors, the isomers of various amines ex- 
hibited distinct stereochemical differences: (a)  (-)- 
metaraminol ranked first in 20 agents tested; (b) (-)- 
isomers of norephedrine, ephedrine, and metaraminol 
ranked higher than their corresponding (+)-isomers; 
and (c) deoxy derivatives, such as a-methyl-m-tyramine, 
a-methyldopamine, amphetamine, and methamphet- 
amine, ranked higher than their corresponding p-hy- 
droxylated (+)-isomers. Thus, if potentiation is the 
faithful reflection of ability of an amine to inhibit uptake 
of (-)-norepinephrine, the obvious conclusion is that 
uptake characteristics differ in rat vas deferens as com- 
pared to atria. This view would be consistent with a re- 
cent report by Iversen (68). 


As early as 1923, Gottlieb (129) studied the optical 
isomers of cocaine for local anesthetic activity. But a 
complete steric structure-activity of the cocaine molecule 
for inhibition of norepinephrine uptake is yet to be 
defined. Synthesis and/or resolution of these agents 
appear to be the main task. Schmidt et al. (130) in- 
vestigated central and peripheral effects of (-)-cocaine 
and (+)-pseudococaine. Only (-)-cocaine was effective 
in both, producing central sympathetic stimulation and 
potentiating epinephrine. It can be concluded from these 
experiments that (+)-pseudococaine might not be an 
effective inhibitor of epinephrine uptake. However, 


(-)-cocaine and (+)-pseudococaine have identical local 
anesthetic properties. This indicates that inhibition of 
uptake and local anesthetic effects may not be causally 
related. (-)-Norepinephrine-potentiating activity of 
close structural analogs of cocaine, tropacocaine, and 
pseudotropacocaine was investigated on the isolated rat 
vas deferens (1 3 1). Pseudotropacocaine appeared to be 
slightly more active than tropacocaine. Both of these 
agents were only 1/30th-l/100th as active as (-)- 
cocaine. The effects of tyramine were affected differ- 
ently. A large body of evidence indicates that cocaine, 
norepinephrine, and tyramine compete for the same site 
at the adrenergic nerve endings. As expected, effects of 
norepinephrine were equally shifted by cocaine to the 
left and right, respectively. However, tropacocaine and 
pseudotropacocaine did not affect norepinephrine and 
tyramine response to an equal degree. Tropacocaine 
caused a slight shift of norepinephrine responses to the 
left. On the other hand, the same concentration of 
tropacocaine markedly shifted the effects of tyramine to 
the right with reduction in maxima. Pseudotropacocaine 
did not affect tyramine at all, but the effect of norepi- 
nephrine was slightly potentiated. These results indicate 
that a noncompetitive interaction of tropacocaine and 
pseudotropacocaine with receptors in the adrenergic 
nerves cannot be excluded. 


Because of two asymmetric centers, the antidepressant 
drug methylphenidate can be exhibited in four stereo- 
isomeric forms. Clinically, only the (+)-threo-form is 
used. The (A)-erythro-form is devoid of central effects. 
Buckner et al. (132) evaluated comparative peripheral 
effects of (+)-erythro- and (+)-threo-forms of methyl- 
phenidate. On the rat vas deferens in potentiating (-)- 
norepinephrine at equiactive concentrations, ( + )- 
erythro-methylphenidate has 1/300th the activity as that 
of the ( =t )-threo-form. A histochemical technique dem- 
onstrated that in rat iris the (+)-threo-form markedly 
inhibited uptake of levonordefrin while the ( *)-erythro- 
form was without effect. Implications of these findings 
are that if CNS stimulant effects are causally related to  
inhibition of uptake of norepinephrine, a greater po- 
tency of ( +)-threo-methylphenidate over that of the 
( =t)-erythro-form explains its higher CNS stimulant 
activity. The absolute configurations, methylphenidates, 
pipradrols, and pheniramines, have been determined 
recently (133). 


MECHANISM OF ACTION OF “INDIRECTLY” ACTING 


CORRESPONDING DEOXY DERIVATIVES 
6-HYDROXYLATED (+)-ISOMERS AND THEIR 


Muscholl ( 5 )  has pointed out that “indirectly” acting 
amines not only cause release of stored norepinephrine 
but also cause inhibition of reuptake of released nor- 
epinephrine. Previously, Patil et al. (20) observed that in 
the normal vas deferens, indirectly acting deoxy deriva- 
tives always produced a greater magnitude of pharma- 
cologic effects than their corresponding p-hydroxylated 
(+)-isomers. For example, deoxylevonordefrin (a- 
methyldopamine) produced greater effects than (+)- 
levonordefrin. These results were explained on the 
basis that deoxy derivatives enter the intraneuronal 
stores at a faster rate and displace the stored norepine- 
phrine at a faster rate than the corresponding p-hydrox- 
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ylated (+)-isomer. An incorrectly oriented alcoholic 
hydroxyl group in (+)-isomer was believed to  cause 
hindrance in uptake of these agents. However, it can 
be argued that both deoxy derivative and(+)-isomer are 
taken up at an equal degree and displace equal amounts 
of norepinephrine. The higher activity of deoxy deriv- 
atives then can be explained by greater inhibition of 
reuptake by the agent. The lower activity of the (+)- 
isomer is caused by its ability to inhibit the reuptake of 
released norepinephrine. 


A series of experiments was done to test the cocaine- 
like effect of indirectly acting agents in the reserpine- 
pretreated rat vas deferens. The concentrations of deoxy 
derivative and (+)-isomer were the same as those in 
which they exhibit unequal pharmacological effects on 
the normal tissue. The deoxy derivative and correspond- 
ing (+)-isomer were tested on the contralateral vas 
deferens of the same reserpine-pretreated rat. It was ob- 
served that the deoxy derivative and corresponding 
(+)-isomer caused equal potentiation of exogenous 
norepinephrine (134). These observations strengthen the 
original suggestion that in the rat vas deferens greater 
indirect effects of the deoxy derivative over the cor- 
responding (+)-isomer is caused by either faster uptake 
of the agent and/or faster displacement of norepi- 
nephrine. The (+)-isomer possibly lacks both effects. 
This hypothesis is illustrated in Fig. 3. 


Since tissue accumulation of nonphenolic amines is 
not affected by cocaine (100, lOl), a very basic question 
was raised. “Do all indirectly acting agents release the 
stored norepinephrine by the same mechanism?’’ Experi- 
ments were designed on the rat vas deferens to seek the 
answer. A group of phenolic and nonphenolic amines 
was selected. From previous studies (20), it was also 
known that certain indirectly acting amines produce 
different maximal effects. To get some clue regarding 
similarity and dissimilarity of closely related indirectly 
acting agents, their maximal effects were superimposed. 
Phenolic amines and nonphenolic amines did show dis- 
similar behavior. Thus, the results support the hy- 
pothesis that all indirectly acting agents do not act by the 
same mechanism. 


PHARMACOLOGICAL EFFECTS OF OPTICAL 
ISOMERS OF ADRENERGIC DRIJGS- 
a- AND P-ADRENERGIC AGONISTS 


Great credit should go to Cushny (135-137) for 
his pharmacologic studies on the optical isomers of 
various substances. He has carefully documented earlier 
reports concerning optical isomers of many naturally 
occurring substances (135). Soon after the presence of 
the epinephrine was demonstrated in adrenal medulla, 
Cushny (136) examined the pressor effects of naturally 
occurring (-)-epinephrine and synthetic (*)-epi- 
nephrine in the anesthetized dog. The (*)-epinephrine 
was one-half as active as (-)-epinephrine. From these 
experiments, it became evident that optical isomers of 
epinephrine showed selectivity in pharmacologic effects. 
In the following year, 1909, Cushny (137) compared 
individual (-)- and (+)-isomers of epinephrine. He 
found that the (+)-isomer was 1/12th-I/15th as active 
as (-)-isomer in raising blood pressure. 
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Figure 3-illustration of a possible cause of low activity of (+)-iso- 
mers when compared with the corresponding deoxy derivatives. Since 
exogenous norepinephrine (0) is equally pofentiated by %directly” 
acting (+)-isomers and their corresponding deoxy derivatives, the 
inhibition of reuptake of endogenously liberated neurohormo!:e 
may be the same for both agents. Thus, higher rate of neuronal up- 
take andlor increase in the basic release mechanism may be the cause 
for higher amplitude of contraction of deoxy derivative over that 0s 
(+)-isomer. In (+)-isomers the OH-group may be incorrectly 
oriented with respect to transport mechanisms, and the rate of 
transport, therefore, is slower than that of the corresponding deoxy 
derivative where such a group is absent. R = H, R’ = OH, R” = CHa, 
RIII = CH,. Reproduced, with permission, from Patil et al., Arch. 
Int. Pharmacodyn. Ther., 189, 32(1969), and St. Catherine Press, 
Rrugge, Belgium. 


The single most important contribution in explaining 
the behavior of optical isomers toward the specific phar- 
macologic receptors came from the reports of Easson 
and Stedman (138). The theory was proposed that in an 
asymmetric molecule like (-)-epinephrine, three of the 
four groups linked to the asymmetric carbon are con- 
cerned in the attachment with the receptor. These groups 
are: (a) the basic nitrogen; (b) the aromatic group (with 
rn- and p-hydroxyl groups which determine the intensity 
of attachment); and (c) the alcoholic hydroxyl group. In 
the (+)-isomer, since the alcoholic hydroxyl group is 
oriented in the wrong position, only two-point interac- 
tion is expected. This view was strengthened by 
the fact that deoxyepinephrine, which lacks the 
alcoholic hydroxyl group, is equiactive with (+)- 
epinephrine. This theory was elaborated by Blaschko 
(139) and Beckett (140). It can be illustrated as shown in 
Fig. 4. On guinea pig ileum, Wilson (141) tested (-)- 
epinephrine and (+)-epinephrine. According to this 
theory, the (-)-isomer was more active than the (+)- 
isomer and epinine was equiactive to (+)-epinephrine. 
However, Badger (142) collected the results from a 
number of reports and pointed out that in many cases 
the activity of deoxy derivatives and (+)-isomers was 
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Figure &Suggested interactions of optical isomers of epinephrine and deoxyepinephrine with adrenergic receptors [ufrer Easson and Stedman 
(238), Belleau (199), anddeckett (14U)I. According to Easson and Stedman, the correct orientation of the 8-hydroxyl group of (-)-isomer re- 
sulis in higher activity while incorrect orientation of this group in (+)-isomer or the luck of the group in deoxy derivative would result in lesser 
but equal intemity of effect. In other words, (+)-isomer acts as if the /3-hydroxyl group is missing (140). 


not in harmony with the Easson-Stedman hypothesis. 
For many years, Badger's argument against the theory 
remained unanswered. 


In the meantime, the concept of directly and in- 
directly acting amines has been widely accepted. Patil 
er aZ. (20, 143) selected a series of (-)- and (+)-' isomers 
and their deoxy derivatives of sympathomimetic amines 
in order to test the Easson-Stedman hypothesis. Vas 
deferens from normal as well as reserpine-pretreated 
rats were used for the experiments. On the normal vas 
deferens, the (-)-isomer was always more active than 
the (+)-isomer, but many corresponding deoxy deriva- 
tives were more active than (+)-isomers. When the 
endogenous norepinephrine in the vas deferens was 
depleted by reserpine treatment, a very interesting result 
was obtained. The (-)-isomers retained their higher 
activity, as in normal tissue, but many (+)-isomers and 
corresponding deoxy derivatives appeared to have large, 
unequal, indirect components of action. Both the (+)- 
isomer and the deoxy derivative were equiactive in the 
reserpine-pretreated tissues. Results are illustrated in 
Fig. 5 .  In other words, in catecholamine-depleted tis- 
sues, results were in harmony with the Easson-Stedman 
hypothesis. These observations suggest that the hypothe- 
sis holds true for sites of direct action only (a- or (I- 
adrenergic). 


From this study, another question emerged. When 
catecholamine stores are intact, why are deoxy deriva- 
tives more active than the (+)-isomers? A possible 
explanation is that in (+)-isomers, orientation of the 
P-hydroxyl group is such that it may cause hindrance of 
transfer from extraneuronal sites to intraneuronal sites, 
thereby liberating lesser amounts of neurohormone at 
slower rates. With the deoxy amines, which lack the 
6-hydroxyl group, there is no such hindrance to transfer 
and these amines will be taken up by the storage site 
more easily and produce greater pharmacologic effects 
because of a faster rate of release of neurohormone. 
(This view is discussed and illustrated in a previous sec- 
tion.) Even in viuo systems, after depletion of catechol- 
amines, (+)-isomers, and their deoxy derivatives, appear 
to produce equal pharmacologic effects (16, 144, 145). 
Dopamine causes biphasic or vasodepressor response in 
the anesthetized rabbit. Under similar conditions, (+)- 
norepinephrine produces a pressor effect. It was 


anticipated that a similar activity difference could be 
detected on the rabbit aorta. Although the shapes of the 
dose-response curves of (+)-norepinephrine and dop- 
amine were slightly different, the EDjo values were 
similar (146). (-)-Norepinephrine causes relaxation of 
the rat fundus strip. Both (+)-norepinephrine and dop- 
amine have some 1/250th the activity of (-)-norepi- 
nephrine.6 The activities of (+)-norepinephrine and 
deoxynorepinephrine are identical, indicating a possible 
similar interaction of these drugs as suggested by Easson 
and Stedman. Furthermore, this theory holds true for 
the drug effects on skeletal muscle (147). 


By use of isomers of norepinephrine, an attempt has 
been made to characterize the nature of the receptor 
material. Because cell walls are composed of phospho- 
lipids, it is implied that these lipids might be involved in 
the transport of drug in the adrenergic neurone or in the 
interaction of drugs at the pharmacologic receptors. For 
the in uitro system, isomers of norepinephrine failed to 
show differences in their interaction with lecithin (148). 
This is in contrast to the well-known stereoselectivity of 
the pharmacologic receptors. Failure of an in uitro system 
to demonstrate a difference should not be taken as 
evidence against the implication of phospholipids as the 
receptor material. 


On the basis of similar patterns of potency of agonists 
and dissociation constants of antagonists, Furchgott 
(1 8) suggested that a-adrenergic receptors in rabbit 
aorta, muscle from the corpus of the stomach, and 
duodenum appear to be of a single type. This suggestion 
can be reexamined on the basis of activity ratio of optical 
isomers and the activity ratio of (+)-isomers and the 
deoxy derivative. If a-adrenergic receptors are identical 
in different tissues under proper conditions, one should 
obtain a similar isomeric potency ratio in all these tis- 
sues (124). Furthermore, if the Easson-Stedman hy- 
pothesis is true for interaction of agonists with a-adren- 
ergic receptors, the activity of (+)-isomers and deoxy 
derivatives should be identical. Data in Table I11 are ob- 
tained from different reports, because the criteria for 
obtaining an isomeric ratio for antimers of norepine- 
phrine are relatively constant. 


6 J. R.  Vane, personal communication, 1969. 
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Fortunately, the isomeric ratios for isomers of nor- 
epinephrine from seven different test preparations con- 
taining mainly a-adrenergic receptors were readily 
available. In tissues which contain a high density of 
adrenergic nerves, the isomeric ratio for norepinephrine 
should be compared in the presence of cocaine. It can be 
seen from Table I11 that within the limits of experi- 
mental error, the isomeric ratios for norepinephrine 
isomers are approximately equal. Furthermore, the 
activities of (+)-norepinephrine and deoxynorepi- 
nephrine were approximately equal. On the basis of this 
data, new experiments were designed to test the validity 
of this concept. It was observed that after block of up- 
take by cocaine, isomeric ratios of norepinephrine on 
rat vas deferens, seminal vesicles, rabbit aorta, ileum, 
and spleen are equal (151). Since stereoselectivity is one 
of the best established properties of receptors, determi- 
nation of isomeric ratios should provide an excellent 
criterion to differentiate the receptors. It seems probable, 
therefore, that the a-adrenergic receptors in all of the 
mentioned tissues are of a single type. The suggestion by 
van Rossum (149) regarding different types of a- 
adrenergic receptors in different tissues appears less 
tenable. 


Conversely, if P-adrenergic receptors are of dissimilar 
types, the isomeric potency ratio of a given pair of 
isomers in different tissues containing 0-adrenergic re- 
ceptors should be different (124). The isomeric ratios 
between (-)- and (+)-norepinephrine for rate-acceler- 
ating effects in atria from cat, dog, rabbit, and guinea 
pig are 60, 10, 10, and 30, respectively? Different iso- 
meric ratios from different species, at least in part, 
might be a reflection of unequal density of adrenergic 
enervation. Unfortunately, the effects of isomeric 
potency ratios are only available from two tissues, heart 
and bronchioles (Table IV). 


7 J. R. Blinks, personal communication, 1969. 


Blinks (155) investigated (-)- and (+)-isomers of 
norepinephrine, epinephrine, and isoproterenol and 
their deoxy analogs, dopamine, epinine, and deoxy- 
isoproterenol, respectively. Even in the tissues contain- 
ing @-adrenergic receptors, guinea pig atria, the results 
were in accordance with the Easson-Stedman hypothesis. 
Deoxyisoproterenol and (+)-isoproterenol are equi- 
potent weak agonists of 0-adrenergic receptors. Both of 
these agents also have an identical a-adrenergic receptor 
blocking activity (1 56, 157). Similarity of interactions of 
(-)-, (+)-, and their deoxy derivative in tissue contain- 
ing both a- and @-adrenergic receptors suggests that 
many molecular features of these sites must be similar. 
The dissimilarity between a- and P-adrenergic receptors 
becomes apparent when effects of (-)- and (+)- 
levonordefrin and (+)-deoxylevonordefrin are examined 
on both of the adrenergic receptors. (+)-Deoxylevonor- 
defrin and (+)-levonordefrin are equiactive on the reser- 
pine-pretreated rat vas deferens; while on the guinea pig 
trachea, (+)-deoxylevonordefrin is far more active 
than (+)-levonordefrin (7 1). 


Apart from these observations, some qualitative 
differences between deoxy derivatives and (+)-isomers 
have been reported. Evidence suggests that there may be 
receptors for initiation of renal vasodilation which are 
affected by dopamine (deoxynorepinephrine). The renal 
vasodilatory effects of dopamine are not blocked by any 
classical antagonist, while those of (+)-norepinephrine 
are blocked (158). Similarly, it appears from the report 
of van Rossum (149) that deoxysynephrine causes 
stimulation of the rabbit jejunum, while (+)-synephrine 
causes inhibition. On any given tissue, the deoxy deriva- 
tive and (+)-norepinephrine may interact identically 
with pharmacologic receptors, as suggested by Easson 
and Stedman; but if only the deoxy derivative liberates 
other substances such as histamine or serotonin, then the 
observed activity difference of (+)-isomer and the 
deoxy derivative may not appear equal. 
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Table 111-Relative Activities of Optical Isomers of Norepineph- 
rine (NE) and Deoxynorepinephrine (Dopamine) on Various 
Tissues which Mainly Contain a-Adrenergic Receptors 


Approximate 
-Ratioa- 
(+I- (+I- 
NE NE ~~ ~~ _ _ _ _  
(-)- Deoxy Reference 


Test Parameter Procedure NE NE No. 


Cat blood pres- 


Cat nictitating 
membrane 


sure 


Cat spleen 


Rabbit aorta 
Rabbit jejunum 
Rat vas deferens 


Normal 
Reserpine* 
Cocaine 
Normal 
Reserpineb 
Denervation 


Cocaine (R)b 
Chronic 


reserpinec 
Normal 
Cocaine (R)& 
Normal 
Normal 
Normal 
Reserpineb 
Desipramine 


(R)b 


40 1 
47 1 
60 
8 1  
8 1  


128 3 


80 1 
58 1 


2 -  
65 - 
42 1 
64 10 
5 1  
5 1  


50 - 


109, 122, 
150 


109,112, 
122 


123 


146 
149 
20 


143 
114 


Q A dose that will cause equivalent effect was selected as a criterion 
for calculation of dose ratio. b Reserpine, 3-5 mg./kg. i.p., was used 
to deplete catecholamine. c Reserpine, 0.1 mg./kg./day for 14 days. 


Reuter and Wollert (I  59) studied the effects of isomers 
of some sympathomimetic amines on contractility and 
45Ca-uptake in isolated guinea pig atria. As compared to 
(+)-isomers, (-)-isomers of epinephrine and synephrine 
were more potent in producing contractility and influx 
of 45Ca. It was concluded that increase of Ca-influx 
during excitation is responsible for the positive inotropic 
effects of these agents. If there is a transport system at 
the site of pharmacologic receptors, it seems likely that 
calcium is required in transport of these amines at the 
receptors for the effect; and since (-)-isomers are more 
effective than (+)-isomers, it seems possible that calcium 
and a correctly oriented alcoholic hydroxyl group 
together with basic nitrogen can form a chelate that is to  
be transported more effectively. The role of divalent 
metals and their chelates in relation to pharmacologic 
effects of sympathomimetic amines and their optical 
isomers should provide an interesting chapter on future 


Table IV-Isomeric Ratios of Optical Isomers of Some 
Sympathomimetic Amines on Tissues Containing Mainly 
p- Adrenergic Receptorsa 


--Approx. (+)/( -) Ratio-- 
Perfused Guinea 


Isomer 


Pig Lung 
Rabbit Heart (Broncho- 


(Rate) dilatation) 


1500 > 800 (- )-Isoproterenol 
(- )-Isoproterenol 
(-)-Epinephrine 
(+)-Epinephrine 110 45 


60 70 (-)-Norepinephrine 
(+)-Norepinephrine . -  


2600 > 3000 


> 10 


(- j-Levonordefrin 
(+ j-Levonordefrin 
( - )-Phenylephrine 
(+)-Phenylephrine 


- 


aData condensed from Brown and Lands (152), Luduena and 
Snyder (153), and Luduena et nl. (1954). 
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Table V-Relative Pressor Activity of (-)- and (+)-Isomers of 
Nonphenolic Sympathomimetic Amines 


--Pressor Effects-- Refer- 
Isomeric ence 


Isomer Ratio of Activity Ratio No. 


(-)-Ephedrine 
(+)-Ephedrine 
( +)-Pseudoep hedrine 
( - )-Pseudoephedrine 
( -) -Norephedrine 
(+)-Norephedrine 
(-)-Norpseudoephedrine 
(+)-Norpseudoephedrine 
( - )-Deoxyephedrine 
( +)-Deoxyephedrine 
( - >Deoxynorephedrine 
(+)-Deoxynorephedrine 
( - )-Phenylethanolamine 
( +)-Phenylethanolamine 
( -)-N-Methylphen- 


ethanolamine 
(+)-N-Methylphen- 


ethanolamine 
( - )-Cyclohexyliso- 


propylamine 
( +)-Cyclohexyliso- 


propy lamine 
( - )-Cinnamylephedrine 
( +)-Cinnamylephedrine 


1 (pithed cat) 
0 . 3  
1 (pithed cat) 
<o. 1 
1 . O  (pithed dog) 
0.68 
1 .0  (pithed dog) 
0.87 
1 .0  (pithed dog) 
0.71 
1.0 (dog) 
0.71 
1 . 0  (dog) 
0 . 3  
1 


0.25 


1.0 (dog) 


0.5 


1 . Oa (cat) 
0 .  5a 


3 


> 10 


<2 


1 


1 


1 


3 


4 


2 


2 


163 


163 


164 


164 


164 


164 


165 


166 


167 


168 


a Fall in the blood pressure. 


developments in understanding the basic mechanisms of 
drug action. The possible role of metals in the transport 
of norepinephrine has been discussed by Colburn and 
Maas (160, 161). 


OPTICAL ISOMERS OF NONPHENOLIC AMINES 


Since the discovery of ephedrine, many closely related 
amines have been synthesized and tested for sympatho- 
mimetic effects. In early days, the main interest in non- 
phenolic amines was caused by their central stimulant 
and prolonged pressor effects. The classical work of 
Badger and Dale (162) describes pressor activity of 
many structurally similar amines. Along with these 
developments, the optical isomers of some nonphenolic 
amines were also investigated. Many earlier studies were 
semiquantitative. Hence, an attempt to obtain a co- 
herent summary except for blood pressure effects was a 
failure. A short report regarding the pressor effects of 
the isomers is presented in Table V. The pressor effects 
of nonphenolic amines are now recognized as being 
mediated through the release of catecholamines from the 
sympathetic nerve endings. Readers interested in earlier 
studies regarding optical isomers of nonphenolic amines 
are urged to read other reports (169-174). 


Among nonphenolic amines, the ephedrine isomers 
present a unique opportunity to study steric structure- 
activity relationships. Although heart rate and pressor 
effects of naturally occurring (-)-ephedrine were 
considered as mixed actions, the investigation of all four 
isomers of ephedrine revealed that this property is not 
shared by (+)-ephedrine, and for (+)-pseudoephedrine 
was mainly “indirect” through the release of endogenous 
norepinephrine( 16). De Meyts and Cession-Fossion (175) 
extended these observations in rats, that pressor effects of 
(-)-ephedrine were direct as well as indirect while those 







of (+)-pseudoephedrine were mainly indirect. Fifty 
milligrams per kilogram, i.p., of (-)-ephedrine caused a 
significant decrease in myocardial catecholamines in 
rats, while under similar conditions (+)-pseudo- 
ephedrine was inactive. Both (-)-ephedrine and (+)- 
pseudoephedrine did not influence adrenal catechol- 
amines. Light et al. (176) examined the vascular effects 
of ephedrine isomers in dogs. The intraarterial injection 
of (-)-ephedrine reduced the blood supply to all vas- 
cular beds studied, in contrast to the dilation produced 
by (- )-pseudoephedrine. Renal and vertebral arterial 
flows were increased and the carotid flow decreased by 
the (+)-isomers of both ephedrine and pseudoephe- 
drine. Limb flow increased by (+)-ephedrine but de- 
creased by the (+)-pseudoephedrine. These vascular 
effects probably indicate the indirect or direct activation 
of either a- or P-adrenergic receptors. 


The pattern of the indirect pharmacologic activity of 
all four ephedrine isomers in the rat vas deferens ap- 
pears as (-)-ephedrine > (+)-ephedrine 3 (+)-pseudo- 
ephedrine >> (-)-pseudoephedrine. The pattern of the 
potentiation of exogenous norepinephrine by these 
agents in the reserpine-pretreated tissues also appears to 
be the same (Table VI). On the isolated rabbit aorta, 
(-)-ephedrine produces a marked contractile effect 
while other isomers produce little or no effect (177). 


(-)-Ephedrine was introduced in therapeutics as a 
bronchodilator drug (178) and has been widely used as 
such. Tye et al. (179) investigated the effects of ephedrine 
isomers on tracheal smooth muscle of guinea pig. All 
isomers appear to be partial agonists and (-)-ephedrine 
and (-)-pseudoephedrine were mainly direct acting, the 
smooth muscle relaxant effects of (+)-ephedrine and 
(+)-pseudoephedrine were considerably reduced by 
reserpine-pretreatment. Propranolol, a P-adrenergic 
blocker, reduced the effects of all isomers. Ephedrines 
were studied in the presence of tone induced by metha- 
choline. Muscle relaxant effects, therefore, may partly be 
attributed to competition of ephedrine molecules with 
that of methacholine.* 


Pendular movements of rabbit ileum are inhibited 
only by (-)-ephedrine; the other three isomers produce 
little or no effect and are antagonistic to the a-adren- 
ergic inhibitory effects of (-)-norepinephrine. The 
stereospecificity in such antagonism is not very marked. 
For example, (+)-ephedrine and (-)-pseudoephedrine 
vary considerably in steric structure, but produce 
similar antagonistic effects to (-)-norepinephrine 
(1 8 1). (- )-Phenylethanolamine produces inhibition of 
the rabbit ileum. (+)-Phenylethanolamine and the deoxy 
derivative, phenethylamine, do not have intrinsic 
activity, but both agents produce an equal antagonism 
to norepinephrine effects (1 82). These observations are 
consistent with the Easson-Stedman hypothesis (138). 


LaPidus et al. (183) pointed out the stereochemical 
similarities between (-)-ephedrine and (-)-pseudo- 
ephedrine. In both of these molecules, the functional 
groups, the phenyl ring, /?-hydroxyl group, and the 
amino group could fit the same three points on a hypo- 
thetical receptor. In the anesthetized cat, the pressor and 
nictitating membrane effects of (-)-ephedrine were 


Table VI-Effects of “Indirectly” Acting Ephedrine Isomers on the 
Normal Vas Deferens and the Potentiation of Norepinephrine 
Responses by the Same Agents in the Reserpine-Pretreated Tissues 


Reserpine-Pretrea ted 
Vas Deferens Re- 


sponse to 3 x lo-’ 
M Norepinephrine 
in the Presence of 


Normal Vas 10-5 M of the 
Deferens,a ---Drugc--- 


-Contractionb- z 
Isomer 10-6M /id Contraction” nd 


~~~~ ~ 


(-)-Ephedrine 25(i=4) a 49(* 5 )  10 
(+)-Ephedrine 11(=t2) a 20(+3) 10 
(+)-Pseudo- s (+2) a 26(*4) 10 


ephedrine 


ephedrine 
(-)-Pseudo- 0 a S ( I 1 )  10 


= Data taken from Patil et al. (20). * With reference to maximal re- 
sponse to norepinephrine = 100. c Incubation time 3 min. d Number 
of observations. 8 With reference to maximal response to 3 X 10-4 M 
norepinephrine after the procedure = 100. Data taken from Patil and 
Pate1 (180). 


promptly terminated by (-))-pseudoephedrine. The pre- 
treatment of an animal with (-)-pseudoephedrine can 
also prevent the effects of (-)-ephedrine (177). How- 
ever, the antagonism by (-)-pseudoephedrine can be 
extended to other indirectly acting amines such as 
amphetamine and tyramine. The antagonism between 
(-)-ephedrine and (-)-pseudoephedrine on the cat 
nictitating membrane or blood pressure may even be 
physiological. 


Because the pattern of effects of ephedrine isomers 
varies so greatly from one tissue to another, Kier (184) 
postulated a pattern of complementary features which 
represent the a-adrenergic receptor that is activated by 
ephedrine isomers. Molecular orbital calculations were 
used to map a-adrenergic receptors. These calculations 
present an interesting theoretical approach which would 
gain more recognition if the hypothesis were tested over 
a wide variety of related molecules and by some experi- 
mental means. 


Several attempts were made to synthesize the ephe- 
drinelike molecules with a rigid structure. Yelnosky 
and Katz (185) reported a sympathomimetic action of 
cis-2-amino-4-methyl-5-phenyl-2-oxazoline. Compari- 
son of the structure of this agent with that of ephedrine 
illustrates a marked similarity in the functional groups. 
The pharmacological effects are also similar to ephe- 
drine’s. Meyer et al. (186) synthesized norephedrine 
homologs, 2-aminotetralol, with a rigid molecular 
structure. Like norephedrine, this agent could exist in 
four possible isomers: (+), (-)-cis-form and (+), (-)- 
trans-form. Only the cis-form was effective as a pressor 
agent. (+)-cis-2-Aminotetralol was about 5 times as 
active as (-)-cis-2-aminotetralol. The arrangement of 
functional groups in (+)-cis-2-aminotetralol was 
claimed to be like that in the most active form of 
norephedrine. It should be emphasized that higher 
pressor potency of these two agents reflects their possible 
catecholamine-releasing effects. Smissman and Chap- 
pel1 (1 87) reported on conformationally rigid derivatives 
of ephedrine. Pharmacological testing on the isolated rat 
vas deferens revealed that there were no intrinsic 
effects from all of the agents. However, in lop4 M con- 
centrations, effects of exogenous norepinephrine were 8 R .  F .  Furchgott, personal communication, 1969. 
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potentiated. This potentiation indicates that these 
agents possibly interact with uptake sites. Bulky sub- 
stituents possibly retard the catecholamine-releasing 
activity which is seen in the parent ephedrine molecules. 
It would be interesting to synthesize and test the con- 
formationally rigid analogs of catecholamines such as 
norepinephrine and epinephrine. 


TACHYPHYLAXIS (ACUTE TOLERANCE) 


It is outside the scope of this report to review various 
theories or explanations for tachyphylaxis. Only work 
pertinent to the optical isomers will be referred to. In  the 
early years, tachyphylaxis to the sympathomimetic 
amines, such as ephedrine or amphetamine was said to be 
caused by receptor saturation (188). But when the vari- 
ous sites such as uptake, binding, and direct 
action were known, it was important to explain the 
phenomenon of tachyphylaxis in relation to these sites. 
Abdallah et al. (17) studied tachyphylaxis to the 
ephedrine isomers in the perfused rabbit heart and found 
that under identical experimental conditions, the rate of 
development of tachyphylaxis varied with the isomers. 
(-)-Ephedrine was the most potent tachyphylactic 
isomer studied. The correlation between norepinephrine 
recovered in the perfusate and loss of chronotropic effect 
was not parallel. None of the isomers significantly in- 
fluenced the total cardiac norepinephrine. In ujuo, at 
“equipressor” doses, the tachyphylactic tendencies for 
ephedrine isomers were (+)-pseudoephedrine > (+)- 
ephedrine > (-)-ephedrine (16), which is the reverse of 
the ranking observed in uitro. This ranking might be 
caused by differing disposal rates for the ephedrine 
isomers in uiuo; but since cardiovascular reflexes may so 
greatly influence blood pressure, comparisons between 
in uiit’o and in vivo data are difficult to  make. There are 
some doubts regarding participation of adrenal medulla 
during ephedrine tachyphylaxis (189). However, in an 
anesthetized cat, pretreatment with a total of 6 mg./kg. of 
N,N-diisopropyl urea, N‘-isoamyl urea, and N’-diethyl- 
aminoethyl urea (P. 286), a specific adrenal medullary 
blocker. did not influence the pressor effects or the tachy- 
phylactic effects caused by ephedrine isomers (190). If a 
given indirectly acting amine has a greater affinity for the 
uptake sites and is not washed off the tissue during perfu- 
sion, it may inhibit its own uptake during subsequent 
injections. This inhibition will result in a reduced dis- 
placement of catecholamines from storage sites and a 
consequent diminishing of tissue response. Similar sug- 
gestions have been made earlier by Blaschko (191) and 
Fawaz and Simaan (192). In other words, different rates 
of development of tachyphylaxis may be indicative of 
an amine’s ability to prevent its own uptake into the 
sympathetic nerve endings. 


Hanna (193) and Harvey et al. (194) found that the 
tachyphylactic tendenciesof amphetamine isomers on dog 
blood pressure and on rabbit aortic strips were the same 
for both isomers. The major structural difference be- 
tween amphetamine and ephedrine is that the latter 
possesses an alcoholic hydroxyl group. The different 
rates of development of tachyphylaxis observed with 
ephedrine isomers in this study may well depend on the 
orientation of this group. (+)-Pseudoephedrine, a 
threo-isomer, appeared to be less tachyphylactic than 


(-)-ephedrine and (+)-ephedrine, which are both 
erythro-isomers. Lindmar et al. (74) have reported that 
(+))-pseudo dihydroxyephedrine, a threo-form, is washed 
off the heart more easily than ( +)-dihydroxyephedrine, 
an erythro-form. (+)-Pseudoephedrine’s lack of tachy- 
phylactic power then may well be caused by its threo- 
conformation which allows it to be more easily washed 
off. These observations lead to the conclusion that the 
relative orientation of the P-hydroxyl group and the 
a-methyl group must be of critical importance in the 
development of tachyphylaxis in the ephedrine isomers. 


Hornykiewicz and Obenaus (195) elaborated on some 
of the previous observations regarding tachyphylaxis to 
direct acting amines. In the anesthetized rats, infusion of 
large amounts of (+)-epinephrine, (+)-norepinephrine, 
epinine, and (-)- or (+)-phenylephrine induces tachy- 
phylaxis to vasopressor effects of (-)-epinephrine, (-)- 
norepinephrine, and tetraethylammonium. The tachy- 
phylactic potency of the amines was (-)-phenylephrine 
> epinine > (+)-norepinephrine = (+)-epinephrine > 
(+)-phenylephrine. Other peripheral effects of (-)-iso- 
proterenol and (-)-epinephrine were also reduced by 
infusion of (+)-epinephrine. From these results, it 
was concluded that tachyphylaxis could result from 
saturation of a- or P-adrenergic receptors by less 
active isomers of catecholamines and related agents. In 
the isolated heart of uenu mercenaria, (- )-norepi- 
nephrine produces negative inotropic effects. The repeti- 
tion of the same dose produces tachyphylaxis. Optical 
isomers of amphetamine and ephedrine can prevent the 
tachyphylactic effects caused by (-)-norepinephrine. 
(-)-Ephedrine was found to be more potent than (+)- 
ephedrine, and (+)-amphetamine was found to be more 
potent than (-)-amphetamine (196, 197). 


Thus, it appears that sympathomimetic amines can 
produce tachyphylaxis by the following mechanism or 
combination of the following mechanisms: (a) depletion 
of small available stores of norepinephrine; (b)  inhibi- 
tion of their own uptake by neuronal membrane; ( c )  
saturation of a- and/or P-adrenergic receptors; and (d)  
slow excretion or metabolic disposition. The optical 
isomers of sympathomimetic amines provide a good tool 
for exploring various mechanisms of sympathomimetic 
amines. 


a-ADRENERGIC BLOCKERS 


At present, very little information is available regard- 
ing steric aspects of the reversible competitive antagonist 
of a-adrenergic receptors. Therefore, our knowledge re- 
garding a-adrenergic receptor antagonists is derived 
solely from irreversible blockers. Nickerson (198) sug- 
gested that in the case of P-haloalkylamines, the develop- 
ment of a stable drug receptor bond can be related 
directly to the chemical reactivity of ethylenimium 
intermediate formed at physiological pH. Belleau (199) 
later introduced a concept of isosterism. He suggested a 
similarity of interaction of (-)-norepinephrine and 
ethylenimium ion from N-(2-~hloroethyl)dibenzylamine 
at the a-adrenergic receptor. I t  is of interest to note 
that the suggested interaction of agonist, ( -)-noradren- 
aline, with the a-adrenergic receptor is essentially the 
same as that postulated by Easson and Stedman (138). 
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Belleau and Triggle (200) synthesized and resolved two 
optical isomers of N,N-dimethyl-p-chlorophenethyl- 
amine. 


Equipotent antiadrenaline effects of the two isomeric 
forms of N,N-dimethyl-p-chlorophenethylamine indicate 
a possible common reactive symmetric molecular species 
at adrenergic receptors (Scheme IIIa). Similarly, cis- and 
tvtms-isomers of N-methyl-N-(2’-phenoxycyclopentyl)- 
2-chloroethylamine yield similar reactive molecular spe- 
cies, and hence they are approximately equipotent with 
respect to the reactive a-adrenergic site (Scheme IIIb) 
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merliyl-N-(2‘-pheno.uycyclopentyI)-2-chloroethylambte, respecticely . 
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(201). There are several thought-provoking reviews 
available on this subject (202-205). 


8-ADRENERGIC BLOCKERS 


Since the introduction of dichloroisoproterenol as an 
antagonist to the inhibitory effects of catecholamines, a 
number of structurally related chemicals have been 
synthesized and tested for p-adrenergic blocking proper- 
ties. All of those agents which produced significant p- 
adrenergic blockade have asymmetric carbon or 
carbons. The optical isomers of dichloroisoproterenol 
(206), pronethalol (206, 207), propranolol (208-21 l), 


methoxamine and its derivatives (15, 19, 212), INPEA 
(213-215), a-methyl-INPEA (216), sotalol (19, 217), 
butedrine (218-221), and H56/28 (222) have been syn- 
thesized, resolved, and tested for pharmacologic activity. 
The chemical structure a i d  P-adrenergic blocking prup- 
erties are summarized in Table VII. Examination of data 
in Table VII reveals that all potent p-blockers markedly 
resemble the agonists (-))-isoproterenol. The points of 
similarities are: (a) substitution on the phenyl ring; (b) 
alkyl substitution on the nitrogen; and ( c )  alcoholic 
group in correct stereochemistry with the receptor (1R 
or D-configuration). The stereochemistry of the alcoholic 
hydroxyl is the same as that in (-))-isoproterenol. 
This structural requirement implies that p-adrenergic 
blockers are relatively more specific in  their attachment 
to the &receptor than a-adrenergic antagonists to the 
a-receptors. However, there is a marked similarity 
between interaction of a- and P-adrenergic agonists with 
their respective receptors. Substitution of the methyl 
group adjacent to the carbon-carrying alcoholic hy- 
droxyl group can hinder the effective interaction of 
agonist or antagonists with the receptor. For example, 
(-))-pseudobutoxamine fulfills all the structural re- 
quirements for a p-adrenergic blocker, but it does not 
appear to block p-adrenergic receptors. A very interest- 
ing study on the conformational aspects of the ephe- 
drine isomers has been carried out by Portoghese (223). 
He states that: “It appears significant that (-)-ephedrine 
is the only isomer which possesses both 1R configuration 
and the C-methyl group which projects above the plane of 
phenethylamine moiety. The (-)-pseudoephedrine also 
possesses the 1 R stereochemistry necessary for direct 
action, but the C-methyl group is oriented below the 
plane. It is conceivable that the methyl group in the 
latter isomer -kkders effective interaction with the 
receptor.” In terms of this conformational analysis 
of ephedrine isomers, it becomes apparent why 
(-)-ephedrine blocks 0-adrenergic receptor and (-)- 
pseudoisomer does not. Similar explanations may hold 
true for the isomers of methoxamine, isopropylmethox- 
amine, butoxamine, and a-methyl-INPEA in which 
there are two asymmetric centers like those in the 
ephedrine molecule. The actual conformations of these 
molecules at the receptors are not yet known. Butedrine 
also has two asymmetric centers, but the methyl sub- 
stitution is very remote from that of the important func- 
tional alcoholic hydroxyl group. As a consequence, it 
does not appear to influence the interaction of the 
alcoholic hydroxyl group with the p-adrenergic re- 
ceptor. Butedrine lR,  3R and lR, 3s are almost equi- 
active. 


(-)-Propranolol is more potent in antagonizing iso- 
proterenol-induced tachycardia while its (+)-isomer is 
much Iess active. The deoxy analog of propranolol is 
approximately as active as (+)-propranolol(208). Thus, 
0-adrenergic blockers are in line with Easson and Sted- 
man’s suggestions regarding interactions of asymmetric 
molecules with the receptors. However, many exceptions 
appear to have emerged, particularly when a given 
molecule has more- tfian one asymmetric center in 
which the nonfunctional group may hinder the attach- 
ment of functional groups to receptors. The location of 
adrenergic receptors in tissue is not known. If P- 
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Table VII-Isomeric Activity Ratio of 8-Adrenergic Blockers 


Name PA2 Isomeric Ratio Lhemical structure 
CH,O 


( -)-Methoxamine 6 . 3 0  


4 .37  


77. 
CH30 OH CH, 


OCH, 
CH,O 


( +)-Methoxamine 


( f )-Deoxymethoxamine 5.09 


( - )-Isopropylmethoxamine 6 . 5 3  


> 11OOa 


( +)-Isopropylrmethoxamine < 3 . 5 0  


(+)-Deoxyisopropylmethoxamine 4.85 


( -)-Butoxamhe 7.20 


( +)-Butoxamhe <4.0 


(=!=)-Pseudobutoxamine <4.0 


( - )-INPEA 6 . 5 0  


OH ' 1 9 0 ~  


(+)-INPEA 


(-)-Sotalol 


4.22 


6 . 8 0  


(+)-Sotalol 


Deoxysotalol 


5.15 


3.88 


7 . 3 0  


5.20 


8.50 


(&)-Pronethalo1 


( +)-Pronethalo1 


(+)-Propranolol 


> 120a 


> low 
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Table VII-Conrinued 
~ 


Isomeric Ratio Chemical Structure Name PA2 


HIC=CH 
I 


H?C=CH 
I 


( +)-Propranolol 6.50 


(->H56/28 - 


(+)-H56/28 - 


(-)-Butedrine 1R,3R 


(+)-Butedrine 1S,3R 


(+)-Butedrine 1R,3S 


(+)-Butedrine 1S,3S 


7 . 8 5  


<6.00 


6.70 


< 5 .  50d 


> 70' 


>15b 


a On guinea pig trachea (15, 19). b On guinea pig atria for heart rate (222). c In anesthetized cat for heart rate (221). d Causes marked cardiac de- 
pression (220). 


receptors are inside the cell and if there is another 
transport system at the sites of direct action, then it 
becomes of primary importance to establish a struc- 
tural requirement for such a system before the Easson- 
Stedman theory can be rejected. 


Different types of @-receptors complicate interpreta- 
tion of structure-activity study from one tissue to an- 
other (224, 225). Substitution of -CH, group on a- 
carbon is known to decrease ability of molecules to 
block P-receptors in the heart. The /3-adrenergic re- 
ceptors in the skeletal muscle are classified as Type &. 
Tremors of skeletal muscles produced by infusion of 
catecholamines in man are blocked by (*)-propranolol 
but are unchanged by (+)-propranolol (226). Whether 
all these @receptors are different or whether the effects 
are due merely to physical-chemical properties of /3- 
blockers is not known. 


In addition to blocking P-adrenergic receptors, many 
of these blockers produce direct myocardial depression. 
Levy and his colleagues (227-230) attempted to correlate 
the physical-chemical properties with the cardiac effects 
of various @-blockers and their isomers. However, there 
appears to be no simple relationship between in uitro 
P-adrenergic blocking action and myocardial depressant 
effects. 


On the other hand, the inhibition of Ca++ uptake in 
cardiac sarcoplasmic reticulum fractions by (-)- and 


(+)-propranolol correlates with their ability to decrease 
cardiac contractility (23 1). 


Recently, Serrano and Hardman (232) suggested that 
a nonionized form of the drug might be essential for the 
production of P-adrenergic blockade. While this sug- 
gestion will require further proof, an interesting experi- 
ment could be made by testing (-)- and (+)-isomers of 
0-adrenergic blockers. Since pKa values of (-)- and 
(+)-isomers are identical, regardless of change in pH, 
the relative number of nonionized forms of both drugs 
should be the same. This would indicate that the differ- 
ence in pharmacological activity between (-)- and (+)- 
isomers should remain the same at different pH values. 


An attempt has been made to characterize the nature 
of the 8-adrenergic receptor in the guinea pig atria (233). 
A potent and long-acting /3-blocker, propranolol, was 
used as a tool to tag the receptors. However, uptake of 
the less active (+)-propranolol was the same as that of 
the more potent racemate or (-)-isomer. This nonspe- 
cific uptake indicates that the antagonist was largely 
bound to nonspecific sites and that the amount of antag- 
onist bound to the specific sites must be very small. 
Thus: attempts to identify the pharmacologic receptors 
have achieved limited success. 


Because of their antiarrhythmic effect, there has been 
considerable clinical interest in @-adrenergic blockers. 
However, the mechanism of antiarrhythmic action of 
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these drugs is complicated by their local anesthetic, 
“quinidinelike,” and @-adrenergic blocking effects. 
Results clearly indicate that adrenergically induced 
cardiac arrhythmias can be promptly terminated by low 
doses of (-)-isomers of @-adrenergic blocker. On the 
other hand, much higher and nearly equivalent doses of 
both (-)- and (+)-isomers of @-adrenergic blockers are 
required to  prevent or prolong the cardiac arrhythmia 
induced by ouabain (234-241). Posttetanic potentiation 
of cat soleus is equally depressed by optical isomers of 
the /3-blocker. On this basis, Standaert et al. (242) sug- 
gested that termination of digitalis-induced arrhythmia 
might be a neural phenomenon. In the guinea pig, 
when arrhythmias were produced by infusion of oua- 
bain, Dohadwalla er al. (243) showed that (&)-propran- 
0101 is slightly more effective than (+)-propranolol. 
They attributed this unequal antiarrhythmic effect to the 
unequal @-adrenergic blocking property and not to the 
local anesthetic effect. Stickney and Lucchesi (244) elab- 
orated on the ventricular arrhythmias elicited in dogs by 
central administration of acetylstrophanthidin. Racemic 
propranolol, but not (+)-propranolol, attenuated the 
arrhythmias caused by the glycoside. 


Some @-adrenergic blockers are known to have a 
hypotensive effect in man. Kelliher and Buckley (245) 
studied the possible mechanism of this hypotensive 
effect. When administered directly into the left lateral 
ventricle of cat, both (+)- and (*)-propranolol pro- 
duced nearly equal hypotensive effects. It was conclud- 
ed that the central hypotensive effect is independent of 
P-adrenergic blockade. T h  study should be extended 
to  the other optical isomers which are not local anesthet- 
ics. Furthermore, prevention of adrenergically in- 
duced arrhythmias may not necessarily be relatedto local 
anesthetic effects of @-blockers. For example, (-)- 
sotalol lacks local anesthetic effect but is a very effective 
agent in preventing the adrenergically induced arrhyth- 
mia. The mechanism of termination of nonadrenergi- 
cally induced arrhythmia is yet to be clarified. Both the 
isomers of propranolol cause equal myocardial depres- 
sion and the local anesthetic effect is also identical. In 
order to separate local anesthetic effect from quinidine- 
like effect, the use of deoxypropranolol has been sug- 
gested by Ariens (246). Parmley and Brunwald (247) 
compared myocardial depressant and antiarrhythmic 
properties of (*)-propranolol, (+)-propranolol, and 
quinidine. Their study suggests that (+)-propranolol 
might be a very useful drug in the treatment of certain 
arrhythmias where @-adrenergic blockade is not desired. 
Quinidine lowers arterial blood pressure, while (+)- 
propranolol is without such a clinically undesired 
effect. 


Peripheral vascular effects of propranolol isomers 
have been studied in the anesthetized dog. Direct 
intracoronary injections of small doses, in the anes- 
thetized dog, of (+)-propranolol produces transitory 
reduction in coronary vascular resistance; under similar 
conditions, (-)-propranolol only increases coronary 
vascular resistance. This increased resistance may be a 
reflection of @-blocking effect of (-)-isomer (248). Both 
isomers of propranolol, when injected directly in the 
external ilia1 artery, increased blood flow through the 
artery to the same extent. This effect is, however, at- 


tributed to the local anesthetic effects of the agents 
(249). 


Studies on effects of isomers of adrenergic drugs on 
metabolic processes are relatively few. Isoproterenol is 
very potent in releasing free fatty acids in vitro from adi- 
pose tissue. The (+)/(-) isomeric ratio is approxi- 
mately 4000 (250). @-Adrenergic blockers competitively 
inhibit the free fatty acid mobilization stimulated by the 
adrenergic agents. (-)-Isomers of INPEA, isopropyl- 
methoxamine, and methoxamine are some 100 times 
more potent than their (+)-isomers (251-255). High 
concentrations of both (-)- and (+)-INPEA equally 
reduced the incorporation of labeled glucose in the fat 
cells. Thus, the phenomenon appears to be nonspecific 
and unrelated to  the @-adrenergic blockade (256). 


Any adrenergic drug with a basic chemical structure 
such as phenethylamine exhibits a variety of char- 
acteristic effects at adrenergic synapses. @-Adrenergic 
blockers are basically derivatives of phenethylamines. It 
is possible, therefore, that @-receptor antagonists can 
interact at the same two points (Sites A and B), as sug- 
gested for N-(2-chloroethyl)dibenzylamine, and can pro- 
tect a-receptors from the latter (Fig. 6). This two-point 
interaction would occur equally well with (-)- or (+)- 
isomers of @-antagonists, and thus the degree of stereo- 
selectivity in protection of a-receptors by @-receptor an- 
tagonists would not be marked (257). If 0-adrenergic 
blockers compete with norepinephrine for a-adrenergic 
receptors, these agents should shift the dose-response 
curve for norepinephrine to the right in a parallel 
fashion. Most agents, except isomers of H56/28, pro- 
duced a potentiation of the effects of exogenous nor- 
epinephrine and shifted the curve to the left. This para- 
doxical observation can be explained by differential inter- 
play between two main factors operative at sympathetic 
neurones: (a) inhibition of uptake, and (b) competition at 
a-adrenergic receptors. Whenever effects of norepi- 
nephrine are potentiated by a given blocker, the optical 
isomers do not differ in this respect. It indicates that 
inhibition of uptake of norepinephrine by (-)- and 
(+)-isomers of @-blocker must be similar. Results from 
biochemical studies tend to support this notion. Either 
in the adrenergic nerve granule or in the perfused heart, 
inhibition of uptake of exogenous norepinephrine or 
epinephrine by (-)- and (+)-isomers of @-blocker is 
similar (258-261). Since (-)- and (+)-isomers of 
@-blocker do not differ in either competition at a-re- 
ceptor or inhibition of uptake and since (-)-isomers 
are the most potent blockers, the observed effects are not 
causally related to @-adrenergic blockade. Furthermore, 
on rabbit aorta, where uptake of agonist is not a critical 
factor in the determination of competitive antagonism, 
the pAs values of (-)- and (+)-INPEA are equal 
(262). 


All four optical isomers of butedrine were also 
investigated (263) on the rat vas deferens. Phenyl- 
ephrine was used as agonist. In the presence of bute- 
drines, the dose-response curve of phenylephrine was 
depressed. The pD2’ values for noncompetitive antago- 
nism varied from 3.7 to 4.20. This indicates a very small 
difference in butedrine isomers for the noncompetitive 
interaction with a-agonists, hence, unrelated to their 
@-blocking properties. 
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@-Adrenergic blockers are known to enhance the 
respiratory difficulty in asthmatics. With the aid of the 
optical isomers of INPEA, Murmann (264) attempted to 
analyze the underlying mechanism. He found that ex- 
cept in one species of mice, LD5,, of histamine was not 
significantly altered by pretreating mice with either 
isomer of INPEA. He tentatively, then, suggested that 
P-adrenergic blockade may not be the cause for the en- 
hancement of respiratory difficulty in asthmatics. How- 
ever, it appears that in the bronchioles, when the 
smooth muscle relaxation is blocked by P-adrenergic 
blockers, there could be bronchoconstriction caused by 
overpowering of parasympathetics, as well as that of 
a-adrenergic receptors. Hence, in order to define the 
role of P-adrenergic blockade in asthmatics, two types of 
experiments remain to  be done: (a) to see if (+)-isomers 
of INPEA will enhance the bronchoconstriction in 
asthmatics; and (b) to compare endotracheal pressure 
changes after pretreatment of either (-)- or (+)-isomers 
of P-blockers in experimental animals. The two phases 
of nicotinic blood pressure effects of acetylcholine in 
atropine-pretreated animals are well known. The first 
phase, caused by stimulation of sympathetic ganglia, is 
selectively antagonized by (-)-INPEA, while (+)- 
INPEA is ineffective. It is concluded that selective 
P-adrenergic blockade might be involved at the level of 
sympathetic ganglia (215). 


METABOLIC ASPECTS 


Only a limited number of reports concerning this facet 
are available at present. Epinephrine increases blood 
sugar;this effect is stereoselective in favor of (-)-isomer. 
In rabbits, 0.05 mg./kg. of (-)-epinephrine and 1 mg./ 
kg. of (+)-epinephrine produce approximately an 
equivalent rise in the blood sugar. The effects of the 
(+)-isomer are transitory, while those of the (-)- 
isomer last many hours (265). Bowman and Raper (266) 
studied drugs affecting carbohydrate metabolism on 
contractions of the rat diaphragm. Potassium-induced 
depression of the skeletal muscle contraction is readily 
reversed by sympathomimetic agents. In this respect, 
(-)-norepinephrine and (-)-epinephrine are 500-1OOO 
times more potent than their respective (+)-isomers. 
These effects, as they claim, are probably caused by 
activation of the &receptor. Anderson and Chen (267) 
screened the hyperglycemic action of 40 amines. After 
equimolar doses (0.1 ml. of 0.1 M i.v.) in rabbits, the 
rise in blood sugar was determined. According to this 
test, the activity of ephedrines was: (-)-pseudo- 
ephedrine > (+)-ephedrine = (+)-pseudoephedrine > 
(-)-ephedrine. The differences between (-)-pseudo- 
ephedrine and (-)-ephedrine were striking. The on- 
set of action of (-)-pseudoephedrine was very slow and 
as much as 40 min. was required for the peak effects. 
On the other hand, only 10 min. was required for the 
peak effects of the less active (-)-ephedrine. 


A highly attractive hypothesis regarding the role of 
cyclic 3 ',5'-AMP in response to  catecholamines has 
been put forward by Sutherland and his colleagues 
(268-270). It has been suggested that cyclic 3',5'-AMP 
plays an essential role in the hyperglycemic response 


Figure 6-(a) The initial interaction of fhe ethylenimium ion from N- 
(2-chloroethyl)dibenzylamirle ( R  = CSHSCH~) and the a-adrenergic 
receptor as suggested by Belleau (199) and Triggle (202). (b)  The pos- 
sible interaction of 8-adrenergic blockers like INPEA (where R = 
NO2) and explains the protective action of p-adrenergic blockers 
against block by N-(2-chloroethyl)di6enzylamine. Note thai the p- 
hydroxyl group is not involved and thus explains a similar protectice 
effect of (-)- and (+)-INPEA. Reproduced with permission from 
Pard et al., J. marmad.  EX^. Ther., 163, 309(19#), and the 
Williams & Wilkins Co., Baltimore, MD 21202 


to epinephrine, principally through its effect on phos- 
phorylase. Furthermore, it has been been suggested 
that cyclic 3',5'-AMP might also be involved in the 
positive inotropic effects of catecholamines in the 
heart. The ability of (-)-isoproterenol, (-)-epineph- 
rine, and (-)-norepinephrine to  stimulate formation of 
cyclic 3',5'-AMP and to produce positive inotropic 
responses is of a similar nature. (-)-Epinephrine, as 
compared to  its (+)-isomer, is much stronger both in 
formation of cyclic 3',5'-AMP and in positive inotropic 
effects. Recently, Weiss and Costa observed a stereo- 
specific activation of adenylcyclase (27 1). 


McNeill and Brody (272) determined the stereo- 
selectivity of norepinephrine isomers for rat cardiac 
phosphorylase. Although both forms activated the en- 
zyme to the same extent, (+)-norepinephrine was found 
to be 1/30th as active as its (-)-form. Thus, adenyl- 
cyclase and cyclic 3 ' , 5  '-AMP and phosphorylase exhibit 
stereoselectivity . 


A study of the metabolic fate of optical isomers 
provides an interesting approach to  elucidating the 
nature of various mechanisms that are invalved in bio- 
transformation and excretion Qf the drugs. Considering 
the specificity of various enzymes, it is unlikely that 
optical isomers are handled identically by the body. 
Development of a sensitive and specific analytical 
method, however, poses a problem. Many methods that 
are available today do not distinguish between (-)- and 
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Table VIII-Kinetic Constants for the In V i m  N-Demethylation 
of a Series of Sympathomimetic Amines by the 9ooOXg Superna- 
tant Fraction from Rabbit Liver 


Drug 


Average Average 
K ,  (X vmaX." ( X  


Structure 1 0 4 ~ )  103) 


(-)-Ephedrine (1R,2S) 


( - )-Pseudoephedrine 
(1R, 2R) 


(+)-Ephedrine (1S,2R) 


(+ )-Pseudoephedrine 
(1S,2SI 


( -)-Methamphetamine 
(2R) 


(+)-Methamphetamine 
(2s) 


CH3 1.2* 1.3 
I 
I 
I 
6 


H-C-NHCHS 


H-C-OH 


CHa 1.7 1.1 
I 
I 


HaCHN-C-H 


H-C-OH 
I 


@ 
CH3 2 .1  1.3 
I 


HaCHN-C-H 
I 


HO-C-H 
I 


@ 
CH3 2.2 1 .8  
I 
I 
I 
$J 


H-C-NHCH3 


HO-C-H 


CHa 3.0 2.6 
I 


HSCHN-C-H 
I 


H-C-H 
I 


@ 
CH.7 4 .5  2 . 6  
I 


H-C-NHCH, 
I 


H-C-H 
I 


@ 
Mephen termine 


H-C-H 
I 
6 


pmole of HCHO/min./mg. protein. b The Km and vmSx. values shown 
are the mean values determined from two or three experimentally 
independent l l u  uersus l/s plots. The experimental points on each 
of these plots represented the mean of duplicate rate measurements 
for each substrate level. The standard error of the mean for the values 
in the table was about 10 %. Data from Dann (282). 


(+)-isomers of the drug. Hence, the metabolic fate of 
(-)- and (+)-isomers from the injected racemate cannot 
be precisely studied. 


The fate and urinary excretion of amphetamine iso- 
mers have been studied in various species and in man. 
Although total urinary excretion of these drugs is pH 
dependent, the differences in the excretion pattern are 
not great (273-275). Gunne (276) used the gas chromato- 
graphic resolution method (277) for amphetamines and 
found that after administration of ( &)-amphetamine, all 
subjects excreted approximately equal amounts of both 
isomers during the first 12 hr. Urine collected after 12 
hr. contained a continually decreasing proportion of the 
(+)-isomer. This slow excretion might be a reflection of 


higher tissue deposition of (+)-amphetamine (or its 
metabolites) over that of (-)-amphetamine (42). In 
rats, 2 days after dosing with equal amounts of (+)- and 
(-)-amphetamine, the quantity of p-hydroxyamphet- 
amine is 48 and 63% of the initial dose, respectively. 
Relatively more (+)-p-hydroxyamphetamine is con- 
verted to  its @-hydroxylated product, (-)-p-hydroxy- 
norephedrine (43) by enzyme dopamine-P-hydroxylase; 
hence less (+)-p-amphetamine will appear in the urine. 
It is interesting, however, that the ring-hydroxylating 
enzyme does not appear to  show selectivity for ampheta- 
mines. This lack of selectivity is in contrast to  the fact 
that (-)-ephedrine is ring hydroxylated while (+)-ephe- 
drine is not (278). There are marked species differences 
in the metabolism of amphetamine isomers. Axelrod 
(279) reported that an enzyme system in rabbit liver 
microsomes catalyzes the deamination of amphetamine 
to  yield phenylacetone and ammonia. This enzyme 
system prefers (-)-amphetamine as substrate. However, 
neither (-)- nor (+)-amphetamine is metabolized by a 
microsomal preparation of rat liver (280). The urinary 
excretion kinetics of a close structural analog of amphet- 
amine, methamphetamine, was also studied in man 
(276, 281). The excretion patterns of (+)- and (-)- 
methauphetarnine are sirrilar. Most of the drug is 
excreted unchanged in 24 hr.; however, a very ma l l  
amount of the drug is N-demethylated. Because more 
(+)-amphetamine occurs in the urine after (f )- 
methamphetamine, it is suggested that enzymatic 
N-demethylation may be stereospecific. Similarly, (-)- 
ephedrine is N-demethylated while (+)-ephedrine is not 
(278). Recently, Dann (282) has investigated demethyla- 
tion rates of ephedrine isomers. Isolated rabbit liver 
microsomes were used to determine the enzymatic 
kinetics. It was found that the vmsx. is the same for all 
ephedrine isomers, but K ,  values for (-)-ephedrine and 
(-)-pseudoephedrine were approximately twice those of 
(+)-ephedrine and (+)-pseudoephedrine (Table VIII). 


M A 0  and COMT are the two major enzymes in- 
timately involved in adrenergic drug effects. Although 
stereochemical substrate specificity was not detected in 
the early semipurified enzymatic preparations (283- 
286), it is now demonstrated that indeed these enzymes 
do show selectivity for the (-)-isomers of norepineph- 
rine, epinephrine, and rn-octopamine which are better 
substrates than their corresponding (+)-isomers (287). 
Kynuramine oxidation by rat liver monoamine oxidase 
was inhibited more by (+)-isomers (2s) of amphet- 
amine, 2,4-dichloroamphetamine, 4-chloro-N-methyl- 
amphetamine, than their corresponding (-)-isomers 
(288). Although available reports indicate that both 
(-)- and (+)-epinephrine are equally good substrates 
for COMT (289, 290), a more definite study is needed to 
establish the stereoselectivity in the highly purified en- 
zyme. 


CNS EFFECTS 


In 1939, Alles reported that (+)-amphetamine was 
much superior to its (-)-isomer in antagonizing chloral 
hydrate hypnosis in rabbits (291). Later, Prinzmetal and 
Alles (292) confirmed these observations in humans. 
They concluded that (+)-amphetamine was 2-4 times as 
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active as (-)-amphetamine in producing CNS stimula- 
tion. Tainter et al. (293) studied analeptic potency of a 
series of sympathomimetic amines in rats against 
hypnotic action of tribromoethanol, chloral hydrate, 
and pentobarbital. The time required for recovery of 
the corneal and righting reflexes after a fixed dose of the 
hypnotic was compared with that observed under the 
same conditions when various of the supposed analep- 
tics were administered also. Both (-)- and (+)-ephe- 
drine (60 mg./kg.) did not produce any analeptic effects, 
However, (-)-pseudoephedrine produced a shortening 
of some of the reflexes under tribromoethanol and 
chloral hydrate which indicated that with this isomer 
there was a definite analeptic power. Fairchild and 
Alles (294) systematically investigated the locomotor ac- 
tivities of all optical isomersof ephedrine, norephedrine, 
and amphetamine. In mice, the central locomotor 
activity of the most potent (+)-amphetamine was as- 
signed as 1. The activity ratios of (-)-amphetamine, 
(+)-norpseudoephedrine, (-)-ephedrine, and ( -)- 
norpseudoephedrine were 4.2, 10,24.4, and 42.8, respec- 
tively. Other isomers, ( -)-norephedrine, (+)-nor- 
ephedrine, ( --)-pseudoephedrine, (+)-pseudoephedrine, 
and (+)-ephedrine, were considered as less effective as 
central locomotor stimulants and produced measurable 
activity only at doses approaching lethal amounts. 
Schulte et al. (295) used the jiggle cage to record the 
central activity of various sympathomimetic amines in 
rats. When compared at  threshold, stimulant doses of 
(+)-amphetamine were 8 times as potent as ‘its (-)- 
form. Both forms of pseudoephedrine were much less 
active than (-)-ephedrine. 


The ratio of central stimulant activity using (+)- and 
(-)-methamphetamine varies from 4 to 8, with the (+)- 
form more active (296). This activity difference is the 
same as that exhibited between isomers of amphetamine. 


Considering the complexity of the CNS, more than 
one criterion is needed to obtain a full profile of central 
stimulant activity. Lanciault and Wolf (297) carefully 
examined the neuropharmacological properties of the 
ephedrine isomers. Several standard techniques, includ- 
ing low-frequency electroshock and chemoshock thresh- 
old determinations, hexobarbital sleep-time alteration, 
and a behavioral rating scale, were employed. It was 
concluded that (-)- and (+)-ephedrines were consider- 
ably more potent than (-)- and (+)-pseudoephedrine. 
None of these agents affected the hexobarbital sleep- 
time. Interestingly enough, in one test, a given stimulant 
raises a threshold while the same agent in other tests 
lowers the seizure threshold. For example, (A))-amphet- 
amine raises the seizure threshold of the low-frequency 
electroshock test while pentylenetetrazol seizure thresh- 
old is lowered by (+)-amphetamine. According to  both 
tests, low-frequency electroshock and chemoshock thresh- 
old determinations, (-)- and (+)-ephedrines were more 
potent than (-)- and (+)-pseudoephedrines. In rabbits, 
however, (+)-amphetamine was more effective in raising 
the threshold to electrical convulsions and (-)- 
amphetamine and (-)- and (+)-ephedrines did not pro- 
duce any change (298). 


Central effects of the optical isomers of phenolic 
amines such as norepinephrine and epinephrine have been 
investigated (299). Since these agents produce marked 


pressor effects, there is the problem of separating 
peripheral effects from central effects. Moreover, these 
amines penetrate very poorly into the CNS. To over- 
come this difficulty, drugs were applied iontophoreti- 
cally in order to study responses to brainstem neurones 
in decerebrate cats. The effects of (-)-norepinephrine 
on the firing rate of spontaneously active neurones have 
been found to conform to certain well-defined patterns. 
There are two types of patterns observed with (-)- 
norepinephrine, excitatory and/or inhibitory. (+)- 
Norepinephrine inhibited certain neurones which were 
also inhibited by (-))-norepinephrine; but on neurones 
excited by (-)-norepinephrine, its effect was weaker or 
absent. Thus, the excitatory effect shows stereoselectiv- 
ity whereas inhibitory effect does not. The classical 
adrenergic blockers did not modify the responses. It is 
concluded that receptors for norepinephrine on brain- 
stem neurones are of more than one kind and that they 
do not fit into the a- and @-classification applied to 
peripheral receptors (300). 


An interesting approach to the study of central effects 
of catecholamines which do not pass the blood-brain 
barrier is to study them in young chickens where the 
blood-brain barrier is imperfect or nonexistent. Dew- 
hurst and Marley (301, 302) used this approach to 
examine central effects of certain phenolic amines. The 
behavioral, electrocortical, and electromyographic ac- 
tivities were recorded. The phenolic amines produced 
depressant effects. Levonordefrin was at least 4 times as 
potent as the (+)-form. (-))-Norepinephrine was twice 
as potent as (+)-norepinephrine; however, dopamine 
was more potent than (-)-norepinephrine or (+)-nor- 
epinephrine. This pattern differs from that of peripheral 
sites where (+)-norepinephrine and dopamine are al- 
most equiactive. The nonphenolic amines, such as 
amphetamine. produced excitatory effects. The (+)- 
form was more active than the (-)-form of amphet- 
amine. 


@-Adrenergic blockers produce variable effects on the 
CNS. With the aid of optical isomers of INPEA, 
Murmann et al. (303) concluded that, since both isomers 
were equipotent in producing CNS stimulation and 
since only one isomer is a potent @-adrenergic blocker, 
the central effects of @-blocker are unrelated to the 
blockade of @-adrenergic receptors. 


The role of endogenous catecholamines in the periph- 
eral effects of many nonphenolic amines is well defined. 
However, controversy still exists regarding the role of 
endogenous catecholamines in central effects of am- 
phetamine and related agents. Wolf et al. (304) in- 
vestigated optical isomers of several nonphenolic amines 
in the normal, reserpine-pretreated, and a-methyl-m- 
tyrosine-pretreated mice. Ability of the drug to lower 
chemoconvulsive threshold was used as an index of the 
central activity. All agents except (-)-pipradrol and 
(-)-pseudoephedrine demonstrated significant central 
effects. Reserpine pretreatment lowered the chemo- 
convulsive threshold to (+)-amphetamine, (-)-am- 
phetamine, (+)-pipradrol, (-)-ephedrine, and (+)- 
ephedrine, while that after (+)-pseudoephedrine, (-)- 
norephedrine, and (+>norpseudoephedrine was not 
affected. On the other hand, in the cr-methyl-m-tyrosine- 
pretreated animals, the chemoconvulsive thresholds 
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after (+)-amphetamine, (-)-amphetamine, (-)-ephe- 
drine, and (+)-pseudoephedrine were increased. Results 
from a-methyl-rn-tyrosine-pretreated animals were as- 
sumed to be a better reflection of central catecholamine 
depletion. It wasconcluded thatcentraleffects of(+)- and 
(-)-amphetamine, (-)-ephedrine, and (+)-ephedrine 
possess large indirect components in their activity while 
those of (+)-pipradrd, (.-)-norephedrine, and (+)-nor- 
pseudoephedrine are mainly direct. The effects of the 
optical isomers of amphetamine were also investigated 
on brain dopamine levels (305, 306), tissue respiration 
(307), and liver monoamine oxidase inhibition (284). 
However, both forms of amphetamine isomers produced 
similar results, indicating that these effects are not caus- 
ally related to the central effects. 


Infusion of (-+methyldopa into the vertebral 
artery of the cat produces lowering of the blood pressure 
while (+)-a-methyldopa produces no such effect (308). 


No clearcut structure-activity relationship as yet can 
be formulated for the central effects of sympathomi- 
metic amines. In spite of this, as in the periphery, there 
are many agents which exhibit stereoselectivity in their 
central effects. 


Amphetamine is well known to produce aggregation 
toxicity in mice. This effect is more pronounced with 
(+)-amphetamine. The potency ratio of the isolated/ 
aggregated LD,, is 4.9 for (+)-amphetamine and 1.2 for 
(-)-amphetamine. There was a marked dose-dependent 
reduction of the brain and heart norepinephrine content 
after (+)- or (-)-isomers of amphetamine. It was, how- 
ever, only after the administration of (+)-isomer in 
aggregated mice that the norepinephrine-depleting effect 
was enhanced. Hence, it was concluded that the release 
of endogenous stores of norepinephrine plays a role in 
the enhanced toxicity of(+)-amphetamine in mice (309). 
Selectivity of aggregation toxicity was also studied for 
ephedrine isomers. Except for (+)-pseudoephedrine, all 
isomers of ephedrine exhibited this phenomenon, but in 
a magnitude which is much lower than that of (+)-am- 
phetamine (310). The LDjo potency ratio (isolated/ 
aggregated) for the most potent ephedrine isomer was 
only 1.5. 


There has been considerable clinical interest in the 
anorexigenic response of the drugs affecting the CNS. A 
reliable eating response can be obtained on injection of 
small quantities of (-)-norepinephrine into the rostra1 
hypothalamus of the rat. (+)-Norepinephrine induces a 
negligible response, indicating a stereoselective effect. 
Booth (3 1 1) postulated that a-adrenergic modulation of 
postsynaptic activity by norepinephrine from the nerve 
ending is involved in the hypothalamic control of feeding 
in the rat. The stereoselectivity in the feeding behavior 
for isomers of norepinephrine was also observed by 
Margules (312). Roszkowski and Kelley (313) developed 
a screening method for assessing drug inhibition of feed- 
ing behavior. (+)-Amphetamine is very effective in 
producing an inhibition of broth consumption in rats. 
(-)-Amphetamine was ineffective. Abdallah (3 14) found 
(-)-ephedrine to be the most potent of the ephedrine 
isomers in causing a reduction of food intake in mice. 
Several other reports indicate that the (+)-form of 
amphetamine is more of an appetite depressant than the 
(-)-isomer (315-317). Between the isomers there is 


crosstolerance to the anorexic effect (318). Thus, it has 
been difficult to  separate the central stimulant effects 
from the anorexigenic effects of these agents. 


Greater loss of sodium from tissue could cause a great 
loss of body water which in turn reduces the weight of an 
animal. Because isomers of amphetamine do not sig- 
nificantly differ from one another in causing sodium 
loss, it cannot be an important factor in the weight- 
reducing effect of (+)-amphetamine (319). 


The potent CNS-stimulating effect of (+)-amphet- 
amine can be demonstrated by increased oxygen con- 
sumption in morphine-pretreated dogs or in humans. 
In this respect, (-)-amphetamine is much less active 
than the (+)-form (320, 321). p-Chloro-substituted 
amphetamines show some promise as anorexic agents. 
(+)-p-Chloroamphetamine is less of a central stimulant 
but is a longer-acting anorexigenic agent than (+)-am- 
phetamine (322). (-)-p-Chloroamphetamine is more ac- 
tive than (-)-amphetamine; both agents are less active 
than their respective (+)-forms. The anorexigenic effect 
of (+)-p-chloroamphetamine is unrelated to depletion of 
brain serotonin because both optical isomers are equally 
effective in causing depletion of brain serotonin (323). 
Phenmetrazine and phendimetrazine are known to be 
effective anorexigenic agents. There is an interesting ste- 
reochemical relationship between ephedrine and the 
phenmetrazine molecule (324, 325). Most observations 
to date tend to support the view that the anorexigenic 
effect of (+)-amphetamine may be of central origin. 


CONCLUDING REMARKS 


An attempt is made to survey a highly scattered and 
occasionally fragmentary literature on the optical 
isomers of adrenergic drugs. The facts from the 
old literature as well as those from the recently 
published manuscripts are blended in a proper perspec- 
tive. At adrenergic synapse, stereoselectivity has been 
observed for: (a) all biosynthetic pathways; (b) trans- 
port in adrenergic neurone; (c )  prevention of uptake at 
the neurone; (4 binding and retention in the granule; 
(e) enzyme monoamine oxidase; and (f) pharmacologic 
a- and P-adrenergic receptors. Previously, adrenergic 
blockers were used to  classify the pharmacologic re- 
ceptors. However, blockers don’t have to react with the 
exact configuration of the receptor. In addition, physical- 
chemical properties of one blocker could differ from 
those of the other. So far as (-)- and (+)-isomers are 
concerned, their physical-chemical properties are identi- 
cal. The evidence obtained from blockers could be re- 
garded as an indirect one. Agonists have to interact with 
the exact configuration of the receptor to produce the 
pharmacologic effect. The isomeric activity ratio should 
serve as a better criterion to differentiate receptors. Even 
if the adrenergic receptor is isolated, its similarity to that 
in the tissue will not be proven until isomeric affinity 
ratios are obtained and compared with the isomeric 
activity ratio. Thus, optical isomers provide a valuable 
tool to  analyze drug effects at basic levels. 
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Interaction of Isoniazid with Magnesium Oxide and Lactose 


WEN-HUNG WU, TING-FONG CHIN, and JOHN L. LACH 


Abstract interactions of isoniazid with magnesium oxide and 
with lactose were investigated in the solid state. In the isoniazid- 
magnesium oxide.system, shemisorption as well as physical adsorp- 
tion of isoniazid molecules onto the magnesium oxide surface was 
confirmed by diffuse reflectance spectroscopic data. An absorption 
maximum due to chemisorbed isoniazid molecvles was found to 
occur at 325 rnp, whereas physical adsorption was detected at 268 
mp. The mechanism of surface chemisorption is different from that 
of the formation of the isoniazid-metal-ion complex in solution. 
The browning reaction of the isoniazid-lactose system in solid state 


was also studied using diffuse reflectance spectroscopy. The rates of 
browning at  95, 100, 105, and 110" were followed by measuring 
the refledance at 450 rnp. From the data obtained, the approximate 
time needed for browning to be perceptible has been predicted. TLC 
separations of the reaction products confirmed the presence of 
isonicotinoyl hydrazones of lactose and hydroxymethylfurfural. 


Keyphrases 0 isoniazid interaction-magnesium oxide, lactose 0 
Lactose-isoniazid systems-browning rates 0 Magnesium oxide, 
chernisorption-isoniazid Diffuse reflectance spectroscopy- 
analysis 1 IR spectrophotometry-identity 


Difficulties in formulating a new pharmaceutical indicates that such interactions involving the formation 
of complexes have been studied extensively in aqueous 
solution; relatively few studies have been carried out in 
the solid state. 


Stearic acid and calcium stearate have been shown by 
Kornblum and Zoglio (1) to  catalyze the degradation of 
aspirin. Ribeiro et al. (2) studied the influence of lubri- 


dosage form have often been experienced because of the 
interactions between the supposed inert adjuvants and 
the active ingredient itself. Although the nature and 
intensity of these interactions vary, such interactions 
may alter the stability, dissolution rate, and, conse- 
quently, the absorption of the drug. A literature survey 
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Inhibitory Properties of Aminoalkylsuccinimides 
on Isolated Horse Serum Butyrylcholinesterase: 
N-Methyl-2-phenyl-2- ( tert-aminoalk yl) succinimides 


EDWARD 0. MAGARIAN, SAMUEL TERRY CHRISTIAN*, and HARRY C. CLEMSONt 


Abstract The butyrylcholinesterase inhibitory activities of several 
N-methyl-2-phenyl-2-( rert-aminoalky1)succinimides were evaluated. 
The derivatives, all of which showed a mixed type of inhibition, 
were more potent as competitive than noncompetitive inhibitors. 
The results are discussed in terms of a possible mechanism for the 
formation of enzyme-inhibitor complexes. 


Keyphrases N-Methyl-2-phenyl-2-(rer~-aminoalkyl)succinimides 
-inhibition, butyrylcholinesterase 0 Butyrylcholinesterase inhibi- 
tion-aminoalkylsuccinimides 0 TLC-analysis 


The effectiveness of compounds containing the 
functional moiety N-C-C-CO-N (amino- 
propionamide) as inhibitor's oi  serum cholinesterase 
(acylcholine acylhydrolase, E.C. 3.1.1.8) has been 
demonstrated (1-6). Several structural parameters have 
been investigated for possible correlations with potency 
of enzyme inhibition. For example, Lasslo et al. (3) 
found a direct relationship between the length of the 
alkyl chain in 3 4  1-alkylpiperidy1)carboxamides and 
their ability to inhibit plasma cholinesterase (PChE), 
and Beasley and Williford ( 5 )  observed that the intro- 
duction of aralkyl groups between the two ring nitrogen 
atoms in bis(3-piperidinecarboxamides) increases the 
inhibitory potency of these compounds. 


The influence of amino substituents on the rates of 
hydrolysis of certain pseudocholinesterase substrates 
has also been investigated. Holmstedt and Sjoqvist (7) 
reported that the introduction of an amino group in 
butyrylcholine, the optimum substrate for pseudo- 
cholinesterase, to give y-aminobutyrylcholine strongly 
inhibits its hydrolysis by this enzyme. Beckett et al. 
(8) reported that benzoylcholine has a greater affinity 
than butyrylcholine for PChE, even though it is hy- 
drolyzed at only 15% of the rate of butyrylcholine. 
Prompted by the reported effect of the amino group in 
y-aminobutyrylcholine, they evaluated p-aminobenzoyl- 
choline and found that it not only has a greater affinity 
for the enzyme than does benzoylcholine, but it is a 
more potent inhibitor of the hydrolysis of butyryl- 
choline and acetylcholine. 


Recently, the preparation of several tert-aminoalkyl- 
succinimides (Structure I) was reported (9). These 
compounds embody structural features resembling not 
only those in the 3-piperidinecarboxamides but also 
those in 7-aminobutyrylcholine and p-aminobenzoyl- 
choline. 


Interest in the influence of amino substituents on 
cholinesterase-inhibitor interactions prompted the 
authors to investigate the cholinesterase-inhibitory 
properties of these succinimides. In the present report, 
some preliminary data are presented and discussed. 


O A h O  
I 


R = tert.amino group 
n = l o r 2  


I 


MATERIALS AND METHODS 


All reagents and derivatives used in this study were of analytically 
pure grade or equivalent. These include acetylcholine chloride' 
and horse serum butyrylcholinesterase (acylcholine acylhydrolase, 
E.C. 3.1.1.8) in the form of a lyophilized powder.2 The succinimide 
derivatives were synthesized according to the procedures of Clemson 
et ul. (9). 


All the inhibitors were shown to be pure by TLC on silica gel, 
using various concentrations of absolute ethanol in benzene as the 
developing solvents (Table I). 


Enzyme rate measurements were carried out potentiometrically 
with butyrylcholinesterase using a Radiometer automatic titrator 
(Type TTTlc) equipped with a recorder (SBR2c) and a syringe buret 
unit (SBUla). Enzyme initial-velocity measurements were recorded 
at pH 7.40 If: 0.05 in a 25-ml. thermostated vessel at 27.0 & 0.10". 
All reactions were run under a nitrogen atmosphere using a com- 
bination glass-calomel electrode (GK2026c), mechanical stirring, 
and 0.01 N sodium hydroxide as the titrant. The titration procedure 
is essentially the method developed by Stein and Laidler (10) in their 
studies on the kinetics of a-chymotrypsin. The reaction mixtures 
were 0.04 M in magnesium chloride and 0.01 M in sodium chloride 
and contained substrate, inhibitor, and 0.11 mg. of e n ~ y m e . ~  The 
reaction mixtures, both control and with inhibitors, were pre- 
incubated for 5 min. at 27" prior to the initiation of the reaction by 
the addition of substrate. This preincubation time did not affect 
the initial rate measurement under the experimental conditions. 
Six substrate concentrations ranging from 7.7 X M to 2.2 X 


M )  were employed. The total 
reaction volume was 15 ml. At least two or more inhibitor con- 
centrations were used, and the resulting data were plotted according 
to  the method of Lineweaver and Burk ( 1  1). Data on the inhibitor 
dissociation constants were calculated from these plots (Fig. 1) 
according to a method described by Krupka (12). The final competi- 
tive ( K I )  and noncompetitive ( K I ' )  inhibitor dissociation constants 
are averages of at least two corresponding and independent deter- 
minations. 


M (each differing by 1.1 X 


RESULTS AND DISCUSSION 


The cholinesterase inhibitory potencies of the title compounds 
are shown in Table 1. A typical plot used in determining the com- 
petitive (&) and noncompetitive ( K / )  inhibitor dissociation con- 
stants for one of the inhibitors appears in Fig. 1. All of the com- 


1 Sigma Chemical Co., St. Louis, Mo. 
f Worthington Biochemical Corp., Harrison, N. J. 
8 The specific activity of the butyrylcholinesterase was found to be 


approximately 6.3 units/rng., where the activity is expressed as  pmole 
of acetylcholine hydrolyzed/min./mg. of protein at  27" and pH 7.4. 
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Table I-Inhibition of Isolated Horse Serum Cholinesterase by Sucinimides 
~ 


Absolute Competitive Inhibitor Noncompetitive Inhibitor 
EtOH in Dissociation Constant Dissociation Constant 


Compound R Benzene" (Kd (KI ') 


1 --CHZ--N(CH3)2 * HCI 2% 1.57 X 8.53 x 10-4 
2 -CHz-N(CtH& . HCI 2% 1.66 x 10-4 7.31 x 10-4 


3 - c H ~ - N ~  HCI 2% 2.41 x 10-4 1.25 x 10-3 


4 -cH~-N(-J. HCI 1% 3.00 x 10-6 2.01 x 10-4 


1.11 x 10-4 7.05 x 10-4 


4.44 x 10-4 2.40 x 10-3 
6.77 x 10-4 


6 -CHz-CHz-N(CH& . HCI 25 % 
7 -CH2--CH2-N(C2H.,)z . HCl 50 % 2.44 x 10-6 


8 --CH,-CH,--N~. HCI 25 72 1.69 x 10-4 6.36 x 10-4 


9 - -CH, -CH, -Na  HCI 10% 1.35 x 10-4 7.97 x 10-4 


6.32 x 10-4 10 -CH,--CH,--NnN-CHJ. 2HC1 50 z 
11 -H 50 z 1.45 X 5.43 x 10-3 


5 -CH,-NAN--CH,. L/ 2HC1 25 % 


1.07 x 10-4 
W 


a 4 s  an index of purity, all compounds were chromatographed on Eastman Silica Gel Chromagram Sheets (6061), using solutions of absolute eth- 
anol in benzene as developing solvents. 


pounds in this study displayed a mixed type of inhibition (13), 
thus indicating the presence of a competitive and a noncompetitive 
component. This suggests that the inhibitors are binding both at the 
active site (competitive) and at a peripheral site (noncompetitive). 


The aminoalkyl derivatives of N-methyl-2-phenylsucinimide are 
significantly more potent inhibitors of butyrylcholinesterase than 
is the parent compound (Table I). This is reflected by their lower 
competitive and noncompetitive inhibitor dissociation constants. 
However, it should be noted that these amino derivatives are more 
effective as competitive than as noncompetitive inhibitors. Dis- 
cussion of the data will be limited to the competitive component, 
since it is this component that directly interferes with the binding 
of substrate. 


It is apparent from Table I that there is no correlation between 
potency of inhibition and length of alkyl chain between the car- 
bony1 carbon and the tertiary nitrogen. Indeed, the lengths of the 
chains in Compounds 4 and 7, the most potent inhibitors of the 
series, differ by one methylene group. This is in contrast to the 
observed effect in the piperidinecarboxamide series. The 4-piperi- 
dinecarboxamides, which contain three carbon atoms between the 
carbonyl carbon and the nitrogen atom, are less potent inhibitors 
than their 3-isomers, which contain only two (4). In the succinimide 
series, the aminoalkyl side chain is flexible and may, therefore, 
assume various conformations to accommodate the steric require- 
ments of the active site on the enzyme. However, this is not possible 
in the piperidinecarboxamides since the aminoalkyl group, being 
part of the piperidine ring, is held in a rigid conformation. 


From the results reported by Holmstedt and Sjoqvist (7), it would 
appear that the introduction of an amino group in butyrylcholine 
to give y-aminobutyrylcholine induces a change in its mode of 
binding to butyrylcholinesterase. This modification of the substrate 
molecule may result in an improper orientation of the ester group 
at the esteratic site and, thereby, produce a reduction in the rate of 
hydrolysis. To illustrate this hypothesis, one may assume that the 
conformation of butyrylcholine in Fig. 2a is required for maximum 
hydrolysis. Then, as a consequence of an interaction between the 
amino group and a complementary group at Site A (A', Fig. 2b), 
yaminobutyrylcholine may assume a slightly different conforma- 
tion. The resulting conformational change of the ester moiety at the 
esteratic site (Site B) may be unfavorable for maximum hydrolysis. 
This effect is analogous to the apparent disturbance of an "ideal 
fit" between the enzyme and substrate by a- and @-methyl groups in 
butyrylcholine (8). 


From all indications, binding of benzoylcholine and p-amino- 
benzoylcholine to the enzyme is similar to that for butyrylcholine and 
y-aminobutyrylcholine (8). Benzoylcholine has a greater affinity 
but a lower hydrolytic rate than does butyrylcholine. The hydro- 
phobic interactions of the phenyl ring of benzoylcholine with Area A 
(Fig. 2) would explain this increase in binding energy and would 
also tend to explain the decreased rate of hydrolysis due to  an 
accompanying change of conformation of the ester group at Site B 
(esteratic site). The additional binding energy reported by Beckett et 
al. (8) in p-aminobenzoylcholine strongly suggests that the amino 
substituent further contributes to the affinity of the molecule for 
the enzyme by bonding with a complementary group at Site A. 


It would seem probable that the interaction between the aromatic 
amino substituent in p-aminobenzoylcholine and a complementary 


0.7 T 
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7 8  


-500 -400 -300 -200 -I00 0 I00 200 300 400 500 


l 1 0 - 2 M )  


Figure 1-Mixed inhibition of horse serum cholinesterase (butyryl- 
cholinesterase) by N-methyl-2-phenyl-2-(2-die1hylaminoefhy~suc- 
cinimide (Compound 7 ,  Table I ) .  Abscissa, reciprocal molar acetyl- 
choline chloride concentration; ordinate, reciprocal enzyme initial 
ce:elocity. Velocity is expressed in pwtoies of acetylcholine hydrolyzedl 
min./mg. of protein. 
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Figure 2-Concept of differences in cot formations of butyrylcholine 
( 2 ~ )  and y-aminobutyrylcholine (2b) at the substrate binding site of 
butyrylcholinesterase. Key: A = nonpolar area; A’ = complementary 
urea in A which interacts with amino group; B = esteratic site; and 
C = “anionic” site. 


group on the enzyme is not ionic in nature. Esters ofpaminobenzoic 
acid are weakly basic, e.g., pKb of ethyl paminobenzoate is 10.84 
(14) and, consequently, the existence of the conjugate acid of p- 
aminobenzoylcholine at physiological pH would be negligible. 
Thus, it would appear that hydrogen bonding or dipolar inter- 
actions are more likely involved. However, in the case of y-amino- 
butyrylcholine, its conjugate acid would be quite significant at  
physiological p H  and could, therefore, enter into H-bond or  ion 
dipole formation at  Site A. 


The mode of competitive binding of N-methyl-2-phenylsuccini- 
mide (Compound 1 1, Table I)  and its derivatives may be visualized 
as being analogous to those for butyrylcholine, benzoylcholine, and 
their amino derivatives. In this case, however, the imide function is 
pictured as complexing with the esteratic site. The interaction of 
amide moieties with esteratic sites of cholinesterases has already 
been proposed by several investigators (4, 6, 15). The aromatic 
ring, like that in benzoylcholine, may be involved in hydrophobic 
interactions with Site A and may, thereby, exert a directing in- 
fluence in the formation of the enzyme-inhibitor complex. The in- 
crease in binding energies of the aminoalkylsuccinimide derivatives 
may be attributable to an additional interaction between the amino 
substituents and an appropriate group at  Site A. 


The data presented in this report on the inhibitory properties of 
some tert-aminoalkylsuccinimides are consistent with the hypoth- 
esis advanced to explain the interactions of y-aminobutyryl- 
choline and paminobenzoylcholine with butyrylcholinesterase. 
From a study on the inhibitory properties of a series of I-substituted 
3-piperidinecarboxamides, Beasley et al. (6) offered an alternate 
explanation for the interaction of amino groups with the active 
site of butyrylcholinesterase. They suggested that the amide function 
binds at  the esteratic site while the nitrogen atom of the piperidine 
ring binds a t  the “anionic” site (Site C, Fig. 2). There is no definitive 
evidence at  the present time that discounts either of these hy- 
potheses. Perhaps both modes of binding are operative. The real 
significance of these proposed mechanisms must await further 
experimentation. 
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Acetonitrile-Diatomaceous Earth Column for Corticosteroids 


ROBERT E. GRAHAM*, PATRICIA A. WILLIAMS*, and CHARLES T. KENNERt 


Abstract 0 A column of acetonitrile on diatomaceous earth is used 
to hold the corticosteroid on the column during the wash of the 
column with n-heptane to remove decomposition products and 
interfering substances, after which the corticosteroid and aceto- 
nitrile are eluted from the column with chloroform. The recom- 
mended procedure significantly reduces or completely eliminates the 
interference of various substances and certain decomposition prod- 
ucts in the blue tetrazolium, phenylhydrazine, isonicotinic acid 
hydrazide, and UV methods of determination. The column can be 
readily modified to include acidic, basic, or neutral aqueous-trap 
layers when necessary. There is no significant difference in precision 
between the proposed procedure and the normal precision of the 
determinative methods. Results on typical pharmaceutical prepara- 
tions, some of which show evidence of extensive decomposition, are 
given. 


Keyphrases 0 Corticosteriod dosage forms-analysis 0 Aceto- 
nitrile-diatomaceous earth column-corticosteroid separation 0 
Column chromatography-separation 0 Blue tetrazolium, phenyl- 
hydrazine, isonicotinic acid hydrazide methods-corticosteroid 
analysis 0 UV spectrophotometry-analysis 


The determination of corticosteroids in many phar- 
maceutical preparations, other than those official in 
USP (1) and NF (2), can be difficult due to the inter- 
ference of certain ingredients and because official 
methods do not always detect the presence of decom- 
position products of corticosteroids in the preparation. 
As a consequence, many “cleanup” procedures have 
been proposed to remove interferences and/or decom- 
position products before the actual final determinative 
step in the analysis of corticosteroids. 


Levine (3) has reviewed the column partition chroma- 
tography of steroids and listed solka floc (4), silica 
(5, 6) ,  siliconized diatomaceous earth (7), and diato- 
maceous earth (8) as the solid supports used. Jakovljevic 
et al. (9) used magnesium-silica gel’ column chroma- 
tography with various solvent systems to remove the 
more polar interferences. Bracey et al. (10) utilized a 
column of methanol and water on acid-washed diato- 
maceous earth to remove interfering antibiotics from 
corticosteroid preparations. 


This paper reports a new column partitioning chro- 
matographic procedure which effectively traps the cor- 
ticosteroid in an acetonitrile layer on a diatomaceous 
earth column while interferences are removed by wash- 
ing with n-heptane. The acetonitrile and corticosteroid 
are then removed from the column with chloroform. 
The method may be modified readily for the removal 
of acidic, basic, and/or other water-soluble interferences. 


EXPERIMENTAL 


Apparatus-The following were used: Cary model 15 recording 
spectrophotometer ; glass chromatographic columns, 2.2 X 25 cm. 
constricted at  one end to 0.4 X 5 cm.; and aluminum tamping tool 
to fit chromatographic column. 


1 Florid, Floridin Co., Pittsburgh, PA 15222 


Reagents-Solvents-All solvents were spectro, certified, ana- 
lytical reagent, USP, or distilled-in-glass grade. 


Acetonitrile, n-heptane, chloroform, methanol, and alcohol USP 
were used. 


Acetonitrile-n-heptane (mutually saturated): mix 30 ml. of aceto- 
nitrile and 400 ml. of n-heptane in a separator. Agitate vigorously 
for at least 2 min. and separate when both layers are completely 
clear. These saturated solutions are to be used whenever n-heptane 
or acetonitrile is called for in these directions. 


Chloroform (water saturated): add 50 ml. of water to 400 ml. of 
chloroform in a separator. Agitate vigorously for 2 min. and sepa- 
rate only when both layers are clear. 


Diatomaceous earth,2 acid washed, was used. 
Standn~ds-Hydrocortisone, hydrocortisone acetate, predniso- 


lone, prednisolone acetate, prednisone (all USP reference standards); 
dexamethasone (NF reference standard); betamethasone (Schering 
Corp.); and flurandrenolone (Eli Lilly) were used. 


All standard solutions were prepared as 1.00 mg./100 ml. in 
alcohol USP or as 100 mg./100 ml. in alcohol USP. 


Reagents used in the determinative steps were prepared as speci- 
fied in the method reference. 


Proposed Column Procedure-Preparation of Column-Aceto- 
nitrile layer: insert a glass wool plug in the bottom of the chromato- 
graphic column. Thoroughly mix 4.0 g. of diatomaceous earth 
with 4.0 ml. of acetonitrile, transfer to the column, and pack firmly. 


Aqueous trap layer: when it is necessary to remove water- 
soluble neutral impurities, an aqueous trap layer is used above the 
acetonitrile layer. Mix 2.0 g. of diatomaceous earth with 2.0 ml. of 
water, transfer to the column above the acetonitrile layer, and tamp 
firmly. If this type of trap is used, the chloroform must be saturated 
with water. 


Aqueous basic trap layer: when it is necessary to remove water- 
soluble acidic interferences, a basic trap layer is used in the column 
above the acetonitrile layer. Mix 2.0 g. of diatomaceous earth with 
2.0 ml. of either 8 (w/v) NaHC03 or 10% (w/v) Na2C03, transfer 
to the column, and pack firmly above the acetonitrile layer. When 
this type of trap is used, the chloroform must be water saturated. 


Aqueous acidic trap layer: when it is necessary to remove water- 
soluble basic interferences, both an aqueous layer and an acidic 
layer are used above the acetonitrile layer. Mix 1.0 g. of diato- 
maceous earth with 1 .O ml. of water and transfer to the column above 
the acetonitrile layer. Mix 2.0 g. of diatomaceous earth with 2.0 ml. 
of 1 N HCI, transfer to the column above the aqueous layer, and 
tamp firmly. Water-saturated chloroform is required in this case. 


Sample layer: dissolve the sample residue, prepared as directed 
under Sample Preparation, in 1.0 ml. of acetonitrile and 2.0 ml. 
of n-heptane. Mix the solution thoroughly with 3.0 g. of diato- 
maceous earth, transfer to the column above the acetonitrile or other 
trap layer, and pack firmly. Dry wash the sample beaker with 1 g. 
of diatomaceous earth and with glass wool, both of which are trans- 
ferred to the top of the column. Retain the sample beaker for wash- 
ing with n-heptane and chloroform. 


Elution of Column-Wash the sample beaker successively with 
six 25-ml. portions of n-heptane, which are transferred to thecolumn. 
The liquid head should be maintained between 8 and 12 cm. above 
the column bed until the last wash, which is allowed to drain com- 
pletely from the column. Wash the tip of the column with alcohol 
and discard the n-heptane and alcohol wash. Rinse the sample 
beaker with five 25-ml. portions of chloroform and pour each 
through the column, maintaining a liquid head of 8-12 cm. above 
the column bed until the last portion, which is allowed to drain 
completely from the column. Rinse the tip of the column with 
chloroform and add to the eluate. Evaporate the eluate carefully 
to dryness under air in the hood to ensure that the acetonitrile is 
evaporated completely and that fumes of acetonitrile are not gen- 
erated in the open laboratory since acetonitrile vapors are toxic. 


* Celite 545, Johns-Manville Products Corp., New York, N Y  10016 
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Table I-Precision of Column Procedure Table XI-Precision of Determinative Methods 


- Recovery” of Hydrocortisone Standards, mg. A bsorbanc--- 
Sample Taken, BT PH INH uv Sample“ BT PH INH uv 


Number mg. Method Method Method Method No. Method Method Method Method 


1 2.01 2.01 1.98 2.00 2.04 


6 2.01 2.02 2.01 2.03 2.04 
Av. 2.01 2.01 2.00 2.02 2.03 


SDb (%) 0.60 0.60 0.60 0.20 


a Compared to aliquots of the same sample determined identically but 
Calculated from the without going through the column procedure. 


range by the method of Dean and Dixon (14). 


Preparation of Sample Solution for Determinative Procedures- 
Dissolve the residue from the chloroform eluate in alcohol USP and 
dilute accurately to a volume that will contain approximately 1 mg. 
of corticosteroid/100 ml. Use proper size aliquots of this solution 
for determination by one or more of the determinative procedures. 


Determinative Procedures-Blue tetrazolium (BT) method : 
the procedure given in USP XVII (1) and N F  XI1 (2) was followed, 
except that 10.0-ml. aliquots and 1.0 ml. each of the BT reagent and 
of the tetramethylammonium hydroxide reagent were used. 


Phenylhydrazine (PH) method: the procedure of Silber and 
Porter (1 1) was followed without modification. 


Isonicotinic acid hydrazide (INH) method: the procedure of 
Umberger (12) was used, except that the INH reagent was modified 
by using twice the recommended concentration of hydrochloric 
acid to increase the sensitivity of the reaction (13). 


UV spectrophotometry : The alcohol USP solution was scanned 
directly in a 1-cm. cell. 


Sample Preparation-Lotions, Creams, and Ointments-The 
sample size should be sufficient to contain approximately 5 mg. 
of the corticosteroid. For preparations declared on a weight- 
volume basis, transfer the selected volume to a beaker, using a 
pipet calibrated “to contain,” and wash the contents of the pipet 
into the beaker with warm alcohol USP. For preparations de- 
clared on a weight-weight basis, weigh an accurate sample as 
rapidly as possible into a beaker. In either case, add warm alcohol 
USP up to a total volume of 30 ml. and heat on the steam bath 
with periodic agitation to incipient boiling. Cool in an ice bath 
until the residue solidifies and then decant the liquid into a 100-ml. 
volumetric flask. Repeat the extraction with three 20-ml. portions 
of warm alcohol, decanting each into the flask after cooling. Adjust 
to room temperature and dilute to volume with alcohol USP. 
Filter if necessary. Carefully evaporate a 20.00-ml. aliquot to dryness 
on the steam bath and continue as directed under “Sample Layer.” 


Drops, Injectables, and Suspensions-Accurately measure a 
volume of the sample containing approximately 1 mg. of cortico- 


20 40 60 80 100 120 
CHLOROFORM, ml. 


1 0.548 0.387 0.340 0.451 
2 0.551 0.394 0.338 0.451 
3 0.551 0.387 0.340 0.450 
4 0.551 0.391 0.340 0.450 
5 0.550 0.386 0.347 0.447 
6 0.551 0.386 n 339 0.451 ~ ~ . _  


Av. 0.550 0.388 0.341 0.450 
SDb 0.0012 0.0032 0.0036 0.0016 


S O ( % )  0.22 0.82 1.05 0.35 


a Samples of hydrocortisone standard (1.00 mg.) were dissolved in 
chloroform, evaporated to dryness, dissolved, and diluted to volume 
in alcohol USP; aliquots were determined by each method. Calcu- 
lated from the range by method of Dean and Dixon (14). 


steroid into a beaker. Carefully evaporate to dryness under air on a 
steam bath and continue as directed under “Sample Layer.” 


Tablets-Weigh 20 tablets to obtain the average tablet weight. 
Grind the 20 tablets to pass a 60-mesh screen, mix thoroughly, and 
accurately weigh a sample containing approximately I mg. of 
corticosteroid into a beaker. Cover the sample with 1.0 ml. of meth- 
anol, swirl periodically during a 10-min. period, and add 1.0 ml. of 
water. Mix the solution thoroughly with 3.0 g. of diatomaceous 
earth; continue as directed under “Sample Layer” beginning with 
‘I. . .transfer to the column above the acetonitrile. . . .” Use water- 
saturated chloroform in the elution step. 


Buffered tablets that contain alumina or magnesium carbonate 
will not disperse properly under the conditions listed and must be 
dissolved by the following procedure. Prepare the column with the 
acetonitrile layer and an aqueous trap layer as directed previously. 
Add 1.0 ml. of dilute HCI to the accurately weighed sample and 
allow to stand for 5-10 min. to ensure complete solution of the 
oxide and/or carbonate. Add 2.0 ml. of water and 3.0 g. of dia- 
tomaceous earth and mix thoroughly. Transfer to the column; 
continue as directed under the “Sample Layer” beginning with “Dry 
wash the beaker. . . .” Use chloroform saturated with water in the 
elution step. 


Capsules-Weigh the net contents of 20 capsules to determine 
the average capsule content. Mix thoroughly and accurately weigh 
a sample containing approximately 1 mg. of the corticosteroid into 
a beaker. Proceed as directed under Tablets beginning with “Cover 
the sample with 1.0 ml. of methanol. . . .” 


METHOD DEVELOPMENT 


Elution Curve-The column was prepared as directed under 
Column Preparation, including a sample of approximately 2 mg. 
of reference standard hydrocortisone. To ensure constant flow 
conditions, a 12-cm.liquid head was maintained inthe column during 
elution by use of a separator. The 150-ml. n-heptane wash was 
evaporated to dryness, dissolved in alcohol USP, and scanned by 
UV. The spectrum showed no evidence of the presence of hydro- 
cortisone. The chloroform eluate was caught in ten 10-ml. fractions 
and two 25-ml. fractions. Each fraction was taken to dryness, 


Table HI-Capacity of Column 


Hydrocortisone Hydrocortisone 
Taken, Recovered, Recovery, 


mg. mg. % 


1.00 
2.00 
4.00 
6.00 
8.00 


10.0 
15.0 
20.0 


1.02 
2.02 
4.00 
5.92 
7.89 
9.84 


15.1 
19.8 


102 
101 
100 
99 
99 
98 


101 
99 


Av. 99.9% 
SDa 1.4X . ”  


Figure I-Elution curve for removal of corticosteroid and aceto- 
nitrile,from column with chloroform. a Calculated from the range by method of Dean and Dixon (14). 
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Table IV-Applicability of Column Procedure to 
Various Corticosteroids 


Corticosteroid 


Betamethasone 
Cortisone acetate 
Deoxycorticosterone 


Dexamethasone 
Flurandrenolone 
Hydrocortisone acetate 
Prednisolone 
Prednisolone acetate 
Prednisone 


acetate 


Taken, Recovered, Recovered, 
mg. mg. % 


2.120 2.155 101.7 
2.036 2.054 100.9 


2.015 2.026 100.5 
2.080 2.104 101.2 
2.003 1.994 99.6 
2.000 1.952 97.6 
2.000 2.000 100.0 
2.180 2.176 99.8 
2.080 2.105 101.5 


Av. 100.3 
SDa 1 . 3 9 z  


a Calculated from the range by the method of Dean and Dixon (14). 


Table V-Removal of Interferences in Products by 
Proposed Procedures 


--Declared Value, z a p -  
Method of Analysis BT PH INH UV 


~ ~ 


Hydrocortisone Cream, 0.125%* 
Direct 101.4c 95.0 113 .8~  NDd 
Recommended procedure 99. 2c 94.6 96.9 NDd 


Buffered Prednisolone Tablets, 5 mg. 
Direct 65.SC 44.8 84.6 NDd 
Recommended procedure 5 0 . Y  45.3 64.8 65.1 


Average of duplicates. Interferences present according to manu- 
facturer’s declaration were lanolin, stearic acid, and parabens. Varia- 
tion of absorbance with time indicates unidentified interference is pres- 
ent. ND-not determined by this method. 


dissolved in alcohol USP, and determined by UV spectrophotom- 
etry. The elution curve, shown in Fig. I ,  indicates that the cortico- 
steroid was completely eluted in the first 100 ml. of eluate. Since 
over 99.5 % was eluted in the first 80 ml. of eluate, the use of 125 ml. 
of chloroform in the recommended procedure includes a definite 
safety factor. 


Replication Studies-Six 2.00-ml. aliquots of a standard hydro- 
cortisone solution containing 1 .OO mg./ml. were determined by the 
suggested column procedure. Aliquots of the final alcohol solution 
wereanalyzed by all four determinative steps and compared to values 
obtained from aliquots of the same standard solution determined 
directly without being put through the column. The values are 
shown in Table I. The standard deviation, as calculated from the 
range by the method of Dean and Dixon (14), varies from 0.20% 


Table VI-Removal of Certain Interferences by Recommended Procedure 


for the UV method to 0.60% for the PH method, with an average 
of 0.50% for all four determinative procedures. This is approxi- 
mately the same as the average standard deviation for six replicate 
1 .OO-mg. samples of standard hydrocortisone which were dissolved 
in 100 ml. of chloroform, evaporated carefully to dryness, made to 
volume with alcohol USP, and determined by all four determinative 
procedures. The results, shown in Table 11, have an average stan- 
dard deviation of 0.61 %. 


Column Capacity Study-Samples of from 1.00 to 20.0 mg. of 
hydrocortisone were placed on and eluted from the column by the 
suggested procedure. The eluates were evaporated to dryness, 
dissolved in alcohol, and analyzed by UV spectrophotometry. 
The results were compared to identical samples which were not 
placed on and eluted from the column and are reported as percent 
recovery in Table 111. Samples containing at least 20 mg. of cortico- 
steroid can be determined safely by the suggested procedure. 


Corticosteroid Applicability Studies-Since all of the method- 
development work utilized hydrocortisone, other corticosteroid 
standards were analyzed by the proposed column procedure utilizing 
the INH procedure and compared to identical standards which 
were not put on and eluted from the column. The results are shown 
in Table IV. The recoveries ranged from 97.6 to 101.7%, with 
an average recovery of 100.3% and a standard deviation calculated 
from the range by the method of Dean and Dixon (14) of 1.39 %. 


Interference Studies-The efficiency of the suggested procedure 
for the complete removal or reduction of interferences in the various 
determinative methods was investigated in sample preparations and 
by the addition of the interfering substances to hydrocortisone stan- 
dards. In each case, the measurement was made on aliquots of the 
alcohol extract of the sample or of the extract of the standard plus 
the interfering substance. One aliquot was measured directly and 
the second was put through the column separation step before mea- 
surement. In the investigation involving the standard plus added 
interference, a standard without the interfering substance was also 
determined directly. 


The results for two typical samples are shown in Table V. The 
values for the hydrocortisone cream show interference in bot the 
BT and INH procedures, but none in the PH method when run 
directly. The interference in both BT and INH measurements was 
detected using the variation of absorbance with time method (15). 
The column separation procedure reduces the amount of inter- 
ference in the BT method and completely removes the substances 
that interfere in the INH measurement. 


Results for the buffered prednisolone tablets show the versatility 
of the suggested procedure in the detection and estimation of 
decomposition products in corticosteroid preparations. When run 
directly, interference was indicated only in the BT method, and 
this interference was not completely removed by the column pro- 
cedure. Since the INH procedure depends upon conjugation in 
Ring A of the corticosteroid, and the BT and PH reagents react with 
the side chain at CI7 (IS), the difference between the values by INH 
and PH when run directly indicates that the Cli side chain in approx- 


~~ ~~ 


__-____-__-___ Absorbance Method of Measurement--------- 7 


Interfering ---Blue Tetrazolium--- ----Phenylhydrazine--- Isonicotinic Acid Hydrazide 
Substance, Standard Standard + Standard Standard Standard Stadard + 


Interfering mg./mg. Only, Interference Only, Interference Only, Interference 
Substance Hydrocortisone Direct Direct Procedure Direct Direct Procedure Direct Direct Procedure 


0.580 0.839 0.600 0.540 T u  0.538 0.334 0.764 0.348 Lanolin 


0.580 0.611 0.573 0.540 Tn 0.521 0.334 0.332 0.338 Polysorbate 60 


0.580 0.574 0.573 0.540 Ta  0.537 0,334 0.332 0.328 Sodium lauryl sulfate 


0.580 0.742 0.637 0.540 Tn 0.552 0.334 0.468 0.362 Sorbitan monooleate 


0.580 0.674 0.607 0.540 Ta 0.539 0.334 0.366 0.335 Sorbitan monostearate 


0.580 0.703 0.580 0.540 0.540 0.540 0.334 0.336 0,333 Sulfide0 


Sulfur 1 0.580 0.732 0.580 0.540 0.540 0.538 0.334 0.334 0.332 


a T means solution becomes turbid so that absorbance cannot be determined. b Acetonitrile column modified with aqueous trap layer. 


600 
1 
25 
1 


20 
1 


250 
1 


250 
1 


0.133 
1 


0.05 


- 


- 


- 


- 


- 


__ 


__ 
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Table VII-Typical Samples Analyzed by the Proposed Procedure 


Interfering Declared Value, 2 
Substances Method of Analysis 7 


Product Corticosteroid Presentb BT PH INH 


A. Samples Showing Little or No Decomposition 
Cream 0.25 % Hydrocortisone a, c 103. @ 105.6” 101. 8c 
Lotion 0.125z  Hydrocortisone c, e 100.0“ 99.2O 99.7c 
Lotion 0.25 % Hydrocortisone C 110.8 108.4 109.6 
Lotion 0.50 % Hydrocortisone a, c, g 99.2d 94.4 96.9 
Lotion 1 %  Hydrocortisone a 107.2c 107. 5c 107. 4c 
Drops 25 mg./ml. Hydrocortisone - 78.4 80.6 79.0 


Drops 0 . 2 %  Prednisolone - 89.0 ND“ 89.5 
Suspension 0.1 % Dexamethasone - 106.3 106.8 107.0 
Suspension 0.25 Prednisolone C 1 1  1 . 8 c . d  99. 8c 102.1c 


Tablets 0.75 mg Prednisone d 90. lc*f ND” 88.0“J 
B. Samples Showing Decomposition 


acetate 


acetate 


Cream 0.125% 
Cream 0.125 % 
CreamO.5O’Z 
Lotion 0.125% 
Lotion 0.25 % 
Lotion 0.50% 
Ointment 0.50 


Suspension 0.1 z 


Hydrocortisone 
Hydrocortisone 
Hydrocortisone 
Hydrocortisone 
Hydrocortisone 
Hydrocortisone 
Hydrocortisone 


Dexamethasone 
acetate 


a, c, g 48. 4d 30.2 71.1 
a, c, g 82.2d 45.0 60.0 
a, c, g 111.7d 102.7 113.2 
a, c, g 24. 3d 2.5 43.8 
c, e, f 97. 6c,d 90.6“ loo. 3“ 
a, c, g 95.3d 90.7 98.7 
h 104. 2d 93.4 96.9 


- 98.5” ND“ 103.7” 


Average of duplicates. Interfering substances present according to manufacturer’s declared content: a, lanolin; b, magnesium stearate; C, 
Vari- 


ND, not determined by this method. f Salicylamide was removed 
parabens; d, salicylamide; e, sodium lauryl sulfate; f, sorbitan monostearate; g, stearic acid; and h, selenium sulfide. 
ation of absorbance with time indicates presence of unidentified interference. 
by extraction of CHCls eluate with 0.25 N NaOH before evaporation to dryness. 


Single determination. 


imately 40 % of the declared amount of the corticosteroid had been 
oxidized to neutral or acidic products. The column procedure for 
buffered tablets of this type requires an aqueous trap layer to  re- 
move HCl from the chloroform, and this aqueous layer also removes 
any acidic decomposition products. The difference between the 
INH values before and after being put through the column indicates 
that approximately half of the decomposition products were acidic. 
The difference between the INH and PH results after being put 
through the column indicates that the other half of the decomposi- 
tion products were neutral. These results also indicate that only 
45 % of the declared amount was actually present in the sample at 
the time of the analysis. 


The results of the investigation using standards with added inter- 
fering substances are summarized in Table VI. The substances added 
have been reported to interfere in at least one of the determinative 
methods (15). The proposed procedure either eliminates the inter- 
ference completely or greatly reduces it at the level shown. The 
first column of figures under each method is the absorbance for the 
standard alone run directly, the second column is the standard plus 
interference run directly, and the third column is the absorbance 
of standard plus interference after being separated by the proposed 
procedure. The differences in the values in the three columns indi- 
cate the extent of interference and the efficiency of removal. 


RESULTS AND DISCUSSION 


The results on typical undecomposed and partially decomposed 
corticosteroid preparations are summarized in Table VII. In each 
case in which there is significant disagreement between the BT 
and PH values, a study of the variation of absorbance with time 
indicates that some unidentified interfering substance is present. 
It is also apparent that such discrepancies are found more often in 
samples that have undergone decomposition, as indicated by sig- 
nificant differences between values obtained by the INH procedure 
and values obtained by the PH or BT method. 


Diethyl ether was used instead of chloroform during part of this 
investigation for the removal of the corticosteroid from the column. 
It was found, however, that some bottles of ether contain ether 
peroxides, which cause decomposition of the corticosteroid during 
the evaporation step and also interfere with all four determinative 
methods. When ether is used, the column must be kept completely 
filled during the elution step to ensure that the corticosteroid is 


completely eluted from the column. Since chloroform has none of 
these disadvantages, it is the solvent of choice for the elution 
step. Isooctane (2,2,4-trimethylpentane) was substituted for the 
n-heptane in several analyses but did not improve the results ob- 
tained. 


The few minor limitations of the proposed procedure include the 
care that must be used in the evaporation of acetonitrile, because 
it is toxic and because any acetonitrile left unevaporated will cause 
gross interference in the BT procedure. Also, if the liquid head in the 
column is maintained above 12 cm. during the n-heptane wash, some 
acetonitrile will be stripped from the column. This could lead to 
some of the corticosteroid also being removed during the wash step. 


Some substances, which interfere in one or more of the deter- 
minative steps, are sufficiently soluble in both water and chloro- 
form to be removed from an aqueous trap layer in the elution step. 
If this occurs, the eluate is evaporated, redissolved in acetonitrileen- 
heptane, and transferred to a new column without an aqueous trap 
layer. One example of an interfering substance of this type is a 
decomposition product of corticosteroids thought to be a glyoxal. 


Preliminary work with the column indicates that it can be used 
to improve the analysis of other types of steroids and may be used 
to separate with ease certain important steroids occurring in phar- 
maceutical preparations. Investigative work is continuing on the use 
of the column for such separations. 
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Quantitative Determination of Butaperazine by TLC 


A. J. KAPADIA, M. A. BARBER, and A. E. MARTIN 


Abstract 0 A method for the separation and determination of buta- 
perazine in the presence of its degradation products is described. 
A sample is streaked onto a thin layer of silica gel G under a stream 
of nitrogen. The chromatogram is developed with isopropyl alcohol- 
ammonia (1 N )  (4:i). The separated butaperazine is removed from 
the silica gel by elution with methanol and is determined quantita- 
tively by UV spectroscopy. Details of the elution technique are 
described. Using the proposed method, quantitative recoveries are 
obtained from tablets and syrups. 


Keyphrases 0 Butaperazine in dosage forms-analysis 0 TLC- 
separation 0 UV spectrophotometry-analysis 


The use of psychotropic drugs for the treatment of 
patients with emotional or mental disorders has led to  
widespread use of phenothiazine derivatives. One 
such derivative is butaperazine,I 2-(n-butyryl)-l0-[3-(4- 
methyl- 1 -piperazinyl)-prop yl]-phenothiazine. 


The literature provides ample indication that several 
types of decomposition take place in these compounds. 
One type involves oxidation at the sulfur atom, leading 
to sulfoxide and eventually to sulfone (1). The 
quinonoid-type oxidation products of phenothiazine 
have been described (2-4). Huang and Sands (5 ,  6 )  
studied the effect of UV irradiation on chlorpromazine 
solution under aerobic and anaerobic conditions. They 
found that under the former condition, oxidation pre- 
vails and the sulfoxide and N-oxide are formed; how- 
ever, under the latter condition, the polymerization 
processes predominate. 


The degree of deterioration and the type and amount 
of decomposition product pose difficult problems for 
the analyst. Consequently, for the purpose of estab- 
lishing stability, it is necessary to devise a relatively 
simple but versatile separation, one that would be 
applicable to the quantitative determination of the 
phenothiazine derivative in experimental formulations. 


Recently, Blazek (7) reviewed the procedures avail- 
able for quantitative determination of phenothiazine 
derivatives. Included among the methods for these 
compounds are colorimetric (8), titrimetric (9), UV 
absorption spectrophotometric, and chromatographic 
procedures. One might choose any one of these except 


1 Marketed as Repoise by A. H. Robins Co., Richmond, VA 23220 
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for the following considerations. The first two proce- 
dures are not selective for the undegraded compound. 
The UV method (10, 11) is an accurate and convenient 
means of assaying formulations containing phenothi- 
azine derivatives, but it is unsuitable in badly degraded 
formulations because of the presence of other UV ab- 
sorbing species. A paper chromatography technique 
(12, 13) was not selected because of degradation and 
tailing occurring during analysis (14, 15). Gas chroma- 
tographic procedures have been used for phenothi- 
azines, but the present authors observed that buta- 
perazine, because of its high boiling point and low 
thermal stability, was too low in volatility to be eluted 
quantitatively without extensive thermal decomposi- 
tion from the several columns that were tried. Thus, 
they eliminated GLC from further consideration. 


Since its introduction by Stahl (16), TLC has as- 
sumed a position of analytical importance for both the 
separation and analysis of complex inorganic, organic, 
and biological mixtures. Several papers have been pub- 
lished which describe quantitative thin-layer techniques 
(1619). These methods can be classified as direct or 
indirect. 


In the direct method, the developed chromatogram 
is quantitatively evaluated by measuring spot size or 
area or by densitometry. Thus, measurement is accom- 
plished without removing the sought-for substance from 
the support. An indirect method implies removal of 
the separated substance from the plate. This may be 
followed by elution of the sample from the adsorbent 
and analysis of the eluant, usually by spectrophotometry 
or colorimetry. Indirect methods have the advantage 
in that spectra of the samples are readily obtained as 
part of the analysis. These may provide important addi- 
tional information concerning identity and purity (20). 
Spencer and Beggs (21) have pointed out certain pre- 
cautions which must be taken if an indirect method is 
to give precise, accurate results. 


The authors report an application of the indirect 
method, utilizing TLC for the physical separation of 
butaperazine from its degradation products and, sub- 
sequently, quantitative determination of butaperazine 
using UV spectroscopy. Possible sources of error in 
the method are examined. The initial steps in the oxida- 
tive decomposition of butaperazine are shown. 








ii“ 


-0.5 


- 1.0 


L,., 
Figure 4-Determination of the first pKa value of BCP using log 
(HI-IHtI) (from Fig. 2) versus - log (H+) plot. 


Phenol Red-The first pKa value of this dye was estimated to be 
$1.03 (Table IT). The Hammett acidity scale was not used due 
to reasons previously explained. 


It was not possible to take into account the activity coefficients 
at these higher concentrations of hydrochloric acid. This will, no 
doubt, cause some error in the determination of the first pKa values 


of these dyes. Wherever possible, the Hammett acidity scale was 
also used as explained previously. 


Analytical Applications-The information provided is very useful 
for the determination of the true partition coefficients as reported 
by Gupta and Cadwallader (10). This information could also be use- 
ful to correlate the structural formulas of the dyes. 
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Dipole Moment and Structure of 
Thiophene Derivatives and Benzene Analogs 


E. J. LIEN* and W. D. KUMLER 


Abstract The dipole moments of 2-halothiophene, 2,2’-bithio- 
phene, 2-thiophenecarboxylic acid derivatives, and the correspond- 
ing benzene analogs have been measured in benzene and in dioxane. 
Evidence is presented that the conformation in 2-thiophenecar- 
boxylic acid derivatives has the thiophene dipole (which has the 
sulfur negative) opposed to the resultant dipole of the carboxyl or 
ester group. The conformation in 2,2’-bisthiophene is shown to be 


cis. In dioxane, there is more resonance interaction between the 
thiophene ring and the functional groups than between the benzene 
ring and these groups. The chemical shift and the coupling constant 
of the NMR spectra of the 2-halothiophenes and 5,5’-dihalo-2,2’- 
bithiophenes have been assigned. 
Keyphrases 0 Thiophene derivatives, benzene analogs-dipole 
moment, structure determination 0 NMR spectroscopy-structure 


The dipole moment has been shown to be a useful 
electronic parameter in some structure-activity correla- 
tion studies (l), e.g., the insecticidal activity of chlor- 
phenothane (DDT) isomers (2), the cholinesterase 
inhibitory activity of N-alkylsubstituted amides (3), the 


respiratory stimulation activity of cyclic ureas and 
thioureas (4), and the inhibition of viral neuraminidase 
by dihydroisoquinoline derivatives (5). 


The usefulness of dipole moments in structure-ac- 
tivity correlation is more restricted than other physico- 
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Table I-Dipole Moment and Melting Point or Boiling Point of Some 
Thiophene and Benzene Derivatives 


Dipole Moment, 
(Debye, 25") M.p. 


Compound Benzene Dioxane I*D - P B  (corrected) B.p./(mm. Hg) 


Thiophene 


Xhlorothiophene 


Q B .  


Q-1 


o-cb 
Cm 
w 


-1 


2 Bromothiophene 


2.Iodothiophene 


4-Iodohiphenyl 


2 Phenylthiophene 


2, ZBithiophene 


5-Ido-2, Y.hithiophene 


R r m B r  s s  
5,5'.Dihromo-2.?'- 


bi thiop hene 


5, S-Diiodo2.2'- 
bithiophene 


Y 


Methyl 5-nitro-2- 
thiophenecarboxylate 


Methyl 5-amino2- 
thiophenecarboxylate 


5-Nitro-2.thiophenecarboxylic acid 


O ? N a  S 


2.X'itrothiophene 


0 


&!-OH S 


2-Thiophenecartwxyhc acid 


0 


o,N+mH3 - 
Methyl pnitrohenzonte 


0 


H2N-@mH, - 
Methyl paminobenzoate 


0 


OJY--@-OH - 
pNitrohenzoic acid 


0.52a 


1.48 f 0.01 


1.35 f 0.01 


1.20 f 0.01 


1.55 f 0.04 


1.04 =t 0.01 


0.96 f 0.02 


1.28 =k 0.04 


1.73 f 0.09 


0.85 f 0.04 


3.74 f 0.01 


3.35 f 0.01 


3.18 =!= 0.02 


4.27. 


1.3@ 


3.48 f 0.02 


3.41 f. 0.01 


3.42 f 0.12 
( 3 . V  


1.60 f 0.01 


1.41 f 0.03 


0.83 f 0.03 


0.99 f 0.02 


-c 


1.15 f 0.02 


1.79 f 0.04 


-c 


1.87 f 0.08 


3.96 f 0.01 


3.94 f 0.01 


4.43 f 0.01 


3.74 f 0.01 


0.12 


0.06 


-0.37 


-0.56 


- 


0.19 


0.51 


- 


1.02 


0.22 


0.58 


1.25 


0.26 


0.29 


30"/(5) 


31-32'/(3) 


57-58 "/(3) 


112-1 14" 
(113-114")' 


33-35" 


32-33" 
(32-33")b 


150"/(3.5) 


144" 


167-1 68 O 


75-76 O 


(75 ")d 


86-89" 
(81 ")d 


1 5 4 1  57' 
(157 ")d 


95-96' 
(96°)b 


3.70 f 0.01 112" 
( 1 14 ")* 


4.13 f 0.03 0.71 240-242 O 


(242 ")b 
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Table 1-(Continued) 


Dipole Moment, M 
.------(Debye, 25”)- Map. 


Compound Benzene D i o x a n e PO - Ira (corrected) B.p./(mm. Hg) 


O J G  - 
Nitrobenzene 


w 
Renzoic acid 


4.010 


1.80” 


a From A. L. McClellan, “Tables of Experimental Dipole Moments.” W. H. Freeman, 1963. b From “Handbook of Chemistry and Physics,” 
45th ed., R., C. Weast, Ed., The Chemical Rubber Co., Cleveland, Ohio. c No measurement because of the limited amount of sample available. d From 
P. Fournari and J. P. Chane, Bull. Soc. Chim. France, 1963, 479. 


chemical constants such as Hammett’s u constant or 
Taft’s u* constant (6),  because the resultant moment of a 
molecule has to be calculated by vector addition, not by 
simple addition. 


That substitution of a thiophene ring for the benzene 
ring produces compounds with similar physical and 
biological properties has long been recognized (7, 8). 
Based on the concept of “bioisosterism,” many thio- 
phene analogs of biologically active compounds con- 
taining the benzene ring have been investigated (8). 


In considering some of the differences between the 
two sets of compounds, a knowledge of the conforma- 
tion of the thiophene compounds and how thiophene 
transmits resonance effects compared with benzene 
appeared desirable. It seemed likely that a study of the 
dipole moments of suitable compounds could give this 
information. 


EXPERIMENTAL 


The simple halothiophenesl were further purified by vacuum 
distillation. The other thiophene and benzene derivatives were used 
as provided.2 The melting points and the boiling points are given in 
Table I. 


All dipole moments were measured at 25” using a WTW-Dipole 
Meter model DMOl and a DFL-2 cell. The method of Halverstadt 
and Kumler (9), programmed for an IBM 1401 by Simpson (10) and 
converted for an IBM 360/40 computer by the authors, was used to 
calculate the dipole moments. The solute molar electronic polariza- 
tion (PE)  was obtained from refractive index measurements. The 
dipole moments are assembled in Table I. 


The NMR spectra of the five compounds examined indicated the 
samples were of high purity. The NMR spectra were measured on a 
Varian A-60A spectrometer. The position of the peaks are with 
reference to that of trimethylsilane (TMS). A complete analysis of 
the second-order splitting of the ABC pattern for the Z-halothio- 
phenes and the fist-order splitting of the AB pattern for the 5,5’- 
dihalo-2,2’-bithiophenes are summarized in Table 11. 


RESULTS AND DISCUSSION 


The analysis of the dipole moment data is dependent on whether 
the dipole moment in thiophene has the negative end toward sulfur 


or toward the carbons { Q. The latter might re- 


sult if there were appreciable contributions from forms with a 


separation of charges such as -@. The literature con- 
-c 


1 Eastman Organic Chemicals. 
2 By Dr. J. C. Craig and Dr. A. R. Naik of the University of California, 


School of Pharmacy. 


tains conflicting opinions in regard to the direction of this dipole 
(8, 11). A consideration of the dipole moments of 2- and 3-methyl- 
thiophenes and 2,5-dichlorothiophenes and 2,5-dibromothiophenes 
(10,12) demonstrates, however, that the negative end of the dipole is 
toward sulfur. This, coupled with the evidence that Zthiophene- 
carboxylic acid is essentially flat (13) and that its dipole moment is 
considerably less than that of benzoic acid, establishes the confor- 
mation of 2-thiophene carboxylic acid 8% being I or I1 or a combina- 
tion of the two but not 111: 


I 


0-H H--i) 6 
I I1 TII 


Only in I or I1 is the dipole in the thiophene ring in a position to 
reduce the resultant moment of the carboxyl group. There are 
conflicting reports on the conformation of 2,2‘-bithiophene (12, 14). 
Thiophene itself has a dipole moment of 0.52 D. The dipole moment 
of 2,2‘-bithiophene (0.96 D in benzene, 1.15 D in dioxane) un- 
equivocally indicates that the two thiophene rings are in a cis- 
conformation rather than in a trans-conformation, because the 
latter conformer should have a moment much lower than 0.52 D: 


Q-Q 
cis 
Iv 


w 
trans 


V 


Generally speaking, dipole moments measured in dioxane are 
higher than in benzene (positive - pa), because the local dipoles 
of dioxane tend to augment the dipole moment of the solute mole- 
cules. However, for 2-iodothiophene and Ciodobiphenyl, negative 
p~ - p a  values were obtained. This may be due to the lower electro- 
negativity of iodine as compared with that of bromine or chlorine 
and a greater contribution of the resonance structures in dioxane, 
opposing the dipole of the C-I bond: 


f--, 


V I U  VIb VIC 


-7 e 


m1a 


- - -- I, etc. 


VIIb VIIc 


The resonance structure like VIIc is impossible for 5,5’-dihalo-2,2’- 
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Table ZI-NMR Data of 2-Halothiophenes and 
5,5’-Dihalo-2,2’-bithiophenes (Measured in CDCh) 


Chemical Shift (6) 
p.p.rn. Relative to TMS 


n X 
No. Coupling Constant, 
of 7 c . p . s . -  


X Hq Ha HS Lines 5 3 . 4  J3.5 J4-5 


C1 6.88 6.96 7.07 8 2.5 1 .3  5 .0  
Br 6.84 7.09 7.21 12 4.0 1.5 5 . 5  
I 6.81 7.28 7.42 11 4.0 1.0 5.8 


X H, =Ha’ Hq= H4’ J3.4 = J3’,4’ 
Br 6.76 6.88 4 4.0 
I 6.73 7.10 4 3.7 


bithiophene; therefore, positive p~g - p~g values would be expected. 
The experimental data fulfill this expectation, since a p~ - p~ of 
1.02 D is obtained for 5,5’-diiodo-2,2’-bithiophene. 


For 5-iodo-2,2‘-bithiophene, 0.51 D is obtained for p~ - + B ;  this 
may be due to the noncoplanarity of the bithiophene system and the 
decreased contribution from dipolar forms like VIIc. It has been 
shown by electron-diffraction study that in biphenyl two benzene 
rings form an angle of 45 (1 5). 


For the 2-thiophenecarboxylic acid derivatives, the dipole mo- 
ments measured in dioxane are higher than those of the correspond- 
ing benzene ring compounds. This may be attributed to the greater 
resonance-transmitting character of the thiophene ring, since 
dioxane tends to stabilize the dipolar forms. In benzene, no such 
general trend is observed because benzene does not have local 
dipoles. For the purpose of structure-activity correlation studies, the 
dipole moments obtained from dioxane may be better than the 
moments obtained from benzene, since water in the biological sys- 
tem is a highly polar solvent. 


For the NMR data in Table 11, the assignment of the coupling 
constant of 2-halothiophenes is simplified by the study of 5,5’- 
dihalo-2,2’-bithiophenes, since in the latter case only one coupling 
constant exists (J3.3 which is about 4.0 C.P.S. in both cases where the 
halogen is Br or T. For 2-chlorothiophene, J3,( is somewhat lower 
(2.5 c.P.s.), probably due to the higher electronegativity of the 
chlorine atom and lower electron density in the C3-44 bond. The 
order of the coupling constants varies as J4.5 > J 3 . 4  > 53,s.  This is 
explainable since there is more double-bond character in the C4-C5 
bond than in the C3-C4 bond. is the smallest because there are 
four bonds between H3 and H5, while only three bonds are between 
Ha and Ha. 


For the 2-halothiophenes, the chemical shift of the proton at  the 
Cposition appears to be determined by the inductive effect of the 
halogen, i.e., the higher the electronegativity of the halogen, the 
lower the field for the resonance of the proton. This is as expected, 
since the lower the electron density, the less will be the shielding 
effect due to the diamagnetism of the circulating electrons (16). On 
the other hand, for the chemical shifts of the protons at the 3- and 


5-positions, an opposite order was obtained. Namely, H3 and H5 of 
24odothiophene (least electronegativity of I) appear a t  a lower field 
than those of 2-bromothiophene and fchlorothiophene. This is 
probably due to the contribution from the paramagnetic effect of the 
C-X bond, since this effect would be the greatest for iodine (17). 
Free halide ion, having a spherically symmetrical charge distribution, 
will be magnetically isotropic. The C-1 bond has less ionic char- 
acter than the C-CI bond, and the magnetic anisotropy of the 
former would be greater than the latter. 
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Interaction of Isoniazid with Magnesium Oxide and Lactose 


WEN-HUNG WU, TING-FONG CHIN, and JOHN L. LACH 


Abstract interactions of isoniazid with magnesium oxide and 
with lactose were investigated in the solid state. In the isoniazid- 
magnesium oxide.system, shemisorption as well as physical adsorp- 
tion of isoniazid molecules onto the magnesium oxide surface was 
confirmed by diffuse reflectance spectroscopic data. An absorption 
maximum due to chemisorbed isoniazid molecvles was found to 
occur at 325 rnp, whereas physical adsorption was detected at 268 
mp. The mechanism of surface chemisorption is different from that 
of the formation of the isoniazid-metal-ion complex in solution. 
The browning reaction of the isoniazid-lactose system in solid state 


was also studied using diffuse reflectance spectroscopy. The rates of 
browning at  95, 100, 105, and 110" were followed by measuring 
the refledance at 450 rnp. From the data obtained, the approximate 
time needed for browning to be perceptible has been predicted. TLC 
separations of the reaction products confirmed the presence of 
isonicotinoyl hydrazones of lactose and hydroxymethylfurfural. 


Keyphrases 0 isoniazid interaction-magnesium oxide, lactose 0 
Lactose-isoniazid systems-browning rates 0 Magnesium oxide, 
chernisorption-isoniazid Diffuse reflectance spectroscopy- 
analysis 1 IR spectrophotometry-identity 


Difficulties in formulating a new pharmaceutical indicates that such interactions involving the formation 
of complexes have been studied extensively in aqueous 
solution; relatively few studies have been carried out in 
the solid state. 


Stearic acid and calcium stearate have been shown by 
Kornblum and Zoglio (1) to  catalyze the degradation of 
aspirin. Ribeiro et al. (2) studied the influence of lubri- 


dosage form have often been experienced because of the 
interactions between the supposed inert adjuvants and 
the active ingredient itself. Although the nature and 
intensity of these interactions vary, such interactions 
may alter the stability, dissolution rate, and, conse- 
quently, the absorption of the drug. A literature survey 
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cant type and concentration of the lubricant in the de- 
composition of aspirin in APC tablets. In most cases, an 
increase in lubricant concentration caused a correspond- 
ing increase in decomposition. The most striking effect 
was observed with calcium stearate, stearic acid, and 
magnesium stearate. It is conceivable that the metallic 
salts of these weak organic acids catalyze aspirin degra- 
dation : however, the catalytic effect brought about by 
stearic acid alone suggests that some other mechanism(s) 
may also be operative. The influence of antacid com- 
pounds and tablet diluents on the stability of aspirin has 
also been investigated by Bandelin and Malesh (3). The 
authors reported that there. is no relationship between 
the solubility of the adjuvants and the decomposition of 
aspirin. For example, a highly insoluble magnesium 
trisilicate produced a high rate. of decomposition, while 
calcium gluconate, a very soluble salt, was less reactive. 


Adsorption of antibiotics on antacid materials has 
been studied by several authors (4, 5). Blaug and Gross 
(6 )  showed that the adsorption of some anticholinergic 
drugs on magnesium trisilicate was so strong that com- 
plete desorption was difficult. Chulski and Forist (7), 
studying the effects of some solid buffering agents on 
prednisolone, found that the steroid was adsorbed by 
magnesium trisilicate and that magnesium oxide pro- 
duced a first-order degradation of the steroid. 


Although these studies dealing with drug-adjuvant 
interactions covered different types of drugs and ad- 
juvants. the nature of the interactions involved and their 
reaction mechanisms were not fully discussed. This is 
probably attributable to  the fact that reactions in the 
solid state are usually complex, complicated by numer- 
ous parallel and consecutive reactions. However, more 
important has been the lack of available effective and 
dependable instrumentation for the study of such inter- 
actions in the solid state. 


Guillory et al. (8) reported on thermal methods using 
differential thermal analysis (DTA) for the detection of 
interactions occurring between solid components of 
pharmaceuticals. Drug-adjuvant interactions in the solid 
state have been investigated bv Lach and Bornstein 
(9-1 I), Bighley (12), and McCallister (13), using diffuse 
reflectance spectroscopy (DRS). The authors covered a 
wide range of active medicinal agents including anti- 
biotics, analgesics, and anticoagulants. The adjuvants 
investigated included both metallic and nonmetallic 
compounds. The degree of strength of the interactions 
between drugs and adjuvants was interpreted from the 
spectral shifts observed. 


Since the clinical response of any solid dosage form 
depends not only on the accurate labeled amount of 
medicament present but also on its actual availability to 
the patient once administered, a study of these solid- 
state interactions is of prime importance in an under- 
standing of the formulation of therapeutically effective 
dosage forms. The purpose of this investigation was to  
study drug-adjuvant interactions, since drug availability 
might be significantly altered as a result of these solid- 
solid interactions. Since isoniazid (INH) does form 
chelates in solution with various metallic ions (14-16), it 
is highly probable that similar type interactions would 
occur on the surface of metallic-containing adjuvants 
commonly employed in the preparation of solid dosage 


forms. It is also probable that INH would undergo other 
types of surface interactions. An investigation dealing 
with these aspects was therefore undertaken. 


EXPERIMENTAL 


Reagents-The following were used: isoniazid,' recrystallized from 
95% ethanol, m.p. 171-172"; MgO USP,2 heavy, average size 30 p ;  
KBr,3 spectroscopic grade; lactose monohydrate,2 A.R., m.p. 201- 
202"; silica gel G4 for TLC; deuterium oxide4 for spectroscopy, 
99.75 % ; 5-hydroxymethylfurfural~ recrystallized from a mixed 
solvent consisting of equal volumes of ether and petroleum ether, 
m.p. 31-32'; methanol,2 A.R.; and methylene chloride,6 A.R. 


Apparatus-All diffuse reflectances were measured using a 
spectrophotometer' equipped with reflectance attachment. The cell 
consists of a square aluminum block, an aluminum back cover, and 
two metal bolts. A piece of circular quartz: 3.17 cm. (1.25 in.) in 
diameter and 0.16 cm. (0.064 in.) in thickness, is fitted into the front 
side of the block. The detailed dimensions are shown in Fig. I .  The 
powder compartment is shown as the shaded area. The other ap- 
paratus used were: recording spectrophotometer ;* IR spectro- 
photometer;1D vacuum oven; l1 dry oven,l2 analytical, low gradient; 
heater and circulator,12 equipped with microset thermoregulator; 1 3  


submersion rotator; l 4  and TLC apparatus.16 
General Procedure for Sample Equilibration-Specified quantities 


of a drug and an adjuvant were accurately weighed on an analytical 
balance and transferred into a suitable size amber-colored bottle, 
which held enough void volume for sample mixing after the powders 
and solvent (I0 ml. solvent/l g. adjuvant) were added. After the 
cap was replaced, the bottle was fixed on the rotator and tumbled 
for 24 hr. at room temperature (25"). The content was poured into a 
mortar and dried at 25" in a vacuum oven. After the bulk of the 
solvent was driven off, the powder was thoroughly triturated and 
then dried again at 35" under vacuum. Finally, the sample was 
cooled in a vacuum desiccator over calcium sulfate. 


Reflectance Measurement-The prepared sample was packed 
into a cell. Since the process of packing has been reported (17) to 
cause fluctuation in reflectance reading, it is essential to maintain 
the same condition for every sample packed. In all cases, pure ad- 
juvant itself was used as a white standard ( I  8). 


Preparation of Deuterated INH-One gram of INH was dissolved 
in 10 ml. of DzO, and the clear solution was transferred to an ampul 
which was sealed after the air was replaced by nitrogen. The ampul 
was allowed to stand in the dark for 24 hr., and the DzO was evapo- 
rated under vacuum until completelv dry. 


Browning of INH-Lactose Solid System-According to the 
previously stated procedure, a sample containing 15 mg. INH/I g. 
lactose was equilibrated in CH2CI2. For purposes of comparison, 
lactose containing no INH was treated in the same manner. After 
the reflectance spectra were taken, both samples were heated at 100 
10.5" in a dry oven. At various time intervals, the samples were 
transferred to a desiccator containing calcium sulfate and allowed to  
cool for 15 min.; the reflectance spectra were then taken. The same 
experiment wascarried out also at 95,105, and 1 10". 


Browning of IN€-Lactose Mixture in Solution-Three solutions 
were prepared by dissolving: (a) 150 mg. INH, (b)  150 mg. INH and 
10 g. lactose, and (c) 10 g. lactose, respectively, in small amount of 
water and made to 100-ml. volume. Five milliliterseach ofthe solu- 
tions was filled into 10-mi. ampuls and sealed. These ampuls were 
heated at 100 f 0.1 ' in an oil bath; at various time intervals, one 
ampul containing the respective solution was removed. The reaction 
wasquenched by quick cooling, 1 ml. each of the content was diluted 


1 Conray Products Co., New York, N. Y. 
2 Mallinckrodt Chemical Works, St. Louis, Mo. 
3 Matheson Coleman & Bell. 
4 E. Merck (Germany). 
6 Aldrich Chemical Co.. Milwaukee. Wis. 
; J. T. Baker, Phillipsburg, N. J. 
I Beckman model DB-G. 
* Suprasil, Amersil Inc. 
9 Beckman model DK-2. 


' 


10 Beckman IR-10. 
11 Precision Scientific. model 524. 
12E. H. Sargent & do. 
13 Precision Scientific. 
1 4  Scientific Industries, Inc.. model SR-250-V. 
16 DesagaiBrinkmann. 
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Figure I-Cell diagram for diffuse reflectance measurement. 


to 100 ml., and the transmittance spectra were taken from 22Ck340 
mr. 


Preparation of Isonicotinoyl Hydrazone of Hydroxymethylfur- 
fural (IN€-HMF-One gram HMF was dissolved in 8 ml. of 
methanol and diluted with an equal volume of water. To this solu- 
tion was added 1 g. of INH and diluted with 5 ml. of water. The 
clear solution was heated to boiling and then chilled in a refrigerator. 
The precipitate was filtered and recrystallized from 45 ml. of 50% 
ethanol, using charcoal as a decolorizing agent. The light-yellow 
needles obtained were again recrystallized and finally dried at 30" 
under vacuum, m.p. 216-218" (corrected). kEf = 320 mp, a:$ = 
2697.0. Elemental analysis showed the following: 


C H N 
Theoretical 58.77 4.52 17.14 
Determined 58.86 4.63 17.09 


TLC-Silica gel G plates (0.25 mm.) were developed by a solvent 
mixture made by diluting 60 ml. methanol with CHCL to 125 ml. 
Air-dried plates were then examined under UV light and also 
exposed to iodine vapor. 


I "  - 
4 


1 2 3 4 5 
MOLE FRACTION OF INH/MgO X 103 


Figure %-Relationship between reflectance and concentration 0 f 
isoniazid. Key: 0, at 268 mp; and 0, at 325 mp. 
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Figure 2-DRS showing the effects of varying isoniazid concentra- 
tions on equilibrated samples using 1.00 g. of magnesium oxide 
as the adsorbent. Key: A ,  3 mg.; B, 7 mg.; C,  I0 mg.; D ,  13 
mg.; and E ,  I6 mg. 


RESULTS AND DISCUSSION 


INH-MgO System-DRS of various samples, containing 3, 7,10, 
13, and 16 mg. INH/1 g. MgO and equilibratedin methanol accord- 
ing to the general procedure previously described, are shown in Fig. 
2. In each spectrum, two absorption maxima were observed, one at 
268 mp and the other at 325 mp. However, the transmittance spec- 
trum of INH in aqueous solution showed only one absorption max- 
imum at 262 mp. The influence of solvent polarity on this maxi- 
mum was small, since A,,,. in CHCla was also found at the same 
wavelength. It was also observed (Fig. 2) that the intensity increase 
of the maximum at 268 mp as a function of drug concentration was 
much greater than that for the maximum at 325 mp. 


These intensity relationships (Table I) are represented by the 
observed reflectances and expressed as a remission function, which is 
also referred to as the Kubelka-Munk equation (19): 


where r a is a measured reflectance. As seen in the last column of 
Table I, a comparison of the ratiof(r a)zeB/(r m)3?; indicates that this 


100 


90 


80 
E 


se 


70 


60 


- 
162 


250 300 350 400 
mp 


Figure 4-DRS of a sample prepared by triturating 15 mg. isoniazid 
with I g. magnesium oxide, showing the effects of time on reflectance 
intensity change. (The numbers shown are time in hours.) 
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Table I-Relationship between Concentration of Isoniazid and Reflectances at Two Different Wavelengths 


--Concentration--. 
mg. INH/g. Reflectance - f ( r  m )m8/ 


MgO Mole Fraction r m ~ ,  Z f ( r m h  r a m ,  72 f ( r  m)325 f ( r  m )32L 


0.6 . 


3 8.82 x 10-4 71.3 0.05776 72.0 0.05444 
7 2.03 x IO-$ 51.2 9.2326 58.0 0.1521 


10 2.94 x 10V 46.8 0.3024 56.0 0.1729 
13 3.82 x 10-3 43.7 0.3627 54.0 0.1959 
16 4.71 x 10V 38.3 0.4970 49.8 0.2530 


1.06 
1.53 
1.75 
1.85 
1.97 


concentration effect was considerably more significant for the 268 
mp maximum thanfor the other at 325 mp. If one assumes that the 
appearance of these two maxima is due solely to the INH molecules 
adsorbed onto the MgO surface and that the forces involved in this 
interaction for these adsorbed molecules are comparable, then this 
ratio for these two maxima should not change. Theoretically, the 
ratio of absorbances as well as remission functions at two different 
wavelengths should be equal to the ratio of the molar absorptivity at 
the respective wavelengths and should be a constant. Since this is not 
the case here, it is more likely that the maxima at 268 and 325 mp are 
the results of INH molecules being adsorbed by several different 
mechanisms. 


Figure 3 shows a plot of remission function,f(r a) ,  uersus concen- 
tration expressed in mole fraction, i.e., mole INH/mole MgO. 
Although fluctuation of data was rather significant, it was possible to 
observe that an approximately linear relationship did exist between 
the remission function and concentration at 268 mfi, whereas at 325 
mp the remission function approached a plateau. Since in physical 
adsorption, multiple-layer adsorption may occur, this intensity in- 
crease for the 268-mp maximum with an increase in concentration 
may be assigned to  physical adsorption of INH molecules. This 
assignment might well be supported by the bathochromic effect 
observed, which has also been reported by several workers (9,20) in 
such adsorption. The second maximum at 325 mjt may be due to  
chemisorbed INH molecules. Since chemisorption is known to occur 
only to the extent of formation of a monolayer on the adsorbent 
surface, the adsorbed molecules in excess of this amount (multi- 
layer) no longer contribute to the intensity of a maximum due to 
chemisorption, as is seen in the maximum at 325 mp which gradually 
shows a plateau at higher concentration and a decrease in the clarity 
of the peak. 


From the molar absorptivity of INH, a 2 2  = 518.0, the maximum 
at 262 mp can be assigned to a T -+ T* transition of the conjugated 
system in the INH molecule. There is then a possibility of assigning 
the weaker maximum at 325 mp in the reflectance spectrum to the 
I J  -* T* transition of the carbonyl group. This is not possible, how- 
ever, since the intensity of the n + T* transition can never exceed 
that of the T 4 T*, so the 325-mp maximum should be always 
weaker than the 268-mp maximum. However, this was not observed 
when the experimental conditions were altered. 


To study further the nature of these maxima, 15 mg. of INH/I g. 


0.9 n 
- - . . - . . 
20 40 60 80 100 120 140 160 


HOURS 


Figure 5-Relationship between the ratio of two refleetames at diJ 
ferent wacelengths and time of a sample prepared by triturating 15 
mg. isoniazid with 1 g.  magnesium oxide. 


of MgO was triturated in a mortar for 10 min. and packed into a 
cell; the reflectance spectrum was then taken at different time inter- 
vals. The results are shown in Fig. 4. As is evident from this figure 
and contrary to  Fig. 2, the intensity ratios, f ( r  w)26s/f(r m ) ~ , ,  
determined within the time interval studied were smaller than 1 ; as 
time increased, these ratios gradually decreased and then slowly in- 
creased. These relationships between ratios and time calculated from 
Fig. 4 are shown in Fig. 5 ,  and they may be explained in the follow- 
ing manner. Immediately after the trituration, both chernisorption 
and physical adsorption have occurred. However, the extent of ad- 
sorption in both cases is far from the equilibrium state, as may 
be observed by a comparison of Fig. 2 and Fig. 4. Consequently, at 
this stage, except for some of the INH molecules that have been 
removed from the surface of the INH crystals and chemisorbed onto 
MgO surface, the rest of the INH molecules remain intact in the 
crystalline form. However, as the time interval lengthens, some 
INH molecules become separated from the INH crystalline surface 
due to particle collision or surface diffusion, and they undergo chem- 
isorption with the large unsaturated MgO surface. This is reflected in 
the increase in the intensity of the 325-mp maximum in the diffuse 
reflectance spectrum. Statistically speaking, it is probable that some 
of these free INH molecules may also be adsorbed physically to 
other already chemisorbed molecules, so that the intensity of the 
maximum at 268 mp increases but at a much slower rate. This is in- 
dicated in Fig. 4, which shows this ratio decrease during the first 66 
hr. However, beyond this period the ratio begins to increase. This is 
probably due to the fact that the unsaturated MgO surface sites 
are, for the most part, satisfied by the chemisorbed layer of INH 
molecules and that additional molecules liberated from the INH 
crystal surface are now physically adsorbed to this layer. If the 
system just discussed is allowed to attain equilibrium by storage 
for a sufficient period of time, the reflectance values would be com- 
parable to that of the sample equilibrated in a solvent. Zeitlin 
et al. (18) have confirmed this aspect in their study. 


The assignment of the two maxima was further supported by a 
study that involved equilibration and solvent elution of the drug 
from the adjuvant surface. Each sample was prepared by equilibrat- 
ing 5 g. of MgO with 200 mg. of INH dissolved in 50 ml. of methanol 
and CH2Clz, respectively. The sample was then filtered with gentle 


250 300 350 400 


Figure b D R S  showing the effects of washing equilibrated dried 
samples containing 200 mg. isoniazid and 5 g. magnesium oxide. 
Key: A, equilibrated in methanol and washed with the same solvent: 
and B, equilibrated in methylene chloride and washed with the same 
solvent. 
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suction, followed by slow elution with 200 ml. of the respective 
solvent used in equilibration, and dried at 35 O in a vacuum drying 
oven. Differential thermal spectrograms of these samples indicated 
that no solvent residue remained. DKS of these samples are shown 
in Fig. 6. As can be. seen, the absorption intensities for the 268-mp 
maxima are weaker than for the 325-mp maxima, and the ratios, 
f(rm)26s/f(rm)3P5, are less than 1. This is contrary to the ratios 
calculated from Fig. 2 and listed in Table I. This finding is significant 
and is due to the fact that in this elution process, physically adsorbed 
INH molecules are more easily removed than those that are due to 
chemisorption. 


The possibility that this 325-mp maximum is due to the existence 
of inter- or intramolecular complexes within the crystal lattice of the 
INH particle is unlikely in view of the fact that these equilibrated 
samples were thoroughly eluted with the respective solvents. Under 
such conditions the presence of crystalline INH particles is very 
limited. 


0 0- 


~>E--;-NHZ === N>L=N-NHz + H+ 


Scheme I 


1238 0 3eunml of Pharmaceutical Sciences 


In their studies dealing with the determination of dissociation or 
formation constants of INH complexes, various workers (21-24) 
have reported that spectral shifts of INH solutions do occur with a 
change in pH. At a pH above 11.6, the 262:mr maximum is shifted 
to 300 mp and is due to ionization of the rNH tautomer (Scheme I). 


No strong maximum at 325 mp was observedeven at ver) high pH 
values. In view of the fact that the pH of a saturated MgO aqueous 
solution is approximately 10.3, it is highly improbable that the 
325-mp maximum observed in the solid INH-MgO system discussed 
is due solely to the pH effect. It is interesting to note here that the 
diffuse reflectance spectrum of a mixture of MgO and INH-Cu 
complex [the complex prepared according to the procedure of Foye 
and Duvall(15)l did show a small hump in this 300-mp region. This 
would be expected since, in the postulated copper complex structure, 
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Figure 8-DRS showirzg the browning of lactose at 100". (The mm- 
bers shown are time in hours.) 


ionization of the INH tautomer is necessary prior to its formation. 
The absence of this 300-mp hump, as seen in Figs. 2,4,  and 6, does 
suggest that a mechanism or mechanisms other than that involved in 
the formation of the INH-Cu complex in solution is operative in the 
INH-MgO equilibrated system. The formation of an INH-Mg 
complex in solution has not been reported. 


These observations are also supported by the IR spectra shown in 
Fig. 7. Spectra A, B, and C were taken after mixing 1 mg. of INH, 
deuterated INH, and INH-Cu complex, respectively, with 150 mg. 
of KBr. Spectrum D was taken of a thoroughly triturated mixture of 
1 mg. INH and 3 mg. MgO. This sample was placed in a vacuum 
desiccator over calcium sulfate for 30 hr. and mixed with 150 mg. of 
KBr. Spectra A, B, and D portray a strong carbonyl stretching band, 
vC=O at 1665 cm.-l; C exhibits only a weaker band at 1655 cm.-', 
which is probably due to vC=N rather than the vC-~=O. Com- 
parison of A and B at 1636 an-1 reveals the fact that the 1636-cm.-' 
band in Aisresponsible for the bendingvibration of an amino group, 
6-NH2. Because this amino group bending vibration disappears 
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Figure 9-DRS showing the browning of isoniazid-lactose system at 
100". (The numbers shown are time in hours.) 
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Figure 10-Relationship between reflectance and dihtioti of browned 
substance obtained from heating the isoniazid-lactose svsrem at 100' 
for 182 hr. 


upon deuteration, it is absent in B. The same band is still present in 
D but not C. Therefore, it may be assumed that the -NHt groups in 
A and D exist in the same free form, while in C it is quite different, 
probably because of the formation of a coordination bond between 
cupric ion and the lone pair electrons on the amino nitrogen. 
However, the most confirmatory evidence is obtained at 1330 and 
1110 cm.-', which may be assigned to vC-N and vC-0 bands, 
respectively. Again A and D give the same spectra while C is 
variant. It is quite natural that Spectrum D shows the 1330-cm.-' 
band, even if INH has reacted with MgO in a manner similar to that 
of the INH-Cu complex, because the 1 mg. of INH used is in excess of 
the amount needed to interact with the surface of the 3 mg. of MgO 
present. However, the complete absence of a band at I I10 cm.-I 
indicates that the carbonyl double bond in Spectrum D is still intact. 
On the other hand, Spectrum C displays a strong uC-0 band at 
11 10 cm.-l, which coincides well with the postulated structure of 
this INH-Cu complex. Hence, it may be concluded that, contrary to 
that of the INH-Cu complex, the interaction of INH with MgO does 
not induce significant alteration in the molecular structure of INH. 
Thus the interaction, as well as the formation of the new UV maxi- 
mum at 325 mp in the diffuse reflectance spectrum, is the result of a 
mechanism different from that involved in this INH-Cu complex. 


One possibility is that a donor-acceptor mechanism is operative in 
this INH-MgO interaction. It is known that the pyridine ring itself is 
a good donor. This donor capacity, however, might be somewhat 
reduced by the presence of a carbonyl group that exhibits a negative 
inductive effect. This effect would not be too significant if one con- 
siders the counterbalancing effect of the hydrazide group which may 
supply enough flow of electrons into the carbonyl group. Electron 
affinities of many compounds are not well known. However, if the 
energy level of the antibonding molecular orbital of MgO lies lower 
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Figure 11-The rrtles vf hvwmirg of lmrose ar 95. 100. 105, and 
110". 
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Figure 12-The rates of browning of the isoniazid-lactose system at 
95 and 100". 


than the antibonding orbital of the conjugated system in the INH 
molecule, there is a possibility that a *-electron of INH will be 
transferred to the low-lying antibonding orbital of MgO instead of to 
the higher energy antibonding orbital of its own. This could happen 
when the two molecular orbitals approach close proximity to each 
other so that the overlapping of molecular orbitals actually occurs. 
Such a situation would require strong adsorption of a substrate onto 
an adsorbent surface, that is, chemisorption rather than physical 
adsorption. The immediate consequence of this type of electron 
transfer is the appearance of a resultant two-charged species which, 
in turn, would attract each other much more than the orginal two 
polar molecules: This does indicate the complexity of surface inter- 
actions since both chemisorption and physical adsorption are opera- 
tive. 


INH-Lactose System-The reflectance spectra of both lactose 
and the INH-lactose system are shown in Fig. 8 (Curve 0) and Fig. 
9 (Curve 0). As is evident in Fig. 8 (Curve 0), lactose has not been 
influenced by this equilibration process. Figure 9 (Curve 0), which 
represents the spectrum of the equilibrated INH-lactose sample, 
shows a broad maximum at 265 mp and shoulders at both sides of 
the maximum. Because of the lack of well-separated maxima in the 
spectrum of the JNH-lactose system as compared to that of MgO, a 
study dealing with concentration effects with respect to intensity 
changes and spectral shifts was not successful. 


Heating of the equilibrated lactose and INH-lactose samples in an 
oven at 100 f 0.5" did produce changes in the DRS spectra, as 
shown in Figs. 8 and 9, as well as browning of the samples. Although 
no absorption maximum was initially seen in the equilibrated lactose 
system containing no drug, a maximum did appear at about 275 mp 
after heating. In the INH-lactose system, this thermal effect 
broadened the maximum at 265 mp. Since no maximum appeared in 
the visible region of the spectra in Figs. 8 and 9, selection of a proper 
wavelength at which the extent of browning was to be measured was 
next undertaken. For this purpose, the darkened sample was sub- 
jected to serial dilutions with lactose, and the reflectance spectra 
were taken. When the remission function, f ( r  a), uersus extent of 
dilution was plotted at 400, 450, and 500 mp, respectively, all 
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Figure 13-The rates of browning of the isoniazid-lactose system at 
I05 and 110'. 


Table 11-Apparent Zero-Order Rate Constant, k ,  of Browning of 
Lactose and Isoniazid-Lactose Systems 


Tem- 
pera- -- Lactose--- --Isoniazid-Lactose-- 
tiire k log k k log k 


~ ~ 


95" 5.305 x -4.2753 1.238 X -3.9073 
100" 1.093 X -3.9614 3.560 X -3.4486 


110" 1.890 x -3.7235 5.860 X lo-' -2.2321 
105" 1.574 X lo-' -3.8030 1.150 X lo-' -2.9393 


showed straight-line relationships as illustrated in Fig. 10, showing 
the exact conformity with an equation described by Wendlandt and 
Hecht (25): 


2.303 ' a .  C 
S 


f ( r w )  = 


where a is the molar absorptivity, Cis  the molar concentration, and 
S is the scattering coefficient. 


The reflectance at 450 mp was arbitrarily chosen and employed in 
the subsequent reflectance measurements for the investigation of the 
rate of browning in the solid systems. The results are shown in Figs. 
11-13. Careful examination of each curve revealed that it 
consists of two portions. In the first stage of the browning reaction, 
which in most cases occurred between &50 hr., a sigmoidal curve 
was obtained; in the second stage, an almost straight-line relation- 
ship with time was observed. From these two distinct patterns in the 
reflectance data, it may be assumed that two fundamentally different 
mechanisms are probably operative. Since each lactose molecule 
contains 1 molecule of water which may have a direct relationship in 
the first stage of this browning reaction, a study of the dehydration 
aspect of lactose was carried out at the same temperature ranges. 
The results showed that, except at 95", the complete dehydration of 
lactose occurred within about 50 hr., which coincided with the time 
necessary for the completion of the sigmoidal portion of the curve. 
During this stage of browning, it appears that a true solution phase 
is formed locally between the water liberated from lactose mono- 
hydrate, and that this dehydrated lactose and INH then proceed to 
react to form: (a)  a condensation product of lactose and INH, and 
(b) various carbonyl compounds through stepwise degradation of 
lactose. This initial reaction can be regarded as being in a solution 
phase and not the so-called solid-solid reaction in the true sense of 
the meaning. 


During the second stage of browning, the reaction may be con- 
sidered essentially in the solid state. From the straight-line relation- 
ship obtained between remission function and time, the browning 
reaction may be assumed to follow an apparent zero-order rate law; 
from the slope, the rate constants, k ,  were calculated and are 1is:ed in 
Table 11. However, since the actual reaction is very complicated and 
many different types of reaction nuclei may be formed during the 
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Figure 14-Temperature dependence of apparent zero-order rate 
constant for browning reactions of the isoniazid-Iactose system ( A )  
and lactose alone (B).  


1240 0 Journal of Pharmaceutical Sciences 







Table 111-Comparison of the Rate of Formation of 
Hydroxymethylfurfural and Isonicotinoyl Hydrazone of 
Hydroxy methy lfurfural 


f d a c b f d b c a a  


Time HMF, M INH-HMF, M 


0 
5 


10 
16 
21.5 
27 
34 
41 
46 
53 
64 


~ ~~~~ 


0 0 
5.16 x 10-5 1.63 x 1 0 - 4  
2.98 x 10-4 3.15 x 10-4 
4.76 X -2.63 x 10-4 
5.67 x 10-4 5.67  x 10-4 
7.16 x 10-4 7.08 x 10-4 
9 . 7 4  x 1 0 - 4  7.86 x 1 0 - 4  
1.03 x 1 0 - 3  1 . 0 6  x 10-3 


1.34 X 1.34 x 10-3 


1.22 x 10-3 1.03 X 
1.21 x 1 0 - 3  1.16 X 


first stage of the browning reaction, these, along with other nuclei 
generated in this second stage, may then proceed to form various 
products. Therefore, the apparent rate constant, k ,  in this case does 
not have the usual kinetical significance. It does, however, represent 
a total overall reaction and does enable the approximate estimation 
of the rate of reaction at the other temperatures. From the data 
in Table 11, an Arrhenius plot was attempted (Fig. 14). From the 
curves obtained instead of the usual straight lines, it is obvious that 
the reaction mechanisms are not consistent throughout the tempera- 
ture range studied, and this reflects the complexity of the browning 
reaction. When the curves are extrapolated to room temperature, 
assuming that the curves do not change their curvature, it is possible 
to estimate the approximate time required for the extent of browning 
to be perceptible. Since lactose showed a convex curve that does not 
intersect with a vertical line down through a point at 25", it would 
appear that this browning of lactose would require an infinite time to 
occur. Brownley and Lachman (26) reported that lactose remained 
white after storage for 36 months under ambient conditions. On the 
other hand, the equilibrated mixture of INH and lactose showed a 
concave curve. From the intersect with the vertical line at 25", log k 
was determined and the time required for initial browning to be 
perceptible, assuming r m = 90 z, was calculated as approximately 4 
years. In thiscalculation, it is assumed that the straight-line portion 
of the curve passes through the origin. This 4-year stability of the 
INH-lactose system will certainly be reduced to some extent when 
the sample is exposed to excessive moisture. Ritschel and Rahman 
(27) and Horikoshi and Himuro (28) drew attention to the fact that 
atmospheric moisture did accelerate the browning of INH tablets. 


Since it is well known that browning of many compounds, such as 
food and food products, is also faster in the presence of moisture, the 
browning of the INH-lactose system was carried out in solution for 
purposes of comparison and to isolate reaction products where pos- 
sible. Prior to heating, Solutions a and b showed absorption at 
262 mp, which is due to INH as mentioned before (see Browning 
oflNH-Lactose Mixture in Solution). Solution c did not show any 
absorbance. After heating, Solution a showed a shoulder at about 
300 mp. Solution 6 ,  which is a mixture of INH and lactose, showed 
a new strong absorption at 320 mp. Solution c exhibited an intense 
maximum at 283 mp, which was identified by TLC as 5-hydroxy- 
methylfurfural (HMF). The new maximum at 320 mp in Solution 
b was believed to be the result of a reaction between INH and 
HMF, which was confirmed by TLC using prepared INH-HMF as a 
standard. The compound INH-HMF has been prepared differently 
by Knotz (29). Since both HMF and INH-HMF were found to obey 
Beer's law within 0 4 . 6  mg. HMF/100 ml. HzO and 0 . 8  mg. INH- 
HMF/100 ml. H20,16 the quantities of INH-HMF and HMF pro- 
duced in Solutions b and c were determined from the spectra and 
are listed in Table 111. This table indicates that the rates of appear- 
ance of both INH-HMF and HMF were approximately equal. 
From these results, it is assumed that HMF, which is formed from 
the degradation of lactose in aqueous solution, reacts instantly with 
INH to form INH-HMF. The high reactivity of both species was 
substantiated by the fact that swift precipitation of INH-HMF was 
observable as moderately concentrated solutions of both species 
were mixed together. Also, an almost theoretical yield was obtained 
in the preparation of INH-HMF. 


16 With the aid of small amount of methanol. 
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Figure 15-Thin-layer chroniatogrum showing thermal degradutioii 
products of the isoniazid-lactose system. Key: a ,  INH-HMF, Ri = 


0.85, pink spot under UV light, brown spot by l2 vapor; 6 ,  INH-L, 
Rr = 0.12, brown spot by Iz vapor: c ,  methanol extract ofdegrada- 
tion products in solid state: d,  methanol extract of degradation pro- 
ducts in solution; e ,  HMF, Rr = 0.96, black spot under UV light, 
brown spot by 12 vapor; andf, INH, Rr = 0.62, brown spot by I2 cupor. 


Since INH-HMF was found in solution degradation, it was 
interesting to know whether the same compound was also formed in 
the solid system. Identification of the reaction products in the solid 
state was carried out using TLC. The highly darkened solid sample 
was first extracted with anhydrous methanol and then spotted on a 
plate. Simultaneously, methanol solutions of INH, INH-HMF, 
HMF, and isonicotinoyl hydrazone of lactose (INH-L) were also 
spotted. INH-L was tested since Yamamoto and Tanaka (30) 
reported its formation in INH tablets. The compound was prepared 
according to a method described by the same authors. The results of 
TLC are shown in Fig. 15. The presence of INH-HMF and INH-L 
was evident in this figure. The isolation and confirmation of JNH- 
HMF were carried out first by concentration of a large quantity of 
methanol extract. This concentrate was then streaked onto a 3.0- 
mm. thick preparative plate and developed as before. Using UV 
light as a guide, the pink-color band was scraped off and extracted 
with anhydrous methanol. The extract was concentrated, diluted 
with an equal volume of water, and then purified; it showed the 
same UV and IR spectra when compared with the prepared INH- 
HMF. Since the quantity of INH-HMF formed in the solid system 
was very small, many difficulties were encountered in its quantitative 
determination; consequently, attempts to correlate the rate of 
browning and the rate of formation of INH-HMF in the solid sys- 
tem were unsuccessful. 


The mechanisms of the Maillard-type browning reactions involv- 
ing glucose and glycine have been discussed in detail by several 
authors (31, 32); a stepwise reaction scheme was proposed. A 
simplified reaction scheme is shown in Scheme I1 A. Although the 
mechanisms involved in the reactions between sugars and amino 
acids might resemble the present system, the results from the present 
studies showed some discrepancies. The degradative mechanisms 
have been modified and are given in Scheme I1 B. In the reaction of 
the INH-lactose system, the formation of INH-HMF may not com- 
pletely rely on INH-L asa source. Since the formation of INH-L and 
HMF needs approximately the same conditions, i.e., high tempera- 
ture and humidity,and since the reactivity of HMFis high,theforma- 
tion of INH-HMF from INH and HMF is also possible. As shown 
in Scheme I1 A, most workers have considered that an equilibrium 
exists between A - HMF and A + HMF. However, this is not con- 
ceivable, except in the presence of catalyst which may promote the 
hydrolysis of INH-HMF. In fact, the whole process of the browning 
reaction may be expected to be much more complicated than the 
proposed scheme, since many parallel pathways may exist in this 
process. Recently, Mitsuda et al. (33) reported that electron spin 
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Scheme Ii-Mechanisms af browning reacrions. Key: Scheme 
A ,  described by Keeney and Basserte (32); and Scheme B, modiJed 


resonance spectroscopy revealed that a free radical reaction was 
found operative in the aminocarbonyl reaction of food browning. 


Although the interaction of INH and lactose does not proceed to 
an appreciable degree under ambient conditions, the situation may 
become significant under moderate temperature and moisture condi- 
tions as thosefound in tropical or subtropical climates. It should also 
be recognized here that during wet granulation procedures, in which 
both INH and lactose are exposed to higher temperatures and exces- 
sive moisture, these degradation aspects cannot be overlooked. 


As has been pointed o:it by Bernstein et al. (34), none of the INH 
derivatives. including hydrazones, is more active on a molar basis 
than INH itself. It is also interesting to speculate here as to the tuber- 
culostatic activity of darkened tablets of INH-HMF and INH-L 
itself. 


The INH-HMF prepared in this study has been evaluated for its 
antitubercular activity. l7 Preliminary in uitro results using the stan- 
dard NCBC plate method indicate that 1NH-HMF and INH have 
approximately comparable activity. However, due to the fact that 
their physicochemical properties are sufficiently different (for 
example, aqueous solubility) and that even if the in ui/ro tests appear 
to be comparable, it does not necessarily mean that they are clin- 
ically equivalent. For example, Kakemi et d. (35) studied absorption 
of INH and its derivatives from the gastrointestinal tract and found 
that the INH-L is hardly absorbed. A recognition of these INH-lac- 
tose reactions and their effects on drug availability and therapeutic 
response is therefore necessary in the formulation of satisfactory 
INH dosage forms. 


17 At the State of Iowa Hygienic Laboratory. 
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Antimalarial Properties of a Variety of Substituted 
p-Sulfamoylphenylazo Compounds 


R. E. HARMON, B. L. GELLER, S. I(. GUPTA, M. H. HERBERT, and D. CHITHARANJAN 


Abstract A wide variety of substituted p-sulfamoylphenylazo 
compounds were prepared, and their activity against Plasmodium 
bergliei in mice was studied. A study of the eKects of substitution 
in the sulfamoyl group revealed that substitution by pyrimidine, 
methylpyrimidine, and hexylresorcinol greatly increased the anti- 
malarial activity, while substitution by thiazole, methylthiazole, and 
2-methyl-3,4-thiadiazole did not lead to a comparable increase in 
activity. The least activity was seen in compounds with 2-pyridyl as 
the substituent. Coupling compounds derived from sulfa drugs, 
hexylresorcinol, and 1,3-dimethyl-6-aminouracil were either active 
or  curative a t  lower doses than the remainder of the compounds 
evaluated. With pyrimidine as the substituent, an amino group in 
position 4 or 5 was necessary for antimalarial activity. It was also 
found that coplanarity is not an essential structural requirement for 
antimalarial activity. 


Keyphrases 0 p-Sulfamoylphenylazo compounds, substituted- 
antimalarial properties evaluated 0 Antimalarials, evaluation- 
p-sulfamoylphenylazo compounds 0 UV spectrophotometry- 
identification, structure IR spectrophotometry-identification, 
structure 


Since Lythgoe et al. (1) found that azo coupling oc- 
curs in the 5-position of the pyrimidine ring, various 
substituted 5-arylazopyrimidines have been synthesized 
and their mode of action in various biological systems 
studied (2). It was found that at least one amino group 
adjacent to the arylazo link is necessary for optimum 


Table I-Activity Data of Substituted pSulfanioylphenylazo 
Compounds 


H S  


UV Data 
cmax. Dose, Activity in 


RY M.p. mk (lo4) mg./kg. ISTb P.  berghei" 


K, 300" 400 1.21 640 18.0 +$ 
286 10.1 
240 14.1 


R4 221-227" 392 3.56 160 15.8 ++ 
285 5.70 640 29.0 ++++ 
240 11 .1  


CH, 
CHI 


b Increase i n  (mean survival time of the treated group minus mean 
survival time of the control group) mean survival time of control mice 
(M.S.T.) was 6 days. c + = 100% increase in survival time, 6.0 =t 0.5 
days; ++ = greater than 1007' increase in survival time; +++ = 
greater than 100% increase in sur&al time but not curative; + + + + = 
curative, less than 30-days survival. See Reference 8 for procedures used 
i n  evaluating compounds for antimalarial activity. 


Table II-Activity Data of Substituted p-Sulfamoylphenylazo 
Compounds 


UV Data Activity 


R" X M.p. mp (lo4) mg./kg. lSTh berghei" 
emax. Dose, in P.  


R1 NHI 268-270" 392 7. I 320 20.6 
288 1.54 640 21.8 
235 7 .4  


RI NH? 248-250" 394 2.9 160 13.0 
264 7.5 640 22.0 


Rj NHI 250" 395 7.8 80 13.2 
250 7.8 160 12.8 


640 21.0 
>300" 398 10.93 320 13.8 


255 7.01 640 16.8 
Rg OH 


Rt SCHB 283-285" 398 11.52 640 15.4 
255 6.21 


Ri SCH, 200" 397 7.52 80 12.8 
247 8.52 160 11.2 


640 22.0 
R7 SCH, 225" 399 10.89 640 16.2 


253 7.38 


++ ++ 
+ +++ + + ++ + ++ ++ 
+ + +++ ++ 


..*.c See Table I. 


activity and that the aryl group should be unsubstituted 
or contain electron-releasing substituents for maximum 
biological activity (3-5). The inhibitory actions of 5- 
phenylazo-2,4,6-triaminopyrimidine and 5-phenylazo- 
2,4-diamino-6-hydroxypyrimidine were unaffected by 
most bases and nucleotides involved in nucleic acid 
synthesis. This finding, in conjunction with the findings 
of Roy-Burman and Sen ( 5 )  that the inhibitory effects of 
arylazopyrimidines in the Streptococcus faecalis (ATCC 
8043) system could be more efficiently reversed by 5-  
formyltetrahydrofolic acid than by folic acid itself, 
would seem to indicate that arylazopyrimidines may act 
as folic acid antagonists and interfere with the enzy- 
matic conversion of folk acid to 5-formyltetrahydrofolic 
acid. Recent work by Hampshire el al. (6) on the in- 
hibitory effects of 5-arylazo-2,4,6-triaminopyrimidines 
on folic acid reductase from rat liver indicates that these 
compounds exhibit a wide range of activities, depend- 
ing on the aryl substituent. There is a strong indication 
that some sulfonylphenylazo compounds have a high 
synergistic effect when used in combination therapy 


The reactions of various diazotized sulfa drugs with 
hexylresorcinol, 2,6-diaminopyridine, 3-phenylazo-2,6- 
diaminopyridine, I-phenyl-3-methyl-5-pyrazolone, 1- 
phenyl-3-carbethoxy-5-pyrazolone, and several sub- 
stituted pyrimidines were studied as an extension of the 
authors' earlier investigation (2) of the antimalarial 


(7). 
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Table 111-Activity Data of Substituted p-Sulfamoylphenylazo 
Compounds 


Table V-Activity Data of Substituted pSulfamoylphenylazo 
Compounds 


I 
Ph 


UV Data Activity 


Ra X M.p. mp (lo4) mg./kg. ISTb bergheP 
tmnx. Dose, in P. UV Data Activity in 


R" M.p. mp (lo4) mg./kg. ISTb P. berghei" 
emax. Dose, 


9.96 40 13.2 
5.53 160 15.8 
6.42 640 19.0 


+ ++ ++ ++ +++ 
++ ++ 


Ri H 237-239" 449 
284 
220 
451 
272 
240 


RI 125-129" 400 
244 


7.29 80 15.6 ++ 
11.46 160 21.3 ++ 


320 23.0 +++ 
6.18 160 26.3 +++ 


10.70 640 22.0 +++ 
7.09 40 12.6 + 


11.49 640 23.7 +++ 
10.28 80 13.8 + 
12.41 160 15.8 ++ 
7.74 320 12.8 + 
9.24 640 18.5 ++ 


640 22.0 +++ 


225-235 " 8.06 40 18.8 
4.30 160 27.2 
6.22 
7.80 160 14.6 
5.61 640 17.6 
4.52 
9.75 160 15.2 
6.00 640 33.0 
8.19 640 16.0 
4.68 


17.57 160 12.4 
4.29 320 14.0 
8.00 640 20.8 
6.92 160 16.4 
6.63 320 22.7 


640 34.0 
7.09 640 17.2 
4.02 


RZ H 
Ra 233-237" 405 


24 1 


243 


246 


Rz 144150" 409 


R:, 273-278" 407 


Re, 180" 405 
249 


R:, H 251-257" 499 
273 
247 


H 


H 


NzPh 


150" 


263-266" 


221-223" 


45 1 
272 
453 
270 
472 
310 
263 
428 
240 


428 
276 


++ +++ ++ 
R7 147-150" 405 7.73 320 13.0 + 


250 7.55 640 22.0 +++ + ++ ++ ++ +++ ++++ ++ 
R4 NzPh 


NzPh 


2 1 5-21 9 O 


222-227' 
famoylphenylazo compounds was as follows. All the compounds 
were synthesized using procedures analogous to those previously 
reported in the literature (2). In a typical preparatory method, 0.05 
mole of the sulfonamide drug was dissolved in 100 ml. of 3 N HCI. 
On cooling to -5", the amine hydrochloride was precipitated. It 
was diazotized by adding 0.05 mole of NaN02 in 25 ml. of H20. The 
temperature was maintained at 0". The pyrimidine (0.05 mole) was 
dissolved in 3 N HCI and cooled to - 5 " ;  the solution of the dia- 
zonium salt was added to it slowly and with stirring. The addition 
took about 20 min. The temperature was maintained at 10" for 1 
hr. and then at room temperature for 12 hr. A thick slurry contain- 
ing the p-sulfamoylphenylazo compound as a bright-yellow or 
orange solid formed. The azo compound was filtered, washed with 
95 Z EtOH, and recrystallized from boiling 2-ethoxyethanol. The 
compounds were analyzed for C, H, and N and were within the 
normal limits. 


RESULTS AND DISCUSSION 


IR Spectra-The IR spectra were not very useful in characterizing 
the azo linkage in arylazopyrimidines, since its absorption was ob- 


R6 


a . h . r  See Table I .  


and anticancer properties of arylazopyrimidines. The 
structures and activities of the compounds are shown 
in Tables I-VIII. 


EXPERIMENTAL 


All melting points were determined using a Thomas-Hoover 
Unimelt apparatus. All the compounds melted with decomposition 
at or around the temperatures indicated in the tables. The UV spec- 
tra were determined by dissolving 10 mg. of the compound in 500 
ml. of 1 sodium hydroxide solution. Spectrophotometers (Beck- 
man model DB and Cary model 14) were used to determine the UV 
spectra. The IR spectra were obtained from mineral oil (Nujol) mulls 
on a Beckman IR-8 spectrophotometer. 


The general procedure for the preparation of substituted p-sul- 


Table VI-Activity Data of Substituted p-Sulfamoylphenylazo 
Compounds Table IV-Activity Data of Substituted p-Sulfamoylphenylazo 


Compounds 


HO 8 N=N+SO:--NH-R 


UV Data 
cmRX.  Dose, Activity in 


Ra M.p. mp (lo4) mg./kg. ISTb P.  berghelc 
UV Data ~ ~ .. 


emax. Dose, Activity in 
Ra M.p. mp ( l o 4 )  mg./kg. ISTh P. berghei" 


Ri 220-224" 505 
248 


R4 239-246" 504 
243 


Rz 200" 504 
249 


R:, 223-225" 508 
253 


Rg 150" 508 
257 


R7 265-269" 503 
439 
236 


9.88 
10.94 


160 17.4 ++ 
640 27.3 +++ 
160 22.3 +++ 
640 27.0 ++ 
160 17.8 +$ 
640 27.3 +++ 
160 22.0 +++ 
640 28.0 +++ 
160 17.2 ++ 
640 20.7 ++ 
640 24.0 +++ 


Rt 20I3208" 398 5.39 640 18.4 ++ 
RI 170-174" 408 2.66 640 21.8 ++ 
Ra 218-222" 405 3.06 160 16.4 ++ 
Rz 141-149" 410 3.55 160 12.4 + 
R:, 199-203" 410 7.61 160 16.0 ++ 


248 8.63 


240 10.73 


241 6.61 640 27.0 +++ 
240 11.56 640 21.8 ++ 
248 9.59 640 24.0 +++ 


10.15 
11.53 
9.16 
8.48 


11.98 
10.42 
4.52 
4.85 
5.20 
4.77 
7.58 


170" 408 3.39 640 21.2 ++ Rs 
254 8.17 


a.* ,e  See Table I. 
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Table VII-Activity Data of Substituted p-Sulfamoylphenylazo 
Compounds 


UV Data Activity 


Rll M.p. mp (lo4) mg./kg. ISTb bergheic 
emax. Dose, in P. 


RI 235' 404 6.91 160 
243 9.93 640 


RA 263-266" 404 5.91 20 
241 10.35 160 


R, 40 
287-289" 409 5.56 166 


243 8.38 640 
R ,  266-269" 399 7.59 40 


248 9.09 160 
320 
640 


14.6 
24.0 
13.2 
32.3 
13.2 
18.0 
30.0 
13.2 
22.0 
35.0 
36.0 


Table VIII-Activity Data of Substituted p-Sulfamoylphenylazo 
Compounds 


UV Data Activity 


R' M.p. mp (lo4) mg./kg. ISTb berghei' 
emax. Dose, in P. 


++ +++ + ++++ + ++ ++++ + +++ ++++ ++++ 


~~ ~ 


Ri 235" 404 6.91 160 14.6 4 - f  


R4 263-266" 404 5.91 20 13.2 f 
243 9.93 640 24.0 +++ 
241 10.35 160 32.3 +-I++ 


Rz 40 13.2 + 
287-289" 409 5.56 160 18.0 ++ 


243 8.38 640 30.0 ++++ 
248 9.09 160 22.0 +++ R6 266269" 399 7.59 40 13.2 


320 35.0 ++++ 
640 36.0 ++ff 


scured by the strong absorption of the pyrimidine ring at 1600 
cm.-l. The absence of hydroxyl absorptions indicates that these 
compounds might exist in the tautomeric form (9, 10). In addition, 
the spectra showed medium to strong absorption bands char- 
acteristic of the pyrimidine and benzene rings at 1575 and 1625 
cm.-', respectively; strong absorption bands at 1159 and 1320 
cm.? (-S02NH when present); medium to strong bands at 3100- 
3300 cm.-l (NH2); and medium bands at 800-869 cm.-l (p-sub- 
stituted benzene). These assignments are consistent with the assign- 
ments made by Bellamy (11) and Rao (12) for analogous com- 
pounds. 


UV Spectra-Most of the substituted p-sulfarnoylphenylazo com- 
pounds reported in Tables I-VIII were insoluble in common or- 
ganic solvents such as ethanol, methanol, chloroform, and carbon 
tetrachloride. Therefore, they were dissolved in a 1% sodium 
hydroxide solution for determining the UV spectra. The UV spectral 
data for all the compounds are listed in Tables I-VIII. A majority 
of the compounds had two main UV absorption maxima around 
400 and 250 mp. In some cases the absorption maxima were shifted 
to about 500 and 300 mp. But it was not possible to draw any 
definite conclusions about the structures and their UV absorptions. 


Antimalarial Activity-All the compounds mentioned in this 
manuscript were tested for biological activity.' The effects of sub- 
stitution on the antimalarial activity of a series of substituted 
psulfamoylphenylam compounds are shown in Tables I-VIII. A 
study of the effects of substitution in the sulfamoyl group revealed 
an interesting pattern of activity. In general, substitution by pyrimi- 
dines and methylpyrimidines greatly increased the antimalarial 
activity, while substitution by thiazole, methylthiazole, and 2- 
methyl-3,4-thiadiazole did not lead to a comparable increase in 
activity. The lowest activity was observed in compounds with 2- 
pyridyl as the substituent. 


The greatest activity was observed in the sulfamoyl compounds 
derived from 3-phenylazo-2,6-diaminopyrimidi11es (Table 111). The 
next order of activity was seen in compounds derived from hexyl- 
resorcinol and l-phenyl-3-methyl-5-pyramlone. Coupling com- 
pounds derived from sulfa drugs, hexylresorcinol, and 1,3-dimethyl- 
6-aminouracil were either active or curative at lower doses than the 
other compounds evaluated. The substituent on the sulfamoyl group 
did not appear to exert a consistent effect on the antimalarial activity 
in changing from one group to the other. In the case of the pyrimi- 
dines, it has been observed that an amino group in position 4 or 5 is 
necessary for antimalarial activity. 


It has been shown that substitution by an alkyl or aryl group in 
the 6-position of a 5-phenylazopyrimidine gives rise to a nonplanar 


1 Tests were performed at Walter Reed Army Institute of Research, 
Walter Reed Army Medical Center, Washington, DC 20012 


configuration of the pyrimidine and benzene rings (13). Since 2,4- 
diamino-5-(2-chlorophenyl)pyrimidine is an antimalarial of rela- 
tively low potency (13), lack of coplanarity is not the sole require- 
ment for antimalarial activity. This is clearly substantiated by the 
observation that coupling compounds derived from l-phenyl-3- 
methyl-5-pyrazolone and l-phenyl-3-carbethoxy-5-pyrazolone were 
found to have significant, if not curative, antimalarial activity. These 
compounds probably are noncoplanar since the carbon-to-nitrogen 
bond distance is shorter than the carbon-to-carbon bond distance. 
Osdene et al. (8) essentially brought forth the same point of view in 
their work on the antimalarial activity of 2,4,7-triamino-6-ortho- 
substituted arylpteridines. 
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Quantitative Determination of Butaperazine by TLC 


A. J. KAPADIA, M. A. BARBER, and A. E. MARTIN 


Abstract 0 A method for the separation and determination of buta- 
perazine in the presence of its degradation products is described. 
A sample is streaked onto a thin layer of silica gel G under a stream 
of nitrogen. The chromatogram is developed with isopropyl alcohol- 
ammonia (1 N )  (4:i). The separated butaperazine is removed from 
the silica gel by elution with methanol and is determined quantita- 
tively by UV spectroscopy. Details of the elution technique are 
described. Using the proposed method, quantitative recoveries are 
obtained from tablets and syrups. 


Keyphrases 0 Butaperazine in dosage forms-analysis 0 TLC- 
separation 0 UV spectrophotometry-analysis 


The use of psychotropic drugs for the treatment of 
patients with emotional or mental disorders has led to  
widespread use of phenothiazine derivatives. One 
such derivative is butaperazine,I 2-(n-butyryl)-l0-[3-(4- 
methyl- 1 -piperazinyl)-prop yl]-phenothiazine. 


The literature provides ample indication that several 
types of decomposition take place in these compounds. 
One type involves oxidation at the sulfur atom, leading 
to sulfoxide and eventually to sulfone (1). The 
quinonoid-type oxidation products of phenothiazine 
have been described (2-4). Huang and Sands (5 ,  6 )  
studied the effect of UV irradiation on chlorpromazine 
solution under aerobic and anaerobic conditions. They 
found that under the former condition, oxidation pre- 
vails and the sulfoxide and N-oxide are formed; how- 
ever, under the latter condition, the polymerization 
processes predominate. 


The degree of deterioration and the type and amount 
of decomposition product pose difficult problems for 
the analyst. Consequently, for the purpose of estab- 
lishing stability, it is necessary to devise a relatively 
simple but versatile separation, one that would be 
applicable to the quantitative determination of the 
phenothiazine derivative in experimental formulations. 


Recently, Blazek (7) reviewed the procedures avail- 
able for quantitative determination of phenothiazine 
derivatives. Included among the methods for these 
compounds are colorimetric (8), titrimetric (9), UV 
absorption spectrophotometric, and chromatographic 
procedures. One might choose any one of these except 


1 Marketed as Repoise by A. H. Robins Co., Richmond, VA 23220 
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for the following considerations. The first two proce- 
dures are not selective for the undegraded compound. 
The UV method (10, 11) is an accurate and convenient 
means of assaying formulations containing phenothi- 
azine derivatives, but it is unsuitable in badly degraded 
formulations because of the presence of other UV ab- 
sorbing species. A paper chromatography technique 
(12, 13) was not selected because of degradation and 
tailing occurring during analysis (14, 15). Gas chroma- 
tographic procedures have been used for phenothi- 
azines, but the present authors observed that buta- 
perazine, because of its high boiling point and low 
thermal stability, was too low in volatility to be eluted 
quantitatively without extensive thermal decomposi- 
tion from the several columns that were tried. Thus, 
they eliminated GLC from further consideration. 


Since its introduction by Stahl (16), TLC has as- 
sumed a position of analytical importance for both the 
separation and analysis of complex inorganic, organic, 
and biological mixtures. Several papers have been pub- 
lished which describe quantitative thin-layer techniques 
(1619). These methods can be classified as direct or 
indirect. 


In the direct method, the developed chromatogram 
is quantitatively evaluated by measuring spot size or 
area or by densitometry. Thus, measurement is accom- 
plished without removing the sought-for substance from 
the support. An indirect method implies removal of 
the separated substance from the plate. This may be 
followed by elution of the sample from the adsorbent 
and analysis of the eluant, usually by spectrophotometry 
or colorimetry. Indirect methods have the advantage 
in that spectra of the samples are readily obtained as 
part of the analysis. These may provide important addi- 
tional information concerning identity and purity (20). 
Spencer and Beggs (21) have pointed out certain pre- 
cautions which must be taken if an indirect method is 
to give precise, accurate results. 


The authors report an application of the indirect 
method, utilizing TLC for the physical separation of 
butaperazine from its degradation products and, sub- 
sequently, quantitative determination of butaperazine 
using UV spectroscopy. Possible sources of error in 
the method are examined. The initial steps in the oxida- 
tive decomposition of butaperazine are shown. 







Table I-Precision of the Whole Procedure 


M icrobeaker 


Rubber Stopper 


TO Vacuum Pump 


Centr i fuge Tube 


Figure I-Elution assembly for quantitative recovery of sample, 


EXPERIMENTAL 


Apparatus-The following were used : Hamilton syringe, fixed 
needle, blunt tip, 100 and 250 pl.; microbeaker, Pyrex, filter type 
with fine-porosity fritted disk; glass plates (20 X 20 cm.); and 
Shandon Chromatank (Cat. No. SAB-2843) lined with solvent- 
saturated filter paper. 


Chemicals-All chemicals and reagents used were analytical 
reagent grade. The chemical purity of standard butaperazine was 
checked by melting point and TLC. Solubility analysis gave further 
indication of the purity of the standard. 


Phosphate Buffer Solution, pH 5.3-Sodium dihydrogen phos- 
phate monohydrate (NaH2P04.H20), 38.0 g., and 2.0 g. di- 
sodium hydrogen phosphate (Na2HP04) were dissolved and diluted 
to 1 1. with water. 


Preparation of Thin-Layer Plate-A slurry of silica gel G was 
prepared from 30 g. of Merck silica gel G, grain size 10-40p, and 60 
ml. water. This was applied to glass plates with an appropriate 
spreader set at 250 p .  The plates were air dried for 15 min. and then 
activated at 105" and stored over anhydrous silica gel. Subsequent 
work has shown that the air-dried plates without activation yield the 
same type of separation. 


Developing Solvent-The developing system consisted of 4 parts 
isopropyl alcohol and 1 part 1 N ammonia. The system was pre- 
pared just prior to use and used only once. 


Preparation of the Standard-The standard solution of buta- 
perazine phosphate or maleate was prepared in phosphate buffer 
solution (pH 5.3) such that it contained a concentration of the salt 
equivalent to 1.91 mg./ml. of the base. The solution was thoroughly 
mixed, and 10-ml. aliquots were transferred to a separator. The 
aqueous solution was extracted, using successively one 10-ml. and 
three 5-ml. portions of chloroform. The standard solution was pre- 
pared just prior to use. 


Application of Drug and Development of Chromatogram-Using 
a precision syringe, a predetermined amount of chloroform extract 
was applied to a plate. The organic extract was transferred as a 
narrow streak 4 cm. long. An appropriate streak was achieved by 
applying successive 10 -p1. portions of the solution, evaporating each 
portion with a slow stream of nitrogen. This application was re- 
peated until a total of about 0.1 mg. of butaperazine base was 
applied on the same streak. One hundred microliters of the standard 
solution previously described was applied as a single streak. 


Another streak using the sample solution was applied in the same 
manner on the other side of the plate. The exact quantity applied 
depended, of course, on the expected sample concentration. 


The prepared plates (two or more) were placed into separate 
chromatographic chambers. Each chamber was equilibrated for 2 hr. 


Amount Butaperazine Absorbance at 
Taken, 278 mp after TLC 
mcg. (Uncorrected) Absorptivity 


76.58 
76.58 
77.09 
96.37 
96.37 
96.37 
96.37 
76.58 
76.58 
76.58 


SD 
- 
X 


0.392 
0.398 
0.396 
0.484 
0.489 
0.495 
0.498 
0.391 
0.393 
0.404 


51.2  
52 .0  
51 .4  
50 .2  
50 .7  
51 .4  
51.7 
51.1 
51.3  
52.8 
51.3 
0 .56  


and contained 150 ml. developing solvent. The chromatogram was 
allowed to develop in the dark and terminated when the solvent 
front ascended to a height of 15-16 cm. The developed plate was 
dried in a vacuum desiccator and was subsequently examined 
briefly under an UV lamp (254 mp) to locate the separated buta- 
perazine. The butaperazine appeared as a bright-orange to pink 
fluorescent streak at Rj approximately 0.5. This area was carefully 
marked, taking care not to overlap any other fluorescent areas. 


Quantitative Determination of Butaperazhe-Quantitative deter- 
mination was accomplished by carefully removing the portion of 
silica gel adsorbent containing the butaperazine. The powder was 
removed by scraping onto nonabsorbent paper and was then trans- 
ferred to a microbeaker with the aid of a small funnel. Methanol (3 
ml.) was added and, after mixing gently, the mixture was allowed to 
stand for 15 min. The methanolic extract was collected by filtration, 
using the filtration assembly shown in Fig. 1. Elution of buta- 
perazine was continued, using two additional 3-ml. portions of 
methanol. The combined extracts were finally diluted to 10 ml. with 
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Figure 2- UV absorption spectra of butaperazine ir2 methanol. Key: 
- , before TLC; and- - -, after TLC. 
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Table 11-Total Recovery : Butaperazine following TLC 


Absorbance Absorbance 
before TLC, after TLC,(I Recovery, 


278 mp 278 mp % 


0.396 
0.394 
0.391 
0.495 
0.495 
0.495 
0.497 
0.391 
0.395 
0.389 - 
X 


0.384 
0.390 
0.388 
0.476 
0.481 
0.487 
0.490 
0.383 
0.385 
0.395 


97.0 
99.0 
99 .2  
96.2 
97 .2  
98 .4  
98.6 
98.0 
97.5 


101.8 
98.3 


a Corrected for analytical blank. 


methanol and mixed. The UV spectrum of the methanolic solution 
was then recorded in 1.0-cm. cells, using methanol as the reference. 


Assay of Experimental Preparations-Each formulation was 
treated individually because of differences in the concentration of 
butaperazine. The general procedure for film-coated tablets involved 
reducing several weighed tablets in a mortar to a fine powder and 
passing the grind through a No. 50 sieve. A weighed portion of the 
sieved grind was then transferred to a separator using phosphate 
buffer solution. After mixing thoroughly, the mixture was extracted 
completely with chloroform. Each portion of the chloroform extract 
was transferred through a pledget of chloroform-washed cotton into 
a flask. During the transfer, the withdrawal of any insoluble matter 
was avoided. The chloroform extract was either concentrated or 
diluted to volume, depending upon the concentration of butaper- 
azine. It was then chromatogrammed and assayed. Usually the 
standard and sample were run concurrently; therefore, absorbance 
values of the butaperazine eluates were not corrected for adsorbent 
blank. 


RESULTS AND DISCUSSION 


To compare UV spectra, a standard butaperazine maleate solu- 
tion was prepared and extracted with chloroform as described. One 
aliquot was diluted directly with methanol. An equal aliquot was 
chromatographed, the butaperazine was eluted, and the solution 
was finally diluted to volume with methanol. As seen in Fig. 2, 
absorbance spectra before and after TLC were essentially identical 
above 240 mp. Below this wavelength, the spectrum of an un- 
chromatographed sample exhibits a higher absorbance. This 
observed spectral difference reflects the presence of chloroform in the 
unchromatographed sample. Although 242 mp could not be utilized 
as an analytical wavelength because of interferences, use of the 
absorbance maximum at 278 mp provided a direct measure of intact 
butaperazine. At this wavelength, there is little interference in the 
analytical blank or from formulation excipients. The position of 
maximum absorbance and absorbancy coefficient did not change 
significantly above 240 mp during chromatography. This observa- 
tion indicates that the responsible chromophore is not modified 
during chromatography. 


Two-dimensional TLC, using the same solvent system for develop- 
ment in both directions, confirmed the stability of butaperazine 
during chromatography. No evidence of decomposition or alteration 
of the butaperazine spot was noted. 


The spectral absorbance of the silica gel was obtained by collect- 
ing portions of the surface layer in a region near the butaperazine 


Table IV-Degradation of Butaperazine with 
30 % Hydrogen Peroxide 


Interval after 
Addition of 
HzOg, min. 0 . 3  0 . 6  


Absorbance at 278 mp 
-30% HzOz Added, m1.-- 


0 
30 
60 


120 


0.496 
0.459 
0.441 
0.389 


0.475 
0.432 
0.395 
0.290 


spot and processing them in exactly the same manner as the sample. 
Absorbance of the filtrate was found to be 0.008 at  278 mp, using a 
1.0-cm. pathlength. This value is on the order of a few percent of the 
absorbance for the chromatographed samples. 


Treatment of the eluant to remove most of the finely divided, 
insoluble particles of the adsorbent is an important step in improv- 
ing the precision of the method. The 0.008 figure cited, which was 
repeatedly obtained, agreed closely with the published value of 
Spencer and Beggs (21). 


A standard curve was prepared from aqueous solutions of 
butaperazine carried through the procedure described. At 278 mp, a 
linear relationship exists between the absorbance and the amount of 
butaperazine in the range 45-123 mcg. 


The precision of the method was established by measuring the 
absorbance at 278 mp and calculating the absorptivity for known 
samples. Table I summarizes the precision data obtained for the 
whole procedure (including sample preparation, extraction, TLC, 
and elution). The experimentally determined mean absorptivity of a 
set of 10 assay runs on known samples was 51.3. The standard 
deviation (single measurement) was 0.56. 


Experiments were conducted to determine the total recovery of 
butaperazine after TLC and elution (Table 11). The average recovery 
(10 trials) was 98.3 % (range 96102 %). 


These high recoveries may be attributed partly to the method of 
elution chosen. Thus, butaperazine on the silica gel was exposed 
repeatedly to fresh solvent. Minimizing the volume of eluting solvent 
and filtering concurrently decreased losses from filtration and 
transfer. 


To assess application of the method to degraded samples, mix- 
tures of butaperazine, butaperazine sulfoxide, and sulfone were 
prepared so as to simulate various degrees of oxidation. These mix- 
tures were assayed for intact butaperazine (Table 111). As expected, 
recoveries were uniformly high, averaging better than 97 %. 


The assay method was further tested for its applicability in the 
presence of oxidative degradation products of butaperazine. Buf- 
fered aqueoussolutions of butaperazine maleate were treated with 0.3 
ml. and 0.6 ml. hydrogen peroxide (30%) for 30, 60, and 120 min. 
After each interval, the solutions were extracted with chloroform. 
The amount of butaperazine remaining was determined, using the 
procedures described (Table IV). In summary, hydrogen peroxide 
treatment causes a loss of butaperazine, which increases with time of 
exposure. Table 111 reveals that, as the amount of peroxide is in- 
creased, decomposition of butaperazine increases. Examination of 
TLC plates confirmed that the butaperazine spot became smaller 
and fainter with time and/or increasing peroxide concentration. The 
other change noted was in the sulfoxide spot, which increased in size 
and intensity with time. Thus, the sulfoxide appeared to be the 
major product for this oxidative degradation. 


Table V-Assay of Butaperazine in Experimental Formulations: 
Application of TLC Method 


Table In-Recovery of Butaperazine in the Presence of Its 
Oxidation Products 


Label 
Labeled Amount Claim 


Formula tion Conditions of Butaperazine Found, 
Storage 


r-- mg. Taken Intact 
Butaper- Butaper- --Butaperazine- 


Butaper- azine azine mg. 
azine Sulfoxide Sulfone Found Recovery, % 


19.15 1.7 1 . 7  18.58 97.0 
19.87 3 . 4  3 . 4  19.35 97.4 
19.87 5 .1  5 . 1  19.35 97.4 


Tablets 12 months at RT 5 1 . 3  mg./tablet 97.2 
12 months at 37" 99.4 
12 months at 50" 97.8 


Syrup Initial 5 mg./ml. 98 .2  
12 months at RT 98.3 


Injectables 3 months at RT, 5 mg./ml. 96.8 
3 months at 37 98.5 
3 months at 50" 99 .0  
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Unbuffered aqueous solutions of butaperazine phosphate were 
placed in a commercial light-stability testing unit. After 7 and 15 
days of exposure, the solutions were assayed. As expected, the buta- 
perazine content had decreased by 16 and 22%, respectively. 


Aqueous solutions of butaperazine buffered at pH 5.3 were sealed 
in glass ampuls and autoclaved at 115" for 30,60, and 120 min. The 
ampuls were cooled, opened, and assayed for butaperazine. An 
initial 10% loss was noted, which did not increase with time. 
Atmospheric oxygen initially present in the vial and test solution was 
suspected. When consumed, no further oxidation occurred. This 
suspicion was confirmed by autoclaving ampuls in which oxygen was 
replaced with nitrogen. As predicted, these solutions did not show a 
significant loss of butaperazine. 


Tablets, syrups, and injectables were assayed by the method 
described. These results are shown in Table V. The excipients, 
coloring agents, diluents, and fillers employed in the various 
formulations did not interfere. 


It is evident that the formulations tested exhibited no significant 
decomposition. Storage at elevated temperatures (37 and SO") for 
extended periods did not change this overall picture. 


Several experimental factors were found to be critical in obtaining 
precise, accurate results. The area of the sample streak increases 
during development; therefore, care must be taken to keep the 
initial application narrow and uniform. Evaporation of the organic 
solvent must be accomplished quickly with a nonoxidizing drying 
agent. This precaution minimizes the size of the sample streak and 
prevents oxidative decomposition. 


Use of the solvent system for more than one separation is not 
permissible, because decreased separation of butaperazine and 
decomposition products occurs and the RJ values change unpredict- 
ably. 


Investigation was begun early to elucidate the major decomposi- 
tion products of butaperazine and to compare them to those of 
other phenothiazines. 


Chloroform solutions of butaperazine, its sulfoxide, and sulfone2 
were compared by TLC to the chloroform extract of degraded 
aqueous samples of butaperazine. These results showed that the 
sulfoxide and sulfone migrate slower than butaperazine in an iso- 
propanol-NHp system. In addition, all were well resolved from 
butaperazine. In a degraded sample, one of the bands corresponded 
to the position of the sulfoxide streak. This band was eluted with 
methanol. The UV spectrum of the eluate was identical to that of the 
synthetic sulfoxide. The band corresponding to the synthetic sulfone 
could not be isolated by the techniques employed. 


When a developed TLC plate was exposed for a few days to 
normal atmosphere, it was noted that the fluorescence of the buta- 
perazine band changed with time. The resulting fluorescence was 
similar to that of a degraded sample. 


9 The identity of these synthesized compounds was established by 
CHN analysis and by UV, IR, and NMR spectroscopy. 


TLC of grossly degraded samples often revealed the presence of 
products other than those described. Oxidative decomposition 
apparently is not the only degradation pathway, although, un- 
doubtedly, the predominant one. Degradation apparently proceeds 
as [butaperazine]. . . [sulfoxide]. . . [sulfone]. . . [other 
oxides]. 


follows: 
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Latentiation of Dihydrostreptomycin by Pamoate Formation 


H. C. CALDWELL, A. B. REDNICK, G. C. SCOTT, G. J. YAKATAN*, and D. ZIV 


Abstract 0 Dihydrostreptomycin was formulated as its pamoate 
salt as part of a search for a long-acting product. In dogs, an 
intramuscular injection of a cottonseed oil suspension of dihydro- 
streptomycin pamoate was absorbed more slowly than equivalent 
doses of dihydrostreptomycin sulfate suspended in cottonseed oil 
or dissolved in water. Pharmacokinetic studies suggest that plasma 
data can be described by the onecompartment open model, and 
that both salts are equally available. 


Keyphrases 0 Latentiation, dihydrostreptomycin-by pamoate 
formation 0 Pamoate formation-role in dihydrostreptomycin 
latentiation 0 Dihydrostreptomycin pamoic acid salt-synthesis 


Dihydrostreptomycin, first reported in 1946 (l), 
is made by chemical reduction of streptomycin. 
Both antibacterial agents possess similar activity against 
Gram-negative and a few Gram-positive bacteria. For 
example, they are used to treat bovine actinomycosis, 
calf pneumonia, newborn foal septicemia, horse cystitis, 
dog acute nephritis, infectious feline panleukopenia, 
turkey infectious sinsitis, etc. (2). But these drugs must 
be administered often to ensure high blood levels be- 
cause they are rapidly removed from the blood. For 
example, after intramuscular injection, dihydrostrepto- 
mycin serum concentrations are reduced to about half in 
several instances, as follows: man, 3 hr. (3); rabbit, 1.5 
hr. (4); cow, 3 hr. ( 5 ) ;  chicken, 2 hr. (6, 7); goat, 1-2 
hr. (8); and cat, 3 hr. (3). 


The objective of the present study was to make a long- 
acting dihydrostreptomycin injectable by making the 
drug slowly available from the injection site, thus de- 
laying its transit to the bloodstream. Several examples 
of delayed transport have been reported. Zini (9) re- 
ported that dihydrostreptomycin in pectin-procaine so- 
lution markedly prolonged significant serum levels after 
injection in man, but Hammond ( 5 )  tested the solution 
in cattle and found no prolonged serum levels. MalCk 
et al. (10) showed that, on injection, antibiotic salts of 
high molecular weight acids were transported dif- 
ferently and provided more prolonged blood levels 
than antibiotic salts of inorganic acids. Several po- 
tentially useful dihydrostreptomycin salts are known 
(1 1-24); they include naphthalenesulfonate (1 l), chaul- 
moograte (14), cholate (15), caprylate (17), and lauryl- 
sulfonate (20), but the unknown pamoic acid salt' was 
made for this study. 


EXPERMENTAL 


Chemical Synthesis-Sodium pamoate (64.8 g . 4 . 3  equivalent) 
was dissolved in 600 ml. of distilled water and filtered. This solu- 
tion was added with mechanical stirring to a solution of dihydro- 
streptomycin sulfate (73.2 g . 4 . 3  equivalent) in 400 ml. of dis- 
tilled water. The gummy precipitate of dihydrostreptomycin 
pamoate was collected and washed several times with distilled 
water. It was then dried at 60" in a vacuum oven for 12 hr. to yield 
91.5 g. (78%) of tan solid that decomposed at about 230". In the 
analysis of pamoic acid, a theoretical value of 50z was calculated. 


1 Pamoic acid is 4,4'-methylenebis(3-hydoxy-2-naphthoic acid). 


Table I-Values of k,, k,, and Areas Obtained from Data on 
Administration of Dihydrostreptomycin to Dogs 


Dose,a 
mg./ lo6 k,, lo4 k,, 1 v Z h  Area," 
kg. sec.-1 hr. sec.-1 hr. z Salt 


Sulfatec 4 58.3 0.33 1.76 1.09 100 
Sulfated 4 36.8 0.52 1.76 1.09 100 
Pamoated 4 5.56 3.46 1.76 1.09 100 


a Calculated as dihydrostreptomycin base. b Based on comparison 
to the actual area of the dihydrostreptomycin sulfate formulation in 
water. c Dosed in water. d Dosed in oil suspension. 


The values were found to be 50Sz by UV and 49.6% by non- 
aqueous titration. 


Formulation Studies-A 10 z suspension of dihydrostreptomycin 
pamoate was readily prepared by rotating 6 g. of dihydrostreptomy- 
cin pamoate (passed through a 100-mesh screen) in 15 ml. of cotton- 
seed oila in a bottle containing glass beads for 6 hr. The suspension 
was poured out, and the beads were washed several times with 
cottonseed oil to make a final 60 ml. of suspension. A 10% sus- 
pension of dihydrostreptomycin sulfate in cottonseed oil was pre- 
pared in the same way. Dihydrostreptomycin pamoate could not be 
formulated as an aqueous suspension because it formed a gum. 


Plasma Microbiological Assays-Dihydrostreptomycin plasma 
levels were determined by the Bacillus subtilis cylinder plate assay 
(25) with human serum as the diluent. 


Dosing Dogs-Crossover studies were done with three male 
dogs. First, they were injected intramuscularly with 4 mg./kg. of 
dihydrostreptomycin (as sulfate) in water and bled at 0, 0.5, 1, 3, 
4, and 5 hr. After a rest period of 1 week, the dogs were dosed with 
4 mg./kg. of dihydrostreptomycin (as pamoate) in cottonseed oil 
and bled at 0, 1, 3, 4, 5 ,  6, 8, 10, 12, and 26 hr. Finally, they were 
dosed with 4 mg./kg. of dihydrostreptomycin (as sulfate) in cotton- 
seed oil and bled at 1, 3,4, 5 ,  and 6 hr. 


RESULTS AND DISCUSSION 


Three injectable dosage formulations of dihydrostreptomycin 
were compared in dogs. For these studies, the performances of the 
formulations were judged by their ability to delay absorption. 
Figure 1 shows that dihydrostreptomycin absorption from the 
pamoate formulation is slower and more prolonged than from the 
sulfate formulations. For example, dihydrostreptomycin pamoate 
in cottonseed oil provides dihydrostreptomycin levels above 3 
mcg./ml. for about 7 hr., while dihydrostreptomycin sulfate in 
water and in cottonseed oil provides plasma levels above 3 mcg./ml. 
for about 4 and 4.5 hr., respectively. This does not imply that 3 
mcg./ml. is a therapeutic plasma level for infections in dogs; it is 
merely a cutoff point for this comparative study. 


Determination of Phannacokinetic Constants-Plasma data can 
be described by the A -+ B -., C consecutive first-order model, 
where A represents the amount of drug at the injection site, B the 
amount of drug in the central body compartment (blood and rapidly 
equilibrating tissues), and C the amount of drug eliminated from 
the central compartment at any time. The absorption rate constant, 
ka, and the elimination rate constant, k,, govern the drug-transfer 
rate from the depot and central compartment, respectively. 


Semilogarithmic plots of plasma concentration versus time were 
made. An estimate of the elimination rate constant, k,. was made 
from the terminal log linear segment of the data given for the ad- 
ministration of dihydrostreptomycin sulfate in water. The assump- 
tion was then made that the different formulations should in no 
way alter the elimination rate constant. The only changes that would 
normally be expected would be variations in the time and magnitude 
of the peak blood levels, and these factors are the result of changes 


ka ka 


2 Wesson Oil, Hunt-Wesson Foods, Fullerton, Calif. 
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in the magnitude of the absorption rate constant, k,, for the dif- 
ferent formulations. 


Using this approach of maintaining ke constant, k ,  values for the 
sulfate data could be obtained graphically by the “feathering” 
technique, but the pamoate data could not be treated this way 
because dihydrostreptomycin was more slowly absorbed from this 
form. Therefore, the k ,  and k, values obtained by this graphical 
technique were used in an analog computer simulation of the A + 


B + C model. This permitted estimation of k ,  for the pamoate 
form. The values of k .  and k ,  are given in Table I. These values 
are only estimates of the true values because there was a lack of 
data points to characterize completely the blood level curve prior to 
and after attainment of peak levels. Nevertheless, the values ob- 
tained seem to be reasonably good estimates and give both a magni- 
tude and direction to the characterization of the effect of formula- 
tion on the blood levels. 


Table I also gives the area under the blood level versus time curves 
following administration of dihydrostreptomycin. The area under 
these curves can be taken as a measure of the availability of drug 
from its dosage form, especially in the present case where elimina- 
tion of the drug occurs by a first-order process, and the dosage 
forms are given by the same route of administration. All areas are 
expressed as a percentage of the actual area under the curve for 
dihydrostreptomycin sulfate in water, which was assumed to be the 
most “available” formulation. 


The areas under the blood level versus time curves were obtained 
by plotting the plasma concentration versus time on Cartesian co- 
ordinate graph paper, connecting each successive two points by a 
straight line using dark ink and using a line follower to trace the 
line and generate a voltage which was fed into an analog computer 
and integrated as a function of time.3 


If elimination is assumed to be a first-order process, the areas 
under the blood level versus time curves should be proportional to 
dose if all formulations are equally available (26). The data in 
Table I indicate that this is the situation with the dihydrostreptomy- 
cin formulations, because the same dose of dihydrostreptomycin 
given as pamoate or sulfate salt gives the same area under the blood 
level versus time plot; this shows that the pamoate salt is just as 
“available” as the sulfate salt. However, the pamoate formulation 
differs from the others because it is more slowly absorbed. 


SUMMARY 


A dihydrostreptomycin pamoate suspension in cottonseed oil 
(dosed intramuscularly) maintained dog plasma levels above 3 
mcg./ml. longer than equivalent doses of a dihydrostreptomycin 
sulfate suspension in cottonseed oil or a solution in water. 


8 The line follower was a Moseley type F3B used in conjunction with 
a Moseley 2D-2 X-Y recorder and a Pace TR-10 analog computer, 
Electronic Associates, Inc., West Long Branch, N. J. 
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Figure 1-Concentration of 
dihydrostreptomycin in the 
plasma of dogs as a function 
of time afer  intramuscular 
administration of 4 mg./kg. of 
dihydrostreptomycin (as sul- 
fate) in water (0) and in 
cottonseed oil (X) and of 4 
mg./kg. of dihydrostreptomy- 
cin (as parnoate) in cotton- 
seed oil (0). Dotted lines give 
one-compartment open-model 
jits. 


10 11 12 


ka ke 
Plasma data can be described by the A + B + C model. 
The pamoate salt was as available as the sulfate salt, but it was 


absorbed more slowly. 
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Behavior of Erythrocytes in Various Solvent 
Systems VI: Water-Tetramethylurea 


DONALD E. CADWALLADER and JANIS R. PHILLIPS* 


Abstract 0 Hemolytic behavior of human erythrocytes in water- 
tetramethylurea (TMU) solutions was investigated. TMU freely 
permeates human red blood cells; however, hemolysis can be 
prevented by the inclusion of 0.9 % sodium chloride in solutions 
containing up to 8% TMU. The addition of sodium chloride to 
solutions containing more than 8 % TMU did not prevent hemoly- 
sis, discoloration, and precipitation of blood components. Divalent 
and trivalent anions gave greater protection against hemolysis 
than did the sodium chloride. When possible, the data were used to 
calculate van? Hoff i values for sodium chloride in aqueous solu- 
tions. 


Keyphrases 0 Erythrocytes, behavior-water-tetramethylurea 
system Hemolysis, erythrocytes-water-tetramethylurea system 
0 Tet ramethylurea-sodium chloride system-erythrocyte hemolysis 
0 Isotonic coefficients-tetramethylurea-water systems 


____ ______ ~ 


It is well known that to prepare a safe and efficacious 
injection, it is sometimes necessary to employ a mixed 
solvent system consisting of water and a nonaqueous 
solvent. For this reason, investigations have been 
made to study the hemolytic effects of aqueous solu- 
tions of glycerin, propylene glycol, and liquid poly- 
ethylene glycols on rabbit and human erythrocytes, and 
the hemolytic effects of aqueous dimethylsulfoxide and 
liquid amides on human erythrocytes (1-5). 


This report is concerned with the investigation of 
water-tetramethylurea (TMU) systems. TMU is a 
dipolar aprotic soIvent and possesses a number of de- 
sirable solvent properties. The solvent and reagent 
properties of TMU have been reviewed by Luttringhaus 
and Dirksen (6). The solvent has a mild and pleasant 
odor, a high degree of stability, low reactivity, a high 
boiling point (177.6"), and a water-white color. It 
also has the property of being completely miscible with 
water, alcohols, ether, benzene, chlorinated hydro- 
carbons, and many other polar and nonpolar solvents. 


Due to the possible use of TMU as a drug solvent, 
Dixon et al. carried out toxicity studies on TMU (7). 
In their studies, TMU was also tested for central nervous 
system (CNS) pharmacological properties and the ability 
to innease survival time of tumor-bearing mice due to 
structural similarities between TMU and drugs capable 
of producing these effects. I t  was reported that the 
acute LD50 of TMU for mice was 2230 mg./kg. i.v. and 
2920 mg./kg. given orally. Toxic doses were lower with 
the monkey, the drug being lethal at  dosesas low as 
750 mg./kg. i.v. TMU was found to possess weak anti- 
convulsant and tranquilizer activity, and it produced a 
significant increase in median survival time of mice 
bearing a plasma cell tumor. 


It was the purpose of this investigation to observe the 
behavior of human erythrocytes in TMU solutions. In 
each experiment the hemolytic method was utilized. 
By comparison of standard hemolysis curves obtained 
for human blood in aqueous saline solutions and those 


Table I-Values of i for Sodium Chloride in Various Water- 
TMU Solutions, Calculated from Concentrations Causing 25, 
50, and 75 % Hemolysis of Human Erythrocytes" 


Tetra- 
methyl- 


urea, Hemolysis- 7 


% VIV 25 % 50 z 75 % Average 


1 1.91 1.94 1.94 1.93 
3 1.65 1 . 7 2  1.77 1.71 
6 1.54 I .62 1.65 1.60 
7 1.81 1.88 1.95 1.88 


Q Each value is an average of at least two blood samples. 


obtained from experiments using sodium chloride- 
water-TMU solutions, it was possible to calculate the 
hemolytic isotonic coefficients for sodium chloride in 
various water-TMU solutions. 


EXPERIMENTAL 


Materials-TMU (Aldrich Chemical Co.) had a specific gravity 
of 0.972 and was 99% pure. All electrolytes and nonelectrolytes 
employed in this study were reagent grade. 


Collection of Blood-The blood samples used for all experiments 
were obtained from the forearm veins of a 22-year-old male Cau- 
casian donor. Fresh blood samples were used in all experiments. 
Approximately 10 mi. of blood was obtained from the donor and 
placed in a 50-ml. round-bottom flask containing 1G15 glass 
beads. The flask was rotated gently for about 5 min.; then the blood 
was decanted into a 50-ml. conical flask and aerated by swirling the 
flask gently for about 5 min. 


Preparation of Solutions-All of the TMU solutions were vol- 
ume-in-volume percentage preparations. Sodium chloride solutions 
were prepared on a weight-in-volume basis. Data from a previous 
paper [uiz., Table I, (2)] were used in the preparation of isotonic 
solutions of calcium chloride, sodium citrate, sodium bromide, 
sodium sulfate, and sodium tartrate. All pH adjustments were 
made using Sorensen isotonic buffer systems. Distilled water was 
used to prepare all solutions. 


Quantitative Determination of Percent Hemolysis-In each ex- 
periment, the hemolytic method was used to determine the degree of 
hemolysis of erythrocytes in the TMU solutions. This quantitative 
method is based on the fact that a hypotonic solthon Pberates 
oxyhemoglobin in direct proportion to the number of cells he- 
molyzed. Into each of two test tubes was transferred 5 ml. of standard 
sodium chloride solution (0.342, 0.35% . . . 0.45%, 0.46z)  and 
5 ml. of the mixed solvent system being tested. After the test tubes 
were brought to a constant temperature by placing in a water bath 
(37 f 1 "), 0.05 ml. of blood was pipeted into each tube. Each tube 
was then inverted several times to ensure thorough mixing and 
allowed to  remain 45 min. at 37". The absorbance of the superna- 
tant liquid after centrifuging was measured using a Klett-Summer- 
son photoelectric colorimeter equipped with a No. 54 filter. To 
find the percent hemolysis, these absorbance readings were divided 
by the absorbance readings for 0.05 ml. of blood in 5 ml. of dis- 
tilled water (standard for 100% hemolysis) and multiplied by 100. 
A blank, made by placing 0.05 ml. of blood in 5 ml. of 0.9% sodium 
chloride solution, was used to cancel any light absorbance inherent 
to the blood sample. Since all solutions of TMU were slightly turbid, 
TMU solutions corresponding to the concentration range of test 
solutions were used as blanks to  cancel any absorbance that might 
be caused as a result of this turbidity. Both the standard and the 
blanks were subjected to the same conditions of standing for 45 
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Figure I-Hemolysis of human erythrocytes after 45 min. at 37" 
in vnrious TMU-saline solutions. 


min. at 37 O followed by centrifuging. A pH meter (Corning model 7) 
was used for all pH measurements. 


Calculations of i Values-Through use of the hemolytic method, 
concentrations of sodium chloride and the TMU solutions giving 
the same degree of hemolysis could be determined. Once these 
concentrations were ascertained, it was possible to calculate iso- 
tonic coefficients (i values) through use of the following equation: 


( in water )(loo ml. of water) = 
i value for NaCl g. of NaCl in 


z value for NaCl g. of NaCl in ( ' in TMU soh. ) ( 100 ml. of TMU soh.) (Eq' 


The value of i for sodium chloride was taken as 1.86, which is the 
accepted i value for 0.9% sodium chloride in water (8). 


Curves showing the degree of hemolysis in sodium chloride- 
water solutions and sodium chloride-water-TMU solutions were 
plotted on rectangular coordinate graph paper. From these curves, 
it was possible to determine the concentrations of sodium chloride 
in g./IOO ml. of water and the TMU solvent causing 25, 50, and 
75% hemolysis. These values were inserted into Eq. 1, thereby 
giving the values of i for sodium chloride in a particular water- 
TMU solution at concentrations producing 25, 50, and 75x 
hemolysis. The various i values of TMU solutions are shown in 
Table I. 


Preparation of Hemolysis Curves-Approximately 25 experi- 
ments employing human blood were carried out, A standard he- 
molysis curve (Fig. 1) was constructed from the average readings of 
these experiments. Hemolysis curves of the various TMU solutions 
were constructed using the i values previously calculated (Table I). 
Through rearrangement of Eq. 1 to give 


(ml. of TMU s o h )  = 
g. of NaCl in 100 


(Eq. 2 )  


g. of NaCl in 100 ml. 


hemolysis 
of water causing 25% 1 . 86  i value for 


I value for NaCl in ( ' TMU solution ) 
the grams of sodium chloride per 100 ml. in a TMU solution 
causing 25 % hemolysis were calculated. Similar calculations were 
carried out at 50 and 75 % hemolysis. By plotting these three points, 
the hemolysis curves for the various TMU solutions were con- 
structed (Fig. 1). From these hemolysis curves (Fig. I), the amounts 
of sodium chloride preventing hemolysis of 50z of the erythrocytes 
(or where 50% hemolysis occurred) in various TMU solutions were 
determined, and the results are shown in Fig. 2. 


RESULTS 


In this study it was found that complete hemolysis of human 
erythrocytes occurred in 0.0-100% TMU solutions after 45 min. 
at 37". Upon addition of 0.9% sodium chloride, hemolysis 
of human erythrocytes was essentially prevented (less than 5 % )  in 
solutions containing 0.0-8 % TMU. Hemolysis greatly increased 
in solutions containing 9-12Z TMU even with 0.9% sodium 
chloride. These results are shown in Fig. 3. 


0.44 1 A 
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Figure 2-Amount of sodium chloride preventing hemolysis of 50 
human erythrocytes in ijarious TMU solutions at 37". 


of 


Reddish-brown solutions resulted when blood was added to 0.9 % 
saline solutions containing 1516% TMU. More pronounced 
discoloration and/or precipitation occurred in solutions containing 
higher concentrations of TMU. Solutions containing 50% TMU 
revealed a brownish-green color with no precipitation, while those 
at 75z showed a brown precipitate in addition to the brownish- 
green color. 


It was possible to modify the fragility of human erythrocytes 
through the addition of hypotonic quantities of sodium chloride 
(0.34%,0.35% . . . 0.45%, 0.46%) tovariouswater-TMU solutions. 
When blood was added to saline solutions containing 0.&7 % 
TMU, typical sigmoidal hemolysis curves resulted (Fig. 1). 
These curves were constructed in the manner described in the Ex- 
perimental section of this report utilizing the data presented in 
Table I. 


Calculations of i values for sodium chloride in various water- 
TMU solutions were accomplished through use of Eq. 1 and are 
shown in Table I. 


The pH readings for the TMU solutions were within a range of 
5.1-7.0. Addition of isotonic phosphate buffer reduced hemolysis 
(less than 5 % )  in solutions containing as much as 10% TMU (Fig. 
3). 


Aqueous TMU solutions containing isotonic quantities of calcium 
chloride ( I .  15 %) and sodium bromide (1.51 %) gave results similar 
to  those described for the TMU-saline solutions. Addition of 
sodium citrate (I%%), sodium sulfate (1.27%), and sodium 
tartrate (1.61 %) reduced hemolysis, producing trace hemolysis in 
solutions containing as much as 10.5 % TMU. The hemolysis curves 
for TMU solutions containing these divalent and trivalent anion salts 
were similar to the mentioned curve for phosphate buffer (Fig. 
3). 


DISCUSSION 


From the experimental data gathered in this study, it can be seen 
that TMU freely permeates human red blood cells and, therefore, 
offers no protection to these cells from hemolysis. Upon addition of 
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Figure 3-Hemolysis of human 
erythrocytes after 45 min. at 
37" in various TMU solutions 
containing 0.9% sodium chlor- 
ide or p H  7.0 isotonic Sorerisen 
buffer. 
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0.9% sodium chloride, complete hemolysis can be prevented in the 
TMU solutions containing up to 8 TMU. Since addition of 0.9% 
sodium chloride to these TMU solutions prevents hemolysis and 
since addition of hypotonic quantities of sodium chloride to these 
solutions (and TMU solutions of lower concentration) prevents 
complete hemolysis, the lysis of red cells in solutions containing 
7% or less TMU can be attributed to osmotic hemolysis. 


There is a critical concentration for TMU at which addition of 
0.9 sodium chloride will not prevent hemolysis and/or precipita- 
tion of blood components. The transition from nonhemolytic con- 
centrations to destructive concentrations is rather abrupt, as shown 
by the hemolysis curve in Fig. 3. 


Further destruction of red cells occurs as TMU concentrations 
are increased above the critical concentration. This is apparent as 
the color changes from reddish-brown to greenish-brown with a 
brown precipitate. 


The van’t Hoff factor or isotonic coefficient can be expressed as the 
ratio of any colligative property of a real solution to that of an 
ideal solution of a nonelectrolyte (9). The isotonic coefficients ( i  
values) for aqueous solutions containing 3 and 6% TMU were 
found to be less than 1.86. This is evidence that these concentrations 
offer no protection to human erythrocytes against osmotic hemoly- 
sis. However, i values calculated for 1 and 7% TMU were slightly 
higher than 1.86, indicating that these strengths contribute slightly 
to the tonicity of the extracellular aqueous solutions. This is shown 
graphically when the concentration of TMU is plotted against the 
amount of sodium chloride preventing hemolysis of 50% of the 
erythrocytes (Fig. 2). No i values were calculated for 8 % TMU solu- 
tions since this concentration gave very erratic results and appears 
to be too critical an area for determination of i values. 


Upon first observations, pH of the TMU solutions appeared to 
have some effect upon the solution’s tendency to damage human 
red blood cells, since addition of pH 7.0 Sorensen phosphate buffer 
considerably reduced hemolysis in solutions containing up to 12% 
TMU (Fig. 3). However, it did not seem that the reduction of 
hemolysis was due to the pH effect since the pH range (5.1-7.0) of 
plain aqueous TMU solutions was near neutral, especially in the 
higher concentrations. Through further experiments using isotonic 
quantities of other salts, it was determined that divalent and trivalent 
anions gave greater protection against hemolysis than did the 0.9% 
sodium chloride. Therefore, it was surmised that the effect of 
hemolysis reduction with the phosphate buffer system was due to 
its phosphate anion properties, not its pH-limiting properties. 


In a series of papers (1Cb15) concerning the hemolysis of human 
erythrocytes in relation to lattice structure of water, Good es- 


tablished the idea that the effect of a solute upon the structural 
properties of the water lattice is basic to the mechanism of hemolysis. 
He found that large simple anions produce simple steric distortion 
and electrostatic screening which disturb the lattice locally and free 
water molecules which will tend to associate themselves with a 
malonamide stabilized zone. Thus the fluidity of the extracellular 
phase is reduced and hemolysis is slower. Therefore, the large anion 
will inhibit hemolysis by contributing free water molecules to the 
malonamide-stabilized lattice. Divalent and trivalent anions used in 
these studies could possibly act in a similar way whereby they in- 
hibit hemolysis by contributing free water to a TMU-stabilized 
lattice. 
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Dissolution Behavior of Commercial Tablets 
Extemporaneously Converted to Capsules 


PRAFUL T. SHAH and WILLIS E. MOORE* 


Abstract 0 While conducting double-blind clinical trials, it is a 
common practice to convert a commercial tablet dosage form to a 
capsule so that it may serve as a control drug for the new drug 
under test. This report will show that when this was done, the in 
uirro dissolution times of drugs from the capsule dosage forms 
were strikingly prolonged. Various capsule adjuvants were ex- 
amined, attempting to decrease dissolution times of drugs from 
capsules. Of the series tested, lyophilized glycine had the best posi- 
tive effect in shortening the dissolution times of all drugs examined. 


Keyphrases 0 Dissolution behavior-commercial tablets con- 
verted to capsules 0 Dissolution rates-effect of starch 0 Starch- 
effect on dissolution 


During both single- and double-blind clinical studies, 
a commercial tablet dosage form is frequently altered 
to a capsule dosage form (1). The alteration to  a cap- 
sule from a tablet is usually accomplished by grinding 
the commercial tablet to a granular or fine powder 
and then adding a sufficient amount of a physiologically 
inert capsule adjuvant to prepare extemporaneously 
a capsule dosage form which is identical in appearance 
to the research drug. 


It was of interest to study any effect on the dissolution 
process brought about by the conversion of commercial 
tablet dosage forms to extemporaneously prepared 
capsule dosage forms. Further, it was of interest to 
observe the overall effect of certain capsule adjuvants 
on the dissolution process with the objective of perhaps 
decreasing the dissolution times of drugs from a capsule 
formulation. 


A drug's dissolution rate and in Diuo physiological 
availability have been the subjects of extensive research 
in the pharmaceutical sciences (2-6). In a recent paper, 
Withey and Mainviile (7) referred to various methods and 
apparatus for following dissolution rates. They also 
pointed out some important requirements for an ad- 
equate dissolution-rate test. 


For this preliminary investigation, the dissolution 
characteristics were measured by a procedure that in- 
volved the use of a modified capsule holder designed by 
Paikoff and Drumm (8). For comparative purposes, 
Tso values (time required for 90 % to dissolve) were ob- 
tained for three chemically different types of drugs: (a) 
acetylsalicylic acid, (b) diphenhydramine, and (c) 
meprobamate. 


EXPERIMENTAL 


Equipment-The capsule holder-stirrer had two glass blades with 
a platinum wire loop attached at the bottom to hold various size 


~~ 


1 Bayer Aspirin, Glenbrook Laboratories, New York, N. Y. 
2 Dramamine, G. D. Searle & Co., Chicago, Ill. 
3 Miltown, Wallace Laboratories, Cranbury, N. J. 


capsules. The stirrer was attached to a Heller stirrer (model No. GT 
21). 


Procedure-A 500-ml. quantity of dissolution medium (deionized 
water) in an 800-ml. beaker was maintained at 37 f 0.5" in a 
temperature-controlled bath. The dosage form was introduced into 
the medium by attaching it to the stirrer loop and then inserting the 
assembled unit into the beaker at a controlled height from the 
bottom. Constant preselected rotational speeds of 60-200 r.p.m. 
were used for each of the three different drugs. Aliquots for assay 
were withdrawn with a sampling pipet at appropriate time intervals. 
After each sample removal, fresh medium was added back to the 
dissolution test beaker to maintain a constant volume. 


The methodology described was suitable for capsules and tablets 
of acetylsalicylic acid and for diphenhydramine, but it had to be 
modified for the testing of meprobamate tablets and capsules to 
prevent flotation of capsule fragments and larger aggregates. A 
stainless steel wire net (20 mesh) resting on the bottom of the dis- 
solution test beaker was used to hold the tablets and capsules of 
meprobamate. The glass stirrer without the loop was used. 


There was no intention of comparing the dissolution character- 
istics between drugs. What was examined was the dissolution 
characteristics of commercial tablets and those tablets after con- 
version to a capsule dosage form, using the equivalent methodology 
for both forms. 


The acetylsalicylic acid samples were hydrolyzed, and the ab- 
sorbance of salicylic acid was measured at 294 mg with the Beck- 
man DK-2A (9). Diphenhydramine was assayed by two methods, 
one a conductometric method in the absence of glycine and the other 
a spectrophotometric method using a wavelength of 277 mp. The 
meprobamate was assayed according to the method of Maggiorelli 
(10) with a modification that included using an acetic anhydride 
and glacial acetic acid mixture to dissolve the evaporated residue 
from the chloroformsarbon tetrachloride ( I  : 1 v/v) extract ( 1  1). 


Preparation of Capsules-The capsules were prepared from un- 
coated commercial tablets (standard compressed tablets) by grind- 
ing the tablets to a powder (through 40 mesh) with a mortar 
and pestle. Sufficient amounts of various capsule adjuvants were 
added to the powder and mixed well, and the diluted powder was 
packed into an appropriately sized hard gelatin capsule (Table 1). 


RESULTS AND DISCUSSION 


The conversion of a tablet to a capsule dosage form did bring 
about a marked change in the in vitro dissolution times of all three 
drugs studied (Tables 11-V). Without exception, the capsule dosage 
form containing starch took a much longer time to release 90% of 
its contents than did the tablet dosage form. This phenomenon, 
since it was observed with three different chemical types of drugs. 
should be more extensively studied and the results called to the 
attention of designers of clinical trials because of its frequency of 
occurrence in blind studies. Slowing down the dissolution rate of 
a commercial drug used as a control in a clinical trial could severely 
bias the results of such trials. 


The materials used as diluents to prepare the capsules (starch, 
urea, and various forms of glycine, Table I) had varying effects upon 
the dissolution times. The lyophilized form of glycine had outstand- 
ingly beneficial effects upon the dissolution times of all three chem- 
ical types of drugs (Tables 11-V). 


The data reported in Tables 11-V are abstracted from the total 
experimental data developed in this study. To conserve space, data 
falling into sampling intervals not covered by the table have been 
omitted. For example, Product D, Table 11, had the following ex- 
perimental sampling intervals in minutes: 3,6, 10, 12, 15, 18, and 23. 
Since this inclusive table has only Columns 10 and 15, the data at 
only these matching times are included. The minimum number of 
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Table I-Formulations of Various Products 


- Weights of, g. . Average Weight 
Five Starch Lyophl- Lyophi- Ball Milled of Mixture in 


Products" Tablets Potato Urea lized Urea Glycine lized Glycine Glycine Capsules, g.'. 


Diphenhy- 
dramine 


- - - - - 0.4735 (2) 
- 0.4547 (2) 


- - 0.3609 (2) 
- c 0.5961 (1) 
- - 0.6052 (1) 


- 0.5603 (1) 


- - - 0.6456 (0) 
- - - - 0.6717 (0) 


- - 0.6552 (0) 
- 0.5312 (0) 


- - 1.2790 
- - 1 .oOOo 


- - - - - 0.6115 (0) 
- - 0.6201 (0) 


- 0.6367 (0) 
- 1 .0030 


- - - 1.0047 
- - - - 1.0012 0.5744(0) 


B- 1 1.3494 1.0053 
C 1.3341 - 0.5015 
D 1.3408 
B-2 1.3376 1.oooO 
E 1.3133 
F 1.3390 - 


B 2.0262 1 .OoOcI 
2.0202 - C 


E 2.0322 - 
F 2.0514 - - 


B 2.3811 1.0000 
E 2.4034 
F 2.3965 
G 2.3923 - 


- - - 
- - 1.0142 - 


- - - 
- 1 . 0000 


- - - 1.0020 
- - 


Acetylsalicylic 
acid 


- - 
1 ,0057 


Meprobamate 


- - 
- 


a Product A consists of commercial tablets. * Number in parenthesis indicates size of capsules. 


sampling intervals for any product was 4, the maximum was 13, and 
the average was 6 data points. The data reported are the averages of 
three experimental dissolution studies on each product. 


After each dissolution test, orders were estimated as either an 
apparent first- or zero-order process after the various plots had 
linearized following a short, but variable, lag time. Least-squares 
regression lines were calculated; from the appropriate values for 
the equation, the Tso values were calculated. No special significance 
is claimed for any of the apparent first or zero orders reported. 


Wagner (1 2) has suggested that apparent dissolution-rate orders 
are artifacts at best. This technique was used only to obtain a value 
to serve as a basis for the comparison of the dissolution behavior 
of a tablet and its extemporaneously prepared capsule. 


Starch is frequently used as a disintegrating or a wet binding 
agent in tablet formulations. By identity test, each of the three com- 
mercial tablet formulations contained starch in varying amounts. 
When additional starch was added to the ground-up tablet, it did 
not visibly show any disintegrant or dispersing effect upon the 


Table 11-Comparison of Dissolution-Rate Data of Diphenhydramine 


_ _ - ~ -  Percent Remaining Undissolved," min. 7 


~ Y O ,  
Producta 0 5 10 15 20 30 40 50 min. 


78.80 52.80 32.80 -C - - - 28. 40d 
23.93 14.77 57. 80d 
- - 40. 49d 
- - 25.37e 


- - 63.24 - 36.71 
- 71.20 54.11 - 23.49 
- 77.24 59.04 


A 100 
B-l 100 
C 100 
D 100 - - 


a See Table I for formulation. b Each point is the average of three determinations. c -, no experimental value at this time. d Apparent first-order rate 
process. e Apparent zero-order rate process. 


Table 111-Comparison of Dissolution-Rate Data of Diphenhydramine with Glycine 


_ _ _ _ _ ~  Percent Remaining Undissolved? min. - 
T?o, 


Product" 0 5 10 15 20 30 40 50 min. 
~ ~ 


79.48 -c 37.01 - - - - 31. 15d 
38.12 28.14 91. 74d 


- 54.00" 29.79 
- - 37.68' 


- _- - 60.91 48.85 
- 46.40 


- - 58.73 37.00 


A 100 
8-2 100 
E 100 
F 100 


- - - 
- 


a See Table I for formulation. Each point is the average of three determinations. c -, no experimental value a t  this time. d Apparent first-order rate 
process. e Apparent zero-order rate process. 


Table IV-Comparison of Dissolution-Rate Data of Acetylsalicylic Acid 


_-______- Percent Remaining Undissolved? min. 
T?a,C 


Product" 0 5 I0 15 20 30 40 50 min. 


74.31 57.67 49.21 42.76 34.00 24.72 - 84.03 
-d 60.57 47.85 37.27 32.27 111.11 


A 100 
B 100 88.14 77.41 


- - - 39.26 
40.28 30.42 22.43 75.64 


- - 28.22 


- 58.75 33.11 - 


63.88 53.22 
- 67.85 46.45 28.25 - 


75.83 - 
C 100 
E 100 
F 100 


~ ~ 


a See Table I for formulation. b Each point is the average of three determinations. c Apparent first-order rate process. d-, no experimental 
value at this time. 
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Table V-Comparison of Dissolution-Rate Data of Meprobamate 


Percent Remaining Undissolved,b min. 
TyJ 1c 


Product” 0 10 20 30 40 50 60 75 rnin. 
~~ ~ ~~ ~ 


20.53 A 100 -d 10.01 
54.60 - - 40.68 284.09 75.53 


100 58.91 52.36 44.52 - 38.41 31.36 196.08 
- 124.38 F 100 79.23 72.69 62.04 50.23 


loo 69.45 
B 
E 


G 100 84.36 72.42 53.96 42.68 33.65 28.01 - 100.00 


- - - - - 
- - 


- - 


= See Table I for formulation. * Each point is the average of three determinations. c Apparent first-order rate process .J -, no experimental value at 
this time. 


capsule formulation. 
This observation leads one to believe that the primary granules 


formed from the normal disintegration of a tablet in an aqueous 
medium differ in some physical manner from the granules ob- 
tained by grinding up a tablet. 
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Mechanism of Action of Salicylates VIII: 
Effect of Topical Application of Retinoic Acid 
on Wound-Healing Retardation Action of 
a Few Anti-Inflammatory Agents 


K. H. LEE and THEODORE G. TONG 


Abstract 0 Oral administration of phenylbutazone, oxyphen- 
butazone, mefenamic acid, flufenamic acid, or indomethacin, like 
salicylates or corticosteroids, retards skin wound healing in rats. 
The healing inhibitory action of any one of these anti-inflammatory 
agents can be reversed by local application of retinoic acid. 


Keyphrases 0 Retinoic acid, topical application-inhibition of 
wound-healing retardation of anti-inflammatory agents 0 Anti- 
inflammatory agents, wound-healing retardation-retinoic acid 
inhibition 0 Salicylates, wound-healing mechanism-analogy to 
other anti-inflammatory agents 


Recently, it has been shown that oral administra- 
tion of acetylsalicylic acid, sodium salicylate, or pred- 
nisone and topical application of salicylic acid or 
hydrocortisone in nonionic bases (NIB) retard skin 
wound healing in rats (1-3). The inhibitory action of 


these agents is, at least, partially attributed to  their 
anti-inflammatory action since inflammation is an 
essential feature in healing. Salicylates also inhibit 
mucopolysaccharide synthesis, which is also an es- 
sential feature in wound healing (2). Intraperitoneal 
injection of retinol or topical application of retinoic 
acid can reverse the inhibitory action of these anti- 
inflammatory agents (2, 3). 


Phenylbutazone, oxyphenbutazone, mefenamic acid, 
flufenamic acid, and indomethacin are a few well- 
known anti-inflammatory agents. These agents, like 
salicylates, inhibit mucopolysaccharide synthesis (4). 
In the present study, it was found that all of these anti- 
inflammatory agents also retard wound healing, and 
topical application of retinoic acid can reverse the 
inhibitory action of these agents. 
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Separation and Determination of 
Anhydrotetracycline, 4-Epianhydrotetracycline, 
Tetracycline, and 4-Epitetracycline in 
a Tetracycline Mixture 


PETER P. ASCIONE and GEORGE P. CHREKIAN 


Abstract 0 A column chromatographic method for the deter- 
mination of anhydrotetracycline, 4-epianhydrotetracycline, tetra- 
cycline, and 4-epitetracycline has been developed. The chroma- 
togram involves the separation of these tetracyclines on a column 
of acid-washed diatomaceous earth treated with buffer consisting 
of 0.1 M ethylenediaminetetraacetic acid disodium salt at pH 7.0, 
glycerin, and polyethylene glycol 400, followed by a modified 
spectral determination of column eluates. 


Keyphrases Tetracycline mixture-anhydrotetracycline, 4-epi- 
anhydrotetracycline, tetracycline, 4-epitetracycline determination 0 
Column chromatography-separation Colorimetric analysis- 
spectrophotometry 


Table I-Analysis of Synthetic Mixtures of 
ATC, EATC, TC, and ETC 


Amount Amount 
Standard Present, Found, Recovered, 


No. Mixtures mg. mg. % 


1 ATC HCI 2.58 2.55 98.8 
EATC HCI 2.32 2.31 99.6 
TC HCI 19.01 18.98 99.8 
ETC HCl 0.51 0.50 98.0 


2 ATC HCI 2.32 2.27 97.8 
EATC HCI 3.29 3.30 100.3 
TC HCI 18.91 18.98 100.4 
ETC HCI 0.50 0.51 102.0 


The method described in this paper was modified and 
adapted from previous studies (1, 2). Known tetra- 
cycline mixtures were determined with recoveries of 
98.0 to 102.0 % for anhydrotetracycline (ATC), 4- 
epianhydrotetracycline (EATC), tetracycline (TC), and 
4-epitetracycline (ETC). 


In the course of work in these laboratories on the 
stability of TC, it was necessary to find a specific and 
accurate method for the determination of degraded 
and nondegraded TC in crystalline and pharmaceutical 
preparations. The methods described by various workers 
(3-7) for separation of degraded TC from TC have 
been found workable and reproducible here, but they 
had the disadvantage of not determining all the com- 
ponents of a TC mixture on a single chromatogram. 


TLC and column chromatographic methods were 
developed in these laboratories for the separation, 
examination, and determination of TC (1, 2). With 
modification of both the column chromatographic and 
spectrophotometric method, a specific and accurate 
method of assay for ATC, EATC, TC, and ETC, in TC 
mixtures, has been developed. This method allows a 
separate analysis for all components, thus providing a 
scheme for determining the column recovery quantita- 
tively. 


20 mg. of TC neutral or 1.0 ml. of syrup equivalent to 2e2.5 mg. 
of TC was used. 


Development of Column-Use a 25-ml. glass-stoppered graduate 
as the primary receiver under the column. Add 20 ml. of benzene 
to the column. When the solvent level reaches the top of the column 
packing, add 60 ml. of chloroform. After collecting 10 ml. (Cut l), 
remove the primary receiver and replace with a 10-ml. graduate. 
Collect 5 ml. in this graduate and discard. Replace the 10-ml. 
graduate with another 25-ml. glass-stoppered graduate. After 
collecting 15 ml. (Cut 2), remove the second graduate and replace 
with a 50-ml. volumetric flask. Collect the eluate in this flask until 
the level of the solvent in the column again reaches the top of the 
packing. Replace the 50-ml. volumetric flask (Cut 3) with a 10-ml. 
graduate, and add 40 ml. of 50z n-butanol in chloroform to the 
column. When the volume of eluate in the graduate reaches 8 ml., 
replace the 10-ml. graduate (Cut 4) with a 50-ml. glass-stoppered 
graduate and collect all of the last solvent added to the column 
(Cut 5).  


Assay of Column Cuts-Determine the absorbance of Cut 1 (ATC) 
and Cut 2 (EATC) in a 1-cm. cell against chloroform at a wavelength 
of 438 mp on a suitable spectrophotometer. 
To Cut 3 (TC), add Cut 4 and mix well. Add 2.0 ml. of alkaline 


methanol solution and dilute to volume with chloroform. Deter- 
mine the absorbance of this solution in a 1-cm. cell against chloro- 
form, at a wavelength of 366 mp, on a suitable spectrophotometer 
within 10 min. after making the solution alkaline. To Cut 5 (ETC), 
add 2.0 ml. of alkaline methanol; adjust the volume to the nearest 
milliliter graduation with chloroform, mix, and record the volume. 
Determine the absorbance of this solution in a I-cm. cell against 
chloroform, at a wavelength of 366 mp, within 10 min. after making 
the solution alkaline. 


EXPERIMENTAL 


Materials and Methods-Reagents, the preparation of diato- 
maceous earth and chromatographic columns, and the apparatus 
have been described previously (2). A pH of 7.0 was maintained. 


Determination of ATC, EATC, TC, and ETC-The general 
procedure, column preparation, and sample preparation for crys- 
talline TC HC1 or capsules and tablets were as described for de- 
methylchlortetracyclhe HCI (2). 


Sample Preparation-TC Neutral and Syrups-This was the same 
as described for demethylchlortetracycline neutral (Z), except that 


1 Celite 545, Johns-Manville Corp., New York, NY 10016 
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RESULTS AND DISCUSSION 


In earlier work (1, 2), the separation and determination of TC 
by TLC and column chromatography suggested the development 
of this column chromatographic technique. The effectiveness of the 
column for the separation of ATC, EATC, TC, and ETC was demon- 
strated by the use of TLC (1). The column eluates were collected 
in fractions of 5 ml. and examined by TLC. Figure 1 shows the 
chromatography of column eluates. According to the results of 
TLC, the TC was separated on a column of acid-washed dia- 
tomaceous earth treated with EDTA, polyethylene glycol 400 
(PEG 400), and glycerin at pH 7.0, using benzene, chloroform, and 
butanol as the developing solvents. The ATC and EATC are 
visible yellow bands which can be seen during chromatography. 
The TLC shows the distribution of the TC components isolated on 







Figure 1-TLC of’ TC mixture column fractions: ( I )  ATC; ( 5 )  EATC; (9-11) TC; (19-20) ETC; and (21) reference standard mixture. 


the column and having R, values similar to those of standard test 
references. 


Absorption Spectra-Absorption spectra in the region of 350- 
550 mp were determined on a Cary model I1 recording spectro- 
photometer. Standard solutions of ATC and EATC, containing 
0.25 mg./ml., were prepared by dissolving 25 mg. of standard in 10 
ml. of methanol and diluting to 100 ml. with chloroform. Six 


milliliters of the chloroform solution was transferred to a 2 5 4 .  
volumetric flask and then diluted to 25 ml. with chloroform. Figures 
2 and 3 show the spectra of ATC and EATC with both maxima at 
438 mp. 


Through examination of the anhydro standards in these labora- 
tories, the absorptivity for both ATC and EATC at 438 mp was 
found to be 1.85 X The absorptivity is defined as the optical 


350 450 550 
WAVELENGTH, rnp 


Figure 2-Absorption spectrum of ATC. 


350 450 550 
WAVELENGTH, rnr 


Figure 3-Absorption spectrum of EATC. 
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density at the wavelength of each particular TC for a solution con- 
taining 1 mcg. of TC per milliliter, using a 1-cm. cell. 


A standard calibration curve of ATC HCl was prepared in chloro- 
form solutions. In the analysis of ATC HCl, a linear relationship 
over the range of 0.025-1.5 mg./50 ml. is obtained. The absorptivity 
for TC and ETC was determined in alkaline methanol at 366 mp 
and found to be 3.29 X as previously described (2). The 
determination of absorbances of the column chromatography 
eluates provided a quantitative spectrophotometric method for 
assaying ATC, EATC, TC, and ETC in solvent solutions when com- 
pared with standards treated in a like manner. 


To test the accuracy of this column chromatographic procedure 
for TC mixtures, a known mixture was made of standards of ATC, 
EATC, TC, and ETC, which was analyzed by the column procedure 
with the recoveries shown in Table I. 


In the two experiments performed, recoveries of 98.0-102.0 
were obtained on TC mixtures. Quantitative analysis of synthetic 
mixtures of TC was achieved with high degree of accuracy (Table I) 
on the column of acid-washed diatomaceous earth treated with 
buffer consisting of 0.1 MEDTA, glycerin, and PEG 400 at pH 7.0. 
Therefore, this method has the advantage of determining the entire 
content of a TC mixture on a single chromatogram. 
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Spectrophotometric Assay of 
Potassium Permanganate Tablets (USP XVII) 


A. MANCOTT and J. TIETJEN 


Abstract 0 Assay of potassium permanganate tablets (USP XVII) 
was accomplished by a spectrophotometric procedure. This method 
is comparable in accuracy to the USP XVII titrimetric procedure. 


Keyphrases 0 Potassium permanganate tablets-analysis 
Colorimetric analysis-spectrophotometer 


The quantitative determination of potassium per- 
manganate by a spectrophotometric method has been 
reported by Bastian el al. (1). The application of this 
method to the assay of USP XVII potassium per- 
manganate tablets, as compared to the standard USP 
XVII titrimetric ~ assay for potassium permanganate 
tablets (2), is reported in this article. 


The spectrophotometric method reported here is 
comparable in accuracy to the USP XVII assay, but it 
is considerably simpler to do and results in an apprecia- 
ble saving of time, labor, and materials. 


EXPERIMENTAL 


Apparatus-Spectra and absorbance measurements were made 
with a spectrophotometerl (slit width 5 A). Matched cells with a 
1-cm. optical path were used. 


Reagents and Chemicals-Potassium permanganate solution (0.1 
N ) 2  was standardized against 0.1 N oxalic acid solution.3 Potassium 
permanganate tablets USP XVII (300 mg.)4 were assayed. 
All other reagents used where of the highest commercial grade 
available. 


1 Bausch and Lomb, model 505. 


' Eli Lilly and Co., Indianapolis, Ind. 


Fisher Certified reagent. 
Fisher Certified reagent. 
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Table I-Absorbance of Known Potassium Permanganate Solutions 


KMnOa, mg./l. Absorbance 
Concentration of 


44.354 
47.515 
50.676 
53.737 
56.898 
60.059 
63.220 


0.693 
0.743 
0.792 
0.841 
0.891 
0.939 
0.988 


Procedure-Standardized solutions of potassium permanganate 
were prepared and their absorbances measured. Twenty 300-mg. 
potassium permanganate tablets USP XVII were weighed and 
finely powdered. An accurately weighed portion of the powder, 
50-55 mg., was dissolved in water and diluted to 1 1. The absorbance 
of the solution was measured at 526 mp and compared with the 
standards to determine its concentration. The same samples were 
also assayed according to the USP XVII titrimetric procedure. 


RESULTS AND DISCUSSION 


Absorbance readings for the standardized potassium perman- 
ganate solutions in the concentration range of 44-64 mg./l. were 
obtained (Table I). A graph of absorbance versus concentration was 
linear with a slope of 0.0156. 


The percent potassium permanganate in the sample used is found 
from : 


A x 100 KMn04 = 0.0156 X W 


where A = absorbance, and W = weight in milligrams of the 
KMnO, sample. 


USP XVII standards for potassium permanganate tablets con- 
tain not less than 9 5 z  and not more than 105% of the labeled 
amount of KMn04 for tablets of 300 mg. or more, and not less 








New Compounds: Potential Antineoplastics VI: 
2,4-Diamino-6-hydroxy-5-arylazopyrimidines 
and 1,3-Dimethyl-5-arylhydrazonoalloxans 


H. G. GARG and H. A. SHARMA 


Abstract 0 A series of 2,4-diamino-fi-hydroxy-5-arylazopyrimi- 
dines and 1,3-dimethyl-5-arylhydrazonoalloxans has been syn- 
thesized by the coupling of aryldiazonium salts with 2,Cdiamino- 
Ghydroxypyrimidine and 1,3-dimethylbarbituric acid, respectively. 
The former are also obtained by the cyclization of ethyl cyano- 
glyoxalate arylhydrazones and guanidine hydrochloride in the pres- 
ence of sodium ethoxide. 


Keyphrases 0 2,4 - Diamino - 6 - hydroxy - 5 - arylazopyrimidines- 
synthesis, potential antineoplastics 0 1,3-Dimethy1-5-arylhydraz- 
onoalloxans-synthesis, potential antineoplastics 0 Antineoplas- 
tics-2,4-diamino-6-hydroxy-5-arylazopyrimidines, 1,3-dimethyl- 
5-arylhydrazonoalloxans, synthesis 


Several arylazopyrimidine analogs are known to 
possess considerable antitumor activity (1-3). Re- 
cently, the synthesis of a few 2-amino-4,6-dimethyl-5- 
arylazopyrimidines and related compounds has been 
reported from the authors' laboratories (4-8). Screening 
results encouraged the present authors to explore 
the anticancer activity of more congeners of pyrimi- 
dines. Interest in pyrimidines led to the extension of 
this study to include derivatives of 1,3-dimethyl- 
alloxan, because this ring constitutes one of the rings 
of the interesting antibiotic, fervenulin (9). 


This paper describes the synthesis of 2,4-diamino-6- 
hydroxy-5-arylazopyrimidines (I, Scheme I) and 1,3- 
dimethyl-5-arylhydrazonoalloxans (11, Scheme 11). 
These were prepared by the coupling of aryldiazonium 
salts with 2,4-diamino-6-hydroxypyrimidine (10) and 
1,3-dimethylbarbituric acid (1 l), respectively. 


The coupling reactions were carried out in different 
media: water, sodium hydroxide, sodium hydrogen 
carbonate, and ethanol containing sodium acetate. 
However, the reaction was found to proceed satis- 
factorily in the basic medium. 


COOC2H, 
I NaOC,H 


NH, 
I 
I 


C=NH + CH, 


CN NH, 
1 -  


diazonium 
salts 


NH, 


I 
Scheme I 


NHCH, 
,COOH I AcOH + c=o - 


AGO 
H C  


'COOH I 
NHCH, 


0 


CH3 
n 


Scheme I1 


EXPERIMENTAL 


Melting points were taken on a Kofler hot-stage apparatus and 
are uncorrected. 


Ethyl Cyanoglyoxalate 4-Chlorophenylhydrazone-A solution of 
4-chloroaniline (1.27 g., 0.01 mole) in concentrated hydrochloric 
acid (6 ml.) was cooled to 0". Sodium nitrite (0.70 g., 0.01 mole) 
was gradually added. The diazonium salt solution was filtered 
into a well-cooled, stirred mixture of sodium acetate (6.0 g.) and 
ethyl cyanoacetate (1.13 g., 0.01 mole) in ethanol (30 ml.). After 
1 hr., the precipitate was filtered off and washed with water; it 
gave pale-yellow needles (2.26 g., 90%), m.p. 145-146" (from 
ethanol). 


And-Calcd.: . . , . Found: C1, 14.0; CllHloCINaOz requires C1, 
14.2%. 


The details of other ethyl cyanoglyoxalate arylhydrazones which 
were prepared are given in Table I. 
2,4-Diaminod-hydroxypyrimidine-Ethyl cyanoacetate (22.6 g., 


0.2 mole) was mixed with a solution of sodium ethoxide prepared 
from sodium (4.6 g., 0.2 g.-atom) and anhydrous ethanol (50 ml.). 
This mixture was allowed to stand while a second solution of sodium 
ethoxide of the same volume and concentration was prepared. 
To this solution was added guanidine hydrochloride (19.2 g., 0.2 
mole). The sodium chloride was separated by filtration, and the 
clear filtrate containing guanidine was added to the solution of 
sodiocyanoacetate. The mixture was heated for 2 hr. under reflux 
and was then evaporated to dryness at ordinary pressure. The 
solid product thus obtained was dissolved in water (65 ml.) and 
acidified with glacial acetic acid (15 ml.). Upon cooling of the 
solution, 2,4-diamino-6-hydroxypyrimidine was obtained as light- 
yellow needles (22.16 g., go%), m.p. 260-265" dec. [lit. (10) m.p. 
260-270" dec.]. 


1.3-Dhethvlbarbituric Acid-This was prepared by the procedure 
of kleiderer ind Schundehutte (11) from NiW-dimethylurea (17.6 
g., 0.2 mole) and malonic acid (17.6 g., 0.2 mole). The product was 
obtained as colorless needles (21.84 g., 70%), m.p. 118-119" (from 
ethanol) [lit. (11) m.p. 124'1. 


2,4 - Diamino - 6 - hydroxy - 5 - (4 - ch1orophenylazo)pyridhe- 
Method A-A solution of 4-chlorobenzenediazonium chloride from 
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Table I-Characteristics of Ethyl Cyanoglyoxalate Arylhydrazones 


Yield, -Analysis, %----. 
No. x z M.p. Colora Formula Calcd. Found 


H 90 
85 
85 
80 


89-9no PeYN 
BYN 
BYN 


CiiHaN.10z 
CizHisNaOz 
CiiHioN404 
CiiHi nNnO4 


N 19.4 N 19.2 
N 18.0 N 18.2 


N 21.4 N 21.3 
N 21.4 N 21.1 


_ _  _ _  
121-122" 
114-1 15" 
156-157 O OP 


PeY N 4-NO; 
2-Br 


85 
75 
80 
75 
75 
78 
80 
85 
85 
78 
75 
80 
85 
86 
85 
70 
75 
90 
65 
80 
85 


193-194' 
129-130" 
109-110" 
135-136" 
95-96" 
81-82' 


100-101 
157-1 58 O 


115-1 16" 
100-101 
84-85" 


1 29-1 30" 
101-102" 
1 19-1 20' 
168-169" 
165- 166 
102-103' 
107-108 O 


143-144" 
164-1 65 
17G177" 


N 21.4 N 21.2 
Br 26.8 6 


7 
8 
9 


10 
11 


PeY N 
YN 


Br 27.0 
N 17.1 
N 17.0 
N 17.0 
N 16.1 
N 17.1 
N 17.1 
N 17.1 
N 17.1 
N 17.1 
N 17.1 
N 15.4 


2-Et 
2-Me0 
3-Me0 
4-EtO 


N i7.3 
N 17.2 
N 16.7 
N 16.0 
N 17.2 


YN 
BYN 
BYN 
YN 
BYN 
YN 
PeYN 
PeYN 
OYN 
YP 
OYN 
BYN 
OYN 
OP 
BYN 
BYN 
GYN 
GYN 


12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 


N 16.8 
N 17.0 
N 17.0 
N 16.9 
N 17.0 
N 15.2 
Cl 24.6 
C1 24.5 
Br 42.6 
N 15.0 
C1 13.2 
c1 21.1 
c1 11.2 
c1 11.1 


C1 24.8 
Cl 24.5 
Br 4.2.7 
N 15.2 
C1 13.4 
C1 21.5 
C1 11.4 
C1 11.4 


23 
24 
25 


a B, bright; Bn, brown; D, deep; Da, dark; F, fibers; G, golden; Gr, green; N, needles; 0, orange; P, plates; Pe, pale; R, red; and Y, yellow. 


4-chloroaniline (1.27 g., 0.0 1 mole) in concentrated hydrochloric 
acid (5  ml.) was slowly added to a well-cooled, stirred mixture of 
2,4-diamino-6-hydroxypyrimidine (1.26 g., 0.01 mole) in 2 N sodium 
hydroxide (10 ml.) containing sodium acetate (5.0 g.). The precipi- 
tated solid was filtered off and washed with water; it gave bright- 
yellow needles (2.25 g., 85 %), m.p. >300" [from ethanol-dimethyl- 
formamide (DMF)]. 


Anal.-Calcd.: . . .. Found: C1, 13.2; c1oH9ClN6O requires C1, 
13.5z;. 


Method B-Guanidine hydrochloride (1.92 g., 0.02 mole) was 
added to ethyl cyanoglyoxalate 4-chlorophenylhydrazone (5.02 g., 
0.02 mole) dissolved in alcoholic sodium ethoxide (1.2 g. of sodium 
in 50 ml. anhydrous ethanol). After keeping for 1 hr., the mixture 
was refluxed for 2 hr. and left overnight. The solid, which separated, 
was collected and washed with water. It was obtained as bright- 
yellow needles (1.90 g., 70%), m.p. >300° (from ethanol-DMF). 
The melting point was not depressed upon admixture with the 
sample prepared by Method A. 


Table 11-Characteristics of 2,4-Diamino-6-hydroxy-5-arylazopyrimidines 


Yield, -Analysis, %-- 
No. X % M.p. Colora Formula Calcd. Found 


85 
87 
80 
73 
75 


>300° 
>300° 
> 300 ' 


>300" 
> 300 ' 
>300" 


295" dec. 


270" dec. 
170" dec. 


>300" 
> 300 
>300° 
> 300 O 


290" dec. 
280" dec. 
295" dec. 


>300" 
>300° 
>300° 
> 300 O 


>300" 
>300° 


>300° 


240" dec. 


285" dec. 


277" dec. 


OP C, nH, n N a 0  N 36.5 
N 34.4 
N 35.6 
N 35.6 
N 35.6 
Br 26.0 
N 32.6 
N 32.3 
N 32.3 
N 30.6 
N 32.6 
N 32.6 
N 32.6 


N 36.3 
ORN 
ORN 
PeY N 
DRN 


N 34.2 
N 35.5 
N 35.4 
N 35.4 


6 
7 
R 


75 
80 
77 
75 
70 
85 
80 
75 
83 
75 
77 
81 
73 
75 
85 
87 
76 
80 
85 
70 
75 


ORN 
ON 
DRN 


Br 26.3 
N 32.3 
N 32.1 
N 32.4 
N 30.4 
N 32.3 
N 32.5 


9 
10 
11 
12 


- ~~. 


BnN 
RN 
R N  
R N  


13 ORN 
OYN 
R N  
YN 
ON 
ON 
DaBnN 
BYN 
DRN 
RBnN 
YN 
YN 
DRN 
DRN 


N 32.4 
N 32.5 14 


15 
16 
17 
18 


N 32.6 
N 32.6 
N 32.6 
N 29.4 
C1 23.7 
Cl 23.7 


N 32.3 
N 32.7 
N 29.2 
C1 23.5 


19 C1 23.4 
C1 23.5 
Br 41.0 
N 29.2 
C1 12.6 
C1 20.3 
C1 10.7 
C1 10.6 


20 
21 
22 
23 
24 
25 


C1 23.7 
Br 41.2 
N 29.0 
C1 12.7 
C1 20.6 
C1 10.9 


26 C1 10.9 


a See footnote a of Table I. 
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Table III-Characteristics of 1,3-Dimethyl-5-arylhydrazonoalloxan Derivatives CH, 


Yield, -Analysis, %- 
No. X % M.p. Colora Formula Calcd. Found 


1 H 
2 2-NO2 
3 3-NO2 
4 4-43 
5 2-Me 


7 3-Me0 
8 4-Me0 


6 2-Et 


9 2 ,3212 
10 2.4419 -, - 
11 3 , 5 2 i ;  
12 2,4-Br~ 
13 2.3-Mez 
14 2;5-Mez 
15 2.6-Mel 


75 
65 
75 
75 
70 
80 
78 
85 
70 


255-256" 
244-245 
232-233 O 


245-246 O 


238-239" 
200-201 a 


15 1-1 52 O 


195-196" 
260-265 dec. 


YN 
ON 
ON 
YN 
PeYN 
BYN 
BGrN 
YP 
PeYN 


N 21.5 
N 23.0 
N 23.0 
c1 12.1 
N 20.4 
N 19.4 
N 19.3 
N 19.3 
C1 21.6 


N 21.2 
N 23.2 
N 23.3 
c1 12.0 
N 20.2 
N 19.5 
N 19.1 
N 19.0 
CI 21.3 


90 244-245" YN C1 21.6 C1 21.5 
85 254-255" dec. ON C1 21.6 c 1  21.2 
75 247-248 O YGrN C12H10Br2N403 Br 38.3 Br 38.0 


N 19.2 80 203-204" PeYN Ci4Hi6N403 N 19.4 
N 19.1 80 246-247 YN Ci4Hi~N403 N 19.4 


75 225-226" PeY P GaHi ~NAOX N 19.4 N 19.0 
16 3:4--Me; 85 240-241 O GrN Ci&Ii ;N;O; N 19.4 N 19.6 
17 2$€124-N02 65 278-279 O 


19 S-C1-2,4--(MeO)% 80 245-246" 
18 4-C1-2,5-+Me0)2 75 288-289" 


PeYF C&;clsN6bs Cl 19.0 C1 19.2 
ORN CirH15ClN40s c1 10.0 c1 9.7 


C1 9.8 ORN C1JhClN405 c1 10.0 


* See footnote = of Table 1. 


The details of other 2,4-diamino-6-hydroxy-5-arylazopyrimidines 
are given in Table 11. 


1,3 - Dimethyl - 5 - (4 - nitrophenylhydrazono)alloxan-1,3 - Di- 
methylbarbituric acid (1.56 g., 0.01 mole) was dissolved in water 
(20 ml.) and cooled to 0". This was then treated with a stirred 
solution of 4-nitrobenzenediazonium chloride obtained from 4- 
nitroaniline (1.38 g., 0.01 mole) in concentrated hydrochloric acid 
( 5  ml.) containing sodium acetate (5.0 g.). The solid, which sepa- 
rated, was collected, washed well with water, and obtained as 
yellow needles (2.75 g., 90%), m.p. 303-304" (from ethanol-DMF). 


Anal.-Calcd.: . . .. Found: N, 22.8; Cl2HIlNaO5 requires 
N, 23.0%. 


The details of other 1,3-dimethyl-5-arylhydrazonoalloxans are 
given in Table 111. 
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Coumermycin Al-Biopharmaceutical Studies I 


HAROLD L. NEWMARK and JULIUS BERGER 


Abstract 0 Coumermycin A1, as the free acid or simple salts, is 
poorly absorbed from the gastrointestinal tract of animals and 
humans. It is not appreciably degraded in the fluids of the gastro- 
intestinal tract. Mixture of coumermycin with certain additives, 
such as sugar amines, can significantly enhance oral absorption 
in dogs, as measured by the increased blood levels achieved. N- 
Methylglucamine, in a 1 : 4 ratio of antibiotic to N-methylglucamine, 
enhances blood levels 5-1 5-fold over the antibiotic alone in both 
dogs and humans. 


Keyphrases 0 Coumermycin A1-absorption, oral administration 
0 Blood levels, coumermycin Al-formulation effect 0 Stability, 
coumermycin Al-gastrointestinal tract 0 Microbiological analysis 
-coumermycin A, 


Coumermycin A1 is a highly potent antibiotic whose 
antimicrobial spectrum qualitatively resembles that of 
novobiocin (1-4). Tests in vitro and subcutaneously in 
mice indicated antibacterial activity, particularly against 
Gram-positive organisms, at concentrations and doses 
far lower than for novobiocin (i.e., 1/10 to  1/30). How- 
ever, early trials of the antibiotic orally in humans gave 
very poor or nondetectable blood levels (5-7). Blood 
levels far lower than 1 mcg./ml. were achieved even on 
doses up to 2 g./day, although several forms of the anti- 
biotic were tested, including the water-soluble disodium 
salt (7), enteric coating (5, 7), and mixing with polyeth- 
ylene glycol 300 (Carbowax 300) (7). The total amount 
of antibiotic accounted for in body fluids, calculated at 
the maximum blood levels achieved, represented less 
than 0.1 of the total oral drug intake in these clinical 
studies. 


For mice, the toxicity expressed as LD,, in mg./kg. 
for coumermycin has been reported to  be P.o., > 4000 
(1); i.p., 183(1); s.c., 380(1); and i.m., 500 (8). The me- 
dian curative dose in experimental Staphylococcus aureus 
(Smith) infection in mice has been reported (1, 3) as 
0.13 mg./kg. S.C. and 4.3 mg./kg. p.0. Comparable data 
were reported by others (10). These large differences in 
toxicity and activity depending on the route of admin- 
istration strongly suggest poor absorption. The problem 
of achieving elevated coumermycin blood levels thus 
can be posed as one of faulty or poor absorption from 
the gastrointestinal (GI) tract or of instability of the 


CH, 


drug on oral administration. Since the preferred route 
for antibiotic administration is oral, it was considered 
essential before embarking on clinical trials to attempt 
to achieve improved blood levels by this route. The dog 
was chosen as a test animal since it had been found 
useful in studies of similar problems with novobiocin 
(9). Considering the in vitro antimicrobial activity of 
coumermycin in the presence of blood serum, a blood 
level of at least 1 mcg./ml. was somewhat arbitrarily 
selected as a desirable goal to allow for a reasonable 
safety factor, pending eventual clinical verification. 


MATERIALS AND METHODS 


Blood Level Assays-Early studies were performed using an 
antibio$ic bioassay employing serial broth dilutions of 2- or 3- 
fold, with Staphylococcus aureus as the test bacterium. Results of 
this method had the inherent and substantial potential error of the 
factor of dilution. During the course of the work, an agar diffusion 
cup-plate antibiotic bioassay was developed which had a precision 
of better than &20% (4). Blood samples (serum) were diluted in 
20 % dimethylsulfoxide-3 aqueous phosphate buffer solution, 
pH 6.3, to a concentration which gave inhibition zones against the 
test organism S. aureus within the proper dose-response range (0.5 
mcg./ml.). The standard coumermycin monosodium salt was simi- 
larly diluted in control blood serum. Quantitative evaluations were 
obtained as described in (4). Most of the data reported are with the 
latter method, unless otherwise indicated. 


Administration of Drug to Dogs-For oral studies, dogs fasted 
12-18 hr. were administered a single dose of about 5 mg./kg. of 
coumermycin monosodium salt as a fine powder (average diameter 
7 p )  in gelatin capsules. Blood samples were taken at various 
time intervals as indicated later. It was found that administering 
an oral dose of water to the dog immediately after the drug dose 
gave higher and more consistent results. Both males and females 
were used, since no sex-related difference in response was found. 


A parenteral aqueous solution of the monosodium salt of coumer- 
mycin A1 was prepared to contain 20 mg./ml. of coumermycin A, 
monosodium salt (Ro 5-4645/10), 10 N,N-dimethyl acetamide, 
10% ethanol, 40% propylene glycol, and 1.5% benzyl alcohol in 
water for injection. This solution was injected intravenously at a 
drug dose of about 10 mg./kg. Blood samples were taken and the 
sera assayed as previously indicated. 


EXPERIMENTAL 


Coumermycin A, (formerly also known assugordomycin D- la or 
notomycin), mol. wt. 1110, has the chemical structure (2, 4) 
shown as I. 


I 
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It IS a bishydroxycoumarin with two weakly acidic groups, pKa = 
5.8-6.2 depending on solvent. [Kawaguchi ei al. ( I ,  2) reported 
the pKa as 7.76 in 7 5 z  dioxane-water and 6.35 in 75% dimethyl 
formamide-water.] The pyrrole groups have very weak acidic 
properties, pKa above 11. The drug is sensitive to hydrolysis and 
rearrangement in strongly alkaline solution. A 1 solution of the 
soluble disodium salt has a pH -10. This contrasts with novobiocin, 
pKa about 3.8, which forms a readily soluble monosodium salt 
which is only slightly alkaline (9). 


Coumermycin free acid has no melting point but decomposes at 
about 245“, as does the crystalline monosodium salt (8). Coumer- 
mycin is soluble in aqueous alkali (ie., above pH lo), dioxane, 
dimethylformamide, and dimethylacetamide, and moderately 
soluble in acetone, methyl isobutyl ketone, methyl ethyl ketone, and 
ethyl acetate. It is poorly soluble in ethanol, methanol, isopropyl 
alcohol, chloroform, and benzene, and essentially insoluble in 
carbon tetrachloride, petroleum ether, and neutral and acidic 
water. It has a slight solubility in aqueous 6 N urea. When dissolved 
in aqueous alkali and neutralized with dilute acid, precipitation is 
rapid to form a dense particulate solid. Similarly, dilution of organic 
solvent solutions (e.g., dimethylacetamide) with water results in 
rapid precipitation. In dilute aqueous alkali solution, coumermycin 
has strong surfactant properties. These stability, solubility, and 
physicochemical properties were taken into consideration in the 
selection of additives to be tested for enhancement of absorption 
of the drug. 


Stability-To determine the importance of the stability of the 
antibiotic on blood levels, the effect of several experimental condi- 
tions was investigated. 


Recovery from Blood In Vivo-The parenteral solution of the 
drug was injected intravenously into dogs at -10 mg./kg. Blood 
samples were taken and the sera were bioassayed. The results were 
as follows (average of two dogs): 


Time after 
Injection, hr. 


0 
0 .5  
I .O 
2.0 
4.0 


24.0 


Blood Levels 
(Dilution Assay), 


mcg./ml. 
0 


160 
I60 
7 0  
70 


3 


Assuming a blood volume about 8 of the dog body weight, the 
peak level of 160 mcg./nil. in blood is about 1.3 times the adminis- 
tered dose. This is essentially 50-200% recovery of the injected 
drug, considering the errors of the method used. The results thus 
indicate that the drug was not rapidly destroyed nor eliminated 
from the blood. 


In the Gastrointestinal Tract-In Vitro-An aqueous solution of 
the freshly prepared disodiuin salt of coumermycin was added to 
freshly prepared gastric juice USP to give a concentration of 20 
mcg./ml. Full antibiotic activity (dilution bioassay) was maintained 
when incubated for 4 and 7 hr., respectively, at 37‘. 


In Vivo-The pyloric sphincter of a dog was tied off surgically. 
A dose of 500 mg. of coumermycin monosodium salt was adminis- 
tered orally. Blood samples were taken periodically from the 
gastroepiploic vein leading from the stomach, as well as samples 
of the gastric contents by aspiration into a syringe with saline. The 
bioassay results indicated essentially 100% retention of activity 
in the gastric contents for 4 hr., while the blood samples (1, 2, and 
4 hr.) showed < I  mcg./ml. 


These tests indicated that coumermycin is relatively stable in the 
GI  tract, certainly in the stomach, and is not destroyed rapidly by 
the low pH (about 1.5) or enzymes of gastric juice in uitro or in 
uiuo. It also appears stable to intestinal juice (pH about 8) in uitro. 


Solubility-It was hypothesized that a system that would solu- 
bilize coumermycin at the pH range of the GI  tract in aqueous 
solution would permit more efficient absorption. Several different 
approaches were made. 


1 It should be pointed out again that the serial broth dilution method, 
employed in this early exploratory experiment, is subject to a potential 
twofold error and is probably most likely the reason that the 1- and 4-hr. 
blood values did not “appear” to decline from the preceding values. 


Table I-Coumermycin Blood Levels in Dogs after Single 5- 
mg./kg. Oral Dose (Antibiotic Content) in Different Formulations 


Average Blood 
Levels, mcg./ml., 


Number Hours after 
Coumermycin Dosage of Administration 
Preparationa Form Animals 2 4 


Monosodium salt Capsule 


Disodium salt Capsule 
Dicholine salt Capsule 
Di NMG salt Capsule 
Monosodium salt Capsule 


Monosodium salt Capsule 


Monosodium salt Capsule 


Free acid + NMG Capsule 


Monosodium salt Capsule 


Monosodium salt Capsule 


Monosodium salt Capsule 


(micronized) 


with NMG ( I  : 1) 


with NMG (1 :4) 


with NMG ( I  : 10) 


(1 :4) 


with glucosamine 
(1 :4) 


with N-acetylglu- 
cosamine (1 :4) 


with N-acetyl- 
galactosamine 
(1 :4) 


Monosodium salt, Water-dispers- 
Emulphor, DMA ible solution 
( 1  :2.5:2.5)* 


Monosodium salt, Water-dispers- 
poloxalene, DMA ible solutionc 
(1 :2.5:2.5)b 


Monosodium salt, Solution 
0.5 in 70 % 
DMSO’ 


urea (I  : 5)* 


urea, DMA 
(1 :5:4)* 


Monosodium salt, Capsule 


Monosodium salt, Capsule 


6 


2 
2 
3 
2 


3 


3 


7 


2 


2 


2 


3 


2 


2 


2 


4 


0 . 4  


1.1 
0.3 
0 . 3  
1.1 


2.1 


7 . 5  


I .9 


2.9 


1.1 


2.3 


1 . 5  


2 


3.8 


1.8 


3.8 


0.4 


0.8 
0.4 
0.2  
1.3 


3.1 


4.0 


1 . 2  


2 . 3  


0.8 


I . 6  


4 


2 


6.3 


0.8 


I . 4  


a Numbers in parentheses are the ratio of the weights of the compo- 
nents used in the test preparation in order of listing. * Assays performed 
by serial dilution method. c Administered at 50 mg./kg. 


Soiubie Suits or Ion-Pairs-A series of disubstituted salts or ion- 
pairs of coumermycin was prepared and their aqueous solutions 
neutralized by dilute acid to pH 7. Most of these cases resulted in 
rapid precipitation of free coumermycin or its monosubstituted 
salt in the form of dense particles. These included magnesium, 
sodium, calcium (insoluble), aluminum (insoluble), diethanol- 
amine, triethanolamine, lysine, glycine, trishydroxymethyl amino- 
methane (THAM), proline, leucine, and choline. 


Sugar Amines-When aqueous solutions of coumermycin in dilute 
alkali are neutralized in the presence of sugar amines, a gel is 
formed rather than dense particles. This is analogous to  the “gel- 
like” precipitate of amorphous novobiocin formed on careful 
acidification of its sodium salt solution, as reported previously 
(8). In particular, N-methylglucamine (NMG) aqueous solutions 
with coumermycin produce aqueous gels on neutralization with 
acid. A 2 .5z  solution of cournermycin with 10% NMG (pH about 
11) will form an opalescent, solid gel on neutralization by dilute 
HCI or dilute acetic acid. These gels do not appear to have appre- 
ciable crystalline coumermycin. Similar behavior can be observed 
with glucosamine, N-acetylglucosamine, and N-acetylgalactos- 
amine. A large molar excess of the sugar amine appears to be 
required. 


Complexing Agents-Coumermycin contains two hydroxy- 
coumarin groups that are potentially capable of forming soluble 
complexes with polyoxyethylene groups. Indeed, Kawaguchi 
et a/. (7) claimed some slight success in using polyethylene 
glycol 300 (Carbowax 300) to enhance blood levels. It was found 
that solutions of coumermycin monosodium salt in dimethyl- 
acetamide with a series of substances containing polyethylene glycol 
units, including some nonionic surfactants, did form micellar, 
slightly opalescent dispersions on dilution with water. These include 
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Table 11-Coumermycin Blood Levels" in Humans after Single 
250-mg. Oral Dose 


Blood Levels, mcg./ml., Hours after Dose 
Preparation 0 2 4 8 24 


Monosodium <0.01 0.01 0.14 0.34 0.16 


Monosodium <0.01 0.94 2.4 2 . 5  0.71 


salt (micro- (0.01- (0.09- (0.15- (0.05- 
nized) 0.1) 0.6) 0.52) 0.44) 


(1 :4) 1.5) 2.8) 4.0) 1.2) 


a Values are average of six patients in each group; the range is given 


salt plus NMG (0.25- (1.3- (1.3- (0.4- 


in parentheses. 


polysorbate 80, an emulsifying agent (Emulphor EL-620), a propyl- 
ene glycol derivative (Pluronic F-68), polyethylene glycol 300, 
polyethylene glycol 4000, and polyethylene glycol monoricinoleate. 


Formulations-A summary is presented in Table I of the data 
obtained for blood levels in dogs administered different formula- 
tions of coumermycin designed to give enhanced levels. A review 
of these results in dogs resulted in the selection of NMG formula- 
tion with the monosodium salt of coumermycin for trial in humans, 
using a 1:4 weight ratio equivalent to about 1:20 molar ratio. 
Although higher ratios of NMG to coumermycin increased the blood 
levels of drug in dogs, practical limitations such as capsule size 
led to the choice of 1 :4 for clinical capsules. NMG has the practical 
advantages of being commercially available, nonhygroscopic, and 
chemically stable. 


Capsules containing 50 mg. of coumermycin (monosodium salt) 
with 200 mg. of NMG were tested in humans in comparison to 
capsules of micronized cournermycin monosodium salt alone. The 
capsules were administered as a single oral dose of 250 mg. of 
coumermycin to six humans in each group. The results are pre- 
sented in Table 11. 


DISCUSSION 


The blood level data presented of coumermycin with NMG in 
dogs and humans clearly show the enhancement of absorption 
produced by this additive. At a ratio of 1 :4 (drug-NMG), both 
dogs and humans show a 5-15-fold enhancement of oral absorp- 
tion of coumermycin as measured by blood levels achieved. This 
effect is produced by simple physical mixture of the two ingredients 
in capsules. This represents about a 20 molar ratio of NMG to 
coumermycin. In oitro, this mixture dissolves in water to form a 
solution at pH 10.5-11.0, which in turn gives a gel-like noncrystal- 
line mass on acidification. Presumably, a similar dissolution and then 
acidification to form a gel occur in the stomach after oral adminis- 
tration. The resultant gel probably has a greatly enhanced surface 
area to aid in absorption of coumermycin from the GI tract. 


The blood levels achieved with the 1 :4 mixture in dogs at 5 mg./ 
kg. p.0. are roughly comparable to those achieved with the same 
mixture at 250 mg./human p.0. (approximately equivalent to 4 


mg./kg.). This substantiates the choice of dogs as a test animal for 
biopharmaceutical studies of coumermycin. 


The NMG mixture with coumermycin rapidly achieves blood 
levels appreciably higher than the 1 mcg./ml. originally desired on 
single doses of 250 mg./human, and levels above 1 mcg./ml. are 
maintained for over 12 hr. 


SUMMARY 


Coume.mycin A,, as the free acid or simple salts, is poorly ab- 
sorbed from the GI  tract of animals and humans. It is not appre- 
ciably degraded in the fluids of the G I  tract. Mixtures of coumermy- 
cin with certain additivies, such as sugar amines, can significantly 
enhance oral absorption in dogs, as measured by the increased 
blood levels achieved. NMG, in a 1 :4 ratio of antibiotic to NMG, 
enhances blood levels 5-15-fold over the antibiotic alone in both 
dogs and humans. 
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Table V-Comparison of Dissolution-Rate Data of Meprobamate 


Percent Remaining Undissolved,b min. 
TyJ 1c 


Product” 0 10 20 30 40 50 60 75 rnin. 
~~ ~ ~~ ~ 


20.53 A 100 -d 10.01 
54.60 - - 40.68 284.09 75.53 


100 58.91 52.36 44.52 - 38.41 31.36 196.08 
- 124.38 F 100 79.23 72.69 62.04 50.23 


loo 69.45 
B 
E 


G 100 84.36 72.42 53.96 42.68 33.65 28.01 - 100.00 


- - - - - 
- - 


- - 


= See Table I for formulation. * Each point is the average of three determinations. c Apparent first-order rate process .J -, no experimental value at 
this time. 


capsule formulation. 
This observation leads one to believe that the primary granules 


formed from the normal disintegration of a tablet in an aqueous 
medium differ in some physical manner from the granules ob- 
tained by grinding up a tablet. 
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Mechanism of Action of Salicylates VIII: 
Effect of Topical Application of Retinoic Acid 
on Wound-Healing Retardation Action of 
a Few Anti-Inflammatory Agents 


K. H. LEE and THEODORE G. TONG 


Abstract 0 Oral administration of phenylbutazone, oxyphen- 
butazone, mefenamic acid, flufenamic acid, or indomethacin, like 
salicylates or corticosteroids, retards skin wound healing in rats. 
The healing inhibitory action of any one of these anti-inflammatory 
agents can be reversed by local application of retinoic acid. 


Keyphrases 0 Retinoic acid, topical application-inhibition of 
wound-healing retardation of anti-inflammatory agents 0 Anti- 
inflammatory agents, wound-healing retardation-retinoic acid 
inhibition 0 Salicylates, wound-healing mechanism-analogy to 
other anti-inflammatory agents 


Recently, it has been shown that oral administra- 
tion of acetylsalicylic acid, sodium salicylate, or pred- 
nisone and topical application of salicylic acid or 
hydrocortisone in nonionic bases (NIB) retard skin 
wound healing in rats (1-3). The inhibitory action of 


these agents is, at least, partially attributed to  their 
anti-inflammatory action since inflammation is an 
essential feature in healing. Salicylates also inhibit 
mucopolysaccharide synthesis, which is also an es- 
sential feature in wound healing (2). Intraperitoneal 
injection of retinol or topical application of retinoic 
acid can reverse the inhibitory action of these anti- 
inflammatory agents (2, 3). 


Phenylbutazone, oxyphenbutazone, mefenamic acid, 
flufenamic acid, and indomethacin are a few well- 
known anti-inflammatory agents. These agents, like 
salicylates, inhibit mucopolysaccharide synthesis (4). 
In the present study, it was found that all of these anti- 
inflammatory agents also retard wound healing, and 
topical application of retinoic acid can reverse the 
inhibitory action of these agents. 


1036 Jourml of Pharmaceufical Sciences 







Table I-Retinoic Acid and Healing Retardation Action of a Few Anti-Inflammatory Agents" 


Drugs Given 7 


NO. of Mean Tensile Percent 
Group Animals Orally Topically Strength, g. Control 


I 
I1 


I11 


IV 


V 


VI 


VII 


VIII 


IX 


X 


XI 


XI1 


14 
9 


14 


7 


16 


6 


8 


6 


7 


7 


7 


6 


__ 
Indomethacin, 


4 mg./kg. 
Indomethacin, 


4 mg./kg. 
Mefenamic acid, 


20 mg./kg. 
Mefenamic acid, 


40 mg./k. 
Mefenamic acid, 


40 mg./kg. 
Flufenamic acid, 


40 mg./kg. 
Flufenarmc acid, 


40 mg./kg. 
Phenylbutazone, 


100 mg./kg. 
Phenylbutazone, 


100 mg./kg. 
Oxyphenbutazone, 


100 rng./kg. 
Ox yphenbutazone, 


100 mg./kg. 


NIB 
NIB 


1 % retinoic 


NIB 
acid in NIB 


NIB 


1 % retinoic 


NIB 
acid in NIB 


1 7  retinoic ," 
acid in NIB 


NIB 


1 retinoic 


NIB 


1 retinoic 


acid in NIB 


acid in NIB 


451 f 9 
374 rt 9 


433 =t 8 


424 rt 9 


407 =k 7 


456 f 10 


398 =!z 10 


427 rt 7 


403 rt 4 


427 rt 9 


385 f 8 


439 i. 10 


100 
83 


96 


94 


90 


101 


88 


95 


89 


95 


85 


97 


a The difference between the experiments and the controls is highly significant ( p  < 0.01, Student's t test) except Group IV animals receiving only 
20 mg. of mefenamic acid/kg. ( p  < 0.10). 


EXPERIMENTAL 


Material and Drugs-The following materials and drugs were 
used in this study: retinoic acid,' phenylbutazone,z oxyphenbuta- 
zone,2 mefenamic acid,3 flufenamic acid,3 indomethacin,4 and 
NIB.5 The strength of retinoic acid used was 1 % in NIB. Methyl- 
cellulose USP6 (400 cps.) was also used. 


Administration of Drugs-All drugs were fed to rats daily for 4 
days through a short stomach tube (PE 160) connected to a blunt 
hypodermic needle (No. 17) attached to a 50-rnl. syringe, starting 1 
day before operation. Each drug was suspended in a 0.5 % methyl- 
cellulose solution. One milliliter of the suspension was fed to each 
rat. 


Application of Retinoic Acid in NIB-Retinoic acid in NIB was 
applied with gentle rubbing directly on the sutured wound right 
after wounding. The application was repeated, once a day, on the 
1st and 2nd days of wounding. For the control, only NIB was ap- 
plied. 


Wound Procedure-Sprague-Dawley male rats, weighing 230- 
240 g., were anesthetized with ethyl ether in an open mask. The 
hair on the back was depilated with an electric clipper. One incision, 
6 cm. in length, was made through the skin and cutaneous muscles 
at a distance about 1.5 cm. from the midline on each side. No 
ligatures were used. Bleeding usually ceased after a few minutes. 
The incisions were closed with continuous through-and-through 
sutures with stitches 0.5 crn. apart. Black silk surgical thread (No. 
3-0) and a curved needle (No. 19) were used. The continuous suture 
was pulled tight enough to secure good adaptation of the wound 
edges. The wounds were left undressed. 


Measurement of Healing-Tensile strength, the force required to 
open a healing skin wound, was used to measure healing. On the 
7th day after wounding, the tensile strength of the wound was 
measured with a simple laboratory-made tensiometer as described 
previously (1). 


1 All trans, Sigma grade, type XX, a crystalline synthetic compound 


SuDDlkd bv Dr. T. A. Terzakis. Geisv Pharmaceuticals. Division 
obtained from Sigma Chemical Co., St. Louis, Mo. 


of Geigy Chemical Corp., Ardsley, N. Y.-- 


Davis and Co.. Ann Arbor. Mich. 
3Supplied by Dr. C. V. Winder, Research Laboratories, Parke, 


4 Supplied by Dr. W. B. -Gall, Research Laboratories, Merck Sharp 


6 Prepared by Pharmaceutical Technology Laboratory, San Francisco 


e. Dow Chemical Co., Midland, Mich. 


and Dohme, Division of Merck and Co., Inc., Rahway, N. J. 


Medical Center, San Francisco, Calif. 


RESULTS AND DISCUSSION 


The results of the effect of phenylbutazone, oxyphenbutazone, 
mefenamic acid, flufenamic acid, and indomethacin on skin wound 
healing in rats are summarized in Table 1. The mean tensile strength 
of the healing wound of the control animals from Group I was 
451 f 9 g. These animals received only topical application of 
NIB. Group I1 animals received 4 mg. of indomethacin/kg. of 
body weight orally, and the mean tensile strength of the healing 
wound was reduced to 374 f 9 g., which is 83% of the control. 
Group 111 animals were treated the same way as Group I1 except 
that 1 % retinoic acid in NIB was applied to the wound once a day 
during the first 3 days of wounding. The mean tensile strength of 
Group 111 animals was increased to 433 f 8 g. Group IV animals 
received 20 mg. mefenamic acid/kg. of body weight orally; the 
mean tensile strength of these animals was 424 f 9 g., which is 
not appreciably less than the control. An increased dosage of 40 
mg. of mefenamic acid/kg. of body weight was used to feed Group 
V animals. The mean tensile strength of Group V animals was 
significantly reduced to 407 f 7 g. Group VI animals received the 
same treatment as Group V animals except that retinoic acid was 
topically applied to the wound as described for Group 111 animals. 
The mean tensile strength of Group VI animals was increased to 
436 f 10 g. Group VlI animals received 40 mg. of flufenamic acid/ 
kg. of body weight, and the mean tensile strength was reduced to 
398 f 10 g. The reversal of wound-healing retardation action of 
flufenamic acid by local application of retinoic acid was demon- 
strated by the increase of mean tensile strength in Group VIII 
animals. Group IX animals received 100 mg. of phenylbutazone, 
and Group XI animals received a dosage of 100 mg. of oxyphen- 
butazone. The mean tensile strengths of Groups IX and XI were 
reduced to 403 f 4 and 385 f 8 g., respectively. Groups X and XI1 
demonstrated that the local application of retinoic acid reverses 
the wound-healing inhibitory action of phenylbutazone and oxy- 
phenbutazone. 


Inflammation and mucopolysaccharide synthesis are the two 
known essential features in wound healing. Phenylbutazone, oxy- 
phenbutazone, mefenamic acid, flufenamic acid, and indornethacin, 
like salicylates, prednisone, and hydrocortisone, are anti-inflam- 
matory agents. They are also potent inhibitors to mucopolysac- 
charide synthesis at the site where uridine-5'-diphosphoglucose is 
oxidized to UDPGA, as reported recently (5). These anti-inflamrna- 
tory agents, therefore, retard wound healing also by their anti- 
inflammation activity and their inhibitory action on mucopolysac- 
charide synthesis. 
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SUMMARY 


The healing retardation action of anti-inflammatory agents, 
phenylbutazone, oxyphenbutazone, mefenamic acid, flufenamic 
acid, and indomethacin, has been demonstrated in rats. 


Topical application of retinoic acid can reverse the healing in- 
hibitory action of these anti-inflammatory agents. 


The mechanism of action of these agents has been discussed. 
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New Compounds: Some Potential Chemotherapeutic 
Agents Derived from Aralkyl Ketones 


PYARE PARIMOO* and W. LEWIS NOBLEST 


Abstract 0 The Mannich reaction has been successfully applied to 
some aralkyl ketones, valerophenone and caprophenone, and their 
substituted derivatives in efforts to find efficient agents to be 
screened for possible CNS stimulant, analgesic, or antispasmodic 
activity. The aminoketones (Mannich bases) were converted to the 
y-amino secondary alcohols by treatment with sodium borohy- 
dride. The synthesis of a series of y-amino tertiary alcohols was 
achieved by the application of the Grignard reaction to the cor- 
responding Mannich bases. The last section of the study involved 
the preparation of y-amino alkyl esters from the corresponding 
secondary and tertiary alcohols. 


Keyphrases 0 Chemotherapeutic agents-aralkyl ketone deriva- 
tives, synthesis 0 Aralkyl ketone derivatives-synthesis, structure- 
activity relationships 0 Mannich reaction-synthesis 0 Grignard 
reaction-synthesis 


The significant action of pyrovalerone hydrochloride 
( I )  as a CNS stimulant has been reported (1): 


In view of this activity, the authors undertook the syn- 
thesis and study of aminoketones having the following 
structure (11): 


0 
/ I  


R-C-CH-(CH&-CHa 
I 


CH2-Am 
11 


Am = substituted amino group 
R 
tt = 2,3 


= aryl group or substituted aryl group 


To investigate a possible structure-activity relation- 
ship, a number of analogs and derivatives were pre- 
pared. Recorded in the literature (2-5) are numerous 
ketonic Mannich bases prepared for pharmacological 


testing, such as antispasmodic, analgesic, local anesthe- 
tic, or chemotherapeutic agents. From the correlation 
of the chemical structure of these ketones with their 
antispasmodic activities, the following conclusions were 
drawn: (a)  Activity is enhanced by the introduction of 
a phenyl group into the a-position of the propio- 
phenones. (b)  The piperidyl group was the most active 
amino group, while the morpholino group was the 
least active amino moiety. (c) Simple substituents in 
the p-position of the aromatic rings of the propio- 
phenones decreased activity (5). Since some of the 
structural modifications in these various ketones had 
an effect on the physiological activity, the transforma- 
tion of the ketones to  the corresponding alcohols might 
possibly have a greater effect; also the amino alcohols 
are generally much more stable than the corresponding 
ketones (6) .  Lutz et al. (7) have reported the prepara- 
tion and screening of 184 amino alcohols against avian 
malaria. The general structure (111) of the secondary 
alcohols is represented as follows: 


OH 


@{-T-x 
H NR” 


I11 
These compounds included examples of 50 variations 


in the benzene nucleus and over 60 variations in the 
N,N-dialkyl groups on the nitrogen. The change in 
activity with variation in chemical structure led Denton 
el a/ .  (8) to  prepare more than 100 y-amino tertiary 
alcohols; a majority of them have exhibited pharma- 
cological activity. The general structure (IV) of the amino 
tertiary alcohols prepared by these workers is reported 
as follows: 


OH 
I 
I 


R-C-(CHp),-Am 


R‘ 
IV 
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density at the wavelength of each particular TC for a solution con- 
taining 1 mcg. of TC per milliliter, using a 1-cm. cell. 


A standard calibration curve of ATC HCl was prepared in chloro- 
form solutions. In the analysis of ATC HCl, a linear relationship 
over the range of 0.025-1.5 mg./50 ml. is obtained. The absorptivity 
for TC and ETC was determined in alkaline methanol at 366 mp 
and found to be 3.29 X as previously described (2). The 
determination of absorbances of the column chromatography 
eluates provided a quantitative spectrophotometric method for 
assaying ATC, EATC, TC, and ETC in solvent solutions when com- 
pared with standards treated in a like manner. 


To test the accuracy of this column chromatographic procedure 
for TC mixtures, a known mixture was made of standards of ATC, 
EATC, TC, and ETC, which was analyzed by the column procedure 
with the recoveries shown in Table I. 


In the two experiments performed, recoveries of 98.0-102.0 
were obtained on TC mixtures. Quantitative analysis of synthetic 
mixtures of TC was achieved with high degree of accuracy (Table I) 
on the column of acid-washed diatomaceous earth treated with 
buffer consisting of 0.1 MEDTA, glycerin, and PEG 400 at pH 7.0. 
Therefore, this method has the advantage of determining the entire 
content of a TC mixture on a single chromatogram. 
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Spectrophotometric Assay of 
Potassium Permanganate Tablets (USP XVII) 


A. MANCOTT and J. TIETJEN 


Abstract 0 Assay of potassium permanganate tablets (USP XVII) 
was accomplished by a spectrophotometric procedure. This method 
is comparable in accuracy to the USP XVII titrimetric procedure. 


Keyphrases 0 Potassium permanganate tablets-analysis 
Colorimetric analysis-spectrophotometer 


The quantitative determination of potassium per- 
manganate by a spectrophotometric method has been 
reported by Bastian el al. (1). The application of this 
method to the assay of USP XVII potassium per- 
manganate tablets, as compared to the standard USP 
XVII titrimetric ~ assay for potassium permanganate 
tablets (2), is reported in this article. 


The spectrophotometric method reported here is 
comparable in accuracy to the USP XVII assay, but it 
is considerably simpler to do and results in an apprecia- 
ble saving of time, labor, and materials. 


EXPERIMENTAL 


Apparatus-Spectra and absorbance measurements were made 
with a spectrophotometerl (slit width 5 A). Matched cells with a 
1-cm. optical path were used. 


Reagents and Chemicals-Potassium permanganate solution (0.1 
N ) 2  was standardized against 0.1 N oxalic acid solution.3 Potassium 
permanganate tablets USP XVII (300 mg.)4 were assayed. 
All other reagents used where of the highest commercial grade 
available. 


1 Bausch and Lomb, model 505. 


' Eli Lilly and Co., Indianapolis, Ind. 


Fisher Certified reagent. 
Fisher Certified reagent. 
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Table I-Absorbance of Known Potassium Permanganate Solutions 


KMnOa, mg./l. Absorbance 
Concentration of 


44.354 
47.515 
50.676 
53.737 
56.898 
60.059 
63.220 


0.693 
0.743 
0.792 
0.841 
0.891 
0.939 
0.988 


Procedure-Standardized solutions of potassium permanganate 
were prepared and their absorbances measured. Twenty 300-mg. 
potassium permanganate tablets USP XVII were weighed and 
finely powdered. An accurately weighed portion of the powder, 
50-55 mg., was dissolved in water and diluted to 1 1. The absorbance 
of the solution was measured at 526 mp and compared with the 
standards to determine its concentration. The same samples were 
also assayed according to the USP XVII titrimetric procedure. 


RESULTS AND DISCUSSION 


Absorbance readings for the standardized potassium perman- 
ganate solutions in the concentration range of 44-64 mg./l. were 
obtained (Table I). A graph of absorbance versus concentration was 
linear with a slope of 0.0156. 


The percent potassium permanganate in the sample used is found 
from : 


A x 100 KMn04 = 0.0156 X W 


where A = absorbance, and W = weight in milligrams of the 
KMnO, sample. 


USP XVII standards for potassium permanganate tablets con- 
tain not less than 9 5 z  and not more than 105% of the labeled 
amount of KMn04 for tablets of 300 mg. or more, and not less 







than 93 for tablets of less than 300 mg. 
Determinations of five potassium permanganate 300-mg. tablet 


samples were performed. The mean percent of the labeled amount 
was 99.65 with a S D  of 0.43 when assayed spectrophotometrically 
and 99.89 with a SD of 0.59 when assayed titrimetrically. 


and not more than 107 (2) “The United States Pharmacopeia,” 17th rev., Mack Pub- 
lishing Co., Easton, Pa., 1965, pp. 566, 567. 
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Quantitative Separation of Free Estrogens 
by Liquid Partition Chromatography 


G .  J. KROL, R. P. MASSERANO, J. F. CARNEY, and B. T. KHO 


Abstract 0 A mixture of structurally related estrogens containing 
estrone, equilin, equilenin, 17~estradio1, 17~dihydroequilin, and 
17a-dihydroequilenin was separated by a partition column chro- 
matographic system based on a lipophilic polydextran stationary 
support and a composite organic solvent. The chromatographic 
column yielded 25 theoretical plates per centimeter of column height 
at 0.6 ml./min. flow rate; column efficiency was studied as a func- 
tion of solvent flow rate, and an inverse relationship between the 
two parameters was observed. Since the complete separation of the 
six estrogens required 10 hr., the column was shortened to 
yield a 3-hr. elution, which separated completely four of the estro- 
gens with only partial overlap between estrone and equilin. The 
overlap between estrone and equilin was resolved quantitatively by 
specific colorimetric and fluorometric determinations. The method 
may be scaled up for preparative purposes, it is applicable to other 
steroids that are too labile for gas chromatography, and the same 
chromatographic column can be used repeatedly. 


Keyphrases 0 Estrogens, free-uantitative separation 0 Chro- 
matography, liquid partition-separation 0 Fluorometry-an- 
alysis Colorimetric analysis-spectrophotometer 0 UV spectro- 
photometry-analysis 


The separation and quantitative determination of 
estrogens were studied by a number of investigators. 
The problem was already approached by gas chroma- 


tography (1, 2), TLC (3), and liquid chromatography 
(4-6). However, no quantitative chromatographic 
method applicable to an estrogen mixture containing 
closely related structures such as estrone, equilin, 
equilenin, estradiol, dihydroequilin, and dihydro- 
equilenin was reported in the literature. Although this 
study is based only on the analysis of an arbitrary mix- 
ture of these synthetic free estrogens, the sulfate esters 
of these free estrogens are the principal ingredients of 
the naturally occurring estrogenic hormones (7, 8). 


Another consideration was the need for a chromato- 
graphic procedure that would be applicable to the 
separation of structurally related free estrogens for 
preparative purposes. Liquid column chromatography 
is ideaIly suited for this purpose. Furthermore, such a 
system may also be applicable to the analysis of other 
steroid structures that are too labile for gas chroma- 
tography. For example, Vandenheuvel and Homing (9) 
observed that gas chromatography of C-21 steroids 
containing an a-ketol side chain led to side-chain 
cleavage. Other internal rearrangements of C-2 1 steroids 
were observed by Brooks (10). Such rearrangements 
could lead to complications in the quantitation and the 


Table I-Elution Volumes of Free Estrogens as a Function of the Solvent System 


-Estrone- --Equilin- ---Equilenin- -Estradiol*-- -DHEP- -DHEQNa- 
Solvent El. Fr. Ovl. El. Rel. Fr. El. Rel. Fr. El. Fr. El. Fr. El. Fr. 
System“ N” Vol.’ Vo1.g Vo1.h Vol. Val.; Vol. Vol. Vol. Vol. Vol. Vol. Vol. Vol. Vol. Vol. 


A 1770 88 12 4 .5  97 1.10 14 116 1.32 24 
B 1090 8n 1 3  5 . 5  88 i . i n  14 in4 1.313 22 ~ .-. - ~- .. ~~ - . - . . _ _  
C 910 75 17 8 .5  83 1.11 iB 96 1.28 20 161 24 185 26 230 32 
D 1500 112 I8 3.0 127 1.12 18 164 1.45 28 226 32 269 36 
E 700 71 I8 9.0 80 1.13 18 99 1.40 19 138 31 159 33 211 46 
F 950 62 16 6.0 70 1.13 12 84 1.36 20 111 22 132 26 160 40 


a Solvent system : A = cyclohexane-xylene-methanol-triethylamine (400 :400 : 75 : 5) ; B = cyclohexane-toluene-methanol-trimethylamine (400 : 
400:75 : 5 ) ;  C = cyclohexane-benzene-methanol-trimethylamine (400:400:75 : 5 ) ;  D = cyclohexane-benzene-methanol (500: 150:75); E = cyclo- 
hexane-benzene-methanol (500 : 150 :75); and F = cyclohexane-benzene-methanol-trimethylamine (500:150:75 : 5 ) .  Column height for Systems 
A, B, C, and D = 65 f 5 cm.; and column height for Systems E and F = 45 f 2 cm. All elutions were carried out a t  0.6 f 0.1 ml./min. flow rate. 
All volumes except the relative volume are expressed in milliliters. * 1701- or 178-Estradiol. c 17a- or 17/3-Dihydroequilin. d 17a- or 178-Dihydroequile- 
nin. e Theoretical plate number; based on elution volume and peak width at half peak height. f The elution volume of a given estrogen at its maximum 
concentration. LI The total volume of eluent containing a given estrogen fraction. h The overlap volume between estrone and equilin. ’ The elution 
volume of a given estrogen relative to the elution volume of estrone (estrone relative volume = I). 
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COMMUNICATIONS 


Antimetabolite Activity of Some 
N,N-Dialkylamino- 1,2,3-triazoles and 
a-Diazoamidines 


Keyphrases [7 N,N-Dialkylamino-l,2,3-triazoles-synthesis 
a-Diazoamidines-synthesis 0 Antibacterial activity-N,N-di- 
alkylamino-l,2,3-triazoles, a-diazoamidines 


Sir: 


A number of 1,3-dipolar additions to ynamines or 
N,N-disubstituted-1-amino-1-alkynes have been re- 
ported to produce a series of five-membered hetero- 
cycles (1-3). For instance, the additions of both aryl 


Table I-Inhibition of B. subtilis Grown in Two Different Media 
(Zones of Inhibition in Millimeters) 


Syn- 
r -Compound Nutrient thetic 
Number Structure Agar Agar 


,NO> 


111 


IV 


V 


VI 


VII 


VIII 


IX 


X 


XI 


N N - 4 0 2  
112 II 


Ph-C-C-N( Me), 


NZ II N - % Q  II 
Ph-C-C-N(Me)2 


Ni N-SOz 
II I1 


Ph-C-C-N( Me), 


Ph-C-C-NI Me), 


Ph-C-C-N( Me)> 


N I  N-SO, O O M e  - 
II II 


Ph-C-C-N(Me), 


N ,  11- N - - S O > q  I1 
Me-C--C-N(Me), cI 


N@NN\N-SO, 0 - OMe 
I ,  
! I  


Me-C=C-N( EtL 


Trace 


0 


0 


22 


0 


0 


Trace 


0 


0 


25 


41 


25 


39 


18 


17 


38 


15 


16 


N N" 'N-Ar 


H,C6-CEC-N(Me), - C6H5uN(Me)~ 
IIa, Ar = C6H5 


I 


116, Ar = COC6H, 
Scheme I 


and aroyl azides to N,N-dimethylaminophenylacetylene 
(I) gave the corresponding 1,2,3-triazoles IIa and IIb, 
respectively (Scheme I). From the 1,3-dipolar additions 
of a number of substituted benzenesulfonyl azides to 
the ynamine (I) and N,N-diethylaminoprop-1-yne, we 
have isolated crystalline NYN-dialkylamino-l,2,3-tri- 
azoles (X and XI) and a-diazoamidines (111-IX). Details 
about the preparation and characterization of Com- 
pounds 111-XI (Table I) will be published (4). 


Compounds 111-XI were subjected to in uitro screen- 
ing for antimetabolites (5). In this method, the detection 
system utilizes the Gram-positive Bacillus subtilis 
(UC-564) and Gram-negative Escherichia coli (ATCC 
26). Both of these organisms were grown in two types 
of agar: (a) nutrient agar-a complex medium con- 
taining 0 .3% beef extract, 0.5% peptone, and 1.5% 
agar; and (b) a completely synthetic medium with glu- 
cose as the only source of carbon. Acetone solutions of 
Compounds 111-XI at concentrations of 1 mg./ml. were 
applied onto 13-mm. paper disks, and they were 
placed on the surface of the seeded agar. The trays 
containing these paper disks, seeded with E. coli and 
B. subtilis, were incubated at 37" for 18 hr., and the 
zones of inhibition were measured. The results are given 
in Table I. None of the compounds inhibited the growth 
of E. coli. All the compounds inhibited the growth of 
B. subtilis in synthetic agar but not (or inhibited much 
less) in nutrient agar. This indicated that some of them 
could be potentialantimetabolites. Furthermore, most of 
the a-diazoamidines (Compounds 111-IX) showed more 
pronounced activity than the triazoles (X and XI). 
Compounds IV-VI and IX were further tested by the 
technique of specific reversal against B. subtilis, and the 
results of these experiments are included in Table 11. 
Once again, all the samples inhibited B. subtilis more 
strongly on synthetic agar than on nutrient agar. 
However, none of the samples was reversed by amino 
acids, vitamins, purines, and pyrimidines. Therefore, 


Table 11-Specific Reversal Studies against B. subtilis 
~~ 


Com- 
pound 


111 
I V  
V 


VI 
IX 


Synthetic Agar Further Implemented with 
Com- 
bined 


No Purines 
Supple- and 


Nu- ments Amino Combined Pyr- 
trient (Control) Acids Vitamins imidines 


0 35 25 26 30 
0 59 41 51 50 
0 25 37 Trace 21 
22 40 38 36 21 
15 32 28 28 35 
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these compounds do possess significant antibacterial 
activity, but this activity is noncompetitive in nature. 
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Solubility Relationships in 
Urea-Water Systems 


Keyphrases 0 Urea-water system-solubilization mechanism 0 
Solute-urea interaction effect-solubility Transfer, standard 
free energy-solute in urea solution, water 


Sir: 


Interpretations regarding the mechanisms of solution 
in cosolvent systems are facilitated if one can rely on 
various simplifying assumptions. In urea-water mix- 
tures, for example, it would be convenient to assume 
that the interactions of the cosolvent with a given solute 
moiety are specific and predictable. Further, it would 
be of immeasurable aid if explanations of observed 
solubility phenomena were possible in terms of purely 
basic theoretical concepts. Therefore, as part of a larger 
study of solution properties, we investigated the poten- 
tial usefulness of certain of these assumptions relative 
to compounds of intrinsic pharmaceutical interest. 


The solubilities of compounds having various moieties 
in common were determined in water and in 5 M urea 
solutions at 30". After equilibrating excess drug in 
both solvent systems, samples of the resulting solutions 
were withdrawn, and solubilities were determined spec- 
trophotometrically. The standard free energies of 


Table I-Standard Free Energy of Transfer, A c t " ,  from 
Water to 5 M Urea Solutions at 30" 


Aqueous 
Solubility, AGt', 


Solute moles/l. X 10% cal./mole 


Methyl o-methoxybenzoate 41.6 +621 
Methyl paraben 19.2 - 690 
Methyl benzoate 17.8 - 480 
Methyl salicylate 6 .27 -612 
Ethyl paraben 5.s5 -781 
n-Propyl paraben 2.78 - 645 
n-Butyl paraben 1.34 - 792 


transfer, AG,", were then calculated according to the 
equation used by Wetlaufer et al. (1) : 


A c t o  = -RT In CJC, + RT In N J N ,  (Eq. 1) 


where C, and Cw are the molar concentrations of drug in 
the urea and water solutions, respectively; and Nu and 
Nw represent the moles/liter summed over all compo- 
nents of solvent and solute for the urea and water solu- 
tions, respectively. In the present investigation, the 
free energy change is that which accompanies the trans- 
fer of 1 mole of drug from water to a 5 M urea solution. 
These data, along with the aqueous solubilities, are 
shown in Table I. 


The results strongly suggest the following: 
1. Moieties having the same chemical structure may 


not be expected to exhibit parallel interactions in 
solvent systems of similar composition. In all likelihood, 
these interactions are also a function of the chemical 
entity to which a given moiety is attached. This is in 
contrast to the interpretation by Nozaki and Tanford 
(2), who reported additive solubility effects for the 
hydrocarbon groups attached to various amino acids. 
The data in Table I show that this is not the case. For 
example, the difference in the standard free energy of 
transfer between methyl benzoate and methyl paraben 
is 210 cal./mole. The difference between phenylalanine 
and tyrosine is only 85 cal./mole for the same conditions 
of transfer (2). 


2. The use of a simple homologous series gives no 
assurance of success in obtaining consistent resolution 
of solute-solvent interactions. As might be expected, 
the interactions observed on transferring alkanes from 
water to urea solutions vary as methane, ethane, pro- 
pane, and butane (1). In contrast, the interactions of the 
parabens vary as propyl, methyl, ethyl, and butyl. 


3. Relative hydrophobicity, as determined by a com- 
parison of aqueous solubilities, may not be used to ex- 
plain differences in enhanced solubilities in urea solu- 
tions. The data in Table I illustrate this point. For 
example, the aqueous solubility of methyl paraben is 
three times greater than methyl salicylate and seven 
times greater than propyl paraben, yet the transfer of 
methyl paraben to a 5 M urea solution is thermodynam- 
ically favored over either of these compounds. 
4. Direct urea-solute interaction is a significant 


factor in altering the solubility of drug species. Although 
this has been shown (3, 4), reports persist in which 
attempts are made to explain observations solely on 
the basis of solvent structuring. The latter approach was 
taken by Feldman and Gibaldi ( 5 )  in rationalizing the 
increased solubility of benzoic and salicylic acids in 
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Coumermycin A1-Biopharmaceutical Studies I1 


HAROLD L. NEWMARK, JULIUS BERGER, and J. THUR(Z) CARSTENSEN 


Abstract 0 Coumermycin monosodium salt in a 1 : 4 w/w mixture 
with N-methylglucamine is absorbed with an efficiency of about 
2&25% in dogs and humans after oral administration. This is 
5-15-fold the oral absorption efficiency of the drug alone. On 
intravenous or oral administration, blood levels decline exponen- 
tially after 3-4 hr. in dogs and after 4-6 hr. in humans; the half- 
lives of these declines are 8-9 hr. in dogs and 8-10 hr. in humans. 
Blood levels well over I mcg./ml. are readily achieved on oral 
dosage of 4-5 mg./kg. in dogs and humans. 


Keyphrases 0 Coumermycin A1-biopharmaceutical characteris- 
tics Blood levels, coumermycin A1-administration route effect 
0 Distribution-coumermycin A1 0 Microbiological analysis- 
coumermycin Al 


The antibiotic coumermycin A1, as the free acid or 
most simple salts, is poorly absorbed from the gastro- 
intestinal (GI) tract of dogs and humans. In a previous 
paper, the authors reported that a mixture of the mono- 
sodium salt with N-methylglucamine (NMG) (1 : 4 by 
weight) in capsules enhanced blood levels on oral ad- 
ministration in dogs and humans by 5-15-fold (1). The 
present studies were made to determine the biopharma- 
ceutical characteristics of this preparation in uiuo. 


EXPERIMENTAL 


Materials and Methods-Oral and parenteral preparations were 
formulated in the following manners. Gelatin capsules of micro- 
nized coumermycin A1 monosodium salt were prepared containing 
50 mg. of drug and designated Capsules A. Capsules containing a 
mixture of 50 mg. of micronized coumermycin A1 with 200 mg. 
of NMG were made and designated Capsules B. A fresh parenteral 
solution of coumermycin AI, 50 mg./ml., was prepared in a solvent 
consisting of 30% propylene glycol, 10% ethyl alcohol, 1 % benzyl 
alcohol, 0.5% NMG, and water for injection, with the pH adjusted 
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Figure 1-Coumermycin blood levels in dogs after a single oral dose, 
5 mg./kg., of: A ,  capsules of coumermycin alone; and B, capsules of 
coumerrnycin + NMG (1:4). Each group represents the average of 
six dogs. 
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Figure 2-Coumermycin blood levels in humans after a single oral 
dose, 4 mg./kg., of: A ,  capsules of coumermycin alone; and B, capsules 
of coumermycin + NMG (1 :4) .  Euch group represents the average 
of six subjects. 


to 9.4 by sodium hydroxide. In the parenteral solution, there is only 
a minimal amount of NMG, the ratio of drug to NMG being 1 : 0.1 
or 1/40 of the ratio in the capsules. 


Studies in Dogs-Dogs, each weighing about 10 kg., fasted 12-18 
hr., were given capsules of drug formulation to provide the equiva- 
lent of about 5 mg./kg. Blood samples were taken at intervals and 
assayed microbiologically by a cup-plate assay for coumermycin 
concentration (1). Oral absorption efficiency was tested as follows: 
the parenteral formulation was administered intravenously at 0.5 
and 2.5 mg./kg., respectively, to  two dogs. Six other dogs were 
each given orally a single Capsule B. Blood samples were taken at 
intervals and measured for coumermycin concentration. 


The parenteral preparation also was used to permit examination 
of the difference in blood levels achieved after intramuscular and 
intravenous administration, measured 1 hr. after injection, in com- 
parison with the oral levels. The effect of repeated daily intravenous 
injection also was examined after administration at three different 
dosage levels. 


Studies in Humans-Six human subjects were given a single oral 
dose of five Capsules A, representing a dose of approximately 
4 mg./kg. of drug alone. Six other human subjects were given a 
single oral dose of five Capsules B, similarly representing a dose of 
approximately 4 mg./kg. of drug content, but in the presence of 
NMG. Blood samples were taken at intervals and measured micro- 
biologically for coumermycin concentration. For the study of oral 
absorption efficiency in humans, a single human adult subject 
(L.R.) was injected intravenously with 50 mg. of coumermycin in 
parenteral solution; samples of blood were taken periodically for 
measurement of coumermycin concentration. Subsequently, the 
same subject was retested with a dose of 100 mg. i.v. In some 
experiments with dogs and humans, samples of urine and stools 
were also examined for the presence of excreted, unchanged anti- 
biotic. 


RESULTS AND DISCUSSION 


The results of a single dose, oral administration, of antibiotic 
with and without NMG are presented for dogs in Fig. 1 and for 
humans in Fig. 2. The effect of NMG in enhancing the oral absorp- 
tion, as indicated by elevation of blood levels, is clearly indicated. 
From the individual values and comparison of the area under the 
curves, the enhancement by NMG appears to be in the range of 
5-15-fold over the drug alone in both dogs and man. The post- 
absorptive half-life is calculated to be about 10 hr. 
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Figure S B l o o d  Iewls of coumermycbi in dogs afrer 2.5-mg.lkg. 
i.v.dose(A),OS-mg./kg.i.v. dose(@, and 2.5 mg./kg. p.0. (0. Data 
are presented in semifogarithmic form, the linear form of the corre- 
sponding equations being indicated in the two intravenous curves. The 
area under the oral ccircc is estimated in a linear. graph (not shown). 


The efficiency of absorption of coumermycin in the NMG 
mixture can be calculated from the data of Fig. 3 in dogs and of Fig. 4 
in humans. As pointed out by Riegelman et al. (2), a peripheral 
compartment may be detected only in the early phases subsequent 
to administration of a drug. By considering the present case a two- 
compartment, open-system model: 


kot kiz 


km 
metabolism, elimination + blood tissue (Eq. 1) 


the equation governing the time-dependent concentration should be: 
C, = A . exp(-a.f) + B.exp(-b.t), with a value extrapolated to 
zero time of C," = A + B. 


The parameters, A, B, a, and 0, may now be evaluated from the 
curves by the feathering technique. The parameter values found are 
indicated in Figs. 3 and 4. 


Once the parameters in the double-exponential decay curve are 
known, the forward and reverse diffusion constants kla and k2, 
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Figure 4-Blood levels of coumermycin in man after 100-mg. i.v. 
dose (A), 50-mg. i.v. dose (B), and 250 mg. p.0. (C). The data are 
presented in linear form, and fhe appropriate least-squares equatioizs 
indicated. The area under Curve C can be estimated by graphical 
means. 


1 The notations of Riegelman e f  al. (2) are followed here. 


and the disposition constant k,i may be determined readily. Values 
of these for dog (from Fig. 3) and man (from Fig. 4) are listed in 
Table I. 


The amount of drug in the tissue compartment (7') at time I 
is governed by the differential equation: 


dT dt = klz[A.exp(--Lu-t) + B.exp(-@-t)] - k21T (Eq. 2) 


This is readily solved, using the integrating factor exp(knt) and 
imposing the initial condition that T = 0 at t = 0 yields the solu- 
tion: 


T = -  
kzi - LY 


A'k12 [exp(-a.t) - exp(-kzlt)] 


+- B'k12 [exp(-B.t) - exp(-kd)l (Eq. 3) 
kzi - B 


This quantity integrated over time is used here as a measure of 
absorption, i.e., 


0%. 4) 


Values of this measure of absorption (I) as found in dog and man 
are listed in Table I. 


It is noted that, in the dog, absorption is linearly related to dose 
(188 = 5.42), whereas proportionality is not quite as apparent in 
man. In the latter case, however, Z depends strongly on the accuracy 
of kzl - a and k21 - 0. Alldose-independent constants(k12, k2,,kpz,a, 
and 0) correlate well from low to high dosage. However, only a few 
points in time are used here, and the values in Table I, e.t best, 
should only be used for qualitative comparison. As reported by 
Wagner and Northam (3), the distribution volumes, when calcu- 
lated in this fashion, are likely to be overestimates. 


Equation 4 cannot be used for estimation of absorption by the 
oral route, but an insight into the physiological availability of the 
oral dosage form may be gained by use of the absorption definition 
of Wagner and Nelson (4), i.e., by determining the area (a) under 
the curve in Fig. 4 (in linear presentation). In this manner, a value 
of 19 mcg.-hr./ml. is obtained for the 250-mg. p.0. dose. This is 
comparable to  the 5Gmg. i.v. data in Table I, implying a 20% 
efficiency via the oral route. 


Similar figures are obtained in the case of the dog, where values 
are: A, = 138 mcg.-hr./kg.-ml. for 2.5 mg. i.v.; A, = 29 mcg.-hr./ 
kg.-ml. for 0.5 mg./kg. i.v.; and 52 rncg.-hr./kg.-ml. for 5 mg./kg. 
P.o., so that 5 mg./kg. p.0. is equivalent to about 1 mg./kg. i.v., 
yielding an efficiency of about 20% via the oral route. A more 
straightforward procedure is to assume that the curve of the 5-mg./ 
kg. p.0. dose, after 4 hr., is approximately equivalent to a hypo- 
thetical curve of the 1.25-mgJkg. i.v. dose, obtained by inter- 
polation between 0.5-mg. and 2.5-mg./kg. i.v. doses, i.e., 25% 
efficiency. Similar treatment of the data in Fig. 4 may be made, 


Table I-Biopharmaceutical Parameters of Coumermycin AI on 
Intravenous Injection 


Figure 3 3 4 4 
Curve B A B A 
B, mcg./ml. 1.65 8.0 8 . 0  1 . 3  
0,  hr.-I 0.068 0.065 0.145 0.103 
A, mcg./ml. 4 15 13 15 
a,  hr.-1 0.92 1 0.42 0.45 
Coo, rncg./ml. 5.65 23 21 16.3 
Dose, Do 0.5 2.5 100 50 
Distribution volume. V ,  = 


0.20 0.17 0.24 0.36 
&k,l = k21, hr.-1 0.32 0.39 0.25 0.13 
a + p - k21 - k,l = k12, hr.-1 0.47 0.53 0.08 0.06 
I, mcg.-hr./ml. 42 188 28 20 


a Doses in the first two columns refer to mg./kg., in the last two 
simply to mg. The distribution volume, therefore, refers to I./kg. and 
liters, respectively. 
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Table H-Blood Levels in Dogs after Intramuscular and 
Intravenous Administration 


Blood Level, 
1 . O  hr. after Dose, Dose, 


mg./kg. Route mcg./ml." 


10 Intramuscular 26 
20 Intramuscular 74 
10 Intravenous 85 


~~ ~~ ~ 


Each value represents the average of two dogs. 


indicating that in humans the oral absorption efficiency of the 
coumermycin in the mixture with NMG is approximately 20-25 %. 
These figures, of course, are estimates since the two compartments 
are actually not in steady state of equilibrium throughout the cited 
period. 


The intravenous curves in humans (Fig. 4) show that the early 
(0.5 hr. after dose) values are essentially dilutions of the drug in  the 
blood volume. Thus, 50 mg. i.v. in a human adult with about 5 I. 
of blood and fluid in equilibrium with it calculates to 10 mcg./ml. 
which is what was obtained. A similar calculation for the 100-mg. 
case yields a value of 20 mcg./ml. as compared to the 18 mcg./ml. 
actually found. It is noted that it requires 3-4 hr. in dogs and 4-6 
hr. in humans before the A exp( - a. f)-term becomes negligible; 
after this period the blood level, of course, declines in a conven- 
tional first-order fashion. As seen from the limited data here, the 
overall half-life in humans on 50- and 100-mg. intravenous dose 
appears somewhat longer than the overall half-life in dogs. 


Table I1 summarizes the data obtained with blood levels in dogs 
after intramuscular and intravenous administration as measured 
1 hr. after the dose. The results suggest some retardation of move- 
ment of the drug from the intramuscular site. Thus, it appears 
that at least twice the dose by the i.m. route is required to achieve 
the same blood levels as those obtained I hr. after i.v. dosing. 


The effect of repeated daily i.v. injections of coumermycin AI on 
blood levels in dogs is shown in Table €€I. Levels were measured 1 
hr. after the first, fifth, and tenth daily injection. These data suggest 
that on i.v. administration, increasing dosage increases blood levels 
after the first dose but not linearly. After the initial dose, the sub- 
sequent increase in blood levels after repeated dosage is greater 
than the multiple of dose increase. This suggests decreased migra- 
tion of the drug out of the blood into tissue stores with increased 
repeated dosage, possibly approaching saturation of these tissues 
at higher dosage. 


Bioassay of urine samples from dogs or humans, even after high 
blood levels were achieved, indicated the presence of liltle or no 


Table 111-Blood Levels in Dogs after Intravenous Administration 
of 1, 5 ,  and 10 Daily Doses 


Dose, Blood Level, mcg./ml.,a 1.0 hr. after Dose 
mg./kg. Day 1 Day 5 Day 10 


~~ ~ ~~ 


1 4 . 0  f 0.4 5.4 f 0 . 6  6 + 1 2  
3 17.5 f 0.5 24 f. 6 27 * 6 
9 71 + 15 135 & 18 121 f 14 


5 Each value represents the average of four dogs. 


intact coumermycin At. On the other hand, substantial amounts of 
drug were found in the feces of dogs and humans. These data will 
be reported later. 


SUMMARY AND CONCLUSIONS 


Coumermycin monosodium salt in a 1 :4 w/w mixture with NMG 
is absorbed with an efficiency of about 20-25 % in dogs and humans 
on oral administration, based on the assumption of a two-compart- 
ment open model. This is 5-15-fold the oral absorption efficiency 
of the drug alone. On intravenous or oral administration, blood 
levels decline exponentially after 3-4 hr. in dogs and 1-6 hr. in 
humans; the half-lives of these declines are 8-9 hr. in dogs and 8-10 
hr. in humans. Blood levels well over 1 mcg./ml. are readily achieved 
on oral dosage of 4-5 mg./kg. in dogs and humans. 
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SUMMARY 


The healing retardation action of anti-inflammatory agents, 
phenylbutazone, oxyphenbutazone, mefenamic acid, flufenamic 
acid, and indomethacin, has been demonstrated in rats. 


Topical application of retinoic acid can reverse the healing in- 
hibitory action of these anti-inflammatory agents. 


The mechanism of action of these agents has been discussed. 
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New Compounds: Some Potential Chemotherapeutic 
Agents Derived from Aralkyl Ketones 


PYARE PARIMOO* and W. LEWIS NOBLEST 


Abstract 0 The Mannich reaction has been successfully applied to 
some aralkyl ketones, valerophenone and caprophenone, and their 
substituted derivatives in efforts to find efficient agents to be 
screened for possible CNS stimulant, analgesic, or antispasmodic 
activity. The aminoketones (Mannich bases) were converted to the 
y-amino secondary alcohols by treatment with sodium borohy- 
dride. The synthesis of a series of y-amino tertiary alcohols was 
achieved by the application of the Grignard reaction to the cor- 
responding Mannich bases. The last section of the study involved 
the preparation of y-amino alkyl esters from the corresponding 
secondary and tertiary alcohols. 


Keyphrases 0 Chemotherapeutic agents-aralkyl ketone deriva- 
tives, synthesis 0 Aralkyl ketone derivatives-synthesis, structure- 
activity relationships 0 Mannich reaction-synthesis 0 Grignard 
reaction-synthesis 


The significant action of pyrovalerone hydrochloride 
( I )  as a CNS stimulant has been reported (1): 


In view of this activity, the authors undertook the syn- 
thesis and study of aminoketones having the following 
structure (11): 


0 
/ I  


R-C-CH-(CH&-CHa 
I 


CH2-Am 
11 


Am = substituted amino group 
R 
tt = 2,3 


= aryl group or substituted aryl group 


To investigate a possible structure-activity relation- 
ship, a number of analogs and derivatives were pre- 
pared. Recorded in the literature (2-5) are numerous 
ketonic Mannich bases prepared for pharmacological 


testing, such as antispasmodic, analgesic, local anesthe- 
tic, or chemotherapeutic agents. From the correlation 
of the chemical structure of these ketones with their 
antispasmodic activities, the following conclusions were 
drawn: (a)  Activity is enhanced by the introduction of 
a phenyl group into the a-position of the propio- 
phenones. (b)  The piperidyl group was the most active 
amino group, while the morpholino group was the 
least active amino moiety. (c) Simple substituents in 
the p-position of the aromatic rings of the propio- 
phenones decreased activity (5). Since some of the 
structural modifications in these various ketones had 
an effect on the physiological activity, the transforma- 
tion of the ketones to  the corresponding alcohols might 
possibly have a greater effect; also the amino alcohols 
are generally much more stable than the corresponding 
ketones (6) .  Lutz et al. (7) have reported the prepara- 
tion and screening of 184 amino alcohols against avian 
malaria. The general structure (111) of the secondary 
alcohols is represented as follows: 


OH 


@{-T-x 
H NR” 


I11 
These compounds included examples of 50 variations 


in the benzene nucleus and over 60 variations in the 
N,N-dialkyl groups on the nitrogen. The change in 
activity with variation in chemical structure led Denton 
el a/ .  (8) to  prepare more than 100 y-amino tertiary 
alcohols; a majority of them have exhibited pharma- 
cological activity. The general structure (IV) of the amino 
tertiary alcohols prepared by these workers is reported 
as follows: 


OH 
I 
I 


R-C-(CHp),-Am 


R‘ 
IV 
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OH 


Table 1-7-Amino Secondary Alcohols (Hydrochloride Salts) 


Yield, ___- 4nal.c--- 7 


 NO.^ R NRiR2 It z M.P.~ Formula Calcd. Found 


C, 56.87 1 Hydrogen 1-Methyl 2 75 233-235 CnH30ClzNz0 C, 56.97 
H, 8.79 piperazino H, 8.71 
N, 7.48 N, 7.81 


Ci7HzsClNOz C, 65.05 C, 64.71 2 Methyl Morpholino 2 77 175" 
H, 8.98 H, 9.08 
N, 4.46 N, 4.58 


piperazino H, 9.07 H, 9.10 
N, 7.42 N, 7.15 


c. 65.93 C, 65.92 
H, 9.22 H, 9.08 
N, 4.27 N, 4.43 


C, 64.92 5 Hydrogen Dimethyl 2 52 168" Ci GH24ClNO C, 65.23 
H, 9.38 H, 9.53 
N, 5.42 N, 5.66 


6 Methoxy Morp holino 2 66 190" CnH2sCIN03 C ,  61.89 C, 61.61 
H. 8.55 H. 8.48 


N, 4.36 N, 4.21 


3 Methyl 1 -Methyl 3 59 235 O CidiaKlNzO C, 60.19 c ,  59.95 


4 Methoxy Piperidino 2 77 193" CisHaoCIN02 


amino 


All the 7-amino secondary alcohols in this table were recrystallized from ethanol or ethanol-ethyl acetate solution. * All melting points are un- 
corrected. (. Carbon, hydrogen, and nitrogen analyses are through the courtesy of Dr. Alfred Bernhardt, 433, Mulheim (Ruhr), West Germany. 


where R is usually aryl; R' is alkyl, cycloalkyl, or aryl; 
and the amino group is, most commonly, dimethyl 
amino, pyrrolidino, piperidino, and morpholino. 


Compounds in which n = 1 or 3 usually showed 
reduced antispasmodic activity. The compound trihexy- 
phenidyl hydrochloride (Artane, Lederle Laboratories), 
prepared by Cunningham (9), was found to be a potent 
antispasmodic. The pyrrolidine homolog (Kemadrin, 
Burroughs Wellcome & Co.) was prepared by an analo- 
gous procedure. In large doses, these compounds stimu- 
lated the CNS in a manner similar to that of atropine. 


A number of esters of 4-dialkyl amino-1,2-diphenyl- 
butanol have been reported to possess a high order of 
analgesic activity in animals (10). One of these iso- 
mers, dextropropoxyphene (Darvon, Eli Lilly and Co.), 
has been found to be an effective analgesic in human 
beings (1 1). In view of these studies, the authors decided 
to prepare some related open-chain esters. The general 


Table 11-7-Amino Tertiary Alcohols (Hydrochloride Salts) 


structure (V) of the aminoalkyl esters is represented 
as follows: 


0 
II 


?-C-CHJ 


V 


DISCUSSION 


The first group of compounds described in this research is re- 
lated to the CNS stimulant pyrovalerone hydrochloride, Compound 
I;  the structures described in Tables 1-111 represent, in a 
general way, the variations applied to the antispasmodic and 
analgesic agents. In any event, the analogy of pyrovalerone hydro- 
chloride to  Type I1 compounds does not seem remote. Upon in- 
spection of molecular models, certain points of resemblance stand 
out and the spatial similarity of pyrovalerone hydrochloride becomes 


Yield, 7- Anal.c--- 7 


 NO.^ R NRiRz R.3 n z M.P.~ Formula Calcd. Found 


1 Hydrogen 1 -Methyl Methyl 2 42 220" CisH32C12N20 c, 59.49 C, 59.27 
piperazino H, 8.88 H, 9.24 


C, 66.91 C, 66.82 
H, 9.92 H, 9.89 


N, 4.29 N, 4.33 
C, 69.27 C, 69.41 


H, 9.71 H, 9.75 
N, 4.27 N, 4.49 


4 Methyl Dimethyl Benzyl 2 21.4 243 O CzzH32CINO C, 73.12 C,  72.84 
H, 8.98 amino H, 8.64 


N, 3.84 N, 3.96 


2 Methyl Pyrrolidino Ethyl 2 50 205" CiqH&lNO 


3 Hydrogen Pyrrolidino Ethyl 2 50 203" CisH3oCINO 


All the 7-amino tertiary alcohols in this table were recrystallized from ethanol-ethyl acetate, methanol-ethyl acetate, and benzene solutions. b All 
the melting points are uncorrected. c The carbon, hydrogen, nltrogen analyses are through the courtesy of Dr. Alfred Bernhardt, 433, Mulheim (Ruhr), 
West Germany. 
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0 
II 


0-C-CH, 


Table III--.,-Aminoalkyl Esters (Hydrochloride Salts) 
~ ~~ ~ ~~ 


Yield, --- AnaLC 
 NO.^ R NRiRz I 1  % M.P.~ Formula Calcd. Found 


C, 63.71 1 Hydrogen Dimethyl 2 71 237.5" CI~HZF,C~NO C, 64.04 
amino H, 8.73 H,  8.54 


N, 4.60 N, 4.86 
C, 56.83 2 Hydrogen 1 -Methyl 2 40 220 O CI~IH~ZCIZNZOZ C, 57.11 


piperazino H, 8.07 H, 8.35 
N, 7.01 N, 7.02 


3 Methyl 1-Methyl 2 75 208 CzoHa4ClzNzOz C, 56.86 C, 56.63 
piperazino H, 8.35 H, 8.47 


N, 6.63 N, 6.42 
4 Methyl Morpholino 3 55 135-1 36 O CzaH3zClNO3 C. 64 77 C, 64.70 


H, 8.94 H,  8.56 
N, 4.01 N, 3.77 


5 Methyl 1-Methyl 3 48 193-1 94' CziH3e.ClzN20z c ,  55.57 C, 55.56 
H, 8.81 piperazino H, 8 44 


N, 6.17 N, 6.42 


a All the r-aminoalkyl esters in this table were recrystallized from methanol-ethyl acetate and ethanol-ethyl acetate solutions. b All melting points 
are uncorrected. c Carbon, hydrogen, and nitrogen analyses are through the courtesy of Dr. Alfred Bernhardt, 433, Mulheim (Ruhr), West Germany. 


q /  
CH,-N\ 


Table IV-&Amino Ketones (Hydrochloride Salts) 


Yield, _-__ Anal.c------- 
 NO.^ R NRiRz n Method M . P . ~  Formula Calcd. Found 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


Hydrogen 


Hydrogen 


Hydrogen 


Methyl 


Methyl 


Methyl 


Methyl 


Hydrogen 


Methyl 


Methyl 


Methyl 


Hydroxy 


Hydrox y 


Dimethyl 
amino 


Pyrrolidino 


1-Methyl 
piperazino 


Morp holino 


Piperidino 


Pyrrolidino 


1-Methyl 


Dimethyl 


Dimethyl 
amino 


Morpholino 


1-Methyl 
piperazino 


Morpholino 


Piperidino 


piperazino 


amino . 


2 A 


2 B 


2 B 


2 A,B 


2 A,B 


2 B 


2 B 


3 A 


3 A 


3 B 


3 B 


2 B 


2 B 


22 159-160" 


21 139-140" 


40 198-200" 


55 170-171° 


22 158-1 60 


20 178-1 80' 


48 191-193" 


11.5 130-131" 


50 142-143" 


76 170" 


34 188-190" 


66 180" 


65 153-154 O 


C, 63.50 
H, 8.74 
C, 68.86 
H, 8.54 
N, 4.96 
C, 58.78 
H,  8.11 
N, 8.11 
C, 65.42 
H,  8.40 
N, 4.50 
C, 67.76 
H, 8.85 
N, 4.38 
C, 66.97 
H,  8.46 
N, 4.59 
C, 56.70 
H, 8.82 
N, 7.71 
C, 66.31 
H,  8.96 
N, 5.18 
C, 66.70 
H,  9.18 
N, 4.82 
C, 66.34 
H, 8.66 
N, 4.29 
C, 58.08 
H, 8.71 
N, 7.41 
C, 58.90 
H, 7.73 
N, 4.30 
C, 65.26 
H,  9.93 
N, 4.47 


C, 63.62 
H, 8.84 
C, 69.03 
H, 8.66 
N, 4.92 
C, 58.77 
H, 8.27 
N, 8.46 
C, 65.26 
H,  8.61 
N, 4.68 
C, 67.78 
H, 9.04 
N, 4.30 
C, 67.24 
H, 8.85 
N, 4.82 
C, 56.75 
H, 8.70 
N, 7.79 
C, 66.62 
H, 8.84 
N, 5.34 
C, 66.71 
H, 9.34 
N, 5.22 
C, 66.11 
H, 8.49 
N, 4.70 
C, 58.27 
H,  8.72 
N, 7.11 
C, 59.03 
H, 7.78 
N, 4.73 
C, 64.86 
H, 8.69 
N, 4.79 


a All the Mannich bases in this table were recrystallized from ethanol-ethyl acetate, ethanol-ether, and benzene solutions. 6 All the melting points 
are uncorrected. c The carbon, hydrogen, nitrogen analyses are through the courtesy of Dr. Alfred Bernhardt, 433, Mulheim (Ruhr), West Germany. 
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apparent. 2 4  I-Pyrrolidino methyl)-4'-methyl valerophenone hydro- 
chloride (Compound 6, Table 1V) bears a strong resemblance to 
pyrovalerone hydrochloride. A practical variation of this compound 
in which the methyl group on the aromatic nucleus was replaced by 
a methoxy group and also the introduction of an acetoxy methyl 
in place of the carbonyl group in the alkyl chain has been devised. 
The acetoxy group may help in favorably altering the distribution 
of the compound in the animal body and also in increasing the con- 
centrations in the brain. Moreover, such a change as the replace- 
ment of the pyrrolidino group by the morpholino group may be 
effective for the increased activity, possibly because of a certain 
attraction between the cation head and the unshared pair of elec- 
trons on  oxygen. The reduction of the keto group to  the carbinols 
may show parallel results, the latter being more stable to the 
biological reactions. 


Aralkyl ketones (valerophenone and caprophenone) and their sub- 
stituted derivatives were prepared as indicated in the Experimental 
section. The Mannich bases and the corresponding secondary and 
tertiary alcohols were obtained by modifying the methods in the 
literature (12-14). The preparation of aminoalkyl esters was pat- 
terned after the work of Burckhalter and Johnson (15) and that of 
Pohland and Sullivan (10). A number of procedures (15-17) and 
their modifications were attempted to bring about the successful 
esterification of the tertiary amino alcohols. Each attempt met with 
failure. An examination of the IR spectrum of each reaction 
product did not reveal the presence of the characteristic alkyl 
ester absorption in the region of 1735-1750 cm.-l, indicating no 
reaction had taken place. Similar difficulties in obtaining the acyl 
derivatives of tertiary amino alcohols have been recorded (13, 18), 
one of the possible explanations for the failure to bring about this 
esterification being steric inhibition. 


EXPERIMENTAL 


Aralkyl ketones were prepared according to the methods de- 
scribed in the literature (19-21). 


p-Methyl Caprophenone-Eighty grams (0.06 mole) of n-hexanoyl 
chloride was gradually added to a mixture of 184.0 g. (2.0 moles) of 
dry toluene and the 131.0 g. (1.0 mole) of powdered anhydrous 
aluminum chloride. The reaction mixture was stirred for 12 hr. 
at room temperature and thereafter refluxed for 3 hr. The dark- 
colored reaction mixture was cooled and then decomposed in a 
solution of ice and concentrated HCI. The organic layer was 
separated and washed with 10% NaOH and water, respectively. 
The product was dried over anhydrous MgSOa and distilled at 280". 
Redistillation yielded 70.0 g. (40%) of a clear liquid, b.p. 280". 


Aizal.-Calcd. for Cf3HI80: C, 82.01; H, 9.58. Found: C, 82.13; 
H, 9.41. 


Mannich Bases-Three methods were investigated ; Procedure A, 
as will be noted, was the general method for the preparation of the 
compounds in Table IV. 
2-(l-Pyrrolidinomethyl)-valerophenone Hydrochloride-Method 


A-A solution of 3.35 g. (0.05 mole) of pyrrolidine in 50 ml. of 
absolute alcohol was cooled and treated with concentrated HCI 
until the final solution was acidic. Valerophenone (8.10 g., 0.05 
mole) and paraformaldehyde (1.80 g., 0.05 mole) were then added 
and the reaction mixture was refluxed for 8 hr. Two further ad- 
ditions (0.90 g., 0.03 mole) of paraformaldehyde were also made. 
The solvent was distilled in uacwo, and the residue was treated 
with 30 ml. of water and extracted with ether. The ether portion was 
discarded. The aqueous layer was made alkaline with 30% NHlOH 
and ether extracted. The ether portion was washed with water, 
dried over anhydrous MgS04, and treated with gaseous HCI, pro- 
ducing an oil. The oil solidified after refrigeration for 48 hr. Re- 
crystallization from benzene yielded 3.0 g. (21 7;) of white crystals, 
m.p. 139-140". 


y-Amino Secondary Alcohols-2-(l-Morpholinomethyl)-1-(4- 
methylpheny1)-1-pentan-1-01 Hydrochloride-A solution of 1.10 g. 
(0.03 mole) of sodium borohydride in 100 ml. of 50% MeOH was 
cooled to 20". To this was added gradually a solution of 8.25 g. 
(0.03 mole) of 2-(1-morpholinomethyl)-4-methylvalerophenone 
in 50% MeOH with stirring for several hours. The temperature 
was then raised to W 6 0 "  to decompose excess sodium boro- 


hydride. The solvent was distilled in uucuo. The residue was dis- 
solved in ether and washed with 50-ml. portions of water. The 
ether portion was dried (MgS04) and treated with gaseous HCI, 
producing a solid product. Recrystallization of HCI salt from 
ethanol-ethyl acetate mixture yielded 7.0 g. (77 %) of product, 
m.p. 175". 


y-Amino Tertiary Alcohols-2- (1 -Piperidinomethyl) - 1,1- Di- 
phenylhexan-1-01 Hydrochloride-This preparation was chosen as a 
representative of all the Grignard reactions reported in this re- 
search. To a solution of 0.06 mole of phenyl magnesium bromide 
in 100 ml. dry ether was gradually added 5.36 g. (0.02 mole) of 
2-( I-piperidinomethy1)caprophenone. The reaction mixture was 
stirred overnight. The mixture was then decomposed by the drop- 
wise addition of a saturated ammonium chloride solution; the 
temperature was regulated with an ice bath. The ether solution was 
decanted from the granular material, and the solid material was 
washed with 50 ml. of ether. The combined ether solutions were 
dried (MgS04) and treated with gaseous HC1, producing a sticky 
mass which solidified after refrigeration for 24 hr. Recrystalliza- 
tion from methanol-ethyl acetate mixture yielded 3.5 g. (42%) of 
product, m.p. 210-21 1 O. 
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than 93 for tablets of less than 300 mg. 
Determinations of five potassium permanganate 300-mg. tablet 


samples were performed. The mean percent of the labeled amount 
was 99.65 with a S D  of 0.43 when assayed spectrophotometrically 
and 99.89 with a SD of 0.59 when assayed titrimetrically. 
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Quantitative Separation of Free Estrogens 
by Liquid Partition Chromatography 


G .  J. KROL, R. P. MASSERANO, J. F. CARNEY, and B. T. KHO 


Abstract 0 A mixture of structurally related estrogens containing 
estrone, equilin, equilenin, 17~estradio1, 17~dihydroequilin, and 
17a-dihydroequilenin was separated by a partition column chro- 
matographic system based on a lipophilic polydextran stationary 
support and a composite organic solvent. The chromatographic 
column yielded 25 theoretical plates per centimeter of column height 
at 0.6 ml./min. flow rate; column efficiency was studied as a func- 
tion of solvent flow rate, and an inverse relationship between the 
two parameters was observed. Since the complete separation of the 
six estrogens required 10 hr., the column was shortened to 
yield a 3-hr. elution, which separated completely four of the estro- 
gens with only partial overlap between estrone and equilin. The 
overlap between estrone and equilin was resolved quantitatively by 
specific colorimetric and fluorometric determinations. The method 
may be scaled up for preparative purposes, it is applicable to other 
steroids that are too labile for gas chromatography, and the same 
chromatographic column can be used repeatedly. 


Keyphrases 0 Estrogens, free-uantitative separation 0 Chro- 
matography, liquid partition-separation 0 Fluorometry-an- 
alysis Colorimetric analysis-spectrophotometer 0 UV spectro- 
photometry-analysis 


The separation and quantitative determination of 
estrogens were studied by a number of investigators. 
The problem was already approached by gas chroma- 


tography (1, 2), TLC (3), and liquid chromatography 
(4-6). However, no quantitative chromatographic 
method applicable to an estrogen mixture containing 
closely related structures such as estrone, equilin, 
equilenin, estradiol, dihydroequilin, and dihydro- 
equilenin was reported in the literature. Although this 
study is based only on the analysis of an arbitrary mix- 
ture of these synthetic free estrogens, the sulfate esters 
of these free estrogens are the principal ingredients of 
the naturally occurring estrogenic hormones (7, 8). 


Another consideration was the need for a chromato- 
graphic procedure that would be applicable to the 
separation of structurally related free estrogens for 
preparative purposes. Liquid column chromatography 
is ideaIly suited for this purpose. Furthermore, such a 
system may also be applicable to the analysis of other 
steroid structures that are too labile for gas chroma- 
tography. For example, Vandenheuvel and Homing (9) 
observed that gas chromatography of C-21 steroids 
containing an a-ketol side chain led to side-chain 
cleavage. Other internal rearrangements of C-2 1 steroids 
were observed by Brooks (10). Such rearrangements 
could lead to complications in the quantitation and the 


Table I-Elution Volumes of Free Estrogens as a Function of the Solvent System 


-Estrone- --Equilin- ---Equilenin- -Estradiol*-- -DHEP- -DHEQNa- 
Solvent El. Fr. Ovl. El. Rel. Fr. El. Rel. Fr. El. Fr. El. Fr. El. Fr. 
System“ N” Vol.’ Vo1.g Vo1.h Vol. Val.; Vol. Vol. Vol. Vol. Vol. Vol. Vol. Vol. Vol. Vol. 


A 1770 88 12 4 .5  97 1.10 14 116 1.32 24 
B 1090 8n 1 3  5 . 5  88 i . i n  14 in4 1.313 22 ~ .-. - ~- .. ~~ - . - . . _ _  
C 910 75 17 8 .5  83 1.11 iB 96 1.28 20 161 24 185 26 230 32 
D 1500 112 I8 3.0 127 1.12 18 164 1.45 28 226 32 269 36 
E 700 71 I8 9.0 80 1.13 18 99 1.40 19 138 31 159 33 211 46 
F 950 62 16 6.0 70 1.13 12 84 1.36 20 111 22 132 26 160 40 


a Solvent system : A = cyclohexane-xylene-methanol-triethylamine (400 :400 : 75 : 5) ; B = cyclohexane-toluene-methanol-trimethylamine (400 : 
400:75 : 5 ) ;  C = cyclohexane-benzene-methanol-trimethylamine (400:400:75 : 5 ) ;  D = cyclohexane-benzene-methanol (500: 150:75); E = cyclo- 
hexane-benzene-methanol (500 : 150 :75); and F = cyclohexane-benzene-methanol-trimethylamine (500:150:75 : 5 ) .  Column height for Systems 
A, B, C, and D = 65 f 5 cm.; and column height for Systems E and F = 45 f 2 cm. All elutions were carried out a t  0.6 f 0.1 ml./min. flow rate. 
All volumes except the relative volume are expressed in milliliters. * 1701- or 178-Estradiol. c 17a- or 17/3-Dihydroequilin. d 17a- or 178-Dihydroequile- 
nin. e Theoretical plate number; based on elution volume and peak width at half peak height. f The elution volume of a given estrogen at its maximum 
concentration. LI The total volume of eluent containing a given estrogen fraction. h The overlap volume between estrone and equilin. ’ The elution 
volume of a given estrogen relative to the elution volume of estrone (estrone relative volume = I). 
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Figure I-Separation of estrone (ES),  equilin (EQ), equilenin (EQN), estradiol (ED), and dihydroequilin (DHEQ) on Sephadex LH-20 
(0.9 X 68-cm. column) with cyclohexane-benzene-methanol (500: 150: 75) solvent. Flow rate: 0.6 f 0.1 ml./min. 


Figure 2-Separation of estrone (ES), equilin (EQ), equilenin ( E Q N ,  estradiol (ED), dihydroequilin (DHEQ), and dihydroequilenin 
(DHEQN) on Sephadex LH-20 (0.9 X 45-cm. column) with cyclohexane-benzeneemethanol (500: 150: 75) solvent. Flow rate: 1.6 f 
0.1 ml.lrnin. 


degree of specificity of the gas chromatographic separa- 
tion. 


The chromatographic approach selected in this study 
was based on the need for a selective separation system 
which would be applicable to both analytical and 
preparative purposes. The choice of a partition chroma- 
tographic system involving a lipophilic polydextran gel 
support and a nonaqueous solvent system was suggested 
by the work of Nystrom and Sjovall(l1) and Seki (12) 
with other steroids. However, the previous work (1 1, 12) 
was not quantitative and not directly applicable to the 
present requirements. 


The chromatographic system reported in this paper 
yielded 3020 theoretical plates and separated the six 
estrogens. However, the complete separation required 
10 hr. Since the rate-determining step is the separation 
of estrone and equilin, the authors decided, for practical 
considerations, to base the quantitative analytical 
method on a less time-consuming chromatographic 
system which separates all of the estrogens except 
estrone and equilin. The short column separation re- 
quired 3 hr. Furthermore, the partial overlap between 
estrone and equilin was resolved quantitatively by 
three independent nonchromatographic procedures. 
One procedure depended on a colorimetric reaction 
which was specific for equilin (13). The other two de- 
pended on a relatively higher specific fluorometric 
(14) and colorimetric response of estrone as compared 
to equilin after heating in a sulfuric acid-methanol- 
water solution. The latter procedures were modified to 
enhance the selectivity for estrone. 


Since the chromatographic solvent selected for the 
complete separation of the estrogen mixture was rela- 
tively volatile and inert, the separation may be adapted 
to preparative purposes. An analogous chromato- 
graphic system was also found applicable to (2-21 


steroid structures containing labile side chains and to 
steroids that are prone to dehydration under gas 
chromatographic conditions (15). 


Apparatus-All chromatographic separations were carried out 
in 0.9-cm. (i.d.) and 50-125-cm. co1umns.l Chromatograms were 
obtained with a flow-cell2 and recording spectrophotometer 
system. A pulseless pump4 was used to vary the elution flow rate. 
A spectrofluorometer6 was used for the fluorometric analyses. UV 
and colorimetric determinations were carried out with a recording 
spectrophotometer.6 


Reagents and Materials-The following solvents were used : 
reagent grade glacial acetic acid, benzene, methanol, concentrated 
sulfuric acid, toluene, triethylamine, trimethylamine, xylene, and 
spectroquality cyclohexane ;7 reagent grade benzene was redistilled 
prior to use. Free estrogen samples were of reference standard 
purity? The commercially available lipophilic gel9 was used with- 
out pretreatment. 


Preparation of Column-The gel was suspended in the chromato- 
graphic solvent (200 ml. of solvent/lO g. of gel), and the resulting 
slurry was equilibrated by shaking for at least 2 hr. The gel was 
allowed to settle, excess solvent was decanted, and a fresh portion 
of solvent was added. This procedure was repeated three times. 
The final slurry was transferred to the column by gravity feed and 
packed at elution pressure to the desired length. 


Chromatography-An aliquot (0.5-1 ml.) containing a mixture of 
free estrogens (50-200-mcg. amounts) in a given chromatographic 
solvent was applied quantitatively to the column. The column was 
eluted with the aid of a pulseless pump at flow rates ranging from 
0.4-2 ml./min. The elution patterns were recorded by the flow-cell 
spectrophotometer system, and fractions were collected at appropri- 


1 Obtained from Fisher and Portcr Co., Warminster, Pa. 
ZObtained from Arthur H.  Thomas Co., Philadelphia, Pa. 
8 Beckman DB. 
4 Watcrs Associates, IIIC., Framingham, Mass. 
6 Perkin-Elmer model 203. 
6 Cary model 14. 
7 Maiheson, Coleman & Bell. 
8 Prepared by Ayerst Research Laboratories, Montreal, P.Q., Canada. 
9 Sephadex LH-20, Pharmacia Fine Chemicals Inc., New Market, N. J. 
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Table 11-Elution Volumes of Estrogens as a Function of Column Height" 


Col. -- Estrone- -Equilin- -Equilenin-- -Estradiolb- -DHEQ- -DHEQNd- 
Hgt., El. Fr. Ovl. El. Rel. Fr. El. Rel. Fr. El. Fr. El. Fr. El. Fr. 
cm. N" Vo1.f V01.g Vo1.h Vol. Vol.' Vol. Vol. Vol. Vol. Vol. Vol. Vol. Vol. Vol. Vol. 


44 820 71 18 9 .0  80 1 . 1 3  18 99 1.40 19 138 31 164 33 215 46 ._- _ _  - _  - ._ 
68 1500 112 18 3 0 127 1.12 18 164 i .45  28 223 32 269 36 


120 3020 196 22 0 .0  222 1 . 1 3  24 280 1.43 30 


5 Solvent system: cyclohexane-benzeneemethanol(500: 150:75); flow rate: 0.6 f 0.1 ml./min. All volumes except the relative volume are expressed 
in milliliters. b 17n- or 178-Estradiol. c 1701- or 17j3-Dihydroequilin. d 17a- or 17@-Dihydroequilenin. 6 Theoretical plate number; based on elution 
volume and peak width at half peak height. I The elution volume of a given estrogen at its maximum concentration. 0 The total volume of eluent con- 
taining a given estrogen fraction. h The overlap volume between estrone and equilin. i The elution volume of a given estrogen at its maximum con- 
centration relative to the elution volume of estrone (estrone relative volume = 1). 


Table 111-Elution Volumes of Free Estrogens as a Function of Flow Rate" 


Flow .------Estrone------. -Equilin- --Equilenin? -Estradiola- -DHEP- -DHEQNd- 
Rate, El. Fr. Ovl. El. Rel. Fr. El. Rel. Fr. El. Fr. El. Fr. El. Fr. 


ml./min. Ne V01.f Vol.0 Val.* Vol. Vol.' Vol. Vol. Vol. Vol. Vol. Vol. Vol. Vol. Vol. Vol. 
~ ~~ ~ ~~~ - 


0 . 3  1130 69 14 3.0 79 1.14 12 120 1.74 22 
0 .6  800 70 16 6.0 78 1 . 1 3  16 97 1 . 4 0  19 132 26 161 33 ~~ ~~~ _. ~~ 


0.8 700 71 18 9 .0  80 i . i j  18 99 i .40 is 137 31 159 33 211 46 
1 .6  420 70 20 10.0 79 1 . 1 3  18 97 1.40 22 130 28 155 33 209 42 


a Solvent system: cyclohexane-benzene-methanol(500: 150:75). All elutions were carried out on the same (45-cm.) column. 17a- or 178-Estradiol. 
fi 17a- or 17j3-Dihydroequilin. d 17a- or 17j3-Dihydroequilenin. 6 Theoretical plate number; based on peak width at half peak height. The elution 
volume of a given estrogen at its maximum concentration. I The total volume of eluent containing a given estrogen fraction. The overlap volume be- 
tween estrone and equilin. i The elution volume of a given estrogen at its maximum concentration relative to the elution volume of estrone (estrone 
relative volume = 1 ) .  


ate elution volumes. A 100-ml. fraction free of any estrogens was 
collected for a blank in UV determinations. 


Quantitation-Each fraction was evaporated to dryness at 50" 
under nitrogen. The estrogen fractions were reconstituted quantita- 
tively with methanol in a 5-ml. volumetric flask. The 100-ml. blank 
fraction was reconstituted in a 10-ml. volumetric flask. Each frac- 
tion was scanned by a recording spectrophotometer against meth- 
anol and an appropriate blank, which was prepared from the 100- 
ml. fraction. Aliquots of each fraction were then withdrawn for the 
fluorometric and colorimetric analyses. 


The fluorometric analysis was applied only to the fraction con- 
taining estrone and equilin. The determination required approxi- 
mately 2 4  mcg. of estrone, which was contained in 50-100 pl. of 
methanol. The solution was pipeted into a 10-ml. volumetric flask, 
which was made up to volume with concentrated sulfuric acid, 
water, and methanol ( 8 : l : l  parts by volume). The volumetric 
flasks were heated at 80" for 15 min. After cooling to room tem- 
perature, the fractions and standard reference solutions were an- 
alyzed spectrofluorometrically by activating at 273 mp and reading 
the emission at 470 mp. 


By increasing the concentration range of the estrogens by a 
factor of 1G20, the fluorometric procedure was adapted to colori- 
metric analysis of estrone, equilin, equilenin, estradiol, 17a-di- 
hydroequilin, and 17a-dihydroequilenin. After heating and cooling, 
the sulfuric acid solutions were scanned by a recording spectro- 
photometer from 700 to 420 mp. 


The chromatographic fractions containing estrone and equilin 
were also analyzed by a modified Kober test which is specific for 
equilin (13). 


RESULTS AND DISCUSSION 


chromatography-The efficiency of the chromatographic system 
was studied as a function of solvent composition, column height, 
and flow rate. Table I presents the column plate numbers, the 
peak elution volumes, and the volumes of estrogen fractions as a 
function of the solvent system. Figures 1 and 2 illustrate repre- 
sentative elution patterns obtained with the selected solvent system. 


These data and preliminary data indicated that a combination of a 
short-chain alcohol, cyclohexane, and an aromatic solvent yielded 
the most effective separation. Such a combination not only facilitated 
the miscibility of the first two components but also introduced 
selective interactions between the steroid molecules and the mobile 
phase. The selectivity of this system was apparently enhanced by 


the favorable partition coefficients resulting from marked contrast 
between the polarity of the methanol-solvatd stationary phase 
and the relatively low polarity of the mobile phase. The structure 
and the relative ratio of the aromatic component to cyclohexane 
have been found to be rather critical. A somewhat favorable effect 
was also observed on addition of tertiary amines. This effect could 
be attributed to "masking" of the common phenolic group, which 
has a predominant effect on the polarity and solubility of estrogens, 
and subsequent enhancement of less significant structural varia- 
tions between different estrogen structures. However, the somewhat 
favorable effect of tertiary amines was offset by the odor of the 
resulting solvent mixtures and complications in the quantitation 
procedure; thus, for quantitative analytical purposes, the amines 
were omitted from the solvent mixture. 


Although the chromatographic system studied separated estro- 
gens that differed only by one double bond, it did not separate the 
a- and 0-isomers of estradiol, dihydroequilin, and dihydroequilenin. 
Table I1 reflects the results of the column height study. As antici- 
pated, the degree of separation and the column plate number in- 
creased with increasing column height. However, due to practical 
considerations such as flow rate, there was a natural limitation to 
the height of the column. Increasing the pressure to increase the flow 
rate tended to compress the gel phase and thus increase the resistance 
to solvent flow. 


Increasing the flow rate also led to decreasing column efficiency 
(increasing height of the theoretical plate). At higher flow rates, the 
operation is at nonequilibrium, and the diffusion-dependent mass 
transfer Cu term of the Van Deemter equation (16) is directly pro- 
portional to the square of the thickness of liquid film (d,) on the 
support and inversely proportional to the diffusion coefficient of a 
solute in the solvent phase (03. Since in the chromatography system 
investigated, dj is rather large while D .  is rather small, the Cu term 
made a relatively large contribution to the Van Deemter equation 
and thus led to the inverse relationship between column efficiency 
and solvent flow rate. These effects are apparent in Table 111. 


Quantitation-Since the system selected for quantitation did 
not yield complete separation between estrone and equilin, addi- 
tional specificity was built into the quantitation procedure. The 
UV determination is suitable for quantitation of equilenin, estra- 
diol, dihydroequilin, and dihydroequilenin which are separated 
from each other. However, the UV spectra of estrone and equilin 
are identical; thus the UV determination of the combined estrone 
and equilin fraction gives only the sum of their concentrations. 
Combining the result of the UV determination with a fluorometric 
and a colorimetric procedure, which is relatively selective for estrone, 
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Figure 3-Relatiue emission intensity of estrone (ES) and equilin 
(EQ)  at 273-mp actiuation wauelength and 470-mp emission waue- 
length. Key: 0, equilin (EQ);  0, estrone (ES); A, 0.2 mcg. of ES + 
0.2mcg.o,fEQ;andA,0.4mcg.ofES + 0.2mcg.ofEQ. 


and a modified Kober procedure, which is selective for equilin, 
gives three independent methods for individual determination of the 
estrone and equilin mixture. 


The fluorometric procedure adopted in this study is based on a 
method developed by Bates and Cohen (14). However, the authors 
have observed that a mixture of sulfuric acid, methanol, and water 
yields a greater response than the sulfuric acid and water solution 
recommended by Bates and Cohen (14). By utilizing a spectro- 
fluorometer rather than a fluorometer, a significant gain was also 
obtained in the specificity of estrone determination. The relative 
response ratio of estrone to equilin, observed by Bates and Cohen 
(14) with a filter fluorometer, was 4:1, while the ratio observed in 
the present study with the aid of a spectrofluorometer was 10.8 :I 
(Fig. 3). Given this relative response ratio and the total concentra- 
tion of the two estrogens in an unknown mixture, one can postu- 
late the following equations, which resolve the composition of the 
unknown mixture: 


R = R'Es + R'Eq (Eq. 1) 


(Eq. 2) 


where R = observed fluorescence response of the estrone and 
equilin fraction; Es = mcg. of estrone in the sample; Eq = mcg. of 
equilin in the sample; R' = the fluorescence response for estrone 
(in response units per mcg. of estrone); and R" = the fluorescence 
response for equilin (in response units per mcg. of equilin). 


Note that concentrations are not involved since all samples are 
in the same volume. 


Table IV-Observed Maximum Absorption Wavelength and 
Absorptivity in the Acid-Induced Colorimetric Determination 


Maximum 
Absorption 


Estrogen Wavelength, mp 
Absorptivity 
(a  X 10-2) 


Estrone 453 
Equilin 453 
Equilenin 480 
Estradiol 455 
17a-Dihydroequilin 490 
17a-Dihydroequilenin 455 


14.5 
7.0 


11.6 
4 . 0  


19.0 
5.1 


0.8 


0.7 


0.6 


0.5 
z 


LL 2 0.4 
a m 


m a 


0.3 


0.2 


0.1 


1 2 3 4 5 
CONCENTRATION, mcg./ml. 


Figure &Colorimetric absorbance of estrone (ES,  at 453 mp), 
equilin (EQ,  at 453 mp),  equilerzin (EQN, a1 480 mp),  estradiol (ED,  
at 455 mp), l7a-dihydroequilin (DHEQ, at 490 mp),  and 17a- 
dihydroequilenin (DHEQN, at 455 mp). 


From UV determination: 


Eq = CT - ES (Eq. 3) 


where CT = total mcg. of estrone and equilin in the mixed frac- 
tion. 


By substitution: 


R 
ES = 1.10 -, - 0.102 Cr R (Eq. 4) 


Equation 4 was applied to the analysis of several fractions con- 
taining estrone and equilin, and quantitative results were obtained. 
However, some chromatographic fractions, which apparently con- 
tained an unknown impurity that had a significant quenching effect, 
yielded values considerably lower than expected. These fractions 
were analyzed by the colorimetric procedure which, although less 
sensitive than the fluorometric analysis, was considerably more 
reliable. A set of equations analogous to those already listed was 
also applied to the colorimetric analysis of the fraction containing 
both estrone and equilm. The relative colorimetric response ratio 
of estrone to equilin was observed to be 2:l. As an independent 
check of the determination of equilin in the combined estrone and 
equilin fraction, a modified Kober test was utilized (1 3). 


The colorimetric analysis was also applied to the determination 
of the remaining estrogen fractions. In this application, no blank 
correction was necessary; since there was no overlap between the 
remaining estrogens, the directly observed absorbances were used 
in the determination. Table IV summarizes the absorptivities and 
the wavelengths of maximum absorbance observed in the colori- 
metric determination. Figure 4 illustrates the relative colorimetric 
responses of the six estrogens. It is of interest to note the differences 
in the relative response of each of the estrogens. Jones and Hahnel 
(17) postulated a carbonium-ion mechanism for the formation of 
an acid-induced steroid chromophore. Since the double bond in 
Ring B of the equilin structure could affect adversely the carbonium- 
ion formation, this mechanism could explain the observed decrease 
in the absorptivity of equilin as compared to estrone. However, the 


~ 
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Table V-Comparative Recovery Data 


Recovery Obtained by Different Methods 
Chromatographic Theo. -UVa- -FluorometryQ- -Colorimetrya-. Modified Kober“ 


Fraction Input, mcg. A B A B A B A B 


104 
loo 103 


Estrone 210 97 100 94 103 96 95 
Equilin 109 105 95 100 109 104 
Equilenin 50.5 97 97 90 93 
Estradiol 99.3 100 106 102 110 
Dihydroequilin 104.0 98 110 97 99 
Dihydroequilenin 49.8 94 90 105 95 


Q A and B values correspond to different elutions. 


observed relative magnitude of absorptivities of other estrogens is 
not as readily explained and thus merits further investigation. 


Table V summarizes the quantitative results observed in this 
study. 


SUMMARY AND CONCLUSIONS 


The partition chromatographic system investigated was found to 
be sufficiently selective to separate completely six estrogens which 
are characterized by only minor differences in the molecular struc- 
ture. The chromatographic column used for this purpose yielded 
3020 theoretical plates, 25 theoretical plates per centimeter of 
column height at 0.6 ml./min. flow rate. However, this separation 
required 10 hr. and, due to a relatively large contribution of the 
mass transfer factor to column efficiency, it was not possible to 
increase the efficiency of the system by increasing the solvent flow 
rate. This limitation was compensated by selecting a shorter 
column (800 theoretical plates) and resolving the partial overlap 
between estrone and equilin by specific fluorometric and colori- 
metric reactions. Since the elution volumes were reproducible, 
columns could be monitored manually without elaborate instrumen- 
tation. However, the separation procedure requires 3 hr. and thus 
is still relatively impractical. To reduce the elution time, the authors 
are now investigating the possibility of further optimization of their 
chromatographic system. 
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Solubility Relationships in 
Urea-Water Systems 


Keyphrases 0 Urea-water system-solubilization mechanism 0 
Solute-urea interaction effect-solubility Transfer, standard 
free energy-solute in urea solution, water 


Sir: 


Interpretations regarding the mechanisms of solution 
in cosolvent systems are facilitated if one can rely on 
various simplifying assumptions. In urea-water mix- 
tures, for example, it would be convenient to assume 
that the interactions of the cosolvent with a given solute 
moiety are specific and predictable. Further, it would 
be of immeasurable aid if explanations of observed 
solubility phenomena were possible in terms of purely 
basic theoretical concepts. Therefore, as part of a larger 
study of solution properties, we investigated the poten- 
tial usefulness of certain of these assumptions relative 
to compounds of intrinsic pharmaceutical interest. 


The solubilities of compounds having various moieties 
in common were determined in water and in 5 M urea 
solutions at 30". After equilibrating excess drug in 
both solvent systems, samples of the resulting solutions 
were withdrawn, and solubilities were determined spec- 
trophotometrically. The standard free energies of 


Table I-Standard Free Energy of Transfer, A c t " ,  from 
Water to 5 M Urea Solutions at 30" 


Aqueous 
Solubility, AGt', 


Solute moles/l. X 10% cal./mole 


Methyl o-methoxybenzoate 41.6 +621 
Methyl paraben 19.2 - 690 
Methyl benzoate 17.8 - 480 
Methyl salicylate 6 .27 -612 
Ethyl paraben 5.s5 -781 
n-Propyl paraben 2.78 - 645 
n-Butyl paraben 1.34 - 792 


transfer, AG,", were then calculated according to the 
equation used by Wetlaufer et al. (1) : 


A c t o  = -RT In CJC, + RT In N J N ,  (Eq. 1) 


where C, and Cw are the molar concentrations of drug in 
the urea and water solutions, respectively; and Nu and 
Nw represent the moles/liter summed over all compo- 
nents of solvent and solute for the urea and water solu- 
tions, respectively. In the present investigation, the 
free energy change is that which accompanies the trans- 
fer of 1 mole of drug from water to a 5 M urea solution. 
These data, along with the aqueous solubilities, are 
shown in Table I. 


The results strongly suggest the following: 
1. Moieties having the same chemical structure may 


not be expected to exhibit parallel interactions in 
solvent systems of similar composition. In all likelihood, 
these interactions are also a function of the chemical 
entity to which a given moiety is attached. This is in 
contrast to the interpretation by Nozaki and Tanford 
(2), who reported additive solubility effects for the 
hydrocarbon groups attached to various amino acids. 
The data in Table I show that this is not the case. For 
example, the difference in the standard free energy of 
transfer between methyl benzoate and methyl paraben 
is 210 cal./mole. The difference between phenylalanine 
and tyrosine is only 85 cal./mole for the same conditions 
of transfer (2). 


2. The use of a simple homologous series gives no 
assurance of success in obtaining consistent resolution 
of solute-solvent interactions. As might be expected, 
the interactions observed on transferring alkanes from 
water to urea solutions vary as methane, ethane, pro- 
pane, and butane (1). In contrast, the interactions of the 
parabens vary as propyl, methyl, ethyl, and butyl. 


3. Relative hydrophobicity, as determined by a com- 
parison of aqueous solubilities, may not be used to ex- 
plain differences in enhanced solubilities in urea solu- 
tions. The data in Table I illustrate this point. For 
example, the aqueous solubility of methyl paraben is 
three times greater than methyl salicylate and seven 
times greater than propyl paraben, yet the transfer of 
methyl paraben to a 5 M urea solution is thermodynam- 
ically favored over either of these compounds. 
4. Direct urea-solute interaction is a significant 


factor in altering the solubility of drug species. Although 
this has been shown (3, 4), reports persist in which 
attempts are made to explain observations solely on 
the basis of solvent structuring. The latter approach was 
taken by Feldman and Gibaldi ( 5 )  in rationalizing the 
increased solubility of benzoic and salicylic acids in 
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urea solutions. In turn, Nogami et al. (6) analyzed the 
adsorption of tryptophan from urea solutions in much 
the same manner, using the Feldman and Gibaldi 
paper as a reference. There are implications of direct 
interaction in each of the results of the present investiga- 
tion. Perhaps the most striking evidence of this inter- 
action is that the introduction of methyl o-methoxy- 
benzoate, a liquid, into a 5 M urea solution results 
immediately in the formation of a flocculent white 
precipitate, the composition of which is currently un- 
known. 


These findings demonstrate the need for caution in 
interpreting solubility phenomena involving cosolvent 
systems, in general, and urea-water mixtures, in particu- 
lar. At present, few, if any, simplifying assumptions 
appear to be valid for this purpose. 
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Preparation of Bis(acetylthiobenzy1)sulfide 


Keyphrases 0 Bis(acetylthiobenzy1)sulfide-synthesis 0 NMR 
spectroscopy-structure 0 Mass spectroscopy-structure 


Sir : 


Bongartz (I), in 1886, obtained a product from the 
reaction of benzaldehyde and thioacetic acid, m.p. 
147-148', which he believed to be phenylmethanedithiol 
diacetate (I). In 1952, Cairns et al. (2) synthesized this 
compound from phenylmethanedithiol and found the 
melting point to be 37-38". 


H O  


0 
I II 


HOC-SC-CH3 
I 


I I1 


By utilizing the procedure of Bohme et al. (3) in the 
reaction of benzaldehyde and thioacetic acid to obtain 
the hydroxymethyl thioester (11), a small amount of a 
compound, m.p. 150-151 ', which displayed the same 


properties as the material isolated by Bongartz (l), was 
obtained. The NMR spectrum showed absorption 
at 7.326, a singlet at 5.856, and a singlet at 2.296, having 
an integration ratio of 5 : 1 : 3. Mass spectral analysis 
indicated that the compound contained the following 
groups: 


mle mle 


43 CHXO 105 OCSCHS . ~ -~ 
58 CHiCS 121 CGH,CHS 
60 cos 154 SCH(CJ35)S 
75 CHaCOS 165 CHaCOSCH(CaH5) 


From the NMR and mass spectral data, the following 
partial structure was assigned: 


0 5 


I11 


The elemental analysis and molecular weight indicate 
the compound to be C18H1802S3. Thus, we propose the 
structure of the compound reported by Bongartz (1) as 
phenylmethanedithiol diacetate to be bis(acety1thio- 
benzy1)sulfide (IV). 


0 0 


CH3CS-CH--S-CH-SCCH3 
11 11 


b b  IV 


The reaction of benzaldehyde with thioacetic acid 
was conducted as follows. Benzaldehyde, 21.2 g. (0.2 
mole), and thioacetic acid, 15.2 g. (0.2 mole), were mixed 
together and heated at 100" for 18 hr. After cooling, 
1.6 g. of a white crystalline solid was obtained. The 
solid was recrystallized from methanol and then from 
petroleum ether (63-68'), and it was identified as bis- 
(acetylthiobenzyl)sulfide(IV), m.p. 150-151 '. TheNMR 
and IR are in agreement with the assigned structure. 


Anal.-Calcd. for C18H1802S3: C, 59.63; H, 5.00; 
S, 26.54; mol. wt., 362. Found: C, 59.43; H, 5.02; S, 
27.10; mol. wt., 361 (osmometer). 


Mass spectral data were obtained from a Nuclide 
mass spectrometer. 
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Acetylcholine Tachyphylaxis in Isolated Rabbit Atrium 
and Its Relation to Norepinephrine Stores 


M. DAVID MacFARLANE" and THEODORE KOPPANYI 


Abstract 0 Large concentrations of acetylcholine, in the presence of 
atropine, are known to produce positive inotropic and chronotropic 
responses in isolated, spontaneously beating rabbit atria. This 
response is due to release of norepinephrine from atrial tissue. 
After repeated concentrations of acetylcholine (100 mcg./kg.), 
in the presence of atropine (3 mcg./kg.), were added to the bath 
fluid at 10-min. intervals, the usual stimulatory responses to acetyl- 
choline were not detected ; i.e., the tissue was tachyphylactic to the 
actions of acetylcholine. If acetylcholine, in the presence of atropine, 
was given at intervals of more than 20 min., tachyphylaxis could 
not be observed. To investigate a possible link between acetyl- 
choline tachyphylaxis and a decrease in the amount of norepi- 
nephrine available for release by acetylcholine, the atria were exposed 
to norepinephrine after acetylcholine tachyphylaxis was produced. 
Norepinephrine was allowed to remain in contact with tachyphy- 
lactic atrial tissues for 5 min. before being washed out. Acetyl- 
choline now elicited its usual stimulatory effect. Epinephrine was 
also capable of restoring the response of tachyphylactic atria to 
acetylcholine. Atria excised from rabbits that were pretreated with 
reserpine did not respond to either acetylcholine or tyramine. 
When these preparations were incubated with norepinephrine, 
there was no return of the stimulatory response to acetylcholine, 
although the response to tyramine was restored. 


Keyphrases 0 Acetylcholine tachyphylaxis-isolated atrium, rabbit 
0 Norepinephrine stores, relationship-acetylcholine tachyphylaxis 
0 Reserpine effect-acetylcholine, tyramine activity 0 Atropine 
effect-acetylcholine tachyphylaxis 


Tachyphylaxis is the phenomenon in which repeated 
administration of a drug to a test system at short time 
intervals leads to progressively smaller and smaller 
responses induced by the drug (1). Indirectly acting 
sympathomimetic amines such as amphetamine (2), 
tyramine (3), and ephedrine (4), as well as cocaine ( 5 ) ,  
owe their adrenergiclike effects to release of endogenous 
norepinephrine from the test tissue, and the tissue 
develops tachyphylaxis due to the gradual depletion 
of essential norepinephrine stores (6). 


It has been demonstrated that large doses of acetyl- 
choline (ACh), when given either in the presence or 
absence of atropine, released norepinephrine (NE) 
from isolated cardiac tissue (7, 8). This release has also 
been shown for indirectly acting sympathomimetic 
amines (9). Because of this similarity between the in- 
directly acting sympathomimetic amines and ACh, 
the authors attempted to produce tachyphylaxis to  the 
positive inotropic and chronotropic actions of ACh 
on the isolated spontaneously beating rabbit auricles. 


It has also been demonstrated by Cowan et al. (1,3,4) 
that after production of tachyphylaxis to  indirectly 
acting sympathomimetic amines, an exposure of the 
tachyphylactic tissue to NE restores, to  a lesser or 
greater degree, the responses to subsequent challenges 
with the drug. Therefore, the effect of an exposure 
of ACh-tachyphylactic atrial tissue to NE and epi- 
nephrine (E) was tested. Additionally, the absence of 
responses to ACh in the tachyphylactic preparation was 


compared to the absence of response to ACh observed in 
atrial tissues taken from rabbits that were pretreated 
with reserpine. 


It has been proposed (6, 10, 11) that cardiac tissue has 
a number of storage compartments for NE and that the 
different compartments may be induced to release this 
neurohumor by different stimuli. In these studies, the 
authors also attempted to differentiate between com- 
partments from which ACh and tyramine release NE. 


METHODS 


All experiments were performed on the isolated, spontaneously 
beating rabbit atria. Male albino rabbits, weighing 1.2-2.3 kg., 
were sacrificed by a blow to the nape of the neck. The heart was then 
rapidly excised and placed in oxygenated Locke solution of the 
following composition (in g./l.): NaCI, 9.0; KCI, 0.42; CaCL (di- 
hydrate), 0.24; NaHC03, 0.5; and dextrose, 2.0. The right and left 
atria were separated together from the ventricles and, after washing 
and removal of excess tissue, were mounted in a 40-ml. organ bath 
filled with Locke solution at 30 + 1 O through which 100% O2 was 
continuously bubbled. 


One end of the atrial preparation was attached to a Starling 
heart lever, loaded to exert a tension of 1 g., which recorded the 
amplitude of atrial contractions on a smoked paper kymograph. 
The rate of contraction was recorded using a Thorp impulse 
counter calibrated so that 1 mm. of deflection was equal to one 
contraction. 


A 1-hr. period was allowed for equilibrium before the experi- 
mental protocol was initiated. 


The animals used in the studies requiring pretreatment with 
reserpine were given 5 mg./kg. i.p. 20-24 hr. prior to the experi- 
ment. 


Statistical analysis of the experimental data was carried out as 
described by Batson (12). A probability of 573 ( p  = 0.05) was 
considered maximum for statistical significance. 


The following drugs were used in this study: acetylcholine 
bromide, I-adrenaline (/-epinephrine) bitartrate, atropine sulfate, 
levarterenol (I-NE) bitartrate m~nohydrate ,~ tyramine hydro- 
~hlor ide ,~  and reserpine USP6 (ampuls, 2.5 mg. baselml.). 


The concentrations of drugs, with the exception of reserpine, 
were expressed in terms of their respective salts. The concentrations 
of the solutions were such that it was not necessary to add more than 
0.3 ml. of the drug solution to the bath fluid. 


RESULTS 


Dose-response curves to ACh were determined by exposing the 
atria to progressively increasing concentrations of ACh. ACh was 
added to the organ bath 3 min. after an addition of atropine (3 
mcg./ml.); each addition of ACh was followed by a 30-min. period 
with numerous washes prior to repetition of the described procedure. 


The dose-response curve to ACh (Fig. 1) shows that the force 
and rate of atrial contraction increased in a linear fashion with 
increasing concentrations of ACh up to 100 mcg./ml., after which 
the change in rate decreased with increasing doses of ACh until a 
negative chronotropic response became apparent. 


Eastman Organic Chemicals, Rochester, N. Y. 
Merck & Co., Rahway, N. J. 
Sigma Chemical Co., St. Louis, Mo. 
Mann Research Laboratories, New York, N. Y. 
Serpasil, CIBA Pharmaceutical Co., Summit, N. .I. 
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Table I-Responses of Isolated Rabbit Atria (n  = 8) to ACh 
(100 mcg./ml.), in the Presence of Atropine (3 mcg./ml.), before and 
after the Production of Tachyphylaxis 


Change from -- Control Values- 
Response to 


Control ACh f SE after 
Parameters Control Response to Production of 
Measured Values ACh f SE Tachyphylaxis 


Force" 22 f 2 . 1  +9 f 1.0 -5 f 1 . 3 "  
Rateb 126 f 7 . 8  +36 f 4 . 2  -12 f 2.4c 


a Mean force in mm. b Mean rate in beats/min. c Comparison of 
responses to ACh before and after tachyphylaxis; p = 0.05 or less. 


The stimulatory response to ACh (100 mcg./ml.), in the presence 
of atropine (3 mcg./ml.), was characterized by a very short latent 
period (2-4 sec.) followed by a marked stimulation of both force 
and rate. After reaching their maximum, the parameters started 
to return to control levels; when this occurred the bath fluid was 
exchanged repeatedly. These responses could be reproduced many 
times when ACh and atropine were given at 30-min. intervals. 
Results from all subsequent experiments are compared with these 
described responses. 


Production of Tachyphylaxis to ACh-For the demonstration of 
true tachyphylaxis, certain criteria must be satisfied. The same 
concentration of ACh must be administered at equal time intervals, 
and all measured parameters must be allowed to return to predrug 
levels prior to the next administration of the challenging agent. 
A concentration of 100 mcg./ml. of ACh was used and was preceded 
for 3 min. by atropine (3  mcg./ml.). An interval of 10 min. between 
ACh responses was found to be optimal for the production of 
tachyphylaxis. When the time interval between responses was 
prolonged to 20 min. or longer, tachyphylaxis could not be pro- 
duced. The response to ACh lasted about 1 min.; thus there was a 
sufficient time interval between drug additions to allow all param- 
eters to return to control levels. 


Using these experimental conditions, complete or nearly complete 
tachyphylaxis was produced following the administration of four 
doses of ACh. The response of atria to the administration of ACh 
was considered to be tachyphylactic when the preparation no longer 
produced an augmentation of atrial contractions. In most experi- 
ments, augmentation was replaced by depression. Table I sum- 
marizes the measurements obtained in the production of tachyphy- 
laxis. 


When the aforementioned schedule of drug additions was con- 
tinued throughout the duration of the experiment, a spontaneous 
return of the normal positive inotropic and chronotropic response 
to ACh could not be observed. However, if after the production of 
tachyphylaxis the administration of ACh was discontinued for a 
minimum of 35-45 min., a spontaneous return of the normal 
response to ACh was observed. 


After the establishment of tachyphylaxis to ACh, the indirectly 
acting sympathomimetic amine, tyramine (5 mcg./ml.), was added 
to the atrial bath and produced its characteristic augmentation of 
atrial contractions. Thus, the authors have found no evidence of 
cross tachyphylaxis between the stimulatory actions of ACh and 
tyramine. 


Reversal of Tachyphylaxis to ACh by Catecholamines-Since the 
stimulatory response of atria to additions of ACh is the result of a 
release of NE (7), the development of tachyphylaxis may be at- 
tributed to a decrease in the availability of releasable NE and, there- 


10 l2 i 


-6 
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LOG DOSE OF ACh 


Figure 1-Dose-response curve to ACh in the presence of atropine 
(3 mcg./ml.). Key: 1 ,force f SE; f ,rate f SE. 


fore, should be modified, or perhaps reversed, by exposure to this 
amine. 


Tachyphylaxis was produced in the manner previously described. 
Upon production of tachyphylaxis, the atria were incubated with 
NE (0.025 mcg./ml.) for 5 min. The NE was then washed out and 
the reponse to ACh was tested in the presence of atropine. The 
NE incubation procedure did not interrupt the 10-min. interval 
between additions of ACh. Table I1 demonstrates the effect of 
NE incubation upon the tachyphylaxis to the stimulatory response 
to ACh. As can be seen, restoration of the normal positive inotropic 
and chronotropic response was attained. Figure 2 is a tracing of a 
typical experiment of this type. 


Since incubation with NE proved to be effective in restoring the 
stirnulatory response to ACh in tachyphylactic atria, another 
catecholamine, E (0.025 mcg./ml.). was employed under similar 
conditions. Table I1 shows the results of these experiments. The 
response of the atria to ACh, following E incubation, was restored 
to control levels as it was following incubation with NE. 


Effect of Other Agents upon the Response of Atria to ACh- 
Atria were excised from rabbits that had received reserpine6 (5 
mg./kg. i.p.) 24 hr. prior to the experimental procedure. In these 
preparations, the addition of ACh in the presence of atropine 
failed to produce a positive inotropic and chronotropic response. 
This was instead supplanted by a negative inotropic and chrono- 
tropic response. When reserpine-pretreated atria were incubated 
with NE (0.025 mcg./ml.) in the manner previously described, there 
was no restoration of the normal stimulatory response to ACh as 
was observed in the tachyphylactic atria. Table 111 summarizes the 
results of these experiments. However, a restoration of the response 
to tyramine in reserpine-pretreated atria could be demonstrated 
following incubation with NE. 


DISCUSSION 


The positive inotropic and chronotropic effect of ACh on the 
atropine-pretreated atria is a well-known phenomenon (1 3-1 5). 
Hoffman et a/.  (14) and Middleton et al. (16) have proposed 
that this atrial stimulation is a result of release of an epinephrinelike 
substance from cardiac tissue, either due to ganglionic stimulation 
or release from chromaffin tissue. The investigations of Richardson 
and Woods (7) and of Angelakos and Bloomquist (8) have estab- 
lished that this epinephrinelike substance is, in fact, NE. Thus, one 
must come to the conclusion that ACh exerts its stimulatory action 
via release of NE in the atropine-pretreated isolated rabbit atria. 


Table 11-Effect of Incubation with Catecholamines upon Responses of Tachyphylactic Isolated Rabbit Atria to ACh (100 mcg./ml.) 
in the Presence of Atropine (3 mcg./ml.) 


Change from Control Values----- 
Tachyphylactic 


Parameters Catecholamine, CA, Response to ACh Control Response Response to ACh 
Measured Control Values 0.025 mcg./ml. before CA =t SE to CA f SE after CA f SE 


Forcea 18 f 1 . 2  Norepinephrine, n = 6 -7 f 2 . 5  +8 f 1 .8  +7 =t 1.4< 
Rateb 138 f 4 . 2  - 6 f  1 .8  +30 f 10.8 +18 f 4 . g  
Force" 20 f. 0.9 Epinephrine, n = 5 -6  f 2 . 4  +6 f 2 . 1  +8 f 1 . l C  
Rateb 114 f 8 . 4  -18 f 8 . 4  +30 f 10.8 +30 f 9.6c 


~ ~ ~~ ~ ~~ ~ 


a Mean force in mm. b Mean rate in beats/min. c Comparison of responses to ACh before and after CA; p = 0.05 or less 
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Figure 2-Effect of N E  upon tuchyphylaxis to lurge doses of ACh in 
isolated rabbit atriu. 


The upper tracitig tneasures contractile force and the lower trucing 
depicts atrial rute. The liorizontal brucketed line represenis 1 min. 
The drugs were added at the black dots; ACh, 100 mcg.lml.; A t ,  
atropine, 3 mrg.lm1.: NE, 0.025 mcg./ml. At the arrows the bath 
fluid was exchanged three rimes while the kymograph was arrested. 
The firs1 two doses of ACh illustrate the response D f  the tuchyphy- 
lactic uiria to this drug. The third dose of ACh illustrates the re- 
sponse after incubation with NE.  


While some experimental evidence ( 1  7-19) supports the proposal 
that ganglionic stimulation is the mechanism by which ACh exerts 
its effect. results of other studies suggest that this mechanism is not 
an adequate explanation. Anatomical and histological studies have 
shown that, although intrinsic ganglia are present in the atria, 
these structures are all parasympathetic and not sympathetic 
(20-22). Hirsch et at. (23) and Cooper (24), using cardiac trans- 
plantation techniques to ensure complete denervation, indicate that 
ganglionic stimulation by ACh is an unlikely mechanism for the 
positive inotropic and chronotropic effect in such preparations. 
Studies using the formaldehyde vapor-condensation technique have 
shown that there is little or no fluorescence in the atria after sym- 
pathetic denervation (25). Lee and Shideman (26), using cat papil- 
lary muscle, have demonstrated that, in atropine-pretreated 
preparations, large doses of ACh produced positive inotropic and 
chronotropic responses. Careful histological studies of these 
papillary muscbs have shown no ganglia to be present; only sym- 
pathetic nerve endings were observed. 


It is extremely unlikely, therefore, that ACh produces its stimu- 
latory action by acting through the stimulation of intrinsic sympa- 
thetic ganglia in the atria. It is more likely that it is acting by the 
release of NE from the postganglionic neurons. This may be 
accomplished in a manner similar to that described by Burn and 
Rand (27). 


In view of this evidence and present experimental data, it would 
seem more meaningful and correct to characterize the actions of 
ACh and other nicotinic agents on the atria as indirect actions 
rather than nicotinic effects. The term nicotinic implies sympa- 
thetic ganglionic stimulation, and this is clearly not applicable to 
atria. 


Cowan et al. (3, 4), Maengwyn-Davies (28j, and Maengwyn- 


Table 111-Effect of Incubation with NE (0.025 mcg./ml.) on Re- 
sponses of Reserpine-Pretreatedo ( n  = 5 )  Isolated Rabbit Atria to 
ACh (100 mcg./ml.) in the Presence of Atropine (3 mcglml.) 


Change from 
------Control Values-- 7 


Tachypliy- 
lactic 


Response Control Response 
Param- to ACh Response to ACh 


eters Control before to  NE after NE 
Measured Values NE =t SE f SE i- S E  


Forceb 2 0 &  1 . 1  - 8 + 2 . 6  + 1 3 h  1 .1  - 8 h 3 . 1  
Ratec 114& 10.3 - 2 4 f  3 .0  +42f 12.0 -24 =t 5.4 


Mean force in a Reserpine, 5 mg./kg. i.p., 24 hr. before sacrifice. 
mm. c Mean rate in beatslmin. 


Davies et a/. (2 ,  29) have substantiated the general theory of 
Koppanyi (30) that drugs whose action depends upon the liberation 
of biogenic substances will show tachyphylaxis due to the gradual 
depletion of releasable biogenes. Indirectly acting ACh meets these 
stipulations and is indeed tachyphylactogenic on the rabbit 
atrium, as are the other indirectly acting atrial stimulants. 


Incubation of the atria with NE restores the usual indirect re- 
sponse to ACh, which is lost during tachyphylaxis, presumably by 
replacement of essential catecholamines. The authors have also 
shown that E, as well as NE, can reverse the tachyphylaxis to ACh. 
The restoration of the response to ACh by E is in full agreement 
with the observations of Potter (31) who showed that E and NE 
are equally well bound to isolated storage granules. Therefore, in 
these experiments, E may have acted as a “false transmitter.” 
Another explanation might be that of Raab and Gigee (32) who 
proposed that E may displace some NE from storage sites and then 
be demethylated to NE. 


There seems to be some question as to whether there is a deple- 
tion of NE when the stimulatory response to ACh is absent. Using 
somewhat different methods, Torchiana and Angelakos (33) have 
demonstrated that when the stimulatory response to ACh in 
atropinized preparations was absent, there was no significant 
depletion of NE from the atrial tissue. Furthermore, they have 
shown that ACh administered to nonatropinized cardiac tissue 
causes a liberation of NE, accompanied by an increase rather than a 
decrease in cardiac catecholamines, without, of course, a positive 
inotropic and chronotropic response (8). This failure to demon- 
strate a depletion of NE could be interpreted in two ways. First. 
these authors administered acetylcholine at 20-min. intervals. At 
this time interval, there could be a restoration of liberated catechol- 
amines by the atrial tissue since the present authors have shown 
that ACh administered at 20-30-min. intervals failed to produce 
tachyphylaxis. Secondly, the ACh releasable store may be small. 
and depletion of this store would not give a significant reduction in 
the total catecholamine content of the atria. These proposals may 
gain support in the observations that the atria is still responsive 
to tyramine while tachyphylactic to ACh. Moreover, there must be 
some depletion of NE, as indicated by the observation that tachy- 
phylaxis to ACh is reversed by incubation of the atria with this 
neurohormone. 


In atria excised from reserpine-pretreated rabbits, all agents 
acting by the release of NE are ineffective. The authors have shown 
this to be true for ACh, just as it has been shown for nicotine (34). 
DMPP (39,  and tyramine (3). This lack of response in all cases is 
most probably a result of the depletion of NE by reserpine (36). 
In the studies reported here, however, atria from reserpine-pre- 
treated rabbits which showed no indirect stimulating response t o  
ACh could not be made to respond upon incubation with catechol- 
amines while the response to tyramine was reinstated. This difference 
in behavior of indirectly acting ACh and of tyramine and DMPP 
in atria from reserpine-pretreated animals could be explained by the 
depressant action of ACh (Table Ill) and the lack of such depressant 
action by tyramine. The depressant effect of ACh may be due to 
stimulation of receptor sites not occupied by atropine, resulting 
in atrial depression (37). 


The lack of cross tachyphylaxis between ACh and tyramine, and 
the restoration of the response to tyramine but not to ACh in 
reserpine-pretreated atrium, indicate that these two agents release 
N E  from different stores. When the ACh-releasable store is ap- 
parently depleted, the tyramine-releasable store is still unaffected. 


The results seem to indicate that there is no uptake of NE by the 
ACh-releasable compartment in reserpinized atria. If NE was 
taken up, some would probably be released by ACh, with the result 
(which is not observed) being a reduction or reversal of the de- 
pressant response to ACh. The reserpine-pretreated atria was, 
however, capable of taking up and releasing NE, as indicated by the 
restoration of the atrial response to additions of  tyramine. 


The contrast between the effects of reserpine pretreatment and 
tachyphylaxis on the atrial response to ACh is quite perplexing. 
In the case of tachyphylaxis, the negative inotropic and chronotropic 
effects of large, oft-repeated doses of ACh can be easily converted 
into atrial stimulation by incubation with catecholamines; thus 
the tachyphylaxis can be explained by the loss of essential catechol- 
amines. These ACh-releasable catecholamines probably represent 
only a small fraction of the total catecholamines, because tachyphy- 
laxis is reversed by allowing the atrial preparation to stand without 
further additions of ACh for 35-45 min. 
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Effect of Sex on Penicillin Blood Levels in Dogs 


JOHN W. POOLE* 


Abstract 0 Studiej concerned with the oral absorption charac- 
teristics of dicloxacillin from various pharmaceutical formulations 
in beagle dogs suggest that the female of this species shows con- 
sistently higher and more prolonged blood serum levels of the 
antibiotic than the corresponding male. An investigation was 
initiated to determine the extent of this phenomenon with respect 
to sodium dicloxacillin monohydrate and other penicillins. The 
results of these studies suggest that the monobasic penicillin 
molecules show blood serum level variations after oral administra- 
tion that are related to the sex of the animal, while a similar correla- 
tion does not appear to exist for the amphoteric penicillins. Deter- 
mination of the biological half-life of the various penicillins in the 
male and female after intravenous administration indicates that 
no sexual differences occur with respect to the disappearance of 
active drug from the blood. 


Keyphrases 0 Penicillin blood levels-dogs 0 Sex effect, dogs- 
penicillin blood levels 0 Blood levels, half-life, corticosteroids-sex 
effect, dogs 0 Microbiological test method-analysis 


Minor sexual differences in drug response among the 
animals of a species are frequently encountered in 
toxicity experiments. For example, L-thyroxin produces a 


more pronounced depressant effect on weight gain in 
male than in female rats ( I ) ,  and the toxicity of hypo- 
glycemic agents is enhanced in female and male rats 
pretreated with diethylstilbestrol (2). These differences 
are sometimes quite significant. For example, the anti- 
biotic acetoxycyclohexamide was shown by Pallotta 
et a[. (3), in acute and subacute tests, to be about four 
times as toxic for young female rats as it is for males. 
In many cases, these differences in response between the 
sexes can be traced to differences in enzyme activities 
and rate of metabolism. Male rats metabolize hexo- 
barbital much faster than do females, and the average 
sleeping time of the male after receiving the drug is 
only about one-fourth that of the female (4, 5) .  Re- 
cently, in a report by Kernohan and Todd (6), it was 
suggested that women bleed more readily than men 
during heparin therapy. A similar conclusion, that 
women have a higher risk of bleeding with heparin than 
do men, was made from the studies of Jick et al. (7). 


The results obtained in a series of investigations on the 
effect of dosage-form variables on biological avail- 
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New Compounds: Structural Analogs Related to 
Asarone and Mescaline 


B. S. R. MURTY and R. M. BAXTER 


Abstract The synthesis and spectral data of a series of trimethoxy- 
phenyl derivatives related to asarone and mescaline are reported. 


Keyphrases Asarone, mescaline trimethoxyphenyl derivatives- 
synthesis 0 Mescaline, asarone trimethoxyphenyl derivatives- 
synthesis TLC-identification UV spectrophotometry-struc- 
ture, analysis 17 IR spectrophotometry-structure, analysis 0 
NMR spectrophotometry-structure, analysis 


Various types of biological activity have been reported 
for trimethoxyphenyl derivatives. Initially, knowledge 
regarding the pharmacological activity in trimethoxy- 
benzene derivatives came with the isolation and deter- 
mination of the chemical structure of mescaline, a potent 
hallucinogenic agent. Dandiya and Menon (1-3) dernon- 
strated the promising tranquillizing properties of asa- 
rone, an active principle isolated from Acorus culumus 
by Baxter et a/. (4, 5). Although asarone (2,4,5- 


Table I-Trimethoxyphenyl Derivatives 


trinethoxy-I-propenyl benzene) and mescaline (3,4,5- 
trimethoxy-(3-phenethylamine) exhibit a structural re- 
semblance, they manifest more or less opposite pharma- 
cological actions. This led the authors to synthesize a 
series of compounds in an attempt to establish the 
structural characteristics that influence the pharmaco- 
logical activity toward one type or the other. The syn- 
thesis and spectral data for one series of compounds are 
reported. The results of pharmacological evaluation and 
the associated structure-activity relationships will be 
communicated subsequently. 


EXPERIMENTAL 


Synthesis-The carbonyl compound ( I  mole) was added to 
ethylmagnesium bromide (1.6 moles) in tetrahydrofuran (THF) in a 
flask fitted with a reflux condenser and stirring arrangement. The 
addition products formed were isolated and purified by standard 
procedures. The physical and spectral data for six compounds are 
presented in Tables I and 11. 


x 


Anal ~--------------- ., 0 Yield, I-- 


1 3,4,5-Trirnethoxy H 60 120-124" 5 CizHmOa C, 63.71 H, 7.96 C, 63.72 H, 8.25 
2 2,4,5-Trirnethoxy H 64 - a CizHisOa C, 63.71 H, 7.96 C, 63.67 H, 8.22 
3 2,4,6-Trimethoxy H 60 118-120" ,S CnHis04 C, 63.71 H, 7.96 C, 64.13 H, 7.87 
4 2,4,5-Trirnethoxy Phenyl 40 - CisH2204 C, 71.52 H, 7.25 C, 71.20 H, 7.23 


6 2,4,6-Trirnethoxy Phenyl 36 - ' CisHzzO~ C, 71.52 H, 7.25 C, 71.38 H, 7.34 


No. R X z B.p. mm. Formula Calcd. Found 


5 3,4,5-Trirnethoxy Methyl 35 118-120" 5 CL~HZOOA C, 65.00 H, 8.33 C ,  64.68 H, 8.39 


,( M.p. 70-72". b M.p. 85-87". c M.p. 84-86", Recrystallizations from benzene-petroleum ether, 60-80. 


Table 11-TLC and Spectral Data of the Compounds of Table I 


IR 
Van Urk's UV Absorbance I Aromatic 


No. SMa PCL (ernax.) I (Micron) 
Color Response Maxima,mp -C-OH C=C NMR Chemical Shifts, 


6b 


I Yellow Violet 265 (7900) 2.75 6 .3  a-O.83(3H,t); b-l.68(2H,rn); c-4.40(H,t); 
(0.82) (0.76) d and e-3.73(10H,s); f-6.52(2H,s) 


2 Yellow Gr. Black 290 (7340) 2.80 6 . 3  a-O,92(3H,t); b-l.70(2H,m); c-4.82(H,t); d-2.95(H,s); 
(0.72) (0.76) e-3.82(9H,um); f-6.52(H,s); f-6.95(H,s) 


3 Yellow Br. Red 270 (7190) 2.75 6 .2  a-0.88(3H,t); b-l.78(2H,m); c-4.88(H,t); d and e- 


4 Orange Gr. Black 290 (10,408) 2.80 6.3 a-O.90(3H,t); b-2.15(2H,q); c-7.25(5H,s); d-4.42(H,s); 


5 Yellow Br. Red 255 (8000) 2.75 6.2 a-O.80(3H,t); b-l.70(2H,q); c-l.50(3H,s); d-3.05(H,s); 


6 Yellow Br. Red 250 (10,470) 2.75 6.3 a-O.98(3H,t); b-2.60(2H,q); c-7.28(5H,s); d and e- 


(0.65) (0.70) 3.70(10H,~); f-6.12(2H,~) 


Yellow (0.76) e-3,41(3H,s); e-3.85(6H,s); f-6.50(H,s); f-7.05(H,s) 
(0.78) 


(0.70) (0.82) e-3.80(9H,s); f-6.70(2H,s) 


(0.70) (0.76) 3.70(10H, urn); f-6.18(2H,s) 


a Thevalues in the parentheses represent the Rr values using n-butanol-acetic acid-water (12:5 : 5 ) ;  SM = starting material; P = product. b s, singlet; 
t, triplet; q, quartet;'m, multiplet; urn, unresolvable multiplet. 


H X 
1 -  I I 


I I I 
a = -C-CH3, b = C-C-C, c = -C-C, d = -OH, e = -0CH8, f = Aromatic. 


X = H, CH3, CsH5 
H 
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Thin-Layer Chromatography-Thin-layer plates (5 X 20 cm.) 
made of silica gel G were used. Van Urk‘s reagent (6) was used as a 
spray reagent to differentiate the starting material and product by a 
varied color response. 


Spectra-UV spectra were obtained on a Beckman DK 2 spec- 
trophotometer (1-cm. cell) in methylene chloride as solvent. IR 
spectra were determined on a Beckman IR 8 spectrophotometer in 
potassium bromide pellets and methylene chloride liquid films. 
N M R  spectra were determined on a Varian 60 MC spectropho- 
tometer using deuterochloroform as the solvent and tetramethylsilane 
as the internal standard. 
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New Compounds: Demethylated Methocarbamol 


C. M. DARLING* and E. K. ROSE 


Abstract 0 Two isomeric monocarbamates of 3-(o-benzyloxyphen- 
oxy)- 1,2-dihydroxypropane and 3-(o-hydroxyphenoxy)-1,2-di- 
hydroxypropane were synthesized. The structural assignments are 
supported hy spectral data. 


Keyphrases Demethylated methocarbamol derivatives-syn- 
thesis, structure determination 0 Methocarbamol metabolites- 
synthesis, structure determination 0 NMR spectroscopy-struc- 
ture, identification 


Baizer et al. (1) have presented rigorous proof of 
the structure of some isomeric monocarbamates of I ,2- 
dihydroxy-3-aryloxypropanes by independent un- 
equivocal synthesis. In a later paper, Swidinsky et al. 
(2) reported the preparation of two isomeric mono- 
carbamates of 3-(o-hydroxyphenoxy)-1,2-dihydroxy- 
propane, Compounds I11 and IV, by catalytic debenzyla- 
tion of Compounds I and 11. However, their tenta- 
tive structural assignments differ from those reported 
here. 


This work was prompted by a need for one of the 
metabolites (Compound 111) of methocarbamol.’ I t  
is shown that the isomeric monocarbamates can be 
identified by spectral data. The results of a single run 
indicate that the major product of the reaction of 
ammonia with the cyclic carbonate, 4-(o-benzyloxy- 
phenoxymethy1)- 1,3-dioxolone-2, is a primary car- 
bamate (Compound I) and the minor product is a 
secondary carbamate (Compound 11). The isomeric 
compounds and their melting-point values are shown in 
Table I. 


The NMR spectra of the isomeric pairs (I, I1 and 
111, IV) taken in dimethyl sulfoxide-d,; exhibit signifi- 
cant and distinguishing differences. Compound I1 
clearly must have the secondary carbamate structure 


1 Methocarbamol is marketed as Robaxin by A. H. Robins Co., Inc., 
Richmond, Va. 


as shown by the splitting of the primary hydroxyl 
proton into a triplet (6 4.90; J = 5.5 CPS.)~ by the ad- 
jacent methylene group, rather than a doublet as ex- 
pected for a secondary hydroxyl proton. In addition, 
the methylene protons, CH,OH, adjacent to  the hy- 
droxyl group are coupled by approximately the same 
coupling constant (5.5 cps.) to the OH proton and the 
adjacent methine hydrogen, giving rise to a triplet 
(6 3.67) which collapses to a doublet on deuteration. 


The isomeric Compound I in dimethyl sulfoxide- 
d, shows only a single unsplit hydroxyl peak3 with all 
five aliphatic hydrogens appearing under a broad dis- 
torted doublet centered at 6 4.1. Acetylation of the 
hydroxyl group, however, shifts the secondary methine 
absorption approximately 1.3 p.p.m. d~wn-f ie ld ,~  
supporting the primary carbamate structure for Com- 
pound I. 


The NMR structural assignments are supported by 
the fact that the comparable features of the spectra of 
I and I1 are nearly identical to those of the related 
analogs of known structure (l), 3-(o-methoxyphenoxy)- 
2-hydroxy-1-propyl carbamate and 3-(o-methoxy- 
phenoxy)- 1 -hydroxy-2-propyl carbamate, respectively. 


EXPERIMENTAL5 


The method of Swidinsky et al. (2) was used for the preparation 
of 4-(o-benzyloxyphenoxymethyl)-1,3-dioxolone-2. 
3-(o-Benzyloxyphenoxy)-2-hydroxy-l-propyl Carbamate (I)- 


While maintaining a reaction temperature below 40”, a suspension 
of 4-(o-benzyloxyphenoxymethyl)-1,3-dioxolone-2 (74 g.,  0.25 mole) 
in isopropyl alcohol (800 ml.) was saturated with ammonia. The 
mixture was allowed to stand at ambient temperatures for 24 hr. 


2 The OH absorption is superimposed on the methine multiplet but 
is clearly distinguishable and easily removed by deuteration. 


3 Evidently the exchange rate is too great in this case for splitting to be 
seen. 


4 This comparison was made using CDCh as the solvent for both the 
acetylated and nonacetylated samples. 


6. Melting points are corrected. Elemental analyses were performed by 
the Analytical Department, Research Laboratories, A. H. Robins Co., 
Inc., Richmond, Va. 
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Factors Affecting Dose Variation in Meter Valves 


AVINASH M. CONTRACTOR, M. DAVID RICHMAN*, and RALPH F. SHANGRAW 


Abstract 0 Dose variation in commercial meter valves appears to 
be within acceptable pharmaceutical limits. Changes in delivered 
dose weights were found to occur during container emptying due 
to formulation fractionation. A more serious problem results 
from failure of the meter chamber to fill uniformly when the con- 
tainer is almost empty (-15% remaining). Three valves were 
found to be superior to others in overcoming this problem. Storage 
position influenced drainback in meter valves, particularly at later 
stages of container emptying. 


Keyphrases 0 Aerosol meter valves-dosage weight variation 0 
Propellent, formulation effects-aerosol dosage weight 0 Frac- 
tionation-aerosols 0 GLC-analysis 


The need for official standards for weight variation of 
doses obtained from aerosol meter valves has long been 
recognized. The Chemical Specialties Manufacturers 
Association is attempting to draw up safe and reasonable 
specifications. Although much data on meter valves 
have been generated by the pharmaceutical industry, 
little has been published. Notable exceptions to this lack 
of published data are found in articles by Porush et al. 
(I), Young et al. (2), Grim et al. (3), and Contractor 
et al. (4). These authors have emphasized the impor- 
tance of uniformity in delivery from meter valves as 
indispensable in dependable pharmaceutical prepara- 
tions. Limits of f 15 % of the calculated dose have 
been suggested. However, no articles have addressed 
themselves to dose variations arising from such critical 
factors as formulation pressure, container emptying, 
long standing of containers between actuations, and 
valve design. Comparison between commercially avail- 
able meter valves, using identical formulations and 
evaluation methods, was undertaken with the hope that 
data would be generated upon which reasonable stan- 
dards for meter valve performance and dose variation 
could be based. 


EXPERIMENTAL 


Valves-Meter valves for use with pharmaceuticals are available 
in sizes of 200, 100, and 50 pl., the last being the most common. 
The meter valves employed in this study are listed in Table I. All 
valves studied, except valve R 501, contained acetal resin' stems 
with rubber stem seals supported by stainless steel gaskets. The 
R 501 valve was similar but the stem was made of stainless steel. 
The resin has replaced stainless steel in many valve stems due 
to the lower cost and a greater flexibility in design. Valves R 501-EC 
and S 501-EC have an emptying cup to assist in complete product 
removal from the container. Valve V 501-DA has such a design 
that the last traces of product drain into the valve. 


1 Delrin, E. I. du Pont de Nemours, Wilmington, Del. 
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Formulations-The same four formulations used in the previous 
study and listed in Table 11, representing various types of products, 
were employed (4). Since the purpose of the study was to investigate 
factors affecting dose variation under various conditions, the 
formulations tested were kept as simple as possible, with no active 
ingredient in them. 
Testing Procedures-Ten replicates of each valve and each 


formulation were used to provide data in the following areas: 
1. Dose-to-dose variation at four levels of container emptying: 


initial, 10, 50, and 80%. 
2. Maximum amount removable before dose became substandard 


and erratic. 
3. Effect of storage position and time on dose. 
4. Effect of formulation on dose uniformity. 
5 .  Effect of container emptying on the ratio of formulation com- 


ponents. 
The functionality of valves covering dose variation within and 


between valves has been presented in an earlier paper (4). The 
testing procedures and parameters measured were the same, except 
for the quantitative measurement of the ratio of propellent blends 
before and during container use. Gas chromatography utilizing new 
sampling procedures was used for the quantitative determination 
of propellent blends. 


The instrument employed was an Aerograph (model A-700 
Atuoprep) gas chromatograph with thermal conductivity detection. 
The column was of stainless steel, 6.09 m. X 0.95 cm. (20 ft. X 0.375 
in.), containing 3 0 z  SE 30, 60-80-mesh diatomaceous earth.2 The 
columns were conditioned at 150" for 24 hr. with a helium flow of 6 
ml./min. Analysis was performed isothermally with column tempera- 
ture at 55" ,  injector block temperature at 130",and detector tempera- 
ture at 190". The carrier gas, helium, was at an inlet pressure of 50 
p.s.i. and a flow rate of 200 ml,/min., and the filament current was 
maintained at 150 ma. A Honeywell recorder (Electronic 15) was 
employed at a speed of 1.01 cm./min. (0.4 in./min.). 


Sampling Technique-A 3.81-cm. (1.5-in.) 25G regular point 
hypodermic needle3 was attached to the top of the stem of a 50-pl. 
valve, using a piece of polyethylene tubing as packing. The needle 
was carefully introduced into the injector block, and the valve 
was actuated by pressing the container against the injector block. 
A sample of about 50 p1. was thus injected through the needle. 
The pressurized container acted as a pressure syringe and delivered 
about a 50-~1. sample every time the valve was actuated. By com- 
paring the ratio of the peak heights, proportions of components 
were calculated, because the volumes of samples were about and 
not exactly 50 pl. Initial sample composition served as a standard 
control for comparing subsequent sample compositions at various 
levels of container emptying. 


RESULTS AND DISCUSSION 


The mean dose delivered from each valve for each formulation 
at various levels of container emptying can be seen in Tables 111 
and IV. Since the doses were measured in milligram-, there is a 
significant difference in dose between formulations due to the 
differences in densities of the various propellent and propellent- 
alcohol blends. Although the differences between the same size 
valves of different types and manufacturers were considerable, these 
differences are not of importance in determining the precision of 


2 Gas-Chrom P, Applied Science Laboratories, State College, Pa. 
8 Becton, Dickinson and Co., Rutherford, N. J. 







Table I-Meter Valve Specifications" 
~ ~- ~ _ _ _ _ _ _  _____~ 


Experimental 
Identification Chamber Actuation 


Number 'Size, PI. Position 


~ 


Manu fact u rer Type of Stem Container 


E lO0U 100 Upright Acetal resin 
E SOU 50 Upright Acetal resin 
E 501 50 Inverted Acetal resin 
v IOOU 100 Upright Acetal resin 


V 50U 50 Upright Acetal resin 


V 501 50 Inverted Acetal resin 


V 501-DA 50 Inverted Acetal resin 


R 501 50 Inverted Stainless stl. 
R 501-EC 50 Inverted Stainless stl. 
S 501-EC 50 Inverted Acetal resin 


Glass vialb 
Glass vial 
Glass vial 
Glass vial 


Glass vial 


Glass vial 


Glass vial 


Aluminum tb.c 
Glass vial 
Glass vial 


Emson Res., Inc., Bridgeport, Conn. 
Emson Res., Inc., Bridgeport, Conn. 
Emson Res., Inc., Bridgeport, Conn. 
Valve Corp. of Am., Bridgeport, 


Valve Corp. of Am., Bridgeport, 


Valve Corp. of Am., Bridgeport, 


Valve Corp. of Am., Bridgeport, 


Riker Labs., Northridge, Calif. 
Riker Labs., Northridge, Calif. 
(Experimental Valve, English) 


Conn. 


Conn. 


Conn. 


Conn. 


a Actuator buttons: Emson S-1, orifice 0.020 in Gasket: Buna rubber. b Plastic-coated round glass vial, model S-1409F1 (20 ml.), Wheaton Plasticote 
Corp., Mays Landing, N. J. c Aluminum tube, 2.2 X 5.79 em. ('/8 X 29/a2 in.), Emson Research, Inc., Bridgeport, Conn. 


Table 11-Composition of Test Formulations high level of precision, while Formulation 111 generally exhibited 
low precision. These results indicate possible container-emptying 
effects due to fractionation. Formulation IV, containing only 
propellent C 318, could not fractionate. On the other hand, Formu- 
lation 111, containing propellents and alcohol with significantly 
different densities and vapor pressures, would be most prone to show 
fractionation effect. The result of this fractionation is proportionally 
higher vaporization of component with higher vapor pressure, 
thereby leaving the liquid phase gradually more and more concen- 
trated in the component with lower vapor pressure as the level of 
container emptying increases. To confirm this container-emptying 
effect due to fractionation, Formulations I, 11, and 111 were sub- 
jected to quantitative analysis, using gas chromatography. Figures 
1 and 2 are the plots of data obtained by quantitative analysis of the 
liquid phase at various levels of container emptying. These figures 
confirm the fractionation effect. 


Although container-emptying effects are not large, they are real 
and should not be ignored. Formulations that minimize these 
effects would appear to be preferable. Fractionation effects in 
themselves are not critical in regard to dose of active ingredient as 
the formulation is measured by volume in the metering chamber. 
Vaporization of the propellent into the headspace would tend to 
concentrate any active ingredient during container use. However, 
persons evaluating aerosols should be aware that weights will 
change in most formulations with container emptying. Even when 


- z wlw 
Ingredients I I1 111 IV 


Ethanol (absolute) 0 0 50 0 
Propellent 1 2 a  50 75 25 0 
Propellent 1 14b 50 25 25 0 
Propellent C-318c 0 0 0 100 


(77"F.), p.s.i.g. 53 67 13 29 
- Pressure at 25" 


a Dichlorodifluoromethane. b Dichlorotetrafluoroethane. c Octafluo- 
rocyclobutane. 


each type of valve. They are, however, of great importance in 
terms of product development departments, because each formula- 
tion must be tailored to each specific valve, even though the valves 
are labeled to contain equal volumes (i.e., 50 or 100 pl.). 


The precision of meter valves is extremely good and would cer- 
tainly compare favorably to other dosage forms when limited to a 
single formulation and a single level of container emptying. The 
precision exhibited by inverted valves is generally better than that of 
the upright valves. 


It would appear from Tables 111 and IV that the precision was 
influenced by formulation. Formulation IV gave an unusually 


Table 111-Mean Dose" Delivered, mg., from Meter Valves at Various Levels of Container Emptying 


Type of Meter Valve 
Level of Emptying E lOOU V lOOU V 50U E 50U E 501 V 501 R 501 V 501-DA R 501-EC S 501-EC 


Formulation I 
74.5 68.0 Initial 134.0 


130.2 
69.0 71 .O 73.0 
69.2 71.7 75.2 
69.7 72.5 76.2 
69.8 72.2 77.4 
69.4 71.8 76.1 
4.90 3.39 5.73 


68.3 
68.7 
69.6 
70.5 
69.3 
2.22 


87.6 
88.7 
91.3 
92.9 
90.1 
3.80 


165.4 
163.5 
163.0 
159.2 
162.8 


4.24 


69.5 
68.7 
68.9 
68.3 
68.9 


3.63 


10% 


80 Z 
50 z 74.6 68.1 


73.2 68.5 
72.6 68.9 


~ . .  ~ 


130.2 
131.0 


Total mean 
Coeff. of variation, 


131.3 
5.18 


73.3 68.3 


Formulation I1 
75.5 65.4 
75. I 66.0 
74.0 68.0 
72.0 68.5 
74.2 66.9 


Formulation III 
38.2 38.4 
37.8 37.4 
35.9 37.3 
33.7 36.8 
36.4 37.5 


6.21 2.08 


4.31 2.48 


6.87 5.01 


Initial 
1 0 7  


168.6 
161.9 
156.0 
146.2 
158.2 


7.96 


123.1 
123.0 


65.9 
64.9 
64.2 
64.2 
64.8 
2.64 


65.8 70.9 75.4 
65.6 72.2 76.2 
67.4 73.0 77.3 
67.2 73.4 78.3 
66.5 71.6 76.7 
5.26 3.38 1.51 


69.7 
70.6 
71.6 


89.4 
90.8 
92.9 
94.6 
91.9 
2.87 


50 2 
80 % 


i22. I 
121.8 72.3 


71 .O 
2.43 


Total mean 
Coeff. of variation, z 122.5 


3.43 


Initial 
10% 


80 z 
Total mean 
Coeff. of variation, % 


50 z 
89.1 
88.7 
79.1 
70.5 
81.8 
12.35 


74.4 
71.7 
67.7 
67.6 
70.4 
4.69 


39.8 
38.5 
37.8 
36.0 
38.0 
5.26 


41 . O  46.4 43.4 
38.7 44.4 43.0 
37.9 43.9 41.8 
36.9 42.8 40.0 
38.9 44.1 42.0 
3.78 2.15 3.33 


40.1 
39.3 
37.8 


43.3 
47.8 
46.9 


36.8 
38.5 
3.94 


45.5 
47.1 


5.41 


0 Average of 40 values. 
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Table IV-Mean Dose" Delivered, mg., from Meter Valves at Various Levels of Container Emptying 


Level of Emptying 
7 Type of Meter Valve - 
E 501 V 501 V 501-DA R 501-EC S 501-EC 


Total mean 
Coeff. of variation, % 


~~ ~ 


Formulation IV 
64.2 71.1 79.6 72.7 96.7 
64.1 70.7 79.2 73.0 97.7 
64.0 70.2 79.0 72.8 97.1 
63.9 70.1 79.4 72.8 97.6 
64.1 70.5 79.3 72.8 97.0 


1 .5  1.73 1.28 1.61 1.42 


Average of 40 values. 


Table V-Percent Remaining in Package after Dose Fell below Acceptable Limits" 


7 Type of Valve 
Formulation E lOOV V lOOU E SOU V 50U E 501 V 501 R 501 V 501-DA R 501-EC S 501-EC 


~ ~~ ~~~ ~ ~~ ~ 


I 18 14 19 16 11 I 5  16 0.9 2.3 3.7 
I1 16 13 12 11 12 12 15 0.6 1.8 3.2 


I11 7 10 8 9 7 8 11 0.2 1.1 1.3 
IV 8 11 0.7 2.3 3.9 


Average 13.7 12.3 13.0 12.0 9 .5  11.5 14.0 0.6 1 . 9  3.0 


a Sudden decrease (> 10%) in the weight of individual doses for two successive actuations. 


Table VI-Comparison of Initial Dose after 16-hr. Storage with Doses Obtained at 45-min. Intervals" 


Valve T y p p - .  
Formulation E lOOU v lo0U E 50U V 40U 


I Initial 
80% CE 


I1 Initial 
802, CE 


111 Initial 
80% CE 


164b/165c 
16411 59 
1731169 
1571146 
91 ,0189.1 
72.2170.5 


1291134 
12611 3 1 
1251123 
1231122 
74.1174.4 
68.4167.6 


75.4174.5 
70.1174.6 
79.4175.5 
73.0172.0 
42.9138.2 
34.2133.7 


70.1/69.5 
68.3168.3 
66.3165.9 
64.6164.2 
40.3139.8 
35.2136.0 


a Upright valves stored in upright position. b Initial dose after 16-hr. storage (average of 10 values). 6 Doses obtained at 45-rnin. intervals between 
actuations (average of 40 values). 


Table VII-Comparison of Initial Dose after 16-hr. Storage with Doses Obtained at 45-min. Intervals (Inverted Valves) 


---Valve Type 
E 501 V 501 R 501 V 501-DA R 501-EC S 501-EC 


Formulation (Stored Upright) (Store3 Inverted) Upright Inverted Upright Inverted 


I Initial 58. 9a/68. Ob 68.3169.8 73.0172.0 75.6173.9 67.0168.3 68.1168.3 85.7187.6 88.0187.6 
80% CE 27.8168.7 34.7169.0 73.3171.2 78.3179.4 69.9170.5 70.5/70.5 70.0192.9 91 ,3192.9 


I1 Jnitial 35.7165.4 53.9165.8 72.2170.9 76.9175.4 66.4169.7 69.9169.7 88.7189.4 89.8189.4 
80% CE 18.0/68.5 19.1/67.2 72.8170.4 79.9178.2 70.9172.3 72.6172.3 89.3194.6 94.1194.6 


111 Initial 37.8137.5 40.5/41.0 46.9146.4 44.4143.4 38.6140.1 39.9140.1 46,1148.3 48.7148.3 
80% CE 35.7136.8 35.1136.9 43.3141.8 40.9140.0 35.2136.8 38.0/36.8 42.0145.5 45.1145.5 


~~ ~~ 


a Initial dose after 16-hr. storage (average of 10 values). b Doses obtained at  45-min. intervals (average of40 values). 


Table VII-Comparison of Initial Dose after 16-hr. Storage with Doses Obtained at 45-min. Intervals (Inverted Valves), Formulation IV 


_____ ________ Valve Type 


Inverted Upright Inverted Upright Inverted Upright Inverted Upright Inverted Upright 
--- E 501- 7 7- V 501- -V 501-DA- --R 501-EC- --- S 501-EC--- 


Initial 67.CP/64.2b 30.3164.2 74.4171.1 24.9171.1 82.6/80.0 54.3180.0 73.8172.7 71.5172.7 97.2196.7 94.9196.7 
80% CE 65.2163.9 23.9163.9 71.5/70.0 14.4/70.0 79.5179.0 10.9179.0 73.7172.8 71.7172.8 98.3197.6 94.0197.6 


Initial dose after 16-hr. storage (average of 10 values). b Doses obtained at 45-rnin. intervals (average of 40 values). 


these effects are included, individual doses fall well within f 15 % 
of mean for most of the valves and formulations. 


Although the weight variation of doses delivered from meter 
valves would appear in most cases to meet USP and NF weight 
variation standards for capsules and small weight tablets, other 
areas of concern do exist. One major problem with most meter 
valves is the determination of the point at which the dose falls below 
acceptable limits. Using the arbitrary end-point of two successive 
individual doses being at least 10% less than the previous dose, the 
percent remaining in the aerosol package with each type of valve 
was determined. These values are shown in Table V. The results, to 
say the least, are disturbing, with the exception of three valves 


(V 50I-DA, R 501-EC, and S 501-EC). A significant quantity 
remains in the container beyond the point where doses fall 
below acceptable limits. In most cases the patient is not able 
to determine either visually or audibly that any change in dose has 
occurred. Such a phenomenon is not or would not be tolerated in 
any other dosage form. Its acceptance in aerosols becomes par- 
ticularly questionable when it is obvious that valves do exist that 
effectively eliminate the problem. The apparent formulation effect 
which indicates that Formulation I11 is better than I or I1 is only a 
result of product densities. Approximately the same number of 
doses remains in the container for all formulations tested. The end- 
point for the upright valves is a function of the length of the dip 
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Figure 1-Effect ofcontainer emptying on ratio of propellents 1211 14. 
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Figure 2-Effect of container emptying on proportion of P-12/P-114/ 
ethanol. 


tube and is generally more variable than that found in inverted 
valves. 


The fact that initial doses from meter valves after a period of 
nonuse are often low has long been recognized. In many cases it was 
believed that the time necessary to cause a significant decrease in 
the weight delivered was longer than would ordinarily be encoun- 
tered in practice. The data presented in Tables VI-VIII indicate 


that a problem does exist under ordinary use conditions for some 
valves. As can be seen in Table VI, no significant difference appears 
to exist with upright valves between the dose obtained after a 16-hr. 
storage and those obtained at 45-min. intervals. These data were 
collected from containers stored in the upright position. Observa- 
tion of the bottles and dip tubes indicates that the liquid remains 
in the dip tube in contact with the bottom of the valve stem at all 
times, preventing drainback. 


Inverted valves appear to exhibit a problem as can be seen in 
Table VII. Doses obtained from inverted valves after 16-hr. storage 
in the upright position showed a significant loss in weight, with the 
exception of only one valve (R 501-EC). In addition, this loss of 
weight is even larger at later stages of container emptying, amount- 
ing to from one-third to one-half of the dose obtained from 45-min. 
actuations. Of equal importance is the fact that when inverted 
valves are stored in the inverted position, no significant differences 
occur, as can be seen from the data for valves R 501, V 501-DA, 
R 501-EC, and S 501-EC. 


To verify the importance of storage position and eliminate any 
variations due to fractionation, valves E 501, V 501, V 501-DA, R 50- 
I-EC, and S 501-EC were studied in both upright and inverted 
storage conditions, using Formulation IV. The results of the study 
are shown in Table VIII. These data show conclusively that drain- 
back does occur in inverted valves without efficient emptying cups 
and that this drainback is a function of storage position. Although 
the cause is not obvious, container emptying accentuates the drain- 
back problem. Unfortunately, data were not collected at inter- 
mediate levels of container emptying in such a form to indicate when 
this effect fist begins to occur. At least one manufacturer has 
designed an inverted valve, which effectively decreases drainback, 
by adding a chamber around the lower tank opening. At least one 
commercial product avoids the problem because packaging and 
labeling are designed so that containers are customarily stored in 
the inverted position. It would appear that all producers using 
inverted valves might well adopt this policy. 


SUMMARY AND CONCLUSIONS 


1. Container-emptying effects resulting from propellent frac- 
tionation and causing changes in the weights of doses delivered do 
occur in inhalation formulations. 


2. A new simple technique is described to measure the extent of 
fractionation, using a gas chromatograph. 


3. A significant decrease in dose weights at the latter stages of 
container emptying is a serious problem in metered aerosols. Three 
valves appear to be significantly superior to all others in minimizing 
variation of dose through the latter stages of container emptying. 


4. Doses delivered from inverted meter valves after standing all 
night in an upright position are significantly lower than those 
delivered at 45-min. intervals. These effects are magnified at latter 
stages of container emptying. The problems can be solved by de- 
signing packaging and labeling so that containers with inverted 
valves are stored in an inverted position. 
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urea solutions. In turn, Nogami et al. (6) analyzed the 
adsorption of tryptophan from urea solutions in much 
the same manner, using the Feldman and Gibaldi 
paper as a reference. There are implications of direct 
interaction in each of the results of the present investiga- 
tion. Perhaps the most striking evidence of this inter- 
action is that the introduction of methyl o-methoxy- 
benzoate, a liquid, into a 5 M urea solution results 
immediately in the formation of a flocculent white 
precipitate, the composition of which is currently un- 
known. 


These findings demonstrate the need for caution in 
interpreting solubility phenomena involving cosolvent 
systems, in general, and urea-water mixtures, in particu- 
lar. At present, few, if any, simplifying assumptions 
appear to be valid for this purpose. 
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Preparation of Bis(acetylthiobenzy1)sulfide 


Keyphrases 0 Bis(acetylthiobenzy1)sulfide-synthesis 0 NMR 
spectroscopy-structure 0 Mass spectroscopy-structure 


Sir : 


Bongartz (I), in 1886, obtained a product from the 
reaction of benzaldehyde and thioacetic acid, m.p. 
147-148', which he believed to be phenylmethanedithiol 
diacetate (I). In 1952, Cairns et al. (2) synthesized this 
compound from phenylmethanedithiol and found the 
melting point to be 37-38". 


H O  


0 
I II 


HOC-SC-CH3 
I 


I I1 


By utilizing the procedure of Bohme et al. (3) in the 
reaction of benzaldehyde and thioacetic acid to obtain 
the hydroxymethyl thioester (11), a small amount of a 
compound, m.p. 150-151 ', which displayed the same 


properties as the material isolated by Bongartz (l), was 
obtained. The NMR spectrum showed absorption 
at 7.326, a singlet at 5.856, and a singlet at 2.296, having 
an integration ratio of 5 : 1 : 3. Mass spectral analysis 
indicated that the compound contained the following 
groups: 


mle mle 


43 CHXO 105 OCSCHS . ~ -~ 
58 CHiCS 121 CGH,CHS 
60 cos 154 SCH(CJ35)S 
75 CHaCOS 165 CHaCOSCH(CaH5) 


From the NMR and mass spectral data, the following 
partial structure was assigned: 


0 5 


I11 


The elemental analysis and molecular weight indicate 
the compound to be C18H1802S3. Thus, we propose the 
structure of the compound reported by Bongartz (1) as 
phenylmethanedithiol diacetate to be bis(acety1thio- 
benzy1)sulfide (IV). 


0 0 


CH3CS-CH--S-CH-SCCH3 
11 11 


b b  IV 


The reaction of benzaldehyde with thioacetic acid 
was conducted as follows. Benzaldehyde, 21.2 g. (0.2 
mole), and thioacetic acid, 15.2 g. (0.2 mole), were mixed 
together and heated at 100" for 18 hr. After cooling, 
1.6 g. of a white crystalline solid was obtained. The 
solid was recrystallized from methanol and then from 
petroleum ether (63-68'), and it was identified as bis- 
(acetylthiobenzyl)sulfide(IV), m.p. 150-151 '. TheNMR 
and IR are in agreement with the assigned structure. 


Anal.-Calcd. for C18H1802S3: C, 59.63; H, 5.00; 
S, 26.54; mol. wt., 362. Found: C, 59.43; H, 5.02; S, 
27.10; mol. wt., 361 (osmometer). 


Mass spectral data were obtained from a Nuclide 
mass spectrometer. 
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Effect of Sex on Penicillin Blood Levels in Dogs 


JOHN W. POOLE* 


Abstract 0 Studiej concerned with the oral absorption charac- 
teristics of dicloxacillin from various pharmaceutical formulations 
in beagle dogs suggest that the female of this species shows con- 
sistently higher and more prolonged blood serum levels of the 
antibiotic than the corresponding male. An investigation was 
initiated to determine the extent of this phenomenon with respect 
to sodium dicloxacillin monohydrate and other penicillins. The 
results of these studies suggest that the monobasic penicillin 
molecules show blood serum level variations after oral administra- 
tion that are related to the sex of the animal, while a similar correla- 
tion does not appear to exist for the amphoteric penicillins. Deter- 
mination of the biological half-life of the various penicillins in the 
male and female after intravenous administration indicates that 
no sexual differences occur with respect to the disappearance of 
active drug from the blood. 


Keyphrases 0 Penicillin blood levels-dogs 0 Sex effect, dogs- 
penicillin blood levels 0 Blood levels, half-life, corticosteroids-sex 
effect, dogs 0 Microbiological test method-analysis 


Minor sexual differences in drug response among the 
animals of a species are frequently encountered in 
toxicity experiments. For example, L-thyroxin produces a 


more pronounced depressant effect on weight gain in 
male than in female rats ( I ) ,  and the toxicity of hypo- 
glycemic agents is enhanced in female and male rats 
pretreated with diethylstilbestrol (2). These differences 
are sometimes quite significant. For example, the anti- 
biotic acetoxycyclohexamide was shown by Pallotta 
et a[. (3), in acute and subacute tests, to be about four 
times as toxic for young female rats as it is for males. 
In many cases, these differences in response between the 
sexes can be traced to differences in enzyme activities 
and rate of metabolism. Male rats metabolize hexo- 
barbital much faster than do females, and the average 
sleeping time of the male after receiving the drug is 
only about one-fourth that of the female (4, 5) .  Re- 
cently, in a report by Kernohan and Todd (6), it was 
suggested that women bleed more readily than men 
during heparin therapy. A similar conclusion, that 
women have a higher risk of bleeding with heparin than 
do men, was made from the studies of Jick et al. (7). 


The results obtained in a series of investigations on the 
effect of dosage-form variables on biological avail- 
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Figure l-Mean blood serum concentrariori of dicloxacillin in male 
and female beagle dogs after oral administration of 250-mg. doses. 


ability of dicloxacillin in beagle dogs indicated that the 
female of this species demonstrated consistently better 
utilization of this drug than the corresponding male. 
This was shown by higher peak blood serum levels and 
greater areas under the blood serum level-time curves 
after oral administration of the antibiotic to female 
dogs than after similar dosing to the males. A study 
was initiated to determine the extent of this phenom- 
enon with respect to penicillin compounds as a class. 


Specifically, the blood serum levels attained after 
oral administration of the monobasic penicillins, 
dicloxacillin and nafcillin, and the amphoteric peni- 
cillin, ampicillin, to male and female beagle dogs were 
determined. The biological half-lives of these drugs in 
this species were also determined in both sexes after 
intravenous administration of these compounds. In 
addition, the results obtained with several other peni- 
cillins used in various studies designed to evaluate 
dosage-form variables have been considered with 
respect to a difference in biological utilization of these 
agents between male and female beagle dogs. 


EXPERIMENTAL 


Compounds-The following were used: ampicillin, anhydrous 
(Wyeth Laboratories, C-10575); sodium nafcillin monohydrate 
(Wyeth Laboratories, W-663989); and sodium dicloxacillin mono- 
hydrate (Wyeth Laboratories, C-10651).’ 


Procedure-The general procedure used in the blood serum level 
studies follows. Six dogs, three of each sex, were utilized in each 
experiment. The test animals were dosed with the appropriate drug 
in a strict crossover manner. The dogs were fasted overnight; the 
antibiotic was administered by means of a stomach tube, followed 
by a standard amount of distilled water. Blood samples were drawn 
at the appropriate times postadministration and analyzed by a 
microbiological method utilizing Sarcina lutea as the test organism. 
In studies in which the drug was administered intravenously, the 


penicillin was dissolved in an appropriate amount of physiological 
saline solution just prior to administration. 


RESULTS AND DISCUSSION 


In a series of investigations concerned with the effect of dosage- 
form variables on the biological utilization of dicloxacillin, oral 
administration of the various dosage forms containing this agent 
to female beagle dogs resulted in significantly higher and greater 
area under the blood serum level-time curves than after similar 
administration to  male animals of the same species. A typical 
example of such a study is shown in Fig. 1. In this instance the 
female animals showed a mean peak serum level of the antibiotic 


1 Dosage forms of the several penicillins employed in these studies 
were prepared by the Development Section of the Pharmacy Research 
and Development Division, Wyeth Laboratories, Inc. 
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Figure 2-Mean blood serum concentrations of dicloxacillin in male 
and female beagle dogs after oral admitiistraiion o,f 25-mg./kg. doses. 


of 3.7 mcg./ml., while the male animal showed a mean peak serum 
level of 2.2 mcg./ml. The areas under the blood serum level-time 
curves calculated for each sex were 1.20 and 3.34 mcg./ml. X hr. 
for the male and female dogs, respectively. These results were in- 
fluenced to some extent by the fact that discrete dosage units 
containing 250 mg. of the active moiety were administered to each 
animal in a crossover experiment. Because the females were, 
generally, slightly smaller than the male animals, this factor may 
have had a significant effect on the results observed. In addition, 
the possibility that the females used were “good” absorbers of this 
agent and the males “poor” absorbers was also considered. 


To rule out the significance of these factors, a study was designed 
in which a 25-rngJkg. dose of penicillin was administered to the two 
sexes of this species in the form of a powder slurried in water. 
All the animals used in the initial experiments were omitted from 
this study. In addition to dicloxacillin, two other penicillins were 
included in the study, nafcillin and anhydrous ampicillin. 


Figure 2 illustrates the difference in blood serum levels attained 
in this experiment with male and female animals after administra- 
tion of dicloxacillin at the 25-mg./kg. dose. These results are in 
agreement with the earlier data obtained utilizing this drug in 
pharmaceutical dosage forms. The females in this instance showed a 
mean peak serum level of 5.4 mcg./ml., while the mean level with the 
males was 2.5 mcg./ml. Similarly, the areas under the blood serum 
level-time curves were determined to be 4.96 and 1.72 mcg./ml. X 
hr. for the female and male animals, respectively. 


Figure 3 shows the results obtained when nafcillin was adminis- 
tered at the 25-mg./kg. level to beagle dogs of both sexes. In this 
instance, the females attained a mean peak serum level of 0.68 
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Figure 3-Mean blood serum concentrations of rrafcillin in male atid 
female beagle dogs after oral administration of 25-mg./kg. doses. 







MINUTES 


Figure 4-Mean blood serum concentrations of ampicillin in male 
and,fl.mele beugie dogs ujier oral administration of25-mg.lkg. doses. 


mcg./ml., while the males showed a mean peak serum level of 0.40 
mcg./ml. The areas under the blood serum level-time curves for the 
females and males were calculated to be 0.81 and 0.46 mcg./ml. X 
hr., respectively. 


However, as shown in Fig. 4, after administration of anhydrous 
ampicillin to animals of both sexes, no significant difference in 
mean peak serum levels attained or in the area under the blood 
serum level-time curves between the sexes was observed. The mean 
peak serum levels attained in this case were 12.1 and 12.2 mcg./ml., 
and the areas under the blood serum level-time curves were 21.8 
and 26.0 mcg./ml. X hr. for the males and females, respectively. 
Table I summarizes the mean peak serum levels and curve areas 
obtained in this investigation. The blood serum level data obtained 
in this study indicate that the monobasic penicillins, such as di- 
cloxacillin and nafcillin, show a significant difference in biological 
utilization of these agents between male and female beagle dogs. 
The results obtained with the amphoteric penicillin, ampicillin, 
did not demonstrate any significant differences in blood serum 
levels between the sexes. 


The results obtained in subsequent experiments utilizing phar- 
maceutical dosage forms of penicillin G ,  a monobasic penicillin, 
and Wy-4508 [6-(l-aminocyclohexanecarboxamido)penicillanic 
acid], an amphoteric penicillin, are in agreement with the results 
summarized in Table I. 


Figure 5 shows the mean blood serum levels obtained for peni- 
cillin G in male and female beagle dogs after oral administration 
of 500 mg. of the drug as buffered tablets. As was the case with the 
monobasic penicillins, the female showed a significantly better 
overall biological utilization of this agent than did the male animal. 
A mean peak serum level of 58 units/ml. was attained in the females, 
while a mean peak serum level of 25 units/ml. was noted in the 
males. Similarly, the areas under the blood serum level-time curves 
for the female and male animals were determined to be 80 and 48 
units/ml. X hr., respectively. 


Figure 6 illustrates the results obtained in a study of male and 
female beagle dogs after oral administration (250 mg.) of a pharma- 
ceutical formulation of the amphoteric penicillin, Wy-4508. The 
results show that there is no significant difference in the blood serum 
levels attained between the male and female animals or in the 
overall biological utilization of this agent after such administration. 
The peak serum levels obtained were 31.5 mcg./ml. for the male and 
27.5 mcg./ml. for the female. The areas under the blood serum 
level-time curves were 36.0 and 36.6 mcg./ml. X hr. for the males 
and females, respectively. 


One possible mechanism by which the observed sex difference 
in blood serum levels could be explained is a difference in elimina- 
tion rate (biological life) for the monobasic penicillins in the males 
and females. To test this possibility, an intravenous dose of the two 


Table I-Peak Blood Serum Level and Areas under Blood Serum 
Level-Time Curve after Oral Administration of Various Penicillins 
(25 mg./kg.) to Male and Female Beagle Dogs 


Area under Curve, 
mcg./tnl. X hr. 


Compound Male Female Male Female 


NafciIlin* 0.40 0.68 0.46 0.81 
Dicloxacillin‘ 2 . 5  5 . 4  1.72 4.96 
Ampicillin 12.1 12.2 21.8 26.0 


Peak Level, mcg. ml. 


MINUTES 


Figure 5-Mean blood serum concentrations of’ penicillin G in mule 
and female beagle dogs afrer oral administration of500-mg. doses. 


monobasic penicillins, nafcillin and dicloxacillin, along with the 
amphoteric penicillin, ampicillin, was administered to beagle dogs 
of each sex and the blood serum level decay followed. The dogs used 
in this study were the same animals employed in the oral absorption 
studies with these penicillins. The biological half-life for ampicillin 
in both sexes was similar, as was expected, on the basis of the oral 
blood level data. The average half-life values were 35 and 34 min. 
for the male and female, respectively. However, neither of the 
monobasic penicillins, dicloxacillin or nafcillin, employed in this 
study showed a difference in the biological half-life for the male and 
female animals. The average biological half-life for nafcillin was 
determined to be 10 min. in each sex, while administration of di- 
cloxacillin resulted in an average biological half-life of 16 min. for 
the male and 18 min. for the female. The results of these studies are 
summarized in Table 11, where the average biological half-life for 
the various penicillin products in the male and female animals is 
listed along with the range of half-lives obtained. These results 
indicate that the differences in peak serum levels and areas under 
the blood serum level-time curves noted for the male and female 
dogs with monobasic penicillins are apparently not related to a 
difference in elimination rate of these drugs in the two sexes. Other 
possible mechanisms which may be involved in the differences in 
serum levels noted are: ( a )  a difference in the metabolism of the 
monobasic penicillins in the gut wall of the male and female animals 
or (b) a difference in acidity in the gastrointestinal tract of the male 
and female beagle dogs. This latter hypothesis could account for the 
lack of any sex difference noted with amphoteric penicillins which 
would not be as sensitive to the acid environment of the gastro- 
intestinal tract as monobasic penicillins. 


a 60 120 180 240 


Figure 6-Mean blood serum concentrations of Wy-4508 in male 
and female beagle dogs afrer oruf administration of250-mg. doses. 


MINUTES 


0 Administered as the sodium salt of the monohydrate. 
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Table 11-Biological Half-Life of Various Penicillins in Male and 
Female Beagle Dogs after Intravenous Administration 


~~ - Half-Life. min. 
Sex Nafcillina Dicloxacilline Ampicillin 


Male 10 (9-1 11' 16 ( 12-20)b 35 (29-39)' 
Female 10 (9-1 I ) b  18 (15-22)$ 34 (28-38)b 


tion, which rules out this factor as an explanation for the difference 
in serum levels noted. A possible reason for the sex difference in 
serum levels in beagle dogs may be due to a difference in acidity 
of the gastrointestinal tract andlor to a difference in the gut wall 
metabolism of the monobasic penicillins in the male and Female of 
this species. 


REFERENCES 
a Administered as 


half-life observed. 
the sodium salt of the monohydrate. b Range of 


In any event, the sex of the test animal should be considered 
in studies concerned with in ciuo effects of monobasic penicillins in 
which dogs, particularly beagles, are used. The effect of the animal's 
sex on the biological utilization of such compounds in other species 
and in human subjects is not known at this time. Studies in humans 
are of interest since differences of the magnitude observed in the 
animal studies may be clinically significant. 


SUMMARY 


The biological utilization, as demonstrated by blood serum levels 
and area under the serum level-time curves, for a series of penicillin 
compounds in male and female beagle dogs has been determined. 
Results obtained indicate that the female of this species attained a 
higher mean peak serum level and a greater area under the blood 
serum level-time curve than did the male after oral administration 
of the monobasic penicillins studied: dicloxacillin, nafcillin, and 
penicillin G. The amphoteric penicillins employed, ampicillin and 
Wy-4508, showed no significant difference in blood serum levels 
or curve areas after oral administration to male or female beagle 
dogs. There was no significant difference between the sexes in the 
elimination rate (half-life) of the monobasic penicillins, sodium 
dicloxacillin monohydrate and sodium nafcillin monohydrate, or of 
the amphoteric penicillin, ampicillin, after intravenous administra- 
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Pharmacokinetic Analysis of Potentiating Effect 
of Phenylbutazone on Anticoagulant Action of Warfarin in Man 


ROBERT A. O'REILLY* and GERHARD LEVYt 


.\bstract 0 Warfarin is eliminated more rapidly but its anticoagu- 
lant effect is increased by concomitant administration of phenyl- 
butazone. Pharmacoltinetic analysis by recently developed tech- 
niques shows that the prewarfarin synthesis rate and the normal 
degradation of prothrombin complex activity are not affected by 
phenylbutazone, but that this drug has a pronounced effect on the 
relationship between synthesis rate of prothrombin complex ac- 
tivity and plasma-warfarin concentration. These observations are 
consistent with the assumption that phenylbutazone competitively 
displaces warfarin from nonspecific binding sites in the plasma and 
tissues (particularly the liver) and thereby increases the interaction 
of the anticoagulant with its pharmdcologic receptor and metab- 
olizing enzyme system. 


Keyphrases n Warfarin activity-phenylbutazone effect 0 Phenyl- 
butazone effect, warfarin activity-pharmacokinetics 0 Pharmaco- 
kinetics-phenylbutazone potentiation, warfarin activity 0 Bio- 
logic half-life, warfarin-phenylbutazone effect 


Drug interactions are usually of three types. A drug 
may increase or decrease the elimination rate constant 
of another by stimulating or inhibiting drug metaboliz- 


ing enzymes, by changing urine pH or the flow rate of 
urine or bile, and/or by affecting the distribution of the 
other drug in the body. Another type of drug interac- 
tion involves the potentiation or inhibition of the phar- 
macologic effect of one drug by another without measur- 
ably affecting its kinetics of elimination. The third type 
of drug interaction is one where the gastrointestinal 
absorption of one drug is increased or decreased by 
the other. The coumarin anticoagulants exemplify all 
three of these effects. Induction of niicrosomal enzymes 
by heptabarbital increases the rate of elimination of 
warfarin and bishydroxycoumarin without affecting 
the relationship between anticoagulant effect and plasma 
-coumarin concentration in man (1, 2). Heptabarbital 
apparently also decreases the gastrointestinal absorp- 
tion of bishydroxycoumarin ( 3 )  by mechanisms which 
are still being studied. 


A particularly interesting interaction is that between 
warfarin and phenylbutazone. The former is more 
rapidly eliminated in the presence of phenylbutazone, 
but its anticoagulant effect in man is increased (4). 
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Thin-Layer Chromatography-Thin-layer plates (5 X 20 cm.) 
made of silica gel G were used. Van Urk‘s reagent (6) was used as a 
spray reagent to differentiate the starting material and product by a 
varied color response. 


Spectra-UV spectra were obtained on a Beckman DK 2 spec- 
trophotometer (1-cm. cell) in methylene chloride as solvent. IR 
spectra were determined on a Beckman IR 8 spectrophotometer in 
potassium bromide pellets and methylene chloride liquid films. 
N M R  spectra were determined on a Varian 60 MC spectropho- 
tometer using deuterochloroform as the solvent and tetramethylsilane 
as the internal standard. 
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New Compounds: Demethylated Methocarbamol 


C. M. DARLING* and E. K. ROSE 


Abstract 0 Two isomeric monocarbamates of 3-(o-benzyloxyphen- 
oxy)- 1,2-dihydroxypropane and 3-(o-hydroxyphenoxy)-1,2-di- 
hydroxypropane were synthesized. The structural assignments are 
supported hy spectral data. 


Keyphrases Demethylated methocarbamol derivatives-syn- 
thesis, structure determination 0 Methocarbamol metabolites- 
synthesis, structure determination 0 NMR spectroscopy-struc- 
ture, identification 


Baizer et al. (1) have presented rigorous proof of 
the structure of some isomeric monocarbamates of I ,2- 
dihydroxy-3-aryloxypropanes by independent un- 
equivocal synthesis. In a later paper, Swidinsky et al. 
(2) reported the preparation of two isomeric mono- 
carbamates of 3-(o-hydroxyphenoxy)-1,2-dihydroxy- 
propane, Compounds I11 and IV, by catalytic debenzyla- 
tion of Compounds I and 11. However, their tenta- 
tive structural assignments differ from those reported 
here. 


This work was prompted by a need for one of the 
metabolites (Compound 111) of methocarbamol.’ I t  
is shown that the isomeric monocarbamates can be 
identified by spectral data. The results of a single run 
indicate that the major product of the reaction of 
ammonia with the cyclic carbonate, 4-(o-benzyloxy- 
phenoxymethy1)- 1,3-dioxolone-2, is a primary car- 
bamate (Compound I) and the minor product is a 
secondary carbamate (Compound 11). The isomeric 
compounds and their melting-point values are shown in 
Table I. 


The NMR spectra of the isomeric pairs (I, I1 and 
111, IV) taken in dimethyl sulfoxide-d,; exhibit signifi- 
cant and distinguishing differences. Compound I1 
clearly must have the secondary carbamate structure 


1 Methocarbamol is marketed as Robaxin by A. H. Robins Co., Inc., 
Richmond, Va. 


as shown by the splitting of the primary hydroxyl 
proton into a triplet (6 4.90; J = 5.5 CPS.)~ by the ad- 
jacent methylene group, rather than a doublet as ex- 
pected for a secondary hydroxyl proton. In addition, 
the methylene protons, CH,OH, adjacent to  the hy- 
droxyl group are coupled by approximately the same 
coupling constant (5.5 cps.) to the OH proton and the 
adjacent methine hydrogen, giving rise to a triplet 
(6 3.67) which collapses to a doublet on deuteration. 


The isomeric Compound I in dimethyl sulfoxide- 
d, shows only a single unsplit hydroxyl peak3 with all 
five aliphatic hydrogens appearing under a broad dis- 
torted doublet centered at 6 4.1. Acetylation of the 
hydroxyl group, however, shifts the secondary methine 
absorption approximately 1.3 p.p.m. d~wn-f ie ld ,~  
supporting the primary carbamate structure for Com- 
pound I. 


The NMR structural assignments are supported by 
the fact that the comparable features of the spectra of 
I and I1 are nearly identical to those of the related 
analogs of known structure (l), 3-(o-methoxyphenoxy)- 
2-hydroxy-1-propyl carbamate and 3-(o-methoxy- 
phenoxy)- 1 -hydroxy-2-propyl carbamate, respectively. 


EXPERIMENTAL5 


The method of Swidinsky et al. (2) was used for the preparation 
of 4-(o-benzyloxyphenoxymethyl)-1,3-dioxolone-2. 
3-(o-Benzyloxyphenoxy)-2-hydroxy-l-propyl Carbamate (I)- 


While maintaining a reaction temperature below 40”, a suspension 
of 4-(o-benzyloxyphenoxymethyl)-1,3-dioxolone-2 (74 g.,  0.25 mole) 
in isopropyl alcohol (800 ml.) was saturated with ammonia. The 
mixture was allowed to stand at ambient temperatures for 24 hr. 


2 The OH absorption is superimposed on the methine multiplet but 
is clearly distinguishable and easily removed by deuteration. 


3 Evidently the exchange rate is too great in this case for splitting to be 
seen. 


4 This comparison was made using CDCh as the solvent for both the 
acetylated and nonacetylated samples. 


6. Melting points are corrected. Elemental analyses were performed by 
the Analytical Department, Research Laboratories, A. H. Robins Co., 
Inc., Richmond, Va. 
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Table I-Isomeric Monocarbamates 


--Anal., %---- 
No. RI Rz R3 M.P. Calcd. Found 


I -CHzCaH, -H -CONHz 85-88' (86.6-87.6"") 


I1 -CHzCcHs -CONHz -H 


C, 64.17 C, 64.34 
H, 6.03 H, 6.01 
N. 4.41 N, 4.42 


C, 64.21 
H, 6.03 H, 5.97 
N, 4.41 N, 4.43 


100-102.5" (73.&74.80b) C, 64.34 


111 -H -H -CONH, 124-128" (125-126"') C, 52.86 C, 52.68 
H, 5.77 H, 5.81 
N. 6.16 N, 6.07 


IV -H -CONHz -H 94-100" (116-118°d) 


V -CHzCcHs -COCH, -CONHz 60-67 


C.' 52.69 C. 52.86 
H: -5.77 H; 5.71 


N, 6.16 N, 6.16 
C, 63.12 C, 63.50 


H. 5.89 H. 5.85 


Q This melting point was reported (2) for Structure 11. *This melting point was reported (2) for Structure I. c This melting point was reported (2) for 
Structure IV. d This melting point was reported (2) for Structure 111. 


and concentrated in FUCUO. The residue was recrystallized from ethyl 
acetate with the aid of activated charcoal, yield 49 g. (61.5 %). 


A sample of the acetate derivative, Compound V, was prepared 
for NMR analysis by refluxing a mixture of 0.5 g. of I, 20 ml. of 
acetic anhydride, and 0.5 g. of sodium acetate for 1 hr. After workup, 
the product was recrystallized from isopropyl ether, yield 0.3 g. 
3-(o-Benzyloxyphenoxy)-l-hydroxy-2-propyl Carbamate ( I I F  


The filtrate from the preparation of Compound I was concentrated 
to about two-thirds volume and refrigerated. The crystals were 
filtered and recrystallized twice from ethyl acetate, 3.5 g. (4.5%). 
TLC (eluted with 10% methanol in chloroform) indicated a single 
component different from Compound I. 


3-(o-Hydroxyphenoxy)-2-hydroxypropyl Carbarnate ( I I I F A  
solution of Compound I (12.6 g., 0.04 mole) in absolute ethanol 
(200 ml.) containing about 1 g. of palladium-on-charcoal (10%) 
was subjected to Parr hydrogenation at ambient temperature. The 
theoretical amount of hydrogen was absorbed during 10 min. The 
mixture was filtered and the filtrate was concentrated in uacrto. 
The residue was recrystallized twice from ethyl acetate, yield 2.8 g. 


l-Hydroxyrnethyl-2-(o-hydroxyphenoxy)ethyl Carbamate (1V)- 
The procedure followed was the same as that with Compound 111. 


(31 %). 


The product from 2.7 g. of Compound It  was recrystallized twice 
from ethyl acetate, yield 0.2 g. (1 1 %). 
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Bentonite-Cellulose Systems: Flow Behavior 
of Mixed Dispersions and Mechanical 
Properties of Composite Films 


HANS SCHOTT 


Abstract 0 Bentonite and microcrystalline cellulose are used as 
thickening agents and binders; their interaction was studied in 
suspension and in the solid state. Mixtures of the two solids cover- 
ing the whole range of compositions were prepared by blending 
their aqueous suspensions under high shear. The rheological be- 
havior of the mixed suspensions and the mechanical properties of 
composite films prepared by drying thin layers of these suspensions 
were investigated asa function of composition. Based on the volume- 
percentage of the dry components, bentonite was about five times 
more effective in increasing the viscosity of aqueous suspensions than 
cellulose. Cellulose tended to produce yield values. Bentonite formed 
strong films when its aqueous suspensions were dried; neither pure 
cellulose nor a mixture containing 88 vol. % cellulose formed 
coherent films. In the range of 13-77 vol. cellulose, the in-plane 
and perpendicular tensile strengths of the composite films decreased 
only moderately with increasing cellulose content. 


Keyphrases 0 Bentonite-cellulose system-flow behavior, me- 
chanical properties 0 Cellulose-bentonite systems-flow behavior, 
mechanical properties 0 Films, bentonite-cellulose-relative com- 
position effect 0 Rheological behavior, bentonite-cellulose suspen- 
sions-relative composition effect 


Bentonite and finely dispersed cellulose are used as 
thickening agents and binders in suspensions, oint- 
ments, and tablets (1, 2). The rheology of aqueous 
bentonite dispersions (3-5) and cellulose suspensions 
(6,  7), as well as the film-forming ability of sodium 
bentonite (8 ) ,  has been reported. The present work 
deals with the flow behavior of mixed dispersions, 
containing varying proportions of cellulose and clay, 
and with the mechanical properties of films prepared 
therefrom. The purpose was to determine whether there 
is any synergism in thickening and binding; for instance, 
whether partial replacement of bentonite by cellulose 
boosts the viscosity of bentonite suspensions, or whether 
the presence of cellulose increases the strength of solid 
bentonite. The interaction between clays and cellulose 
is described in previous work (9, lo). 


EXPERIMENTAL 


Materials-Microcrystalline cellulose1 is manufactured by acid 
hydrolysis of wood pulp with a high a-cellulose content to the 
“level-off degree of polymerization,” followed by mechanical 
disintegration (11, 12). Suspensions were made by dispersing the 
powder in water with a Waring blender. They were permitted to 
hydrate 24 hr. before admixing clay dispersions. 


Sodium bentonite2 was slurried in a Waring blender with 
water for 10 min. at top speed and was decanted from settled out 
grit and heavy particles. This reduced the clay concentration from 
28 to 21 g./l. The supernatant dispersion was passed through a 
column of a commercial cation-exchange resin3 in the sodium form. 
The pH of a dispersion containing 21 g./l. was 9.8. Since the micro- 


1 Avicel-PH, FMC Corp., Marcus Hook, Pa. 


3 Amberlite IR-120, Rohm & Haas Co., Philadelphia, Pa. 
Volclay bentonite, 325 mesh, American Colloid Co.,  Skokie, Ill. 


crystalline cellulose is partly soluble in alkaline media, the pH of the 
clay dispersion was adjusted to 5-7 as follows: a small amount of 
the sodium bentonite dispersion was passed through a column of 
the cation-exchange resin in the hydrogen form, which reduced its 
pH to 2.2. It was then mixed immediately with enough of the 
sodium form to obtain the desired pH. 


The water was twice distilled. Neither bentonite nor cellulose 
contained water-soluble impurities. Mixed suspensions were pre- 
pared by combining the required amounts of clay dispersions and 
cellulose suspensions of known concentrations and stirring together 
in a Waring blender, followed by two passes through a hand 
homogenizer. Lower viscosities and yield values were found if 
homogenization was omitted. The total solids content of disper- 
sions was sometimes determined by drying at 125” to ensure 
against concentration changes due to evaporation of water. The 
nominal and actual compositions always agreed within *0.01 x, 
expressed as solids content. 


After viscosity measurements, the suspensions were concentrated, 
spread into thin layers on metal or glass trays, and dried in a forced- 
circulation oven. As a routine precaution, the composition of a few 
films was determined from the ash content at 600”. The difference 
between nominal and actual composition was always below 0.1 % 
in terms of percentage composition values. This shows that preferen- 
tial settling out of bentonite or of cellulose from the suspensions 
during handling did not occur. 


Methods-Viscosity measurements were made with a rotational 
Synchro-Lectric viscometer,4 using chiefly the No. 1 and occasion- 
ally the No. 2 spindle. The instrument was used at 2, 4, 10, and 20 
r.p.rn. with the guard in place. The 650-ml. samples were measured 
in 800-ml. beakers. All measurements were made at 22-23.5 ”. 


Because the Viscosity of suspensions containing cellulose rose 
very rapidly even after short rest periods, the flow measurements 
had to be restricted to those observable after elimination of thixo- 
tropic thickening. Reproducible results were obtained when the 
suspensions were stirred for 10 min. with a magnetic stirrer at top 
speed immediately before measuring viscosities. Sometimes, thixo- 
tropic increases in viscosity occurred even during viscosity measure- 
ments. In those cases, the suspensions were stirred between readings 
as often as was necessary to obtain reproducible values. 


Flow curves were drawn as revolutions per minute (rate of shear) 
uersus scale divisions of torque (shear stress); the full scale was 500 
divisions. Yield values, Y, are reported as scale divisions for No. 1 
spindle at the point where the extrapolated flow curve intersected 
the shear stress axis. They are only approximate values, particularly 
for those systems where rapid thixotropic buildup of Viscosity 
introduced some uncertainty in the readings at 2 r.p.m. 


There are two convenient and representative ways of defining 
the viscosity of shear-thinning liquids, some of which have yield 
values. The first, “differential viscosity,” is defined here as the 
reciprocal slope of the secant to the flow curve at the points 
for 10 and 20 r.p.m. Since the instrument had only four speeds, 
this was more reproducible than drawing the tangent to the flow 
curve at a given r.p.m. and using its reciprocal slope (13, 14). The 
differential viscosities, &, in centipoises (cps.), were calculated as 


T&. = K(A div./A r.p.m.) (Eq. 1) 


which became 


- div. (10 r.p.m.)] (Eq. 2) div. (20 r.p.m.) 61. = 1.96 [ 1.06 


Model RVF, Brookfield Engineering Laboratories, Inc., Stoughton, 
Mass. 
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for the No. 1 spindle, and 


div' (20 - div. (10 r.p.m.)] (Eq. 3) 1.17 &. = 8.2 [ 
for the No. 2 spindle; div. (20 r.p.m.) is the number of scale divisions 
on the torque scale ranging from &500 at the speed of 20 r.p.m. 
The numerical constants were determined by calibrating the instru- 
ment with a 60% sucrose solution (48 cps. at 23.2'). 


A second way of describing the flow behavior is as "apparent 
plastic viscosity" (1 5), by analogy to plastic and pseudoplastic 
liquids (16). Apparent plastic viscosities, $,., in cps., for the No. 1 
spindle were calculated as 


Y div (20 r.p.m.) - g,, = .- 
1 .06 


This is the reciprocal slope of the secant to the flow curve at the 
point of 20 r.p.m. and the yield value or, if Y = 0, at the origin. 
Such computations are necessary because, while the suspensions 
containing only cellulose gave nearly linear flow curves above the 
yield value between 4 and 20 r.p.m., many of the suspensions con- 
taining clay gave flow curves that were convex toward the shear 
stress axis, and the two kinds of curves must be compared. For 
Newtonian liquids, differential viscosity and apparent plastic vis- 
cosity are identical with the Newtonian viscosity. 


The mechanical properties of the films were measured after 
conditioning at 23" and 50% relative humidity, using a recording 
stress-strain tester equipped with strain gauges.6 Tensile strength 
in the plane of the film (x-y direction) was determined on strips 
1.27 cm. (0.5 in.) wide and with a 2.54-cm. (1.0-in.) distance between 
the clamps, which were elongated at the rate of 2 %/min. To compen- 
sate for differences in density, the tensile strength is expressed as 
breaking length, i.e., the smallest length of film sufficient to cause it 
to break under the load of its own weight. The tensile strength 
perpendicular to the plane of the film (z-direction) was determined 
by gluing a 2.54 X 2.54-cm. (1 X 1-in.) film specimen with epoxy 
cement between two cubic aluminum blocks of 2.54-cm. (1-in.) side 
length, attaching one to the upper jaw of the tensile testing machine 
and the other to the crosshead, and lowering the latter at the rate of 
0.025 cm./min. (0.01 in./min.). The z-direction tensile strength repre- 
sents resistance to delamination. The epoxy cement did not apprecia- 
bly penetrate the clay film because, except for the layer immediately 
adjoining the aluminum surface, the ruptured films swelled and 
dispersed freely in water. 


RESULTS 


Flow Properties-Typical flow curves are shown in Fig. 1. Dif- 
ferential and apparent plastic viscosities and approximate yield 
values are listed in Table I. Compositions are expressed as volume 
percent of dry material, with a density of 1.5 g . / ~ m . ~  for cellulose, 
2.8 g . / ~ m . ~  for clay, and 1.0 g . / ~ m . ~  for water. Yield values are 
expressed as scale divisions for the No. 1 spindle, full scale being 
500 divisions. As indicated by Table I, clay tends to build up 
viscosity faster than cellulose, and cellulose tends to produce yield 
values faster than clay with increasing concentration. 


The effect on the differential viscosity of gradually replacing clay 
with microcrystalline cellulose while maintaining the total concen- 
tration of suspended solids constant at 1.64 vol. % of dry material 
is shown in Fig. 2. Also shown is the effect of concentration on the 
differential viscosity of dispersions of pure clay. The abscissa scale 
representing clay concentration is the same for both curves. There- 
fore, the upper, broken curve refers to compositions containing a 
concentration of cellulose equal to 1.64 vol. % minus the indicated 
clay concentration. 


If the two curves coincided, microcrystalline cellulose would 
have the same thickening effect on clay dispersions as water, i.e., 
none. If the broken curve representing the viscosity of mixed suspen- 
sions at constant total concentration was a straight horizontal line 
located at the differential viscosity of a pure clay dispersion con- 
taining 1.64 vol. %, namely 135 cps., cellulose would have the 
same thickening effect on clay dispersions as an equal volume of 
additional clay. The broken curve was only slightly above the solid 


6 Instron Corp., Canton, Mass. 


Table I-Differential Viscosities, Apparent Plastic Viscosities, and 
Yield Values for Suspensions Containing Na +/H + Bentonite 
andlor Microcrystalline Cellulose 


Differen- Apparent Yield Value, 
tial Plastic Five- 


Clay, Cellulose, Viscosity, Viscosity, Hundredths 
vol. z VOI. z cps. cps. of Full Scale 


0.730 
0.864 
1.024 
1.118 
1.199 
1.213 
1.317 
1.430 
1.552 
1.650 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.182 
0.365 
0.552 
0.736 
0.921 
1.108 
1.299 
1.486 
0.344 
0.257 
0.129 
0.150 
0.300 
0.514 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1.616 
3.149 
3.252 
3.355 
3.430 
3.459 
3.562 
3.666 
3.770 
3.874 
3.947 
3.978 
4.082 
4.186 
1.441 
1.265 
1.087 
0.907 
0.727 
0.547 
0.360 
0.183 
3.085 
3.172 
3.294 
3.840 
3.700 
2.915 


13 
16 
19 
22 
26 
28 
33 
47 
78 


135 
7 
9 


10 
1 1  
10 
9 


13 
12 
11 
12 
14 
18 
18 
16 
1 1  
12 
15 
18 
19 
24 
41 
72 
71 
44 
29 
39 


107 
123 


11.5 
15 
18.5 
23 
30 
32 
41.5 
64 


108 
194 


7 
1 1  
13 
12 
11 
12 
14.5 
18 
19 
21 
18 
28 
23 
25 
8 . 5  


10.5 
12.5 
14 
21 
28 
49 
97 


20 
40 


120. 
1 4 0 a  


- 
- 


0 
0 
0 
0 
0 
0 
1 
2 
9 


22 
0 
9 
7 
8 
9 


10 
9 


16 
17 
20 
25 
26 
27 
32 
0 
0 
0 
1 
1 
2 
3 
9 


56 
152 
610" 
550" 


- 
- 


a Divisions measured with No. 2 spindle x 4. 


curve, indicating that microcrystalline cellulose exerts only a modest 
thickening effect on clay dispersions. 


The reverse situation is shown in Fig. 3. Starting with a cellulose 
suspension of 3.430 vol. % and replacing small but increasing 
amounts with clay at a constant volume fraction of dry solids caused 


0 50 100 150 200 
DIVISIONS (0-500 FULL SCALE) 


Figure 1-Typical flow curves for suspensions of bentonite, micro- 
crystalline cellulose, and their mixtures. Key: 0, 3.874 vol. % cel- 
lulose; 0,1.486 vol. 
clay: and A, 3.840 vol. cellulose f 0.150 vol. clay. 


clay f 0.183 vol. % cellulose: A, 1.650 vol. 
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1.5 


Figure 2-Differential viscosity of clay dispersions as a function of 
clay content, and the effect of replacing clay with cellulose. Key: 
0-0, clay only; and 0---0, gradual replacement of clay with 
cellulose at a constant solids conten! of 1.64 f 0.02 vol. %. 


a rapid increase in differential viscosity. In the range of compositions 
studied, this increase amounted to about 170 cps./vol. % replaced. 
If the increase in viscosity per volume percent was the same for 
cellulose as for clay, the broken curve would be a straight horizontal 
line located at the differential viscosity of the 3.430 vol. z cellulose 
suspension, namely 10 cps. The rapid divergence of the two curves 
shows that for suspensions of microcrystalline cellulose, bentonite 
is a far more effective thickening agent than are additional amounts 
of cellulose. Similar plots and the same conclusions can be obtained 
with apparent plastic viscosities. 


The following numerical examples show how the relative thicken- 
ing efficiency of clay and that of cellulose were compared. From 
Fig. 2, it is seen that a suspension containing 0.47 vol. clay and 
1.64 - 0.47 = 1.17 vol. %cellulose hasthe same differentialviscosity 
as a 0.80 vol. clay dispersion. Therefore, 0.80 - 0.47 = 0.33 
vol. % clay is approximately equivalent in thickening power to 
1.17 vol. % cellulose, or 1 vol. % clay is equivalent to 3.55 vol. % 
cellulose. From Table I, a 4.0-vol. % cellulose suspension is seen 
to have the same differential viscosity as the interpolated value for a 
0.98-vol. % clay dispersion, and a 3.8-vol. % cellulose suspension 
the same as a dispersion containing 0.73 vol. clay. The equivalent 
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Figure 3-Differenrial viscosity of cellulose suspensions us a function 
of cellulose content, and the effect of replacing cellulose with clay. 
Key: @-0, cellulose only; and 0. - -0, gradual replacement of 
cellulose by clay at a constant solids content of 3.430 f 0.004 uol. 
%. 
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Figure &Effect of thickness on the tensile strength of Na+ bentonite 
films. Rate ofelongation: 0,2%/nin.:andO, 1O~;lrniii. 


of 1 vol. clay is, therefore, 4.08 and 5.20 vol. "?, cellulose, respec- 
tively. The values obtained by this kind of calculation, based on 
differential viscosities, ranged from 1 : 3.0 to I : 9.0, with a mean 
equivalent thickening ratio of 1:4.5 vol. dry clay-vol. z dry 
cellulose. Similar calculations for apparent plastic viscosities gave a 
range of 1 : 3.2-1 : 10.8 for equivalent thickening ratios of clay- 
cellulose and a mean of 1:4.9. The large spresd in the values may 
be due to the fact that the structural mechanism by which bentonite 
thickens a cellulose suspension is different from the one operative 
in a dispersion of pure bentonite. The 4.5 and 4.9 ratios are only 
meaningful as an order of magnitude. 


According to Einstein's law, the viscosity of dispersions is deter- 
mined only by the total volume fraction of the dispersed phase and 
not by its particle size. The present systems are strongly non- 
Newtonian; even the viscosity of very dilute bentonite dispersions 
was found to be 70 times larger than that predicted by Einstein's 
law, owing to the interaction between particles ( 5 ) .  This interaction 
is responsible for the pronounced thickening observed. Thickening, 
i.e., high viscosities and yield values, results from three-dimensional 
networks formed by particle-particle association. Small particle 
sizes, as shown by high specific surface areas, and highly asym- 
metric particle shapes are conducive to thickening (Reference 13, 
p. 338; Reference 14, p. 180). The increase in viscosity with de- 
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Figure 5-Effect of microcrystalline cellulose on the breaking length 
of Nuc/Hi bentonite films. 
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Figure 6-Effect of microcrystalline cellulose on the elongation to 
break of Na+/Hi bentonite fiims. 


creasing particle size has also been attributed to a solvation shell 
surrounding the particles, which increases their effective volume 
(17). 


The kind of bentonite used here has stacks of 34lattice layers as 
primary particles. These swell in water by inserting three layers of 
water, each 3 A thick, between adjacent clay layers (5 ,  18). Neglect- 
ing the lateral area, the specific surface area corresponding to the 
basal planes is 240 m.2/g. The primary particles in microcrystalline 
cellulose, which had been stirred for 10 min. at top speed in a 
Waring blender and given two passes through a hand homogenizer, 
were rods or laths with a median length between 4.5 and 6.5 p 
and a median diameter or width between 1.0 and 1.6 p when wet. 
According to these microscopic measurements, the specific surface 
area of the water-swollen particles was about 3 rn.z/g. 


The bentonite lamellas are far more asymmetrical than the rods of 
microcrystalline cellulose. The higher specific surface area of the 
clay particles compared to the cellulose particles, and their greater 
asymmetry, should produce an equivalent thickening ratio far 
greater than 1 : 4.5 or 1 :4.9. This may indicate the existence of some 
specific effects which enhance the thickening power of the micro- 
crystalline cellulose or reduce that of bentonite. Hydrogen-bond 
formation resulting in more and stronger particle-to-particle 
attachments for cellulose is unlikely to be responsible for the smaller 
than expected difference in thickening, because bentonite particles 
can adhere to cellulose surfaces by hydrogen bonds (as proton 
acceptors) as readily as two cellulose surfaces adhere to each other 
(9). There seems to be no reason why the hydration shell surround- 
ing a cellulose particle should be substantially deeper than that 
around a clay particle of the same size. Perhaps electrostatic effects, 
specifically the repulsive component of the interaction between the 
more highly charged clay particles, are involved. Another possible 
explanation is that the mechanical shearing to which the micro- 
crystalline cellulose was subjected, like the beating of paper-making 
pulp, frazzled the rods, rendering their surface fuzzy. Microfibrils 
emanating from the rods need not be visible at the magnification 
of 500X used in these microscopic observations, yet they could 
increase the surface area of these rods and considerably enhance 
their ability to form three-dimensional networks in suspension. 
This would also explain why the rods seemed to occur in clumps. 


Film Properties-Neither pure microcrystalline cellulose nor a 
mixture containing 88 vol. % cellulose formed coherent films when 
their aqueous suspensions were dried without external pressure. 
For the remaining range of compositions, the apparent densities 
of the conditioned films, d, i.e., the weight divided by length X 
width X thickness, increased with increasing weight Z clay (% CL) 
according to the equation 


d = 0.544 + 0.0134z CL 0%. 5 )  


Using 1.5 and 2.8 g.Icm.3 as bulk densities of cellulose and clay, 
the equation indicates that the void volume of the films increased 
with increasing cellulose content, from 3 0 x  for pure clay films to 
44% for films containing 77.6 vol. % cellulose. The high void 
volume associated with microcrystalline cellulose is useful for the 
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Figure 7-Effect of microcrystalline cellulose on the z-direction 
tensite strength of Na+/H+ bentonite films. 


absorption of oils and pharmaceuticals in tablets or gels (2). 
The mechanical properties of films of pure clay were found to 


improve with increasing thickness (Fig. 4). This runs counter to the 
usual observation of increasing strength of films and fibers with 
decreasing cross-sectional area owing to the reduced probability 
of finding flaws. For this reason, only films of thickness between 
0.010 and 0.015 cm. were tested in later work. As can be seen from 
Fig. 4, the proportionality between tensile strength and thickness 
cannot extend to films much thinner than those studied in the 
present work. Otherwise, extrapolation of the least-squares line based 
on films in the thickness range of 50-150 p would result in a tensile 
strength of nearly 30 kg./cm.z for a film of zero thickness. The corre- 
lation coefficient between tensile strength (dependent variable) and 
film thickness for the data of Fig. 4 is 0.909. At 26 degrees of free- 
dom, this corresponds to a level of significance better than 0.1 %. 


In Figs. 5-7, each point is the average of at least eight measure- 
ments, and the bars represent f the standard deviation of the 
averages. The initial 15 vol. cellulose had no noticeable effects 
on breaking length and elongation. Higher loadings of cellulose 
reduced the former by approximately 30% to a nearly constant 
level independent of cellulose loading. Except for the film containing 
77.6 vol. cellulose, the z-direction tensile strength decreased only 
very slightly with increasing cellulose content (note the expanded 
ordinate scale of Fig. 7). 


The fact that finely dispersed cellulose lowered the strength of 
sodium bentonite or hydrogen bentonite films only moderately indi- 
cates that the adhesion of cellulose to clay is of the same order of 
magnitude as the adhesion of clay to itself. The strength of the pure 
bentonite films indicates that the latter is considerable. Mixed 
cellulose-bentonite films swelled freely and disintegrated readily in 
water over the entire range of compositions. 
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NOTES 


Cautions Regarding the Physical Interpretation 
of Statistically Based Structure-Activity Relationships 


ARTHUR CAMMARATA*, RICHARD C. ALLEN*, J. K. SEYDELt, and E. WEMPEt 


Abstract 0 The distinction between the use of multiple regression 
analysis as a predictive tool and as a means of investigating con- 
trolling physical characteristics in structure-activity studies often 
is unrecognized. Three examples of complications that can arise 
with either of these goals in mind are discussed. The first is an il- 
lustration of a “false” parabolic dependence of activity on lipo- 
philicity ; the second deals with unrecognized interrelationships 
between certain physical parameters; and the third is a situation 
where a number of statistically significant correlations can be pre- 
sented, each of which may be given a differing physical interpreta- 
tion. 


Keyphrases 0 Structure-activity relationships-precautions con- 
cerning interpretation 0 Multiple regression analysis-use, misuse 


Within the past few years, multiple regression analysis 
has been exploited as a statistical tool for the evaluation 
of structure-activity data. One goal of these analyses is 
the derivation of a regression equation which will provide 
estimates of the biological potencies for additional struc- 
tural entities within a series. A second goal is the deter- 
mination of the physical and chemical properties of a 
given series of compounds which are most influential in 
affecting the observed biological potencies. It is often 
not recognized that each of these goals represents a 
separate problem, because the multiple regression ap- 
proach usually makes use of physically meaningful 
parameters. As a consequence, any regression equation 
that correlates structure-activity data can be given a 
physical interpretation. At times, however, a quirk 
within a set of structure-activity data can lead to a 
statistically significant regression equation which pro- 
vides a poor, if not erroneous, reflection of the physical 
factors affecting biological potency. At other times, a 
physical interpretation becomes difficult because a 
number of correlations can be presented for the same 
data, each of which involves one or more parameters 
that could be given a differing physical interpretation. 
Three examples to illustrate these complications are dis- 
cussed in this report. 


EXAMPLE 1 


The minimum inhibitory concentrations against Escherichia coli 
for a variety of congeneric sulfanilamides have been correlated 
linearly with the Hammett U-value or with the pKa for the com- 
pounds (1,2). Other congeneric sulfanilamide series have been found 
(3) which require the addition of T or of T and ~2 terms in a multiple 
regression model in order to gain a correlation with their bacterio- 
static activities. A ?r term in combination with u or pKa in a regres- 
sion equation indicates that lipophilic and electronic factors, respec- 
tively, are controlling biological potency. When both a and ?yZ ap- 
pear in a regression equation, the biological activities are paraboli- 
cally related to the lipophilicities of the compounds; i.e., there is an 
optimal lipophilicity to observe a maximum biological response 
within the series. 


A reasonable approach to follow if regression equations are to be 
used as a guide to further syntheses is first to synthesize and test a 
relatively few compounds which vary over a wide range with respect 
to their expected electronic (a) or lipophilic ( T )  characteristics. If the 
subsequent regression analysis requires the addition of a physical 
parameter other than that chosen as an initial criterion to correlate 
the activity data, it could be said that the additional parameter (or 
parameters) reflects a real physical requirement for the system under 
study. Following this approach, N1-benzoylsulfanilamides having 
substituents covering extremes in Hammett U-values (Compounds 
1-7; Table I) are found to have their bacteriostatic potencies cor- 
related by the equation 


log (1/c) = -0.81 (AO. 1 6 ) ~  + 1 . 1 8  ( 1 0 . 3 1 ) ~  (Eq. 1) 
(-4.99) (3.74) 
-1.19 ( f 0 . 3 5 ) r Z +  5 .10  


(- 3.38) 
N s R F(3,3) 
7 0.12 0.98 34.67 


In Eq. 1, the standard error for the estimate of a coefficient appears 
in parentheses after the coefficient; in parentheses below the coeffi- 
cient is the t test. The statistics for the equation are the standard 
error of the estimate s, the multiple correlation coefficient R, and the 
F-ratio. 


Based on Eq. 1 ,  it may be concluded that electronic and lipophilic 
factors control the bacteriostatic activities for this series of sulfanil- 
amides and that there is an optimum lipophilicity for the series. If 
the latter conclusion is true, a regression equation based on the 
activities for a larger number of N1-benzoylsulfanilamides should 
retain the T and 1 2  terms as found in Eq. 1, since the lipophilicities 
for the additional compounds should lie on the same parabola as is 
found for the smaller series. In this particular instance, an extension 
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BOOKS 


Gas Chromatography in Biology and Medicine. A Ciba Foundation 
Symposium. Edited by RUTH PORTER. J. & A. Churchill, 104 
Gloucester Place, London, England. 1969. 224 pp. Price $9.00. 
This is another excellent monograph published under the auspices 


of the Ciba Foundation. This foundation is well known to those in 
the chemical and biological sciences for the numerous and excellent 
symposia it presents annually at which internationally known 
scientists participate in presenting papers dealing not only with 
original research but also in presenting lucid reviews of the “State 
of the Science” in which they are participating. The proceedings 
of these symposia are published as monographs in their entirety, 
thus presenting not only the formal papers but also the usually lively 
discussions which take place following each presentation. These 
following discussions are often the more interesting part of the 
proceedings, which are usually omitted in monographs of most 
other symposia. Once again the high standards of excellence of this 
Ciba Foundation Symposium have been preserved, resulting in a 
publication that makes a substantial contribution to the literature 
available on the subject. 


Gas Chromatography in Biology and Medicine is a very appro- 
priate title because this is the area of scientific endeavor where the 
technique is put to the ultimate tests of sensitivity, specificity, and 
usefulness. The formal papers published herein were presented at 
a symposium of the same title held in London, England, February 
1969. 


The material covered is divided into four main sections. The 
Introduction contains a survey of the historical background of 
chromatographic separation by A. J. P. Martin and an account of 
the many significant developments in gas chromatography, espe- 
cially when used with ancillary techniques such as mass spec- 
trometry and NMR, by s. R. Lipsky. 


The second section is devoted to the design of the chromatographic 
system. J .  H. Parnell presents a good argument for the use of the 
shortest column length possible for achieving the desired separation 
and also recommends that more emphasis be placed in this regard 
on improving the selectivity factor of a column rather than the 
number of theoretical plates generated. The subject of detectors 
is well covered by D. W. Hill, especially with respect to ionization 
detectors such as electron-capture detectors which are being 
extensively used in drug analysis at the nanogram to picogram level 
of detection from biological specimens. The use of the pulsed D. C. 
mode of E. C. detection produces greater linearity and repro- 
ducibility with these detectors. The effects of water vapor on argon 
ionization detectors is discussed by B. C. H. Warren and M. G. 
Dalzell, while the use of the W-value detector in the determination 
of oxygen and anesthetic vapors in expired air is discussed by B. 
C. H. Warren and J .  E. Lovelock-a pioneer worker in the design 
of ionization detectors. 


The Biological and Medical Application section covers the bulk 
of the monograph with several very interesting and informative 
chapters-uiz., 


0 H. L. Lowe and K. Hagler-Determination of volatile organic 
anesthetics in blood, gases, tissues, and lipids using their 
partition coefficients for differential extraction, and represents 
an interesting thermodynamic approach to the determination 
of the tissue to gas partition coefficients. 


0 M. J. Pumes-Measurement of the gas content of blood samples 
using gas chromatography. 


0 A. S. Curry-Recent developments in the use of gas chroma- 
tography in forensic toxicology. 


0 D. J. Blackmore-The use of gas liquid chromatography in 
aircraft accident toxicology. These two chapters give a very 
informative account of the problems facing the toxicologist and 
the pathologist in determining whether the cause of death is ac- 
cidental or intentional. This is an area which tests the analyti- 
cal competence of the practicing forensic toxicologist in his 
ability to come up with the right answer to trace amounts of for- 
eign materials recovered from the subject or the scene of event 


where the sensitivity and specificity of a gas chromatographic 
procedure are the only means of obtaining reliable and fool- 
proof evidence. 


0 S. Garattini, F. Marcucci, and E. Mussini-Gas chromatographic 
analysis of benzodiazepines. This is an interesting account 
of the use of GLC with different detectors (flame and electron 
capture) in the determination of members of a class of drugs 
(tranquilizers) and their major metabolites in animal species 
and in man. The significance of the blood and tissue levels 
of the drug in animal species, its influence on the pharmaco- 
logical responses obtained, and the interpretation and extrap- 
olation of these findings to clinical observations seen in 
man are presented. This chapter highlights the results from 
several other publications by the same authors. 


The final section covers future trends in development where the 
use of complementary techniques in filtering the information ob- 
tained from GLC alone is presented. 


R. P. W. Scott-Gas chromatographic and spectrometric tech- 
niques, covers the problems of interphasing a mass spec- 
trometer with a gas chromatograph with computerized data 
handling facilities, a technique which is of great use in the 
isolation and characterization of drugs and their metabolites 
in biological extracts. The use of complementary techniques 
such as 1R and NMR using micro cells to enhance sensitivity 
of detection of the fractions trapped from the effluent of a gas 
chromatographic column is discussed. 


0 G. B. Marson-Digital computers and the analysis of chroma- 
tographic data, presents some of the hardware used in automat- 
ing the data handling and interpretation of GLC data. 


All the papers presented ale concise, well illustrated, and docu- 
mented with up-to-date literature references making this volume as 
current as such a monograph can possibly be. The discussions 
following each presentation are very thought-stimulating and make 
the reader wish he were participating actively in it rather than read- 
ing about it second hand. 


This monograph is in keeping, with respect to its content and 
presentation, with the philosophy of the Ciba Foundation: “Con- 
socient Gentes”-let the peoples come together. It is a worthy 
addition to the library of the practicing chromatographer. 


Reviewed by J. A. F. deSilva 
H6ffmann-La Roche Inc. 
Nutley, NJO7110 


The History of Penicillin Production. Chemical Engineering Pro- 
gress Symposium Series, No. 100, Vol. 66. Edited by ALBERT L. 
ELDER. American Institute of Chemical Engineers, 345 East 47th 
St., New York, NY 10017, 1970. vi + 100 pp. 21.5 X 28 cm. 
This volume of the Chemical Engineering Progress Symposium 


Series deals with the history and problems of developing mass- 
produced penicillin, necessitated by the Second World War. The 
Institute hopes, by historically documenting particular pi ojects, this 
knowledge might be used to facilitate and expedite future projects 
of a similar or related nature. 
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Table 11-Biological Half-Life of Various Penicillins in Male and 
Female Beagle Dogs after Intravenous Administration 


~~ - Half-Life. min. 
Sex Nafcillina Dicloxacilline Ampicillin 


Male 10 (9-1 11' 16 ( 12-20)b 35 (29-39)' 
Female 10 (9-1 I ) b  18 (15-22)$ 34 (28-38)b 


tion, which rules out this factor as an explanation for the difference 
in serum levels noted. A possible reason for the sex difference in 
serum levels in beagle dogs may be due to a difference in acidity 
of the gastrointestinal tract andlor to a difference in the gut wall 
metabolism of the monobasic penicillins in the male and Female of 
this species. 


REFERENCES 
a Administered as 


half-life observed. 
the sodium salt of the monohydrate. b Range of 


In any event, the sex of the test animal should be considered 
in studies concerned with in ciuo effects of monobasic penicillins in 
which dogs, particularly beagles, are used. The effect of the animal's 
sex on the biological utilization of such compounds in other species 
and in human subjects is not known at this time. Studies in humans 
are of interest since differences of the magnitude observed in the 
animal studies may be clinically significant. 


SUMMARY 


The biological utilization, as demonstrated by blood serum levels 
and area under the serum level-time curves, for a series of penicillin 
compounds in male and female beagle dogs has been determined. 
Results obtained indicate that the female of this species attained a 
higher mean peak serum level and a greater area under the blood 
serum level-time curve than did the male after oral administration 
of the monobasic penicillins studied: dicloxacillin, nafcillin, and 
penicillin G. The amphoteric penicillins employed, ampicillin and 
Wy-4508, showed no significant difference in blood serum levels 
or curve areas after oral administration to male or female beagle 
dogs. There was no significant difference between the sexes in the 
elimination rate (half-life) of the monobasic penicillins, sodium 
dicloxacillin monohydrate and sodium nafcillin monohydrate, or of 
the amphoteric penicillin, ampicillin, after intravenous administra- 


( I )  J. Grossie and C. W. Turner, Proc. SOC. Exp. Biol. Med., 107, 


(2) J. D. McColl and P. Sacra, Toxicol. Appl. Pharmacol., 4, 


( 3 )  A. J. Pallotta, M. G. Kelly, D. P. Rall, and J. W. Ward, 


(4) G. P. Quinn, 3. Axelrod, and B. B. Brodie, Biochem. Phar- 


(5) B. B. Brodie, Cliti. Pharmacol. Ther., 3 ,  374(1962). 
(6) R. J. Kernohan and C .  Todd, Lancet, I, 621(1966). 
(7)  H. Jick, D. Slone, I. T. Borda, and S. Shapiro, New Engl. J .  


520( 196 1 ). 


631(1962). 


J .  Pharmacol. Exp. Ther., 136,400(1962). 


macof., 1, 152(1958). 


Med., 279,284( 1968). 
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Pharmacokinetic Analysis of Potentiating Effect 
of Phenylbutazone on Anticoagulant Action of Warfarin in Man 


ROBERT A. O'REILLY* and GERHARD LEVYt 


.\bstract 0 Warfarin is eliminated more rapidly but its anticoagu- 
lant effect is increased by concomitant administration of phenyl- 
butazone. Pharmacoltinetic analysis by recently developed tech- 
niques shows that the prewarfarin synthesis rate and the normal 
degradation of prothrombin complex activity are not affected by 
phenylbutazone, but that this drug has a pronounced effect on the 
relationship between synthesis rate of prothrombin complex ac- 
tivity and plasma-warfarin concentration. These observations are 
consistent with the assumption that phenylbutazone competitively 
displaces warfarin from nonspecific binding sites in the plasma and 
tissues (particularly the liver) and thereby increases the interaction 
of the anticoagulant with its pharmdcologic receptor and metab- 
olizing enzyme system. 


Keyphrases n Warfarin activity-phenylbutazone effect 0 Phenyl- 
butazone effect, warfarin activity-pharmacokinetics 0 Pharmaco- 
kinetics-phenylbutazone potentiation, warfarin activity 0 Bio- 
logic half-life, warfarin-phenylbutazone effect 


Drug interactions are usually of three types. A drug 
may increase or decrease the elimination rate constant 
of another by stimulating or inhibiting drug metaboliz- 


ing enzymes, by changing urine pH or the flow rate of 
urine or bile, and/or by affecting the distribution of the 
other drug in the body. Another type of drug interac- 
tion involves the potentiation or inhibition of the phar- 
macologic effect of one drug by another without measur- 
ably affecting its kinetics of elimination. The third type 
of drug interaction is one where the gastrointestinal 
absorption of one drug is increased or decreased by 
the other. The coumarin anticoagulants exemplify all 
three of these effects. Induction of niicrosomal enzymes 
by heptabarbital increases the rate of elimination of 
warfarin and bishydroxycoumarin without affecting 
the relationship between anticoagulant effect and plasma 
-coumarin concentration in man (1, 2). Heptabarbital 
apparently also decreases the gastrointestinal absorp- 
tion of bishydroxycoumarin ( 3 )  by mechanisms which 
are still being studied. 


A particularly interesting interaction is that between 
warfarin and phenylbutazone. The former is more 
rapidly eliminated in the presence of phenylbutazone, 
but its anticoagulant effect in man is increased (4). 
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Table I-Effect of Phenylbutazone (PB) on the Elimination of Warfarin" 


Biologic Extrapolated Initial Plasma- 
Weight, Date of Experiment Half-Life," hr. Warfarin Concn.: mg./l. 


Subject' Age. yr. kg. Control With PB Control With PB Control With PB 


N-22 22 58 8-7-67 5-21-67 55 37 14.0 17.0 
N-27 22 78 6-26-67 7- 17-67 59 42 15 .7  17.3 
N-30 23 70 12-1 3-67 11-27-67 60 32 16.1 17.0 
N-3 1 25 84 12-17-67 11-27-67 79 51 13.2 13.9 
N-32 21 62 8-7-67 8-25-67 59 42 13.6 12.8 
N-33 21 85 12- 17-67 11-27-67 72 35 13.6 17.2 
Mean 63 40 14.3 15.9 
SD 9 7 I . 2  2 .0  


Sodium warfarin, 1.5 mg./kg. body weight, alone and on the 4th day of phenylbutazone administration, 200 mg. three times a day. b All males. 
c Based on least-squares regression analysis of log Cp values > 1 mg./l. d Listed only to facilitate description of the data. These values are a complcx 
function of the amount absorbed and of the kinetics of absorption, distribution, and elimination. 


This is unusual since more rapid elimination of a drug 
generally results in a decrease in its total pharmacologic 
effect (unless the drug is activated by metabolism). 
For example, the total anticoagulant effect of warfarin 
is decreased by enzyme inducers such as heptabarbital 
(1). Recently developed pharmacokinetic techniques (5) 
now permit a more detailed assessment of the mechanism 
of potentiation of warfarin by phenylbutazone. 


EXPERIMENTAL 


A single dose of sodium warfarin, 1.5 rng./kg. body weight, was 
administered orally to six normal subjects. Plasma-warfarin con- 
centrations and prothrombin complex activity were determined 
daily for 5 days or more. The same experiment was carried out also 
during phenylbutazone (PB) administration (200 mg. orally three 
times a day for at least 8 days). Warfarin was administered on the 
4th day of PB administration. Additional details of the study are 
described elsewhere (4, 6). 


THEORETICAL 


The theory and methodology for relating the anticoagulant effect 
of warfarin to its concentration in the plasma have been described 
in detail in a previous report ( 5 )  and will only he summarized 
here. Coumarin anticoagulants interfere with the synthesis of 
vitamin K-dependent blood-clotting factors (Factors 11, VII, IX, 
and X) but do not affect their degradation. There is no direct re- 
lationship between prothrombin complex activity (P)  and warfarin 
concentration in the plasma (C,), because the former represents 
the net effect of the synthesis of various clotting factors and their 
degradation. Thus, 


Ruet = Rsp .  - Rdeg. (Eq. 1) 


where Rnet is the net rate of change in P, Rryn. is the rate of synthesis, 


Table 11-Effect of Phenylbutazone (PB) on Synthesis Rate 
(R,,,.O) and Degradation Rate Constant (kd) for Prothrombin 
Complex Activity 


R3yn.'. % Of 
Normal/Day 7- kd, day-I-- 


Subject Control With PB Control With PB 


N-22 101 111 1.01 1.11 
N-27 95 95 0.95 0.95 
N-30 107 107 1.07 1.33" 
N-3 1 95 92 0.95 0.92 
N-32 92 92 0.92 0.92 
N-33 96 96 0.96 0.96 
Mean 98 99 0.98(0.98)b 1 .03(1.01)b 
SD 5 8 0.05 0.16 


Questionable value based on two data points. Control kd value was 
used for all calculations. b Harmonic mean. 


and Rdef. is the rate of degradation of P. Since Rdsg. = kdP, 


R,et Rsyn. - kdP or Rbw. = Rnet $- kdP (Eq. 2) 


where kd is the apparent first-order degradation rate constant for P.  
Prior to the administration of a coumarin anticoagulant, 


R,,.,.' = kdP' (Eq. 3) 


In the clinical range of C, and R,,,,., there is an essentially linear 
relationship between R,,,,. and log C ,  which, as has been shown 
previously (3, is described by the relationship 


Ray". = Rsyn.' + m log C, " , i n .  - m log C, (Eq. 4) 


where C,  ,,,in. is the hypothetical minimum effective C,. A plot of 
R,,,. versus log C, has a slope of -m and extrapolates to C, at 
Ray,. = 0. P and C, are determined experimentally as a function of 
time. Administration of a synthesis-blocking dose of warfarin (such 
that Rsy,. = 0) yields kd. The change of P with time determines 
Rnet. R,,,. can then be calculated by means of Eq. 2. Least-squares 
regression analysis of R,,,.  as a function of log C, yields rn and 
c, max. 


RESULTS 


PB significantly decreased ( p  <0.01 by paired t test) the biologic 
half-life of warfarin from an average of 64 hr. to an average of 40 
hr. (Table I). The extrapolated initial C, was higher during PB 
administration in five of the six subjects, but the difference was not 
statistically significant. PO was 100% of normal in all subjects in 
the control period and during PB administration. Also, PB had no 
effect on kd and, therefore, did not change R.,.O (Table 11). 


and log C, was profoundly altered 
by PB. In three of the six subjects the relationship remainedapproxi- 
mBtely linear, but the slope of the regression line (-m) decreased 
appreciably (e.g., Fig. 1). In the other three subjects, data obtained 
during PB administration show slight curvature (e.g., Fig. 2). Despite 


The relationship between 


0.5 1 4 8 
PLASMA WARFARIN SODIUM CONCN., mg./l. 


Figure 1-ESect of phenylbutazone on the relationship between 
synthesis rute of prothrombin complex aclivity (R,,, ) aidplasma wur- 
farin concentration ('2,) in Subject N-33. Key: 0, control; uttd *, 
with phenylbutazone. 
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Table III-Effect of Phenylbutazone (PB) on the Relationship between Prothrombin 
Complex Activity Synthesis Rate and Plasma Warfarin Concentration 


m, of Normal/Day Correlation Coefficient ---C, mg./l.--- 
Subject Control With PB Control With PB Control With PB 


80 
>, 


? -  


J 60 + a a -  
% 2 4 0 -  
I 
k -  z > 
cn 2 0 -  


N-22 
N-27 
N-30 
N-3 1 


\ 
\ 
\ 
\ 
\ 


- 
\ 
\ 


- 


0 


0 


0 


I I I I I l l  I I I I I L l I I  


145 
181 
128 
132 


35 
53 
46 
16 


0.99 
0.98 
0.96 
0.99 


0.96 
0.95 
0.92 
0.85 


12.8 
12.4 
12.0 
10.4 


11 .o 
8.1 
8.8 


20.0 
N-32 72 56 0.92 0.96 12.2 6.1 
N-33 119 35 0.98 0.98 9.8 8.6 
Mean 130 40 11.6 10.4 
SD 36 15 1.2 5.0 


this, and merely for facilitating a summary of the results, regression 
lines were fitted also to these data by the method of least squares. 
This summary is presented in Table 111. There was a highly sig- 
nificant ( p  <0.01) decrease in m during PB administration but no 
statistically significant change in C,  max. (by paired t test), although 
five out of six values were lower during PB administration. Figure 3 
shows the results obtained in Subject N-31 in the present study, as 
well as the results of three additional experiments with warfarin 
alone. C p  values in the additional experiments were determined 
spectrophotometrically, while all C, values in the present study were 
determined by fluorometry. 


DISCUSSION 


The biologic half-life of warfarin was significantly decreased 
during PB administration. PB is a known inducer of drug-metaboliz- 
ing enzymes (7) but, due to its pronounced affinity to plasma pro- 
teins @), it also displaces warfarin from protein-binding sites (6). 
There is evidence that decreased plasma protein binding increases 
the elimination rate constant of coumarin anticoagulants by in- 
creasing their concentration at biotransformation sites in the liver 
(9,lO). On the other hand, PB and bishydroxycoumarin (and, there- 
fore, presumably also warfarin) may be metabolized by the same 
enzyme system (1 1); therefore, there may occur mutual inhibition of 
biotransformation. Thus the observed effect of PB on the elimina- 
tion of warfarin may be the net result of more than one type of 
effect, and its direction and magnitude may depend on the dose and 
duration of PB administration. 


The lack of effect of PB on Po,  k d ,  and, therefore, on Rsyn. ’  shows 
that PB has no apparent effect on the blood-clotting system. On 
the other hand, the relationship between R,,,. and C, i s  consider- 
ably changed by PB. Unfortunately, the fluorometric assay for 
warfarin [which had to be used in this study because PB interferes 
with the spectrophotometric assay (6)] is not totally specific for 
unchanged warfarin and is affected also by one or more of its hy- 
droxylated metabolites (12). Particularly the lower C, values (Le., 


100 j \ 
\ 


the values obtained late in the experiment) are, therefore, somewhat 
higher than those obtained by spectrophotometry. Consequently, 
as is exemplified in Fig. 3, the regression lines are steeper (and m 
values larger) than when C, is determined spectrophotometrically. 
However, this has little effect on the relative relationships between 
R,,,. and C, with and without PB. 


The effect of PB is unlike that produced by the enzyme inducer 
heptabarbital (1) and differs also from the pattern observed in a 
subject who is genetically resistant to warfarin (13). Heptabarbital 
stimulates the biotransformation of warfarin and, therefore, de- 
creases C,; but the anticoagulant effect at a given C, is the same 
during control periods and during heptabarbital administration, 
i.e,, the “concentration-response” relationship is not altered (1). 
In the resistant subject, the slope of the R,,,. versus log C, plot is 
normal, but the regression line is displaced laterally to a higher 
C,  mas. value (13). 


PB affects mainlv the slooe ( - m )  of the R.,,.-log C, olot. Oualita- . ,  - . _  
tively, this suggests that PB competitively displaces warfar& from 
nonspecific protein-binding sites in the plasma and tissues’ and 
thereby affords more extensive interaction of the anticoagulant 
with its pharmacologic receptor in the liver. The more rapid elimina- 
tion of warfarin during PB administration is consistent with this 
reasoning, since warfarir, is eliminated by biotransformation in the 
liver and the elimination rate of the anticoagulant is a filnction of 
its concentration in the liver. The warfarin-PB interaction is an 
interesting example of the simultaneous occurrence of two separate 
effects, enhanced elimination (which ordinarily would decrease the 
total pharmacologic effect) and potentiation of the pharmacologic 


0.5 1 2 4 8 16 
PLASMA WARFARIN SODIUM CONCN., rng.11. 


Figure 3-Effect of phenylbutazone on the relationship between Rsyn. 
and C, in Subject N-31. Key: 0, control; and 0, with phenylbutazone. 
Shown also are data for four other control experiments in which C, 
was determined spectrophotometricdly. The regression line for the 
control results was fitted to all the experimental data. 


1 Note, for example, the qualitative similarity between the effect of a 
constant concentration of displacing agent on the protein binding of a 
drug at various concentrations (Fig. 3 in Reference 14) and the effect 
of a presumably relatively constant body level of PB on the activity of 
warfarin as found in the present study. 
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action of warfarin. Both of these effects seem to be due primarily 
to a change in the distribution of warfarin in the body. 
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Diffuse Reflectance Studies of Solid-Solid Interactions 


JOHN L. LACH and LYLE D. BIGHLEY" 


Abstract Tetracycline and its derivatives, bishydroxycoumarin, 
and methantheline bromide have been studied by diffuse reflectance 
spectroscopy for possible solid-solid interactions with various 
metallic adjuvants. Examination of the spectra of some of these 
drug-adjuvant systems show rather small spectral changes, while 
other spectra show large bathochromic and hyperchromic changes, 
new band formation, and visual color changes which are indicative 
of chargeetransfer interactions. Although these interactions vary 
in variety and intensity, they may significantly alter the availability 
and activity of the medicinal agent in pharmaceutical dosage forms. 


Keyphrases 0 Solid-solid interaction-determination Dif- 
fuse reflectance spectroscopy-solid-solid interaction analysis 
Tetracyclines, methantheline bromide, bishydroxycoumarin-metal- 
ion interactions 0 Metal ions-tetracyclines, -methantheline bro- 
mide, -bishydroxycoumarin-interactions 


Many articles in the pharmaceutical and medical 
literature deal with the problem of physiologically in- 
active tablet and capsule formulations. Lach and Born- 
stein (I) ,  by the use of diffuse reflectance spectroscopy 
(DRS), have postulated that the apparent inactivity 
may be due in part to adsorption of the active principle 
onto an inert adjuvant. They have shown that solid- 
solid interactions do indeed exist between various 
chemical entities and a wide variety of adjuvants com- 
monly found in pharmaceutical dosage forms. Although 
some of the interactions may be of the weak variety, 
they may, nevertheless, be sufficient to alter the absorp- 
tion and availability of the medicinal agent. 


The study of solid-solid interactions is of interest 
because of the effects that adjuvants may exhibit when 
incorporated into pharmaceutical dosage forms. These 
effects may include: (a) changes in the nature and in- 


tensity of biological activity caused by complexation 
with the active ingredient (2); (b )  modifications of the 
physical state, particle size, and/or surface area of the 
drug available to the absorption sites (3); or (c) changes 
in the stability of the active principle (4-7). 


The purposes of this study were to continue the 
investigation of solid-solid interactions of a number 
of drugs and to gain a better insight into the nature 
of these interactions. 


EXPERIMENTAL 


Reagents-Oxytetracycline hydrochlorde,l tetracycline hy- 
drochloride,2 chlortetracycline hydrochloride,* demethylchlor- 
tetracycline hydrochloride,2 methanthehe bromide: bishydroxy- 
c o ~ m a r i n , ~  magnesium trisilicate, ferric phosphate, aluminum 
hydroxide, tribasic calcium phosphate, and talc were used. 


Apparatus-The following were used: Beckman model DU 
spectrophotometer with a diffuse reflectance attachment ( I ) ,  
constant-temperature water bath with rotating spindles, 150-ml. 
amber vials with caps, Parafilm: and a glass desiccator with anhy- 
drous calcium sulfate.6 


Procedur-Preparation of the Tetracyclines-Thirty milligrams 
of active ingredient (tetracycline HCI, oxytetracycline HCI, chlor- 
tetracycline HCI, and demethylchlortetracycline HCI) was weighed 
for every 2 g. of adsorbent (pharmaceutical adjuvant) used. The 
powders were placed in 150-ml. amber vials, and 25 ml. of distilled 
water was added as the dispersion medium. The vial was then cov- 
ered with Parafilm and capped. Equilibration was allowed to pro- 
ceed for 2 hr. a t  30 f 0.5" to effect interaction. After equilibration, 
the suspension was filtered under vacuum and the powder dried 


1 Pfizer and Co. 
2 Lederle and Co. 
3 Senrle and Co. 
4 K and K Laboratories. 
5 Marathon Co. 
6 Drierite, Hammond Co. 
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C O M M U N I C A T I O N S  


Unequivocal Distinction between 
Betamethasone and Dexamethasone 
by Mass Spectrometry 


Keyphrases 0 Dexarnethasone, betarnethasonedistinction, deter- 
mination c] Mass spectrometry-identity 


Sir: 


I n  a review on stereoisomeric effects on mass spectra, 
Meyerson and Weitkamp (1) state that mass spectra of 
stereoisomers are, in general, qualitatively and quantita- 
tively similar. Reference is made therein to work that 
demonstrates differences between the mass spectra of 
epimeric pairs of secondary and tertiary steroid alcohols. 
More recently, Grostic and Rinehart (2) have dis- 
tinguished between epimeric 1 1-hydroxyprogesterones 
by mass spectrometry. 


We wish to report that mass spectrometry provides an 
unequivocal method of distinguishing between the 
epimeric pair of synthetic corticosteroids betamethasone 


loo r I 


3,20-dione). The difference is large enough to 
be of considerable value in forensic analysis. The 
spectra, which will be discussed fully at a later date in 
combination with spectra of related compounds, are 
shown (Fig. 1 = betamethasone, Fig. 2 = dexametha- 
sone). The principal distinguishing feature is the peak at 
m/e 343, which corresponds to a loss of 49 mass units. In 
the dexamethasone spectrum, this peak is the next most 
prominent after the base peak (m/e 122); whereas in the 
spectrum of betamethasone, it is relatively insignificant. 


The peak at m/e 343 (M - 49) almost certainly arises 
from loss of water from the D-ring followed by cleavage 
of the 20,21-bond. Dexamethasone has a trans-diaxial 
arrangement of the 16P-hydrogen and 17a-hydroxyl, 
which favors dehydration. In  betamethasone, there is no 
hydrogen trans-diaxially oriented to the 17a-hydroxyl. 
An analogous situation has been reported by Zaretskii 
et al. (3). 


The high sensitivity of mass spectrometers means 
that this distinction may be carried out with a very 
limited amount of material, particularly in view of the 
relative abundance of the M - 49 peak in the spectrum 
of dexamethasone. There is, in addition, the advantage 


100 150 200 250 300 350 400 
m/e 


Figure 1-Muss spectrum of befamethasone. 
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Figure 2-Mass spectrum of dexamethasone. 


(9a-fluoro-1 lp,17a,21 - trihydroxy - 1613 - methylpregna- 
1 Masssp,ectra were recorded on a Hitachi-Perkin-Elmer model RMU- 


6D with an ionization voltage of 70ev. The compounds were introduced 1'4-dien-3'20-dione) and dexamethasone (9a'fluoro- 
11 0, 17a,2 I - trihydroxy - 16a - methylpregna - 1,4 - dien- directIy into the ioll chamber. 
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for analytical purposes that the molecular weight of the 
substance is indicated. 
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Audiosensitization : Potential Screening 
Method for Drugs Affecting the CNS 


Keyphrases 0 CNS active drugs-screening method 0 Stress, 
sound induced-seizures 


Sir: 


With the advent of new types of CNS active drugs, 
new screening tests with predictive association for subtle 
drug effects are needed. The phenomenon of audio- 
conditioned convulsions (1, 2) affords unique potential 
as such a screen. 


The exaggerated and abnormal responses of psychi- 
atric patients to  auditory stimuli (3) prompted the use of 
audiogenic seizures in genetically susceptible strains of 
mice as an analogous reaction pattern for CNS drug 
research (4, 5). The present report suggests the use of 
audioconditioning and the subsequent susceptibility to  
sound-induced seizures as a simple and more infornia- 
tive analogy. Both analogies are based on the hy- 
pothesis that stress-induced neurosis can be measured 
by quanta1 observations of CNS hyperexcitability in 
response to a specific triggering mechanism. The use of 
audioconditioning has the advantage of offering the 
induction of stress susceptibility, as well as the stress- 
induced crisis for drug modification and study. 


Susceptibility to sound-induced seizures can be con- 
ditioned in “sound-resistant” strains of mice by a short 
period (30 sec.) of auditory stimulation at a critical 
early age (1, 2). In mice, early experiments with the 
classical conditioning method of physiology showed 
that pretest exposure to sound elevates or reduces 
seizure threshold, depending upon the temporal param- 
eters of treatment (6). In such report;, however, the 
durations of both the conditioning stimulus and the 
condition-test interval have been short, generally only 
a few seconds. The audioconditioned convulsions 
described here are inherently similar, but the condition- 
test interval is much longer and is measured in days. 


Sound-resistant mice [e.g., CAW :CF-1 (SW)]’ dis- 
play an auricular startle upon initial sound exposure 
(audioconditioning), but less than 5 convulse (2). 
The sound source is a 6.3-cm. doorbell which produces 
approximately 95 db. (relative to  0.0002 dyne/cm. z, 
within a glass testing chamber, 25 cm. in diameter by 
I5 cm. deep. If conditioned at  the optimally sensitive age 
(18-20 days for CF-I), virtually all mice will convulse 
upon the second (test) sound exposure 2-3 days later. 
The initial conditioning stimulation is absolutely 
essential for the genesis of convulsions. 


The typical seizure in such sensitized animals con- 
sists of a sudden burst of wild running, followed by 
clonic and then tonic convulsions. Less severe seizures 
terminate after running or clonus. Estimates of seizure 
severity can be derived from latency and duration 
times as well as from seizure pattern (2, 7). The follow- 
ing experimental factors affect these parameters (2,7,8): 


1. The interval between conditioning and testing is 
critical. Maximal clonic-tonic convulsions characterize 
seizures after a 2- or 3-day condition-test interval; 
with a 1- or 5-day interval, only clonus is seen. 


Repeated auditory stimulation prior to  the de- 
velopment of convulsibility makes mice temporarily 
refractory to seizure, and prolongation of the initial 
conditioning sound (over 6 hr.) imparts permanent 
seizure resistance without causing deafness. Once an 
animal experiences a convulsion, however, seizure 
susceptibility persists for several weeks. This indicates 
that audiosensitization and seizure susceptibility are 
mediated by separate mechanisms. 


3. The tonal characteristics of the sound stimulus 
are equally or more important than the intensity. 
Although reproducibility is excellent, it is necessary 
to bioassay each bell periodically. After extensive use, a 
bell may no longer induce maximal seizures, despite no 
alteration in intensity. 


4. Genetic and environmental factors must t e  con- 
trolled. Noiies in the animal quarters, such as the clatter 
of metal garbage cans, have profound influence. The 
critical age for sensitization and the optimum condition- 
test interval vary from strain to strain. CF-I mice have a 
high incidence of maximal seizures, a short duration 
of audiosensitivity, and a low death risk. 


When these experimental factors are controlled, 
seizures of predictable incidence, severity, and latencies 
are produced (2). 


Theoretically, pharmacologic alteration of audio- 
conditioned seizures should be afforded by: (a) drugs 
that impair hearing or otherwise interfere with input 
of the sound stimulus; (b) drugs that block central 
perception of the stimulus; (c) drugs that inhibit or 
enhance the slow process of sensitivity development; 
(d) drugs that block the effect of intertrial stress; 
and (e) drugs that modify the mechanism of s,’ vzure 
production. The novel interest in audioconditioning as a 
screen will be for drugs that alter the developinent of 
sensitization (b  and c as previoudy mentioned). For 
these drugs, this screen is unique because the potential 
drug need not be present at the time the animals are 
challenged for a test response. Thus, the prosensitizing 


2 .  


1 Carworth Farms, New City, N. Y .  
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NOTES 


Cautions Regarding the Physical Interpretation 
of Statistically Based Structure-Activity Relationships 


ARTHUR CAMMARATA*, RICHARD C. ALLEN*, J. K. SEYDELt, and E. WEMPEt 


Abstract 0 The distinction between the use of multiple regression 
analysis as a predictive tool and as a means of investigating con- 
trolling physical characteristics in structure-activity studies often 
is unrecognized. Three examples of complications that can arise 
with either of these goals in mind are discussed. The first is an il- 
lustration of a “false” parabolic dependence of activity on lipo- 
philicity ; the second deals with unrecognized interrelationships 
between certain physical parameters; and the third is a situation 
where a number of statistically significant correlations can be pre- 
sented, each of which may be given a differing physical interpreta- 
tion. 


Keyphrases 0 Structure-activity relationships-precautions con- 
cerning interpretation 0 Multiple regression analysis-use, misuse 


Within the past few years, multiple regression analysis 
has been exploited as a statistical tool for the evaluation 
of structure-activity data. One goal of these analyses is 
the derivation of a regression equation which will provide 
estimates of the biological potencies for additional struc- 
tural entities within a series. A second goal is the deter- 
mination of the physical and chemical properties of a 
given series of compounds which are most influential in 
affecting the observed biological potencies. It is often 
not recognized that each of these goals represents a 
separate problem, because the multiple regression ap- 
proach usually makes use of physically meaningful 
parameters. As a consequence, any regression equation 
that correlates structure-activity data can be given a 
physical interpretation. At times, however, a quirk 
within a set of structure-activity data can lead to a 
statistically significant regression equation which pro- 
vides a poor, if not erroneous, reflection of the physical 
factors affecting biological potency. At other times, a 
physical interpretation becomes difficult because a 
number of correlations can be presented for the same 
data, each of which involves one or more parameters 
that could be given a differing physical interpretation. 
Three examples to illustrate these complications are dis- 
cussed in this report. 


EXAMPLE 1 


The minimum inhibitory concentrations against Escherichia coli 
for a variety of congeneric sulfanilamides have been correlated 
linearly with the Hammett U-value or with the pKa for the com- 
pounds (1,2). Other congeneric sulfanilamide series have been found 
(3) which require the addition of T or of T and ~2 terms in a multiple 
regression model in order to gain a correlation with their bacterio- 
static activities. A ?r term in combination with u or pKa in a regres- 
sion equation indicates that lipophilic and electronic factors, respec- 
tively, are controlling biological potency. When both a and ?yZ ap- 
pear in a regression equation, the biological activities are paraboli- 
cally related to the lipophilicities of the compounds; i.e., there is an 
optimal lipophilicity to observe a maximum biological response 
within the series. 


A reasonable approach to follow if regression equations are to be 
used as a guide to further syntheses is first to synthesize and test a 
relatively few compounds which vary over a wide range with respect 
to their expected electronic (a) or lipophilic ( T )  characteristics. If the 
subsequent regression analysis requires the addition of a physical 
parameter other than that chosen as an initial criterion to correlate 
the activity data, it could be said that the additional parameter (or 
parameters) reflects a real physical requirement for the system under 
study. Following this approach, N1-benzoylsulfanilamides having 
substituents covering extremes in Hammett U-values (Compounds 
1-7; Table I) are found to have their bacteriostatic potencies cor- 
related by the equation 


log (1/c) = -0.81 (AO. 1 6 ) ~  + 1 . 1 8  ( 1 0 . 3 1 ) ~  (Eq. 1) 
(-4.99) (3.74) 
-1.19 ( f 0 . 3 5 ) r Z +  5 .10  


(- 3.38) 
N s R F(3,3) 
7 0.12 0.98 34.67 


In Eq. 1, the standard error for the estimate of a coefficient appears 
in parentheses after the coefficient; in parentheses below the coeffi- 
cient is the t test. The statistics for the equation are the standard 
error of the estimate s, the multiple correlation coefficient R, and the 
F-ratio. 


Based on Eq. 1 ,  it may be concluded that electronic and lipophilic 
factors control the bacteriostatic activities for this series of sulfanil- 
amides and that there is an optimum lipophilicity for the series. If 
the latter conclusion is true, a regression equation based on the 
activities for a larger number of N1-benzoylsulfanilamides should 
retain the T and 1 2  terms as found in Eq. 1, since the lipophilicities 
for the additional compounds should lie on the same parabola as is 
found for the smaller series. In this particular instance, an extension 
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Table I--01 Virro Activities against Escherichia coli of 
N1-Benzoylsulfanilamides 


Com- Activ- 
pound ities,. 
Num- Benzoyl log 


ber Substituent U s ( 1 / 0  


1 4-OMe 
2 4-Me 
3 H 
4 4 4 3  
5 3-CF3 
6 4-NOp 
7 4-CN 
8 3-Me 
9 4-iso-Pr 


10 4-Et 
11 4-i-pr 
12 3,4-Me 
13 3-Me, 4-Me0 


-0.27 
0.17 
0.0 
0.23 
0.42 
0.78 
0.63 


-0.07 
-0.15 
-0.15 
-0.15 
-0.24 
-0.44 


0.08 5.40 
0.42 5.40 
0.0 5.25 
0.87 5.10 
1.07 4.65 
0.02 4.50 


-0.31 4.05 
0.52 5.40 
1.40 5.40 
0.92 5.62 
1.42 5.18 
0.94 5.40 
0.60 5.25 


a These activities were determined in the laboratories of J. K. S. and 
have been reported in previous discussions by J. I<. Seydel and E. 
Wempe, Arzeim.-Forsch., 14, 705(1964), and by A. Cammarata, J. 
Med. Chern., 11, 1111(1968). 


of the series (Compounds 1-13, Table I) eradicates the s, sa de- 
pendence: 


log (1/c) = -0.88 (*O. 19)u +0.59 ( f O . 3 2 ) ~  0%. 2) 
(-4.51) (1.81) 
-0.39 (3Z0.24)~’ + 5.04 


(-1.62) 
N s R F(3,9) 
13 0.21 0.91 14.78 


The equation correlating the total set of data is, therefore, 


l O g ( l / C )  = - 1 . 0 6 ( f O . 1 7 ) ~  f 5.15 


N s R F(1, l l )  
13 0.22 0.87 36.10 


which indicates that only electronic factors influence the activities of 
these compounds. 


With Eq. 3 as a guide, it is readily found that Compound 7 alone 
led to the s, sz dependence found in Eq. 1. This compound repre- 
sents a terminal point displaced relative to the overall linear trend of 
activity with u which holds for the other compounds (Compounds 
1-6). When Compound 7 is deleted from the set used to derive Eq. 1, 
the resultant regression equation becomes 


(ES. 3) 
(- 6.05) 


b g ( l / C )  = -0.84 (*0.14)~ + 0.57 ( 3 ~ 0 . 5 3 ) ~  (Eq. 4) 
(-- 5.73) (1 .07) .~ 
-0.63 (zk0.52)~’ + 5.17 


(-1.21) 
N s R F(3,2) 
6 0.11 0.98 20.11 


The statistics for the coefficients in Eq. 4 clearly indicate that the s 
and a’ terms should be deleted. 


For the 13 N1-benzoylsulfanilamides considered, a linear correla- 
tion between their bacteriostatic potency and their Hammett u- 
values is suitable for directing later syntheses. An eventual s, s’ de- 
pendence will most probably be found as a wider variety of multiple 
substitutions are made on the N1-benzoyl moiety. In this event, it is 
likely that the optimum lipophilicity found will differ substantially 
from the optimum lipophilicity calculated on the basis of Eq. 1. 


EXAMPLE 2 


In testing alternative physical indexes in attempted correlations of 
structureactivity data, the rationale commonly used is to attribute 
physical significance only to those terms that appear as statistically 
significant in the derived regression equation. For example, if the use 
of the Hammett a-constant does not lead to a regression equation in 
which this index is shown to be statistically significant, the inference 
that may be drawn is that an alternative electronic index, such as 


Table 11-Group Dipole Moments and Hammett U-values 


1d1 p,  obs.b p,  estd. Group UP‘ 


SOP 0.728 soc 0.567 
CN 0.628 
NOn 0.778 
COMe 0.516 
CHO 0.216 -~~ - . ~~. 


CFs 0.551 
CCI, 0. 42d 
CHCli 0.34d 
CHnCl 0.184 
c1 0.226 
OH -0.357 
Br 0.232 
F 0.062 
I 0.276 
SMe -0.047 
Me -0.170 
SiMer -0.01 
OMe -0.268 
NHn -0.660 
NMez -0.600 


-5.14 
-4.08 
-4.05 
-4.01 
-2.96 
-2.96 
-2.60 
-2.07 
-2.03 
-1.82 
-1.60 
-1.60 
-1.57 
-1.48 
-1.42 
-1.18 


0.35 
0.42 
1.28 
1.52 
1.61 


-4.00 1.14 
-3.33 0.75 
-3.58 0.46 


-3.12 0.16 
-1.86 1.09 
-3.26 0.66 


-2.38 0.35 
-1.73 0.08 
-1.91 0.31 
-0.51 2.11 
-1.93 0.36 
-1.23 0.25 
-2.12 0.70 
-0.77 0.40 
-0.26 0.61 
-0.93 1.35 


-4.20 0.19 


-2.72 0.65 


0.15 1.12 
1.77 0.25 
1.53 0.08 


a Hammett U-values for para-substituents as given by K. B. Wiberg, 
“Physical Organic Chemistry,” Wiley, New York, N. Y., 1964, p. 410. 
bL. E. Sutton, in “Determination of Organlc Structures by Physical 
Methods,” E. A. Braude and F. C. Nachod, Eds., Academic, New York, 
N. Y., 1955. .Assumed to have a Me group substituted on the S 
atom. The slight contribution made by the dipole moment of the Me 
group is neglected. d Calculated based on a quantum perturbation theory 
approach, F. L. J. Sixma, Rec. Trau. Chim., 72,673(1953). 


group polarizability PE or group dipole moment p. might be more 
suitable. These alternative indexes are often considered as measures 
of electronic properties not encompassed by the Hammett U-value. 
Seldom, however, are these more specific electronic indexes in- 
vestigated with respect to the general electronic index they are in- 
tended to displace. The result of this type of an investigation can 
considerably complicate the physical interpretation of a regression 
equation for a given body of structure-activity data. 


Certain pharmacological agents have been indicated as having 
their effect on a biological system more adequately interpreted in 
terms of the group dipole moments, p,  than of the Hammett U-values 
for the substituents (4-6). An investigation of the relation between 
the group dipole moments and the Hammett U-values for the sub- 
stituents found in Table 11, however, reveals a significant correlation 
between the two indexes: 


p = -4.162 ( f 0 . 4 5 4 ) ~  - 0.969 (Eq. 5) 
(-9.16) 
N s R F(1,19) 
21 0.83 0.90 83.88 


Thus, a correlation of biological potency which involves p or u 
should be similarly interpreted. If, in two respective regression 


Table HI-Neuraminidase Inhibition by I-Phenoxymethyl-3,4- 
dihydroisoquinolines 


Phenoxy 
Substituent U A Nu 1% ( 1 / 0  


4-NOz 


4-CN 
4-C1 
4-F 
H 
4-Me 
4-OMe 
4-OH 
4-OEt 
4-OPr 
4-OBu 
4-t-Bu 
3-Me 
3-F 
3-C1 


4-Br 
0.78 0.50 -4.01 2.903 
0.27 1.13 -1.57 2.767 
0.66 0.14 -4.05 2.839 
0.23 0.93 -1.60 2.807 
O Oh O 31 -1.48 2.634 - ._ 


0.0 0.0 0.0 2.577 
-0.17 0.48 0.35 2.682 
-0.27 -0.12 0.31 2.620 
-0.37 -0.87 0.00 2.244 
-0.24 0.38 0.31 2.650 
-n 25 O 88 0.31 2.790 - .  .. 


-0.32 1.38 0.31 2.785 
-0.20 1.68 0.35 3.149 
-0.07 0.56 0.18 2.782 


0.34 0.47 -0.74 2.665 
0.37 1.04 -0.80 2.818 


~~~~ ~ 
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Table IV-Acetyl Transferase-Catalyzed Acylation of Substituted 
Anilines by Acetylaminophenylazobenzenesulfonic Acid 


Charge 
Density Acylation 


Substituted on N of Rate, 
Aniline Anilinea 0- IT log A* 


4-Br 1.849 0.23 1 . 1 3  0.049 
4 x 1  1.849 0.23 0.93 0.037 
4-Me 1.853 -0.17 0.48 0.0 
H 1.851 0 .0  0 .0  -0.155 
4-NO2 1.827 1.27 0.50 -0.468 
4-SOzNH2 1.841 0.91 -1.16 -0.745 


a From the results of Hiickel molecular orbital calculations reported 
by A. Perault and B. Pullman, Biochirn. Biophys. Actu, 66,  86(1963). 
bFrom the data reported by K. B. Jacobson, J.  Bid. Chem., 236. 343 
(1961). 


analyses, it is found that fi contributes significantly, whereas u does 
not, or the converse, this finding alone is not sufficient to warrant an 
alternative interpretation. The compounds considered may have 
biological potencies that more closely parallel the order of  one index 
than they do the other, but the indexes are not sufficiently inde- 
pendent, on the basis of Eq. 5,  to make a distinction between the two 
possible physical interpretations. 


Recently, viral neuraminidase inhibition potencies have been re- 
ported (6) for the compounds shown in Table 111. The regression 
equation correlating these data was given (6) by 


log(l/C) = 0.271 (3Z0.031)~ + 0.061 (&O.036)pn (Eq. 6) 
(8.78) (1.68) 
+0.029 (fO.O1O)pvZ + 2.551 
(2.95) 


N s  R F(3,12) 
16 0.079 0.927 28.96 


A more appropriate representation of  the correlation, based on the 
statistics for the coefficients of Eq. 6, is expressed as 


log (l/C) = 0.265 (AzO.032)~ + 0.014 (f0.003)fioa (m. 7) 
(8.11)  (3.67) 
+2.548 


N s  R F(2,13) 
16 0.081 0.916 36.89 


Equation 7 indicates that these compounds have their potencies 
determined by lipophilic factors and by the component of the group 
dipole moment, pLur which is directed along the 1,Qaxis of the substi- 
tuted moiety. 


Upon comparing the electronic index pu2 to its analog u2, as is 
suggested by Eq. 5, it is found that these indexes are related : 


pv2 = 30.235 u2 - 1.048 (Eq. 8) 
N s  R F(1,14) 
16 2.115 0.925 83.89 


A much improved correlation can be obtained by using the unre- 
solved group dipole moments: 


p z  = 29.659 U' - 0.205 CEq. 9) 
N s  R F(1,14) 
16 1.483 0.960 164.16 


Since the quantity u2 has been indicated as having a variety of possi- 
ble origins (7) and has been shown to correlate with a free-radical 
index E, (8) and a charge-transfer index ELEMO (9), it is found that 
at least three differing physical interpretations can be presented for 
the electronic term found in Eq. 7. The resolution of the possible 
alternatives is, therefore, seen as a problem separate from the use of 
Eq. 7, or related forms, as a predictor of  new agents. The most 
convenient equation to use for guiding the synthesis of new com- 
pounds may contain physical parameters which only obliquely re- 
flect the actual factors controlling the observed response. 


EXAMPLE 3 


Another illustration of the potential complications attending the 
physical interpretation of derived regression equations is provided 


by the data found in Table IV. A more limited statistical analysis of 
the enzymatic acylation rates for this system has been reported (10). 
Here the authors would like to point out that at least five different 
statistically significant regression equations will correlate the data: 


log A = -0.028 (zt0.004) fi' + 0.012 (Eq. 10) 
N s  R F(1,4) 
6 0.111 0.952 38.58 


log A = 0.085 (&0.024) p + 0.216 (+0.063)r (Eq. 11) 
(3.54) ( 3 . 4 )  


-0.112 
N s R F(2,3) 
6 0.112 0.963 24.88 


log A = -0 .335(&0.022)~-+0.252 ( f 0 . 0 1 5 ) ~  (Eq. 12 
(- 15.27) (16.94) 


-0.155 
N s  R ~ 3 )  
6 0.028 0.997 399.2 


log A = 18.169(&2.021)q~ + 0.290(&0.024)~ (Eq. 
(8.99) (12.16) 


-33.82 
N s R F(2,3) 
6 0.048 0.993 140.7 


log A = -0 .272(3Z0.039)~~+0.264(f0 .031)~  (Eq. 
(-6.96) (8.41) 
-0.179 


N s R F(2,3) 
6 0.061 0.989 85.96 


There is little doubt that a charge-related property is affecting the 
enzymatic acylation rates, according to these correlations, and it is 
also likely that the lipophilicity of the compounds contributes an ef- 
fect. An explicit description of the electronic interaction mechanism is 
difficult, however, because of the various physical significances that 
can be attributed to the different electronic indexes. In this particular 
case, Eq. 13 may be preferred as a basis for interpretation, since the 
charge density on the aniline nitrogen is the most fundamental of the 
electronic indexes that can be used. 


CONCLUSIONS 


From the examples presented, it is clear that a physical interpreta- 
tion for a correlation of biological activities with some combination 
of physical parameters should be made with caution. It is also evi- 
dent that the ability of a regression equation to act as a predictor for 
the biological activities of compounds within a series cannot be 
presented in full support of the interpretation lent to the terms ap- 
pearing in the regression equation. 


At present, a safe approach to follow if the intent is to gain 
insight into physical factors influencing the action of  drug agents is: 
(a )  investigate a correlation for internal consistency, as may be 
illustrated by Exanzple I; (b) establish whether the use of  funda- 
mental linear free energy (u,  T )  and molecular orbital (q, S E ,  SN) 
indexes lead to essentially equivalent conclusions, e.g., Eqs. 12 and 
13 complement one another; and ( c )  when indexes having little 
precedent in correlating the rates and equilibria of simple chemical 
systems become involved in a correlation-uiz., p,  p2 ,  and u2, 
investigate compounds designed specifically to distinguish between 
alternative physical interpretations. In the latter instance, since 
Hammett U-values are simply additive, whereas group dipole 
moments are vectorially additive, it might be expected that multi- 
substituted compounds should provide the more appropriate test of 
dipole control of a biological response. 
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Solubilization of Some Steroid Hormones 
in Aqueous Solutions of Bile Salts 


ARVIND L. THAKKAR 


Abstract 0 Solubilities of testosterone propionate, methyltestos- 
terone, and 19-nortestosterone in aqueous sodium cholate and 
deoxycholate were determined. Solubilizing capacity values show 
that deoxycholate is a better solubilizer than cholate and that 
both bile salts solubilize more 19-nortestosterone than other tes- 
tosterone derivatives. A possible mode of solubilization is discussed. 


Keyphrases 0 Steroid hormones-solubilization, aqueous solutions, 
bile salts 0 Testosterone derivatives-solubilizing effect of sodium 
cholate, deoxycholate 0 UV spectrophotometry-analysis 


The ability of bile salts to enhance the water solu- 
bility of steroid hormones was noted as early as 1944 by 
Cantarow et al. (1). Since that time, micellar solubiliza- 
tion of steroids has been studied extensively by Ekwall 
(2) and Sjoblom (3). However, bile salt solubilization of 
hormonal steroids appears not to have been examined 
in detail. This study was undertaken to examine the 
solubilization of testosterone propionate, methyltestos- 
terone, and 19-nortestosterone by the anionic surfac- 
tants, sodium cholate and sodium deoxycholate, and 
is part of a larger study of the solubilization of steroidal 
hormones by steroidal surfactants. A recent report from 
this laboratory (4) dealt with the solubilization of some 
androgenic steroids by ethoxylated cholesterol, a non- 
ionic surfactant. 


EXPERIMENTAL 


Materials-Sodium cholate,' sodium deoxycholate,l methyl- 
testosterone NF, testosterone propionate USP, and 19-nortes- 
tosterone2 were used as received. Moisture contents of the bile 
salts, determined by drying overnight in DUCUO at 1 lo", were taken 
into consideration when recording their weights. Bile salt solutions, 
prepared with distilled water, were not buffered; their pH ranged 
from 7.0 to 7.8 for cholate and from 7.2 to 8.6 for deoxycholate. 


Solubility Determinations-Solubilities were determined by 
equilibration of several concentrations of bile salt solutions with the 
steroids, followed by spectrophotometric analyses of suitably di- 


~~~~~~ ~~ ~ 


1 Special enzyme grade, Mann Research Laboratories, Inc., New 
2 Purchased from Organon, Inc., West Orange, N. J. 


York, N. Y .  


0.5 


; L/ 
s 
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SODIUM CHOLATE, M x 103 


Figure 1-Solubility of steroids in aqueous solutions of sodium cholate 
at 30". Key: @, 19-nortestosterone; m, methyltestosterone; and A,  
testosterone propionate. 


luted aliquots, as described previously (4). For solutions in which 
enhancement of steroid solubility was minimal, dilution with 50% 
(v/v) methanol was still necessary to lower the bile salt concentra- 
tion to a point where it would not interfere with the UV spectro- 
photometric analytical procedure. In such cases, cells of 5-cm. 
pathlength were used. 19-Nortestosterone, which was not included 
in the previous study, has maximum absorbance in 50% (v/v) 
aqueous methanol at 244 mp, with a molar absorption coefficient of 
17.3 X lo3. 


RESULTS AND DISCUSSION 


Figures 1 and 2 show the relationship between solubility of the 
steroid solubilizates and the concentration of sodium cholate and 
sodium deoxycholate, respectively. At low concentrations of bile 
salts, only a marginal change in steroid solubility is observed. 
After these initial stages, up to -1.0 X M for sodium cholate 
and -6.0 X 1W3 M for sodium deoxycholate, steroid solubility 
increases linearly with bile salt concentration. This behavior con- 
forms well to the general features of micellar solubilization, but it 
is a t  variance with the report of Lach and Pauli (5) who found that 
the solubility of testosterone increased at a higher rate below the 
apparent critical micelle concentration (CMC) of deoxycholate 
than above it. In a comprehensive paper dealing with the solubiliza- 
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Gas Chromatography in Biology and Medicine. A Ciba Foundation 
Symposium. Edited by RUTH PORTER. J. & A. Churchill, 104 
Gloucester Place, London, England. 1969. 224 pp. Price $9.00. 
This is another excellent monograph published under the auspices 


of the Ciba Foundation. This foundation is well known to those in 
the chemical and biological sciences for the numerous and excellent 
symposia it presents annually at which internationally known 
scientists participate in presenting papers dealing not only with 
original research but also in presenting lucid reviews of the “State 
of the Science” in which they are participating. The proceedings 
of these symposia are published as monographs in their entirety, 
thus presenting not only the formal papers but also the usually lively 
discussions which take place following each presentation. These 
following discussions are often the more interesting part of the 
proceedings, which are usually omitted in monographs of most 
other symposia. Once again the high standards of excellence of this 
Ciba Foundation Symposium have been preserved, resulting in a 
publication that makes a substantial contribution to the literature 
available on the subject. 


Gas Chromatography in Biology and Medicine is a very appro- 
priate title because this is the area of scientific endeavor where the 
technique is put to the ultimate tests of sensitivity, specificity, and 
usefulness. The formal papers published herein were presented at 
a symposium of the same title held in London, England, February 
1969. 


The material covered is divided into four main sections. The 
Introduction contains a survey of the historical background of 
chromatographic separation by A. J. P. Martin and an account of 
the many significant developments in gas chromatography, espe- 
cially when used with ancillary techniques such as mass spec- 
trometry and NMR, by s. R. Lipsky. 


The second section is devoted to the design of the chromatographic 
system. J .  H. Parnell presents a good argument for the use of the 
shortest column length possible for achieving the desired separation 
and also recommends that more emphasis be placed in this regard 
on improving the selectivity factor of a column rather than the 
number of theoretical plates generated. The subject of detectors 
is well covered by D. W. Hill, especially with respect to ionization 
detectors such as electron-capture detectors which are being 
extensively used in drug analysis at the nanogram to picogram level 
of detection from biological specimens. The use of the pulsed D. C. 
mode of E. C. detection produces greater linearity and repro- 
ducibility with these detectors. The effects of water vapor on argon 
ionization detectors is discussed by B. C. H. Warren and M. G. 
Dalzell, while the use of the W-value detector in the determination 
of oxygen and anesthetic vapors in expired air is discussed by B. 
C. H. Warren and J .  E. Lovelock-a pioneer worker in the design 
of ionization detectors. 


The Biological and Medical Application section covers the bulk 
of the monograph with several very interesting and informative 
chapters-uiz., 


0 H. L. Lowe and K. Hagler-Determination of volatile organic 
anesthetics in blood, gases, tissues, and lipids using their 
partition coefficients for differential extraction, and represents 
an interesting thermodynamic approach to the determination 
of the tissue to gas partition coefficients. 


0 M. J. Pumes-Measurement of the gas content of blood samples 
using gas chromatography. 


0 A. S. Curry-Recent developments in the use of gas chroma- 
tography in forensic toxicology. 


0 D. J. Blackmore-The use of gas liquid chromatography in 
aircraft accident toxicology. These two chapters give a very 
informative account of the problems facing the toxicologist and 
the pathologist in determining whether the cause of death is ac- 
cidental or intentional. This is an area which tests the analyti- 
cal competence of the practicing forensic toxicologist in his 
ability to come up with the right answer to trace amounts of for- 
eign materials recovered from the subject or the scene of event 


where the sensitivity and specificity of a gas chromatographic 
procedure are the only means of obtaining reliable and fool- 
proof evidence. 


0 S. Garattini, F. Marcucci, and E. Mussini-Gas chromatographic 
analysis of benzodiazepines. This is an interesting account 
of the use of GLC with different detectors (flame and electron 
capture) in the determination of members of a class of drugs 
(tranquilizers) and their major metabolites in animal species 
and in man. The significance of the blood and tissue levels 
of the drug in animal species, its influence on the pharmaco- 
logical responses obtained, and the interpretation and extrap- 
olation of these findings to clinical observations seen in 
man are presented. This chapter highlights the results from 
several other publications by the same authors. 


The final section covers future trends in development where the 
use of complementary techniques in filtering the information ob- 
tained from GLC alone is presented. 


R. P. W. Scott-Gas chromatographic and spectrometric tech- 
niques, covers the problems of interphasing a mass spec- 
trometer with a gas chromatograph with computerized data 
handling facilities, a technique which is of great use in the 
isolation and characterization of drugs and their metabolites 
in biological extracts. The use of complementary techniques 
such as 1R and NMR using micro cells to enhance sensitivity 
of detection of the fractions trapped from the effluent of a gas 
chromatographic column is discussed. 


0 G. B. Marson-Digital computers and the analysis of chroma- 
tographic data, presents some of the hardware used in automat- 
ing the data handling and interpretation of GLC data. 


All the papers presented ale concise, well illustrated, and docu- 
mented with up-to-date literature references making this volume as 
current as such a monograph can possibly be. The discussions 
following each presentation are very thought-stimulating and make 
the reader wish he were participating actively in it rather than read- 
ing about it second hand. 


This monograph is in keeping, with respect to its content and 
presentation, with the philosophy of the Ciba Foundation: “Con- 
socient Gentes”-let the peoples come together. It is a worthy 
addition to the library of the practicing chromatographer. 


Reviewed by J. A. F. deSilva 
H6ffmann-La Roche Inc. 
Nutley, NJO7110 


The History of Penicillin Production. Chemical Engineering Pro- 
gress Symposium Series, No. 100, Vol. 66. Edited by ALBERT L. 
ELDER. American Institute of Chemical Engineers, 345 East 47th 
St., New York, NY 10017, 1970. vi + 100 pp. 21.5 X 28 cm. 
This volume of the Chemical Engineering Progress Symposium 


Series deals with the history and problems of developing mass- 
produced penicillin, necessitated by the Second World War. The 
Institute hopes, by historically documenting particular pi ojects, this 
knowledge might be used to facilitate and expedite future projects 
of a similar or related nature. 


Staff Review N 
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action of warfarin. Both of these effects seem to be due primarily 
to a change in the distribution of warfarin in the body. 
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Diffuse Reflectance Studies of Solid-Solid Interactions 


JOHN L. LACH and LYLE D. BIGHLEY" 


Abstract Tetracycline and its derivatives, bishydroxycoumarin, 
and methantheline bromide have been studied by diffuse reflectance 
spectroscopy for possible solid-solid interactions with various 
metallic adjuvants. Examination of the spectra of some of these 
drug-adjuvant systems show rather small spectral changes, while 
other spectra show large bathochromic and hyperchromic changes, 
new band formation, and visual color changes which are indicative 
of chargeetransfer interactions. Although these interactions vary 
in variety and intensity, they may significantly alter the availability 
and activity of the medicinal agent in pharmaceutical dosage forms. 


Keyphrases 0 Solid-solid interaction-determination Dif- 
fuse reflectance spectroscopy-solid-solid interaction analysis 
Tetracyclines, methantheline bromide, bishydroxycoumarin-metal- 
ion interactions 0 Metal ions-tetracyclines, -methantheline bro- 
mide, -bishydroxycoumarin-interactions 


Many articles in the pharmaceutical and medical 
literature deal with the problem of physiologically in- 
active tablet and capsule formulations. Lach and Born- 
stein (I) ,  by the use of diffuse reflectance spectroscopy 
(DRS), have postulated that the apparent inactivity 
may be due in part to adsorption of the active principle 
onto an inert adjuvant. They have shown that solid- 
solid interactions do indeed exist between various 
chemical entities and a wide variety of adjuvants com- 
monly found in pharmaceutical dosage forms. Although 
some of the interactions may be of the weak variety, 
they may, nevertheless, be sufficient to alter the absorp- 
tion and availability of the medicinal agent. 


The study of solid-solid interactions is of interest 
because of the effects that adjuvants may exhibit when 
incorporated into pharmaceutical dosage forms. These 
effects may include: (a) changes in the nature and in- 


tensity of biological activity caused by complexation 
with the active ingredient (2); (b )  modifications of the 
physical state, particle size, and/or surface area of the 
drug available to the absorption sites (3); or (c) changes 
in the stability of the active principle (4-7). 


The purposes of this study were to continue the 
investigation of solid-solid interactions of a number 
of drugs and to gain a better insight into the nature 
of these interactions. 


EXPERIMENTAL 


Reagents-Oxytetracycline hydrochlorde,l tetracycline hy- 
drochloride,2 chlortetracycline hydrochloride,* demethylchlor- 
tetracycline hydrochloride,2 methanthehe bromide: bishydroxy- 
c o ~ m a r i n , ~  magnesium trisilicate, ferric phosphate, aluminum 
hydroxide, tribasic calcium phosphate, and talc were used. 


Apparatus-The following were used: Beckman model DU 
spectrophotometer with a diffuse reflectance attachment ( I ) ,  
constant-temperature water bath with rotating spindles, 150-ml. 
amber vials with caps, Parafilm: and a glass desiccator with anhy- 
drous calcium sulfate.6 


Procedur-Preparation of the Tetracyclines-Thirty milligrams 
of active ingredient (tetracycline HCI, oxytetracycline HCI, chlor- 
tetracycline HCI, and demethylchlortetracycline HCI) was weighed 
for every 2 g. of adsorbent (pharmaceutical adjuvant) used. The 
powders were placed in 150-ml. amber vials, and 25 ml. of distilled 
water was added as the dispersion medium. The vial was then cov- 
ered with Parafilm and capped. Equilibration was allowed to pro- 
ceed for 2 hr. a t  30 f 0.5" to effect interaction. After equilibration, 
the suspension was filtered under vacuum and the powder dried 


1 Pfizer and Co. 
2 Lederle and Co. 
3 Senrle and Co. 
4 K and K Laboratories. 
5 Marathon Co. 
6 Drierite, Hammond Co. 
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Figure 1-DRS of chlortetracycline HCI (30 mg.) and magnesium 
trisilicate (2.0 g . ) ,  Key: A ,  control; B,  equilibrated sample: utid C ,  
piire chlortetracycline HCI with 170 adjuuaiit present. 


in vacuo over anhydrous calcium sulfate. The DRS spectra of the 
samples were then determined, using magnesium carbonate as the 
standard. 


Preparation of Methantheline Bromide and Bishydroxycoumarin- 
Sixty milligrams of active ingredient was weighed for every 2 g. of 
adsorbent. The powders were placed in 150-ml. vials, 10 ml. of 
distilled water was added to each vial, and equilibration was allowed 
to proceed as described previously. After equilibration, the disper- 
sion medium was removed by drying in uacuo over anhydrous 
calcium sulfate. The DRS spectra of the samples were determined, 
using magnesium carbonate as the reference standard. 


Preparation of the Control-The control for each experiment was 
prepared by physically mixing 2 g. of the adsorbent with the indi- 
cated amount of dried active ingredient, using a mortar and pestle 
for the trituration. The DRS of the control was then determined, 
using magnesium carbonate as the reference standard. 


RESULTS AND DISCUSSIOIV 


Tetracycline-Adjuvant Interactions-Throughout the following 
discussion of the different drug-adjuvant systems, a qualitative 
interpretation of the results will be given because the theory and 
mechanism of solid-solid interactions are not fully understood at  
present. However, the authors feel a qualitative interpretation is of 
value in view of the fact that drug-adjuvant interactions do  occur 
in the solid state. Furthermore, it is important to recognize, prior 
to dosage formulation, that such surface interactions may occur. 


Since Lach and Bornstein (1) showed that oxytetracycline under- 
goes solid-solid interaction with various adjuvants, since cobalt 
and nickel complexes of tetracycline and two of its analogs were 
prepared and their spectral properties studied (8), and because the 
metal chelation aspects of tetracycline complexes have been investi- 
gated extensively in solution (9-13), a DRS study of the various 
tetracycline-metallic-containing excipients was undertaken. The 
objective was to determine whether significant spectral differences 
existed between the different derivatives and whether DRS changes 
observed in these antibiotic-excipient interactions could be corre- 
lated with respect to reported formation constants (9). 


Figure 1, which shows the DRS of chlortetracycline hydrochloride 
and magnesium trisilicate, is an example of the interaction exhibited 
by tetracycline and its derivatives with this adjuvant. Examination 
of the figure shows that Spectrum B, which represents the equili- 
brated sample, has undergone a significant change from that of the 
physical mixture of the two components (A) and also from the 
spectrum of the pure drug (C). In addition to these spectral difer- 
ences. other evidence that an interaction had taken place was noted 
by a change of color from white or faintly yellow in the physical 
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Figure 2-DRS composite of equilibrated tetracyclines (30 mg.) and 
magnesium trisilicate (2.0 g.). Key: A ,  tetracycline HCI; B, chlortet- 
racycline HCI; C,  oxytetracycline HCI; and D ,  demeihylchlortei- 
racycline HCI. 
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Figure 3-DRS of tetracycline HCI (30 mg.) and ferric phosphate 
(2.0 g.). Key: A ,  control, B ,  equilibrated sample; C ,  pure tetracycline 
HCI with nu udjuuunt present; and D ,  pure ferric phosphate with no 
drug preseut. 


mixture to a straw yellow in the equilibrated sample. The spectral 
and color changes occurred with all four tetracycline derivatives. 
It should be noted here that only in the tetracycline series were the 
equilibrated samples filtered first and then vacuum dried. Removal 
of the soluble tetracycline species from solution by the excipient 
under study further indicates the strength of the interaction. 


The equilibrated samples of the tetracycline-magnesium trisilicate 
series all show a bathochromic shift between 450 and 400 rnp and 
decreased reflectance throughout the visible and UV region. New 
band formation is seen a t  approximately 315 mp in each case. This 
band may be considered to be the result of an interaction of the 
adsorbent with the tetracyclines where the adsorbent facilitates the 
clarification of an existing peak in this region, or it might represent 
the reflectance spectrum of a film of drug adsorbed onto the surface 
of magnesium trisilicate. The suggestion that this peak may be a 
clarification of an already existing peak can be seen by examining 
the transmittance spectra of the pure compounds in basic media 
(I) .  However, the reflectance spectra of the pure compounds 
(Spectrum C) do not show a maximum at this wavelength. 


It appears that chemical rather than physical interactions have 
occurred since the spectral changes associated with physical adsorp- 
tion are usually in the order of 5-10 mp, while the maximum changes 
observed here approach 4 - 4 5  mp. This, together with color forma- 
tion, strongly suggests chemisorption. 


Figure 2 shows the composite spectra of the various equilibrated 
tetracycline-magnesium trisilicate systems. With the exception of 
small intensity differences and small changes in the bathochromic 
shifts, the spectra of the equilibrated samples are very similar. 


The spectra in Fig. 3 show the tetracycline hydrochloride-ferric 
phosphate system, which is typical of the spectra of the tetracycline 
derivatives with this adjuvant. Visual evidence of an interaction was 
again manifested by color changes. The physical mixtures were faint 
yellow while the equilibrated samples were tan. An examination of 
the spectra of the equilibrated samples in the 700-400-mp region, as 
compared to the physical mixtures, shows bathochromic shifts of 
the order of 130 mp and large intensity changes. Both of these 
changes are strongly indicative of chemisorption. 


Although no differences were observed between the control and 
equilibrated samples over much of the UV region because of com- 
plete absorption by ferric phosphate, it is not unreasonable to 
assume that spectral changes would also be observed in this region 
if these samples were diluted with a nonabsorbing material. 


Figure 4 shows the spectra of demethylchlortetracycline hydro- 
chloride-aluminum hydroxide. These spectra are again typical of 
the interaction of the tetracycline series with this adjuvant. The 
spectra of the equilibrated samples (B) are considerably different 
from those of the physical mixtures (A). While the physical mixtures 
showed only limited absorption from approximately 450-350 mp. 
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Figure 4-DRS of demethylchlortetracycline HCI (30 mg.) and 
alumiuum hydroxide (2.0 g.). Key: A ,  control; B,  equilibrated sample: 
atid C ,  pure demethylchlortetracycline HCl with no aa'juuant present. 
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A 100 , Table I-Formation Constants and DRS Bathochromic Shifts 
of Various TetracyclinsMetal Systems 


DRS 
log K‘ log K” Batho- 


Tetracycline ( 1  : I  (2:l log Ks chromic 
Derivative Complex) Complex) (Overall) Shift, mp 


Aluminum Ion 
Tetracycline 7.4 6 .4  19.2 98.0 
Chlortetracycline 7.2 PPt. 18.0 87.5 
Oxytetracycline 7.0 ppt. 18.0 98.0 


Ferric Ion 
Tetracycline 9 . 9  8 .6  25.3 I 30 
Chlortetracycline 9.4 7 .2  22.2 125 
Oxytetracycline 9 . 6  7.2 22.5 140 


57 Tetracycline - - - 
44 Chlortetracycline -- - 


45 Oxytetracycline 3.8 - 


Magnesium Ion 


~ 


~ 


the equilibrated samples exhibited significant absorption from 
500-220 mp. 


The drug concentration of 30 mg. per 2 g. of adjuvant was main- 
tained here, since Lach and Bornstein (1) found that at this concen- 
tration the reflectance spectrum presumably represents the chemi- 
sorbed single layer. They found that when the drug-adjuvant ratio 
was increased, the bands in the reflectance spectrum broadened with 
a limit approaching the spectrum of the pure tetracyclines. 


In addition to exhibiting absorption over a wider wavelength 
range than the physical mixtures, the equilibrated samples showed a 
bathochromic shift of approximately 80 mp and a color change from 
white or faint yellow in the physical mixtures to an intense yellow. 
These spectral and visual changes are indicative of a chemical 
interaction of the drug molecules with the available active surface 
sites. 


The large bathochromic shifts observed in these DRS studies of 
tetracycline-metallic adjuvant systems have also been reported to 
occur in solution spectra in the presence of metallic ions. Conover 
(10) has stated that there is a large bathochromic shift of the 
characteristic long wavelength UV absorption of solutions of tetra- 
cycline and its derivatives in an excess of many bivalent and ter- 
valent metallic ions. He reports that these solution band displace- 
ments vary quantitatively with various metals, but qualitatively the 
effects are comparable. It should be pointed out that the observed 
bathochromic shifts and the nature of the DRS spectra also vary 
with various metallic adjuvants. However, the spectra of the various 
tetracycline derivatives for any given metal-containing adjuvant are 
comparable, which is reasonable and expected. 


The bathochromic changes observed in the DRS spectra of these 
antibiotic-metallic adjuvant interactions were compared with re- 
ported formation constants (9) for the metal complexes of the tetra- 
cyclines (Table I). Since the present studies deal with surface 
interactions for which the stoichiometry of the interaction spectrum 
cannot be determined, a comparison was made between the batho- 
chromic shifts observed in these interactions and log Ks values. 
Ks has been defined by Albert and Rees (9) as the product of all 
the partial constants. The bathochromic shifts were determined at a 
reflectance value between 700 and 380 mp which exhibited the 
maximum change. 


A comparison of the magnitude of the bathochromic shifts and 
the changes in the formation constants indicates some correlation, 
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Figure S D R S  of bishydroxycoumarin (60 mg.) and magnesium 
trisilicate (2.0 g.). Key: A ,  control; B, equilibrated sample: and C ,  
pure bishydroxycoumariti with no a&uant present. 
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Figure G D R S  of bishydroxycoumarin (60 mg.) and ulurnbirim 
hydroxide (2.0 g.). Key: A ,  control: B, equilibrated sample: and C, 
pure bishydroxycoumarin with no adjuvant present. 


because the ferric-containing adjuvant exhibits a larger batho- 
chromic shift than the aluminum-containing adjuvant which, in 
turn, is larger than the magnesium-containing adjuvant. This is in 
agreement with the formation constants reported for these ions, 
since the value for the ferric ion is larger than the aluminum ion, 
which is larger than the magnesium ion. Although it is interesting 
that the observed DRS changes do parallel the reported formation 
constant values for these ions, it is difficult at this time to make a 
quantitative comparison. 


Studies were also conducted to determine whether these drug- 
adjuvant interactions occurred when physical mixlures were exposed 
to humid conditions. Dried, physically mixed samples of the tetra- 
cyclines and magnesium trisilicate were placed on evaporatiiig 
dishes in a moisture chamber, which consisted of a wax-sealed 
desiccator in which the desiccant had been replaced by water. The 
samples were allowed to stand in this moisture chamber for 4 hr., 
after which they were removed and dried iir uucuo over anhydrous 
calcium sulfate. The spectra of these compounds were determined 
and found to resemble those shown in Fig. 1. The primary differ- 
ences observed were that the bathochromic and intensity changes 
were not as pronounced, nor was the peak at 315 mp as clearly 
defined. Possibly the spectral differences between water-equilibrated 
samples and samples exposed to humid conditions reflect an in- 
complete interaction such as an interaction of only the surface 
molecules. It is reasonable to assume that with the equilibration 
technique, a greater degree of interaction may occur with more 
pronounced spectral changes, because more surface area is exposed 
during the procedure. 


Interaction of Methantheline Bromide and Bishydroxycoumarin 
with Various Metallic Adjuvants-The study of bishydroxycoumarin 
and methantheline bromide for possible drug-adjuvant interac- 
tions was prompted by reported therapeutic discrepancies of 
solid dosage forms of bishydroxycoumarin and certain quaternary 
compounds (14, 15). 


The adjuvants chosen for this study were selected on the basis ot 
the metal fraction which they contain and/or because of their usage 
in pharmaceutical formulations. Sixty milligrams of active principle 
was mixed with 2 g. of adjuvant, since studies with 30 mg. of active 
compound showed no absorbance in either the physical mixtures or 
the equilibrated samples. 


Spectral data presented in Fig. 5 show the bishydroxycoumarin- 
magnesium trisilicate system. These spectra, as well as the inter- 
action of bishydroxycoumarin with aluminum hydroxide (Fig. 6) 
and talc (Fig. 7), are representative of a chemisorption interaction. 
The spectrum of the equilibrated bishydroxycoumarin-tribasic 
calcium phosphate system, however, is unchanged from the spec- 
trum of the physicalmixture. 


The equilibrated magnesium trisilicate (Fig. 5) ,  aluminum hy- 
droxide (Fig. 6), and talc (Fig. 7) systems all show a rather large 
bathochromic shift between 375 and 310 mp, as well as a hyper- 
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Figure 7-DRS of bishydroxycoumariti (60 mg.) and talc (2.0 g.). 
Key: A ,  control: B, equilibrated sample; C ,  pure bishydroxycournuriii 
with no adjurant present; and D ,  pure talc with tio drug present. 
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Figure &DRS of methantheline bromide (60 mg.) and talc (2.0 g . ) .  
Key: A ,  control; B, equilibrated sample; C ,  pure talc with no drug 
present; and D ,  pure methantheline bromide with no adjuvant present. 


2o I 4  
i t 


A, mp 
220 260 300 350 400 450 600 900 


Figure 9-DRS of methantheline bromide (60 mg.) and tribasic 
calcirrm phosphate (2.0 g . ) .  Key: A ,  control: B, equilibrated sample: 
and C,  pure methantheline bromide with no adjuvant present. 


chromic change throughout the UV region. In the magnesium 
trisilicate and talc systems, there is a smaller bathochromic change 
involving a band at 250 mp, which has shifted to 255 mp in the 
equilibrated samples. Since this particular band shift in the bis- 
hydroxycoumarin systems occurs only with the magnesium- 
containing adjuvants, it may indicate chelation of bishydroxycou- 
marin with magnesium. 


Studies involving methantheline bromide and talc (Fig. 8), 
tribasic calcium phosphate (Fig. 9), and aluminum hydroxide (Fig. 
10) showed small bathochromic shifts but rather large intensity 
changes. However, the interaction with magnesium trisilicate 
(Fig. 11) appears to be indicative of chemisorption. As in the bis- 
hydroxycoumarin-adjuvant systems, no color changes were ob- 
served when the samples were equilibrated. 


Although it is evident from the spectral data presented that these 
interactions will vary in intensity, the spectral differences have not 
been correlated with bioavailability. Desorption and bioavailability 
experiments of these drug-excipient interactions are currently 
underway to gain a better understanding of the significance of such 
interactions. 


The chemical properties of the various adjuvants may also 
influence the spectral changes observed with the methantheline 
bromide and bishydroxycoumarin systems. The availability of the 
metal portion in various adjuvants may differ since some surfaces 
are thought to be more saturated than others. The valency require- 
ments of surface atoms may be more fully satisfied by bonding with 
nearby atoms, thus making them less available for chemisorption. 
Nor can hydration effects be overlooked, because hydration may 
also satisfy the valency requirements of the metallic portion and 
thereby decrease the number of active sites available for interaction. 
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Figure 1 0 - D R S  of methantheline bromide (60 me.) and aluminum 
hydroxide (2.0 g.). Key: A ,  conirol; B, equilibrated sample; and C ,  
pure methantheline bromide with no adjuvant present. 
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Figure 11-DRS of methantheline bromide (60 mg.) and magnesium 
trisilicate (2.0 g.). Key: A ,  control; B, equilibrated sample: and C,  
pure methantheline bromide with no adjuvant present. 


A possible explanation for the bishydroxycoumarin-adjuvant 
interactions may be one of chelation. Further studies are in prog- 
ress with respect to this hypothesis, and subsequent publications 
will deal with the mechanism of these interactions. 


The therapeutic differences observed in presumably equivalent 
dosage forms may be due, in part, to surface interactions of the 
type described in this study. These interactions may exert an effect 
on the dissolution rate, as preliminary studies currently underway 
have indicated, and subsequently reduce the gastrointestinal absorp- 
tion rates. 


While it is recognized that drug release from pharmaceutical 
dosage forms is a complex phenomenon, the fact that surface 
interactions occur with various inactive adjuvants makes it impera- 
tive that the effect of these interactions on drug release be studied. 
Perhaps a more scientific approach to formulation through a 
knowledge of drug-adjuvant interactions could prevent many of 
the discrepancies observed in the therapeutic efficacy of pharma- 
ceutical dosage forms. 
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Audiosensitization : Potential Screening 
Method for Drugs Affecting the CNS 


Keyphrases 0 CNS active drugs-screening method 0 Stress, 
sound induced-seizures 


Sir: 


With the advent of new types of CNS active drugs, 
new screening tests with predictive association for subtle 
drug effects are needed. The phenomenon of audio- 
conditioned convulsions (1, 2) affords unique potential 
as such a screen. 


The exaggerated and abnormal responses of psychi- 
atric patients to  auditory stimuli (3) prompted the use of 
audiogenic seizures in genetically susceptible strains of 
mice as an analogous reaction pattern for CNS drug 
research (4, 5). The present report suggests the use of 
audioconditioning and the subsequent susceptibility to  
sound-induced seizures as a simple and more infornia- 
tive analogy. Both analogies are based on the hy- 
pothesis that stress-induced neurosis can be measured 
by quanta1 observations of CNS hyperexcitability in 
response to a specific triggering mechanism. The use of 
audioconditioning has the advantage of offering the 
induction of stress susceptibility, as well as the stress- 
induced crisis for drug modification and study. 


Susceptibility to sound-induced seizures can be con- 
ditioned in “sound-resistant” strains of mice by a short 
period (30 sec.) of auditory stimulation at a critical 
early age (1, 2). In mice, early experiments with the 
classical conditioning method of physiology showed 
that pretest exposure to sound elevates or reduces 
seizure threshold, depending upon the temporal param- 
eters of treatment (6). In such report;, however, the 
durations of both the conditioning stimulus and the 
condition-test interval have been short, generally only 
a few seconds. The audioconditioned convulsions 
described here are inherently similar, but the condition- 
test interval is much longer and is measured in days. 


Sound-resistant mice [e.g., CAW :CF-1 (SW)]’ dis- 
play an auricular startle upon initial sound exposure 
(audioconditioning), but less than 5 convulse (2). 
The sound source is a 6.3-cm. doorbell which produces 
approximately 95 db. (relative to  0.0002 dyne/cm. z, 
within a glass testing chamber, 25 cm. in diameter by 
I5 cm. deep. If conditioned at  the optimally sensitive age 
(18-20 days for CF-I), virtually all mice will convulse 
upon the second (test) sound exposure 2-3 days later. 
The initial conditioning stimulation is absolutely 
essential for the genesis of convulsions. 


The typical seizure in such sensitized animals con- 
sists of a sudden burst of wild running, followed by 
clonic and then tonic convulsions. Less severe seizures 
terminate after running or clonus. Estimates of seizure 
severity can be derived from latency and duration 
times as well as from seizure pattern (2, 7). The follow- 
ing experimental factors affect these parameters (2,7,8): 


1. The interval between conditioning and testing is 
critical. Maximal clonic-tonic convulsions characterize 
seizures after a 2- or 3-day condition-test interval; 
with a 1- or 5-day interval, only clonus is seen. 


Repeated auditory stimulation prior to  the de- 
velopment of convulsibility makes mice temporarily 
refractory to seizure, and prolongation of the initial 
conditioning sound (over 6 hr.) imparts permanent 
seizure resistance without causing deafness. Once an 
animal experiences a convulsion, however, seizure 
susceptibility persists for several weeks. This indicates 
that audiosensitization and seizure susceptibility are 
mediated by separate mechanisms. 


3. The tonal characteristics of the sound stimulus 
are equally or more important than the intensity. 
Although reproducibility is excellent, it is necessary 
to bioassay each bell periodically. After extensive use, a 
bell may no longer induce maximal seizures, despite no 
alteration in intensity. 


4. Genetic and environmental factors must t e  con- 
trolled. Noiies in the animal quarters, such as the clatter 
of metal garbage cans, have profound influence. The 
critical age for sensitization and the optimum condition- 
test interval vary from strain to strain. CF-I mice have a 
high incidence of maximal seizures, a short duration 
of audiosensitivity, and a low death risk. 


When these experimental factors are controlled, 
seizures of predictable incidence, severity, and latencies 
are produced (2). 


Theoretically, pharmacologic alteration of audio- 
conditioned seizures should be afforded by: (a) drugs 
that impair hearing or otherwise interfere with input 
of the sound stimulus; (b) drugs that block central 
perception of the stimulus; (c) drugs that inhibit or 
enhance the slow process of sensitivity development; 
(d) drugs that block the effect of intertrial stress; 
and (e) drugs that modify the mechanism of s,’ vzure 
production. The novel interest in audioconditioning as a 
screen will be for drugs that alter the developinent of 
sensitization (b  and c as previoudy mentioned). For 
these drugs, this screen is unique because the potential 
drug need not be present at the time the animals are 
challenged for a test response. Thus, the prosensitizing 
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or antisensitizing effects of the drug can be isolated 
from any sedative-anticonvulsant action it may have. 


Physical impairment of hearing (e.g., glycerin in the 
ear) during conditioning reduces the incidence of sensi- 
tization (and subsequent seizures); impairment at the 
time of testing reduces seizure severity. When hearing 
is impaired on both occasions, the two effects are 
combined (7). The latter should be the case when oto- 
toxic drugs are tested with this screen. Transient and 
permanent effects can be partitioned by subjecting the 
mice to a third sound exposure 3 days after the test 
exposure. 


A drug that blocks central perception of the sound 
stimulus should be detected by its ability to prevent 
sensitization when present during conditioning, but 
not when administered immediately afterward. Proto- 
types of many pharmacologic classes have been tested, 
but no drug has been found that effectively blocks 
audioconditioning at nontoxic doses. Latency changes 
and a decreased incidence of maximal seizures can be 
ob;erved. However, because of the reduced metabolic 
and excretory potential of young mice, it is difficult 
to determine whether these are due to impairment of 
audioconditioning or to residual drug effects on seizure 
response. The latter remains a possibility even after the 
2- or 3-day condition-test interval. PhenobarbitaI and 
diphenylhydantoin have been shown to be proconvulsant 
(rather than anticonvulsant) 2 days after their adminis- 
tration (8). 


It is interesting to note that ether and pentobarbital 
anesthesias do not block central perception of the 
stimulus. Their presence during conditioning does not 
prevent sensitization but rather appears to enhance 
its development and to counteract the antisensitization 
effects of unilateral ear blockade (7). 


In  contrast to drugs that only inhibit or enhance 
sensitization, we recently have discovered that high 
doses of atropine sulfate (25 mg./kg., i.p.) completely 
block the development of sensitization. While this ad- 
mittedly is an extremely high dosage, it is the first 
indication that audioconditioning can be prevented by 
drugs. Furthermore, since it is an EDloo dose, it is 
likely that a lower dose range can be found. 


A drug that alters postconditioning development of 
sensitization would be detected by its ability to inhibit 
or enhance sensitization when administered after the 
conditioning stimulus. Several drugs of this type have 
been observed in our laboratory (8). Low doses of 
edrophonium (1-2 mg./kg., i.p.) inhibit sensitization 
when administered 30 min. after conditioning. When 
tested 2 days later, seizure incidence and severity are 
reduced and latencies are prolonged. The effect is 
similar but less striking when edrophonium is given 
before conditioning. This perhaps is explained by the 
fact that the postconditioning duration of drug action 
is shorter in this case. When edrophonium-treated mice 
are challenged at a 3-day condition-test interval, the 
usual seizures are elicited, indicating that this drug 
slows rather than blocks the development of sensitiza- 
tion. 


A multitude of drugs promote or inhibit the seizure 
response when present at the test exposure to sound. 
In  general, convulsants promote seizures, whereas anti- 


convulsants, sedatives, and tranquilizers inhibit their 
onset and severity (8). These drugs produce similar 
effects on audiogenic seizures in genetically susceptible 
strains of mice. 


The advantages of audioconditioned seizures as a 
screening method lie in several areas. As a biomodel of 
stress-induced neurosis, it does not require the use of 
genetically susceptible strains, special diets, chemicals, 
or surgical manipulation. The test response is a quick 
quanta1 observation which can be easily assessed by a 
technician. Also, since it involves the use of immature 
animals, this screen may have special predictive value 
for drugs to treat neurologic diseases of children. 


I t  is our conclusion that audioconditioning should 
serve as an important experimental approach to the 
study of neural hyperexcitability and as a useful 
screening method for drugs affecting the CNS. 
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Binding of Salicylate to Crystalline Bovine 
Serum Albumin and to Fraction V 
Bovine Serum Albumin 


Keyphrases 0 Salicylate binding-bovine serum albumin 0 Bovine 
serum albumin, crystalline, Fraction V-salicylate binding compari- 
son 0 Equilibrium dialysis-bovine serum albumin salicylate 
binding 


Sir: 


In  the course of developing analytical methods for 
protein-binding studies, we have routinely used Fraction 
V bovine serum albumin (BSA) rather than the more 
costly crystalline BSA in preliminary work. For a drug 
such as sulfaethidole (SETD), there appears to be little 
difference in binding of the drug to Fraction V BSA 
and to crystalline BSA; a survey of references cited in a 
recent review (1) indicates that many workers have 
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Solubilization of Some Steroid Hormones 
in Aqueous Solutions of Bile Salts 


ARVIND L. THAKKAR 


Abstract 0 Solubilities of testosterone propionate, methyltestos- 
terone, and 19-nortestosterone in aqueous sodium cholate and 
deoxycholate were determined. Solubilizing capacity values show 
that deoxycholate is a better solubilizer than cholate and that 
both bile salts solubilize more 19-nortestosterone than other tes- 
tosterone derivatives. A possible mode of solubilization is discussed. 


Keyphrases 0 Steroid hormones-solubilization, aqueous solutions, 
bile salts 0 Testosterone derivatives-solubilizing effect of sodium 
cholate, deoxycholate 0 UV spectrophotometry-analysis 


The ability of bile salts to enhance the water solu- 
bility of steroid hormones was noted as early as 1944 by 
Cantarow et al. (1). Since that time, micellar solubiliza- 
tion of steroids has been studied extensively by Ekwall 
(2) and Sjoblom (3). However, bile salt solubilization of 
hormonal steroids appears not to have been examined 
in detail. This study was undertaken to examine the 
solubilization of testosterone propionate, methyltestos- 
terone, and 19-nortestosterone by the anionic surfac- 
tants, sodium cholate and sodium deoxycholate, and 
is part of a larger study of the solubilization of steroidal 
hormones by steroidal surfactants. A recent report from 
this laboratory (4) dealt with the solubilization of some 
androgenic steroids by ethoxylated cholesterol, a non- 
ionic surfactant. 


EXPERIMENTAL 


Materials-Sodium cholate,' sodium deoxycholate,l methyl- 
testosterone NF, testosterone propionate USP, and 19-nortes- 
tosterone2 were used as received. Moisture contents of the bile 
salts, determined by drying overnight in DUCUO at 1 lo", were taken 
into consideration when recording their weights. Bile salt solutions, 
prepared with distilled water, were not buffered; their pH ranged 
from 7.0 to 7.8 for cholate and from 7.2 to 8.6 for deoxycholate. 


Solubility Determinations-Solubilities were determined by 
equilibration of several concentrations of bile salt solutions with the 
steroids, followed by spectrophotometric analyses of suitably di- 


~~~~~~ ~~ ~ 


1 Special enzyme grade, Mann Research Laboratories, Inc., New 
2 Purchased from Organon, Inc., West Orange, N. J. 


York, N. Y .  
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Figure 1-Solubility of steroids in aqueous solutions of sodium cholate 
at 30". Key: @, 19-nortestosterone; m, methyltestosterone; and A,  
testosterone propionate. 


luted aliquots, as described previously (4). For solutions in which 
enhancement of steroid solubility was minimal, dilution with 50% 
(v/v) methanol was still necessary to lower the bile salt concentra- 
tion to a point where it would not interfere with the UV spectro- 
photometric analytical procedure. In such cases, cells of 5-cm. 
pathlength were used. 19-Nortestosterone, which was not included 
in the previous study, has maximum absorbance in 50% (v/v) 
aqueous methanol at 244 mp, with a molar absorption coefficient of 
17.3 X lo3. 


RESULTS AND DISCUSSION 


Figures 1 and 2 show the relationship between solubility of the 
steroid solubilizates and the concentration of sodium cholate and 
sodium deoxycholate, respectively. At low concentrations of bile 
salts, only a marginal change in steroid solubility is observed. 
After these initial stages, up to -1.0 X M for sodium cholate 
and -6.0 X 1W3 M for sodium deoxycholate, steroid solubility 
increases linearly with bile salt concentration. This behavior con- 
forms well to the general features of micellar solubilization, but it 
is a t  variance with the report of Lach and Pauli (5) who found that 
the solubility of testosterone increased at a higher rate below the 
apparent critical micelle concentration (CMC) of deoxycholate 
than above it. In a comprehensive paper dealing with the solubiliza- 
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Table I-Solubilizing Capacity of Bile Salts for Steroids at 30° 


Solubilizing Capacity,a 
--(Mole Steroid/Mole Bile Salt) X lo3- 


Reciprocal of Solubilizing Capacity, 
-Mole Bile Salt/Mole Steroid- 


Steroids Cholate Deoxycholate Cholate Deoxychola te 
Sodium Sodium Sodium Sodium 


Testosterone propionate 6.61 34.19 151 29 
Methyltestosterone 16.20 30.49 62 32 
19-Nortestosterone 62.11 163.2 16 6 


~~~ ~ ~~ ~ 


These values are calculated by the method of least squares from the linear plots, above the apparent CMC, in Figs. 1 and 2. Correlation coefficients 
of the linear relationships were higher than 0.90 in all the cases. 


tion of bile acids, cholesterol, and several other lipoidal substances 
by bile salts, Ekwall(2) has shown that micelle formation in aqueous 
bile salt solutions takes place in a number of discrete stages. In the 
present work, the bile salt concentration ranges in which the rather 
sharp increases in steroid solubility commence are in reasonably 
good agreement with the “first concentration limits,” 1.3-1.8 X 
10-1 Mfor cholate and 5-6 X lop3 M for deoxycholate, reported by 
Ekwall (2), and also with the CMC values reported by Bates et al. 
(6), using other solubilizates. 


The solubilizing capacities of the bile salts for the steroids ex- 
amined are listed in Table I. It is evident from Table I that deoxy- 
cholate is a better solubilier than cholate. This is in agreement 
with previous findings (2, 6) with other solubilizates. Table I also 
shows that both bile salts solubilize 19-nortestosterone to the 
greatest extent. Water solubilities (in moles/liter at 30”) of the 
steroids examined are in the following order: 19-nortestosterone 
(9.59 X > methyltestosterone (1.02 X lW4) > testosterone 
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Figure 2-Solubility of steroids in aqueous solutions of sodium 
deoxycholate at 30“. Key: a, 19-nortestosterone; m, methyltestos- 
terone; and A, testosterone propionate. 


propionate (0.06 X The ability of 19-nortestosterone to be- 
come solubilized to the greatest extent may be due to its inherently 
high affinity for water. Sjoblom (3) has also reported similar data 
for solubilization of 19-nortestosterone in aqueous solutions of 
polysorbate 20. In the concentration range examined, both of the 
bile salts solubilized more methyltestosterone than testosterone 
propionate. However, as Table I shows, the solubilizing capacity of 
deoxycholate for testosterone propionate is greater than that for 
methyltestosterone. These results and those of a previous study (4) 
thus show that there is no apparent relationship between the water 
solubility of a steroid and its property of becoming micellarly 
solubilized. 


A closer examination of Figs. 1 and 2 shows that significant in- 
creases in the solubility of 19-nortestosterone take place before the 
apparent CMC‘s of the bile salts are exceeded. This may be due to 
formation of mixed micelles of the bile salt and 19-nortestosterone, 
or it may be that the bile salts increase the solubility of 19- 
nortestosterone by cosolvation effects. It is interesting that 19- 
nortestosterone, a steroid molecule without one angular methyl 
group, is considerably more hydrophilic than other testosterone 
derivatives. 


Recently, Small et al. (7, 8 )  proposed that cholate and deoxy- 
cholate micelles are formed by hydrophobic association of the 
hydrocarbon backs of the rigid steroid nuclei in such a way that 
the hydrophilic sides, containing the hydroxyl groups and the 
negatively charged ionic groups, are exposed to water. In the ab- 
sence of excess counterion concentration, as in this study, these 
micelles remain small in comparison with classical detergent 
micelles, their aggregation number ranging from 2 to 9 (7). Upon 
examining space-filling (Stuart-Breiglib) molecular models, Small 
has suggested that up to 9 or 10 cholate molecules may associate 
hydrophobically. 


Small and Admirand (9) have shown that at 30” about 6 9  moles 
of bile salt will solubilize 1 mole of lithocholate. The reciprocal 
solubilizing capacity values for 19-nortestosterone determined in 
this study are similar to those for lithocholate. There is a structural 
similarity between lithocholate and 19-nortestosterone; both have 
polar groups at each end of their molecules. These observations 
suggest that the mechanism responsible for the solubilization of 
these two steroids may be similar. Working with space-filling molec- 
ular models (Corey-Pauling-Koltun), it is possible to surround 
one molecule of either 19-nortestosterone or lithocholate by bile salt 
molecules in such a way that the hydrophobic parts of the molecules 
are in contact and the polar functions are exposed to the surround- 
ings. The number of bile salt molecules required for this purpose is 
consistent with the reciprocal solubilizing capacity values. 


For methyltestosterone and testosterone propionate, the solubility 
data do not permit postulation of the solubilization mechanism. 
It seems reasonable, however, to expect that the effective average 
micelle size and volume would change when these solubilizates are 
incorporated, regardless of the mechanism, in micellar solutions of 
bile salts. Light scattering, viscosity, and ultracentrifugation studies 
would reflect such changes and might, therefore, provide useful 
clues for understanding these solubilized systems. 
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Alkaloi.ds of Tylophora I: Isolation 
of Six New Alkaloids 


KOPPAKA V. RAO*, RICHARD WILSON, and BERNICE CUMMINGS 


Abstract 0 Tylophora crebrgora (N. 0. Asclepiadaceae) is a slender 
vine found chiefly in northeastern Australia. In a detailed examha- 
tion of the plant, six alkaloids have been isolated which have not 
previously been shown to be present in this genus. The methods for 
their isolation and their physical characteristics are described. 


Keyphrases [7 Tylophora crebriflora-separation, isolation, physi- 
cal properties, six alkaloids 0 JR spectrophotometry-structure, 
identification 0 UV spectrophotometry-structure, identification 


alkaloid mixture 
countercurrent distribution 
(System 1) 


In a series of papers during the 1950’s, Govindachari 
et al. (1-5) described the isolation, structure, and syn- 
thesis of two alkaloids, tylophorine and tylophorinine, 
present in the Indian plant Tylophora indica. These 
alkaloids are built up of a dibenzolf,h]-pyrrolo[ 1,261- 
isoquinoline skeleton. From a related Australian plant, 
Tylophora crebriyora, Gellert et al. (6) described the 
isolation of a third member named tylocrebrine, to- 
gether with a minor amount of tylophorine. The two 
were shown to be isomeric, differing in the arrangement 
of the methoxyl groups. During routine screening by 
the Cancer Chemotherapy National Service Center 
(CCNSC), it was observed that tylocrebrine showed 
significant antileukemic activity. At the request of 
CCNSC to provide tylocrebrine for possible clinical 
trials, these studies were initiated. 


EXPERIMENTAL 


The dried plant, Tylophora crebriflora, was obtained from Aus- 
tralia.’ The total alkaloid fraction could be readily isolated by the 
following steps: (a) extraction with 1 methanolic acetic acid; 


miiture tylophorine 


countercurrent 
distribution (System 2) 


HCl 


Alkaloid B Alkaloid C 
Scheme I-Separation of the alkaloids of Tylophora crebrillora. 
System I: 3% aqueous acetic acid-chloroform-ethyl acetate (10:7:3) 
System 2: 3 % aqueous acetic acid-chloro form-n-butanol(5:4: I) 


(6) concentration; (c) partition between ethyl acetate and 0.2 N 
HC1 (as.); and (6) extraction of the aqueous layer at pH 9-10 
with chloroform. The crude mixture of alkaloids represented a yield 
of approximately 0.15 %. 


The mixture was separated into its components by the use of 
countercurrent distribution and chromatography on a commercial 
adsorbent,2 as indicated in Scheme I. In addition to the two known 
members, tylocrebrine and tylophorine, the extracts yielded six new 
alkaloids. 


Tylocrebrine and Alkaloid A are the major components, each 
being present to the extent of about 40% of the total. Next in 
abundance are tylophorine and Alkaloids B and C, which account 
for approximately 4-5% each. The rest is made up of the other 
three members, Alkaloids D, E, and F. 


The analytical data and physical properties of the new members 
are shown in Tables I and 11. In general, Alkaloids A-E show 


1 The plant material used in this study was collected, identified, and 
supplied by the Department of Forestry of Queensland, Brisbane, 
Queensland, Australia, in 1964. (A voucher specimen was preserved at  
Chas. Pfizer & Co., Inc., Maywood, N. J.) 2 Florisil, Floridin Co., Pittsburgh, Pa. 
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Clinical Pharmacology Scope, Organization, Training. By WHO 
Study Group, World Health Organization, Geneva, Switzerland, 
1970. i + 21 pp. 23.5 X 16 cm. Price: Annual Subscription $16.00. 
(English) 
The role of the clinical pharmacologist has recently received 


considerable attention. The World Health Organization Study 
Group on Clinical Pharmacology was convened to suggest means of 
eliminating the shortage of clinical pharmacologists, to demarcate 
the scope of clinical pharmacology, and to suggest ways for carrying 
out drug studies in all parts of the world in a scientific and coordin- 
ated manner. 


The WHO report provides considerable information relative to 
clinical pharmacology and could be used as a focus for future discus- 
sions concerning this emerging discipline. 


Staff Review w 


Modern Microcrystal Tests for Drugs, The Identification of Organic 
Compounds by Microcrystalloscopic Chemistry. By CHARLES 
W. FULTON. Wiley, New York, NY 10016, 1969. xviii + 466 
pp. 17.5 X 26 cm. Price $29.95. 
Early in the book a table is presented to illustrate what the author 


considers the best aqueous tests with the 28 best reagents of the past 
for identifying alkaloids. The author has added also a number of 
nonalkaloidal but related substances to the list of materials tested 
and points out that although many of the tests are old, some of them 
being over a hundred years old, they yield reliable results with each 
of the 159 substances tested. 


The author then discusses some new procedures that he has de- 
veloped in microcrystal techniques. He describes tests conducted in 
acid media and procedures for testing the volatility of various chemi- 
cal classes of substances. As a toxicologist he extends volatility 
tests to the detection of putrefactive bases. He also includes chro- 
matography in general procedures for testing unknowns and indi- 
cates the usefulness of spectrophotometry. 


In separate chapters, tests for barbiturates, sympathomimetics and 
central stimulants, phenothiazines, and steroids are presented. The 
author also discusses oxonium and carbonium compounds and io- 
dineiodide complexes; he describes general coverage tests, specific 
tests, and color tests. 


The author explains crystal shapes in unique descriptive terms and 
he presents a system of classification of microcrystals. In the last of 
the 31 chapters are included 192 very good photomicrographs to 
illustrate his classification of crystal forms and also to illustrate 
important tests and significant reactions. Accompanying the photo- 
micrographs are word descriptions of the crystal forms. 


The index lists all of the substances for which tests are described 
in the book and includes a directory of essential information for 
each of these materials. It should be pointed out also that this book 
contains a very complete bibliography of literature in the form of 
appropriate references at the conclusion of each chapter. 


The advent of many new, potent drugs has complicated the task of 
the toxicologist in using microcrystal tests for identification pur- 
poses. The author has included a number of new synthetic drugs in 
his tests and he points out that at least two or three different tests 


must yield positive results with both the unknown and with known 
material in order to be sure of the unknown tested. This book is 
recommended as a useful reference to those working with microcrys- 
tal identification techniques. 


Reviewed by Elmer M. Plein 
College of Pharmacy 
University of Washington 
Seattle, W A  98105 


The Control of Chemotherapy. Edited by P. J. WAIT. E. & S. 
Livingstone Ltd., London, England, 1970. i + 109 pp. 14 X 22 
cm. Price $6.25. 
The papers in this volume were presented at a symposium held 


in March 1969, in the Wright-Fleming Institute, St. Mary’s Hospi- 
tal Medical School, London, England. Starting from the premise 
that the treatment of infections with chemotherapeutic drugs can 
only be effective if the drug that is used is one to which the bacteria 
are sensitive and which can reach the site of infection, the sympo- 
sium considered areas in which progress may be expected and areas 
in which inadequate techniques are still in use. 


StaflReview 


NOTICES 


Chemical Control of Fibrinolysis-Thrombolysis. Edited by JOSEPH M. 
SCHOR. Wiley, 605 Third Ave., New York, NY 10016, 1970. xi + 328 pp. 15.5 X 23.5 cm. Price $17.95. 


Programmed Thermodynamics. Vol. 1. By CHARLES E. WALES. 
McGraw-Hill, 330 West 42nd St., New York, NY 10036, 1970. 
ix + 316 pp. 21 X 28 cm. Price $5.95. 


The Dictocrats. Our Unelected Rulers. By OMAR V .  GARRISON. 
Specialty Features Syndicate, 17261 Reuford Ave., Detroit, MI 
48219, 1970. xi + 333 pp. 10.5 X 18 cm. Price $1.25. 


Avzneimittelwirkungen. Ein Lehrbuch der Pharmakologie fur Pharm- 
azeuten, Chemiker und Biologen. By ERNST MUTSCHLER. Wissen- 
schaftliche Verlagsgesellschaft mbh Stuttgart, Germany, 1970. 
xvi + 477 pp. 17 X 24.5 cm. Price DM 48. (German) 


Parathyroid Hormone, Thyrocalcitonin and Related Drugs. Section 
51, Vol. 1, International Encyclopedia of Pharmacology and 
Therapeutics. Edited by G. PETERS. Lausanne, Pergamon Press 
Ltd., Headington Hill Hall, Oxford, England, 1970. vii + 364 pp. 
15.5 X 23.5 cm. Price $16.00. 


Antibiotics in Clinical Practice. By HILLAS SMITH. Williams & 
Wains ,  428 E. Preston St., Baltimore, MD 21202, 1969. ix + 
346 pp. 15 X 23 cm. Price $11.75. 
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Dissolution Behavior and Solubility of Anhydrous and 
Dihydrate Forms of Wy-4508, an Aminoalicyclic Penicillin 


JOHN W. POOLE* and C. KANTA BAHAL 


Abstract 0 Anhydrous and dihydrate forms of an aminoalicyclic 
penicillin (Wy-4508) were compared for solubility in distilled water 
at temperatures ranging from 7 to 60". Differences were noted in 
the physical-chemical properties of these two forms. Below the 
transition temperature, 61 ', the anhydrous form was found to be 
significantly more soluble than the dihydrate. In addition, the 
solubility of the anhydrous crystal was shown to be inversely related 
to temperature. The thermodynamic properties noted for the two 
forms of the antibiotic have been experimentally evaluated. 


Keyphrases 0 Penicillin, aminoalicyclic (Wy-4508)-anhydrous, 
dihydrate forms, solubility 0 Temperature effect-aminoalicyclic 
penicillin solubility Dissolution-aminoalicyclic penicillin, 
anhydrous, dihydrate 0 Thermodynamic properties-anhydrous, 
dihydrate aminoalicyclic penicillin 


Many organic and inorganic compounds exist in 
separate crystalline forms having different physical- 
chemical properties. Higuchi (1) has pointed out that 
the resulting variation in thermodynamic properties 
associated with the differences in crystal forms may be 
of considerable pharmaceutical importance. The present 
report is concerned with an investigation of the differ- 
ences in the physical-chemical properties of two forms 
of an aminoalicyclic penicillin, Wy-4508 [6-( 1 -amino- 
cyc1ohexanecarboxamido)penicillanic acid] (I). 


forms of the semisynthetic penicillin, ampicillin, was 
reported. 


EXPERIMENTAL 


Apparatus-The following were used : a constant-temperature 
water bath equipped with a Unitherm Haake constant-temperature 
circulator1 and a rotating-bottle apparatus,* Swinney hypodermic 
a d a p t e ~ , ~  Millipore filters (pore size 0.45 ,u),~ and 120-ml. amber 
bottles with polyseal caps.' 


Compounds-In all the experiments, anhydrous Wy-4508 (Wyeth 
Laboratories batch (2-10777, m.p. 181-182') was used. The dihy- 
drate form of Wy-4508 was prepared from the anhydrous material 
by preparing a saturated solution of the penicillin in 1 .O N hydro- 
chloric acid and precipitating the hydrated form at pH 7. IR spectra, 
differential thermal analysis, and Karl Fischer moisture determina- 
tions were obtained for the material and conclusively characterized 
the anhydrous and dihydrate forms. 


Dissolution Procedure-An excess of drug, 4 g., in the appropriate 
form was added to 50 ml. of distilled water previously equilibrated 
to the desired temperature. The bottles were rotated at a constant 
speed in a water bath maintained at the appropriate temperature. 
Samples withdrawn at definite intervals were filtered through a 
Millipore filter and diluted immediately to avoid any precipitation 
of the penicillin in the filtered samples due to supersaturation. 


The penicillin content was determined by means of the following 
iodometric titration procedure. To 2.0-ml. aliquots containing 
1-3 mg. of Wy-4508, 2.0 ml. of 1 N sodium hydroxide was added, 
and samples were allowed to stand at room temperature for 15 min. 
At the end of the time, 2.0 ml. of 1.2 N HCl was added, followed by 
I0 ml. of 0.01 N iodine. After 15 min., the excess of iodine was 
titrated, using 0.01 N sodium thiosulfate. For the blank determina- 
tions, 10 ml. of 0.01 N iodine was added to a 2.0-ml. sample and 
titrated immediately. 


I 


Specifically, the solubilities in distilled water of the 
anhydrous and dihydrate forms of this penicillin were 
determined, and the thermodynamic properties of these 
two compounds were experimentally evaluated. 


Much of the past work reported on the physical- 
chemical properties of crystalline hydrates has been 
concerned with inorganic compounds, as illustrated 
by the studies of Taylor and Henderson (2) on various 
hydrates of calcium nitrate and of Hill (3) on calcium 
sulfate. Recently, several investigations concerned with 
studies of organic molecules in the anhydrous and 
hydrated forms have been reported. Two of the hydrated 
forms of phenobarbital, as well as the anhydrous form, 
were examined by Eriksson (4) for apparent solubility 
in water as a function of time. Shefter and Higuchi ( 5 )  
reported the relative dissolution rates of solvated and 
nonsolvated crystalline forms of several types of com- 
pounds of pharmaceutical interest, including steroids 
and xanthines. These workers also determined the ther- 
modynamic properties of several crystal systems. In a 
recent report by the present authors (6),  the dissolution 
and solubility behavior of anhydrous and trihydrate 


RESULTS AND DISCUSSION 


The solubility of the anhydrous form of Wy-4508 at 7, 20, 25, 
30, 40, 50, and 60" is shown in Fig. 1. Similar data at 10, 20, 25, 
30,40,50, and 60" for the dihydrate form of this agent are illustrated 
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Figure 1-Solubility of the anhydrous form of Wy-4.508 in distilled 
water at temperatures ranging from 7 to 60". Key: 0, 7"; A, 20"; 
0,25";0 ,30";A,4Oo;  X , 5 O o ; a n d ~ , 6 0 " .  


1 Brinkmann Instruments, Westbury, N. Y. 
2 E. D. Menold Sheet Co., Lester, Pa. 
8 Millipore Corp., Bedford, Mass. 
4 Erno Products, Philadelphia, Pa. 
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Figure 2-Solubility of the dihydrate form of Wy-4508 in distilled 
wuter at temperatures ranging from 10 to 60". Key: 0, 10"; A, 20"; 
~ , 2 5 " ; 0 , 3 O 0 ; A , 4 0 " ;  X , 5 0 " ; a n d ~ , 6 O 0 .  


in Fig. 2. These figures show the concentration of the antibiotic 
attained in solution as a function of time in the presence of the 
excess of the solid phase in the appropriate form and under essen- 
tially constant agitation. An inverse relationship between tempera- 
ture and solubility for the anhydrous form of this drug was observed. 
The dihydrate form of the drug shows no significant change in 
solubility between 10 and 40". The negative heat of solution noted 
for this compound is consistent with the data reported for the 
anhydrous form of the amphoteric penicillin, ampicillin (6). 


An inverse relationship between solubility and temperature is 
not usually observed, especially with organic compounds. However, 
from the data presented here and previously (6), it appears that 
such a relationship (negative heat of solution) is characteristic of the 
anhydrous form of amphoteric penicillins. 


The data shown for the solubility in water for the two forms of 
Wy-4508 investigated suggest that the equilibrium solubilities ob- 
served are good approximations of the true solubility of these 
crystals. Therefore, the measurements made at the several tempera- 
tures permit calculation of the thermodynamic values involved in 
the transition of the anhydrous form to the dihydrate. The thermo- 
dynamic relationship involving polymorphism and solubility is 
extensively discussed in reports by Shefter and Higuchi ( 5 )  and 
Higuchi et al. (7). 


A classical van't Hoff-type plot of the apparent equilibrium 
solubilities observed at the various temperatures of this investigation 
showed a reasonably good linear relationship for both forms of the 
antibiotic for temperatures up to 40" (Fig. 3). At the higher tempera- 
tures, a deviation from linearity was observed for both forms of 
Wy-4508. This is probably due to degradation of the penicillin at 
these higher temperatures. 


The transition temperature for the anhydrous-dihydrate crystal 
system of this compound corresponds to the temperature at which 
the solubility of the two forms is equal. The transition temperature 
for this system, obtained by extrapolating the straight-line portions 
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Figure &The uan't Hof-type plot for the anhydrous and dihydrate 
forms of Wy-4508 in distilled water. Key: 0, anhydrous: and 0, 
dihydrate. 


of the van't Hoff-type plot, was determined to be 61" (Fig. 31. 
This plot also points up the inverse relationship between tempera- 
ture and solubility for the anhydrous form of the drug, whereas the 
effect of temperatures ranging from 10 to 40" on the solubility of 
the dihydrate form is insignificant. 


The values of the heat of solution for each of the crystal forms 
were calculated from the slopes of the van't Hoff-type plot and were 
determined to be -4700 and 0 cal./mole for the anhydrous and 
dihydrate forms, respectively, The enthalpy of hydration (AHA,H)  
was determined to be -4700 cal./mole. This value is considerably 
less than that noted for the anhydrous-trihydrate system of ampicil- 
lin (6),  where the value was determined to be -6400 cal./mole. 
This is probably due to the fact that only 2 moles of water are 
involved in the hydration of Wy-4508 as compared to 3 moles of 
solvent for each mole of ampicillin. 


The free energy difference, AFT, between the anhydrous and 
hydrated forms at constant temperature and pressure is determined 
by Eq. 1 : 


C, (anhydrous) 
Ci ( d i h y d x )  AFT = RT In 


where C, is the solubility of the form under consideration at a 
particular temperature, T, and R is the gas constant. This value, 
AFT, is a measure of the free energy change involved in a conversion 
of the anhydrous crystal to the dihydrate crystal. The AFT'S at 25 
and 37" (corresponding to room and body temperatures) have been 
determined to be - 550 and - 390 cal./mole, respectively. 


The entropy change, AST, for the reaction involved in hydrate 
formation can be calculated by Eq. 2: 


I AHA.H - AFT AST = _____ T 


The values computed for the hydration of the anhydrous to the 
dihydrate Wy-4508 crystals a t  25 and 37" were -13.9 e.u. At the 
transition temperature of the anhydrous-dihydrate crystal system, 
AF is equal to zero and the entropy change can be calculated by 


AHA.H AS (trans) = ~ T (trans) 


For Wy-4508, AS (trans) was determined to be - 14.1 e.u. The 
hydrated species of this system contains 2 molecules of water; the 
possible intramolecular hydrogen-bond formation between these 
associated water molecules may account for the relatively large 
entropy change noted. 


The entropy change involved in the fusion of water at 25" is 
approximately 6 e.u. This decrease in entropy associated with the 
formation of ice is approximately the same entropy change obtained 
for the hydration of glutethimide and theophylline (5). Therefore, 
the energy involved in the transformation of the dehydrated forms 
of compounds of such types to the hydrate may be related mainly 
to the decrease in the entropy of water molecules in the hydrate 
structure. The results obtained for the entropy change in the ampi- 
cillin anhydrous-trihydrate system (6),  where 3 associated water 
molecules result in an entropy change of - 20 e.u. at 25", and for the 
entropy change observed in the present study, where 2 associated 
water molecules show a change in this value of -13.9 ex., are 
consistent with this hypothesis. 


The thermodynamic values calculated for the anhydrous- 
dihydrate Wy-4508 system are summarized in Table I. 


The equilibrium solubilities observed in these experiments ap- 
parently correspond to the solubilities of anhydrous and dihydrate 
crystalline phases for the Wy-4508 molecule. At the temperatures 


Table I-Thermodynamic Values Calculated for the Anhydrous- 
Dihydrate Wy-4508 System 


AH, cal./mole AFT, 
Temp. Anhydrous Dihydrate cal./molea AST, e m a  


- 550 -13.9 
37 - 390 -13.9 
61 0 -14.1 


( - 4700) (0) 
25' 


0 Calculated for the conversion from the anhydrous to the dihydrate 
form. 
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as shown by the decrease in solubility. These data are summarized 
in Fig. 4. 


SUMMARY 


1 
t 


The solubility of the anhydrous and dihydrate forms of Wy-4508 
in distilled water has been determined over a temperature range of 
7-60". From the solubility data, the transition temperature for 
this crystal system was estimated to be 61 '. The anhydrous form was 
found to be significantly more water soluble than the dihydrate at 
all temperatures below the transition temperature. In addition, the 
solubility of the anhydrous crystal was shown to be inversely related 
to temperature (negative heat of solution). The thermodynamic 
values for the anhydrous-dihydrate Wy-4508 crystal system have 
been calculated. 


10 - 
1 2 3 4 5 6 7  


HOURS 


Figure 4-Znfluence oj'seeditig anhydrous Wy-4508 with I and 10 
dihydrate crystals on the solubility in distilled water at 10". Key: 
0, arrliydrous; 0, seeded with I dihydrate; A, seeded with 10% 
diliydrate; andA, dihydrate. 


utilized, there was no evidence of conversion of the more soluble 
anhydrous form to the less soluble dihydrate species as would be 
expected strictly from thermodynamic consideration. Undoubtedly, 
this may be due to steric factors involved in the association of 
the water molecules in the crystal system and to the relatively high 
water solubility of this particular amphoteric penicillin. Even at 
lower temperatures (lo"), seeding of the anhydrous form with 1 
dihydrate crystals did not result in a rapid conversion of the anhy- 
drous form to the less soluble species. However, when the seed was 
incorporated at the 10% level, a relatively rapid and complete 
conversion of the anhydrous to the dihydrate form was observed 
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Effects of Disulfiram on Growth, Longevity, 
and Reproduction of the Albino Rat 


HARALD G .  0. HOLCK, PAUL M. LISH*, DAVID W. SJOGRENt, W. W. WESTERFELDI, an3 
MARVIN H. MALONE$ 


Abstract Chronic oral ingestion of disulfiram at concentrations of 
1:lOOO and 1:2OOO in powdered food retards the growth and re- 
productive capacity of the albino rat; a concentration of 1 : 1000 
also decreases longevity. Enhancement of diet with ascorbic acid 
has no antidotal action on the growth and reproductive effects. 
Chronic disulfiram feeding appears to have no significant effects 
on whole animal qxygen consumption, blood counts, tissue xan- 
thine oxidase activity, and liver molybdenum content. Calcium 
deposition in the cerebellum was absent. 


Key phrases 0 Disulfiram-chronic feeding studies, rats 0 Blood 
cells, number4isulfiram effect 0 Reproduction, longevity, body 
weight4isulfiram effects 0 Oxygen consumption-disulfiram 
effect 0 Ascorbic acid effect-disulfiram activity 


While single oral doses and chronic feeding of di- 
sulfiram in the absence of ethanol are considered rela- 
tively nontoxic (1-3), chronic feeding of rats on diets 
containing disulfiram (1 :400-1: 10,000) has been re- 
ported to retard growth and increase mortality (4). 


Muscular incoordination was seen in rats chronically 
fed the 1:400 and 1:lOOO diets by the age of 2 years, 
and microscopic examination of the cerebellum and 
basal ganglia revealed calcified masses in rats fed 
1 : 400 disulfiram. In addition to its generally accepted 
inhibitory effect on liver aldehyde oxidase, disulfiram 
has been reported to have some antithyroid capacity 
(5) .  Disulfiram can inhibit the oxygen uptake of rat 
liver homogenates by apparently acting as a competitive 
hydrogen acceptor (6).  Ascorbic acid overcomes this 
inhibition and is reported to be effective intravenously 
in man (7). The metabolic breakdown of disulfiram 
into diethyldithiocarbamate, an effective chelator, has 
also been noted (8). 


After preliminary work in this laboratory, it was 
considered important to document the effects of di- 
sulfiram in the young rat during the most rapid phases 
of growth and to see whether longevity and reproductive 
capacity would be affected. 


Vol. 59, No. 9,  September 1970 1267 








or antisensitizing effects of the drug can be isolated 
from any sedative-anticonvulsant action it may have. 


Physical impairment of hearing (e.g., glycerin in the 
ear) during conditioning reduces the incidence of sensi- 
tization (and subsequent seizures); impairment at the 
time of testing reduces seizure severity. When hearing 
is impaired on both occasions, the two effects are 
combined (7). The latter should be the case when oto- 
toxic drugs are tested with this screen. Transient and 
permanent effects can be partitioned by subjecting the 
mice to a third sound exposure 3 days after the test 
exposure. 


A drug that blocks central perception of the sound 
stimulus should be detected by its ability to prevent 
sensitization when present during conditioning, but 
not when administered immediately afterward. Proto- 
types of many pharmacologic classes have been tested, 
but no drug has been found that effectively blocks 
audioconditioning at nontoxic doses. Latency changes 
and a decreased incidence of maximal seizures can be 
ob;erved. However, because of the reduced metabolic 
and excretory potential of young mice, it is difficult 
to determine whether these are due to impairment of 
audioconditioning or to residual drug effects on seizure 
response. The latter remains a possibility even after the 
2- or 3-day condition-test interval. PhenobarbitaI and 
diphenylhydantoin have been shown to be proconvulsant 
(rather than anticonvulsant) 2 days after their adminis- 
tration (8). 


It is interesting to note that ether and pentobarbital 
anesthesias do not block central perception of the 
stimulus. Their presence during conditioning does not 
prevent sensitization but rather appears to enhance 
its development and to counteract the antisensitization 
effects of unilateral ear blockade (7). 


In  contrast to drugs that only inhibit or enhance 
sensitization, we recently have discovered that high 
doses of atropine sulfate (25 mg./kg., i.p.) completely 
block the development of sensitization. While this ad- 
mittedly is an extremely high dosage, it is the first 
indication that audioconditioning can be prevented by 
drugs. Furthermore, since it is an EDloo dose, it is 
likely that a lower dose range can be found. 


A drug that alters postconditioning development of 
sensitization would be detected by its ability to inhibit 
or enhance sensitization when administered after the 
conditioning stimulus. Several drugs of this type have 
been observed in our laboratory (8). Low doses of 
edrophonium (1-2 mg./kg., i.p.) inhibit sensitization 
when administered 30 min. after conditioning. When 
tested 2 days later, seizure incidence and severity are 
reduced and latencies are prolonged. The effect is 
similar but less striking when edrophonium is given 
before conditioning. This perhaps is explained by the 
fact that the postconditioning duration of drug action 
is shorter in this case. When edrophonium-treated mice 
are challenged at a 3-day condition-test interval, the 
usual seizures are elicited, indicating that this drug 
slows rather than blocks the development of sensitiza- 
tion. 


A multitude of drugs promote or inhibit the seizure 
response when present at the test exposure to sound. 
In  general, convulsants promote seizures, whereas anti- 


convulsants, sedatives, and tranquilizers inhibit their 
onset and severity (8). These drugs produce similar 
effects on audiogenic seizures in genetically susceptible 
strains of mice. 


The advantages of audioconditioned seizures as a 
screening method lie in several areas. As a biomodel of 
stress-induced neurosis, it does not require the use of 
genetically susceptible strains, special diets, chemicals, 
or surgical manipulation. The test response is a quick 
quanta1 observation which can be easily assessed by a 
technician. Also, since it involves the use of immature 
animals, this screen may have special predictive value 
for drugs to treat neurologic diseases of children. 


I t  is our conclusion that audioconditioning should 
serve as an important experimental approach to the 
study of neural hyperexcitability and as a useful 
screening method for drugs affecting the CNS. 
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Binding of Salicylate to Crystalline Bovine 
Serum Albumin and to Fraction V 
Bovine Serum Albumin 


Keyphrases 0 Salicylate binding-bovine serum albumin 0 Bovine 
serum albumin, crystalline, Fraction V-salicylate binding compari- 
son 0 Equilibrium dialysis-bovine serum albumin salicylate 
binding 


Sir: 


In  the course of developing analytical methods for 
protein-binding studies, we have routinely used Fraction 
V bovine serum albumin (BSA) rather than the more 
costly crystalline BSA in preliminary work. For a drug 
such as sulfaethidole (SETD), there appears to be little 
difference in binding of the drug to Fraction V BSA 
and to crystalline BSA; a survey of references cited in a 
recent review (1) indicates that many workers have 
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Figure 1-Binding of SETD to 4.55% crystalline (0) and Fraction V 
(0) BSA, pH 7.4,37". 
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Figure 2-Binding of salicylate to 4.55% crystalline (0) and Frac- 
tion V ( 0 )  BSA,pH 7.4,37". 


utilized Fraction V BSA to  study drug binding. In 
studies with salicylate, however, we observed a marked 
difference in binding to  these two BSA fractions. There 
have been reports of striking species differences in 
serum albumin binding of drugs (2-5), but the potential 
erroneous predictions which might arise from the 
assumption that if one drug exhibits similar binding to  
both crystalline and Fraction V BSA other drugs will 
also exhibit similar binding to both fractions have not 
been emphasized. 


As shown in Fig. 1 ,  SETD exhibits little difference in 
binding to  Fraction V and crystalline BSA. Figure 2, 
however, illustrates considerably greater binding of 
salicylate to crystalline BSA than to Fraction V BSA. 
For example, at a total salicylate concentration of 47 X 


crys- 
talline BSA, while only 63 % is bound by 4.55 % Frac- 
tion V BSA. 


A further and striking difference between the crys- 
talline and Fraction V BSA is that 10 mg.% SETD, 
an agent that competes for binding sites with salicylate, 
and an agent that is effectively displaced from serum 
albumin by salicylate (6), greatly enhances the binding 
of salicylate to  Fraction V BSA, while it exhibits the 
expected displacement of salicylate from binding to 
crystalline BSA and pooled human plasma (7). As 
illustrated in Fig. 3, at  total salicylate concentrations 
less than about 6 X M (9.6 mg. %sodium salicylate), 
there is displacement of salicylate upon addition of 10 
mg. % SETD. But at higher salicylate concentrations, 
there is markedly enhanced binding of salicylate to the 
protein in the presence of 10 mg. 


It is apparent that Fraction V and crystalline BSA 
differ in such a manner that the binding of SETD is not 


M ,  91 % is bound in the presence of 4.55 


SETD. 


Figure %Binding of sai- 2 
icylate to 4.55% Frac- 3 
tion V BSA (0) and the 2 
effect of 10 mg.% SETD w 
on binding of salicylate 
(.),pH 7.4,37". 
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greatly affected, but the binding of salicylate to Frac- 
tion V is greatly diminished. In Fraction V BSA, all of 
the salicylate binding sites may not be available or readily 
accessible to the drug. Upon addition of 10 mg.% 
SETD, however, there may be a subtle conformational 
change induced by the binding of SETD such that the 
Fraction V resembles the crystalline BSA in affinity for 
salicylate. Further studies in  progress are directed 
toward exploration of the nature of the conformational 
change and its influence on the number of salicylate 
binding sites and the respective affinity constants. 


Binding data were obtained by equilibrium dialysis 
for 12 hr. at  37”, in pH 7.4-, 0.054 M phosphate buffer 
made isotonic with sodium chloride. Both inside and 
outside solutions were assayed for drug content, utilizing 
the Bratton-Marshall procedure for SETD (8), and 
both UV spectrophotometric analysis and I4C were used 
for determination of salicylate. 
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“Absorption Rate Constants” Calculated 
According to the One-Compartment 
Open Model with First-Order Absorption : 
Implications in In Viuo-Zn Vitro 
Correlations 


Key phrases 0 “Absorption rate constants”-one-compartment 
open model 0 In uiuo-in uitro correlations, “absorption rate con- 
stants”-calculation method effect 


Sir: 


Plasma or serum concentrations of unchanged drug 
observed following oral administration of single doses 
of a drug frequently are readily fit by the one-compart- 


Model I 


ment open model with first-order absorption (Model 
I). Wagner and Metzler (1) cited much of the literature 
on this fitting; such fitting leads to Eq. 1 : 


e-krt) (Eq. 1) 


Even when simulated data are generated by applica- 
tion of Eqs. 2 and 2a, 


{ ( k z i  - P )  (a - P )  ((a - krr) ( P  - krr) 
(Eq. 2) 


(Eq. 2 4  


which are appropriate to the two-compartment open 
model with first-order absorption (Model 11), most 
sets of Cl,t data can be fitted with two exponential 
terms (Eq. 1) rather than three exponential terms (Eq. 
2). With real plasma or serum concentration data ob- 


a,p = f [(Ki + K-I + K2) =t d ( K i  + K-I + K2)2 - 4K-iKzI 


Model I[ 


served following oral administration, the same situa- 
tion exists; however, in some cases, intravenous ad- 
ministration of the same drug tends to dictate the two- 
compartment open model. 


When correlating “absorption rate constants” derived 
from plasma concentrations measured in man with 
in uitro rates of drug dissolution from dosage forms, 
one is most interested in relative values or ratios and 
not with absolute individual values. 


The data in Table I are taken from Wagner and 
Metzler (1). When apparent “rate constants for absorp- 
tions,” k , ,  were estimated by nonlinear least-squares 
estimation, by applying Eq. 1 to data generated with 
Eqs. 2 and 2a, the absolute values of kr deviated from 
the kzr values (either 0.5 or 2.0 hr.-l), but the ratios 
of the kl values were very close to the ratio of the true 
kn values (namely, 4.0) when 8 2 Vl/V2 = K L / K 1  2 1. 
It  was previously shown (1) that where Model I1 was 
elaborated from actual plasma or serum level data, 
the ratio of parameters was within the limits shown in 
Table I. 


This observation may help the dilemma of the bio- 
pharmaceutical and pharmacokinetic scientist who 
frequently can fit plasma or serum concentration 
data, obtained following oral administration, with Eq. 
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Alkaloi.ds of Tylophora I: Isolation 
of Six New Alkaloids 


KOPPAKA V. RAO*, RICHARD WILSON, and BERNICE CUMMINGS 


Abstract 0 Tylophora crebrgora (N. 0. Asclepiadaceae) is a slender 
vine found chiefly in northeastern Australia. In a detailed examha- 
tion of the plant, six alkaloids have been isolated which have not 
previously been shown to be present in this genus. The methods for 
their isolation and their physical characteristics are described. 


Keyphrases [7 Tylophora crebriflora-separation, isolation, physi- 
cal properties, six alkaloids 0 JR spectrophotometry-structure, 
identification 0 UV spectrophotometry-structure, identification 


alkaloid mixture 
countercurrent distribution 
(System 1) 


In a series of papers during the 1950’s, Govindachari 
et al. (1-5) described the isolation, structure, and syn- 
thesis of two alkaloids, tylophorine and tylophorinine, 
present in the Indian plant Tylophora indica. These 
alkaloids are built up of a dibenzolf,h]-pyrrolo[ 1,261- 
isoquinoline skeleton. From a related Australian plant, 
Tylophora crebriyora, Gellert et al. (6) described the 
isolation of a third member named tylocrebrine, to- 
gether with a minor amount of tylophorine. The two 
were shown to be isomeric, differing in the arrangement 
of the methoxyl groups. During routine screening by 
the Cancer Chemotherapy National Service Center 
(CCNSC), it was observed that tylocrebrine showed 
significant antileukemic activity. At the request of 
CCNSC to provide tylocrebrine for possible clinical 
trials, these studies were initiated. 


EXPERIMENTAL 


The dried plant, Tylophora crebriflora, was obtained from Aus- 
tralia.’ The total alkaloid fraction could be readily isolated by the 
following steps: (a) extraction with 1 methanolic acetic acid; 


miiture tylophorine 


countercurrent 
distribution (System 2) 


HCl 


Alkaloid B Alkaloid C 
Scheme I-Separation of the alkaloids of Tylophora crebrillora. 
System I: 3% aqueous acetic acid-chloroform-ethyl acetate (10:7:3) 
System 2: 3 % aqueous acetic acid-chloro form-n-butanol(5:4: I) 


(6) concentration; (c) partition between ethyl acetate and 0.2 N 
HC1 (as.); and (6) extraction of the aqueous layer at pH 9-10 
with chloroform. The crude mixture of alkaloids represented a yield 
of approximately 0.15 %. 


The mixture was separated into its components by the use of 
countercurrent distribution and chromatography on a commercial 
adsorbent,2 as indicated in Scheme I. In addition to the two known 
members, tylocrebrine and tylophorine, the extracts yielded six new 
alkaloids. 


Tylocrebrine and Alkaloid A are the major components, each 
being present to the extent of about 40% of the total. Next in 
abundance are tylophorine and Alkaloids B and C, which account 
for approximately 4-5% each. The rest is made up of the other 
three members, Alkaloids D, E, and F. 


The analytical data and physical properties of the new members 
are shown in Tables I and 11. In general, Alkaloids A-E show 


1 The plant material used in this study was collected, identified, and 
supplied by the Department of Forestry of Queensland, Brisbane, 
Queensland, Australia, in 1964. (A voucher specimen was preserved at  
Chas. Pfizer & Co., Inc., Maywood, N. J.) 2 Florisil, Floridin Co., Pittsburgh, Pa. 
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Table I-Characteristics of the Tylophora Alkaloids 
~~~~~~~~~~~ 


Property Alkaloid A Alkaloid B Alkaloid C 


1. Melting point 2 12-2 14 222-224 a 223-225 O 


2. Formula C24HnN05 Cz3Hz&04 CdLsN05 
3. Analysis 


4. UV spectrum 


5. Rotation [a]K (C, 1 in 


6. R,: Citric acid-formamide- 
chloroform. 
Formamide-chloroform 


chloroform) 


Calcd. Found Calcd. Found Calcd. Found 
C, 70.40 C, 70.26 C, 72.80 C, 72.41 C, 69.85 C, 69.42 
H, 6.65 H, 6.62 H, 6.64 H, 6.69 H, 6.37 H. 6.44 
N, 3.42 N, 3.43 N, 3.69 N, 3.61 N, 3.54 N. 3.55 
OMe, 30.31 OMe, 30.16 OMe, 24.53 OMe, 24.49 OMe, 23.07 OMe, 23.54 
Am,,. 
262 
28 5(sh) 
30Xshf 


- 32 


0.2-0.3 
0.65-0.75 


log E Am,,. 
4.837 262 
4.425 284(sh) 
4.028 302(sh) 


- 63 


0-0.1 
0.5-0.6 


log E Am,,. 


4.818 262 
4.386 265(sh) 
4.057 303(sh) 


34 


0-0.1 
0.3-0.4 


log E 
4.777 
4.359 
4.143 


a Whatman No. 1 sheets immersed in 5 % citric acid, dried, moistened before use with 30% formamide in methanol, and developed with chloroform 
saturated with formamide. 


Table 11-Characteristics of the Tylophora Alkaloids 


Property 


1. Melting point 
2. Formula 
3. Analysis 


4. UV spectrum 


5. Rotation [a12 
6. Rj: Citric acid-formamide- 


chloroform 


Alkaloid D 


186-188 O 


CzfiHz9N06 


Alkaloid E 


198-200 
CzbHz9NOfi 


Alkaloid F 


137-138" 
Cz4HzgN04 


Calcd. Found Calcd. Found ~- Calcd. Found 
C, 68.32 C, 68.36 C, 70.90 C, 70.67 C, 72.88 C, 72.74 
H, 6.65 H, 6.80 H, 6.80 H, 6.80 H, 7.39 H, 7.37 
N, 3.19 N, 3.19 N, 3.31 N, 3.88 N, 3.54 N, 3.52 
OMe, 35.30 OMe, 34.95 OMr, 36.64 OMe, 36.21 OMe, 31.39 OMe, 31 40 
L,. log E 
262 4.843 
282(sh) 4.410 


- 16.5 


0.4-0.5 


Amax. 
263 


- 69 


0.7-0.8 


log E 
4.878 


Am,,. log e 
4.198 240(sh) 


288 4.001 
-42.5 


0.7-0.8 


characteristics very similar to those of tylocrebrine, thus showing 
similarity in chemical structure. Alkaloid F has somewhat different 
spectral properties, and the exact significance of these results will 
be discussed in a subsequent paper. 
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Clinical Pharmacology Scope, Organization, Training. By WHO 
Study Group, World Health Organization, Geneva, Switzerland, 
1970. i + 21 pp. 23.5 X 16 cm. Price: Annual Subscription $16.00. 
(English) 
The role of the clinical pharmacologist has recently received 


considerable attention. The World Health Organization Study 
Group on Clinical Pharmacology was convened to suggest means of 
eliminating the shortage of clinical pharmacologists, to demarcate 
the scope of clinical pharmacology, and to suggest ways for carrying 
out drug studies in all parts of the world in a scientific and coordin- 
ated manner. 


The WHO report provides considerable information relative to 
clinical pharmacology and could be used as a focus for future discus- 
sions concerning this emerging discipline. 


Staff Review w 


Modern Microcrystal Tests for Drugs, The Identification of Organic 
Compounds by Microcrystalloscopic Chemistry. By CHARLES 
W. FULTON. Wiley, New York, NY 10016, 1969. xviii + 466 
pp. 17.5 X 26 cm. Price $29.95. 
Early in the book a table is presented to illustrate what the author 


considers the best aqueous tests with the 28 best reagents of the past 
for identifying alkaloids. The author has added also a number of 
nonalkaloidal but related substances to the list of materials tested 
and points out that although many of the tests are old, some of them 
being over a hundred years old, they yield reliable results with each 
of the 159 substances tested. 


The author then discusses some new procedures that he has de- 
veloped in microcrystal techniques. He describes tests conducted in 
acid media and procedures for testing the volatility of various chemi- 
cal classes of substances. As a toxicologist he extends volatility 
tests to the detection of putrefactive bases. He also includes chro- 
matography in general procedures for testing unknowns and indi- 
cates the usefulness of spectrophotometry. 


In separate chapters, tests for barbiturates, sympathomimetics and 
central stimulants, phenothiazines, and steroids are presented. The 
author also discusses oxonium and carbonium compounds and io- 
dineiodide complexes; he describes general coverage tests, specific 
tests, and color tests. 


The author explains crystal shapes in unique descriptive terms and 
he presents a system of classification of microcrystals. In the last of 
the 31 chapters are included 192 very good photomicrographs to 
illustrate his classification of crystal forms and also to illustrate 
important tests and significant reactions. Accompanying the photo- 
micrographs are word descriptions of the crystal forms. 


The index lists all of the substances for which tests are described 
in the book and includes a directory of essential information for 
each of these materials. It should be pointed out also that this book 
contains a very complete bibliography of literature in the form of 
appropriate references at the conclusion of each chapter. 


The advent of many new, potent drugs has complicated the task of 
the toxicologist in using microcrystal tests for identification pur- 
poses. The author has included a number of new synthetic drugs in 
his tests and he points out that at least two or three different tests 


must yield positive results with both the unknown and with known 
material in order to be sure of the unknown tested. This book is 
recommended as a useful reference to those working with microcrys- 
tal identification techniques. 


Reviewed by Elmer M. Plein 
College of Pharmacy 
University of Washington 
Seattle, W A  98105 


The Control of Chemotherapy. Edited by P. J. WAIT. E. & S. 
Livingstone Ltd., London, England, 1970. i + 109 pp. 14 X 22 
cm. Price $6.25. 
The papers in this volume were presented at a symposium held 


in March 1969, in the Wright-Fleming Institute, St. Mary’s Hospi- 
tal Medical School, London, England. Starting from the premise 
that the treatment of infections with chemotherapeutic drugs can 
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as shown by the decrease in solubility. These data are summarized 
in Fig. 4. 


SUMMARY 


1 
t 


The solubility of the anhydrous and dihydrate forms of Wy-4508 
in distilled water has been determined over a temperature range of 
7-60". From the solubility data, the transition temperature for 
this crystal system was estimated to be 61 '. The anhydrous form was 
found to be significantly more water soluble than the dihydrate at 
all temperatures below the transition temperature. In addition, the 
solubility of the anhydrous crystal was shown to be inversely related 
to temperature (negative heat of solution). The thermodynamic 
values for the anhydrous-dihydrate Wy-4508 crystal system have 
been calculated. 


10 - 
1 2 3 4 5 6 7  


HOURS 


Figure 4-Znfluence oj'seeditig anhydrous Wy-4508 with I and 10 
dihydrate crystals on the solubility in distilled water at 10". Key: 
0, arrliydrous; 0, seeded with I dihydrate; A, seeded with 10% 
diliydrate; andA, dihydrate. 


utilized, there was no evidence of conversion of the more soluble 
anhydrous form to the less soluble dihydrate species as would be 
expected strictly from thermodynamic consideration. Undoubtedly, 
this may be due to steric factors involved in the association of 
the water molecules in the crystal system and to the relatively high 
water solubility of this particular amphoteric penicillin. Even at 
lower temperatures (lo"), seeding of the anhydrous form with 1 
dihydrate crystals did not result in a rapid conversion of the anhy- 
drous form to the less soluble species. However, when the seed was 
incorporated at the 10% level, a relatively rapid and complete 
conversion of the anhydrous to the dihydrate form was observed 
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Effects of Disulfiram on Growth, Longevity, 
and Reproduction of the Albino Rat 


HARALD G .  0. HOLCK, PAUL M. LISH*, DAVID W. SJOGRENt, W. W. WESTERFELDI, an3 
MARVIN H. MALONE$ 


Abstract Chronic oral ingestion of disulfiram at concentrations of 
1:lOOO and 1:2OOO in powdered food retards the growth and re- 
productive capacity of the albino rat; a concentration of 1 : 1000 
also decreases longevity. Enhancement of diet with ascorbic acid 
has no antidotal action on the growth and reproductive effects. 
Chronic disulfiram feeding appears to have no significant effects 
on whole animal qxygen consumption, blood counts, tissue xan- 
thine oxidase activity, and liver molybdenum content. Calcium 
deposition in the cerebellum was absent. 


Key phrases 0 Disulfiram-chronic feeding studies, rats 0 Blood 
cells, number4isulfiram effect 0 Reproduction, longevity, body 
weight4isulfiram effects 0 Oxygen consumption-disulfiram 
effect 0 Ascorbic acid effect-disulfiram activity 


While single oral doses and chronic feeding of di- 
sulfiram in the absence of ethanol are considered rela- 
tively nontoxic (1-3), chronic feeding of rats on diets 
containing disulfiram (1 :400-1: 10,000) has been re- 
ported to retard growth and increase mortality (4). 


Muscular incoordination was seen in rats chronically 
fed the 1:400 and 1:lOOO diets by the age of 2 years, 
and microscopic examination of the cerebellum and 
basal ganglia revealed calcified masses in rats fed 
1 : 400 disulfiram. In addition to its generally accepted 
inhibitory effect on liver aldehyde oxidase, disulfiram 
has been reported to have some antithyroid capacity 
(5) .  Disulfiram can inhibit the oxygen uptake of rat 
liver homogenates by apparently acting as a competitive 
hydrogen acceptor (6).  Ascorbic acid overcomes this 
inhibition and is reported to be effective intravenously 
in man (7). The metabolic breakdown of disulfiram 
into diethyldithiocarbamate, an effective chelator, has 
also been noted (8). 


After preliminary work in this laboratory, it was 
considered important to document the effects of di- 
sulfiram in the young rat during the most rapid phases 
of growth and to see whether longevity and reproductive 
capacity would be affected. 


Vol. 59, No. 9,  September 1970 1267 







Table I-Effects of Disulfiram in the Diet on Body Weight of the Albino Rat" 


Significance Significance 
Sex Age, Days on Mean Wt., Mean Wt., from Mean Wt., from 


Run (Number) Days Diet g. (+.sE) g. (+.YE) Control, p g. (+m Control, p 
~ 


I 


I 


30 
60 
90 


120 
30 
60 
90 


120 


0 
30 
60 
90 
0 


30 
60 
90 


Control Diet 
55(1.3) 


148 (3.3) 
191 (5.7) 


116 (2.6) 
139 (3.1) 
151 (2.8) 


1 : 2000 
56 (2.2) 


129 (4.6) 
169 (6.0) 
195 (4.3) 
51 (2.0) 


103 (4.0) 
127 (3.3) 
141 (3.1) 


Disulfiram 
>O. 50 
<0.01 
<0.01 
<0.001 
>O. 50 
<0.01 
<0.01 
<0.02 


1 : 1000 
56(1.7) 


115 (4.0) 
157 (5.0) 
185 (5.4) 
52(1.9) 


115 (2.9) 
129 (2.6) 


90 (3.1) 


Disul firam 
>O.  50 
<0.001 
<0.001 
<0.001 
>O. 50 
<0.001 
<0.001 
<o . 001 


Control Diet 1 : 8000 Disulfiram 1 :4000 Disulfiram 
30 0 49 (3.6) 50(3.2) >0.50 48 (3.2) >O.  50 
60 30 147 (4.2) 158 (5.2) >o. 10 148 (5.7) >O.  50 
90 60 218 (7.9) 225 (5.2) >0.40 214 (5.0) >O. 50 
30 0 47 (2.8) 45 (2.2) >O. 50 46 (3.0) > O .  50 
60 30 114 (2.4) 
90 60 139 (4.7) 140 (3.4) >0.50 133 (3.8) >O. 30 


11 M (10) 


11 F (10) 
116 (3.1) >0.50 109 (3.3) >o. 20 


The disulfiram was mechanically admixed with Purina powdered laboratory chow. 


EXPERIMENTAL 


All rats were albinos, bred originally from Wistar stock in this 
laboratory, and were maintained in animal quarters (26") on un- 
restricted Purina powdered laboratory chow and tap water. Test 
diets containing 1 : 1000, 1 :2000, 1 :4000, and 1 :8000 parts of di- 
sulfiram' per kg. of Purina powdered laboratory chow were 
prepared with an electric mixer. When ascorbic acid was added 
to  the drinking water, the solution was prepared daily with tap 
water. From food consumption data, the daily intake of 1 :2000 
disulfiram in very young rats was equivalent to about 10 times the 
dosage of an adult man (0.5 g./day or 7 mg./kg.), while the intake 
for an adult rat was about 5 times the human dose. 


RESULTS AND DISCUSSION 


Growth Studies-Young rats were weaned after 30 days, segre- 
gated by sex, and randomly divided into three groups. Diets were 
instituted as shown in the first run of Table I. A significant growth 
lag was apparent after 30 days of feeding (13 and 2 2 z  for males 
and 11 and 22% for females fed 1:2000 and 1:lOOO disulfiram, 
respectively). This lag was maintained up through 90 days of feeding 
(13 and 17 for females consuming 
1 : 2000 and 1 : 1000, respectively). These results compare favorably 
with a 10 and 21 % reduction, respectively, obtained in a preliminary 
study with only 10 males per diet. A second run, conducted in the 
same manner but feeding 1 :4000 and 1 : 8000 disulfiram in the diet 
(Table I, Run 2), indicated that there was no significant retarda- 
tion of growth with these concentrations. In another experiment, 
when feeding of male rats was begun at the age of 85 days and 
continued for 105 days, there was no significant difference in body 
weight between the controls and the rats fed 1 : 6750,1:4500,1: 3000, 
and 1 : 2000 disulfiram (1 2 rats/test group). 


Blood Counts-At the age of 175-185 days, red and white blood 
cell counts, as well as leucocyte differentials, were determined for 
another group of male and female rats fed continuously with either 
control, 1 : 2000, or 1 : 1000 disulfiram diets since the age of 30 days 
(10 males and 10 females/group). Mean red counts for the males 
were: 10.8,10.5, and 9.6 million/cu. mm., and for the females: 10.2, 
9.5, and 9.8 million/cu. mm., respectively. Mean white cell counts 
for males were: 13,360,15,810, and 14,64O/cu. mm., and for females: 
12,570, 12,030, and 14,87O/cu. mm., respectively. These figures, as 
well as the differential counts, all fell within the normal ranges (9), 
indicating no important differences between the groups that might 
be due to a chelation effect. Body weight differences were equivalent 
to those reported in the previous section. 


Oxygen Consumption-At the age of 360-400 days, groups of 
male rats fed continuously either control, 1 : 2000, or 1 : 1000 di- 


for males and 7 and 15 


1 Supplies ofdisulfiram (Antabuse) were donated by Ayerst, McKenna 
and Harrison, Ltd. 
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Table 11-Effects of Disulfiram in the Diet on Longevity of the 
Male Albino Rat" 


Mean Life Significance 
Number/ Span, Days from Con- 
Group (+SE)  trol, p 


Control diet 9 944 (33) - 
1 : 2000 Disulfiram 10 896 (37) > O .  30 
1 : 1000 Disulfiram 10 744 (70) <o .02 


a Separated from mothers a t  the age of 30 days, and test diets begun 
ad libitum. 


sulfiram diets since the age of 30 days (9-10 animals/group) were 
placed in a closed system similar to that described by Maclagan 
and Sheahan (10) for the estimation of ml. oxygen utilized/kg./hr. 
at standard conditions. Mean oxygen consumption was not sig- 
nificantly different (p > 0.50) for the three populations (815, 793, 
and 846 ml./kg./hr. S.T.P., respectively). Apparently, these concen- 
trations of disulfiram in the diet had not significantly altered 
thyroid function. 


Effects on Longevity and Body Weight-Utilizing the techniques 
previously described, three groups of males were maintained on 
either control, 1 : 2000, or 1 : 1000 disulfiram diets until death. As 
shown in Table 11, longevity was significantly reduced only in the 
animals receiving 1 : 1000 disulfiram. As in the preceding experi- 
ments, no signs of motor incoordination (4) were noted, although 
a general tendency for poor grooming was seen with the disulfiram- 
fed animals. The body weight of the rats receiving disulfiram in their 
food was consistently less than that of the control animals. As in 
previous experiments, there were no significant differences in the 
daily food intake between the groups. As with all old rats, a 10-20Z 
incidence of tumors was seen in each of the three groups, but no 
specific tissue susceptibility was noted. Histologic examinations of 
the cerebella of two control rats, two on the 1 : 1000 disulfiram 
diets, and five on the 1 : 2000 disulfiram diets showed no calcifica- 
tion.2 The age at the time of examination ranged from 2.68-2.97, 
2.43-2.71, and 2.51-2.71 years, respectively. The age in all instances 
exceeded the 2-year maximum reported by Fitzhugh ef al. (41, 
who found calcium deposition with a diet concentration of 1 : 400 
of disulfiram. 


Vitamin Enhancement of Diet-While the rat appears to have 
some intrinsic capacity to synthesize ascorbic acid (9), an experi- 
ment was performed to determine if inclusion of ascorbic acid in 
the drinking water would reverse or significantly mitigate the 
disulfiram-induced growth lag. As shown in Table 111, a significant 


2 Histopathologic examinations were performed courtesy o f ,  Dr. 
Charles A. Mebus, D.V.M., Department of Veterinary Science, Univer- 
sity of Nebraska. 







Table 111-Effects of Disulfiram Alone and with Ascorbic Acid on Growth of the Albino Rat 


-1 : lo00 Disulfiram -- 
Days Diet, Significance Significance Significance Significance 


Control -1 :2000 Disulfiram-- -Tap Water-- -0.5% Ascorbic,Acid- 


Sex Age, on Mean Wt., Mean Wt., from Mean Wt., from Mean Wt., from between 
(Number) Days Diet g. (+SE)  g. (+SE)  Control, p g. (fSE) Control, p g. (fSE) Control, p Tests, p 


M (7) 30 0 56(2.5) 56(3.6) >0.50 56(3.0) >0.50 54(5.6) >O. 50 >O. 50 
60 30 149(7.4) 131(8.1) >0.10 122(6.2) <0.02 85(4.8) <0.001 <0.001 
90 60 193(12.3) 17X11.5) >0.30 161(10.1) >0.05 148(6.7) <0.01 >0.20 


120 90 222(6 1) 192(4 6) <O 01 184(9.8) <O 01 20q7 4) <O 05 >o 20 
F(11) 30 0 48(2 9) 48(3 8) >o 50 4912 81 >0 5 0  50(3 41 b o  50 ,n 50 


~ . .. - - -,-. ~ 


60 30 i i i(3.2) 97t6.32 >o.o5 82i2.8j <O.OOI 7 q 3 . j j  <O.OOI >O.IO 
90 60 131(3.7) 121(6.2) >0.10 llO(2.7) <0.001 10K3.4) <0.001 >0.50 


120 90 14q4.3) 135(5.3) >0.10 126(2.0) <0.001 129(2.5) <0.01 > O .  30 


Table IV-Effects of Disulfiram Alone and with Ascorbic Acid on First- and Second-Generation Albino Rats 


1 : lo00 Disulfiram -- 
Days -1 :2000 Disulfiram-- -Tap Water-- - 0 . 5  Ascorbic Acid- between 


Signif- 
icance 


Gener- Age, on -Control Diet- Signif- Signif- Signif- Tests, 
ation Sex Days Diet No. g. (&SE) No. g. (+SE)  icance,p No. g. ( = t S E )  icance,p No. g. (*SE) icance, p p 


I M 30 0 20 4q3.1) 12 41(3.1) >0.50 9 37(3.0) >0.10 6 37(1.6) >0.05 >0.50 
60 30 20 14q5.1) 12 109(5.4) <0.001 9 loo(8.5) <0.001 6 97(3.1) <0.001 >0.50 
90 60 20 219(6.0) 12 163t5.6) <0.001 9 144(7.5) <0.001 6 133(5.6) <0.001 >0.20 


120 90 20 2 6 ~ 6 . 8 )  12 201(6.o) <o.ooi 9 i 9 q i o . j )  <O.OOI 6 i61(4.9j <O.OOI <O.OI 
I1 M 30 0 10" 49(3.6) 6 45(3.6) >0.40 0 O(-) - 1 6-5-) - - 


I F 30 0 18 42(0.8) 11 37(2.3) >0.05 13 38(2.4) >0.05 4 37(1.9) >0.05 >0.50 
60 30 18 119(1.9) 11 93(1.7) <0.001 13 77(4.2) <0.001 4 92(3.7) <0.001 <0.02 
90 60 18 153(2.1) 11 13X3.6) <0.001 13 107(3.7) <0.001 4 llO(3.7) <0.001 >0.50 


11 F 30 0 12" 47(2.8) 12 47(2.5) >0.50 1 40(-) - 1 52(-) - - 


" Only a representative random sample. 


retardation of growth was generally seen after 90 days on the 
diets (14, 17, and 10% for males, and 8, 14, and 12% for females fed 
1 : 2000 disulfiram, 1 : 1000 disulfiram, and 1 : lOC0 disulfiram plus 
ascorbic acid in the drinking water, respectively). With the excep- 
tion of the males on diet for 30 days, there was no significant 
difference in weight between animals with and without ascorbic acid 
on the 1 : 1000 diet. This exception was unexpected since it appeared 
to indicate that ascorbic acid might actually enhance disulfiram- 
induced growth retardation. However, this effect was not seen in the 
comparable female groups. A separate experiment was then set up 
to ascertain whether ascorbic acid in the drinking water of rats 
receiving only the control diet would retard growth or reduce fluid 
intake. No such effects were seen. In the experiment described in 
the next section, no consistent ascorbic acid retardation was seen, 
so this exception in Table 111 must be discounted as being presently 
unexplainable. 


First- and Second-Generation Studies-In a preliminary study, 
1 : 1000 disulfiram in the diet appeared to have a definite depressant 
effect on the reproductive capacity of rats, while 1 : 2000 disulfiram 


was without effect. At 130-135 days of age, the males and females 
of the preceding study (Table 111) were mated while continuing to 
receive their assigned diets. The paired rats remained together until 
the female showed signs of pregnancy or reached the age of 228 
days. The young from this mating were separated from their 
mothers at 30 days of age and placed on the same diet as their 
parents. These offspring are termed "first generation" in Table IV. 
First-generation males and females were then mated at the age of 
90-95 days, and the young from this union were weighed at 30 days 
of age and tabulated as "second generation" in Table 1V. 


There was no significant effect (p > 0.05) between treatments as to 
the body weight of the first generation at the age of 30 days. How- 
ever, after the diet was in effect for 30 days (60 days of age), the di- 
sulfiram-induced retardation of growth was seen (25, 32, and 34% 
for males, and 22, 35, and 23 % for females fed 1 : 2000 disulfiram, 
1 : 1000 disulfiram, and 1 : lOC0 disulfiram plus ascorbic acid in the 
drinking water, respectively). There was one isolated instance of 
apparent ascorbic acid antagonism of disulfiram (females, 30 days 
of feeding), and one single instance of apparent ascorbic acid 


Table V-Xanthine Oxidase Activity Obtained in the Presence (MB) and Absence (NMB) of Methylene Blue 


Mean 
Liver 


Molyb- 
denum, 
ILg.lg. Mean Oxygen Consumption, cu. mm./20 min.1283 mg. Tissue (+SE)- - 


Treatment, Mean Wt., ,-- Liver- -Lung-- -Intestine-- -Spleen- -Kidney- Dry, 
No. of Rats" g. (*SE) NMB MB NMB MB NMB MB NMB MB NMB MB Wt. 


Control (7) 221(7.0) 18(3.7) 29(4.6) 13(1.2) 19(1.3) 33(3.5) 58(6.0) 17 17 4 8 2.21 
1 : 2000 Disulfiram 


(8) 172(5.5) 19(3.3) 29(4.0) 8(0.7) ll(0.6) 3q4.2) 50(5.3) 12 15 3 9 2.64 
Significance from 


control, p <0.01 >0.50 >0.50 <0.02 <O.Ol >0.50 >0.10 


0 One determination at 37" per animal, except in the cases of kidney and spleen tissue where samples from two animals were pooled per deter- 
mination. 
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Table VI-Effects of Disulfiram Aloite and with Ascorbic Acid on- 
the Reproduction of the Albino Rat 


30-Day 
Litters/ Mean Eaten by Sur- 


Genera- Pairs Litter Mother, vival, 
Treatment tion Mated Size :< 


Control diet 1 11/12 6 .7  2.7 89.2 
Control diet I1 11/12 8.2 4.4 72.2 
1 : 2000 Disulfiram I 9/13 4 .9  2 . 3  81.8 
1:2000Disulfiram I1 9/11 5.8 36.5 31.6 
1 :  1000 Disulfiram I 8/16 5.5 6.8 54.5 


5.6 96.4 3.6 
6.4 6.2 31.2 
4.5 77.8 22.2 


1 : 1000 Disulfirama I 517 
1 : 1000 Disulfirama I1 2/4 


1 : 1000 Disulfiram 11 516 


a Diet was supplemented with 0.5% ascorbic acid in the drinking 
water. 


synergism with disulfiram (males, 90 days of feeding). Weight com- 
parisons of second-generation animals were hampered by the anti- 
productive effects of 1 : 1000 disulfiram; however, there was no 
significant difference in body weight between second-generation 
controls and those from parents receiving 1 : 2000 disulfiram. It 
would appear in this experiment that disulfiram was not excreted 
or concentrated to any significant extent in the mother’s milk, 
since offspring reaching 30 days of age did not exhibit significant 
retardation of growth. Ascorbic acid appears to have no predictable 
antagonistic effects against disulfiram. 


Biochemical Studies-First-generation males (Table IV) were 
sacrificed and tissue xanthine oxidase activity measured in the 
presence and absence of methylene blue (1 1). Methylene blue has 
the capacity to overcome the disulfiram-induced inhibition of 
xanthine oxidase almost completely (12). Uric acid-allantoin- 
creatinine values for urine were determined prior to sacrifice in a 
manner similar to that of Bass and Place (1 3). As shown in Table V, 
lung xanthine oxidase activity was depressed in rats receiving di- 
sulfiram; however, this phenomenon is not easily explained since 
it was also seen with the tissue incubated with methylene blue. 
With this exception, chronic administration of disulfiram appears 
to have little to no effect on xanthine oxidase activity. This is in 
agreement with the finding (14) that xanthine oxidase apparently 
has little to do with acetaldehyde metabolism in uiuo. There were no 
significant differences in the excretory uric acid/creatinine and 
allantoin/creatinine ratios ( 1  5) for the control and test diets. Since 
both aldehyde oxidase and xanthine oxidase are molybdenum 
dependent (16), it is of interest to note that the molybdenum content 
(17) was unaffected by chronic disulfiram feeding. 


Effects on Reproduction-Animals were fed control and test 
diets and mated in a manner similar to that described for the rats 
in Table IV. The experiment, as summarized in Table VI, indicates 
that two factors are contributing to the antireproductive effect 
of disulfiram. By pooling the ratios (litters/pairs mated) for the first 
and second generations, a 92% incidence of successful conception 
for rats receiving the control diet is found. This can be contrasted 
with the 75 and 61 % incidence seen for the pooled 1 : 2000 disulfiram 
generations and the pooled 1 : 1000 disulfiram (including those 
receiving ascorbic acid) generations. However, beyond this anti- 
conceptive effect, one notes that the survival incidence of the young 
rats born from disulfiram-fed mothers is much less than the con- 
trols. Since malformations were not noted at birth and since those 
surviving 30 days did not have their growth stunted (Table IV), 
as could be caused by disulfiram excretion in milk, the cause of 
infant mortality may be due to decreased milk secretion by the 
mother. This could be a secondary result of chelation. Disturbances 
of lactation are often interrelated with cannibalism in the albino 
rat (9). 


SUMMARY 


Chronic feeding of 1:lOOO and 1:2000 disulfiram in the diet 
retarded the growth of weanling albino rats, while concentrations of 
1 :4000 and 1 : 8000 were without effect. Continued feeding of the 
active concentrations limited the reproductive capacity of young 
adults by having an anticonceptive effect, as well as by decreasing 
the survival incidence of the offspring. This latter effect may be 
due to decreased lactation and secondary cannibalism. Since Lish 


(18) did not note any significant alterations in the rat estrus cycle 
it is possible that the mechanism of disulfiram’s anticonceptive 
action involves inhibition of spermatogenesis. In this context, it is 
interesting to note that the experimental agents of the bis(dich1oro- 
acety1)diamine type, such as N,N’-bis(dichloroacety1)-1 &octane- 
diamine (WIN-18446) which inhibits spermatogenesis in the rat 
(19) and man (20), produce pronounced disulfiramlike reactions if 
the subject also consumes ethanol (21). 


Chronic feeding of 1 : 1000 disulfiram decreases the longevity of 
rats without any significant accompanying gross symptomatology. 
This concentration is considered equivalent to about 10 (adult 
rats) to 20 (young rats) times the average human dose (500 mg./ 
day or 7 mg./kg.). Decreased longevity is probably not correlated 
with blood dyscrasias. 


Effects of disulfiram on growth and reproduction were resistant 
to supplemental feeding with ascorbic acid and also appeared not 
to be due to a thiouracil-like effect on the thyroid gland. Tissue 
xanthine oxidase activity was unaffected as was liver molybdenum 
by feeding 1 : 1000 and 1 : 2000 disulfiram. 
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greatly affected, but the binding of salicylate to Frac- 
tion V is greatly diminished. In Fraction V BSA, all of 
the salicylate binding sites may not be available or readily 
accessible to the drug. Upon addition of 10 mg.% 
SETD, however, there may be a subtle conformational 
change induced by the binding of SETD such that the 
Fraction V resembles the crystalline BSA in affinity for 
salicylate. Further studies in  progress are directed 
toward exploration of the nature of the conformational 
change and its influence on the number of salicylate 
binding sites and the respective affinity constants. 


Binding data were obtained by equilibrium dialysis 
for 12 hr. at  37”, in pH 7.4-, 0.054 M phosphate buffer 
made isotonic with sodium chloride. Both inside and 
outside solutions were assayed for drug content, utilizing 
the Bratton-Marshall procedure for SETD (8), and 
both UV spectrophotometric analysis and I4C were used 
for determination of salicylate. 
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“Absorption Rate Constants” Calculated 
According to the One-Compartment 
Open Model with First-Order Absorption : 
Implications in In Viuo-Zn Vitro 
Correlations 


Key phrases 0 “Absorption rate constants”-one-compartment 
open model 0 In uiuo-in uitro correlations, “absorption rate con- 
stants”-calculation method effect 


Sir: 


Plasma or serum concentrations of unchanged drug 
observed following oral administration of single doses 
of a drug frequently are readily fit by the one-compart- 


Model I 


ment open model with first-order absorption (Model 
I). Wagner and Metzler (1) cited much of the literature 
on this fitting; such fitting leads to Eq. 1 : 


e-krt) (Eq. 1) 


Even when simulated data are generated by applica- 
tion of Eqs. 2 and 2a, 


{ ( k z i  - P )  (a - P )  ((a - krr) ( P  - krr) 
(Eq. 2) 


(Eq. 2 4  


which are appropriate to the two-compartment open 
model with first-order absorption (Model 11), most 
sets of Cl,t data can be fitted with two exponential 
terms (Eq. 1) rather than three exponential terms (Eq. 
2). With real plasma or serum concentration data ob- 


a,p = f [(Ki + K-I + K2) =t d ( K i  + K-I + K2)2 - 4K-iKzI 


Model I[ 


served following oral administration, the same situa- 
tion exists; however, in some cases, intravenous ad- 
ministration of the same drug tends to dictate the two- 
compartment open model. 


When correlating “absorption rate constants” derived 
from plasma concentrations measured in man with 
in uitro rates of drug dissolution from dosage forms, 
one is most interested in relative values or ratios and 
not with absolute individual values. 


The data in Table I are taken from Wagner and 
Metzler (1). When apparent “rate constants for absorp- 
tions,” k , ,  were estimated by nonlinear least-squares 
estimation, by applying Eq. 1 to data generated with 
Eqs. 2 and 2a, the absolute values of kr deviated from 
the kzr values (either 0.5 or 2.0 hr.-l), but the ratios 
of the kl values were very close to the ratio of the true 
kn values (namely, 4.0) when 8 2 Vl/V2 = K L / K 1  2 1. 
It  was previously shown (1) that where Model I1 was 
elaborated from actual plasma or serum level data, 
the ratio of parameters was within the limits shown in 
Table I. 


This observation may help the dilemma of the bio- 
pharmaceutical and pharmacokinetic scientist who 
frequently can fit plasma or serum concentration 
data, obtained following oral administration, with Eq. 
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Table I-Parameter Ratios Used to Calculate Cl Values of Model I1 and kl Values and their Ratios Obtained by 
Fitting the Cl,t Values to Model Ia 


Vll v2 kz kl Ratio of 
Set No. = K-i/Ki KiI& when k11 = 0.5 when krr = 2 . 0  kr’s 


1 
2 


8 
9 


10 
1 1  


8 
8 
8 
8 
8 
2 - 
2 
2 
2 
2 
1 


0 .1  
1 . o  
2.0 


10. 
100. 


0.1 
i . 0  
2 . 0  


10. 
100. 
0. I 


0.529 - 
0.569 
0.543 
0.510 
0.501 
0.513 
0.763 
0.806 
0.609 
0.510 
0.507 


2.07 ~. 


2.31 
2.24 
2.06 
2.005 
2.03 
2.78 
3.19 
2.80 
2.06 
2.02 


3.91 
4.06 
4.13 
4.04 
4.00 
3.96 
3 . 6 4  
3.96 
4.60 
4.04 
3.98 .. 


12 1 1.0 0.790 2.71 3.43 
13 1 2.0 1 . 0 0 5  3.56 3.54 
14 I 10. 0.840 4.43 5.27 
15 1 100. 0.530 2.21 4.17 


Av. 4.05 


For Model 11, KS = 0.15. D, = 1,000,000, and VI = 5000 for each set. Note that the ratio of kzz values is 4.0. A typographical error in Table I1 of 
Reference f gave KZ = 0,015 instead of the actual KZ = 0.15. 


1 but not with Eq. 2 ,  even though other data, obtained 
following intravenous administration, provide strong 
evidence for Model I1 or a more complicated model. 
If he wishes to correlate the apparent “absorption rate 
constants” derived from application of Model I and 
Eq. 1, he may be reasonably safe if he utilizes the ratios 
of the “absorption rate constants” and correlates these 
with ratios of rates of dissolution or times to dissolve a 
given percentage of drug derived from an in vitro test. 


BOOKS 


I have been quite successful in doing this and will re- 
port the details in a future publication. 


( I )  J. G .  Wagner and C. M. Metzler, J .  Pharm. Sri.. 58,87(1969). 
JOHN G .  WAGNER 
College of Pharmacy and Pharmacy Service 
University Hospital 
University of Michigan 
Ann Arbor, MI 48104 
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REVIEWS 


Human Ecology and Public Health. 4th Edition. Edited by EDWIN 
D. KILBOURNE and WILSON G .  SMILLIE. Macmillan, New York, 
N. Y . ,  1969. xii + 462 pp. 18 X 26cm. Price$11.95. 
Fairly priced, handsomely printed, sympathetically edited. well 


illustrated (49 tables: 75 figures), and eminently readable, Human 
Ecology a id  Public Heulrh is a useful reference for pharmaceutical 
scientists. 


This fourth edition of a work previously entitled Precentiw 
Medicine and Public Health relates public health principles to the 
broader concepts of human ecology. The book is divided into three 
main divisions-Human Ecology and Human Disease, Public 
Health Problems and Practice, and the Administration of Health 
Services; the divisions are subdivided into fifteen chapters. The 
contributing authors’ credentials are excellent: their efforts match 
their credentials. The references at the conclusion of the chapters 
are quite comprehensive. 


The senior editor describes ecology as an “in” word, and admits 
to using it with some trepidation. Some examples out of context 
bear out this concern-on page 85, we learn that “nuclear energy 
has been harnessed to provide electrical power without polluting 


the air or depleting. natural resources,” while on page 90 we are told 
that the introduction of nuclear reaction power plants has expanded 
the need for water cooling, “further aggravating the problem” of 
thermal pol1ut:on that alters the life support process of our lakes 
and streams We learn of the problems caused by the introduction 
of synthetic hydrocarbon detergents and are told that the problem 
was remedied by newly developed b’odegradables. No discussion 
follows about the potential of overloading of surface waters with 
phosphates, thus upsetting another ecolopical balance. 


Despite these brief lapses from a balanced presentation of bio- 
ecology, the book has great merit. Major problem areas-the 
population explosion, pollution, automobile accidents, and inner- 
city tensions-are treated with great objectivity. One almost wishes 
for a touch of the urgent tones of a Commoner (see his Science and 
Survival, for example) when the specific problem of pesticides is 
considered in Chapter 4, although the purpose of this work does 
not call on urgency as a teaching device. 


Of special note for pharmaceutical scientists are Chapters 2, 3. 
and 10 which deal, respectively, with Genetic Determinants of 
Health and Disease; Genetic Interactions of Man and Microbes; 
and Approaches to the Control of Human Infection. The first two 
chapters in the division-The Administration of Health Services- 
are an excellent introduction for the first-time reader and are a 


1050 0 Journal of Pharmaceutical Sciences 








Dermophilic Insect Repellents with Perdurable Efficacy 


RONALD P. QUINTANA”, ANDREW LASSLO”, LORRIN R. GARSON”, 
CARROLL N. SMITH?, and IRWIN H. GILBERT? 


Abstract The synthesis of the monohexanoate, monopropionate, 
and monobenzoate esters of dihydroxyacetone is reported ; the 
compounds were designed to provide long-lasting insect-repellent 
efficacy. The insectifugal properties of these compounds and those 
of the corresponding monoundecanoate ester are also described. 
While several of the compounds exerted significant repellency, the 
perdurable effect of dihydroxyacetone monohexanoate (11) was 
particularly noteworthy. 


Keyphrases 0 Dihydroxyacetone-synthesis of monohexanoate, 
-propionate, -benzoate esters Insect repellents, dermophilic, 
long-lasting-dihydroxyacetone monohexanoate, -propionate, -ben- 
zoate, -undecanoate esters, evaluation 0 Synthesis-dihydroxy- 
acetone monohexanoate, -propionate, -benzoate esters, insect- 
repellent activity 


~~ 


This approach to the development of dermophilic 
insect repellents with prolonged activity involves the 
synthesis of compounds, designed for topical applica- 
tion, incorporating an insect-repellent component along 
with a component capable of anchoring to the skin; 
the respective entities are linked together by chemical 
bonds, constituting the so-called “precursor molecule’’ 
(1-4). The specifics of the rationale have been discussed 
in detail relatively recently (3). While the precursor 
molecule may be an effective repellent per se, it is the 
gradual breakdown of the precursor molecule, anchored 
to the epidermis, that is expected to provide long- 
lasting protection by means of the sustained release of 
the repellent component. 


In two preceding communications (3, 4), the authors 
reported the preparation of dihydroxyacetone mono- 
undecanoate (I). Based upon the effects elicited by I and 
upon the observations of Drake and Melamed (3, it 
was felt that structural designs inherent in the mono- 
hexanoate, monopropionate, and monobenzoate esters 
of dihydroxyacetone (11, 111, and IV, respectively) 
should contribute substantially to the elucidation of 
relationships between chemical constitution and insect 
repellency (6). These compounds, like I, derive their 
dermophilic properties from the a-hydroxymethyl 
ketone moiety (7), retaining the hydroxyacetone ester 
function known to enhance susceptibility substantially 
to the hydrolytic process (8). In addition to the syn- 
thesis and the insectifugal efficacies of Compounds 11, 
111, and IV, the insect repellency of I is reported here 
for the first time. 


Compounds 11-1V were prepared by procedures 
patterned after the direct acylation employed in the 
synthesis of I (4). Their properties are summarized 
in Table 1. Compound 11 was also prepared by the 
method utilizing the diazoketone intermediate (3); 


1 Dermophilic properties include all those chemical and physical 
characteristics of an organic molecule that contribute to its affinity for 
the skin. 


however, the former method of preparation turned out 
to be a much more feasible one. The conditions associ- 
ated with monomer and dimer formation in a monoester 
of dihydroxyacetone were discussed earlier (4); the 
physicochemical characteristics of Compounds 11-IV 
parallel those observed in the referenced communica- 
tion. Since the formulation used in the insect-repellent 
tests assured conversion to the sought monomeric 
state in each instance (4), circumstances did not warrant 
characterization of the monomers and dimers of the 
three new compounds. 


The repellency of Compounds I-IV against Aedes 
aegypti mosquitoes is summarized in Table 11. Com- 
pound I1 completely prevented biting at the 4- and 8-hr. 
test intervals and effected a dramatic reduction in biting 
at the 26-hr. test interval compared to the corresponding 
control. It is important to note the similarity in effects 
produced by Compounds I and I1 at the 22- and 26-hr. 
intervals; in both cases there was a resurgence of repel- 
lent effects from the 22-hr. test to that at 26 hr. 


The test 22 hr. after application (after the overnight 
period) tends to coincide with the point following a 
period of limited exertion and limited perspiration, 
while that a t  26 hr. appears to  coincide with a 4-hr. ac- 
tive period following the overnight hours. If these 
premises are accepted, the results may be interpreted in 
terms of enhanced hydrolytic release of the repellent 
component prior to the 4-, 8-, and 26-hr. testing points. 
The repellency level of Compounds I and I1 with re- 
spect to the USDA standard deet, at the 26-hr. interval, 
is also noteworthy, particularly that of Compound 11. 


In addition to the tests summarized in Table 11, Com- 
pound I1 was subsequently evaluated at additional time 
intervals; the treated subjects remained in a warm, 
humid room for a 3-hr. period immediately prior to the 
evaluation. Under these conditions, Compound I1 pro- 
vided essentially complete protection 16 and 20 hr. after 
application to the skin [biting at 16 hr., 1.9% (control 
64%, L S D O . ~ ~  10.8); biting at 20 hr., 9.7% (control 


The repellent efficacy of Compound 111 is also ap- 
parent ; the latter provided almost complete protection 
4 and 8 hr. after application. The fact that it exerted no 
repellency at the subsequent test intervals can be inter- 
preted in terms of a comparatively increased rate of 
hydrolysis normally associated with propionic acid 
esters with respect to those of substantially larger ali- 
phatic acids. The relatively higher volatility of the re- 
leased propionic acid with respect to the larger homo- 
logs also could be a contributing factor. 


The specific contributions of the precursor molecules’ 
intrinsic repellency and of the released acid-components 
have not been ascertained, It is apparent, however, that 
hydrolytic release of the latter is associated with maxi- 
mum protection. 


64%, LSDo 05 l0.8)]. 
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Table I-Esters of Dihydroxyacetone R-C-O-CH~-C-CH~OH 


Anal., Z 
No. R B.p. (mm.) M.p. Calcd. Found Yield, Formula 


I1 


I l l  


IV 


114-1 16 "(0.25) 


80-SZ"(0.10) 


. . .  


. . .  
86.7-89.2"' 


52.0 


21.2 


25.4 


c, 57.43 
H, 8.57 
C, 49.31 
H, 6.90 
C, 61.85 
H, 5.19 


c ,  57.57 
H, 8.43 
C, 49.52 
H, 6.92 
C, 61.86 
H, 5.18 


~~ 


LF 0 The analytical sample was obtained by recrystallization from ethanol after the more insoluble dihydroxyacetone dibenzoate (V) had been removed 
by crystallization from this solvent. The latter was !btainedin 6% (crude) yield; the analytical sample (Anal.-Calcd. for C17H1405: C, 68.45; H, 4.73. 
Found: C, 68.34; H, 4.68.) melted at 123.6-124.1 ; Romo (9) reports m.p. 118-119". 


The lack of insectifugal activity observed with Com- 
pound IV is somewhat surprising when one considers 
that the two closely related analogs, l-hydroxy-2- 
propanone benzoate (VI) and 1,3-propanediol mono- 
benzoate (VII), are effective repellents (10). 


n n 


c=o C=O bHz 
I I 


CH3 
I 


CH20H CH,OH 
VI nJ VII 


These findings constitute the results of exploratory 
work involving structural designs, with gradual changes 
in chemical constitution or physical properties or both, 
which enabled correlations between molecular configura- 
tion and biological response in terms of concepts 
reasonably well established in contemporary theoretical 
chemistry. The work currently in progress leads to the 
anticipation of even more encouraging results; some of 
these are expected to be reported in the authors' next 
communication. 


EXPERIMENTAL 


Synthetic Work2-The esters of dihydroxyacetone, listed in Table 
I, were prepared by the procedure reported in the authors' pre- 
ceding communication (4). The hexanoyloxyacetic acid (VIII) 
used in the earlier cited alternate method (3) for the preparation 
of dihydroxyacetone monohexanoate (11) distilled at  130-1 32 
(1.8 mm.), m.p. 30.7-33.9", ~ : : 2 ~  1745 cm.-l (carbonyl), and was 
obtained in a 46.0% (59.6 8.) yield. 


Anal.-Calcd. for CsH1404: C, 55.16; H, 8.10. Found: C, 55.37; 
H, 8.04. 


The latter (VIII) was converted through l-hexanoyloxy-3- 
diazoacetone (IX) to Compound 11, b.p. 100-102" (0.1 mm.). 


Anal.-Calcd. for C9H1sO4: C, 57.43; H, 8.57. Found: C, 57.52; 
H, 8.69. 


Evaluation of Insect-Repellent Activity-Female Aedes aegypfi 
mosquitoes, 7-8 days old, were confined in small cylindrical cages 
(4 X 12 cm.). The sides of the cages were clear plastic; one end was 
covered with gauze and the other end was fitted with a plastic slide 
closure. Mosquitoes in stock cages were immobilized by exposure 
to a low temperature, and six females were placed in each small 
cage. The cages were then held in a warm room for at least 1 hr. 
to permit the mosquitoes to recover before tests were begun. 
Three squares, each 25 cm.2, were outlined on the skin of each 


* Boiling points are uncorrected. Melting points are corrected; they 
were determined with a Biichi melting-point apparatus. IR spectra were 
obtained with a Perkin-Elmer model 137B spectrophotometer. Analyses 
were performed by Dr. G. Weiler and Dr. F. B. Straws, Oxford, En- 
gland, and by Galbraith Laboratories, Inc., Knoxville, Tenn. 


1504 0 Journal of Pharmaceutical Sciences 


Table 11-Percent of Mosquitoes (Aedes aegypti) Biting Forearms 
of Human Volunteers at Various Intervals after Topical 
Application 


-Percent Biting at Hours Indicatedc- 
Repellent" LSDb 4 8 22 26 30 


Compd.1 14.4 24.2 
Control (14.4) (69.7) 
Compd. I1 9.4 Od 
Control (9.4) (79.7) 
Compd. I11 11.6 5.5 
Control (1 1 .6) (62.9) 
Compd. IV 9.4 57.3 
Control (9.4) (79.7) 
Deet" 12.1 
Control (12.1) 


22.2 
(59.2) 
0 


(68.4) 
2.8 


(62.9) 
53.2 
(68.4) 
0 


(69.5) 


52.4 13.1 28.3 
(40.8) (40.8) (59.2) 
61.2 8.2 53.8 
(57.4) (57.4) (76.8) 
73.4 81.6 77.3 
(75.1) (75.1) (62.9) 
63.1 68.2 83.3 
(57.4) (57.4) (76.8) 


55.7 
(68.7) 


a Application rate 20 mg.lcrn.2, applied in ethanol solution. Least 
significant difference at the 0.05 level. c Average of three tests on each of 
three subjects with six mosquitoes per test. d In addition, one subject 
received no bites when exposed to a stock cage (containing 1000-1500 
mosquitoes) for 3 min. e N,N-Diethyl-m-toluamide; application rate 3 
mgJcm.2. 


forearm of three subjects, and each square was treated with 20 mg./ 
cm.z of the repellent. The latter was applied as an ethanol solution 
heated on a steam bath for 30 min. prior to application. Tests were 
made by placing the end of the cage equipped with the slide in con- 
tact with a treated area on a human arm and by opening the slide 
to  give the mosquitoes direct access to the treated skin for a period 
of 1 min. In each test period, cages of mosquitoes were exposed to 
untreated areas of the skin to provide checks on the percentage 
biting. Three tests on each of three subjects were employed in de- 
termining average values. 


In the tests reported in Table 11, the treated subjects remained 
in a room maintained at  27.7" (82°F.) and 78-80z relative hu- 
midity during the 8-hr. workday. In the subsequent evaluations 
conducted on Compound 11, the subjects remained in the tem- 
perature- and humidity-controlled room only for 3 hr. immediately 
prior to the repellency test. 
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Interactions of Drugs with Proteins I: Binding of 
Tricyclic Thymoleptics to Human and Bovine Plasma Proteins 


H. J. WEDER* and M. H. BICKEL 


Abstract Data on the binding of imipramine, desipramine, and 
3-chlorodesmethylimipramine to plasma proteins have been 
obtained over a wide range of ligand concentration using a modified 
equilibrium dialysis technique. Plasma proteins other than albumin 
do not appreciably contribute to complex formation with the 
drugs studied. Fifty-nine percent imipramine is bound to albumin 
in the plasma level range reached under therapeutic conditions. 
However, the association constants of the complex is low. Species 
differences in the binding capacity of albumin were observed. 
Apparently, atypical binding behavior was disclosed for desipra- 
mine and 3-chlorodesmethylimipramine. A binding model is dis- 
cussed, and values of binding parameters are given. 


Keyphrases 0 Thymoleptics, tricyclic-binding to human, bovine 
plasma proteins Proteins, human, bovine plasma-imipramine, 
desipramine, 3-chlorodesmethylimipramine, interaction, binding, 
model 


These studies on the binding of drugs and other 
compounds to plasma proteins are aimed at gaining 
insight into the following problems: 


1. Possible influence on the pharmacokinetics of a 
drug by its interactions with proteins. 


2.  Mechanism of interactions between drugs or 
model compounds and proteins and physicochemical 
interpretation. 


3. Critique of methods used in the study of drug- 
protein interactions. 


Part I contains data on the complex formation of 
imipramine, its active metabolite desipramine (des- 
methylimipramine), and 3-chlorodesmethylimipramine 
with bovine albumin and human albumin, y-globulin, 
plasma, and serum in concentration ranges including 
the one met with under therapeutic conditions. The 
first two drugs are used clinically; the latter is a me- 
tabolite of the clinically used 3-chloroimipramine ac- 
cumulating in rats (1) and human (2). 


Imipramine (IP) is one of the few drugs about which 
much of the metabolic and pharmacokinetic data is 
known (3-8). In addition, physicochemical data of all 
its major metabolites have been reported (9). Sensitive 
methods exist for determining imipramine, desipramine, 
and 3-chlorodesmethylimipramine (5,6, 10, 11). 


Data on IP binding to plasma proteins were published 
by Tinao and Gomez-Guillen (12) in 1963. Data and 
species differences in the binding of desipramine to 
plasma proteins have recently been reported by Borg% 
et al. (13). Earlier, Gillette (14, 15) reported on the 
binding of imipramine to liver microsomes, which 
presumably is the reason for the high concentrations 
of imipramine and related drugs in lung, liver, or 
kidney tissue in the rat in uiuo (5, 8). Beside many 
reports on interactions between thymoleptics and 
membranes [reviewed by Glowinski and Baldessarini 
(16)], an interaction between imipramine and the outer 
membrane of blood platelets has also been reported 
(17). 


EXPERIMENTAL 


Materials-The hydrochlorides of imipramine,’ desipramine’ 
(DMI), and 3-chlorodesmethylimipramine1 (CDMI) were used. 


m m  \ N / N / 


imipramine 
I 


desipramine 
I1 


3-chlorodesmethy limipramine 
111 


Also used were 10,l I-14C-imipramine hydrochloride2 (8.05 mc./ 
mmole) and 3H-acetic anhydridea (in benzene, 500 mc./mmole). 
Gas chromatographic (1 1) and spectrophotometric tests showed 


~~ ~ 


1 Supplied by Geigy Ltd., Basel, Switzerland. 
2 Acquired from Radiochemical Centre, Amersham, England. 
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Clinical Pharmacology Scope, Organization, Training. By WHO 
Study Group, World Health Organization, Geneva, Switzerland, 
1970. i + 21 pp. 23.5 X 16 cm. Price: Annual Subscription $16.00. 
(English) 
The role of the clinical pharmacologist has recently received 


considerable attention. The World Health Organization Study 
Group on Clinical Pharmacology was convened to suggest means of 
eliminating the shortage of clinical pharmacologists, to demarcate 
the scope of clinical pharmacology, and to suggest ways for carrying 
out drug studies in all parts of the world in a scientific and coordin- 
ated manner. 


The WHO report provides considerable information relative to 
clinical pharmacology and could be used as a focus for future discus- 
sions concerning this emerging discipline. 


Staff Review w 


Modern Microcrystal Tests for Drugs, The Identification of Organic 
Compounds by Microcrystalloscopic Chemistry. By CHARLES 
W. FULTON. Wiley, New York, NY 10016, 1969. xviii + 466 
pp. 17.5 X 26 cm. Price $29.95. 
Early in the book a table is presented to illustrate what the author 


considers the best aqueous tests with the 28 best reagents of the past 
for identifying alkaloids. The author has added also a number of 
nonalkaloidal but related substances to the list of materials tested 
and points out that although many of the tests are old, some of them 
being over a hundred years old, they yield reliable results with each 
of the 159 substances tested. 


The author then discusses some new procedures that he has de- 
veloped in microcrystal techniques. He describes tests conducted in 
acid media and procedures for testing the volatility of various chemi- 
cal classes of substances. As a toxicologist he extends volatility 
tests to the detection of putrefactive bases. He also includes chro- 
matography in general procedures for testing unknowns and indi- 
cates the usefulness of spectrophotometry. 


In separate chapters, tests for barbiturates, sympathomimetics and 
central stimulants, phenothiazines, and steroids are presented. The 
author also discusses oxonium and carbonium compounds and io- 
dineiodide complexes; he describes general coverage tests, specific 
tests, and color tests. 


The author explains crystal shapes in unique descriptive terms and 
he presents a system of classification of microcrystals. In the last of 
the 31 chapters are included 192 very good photomicrographs to 
illustrate his classification of crystal forms and also to illustrate 
important tests and significant reactions. Accompanying the photo- 
micrographs are word descriptions of the crystal forms. 


The index lists all of the substances for which tests are described 
in the book and includes a directory of essential information for 
each of these materials. It should be pointed out also that this book 
contains a very complete bibliography of literature in the form of 
appropriate references at the conclusion of each chapter. 


The advent of many new, potent drugs has complicated the task of 
the toxicologist in using microcrystal tests for identification pur- 
poses. The author has included a number of new synthetic drugs in 
his tests and he points out that at least two or three different tests 


must yield positive results with both the unknown and with known 
material in order to be sure of the unknown tested. This book is 
recommended as a useful reference to those working with microcrys- 
tal identification techniques. 


Reviewed by Elmer M. Plein 
College of Pharmacy 
University of Washington 
Seattle, W A  98105 


The Control of Chemotherapy. Edited by P. J. WAIT. E. & S. 
Livingstone Ltd., London, England, 1970. i + 109 pp. 14 X 22 
cm. Price $6.25. 
The papers in this volume were presented at a symposium held 


in March 1969, in the Wright-Fleming Institute, St. Mary’s Hospi- 
tal Medical School, London, England. Starting from the premise 
that the treatment of infections with chemotherapeutic drugs can 
only be effective if the drug that is used is one to which the bacteria 
are sensitive and which can reach the site of infection, the sympo- 
sium considered areas in which progress may be expected and areas 
in which inadequate techniques are still in use. 


StaflReview 


NOTICES 


Chemical Control of Fibrinolysis-Thrombolysis. Edited by JOSEPH M. 
SCHOR. Wiley, 605 Third Ave., New York, NY 10016, 1970. xi + 328 pp. 15.5 X 23.5 cm. Price $17.95. 


Programmed Thermodynamics. Vol. 1. By CHARLES E. WALES. 
McGraw-Hill, 330 West 42nd St., New York, NY 10036, 1970. 
ix + 316 pp. 21 X 28 cm. Price $5.95. 


The Dictocrats. Our Unelected Rulers. By OMAR V .  GARRISON. 
Specialty Features Syndicate, 17261 Reuford Ave., Detroit, MI 
48219, 1970. xi + 333 pp. 10.5 X 18 cm. Price $1.25. 


Avzneimittelwirkungen. Ein Lehrbuch der Pharmakologie fur Pharm- 
azeuten, Chemiker und Biologen. By ERNST MUTSCHLER. Wissen- 
schaftliche Verlagsgesellschaft mbh Stuttgart, Germany, 1970. 
xvi + 477 pp. 17 X 24.5 cm. Price DM 48. (German) 


Parathyroid Hormone, Thyrocalcitonin and Related Drugs. Section 
51, Vol. 1, International Encyclopedia of Pharmacology and 
Therapeutics. Edited by G. PETERS. Lausanne, Pergamon Press 
Ltd., Headington Hill Hall, Oxford, England, 1970. vii + 364 pp. 
15.5 X 23.5 cm. Price $16.00. 


Antibiotics in Clinical Practice. By HILLAS SMITH. Williams & 
Wains ,  428 E. Preston St., Baltimore, MD 21202, 1969. ix + 
346 pp. 15 X 23 cm. Price $11.75. 
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Stability and Structure of Some Organic 
Molecular Complexes in Aqueous Solution 


JORDAN L. COHEN* and KENNETH A. CONNORS 


Abstract 0 On the basis of a simple model of 1 : 1 complex forma- 
tion between planar molecules, this equation was derived: A c t  = 
A(G&, - G%s - G%&), where is the standard unitary free 
energy change for complex formation, A is the area of overlap in the 
plane-to-plane interaction between the two molecules, and G& is a 
free energy of interaction per unit area between I and J.  (S, L, and 
M represent substrate, ligand, and medium.) If the parenthesized 
term is roughly constant for a series of substrates and ligands in a 
constant medium, it is suggested that the quantity G i L  does not 
play a major role, and that the complex stability is primarily con- 
trolled by repulsive solvent interaction terms ( G ~ s  and GRL). It 
follows that the system will assume an orientation of S and L 
such as to maximize A. Therefore, maximal overlap areas were 
estimated for 18 neutral and 32 ionic complexes. A substantial 
improvement in the area correlation was obtained, and the 
observation was made that there is no significant difference 
between the average behavior of neutral and charged complexes. 
The maximal overlap concept provides a general "first-order" 
description of molecular complex formation in aqueous solution. 
Deviations from the line are significant and may be associated with 
specific structure-stability relationships. Application of the maximal 
overlap approach leads to average complex structures without 
introducing arbitrary assumptions about specific group interactions. 
The structures thus generated are consistent with the chemical 
reactivity of the complexes. 


Keyphrases 0 Complexes, organic molecular-aqueous solution 0 
Stability constants-organic molecular complexes 0 Maximal 
overlap areas, estimated-complexes Titration, potentiometric, 
nonaqueous-analysis IR spectrophotometry-structure 0 
NMR spectroscopy-structure 


The earlier suggestion (1) that systematic structural 
variations in substrates and ligands might be a success- 
ful approach to the elucidation of the structures of 
molecular complexes in solution formed the basis for 
much of the experimental design, including some of the 
present work. During the course of these structural 
investigations, it became increasingly apparent that the 
authors were studying secondary (specific) effects 
without having first identified the primary general 
effect in determining complex stability. This recognition 
led directly to the conception of the correlation be- 
tween complex stability and planar area of interactants 
as described earlier(2). Complexes of neutral interactants 
gave a rough linear correlation of standard free energy 
change with planar area of the small interactant; 
this was interpreted in terms of a simple model of the 
process. Complexes containing an ionic interactant 
could not be usefully correlated, and it was suggested 
that neutral and ionic complexes behave differently in 
these systems. 


The present work was planned to refine the area 
correlation and to elucidate the differences between 
neutral and ionic molecular complexes in aqueous 
solution. An ultimate goal is the ability to determine 
and to predict complex structures and properties 
(especially chemical reactivity) in solution, and the 
area correlation offers a promising point of attack. 


EXPERIMENTAL 


Materials-Many of the chemicals were prepared or purified 
as described elsewhere (1,2). 3-P-Naphthylacrylic acid was prepared 
from 8-naphthaldehydel by the method of Fulton and Robinson 
(31, and its methyl ester was obtained by treatment with diazo- 
methane. The slightly yellow product was recrystallized twice from 
ethanol-water, m.p. 88-89" [lit. (4) 93-93.5"J. IR and NMR spectra 
were consistent with the expected structure (5 ) .  Methyl 9-anthroate 
was prepared by treating 9-anthracene carboxylic acid chloride' 
with methanol in pyridine; it was recrystallized twice from ethanol- 
water, m.p. l l&lllo [lit. (6) 11 1 "]. 2,6-Naphthalenedicarboxylic 
acid dimethyl ester2 was used directly, m.p. 185' [lit. (7) 186"l. 
Naphthalenes (resublimed) was used directly, m.p. 79" [lit. (8) 
80.3 "I. Phenanthrenel was recrystallized from ethanol, m.p. 99" 
[lit. (9) 101 "1. The acid chloride of p-nitro-transcinnamic acid was 
prepared by refluxing the acid (Eastman White Label) with freshly 
distilled thionyl chloride. The acid chloride was refluxed with 
methanol to give the methyl ester, which was recrystallized twice 
from ethanol, m.p. 163" [lit. (10) 161 "I. 


Benzimidazolel was recrystallized three times from water, m.p. 
172-173" [lit. (1 1) 171-173"]. Benzimidazole 2-acetonitrilelwas used 
directly, m.p. 209-210" [lit. (12) 209.7-210.7'1. 6-Nitrobenzimida- 
zolel was recrystallized three times from methanol, m.p. 207-208" 
[lit. (13) 206'1. Xanthine and hypoxanthinel were used directly. Ade- 
nine' was recrystallized from water and dried at 150" for 8 hr. Non- 
aqueous titration in glacial acetic acid with acetous perchloric 
acid (quinaldine red indicator) showed that it was the anhydrous 
form. 8-Nitrotheophylline2 was used directly, m.p. 282-283 ' dec. 
[lit. (14) 282-283" dec.]. Potentiometric titration with standard base 
indicated that it was the dihydrate. Theophylline4 was recrystallized 
from water, dried at 150" for 4 hr., and then ground to a fine powder 
and dried for 24 hr., m.p. 27g271". Nonaqueous titration in N,N- 
dimethylformamide with standard sodium methoxide in benzene- 
methanol solution (thymol blue indicator) showed it to be. 100% 
anhydrous theophylline. Theobromine' was recrystallized from 
water and its purity checked by nonaqueous titration. 


3,5-Dinitrobenzoic acid (Eastman White Label) was recrystallized 
twice from ethanol-water, m.p. 205-207' [lit. (15) 205-207"l. 


The pKa values were determined spectrophotometrically for 
many of the ligands; these values were found at 25" in water (ionic 
strength 0.3 M): 8-nitrotheophylline, 3.55 f 0.05; hypoxanthine, 
8.50 f 0.06; xanthine, 9.95 f 0.05 (for conversion to the anion); 
benzimidazole 2-acetonitrile, 4.20 f 0.02 and 11.76 f 0.02; and 
6-nitrobenzimidazole, 2.89 f 0.03 and 10.69 f 0.05. 


Apparatus and Procedures-The equipment and methods em- 
ployed for stability constant determinations have been described 
in detail earlier (1, 2, 5, 16). Stability constants were evaluated by 
the solubility, spectral, and kinetic techniques (17) and are ex- 
pressed as apparent 1 : 1 stability constants (Kll') in M-l.  All con- 
stants were determined at 25.0" in aqueous solution of 0.30 M 
ionic strength; in spectral and kinetic studies the solvent usually 
contained 0.83% acetonitrile, added as the substrate stock solu- 
tion, An additional parameter provided by the kinetic method is 
symbolized qll and is interpreted as the fractional decrease in 
chemical reactivity of the complexed substrate relative to  the 
uncomplexed substrate (16). 


RESULTS 


Table I lists the substrate-ligand combinations studied, with 
their stability constants. Systems were investigated by the solubility 


1 Aldrich Chemical Co., Milwaukee, WI 53210 
2 K and K Lahnratnries. _ _  __._ _ _  _ _ _ _  ~ ~.- .  
* J. T. Baker, Phillipsburg, N. J. 
4 NF, Merck & Co., Inc., Rahway. N107065 
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Table I-Apparent Stability Constants at 25" in Aqueous Solution 


&I'(M-'t--- Spectral Substrate Ligand Solubility 


- Methyl trans-cinnamate Theophylline 25.0 24.5 
Methyl trans-cinnamate Theophyllinate" - 13.2 13.5 


11.5 Methyl trans-cinnamate The0 brominateb - 11.6 
Methyl trans-cinnamate 8-Bromotheophyllinate 29 


Benzimidazole - 3.0" Methyl rrans-cinnamate 
Benzimidazole cation 5.7 Methyl frarzs-cinnamate 


Methyl trans-cinnamate Benzimidazole 5 . 5  6.0 


Xanthine anion - 7.5 Methyl trans-cinnamate 
Hypoxanthine anion - 2.0 Methyl /runs-cinnamate 


- 2.5 Adenine cation Methyl trans-cinnamate 


25 Theophyllinate - 


36 
Methyl I-naphthoate 


Theobrominate 
8-Chlorotheophyllinate - - 64 


Methyl 1 -naphthoate 


50 
Methyl 1-naphthoate 


Theop hyllinate 
39 


Methyl 2-naphthoate Theobrominate - 
- 105 


Methyl 2-naphthoate 


41 
8-Nitrotheophyllinate 230 Methyl 2-naphthoate 
Theophyllinate 


30 
Methyl 3-0-naphthylacrylate 


Theobrominate 
58 


Methyl 3-p-naphthylacrylate 
8-Chlorotheophyllinate Methyl 3-0-naphthylacrylate 
Theophyllinate Methyl p-nitrocinnamate 


Methyl 9-anthroate 8-Chlorotheophyllinate 85 
Naphthalene 2,6-dicarboxylic acid, dimethyl ester 8-Chlorotheophyllinate 1 60 
Cinnamamide Theophylline 25 Theobrominate - trans-Cinnamic acid anion 
Naphthalene Theophylline 64 
Naphthalene Theophyllinate 23 


Phenanthrene Theophyllinate 89 
3,5-Dinitrobenzoate Theop hylline - 10.3 


Theophyllinate - 1.5  3,5-Dinitrobenzoate 
3.5-Dinitrobenzoate . 8-Chlorotheophyllinate - 13.4 


- 
- 


2% 
- 
- - Methyl trans-cinnamate 8-Iodotheophyllinate 33 


Methyl trans-cinnamate 8-Nitrotheophyllinate 4 0 d  
- 
- - 
- 


2-acetonitrile cation - 
- 
- 
- - Methyl trans-cinnamate 3,5-Dinitrobenzoatef 9.4 


- 
- - 


- - 
- 


- - 
Methyl Znaphthoate 8-Chlorot heophyllinate 1 20 


- - 
- - 
- - 


- 13.5 - 
- - 


- - 
- - 


- 
- 


5 - 
- 


- - 
- - 


Naphthalene 8-Chlorotheophyllinate 49 


- 
- 
- 


= I.e.,  theophylline anion. * Theobromine anion. c B. J. Kline, Ph,,D. dissertation, Univ. of Wisconsin, Madison, Wis., 1968. d 1 : 1 stoichiometry ob- 
served e Same value found at two wavelengths. f 3,5-Dlnitrobenzo1c acid anion. 


method (18) when substrate stability and ligand solubility permitted. 
Spectral determinations were made on those systems in which a 
measurable spectral shift occurred upon complexation. The kinetic 
technique was applied to most of the ester substrates. The reproduci- 
bility of most stability constants is about +lo% (the cinnamic acid 
anion-theobrominate constant is only reliable to j=25 because 
it was estimated in "infinity" solutions from a kinetic study of 
methyl cinnamate-theobrominate). 


Nearly all of the systems studied include one heterocyclic inter- 
actant (methyl cinnamate-3,5-dinitrobenzoate is the only excep- 
tion), so this limitation must be recognized. As noted earlier, most 
of the substrates and ligands were selected to provide information 
on the specific structural requirements for complexing and on the 
nature of ionic complexes. Another possible feature that was con- 
sidered was the statistical effect on apparent complex stability 
(18). Thus, methyl 2-naphthoate (I) and 8-chlorotheophyllinate 
form a complex with Kil' = 120 M-I. If 8-chlorotheophyllinate 
interacts in a specific orientation with methyl 2-naphthoate, and if 
in a 1:l complex of 8-chlorotheophyllinate with the dimethyl 
ester of naphthalene 2,6-dicarboxylic acid (11) this orientation is 
preserved, then Kll' for the complex with I1 should be twice 120. 
The observed value is 160 M-1, possibly indicating either that there 


COOCH, 
CH,OOC 


~ c o o c H J  I I1 


is no specific orientation of the ligand common with I and with 11, 
or that the binding energy of the ligand with I1 is influenced by 
the second ester group. Again, comparing the complex naphthalene- 
theophyllinate (Ku' = 23 M-I) with phenanthrene-theophyllinate 
( 4 1 '  = 89 M-I) shows that a simple statistical effect is not the only 
factor controlling the constant with the larger substrate. (An- 
thracene could not be studied because of its very low solubility.) 


fJJ- CH=CH- COOCH~ 


I11 


Methyl 3-@-naphthylacrylate (111) can be viewed either as a 
2-naphthoate with a conjugated side chain or as a methyl cinnamate 
derivative with a m,p-fused aromatic ring. A ligand has a "choice" 
of positions, one of them characteristic of a naphthoate sub- 
strate and one resembling a cinnamate. Comparison of the 
stability constants for 111, for methyl cinnamate, and for methyl 
2-naphthoate with common ligands suggests that the ligand pref- 
erentially resides at the naphthyl portion of 111. This conclusion is 
strengthened by the qll values, which will be considered later 
Also consistent with this interpretation is the absence of a useful 
spectral shift upon complexation, which is typical of benzoate and 
naphthoate complexes but not of cinnamate complexes. 


Some of these data suggest that charge-transfer and simple 
electrostatic forces are not of major importance in determining 
complex stability in aqueous solution. The anions of theophylline 
(IV) and theobromine (V) have very different electronic distribu- 
tions, but they yield similar Kll"s with the common substrate 
methyl trans-cinnamate. 


CH, 
Iv 


CH, 
v 


Cinnamic acid anion complexes appreciably with the anions 
theophyllinate (4) and theobrominate. Methyl p-nitrocinnamate 
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Table II-qII Values for Alkaline Hydrolysis of Ester Complexes" 


Substrate 


Methyl trans-cinnamate 
Methyl trans-cinnamate 
Methyl 1-naphthoate 
Methyl 1-naphthoate 
Methyl 1-naphthoate 
Methyl Znaphthoate 
Methyl 2-naphthoate 
Methyl 2-naphthoate 
Methyl 3-P-naphthylacrylate 
Methyl 3-P-naphthylacrylate 
Methyl 3-P-naphthylacrylate 
Methyl p-nitrocinnamate 


Ligand 411 


T heophyllinate 0.90 
Theobrominate 1 .o 
Theophyllinate 0.97 
Theobrominate 0.90 
8-Chlorotheophyllinate 1 . 0 
Theophyllinate 0.91 
Theobrominate 0.93 
8-Chlorotheophyllinate 0.99 
Theophyllinate 0.71 
Theobrominate 0.82 
8-Chlorotheophyllinate 0.89 
Theophyllinate 0.82 


0 25", 0.3 M ionic strength, phosphate or hydroxide buffers, 0.83 % 
acetonitrile. 


interacts with theophyllinate to about the same extent as does 
methyl cinnamate. The anion of 3,5-dinitrobenzoic acid, which 
Menger and Bender (19) expected to function as an electron accep- 
tor, complexes significantly with several anions (Table I). Thus, with 
theophylline, a KII' of 10 M-1 is observed. Yet a stability constant 
of 9 M-1 is found for the 3,5-dinitrobenzoate-methyl cinnamate 
complex, and methyl cinnamate complexes with theophylline with 
KII' equal to 25 M-I. Simple donor-acceptor relationships do not 
provide a convincing picture of this cycle of numbers. 


3,5-Dinitrobenzoate gave Kll' = 13 M-' with 8-chlorotheo- 
phyllinate, whereas Guttman and Brooke (20) found a stability 
constant of 4.7 M-' between 8-chlorotheophyllinate and 3-carbo- 
methoxy-1-methylpyridinium cation ; that is, the 8-chlorotheophyl- 
line anion interacts more strongly with another anion that it does 
with a cation. 


Earlier results (16) led to an estimate of the uncertainty in qll 
of about 0.1 unit (qI1 is constrained, for 1 :1 complexes exhibiting 
inhibition relative to the uncomplexed substrate, to lie in the in- 
terval (rl). In the present study the reactions were simple ester 
hydrolyses in easily analyzed and controlled systems, and it is 
estimated that most of the qll values have an uncertainty of about 
0.05 unit. These qI1 values are collected in Table 11. Figure 1 shows a 
plot illustrating the determination of these quantities (16, 17); 
qll is equal to the reciprocal of the intercept on the ordinate axis. 


DISCUSSION 


Maximal Overlap Area Correlation-The model of complex 
formation presented earlier (2) assumes plane-to-plane interaction 
of substrate S and ligand L in medium M. Equation 1 can be 
developed from this model: 


AG: = A(G&, - GO,, - G",) (Eq. 1) 


where AGi is the standard unitary free energy change for complex 
formation (21), G?J is a free energy of interaction per unit area 
between "surfaces" Z and J at the equilibrium separation distance, 
and A is the area of contact between S and L. The first use of this 
model took A to be the estimated planar area of the smaller of the 
two interactants (2). A plot of standard unitary free energy change 
against planar area of the smaller interactant gave a fair linear 
correlation for complexes in which both S and L were neutral, but 
the attempted correlation was not successful when either, or both, 
of the interactants was an anion. An obvious fault of the treatment 
is that numerous points corresponded to the same area (because 
they involved one of the same interactants) yet represented different 
complex stabilities. This generated vertical lines in the plot. If the 
model is a good one for complex formation, part of the lack of 
success apparently was caused by a poor estimate of the overlap 
area A. A cannot be greater than the planar area of the smaller 
interactant, but it may be smaller than this quantity. A refined esti- 
mate of the overlap area was made as follows. 


A free energy term of the type GIJ assumes an increasingly nega- 
tive value as attraction between Z and J increases. (When Z and J 
are separated to infinity, GIJ equals zero.) In a first approximation, 
the surfaces are considered homogeneous; that is, no preferred 
specific (group) interactions are considered. Then A will assume a 
value such as to maximize -AGO subject to these conditions: (a) 


q,, = 0 71 


/ Y 
0- 


0 10 20 30 40 50 
1 / L t  


Figure 1-Kinetic 
plot showing several 
complex systems 
(Lt is total ligand 
concentration). Key : 
0, methyl trans-cin- 
namate-theobrom- 
inate; 8 , methyl p- 
nitrocinnamate -the- 
ophyllinate; and *, 
methyl 3-0-naph- 
thylacrylat e- t heo-  
ph  yllinate. 


the more negative the value of G&, the greater A will be; (b) the 
more positive the value of GMS, the greater A will be; and (c)  the 
more positive the value of GML, the greater A will be. In chemical 
terms, attraction between S and L will lead to a maximization of 
overlap area, whereas repulsion would tend to minimize the area. 
Attraction between M and S will minimize overlap area, whereas 
M-S repulsion will maximize it, and similarly for M and L. The final 
structure is then a compromise position depending upon (possibly) 
opposing factors. 


Since most of these compounds are relatively hydrophobic, 
it is reasonable to suppose that Gbs and @ML are fairly large repul- 
sive quantities. That @sL does not play an overwhelmingly im- 
portant role is indicated by the marked reduction in KII for the 
methyl cinnamate-theophylline complex as the water concentration 
is decreased in water-methanol mixtures (22). It seems possible, 
therefore, that in many of these complexes a structure is assumed in 
which the overlap area between substrate and ligand is maximized. 
Therefore, a plot was made of standard unitary free energy change, 
A@, against maximal overlap area. 


Maximal overlap areas were estimated as shown by Fig. 2. The 
planar area of the smaller molecule is traced from a Corey-Pauling- 
Koltun molecular model (23) on translucent tracing paper and is 
darkened. The planar area of the larger molecule is traced on a 
transparent plastic sheet. These are superimposed and oriented 
until the area of overlap is visually maximized, with nothing else 
being taken into consideration. A photocopy of this orientation is 
made, and the overlap area (hatched area in Fig. 2) is measured by 
a planimeter. This gives the maximal overlap area for plane-to-plane 
interaction between the two molecules. Table 111 gives maximal 
overlap areas estimated in this way. 


Figure 3 shows the correlation of AG; with maximal overlap 
area for neutral complexes (dark circles). The correlation seems to 
be slightly better than the original plot against the planar area of 
the smaller interactant (2). The open circles in Fig. 3 represent com- 
plexes in which one or both interactants are ionic. A marked im- 
provement in the correlation of ionic complexes has been achieved 
with the maximal overlap area concept. 


The 50 complexes plotted in Fig. 3 represent about 70 systems, 
because, for clarity, one point may represent more than one com- 
plex. For example, the methyl trans-cinnamate-theophylline com- 
plex has the same stability constant and overlap area as do several 
other cinnamatetheophylline complexes, so these additional points 
were not plotted. A least-squares line calculated for the 50 points 
gave an ordinate intercept of 0.1 (in units of -loz1 AGIN), in- 
dicating that the line passes essentially through the origin, in agree- 
ment with the model equation. Separate least-squares lines for the 
neutral and ionic complexes gave the same slope values, with the 
standard deviation for neutral complexes being 0.58 and for ionic 
complexes 0.64, in units of - 1021 AG;/N. This treatment has, there 


Figure 2-Maximal over- 
lap area (hatched area) 
in the methyl trans-cin- 
namate-theophylline com- 
plex. Methyl cinnamate 
is outlined with the heavier 
line, with the ester group 
lying to the right. 
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Table IU-Estimated Maximal Overlap Areas for Complexes 


System 
Number 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
jo 


Substrate 


Methyl 2,ddichloro trans-cinnamate 
Acetophenone 
Methyl trans-cinnamate 
Naphthalene 
Methyl I-naphthoate 
trans-Cinnamaldeh yde 
Benzalacetone 
Methyl trans-cinnamate 
Benzamide 
Naphthalene 
Methyl crotonate 
Methyl benzoate 
Methyl hydrocinnamate 
trans-Cinnamyl acetate 
Methyl 2-naphthoate 
Methyl trans-cinnamate 
Methyl trans-cinnamate 
trans-Cinnamamide 
Methyl trans-cinnamate 
Theophylline 
Methyl trans-cinnamate 
Methyl trans-cinnamate 
Methyl trans-cinnamate 
Cinnamoylsalicylate 
Theophylline 
Theophylline 
Methyl cis-cinnamate 
Methyl trans-cinnamate 
Methyl 2-naphthoate 
Methyl trans-cinnamate 
Methyl 2-naphthoate 
Methyl 1-naphthoate 
Naphthalene 
Phenanthrene 
9-Methyl anthroate 
Naphthalene 2,6-dicarboxylic acid, dimethyl ester 
Methyl 3-fl-naphthylacrylate 
Methyl crotonate 
p-Nitrophenyl benzoate 
Methyl cis-cinnamate 
Methyl 2-naphthoate 
Methyl I-naphthoate 
Methyl fruns-cinnamate 
Methyl 3-P-naphthylacrylate 
Methyl p-nitrocinnamate 
Naphthalene 
Methyl trum-cinnamate 
Methyl 3-j3-naphthylacrylate 
Methyl I-naphthoate 
Methyl 2-naphthoate 


Ligand 


Theophylline 
Theophy lline 
Benzimidazole 
Benzimidazole 
Theophylline 
Theop hylline 
Theophylline 
2-Methyl imidazole 
Theophylline 
Theophylline 
Theophylline 
Theophylline 
Theophylline 
Theop hylline 
Theophylline 
Theophylline 
Caffeine 
Theop hylline 
Purine anion 
Salicylate 
Hypoxanthine anion 
8-Bromotheophyllinate 
3,5-Dinitrobenzoate 
Theophylline 
trans-Cinnamate 
3,5-Dinitrobenzoate 
8-Nitrotheophyllinate 
8-Nitrotheophyllinate 
8-Nitrotheop hyllinate 
8-Chlorotheophyllinate 
8-Chlorotheophyllinate 
8-Chlorotheophyllinate 
8-Chlorotheophyllinate 
8-Chlorotheophyllinate 
8-Chlorotheophyllinate 
8-Chlorotheophyllinate 
8-Chlorotheophyllinate 
Theophyllinate 
Theop hylline 
Theophyllinate 
Theophyllinate 
Theophylinate 
Theophyllinate 
Theop hyllinate 
Theophyllinate 
Theophyllinate 
Theobrominate 
Theobrominate 
Theobrominate 
Theobrominate 


Maximal 
Overlap Area 
(A a/molecule) 


55.6 
44.4 
39.5 
41.2 
54.7 
49.4 
49.8 
28.4 
39.5 
49.8 
27.2 
39.9 
34.2 
37.9 
53.1 
49.0 
46.9 
45.3 
33.3 
39.1 
35.4 
48.1 
39.9 
44.9 
42.4 
51.9 
44.0 
53.9 
55.6 
47.8 
55.6 
51 .O 
46.5 
56.0 
56.8 
54.3 
54.3 
27.2 
38.7 
42.0 
53.9 
53.5 
50.2 
51.4 
50.2 
49.0 
47.3 
49.8 
51 . O  
51.0 


fore, revealed the result that, in the first-order approximation, all 
systems behave similarly and, on the average, there is no difference 
between neutral and ionic complexes. This was not obvious on the 
basis of data for systematically selected substrates and ligands, and 
it only became clear when so many systems had been studied that 
the selection was practically random. 


The equation of the line in Fig. 3 is 


-AGE/N = 0.149 X lo-*' (cal./A2) X 
maximal overlap area (A*/molecule) (Eq. 2) 


This slope value is equivalent to 64 dynelcm. If, as suggested, 
the S-L interaction is of minor importance in determining complex 
stability, then the average value of the G ~ s  and G%L terms is 32 
dyne/cm. This is approximately the value of interfacial tensions 
between water and some typical hydrophobic organic compounds 


The statistical nature of this first-order approximation is apparent 
from Fig. 3. If another large group of structurally similar substrates 
and ligands was studied, the points would be expected to define a 
line close to the one in the figure. However, no single stability con- 
stant value could be predicted to within better than a factor of two. 
The dispersion seen in Fig. 3 may be considered a second-order 
effect, probably correlatable with specific structural features in the 
substrate and ligand. (Most of the deviations from the line are too 


(24). 


large to be ascribed to misestimates of maximal overlap areas.) 
In terms of the model and Eq. 1, the quantity (G& - €&s - 
&,) varies appreciably within the series of complexes repre- 
sented. This scatter of points does not invalidate the model, which 
does not include the constraint that the parenthesized quantity 
should remain constant as Sand L are changed. 


Few general inferences can be made at this time concerning the 
second-order effect (the deviations from the area correlation line) 
in describing complex stability. One interesting set of data is the 
stability constants for theophylline and theophyllinate complexes 
with seven common substrates; the constant for the neutral ligand 
is nearly always larger than that with the anion, the mean value of 
the ratio being 2.35 Z!Z 0.73. This is explicable if it is considered 
that the anion is less hydrophobic than is the neutral ligand, result- 
ing in a more negative G ~ L  term and, hence, decreased complex 
stability. (Since theophylline was the only ligand that could easily 
be studied in its neutral and anionic forms, these data earlier led 
to the too general belief that ionic complexes always behave differ- 
ently from neutral ones.) That this solvation effect is not the only 
factor is indicated by stability constants for six common substrates 
with theophyllinate and 8-chlorotheophyllinate; the ratio of these 
constants (8-chlorotheophyllinate-theophyllinate) is 2.01 f 0.33. 
The larger area of the halogenated xanthine does not account for 
the effect. These examples indicate a complicated variation in the 
energy terms even for closely related compounds. 
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Figure %Plot of standard unitary free energy change for complex formation at 25 O in aqueous solution against estimated maximal overlap area. 
Key: 0, imic complexes; and *, neutral complexes. See Table 111 for complex identities. 


Structure and Reactivity of Complexes-Previous reports have 
stated 411 values for ester hydrolysis to be either about unity (imply- 
ing direct contact of the ligand with the ester group and, therefore, 
substantial inhibition of the reaction) (1, 2, 16) or less than 0.5 
(with no direct steric interference but a small polar effect on the 
rate). In this study, ester substrates have been selected to  allow 
a distinction to be made between qll values in the range 0.7-1 
(Table I1 and Fig. 1). 


Repetition of the methyl trans-cinnamate-theophyllinate study 
(1) yielded q11 = 0.90, which is now thought to  be significantly 
different from unity. The methyl trans-cinnamatetheobrominate 
complex, however, gave a qI1 value of essentially unity. The stability 
constants and maximal overlap areas for the two complexes are 
about the same. The maximal overlap area profiles, developed as 
described earlier, suggest a possible reversal of the xanthine- 
cinnamate orientation, with the xanthine occupying a position 
closer to the ester carbonyl when the ligand is theobrominate; 
this is consistent with the higher qI1 value. 


Methyl 3-@-naphthylacrylate (IIIJ is a larger molecule than 
methyl trans-cinnamate, and it seemed that a kinetic study with 
theophyllinate might define the area of interaction between 111 
and this ligand. The qll of 0.71 implies only a small steric involve- 
ment with the ester function (a q11 of 0.71 corresponds to 0.73 
kcal./mole differenoe in free energy of activation between the com- 
plexed and uncomplexed substrate), suggesting that the xanthine 
lies further away from the ester group than it does in the methyl 
cinnamate complex. Further, the qll of 0.89 for the I-chlorotheo- 
phyllinate complex of 111 is consistent with the greater bulk of this 
xanthine and the possibility that greater steric interference occurs 
by the ligand in the reaction of the ester function. 


It is curious, considering the scatter observed in the area correla- 
tion (Fig. 3), that the maximal overlap concept should consistently 
lead to a picture of the substrate-ligand orientation (that is, the 
complex structure) that is reasonable in terms of measurable 
complex reactivity. This leads to the tentative view that the maximal 
overlap area approach provides a realistic estimate of complex 
structures in aqueous solution, including an estimate of average 
complex stability. The actual stability of a particular complex is 
determined, within this average configuration, by local atomic 
and group interactions. 
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Central Hypotensive Activity of dZ- and d-Propranolol 


GERALD J. KELTJHER* and JOSEPH P. BUCKLEY 


Abstract 0 The intraventricular administration of d-propranolol 
to a-chloralose-anesthetized cats was followed by a decrease in 
blood pressure and was devoid of an associated tachycardia. d- 
Propranolol in an equivalent dose produced a hypotensive re- 
sponse which was not statistically different from dl-propranolol. 
These data suggest that there is a central component in the hypo- 
tensive response to propranolol and that it is independent of the 
8-adrenergic blocking activity. The intraventricular administration 
of 500 mcg. of reserpine base produced greater than a 90% de- 
pletion of norepinephrine in all brain regions analyzed within 24 
hr. This pretreatment with reserpine also reversed the hypotensive 
response to both d- and dl-propranolol as well as converted the 
decrease in heart rate to an increase in heart rate. Thus, at least one 
of the amines must be required to produce the hypotensive re- 
sponse. Perfusion of the ventricular system with dl-propranolol 
generally produced an increase in epinephrine along with a de- 
crease in norepinephrine in the brain region analyzed. Under the 
same conditions, d-propranolol also increased epinephrine but led 
to a decrease in norepinephrine in only 50% of the tissues assayed. 
These changes in amine levels occurred during the perfusion, which 
also produced a sustained hypotensive effect lasting the duration 
of the perfusion. The hypotension associated with propranolol 
therapy may have a central component that is not dependent on the 
p-adrenergic blocking property of propranolol, which requires one 
or more of the brain amines, and leads to an increase in the epi- 
nephrine level along with a general decrease in the norepinephrine 
level of the brain. 


Keyphrases 0 dl-, d-Propranolol-central hypotensive activity 
0 Hypotensive action, dl-, d-propranolol-intraventricular in- 
jection 0 8-Adrenergic blocking activity-propranolol 0 Cate- 
cholamines, brain-propranolol effect 


Propranolol antagonizes the cardiovascular effects of 
P-adrenergic receptor stimulation produced by either 
stimulation of effector fibers or by sympathomimetic 
amines. The intravenous administration of propranolol 
produces a decrease in the sympathetic component to 
the heart and blocks the chronotropic effects of iso- 
proterenol and epinephrine and the peripheral vaso- 
dilatory effects of isoproterenol (1-3). The acute re- 
sponse to  propranolol is a decrease in cardiac output, 
whereas prolonged administration fails to  produce this 
effect (4). Several reports have shown that the intra- 
venous administration of propranolol to normotensive 


or hypertensive individuals decreased heart rate and 
cardiac output along with a concomitant decrease in 
systemic blood pressure but exhibited no significant 
effects on systemic peripheral resistance (4-6). Epstein 
et al. (5) and Shinebourne et al. ( 6 )  reported that the 
increase in arterial pressure that is associated with 
exercise was abolished by propranolol uia reduction in 
cardiac output. 


The central nervous system (CNS) manifestations 
attributed to propranolol classify it as a sedative and 
general CNS depressant (7-9). Since both propranolol 
and pronethalol possess these properties while dichloro- 
isoproterenol (DCI) produces CNS stimulation, these 
authors have concluded that it is the presence of the 
naphthyl group rather than the P-adrenergic blockade 
that is responsible for the CNS effects. The depression 
or tranquilization in humans associated with prop- 
ranolol administration is invariably apparent only at 
dosage levels that are many times greater than those 
necessary to  produce P-adrenergic blockade (10-12). 
Masuoka and Hansson showed that intravenous ad- 
ministration of 14C-labeled propranolol is rapidly taken 
up by the rat brain and concentrated 50 times greater 
in the brain than in the blood (13). 


The hypotensive effect induced by the administration 
of P-adrenergic blocking agents in man has been well 
documented (14-22). This response is not exclusive to 
humans, because other investigators also have noted 
depressor effects in animals (23-26). The oral adminis- 
tration of propranolol for several weeks has been re- 
ported to result in a gradual and significant decrease in 
systemic arterial pressure in hypertensive patients 
(10, 16, 22). In  all cases, regardless of the time of onset, 
the dose of the (3-adrenergic blocker was many times 
that required for the blockade of the P-receptors, thus 
leading to  the hypothesis that this response may not be 
due to antagonism of these receptors. This hypotensive 
response was unexpected, since the blocking of a neural 
mechanism that produces vasodilation in the absence 
of a significant reduction in cardiac output might be 
expected to  result in a rise in systemic blood pressure 
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Table I-Parameter Ratios Used to Calculate Cl Values of Model I1 and kl Values and their Ratios Obtained by 
Fitting the Cl,t Values to Model Ia 


Vll v2 kz kl Ratio of 
Set No. = K-i/Ki KiI& when k11 = 0.5 when krr = 2 . 0  kr’s 


1 
2 


8 
9 


10 
1 1  


8 
8 
8 
8 
8 
2 - 
2 
2 
2 
2 
1 


0 .1  
1 . o  
2.0 


10. 
100. 


0.1 
i . 0  
2 . 0  


10. 
100. 
0. I 


0.529 - 
0.569 
0.543 
0.510 
0.501 
0.513 
0.763 
0.806 
0.609 
0.510 
0.507 


2.07 ~. 


2.31 
2.24 
2.06 
2.005 
2.03 
2.78 
3.19 
2.80 
2.06 
2.02 


3.91 
4.06 
4.13 
4.04 
4.00 
3.96 
3 . 6 4  
3.96 
4.60 
4.04 
3.98 .. 


12 1 1.0 0.790 2.71 3.43 
13 1 2.0 1 . 0 0 5  3.56 3.54 
14 I 10. 0.840 4.43 5.27 
15 1 100. 0.530 2.21 4.17 


Av. 4.05 


For Model 11, KS = 0.15. D, = 1,000,000, and VI = 5000 for each set. Note that the ratio of kzz values is 4.0. A typographical error in Table I1 of 
Reference f gave KZ = 0,015 instead of the actual KZ = 0.15. 


1 but not with Eq. 2 ,  even though other data, obtained 
following intravenous administration, provide strong 
evidence for Model I1 or a more complicated model. 
If he wishes to correlate the apparent “absorption rate 
constants” derived from application of Model I and 
Eq. 1, he may be reasonably safe if he utilizes the ratios 
of the “absorption rate constants” and correlates these 
with ratios of rates of dissolution or times to dissolve a 
given percentage of drug derived from an in vitro test. 


BOOKS 


I have been quite successful in doing this and will re- 
port the details in a future publication. 


( I )  J. G .  Wagner and C. M. Metzler, J .  Pharm. Sri.. 58,87(1969). 
JOHN G .  WAGNER 
College of Pharmacy and Pharmacy Service 
University Hospital 
University of Michigan 
Ann Arbor, MI 48104 
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REVIEWS 


Human Ecology and Public Health. 4th Edition. Edited by EDWIN 
D. KILBOURNE and WILSON G .  SMILLIE. Macmillan, New York, 
N. Y . ,  1969. xii + 462 pp. 18 X 26cm. Price$11.95. 
Fairly priced, handsomely printed, sympathetically edited. well 


illustrated (49 tables: 75 figures), and eminently readable, Human 
Ecology a id  Public Heulrh is a useful reference for pharmaceutical 
scientists. 


This fourth edition of a work previously entitled Precentiw 
Medicine and Public Health relates public health principles to the 
broader concepts of human ecology. The book is divided into three 
main divisions-Human Ecology and Human Disease, Public 
Health Problems and Practice, and the Administration of Health 
Services; the divisions are subdivided into fifteen chapters. The 
contributing authors’ credentials are excellent: their efforts match 
their credentials. The references at the conclusion of the chapters 
are quite comprehensive. 


The senior editor describes ecology as an “in” word, and admits 
to using it with some trepidation. Some examples out of context 
bear out this concern-on page 85, we learn that “nuclear energy 
has been harnessed to provide electrical power without polluting 


the air or depleting. natural resources,” while on page 90 we are told 
that the introduction of nuclear reaction power plants has expanded 
the need for water cooling, “further aggravating the problem” of 
thermal pol1ut:on that alters the life support process of our lakes 
and streams We learn of the problems caused by the introduction 
of synthetic hydrocarbon detergents and are told that the problem 
was remedied by newly developed b’odegradables. No discussion 
follows about the potential of overloading of surface waters with 
phosphates, thus upsetting another ecolopical balance. 


Despite these brief lapses from a balanced presentation of bio- 
ecology, the book has great merit. Major problem areas-the 
population explosion, pollution, automobile accidents, and inner- 
city tensions-are treated with great objectivity. One almost wishes 
for a touch of the urgent tones of a Commoner (see his Science and 
Survival, for example) when the specific problem of pesticides is 
considered in Chapter 4, although the purpose of this work does 
not call on urgency as a teaching device. 


Of special note for pharmaceutical scientists are Chapters 2, 3. 
and 10 which deal, respectively, with Genetic Determinants of 
Health and Disease; Genetic Interactions of Man and Microbes; 
and Approaches to the Control of Human Infection. The first two 
chapters in the division-The Administration of Health Services- 
are an excellent introduction for the first-time reader and are a 


1050 0 Journal of Pharmaceutical Sciences 







fine reference source for the more experienced student of public 
health management. 


Considering the individual and society generally, the state of our 
ecologic environment, and our artificial environment and the inter- 
relationships of each and all of these to disease, the book is eminently 
successful and well worth study by the pharmaceutical scientist 
concerned with human ecology and public health. 


Reviewed by William L. Blockstein 
Health Sciences Unit 
University Extension 
University of Wisconsin 
Mudisoti, WI 53706 m 


New Dimensions in Legal and Ethical Concepts for Human Research 
Vol. 169, art. 2. Consulting Editor, IRVING LADIMER, New York 
Academy of Sciences, 2 East 63rd St., New York, NY 10021,1970. 
pp. 297-593.15 X 23 cm. Price$23.00. 
The papers in this volume are drawn from a conference of the 


same name held by the New York Academy of Sciences from May 
19to21, 1969. 


Theconference was divided into six sections each of which included 
the presentation of papersand panel discussions. Thesectionsincluded 
were Ethical and Legal Base Lines for Professions and Community; 
Special Problems of Medical Disciplines; Special Problems of Re- 
lated Professions; Experience in Design, Conduct, and Evaluation 
of Research; Professional Controls-Internal and External; and 
Social Responsibility through Communication. 


This conference on “New Dimensions in Legal and Ethical Con- 
cepts for Human Research” was convened to enable representatives 
of major disciplines, mainly medical and legal fields, to present 
their experience and recommendations for meeting current and 
anticipated problems of experimentation on and with human beings. 


These topics have relevancy to the recent activity in the areas of 
organ and tissue transplants. Work in these areas suggests that 
technology can surmount virtually all impediments, but this capac- 
ity msy bave to be curbed by social, ethical. legal, and religious 
strictures in order to achieve professional and community support. 


Of particular interest to the pharmaceutical scientist are the 
papers on “Control and Surveillance of Investigational Drugs” by 
Herbert S. Carlin and Ronald T. Turnbull, “Conducting Investiga- 
tional Drug Studies for Industry” by Kenneth G. Kohlstaedt, and 
“Drug Evaluation Problems in Academic and Other Contexts” by 
Louis Lasagna. 


Staff Reciew W 


Parenteral Dosage Forms. By CAROLYN G. HALL and KENNETH E. 
AVIS. Parenteral Drug Association, Inc., Philadelphia, PA 19107, 
1969. vi + 262 pp. 22 X 28 cm. Price $7.50. 
This comprehensive annotated bibliography of the literature per- 


taining to parenteral dosage forms has been prepared by Mrs. Caro- 
lyn G. Hall and Dr. Kenneth E. Avis, Department of Pharmaceutics, 
University of Tennessee, College of Pharmacy. 


It covers the period 1959 to 1963 and contains approximately 950 
entries. The book is arranged topically with a complete author index. 
The period just prior to the inception of International Pharmaceuti- 
cul Abstracts was chosen for the first of what is anticipated will be a 
series of bibliographies because the authors’ felt that no coverage of 
this important period was available. 


StuflReview W 


Clinical Pharmacy Handbook. By HUGH F. KABAT. Lea and Febiger, 
Washington Square, Philadelphia, PA 19106, 1969. v + 108 pp. + 70 workbook style tear-out pp. 21.5 X 27.5 cm. Price $6.50 
paperbound. 
Portions of this volume were originally presented as course mate- 


rial to the senior students at the University of Minnesota College of 
Pharmacy. The first three chapters deal with course objectives, a 
course introduction, and notes on the pharmacist-patient relation- 
ship as viewed by the author. Some later chapters involve a collec- 
tion of common hospital abbreviations and meanings, drug interac- 
tion tables, a list of sources of drug information, and a workbook 
section that affords the pharmacy student the opportunity to in- 
vestigate the physical, chemical, and pharmacologic properties of 
any drug by means of charts that must be completed and questions 
that must be answered and referenced. Approximately one-half of 
the book is devoted to forms concerning general patient information, 
the clinical status of the patient, patient progress, and laboratory 
results. These forms are to be filled in by the pharmacy student as 
soon as the appropriate information becomes available. 


The author indicates in the preface that this text is intended for 
use by students and for “any pharmacist venturing into the clinical 
setting.” Those others not initiated into a clinically oriented phar- 
macy practice may find this book to be of some value because some 
important aspects of clinical pharmacy are presented. For example, 
the drug interaction tables and the chart on drug-induced modi- 
fications of laboratory tests are valuable pieces of literature and 
the collection of common hospital abbreviations and meanings is a 
step in dispelling the “language barrier” that, at first, exists between 
the medical staff and the new pharmacist practitioner. 


Those educators thinking of initiating a clinical pharmacy course 
may also find this book of value because it does offer some basic 
“patient following” forms that were adapted from forms now in 
use at other hospitals with a clinical pharmacy service. The book 
also presents some basic philosophy on the pharmacist-patient 
relationship and some basic operating rules for the student and 
clinical instructor while in a patient-care area. 


Any pharmacist or pharmacy student who has had any exposure 
to a clinically oriented pharmacy practice will find this book ex- 
tremely fundamental and perhaps too course-oriented to be of any 
great value. The material in the book, for the most part, has already 
been published in one journal or another. The author has simply 
compiled such pieces of literature as Dr. Edward Hartshorn’s drug 
interaction tables as they appeared in Drug Intelligence and the 
tables on the drug-induced modifications of laboratory values as 
they were published in the American Journal of Hospital Pharmacy. 
Any pharmacist entertaining thoughts of a clinical practice should 
already have well in hand the material that is presented in this book. 


Reoiewed by Richard de Leon 
School of Pharmacy 
University of California 
Sun Francisco, CA 94122 W 


Biologically Active Amines Found in Man. By FRANZ FRANZEN and 
KURT EYSELL. Pergamon Press, Maxwell House, Fairview Parks, 
Elmsford, NY 10523, 1969. vii + 244 pp. 23 X 16 cm. Price 
$13.50. 
As stated by the authors, there has not been an extensive survey of 


the field of “biogenic amines” since 1951, although during this 
time there has been a considerable expansion of our knowledge of 
these compounds. 


In 128 pages of text, the authors, who are apparently clinicians, 
discuss numeraus aspects of these amines derived from decarboxyla- 
tion of alpha amino acids. In separate chapters the biochemistry, 
pharmacology, and pathophysiological significance of biolozically 
active amines are discussed. This Hundbucli is unique as a compre- 
hensive survey of this subject as related to clinical medicine. The 
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(10) “Chemicals Evaluated as Insecticides and Repellents at 
Orlando, Fla.,” W. V. King, Compiler, Agricultural Handbook No. 
69, Entomology Research Branch, Agricultural Research Service, 
U. S. Department of Agriculture, Washington, D. C., 1954, pp. 279, 
284. 
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Interactions of Drugs with Proteins I: Binding of 
Tricyclic Thymoleptics to Human and Bovine Plasma Proteins 


H. J. WEDER* and M. H. BICKEL 


Abstract Data on the binding of imipramine, desipramine, and 
3-chlorodesmethylimipramine to plasma proteins have been 
obtained over a wide range of ligand concentration using a modified 
equilibrium dialysis technique. Plasma proteins other than albumin 
do not appreciably contribute to complex formation with the 
drugs studied. Fifty-nine percent imipramine is bound to albumin 
in the plasma level range reached under therapeutic conditions. 
However, the association constants of the complex is low. Species 
differences in the binding capacity of albumin were observed. 
Apparently, atypical binding behavior was disclosed for desipra- 
mine and 3-chlorodesmethylimipramine. A binding model is dis- 
cussed, and values of binding parameters are given. 


Keyphrases 0 Thymoleptics, tricyclic-binding to human, bovine 
plasma proteins Proteins, human, bovine plasma-imipramine, 
desipramine, 3-chlorodesmethylimipramine, interaction, binding, 
model 


These studies on the binding of drugs and other 
compounds to plasma proteins are aimed at gaining 
insight into the following problems: 


1. Possible influence on the pharmacokinetics of a 
drug by its interactions with proteins. 


2.  Mechanism of interactions between drugs or 
model compounds and proteins and physicochemical 
interpretation. 


3. Critique of methods used in the study of drug- 
protein interactions. 


Part I contains data on the complex formation of 
imipramine, its active metabolite desipramine (des- 
methylimipramine), and 3-chlorodesmethylimipramine 
with bovine albumin and human albumin, y-globulin, 
plasma, and serum in concentration ranges including 
the one met with under therapeutic conditions. The 
first two drugs are used clinically; the latter is a me- 
tabolite of the clinically used 3-chloroimipramine ac- 
cumulating in rats (1) and human (2). 


Imipramine (IP) is one of the few drugs about which 
much of the metabolic and pharmacokinetic data is 
known (3-8). In addition, physicochemical data of all 
its major metabolites have been reported (9). Sensitive 
methods exist for determining imipramine, desipramine, 
and 3-chlorodesmethylimipramine (5,6, 10, 11). 


Data on IP binding to plasma proteins were published 
by Tinao and Gomez-Guillen (12) in 1963. Data and 
species differences in the binding of desipramine to 
plasma proteins have recently been reported by Borg% 
et al. (13). Earlier, Gillette (14, 15) reported on the 
binding of imipramine to liver microsomes, which 
presumably is the reason for the high concentrations 
of imipramine and related drugs in lung, liver, or 
kidney tissue in the rat in uiuo (5, 8). Beside many 
reports on interactions between thymoleptics and 
membranes [reviewed by Glowinski and Baldessarini 
(16)], an interaction between imipramine and the outer 
membrane of blood platelets has also been reported 
(17). 


EXPERIMENTAL 


Materials-The hydrochlorides of imipramine,’ desipramine’ 
(DMI), and 3-chlorodesmethylimipramine1 (CDMI) were used. 


m m  \ N / N / 


imipramine 
I 


desipramine 
I1 


3-chlorodesmethy limipramine 
111 


Also used were 10,l I-14C-imipramine hydrochloride2 (8.05 mc./ 
mmole) and 3H-acetic anhydridea (in benzene, 500 mc./mmole). 
Gas chromatographic (1 1) and spectrophotometric tests showed 


~~ ~ 


1 Supplied by Geigy Ltd., Basel, Switzerland. 
2 Acquired from Radiochemical Centre, Amersham, England. 
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purities of >99% for all compounds. The radiochemical purities 
were >98%. 


Demineralized crystallized bovine albumin3 (BA), electrophoret- 
ically pure human albumin' (HA), and y-globulin4 (HGLO) were 
used. All reagents used were of analytical purity. 


Normal human plasma (NHP) and serum (NHS) were pooled 
and stored at - 15" for no longer than 1 week. 


The ligands (IP, DMI, and CDMI) were dissolved in 0.01 M 
phosphate buffer containing 0.9% NaCI, at pH 7.4 f 0.05 and 
ionic strength of 0.19. The proteins (BA, HA, and HGLO) were 
dissolved in the Same medium by gentle agitation. 


Methods-Unbound and total ligand concentrations were deter- 
mined after equilibrium dialysis. The dialysis chamber was de- 
veloped in this laboratory and will be described in a subsequent 
paper (18). 


Analytical Methods-14C-IP in aqueous solutions was measured 
by direct liquid scintillation counting. Protein quenching was cor- 
rected for by the channel ratio method. DMI and CDMI were 
determined by the isotope derivative method described by Hammer 
and Brodie (10). In all cases, a Packard Tri-Carb 314 E scintillation 
spectrometer and the following scintillation system were used : 
4 g./L 2,5-bis-[5'-terr-butylbenzoxazolyl(2')]-thiophene (BBOT) 
and 40 g./L naphthalene in dioxane-xylene-ethyleneglycol mono- 
methyl ether (3 : 1 : 3, v/v). 


RESULTS 


Table I shows the fraction of the total concentrations of IP, 
DMI, and CDMI bound to HA, HGLO, BA, serum, and plasma. 
The values for two total concentrations are given for each ligand, 
the first concentration representing the range of plasma levels 
observed in therapy (2, 19, 20). The albumin concentrations of the 
sera showed a mean value of 4.1 %. 


The fractions of IP, DMT, and CDMI bound in a 4 z  HA solu- 
tion as a function of total ligand concentration in the range of 
0.1-20 p k f  are depicted in Fig. 1. Whereas a typical curve results 
with lP, the curves obtained with DMI and CDMI represent ap- 
parently atypical cases. 


IP in the concentration range of 0.2 p M  (0.06 mcg./ml.)-3 p M  
(0.95 mcg./ml.), i.e., in the therapeutic range, is bound at a frac- 
tion of 58.9 f 2.8 %. A further increase of the total ligand concen- 
tration up to 17.2 p M  (54.5 mcg./ml.) leads to a gradual decrease 
to a bound fraction of 10.5 + 1.9%. 


The DMI fraction bound shows a sharp increase from 23.5 =!z 
2.1% to 61.2 + 2.4% in the (therapeutic) concentration range 
0.27 p M  (0.08 mcg./ml.)-3 p M  (0.91 mcg./ml.). With a further 
increase to 19.3 pM (5.85 mcg./ml.), the fraction bound remains 
constant. 


An analogous atypical curve is obtained with CDMI; from 35.2 * 1.8z to 84.2 + 3.1% are bound in the range of 0.3 p M  (0.1 
mcg./ml.)-3 p M ( 1  .O mcg./ml.), the fraction bound again remaining 


Acquired from Poviet Producten N.V., Amsterdam, The Nether- 
lands. 


Supplied by the Central Laboratories, Swiss Red Cross, Berne, 
Switzerland. 


2 3 4 


Figure 1-Fraction of IP, 
DMI, and CDMI bound to 
HA, p H  7.4, 20". H A  4 %  = 


fraction of ligand bound. Ca(T) 
= total molar ligand con- 
centration. 


6.15.10-' M. % CS(b)  = 


constant a t  higher concentrations, Thus, 3 p M  represents a critical 
concentration in the atypical cases of DMI and CDMI. 


DISCUSSION 


An interaction between albumin and the ligands IP, DMI, and 
CDMI is demonstrated by the results. The experiments did not 
reveal an influence on the binding affinity of HA by other plasma 
proteins. It must be concluded that albumin is the only complexing 
partner for these ligands in plasma. Species differences are observed 
for all three ligands, the binding affinity being significantly higher 
with bovine than with HA. 


The therapeutic treatment of patients with IP or DMI leads to 
plasma levels of 0.005-0.3 mcg./ml. (2, 19, 20). Similar concen- 
trations are observed with other tricyclic drugs, although the ab- 
solute values are very low compared with many other classes of 
drugs. According to the results, up to 70% of IP, DMI, and CDMI 
in plasma are bound to albumin in the therapeutic concentration 
range, leaving a free concentration of 30% or more. These data 
are of little help for the estimation of a possible influence on the 
pharmacokinetics and pharmacodynamics of the drugs by their 
interactions with plasma albumin, In this respect, a far better key 
is provided by the absolute values of the binding affinity, i.e., 
the association constant, because only the stability of these com- 
plexes can possibly be related with pharmacological phenomena. 
Therefore, information should be obtained on the main forces 
responsible for drug-protein complexes and not merely on their 
stabilizing factors. 


The following model allows the estimation of the association 
constant of the IP-HA complex under the experimental conditions 
used. The c,  (6.15.10-' M )  is the concentration of albumin P, 
where each molecule P can bind n ligand molecules S. Thus P has 
n binding sites. If all the n binding sites are occupied with ligands, 
the total binding capacity per liter solution is c,.n. This capacity, 
however, can only be reached if the concentration of the free 
ligands, CR(J),  is infinite. With relatively low ligand concentrations, 
the binding sites are only partially occupied in a statistical manner. 
A correlation between the number of occupied and unoccupied 
binding sites can be derived under the assumption that the reactivity 
of all binding sites is equal and that no interactions occur between 
binding sites. If A is a binding site of albumin, S a ligand molecule, 
and AS an occupied binding site, then the association or affinity 
constant k for the binding reaction A + S AS is 


If, under the experimental conditions, r out of n binding sites are 
occupied, then 


and 
C A S  = cp.r (Eq. 2 )  


(Eq. 3) C A  = cp.n - c p ' r  
Thus, Eq. 1 becomes 
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Table I-Percent of Total Concentration IP, DMI, and CDMI Bound to Plasma Proteinsa 


Total Concentration - ~ _ _  IP . --__ DMI- -DCMI-- T 


100% = 0.2 p M  100% = 10 p M  100% = 0.3 p M  100% = 10 p M  1 0 0 %  = 0.3 /AM 100% = 10 p M  
Macromolecular System = 0.063 = 3.16 = 0.091 = 3.02 = 0.101 = 3.37 


Protein Concn. mcg./ml. mcg./ml. mcg./rnl. mcg./ml. mcg./ml. mcg./ml. 


72.3 * 3.6 
60.02C 1 . 2  


0 
58.9 f 2 .1  
61.7 i 2 . 8  
59.1 It 2 . 6  


45.9 2C 2 . 0  
36.4 =k 1 . 3  


< 1  
38.2 41 1 . 4  
40.0 2C 1 . 2  
37.7 2C 1.8 


3 5 . 5 2 ~  1.8 
28.3 =k 2 . 0  


0 
30 .3  2C 2 . 4  
32.7 i 2.1 
30.8 f 2 . 5  


75.9 i. 3 . 4  
62.3 2C 2 . 9  


< 1  
65.1 =t 3 .2  
68.4 =t 3 . 4  
61.2 2C 3 . 1  


46.1 f 1 .8  
37.5 2C 1.9 


0 
40.1 f 2 . 3  
3 5 . 3  f 2 . 0  
38.6 f 1.8 


90.2 =k 4 . 2  
83.3 =t 3.8 


< 1  
82.7 i 3 . 6  
85 .2  f 4 . 0  
81.8 +Z 4 . 1  


a pH 7.4, 20”, f SD (6-10 experiments). For abbreviations, see Experimental. 


or 


Figure 2 shows the plot of the free ligand concentrationest/) against 
the total ligand concentration C S ( T )  = c p . r  + C S ( ~ ) .  A curve is 
thereby obtained for each albumin complex with the three ligands 
used. Curves 4 ( k  = 0) and 5 ( k  = a) represent the cases of total 
lack and of infinitely high binding affinity, respectively. Thus, the 
sequence of the association constants for the complexes in the 
concentration range 1-11 p M  is ~ C D M I  > koniI > k ~ p .  Only IP fits 
the binding model introduced, whereas the atypically behaving 
DMI and CDMI do not. However, with all three ligands, no devia- 
tion from the ideal binding curve can be observed in the lowest 
concentration range (0 - 1 pM). In this range the sequence of 
binding affinities is ~ I P  > &DMI > kDnT1 (Table I). 


Graphical determination of the binding capacity of HA for IP 
leads to a value of about 5.1 pM(Fig. 2). By calculation, an associa- 
tion constant of ~ I P  = 0.5.104 M-l is obtained. According to 
Fig. 2 the binding capacities of albumin for DMI and CDMI must 
be much higher than for IP. A hypothetical explanation of the 
atypical curves of DMI and CDMI could be a conformational 
change of the protein by a primary interaction, which then results 
in an increase of available binding sites, possibly of higher reactivity. 


It is unlikely that at therapeutic concentrations the binding of 
IP to plasma albumin exerts an appreciable influence on pharmaco- 
kinetics and thus pharmacodynarnics, since the association constant 
of the IP-HA complex is less than lo4 M-l(21,22). 


7 1  , 


1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  
Csm. fiM 


Figure 2-Free ligand concentration CS(J) as a function of total con- 
centration CS(T). For conditions, see Fig. I .  Key: I = IP, 2 = DMI, 3 
= CDMI, and 4 and 5 = theoretical biditig curves for k = 0 and 
k = m ,  respectively. 


Further results on the binding mechanism as well as thermody- 
namic data will be presented and discussed in a subsequent 
report (18). 
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Clinical Pharmacology Scope, Organization, Training. By WHO 
Study Group, World Health Organization, Geneva, Switzerland, 
1970. i + 21 pp. 23.5 X 16 cm. Price: Annual Subscription $16.00. 
(English) 
The role of the clinical pharmacologist has recently received 


considerable attention. The World Health Organization Study 
Group on Clinical Pharmacology was convened to suggest means of 
eliminating the shortage of clinical pharmacologists, to demarcate 
the scope of clinical pharmacology, and to suggest ways for carrying 
out drug studies in all parts of the world in a scientific and coordin- 
ated manner. 


The WHO report provides considerable information relative to 
clinical pharmacology and could be used as a focus for future discus- 
sions concerning this emerging discipline. 


Staff Review w 


Modern Microcrystal Tests for Drugs, The Identification of Organic 
Compounds by Microcrystalloscopic Chemistry. By CHARLES 
W. FULTON. Wiley, New York, NY 10016, 1969. xviii + 466 
pp. 17.5 X 26 cm. Price $29.95. 
Early in the book a table is presented to illustrate what the author 


considers the best aqueous tests with the 28 best reagents of the past 
for identifying alkaloids. The author has added also a number of 
nonalkaloidal but related substances to the list of materials tested 
and points out that although many of the tests are old, some of them 
being over a hundred years old, they yield reliable results with each 
of the 159 substances tested. 


The author then discusses some new procedures that he has de- 
veloped in microcrystal techniques. He describes tests conducted in 
acid media and procedures for testing the volatility of various chemi- 
cal classes of substances. As a toxicologist he extends volatility 
tests to the detection of putrefactive bases. He also includes chro- 
matography in general procedures for testing unknowns and indi- 
cates the usefulness of spectrophotometry. 


In separate chapters, tests for barbiturates, sympathomimetics and 
central stimulants, phenothiazines, and steroids are presented. The 
author also discusses oxonium and carbonium compounds and io- 
dineiodide complexes; he describes general coverage tests, specific 
tests, and color tests. 


The author explains crystal shapes in unique descriptive terms and 
he presents a system of classification of microcrystals. In the last of 
the 31 chapters are included 192 very good photomicrographs to 
illustrate his classification of crystal forms and also to illustrate 
important tests and significant reactions. Accompanying the photo- 
micrographs are word descriptions of the crystal forms. 


The index lists all of the substances for which tests are described 
in the book and includes a directory of essential information for 
each of these materials. It should be pointed out also that this book 
contains a very complete bibliography of literature in the form of 
appropriate references at the conclusion of each chapter. 


The advent of many new, potent drugs has complicated the task of 
the toxicologist in using microcrystal tests for identification pur- 
poses. The author has included a number of new synthetic drugs in 
his tests and he points out that at least two or three different tests 


must yield positive results with both the unknown and with known 
material in order to be sure of the unknown tested. This book is 
recommended as a useful reference to those working with microcrys- 
tal identification techniques. 


Reviewed by Elmer M. Plein 
College of Pharmacy 
University of Washington 
Seattle, W A  98105 


The Control of Chemotherapy. Edited by P. J. WAIT. E. & S. 
Livingstone Ltd., London, England, 1970. i + 109 pp. 14 X 22 
cm. Price $6.25. 
The papers in this volume were presented at a symposium held 


in March 1969, in the Wright-Fleming Institute, St. Mary’s Hospi- 
tal Medical School, London, England. Starting from the premise 
that the treatment of infections with chemotherapeutic drugs can 
only be effective if the drug that is used is one to which the bacteria 
are sensitive and which can reach the site of infection, the sympo- 
sium considered areas in which progress may be expected and areas 
in which inadequate techniques are still in use. 


StaflReview 


NOTICES 


Chemical Control of Fibrinolysis-Thrombolysis. Edited by JOSEPH M. 
SCHOR. Wiley, 605 Third Ave., New York, NY 10016, 1970. xi + 328 pp. 15.5 X 23.5 cm. Price $17.95. 


Programmed Thermodynamics. Vol. 1. By CHARLES E. WALES. 
McGraw-Hill, 330 West 42nd St., New York, NY 10036, 1970. 
ix + 316 pp. 21 X 28 cm. Price $5.95. 


The Dictocrats. Our Unelected Rulers. By OMAR V .  GARRISON. 
Specialty Features Syndicate, 17261 Reuford Ave., Detroit, MI 
48219, 1970. xi + 333 pp. 10.5 X 18 cm. Price $1.25. 


Avzneimittelwirkungen. Ein Lehrbuch der Pharmakologie fur Pharm- 
azeuten, Chemiker und Biologen. By ERNST MUTSCHLER. Wissen- 
schaftliche Verlagsgesellschaft mbh Stuttgart, Germany, 1970. 
xvi + 477 pp. 17 X 24.5 cm. Price DM 48. (German) 


Parathyroid Hormone, Thyrocalcitonin and Related Drugs. Section 
51, Vol. 1, International Encyclopedia of Pharmacology and 
Therapeutics. Edited by G. PETERS. Lausanne, Pergamon Press 
Ltd., Headington Hill Hall, Oxford, England, 1970. vii + 364 pp. 
15.5 X 23.5 cm. Price $16.00. 


Antibiotics in Clinical Practice. By HILLAS SMITH. Williams & 
Wains ,  428 E. Preston St., Baltimore, MD 21202, 1969. ix + 
346 pp. 15 X 23 cm. Price $11.75. 
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Use of Tetraphenylethylene in Quantitative GLC 
of Hyoscyamine and Scopolamine 


BANG-LING WU CHU and EDWARD S. MIKA 


Abstract c] Hyoscyamine and scopolamine as free bases were si- 
multaneously quantitated by GLC, using tetraphenylethylene as an 
internal standard. A linear relationship was found between the ratios 
of the integrated peak areas of alkaloid to the internal standard 
and the actual weight ratios of alkaloid to the internal standard 
for both hyoscyamine and scopolamine. Pure compounds and ex- 
tracts from Hyoscyamus niger Linne powder were analyzed. The 
combined precision of the extraction procedure of plant materials 
with the GLC procedure was determined. 


Keyphrases 0 Tetraphenylethylene, internal standard-quantita- 
tive GLC of hyoscyamine, scopolamine 0 GLC, hyoscyamine, 
scopolamine, quantitative-tetraphenylethylene, internal stan- 
dard Hyoscyamine-simultaneous GLC quantification with 
scopolamine using tetraphenylethylene as internal standard 0 
Scopolamine-simultaneous GLC quantification with hyoscy- 
amine using tetraphenylethylene as internal standard 


Brochmann-Hanssen and Svendsen (1) successfully 
separated a large number of alkaloid mixtures from 
various plant sources by GLC. Solomon et al. (2) 
reported quantitative determination of atropine and 
scopolamine by GLC. No information was available 
pertaining to the use of a proper compound as an 
internal standard for the quantitation of the two major 
tropane alkaloids. Furthermore, no estimate of the 
combined precision of the alkaloid extraction procedure 
involving plant materials with the GLC procedure has 
been reported. Recently, Zimmerer and Grady (3) 
described an assay procedure of hyoscyamine, atropine, 
scopolamine, and phenobarbital in unit doses of tablets 
and elixirs, using homatropine as an internal standard. 


The importance of using an internal standard to 
obtain reproducible quantitative results in any assay 
procedures by GLC has been emphasized by various 
investigators (4-9). This paper reports the quantitative 
determination of hyoscyamine and scopolamine simul- 
taneously as pure compounds and from plant extracts, 
using tetraphenylethylene (TPE) as an internal standard 
by employing both isothermal and programmed tem- 
perature GLC. 


EXPERIMENTAL 


Equipment-A linear programmed temperature gas chromato- 
graph (Perkin-Elmer model 881), equipped with a hydrogen flame- 
ionization detector and a 1-mv. recorder (Sargent model SR, 
S-72180-20) with a chart speed of 1 in./min. and 1-sec. full-scale 
response, was used. A pH meter (Beckman zeromatic), centrifuge, 
and flash evaporator were used for the extraction of plant powders. 


Materials-The carrier gas was helium. Hydrogen and air were 
used in the flame-ionization detector. Dual borosilicate glass 
columns, 1.83-m. (6-ft.) X 0.19-cm. (0.075-in.) inside diameter, were 
packed with 2.5% of methyl silicone gum rubber1 on diatomite ag- 
gregate,2 DMCS SOjl00 mesh. The prepared packing material 


1 SE 30/S. * Chromosorb G, acid-washed. 
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Table I-Gas Chromatographic Data 


Tetra- 
HyoS- phenyl- 


Parameter cyamine Scopolamine ethylene 


Retention" 0.87 (1 .oo) 1.13 


Theoretical plates (11) 17,000 19,000 42,000 
Response* 1.10 (1 .OO) 2.47 


Asymmetry, A, (11) 1.10 1.16 1 .OO 


a Actual retention time = X 15.1 min.; see Fig. 1 .  bEquimolar 
amounts, ratio of integrated peak areas. 


(Perkin-Elmer Co.) was introduced into the columns under reduced 
pressure with uniform vibration. A minimum of Pyrex glass wool 
was used to hold the packing material in place in the column. The 
columns were conditioned and maintained by the injection of S i l ~ l - 8 ~  
into the chromatograph once every 2 weeks before any sample 
analysis was made. Seeds of Hyoscyamus niger Linne (Solanaceae), 
annual variety, were used.4 Macroscopic and microscopic examina- 
tion of aerial organs of flowering plants in this laboratory confirmed 
identity as hyoscyamus NF XI (henbane). Plants which were field 
grown, oven-dried at 50°, and ground to 40 mesh served as the 
standard plant powder. Hyoscyamine6 and scopolamine6 free bases, 
as well as their hydrobromide salts,? were used. TPE was also used.6 
All other chemicals used were analytical reagent grade. 


Operating Conditions-The sample was chromatographed 
isothermally at 200" for 6 min., followed by programmed tempera- 
tures from 200 to 290" at the rate of 6"lmin. The injector tempera- 
ture was maintained at 300". The helium flow rate was 100 ml./tnh., 
with an inlet pressure of 24 psig. Air and hydrogen inlet pressures 
were 48 and 24 psig., respectively. Attenuations of X 100, X 50, 
X20, and X 10 were used. 


Standard Curves-Nine separate chloroform solutions were pre- 
pared by weighing out known amounts of hyoscyamine, scopol- 
amine, and the internal standard, TPE, into 10-rnl. volumetric 
flasks. The solutions were chromatographed, and the integrated 
peak areas of hyoscyamine, scopolamine, and TPE were obtained. 
A standard curve was then established by plotting the ratio of peak 
areas of hyoscyamine to TPE versus the weight ratio of the two 
compounds. A similar curve was obtained for scopolamine. On 
alternate days during this study, fresh solutions of the two alkaloids 
and the internal standard were used to determine the reproducibility 
of the standard curves. 


Quantitation of the Alkaloids of Hyoscyamus Powder-Extraction 
Procedure-Hyoscyamine and scopolamine were extracted from 
standard hyoscyamus powder as total alkaloids by the procedure 
previously described (10). 


Preparation of Sample Solufion-A stock solution was prepared 
by dissolving a known amount of TPE in chloroform. A definite 
volume of this standard TPE solution was added to an aliquot of the 
plant extract by means of a lambda pipet and thoroughly mixed. The 
mixed solution was then chromatographed. The usual sample size 
injected was approximately 2 pl. Pure hyoscyamine and scopolamine 
as free bases were used to check the reproducibility of the procedure 
each day that plant extracts were analyzed. 


Calculations-The amounts of hyoscyamine and scopolamine in 
hyoscyamus powder were determined by computing the alkaloid to 
TPE peak area ratio from the chromatogram, obtaining the cor- 


3 Pierce Chemical Co., Rockford, Ill. 
4 Obtained from Dr. Lynn Brady, University of Washington, Seattle, 


6 New York Quinine and Chemical Works, Inc. 
6 Aldrich Chemical Co. Inc. 


Wash. 


S. B. Penick & Co. 







Table 11-Simultaneous Determination of Hyoscyamine and Scopolamine in Standard Hyoscyamus Powder 


Weight of Plant -Alkaloids Found, mcg.- - -Alkaloid Concentration, mg./IOO g. dry wt.- 
Powder, g. Hyoscyamine Scopolamine Hyoscyamine Scopolamine 


4.35 244 544 5.6 12.5 
3.54 202 439 5.7 12.4 ~ - .  
4.46 
4.55 


~.~ 


236 
264 


Mean 
95 Confidence limits (12) of mean 


. ~ .  


540 
573 


5.3 
5.8 
5.6 
5.3 and 5.9 


12.1 
12.6 
12.4 
12.1 and 12.7 


Table 111-Recovery Data 


Weight of 
Plant Powder, -Theoretical Amount," mg.? --Amount Recovered, mg.- -Percent Recovery--- 


g. Hyoscyamine Scopolamine Hyoscyamine Scopolamine Hyoscyamine Scopolamine 


4.60 3.27 5.66 3.18 5.39 96.9 94.6 
4.36 3.25 5.63 3.30 5.50 101.7 97.5 
4.56 
4.77 


. _. 


3.27 
3.28 


Mean 
9 5 z  Confidence limits (12) of mean 


5.65 
5.68 


3.05 
3.25 


5 . 6 i  
5.86 


92.9 
99.0 


100.4 
103.5 


97.6 99.0 
91.7 93.0 


and and 
103.5 105.1 


~ ~ 


a Consists of 3.01 mg. hyoscyamine and 5.09 mg. scopolamine which was added volumetrically to each plant sample, alkaloid content of which was 
calculated from data in Table 11. 


responding weight ratio of alkaloid to TPE from the standard curve, 
and multiplying by the weight of TPE in the sample. The value so 
obtained was then converted to alkaloid concentration in mg./100 g. 
dry weight of powdered plant specimen. 


Recovery Studies-A solution of hyoscyamine hydrobromide and 
scopolamine hydrobromide as a mixture was prepared by dissolv- 
ing known amounts of the two alkaloid salts in 10 ml. distilled 
water. An aliquot of this solution was added to a weighed hyoscy- 
amus powder sample and extracted and analyzed by this method to 
estimate the recovery of the added pure alkaloids. 


RESULTS AND DISCUSSION 


For accurate quantitative analysis, the internal standardization 
technique was used. The virtues of using an internal standard have 
been well established (3-9). 


Figure 1 is a typical gas chromatogram of a mixture of pure 
hyoscyamine and scopolamine, with TPE added as an internal 
standard. Extracts of Hyoscyamus niger L. with TPE added showed 


loo 1 n 
90 


80 


70 
z 


40 
0 


10 
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similar chromatographic characteristics. The three compounds were 
well separated from one another with no overlapping, and TPE was 
found in the proximity of hyoscyamine and scopolamine. Therefore, 
in these studies, TPE can be used as an internal standard for each 
pure alkaloid individually, as a mixture, or in plant extracts. More- 
over, TPE is readily available commercially, does not exist in plant 
extracts, remains stable in chloroform solution for relatively long 
periods of time, and does not decompose within this operating 
temperature range of GLC. Various other compounds such as 
acetanilid, pilocarpine, and pilocarpine hydrochloride were in- 
vestigated in this study for their ability to serve as an internal 
standard; however, TPE proved to be the most satisfactory. 


Brochmann-Hanssen and Svendsen ( 1) separated hyoscyamine 
and scopolamine from hyoscyamus leaf extract by GLC at 200" iso- 
thermally. Solomon ei al. (2) reported a GLC procedure involving 
temperature programming only from 150 to 275" at the rate of 6"/ 
min. for the separation of these two alkaloids from plant extracts. 
During initial experimentation, both procedures were compared 
using certain root extracts of H. niger as the sample. Data obtained 
showed the presence of a few compounds eluted between the solvent 


L ,  
MINUTES ? 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 
TEMP. 2?0" I O 6  per r n i n . u  


Figure 1-Typical gas chromatogram of a mixture of pure hyoscyamine and scopolamine bases in chloroform to which TPE was added as the 
internal standard. Extracts of Hyoscyamus niger L. with TPE added showed similar chromatogmphic characteristics. 
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INTEGRATED PEAK AREA RATIO OF ALKALOID TO TPE 


Figure 2-Standard curves for hyoscyamine and scopolamine with 
1 PE as the internal standard. 


peak and the hyoscyamine peak, resulting in chromatograms that 
did not afford the desired resolution. A technique was desired where 
the two alkaloids in question would have greater retention times and 
also greater differences in retention time so as to minimize or 
eliminate any possible interfering effect of the solvent and/or any 
other substances on the quantitation of hyoscyamine and scopol- 
amine. A combination of both isothermal and programmed tem- 
perature GLC yielded well-separated symmetrical peaks (Table I). 
The number of theoretical plates suggested high column efficiency. 
The resolution factors (8) between hyoscyamine and scopolamine 
and between scopolamine and TPE were 2.2 and 2.4, respectively, 
indicating complete resolution. 


A linear relationship was established between the weight ratios of 
the alkaloid to the internal standard and the integrated area ratios of 
the two. Figure 2 shows the standard curves for hyoscyamine and 
scopolamine with TPE as the internal standard. Maximum precision 


and accuracy were obtained when the integrated peak area ratio of 
alkaloid to TPE was near unity. Each value shown in Fig. 2 is the 
average of three independent determinations. The standard curves 
thus obtained were checked and redetermined with fresh standard 
solutions. The use of an internal standard greatly simplified the 
analytical procedure and calculations. 


Samples of hyoscyamus powder were analyzed by this method, 
and the results are shown in Table 11. The combined precision of the 
liquid-liquid extraction technique with the GLC procedure was 
examined by adding known amounts of the two alkaloid salts to 
hyoscyamus powder. The results obtained from the recovery studies 
are presented in Table 111. In all cases, quantitative recoveries of the 
added alkaloids were obtained. 


Brochmann-Hanssen and Svendsen (1)  pointed out that the 
amount of glass wool placed on top of the column packing was 
closely associated with the degree of decomposition or dehydration 
of the alkaloids. Special care was taken in using only the minimum 
amount of glass wool practicable during column packing. As shown 
in Fig. 1, no additional peaks apparently due to decomposition were 
present when pure alkaloids or henbane extracts to which TPE was 
added were chromatographed. The treatment of columns by injec- 
tion of Silyl-8, which is a mixture of three trimethylsilyl donors, also 
aids in enhancing the column efficiency and preventing breakdown 
of sensitive compounds. 


It should be emphasized that under the conditions employed, 
GLC did not differentiate between hyoscyamine and atropine. 
Zimmerer and Grady (3) arrived at the same conclusion and thus 
used the term “hyoscyamine-atropine” in their discussion. 


The results obtained in this study clearly demonstrate that TPE is 
an excellent internal standard in the quantitative GLC determina- 
tion of hyoscyamine and scopolamine, irrespective whether present 
as authentic free bases, mixtures, or in plant extracts. 
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Central Hypotensive Activity of dZ- and d-Propranolol 


GERALD J. KELTJHER* and JOSEPH P. BUCKLEY 


Abstract 0 The intraventricular administration of d-propranolol 
to a-chloralose-anesthetized cats was followed by a decrease in 
blood pressure and was devoid of an associated tachycardia. d- 
Propranolol in an equivalent dose produced a hypotensive re- 
sponse which was not statistically different from dl-propranolol. 
These data suggest that there is a central component in the hypo- 
tensive response to propranolol and that it is independent of the 
8-adrenergic blocking activity. The intraventricular administration 
of 500 mcg. of reserpine base produced greater than a 90% de- 
pletion of norepinephrine in all brain regions analyzed within 24 
hr. This pretreatment with reserpine also reversed the hypotensive 
response to both d- and dl-propranolol as well as converted the 
decrease in heart rate to an increase in heart rate. Thus, at least one 
of the amines must be required to produce the hypotensive re- 
sponse. Perfusion of the ventricular system with dl-propranolol 
generally produced an increase in epinephrine along with a de- 
crease in norepinephrine in the brain region analyzed. Under the 
same conditions, d-propranolol also increased epinephrine but led 
to a decrease in norepinephrine in only 50% of the tissues assayed. 
These changes in amine levels occurred during the perfusion, which 
also produced a sustained hypotensive effect lasting the duration 
of the perfusion. The hypotension associated with propranolol 
therapy may have a central component that is not dependent on the 
p-adrenergic blocking property of propranolol, which requires one 
or more of the brain amines, and leads to an increase in the epi- 
nephrine level along with a general decrease in the norepinephrine 
level of the brain. 


Keyphrases 0 dl-, d-Propranolol-central hypotensive activity 
0 Hypotensive action, dl-, d-propranolol-intraventricular in- 
jection 0 8-Adrenergic blocking activity-propranolol 0 Cate- 
cholamines, brain-propranolol effect 


Propranolol antagonizes the cardiovascular effects of 
P-adrenergic receptor stimulation produced by either 
stimulation of effector fibers or by sympathomimetic 
amines. The intravenous administration of propranolol 
produces a decrease in the sympathetic component to 
the heart and blocks the chronotropic effects of iso- 
proterenol and epinephrine and the peripheral vaso- 
dilatory effects of isoproterenol (1-3). The acute re- 
sponse to  propranolol is a decrease in cardiac output, 
whereas prolonged administration fails to  produce this 
effect (4). Several reports have shown that the intra- 
venous administration of propranolol to normotensive 


or hypertensive individuals decreased heart rate and 
cardiac output along with a concomitant decrease in 
systemic blood pressure but exhibited no significant 
effects on systemic peripheral resistance (4-6). Epstein 
et al. (5) and Shinebourne et al. ( 6 )  reported that the 
increase in arterial pressure that is associated with 
exercise was abolished by propranolol uia reduction in 
cardiac output. 


The central nervous system (CNS) manifestations 
attributed to propranolol classify it as a sedative and 
general CNS depressant (7-9). Since both propranolol 
and pronethalol possess these properties while dichloro- 
isoproterenol (DCI) produces CNS stimulation, these 
authors have concluded that it is the presence of the 
naphthyl group rather than the P-adrenergic blockade 
that is responsible for the CNS effects. The depression 
or tranquilization in humans associated with prop- 
ranolol administration is invariably apparent only at 
dosage levels that are many times greater than those 
necessary to  produce P-adrenergic blockade (10-12). 
Masuoka and Hansson showed that intravenous ad- 
ministration of 14C-labeled propranolol is rapidly taken 
up by the rat brain and concentrated 50 times greater 
in the brain than in the blood (13). 


The hypotensive effect induced by the administration 
of P-adrenergic blocking agents in man has been well 
documented (14-22). This response is not exclusive to 
humans, because other investigators also have noted 
depressor effects in animals (23-26). The oral adminis- 
tration of propranolol for several weeks has been re- 
ported to result in a gradual and significant decrease in 
systemic arterial pressure in hypertensive patients 
(10, 16, 22). In  all cases, regardless of the time of onset, 
the dose of the (3-adrenergic blocker was many times 
that required for the blockade of the P-receptors, thus 
leading to  the hypothesis that this response may not be 
due to antagonism of these receptors. This hypotensive 
response was unexpected, since the blocking of a neural 
mechanism that produces vasodilation in the absence 
of a significant reduction in cardiac output might be 
expected to  result in a rise in systemic blood pressure 
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(18, 27-29). The mechanism of the hypotensive re- 
sponse to the prolonged oral administration of prop- 
ranolol has not been elucidated. Several investigators 
have attempted to explain this hypotensive response on 
a resetting of the baroreceptor threshold to respond 
to alterations in systemic blood pressure at a lower 
level; however, conclusive evidence is currently lacking 
(30, 31). Frohlich and Page (10) and Waal (21) have 
suggested that a more fruitful area of research into the 
mechanism of this hypotensive response would be the 
elucidation of a possible central component. The pur- 
pose of the present study was to investigate the role of 
the CNS in the hypotensive effects induced by prop- 
ranolol. 


EXPERIMENTAL 


Perfusion of Left Lateral Ventricle-Twenty-two adult cats of 
either sex weighing 2-3 kg. were anesthetized with a-chloralose 
(65 mg./kg. i.p.) prepared as a 1 solution in warm saline. Systemic 
blood pressure was recorded from a catheterized femoral artery 
onto a Grass polygraph, and the ipsilateral femoral vein was 
catheterized for the administration of drugs. Tracheal intubation 
was performed, and the animal was ventilated with room air by 
means of a Harvard respirator. The left lateral ventricle was then 
prepared for perfusion with artificial cerebrospinal fluid (CSF) 
(32), following the method described by Bhattacharya and Feldberg 
(33), by stereotaxically implanting a 22-gauge hypodermic needle 
which had previously been machined to remove the bevel. The 
coordinates used were: anterior, 13 mm.; lateral, 2.75 mm.; and 
horizontal, $7 mm. (34). The successful placement of the cannula 
was confirmed by the presence of CSF pulsating in the barrel 
of the cannula. The cannula was then permanently affixed to the 
skull using dental cement. The perfusate fluid was maintained at 
38”, and the lateral ventricle was perfused at a rate of 0.1 ml./min. 
for 1 hr. prior to drug injection to permit stabilization of the cardio- 
vascular system. After this stabilization period, the perfusion was 
temporarily interrupted to permit the injection of 0.5 mg. of d- 
or dl-propranolol contained in 0.1 ml. of artificial CSF. Perfusion 
was then resumed. 


“Central reserpinization” was performed in 14 cats by implanting 
a ventricular cannula, following the previously mentioned procedure 
using an aseptic technique, in cats under pentobarbital anesthesia. 
Procaine penicillin G (600,000 units i.m.) was administered prior 
to and on the day following surgery, after which the animal was 
allowed to recover for 3 days. On the 4th day following surgery, 
the male cat was removed from the cannula and 500 mcg. of re- 
serpine base’ in 0.1 ml. of water for injection was then ad- 
ministered into the left lateral ventricle. The cannula then was 
resealed to  effect a functional central sympathectomy (35-38). 
Twenty-four hours later, the cat was prepared for perfusion of the 
lateral ventricle as described previously. One-half milligram of d- 
or dl-propranolol in 0.1 ml. CSF was administered into the lateral 
ventricle, and the blood pressure and heart rate were monitored. 
The brains and hearts from 10 additional adult cats were removed 
24 hr. after “central reserpinization” and sectioned into the follow- 
ing regions to  delineate the areas adjacent to the ventricular system: 
medulla, pons, cerebellum, mesencephalon, diencephalon, and 
telencephalon. These sections were then assayed for norepinephrine 
content by the method of Brodie et a/. (39) using a spectrophoto- 
fluorometer (Aminco-Bowman). 


Eight adult cats weighing 2-3 kg. were prepared for intraventric- 
ular perfusion as described and perfused for 1 hr. with either d- or 
dl-propranolol (0.5 mg./O.l ml. CSF, 0.1 ml./min.). The cat then 
was sacrificed by means of an intravenous injection of air; the brain 
and heart were rapidly removed, dissected as already described, 
and frozen. The norepinephrine and epinephrine contents of the 
various brain sections and myocardia were determined by a 
modification of the method of Chang (40), in which the fluorescent 
intensity of the epinephrine in the samples is read within 10 min. 
following oxidation at an excitation wavelength of 417 mp (un- 
corrected) and an emission wavelength of 510 mp (uncorrected). 
The samples were then placed in boiling water for 2 min. and cooled 


Table I-Effect of d- and dl-Propranolol on Blood Pressure of 
Anesthetized Cats“ 


Mean 
Decrease in 


Mean Blood Pressure Blood 
A m m .  Hg f SE+- Pressure % 


Com- After (mm.Hg De- 
poundb Control Propranolol f SE) crease 


dl-Propranolol 100.4 f 10.3 70.5 f 9 . 9  29.9 f 6.7d 29.8 
d-Propranolol 90.3 f 6.4 72.1 f 3.9.’ 18.2 f 3.7 20.2 


a N = 11.  * 0.5 mgJO.1 ml. CSF, IVT. c p  < 0.05 compared with 
controls (paired t test). d Not significant when compared with d-prop- 
ranolol. 


to room temperature. The fluorescent intensity of norepinephrine 
was read at an excitation wavelength of 385 mp (uncorrected) with 
an emission wavelength at 485 mp (uncorrected). The concentra- 
tions of epinephrine and norepinephrine were determined using the 
simultaneous equations described by von Euler and Lishajko (41). 
All data were analyzed for statistical significance using Student’s 
t test unless otherwise indicated. 


RESULTS 


Effect of Intraventricular Propranolol on Blood Pressure and 
Heart Rate of Anesthetized Cats-The intraventricular (IVT) 
administration of d- or d-propranolol produced significant hypo- 
tensive responses which are summarized in Table I. Reflexogenic 
tachycardia in response to  the hypotensive effect of propranolol did 
not occur, but there was a slight but not statistically significant 
decrease in heart rate (Table 11). Although the degree of the hypo- 
tensive response to d-propranolol was greater than that produced 
by the d-isomer, there was no statistically reliable difference b e  
tween the two hypotensive responses. There was, however, a 
significant difference between d- and dl-propranolol in the reduction 
in heart rate produced. The spinal cord of each animal was tran- 
sected at the C-2 level to ensure that the observed hypotensive 
response to IVT-administered propranolol was due to a central 
component; after the blood pressure had stabilized, the experiment 
was repeated. Neither compound elicited an effect following spinal 
transection. These data suggest that a portion of the hypotensive 
response to  propranolol is of central origin and may be independent 
of 0-adrenergic receptor blocking activity. 


Effect of Central Reserpinization on Central Hypotensive Re- 
sponse to Propranolol-To ascertain the role of endogenous brain 
amines in the central hypotensive component of propranolol, the 
compounds were administered IVT to anesthetized cats 24 hr. after 
administration of reserpine into the lateral ventricle. The data, 
summarized in Tables 111 and IV, show that central reserpine 
pretreatment not only blocked the central hypotensive component 
previously elicited by both d- and dl-propranolol but also con- 
verted the response to a pressor effect. Whereas propranolol pro- 
duced a decrease in heart rate in anesthetized nonreserpinized cats, 
the effect after reserpine was a mild increase in heart rate. These 
data suggest that the central hypotensive component elicited by both 
d- and dl-propranolol is dependent on the presence of central amine 
stores and a functional sympathetic cardiovascular component. 
Figure 1 presents a comparison of the effects of IVT propranolol 
in reserpinized and nonreserpinized anesthetized cats. 


Table 11-Effect of d- and dl-Propranolol on Heart Rate 
of Anesthetized Cats” 


Mean 
Decrease in 


Heart Mean Heart Rate/min. f SE 
Com- After Rate/min. D e  


pound6 Control Propranolol f SE crease 


dt-Prop- 
ranolol 175.5 + 21.5 150.9 f 16.2 24.5 f 7 . 9  14.0 


d-Prop- 
ranolol 160.5zt15.2 1 5 8 . 2 f 1 4 . 7  2 . 3 4 ~ 1 . 2  1.4 


1 Serpasil-Ciba. 
0 N = 11.  0.5 mgJO.1 ml. CSF, IVT. c Significant when compared 


with d-propranolol. 


Vol. 59, No. 9, September 1970 0 1277 







Table III-Effect of Propranolol on Blood Pressure of Anesthetized 
Cats after “Central Reserpinization” 


Mean 
Increase in 


Heart 
After Ratelmin. 


Compound* Control Propranolol i SE 


Mean Heart Rate/min. f SE 


Mean 
Increase in 


Mean Blood Pressure Blood 
+mm. Hg f SE)- Pressure 


After (mm. Hg In- 
Compounds Control Propranolol f SE) crease 


dl-Propranolol 52.2 f 6.4  65 .5  f 3.0 1 3 . 3  f. 9 . 2  23.8 


d-Propranolol 47.9 z!= 7 . 2  63.0 f 7.6  15 .1  f 7 . 0  24.0 
( N  = 6) 


( N  = 8) 


I 


In- 
crease 


= 0.5 mg./O.l ml. CSF, IVT. 


dl-Propranolol 115.0 f 6.2  119.2 f 10.8 4 .2  f 3.0 


d-Propranolol 123.7 f 5.9 132.5 f 8.3  8 .8  f 2.1 
(N = 6) 


(N = 8) 


3.5 


6.7  


30 I I 


T T 


I dl-PROPRANOLOL 0.5 mg 


I d-PROPRANOLOL 0.5 mg 


I ROUTE-INTRAVENTRICULAR ( I V T )  I 


”” 
NON- RESERPI NlZ E D  RESERPINIZED 


Figure I-Effect of “central reserpinization” (500 mcg. reserpine, 
IVT, 24 hr. prior to experiment) on the blood pressure and hearr rate 
response to propranolol. 


ranolol were parallel in both direction and magnitude of change, 
with the exception of the mesencephalon and diencephalon. 


Masuoka and Hansson (13) have studied the CNS distribution of 
14C-labeled propranolol in rats and have found that propranolol 
is highly concentrated in those areas corresponding to the regions 
where the greatest changes in catecholamine levels have been found: 
telencephalon, mesencephalon, pons, and medulla. These areas 
showed the highest and most prolonged concentration of the 
labeled propranolol. There have been no reports to date on the 
uptake and distribution of 14C-labeled propranolol in the cat. 


The IVT perfusion with either d- or dl-propranolol resulted in a 
significant hypotensive response. This response was of a similar 


Table V-Effect of “Central Reserpinization” on Regional 
Distribution of Brain Norepinephrine“ 


Reser- % of 
Region Controlb pinkedb Control 


Telencephalon 0.248 f 0.01 0.0240 9 . 7  
Diencephalon 0.416 f 0.05 0.0217 5 .2  
Mesencephalon 0.359 f 0.04 0.0180 5 . 0  
Cerebellum 0.147 f. 0.01 0.0136 9.3 
Pons 0 . 4 4 9 4 ~  0.02 0.0449 10.0 
Medulla 0.299 f 0.03 0.0102 3.4 


0 Expressed as mcg./g. tissue, wet weight; mean f SE. N = 10. 
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Table V1-Effect of IVT Perfusion with d-Propranolol" on Regional Distribution of Brain Epinephrinl and Norepinephrineb 


- % Chang*- 
Control" - - . ,  Perfusedc - Epi- Norepi- 


Region Epinephrine Norepinephrine Epinephrine Norepinephrine nephrine nephrine 


Medulla 0.012 f 0.001 0.372 f 0.051 0.032 f 0.001 0.280 f 0.021 + 167 - 25 
-9 
-6 


Pons 0.009 f 0.001 0.431 f 0.023 0.017 f 0.001 0.394 +L 0.008 +89 
Cerebellum 0.024 f 0.001 0.201 * 0.011 0.026 =t 0.002 0.189 f 0.010 +8 
Mesencephalon 0.012 f 0.001 0.308 f 0.024 0.016 f 0.001 0.316 f 0.032 +33 +3 
Diencephalon 0.028 f 0.005 0.358 f 0.043 0.030 Z!Z 0.001 0.398 f 0.009 +7 +11 
Telencephalon 0.011 f 0.001 0.162 f 0.006 0.013 f 0.001 0.182 f 0.007 +18 +I2 


(1 0.5 rngJO.1 ml. at 0.1 ml./min. for 60 min. b Expressed as mcg./g. tissue, wet weight; mean * SE. c N = 4. 


Table VIL-Effect of IVT Perfusion with dl-Propranolola on Regional Distribution of Brain Epinephrineb and Norepinephrinl 


---% Change-- 


Region Epinephrine Norepinephrine Epinephrine Norepinephrine nephrine nephrine 
-ontrolc ? ,  Perfusedc - Epi- Norepi- 


Medulla 0.012 f 0.001 0.372 * 0.051 0.027 f 0.001 0.255 f 0.011 +125 - 32 
- 16 


- 1  
- 13 
-1 


Pons 0.009 3z 0.001 0.431 f 0.023 0.016 + 0.001 0.363 f 0.014 +78 
Cerebellum 0.024 f 0.001 0.201 f 0.011 0.025 +L 0.005 0.199 3~ 0.010 +4 
Mesencephalon 0.012 f 0.001 0.308 f 0.024 0.013 f 0.001 0.268 f 0.017 +8 
Diencephalon 0.028 3~ 0.005 0.358 f 0.043 0.025 f 0.002 0.356 f 0.011 -11 
Telencephalon 0.011 f 0.001 0.162 f 0.006 0.013 f 0.001 0.198 f 0.010 +I8 +22 


0.5 mgJl.0 ml. CSF at 0.1 ml./min. for 60 min. b Expressed as mcg./g. tissue, wet weight; mean f SE. c N = 4. 


magnitude to that seen previously with single IVT injections and 
persisted through the entire perfusion period. This hypotensive 
response also was devoid of a concomitant tachycardia. A compari- 
son of the hypotensive response from d- and dl-propranolol per- 
fusion is summarized in Fig. 2. 


DISCUSSION 


Many reports have noted a hypotensive effect of propranolol. 
This response may occur during the acute administration of the 
compound in which the fall in blood pressure is usually mediated 
by a decrease in cardiac output (4-6). The acute hemodynamic 
response to parenterally administered propranolol has been shown 
to differ from that observed during prolonged administration, 
because the decrease in cardiac output observed upon acute ad- 
ministration is absent during chronic administration (4, 45). The 
results of the present studies utilizing the IVT administration of 
dl-propranolol have shown that propranolol can produce a hypo- 
tensive response via central mechanisms. The hypotensive response 
produced was statistically significant and was devoid of a con- 
comitant tachycardia, which may suggest the involvement of 
vasomotor regulatory centers. The results, however, do not rule out 
the possibility of a vagal action producing the decrease in heart 
rate and the absence of a concomitant reflexogenic tachycardia. 


Several investigators have presented evidence to suggest that 
many of the effects noted with propranolol, including those on the 
CNS, are independent of the j3-adrenergic blocking activity of the 
compound (7-9). This also has been shown to be true with the hypo- 
tensive response associated with prolonged oral administration of 
propranolol(4, 31). The present study involved the use of d-prop- 
ranolol, which has been reported to have only 1-2% of the 0- 
blocking activity of the racemic mixture, to differentiate between the 
hypotensive and @-blocking activity of propranolol (2, 46, 47). 
The findings suggest that the central hypotensive response induced 
by dl-propranolol is not dependent on j3-adrenergic blocking 
activity, since the d-isomer also produces a centrally mediated 
hypotensive response which was not statistically different from that 
produced by the racemic mixture. Although Gagnon and Melville 
(48) have shown that the response to isoproterenol is similar after 
intravenous or IVT administration (consisting of myocardial 
augmentation and hypotension), there remains speculation regard- 
ing the nature of the adrenergic receptors involved in mediating 
these responses. Thus, although the d-isomer of propranolol has 
been demonstrated to  exhibit only 1-2z of the j3-adrenergic recep- 
tor blocking activity of d-propranolol peripherally, this relationship 
may not hold true centrally. The 0-receptorlike property exhibited 
centrally may not necessarily demonstrate an equivalent sensitivity 
to j3-adrenergic agonists or antagonists as shown peripherally and 


thus could give a false indication in the differentiation between 
central and peripheral j3-adrenergic functions. Based on present 
knowledge, however, the evidence suggests that this central hypo- 
tensive response is independent of j3-adrenergic blocking activity. 


The depletion of brain and cardiac norepinephrine produced by 
IVT reserpine was similar to that previously reported from this 
laboratory (44). The depletion of brain amines by reserpine was 
utilized to study the role played by endogenous brain amines in the 
centrally mediated hypotensive response demonstrated by both d- 
and dl-propranolol. These data suggest that either a level of en- 
dogenous brain amine exceeding 10% of normal or a functional 
central sympathetic component is required for the central hypo- 
tensive response to propranolol. These data must be evaluated with 
the knowledge that reserpine does not selectively deplete norepi- 
nephrine but rather produces a gross depletion of other biogenic 
amines as well. 


Propranolol has been reported to produce a decrease in brain 
catecholamines when 10 mg. i.p./kg./day was administered to mice 
for 4 days. Other investigators, however, have failed to reproduce 
these effects with propranolol, using the same dose and time schedule 
(50, 51). The present studies were also undertaken to determine if 
perfusion of the brain with propranolol would result in an altera- 
tion of the catecholamine content of the brain and to  investigate 
the possibility that there may be a change in the epinephrine- 
norepinephrine balance. Epinephrine has been reported to repre- 


~ 


0 5 10 20 30 60 
MINUTES AFTER PROPRANOLOL 


Figure 2-A comparison of the hypotensine response to W T  per- 
fusion of propranolol, 0.5 mg.lO.1 ml. CSF, 0.1 rnl.lrnin., In anesthe- 
tized cats. Key: X-X, dl-propranolol (N = 4); and 0-0, d- 
propranolol(N = 4). 
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sent 4 1 7 %  of the total concentration of catecholamines in the 
brain (52-54). The rapid metabolism and enzymatic synthesis of 
epinephrine in the brain suggest that this potent amine may funo 
tion as a neuroregulatory agent (55-60); some investigators have 
reported epinephrine to be an inhibitor of synaptic transmission 
within the CNS (61-63). The data presented here show that there 
is an alteration in the brain levels of both epinephrine and nor- 
epinephrine caused by perfusion with propranolol; however, these 
alterations are not uniform. The great increase in epinephrine within 
the pons and medulla strongly suggests that amine alterations 
associated with vasomotor regulatory centers may play a role in the 
central hypotensive response of prolonged therapy with propranolol. 
Furthermore, these data reinforce the idea that determining the 
whole brain concentration of a particular compound is less desir- 
able than assaying individual brain regions, since an increase in 
one region may compromise a concurrent decrease in another 
region when assayed as a whole. This apparently led to the afore- 
mentioned reports noting both a decrease or no change in the brain 
level of norepinephrine following propranolol(45,50,51). 
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fine reference source for the more experienced student of public 
health management. 


Considering the individual and society generally, the state of our 
ecologic environment, and our artificial environment and the inter- 
relationships of each and all of these to disease, the book is eminently 
successful and well worth study by the pharmaceutical scientist 
concerned with human ecology and public health. 


Reviewed by William L. Blockstein 
Health Sciences Unit 
University Extension 
University of Wisconsin 
Mudisoti, WI 53706 m 


New Dimensions in Legal and Ethical Concepts for Human Research 
Vol. 169, art. 2. Consulting Editor, IRVING LADIMER, New York 
Academy of Sciences, 2 East 63rd St., New York, NY 10021,1970. 
pp. 297-593.15 X 23 cm. Price$23.00. 
The papers in this volume are drawn from a conference of the 


same name held by the New York Academy of Sciences from May 
19to21, 1969. 


Theconference was divided into six sections each of which included 
the presentation of papersand panel discussions. Thesectionsincluded 
were Ethical and Legal Base Lines for Professions and Community; 
Special Problems of Medical Disciplines; Special Problems of Re- 
lated Professions; Experience in Design, Conduct, and Evaluation 
of Research; Professional Controls-Internal and External; and 
Social Responsibility through Communication. 


This conference on “New Dimensions in Legal and Ethical Con- 
cepts for Human Research” was convened to enable representatives 
of major disciplines, mainly medical and legal fields, to present 
their experience and recommendations for meeting current and 
anticipated problems of experimentation on and with human beings. 


These topics have relevancy to the recent activity in the areas of 
organ and tissue transplants. Work in these areas suggests that 
technology can surmount virtually all impediments, but this capac- 
ity msy bave to be curbed by social, ethical. legal, and religious 
strictures in order to achieve professional and community support. 


Of particular interest to the pharmaceutical scientist are the 
papers on “Control and Surveillance of Investigational Drugs” by 
Herbert S. Carlin and Ronald T. Turnbull, “Conducting Investiga- 
tional Drug Studies for Industry” by Kenneth G. Kohlstaedt, and 
“Drug Evaluation Problems in Academic and Other Contexts” by 
Louis Lasagna. 


Staff Reciew W 


Parenteral Dosage Forms. By CAROLYN G. HALL and KENNETH E. 
AVIS. Parenteral Drug Association, Inc., Philadelphia, PA 19107, 
1969. vi + 262 pp. 22 X 28 cm. Price $7.50. 
This comprehensive annotated bibliography of the literature per- 


taining to parenteral dosage forms has been prepared by Mrs. Caro- 
lyn G. Hall and Dr. Kenneth E. Avis, Department of Pharmaceutics, 
University of Tennessee, College of Pharmacy. 


It covers the period 1959 to 1963 and contains approximately 950 
entries. The book is arranged topically with a complete author index. 
The period just prior to the inception of International Pharmaceuti- 
cul Abstracts was chosen for the first of what is anticipated will be a 
series of bibliographies because the authors’ felt that no coverage of 
this important period was available. 


StuflReview W 


Clinical Pharmacy Handbook. By HUGH F. KABAT. Lea and Febiger, 
Washington Square, Philadelphia, PA 19106, 1969. v + 108 pp. + 70 workbook style tear-out pp. 21.5 X 27.5 cm. Price $6.50 
paperbound. 
Portions of this volume were originally presented as course mate- 


rial to the senior students at the University of Minnesota College of 
Pharmacy. The first three chapters deal with course objectives, a 
course introduction, and notes on the pharmacist-patient relation- 
ship as viewed by the author. Some later chapters involve a collec- 
tion of common hospital abbreviations and meanings, drug interac- 
tion tables, a list of sources of drug information, and a workbook 
section that affords the pharmacy student the opportunity to in- 
vestigate the physical, chemical, and pharmacologic properties of 
any drug by means of charts that must be completed and questions 
that must be answered and referenced. Approximately one-half of 
the book is devoted to forms concerning general patient information, 
the clinical status of the patient, patient progress, and laboratory 
results. These forms are to be filled in by the pharmacy student as 
soon as the appropriate information becomes available. 


The author indicates in the preface that this text is intended for 
use by students and for “any pharmacist venturing into the clinical 
setting.” Those others not initiated into a clinically oriented phar- 
macy practice may find this book to be of some value because some 
important aspects of clinical pharmacy are presented. For example, 
the drug interaction tables and the chart on drug-induced modi- 
fications of laboratory tests are valuable pieces of literature and 
the collection of common hospital abbreviations and meanings is a 
step in dispelling the “language barrier” that, at first, exists between 
the medical staff and the new pharmacist practitioner. 


Those educators thinking of initiating a clinical pharmacy course 
may also find this book of value because it does offer some basic 
“patient following” forms that were adapted from forms now in 
use at other hospitals with a clinical pharmacy service. The book 
also presents some basic philosophy on the pharmacist-patient 
relationship and some basic operating rules for the student and 
clinical instructor while in a patient-care area. 


Any pharmacist or pharmacy student who has had any exposure 
to a clinically oriented pharmacy practice will find this book ex- 
tremely fundamental and perhaps too course-oriented to be of any 
great value. The material in the book, for the most part, has already 
been published in one journal or another. The author has simply 
compiled such pieces of literature as Dr. Edward Hartshorn’s drug 
interaction tables as they appeared in Drug Intelligence and the 
tables on the drug-induced modifications of laboratory values as 
they were published in the American Journal of Hospital Pharmacy. 
Any pharmacist entertaining thoughts of a clinical practice should 
already have well in hand the material that is presented in this book. 


Reoiewed by Richard de Leon 
School of Pharmacy 
University of California 
Sun Francisco, CA 94122 W 


Biologically Active Amines Found in Man. By FRANZ FRANZEN and 
KURT EYSELL. Pergamon Press, Maxwell House, Fairview Parks, 
Elmsford, NY 10523, 1969. vii + 244 pp. 23 X 16 cm. Price 
$13.50. 
As stated by the authors, there has not been an extensive survey of 


the field of “biogenic amines” since 1951, although during this 
time there has been a considerable expansion of our knowledge of 
these compounds. 


In 128 pages of text, the authors, who are apparently clinicians, 
discuss numeraus aspects of these amines derived from decarboxyla- 
tion of alpha amino acids. In separate chapters the biochemistry, 
pharmacology, and pathophysiological significance of biolozically 
active amines are discussed. This Hundbucli is unique as a compre- 
hensive survey of this subject as related to clinical medicine. The 
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Aspirin-Induced Occult Gastrointestinal 
Blood Loss: Local uersus Systemic Effects 


& CON ROL 


JACK R. LEONARDS” and GERHARD LEVY? 


Abstract 0 The purpose of this study was to determine if occult 
gastrointestinal blood loss produced by therapeutic doses of aspirin 
in man is a local or systemic effect. The daily oral administration of 
from 3.9 to 5.2 g. aspirin in tablets for 8 days increased the average 
daily blood loss from 0.3 to 6.4 ml. in nine normal subjects. 
Intravenous administration of from 2.7 to 3.4 g. aspirin as the sodium 
salt per day for 3 days to the same subjects caused no measurable 
gastrointestinal blood loss above control values. The average bleed- 
ing time increased from a control value of 2.6 to 4.5 min. 
during oral aspirin administration and to 4.1 min. during intra- 
venous administration of the drug. The absence of gastrointestinal 
bleeding due to intravenous aspirin and the similarity in the degree 
of prolongation of bleeding time by both oral and intravenous 
aspirin indicate that gastrointestinal bleeding is a local effect of 
the drug and is not related to changes in the bleeding time. 


Keyphrases 0 Aspirin-induced gastrointestinal blood loss, local 
versus systemic effects 0 Gastrointestinal bleeding-aspirin-in- 
duced, local, systemic effects 


The mechanism of aspirin-induced gastrointestinal 
blood loss has been the subject of considerable dis- 
cussion. Some investigators believe that it is a local’ 
effect ( 1 ,  2), while others consider it due to a systemic 
action of aspirin (3, 4). It has been suggested that the 
prolongation of bleeding time produced by aspirin may 
possibly play a role in the causation of gastrointestinal 
blood loss (5). The study described here was initiated 
for the purpose of assessing the degree of gastrointes- 
tinal blood loss caused by the relatively large oral doses 
of aspirin used for the relief of rheumatism and arthritis, 
and to compare this with that produced by intravenous 
aspirin. Bleeding times were determined during a con- 
trol period and during oral and intravenous aspirin 
administration to establish the possible relationship 
between this effect and gastrointestinal blood loss. 


METHODS 


Nine healthy, ambulatory subjects (sex, age, and weight listed in 
Table I) had their red blood cells labeled with 61Cr as described in a 
previous paper (6). They collected their stools over a 35-day period 
for the determination of fecal blood loss (6). The first 8 days served 
as a control period. From 3.9 to 5.2 g. aspirin as 0.3-g. tablets 
(Bayer) were taken daily, in four equal doses, for the next 8 days. 
After a rest period of 11 days, 2.7-3.4 g. aspirin as sodium acetyl- 
salicylate dissolved in 250 ml. of normal saline was injected intra- 
venously at a constant rate over a 1-2-hr. period each day for 3 
days. 


Bleeding times were obtained on the last 2 days of the control and 
oral aspirin periods and on each day of the intravenous aspirin 
period at the end of the injection. At least six stab wounds (three on 
each arm) were made on each day, and the reported bleeding times 
are averages of 12 to 36 individual determinations. The stab wounds 
were made with a disposable lancet (Dade Hemolet) with a blade 4 


1 In this discussion, “local effect” refers to the topical exposure of the 
gastrointestinal mucosa to ingested aspirin. 
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Figure 1-Average daily occult gastrointestinal blood loss iii tiine 
normal subjects during a control period, during oral administration of 
3.9-5.2 g .  aspirin in tablet form per day, during postdrug periods, 
and while receiving 2.7-3.4 g. aspirin intravenously for 3 days. 
Vertical bars are standard deviations. 


mm. long and 1.4 mm. wide at the base, which was attached to a 
specially modified spring-type automatic lancet holder. 


RESULTS 


The results of the study are summarized in Table I. Oral admin- 
istration of aspirin caused a pronounced and statistically significant 
increase in average daily blood loss (ADBL), which persisted for at 
least 6 days after the last day of drug ingestion. The total average 
blood loss due to aspirin was 59 ml. above control values, based on 
the bleeding observed from the 10th to the 23rd day of the study. 
One individual lost 129 ml. of blood during this period, or 117 ml. in 
excess of the control value. Intravenous administration of aspirin did 
not cause any measurable bleeding under the experimental condi- 
tions. There was no statistically significant difference (by paired f 
test)in theADBLduring the intravenous aspirin period and the initial 
control period. The time course of ADBL in the various control, 
treatment, and rest periods is shown in Fig. 1.  


The average bleeding time was 2.6 min. in the control period. 
There was a statistically significant ( p  < 0.01) increase in bleeding 
time to 4.5 min. during oral aspirin administration and to 4.1 min. in 
the period when aspirin was given intravenously (Table I). 


Vol. 59, No. 10, October I970 0 1511 







Table I-Effect of Aspirin Tablets and Intravenous Aspirin on Gastrointestinal Blood Loss and Bleeding Time in Man 
~~ 


Subject - Mean 
G.P. R.F. A.T. R.N. C.D. J.E. M.G. M.B. T.F. Value SD 


Sex 
Weight, kg. 
Age, yr. 
Daily dose, 


oral aspirin, g. 
Daily dose,. 


I.V. aspirin, g. 
ADBL,= ml. 


1st-8th day 
(control) 
IOth-17th day 
(aspirin tablets) 
18th-23rd day 
26th-30th day 
3 1st-35th day 
(i.v. aspirin) 


Control 
Aspirin tablets 
i.v. Aspirin 


M M M 
66 71 73 
26 24 24 


4.5 5.2 3.9 


2.7 2.7 2.7 


0 . 2  0 . 3  0.3 


9.2 8.2 3.7 


I . 4  2 .2  2.0 
1.1 1 . O  0 .5  
0 . 7  0 .6  0 . 7  


1 . 9  2.3 3.1 
2.7 4.5 5.7 
3 .2  3.3 5 . 0  


M F 
77 65 
19 19 


5.2 4.5 


2 .7  3 .0  


0.35 0 . 3  


8.1 3.4 


2 .3  0 . 9  
0 . 6  0 .5  
0.5 0 . 3  


Average Bleeding 
Time, min. 


2 .9  3.3 
4.6 5.3 
4.0 6.0 


F M M F 
52 77 66 57 
20 22 24 24 


3 . 9  5.2 4.5 3.9 


2.7 3.4 3.4 3 . 0  


0 .3  0.85 0 .2  0 .3  0.3 0 .2  


3.2 14.6 5 . 4  1.7 6.4 4.0 


3.2 2 . 0  3.7 0.25 2 . 0  1.1 
0 . 5  0 .9  0.5 0 . 8  0.7 0 .2  
0 . 5  0 .4  0.9 0 . 4  0.6 0.2 


2.9 2.4 2.0 2 .8  2.6 0 .5  
5.5 3.1 4.9 4.4 4.5 1.0 
4.5 4.0 3.6 3.6 4.1 0 .9  


Average daily blood loss. 


DISCUSSION 


The relatively large oral doses of aspirin tablets employed in this 
study caused appreciable gastrointestinal blood loss. The ADBL of 
6.4 ml. observed in this study during daily administration of 4.5 g. 
aspirin on the average may be compared to an average of 2.3 ml. in 
15 subjects who received daily doses of only 2.6 g. of the same aspirin 
tablets in a previous study (7). Gastrointestinal bleeding due to 
aspirin is, therefore, of increasing significance when relatively high 
doses of the drug are used. 


No bleeding was observed during intravenous administration of 
aspirin to the subjects in this study, although the same or larger 
doses caused significant gastrointestinal blood loss when given orally 
(7). The period of oral administration of aspirin (8 days) was con- 
siderably longer than the period of intravenous administration (3 
days). However, comparison of the ADBL of the nine subjects 
during the first 3 days of oral administration of aspirin (5.7 ml.) with 
that during the 3 days of intravenous administration (0.45 ml.) 
yields essentially the same results as those listed in Table I for the 
longer time periods. Both sets of data show statistically significant 
( p  < 0.01 by paired f test) blood loss during oral administration of 
aspirin and no evidence of aspirin-induced bleeding when the drug 
was given intravenously. Due to technical problems, intravenous 
aspirin was always given after a period of oral aspirin administration 
rather than in a crossover fashion, but it has already been shown 
(6,7) that the bleeding response to aspirin is not affected by previous 
aspirin administration when followed by an 8-day rest period. 


The results of this study are consistent with those of Anderson (1) 
and Davison et a/. (2) who did not detect any gastric erosions or 
bleeding after parenteral administration of aspirin to guinea pigs, 
rabbits, and dogs in doses that caused significant gastric damage 
when given by the oral route. Simultaneously with the preliminary 
report of this study (8), Cooke and Goulston (9) recently reported 
that intravenous infusion of 1 g. aspirin twice daily for 3 days did not 
increase the fecal blood loss in 15 healthy human subjects above 
control levels. However, they did not challenge their subjects with 
oral aspirin. 


The paper by Grossman et al. (3) has been cited frequently in sup- 
port of the contention that aspirin-induced gastrointestinal blood 
loss in man is a systemic effect. These investigators reported a barely 
statistically significant increase in ADBL from intravenous aspirin 
administration, but it should be noted that most of the subjects had 
peptic ulcer; some had bled within 2 weeks of the study, and much 
more bleeding was observed when the same dose of aspirin was 
administered orally (2.1 ml. uersus 0.8 ml./day in excess of control 
values). There has been a number of reports of gastric hemorrhage 
following parenteral administration of aspirin to rats (10, 11) and 


cats (12), but the doses used were massive (300 to 1300 mg./kg.) and 
often lethal. It is unrealistic to extrapolate the results obtained under 
these extreme conditions to the therapeutic doses used in man. 
Brodie and Chase (13) recently reported a statistically significant 
increase in the incidence of gastric hemorrhage in rats given 64 mg. 
aspirin/kg., either orally or intraperitoneally. They noted, however, 
that hemorrhage was much less severe and the lesions were smaller 
when the drug was given intraperitoneally. Since the serosal side of 
the stomach is exposed directly to aspirin particles when the drug 
suspension is injected intraperitoneally, this effect could well have 
been a local one. 


The prolongation of bleeding time during aspirin administration 
observed in this study is in agreement with the reports of other 
investigators (5). The prolonged bleeding time during intravenous 
aspirin administration was not a carryover from the oral aspirin 
period, since the bleeding times determined in several of the subjects 
just prior to the first intravenous dose of aspirin was similar to their 
control times. The rigid standardization of the stab wound (due to 
the use of an automatic lancet) and the large number of determina- 
tions accounted for the very small variability of the bleeding times. 


The results of this study show that gastrointestinal blood loss in 
normal human subjects receiving therapeutic doses of aspirin is a 
local effect and that it is not related to the prolongation of bleeding 
time produced by aspirin. It is, therefore, reasonable that the gastro- 
intestinal bleeding liability of aspirin preparations can be reduced or 
even eliminated (7, 14, 15) by appropriate pharmaceutical formula- 
tion designs. Such preparations would be particularly important for 
the treatment of rheumatoid arthritis, which usually requires rela- 
tively high doses of aspirin. Unfortunately, none of the presently 
available preparations is ideally suitable for this purpose, mainly 
because of the high sodium content or limited buffer capacity. The 
feasibility of developing more suitable preparations for this purpose 
is now being explored. 
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Effect of Micelle Formation on Optical 
Rotatory Dispersion of p-D-Octyl Glucoside 


P. MUKERJEE, J. PERRIN, and E. WITZKE 


Abstract 0 The optical rotatory dispersion of a nonionic surfactant, 
8-D-octyl glucoside, has been investigated in aqueous solutions in the 
UV region. The rotatory dispersion curves at any concentration 
can be represented by a one-term Drude equation. The specific 
rotation at any wavelength shows an increase at the CMC, which 
can be determined reliably from this change in specific rotation. 
The rotatory dispersion curve for the surfactant in micellized form 
has been derived and compared with that of the nonmicellized sur- 
factant below the CMC. The change is small and can be ascribed 
to a "medium" effect, arising from the difference in the local re- 
fractive index at the micelle surface, as compared to the bulk 
solvent. This interpretation is compatible with the currently a o  
cepted ideas on the fluid nature of the micelle core and suggests 
a lack of any conformational restraint at the micellar interface. 


Keyphrases Optical rotatory dispersion, 8-D-octyl glucoside- 
micelle formation effect 0 B-D-Octyl glucoside-optical rotatory 
dispersion, micelle formation effect 0 Micelle formation, effect- 
optical rotatory dispersion, fl-D-OCtyl glucoside 


Many chemical and biochemical reactions and inter- 
actions of interest occur at interfaces, e.g., monolayers, 
micelles, enzymes, or membranes. The local molecular 
environment at an interface and the presence of an 
asymmetry and other peculiarities in dielectric proper- 
ties (1) are factors of considerable importance in under- 
standing the properties of molecules at interfaces. 
It has been pointed out recently that for studying many 
such interactions, the interface between a micelle 
and the solution provides a convenient locus whose 
composition is capable of a considerable controlled 
variation (2, 3). The use of optically active surfactant 
monomers or solubilized molecules offers the possi- 
bility of using optical activity as a probe for studying 
properties of interfaces and of understanding the effect 
of the interface composition on the optical activity it- 
self. The present paper reports what appears to be the 
first such study on a simple model surfactant system, 
0-D-octyl glucoside. 


P-D-Octyl glucoside has a CMC in aqueous solution of 
0.024-0.025 M at 25" (4, 5). The micelles probably 
contain about 30 monomers (6), the hydrocarbon 
chains forming a spheroidal core. The glucoside head 
groups presumably remain exposed to water both in 
the monomeric and micellar forms. This, by itself, would 


suggest that there should be no change in their optical 
activity. In fact, however, the packing of the chains 
produces a high effective concentration of the head 
groups in the interfacial layer (2), which interact strongly 
enough with each other to counter the micelle-forming 
tendency of the aliphatic chain rather substantially. 
This is apparent from the following comparison. 


Recently the CMC of a hypothetical octyl chain, 
unencumbered by any head group, was estimated to be 
about 3 X M (3). The CMC of octyl glucoside 
is higher by a factor of about 8. The head group self- 
interaction thus makes the standard free energy of 
micelle formation for octyl glucoside more positive by 
kT In 8 or about 2kPs  per monomer, where k is the 
Boltzmann constant and T the absolute temperature 
(3). The glucoside groups at the micelle surface are thus 
in a considerably different local environment when 
compared to the free monomers. 


EXPERIMENTAL 


Materials-The octanol used was a Baker analyzed reagent, 
which was purified further by vacuum distillation, the middle one- 
third portion being collected. 


B-D-Octyl Glucoside-Glucose, on acetylation followed by bro- 
mination (7), yielded acetobromoglucose, m.p. 89 '. The bromo 
compound was reacted with octanol in dry absolute ether in the 
presence of silver oxide to give 8-tetraacetyl octyl glucoside, m.p. 
63-64". After deacetylation in sodium methylate solutions, p-D- 
octyl glucoside was obtained. It was recrystallized twice from ethyl 
acetate, washed with Skelly-A, and dried under vacuum. The 
compound melts over a wide range, 65-99" (8). The intermediate 
compounds were purified by recrystallization before proceeding to 
the next step of the preparation. 


Anal.-Calcd. for C, 57.5; H, 9.7. Found: C, 57.8; H, 9.5. 
Apparatus and Experimental Procedure-The optical rotatory 


dispersion (ORD) measurements were carried out in a Cary model 
60 spectropolarimeter. The cell compartment was thermostated at 
25 f 0.2". Five-centimeter cells were used. All solutions were op- 
tically clear, and double-distilled water was used. The ORD mea- 
surements were made in the 250-370-mp region. 


RESULTS 


Figure 1 shows the variation of the observed rotation at 320 rnfi 
as a function of concentration. To magnify the small differences 
observed, a deviation plot is presented. The data show the usual 
curvature near the CMC. If the CMC region is excluded, the data 
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Oil-Water Partitioning of Chlorpromazine and Other 
Phenothiazine Derivatives Using Dodecane and n-Octanol 


K. S. MURTHY* and GEORGE ZOGRAFI 


Abstract 0 The apparent partition coefficients of chlorpromazine 
and some other phenothiazine derivatives in dodecane-water and 
n-octanol-water systems were measured at 30". Results in the 
dodecane system at various pH values demonstrated that only the 
free base form partitions. Intrinsic partition coefficients for all 
derivatives, except the very polar metabolite chlorpromazine 
sulfoxide, range from lo4 to 106, indicating the remarkable hydro- 
phobicity of these molecules. Partitioning measurements in n- 
octanol indicate significant extraction of these drugs as ion-pairs, 
as well as higher intrinsic partition coefficients than in dodecane. 
Measurement of partitioning at various salt concentrations, utilizing 
different anions, allowed the calculation of extraction constants: 
Correlations between intrinsic partition coefficients in dodecane 
and extraction constants in n-octanol are presented. From these 
studies, it is clear that quantitative studies involving the pheno- 
thiazines in heterogeneous systems such as membranes must con- 
sider their extreme hydrophobicity and the various factors that 
influence such behavior. 


Keyphrases 0 Chlorpromazine, oil-water partitioning-dodecane, 
n-octanol 0 Phenothiazine, oil-water partitioning-dodecane, n- 
octanol 0 Partition coefficients, apparent-phenothiazines [7 
ElectroIyte, pH effects-apparent partition coefficients, pheno- 
thiazines Extraction constants-phenothiazines 
- 


Previous studies have suggested significant hydro- 
phobic behavior for chlorpromazine and other pheno- 
thiazines which appears to be related to their pharma- 
cological activity (1, 2) .  Such behavior is demonstrated 
by the very low water solubility of the free base form 
(3), an apparently high cyclohexane-water partition 
coefficient (4), significant surface activity at various 
interfaces (5-7), and accumulation at various biological 
membranes in uitro (8). Measurement of surface activity 
at charged lipid monolayer surfaces (9, lo), binding to 
red blood cell ghost membranes at various pH values 
(1 l), significant protein binding (12), and accumulation 
in intestinal membranes during the absorption process 
(13) all indicate that the ionized form of these drugs 
participates in hydrophobic interactions when its charge 
is suitably neutralized by appropriate anions. 


In view of these observations, it appeared important 
to evaluate quantitatively the hydrophobic properties 
of the phenothiazines so as to characterize the effect 
of chemical modification and the relative behavior of 
ionized and free base forms. For this purpose, the 
influence of variables such as pH, ionic strength, and 
specific anions on partitioning into dodecane and n- 
octanol was studied. 


EXPERIMENTAL 


analogs of CPZ; trifluoperazine (TFP);' triflupromazine (TPZ);z 
and promazine(PZ)3 werestudied. All buffer ingredients, electrolytes, 
and urea were of reagent grade. Sodium methane sulfonate and 
sodium ethane sulfonate were prepared by adding an equivalent 
amount of sodium hydroxide to the corresponding alkyl sulfonic 
acid, followed by recrystallization from absolute methanol. The n- 
dodecane and n-octano14 were a spectrally pure grade. 


Determination of Apparent Partition Coefficients-In n-octanol- 
aqueous systems, n-octanol saturated with buffer and buffer satu- 
rated with n-octanol were used to minimize volume changes due to 
mutual miscibility. Equal volumes of the two solvents with given 
amounts of solute were placed together and shaken for at least 8 hr., 
the time required to ensure equilibrium. The two phases were then 
separated in a separator, and the aqueous phase was analyzed. 
The difference in amount of solute present before and after equilibra- 
tion was taken as the amount partitioning into n-octanol. Occa- 
sional assay of the lipid phase confirmed the validity of this proce- 
dure. 


For experiments in dodecane-aqueous systems, no presaturation 
of the two solvents was necessary and solute was analyzed in both 
phases. Analysis of the phenothiazines was performed spectro- 
photometrically (Hitachi UV spectrophotometer), employing 95 
ethanol as the solvent, following the procedure of Warren et al. 
(14). The wavelengths of maximum absorption are given in Table I. 
Care was taken to avoid any decomposition of these drugs by 
eliminating contact with light. Concentrations of solute in the 
range to lod4 M were chosen to avoid any effects due to 
micellar aggregation noted earlier for these compounds (1 5). 
Temperature was maintained at 30". In dodecane-water systems, 
ion strength was always adjusted with KCl; ions used in the n- 
octanol-water system varied and will be specified with the results. 
When referring to partition coefficients, the ratio of concentration 
in oil to that in water will always be used. 


RESULTS 


Partitioning in Dodecane-Dodecane was chosen as a typical 
hydrocarbon solvent after it had been shown that the oil-water 
partition coefficients in n-octane, n-decane, n-dodecane, n-tetra- 
decane, and n-hexadecane did not differ significantly. The choice 
of dodecane was advantageous since it is readily available in a 
high quality grade and since mutual miscibility with water is 
negligible (16). Partition coefficients were found to be independent 
of: (a) the final aqueous concentration of drug up to M; (b) 
the concentration and type of buffer; (c) the ionic strength over 
a range of 0.06 to 0.35; (6) different specific counterions used to 
adjust ionic strength, e.g., C1-, Br-, NOa-, and various alkyl 
sulfonates. 


In view of the lack of effect by any of these parameters, par- 
ticularly ionic strength and counterions, it would appear that only 
the free base form partitions into dodecane. This agrees with the 
conclusions of Reese et al. (4) concerning CPZ partitioning into 
cyclohexane and the work of others with many drugs (17-19). 


To evaluate this quantitatively, apparent partition coefficients 
were determined over a pH range of 2.0 to 7.6 (Table 11). If the free 
base is the only form partitioning, then the apparent partition co- 
efficient, Pa, can be expressed in terms of P I ,  the true or intrinsic 
partition coefficient of the free base, and f ~ ,  the fraction of drug 
present as the free base. Thus, 


Materials-The chemical structure of each phenothiazine studied Pa = fBPt (Es. 1) 
is given in Table I. Chlorpromazine (CPZ);' chlorpromazine sulf- 
oxide (CPZ-0); 1-chloro, 3-chloro, ethylamino, and butylamino 


2 Supplied by Squibb Co. 
8 Supplied by Wyeth Pharmaceutical Co. 
4 Matheson, Coleman and Bell. 1 Supplied by Smith Kline & French Laboratories. 
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R* Table II-Effect of pH of the Aqueous Phase on the Apparent 
Partition Coefficient, Pa, of CPZ between Dodecane 
and Water at 30” 


CHz 


CHz 
I 
I 


Table I-Chemical Structures of Phenothiazines R3 


Wave- 
length 


of 
Maxi- 
mum 


Absor- 
bance,O 


Drug Ri R2 Rs mP 


Chlorpromazine 


Chlorpromazine sulf- 
oxide (CPZ-0) 


Promazine (PZ) 


Triflupromazine 
(TPZ) 


1-“Chlorpromazine” 


3-“Chlorpromazine” 


Ethyl “chlorproma- 
zine” 


Butyl “chlorproma- 
zine” 


Trifluoperazine (TFP) 


2-c1 - 


2-c1 0 


H -  


2-CFJ - 


1-c1 - 


3-Cl - 


2-Cl - 


2 x 1  - 


2-CF3 - 


/ 


C H z N  
\ 


/ 
\ 


/ 
\ 


CHa-N 


CH3 


CH-N 


CH3 


CH2-N 


CH3 
\ 


/ CH3 
CHI-N 


\ 


-N 


CH3 
\ 


CHs 
/ 


CH2-CH-N 
\ 


257 


239 


254 


259 


259 


25 8 


255 


257 


260 


a Solvent is 95 % ethanol. 


The value OffB may be determined as 


where K ,  is the dissociation constant of the conjugate acid of these 
drugs. 


From Table 11, it is apparent that the change in Po with each 
unit of pH is about 10-fold, as predicted by combining Eqs. 1 and 2. 
Therefore, values of P I  were obtained from the slope of P, versus 
f~ plots. Values for CPZ and a number of derivatives are listed in 
Table 111, along with calculated values of P, at pH 7.0. Since TFP 
has two dissociable groups, the fraction of free base was calculated 
by taking the two dissociation constants into account (20). 


It should be pointed out that there is some uncertainty in the 
values of pKa for the phenothiazines, except for CPZ-0 (Table 
HI), since their significant water insolubility does not allow simple 


2.0 
3.6 
4.0 
5.0 
5.6 
6.6 
7.6 


0.003 
0.120 
0.320 
3.80 


13.80 
137.0 


1388 


titration in aqueous solution. Thus, techniques such as influence of 
pH on solubility of the free base (3) and titration in mixed solvent 
systems (21) must be used. Although both methods agree fairly 
well, the very high partition coefficients of these compounds dictate 
that a small error in the choice of pKa will give a significantly 
different answer for Pt.  For example, using a pKa of 9.3 for CPZ 
gives a Pt of 73,100; at 9.2, one obtains a value of 59,300.6 Even 
small differences in pKa due to activity coefficient changes, there- 
fore, will have an effect. For this reason, the authors chose to use 
values obtained by the same method (3, 23), thus ensuring more 
consistency when comparing relative hydrophobic properties of the 
various molecules (Table 111). The value of 9.3 for CPZ was con- 
firmed in the laboratory by solubility measurement, and the value 
for CPZ-0 was determined by titration in water since its free base 
is sufficiently water soluble. 


Partitioning in n-Octanol-In contrast to the dodecane studies, 
measurement of P. in n-octanol was significantly influenced by 
the nature of the aqueous solution. For example, at pH 3.9 in 
a 0.1 M acetate buffer, the addition of 0.125 M KCl changed the 
Po of CPZ from 4.6 to 32.4, while in 0.125 M KBr the value in- 
creased to 56.8. Altering the acetate buffer concentration up to 1.0 M 
increased the value to 23.3. These results and comparison of pH 
dependency with that seen in dodecane suggest that the free base 
has a higher intrinsic partition coefficient in n-octanol and that the 
ionic species is partitioning as an ion-pair. This can be seen in 
Table IV; the values of 32.4 and 32.8 mainly represent ionic species 
partitioning, while values a t  pH 6.6 and higher represent the free 
base contribution primarily. Exact analysis of pH data to obtain Pi  
values is not possible since each value is dependent on the buffer, 
its concentration, and the concentration of KCl used to  adjust ionic 
strength. It may be assumed, however, that apparent partition 
coefficients obtained at pH values in excess of 6.6 are essentially 
due to the free base. Utilizing the value of P. at pH 6.6 and a pKa 
of 9.3, a P t  for CPZ of about 250,000 was obtained. This is in good 
agreement with a value of 220,000 reported by Hansch (24), utilizing 
a Pa obtained at pH 6.8. Unfortunately, large amounts of drug were 
needed at such high pH values, and a limited supply of other deriva- 
tives did not allow the determination of the exact P t  values in n- 
octanol. 


The effect of various electrolytes on the apparent partition co- 
efficient of CPZ at pH 3.9 is presented in Table V by comparing 
the effect of 0.125 M concentrations of electrolyte, all other factors 
being equal. It may be concluded that inorganic counterions have a 
significant effect, whereas no differences are noted between the 
inorganic cations. It is interesting to note a reduced Pa for the 
methane and ethane sulfonates compared to C1- and this will be 
discussed later. Note also the significant reduction in partitioning 
when the tetraalkylammonium chlorides are used: the longer the 
alkyl chain length, the lower the value of Pa. In all cases, except for 
the tetraalkylammonium ions, increasing the electrolyte concentra- 
tion increased partitioning; the opposite effect occurred with in- 
creasing organic cation concentration. This latter observation 
suggested a “water-structure’’ effect, so urea was added to a solution 
containing KCl. As seen in Table V, urea also decreases the value 
of P, significantly. 


The effect of counterions on the value of Pa can be measured 
quantitatively by determining an extraction constant, EX-, for 
each anion, X-. Such a constant may be written for a 1 : 1 ion-pair 


6 Such large partition coefficients are usually expressed as logarithms 
(22); in this form, these values are 4.86 and 4.77, respectively. 
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Table II-Partition Coefficient for Various Phenothiazine Deriva- 
tives between Dodecane and Water a t  30" 


Pa at 
Compound pKa Pt pH 7.0  


CPZ 9.3  73,100 366 
CPZ-0 9 . 0  0.75 0.0075 
PZ 9 . 4  10,400 42 
TPZ 9 . 2  137,000 863 
1-CPZ 9 . 4  61,200 245 
3-CPZ 9 . 2  46,300 292 
Ethvl-CPZ 8.7 28.200 553 


CPZ 9.3  73,100 366 
CPZ-0 9 . 0  0.75 0.0075 
PZ 9 . 4  10.400 42 ~~ 


TPZ 9 . 2  137:ooo 863 
1-CPZ 9 . 4  61,200 245 
3-CPZ 9 . 2  46,300 292 
Ethvl-CPZ 8.7 28.200 553 
BuGl-CPZ 9.7  11 6; 000 232 
TFP 3.9,  8 . 1  12,900 97 


as follows: 


If one assumes the ion-pair, CPZH+X-, forms only in the organic 
phase and, therefore, 


(CPZH+X-),,, p - _. 


(CPZH+),,. a -  


then: 


p a  = Ex<X-)P.,, (Eq. 5) 


Equations can be written for the possible equilibria involving 
ion-pairing which occur with divalent anions (SOa=) or when two 
positive charges exist on TFP. However, since these constants are de- 
pendent on higher powers of drug or anion concentration, no mean- 
ingful comparisons independent of drug concentration are possible. 
Thus, no extraction constants are given for sulfate-ion extraction of 
CPZ or for chloride-ion extraction of TFP. Figures 1 and 2 show 
typical plots for 1 : 1 ion-pair partitioning. Tables VI and VII contain 
EX- values obtained from the slopes of these plots as predicted by 
Eq. 5. This equation predicts a zero intercept. However, in all 
cases, intercepts due to the acetate ion of the buffer were present. 
In all cases of 1 : 1 ion-pairing, no drug concentration dependence 
was observed for the EX- values obtained. 


DISCUSSION 


Partitioning of the Free Base-As was suspected from the earlier 
evidence of hydrophobic behavior, the intrinsic and apparent 
partition coefficients of the phenothiazine derivatives in dodecane 
and n-octanol are many orders of magnitude greater than those 
usually observed with acidic and basic drugs (17-19). The high 
intrinsic partition coefficient of the free base form demonstrates 
the need to consider its role when one assesses the effects of these 
drugs in vitro and in vivo, even 3-4 pH units below the apparent 
pKa. Because of these very high partition coefficients, it is im- 
portant also to recognize the remarkable changes in hydrophobicity 
that can occur with very small changes in pH. This appears espe- 
cially true in the pH range of 6-8 where so many in uitro and in uivo 
processes are studied. Likewise, at interfaces many steric and 
electrical factors can produce local pH changes which will alter 
partitioning without apparently influencing the bulk solution. 
This suggests, therefore, that any model system, or even a biological 
system such as a membrane, can produce significant selectivity 
with these molecules merely on the basis of free base partitioning. 


Partitioning of the Ion-Pair-In view of the marked hydrophobic 
behavior of these molecules in very nonpolar hydrocarbon solvents 


Table IV-Effect of pH on CPZ Partitioning in n-Octanol 


3.9 
4 . 2  
5 . 2  
5 . 9  
6 .6  


32.4 
32.8 
64.0 


135.9 
613.4 


Table V-Apparent Partition Coefficient of CPZ into n-Octanol in 
the Presence of Various Salts at 0.125 MConcentration 


Salt P a  


Sodium chloride 32.3 
Potassium chloride 32.4 
Potassium bromide 56.8 
Potassium nitrate 50.0 
Sodium methane sulfonate 14.8 
Sodium ethane sulfonate 25.1 
Sodium propane sulfonate 54.5 
Ammonium chloride 31 .O  
Tetramethylammonium chloride 26.1 
Tetraethylammonium chloride 1 8 . 8  
Tetrapropylammonium chloride 16.1 
Potassium chloride + 2.0 M urea 12.8 
Sulfate 15.0 


as the free base, it is not surprising that the ionic species will parti- 
tion when it can be effectively neutralized by an appropriate anion 
and solvated by a polar oil phase such as n-octanol. The need for 
solvation of the ion-pair in the oil phase has been studied by 
Higuchi et al. (25), utilizing pharmaceutical amines and mixtures 
of cyclohexane with chloroform, pentanol, or p-tert-butyl phenol. 
In each case, the proton-donating tendencies of the polar solvent 
were essential for partitioning @f the ion-pair. Enhanced partitioning 
of tetracycline into cyclohexane when n-octanol is added presumably 
is due also to such a mechanism (26). 


What is most significant in the present study is the very large 
partition coefficient obtained for these drugs in the presence of very 
common inorganic ions at commonly encountered ionic strengths 
(Tables V and VII). These values are much greater than those found 
in n-octanol for most acids and bases in nonionized form (la), 
zwitterionic form (27), and as ion-pairs (23, 28). The effects of 
specific ions such as C1-, Br-, NOs-, and SOa= appear to follow an 
order expected for counterion binding to amines: the greater the 
polarizability and hydrophobicity of the anion, the greater this 
effect. The relatively small value of P ,  for the sulfate ion appears 
to reflect the difficulty of ion-pairing when two CPZ molecules must 
interact with each sulfate ion to neutralize completely the partition- 
ing species. When this is compared to other amine systems that show 
no tendency to partition in the presence of sulfate ion (29), the 
authors again conclude that the phenothiazines indeed are quite 
hydrophobic. 


Comparison of extraction constants for the organic anions, such 
as acetate, and the alkylsulfonates reveals a significant reduction 
relative to that due to chloride ion. Likewise, whereas sodium, 
potassium, and ammonium ion exhibit no influence on partitioning, 
the tetraalkylammonium ions markedly reduce partitioning. These 
results may be interpreted by considering the various thermody- 
namic factors associated with partitioning of hydrophobic ions. In 
the oil phase, factors tending to promote partitioning will be the 


0 2.0 4.0 6.0 8.0 10.0 12.0 
ANION CONCENTRATION, MOLARITY X lo' 


Figure 1-Apparent partition coeficients for CPZ between n-octanol 
and aqueous buffers, pH 3.9, in the presence of various anions at 30". 
Key: 0, chloride; 0, propane sulfonate; 8, ethane sulfonate; and A, 
methane sulfonate. 
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Table VI-Extraction Constants for Various Anions with 
CPZ in n-Octanol 


Anion Ex- 


Chloride 
Bromide 
Nitrate 
Acetate 
Methane sulfonate 
Ethane sulfonate 
Propane sulfonate 


197 
383 
362 
21 3 


68 
163 
374 


electrostatic attraction of the ions (their size, shape, and charge) 
and the interaction of the ion-pair with the solvent, as already dis- 
cussed. In the aqueous phase, the hydrophobic drug produces an 
increase in water structure in its vicinity and hence a decrease in 
water entropy, the process of transfer, therefore, being favored 
because of the resultant increase in water entropy after transfer. 
In the presence of tetraalkylammonium ions, however, partitioning 
of drug is reduced because a major proportion of water structuring 
now occurs around the added alkyl groups, reducing the entropy 
increase ordinarily produced by transfer.6 This process, a form of 
salting in, has been noted for rnicelle formation (30) and surface 
tension reduction by CPZ (3 l), and has been discussed theoretically 
by Diamond (32). It also is presumed that the retarding effect of 
urea on partitioning into n-octanol and dodecane? is caused by 
water-structure effects. 


The results obtained with acetate ion and the alkylsulfonates 
suggest a reduced tendency to partition when compared with 
chloride ion, which agrees with earlier observations that these sub- 
stances reduce the surface activity of CPZ (31). It is possible that 
solvation of the ion-pair in n-octanol is not complete, but another 
factor must be operating since similar effects are seen at the air- 
solution interface. Again, water-structuring effects should be 
examined. One possibility is that acetate and the alkylsulfonates 
work like the tetraalkylammonium ions (32). Another possibility 
is the formation of an ion-pair in water with a reduced tendency to 
partition into oil. Diamond (32) has described the tendency of large 
hydrophobic ions to combine in water as "water-structure-en- 
forced" ion-pairs, which lower the overall free energy of the aqueous 
phase without the necessity to expel the ion-pair. Whatever these 
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0 2.0 4.0 6.0 8.0 10.0 12.0 
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Figure 2-Apparent partition coefficients for three phenothiazine 
deriuatiues between n-octanof and aqueous buffer, p H  3.9, in the 
presence of chloride ion at  30". Key: 0, promazine; A, chlorproma- 
zine; and 0, trifluprornazine. 


~ 


4 The possibility that the tetraalkylammonium ions could partition 
into octanol, and thus reduce the chloride ion available for CPZ parti- 
tioning, exists. However, no detectable partitioning of the tetramethyl- 
and tetraethylchlorides could be measured, while less than 1 % of the 
tktrapropyl derivative appears to partition. 


The value of Pa for CPZ into dodecane at pH 4.0 is reduced in the 
presence of 2.0 M urea from 0.32 to 0.17. 


Table VII-Partitioning of Various Derivatives in n-Octanol in 
Presence of KC1 


Drug Ex- 
P, (0.125 M 


KCl) 


CPZ 
TPZ 
PZ 
CPZ-0 
1-CPZ 


197 
384 
58 


114 
1 . 5  


32.4 
60.0 
8.1 
0.22 


17.0 
3-CPZ 430 6113 
TFP - 49.3 


mechanisms are, it is clear that the nature of the aqueous phase 
must be considered significant in controlling the value of P,. Fur- 
thermore, in the choice of buffers and electrolytes in any study with 
these drugs, one should keep these phenomena in mind. 


Chemical Modification-The influence of chemical modification 
on the partitioning behavior of the phenothiazine derivatives 
would, of course, be of great interest when attempting to compare 
structure to biological activity. The approach used by Hansch 
et a/. (22) to correlate n-octanol-water partition coefficients with 
such activity is well known. But, as stated earlier, no attempt was 
made here to determine values in n-octanol because of: (a) the 
limited supply of enough phenothiazines with appropriate sub- 
stituent group variation, (b)  the effects of ion-pairing due to buffers 
and salts present, (c) the uncertainty of exact pKa values, and (d)  
the necessity to work at pH values very much lower than the pKa 
of each drug because of very high intrinsic partition coefficients. 
However, a number of conclusions should be pointed out concern- 
ing structural effects which should be helpful in evaluating pheno- 
thiazine structure-activity data obtained in various in uitro and 
in uiao studies. 


From the data presented in Tables III and VII, it is apparent 
that comparisons made in dodecane represent the behavior of 
the free base, while those made in n-octanol at low pH represent 
the ionic species. In both systems the hydrophobic properties 
of the drug are the major factors contributing to differences be- 
tween molecules but, in addition, factors controlled by the nature 
of the ion-pairing mechanism are important in the case of partition- 
ing into octanol. Thus, for example, the P t  values for the 1-, 2-, 
and 3-C1 derivatives of CPZ in dodecane are close and appear to 
show a maximum with the 2-C1 compound, whereas the order of 
extraction constants increases significantly from the 1- to 3-C1 
position. The authors suggest that, in the latter case, steric and 
electronic effects on the ion-binding process are being seen in addi- 
tion to hydrophobic behavior which occurs in the dodecane system. 
This latter order of behavior is seen also for adsorption of the ionic 
species of these derivatives to the air-solution interface (33). 
Following this reasoning helps to explain the reasonably consistent 
agreement between the two solvent systems when comparing TPZ 
and CPZ (about a twofold difference), since now all effects due to 
position on the ring should be the same. The somewhat poorer 
quantitative agreement when comparing the relative values of PZ 
may reflect an additional effect due to differences in size between 
the hydrogen atom and the other substituents. 


Looking at  some specific structural effects in both solvents, it is 
clear that substitution on the phenothiazine ring exerts a significant 
effect. The marked reduction in hydrophobicity when going from 
CPZ to CPZ-0 clearly indicates why CPZ-0 exhibits very little 
of the physical, chemical, and biological properties of CPZ (1, 9). 
A relatively large increase in hydrophobicity is also seen when CI 
and CF, are placed on the aromatic ring, in good agreement with 
the results of biochemical and pharmacological structure-activity 
relationships (1, 2). From the results with the ethyl and butyl CPZ 
analogs and TFP, it is apparent also that the nature of the alkyl- 
amino portion is important: the greater the number of alkyl groups, 
the greater the partitioning tendency. Note, however, in Table 111 
that substitution of this portion of the molecule has the greatest 
effect on pKa changes. Hence, comparisons near pH 7.0, for ex- 
ample, should be made with great caution so as not to attribute 
effects to the wrong species. 


Finally, the behavior of TFP is interesting because its partitioning 
is not as great as expected, i.e., the presence of a CF, group and 
more -CHt- groups than TPZ. The explanation in n-octanol 
centers on the presence of a second dissociated group for a sig- 
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nificant number of molecules at pH 3.9, which should increase 
polarity and reduce the ease of ion-pair formation. The presence 
of the polar nitrogen group also appears to reduce the partitioning 
tendency of TFP in dodecane, which agrees with the reported re- 
duced water solubility of free base when going from CPZ to TFP 
(3). It also helps to explain the significantly lower accumulation of 
TFP relative to CPZ in rat intestinal membrane during drug absorp- 
tion at pH 6.0 (1 3). 


CONCLUSIONS 


Based upon the results of this study, it is clear that studies de- 
signed to evaluate the behavior of phenothiazines in vitro and in 
vivo must consider the extreme hydrophobicity of these molecules. 
This study has demonstrated also that great variation in hydro- 
phobicity exists between closely related compounds, as well as 
between different ion-pairs of the same compound. In biological 
systems, in vitro and in uivo, any number of membrane phases and 
anionic species may exist. Therefore, structure-activity studies must 
take into account the type of phenomena discussed in this paper 
when dealing with hydrophobic molecules such as the substituted 
phenothiazines. 
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fine reference source for the more experienced student of public 
health management. 


Considering the individual and society generally, the state of our 
ecologic environment, and our artificial environment and the inter- 
relationships of each and all of these to disease, the book is eminently 
successful and well worth study by the pharmaceutical scientist 
concerned with human ecology and public health. 


Reviewed by William L. Blockstein 
Health Sciences Unit 
University Extension 
University of Wisconsin 
Mudisoti, WI 53706 m 


New Dimensions in Legal and Ethical Concepts for Human Research 
Vol. 169, art. 2. Consulting Editor, IRVING LADIMER, New York 
Academy of Sciences, 2 East 63rd St., New York, NY 10021,1970. 
pp. 297-593.15 X 23 cm. Price$23.00. 
The papers in this volume are drawn from a conference of the 


same name held by the New York Academy of Sciences from May 
19to21, 1969. 


Theconference was divided into six sections each of which included 
the presentation of papersand panel discussions. Thesectionsincluded 
were Ethical and Legal Base Lines for Professions and Community; 
Special Problems of Medical Disciplines; Special Problems of Re- 
lated Professions; Experience in Design, Conduct, and Evaluation 
of Research; Professional Controls-Internal and External; and 
Social Responsibility through Communication. 


This conference on “New Dimensions in Legal and Ethical Con- 
cepts for Human Research” was convened to enable representatives 
of major disciplines, mainly medical and legal fields, to present 
their experience and recommendations for meeting current and 
anticipated problems of experimentation on and with human beings. 


These topics have relevancy to the recent activity in the areas of 
organ and tissue transplants. Work in these areas suggests that 
technology can surmount virtually all impediments, but this capac- 
ity msy bave to be curbed by social, ethical. legal, and religious 
strictures in order to achieve professional and community support. 


Of particular interest to the pharmaceutical scientist are the 
papers on “Control and Surveillance of Investigational Drugs” by 
Herbert S. Carlin and Ronald T. Turnbull, “Conducting Investiga- 
tional Drug Studies for Industry” by Kenneth G. Kohlstaedt, and 
“Drug Evaluation Problems in Academic and Other Contexts” by 
Louis Lasagna. 


Staff Reciew W 


Parenteral Dosage Forms. By CAROLYN G. HALL and KENNETH E. 
AVIS. Parenteral Drug Association, Inc., Philadelphia, PA 19107, 
1969. vi + 262 pp. 22 X 28 cm. Price $7.50. 
This comprehensive annotated bibliography of the literature per- 


taining to parenteral dosage forms has been prepared by Mrs. Caro- 
lyn G. Hall and Dr. Kenneth E. Avis, Department of Pharmaceutics, 
University of Tennessee, College of Pharmacy. 


It covers the period 1959 to 1963 and contains approximately 950 
entries. The book is arranged topically with a complete author index. 
The period just prior to the inception of International Pharmaceuti- 
cul Abstracts was chosen for the first of what is anticipated will be a 
series of bibliographies because the authors’ felt that no coverage of 
this important period was available. 


StuflReview W 


Clinical Pharmacy Handbook. By HUGH F. KABAT. Lea and Febiger, 
Washington Square, Philadelphia, PA 19106, 1969. v + 108 pp. + 70 workbook style tear-out pp. 21.5 X 27.5 cm. Price $6.50 
paperbound. 
Portions of this volume were originally presented as course mate- 


rial to the senior students at the University of Minnesota College of 
Pharmacy. The first three chapters deal with course objectives, a 
course introduction, and notes on the pharmacist-patient relation- 
ship as viewed by the author. Some later chapters involve a collec- 
tion of common hospital abbreviations and meanings, drug interac- 
tion tables, a list of sources of drug information, and a workbook 
section that affords the pharmacy student the opportunity to in- 
vestigate the physical, chemical, and pharmacologic properties of 
any drug by means of charts that must be completed and questions 
that must be answered and referenced. Approximately one-half of 
the book is devoted to forms concerning general patient information, 
the clinical status of the patient, patient progress, and laboratory 
results. These forms are to be filled in by the pharmacy student as 
soon as the appropriate information becomes available. 


The author indicates in the preface that this text is intended for 
use by students and for “any pharmacist venturing into the clinical 
setting.” Those others not initiated into a clinically oriented phar- 
macy practice may find this book to be of some value because some 
important aspects of clinical pharmacy are presented. For example, 
the drug interaction tables and the chart on drug-induced modi- 
fications of laboratory tests are valuable pieces of literature and 
the collection of common hospital abbreviations and meanings is a 
step in dispelling the “language barrier” that, at first, exists between 
the medical staff and the new pharmacist practitioner. 


Those educators thinking of initiating a clinical pharmacy course 
may also find this book of value because it does offer some basic 
“patient following” forms that were adapted from forms now in 
use at other hospitals with a clinical pharmacy service. The book 
also presents some basic philosophy on the pharmacist-patient 
relationship and some basic operating rules for the student and 
clinical instructor while in a patient-care area. 


Any pharmacist or pharmacy student who has had any exposure 
to a clinically oriented pharmacy practice will find this book ex- 
tremely fundamental and perhaps too course-oriented to be of any 
great value. The material in the book, for the most part, has already 
been published in one journal or another. The author has simply 
compiled such pieces of literature as Dr. Edward Hartshorn’s drug 
interaction tables as they appeared in Drug Intelligence and the 
tables on the drug-induced modifications of laboratory values as 
they were published in the American Journal of Hospital Pharmacy. 
Any pharmacist entertaining thoughts of a clinical practice should 
already have well in hand the material that is presented in this book. 


Reoiewed by Richard de Leon 
School of Pharmacy 
University of California 
Sun Francisco, CA 94122 W 


Biologically Active Amines Found in Man. By FRANZ FRANZEN and 
KURT EYSELL. Pergamon Press, Maxwell House, Fairview Parks, 
Elmsford, NY 10523, 1969. vii + 244 pp. 23 X 16 cm. Price 
$13.50. 
As stated by the authors, there has not been an extensive survey of 


the field of “biogenic amines” since 1951, although during this 
time there has been a considerable expansion of our knowledge of 
these compounds. 


In 128 pages of text, the authors, who are apparently clinicians, 
discuss numeraus aspects of these amines derived from decarboxyla- 
tion of alpha amino acids. In separate chapters the biochemistry, 
pharmacology, and pathophysiological significance of biolozically 
active amines are discussed. This Hundbucli is unique as a compre- 
hensive survey of this subject as related to clinical medicine. The 
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BACKGROUND 


Peyote represents one of the earliest known hallucino- 
genic drugs, the use of which was exclusively limited to 
the New World. Today much more potent hallucino- 
gens, of natural and synthetic origin, are known, yet 
investigation into the chemistry and pharmacology of 
peyote constituents and their synthetic analogs does not 
seem to have relented. The literature contains several 
early surveys covering various aspects of peyote and its 
constituents. These include articles and monographs 
dealing with cactus alkaloids ( 1-7) and natural hallucino- 
gens (8-27) in general and more specialized ones dealing 
mainly with peyote and its active principle, mescaline 
(28-40). Several of the earlier articles also cover, more 
or less adequately, such diverse aspects of peyote as 
history, cultic and modern uses, chemical composition, 
synthesis of its constituents-as phenethylamines (41) 
and tetrahydroisoquinolines (42)-and the pharmacol- 


ogy of these products and their synthetic analogs along 
with their possible medicinal applications (40). 


In the past decade or so, there has been no such com- 
prehensive coverage in one review. The need for one is 
accentuated by the fact that during the past 5 years 
alone, more than 31 new constituents of peyote were 
discovered (compared to six before 1900 and five during 
the 1930’~)~ several synthetic methods were developed, 
and an important part of the pharmacological and clini- 
cal (as well as social) studies and practically all the bio- 
genetic studies of the major peyote constituents were 
conducted, with impressive revelations made. 


Names-Peyote, a member of the family Cactaceae, 
has received varied taxonomical treatments with time 
by different botanists. The first “scientific” name given 
to it was Peyotl zacatensis by Hernandez in 1638. 
The designation Echinocactus williamsii was used by 
Lemaire in 1840, Anhalonium williamsii by Engelman, 
Lophophora williamsii by Coulter in 1894, Anhalonium 
lewinii by Lewin, and A .  jourdanianwn by Rebut. Al- 
though the name Echinocactus williamsii appears in the 
Kew Index (vol. 11, p. 813), it does not seem to be as 
commonly used as A .  lewinii or L. williamsii (7, 37). The 
latter name is the one more commonly used in the current 
chemical literature. The introduction of these names, 
and there seems to be more, appears to be the result of 
confusion between the different types of peyote which 
actually belong to a single species (37, 39).* The confu- 


* According to E. F. Anderson [Brittonia, 21. 299(1969)], the genus 
Lophophora, which has an extensive range within the Chihuahuan Desert 
of Texas and. Mexico, consists of two s p i e s ,  L. wjlliamsii and L. d @ s a .  
The former is both wide rangme and highly variable morpholo@qally, 
whereas the latter consists of a angle, fairly small population restricted 
to an area in the state of Queretaro. 
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sion arises from the differences between the young pey- 
ote individual specimens, with eight straight ribs, and 
the mature ones, with about 12 sinuous ribs, and a third 
form with irregular ribs, in addition to  slight morpho- 
logical variations according to locality. 


Peyote is a popular name given to the cactus under 
discussion; other less common names are peyotl, pel- 
lote, challote, and devil’s root. The name peyote derives 
from peyotl which appears to be of Aztec origin. The 
sun-dried slices of the plant constitute the “mescal but- 
tons” of commerce. It is this material, which can be 
preserved for a very long time, that is usually consumed‘ 
in ritual ceremonies or for nonreligious purposes to pro- 
duce euphoric effects. The name mescal buttons2 is 
incorrect, since the material is not related to  the non- 
cactus succulent, the mescal proper, from which fer- 
mented beverages are prepared. Another incorrect name 
is “mescal beans,” which is also given to the buttons but 
in fact is the Red Bean, Sophora secundifrora (Legumi- 
nosae). 


Habitat-The cactus (L. williumsii) grows wild on the 
Mexican plateau and in the southwestern United States 
in dry places, on cliffs, or on rocky slopes. These regions 
are very hot and the vegetation is subtropical. Peyote is 
encountered sometimes singly but more often in clusters. 
It is barely visible, except when in flower, since it is 
mostly covered with earth and looks like a pebble. 
Peyote, like most cacti, can be grown practically any- 
where under glass or in a room. The plant seems to be 
capable of standing adverse conditions of drought, 
heat, and cold. 


Description-The peyote plant is a small (rarely 
exceeding 15-20 cm. in total length), fleshy, spineless 
cactus, simple or cespitose, proliferous, turbinate with 
a thick napiform root. The cylindrical stalk, which has 
horizontal wrinkles, is suberized and grayish-fawn in 
color. At the top it becomes more chlorophyllose, 
globular, flattened, and sage-green in color and appears 
divided into 5-13 thick ribs, only slightly salient, 
rounded, and separated from each other by well-marked 
longitudinal grooves. In the center of the spherical 
portion (2-50 mm. in diameter) of the plant, there is a 
tuft of silky hairs from which the flowers (usually one 
or two) emerge; the latter are usually pink but are some- 
times white or yellow. The fruit is a flesh-colored, or 
sometimes grayish-yellow, berry which contains a few 
small black seeds. 


History-Peyote was used and revered-as a pan- 
acea, an amulet, and a hallucinogen-in the mountain- 
ous regions of northern Mexico centuries before 
the settlers arrived; it was probably known to the 
Chichimec tribe long before the Christian era (43). 
Bernardino de Sahagun (43), a Franciscan missionary 
and chronicler of the Spanish conquest of Mexico, 
wrote about peyote, which was eaten by local natives 
because “it gives them strength and incites them to bat- 
tle, alleviates fear, and they feel neither hunger nor 


thirst, and they say it protects them from every kind of 
danger.” At that time, missionaries and administrators 
tried to suppress peyote consumption for various social, 
political, and religious reasons, apparently without 
much success. 


During the 17th and 18th centuries, peyote was used 
in vast areas stretching northward up to the Arkansas 
River (44), and it was consumed by many Indian tribes 
including the Apaches, Comanches, and Kiowas. Al- 
though a true peyote cult did not seem to have existed at 
that time, the drug was taken mainly: (a)  by individuals 
as a medicine and to  induce visions leading to  prophetic 
utterances, and ( b )  collectively to obtain the desired state 
of trance for ritual dances. 


During the 19th century, the ritual use of peyote 
(peyotism) extended among Indian tribes with their 
migrations northward and southward and gradually 
became more fully organized into isolated cult groups 
(4446).  This led, toward the end of the century, to the 
establishment of the “Peyote Church.” With time, 
peyote votaries increased in number, variety, and dis- 
tribution; the Church, founded in Oklahoma, gradually 
joined in a strange synthesis of old Mexican, Christian, 
and local religious rites (47). The advocates of this 
Church remained predominantly Indians, although they 
were joined by some Negroes, and the cult remained 
essentially an ethnographical curiosity rather than a 
serious movement. The present believers worship God 
as the great spirit who, as a master of the universe, in- 
fused some of his being into peyote; Christ is regarded 
as the man who made the cactus available to them when 
they needed it. Usually the ceremony is conducted at 
Saturday night gatherings in a large Indian tepee. Par- 
ticipants then sit around a fire and spend the evening in 
ritual singing, prayer, and contemplation (39). 


In the United States, peyote is not regarded as a 
narcotic drug, although its use is controlled by the federal 
government except in bona jide religious ceremonies of 
the Native American Church. 


The history, economic importance, cultic use, and 
psychic effects of peyote are described at length by 
several authors (9-1 1,3 1-33,35,38,45,49-58). 


Constituents of Peyote-The first chemical investiga- 
tions of peyote were made by Lewin in 1888 (52). 
While traveling in America, he collected peyote plants; 
these were identified by Hennings as a new An- 
halonium species that was named A .  lewinii. He was 
able to isolate the first crystalline constituent, an alkaloid 
which was called anhalonine and shown to be devoid 
of any hallucinatory action. This initial finding, how- 
ever, aroused considerable interest in the drug and the 
possible constituents that would account for the sensory 
excitations produced in those who took it. Up to that 
time, the family Cactaceae was regarded as being free of 
alkaloids ; as a result of Lewin’s findings, more attention 
was directed to the study of several other cacti. 


In 1894, Heffter (59-64), working with fresh plants, 
isolated another alkaloid which received the name pello- 


1 The drug is usually taken orally. The buttons, whole or chopped, 
are brewed with tea or chewed while drinking tea, coffee, wine, or milk 
(to conceal an unpleasant taste). Less commonly, a liquid concoction is 
injected intravenously. 


2 Other slang names include: tops, moon, full moon (a large button) 
and bad seed. 


~ 


aIn the United States, about 1950, some ethnologists protested 
strongly the idea that the use of peyote should be prohibited on the 
pretext that the Native American Church (practicing peyotism) is a 
legitimate religious organization with the same right to relisous freedom 
as other churches (48). 
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tine. Shortly afterward he isolated three additional 
alkaloids. One, mescaline, was recognized-from phar- 
macological tests and personal experience-as the hal- 
lucinatory principle of peyote; the other two were named 
anhalonidine and lophophorine (6 1). In 1899, Kauder 
(65) discovered an additional alkaloid, anhalamine, 
besides the previously known pellotine in the mescal 
buttons. During or about the same period, other cacti 
yielded related alkaloids (nonhallucinogenic): anhaline 
(=hordenine) from Anahalonium jissuratum and pec- 
tenine (Ecarnegine) from Cereus pecten-aboriginum (66) 
and later from Carnegia gigantea (67). 


Lewin (52, 53) also made the first pharmacological 
studies of peyote. His reports were followed by more 
elaborate and expanded studies made by Prentiss and 
Morgan (681, Mitchell (69), Ellis (70), Dixon (71), and 
Mogilewa (72), who described the physiological and 
special euphoric effects of peyote and its constituent 
alkaloids. 


The elucidation of the structure and the synthesis of 
all these alkaloids had to wait until Spath made his con- 
tributions. He published the first of a series of papers on 
“Anhalonium alkaloids” in 1919 and continued his work 
up to 1939 (3,73-90); his work also included studies on 
the alkaloids obtained from other Cactaceae. In addition 
to the previously mentioned alkaloids, Spath isolated 
from peyote five other products: anhalinine and an- 
halidine in 1935 (80, 81), N-methylmescaline in 1937 
(83), N-acetylmescaline in 1938 (84), and O-methyl-d- 
anhalonidine in 1939 (85). 


Interest in peyote, at least in research laboratories, 
remained dormant after the last contributions of Spath 
until very recent years, presumably with the resurge or 
increase of interest in the psychotomimetic agents and 
their sources which has become a hallmark of our days. 
Three tyramine derivatives were identified in peyote 
during 1965-1966; they are tyramine and its N-methyl 
and N,N-dimethyl (hordenine) derivatives (9 1, 92). 
The presence of candicine was suggested (92) on the 
basis of TLC evidence but could not be confirmed in 
later work (93). All these products were previously en- 
countered in several cacti of other plant species. From 
1967 onward, Kapadia and his coworkers examined the 
relatively minor alkaloidal and related nonbasic (qua- 
ternary, acid, and amide) constituents of peyote and 
identified 26 additional compounds. These include the 
alkaloids peyophorine (94) and 3-demethylmescaline 
(95); the quaternary bases anhalotine, lophotine, and 
peyotine (93) ; the amides N-acetyl-3-demethylmesca- 
line, N-acetylanhalamine, and N-acetylanhalonine; N- 
formylmescaline, N-formyl-3-demethylmescaline, N- 
formylanhalamine, N-formylanhalonine, N-formylan- 
halinine, N-formylanhalonidine, and N-formyl-0- 


C02H 


-+ ArCOCl + ArCHO + 


HjCO 
OCH, 


ZII/A~OH Na-Hg * ArCH2 CH=NOH 


H,’CoT 
ArCH=CHN02 


OCH, 


Ar(CHJ2COOH - Ar(CH2)&ONH2 - Ar(CH2XNH2 (I) 
Scheme I1 


methylanhalonidine (96); six cyclic derivatives of 
mescaline [succinimide, malimide, maleimide (96), cit- 
rimide, isocitrimide lactone, and pyrrole (97)] in addi- 
tion to two other cyclic amides, mescalotam and peyo- 
glutam (96); and the acids peyonine (98), peyoruvic 
acid, and peyoxylic acid (99, 100). Agurell and Lund- 
strom also identified 3,4-dimethoxyphenethylamine (101) 
in addition to 3-demethylmescaline (102). Table I con- 
tains a list of the hitherto identified constituents of 
peyote. 


CHEMISTRY OF PEYOTE CONSTITUENTS 


Phenethylamines-Mescaline and Its Congeners- 
Mescaline, 3,4,5-trimethoxy-p-phenethylamine (I), is the 
active hallucinatory principle of peyote (L.  williamsii); 
it occurs in the drug to the extent of 6 and is the main 
constituent. 


The principal synthetic approaches for mescaline and 
related 0-phenethylamine derivatives are basically 
methods for the construction of the ethylamine side 
chain onto the appropriately substituted aromatic sys- 
tem. 


The first synthesis of mescaline was realized by Spath 
in 1919 (73). 3,4,5-Trimethoxybenzoic acid was trans- 
formed into the corresponding aldehyde and subse- 
quently, by reaction with nitromethane in ethanol solu- 
tion containing alkali, into the o-nitrostyrene, which 
was finally reduced to mescaline in two steps (Scheme 
I). 3-Demethylmescaline (V) was also prepared as an 
intermediate toward anhalamine (XIII) by Spath and 
Roder (90), using essentially the same method after 
temporary protection of the phenol group. This funda- 
mental sequence was used by many later workers ( 1  14- 
129) in the preparation of mescaline and several of its 
isomers and analogs. Improvisations have essentially 
been concerned with the conditions of reaction in the 
individual steps. The reaction of the benzaldehyde with 
nitromethane can afford better yields of the w-nitro- 
styrene derivative when performed in acetic acid con- 
taining ammonium acetate (121, 123, 126, 129, 130), as 
originally found by Raiford and Fox (13 1) and Gairaud 
and Lappin (132), or when an aliphatic primary amine 
is used as a condensation catalyst (122, 133), as sug- 
gested by Worrall and Cohen (134). Erne and Ramirez 
(118) and Ramirez and Burger (135) found that reduc- 
tion of the nitrostyrene side chain can be performed with 
high yield in one step using lithium aluminum hydride4 
(1 19,121, 130,133). This reduction may also be achieved 


4 Recently, Kapadia and Shah (136) found that this reaction can also 
lead to partlal demethylation. Thus 4-demethylmescaline resulted, in low 
yields, from the lithium aluminum hydride treatment of the nitrostyrene 
discussed, the corresponding phenylacetonitrile, or mescaline itself; 
similar treatment of pyrogallol trimethyl ether and some of its deriva- 
tives also gave the corresponding syringyl phenols. 


Vol. 59, No. 12, December 1970 0 1701 







Table I-Peyote Constituents 


Molecular M.p., b.p./mm., Ref- Other Natural Sources 
Number and Name Structure Formula [alD erences (References) 


I Mescaline 


I1 N-Methylmesca- 
line 


I11 N-Formylmesca- 
line 


IV N-Acetylmesca- 
line 


V 3-Demethylmesca- 
line 


VI N-Formyl-3-de: 
methylmescaline 


VII N-Acetyl-3-de- 
methylmescaline 


VIII 3,CDimethoxy- 
phenethylamine 


IX Tyramine 


X N-Methyltyra- 
mine 


XI Hordenine 


XI1 Candicineb 


XI11 Anhalamine 


XIV N-Formylanhal- 
amne 


H 3 c 0 F N H 2  H3C0 


OCH, 


H 3 c 0 v C H 3  H3C0 


m H 3  


" . ' T N C O H  H3CO 


OCH, 


OCH, 


H 3 c 0 F N € 1 2  HJCO 


OH 


H 3 c 0 F N C O H  H3C0 


OH 


H 3 c o F N C O C H I  H,CO 


OH 


H3C0 H " 0 m N € 1 2  


HO 


H 3 c 0 F N H  H3C0 


OH 


H3C0 H ' c O v N C O H  


OH 


CiiHiaaN 3&32 O 7,40,139 Trichocereus terscheckii 
180"/12 (103, 105). T. 


iacianoi (104, 105, 
188), T. werderman- 
nianus (105, 188), T. 
bridgesii (105, 188), 
T. macrogonus (105), 
Gymnocalycium 
gibbosum (106), 
Opuntia cylindrica 
(107, cf. 105) 


CizH190aN 177.5178" 7, 83 
(As picrate) 


CizH1701N 68-69 O 96,108 


CiaHisOrN 93-94" 7,84,96 


CioHisOsN 178-179" 95,102 T. pachanoi (105) 
(As HCI) 


CiiHis04N -' 96 


101 T. bridgesii CioHi60zN 188 Oil5 
(105), T.  camar- 
guensis (109, T. 
macrogonus (103, T. 
pachanoi (105, 188), 
T.  werdermannianus 
(105, 188), Echinc- 
cereus merkeri (1 1 3) 


CsHiiON 161" 7,92 Several Cactaceae, cf: 
ref. 105, for other 
sources, cf: refs. 41, 
109 


CsHi30N 127-128" 92 T. carnarguensis (105), 
T. schickendantzii 
(105), also cf. refs. 
41, 109 


ref. 105; also cf. 
refs. 41, 109 


CioHisON 1 17-1 18 O 7,91,92 Several Cactaceae, cf. 


CiiHi90zN 23&231 7,92,93 T. candicans (110), T. 


T. spachianus ( 1 12) 
(As iodide) lamprochlorus (1 ll), 


CtiHisOaN 189-191 O 7,64,65 


(Continued) 
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Table I-Continued 


Number and Name 


~~~ 


Molecular M.p., b.p./mm., Ref- Other Natural Sources 
Structure Formula [QID erences (References) 


XV N-Acetylanhal- 
amine 


XVI Anhalinine 


XVII N-Formylanhal- 
inine 


XVIII Anhalidine 


XIX Anhalotine 
(iodide) 


XX Anhalonidine 


XXI N-Formyl- 
anhalonidine 


XXII 0-Methyl-d- 
anhalonidine 


XXIII Pellotine 


XXIV N-Formyl-0- 
methylanhalo- 
nidine 


XXV Peyotine 
(iodide) 


XXVI Anhalonine 


XXVlI N-Formylanhalo- 
nine 


XXVIII N-Acetyl- 
anhalonine 


H 3 c o F N C O C H 3  H,CO 


OH 


H,CO 
OCH, 


H,CO 
OCH, 


H,CO 
OH 


H,CO 
OH 


H,CO 
OH CH, 


H,CO 
OH CH, 


H,CO 


HICO CH, 


H,CO 
HO CH, 


H C O  CH, 


H 3 c 0 w N ( L H 3 ) 2  H,CO 


OH CH, 


CH, 


H,CO 


H 3 c o w N C O C H 3  0 


Lo CH, 


Ci2Hn03N 61-63 * 


CnHi7OaN 131-133" 


CiaH2003NI ' 219-220" 


C13Hi903N 140'/0.05 
+20.7" 
(MeOH) 


Ci3H1903N 11 1-1 12" 


Ci4Hi704N 


96 


7,80 


96 


7,81 


93 


7,61 T. pachanoi (105) 


96 


7,85 


7,60,65 


96 


93 


7,52-54, T. terscheckii (168) 
61 


96 


96 


(Continued) 
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Table I-Continued 


Molecular M.p., b.p./rnrn., Ref- Other Natural Sources 
Number and Name Structure Formula [OID erences (References) 


XXIX Lophophorine 


XXX Peyophorine 


XXXI Lophotine 
(iodide) 


XXXII Mescaline suc- 
cinimide 


XXXIII Mescaline 
maleimide 


XXXIV Mescaline 
maleimide 


XXXV Mescaline 
citrimide 


XXXVI Mescaline 
isocitrimide 
lactone 


XXXVII Peyoglunal 


XXXVIII Mescalotam 


XXXIX Peyoglutam 


XL Peyoruvic 
acid 


XLI Peyoxylic 
acid 


H3C0wCH, 0 


Lo CH, 


H 3 c 0 v N C 2 H 5  0 


Lo CH, 


H,CO 
H3C0 


H,CO 
H,CO 


H,CO 


" " T N  0 


H'CoH,CO qoH 
CO,H 


H ' C o F N  0 


H3C0H,C0 


0 


H l C O ~ $ z o H  


H,CO 


H,CO OHC 


H,CO 
H,CO 


H,CO 


Ci4Hi903N 155-1 56," 
(As picrate) 


Ci4Hzo03NI 240-242" 


CibHi 90sN 125-1 26' 


Ci4Hi704N 217-219" 


CiSH1705N 233-234" 


CizHiEOsN 237-238' 


7,61 


94 


93 


96 


96 


96 


97 


97 


97 


96 


96 


100 


100 


(Continued) 
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Table I-Continued 


Number and Name 
Molecular M.p., b.p./mm., Ref- Other Natural Sources 


erences (References) Structure Formula [fflD 


H,CO 


XLII Peyonine H,CO F D C O E H  CI~,HIBOSN 131-133.5' 98 


~~~ ~ 


a Products identified by GLC-mass spectrometry in comparison with authentic preparations. b The presence of candicine was, suggested (92) on 
the basis of TLC evidence but could not be substantiated in a later study (93); additional work is evidently needed to resolve thls question. 


electrolytically (I  15, 137) and by modified catalytic 
hydrogenation (1 17, 138-140). 


Slotta (141) and Slotta and Heller (142) followed a dif- 
ferent course for the synthesis of mescaline, which does 
not, however, seem to have attracted the attention of 
later workers. The appropriately substituted phenyl- 
propionamide was prepared as indicated in Scheme I1 
and finally subjected to Hoffmann degradation to give 
mescaline. 


In another synthesis, Hahn and Wassmuth (1 16) and 
Hahn (143) obtained mescaline by reduction of the tri- 
methoxyphenylacetaldehyde oxime which was prepared 
from the ozonization product of elemicine (Scheme 111). 


-% ArCH,CHO + 


HBCO 


H,CO 
OCHB 


ArCH,CH=NOH -----t Ar(CHJSNH2 (I) 


Scheme I l I  


A successful and versatile method for the construction 
of the ethylamine side chain (144, 145) involves trans- 
formation of the substituted benzoic acid into the cor- 
responding phenylacetamide uia the Arndt-Eistert syn- 
thesis, followed by reduction with lithium aluminum 
hydride (Scheme IV). The use of appropriate amines in 


ArCOOH - ArCOCl - ArCOCHNn - 
( k N 0 d  


NlIdOH 


LAH 
ArCH2CONH2 - Ar(CH,),NH2 (I) 


Scheme 1 V 


place of ammonia, in the treatment of the diazoketone, 
affords N-substituted phenethylamines (144). This ap- 
proach was recently used by Kapadia et al. (95) in 
the synthesis of 3-demethylmescaline (V), identified as a 
minor companion of mescaline in peyote. The suitably 
substituted phenylacetamide may also be obtained from 
the corresponding acetophenone uia the Kindler modi- 
fication of the Willgerodt reaction (Scheme V), which 
gives the intermediate phenylacetic acid derivative ( 146). 


ArCOCH8 + ArCHzCOOH .-+ ArCHaCONHz -, Ar(CH&NH2 
Scheme V 


Perhaps of only historical interest is the mescaline 
synthesis of HadGek et al. (147) in which the diazoke- 
tone group was transformed by a relatively long route 
to the ethylamine side chain (Scheme VI). 


COCHN, - ArCH,COOCH, -+ 


OCHj 


ArCH,COOH -+ ArCH2COCHN2 - Ar(CHJ2CONH2 -+ 


Ar(CH,),NH, (I) 
Scheme V l  


Mescaline was also synthesized, by Kindler and 
Peschke (139) and later by Amos (148), from the tri- 
methoxybenzaldehyde through condensation with po- 
tassium cyanide, followed by acetylation of the formed 
mandelonitrile and catalytic hydrogenation (Scheme 
VII). 


ArCHO -* ArCH(0H)CN -, ArCH(0Ac)CN -, 
Ar(CHd2NH2 (1) 


A convenient synthetic pathway of mescaline (Scheme 
VIII), which seems to be of general utility in the prepara- 


Scheme VII 


CH,OH 
-+ ArCH2CI -+ 


0CH3 
LAH 


ArCH,CN - Ar(CHJ2NH2 (I) 
Scheme Vll l  


tion of analogous phenethylamines, involves use of the 
substituted benzyl alcohol which is transformed into the 
phenylacetonitrile, uia the benzyl chloride, with final 
reduction using lithium aluminum hydride (149-1 54). 
Recently, Abdel-Rahman et al. (155) obtained excellent 
yields of mescaline by this route using thionyl chloride 
in the benzyl chloride preparation and potassium cya- 
nide in aqueous formic acid or dimethyl sulfoxide in the 
subsequent stage. Benington et al. (123, 130, 145, 156) 
obtained the desirable benzyl chloride derivatives by 
chloromethylation (using aqueous formaldehyde and 
concentrated hydrochloric acid or chloromethyl ether 
in acetic acid) (130) of the appropriately substituted 
benzene derivative. 


The recent review of Pate1 (40) on mescaline and its 
analogs gives a comprehensive listing of the various 
aromatic and N-substituted P-phenethylamines reported 
in the literature which have been obtained essentially by 
the foregoing methods (115, 137,142,157-162). 
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The most important degradative reactions of mesca- 
line are those used in recent times in biosynthetic studies 
to determine the location of an introduced label. Cleav- 
age of the ethylamine side chain (Scheme IX) may be 


++ H 3 C O F ~ ~ ~  + HCHO 


H3CO H,CO 
OCH3 OCH, 


Scheme I X  


effected by oxidation with potassium permanganate to 
give, for example, 3,4,5-trimethoxybenzoic acid from 
mescaline (163-167) and 4-acetoxybenzoic acid from 
0-acetylhordenine (166). Products comprising both 
carbon atoms of the side chain may also be obtained, 
as illustrated by Leete’s (164) systematic degradation of 
mescaline. In the latter, the N,N-dimethyl methiodide 
derivative was subjected to Hoffmann degradation ; the 
resulting styrene was oxidized to a diol with osmium 
tetroxide followed by cleavage with sodium metaperi- 
odate, yielding 3,4,5-trimethoxybenzaldehyde and 
formaldehyde. 


Several simple N-substituted derivatives of mescaline 
and 3-demethylmescaline are also known to exist in 
peyote. N-Methylmescaline (11) and N-acetylmescaline 
(IV) were identified by Spath and Bruck (83, 84) in 
1937-1938; the first was synthesized (83) from mescaline 
by condensation with benzaldehyde followed by quater- 
narization with methyl iodide and hydrolysis. By using 
the technique of combined GLC-mass spectrometry, 
Kapadia and Fales (96) recently identified the N-formyl 
and N-acetyl derivatives of both mescaline (111 and IV, 
respectively) and 3-demethylmescaline (VI and VII, 
respectively) in the nonbasic fractions of peyote. 3-De- 
methylmescaline (V) itself was more recently found to 
be a constituent of peyote, and its synthesis was realized 
as indicated before (95). 3,4-Dimethoxyphenethylamine 
(VIII) (=homoveratyrlamine) was detected in trace 
amounts in peyote by Lundstrom and Agurell (101) 
using GLC. 


Tyramine and Its Derivatives-The presence of tyra- 
mine (IX) and N-methyltyramine (X) in Cactaceae is an 
extremely rare event (7, 92). The first was detected by 
TLC and the second isolated by McLaughlin and Paul 
(92) from the phenolic fractions of peyote. Hordenine 
(XI) was isolated (91) from the phenolic fractions, and 
candicine (hordenine quaternary metho derivative) 
(XU) was detected by TLC (92) in the quaternary base 
fractions of peyote by the same workers (cf. 93). Both 
products are known to be constituents of other cacti 
(7, 168). In a recent report, Todd (169) showed that 
hordenine, unlike several other phenethylamine and 
tetrahydroisoquinoline constituents of peyote, occurs 
only in the roots. 


Tetrahydroisoquinolines-The principal reported ap- 
proaches for the preparation of the peyote tetrahy- 
droisoquinoline alkaloids seem to have depended 
basically on the general Pictet-Spengler (170), Bischler- 
Napieralski (171), and Pomeranz-Fritsch (172) iso- 
quinoline syntheses. In the first two types, the ap- 
propriately substituted (aromatic 3,4,5-trioxygenated) 
phenethylamine derivative is the starting material to 
be transferred into the desirable tetrahydroisoquinoline 
carrying a methylene or a CH.CH, group at C-1. This 
additional unit is provided by reaction with an aldehyde 
in the first type of synthesis and by cyclization of the 
N-acyl derivative in the second type. In both, the un- 
symmetrically 3,4,5-trisubstituted phenethylamines are 
likely to follow either (or both) of two possible directions 
of cyclization. It remains, therefore, as an additional 
task, to ascertain the exact disposition of the resulting 
tetrahydroisoquinoline. This problem is not encountered 
in the syntheses depending on the Pomeranz-Fritsch 
method and its modifications (173), since the starting 
material, an N-benzylaminoacetaldehyde diethylacetal, 
can be so substituted as to give only one possible cycli- 
zation product. It is a fact that the structure elucidation 
of the principal tetrahydroisoquinolines of peyote-for 
which Spath must be credited-was realized largely by 
synthetic approaches, inspired by biogenetic consider- 
ations, rather than by degradative ones. 


Anhalamine, Anhalidine, Anhalinine, and Anhalotine- 
Anhalamine (XIII) was first isolated from peyote by 
Kauder (65) and is estimated to exist in the cactus to 
the extent of 0.1 % (64). Anhalidine (N-methylanhal- 
amine) (XVIII) and anhalinine (0-methylanhalamine) 
(XVI) were discovered by SpHth and Becke (80, 81) in 
peyote, where they exist as minor alkaloidal constitu- 
ents; their yields are estimated to be 0.001 and 0.01 %, 
respectively. 


The first synthesis of anhalamine (XIII) was realized 
by Spath and Roder (90) through Pictet-Spengler con- 
densation of 3,4-dimethoxy-5-benzyloxyphenethylamine 
(XLIII) with formaldehyde (Scheme X). The direction 


bR b R  
I, R = CH, XIII, R i= R1= H 


XVI, R = CH3, R1= H 
XVIII, R = H, R, = CH3 


XLII1,R =Bz 


H~~CoYYCozH n 


OCP, 


Scheme X 


of cyclization and, hence, location of the phenol group 
were determined by permanganate oxidation of the 
0,N-diethyl derivative which gave 4,5-dimethoxy-3- 
ethoxyphthalic acid (79). Anhalinine was also obtained 
by Spath and Becke (80) by a similar treatment of mesca- 
line (I); anhalidine (XVIII) was obtained simply by 
treatment of anhalamine with methyl iodide and isola- 
tion from the complex reaction mixture (81). During a 
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Pomeranz-Fritsch reaction of the Schiff base XLIV, cyclization of the urethan derivative obtained from the 
obtained as shown in Scheme XI, Inubushi and Fujitani appropriate phenethylamine, followed by stages of re- 


duction of the formed lactam system and introduction of 
H,CO I the required substituents. Scheme XI11 outlines the ap- 


COCl 


OCH, I - H 3 c o ~ N H C O O E t  H,CO - y + + -  OCHa 


H3CO 


Br 


H3C0 


H&O H3c0% Br -- 


Br 


Hacow 
l . H C  H3C0 wNH - LAH 


H3C0 H3C0 
- NH 2.BzBr 


H,CO 0 OBz 0 


XLV 
Scheme XIII 


EtO OEt plication of this route in the synthesis of anhalamine 
(XIII) and anhalidine (XVIII). The same sequence of H3c0q3 -* reactions was also used by Kametani et al. (154) for the 


H l C o q )  


H,CO H3C0 H&O 
POCL 


XLIV OH HaCO W N H  - OH CH,C,H,Br 


H&O OBz H 


H3C0 F N C H 3  H3c0F! H 3 c 0 F N H  


OH 
XVIII H3C0 H3C0 


Scheme X I  OBz OH XIII 


(125) found, unexpectedly, that the isoquinoline product 
had lost the C-1 substituent; they obtained anhalidine 
(XVIII) by subsequent quaternarization and reduction. 


An interesting adaptation of the Pomeranz-Fritsch 
isoquinoline synthesis, originally developed by Bobbitt 
et al. (173) for the construction of tetrahydroisoquin- 
olines by acid-catalyzed cyclization of the requisite N- 
benzylaminoacetaldehyde diethylacetal followed by 
hydrogenation, was recently used by Bobbitt and Dutta 
(174) in a novel synthesis of anhalamine, anhalinine, and 
anhalidine (Scheme XII). 


A relatively simple but less familiar method was 
earlier developed by Brossi et al. (175) for the construc- 
tion of the heterocyclic ring by polyphosphoric acid 


and 1. NaBH, and 


H3C0 
6CH3 6CH, 


,XLVI 
Scheme XIV 


synthesis of the same compounds. In a later report, 
Brossi et al. (176) showed that the Bischler-Napieralski 
cyclization of N-formyl-3,4-dimethoxy-5-benzyloxy- 
phenethylamine (Scheme XIV) occurs in both possible 
directions-unlike the 5-acetoxy analog (XLVI1)-to 
give a mixture of two dihydroisoquinolines (XLVI). 


6 H  6 H  HO 


2. H,/Pd-C J‘ H+ 1,” 2. H,/Pd-C 


CH& XVIII XVI - XI11 
Scheme XI1 
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Reduction and hydrogenolysis finally afforded a binary 
mixture from which anhalamine (XIII) was isolated. A 
Pictet-Spengler reaction of 3,4-dimethoxy-5-benzyl- 
oxyphenethylamine with formaldehyde was found by 
Brossi et al. (176) also to afford products, resulting from 
cyclization in both directions, including anhalamine 
(Scheme XV). 


HCHO. HCI 


OBZ 


H,CO 


H,CO -€I + H,CO ’ “ W H  


OBZ 
XLV 


OCH, 


H,CO HovNH 
bCH, 


Scheme XV 


Anhalotine (XIX) was isolated from the fraction of 
quaternary bases of peyote by Kapadia et al. (93) and, 
as the iodide, was shown to be identical with anhalidine 
methiodide. N-Formylanhalamine (XIV), N-acetyl- 
anhalamine (XV), and N-formylanhalinine (XVII) were 
detected by combined GLC-mass spectrometry in the 
nonbasic fractions of peyote (96). Synthesis of the formyl 
derivatives (XIV and XVII) was achieved by treatment 
of the corresponding base with triethylamine and formic 
acid, a method recommended by Durand et al. (177). 


Degradation of the heterocyclic system in tetrahy- 
droisoquinolines was previously used in structure deter- 
mination work and is currently a means to locate the 
label in biosynthetic studies. An example is the relatively 
recent degradation of anhalamine (178), as the 0 , N -  
dimethyl derivative methiodide, to 3,4,5-trimethoxy- 
phthalic anhydride (loss of C-3 of anhalamine), using the 
conditions described much earlier by Spath and Becke 
(179). 


Anhalonidine, Pellotine, and Peyotine-Anhalonidine 
(XX) was first isolated by Heffter (61) who found as 
much as 5% of it in peyote. 0-Methyl-d-anhalonidine 
(XXII), an optically active alkaloid, was discovered in 
very small amounts by SpIth and Bruck (85). Pellotine 
(XXIII) was discovered also by Heffter (60) in 0.74% 
yield and later by Kauder (65). SpSth and Kesztler 
(89) prepared the optically active forms of pellotine 


H&O bH3 CH3b CH3 


H,CO 
XX or XXIII 


H3C0 Me 


6 A c  &H3 OAc kH, 


XLVII 


Scheme X V l l  


and, considering the ease with which they racemize, 
these authors thought that the natural product might be 
optically active and that racemization occurs by aging 
of the drug or during the process of isolation. 


Anhalonidine and pellotine were the first peyote tetra- 
hydroisoquinoline alkaloids to be synthesized-as early 
as 1921 by Spath (74). The synthesis was realized em- 
ploying a Bischler-Napieralski condensation of N- 
acetylmescaline and leading, as indicated in Scheme 
XVI, to  a quaternary iodide which was identical with 0- 
methylpellotine methiodide. Anhalonidine (XX) was cor- 
related to pellotine (XXIII) by complete methylation of 
both to the same product. In an independent synthesis of 
rac. anhalonidine, Spath (76) followed the same route 
using N - acetyl - 3,4 - dimethoxy - 5 - hydroxyphenethyl- 
amine after a temporary protection of the phenol group 
by acetylation (XLVII) as shown in Scheme XVII. The 
direction of cyclization and, hence, location of the phenol 
group were determined (86) by permanganate oxidation 
of the 0-ethyl derivative of pellotine,! which gave the 
known 4,5-dimethoxy-3-ethoxyphthalic acid; this was 
also confirmed by an analytical approach (82). 


In another synthesis of pellotine (XXIII), Spath and 
Becke (78) subjected the Schiff base (XLVIJI), obtained 
by condensation of 2-benzyloxy-3,4-dimethoxyaceto- 
phenone with aminoacetaldehyde diethylacetal, to Pom- 
eranz-Fritsch cyclization using sulfuric acid (Scheme 
XVIII). The resulting isoquinoline was quaternarized 
and finally reduced to rac. pellotine. More recently, 
Brossi et al. (175) used the urethan derivative of mes- 
caline (Scheme XIII) in a new synthesis of rac. anhal- 
onidine and rac. pellotine via the 6,7-dimethoxy-8-benz- 
yloxytetrahydroisoquinoline intermediate (XLV) as out- 
lined in Scheme XIX. In a later report, Brossi et al. (176) 
obtained, in the Bischler-Napieralski cyclodehydration 
of N-formyl - 3,4 - dimethoxy - 5 - benzyloxyphenethyla- 


EtO OEt 


OBz kH3 bBZ 
XLVIII 


H,Cb bH3 
Scheme XVl  


OH CH, 
Scheme XVIII 
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H,CO 


H 3 c 0 q Q 3 z  H3C0 H3C0 


CH,MgI 


OBZ bBz &H3 


1 
6BZ 


Scheme X I X  


mine, a mixture of the two possible dihydroisoquinoiines 
(XLV1)-unlike the acetoxy counterpart (XLVII) (76, 
86)-which was quaternarized and treated with methyl 
Grignard reagent to  lead eventually to  a mixture from 
which rac. anhalonidine (XX) was separated (Scheme 
XX). 


OBZ 
BzBr 1. CH,MgI 


SLVI  - and 2. H,/W 


H,CO 
bCH3 


OH CH, XX 


and 


HO 


H,CO 
H,CO CH,, 


Scheme X X  


Very recently, Takido ef al. (180) made use of Bob- 
bitt's modification (173) of the Pomeranz-Fritsch 
isoquinoline synthesis. The requisite Schiff base 
(XLIX), obtained from reaction of the appropriate 
acetophenone with aminoacetaldehyde diethylacetal, 
was cyclized to give YUC. anhalonidine and ruc. pellotine 
(Scheme XXI). 


Peyotine (XXV) was recently isolated by Kapadia 
et al. (93) by fractionation of the quaternary bases ob- 
tained from peyote; it was shown, as the iodide, to be 
identical with pellotine methiodide. By combined GLC- 
mass spectrometry technique, Kapadia and Fales (96) 
proved the presence of N-formylanhalonidine (XXI) and 
N-formyl-0-methylanhalonidine (XXIV) in the non- 
basic fractions of peyote. 


A useful degradative sequence of anhalonidine, re- 
ported by Leete (164), consists in reductive cleavage of 
the heterocyclic system in the methiodide of 0-methyl 
derivative followed by quaternarization and Hoffmann 


degradation of the product (Scheme XXII). The result- 
ing styrene derivative was oxidized to  a glycol with 
osmium tetroxide and finally cleaved with sodium meta- 
periodate, giving 2-ethyl-3,4,5-trimethoxybenzaldehyde 
and formaldehyde. By use of this systematic degrada- 
tion, it was possible to ascertain the location of the label 


XLIX 


OH QH 


H3c0&NH r NaBH, HCHO, HJco@NCHb 


H3C0 H,CO 
b H  kHj  OH bH4 


1 HJPd-C J HJPd-C 


HCHO, NaBH, xx - XXIII 
Scheme X X l  


at C-3 in anhalonidine resulting from feeding of tyrosine- 
2-14C to peyote (164). The Kuhn-Roth oxidative degra- 
dation of such alkaloids carrying a methyl group on C-1 
is also often resorted to as a diagnosis of the label present 


xx 


+ HCHO(C-3) H3c0RcH0 H,CO H,CO CH: 


Scheme X X l l  
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in this part of the molecule giving rise to acetic acid 
(100,181,182). 


Anhalonine, Lophophorine, Peyophorine, and Lo- 
photine-Anhalonine (XXVI) (as the I-form) was first 
isolated by Lewin (52-54) and was estimated (61) to 
occur to the extent of about 3 % in peyote. Lophopho- 
rine (XXIX), as the I-form, was found by Heffter (61) 
to occur in peyote in 0.5% yield. SpFith and Kesztler 
(88) resolved the synthetic racemic mixture of anhal- 
onine (87) and showed that natural lophophorine 
results by N-methylation of I-anhalonine. Peyophorine 
(XXX) was discovered fairly recently by Kapadia and 
Fales (94) as a minor constituent of peyote. It was pre- 
pared (94) by N-ethylation of anhalonine with diethyl 
sulfate and by lithium aluminum hydride reduction of 
N-acetylanhalonine (XXVIII); the latter is itself a 
natural constituent of peyote (94). This is the only N- 
ethylated alkaloid so far found in peyote, and its pres- 
ence is remarkable in view of the extreme rarity of such 
moiety in nature (1 83). N-Formylanhalonine (XXVII) 
is another minor constituent of peyote; it was identified 
by combined GLC-mass spectrometry in the nonbasic 
fractions (96). 


The synthesis of rac. anhalonine (XXVI) and rac. 
lophophorine (XXIX) was realized by Spath and Gang1 
(87) by a Bischler-Napieralski cyclodehydration of N- 
acetylhomomyristicylamine followed by reduction and 
quaternarization (Scheme XXIII). The structure was 


CHJ KMnO, 
XXVI - XXXI - 


Scheme XXIII  


later confirmed by oxidation to 3,4-methylenedioxy-5- 
methoxyphthalic acid (80). The quaternary base (XXXI), 
corresponding to anhalonine and lophophorine and 
synthesized in 1923 (87), was quite recently shown by 
Kapadia et aI. (93) to be itselfa constituent of peyote; it 
was named lophotine. 


Alkaloidal Amides-Very little attention has been 
given to the study of the nonbasic fractions of the al- 
kaloid-bearing Cactaceae (and, in fact, most other 
alkaloid-bearing plants). This is testified to by the fact 
that only peyote has been found to contain N-formyl 
derivatives of its own alkaloids. It is also unlikely that 
N-acetyl alkaloidal derivatives have been found in 
cacti other than peyote. A discussion of these simple 
amide derivatives of the phenethylamine and tetra- 
hydroisoquinoline constituents of peyote has already 
been given under the appropriate titles. The probable 
biogenetic implications of such one- and two-carbon 
units are discussed later. 


The recent GLC-mass spectrometric studies by Ka- 
padia and Fales (96) showed that the nonbasic fractions 
of peyote contain more complex amide derivatives, the 
nature of which has been elucidated from mass spectral 


considerations and by comparison with synthetic mate- 
rials. These include the succinimide (XXXII), malimide 
(XXXIII), and maleimide (XXXIV) derivatives of 
mescaline, which were synthesized simply by sublima- 
tion of the mescaline salts of the corresponding acids. 
Very recently, Kapadia et al. (97) characterized three 
additional products in the same nonbasic fractions. 


XXXII XXXIII 


H,CO 


H3C0 
H,CO 


XXXIV 


These were the citrimide (XXXV), the isocitrimide lac- 
tone (XXXVI), and the 2-formyl-5-hydroxymethylpyr- 
role derivative (XXXVII) related to mescaline. The 
structures of the first two products were evidenced by 
mass spectral data and supported by synthesis from 
mescaline through treatment with citric acid anhydride 
and isocitric acid lactone, respectively. The constitution 
of the isolated XXXVII, designated peyoglunal, was 
postulated from IR, NMR, and mass spectral evidence; 
its synthesis was a t t em~ted .~  


0 
xxxv XXXVI 


H,CO OHC 


XXXVII 


The nonbasic fractions of peyote were also found 
(96) to contain two structurally interesting lactams, 
XXXVIII and XXXIX, related to mescaline (I) and 3- 
demethylmescaline (V), which were named mescalotam 
and peyoglutam, respectively. Their constitutions, 
prompted by biogenetic considerations, were proven by 
synthesis from the corresponding bases by treatment 
with a-ketoglutaric acid followed by decarboxylation 
(Scheme XXIV). The direction of cyclization in 


6 While this manuscript was in preparation, a prod.uct containing 
XXXVII (GLC-mass spectrometry and other spectral evidence) was ob- 
tained by condensation of 2,5-dimethoxy-5-hydroxymethyltetrahydro- 
furfuraldehyde dimethyl acetal with mescaline. Treatment of desformyl- 
XXXVII under Riemer-Tiemann conditions also furnished XXXVII 
(97). 
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XXXVIII, R = CH3 
XXXIX, R = H 


Scheme XXIV 


XXXIX was established by NMR evidence (96, 184). 
Amino Acids-There does not seem to be any pub- 


lished data regarding the general proteinic amino acid 
content of peyote, significant and relevant to the bio- 
synthetic processes as they may be. The presence of 
proline in the amino acid fraction was, however, dem- 
onstrated lately by Kapadia et al. (185). Among the 
complex composition of this fraction, containing at 
least 12 products, two nonproteinic amino acids, named 
peyoruvic and peyoxylic acids, were characterized by 
GLC-mass spectrometry and shown to have Structures 
XL and XLI, respectively (99, 100). Their presence was 
anticipated on biogenetic grounds, and their synthesis 
was realized by condensation of 3-demethylmescaline 
(V) with pyruvic acid and glyoxylic acid, respectively, 
under physiological conditions. 


H J c o w N H  H,CO CO,H H 3 c 0 w N H  H3C0 


HO H3C HO C02H 
XL XLI 


Peyonine (XLII) is another minor constituent of 
peyote which was recently isolated (186) from the non- 
basic fractions. Its structure was determined (98) from 
spectral evidence and through synthesis by treatment of 
mescaline with methyl 2,5-dimethoxytetrahydro-2- 
furoate followed by saponification (Scheme XXV). Pey- 
onine appears to be the first simple pyrrole-2-carboxylic 
acid derivative isolated from a natural source. 


ANALYTICAL METHODS 


Several reagents have been used in the detection and 


6CH3 
I 


XLII 
Scheme X X V  


identification of mescaline and related compounds (187- 
192). Some are particularly useful in working with pey- 
ote alkaloid mixtures, for example, on thin-layer 
chromatoplates, such as dansyl chloride for nonphenolic 
products and tetrazotized benzidine (92) and tetrazo- 
tized di-0-anisidine (93) for detection and identification 
of phenolic ones. Also, a number of paper (193-198), 
thin-layer (92, 105, 169, 199-203), and gas (101, 105, 
204-207) chromatographic methods have been reported 
for the separation and identification of mescaline and 
other cactus alkaloids. Kapadia and Rao (206) observed 
a relationship between the retention time and structure 
of peyote alkaloids and related bases. 


Several methods have been recommended for the 
quantitation of mescaline in biological fluids. They in- 
clude colorimetric methods depending on measurement 
of the color formed by interaction with picric acid (208, 
209), bromocresol purple (210), and p-nitrophenyldia- 
zonium chloride (211, 212). In a fluorometric method 
(213), mescaline is transformed into a fluorescent iso- 
quinoline derivative; another method (2 14) is based on 
the characteristic oscillographic behavior of mescaline 
in acid and alkaline solutions. 


Mass Spectra of Peyote Alkaloids-The spectra of 
the phenethylamines and tetrahydroisoquinolines in- 
variably exhibit molecular ions with very low inten- 
sities. The principal fragmentations result by cleavage 
of the /?-bonds relative to the aromatic ring. The phen- 
ethylamines [such as I (215), V (99, and VIII (205)] and 
their N-alkyl-substituted derivatives thus give the benzyl 
ions a (which may also have tropylium structures) and, 
through transfer of a hydrogen atom from the departing 
fragment (arrows in Scheme XXVI), the equally im- 
portant (and often stronger) ions b. In tertiary amines, 
such as peyonine (XLII), the latter type of breakdown 
obviously does not take place, and the predominant 
fragment ion is due to Species a (98). The spectra are 
complicated further only by combinations of losses 
from the aromatic substituent groups. The N-formyl- 
phenethylamines [111 (216)] and N-acetylphenethyl- 
amines [VII (216)], as well as the related cyclic imide 
derivatives (XXXII-XXXIV) (96), give as principal 
fragmentation products ions of Species a in addition to 
styrene ions (c), resulting by scission of the C-N 
bond of the side chain with transfer of hydrogen (as 
depicted by the arrows in Scheme XXVII) in a Mc- 
Lafferty rearrangement. 


The primary reactions exhibited by the tetrahydro- 
isoquinolines [typified by XIII, XV, XVII, XVIII, XXIV, 
XXIX (216), and XXX (94)] involve expulsion of the 
C-1 substituent (217), giving the highly stabilized di- 
hydroisoquinolinium ion Species d (Scheme XXVIII). 
The strongest peaks in the spectra are due to ions 
(Species e)  formed by collapse of the heterocyclic system 
through the retro-Diels-Alder reaction. This type of 
breakdown does not seem to take place appreciably in 
those products carrying a methyl group on C-1, prob- 
ably because the elimination of this substituent is more 
favored and becomes by far the most important reac- 
tion. Mescalotam (XXXVIII) and peyoglutam (XXXIX) 
(96) exhibit relatively strong M+ ions and ones resulting 
by loss of the hydrogen atom on C-1 of the tetrahy- 
droisoquinoline system. Fragmentation of the lactam 
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h \ -CH,NR “ /  
Scheme XXVI 


ring by loss of CH2CHzC0 gives ions with appreciable 
abundance which may have Structuref (Scheme XXIX). 


BIOGENESIS OF PEYOTE ALKALOIDS 


Phenethylamines-As with the general interest in 
peyote and its constituents, studies on the biogenetic 
origin of mescaline (I) and its companion alkaloids, 
using labeled substrates, were initiated during the late 
1950’s. Prior to this, Reti (7) expressed certain hypo- 
thetical views-fairly reasonable as they later proved- 
which were unsubstantiated by experimental evidence 


/I 
C 


H3c0$9 
H,CO 


6CH3 
XXXII 


Scheme XXVIl 


and largely based on Guggenheim’s fundamental views 
regarding natural amines (218). I t  was already a matter 
of general agreement that the natural aromatic amino 
acids, such as phenylalanine (L), tyrosine (LI), and 
dopa (LII) must be biogenetically related to the pheneth- 
ylamine and tetrahydroisoquinoline alkaloids. Reti 
visualized the transformations as “simple” processes of 
decarboxylation, oxidation, 0- and N-methylation, and 
ring closure with formaldehyde or acetaldehyde 
equivalents. He thought that tyrosine, which “must” be 
present in peyote,6 undergoes oxidation by tyrosinase 


to give dopa, which may then successively suffer de- 
carboxylation to dopamine (LIII), oxygenation to 3,4,5- 
trihydroxy-P-phenethylamine (LIV), and 0-methylation 
to mescaline (I). Scheme XXX shows these transforma- 
tions ; the postulated (7) stages, which in recent years 
became established by convincing experimental evidence 
(vide infra), are indicated by heavy arrows. 


Reti (7) also offered a possible pathway for hordenine 
(XI) and candicine (XII) (of which the former is now 
proven to be a natural constituent of peyote), depending 
on the initial decarboxylation of tyrosine to tyramine 
(IX) followed-or perhaps preceded-by methylation. 
The source of the 0- and N-methyl groups as well as the 
CHZ in the methyIenedioxy groups was assumed to be 
formaldehyde. I t  was shown shortly later, by other 
workers using tracer techniques, that the N-methyl 
groups of N-methyltyramine (X) and hordenine, found 
in germinating barley, originate from the S-methyl 
group of methionine (219-221) and also from formate 
(220, 222). In fact, several studies carried out predom- 
inantly during the 1950’s showed that the methyl group 
of methionine serves as the source of 0- and N-methyl 
groups of many alkaloids and that it may also be the 
origin of the carbon bridge in methylenedioxy groups 
(219). The extensive studies of the Marion group (220- 
226) on the biogenesis of hordenine and N-methyl- 
tyramine in barley rootlets showed that phenylalanine, 
tyrosine, and tyramine’ are direct precursors. 


Working with peyote, Leete reported in 1959 (163) 
that the feeding of 2-14C-~~-tyrosine gave mescaline in 
which all the activity was located on the a-carbon atom; 
this constituted the first experimental evidence that 
tyrosine is a precursor in the pathway to mescaline (I). 
It was only in 1966 that the next report, concerning the 
biogenesis of mescaline, was made by Leete (164) and 
later by McLaughlin and Paul (166) who had anticipated 
the existence of simple N-methylated tyramines on bio- 
genetic grounds and actually isolated hordenine (XI) 
and N-methyltyramine (X) and detected tyramine (IX) 
itself (91, 92). Tyrosine (LI), which may result 


Scheme X X V l l l  


8 Reti (7) also assumed the presence of tyrosine in all cacti since the 
darkening of cut stems, preceded by a red phase, is characteristic for the 
whole family, probably due to advanced oxidations involving tyrosinase. 
Tyrosine and tyrosinase have been found in some cacti. 


7 The enzyme-controlled N-methylations of tyramine in barley were 
studied by Mudd (227,228) who isolated a methionine-activating enzyme 
which converts methionine to S-adenosylmethionine, the actual methyl- 
ating agent; he also purified the enzyme tyramine methylpherase (229). 
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from phenylalanine (L), was regarded as the common 
intermediate leading to the production of tyramine and 
its N-methyl analogs by reactions involving decarbox- 


HO 


C0,H 
m H 2  + 


HO 
LI 


1 


LII 4 


HO 
IX 


In this proposal, he depended on the fact that 3,4-dihy- 
droxyphenylalanine (dopa) (LII) and N-methyltyrosine 
(LV) are frequently encountered in nature; by extrap- 
olation, 3,4,5-trihydroxyphenylalanine (LVI) and N,N- 
dimethyltyrosine (LVII) might also be expected to exist. 
However, McLaughlin and Paul (166), after administer- 
ing a-14C-tyrosine and a-'4C-tyramine to peyote, ob- 
tained incorporations which indicated that tyramine is 
a more direct precursor of mescaline and hordenine 
than tyrosine and that tyrosine is converted to tyra- 
mine. These findings seemed to offer more support to 
the alternative pathway (a). Rosenberg et al. (167) 
subsequently showed by similar feeding experiments 
that both dopa and dopamine are excellently incorpo- 
rated in the biosynthesis of mescaline. Although quite 
expectable, they showed that also phenylalanine serves 
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ylation and N-methylation, and also to mescaline by a 
different pathway involving decarboxylation and nuclear 
oxygenation. In these transformations, one may en- 
visage two possible routes in each case: (a) decarboxyla- 
tion occurs early in the biogenetic sequence, and (b)  
this process is preceded by N-methylations or ring oxy- 
genation (Scheme XXX). 


In his classical treatise, Guggenheim (218) held a 
view which was more in favor of the second alternative. 
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as a precursor for mescaline* and that it is converted in 
peyote into tyrosine. The latter conclusion, however, 
was not agreeable to Leete (164) who observed negli- 
gible incorporation of phenylalanine and suggested 
that peyote lacks the enzymes to convert it to tyrosine. 
However, the overall results clearly supported the earlier 


8 The low incorporation which they observed (1 67) is reasonable in 
view of the involvement of this amino acid in other biological roles; 
however, see Reference 164. 
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postulations of Reti (7) but indicated that two pathways 
are open from tyrosine to mescaline via d ~ p a m i n e , ~  
with one proceeding through dopa and the other 
through tyramine. In fact, quantitative comparisons 
made by Rosenberg et al. (167) showed that tyramine 
and dopa appear to be about equally efficient as pre- 
cursors to mescaline. Similar findings were obtained al- 
most at the same time by Agurell et al. (165). However, 
they reported somewhat different incorporation values 
and demonstrated that the 0-methyl groups of mes- 
caline may be derived from methionine. The enzymatic 
transformations of tyrosine to dopa and then to dopa- 
mine are well established in plant systems (172), and 
the specific enzymes involved (a tyrosinase and a dopa 
decarboxylase) may be quite different from those that 
transform tyramine into dopamine and tyrosine into 
tyramine, respectively (167). 


In more recent studies, Lundstrom and Agurell(l78) 
showed that tyramine, dopamine, and 3,4,5-trihydroxy- 
phenethylamine (LIV) (the latter so far has not been 
encountered in nature) are all efficient progenitors of 
mescaline on account of the observed high incorpora- 
tions of the a-14C-labeled materials. They also showed 
that phenethylamine and its 4-methoxy and 3,4- 
dimethoxy lo (VII1)-a natural constituent of peyote 
(101)-derivatives are not significant precursors. These 
find'ngs extend the previously established sequences a 
step further by showing that 3,4,5-trihydroxypheneth- 
ylamine" (LIV) may be a stage that follows dopamine 
en route to mescaline. 3,4-Dimethoxyphenethylamine 
(VIII) seems, however, to be a deadend product re- 
sulting from dopamine without being further metabo- 
lized to mescaline or to the tetrahydroisoquinoline 
congeners (vide infra). 


An alternative pathway from dopamine, namely that 
proceeding uia the partially 0-methylated derivative, was 
considered by both the Agurell (102, 233) and Paul 
(232, 234, 235) groups. Indeed, 3-methoxy-4-hydroxy- 
phenethylamine (LVTII) was shown to be an important 
contributor to the mescaline of peyote; the 3-hydroxy- 
4-methoxy isomer, in contrast, was not significantly 
incorporated. Of the several possible pathways from 
3-methoxy-4-hydroxyphenethylamine (LVIII) and 3,4,5- 
trihydroxyphenethylamine (LIV), the work of these two 
groups, using [a- (232-235) labeled compounds, 
afforded a definite choice. Whereas 3,5-dihydroxy-4- 
methoxyphenethylamine was hardly incorporated (233), 
the 3-methoxy-4,5-dihydroxy12 analog (LIX) served as 
an efficient precursor (232,233). 


The subsequent metabolic stage beyond inter- 
mediate LIX en route to mescaline was shown to result 
by methylation of the meta- rather than the para- 
hydroxyl group. Thus, 3,5-dimethoxy-4-hydroxyphen- 


Dopamine (LIII) has not been encountered, as yet, in peyote; it is, 
however, a constituent of another cactus, Curnegia gigantea (236). 


lo 3,4-Dimethoxyphenethylamine (VIII) was contemporarily sug- 
gested by Paul et al. (231) as a direct precursor on account of the high 
incorporation percentage; later, Rosenberg et al. (232) revised this 
judgment and dismissed this product as an actual participant. 


l1 The incorporation percentage of this compound reported by Paul 
et al. (231) was comparable to that given by Lundstrom and Agurell 
(178, 233), although both groups differed on its significance. 


**  In this connection, Benington and Morin (237) showed that 
enzymatic oxidation of LVIII in fact yielded LIX while VIII served as a 
poor substrate. 


ethylamine (LX) was utilized to a higher degree, sug- 
gesting it as the immediate precursor to mescaline 
(232, 233, 235). 3,4-Dimethoxy-5-hydroxyphenethyl- 
amine (V), which is a constituent of peyote (95, 102), was, 
however, not significantly incorporated (233, 234). A 
complete biogenetic scheme is thus available from 
phenylalanine to mescaline (Scheme XXX, the heavy 
arrows indicate verified transformations). It will be 
noted that meta-methylations occur along the mescaline 
pathway from LIII, LIV and from LIX. para-hlethyla- 
tions, which also occur to give the natural constituents 
VIII and V, seem, however, to  be the react'ons involved 
in the pathways leading to the tetrahydroisoquinolines. 


Kapadia et al. (185) carried out a special search by 
combined GLC-mass spectrometry in the amino acid 
fraction of peyote for products constituted as LXI- 
LXV, and they obtained no evidencel3 for their pres- 
ence. This is significant since it may indicate that the 
carboxyl group probably does not survive beyond the 
stage of dopa in the sequence leading to the more com- 
plex alkaloids of the cactus. 


LXIV, R = H, R,= CHI 
LXV, R = CHa, R,=  H 


LXI, R = R, =CHI 
LXII, R = CHJ, R, = H 


LXIII, R = H, R, = CH, 


Recent studies conducted with another mescaline- 
producing cactus, Trichocereus pachanoi Br. & R., 
revealed the presence of LVIII and LX (102); these 
products have so far not been encountered in peyote. 
Feeding experiments with labeled models (233) sug- 
gested that mescaline may be formed in this plant by 
the same biogenetic sequence operative in peyote 
(Scheme XXX). The comparatively much higher in- 
corporations of the intermediates IX and LIV ob- 
served in T. pachanoi may tend to indicate that the LI 
--., IX --* LIII -+ LIV + LIX pathway is a better 
contr butor to mescaline in this source than the alter- 
native pathway(s). 


Tetrahydroisoquinolines-In his review on cactus 
alkaloids, Reti (7) noted that the tetrahydroisoquinoline 
and phenethylamine alkaloids may be biogenetically 
related to each other on account of structural simila- 
rities and co-occurrence in plant sources. The same was 
suggested much earlier by Pictet and Spengler (238) 
who synthesized some simple tetrahydroisoquinolines 
by reacting the corresponding phenethylamines with 
formaldehyde; they suggested that a similar type of 
reaction may be operative in plant tissue. Spath (74) 
also expressed the same opinion during his earliest 
studies on peyote constituents. Specifically, formalde- 
hyde and acetaldehyde were regarded as the possible 
biological sources of the one- and two-carbon units at 
C-1 of the natural tetrahydroisoquinolines of peyote. 
Schopf (239,240) and Schopf and Bayerle (241) thought 


lSIt  would still, however, be desirable to find out if amino acids 
corresponding to mono-0-methylated analogs of LIV (such as LIX) 
and LVI are present in the natural mixture. 
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that only the phenethylamines carrying free hydroxyl 
groups, which would activate the hydrogen atom in- 
volved in the ring closure, are capable of such condensa- 
tion-a Mannich-type reaction which was demonstrated 
in vitro and shown to proceed at room temperature 
and in nearly neutral media. Hahn and Schales (242, 
243), however, proved that other methoxy and methyl- 
enedioxyphenethylamines are also capable of conden- 
sation, although to  a lesser extent. On the basis of other 
in vitro experiments, Hahn and his coworkers (244-247) 
suggested that similar condensation with a-keto acids, 
followed by decarboxylation, may lead in nature to the 
various tetrahydroisoquinolines. 


Battersby and Garratt (182) were the first to show, 
by feeding experiments, that the tetrahydroisoquino- 
lines of peyote, exemplified by pellotine, may originate 
from tyrosine. The finding was subsequently confirmed 
by feeding tyrosine-a-14C to peyote and isolation of 
both radioactive anhalonidine (XX), in which all the 
activity was shown by degradation to  reside in C-3 
(164, 18 I), and lophophorine (XXIX) (1 8 1). It seemed 
reasonable that the phenethylamine portion of the tetra- 
hydroisoquinolines would be biosynthesized by routes 
similar (or, in some stages, identical) to those that 
lead to  mescaline. Lundstrom and Agurell (178, 233) 
found that tyramine and dopamine are efficiently in- 
corporated into anhalamine (XIII), and Battersby et al. 
(181) showed the latter precursor to be a step on the 
pathway toward pellotine (XXIII). Available evidence 
(up to the time of writing this review) seems to indicate 
that beyond the stage of dopamine, different pathways 
exist for the different tetrahydroisoquinoline alkaloids. 
This may be the case since 3,4,5-trihydroxyphenethyl- 
amine (LIV), for example, was well incorporated into 
anhalamine (178, 233) but hardly in pellotine and 
anhalonidine (235). 3-Methoxy-4-hydroxyphenethyl- 
amine (LVIII) was an insignificant contributor for 
anhalonine (XXVI) (233) but a better one for pellotine l 4  
(248), anhalonidine (235), and anhalamine (233, 235). 
3-Metho~y-4~5-dihydroxyphenethylamine (LIX), which 
served as an efficient precursor for anhalamine (2331, 
was poorly incorporated into pellotine (248) and an- 
halonine (233). Further, 3,4-dimethoxy-5-hydroxy- 
phenethylamine (V) was found to be well incorporated 
into anhalamine (233, 235) and anhalonidine (235) 
but insignificantly into pellotine (235, 248) and anhalo- 
nine (233). Mescaline itself was also considered as a 
possible precursor but found to be a poor contributor 
for anhalamine (178) and pellotine (248); the slight 
incorporation found may be due to previous partial 
demethylation. 


It would appear, therefore, that the incorporations 
observed for the intermediates following the stage of 
dopamine are fragmentary and even inconsistent. Bat- 
tersby et al. (248) suggested that cyclization of 3,4,5- 
trihydroxyphenethylanine (LIV) to the isoquinoline 
system precedes O-methylation. Lundstrom and Agurell 
(233), however, were of the opinion that partial 0- 
methylation precedes cyclization and that 3-methoxy- 


1 4  The incorporation value (1.5 %) given by Battersby et al. (248) for 
this transformation, which those authors regarded as low, is higher 
than that (0.37 %) found by Paul et al. (235). 


4,5-dihydroxyphenethylamine (LIX) is a common precur- 
sor which, by further methylation on the para-hydroxy 
group, gives 3,4-dimethoxy-5-hydroxyphenethylamine 
(V); the latter may be the immediate progenitor of 
the tetrahydroisoquinolines or at least anhalamine. 
However, the situation, obviously confusing and diffi- 
cult to  explain, certainly calls for additional work 
to establish more rigorously the pathways followed, 
probably independently, in the elaboration of the phen- 
ethylamine portion of the different tetrahydroisoquino- 
lines. Also, the possibility that they may evolve from 
each other by transformations involving 0- and/or 
N-methylations or demethylations should not be over- 
looked. In  fact, Battersby et al. (248) demonstrated 
that N-methylation of anhalonidine occurs in vivo to  
give pellotine and that the reverse also occurs to an 
even greater extent. 


There seems to be general agreement that methionine 
is the sole or main source of the 0- and N-methyl 
groups in the tetrahydroisoquinoline alkaloids. This 
was demonstrated by the high incorporations observed 
into pellotine (18 1, 248), anhalidine (XVIII) (248), 
anhalamine, and anhalonidine (178) following the feed- 
ing of [methyl- 14C]methionine to peyote. l5 Battersby 
et al. (248) concluded that the S-methyl group of me- 
thionine is transferred intact, which is in agreement 
with previous work (249) on nicotine. 


The origin of the one-carbon ((2-1) and two-carbon 
(C-1 and C-9) units, present in tetrahydroisoquinolines 
of the anhalamine (XIII) and anhalonidine (XX) types, 
respectively, would still have to be accounted for. 
From feeding studies with [ 1- 14C]- and [2- 14C]acetate, 
Battersby et al. showed that the S-methyl group of 
methionine cannot be a contributor (181) and that 
the acetate carboxyl(181,248) and methyl (248) groups 
may contribute-but not through direct incorpora- 
tion 16-equally to  each position in the two-carbon 
unit of pellotine. This unit in anhalonidine was also 
shown by Lundstrom and Agurell(l78) not to  originate 
from methionine. 1’ Assuming that acetate suffers deg- 
radation prior to incorporation into the two-carbon 
unit (of pellotine, for example), Battersby et al. (248) 
studied the metabolism of bicarbonate and formate 
and found that only the latter could be incorporated 
into C-1 and C-9 with equal distribution. It became 
clear, therefore, that the two-carbon unit origi- 
nates from a precursor to  which both atoms of acetate 
and that of formate can donate and that other con- 
tributors must be involved. Battersby et ai. (248) sug- 
gested that glycine, serine, and pyruvate may be con- 
sidered as likely precursors and even that a C-5 side 
chain derived from mevalonate, in a suitable precursor 
akin to lophocerine (LXVI) (251,252), may be involved 
by degradation. 


l6 The feeding of sodium 14C-formate showed limited incorporation of 
this source into the O-methyl groups of pellotine (248). 


In fact, an appreciable pro ortion of the activity of the sodium [l- 
14C]acetate fed to the peyote pfant was scattered over the O- and N- 
methyl groups and the eight carbon atoms in the rest of the molecule 
(181). The acetate carboxyl group is known to contribute to the O-methyl 
groups and residues derived from the shikimic acid pathway (250). 


17 With anhalamine, however, the same workers (178) found that the 
methyl group of methionine can be incorporated into C-1 ; this may be 
construed as evidence of a pathway involving the oxidative cyclization of 
an N-methylated derivative of phenethylamine. 
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Kapadia and Fales (96) recently suggested that the 
alkaloid amides mescalotam (XXXVIII) and peyoglu- 
tam (XXXIX) discovered in peyote may result in 
uiuo by condensation of the appropriate phenethyl- 
amines with a-ketoglutaratels followed by decarboxyla- 
tion of the resulting acids, reactions that were also 
realized in uitro (uide supra). These authors (96) ex- 
tended their view, which was based on the original 
biosynthetic proposals of Hahn and his coworkers 
(244-247) to account for the origin of the one- and two- 
carbon units at C-1 in tetrahydroisoquinolines and 
suggested that they also arise from analogous con- 
densations with the appropriate a-keto acids, namely, 
glyoxylate and pyruvate, respectively, rather than ace- 
tate. More recently, Leete and Braunstein (253) pre- 
sented experimental evidence indicating that pyruvate 
can be involved since feeding sodium pyruvate-3- 4C 
to peyote cactus gave relatively high specific incorpora- 
tion of the labeled atom into C-9 of anhalonidine. The 
two-carbon unit (C-1 and C-10) of harmine (LXVII) 
was similarly reported by Stolle and Groger (254) 
to result from C-2 and C-3 of pyruvate; unspecific 
labeling was, however, obtained after feeding ace- 
tate-'*C to the Peganum harmala plant. In contrast, 
O'Donovan and Kenneally (255) found that the feeding 
of acetate-l-I4C to Eleagnus angustfolia plant yielded 
eleagnine (LXVIII) having predominantly all the activ- 
ity a t  C-I. 


These facts, along with the recent report of Slaytor 
and McFarlane (256) that N-acetyltryptamine serves 
as a direct precursor of harman (LXIX) in Passzjlora 
edulis, led Leete and Braunstein (253) to  suggest that 
the two-carbon unit in the tetrahydroisoquinoline 
alkaloids (such as anhalonidine, XX) results by cycliza- 


LXVI LXVII 


LXVIII LXIX 


tion from the N-acetyl moiety in the corresponding 
phenethylamine derivatives (such as VII) (Scheme 


For the origin of such N-acetyl groups, acetate must 
not be considered as the exclusive source since it failed to 
be incorporated directly into the tetrahydroisoquino- 
lines of peyote (uide supra), a fact that may be ration- 
alized by suggesting (253) that peyote contains no en- 
zymes capable of utilizing acetic acid directly for the 
formation of such an N-acetyl derivative (as VII). A 
biosyntheti scheme was, therefore, proposed (253) 


XXXI). 


~ ~~ 


I t  seems that the Krebs cycle acids conjugate favorably with 
mescaline (or a suitable precursor) in peyote, as evidenced by the proven 
(96) presence of the succinimide (XXXII), malirnide (XXXIII), and male- 
imide (XXXIV) derivatives (see above). 
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whereby pyruvate acts as the primary source of the two- 
carbon unit and proceeds to  acetylcoenzyme A, which 
then affords VII by contribution to the phenethylamine 
precursor. l9  The scheme centainly appears attractive, 
but its validity should be tested by the administration 
of N-acetyl- (and also N-formyl-) phenethylamines 
to peyote and determination of the degree of incorpora- 
tion into the corresponding tetrahydroisoquinolines. 2o 


This pathway is a marked departure from the views of 
Hahn et at. (244-247) and Kapadia and Fales (96) who 
proposed that a-keto acids, as likely sources of the one- 
and two-carbon units, undergo Mannich condensation 
with the hydroxylated phenethylamines followed by 
decarboxylation of the intermediate acids (as XL and 
XLI) to  yield the natural alkaloids; several in uitro 
simulations of such reactions were reported (Scheme 
XXXII). 
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l9 If taken literally, this would imply that glyoxylate is a source of the 
one-carbon unit in other tetrahydroisoquinolines (such as anhalamine) 
and that the N-formylphenethylamines, formed by a similar sequence, 
may be true precursors. 


20It is pertinent in this connection to remember that peyote does 
actually contain several N-acetyl- (IV and VII) and N-formyl- (I11 and 
VI) phenethylamines (Table 1) (96). While this manuscript was in prep- 
aration, Professor E. Leete (University of Minnesota, Minneapolis, 
Minn.) kindly informed the authors of his latest results (100) 
obtained from feeding N-[l-l4C]-acetyl-[a-14C]-3,4-dimethoxy-5-hy- 
droxyphenethylamine (VII) to peyote. These showed that the N-acetyl 
group was not involved significantly in the elaboration of the C-1 
moiety of anhalonidine (XX) or anhalamine (XIII). 
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The actual presence of such nonproteinic amino 
acids, named peyoruvic acid (XL) and peyoxylic acid 
(XLI), in peyote was recently demonstrated by Kapadia 
et al. (99, 100,185). Both were synthesized by condensa- 
tion of 3,4-dimethoxy-5-hydroxyphenethylamine (V) 
with pyruvic acid and glyoxylic acid, respectively, 
at room temperature and physiological pH and resulted 
very rapidly in excellent yields. This intensified the 
belief that similar condensations may likewise operate 
in the plant tissue. Since normal physiological condi- 
tions were found (100) incapable of inducing subsequent 
decarboxylation, the transformation of both acids 
(XL and XLI) into the optically active anhalonidine 
and anahalamine, respectively, evidently necessitates 
the action of stereospecific decarboxylases. Experi- 
mentally, it was found (100, 185) that this could be 
true since facile decarboxylation of carboxyl-labeled 
rac. peyoruvic and peyoxylic acids (XL and XLI, 
respectively) could be brought about by short-term in- 
cubation with fresh slices of the peyote cactus, nearly 
half the activity was recovered as [ 14C]-carbon dioxide. 
In a similar experiment in which [9- 14C]-peyoruvic acid 
was used, the decarboxylation product was iso!.ated 
and found to be the Schiff base LXX, accounting for 
nearly half the activity. Moreover, feeding of [ 1 - "1- 
peyoruvic21 and [ l-14C]-peyoxylic acids to live peyote 
plants resulted in the incorporation of 6.0 and 6.8% 
of radioactivity in anhalonidine (XX) and anhalamine 
(XIII), respectively (100). The joint occurrence of 3- 
demethylmescaline (V), peyoruvic acid, and peyoxylic 
acid in peyote-in addition to the tracer experiments- 
would seem to suggest that the pathway indicated in 
Scheme XXXII can account for the C-1 moiety in the 
tetrahydroisoquinolines in addition or preference to 
that proposed by Leete and Braunstein (253). The iso- 
lation of the dihydroisoquinoline LXIII in the relatively 
short-term slice experiment may suggest that this prod- 
uct is a true intermediate, since it might be stereo- 
specifically reduced to optically active anhalonidine 
(XX) with NADPH. 


More work is certainly needed to establish rigorously 
the precise biogenetic route followed in the construction 
of the C-1 moiety in the various tetrahydroisoquino- 
lines. Equally important is the work leading to the 
elucidation of the biogenetic interrelationships of the 
various tetrahydroisoquinoline alkaloids of peyote as 
well as the probable pathways that connect them with 
their phenethylamine precursors. In the latter, the bio- 
genetic changes in the benzenoid oxygen substituents 
seem to be of special interest since a convenient ex- 
planation for the origin of the methylenedioxy system 
is still lacking. Kapadia et al. (95) recently antici- 
pated the occurrence of homomyristicylamine (LXXI) 
in peyote and its probable biogenetic role. Whether the 
methylenedioxy group, 2 2  present in anhalonine (XXVI) 
and lophophorine (XXIX), is formed prior to or after 


~~ 


2 1  From the [1-14C]-peyoruvic acid-fed plant, an unknown water- 
soluble basic substance, accounting for about 90% of the administered 
radioactivity, was isolated which from spectral (NMR and mass) data 
appears to be anhalonidine (or a derivative) attached to a polar moiety 
(100). 


22It does not appear too unlikely that this group may arise from 
neighboring methoxy and hydroxy groups in the appropriate nucleus, 
since such transformation of aromatic substituents is a proven (257, 
258) biosynthetic event. 


cyclization remains to be established. The C-1 rnethylene 
counterpart (LXXII) of the latter compounds has not 
yet been found in peyote, although its presence is not 
unlikely from biogenetic reasoning. 


LXXI LXXII 


BIOLOGICAL EFFECTS OF PEYOTE ALKALOIDS 


General Pharrnacodynarnic Effects-Mescaline (1)- 
The effects of mescaline on the cardiovascular and res- 
piratory systems were studied by several investigators 
(259-266). In general, low doses (-4 mg./kg.) of mes- 
caline have no remarkable effects on blood pressure. 
Large doses (20-60 mg./kg.), however, produce a drop 
in blood pressure, bradycardia, respiratory depression, 
and vasodilation (259, 261-264, 266); the pressor 
and depressor effects persist after section of the vagi, 
greater and lesser splanchnic nerves, adrenalectomy, or 
atropinization. Moderate doses markedly inhibit the 
pressor effect of epinephrine without altering its ac- 
celerating effect on the cardiac rate. Grace (261), how- 
ever, observed that the fall in blood pressure produced 
by mescaline in anesthetized cats could be prevented by 
vagotomy, decapitation, or atropine. Strong solutions 
of mescaline arrest the perfused frog heart in diastole 
due to a direct action on the cardiac muscle (261). 
Mescaline produces some sensitization to the cardio- 
depressant action of sodium EDTA (267). Its action on 
the cardiovascular system and on the nictitating rnern- 
brane in cats and dogs is potentiated by pretreatment 
with reserpine (268). A threshold dose (152 mcg./kg. 
i.v.) causes slight potentiation of the effect of epi- 
nephrine on the nictitating membrane of anesthetized 
cats (269). Mescaline is slightly antagonistic to the 
vasoconstricting effect of serotonin perfused through the 
isolated rabbit leg (270). 


In concentrations over 0.2 %, mescaline causes 
gradual paralysis and shortening of the isolated gas- 
trocnemius muscle of the frog. It stimulates the con- 
tractions of intestine and uterus in situ but not when 
excised (261). The intestinal muscle initially shows con- 
traction but later is paralyzed (262). Other reports, 
however, show that mescaline causes respiratory stimu- 
lation, increases the tone of excised intestine, and 
slightly anesthetizes the cornea (260) and that it de- 
creases the tonus of the smooth muscle at a concentra- 
tion of 20 p.p.m. (264). The curarelike blockade of the 
dog peroneal tibialis anticus nerve-muscle preparation 
caused by mescaline is antagonized by epinephrine, 
prostigmine, and potassium chloride (271, 272). In 
rabbits and cats, it has no direct effect but it potentiates 
the inhibition of muscular contractions due to d-tubo- 
curarine, gallamine, and succinyldicholine (273). Mesca- 
line also stimulates the escape reflexes in mice in low 
doses and inhibits them in high doses (274). 


Mescaline facilitates serotonin-induced contractions 
of the isolated rat uterus at lower concentrations and 
contracts the uterus at higher doses; atropine has no 
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effect but chlorpromazine inhibits these uterine con- 
tractions (275-278). Mescaline causes vasoconstriction 
of the umbilical vessels of the human placenta (279). 
In small doses, it enhances the potentiating effect of 
serotonin but blocks the prolongation action of reser- 
pine on hexobarbital hypnosis in mice (280). It also 
augments cerebral serotonin levels and suppresses the 
protective effect of reserpine against toxicity of am- 
phetamine in mice grouped in small cages (281). The 
favorable results obtained after administration of 
mescaline in a few cases of amenorrhea were attributed 
to an antagonism to serotonin (282). 


Mescaline produces hyperthermia, and this effect 
in rabbits can be potentiated by ,  pretreatment with 
iproniazid or reserpine (283-285). Jacob et al. (286, 287) 
observed a correlation between the mescaline-induced 
hyperthermia in rabbits, antianalgesia in mice, and 
hallucinogenic action in man. In rats, it lowers rectal 
temperature and is an effective antipyretic agent against 
tetrahydro-2-naphthylamine-induced fever (288). 


A detailed discussion of the clinical pharmacology 
of mescaline and other related phenethylamines is 
given by Jacobsen (289). 


The LDSO)s of mescaline in the rat are 330-410 mg./kg. 
i.p., 157 mg./kg. i.v., and 534 mg./kg. S.C. (259, 260). 
These values fall within the ranges given by other in- 
vestigators for mice, frogs, and guinea pigs (290, 291). 
Flexor convulsions and respiratory arrest are the termi- 
nal events. Dogs fed with mescaline were reported (292) 
to develop capillary damage in the liver and nitrogen 
retention. Administration of sodium succinate to  mice 
(0.5 g./kg. i.p.) was found to afford complete protection 
against mescaline (0.2 g./kg.) (290). 


Hordenine (XI)-Heffter (59) gave the earliest de- 
scription of the pharmacological properties of this com- 
pound; it was found to cause paralysis of the CNS in 
frogs without previous excitation. It was also reported 
to be highly antiseptic and to have an inhibitory effect 
on some soluble ferments (293, 294). Small doses of 
hordenine have no effect on blood circulation, but larger 
ones produce appreciable hypertension and accelerated 
pulsation; very Iarge doses cause death by arrest of 
respiration. Rietschel(295, 296) found that the pressure 
effect of hordenine is not of central origin but results 
by stimulation of the heart muscle. Although much 
less active than adrenalin, it is analogous in its action, 
resembling ephedrine rather than adrenalin. Other 
workers reported that hordenine displays a nicotine- 
like action (297-299) and that in large doses it decreases 
or reverses the hypertensive effect of adrenalin (300). 


Anhalonine (XXVfi-Heffter (62) described some 
aspects of the activity of this compound and the fol- 
lowing ones after their first isolation from peyote. In 
the frog, injected doses of 5-10 mg. produced an in- 
crease in the reflex excitability after a phase of paresis. 
In the rabbit, similar symptoms resulted but general 
hyperexcitability predominated. 


Anhalonidine (XX)-According to Heffter (62), doses 
of 20-25 mg. of the hydrochloride produced narcosis in 
the frog followed by increased excitability. Larger 
doses caused complete paralysis. Doses of 30-50 mg. 
provoked a curarizing effect. No significant symptoms 
have been observed in mammals. 


Pellotine (XXZZQ-Doses of 5-10 mg. caused tempo- 
rary convulsions in frogs, dogs, and cats (62). Several 
authors, cited by Joachimoglu and Keeser (301), be- 
lieve that pellotine could be used in man as a relatively 
safe narcotic. 


Lophophorine ( X X I X j T h i s  base was shown by 
Heffter (62) to be the most toxic one in peyote; 0.25-1 
mg. of injected hydrochloride provoked a long-lasting 
tetany in the frog. Although the animal recovers, the 
increased excitability may last for several days. There 
is no apparent action on the isolated frog heart. A dose 
of 7 mg./kg. in rabbits causes hyperexcitability and ac- 
celerated respiration; progressively higher doses induce 
tetany (12.5 mg./kg.) and lead to death (15-20 mg./kg.). 
Intravenous injection of 2.5 mg. causes an increase in 
blood pressure, but higher doses are hypotensive, with- 
out specific action on the heart. 


More recently, Brossi et al. (176) examined anhala- 
mine, anhalidine, anhalonidine, and pellotine and found 
all to be hardly active as anticonvulsants, tranquilizers, 
or muscle relaxants and to have no significant hallu- 
cinogenic effects. 


Behavioral Effects of Mescaline-On Animals-In 
rats, mescaline (I) initially depresses the conditioned- 
avoidance response and then gives rise to  a prolonged 
excitatory phase; the latter effect is dominant when 
lower doses are used (302). Harmine was found to  
augment the effect of mescaline (260). Maffii (303,304) 
observed the effect of mescaline on the secondary 
conditional response in an experimental avoidance 
situation and found the EDSo for blocking the response 
to be 32.5 mg./kg. i.p. Following an injection of 50 
mg./kg., only 10% of the animals showed a loss of 
conditioned response. Dogs under the influence of large 
doses of mescaline reacted to conditioned stimulus as if 
it was the unconditioned one (305). Mescaline gave 
some protection to albino rats bred to have a high in- 
cidence of seizures when exposed to a standard sound 
(306). 


Mescaline produced experimental catatonia in mice, 
guinea pigs, cats, monkeys, pigeons, and other animals 
(260, 307-3 14); the catatonic manifestations, however, 
could be inhibited by chlorpromazine, reserpine, and 
azacyclonol (315, 316). It caused reduction in the be- 
havior patterns of contentment and sociability but in- 
creased excitement, aggressiveness, and defensive hostil- 
ity (3 17). It was observed, however, that mescaline in- 
hibited the isolation-induced attack behavior of mice 
(3 18). It produced a scratching response in mice, which 
was antagonized by tetrahydroberberine (3 19), various 
tranquilizers, serotonin, d-amphetamine, etc., but 
not by barbiturates, meprobamate, azacyclonol, and 
mephenesin (320-322). Mescaline, given by intracerebral 
injection, produced aggressive tendencies and par- 
oxysms of ear scratching in mice by doses that were 
ineffective by other routes (323). It also prolonged and 
potentiated the analgesic effect of morphine in mice 
(324). 


In Humans-The onset, intensity, duration, and 
quality of the hallucinations produced in humans upon 
ingestion of mescaline or peyote depend both on the 
quantity of the drug and on the individual’s cultural 
background. With mescaline, a latency period, de- 
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pending upon the route of administration, is followed 
by a number of disagreeable autonomic symptoms 
which are felt prior to the phase of inebriation. After 
an intravenous dose of 0.5 g. of mescaline sulfate, 
nausea, vomiting, sweating, generalized discomfort, 
dizziness, headache, palpitation, feeling of hot or cold, 
pupillary dilatation, and chest, neck, or abdominal 
cramps occur within 10 min. (325). A small rise in body 
temperature and systolic blood pressure are also ex- 
perienced (326). Usually, the heart rate is accelerated 
somewhat, but sometimes a slight bradycardia is ob- 
served instead, as a reflex compensation of the hy- 
pertension. In general, the subjective vegetative symp- 
toms like nausea and vomiting subside before the de- 
velopment of the psychic symptoms; the objective 
vegetative symptoms, such as pupillary dilatation, 
follow the time course of the psychic effects. 


During the phase of mescaline-induced inebriation, 
the subject goes through abnormal mental states charac- 
terized by one or more of the following effects (37): 


1. Visual hallucinations: Colors are at first intensi- 
fied. Then, gradually, the subject shuts his eyes and 
entoptic phenomena appear, followed by true halluci- 
nations with forms, shades, and movements. Flashing 
lights and complete scenes are seen, ordinary objects 
appear to be marvelous, and familiar sounds and music 
are “seen” in vivid colors. 


2. Auditory hallucinations: These are fairly rare but 
frequently correspond to color and form visions. Hy- 
persensitivity and pain at the slightest noise are also 
experienced. 


3. Abnormal touch, taste, and smell: Paresthesias 
and alteration in perception of heat and cold occur. 


4. Disturbances of personal judgement: The subject’s 
perception of his own body, for example, is largely that 
it is changing shape, and he becomes unable to locate 
some parts of it. The perception of space and time be- 
comes altered and both appear to be immensely 
stretched. 


5. Emotional disturbances: An ecstatic euphoria 
with laughter is usually observed, especially at the 
beginning of the intoxication. This state is sometimes 
followed by anxiety and, less frequently, depression. 
The subject may then become suspicious and hostile, 
especially toward the person conducting the experi- 
ment. 


6. Disturbances of the will and thinking: The subject 
utters words and makes gestures which he simul- 
taneously does not wish to speak or make. He cannot 
pursue an idea; in tests of concentration and reasoning, 
failure is almost sure (327). 


7. Personality disturbances: These, being the most 
important effects of mescaline intoxication, are mani- 
fested by symptoms similar to those of schizophrenia 
(328-330). The effect has catatonic features (329, 331). 
An experienced clinical observer can easily distinguish 
between schizophrenic reactions and drug-induced 
psychoses (328). The disorganization of psychic 
integration was much more apparent in schizophrenics 
than in normal subjects given mescaline (332). The 
drug precipitated schizophrenic psychoses in persons 
suffering from latent schizophrenia and also reactivated 


the psychosis in patients who improved after psycho- 
surgery (333). 


Detailed descriptions of the mescaline and peyote 
inebriation are given by various authors ( 1  , 3 1-33, 


The reactions induced by LSD, psilocybin, and mesca- 
line are qualitatively similar (326, 342), but mescaline 
is the least potent. It was noted that mescaline and LSD 
and their combination produced an enhancement in 
primary suggestibility (343). In a comparison of the 
effects of taraxein, a protein fraction obtained from the 
serum of schizophrenics, with those of mescaline, 
psilocybin, and LSD, Silva et al. (344) found that tara- 
xein produced more dysphoria, blocking, and thought 
deprivation than did the three psychotomimetics. 
Secondary symptoms evoked by the protein fraction 
were more typical of those seen in schizophrenics than 
those induced by other substances. 


The mescaline-induced state of intoxication has been 
used as an aid in psychotherapy (345). It has been recom- 
mended that mescaline be used when it is desirable to 
shorten a course of therapy, reactivate a stalled treat- 
ment of neurosis, and break down memory blocks (345). 
The studies of Turns and Denber (346) indicate that 
psychotherapy with mescaline can be effective in care- 
fully selected cases where other methods have failed. 


Tolerance, Habituation, and Addiction-Several 
studies show that human subjects and animals receiving 
mescaline daily develop tolerance to mescaline (302, 
326,347-351) and crosstolerance to LSD (326,350,351). 
The tolerance, however, regresses rapidly, and initial 
responsiveness is attained 3-4 days after the drug is 
withdrawn. Generally, the tolerance for the vegetative 
phase does not develop to the same degree as for the 
psychic phase (352). Speck (259) reported that no 
tolerance to the hypoglycemia and bradycardia induced 
by mescaline is observed. Dogs given 5 g./kg. of mescal 
buttons acquired tolerance to the emetic effects during 
1 year of daily ingestion (353). Doses of mescaline 
producing acute tolerance have no effect on develop- 
ment of the chronic type (354). There seems to be no 
evidence that peyote and mescaline cause habituation 
and addiction (37); very few investigators hold a dif- 
ferent view (355). Slotkin (44,49) found that “the habit- 
ual use of peyote does not seem to produce tolerance 
or accrued dependence,” an opinion that is also en- 
dorsed by many specialists (37) who affirm that peyote 
should not be regarded as a narcotic drug. 


Antagonism and Synergism-The systemic administra- 
tion of the phenothiazine tranquilizers (356-358), 
reserpine (356,358,359), asarone (360), trioxazine (3611, 
lithium carbonate (362), lysergic acid derivatives (320), 
benactyzine, methylnonyldioxolane, chlorphenox- 
amine, etc. (358), inhibit various components of the 
mescaline-induced effects in different animals. Model 
psychosis produced by mescaline in man can also be 
inhibited by application of chlorpromazine and mere- 
tran (363, 364). Reserpine, injected 24 hr. before the 
mescaline, was found, however, to potentiate the action 
of the latter in mice (365). 


Distribution of Mescaline in Animal Body-Mescaline 
taken orally is readily absorbed from the intestinal 
tract. The studies of various workers seem to agree 


35,38,58,63,71,292,325,328,334-341). 
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about the jistribution of mescaline taken by injection. 
Tarsitano (366), working on dogs injected subcuta- 
neously, found the highest concentration in the liver 
and kidneys but much less in the brain and no appre- 
ciable amount in the blood. However, the plasma levels 
of mescaline were found (367) highest immediately 
following intravenous injection, and the drug disap- 
peared from the bloodstream after 6-8 hr. The con- 
centrations of mescaline in the liver, spleen, and kid- 
neys were 3-6 times those in the plasma; the brain 
and blood levels were about the same. These findings 
were supported by Block and coworkers (368-372) who 
studied the distribution of me~caline-a-'~C in mice. 
They found that, shortly after intraperitoneal injection, 
the highest radioactivity resided in the liver and kidneys 
with almost none in the brain and spinal cord. It was 
thus evident that mescaline was rapidly incoporated in 
the liver proteins. The maximum tissue concentration of 
mescaline coincided with the period of marked auto- 
nomic stimulation, while the highest concentration in 
liver protein corresponded to the period of hallucina- 
tions (372). 


From his studies on the incorporation of radioactive 
mescaline into isolated tissues, Block (373, 374) found 
that the drug was incorporated in liver homogenates 
only if the latter were kept under oxygen first and then 
under nitrogen, and that the reaction rate increased 10- 
fold by brief heating of the mixture to 55" or by addition 
of tyramine. These observations indicated that there 
was an inhibitor, probably amine oxidase, whose action 
could be blocked by conjugation with tyramine or 
destroyed by heat, thereby facilitating the incorporation 
of mescaline. The inhibitor was, however, shown not 
to be amine oxidase, since several known inhibitors of 
this enzyme failed to increase mescaline incorporation 
(373). Moreover, Block (375), working with isolated 
cell components, found that nuclei could incorporate 
mescaline readily regardless of the action of tyramine 
or heat, while mitochondria and microsomes behaved 
similar to the total homogenate. It was, therefore, con- 
cluded that the incorporation-inhibiting factor resides 
within mitochondria and microsomes but not in the cell 
nuclei. Block (374) concluded, in general, that mescaline 
may be incorporated into proteins by a different mech- 
anism from that involved in the case of amino acids; 
he postulated the following pattern. Oxidation of mesca- 
line to an aldehyde is followed by condensation of the 
latter with the free amino groups of protein. The result- 
ing Schiff base may subsequently either be hydrolyzed 
to an aldehyde, which undergoes further oxidation to 
an acid, or dissociated to mescaline and the oxidatively 
deaminated protein. 


Fischer (376-378) used wool protein as a model sur- 
face to simulate the neuroreceptors involved in drug- 
induced psychoses. He demonstrated that the affinities 
(expressed in terms of absorption) of mescaline and 
other psychotomimetic agents, including LSD, for wool 
protein were parallel with their biological potency. 
Sympathetic overtones and subsequent adrenergic 
blockade seemed to contribute toward the precipitation 
of model psychosis. Neff et af. (379) found after ad- 
ministering radioactive mescaline intravenously into 
cats, which showed peak intoxication after 30 min., that 


the highest concentration of radioactivity was loc ilized 
in the hypophysis, relatively high levels were in the 
cortical and subcortical gray matter, and very litt'e was 
in the areas composed largely of myelinated fiber- The 
maximal mescaline concentration in the brain att:iined 
between 0.5 and 2 hr. roughly paralleled the pericd of 
maximal intoxication. The biological half-life of mesca- 
line in plasma and cerebrospinal fluid was 1.5-2 hr. In 
human cerebrospinal fluid, however, Charalampous 
et af. (380) found significant concentrations of radio- 
activity throughout 9.5 hr. after administration of 


Metabolism of Mescaline (1)-About one-half of the 
mescaline fed to rabbits was found to be excreted us 
3,4,5-trimethoxyphenylacetic acid (LXXIII), a pharma- 
cologically inactive metabolite (381, 382). Lesser 
amounts of the administered mescaline were recovered 
from dog urine (367). The studies of Block et af. (194) 
showed that rats and mice excreted intraperitoneally 
injected me~ca l ine -a -~~C in the urine in the form of 
unchanged mescaline (18.4 and 79.479, LXXIII (72.4 
and 16.2 x), and an unidentified product (9.1 and 4.4 %), 
respectively. Spector (383) obtained qualitatively 
similar results by administering radioactive mescaline to 
dogs. Later, however, Neff et al. (379) found LXXIII 
to be the sole metabolite identified in the cat brain, 
plasma, cerebrospinal fluid, and urine. 2-(3,4,5-Tri- 
methoxypheny1)ethanol (LXXIV) was also found (384, 
385) to be a metabolite in urine of rats fed with mesca- 
line-a-14C; its formation increases, at the expense of 
LXXIII, by calcium carbimide pretreatment, presum- 
ably because of the inhibition of aldehyde dehy- 
drogenase. Pretreatment with iproniazid, however, 
markedly inhibits the formation of the acid (LXXIII), 
presumably by blockade of amine oxidase or a specific 
mescaline oxidase. Rabbits, estimated to be about 70 
times as tolerant to mescaline as man, developed severe 
reactions by very small doses of mescaline when pre- 
treated with calcium carbimide, implying that aldehyde 
dehydrogenase inhibition markedly enhances the phar- 
macological effects of mescaline. The intravenous ad- 
ministration of LXXIV to rabbits produced a mild 
mescalinelike effect, which was potentiated consider- 
ably when the alcohol was taken in combination 
with calcium carbimide. Based on these observations, 
it was suggested (385) that 3,4,5-trimethoxyphenyl- 
acetaldehyde (LXXV) is responsible for the pronounced 
pharmacological effects of mescaline. 


Musacchio et al. (386) and Musacchio and Goldstein 
(387) identified other mescaline metabolites, in the 
urine of rats, as N-acetyl-3,5-dimethoxy-4-hydroxy- 
phenethylamine (LXXVI), N-acetyl-3,4-dimethoxy-5- 
hydroxyphenethylamine (VII), and N-acetylmescaline 
(IV), in addition to probably N-acetyl-3,4-dihydroxy- 
5-methoxyphenethylamine (LXXVII). They concluded 
that N-acetylation of mescaline may precede O-de- 
methylation in vivo. 


The early studies on metabolism of mescaline in 
man showed high recovery of the ingested drug in the 
urine of normal subjects and lesser amounts in psy- 
chopathic patients (388), with no evidence for the pro- 
duction of 3,4,5-trimethoxyphenylacetic acid (LXXIII) 
(382). Different figures for the recovery of mescaline in 


4C-mescaline. 
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the urine were given by various workers (208, 389), 
depending on the route of administration and duration 
of the drug. Later studies (381, 390), however, showed 
that LXXIII was a metabolite which could be detected 
in human urine. 3,4-Dihydroxy-5-methoxyphenacetyl- 
glutamine (LXXVIII) (39 1) and 3-hydroxy-4,5-di- 
methoxyphenethylamine (V) (127) were other metabo- 
lites of mescaline found in small amounts in human 
urine. In more recen‘t reports (40), orally taken mesca- 
line was recovered substantially unchanged, in addition 
to LXXIII, VII, and IVY found in decreasing amounts 


OCH, 
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OCH3 
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OCH, 
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in both urine and cerebrospinal fluid. The appearance 
of LXXIII in human urine also was recently confirmed 
(392). A discussion of the metabolic fate of mescaline 
in man is given by Charalampous et al. (380). 


Several in citro studies (393, 394) showed that rabbit 
liver contains an enzyme system which oxidizes mesca- 
line readily and that some factor other than oxidase 
might be involved. Amine oxidase was shown (394, 
395) to have little or no effect on mescaline, and this 
was assumed (396) to be the reason for the high toler- 
ance of rabbits to mescaline; a specific mescaline oxi- 
dase was claimed to have been isolated from the rabbit 
liver which was different from monoamine oxidase 
(397). Some authors (398) postulated that mescaline 
oxidase is identical with diamine oxidase, while others 
(399-40 1) believe that the oxidative deamination of 
mescaline can be effected by monoamine oxidase or 
diamine oxidase or both. However, mescaline was 
found to be a poor substrate for highly purified human 
plasma monoamine oxidase (402) and for dopamine-p- 
oxidase (403). According to Seiler (404), who treated 
mescaline with mouse brain homogenates, the oxidation 
is not caused by diamine oxidase but by a monoamine 
oxidase leading to  3,4,5-trimethoxyphenylacetic acid 
(LXXIII). Enzyme preparations obtained from rabbit 
lung produced N-methylation of mescaline (405, 406), 
while rabbit liver preparations caused 0-demethylation 
to  VII and LX along with oxidation to LXXIII (407). 
The formation of this acid (LXXIII) was inhibited by 
iproniazid, semicarbazide, nicotinamide, and tri- 
phosphopyridine nucleotide. 


The excellent review of Patel (40) gives examples of 
the numerous studies made on various aspects of bio- 
chemical effects ofmescalne with ample documentation. 


Mode of Action of Mescaline-The following ob- 
servations were enumerated by Patel (40) as reasons 
for doubting that mescaline per se is psychotomimetic 
and in support of the assumption that its action is caused 
by some metabolite. 


1.  Mescaline inhibited the oxidation of glucose, 
lactate, or pyruvate only if it was preincubated with 
brain homogenates for 2-3 hr. (408,409). 


2. In mice it was rapidly incorporated into liver 
proteins; during the phase of active CNS effects, the 
brain was almost devoid of it (371). 


3. It  stimulated the contractions of intestine and 
uterus in situ but not when excised (261). 


4. No correlations were observed between the degree 
or type of behavioral responses and blood levels or 
rates of excretion of mescaline in man. The period of 
maximal behavioral changes followed the period of 
maximal blood level and excretion after 1-2 hr. (390). 


5. The effective dose (400 mg.) was much higher than 
that of other hallucinogens; the effects took 1-2 hr. to 
develop and 5-6 hr. to reach a maximum (391). 


6. The combined effect of mescaline and iproniazid 
could not be distinguished from that of an equivalent 
dose of mescaline (385). 


Various explanations have been offered by different 
workers. Quastel and Wheatley (408) assumed that 
malfunction of the liver may give rise to  abnormal amine 
metabolites which would affect brain respiration and 
subsequently produce CNS disturbances. It is not very 
likely that the hallucinogenic effect of mescaline is 
directly related to  its sympathomimetic action on 
humans, since some substances possessing both the 
CNS and sympathomimetic properties are not hallu- 
cinogenic. The competition for adrenergic receptors 
leading to the disturbance of adrenergic mechanism 
was suggested by Speck (259). Quite recently, Clemente 
and Lynch (410) gave evidence suggesting that mesca- 
line does not act uia a cholinergic mechanism but rather 
through catecholamine mechanisms. The disturbance 
of histamine catabolism in the brain was suggested by 
Carlini et al. (411). Marrazzi and Hart (412) hold the 
view that “cerebral synaptic inhibition plays a part in 
the action of hallucinogens either by the direct disrup- 
tion of normal patterns of synaptic activity as a result 
of alteration in the normal balance between cholinergic 
excitation and adrenergic inhibition at susceptible 
cerebral synapses.” 


Fischer (413) hypothesized the mode of action of 
mescaline, which he regarded as inactive per se, by 
suggesting that a metabolite produced in uiuo by trans- 
formation into an indole derivativez3 resembling LSD is 
actually the active species. The hypothetical LSD-like 
compound results in very small amounts, perhaps from 
partially demethylated mescaline or through the con- 
densation of mescaline with norepinephrine or sero- 
tonin. Other authors (9, 416) also postulated the in uivo 


23 Working on this assumption, Morin et al. synthesized 5,6,7-tri- 
methoxyindole (414) and its 2,3-dihydro derivative (415) but found them 
to be devoid of mescahelike activity. 
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Table 11-Biological Data for the Isopropylamines 
~ ~~ ~ ~ 


Effective 


in Mice, in Man, Units 
LDm Dose Mescaline 


Compound mg./kg. mg./kg. in Humans 


> 1900 <2  
LXXXIII 130 180 21 
LXXXIV 40 210 18 


formation of an indole derivative as the active species 
from mescaline. Snyder and Merril(417) made molec- 
ular orbital calculations for a variety of hallucinogenic 
and structurally similar nonhallucinogenic analogs in 
the phenethylamine, amphetamine, and tryptamine 
series and for LSD. They observed a close correlation 
between the energy of the highest filled molecular 
orbital of compounds, an index of electron donation, 
and their hajlucinogenic potency. 


Although it appears attractive to suspect an intimate 
structural relationship among the active species that 
produce the same type of p;ychoto.nimetic effects, 
further and more thorough inquest should be made. 


Structure-Activity Relationships-Several studies 
showed that alterations in the aromatic ring substit- 
uents (418-420) and the side chain can bring about sub- 
stantial changes in the psychopharmacological prop- 
erties of mescaline. Smythies and Levy (421), using the 
rope-climbing test for comparison, found that removal 
of the 5-methoxy group from mescaline caused about a 
50% loss of activity, while demethylation of the 4- 
methoxy group resulted in a complete loss of activity. 
Substitution of the benzyloxy group for the 4-methoxyl 
was found to increase the activity. Ernst (422) confirmed 
that the presence of the 4-methoxyl group is essential 
for the manifestation of the hypokinetic rigid syn- 
drome in cats. N-Methylation of mescaline seems to 
result in loss of the psychopharmacological properties 
of mescaline. Trichocereine (N,N-dimethylmesraline) 
was found (423) to produce no mental disturbances in 
man. However, it was observed to act on the CNS of 
normal cats to cause convulsions but to have no effect 
on decerebrated cats. This compound was shown (424, 
425) to cause negligible inhibition of the conditioned- 
avoidance response but produced marked excitation 
similar to that induced by amphetamine; increase of the 
dosage delayed the onset of the excitation. 


The introduction of a methyl group on the a-carbon of 
the phenethylamine system seems to maintain the hal- 
lucinogenic properties. In man, a-methylmescaline 
(LXXIX) (162) was found (426) to produce visual 
hallucinations in doses lower than that required for 
mescaline, without having significant effect on blood 
pressure or respiration. The peak urinary excretion 
occurred in 2-5 hr., with 20-35 of the ingested doje 
recovered unchanged in the urine. Several compounds 
analogous to  LXXIX were also prepared and tested 
by Shulgin (427-429). The results showed that the pres- 
ence qf a 3,4-methylenedioxy group, as in LXXX,24 


24 Homornyristicylamine (LXXI) has recently been found by Shulgin 
(430) to be as potent as mescaline as a psychotomimetic in humans. 
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does not result in loss of activity, while enlargement of 
this heterocyclic ring or increase in length of the ali- 
phatic side chain in LXXIX results in decreased effect 
in humans. On the other hand, repositioning of the 
rneta-methoxyl, in either LXXIX or LXXX, to an 
ortho-position produces an increase in potency (429). 


Table I1 lists the effective dose (mg./kg.) of these 
isopropylamines in man, the LDSo (mg./kg.) in mice, 
and the mescaline units in humans (potency compared 
to mescaline = 1). The intoxication syndrome produced 
by these compounds in humans is qualitatively similar 
to that resulting from mescaline, except that the color 
effects and nausea are absent. In general, the methylene- 
dioxy derivatives (LXXX, LXXXIII, and LXXXIV) 
gave more emphatic and pleasant responses. 2,5-Di- 
methoxy-3,4-methylenedioxyphenethylarnine was found 
(431) to  exhibit pharmacodynamic properties similar 
to those of mescaline. Schwachhofer et al. (432) and 
Schwachhofer and Chopin (433, 434) prepared several 
a,a-disubstituted derivatives of mescaline and found 
that the pharmacological properties (435) of only a,a- 
dimethylmescaline and a-methyl-a-veratrylmexaline 
are similar to those of mescaline. 


A study of behavioral effects of mescaline, 8-hydrox- 
ymescaline, and N-methyl-P-hydroxymescaline in 
mice performed by Friedman et al. (291) revealed that 
substitutions on mescaline did not substantrally alter 
the biological activity of the parent compound. 


R2 
LXXIX, R2 = R3 = OCH3, R, = H LXXX, I& = OCH,, R, = R3 = H 
LXXXI, R, = R3 = OCH,, R2 = H LXXXIII, R3 = OCH,, R, = & = H 


LXXXII, R1= R, = OCH3, R3 = H LXXXIV, Ri = OCH3, = R S  = H 
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Synthesis and Biological Activity of 
Deuteriobenzyl-&penicillin 


PAUL A. LASKAR and ROBERT G. MRTEK 


Abstract 0 To investigate the deuterium isotope effect on the bio- 
logical activity of penicillin G, this compound was chemically syn- 
thesized by first obtaining phenylacetyl-&chloride from phenyl- 
acetic-d,-acid and thionyl chloride, followed by condensation of the 
acid chloride with 6-aminopenicillanic acid. The penicillin was iso- 
lated as the 1-ethylpiperidine salt. Yield of the deuteriopenicillin 
was approximately 60 when a 2 : 1 (6-aminopenicillanic acid-acid 
chloride) molar ratio was used. The identity of the deuteriated 
penicillin was confirmed using several physical constants. From 
NMR data, the presence of deuterium in the benzyl moiety was 
found to be greater than 95 atom %. The biological activity of the 
deuteriopenicillin was compared to that of the protioanalog by a 
turbidimetric assay procedure using Staphylococcus aureus. The 
results of the biological assay indicate that a significant deuterium 
isotope effect operates in the antistaphylococcal action of benzyl- 
penicillin. With the test organism chosen, the ratio of the antibiotic 
potencies was 125 % H/D. 


Keyphrases 0 Deuteriopenicillin-synthesis 0 Biological activity- 
deuteriopenicillin 0 Turbidimetric assay-deuteriopenicillin anti- 
microbial activity NMR spectroscopy-identification 0 IR 
spectrophotometry-identification 


Deuterium (2H), a rare stable isotope of hydrogen, 
was discovered by Urey et al. (1) in 1932. Extensive 
work by several investigators has felled the long- 
standing opinion that deuterium oxide (D20) is in- 
compatible with life. The successful mass culture of 
algae, yeasts, and certain bacteria under conditions of 
full deuteriation has provided a useful source of fully 
deuteriated sugars, amino acids, proteins, and certain 
drugs (2-5). Substitution of deuterium for ordinary 
hydrogen and deuteriated substrates for protio metabo- 


lites has been shown to produce profound changes in 
biosystems. Isotope effects have been categorized as 
being either primary or secondary. Measurement of 
the magnitude of the effect is usually useful in distin- 
guishing between the larger primary mass isotope effects 
and the smaller secondary effects. 


The substitution of deuterium in several drug 
molecules has been the impetus for many recent re- 
search contributions. Isotopically altered drugs have 
shown widely divergent pharmacologic effects. Elison 
ef al. (6) demonstrated a reduced analgesic potency of 
morphine deuteriated in the N-methyl group. Nona 
et al. (7) found an increased antifungal activity with 
fully deuteriated griseofulvin. Foreman et al. (8) in- 
vestigated the in vitro Dutch rabbit liver metabolism 
of selectively deuteriated amphetamines. Their studies 
show that the ratio of apparent rate constants ( k ~ / k ~ )  
is 1.9, indicating that the deuterioamphetamine is 
metabolized more slowly than the protioanalog. 
One major effect of deuterium substitution in drug- 
producing organisms has been a general suppression 
of most nonessential metabolism. Mrtek et al. (9) 
demonstrated an inverse effect between the level of 
deuteriation in Claviceps and the amount of clavine 
alkaloids produced in saprophytic culture. Multi- 
milligram quantities of highly deuteriated elymoclavine 
were obtained only through the use of replacement 
culture techniques (10). Mohammed et al. ( I  1) demon- 
strated a similar effect with several strains of Penicillium. 
Carlstedt (12) obtained small amounts of highly 
deuteriated penicillin from large numbers of shake 
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Synthesis and Biological Activity of 
Deuteriobenzyl-&penicillin 


PAUL A. LASKAR and ROBERT G. MRTEK 


Abstract 0 To investigate the deuterium isotope effect on the bio- 
logical activity of penicillin G, this compound was chemically syn- 
thesized by first obtaining phenylacetyl-&chloride from phenyl- 
acetic-d,-acid and thionyl chloride, followed by condensation of the 
acid chloride with 6-aminopenicillanic acid. The penicillin was iso- 
lated as the 1-ethylpiperidine salt. Yield of the deuteriopenicillin 
was approximately 60 when a 2 : 1 (6-aminopenicillanic acid-acid 
chloride) molar ratio was used. The identity of the deuteriated 
penicillin was confirmed using several physical constants. From 
NMR data, the presence of deuterium in the benzyl moiety was 
found to be greater than 95 atom %. The biological activity of the 
deuteriopenicillin was compared to that of the protioanalog by a 
turbidimetric assay procedure using Staphylococcus aureus. The 
results of the biological assay indicate that a significant deuterium 
isotope effect operates in the antistaphylococcal action of benzyl- 
penicillin. With the test organism chosen, the ratio of the antibiotic 
potencies was 125 % H/D. 


Keyphrases 0 Deuteriopenicillin-synthesis 0 Biological activity- 
deuteriopenicillin 0 Turbidimetric assay-deuteriopenicillin anti- 
microbial activity NMR spectroscopy-identification 0 IR 
spectrophotometry-identification 


Deuterium (2H), a rare stable isotope of hydrogen, 
was discovered by Urey et al. (1) in 1932. Extensive 
work by several investigators has felled the long- 
standing opinion that deuterium oxide (D20) is in- 
compatible with life. The successful mass culture of 
algae, yeasts, and certain bacteria under conditions of 
full deuteriation has provided a useful source of fully 
deuteriated sugars, amino acids, proteins, and certain 
drugs (2-5). Substitution of deuterium for ordinary 
hydrogen and deuteriated substrates for protio metabo- 


lites has been shown to produce profound changes in 
biosystems. Isotope effects have been categorized as 
being either primary or secondary. Measurement of 
the magnitude of the effect is usually useful in distin- 
guishing between the larger primary mass isotope effects 
and the smaller secondary effects. 


The substitution of deuterium in several drug 
molecules has been the impetus for many recent re- 
search contributions. Isotopically altered drugs have 
shown widely divergent pharmacologic effects. Elison 
ef al. (6) demonstrated a reduced analgesic potency of 
morphine deuteriated in the N-methyl group. Nona 
et al. (7) found an increased antifungal activity with 
fully deuteriated griseofulvin. Foreman et al. (8) in- 
vestigated the in vitro Dutch rabbit liver metabolism 
of selectively deuteriated amphetamines. Their studies 
show that the ratio of apparent rate constants ( k ~ / k ~ )  
is 1.9, indicating that the deuterioamphetamine is 
metabolized more slowly than the protioanalog. 
One major effect of deuterium substitution in drug- 
producing organisms has been a general suppression 
of most nonessential metabolism. Mrtek et al. (9) 
demonstrated an inverse effect between the level of 
deuteriation in Claviceps and the amount of clavine 
alkaloids produced in saprophytic culture. Multi- 
milligram quantities of highly deuteriated elymoclavine 
were obtained only through the use of replacement 
culture techniques (10). Mohammed et al. ( I  1) demon- 
strated a similar effect with several strains of Penicillium. 
Carlstedt (12) obtained small amounts of highly 
deuteriated penicillin from large numbers of shake 
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cultures of Penicillium chrysogenum. Investigation of 
the deuterium isotope effect on the antibiotic potency 
of penicillin may provide important additional infor- 
mation concerning benzylpenicillin, the member of the 
penicillin group to which all others are compared. 


Considerable research has substantiated the hy- 
pothesis that one mechanism of antibiotic activity is 
common to all penicillins. Several workers showed that 
the presence of a free amino group in the side chain 
increases Gram-negative activity (1 3), while Doyle et 
al. (14) noticed that electron-attracting groups in the 
@-position of the side chain increased acid stability. 
Similarly, hindering rotation about the single bond in 
the acyl grouping increases the stability of the molecule 
toward penicillinase (15). Changes in activity, either in 
spectrum or relative potency, may be attributed to 
modifications in the acyl group of the basic penicillin 
molecule. Repeated attempts to  alter the penicillin 
nucleus have resulted in reduced biological activity 
when compared to  the intact penicillanic derivatives. 
With respect to  benzylpenicillin, it would seem rea- 
sonable that deuteriation of the benzyl group would 
alter measurably the antibiotic potency if a significant 
isotope effect is operating. 


The objectives of the present work were to synthesize 
deuteriobenzyld7-penicillin and to compare its anti- 
biotic potency to that of protiobenzyl penicillin. 


EXPERIMENTAL 


Deuteriobenzyl-d7-penicillin-The semisynthetic procedure of 
Sheehan and Henery-Logan (16) was utilized to prepare the iso- 
topically altered penicillin. Phenylacetyl-d7-chloride was pre- 
pared by reacting 1.36 g. (9.15 mmoles) deuteriophenylacetic-&acid 
(98 atom D) with 4.42 g. (37.2 mmoles) thionyl chloride in a 15- 
ml. flask with an attached calcium chloride drying tube. The reac- 
tion was allowed to proceed at room temperature for 24 hr. with 
occasional agitation. The excess thionyl chloride, as well as other 
volatile components, was removed by aspiration. No further 
purification of the acid chloride was attempted. 
Deuteriobenzyl-d7-penicillin was prepared by condensing 0.176 g. 


(approximately 1 .O mmole) of the partially purified deuteriophenyl- 
acetyl-d7-chloride with 0.430 g. (2.0 mmoles) 6-aminopenicillanic 
acid (6-APA).a The phenylacetyl chloride was added dropwise over a 
10-min. period to the stirred chilled solution of 6-APA dissolved in 
10 ml. 4 x  sodium bicarbonate solution and 8 ml. reagent grade 
acetone. The reaction was conducted at M" with stirring in an 
open 50-ml. conical flask for 30 min. following completion of 
addition of the acid chloride. Then the mixture was aspirated to 
remove excess acetone, and the aqueous mixture was washed once 
with 5 ml. cold ether A.R. which was discarded. The aqueous 
portion was layered with 10 ml. cold ether and acidified with 10% 
cold phosphoric acid to pH 2 as determined by short-range pH 
paper. The acidified mixture was extracted with two additional 
10-ml. portions of cold ether in a small Squibb funnel. The com- 
bined ether extracts were washed once with 5 ml. cold water and 
dried with anhydrous magnesium sulfate. The ether solution was 
separated from the magnesium sulfate by filtration, and 0.122 g. 
(1.1 mmoles) 1-ethylpiperidine in 3 ml. dry ether was added to pre- 
cipitate the deuteriobenzylpenicillin as the 1-ethylpiperidine salt. 
Twelve milliliters of dry reagent grade acetone was added, and the 
crystalline precipitate was allowed to stand at approximately -5 O 


overnight. The precipitate was filtered and washed with several 
portions of cold dry ether. The crystals were dried in a vacuum 
desiccator at room temperature to constant weight and stored in 


the desiccator until used. Yield: 296 mg.; 0.65 mmole; 59% 
of theoretical calculated on phenylacetic-d7-acid. 


Melting points were obtained simultaneously by placing equal 
size samples of the 1-ethylpiperidine salts of protiobenzylpenicillin 
and deuteriobenzylpenicillin and a mixture of equal parts of each 
in separate capillary melting tubes. These tubes were inserted in 
a Mel-Temp melting point apparatus previously heated to 100". 
The temperature was increased (34"/min.) to 140". The tem- 
perature was then increased slowly (approximately 1 "/min.) until 
melting occurred. NMR spectra of the compounds were deter- 
mined by using a Varian A-60 Mc.p.s. spectrometer. Each sample 
(approximately 0.05 mmole) was dissolved in approximately 1 ml. 
deuterium oxide, using an external TMS standard. All spectra 
were determined at probe temperature. Integration of the spectra 
were performed electronically. 1R spectra of samples of protio- 
benzylpenicillin and deuteriobenzylpenicillin were obtained using 
a mineral oil mull in a Perkin-Elmer model 257 grating IR spectro- 
photometer. 


Organisms-A lyophilized pellet of Staphylococcus uureus ATCC 
6538P was added to 10 ml. Difco Penassay Broth and incubated 
at 35" for 24 hr. Subcultures were prepared by transferring a 
loopful of the culture to slants of Difco Penassay Seed Agar and 
incubating for 18 hr. at 35" prior to storage at 4". Subcultures were 
prepared at 7-14 day intervals. 


A culture of a clinically isolated penicillinase producing S.  
uureiis was ~ b t a i n e d . ~  This organism was maintained by sub- 
culture on Difco Penassay Seed Agar slants at 14-day intervals. 
Incubation and storage conditions were the same as for S. ailreus 
ATCC 6538P. 


Solutions-Accurately weighed quantities of authentic samples 
of the 1-ethylpiperidine salts of protiobenzylpenicillin and syn- 
thetic deuteriobenzyl-di-penicillin were used to prepare stock solu- 
tions. The stock solutions were prepared by dissolving nearly equal 
quantities (approximately 0.05 mmole) separately in 0.06 M phos- 
phate buffer, pH 6, and diluting to approximately 1 X 10-'I mole/ 
ml. concentration. Working solutions of desired concentration were 
prepared by dilution of these stock solutions. All solutions were 
stored in the dark at 4" for up to 1 week. Solutions for use with 
the penicillinase organism were prepared identically, except they 
were diluted to a concentration of 2 x lo-' mole/ml. 


Inocula-A loopful of S. aureus ATCC 6538P was transferred 
to 25 ml. Penassay Broth and incubated at 35" for 18 hr. The full 
quantity for overnight culture was transferred to 950 ml. Penassay 
Broth and incubated for 1 hr. at 37.5" prior to use. A loopful of 
the clinically isolated penicillinase producing S. aureus was trans- 
ferred to 20 ml. Penassay Broth to which yeast extract (1.5 g./l.) 
had been added, and it was incubated at 35" for 18 hr. The full 
quantity of inoculum was added to 400 ml. Penassay Broth with 
added yeast extract (1.5 g./l.) and incubated at 37.5" for 1 hr. prior 
to use. 


Procedur+Assay tubes were prepared by addition of 0.5 ml. of 
the desired working solution and 9.0 ml. of the inoculated (pre- 
incubated) broth to 16 X 125-mm. tubes. Two to four different 
concentrations were used for each determination, and four tubes 
were prepared at each concentration. A total of 8 and 10 dif- 
ferent concentrations (ranging from 70 to 1200 X 10-l2 mole/tube) 
of deuteriobenzylpenicillin and protiobenzylpenicillin, respectively, 
were used to establish the regression equation. Control tubes were 
prepared identically, except that 0.5 ml. of 0.06 M phosphate 
buffer pH 6 (0.0 M benzylpenicillin) was used. Blanks were 
prepared by incorporating buffer and 0.5 ml. 1:3 formaldehyde 
USP prior to inoculation with the organism. Both control and 
blanks were incubated with the test dilutions. The tubes (assay, 
control, and blank) were arranged randomly in a 48-position rack 
and incubated in a 37.5 =k 0.1" stirred water bath' for 3 hr. At 
the end of the assay period, growth was stopped by addition of 0.5 
ml. 1:3 dilution of formaldehyde USP. The turbidity was deter- 
mined by measuring percent transmittancy, using matched round 
cuvettes (19 X 150 mm.) in a Coleman Jr. spectrophotometer at 
650 mg. 


Assay tubes for use with the penicillinase producing S. aureus 
were prepared by placing 0.5 ml. of the desired test solution and 9.0 
ml. of inoculated preincubated broth in 16 X 125-mm. tubes. 


1 Mallinckrodt-Nuclear, Orlando, Fla., lot L-2248. 
2 Sigma Chemical Co., St. Louis, Mo., lot 44B-1550. 
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Eight concentrations were used in each determination. Control 
and blank tubes were prepared as described. The tubes were 
incubated in a 48-tube rack in a stirred 37.5 ='c 0.1 water bath for 
4 hr. Growth was stopped, and turbidity was measured in the 
same way as before. 


RESULTS AND DISCUSSION 


Preliminary experiments with protiophenylacetyl chloride and 
6-APA were performed to determine a ratio that would optimize the 
yield of benzylpenicillin based upon a conservation of the acid 
chloride. Table I summarizes the results and indicates an optimum 
ratio of 2: 1 (6-APA-phenylacetyl chloride). Yields at  the optimum 
ratio were similar when deuteriophenylacetyl-&-chloride was used. 


Table I1 presents a summary of the physical constants for the two 
isotopic penicillins. The absence of proton signals corresponding 
to the two a-methylene (6 = 3.59 p.p.m.) and five phenyl protons 
(6 = 7.31 p.p.m.) in the acyl group indicate the substitution of deu- 
terium in these positions to be greater than 95 atom %. Confirma- 
tion of the identity of the synthetic penicillins is assumed on the 
basis of melting points, elemental analysis, chemical shift of the 
remaining proton signals in the NMR spectrum, and several IR 
absorption bands. 


Inocula broths were preincubated with overnight cultures of S.  
aureus to obtain organisms in the log phase of growth for the 
assay, since penicillin exerts its antimicrobial action only on 
rapidly dividing organisms, i.e., those synthesizing new cell walls. 
Penicillin has little effect on microbial clones that are metabolizing 
but not growing or dividing. 


Most linear biological assays are commonly based upon a 
graphical presentation of a transformed measure of some effect 
that is proportional to the microorganism number, such as tur- 
bidity, uersus log concentration of the test compound (17). Plots 
of turbidity uersws dose result in sigmoid curves which may be 
linearized by suitable transformations. One convenient method 
is the logarithmic transformation. 


In the determination of an isotope effect, the units selected for 
expression of concentration of penicillin per tube as the independent 
variable were log (moles X rather than a more common 
expression of weight (microgram or unit) per tube. When dealing 
with antibiotics of different molecular weights, the toxic effect of 
drugs on bacterial growth is proportional to the number of moles 
present but not to the particular weight of the substance used. 
When concentrations of two isotopically related drugs are ex- 
pressed as weight per volume, a factor relating the relative change in 
molecular weight is confounded with the slope of the dose-re- 
sponse relationship. If the molecular weights are not identical 
as in the case of isotope hybrids, the slope of the regressions for 
analogs would be anticipated to be different from each other, at  
least by a factor proportional to the relative molecular weights. 
Thus, the slopes of the dose-response lines for the two isotopic 
benzylpenicillins in which log weight is used as an independent 
variable would not be truly comparable since they differ in their 
components. A totally linear regression may be expressed as 


log Z T  = 0 log moles + K (Eq. 1 )  


when the independent variable is expressed as moles. In the con- 
verse situation, it may be expressed as 


log ZT = 0' log amt. + K' (Eq. 2) 


when the independent variable is expressed as micrograms or units, 
O,O' = slopes of regressions, and K,K' = intercepts. Since the 
turbidity term is proportional to the moles of substance present, 
the units of slope relating the concentration term to a measure of 
the turbidity term may be shown as 


The slope, 0, contains no molecular weight factor. Conversely, 
if the data are presented as weight of substance, then the components 
of the slope may be seen as 


(Eq. 4) 


Table I-Effect of Ratio of Reactants on Yield of 
Benzy lpenicillin 


Molar Ratio of 6-APA- Yield of Benzylpenicillin,a 
Phenylacetyl Chloride z 


1.O:l.O 
1.5:l .O 
2 .0 : l .O  
5 . O : l . O  


60 
63 
69 
65 


a Calculated on phenylacetyl chloride. 


where MW is the mole weight of the substance. Thus, comparing 
slopes for the isotopic penicillins, from Eq. 3, 


(Eq. 5 )  
5 - log %T/log molesH log molesD 
OD log zT/log molesD log molesH 


= ~- 


and since the units are the same, 


From these equations, using a drug concentration term expressed in 
moles rather than amount as the independent variable, confounding 
of the isotope mass differences is avoided. In testing for parallel- 
ism between the regression lines for the two antibiotics, if the null 
hypothesis is accepted, then only random sampling error remains to 
account for the observed differences between the two slopes, OH 


and OD. 
The distribution of log %T has been established to be normal 


(18). The model developed for this work is univariate, where Y 
equals log %T as the random variable. The variance of Y through- 
out the range of X equals log moles (concentrations of penicillins) 
was established as homogeneous. Table 111 summarizes the 
calculated parameters used in the statistical analysis. 


The observed difference between the regression coefficients for the 
two isotopic benzylpenicillins was tested for level of significance by a 
f test. The null hypothesis was that there is no difference between 
the slopes. (See the Appendix for the equations used.) N o  evi- 
dence for a difference other than zero was found, and 


Table 11-Summary of Physical Constants for Isotopic 
Benzylpenicillin Salts 


Protio Deuterio 


Molecular C Z ~ H ~ ~ N ~ O ~ S I  C ~ ~ H N D , N ~ O &  
formula 


analysis, % 
Elemental - Calcd. 


Found 


C, 60.76; H, 7.44; 
N, 9.24 


C, 60.66; H, 7.37; 
N, 9 .04 


Melting point 150-152" (dec.) 150-152" (dec.) 
IR spectra 1370," 1390,- 1570: 1365,5 1390,~ 1575b 


3180,c 3230,< cm.-I 
NMR spectrad 1.51 ,e 1 . 42e l.51,e 1.42c 


3190,~ 3240,c crn.-' 


3.59f --a 
7.31h --a 


a C-H bend in 2-dimethyl. b Carboiiyl bend in p-lactam. 0 N-H 
stretch in amine salt. d Chemical, shift, p.p.m. ,(a) (TMS = 0). 0 2- 
Dimethyl. f Acyl methylene. 0 Indicates lack of signal corresponding to 
deuterium substitution. Phenyl. 
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Table 111-Summarized Calculations for Regression Analysis of Isotopic Benzylpenicillin Analogs 


Deuterio Protio 


N 
2x2 
ZY 
ZXY 
L I U X  (regression coefficient) 
F ratio (nonzero slope) 
X - [log (moles X 10-91 


Ybux (regression line) 


- 


y [log ( ZTll 


Ssdeviat ions from regression 


44 
4.46598 
0.14444 
0.65940 
0.14765 


2.65763 
1.85164 
1.45471 + 0.14935X 
0.04705 


8 2 . 5 ( p  < 0.001) 


60 
6.05798 
0.16299 
0.91238 
0.15061 


2.64677 
1.86463 
1.46933 + 0.14935X 
0.02649 


259.8(p < 0.001) 


parallelism of the regression equations is established on the 
basis of probability. Furthermore, these data corroborate the 
suggestion that both deuteriobenzylpenicillin and protiobenzyl- 
penicillin inhibit bacterial growth by the same mechanism. The 
regression coefficient is a quantitative expression of the association 
between variables. Since the regression coefficients for protio- 
benzylpenicillin and deuteriobenzylpenicillin are not significantly 
different, it is reasonable to conclude that the presence of deuterium 
in the acyl group of benzylpenicillin does not alter the mechanism 
of action of the drug with respect to the test organism. 


To obtain a valid estimate of a real difference in the antimicrobial 
potency of the two compounds, the assumption that the two lines 
are not identical must be tested. Establishment of parallelism 
between regression lines does not preclude the possibility of identical 
intercepts. The null hypothesis for the determination of the 
idtntity of the two lines tests the significance of the difference be- 
tween the intercepts of two parallel lines. If the null hypothesis is 
accepted on the basis of a I test, a statement can be offered in terms 
of probability that the two regression lines are estimates of the 
same locus. (See the Appendix for summarized calculations.) 
Application of the test to the data for the two benzylpenicillins 
indicates that the two intercepts are significantly different (p 
< 0.001). This information, along with the identity of the slopes, 
indicates that the regression lines for the two benzylpenicillins, al- 
through parallel, describe different loci. Satisfaction of the re- 
quirement for parallelism and establishment of significantly dif- 
ferent intercepts permit the direct comparison of the two lines in 
terms of horizontal displacement. 


The horizontal displacement as a measure of the relative potency 
of the two drugs may be calculated and confidence limits generated 
(Appendix). Table IV summarizes the results of these calculations. 
The introduction of deuterium into the acyl group of penicillin 
has no effect on the mechanism of antimicrobial action. However, 
a deuterium isotope effect is present and is reflected in a 25 x reduc- 
tion in potency of the deuteriumcompound compared with its protio- 
analog. 


Comparative assays were performed on several days and grouped 
together to increase reliability of the relative potency estimate. 
The absolute antistaphylococcal activity of the antibiotics varied 
widely from day to day, as indicated by the overlap of data points 
throughout the concentration range in Fig. 1. Therefore, day-to- 
day predictions of absolute activity for each antibiotic could not be 
made. However, day-to-day effects should not be expected to 
operate on the relative position of the two regression lines with 
respect to each other (relative potency estimate). On each day 
the protioanalog regression line was always displaced above the 
regression line for the deuterioanalog. The variation in displace- 
ment as a function of days was assessed for the presence of a sig- 
nificant trend. The log relative potency was graphed as a function 
of the day on which the experiment was performed (Fig. 2). No 
significant regression of the displacement on days was found. 


Table IV-Relative Potency and Confidence Limits for Isotopic 
Benzylpenicillin Salt 


Percent 


Relative potency (H/D) 
95 % Confidence interval 
99 Confidence interval 


125 


106-148 
114-138 


The regression equation calculated for the data in Fig. 2 does not 
possess a slope that varies significantly from zero (p &Z 0.70). AS 
expected, there is no correlation between the log relative potency 
and the day on which the experiment was completed. If a dif- 
ference in the rate of decomposition of the two isotopic antibiotics 
did exist, a significant regression of log relative potency on days 
could be determined. This information would contribute toward 
the quantization of the difference in decomposition rate of the two 
compounds. 


Results of preliminary studies obtained with a clinically isolated 
penicillinase producing S.  aureus indicate reduced but nearly equal 
biological activity for the two isotopic penicillins. Direct com- 
parison of the results obtained for S. aureus ATCC 6538P and the 
penicillinase-producing organism may not be appropriate because 
of the more fastidious nature of the clinically isolated test organism. 
Further investigation is underway to permit a complete analysis of 
the deuterium isotope effect on a penicillinase-producing organism 
(21). 


The introduction of deuterium into the benzyl moiety of penicillin 
G has reduced the antimicrobial activity against a strain of S. aureus 
with respect to the protioanalog. This decrease may result from 
an altered rate of penetration by penicillin to the site of action in 
the cell wall or rate of association of penicillin with a crosslinking 
enzyme. Deuterium introduced into other pharmacologically 
active compounds has resulted in a decreased rate of binding to the 
enzyme receptor, with a concomitant increase in the strength 
of the bond. Since the binding of protiobenzylpenicillin to  
albumins is mediated by the benzyl moiety and not the P-lactam- 
thiazolidine nucleus (19), changes in the rate and strength of 
binding may account for the decreased biological activity of the 
deuterioanalog. Further work is in progress which will help 
elucidate the effect of deuterium in the acyl group on the kinetics 
and extent of binding of benzylpenicillin to macromolecules. 
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1.8 
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Figure &-Regression lines calcularfd for isotopic penicillins. Key: 
YE = 1.46933 f 0.149352)3, and YD = 1.454718 + 0.149352X. 
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Figure 2-Effect of days otz displacement of regression lines (log 
relatioe potency). Key: - , displacement calculated for combined 
data; and X , displacemeiii for day. (See trxt.for explanation.) 


SUMMARY 


1. Deuteriobenzyl-h-penicillin has been chemically synthesized. 
Phenylacetyl-&chloride was first prepared from phenylacetic-d7- 
acid. Subsequently, the acid chloride was condensed with 6-APA, 
and the penicillin G was isolated as the I-ethylpiperidine salt. 


2. The presence of deuterium in the benzyl moiety was confirmed 
using several physical constants. 


3. The antimicrobial activity of the deuteriopenicillin was com- 
pared to its protioanalog by a turbidimetric assay procedure using 
S. aureus as the test organism. 


4. Identity of the regression coefficients for the isotopic penicillins 
was established by statistical analysis. This identity indicates that 
the regression lines are parallel. Parallelism indicates a similar 
mechanism of antistaphylococcal action for the two isotopic penicil- 
lins. 


5. Nonidentity of the regression lines was determined using sta- 
tistical analysis, permitting calculation of a valid estimate of rela- 
tive potency. 


6. The relative potency (H/D), as a quantitative estimate of the 
deuterium isotope effect, was calculated to be 125x. Neither the 
95 nor the 99 % confidence interval generated for the estimate 
includes a relative potency estimate of 100%. 


APPENDIX (20) 


Slope Test 


where 


and 


2.96 
I = 2,08 X = 0.014 (IOOd/)(n.s.) 


Identity of Line.. 
A .  


b - b  t =  A- 


.T (h  - t i )  


where 


and 


( = 8.86( 101 d’)(p < 0.001) (Eq. 9A) 


Horizontal Displacement- 


Confidence Limits of P,- 


where 


and 
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Biotin (I) is a cofactor required for several enzyrne- 
catalyzed carboxylation reactions and, as such, plays a 
significant role in carbon dioxide fixation reactions. 
Although a wide variety of compounds closely related 


HN K NH a (CHJ,-C02H 


I 


to the vitamin have been prepared, very few have been 
found to possess significant biochemical and growth- 
promoting activity in microorganisms and animals. 


Recently (1-3), controversy has arisen about the 
significance of the sulfur atom of biotin with regard to 
interactions between the enzyme protein and the co- 
factor. NMR data have indicated that both the ureido 
oxygen and the sulfur atom should be considered as 


Table I-NMR Spectra at 60 Mc. in CDCL Using TMS Reference (Pyrrolidino Compounds)‘ 


Compound Data N-Acetyl Ester CH2 Ester CHI N-H 5-CH3 Miscellaneous 


I11 6 p.p.m. 


J, C.P.S. 
XV 6 p.p.m. 


J ,  C.P.S. 
IV 6 p.p.m. 


J ,  C.P.S. 


XVI 6 p.p.m. 
J ,  C.P.S. 


XVII 6 p.p.m. 


J, C.P.S. 


V 6 p.p.m. 


J,  C.P.S. 
XVIII 6 p.p.m. 


J, C.P.S. 
VI 6 p.p.m. 


J, C.P.S. 
XXI 6 p.p.m, 


J, C.P.S. 


2.20 


S 


2.19 


2.37 
S 


S 


1.94 


S 


S 


S 


S 


2.01 


1.99 


2.01 


4.17 


q,  7.0 
4.26 


q, 7.0 


q, 7.0 


4.25 


4.22 


4.43 
q, 7.0  


4. 7.0 


4.20 


q, 7.0 
4.17 


q, 7.1 
4.16 


4.17 
q,  7.1 


q, 7.1 


1.28 6.60 C-2 and (2-5 
- 4.25 


t, 7.0 S S 
1.41 6.02 1.22 C-2 4.61 (1H) 


t, 7.0 S d, 6.0 (2-5 4.25 (2H) 1 1.33 d, 7 .4  


m S 


1.30 4.90 
- t, 7.1 


t, 7.1 
1.30 5.54 2.18 C-5 4.25 (2H) 


7.95 2.20 C-2 7.81 (1H) 
It. ::F 
{t: ;:?j 


1.25 


S 


7.03 


S 


- 
t. 7 . 0  d. 7 . 0  


1.25 7.1 1.20 


1.26 7.36 


1.25 7.29 1.10 


t, 7 .2  d, 9 .5  d, 6.0 


t, 7.0 d, 7 .0  - 


t, 7.1 d, 7 .0  d, 6 .0  


a s = singlet, d = doublet, m = multiplet, t = triplet, and q = quartet. 


1732 0 Journal of Pharmaceutical Sciences 








(20) “Documenta Geigy-Scientific Tables,” 6th ed., K. Diem, 


(21) P. A. Laskar, M.S. thesis, University of Illinois Medical 


ofNlinois at the Medicd Center, Chicago, IL 60680 
Ed., Geigy Pharmaceuticals, Ardsley, N. Y., 1962, p. 177. 


Center, Chicago, Ill., 1971. 


Accepted for publication July 17, 1970. 
Abstracted in part from a dissertation presented by Paul A. 


Laskar to the Graduate College, University of Illinois at the Med- 
ical Center, Chicago, Ill., in partial fulfillment of Master of Science 
degree requirements. 


This investigation was supported in part by Research Grant 
I/C 2-41-35-50-3-04-4 from the Graduate College, University of 
Illinois. 


ACKNOWLEDGMENTS AND ADDRESSES 


Received April 27, 1970, from the College ofPharmacy, Uniwrsity 


Synthesis of Azabiotin Analogs as Potential 
Cofactors for Biotin-Dependent Enzymes 


HENRY C. WORMSER 


Abstract IJ As part of a program to synthesize azabiotin analogs 
and homologs as potential substitutes for the natural coenzyme, 
several 4- and 5-substituted derivatives of cis-hexahydropyrrolo- 
[3,4-d]imidazole-2-one have been prepared. Spectral data and certain 
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Biotin (I) is a cofactor required for several enzyrne- 
catalyzed carboxylation reactions and, as such, plays a 
significant role in carbon dioxide fixation reactions. 
Although a wide variety of compounds closely related 


HN K NH a (CHJ,-C02H 


I 


to the vitamin have been prepared, very few have been 
found to possess significant biochemical and growth- 
promoting activity in microorganisms and animals. 


Recently (1-3), controversy has arisen about the 
significance of the sulfur atom of biotin with regard to 
interactions between the enzyme protein and the co- 
factor. NMR data have indicated that both the ureido 
oxygen and the sulfur atom should be considered as 


Table I-NMR Spectra at 60 Mc. in CDCL Using TMS Reference (Pyrrolidino Compounds)‘ 


Compound Data N-Acetyl Ester CH2 Ester CHI N-H 5-CH3 Miscellaneous 


I11 6 p.p.m. 


J, C.P.S. 
XV 6 p.p.m. 


J ,  C.P.S. 
IV 6 p.p.m. 


J ,  C.P.S. 


XVI 6 p.p.m. 
J ,  C.P.S. 


XVII 6 p.p.m. 


J, C.P.S. 


V 6 p.p.m. 


J,  C.P.S. 
XVIII 6 p.p.m. 


J, C.P.S. 
VI 6 p.p.m. 


J, C.P.S. 
XXI 6 p.p.m, 


J, C.P.S. 


2.20 


S 


2.19 


2.37 
S 


S 


1.94 


S 


S 


S 


S 


2.01 


1.99 


2.01 


4.17 


q,  7.0 
4.26 


q, 7.0 


q, 7.0 


4.25 


4.22 


4.43 
q, 7.0  


4. 7.0 


4.20 


q, 7.0 
4.17 


q, 7.1 
4.16 


4.17 
q,  7.1 


q, 7.1 


1.28 6.60 C-2 and (2-5 
- 4.25 


t, 7.0 S S 
1.41 6.02 1.22 C-2 4.61 (1H) 


t, 7.0 S d, 6.0 (2-5 4.25 (2H) 1 1.33 d, 7 .4  


m S 


1.30 4.90 
- t, 7.1 


t, 7.1 
1.30 5.54 2.18 C-5 4.25 (2H) 


7.95 2.20 C-2 7.81 (1H) 
It. ::F 
{t: ;:?j 


1.25 


S 


7.03 


S 


- 
t. 7 . 0  d. 7 . 0  


1.25 7.1 1.20 


1.26 7.36 


1.25 7.29 1.10 


t, 7 .2  d, 9 .5  d, 6.0 


t, 7.0 d, 7 .0  - 


t, 7.1 d, 7 .0  d, 6 .0  


a s = singlet, d = doublet, m = multiplet, t = triplet, and q = quartet. 
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Table 11-NMR Spectra at 60 Mc. in CDCh Using TMS Reference (Pyrrolo[3,4-d]imidazolone Compounds)a 
~ ~ ~ ~~ ~~ ~~ ~ 


Compound Data 3-Acetyl Carbamate CH2 Carbamate CH3 N-H k C H 3  


- IX 6 p.p.m. 2.51 4.20 1.29 7.1 
J, C.P.S. S 4, 7 . 0  t, 7 .0  S 


J ,  C.P.S. S 9, 7 . 0  t, 7 .0  S d, 6 .0  
XXIV 6 p.p.m. 2.51 4. I6 1.28 6.92 1.05 


xxv 6 p.p.m. - 4.16 1.28 (6.77 1.28 


J,  C.P.S. d, 6 . 0  
IS 


1s 
q, 7.0  t, 7 .0  16.54 


a s = singlet, d = doublet, m = multiplet, t = triplet, and q = quartet. 


potential hydrogen-bond formers with polar groups on 
a protein to which biotin binds (3,4)(Tables I and 11). 


In a preceding paper (3, an approach to the pyrrolo- 
[3,4-d]imidazole nucleus was presented. It was hoped 
that the method described would be applicable to the 
preparation of 4-substituted derivatives, ultimately 
leading to the synthesis of azabiotin. The method, in 
fact, offers an unequivocal synthetic route to the de- 
sired heterobicyclic system. A somewhat modified route 
had to be adopted to allow the introduction of a side 
chain on the carbon atom adjacent to the nitrogen of 
the pyrrolidine ring. 


1,3-Dicarbethoxy-4-amino-3-pyrrolines (111 and XV 
in Schemes I and 11) had not been employed previously 
as intermediates for the synthesis of the pyrrolo[3,4-d]- 
irnidazole system. Such compounds are readily formed 
by heating the extensively enolized 1,3-dicarbethoxy-4- 
pyrrolidones (I1 and XIV) with ammonium formate 
in ethanol solution (6, 7). The pyrrolidones were 
obtained by cyclizations of the Dieckmann type 


carried out as described previously (8). Initially, several 
attempts were made to obtain 1,3-dicarbethoxy-4- 
ureido-5-methyl-3-pyrroline uia the condensation of 
urea with the corresponding pyrrolidone, but the start- 
ing materials were invariably recovered unchanged. 
This failure suggests that the occurrence of this type of 
reaction is hampered, on the one hand, by a high degree 
of crowding of the carbonyl group and, on the other, by 
the poor nucleophilic character of the attacking species. 
The aminopyrrolines were acetylated in good yields in 
the presence of acetic anhydride. N-Acetyl (IV) proved 
quite stable. However, XVI, on standing at room 
temperature, oxidized to the corresponding pyrrole 


Catalytic reduction with Adams' catalyst of IVY XVI, 
and XVII afforded stereospecifically in each case the 
corresponding cis-pyrrolidines. However, reduction of 
the pyrroline XVI with 10% palladium on charcoal 
gave a 2: 1 mixture of cis-product XVIII and trans- 
product XXI. The trans-products, XXI and VI, were 


(XVII). 


COEt  NH-Ac 


NaOEt '.-Q cv-Ac 
I 
I 


- - - __t 


c=o 
OEt 


I 
I 
c-0 
OEt 


CO-Et 0 C0,Et NH, COLEt NH-Ac v HCOONH, Ac,O v Hz, PtL' 
I 
I 
c=o 
OEt 


I 
I 
c=o C=O 


OEt OEt 
I1 111 


I 
I 


Y f N - O H  I 
c=0 
OEt 


I 
VIII 


VI 


H,,Pt,O ,/ IV 


,/ k , - N H :  ! y . y - A c  


I 
I 


OEt 
Br-(CH,),-CN c=o VII ;.. 


J. I 
0 


H-N'L-Ac  


trJl Ba(OH), 


il 0 0 0 


H-NJL-H H - N J L - H  H-N N-H - 
I 
I 
c=o 
OEt 


t j + t - N j  
H-NJL-H HCI 


I I 
I X 


H c=o 
- v  I 


(CHJx-CN 


'HCl I 


XIIIa, x = 3 
XIIIb, x = 4 


(CHJx-COlH 


XIIU, x = 3 OEt 
XIIb, x = 4 XI IX 


Scheme 1 
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c=o 
OEt 
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I I 


HCOONH, - 
COzEt NHZ 


U C H ,  I AcpO_ 
c=o 
OEt 
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c=o 
OEt \ I 


C0,Et NH-Ac 


TJc I CH3 


c=o 
OEt 
I 


XIV xv 


- XVIII + I 
AqO c=o c=o 


I I 
OEt 
x IX 


OEt 
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NH, NH, 


C=O 
I 
OEt 


XXI 
CO-NH-NH, '\. NH-Ac 


- ' G C H , J  I - 
I 7 NH,NH, 
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OEt 
I 


XXII / 
CO- NH - NH, 


NH--Ac 


c-- 
k C H ,  NH,NH, 


i H-N N-Ac 
s H-NJL-H H-N N--H 
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I 
H N O  


c=o 
OEt 


XXIII 


I U C H {  I 


y-J ' Q, +Ba(OHh 


I 
I 


CH, 


C=O 


OEt 
xx IV 


I CH, 


C=O 
I 


H 
XXVI 


1 H-N N-H H-N N-H 


ucH3 .HC1 


Rr-(CH It--CN nci, - 
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I 


(CHJx-COzH 
I 


(CHz)x- CN 
xx VIIU, x = 3 XXVIIIU, x = 3 
XXVIIb, x = 4 XXVIIIb,x = 4 


Scheme I1 


independently obtained by base-catalyzed epimeriza- 
tion reactions. The conversion to  XXI was rather facile, 
whereas the formation of VI required more drastic 
conditions. The acetamido pyrrolidines, V and XVIII, 
were also sought from oximes VIII and XIX, respec- 
tively, by catalytic hydrogenation in acetic anhydride. 
This latter method offered no advantage over the pre- 
viously outlined procedure and, in both cases, led to the 
production of mixtures. Hydrazinolysis of ester XVIII 
under reflux condition afforded exclusively trans- 
hydrazide XXII, whereas milder conditions afforded 
only cis-product XXIII. This latter can be converted to 
hydrazide XXII by prolonged treatment with hy- 
drazine hydrate under reflux condition or by the 
addition of sodium ethoxide in ethanol at room tem- 


perature. Hydrazide XXII can also be obtained in nearly 
quantitative yield from the trans-ester XXI and hydra- 
zine hydrate in boiling ethanol. These rather facile 
epimerizations at  carbon 3 are significant, because they 
point to a rather unstable situation arising from steric 
compression brought about by the cis relationships at  
(2-3, C-4, and C-5 of the pyrrolidine ring system and, con- 
sequently, the need for relief from this strain. These 
findings are coupled with similar observations found in 
the literature (9, lo). 


Conversion of hydrazides VII and XXIII to their 
respective azides and Curtius rearrangement of these 
intermediates afforded the pyrrolo[3,4-d]imidazole de- 
rivatives IX and XXIV, respectively. Barium hydrolysis 
of these two compounds afforded two bicyclic moieties, 
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Table IZI-Azabiotin Analogs dH*L--R 


Yield, ---Anal., %--- 
Compound R X R' M.p. % Formula Calcd. Found 


XIIU H 3 CNa 127-130" 93 CoHiaNaO.HC1.HzO C, 43.46 C, 43.69 
H, 6.89 H, 6.20 
N, 22.52 N, 22.42 


XIIIU H 3 COzHa 247-255" dec. 71 CgHiaN3Oa. HCl C, 43.29 C, 43.06 
H, 6.46 H, 6.46 
N, 16.83 N, 16.80 


XIIb H 4 CN 129-1 30 77 CioHi6N40 C, 57.65 C, 57.64 
H, 7.74 H, 7.67 
N, 26.90 N, 26.77 


H, 6.88 H, 6.84 
N, 15.89 N, 15.94 


H, 7.74 H, 7.73 
N, 26.90 N, 26.95 


H, 6.88 H, 6.87 
N, 15.94 N, 15.90 


XXVIIb CHI 4 CN 201-202 O 75 CiiHiJ'J40 C, 59.70 C, 59.68 
H, 8.14 H, 8.20 


N, 25.22 N, 25.15 
C, 44.83 C, 44.83 
H, 7.70 H, 7.44 


N, 14.17 N, 14.26 


XIIIb H 4 COzHa 241-243 ' dec. 79 CioHi7N303. HCl c ,  45.54 c ,  45.55 


XXVIIa CH3 3 CN 174-175 75 CioHi6N40 C, 57.65 c ,  57.59 


XXVIIIU CH3 3 C02Ha 253-257" dec. 64 CioHiTN303. HCl c ,  45.54 c ,  45.59 


XXVIIIb CH3 4 CGHa 223-225" dec. 68 CiiHigN303. HCI.HzO 


(1 Hydrochloride salt. 


which were functionatized at position 5 to yield the 
azabiotin analogs listed in Table 111. 


EXPERIMENTAL' 


1,3-Dicarbetboxy-4-acetamido-3-pyrroline ( I v t A  solution of 
80.9 g. (0.35 mole) of 1,3-dicarbethoxy-4-amino-3-pyrroline (111) 
(1 1) in 250 ml. of acetic anhydride was refluxed for 5 hr. The excess 
acetic anhydride was removed under reduced pressure, and the 
crystalline product was collected to yield 89.4 g. (9473, m.p. 123- 
125 O. Several recrystallizations from 95 % ethanol gave colorless 
crystals of IV, m.p. 127-129". UV spectrum showed 274 mp 
(e 21,850). IR spectrum (mineral oil) showed bands at 3.01, 5.90, 
and 6.10 p. 


And-Calcd. for C12H18N205: C, 53.31; H, 6.71; N, 10.37. 
Found: C, 53.31 ; H, 6.64; N, 10.33. 
cis-1,3-Dicarbethoxy-4-acetamidopyrrolidine (V)-A solution of 


2.0 g. (7.4 mmoles) of IV in 100 ml. of 95% ethanol was hydro- 
genated in a Parr shaker over 0.2 g. (84.7%') of platinum oxide for 
24 hr. Evaporation of the filtered solution under reduced pressure 
gave a thick, colorless, oily residue, which showed a single spot on 
TLC (20% methanol in ether). Treatment of the oily product with 
ether afforded a colorless crystalline material, 1.34 g. (66.5z), m.p. 
123-125 '. Two recrystallizations from ether gave the analytical 
sample, m.p. 127-129". IR spectrum showed bands at 2.90, 3.00, 
5.80, and 5.97 p. 


And-Calcd. for C11H20N205: C, 52.91; H, 7.40; N, 10.29. 
Found: C, 52.93; H, 7.36; N, 10.20. 


1 Melting points were determined on a Fisher-Johns melting-point 
stage and a Thomas-Hoover melting-point apparatus which had been 
calibrated with standard samples. UV absorption spectra were deter- 
mined in 95 Z ethanol on a Beckman (model DKZA) recording spectro- 
photometer. IR absorption spectra were recorded in chloroform (un- 
less otherwise specified) on a Beckman (model 8) recording spectro- 
photometer. NMR spectra were determined in deuterochloroform using 
TMS as reference standard on a Varian A-60A spectrometer. Micro- 
analyses were carried out by Spang Microanalytical Laboratory, Ann 
Arbor, Mich. Mass spectra were determined on an Atlas CH-4 mass 
spectrometer with TO-4 ion source. TLC was carried out with silica 
gel G and silica gel HFnsr+aas (Brinkmann Instruments). 


Catalytic Reduction of 1,3-Dicarbethoxy-4-pyrroIidone Oxime 
(VIII j A  solution of 0.67 g. (2.7 mmoles) of 1,3-dicarbethoxy-4- 
pyrrolidone oxime (VrrI) (12) in 50 ml. of acetic anhydride was 
hydrogenated at 3 atm. over 0.2 g. (84.7z) of platinum oxide for 
24 hr. Evaporation of the excess acetic anhydride afforded a tan 
crystalline residue, 0.64 g., m.p. 112-1 15". Several recrystallizations 
from ether gave colorless needles, m.p. 122-124". TLC of this 
product (15% methanol in chloroform) showed two spots of nearly 
equal size. Preparative TLC on silica gel HF254+366 using the same 
solvent system gave two crystalline compounds following extrac- 
tion of the respective bands. The band with the higher R ,  afforded a 
substance that was characterized as 1,3-dicarbethoxy-4-acetamido- 
3-pyrroline (IV), m.p. 126-129"; mixed melting point was not de- 
pressed upon admixture with an authentic sample. The band with the 
lower R f  gave cis-1,3-dicarbethoxy-4-acetamidopyrrolidine (V), 
also identical in all respects to the authentic sample prepared by a 
previous method. 


frans-1,3-Dicarbethoxy4aceta~dopyrrolidine ( V 1 e - A  solution 
of V (0.20 g., 0.74 mmole) and freshly prepared sodium ethoxide 
(0.05 g., 0.74 mmole) in 15 ml. of absolute ethanol was refluxed 
for 15 hr. The alcohol was removed under reduced pressure, cold 
water was added to the residue, and the reaction product was 
extracted with chloroform. The chloroform extract was washed 
with water, dried over anhydrous sodium sulfate, and evaporated 
to dryness. TLC of the residual oil ( 5 %  methanol in chloroform) 
showed two spots: a major spot and a smaller spot corresponding 
to the starting material (V). Preparative TLC on silica gel HF254+36fi 
afforded a colorless oil which crystallized on standing. Recrystal- 
lization from isopropyl ether gave 0.13 g. (65 %) of colorless needles, 
m.p. 107-108". IR spectrum showed bands at 2.91, 3.01, 5.81, and 
6.00 y. 


Anal.-Calcd. for C12H20N205: C, 52.91; H, 7.40; N, 10.29. 
Found: C, 52.90; H, 7.31; N, 10.19. 
cis-l-Carbethoxy-3-hydrazino-4-acetamidopyrrolidine ( V I I j A  


mixture of V (1.0 g., 3.7 mmoles) and hydrazine hydrate (3.0 ml.) 
was stirred at room temperature for 5 hr. Excess hydrazine hydrate 
was removed by distillation under reduced pressure, leaving a very 
viscous oil. Although the product was homogeneous on TLC (20% 
methanol in ethyl acetate), all attempts to crystallize it failed. IR 
spectrum (film) showed bands at 3.01, 5.97, and 6.05 p .  
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3-Acetyl-5-carbethoxy-cis - hexahydropyrrolo[3,4 - dlimidazole - 2- 
one (IXtcis-Hydrazide (VII) (0.60 g., 2.33 mmoles) was dissolved 
in 3 ml. of 2 N hydrochloric acid, and the cooled solution was 
treated dropwise with a cold solution of 0.15 g. (2.17 mmoles) of 
sodium nitrite in 2 ml. of water. The oily, yellow azide was extracted 
with five 10-ml. portions of ethyl acetate, and the combined ex- 
tracts were dried over anhydrous sodium sulfate. The filtered solu- 
tion was then refluxed on a steam bath for 2 hr., and the solvent was 
evaporated to dryness. On standing, the oily residue crystallized 
to give 0.46 g. (82z)  of IX, m.p. 115-120". Recrystallization 
from ether afforded colorless needles, m.p. 119-121 '. IR spectrum 
showed bands at 2.91, 3.05,5.80, and 5.99 I*. 


Anal.-Calcd. for C10H15N304: C, 49.80; H, 6.27; N, 17.43. 
Found: C, 49.63; H, 6.26; N, 17.55. 
cis-Hexahydropyrrolo[3,4-d]imidazole-2-one (X)-Bicyclic ureide 


(IX) (5.0 g., 20.8 mmoles) was hydrolyzed by the method previously 
described ( 5 ) .  Following workup, 2.49 g. (94%) of a colorless 
crystalline product was obtained, m.p. 21(t-214". Recrystalliza- 
tion fromethanolaffordedX,m.p.213-215";mixed melting pointwas 
not depressed by admixture with an authentic sample obtained pre- 
viously. In addition, 0.042 g. of 5-carbethoxyhexahydropyrrolo- 
[3,4-d]imidazole-2-one (XI) was obtained from the reaction mixture, 
m.p. 221-222"; mixed melting point was not depressed by admixture 
with an authentic sample. 
1,3-Dicarbethoxy-4-amino-5-methyl-3-pyrroline ( X V h A  solution 


of 121.7 g. (0.5 mole) of 1,3-dicarbethoxy-5-methyl-4-pyrrolidone 
(XIV) (13) and 78.6 g. (1.25 moles) of ammonium formate in 750 ml. 
of absolute ethanol was heated under reflux for 48 hr. Evaporation 
of the solvent under reduced pressure afforded a tan crystalline 
residue. The solid product was treated with 250 ml. of water to 
dissolve unreacted ammonium formate, and the reaction product 
was extracted with chloroform. The chloroform extract was washed 
with water and dried over anhydrous sodium sulfate. Evaporation 
of the solvent afforded 118.4 g. of crystalline product, m.p. 
126-127". Recrystallization from 95% ethanol gave colorless 
crystals of XV, 112 g. (9373, m.p. 127-129". UV spectrum showed 
XI::" 274 mp (e 21,800). IR spectrum showed bands at 2.85, 2.96, 
5.98, and 6.10 p. 


Anal.-Calcd. for CllH18N204: C, 54.52; H, 7.49; N, 11.56. 
Found: C, 54.63; H, 7.57; N, 11.54. 
1,3-Dicarbethoxy-4-acetamido-S-methyl-3-pyrroline (XV1)-A 


solution of I12 g. (0.46 mole) of XV in 350 ml. of acetic anhydride 
was refluxed for 12 hr. The excess reagent was distilled under reduced 
pressure, and the remaining yellow oil crystallized from petroleum 
ether (b.p. 30-60"), 129.3 g. (98.4%), m.p. 69-70'. UV spectrum 
showed A:::." 274 rnfi (e 14,050). IR spectrum showed bands at 
3.01, 5.95, and 6.12 p .  


Anal.-Calcd. for C13H20N205: C, 54.91 ; H, 7.09; N, 9.85. Found: 
C, 54.77; H, 7.07; N, 9.81. 


1,3 - Dicarbethoxy - 4 - acetamido - 5 - methylpyrrole (XVII)-On 
standing at room temperature for several weeks, crystalline product 
XVI turned pale yellow and became quite sticky. TLC revealed two 
spots. A small portion of the mixture was separated by preparative 
TLC on silica gel HF254f366 (15z  methanol in ethyl acetate). The 
higher Rf band gave the starting material (XVI), m.p. 68-71"; 
mixed m.p. 68-71 '. The lower RI band gave product XVII, which 
crystallized from diethyl ether as colorless needles having m.p. 132- 
133". This latter product gave no significant UV absorption at 274 
mp but showed absorption at 216 mp. 1R spectrum showed 
bands at 2.91. 5.70.5.90. and 6.20 N .  


, I  


Anal.-Calcd. for C13H18N206: C, 55.31; H, 6.43; N, 9.92. Found: 
C, 55.24; H, 6.24; N, 9.81. 
cis-l,3-Dicarbethoxy-4-acetamido-5-methylpyrrolidine (XVIII- 


Method A-A solution of XVI (3.0 g., 10.6 mmoles) in 100 ml. of 
95 % ethanol was hydrogenated in a Parr shaker over 0.3 g. (84.7%) 
of platinum oxide for 24 hr. Evaporation of the filtered solution 
gave a thick, colorless oil which showed a single spot on TLC (8% 
methanol in ethyl acetate). Crystallization from isopropyl ether 
afforded 2.87 g. (95%) of colorless crystals, m.p. 101-103". The IR 
spectrum showed bands at 2.91, 5.82, and 5.99 p. 


Anal.-Calcd. for C13H22N205: C, 54.52; H, 7.75; N, 9.78. 
Found: C, 54.72; H, 7.77; N, 9.73. 


Method B-A solution of XVII (1.0 g., 3.5 mmoles) in 50 ml. of 
95 ethanol was hydrogenated as in Method A over 0.2 g. (84.7 %) 
of platinum oxide. Following the usual workup, 0.94 g. (93%) of 
a crystalline product was obtained, m.p. 101-103". The IR and 


TLC mobility of the product were identical to those obtained for 
the product of Method A. 
truns-1,3-Dicarbethoxy-4-aceta1nido-5-methylpyrrolidme (XX1)- 


Method A-A solution of XVI (0.3 g.,  1.06 mmole) in 50 ml. of 
95% ethanol was hydrogenated over 0.1 g. of 10% palladium on 
charcoal for 12 hr. Evaporation of the filtered solution gave a 
colorless oil which showed two spots on TLC (10% methanol in 
ethyl acetate). Preparative TLC on silica gel HF254+366 afforded 
0.19 g. of product XVIII, m.p. 100-102"; mixed melting point 
was not depressed by admixture with Compound XVIII obtained 
previously. The lower RI band gave 0.09 g. of product XXI, which 
crystallized from isopropyl ether as colorless needles, m.p. 128- 
129". IR spectrum showed bands at 2.90, 3.00, 5.80, and 5.95 p. 


Anal.-Calcd. for C10H22N205: C, 54.52; H, 7.75; N, 9.78. 
Found: C, 54.66; H, 7.74; N, 9.80. 


Method B-A solution of XVIlI (0.10 g., 0.35 mmole) and freshly 
prepared sodium ethoxide (0.005 g,, 0.07 mmole) in 5 ml. of absolute 
ethanol was stirred at room temperature for 12 hr. The solvent was 
removed under reduced pressure, ice was added to the residue, and 
the product was extracted with chloroform. The chloroform ex- 
tract was washed with water, dried over anhydrous sodium sul- 
fate, and evaporated to dryness. The tan solid residue (0.082 g., 
8 2 z )  was recrystallized from isopropyl ether, affording colorless 
needles, m.p. 128-129"; mixed melting point was not depressed by 
admixture with the product obtained under Method A. 
1,3-Dicarbethoxy-5-methyl-4-pyrrolidone Oxime (XIX)-A mix- 


ture of hydroxylamine hydrochloride (3.15 g., 0.045 mole) and 
sodium acetate trihydrate (6.30 g., 0.046 mole) in 10 ml. of 90% 
methanol was triturated in a glass mortar. The white suspension was 
filtered through diatomaceous earth,* and the clear filtrate was 
added to XIV (4.86 g., 0.02 mole). The solution, which immediately 
became turbid, was stirred at room temperature for 2 hr., followed 
by a period of heating at 60" until the reaction mixture failed to 
give a positive ferric chloride test. Following evaporation of the 
methanol, the product was dissolved in chloroform, washed with 
water, and dried over anhydrous sodium sulfate. Evaporation of 
the chloroform gave a colorless, viscous oil (5.01 g., 97%) which 
resisted crystallization. IR spectrum showed bands at 2.79, 3.02, 
5.79, and 5.94 I*. 


Catalytic Reduction of Oxime (XIX)-A solution of oxime (XIX) 
(4.0 g . ,  15.5 mmoles) in 75 ml. of acetic anhydride was hydrogenated 
over 0.2 g. (84.7%) of platinum oxide at 3 atm. for 48 hr. Evapora- 
tion of the filtered solution in uucuo gave a thick, yellow, oily res- 
idue which showed three spots on TLC. The mixture was separated 
by preparative TLC on silica gel HF254+386 (5 % methanol in chloro- 
form). The higher R ,  band gave 2.4 g. of the starting material 
(XIX) as an oil (superimposable IR spectra). The intermediate R f  
band gave 0.78 g. of a crystalline product (XX), m.p. 186-187". IR 
spectrum (mineral oil) showed bands at 3.02, 5.70, and 5.95 p. 
An analytical sample was obtained by recrystallization from ethyl 
acetate, m.p. 188-190". 


And-Calcd. for C13H22N206: C, 51.66; H, 7.34; N, 9.27. 
Found: C, 51.60; H, 7.27; N, 9.35. 


The lower Rl band gave 0.64 g. of cis-ester (XVIII), m.p. 101-102"; 
mixed melting point was not depressed by admixture with the com- 
pound obtained previously. 
trans-1-Carbethoxy-3-hydrazino-4-acetaddo-5 - meth ylp yrrolidine 


( X X n F A  solution of 0.14 g. (0.5 mmole) of XVIII in 3 ml. of 
absolute ethanol was treated with 0.2 ml. of hydrazine hydrate, 
and the mixture was refluxed for 5 hr. Evaporation of the solvent 
afforded 0.13 g. of crystalline product, m.p. 195-204". Recrystal- 
lization from ethanol-ether mixture gave 0.11 g. (79.473 of color- 
less crystals. The analytical sample had m.p. 211-212". IR spec- 
trum (mineral oil) showed bands at 3.04, 3.19. 5.96, and 6.05 p. 
Mass spectrum (70 ev.) gave a molecular ion at m/e 272. 


Anal.-Calcd. for CllH2~N404: C, 48.52; H, 7.40; N, 20.57. 
Found: C, 48.60; H, 7.40; N, 20.58. 
cis-1-Carbethoxy-3-hydrazino-4 - acetamido - 5 - methylpyrrolidine 


(XXIIIeA suspension of 1.99 g. (6.95 mmoles) of XVIII in 6 ml. 
of hydrazine hydrate was stirred at room temperature for 12 hr. 
The white suspension was filtered, affording 1.17 g. of a micro- 


~ 


2 Celite, Johns-Manville, New York, N. Y. 
a Compound XX was characterized as an 0-acetyl pyrrolidinohy- 


droxylamine derivative, since the reduction of oximes to amines pre- 
sumably involves the intermediacy of hydroxylamines [G. Vavon and 
Krajcinovic, Bull. SOC. Chem. France, 43, 23 1(1928)]. 
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crystalline substance, m.p. 146-152". Evaporation of the excess 
hydrazine hydrate in uucuo afforded an additional 0.34 g. of product 
for an overall yield of 79.8%. Recrystallization from ethyl acetate 
gave 1.24 g. of a crystalline colorless product, m.p. 159-160". 
IR spectrum (mineral oil) showed bands at 3.02, 5.85, 5.95, and 6.05 
p. Mass spectrum (70 ev.) gave a molecular ion at m/e 272. 


Anal.-Calcd. for CllH20N404: C, 48.52; H, 7.40; N, 20.57. 
Found: C, 48.65; H, 7.46; N, 20.44. 


3-Acetyl-&methyl- 5 - carbethoxy - cis - hexahydropyrrolo[3,4 - d]-  
imidazole-2-one (XXIVtOne gram (3.67 mmoles) of hydrazide 
XXIII dissolved in 4 ml of 2 N hydrochloric acid and cooled to 
-5"  was treated dropwise with a cold solution of 0.5 g. (7.2 mmoles) 
of sodium nitrite in 2 ml. of water. The white precipitate which 
formed was filtered, m.p. 1W104" dec. The azide was dis- 
solved in 75 ml. of ethyl acetate and heated to reflux on a steam 
bath for 2 hr. Evaporation of the solvent afforded a yellowish oil 
which crystallized on standing, 0.62 g. (6673, m.p. 101-105". 
Recrystallization from isopropyl ether gave XXIV, m.p. 108-1 10". 
IR spectrum showed bands at 2.89, 3.02, 5.75, and 5.95 p .  Mass 
spectrum (70 ev.) gave a molecular ion at m/e 255. 


And-Calcd. for C11HI,N30a: C, 51.75; H, 6.71; N, 16.46. 
Found: C, 51.80; H, 6.81; N, 16.59. 


4-Methyl- 5 - carbethoxy - cis - hexahydropyrrolo[3,4 - dlimidazole- 
2-one (XXV) and 4-Methyl-cis-hexahydropyrrolo[3,4-d]imidazole- 
2-one (XXV1)-A mixture of 0.60 g. (2.35 mmoles) of XXIV and 
3.0 g. (9.51 mmoles) of barium hydroxide octahydrate in 30 ml. 
of 50% aqueous methanol was refluxed for 12 hr. The creamy sus- 
pension was filtered while hot, and the filtrate was evaporated to 
dryness in uucuo. The tan residue was chromatographed over 50 g. 
of basic alumina, eluting successively with chloroform and 5, 10, 
25, and 50% methanol in chloroform. The first three fractions (250 
ml. each) afforded 0.40 g. (80%) of a crystalline product, m.p. 
145-146". Recrystallization from ethyl acetate gave an analytical 
sample, m.p. 145-146". IR spectrum showed bands at 2.89,3.09, and 
5.82-5.98 (w) p. Mass spectrum (70 ev.) gave a molecular ion at 
m/e 21 3. 


And-Calcd. for CgHI6N3O3: C, 50.70; H, 7.09; N, 19.70. 
Found: C, 50.66; H, 6.99; N, 19.58. 


The last two fractions (150 ml. each) gave a white product (0.06 
g., 16%), m.p. 206-210". Recrystallization from ethyl acetate 
gave XXVI, m.p. 209-210". IR (mineral oil) showed bands at 3.10 
and 5.90 p. Mass spectrum (70 ev.) gave a molecular ion at m/e 141. 


Anal.-Calcd. for C6HnN30: C, 51.03; H, 7.85; N, 29.76. Found: 
C, 51.11; H, 7.84; N, 29.69. 


N-Alkylation of Pyrrol0[3,&d]imidazolones (X and XXW+ 
One part of the secondary amine was refluxed for 12 hr. in the pres- 
ence of a threefold excess of a nitriloalkyl bromide in the presence 


of anhydrous potassium carbonate in absolute ethanol. The salts 
were filtered, and the filtrate was evaporated to dryness. Recrystal- 
lization of the tertiary amines (XIla, XIIb, XXVIIu, and XXVIIb) 
was achieved using ethyl acetate. 


Hydrolysis to Amino Acid Hydrochlorides (XIIIa, XIIIb, XXVIIIa, 
and XXVIIIb)-The respective alkylated pyrrolo[3,4-d]imidazoIone 
products were heated at 100" for 8 hr. in the presence of concen- 
trated hydrochloric acid. The reaction mixture was evaporated to 
dryness under reduced pressure, and the crystalline residue was 
recrystallized from ethanol or ethanol-ether mixtures. 
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Acetaminophen Prodrugs 111: Hydrolysis of 
Carbonate and Carboxylic Acid Esters 
in Aqueous Buffers 


ELISABETH S. RATTIE, ELIE G .  SHAMI", LEWIS W. DITTERTt, and JOSEPH V. SWINTOSKYt 


Abstract The hydrolysis rates of four carbonateand five carboxylic 
acid ester prodrugs of acetaminophen were determined in aqueous 
buffers at various pHs. The hydrolysis reactions of all the com- 
pounds except the hemisuccinate were first order in ester and in 
hydroxyl ion over the relatively alkaline pH ranges studied. The 
apparent enthalpies of activation were between 18 and 23 kcal./ 
mole. The results suggest that it should be possible to formulate 
pharmaceutically stable suspensions of this type of acetaminophen 
prodrugs. 


Keyphrases Acetaminophen prodrugs-hydrolysis 0 Carbonate, 
carboxylic acid esters of prodrugs-hydrolysis, aqueous buffers 0 
Hydrolysis rates-acetaminophen prodrug esters 0 UV spectro- 
photometr y-analy sis 


The synthesis, physicochemical properties, and anal- 
gesic activities in rats of several prodrug esters of 
acetaminophen have been previously reported (1-3). 
These studies showed that significant difference; in 
analgesic potency and duration of action might be 
expected following the oral administration of carbonate 
and carboxylic acid esters of various structures. The 
expected differences were attributable primarily to 
differences in the rates of dissolution and absorption of 
the esters following oral administration. In the case of 
4-acetamidophenyl 2,2,2-trichloroethyl carbonate, the 
peak heights and rates of decline of blood levels of 
acetaminophen in humans depended upon the particle 
size of the administered powder (4). 


Thus, the dose-time-action profiles of drugs that can 
be converted into carbonate or carboxylic acid esters 
might be modified at  will by: (a) selecting appropriate 
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Figure 1-Plots showing the pseudo-jrst-order nature of the hy- 
drolysis of 4-acetamidophenyl 2,2,2-trichloroethyl carbonate (11) 
over the pH range 9.40-10.61 at 25". The halflives are shown in 
Table I .  


ester structures, and (6) controlling the prodrug's par- 
ticle size in pharmaceutical formulations. The selection 
of ester structures on the basis of hydrolysis catalyzed 
by various body enzymes has been discussed (3), but 
relatively little information on the chemical stability of 
drugs of this type has been reported. Therefore, the 
base-catalyzed hydrolysis of several acetaminophen 
prodrugs was studied to gain information on their relative 
hydrolytic stability, which would be useful in the formu- 
lation of pharmaceutical dosage forms, and to further 
elucidate their hydrolysis by esterolytic enzymes. 


EXPERIMENTAL 


Materials-The synthesis and physical properties of the prodrug 
esters have been described (2). All other chemicals were reagent 
grade. A Leeds & Northrup model 7401 pH meter and a Cary 
model 15 spectrophotometer were used. 


Buffer Solutions-Carbonate (pH 10.61, 10.25, 10.0, 9.7, and 
9.4)-These buffers were 0.1 A4 with respect to carbonate ion and 
were adjusted to ionic strength 0.5 with KCI. The buffers were pre- 
pared by dissolving sodium bicarbonate and potassium chloride in 
distilled water and by adjusting the pH by the dropwise addition of 
sodium hydroxide. 


Phosphate (pH 7.40 and 6.81) and Succiriate (pH 5.85 and 5.4)- 
The method of preparation was similar to that described for the 
carbonate buffer. 


Procedure for Hydrolysis Studies-The hydrolysis rates of the 
acetaminophen prodrugs in suitable buffers at constant ionic 
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Figure 2-Plots showing the pseudo-jirst-order nature of the hydroly- 
sis of 4-acetarnidophenyl butyrate ( V I )  over the pH range 9.70-10.61 
at 25". The half-livesare shown in Table II .  
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Figure 3-Plot of pseudo-first-order rate constants versus pH for 
4-acetamidophenyl 2,2,2-trichloroethyI carbonate (11) over the pH 
ratge 9.4-10.61 at 25". 


strength were determined spectrophotometrically by direct UV 
analysis in the thermostated cell compartment. Fifty milliliters of 
buffer solution was equilibrated at the approximate temperature in 
a 50-ml. mixing cylinder. One-half milliliter of anhydrous methanol, 
containing approximately 0.25 mg. of prodrug, was pipeted into the 
cylinder, which was then shaken thoroughly. A portion of this 
mixture was transferred to a 10-cm. sample cell of the spectro- 


o.aoi I 
9.4 9.6 9.8 10.0 10.2 10.4 10.6 


PH 


Figure &Plot of pseudo-first-order rate constatits versus pH f.r 
4-acetamidophenyl butyrate ( V l )  over the pH ratrge 9.7-10.61 at 
25". 


photometer, and the absorbance at 300 mp (the absorbance maxi- 
mum of acetaminophen) was followed until no further change in 
absorbance could be observed (3). All hydrolysis reactions followed 
pseudo-first-order kinetics, and plots of log ( A ,  - A t )  wrsus time 
were used to determine the first-order rate constants. 


Table I-Hydrolysis Data for Carbonate Ester Prodrugs of Acetaminophen, 25' 


0 0 


I 
-CH,--CH3 10.61 Carbonate 28 


10.25 Carbonate 56 
10.00 Carbonate 103 
9.70 Carbonate 183 


0.025 61 
0.012 68 
0.0067 67 
0.0038 76 


Av. 68 


I1 
<Hz<--CI3 10.61 Carbonate 1.1 0.62 1 . 5  x 103 


10.25 Carbonate 2.7 0.25 1.4 x 103 
10.00 Carbonate 4.6 0.15 1 . 5  x 103 


8.3 0.082 1.6 X lo3 9.70 Carbonate 
9.40 Carbonate 17 0.041 1 . 6  X lo3 


Av. 1 . 5  X 10" 
111 


-CHz--CH( CH3)2 10.59 Carbonate 26 0.027 69 
10.31 Carbonate 48 0.015 74 
9.98 Carbonate 108 0.0064 67 
9.76 Carbonate 168 0.0041 71 


Av. 70 


IV 
-(CHz),-N(CHs)z. HCI 7.40 Phosphate 1.7 0.40 1.6 X lo6 


6.81 Phosphate 5 . 8  0.12 1.9 X lo6 
1.8 X lo6 5.85 Succinate 55 0.013 


Av. 1.7 X 1 0 6  


a Buffers w:re 0.1 A4 and adjusted to ionic strength 0.5 with KCI. Calculated fom koi,s. /[OH-],  where [OH-] = 10- ( p k ,  - pH) and the p k ,  = 
13.9965 at 25 . 
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Table 11-Hydrolysis Data for Carboxylic Acid Ester Prodrugs of Acetaminophen, 25 


R PH Buffer Systema ti/%, min. kobs. fin.-' koH l.mole-l min.-Ib 


V 
-CHI 10.59 Carbonate 6 0.12 320 


10.31 Carbonate 12 0.059 300 
9.98 Carbonate 26 0.026 290 
9.76 Carbonate 42 0.016 3 20 


Av. 310 


VII 


10.61 
10.25 
10.00 
9.70 


10.61 
10.31 
9.98 
9.76 


10.59 
10.31 
9.98 


Carbonate 
Carbonate 
Carbonate 
Carbonate 


Carbonate 
Carbonate 
Carbonate 
Carbonate 


Carbonate 
Carbonate 
Carbonate 


11 
27 
47 
93 


17 
35 
78 


130 


72 
148 
380 


0.066 
0.026 
0.015 
0.0074 


0.041 
0.020 
0.0089 
0.0053 


0.0097 
0.0047 
0.0018 


170 
150 
150 
150 


Av. 155 


100 
100 
100 
110 


Av. 103 


25 
24 
20 


Av. 23 


a Buffers wgre 0.1 M and adjusted to ionic strength 0.5 with KCI. Calculated from kobs./[OH-], where [OH-] = lO-(pk, - pH) and the p k ,  = 
13.9965 at 25 . 


RESULTS AND DISCUSSION 


Log ( A ,  - A t )  uersus time plots for 4-acetamidophenyl 2,2,2- 
trichloroethyl carbonate (11) and 4-acetamidophenyl butyrate (VI) 
at various pH's are shown in Figs. 1 and 2, respectively. These 
figures are typical of the hydrolysis behavior of all the prodrug 
esters and show that the reactions followed pseudo-first-order 
kinetics at constant pH. Plots of log k (the pseudo-first-order rate 
constant) versus pH were straight lines with slopes essentially equal 
to 1, showing that the hydrolysis reactions were first order in 
hydroxyl ion as well as in ester (Figs. 3 and 4). The results of the 
hydrolysis studies at 25" for the carbonate ester prodrugs are sum- 


2 4 6 8 10 
PH 


Figure 5-Plot of pseudo-first-order rate constants versus p H  for 
4-acetamidophenyl hemisukinate ( I X )  over the p H  range 3.08-10.60 
at 25". The half-lives are shown in Table I l l .  


marized in Table I;  those for the carboxylic acid ester prodrugs are 
summarized in Table 11. Essentially the same half-lives as those 
shown in Tables I and I1 were obtained in buffers ranging from 0.03 
to 0.5 M and in solutions of ionic strength ranging from 0.1 to 0.5. 
Thus, specific buffer catalysis and salt effects are apparently negligi- 
ble for these hydrolytic reactions. 


The results in Table I show that chlorine substitution in the 
aliphatic alcohol portion of the carbonate ester (11) markedly 
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Figure 6-Arrhenius plot for  the hydrolysis of 4-acetamidophenyl 
ethyl carbonate ( I )  at pH 10.61 over the temperature range 2542" .  
Apparent energy of activation (AH) = 21 kcal./mole (Table 1 0 .  


x 103 
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Table IV-Temperature Dependency of the Hydrolysis 
Reactions of Carbonate and Carboxylic Acid Prodrugs of 
Acetaminophen 


AH 


Table 111-Hydrolysis Data for Hemisuccinate Ester of 
Acetaminophen, 25" 


0 


pH Buffer System" t l i2,  min. koba. min.-l 


3.08 Citrate 47 0.015 
3.5 Citrate 22 0.032 
3.7 Citrate 14 0.049 
4.0 Acetate 9 0.074 
4.25 Acetate 7 0.098 
4.75 Acetate 4.5 0.16 
5.4 Succinate 3.9 0.18 
5.85 Succinate 3.8 0.18 
6.81 Phosphate 3.6 0.19 
7.41 Phosphate 3.6 0.19 
9.72 Carbonate 3.5 0.19 


10.05 Carbonate 3.3 0.21 
10.27 Carbonate 3 .1  0.22 
10.60 Carbonate 2.9 0.24 


Buffers were 0.1 A4 and adjusted to constant ionic strength 0.5 with 
KCI. 


increased the lability of the ester group to base-catalyzed hydrolysis. 
The effect was probably due to the electron-withdrawing properties 
of the chlorine atoms. Chain branching in this alcohol moiety (111) 
had relatively little influence on the rate of the hydrolysis reaction. 
Addition of a P-dimethylamino group to the alcohol moiety (IV) 
caused a dramatic increase in the lability of the ester to base attack. 
The hydrolysis of IV was first order in hydroxyl ion within the pH 
region studied (Table I) and can be assigned to an hydroxyl-ion 
attack on the protonated species. 


The results in Table I1 show that the acetate ester (V) was more 
labile to base-catalyzed hydrolysis than the ethyl carbonate ester (I). 
Lengthening the aliphatic chain (VI) or substituting an aromatic 
hydrocarbon (VII) in the carboxylic acid moiety slightly decreased 
the lability of the ester group to hydrolysis. Branching of the ali- 
phatic chain near the carboxyl group (VIII) significantly slowed the 
reaction. 


The hydrolysis behavior of the hemisuccinate ester of acetamino- 
phen (1X) was studied extensively because it represents a type of 


n 


IX 
compound that might display a higher aqueous solubility, especially 
at higher pH's, than some other prodrug esters. The results shown in 
Table I11 and Fig. 5 are very similar to those reported by Gaetjens 
and Morawetz ( 5 )  for phenyl acid succinates. As might be expected, 
this compound was more stable at low p H s  where the free carboxyl 
group is essentially completely unionized, but it is too labile to be 
formulated into a suitable pharmaceutical solution under any con- 
ditions. 


A brief study of the temperature dependency of the hydrolysis 
reactions showed that, in all cases, the Arrhenius law was obeyed 
at the p H s  studied. A typical Arrhenius plot for Compound I is 
shown in Fig. 6, and the results for all compounds are summarized 
in Table IV. The apparent energies of activation are consistent with 
values previously reported for base-catalyzed ester hydrolyses ( 5 ) .  
The conclusion might be drawn from this brief study that stable 
pharmaceutical suspensions might be formulated from aliphatic 
carbonate and aliphatic and aromatic carboxylic acid prodrug 
esters of acetaminophen. A rough extrapolation from pH 10 to pH 
5.5, the pH of maximum stability of the acetaminophen amide group 


(Gal./ 
R PH kobs. min.-l Temperature mole) 


I 


I1 


111 


IV 


V 


v1 


VII 


VIII 


10.61 


9.35 


10.61 


5.85 


10.00 


10.61 


10.25 


10.61 


0.029 
0.062 
0.19 
0.044 
0.091 
0.022 
0.027 
0.055 
0.024 
0.013 
0.028 
0.11 
0.026 
0.051 
0.23 
0.063 
0.12 
0.33 
0.019 
0.033 
0.14 
0.0097 
0.018 
0.060 
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42 
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43 O 


25 
31 
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25 
31.5" 
42 
25 
31" 
45 
25 
31" 
42" 


21 


19 


23 


22 


20 


19 


18 


20 


toward hydrolysis (6), yields tso values of approximately 1, 1, 0.2, 
0.4, 0.7, and 3.5 years for Compounds I, 111, V, VI, VII, and VIII, 
respectively. These relatively high rso values for the compounds in 
solution, coupled with their relatively low aqueous solubilities (2) 
and high doses, suggest that it might be possible to formulate 
pharmaceutical suspensions with some of the prodrug esters that 
would retain 90% of their potencies for at least 2 years at room 
temperature. 


The more water-soluble prodrugs, i.e., the N,N-dimethylethanol- 
amine carbonate (IV) and the hemisuccinate (IX), are too labile to 
be formulated in liquid dosage forms under any conditions since 
they hydrolyze very rapidly at both slightly acidic and slightly basic 
pHs. 
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Biopharmaceutical Studies on Guaiacol Glycerol Ether 
and Related Compounds IV: Drug in Blood and Bile 
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Abstract 0 Blood levels of guaiacol glycerol ether mononicotinate 
in animals were determined, and it appears that the chemical is 
absorbed with pseudo-first-order reaction by passive transport. 
Guaiacol glycerol ether mononicotinate does not affect blood pres- 
sure and respiration. The compound has no effect on bile flow and 
the cholesterol value in bile, but it increases the amount of cholesterol 
excreted in the bile of hypercholesteremic rats receiving polyoxyethyl- 
ene ethers intravenously. The effect of the metaboliter of the coni- 
pound on cholesterol content in bile was also investigated. 


Keyphrases 0 Guaiacol glycerol ether mononicotinate ---bio- 
pharmaceutical studies 0 Cholesterol excretion-guaiacol glycerol 
ether mononicotinate effect Colorimetric analysis-spectro- 
photometer 


The hypocholesteremic efiects of guaiacol glycerol 
ether (GGE) and guaiacol glycerol ether mononico- 
tinate (GGE-MN) in animals have been reported (1). 
In a previous report ( 2 ) ,  metabolites of GGE and GGE- 
MN in rabbit urine were discussed. 


t c ,  
2 4 7 


HOURS AFTER ADMINISTRATION 


Figure 1-Mean plasma level of GGE-MN ufier oral administru- 
tion to mice at different doses. Key: A ,  100 mg./kg.; B,  200 mg./kg.; 
and C,  300 mg./kg. GGE-MN was screened through 100 mesh aid 
prepared iii suspensioii form with water. Groups consisted of I0 mule 
mice (dd strain); animals were killed according to the sutnpliug sched- 
ule. At time of sacrifice, animuls were bled completely, and the 
equivoluminal mixture of the blood .from each group was reseroeil 
for analysis. All data coiiceriied with mice show meuii culues of ruch 
group. 


The present study was designed to determine the 
blood levels of GGE-MN in animals and the effects of 
it and related compounds on bile in animals and the 
mechanism of hypocholesteremic action. 


EXPERIMENTAL 


Determination of CCE-MN in Blood (3)-To I ml. of plasma in 
an ice-cold centrifuge tube, 2 ml. of ethanol was added, and the 
mixture was stirred thoroughly. After the mixture stood For 15 min. 
in an ice-water bath, 0.5 ml. of the supernatant from centrifugation 
was mixed with 1 ml of ethanol, 2 ml. of ammonia buffer solution, 
and 3 ml. of 10% cyanogen bromide solution. The solution was 
held at room temperature for 15 min., and absorbance was deter- 
mined at 400 mp. A mixture of 0.9 ml. of normal animal plasnia and 
0. I ml. of ethanolic GGE-MN solution of known concentration was 
treated as just described to prepare a calibration curve. 


Ammonia buffer solution was prepared to make the equivolu- 
minal mixture of 0.1 M NH40H, 0.5 M K2HPOa, and 2.0 M NH4CI. 


Male mice (dd strain, mean body weight 20 g.), female rats 
(Wistar strain, mean body weight 200 g.), or male rabbits (mean 
body weight 2 kg.) were used in the study. 


Collection of Rabbit and Rat Bile-Rabbits varying in weight 
from 3.0 to 3.5 kg. were anesthetized with urethan, 1 g./kg. s.c., 
following a fasting period of approximately 24 hr. 


Blood pressure was recorded by a mercury manometer connected 
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Figure 2-Mean plasma level of GGE-MN uftrr oral admiriistru- 
tiou to rats at different doses. Key:  A ,  100 mg./kg.; B,  200 mg.lkg.; 
rind C,  300 mg./kg. GGE-MN was screened through 100 mesh mid 
prepured in suspension form with water. Euch ,female rat. Joe ruts 
per group ( Wistur), was killed according to the sumpling sched~tle. 
A t  the time of sacrifice, each animal wus bled completely crnd the 
blood wus rrseraed.for analysis. 
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Table I-Pharmaceutical Formulas of GGE-MN 
Administered to Rabbits 


Sam- 
ple 
No. Form Composition 


I Capsule GGE-MN,a 100 mg.; lactose, 125 mg.; and 
silicic acid anhydrous, 5 mg. 


2 Capsule GGE-MN, 100 mg.; microcrystalline cellu- 
lose,b 75 mg.; and silicic acid anhydrous, 
5 mg. 


3 Tablet GGE-MN, 100 mg.; microcrystalline 
cellulose, 84 mg.; CMC-Na, 6 mg.; and 
talc, 10 mg. 


4 Tablet Film coated on the tablet of Sample 3 by 
cellulose acetate phthalate solution 


* GGE-MN was screened through 100 mesh. *Avicel, Asahi Kasei 
Kogyo Co. Ltd., Japan. 


lo a cannula in a carotid artery, and respiration was recorded on 
a kymograph. 


A polyethylene tube was inserted into a bile duct, and the bile 
was collected for 7.5 hr. following administration of the compound 
under continuous anesthesia using urethan. At the end of the 1st 
(control) hr., the compound was administered orally by a stomach 
tube. 


Rats (Wistar strain), varying in body weight from 160 to 190 g., 
were treated by the same method as the rabbits. 


Determination of GGE-MN in Rabbit and Rat Biles-One mil- 
liliter of bile instead of plasma was treated according to the method 
for determination of GGE-MN in blood after oral administration 
of GGE-MN by a stomach tube. 


Collection of Rat Bile at Polyoxyetbylene Ethers Hypercholester- 
emia-Male rats of Wistar strain, weighing from 160 to 190 g., 
were injected intravenously with 400 mg./kg. of tyloxapoll 
in distilled water, adjusting the volume to 0.2 ml./lOO g. of body 
weight. The test sample was administered intraperitoneally im- 
mediately after injection of polyoxyethylene ethers. Collection 
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Figure %Mean plasma level of GGE-MN after oral administration 
of water suspension to rabbits at different doses, Key: A,  50 mg./kg.; 
B,  150 mg./kg.; and C, 250 mg./kg. GGE-MN was screened through 
100 mesh and prepared in suspension form with water. Four male 
rabbits weighingabout 2 kg. each were used. 


1Triton WR-1339, Rohm & Haas Co., Philadelphia, Pa., supplied by 
Winthrop Laboratories, New York, N. Y. 


Table 11-Effect of GGE-MN and Its Related Compounds or 
Mixtures on Cholesterol Content in Bile of Ratsa Receiving 
Polyoxyethylene Ethers (400 mg./kg.) Intravenously 


Total Bile Total 


for 7.5 hr. in Bile 
(ml./kg.), (mcg./kg.), 


Mean Mean 
Value Value 


Sample Dose +SEb f SEb 


Volume Cholesterol 


No Polyoxyethylene Ethers Given 
No drug 2 1 . 3 f - 3 . 1  173Ozk445 
GGE-MN 300 mg./kg. 28.8 f 6.4 2020 f 421 


GGE-MN 300 mg./kg. 19.4 f 4.3 1578 f 312 


Polyoxyethylene Ethers, Given i.p. 


(1.P.) 


(orally) 


Control (no drug) 
GGE-MN 300 mg./kg. 
GGE-MN 200 mg./kg. 
GGE 300 mg./kg. 
GGE 1 mmole/kg. 
GGE 0 .7  mmole/kg. 
Nicotinic acid 1 mmole/kg. 
Nicotinic acid 0 . 7  mmole/kg. 
Equimolar mixture of 1 mmole/kg. 


Equimolar mixture of 0 . 7  mmole/kg. 


GGE and nicotinic 
acid 


GGE and nicotinic 


29.8 f 4.8  5398 + 536 
26.7 f 3.9 6083 f 191 
28.5 f 8.4  5939 f 1513 
27.2 =t 2.9 7479 f 2780 
25.8 f 4.0 5043 f 231 
27.9 f. 6.5 5097 f 770 
24.6 f 6.8 6366 zk 964 
26.7 f 8 . 1  6642 f 1034 
23.0 rt 3.4 5385 j= 647 


22.6 i 9.1 5658 f 1130 


acid 


methoxyphenoxy) 
p-(4-Hydroxy-2- 1 mmoleikg. 26.3 4.2 6998 =t 2889 


lactic acid 
(4-Hydroxy-2- 1 mmole/kg. 27.2 f 3.0  7186 + 1666 


methoxy uhenoxv) _ _  
acetic add 


Mesoinositol 0 .3  mmole/kg. 21.6 f 6.6 5717 + 804 
hexanicotinate 


2,6-Pyridine 
dimethanol bis- 
(N-methylcar- 
bamate) 


0.8 mmole/kg. 21.8 i 6 . 6  7605 i 1560 


a Male rats (Wistar strain), weighing 160-200 g., were used. Each 
group consisted of five rats. b SE = standard error. 


of bile in each group (five rats per group) was started 18 hr. after 
injection of the polyoxyethylene ethers (4, 5). 


Assay of Cholesterol-Cholesterol in bile was determined 
quantitatively by the method of Zak (6). 


Bilirubin in Rabbit Bile-Bilirubin concentration in bile was 
determined by the method of Jendrassik and Cleghorn (7). 


Nicotinic Acid, Mesoinositol Hexanicotinate, and 2,CPyridine 
Dimethanol Bis(N-methylcarbamateeThese compounds were 
commercially available. 
~-(4-Hydroxy-2-methoxyphenoxy)lactic Acid and (4-Hydroxy-2- 


methoxyphenoxy)acetic Acid-The compounds were described in 
the previous paper (2). 


RESULTS AND DISCUSSION 


It was described previously (3) that unchanged GGE-MN in 
blood can be determined when barbituric acid buffer solution in- 
stead of ammonia buffer solution is used (8,9). 


When GGE-MN is ingested orally, unchanged GGE-MN and 
free nicotinic acid as the hydrolysis product of GGE-MN were 
detected in rabbit plasma (3). In the present work, the blood level 
of GGE-MN was determined as total drug including unchanged 
GGE-MN and nicotinic acid liberated from GGE-MN by using an 
ammonia buffer for the determination of GGE-MN. 


GGE-MN seems to be absorbed with pseudo-first-order reaction 
by passive transport in mice and rats, since the blood level peak 
is almost proportional to the dose when the logarithm of the blood 
level is plotted against time from plasma data of GGE-MN (Figs. 
1 and 2). 
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Figure 4-Mean plasma level of GGE-MN after om1 adiniiiistratioii 
of Sample I to rabbits at different doses. Key: A, 50 mg./kg.; B,  
I50 mg./kg.: and C ,  250 mglkg .  GGE-MN was screened throrigh 100 
mesh and prepared iii suspension form with water. Four male rabbits 
weighing about 2 kg. each were used. Capsule contents were removed 
and used in water suspension form for ingestion. 


To select a proper pharmaceutical formulation of GGE-MN for 
clinical trials, several formulations were prepared as shown in 
Table I. Blood levels in rabbits when these pharmaceuticals were 
administered orally were compared with the blood level when a 
water suspension of GGE-MN was given, and the results are shown 
in Figs. 3-6. Formulations of Samples 3 and 4 seemed to be un- 
suitable, as compared to the water suspension or capsule form. 
Sample 1 appeared better than Sample 2, because there was less 
fluctuation in blood level of GGE-MN. 


The bile from rabbits was collected under continuous urethan 
anesthesia, and arterial blood pressure and respiration were re- 
corded on a kymograph. It was ascertained that GGE-MN and 
GGE have no effect upon arterial blood pressure, respiration, bile 
flow, and total bile volume excreted for 7.5 hr., as compared to 
untreated control rabbits. 


When 300 mg./kg. of GGE-MN was administered orally to 
rabbits and rats under continuous anesthesia for 7.5 hr., no GGE- 
MN was observed in the bile within experimental error, and no 
variation of bilirubin concentration was recognized compared to 
control animals. 


The effect of GGE-MN, GGE, or the equimolar mixture of GGE 
and nicotinic acid on cholesterol content in rabbit bile was deter- 
mined, but it was observed that these three samples had no effect on 
the cholesterol content in bile. 


In previous reports ( 1 ,  2), GGE-MN and the metabolites, namely, 
~-(4-hydroxy-2-methoxyphenoxy)lactic acid and (4-hydroxy-2- 
methoxyphenoxy)acetic acid, showed hypocholesteremic effect on 
hypercholesteremia caused by intravenous injection of polyoxy- 
ethylene ethers to rats. 


In the present work, the effect of GGE-MN and its related com- 
pounds or the mixtures on cholesterol content in the bile of rats 
receiving polyoxyethylene ethers was investigated; the results are 
shown in Table IT. No effect on the cholesterol value in bile was 
observed when GGE-MN was given orally or intraperitoneally to 
normal rats. 


Compounds that clearly increased the amount of cholesterol 
excreted in the bile of hypercholesteremic rats receiving polyoxy- 
ethylene ethers intravenously were 300 mg. (1 mmole)/kg. of GGE- 
MN, 0.7 rnmole/kg. of nicotinic acid, 0.8 mmole/kg. of 2,6-pyridine 
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Figure S-Meait plasma level of GGE-MN after oral administration 
of Sample 2 to rabbits at different doses. Key: A ,  50 mg./kg.: B ,  
I50 mg./kg.; and C, 250 mg./kg. GGE-MN was screened through 100 
mesh and prepared in suspension form with water. Four male rabbits 
weighing about 2 kg. each were used. Capsule coiitents were removed 
and used in water suspension form for ingestion. 


dimethanol bis(N-methylcarbamate),Z and 1 mmole/kg. of (4- 
hydroxy-2-methoxyphenoxy)acetic acid, at 95z confidence limit. 
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Figure 6-Mean plasma level of GGE-MN after oral administration 
of Samples 3 and 4 to rabbits. Key: A,  Sample 3,  corre.eJpoirded to 
I50 mg./kg. of GGE-MN; B, Sample 4 ,  corresponded to 50 mg./kg. 
of GGE-MN; and C ,  Sample 4 ,  corresponded to I50 nig.lkg. of 
GGE-MN. GGE-MN was screened through 100 mesh and prepared 
in suspension form with water. Four male rabbits weighing about 2 
kg. each were used. A mixture of 20 ml. of wnter and tablets after 
disintegration was usedfor iiigestiov. 


2 Anginin, Banyu Pharmaceutical Co. Ltd., Japan. 
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On the contrary, 0.7 mmole/kg. and 1 mmole/kg. of GGE did not 
increase the amount of cholesterol excreted in bile. 


Other compounds such as 1 mmole/kg. of @-(4-hydroxy-2- 
methoxyphenoxy)lactic acid, 200 mg./kg. of GGE-MN, 300 mg./ 
kg. of GGE, 1 mmole/kg. of nicotinic acid, 0.3 mmole/kg. of meso- 
inositol he~anicotinate,~ and the equimolar mixture of GGE and 
nicotinic acid at 0.7- and 1-mmole/kg. doses increased the amount of 
cholesterol excreted in bile for some rats but did not alter that for 
other rats in the same group, compared with that of the control 
group. 


On the other hand, all compounds used showed no effect on the 
total volume of bile excreted, compared with the control group, 
at 95 confidence limit. 


It is interesting that (4-hydroxy-2-methoxyphenoxy)acetic acid, 
one of the metabolites of GGE and GGE-MN, has the effect of 
increasing cholesterol in bile in hypercholesteremia caused by in- 
travenous injection of polyoxyethylene ethers. GGE-MN increased 
the excretion of cholesterol in bile at 1 mmole/kg., but nicotinic 
acid, one of the metabolites of GGE-MN, also has similar action 
at the same dose. Therefore, some question still remains whether the 
increasing effect of GGE-MN on excretion of cholesterol in bile is 
due to that of GGE-MN itself and/or to the metabolites of GGE- 
MN ill uiuo. The data concerned with mesoinositol hexanicotinate 
and 2,6-pyridine dimethanol bis(N-methylcarbamate) were deter- 


3 Hexanicite, Yoshitomi Pharmaceutical Co. Ltd., Japan. 


mined for comparison purposes, since these compounds are now 
widely being used as hypocholesteremic agents. 


REFERENCES 


(1) S .  Naito and M. Mizutani, Chem. Pharm. Bidl., 17,822(1969). 
(2) S.  Naito, M. Mizutani, K. Kitao, and S .  Nishimura, ibid., 17, 


(3) S .  Naito and J. Sakai, Yakuzaigaku, 26, 134(1966). 
(4) S. 0. Byers, M. Friedman, and T. Sugiyama, Amer. J. Physiol., 


( 5 )  T. Kobayashi, Yakugaku Zasshi, 81, 195(1961). 
(6) B. Zak, Amer. J. Clin. Pathol., 27, 583(1957). 
(7) L. Jendrassik and R. A. Cleghorn, Biochem. Z.,  289, l(1937). 
(8) 0. Pelletier and I. A. Campbell, J. Pharm. Sci., 50,926(1961). 
(9) A. Mullet and S .  H. Fox, J.  Biol. Chem., 167,291(1947). 


1794( 1969). 


204, 110q1963). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received February 26,1970, from the Kyoto College of Pharmacy, 


Accepted for publication June 18, 1970. 
This constitutes Part XXXIX of a series entitled “Studies on 


The authors thank Dr. Kihachiro Okamoto, Kyoto Phar- 


Misasagi Yamashina, Higashiyama-ku, Kyoto, Japan. 


Absorption and Excretion of Drugs” by S. Naito. 


maceutical Ind. Ltd., for his gift of GGE-MN and his suggestions. 


Chlorpromazine Metabolism I: 
Quantitative Fluorometric Method 
for 11 Chlorpromazine Metabolites 


PUSHKAR N. KAUL, MICHAEL W. CONWAY”, MERVIN L. CLARK, and JAMES HUFFINE* 


Abstract 0 Eleven chlorpromazine metabolites have been reacted 
with dimethylaminonaphthyl sulfonyl chloride to obtain fluorescent 
products. The reaction has been standardized and adapted to 
quantitative determinntion of nanogram amounts of the metabo- 
lites. A procedure for application to biological fluids has been de- 
veloped. Addition and recovery experiments on urine and plasma 
indicate that the method is applicable to the study of the pharma- 
cokinetic aspects of chlorpromazine metabolites in human subjects. 


Keyphrases 0 Chlorpromazine-metabolism 0 Metabolites, 
chlorpromazine-quantitative determination n 5-Dimethylamino- 
naphthalene-1-sulfonyl C1-chlorpromazine metabolites reaction- 
fluorescence 0 TLC-separation, identification Fluorometry- 
analysis 


Despite a great deal of work done with chlorpro- 
mazine (CPZ), the significance of its biotransformation 
relative to its therapeutic response is not clear. The 
pharmacokinetics of CPZ and its metabolites in humans 
remain largely unexplored, possibly because of the 
limitations in sensitivity and precision of the analytical 
methods applied to the study of CPZ metabolism. Only 
recently (1-5) have the analytical methods been de- 
veloped that offer desirable sensitivity for quantitating 
CPZ and its metabolites. However, their adaptation to  
routine determinations in clinical research is limited be- 
cause these methods can quantitate only a few of the 
known metabolites (6 ) .  


The metabolites listed in Table I possess primary and 
secondary amino groups and/or hydroxy groups, all of 
which are capable of reacting with 5-dimethylamino- 
naphthalene- 1-sulfonyl chloride (DNS, dansyl) to yield 
fluorescent products. Dansyl has been routinely used as 
an end-group detector in the study of protein structure; 
its application for quantitation has, to date, remained 
limited only to  amino acids (7). I t  has also been re- 
ported useful as a reagent for detection of some al- 
kaloids (8). 


A preliminary account of the dansylation reaction 
and separation of the dansylated metabolites of CPZ 
has already been reported (9). This paper deals with the 
development and standardization of the reaction be- 
tween l l  CPZ metabolites and DNS. The method has 
been adapted to quantitative determinations of nano- 
gram quantities of the metabolites. Addition and re- 
covery experiments on aqueous solutions, urine, and 
plasma are also included. 


EXPERIMENTAL 


Materials and Equipment-The following were used: 5-dimethyl- 
aminonaphthalene-1 - sulfonyl chloride (dansyl, DNS), purity 
grade’; acetone, benzene, dichloromethane, dimethyl sulfoxide, di- 


1 Fluke-Buchs. Switzerland. 
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On the contrary, 0.7 mmole/kg. and 1 mmole/kg. of GGE did not 
increase the amount of cholesterol excreted in bile. 


Other compounds such as 1 mmole/kg. of @-(4-hydroxy-2- 
methoxyphenoxy)lactic acid, 200 mg./kg. of GGE-MN, 300 mg./ 
kg. of GGE, 1 mmole/kg. of nicotinic acid, 0.3 mmole/kg. of meso- 
inositol he~anicotinate,~ and the equimolar mixture of GGE and 
nicotinic acid at 0.7- and 1-mmole/kg. doses increased the amount of 
cholesterol excreted in bile for some rats but did not alter that for 
other rats in the same group, compared with that of the control 
group. 


On the other hand, all compounds used showed no effect on the 
total volume of bile excreted, compared with the control group, 
at 95 confidence limit. 


It is interesting that (4-hydroxy-2-methoxyphenoxy)acetic acid, 
one of the metabolites of GGE and GGE-MN, has the effect of 
increasing cholesterol in bile in hypercholesteremia caused by in- 
travenous injection of polyoxyethylene ethers. GGE-MN increased 
the excretion of cholesterol in bile at 1 mmole/kg., but nicotinic 
acid, one of the metabolites of GGE-MN, also has similar action 
at the same dose. Therefore, some question still remains whether the 
increasing effect of GGE-MN on excretion of cholesterol in bile is 
due to that of GGE-MN itself and/or to the metabolites of GGE- 
MN ill uiuo. The data concerned with mesoinositol hexanicotinate 
and 2,6-pyridine dimethanol bis(N-methylcarbamate) were deter- 


3 Hexanicite, Yoshitomi Pharmaceutical Co. Ltd., Japan. 


mined for comparison purposes, since these compounds are now 
widely being used as hypocholesteremic agents. 
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Chlorpromazine Metabolism I: 
Quantitative Fluorometric Method 
for 11 Chlorpromazine Metabolites 


PUSHKAR N. KAUL, MICHAEL W. CONWAY”, MERVIN L. CLARK, and JAMES HUFFINE* 


Abstract 0 Eleven chlorpromazine metabolites have been reacted 
with dimethylaminonaphthyl sulfonyl chloride to obtain fluorescent 
products. The reaction has been standardized and adapted to 
quantitative determinntion of nanogram amounts of the metabo- 
lites. A procedure for application to biological fluids has been de- 
veloped. Addition and recovery experiments on urine and plasma 
indicate that the method is applicable to the study of the pharma- 
cokinetic aspects of chlorpromazine metabolites in human subjects. 


Keyphrases 0 Chlorpromazine-metabolism 0 Metabolites, 
chlorpromazine-quantitative determination n 5-Dimethylamino- 
naphthalene-1-sulfonyl C1-chlorpromazine metabolites reaction- 
fluorescence 0 TLC-separation, identification Fluorometry- 
analysis 


Despite a great deal of work done with chlorpro- 
mazine (CPZ), the significance of its biotransformation 
relative to its therapeutic response is not clear. The 
pharmacokinetics of CPZ and its metabolites in humans 
remain largely unexplored, possibly because of the 
limitations in sensitivity and precision of the analytical 
methods applied to the study of CPZ metabolism. Only 
recently (1-5) have the analytical methods been de- 
veloped that offer desirable sensitivity for quantitating 
CPZ and its metabolites. However, their adaptation to  
routine determinations in clinical research is limited be- 
cause these methods can quantitate only a few of the 
known metabolites (6 ) .  


The metabolites listed in Table I possess primary and 
secondary amino groups and/or hydroxy groups, all of 
which are capable of reacting with 5-dimethylamino- 
naphthalene- 1-sulfonyl chloride (DNS, dansyl) to yield 
fluorescent products. Dansyl has been routinely used as 
an end-group detector in the study of protein structure; 
its application for quantitation has, to date, remained 
limited only to  amino acids (7). I t  has also been re- 
ported useful as a reagent for detection of some al- 
kaloids (8). 


A preliminary account of the dansylation reaction 
and separation of the dansylated metabolites of CPZ 
has already been reported (9). This paper deals with the 
development and standardization of the reaction be- 
tween l l  CPZ metabolites and DNS. The method has 
been adapted to quantitative determinations of nano- 
gram quantities of the metabolites. Addition and re- 
covery experiments on aqueous solutions, urine, and 
plasma are also included. 


EXPERIMENTAL 


Materials and Equipment-The following were used: 5-dimethyl- 
aminonaphthalene-1 - sulfonyl chloride (dansyl, DNS), purity 
grade’; acetone, benzene, dichloromethane, dimethyl sulfoxide, di- 


1 Fluke-Buchs. Switzerland. 
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Table I-Various Chlororomazine Metabolites Reactive with Dansvla 


Metabolite Compounds 


7-Hydroxychlorpromazine 
8-Hydroxychlorpromazine 
Monodesmethylchlorpromazine 
Didesmethylchlorpromazine 
7-Hydroxychlorpromazine sulfoxide 
Monodesmethylchlorpromazine sulfoxide 
Didesmethylchlorpromazine sulfoxide 
7-Hydroxy monodesmethylchlorpromazine 
7-Hydroxydidesmethylchlorpromazine 
7-Hydroxymonodesmethylchlorpromazine 


sulfoxide 
7-Hydroxydidesmethy Ichlorpromazine 


sulfoxide 


Abbreviation 


7-OH CPZ 
8-OH CPZ 
Norl CPZ 
NorB CPZ 


Norl CPZ-SO 
Nor2 CPZ-SO 
7-OH Norl CPZ 
7-OH NorB CPZ 
7-OH Norl CPZ-SO 


7-OH Nort CPZ-SO 


7-OH CPZ-SO 


~ 


R4 X 


OH CH3 
H OH 


H H H 


H CHI 


H OH H 
H OH H 
H OH H 


H OH H 


CH3 S 
CH3 S 
CH3 S 
H S 
CH3 s - 0  
CHa s - 0  
H s+o 
CH3 S 
H S 
CH3 s+o 
H s+o 


a The test samples of CPZ metabolites were supplied by the National Institute of Mental Health, Bethesda, Md. 


oxane, ethanol, and pyridine, all nanograde; various phosphate and 
carbonate buffer salts, A.R. grade; Eastman 100-p polyethylene 
terephthalate TLC plates coated with silica gel without fluorescent 
indicator; Eastman TLC chambers; and Vortex shakers. A record- 
ing Aminco-Bowman spectrofluorometer was used to record the 
fluorescence spectra, while a Turner model 110 filter fluorometer, 
fitted with a high sensitivity door, was used to quantitate the solu- 
tions. A Turner model 330 spectrophotometer was used for pre- 
determination of the metabolite concentration range in the bio- 
logical fluids prior to quantitation via the dansylation procedure. 


Analytical Method-To 0.003-0.3 rmole of CPZ metabolites 
in acetone in a small screw-capped graduated glass centrifuge tube 
were added 0.015 pmole of DNS in acetone and 0.05-5 pmoles of 
phosphate buffer at pH 12, the total reaction volume being made up 
with acetone to 1 ml. The tube was capped and incubated at 45" for 
2 hr. After cooling to room temperature, 10 pl. of the reaction mix- 
ture was spotted on a TLC plate and the chromatogram was de- 
veloped in the appropriate solvent system (Table 11). The individual 
DNS-metabolite spot was cut out, transferred to a 50-ml. centri- 
fuge tube, and eluted with 10 ml. of ethanol by shaking for 1 inin. 
on a Vortex shaker. The tube was centrifuged at 2000 r.p.m. for 2 
min., and the supernatant was decanted for subsequent fluorescence 
analysis. 


Proof of Dansylation-A brilliantly fluorescent spot appeared on 
the developed chromatogram, with a RJ value different from that of 
the DNS and those of the reaction controls. On spraying the chro- 
rnatogram with the Forrest reagent (lo), the DNS-metabolite spot 
became purple, confirming the presence of a phenothiazine nucleus 
in the product. Figure 1 shows a typical chromatogram for a few of 
the DNS-metabolite reaction products. 


Characteristics of the Dansylated CPZ Metabolites-Table I1 
includes the solvent systems used to fractionate various groups of 
the dansylated metabolites and also their corresponding RJ values. 
The spectrofluorescent characteristics are given in Table 111. Figure 
2 represents the excitation and fluorescence spectra of a few repre- 
sentative metabolite products. 


Optimum Conditions of Reaction-The optimum conditions were 
determined by studying only a few metabolites representing a pri- 
mary amine, a secondary amine, and a phenol. The dansylation 
reactions were carried out under different conditions, varying one 
parameter at a time. 


Effect of Temperature and Time-Nor2 CPZ was reacted in the 
presence of phosphate buffer at pH 12 with an excess of DNS in 
acetone at 0,25, and 45". The reaction product formed was assayed 
at varying time intervals, Figure 3 shows the time course of the re- 
action at the different temperatures. Most of the reaction occurred 
within the first 30 min. Two hours at 45" or 6 hr. at room tempera- Table 11-Solvent Systems for TLC Fractionation of DNS- 


CPZ Metabolite Products and the Corresponding Rf Values 


Rf Table Ill-Fluorescence Characteristics of the Dansylated 
System Products Values Chlorpromazine Metabolites in Ethanol 


-Wavelength Maxima, mpy- 
CPZ Metabolites Excitation Emission 


Benzene-acetone DNS-8-OH CPZ 0.67 
(1: l )  DNS-7-OH CPZ 0.50 


DNS-7-OH CPZ-SO 0.39 
DNS-CI 0 95 
DNS-NH, 
DNS-OH 


Benzeneacetone DNS-Nor, CPZ 


DNS-Nor, CPZ 
(9:l) DNS-Nor, CPZ-SO 


0.84 
0.07 
0.84 
0.37 
0.74 


DNS-Nor; CPZ-SO 0 25 
DNS-Cl 0 89 
D NS- N H 2 0 46 
DNS-OH 0 00 


Benzene-acetone DNS-7-OH Nor, CPZ 
(12:l) N-reacted 0 73 


OH-reacted 0 47 
DNS-7-OH Nora CPZ 


N-reacted 0 59 
OH-reacted 0 27 


DNS-7-OH Norl CPZ-SO 
N-reacted 0 18 


OH-reacted 0 02 
DNS-7-OH Norz CPZ-SO 


N-reacted 0 10 
OH-reacted 0 01 


DNS-CI 0 92 
DNS-NH? 0 26 
DNS-OH 0 00 


Nor, CPZ 
Nor, CPZ-SO 
Norz CPZ 
Norz CPZ-SO 
7-OH Norl CPZ 


N-reacted 
OH-reacted 


7-OH Norl CPZ-SO 
N-reacted 


OH-reacted 
7-OH Norz CPZ 


N-reacted 
OH-reacted 


7-OH Nor2 CPZ-SO 
N-reacted 


OH-reacted 
7-OH CPZ 
7-OH CPZ-SO 
8-OH CPZ 
DNS-Cl 
DNS-OH 
DNS-NH2 


345 
345 (300Y 
340' ' 


340 (305) 


344 
344 


344 
356 (288, 320) 


342 
340 


346 
358 (282, 316) 
3 50 
348 (302) 
346 
340 
320 
340 


5 20 
528 
510 
515 


520 
516 


520 
520 


512 
510 


510 
512 
530 
535 
530 
5 20 
460 
500 


From uncorrected spectra recorded on Aminco-Bowman spectro- 
fluorometer. * Numbers in parentheses represent secondary peaks. 
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0 0 0 0 0 ODNS-NH~ 
@DNS-NOR~ CCL -SO 


0 ODNS-NH~ 
@DNS-NOR~ CCL -SO 


ture seems to be the practical optimum time-temperature combina- 
tions. 


Effect of DNS Concentration-Figure 4 shows the formation of 
the dansylated product of Norz CPZ under varying concentrations 
of DNS at three different reaction times. It appears that the optimal 
concentration of DNS on a molar basis is at least 5 times the con- 
centration of the metabolite. In the actual procedure, the amount 
of DNS used was usually in excess of 6-8 times the molar concen- 
tration of the CPZ metabolite(s). 


Effect of Hydrogen Ion, Buffer Salt, and Water Concentrations- 
The compounds Nor, CPZ, Nor2 CPZ, and 7-OH CPZ, selected as 
representatives of three reactive sites in  various groups of CPZ 
metabolites, were reacted with 6-8 times their concentration of 
DNS at room temperature for 6 hr. but in the presence of varying 
hydrogen-ion concentrations. Figure 5 shows the pH-dependent 
profile of the reaction products. In the optimal reaction procedure, 
pH 12 was used for the dansylation reaction. Figure 6 represents the 
influence of the buffer concentration on the dansylation, indicating 
that at least 0.05 pmole is required for the reaction and that higher 
concentrations are without any significant effect. In the absence of 
any buffer, the reaction is extremely slow. Figure 7 shows that the 
presence of water in the reaction mixture is critical. 


Effect of Organic Solvents-Of several organic solvents used, the 
reaction proceeded only in relatively polar solvents. Of these, 
acetone seemed to show an optimum effect on the reaction (Fig. 8). 
Ethanol and methanol, when used as the reaction medium, gave 
their own dansylated products which interfered in the TLC frac- 
tionation. Alcohols were, therefore, avoided in all procedural steps 
until after the dansylation reaction. Dimethyl sulfoxide also yielded 
several additional fluorescent spots. 


Effects of Atmosphere and Light-Dansylation of Norz CPZ was 
carried out in nitrogen, oxygen, and air atmospheres, but no effect 
was observed on the formation of the reaction products. Reactions 
run in the dark, in ordinary fluorescent room light, and in UV light 
also did not show any difference in the product concentration. 


Effect of Metabolite Concentration-Figure 9 shows the linear 
correlation of the fluorescence with the metabolite concentration. 
The linearity holds over a wide range of concentration. 


Stability of Reaction Product-DNS-metabolite products ap- 
pear to be stable with time for at least 24 hr. in solution. The atmo- 
sphere and light conditions do not seem to affect the amine-dansyl- 
ated metabolites on the TLC, but the phenol-dansylated metabolites 
appear to be somewhat photosensitive. 


w Figure 2-Excitation o 
(Ex)  und emission (Em) 5 
curves of DNS--me- $ 
tubolite products. Key: 
- -, Nor1 CPZ; and 0 
-, 7-OH Norl CPZ- 2 
SO (N-reacted). 


200 300 400 500 600 
WAVELENGTH, rnr 


Figure 1-TLC on a 100-p Eastmun plate deueloped 
with benzene-acetone ( 9 ,  I ) ,  showing separation of 
some of the DNS-reacied CPZ metabolites. Dansyla- 
tion reaction mixtures of the metaboliies were spotted 
at A ,  B, and C ,  whereas at a ,  b ,  and c only the me- 
tabolites were spotted. D is the DNS-Cl reagent 
blank without any metabolite. Key: 0, fluorescent, 
nonreactive to Forrest reagent (F. R.);  @, fluorescent, 
becoming purple when sprayed with F.R.; and 0, 
nonfluorescent but purple when sprayed with F. R. 


Adaptation to Studies on CPZ Metabolism-To apply the dansy- 
lation assay to the CPZ metabolites in the biological fluids of 
humans, it was necessary to develop an isolation and purification 
procedure for the metabolites prior to the dansylation reaction. For 
fractionation purposes, most of the CPZ metabolites may be classi- 
fied into unconjugated and conjugated groups. The existing pro- 
cedures (11-13) for isolation of these metabolite groups were ex- 
tensively studied, modified, and adapted to quantitative determina- 
tion uia dansylation. 


Procedure for Biological Materials -One-tenth to one milliliter 
of the biological fluid in a screw-capped centrifuge tube was ex- 
tracted at  pH 10 with 3 ml. of dichloromethane (DCM) for 3 min. 
and centrifuged. A 2-ml. aliquot of the organic layer was trans- 


I 
+- 45 OC 


,o- 25OC 
, .0 .  


,-A- ,ooc 


2oi 
0 


60 120 180 360 
MINUTES 


Figure 3-Time course of the Nor? CPZ dansylation at various tem- 
peratures. 
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Figure LZnfluetice of DNS concentrution on the daiisylu/ion of 
Nor2 CPZ at varying time interuals. 
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Figure 5-Effect of pH on the course of dansylation reaction of 
various CPZ metabolites at room temperature in 6 hr. 
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Figure 6-Znflueiice of pH 12 phosphate buffer concentration on 
the formation of damylated Nor2 CPZat I hr.  


ferred into another centrifuge tube containing 5 ml. of modified 
Forrest reagent (5  % ferric chloride in 50% sulfuric acid). The mix- 
ture was shaken for 1 min. and centrifuged. The lower acid layer 
was read on a spectrophotometer at 528 mp, and the concentration 
of unconjugated metabolites extractable at pH 10 was computed 
from a predetermined standard curve based on the estimations of 
known CPZ concentrations by the same method. Although this 
represents only a few of the determinable metabolites, in any in- 
dividual subject there should be a definite ratio between these and 
other CPZ metabolites. It should, therefore, serve as an index of the 
gross concentration of metabolites in the biological material. 


After this predetermination, the biological material was diluted 
to contain 0.2-20 mcg./ml. of the index group metabolites. A 5-ml. 
sample in a 50-ml. centrifuge tube was adjusted to pH 10 with an 
excess addition of solid sodium bicarbonate and a dropwise addi- 
tion of 6 N sodium hydroxide. It was extracted twice with 10 ml. of 
DCM for 3 min. each, 9 ml. of the organic phase being removed 
each time and combined. The combined organic extracts were 
evaporated to dryness under reduced pressure at low temperature 
on a rotary vacuum evaporator. The residue containing uncon- 


I 10 20 30 A 40 50 I 6 0  70 
I WATER (% REACTION VOLUME) 


P e B . .  l a ,  
Figure I-Effect of water on the dansylation of Norz CPZ at various 
time intervals. 
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Figure I-Effect of solvents present in the reaction mixture at 45" on 
the darisylatioii of Nor2 CPZ in 2 hr. 


jugated metabolites was dansylated and assayed as described under 
Analytical Method. 


The aqueous phase containing the polar conjugated metabolites 
was quantitatively transferred to a 50-ml. round-bottom flask. 
Sodium hydroxide solution was added to make the contents 2.5 N 
with respect to the base. The mixture was refluxed for 1 hr., cooled, 
and neutralized with HCI to  pH 9. It was quantitatively transferred 
to a 50-ml. centrifuge tube and extracted for 2 min. with 20 ml. of 
DCM. After centrifugation, an 18-ml. aliquot of the organic phase 
was evaporated to dryness under reduced pressure and low tempera- 
ture and was subjected to the dansylation assay. 


Addition and Recovery-Known amounts of various representa- 
tive metabolites of CPZ were added to water and to fresh urine and 
plasma samples. Aliquots of 5 ml. were subjected to fractionation, 
described under Procedure for Biological Materials, and then as- 
sayed by the Analytical Method. The addition and recovery data are 
included in Table IV. 


Precision, Blanks, and Specificity-Replicate analyses varied 
less than + 5 in relative fluorescence whereas the precision of the 
Turner fluorometer was &3-5%. A general 10% blank was con- 
tributed largely by the TLC plates, but this can be avoided by using 
self-made plates instead of commercial ones. The urine blanks con- 
tributed about +lo%, whereas plasma blanks varied from 0-10%. 
The blanks depend on the position of the DNS-metabolite on the 
chromatogram, since biological blank controls, particularly of 
urine, fractionate into several dull spots, some of which may occur 
at the Rf value of some of the DNS-metabolites. However, the high 
precision of the method, as revealed by negligible variation between 
the replicates, makes it feasible to subtract the blanks for concentra- 


::{ /NS-Nor2CPZ 


20 


o? 
10 20 30 40 50 


ng./ml. 


Figure 9-Plots showiiig a linear correlation between the concentra- 
tion of metabolites andfluorescerice oftheir corresponding dansylated 
products in ethanol. 
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Table IV-Addition of Various CPZ Metabolites to and Their 
Recovery from Biological Fluids 


Percent Recovery“ 
pmoles Theo- 


Metabolite Added retical* Water Plasma Urine 


Norl CPZ 0.318 100.00 85.81 75.88 61.70 
+1 .7x  1 4 . 3 4  f n . 7 1  f i . 7 8  
Cor.c- 100.00 88.42 71.90 


Nor2 CPZ 0.284 100.00 92.06 78.58 66.66 
f 0 . 9 1  1 7 . 7 7  1 5 . 9 9  1 1 . 5 2  
Cor. 100.00 84.34 72.41 


Nor2 CPZ-SO 0.277 100.00 78.16 82.39 76.40 
~ 0 . 9 1  f n . 7 n  f n . 4 0  1 4 . 4 4  ~- _ -  
Car. 100.00 103.40 97.74 


7-OHCPZ 0.808 100.00 83.61 77.96 116.94 
1 4 . 2 6  zt1.95 zt3.14 1 7 . 0 2  
Cor. 100.00 93.24 139.96 


(I Average of four samples f SE. Calculated from fluorescence 
values when processed directly without going through the Procedure for 
Biological Materials. Corrected, basing recoveries from water as 100 Z 


tion computation purposes. The selective extraction processes and 
chromatographic fractionations make the dansylation method 
specific to the CPZ metabolites studied. 


DISCUSSION 


The reaction between dansyl and the primary or secondary amine 
metabolites of CPZ may be regarded as a nucleophilic substitution 
of the sN2 type, wherein the electron-rich amine nitrogen attacks the 
partially positive sulfur atom of dansyl chloride, the chloride ion 
departing as the nitrogen-sulfur bond is being formed. A hydrogen 
attached to the nitrogen may subsequently come off as a proton to 
form hydrochloric acid. 


The dansylation reaction in absence of any buffer proceeds very 
slowly. This is understandable, since the acid produced during the 
reaction, if not buffered, will tend to protonate the amine reactant 
and thus reduce the nucleophile concentration in the reaction mix- 
ture. Buffer concentrations above a certain threshold level did not 
seem to affect the dansylation rate. 


Water appears to be necessary for the optimum reaction rate, 
possibly because it serves as a medium for the buffer to operate. 
However, its concentration is critical. In quantities greater than 
30% of the reaction mixture volume, water tends to hydrolyze the 
formed dansylated product. Also, excess water would compete with 
the nucleophilic metabolite for DNS molecules, decreasing the prob- 
ability for DNS-metabolite formation. 


As a solvent for the reaction medium, acetone appears to be the 
most suitable among those tested. Alcohols, in general, react with 
dansyl chloride, yielding highly fluorescent products which interfere 
in the subsequent chromatographic separation of the reaction mix- 
ture. Any alcohol should, therefore, be avoided during the dansyla- 
tion process. 


The dansylation assay method shows a high precision in repli- 
cates. The various blanks are within the acceptable range. It is en- 
couraging that plasma gave negligible blanks, and the recoveries 
from it were better than 80%. A linear correlation graph between 
the concentration of the metabolites and their dansylated fluores- 
cent products extends over a fairly large concentration range. By 
decreasing the dansylation reaction volume and by increasing the 
volume spotted on the TLC plates, the sensitivity of the method can 
be increased 10-50-fold. This should not only make it possible to 
quantitate minute amounts of the metabolites but also make 
feasible the detection of yet unknown trace metabolites of CPZ if 
any exist. The method is currently being applied to studying the 
pharmacokinetic aspects of CPZ metabolites in schizophrenic 
patients. 
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Effect of pH on Monolayers 
of Cellulose Acetate Phthalate 


JOEL L. ZATZ and BEVERLY KNOWLES 


Abstract At pH values of 2 4 ,  cellulose acetate phthalate mono- 
layers are uncharged and are arranged in a compact, coherent 
form. An increase in pH brings about partial ionization and marked 
changes in monolayer organization. The effects of charge repulsion 
and increased solvation of charged groups cause marked expansion 
and decreased stability of cellulose acetate phthalate monolayers. 
The greatest effect of pH on monolayer properties appears to 
occur in the vicinity of pH 6. 


Keyphrases Cellulose acetate phthalate monolayers-pH effect 0 
pH effects-cellulose acetate phthalate monolayers 0 Surface 
pressure-ellulose acetate phthalate monolayers 0 Films, cellu- 
lose acetate phthalate-compression effect, area 


Many properties of interest of polymer coatings de- 
pend strongly on the chemical constitution and struc- 
tural arrangement of the film-forming agent. A better 
understanding of the molecular properties of polymers 
would help in interpreting the behavior of pharmaceu- 
tical coatings and in predicting the properties of un- 
tested formulations. Studies of monolayers of polymers 
have provided information on polymer structure (I ,  2) 
and interactions (3). The properties of polymer mono- 
layers have been shown to be related to those of free 
films and enteric coatings (3, 4). Zatz and Knowles (4) 
examined monolayers of several cellulose esters on sub- 
phases of pH 3 and 6.5. The force-area (T-A)  isotherms 
of cellulose acetate butyrate and cellulose acetate 
stearate were virtually independent of pH. The r - A  
curves of cellulose acetate phthalate (CAP), on the 
other hand, were significantly different at the two pH 
values. In this communication, further experiments on 
pH effects in CAP monolayers are described. 


EXPERIMENTAL. 


CAP' was purified by precipitation from solution in benzene- 
ethanol (1 : l), using n-hexane as the nonsolvent. The polymer mass 
was washed with n-hexane and dried in uacuo at 30" to constant 
weight. The material thus purified contained 18% by weight of 
combined acetyl and 32% by weight of combined phthalyl. It was 
free of monomers and moisture. Water was deionized and then dis- 
tilled in an all-glass still. Organic liquids were of reagent grade and 
were found free of surface-active contaminants (5 ) .  Inorganic 
materials employed were of reagent grade and were not further 
purified. The trough of the surface balance was made of Teflon and 
was cleaned using live steam. Surface pressure was determined by 
the Wilhelmy plate method, using a roughened platinum plate. 


The pH of the subphase was adjusted to the desired value, using 
HCI for low pH values (2-5) and a mixture of K2HP04 and KH2PO( 
for high pH values (5-8). Sufficient KC1 was then dissolved in the 
subphase to bring the ionic strength to 0.1, except as otherwise in- 
dicated. The results at pH 5 were independent of whether the sub- 
phase contained HC1 or the phosphate buffers, indicating that the 
buffering agents did not interact with the monolayer. CAP, dis- 
solved in isopropanol-benzene (1 : l), was applied dropwise to the 
surface by means of an Agla micrometer syringe. Essentially the 


1 Eastman Organic Chemicals. 
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Figure 1-T-A curves of monolayers of CAP at various subphase 
p H  values: ( I )  2 , 3 ,  and4; (2)  5.1; (3)  5.6: ( 4 )  6.1; and(5) 7.0. 


same results were obtained when isopropanol-methylene chloride 
was employed as the spreading solvent (6). After spreading the 
polymer, 10 or 15 min. was allowed for equilibration. The rate of 
compression in all experiments was about 0.02 m.Z/mg./min. Com- 
pression was continued until surface pressure no longer varied with 
available surface area. This limiting surface pressure was repro- 
ducible within 0.5 dyne and was taken to be the collapse pressure of 
the monolayer. All studies were carried out at room temperature 
(25.5 =k 0.7"). 


RESULTS AND DISCUSSION 


The T-A curves for monolayers of CAP as a function of sub- 
phase pH are presented in Fig. 1. At subphase pH values of 2 4 ,  
the identical T-A curve is obtained, indicating that the film is essen- 
tially uncharged over this pH range. The polymer molecules would 
be expected to have the pyranose rings lying flat at the surface to 
allow the contact of subphase water molecules with all hydrophilic 
groups in each ring (7). However, even at low values of surface 
pressure, the repeating groups are not horizontally oriented. Based 
on the chemical composition of the polymer, the average formula 
weight per repeating group was calculated to be 317. Each milli- 
gram of polymer contained, therefore, 1.9 X 10'8 repeating groups. 
From the amount of material spread and the surface area, one 
may calculate the area occupied by each group. At a surface area of 


Figure 2-Surface ureu of' 
CAP as a function of p H  at 
various calues of surface pres- 
sure: ( I )  4 dyneslcni.; (2) 
6 dyneslcm.; (3) 8 dynes/cm.; 
and(4) 10 dynes/cm. 
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Figure 3 - u - A 
curves ofmonolayers 
of CAP at various 
subphase ionic 
strengths with p H  
= 6.5: ( I )  0.03: 
(2 )  0.1; and (3 )  
1.0. 
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2 dynes/cm., the surface area available to CAP molecules is 0.96 
m.2/mg., which is equivalent to 51 AZ per pyranose unit. This is 
very nearly equal to the area occupied by the unsubstituted, hori- 
zontally oriented pyranose ring of cellulose (7) and is clearly too 
small to allow the more bulky repeating groups of CAP to lie flat 
at the interface. The rings of CAP are, therefore, tilted from the 
horizontal. In addition. some ester substituents may be folded over 
or under the main polymer chain. Examination of Dreiding molecu- 
lar models shows that, in this way, the effective surface area occu- 
pied by each pyranose group may be reduced. These considerations, 
coupled with the relatively high collapse pressure of CAP compared 
to monolayers of other cellulose esters (4), suggest that uncharged 
films of this polymer are rather compact and coherent. 


An increase in subphase pH (above 4) causes monolayer prop- 
erties to become pH dependent. In the expanded region (1) (at sur- 
face areas greater than about 0.9 m2/mg.), surface pressure gen- 
erally increases with a rise in pH. Collapse pressure decreases over 
the same pH range. In general, the r -A curves tend to become 
flatter as pH is increased, so that the monolayers appear to be more 
expanded. 


Above a subphase pH of 4, the monolayers are negatively charged 
due to ionization of the carboxyl group of the phthalate moiety. 
Repulsion of like charges would be expected to cause an increase in 
surface pressure according to the relation: 


r = KO + 7Tr 0%. 1) 


where ?r is the observed surface pressure, K O  is the surface pressure 
of an unionized film, and rr is the surface pressure component re- 
sulting from charge repulsion (8). This theory predicts that, at a 
given surface pressure, a charged film will always occupy a larger 
area than an uncharged one. Figure 2 shows the effect of subphase 
pH on the surface area available to CAP molecules at various values 
of surface pressure. Up to a surface pressure of about 6 dyneslcm., 
the expected relation appears to hold (Curves 1 and 2, Fig. 2). At 
higher surface pressures (Curves 3 and 4, Fig. 2), it does not, in- 
dicating that charge repulsion is not the only factor involved. 


Changes in the adhesion of the monolayer to the subphase must 
also be considered (2, 9). Charged groups are strongly attracted to 
the underlying water molecules as a result of ion-dipole forces. 
Thus, above a pH of 4, as a result of both solvation of charged 
groups and repulsion of like charges in the film, the polymer struc- 
ture is rearranged from the compact, coherent form assumed in the 
unionized state to a more open, extended conformation. The degree 
of expansion is dependent upon the degree of ionization and, there- 
fore, upon pH. Compression of the charged monolayers causes a 
fairly rapid increase in surface pressure at large areas because of 
the contribution of rr. As the area available to polymer molecules 
is reduced, solvation of charges may cause the molecules to assume 
an “accordion” conformation in which ionized groups are immersed 
in the subphase as completely as possible. The increase in adhesion 
reduces film stability and causes the charged films to collapse at 
lower surface pressures. 


Support for this mechanism comes from experiments in which 
the ionic strength of the subphase was varied. The r - A  isotherm of 
uncharged monolayers of CAP (subphase pH = 3) was independent 
of ionic strength when the latter was varied over a range of 0.001- 
1 .O. On the other hand, changes in salt concentration had a decided 
influence on the properties of monolayers of CAP at pH values 
above 4. The r-A results at a pH of 6.5, under conditions of varying 
ionic strength, are presented in Fig. 3. As the salt concentration is 


Figure &Mono- 
layer collapse pres- 
sure and dA/dr as 
a function of sub- 
phase pH, 


i6 
E . z 
0“ 12 
w- a 
3 cn 


E 


w cn 


2 8  
a 


n 
4 4  
-I 
0 
0 


2 3 4 5 6 7  
PH 


raised, the thickness of the electrical double layer around charges on  
the monolayer is reduced, thus weakening the effects of charge 
repulsion. Salting out effects are probably also involved, so that 
solvation and attraction of the polymer for the subphase are re- 
duced. Therefore, increasing ionic strength should cause the charged 
CAP monolayer to become more condensed and to collapse at a 
higher surface pressure. These tendencies are observed in Fig. 4. 


Inspection of Fig. 1 reveals that changes in monolayer properties 
are not a smooth function of pH. Instead, there appears to be a 
fairly narrow range of pH over which substantial changes in col- 
lapse pressure and slope occur. Figure 4 shows that the sharpest 
decrease in collapse pressure takes place at a pH of about 5.8. In 
the same figure, the reciprocal of the slope of the condensed portion 
of each curve, dA/dr ,  is plotted versus pH; dA/dr  is related to the 
compressibility of the film, which is a measure of its compressional 
elasticity. The sharpest increase in dA/dr  occurs at a pH of about 
6.2 (Fig. 4). Plots of the ares occupied in CAP molecules as a func- 
tion of pH, at surface pressures at which the monohyers are con- 
densed (Curves 3 and 4, Fig. 2), exhibit breaks around pH 6.0. The 
greatest effect of pH on monolayers of CAP appears, therefore, to 
occur in the vicinity of pH 6. 


The results of this investigation suggest that complete dissolution 
of coating material may not be necessary for a drug to be released 
from a dosage form coated with CAP. In the highly acid environ- 
ment of the stomach, CAP is unionized and probably quite co- 
herent. In the duodenum, where the pH is approximately 6, ioniza- 
tion of accessible phthalate groups will occur, probably causing 
expansion and allowing penetration of water and ions. Although 
the coating may not be completely dissolved, sufficient penetration 
of water molecules through the coating may bring about disintegra- 
tion or leaching. 


REFERENCES 


(1) J. L. Zatz, N. D. Weiner, and M. Gibaldi, J. Phurm. Sci., 57, 


(2) J. L. Zatz, N. D. Weiner, and M. Gibaldi, J.  Colloid Inter-iice 


(3) J. L. Zatz, N. D. Weiner, and M. Gibaldi, J. Pharm. Sci., 58, 


(4) J. L. Zatz and B. Knowles, ibid., 59, 1188(1970). 
(5) J. L. Zatz, ibid., 59, 117(1970). 
(6) J. L. Zatz, J.  Colloid Inrevface Sci., 33, 465(1970). 
(7) N. K. Adam, Trans. Faraday Soc., 29, 90(1933). 
(8) J. T. Davies and E. K. Rideal, “Interfacial Phenomena,” 


(9) I. R. Miller, J. Colloid Sci., 9, 579(1954). 


1440( 1968). 


Sci., 33, l(1970). 


1493( 1969). 


2nd ed., Academic, New York, N. Y., 1963, p. 231. 


ACKNOWLEDGMENTS AND ADDRESSES 


Received April 13, 1970, from the College ofPharmucy, Rutgers 


Accepted for publication June 17, 1970. 
Presented to the Basic Pharmaceutics Section, APHA Academy 


of Pharmaceutical Sciences, Washington D. C. meeting, April 
1970. 


University, Newark, NJ 07104 


Vol. 59, No. 12, December 1970 0 1751 








Benzyloxyamines as Possible Inhibitors of 
Histarnine Biosynthesis 


GLENN H. HAMOR, DAVID M. BRESLOW", and GERALD W. FISCHt 


Abstract 0 The synthesis of some 26 0-substituted hydroxylamine 
derivatives is described. Potent anti-inflammatory activity in the 
carrageenin-induced rat paw edema test is shown by m-nitrobenzyl- 
oxyamine hydrochloride and by p-nitrobenzyloxyamine hydrochlo- 
ride. Moreover, pnitrobenzyloxyamine hydrochloride also pos- 
sesses potent inhibitory activity when tested in vitro against the hist- 
amine-forming enzyme, specific histidine decarboxylase, thus lend- 
ing additional support to the theory linking histamine to the in- 
flammatory process. Further evidence is given for the bioisosterism 
of the nitrobenzene and pyridine moieties. The necessity of a free 
aminooxy group for anti-inflammatory activity is demonstrated. 


Keyphrases 0 Benzyloxyamines-synthesis 0 Anti-inflammatory 
activity-benzyloxyamines 0 Anorexigenic activity-benzyloxy- 
amines 0 Antimalarial activity-benzyloxyamines Histidine 
decarboxylase inhibition-p-nitrobenzyloxyamine HCI 0 IR 
spectrophotometry-identification 


~ ~~ 


Histamine, a naturally occurring amine possessing 
a wide range of potent pharmacologic effects, has been 
suggested as playing an important part in the media- 
tion of various physiologic functions (1). Histamine has 
been implicated in the cause of such human diseases 
as asthma and other allergic disorders, peptic ulcers, 
and vascular headaches (2). Histamine also has been 
proposed as a mediator of the inflammatory process 


Therefore, a drug that effectively inhibits the bio- 
synthesis of histamine in man should be of interest, 


(3-5). 


Table I-Benzyloxyamines 


both as a tool for physiologic investigations and as a 
potential therapeutic agent. 


Histamine is synthesized in mammalian tissues by 
enzymatic decarboxylation of the precursor amino 
acid, histidine. Decarboxylation, being the only enzymic 
process involved, is rate limiting. In the rat, at least, 
biosynthesis of histamine is catalyzed by a specific 
histidine decarboxylase enzyme (6). Therefore, inhibi- 
tion of histidine decarboxylase activity may result 
in a depletion of histamine from tissues. Levine and 
other investigators have reported that the histidine 
decarboxylase inhibitor, 4-bromo-3-hydroxybenzyloxy- 
amine (I), inhibits histamine synthesis in rats (6) and in 
man (7). Previous work has shown 4-thiazolylmethoxy- 
amine (11) and 2-amino-4-thiazolylmethoxyamine (111) 


U 


I 11, R = H Iv 
histamine III,R =NHz 


to be potent inhibitors, both in uitro and in uiuo, of 
histidine decarboxylase (8): In  addition, these two thia- 
zole compounds possess preliminary anti-inflammatory 
activity when tested intragastrically against carrageenin- 
induced rat paw edema (9). Whitehouse and Skidmore 


Num- Recrystallizing Yield, -Anal., %-- 
ber R Formula M.p. Solvent z Calcd. Found 


1 m-NOz C7HKINz03 161-1 66 1-Butanol 80 C, 41.09 C, 41.28 
H, 4.43 H,  4.66 
N, 13.49 N, 13.08 


C7HsClN203 209-21 1 Methanol C, 41.09 C, 41.02 
8o H, 4.43 H, 4.55 


N, 13.13 N, 13.49 


H, 4.64 H, 4.68 
N, 7.22 N, 7.03 


5 rn-CFJ CsHsClFiNO 160-1 70 OC Ethyl acetate 50 C, 42.21 C, 42.05 
H, 4.17 H, 3.99 
N, 5.98 N, 6.15 


C, 39.87 C, 40.78 6 U-CH~ONH~ CsHi,ClzNz02 222-224" dm. Chlorobenzene- 90 
H, 5.81 H, 6.14 * HCI methanol 
N, 11.63 N, 11.22 


7 WZ-CHZONHZ CsH14ClzN202 235-237" dec. Pyridine 90 C, 39.87 C, 40.16 
H, 5.91 -HC1 H, 5.81 


N, 11.63 N, 11.41 
C, 41.03 247-249 dec. Pyridine 90 C, 39.87 


.HCI H, 5.81 H, 6.09 
N, 11.63 N, 11.48 
C, 40.90 C, 41.04 


%NO2 H, 4.74 H, 4.66 
N, 11.95 N, 11.69 


2 p-NOz 


3 m-C1 C7HsClzNO 210-21 1 Ethanol 93 c ,  43.35 c ,  43.47 


4 p-c1 C7HgCl?NO 243-244"b Ethanol 75 - - 


8 p-CHzONHz CsHi 4CI2 NzO? 


9 2-OCH, CsHiKlNzOa 188-190 Ethanol 77 


a Reported m.p. 217" dec. (17). b Reported m.p. 245" dec. (15). c Sublimes. d Reported m.p. 263-264' dec. (15). 
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(10) have shown that a number of anti-inflammatory 
drugs, such as salicylate, indomethacin, and flufen- 
amic acid, are potent inhibitors of histamine formation 
through their inhibition of the histidine decarboxylase 
activity of rat pyloric stomach and fetal rat. 


The aims of the present work are the synthesis and 
structure-activity correlation of various alkoxyamines 
as histidine decarboxylase inhibitors in relationship 
to histaminergic mechanisms in inflammation. 


4-Thiazolylmethoxyamine (11) structurally resembles 
histamine (IV); the methoxyamine side chain is iso- 
steric with the ethylamine group (1 1) of histamine, 
while the thiazole ring is isosteric with the imidazole 
ring. The thiazole ring (V) is also isosteric with the 
pyridine moiety (VI) as a result of replacement of the 
sulfur atom, -S-, by the vinylene grouping -CH= 
CH- (12). However, pyridine, while showing similari- 


k0, 
V VI VII 


ties to thiazole and benzene (replacement of -CH= by 
-N=), may also resemble nitrobenzene (VII), but now 
by virtue of similar polar characteristics (13). 


Therefore, the nitrobenzyloxyamines described herein 
are isosteric with both pyridylmethoxyamines and 
thiazolylmethoxyamine. This work, as well as reporting 
the synthesis of the benzyloxyamines containing a nitro 
substituent, describes the preparation of a number of 
additional benzene derivatives containing different 
functional group substituents. These substituted benzyl- 
oxyamines may provide data toward a correlation of 
chemical structure and anti-inflammatory activity, 
along with any possible relationships to histidine de- 
carboxylase inhibitory potency. 


0 


0 0 


0 


Et,N 
I1 


CH2Br II 
qcHzBr + 2 a ; ; N - O H  - CHJN 


0 
0 
II 


\ 0 


(1) N2HiHJJ 
(2) EtOH.HC1 I 


Scheme II  


The nine benzyloxyamines synthesized are listed and 
their physical properties given in Table I. These benzyl- 
oxyamines were prepared by the method of McKay 
et al. (14) and Martin et al. (15), as modified by Drain 
et al. (16); it consists of the alkylation of N-hydroxy- 
phthalimide, followed by hydrazinolysis as shown in 
Schemes I and 11. The 13 N-benzyloxyphthalimide 
intermediate compounds thus synthesized are listed 
in Table 11. N-(3-Pyridylmethoxy)phthalimide and N-  
(2-pyridy1methoxy)phthalimide are shown in Table 111. 
Table IV lists 1-(m4trobenzyloxy)urea and 1 -@- 
nitrobenzyloxy)urea, synthesized by reacting the ap- 
propriate nitrobenzyloxyamine hydrochloride with 
potassium cyanate (Scheme 111) according to the method 


CHZO-NH- CO-NHZ 
*HC1 


CHZONHz 


n 
Anti-Mammatory Screening-Selected compounds have been 


submitted for pharmacological testing; the preliminary results 
are shown in Table V. Two of the compounds (Compounds 1 and 2 
in Table V) have displayed marked anti-inflammatory activity when 


0 
X = C1, NO2, CF,, etc. 


Scheme 1 


\ NO2 h0, 
Scheme I11 


used by Bauer and Dalalian (18) for the preparation of 
aryloxyureas (19). 


BIOLOGICAL RESULTS 


1 The authors thank Riker Laboratories, Northridge, CA 91324, 
for performing the pharmacological testing. 
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Table 11-N-Benzyloxyphthalimides 


Num- Recrystallizing Yield, ---Anal., %- 
ber R Formula M.p. Solvent % Calcd. Found 


10 


11 


12 


13 


14 
15 


16 


17 


18 


19 


20 


21 


22 


o-NO~ 


m-NOz 


m-C1 


p-CI 
m-F 


m-CF3 


2-OCH8, 
5-NO2 


2-OH, 
5-NOz 


2-c1, 43- 
Methy lenedioxy 


160-161" 


186-187" 


197-198' 


139-140" 


137-138"a 
1 30-1 3 1 


109-1 10 O 


184-1 85 


2 16-21 8 O 


242-243 O 


CznHi 6NzOe 284-285 


Acetone-water 


Acetone-water 


Ethyl acetate 


Ethanol 


Ethanol 
Ethanol 


Ethanol 


Acetone-water 


1-Butanol 


Acetone-water 


Pyridine 


238-240' Chlorobenzene 


Pyridine 


90 


75 


90 


85 


72 
81 


60 


83 


65 


90 


80 


80 


75 


C, 60.41 
H, 3.38 
N, 9.39 
C, 60.41 
H, 3.38 
N, 9.39 
C, 60.41 
H, 3.38 
N, 9.39 
C, 62.80 
H, 3.53 
N, 4.88 


C, 66.50 
H, 3.69 
N, 5.17 
C, 59.82 
H, 3.14 
N, 4.36 
C, 58.60 
H, 3.99 
N, 8.54 
c ,  57.33 
H,  3.21 
N, 8.92 
C ,  58.10 
H, 3.06 
N, 4.23 


- 


C, 67.28 
H, 3.76 
N, 6.54 


C, 67.28 
H, 3.76 
N, 6.54 


C, 67.28 
H, 3.76 
N, 6.54 


C, 60.50 
H, 3.50 
N, 9.13 
C, 60.35 
H, 3.53 
N, 9.67 
C, 60.53 
H, 3.47 
N, 8.95 
C, 62.84 
H, 3.69 
N, 4.92 


C, 66.58 
H, 3.93 
N, 5.15 
c ,  59.77 
H, 3.26 
N, 4.32 
C, 58.34 
H, 3.79 
N, 8.27 
C, 58.10 
H, 3.57 
N, 8.83 
C, H, 58.03 3.15 


N, 4.06 


- 


C, 67.43 
H, 3.98 
N, 6.38 


C ,  67.31 
H, 3.94 
N, 6.43 


C, 67.19 
H, 3.92 
N, 6.70 


a Reported m.p. 137-138" (14). 


tested intragastrically against carrageenin-induced rat paw edema 
(20). The EDso of 230 mg./kg. for m-nitrobenzyloxyamine hydro- 
chloride (Compound 1) may be compared with an EDjo of approxi- 
mately 180 for aspirin (9). Furthermore, preliminary testing has 
shown that p-nitrobenzyloxyamine (Compound 2), as well as show- 
ing anti-inflammatory activity, possesses potent inhibitor activity 
of a competitive nature when tested against the histamine-forming 
enzyme, specific histidine decarboxylase, isolated from fetal rat 
(21). 


The differences in toxicity of the disubstituted aminooxymethyl 
compounds as related to positions of the two groups on the benzene 
ring should be noted. The o-disubstituted compound (Compound 6) 
is almost three times as toxic (LDso, mg./kg. i.p. mice) as the meta- 
compound and over four times as toxic as the p-di(aminooxy- 
methy1)benzene. The anti-inflammatory activity somewhat parallels 
the LDso; that is, the ortho-compound is the most active, followed 
by the meta- and then the para-disubstituted compounds. 


Anorexigenic Screening-Several compounds have shown an- 
orexigenic activity in reducing the food intake in rats (Table V) (9). 
The o-di(aminooxymethy1)benzene (Compound 6) is the most 
active, with an ED60 of 64 mg./kg. 


Anticancer Screening-The 10 compounds shown in Table V 
have been submitted to the Cancer Chemotherapy National Service 
Center (NSC), National Cancer Institute, for screening against the 
L-1210 lymphoid leukemia test system (22), and they have the fol- 
lowing assigned NSC numbers: Compound 1 ,  TableV, NSC 121170; 
No. 2, NSC 79411; No. 3, NSC 131325; No. 5 ,  NSC 129221; No. 
No. 6, 123485; No. 7, NSC 123486; No. 8, NSC 123487; No. 9, 
NSC 132330; No. 11, NSC 120679; and No. 25, NSC 125363. 
Preliminary results show these compounds lack any significant 
antitumor activity. However, m-nitrobenzyloxyamine hydrochloride 
(Compound 1) did prolong the life of L-1210-infected mice 124% 
(compared with controls at 100%). In general, an increase in survival 
value of 125% is necessary for further experimental work by 
NSC. 


Antimalarial Screening-The 10 compounds shown in Table V 
have been submitted to Walter Reed Army Institute of Research 
for testing for antimalarial activity. Preliminary results indicate a 
lack of potency, with the exception of m-nitrobenzyloxyurea (Com- 
pound 25) which is active against the parasite (Plasmodium gaI- 
linaceum) in the mosquito (Aedes aegypti), giving 100% abnormal 
oocysts and 100% complete sporozoite suppression at 0.1 con- 
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Table II-N-Pyridylmethoxyphthalimides 0 


Recrystallizing Yield, -Anal., Z- 
Number Name Formula M.p. Solvent z Calcd. Found 


23 N-( 3- Pyr idyl methoxy)- CtrHi oNzO3 153-154" Acetone-water 71 C, 66.14 C, 66.43 
H, 4.19 phthalimide H, 3.96 


N, 11.02 N, 10.95 
24 N-(2-Pyridylmethoxy)- CaHmN203 129-130" Acetone-water 50 C, 66.14 C, 65.97 


phthalimide H, 3.96 H, 4.06 
N, 11.02 N, 9.94 


Table IV-Benzyloxyureas R 


Recrystallizing Yield, -Anal., %------. 
Number R Formula M.p. Solvent 75 Calcd. Found 


~ 


25 m-NO? CsHsNaOa 1 30-1 3 1 Acetone 78 C, 45.50 c ,  45 59 
H, 4 30 H, 4 54 
N, 19 90 N, 20 08 


C, 45 67 26 p-NOi CsHsNsOc 209-21 0 Acetone-water 89 C, 45 50 
H, 4.30 H, 4 44 
N, 19.90 N, 19 56 


@Reported m.p. 206" (17). 


centration (but inactive at  0.01 concentration). However, m-nitro- 
benzyloxyurea was inactive against malaria in chicks (P. gallina- 
ceum) and in mice (P. berghei). 


DISCUSSION 


The lack of, or greatly reduced, anti-inflammatory activity of the 
m-chlorobenzyloxyamine hydrochloride (Compound 3) and the 
other nonnitro-substituted benzyloxyamines gives further evidence 
for the bioisosterism of the nitrobenzene and pyridine (and thiazole) 
ring systems. In addition, the lessened activity of m-trifluoromethyl- 
benzyloxyamine hydrochloride (Compound 5)  as compared to 
m-nitrobenzyloxyamine hydrochloride (Compound 1) is in contrast 
to reports of the biological equivalence of replacement of NOr 
with CF3 (23, 24). 


The necessity of a free aminooxy group for anti-inflammatory 
activity may be demonstrated by the essential inactivity of N-(m- 
nitrobenzy1oxy)phthalimide (Compound 11, Table V). In  addition, 
Schiff base derivatives of m-nitrobenzyloxyamine are devoid of 
anti-inflammatory activity (25). Also, whereas 4-thiazolylmethoxy- 
amine dihydrochloride (11) possesses activity versus carrageenin- 
induced rat paw edema, several nitrogen-substituted Schiff base 
derivatives are inactive (9). Furthermore, 4-thiazolylmethoxyurea 
and 1 -phenyl-3-(4-thiazolylmethoxy)urea show no in uiiro inhibi- 
tion of histidine decarboxylase (8, 19, 26). However, m-nitrobenzyl- 
oxyurea (Compound 25) and 4-thiazolylmethoxyurea (19) displayed 
moderate anti-inflammatory activity. 


These preliminary results showing histidine decarboxylase in- 
hibitory activity for p-nitrobenzyloxyamine hydrochloride (Com- 
pound 2) and marked anti-inflammatory activity for m-nitrobenzyl- 
oxyamine hydrochloride (Compound 1)  and for the para-isomer 
lend additional support to the theory linking histamine to the inflam- 
matory process. 


Further work will be directed toward synthesis of additional 
alkoxy amines as possible active site-directed irreversible inhibitors 
according to the hypothesis of Baker (27, 28). These new inhibitors 
may be highly specific for the histidine decarboxylase involved in the 
inflammatory process by virtue of the rigid positioning requirements 
imposed by: (a)  the necessity of a reversible fit within the enzyme 
activity site (formation of an aldimine bond between the aminooxy 
group and pyridoxal phosphate displacing the lysyl epsilon-amino 


group of the enzyme); (b) fitting an adjacent hydrophobic area; 
and (c) exoalkylation outside the active site. 


As additional data are accumulated, it may be possible to apply 
regression analysis (29) to clarify the exact hydrophobic, steric, and 
electronic requirements to accommodate the enzyme active site. 
Successful elucidation of the enzyme active site may enable the 
design and synthesis of extremely potent, and highly specific, histi- 
dine decarboxylase inhibitors which, hopefully, may find applica- 
tion in the treatment of inflammatory diseases. 


EXPERIMENTAL 


The syntheses of representative compounds reported in Tables 
I-IV are described here. All melting points were taken on a Fisher- 
Johns hot-stage and are uncorrected. Elemental microanalyses 
were performed by Elek Microanalytical Laboratories, Torrance, 
Calif. The IR spectra of selected compounds were determined on a 
Perkin-Elmer infracord apparatus in mineral oil mulls and are in 
agreement with the assigned structures. 


N-( rn-Nitrobenzy1oxy)phthalimide (Compound 1 l F I n  a 500-ml. 
round-bottom flask, fitted with a reflux condenser and heating 
mantle, were placed 75 ml. of acetonitrile, 10.5 ml. (0.075 mole) 
of triethylamine, and 12.4 g. (0.075 mole) of N-hydroxyphthal- 
imide.2 After heating to effect solution, 13.0 g. (0.075 mole) of a- 
chloro-m-nitrotoluene3 was added, and the solution was refluxed 
for 2 hr. Upon cooling, filtering the resultant solid, adding excess 
water to the filtrate to obtain a second crop, and recrystallizing the 
total product from acetone-water, 16.4 g. (75% yield) of a white 
crystalline solid, m.p. 186-187", was obtained. 


rn-Nitrobenzyloxyamine Hydrochloride (Compound l)4-To a 
solution of 29.8 g. (0.1 mole) N-(m-nitrobenzy1oxy)phthalimide 
(Compound 11) in 250 ml. warm anhydrous ethanol was added 5 
ml. (0.1 mole) hydrazine hydrate (9973, and the solution was re- 
fluxed for 2 hr. The reaction mixture was cooled and the precipitated 
phthalhydrazide removed by filtration. Addition of excess ethanolic 
HCl to the filtrate, followed by reduction in volume by evaporation, 


2 Aldrich Chemical Co. 
3 Eastman Organic Chemicals. 
4 Chemical Abstracts nomenclature: 0-(m-nitrobenzy1)hydroxylamine 


hydrochloride. 
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Table V-Pharmacologya 


LDso, 
Com- mg./kg. 
pound i.p., 


No. mice 


1 >800 
2 >800 
3 275 
5 588 
6 236 
7 659 
8 >800 
9 -  


1 1  >goo 
25 >800 


Carrageenin-Induced 
Rat Paw Edema, 


% Reduction, 250 mg./kg. 


64 
50 (;I) increase 176 mg./kg. 


35 
16 
13 
(4) increase 
13 
43 


Anorexigenic, % 
Inhibition, 


mg./kg., Rat 


48, 150 mg./kg. 
50, 130 mg./kg. 
22, 75 mg./kg. 
9 ,  100 mg./kg. 


50, 64 mg./kg. 
24, 100 mg./kg. 
36, 100 mg./kg. 


43, 100 mg./kg. 
34, 100 mg./kg. 


- 


a The pharmacological testing was performed by Riker Laboratories, 
Northridge, Calif. 


gave 16 g. (80%) white solid, m.p. 16W165”. An analytical sample, 
m.p. 164-166”, was obtained by three recrystallizations from 1- 
butanol. 
0,O’-(0-Phenylenedimethy1ene)bishydroxylamine Dihydrochlo- 


ride (Compound 6)-To 74 g. (0.45 mole) of N-hydroxyphthalimide, 
dissolved in 175 ml. acetonitrile and 50 ml. (0.36 mole) triethylamine 
by warming, was added 40 g. (0.15 mole) a,a’-dibromo-o-xylene,3 
followed by 4 hr. of refluxing. The chilled mixture was filtered and 
the precipitate washed with cold water to give 64 g. (80%) of the 
bisphthalimido intermediate (Compound 20), m.p. 282-284”. 
An analytical sample, m.p. 284-285 ’, was obtained by two recrystal- 
lizations from pyridine. 


To 42.8 g. (0.1 mole) of Compound 20 in 300 ml. anhydrous 
ethanol was added 10 ml. (0.2 mole) hydrazine hydrate (9973, and 
the mixture was refluxed for 3 hr. The precipitated phthalhydrazide 
was removed by filtration of the cooled reaction mixture. Addition 
of excess ethanolic HCI to the filtrate gave 21.6 g. (90% yield) of the 
desired bisaminooxy compound (Compound 6) as a white solid, 
m.p. 211-214” dec. An analytical sample, m.p. 222-224” dec., was 
obtained by four recrystallizations from chlorobenzene-methanol. 


rn-Nitrobenzyloxyurea (Compound 2 5 t T o  20.5 g. (0.1 mole) m- 
nitrobenzyloxyamine hydrochloride (Compound 1) dissolved in 
150 ml. HzO was added 8.1 g. (0.1 mole) potassium cyanate. The 
desired urea derivative precipitated out almost immediately and 
was filtered, washed with cold HzO, and recrystallized from acetone 
to give 16.5 g. (78 %) of analytically pure, white solid, m.p. 130-131 O. 
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New Method for Assaying Antiapomorphine Activity in Pigeons 


power 
supply 


W. K. VAN TYLE and A. M. BURKMAN 


audio 
amplifier 


Abstract 0 An electronic monitoring system, which was capable of 
estimating and recording the intensity of the apomorphine-in- 
duced pecking syndrome, was evaluated with regard to its ability 
to function as an attendant-free assay instrument. Instrument re- 
sponses were compared with responses derived from a visual re- 
cording technique which has been routinely used since 1960. The 
new monitoring system provides accurate and highly reliable esti- 
mates of the desired biological parameters. 


Key phrases 0 Apomorphine-induced pecking syndromes, pigeons- 
assay method 0 Pecking syndrome, pigeons-chlorpromazine 
HCl, methdilazine HCl inhibition 0 Monitoring system, electronic 
-pecking syndrome, pigeons 0 Inhibitor potency assay-apo- 
morphine-induced pecking syndrome 


Without doubt, the most familiar pharmacological 
property of apomorphine is its ability to evoke emesis 
in a variety of animal species. From pharmacodynamic, 
therapeutic, and toxicological standpoints, the emetic 
characteristics of the compound have been the subject 
of greatest attention through the years. On the other 
hand, interest in the nonemetic activities of apomor- 
phine, particularly in animals refractory to its emetic 
propensities, has been sporadic, desultory, and largely 
uninspired. Some of these nonemetic responses are 
enumerated by Krueger et al. in their monumental “The 
Pharmacology of the Opium Alkaloids” (1). 


Among the nonemetic responses to apomorphine is a 
curious “Zwangspicken” or compulsive pecking in 
pigeons, which was described by Amsler in 1923 (2). 
Interest in Amsler’s “Zwangspicken” response in 
pigeons (for whom sublethal doses of apomorphine are 
not notably emetic) remained virtually nonexistent 
until 1957 when Burkman et al. (3) and Koster (4) 
described, in somewhat greater detail, this apomor- 
phine-induced effect. The response was referred to by 
Koster as a “feeding hallucination” and by Burkman 
et al., less imaginatively, as a “pecking syndrome.” 


Quantitative data describing the characteristics of 
the syndrome were published, simultaneously and 
independently, by Burkman (5) and by Dhawan 
and Saxena (6).  Since then the syndrome has at- 
tracted increased attention as an example of drug- 
induced stereotypical behavior. The pecking syndrome 
is best characterized by a single symptom: a continuous, 
forceful, repetitive pecking by the pigeon on the floor, 
walls, and roof of the cage in which it is placed. Al- 
though the syndrome has been quantified in terms of 
intensity (7) and in terms of an all-or-none response (8), 
the intensity technique is regarded as both more reliable 
and more efficient than the quanta1 method. Therefore, 
the authors have directed most of their efforts toward 
improving their ability to monitor response magnitude. 


The authors have successfully automated this method 
of quantifying the pecking syndrome and thereby have 
made what they believe to be a major technical im- 


- 


provement. Details relating to the construction of the 
instrument have been published (9). 


This article describes and evaluates the automated 
instrument method for assessing the potency of apo- 
morphine-inhibiting phenothiazines. 


115 impulse - 
counter vac 


timer 


EXPERIMENTAL 


Animals-Adult birds (1-2 years of age) of both sexes were housed 
in individual cages at a room temperature of 2&25” and conditioned 
to a 12-hr. light cycle. Birds retained for assay were those whose 
responsiveness to apomorphine HCl had been previously evaluated. 
Those that did not respond to intramuscularly administered doses 
of 0.5 mg./kg. were rejected as unsuitable. Thus, birds used in these 
experiments were not randomly selected from a general population, 
but rather were representative of a stock colony of birds having a 
high sensitivity to apomorphine. 


All drugs used in the assays were dissolved in sterile 0.9 saline 
and injected intramuscularly. 


Determination of Syndrome Intensity : Visual Technique-Each 
pigeon received the requisite dose of apomorphine HCl and was 
immediately placed in a wire mesh observation cage 22.9 x 38.1 
X 22.9 cm. (9 X 15 X 9 in.). At 5-10-min. intervals, an ob- 
server made 1-min. counts of the bird‘s responses. The duration 
of observation was determined by the length of the period during 
which the animal exhibited the pecking syndrome. Since the syn- 
drome was easily interrupted by sudden noises that distracted 
the bird, it was necessary to conduct the experiments in 
a sound-attenuated environment. The number of animals 


115 vac I microphone contact tl 
C I I lL I I  


I audio 
preamplifier 


I I I  


I L A relay 


I J -  


Figure I-Block diagram of one channel of the pecking syndrome 
monitor. 
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Table I-Intensity of Apomorphine-Induced Pecking Syndrome 
as Determined by Two Monitoring Methods 


7- Method 
Visual Instrument 


Number of pigeons 32 32 
Mean cumulative responsea 4395 + 395 4440 f 407 
Coefficient of variation* 0.509 0.519 


a Mean CPR f standard error. Responses induced by apomorphine 
HCI, 0.5 mg./kg., i.m. No significant difference could be detected be- 
tween methods. b Ratio of the standard deviation of a CPR sample to 
the mean CPR of that sample. No significant difference could be de- 
tected between methods. 


that could be monitored simultaneously depended upon the ob- 
server’s experience and his ability to make minute counts reliably. 
Generally, no more than six birds could be effectively monitored 
by a single person. 


Response rate (pecks per minute) plotted against time from in- 
jection yielded a curve, whose parameters, suitably computed, 
provided such information as onset time, duration, peak rate, 
time-dependent rate changes, and the cumulative pecking response 
(CPR). The CPR, which has proved to be the most useful expression 
of response intensity, was determined by measuring the area under 
the rate-time curve with the aid of a compensating polar planimeter. 
Using a suitably calibrated instrument, the resulting total area 
was translated into total pecks, i.e., the CPR. 


Determination of Syndrome Intensity : Automated Instrument 
TechniqueThe design of the electromechanical CPR monitor was 
based upon the results of preliminary efforts to adapt an audio- 
pickup system for continuously recording the sharp, microphonically 
distinct clicks of the bird’s beak as it struck the metal cage (9). The 
sounds that accompanied the compulsive pecking behavior pro- 
vided a quantifiable variable which readily lent itself to machine 
processing. 


To monitor apomorphine-induced pecking effectively, each 
channel of the system required: (a) a sensitive detector to pick up 
and transmit signals generated by sounds or vibrations developed as 
a result of the bird‘s pecking movements, and (b) a means for ampli- 
fying the detector signal so that (c )  an electromechanical relay and 
impulse counter could be activated by each discrete pulse. Also 
essential was the incorporation of a device to improve the instru- 
ment’s capacity to discriminate between pecking activity and fortui- 
tous noises and movements unrelated to pecking. 


The monitor design adopted for use is diagrammed in Fig. 1. The 
use of a simple contact microphone, bolted to the rear panel of a 
stainless steel observation cage 22.9 X 38.1 X 22.9 cm. (9 X 15 
X 9 in.), served as a transducer. Environmental noises, bird 
vocalizations, and other air-transmitted sounds were incapable of 
activating the microphone. The unit, however, was sufficiently 
sensitive to pick up virtually all desired responses. Signals generated 
by the microphone were transmitted to a solid-state audiopreamp- 
lifier and audioamplifier. A Schmitt trigger, incorporated in the sys- 
tem, is a modified bistable multivibrator, which is widely used as a 
voltage discriminator in such devices as nuclear radiation pulse 
height analyzers. It served much the same function here. Input 
signals above a preset level provided an output signal sufficient 
always to activate the relay which, in turn, operated the impulse 
counter. This ensured that clean, artifact-free counts could be ob- 
tained. A 12- and 30-v. d.c. regulated power supply provided the 
energy for operation. 


Although the monitor was incapable of being influenced by air- 
transmitted sounds, loud noises and strong visual stimuli easily 
distracted the animals under observation. This distraction was 
reflected in a distortion of the pecking response parameters. Thus, 
it was still necessary to control the environmental conditions under 
which responses were monitored. This was most easily accomplished 
by placing the caged pigeons in a sound-attenuating chamber con- 
structed for that purpose. In addition, the monitor itself was placed 
in an adjoining room where it could be conveniently examined 
without disturbing the birds. This precaution further decreased 
the opportunity for the intrusion of environmental distortions. 


Paired-Comparison Experiment-Evaluation of the utility of the 
pecking syndrome monitor was based on results of two experiments 
designed to determine the accuracy and reliability of the data sup- 
plied by the instrument. 


The first experiment involved estimating syndrome intensity 
for a group of pigeons by recording their responses, using both the 
visual and instrument methods simultaneously. Thirty-two birds 
of mixed sex were injected intramuscularly with apomorphine 
HCl, 0.5 mg./kg., and placed in observation cages. The cages were 
placed, in turn, in the sound-attenuating chamber, and the monitors 
were activated. Observation ports allowed the experimenter to see 
the birds and to make the necessary visual counts. The CPR over 
its entire duration (about 2 hr.) served as the index of syndrome 
intensity, and this was determined for each bird by both methods. 
The conditions of the experiment satisfied the requirements of a 
“paired-comparison” design; evaluation of the visual and instru- 
ment methods was made by examining the magnitude of observed 
within-animal (between-methods) differences. 


Inhibitor Potency Assay-The second experiment was a model 
assay similar to those repeatedly employed in studies of psycho- 
leptic phenothiazines (10, 11). The apomorphine-inhibiting ac- 
tivities of two compounds, chlorpromazine HCI (CPZ) and meth- 
dilazine HCl (MDZ), were determined in terms of their ability to 
suppress the syndrome evoked by a standard dose of apomorphine 
HC1. The experiment was designed as a 4-point relative potency 
assay, utilizing 24 pigeons. Four groups of six birds received, 
initially, intramuscular injections of 0.5 mg./kg. of apomorphine 
HC1 (1.6 pmole of base/kg.) 8 days prior to the start of the assay. 
The CPR values obtained served as controls against which the in- 
hibiting influence of the phenothiazines was measured. On the assay 
day, each group of animals was premedicated with a single high 
or low dose of either CPZ or MDZ. All doses were expressed in 
terms of moles of base per kilogram body weight. Fifteen minutes 
after phenothiazine administration, apomorphine HCI, 0.5 mg./kg., 
was injected and the CPR was redetermined. Inhibition at each 
dose level was recorded as percent reduction of the control CPR. 
For each inhibitor, a log dose-probit response line was constructed, 
and the relative potency of MDZ was assessed using CPZ as the 
reference standard. 


All activity data were collected by simultaneous use of visual 
and automated instrument techniques so that comparison could be 
made between methods. 


RESULTS 


Paired-Comparison Experiment-The characteristics of syndrome 
intensity are summarized in Table I. Thirty-two birds supplied two 
samples of CPR values; a comparison of these samples, in terms of 
sample means and dispersions about sample means, revealed that 
no significant difference existed. The computed f statistic had an 
associated p > 0.6. The visual and instrument techniques, there- 
fore, provide equivalent estimates of syndrome intensity. 


Inhibitor Potency Assay-The results are summarized in Table 11. 
Both methods provided virtually identical estimates of median 
inhibitory doses (ID50’s), slopes, and relative potency. The parameter 
estimates were so strikingly similar that a reliable conclusion could 
be drawn without recourse to further statistical manipulation and 
testing. No  significant differences could be detected between the 
activity parameters derived from visual and instrument methods. 


DISCUSSION 


Although the visual technique for quantifying pecking syndrome 
intensity employed in earlier studies has proved to be highly reli- 
able, its use requires an experienced observer, one who has been 
trained to make selective, unbiased, and reproducible counts. 
Even under the best conditions, an observer can usually program 
the simultaneous visual monitoring of no more than six birds. Under 
standardized conditions of the phenothiazine assays, the period of 
observation lasts approximately 2 hr., and the preliminary animal 
weighings and premedication increase the period to about 2.5 hr. 
Thus, the number of man-hours required to satisfy the needs of 
even a comparatively simple 4- or 6-point crossover relative potency 
assay becomes enormous, and the assay technique has been rela- 
tively inefficient in terms of the utilization of an investigator’s 
time. 


This kind of inefficiency now seems unnecessary, since the syn- 
drome can be readily quantified by an instrument method which 
does not require the full and constant attention of the investigator 
during the recording session. Furthermore, use of the instrument 
that automatically accumulates and records compulsive pecking 
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Table 11-Suppression of Apomorphine-Induced Pecking 
Syndrome by Chlorpromazine (CPZ) and Methdilazine (MDZ) 
Assayed by Two Methods 


Method 
Statistic Visual Instrument 


IDSO (CPZ). 2.05 (1.10-3.80) 1.65 (0.90-2.95) 
29.8 (24.0-37.0) 27.1 (20.9-34.6) 


Slope (CPZ)b 92.9 f. 29.1 
82.6 f 30.7 


rD50(MDZ) 
84.9 =t 67.5 


Slope (MDZ) 71.6 =t 47.4 
Common slope 90.11 78.43 


Relative potencyC 0.072 (0.046-0.100) 0.063 (0.043-0.96) 


@ Median inhibiting dose (95% confidence limits): in unit of micro- 
moles of base per kilogram body weight. * Slope of the dose-response 
line f 95 % confidence limits; in units of percent/log dose. c Potency 
of MDZ (95 % confidence limits) relative to CPZ. 


(CPZ) + 
(MDZ) 


activity obviates deriving CPR values by curve plotting and area 
computing manipulations. And, finally, the comparatively unsophis- 
ticated device can be fabricated with standard and readily available 
components. 


It seems clear from the results summarized in Tables I and I1 that 
the instrument monitor provides data as accurate and as reliable 
as those provided by the more tedious visual method. The results of 
the inhibitor potency assay, particularly, demonstrate the utility 
and applicability of the instrument method for such experiments. 
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Drug Permeation through Thin Model Membranes I: 
Development of a Polymeric Model Biomembrane 


KARL A. HERZOG and JAMES SWARBRICK 


Abstract 0 The development of a polymeric nonporous model 
membrane, containing natural membrane components, and its 
use in a two-compartment transport cell are reported. Consider- 
ation was given to the polymer used to form the polymer matrix, 
membrane thickness, the amount and type of biological material 
incorporated, and the effect of nonbiological additives. The effect 
of these changes on the transport properties of the various mem- 
branes were monitored in terms of k d ,  the rate of disappearance 
constant of salicylic acid, from the pH 2.0 compartment of the 
transport cell. As a result of these studies, a standard model bio- 
membrane was designed, containing 44 % ethylcellulose, 44 % bio- 
logical materials, and 12 mineral oil, dry weight of the membrane. 
From the lack of solvent flux under experimental conditions and 
the first-order disappearance of salicylic acid, it appears that the 
polymer membrane mimics the functionality of natural membranes 
insofar as passive diffusion is concerned. 


Keyphrases 0 Biomembrane model, polymeric-drug permeation 0 
Membrane, nonporous-natural membrane components 0 Drug 
absorption, passive-model membranes 0 Transport rates-drugs 
through model membranes 


Model membranes have been employed in attempts 
to develop in vitro model systems whose transport char- 
acteristics correlate with in viuo passive drug absorp- 
tion. In addition to permitting systematic study of the 
many variables affecting the in vivo process, these model 
systems also act as a potential tool for assessing the 


ability of new medicinal agents to cross the gastro- 
intestinal membranes and similar barriers. Although 
considerable work has been reported concerning a 
number of models, significant accomplishments are yet 
to be made in elucidating the transport process occur- 
ring in vivo and in producing in vitro models that more 
closely reflect the functionality of biological membranes. 


The following properties may be considered desirable 
in any model system for passive drug absorption: 


1. The membrane should be thin, with a low volume 
ratio of membrane to surrounding aqueous media. This 
elimination of the membrane “volume” significantly 
reduces drug retention within the membrane phase. 


2. Transport selectivity of the drug(s) in question 
should be based on solubility in a homogeneous barrier 
rather than on dialysis through a microporous struc- 
ture. 


3. The membrane should be sufficiently durable to 
withstand extended experimental procedures without 
loss of integrity which might lead to changes in the 
transport characteristics of the membrane. 


4. It should be possible to demonstrate a correlation 
between in vitro transport rates and in viuo absorption 
rates. 


Model membranes can be conveniently classified into 
two groups. First, some membranes are essentially bio- 
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Table 11-Suppression of Apomorphine-Induced Pecking 
Syndrome by Chlorpromazine (CPZ) and Methdilazine (MDZ) 
Assayed by Two Methods 


Method 
Statistic Visual Instrument 


IDSO (CPZ). 2.05 (1.10-3.80) 1.65 (0.90-2.95) 
29.8 (24.0-37.0) 27.1 (20.9-34.6) 


Slope (CPZ)b 92.9 f. 29.1 
82.6 f 30.7 


rD50(MDZ) 
84.9 =t 67.5 


Slope (MDZ) 71.6 =t 47.4 
Common slope 90.11 78.43 


Relative potencyC 0.072 (0.046-0.100) 0.063 (0.043-0.96) 


@ Median inhibiting dose (95% confidence limits): in unit of micro- 
moles of base per kilogram body weight. * Slope of the dose-response 
line f 95 % confidence limits; in units of percent/log dose. c Potency 
of MDZ (95 % confidence limits) relative to CPZ. 


(CPZ) + 
(MDZ) 


activity obviates deriving CPR values by curve plotting and area 
computing manipulations. And, finally, the comparatively unsophis- 
ticated device can be fabricated with standard and readily available 
components. 


It seems clear from the results summarized in Tables I and I1 that 
the instrument monitor provides data as accurate and as reliable 
as those provided by the more tedious visual method. The results of 
the inhibitor potency assay, particularly, demonstrate the utility 
and applicability of the instrument method for such experiments. 
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Drug Permeation through Thin Model Membranes I: 
Development of a Polymeric Model Biomembrane 


KARL A. HERZOG and JAMES SWARBRICK 


Abstract 0 The development of a polymeric nonporous model 
membrane, containing natural membrane components, and its 
use in a two-compartment transport cell are reported. Consider- 
ation was given to the polymer used to form the polymer matrix, 
membrane thickness, the amount and type of biological material 
incorporated, and the effect of nonbiological additives. The effect 
of these changes on the transport properties of the various mem- 
branes were monitored in terms of k d ,  the rate of disappearance 
constant of salicylic acid, from the pH 2.0 compartment of the 
transport cell. As a result of these studies, a standard model bio- 
membrane was designed, containing 44 % ethylcellulose, 44 % bio- 
logical materials, and 12 mineral oil, dry weight of the membrane. 
From the lack of solvent flux under experimental conditions and 
the first-order disappearance of salicylic acid, it appears that the 
polymer membrane mimics the functionality of natural membranes 
insofar as passive diffusion is concerned. 


Keyphrases 0 Biomembrane model, polymeric-drug permeation 0 
Membrane, nonporous-natural membrane components 0 Drug 
absorption, passive-model membranes 0 Transport rates-drugs 
through model membranes 


Model membranes have been employed in attempts 
to develop in vitro model systems whose transport char- 
acteristics correlate with in viuo passive drug absorp- 
tion. In addition to permitting systematic study of the 
many variables affecting the in vivo process, these model 
systems also act as a potential tool for assessing the 


ability of new medicinal agents to cross the gastro- 
intestinal membranes and similar barriers. Although 
considerable work has been reported concerning a 
number of models, significant accomplishments are yet 
to be made in elucidating the transport process occur- 
ring in vivo and in producing in vitro models that more 
closely reflect the functionality of biological membranes. 


The following properties may be considered desirable 
in any model system for passive drug absorption: 


1. The membrane should be thin, with a low volume 
ratio of membrane to surrounding aqueous media. This 
elimination of the membrane “volume” significantly 
reduces drug retention within the membrane phase. 


2. Transport selectivity of the drug(s) in question 
should be based on solubility in a homogeneous barrier 
rather than on dialysis through a microporous struc- 
ture. 


3. The membrane should be sufficiently durable to 
withstand extended experimental procedures without 
loss of integrity which might lead to changes in the 
transport characteristics of the membrane. 


4. It should be possible to demonstrate a correlation 
between in vitro transport rates and in viuo absorption 
rates. 


Model membranes can be conveniently classified into 
two groups. First, some membranes are essentially bio- 
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experimental models, whose principal research function 
has been elucidation of some of the biochemical and 
biophysical aspects of the ultrastructure of the biological 
membrane and determination of the role of the constit- 
uents in conducting the vital physiological functions 
accorded to the biomembrane. Such systems are in- 
variably “constructed” on a molecular level, prime ex- 
amples being monolayers (l), black (bimolecular) lipid 
membranes (2), and liposomes (3). The second group 
of model membrane systems are those employed pri- 
marily to study transport phenomena. Such systems are 
of particular relevance to in vivo drug-absorption 
processes. These membrane systems, employed to study 
this phenomenon on an in vitro basis, are termed bio- 
transport models. Many variations of these models 
were utilized in the preceding decade to study the 
kinetics of drug transport and the many variables which 
are held to influence the in vivo process. 


Biotransport model membrane systems may be di- 
vided into natural and artificial (nonliving) systems. 
The former include goldfish (4) or the everted sac 
technique (3, which has received recent attention in 
biopharmaceutical studies (6, 7). Skin sections stripped 
from hairless mice have been used as model systems to 
study chloramphenicol transfer (8). There are limita- 
tions to all of these approaches, although, understand- 
ably, a living system is to be preferred when experi- 
mental conditions permit. 


Artificial (nonliving) membrane systems fall into two 
basic categories: those utilizing a liquid barrier and 
those employing a solid barrier. The liquid membrane 
system was one of the earliest model membrane systems 
applied to  pharmaceutical research (9-1 1). The under- 
lying principle of the model is the separation of the two 
aqueous phases, representing the plasma and the gastro- 
intestinal lumen, by a liquid oil phase which simulates 
the lipid nature of the biological membrane. Much of 
the kinetic groundwork was carried out using these 
models, and their use continues today (12-14). 


Procedures applying a solid barrier to separate two 
aqueous phases are currently being explored, not only 
by pharmaceutical and medical scientists but also in a 
wide variety of other disciplines. Whatever the applica- 
tion, the problem of mechanical strength of the mem- 
brane becomes significant when a certain cross-sectional 
dimension is exceeded. When extreme conditions are 
required to produce the requisite flux, such as in the 
case of pressurized reverse osmosis in desalination (15) 
or in pharmaceutical transport studies where the in- 
herent mechanical strength of the particular polymer 
employed is absent (16), supports of various types are 
often required to maintain the physical integrity of the 
barrier. Nonsupported membranes appear to be better 
suited as biotransport model systems and, consequently, 
film strength is a necessary criterion upon which to 
evaluate potential membrane-forming materials. 


Based on the mechanism of transport involved, it is 
possible to distinguish two types of solid barriers. In 
the first, the permeating molecule can penetrate through 
pores in the membrane, without actually being in solu- 
tion within the membrane. The ability to be trans- 
ported is largely dependent on the relative size of the 
barrier pore and the penetrant. An example of this 


system is dialysis, which has been used in the treatment 
of drug overdosage and poisoning (17) and in earlier 
artificial kidneys (1 8). 


The second mechanism is that involving actual solu- 
tion of the penetrant within the solid membrane. This 
requisite solubility, when coupled with diffusion, allows 
permeation across the barrier. Subsequently the pene- 
trant is desorbed from the distal surface. Considering 
that prior to the solution process, sorption at  the proxi- 
mal membrane surface must occur, these processes 
parallel a model for liquid permeation proposed by 
Tuwiner (19). The entire mechanism depends primarily 
on the ability of the penetrant to dissolve in the mem- 
brane. As such, this type of solid barrier better resembles 
the functionality of the biological membrane with re- 
spect to passive diffusion of the uncharged drug species. 
Included in this category are “solid” barriers formed by 
the Millipore membrane dip technique, originally con- 
ceived by Tobias et al. (20, 21) and subsequently used 
by pharmaceutical investigators (8, 22). The inclusion 
of this type of barrier is based on the assumptions that 
the oil-impregnated “channels” of the porous pad 
constitute the effective membrane with regard to trans- 
port and that the size of this channel is much greater than 
the dimensions of the penetrating molecule. I t  is through 
these channels that the intramembrane flux occurs; as a 
result this model can be considered, along with non- 
porous polymer barriers, as a partition model system. 


When the Millipore model is compared to the three- 
phase liquid partition models, it is seen that the volume 
ratio of the liquid phase to the aqueous phases em- 
ployed has been drastically reduced. Although this 
diminution is significant, drug retention may still be 
considerable within the membrane during the time 
course of transport. Ideally, a model should exhibit 
negligible capacity for the permeating species. This re- 
quirement appears to be most adequately fulfilled by 
the use of polymeric film-forming agents from which 
solid, nonporous barriers of quite thin cross section can 
be made. Two sources exist: commercially prepared 
films or those extemporaneously formed by the experi- 
menter. An advantage of the latter is that it permits 
experimental flexibility, especially in  terms of mem- 
brane composition. 


MEMBRANE COMPOSITION 


Monoconstituent Membranes-Membranes that consist entirely 
of film-forming materials, alone or in combination, are termed 
monoconstituent or pure membranes. Regardless of the method 
used to produce these membranes, this type of barrier has received 
the most attention. Water-vapor transmission through polymeric 
films has been studied both in terms of the free film (23) and when 
the film is applied to tablets (24). Moisture uptake increased with 
increasing hydrophobicity of the barrier, and the transmission 
characteristics of the free film differed from that of the applied 
film. Permeation studies using polyethylene allowed the computa- 
tion of apparent diffusion coefficients, permeability constants, and 
solubility coefficients of six aromatic compounds, the majority of 
which were nonelectrolytes (25). As an alternative to conventional 
separation methods of azwtropic binary mixtures of organic liquids, 
selective diffusion through polymer membranes has been employed 
by Carter and Jagannadhaswamy (26) as the rationale behind their 
extraction procedure. Termed pervaporation, the permeating com- 
ponent of the mixture vaporizes on the receiving side of the mem- 
brane and is subsequently collected in a cold trap. 
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Biomedical applications of pure films also have received atten- 
tion. Extracorporeal hemodialysis efficiency has heretofore been 
extremely limited for large molecular volume solutes such as urea 
when employing cellophane-type membranes. Recently, attempts to 
fabricate a membrane applicable to “hemodialysis,” whose mech- 
anism of selectivity is based not upon dialysis but upon partition 
phenomena, have centered around a block copolymer system (27). 
Furthermore, with the upsurge in plastic packaging of a wide variety 
of pharmaceutical products, investigations of drug-polymer inter- 
actions continue (28), as workers attempt to elucidate the mech- 
anisms of interaction based upon the study of kinetic and thermo- 
dynamic parameters. 


There have been limited reports concerning drug transfer from 
one aqueous environment across a polymeric barrier into a second 
receiving compartment, also aqueous in nature. Johnson (29) used 
crosslinked thiolated gelatin films to study ionic and nonionic drug 
diffusion. Rummel et a/. (30) separated an acid medium from an al- 
kaline medium with several different polymeric membranes and noted 
that transport was unidirectional, favoring the unionized species. 
Garrett and Chemburkar (31-33) reported extensive experimenta- 
tion utilizing dimethylsiloxane polymer sheeting. The silastic mem- 
branes proved to be impermeable to ions, and Fick‘s law was 
shown to apply for the diffusing species. 


Composite Membranes-Flexibility of membrane composition, 
as an experimental variable, provides considerable potential for 
investigation. As a consequence, several researchers have attempted 
to alter the permeation properties of polymer membranes by the 
addition of compatible materials. Experimentally, this is most 
often accomplished by incorporating the additives into the mem- 
brane solution prior to casting, resulting in a composite membrane. 
Recently (34) a patent for a paraffin oil additive to polyethylene was 
awarded. The resultant film was said to have good vapor perme- 
ability and was suitable as a packaging material for fresh fruits and 
vegetables. Dupeyrat and Schreiber (35) studied the electrical prop- 
erties of an oleic acid-collodion membrane which separated aqueous 
solutions of electrolytes. These properties were altered when the 
additive was omitted from the collodion matrix. A lipid-permeable 
collodion membrane, in which mineral oil was incorporated, was 
employed to study cholesterol transfer which was then used as a 
measure of serum lipoprotein-cholesterol complex dissociation 
(36). 


Weatherby (37, 38) was one of the first to construct polymeric 
membranes comprised of materials distinctly biochemical in nature. 
He qualitatively demonstrated a relationship between pH of the 
bathing solution (distilled water was used in the receiving chamber) 
and the transport of some organic electrolytes. Ionic impermeability 
was attributed to like-charge repulsion arising from the exposed 
ionizable groups of the incorporated biochemicals on the mem- 
brane surface. Later, Weatherby (39) expanded this original work 
while employing phospholipids of determined composition. At 
about the same time, Goldman (40) prepared and studied the elec- 
trical characteristics of parlodion (purified collodion) and poly- 
styrene membranes, some of which contained added phospholipid 
material. More recently, Lakshminarayanaiah (41) studied the re- 
sistance and capacitance of parlodion membranes containing stearic 
acid, phosphatidyl-L-serine, and cholesterol. 


The literature does not appear to contain any reports of investiga- 
tions utilizing a nonporous polymeric barrier, in which are incorpo- 
rated additives of a biological nature, used expressly for the purpose 
of studying passive drug transport. Misra er af. (l6), using collodion 
as the matrix material, combined lecithin into membranes cast on a 
mercury substrate and quantitated the permeation of several phar- 
maceutical substances. Analysis of the transport kinetics using such 
a model membrane system indicated that salicylic acid did not 
permeate the membrane in a fashion predicted by the pH-partition 
hypothesis. Moreover, nonlinearity of a semilogarithmic plot of 
concentration uersus time depicting salicylic acid transport in the 
model system was observed and attributed to adsorption of the acid 
on the membrane. 


It was, therefore, decided to investigate a composite model mem- 
brane system for its potential as a model biomembrane which would 
mimic some of the distinctive qualities of the biological membrane 
with regard to passive drug absorption. A prime consideration was 
the design of a membrane that would better fulfill the aforemen- 
tioned criteria than model systems heretofore utilized. This pre- 
liminary report details the various parameters investigated in con- 
structing such a model biomembrane. 


EXPERIMENTAL 


Materials-Solutions of lecithin (90z pure, bovine)’ and ceph- 
a h  (animal)’ in chloroform were filtered through Whatman No. 
2 filter paper to remove insoluble contaminants. The solvent was 
evaporated under ambient conditions, and the material collected 
was stored over a desiccant. The composition of the cephalin was 
taken to be 15 % phosphatidylethanolamine and 85 phosphatidyl- 
serine (20). Cholesterol was similarly stored over a desiccant. The 
polymeric film-forming agents tested included ethylcellulose,2 n- 
butyl methacrylate,a and a vinyl chloride copolymer. Buffer com- 
ponents (sodium hydroxide, potassium phosphate monobasic, 
potassium chloride, and hydrochloric acid), salicylic acid,5 and the 
polymer solvents employed were all of reagent grade. Light mineral 
oil NF6 and sodium carboxymethyl~ellulose~ were also used in this 
study. All chemicals, except where specified, were used as received. 


Membrane Formation-Solutions of the chosen polymer (percent 
weight in volume ratio) and liquid paraffin (percent volume in volume 
ratio) in chloroform were made to contain twice the concentration 
desired for each component in the final membrane solution. To 5 ml. 
of this stock solution were added the requisite amounts of lecithin, 
cephalin, and cholesterol in chloroform, and the volume was 
brought to 10 ml. with chloroform. 


The membrane was formed by a casting technique. Two milli- 
liters of the solution containing the biological materials and the 
polymer was introduced into a glass ring (5.5 cm. id.) clamped onto 
a leveled glass plate approximately 12.5 cm. square. No seepage 
occurred at the ring-plate joint. The solvent was allowed to evapo- 
rate under controlled conditions at room temperature. This took 6 7  
hr. The resulting polymer film containing the dispersed biochemicals 
was removed by soaking for 10 min. in distilled water at room 
temperature. The membrane was allowed to air dry and was stored 
in a glass culture dish until used. 


Transport-Rate Studies-A 50-ml. Plexiglas dialysis cell, similar 
to that described by Pate1 and Foss (42) and consisting of two half- 
cells separated by the model membrane, was employed in the trans- 
port-rate studies. The cell was modified by the addition of two 
sampling ports, each having a 4.0-cm. extension of glass tubing 
(0.9 cm. i.d.) which permitted sampling while the cell remained 
submerged in a constant-temperature water bath. The sampling 
extensions were closed during agitation. The maximum area of 
contact between the membrane and solution was 11.34 cm2. 


Twenty-five milliliters of a pH 7.4 buffer (43), used as the receiving 
medium, was introduced into one side of the cell. The unexposed 
surface of the membrane was inspected for leaks. The drug-contain- 
ing pH 2.0 buffer solution (43) was then added to the other chamber. 
All solutions were previously equilibrated to 37” except where 
noted. The cells were immersed in the temperature-controlled water 
bath at 37” and shaken at 73 strokeslmin. At appropriate time inter- 
vals, 1-ml. samples were withdrawn from both chambers and diluted 
with the respective buffer solutions; the absorbance was determined 
spectrophotometrically at 303 and 298 mp, the wavelengths of 
maximum absorbance of salicylic acid in pH 2.0 and pH 7.4 buffer, 
respectively. The corresponding buffer was employed as the refer- 
ence in each case. From a predetermined calibration curve, the un- 
known concentration of the test drug was determined. In most 
cases, the initial concentration of drug was 300 mg./l. 


The apparent rate constant, ka, for the disappearance of salicylic 
acid from the chamber buffered at pH 2.0 was obtained from a 
semilogarithmic plot of the concentration of drug remaining on the 
pH 2.0 side of the membrane uersus time. In all cases, the reported 
rate constant was derived from the statistically determined slope 
(method of least squares) of such a plot, using the first sample 
period (not zero time) in the computation. Correlation coefficients 
were not less than 0.97. Except where specified, triplicate runs were 
made. 


1 Nutritional Biochemical Corp., Cleveland, Ohio. 
2 Ethocel, supplied by the Dow Chemical Co., Midland, Mich. 
3Elvacite 2044, supplied by E. I. du Pont De Nemours and Co., 


4 Exon 400 XR-77, supplied by Firestone Plastics Co., Pottstown, Pa. 
6 Crystal, Baker and Adamson, Allied Chemical Corp., Morristown, 


8 Atlas Drug and Chemical Co., New York, N. Y .  
7 CMC 7HP, Hercules Powder Co., Wilmington, Del. 


Wilmington, Del. 


N.  J. 
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Figure I-Effect of the polymer forming the matrix and membrane 
thickness on the rate of salicylic acid disappearance. All membranes 
were prewashed for 4 hr. Key: m, BMA; and 0, EC. 


RESULTS AND DISCUSSION 


To represent the major biological components of membranes of 
animal origin (44, 49 ,  two phospholipids, lecithin (phosphatidyl- 
choline) and cephalin (phosphatidylethanolamine and phosphatidyl- 
serine), and the neutral lipid cholesterol were chosen. In subse- 
quent discussions, this combination is referred to as the total bio- 
logical mixture or TBM. The 1 : 1 :2 molar ratio of cephalin, lecithin, 
and cholesterol, respectively, used in the majority of these initial 
studies represents a 1 :1 molar ratio of rota1 phospholipid to cho- 
lesterol and is based upon a comparable ratio found in the plasma 
membrane (46). A recent report (47) demonstrated that these mate- 
rials are major components of the intestinal membrane and exist 
therein in this approximate ratio. As will be discussed, consideration 
was first given to the polymer used to form the supporting matrix. 
Attention was then directed toward the effect of increasing the 
TBM, both with and without additives of a nonbiological nature. 
Finally, the effect on transport rate of varying the ratio of the 
individual biological membrane components was studied. 


Choice of Supporting Matrix-Several film-forming agents were 
chosen for their potential to create a lipophilic matrix. Only data 
associated with two of these materials [n-butyl methacrylate (BMA) 
and ethylcellulose (EC), 50 cps.] will be presented here. With 
BMA, membranes of constant-surface area were cast from a series 
of dilutions of a stock solution containing BMA (6.0%) and TBM 
(1.5%) in chloroform. In this manner, the weight of the membrane 
and hence the thickness varied while holding constant the ratio of 
polymer to TBM. A similar series of membranes was cast from dilu- 
tions of a stock solution containing EC (3.0x) and TBM (0.75 %) 
in chloroform. The rate constants, kd, for the transport of salicylic 
acid through these membranes are shown in Fig. 1 as a function of 
the weight per unit area (equivalent to thickness) of the cast mem- 
brane. It is apparent that the change in kd with thickness was greater 
with the EC membrane than with the BMA membrane system, the 
rate constant increasing rapidly with the thinner membranes. The 
EC films possessed certain other advantages over the BMA mem- 
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Figure 2-Effect of TBM on the rate of salicylic acid disappearance. 
Key: W, matrix solution was EC (1.5%) and MO (0.5%); and 0, 
matrix solution was EC (1.5 %). 


branes. The pliability of the BMA film limited its handling qualities 
and mechanical strength and these, in turn, limited the minimum 
thickness to which the membrane could be cast. Mechanical strength 
of the BMA membrane was also sensitive to small changes in TBM 
concentration. On this basis and because of the higher transport 
rates of thin EC membranes, all subsequent studies were conducted 
using this polymer as the film-forming agent. 


Effect of TBM on kd-Increasing amounts of TBM were added to 
solutions of 1 . 5 %  EC in chloroform in an attempt to potentiate 
transport across the resultant membrane. It was found, however, 
that above a certain concentration of TBM the aqueous phases in 
the transport system became turbid due to excessive washout of 
biological material from the membrane. To ensure that all such 
material had been removed, it was necessary to prewash the mem- 
brane for prolonged periods of time (up to 1 1 6  hr.). 


To overcome this disadvantage, 0.5% mineral oil (MO) was 
added to the chloroform solution of EC and TBM prior to casting. 
The membranes were then prewashed with pH 2.0 and pH 7.4 
buffers on their respective sides of the membrane mounted within 
the transport cell for 3 hr., this now being sufficient time to remove 
the excess material. The effect of increasing TBM on kd,  for mem- 
branes with and without MO, is shown in Fig. 2. Several points are 
apparent. First, the addition of 0.5% MO to the casting solution 
acts to potentiate the transport rate of salicylic acid. Second, there 
is a certain capacity of the polymer matrix for TBM in the presence 
of MO. This is evidenced by the break in the left-hand curve in Fig. 
2, indicating the failure of additional TBM to enhance k d .  The 
breakpoint is equivalent to a membrane containing 44% TBM, ex- 
pressed as a percentage of the total weight of the dry membrane. 
It would appear that any TBM in excess of this concentration is re- 
moved in the prewash; as a result, kd remains constant. 


As a result of this study, the standard membrane used in all 
subsequent investigations consisted of 44% EC, 44% TBM, and 
12% MO, expressed in terms of the dry weight of the membrane. 


Effect of Biochemical Constituent Variation-To study the effect 
of variations in the three biological components of the membrane 
on kd, a series of membranes was studied in which the percentage of 
lecithin was progressively increased. The remaining TBM require- 
ment was divided equally between cephalin and cholesterol. The 
TBM was held constant at 44% of the membrane weight, which 
also contained 44z EC and 1 2 x  MO. The data are shown in Fig. 
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Figure %Effect of lecithin as u percentage of TBM on the rate of 
salicylic acid disappearance. Membrane composition was 44 z EC, 
4 4 z  TBM, and 1 2 z  MO. 


3, where it is apparent that lecithin has a potentiating effect on the 
rate of salicylic acid transport. This rate increase may be attributed 
to the contribution of lecithin to the nonpolar character of the 
model biomembrane, hence increasing the passage of the lipid-solu- 
ble drug species. In contrast to both phosphatidylserine and phos- 
phatidylethanolamine, phosphatidylchlorine has a greater alkyl 
moiety esterified to the common phosphatidic acid backbone. This 
is consistent with the effect observed with the incorporation of MO 
into the EC membrane (Fig. 2). 


Determination of Solvent Flux-Employing the standard mem- 
brane, the effect of hydrostatic and osmotic pressure on solvent 
flux was investigated. Distilled water was placed on one side of the 
membrane and dialyzed against an equal volume of a 5 % aqueous 
solution of sodium carboxymethylcellulose (CMC). After 6 days, 
there was no volume increase in the chamber containing the CMC. 
In another study, 25 ml. of distilled water was added to one chamber, 
the second chamber remaining empty. Although the membranes 
appeared slightly distended after 6 days, there was no evidence of 
leakage or the appearance of moisture on the distal side of the mem- 
brane. These observations lend support to the proposed mechanism 
for the transport of unionized drug molecules across polymeric 
barriers, wherein the permeating species moves across the membrane 
without the aid of the aqueous solvent. 


SUMMARY 


In summary, a polymeric membrane that incorporates biochem- 
icals representing natural membrane constituents was fabricated by 
casting. The transport of salicylic acid through such a model fol- 
lowed apparent first-order kinetics and is represented by the dis- 
appearance-rate constant, k,+ Additionally, the lack of solvent flux 
indicates that this solid barrier is nonporous in nature. This prop- 
erty, coupled with approximately 2% salicylic acid retention (48), 
allows the model biomembrane to mimic the passive diffusion 
functionality of natural membranes. Lecithin potentiates transport, 
as does MO, both apparently contributing to the lipophilicity of 
the barrier. 


As a result of these studies, a standard model biomembrane was 
prepared. The composition of this membrane is 44% EC, 44% 
TBM, and 12% MO, expressed as dry weight before prewashing. 
The transport characteristics of the standard membrane are pres- 
ently being investigated and will be the subject of a future com- 
munication. 
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Chemical Balance as a Rheometer for Biological Fluids 


S. S. DAVIS*, B. WARBURTON*, and J. E. DIPPYt 


Abstract 0 The chemical balance provides a simple, cheap, and 
readily available method of assessing the consistency of biological 
fluids such as sputum. Scale reading at an arbitrary time provides a 
useful empirical parameter that can be employed in routine testing 
of clinical samples and in the assessment of mucolytic agents. It 
also correlates well with data obtained using a conventional cone 
and plate viscometer. The change of scale reading with time can be 
analyzed in a fundamental rheological manner using the linear 
viscoelastic model. The method of measurement is nondestructive 
and allows repeated measurements to be made on the same sample. 


Keyphrases 0 Chemical balance-used as rheometer Rheometer 
--chemical balance use 0 Sputum-rheological measurements 0 
Viscosity measurements-viscometer, chemical balance compa.ri- 
son Mucolytic agent effect-sputum viscosity 


In the past, many attempts have been made to obtain 
some form of “viscosity” or consistency measurement 
for complex biological fluids such as sputum and to 
correlate this with variables such as state of disease, 
biochemistry, and the action of mucolytic agents. 
Unfortunately, sputum is not a simple Newtonian 
Table I-Rheological Evaluation of Sputum 


fluid, and its rheological evaluation is beset with many 
difficulties. These can be summarized as follows (1, 2 ) :  
(a)  limited sample size; (b) highly shear-sensitive struc- 
ture which is easily destroyed in sample collection or 
in its preparation for examination; ( c )  inhomogeneity ; 
(d) material cannot be frozen or homogenized without 
greatly altering its structure; (e )  complex nature of 
material makes it difficult to obtain fundamental rheo- 
logical parameters ; (f) in uitro rheological measurements 
must be representative of the conditions that exist in 
viva; and (g) material changes rapidly in consistency 
after collection due to  loss of water and biodegradation. 


Using sputum as the representative biological fluid, 
the authors examined some of the previous attempts 
to measure consistency (Table I). It is clear that many 
of the difficulties listed have not been given proper 
consideration; it is, therefore, not surprising that few 
reasonable consistency correlations have been ob- 
tained. Only in the more recent studies of Hwang et al. 
(l), Denton et al. (22), Davis and Dippy (24), and Stur- 
gess et al. (25) have fundamental rheological param- 


Method and References Advantages Disadvantages 


1.  U-tube viscometer (3-9) 


2. Falling-sphere 
viscometer (10) 


3. Concentric-cylinder 
viscometer 
(5,  6, 8, 11-14) 


4. Cone and plate 
viscometer 
(1.5-19) 


5. Perforated disk 
(2,8, 20, 21) 


6. Magnetic rheometer 
( ~ 2 2 ~ 2 3 )  


7. Rheogoniometer 
(oscillation) 
(m, 25) 


8. Rheogoniometer 
(creep testing) 
(24) 


Simple and inexpensive 


Same as for No. 1 


Different shear 
rates can be studied 
(hysteresis effects) ; 
non-Newtonian 
behavior; can be 
used effectively as 
comparative method 


Small sample size; 
same as for No. 3 


Simple and inexpensive; 
yield effects can 
be measured 


Provides fundamental 
viscoelastic data, 
elasticities, 
viscosities, etc., 
which can be corre- 
lated with in viuo 
conditions and 
molecular structure 


Wide frequency range; 
same as for No. 6 


Same as for No. 6 


Variable shear rate; 
single-point method; 
destructive; data of 
doubtful significance; 
often impossible to obtain 
meaningful results 


Same as for No. 1 


Destructive; high shear 
rates that are almost 
impossible to correlate 
with in vivo conditions; 
some instruments only 
single point; automatic 
recording instruments 
are expensive; often 
impossible to obtain 
meaningful results 


Material can be expelled 
from measuring surface; 
evaporation; same as for No. 3 


Destructive; measured 
parameter difficult to 
interpret in fundamental 
manner ; poorly 
reproducible 


Complex experimentally ; 
not suitable for 
routine testing; 
complex mathematical 
analysis requiring 
digital computer 


Very expensive, 
especially when 
using automatic data- 
collection method; 
same as for No. 6 


samples of low 
consistency; same as for No. 6 


Not suitable for 
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eters been obtained that can be correlated sensibly with 
mucus structure and cilia transport. In these cases, 
the linear viscoelastic model was employed as a con- 
venient starting point and the experimental results 
were interpreted in terms of viscosities, elasticities, 
and relaxation or retardation times. 


In some cases, such as the assessment of mucolytic 
agents or the routine examination of clinical samples in 
the clinical laboratory, a detailed viscoelastic treat- 
ment is time consuming and probably unnecessary 
(16). It would rarely warrant the considerable capital 
outlay needed for setting up the experimental and data 
analysis procedures. Therefore, an instrument is 
needed that will satisfy the necessary conditions 
without being unduly expensive. The basic require- 
ments for this instrument are: 


1 .  It must be capable of dealing with a small sample 
size, a maximum of a few milliliters. 


2. It must be robust and cheap. 
3.  It must be simple to operate in routine tests by 


unskilled technical staff. 
4. The measurement should be reasonably quick to 


perform so that large numbers of samples can be 
examined without delay. 


5 .  It should provide some easily calculated, empirical 
parameter that will characterize consistency in a 
rheologically sound manner. 


6. The data obtained should also be amenable to 
further treatment to obtain fundamental quantities such 
as viscosities and elasticities, should these be required. 


7. The test should be nondestructive to  enable repe- 
tition with the same sample in storage or kinetic ex- 
periments. 


8. The conditions of test should be such that the 
derived data describes as well as possible the conditions 
in vivo. 


Fortunately, a minor adaptation of the modern 
chemical balance is suitable for this purpose. This, of 
course, is standard equipment in nearly all laboratories. 


APPARATUS 


A conventional chemical balance (Stanton A.D.3) forms the main 
part of the apparatus (Fig. 1). The essential requirement is some 
type of illuminated scale that gives readings over the range &lo0 mg. 
A small glass plate (microscope cover slip) is suspended from one 
side of the balance and is immersed in the test fluid, which can be 
conveniently contained in a spectrophotometer cell. The latter is 
adjusted using a rack and pinion movement, and the whole as- 
sembly is enclosed in a thermostated glove-box at required tem- 
perature. The final setup is similar in a number of ways to the 
rising sphere viscometer described by McVean and Mattocks (26) 
and the commercial Haake Viskowaage viscometer (27). 


Operation of the Balanc-The glass plate is counterbalanced 
so that the reading on the illuminated scale is at the 100-mg. mark. 
The material under test is placed in the cell, and the plate is care- 
fully immersed so that it is in the center of the cell and well below 
the surface. The vertical position of the cell is then adjusted, if 
necessary, to correct for buoyancy and to ensure that the balance 
is once again “zeroed” at the 100-mg. position. A 100-mg. weight 
is added carefully to the right-hand scale pan, and the change in 
scale reading with time is followed with a stopwatch. 


Theoretical Considerations-From an analysis of the principle of 
the chemical balance, one can easily show that in the absence of a 
sample in the cell the balance system can be represented by a 
mechanical model (Fig. 2A), consisting of a spring (elastic) element 
and a dashpot (viscous) element arranged in parallel. The spring 
G b  represents the movement of the balance in response to a weight 


Figure 1-Diagram of apparatus. Key: I ,  rack and pinion stand; 
2, cell and grass plate: 3, mechanical damper of balance; 4 ,  illu- 
minated scale; 5, weight added to this scaIe pan: and 6, counterbalance 
arrangement. 


placed on the scale pan, and the dashpot q b  represents the mechanical 
damping of the balance together with friction in the knife edges, 
etc. G b  will be directly proportional to the sensitivity of the 
balance. The ratio q b / G b  is called the retardation time ( 7 6 ) .  


In rheological terms, this representation is equivalent to a Voigt 
(Kelvin) solid (28). Material placed in the cell will naturally 
change the situation, as shown in Fig. 2B-E. The Newtonian 
fluid (Fig. 2B) and the Voigt solid (Fig. 2D) are trivial cases since 
similar models in parallel are additive (29); however, the Maxwell 


9 


E 


Figure 2-Model representation. Key: A,  balance alone; B, New- 
tonian fluid in cell: C, Maxwell fluid in cell; D, Voigt material in 
cell; and E, generalized viscoelastic material in cell. 
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Figure 3-Change in balance scale reading with time for  different 
materiafs. Key: bulance without sample (-), I .  Newtonian fluids 
(- - 0 - -): caster oil (1. = 8.0 P ) ,  2;  silicone oils-(v, = 1250cS), 
3; (vs = ~OOOCS), 4; (va = 60,OOOcS), 5; and (7. = lOO,OOOcS), 6. 
Complex niaterials (-@-a): egg white, 7; sputum, 8;  and trag- 
acanth mucilage, 9.  


liquid (Fig. 2C) and the generalized viscoelastic material (Fig. 2E) 
provide rather complex models. Nevertheless, it is possible to 
analyze these, subtract out the inherent contribution of the balance, 
and thereby represent the behavior of the material in the conven- 
tional viscoelastic manner (see Appendix). However, as neither 
stress nor strain is held constant during an experiment, this is not a 
simple process and, in routine testing, little is to be gained. The 
change in scale reading (equivalent to a change of strain) with time 
is an extremely useful, albeit empirical, parameter for studying 
rheological behavior. 


The Newtonian Fluid-The Newtonian fluid (Fig. 2B) provides the 
simplest possible condition for rheological testing, and it is in- 
structive to examine this in detail. When the 100-mg. weight is 
placed on the right-hand scale pan, the plate will be moved upward 
through the test fluid, and the change in strain will be proportional 
to the reading on the illuminated scale. The strain-time response for 
a Voigt model can be represented by Eq. 1 (30 ) :  


y t  = y"(l - e-l'') 


0 50 100 
VISCOSITY (q*),  POISE 


Figure 4-Calibration of balance uiscometer with Newtonian fluid3 
(25"). Viscosity standards: mineral oil (vs = 14.5 P);  and silicone oils 
(q .  = 3O.9P)and(qS = 129P). 
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where y t  is the strain at time t ,  and y" is the total strain at infinite 
time. Or, in terms of scale readings, S, and 100 mg. as the zero: 


100 - St = lOO(1 - e-*jT) (Es. 2) 


which, on rearranging: 


St/lOO = e-"T (Eq. 3)  


Taking logs: 


2.303 log St - 4.606 = - t / ~  


log St = 2 - tl2.3037 


(Eq. 4) 


(Eq. 5)  


The retardation time will be made up from two contributions, a 
retardation time associated with the balance (4 and one with the 
Newtonian sample (7J: 


7 = T b  + 7 s  (Eq. 6) 


A graph of scale reading against time, in semilog form (Fig. 3), for 
a Newtonian fluid will be linear with gradient - l I ( 2 . 3 0 3 ~ )  and the 
intercept at the 100-mg. unstressed position. The combined 
retardation time can easily be calculated. 


The T is defined as the ratio of viscosity to spring modulus for 
the Voigt model. For the Newtonian fluid in the cell, 


7s = Kl?e/Gb (Eq. 7) 


where KI is an apparatus constant that will depend on the geometry 
of the plate and the cell. Substituting in Eq. 6: 


T = 7 6  + KzV. (Eq. 8) 


where K2 = Kl/Gb. A graph of  7 versus 7. will be linear with 
gradient Kz and intercept 7 b .  The latter can be obtained by 
following the movement of the balance when there is no sample in 
the cell. A calibration curve can thus be obtained using Newtonian 
fluids of known v s  (Fig. 4). 


The viscosity term ( 7 3  is defined from Newton's law as the ratio 
of shear stress to shear rate. Shear stress will be directly related to 
the apparatus geometry. Changing the size of the plate will have a 
direct effect on the shear stress through an area relationship, and 
one can write 


7 = 7 6  + AK3 (Eq. 9) 


where A is the surface area of the plate and K3 = K2qs. 
For a given Newtonian oil, T will be linearly related to plate area 


with intercept 7 b  and gradient K3.  However, experimental data 
plotted in this manner do not pass through the expected intercept, 
and an end-correction term is evident such that 


7 = Tb f ( A  + Ae)K3 (Eq. 10) 


It is to be expected that this end-correction value will vary to some 
extent with the viscosity of the test fluid (31). 


Similar experiments with polystyrene spheres also give a linear 


d 
lo 
h 


A4 


2 


G 
a n 
a 


w 


c 
Z 


c 


CL 


t; 
CL 


I I I 


0 5 10 
GEOMETRY AREA, cm.2 


Figure 5-Change in retardation time with apparatus geometry. 
Key: -a-, glass plates; and -A-, polystyrene spheres. 







Table 11-Comparison of Balance Method and Ferranti-Shirley Viscometer for the Effect of Water and Mucolytic Agent' on the 
Consistency of Sputum (Contact Time = 20 min.) 


Percent Reduction in 
Parameter Compared 


Measured to Untreated Sputum No. 
Viscometer Parameter (Mean & S D )  Experiments 


Balance Scale reading Water 22.5 =t 12.9 20 
at 60 sec. Mucolytic agent 54.3 f 1 1 . 1  20 


Ferranti- Static Water 26.2 f 14.8 10 
Shirley yield value Mucolytic agent 55.6 f 11.1 10 


Dynamic Water 25.0 f 12.6 10 
yield value Mucolyticagent 56.1 f 16.5 10 


Apparent Water 22.1 f 12.4 10 
viscosity Mucolytic agent 61 . O  f 14.6 10 


Limiting Water 22.8 f 12.6 10 
viscosity Mucolytic agent 60.9 =k 13.7 10 


a Ascoxal-ascorbic acid-hydrogen peroxide-cupric-ion system. 


plot between r and A but without an end correction. This is as 
expected from theoretical considerations (32,33) (Fig. 5). 


SOME PRACTICAL SYSTEMS 


Experiments with a range of Newtonian fluids (Figs. 3 and 4) 
show that the instrument can be used without modification for 
viscosities in the range 1-1000 P. Complex non-Newtonian fluids 
such as sputum do not give linear relations between log S and time. 
Instead, the scale reading changes rapidly at short times and then 
more slowly at long times until it reaches an almost constant value. 
The same sample of biological fluid can be subjected to repeated 
measurements with little or no change in the measured log S versus t 
curve. The movement of the plate (i.e.,  the strain) is small and, 
therefore, the method is essentially a nondestructive test. In prac- 
tice the sample is usually examined a number of times, and a mean or 
self-consistent curve is taken as being representative. In repeated 
measurements the variation in measured scale readings is in the 
region of lo%, provided that care is taken in centering the plate 
in the cell well below the surface. 


The sensitivity of the balance can be controlled by the counter- 
balance arrangement above the fulcrum of the balance. Theo- 
retically, there is no reason why the counterbalance should not be 
set so that the fulcrum and center of gravity are coincident to 
provide the experimental conditions for pure creep (constant 
stress). However, experimentally the system would be mechanically 
unstable. The retardation time of the balance is directly related 
to the sensitivity, and the range on the illuminated scale can be 
changed if required using the counterbalance arrangement. 


As an alternative to the full viscoelastic treatment for complex 
materials (see Appendix), the scale reading at an arbitrary time or the 
limiting scale reading as t becomes large is a suitable parameter for 
use in comparative experiments. For linear viscoelastic materials, 
the former is very similar to a compliance at arbitrary time mea- 
sured from a creep curve. This is a popular approach in studies on 
polymer solutions and pharmaceutical systems (34, 35). In many 
cases, little difference exists between the two suggested parameters 
at times greater than 40 sec. 


COMPARISON OF BALANCE METHOD WITH FERRANTI- 
SHIRLEY VISCOMETER 


The results obtained with the balance were compared with those 
from the conventional Ferranti-Shirley cone and plate viscometer 
(28) for measurements on the consistency of sputum (Table 11). 
The scale readings at an arbitrary time of 60 sec. were chosen for 
the balance experiments and compared with four rheological 
parameters obtained from the sputum rheogram off the Ferranti- 
Shirley viscometer. The rheological parameters were: (a) static 
yield value-minimum shear stress necessary to cause the unsheared 
material to flow (dyne cm.-2); (b)  dynamic yield value-minimum 
shear stress required to keep the sample in flow once it has been 
sheared (dyne cm.-2); (c) apparent viscosity-ratio of shear stress 
to shear rate at the highest shear rate (poise); and (d) limiting vis- 
cosity-reciprocal of the gradient of the down-curve of the hys- 
teresis loop (poise). 


The comparison was made on the basis of percent reduction in 
rheological parameter upon addition of water or a mucolytic 
agent' as compared to an untreated sample. In all cases, the 
standard deviations about the mean are large due to considerable 
biological variation. Nevertheless, statistical analysis (16) shows 
that the results are valid and can be used in a comparative manner. 
The agreement between the two methods, balance and Ferranti- 
Shirley viscometer, is extremely satisfactory, especially when one 
considers that two different measurement principles are used. 
There is a slightly better correlation between the balance method and 
the two yield values from rheograms than with viscosities. This is as 
expected, because yield values can be considered as an estimate of 
solidlike structure in a material and will, therefore, be closer in 
physical nature to scale readings obtained in a nondestructive test 
than viscosity values calculated after a material has been broken 
down by shear. 


KINETIC EXPERIMENTS 


Besides having the great advantage of inexpensiveness, the balance 
method is also almost nondestructive and the same sample can be 
examined a number of times. Therefore, kinetic experiments can 
be performed, provided that the kinetic process proceeds at a rate 
whereby little change occurs in the consistency of the sample 
during the period of measurement. Figure 6 shows the effect of 
contact time for the mucolytic agent on the log S uersus t curves of 
sputum. To obtain similar information with the Ferranti-Shirley 
viscometer, fresh samples have to be loaded for each measurement. 
This introduces sampling errors. The percentage reduction in 
consistency with mucolytic contact time is shown in Fig. 7. Once 
again the agreement between the two different methods of evalua- 
tion is satisfactory. 


APPENDIX 


Calculation of Viscoelastic Parameters-The rheological behavior 
of biological fluids can often be examined in a fundamental manner, 
using the linear viscoelastic model as a convenient starting point 
(1, 24). It can be used effectively in the present case, provided the 
strain response of the material is small and it is behaving in a linear 
viscoelastic manner (37). The behavior of the balance system will 
be superimposed upon the model and will contribute Gb and of,, 
respectively, to the elasticity and viscosity of the total system (Fig. 
8, System I). The material under examination can be represented 
by a subsystem consisting of a series of Voigt elements (G,,, v ~ ~ )  
with or without a final series viscosity (q3c0,) .  Moreover, the total 
combined system can be represented by the series Voigt system in 
Fig. 8, System 11; in general, Systems I and I1 are entirely equivalent 
over a wide range of time (in creep testing) or frequency (in oscilla- 
tory testing) (29). 


The problem is to evaluate the material subsystem in System I. 
This may be achieved by employing an intermediate hypothetical 


1 Ascoxal, Astra-Hewlett Ltd., Watford, England. 
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Figure 6-Effect of contact 
time of the mucolytic agent on 
the consistency curves for sputum 
(repeated measurements on same 
sample). Mucolytic contact time 
(min.): @, 0 (control with water); 
0,5;  W, IO; 0, IS; A, 20; A, 30; 
and*, 40. 
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oscillatory experiment of wide frequency range. The steps in the 
analysis are as follows: 


1. Conventional creep curve analysis is used to evaluate the 
viscoelastic models in System I1 (30,38). 


2. From the models produced by this procedure, the frequency 
response over a wide range of frequency is then evaluated using the 
following equations (29): 


3. The complex modulus is then computed from the complex 
compliance over a similarly wide frequency range. Since 


G*(w) = l / J*(w)  (Eq. A3) 


G*(w) = G’(w) + iG”(w) = l / [ J ’ ( w )  + iJ”(w)] 


4. After Step 3 is completed, the total arrangement can be con- 


0 
10 20 30 40 50 60 


CONTACT TIME, min. 


Figure 7-Change in consistency with contact time for the action of 
the mucolytic agent on sputum. Comparison of balance rheometer and 
Ferranti-Shirley viscometer. Key: 0, balance (calculated from scale 
reading at 60 see.); and @, Ferranti-Shirley viscometer [mean value 
from change in four rheological parameters (Table 101. 


sidered equivalent to System I. The contribution of the balance 
Gb’ f iGb” is known: 


Ga‘ = Ga (Eq. A5) 


Gb” = W?)b (Eq. A6) 


and, therefore, can be subtracted from the total complex modulus to 
give that of the subsystem in System I, using Eqs. A5 and A6: 


G,‘ (w)  = G ’ ( W )  - G b ’ ( W )  (Eq. A7)  


CS”(w) = G”(w)  - G ~ ” ( u )  (Eq. A81 


5 .  The complex compliance of the subsystem can then be calcu- 
lated: 


6. The values of J,’(w) and J.”(y) can finally be used to calculate 
either a line spectrum or continuous spectrum of viscoelastic 
behavior for the material (37). 


SYMBOLS 


A = surface area, 
Ae = end correction, cm. 
Gb = elastic contribution (shear modulus) associated with balance, 


dyne cm.-a 


T 


I 
I -+- System I 


Figure &-Models for calculating viscoelastic data. 


System I I  
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= shear modulus of test sample, Voigt unit r,  dyne cm.-Z 
= real part of total complex modulus, at frequency w rad. 


= imaginary part of total complex modulus, at frequency 


= complex modulus [= G‘(w) + iG”(w)] 
= compliance of test sample, Voigt unit r ,  
= real part of complex compliance, at frequency w rad. 


= imaginary part of complex compliance, at frequency w 


= complex compliance [ = J’(w) + iJ”(w)l 
= apparatus constants 
= scale reading 


= time 
= strain 
= viscosity of Newtonian fluid, poise 
= viscous contribution associated with balance, poise 
= viscosity of test sample, Voigt unit r 
= viscosity of uncoupled Newtonian dashpot in viscoelastic 


= total retardation time, sec. 
= retardation time of balance, sec. 
= retardation time for Newtonian fluid in apparatus 
= retardation time for Voigt unit r (= v,/G,) 
= frequency, rad. set.-' 


set.-' 


w rad. sec.-l 


dyne-’ 


sec.-l 


rad. sec.-l 


= 4-7 


model 
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Kinetics of the Decomposition of a 
Mannich Base 


J. A. MOLLICA, J. B. SMITH, I. M. NUNES, and H. K. GOVAN 


Abstract 0 The elimination reaction of 3-(4-o-methoxyphenyl-l- 
piperazinyl)-4'-morpholinopropiophenone dihydrochloride (Su 
17595A) was studied over the pH range of 1-10. It appears that 
only the unprotonated form of the Mannich base undergoes elimi- 
nation in the pH range of 3-10. The observed rate constant for elimi- 
nation as a function of pH corresponds well with the dissociation 
curve for the compound. The value kl = 7.15 X min.-' (60") 
was obtained for the specific rate constant for elimination. The 
elimination reaction is reversible, and the extent of reaction is also a 
function of pH because the reverse reaction, the addition of 1- 
(o-methoxypheny1)-piperazine to 4'-morpholinoacrylophenone, 
proceeds only with the unprotonated amine. The reaction does not 
remain at equilibrium, because competitive (e.g., desaminomethyla- 
tion) and/or consecutive (e.g., hydration and dimerization) reactions 
also can occur. In strong acid solution, the elimination of the pro- 
tonated form is acid catalyzed. 


Keyphrases 0 Mannich base-decomposition kinetics 0 3-(4-0- 
Methoxyphenyl-I-piperazinyl)-4'-morpholinopropiophenone di- 
hydrochloride-elimination reaction TLC-separation NMR 
spectroscopy-structure 


An increasing number of publications have appeared 
on the synthesis of Mannich bases with potential ther- 
apeutic application, and a recent review in this journal 
discussed the mechanistic and technological considera- 
tions of the Mannich reaction (1). Although it has been 
long recognized that Mannich bases can be decomposed 
by steam distillation to yield an amine and an a,P- 
unsaturated ketone, few studies investigating this re- 
action in detail have been reported. Some workers have 
studied the elimination of P-morpholinopropiophenone 
over the pH range of 5.6-9 in their studies on the ap- 
plication of polarography to reaction kinetics (2-4). 


Riviere ( 5 ) ,  in his studies on the reversibility of the 
Mannich reaction, found that three processes may occur, 
depending upon the reaction conditions : (a) desamino- 
methylation or reverse Mannich reaction ; (6) deamina- 
tion or elimination; and ( c )  if a free amine is added to 
the reaction, amine exchange between the @-amino- 
ketone and the amine. 


Angeloni and Tramontini (6) and Andrisano et al. (7), 
in their studies on Mannich bases, investigated the de- 
composition of P-aminoketone hydrochlorides in boiling 
water and reported that the reaction follows pseudo- 
first-order kinetics under these conditions. 


Koshy and Mitchner (8) reported on the acid-cata- 
lyzed hydrolysis of 2-(4-phenyl-l-piperazinyl methyl)- 
cyclohexanone hydrochloride (MA 1050). The reaction 
was studied over the pH range 1.1-5.5 and was found to 
be pseudo-first-order in nature and specific acid and 
general base catalyzed. 


In this article the authors report on the decomposition 
reaction over the pH range of 1-10 for the Mannich 
base 3-(4-o-methoxyphenyl-l-piperazinyl)-4'-rnorpho- 
linopropiophenone dihydrochloride (Su 17595A). This 
reaction is novel and interesting. Although simple 


pseudo-first-order kinetics were expected according to 
several reports (2-4, 6, S), (at pH values less than the 
pKa), the authors did not observe them. 


EXPERIMENTAL, 


Materials-Su 17595A, m.p. 208-21 1 ' dec., was used.' Purity of 
the compound was determined by phase-solubility analysis and by 
nonaqueous titration with perchloric acid in the presence of, mer- 
curic acetate. All material used in the kinetic studies had a minimum 
purity of 99 by both methods. 4'-Morpholinoacrylophenone, 
m.p. 88 ', was prepared by elimination from 3-dimethylamino-4'- 
morpholinopropiophenone. The NMR spectrum had bands at 
3.30 and 3.84 (8H, 2 multiplets); 6.90 and 7.90 (4H, 2 doublets); 
and the acrylic hydrogens at 5.8, 6.4, and 7.2. 


And-Calcd. for C,,HIsNO2: C, 71.92; H, 6.95; N, 6.44. Found: 
C, 71.72; H, 6.93; N. 6.42. This material was used to confirm the 
reaction product found in solution and to check the specificity of the 
assay procedure.2 The 1-(0-methoxypheny1)-piperazine dihydro- 
chloride, m.p. 220" dec., had a single trace impurity by TLC. All 
other chemicals used were of reagent grade. 


Buffers-Reagent grade chemicals were used in the preparation 
of all buffer solutions. Solutions were prepared at  an ionic strength 
of 0.1 or were adjusted to an ionic strength of 0.1 with potassium 
chloride. The following buffers were used: pH 1-2, hydrochloric 
acid; pH 3, formate; pH 4-6, acetate; pH 6-8, phosphate; and pH 
9-10, borate. 


Ionization Constants-The pKa values of Su 17595A were deter- 
mined spectrophotometrically and potentiometrically. Spectro- 
photometric determination of the dissociation constants was con- 
ducted according to the procedure of Albert and Serjeant (9). 


The values obtained spectrophotometrically at 25" are pKaz = 
1.04 and pKal = 6.54. A pKal of 6.7 was determined at 25" by 
potentiometric titration with NaOH in water. A pKa of 9.0 was 
determined for I-(a-methoxypheny1)-piperazine at 25 by potentio- 
metric titration with NaOH in water. 


Equipment-The pH values were measured with a Radiometer 
model 25 SE meter using a K401 calomel electrode and a G202B 
glass electrode. The meter-electrode system was standardized 
against the standard buffers recommended by Bates (10). Stan- 
dardization of the meter and determination of pH values werecarried 
out a t  60". Potentiometric titrations to determine substance purity 
and ionization constants were performed with a Radiometer titrator 
type m l a  and titragraph type SBR2c. Spectrophotometric meas- 
urements were made on a Beckman model DU, and spectra were ob- 
tained with a Cary model 11 or 14 spectraphotometer. Constant- 
temperature baths were maintained at 60 =k 0.05". 


Assay Development and Kinetic Procedure-Su 17595A can be 
determined by UV absorbance at 330 mp. The I-(0-methoxyphenyl> 
piperazine has no absorbance at this wavelength; however, the 
4'-morpholinoacrylophenone does absorb at 330 mp and it is neces- 
sary to separate it from Su 17595A. An extraction procedure utilizing 
CC14-CHC1, (4:1) and 0.1 N HzSOa was employed; the 4'-mor- 
pholinoacrylophenone is quantitatively extracted into the organic 
phase and the Su 17595A remains in the aqueous phase. Recovery 
studies of Su 17595A in mixtures containing up to a twofold excess 
of 1-(0-methoxypheny1)-piperazine show that this decomposition 
product does not interfere in the extraction procedure. Recovery 
tests using up to a twofold excess of 4'-morpholinoacrylophenone 
show the unsaturated ketone to be completely extracted into the 
organic phase. 


1 The synthesis of compounds of this class has been reported by Dr. 


2 The authors thank Dr. J. Bishop for providing this compound. 
G. de Stevens, South African patent 6705,794(1968). 
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Figure 1-Concentration of Su 175954 as a function of time at various p H  values. T = 60". 
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Figure 2-Concentration versus time plots for the initial loss of Su 375954 at several p H  values. T = 60'; CO = 4.15 X 1&4 M. 
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Figure >Concentration versus time plofs for the initial loss of Su 
17595Aand the attainment of equilibrium at several p H  Dulues. T = 
60”; CO = 4.15 X M. 


The following procedure was utilized throughout the study: a 20- 
mg. sample of Su 17595A was accurately weighed and transferred to 
a 200-ml. volumetric flask. To this was added 100 ml. of a buffer 
which had been equilibrated at 60”. The solution was rapidly mixed 
and placed in the 60” bath. A 5.0-ml. aliquot was transferred into a 
125-ml. separator containing 15 ml. of the CC14-CHCla solvent, 25 
ml. of 0.1 N H2SOn, and suficient 1 N H2S04 to adjust the pH of the 
aqueous phase to a value of 1 .  The solution was cooled to room 
temperature to stop the reaction. The solution was shaken and the 
organic phase discarded. The extraction was repeated with three 
additional 15-rnl. portions of CCI,CHCI,; the aqueous layer was 
then filtered through cotton into a 50-ml. volumetric flask. The 
funnel was washed with two 5-ml. portions of 0.1 N H2S04, and these 
washings were added to the volumetric flask. The solution was 


H 


R O ! - C H = C H 2  + H-N n N-R’ 
U 


Scheme I 


diluted to  volume with 0.1 N HZSOI,  and the absorbance was deter- 
mined at 330 mp against aO.l N H2SOa blank. 


Rate constants (klobnd.) were obtained from the initial slopes of 
plots of log [Su 17595A] uersus time and, in those instances where 
“equilibrium” was obtained, also from plots of 


where f is the fraction reacted at the time t ,  and fe  is the fraction 
reacted at equilibrium. 


RESULTS AND DISCUSSION 


The concentration uersus time plots obtained were not amenable 
to simple interpretation. Figure 1 depicts the type of data obtained 
over a 5-day period. The reaction, in at least the intermediate pH 
region, appeared to approach a state of “quasiequilibrium,” and 
the extent of reaction appeared to be a function of pH. Figures 2 
and 3 show the initial loss of Su 17595A in the pH range of 4-9. 


A mechanism consistent with such data indicates that only the 
unprotonated form of the Mannich base undergoes elimination and 
that only the unprotonated amine undergoes conjugate addition to 
the a,o-unsaturated ketone in the reverse reaction. It has been sug- 
gested (4) that in intermediate pH ranges, the elimination proceeds 
through intramolecular catalysis (Scheme I). 


Analogous pathways, one of which incorporates a molecule of 
water, have been formulated using the two transition states, I and 11. 
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Figure &Plot of log klobsd. versus p H  for elimination of Su 1759.54. 
The points are experimental, and the solid line is a theoretical f i t  
using the values in the text. 
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', n 
N-N-R' 


I 
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R e c + O - - - - - - H  '- 'N n N-R' ' ' kcH--CH,/ 
I1 


These two transition states would also give rise to the same prod- 


The rate of loss of Su 17595A in accord with Scheme I can be 
ucts, and all three are kinetically indistinguishable. 


expressed as follows: 


where [MBJ = stoichiometric concentration of Su 17595A, [MPP] 
= stoichiometric concentration of 1-(0-methoxypheny1)-piperazine, 
[MAP] = concentration of 4'-morpholinoacrylophenone, and the 
constants are as defined in Scheme 11: 


ki 
MB S M A P f M P P  


K1 11 k-1  11 Ka 
MBH+ F! MBHt++ MPPH+ 


K2 


Scheme I1 


where 


MPPH+= H-N t- 


H 


and Kl, K2, and K 3  are the acid-dissociation constants; and kl and 
k-l are rate constants for the forward reaction and reverse reaction, 
respectively. 


The rate constant for the forward reaction (elimination reaction), 
kl"bsd., is given by the following equation: 


Figure 4 gives a plot of log klobsd'  uersus pH for the forward reaction. 
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Figure 5-Plot relating the fraction decomposed (fe) to pH. The points 
are experimental, and the solid line is the theoretical line according to 
Eq. 3, using the following values: K1 = 2.6 X IF7, K = 1.5 X IF5, 
K3 = 4 X 10-g ,andC~ = 4.15 X IF4 M. 


The solid line is drawn according to Eq. 2 using the values kl = 
7.15 X min.-1, which is the average value calculated from the 
observed rate constants, and Kl = 2.6 X lo+, the dissociation con- 
stant, determined as described in the Experimental section. The 
experimental points, as can be seen, are in excellent agreement with 
the theoretical line. 


If Eq. 1 is operative and the predominant pathway for the reaction 
is as outlined, then at equilibrium one could write: 


where& = fraction of Su 17595A decomposed at equilibrium, K = 
kl /k- l ,  K, and K3 are as described previously, and Co = initial con- 
centration of Su 17595A [w. 


The extent of reaction was estimated from plots such as are given 
in Figs. 2 and 3, and the "equilibrium" values were plotted as a 
function of pH. As can be seen in Fig. 5, the values obtained from 
the initial plateau are in excellent agreement with the theoretical 
line according to EQ. 3. This lends further support to the hypothesis 
that at least the initial loss is primarily by this pathway. 


The authors are not able to identify or isolate the amino alcohol, 


A 
U 


HO-CH,-N N-R, 


in the reaction mixture. This would be the expected product of 
desaminomethylation or reverse Mannich reaction and has been 
reported by Riviere (5). The p-keto alcohol, which can arise from 


0 


oAN+!--CH,cH~oH. U 


the hydration of the a$-unsaturated ketone, was detected in the 
reaction mixtures. The hydration and/or polymerization of the a$- 
unsaturated ketone are the most likely driving forces which shift the 
equilibrium of the reaction. 
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Figure &Concentration versus time plots for the loss of Su I75954 in 
acidic solution. T = 60”; CO = 4.15 X IF4 M. 


A kinetically equivalent scheme would be a bimolecular reaction 
involving hydroxide-ion catalysis of the protonated Mannich base. 
However, this would require a specific rate constant greater than 
10-5 M-l Inin.-’, and one would expect significant buffer catalysis 
which was not observed. 


In stronger acid solution (pH < 2), a mechanism consistent with 
the data could be as shown in Scheme 111. 


If there are no competitive or consecutive reactions, all equilibria 
shown in Scheme I1 would have to be satisfied. According to Eq. 1, 
even in solutions at pH 6 where the amine, 1-(0-methoxypheny1)- 
piperazine, is completely protonated, the reaction does not go to 
completion. This can be seen in Fig. 6 where even at pH 1-2,10-20% 
is still remaining at 10 days. (Equation 3 predicts a maximum of 80% 
degradation if only elimination is considered.) 


SUMMARY 


1. Over a wide range of pH values, the principle route of de- 
composition appears to be elimination from the unprotonated Man- 
nich base. These data are in excellent agreement with a theoretical 
curve constructed using the dissociation constant of the Mannich 
base. 


2. This hypothesis is given further support in that the reversibility 
of the reaction is pH dependent and the extent of reaction can be 
correlated with the dissociation constant of the Mannich base. The 
reverse reaction, addition of the amine to the a,P-unsaturated 


,OCH, 


1 


1 
R+--!-cH=cH2 + H-N +A+ N-R’ 


I-\ 
H H 


Scheme I l l  


ketone, can be correlated with the dissociation constant of 1-(0- 
methoxy pheny1)-piperazine. 


3. Other pathways, such as desaminomethylation, are un- 
doubtedly operative to a small extent as well as a bimolecular path- 
way for the elimination. The reaction is driven past equilibrium due 
to  consecutive reactions of the a,@-unsaturated ketone such as 
hydration and dimerization. 


4. In strong acid solution, hydrogen-ion catalysis of both the 
singly and doubly protonated forms (pk2 = 1.04) is undoubtedly 
the major pathway. 
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Kinetics of Elimination of Optical Isomers 
of Mandelic Acid and Effect of Probenecid 
on Their Elimination Kinetics in Humans 


JANARDAN B. NAGWEKAR" and HARRY B. KOSTENBAUDER? 


Abstract 0 Kinetics of metabolism and urinary excretion of the 
optical isomers of mandelic acid have been studied in three human 
subjects, and the rate constants have been determined for a model 
consisting of parallel apparent first-order processes for excretion 
of intact mandelic acid and metabolism to benzoylformic acid. The 
kinetic studies revealed no significant difference in the rate of uri- 
nary excretion of L-(+)- and D-(-)-mandek acid, but there 
was a difference in the rate of metabolism of these two isomers in 
the subjects. The rate constant for metabolism of L-(+)-man- 
delic acid was approximately twice that for the metabolism of 
D-( -)-mandelic acid. The inhibitory effect of probenecid on 
urinary excretion of the optical isomers of mandelic acid suggests 
that both isomers are involved in active renal tubular secretion. 


Key phrases 0 Mandelic acid optical isomers-elimination ki- 
netics 0 Probenecid effect-mandelic acid optical isomers elimina- 
tion 0 Metabolism-mandelic acid optical isomers GLC- 
analysis 


Although metabolism and urinary excretion of 
mandelic acid have been the subjects of considerable in- 
vestigation in both humans and lower animals for more 
than 50 years, there has been no previous study of the 
kinetics of these processes. Schotten (I), Knoop (2), 
Neubauer and Fisher (3), and Quick (4) showed that 
mandelic acid fed to dogs was excreted unchanged in the 
urine. Similar observations were made in humans by 
Rosenheim (5). However, Wrede (6), Scholz (7), and 
Montenbruck (8) claimed that mandelic acid undergoes 
significant biotransformation both in man and dogs. 
Prior to 1938 the urinary excretion of only the racemic 
mandelic acid was studied, but Wrede (6), Scholz (7), 
and Montenbruck (8) also investigated the excretion of 
the individual optical isomers of mandelic acid. Mon- 
tenbruck (9) extensively investigated the fate of indi- 
vidual optical isomers of mandelic acid in man. He found 
that 65% of the administered dose of L-(+)-mandelic 
acid was excreted in the urine as intact dextrorotatory 
mandelic acid, 14 % as benzoylformic acid, and 7 as 
levorotatory phenylaminoacetic acid. From his studies 
with D-( -)-mandelic acid, Montenbruck observed that 
73% of the administered dose was excreted as intact 
levorotatory mandelic acid, 7 % as benzoylformic acid, 
and only traces as levorotatory phenylaminoacetic acid. 
Montenbruck also suggested that benzoylformic acid 
formed in the body by oxidation of either optical isomer 
of mandelic acid was oxidized to yield about 2% ben- 
zoic acid. 


Gary and Smith (10) investigated the urinary excre- 
tion of racemic mandelic acid in decerebrate cats, and 
they reported that the initial urine samples showed a 
preponderance of levorotatory mandelic acid and that 
the later urine samples contained mainly the dextro- 
rotatory mandelic acid. Similar differing excretion of 


optical isomers of mandelic acid was also observed in 
humans by Klingmiiller and Brune (1 I), who reported 
that 74% of the administered dose of mandelic acid 
appeared in the urine in 24 hr., regardless whether the 
drug was administered orally or intravenously. Neish 
(12) reported that 13% of the administered dose of 
racemic mandelic acid was excreted in the urine as 
benzoylformic acid within 24 hr. 


All these investigators used a polarimetric method to 
determine mandelic acid excreted in the urine. This 
method, however, was shown to exhibit an error as high 
as 15% (13). Other analytical methods reported for 
mandelic acid include gravimetric (13), iodometric 
(14), polarographic (15), and cerimetric (16). With the 
exception of the gravimetric method, these procedures 
involve conversion of mandelic acid to benzaldehyde 
and are not convenient for estimation of intact acid 
excreted in the urine. Williams (17) demonstrated that 
mandelic acid can be separated from urinary aromatic 
acids by gas chromatography on an 8 % ethylene glycol 
adipate column. 


The isomers of many optically active drugs are known 
to show differences in the extent of their metabolism 
and in the pharmacological responses they elicit upon 
administration to humans. These differences could be 
attributed to their different rates of absorption, metab- 
olism, and urinary excretion. Since a significant fraction 
of an oral dose of mandelic acid is excreted in the urine 
as intact drug, this compound provides a convenient 
model for the investigation of possible differences in the 
rates of metabolism and urinary excretion. Also, many 
organic acids are actively secreted (18) by the renal 
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tubules; therefore, it is conceivable that this active 
transport might also show specificity with respect to 
the optical isomers of this model compound. 


The specific objectives of the present study were to: 
(a) develop a gas chromatographic procedure that 
allowed the determination of both intact mandelic 
acid and its metabolites; (b)  utilize the urinary excre- 
tion data to study the kinetics of, and determine the 
rate constants for, metabolism and urinary excretion of 
individual optical isomers of mandelic acid for the pur- 
pose of determining any differences in the metabolism 
and urinary excretion of the respective isomers in hu- 
mans; and (c) determine the effect of probenecid on the 
excretion kinetics of the individual isomers of mandelic 
acid as a test for difference in active renal tubular trans- 
port for the two isomers. 


EXPERIMENTAL 


Materials-The following were used: L-( +)-mandeli acid,' 
recrystallized, m.p. 132-133", [a]? + 153"; D-(-)-mandelic acid,' 
recrystallized, m.p. 132-133", [a]? - 154"; benzoylformic acid,' 
m.p. 64"; benzoic acid USP,'m.p. 122"; and probenecid (500 mg).2 


Apparatus-The gas chromatograph (F & M model 810) was 
equipped with a hydrogen-flame detector. The column used was 
a copper tube, 1.83 m. (6 ft.) long and 0.63 cm. (0.25 in.) outside 
diameter, packed with diatomaceous earth3 coated with 8 ethylene 
glycol adipate. Helium was used as the carrier gas. A Beckman 
model G pH meter was used for all pH determinations. 


Subjects and Test Procedures-Three, apparently healthy, male 
adult volunteers participated in this study. Each subject, after over- 
night fasting, ingested a given dose of an appropriate isomer of 
mandelic acid, dispensed in hard gelatin capsules, with about 250 
ml. water. The subject was advised against eating anything for at 
least 2 hr. after ingesting the drug, but no dietary restrictions were 
imposed. Each subject collected a blank urine sample prior to in- 
gestion of the drug. Following the ingestion of mandelic acid, urine 
was collected quantitatively at an interval of 1 hr. for 6 hr., at 2-hr. 
intervals up to 12 hr., and at longer intervals up to  48 hr. The urine 
samples were allowed to attain room temperature; then volume 
and pH were measured, and the samples were stored in the re- 
frigerator until the time they were analyzed. No attempt was made 
to control the pH of urine during excretion studies. The pH of urine 
generally remained about 6 f 0.5 throughout the study. Each subject 
ingested each of the isomers of mandelic acid in separate studies, 
generally after an interval of 1 week. 


When the studies were carried out with probenecid, the subject 
ingested 1 g. of an appropriate isomer of mandelic acid after 
overnight fasting and collected urine quantitatively every hour for 
5 or 6 hr. At the end of this period, immediately after collecting the 
urine sample, the subject ingested a hard gelatin capsule containing 
a powdered, 250 or 500 mg., probenecid tablet. The subject was 
advised to eat a light breakfast 2 hr. after ingestion of the dose of 
mandelic acid and was also advised against eating anything for at 
least 1 hr. after ingesting the dose of probenecid. Hourly urine 
samples were collected for another 5 or 6 hr. after ingestion of the 
probenecid, and subsequent urine samples were collected at longer 
intervals of time for 36-48 hr. The volume and pH of urine samples 
were recorded in the usual manner. 


Analytical Method-Prior to analysis, urine samples were re- 
moved from the refrigerator and allowed to attain room tempera- 
ture. An appropriate volume of each urine sample was pipeted 
into a suitable separator, 2.5 ml. of 5 N HCI was added to it, and 
mandelic acid and its metabolites were completely extracted with 
ether. The volume of the ether used for each of four extractions was 
about twice the volume of the aqueous phase. Each of the ether 
extracts was transferred to a 50-ml. beaker, and the ether was 
evaporated on a water bath at 55". The residue was dissolved in 
2 ml. methanolic sulfuric acid reagent (30 ml. concentrated sulfuric 


acid diluted to 200 ml. with anhydrous methanol) and transferred 
quantitatively to a 25-ml. glass-stoppered volumetric flask. The 
beaker was rinsed with two additional 2-ml. volumes of the reagent 
to transfer quantitatively the residue from the beaker to the flask. 
The flask was then stoppered, and the bulb of the flask was half- 
immersed in an oil bath at 75", leaving the rest of the flask exposed 
to the atmosphere to serve as an air condenser for the methanol. 
After refluxing for 2 hr., the contents of the flask were cooled to 
room temperature, diluted with 5 ml. of distilled water, and trans- 
ferred quantitatively to a 60-ml. separator with the aid of 20 ml. 
ether. After shaking and equilibration, the ether layer was transferred 
to a 50-ml. beaker and evaporated on a water bath at 55". The 
aqueous alcoholic layer was further extracted three times with 20- 
ml. portions of ether, and the ether extracts were treated as de- 
scribed previously. The evaporation of ether was discontinued when 
approximately 0.3 ml. solution remained in the beaker. The residue 
was quantitatively transferred to a graduated test tube by rinsing 
the beaker with small portions of anhydrous methanol, and volume 
was adjusted to 5 ml. One microliter of this solution was injected 
onto the gas chromatographic column. The conditions employed 
for the gas chromatographic analysis were similar to those described 
elsewhere (19). 


Blank urine samples of all participants in these excretion studies 
were treated in exactly the same manner as the other samples, and 
1 pl. of the methanol extract was injected onto the column. 


Fifty-milliliter solutions, each containing 10,25,40, or 50 mg. of 
mandelic acid, were prepared in distilled water; the solution was 
adjusted to about pH 2 with hydrochloric acid. These samples were 
extracted with ether, the acid esterified with the methanolic sulfuric 
acid reagent, and prepared for gas chromatographic analysis in 
the same manner as the urine samples. These samples were prepared 
to construct a calibration curve for mandelic acid (Fig. 1). 


RESULTS AND DISCUSSION 


Gas Chromatographic Method for Quantitative Determination 
of Mandelic Acid and Its Metabolites-To render them suitable for 
gas chromatographic analysis, carboxylic acids are routinely con- 
verted to their methyl esters. Various agents reported for methylat- 
ing carboxylic acids include diazomethane (17, 19, 20), BF,-meth- 
anol (21-23), and dry methanolic HCI (24). Prior to the use of 
diazomethane as an esterifying agent of mandelic acid and its 
metabolites for their gas chromatographic analysis by Kamienny 
et al. (19) and Randinitis et al. (20), the method described here was 
used to esterify the acids. Considering the simplicity of preparation 
and use of dry methanolic HCI, this method was employed to 
esterify mandelic acid, but the low yield of the ester under the condi- 
tions employed necessitated development of another suitable re- 
agent, namely, dry methanolic sulfuric acid. As evidenced in Fig. 1, 
2 hr. of refluxing mandelic acid with this reagent offered a repro- 
ducible yield of the ester. 


The gas chromatograms obtained for blank urine samples of all 
the participants of these excretion studies revealed complete ab- 
sence of a peak at  that retention time (12.2 min.) where the peak 
for methyl mandelate appears. Small peaks appeared at retention 
times between 4 and 6 min. This situation afforded an effective 
means of estimating benzoylformic acid, the principal metabolite of 
mandelic acid, which was previously identified by forming a 2,4- 
dinitrophenylhydrazone derivative in the urine samples voided 
after ingesting mandelic acid (12). Benzoylformic acid was prepared 
for gas chromatographic analysis in the same manner as mandelic 
acid, and a standard calibration curve was constructed. The reten- 
tion observed for methyl benzoylformate was 8.2 min. 


The blank urine sample treated with methanolic sulfuric acid 
rarely showed a peak at a retention time of 2.2 min., but the urine 
samples voided after ingesting mandelic acid and treated with the 
reagent often showed a peak at this retention time. Since methyl 
benzoate4 exhibits a peak at this retention time, such a peak in a 
chromatogram was attributed to benzoic acid, which appears in 
the urine as the ultimate oxidation product of mandelic acid. A 
standard curve was also constructed for methyl benzoate. 


Mandelic acid and its metabolites are thus extracted together 
from a urine sample and are esterified in a single esterification step 
with the methanolic H2S0, reagent. Finally, when the ester extract 


1 Aldrich Chemical Co., Inc., Milwaukee, WI 53210 
* Benemid tablets, Merck Sharpe and Dohme. 
3 Diatoport S, 80-100 mesh. 4 Eastman Organic Chemicals, Rochester, N. Y. 
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Table I-Summary of Urinary Excretion Recovery Data Obtained in Human Subjects after Oral Administration of Each Optical 
Isomer of Mandelic Acid in the Absence and in the Presence of Orally Administered Probenecid 


-Equivalent Mandelic Acid Excreted as-. Total 
Intact Mandelic 


---Oral Dose, mg.- Mandelic Benzoylformic Benzoic Acid 
Mandelic Acid, Acid, Acid, Percent Excreted, 


Subject Acid Probenecid mg. mg. mg. Metabolized" mg. 


A 
B 
Cb 


1000 
990 
995 


D-( -)-Mandelic Acid Alone 
922 
878 
721 


79 
65 
85 


9 
16 
21 


8 .7  
8 . 4  


12.9 


1010 
959 
8 27 


L-( +)-Mandelic Acid Alone 
801 208 - 20.6 1009 


- 848 147 23 16.7 1018 
A 1000 
B 1000 
Cb 1005 - 756 159 22 19.6 937 


D-( - )-Mandelic Acid + Probenecidc 
B 1015 250 918 66 6 .3  1044 
B 1420 500 1270 123 4 9 . 0  1397 


- 


- 


B 1000 
B 972 
B 1545 
Cb 1000 


L-( +)-Mandelic Acid + ProbenwidC 
250 842 174 16 
250 
500 
250 


70 1 
1270 
712 


i 74 
304 
180 


~~ 


5 
27 
11 


18.4 
20.2 
20.7 
21 .o 


1032 
880 


1601 
903 


a The percentage is based on the total amount of mandelic acid recovered in the urine. 0 The subject inadvertently drank milk along with mandelic acid, 
which may account for incomplete recovery of mandelic acid. c Probenecid was administered 4.5 or 6 hr. after the ingestion of mandelic acid (Fig. 2). 


is injected onto the polar column, the esters are separated on the 
column due to  the difference in their polarity. Thus, a single injec- 
tion of the sample makes the quantitative determination of intact 
mandelic acid and its metabolites possible, as previously shown 
(19). The area under the response curve for each of the respective 
acids was directly proportional to its concentration. The area under 
the response curve was calculated by the trapezoidal rule (25). 


To determine accurately the amount of mandelic acid and its 
metabolites present in the urine samples, calibration curves of con- 
centration ucrsus area under the response curve for the respective 
acids were constructed each time the urine samples were analyzed. 
This analytical procedure produced results accurate to = t 5  %. 


Model for Excretion Kinetics of Mandelic Acid and Determination 
of Rate Constants-The recovery of the administered dose of each 
optical isomer of mandelic acid was complete in the majority of the 
studies (Table I). Preliminary data obtained for excretion of intact 
mandelic acid following the oral administration of the respective 
isomer indicated that the elimination of the acid proceeded by an 
apparent first-order process. From the information thus obtained 
about the fate of mandelic acid in the human subjects, Scheme I 
was formulated to describe a kinetic scheme for metabolism of 
mandelic acid and its metabolites after absorption of drug and at- 
tainment of apparent equilibrium between the drug in blood and 
the drug in other fluids of distribution. In this scheme, M, BFA, 


k2 kr k6 
M * BFA-BA --+ CBA 


Me BFAe BAe CBAe 
Scheme I 


BA, and CBA are the respective amounts of mandelic acid, benzoyl- 
formic acid, benzoic acid, and conjugates of benzoic acid in the 
body at any time; Me, BFAe, BAe, and CBAe are the amounts of 
the respective compounds excreted in the urine at any time; and ki 
( i  = 1 ... 7) represents apparent first-order rate constants for the re- 
spective processes indicated in the model. From 0 to 2% of the 
administered dose of ~-(-)-mandelic acid and from 1 to 2% of 
the administered dose of L-( +)-mandelic acid were recovered in the 
urine as benzoic acid. Although glycine or glucuronic acid con- 
jugates of benzoic acid are likely to be formed in the body (%), 
the extent of conjugation is considered negligible, since the amount 
of benzoic acid formed in the body is very small. Therefore, the 
conjugation step in the model is indicated by a broken line. 


One primary purpose of the present studies was to determine the 
rate constants for metabolism and urinary excretion of the optical 


isomers of mandelic acid from the urinary excretion data. Therefore, 
the following differential equations were considered: 


dMe/dt = klM = klMTe-k(t-T) (Eq. 1) 


log AMe/At = log klMT - k(r - T)/2.303 (Eq. 2) 


where AMe/At is the rate of urinary excretion of intact mandelic 
acid (mg./hr.); k ,  which is equal to kl + kS,  is the overall rate con- 
stant for disappearance of the drug from the body [referred to in 
recent literature as the disposition-rate constant (26)]; kl is the frac- 
tion of k attributable to processes leading to urinary excretion of 
intact drug; kz is the fraction of k attributable to processes leading 
to conversion of mandelic acid to the primary metabolite, benzoyl- 
formic acid; MT is the amount of intact mandelic acid in the body 
at time T after oral administration of the drug; and T is the time 
period (hours) during which apparent complete absorption of drug 
occurred from the gastrointestinal tract and at the time, T, excre- 
tion of the drug became apparent first-order. The log AMe/At was 
plotted against t and the rate constant, k, determined from the re- 
sulting straight line (least squares) obtained for the data after T 
hr. The T was generally less than 2 hr. in Subjects A and B, but 
it was 3-4 hr. in Subject C, who inadvertently drank milk along 
with the drug (Fig. 2). The time t in Figs. 2 and 3 represent the mid- 
points of the urinary collection intervals. The values of kt and k? 
were determined as follows: 


ki = k.f (Eq. 3) 
k? = k - ki (Eq. 4) 


(Eq. 5) 


where Me,, BFAe,, and BAe, are the equivalent amounts of 
mandelic acid excreted in the urine as intact mandelic acid, benzoyl- 
formic acid, and benzoic acid during 48 hr., the experimental in- 
finite time. 


Comparison of Rate Constants for Metabolism and Urinary 
Excretion of Optical Isomers of Mandelic Acid4omparison of 
data for the isomers of mandelic acid, as illustrated in Table 11, in- 
dicates no significant differences in values of k and kl .  However, the 
value of k2 in all subjects is found to be greater for L-( +)-mandelic 
acid than for D-( -)-rnandelic acid. Table 1 also indicates that in 
all subjects the recovery of the metabolites for L-( +)-mandelic 
acid was about twice the recovery of metabolites observed for D- 
(-)-mandelic acid. Clearly, kz is a hybrid rate constant, involving 
processes of distribution as well as a specific rate of conversion of 
intact drug to benzoylformic acid at the metabolic site. However, 
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Figure &Eject ofprobenecid on the urinary excretion of the optical 
isomers of mandelic acid ( M A )  in Subject B. The arrow indicates 
the time at which probenecid was ingested by the subject. The num- 
bers in parentheses represent the doses of the corresponding com- 
pounds. The isomer of mandelic acid was ingested at zero time. 
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Figure 2-Apparent first-order urinary excretion of D-( -)-rnandelic 
acid (0) and L-(+)-mandelic acid (0) in Subjects A ,  B ,  and C. The 
prolonged periods for absorption of mandelic acids reflected in the 
plots of Subject C are probably caused by milk inadvertently dunk 
by the subject along with mandelic acid. 


since L-( +)- and D-( -)-mandelic acid have similar physical prop- 
erties, if it is assumed that distribution within the body is accom- 
plished primarily by processes other than active transport, it is 
probable that differences in k p  for the two isomers do, in fact, rep- 
resent differences in the rate at which intact drug is transformed 
at the metabolic site. It may then be concluded that, while the oxi- 
dative enzyme(s) show apparent differential affinity for the optical 
isomers of mandelic acid, the tubular “carrier” system does not 
show similar differential affinity for renal tubular secretion of these 
isomers in humans. The evidence indicating that both isomers of 
mandelic acid are involved in renal tubular secretion is presented in 
a later section. 


Comparison of Quantitative Aspects of the Fate of Mandelic Acid 
Observed in Present Studies with Those Reported by Others- 
After the oral ingestion of L-(+)-mandelic acid, since the urine, 
following its exhaustive extraction with ether, exhibited levorotatory 
activity upon polarimetric examination, Montenbruck (9) assumed 
that the levorotation was caused by 7% (-)-phenylaminoacetic 
acid formed from mandelic acid in the human subject and eventu- 
ally excreted in the urine. Furthermore, he reported that only 
traces of phenylaminoacetic acid were formed from D-( - )-mandelic 
acid, since he did not encounter similar observation in the urine 
collected following the oral ingestion of mandelic acid. In these 
studies the equivalent amount of either isomer of mandelic acid 
recovered from the urine as intact mandelic acid and benzoylformic 
acid was about 80% of the administered dose. However, the data 
presented in Table I indicate that the urinary recovery of either 
isomer of mandelic acid is practically complete (97-103 of the 
ingested dose) in most studies in Subjects A and 8. Similar observa- 
tion was also made by Kamienny et al. (19) in their studies with 
D-( -)-mandelic acid. Therefore, if ( -)-phenylaminoacetic acid was 
formed from L-(+)-mandelic acid in the body, as suggested by 
Montenbruck (9), it was assumed to be negligible and no attempt 
was made to identify it. 


Although the total urinary recovery of the administered dose of 
each mandelic acid isomer reported by Montenbruck (9) was less 
than that observed in the present study, a fairly good agreement is 
noted in these studies between the fractions of the dose of mandelic 


acid obtained as its metabolites (benzoylformic acid and benzoic 
acid). The extent of metabolism is indeed found to be greater for 
L-( +)-mandelic acid than for D-( -)-mandelic acid, and the urinary 
recovery of the former in the intact form is less than that of the 
latter. As shown by Montenbruck (9), not more than 2.3% of the 
administered dose of I.-( +)-mandelic acid was obtained as benzoic 
acid in the present studies. 
In their studies, Kamienny et at. (19) noted that the extent of 


metabolism of the administered dose of D-(-)-mandelic acid to 
benzoylformic acid was l0-15% in two of the three human sub- 
jects and 14-22% in the third subject. Subject B, who participated 
in those studies, was the same Subject B who participated in the 
present studies, and yet the subject was found to metabolize 6 8 %  
of the administered dose of D-( -)-mandelic acid to benzoylformic 
acid in the present study (Table I) in contrast to 11-13% in the 
Kamienny et a/ .  studies ( 1  9). The overall elimination rate constants 
observed for D-( -)-mandelic acid in Subject B prior to the adminis- 
tration of probenecid in the inhibitory studies were 33-36 X 
hr.- (Table HI), while in the Kamienny et ai. studies (19) the overall 
elimination rate constants observed for D-( -)-mandelic acid in 
Subject B prior to the administration of sulfonamides were 4 4 4 6  
X hr.-I. Furthermore, the two studies with D-(-)-mandelic 
acid (without probenecid and with 250 mg. probenecid) in Subject 
B were carried out 5 years ago (Table I); the studies with the same 
compound in the same Subject B were carried out by Kamienny 
et a/. (19) 2 years ago, and the study with the same compound (with 
500 mg. probenecid) in the same Subject B was carried out recently 
(Table I). 
In retrospect, it is correctly recollected that, while Subject B was 


generally resting during the first 10-12 hr. of urine collection for the 
studies reported in Table I, he was ambulatory during the similar 
urine-collection period reported in the Kamienny et a/. studies (19). 
Recently, Schmidt and Roholt (27) demonstrated that the initial 
plasma levels of benzylpenicillin following the intramuscular ad- 
ministration to the human subjects were higher when they were 
ambulatory than when they were resting in bed. Subjecting these 
data reported by Schmidt and Roholt to pharmacokinetic analysis, 
Levy (28) observed that, although the increase in the average rate 
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Table 11-Apparent First-Order Rate Constants for Overall 
Elimination (k) ,  for Processes Leading to Urinary Excretion (kt) ,  
and for Processes Leading to Metabolism ( k z )  of Optical Isomers 
of Mandelic Acid in Humans 


k ,  hr.-l kl ,  hr.-l kz,  hr.-l 
Subject (X 102) ( X  102) ( X  102) 


A 
B 
Ba 
Ba 
C 


A 
B 
Ba 
B= 
BQ 
C 
CQ 


D-( -)-Mandelic Acid 
31.78 29.02 2.76 ~. ~~ 


31.68 29.02 2.66 
33.39 31.29 2.10 
38.46 34.98 I 3.48 
40.16 34.98 5.18 
L-( +)-Mandelic Acid 
32.31 25.66 6.65 
33.57 27.97 5.60 
39.84 24.87 7.33 
38.13 30.43 7.70 
37.53 29,76 7.77 
37.24 29.94 7.30 
37.90 29.94 7.96 


a The rate constants presented for these subjects were determined 
from the urinary excretion data obtained prior to the administration of 
probenecid (Fig. 3). The reason for utilizing these data is explained in 
the text. 


constant for overall elimination of the drug was only 1.1-fold, 
such an increase in the average rate constant for metabolism of the 
drug was 2-fold in the subjects when they were ambulatory. There 
fore, the greater extent of the metabolism of D-(-)-mandelic acid 
noted by Kamienny et a/. (19) for Subject B and others possibly 
was due to their ambulatory state during the study. Subject C 
(Tables I and 11) was generally ambulatory during the studies, and 
this probably was a significant factor for the considerably higher 
rate of metabolism in Subject C than in Subjects A and B, especially 
in the study of ~-(-))-mandelic acid. Further studies will be carried 
out for L-( +)-mandelic acid to determine the effect of an ambulatory 
state of the subjects during such studies. 


Effect of Probenecid on Urinary Excretion of Optical Isomers of 
Mandelic Acid-Since probenecid is known to inhibit the renal 
tubular secretion of a large number of organic anions (18), studies 
were carried out to determine if probenecid is able to decrease the 
rate of urinary excretion of the optical isomers of mandelic acid. 
It was thought that such studies would reveal whether or not these 
compounds are involved in renal tubular secretion. In the event the 
optical isomers of mandelic acid are involved in renal tubular secre- 
tion, and their tubular secretion is suppressed by probenecid, it was 
further thought that the extent of inhibitory effect of probenecid on 
the urinary excretion of the compounds might indicate if the renal 
tubular transport carrier system shows differing affinity for the 
compounds. 


As shown in Fig. 3 and Table 111, the inhibitory effect of pro- 
benecid on the urinary excretion of each isomer of mandelic acid 
becomes evident. The rate constant ( k )  for overall elimination of an 
optical isomer in the absence of probenecid was calculated from the 
slope of the straight line (least squares) for the data obtained after 
the postabsorptive and postequilibrative period, but prior to the 
administration of probenecid. The modified rate constant (kp)  for 
overall elimination of the optical isomer in the presence of pro- 
benecid was calculated from the slope of the straight line (least 
squares) of its excretion data obtained following the oral administra- 
tion of probenecid. However, since the rate of excretion of the 
isomer at the 1st hr. after the oral administration of probenecid 
(Fig. 2) is unlikely to represent the excretion rate of the isomer in 
the period of postabsorption and postequilibration of probenecid 
in the body, it is excluded when constructing the least-squares 
straight line for the subsequent urinary excretion data to calculate 
the modified rate constant kp. The values of R obtained from the 
ratio k / k p  are listed in Table 111. The values of R are used as the 
index of the inhibitory effect of probenecid on the urinary excretion 
of the optical isomers of mandelic acid for the following reason. 


It is noted from the summary of urinary excretion recovery data 
(Table I) that the recovery of the administered dose of the optical 
isomers of mandelic acid in the studies involving probenecid was 
generally complete and that the extent of metabolism of the isomers 
of mandelic acid in these studies was comparable to that observed 


Table 111-Rate Constants for Overall Elimination of Optical 
Isomers of Mandelic Acid Determined in Humans before ( k )  
and after (kp)  Oral Administration of Probenecid, and the Index 
of Inhibitory Effect ( R  = k/kp)  of Probenecid on the Urinary 
Excretion of Optical Isomers of Mandelic Acid 


Pro- 
Mandelic benecid 


Sub- Acid Dose, k ,  hr.-l kp, hr.? 
ject Dose, mg. mg. ( X  lo2) ( x  102) R 


D-( -)-Mandelic Acid 
B 1015 250 33.39 20.22 1.65 
B 1420 500 38.46 25.27 1.52 


L-( +)-Mandelic Acid 
B 1000 250 39.84 24.87 1.60 
B 972 250 38.13 26.48 1.44 
B 1545 500 37.53 25.81 1.45 
C 1000 250 37.90 27.42 1.38 


in absence of probenecid. The extent of metabolism of the isomers 
of mandelic acid appears unaffected in the presence of probenecid, 
since probenecid was administered to the subject 4.5 or 6 hr. after 
the administration of mandelic acid, during which period 8C85 
of the administered dose of mandelic acid was eliminated. Therefore, 
even if the extent of metabolism of mandelic acid had probably 
increased in the presence of probenecid, the slight increase in the 
amount of metabolite due to the remaining dose (15-20z of the 
administered dose) of mandelic acid in the body is unlikely to be- 
come apparent when the total amount of metabolite due to the 
entire dose of mandelic acid is considered. Differences in the overall 
elimination rate constants (k and kp)  observed in the inhibitory 
studies appear to be primarily attributable to the differences in the 
urinary excretion rate. 


It is further concluded that the decrease in the rate of urinary 
excretion of the isomers of mandelic acid in the presence of pro- 
benecid is due to the decrease in the rate of secretion of the com- 
pounds caused by probenecid. The inhibitory studies described 
here were carried out primarily in Subject B; only one study was 
carried out in Subject C. Judging from the values of kp or R (Table 
111) determined for each isomer of mandelic acid, it does not appear 
that probenecid decreases the excretion rate of one isomer to a 
significantly greater extent than that of the other isomer at the 
dosage levels of the substrate compounds (mandelic acid isomers) 
and the inhibitor (probenecid) employed in the present study. 


As already pointed out, the extent of metabolism of the optical 
isomers of mandelic acid remained apparently unaffected in the 
studies involving probenecid (Table I). Furthermore, the rate 
constants ( k )  determined for overall elimination of each optical 
isomer of mandelic acid in the studies involving probenecid 
(Table 111) are found to be similar to those obtained for the isomers 
in the studies that did not involve probenecid (Table 11). Therefore, 
the urinary excretion data obtained for each optical isomer of 
mandelic acid in the inhibitory studies (prior to the administration 
of probenecid) are utilized to determine the apparent rate constants, 
kl and k2,  of the respective isomers. The values of the rate constants 
thus determined are included in Table 11, because these results may be 
considered as the results of the additional studies performed by the 
subjects in support of the results obtained in the studies involving 
only the respective isomer of mandelic acid. 
In conclusion, it appears that, in humans, the “carrier” system 


responsible for renal tubular secretion of mandelic acid shows no 
apparent stereospecificity for the optical isomers of mandelic 
acid, as does the oxidative enzyme system for their metabolism. 
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Effect of Vehicles on Metabolism of Serotonin and Imipramine 


BENG T. HO, VICENTE ESTEVEZ, and WILLIAM M. McISAAC 


Abstract 0 Effects of different vehicles on excretion and metab- 
olism of serotonin and imipramine were studied. Rats receiving 
serotonin-14C in dimethyl sulfoxide or propylene glycol excreted 
radioactivity in the urine slower and in lesser amounts than when 
water was the vehicle. However, the urinary excretion of radio- 
activity by rats administered a single dose of imipramine-14C was 
the same for the three vehicles over a period of 72 hr. Dimethyl 
sulfoxide and propylene glycol caused not only an increase in the 
amount of urinary 5-hydroxytryptophol and N-acetylserotonin, but 
also an increase in the conjugated form of these two metabolites 
as well as that of 5-hydroxyindoleacetic acid. These two nonaqueous 
vehicles caused a diminished demethylation of imipramine when 
compared to  the water vehicle. 


Keyphrases 0 Serotonin-14C metabolism-vehicle effect 0 Imi- 
pramine- 14C metabolism-vehicle effect 0 Metabolism-serotonin- 
14C, imipramine-14C 0 Paper chromatography-autoradiographic 
analysis 0 Scintillometry-analysis 


An aqueous solvent is the most common vehicle for 
the administration of drugs for pharmacological studies 
in animals. However, other solvents are also frequently 
used, such as propylene glycol and dimethyl sulfoxide 
(DMSO). DMSO is a powerful solvent with a remark- 
able ability to alter membrane permeability, and its 
function as a carrier for many substances has been 
demonstrated by a number of investigators. 


Recently, effects of DMSO on the uptake of I4C- 
pemoline (1, 2), 14C-urea, and 14C-sucrose (3) by the 
rat brain have been reported. This study is to determine 
the difference in effects of water and these two organic 
solvents as vehicles on the metabolism of two 14C- 


labeled centrally acting agents, serotonin and imipra- 
mine. 


MATERIALS AND METHODS 


Labeled Compo~nds-Serotonin-2-~~C creatinine sulfate‘ and 
imipramine-14C hydrochloride2 were used. 


Animals and Doses-Male Sprague-Dawley rats, weighing be- 
tween 180 and 220 g., were used. The compounds were dissolved 
separately in water, DMSO, and propylene glycol and were ad- 
ministered intraperitoneally to groups of three animals in a dose of 
20 mg./kg. (0.5 rnl./rat; 1 pc./rat). 


Collection of Urine and Fecal SampIes-After the administration 
of the compound, animals were kept in metabolism cages. Urine 
samples were collected at intervals of 2, 3, 4, 8, 12, and 24 hr. and 
then at every 24-hr. interval up to 6 days. In some cases the collec- 
tion was extended beyond 6 days, as indicated in the results. Toluene 
was added to the collection tube to prevent any bacterial growth. 
Fecal samples were collected every 24 hr. for several days. All 
samples were immediately frozen until assayed. 


Determination of Radioactivity-Radioactivities were measured 
with a Nuclear Chicago liquid scintillation spectrometer, model 
725. The scintillation fluid was composed of 4 g. of PPO, 50 mg. of 
POPOP, and 70 g. of naphthalene/l. of toluene. All determinations 
were performed in duplicate and were corrected to 100% efficiency 
by the channels ratio method (4) and for recovery of radioactivity. 


The urine sample (0.1 ml.) was mixed with 3 ml. of methanol in a 
counting vial, and the radioactivity was then measured with 15 ml. 
ofthe scintillation fluid.. 


For measuring the radioactivity in feces, 0.1 ml. of 20x water 
homogenate in a counting vial was treated with 1.0 ml. of 10% hy- 
drogen peroxide in methanol. The mixture was heated at 45” to al- 


1 New England Nuclear Corp. 
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Effect of Vehicles on Metabolism of Serotonin and Imipramine 


BENG T. HO, VICENTE ESTEVEZ, and WILLIAM M. McISAAC 


Abstract 0 Effects of different vehicles on excretion and metab- 
olism of serotonin and imipramine were studied. Rats receiving 
serotonin-14C in dimethyl sulfoxide or propylene glycol excreted 
radioactivity in the urine slower and in lesser amounts than when 
water was the vehicle. However, the urinary excretion of radio- 
activity by rats administered a single dose of imipramine-14C was 
the same for the three vehicles over a period of 72 hr. Dimethyl 
sulfoxide and propylene glycol caused not only an increase in the 
amount of urinary 5-hydroxytryptophol and N-acetylserotonin, but 
also an increase in the conjugated form of these two metabolites 
as well as that of 5-hydroxyindoleacetic acid. These two nonaqueous 
vehicles caused a diminished demethylation of imipramine when 
compared to  the water vehicle. 


Keyphrases 0 Serotonin-14C metabolism-vehicle effect 0 Imi- 
pramine- 14C metabolism-vehicle effect 0 Metabolism-serotonin- 
14C, imipramine-14C 0 Paper chromatography-autoradiographic 
analysis 0 Scintillometry-analysis 


An aqueous solvent is the most common vehicle for 
the administration of drugs for pharmacological studies 
in animals. However, other solvents are also frequently 
used, such as propylene glycol and dimethyl sulfoxide 
(DMSO). DMSO is a powerful solvent with a remark- 
able ability to alter membrane permeability, and its 
function as a carrier for many substances has been 
demonstrated by a number of investigators. 


Recently, effects of DMSO on the uptake of I4C- 
pemoline (1, 2), 14C-urea, and 14C-sucrose (3) by the 
rat brain have been reported. This study is to determine 
the difference in effects of water and these two organic 
solvents as vehicles on the metabolism of two 14C- 


labeled centrally acting agents, serotonin and imipra- 
mine. 


MATERIALS AND METHODS 


Labeled Compo~nds-Serotonin-2-~~C creatinine sulfate‘ and 
imipramine-14C hydrochloride2 were used. 


Animals and Doses-Male Sprague-Dawley rats, weighing be- 
tween 180 and 220 g., were used. The compounds were dissolved 
separately in water, DMSO, and propylene glycol and were ad- 
ministered intraperitoneally to groups of three animals in a dose of 
20 mg./kg. (0.5 rnl./rat; 1 pc./rat). 


Collection of Urine and Fecal SampIes-After the administration 
of the compound, animals were kept in metabolism cages. Urine 
samples were collected at intervals of 2, 3, 4, 8, 12, and 24 hr. and 
then at every 24-hr. interval up to 6 days. In some cases the collec- 
tion was extended beyond 6 days, as indicated in the results. Toluene 
was added to the collection tube to prevent any bacterial growth. 
Fecal samples were collected every 24 hr. for several days. All 
samples were immediately frozen until assayed. 


Determination of Radioactivity-Radioactivities were measured 
with a Nuclear Chicago liquid scintillation spectrometer, model 
725. The scintillation fluid was composed of 4 g. of PPO, 50 mg. of 
POPOP, and 70 g. of naphthalene/l. of toluene. All determinations 
were performed in duplicate and were corrected to 100% efficiency 
by the channels ratio method (4) and for recovery of radioactivity. 


The urine sample (0.1 ml.) was mixed with 3 ml. of methanol in a 
counting vial, and the radioactivity was then measured with 15 ml. 
ofthe scintillation fluid.. 


For measuring the radioactivity in feces, 0.1 ml. of 20x water 
homogenate in a counting vial was treated with 1.0 ml. of 10% hy- 
drogen peroxide in methanol. The mixture was heated at 45” to al- 
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Figure 1-Cumulatir;e excrerion of radioactivity in rat urine follow- 
ing intraperitoneal injection of serotonin- I4C. Key: M, in water; 
e-e, in DMSO; and X- -X, in propylene glycol. 


most dryness, treated with 3 ml. of methanol, and 1 hr. later again 
treated with 15 ml. of the scintillation fluid. 


Enzymatic Hydrolysis of Conjugates-Urine was adjusted to pH 
5.5 and incubated overnight with p-glucuronidase and sulfatase3 
in sodium acetate buffer, pH 5.5, at 37". 


Chromatography of Urine Sample-Hydrolyzed and unhydrolyzed 
urine samples from the l*C-serotonin experiment were applied on 
Whatman 3MM paper and developed in the system of n-butanol- 
acetic acid-water (120:30:50) using the descending technique. The 
radioactive spots were located by autoradiography of the paper 
chromatograms with Kodak no-screen X-ray film and eluted by 
methanol. The eluates were rechromatographed on silica gel G pre- 
coated glass plates4 in the solvent ethyl acetate (5).  Serotonin and its 
metabolites were identified against standards and by their Rf values, 
UV fluorescence, and color reactions with Ehrlich's reagent. For 
quantitation, radioactive spots on paper or glass plate were cut out 
or scraped off and transferred to counting vials; the radioactivity 
was measured after addition of 3 ml. of methanol and 15 ml. of the 
scintillation fluid. 


Urine samples from the imipramine- 14C experiment were chro- 
matographed on silica gel G precoated TLC plates in the solvent 
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Fiure &Cumulative excretion of radioactivity in rat feces follow- 
ing intraperitoneal injection of serotonin-W. Key: 0-0, in water; 
@a, in DMSO;  and X- -X, in propylene glycol. 


system of chloroform-methanol (90 : 10) (6). Imipramine and des- 
imipramine were detected by spraying the plates with iodoplatinate 
reagent. 


RESULTS AND DISCUSSION 


Excretion-Urine levels of radioactivity after the intraperitoneal 
administration of serotonin-l*C were less when the compound was 
administered in DMSO or propylene glycol than when administered 
in water. After 24 hr., 98% of the given dose was excreted when the 
aqueous solution was used, whereas only 75 and 67% of the in- 
jected radioactivity were recovered respectively when DMSO and 
propylene glycol were the vehicles (Fig. 1). However, in rats injected 
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Figure 2-Cumulative excretion 
of radioactivity in rat urine 
following intraperitoneal in- 
jection of imipramine-I4C. Key: 
W, in water; e-0, in 
DMSO; and X--X, in pro- 
pylene glycol. 
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3 Glusulase, Endo Laboratories, Inc. 
4 Brinkmann Co.  


6 This reagent was found to be useful in detecting irniprarnine and 
desimipramine in less than 1-mcg. quantities, giving a pinkish color. 
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Figure 4-Cumulatioe excretion of radioactivity in rat feces ,follow- 
ing intraperitoneal injection of imipramine- 14C. Key: 0-0, in water; 
a-a, in D MSO; and X- -X , in propylene glycol. 
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Figure 5-Distribution of metabolites in 24-hr. rat urine following 
intraperitoneal injection of serotonin-14C. Key: A ,  in water; D ,  in 
DMSO; P ,  in propylene glycol; 5-HT, unchanged serotonin recovered; 
5-HIAA, 5-hydroxyindoleacetic acid; 5-HTOL, 5-hydroxytryptophol; 
and N-Ac-5-HT, N-acetylserotonin. Values shown at the top of each 
column represent ratio of the conjugated form to the free form 
for each metabolife. 


with imipramine- lac, urinary excretion of radioactivity was the 
same (approximately 33%) over a period of 72 hr., regardless of 
which of the three vehicles was used (Fig. 2). 


Rats receiving serotonin or imipramine in the two nonaqueous 
solvents showed higher excretion of radioactivity in feces than when 
the aqueous solution was used (Figs. 3 and 4). 


Metabolism-The urinary metabolites of serotonin- 14C recovered 
in the first 24 hr. after administration are shown in Fig. 5. Both 
DMSO and propylene glycol doubled the urinary excretion of 5- 
hydroxytryptophol and N-acetylserotonin over that with the 
aqueous vehicle (Fig. 5 and Table I). A similar alternation of meta- 
bolic pathways of serotonin by ingestion of ethanol has been re- 
ported (7). 


In this study, the cause for the increased urinary 5-hydroxy- 
tryptophol and N-acetylserotonin remains to be determined. The 
latter could have resulted from a blockage of the oxidative pathway 
by DMSO and propylene glycol; these two solvents were found to 
inhibit monoamine oxidase in uitro.6 It has been postulated that 
DMSO could alter secondary and tertiary structures of proteins by 
substituting the protein-bound water, and this could cause a partial 
loss of enzyme activity (8,9). 


6 During the assay for inhibitors of monoamine oxidase, the solvents 
DMSO and propylene glycol were found to be weak inhibitors of 
bovine liver rnonoamine oxidase with 1 5 s  equal to 1.12 and 0.41 M, 
respectively. 


Table I-Effects of Vehicles on Percent" Distribution of 
Metabolites in 24-hr. Urine of Rats Administered 
Intraperitoneal Dose (20 mg./kg.) of Serotonin-14C 


Percentage' Urinary Metabolites of Serotonin 
N-Ac-5- 


Vehicle 5-HTb 5-HIAAb 5-HTOLb HTb 


Water 12.6 70.8 10.6 5.9 
DMSO 8.3  63.6 18.0 10.0 
Propylene glycol 13.7 53.1 23 .O 10.1 


For a direct comparison of the distribution of serotonin metabolites 
in the 24-hr. urine with the three vehicles, the total excreted radioactivity 
in the individual case was corrected to 100%. Key: SHT, unchanged 
serotonin recovered; 5-HIAA, 5-hydroxyindoleacetic acid; 5-HTOL, 
5-hydroxytryptophol ; and N-Ac-5-HT, N-acetylserotonin. 


Table 11--Effect of Vehicles on the Ratio of Desimipramine to 
Imipramine in Urine of Rats Administered Imipramine-14C 
(20 mg./kg. i.p.) 


~~~~~ 


Urine -Ratio of Desimipramine to Imipramine- 
Collection, Propylene 


Glycol DMSO hr. Water 


0-4 11.33 2.73 5.19 
4-8 9.57 6.66 6.57 
8-24 10.08 9.25 11.96 


An increase in the conjugated form of the three metabolites, 
especially 5-hydroxytryptophol and N-acetylserotonin, was also 
observed with both DMSO and propylene glycol (Fig. 5). In this 
aspect, the latter solvent was more effective than the former. 


Table I1 lists the ratio of desimipramine to imipramine in the 
urinary excretion. When water was the vehicle, this ratio was held 
constant throughout the intervals of 4, 8, and 24 hr. With DMSO 
and propylene glycol as the two vehicles, the low ratios in the first 
4 hr. indicated a diminished demethylation of imipramine, partic- 
ularly for DMSO. It is possible that the two nonaqueous solvents 
inhibit the demethylation enzyme, and this is currently under study. 
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Extraction of Morphine Enhanced by Addition 
of N-Methyl-3-piperidyl-(N’N’)-diphenylcarbamate 


RAMSES HAKIM and JAMES M. FUJIMOTO 


Abstract 0 The extractibility of morphine (N-l4CHa) into chloro- 
form from aqueous solution was enhanced to completeness by 
adding N-methyl- 3-p iper idyl-( N ’N‘)-di phenylcarbamate under the 
following conditions: ratio of N-methyl-3-piperidyl-(N’N‘)-di- 
phenylcarbamate-morphine between 40: 1 and 200: 1, with mor- 
phine concentration no greater than 30 mcg./ml. and the pH be- 
tween 6.8 and 10. This high extractibility was decreased by con- 
centration of morphine greater than 30 mcg./ml. and by addition of 
dihydromorphinone, apomorphine, nalorphine, cyclazocine, and 
naloxone. Thebaine, codeine, methadone, meperidine, levorphanol, 
dextrophan, and levallorphan did not affect the extractibility. The 
same qualitative relationships were obtained by using carbon 
tetrachloride instead of chloroform as the solvent. 


Keyphrases 0 Morphine (N-14CH3) extraction enhancement-N- 
methyl-3-piperidyl-(N’N’)-diphenylcarbamte 0 N-Methyl-3-pi- 
peridyl-(N’N’)-diphenylcarbamate-morphine (N-l4CH8) interac- 
tion 0 Countercurrent distribution-analysis 0 TLC-analysis 0 
Scintillometry-analysis 


The effect of SK&F 525A and N-methyl-3-piperidyl- 
(N’N’)-diphenylcarbamate (MPDC) on the renal 
metabolism and tubular transport of morphine in the 
chicken has been recently reported (1). The present in- 
vestigation concerns the unusual chemical interaction 
that occurs between morphine and MPDC. The ration- 
ale for embarking on this study is found in the pre- 
liminary observation that when MPDC was infused 
along with radioactive morphine into the saphenous 
vein of the chicken, the free morphine excreted in the 
urine was more extractible into chloroform than when 
no MPDC was given (1). Since addition of MPDC 
directly to urine containing radioactive morphine pro- 
duced the same increase in extractibility, it was evident 
that a chemical interaction was occurring between 
MPDC and morphine. In the present study, the authors 
examined and characterized the factors involved in pro- 
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Figure I-Lefr panel is the countercurrent distribution analysis of 
14C-morphine. Key: -, experimental: and . . . , theoretical. Right 
panel is the countercurrent distribution analysis of I4C-morphine 
with 10 mcg./ml. MPDC added. Stationary phase, pH 8.5 buffer; 
mobile phase, chloroform: volume of each phase, 3 ml. 
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Figure 2-Extruetion of l4C-morphine into chloroform from buffers 
at different pH’s. Key: . . . , , 14C-morphine extraction in absence 
of MPDC: and -, 14C-morphine extractiou in presence of 5 
mcg./ml. of MPDC. Volume of euchphase was 3 ml. 


ducing this unusual interaction between the two bases. 
Other narcotic analgesics and antagonists also were 
tested. A preliminary report on these studies has ap- 
peared (2). 


EXPERIMENTAL 


Materials-M~rphine-N-~~CH~ hydrochloride,’ specific activity 
17 mc./mmole, was dissolved in distilled water to make a 0.01 pc./ml. 
solution. MPDC HC12 was used. The solvents used, chloroform, 
carbon tetrachloride, methylene chloride, ethylene dichloride, ethyl 
acetate, n-butanol, and ethyl ether, were reagent grade (Baker ana- 
lyzed). 


Countercurrent Distribution Analysis-Characterization of 14C- 


morphine and separation of the 14C-morphine MPDC reaction 
products were accomplished by using the solvent system previously 
used for separation of morphine from morphine metabolites in 
urine samples (1, 3,4). The solvent system consisted of a sodium bi- 
carbonate (2 g.11.) buffer, pH 8.3-8.5, equilibrated with chloroform. 
The 14C-morphine, along with MPDC, was added to the system in 
the buffer phase. Equal volumes of buffer-to-chloroform phases 
were used; chloroform, the mobile phase, was transferred manually 
with a syringe equipped with a long needle. One milliliter of each 
phase was plated and counted in a Tracerlab low background count- 
ing system (efficiencyof counting was 10% at infinite thinness). Coun- 
tercurrent analyses were also done with buffers at pH 3; in these 
instances, sodium phosphate (3 g.11.) buffers were used. 


1 Purchased from Amersham/Searle. 
2 Lakeside Laboratories. 
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Figure &The extraction of l4C-morphine into chloroform from pH 
8.3-8.8bufferto which 6 ( 0 ) , 1 2 ( 0 ) ,  l 8 (A) ,30 (A) ,and80(x )  mcg./ml. 
morphine and 0-120 times these concentrations of MPDC were added. 


Chromatographic Studies-TLC on Gelman silica gel fiberglass 
sheets (TLC type SG) was performed with a solvent system consist- 
ing of benzene-dioxane-ammonium hydroxide, 5 :5 :0.1 (v/v/v). 
The nonradioactive compounds were visualized either by spraying 
the chromatogram with iodoplatinate reagent (5) or by spraying 
with sulfuric acid followed by charring the TLC on a hot plate. 
Radioactive components on the TLC were detected by passing the 
chromatogram through a 4-pi scanner (Tracerlab). 


RESULTS AND DISCUSSION 


Countercurrent Distribution of 14C-Morphine with and without 
MPDC Added-In Fig. 1 the countercurrent analyses performed at  
pH 8.5 for W-morphine are shown to be markedly affected when 
10 mcg./ml. of MPDC was added. This addition of MPDC shifted 
the peak for 14C-morphine from Tube 3 to Tube 8, demonstrating 
that an increase in the extractibility of 14C-morphine occurred. Al- 
though the preliminary observation was that MPDC added to urine 
containing 14C-morphine altered the extraction of the morphine ( l ) ,  
the present experiment demonstrated that the effect could be ob- 
tained in solutions without the presence of urine. 


Extractibility of 14C-Morphine with and without Addition of 
MPDC-Effect of pH-A single-extraction procedure was used to 
expedite the study of several parameters. The extraction of 14C- 
morphine into chloroform (Fig. 2) was maximal at pH 8.3-9; out- 
side this pH range, extraction decreased. Chloroform in the absence 
of MPDC, even under optimal pH conditions, did not extract over 
50% of the 14C-morphine. These data on extraction of morphine 
with chloroform agree with expectations from the literature (6). 
Addition of MPDC increased the extraction of 14C-morphine to be- 
yond 90% in the pH range 7.5-10. 


Effect of Concentration of MPDC and Morphine-To study the 
stoichiometric relationship, a series of experiments was done by 
adding different concentrations of MPDC and carrier morphine to a 


Table I-Extraction of 14C-Morphine from a pH 8.5 Buffer 
(5 ml.) with Different Organic Solvents (5 ml.) 


Extraction of 14C-Morphine --- into Solvent 
Morphine, 


10 
mcg./ml. ; 


MPDC. MPDC. 
No 400 400 


Organic Solvent MPDC mcg./ml. mcg./ml. 


Ethyl acetate 53 52 52 
Carbon tetrachloride 8 87 35 
Hexane 10 10 10 
n-Butanol 26 20 13 
Methylene chloride 36 37 39 
Ethylene dichloride 26 28 30 
Ethyl ether 2 2 2 
Ethylene dichloride, 60 97 


chloroforma 


carbon tetrachloridea 
Ethylene dichloride, 19 66 


a A mixture containing 2.5 ml. of each organic solvent. 


constant amount of 14C-morphine. For example, in Fig. 3 if the 
curve corresponding to  6 mcg./ml. of morphine is examined, the 
14C-morphine extraction was less than 50% initially in the absence 
of MPDC. When the MPDC concentration was increased to be- 
tween 40 and 120 times the morphine concentration of 6 mcg./ml., 
the 14C-morphine extraction was greater than 96%. Each curve in 
the figures should be examined in this manner, since the figures 
contain a large mass of data. In the range of 6-30 mcg. of carrier 
morphine, addition of up to 40 times as much MPDC generally 
increased the extraction. Increasing the relative concentration of 
MPDC beyond 40 had a detrimental effect on extraction of 14C- 
morphine, especially at the 18- and 30-mcg. concentrations of mor- 
phine. At 80 mcg./ml. of carrier morphine, the extraction decreased 
from a control value of 46% (with no MPDC) down to 2 z  when 
MPDC was 120 times this morphine concentration. At no time was 
the extraction better than the control value in this situation. This de- 
crease in extraction, as well as the increase in extraction effected by 
MPDC at lower concentrations of carrier morphine, indicated that 
chemical interaction was occurring between MPDC and morphine. 


Effect of Different Solvents-As shown in Table I, a number of 
solvents were tested for ability to extract 14C-morphine in the 
presence and absence of MPDC and carrier morphine. For these 
situations, no change in extraction of W-morphine was seen when 
the solvents were ethyl acetate, hexane, methylene chloride, ethyl- 
ene chloride, and ethyl ether. Butanol appeared to be a special case 
in which extraction was decreased by adding MPDC and carrier 
morphine. This case was not studied any further. On the other hand, 
carbon tetrachloride showed an increase in extraction of 14C-mor- 
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Figure &The extraction of 14C-morphine inio carbon tetrachloride 
from p H  8.3-8.8 buffer to which 6 (e), 12 (0), 18 ( A ) ,  and 30 (A) 
mcg./ml. morphine and 0-80 iimes these concentrations of MPDC 
were added. 


I I I I I 1 
0 4 10 20 40 60 70 


Figure %The effect of various narcotics and antagonists on the ex- 
traction of 14C-morphine into 5 ml. chZoroform from 5 ml. 
of p H  8.5 buger in the presence of MPDC. The concentration of 
morphine (0), d i ~ y ~ r o m o r p h ~ n a ~ e  ( x), nalorphine ( A ) ,  and thebaine 
(e) is read from the abscissa. The concentration of MPDC was 
always 40 times the drug concentrations. Codeine, methadone, meper- 
idine, dextrophan, and levallorphan gave the same results as thebaine. 


rn cg./rn I. 
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Figure &The effect of various narcotics and antagonists on the ex- 
traction of 14C-morphine into 5 ml. carbon tetrachloride from 5 ml. of 
pH 8.5 buffer in the presence of MPDC. The MPDC concentration 
was always 20 rimes that of the drugs. The other designations were as 
in Fig. 5: 0, morphine; x, dihydromorphinone; A, nalorphine; 
A, naloxone; and @, thebaine, codeine, methadone, meperidine, 
dextropan, and levallorphan. 


phine from 8 to 87z by addition of MPDC. But, addition of 10 
mcg./ml. of morphine caused the extraction to drop to 35 %. Thus, 
carbon tetrachloride was similar in a qualitative sense to the studies 
with chloroform as the solvent. Chloroform or carbon tetrachloride 
added to an equal volume of ethylene dichloride, a solvent that 
showed no effect to addition of MPDC and morphine, still produced 
the same phenomenon. Considerable increases in extraction oc- 
curred beyond that of ethylene dichloride alone. 


The extraction of W-morphine from sodium bicarbonate buffer, 
pH 8.5, was examined (Fig. 4) with carbon tetrachloride used in 
place of chloroform (Fig. 3). The extraction of 14C-morphine into 
carbon tetrachloride was almost complete (over 90%) for solutions 
containing 6 and 12 mcg./ml. of carrier morphine and up to 80 
times these respective concentrations of MPDC. Beyond these con- 
centrations of morphine and MPDC, extraction of 14C-morphine 
decreased. The general conclusions were the same as for the results 
given in Fig. 3 with chloroform as the solvent. Namely, MPDC was 
interacting with morphine. 


0 2 4 6 8 
BUFFER, pH 


Figure 7-Reexrraction of radioactive product (-) and MPDC (. . .) 
from chloroform into buffers of different pH's. 14C-Morphine and 
MPDC (in 1:40 molar ratio) were extracted from pH 8.5 buffer into 
chloroform. This chloroform was then shaken with an equal volume 
(5 ml.) of buffer. The percent extraction was calculated for this last 
step. 
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Figure 8-Countercurrent distribution at pH 3 of material reextracted 
from chloroform and analyzed for ( A )  14C-activity and ( B )  MPDC. 
MPDC was determined by UVabsorption spectrometry. 


Effect of Other Drugs in Extraction of 14C- Morphine-hvestiga- 
tions of the effects of other narcotic analgesics and antagonists on 
this interaction of morphine with MPDC are shown in Figs. 5 and 
6. There were two types of effects. One group of drugs had no 
effect; this group included thebaine, codeine, methadone, meperi- 
dine, dextrophan, and levallorphan. The other group depressed 
14C-morphine extraction and included morphine itself, nalorphine, 
and dihydromorphinone. Apomorphine at 50 mcg./ml. also be- 
longed in the latter group, but only this one concentration was 
tested. The same kind of grouping into two types is seen in Fig. 6, 
where carbon tetrachloride was used as the solvent instead of chloro- 
form. The first group consisted of the same drugs in which no effect 
was found. The second group consisted again of morphine, nalor- 
phine, dihydromorphinone, apomorphine (one concentration of 20 
mcg./ml., not shown), and, in addition, naloxone. It is evident from 
the experiments (Figs. 5 and 6) that certain drugs affect the inter- 
action of MPDC with 14C-morphine, and some structural specificity 
exists in this interaction. Dihydromorphinone, morphine, nalorphine, 
and naloxone all possess the phenolic OH and either an alcoholic 
OH or keto group at position 6. It is interesting to note that two 
were agonists (morphine and dihydromorphinone) and two were 
antagonists (nalorphine and naloxone), but there appeared to be 
little relationship to pharmacologic potency. At first, it appeared 
that the morphine-MPDC system would provide an in vitro ap- 
proach for preliminary screening for narcotic analgesics and antag- 
onists. However, some important compounds known to have 
pharmacologic activity would have been missed. 


Reextraction of W-Morphine and MPDC from Chloroform into 
Buffers of Different pl-rs-The chloroform phase containing the 
14C and MPDC was extracted with buffers of different pHs. Figure 
7 shows that the radioactive material presumably present as a com- 
plex with MPDC was extractible back into acid buffers. This curve, 
which might be thought of as an inverse plot of the extraction of lac- 
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Figure 9-TLC on Gelman silica gel fiberglass sheets. On the lefr 
the chromatogram shows (a)  morphine, (b)  MPDC, (c) chloroform 
extract at pH 8.5 containing morphine and MPDC, and ( d )  Tube 
0 pH 3 buffer phase of countercurrent distribution analysis performed 
in Fig. 8. 
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Figure 1O-UV spectrum of the 14C-morphine-MPDC product (-) 
from Tube 0 of the countercurrent distribution at pH 3.0 (Fig. 8 and 
d in Fig. 9); morphine ( .  . .) at pH 3, MPDC (- - -) at pH 3, and 
morphine and MPDC together (-,-) in pH 3 buffer where no chloro- 
form extraction was involved. 


morphine in the presence of MPDC from buffer into chloroform, 
was not identical to the results derivable from Fig. 2. For the 
experiment shown in Fig. 7, transfer of radioactive material from 
chloroform back to buffer required lower p H s  than the transfer of 
l*C-morphine from buffer to chloroform (Fig. 2). Extraction of 
14C-morphine in the absence of MPDC into chloroform and re- 
extraction of this morphine from chloroform into the buffer showed 
the same type of hysteresis. Occurrence of such hysteresis militated 
against a clearcut interpretation of these results from the reextrac- 
tion experiments. Figure 7 includes a further experiment, in which 
the reextraction into the buffer of the MPDC portion from the mor- 
phine-MPDC chloroform solution was measured. Since the amount 
of MPDC was large relative to morphine (40:l molar ratio), it was 
possible to measure MPDC by UV spectrometry. The data show 
that at a 2-6 pH range, MPDC was not extracted from chloroform 
into buffer to the same proportion that the radioactive material was 
extracted. 


The practical consequence of the information derived from Fig. 7 
was that it was possible to separate the radioactive material from 
the excess MPDC in the chloroform by adjusting the aqueous phase 


to pH 3. These conditions were employed in performing the counter- 
current distribution analysis given in Fig. 8. As expected, the radio- 
active material that peaked in Tube 1 was clearly separated from the 
MPDC that peaked in Tube 8. Since free 14C-morphine itself would 
have peaked in Tube 0, the peak for the radioactive material in 
Tube 1 of the present experiment indicated that the radioactive 
material was not free 14C-morphine. Therefore, attempts were made 
to characterize this material further. 


TLC of the material from the aqueous phase of Tubes 0 and 1 of 
the countercurrent fractionation is shown in Fig. 9. The results 
indicated that this material was a single component with an Rf of 
0.83, both by iodoplatinate reaction and by radioactivity. It was 
different from MPDC or morphine. The TLC for c is for a 40:l 
mixture of MPDC-morphine in pH 8.5 buffer extracted with chloro- 
form and the chloroform spotted. In this case, both the material 
corresponding to d and excess MPDC were present as expected. 


UV absorption spectra were obtained from these same materials 
(Fig. 10). The spectrum of the material in Tube 0 of the counter- 
current distribution analysis was not characteristic of either mor- 
phine or MPDC. Also, this spectrum was different from a spectrum 
obtained by simple addition of morphine and MPDC spectra. A 
spectrum obtained experimentally by having both MPDC and mor- 
phine together in a buffer at pH 3 given in the figure was also differ- 
ent from that for the material in Tube 0. Thus, the results from the 
TLC and the UV spectral studies supported the idea that some sort 
of “complex” was formed between morphine and MPDC. This 
complex acted as a single entity with its own characteristics. Efforts 
to crystallize this material have not been successful. 
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Characterization of Tablet Surfaces by Their 
Critical Surface-Tension Values 


S. W. HARDER, D. A. ZUCK, and J. A. WOOD 


Abstract 0 Experiments were conducted to determine the critical 
surface-tension (7.) values of a range of acetylsalicylic acid tablets 
in combination with various adjuvants. A telemicroscop: was used 
to measure the contact angle (e) as test liquids with known surface 
tensions ( Y L )  advanced across the tablet surface. The cosine of the 
contact angles (cos 0) were plotted as a function of the y~ of the test 
liquids. Straight-line extrapolation to cos 0 = 1 resulted in yo  values 
for each particular type of tablet. These values were determined 
for each group of tablets, using dif€e.-ent :ets of test liquids. The 
yc values obtained by this method indicated that pure acetylsalicylic 
acid tablets presented a surface with intermediate activity, having a 
yc value of about 31 dynes/cm. The addition of a lubricant like 
magnesium stearate presented a surface richer in -CH3 and 
-CH2 groups, resulting in a lower value, whereas the addition 
of adjuvants such as starch, cellulose, and talc resulted in surfaces 
richer in =O and --OH, causing an increase in the ye values. In- 
creased y c  values result in increased wetting by the coating solution 
and in an increased bonding force between the tablet surface and 
the polymer film coating after the solvent has evaporated. Char- 
acterization of the tablet surface should eliminate some of the guess- 
work involved in developing an adequate film coating for a particular 
type of medicinal tablet. 


Keyphrases 0 Tablet surfaces-characterization 0 Critical sur- 
face-tension values-tablet surface characterization 0 Telemicros- 
copy-liquid, tablet surface contact-angle measurement 0 Ad- 
juvant effect-liquid, tablet surface contact angle 


The strength of the adhesive bond between a film 
coating and a solid surface, as well as the uniformity 
of the coating, is influenced by surface energy forces 
acting at and across an interface (1-4). It is, therefore, 
important to understand the energy forces present a t  
the surface of a tablet and to be able to characterize a 
tablet according to the cohesional energy density 
(CED) of its surface. Knowledge of the forces operative 
at the tablet surface will assist in prediction of the 
degree of bonding and permit the design of coating 
solutions, resulting in optimum utilization of the;e 
forces to obtain adequately bonded and uniform film 
coatings. Preliminary tests indicated that there is a 
certain amount of correlation between the critical 
surface-tension values and film-coating characteristics 
such as degree of adhesion and film texture (5). 


Although no direct method of measuring solid sur- 
face energy has yet been found, critical surface-tension 


= l a  - I , --p 
Figure 1-Schematic arrangement of' apparatus. Key: A ,  moveable 
microscope stage; B, tablet resting on glass microscope slide: C, 
test lquid being applied to tablet surface; D ,  glass syringe with bent 
needle used to deliver test lquid to tablet surface; E, telemicroscope; 
G,  ring light; F, erecting eye prism and protractor eyepiece; and 
H ,  diffuse light source for backlighting the drop of liquid on the tablet 
surface. 


(yJ values do represent an indirect approach to the 
characterization of solid surfaces according to their 
CED. 


In the articles cited in the previous paper (9, y E  
values were determined using a selection of pure liquids 
with surface tensions in the range necessary for the 
determination of these values. Some investigators did 
use liquids of a homologous series in an effort to over- 
come variations in contact angles due to specific inter- 
actions. Since it is not always possible to find a homol- 
ogous series with surface tensions in the required range, 
a decision was made to use series of high and low sur- 
face-tension liquid mixtures. These could be pre- 
pared as series of solutions with similar physical- 
chemical properties and with a gradual gradation of 
surface-tension values. Other investigators (6-1 1) have 
also used such mixtures of high and low surface-tension 
liquids to determine the yc of a variety of surfaces. 


In the present study, two series of mixtures of solvents 
with high and low surface tensions were used to charac- 
terize the surfaces of various tablets. The methanol- 
water series and the 1 -butanol-formamide series repre- 
sent two such systems, with both polar and disper- 
sion forces operative and a range of surface-tension 
values suitable for determining the yc values of the solid 
surfaces under investigation. This study consists of 
observations on the validity of such characterizations 


Table I-Percent w/w Composition of the Tablets for which Critical Surface-Tension Values Were Determined 


Tablet Acetylsalicylic Magnesium Starch Microcrystalline 
Number Acida Stearateb Talcc Cornstarchd USP" Cellulose' 


100 
99 
99 
90 
90 
95 


~ 


a Asagran, Monsanto Can. Ltd., Ville La Salk, P.Q., Canada. b Magnesium stearate USP, Chemical Manufacturing Division, Fisher Scientific Co., 
Fair Lawn, N. J. c Talc USP, Anachemia Chemicals Ltd., Montreal, Canada. d Starch, cornstarch, Canada Corn Starch, Best, Foods Divi- 
sion, Canada Corn Starch Co. Ltd., Montreal, Canada. 8 Starch USP, Sta-Rx Starch 1500, A. E. Staley Mfg. Co., Decatur, 111. Microcrystalline 
cellulose, Avicel, FMC Corp., American Viscose Division, Newark, Del. 
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Figure 2-View through telemicroscope showing cross hairs aligned 
with the advancing edge of the liquid to determine 8 ,  the contact angle 
a particular test solution makes with a particular tablet surface. 


and on possible reasons for differences in yc values when 
different series of test liquids are used. 


Modifications have been made in the procedure 
previously used in an effort to get more reproducible 
results. In the previous work, the contact angles re- 
ported were measurements made as soon as possible 
after a single drop was placed on the tablet surface. 
Because of the porous nature of the tablet, considerable 
difficulty was experienced in obtaining true initial 
contact-angle readings that actually reflected the sur- 
face energy of a particular tablet surface. In this paper, 
the contact-angle data reported are the results of suc- 
cessive contact-angle readings as the test liquid was 
being continuously applied and advanced across the 
surface of the tablet. This method ensured that the 
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Figure >Tablets of pure acetylsalicylic acid; cos 8 versus YL 
plots of two liquid series. Key: D, I-buranol-formamide; and 0, 
methanol-wa fer. 


Table 11-Composition and Surface Tension of Test Liquids 


--Methanol-Water-- 
Surface 


Concentration, Tension, 
%w/w dy nes/cm. 


r- 1 -Butanol-For mamide- 
Surface 


Concentration, Tension, 
%w/w dynes/cm. 


26 43.5 
30.7 41.6 
34 39.2 
37.5 37.9 
40 37 4 . -  - .  . . 
46 35.2 
54.2 33.2 
63.8 31 .O 
72.9 29.1 


4 43.7 
5 41.8 
6 40.3 
6 . 5  39.6 
7 39.1 
8 .5  37.3 


10 35.6 


80.6 27.4 15 -~ 
8 j . 7  25.8 17 
94.2 24.3 30 


100 23.1 35 
50 
60 


11.5 34.8 
13.75 33.5 


75 
90 


100 


33.0 
32.2 
29.2 
28.6 
27.6 
27.1 
26.2 
25.4 
24.9 


angles of contact measured were advancing contact 
angles. Also, the mean contact-angle value for a 
tablet surface obtained from successive measurements 
as the liquid advances across the tablet surface is a 
more accurate measure of the surface energy of that 
tablet. It is not as prone to distortion due to hetero- 
geneity and tablet imperfections, as is a single measure- 
ment on one discreet drop made some time after the 
drop is placed on the tablet surface. 


EXPERIMENTAL 


Materials-Tablets were prepared using a pure granular amor- 
phous acetylsalicylic acid (ASA) with adjuvants as indicated (Table 
I). The tablets were prepared on a single-punch tablet machine 
using 1.27-cm. (0.5-in.) flat faced punches. 


The two series of test liquids were mixtures of absolute methanol' 
water2 and l-butan013-formarnide.~ Table I1 indicates the surface 
tensions and compositions of the test liquids. 


Su face-Tension Measurements-The surface tensions of the test 
liquids were determined with a Fisher Ten~iomat .~ Each recorded 
measurement is the mean of at least 10 trials, corrected for ring 
dimension and density of the liquid. 


Contact-Angle Measurements-The apparatus used to measure 
the contact angles consisted of a horizontal telemicroscope6 fitted 
with an erecting adapter, a protractor eyepiece (eyepiece IOX), 
and an objective lens (objective 2.8X) with a ring light. A further 
diffuse light source in the form of a microscope light was mounted 
behind the sample. 


The sample holder consisted of a glass microscope slide mounted 
horizontally on a mechanical microscope stage fitted with a rnicrom- 
eter. 


The test liquids were delivered onto the tablet surface by means of 
a 1-ml. glass syringe mounted in a horizontal position, fitted with a 
21-gauge stainless steel needle bent in a 90" curve and containing a 
polyethylene tubing6 insert protruding from the end. The syringe 
piston was driven by a syringe pump' set to deliver between 0.0355 


Analar, Analytical reagent, British Drug Houses (Can.) Ltd., 


2 Doubly distilled water. 
3 Reagent grade, Chemical Manufacturing Division, Fisher Scientific 


4 Fisher Surface Tensiomat, Fisher Scientific Co., Fair Lawn, N. J. 
6 Telernicroscope model MIOIT, Gaertner Scientific Corp., Chicago, 


6 Intramedic polyethylene tubing, i.d. 0.028 cm. (0.011 in.) X 0.d. 


7 Sage Syringe Pump, model 255-1, Sage Instruments, Inc., Subsidiary 


Toronto, Canada. 


Co., Fair Lawn, N. J. 


Ill. 


0.061 cm. (0.024 in.), Clay-Adams, Inc., New York. N. Y. 


of Orion Research Inc., White Plains, N. Y. 
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Table 111-Contact Angles for the Methanol-Water Solution Series 


Surface - Mean Contact Angle 0 f SD -~ 7 


Tension of Pure Acetylsalicylic Acetylsalicylic Acetylsalicylic Acetylsalicylic Acetylsalicylic Acid- 
Liquid, Acetylsalicylic Acid-Magnesium Acid- Acid- Acid- Starch 


dyneslcm. Acid Stearate Talc Cellulose Starch USP 


43.5 
41.6 
39.2 38.1 f 2 .1  
37.9 
31.4 
35.2 28.8 f 2 . 1  
33.2 18.5 =t 2 .7  


35.2 f 2 . 6  
33.5 =!= 4 . 3  


41.2 f 2 . 3  
37.6 f 2 .1  45.0 f 1.6 
34.9 f 1 . 6  
27.9 2 2 .1  


35.7 f 1.9 33.7 f 2 . 2  24.6 f 3 . 1  28.1 f 2 . 0  
29.4 f 1 .2  24.6 f 2 . 9  13.2 f 2 . 2  17.1 f. 1 . 4  
21.9 f 1.9 14.3 f 2.3 7 . 0  =!= 1 .5  8 . 6  i 1 . 4  


38.5 f 1 . 9  
34.2 f 2 .1  


31 .O 9 . 4  f. 2 . 0  10.4 f 2 .5  
29.1 57.1 =t 2 .5  
27.4 48.8 ?C 2 .1  
25.8 41.7 f 2 .5  
24.3 
23.1 


32.7 f 1.6 
25.3 =t 1 .7  


and 0.0450 ml./min. Figure 1 shows a schematic arrangement of 
the apparatus. 


The contact angles were measured at approximately 10-sec. in- 
tervals as the test liquid advanced across the tablet surface. Prior to 
testing, the tablet surface was wiped on a clean paper towel and 
brushed with a camel hair brush to remove any materials or loose 
powder which might have contaminated the surface and could 
affect the contact angle. 


Figure 2 shows a view of the contact angle through the telemi- 
croscope. 


All experimental work was carried out in a controlled environ- 
ment at 20" and 4 5 z  relative humidity. 


RESULTS 


Mean contact angles were determined for the six sets of tablets 
indicated in Table I, using the relevant members of the series of test 
liquids indicated in Table XI. Each contact angle reported is the 
mean of approximately 100 readings. Ten readings were made on 
each of 10 tablets. The mean contact angle and standard deviation 
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Figure 4-Tablets of acetylsalicylic acid with I magnesium 
stearate; cos 0 versus YL plots of two liquid series. Key: m, I-butanol- 
formamide; and 0, methanol-water. 


(0 =k SO) of each set were calculated. Tables 1x1 and IV are a tabula- 
tion of the contact-angle data obtained. 


Figures 3-8 show graphically the results when cos 0 5 SD is 
plotted against the surface tension of the test liquid applied to the 
surface. A linear regression analysis was used to determine the 
best line through the points, the slope of the line, the degree of 
correlation, an estimate of critical surface tension (extrapolate to 
cos 0 = l), and the error of the estimate. Table V shows a summary 
of these results. 


DISCUSSION 


The degree of correlation between surface tension of the test 
liquids and contact angle is especially good for the tests carried out 
with the methanol-water solutions. Between 95 and 99% of the 
variation in contact angle can be attributed to the variation in sur- 
face tension of the test liquid. 


Although the yc values obtained by the use of one test liquid fall 
within the ror of the estimate of the y. value obtained by using the 
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Figure 5-Tablets of acetylsalicylic acid with I talc: cos 9 versus 
y~ plots of two liquid series. Key: a, I-butanol-jormamide; and 
0, methanol-water. 
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Table IV-Contact Angles for the 1-Butanol-Formamide Solution Series 


Surface - Mean Contact Angle 8 f SD 
Tension of Pure Acetylsalicylic Acetylsalicylic Acetylsalicylic Acetylsalicylic Acetylsalicylic Acid- 


Liquid, Acetylsalicylic Acid-Magnesium Acid- Acid- Acid- Starch 
dyneslcm. Acid Stearate Talc Cellulose Starch USP 


43.7 
41.8 
40.3 
39.6 
39.1 
37.3 25.8 =k 2.3 
35.6 23.5 2 2.i 
34.8 21.3 =t 2.2 
33.5 18.5 ~4= 1.7 
33 .O 16.5 f 1.7 
32.2 14.2 =t 2.5 
29.2 
28.6 
27.6 
27.1 
26.2 
25.4 
24.9 


27.1 f 2.1 
23.9 f 2.6 


21.3 f 2.8 
18.4 f 2.6 
17.4 f 1.8 


21.6 f 1.2 
18.5 f 1.7 
17.1 f 1 . 8  
14.4 f 1.9 
12.6 f 2.5 
10.5 f 3.0 


19.4 f 1.3 
18.3 f 1.5 
17.2 f 1 . 0  20.1 f 2.4 


21.8 f 1.3 15.7 =!= 1.4 19.2 =t 1.4 
2 0 . 7 3 ~  1.4 1 5 . 2 f  1.3 18.7 f 2.5 
18.2 3Z 2.1 14.2 f 1.2 16.0 f 1.5 
15.9 Sr 1.9 l l . O &  1.6 13.4 f 1.3 
15.0Ilt 1 . 8  9.4 f 1.9 11.3 f 1.2  
10.5 3= 2.1 


other test liquid, there is an indication that for the tablets with a 
higher surface energy, a higher y. value is obtained when methanol- 
water contact-angle data are used. It would appear that the y. 
value obtained for a particular tablet is dependent on the type of test 
solution employed. 


The slopes of the curves for methanol-water in all cases are greater 
than the slopes of the curves for the 1-butanol-formamide solutions. 
This indicates that changing the concentration of the methanol- 
water solution so as to increase its surface tension by a fixed amount 
would cause a greater deterioration in the wetting properties than 
would be caused by a similar increase in the surface tension of the 
1-butanol-formamide solution. 


A straight-line relationship between cos 8 and the surface tension 
of the liquid as cos 8 --f 1 has been assumed. One is aware that the 
overall relationship is not linear, but the part of the curve cos 8 
between 0.7 and 1.0 so closely approximates a straight line that it is 
felt that this approach is valid. The high degree of correlation, de- 
spite the considerable variation in cos 0 values across a tablet sur- 
face and between tablets with the same composition, seems to 
justify this approximation. The results published by Dann (1 2) for 
ethanol-water mixtures on a pure hydrocarbon surface such as 
paraffin and on surfaces with both polar and nonpolar forces such 
as poly(ethy1ene terephthalate) and poly(methy1methacrylate) 
yield curves that very nearly approximate straight lines between 
cos 8 values of 0.7-1. The error introduced by this assumption would 
be well within the error due to variation in contact-angle measure- 
ments, which he puts at f 3' in his work on polar polymers. 


The surface tension of an organic compound can be estimated 
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from its chemical structure using parachor values (13). The estimated 
surface tension of acetylsalicylic acid using this method is 34.0 =t 
1.7 dynes/cm. This value is fairly close to the estimates obtained from 
yG value data, 30.7 f 0.8 dynes/cm. and 29.8 & 0.9 dynes/cm. The 
discrepancy may well be due to an imbalance of polar and dispersion 
forces between the tablet surface and the test liquids uwd. 


The addition of magnesium stearate considerably reduces the y. 
of the tablet surface. The slopes of both lines, cos 0 uersus y~ for 
methanol-water and 1-butanol-formamide, become steeper (more 
negative) by the addition of magnesium stearate to the acetylsalicylic 
acid. This signifies increasingly poorer wetting properties as the 
surface tension of the test liquids in contact with the tablet surface is 
increased. 


The addition of talc does not significantly affect the yc  of the 
tablet surfaces, although it does alter the slopes of the curves so 
that the curves do not intersect as they do for pure acetylsalicylic 
acid. The significance, if any, of these changes has not yet been 
established. 
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Figure 7-Tublets of acetylsalicylic acid with 10% starch; cos 8 
versus y~ plots of two liquid series. Key: m, I-butanol-formamide; 
and 0. methanol-water. 







Table V-Summary of Data Analysis from Plots, cos e versus y L  


Methanol-Water Data----------. ,- 1-Butanol-Formamide Data---- 


Composition dynes/cm. Slope Correlation dynes/cm. Slope Correlation 
Tablet Estimate yc, Estimate yc, 


Acetylsalicylic acid- 
1 Z magnesium stearate 21.6 f 0.4 -0.060 0.96 22.2 f 0 . 9  -0.017 0.96 


Acetylsalicylic acid pure 30.7 f 0.8 -0.025 0.94 29.8 f. 0 . 9  -0.013 0.77 
Acetylsalicylic acid- 


1 % talc 30.4 f 0 . 6  -0.026 0.98 30.5 =!= 0 . 8  -0.010 0.89 
Acetylsalicylic acid- 


5 cellulose 32.2 f 0.6 -0.031 0.96 31.0 f 1.0 -0.008 0.96 
Acetylsalicylic acid- 


10% starch 33.0 f 1.4 -0.019 0.94 3 1 . 6 f  1 . 1  -0.005 0.92 
Acetylsalicylic acid- 


10% starch USP 32.9 =t 0 . 8  -0.025 0.97 32.1 f 1 . 3  -0.008 0 . 8 5  


The addition of microcrystalline cellulose and starches results in 
surfaces somewhat richer in hydroxyl groups, a consequent higher 
surface energy, and a surface more prone to polar bonding with 
polar materials. The experimental yc values are increased by the 
addition of these materials. The fact that for all three tablets the 
y. values obtained with the more polar methanol-water test liquids 
are greater than that obtained with the 1-butanol-formamide test 
liquids tends to indicate greater interaction of polar forces. 


The attractive forces present in the surface layers and the extent 
and manner of interaction of these intermolecular forces have been 
discussed by Dann (12). When a liquid (L), with a surface tension 
( y ~ )  made up of components ( 7 ~ ~ )  due to dispersion forces and 
( 7 ~ ~ )  due to polar forces, is in contact with a surface made up of 
saturated hydrocarbons (S) where the surface tension (7s) is due to 
dispersion forces only (7s = ysW),  the relationship between the 
contact angle ( D )  the liquid makes with the hydrocarbon surface 
is given by the Good-Girifalco-Fowkes-Young equation (14): 


If the surface has both dispersion forces and polar forces present 
and the polar forces are mainly due to hydrogen bonding whose 
interaction across the interface can also be expressed by a geometric 
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Figure 8-Tablets of acetylsalicylic acid with 10% starch USP; 
cos 0 versus y~ plots of two liquid series. Key: B, I-butanol-form- 
amide; and 0, methanol-water. 


mean relationship, then Eq. 1 becomes: 


Since y~ and cos 8 are measurable, ysW for paraffin is known to be 
25.5 dynes/cm. (12). Moreover, since y~ = yLw + y ~ ~ ,  the polar and 
dispersion forces operative in a liquid with mixed attractive forces 
can be determined (14). The same method could be applied to 
solid surfaces with mixed attractive forces to determine the in- 
dividual polar and dispersion forces operative. A knowledge of the 
breakdown of these forces would permit adjustment of either or 
both the solid surface or the liquid applied to yield a balanced inter- 
face with optimum interaction and, therefore, optimum adhesion. 
It would also permit the intelligent application of the Zisman tech- 
nique (15) in determining yc values of solid surfaces with mixed at- 
tractive forces. 


By examining Eq. 2, one sees that if y s  and y~ are constant and 
ysW > ysP, an increase in the y ~ '  will cause a comparable decrease 
in the y~~ and an overall decrease in cos 8,  i.e., a larger contact 
angle. This would account for the difference in slopes of the plots 
of cos 8 versus y~ for the two different test liquid series. 


The extent to which the yc values obtained represent the surface 
energies or attractive forces in the tablet surfaces depends on the 
extent to which the polar and dispersion forces in the test liquid 
balance the polar and dispersion forces in the solid surface, since 
cos 0 -, 1 when the test liquid only just wets the surface. Figure 9, 
taken from Dann (12), illustrates the effects of an unbalanced sys- 
tem. A solid surface, which yields a yCw of 39 dynes/cm. when deter- 
mined using a nonpolar liquid with only dispersion forces interact- 
ing, will yield a critical surface tension with a polar series of liquids 
(yCPL),  similar to the 1-butanol-formamide, of 31 dynes/cm. When 
an even more polar series of liquids, ethanol-water, similar to the 
methanol-water, is used, an even lower ycpL value of 26 dyneslcm. is 
obtained. The use of highly polar liquid series to determine the 


Figure %Critical surface-tension conversion curves. Key: A ,  hy- 
drocarbon liquid series with dispersion forces only; B, liquid series 
with moderate polar forces; and C ,  ethanol-water series with greater 
polar forces. 
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surface energy lev& of surfaces with only moderate polar forces 
would result in a very misleading estimate of at least the dispersion 
forces present in that surface. 


CONCLUSIONS 


It is possible to characterize tablet surfaces according to their 
CED by using contact-angle data and applying a modification of the 
Zisman (15) technique. However, caution must be exercised in the 
interpretation of the ye values obtained. Particular attention should 
be paid to the possible effects of unbalanced polar and dispersion 
forces between the test liquids and surfaces investigated. 


The surface energy of a tablet, as well as the types of forces 
present, can to some extent be predicted by studying the types of 
chemical components that would be present at the surface. 


More work needs to be done in determining the presence and 
relative roles of polar and dispersion forces as they influence wet- 
ting, contact-angle data, adsorption, and adhesion. 


A knowledge of the types of forces acting across the interface 
between the tablet surface and a film coating, their relative inten- 
sities, and the degree of interaction should greatly advance the 
understanding of processes involved in the formation of an ade- 
quate film coating. 
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Rotating-Flask Method for Dissolution-Rate 
Determinations of Aspirin from Various Dosage Forms 


HOWARD WEINTRAUB” and MILO GIBALDI 


Abstract II] The dissolution of aspirin from different commercial 
dosage forms was evaluated by the rotating-flask method, and 
the data were correlated with previously reported absorption data. 
Regardless of agitation intensity, over a range from 0.9 to 2.4 r.p.m., 
dissolution rate was found to decrease in the following order: buff- 
ered tablets > plain tablets > timed-release tablets. The data were 
linearized by means of log-normal probability plots and inter- 
preted accordingly. Aspirin dissolves from the buffered tablet about 
twice as rapidly as from the plain tablet and about eight times as 
rapidly as from the timed-release tablets. Once disintegration and 
deaggregation take place, the dissolution of aspirin from the capsule 
formulation proceeds as rapidly as from the buffered tablet. Sur- 
factant decreased the dissolution rate of aspirin from certain 
formulations, in contrast to the enhanced dissolution effects ob- 
served using the beaker method where mound formation occurred. 
Excellent single- and multiple-quantitative correlations were ob- 
served between the dissolution data and absorption data in man. 


Keyphrases 0 Aspirin in dosage forms-dissolution rates 0 Dis- 
solution rates-aspirin dosage forms II] Surfactant effect-aspirin 
dissolution from dosage forms c] Rotating-flask method-dis- 
solution-rate determination 


A number of methods designed to measure the dis- 
solution rate of drugs from solid dosage forms are 
presently available (1, 2) .  Interest has been particularly 
focused on the beaker method (3) and its variants, 
including the rotating-basket assembly (4) and the 
flask and stirrer method (5 ) ,  since these methods have 


consistently provided data which permit some correla- 
tion with in vivo data (5-8). 


A shortcoming of the beaker method is observed at 
relatively low agitation intensities, i.e., <40-50 r.p.m., 
where the geometry of the system combined with the 
nature of the agitation forces the granules or particles 
into a mound at  the bottom of the flask or beaker. The 
mound is more or less compact, depending upon the 
formulation of the dosage form, and may or may not 
present a markedly reduced surface area to the dissolu- 
tion medium. This problem was exemplified by Levy 
et d. (6),  who were concerned with the quantitative 
correlation of dissolution data with the gastrointestinal 
absorption in man of aspirin from different types of 
dosage forms. Clinical studies indicated that aspirin 
was absorbed about three times more rapidly from “plain 
tablets” of the drug than from a timed-release prepara- 
tion. Dissolution data obtained at 50 r.p.m. gave vir- 
tually perfect correlation with respect to differences 
between the two dosage forms observed in vivo, but the 
dissolution rate of the drug from the plain tablet was 
about twice the absorption rate of the drug from the 
same dosage form. At 45 r.p.m., where the dissolution 
rate of aspirin from the plain tablet was comparable to 
the absorption rate of drug from this dosage form, 
there was only a 50% difference between the timed- 
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surface energy lev& of surfaces with only moderate polar forces 
would result in a very misleading estimate of at least the dispersion 
forces present in that surface. 


CONCLUSIONS 


It is possible to characterize tablet surfaces according to their 
CED by using contact-angle data and applying a modification of the 
Zisman (15) technique. However, caution must be exercised in the 
interpretation of the ye values obtained. Particular attention should 
be paid to the possible effects of unbalanced polar and dispersion 
forces between the test liquids and surfaces investigated. 


The surface energy of a tablet, as well as the types of forces 
present, can to some extent be predicted by studying the types of 
chemical components that would be present at the surface. 


More work needs to be done in determining the presence and 
relative roles of polar and dispersion forces as they influence wet- 
ting, contact-angle data, adsorption, and adhesion. 


A knowledge of the types of forces acting across the interface 
between the tablet surface and a film coating, their relative inten- 
sities, and the degree of interaction should greatly advance the 
understanding of processes involved in the formation of an ade- 
quate film coating. 
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Rotating-Flask Method for Dissolution-Rate 
Determinations of Aspirin from Various Dosage Forms 


HOWARD WEINTRAUB” and MILO GIBALDI 


Abstract II] The dissolution of aspirin from different commercial 
dosage forms was evaluated by the rotating-flask method, and 
the data were correlated with previously reported absorption data. 
Regardless of agitation intensity, over a range from 0.9 to 2.4 r.p.m., 
dissolution rate was found to decrease in the following order: buff- 
ered tablets > plain tablets > timed-release tablets. The data were 
linearized by means of log-normal probability plots and inter- 
preted accordingly. Aspirin dissolves from the buffered tablet about 
twice as rapidly as from the plain tablet and about eight times as 
rapidly as from the timed-release tablets. Once disintegration and 
deaggregation take place, the dissolution of aspirin from the capsule 
formulation proceeds as rapidly as from the buffered tablet. Sur- 
factant decreased the dissolution rate of aspirin from certain 
formulations, in contrast to the enhanced dissolution effects ob- 
served using the beaker method where mound formation occurred. 
Excellent single- and multiple-quantitative correlations were ob- 
served between the dissolution data and absorption data in man. 


Keyphrases 0 Aspirin in dosage forms-dissolution rates 0 Dis- 
solution rates-aspirin dosage forms II] Surfactant effect-aspirin 
dissolution from dosage forms c] Rotating-flask method-dis- 
solution-rate determination 


A number of methods designed to measure the dis- 
solution rate of drugs from solid dosage forms are 
presently available (1, 2) .  Interest has been particularly 
focused on the beaker method (3) and its variants, 
including the rotating-basket assembly (4) and the 
flask and stirrer method (5 ) ,  since these methods have 


consistently provided data which permit some correla- 
tion with in vivo data (5-8). 


A shortcoming of the beaker method is observed at 
relatively low agitation intensities, i.e., <40-50 r.p.m., 
where the geometry of the system combined with the 
nature of the agitation forces the granules or particles 
into a mound at  the bottom of the flask or beaker. The 
mound is more or less compact, depending upon the 
formulation of the dosage form, and may or may not 
present a markedly reduced surface area to the dissolu- 
tion medium. This problem was exemplified by Levy 
et d. (6),  who were concerned with the quantitative 
correlation of dissolution data with the gastrointestinal 
absorption in man of aspirin from different types of 
dosage forms. Clinical studies indicated that aspirin 
was absorbed about three times more rapidly from “plain 
tablets” of the drug than from a timed-release prepara- 
tion. Dissolution data obtained at 50 r.p.m. gave vir- 
tually perfect correlation with respect to differences 
between the two dosage forms observed in vivo, but the 
dissolution rate of the drug from the plain tablet was 
about twice the absorption rate of the drug from the 
same dosage form. At 45 r.p.m., where the dissolution 
rate of aspirin from the plain tablet was comparable to 
the absorption rate of drug from this dosage form, 
there was only a 50% difference between the timed- 
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Figure 1-Cumulative percent dissolved from aspirin dosage forms 
in 0.1 N HCI at 0.9 r.p.m. Key: @, buffered tablets: 0, plain tablets; 
and A, timed-release tablets. 


release preparation and the plain tablet, in contrast to 
the threefold difference observed in v i m .  At still lower 
agitation rates, aspirin dissolved more rapidly from the 
timed-release tablets than from the plain tablets. In an 
attempt to overcome this problem, the rotating-flask 
method (9) was devised. 


The philosophy underlying the development of the 
method is in keeping with that embodied in the de- 
velopment of the beaker method (3). "For tablets and 
other solid oral dosage forms, low intensities of agita- 
tion are highly desirable and more likely to allow dis- 
tinguishing formulations and products and correlating 
results with in vivo data" (2). But at the same time, the 
hydrodynamics of the rotating-flask method effectively 
preclude mound formation, which is considered to be 
physiologically unrealistic. The present report concerns 
the evaluation of aspirin dissolution from different types 
of commercial dosage forms by means of this method 
and the correlation of these data with previously re- 
ported (6 ,  10) absorption data. 


EXPERIMENTAL 


Dosage Forms-The following were used: (a) rapidly disintegrat- 
ing tablets, each containing 650 mg. aspirin as microencaphlated 
particles (timed-release tablets) ; (b) rapidly disintegrating tablets, 
each containing 325 mg. aspirin (plain tablets); (c) rapidly disintegrat- 
ing tablets, each containing 325 mg. aspirin and alkaline additives 
(buffered tablets); and (6) capsules, each containing 325 mg. 
aspirin (capsules). Each dosage form was purchased from retail 
outlets. 


Dissolution-Rate Determination-In vitro dissolution rates were 
determined at 37" by the rotating-flask method (9). The dissolution 
medium consisted of 400 ml. of 0.1 N HCl. In certain experiments, 
0.01 polyoxyethylene (23) lauryl ether' was added to the medium. 


1 Brij 35 SP, Atlas Chemical Industries, Wilmington, Del. 


Table I-Comparison of Aspirin Dissolution from Commercial 
Dosage Forms at  Various Experimental Conditions 


Me- Dissolu- 
dian tionb 


Experimental Conditions Time,@ Interval, 
and Dosage Forms m n .  mn. SDc 


0.1 N HCl, 0.9 r.p.m. 
Buffered tablets 
Plain tablets 


12 25 0.39 
18 46 0.47 


Capsules 19 28 0.28 
Timed-release tablets 104 212 0.39 


0.1 N HCI, 1.2 r.p.m. 
Buffered tablets 
Plain tablets 


9 24 0.48 
10 42 0.59 


Capsules 16 18 0.24 
Timed-release tablets 83 211 0.45 


0.1 N HCI, 2.4 r.p.m. 
Buffered tablets 
Plain tablets 
Timed-release tablets 


4 15 0.60 
7 38 0.80 


67 186 0.48 
0.1 N HCI + SAA,d 0.9 r.p.m. 


Buffered tablets 19 44 0.43 
Plain tablets 30 79 0.47 
Capsules 18 33 0.35 
Timed-release tablets 105 209 0.38 


0 Time required to dissolve 50 % of the dose. * Time required to dis- 
solve 84% of the dose minus the time required to dissolve 16% of,the 
dose. c Log (time required to dissolve 50% of, the dose) - log (time 
required to dissolve 16% of the dose), or log (time requlred to dissolve 
84% of the dose) - log (time required to dissolve 50% of the dose). 
d 0.01 % Polyoxyethylene (23) lauryl ether. 


Rotation was provided by a constant-speed motor2 coupled to a 
series of gears and was varied from 0.9 to 2.4 r.p.m. A minimum 
of five determinations was made with each dosage form at a given 
rate of rotation, with the exception of the timed-release tablets 
where three determinations were made. 


At frequent intervals after the introduction of the dosage form into 
the flask, rotation was briefly halted, a 1-ml. sample was taken by 
means of a filter pipet, and rotation was initiated once again. 
Elapsed time was considered to be the time during which the flask 
was actually rotating. Preliminary studies with the most rapidly 
dissoIving aspirin dosage form indicated that intermittent sampling 
had no significant effect on the dissolution profile.3 


Each sample was made alkaline by addition of 1 ml. 1 N NaOH 
and hydrolyzed for 1 hr. at 100". Following hydrolysis, the pH of 
each sample was adjusted to pH 1 with concentrated HCl, and the 
samples were assayed spectrophotornetrically4 at  302.5 mp for 
salicylic acid. 


RESULTS AND DISCUSSION 


Figure 1 is a plot of the cumulative amount (expressed as percent 
of dose) of aspirin dissolved as a function of time from three of the 
dosage forms at an agitation intensity of 0.9 r.p.m. The ranking ob- 
served-viz., buffered tablet > plain tablet > timed-release tablet, 
agrees with the findings of Levy et al. (6). The same rank order 
was observed at 1.2 and 2.4 r.p.m. The initial dissolution profile of 
aspirin from the capsule was comparable to that observed with the 
plain tablet, but the time required to dissolve 8Cr90Z of the capsule 
dose was considerably less than that observed with the plain tablet 
and, in fact, compared favorably with findings from the buffered 
tablet. Therefore, it was difficult to compare the dissolution of 
aspirin from the capsule with the data from the other dosage forms. 


The interpretation of the percent dissolved-time plots adopted 
in this study was based on the graphical methods suggested by 
Wagner (1 1). He demonstrated that under sink conditions, the per- 


2 Dayton Electric, Chicago, Ill. Motor No. 3M095, nominally rated 
at 1 r.p.m., 150 in.-lb. torque. 


3 For example, the amount of drug dissolved from the buffered tablet, 
after 15 revolutions, at an agitation rate of 2.4 r.p.m., during sequential 
sampling at 5 revolution intervals was 180 f 20 mg. (SD, 5 determjna- 
tions), in contrast to a total amount of 154 + 21 mg. ($0, 5 determina- 
tions) dissolved after 15 continuous revolutions. The difference was not 
statistically slgnificant (p > 0.2). 


4 Hitachi-Perkin-Elmer model 139 spectrophotometer. 
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Table 11-Regression Analysis of In Vitro-In Viuo Correlation 
According to the Equation: (z dissolved to time T )  = 
b (Z absorbed to time r )  + a 


4- 


Corre- 
Experimental Conditions Slope Intercept lation 


and Dosage Forms (b) (a)  Coefficient 


0 . 1  NHCl, 0 . 9  r.p.m. 
Buffered tablets 1.32 -9.0 >0.99 
Plain tablets 1.21 6 . 3  0.98 
Timed-release tablets 0.71 5.3 0.98 
All dosage forms 1.14 0.3 0.91 


Buffered tablets 1.27 1 .9  >0.99 
Plain tablets 1.06 25.0 0.98 
Timed-release tablets 0.87 4.2 0.99 
All dosage forms 0.90 16.5 0.80 


Buffered tablets 1.87 17.6 0.99 
Plain tablets 1.44 18.4 0.99 
Timed-release tablets 1.01 8.0 0.99 
All dosage forms 0.85 27.3 0.78 


0.1 N HCI, 1.2 r.p.m. 


0.1 N HCl, 2.4 r.p.m. 


0.1 N HCI + SAA,= 0.9 r.p.m. 
Buffered tablets 0.96 -1.7 >0.99 
Plain tablets 1.20 -11.2 0.99 
Timed-release tablets 0.97 0.4 0.98 
All dosage forms 0.99 -1.8 0.98 


a 0.01 % Polyoxyethylene (23) lauryl ether. 


cent dissolved to time T from a solid is equal to the percent of sur- 
face area generated to time 7' of total surface generated. Wagner 
proposed that the properties of the distribution of surface area 
available for dissolution from a capsule or tablet dosage form are 
similar to those of a log normal and log logistic distribution. Hence, 
one could plot the cumulative percent dissolved values on the prob- 
ability scale (ordinate) versus the corresponding time values on the 
logarithmic scale (abscissa). If the data are described by this par- 
ticular distribution function, then the points should describe a 
straight line. An estimate of the median dissolution time may be 
obtained by reading the time corresponding to the 50% point, 
and an estimate of the standard deviation (SD) may be obtained 
from the 16, 50, and 84% points by appropriate conversion of the 
time values to their logarithms. In the present report the difference, 
in units of time, between the 16 and 84Z points is termed the dis- 
solution interval. 


The percent dissolved-time data obtained with the various 
dosage forms, with and without surfactant in the dissolution 
medium, at various agitation intensities were well described in each 
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Figure 3-Relu fionship between percent aspirin dissolved from buf- 
,bred tablets and percent aspirin absorbed from this dosage form lo 
the same fime T. Dissolution data obtained in 0.1 N HCI at 0.9 r.p.m. 


case by log-normal probability plots. Examples are shown in 
Fig. 2, using dissolution data obtained at 2.4 r.p.m. The critical 
parameters used to describe the dissolution data for all dosage 
forms under various experimental conditions are summarized in 
Table I. 


As expected, for a given dosage form both the median time and 
dissolution interval decrease with an increase in agitation intensity; 
with the exception of the capsule data, the standard deviation in- 
creases with increasing agitation. Regardless of agitation intensity, 
the median time increases in the following order: buffered tablet < 
plain tablet < capsule < timed-release tablet. Comparison of the 
dissolution interval data suggests that aspirin dissolves from the 
buffered tablet about twice as rapidly as from the plain tablet and 
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about eight times as rapidly as from the timed-release tablet. Ratios 
of dissolution intervals are reasonably constant over the entire 
range of agitation intensities. The dissolution interval for the capsule 
was comparable to that of the buffered tablet. These observations 
suggest that disintegration and deaggregation of the capsule con- 
tents require a greater time than for similar events to occur with the 
plain and buffered tablets; but once these processes take place, the 
dissolution of aspirin from the capsule formulation proceeds as 
rapidly as from the disintegrated buffered tablet formulation. 


The influence of 0.01% nonionic surfactant on the dissolution 
rate of aspirin from the various dosage forms at 0.9 r.p.m. is also 
summarized in Table I. Addition of the surfactant results in a con- 
siderable increase in the median time and dissolution interval for 
both the plain and buffered tablets but is without effect on the dis- 
solution of aspirin from the capsule and timed-release formulations. 
In a previous report (12) concerned with dissolution of aspirin 
from the capsule and buffered tablet dosage forms using the flask 
and stirrer method, it was observed that 0.01 polyoxyethylene (23) 
lauryl ether had no effect on the dissolution of aspirin from the 
capsule but markedly decreased the median dissolution time for 
the buffered tablet. In the judgement of the present authors, the 
qualitatively different effects of the surfactant on the dissolution of 
aspirin from the buffered tablet, using the beaker method and 
rotating-flask method, are attributable to mound formation in the 
former and its absence in the latter. 


In the beaker method, the disintegrated buffered tablet granules 
apparently form a rather compact mound at the bottom of the flask 
and give rise to a “porous plug” which the dissolution medium 
finds difficult to penetrate. The surfactant enhances pore penetra- 
tion ostensibly by reducing the contact angle and thereby increases 
the effective surface area and, in turn, the dissolution rate. Since 
the rotating-flask method does not give rise to a mound or porous 
plug, one anticipates that the surfactant would not enhance the 
dissolution rate. This was indeed the case. The decreased dissolu- 
tion rate of aspirin from the plain and buffered tablets which was 
observed in the presence of the surfactant may be due to a dewetting 
phenomenon and subsequent aggregation of the particles (13). 


In a preliminary communication (9), the authors reported that the 
aspirin-dissolution data for the plain, buffered, and timed-release 
tablets obtained with the rotating-flask method provided an excel- 
lent quantitative correlation with previously reported in viuo ab- 
sorption data (6, 10) on the same dosage forms. This type of an- 


80 


Figure 4-Relationship between percent aspirin 
dissolved and percent aspirin absorbed to the 
same time T. Dissolution data obtained in 0.1 N 
HCI with 0.01 % polyoxyethylene (23) lauryl 
ether at 0.9 r.p.m. Key: 0, buffered tablets;:O, 
plain tablets; andA, timed-release tablets. 


alysis was extended, and comparisons of in vivo and in vitro data 
were made for the individual dosage forms as well as for the three 
dosage forms simultaneously under various experimental conditions. 
Figure 3 is an example of a single correlation. Excellent linearity is 
observed when the percent of dose dissolved in time T from a buff- 
ered tablet in 0.1 N HCI at 0.9 r.p.m. is plotted as a function of the 
percent absorbed to time Tin man. The slope of the line is 1.32, and 
the correlation coefficient is > 0.99. Figure 4 shows the best example 
of a multiple correlation. Dissolution data were obtained in 0.1 N 
HCl with surfactant at 0.9 r.p.m. The slope of the least-squares line 
is 0.99, and the correlation coefficient is 0.98. 


Table I1 summarizes the analysis for in uiuc-in uitro correlation 
and includes the least-squares slope and intercept for the equation : 


(Z dissolved to time T )  = 


b( absorbed to time T )  + a (Eq. 1) 


as well as the correlation coefficient. The latter values were com- 
puted according to Mather (14) for interclass correlation where 
both variables are normally distributed. In all but two cases, the 
correlation coefficient was greater than 0.90 and in all cases the 
correlation coefficient was highly significant ( p  < 0.005). 


Based on the in uiuo-in vitro correlations obtained with the 
aspirin dosage forms, it would appear that the rotating-flask 
method offers certain advantages over the beaker methods cur- 
rently in use. However, before any in uitro dissolution method can 
be relied upon as an index of physiologic availability or in uiuo 
absorption rate, more retrospective testing is required. 
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and dosing interval for multiple-dose therapy of sustained-release 
dosage forms. Both zero- and first-order release of drug from the 
dosage form are considered in developing these equations. Although 
special problems are associated with multiple dosing of sustained- 
release dosage forms because of their unique design, application 
of the appropriate equations yields relatively uniform blood levels 
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Considerable effort has been expended in the mathe- 
matical development of dosage regimens for multiple 
dosing of nonsustained-release dosage forms (1-7). In 
recent work (7), the authors developed equations to allow 
calculation of doses and dosing intervals to produce and 
maintain a desired blood level (noncumulative ap- 
proach). Surprisingly, the problem of multiple dosing 
with sustained-release dosage forms has not been con- 
sidered. In the present work, equations are presented 
which will allow a rational (and hopefully pragmatic) 
approach to such therapy. 


MODEL USED 


A simple four-compartment model was used throughout this 
study (Scheme I). All of the customary assumptions of phar- 
macokinetics with respect to exponential rate processes, constants, 
etc., as well as the validity of the model are assumed in this study 
(see References la  and 7 for a discussion of these points). 


ELEMENTARY REGLMEN 


The elementary regimen design, using two units initially followed 
by one unit each elimination half-life later, was found to be only 
very approximately valid for oral nonsustained-release products, as 
reported in another paper (7). Simple extension of this elementary 
concept from nonsustained- to sustained-release dosage forms sug- 
gests that for a sustained-release dosage form, which is designed to 
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Scheme I-Model used in development and evaluation of sustained- 
action equations 


provide flat blood levels over a full treatment period, the dosing 
frequency, rsust., should be 


Tsust. = h + t l / z  elimination (Eq. 1) 


where h is the number of hours of desired sustained effect for which 
one dose of the sustained-release dosage form has been designed, 
and ti/ ,  elimination is the elimination half-life of the drug. Similar, but 
more severe, problems than those encountered with nonsustained 
medications are encountered here. The solution to these problems 
depends somewhat upon the mathematics to describe the release of 
drug from the dosage form, i.e., zero- or first-order release, but in 
general involves corrections for the same difficulties present in non- 
sustained multiple-dose therapy, i.e., accumulation of drug in the 
body. 


As in any therapy, the interest of both the patient and the phy- 
sician is safe, but rapid, and maintained relief. A therapy dependent 
upon accumulation does not achieve this goal. The desired sus- 
tained-action product should rapidly attain and maintain the d e  
sired blood or tissue level of drug. All subsequent doses must be 
designed and taken to reachieve the plateau blood level established 
by the first dose. 


The theoretical concepts behind the design of a single sustained- 
action dosage form have been reported (8-10). This earlier work was 
designed to produce the optimum blood picture for one admin- 
istered dose. While identical concepts are involved when multiple 
doses are to be administered, slight alterations must be made to 
eliminate the undesired accumulation effect. 


SATISFACTORY SUSTAINED-ACTION PATTERN 


The nonsustained-action definition of “satisfactory ther- 
apeutic blood level patterns” (7), i.e., a rapid rise to a peak suitable 
to produce the desired biological action followed by a regular rise 
and fall between constant values, must be altered slightly for sus- 
tained-action dosage forms. Satisfactory blood level patterns, for 
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Considerable effort has been expended in the mathe- 
matical development of dosage regimens for multiple 
dosing of nonsustained-release dosage forms (1-7). In 
recent work (7), the authors developed equations to allow 
calculation of doses and dosing intervals to produce and 
maintain a desired blood level (noncumulative ap- 
proach). Surprisingly, the problem of multiple dosing 
with sustained-release dosage forms has not been con- 
sidered. In the present work, equations are presented 
which will allow a rational (and hopefully pragmatic) 
approach to such therapy. 


MODEL USED 


A simple four-compartment model was used throughout this 
study (Scheme I). All of the customary assumptions of phar- 
macokinetics with respect to exponential rate processes, constants, 
etc., as well as the validity of the model are assumed in this study 
(see References la  and 7 for a discussion of these points). 


ELEMENTARY REGLMEN 


The elementary regimen design, using two units initially followed 
by one unit each elimination half-life later, was found to be only 
very approximately valid for oral nonsustained-release products, as 
reported in another paper (7). Simple extension of this elementary 
concept from nonsustained- to sustained-release dosage forms sug- 
gests that for a sustained-release dosage form, which is designed to 
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provide flat blood levels over a full treatment period, the dosing 
frequency, rsust., should be 


Tsust. = h + t l / z  elimination (Eq. 1) 


where h is the number of hours of desired sustained effect for which 
one dose of the sustained-release dosage form has been designed, 
and ti/ ,  elimination is the elimination half-life of the drug. Similar, but 
more severe, problems than those encountered with nonsustained 
medications are encountered here. The solution to these problems 
depends somewhat upon the mathematics to describe the release of 
drug from the dosage form, i.e., zero- or first-order release, but in 
general involves corrections for the same difficulties present in non- 
sustained multiple-dose therapy, i.e., accumulation of drug in the 
body. 


As in any therapy, the interest of both the patient and the phy- 
sician is safe, but rapid, and maintained relief. A therapy dependent 
upon accumulation does not achieve this goal. The desired sus- 
tained-action product should rapidly attain and maintain the d e  
sired blood or tissue level of drug. All subsequent doses must be 
designed and taken to reachieve the plateau blood level established 
by the first dose. 


The theoretical concepts behind the design of a single sustained- 
action dosage form have been reported (8-10). This earlier work was 
designed to produce the optimum blood picture for one admin- 
istered dose. While identical concepts are involved when multiple 
doses are to be administered, slight alterations must be made to 
eliminate the undesired accumulation effect. 


SATISFACTORY SUSTAINED-ACTION PATTERN 


The nonsustained-action definition of “satisfactory ther- 
apeutic blood level patterns” (7), i.e., a rapid rise to a peak suitable 
to produce the desired biological action followed by a regular rise 
and fall between constant values, must be altered slightly for sus- 
tained-action dosage forms. Satisfactory blood level patterns, for 
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Figure I-Simulated 
blood level patterns 
produced with an 
adequately designed 
“zero - order re- 
leased’’ sustained- 
action dosage form. 
Curve A (lower 
curve) is one dosage 
unit initially fol- 
lowed by one dosage 
unit every rsust. 
hr.; Curve B (up- 
per curve) is two 
dosage units initially 
followed by one every 
rgUst. hr. Both 
curves utilize rsust. 
as calculated from 
Eq. I .  


this purpose, will be produced by dosages and regimens yielding a 
rapid rise to blood levels suitable to  produce the therapeutic effect, 
maintained at that level for a desired length of time, and followed at 
regular intervals by suitable doses to reestablish and maintain the 
same blood levels. The equations required will be discussed accord- 
ing to the type of release produced by the dosage form used, i.e., 
zero- or first-order release. 


DRUGS RELEASED BY ZERO-ORDER PROCESSES 


Calculation of Doses Required-The second dose of a sustained- 
release dosage form,’ administered at time Taust. (using Eq. 1) after 
the start of therapy, produces blood levels similar to those shown in 
Fig. 1. Because of their unique design, sustained-release dosage 
forms are unable to maintain any blood level but the one for which 
they were designed (Bd). The dosage regimen, where a single sus- 
tained-release dose is taken after two initial ones, produces a slow 
drop of the blood level down to that value for which the single dose 
was designed. Single doses administered one after the other produce 
accumulation. 


The immediately available portion of the second and subsequent 
sustained-action doses must be corrected to obtain the optimum Aat 
blood level pattern for which these dosage forms are designed. For 
the initial dose, the maintenance portion (Dm) is prepared according 
to standard equations (8): 


D m = R X h  (Eq. 2) 


where R = kdBd and is the zero-order availability rate of drug from 
the dosage form, h is the selected time of sustained action for one 
dose, kd is the elimination constant,2 and Bd is the desired amount of 
drug in the blood, all ascertained from the pharmacokinetics of 
single, nonsustained doses. The immediately available portion (Dl ) ,  
when both the immediate and maintenance portions begin release of 
drug from time zero, is normally calculated to be (8): 


Dioor‘* = Di - Rt, (Eq. 3 )  


where D1 is the nonsustained dose required to obtain the desired 
peak blood level of &, and Rt, is the correction on the initial dose 
necessary due to supply of drug from the maintenance portion over 
the time period zero to peak time (8). For any subsequent sus- 
tained-action dose, however, the immediately available portion 
must be decreased to take into account that the desired blood level 


~ ~ 


1 Sustained-action dosage forms, as used here, mean a system com- 
posed of an immediately available portion plus a sustaining or main- 
tenance portion. 


2 The terms elimination and absorption refer specifically to the mathe- 
matical model considered and are so termed only for purposes of com- 
prehension. From the standpoint of dosage form design, the only 
constants of concern are those describing the rise of drug concentration 
(or amount) in the tissue measured (blood in these discussions) and the 
decrease of that concentration (or amount). For a simple model, these 
may be called absorption and elimination constants, k. and kd, but 
they are only related to the actual constants for the physiologic processes 
of absorption and excretion or metabolism. 


(Bd) has decreased to NBd by the time of the next dose [the fraction 
N is defined as the fraction of the peak height (Bd) to which the blood 
level is allowed to drop before the next dose is administeredl. Thus, 
the optimum dose for the subsequent doses, DZcorr., can be es- 
timated to be 


D p r r .  . . . n E (1 - N)D1 - Rt, (Eq. 4)  


using the approximations developed in earlier work (7, 8). It is 
apparent that if the half-life time is used 


(Eq. 4a) 


To offer a complete picture, if a dosage form involving a delayed 
start of maintenance dose is used (8) : 


D z . .  . n z(1 - N)DI 


Calculation of Dosing Interval-The calculation of T : ” ~ ~ , ,  the 
treatment time for the zero-order release dosage form, involves a 
sum of the time to empty the dosage form (h) and the time for the 
blood level to drop to one Nth of the plateau value: 


1 
- 2  


Dzwrr. N - D1 - Rt, 


0%. 5 )  


where the first two terms are the general expression for which Eq. I 
is the example at N = The At term is a correction for drug being 
absorbed from the gut after the moment (h) where the dosage form 
has ceased to yield drug (7). 


The correctness of Eq. 1 assumes that the dosage form is com- 
pletely empty (probably true) and that all absorption ceases at the 
moment h. Under these circumstances, the drop of the blood level to 
one Nth of the plateau value requires a time equal to  2.3/kd log 
[l/(l -N)1 time units. The time error involved in making the assump- 
tion that all absorption ceases at the moment h for oral dosage forms 
can be estimated to be At, where At is the horizontal distance be- 
tween that “no absorption line” and the “eventual elimination line,” 
as shown in Fig. 2. It can be shown mathematically that the time 
error is identical to that previously derived for nonsustained forms 
(7). 


At the moment that the dosage form is empty, h, the concentra- 
tion in the gut is Gh, where Gh = kdBd/ka. The equality of the rate of 
absorption, k,Gh, and the rate of loss from the blood, kdBd, is a 
requirement for sustained action. From that time on, the blood level 
is 


Substituting kdBd for G d , ,  


The eventual elimination line for such a dosage (letting eWBat - 0) 
is described by the equation: 


(Eq. 9) 


This equation is identical to the similar eventual elimination line 
described for a nonsustained dose (7). The time error, At, is there- 
fore again described by the equation previously reported (7) : 


One precisely designed sustained-action dose, followed at intervals 
of T:~.~. by corrected sustained-action follow-up doses, will produce 


a The derivation of this equation involves setting the equations 
describing the blood level of an intravenous injection and an oral 
dose (Eq. 9) equal and solving for the time difference between them, 
w., 


Bka Be-kdtl = - e-kdtl 
kd - kd 


2.3 ka rz - rl = Ar = log (m) 
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the blood level patterns shown in Figs. 3 and 4. While the impractical 
method of administering a different dosage unit initially (Dlcorr. 
and then D2corr.) produces the fastest rise to B d ,  the use of the same 
corrected second dose at each interval of T:,,,~. hr. achieves es- 
sentially the same result. Figure 4 shows the computer-drawn curves 
for a sustained-release penicillin product using zero-order release 
procedures and the constants of Juncher and Rasschou (1 1); quite 
acceptable sustained action is demonstrated. 


DRUGS RELEASED BY FIRST-ORDER PROCESSES 


Calculation of DoseslRequired-For the initial dose, the mainte- 
nance portion (Dm) is prepared according to standard procedures 
(8): 


0%. 11) 
k Dm = 2Bd 


where k ,  = k&dh and is the first-order availability rate of drug 
from the dosage form. The immediately available portion (DI) ,  
when both the immediate and maintenance portion begin release at 
time zero, can be calculated using Eq. 12: 


kr 


D,corr. = DI - k7Dmtp (Eq. 12) 


As with the zero-order case, a correction is applied for the amount 
of drug contributed by the maintenance portion from time zero to 
the peak time (8). 


Subsequent doses require correction for the immediately available 
portion: 


Dz""".. . . 11 1 (1 - N)D1 - krDmtp (Eq. 13) 


- 
TIME AFTER START OF THERAPY 


Figure 3-Simulated blood 
level patterns for multiple 
sustained-release therapy. 
Curve A is initial dose unit 
of (DI + Dm) and sub- 
sequent dose units of [ ( I  - 
N)Jh + D,] every Tsust. 


hr.; Curve B is repeated 
dosings with [(I - N)DI + 
D m 1  every Taust. hr. 


Figure 4-Computer-drawn 
blood level patterns for a 
zero-order sustained-re- 
lease penicillin product, us- 
ing the pharmacokinetic 
constants of Juncher and 
Rasschou (11), calculated 
for a blood level of 47.65 
units, k, = 4.3 hr.-I, 


4 8 12 16 '20 24 28 k d  = 0.852 hr.-I, R = 
HOURS 40.5, D I ~ O ~ ~ .  = 51.2, and 


0 


m 
s 


D2cerr. = 25.6. 


Tn7 


Figure 2-Computer-drawn con- 
struction showing the development 
of the At correction for sustained- 
action dosage forms. 


If the maintenance dose has a delayed start, the equation is 


DZ.. . n = (1 - N)DI  (Eq. 14) 


Calculation of Dosing Interval-The second and subsequent doses 
of a dosage form whose maintenance portion releases drug by a 
first-order process must be corrected in a manner similar to zero- 
order dosages to prevent excessive peaking. The frequency of ther- 
apy, however, plays a larger part in first-order release therapy, 
because after the designed sustained-release time, h, has passed, 
considerable drug is still available and is being released from the 
dosage form. First-order release forms achieve their action through 
small release constants, k,, and relatively large maintenance doses, 
D, (8). The blood level very rapidly becomes controlled by the 
dosage form release constant, so that 


B = &  e-krl (Eq. 15) (kd - kv) 


after the immediately available portion of the dosage form is no 
longer contributing to the blood picture. This is the equation for the 
"eventual elimination line" of such a dosage form (Fig. 2). 


The time error (Atl), resulting from assuming immediate cessation 
of absorption and that the blood level decreases in a manner based 
solely on kd, is then 


making the dosing interval for first-order release dosage forms 


\ 
\ 
\ 


gut blood 


1 ;*-- , I I I I 


4 8 12 16 20 24 
HOURS 


Figure 5-A "practical" solution to sustained-action for penicillin 
( k ,  = 4.3 hr.-1, kd = 0.852 hr.-l) with a first-order release dosage 
form, Curve A is a computer-simulated blood lecel diagram for a 
0.024-g. dose. Curve C is the diagram for a single sustained-action 
dose, the parameters calculated as described in earlier work (D1eorr. = 
0.024 g., D, = 81 g., k, = 0.00174 hr.-l). Curve B is the "practical, 
multiple sustained-release dosage method" described here ( D1aorr. = 
0.013g., D, = 0.488g., k, = O.O28hr.-I). 
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Table I-Required Equations for Design of Sustained- and Nonsustained-Release Dosage Forms 


Term Nonsustained Zero-Order Sustained First-Order Sustained 


+ 2.3 log (-)(I 1 
- $) I - N  kd 


2.3 
kd At or At, 


2.3  1 + - kd log ( F N )  


2.3 log (A) ka - kd 
kd 


For the design of sustained-release dosage forms intended to be 
administered in more than one dose, a summary of the required 
equations is shown in Table I and a glossary of terms is given in 
Table 11. For comparison, the equations required for nonsustained- 
release dosage forms are also shown. 


PRACTICAL DESIGN OF DOSAGE FORMS 


Because therapy with sustained-action dosage forms is for the 
benefit of the patient, not every treatment frequency is equally 
convenient, nor are varying dosage schedules. From a pragmatic 
point of view, the dosage units must be all the same or, at most, 
simple fractions of the first dose. In addition, treatment frequency 
must be constant and, by convention, be held to a very few values. 


Nonsustained-Action Forms-Nonsustained-action forms are 
commonly administered at intervals of one, two, three, or four per 
day. The dosage multiples represent the only variable available to 
the formulator for maintaining an even series of blood level peaks 
and valleys. 


The frequency of treatment equation (7, see Table I) may be 
solved for N using T = 6,8,12, and 24 hr. (7). Any simple, even frac- 
tion approximating N will enable the initial and subsequent dose 
ratios to be calculated (if N = 0.75 or 3 / p ,  the initial dose represents 
three units and the subsequent doses one unit). 


Sustained-Action Forms-Zero-Order Release-The dosing inter- 
val contains only the sustained-action time, h, as an adjustable 
variable. Since Tsust. for sustained-action forms is normally limited 
to 12 or 24 hr., h can have but two possible values for any drug. 
Using a selected value for Taust., the resulting value of h may be used 
to  calculate the remaining factors. 


The size of the total dose is customarily limited to 0.5 g. for one 
dosage unit (an administered dose could, of course, be two units). 


Table 11-Glossary of Terms Used 


Symbol Definition 


D Equals the 100% available oral dose re- 
quired to produce the desired blood level 
peak, Bd 


Zero- and first-order dosage form availa- 
bility constants 


Time after administration for peak blood 
level to occur 


Fraction of peak or sustained blood level 
present at the time when the next dose is 
administered 


Designated sustained action for one dose, or 
the time to "empty" the dosage forms 


Immediately available dose ( D )  and corrected 
dose (DO"".), with the subscript referring 
to the dose number 


Dosing interval for sustained-action dosage 
forms: T : . ~ ~ .  (zero order), rllust. (first 
order) 


Absorption and elimination constants for 
the drug involved 


R or k,  


t ,  


N 


h 


D or Don"". 


D ,  Maintenance dose 
T s u s t .  


k.7 kd 


Thus, because D,  = R X h where R is fixed by the desired blood 
level and the elimination constant, 


(Eq. 18) 


0%. 19) 


Dm = 0.5 - (1 - N)Di 


h* = (desired h) = D,/R 
&. = selected value that produces a calculated 


value of h closest to h* (Eq. 20) 
subsequent D z . .  . n = (1 - N)D1 (Eq. 21) 


Note that several values of N may be tried; larger values decrease 
the valleys and decrease the subsequent D2.  . .N, smaller ones in- 
crease them. 


First-Order Release-Since the total dose is again limited to 
approximately 0.5 g. and Taust. is again constrained to 12 or 24 hr., 
the required parameters are calculated from these points: 


Dm = 0.5 - (1 - NfDi (Eq. 22) 
k, = kd o, Bd 


h* = (desired h) = __- 2.3 log (2) (Eq. 24) kd - k,  


and T:",~. is selected as 12 or 24 to produce a calculated value of h 
as close as possible to h*. Several values of N should be tried. Then, 


Di""". = Di - krD,tp (Eq. 26) 


Calculation of sustained-action dosage forms, based on this prag- 
matic approach, will not produce the optimum in blood level pat- 
terns. Unfortunately, however, to obtain the optimum blood level 
pattern with these nonideal availability kinetics, very large main- 
tenance doses may be required (especially if kd is large). Within the 
limits of practical oral dosages, the "practical approach" produces 
the only satisfactory dosage form. The difference between the blood 
level pattern for the optimum and the practical design is shown in 
Fig. 5 for a drug with a large kd. 


Satisfactory sustained- and nonsustained-release dosage forms 
can be designed with relatively simple equations. The equations 
provided in this report are based on simple models and are intui- 
tively correct. They have been derived completely so that the as- 
sumptions involved are apparent. 
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Metabolism of Flurazepam, a Benzodiazepine, 
in Man and Dog 


MORTON A. SCHWARTZ and EDWARD POSTMA 


Abstract 0 The metabolism of 14C-flurazepam hydrochloride, 7- 
chloro - 1 - (2 - diethylaminoethyl) - 5 - (2 - fluorophenyl) - 1,3 - di- 
hydr0-2H-l,4-benzodiazepin-2-one-5-~~C dihydrochloride, was 
studied in a dog administered oral and intravenous 2-mg./kg. doses 
and in two human subjects who each received a 28-mg. oral dose. 
In both species, evidence was obtained for rapid and essentially 
complete absorption followed by a rapid elimination of plasma 
flurazepam. Biotransformation of the drug was rapid and virtually 
complete in man and dog. Pathways of biotransformation were 
similar in both species. All the metabolites identified either showed 
some alteration in the N1-diethylaminoethyl moiety or lacked the 
Nl-substituent altogether. The major metabolite in the dog was a 
carboxylic acid, the Nl-acetic acid analog of flurazepam. In man, 
the analogous alcohol (the Nl-ethanol analog) predominated. 


Keyphrases 0 14C-Flurazepam HCI metabolism-humans, dogs 0 
Metabolites, flurazepam HCI-isolation, identification 0 Urinary, 
fecal excretion-14C-flurazepam 0 Plasma le~els-1~C-flurazepam 0 
TLC-separation 0 UV spectrophotometry-analysis 0 Scintil- 
lometry-analysis 


The synthesis (1) and the pharmacology (2) of fluraze- 
pam hydrochloride, 7-chloro- 1 -(2-diethylaminoethyl)- 
5-(2-fluorophenyl)-l,3-dihydro-2H-1,4-benzodiazepin-2- 
one dihydrochloride, have been reported as well as the 
clinical use of this compound (also designated Ro 
5-6901) as a hypnotic (3,4). 


In a previous report (5 ) ,  the isolation by TLC and the 
characterization by high-resolution mass spectrometry 
of five urinary metabolites from the dog and one human 
urinary metabolite were described. The structures of 
these metabolites are shown in Table I, together with 
those of flurazepam, the 3-hydroxy derivative of 
flurazepam (F-3-OH), and Compound 111. While 
neither of the latter two compounds had been detected 
as metabolites, F-3-OH was of interest as a reference 
compound to test for 3-hydroxylation of intact drug, 
and Compound 111 was a likely metabolic precursor of 
metabolites 111-OH and IV. All the compounds of Table 
I, except the incompletely characterized 111-OH, have 
been synthesized (6). 


1 FlurazePam hydrochloride is the active ingredient in the trademarked 
product Dalmane of Hoffmann-La Roche Inc., Nutley, N. J. 
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The synthesis of 14C-labeled flurazepam hydrochlo- 
ride allowed for a study of the disposition of this drug in 
terms of absorption, distribution, biotransformation, 
and excretion. 


EXPERIMENTAL 


Labeled Compound and Counting of 14C-Flurazepam-5- 14C hy- 
drochloride$ was diluted with unlabeled compound to a specific 
activity of 3.12 pc./mg. flurazepam base for the dog studies and 2.10 
pc./mg. base for the human studies. Before administration to the 
human subjects and the dog, the labeled drug was shown to be 
radiochemically pure by TLC with System A (described later). 


All samples were counted in a Nuclear-Chicago Corp. Mark I 
liquid scintillation spectrometer equipped with a 133Ba external 
standard; the external standard-channels ratio technique was used to 
determine counting efficiency. Aliquots of urine and extracts of both 
urine and plasma were counted in Phosphor I (7), while plasma 
(0.2-1.0 ml.) and silica gel segments from chromatoplates were 
counted as suspensions in Phosphor I1 (7) which contained a thixo- 
tropic gel. The 14C in aliquots of 50% ethanol homogenates of feces 
was determined by the Schoniger combustion, carbon dioxide trap- 
ping, and counting procedures of Kelly et al. (8). 


Dog S t u d i e s A  nonfasted 13-kg. male dog (beagle) was first 
given an oral dose of 2 mg./kg. of 14C-flurazepam HCl in a gelatin 
capsule. Two months later, it was given the same dose as a solution 
in 2.6 ml. of physiological saline by rapid intravenous injection. 
Urine and feces were collected until the excretion of radioactivity 
reached the limits of detection. Blood (10 ml., heparinized) was 
drawn at 0, 1,2,3,4,7,12, and 24 hr. after oral dosing and at 0,5,15, 
and 30 min., and 1,2, 3,4,7, 11, and 24 hr. after intravenous dosing 
of the dog. 


For fractionation of the plasma radioactivity, aliquots (0.2-0.5 
ml.) of plasma were brought to 1 ml. with water, mixed with 1 ml. of 
0.5 M borate buffer, pH 9.0, and extracted twice with 5 ml. of ether. 
This procedure quantitatively removed flurazepam (9). The aqueous 
phases were adjusted to pH 7.0 and were extracted twice with 5 ml. 
of ether and then twice with 5 ml. of ethyl acetate. Finally, the 
aqueous phases were brought to pH 3.0 and again extracted twice 
with 5 ml. of ethyl acetate. These extracts were concentrated and 
counted. 


The urinary radioactivity was fractionated in a similar manner. 
Aliquots (10 ml.) of urine were extracted twice with equal volumes of 
ethyl acetate at various pH's before incubation at pH 5.5 and 37" for 
3 hr. with a commercial preparation3 containing P-glucuronidase 


2 The labeled flurazepam hydrochloride synthesized by H. H. Kaegi 
and G. Bader, IsoJope Synthesis Laboratory, Hoffmann-La Roche 
Inc., was labeled with 14C at the C-5 posltion. The synthesis has not 
been published but is available from these chemists. 


3 Glusulase, Endo Laboratories, Garden City, N. Y. 
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5-(2-fluorophenyl)-l,3-dihydro-2H-1,4-benzodiazepin-2- 
one dihydrochloride, have been reported as well as the 
clinical use of this compound (also designated Ro 
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In a previous report (5 ) ,  the isolation by TLC and the 
characterization by high-resolution mass spectrometry 
of five urinary metabolites from the dog and one human 
urinary metabolite were described. The structures of 
these metabolites are shown in Table I, together with 
those of flurazepam, the 3-hydroxy derivative of 
flurazepam (F-3-OH), and Compound 111. While 
neither of the latter two compounds had been detected 
as metabolites, F-3-OH was of interest as a reference 
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activity of 3.12 pc./mg. flurazepam base for the dog studies and 2.10 
pc./mg. base for the human studies. Before administration to the 
human subjects and the dog, the labeled drug was shown to be 
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determine counting efficiency. Aliquots of urine and extracts of both 
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(0.2-1.0 ml.) and silica gel segments from chromatoplates were 
counted as suspensions in Phosphor I1 (7) which contained a thixo- 
tropic gel. The 14C in aliquots of 50% ethanol homogenates of feces 
was determined by the Schoniger combustion, carbon dioxide trap- 
ping, and counting procedures of Kelly et al. (8). 


Dog S t u d i e s A  nonfasted 13-kg. male dog (beagle) was first 
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drawn at 0, 1,2,3,4,7,12, and 24 hr. after oral dosing and at 0,5,15, 
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ml.) of plasma were brought to 1 ml. with water, mixed with 1 ml. of 
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Table I-Flurazepam and Metabolites 
~~ 


Compound Metabolic Status from Previous 
Designation Ri Rz Work ( 5 )  


Flurazepam - CHzCH?N(CzH& H Intact drug 
F-3-OH -CHzCHzN(CzHs)z OH Not found in urine 


I -CH~CHZNCZH~ H Urinary metabolite in dog 
I-DE" - CHKHzNHt H Urinary metabolite in dog 
I1 CHzCHzOH H Urinary metabolite in man and dog 
111 H H Not found in urine 
111-OH' H H Urinary metabolite in dog 
IV H OH Urinary metabolite in dog 


H 


=.DE signifies that this compound is the desethyl derivative of I .  b Compound 111-OH was not completely characterized; mass spectral analysis 
indicated the addition of a phenolic group to Compound 111. 


and sulfatase; they were reextracted at pH 7.0 after incubation. 
This incubation previously yielded maximum hydrolysis of benzo- 
diazepine conjugates (7). Further details of these extractions are 
included with the results in Table 11. Fecal homogenates in 50% 
ethanol were first evaporated to remove the ethanol before two 
extractions at pH 9.0 with an equal volume of ether. 


Human Study-Two women, H-17 and H-18, were each given 
28.0 mg. of labeled flurazepam hydrochloride (specific activity of 
3.90 X lo6 d.p.m./mg.) in a gelatin capsule. H-17, a 57-year-old 
hypertensive weighing 91 kg., was treated with 50 mg. of hydro- 
chlorothiazide per day before and during the study. H-18, 61 years 
old and weighing 73 kg., suffered from labile hypertension but was 
normotensive during the study and required no therapy. 


Both subjects were given a glass of water every 2 hr. during the 1st 
day to promote diuresis; intervals of urine collection were 0-2, 2 4 ,  
4-6,6-9,9-12, and 12-24 hr. and daily thereafter until the end of the 
study. Feces werecollected as daily pools. Oxalated blood(l0 ml.)was 
drawn at 0, 1,2,4,7,12, and 24 hr. and at 24-hr. intervals thereafter. 
Aliquots of plasma were extracted at  pH 9.0 with ether, as described 
for dog plasma, and the extracts were counted. Aliquots of urine 
were serially extracted at pH 9.0 with ether, at pH 7.0 with ethyl ace- 
tate before and after treatment with the P-glucuronidase-sulfatase 
preparation, and finally at pH 3.0 with ethyl acetate; equal volumes 
of solvent were used twice for each extraction. The extracts were 
evaporated to dryness, and the residues were dissolved in 5 ml. of 
Lthanol; aliquots were counted and, if sufficient 14C was present, 
were examined by TIE. 


Separation and Estimation of Drug and Metabolites-The tech- 
nique used previously (7) involves the determination of the amount 
of chromatographed radioactivity that migrates on two-dimensional 
TLC as an authentic reference compound. Internal reference com- 
pounds chromatographed with extracts of plasma, urine, and feces 
included flurazepam, F-3-OH HCl, I 2HC1, I-DE 2HC1, I1 HCl, 111, 
and IV. Also used as a reference compound was the dehydrated 
derivative of I-DE which was shown ( 5 )  to be an artifact arising on 
TLC of I-DE; any 14C separated as this compound was considered 
to have been present in the biological media as I-DE. The recovery of 
plasma 14C-flurazepam on extraction and TLC was estimated at 
roughly 90%. 


Silica gel containing a fluorescent indicator4 was used for 
TLC, together with the following solvent systems: System A, ethyl 
acetate-ethanol-concentrated ammonia (95 :5 :0.5); System B, 
isopropanolkthanolkoncentrated ammonia (90 : 10 : 1) ; System C, 
benzeneethyl acetate-ethanol-concentrated ammonia (80: 20 : 10 : 
0.2); System D, chloroform-acetone-concentrated ammonia 
(80 :20: 1); System D', chloroform-acetone-concentrated ammonia 
(95 :5 :0.1); System E, benzene-n-butanol-methanol-water (1 : 1 :2 :  


Mallinckrodt Silicar 7-GF-5. 


1); System F, benzene-methanol-acetic acid (90 : 10 : 1); System G, 
heptane-chloroform-ethanol (10 : 10 : 2.5); System G', heptane- 
chloroform-ethanol-concentrated ammonia (50 : 50: 25 : 1); System 
H, benzene-n-butanol (90 : 10); System I, methylene chloride-n- 
butanol (90: 10); System J, heptane-ethyl acetate-ethanol- 
concentrated ammonia (50: 50: 5 :0.2); and System K, heptane- 
benzene-ethanol(5 : 5 : 2). 


In many instances, these solvent systems were used as pairs for 
two-dimensional TLC. For example, System AC signifies that the 
chromatoplate was developed first in A and then, after being turned 
No, in C. Compounds were located on the plates under shortwave 
UV light. 


Metabolites of I1 HCI in the Dog-The biotransformation in the 
dog of unlabeled metabolite I1 was studied to elucidate further the 
pathways of flurazepam metabolism. Three milliliters of plasma 
separated from blood drawn 1, 2, and 3 hr. following oral ad- 
ministration of 22 mg./kg. of I1 HCI in a gelatin capsule was com- 
bined and extracted at pH 9.0 with ethyl acetate. The extracted 
metabolites were separated by TLC. Urine excreted the day before 
and the day after the intravenous administration in propylene 
glycol-water (1 : 1) of 6 mg./kg. of I1 HC1 was separately extracted by 
the Series 2 procedure of Table 11. The extracts were dried over 
anhydrous sodium sulfate, concentrated, and examined by TLC. 
Identification was accomplished by the demonstration that the 
metabolite and an authentic reference compound migrated as a 
single compound. 


RESULTS 


Metabolism in the Dog-Excretion of Labeled Drug and Metab- 
olites-The radioactivity excreted after the oral and intravenous 
administration of W-flurazepam hydrochloride is shown in Table 
111. After each route of administration, roughly the same amount of 
14C was excreted in the feces as in the urine during the 1st day. Fecal 
excretion of 14C was significant for the first 3 days, and the total 
amount excreted exceeded that found in the urine. These findings 
suggest that a considerable secretion of labeled material into the 
gastrointestinal tract occurred. The feces excreted in the first 2 days 
after intravenous drug administration were analyzed by ether ex- 
traction at  pH 9.0 and TLC of the extracts with System DB. No 
flurazepam was detected in this extract. While I-DE and IV were 
found, the fecal excretion of each was less than 1 of the dose. The 
remaining fecal radioactivity remained unidentified. 


The composition of the urinary radioactivity was first studied by 
solvent extraction. The results of three separate series of extractions 
of urine from the orally treated dog (Table 11) demonstrated the 
following: (a) no more than 5 of the urinary 14C, that extracted at 
pH 9.0, could be intact drug; (b) roughly 60% of the urinary me- 
tabolites was acidic (the Series 3 extraction ruled out the possibility 
that the 14C removed at  pH 1.0 and 3.0 in the first two extraction 
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Table 11-Extractability of the Radioactivity Excreted by a Dog 
in the 0-36-hr. Urine after Oral and Intravenous Doses of 
14GFlurazepam HCla 


-Percent of Urinary 14C Extracted- 
After 
Intra- 
venous 


Serial Extraction ---After Oral Dose--- Dose 
with Ethyl Acetate* Series 1 Series 2 Series 3 Series 2 


- - pH 1.0 58.1 -C 


4.8 - 5.2 pH 9 . 0  - 
pH 7.0 3.5 2.6 6 .1  2.0 


60.6 d 45.4 pH 3.0 - 
0 . 3  4 .4  0 . 4  pH 7.0 - 


After P-glucuronidase- 
sulfatase treatment 


pH 7.0 11.0 10.2 - 
Remaining aqueous 25.7 20.0 


98.3 98.5' 
11.6 
30.2 
94.8 


5 After the oral dose, 33.0% of the I4C was excreted in the urine in 
36 hr.; after the intravenous dose, 24.3 % was so excreted. *An aliquot 
(10 ml.) of the 0-36-hr. pooled urine was subjected to consecutive ethyl 
acetate extraction at the pH values shown. c A dash indicates that the 
urine was not adjusted to, nor extracted at, the designated pH. d The 
sample was adjusted to pH 3.0, allowed to stand for 15 rnin., and then 
adjusted to the next pH (pH 7.0) before being extracted. 


series represented nonacidic artifacts formed on exposure to these 
acidic conditions); (c) only 10-11 % of the metabolites were excreted 
as conjugates susceptible to hydrolysis by the P-glucuronidase- 
sulfatase preparation; and ( d )  20-26z of the metabolites were of 
such a polar nature that they were not extractable with ethyl 
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Figure 1-Ptasma levels of Jlurarepam-derived 4C and labeled 
metabolites in a dog given an intravenous dose of 2 mg./kg. of 14C- 
flurazepam hydrochloride. The concentrations of plasma total 14C 
(0 - -o), the 14C extracted at pH 9.0 into ether (0- - -O), and the 
I4C extracted at pH 3.0 into ethyl acetate (W- -D) are expressed as 
microgram equivalents flurazepain per miIliliter of plasma; the con- 
centrations offlurazepam (X  - X), I11 (A - A), and V (0 - 0)  are 
expressed as micrograms per milliliter of plasma. The basic metabo- 
lites were quantitated by TLC of the pH 9.0 ether extract in System 
DB; the acidic metabolite V was quantitated by TLC of the pH 3.0 
ethyl acetate extract in System EF. N .  M. = not measurable. 


HOURS 


Table 111-Excretion of Radioactivity by a Dog 
after Oral and Intravenous 2-mg./kg. Doses of 
14C-Flurazepam Hydrochloride 


Time 
Interval 


after Dose, 
Days Urine Feces Total 


-Excretion of 14C, % of Dose- 


1 
2 
3 
4 


Oral 2-mg./kg. Dose 
30.4 29.4 
4.1 14.1 


0.04 -0 


0.08 
36.3 48.5 
Intravenous 2-mg./kg. Dose 


- 
~ __ 


22.8 
2.3 
1 . 1  
0 .5  
0.3 
0 . 2  
0.07 
0.1 
0.05 


19.9 
28.4 
3.9 
0 . 8  
0.4 
0 . 3  
0 . 2  


~ _- 
27.4 53.9 


59.8 
18.2 
5 . 1  
0 . 9  
0 .4  
0 .3  
0.04 
0.08 


~ 


84,8 


42.7 
30.7 
5.0 
1.3 
0.7 
0.5 
0.27 
0 . 1  
0.05 
81.3 


a The dash indicates that the feces were not collected. 


acetate under any condition listed in Table 11. It is also evident from 
Table I1 that the urine from the intravenously treated dog contained 
metabolites similar in extractability to those excreted after oral drug 
administration. 


To identify the acidic metabolites, 180 ml. of the 0-36-hr. urine 
from the orally treated dog was extracted according to Series 2, 
Table 11. At pH 3.0,57.4% of the urinary 14C was extracted. TLC of 
the concentrated extract with System H yielded a UV-absorbing 
band at R! 0.3-0.4, which was associated with roughly 80% of the 
chromatographed radioactivity. This labeled component was 
eluted from the silica gel, and an aliquot of the concentrated ethanol 
eluate was rechromatographed with System I alongside authentic 
2-[7-chloro-5-( 2-fluorophenyl)-l,3-dihydro-2-oxo-2H-1,4 - benzodia- 
zepin-1-yllacetic acid (Compound V). Compound V was chosen 
as the reference compound because the analogous alcohol, 11, was a 
known urinary metabolite of flurazepam hydrochloride in the dog 
( 5 ) .  The labeled metabolite migrated as a single band (R ,  0.75), which 
contained 94% of the I4C chromatographed with System I and did 
not separate from authentic V. Although TLC with System I of 
greater amounts of labeled material yielded a diffuse band, this 
diffuse component, after elution from the silica gel, and authentic V 
were shown by high-resolution mass spectral analysis6 to be identi- 
cal. It was estimated that roughly 45% of the urinary 14C was pres- 
ent as V. 


Although this new metabolite was quantitated successfully in 
plasma extracts by two-dimensional TLC, this technique could not 
be used with extracts of urine because of excessive tailing. It was, 
therefore, necessary to convert metabolite V into its methyl ester 
prior to TLC. Freshly prepared diazomethane (10) was added in ex- 
cess to the urinary extract and, after standing 15 min. at room 
temperature, the solution was evaporated to dryness and the residue 
dissolved in ethanol. Authentic V was found to be completely 
esterified under these conditions. 


The urinary excretion of drug and metabolites, quantitated by 
solvent extraction and TLC, is summarized in Table IV. After oral 
administration, no flurazepam was detected in the urine; the major 
metabolite was V, while lesser amounts of conjugated IV and free 
I-DE were excreted. The same three metabolites were excreted after 
intravenous drug administration in amounts similar to those found 
after oral dosing. In addition, the excretion of small amounts of in- 
tact drug (0.2% of the dose), Compound I, and conjugated I1 was 


Performed by F. M. Vane, Physical Chemistry Department, Hoff- 
mann-La Roche Inc., Nutley, NJ 07110 
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Figure 2-Plasmu levels of flurazepam-derived I4C and labeled 
metabolites in a dog given an oral dose of 2 mg./kg. of l4C-fiurazepam 
hydrochloride. The concentrations of plasma total 14C (0- - -O), the 
14C extracted at pH 9.0 into ether (0- - -O), and the I4C extracted 
at p H  3.0 into ethyl acetate (m- -U) are expressed as microgram 
equivalents flurazepam per milliliter of plasma: the concentrations 0.f 
111 (A - A), I-DE (A - A), 1V (+ - +), and V (0 - 0) are ex- 
pressed as micrograms per milliliter of plasma. The metabolites were 
quantitated by TLC as described in the legend of Fig. 1. N.M.  = 
not measuruble. 


seen only after intravenous drug administration. Although not 
shown in this table, no excretion of F-3-OH, either as a free or con- 
jugated metabolite, was found. 


Plasma Lzvels of Drug and Metabolites-The plasma levels of 
undifferentiated l4C and of specific labeled compounds following the 
intravenaus administration of 14C-flurazepam hydrochloride are 
shown in Fig. 1. Intact drug was the major labeled compound ex- 
tracted at pH 9.0, and its rapid biexponential elimination was 
characterized by half-lives of 11 min. and 1.4 hr. In addition, its 
apparent volume of distribution in terms of the central compartment 
of a two-compartment open system was calculated ( 1  1) to be 44.2 1. 
or 340z of body weight, a value indicating extensive tissue uptake of 
drug. Compound 111 was found in the same extract as flurazepam, 
but its plasma levels remained below 0.01 mcg./ml. At 5 min., the 


Table IV-Urinary Excretion of Drug and Metabolites by a Dog 
after Oral and Intravenous 14C-Flurazepam Hydrochloride 


~ ~~~ 


,---Amount Excreted- 
After Intravenous 


After Oral Drugs -Drugb--- 
(3 of - ( ? o f  - 


Urinary (%of Urinary ( % o f  
Urinary Components 14C) Dose) 14C) Dose) 


Basic 
Flurazepam 
I 
I-DE 
Unknown 


Acidic 
V 
Unknown 


Conjugates 
IV 
I1 
Unknown 


Unknown 
Polar nonconjugates 


<0.17 Nil 0.57  0 . 2  
<0 .2  Nil 0.15 <O.l 


1.2 0 . 4  0.82 0.2 
3 .6  1 .2  2.68 0 . 7  


45 15 41.5 11.4 
15 5.0 9.3  2.5  


3 . 8  1 . 3  6 .9  1 .9  
<0.3 Nil 0.32 0.1 


6 . 4  2.1 8 .5  2.3 


20 6 . 6  31.0 8 . 5  


(1 The urinary excretion of metabolites in 36 hr. is shown; over 90% 
of the total urinary 14C excreted was excreted in this time interval. 
The appropriate extracts of Series 2, Table 11, were used for the quantita- 
tion of the basic and conjugated metabolites. Basic metabolites were 
separated by TLC with System AC, while both Systems AC and BD 
were used to separate the deconjugated metabolites. The amount of 
acidic metabolite was estimated during its isolation. The “polar non- 
conjugates” represent the nonextractable 34C of Series 2, Table 11. 
*The total urinary excretion of drug and metabolites is shown. Each 
urine collected during the first 3 days was analyzed by solvent extraction 
(Series 2, Table 11) and TLC. Basic and deconjugated metabolites were 
separated by TLC with System DB, while the acidic metabolite was 
esterified with diazomethane and separated in two one-dimensional 
systems, G and D‘. 


acidic metabolite (V) was present at a plasma level of 0.041 mcg./ml.; 
at 1 hr., it reached a peak level of 0.12 mcg./ml. Since no appreciable 
amounts of intact drug were found in the urine and feces, it appears 
that the rapid elimination of plasma flurazepam resulted from tissue 
uptake and rapid biotransformation. 


These two processes were also apparently responsible for the 
absence of detectable plasma levels of drug after oral administra- 
tion. As shown in Fig. 2, the highest level of plasma I4C was ob- 
served at  1 hr., suggesting that rapid absorption had occurred. But 
even at this early time the major portion of the plasma radioactivity 
resided in acidic metabolites. Metabolite V accounted for over 70 % of 
the acidic metabolite fraction of 1, 2, 3, and 4-hr. plasma, and its 
levels fell rapidly from 0.43 mcg./ml. with a half-life of 0.76 hr. Also 
found in the plasma were relatively low concentrations of I-DE, 111, 
and IV. 


Metabolism of I1 HCI-Intact I1 and Compound 111 were both 
identified in the ethyl acetate extract of dog plasma by TLC with 
Systems D and J. In the urine, both free and conjugated I1 were 
found (System DB), while the presence of conjugated IV was demon- 
strated with Systems AD and G’B. The acidic Compound V was also 
shown to be a urinary metabolite by formation of its methyl ester 
and subsequent TLC with System GK. 


Figure 3-Cumulative ur- 
inary excretion of radio- 
activity by Subject H-17 
(0 - 0) and Subject 


ing an oral dose of 28 
mg. of W-flurazepain 
hydrochloride. 


H-18 ( X  - X) fOllOW- 


0 1 2 3 4 5 6 7 15 16 17 18 
DAYS 
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Administered I1 was apparently biotransformed via two path- 
ways. One involved the removal of the N-ethanol moiety to give 
plasma 111; this was subsequently hydroxylated at C-3 to form IV 
which, as a conjugate, was excreted in the urine. The second path- 
way involved oxidation of the alcohol moiety of I1 to form the 
carboxylic acid, V, which was found in the urine. 


Metabolism in Man-The cumulative excretion of radioactivity 
in urine and feces was almost the same for both subjects. More than 
half of the administered 14C was excreted by each subject in the urine 
during the 1st day; each excreted a total of 81 % of the dose in the 
urine, with 9 %  of the dose excreted in the feces by H-17 and 8% 
of the dose so excreted by H-18. The similarity of the excretion of 
urinary radioactivity for both subjects is clear from Fig. 3, which 
shows the cumulative excretion of urinary I4C as a function of time. 


In the plasma, the highest levels of total radioactivity, 0.24 mcg. 
equivalents of flurazepam per ml. for H-17 and 0.34 mcg. equiva- 
lents/ml. for H-18, were seen at  1 hr. (Fig. 4). These early peak 
levels indicated that absorption of labeled drug had been rapid. While 
the levels of ether-extracted radioactivity were markedly lower than 
those of total 14C, the falloff of this extracted radioactivity closely 
paralleled that of total plasma 14C in each subject. 


Only in the plasma samples containing the highest levels of 14C 
was it feasible to search for drug and metabolites. As seen in Table 
V, intact flurazepam was detected only in the 1-hr. plasma of H-17. 
Furthermore, intact drug in these early samples accounted for 
roughly 1 % or less of the total plasma I4C shown in Fig. 4. In view 
of the evidence for rapid absorption of labeled drug, this finding 
indicates that the absorbed drug was rapidly biotransformed into 
metabolites. With respect to the plasma metabolites identified 


Table V-Composition of the Plasma Radioactivity Extractable 
at pH 9.0 into Ether following Oral 14C-Flurazepam 
Hydrochloride Administration to Two Subjects 


Plasma Concentration, mcgJml.5 
-H-17- y H - 1 8 -  


Compound 1 hr. 2 hr. 1 hr. 2 hr. 


Flurazepam 0.004 N.S. N.S. N.S. 
11 0.014 0.013 0.020 0.009 
111 0.005 0.008 0.010 0.010 
I 0.003 0.008 0.012 0.010 
I-DE N.S. 0.004 0.004 0.004 
IV 0.003 N.S. N.S. 0.004 
F-3-OH N.S. N.S. N.S. N.S. 
Unaccountedb 0.014 0.027 0.041 0.028 


The distribution of the ether-extracted was determined by two- 
dimensional TLC (System DB), using the compounds listed in the table 
as internal standards. Limit of sensitivity for each compound was 
roughly 0.003 rncg./ml. plasma; N.S. indicates that levels of 14C were 
below 10 c.p,.m. above background. bThe 14C unaccounted for is ex- 
pressed as microgram equivalent flurazepam/milliliter. 
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(Table V), I1 was the major metabolite in both subjects a t  1 hr. 
while roughly equivalent levels of 11,111, and I were found at 2 hr. In 
addition, trace levels of I-DE and IV were found in the plasma, 
while F-3-OH was not detected and 33-47 of the extracted I4C was 
not identified. 


The nature of the urinary radioactivity was investigated with 
pooled urine (0-4 days) representing over 90% of the total urinary 
I4C eliminated by each subject. Only 15 % (H-17) and 11 % (H-18) of 
the urinary I4C was extractable as intact drug and/or basic metab- 
olites (Table VI). The major portion, 49 % in each subject, was ex- 
tracted at pH 7.0 after P-glucuronidase-sulfatase treatment; i.e., it 
was apparently excreted as glucuronide and/or sulfate conjugates. 
Less than 7 % of the excreted radioactivity represented acidic 
metabolites extractable at pH 3.0, and roughly 20% was comprised 
of polar nonextractable compounds. 


The composition of the urinary radioactivity extractable directly 
a t  pH 9.0 and, following P-glucuronidase-sulfatase treatment, a t  pH 
7.0 is shown in Table VII. While no intact drug was found, both 
subjects excreted I and I-DE as unconjugated metabolites. The 
major urinary metabolite was conjugated 11, which accounted for 
25% of the dose in H-17 and 2 2 z  of the dose in H-18. A small 
amount of conjugated IV was also excreted by both subjects. 


The rate of excretion of metabolites was studied in H-18. The 
unconjugated and conjugated metabolites of each urine specimen 
collected during the first 4 days were extracted as described previ- 
ously, and the metabolites of each extract were separated and quan- 
titated by TLC with System DB. The total urinary excretion of each 
metabolite in milligrams was readily estimated(I,0.21; I-DE, 0.76; 11, 
4.69; and IV, 0.30), and the amount of each compound remaining to 
be excreted was plotted as a logarithmic function of time (Fig. 5 )  to 


Table VI-Extraction of the Radioactivity in O-4-Day Pooled 
Urine" from Subjects H-17 and H-18 


-Radioactivity Extracted? 
Subject H-17 Subject H-18 


( % o f  ( % o f  
Urinary (% of Urinary (% of 


Serial Extraction I4C) Dose) 14C) Dose) 
~ ~~~~~ 


pH 9.0, ether 15.0 11.1 10.9 8.4 
pH 7.0, ethyl acetate 2.6 1.9 2.5 1 . 9  
After P-glucuronidase- 


sulfatase treatment 
pH 7.0, ethyl acetate 49.0 36.3 49.2 37.9 
pH 3.0, ethyl acetate 4.1 3.0 6.1 4.7 
Remaining aqueous 21.1 15.6 17.7 13.6 
Recovery 91.8 86.4 


aThe (r4-day urine pool represented the excretion of 74x  of the 
administered I4C dose by H-17 and 77% of the dose by H-18. 
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Figure 5-Urinary excretion of metabolites by Subject H-18. The 
milligramsofZ(0 - a), I - D E ( X - - X ) ,  11(0 - O) ,andIV(A - A )  
remaining to be excreted are plotted logarithmically as a f i c t i o n  of 
time. (Metabolites I1 and IV were excreted as conjugates.) The hav- 
life in hours for each rate [with rate (a) obtained by the “residuals” 
method] was: 


IV 


2.0 I 1  17 2 . 5  17 42 


give the pseudo-first-order elimination rates expressed as half-lives in 
the legend. The major urinary metabolite, conjugated 11, was 
eliminated biexponentially at rates characterized by half-lives of 2.5 
and 17 hr. Metabolite I was also eliminated biexponentially a t  
similar rates. Both I-DE and conjugated JV were eliminated mono- 


- - I I-DE I1 


(a)  (6)  (a)  (4 


exponentially; the latter metabolite exhibited a long lag period be- 
fore appreciable excretion occurred and had the longest half-life. 


DISCUSSION 


The evidence presented indicated that in both man and dog the 
rate of labeled drug absorption was relatively fast. Furthermore, the 
dog excreted more of the labeled dose in the urine after oral I4C- 
flurazepam administration than after intravenous administration, 
and the human subjects excreted over 80% of the oral dose in the 
urine. These findings suggest that absorption was fairly complete in 
both species. 


Since orally admin‘stered flurazepam hydrochloride was not ex- 
creted intact by dog or man, it is clear that the drug was eliminated 
solely by biotransformation. Evidence for the elimination being a 
rapid process was provided by the fact that, in the intravenously 
injected dog, drug disappeared rapidly from the plasma exhibiting a 
biexponential decline with half-lives of 1 1  min. and 1.4 hr. Further- 
more, in both species, metabolites predominated even in the earliest 
plasma samples. The rapid biotransformation, together with tissue 
uptake of intact drug, appeared to be responsible for keeping plasma 
flurazepam below measurable levels after oral administration to man 
or dog. 


The postulated pathways of flurazepam biotransformation are 
shown in Scheme I. Flurazepam was metabolized by successive 
N-dealkylation to yield I and I-DE, both of which were excreted in 
the urine by man and dog. The dog produced V as a major metabo- 
li e of plasma and urine and I1 as a minor urinary metabolite. It is 
likely that both arose from the same precursor, an aldehyde formed 
by oxidative deamination of I-DE. In the dog, oxidation of the 
aldehyde was preferred and V was the dominant metabolite; in man 
the reduction to 11, which was excreted as the major urinary metabo- 
lite in the form of a conjugate, was the preferred pathway. 


The study of the metabolism of I1 in the dog revealed that I11 was 
formed by removal of the N-CH2CH20H group, a pathway shown 
in Scheme I. Since 111 was also a metabolite of flurazepam in man 
and dog and has not been shown to be formed exclusively uia I1 as 
the intermediate, possible pathways (broken arrows) leading from 
flurazepam, I, and I-DE are also shown. 


The 3-hydroxy derivative of flurazepam, F-3-OH, was not found 
as a metabolite in either man or dog, suggesting that metabolic 
attack at the N-1 side chain was preferred over 3-hydroxylation of 
intact drug. Therefore, the conjugated IV found in the urine of both 
species probably was formed uia a pathway in which N-dealkylation 
preceded 3-hydroxylation, thus indicating that Ill  was the immediate 
precursor of IV. Scheme I also shows 111-OH, the incompletely 
characterized phenolic metabolite previously found ( 5 )  as a urinary 
conjugate in a dog chronically treated with flurazepam, arising from 
111. Although this metabolite may have been excreted in the present 
experiments in very small amounts, it definitely was not a significant 
metabolite in man or dog following single doses of flurazepam. 


The threeether-extractable metabolites present in human plasma in 
greatest amounts were I, 11, and Ill. I and conjugated I1 were excreted 
fairly rapidly in the urine, while111 was not excreted per se but was bio- 
transformed to IV. Conjugated IV did not appear in the urine in any 
appreciable amounts until the 2nd day, and it was excreted relatively 
slowly. This suggests that the conversion of 111 to IV may be slow 
and that 111, on repeated administration of flurazepam, may tend 


Table VII-Estimation by Two-Dimensional TLC of the Conjugated and Unconjugated Urinary Metabolites of Subjects H-17 and H-18 


Urinary Excretion of Drug and Metabolites in Percent of 
Administered Dose” - 


Unac- 
Source of --Day counted 


Urine Metabolite Form Flurazepam I I-DE I1 111 IV for 


a The values presented were based on the average distribution of 1 4 2  on two-dimensional TLC in at least two systems. The “pH 9.0, ether’,’ extract 
of H-18 was chromatographed in Systems DB and AD; the other extracts were each chromatographed in Systems DB, AD, and DC. b N.D. indicates 
that the compound was not detectable. The detection limits were 0.2 % of the dose for unconjugated metabolites and 0.8 % of the dose for conjugated 
metabolites. Compound F-3-OH was also used as an internal reference compound but was not detected as a metabolite in any of the extracts. 
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Scheme 1-Postulated pathways of Jturazepam metabolism in man and dog. The compound shown in parenthesis was not detected but is a 
presumed intermediate which would result from oxidative deamination of I-DE. The pathways labeled “dog” denote that the resulting metabo- 


lites were definitely established solely in the dog 


toward higher plasma concentrations. Further studies are required 
to test this supposition. 
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Interaction of Nitrogen Dioxide with 
Cholesterol Monomolecular Films: Effect 
of Initial Surface Pressure, Time of Exposure, 
and Concentration of Nitrogen Dioxide 


AIDA M. KAMEL, ALVIN FELMEISTER, and NORMAN D. WEINER" 


Abstract 0 The interaction of NO2 with cholesterol monomolecular 
films was studied as a function of the initial surface pressure, time 
of exposure, and concentration of NOZ. A condensation of the 
cholesterol films was observed that increased with the time of ex- 
posure and concentration of the NOz. This effect apparently was 
due to the loss of cholesterol from the interface. A percent apparent 
loss of cholesterol was calculated. Films exposed at  an initial sur- 
face pressure of 7 dynes/cm. exhibited a greater percent apparent 
loss of cholesterol than did those exposed at 0 dynelcm. An explana- 
tion for these results based on the orientation of the cholesterol at 
the interface is offered, and the possible biological relevance of this 
work is considered. 


Keyphrases 0 Cholesterol monomolecular films-nitrogen dioxide 
interaction 0 Films, cholesterol-initial pressure, exposure time 
effects 0 Nitrogen dioxide, concentration effect--cholesterol film 
interaction 0 Colorimetric analysis-spectrophotometer 


Recently, the authors reported the interaction of a 
series of phospholipid films with the air pollutant nitro- 
gen dioxide (1, 2). The data demonstrated that the un- 
saturated fatty acid moieties of phospholipids are sensi- 
tive to attack by NO,. Similar results were reported in 
uiuo by Thomas et al. (3), who postulated that some ob- 
served effects of air pollutants may be directly attribut- 
able to the interaction of NO, with unsaturated lipids. 


Since cholesterol also is an important component of 
cell membranes, it was of interest to examine the inter- 
action of NOs with cholesterol monomolecular films. 
In this study the effect of time of exposure, NO, con- 
centration, and the physical state of the cholesterol film, 
as influenced by the initial surface pressure, were in- 
vestigated. 


EXPERIMENTAL 


Materials and Equipment-Chromatographically pure cholesterol 
was obtained,' and spectroscopic grade hexane was used to pre- 
pare the cholesterol solutions. All other chemicals were of reagent 
grade. Previously deionized water was distilled from an all-glass 
still prior to use. 


A mixture of 0.5% NO2 (99.5% pure)z and 99.5% research grade 
nitrogen was used. The gas mixture was allowed to pass through a 
flow meter at a fixed rate and directed into a short length of perfo- 
rated Teflon tubing which was affixed to the underside of an acrylic 
resin3 trough cover as previously described (1). This served to main- 
tain the desired gaseous atmosphere over the film. 


The film balance used to study the surface pressure-surface area 
( P A )  characteristics of the film has been described previously (1). 
Surface pressures were measured by the Wilhelmy plate method (4). 


Methods-Solutions of cholesterol in hexane were spread on a 
0.065 M phosphate buffer at pH 7.0, and the gas was allowed to 
flow over the film for a fixed period of time. At the end of the time 


1 Mann Research Laboratories, N. Y. 
2 Matheson Co., East Rutherford, N. J. 
3 Lucite, E. I. du Pont de Nemours, Wilmington, Del. 


period, the flow of gas was discontinued; any NO2 remaining over 
the surface was removed by use of the exhaust fan in the hood, in 
which the film-balance unit was set. Manual compression of the film 
was then initiated, and surface pressure readings were obtained at 
various film areas. 


The concentration of the NOz over the subphase during exposure 
was determined as follows. At periodic intervals during each experi- 
ment, 10-ml. samples of the atmosphere under the acrylic resin 
cover were drawn into a gastight Hamilton syringe containing 10 
ml. of NOp-absorbing solution. The color of the absorbing solution 
was permitted to develop for 15 min., and the absorbance was mea- 
sured at  550 mr using a Spectronic-20 spectrophotometer. Thecon- 
centration of NO2 was determined from a standard nitrite curve (5 ) .  


RESULTS AND DISCUSSION 


Effect of Concentration and Time of Exposure to NO-Figure 
1 shows the a-A curves obtained after exposure of a cholesterol 
film (at an initial pressure of 0 dyne/cm.) to 175 f. 25 p.p.m. of 
NOz for various time periods. Under these conditions the condensa- 
tion effects increased with the time of exposure up to 60 min. Ex- 
posure for periods longer than 60 min. had no further effect on the 
shape or position of the T-A curve. A similar limiting effect was ob- 
served also when the film was exposed at an initial surface pressure 
of 7 dynes/cm. Additional experiments were conducted at both 


l i  
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Figure 1-PA curves of cholesterol films exposed to 175 I!L 25 
p.p.m. of NO2 at an initial surface pressure of 0 dynelcm. for various 
time periods. Key: 0, control; @, 20 rnin.; 0, 35 min.; and B, 60 
and90 min. 
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Figure 2-3r-A curves of 
cholesterol films at an in- 
itial surface pressure of 0 
dynelcm. exposed to var- 
ious concentrations of NOZ 
for 60 min. Key: 0, con- 
trol: @, 25 =!= I0 p.p.m.; 
0, 95 =!= 20 p.p.m.; and 
m, I75 =t 25 p.p.m. 
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initial pressures using a concentration of 95 f. 20 p.p.m. of NO%. 
In these cases, maximum condensation was observed after a 90-min. 
exposure. 


The reason for this limiting effect could not be explained on the 
basis of the data obtained in this study. However, Bergstrom and 
Wintersteiner (6) previously reported such a limiting effect during 
the autoxidation of aqueous dispersions of cholesterol, which they 
attributed to an inhibitory effect exerted by the oxidation products. 
A maximum loss of 70z of the cholesterol was reported by these 
workers, which corresponds to the maximum percentage losses ob- 
served under varying conditions in the present study. 


The effect on the T-A curves of films exposed at zero initial pres- 
sure for 60 min. to  different concentrations of NOZ is shown in Fig. 
2. The condensation effect clearly increases with increasing concen- 
tration of NO,. When films were exposed at an initial pressure of 7 
dynes/cm. for the same period of time, the results were essentially 
the same. 


The apparent condensation effect observed in these experiments 
appears to be due, at least in part, to an NOz+holesterol inter- 
action. This reaction, in turn, results in the formation of relatively 
polar products and in their subsequent desorption or dissolution. 
This effect can be represented by the percent apparent loss (PAL) 
of cholesterol calculated from the following equation: 


PAL = ( I  -A’ /& 100 (Eq. 1) 


where A and A’ are the area/molecule of cholesterol at 30 dynes/ 
cm. before and after exposure to NO,, respectively. PAL is not the 
actual percent loss of cholesterol from the surface, but rather a com- 


100 
u 
z z 


80 


4 
U 
-1 
0, 60 
W 
I- 
v) w 
d 40 
I 
0 
F z g 20 
W 
n 


0 20 40 60 80 100 120 
MINUTES 


Figure &Rate of loss of cholesterol from films at an initial surface 
pressure of 0 dynelcrn. exposed to various concentrations of NOn. 
K e y : 0 , 2 5 f  IOp .p .m. ;n ,95 f20p .p .m. ;andA,175f25p .p .m.  


40 


30 


CT 
W 


L 
E 
5 
;i 2c 


F 


0 


W z > 


k 


n 


1c 


Figure 4-3r-A curves of 
cholesterol jilms at various 
initial surface pressures ex- 
posed to 175 =!= 25 p.p.m. NO2 
for 35 min. Key: 0, control; 
0, 0 dynelcm.; and 0, 7 
dyneslcm. 


0 20 40 60 
&/MOLECULE 


plex function which takes into account such factors as desorption, 
dissolution, changes in molecular orientation, and chemical modi- 
fication of the cholesterol molecules. However, PAL is a useful 
means of comparing the effects of NOz concentration and initial 
surface pressure on the stability of NOz-exposed cholesterol mono- 
molecular films. 


The curves shown in Fig. 3 were constructed from the calculated 
values of PAL of cholesterol from films exposed at an initial pres- 
sure of 0 dynelcm. to  25 f. 10,95 i 20, and 175 25 p.p.m. of 
NOZ for periods of time ranging from 20 to 90 min. 


The rate of loss of cholesterol appears to be dependent on the 
concentration of NOz and independent of the amount of cholesterol 
remaining in the films up to the time at which the limiting effect is 
observed. 
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Figure 5-Rate of loss of cholesterol as a function of NOS 
concentration for jiltns at an initial surface pressure of 
0 dynelcm. 
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Effect of Initial Surface Pressure-Figure 4 shows the F A  curves 
of cholesterol films at initial surface pressures of 0 and 7 dynes/cm. 
prior to and following a 35-min. exposure to 175 f 25 p.p.m. nitro- 
gen dioxide. 


Exposure to NOz, in the case of the film adjusted to an initial 
surface pressure of 7 dynes/cm., resulted in a steady decrease in 
pressure, reaching a value of zero in about 20 min. Furthermore, 
following a 35-min. exposure to NOz, the fdm exposed at this higher 
surface pressure exhibited a greater PAL of cholesterol. 


The orientation of cholesterol molecules in a monomolecular film 
is markedly influenced by the surface pressure of the film. At zero 
pressure the molecules would be expected to be essentially flat on 
the surface, occupying relatively large areas. At 7 dyneslcm., the 
cholesterol molecules are closely packed and occupy an area that 
indicates they are in a vertical position with the 3-hydroxy groups 
anchored in the subphase. Thus, at zero pressure, both polar sites 
of the cholesterol molecule (i.e., the 3-hydroxy group and the 5-6 
double bond) would likely be associated with the aqueous sub- 
phase. At 7 dyneslcm., only the 3-hydroxy group would be associ- 
ated with the subphase, while the double bond would be in the gas 
phase. 


Since the PAL of cholesterol upon exposure to NOz is greater 
when the molecules are in the vertical position, it appears that 
association of both polar sites with the subphase inhibits the oxida- 
tion of cholesterol by NOt. Such a postulation is supported by 
Altshuller and Cohen (7), who reported that the oxidation of olefins 
by NOZ occurred in the gas phase along with some nitration, while 
little or no oxidation was observed (though nitration did occur) in 
the aqueous phase reaction. 


CONCLUSIONS 


While it appears that the rate of loss of cholesterol from a mono- 
molecular film is dependent on the concentration of NO,, the rate 
of loss at levels of NOz normally found in polluted air (=0.5 p.p.m.) 
would be very slow. Thus, only at relatively high levels of NOe 
would the loss of cholesterol be significant, even over several hours. 
This can be seen from the extrapolated portion of the plot in Fig. 
5 of the rate of loss of cholesterol uersus the concentration of NOZ. 


Whether these results can be related to the effect of NOz on cell 
membranes or to the in viuo exposure of humans or animals to NO, 
has not been established. However, the work of Steadman et al. 


(S), in which animals were exposed to wide ranges of concentrations 
of NO2 for varying periods of time, does show some correlation. 
These workers noted that animals exposed to NOz concentrations of 
70 p.p.m. for 8 hr. suffered pulmonary edema and vascular conges- 
tion with high mortality rates. On the other hand, exposure to a 
concentration of 0.5 p.p.m. even for as long as 90 consecutive days 
produced no apparent untoward effects. Thus, it may be that the 
loss of cholesterol from surface films, which would be very slow at a 
NO2 concentration of 0.5 p.p.m. and relatively fast at a concentra- 
tion of 70 p.p.m., gives some indication of the loss of this essential 
lipid from cell membranes and of the observed clinical effects of 
NO,. 
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Crystal Pseudopolymorphism of Cephaloglycin and Cephalexin 


RALPH R. PFEIFFER, K. S. YANG, and MARY ANN TUCKER 


Abstract 0 The systematic investigation of the crystallization of 
cephaloglycin and cephalexin leads to a better understanding of the 
part that pseudopolymorphic crystal transitions play in the analysis, 
processing, and formulation of these and many other pharmaceutical 
compounds. The employment of solubility uersus solvent composi- 
tion diagrams to detect various crystal forms of compounds is 
discussed. This appears to be a convenient and sensitive method for 
detecting new crystalline phases. It should find application when- 
ever crystallizations are performed with more than one solvent, and 
particularly when instability of the compound at elevated tempera- 


tures prevents the use of conventional thermal methods or when 
poor crystal development limits the use of microscopic methods. 
Interpretation of vapor pressure-composition relationships for 
various crystal forms of these compounds points to the advisability 
of obtaining such data for all pharmaceutical solids. 


Keyphrases 0 Crystal pseudopolymorphism+ephaloglycin, ceph- 
alexin 0 Cephaloglycin, cep halexin-pseudomorphic crystal- 
lization = UV spectrophotometry-analysis 0 X-ray powder dif- 
fraction-analysis IJ NMR spectroscopy-analysis 


It is the responsibility of the pharmaceutical chemist (mixing, tableting, filling, dusting, etc.) and pharma- 
to become familiar with the crystallizing properties of ceutical performance (dissolution, biological availability, 
drugs in order to control the crystal form, habit, size, chemical and physical stability, suspendibility, rheol- 
size distribution, degree of crystallinity, and state of ogy, etc.). Haleblian and McCrone (1) adequately 
aggregation of the drug particles. These parameters documented the broad aspects of this argument in a 
often determine the acceptability of bulk properties recent review article on polymorphism, wherein they 
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of cholesterol films at initial surface pressures of 0 and 7 dynes/cm. 
prior to and following a 35-min. exposure to 175 f 25 p.p.m. nitro- 
gen dioxide. 


Exposure to NOz, in the case of the film adjusted to an initial 
surface pressure of 7 dynes/cm., resulted in a steady decrease in 
pressure, reaching a value of zero in about 20 min. Furthermore, 
following a 35-min. exposure to NOz, the fdm exposed at this higher 
surface pressure exhibited a greater PAL of cholesterol. 
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This can be seen from the extrapolated portion of the plot in Fig. 
5 of the rate of loss of cholesterol uersus the concentration of NOZ. 


Whether these results can be related to the effect of NOz on cell 
membranes or to the in viuo exposure of humans or animals to NO, 
has not been established. However, the work of Steadman et al. 


(S), in which animals were exposed to wide ranges of concentrations 
of NO2 for varying periods of time, does show some correlation. 
These workers noted that animals exposed to NOz concentrations of 
70 p.p.m. for 8 hr. suffered pulmonary edema and vascular conges- 
tion with high mortality rates. On the other hand, exposure to a 
concentration of 0.5 p.p.m. even for as long as 90 consecutive days 
produced no apparent untoward effects. Thus, it may be that the 
loss of cholesterol from surface films, which would be very slow at a 
NO2 concentration of 0.5 p.p.m. and relatively fast at a concentra- 
tion of 70 p.p.m., gives some indication of the loss of this essential 
lipid from cell membranes and of the observed clinical effects of 
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Figure 1-Solubility of cephaloglycin in binary solvent mixtures at 
25". A = water in all cases. Arabic numerals refer to solid phases in 
Table I .  


also discussed thoroughly the preparation and char- 
acterization of true polymorphic crystal forms by 
thermal methods. The related and equally pertinent 
phenomenon of pseudopolymorphism, i.e., modifica- 
tion caused by inclusion of solvent in the crystal struc- 
ture, apparently has received no such general treat- 
ment in the pharmaceutical literature, although many 
specific cases of pseudopolymorphism in drugs have 
been reported (2-4). 


This article suggests some new approaches to the 
study of pseudopolymorphic crystal transformations 
as they apply to pharmaceutical manufacturing practice. 
As a case in point, it reports the crystallizing properties 
of the antibiotics cephaloglycin (I) ( 5 )  and cephalexin 
(11) (6),  both of which occur in a wide variety of solvated 
crystal forms. 


EXPERIMENTAL 


Reagents-The cephaloglycin and cephalexin each had a micro- 
biological potency ( 5 , 6 )  of >970 mcg./mg.; phase-solubility analysis 
in water indicated a purity of 97 f 1 %. (Both analyses were cor- 
rected for volatile components.) 


Solvents and other chemicals were reagent grade and were taken 
from freshly opened packages without further purification. 


Equilibration with Solvents-Finely ground cephaloglycin (di- 
hydrate) or cephalexin (monohydrate) was suspended and equili- 
brated at 25" in a variety of solvents and solvent mixtures. In a 
typical experiment, 11 tubes, containing a total of 5 ml. of two 
miscible solvents in ratios ranging from 1 :O to 0:1, were prepared. 
A quantity of the compound, sufficient to ensure the presence of a 


1 True crystal polymorphism involves forms of identical chemical 
composition. Thus, a compound may exhibit pseudopolymorphism by 
forming variously solvated crystals; each of these solvates (including the 
unsolvated form) may exhibit polymorphism. 
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substantial amount of solid phase throughout the equilibration 
period, was added to each tube. Three hours of shaking on a vibrat- 
ing mixer,2 with occasional manual stirring to disperse any lumps, 
proved satisfactory for the present purpose. The tubes were then 
centrifuged, and the clear supernates were analyzed spectrophoto- 
metrically at 260 mp for dissolved cephaloglycin or cephalexin. A 
preliminary solubility versus solvent composition diagram was con- 
structed from the data. The crystals, wet with mother liquor, were 
examined under a polarizing microscope and by X-ray powder 
diffraction to detect changes in the solid phase. 
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Figure 2-Solubility of cephalexin in binary solvent mixtures at 25'. 
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Arabic numerals refer to solidphases in Table 11. 


2 Vibromixer, model El, AG. fur Chemie-Apparatebau, Zurich, 
Switzerland. 
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Preparation of Pure Reference Phases-To obtain the various 
crystalline phases in a homogeneous form, each phase was crys- 
tallized from the totally dissolved state. A solution (about 10% 
w/v) of the antibiotic in the appropriate solvent mixture, i.e., a 
composition that had yielded a new solid phase in the equilibration, 
was prepared by acidification with an amount of concentrated 
hydrochloric acid3 equivalent to the amount of solute. Precipita- 
tion of the zwitterion in the desired crystal form was then effected 
by slow addition of an equivalent amount of concentrated am- 
monium hydroxide. 3 The resulting crystals were removed by filtra- 
tion and dried under conditions that would not disrupt the crystal 
stoichiometry (see Discussion). Analysis by selected methods fol- 
lowed. These methods always included X-ray powder diffraction 
and some of the following methods: elemental analysis, thermo- 
gravimetry, titration, spectrophotometry (NMR and UV), and 
specific analysis for water (Karl Fischer). 


Determination of Solubility versus Solvent Composition Diagrams 
-The solubility determinations were repeated under the earlier 
conditions but using the proper equilibrium solid phases at the 
start of the individual equilibrations. In this way the solubility 
versus composition curve for each solid phase could be obtained 
over its entire stability range without relying on phase transforma- 
tions. The equilibrium diagrams in Figs. 1 and 2 were constructed 
using the nonoverlapping parts of these curves. It was found that 
the same solubility information (agreement within 5 %) could be 
obtained by using admixtures of two appropriately chosen solid 
phases for equilibrations near transition points. This procedure 
was used to obtain the information in Fig. 3. It was assumed that 
the stable (least soluble) phase was essentially controlling the solu- 
bility, even in the presence of unconverted metastable crystals. 


Equilibration with Vapor-Vapor equilibration chambers were 
made from 5-lb. ointment jars with tight fitting lids. Each jar con- 
tained about 500 ml. of a constant vapor pressure slurry. Water 
vapor pressures were determined with electric hygrometer sensors. 
In one study, the jars contained 200 ml. of acetonitrile and triethyl- 
ene glycol mixed in various ratios, thus providing atmospheres 
covering a wide range of acetonitrile vapor pressures. Previously 
analyzed samples of about 1 g., spread thinly in open weighing 
dishes, were set on trivets within the jars. The dishes were covered 
and weighed daily for 1 week, although constant weight was achieved 


3 Possible effects caused by the water and salt thus introduced were 
ignored. 


Hygrodynamics, Inc., Silver Spring, Md. 


C 


2o I 


Figure -a) Stability zones of cephaloglycin crystal 
forms in mixtures of water-methanol-glacial acetic 
acid. The broken line indicates the compositions used 
in Section b. (b) Typical solubility diagram (also 
Fig. I ,  Section d )  used to Iocate zone boundaries 
in Section a. A = 75z methanol-water. Points m 
and n correspond in the two sections, Arabic numerals 
refer to solid phases in Table I .  


0 Figure 4-Crystal-vapor equiiibria: 
a ,  cephaloglycin-water; b,  cephalexin- 
water; and c ,  cephalexin-acetonitrile. 
The ordinate in Section c describes the 
volume composition of acetonitrile- 
triethylene glycol (TEG) used to provide 
a range of acetonitrile capor pressures 


0 


0 


0 
0 whose exact magnitude was not de- 
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after 2 or 3 days. Samples showing significant gain or loss in 
weight were checked for phase changes by X-ray diffraction. All 
changes in solvent content or phase identity were found to be re- 
versible upon subsequent exposure of the samples to the appro- 
priate atmospheres. 


RESULTS AND DISCUSSION 


Because cephaloglycin and cephalexin were each observed to 
occur in many solvated crystal forms (Tables I-IV), and often in 
widely varying mixtures of these forms, a systematic study of the 
crystallizing properties of these compounds was undertaken. The 
properties of the pure crystalline components under equilibrium 
conditions were first explored. Mixtures of these components re- 
sulting from kinetic factors are subsequently considered. 


Crystal-Solution Equilibria-The solubility diagrams resulting 
from this study (Figs. 1 and 2) provide a clear indication of not 
only the existence of multiple crystalline forms of cephaloglycin 
and cephalexin but also the ranges of solvent compositions in which 
the various forms are stable. 


When considering crystal transformations that occur with changes 


Table I-Some Solvated Crystal Forms of Cephaloglycin 


Moles Solvent/Moles Cephal~glycin~ Methodh 


1. 2Hz0 
2. Formamide 
3. Methanol .H,O 
4. Unsolvated (anhydrate) 
5.  Acetonitrile . H 2 0  
6. Acetic acid .H?O 
7. 2 Acetic acid 
8. Acetic acid.methano1 
9. Ethanol.H,O a, b, r: 


10. N-Methylformamide a, b, I 


a, b, c, d, e, f, g 
a, b, e, f 
a, b, c, e, f, g 
a, b, c, e, f, g 
a, b, d, e, f 
a, b, c. e, f, g, h 
a, b, e, f, g, h 
a, b, e, f 


0 Arabic numerals correspond to phases in Figs. 1 and 3. * Composi- 
tions were determined by: a, uniqueness of X-ray powder diffraction 
pattern; b, Karl Fischer water; c, thermogravimetric analysis; d, vapor 
pressure-composition diagram; e, UV spectrophotometry ; f, NMR 
spectrometry; g, elemental analysis; h, titration; and i, qualitative 
stoichiometry only. The quantitative results confirmed the stated com- 
positions to *O. l  mole solvent. All forms, when recrystallized from 
water, had retained the X-ray diffraction properties of the starting mate- 
rial, indicating that n o  chemical modification of the antibiotic had oc- 
curred. 
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Table 11-Some Solvated Crystal Forms of Cephalexina 


Moles Solvent/Moles 
Cephalexin Method 


~~ ~ 


1. 2Hn0 a, b, d, e 
2. HIO a, b, d, e, f, g 
3. Formamide a, 1 
4. Methanol a, b, g 
5. 2 Acetonitrile a, d, e 
6. Acetonitrile.H20 a, b, e 
7. N-Methylformamide a, ? 
8. N-Ethylformamide a, 1 


*Arabic numerals correspond to phases in Fig. 2. See Table I for 
explanation of other symbols. 


in solvent composition, it is helpful to recall that the changing solu- 
bility values along a smooth curve refer to an equilibrium between a 
solid phase of definite, unchanging composition and a solution of 
changing properties. The proportions of the variously solvated, 
aggregated, and charged solute species in solution vary with and 
are determined by the composition of the solvent. At equilibrium, 
the concentration of solute in solution, i.e., the solubility, may vary 
as the solvent changes, but the activity of the crystallizing molecular 
species remains constant, i.e., equals that of the crystalline form 
present. When individual solubility uersus solvent composition 
curves of several available crystal forms cross one another to give a 
peak or cusp, a phase transition point is revealed. At such points 
the two solid phases represented by the separate curves have the 
same solubility and may therefore coexist at equilibrium. At other 
compositions, the respectively more soluble phase is necessarily 
metastable with respect to the less soluble one. 


Phase Relationships in Ternary and Quaternary Solvent Mixtures 
-The compositions of 3-solvent mixtures in which the various 


crystal forms of a compound are stable can be conveniently rep- 
resented by a triangular diagram such as the one presented in 
Fig 3a for cephaloglycin in water-methanol-glacial acetic acid. 
Each edge of the triangle was marked with the zone boundaries 
determined earlier in the respective binary solvent mixtures (Figs. 
16 and Id), and the positions of boundaries within the triangle were 
located by determining solubilities in series of appropriately chosen 
ternary solvent mixtures and interpreting the resulting curves in 
the manner described earlier (Fig. 36). 


Occasionally, a ternary mixture of solvents serves as a recrystal- 
lizing solvent, with a fourth miscible liquid acting as the antisolvent. 
The phase relationships, or stability zones, of solute crystals in 
such a system can be analogously represented by a triangular pyr- 
amid. 


Doubly Solvated Crystals-Both cephaloglycin and cephalexin 
display the ability to crystallize with simultaneous stoichiometric 
inclusion of two solvents in the crystal lattice. The existence and 
identity of these phases are evident from their unique and uniform 
microscopic appearance, their X-ray pattern, the solubility diagram, 
and the various analyses of the crystals (Tables I-IV). 


Crystal-Vapor Equilibria-One cause of erratic changes in the 
properties of powders is their physical interaction with solvent 
vapors. In the interests of crystal stability, therefore, the vapor 
composition of the environment, especially with regard to water 
vapor, must be given due consideration throughout the history of a 
powder, and the quantitative equilibrium relationships between 
crystal and vapor phases must be determined. 


Vapor pressure versus composition diagrams of the kind pre- 
sented for cephaloglycin-water, cephalexin-water, and cephalexin- 
acetonitrile (Fig. 4) delimit the vapor pressure range over which a 
solvated crystal is stable after isolation from the mother liquor. 
These diagrams also reveal the true stoichiometry of the solvated 
crystals. 


Multiple Hydrated Forms-When a compound exists in several 
hydrated crystal forms at one temperature, as is clearly the case 


Table ID-X-Ray Powder Diffraction Data for Some Crystal Forms of Cephaloglycin 


Cephaloglycin Cephaloglycin Cephaloglycin Cephaloglycin 
Cephaloglycin Cephaloglycin Methanolate Cephaloglycin Acetonitrile Acetic Acid 2 Acetic Acid 
-Dihydrate- -Anhydrate- -Hydrate- -Formamidate- -Hydrate- -Hydrate- -Solvate- 
d@ Ill? d d I lh  d I lh  d I l h  d 1111 d 1111 


16.8 1 .oo 
11.0 0.04 
9.95 0.30 
8.35 0.40 
7.15 0.50 
6.15 0.20 
5.80 0.10 
5.40 0.70 
4.90 0.10 
4.55 0.10 
4.32 0.30 
4.10 0.10 
4.00 0.40 
3.72 0.40 
3.45 0.40 
3.32 0.20 
3.20 0.10 
3.06 0.10 
2.92 0.30 
2.79 0.20 
2.61 0.20 
2.54 0.10 
2.42 0.15 
2.31 0.20 
2.24 0.10 
2.19 0.08 
2.13 0.08 
2.08 0.20 
1.97 0.06 
1.94 0.06 
1.92 0.04 


9.40 
8.58 
7.13 
6.70 
5.71 
5.18 
4.69 
4.37 
4.28 
3.98 
3.75 
3.58 
3.36 
3.14 
3.03 
2.87 
2.73 
2.60 
2.52 
2.39 
2.28 
2.23 
2.12 
2.02 
1.93 
1.88 
1.68 


1 .oo 
0.50 
0.30 
0.50 
0.40 
0.15 
1 .oo 
0.70 
0.90 
0.60 
0.04 
0.70 
0.40 
0.20 
0.30 
0.08 
0.70 
0.40 
0.15 
0.10 
0.10 
0.10 
0.02 
0.02 
0.02 
0.02 
0.02 


10.64 
9.40 
7.56 
6.62 
5.86 
5.50 
5.00 
4.69 
4.52 
4.23 
4.09 
3.43 
3.75 
3.50 
3.42 
3.31 
3.23 
3.14 
3.09 
2.95 
2.82 
2.76 
2.69 
2.64 
2.54 
2.47 
2.42 
2.30 
2.23 
2.18 
2.11 
1.99 
1.95 
1.88 
1.81 
1.67 
1.59 


1 .oo 
0.60 
0.50 
0.40 
0.40 
0.05 
0.15 
1 .oo 
0.20 
0.10 
0.10 
0.10 
0.60 
0.90 
0.20 
0.20 
0.30 
0.30 
0.05 
0.15 
0.05 
0.05 
0.05 
0.05 
0.10 
0.05 
0.10 
0.30 
0.20 
0.20 
0.15 
0.15 
0.05 
0.10 
0.05 
0.05 
0.05 


10.9 
9.55 
8.50 
7.65 
6.80 
5.05 
5.40 
4.90 
4.60 
4.35 
4.16 
3.96 
3.70 
3.56 
3.35 
3.25 
3.18 
2.90 
2.80 
2.70 
2.61 
2.55 
2.40 
2.35 
2.28 
2.24 
2.15 
2.07 
1.90 


1.00 
0.50 
0.20 
0.40 
0.40 
0.30 
0.30 
0.30 
1.00 
0.40 
0.30 
0.40 
0.30 
0.90 
0.30 
0.15 
0.30 
0.20 
0.05 
0.20 
0.30 
0.15 
0.15 
0.15 
0.15 
0.15 
0.10 
0.05 
0.05 


20.0 
16.0 
11.9 
9.30 
8.50 
1.30 
6.90 
5.80 
5.40 
5.20 
4.18 
4.48 
4.40 
4.15 
3.97 
3.74 
3.55 
3.40 
3.16 
2.90 
2.84 
2.65 
2.55 
2.45 
2.35 
2.20 
2.12 
1.80 


1.00 
0.40 
1 .oo 
0.50 
0.20 
0.30 
0.30 
0.50 
0.10 
0.30 
0.60 
0.70 
0.20 
0.20 
0.15 
0.60 
0.30 
0.10 
0.10 
0.50 
0.50 
0.05 
0.10 
0.05 
0.10 
0.05 
0.15 
0.10 


10.6 
9.25 
7.60 
6.60 
5.75 
5.42 
4.90 
4.65 
4.48 
4.22 
4.08 
3.89 
3.70 
3.50 
3.40 
3.30 
3.20 
3.08 
2.96 
2.94 
2.86 
2.80 
2.66 
2.00 
2.55 
2.48 
2.45 
2.34 
2.26 
2.22 
2.17 
2.08 
1.98 
1.96 
1.86 
1.54 
1.52 


1 .oo 
0.80 
0.50 
0.60 
0.65 
0.20 
0.30 
1.00 
0.40 
0.30 
0.30 
0.30 
0.70 
1 .oo 
0.40 
0.35 
0.30 
0.30 
0.15 
0.15 
0.20 
0.20 
0.20 
0.25 
0.15 
0.15 
0.15 
0.10 
0.20 
0.20 
0.30 
0.30 
0.10 
0.10 
0.20 
0.10 
0.10 


11.5 
9.00 
7.50 
6.70 
5.10 
5.40 
4.97 
4.75 
4.60 
4.42 
4.12 
3.90 
3.78 
3.10 
3.00 
3.35 
3.24 
3.18 
3.07 
2.91 
2.74 
2.66 
2.61 
2.55 
2.47 
2.44 
2.40 
2.30 
2.24 
2.16 
2.11 
2.04 
1.90 
1.85 


1 .oo 
0.30 
0.30 
0.50 
0.40 
0.40 
0.30 
0.30 
0.70 
0.10 
0.60 
0.05 
0 .70  
0.70 
0.05 
0.60 
0.05 
0.05 
0.50 
0.40 
0.15 
0.15 
0.05 
0.10 
0.20 
0.20 
0.05 
0.30 
0.30 
0.10 
0.20 
0.05 
0.05 
0.20 


Q Interplanar spacing in A. U. b Relative intensity, visual estimation. Radiation; Cu/Ni. Norelco DeBye-Scherrer camera. 
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Table IV-X-Ray Powder Diffraction Data‘ for Some Crystal Forms of Cephalexin 


Cephalexin 
Cephalexin Cephalexin Cephalexin Cephalexin Cephalexin Acetonitrile 


-Dihydrate- -Monohydrate- -Diacetonitrilath -Formamidate- .-Methanolate- -Hydrate- 
d Ill1 d Ill,  d IlIl d Ill1 d I/ I1 d 1111 


14.3 
13.0 
11.1 
9.65 
7.43 
7.28 
6.68 
5.80 
5.44 
5.29 
4.94 
4.47 
4.21 
3.97 
3.79 
3.54 
3.39 
3.27 
3.15 
3.02 
2.92 
2.78 
2.64 
2.55 
2.45 
2.34 
2.26 
2.15 
2.09 
2.01 
1.98 
1.94 
1.86 
1.81 
1.77 


0.20 
1.00 
0.15 
0.20 
0.50 
0.10 
0.50 
0.80 
0.20 
0.40 
0.60 
0.15 
0.90 
0.70 
0.60 
0.50 
0.15 
0.30 
0.40 
0.40 
0.50 
0.30 
0.20 
0.15 
0.10 
0.15 
0.10 
0.05 
0.10 
0.05 
0.05 
0.02 
0.02 
0.02 
0.02 


15.15 
11.85 
11.00 
9.36 
8.55 
7.86 
6.89 
5.98 
5.39 
4.97 
4.16 
4.57 
4.39 
4.22 
4.00 
3.86 
3.60 
3.46 
3.24 
3.10 
2.98 
2.90 
2.81 
2.73 
2.68 
2.63 
2.47 
2.41 
2.31 
2.25 
2.12 
2.09 
2.01 
1.93 
1.87 
1.85 
1.82 
1.72 
1.66 
1.62 


0.40 
1 .oo 
0.30 
0.20 
0.50 
0.50 
0.20 
0.40 
1 .oo 
0.50 
0.40 
0.40 
0.60 
0.60 
0.70 
0.70 
0.80 
0.30 
0.60 
0.60 
0.40 
0.60 
0.40 
0.20 
0.40 
0.10 
0.30 
0.15 
0.30 
0.30 
0.10 
0.05 
0.02 
0.05 
0.05 
0.05 
0.10 
0.05 
0.02 
0.02 


11.18 
9.81 
8.84 
6.96 
6.55 
5.64 
5.40 
4.79 
4.64 
4.39 
4.19 
4.03 
3.66 
3.61 
3.41 
3.28 
3.12 
3.06 
2.90 
2.80 
2.77 
2.66 
2.59 
2.50 
2.46 
2.37 
2.31 
2.25 
2.16 
2.10 
1.97 
1.89 
1.85 
1.80 
1.67 
1.53 


0.05 
1 .oo 
0.50 
0.40 
0.30 
0.60 
0.10 
0.50 
0.60 
0.30 
1.00 
0.30 
0.15 
0.10 
0.40 
0.30 
0.30 
0.05 
0.15 
0.20 
0.15 
0.15 
0.20 
0.05 
0.10 
0.20 
0.05 
0.15 
0.15 
0.05 
0.02 
0.10 
0.10 
0.10 
0.02 
0.02 


10.4 
9.80 
9.00 
8.00 
6.90 
6.15 
5.61 
5.25 
5.00 
4.75 
4.38 
4.08 
3.80 
3.00 
3.42 
3.26 
3.10 
2.95 
2.23 
2.75 
2.68 
2.60 
2.50 
2.37 
2.28 
2.22 
2.15 
2.11 
2.02 
1.97 
1.93 
1.87 
1.72 
1.70 
1.67 


1.00 
0.40 
0.05 
0.05 
0.50 
0.20 
0.15 
0.60 
0.10 
0.70 
0.90 
0.70 
0.50 
0.60 
0.50 
0.50 
0.30 
0.40 
0.40 
0.30 
0.20 
0.30 
0.20 
0.30 
0.40 
0.15 
0.15 
0.15 
0.05 
0.02 
0.02 
0.10 
0.05 
0.05 
0.05 


10.8 
8.55 
7.60 
7.05 
6.55 
6.00 
5.35 
5.00 
4.85 
4.65 
4.11 
3.98 
3.89 
3.76 
3.53 
3.28 
3.08 
2.95 
2.87 
2.76 
2.05 
2.57 
2.54 
2.45 
2.36 
2.32 
2.17 
1.99 
1.89 


0.80 
0.50 
0.50 
0.50 
0.50 
0.60 
0.40 
0.05 
1 .oo 
1 .oo 
1.00 
1.00 
0.30 
0.40 
0.30 
0.55 
0.15 
0.30 
0.20 
0.20 
0.40 
0.20 
0.20 
0.20 
0.20 
0.20 
0.15 
0.05 
0.05 


9.50 
8.60 
7.20 
6.70 
5.76 
5.25 
4.76 
4.60 
4.35 
4.25 
3.96 
3.80 
3.55 
3.35 
3.18 
3.12 
2.99 
2.90 
2.75 
2.63 
2.55 
2.36 
2.30 
2.24 
2.12 
1.90 
1.81 
1.68 


1.00 
0.05 
0.10 
0.40 
0.60 
0.40 
0.70 
0.30 
0.60 
0.30 
0.60 
0.10 
0.50 
0.50 
0.10 
0.20 
0.30 
0.20 
0.30 
0.45 
0.20 
0.20 
0.45 
0.10 
0.50 
0.05 
0.10 
0.15 


a See Table 111 for explanation of symbols and experimental conditions. 


with cephalexin (Fig. 4b), the relative humidity uersus composition 
diagram indicates the exact relative humidity that marks the transi- 
tion from one form to another. Thus, cephalexin crystallized from 
water at room temperature is separated from solution as the di- 
hydrate but converts to the monohydrate when the relative humidity 
is below 70%. 


The Desolvated Crystal-Cephalexin .2 acetonitrile (Tables 
I1 and IV) serves as an example of what the authors believe to be a 
widely occurring but often undetected or improperly described 
case in powder technology, uiz.-the “desolvated” crystal. This 
crystal is solvated stoichiometrically while in equilibrium with 
saturated solution; but when isolated and dried under ordinary 
conditions, it loses all except small mole fractions of solvent from 
the crystal lattice without thereby converting to another form 
(Fig. 4c). It is in this condition that the compound is commonly 
analyzed for the first time. When subsequently exposed to ambient 
atmospheres, the desolvated crystal takes up limited amounts of 
moisture, the water molecules presumably occupying lattice va- 
cancies left by the original solvent. This water can be removed by 
drying or it can be displaced by exposing the crystal to vapor of the 
original solvent. In the latter case, the crystal returns to its native 
stoichiometric composition. All these changes may occur reversibly 
and without significant changes in the lattice, as evidenced by the 
X-ray powder diffraction pattern.& It is, therefore, proper in such 


5 1 1 1  some cases of crystal desolvation, the diffraction intensities of 
one or two planes are particularly sensitive to the solvent content of the 
crystals; in other cases, the loss of solvent is accompanied by a general 
loss of diffraction sharpness or by slight changes in the unit cell con- 
stants, (2). However, the X-ray powder diffraction pattern retains its 
value in identifying the unique origin of the solid phase. 


cases to refer to a “desolvated” crystal, e.g., “desolvated acetoni- 
tnlate crystal,” “desolvated methanolate crystal,” etc. This is 
necessary to differentiate it from a truly unsolvated unique struc- 
ture (anhydrate), which would have different physicochemical 
properties despite having a chemical composition virtually identical 
to that of the desolvated crystal. 


The authors have also observed the partial desolvation of the 
doubly solvated crystals listed in Tables I and 11, but have not studied 
these more complex vapor-composition relationships. 


The proper handling of solvated crystals to assure the main- 
tenance of their stoichiometry for purposes of analysis should be 
evident from this discussion. Such crystals should always be iso- 
lated from the mother liquor and blotted free of liquid. To avoid 
exposure to  atmospheres differing from that above the saturated 
mother liquor, well-sealed containers with a minimum of void space 
should be used for storage. Temperature changes should also be 
avoided. 


Mixtures and Achievement of Equilibrium-W hile the results in 
this study lend themselves particularly well to interpretation by 
equilibrium principles, the authors realize that in studying other 
systems, kinetic barriers may be encountered that prevent the prac- 
tical achievement of equilibrium, leading to highly variable 
mixtures. 


Failure to observe equilibrium in laboratory experiments should, 
therefore, be regarded as highly pertinent to everyday industrial 
product variability. To be sure, it is sometimes desirable to de- 
liberately make nonequilibrium forms, or even to reproducibly 
halt crystal transformations at a given stage. In any event, it is 
necessary to characterize all the available crystal forms to evaluate 
properly the role of crystal transformations in a pharmaceutical 
process. 
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Influence of Several Autonomic Drugs on 
Sodium Nitroprusside and Oxotremorine-Induced 
Hypothermia in Immature and Mature Mice 


DAVID H. BURKE* and DAVID E. MANN, Jr. 


Abstract 0 Sodium nitroprusside and oxotremorine each produced 
body temperature depression that was independent of age. Atro- 
pine inhibited oxotremorine hypothermia in both age groups, but 
was ineffective in modifying thermal responses to nitroprusside in 
both age categories. Pilocarpine administration did not alter oxo- 
tremorine activity at either age level, while nitroprusside hypothermia 
was enhanced and partially reversed, respectively, in immature and 
mature mice. Nicotine and tetraethylammoniumchloride were unable 
to modify hypothermia produced by oxotremorine and nitroferricy- 
anide in adult mice. Nicotine enhanced nitroprusside hypothermia 
in 10-day-old mice, while temperature depression due to oxo- 
tremorine was unaffected in the same age group. Administration of 
tetraethylammonium chloride to immature animals treated with oxo- 
tremorine and nitroprusside resulted in greater temperature depres- 
sion. Chlorpromazine, which produced no change in oxotremorine 
or nitroprusside hypothermia in 10-day-old mice, partially blocked 
oxotremorine-induced hypothermia in mature animals ; the weak 
parasympatholytic phenothiazine produced no significant difference 
in hypothermia when given prior to nitroprusside in the adult 
group. 


Keyphrases 0 Hypothermia, mice-sodium nitroprusside, oxo- 
tremorine induced IJ Oxotremorine, sodium nitroprusside-in- 
duced hypothermia-autonomic drugs effect 0 Autonomic drugs 
effect-oxotremorine, sodium nitroprusside-induced hypothermia 0 
Age of mice, effect-induced hypothermia 


The mammalian body “thermostat,” because of its 
vast complexity, is susceptible to the action of various 
drugs and agents, particularly those that mimic or 
interfere with neurotransmitter substances. Oxotremo- 
rine, the active metabolite of tremorine, was shown to 
produce hypothermia in rodents through a central 
cholinergic mechanism (1, 2). 


Age has been shown to modify the effects of certain 
centrally acting drugs in rats (3, 4). These animals are 
born functionally immature with poorly developed 
nervous systems. Bagdon and Mann (5) demonstrated 
the age factor in mice with the drug chlorpromazine. 
The hypothermia normally seen in mature mice in 


response to chlorpromazine administration was reversed 
in immature animals to marked hyperthermia. 


During routine screening procedures in this labora- 
tory, it was discovered that sodium nitroprusside in- 
duce; a pronounced fall in the body temperature of 
mice. It was the purpose of this investigation, therefore, 
to compare the hypothermia caused by oxotremorine 
with that induced by sodium nitroprusside with respect 
to alteration by several autonomic drugs in order to 
ascertain the mechanism of action and to observe the 
effects of age on the thermic response. 


EXPERIMENTAL 


Young (10-day-old) and adult male mice (1398) of the Hunting- 
don Farms (HTF) strain were utilized in this investigation. 


The drugs employed were as follows: oxotremorine,l sodium 
nitroprusside,z atropine sulfate,3 pilocarpine nitrate,3 nicotine,‘ 
tetraethylammonium chloride: and chlorpromazine hydrochloride.6 
All solutions were freshly prepared with sterile water distilled in the 
laboratory. 


A model 43 Telethermometer equipped with a No. 402 probe7 
was used for obtaining oral and rectal temperatures. The animals 
were kept at a constant environmental temperature of 23-24”. for 
24 hr. prior to and including the time of the experimental course. 


All injections were given as a fixed dose in a volume of 0.05 ml. for 
immature mice and 0.25 ml. for mature mice. Calculation of doses 
for the immature mice was based upon an average weight of 4.5 
g. obtained from preliminary experiments in this laboratory. 
Mature male mice, weighing from 20 to 25 g., received doses 
calculated on the basis of 22.5 g./mouse. 


The agonists with their concentration and dose were: oxotre- 
morine (0.0045 %; 0.5 mg./kg.) and sodium nitroprusside (0.045 %; 
5 mg./kg.). 


1 Nutritional Biochemicals Corp. 
2 Baker Chemical Co., Phillipsburg, N. J. 
3Merck & Co., Inc., Rahway, N. J. 


6 Etarnon, Parke, Davis & Company, Detroit, Mich. 
6 Thorazine, Smith Kline & French Laboratories, Philadelphia, Pa. ’ Yellow Springs Instrument Co. 


Eastrnan Organic Chemicals, Rochester, N. Y. 
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in 10-day-old mice, while temperature depression due to oxo- 
tremorine was unaffected in the same age group. Administration of 
tetraethylammonium chloride to immature animals treated with oxo- 
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sion. Chlorpromazine, which produced no change in oxotremorine 
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The mammalian body “thermostat,” because of its 
vast complexity, is susceptible to the action of various 
drugs and agents, particularly those that mimic or 
interfere with neurotransmitter substances. Oxotremo- 
rine, the active metabolite of tremorine, was shown to 
produce hypothermia in rodents through a central 
cholinergic mechanism (1, 2). 


Age has been shown to modify the effects of certain 
centrally acting drugs in rats (3, 4). These animals are 
born functionally immature with poorly developed 
nervous systems. Bagdon and Mann (5) demonstrated 
the age factor in mice with the drug chlorpromazine. 
The hypothermia normally seen in mature mice in 


response to chlorpromazine administration was reversed 
in immature animals to marked hyperthermia. 


During routine screening procedures in this labora- 
tory, it was discovered that sodium nitroprusside in- 
duce; a pronounced fall in the body temperature of 
mice. It was the purpose of this investigation, therefore, 
to compare the hypothermia caused by oxotremorine 
with that induced by sodium nitroprusside with respect 
to alteration by several autonomic drugs in order to 
ascertain the mechanism of action and to observe the 
effects of age on the thermic response. 


EXPERIMENTAL 


Young (10-day-old) and adult male mice (1398) of the Hunting- 
don Farms (HTF) strain were utilized in this investigation. 


The drugs employed were as follows: oxotremorine,l sodium 
nitroprusside,z atropine sulfate,3 pilocarpine nitrate,3 nicotine,‘ 
tetraethylammonium chloride: and chlorpromazine hydrochloride.6 
All solutions were freshly prepared with sterile water distilled in the 
laboratory. 


A model 43 Telethermometer equipped with a No. 402 probe7 
was used for obtaining oral and rectal temperatures. The animals 
were kept at a constant environmental temperature of 23-24”. for 
24 hr. prior to and including the time of the experimental course. 


All injections were given as a fixed dose in a volume of 0.05 ml. for 
immature mice and 0.25 ml. for mature mice. Calculation of doses 
for the immature mice was based upon an average weight of 4.5 
g. obtained from preliminary experiments in this laboratory. 
Mature male mice, weighing from 20 to 25 g., received doses 
calculated on the basis of 22.5 g./mouse. 


The agonists with their concentration and dose were: oxotre- 
morine (0.0045 %; 0.5 mg./kg.) and sodium nitroprusside (0.045 %; 
5 mg./kg.). 


1 Nutritional Biochemicals Corp. 
2 Baker Chemical Co., Phillipsburg, N. J. 
3Merck & Co., Inc., Rahway, N. J. 


6 Etarnon, Parke, Davis & Company, Detroit, Mich. 
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Table I-Effect of Sodium Nitroprusside or Oxotremorine (Agonists) Given 15 Min. after Saline (Antagonist) on the Body 
Temperature 3f Mature Mice 


------Compared to Saline- 
Initial Antagonist Drug-d 


Mice, Weight, Temper- Temper- Agonist Temperature Induced 
Treatment No. g. ature aturea Temperatureb Changec Change t P 


Saline-NTPRe 107 23.1 37.43" 31.91" 34.31" -3.54" -3.38" 26.06 0.001 
Saline-OTMNf 114 22.5 37.85" 37.99" 34.28' -3.71" -3.55" 22.65 0.001 


Saline-saline 30 22.0 37.53" 37.17" 31.61" -0.16" 


a Temperature 15 min. after antagonist injection. * Temperature 15 min. after agonist injection, c Antagonist-agonist temperature difference. d Sodium 
nitroprusside or oxotremorine. e Sodium nitroprusside. f Oxotremorine. 


Table 11-Effect of Sodium Nitroprusside or Oxotremorine (Agonists) Given 15 Min. after Saline (Antagonist) on the Body 
Temperature of Immature Mice 


~ 


-----Compared to S a l i n e - - - .  
Initial Antagonist Drugd 


Mice, Weight, Temper- Temper- Agonist Temperature Induced 
Treatment No. g. ature aturea Temperature5 Change Change t P 


_ _ _ _ _ ~  -- ~ 


Salinesaline 40 4.71 26.70" 27.57" 27.79" +0.22" 
Saline-NTPRe 91 4.67 26.48' 21.33" 26.46" -0.87" -1.09" 9.09 0.001 
Saline-OTMNJ 103 4.85 26.74" 27.51" 26.21" -1.30" -1.52" 13.15 0.001 


a Temperature 15 min. after antagonist injection. b Temperature 15 min. after agonist injection. c Antagonist-agonist temperature difference. d So- 
dium nitroprusside or oxotremorine. e Sodium nitroprusside. I Oxotremorine. 


Concentrations and doses of the antagonists used in the experi- 
ment were: atropine sulfate (0.045z; 5 mg./kg.), pilocarpine ni- 
trate (0.0009%; 0.1 mg./kg.), nicotine (0.0023 %; 0.25 mg./kg.), 
tetraethylammonium chloride (0.0023 %; 0.25 mg./kg.), and chlor- 
promazine hydrochloride (0.009%; 1 mg./kg.). 


The animals were grouped according to age and treatment 
regimen. Experiments were performed at the same time each day to 
minimize temperature variation. 


Groups of 12 animals were weighed individually on a triple- 
beam Ohaus balance, and their weights were recorded at the start 
of the experiment. Immediately following weight determination, 
the animals were confined singly in beakers for a 2-hr. period, 
during which food and water deprivation was accomplished to 
preserve metabolic stability. Following the 2-hr. conditioning 
period, oral (immature) and rectal (mature) temperatures were 
recorded. In the younger mice, oral temperatures were noted be- 
cause their small size did not permit taking rectal temperatures 
without extreme discomfort to the animal. Subcutaneous ad- 
ministration of the antagonist occurred immediately after initial 
temperature recordings, whereupon the mice were returned to 
their containers for 15 min. At the end of this period, temperatures 
were again noted and the agonist was injected intraperitoneally. 


Fifteen minutes after the latter challenge, final temperatures were 
recorded. Control animals were subjected to an identical treatment 
procedure with the exception that either antagonist or agonist was 
replaced with saline. 


In the comparison of mean temperature changes (k, tempera- 
ture before and after administration of agonist), statistical sig- 
nificance was determined by the use of Student's t distribution. 
Temperature differences were considered to be significant at the 
probability level of 5 or less. Temperature alterations attributed 
to antagonist or agonist were ascertained through a comparison 
with their saline counterparts. Antagonist effect on agonist hy- 
pothermia was determined through comparison of saline-agonist 
with antagonist-agonist treatments. 


RESULTS AND DISCUSSION 


The effects of sodium nitroprusside on the body temperature of 
mature male and immature (mixed sex) albino mice at a dosage 
level of 5 mg./kg. are outlined in Tables I and 11. Temperature 
changes attributed to the agonist were significant for both age 
groups, with probability levels reaching 99.9%. In 107 mature mice, 
sodium nitroprusside caused an average temperature depression 


Table 111-Effect of Various Autonomic Drugs Given 15 Min. before Sodium Nitroprusside on the 
Body Temperature of Mature Mice 


~~ ~~ ~ 


Compared to Table I 
Antago- NTPRe Saline and NTPR Controls 


Initial nist Agonist Tempera- Tempera- Tempera- 
Mice, Weight, Tempera- Tempera- Tempera- ture ture ture 


Treatment No. g. lure tureb ture" Changed Change Change f P 


Atropine-saline 30 24.4 37.76" 38.10" 37.73" -0.31" -0.21" 2.19 0.05 
-3.45" 


-2.92" 


Atropine-NTPR 30 22.2 37.64" 37.87" 34.05" -3.82" -0.28" 1.98 0.05 
pilocar pine-saline 30 21.5 37.48" 37.98" 37.80" -0.18' -0.02" 0.21 -= 


Pilocarpine-NTPR 30 24.2 36.94" 31.61" 34.51" -3.10" +0.44" 3.05 0.01 
Nicotine-saline 30 22.0 37.74" 38.17' 38.03' -0.14" f0.02" 0.10 -a 


Nicotine-NTPR 30 23.3 37.11" 38.10" 34.46' -3.64" -0.10" 0.64 
TEA'-saline 30 24.0 37.45" 37.56" 37.40" -0.16" 0.0" 0.10 -a 


TEA-NTPR 30 23.2 38.17" 38.31" 35.11" -3.26" +0.28" 1.95 0.10 
CPZ-saline 30 23.6 37.05" 37.13" 35.69' -1.44" -1.28" 11.35 0.001 


CPZ-NTPR 30 24.0 37.42' 37.70" 34.23" -3.47" +0.07" 0.53 -a 


-3.50" 


-3.10" 


-2.03" 


a No significance. b Temperature 15 min. after antagonist injection. c Temperature 15 min. after agonist injection. d Antagonist-agonist temperature 
difference. 6 Sodium nitroprusside. J Tetraethylammonium chloride. Chlorpromazine HC1. 
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Table IV-Effect of Various Autonomic Drugs Given 15 Min. before Sodium Nitroprusside on the 
Body Temperature of Immature Mice 


Mice, 
Treatment No. 


Atropine-saline 30 


Atropine-NTPR 30 
Pilocarpinz-saline 30 


Pilocarpine-NTPR 30 
Nicotine-saline 30 


Nicotine-NTPR 34 
TEA'-saline 38 


TEA-NTPR 30 
CPZI-saline 30 


CPZ-NTPR 27 


Compared to Table I1 
Antago- NTPRe Saline and NTPR Controls 


Initial n iz  Agonist Tempera- Tempera- Tempera- 
Weight, Tempera- Tempera- Tempera- ture ture ture 


g. ture tureb turec Changed Change Change t P 


4.88 26.79" 27.54" 27.44" -0.10" -0.32" 2.81 0.05 


4.93 26.27" 27.28' 26.44" -0.84" +0.03" 0.18 -a 


4.84 26.94' 27.60" 27.70" +0.10" -0.12" 0.90 -' 


-0.74" 


- 1  35" 
4.65 27.13" 28.08' 26.83' -1.25" 
4.59 26.68" 27.70" 28.42' f0 .72"  


-0.38' 2.73 0.05 
+0.50" 5.08 0.001 


-2.50" 
4.90 26.79' 28.32' 26.54" -1.78" -0.91" 6.82 0.001 
4.97 26.02" 26.95' 27.64' +0.69" +0.47" 4.17 0.001 


-1.96" 
4.74 26.62' 27.57' 26.30" -1.27" -0.40" 2.89 0.05 
4.71 26.12" 27.57" 27.84" +0.27" +0.05" 0.52 -' 


4.97 27.16" 27.94" 26.84" -1.10" -0.23" 1.60 -IL 


-1.37" 


~ _ _ _ _ _ _ _ _ _ _ _ _  


a No significance. *Temperature 15 min. after antagonist injection. c Temperature 15 min. after agonist injection. d Antagonist-agonist temperature 
difference. e Sodium nitroprusside f Tetraethylammonium chloride. 0 Chlorpromazine HCI. 


of 3.38", while 91 immature animals exhibited a mean decrease in 
body temperature of 1.09". 


At the dosage level of 0.5 mg./kg., oxotremorine gave mean drops 
of 3.55 and 1.52", respectively, in 114 mature and 103 immature 
albino mice. Again, these temperature changes were significantly 
different from the controls at the probability level of 99.9%. 


A paucity of information exists in the literature with respect to 
age variation for oxotremorine. Bowman and Osuide (6) have shown 
the hypothermic action of tremorine to be independent of age in 
4-day-old chicks. It has been shown in this investigation that the 
intraperitoneal administration of oxotremorine elicited body 
temperature depression for both age groups. 


Subcutaneous injections of atropine sulfate (5 mg./kg.) produced 
a significant decrease from control values in the body temperature 
of mature animals (Table 111). This 0.21" drop was probably 
mediated through the ganglionic blocking ability of the alkaloid 
(7). When this agent was administered prior to sodium nitroprusside, 
a significant increase in hypothermia (0.28') was realized. These 
results indicate that the increased hypothermia was representative of 
positive summation (agonist plus antagonist). 


Ten-day-old mice responded to the action of atropine in a man- 
ner similar to that of the mature group (Table IV). A temperature 
depression, which was 0.32" lower than the saline control value of 
+0.22", was significant at the 95% probability level. Temperature 
depression brought about by the combination of atropine and 
sodium nitroprusside in this age group was not significantly dif- 


ferent from saline-sodium nitroprusside treatment. The lack of 
positive summation for atropine and this agonist indicates that 
nitroprusside may block the gangliolytic action of atropine. On 
the other hand, atropine may produce a partial blockade of nitro- 
prusside hypothermia. 


From the results in Table 111, it can be seen that pilocarpine, 
when injected subcutaneously at a dosage level of 0.1 mg./kg., 
was not significantly different from saline on the body temperature 
of the older animals. In mature mice, this cholinomimetic agent 
was able to reverse partially the hypothermic action of sodium 
nitroprusside at the probability level of 99% (Table 111). It is pos- 
sible that this antagonism was carried out through the capacity 
of pilocarpine to stimulate sympathetic ganglia and to release 
catecholamines from the adrenal medulla (8). 


As observed in mature animals, oral temperature changes in the 
pilocarpine-treated juveniles were not different from the saline- 
treated control group, yet this diaphoretic agent was able to aug- 
ment the hypothermic action of sodium nitroprusside (Table 1V). 
It is, therefore, concluded from the results of this investigation 
that the effect of pilocarpine on sodium nitroprusside hypothermia 
varies according to age; slight antagonism occurs in the mature 
group, while the immature animals show hypothermic enhance- 
ment. 


In adult mice treated with nicotine (0.25 mg./kg.), no significant 
effect was noted. As shown in Table 111, nicotine was not able to 
modify hypothermia produced by sodium nitroprusside. 


Table V-Effect of Various Autonomic Drugs Given 15 Min. before Oxotremorine on the Body Temperature of Mature Mice 


Compared to Table I 
Antago- OTMW Saline and OTMN Controls 


Initial nist Agonist Tempera- Tempera- Tempera- 
Mice, Weight, Tempera- Tempera- Tempera- ture ture ture 


Treat men t No. g. ture ture5 ture" Changed Change Change t P 


Atropine-saline 30 24.4 37.76" 38.10" 37.73" -0.37" -0.21" 2.19 0.05 
-0.20" 


-3.86" 


Atropine-OTMN 30 24.5 37.02" 31 .13"  36.56" -0.57" $3.14" 18.04 0.001 
Pilocarpine-saline 30 21.5 37.48" 37.98" 37.80' -0.18" -0.02" 0.21 - a  


Pilocarpine-OTMN 30 22.3 37.94" 37.97" 33.93" -4.04" -0.33' 1.86 0.1 
Nicotine-saline 30 22.0 37.74" 38.17" 38.03" -0.14" +0.02" 0.10 -a 


Nicotine-OTMN 30 23.9 38.14" 38.45" 34.90" -3.55" +0.16" 0.95 -a 


TEA/-saline 30 24.0 37.45" 37.56" 37.40' -0.16" 0.0" 0.10 -0 


TEA-OTMN 30 23.1 38.18' 38.49' 34.78" -3.71" 0.0" 0.04 -a 


CPZs-saline 30 23.6 37.05" 37.13' 35.69" -1.44" -1.28" 11.35 0.001 


-3.41" 


-3.55" 


-1.60' 
CPZ-OTM N 30 22.4 37.35" 37.51" 34.47' -3.04' +0.67" 3.94 0.001 


Q No significance. b Temperature 15 min. after antagonist injection. c Temperature 15 rnin. after agonist injection. d Antagonist-agonist temperature 
difference. e Oxotremorine. f Tetraethylammonium chloride. I Chlorprornazine HCI. 
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Table VI-Effect of Various Autonomic Drugs Given 15 Min. before Oxotremorine on the Body Temperature of Immature Mice 


Compared to Table I1 
Antago- OTMN" Saline and OTMN Controls 


Initial nist Agonist Tempera- Tempera- Tempera- 
Mice, Weight, Tempera- Tempera- Tempera- ture ture ture 


Treatment No. B. ture tureb turec Changed Change Change t P 


Atropine-saline 30 4.88 26.79" 27.54" 27.44" -0.10O -0.32" 2.81 0.05 
+O. 17" 


Atropine-OTMN 38 5.09 27.46" 27.94" 28.01' +0.07" +1.37" 10.54 0.001 
Pilocarpine-saline 30 4.84 26.94' 27.60' 27.70' +0.10" -0.12" 0.90 -a 


Pilocarpine- OTMN 30 4.70 26.59" 27.65' 26.13" -1.52" -0.22" 1.74 0 .1  
-1.62' 


Nicotine-saline 30 4.59 26.68" 27.70" 28.42' f0 .72" +0.50" 5.08 0.001 


TEA'-saline 38 4.97 26.02" 26.95" 27.64" +0.69" f0.47" 4.17 0.001 


CPZI-saline 30 4.71 26.12" 27.57" 27.84' +0.27" 


-2.17" 
Nicotine-OTMN 30 4.90 25.35" 27.03" 25.58" -1.45" -0.15" 1.16 -a 


-2.25" 
TEA--0TMN 30 4.84 26.67" 27.48" 25.92" -1.56' -0.26" 2.04 0.05 


+0.05" 0.52 -' 


CPZ-OTMN 30 4.95 26.46' 27.73" 26.56" -1.17" +0.13" 0.95 -a 


a No significance. b Temperature 15 min. after antagonist injection. c Temperature 15 min. after agonist injection. d Antagonist-agonist temperature 


-1.44" 


difference. e Oxotremorine. I Tetraethylammonium chloride. u Chlorpromazine HCI. 


In Table IV, nicotine has been shown to produce a rise in the 
body temperature of 10-day-old mice at the dosage level of 0.25 
mg./kg. In 30 animals treated with this compound, a mean eleva- 
tion of 0.5" was observed, which was significant at the 99.9% 
probability level. When administered 15 min. before sodium nitro- 
prusside, this agent approximately doubled agonist-induced tem- 
perature depression. The possibility exists that the agonist drug 
may have inhibited nicotine pyresis in these animals. It is proposed 
that the immature mammalian thermoregulatory system modifies 
the effect of nicotine on sodium nitroprusside temperature reduc- 
tion. 


Tetraethylammonium chloride administration, at a dossge level 
of 0.25 mg./kg., resulted in no alteration of the thermoregulatory 
ability of adult mice. When administered prior to sodium nitro- 
prusside, a very slight temperature inhibition of borderline signifi- 
cance was observed. In young animals of this species, tetraethyl- 
ammonium chloride produced a significant rise in body temperature, 
amounting to 0.47". As observed with nicotine, this ganglionic block- 
ing agent further enhanced the temperature depression of sodium 
nitroprusside; again, the possibility exists that the agonist drug 
may have inhibited the hyperthermia caused by tetraethylam- 
monium chloride. 


It is probable that nicotine and tetraethylammonium chloride 
act in the same fashion because they both produced qualitatively 
similar responses when administered alone or prior to sodium 
nitroprusside. It was reported that these two compounds have in 
common an ability to stimulate the release of epinephrine from the 
adrenal medulla (9). It is possible that these agents may produce 
hyperthermia in young animals through this mechanism and that 
the administration of sodium nitroprusside inhibits this response. 
Potentiation of nitroprusside hypothermia may result from inhibi- 
tion of sympathetic ganglia in the presence of a poorly developed 
thermoregulatory system. 


Chlorpromazine hydrochloride has been shown to achieve a 
temperature deficit of 1.28" in the mature age group. These results 
agree with those of Kopera and Armitage (lo), who demonstrated 
the ability of chlorpromazine to cause hypothermia in mice. From 
the results given in Table 111, it can be seen that either nitroprusside 
blocked the temperature effects due to chlorpromazine or the latter 
agent caused a partial reversal of nitroprusside hypothermia. 
Chlorpromazine did not alter the body temperature in young 
animals and failed to alter the action of nitroprusside. 


Tables V and VI show that the effect of atropine sulfate on OXO- 
tremorine temperature depression is similar for both age groups. In 
both cases, a complete inhibition of oxotremorine hypothermia oc- 
curred and was significant at the probability level of 99.9%. Lomax 
and Jenden (1 1) blocked the hypothermic response of oxotremorine 
in rats with atropine. The observations of these investigators have 
been confirmed by this study. 


The administration of pilocarpine nitrate (0.1 mg./kg.) 15 min. 
prior to oxotremorine caused a very slight enhancement of agonist 
hypothermia in both age groups; it was of borderline significance 


in each case (Tables V and VI). Therefore, the effect of age was not 
demonstrated for pilocarpine modification of oxotremorine hy- 
pothermia. 


Oxotremorine-induced temperature drops were not modified by 
the prior administration of nicotine in mature mice. The immature 
animals showed no significant change in agonist hypothermic re- 
sponse when treated with oxotremorine in combination with nit- 
otine. Because nicotine caused hyperthermia in immature mice 
(Table VI), it is possible that oxotremorine inhibited this rise in 
temperature. Conversely, nicotine could have enhanced oxotremo- 
rine hypothermia (negative summation). 


Age has been shown to modify effects of tetraethylammonium chlo- 
ride on oxotremorineinduced temperature depression. In the older 
group of mice, the administration of tetraethylammonium chloride 
did not affect the hypothermia caused by oxotremorine. Everett et al. 
(12) demonstrated that this antagonist was ineffective in blocking the 
temperaturelowering effect of tremorine in mice. These results 
lend support to their claim that the hypothermic action of tremorine 
is central in origin. A slight increase in the agonist hypothermic 
response was noted in immature mice after the administration of 
tetraethylammonium chloride (Table VI). A significant difference 
was present at the probability level of 95 %. Oxotremorine may also 
inhibit the thermogenic effect of tetraethylammonium chloride in 
this age group. 


A partial blockade of oxotrernorine activity by chlorpromazine 
was observed in the mature group, which was probably caused by the 
weak parasympatholytic effect of the phenothiazine (13, 14). Con- 
versely, it is also possible that oxotremorine may have interfered with 
the hypothermia elicited by chlorpromazine. Preadministration of 
chlorpromazine in the younger animals produced no change in the 
hypothermia due to oxotremorine. The effect of chlorpromazine 
on oxotremorine-induced hypothermia has thus been shown to be 
modified by age. 


Although the means by which sodium nitroprusside causes a 
fall in body temperature has not been elucidated as a result of this 
study, a comparison of its activity with that of the centrally acting 
oxotremorine in the presence of various autonomic drugs in mature 
mice has provided strong evidence for a different mechanism of 
action. While the administration of atropine resulted in a complete 
blockage of oxotremorineinduced depression of body temperature, 
no such inhibition was observed with sodium nitroprusside follow- 
ing the parasympatholytic agent. On the other hand, pilocarpine 
failed to modify oxotremorine hypothermia, whereas this para- 
sympathomimetic partially inhibited nitroprusside hypothermia. 


SUMMARY AND CONCLUSIONS 


1. Sodium nitroprusside and oxotremorine each produced a 
hypothermic response that was independent of age in the mouse. 


2. The effect of atropine on oxotremorineinduced hypothermia 
appeared to be uninfluenced by age. In both cases, a complete in- 
hibition of agonist hypothermia occurred. 
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3. The prior administration of atropine enhanced sodium nitro- 
prusside-induced hypothermia, indicating the existence of positive 
summation in the mature group. This antagonist was unable to 
alter nitroprusside hypothermia in immature animals. Nitroprusside 
may block atropine-induced changes. 


4. Pilocarpine effects on oxotremorine-induced hypothermia were 
unaffected by age. 


5. The action of pilocarpine on sodium nitroprusside-induced 
hypothermia was age related, because slight antagonism occurred 
in the mature group while immature animals showed hypothermic 
enhancement. 


6. The influence of nicotine on sodium nitroprusside-induced 
hypothermia was affected by age. Agonist hypothermia was not 
modified in the mature group; hypothermia was enhanced in the 
immature group. Nicotine pyresis may be antagonized in the younger 
group. 


7. Oxotremorine temperature depression was not modified by 
nicotine in mature mice. In the immature animals, this agonist may 
have inhibited nicotine hyperthermia; conversely, nicotine may have 
enhanced oxotremorine hypothermia (negative summation). 


8. Tetraethylammonium chloride produced effects on sodium 
nitroprusside hypothermia which were qualitatively similar to those 
of nicotine. It has been suggested that these antagonistic drugs act in 
a comparable manner. 


9. Age was shown to modify the effect of tetraethylammonium 
chloride on oxotremorine-induced temperature depression. Agonist 
hypothermia was not affected by tetraethylammonium chloride in 
the mature group. Slight enhancement was shown in the imma- 
ture animals. Oxotremorine may have inhibited tetraethylammo- 
nium chloride hyperthermia. 


10. Sodium nitroprusside-induced hypothermia was not affected 
by chlorpromazinein the immatureage group. In the matureanimals, 
either nitroprusside blocked chlorpromazine hypothermia or the 
latter agent partially reversed nitroprusside hypothermia. 


11. Chlorpromazine demonstrated no effect on oxotremorine- 
induced hypothermia in the immature animals. Partial antagonism 
was noted in the mature group. Oxotremorine may have inhibited 
chlorpromazine-induced hypothermia. 


12. Evidence has been provided that oxotremorine and sodium 
nitroprusside each produce hypothermia in mature mice via a 
different mechanism. The parasympathomimetic agent, pilocar- 
pine, did not alter oxotremorineinduced hypothermia, while this 
drug partially inhibited that of sodium nitroprusside. Conversely, 
atropine inhibited hypothermia attributed to oxotremorine but 
failed to modify that of nitroprusside. 
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D R U G  STANDARDS 


Potentiometric Titration of Allantoin in Cream Formulations 


D. J. WEBER* and J. W. HIGGINSt 


Abstract 0 An analytical procedure is described which uses a 
rapid partition chromatographic separation of intact allantoin 
from cream formulations. The allantoin content is measured by 
potentiometric titration in a mixed solvent system. Accuracy and 
precision data are presented, and good results are obtained with 
commercial preparations. 


Keyphrases 0 Allantoin cream formulation-analysis 0 Column 
chromatography-separation 0 Potentiometric titration-analysis 


The current methods of analysis of allantoin involve 
hydrolysis and quantification of the resulting glyoxylic 
acid (1-3) or urea (3-5). These procedures are deficient 
for the analysis of residual allantoin, since they mea- 
sure urea or glyoxylic acid which are the products of 
normal allantoin degradation (6). Using these methods 
of analysis after preliminary isolation of allantoin from 
its degradation products requires a difficult separation 
step. Other procedures use paper chromatography (7) 
or paper electrophoresis (5,7), which are rather slow and 
have been applied only to urine samples. A TLC separa- 
tion and UV assay of allantoin at 220 mp was reported 
for creams and lotions (8), but data on samples were 
not included and the molar absorptivity is only about 
1200. 


This report describes an assay for allantoin in cream 
formulations based on a partition chromatographic 
separation of allantoin from interfering substances and 
potentiometric titration of the allantoin with alkali. 
Those substances, which are eluted with the allantoin, 
are either nontitratable or have acid-dissociation con- 
stants sufficiently different from allantoin to permit its 
analysis. 


EXPERIMENTAL 


Apparatus-The following were used: recording pH meter' 
equipped with a glass-reference combination electrode2 and a mag- 
netic stirrer; a motorized, constant-speed syringe buret4 to deliver 
the titrant; and a glass chromatographic column, 30 X 2 cm. 


Reagents-The following were used: sodium hydroxide, 0.1 N 
solution standardized potentiometrically against primary standard 
potassium biphthalate; acetone, A.R.; acid-washed diatomaceous 
earth;6 ethyl acetate, A.R.; ethyl ether, A.R.; glass wool; and p 
dioxane.6 Allantoin? was used as received. 


Preparation of Solvent Mixtures-Ethyl acetate (200 ml.) and 
water (20 ml.) were combined in a separator and shaken to equili- 
brate. The layers were allowed to  separate. The water phase (lower) 


1 Heath Recording. 
Sargent-Welsh. 


3 Sargent-Welsh. 
4 Micro-Metric Instrument Co., Model MIP-2. 
6 Celite 545. 
6 Matheson Coleman and Bell. 
7 Aceto Chemical Co. 


serves as the stationary phase in the column and for sample prepara- 
tion. The ethyl acetate layer serves as the organic mobile phase for 
column elution. 


Ether saturated with water was prepared by adding 25 ml. of 
water to 100 ml. of ethyl ether and separating after equilibration. 
The aqueous phase was discarded. 


Column Preparation-To 4 g. of acid-washed diatomaceous 
earth, 3.5 ml. of stationary phase is added and mixed thoroughly. 
This material is added in portions to a 2-cm. i.d. chromatography 
column containing a pledget of glass wool at the bottom. The 
column is tapped on a wooden block after each addition of support 
until it is compact. The column is then tamped semifirmly with a 
column-packing rod to a length of 5.6 cm. The column is washed 
with 50 ml. of water-saturated ethyl acetate. 


Preparation of Artificial Sample-A placebo batch of Cream E, 
containing all ingredients except allantoin, was prepared. Allan- 
toin was added to samples of this placebo cream, lightly heated, 
mixed to give a homogeneous mix, and then rapidly cooled. The 
samples were put into beakers, sealed with Parafilm to avoid evapora- 
tion, and stored at room temperature for 4 days before being an- 
alyzed. 


Procedure-Accurately weigh a quantity of sample equivalent to 
about 25 mg. of allantoin into a 50-ml. beaker, and add 1.5 g. of 
acid-washed diatomaceous earth. Mix thoroughly with a spatula 
and then add 0.5 ml. of stationary phase and mix thoroughly again. 
Add the sample preparation to the prepared column and tamp 
semifirmly. Place a pledget of cotton on top of the sample, and 
elute the column with 100 ml. of mobile phase. Allow the ethyl 
acetate mobile phase to run just below the surface of the diatoma- 
ceous earth, add 5 ml. of ethyl ether (water saturated), and again 
allow this to run just below the surface. Add an additional 25 ml. of 
ethyl ether (water saturated) and allow the column to run dry. 
Discard all solvent eluted. Strip the allantoin from the column by 
eluting with 40 ml. of deionized water. Only the water is collected 
into a 150-ml. beaker. The boundary between the residual ethyl 
ether on the column and the water eluate containing the allantoin is 
easily determined by the initially cloudy nature of the water eluate. 
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Figure 1-Potentiometric titration curves of allantoin in 66 acetone- 
water (A); allantoin + triethanolamrnonium ion in 66% acetone- 
water (B); and allantoin in water (0. 
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Table I-Solvent Effect of the pKa’ of Allantoin, Triethanolamine, 
and Glyoxylic Acid 


r pKa’ 
-Dioxane-HzO-- Acetone-H20 


Substance HzO 1:2 2:l 1:2 2:l 
~~~~~~~ 


Allantoin 8.01 9.13 10.38 8.75 9.91 
Triethanolamine 7.66 7.52 7.33 7.25 7.10 
Glyoxylic acid 3.50 Reaction Reaction 4.98 


Collect all eluent until the column runs dry. Add 70 ml. of acetone 
to the 30-35 ml. of eluate collected and potentiometrically titrate 
the sample with standard 0.1 N NaOH to an apparent pH of 11.5- 
12.0. Usually, two inflections are observed, one near pH 8 and the 
other near pH 11. Calculate the milligrams of allantoin per gram of 
sample by substituting the observed values into the following equa- 
tion: 


158*12 = mg. allantoin/g. sample (Eq. 1) (sample wt., g.) 


where V is the milliliters of titrant consumed between the two inflec- 
tions, N is the normality of the titrant, and 158.12 is the equivalent 
weight of allantoin. 


DISCUSSION 


Potentiometric Titration of Allantoin-The potentiometric titra- 
tion curves of allantoin in water and 66% acetone-water are shown 
in Fig. 1. The equivalence points, although short, are distinct and 
analytically useful. Many cream samples were found to contain a 
basic emulsifying agent such as triethanolamine, which was eluted 
from the column with the allantoin and interfered with its titration 
in a purely aqueous solvent system. The addition of acetone or 
dioxane to the aqueous solution caused a large increase in the pKa’ 
of allantoin and a smaller decrease in the pKa’ of the amine. These 
shifts are due to the combined effects of a lower solvent dielectric 
constant and changes in the solvation sphere of the molecules (9). 
The effects of different solvents on the pKa’ of allantoin, triethanol- 
amine, and glyoxylic acid are given in Table I. Dioxane has a lower 
dielectric constant than acetone and, therefore, produced a greater 
separation in pKa’ of allantoin and triethanolamine than was found 
for acetone. The titration curve of allantoin plus triethanolammo- 
nium ion in 6 6 z  acetonewater is given in Fig. 1. Glyoxylic acid, a 
natural degradation product of allantoin, reacted very rapidly with 
a substance in the pdioxane to give a product which interfered with 
the titration of allantoin. This problem was avoided by using ace- 
tone as the solvent. Dioxane, besides containing material reactive 
to glyoxylic acid, also contains small amounts (9.6 X lo-‘ meq./ 
ml.) of an acid substance which also interferes with the titration of 
allantoin. 


Partition Column Separation of Mantoin-The partition coef- 
ficient of allantoin estimated from the ratio of its solubility in ethyl 
acetate to its solubility in water is 3 X 10-3. Therefore, in an aque- 
ous stationary phase the allantoin is essentially immobile and is 
easily separated from nearly all excipients after sufficient ethyl ace- 
tate mobile phase has been passed through the column. Those 
excipients that are not separated are either not titratable or have a 
sufficiently different pKa’ to allow differentiation using a mixed sol- 
vent system. 


Table 11-Elution of Allantoha from Partition 
Column with Water 


Total Milliliters Allantoin Observed in 
Fraction Eluted Fraction, meq. 


1 
2 
3 
4 
5 
6 


4 0.0400 
8 0.0995 


12 0.0529 
16 0.0231 
20 0.0074 
24 Negligible 


Sum 0.2229b 


a The sample analyzed was Product E. b The sum represents 101.18 % 
of theory. 


Table III-Accuracy Data for the Assay of Allantoin in Creams‘ 


Theoret- 
Placebo Allantoin ical Observed 


Sam- Weight, Added, Allantoin, Allantoin, Theory, 
ple g. mg. meq. meq. zb 
1 1.5253 28.20 0.1783 0.1792 100.50 
2 1.4829 30.25 0.1912 0.1897 99.21 
3 1.5842 29.82 0.1885 0.1885 100.00 
4 1.4417 32.50 0.2055 0.2001 97.37 
5 1.4045 29.46 0.1850 0.1862 100.64 -. . .. .~.- . . .~ ~~ 


6 1.3810 36.20 0.2289 0.2280 99.60 
7 1.6279 31.14 0.1969 0.1941 98.57 
8 1.6254 30.13 0.1905 0,1908 100.15 


a Samples were prepared by the addition of allantoin to a placebo 
cream. b The mean percent recovery is 99.51 %, and the 95 Z confidence 
interval IS zt 1.07 %. 


The apparent partition coefficient on a chromatographic column 
has been shown (10) to be a function of the stationary phase volume. 
The present assay uses a column with a ratio of milliliters of sta- 
tionary phase to grams of support of 0.875. To maintain equilibrium 
conditions and produce a satisfactory elution pattern, it was found 
useful to add water to the sample preparation sufficient to give a 
ratio of aqueous phase to grams of support close to 0.875. This pro- 
duced a satisfactory elution pattern (Table 11) Excellent analytical 
results were obtained with flow rates as high as 5 ml./min. 


The function of the ethyl ether wash is to remove residual ethyl 
acetate from the column. Any ethyl acetate present during the titra- 
tion of allantoin interferes due to its rapid hydrolysis. This rapid 
hydrolysis was indicated by the fact that when the titration was 
stopped at high pH values (greater than 8), the pH began to drift 
toward lower values. 


Accuracy and Precision-Accuracy data for the assay of allantoin 
added to placebo samples of Cream E are given in Table 111. The 
data indicate that both the accuracy and precision of the anilysis 
are excellent. The results of repeated analysis of a commercial 
sample of Cream E are given in Table IV. The 95% confidence 
interval is nearly the same as was calculated for the data of Table 
111. This suggests that the samples prepared for the accuracy study 
are truly representative of commercial creams and that the data in 
Table 111 are valid estimates of the accuracy of the assay. 


The results of the analysis of a variety of commercial creams are 
given in Table V. The assay gave acceptable results in every case, 
and repeat assays of Products A and D showed good precision. 


It has been shown (6) that under conditions of temperature and 
pH that would be expected in cream formulations, the products of 
allantoin hydrolysis are allantoic acid and then urea and glyoxylic 
acid. Potentiometric titration of mixtures of allantoin, glyoxylic 
acid, and triethanolammonium chloride and allantoin plus allantoic 
acid in 66% acetone-water gave allantoin recoveries of 100.3 and 
lOO.O%, respectively. These results demonstrate that no interference 
is caused by these compounds. 


Alkaline hydrolysis of allantoin (1.5 x 10-3 M NaOH at 80” for 
30 min.), acidification, and then analysis showed a loss of allantoin 
of 10.5%. If ammonium ion had been produced, the recovery of 
allantoin would have been greater than 100% since urea, an initial 
hydrolysis product of allantoin, gives two molecules of ammonium 
ion when it hydrolyzes. The pKa’ of the allantoin from the hydro- 
lyzed sample was 9.95, in excellent agreement with the value 9.91 
previously determined, 


Table IV-Precision Data for Assay of Allantoin 
~ ~~~ 


Sample Observed 
Weight, Concentration, Formula 


Samplea g. mg./g. Strength, %* 


1 1 .2765 20.28 96.57 


6 1.2270 20.54 98.10 


0 All samples are from a single tube of Cream E. b The mean percent 
formula strength is 96.9 Z and the 95 % confidence interval is f 1.18 %. 
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Table V-Assay Results for Allantoin in Commercial Creams 


Weight 
Sample Weight, Allantoin/g. Label 


Product g. Cream, mg. Strength, 


A 1.1495 18.6 
A 1.0523 18.4 
B 1 ,0670 20.9 


93.0 
92.0 


104.5 
C 0.9141 20.2 101 .o 
D 3.2041 2.44 97.6 
D 3.3492 2.47 98.8 
E 1.2765 20.28 96.57 


Chromatography and potentiometric titration of a mixture of 
allantoin and ammonium chloride showed that the ammonium ion 
is eluted with the allantoin and interferes with the quantification of 
allantoin in the titration. However, since no significant production 
of ammonia from allantoin in creams occurs, this causes no problem 
in the assay. Precipitation of ammonium ion from equimolar allan- 
toin-ammonium-ion mixtures using sodium tetraphenyl borate was 
96 effective in removing the ammonium-ion interference and re- 
sulted in 103 % apparent recovery of allantoin. Smaller amounts of 
ammonium ion gave correspondingly smaller interferences. 


REFERENCES 


(I)  G. Young and C. Conway, J .  Biol. Chem., 142,839(1942). 
( 2 )  S .  A. Katz, R. T. Turse, and S. B. Mecca, J. SOC. Cos. Chem., 


(3) R. Crokaert, BuK SOC. Chim. Bio., 41, lOOl(1959). 
15, 303(1964). 


(4) G. Siest, Bull. Soc. Pharm. Nancy, 64, 55( 1965). 
(5) R. Zimmermann, Naturwisseizschajien, 43, 399( 1956). 
(6) G. D. Vogels, F. E. De Windt, and W. Bassie, Recueil, 88, 


(7) J. Wagner and E. Franzen, Arch. Tierenahrung, 9, ll(1959). 
(8) I. Bonadw and G. Bottezzi, Ita/. Essenzy Projumi, 50, 78 


(1968). 
(9) H. S. Harned and B. B. Owen, “Physical Chemistry of 


Electrolytic Solutions,” 3rd ed., Reinhold, New York, N. Y., 1958, 
p. 683. 


(10) A. J. P. Martin and R. L. M. Synge, Biochem. J., 35, 1358 
(1941). 


(11) “The Merck Index,” 8th ed., Merck and Co., Rahway, 
N. J., 1968, p. 33. 


(12) “Handbook of Chemistry and Physics,” 45th ed., The Chem- 
ical Rubber Co., Cleveland, Ohio, 1964, p. D77. 


940( 1969). 


ACKNOWLEDGMENTS AND ADDRESSES 
Received April 27, 1970, from the Applications Research Lab- 


oratory, Quality Control Division, Syntex Laboratories, Palo Alto, 
CA 94304 


Accepted for publication June 23, 1970. 
Presented to the Pharmaceutical Analysis and Control Section, 


APHA Academy of Pharmaceutical Sciences, Washington, D. C. 
meeting, April 1970. 


The motorized, constant-speed syringe buret was constructed 
by Mr. J. W. Higgins. 


* Present address: Department of Physical and Analytical Chem- 
istry, The Upjohn Co., Kalamazoo, Mich. To whom requests for 
reprints should be directed. 


f Present address: 16405 Marine View Dr., S. W., Seattle,’ WA 
98 166 


NMR Analysis of Mestranol Bulk Drug 


HAJRO W. AVDOVICH, MARTHA BOWRON, and BRUCE A. LODGE 


Abstract 0 A double assay procedure for mestranol is described. 
The method is based upon measurement of the NMR spectrum of 
mestranol in pyridine, using diphenylacetic acid as an internal 
standard. The signals chosen are those from the methoxyl and 
ethinyl groups. Three commercial lots of the steroid were studied, 
and a TLC study of each lot is described. The impurities are tenta- 
tively identified. 


Keyphrases 0 Mestranol bulk drug-analysis 0 TLC-separation 
0 Potentiometric titration-analysis 0 NMR spectroscopy- 
analysis 


The synthetic oral estrogen mestranol(17a-ethinyl-3- 
methoxyestra-l,3,5( lO)-trien-17/3-01) is now in wide- 
spread use, chiefly as a component of oral contraceptive 
preparations. At present, the only official assay (1) for 
the raw material is a potentiometric titration. Other 
methods reported in the literature are colorimetric (2-4), 
UV (5-7), GLC (4, 6, 8, 9), TLC (7), and fluorometric 


Mestranol lends itself very well to quantitative analy- 
sis by means of NMR spectroscopy, since the signals 
from the protons of both the ethinyl and methoxyl 
groups are single sharp peaks. With a suitable choice of 
solvent, these peaks appear in a region of the spectrum 
that is unaffected by signals from other protons. 


(4, 10-12). 


The effect of solvents on the chemical shift of acety- 
lenic protons is well documented (13). In particular, 
addition of pyridine to a dilute solution of a monosub- 
stituted acetylene in carbon tetrachloride can result in 
deshielding of up to 1 p.p.m. of the acetylenic proton 
(14). Such significant deshielding is due to the fact that 
acetylenic compounds can form weak hydrogen 
bonds with molecules containing electronegative centers, 
such as acetone, acetonitrile, and pyridine (14-16). 


Since the impurities present in rnestranol bulk drug 
might interfere with either the signal from the ethinyl 
group or that from the methoxyl group, a study of the 
assayed samples was made by means of TLC. 


EXPERIMENTAL 
Spectra were obtained at 60 Mc.p.s., using a Varian A-60A 


analytical NMR spectrometer. A sweep time of 50 sec. for a chart 
width of 500 C.P.S. was used for all integrals. A r.f. power of 0.25 
mG. (nominal dial setting) gave the maximum integral amplitude 
(17) and was used for the integrations. Tetramethylsilane in chloro- 
form was used as an external reference to measure chemical shifts. 


Assay Procedur-NMR-Approximately 200 mg. of mestranol 
and 150 mg. of pure diphenylacetic acid (DPAA) were accurately 
weighed and dissolved in the minimum amount of pure pyridine 
(approximately 0.5 ml.). The NMR spectrum was obtained in the 
usual manner and integrated five times in each direction through the 
region of interest. 


Potentiometric Titrarion-Approximately 200 mg. of mestranol, 
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Table V-Assay Results for Allantoin in Commercial Creams 


Weight 
Sample Weight, Allantoin/g. Label 


Product g. Cream, mg. Strength, 


A 1.1495 18.6 
A 1.0523 18.4 
B 1 ,0670 20.9 


93.0 
92.0 


104.5 
C 0.9141 20.2 101 .o 
D 3.2041 2.44 97.6 
D 3.3492 2.47 98.8 
E 1.2765 20.28 96.57 


Chromatography and potentiometric titration of a mixture of 
allantoin and ammonium chloride showed that the ammonium ion 
is eluted with the allantoin and interferes with the quantification of 
allantoin in the titration. However, since no significant production 
of ammonia from allantoin in creams occurs, this causes no problem 
in the assay. Precipitation of ammonium ion from equimolar allan- 
toin-ammonium-ion mixtures using sodium tetraphenyl borate was 
96 effective in removing the ammonium-ion interference and re- 
sulted in 103 % apparent recovery of allantoin. Smaller amounts of 
ammonium ion gave correspondingly smaller interferences. 
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NMR Analysis of Mestranol Bulk Drug 


HAJRO W. AVDOVICH, MARTHA BOWRON, and BRUCE A. LODGE 


Abstract 0 A double assay procedure for mestranol is described. 
The method is based upon measurement of the NMR spectrum of 
mestranol in pyridine, using diphenylacetic acid as an internal 
standard. The signals chosen are those from the methoxyl and 
ethinyl groups. Three commercial lots of the steroid were studied, 
and a TLC study of each lot is described. The impurities are tenta- 
tively identified. 


Keyphrases 0 Mestranol bulk drug-analysis 0 TLC-separation 
0 Potentiometric titration-analysis 0 NMR spectroscopy- 
analysis 


The synthetic oral estrogen mestranol(17a-ethinyl-3- 
methoxyestra-l,3,5( lO)-trien-17/3-01) is now in wide- 
spread use, chiefly as a component of oral contraceptive 
preparations. At present, the only official assay (1) for 
the raw material is a potentiometric titration. Other 
methods reported in the literature are colorimetric (2-4), 
UV (5-7), GLC (4, 6, 8, 9), TLC (7), and fluorometric 


Mestranol lends itself very well to quantitative analy- 
sis by means of NMR spectroscopy, since the signals 
from the protons of both the ethinyl and methoxyl 
groups are single sharp peaks. With a suitable choice of 
solvent, these peaks appear in a region of the spectrum 
that is unaffected by signals from other protons. 


(4, 10-12). 


The effect of solvents on the chemical shift of acety- 
lenic protons is well documented (13). In particular, 
addition of pyridine to a dilute solution of a monosub- 
stituted acetylene in carbon tetrachloride can result in 
deshielding of up to 1 p.p.m. of the acetylenic proton 
(14). Such significant deshielding is due to the fact that 
acetylenic compounds can form weak hydrogen 
bonds with molecules containing electronegative centers, 
such as acetone, acetonitrile, and pyridine (14-16). 


Since the impurities present in rnestranol bulk drug 
might interfere with either the signal from the ethinyl 
group or that from the methoxyl group, a study of the 
assayed samples was made by means of TLC. 


EXPERIMENTAL 
Spectra were obtained at 60 Mc.p.s., using a Varian A-60A 


analytical NMR spectrometer. A sweep time of 50 sec. for a chart 
width of 500 C.P.S. was used for all integrals. A r.f. power of 0.25 
mG. (nominal dial setting) gave the maximum integral amplitude 
(17) and was used for the integrations. Tetramethylsilane in chloro- 
form was used as an external reference to measure chemical shifts. 


Assay Procedur-NMR-Approximately 200 mg. of mestranol 
and 150 mg. of pure diphenylacetic acid (DPAA) were accurately 
weighed and dissolved in the minimum amount of pure pyridine 
(approximately 0.5 ml.). The NMR spectrum was obtained in the 
usual manner and integrated five times in each direction through the 
region of interest. 


Potentiometric Titrarion-Approximately 200 mg. of mestranol, 
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Figure I-NMR spectrum of mestranol in deuteriochloroforni. 


accurately weighed, was dissolved in 40 ml. of tetrahydrofuran. To 
the solution was added 10 ml. of 5 silver nitrate solution, and the 
mixture was titrated with 0.1 N sodium hydroxide, the end-point 
being determined potentiometrically. 


TLC was carried out on silica gel GF plates of 0.25-mm. thickness. 
The developing mixture was benzene-methanol (19: l), and spots 
were detected by spraying with concentrated sulfuric acid and 
heating for 20 min. 
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I '  ' 1 
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Figure %-Partial NMR spectrum of mestranol plus DPAA in pyridine. 
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Figure %Partial NMR spectrum of estrone-3-methyl ether in 
pyridine. 


Calculation-NMR- 


X 
E.W. mestranol 


E.W. DPAA Wt. of mestranol (mg.) = 


X wt. DPAA (mg.) (Eq. 1) 
I mestranol 


I DPAA 


where E.W. is the molecular weight of the substance divided by the 
number of protons corresponding to the signal chosen for the assay, 
and I is the integral height. 


Poteniiometric Tiiraiion- 


Wt. of mestranol (mg.) = 31.04 X 


number of mI. 0.1 N sodium hydroxide (Eq. 2) 


RESULTS AND DISCUSSION 


NMR spectroscopy, based on the 60-Mc.p.s. spectrum, has been 
shown (18) to be of value in the analysis of meprobamate and 
chemically related substances. Information has been presented (19) 
demonstrating the use of NMR in the quantitative analysis of syn- 
thetic corticosteroids of the 1,4-dien-3-0ne type. 


The NMR spectrum of mestranol in deuteriochloroform (Fig. I) 
possesses signals at 6.27 T (3 protons, due to the 3-methoxy group) 
and at 7.44 T (1 proton, due to l7a-ethinyl group). The signal from 
the methoxyl protons is in an isolated region of the spectrum and is 
thus available for use in quantitative analysis. The ethinyl proton 


Table I-Analysis of Mestranol Bulk Drug by NMR and 
Potentiometric Titration 


NMR - 
Percent Percent 
Found, Found, 
Based Based Potentiometric 


on on -Titration-- 
Ethinyl Methoxyl Percent 
Protons Mean Protons Mean Found Mean 


LotA 99.0 98.9 101.8 101.2 99.6 99.4 
98.8 100.5 99.2 


LotB 99.6 100.1 101.1 101.0 101.4 101.4 
100.4 101 .o 100.6 
100.3 100.9 102.2 


LotC 99.9 99.6 100.1 100.3 98.6 98.4 
99.2 100.6 98.4 
99.7 101.3 98.2 


l o  
l o  


0 
A 6 C D E F G  H 


Figure &Schematic TLC chromatogram of ihree commercial lots 
of mestranol and likely impurities. Key: A-C = samples, D = 178- 
ethinylesiradiol, E = estradiol, F = estrone-3-methyl ether, G = 
estrone, and H = esiradiol-3-methyl eiher. The adsorbent is silica 
gel GF, 0.25 mm.; the solveni is benzene-methanol (19:l). 


signal is not suitable, however, since it is surrounded by a large 
number of other signals. On the other hand, in the NMR spectrum 
of mestranol in pyridine (Fig. 2), the methoxyl proton signal is very 
slightly shielded (6.33 T), but the ethinyl proton signal is significantly 
deshielded (6.80 T )  and is isolated from all other signals, thus making 
it suitable for use in quantitative analysis. Therefore, using pyridine 
as the solvent, two simultaneous independent determinations can be 
carried out on the same molecule. The signal at 4.62 T (Fig. 2) is due 
to the methine proton of the internal standard, DPAA. 


Mestranol is synthesized from estrone via estrone-3-methyl ether 
(20); both of these are, therefore, likely to occur as impurities. 
Other possible foreign related steroids in the final raw material are 
estradiol, estradiol-3-methyl ether, and I7a-ethinylestradiol. Of 
these, two (estrone-3-methyl ether and estradiol-3-methyl ether) 
interfere with the signal from the methoxyl protons of mestranol, 
and one (17a-ethinylestradiol) interferes with the signal from the 
ethinyl proton. Figure 3 shows a partial NMR spectrum of estrone- 
3-methyl ether in pyridine, with the signal from the methoxyl pro- 
tons, at 6.3 T, being in exactly the same position as the corresponding 
signal in mestranol (Fig. 2). 


Figure 4 shows a schematic representation of the results of a TLC 
study of the three commercial lots investigated, together with the 
most likely impurities. Lot A contained significantly more methoxyl 
than ethinyl impurities, together with some estrone, which would 
not be detected by either the NMR or the BP potentiometric method 
(1). Lot B contained rather more methoxyl than ethinyl impurities, 
together with some estradiol, which again would not be detected. 
Lot C contained a trace of 17a-ethinylestradiol but no methoxyl 
impurities; in addition, there was a very faint but diffuse spot, close 
to the origin, which was not identified. 


Results obtained from the analysis of the samples are shown in 
Table I. The potentiometric titration (1) is essentially an estimation 
of ethinyl protons, since the alkyne is treated with silver nitrate, 
liberating nitric acid which is determined by titration with standard 
alkali. Therefore, the results obtained from the NMR ethinyl proton 
signal should agree with those obtained by titration. The results 
from Lot A are in good agreement; the results from Lots B and C 
differ by 1.3 and 1.2x, respectively. The NMR method gives an 
average deviation of +0.6% (19); the accuracy of the titration 
method was not determined, but if it is no worse than the NMR 
procedure, the results obtained from the ethinyl protons by the two 
techniques are not significantly different. 


Of immediate interest in the NMR method is a comparison of the 
pairs of results. For pure mestranol, the results should be identical 
(within the experimental limits +0.6%). In the case of Lots B and 
C, the results are in good agreement. The results obtained from Lot 
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A, however, show a difference of 2.3 z, the methoxyl signal giving 
the higher answer. This is probably because this sample contained 
both estrone-3-methyl ether and estradiol-3-methyl ether as impuri- 
ties in amounts which appeared, from TLC, to be significantly 
greater than the amount of 17a-ethinylestradiol present. Therefore, 
the result would be expected to be biased by an increase in the 
methoxyl signal. 


The NMR procedure as described offers an attractive alternative 
assay for mestranol bulk drug. Simultaneous independent answers, 
from two different and isolated functional groups in the same mole- 
cule, act as a built-in check for the procedure. 
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Fluorometric Determination of Reserpine and 
Related Compounds by Reaction with Vanadium Pentoxide 


TIBOR URBANYI and HENRY STOBER* 


Abstract n A rapid and fairly specific fluorometric procedure has 
been developed for the routine quantitative determination of re- 
serpine and its derivatives alone and in tablet formulations. The 
method is based on the formation of fluorescence induced by the 
oxidation of reserpine with a reagent containing vanadium pentoxide 
in phosphoric acid. The oxidation product exhibits a greenish- 
yellow fluorescence, with the maximum around 500 mp in an acidic 
alcoholic solution. The dependence of the intensity of fluorescence 
upon the nature of the solvent, reagent concentration, and other 
parameters is discussed. The fluorogen developed follows Beer’s 
law over a very wide range, from 0.004 to 2 mcg./ml. of sample 
solution. The advantages and disadvantages of the proposed method 
are discussed, and the applicability in different formulations is 
demonstrated. 


Keyphrases 0 Reserpine and derivatives in tablets-determina- 
tion 0 Vanadium pentoxide-reserpine reaction-fluorescence 0 
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Since the isolation of reserpine‘ from the various 
Rauwolfia roots was completed, its double therapeutic 
effect as an antihypertensive and a tranquilizer has been 
recognized. When the usefulness of the reserpine as an 
effective human medicine was realized, Szalkowski and 
Mader (1) developed a quantitative method for its 


1 Serpasil, Ciba Pharmaceutical Co. 
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determination. This method underwent many modificd- 
tions (2, 3) which, however, did not alter the methodol- 
ogy of the original procedure significantly. 


In recent years, photometric methods (4) have been 
introduced for the quantitative determination of re- 
serpine. These methods are based on reactions with 
suitable reagents resulting in the formation of chromo- 
phores or fluorogens, which can be measured by colori- 
metric or fluorometric techniques. Colorimetric mea- 
surements ( 5 )  are applied mostly for pharmaceutical 
formulations where the sensitivity of the determination 
is not critical. Fluorescence determinations are used 
for reserpine in feeds and biological materials (6), 
where extremely sensitive and selective methods are 
required. A direct UV method (7) is frequently used for 
the determination of reserpine and has the advantage 
of speed of assay where the concentration of reserpine 
is high enough for UV absorption. Column chromato- 
graphic methods (8) are highly specific and fairly sen- 
sitive, but they are time consuming. TLC methods (9) 
are often used for the separation of the active alkaloids, 
but these methods are primarily qualitative rather than 
quantitative. 


The development of a specific method for the deter- 
mination of reserpine is difficult because of its structural 
similarity to other active alkaloids isolated from the 
Rauwolfia root. The greenish-yellow color produced 
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serpine and its derivatives alone and in tablet formulations. The 
method is based on the formation of fluorescence induced by the 
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Since the isolation of reserpine‘ from the various 
Rauwolfia roots was completed, its double therapeutic 
effect as an antihypertensive and a tranquilizer has been 
recognized. When the usefulness of the reserpine as an 
effective human medicine was realized, Szalkowski and 
Mader (1) developed a quantitative method for its 
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determination. This method underwent many modificd- 
tions (2, 3) which, however, did not alter the methodol- 
ogy of the original procedure significantly. 


In recent years, photometric methods (4) have been 
introduced for the quantitative determination of re- 
serpine. These methods are based on reactions with 
suitable reagents resulting in the formation of chromo- 
phores or fluorogens, which can be measured by colori- 
metric or fluorometric techniques. Colorimetric mea- 
surements ( 5 )  are applied mostly for pharmaceutical 
formulations where the sensitivity of the determination 
is not critical. Fluorescence determinations are used 
for reserpine in feeds and biological materials (6), 
where extremely sensitive and selective methods are 
required. A direct UV method (7) is frequently used for 
the determination of reserpine and has the advantage 
of speed of assay where the concentration of reserpine 
is high enough for UV absorption. Column chromato- 
graphic methods (8) are highly specific and fairly sen- 
sitive, but they are time consuming. TLC methods (9) 
are often used for the separation of the active alkaloids, 
but these methods are primarily qualitative rather than 
quantitative. 


The development of a specific method for the deter- 
mination of reserpine is difficult because of its structural 
similarity to other active alkaloids isolated from the 
Rauwolfia root. The greenish-yellow color produced 







Table I---Effect of Acids Saturated with Vanadium Pentoxide 
on Reserpine-Induced Fluorescencea 


8o I J 
Reagent Fluorescence, 


Acid Added, ml. z 70 I J 
Phosphoric 
Hydrochloric 
Sulfuric 
Perchloric 
Acetic 


0.5 
0.5 
0 . 5  
0.5 
0.5 


85 
1 


45 
4 
1 


~ ~~ ~~ 


';The total volume was 10.5 ml.; concentration 10 mcg. 


2o I ,,/ 
Table 11--Variation of Vanadium Pentoxide Reagent on the 
Fluorescence of Reserpine in Ethanolic Solutiono 


Reagent, ml. Fluorescence, 


0.25 
0.50 
0.15 


83 
82 
16 


0 2 4 6 8 10 
rncg./lO ml. 


Figure 2-Plot of ,fluorescence of alcoholic solutioris uguitist con- 
centrations. 


1 .oo 72 


a The total volume of solution was 1 I .O ml. 


alike and are measured colorimetrically at the absorp- 
tion maximum at about 390 mp. The greenish-yellow 
color recommended by the official procedure permits 
the determination of reserpine by fluorescence measure- 
ments, since the fluorescent product increases the sen- 
sitivity for the determination of reserpine. 


The goal of this study was to develop a fluorescence 
method which would be as sensitive or better than that 
of the nitrite procedure and, with its simplicity, would 
improve the precision of the official method. The pro- 
posed method is based on the formation of a greenish- 
yellow fluorogen with vanadium pentoxide in phosphoric 
acid in alcohol or with an aqueous ethanolic solution of 
reserpine. On the basis of these observations, the 
method described can be adopted for the reserpine 
determination of the single-tablet assay, where extremely 
high sensitivities are desired. The optimal reaction 
conditions and the characteristics of the fluorescent 
species are presented. 


using the general nitrite procedure for reserpine is 
specific for alkaloids having a 2,3,4,9-tetrahydro-7- 
inethoxy-lH-pyrido[3,4-b]indole group (10) with the 
following structural formula (I): 


C H J O W N H  N 


I 


It  was observed that when reserpine was exposed to 
intense light, air, or oxidizing agents, a greenish-yellow 
colored compound was produced (1 1). This compound 
is identical with the reaction product obtained from the 
nitrite procedure and was identified by several authors 
(1 1 ,  12) as 3-dehydroreserpine, a first-step oxidation 
product of reserpine. Aniong many oxidative reagents, 
the official method in Pharmacopeia Belgique IV (13) is 
the sulfovanadic acid, which produces a greenish- 
yellow color with reserpine in acetone solution. 


In the USP and NF, the official method is the nitrite 
procedure in the presence of hydrochloric acid. The 
chroniophores produced by these different reagents are 


H 


EXPERIMENTAL 


Reagents and SolutionsConcentrated phosphoric acid was 
saturated with reagent grade vanadium pentoxide by mechanical 


Table 111-Influence on Fluorescence by the Amount of 
Phosphoric Acid Added to Alcoholic Solution of Reserpine" 


Phosphoric Fluorescence, 
Acid Added, ml. Reagent, ml. z 


1 . 5  0 . 5  I1 
0 .5  0.5 15 


0.5 64 


14 


12 


10 


u. a 8  
d 


~ 


4 The total volume of solution was 12.0 ml. 


Table IV-Effect of Water Content on Fluorescence in 
Ethanolic Solution of Reserpine" ETHANOL 


0 METHANOL 
A AOUEOUS ETHANOL 


Water in Fluorescence, 
Ethanol, Reagent, ml. z 


O l  
2 4 6 8 10 12 14 16 18 20 


MINUTES 


Figure 1-Rate of formation of fluorogen with vanadium pentoxide 
it1 different solue~its. 


10 0 . 5  83 
25 0 .5  83 
50 0.5 15 


The total volume of solution was 10.5 ml. 
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shaking for approximately 1 or 2 hr. The solution was filtered 
through a medium-porosity sintered-glass funnel. The saturated 
solution contained about 0.8 mg. of vanadium pentoxide/ml. This 
reagent was quite stable and could be stored for a long period with- 
out any changes in composition; alcohol USP was used as solvent. 


Apparatus-An Aminco SPF-125 spectrophotofluorometer, 
equipped with variable slit controls and a mercury lamp for the 
light source, and an Aminco-Bowman recording spectrophoto- 
fluorometer with xenon lamp for the light source were used for 
the measurements. 


Preparation of Standard Solution-A solution containing 1 
mcg./ml. of USP reserpine reference standard in alcohol USP was 
prepared. 


Preparation of Assay Solution-A reserpine solution of 1 mcg./ 
ml. in alcohol USP was prepared. To facilitate the dissolution of 
reserpine from the tablet mass, a sonifier bath was employed. 


Procedure-into a 25-ml. volumetric flask, pipet 10 ml. of assay 


4 


3 


2 


1 


8 8  


7 9  


u 7  
6 
5 
4 


3 


2 


1 


A = 0 . 0 4 m g .  
B - 0 . l O m p .  
G = 0.40mp. 


0 2 4  6 8 1 0 1 2  
MINUTES 


Figure 3-Plot of the log F, - Ft of reserpine treated with varying 
amounts of vanadium pentoxide per 0.5 ml. HzP04 against time. 
Reserpine concentration = 0.01 rng.110 ml. 
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solution and 0.5 ml. of reagent. Mix well and let the solution stand 
about 1@15 min. At the same time, pipet standard solutions into 
separate 25-ml. volumetric flasks containing 6, 8, and 10 mcg. of 
reserpine in 10 ml.; add 0.5 ml. of reagent solution to each flask, 
and mix well. After the standing time, set the activation slit control 
at 2 mm. and the emission slit control at 4 mm. at full sensitivity, 
and set the percent full scale setting at 100 of the instrument. 
Measure the fluorescence of the standard and sample solutions at 
495 mM with the activation wavelength of 365 mp, using a I-cm. 
fluorescence cell. 


DISCUSSION 


The most frequently reported quantitative method for the deter- 
mination of reserpine and its related compounds, alone or in formu- 
lations, is still the nitrite procedure. The use of colorimetric or 
fluorometric determinations depends on the concentration of reser- 
pine in the product to be analyzed, since the species assayed in both 
instances are identical. The colorimetric or fluorometric procedures 
currently used are fairly complicated (using several reagents and ex- 
tractions). A simpler procedure requiring a single reagent and fewer 
associated steps with possibilities of automation would be desirable. 


It is well known that reserpine can be fairly easily oxidized to a 
fluorescent product in acid solution using suitable oxidants. Several 
oxidizing reagents such as ceric compounds, peroxides, selenium 
dioxide, permanganates, periodates, and vanadium salts and its 
oxides were tested in these laboratories. Because the oxidation of 


Table V-Comparison Data on Tablets, Using the New and 
Official Methods 


mg./Tablet v205, Nitrite mg./Tablet Assay, * O  Tablets 


Reserpine (0.10) 0.101* 0.100 
0.099 


Reserpine (0.25) 
0.258* 0.253 
0.244 0.245 
0.255 


Syrosingopine ( I .  0)  0.995 0.982 
0.982* 
0.994 


a These assays were perfonned on chloroform extracts obtained by the 
official nitrite procedure. An aliquot of the chloroform extract was 
evaporated to dryness, the residue dissolved in ethanol, and the re- 
sultant solution assayed by the vanadium pentoxide procedure. The 
nonstarred results are based on analysis by vanadium pentoxide without 
prior extraction. 


A - VANADIUM PENTOXIDE INDUCED 
FLUORESCENCE IN ETHANOL 


B -NITROUS ACID INDUCED FLUORESCENCE 
C -VANADIUM PENTOXIDE INDUCED 


FLUORESCENCE IN AQUEOUS ALCOHOL 


CONCENTRATION; O.6mcg. RESERPINE PER ml. 


Figure 4 - Fluorescence 
emission spectra of reser- 
pine. (The base lines for 
Spectra B and C were dis- 
placed for visual conve- 
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reserpine occurs in acid solution, the erect of diflerent inorganic 
and organic acids on the oxidants was tested. Ceric compounds 
dissolved in mineral acids produced fluorescence with reserpine in 
alcoholic solution; however, the usefulness of this reagent was im- 
paired by a rapidly forming precipitate in the solution. The other 
oxidants mentioned failed to produce significant fluorescence with 
reserpine, regardless of the acid or solvent used for the dissolution. 


The dissolution of the pure substance or the tablet mass was car- 
ried out in alcoholic solutions. Appreciable fluorescence was ob- 
served when an alcoholic solution of the reserpine was treated with a 
saturated solution of vanadium pentoxide in concentrated phos- 
phoric acid. The fluorescence yields of reserpine with vanadium 
pentoxide were considerably inhibited when the vanadium pent- 
oxide was dissolved in mineral acids other than phosphoric acid. 
Table I illustrates the fluorescent intensity of reserpine obtained 
with saturated vanadium pentoxide in different acids. It is evident 
from these data that the maximum fluorescent intensity was achieved 
with phosphoric acid. The phosphoric acid reagent also proved to 
be more stable. From these observations it was obvious that the 
optimum concentration of the reagent should be investigated. The 
volume and the concentration of the sample solution were kept 
constant. The optimal fluorescent intensity was achieved using 
0.25--0.5 ml. of reagent, and the data for these observations are 
presented in Table [I. The e f k t  of phosphoric acid upon the produc- 
tion of fluorescence was investigated by maintaining the reserpine 
and the reagent concentration constant. These data are presented in 
Table 111 and show that the variation of the phosphoric acid con- 
centration insignificantly influenced the fluorescent intensity of the 
recommended assay. 


During this investigation it also was observed that the fluores- 
cence measurements were not only affected by the oxidation reagent 
but that the rate of oxidation was substantially affected by the sol- 
vents used in dissolution. From Fig. 1 it is apparent that the reac- 
tion proceeds most rapidly in alcohol USP but with less fluorescent 
intensity than in ethanolic water solutions that were tested for suit- 
ability with respect to automated procedures. This difference can be 
explained by the quenching etfect, since the reagent imparts a 
slight yellow color in alcohol USP. However, this yellow color can 
be significantly decreased upon the addition of water. Ethanolic 
solutions of reserpine containing various amounts of water were 
analyzed by this procedure. The data presented in Table IV in- 
dicate that with 25 % water, maximum fluorescence was produced. 
With aqueous ethanolic solution, a very faint straw-yellow color was 
observed; however, the fluorescence for reserpine in this solution was 
approximately 10-1 5 higher than in alcohol USP alone. Since the 
rate of fluorescence development is faster in alcohol USP, the slight 
decrease due to quenching can be overcome if one allows the 


Figure 5-3-Dehydroreserpine 
treated with vanadium pent- 
oxide reagent. (The base line 
for Spectrum B was displaced 
for visual convenience.) 


600 650 700 750 


fluorescence to develop in alcohol USP and then, after a suitable 
time, dilutes the solution to a desired volume with water. 


Almost the same quenching effect as in the case of alcohol was 
observed when a large excess of phosphoric acid was employed for 
the assay. A maximum fluorescence was obtained upon addition 
of 0.5 mi. reagent and 0.5-1.5 ml. of phosphoric acid to 12 ml. of an 
ethanolic solution containing 1 mcg. reserpine/ml. These data 
indicate the optimum reaction conditions and the most stable 
fluorescence species. To determine the validity of the reaction using 
optimum conditions, the fluorescent intensity was plotted against 
the concentration of reserpine (Fig. 2). The linear plots obtained by 
this procedure indicate that the method is reliable. The fluorescence 
species appears to be stable in solution for a period of several hours. 
This procedure would be suitable for the determination of reserpine, 
alone and in tablet formulations. 


Reserpine and syrosingopine2 are fairly soluble in alcohols; 
tablets containing these active ingredients were extracted with 
alcoholic solutions. The results obtained for reserpine and syro- 
singopine tablets, using the new vanadium pentoxide procedure, are 
presented in Table V. The data were compared with the results ob- 
tained by the official nitrite procedure. The proposed new vanadium 
pentoxide method without an extraction procedure fails to distin- 
guish the possible degradation products, such as reserpic acid, from 
the parent compound. To determine the amount of reserpic acid, 
the citric acid extracts remaining from the analysis of syrosingopine 
tablets by the nitrite procedure were subjected to the vanadium 
pentoxide method. Approximately 0.4 of fluorescent material 
based on syrosingopine was found in the citric acid extract. The 
ditTerences between the extracted and nonextracted analyses in- 
dicate, therefore, that the reserpic acid concentration is negligible 
in comparison with the experimental error of the method. The 
reproducibility of the method according to the new procedure is 
presented in Table VI. 


After a practical determination of reserpine by fluorescence 
measurements, an attempt was made to determine if the reaction 
products from the nitrite and vanadium pentoxide methods were 
identical. Haycock et al. (12) studied the kinetics of nitrous acid- 
induced fluorescence and suggested that the fluorescent product in 
reserpine by nitrous acid is a two-step reaction which can be ex- 
plained by Scheme I:  


protonated protonated Hf 3-dehydroreserpine 


reserpine reserpine k2 fluorescent product 
+ HONO-+ 41 *HONO + 


Scheme I 
~~ 


2 Singoserp, Ciba Pharmaceutical Co. 
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Table VI-Reproducibility of Vanadium Pentoxide Methodn 


Sample Assay, mg./Tablet 


A 0.2580 
B 0.2540 
C 0.2580 
D 0.2500 
E 0.2570 
Average 0.2554 


SD =4= 0.0017 


a Analysis of 0.25-mg. reserpine tablets. 


A linear relationship was obtained by plotting the logarithm of 
unreacted reserpine expressed as F, - Ft ,  where F, is the final 
fluorescence of the solution and Ft the fluorescence at time t, versus 
the time required for fluorescence development with nitrous acid. 
A plot of this type is linear for several different concentrations of 
nitrite reagent and indicates first-order kinetics with respect to 
reserpine concentration. Preliminary data of this type have been 
obtained for the fluorescence produced by the reaction of reserpine 
with vanadium pentoxide reagent. A plot of the logarithm of F, - 
Ft versus time for different concentrations of vanadium pentoxide 
produces straight lines, indicating an apparent first-order reaction 
with respect to reserpine concentration as in the nitrite case (Fig. 
3). 


To establish that the fluorescent species is the same, 3-dehydro- 
reserpine was synthesized from reserpine, and the synthesized prod- 
uct was compared with the fluorescent species produced by va- 
nadium pentoxide reagent. Satisfactory combustion analysis was 
obtained for the synthesized product, and the TLC data indicated 
only a few trace impurities. The activation and fluorescence spectra 
of 3-dehydroreserpine in the presence and absence of vanadium 
pentoxide reagent were essentially identical to that of reserpine 
treated with vanadium pentoxide reagent (Pigs. 4 and 5).  Since 
the spectra were generated by an Aminco-Bowman spectrophoto- 
fluorometer, the activation and fluorescence maxima show slight 
differences in wavelengths from those obtained on SPF-125. This 
difference between the Aminco-Bowman and SPF-125 is most 
likely due to the difference in sources for the two instruments. 
The spectra were generated in ethanol and aqueous alcoholic 
solutions. The fluorescence yields of reserpine treated with vana- 
dium pentoxide reagent were 106% based on the fluorescence oh- 
tained from an equimolar amount of 3-dehydroreserpine treated 
similarly. Some fluorescence quenching is observed for 3-dehydro- 
reserpine treated with reagent compared to a solution of 3-dehydro- 
reserpine treated with phosphoric acid only. 


An attempt was made to isolate the fluorescent species of reser- 
pine generated by vanadium pentoxide reagent by making the reac- 
tion mixture basic with sodium hydroxide and extracting with 
chloroform. Approximately 250 mcg. of reserpine was allowed to 
react with vanadium pentoxide reagent for several hours, The 
reaction mixture was made basic with sodium hydroxide, diluted 
to 100 ml. with water, and extracted with chloroform. The chloro- 
form extract was evaporated to dryness, and the residue was taken 
up in ethanol. The UV spectrum of this solution did not compare 
well to the UV spectrum of 3-dehydroreserpine in ethanol, but it 
was practically identical to that obtained for 3-dehydroreserpine 
treated with vanadium pentoxide reagent and extracted as described. 


Rather than indicating a fluorescent species other than 3-dehydro- 
reserpine, the different UV spectra obtained for 3-dehydroreserpine 
in the absence of vanadium pentoxide and after extraction from a 
basic solution containing vanadium pentoxide might possibly be 
explained by the formation of an extractable complex between 3- 
dehydroreserpine and a vanadium species. 


The authors feel that the proposed method, with its simplicity 
and efficiency, would provide a suitable procedure for the routine 
analysis of reserpine and may contribute to the progress of an auto- 
mated technique for reserpine. 


CONCLUSION 


A new fluorometric method has been developed for the deter- 
mination of reserpine and related compounds in bulk and tablet 
formulations. The proposed method is based on the formation of a 
fluorogen with vanadium pentoxide. The intensity of the fluorogen 
was significantly increased when the reagent was saturated in 
phosphoric acid. This method, with its simplicity and rapidity, can 
be used for the quantitative determination of reserpine. The possible 
formation of 3-dehydroreserpine as the fluorescent product was 
postulated, and the optimum reaction conditions, were evaluated. 
Since the mechanism of the reaction is not completely evident and 
is strongly dependent on the reagent and the acid used for the reac- 
tion, these parameters will be the subject of a further investigation. 
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Quantitative Analysis and Stability of 
5(or 4) - [3,3-Bis (2-chloroethyl) -l-triazeno]imidazole-4 (or 5) - 
carboxamide in Acidic Aqueous Solutions 


DAVID S. DRESBACK and JOSEPH F. GALLELLI 


Abstract 0 Methods of quantitative analysis by UV spectrophoto- 
metric, colorimetric, and ionic chloride determination are reported 
for 5(0r 4)-[3,3-bis(2-chloroethyl)-1-triazeno]imidazole-4(or 5)- 
carboxamide (NSC-82196) in the presence of its degradation prod- 
ucts. With the exception of the ionic chloride method of analysis 
of samples exposed to light, all three methods showed good agree- 
ment for stability studies of NSC-82196 in acidic aqueous solutions 
exposed to light and dark and stored at 25". A sterile lyophilized 
hydrochloride salt of NSC-82196 for parenteral use, reconstituted 
with water for injection, was found to havea t1l2 = 150 min. at 25" 
and t i / ,  = 65 hr. at 4". 


Key phrases 0 5(0r 4)-[3,3-Bis(2-chloroethyl)-1-triazeno]imidazole 
4(or 5)-carboxamide-quantitative analysis, stability 0 TLC- 
separation 0 UV spectrophotometry-analysis 0 Colorimetric 
analysis-spectrophotometer 0 Ionic chloride determination- 
analysis 


5(or 4)-[3,3-Bis(2-chloroethyl)-1-triazeno]imidazole- 
4(or 5)-carboxamide (NSC-82 196) is a promising anti- 
leukemic agent. It has been shown to be superior, in the 
murine leukemia L-1210 system, to 5(or 4)-[3,3-dimethyl- 
l-triazeno]imidazole-4(or 5)-carboxamide (NSC-45388), 
an analog of similar structure presently in clinical trials 


A sterile lyophilized hydrochloride salt of NSC-82196, 
for parenteral use, was prepared by the Pharmaceutical 
Development Service. Since the drug is extremely un- 
stable in aqueous solutions, adequate assay procedures 
were needed to determine the potency and stability of 
the formulated dosage form. 


NSC-82196 is an analog belonging to a series of 
dialkyltriazenoimidazoles that undergoes rapid decom- 
position in aqueous acidic solutions. The resulting 
degradation products have been reported to be "trans- 
formation" product (NSC-112970) (11) and 2-azahypo- 
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Figure 1-UV spectra of NSC-82196, NSC-112970, and NSC-22419 
in pH 2.31 phosphate buffer. 


xanthine (NSC-22419) (111) (2-4). The formation of 
NSC-22419 is preceded by the photodegradation of 
NSC-82196 to an intermediate 5-diazoimidazole-4- 
carboxamide (IV), which cyclizes by intramolecular 
coupling to NSC-22419 (3-5). 


Loo and Stasswender (6) reported a colorimetric 
method of assay suitable for intact NSC-82196. A UV 
spectrophotometric assay has also been reported which 
is specific for the degradation products, NSC-112970 
and NSC-22419, as well as NSC-82196 (2). Adaptations 
of these two methods were used in this study to assay 
intact NSC-82196. Since one chloride ion is liberated 
for each molecule of transformation product formed, 
an ionic chloride method of assay was also used to fol- 
low the degradation of NSC-82196. Stability studies 
were performed to correlate all three methods of assay 
and to outline limitations, if any. The stability of a re- 
constituted, lyophilized, parenteral dosage form was 
determined under various conditions of light and dark 
at 25 and 4". 


EXPERIMENTAL 


ReagenGThe following were used: 5(0r 4)-[3,3-bis(2-chloro- 
ethyl)-l-triazeno]imidazole-4(or 5)-carbo~amide,~ transformation 
product2 (m.p. 209" dec.), and 2-azahypoxanthine monohydrate* 
[m.p. 208-209' (explosive), darkens at 150"l. 5-Diazoimidazole-4- 
carboxamide3 was synthesized according to the method of Shealy 


1 Prepared by Parke, Davis & Co., Detroit, Mich., and obtained from 
the Drug Development Branch, Cancer Chemotherapy, National Ser- 
vice Center, NCI, Bethesda, Md.; m.p. 208" dec., darkens at  150", 
ouritv determined from IR suectrum and ionic chloride determination. 


2 Prepared by Southern Research Institute, Birmingham, Ala. 
3EIementalanalysis-Calcd.; C = 35.04%,H = 2.21 %, N = 51.09%; 


Found: C = 35.01X: H = 2.17%. N = 50.74%. Elemental analysis 
was performed by 'Microanalyticai-Laboratory, .National Institute of 
Allergy and Infectious Diseases, NIH, Bethesda, Md. 
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Figure 2-Verifcatioti of stoichiometry of NSC-82196 hydrolysis a t  pH 2.31 phosphate buffer and 25" in light (- - -) arid durk (-- 
Key: 0, NSC-82196; 0, NSC-112970: a, NSC-22419; and ., NSC-112970 plus NSC-22419. 


et al. ( 5 )  [m.p. 199" (explosive), darkens at 149-150"]. Sterile lyo- 
philized hydrochloride salt of NSC-82196 for injection, 100 mg./ 
vial; 4 N-( 1-naphthy1)-ethylenediamine dihydrochloride (Bratton- 
Marshall reagent), 3% in distilled water; 0.2 M phosphate buffer, 
pH 2.31 ; gelatin reagent;6 and silica gel GF thin-layer plates' were 
also used. All other chemicals were of reagent grade. 


Apparatus-The following were used: Cary model 11 recording 
spectrophotometer; UV lamp (longwave).? maximum intensity at 
366 mp; Aminco chloride titrator, model 4-4433;* IBM 1620 com- 
pute~-;~ Beckman zeromatic pH meter; Desaga TLC apparatus;'O 
Beckman IR-5A spectrophotometer; constant-temperature water 
bath (k0.1"); and Thomas-Hoover capillary melting-point ap- 
paratus. 


Colorimetric Assay-To a 10-ml. volumetric flask was added 0.2 
ml. of freshly prepared 3 % Bratton-Marshall reagent followed by 
20-1 10-mcg. portions of NSC-82196. The flask was rapidly brought 
to volume with pH 2.31 phosphate buffer and mixed in subdued 
light. Approximately one-half of the solution was removed and 
placed in the dark. The other half was irradiated with a longwave 
UV lamp for 30 min. The lamp was positioned approximately 8 
cm. from the center of the solution in the 10-ml. volumetric flask. 
The absorbance of both fractions was measured on a Cary 
11 recording spectrophotometer at 520 mp, using a phosphate buffer 
as the blank. A blank of the reagents alone, without NSC-82196, 
was also treated in the same manner, and its absorbance was re- 
corded at 520 mp. 


Ionic Chloride Assay-A sample portion was taken, diluted if 
necessary, and titrated on an Aminco chloride titrator at one of the 
three titration speeds. The titrator can accurately determine a 
minimum of 9 mcg. of chloride ion in a sample. Accuracy was better 


John L. Smith Memorial for Cancer Research, Chas. Pfizer & Co., 
Inc.. Mavwood. N. J. 


Ameiican Iktrument Co., Silver Spring, Md. 
8 Analtech, Inc., Wilmington, Del. ' Burton model 1910, obtained from Cavitron Corp., Van-Nuys, 


0btained.from American Instrument Co., Inc., Silver Spring, Md. 
Courtesy of Laboratory of Physiology, National Cancer Institute, 


lo Distributed by Brinkmann Instruments, Inc., Westbury, Long Is- 


Calif., equipped with two Burton 1911 bulbs. 


NIH, Bethesda, Md. 


land, N. Y. 


-). 


than 0.1 % and reproducibility was f 1 z, with the entire deter- 
mination taking less than 2 min. to perform. 


UV Spectrophotometric Assay-Sample solutions from 1 to 2 
mg./100 ml. in pH 2.31 phosphate buffer were read on the Cary 11 
recording spectrophotometer from 400 to 225 mp. Absorbances at 
326, 278, and 236 mp were recorded. Calculations were made with 
an IBM 1620 computer, using simultaneous equations with three 
equations and three unknowns. 


TLC-TLC for qualitative studies was carried out on activated 
layers of silica gel GFzb4, 250 p thick, in two systems: water (satu- 
rated with n-butano1)-glacial acetic acid (4 : 1) and n-butanol-glacial 
acetic acid-water (4 : 3 : 3). All TLC was done at room temperature. 
The quantity of the compounds applied on TLC varied from 5 to 
60 mcg. The limits of detection for each of the compounds were: 
NSC-82196, 0.5 mcg.; NSC-112970, 2 mcg.; and NSC-22419, 0.5 
mcg. Spots were detected by UV quenching, IZ vapor, aqueous 0.2% 
Bratton-Marshall reagent spray, and concentrated H2S04 spray 
followed by heating. 


Kinetic Studies-The degradation of NSC-82196 was monitored 
by the UV, colorimetric, and ionic chloride methods of assay. 
Various portions of NSC-82196 (depending upon the assay method 
used) were dissolved in pH 2.31 phosphate bufferll in 50-ml. volu- 
metric flasks. The solutions were brought to volume at the tempera- 
ture of the bath. The flasks were then immersed to 90% of their 
length in the thermostatically controlled bath at 25 =k 0.1 O and ex- 
posed to the light and dark. The light samples were exposed to two 
fluorescent bulbs,12 placed 15 cm. from the center of the volumetric 
flasks in the bath. At appropriate time intervals, portions were with- 
drawn for assay. 


Stability of Parenteral Product-Amber glass vials of a lyophilized 
product were each reconstituted with 20 ml. of water for injection 
and stored in light and dark at 2 5 "  and in dark at 4". All vials 
were reconstituted with water for injection at 25". Sample portions 


11.A 0.2 M ,  pH 2.31 phosphate buffer was chosen for the kinetic and 
stability studies because the parenteral formulation used in clinical 
trials, when reconstituted with water for injection, is pH 2,.3. Also, 
samples below pH 2.5 were found to be in an optimum stability range 
as seen with the data on the effect of pH on stability reported by the 
University of Michigan (2). Since the authors were trying to mimic 
conditions of the actual formulation, pH 2.3 was chosen for the study. 


l 2  Westinghouse, 15W No. F15T81D. 
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Table I-Results of UV Analyses of Three Mixtures of NSC-82196, 
NSC-112970, and NSC-22419 in pH 2.31 Phosphate Buffer 
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Table 11-a Values (at pH 2.31) for NSC-82196, NSC-112970, 
and NSC-22419 at Three Wavelengths Used in the UV A m y  


L 
- 


- 


- 


- 


- 


- 


- 
- 


Added, Found, Error, 
% Mixtures mg./100 ml. mg./100 ml. 


NSC-82196 1.7380 1.7318 0.8 
NSC- 1 12970 1.0150 1.0678 2 .2  
NSC-22419 1.1360 1.0877 4 . 2  
NSC-82 196 0.6410 0.6574 2.0 
NSC-112970 0.9280 0.9250 0 . 3  
NSC-22419 0.8180 0.7711 5 . 7  
NSC-8 2 196 0.9111 0.9010 1 . 1  
NSC-112970 0.7651 0.7530 1.6 
NSC-224 19 0.9121 0.9311 2.1 


were withdrawn at appropriate time intervals and assayed by the 
UV method. 


RESULTS AND DISCUSSION 


TLC Studies-TLC confirmed the presence of NSC-22419 and 
NSC-112970 as degradation products of NSC-82196 in acidic 
aqueous media. The decomposition products had R,  values identical 
to authentic NSC-22419 and NSC-112970. However, only trace 
amounts of NSC-22419 were found in samples degraded in the dark, 
while large amounts of NSC-22419 were found in samples degraded 
with longwave UV light. No attempt was made to confirm the pres- 
ence of the photodecomposition product, 5-diazoimidazole-4- 
carboxamide, because of its small buildup and concentration. 


UV Method of Assay-The UV method of assay was specific 
for NSC-82196 and its decomposition products NSC-22419 and 
NSC-112970. Table I shows the results of three separate trials asmy- 
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Figure 3-Semilogarithmic pfot of fracfion NSC-82196 remaining 
versus time at 25.0", pH 2.31 phosphate buffer, in light and dark. 
Key: dark, --; light, - - -; UV, e; colorimetric corrected, .; 
colorimetric uncorrected, 0; and chloride, A. 
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Mixtures 326 mp 278 mp 236 mp 


NSC-82196 635.2 230.3 252.0 
NSC- 1 12970 250.2 112.2 412.5 
NSC-22419 000.0 263.8 255.0 


ing mixtures of all three authentic materials. Figure 1 shows the 
UV spectrum of all three components in pH 2.31 phosphate buffer. 


The A,,,. used for the calculations were 278 mp (NSC-22419), 
236 mp (NSC-112970), and 326 mp (NSC-82196).13 The a values 
at pH 2.31, used to calculate the final formulas using simultaneous 
equations, are seen in Table 11. All calculations were based on 
three components only. 


Colorimetric Assay-Intact NSC-82196 follows Beer's law over 
the concentration range 1-12 mcg./ml. The a value was found to be 
937.5 =t 1.4%. At low concentrations, less than 3 mcg./ml., the 
A,,,. of the solution was seen to shift from 520 to 525-526 mp. 
Samples of intact NSC-82196 developed for 30 min. in the dark 
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Figure 4-Seniilogarithrnic plot of fraction NSC-82196 remaining 
versus time for reconstituted parenteral product at 25" in light (0) 
and dark (e). 


JaThe wavelength of 209 mp for NSC-22419 recommended by the 
University of Michigan group (2) for quantitation could not be used in 
this laboratory due to limitations of the Cary 1 1  recording spectropho- 
tometer. 
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Figure 5-Semilogarilhmic plot of fraction NSC-82196 remaining 
versus time for recotistitutedgaretitral product at 4" in dark. 


demonstrated zero absorbance, thus indicating that no 5-diazo- 
imidazole-4-carboxamide was formed in the absence of light. If 
diazoimidazole carboxamide was found, it would be indicative of 
what was already present at the time the sample was taken. There- 
fore, subtraction of the sample's absorbance from the irradiated 
sample's absorbance is necessary to obtain the corrected absorbance 
of the reinaining intact NSC-82196 in the sample. This procedure is 
necessary since in a stability study with rigorous lighting conditions, 
a buildup of 5-diazoimidazole-4-carboxamide is expected. 


Kinetic Studies-Apparent adherence to stoichiometry during 
the course of the reaction of NSC-82196 in acidic aqueous solution 
with time using the UV assay method is seen in Fig. 2. Samples ex- 
posed to light showed a significant amount of NSC-22419 forma- 
tion. Table 111 shows the rate constants and half-lives obtained by 
the assay methods used. Figure 3 is a semilogarithmic plot of frac- 
tion NSC-82196 remaining versus time for all assay methods. With 
the exception of the ionic chloride method for light-stored samples, 
all assay methods used indicated that the degradation of NSC- 
821 96 followed apparent first-order kinetics. All chloride calcula- 
tions were based on the premise that NSC-82196 was degrading 
solely to NSC-112970; thus the chloride method would be expected 
to be invalid if anything other than NSC-112970 was being formed. 


It can be seen in Fig. 3 that an error can be introduced if one does 
not account for existing 5-diazoimidazole-4-carboxamide at any 
given time when using the colorimetric method. The presence of a 
significant amount of the diazo compound also would be expected 
to introduce error into the UV results, since the UV calculations 


Table 111-First-Order Rate Constants and ti/, Values for 
Degradation of NSC-82196 in Phosphate Buffer at pH 2.31, 
25.0", in Light and Dark 


Assay -Light--- -Dark- 7 


Method f y 2 ,  t l ( 2 ,  
Used k min.-l X lo3 min. k min.-' X lo3 rmn. 


Colorimetric 


Colorimetric 
corrected 7.90 rt 3.13% 87.8 5.46 f 4 . 3 z  126.9 


noncor- 
rected 6.14 rt 3.12% 112.9 5.46 k 4.3% 126.9 


Chloride Invalid 5.59 + 2.8z 123.9 uv 7.75 + 3.9% 89.5 5.30 + 5.1% 130.7 


allow for three components only in the system. In this study the 
amount of diazo compound existing at a given time in light samples 
was small (there was a maximum amount of 10% at  ti/J and was 
calculated to result in less than 3 %  error in the concentration of 
NSC-82196 in a solution at ti/, by the UV method of assay. 


Stability of Parenteral Product-Figures 4 and 5 are the semi- 
logarithmic plots for the reconstituted parenteral product at 25 
and 4", respectively. No difference in stability of NSC-82196 was 
noted between those samples stored in light or dark at 25", pre- 
sumably due to the drug being stored in the amber glass vials. 


The pH was found to change considerably in this unbuffered 
system. It is likely that the pH lowering causes apparent variance 
from first-order kinetics in both cases, since the drug in general has 
been reported to be more stable in acidic aqueous media (2). Also, 
water at 25" was used to reconstitute the 4" sample; thus a faster 
degradation rate would be expected in the first few minutes 
(Fig. 5 )  until the system actually comes to 4". 


The purpose of this experiment was to mimic conditions the 
product would actually encounter in clinical use. Therefore, the re- 
sults are different than would be predicted from a controlled sta- 
bility study carried out in a buffer system at constant pH. The ap- 
parent half-life of the parenteral product is approximately 150 min. 
at 25" and 65 hr. at 4" 


CONCLUSIONS 


Good agreement was found between the UV and colorimetric 
methods of assay. The University of Michigan's UV method 
of assay was found to be quite specific for NSC-82196 and 
its decomposition products, NSC-22419 and NSC-112970, but does 
not include the decomposition product 5-diazoimidazole-4-carbox- 
amide. The University of Michigan group did not conduct their 
studies of the drug in light. Since the diazo compound is a photo- 
degradation product of the drug, no allowances were made for it in 
the UV method of assay. However, as mentioned previously, even 
when there was a buildup of diazo compound to a maximum of 10% 
at ti/, in the light, this resulted in an error of 3% in the concentra- 
tion of NSC-82196. 


Values obtained from the colorimetric method would also be in 
error if any 5-diazoimidazole-4-carboxamide was present as a 
degradation product and not accounted for, as seen in Table 111. 
Therefore, correction of the colorimetric method, as reported by 
Loo and Stasswender (6), is definitely needed in a study with rigor- 
ous lighting conditions where the buildup of diazo compound, al- 
though small, does occur. 


The chloride method was found in agreement with the other two 
methods of assay when used for stability studies in which NSC- 
112970 was the only degradation product (samples protected from 
light). The chloride method is of no value in determining the abso- 
lute amount of NSC-82196 remaining in the sample because it is not 
specific for intact NSC-82196. Also, obvious problems arise if one 
attempts to use the chloride method to follow the stability of a 
hydrochloride salt of NSC-82196. Thus the chloride method is not 
recommended due to these serious limitations. By protecting the 
solutions from light, it appears that the 5-diazoimidazole-4- 
carboxamide formation can be inhibited. The degradation of the 
reconstituted parenteral product did not appear to follow first-order 
kinetics, possibly due to  the pH decrease which accompanies the 
degradation. The apparent ti/, was 150 min. for amber glass vials 
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of the reconstituted hydrochloride salt of NSC-82196 stored at 
25" in dark or light. The apparent t1l2 was 65 hr. for the same vials 
stored at 4" in the dark. 
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Automated Dual Extraction Procedure for Analysis 
of Phenmetrazine Hydrochloride Tablets 


S. AHUJA, C. SPITZER, and F. R. BROFAZI 


Abstract c[ An automated method of analysis, based on dual ex- 
traction of phenmetrazine hydrochloride, has been developed for 
analysis of phenmetrazine hydrochloride tablets. The method re- 
quires use of a continuous digestor along with other more familiar 
modules of an automatic analyzer. A total of 520 individual tablets 
was analyzed by this method. Of all the tablets analyzed, 99.8% 
were within f 10 % of the indicated dosage and 100 were within 
f 15 % of the indicated dosage. 


Keyphrases 0 Phenmetrazine HC1 tablets-analysis Automated 
extraction procedure-phenmetrazine HCI analysis 0 Diagram- 
automated system, phenmetrazine HCl analysis UV spectro- 
photornetr y-analy sis 


Automated analytical methods have been limited 
generally to dissolution and/or extraction of active 
ingredients from the formulation, filtration, and dilution 
to suitable concentration for analytical determinations. 
Manual methods involving evaporation of the organic 
solvent, followed by dissolution of the residue in suitable 
aqueous solvents, have been considered difficult to 
automate. One semiautomated approach to the solution 
of this problem has been reported by Feller et al. (1) for 
analysis of ethopabate in poultry feeds. This approach 
should provide a valuable means of automating pharma- 
ceutical methods of analysis, where such extractions are 
frequently used. 


A variety of manual methods (2-9) has been used for 
analysis of phenmetrazine hydrochloride. For several 
years, a manual dual-extraction procedure (9) has been 
used in the authors' laboratories for analysis of 25-mg. 


Table I-Recoveries and Precision with the Automated Method 


Percent Phenmetrazine 
Number Hydrochloride Recovered 


1 99.2 
2 101.2 
3 100.4 
4 
5 
6 
7 
8 
9 
10 


.Average 
Relative S D  


103.2 
101.2 
98.0 


101.2 
103.2 
99.2 


100.4 
100.7 
f .1 .7  


tablets of this compound. The tedious and time-con- 
suming manual procedure was automated by the use of 
the continuous digestor2 along with other more familiar 
modules of the automatic analyzer. 


EXPERIMENTAL 


Materials and Methods-The flow diagram of the analytical 
system, including tubing sizes, is shown in Fig. 1. The Solidprep 
sampler is programmed to operate at a rate of 13 samples/hr. The 
sample (tablet) is deposited in a cup placed on the turntable of the 
sampler. In turn, each sample is dumped into the homogenizer and 
homogenized with 100 ml. of water; a 0.9-ml./min. sample (seg- 
mented with air) is pumped from the sampler. The sample is made 
alkaline with 1 %  w/v NaOH and filtered through a continuous 
filter. About 50% is resampled and extracted with chloroform, and 
the chloroform extract is washed with water and fed into the con- 
tinuous digestor. Simultaneously, dilute hydrochloric acid (4 in 100) 


~~ ~ ~ 
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of the reconstituted hydrochloride salt of NSC-82196 stored at 
25" in dark or light. The apparent t1l2 was 65 hr. for the same vials 
stored at 4" in the dark. 
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Automated Dual Extraction Procedure for Analysis 
of Phenmetrazine Hydrochloride Tablets 


S. AHUJA, C. SPITZER, and F. R. BROFAZI 


Abstract c[ An automated method of analysis, based on dual ex- 
traction of phenmetrazine hydrochloride, has been developed for 
analysis of phenmetrazine hydrochloride tablets. The method re- 
quires use of a continuous digestor along with other more familiar 
modules of an automatic analyzer. A total of 520 individual tablets 
was analyzed by this method. Of all the tablets analyzed, 99.8% 
were within f 10 % of the indicated dosage and 100 were within 
f 15 % of the indicated dosage. 


Keyphrases 0 Phenmetrazine HC1 tablets-analysis Automated 
extraction procedure-phenmetrazine HCI analysis 0 Diagram- 
automated system, phenmetrazine HCl analysis UV spectro- 
photornetr y-analy sis 


Automated analytical methods have been limited 
generally to dissolution and/or extraction of active 
ingredients from the formulation, filtration, and dilution 
to suitable concentration for analytical determinations. 
Manual methods involving evaporation of the organic 
solvent, followed by dissolution of the residue in suitable 
aqueous solvents, have been considered difficult to 
automate. One semiautomated approach to the solution 
of this problem has been reported by Feller et al. (1) for 
analysis of ethopabate in poultry feeds. This approach 
should provide a valuable means of automating pharma- 
ceutical methods of analysis, where such extractions are 
frequently used. 


A variety of manual methods (2-9) has been used for 
analysis of phenmetrazine hydrochloride. For several 
years, a manual dual-extraction procedure (9) has been 
used in the authors' laboratories for analysis of 25-mg. 


Table I-Recoveries and Precision with the Automated Method 


Percent Phenmetrazine 
Number Hydrochloride Recovered 


1 99.2 
2 101.2 
3 100.4 
4 
5 
6 
7 
8 
9 
10 


.Average 
Relative S D  


103.2 
101.2 
98.0 


101.2 
103.2 
99.2 


100.4 
100.7 
f .1 .7  


tablets of this compound. The tedious and time-con- 
suming manual procedure was automated by the use of 
the continuous digestor2 along with other more familiar 
modules of the automatic analyzer. 


EXPERIMENTAL 


Materials and Methods-The flow diagram of the analytical 
system, including tubing sizes, is shown in Fig. 1. The Solidprep 
sampler is programmed to operate at a rate of 13 samples/hr. The 
sample (tablet) is deposited in a cup placed on the turntable of the 
sampler. In turn, each sample is dumped into the homogenizer and 
homogenized with 100 ml. of water; a 0.9-ml./min. sample (seg- 
mented with air) is pumped from the sampler. The sample is made 
alkaline with 1 %  w/v NaOH and filtered through a continuous 
filter. About 50% is resampled and extracted with chloroform, and 
the chloroform extract is washed with water and fed into the con- 
tinuous digestor. Simultaneously, dilute hydrochloric acid (4 in 100) 
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Figure 1-Flow diagram of the analytical system. 


is fed into the continuous digestor where chloroform is evaporated 
in a heated rotating helix, with subsequent solution of the residue 
in the dilute hydrochloric acid. A portion of the dilute hydrochloric 
acid solution is sampled on the other end of the rotating helix (the 
rest of the sample and chloroform are sent to waste) and passed 
through a mixing coil; its absorbance is determined at 256 mp in a 
15-mm. tubular flow cell with the range expander set at the 2 X  
setting. Standards are run at various intervals to provide a means for 
calculation of sample concentration and to check any instrumental 
fluctuations. 


RESULTS AND DISCUSSION 


Tablets are initially extracted with water instead of the dilute 
hydrochloric acid (4 in 100) used in the manual method. The latter 
solvent was undesirable for use with the automatic analyzer. After 
investigating various alternate solvents, it was found that water was 
the solvent of choice because of its greater suitability for further 
extractions. 
In the manual method, 50% NaOH w/v solution is used for 


alkalinization of dilute hydrochloric acid (4 in 100) prior to chloro- 


STANDARD 
w .  


Figure 2-Typical recording ofphenmetrarine tablets, 25 nig. 


PROPORTIONING PUMP 


ACIDFLEX TURISG 


form extraction. The use of such a strong alkaline solution was con- 
sidered neither desirable nor necessary in the automated method. A 
much lower concentration, such as a 1 w/v NaOH solution, was 
found very suitable for alkalinization in the automated method. 


Beaded mixing coils are generally used for liquid/liquid extraction 
in automated methods. For this work, these coils were found un- 
usable because they yielded very heavy emulsions which could not 
be resolved. This problem was solved by using three mixing coils in 
a row along with two separators. The first separator provides the 
separation of chloroform from the aqueous phase. In the second 
separator, chloroform is washed with water, whereby emulsion 
problems are completely eliminated. 


Table 11-Comparison of Results Obtained by Automated and 
Manual Methods 


~~ 


-Phenmetrazine Hydrochloride, mg.--- 
Automated Manual Deviation, 


Method mg. Method Sample 


A 
B 
C 
D 
E 
F 
G 


25.0 25.3 -0.3 
24.8 24.8 0.0 
24.3 24.0 +0.3 
23.8 23.9 -0.1 
24.4 25.1 -0 .7  
24.1 24.3 +0.4 
24.3 24.6 -0.3 - 


?I 25 1 24.7 +0.4 _ _  . . -- 
I 24.5 24.6 -0. I 


24.6 24.5 $0.1 
Average 24.6 24.6 +o. 3 


~. J __ __ 
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Figure 3-Histogram ofphenmetraziiie tablets, 25 mg. 


The second extraction step, involving reextraction of phen- 
metrazine into dilute hydrochloric acid (4 in 100) from chloroform, 
is automated by the use of the continuous digestor. This is accom- 
plished in a heated rotating helix. The chloroform and the dilute 
hydrochloric acid are introduced in such a proportion as to create 
thin layers of both of these phases. The organic phase is volatilized 
by heat and vacuum (which is app;ie.l on the other end), and the 
aqueous acid phase is aspirate3 into the automated system and 
processed as shown in Fig. 1. The use of the continuous digestor 
provides increased sensitivity ( I )  and ehinates  the emulsification 
problems commonly encountered in manual liquid/liquid extraction 
methods. 


A linear relationship was observed between the concentration of 
phenmetrazine hydrochloride and absorbance in the range of con- 
centration studied. The precision and recoveries obtained by the 
method were checked by running “synthetic” formulations (pre- 
pared in a manner similar to the commercial formulation). The 
percentage recovery results on the synthetic formulation are shown 
in Table I. No significant interference from the excipients was ob- 
served when placebos of this formulation were run by this method. 


A typical recording is shown in Fig. 2. The average of 10 indi- 
vidual tablets compared favorably with the results obtained man- 
ually (Table 11), thus suggesting that the automated method provides 
an acceptable alternate means of assaying phenmetrazine hydro- 
chloride in phenmetrazine hydrochloride tablets. 


To study tablet-to-tablet variation, a very large number of in- 
dividual tablets was analyzed by these methods. The tablets used 
were selected randomly from several production batches to obtain 
a good overall picture of tablet-to-tablet variation. The distribution 
of dosage in these tablets is presented in the form of a histogram 
(Fig. 3). Of all the tablets analyzed, 99.8% were within +lOZ of 
the indicated dosage and 100% were within I!Z 15% of the indicated 
dosage (4~15% is the present limit in the NF for content uniformity 
of tablets). 
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Diffuse Reflectance Studies of Solid-Solid Interactions IV: 
Interaction of Bishydroxycoumarin, Furosemide, 
and Other Medicinal Agents with Various Adjuvants 


J. DAVID McCALLISTER, TTNG-FONG CHIN, and JOHN L. LACH 


Abstract Spectral information comparing the diffuse reflectance 
of drug-metallic-ion adjuvants with those of the isolated metallic 
chelates is presented. Various metallic-ion chelates of bishydroxy- 
coumarin and furosemide were prepared and isolated, and their 
diffuse reflectance spectroscopy spectra were found to be 
comparable to those of drug-adjuvant equilibrated systems. This 
information, along with the color changes observed in both the 
chelate and the interaction product, and the new peaks observed in 
the UV and visible regions of the spectra suggest that these drug 
interactions due to chemisorption may proceed by a mechanism 
similar to that of chelation. 


Keyphrases 0 Solid-solid interactionsdiffuse reflectance spectros- 
copy IJ Drug-metal-ion adjuvants, drug-metal chelates-diffuse 
reflectance comparison Spectral changes, drugs-metal-ion 
adjuvants IJ Diffuse reflectance spectroscopy-analysis 0 IR spec- 
trophotometry-identity 


A number of articles have recently appeared in the 
literature which point out the existence of drug- 
excipient interactions in the solid state (1-5). Although 
drug-excipient interactions in pharmaceutical dosage 
forms have been recognized, very little information 
exists concerning the nature and degree of these physical 
and chemical surface interactions. Such solid-solid 
interactions may account, in part, for the discrepancies 
observed in drug availability of similar dosage forms. 


This report represents a part of the continuing study 
of drug-excipient interaction and deals with mechanistic 
aspects of these drug-metallic-ion adjuvant inter- 
actions. 


EXPERIMENTAL 


Reagents-The following were used: dioxane-recrystallized 
bishydroxycoumarin, m.p. 288-289 O ; alcohol-recrystallized furo- 
semide, m.p. 215" dec.;Z digoxin, m.p. 266" d e ~ . ; ~  indomethacin, 
m.p. 158';* ergonovine maleate, m.p. 166" dec.;3 chloramphenicol, 
m.p. 151 o;6 potassium bromide, spectroscopic grade; activated 
(basic) alumina (Woelm); magnesium oxide; magnesium trisilicate; 
calcium sulfate; magnesium carbonate; zinc stearate; zinc oxide; 
acacia powder; magnesium sulfate, A.R.; ferrous chloride, A.R. ; 
ferrous sulfate, A.R.; aluminum chloride, A.R.; zinc sulfate, A.R. ; 
talc; methanol, A.R.; ethanol USP; and 0.1 N NaOH. 


Apparatus-The following were used : Beckman D U  spectro- 
photometer with a diffuse reflectance attachment; constant-tem- 
perature water bath set at 30 f 0.5" with rotating spindles; 150- 
ml. vials with caps sealed with Parafilm;' Frease-Precision Scientific 
vacuum oven; Beckman IR-5A infrared spectrophotometer; 
Pasadena Hydraulic bench press; and a capillary melting-point 
apparatus.? 


1 K and K Laboratories. 
Hoechst Pharmaceuticals. 
Burroughs Wellcome & Co. 
Merck Sharp and Dohme. 


6 Parke-Davis and Co. 
6 Marathon Co. 
7 Arthur H. Thomas Co. 


PROCEDURES 


Preparation of Sample-An exact amount of the drug (50 mg. of 
bishydroxycoumarin, 50 mg. of furosemide, 10 and 20 mg. of 
digoxin, 10 mg. of ergonovine maleate, and 30 mg. of indomethacin 
and chloramphenicol) is weighed for every 2 g. of adjuvant weighed. 
The powders are placed in 150-ml. vials, and 25 ml. of water is 
added as the dispersion medium. The vial is covered with Parafilm 
and capped. The sample is equilibrated for 8 hr. at 30 f 0.5" to 
effect interaction. After equilibration, the sample is dried under 
vacuum at 40". The percent reflectance of this sample is measured, 
using magnesium carbonate as the reference material. 


Preparation of Control-The same amounts of drug and of ad- 
juvant are weighed as in the sample preparation and are physically 
mixed using a mortar and pestle. The percent reflectance of this 
control is measured, using magnesium carbonate as the reference 
material. 


Preparation of Chelates-Approximately 3 g. of the drug (bis- 
hydroxycoumarin or furosemide) is accurately weighed and dis- 
solved, using an equivalent amount of 1.0 N NaOH and the volume 
of the solution adjusted to 50 ml. with distilled water. A molar 
equivalent quantity of the metal-ion solution is added dropwise to 
the solution containing the drug while stirring continuously. The 
addition is continued until the pH drops to approximately 6; then 
the solution is filtered under vacuum and the insoluble complex is 
washed well with water to remove impurities and dried in a vacuum 
oven. 


RESULTS AND DISCUSSION 


Although no information in the literature describes metallic 
chelates of bishydroxycoumarin, previous diffuse reflectance 
spectroscopy (DRS) studies (6) in these laboratories dealing with 
bishydroxycoumarin-excipient interactions strongly suggested that 
the mechanism involved could be one of chemisorption due to 
surface chelation. 


An examination of the structure of bishydroxycoumarin (Struc- 
ture I) suggests that this compound could undergo chelate forma- 
tion. 


0-H H-0 
I 


Attempts to study solution chelate formation of bishydroxy- 
coumarin with metallic ions, based on the DRS information, by 
the solubility and continuous variation method were unsuccessful. 


The use of potentiometric titrations, although not totally satis- 
factory since no significant pH changes were observed, did, how- 
ever, give evidence of complexation, because visual observation of a 
precipitate was noted when sodium hydroxide titrant was added to 
a bishydroxycoumarin solution containing the metal ion under 
investigation. Since metal hydroxides were also formed in this 
method, the procedure was modified. 


Bishydroxycoumarin was first solubilized by the addition of an 
equivalent amount of alkali and titrated with an aqueous solution 
of the metallic ion under investigation, resulting in the formation 
of highly colored precipitates and suggesting that chelate formation 
had occurred (Table I). 
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Table I-Bishydroxycoumarin-Metallic-Ion Chelates 


Compound Color 


Bishydroxycoumarin 
Mg(1l) chelate 
Zn(I1) chelate 
Fe(I1) chelate 
Fe(11I) chelate 
Al(II1) chelate 


White 
Light-yellow 
Light-yellow 
Gray 
Brownish-red 
Light-yellow 


The examination of the IR spectra of these isolated metallic 
chelates and of the pure bishydroxycoumarin indicated that appar- 
ently the accepted conformation (Structure I) of the drug is in 
disagreement with the present findings. The IR spectrum obtained 
for bishydroxycoumarin (Fig. 1) does not reveal a free 0-H 
stretching band in the region of 3 p, as would be expected. Although 
the spectral data are in agreement with the reported IR spectrum by 
Hayden et al. (7), these authors also fail to account for this in their 
listed structure. It is interesting to note that free 0-H stretching in 
the 3-p region is only evident in the chelate, for example, as seen in 
the zinc chelate (Fig. 2). This suggests that one hydroxyl group of 
bishydroxycoumarin, in the pure state, is strongly hydrogen bonded 
to the keto oxygen and that the hydroxyl group on the other cou- 
marin ring would exist primarily in the keto form, which would 
account for the absence of free 0-H stretching in this region. 
Data based on the IR spectra of the various isolated bishydroxy- 
coumarin chelates indicate that the conformation of this drug and 
its chelatescould be as shown in Scheme I. 


I1 


rn 
Scheme 1 


Additional evidence supporting this line of reasoning was ob- 
tained using Dreiding models. The isolated metallic chelates were 
very insoluble in all solvent systems tested and, consequently, 
difficult to purify and characterize; they were highly colored, as 
listed in Table I. 


The adjuvants used in the study of the solid-solid interactions 
with bishydroxycoumarin were chosen because of their importance 
in pharmaceutical formulations. In view of the fact that most of the 
adjuvants used exhibited reflectance values in excess of 100% 
throughout the wavelengths employed and, therefore, would not 
contribute to the absorption spectrum of the control or the equili- 
brated sample, their spectra are not shown. 


Figure 3 represents the DRS spectrum of the interaction of 
magnesium oxide with bishydroxycoumarin. An examination of 
this figure does indicate a significant difference in the spectrum of 
the control and that of the equilibrated sample, as evidenced by the 
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Figure I-IR spectrum ofbishydroxycoumarin (KBrpelIet). 
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Figure 2-IR spectrum of the zinc-bishydroxycoumarin chelate 
(KBrpeIIet). 


intensified absorption bands in the UV region. There also appear to 
be two new absorption peaks generated, one between 360 and 390 
mp and the other at approximately 450 mp. 


This band formation in the UV region may be explained as an 
interaction of the magnesium oxide with bishydroxycoumarin 
where the adsorption facilitates the clarification of an already 
existing peak in this region, or it may represent the actual reflec- 
tance spectrum of a film of the drug adsorbed onto the surface of 
the magnesium oxide adsorbent. This is suggested in Fig. 4 where 
the transmittance curve of bishydroxycoumarin in basic medium 
shows that the Amax. at approximately 320 mp lies in the same 
region as that obtained in the DRS spectrum. The appearance of 
two new bands at approximately 380 and 450 mp in the visible 
region of the DRS spectrum in the equilibrated sample and their 
absence in the transmittance spectrum indicate the presence of a 
strong chemical surface interaction between bishydroxycoumarin 
and the magnesium oxide adsorbent. The high degree of interaction 
is further substantiated by the large intensity change and the 
significant bathochromic shift observed in the equilibrated sample 
as compared to that of the control. A comparison of this interaction 
DRS spectrum to that of the prepared and isolated magnesium 
chelate shows some interesting similarities. For example, the 
chelate also shows a new peak at 450 mp. Both spectra show a 
hyperchromic effect throughout the UV region. The equilibrated 
magnesium oxide sample is light yellow in color, quite similar to 
the isolated magnesium chelate; in addition to  the other similarities 
noted, this suggests that the mechanism involved in these interac- 
tions may be similar. 


Other magnesium-ion metallic adjuvant-bishydroxycoumarin 
interactions, although not shown here, are somewhat similar to that 
of the magnesium oxide systems. In the magnesium carbonate 
system, there is a hyperchromic effect in the UV region and the 
possibility of new band formation, broad and distinct, between 
375 and 390 mp, indicative of strong interaction. 


There is also a bathochromic shift of 80 mp between 340 and 420 
mp in the equilibrated versus the control spectrum. The interaction 
of magnesium stearate with bishydroxycoumarin suggests a peak 
between 375 and 390 mp, although it is indistinct and quite weak. 
A bathochromic shift of 40 mp is observed between 360 and 400 
mp. The new band formation and bathochromic shifts are indica- 
tive of strong chemical interactions, and a mechanism similar to 
that of chelate formation seems reasonable for these interactions. 


An examination of the spectrum of the zinc stearate interaction 
with bishydroxycoumarin (Fig. 5) reveals a slight hyperchromic 
effect in the UV region with this adjuvant, along with a X,,, at 
approximately 300 mp. 


No new peak formation was observed in the visible region as in 
the magnesium-containing systems. The DRS spectrum of the 
isolated zinc-bishydroxycoumarin chelate, however, does show 


I 
./ 


220 260 300 350 400 550 900 
A, mp 


Figure 3-DRS of bishydroxycoumarin (50 mg.) and magnesium 
oxide (2.00 g.). Key: A ,  control (physical mixture); B, equilibrated 
sample; C ,  bishydroxycoumarin, 100 %; and D ,  magnesium-bis- 
hydroxycoumaria chelate, 100%. 
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Table II-Furosemide and Selected Chelates 


28 40t/ 
I I 


220 260 300 400 500 900 
A, ma 


Figure 4-Transmittance spectra of bishydroxycoumarin (10 mcg.1 
ml.) in 0.1 N NaOHsolution. 


this new band at 450 mp and a significant bathochromic shift as 
compared to the spectrum of the equilibrated sample. The absence 
of new peak generation in the visible region for the zinc stearate- 
bishydroxycoumarin system as compared to that of the isolated 
chelate indicates that the zinc in the zinc stearate molecule is less 
readily available for surface interactions. However, as with the 
magnesium-containing adjuvant, the degree of surface interactions 
will vary with other zinc-containing excipients. 


Spectral data obtained for the alumina-bishydroxycoumarin 
interactions were quite similar to those seen with zinc stearate. 
Again, new peak generation at 450 mp was observed only in the 
prepared chelate. It is possible that zinc stearate and alumina have 
very highly saturated surfaces and, thus, few active sites available 
for chemisorption. 


Although the iron (11) and iron (111) bishydroxycoumarin chelates 
were prepared, a comparison of their DRS data to that of the equili- 
brated samples was difficult because of the highly adsorbing nature 
of the interaction products. 


DRS of Furosemide Interactions and Comparison of Isolated 
Chelates-The interest in studying this drug was due in part to the 
color changes observed in certain tablet formulations and to the 
reported discrepancies in absorption when the drug was formulated 
with certain excipients.8 


Furosemide (4-chloro-5-sulfamoyl-N-furfuryl anthranilic acid), 
an effective diuretic-saluretic agent (8-lo), is similar chemically to 
the thiazide diuretics. Furosemide is a weak acid with a pKa of 
approximately 4.7. It forms salts easily with bases such as sodium 
hydroxide and has the structure shown in Structure IV. 


Iv 


The large spectral and color changes observed in the diffuse 
reflectance spectrum of the furosemide-metallic-ion adjuvant 
interactions, as in the bishydroxycoumarin system, again suggest 
that this compound could undergo chelate formation in aqueous 
solution, although such chelates have not been previously reported. 


Using the previously discussed modified method, the akali- 
solubilized furosemide was titrated with a solution of the metallic 
ion under investigation. The highly colored isolated precipitate 
did indicate that interaction had occurred (Table 11). An examina- 
tion of the molecular structure using Dreiding models substantiates 


220 260 300 350 400 550 900 
A, mp 


Figure 5-DRS of bishydroxycoumarin (50 mg.) and zinc stearate 
(2.00 g.). Key: A ,  control (physical mixture); B ,  equilibrated sample; 
C, bishydroxycoumarin, 100 %; and D ,  zinc-bishydroxycoumarin 
chelate, 100%. 


* Private communication. 
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Melting 
Compound Color Point 


Furosemide Off-white 215" 
Mg(I1) chelate Light-yellow 300" 
Zn(1I) chelate Yellow-brown > 3 0 "  
Fe(I1) chelate Light-cocoa 200" 
Fe(II1) chelate Red-brown >360" 
Al(II1) chelate Yellow-gray >360" 


this line of reasoning, as illustrated in Scheme 11. 


Scheme I1 


As in the bishydroxycoumarin system, purification of the isolated 
chelates was extremely difficult due to their highly insoluble nature. 
Attempts to characterize these isolated chelates after repeated 
methanol washings in which the drug was relatively soluble were 
inconclusive because contamination due to the presence of metallic 
hydroxides was a problem. 


Analysis for furosemide and metallic ion contained in the chelates 
by spectrophotometric, chelometric, and atomic absorption tech- 
niques generally indicated a 1 : 1 ratio, although a 2: 1 ratio for the 
iron (111) system was suggested. Since the stoichiometric relationship 
is dependent on an exact metallic-ion determination and since trace 
amounts of metallic hydroxide contamination can result in a large 
change in this ratio, further purification studies are in progress to 
determine this ratio and to characterize the complexes. Although 
it is recognized that these isolated and methanol-washed chelates 
are not completely pure, results of an elemental analysis assuming 
a 1 : 1 ratio are listed in Table 111. 
In spite of the difficulties encountered in the purification and 


stoichiometric determination of these metallic chelates, it is of 
interest to  note that this drug does undergo chelate formation in 
solution and this is reported here for the first time. 


With respect to  these solid-solid surface interactions, Fig. 6 
represents the DRS of the furosemide-magnesium oxide inter- 
action. Again, as seen in the bishydroxycoumarin-magnesium 
oxide interaction, equilibration of the furosemide with magnesium 
oxide results in the clarification of strong absorption bands at 
230, 275, and 335 mp; the bands are comparable to those seen in 
Fig. 7 which represents the transmittance spectrum of furosemide in 
methanol. 


The clarification of absorption bands after the equilibration 
procedure indicates that a significant interaction has occurred. 
Comparable absorption peaks can be seen in the DRS spectrum 
of the isolated furosemide-magnesium chelate, although of signifi- 


Table 111-Percent of Various Elements Present in Furosemide 
Chelates Based on a Probable Stoichioinetry of 1:l 


--z Carbon- -% Hydrogen- -% Nitrogen- 
Theo- Theo- Theo- 


Chelate retical Actual retical Actual retical Actual 


Mg(1I) 40.6 39.53 2.84 3.1 7.92 7.27 
Zn(I1) 36.4 37.31 2.55 2.91 7.1 7.1 


37.36 41.69 2.61 3.2 7.26 8.03 
37.36 35.90 2.61 2.78 7.26 6.83 
40.4 38.39 2.82 2.99 7.85 7.56 Al(II1) 


%%) 
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Figure 6-DRS of furosemide (50 mg.) and magnesium oxide (2.00 
g.). Key: A ,  control (physical mixrure): B, equilibrated sample; 
C ,  furosemide, 100%; and D ,  magnesium-furosemide chelate, 100%. 


cantly less clarity, since high absorption results due to use of the 
pure chelate. 


The hypochromic shift noted in the furosemide-magnesium 
oxide interaction to  that of the pure drug and for the isolated 
chelate is also indicative of a strong surface interaction. This is in 
contrast to the bathochromic shift observed in the bishydroxy- 
coumarin-magnesium oxide system. The spectral changes observed 
for furosemide-magnesium trisilicate, magnesium stearate, zinc 
stearate, and alumina and their isolated chelates are comparable 
to that of the magnesium oxide system and will not be discussed. 


The importance of the strong surface interactions pointed out 
here cannot be overemphasized with respect to their effect on the 
therapeutic availability of furosemide. It is possible that these 
interactions could occur during the wet granulation process of 
tableting and in the compression of the tablet. The fact that these 
interactions may occur with different classes of compounds as well 
as with various adjuvants used in pharmaceutical dosage forms 
should be recognized, since they may contribute to discrepancies in 
blood levels and therapeutic efficacy of pharmaceutical dosage 
forms. 


DRS of Interactions of Indomethacin, Digoxin, Chloramphenicol, 
or Ergonovine Maleate with Excipient-Since these drugs are in 
widespread use, it was felt that information concerning possible 
drug-excipient interactions would be of interest. Indomethacin, a 
recently introduced anti-inflammatory agent, exhibited a strong 
surface interaction with magnesium oxide and magnesium tri- 
silicate. Figure 8, which illustrates the interaction of indomethacin 
with magnesium oxide, represents the type of interaction involved. 
Alumina and acacia exhibited slight interaction with indomethacin, 
since the DRS spectra of the control and equilibrated sample were 
comparable. 


Due to space limitations, the DRS spectra of the interaction of 
chloramphenicol, ergonovine maleate, and digoxin with magnesium 
oxide and magnesium trisilicate are not given; however, a signifi- 
cant interaction was observed in these systems. 


40 l E r l  20 220 260 300 400 550 900 
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Figure 7-Transmittance spectrum of furosemide (20 mcg./ml.) in 
methanol. 
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Figure 8-DRS of indomethacin (30 mg.) and magnesium oxide 
(2.00 g.). Key: A ,  control (physical mixrure); B,  equilibrated sample: 
and C ,  indomethacin, 100%. 


SUMMARY 


The spectral changes pointed out in this study strongly indicate 
that solid-solid interactions are not restricted to any particular 
class of drugs. Although the exact mechanisms of interactions may 
vary with different drugs, it is significant that they do occur and 
that they are more widespread than formerly realized. 


The nature and strength of these interactions depend on the 
nature of the drug and of the adjuvant. The nature of adjuvant 
would include factors such as hydrogen bonding, van der Waals' 
forces, chemisorption, the amount of adsorbed moisture, and the 
availability of active sites on the surface of the adjuvant. 


The knowledge concerning the availability of the active ingredient 
cannot be limited to therapeutic aspects but must also encompass 
the stability of the active ingredient. An awareness of the extent and 
variety of solid-solid interactions could lead to a more rational and 
scientific approach to dosage form design. 
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N O T E S  


Complexes of Ergot Alkaloids and Derivatives V: Interaction of 
Methysergide Maleate and Caffeine in Aqueous Solution 


M. A. ZOGLIO* and H. V. MAULDING 


Abstract 0 Evidence of complex formation between methysergide 
maleate and caffeine is presented, utilizing solubility and vapor 
pressure osmometer information. The effect of this interaction on 
the rate of dissolution and partitioning-rate behavior of methysei- 
gide maleate has been measured. The absorption consequences of 
this interaction as implied from the in uitro studies are presented. 


Key phrases 0 Methysergide maleate, caffeine complexes-inter- 
actions in aqueous solutions, effect on dissolution, partition rates 0 
Vapor pressure osmometry--complex formation data, methysergide 
maleate, caffeine Ergot alkaloids, derivatives-complexes, methy- 
sergide, caffeine 


The successful utilization of complexing phenomena 
to enhance the absorption of proteinaceous ergot alka- 
loids (1, 2) prompted an investigation into the possible 
interaction of a synthetic nonproteinaceous ergot alka- 
loid with caffeine. The drug, methysergide maleate, 
(+) -9,lO-didehydro-N- [l -(hydroxymethyl)propyl] - 1, 
6-dimethylergoline-8p-carboxamide maleate, was stud- 
ied with caffeine in aqueous media, utilizing changes in 
apparent solubility and vapor pressure osmometry to 
detect complexation. After establishing an interaction, 
the pH dependency of the interaction was examined. 
Studies of the consequence of the interaction on in vitro 
dissolution and partition rates were undertaken to gain 
some insight into potential in uiuo absorption effects. 


EXPERIMENTAL 


Materials-Methysergide maleateZ (mol. wt. 469.54) showed only 
trace contaminants when subjected to TLC. Anhydrous caffeine 
powder USP,3 m.p. 238", was utilized in this study. 


Reagent grade chloroform4 was employed in the partitioning- 
rate studies. A pH 6.65 buffer was made by dissolving 13.6 g. 
KH4POr in 500 ml. water, adjusting the pH with concentrated KOH, 
and diluting to 1 1. (ionic strength 0.2). 


The pH measurements were made on a Metrohm pH meter, and 
spectrophotometric data were obtained from a Cary model 14 spec- 
trophotometer. 


Solubility Studies-Methysergide maleate, 1.5 g., was placed in 
watertight, amber, screw-capped vials (50 ml.) containing 10 ml. of 
either distilled water, 0.1 M pH 6.65 phosphate buffer, or 0.1 N 
HCI, and varying quantities of anhydrous powdered caffeine were 
added. The vials were clamped onto the edge of metal disks (15-cm. 
diameter) mounted on a motor-driven shaft and rotated vertically 
at 6 r.p.m. in a constant-temperature bath, 30 f 0.1 '. After 24 hr., 
samples were taken using pipets with filters attached and were an- 
alyzed for methysergide maleate by UV spectrophotometry (325 
md. 


1 Sansert, Sandoz Pharmaqeuticals, Hanover, N. J. 


a Chas. Pfizer Co. 
4 Mallinckrodt. 


Sandoz A.-G.. Basel, Switzerland. 
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Figure 1-Apparent solubility changes .for rnethysergide maleate as 
a function of added caffeine. Key: 0, 0.1 N HCI, pH = 1.25; 0, 
distilled water; and A, 0.1 M phosphate buffer, p H  = 6.65. 


Vapor Pressure Osmometry-A model 301A Mecrolab (Hewlett- 
Packard) vapor pressure osmometer was employed in these studies. 
The instrument was calibrated using solutions of raffinose in dis- 
tilled water. Forty-eight hours was allowed for thermal equilibra- 
tion before measurements were taken. Samples were inserted into 
the chamber containing the thermistor beads 3 hr. prior to reading. 
Solutions were prepared from the same lot of deionized distilled 
water. The reservoir of water used in the measuring chamber was 
also taken from this lot and changed after each series of five read- 
ings with subsequent reequilibration of the instrument. 


Partitioning S t u d i ~ A  solution was prepared by placing methy- 
sergide maleate, 100 mg., in 950 ml. of pH 6.65 phosphate buffer, 
stirring magnetically for 30 min. to 1 hr., and filtering (Whatman 
No. 1 filter paper) into a flask immersed in a water bath maintained 
at  30". Finally, pH 6.65 buffer was added to make 1 1. of solution. 
Five hundred milliliters of this solution was kept, and 500 ml. had 
caffeine ( 5  g.) added to  it. 


Fifteen milliliters of the freshly prepared aqueous phase-either 
with or without xanthine-was added carefully to 15 ml. chloroform 
in screw-capped vials (50 ml.). The vials were sealed and rotated at 
6 r.p.m. in a 30 f 0.1" water bath. Five-milliliter samples were 
taken at 3, 5, 7,9, 11, 13, and 15 min. from the aqueous phase and 
analyzed for methysergide maleate by UV spectrophotometry. 


Dissolution Rates-A 6- or 25-r.p.m. stirrer motor, fitted with a 
2.54-cm. propeller blade placed 4 cm. from the bottom of an 800- 
ml. beaker containing 500 ml. 0.1 N HC1 solution, was employed 
for these determinations. Methysergide maleate, 50 mg., or the al- 
kaloid in combination with caffeine, prepared by mixing 50 mg. 
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Figure 2- Vapor pressure osmometer measurements for aqueous 
solutions of caffeine and combined caffeine-O.01 M methysergide 
maleate. Key: @. caffeine solution measurements added to measure- 
ment .for a 0.01 M methysergide maleate solution; and 0, measure- 
ments for combined caffeine-O.01 M methysergide maleate solutions. 


alkaloid with 5 g. caffeine in a mortar, was placed into the stinred 
solution from a height of about 1.5 cm. The temperature was main- 
tained at 37 f 0.1" by immersing the beaker in a constant-tem- 
perature bath. Samples were withdrawn periodically for UV an- 
alysis of methysergide maleate. 


RESULTS AND DISCUSSION 


Methysergide maleate showed some unexpected changes in 
apparent solubility when combined with caffeine. The intact pro- 
teinaceous alkaloids previously studied (1-3) had all required high 
ratios of xanthines to effect solubilization, demonstrated a pH 
dependency for complexation, and gave nonlinear changes in solu- 
bility as a function of added caffeine. Methysergide maleate (Fig. 1) 
shows a linear dependency of apparent solubility upon the amount 
of caffeine added. This has been suggested to imply a 1 : 1 relation- 
ship between the two compounds (4, 5). These changes are appar- 
ently pH-independent because the slopes are parallel. Their dis- 
placement only reflects the variation of inherent methysergide 
solubility at different pH values. The difference in behavior of this 
ergot alkaloid derivative indicates that the cyclic polypeptide moiety 
present in the naturally occurring alkaloids plays an important role 
in their complexing behavior. 


As further evidence of interaction, vapor pressure osmometry 
studies were performed in a manner similar to that described by 
Goyan and Borazan (6). These measurements differ from those of 
Goyan and Borazan in that the units are not expressed in ohms but 
rather in arbitrary units of resistance change. Since the studies were 
used solely to determine interaction, the units read from the instru- 
ment, which are proportional to the resistance change in ohms, 
were found to be sufficient. 


In Fig. 2, there are two noteworthy observations. First, note the 
evidence of interaction from the decreased values of AR when 
solutions of caffeine in 0.01 M methysergide are compared to 
expected values. These lower values of AR reflect a change in the 
colligative properties indicative of association of molecules. Sec- 
ond, the breaks in the continuity of the curves appear to support the 
suggestion that these inflections relate in some manner to the nature 
of the interaction. The complexing capacity number, as indicated by 
Fig. 2, is approximately 3.0, which is close to  the value found for 
sodium salicylat-ffeine interaction (6). Although the significance 
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Figure SMethysergide maleate-cafeine (I :I00 w/w ratio). Par- 
titioning-rate experiment in pH 6.65 0.1 M phosphate buffer. Key: 
a, methysergide maleate in the presence of'caffeine: and 0, methy- 
sergide maleate. 


of complexing capacity numbers has not yet been well established, 
the indication here is that the methysergide maleate-caffeine and 
sodium salicylat-ffeine interactions are related in some manner. 


After establishing an interaction, the effect of this interaction on 
parameters related to drug absorption was studied. The effect of the 
interaction on dissolution rate, which had been quite dramatic in 
previous studies (1-3), was negligible for methysergide maleate. 
Since the drug has a greater inherent solubility than the ergot 
alkaloids, an attempt to demonstrate dissolution enhancement by 
slowing the stirrer speed to 6 r.p.m. was tried but was unsuccessful. 
The partitioning behavior, which had paralleled in vivo absorption 
effects (2 ,  3), also was negligible for caffeine-methysergide maleate 
combinations (Fig. 3). The in vitro studies, therefore, suggest that 
the stronger interaction demonstrated in this study is possibly a 
deleterious factor when attempting absorption enhancement 
through the use of complexing agents. 
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Effect of Micelle Formation on Optical 
Rotatory Dispersion of p-D-Octyl Glucoside 


P. MUKERJEE, J. PERRIN, and E. WITZKE 


Abstract 0 The optical rotatory dispersion of a nonionic surfactant, 
8-D-octyl glucoside, has been investigated in aqueous solutions in the 
UV region. The rotatory dispersion curves at any concentration 
can be represented by a one-term Drude equation. The specific 
rotation at any wavelength shows an increase at the CMC, which 
can be determined reliably from this change in specific rotation. 
The rotatory dispersion curve for the surfactant in micellized form 
has been derived and compared with that of the nonmicellized sur- 
factant below the CMC. The change is small and can be ascribed 
to a "medium" effect, arising from the difference in the local re- 
fractive index at the micelle surface, as compared to the bulk 
solvent. This interpretation is compatible with the currently a o  
cepted ideas on the fluid nature of the micelle core and suggests 
a lack of any conformational restraint at the micellar interface. 


Keyphrases Optical rotatory dispersion, 8-D-octyl glucoside- 
micelle formation effect 0 B-D-Octyl glucoside-optical rotatory 
dispersion, micelle formation effect 0 Micelle formation, effect- 
optical rotatory dispersion, fl-D-OCtyl glucoside 


Many chemical and biochemical reactions and inter- 
actions of interest occur at interfaces, e.g., monolayers, 
micelles, enzymes, or membranes. The local molecular 
environment at an interface and the presence of an 
asymmetry and other peculiarities in dielectric proper- 
ties (1) are factors of considerable importance in under- 
standing the properties of molecules at interfaces. 
It has been pointed out recently that for studying many 
such interactions, the interface between a micelle 
and the solution provides a convenient locus whose 
composition is capable of a considerable controlled 
variation (2, 3). The use of optically active surfactant 
monomers or solubilized molecules offers the possi- 
bility of using optical activity as a probe for studying 
properties of interfaces and of understanding the effect 
of the interface composition on the optical activity it- 
self. The present paper reports what appears to be the 
first such study on a simple model surfactant system, 
0-D-octyl glucoside. 


P-D-Octyl glucoside has a CMC in aqueous solution of 
0.024-0.025 M at 25" (4, 5). The micelles probably 
contain about 30 monomers (6), the hydrocarbon 
chains forming a spheroidal core. The glucoside head 
groups presumably remain exposed to water both in 
the monomeric and micellar forms. This, by itself, would 


suggest that there should be no change in their optical 
activity. In fact, however, the packing of the chains 
produces a high effective concentration of the head 
groups in the interfacial layer (2), which interact strongly 
enough with each other to counter the micelle-forming 
tendency of the aliphatic chain rather substantially. 
This is apparent from the following comparison. 


Recently the CMC of a hypothetical octyl chain, 
unencumbered by any head group, was estimated to be 
about 3 X M (3). The CMC of octyl glucoside 
is higher by a factor of about 8. The head group self- 
interaction thus makes the standard free energy of 
micelle formation for octyl glucoside more positive by 
kT In 8 or about 2kPs  per monomer, where k is the 
Boltzmann constant and T the absolute temperature 
(3). The glucoside groups at the micelle surface are thus 
in a considerably different local environment when 
compared to the free monomers. 


EXPERIMENTAL 


Materials-The octanol used was a Baker analyzed reagent, 
which was purified further by vacuum distillation, the middle one- 
third portion being collected. 


B-D-Octyl Glucoside-Glucose, on acetylation followed by bro- 
mination (7), yielded acetobromoglucose, m.p. 89 '. The bromo 
compound was reacted with octanol in dry absolute ether in the 
presence of silver oxide to give 8-tetraacetyl octyl glucoside, m.p. 
63-64". After deacetylation in sodium methylate solutions, p-D- 
octyl glucoside was obtained. It was recrystallized twice from ethyl 
acetate, washed with Skelly-A, and dried under vacuum. The 
compound melts over a wide range, 65-99" (8). The intermediate 
compounds were purified by recrystallization before proceeding to 
the next step of the preparation. 


Anal.-Calcd. for C, 57.5; H, 9.7. Found: C, 57.8; H, 9.5. 
Apparatus and Experimental Procedure-The optical rotatory 


dispersion (ORD) measurements were carried out in a Cary model 
60 spectropolarimeter. The cell compartment was thermostated at 
25 f 0.2". Five-centimeter cells were used. All solutions were op- 
tically clear, and double-distilled water was used. The ORD mea- 
surements were made in the 250-370-mp region. 


RESULTS 


Figure 1 shows the variation of the observed rotation at 320 rnfi 
as a function of concentration. To magnify the small differences 
observed, a deviation plot is presented. The data show the usual 
curvature near the CMC. If the CMC region is excluded, the data 
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Figure 1-Variation in optical rotation at 320 mg with concentration 
of octyl glucoside at 25”. The ordinate records the difference be- 
tween the observed rotation, +, and that calculated as 0.587 C, C 
being the concentration of octyl glucoside in grams per 100 ml. 


can be represented by two straight lines, one below and one above 
the CMC, whose point of intersection corresponds to the CMC. 
The value observed, 0.70% or 0.024 mole/l., is in good agreement 
with the value of 0.0244.025 M obtained from surface-tension 
measurements (4, 5) .  ORD measurements are thus capable of 
determining CMC‘s for some optically active surfactants. The 
technique should be of some value for naturally occurring optically 
active surfactants such as bile salts. 


To determine the nature and extent of the change in the ORD 
curves, the rotation data were analyzed by using the simple Drude 
equation: 


[o(]h = A/(Xa - X O a )  0%. 1) 


n which [aIx is the specific rotation measured at the wavelength A. 
A and X O  are constants (9). For exhibiting the changes observed on 
micelle formation on a magnified scale, Eq. 2, which is a rearranged 
form of Eq. 1 ,  was used, as suggested by Heller (10): 
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Figure 2-Plots of specific rotation-wavelength data for octyl gluco- 
side at 25” according to Eq. 2. Key: 0, below the CMC (monomeric); 
and n, micellar (see text). 


A plot of ~ / [ c Y ] ~ X ~  versus 1 / 1 2  should yield a straight line if Drude’s 
equation is obeyed. From the intercept and the slope, A and XO 
can be determined. 


The upper curve in Fig. 2 shows the data below the CMC. Each 
point is a mean of three measurements at three different concen- 
trations. This curve represents the monomer. To obtain the curve 
representing the optical rotatory power of octyl glucoside in the 
micellar form, the change in the observed rotation, A@, at a par- 
ticular wavelength was determined from the difference in @ between 
two concentrations, one considerably above and one slightly above 
the CMC. From this A@ and the corresponding difference in con- 
centration, AC, after a suitable correction for the pathlength of the 
cell, [aIXm, the specific rotation of the surfactant in the micellar 
form was obtained. The rationale behind this method of calculation 
is the well-founded assumption that above the CMC the monomer 
concentration changes very little with the total concentration. Here, 
also, the plotted points are the means of three sets of calculations of 
[aIhm, using three different combinations of concentrations. The 
average variation in the specific rotations estimated at different 
concentrations was 0.2-0.3 %. 


Figure 2 shows that the data are linear within experimental error; 
thus the simple Drude equation is obeyed. The values of A obtained 
from the least-squares fitted straight lines are 9.32 X loG and 
10.08 X loG (degree-’ cm.-4 8.) for the monomeric and micellar 
forms, respFctively, while the corresponding values of XO are 1525 
and 1531 A. Thus, the change in the ORD on micelle formation 
arises mainly from a change of about 8% in A,  the change in XO 
being barely significant. 


DISCUSSION 


Although this analysis shows that the simple Drude equation is 
obeyed and that the primary change on micelle formation is in A 
rather than Xo, an unequivocal interpretation is difficult; the appar- 
ent simplicity of the Drude equation may be misleading. 


For regions far from optically active absorption bands, the specific 
rotation can be written as (1 1) 


where n is the refractive index of the medium, c is the velocity of 
light, N is Avogadro’s number, M is the molecular weight of the 
substance, his  Planck‘s constant, v is the frequency of incident light, 
vi is the frequency characterizing the electronic transition to an ex- 
cited state, and Ri is the “rotatory strength” of the transition. Re- 
placing the frequencies by the corresponding wavelengths, and 
condensing several quantities into the new variable A;,  yield 


n 2  + 2 


Although Eq. 4 has the form of the Drude Eq. 1, it clearly shows 
that X and A in Eq. 1, where A includes the refractive index factor, 
are complicated averages. 


By considering the physical realities of the situation at a micellar 
interface, however, it is possible, qualitatively, to ascribe at least a 
part of the difference in A between free and micellized monomers to 
the Lorentz correction factor, ( n 2  + 2)/3. At the micellar interface, 
the glucose moieties are present at a high concentration, roughly 3 
molal or 35% by weight ( 3 ) ,  and close to the hydrocarbon coreoof 
the micelle. The refractive index, at the sodium D line (5893 A), 
of a 35% by weight solution of glucose is estimated to be 1.390 
(12),l as compared to 1.3330, the value of water. This, by itself, can 
increase the Lorentz factor by 4%. The actual effect may be sub- 
stantially higher because of two additional factors. The frequency 
dependence of the refractive index (dispersion) is expected to be 
substantially higher for glucose than for water and, therefore, the 
refractive increment for glucose solutions should be higher at the 
lower wavelengths at which the ORD measurements were made, 


~~ 


1 Experimental values of the refractive index of D-glUCOSB solutions at 
such high concentrations were not available. The refractive increments 
of D-glucose and sucrose up to 10% concentrations are very similar, 
however. Therefore, the authors used the value for a 35 % solution of 
sucrose, 1.3902. D-Fructose has a very similar value, also. 
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2500-3700 A. The proximity of the hydrocarbon core of the micelle 
may also be a contributory factor, because of the higher refractive 
index of octane (no = 1.3975) as compared to water. Thus, al- 
though no firm conclusion is possible, the change in optical rotation 
on micelle formation is not incompatible with a “medium” effect, 
operating through the Lorentz factor, and no conformational 
restraints at the micelle surface need be invoked. This tentative 
conclusion is in accord with the accepted fluid nature of the micelle 
core (3). It should clearly be of some interest to study monomers or 
solubilized species in micelles containing optically active absorption 
bands in experimentally accessible wavelength regions. 


Finally, note the observed curvature near the CMC in Fig. 1.  
This is another piece of evidence against the phase-separation 
model for micellization, the arguments against which have been 
summarized recently (3). 
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2-Amino-2-oxazoline Formation by Cyclization of 
1- (2-Hydroxyethyl) -2-methyl-2-thiopseudoureas 


DANIEL L. KLAYMAN, ROBERT J. SHINE*, and ARLESS E. MURRAY, Jr. 


Abstract 1-(2-Hydroxyethyl)-3-substituted-2-methyl-2-t~~iopseu- 
dourea hydriodides, when heated in polar solvents, were found in 
many instances to result in the formation of 2-amino-2-oxazoline 
derivatives with the simultaneous evolution of methyl mercaptan. 
The rate of the reaction is apparently influenced by the group sub- 
stituted in the 3-position of the thiopseudourea. Similarly, the $6- 
dihydro-4H-1,S-oxazine ring system could be prepared by starting 
with a 1-(3-hydroxypropy1)-2-thiourea. 


Keyphrases 2-Amino-2-oxazoline formation-using thiopseu- 
doureas, cyclization 0 Thiopseudoureas-in formation of 2- 
amino-2-oxazoline 0 IR spectrophotometry-identity 
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An investigation of the influence of the degree of 
N-substitution of S-methylthiopseudoureas, which are 
subjected to alkaline hydrolysis, on the rate of methyl 
mercaptan evolution was reported earlier (1). In the 
course of that study the preparation of the S-methyl 
derivative of 1-(2-hydroxyethy1)-3-benzoy1-2-thiourea 
(If), a potential antiradiation agent, was attempted. It 
was found that methyl mercaptan was readily evolved 
when the 5’-methyl derivative (IIf) was heated in polar 
organic solvents such as acetonitrile, alcohols, and 
acetone, even in the absence of base. Methyl mercaptan 
was formed as a consequence of the intramolecular dis- 
placement of the methylthio group by the hydroxyl 
group to give 2-benzamido-2-oxazoline hydriodide 
(IIIf) in 73 yield. 


To examine further this interesting reaction, a number 
of other 1-(2-hydroxyalkyl)-2-thioureas were prepared 
and subsequently treated with methyl iodide (Scheme I). 


Scheme 1 


Simply heating the 2-methyl-2-thiopseudourea hydri- 
odides in polar solvents in several cases led to methyl 
mercaptan evolution. The rate of this evolution, which 
reflects the extent of the cyclization reaction, was found 
to  be strongly influenced by the R group of the 142- 
hydroxyalkyl)-24hiourea (I). Oxazoline formation pro- 
ceeds smoothly when there is a benzoyl group in the 
3-position of a 1-(2-hydroxyalkyl)-2-thiourea. 1-(2- 
Hydroxypropyl)-3-benzoyl-2-thiourea (10, on heating 
with methyl iodide in ethanol, gave 2-benzamido-5- 
methyl-2-oxazoline hydriodide (1111). When 1-(3-hy- 
droxypropyl)-3-benzoyl-2-thiourea was used (Ik), the cy- 
clization reaction gave the six-membered heterocycle- 
viz., 2-benzamido-5,6-dihydro-4H-1,3-oxazine hydri- 
odide (IIIk), in good yield. 


The evolution of methyl mercaptan was slower when 
the S-methyl derivatives of 1-(2-hydroxyethy1)-3-phenyl- 
2-thiourea (Id) and 1-(2-hydroxypropyl)-3-pheny1-2- 
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fine reference source for the more experienced student of public 
health management. 


Considering the individual and society generally, the state of our 
ecologic environment, and our artificial environment and the inter- 
relationships of each and all of these to disease, the book is eminently 
successful and well worth study by the pharmaceutical scientist 
concerned with human ecology and public health. 


Reviewed by William L. Blockstein 
Health Sciences Unit 
University Extension 
University of Wisconsin 
Mudisoti, WI 53706 m 


New Dimensions in Legal and Ethical Concepts for Human Research 
Vol. 169, art. 2. Consulting Editor, IRVING LADIMER, New York 
Academy of Sciences, 2 East 63rd St., New York, NY 10021,1970. 
pp. 297-593.15 X 23 cm. Price$23.00. 
The papers in this volume are drawn from a conference of the 


same name held by the New York Academy of Sciences from May 
19to21, 1969. 


Theconference was divided into six sections each of which included 
the presentation of papersand panel discussions. Thesectionsincluded 
were Ethical and Legal Base Lines for Professions and Community; 
Special Problems of Medical Disciplines; Special Problems of Re- 
lated Professions; Experience in Design, Conduct, and Evaluation 
of Research; Professional Controls-Internal and External; and 
Social Responsibility through Communication. 


This conference on “New Dimensions in Legal and Ethical Con- 
cepts for Human Research” was convened to enable representatives 
of major disciplines, mainly medical and legal fields, to present 
their experience and recommendations for meeting current and 
anticipated problems of experimentation on and with human beings. 


These topics have relevancy to the recent activity in the areas of 
organ and tissue transplants. Work in these areas suggests that 
technology can surmount virtually all impediments, but this capac- 
ity msy bave to be curbed by social, ethical. legal, and religious 
strictures in order to achieve professional and community support. 


Of particular interest to the pharmaceutical scientist are the 
papers on “Control and Surveillance of Investigational Drugs” by 
Herbert S. Carlin and Ronald T. Turnbull, “Conducting Investiga- 
tional Drug Studies for Industry” by Kenneth G. Kohlstaedt, and 
“Drug Evaluation Problems in Academic and Other Contexts” by 
Louis Lasagna. 


Staff Reciew W 


Parenteral Dosage Forms. By CAROLYN G. HALL and KENNETH E. 
AVIS. Parenteral Drug Association, Inc., Philadelphia, PA 19107, 
1969. vi + 262 pp. 22 X 28 cm. Price $7.50. 
This comprehensive annotated bibliography of the literature per- 


taining to parenteral dosage forms has been prepared by Mrs. Caro- 
lyn G. Hall and Dr. Kenneth E. Avis, Department of Pharmaceutics, 
University of Tennessee, College of Pharmacy. 


It covers the period 1959 to 1963 and contains approximately 950 
entries. The book is arranged topically with a complete author index. 
The period just prior to the inception of International Pharmaceuti- 
cul Abstracts was chosen for the first of what is anticipated will be a 
series of bibliographies because the authors’ felt that no coverage of 
this important period was available. 


StuflReview W 


Clinical Pharmacy Handbook. By HUGH F. KABAT. Lea and Febiger, 
Washington Square, Philadelphia, PA 19106, 1969. v + 108 pp. + 70 workbook style tear-out pp. 21.5 X 27.5 cm. Price $6.50 
paperbound. 
Portions of this volume were originally presented as course mate- 


rial to the senior students at the University of Minnesota College of 
Pharmacy. The first three chapters deal with course objectives, a 
course introduction, and notes on the pharmacist-patient relation- 
ship as viewed by the author. Some later chapters involve a collec- 
tion of common hospital abbreviations and meanings, drug interac- 
tion tables, a list of sources of drug information, and a workbook 
section that affords the pharmacy student the opportunity to in- 
vestigate the physical, chemical, and pharmacologic properties of 
any drug by means of charts that must be completed and questions 
that must be answered and referenced. Approximately one-half of 
the book is devoted to forms concerning general patient information, 
the clinical status of the patient, patient progress, and laboratory 
results. These forms are to be filled in by the pharmacy student as 
soon as the appropriate information becomes available. 


The author indicates in the preface that this text is intended for 
use by students and for “any pharmacist venturing into the clinical 
setting.” Those others not initiated into a clinically oriented phar- 
macy practice may find this book to be of some value because some 
important aspects of clinical pharmacy are presented. For example, 
the drug interaction tables and the chart on drug-induced modi- 
fications of laboratory tests are valuable pieces of literature and 
the collection of common hospital abbreviations and meanings is a 
step in dispelling the “language barrier” that, at first, exists between 
the medical staff and the new pharmacist practitioner. 


Those educators thinking of initiating a clinical pharmacy course 
may also find this book of value because it does offer some basic 
“patient following” forms that were adapted from forms now in 
use at other hospitals with a clinical pharmacy service. The book 
also presents some basic philosophy on the pharmacist-patient 
relationship and some basic operating rules for the student and 
clinical instructor while in a patient-care area. 


Any pharmacist or pharmacy student who has had any exposure 
to a clinically oriented pharmacy practice will find this book ex- 
tremely fundamental and perhaps too course-oriented to be of any 
great value. The material in the book, for the most part, has already 
been published in one journal or another. The author has simply 
compiled such pieces of literature as Dr. Edward Hartshorn’s drug 
interaction tables as they appeared in Drug Intelligence and the 
tables on the drug-induced modifications of laboratory values as 
they were published in the American Journal of Hospital Pharmacy. 
Any pharmacist entertaining thoughts of a clinical practice should 
already have well in hand the material that is presented in this book. 


Reoiewed by Richard de Leon 
School of Pharmacy 
University of California 
Sun Francisco, CA 94122 W 


Biologically Active Amines Found in Man. By FRANZ FRANZEN and 
KURT EYSELL. Pergamon Press, Maxwell House, Fairview Parks, 
Elmsford, NY 10523, 1969. vii + 244 pp. 23 X 16 cm. Price 
$13.50. 
As stated by the authors, there has not been an extensive survey of 


the field of “biogenic amines” since 1951, although during this 
time there has been a considerable expansion of our knowledge of 
these compounds. 


In 128 pages of text, the authors, who are apparently clinicians, 
discuss numeraus aspects of these amines derived from decarboxyla- 
tion of alpha amino acids. In separate chapters the biochemistry, 
pharmacology, and pathophysiological significance of biolozically 
active amines are discussed. This Hundbucli is unique as a compre- 
hensive survey of this subject as related to clinical medicine. The 
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Physical-Chemical Evaluation of 
3- (3-Hydroxy-3-met hy 1 but ylamino) -5-methy l-as, 
Triazino [5,6-b] Indole (SK&F 30097) 


LOUIS J. RAVIN, ELIE G .  SHAMI", and ELISABETH RATTIE 


~~~~~ ~ 


Abstract 0 X-ray diffraction, IR spectroscopy, and differential 
scanning calorimetry data are presented for the identification of two 
polymorphic forms and a hydrate of SK&F 30097. The relative 
rates of dissolution and the solubilities of the various forms were 
determined in artificial gastric fluid, water, and 50% ethanol solu- 
tion. No appreciable difference in the dissolution rate was detected 
for the respective forms in artificial gastric fluid; however, Form 
I1 had a more rapid dissolution rate in the 50% ethanol solution. 
Dissolution studies in water indicated the formation of a hydrate. 
Protective colloids were shown to have an effect on the rate of 
hydrate formation. The change in particle-size distribution of Forms 
I and I1 in electrolyte suspension was investigated using the Coulter 
counter. The relative rate of crystal growth for Form I in the pres- 
ence of protective colloids was determined. The data presented 
indicate that methylcellulose slows down the rate of crystal growth 
of Form I significantly. 


Keyphrases 0 3-(3-Hydroxy-3-methyIbutylamino)-5-methyl-u~, tri- 
azino [5,6-6] indole (SK&F 30097)-identification m Polymorphic, 
hydrated forms, SK&F 300974etermination 0 Dissolution, 
solubility rates-SK& F 30097 0 X-ray diffraction-identification 
0 IR spectrophotometry-structure 0 Differential scanning 
calorimetry-identification 


The emphasis on drug availability in pharmaceutical 
research today requires that the physical-chemical prop- 
erties of compounds be studied thoroughly prior to 
preliminary clinical trials. It has been demonstrated 
that the absorption and therapeutic efficacy of various 
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Figure 1-X-ray diffractograms for Forms I ,  I* ,  and I I  of SK&F 
30097. 


drugs can be influenced by particle size, solubility, 
dissolution rate, and wettability (1-4). More recent 
literature reports stress the importance of the crystal 
form of a drug and its effect on drug availability (5, 6) .  
The present study deals with the physical-chemical 
evaluation of a potential antiviral compound, 3-(3- 
hydroxy-3-methylbutylamino)-5-niethyl-as, triazino [5, 
641 indole, SK&F 30097 (Structure I). 


I 
CH, 


I 


Particular emphasis has been placed on the identi- 
fication of two crystalline forms and a hydrate and the 
subsequent evaluation of their physical-chemical prop- 
erties. Specifically, this study was concerned with an 
investigation of the relative dissolution behavior of the 
various forms in several solvent systems and an in- 
vestigation of the rate of crystal growth in the presence 
and absence of protective colloids. 


EXPERIMENTAL 


Materials-A propylene glycol derivative;' polyvinylpyrroli- 
done;2 carboxymethylcellulose USP; methylcellulose USP; arti- 
ficial gastric fluid USP; and normal saline solution USP were used. 
SK&F 30097 Form I was prepared by dissolving SK&F 30097 
in HCl solution and subsequently precipitating the compound 
slowly by adding NaOH solution. The resulting precipitate was 
filtered and allowed to dry in a vacuum desiccator over phosphorus 
pentoxide. SK&F 30097 Form I*3  was prepared by suspending 
Form I in water and allowing it to be stirred overnight. The sus- 
pension was filtered and the filtrate was air-dried at room tempera- 
ture. SK&F 30097 Form I1 was prepared by dissolving 1 g. of 
SK&F 30097 in 20 ml. of hot anhydrous methanol. The resulting 
solution was filtered and poured into anhydrous ethyl ether which 
had been previously dried over Linde molecular sieves4 and cooled 
in liquid nitrogen. The mixture was shaken and set aside until 
precipitation was complete. The resulting precipitate was filtered 
and allowed to dry over phosphorus pentoxide. Extreme care must 
be taken to maintain anhydrous conditions to prepare Form XI. 


X-Ray Diffraction Procedure-A diffractometer (General Electric 
XRD-5) was used. The sample was packed into a planchet having a 
depression 1.5 mm. deep and 22 mm. in diameter. The flat side of 
the spatula was used to pack the powder and smooth it so that a 
uniform level surface was presented to the X-ray beam. Coarse or 
lumpy powder was first ground in a mortar or mechanical grinder. 
The instrument variables of the diffractometer were set as follows: 
(a) 1 O beam slit and 0.1 O detector slit; and (b) CuKa radiation, 40 
kv., 16 ma., Ni filtered. Intensities were measured by recording 
the time necessary to count a fixed number of particles. 
IR Procedure-The IR spectra for the various forms of SK&F 


1 Pluronic F-68, Wyandotte Chemical Co.. Wvandotte. MI 48193 
Plasdone C, Antara Chemical Co. 
Monohydrate of SK &F 30097 will be designated by Form I*. 
Linde Division, Union Carbide Corp., New York, NY 10017 


. 
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Figure 2-IR spectra of Forms I ,  I * ,  and II of SK&F 30097. 


30097 were determined using a spectrophotometer (Perkin-Elmer 
model 21). The compounds were run in a mineral oil mull. 


Differential Scanning Calorimetry Procedure-A differential 
scanning calorimeter (Perkin-Elmer DSG1B) was used. Samples of 
indium were used to calibrate the instrument, and dry nitrogen at 
20 ml./min. was used as the carrier gas. Since the preliminary work 
was qualitative, the samples were not accurately weighed. The rate 
of heating used was 20"/min. at a chart speed of 2 in./min. 


Dissolution-Rate Studies-The procedure of Milosovich (7) was 
utilized to run the dissolution experiments under conditions of 
constant-surface and diffusion-layer thickness. Essentially, 100 mg. 
of powder was compressed into a disk in a tablet die at a compres- 
sion force of approximately 5000 p s i .  The tablet die holding the 
disk was placed in a plastic holder, and this assembly was placed 
into 700 ml. of artificial gastric fluid or 50% ethanol solution in a 
1-1. glass-jacketed beaker. The solution was maintained at 37" by 
circulating water from a constant-temperature bath. The stirring 
rate was maintained at 200 r.p.m. during the experiment. Ten- 
milliliter samples were removed periodically and replaced by 10 
ml. of the appropriate solvent. The samples were analyzed spectro- 
photometrically using a recording spectrophotometer (Cary model 
15). 


Dissolution-rate studies were also carried out according to the 
method of Shefter and Higuchi (8). Five hundred milligrams of the 
appropriate form was added to 500 ml. of distilled water maintained 
at 25' in a glass-jacketed 1-1. beaker thermostatically controlled by 
circulating water from a constant-temperature bath. The suspension 
was stirred at a rate of 200 r.p.m. Samples were withdrawn peri- 
odically and filtered through a syringe fitted with a Swmney filter 
adapter containing a 0.45-mp Millipore filter disk. The resulting 
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Figure 3-Thermograms for Forms I ,  I * ,  and I I  of SK&F 30097. 


.03 


- 


0.02 
h m 
0 
4 
LL 
J * rn 


0.01 


.005 


/ FORM I X 


[ // DISSOLUTION MEOIUM . 
50% ETHANOL SO1 


6 I 


1M) 120 50 


Figure 4-Dissolution behavior of Forms I and II  in 50% ethanol 
solution. 


M I N U T E S  


clear solutions were analyzed spectrophotometrically (Cary mode 
15 recording spectrophotometer). Additional experiments were done 
in the presence of 0.01 concentration of various protective col- 
loids such as methylcellulose, carboxyrnethylcellulose, polyvinyl- 
pyrrolidone,and propylene glycol derivative.' The size of the crystals 
in the dissolution experiment was not controlled. The same lots of 
chemical for the various forms of SK&F 30097 were used through- 
out the study. 


Crystal Growth Studies-Crystal growth studies were carried 
out using a modified procedure of Carless et al. (9). A saturated 
solution of SK&F 30097 was prepared by suspending the 
compound in normal saline solution containing 0.01 pro- 
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Figure 5-Dissolution behavior of Forms I and II in artificial gastric 
fluid. 
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Figure 7-A plot of change in particle size versus diameter at various 
time intemals for an aqueous suspension of Form 1. 


Figure &Dissolution be- 
havior of Forms I and I* 
in water in the presence of 
various protective colloids. 


200 


pylene glycol derivative' as dispersing agent. The resulting sus- 
pension was stirred overnight and subsequently filtered. The 
filtrate was ready for use in the crystal growth studies. The 
seed crystals were prepared by suspending 100 mg. of the appro- 
priate form of SK&F 30097 in 50 ml. of saturated solution. The 
suspension was sonified for 5 min. in an ultrasonic baths to ensure 
deaggregation of the particles. Four milliliters of the seed sus- 
pension was pipeted into 70 ml. of electrolyte solution in a 100-ml. 
screw-cap bottle. The bottles were placed in a water bath set at 
25" and rotated. Samples were removed at fixed intervals, and the 
contents were transferred to a jacketed glass vessel at 25" for crys- 
tal-size counting with the Coulter counter (model B). A 100-fi 
aperture tube was used during these studies. The tube had pre- 
viously been calibrated with lycopodium having an average 
particle size of 27 f i .  Experiments were carried out with Form I in 
electrolyte solution alone and in electrolyte solution containing pro- 
pylene glycol derivative1 and 0.01 concentrations of methylcellu- 
lose,carboxymethylcellulose, and polyvinylpyrrolidone, respectively. 
Form I* and Form I1 were studied in electrolyte solution only. 


RESULTS AND DISCUSSION 


X-Ray Diffraction and IR Spectroscopy-The X-ray diffraction 
patterns and the IR spectra for Forms I, I*, and I1 are shown in 
Figs. 1 and 2. Distinct differences in the profiles are evident. 
These distinguishing features can be utilized for the identification 
and possibly for the analysis of the various forms in mixtures. 


Differential Scanning Calorimetry-The thermal behavior of the 
various forms of SK&F 30097 is illustrated in Fig. 3. The thermo- 
gram for Form I1 shows three endothermic transitions; the first 
at 143" corresponds to a transformation of Form I1 to Form I, 
the second at 165" corresponds to a transformation of Form I to a 
form that has not been isolated under the conditions of this study, 
and the third at 183" corresponds to melting. The thermogram for 
Form I* shows an endotherm at approximately 110" suggesting 
the presence of water, an endotherm at 165", and melting at 183". 
When Forms I* and I1 are cooled and reheated, the endotherms 
at 110 and 143' disappear; the endotherm at 165' is present, along 
with the endotherm corresponding to melting. In  all cases, there 


1 L&R Manufacturing Co., Kearney, N. J. 
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Figure 8-Phozomicrographs showiirg change in crystal size for a suspension of Form I .  Euch scale a'iicision equilialeitt to 6 p. 


appears to be an apparent transformation to another form; how- 
ever, it has not been isolated or prepared during this study. 


Dissolution-Rate Studies-The dissolution behavior of Forms 
1 and I1 under conditions of constant-surface and diffusion-layer 
thickness in 50% ethanol solution is illustrated in Fig. 4. As ex- 
pected, Form 11, which is less stable thermodynamically, had a 
more rapid dissolution rate. After approximately 50 min., the 
slope of the line for Form I1 deviates from linearity. This deviation 
suggests that Form I1 is being converted to Form I during the dis- 
solution process. 


Figure 5 shows the results of a dissolution-rate study for Forms 
1 and I1 in artificial gastric fluid. There does not appear to be any 
difference in the dissolution behavior of either form in this me- 
dium. On the basis of this information, it was postulated that no 


appreciable difference in the in cico availability of the various 
forms would be expected after oral administration. Subsequent 
studies in beagle dogs indicated that there was no statistical dif- 
ference in the plasma blood levels obtained after the oral adminis- 
tration of Forms 1 and I1 in capsules and in a solution of the hy- 
drochloride salt (10). 


The solubility and dissolution-rate data obtained with suspen- 
sions of Forms I and I* are shown in Fig. 6.  This figure shows the 
concentration of drug attained in solution as a function of time 
in the presence of an excess of the solid phase under constant 
agitation. The anhydrous Form I dissolves much faster than the 
corresponding hydrated Form I* and yields concentrations super- 
saturated with respect to the stable anhydrous form. 


Since protective colloids are known to retard various nucleation 


Figure 9-Photomicrographs depicting crystal growth for  Forms I and II after 5 mitt. in 0.9% sodium chloride solution. 
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Table I-Relative Rates of Crystal Growth for Suspensions of 
SK&F 30097, Form I 


- - - - - p / m i n .  X 10-c---- 
Above Above Above 


Protective Colloid 0.01 % 1% 2% 3 %  


Propylene glycol derivative 1040 930 880 
Propylene glycol derivative 


plus: 
Carboxymethylcellulose 810 720 640 
Polyvinylpyrrolidone 970 870 820 
Met hylcellulose 3 3.1 3 


significant effect on the rate of hydrate formation and, after 48 hr., 
there was no apparent decrease in solubility similar to that ob- 
served with the other additives. Seed crystals of the hydrate form 
added at this point did not induce the conversion to the hydrate in 
this system. 


Crystal Growth S tudies I t  became apparent during the pre- 
liminary studies that the particle size of Forms I and I1 increased 


- 
- 
- 
- 
- 
- 
- 
- 
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Figure 1 R h a n g e  in cumulative count wirh time for an aqueous 
suspension of Form I.  


phenomena, their effect on the transformation in this system was 
investigated. Studies were carried out with propylene glycol 
derivative,l carboxymethylcellulose, polyvinylpyrrolidone, and 
methylceTlulose to  determine their influence on the rate of trans- 
formation of Form I to Form I*. The dissolution behavior for 
Form 1 in 0.01 concentrations of the protective colloids is also 
shown in Fig. 6. It is apparent that the dissolution process is 
altered in the presence of the various protective colloids. The slightly 
higher solubility in the presence of these agents may be attributed 
to an interaction with the respective colloid. Methylcellulose had a 


1% 


3% 


rapidly -when they were piaced in aqueous suspension. This change 
is due to the conversion to Form I*. It was also observed that 
protective colloids slowed down this process. The dissolution-rate 
studies reflect these observations. As a result, crystal growth 
studies were undertaken with the various forms in the presence and 
absence of protective colloids. Figure 7 illustrates data from a 
typical crystal growth study with Form I where the change in 
particle-size distribution is plotted against diameter at various time 
intervals. There was an increase in particle size for intervals up to 6 
hr., and then there wasno apparent increase after this time. Photo- 
micrographs of the suspension initially and after 6 hr. are shown 
in Fig. 8. It is apparent that there is a significant increase in particle 
size with time. Propylene glycol derivative1 was used as the 
dispersing agent during these studies. Since this agent had some 
effect on the nucleation of Form I, which in turn may affect its 
crystal growth rate, additional studies were done in its absence. 
The rate of crystal growth for Forms I and 11 was extremely rapid. 


L I I I I 
90 I2O Figure 12-Photomicrographs showing change in particle size with 


rime for a suspension of Form I in the presence of 0.01% methyl- 
cellulose. 


30 60 
MINUTES 


Figure 11-Rate ofgrowth ofForm I in aqueous suspension. 


1294 0 Journal of Pharmaceutical Sciences 







These phenomena are illustrated in Fig. 9, which contains photo- 
micrographs of these forms after 5 min. 


The overall rate of crystal growth for Form I of SK&F 30097 
was derived according to the method of Edmundson and Lees (1 1). 
A plot of percentage number cumulative frequency oversize against 
time for diameters from 14 to 25 p is shown in Fig. 10. This size 
represents the faster growing end of the distribution obtained from 
Fig. 7. Horizontal lines corresponding to various percentage cu- 
mulative counts were made. The intercepts of these lines at the 1,2, 
and 3 z  levels for the various time intervals give the equivalent 
diameter, which is then plotted against time. Figure 11 shows the 
rate plot for a typical crystal growth study. The slope of the lines 
represents the rate of growth of the crystals expressed as an in- 
crease in diameter per unit time. Table I contains values showing 
the relative rates of crystal growth of Form I in the presence and 
absence of various protective colloids. 


The crystal growth in the presence of methylcellulose was ap- 
proximately 300 times slower than in the presence of the other 
colloids. Photomicrographs showing the change in particle size 
with time in the presence of methylcellulose are shown in Fig. 12. 
There was no apparent increase in crystal size after 3 days; how- 
ever, after 8 days, there was some evidence of growth. The fact 
that the Coulter counter measurements indicated a growth rate of 
3 X 10-4 p/min. indicates the extreme sensitivity of this instrument 
to change in crystal size with time. 


SUMMARY 


I .  The presence of two polymorphic forms and a hydrate of 
SK&F 30097 has been confirmed by X-ray diffraction, IR spectro- 
scopy, and differential scanning calorimetry. 


2. Form 11, which was less stable thermodynamically, had a more 
rapid dissolution rate than Form I in 50% ethanol solution; how- 
ever, in artificial gastric fluid, there was no apparent difference. 


3. Forms I and I1 readily formed the hydrate in aqueous sus- 
pension; protective colloids were shown to affect the rate of hy- 
drate formation. 


4. Coulter counter measurements were used to follow the change 
in particle-size distribution for Form I in electrolyte solution. 
The relative rates of crystal growth were determined in the pres- 
ence of various protective colloids. Methylcellulose retarded the 
rate of crystal growth of Form I significantly. 
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Thermodynamics and Kinetics of Covalent Addition 
of Bisulfite Ion to Pyrimidinium Ions 


IAN H. PITMAN" and MARK A. ZISER 


.4bstract 0 Equilibrium and rate constants have been calculated for 
the reversible covalent addition of bisuffite ion to 2-aminopyrimi- 
dinium ion and to its I-methyl and 4-methyl derivatives. 2-Amino- 
4,6-dimethylpyrimidinium ion did not appear to add bisulfite ion 
under the experimental conditions. The 1 : 1 covalent adducts had 
very low solubility in aqueous buffers around pH 4. This was con- 
sistent with their being zwitterions. Rate-determining steps in 
adduct formation appeared to involve attack of both bisulfite ion 
and suffite ion on the pyrimidinium cation. In the reverse reactions, 
the zwitterionic adducts appeared to decompose by both nonbase- 
catalyzed and specific base-catalyzed reactions. 


Keyphrases Bisulfite ion, kinetics, thermodynamics-covalent 
addition to pyrimidinium ions Covalent addition-bisulfite 
ion to pyrimidinium ions 2-Amino-l,6-dihydropyrimidinium-6- 
sulfonate-synthesis 2-Amino-l,6-dihydro-4-methylpyrimi- 
dinium-6-sulfonate-synthesis 0 UV spectrophotometry-identi- 
fication 


~ ~ ~ ~~ ~ ~~ 


Many of the known reactions of sodium bisulfite 
with organic and inorganic molecules have been studied 
quantitatively, and a considerable amount of thermo- 


dynamic and kinetic data is available for use when 
considering the inclusion of sodium bisulflte as an 
antioxidant in drug formulations (1). However, very 
little quantitative data are available on the reversible 
covalent additions of bisulfite ion to nitrogen-contain- 
ing heteroaromatics such as pyridines (2), pyrimidines 
(3, 4), pteridines (5-8), and quinazolines (9, lo), al- 
though many drugs belong to these classes of com- 
pounds. The occurrence of the addition reaction in a 
drug formulation would reduce the effective concentra- 
tion of the bisulfite ion, and the covalent adduct may 
have different chemical reactivity to that of the augend. 


The present study was undertaken to determine the 
effects of temperature and pH on the kinetics and ther- 
modynamics of addition of bisulfite ion to 2-amino- 
pyrimidinium ion (I; R = R' = H), 2-amino-1-methyl- 
pyrimidinium ion (11), 2-amino-4-methylpyrimidinium 
ion (I; R = H, R' = Me), and 2-amino-4,6-dimethyl- 
pyrimidinium ion (I; R=R'=Me). Studies on addi- 
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Substituted Benzamides with Potential CNS-Depressant 
and Hypotensive Activity 


W. D. ROLL 


Abstract IJ A series of 14 N-alkyl, N-aryl, and N-aralkyl analogs of 
N-cyclohexyl nitrobenzamide has been synthesized and chm- 
acterized. The compounds have been studied for their ability to 
depress the spontaneous motor activity of mice and for their 
hypotensive activity in rats. Four of the compounds, which are 
structurally characterized by sniall alkyl groups attached to the 
amide nitrogen and a p-nitro group, showed the greatest CNS-de- 
pressant activity. The hypotensive action of these compounds 
paralleled their depressant action. 


Keyphrases IJ Nitrobenzamide, N-cyclohexyl-synthesis, N-  
alkyl. N-aryl, N-aralkyl analogs; evaluation, CNS-depressant 
activity 0 CNS-depressant activity-synthesis, pharmacological 
evaluation of N-cyclohexyl nitrobenzamide analogs. 


In  previous publications (1, 2 )  the synthesis and 
pharmacological evaluation of two series of ring-sub- 
stituted benzamides of N-(P-cyanoethy1)- and N-(p- 
hydroxyethy1)-N-cyclohexylaniine were reported. The 
biological activity of these compounds was studied in 
mice and rats for their efTect on spontaneous motor 
activity and blood pressure. They were found to exert 
a depressant action on the spontaneous activity of mice 
at a 4-5-mg./kg. dosage level and to effect a prolonged 
reduction in blood pressure of normotensive rats at  this 
dosage. Of the P-cyanoethyl analogs, the most active 
compounds were the p-chlorobenzamides and p-me- 
thoxybenzamides. 


This paper reports a convenient synthesis and prelim- 
inary pharmacological evaluation for a series of amides 
of rn-nitro- and p-nitro-substituted benzoic acids repre- 
sented by the formula (I): 


R = cyclohexyl; R’  = alkyl, aryl, or aralkyl 
I 


To study the in vioo effects of the test compounds, 
C3H mice weighing between 20-25 g. were used. All 
test compounds were dissolved in propylene glycol and 
administered orally and intraperitoneally. Dose-re- 
sponse curves were obtained using eight mice (rats) at 
each of four dosage levels, and the median effective dose 
(EDLO) was calculated. 


Concurrent with the toxicity range studies in mice and 
rats, careful gross observation of the intact animals was 
made at several dosage levels, and signs of CNS depres- 
sion (decreased spontaneous motor activity, etc.) were 
noted. The general type of pharmacological activity en- 
countered in these compounds was predominantly 
evinced by their effects on the CNS. 


At a dose of 5 mg./kg., i.p., the test compounds 
caused sedation without sleep in mice and rats. The 
animals developed a persistent state of tranquility 


Table I EKects on Spontaneous Activity in Mice 


Reduction in 
Compound Spontaneous 


Number Dose, mg./kg. Activity, X 
Chlorpromazine 


10 


I I  


12 


13 


14 


1 . o  
3 .0  
5.0 
7 .0  
1 .o 
3.0 
5 .0  
7.0 
1.0 
3.0 
5.0 
7 . 0  
1 .o 
3.0 
5 .0  
7.0 
1 . 0  
3.0 
5.0 
7.0 
1 .o 
3 . 0  
5.0 
7 . 0  
1 .o 
3 .0  
5.0 
7.0 
1.0 
3 . 0  
5 .0  
7 .0  
1.0 
3.0 
5.0 
7.0 
1 .o 
3 .0  
5.0 
7.0 
1 . o  
3.0 
5.0 
7 . 0  
1 .o 
3.0 
5.0 
7.0 
1.0 
3.0 
5.0 
7.0 
1 .o 
3.0 
5.0 
7.0 
1.0 
3 . 0  
5 .0  
7.0 


2 .5  
42.4 
60.0 
75.2 
32.4 
72.0 
91.1 


23.1 
62.9 
80.4 
95.2 
30.8 
66.4 
86.0 


4 .5  
44.1 
61.9 
76.5 
32.0 
73.9 
93.4 


0.5 
39.0 
57.2 
72.0 
32.5 
71.8 
89.6 


18.5 
57.6 
75.8 
90.4 
18.5 
58.4 
76.0 
91 . O  


6 .0  
45.2 
63.1 
76.8 
18.8 
58.1 
76.5 
90.9 
20.2 
60.0 
71.4 
92.5 


36.1 
54.2 
69.0 
23.8 
63.4 
80.4 
95.2 


- 


- 


- 


- 


- 


within 10 min. following administration, and this activity 
persisted for several hours. The animals could be 
handled with essentially no resistance, although they 
were otherwise seemingly unaltered. They were calm but 
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Table II-Hypotensive Activity Table 111-Substituted Nitrobenzamides 


Com- 
pound -Minutes following Administration--- 


Number 15 30 60 90 120 


Blood Pressure, Reduction of Control 
1 50.0 28.6 20.5 15.0 0 .0  
3 49.4 32.0 22.6 14.2 2 . 5  
5 50.4 31.6 20.8 12.5 3 . 1  
7 48.3 30.2 20.0 5 . 1  0 .0  


alert to attention. The animals walked normally and 
their movements were coordinated. Respiration was re- 
duced and somewhat irregular during the 1st hr. fol- 
lowing administration. In comparison to control ani- 
mals, urination and defecation seem to be suppressed, 
which may be indicative of antispasmodic activity. Side 
reactions such as tremors were not noted in this study. 
The test compounds potentiated the sedative activity of 
barbiturates (amobarbital, pentobarbital, and secobar- 
bital) and reserpine. 


The most active compounds were Compounds 1,3,5, 
and 7 (Tables I and 11). The p-nitro analogs were gener- 
ally more potent depressants than the m-nitro deriva- 
tives, except those compounds where R' (Table 111) con- 
tained an aromatic ring (Compounds 11-14). Analogs 
where R'  was small (C,-C,) had the greatest CNS-de- 
pressant and blood pressure-depressor activity. Com- 
pounds that contained an OH functional group at R'  
(Compounds 7,8,  13, and 14) had a shorter duration of 
action. In all cases, the compounds' relative depressor 
activity paralleled their depressant activity (Table 11). 


PHARMACOLOGICAL RESULTS 


Spontaneous Activity-The depressant activity of the test com- 
pounds was determined in mice with actophotometers.l The total 
body movements of single animals were measured at 15-min. inter- 
vals for a period of 1 hr. The mice were placed in the photocell 
unit immediately after intraperitoneal administration of the test 
compounds. Eight animals were used to study the effect of each 
compound at each dosage level, and the mean activity of each 
series of test animals was compared with the mean activity of a 
comparable number of control animals to ascertain the percent 
reduction in activity. 


Hypotensive Activity-Indirect blood pressure measurements 
were performed using a photoelectric tensometer. The test com- 
pounds were administered intraperitoneally to normotensive Wistar 
rats, and the systolic blood pressure was determined for a period 
of 2 hr. The mean response of eight test animals was used to deter- 
mine the percent reduction in blood pressure produced by each 
test compound. 


Scheme I 


~~ ~ 


1 Metro Industries, Inc.. New York, N. Y. 


Com- 
pound Yield, -Anal., %-- 


No. R" R'  M.p. Calcd. Found 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


1 1  


12 


13 


14 


p-NOz-CHa 76.5 102.5" C, 64.11 C, 64.40 
H, 6.92 H, 6 .95 


m-NOz-CHa 72.2 94.5" C, 64.11 C, 64.35 
H, 6.92 H, 6.91 


D-NOz-CZHS 70.5 72.3" C. 65.44 C. 65.40 
H: 6.96 H: 6.97 


72.3 45.0" C; 65.44 C; 65.46 
H, 6.96 H, 6.94 


H, 7.64 H, 7.67 


H, 7.64 H, 7.61 


H, 6.90 H, 6.93 
~ - N O Z - C H ~ O H - O H  74 .2  Oiln C, 61.63 C, 61.66 


H, 6 .90  H, 6.91 


m - N O 2 4 H 5  


p-N02-CH(CH& 69.5 107.8" C, 66.18 C, 65.99 


in-NOz-CH(CH& 74.8 35.6" C, 66.18 C, 66.10 


p-NOz-CHzCH2-OH 75.0 210.5" C, 61.63 C, 61.59 


/I-NOZ-C&CHZCN 72.5 120.1 C. 63.77 C, 63.82 
H: 6.35 H: 6.30 


m-N02-CH2CHzCN 69.6 93.1" C; 63.77 C; 63.90 
H, 6.35 H, 6.38 


P - N O Z X Q H ~  71.3 132.4" C, 70.37 C, 70.39 
H, 6.21 H, 6.20 


WZ-NOz-CekIs 75.0 105.1" C. 70.37 C. 70.31 
H: 6.21 H: 6.19 


65.8 126.1 ' C, 68.46 C, 68.40 
H, 6.57 H, 6.55 


66.9 25.2" C, 68.46 C, 68.55 
H, 6.57 H, 6 .60  


0 Purified by chromatography (eluted by petroleum ether) on silica 
gel. TLC showed single spot. 


EXPERIMENTAL 


Melting points were determined using a Mettler FP-1 melting- and 
boiling-point apparatus. Analyses for carbon and hydrogen were 
obtained with a Coleman C-H analyzer; IR spectra were obtained 
with a Perkin-Elmer spectrophotometer model 137-B in KBr, and 
UV spectra were obtained with a Coleman model 124 Hitachi 
doublebeam grating spectrophotometer. IR and UV spectra were as 
expected. 


General Method of Preparation of Amides-Equimolecular 
amounts of m- and p- nitrobenzoyl chloride and N-substituted cyclo- 
hexylamine (Abbott Laboratories, North Chicago, Ill.) were 
dissolved in purified dimethylacetamide. The nitrobenzoyl chloride 
solution was then added to a cooled, well-stirred mixture of the sub- 
stituted cyclohexylamine solution and triethylamine (Scheme 1). 
When the addition of the acyl chloride solution was completed, the 
crude substituted benzamide was precipitated by the addition of ice 
water and collected on a filter. The crude product was recrystallized 
from EtOH/HzO or Skelly Solve C/Skelly Solve B to give the pure 
compounds listed in Table 111. 
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2500-3700 A. The proximity of the hydrocarbon core of the micelle 
may also be a contributory factor, because of the higher refractive 
index of octane (no = 1.3975) as compared to water. Thus, al- 
though no firm conclusion is possible, the change in optical rotation 
on micelle formation is not incompatible with a “medium” effect, 
operating through the Lorentz factor, and no conformational 
restraints at the micelle surface need be invoked. This tentative 
conclusion is in accord with the accepted fluid nature of the micelle 
core (3). It should clearly be of some interest to study monomers or 
solubilized species in micelles containing optically active absorption 
bands in experimentally accessible wavelength regions. 


Finally, note the observed curvature near the CMC in Fig. 1.  
This is another piece of evidence against the phase-separation 
model for micellization, the arguments against which have been 
summarized recently (3). 
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2-Amino-2-oxazoline Formation by Cyclization of 
1- (2-Hydroxyethyl) -2-methyl-2-thiopseudoureas 


DANIEL L. KLAYMAN, ROBERT J. SHINE*, and ARLESS E. MURRAY, Jr. 


Abstract 1-(2-Hydroxyethyl)-3-substituted-2-methyl-2-t~~iopseu- 
dourea hydriodides, when heated in polar solvents, were found in 
many instances to result in the formation of 2-amino-2-oxazoline 
derivatives with the simultaneous evolution of methyl mercaptan. 
The rate of the reaction is apparently influenced by the group sub- 
stituted in the 3-position of the thiopseudourea. Similarly, the $6- 
dihydro-4H-1,S-oxazine ring system could be prepared by starting 
with a 1-(3-hydroxypropy1)-2-thiourea. 


Keyphrases 2-Amino-2-oxazoline formation-using thiopseu- 
doureas, cyclization 0 Thiopseudoureas-in formation of 2- 
amino-2-oxazoline 0 IR spectrophotometry-identity 


S 
II 


RNH-C-NHCH,CH,OH + CHBI --+ 


I 


/-\ 
CH3S NHR I- 


I1 


T 
I 1- 


NH 


R 
m 


An investigation of the influence of the degree of 
N-substitution of S-methylthiopseudoureas, which are 
subjected to alkaline hydrolysis, on the rate of methyl 
mercaptan evolution was reported earlier (1). In the 
course of that study the preparation of the S-methyl 
derivative of 1-(2-hydroxyethy1)-3-benzoy1-2-thiourea 
(If), a potential antiradiation agent, was attempted. It 
was found that methyl mercaptan was readily evolved 
when the 5’-methyl derivative (IIf) was heated in polar 
organic solvents such as acetonitrile, alcohols, and 
acetone, even in the absence of base. Methyl mercaptan 
was formed as a consequence of the intramolecular dis- 
placement of the methylthio group by the hydroxyl 
group to give 2-benzamido-2-oxazoline hydriodide 
(IIIf) in 73 yield. 


To examine further this interesting reaction, a number 
of other 1-(2-hydroxyalkyl)-2-thioureas were prepared 
and subsequently treated with methyl iodide (Scheme I). 


Scheme 1 


Simply heating the 2-methyl-2-thiopseudourea hydri- 
odides in polar solvents in several cases led to methyl 
mercaptan evolution. The rate of this evolution, which 
reflects the extent of the cyclization reaction, was found 
to  be strongly influenced by the R group of the 142- 
hydroxyalkyl)-24hiourea (I). Oxazoline formation pro- 
ceeds smoothly when there is a benzoyl group in the 
3-position of a 1-(2-hydroxyalkyl)-2-thiourea. 1-(2- 
Hydroxypropyl)-3-benzoyl-2-thiourea (10, on heating 
with methyl iodide in ethanol, gave 2-benzamido-5- 
methyl-2-oxazoline hydriodide (1111). When 1-(3-hy- 
droxypropyl)-3-benzoyl-2-thiourea was used (Ik), the cy- 
clization reaction gave the six-membered heterocycle- 
viz., 2-benzamido-5,6-dihydro-4H-1,3-oxazine hydri- 
odide (IIIk), in good yield. 


The evolution of methyl mercaptan was slower when 
the S-methyl derivatives of 1-(2-hydroxyethy1)-3-phenyl- 
2-thiourea (Id) and 1-(2-hydroxypropyl)-3-pheny1-2- 
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Table I-Hydroxyalkyl-2-thioureas (I) Rz R4 
~ ~~~~ ~~~ ~ 


Yield, Recrystn. -Anal., %--- 
R, Rz R3 R4 M.p. % Solvent Calcd. Found 


a 


b 
C 


d 
e 


f 
g 


h 


i 


i 


k 


I 


H H H  


CHI H H  
tert-C4H9 H H 


C6H5 H H  
CeHbCHzCHz H H 


H H  
CHI H 


H CHzCH20H 


H H  


H H  


H H  


H H  


CHzCHzOH 


CHzCHzOH 
CHzCHzOH 


CHzCHzOH 
CHzCHzOH 


CHzCHzOH 
CHzCHzOH 


CHzCHzOH 


CHzCHzCHzOH 


CHKH(0H)CHs 


CHzCHzCHZOH 


82-84" 


73 
147" 


140"* 
92-94 O 


128"O 
104-105 


98 O 


82-84' 


108-109" 


110" 


115-1 16 O 


79 


92 
87 


97 
93 


51 
93 


91 


87 


92 


30 


34 


MeOH-EttO 


EtOH 
EtOH 


EtOH 
CHCL 


MeOH 
EtOH 


CHCL 


CHCl, 


CHsCN 


CHICN 


EtOH 


C, 29.49 
H, 6.71 
N, 23.31 
S, 26.68 


C, 47.69 
H, 9.15 
N, 15.89 
S, 18.19 


C, 58.90 
H, 7.19 
N, 12.49 
S, 14.29 


C, 57.11 
H, 6.71 
N, 13.32 
S, 15.25 c, 54.97 
H, 6.71 
N, 11.66 
S, 13.35 
C, 57.11 
H, 6.71 
N, 13.32 
S, 15.25 
C, 57.11 
H, 6.71 
N, 13.32 
S, 15.25 
c, 55.44 
H, 5.92 
N, 11.76 
S, 13.46 
c, 55.44 
H, 5.92 
N, 11.76 
S, 13.46 


C, 29.49 
H, 6.71 
N, 23.51 
S, 26.68 


C, 47.89 
H, 9.09 
N, 15.92 
S, 18.06 


C, 59.11 
H, 7.36 
N, 12.42 
S, 14.27 


H, 6.56 
N, 13.37 
S, 15 .10  
C, 54.69 
H, 6.72 
N, 11.72 
S, 13.28 
C, 56.95 
H, 6.52 
N, 1 3 . 1 1  
S, 15.20 
C, 56.76 
H, 6.82 
N, 13.22 
S, 15.14 
C, 55.67 
H, 6.22 
N, 12.11 
S, 13.37 
C, 55.07 
H, 5.79 
N, 11.72 
S, 13.41 


c ,  57.39 


0 Reference 2, m.p. 73".bL. Knorr and P. Rossler, Eer., 36, 1278(1903), m.p. 138"; Reference 4, m.P. 139". Reference 4, m.P. 128'. 


thiourea (Ij) were used than with the comparable 
benzoyl derivatives described previously. 2-Anilino-2- 
oxazoline (IIId) and 2-anilino-5-methyl-2-oxazoline 
(IIIj) hydriodides were obtained in good yield after 
several hours of refluxing in ethanol. The S-methyl 
derivative of 1-(3-hydroxypropy1)-3-phenyl-2-thiourea 
(Ii), in contrast to its benzoyl analog, failed to cyclize to 
any appreciable extent, as was further indicated by only 
a meager evolution of methyl mercaptan. 


S-Methyl derivatives of 1-(2-hydroxyethyl)-2-thio- 
ureas, which were substituted in the 3-position by 
methyl (Ib), tert-butyl (Ic), and phenethyl (Ie), on 
refluxing in acetonitrile or ethanol gave only trace quanti- 
ties of methyl mercaptan, indicating failure of the 


+ n 
H h C / O  


I 
NH 


I 


cyclization reaction to occur. The thiopseudoureas 
could be isolated from the reaction mixture. When the 
S-methyl derivatives of l,l-di(2-hydroxyethyl)-3-phenyl- 
2-thiourea (Ih) and 1-(2-hydroxyethy1)-3-methyl-3-phen- 
yl-2-thiourea (Ig) were refluxed in the usual polar 
solvents, considerably less than one equivalent of methyl 
mercaptan was evolved, resulting in their limited conver- 
sion to oxazolines. Compound IIIg could be isolated in 
poor yield, however, when the reaction was performed in 
water. 


In an attempt to make the difficultly accessible 2- 
amino-Zoxazoline hydriodide (IIIa), the previously un- 
known 1-(2-hydroxyethy1)-2-thiourea (Iu) was prepared 
by the reaction of benzoylisothiocyanate with 2-amino- 
ethanol. The resultant compound, If, was hydrolyzed 
with dilute sodium hydroxide, giving Iu in good yield. 
The S-methyl derivative of this thiourea failed to 
cyclize to any appreciable extent. A successful synthesis 
of 2-amino-2-oxazoline (isolated as the picrate salt) was 
achieved, however, by removing the benzoyl group of 
IIIfby hydrolysis with 1 : 1 hydrochloric acid for about 2 
hr. Its homolog, Z-amino-5,6-dihydro-4& 1,3-oxa- 
zine picrate, was prepared similarly from its benzamido 
derivative (IIIk). 
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Table II-S-Methyl Thiopseudourea Hydriodides (11) 


Yield, Recrystn. Molecular c Anal., 
Compounds M.p. z Solvent Formula Calcd. Found 


U 93" 61 CHsCN CaHnINaOS C, 18.33 C, 18.55 
H, 4.23 H, 4.20 
N, 10.67 N, 10.72 
S, 12.23 s, 12.04 


b 89-90' 86 CHaCN CsHiJNzOS C, 21.75 C, 21.97 
H, 4.75 H, 4.85 
N, 10.14 N, 10.34 
S, 11.61 S, 11.75 


H, 6.02 H, 5.85 
N, 8.81 N, 8.75 
S, 10.08 S, 10.23 


d 110-111" 96 CHaCN CizHdNzOS c, 39.35 C ,  39.41 
H, 5.23 H, 5.34 
N, 7.65 N, 7.76 s, 8.75 S, 8.69 


h 95-97 O 64 CHBCN CnHigINzOzS C, 37.70 c ,  37.59 
H, 5.01 H, 4.87 
N, 7.33 N, 7.24 
S, 8.39 S, 8.53 


Z 89.5" 70 CHaCN CnHi,IN,OS C, 37.51 c, 37.53 
H, 4.87 H, 5.04 
N. 7.95 N. 8.09 


C 1 58-1 59' 96 EtOH CaHisIN20S C, 30.19 C, 29.92 


Derived fromlthe thiourea!indicated by the same letter in Table I. 


Table III-2-Amino-2-oxazoline Hydriodides (111) 


N--R, 


R, 
I 


Yield, Recrystn. Molecular Anal., 
Compound' M.p. z Solvent Formula Calcd. Found 


N: 8.81 N: 8.83 


I 157" 47 CHsCN C,' 39:;s 
H, 3.94 
N, 8.43 


C,' 40.09 
H, 3.85 
N, 8.38 


0 Derived from the thiourea indicated by the same letter in Table I. b Reaction was run in water to give a complex mixture of products which in- 
cluded the amino-oxazoline. c 2-Benzamido-5,6-dihydro-4H-1.3-oxazine hydriodide. 


Adcock et al. (2) reported the use of 2.5 equivalents of 
sodium ethoxide in boiling ethanol to effect the cycliza- 
tion of certain 1-(2-hydroxyethy1)-2-methyl-2-thiopseu- 
doureas. However, it appears that base is not necessary if 
the R groups of I1 are sufficiently activating. The re- 
sultant increase in the net positive charge on the carbon 


by the hydroxyl oxygen atom. 


acetamidoethyl)-3-phenyl-2-thiourea to give a 2,3-disub- 
stituted oxazoline. 


EXPERIMENTAL' 


atom bearing the methylthio group facilitates the attack Melting points were determined on a Fisher-Johns melting point 
apparatus and are uncorrected. IR spectra were determined on a 


While this investigation was in progress, Budde and 


of the S-ethyl derivative of l-(Zhydroxyethyl)-l-(2- 
(3) in a reported the cyclization 


1 Microanalyses were performed by Mr. Joseph F. Nicino, Metuchen, 
NJ 08840 
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Beckman IR-5 or Perkin-Elmer 221 spectrophotometer as KBr 
pellets. 


Hydroxyalkyl-2-thioureas-To 0.2 mole of an alkyl or aryliso- 
thiocyanate in 100 ml. of ethanol was added portionwise 0.2 mole 
of an amino-alcohol, and the resultant solution was heated for 0.5 hr. 
on a steam bath. In some cases, the hydroxyalkyl-2-thioureas crys- 
tallized from the cooled solution; in other instances, the solutions 
were concentrated or evaporated to dryness to induce crystalliza- 
tion. 


l-(Hydroxyal kyl)-3-benzoyl-2-thioureas-These compounds were 
prepared essentially by the method of Douglas and Dains (4). 
To 44.6 g. (0.55 mole) of sodium thiocyanate dissolved in 500 ml. of 
acetonitrile or acetone was added slowly 70.3 g. (0.50 mole) of 
benzoyl chloride, and the resulting mixture was heated on a steam 
bath for 10 min. The mixture was then cooled, and the amino- 
alcohol (0.50 mole) was added with constant stirring. The resultant 
mixture was heated on a steam bath for 15 min. and poured into a 
large volume of water. The oily layer generally crystallized on cool- 
ing to give the l-(hydroxyalkyl)-3-benzoyl-2-thiourea (Table I). 


1-(2-HydroxyethyI)-2-thiourea (1a)-To 22.4 g. (0.1 mole) of 
1-(2-hydroxyethyI)-3-benzoyl-2-thiourea was added 100 ml. of 6 
NaOH solution, and the resulting solution was heated on a steam 
bath for 10 min. The cooled solution was then made slightly acidic 
with 6 N H2SO4; the benzoic acid, which separated, was removed by 
filtration. The filtrate was adjusted to neutrality with dilute NaOH 
solution. The solvent was removed under reduced pressure, giving a 
residue which was extracted with three 100-ml. portions of hot 
CHsCN. The CH,CN extracts were evaporated to dryness, and the 
Ia was recrystallized (Table I). 


Reaction of Hydroxyalkyl-2-thioureas with Methyl Iodid-To 
l-(hydroxyalkyl)-2-thiourea (0.05 mole) dissolved in 40 ml. of 
acetonitrile or ethanol was added methyl iodide (0.06 mole), and 
the solution was heated under reflux. When methyl mercaptan 
evolution was very faint or not detected within 0.5 hr., the solution 
was refluxed for 2 hr. and cooled or concentrated under reduced 
pressure to give the S-methylthiopseudourea hydriodide. The latter 
gave a positive nitroprusside test (1) when heated with base (Table 
11). 


When a copious evolution of methyl mercaptan was detected 
within the first 0.5 hr. of refluxing, heating was continued until 
methyl mercaptan evolution virtually ceased, generally within 6-12 


hr. The solution was cooled or concentrated, causing separation of 
the 2-amino-2-oxazoline derivative (or 2-amino-5,6-dihydro-4H-l,3- 
oxazine derivative) as the hydriodide salt. The IR spectra of these 
compounds showed a characteristic peak at 5.9-6.1 p (C=N) (Table 
111). 


2-Amino-2-oxazoline (1IIa)-A mixture of 1 .O g. (0.0031 mole) 
IIIf in 10 ml. of 1 :1 HCI was agitated and heated under reflux for 
about 2 hr. until solution was complete. The benzoic acid, which 
separated on cooling, was removed and the filtrate was concentrated 
several times with water to remove the excess acid. The syrup was 
treated with a saturated ethanolic solution of picric acid to give 
0.45 g. (46%) of 2-amino-2-oxazoline picrate as fine needles (from 
water), m.p. 192-195" [lit. (5) m.p. 186-188"l. 


2-Amino-5,6-dihydro-4H-1,3-oxazine-2-Benzamido-5,6-dihydro- 
4H-1,3-oxazine hydriodide (IIIk, 1.0 g., 0.0030 mole) was treated 
as described previously to give 0.37 g. (37%) of 2-amino-5,6- 
dihydro-4H-l.3-oxazine picrate as fine needles (from water), m.p. 
207-208' [lit. (6) m.p. 200"J. 
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Comparison of Effects of 1,s-Dihydroxyanthraquinone 
and 1,5-Dihydroxyanthraquinone on Different Segments 
of Rabbit Gastrointestinal Tract 


THEODORE H. EICKHOLT, LAWRENCE J. DANNA", LYNN J. VERZWYVELT", 
GERALD P. WAGUESPACK", JOHNNY L. BUNCH*, and DANIEL D. WINSLOW* 


Abstract Using an isolated muscle bath technique, five different 
segments of the rabbit gastrointestinal tract (duodenum, jejunum, 
ileum, and ascending and descending colon) were used to record 
the effects of two doses of 1,5-dihydroxyanthraquinone. Transducer- 
recorded tracings were made of contractions per minute, interval 
between contractions, and amplitude of contractions. The results 
were evaluated ; statistical tests among comparisons of the three 
parameters between the two drug doses, control values, and previous 


values for 1,s-dihydroxyanthraquinone again indicated the param- 
eter of interval between contractions to be a statistically signif- 
icant measurement of activity. No statistically significant differences 
in effects were shown between the two drugs. 


Keyphrases 1,8- versus 1,5-Dihydroxyanthraquinone-effect on 
gastrointestinal tract, rabbit Gastrointestinal tract. rabbit- 
effects, 1,8- versus 1,5-dihydroxyanthraquinone 


The normal activity of different segments of the 
rabbit gastrointestinal tract has been previously de- 
lineated, using an isolated muscle bath technique (1). 


The effects of 15- and 30-mg. doses of 1,s-dihydroxy- 


anthraquinone on these different segments of rabbit 
intestinal tract have been studied with this technique 
and statistically compared with the standards (2). The 
results of the statistical analyses of the transducer- 
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fine reference source for the more experienced student of public 
health management. 


Considering the individual and society generally, the state of our 
ecologic environment, and our artificial environment and the inter- 
relationships of each and all of these to disease, the book is eminently 
successful and well worth study by the pharmaceutical scientist 
concerned with human ecology and public health. 


Reviewed by William L. Blockstein 
Health Sciences Unit 
University Extension 
University of Wisconsin 
Mudisoti, WI 53706 m 


New Dimensions in Legal and Ethical Concepts for Human Research 
Vol. 169, art. 2. Consulting Editor, IRVING LADIMER, New York 
Academy of Sciences, 2 East 63rd St., New York, NY 10021,1970. 
pp. 297-593.15 X 23 cm. Price$23.00. 
The papers in this volume are drawn from a conference of the 


same name held by the New York Academy of Sciences from May 
19to21, 1969. 


Theconference was divided into six sections each of which included 
the presentation of papersand panel discussions. Thesectionsincluded 
were Ethical and Legal Base Lines for Professions and Community; 
Special Problems of Medical Disciplines; Special Problems of Re- 
lated Professions; Experience in Design, Conduct, and Evaluation 
of Research; Professional Controls-Internal and External; and 
Social Responsibility through Communication. 


This conference on “New Dimensions in Legal and Ethical Con- 
cepts for Human Research” was convened to enable representatives 
of major disciplines, mainly medical and legal fields, to present 
their experience and recommendations for meeting current and 
anticipated problems of experimentation on and with human beings. 


These topics have relevancy to the recent activity in the areas of 
organ and tissue transplants. Work in these areas suggests that 
technology can surmount virtually all impediments, but this capac- 
ity msy bave to be curbed by social, ethical. legal, and religious 
strictures in order to achieve professional and community support. 


Of particular interest to the pharmaceutical scientist are the 
papers on “Control and Surveillance of Investigational Drugs” by 
Herbert S. Carlin and Ronald T. Turnbull, “Conducting Investiga- 
tional Drug Studies for Industry” by Kenneth G. Kohlstaedt, and 
“Drug Evaluation Problems in Academic and Other Contexts” by 
Louis Lasagna. 


Staff Reciew W 


Parenteral Dosage Forms. By CAROLYN G. HALL and KENNETH E. 
AVIS. Parenteral Drug Association, Inc., Philadelphia, PA 19107, 
1969. vi + 262 pp. 22 X 28 cm. Price $7.50. 
This comprehensive annotated bibliography of the literature per- 


taining to parenteral dosage forms has been prepared by Mrs. Caro- 
lyn G. Hall and Dr. Kenneth E. Avis, Department of Pharmaceutics, 
University of Tennessee, College of Pharmacy. 


It covers the period 1959 to 1963 and contains approximately 950 
entries. The book is arranged topically with a complete author index. 
The period just prior to the inception of International Pharmaceuti- 
cul Abstracts was chosen for the first of what is anticipated will be a 
series of bibliographies because the authors’ felt that no coverage of 
this important period was available. 


StuflReview W 


Clinical Pharmacy Handbook. By HUGH F. KABAT. Lea and Febiger, 
Washington Square, Philadelphia, PA 19106, 1969. v + 108 pp. + 70 workbook style tear-out pp. 21.5 X 27.5 cm. Price $6.50 
paperbound. 
Portions of this volume were originally presented as course mate- 


rial to the senior students at the University of Minnesota College of 
Pharmacy. The first three chapters deal with course objectives, a 
course introduction, and notes on the pharmacist-patient relation- 
ship as viewed by the author. Some later chapters involve a collec- 
tion of common hospital abbreviations and meanings, drug interac- 
tion tables, a list of sources of drug information, and a workbook 
section that affords the pharmacy student the opportunity to in- 
vestigate the physical, chemical, and pharmacologic properties of 
any drug by means of charts that must be completed and questions 
that must be answered and referenced. Approximately one-half of 
the book is devoted to forms concerning general patient information, 
the clinical status of the patient, patient progress, and laboratory 
results. These forms are to be filled in by the pharmacy student as 
soon as the appropriate information becomes available. 


The author indicates in the preface that this text is intended for 
use by students and for “any pharmacist venturing into the clinical 
setting.” Those others not initiated into a clinically oriented phar- 
macy practice may find this book to be of some value because some 
important aspects of clinical pharmacy are presented. For example, 
the drug interaction tables and the chart on drug-induced modi- 
fications of laboratory tests are valuable pieces of literature and 
the collection of common hospital abbreviations and meanings is a 
step in dispelling the “language barrier” that, at first, exists between 
the medical staff and the new pharmacist practitioner. 


Those educators thinking of initiating a clinical pharmacy course 
may also find this book of value because it does offer some basic 
“patient following” forms that were adapted from forms now in 
use at other hospitals with a clinical pharmacy service. The book 
also presents some basic philosophy on the pharmacist-patient 
relationship and some basic operating rules for the student and 
clinical instructor while in a patient-care area. 


Any pharmacist or pharmacy student who has had any exposure 
to a clinically oriented pharmacy practice will find this book ex- 
tremely fundamental and perhaps too course-oriented to be of any 
great value. The material in the book, for the most part, has already 
been published in one journal or another. The author has simply 
compiled such pieces of literature as Dr. Edward Hartshorn’s drug 
interaction tables as they appeared in Drug Intelligence and the 
tables on the drug-induced modifications of laboratory values as 
they were published in the American Journal of Hospital Pharmacy. 
Any pharmacist entertaining thoughts of a clinical practice should 
already have well in hand the material that is presented in this book. 


Reoiewed by Richard de Leon 
School of Pharmacy 
University of California 
Sun Francisco, CA 94122 W 


Biologically Active Amines Found in Man. By FRANZ FRANZEN and 
KURT EYSELL. Pergamon Press, Maxwell House, Fairview Parks, 
Elmsford, NY 10523, 1969. vii + 244 pp. 23 X 16 cm. Price 
$13.50. 
As stated by the authors, there has not been an extensive survey of 


the field of “biogenic amines” since 1951, although during this 
time there has been a considerable expansion of our knowledge of 
these compounds. 


In 128 pages of text, the authors, who are apparently clinicians, 
discuss numeraus aspects of these amines derived from decarboxyla- 
tion of alpha amino acids. In separate chapters the biochemistry, 
pharmacology, and pathophysiological significance of biolozically 
active amines are discussed. This Hundbucli is unique as a compre- 
hensive survey of this subject as related to clinical medicine. The 
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sections on renal implications and tumor-secreted active amines are 
especially lucid. The authors cite 1890 references without being 
overly verbose. The book contains several useful tables of important 
data such as amine concentrations in blood, urine, and tissues in both 
normal and pathologic conditions; concentrations of dopamine, 
norepinephrine, serotonin, and other amines in 41 areas of post- 
mortem brain; and the influence of a variety of amines on the forrna- 
tion and excretion of urine in various animals and man. 


This book should prove a useful addition to the library of re- 
searchers and clinicians in the fields of autonomic pharmacology 
and endocrine pathophysiology involving altered secretion or levels 
of these amines. The discussion is not particularly instructive al- 
though it is comprehensive and thorough in reviewing the available 
literature. 


Reoiewed by David A. Blake 
School of Pharmacy 
University of Maryland 
Baltimore, M D  21201 W 


The National Formulary, Thirteenth Edition. Prepared by the 
National Formulary Board with the approval of the Board of 
Trustees, by the authority of the American Pharmaceutical Asso- 
ciation. The American Pharmaceutical Association, 1970. Distrib- 
uted by Mack Publishing Co., Easton, PA 18042. lxxiv 4- 1012 
pp. 14.5 X 23 cm. Price $15.00 (Domestic and Foreign). 
The publication of the National Formulary, or any other com- 


parable source for methods or standards, is often viewed as an event 
in itself, rather than the climax of a long series of procedures. In 
reality, any book of this nature is the end product of much research, 
fact finding, study, and evaluation. National Formulary, Thirteenth 
Edition, represents the results of a five-year revision program carried 
on by the American Pharmaceutical Association, involving more 
than 500 persons from the fields of medicine, pharmacy, and chemis- 
try. 


Certainly, one of the most important considerations-and the 
most apparent in the preparation of a new NF edition, is the selec- 
tion of drugs and dosage forms to be recognized and the preparation 
of monographs for those chosen. Of the 992 officially recognized 
articles in NF XIII, 41 1 are newly admitted. Two hundred twenty- 
one drugs, recognized in NF XII, have been dropped in going to the 
new edition. 


But a second aspect of the NF, which in certain respects has even 
more far-reaching consequences, is the application of new techniques 
and methods and the establishment of new criteria by which to en- 
sure the quality and purity of pharmaceuticals. It is this aspect of the 
N F  revision program which probably reflects to a greater extent the 
rapid changes and advances in technological capabilities and quality 
control methodology. 


In pursuit of its fundamental purpose-to provide standards and 
specifications which can be used to evaluate the quality of pharma- 
ceuticals-the NF has fostered the study of factors bearing on drug 
availability. As a result, NF XI11 draws upon and utilizes the many 
recent developments in drug analysis and methodology in providing 
new tests, new specifications, and new standards. 


Of the 80 General Tests chapters in NF XIII, I6 are new; those 
carried over from NF XI1 have been revised and updated to reflect 
more adequately current needs and capacities. 


Among the new General Tests chapters, those on X-ray diffraction 
and dissolution test are important examples. The first provides a 
technique enabling the NF Board to specify in these drug substance 
monographs where polymorphism of the crystal may be a problem 
affecting bioavailability that the article must conform to a specified 
X-ray diffraction pattern, while dissolution test specifications pro- 
vide an objective means of determining dissolution characteristics of 
a solid dosage form. The inclusion of these chapters and specifica- 
tions in pertinent individual monographs represents an initial ef- 
fort by the NF to establish specifications where appropriate both for 
the active ingredient and the final dosage form, to serve as an index 
of drug quality from the standpoint of expected biological availabil- 
ity. 


The aerosol dosage form is recognized officially for the first time in 
NF XI11 through inclusion of monographs for several therapeuti- 
cally important aerosol preparations. Among the procedures used to 
establish standards for aerosol products are leak testing, delivery 
rate, and pressure testing. NF XI11 provides standards and specifica- 
tions for four aerosol propellants in addition to monographs for six 
individual aerosol dosage forms. 


The rise of consumerism on all levels and the increasing consumer 
awareness and sophistication concerning drugs-in part due to the 
drug efficacy study, the hearings on oral contraceptives, the cycla- 
mate controversy, concern over misuse of drugs, and rising medical 
costs in general-have resulted in increased pressure on the official 
compendia to keep abreast of trends and developments in the sci- 
entific areas. In response to this challenge, the NF revision program 
is to be put on an even more continuous basis with the first supple- 
ment having a scheduled official date of September 1, 1970, coincid- 
ing with NF XIII. 


In accordance with the objectives of a more continuous revision 
program, additional NF XI11 supplements are planned at regular in- 
tervals throughout the revision period. 


Staff Review 
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These phenomena are illustrated in Fig. 9, which contains photo- 
micrographs of these forms after 5 min. 


The overall rate of crystal growth for Form I of SK&F 30097 
was derived according to the method of Edmundson and Lees (1 1). 
A plot of percentage number cumulative frequency oversize against 
time for diameters from 14 to 25 p is shown in Fig. 10. This size 
represents the faster growing end of the distribution obtained from 
Fig. 7. Horizontal lines corresponding to various percentage cu- 
mulative counts were made. The intercepts of these lines at the 1,2, 
and 3 z  levels for the various time intervals give the equivalent 
diameter, which is then plotted against time. Figure 11 shows the 
rate plot for a typical crystal growth study. The slope of the lines 
represents the rate of growth of the crystals expressed as an in- 
crease in diameter per unit time. Table I contains values showing 
the relative rates of crystal growth of Form I in the presence and 
absence of various protective colloids. 


The crystal growth in the presence of methylcellulose was ap- 
proximately 300 times slower than in the presence of the other 
colloids. Photomicrographs showing the change in particle size 
with time in the presence of methylcellulose are shown in Fig. 12. 
There was no apparent increase in crystal size after 3 days; how- 
ever, after 8 days, there was some evidence of growth. The fact 
that the Coulter counter measurements indicated a growth rate of 
3 X 10-4 p/min. indicates the extreme sensitivity of this instrument 
to change in crystal size with time. 


SUMMARY 


I .  The presence of two polymorphic forms and a hydrate of 
SK&F 30097 has been confirmed by X-ray diffraction, IR spectro- 
scopy, and differential scanning calorimetry. 


2. Form 11, which was less stable thermodynamically, had a more 
rapid dissolution rate than Form I in 50% ethanol solution; how- 
ever, in artificial gastric fluid, there was no apparent difference. 


3. Forms I and I1 readily formed the hydrate in aqueous sus- 
pension; protective colloids were shown to affect the rate of hy- 
drate formation. 


4. Coulter counter measurements were used to follow the change 
in particle-size distribution for Form I in electrolyte solution. 
The relative rates of crystal growth were determined in the pres- 
ence of various protective colloids. Methylcellulose retarded the 
rate of crystal growth of Form I significantly. 
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Thermodynamics and Kinetics of Covalent Addition 
of Bisulfite Ion to Pyrimidinium Ions 


IAN H. PITMAN" and MARK A. ZISER 


.4bstract 0 Equilibrium and rate constants have been calculated for 
the reversible covalent addition of bisuffite ion to 2-aminopyrimi- 
dinium ion and to its I-methyl and 4-methyl derivatives. 2-Amino- 
4,6-dimethylpyrimidinium ion did not appear to add bisulfite ion 
under the experimental conditions. The 1 : 1 covalent adducts had 
very low solubility in aqueous buffers around pH 4. This was con- 
sistent with their being zwitterions. Rate-determining steps in 
adduct formation appeared to involve attack of both bisulfite ion 
and suffite ion on the pyrimidinium cation. In the reverse reactions, 
the zwitterionic adducts appeared to decompose by both nonbase- 
catalyzed and specific base-catalyzed reactions. 


Keyphrases Bisulfite ion, kinetics, thermodynamics-covalent 
addition to pyrimidinium ions Covalent addition-bisulfite 
ion to pyrimidinium ions 2-Amino-l,6-dihydropyrimidinium-6- 
sulfonate-synthesis 2-Amino-l,6-dihydro-4-methylpyrimi- 
dinium-6-sulfonate-synthesis 0 UV spectrophotometry-identi- 
fication 


~ ~ ~ ~~ ~ ~~ 


Many of the known reactions of sodium bisulfite 
with organic and inorganic molecules have been studied 
quantitatively, and a considerable amount of thermo- 


dynamic and kinetic data is available for use when 
considering the inclusion of sodium bisulflte as an 
antioxidant in drug formulations (1). However, very 
little quantitative data are available on the reversible 
covalent additions of bisulfite ion to nitrogen-contain- 
ing heteroaromatics such as pyridines (2), pyrimidines 
(3, 4), pteridines (5-8), and quinazolines (9, lo), al- 
though many drugs belong to these classes of com- 
pounds. The occurrence of the addition reaction in a 
drug formulation would reduce the effective concentra- 
tion of the bisulfite ion, and the covalent adduct may 
have different chemical reactivity to that of the augend. 


The present study was undertaken to determine the 
effects of temperature and pH on the kinetics and ther- 
modynamics of addition of bisulfite ion to 2-amino- 
pyrimidinium ion (I; R = R' = H), 2-amino-1-methyl- 
pyrimidinium ion (11), 2-amino-4-methylpyrimidinium 
ion (I; R = H, R' = Me), and 2-amino-4,6-dimethyl- 
pyrimidinium ion (I; R=R'=Me). Studies on addi- 
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tions to molecules which are widely used as drugs are 
continuing in the authors' laboratories. 


R 


H Be 
I 11 


I I 
Me Me 
I11 Iv 


RESULTS AND DISCUSSION 


The Addition Reaction-Compound I1 has previously been 
shown (4) to react with bisulfite ion reversibly to yield, in dilute 
aqueous solution at 25", an approximately 0.8:l mixture of the 
covalent adducts 111 and IV. These adducts appear to have similar 
UV spectra (4), and the spectrum of their equilibrium mixture has 
the characteristics shown in Table I. Because addition of sodium 
bisulfite (0.2 M )  to dilute aqueous solutions of (I; R = R' = H) and 
(I;  R=H,  R'=Me) produced solutions with similar UV spectra to 
that of a mixture of I11 and IV (Table I), it was deduced that co- 
valent addition of bisulfite ion was occurring in these cases also. 
The addition of sodium bisulfite (1.0 M )  to saturated aqueous 
solutions of the pyrimidinium ions (I; R = R ' = H )  (11), and (I; 
R = H ,  R'=Me) resulted in the formation of white crystalline 
products which had the elemental analysis of 1 : 1 adducts of the 
respective pyrimidinium ion and bisulfite ion. The reversibility of 
all of the addition reactions was indicated by the fact that dilution 
of solutions of the adducts in aqueous sodium bisulfite with water 
led to reformation of the original pyrimidine. Addition of sodium 
bisulfite (0.2 M )  to dilute aqueous solutions of (I; R = R '  =Me) did 
not lead to any significant changes in its UV spectrum (when the 
absorbance of the bisulfite ion was taken into account), and it was 
assumed that covalent addition of bisulfite ion was not occurring 
to this compound under these conditions. 


R' 


H 
V 


The 1 :1 adduct of Compound (I; R=R'=H)  would have the 
same structure whether addition occurred at C4 or c6 and was thus 
believed to be 2-amino-l,6-dihydropyrimidinium-6-sulfonate 
(V; R=R'=H). The strong blocking effects of methyl groups at 
C4 and c6 in Compound (I; R=R'=Me) to addition at  those 
sites strongly suggest that addition to (I; R = H ,  R'=Me) would 
occur predominantly at c 6  to yield 2-amino-l,6-dihydro-4-methyl- 


Table I-UV Spectral Characteristics of 1 :1 Bisulfite Adducts 


Augend L X .  (log €1 
I ;  R = R ' = H '  
I1 
I ; R = H , R ' = M e  


255 (3.38)" 
258 (3.36)" 
254 (3.17) 


Q These values were corrected for absorbance due to free pyrimidine 
species at equilibrium and are considered to be more accurate than 
those in Reference 3. 


pyrimidinium-6-sulfonate (V; R = H, R' =Me). Similar blocking 
effects of C-alkyl groups to nucleophilic additions at that site have 
been observed (1 1) for nucleophilic additions to other heteroaro- 
matic molecules. More exact structural determinations by NMR 
spectroscopy of the adducts (V; R = R ' = H )  and (V; R=H,  R'= 
Me) were difficult because of their low solubility in aqueous sodium 
bisulfite (< 1 g./100 ml.). This low solubility is consistent with their 
being zwitterionic in aqueous buffers between pH 3 and 5. 


Because of the acidic or basic nature of the reactants and prod- 
ucts in the addition reactions, the reaction mixtures always con- 
tained varying concentrations of pyrimidinium ion PyH+, neutral 
pyrimidine Py, sulfurous acid H2SOa, bisulfite ion HSOI-, sulfite 
ion SOa-, cation HzAdd+, zwitterion HAdd*, and anion Add- of 
the covalent adduct. At any particular pH, the overall addition 
reaction was 


where PYT, ST, and AddT were the total pyrimidine, sulfurous acid, 
and adduct species, respectively, present at any time. The acid-dis- 
sociation constants of the various acidic species were measured 
under experimental conditions and are listed in Table 11. 


Equilibrium Constants for Addition-Apparent equilibrium 
constants, K,,,. values, were calculated from differences in UV 
absorbance at  fixed wavelengths between aqueous buffered solu- 
tions of the pyrimidines and similar solutions which had equili- 
brated after the addition of different amounts of sodium bisulfite. 
As shown in Fig. 1, the Kapp. values for addition to the very weakly 
acidic compound (11) were independent of pH in the pH region in- 
vestigated, but the values for the more strongly acidic compounds, 
(I; R = R ' = H )  and (I; R = H ,  R'=Me), decreased with increasing 
pH. No evidence could be found for adduct formation by any of 
the compounds at pH values above 8.5 or below 0.5. 


The Kapp. values were the combined equilibrium constants a t  
each pH for the reactions represented by Eq. 1 and are defined as 


If the true addition reactions were 


K 
(Es. 3) PyH+ + HSOI- HAdd* 


then, in the pH range where [HSO,-] >> [HzSOJ or [S01=1 and 
[HAdd*] >> [H*Add+] or [Add-], values of Kapp, and K would be 
related by the identity 


where Kap is the acid-dissociation constant of the pyrimidinium 
ion. 


Because plots of Kapp. ([H+] + Kap) against [H+] were linear 
between pH 3.3 and 5 for addition to each of the pyrimidinium 
ions studied, it is believed that these addition reactions are ad- 
equately described by Eq. 3 and that the zwitterionic forms of the 
adducts are the most stable forms in this pH region. Values of the 


Table 11-Acid-Dissociation Constants, at Ionic Strength 
10-l M ,  of Pyrimidinium Ions and Sulfurous Acid 


~~ 


Compound Temperature pKa (.t spread) 


I; R = R ' = H  15.5" 3.85  (0.02) 
25.3" 3.77 (0.03) 
36.6" 3 .70  (0.03) 


I1 20.0" 10.750 (0.1) 
I ;  R = H ,  R '=Me 25.0" 4.41 (0.04) 
HS03- 15.1" 6.85 (0.04) 


24.0" 6.94 (0.05) 
37.0" 6.92 (0.03) 


-At  I = O . O l ,  D. J. Brown, E. Hoerger, and S. F. Mason, J.  Chem. 
SOC., 1955, 4035. 
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Table 111-Thermodynamic Data for Addition of Bisulfite Ion to Pyrimidinium Ions 


K e  Ks ? K4? AH", AS', 
Augend Temperature M-1 M-1 M-1 kcal. M-1 cal. M-1 


I; R = R ' = H  12.45" 4110 


36.00' 905 
I1 12.45" 1098 


25.00' 1800 - 1 1 . 3  -23.1 


25.00" 50 1 
36.00" 282 
36.50" 273 


222 278 -9.70 -20.1 


I; R = H ,  
R'= Me 25.00" 49.0 


I;  R = R ' = M e  25.00" <o. 1 


a K = [HAdd*]/([PyH+][HS03-]). a K6 and K4 are defined in the text. 


pH-independent equilibrium constant K were calculated from the 
slopes of the graphs and are listed in Table 111, together with 
standard enthalpy and entropy changes for addition. 


The K values for addition to Compounds (I; R=R'=H)  and 
(I; R = H ,  R'=Me) are each related to the differences in free 
energy between a particular adduct and the reactants, because only 
one covalent adduct is formed in each reaction. On the other 
hand, an approximately 0.80: 1 ratio of 111 and IV results (4) from 
addition to I1 at  25". Thus, the K value for the addition reaction is 
really the sum of two microequilibrium constants, K6 = Kl2.25 and 
K4 'v K11.8, where K6 and K4 relate to addition at c6 to yield 111 
and at C4 to yield IV, respectively. The values of Ks and K4 have 
to be compared with K values for the other compounds in dis- 
cussion of differences in free energy between a particular adduct and 
its pyrimidinium ion augend. 


It can be seen from Table 111 that substitution of methyl groups 
for protons anywhere in the pyrimidinium ring decreases the 
extent to which covalent addition occurs. The very marked reduc- 
tion in the value of K produced by methyl groups at the potential 
sites of addition [comparing additions to (I; R=R'=Me) and 
(I ;  R=R'=H)] is probablydue to  both steric and electronic (+I) 
destabilization of the adduct and electronic stabilization (+I) of 
the original pyrimidinium ion. The electronic effects are expected 
to be the major ones when methyl substitution is at sites distant 
from the site of addition, i.e., at C4 and N1 of the 2-aminopyrimi- 
dinium ion. A possible explanation for the lower K value obtained 
for addition to the compound with the C-methyl substituent (I; R = 
H, R '  =Me) than to that with the N-methyl substituent (11) would 
be that the +I effect of the N-methyl substituent was partially 
shielded from the ring by the positive charge on the nitrogen atom. 


3.0 


2.5 


e 


L! 
M - 


2.0 t 
1.5 1 1  


3.5 4.0 4.5 5.0 
PH 


Figure 1-Plot against p H  of log K,,,. for covalent addition of bi- 
surfiteionro:(O)(I;R=R'=H),(O)(II),Und(r)(I;R=H,R'=Me). 


Covalent addition of bisulfite ion to pyrimidinium ions involves 


saturation of charged imino group >C==N< and can be com- 
pared with the well-known addition to aldehydic or ketonic car- 
bony1 groups > G O .  These reactions have many similarities; 
they occur readily at room temperature, they are reversible, and 
they are both inhibited by alkyl substitution at the site of addition. 
However, as seen by comparison of the thermodynamic data in 
Table IV with that in Table 111, the standard enthalpy change is 
more favorable and entropy change less favorable for addition to 
the carbonyl compounds. These differences are most likely due 
largely to the different "charge types" of the reactions, and they 
reflect the changes in solvation of reactants and products which 
accompany the reactions. 


Kinetics of Formation and Decomposition of Covalent Adducts 
(V;R=R'=H) and (V; R=H,  R'=Me)-The kinetics oftherever- 
sible formation of (V; R = R ' = H )  and (V; R = H ,  R'=Me) were 
studied to determine the effect of total sulfurous acid species con- 
centrations, pH, and buffer-ion concentrations on the covalent 
addition of bisulfite ion to pyrimidinium ions. These systems were 
chosen for study because they each involved only one covalent 
adduct and proceeded cleanly and rapidly at room temperature. 


First-order rate constants, kobs. values, for the consumption of 
the pyrimidinium ion plus the pyrimidine were calculated from 
the changes in UV absorbance at 302 mp, which followed mixing 
of aqueous buffered (succinic acid and borax) solutions of the 
(I;  R=R'=H)  or (I; R = H ,  R'=Me) (6.26 X M )  with equal 
volumes of solutions containing sodium bisulfite at an initial con- 
centration that was at least 10 times that of the pyrimidine. Values 
of kobs. increased with increasing pH in the pH range 3.3-4.8 when 
the initial bisulfite-ion concentration was kept constant, and they 
increased linearly with increasing initial sodium bisulfite concentra- 
tions at  constant pH. Examples of this behavior for addition to 
( I ;  R = R ' = H )  are shown as the circles in Fig. 2. Values of the 
kobs. did not change more than A 2 z  when the total buffer con- 
centration was varied between 10-' M and M a t  pH 4.20. The 
ionic strength of all reaction mixtures was maintained at 0.1 M 
with sodium chloride. 


When only one covalent adduct is formed in the addition reac- 
tion, the rate of consumption of total pyrimidine species accord- 
ing to Eq. 1 would be 


rate = kf[PY~][fhI - kb[A~] (Eq. 5 )  


Table IV-Thermodynamic Data for Addition of Bisulfite Ion 
to Carbonyl Compounds 


Tem- 
pera- 


Compound ture K,a M-l AH" as .l 


CHaCHpCHOb 20; 12,000 
CH3-C-CH3b 20 290 


II 
0 


CsHsCHO' 20 5,000 - 1 7 . 7  -43 


0 K = [adduct-]/([carbony1 compound][HSOa-I). M. A. Gubareva, 
J .  Gen. Chem., USSR, 17, 2529(1947). c J. A. Sousa and J. D. Margerum , 
J.  Amer. Chem. SOC., 82, 3013(1960). 
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Figure %-Plot against [sT]o of kobs. for covalent addition to 2- 
aminopyrimidhium ion at 25". Open circles are experimental points 
and lines were calculated from calues of pH-independent rate con- 
stants as described in text. 


and the observed first-order rate constant for approach to equi- 
librium in the presence of a considerable excess of total sulfurous 
acid species could be related to kf and kb values by the identity: 


kob. = kj[ST10 kb 0%. 6 )  


where [ST10 was the initial sodium bisulfite concentration. Values 
of kJ were thus calculated from the slope of linear plots of kobr. 
against [sT]O and are listed in Table V. 


Although it should be possible to calculate kb values from the Y- 
axis intercepts of these plots, this was only done in a few cases 
because of the extreme sensitivity of these values to small variations 
in the slopes of the lines. The kb values were usually calculated 
from the kj value and the appropriate K,,,. value by assuming 
the principle of microscopic reversibility and using the identity 


ka = kjlK8pp, 0%. 7) 


Justification for this assumption came from the fact that a t  high 
pH values, the Y-axis intercepts of plots of koba.V[ST]O were rela- 


Table V-Rate Constants for Reversible Addition of Bisulfite 
Ion to Pyrimidinium Ions 


Tem- 10kf  lo4 kb 
Augend perature pH M-l sec-1 sec.-l 


I;  R = R ' = H  12.00" 3.58 
3.98 
4.54 


3.50 
5.60 
7.65 


1.23 
4.22 
9.99 


25.00" 3.36 
3.55 
3.76 
3.95 
4.13 
4.32 
4.50 
4.71 


37.00" 3.52 
3.93 
3.96 
4.45 


I;  R = H ,  R'=Me 25.00" 3.40 
3.56 
3.76 
4.15 


5.40 
6.90 
8.78 
9.63 


10.8 
11.0 
12.7 
13.5 
9.85 


14.7 
15.8 
19.8 
0.703 
0.880 
1.137 
2.24 


4.16 
6.13 
9.61 


13.4 
19.6 
27.6 
44.7 
81.8 
19.3 
47.0 
52.8 


156.0 
14.7 
21.8 
30.2 
61.1 
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Figure 3-Plors against I/[H+] of (0) kf ([H+] + Kap)AH+l and 
(0) kb for addition of bisulJite ion to ( I ;  R = R' = H )  at 25". 


tively large and the graphically determined and calculated kb values 
did not vary more than ~ k 3  %. 


The pH dependence of k j  and kb values is consistent with a hy- 
pothesis that two independent and competitive reaction paths are 
followed in the equilibrium reactions. In the forward reaction, both 
bisulfite ion and sulfite ion react with the pyrimidinium ion; in 
the reverse reactions, the neutral (zwitterionic) adduct decomposes 
in both nonbase-catalyzed and specific base-catalyzed reactions. 
This hypothesis requires that the rate of consumption of pyrimi- 
dinium ion would be 


rate = kl [PyH+][HS03-1 + k~[PyH+][sO,-l - k-l[HAdd*] - 
k-z[HAdd*][OH-] (Eq. 8) 


In terms of the total pyrimidine concentration [PyT] and total 
sulfurous acid concentrations [ST], and assuming that the adduct 
exists predominantly as a zwitterion in the pH region studied, this 
rate law becomes:' 


(k-1 i- k-z[OH-l)[A~l (Eq. 9) 


Comparison of rate laws 5 and 9 shows that if this hypothesis is 
correct, plots of { kJ(Kup + [H+])]/[H+] against l/[H+] and of kb 
against l/[H+] should be linear between pH 3 and 5.5 with inter- 
cepts on the Y-axis greater than 0. 


Plots of this type were obtained for addition to (I; R = R' = H) 
and (I; R=H,  R'=Me). An example of results for addition to 
(I; R = R' = H) at 25" is shown in Fig. 3. Least-squares treatments of 
the 8 data points for the forward reaction shown in Fig. 3 showed 
that they fell on a line with a slope of 2.46 =t 0.03 X and 
with an intercept on the Y-axis (at I/[H+] = 0) of 0.19 f 0.08. 
These results indicated that attack of sulfite ion on the pyrimidin- 
ium ion (kz = 2103 M-' sez.-l) was a much more favorable reac- 
tion than attack of bisulfite ion on the pyrimidinium ion (kl 'v 0.19 
M-l set.?). Similarly, for the decomposition of the covalent 
adduct (V; R=R'=H), the 8 data points s b w n  in Fig. 3 lay on a 
line with slope 1.376 f 0.017 X and an intercept on the Y- 
axis of 1.03 & 0.46 X These results indicated that the second- 
order rate constant for the specific base-catalyzed decomposition 
of the addwt was 1.367 X lo7 M-l sec.-1, while the first-order 
rate constant for the nonbase-catalyzed reaction was 10.31 x 


sec.-l. The consistency of this data with the proposed mecha- 
nisms was demonstrated by the close correspondence between the 
experimentally determined values of kobs., which are shown as 
circles in Fig. 2, and the solid lines which were calculated from 
values of kl, k-1, kz, and k-2. 


Because of the large standard errors associated with kl and kVl 
values, they could not be used to make meaningful calculations on 
the enthalpy and entropy of the reactions between bisulfite ion 


~~ 


1 Kap and Ka,, are the acid dissociation constants of the pyrimidinium 
ion and bisulfite ion, respectively. The concentration of HzSOa has been 
neglected in this equation because it is very much less than [HSOs-] 
between pH 3 and 5 .  
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Table VI-Kinetic Data for Formation of Bisulfite Adducts by Attack of Sulfite Ion on the Pyrimidinium Ion (kz) and 
the Base-Catalyzed Decomposition of the Adduct (k- 2) 


Tempera- ke, - AH¶*, A&*, W 6 k ,  AH-z*, A&*, 
Augend ture M-Isec.-l kcal. M-l cal. M-1 M-I set.-' kcal. M-l cal. M-‘ 


I ;  R = R ’ = H  12.0” 754 7.7 


l ; R = H , R ’ = M e  25.0” 1 70 39.9 


25.0” 2103 -11.0 -6.2 13.7 -7.7 - 2 . 1  
37.0” 3935 23.2 


Table VII-Kinetic Data for Formation and Decomposition 
of Bisulfite Adducts of 11 at 25‘ 


kbJ* kba 
IO(kj, + k d ,  10‘ (-=-) I + K *  


PH M-l sec.-l 


3 36 5.00 
3.53 7.60 
3.74 11.4 
3 93 17.6 


9.98 
15.2 
22.7 
35.1 


and (I; R = R‘=H) or the nonbase-catalyzed decomposition of t h e  
adduct. However, the errors associated with kz and k-2 values were 
much less, and they were used in Arrhenius plots to calculate en- 
thalpies and entropies of reaction between sulfite ion and (I; R =  
R’ = H) and for the specific base-catalyzed decomposition of the 
adduct (V; R=R’=H). These values are listed in Table VI. 


Whereas both bisulfite ion and sulfite ion appeared to be attack- 
ing nucleophiles in the addition reaction, it has been reported that 
the rate-determining step in additions to aldehydes and ketones 
(12) only involves the attack of sulfite ion on the neutral carbonyl 
compound. These differences probably arise because of the greater 
electrophilicity of the charged pyrimidinium ion compared to the 
uncharged carbonyl compound. This is exemplified by the fact 
that the second-order rate constant for attack of sulfite ion on 
neutral benzaldehyde is 240 M-l at 13”, whereas it is 754 M-‘ for 
attack on 2-aminopyrimidinium ion at 12”. 


Kinetics of Reversible Addition of Bisulfite Ion to 11-The changes 
in UV absorbance which followed mixing of aqueous buffered 
solutions of I1 (5.2 X M) with solutions of sodium bisulfite 
(4.0-20.0 X M) appeared to be similar to those observed for 
additions to (I; R=R’=H) and (I; R = H ,  R’=Me). Thus, plots 
against tune of log (0-0,) values which had been calculated 
from measurements at a wavelength where I1 was the main absorb- 
ing species (303 mp) were linear through at least two half-lives. 
Apparent first-order rate constants, kobs values, were calculated 
from these types of plots. 


The precise interpretation of the meaning of kobs values for this 
reaction was complicated by the fact that addition to I1 yields the 
isomeric products 111 and IV, and their relative concentrations 
( 2 1 . 3 : l )  at the time when most of the pyrimidine has been con- 
sumed is different from that ( ~ 0 . 8  : 1) at thermodynamic equilib- 
rium (4). In the extreme, the kinetics for approach to equilibrium 
of such a system would not be first order. However, because ap- 
proximate first-order kinetics were observed, it was assumed that 
the initial reactions between 11 and bisulfite and sulfite ions led to a 
“pseudoequilibrium” system and that the subsequent isomerization 
of the products took place much more slowly. 


On this basis, when [sT]o >> [PyT]O, the apparent first-order 
rate constant for approach to the “pseudoequilibrium” condition 
would be given by Eq. 6: 


where k,, and kj, are rate constants for addition at Cq and Cg, 
respectively; kh and kbs are the rate constants for decomposition 
of isomers 111 and IV, respectively; and K* = [IIIJ/[iv] at “psuedo- 
equilibrium.” This treatment was consistent with the experimental 
results, and plots of kob, against [ST10 were linear at several pH 
values and temperatures. Values of (k,, + k,J and ( k d *  + kbn)/ 
( I  + K*) were calculated from such plots and are listed in Table 
VII. 


The pH dependence of (kj, + k,J and ( k d *  + kbd/(l + K * )  
values appeared to be similar to that for addition to(1; R = R ’  =H), 
and(1; R = H ,  R’=Me) because plots of both(k,, + kj6)  and ( k d *  + kbs)/( 1 + K*) against l/[H+] at constant temperature were linear 
with intercepts on the Y-axis (when l/[H+] = 0) greater than 0. Thus, 
it appears that the additions of bisulfite ion to I1 and decomposition 
of both 111 and IV occur by similar mechanisms to those described 
for addition to  (I; R=R’=H) and (I; R = H ,  R’=Me). 


The fact that [III]/[Ivl ~ 1 . 3  when most of 11 had been con- 
sumed, together with the observation that the pyrimidinium ion was 
apparently consumed in a first-order reaction, strongly suggests that 
addition to the carbon atom in 11, which is adjacent to the alkylated 
nitrogen atom, occurs more rapidIy than addition to the carbon 
atom adjacent to the nonalkylated nitrogen atom. 


EXPERIMENTAL 


Materials and Apparatus-2-Aminopyrimidine and 2-amino-4- 
methylpyrimidine (K & K Laboratories Inc.) were crystallized 
from petroleum ether and sublimed before use. 1,2-Dihydro-2- 
imino-1-methylpyrimidine hydrochloride was prepared as described 
by Brown and Harper (13), m.p. 277-278’. Sodium bisulfite 
solutions were prepared immediately before use by dissolving 
sodium pyrosulfite (Mallinckrodt A.R.) in freshly boiled and 
cooled distilled water through which oxygen-free nitrogen had 
been bubbled for 1 hr. One milliliter of methanol was added per 
100 ml. of sodium bisulfite solution to stabilize it against oxida- 
tion (1). Final bisulfite concentrations were determined by iodo- 
metric titration. All solutions were made with freshly boiled and 
cooled distilled water through which oxygen-free nitrogen had 
been bubbled for 1 hr. 


Spectrophotometric measurements were made on Cary 14 and 16 
U V  spectrophotometers. Temperatures were controlled to within 
0.01” with circulating water from a Lo-temptral 154 water bath 
(Precision Scientific Co.). The pH values were measured using an 
Orion model 80lldigital pH meter. 


Isolation of Bisulfite Adducts-The 1 :1 bisulfite adducts of 
thepyrimidiniumions(1; R=R’=H) and(1; R = H ,  R’=Me) were 
obtained as white microcrystalline powders following addition of 
sodium bisulfite ( I M )  to saturated aqueous solutions of the PY- 
rimidines at 25”. After washing the powders with a little water and 
drying over calcium chloride at atmospheric pressure, the adducts 
had the following elemental analysis. 


Anal.-Calcd. for 2-amino-l,6-dihydropyrimidinium-6-~~1- 
foliate (V; R=R’=H): C, 27.12; H, 3.98; S, 18.10. Found: C, 
27.15; H, 4.12; S, 18.33. Calcd. for 2-amino-1,6-dihydro-4-methyl- 
pyrimidinium-6-sulfonate (V; R = H ,  R’=Me): C, 31.40; H, 4.73; 
N, 21.98; S, 16.77. Found: C, 31.18; H,  4.82; N, 21.70; S, 16.88. 


Equilibrium Constants-The pKa values were measured by 
potentiometric titration using the method described by Albert and 
Serjeant (14). The ionic strength was maintained at 10-l M with 
sodium chloride. Equilibrium constants for addition of bisulfite 
ion to  the pyrimidinium ions were calculated from the equilibrium 
concentrations of pyrimidinium ion, bisulfite ion, and covalent 
adduct which existed following mixing of equal volumes of solutions 
of the pyrimidine in borax-succinic acid buffers and sodium bi- 
sulfite solutions. The ionic strength of all reaction mixtures was 
maintained at 10-1 M with sodium chloride. The equilibrium con- 
centrations were calculated from spectrophotometric measurements 
at wavelengths where the pyrimidine or pyrimidinium ion was the 
main absorbing species, and corrections were made for the ab- 
sorbance of the other species. 
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Kinetics-Rate constants were calculated from spectrophoto- 
metric measurements of concentration changes. Standard kinetic 
procedures were followed. The ionic strength of all reaction mix- 
tures was maintained at 10-’ M with sodium chloride. 


CONCLUSIONS 


1.  Covalent addition of bisulfite ion occurs to Position Ca or 
C6 of 2-aminopyrimidinium ion derivatives so long as these posi- 
tions are not blocked by alkyl substituents and the pH of the system 
is such that the reactants exist to an appreciable extent as the mono- 
anion (HS03-) and the cation (pyrimidinium ion). 


2. Alkyl substituents at any position in the pyrimidinium ring 
reduce the extent and rate of addition. 


3. The covalent adducts are zwitterions, between pH 3 and 5 ,  
and have very low water solubility. 


4. The mechanism of addition appears to involve attack of both 
the bisulfite ion and sulfite ion on the pyrimidinium ion. The 
reverse reaction involves both a nonbase-catalyzed and a base- 
catalyzed decomposition of the neutral adduct. 
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Kinetics of the Hydrolysis of Pilocarpine in Aqueous Solution 


PING-HONG CHUNG, TING-FONG CHIN, and JOHN L. LACH 


Abstract The kinetics of the hydrolysis of pilocarpine in aqueous 
solution were investigated utilizing pH-stat titrimetry and polarim- 
etry. A cyclic mechanism was proposed for the hydrolysis, which 
is catalyzed by both hydrogen ion and hydroxide ion. The appro- 
priate rate constants, equilibrium constants, and the energy of activa- 
tion for the hydroxide-ion catalyzed hydrolysis were calculated. 
The hydrolysis in high alkaline pH was found to be accompanied 
by some epimerization. An optimum condition for the preparation 
of pilocarpine ophthalmic solution was also suggested. 


Keyphrases 0 Pilocarpine in aqueous solution-hydrolysis 0 
Kinetics-pilocarpine hydrolysis Hydrolysis, pilocarpine-hy- 
drogen-ion catalyzed 0 TLC-separation 0 UV spectrophotom- 
etry-identity 0 Titration, pH-stat--pilocarpine degradation de- 
termination [3 Polarimetry-pilocarpine cyclization 


Pilocarpine is used topically as a miotic in the treat- 
ment of glaucoma. The isomer, isopilocarpine, al- 
though qualitatively similar in its pharmacological 
effects, is almost completely inactive as a miotic (1). 
However, little clinical data are available concerning 
isopilocarpine. Pilocarpine solutions ranging from 0.5 
to 10% have been used, although there seems to be no 
advantage in concentrations above 4 %. Pilocarpine is 
less irritating than physostigmine salicylate and can be 
employed for long periods without producing undesir- 
able side effects (2). 


Although pilocarpine was isolated early in 1875, 
its structure and that of the isomer were elucidated by 
Jowett (3, 4) in 1900; total synthesis was achieved by 
several workers in different ways during the 1930’s 
(5-7). In 1966, the absolute configurations of these 
compounds were established as (2S:3R) (I) and (2R: 
3R) (11) for pilocarpine and isopilocarpine, respec- 
tively (8). 


pilocarpine (2S3R) isopilocarpine (2R:3R) 
I I1 


Pilocarpine possesses a y-lactone with two asym- 
metric centers. In the dry state and at high tempera- 
ture, the two isomers, pilocarpine and isopilocarpine, 
interconvert, isopilocarpine predominating at  equilib- 
rium (8). This property has been used for the prepara- 
tion of isopilocarpine hydrochloride from pilocarpine 
hydrochloride (9). It has been shown recently that, in 
the presence of alkali, isomerization may proceed via 
the enol intermediate (10). 


In aqueous solution, pilocarpine presents at least 
two possible pathways of degradation, including hy- 
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Cactus Alkaloids VIII: Isolation of 
N-Methyl-3,4-dimethoxy-P-phenethylamine from 
Ariocarpus fissuratus var. fissuratus 


D. G. NORQUIST and J. L. McLAUCHLIN 


Abstract 0 Ariocarpus fissurutus var. fissurutus (Engelmann) K. 
Schumann, commonly known as living rock, chaute, peyote, sunami, 
or dry whiskey, has an interesting history of folkloric medicinal 
uses. In previous phytochemical studies the alkaloids, hordenine 
and N-methyltyramine, have been identified in both the fissurutus 
and Noydii varieties of the species. In the present investigation, a 
new alkaloid was crystallized from the nonphenolic alkaloid frac- 
tions and identified as N-methyC3,4-dimethoxy-p-phenethylamine 
HCI. This compound has previously been reported in three other 
cactus species. 


Keyphrases N - Methyl - 3,4-dimethoxy - p - phenethylamine 
isolation from Ariocarpus fissuratus 0 Ariocarpus fissurutus-N- 
methyl-3,4-dimethoxy-@-phenethylamine isolation 0 Alkaloids, 
cactus-isolation, identification of constituents 


Several authors have reported that the cactus, Ario- 
carpus Jissuratus (Engelmann) K. Schumann, has had 
various folkloric medicinal uses among the Indians of 
Mexico and the southwestern United States (1-4). Some- 
times known as living rock, chaute, sunami, and pezufia 
de venado, the additional common names of peyote, 
peyote cimarron, and dry whiskey suggest a use similar to 
that of Lophophora (5, 6) .  References to the intoxicating 
and stimulating attributes of the plant are especially 
interesting (2-4). Heffter (1) in 1894 isolated hordenine 
from A .  Jissuratus var. Jissuratus, and McLaughlin (7) 
recently identified hordenine and N-methyltyramine in 
both thejssuratus and lloydii varieties of the species. 


In  the present investigation the nonphenolic alkaloids 
were resolved from the phenolics, hordenine and N -  
methyltyramine, by use of an anion-exchange resin. 
TLC analysis of the nonphenolic fraction identified 
the major constituent as N-methyl-3,4-dimethoxy-@- 
phenethylamine. After acid-base partitioning, this 
alkaloid was easily crystallized from the nonphenolic 
fraction as the hydrochloride. Several recrystallizations 
resulted in a product which gave a comparable melting 
point and no mixed melting-point depression with 
synthesized N-methyl-3,4-dimethoxy-@-phenethylamine 
HCI. IR spectra of the isolated and the synthetic com- 
pounds were indistinguishable. 


Agurell (8) has recently identified traces of this new 
cactus alkaloid in Coryphantha macromeris (Engelmann) 
Britton and Rose var. runyonii L. Benson and has 
crystallized the compound from extracts of Echino- 
cereus merkeri Hildmann (9). Speir et al. (10) have also 
recently crystallized this alkaloid from Ariocarpus 
trigonus (Weber) K. Schumann. A single pharmacologi- 
cal study (1 1) has indicated that N-methyl-3,4-di- 
niethoxy-P-phenethylamine has slight activity in the 
depletion of cardiac norepinephrine, but the reputed 
stimulating or intoxicating activities of the plant are 


not likely attributable to this compound, especially in 
view of its low concentration in  the plant. 


EXPERIMENTAL 


Living plants of A. fissurutus var. fissuratus were purchased‘ 
and matched the latest taxonomic descriptions (12). Sample plants 
are being maintained as greenhouse specimens.2 The fresh plants 
were sliced, dried in a forced-air oven at 48’, and ground through 


‘,t I 3  a 6-mm. screen in a Wiley mill. 
In a large continuous-extraction apparatus, 5.28 kg. of the plant 


material was defatted, basified, and extracted with chloroform; the 
residues from the chloroform extracts were purified, essentially 
as previously described (13), to produce a mixture of crude alka- 
loids. This mixture was separated into phenolic and nonphenolic 
rractions by the use of an anion-exchange resin (14). TLC of the 
nonphenolic fraction, using methods and solvent systems previously 
described (lo), identified N-methyl-3,4-dimethoxy-/3-phenethyI- 
amine as the major constituent. 


The residue of the nonphenolic alkaloid fraction was dissolved 
in about 20 ml. of I N HCI, filtered, and extracted twice with equiva- 
lent volumes of both chloroform and ethyl ether. After basification 
of the aqueous solution to pH 9.5 with concentrated ammo- 
nium hydroxide, the alkaloids were extracted into chloroform 
through several partitionings. The chloroform residue was dis- 
solved in absolute ethanol and acidified with 5 %  HCI (w/w) in 
absolute ethanol. The acidified solution was condensed under a 
stream of nitrogen to about 2 ml., ethyl ether was added to produce 
cloudiness, and the solution was placed in a freezer (- 12’) to induce 
crystallization. The crystals were recovered by vacuum filtration 
and recrystallized 5 times from absolute ethanol-ethyl ether to a 
constant melting point (m.p. 139-140”; yield 186 mg., 0.004% 
of the dried material). A mixed melting point with synthetic N- 
methyl-3,4-dimethoxy-/3-phenethylamine HCI (10) was not de- 
pressed, and the IR spectra (KBr pellets) of these compounds were 
essentially identical. 
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Effects of Mefruside on Renal Hemodynamics 


JAMES H. LUDENS* and HAROLD E. WILLIAMSO"! 


Abstract 0 Mefruside, a natriuretic drug similar in structure to 
furosemide, was examined for activity on renal hemodynamics in 
the dog. This agent, when administered at 10 mg./kg. i.v., increased 
renal vascular resistance and decreased renal blood flow. Blood 
pressure and the rate of glomerular filtration were not affected. 
Mefruside differs from furosemide in its action on renal hemody- 
namics, inasmuch as furosemide decreases renal vascular resistance 
and increases renal blood flow. 


Keyphrases Mefruside-effects on renal hemodynamics 0 Renal 
dynamics-mefruside, effects 


Mefruside { 4-chloro-3-sulfonamido- 1-[N-methyl-N- 
(2' - methyl- 2'- tetrahydrofurylmethyl)] - benzenesulfon- 
amide) (I) is a new orally active natriuretic (1). Struc- 
turally, this agent is similar to furosemide (11). In 


I mefruside 


' ' D N H - C F I 2 q  COOH 


HZNO2S 
I1 furosemide 


addition to natriuretic activity, furosemide also affects 
renal hemodynamics to enhance renal blood flow (2-5). 
The purpose of this study was to determine if mefruside 
also enhances renal blood flow. 


EXPERIMENTAL 


Mongrel dogs, weighing 1 3 1 6  kg., were anesthetized with sodium 
pentobarbital, 30 mg./kg. A tracheal cannula was inserted to ensure 
free passage of air. The kidney to be utilized was exposed by a 
flank incision, and the renal artery was cleared of the surrounding 
tissue. A flow transducer (Carolina Medical Electronics model 
EMP-411, lumen size, 11-mm. circumference) was placed around 
the exposed renal artery, and renal blood flow was monitored 
with a square-wave electromagnetic flowmeter (Carolina Medical 
Electronics model 321). The flowmeter was adjusted to zero flow 
by briefly occluding the renal artery distal to the flow transducer. 
Blood pressure was monitored from the carotid artery. Both blood 


Table I-Effect of Mefruside (10 mg./kg.) on Renal Hemodynamics 


Con- Mefru- 
trola sideb Dserencec 


Renal blood flow, 


Blood pressure, 


Renal vascular resistance, 


Sodium excretion, 


Inulin clearance, 


ml./min. I74 158 -16 f 4d 


mm. Hg 142 140 -2 f 2 


mm. Hg/ml./min. 0.84 0.92 0.08 k 0.02d 


r q . / m n .  1 24 424 300 f 53d 


ml./min. 30 30 04x3 


Q Control values represent values taken immediately prior to mefru- 
side administration. b Mefruside values represent values taken 10 min. 
after drug administration. c Difference from control f SE. d Indicates a 
significant difference, p < 0.05, n = 4. 


flow and blood pressure were recorded on a Beckman recorder. A 
solution containing 0.9% NaCl and 0.4z inulin was infused 
into the right femoral vein at a rate of 0.25 ml./kg./min. for at 
least 30 min. before and throughout the entire experiment. Mefm- 
side was dissolved in saline using sodium bicarbonate. The drug 
was given intravenously uia the right femoral vein. 


Urine samples from the exposed kidney were obtained from a 
renal pelvic catheter introduced into the ureter by way of the ret- 
roperitoneal incision. Although urine samples were collected only 
from the kidney to which blood flow was measured, the other 
ureter was cannulated uia a midline incision to ensure free urine 
flow from the contralateral kidney. Blood samples were obtained 
from the right femoral artery. 


Urine and plasma inulin concentrations were determined by 
the method of Shreiner (6). Sodium concentrations were determined 
with a Coleman flame photometer. All data were analyzed with 
Student's t test paired comparisons (7). A p value less than 0.05 
was used as the level of significance. 


RESULTS AND DISCUSSION 


Mefruside (10 mg./kg. i.v.) produced a significant decrease 
in renal blood flow of 16 ml./min. as renal vascular resistance 
was increased significantly (Table I). These effects were transient. 
They were maximal about 10 min. after drug administration and 
returned to control levels by 20 min. after drug administration. 
Blood pressure was not altered by the drug. Mefruside had no 
effect on inulin clearance. Sodium excretion was increased from 
124 to 424 peq./min. upon drug administration. The natriuretic 
action was still present 60 min. after drug administration when 
the experiments were ended. A lower dose of the drug (2 mg./ 
kg. i.v.) did not produce a significant change in renal vascular 
resistance or renal blood flow. 
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Beckman IR-5 or Perkin-Elmer 221 spectrophotometer as KBr 
pellets. 


Hydroxyalkyl-2-thioureas-To 0.2 mole of an alkyl or aryliso- 
thiocyanate in 100 ml. of ethanol was added portionwise 0.2 mole 
of an amino-alcohol, and the resultant solution was heated for 0.5 hr. 
on a steam bath. In some cases, the hydroxyalkyl-2-thioureas crys- 
tallized from the cooled solution; in other instances, the solutions 
were concentrated or evaporated to dryness to induce crystalliza- 
tion. 


l-(Hydroxyal kyl)-3-benzoyl-2-thioureas-These compounds were 
prepared essentially by the method of Douglas and Dains (4). 
To 44.6 g. (0.55 mole) of sodium thiocyanate dissolved in 500 ml. of 
acetonitrile or acetone was added slowly 70.3 g. (0.50 mole) of 
benzoyl chloride, and the resulting mixture was heated on a steam 
bath for 10 min. The mixture was then cooled, and the amino- 
alcohol (0.50 mole) was added with constant stirring. The resultant 
mixture was heated on a steam bath for 15 min. and poured into a 
large volume of water. The oily layer generally crystallized on cool- 
ing to give the l-(hydroxyalkyl)-3-benzoyl-2-thiourea (Table I). 


1-(2-HydroxyethyI)-2-thiourea (1a)-To 22.4 g. (0.1 mole) of 
1-(2-hydroxyethyI)-3-benzoyl-2-thiourea was added 100 ml. of 6 
NaOH solution, and the resulting solution was heated on a steam 
bath for 10 min. The cooled solution was then made slightly acidic 
with 6 N H2SO4; the benzoic acid, which separated, was removed by 
filtration. The filtrate was adjusted to neutrality with dilute NaOH 
solution. The solvent was removed under reduced pressure, giving a 
residue which was extracted with three 100-ml. portions of hot 
CHsCN. The CH,CN extracts were evaporated to dryness, and the 
Ia was recrystallized (Table I). 


Reaction of Hydroxyalkyl-2-thioureas with Methyl Iodid-To 
l-(hydroxyalkyl)-2-thiourea (0.05 mole) dissolved in 40 ml. of 
acetonitrile or ethanol was added methyl iodide (0.06 mole), and 
the solution was heated under reflux. When methyl mercaptan 
evolution was very faint or not detected within 0.5 hr., the solution 
was refluxed for 2 hr. and cooled or concentrated under reduced 
pressure to give the S-methylthiopseudourea hydriodide. The latter 
gave a positive nitroprusside test (1) when heated with base (Table 
11). 


When a copious evolution of methyl mercaptan was detected 
within the first 0.5 hr. of refluxing, heating was continued until 
methyl mercaptan evolution virtually ceased, generally within 6-12 


hr. The solution was cooled or concentrated, causing separation of 
the 2-amino-2-oxazoline derivative (or 2-amino-5,6-dihydro-4H-l,3- 
oxazine derivative) as the hydriodide salt. The IR spectra of these 
compounds showed a characteristic peak at 5.9-6.1 p (C=N) (Table 
111). 


2-Amino-2-oxazoline (1IIa)-A mixture of 1 .O g. (0.0031 mole) 
IIIf in 10 ml. of 1 :1 HCI was agitated and heated under reflux for 
about 2 hr. until solution was complete. The benzoic acid, which 
separated on cooling, was removed and the filtrate was concentrated 
several times with water to remove the excess acid. The syrup was 
treated with a saturated ethanolic solution of picric acid to give 
0.45 g. (46%) of 2-amino-2-oxazoline picrate as fine needles (from 
water), m.p. 192-195" [lit. (5) m.p. 186-188"l. 


2-Amino-5,6-dihydro-4H-1,3-oxazine-2-Benzamido-5,6-dihydro- 
4H-1,3-oxazine hydriodide (IIIk, 1.0 g., 0.0030 mole) was treated 
as described previously to give 0.37 g. (37%) of 2-amino-5,6- 
dihydro-4H-l.3-oxazine picrate as fine needles (from water), m.p. 
207-208' [lit. (6) m.p. 200"J. 
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Comparison of Effects of 1,s-Dihydroxyanthraquinone 
and 1,5-Dihydroxyanthraquinone on Different Segments 
of Rabbit Gastrointestinal Tract 


THEODORE H. EICKHOLT, LAWRENCE J. DANNA", LYNN J. VERZWYVELT", 
GERALD P. WAGUESPACK", JOHNNY L. BUNCH*, and DANIEL D. WINSLOW* 


Abstract Using an isolated muscle bath technique, five different 
segments of the rabbit gastrointestinal tract (duodenum, jejunum, 
ileum, and ascending and descending colon) were used to record 
the effects of two doses of 1,5-dihydroxyanthraquinone. Transducer- 
recorded tracings were made of contractions per minute, interval 
between contractions, and amplitude of contractions. The results 
were evaluated ; statistical tests among comparisons of the three 
parameters between the two drug doses, control values, and previous 


values for 1,s-dihydroxyanthraquinone again indicated the param- 
eter of interval between contractions to be a statistically signif- 
icant measurement of activity. No statistically significant differences 
in effects were shown between the two drugs. 


Keyphrases 1,8- versus 1,5-Dihydroxyanthraquinone-effect on 
gastrointestinal tract, rabbit Gastrointestinal tract. rabbit- 
effects, 1,8- versus 1,5-dihydroxyanthraquinone 


The normal activity of different segments of the 
rabbit gastrointestinal tract has been previously de- 
lineated, using an isolated muscle bath technique (1). 


The effects of 15- and 30-mg. doses of 1,s-dihydroxy- 


anthraquinone on these different segments of rabbit 
intestinal tract have been studied with this technique 
and statistically compared with the standards (2). The 
results of the statistical analyses of the transducer- 
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Table I-Summary of Averages and Standard Deviations of Measurements of Rabbit Intestinal Activity 
Obtained with 15 mg. 1,5-Dihydroxyanthraquinone 


~ 


No. of Interval between Amplitude 
Segment Measurements Contractions/min. Contractions, sec. of Contractions, mm. 


Duodenum 18 16.0 f 0.89 1 .8  f 0.1s 0.93 f 0.63 
Jejunum 18 13.8 + 1.68 2.2 f 0.3= 2.22 f 1.87 
Ileum 18 11.1 f 1.42 2.7 f 0. l a  4.26 f 4.01* 
Ascending colon 18 7.9 + 1.34a 3 . 7 f  1.1a 1.03 + 1.10 
Descending colon 18 5 .9  f 0.90 5 . 2 f  1.2a 1.62 =k 0.43 


Significantly different from normal averages at p = 0.05. 


Table 11-Summary of Averages and Standard Deviations of Measurements of Rabbit Intestinal Activity 
Obtained with 30 mg. 1,5-Dihydroxyanthraquinone 


~~ ~ 


No. of Interval between Amplitude 
Segment Measurements Contractions/min. Contractions, sec. of Contractions, mm. 


Duodenum 
Jejunum 
Ileum 
Ascending colon 
Descending colon 


18 
18 
18 
18 
18 


15.6 f 1.26 
12.4 + 0.49 
10.1 f 1.18 
6 .2  f 0.69" 
8.6 f 1.97" 


1 .9  f 0 .  l a  
2.4 f 0.2= 
2.9 f 0.2a 
4.8 f 0.7a 
3.7 f 0.9a 


1.88 f 1.72 
1.69 f 1.21" 
3.65 f 2.31" 
0.65 f 0.33 
1.06 f 1.78 


a Significantly different from normal averages at p = 0.05. 


recorded tracings indicated that the parameter of 
interval between contractions was a statistically signifi- 
cant measurement of activity. 


Therefore, the purposes of this study were to observe 
the effects of 1,5-dihydroxyanthraquinone on the dif- 
ferent segments of the rabbit gastrointestinal tract and 
to compare these statistically with the previous normal 
and 1 ,%dihydroxyanthraquinone figures to  determine 
the value of the parameter of interval between con- 
tractions as a significant measurement of activity for 
drug-effect studies. 


EXPERIMENTAL 


Adult albino rabbits were anesthetized with ether, and 2-3-cm. 
segments of duodenum, jejunum, ileum, and ascending and descend- 
ing colon were expediently removed and maintained in oxygenated 
Tyrode's solution in the same manner as in the previously delineated 
standards and 1,8-dihydroxyanthraquinone studies (1,2). 


As in the previous studies, the Tyrode's solution in glass distilled 
water again contained sodium chloride, 0.8 %; potassium chloride, 
0.02%; calcium chloride, 0.02%; magnesium chloride, 0.01 %; 
sodium bicarbonate, 0.1 %; sodium diphosphate, 0.005%; and 
glucose, 0.1 %; 15 ml. was used to bathe the intestinal segment in the 
isolated muscle bath chamber (1,2). 


Similar to the standard and 1 &dihydroxyanthraquinone studies, 
the temperature was maintained at 38", and the preparation was 
oxygenated using an air flow slowly (2-3 bubbleslsec.) bubbled 
through the solution (1,2). The segment was attached to the muscle 
hooks, and the intestinal activity was again recorded via transducer 
(E&M isotonic myograph) and physiograph recorder (E&M) (1,2). 


The segments were allowed to acclimate to the muscle bath en- 
vironment, following which normal intestinal activity for the 
different segments was recorded. Six different rabbits were used to 
provide six different samples of duodenum, jejunum, ileum, and 
ascending and descending colon for each of the two doses of the 1,5- 
dihydroxyanthraquinone in the same manner as in the 1 ,&dihy- 
droxyanthraquinone studies (2). 


The anthraquinone was 1,5-dihydroxyanthraquinone. The drug 
was placed in Tyrode's solution so as to provide 0. I and 0.2 % con- 
centrations, providing 15 and 30 mg./15 ml. isolated muscle bath 
chamber, respectively, for the low and high doses. 


The effects of each dosage were recorded for a minimum of 15 
min. for each of the six different samples of the five different seg- 


1 Eastman Organic Chemicals, P 2246. 


ments and were completely repeated at the second dosage for six 
different samples of the five different segments, identical to the de- 
sign of the 1,8-dihydroxyanthraquinone studies (2). 


From each recording of each individual gut segment, amplitude 
of contraction, interval between contractions, and contractions per 
minute were measured and averaged as in the two previous studies 
(1,2). 


Standard deviations were calculated; analyses of variance with F 
test and Scheffe's S method tests were made between combinations 
of treated and control intestinal segments (3). 


RESULTS 


Table I summarizes the averages and standard deviations of the 
amplitude of contraction, interval between contractions, and con- 
tractions per minute obtained with the low dose (15 mg.) of 1,5- 
dihydroxyanthraquinone. 


Table I1 summarizes the averages and standard deviations of the 
amplitude of contraction, interval between contractions, and con- 
tractions per minute obtained with the high dose (30 mg.) of 1,5- 
dihydroxyanthraquinone. 


Table 111 summarizes the similar parameters obtained with the 
low dose (15 mg.) of I&dihydroxyanthraquinone, and Table IV 
summarizes those obtained with the high dose (30 mg.) of 1,8- 
dihydroxyanthraquinone. 


Table V summarizes the averages and standard deviations of the 
amplitude of contraction, interval between contractions, and 
contractions per minute obtained with the normal untreated in- 
testinal segments. 


Of the 150 possible comparisons of the three parameters between 
drug-treated and normal averages, 31 were significantly different 
statistically at p = 0.05, including the 15 from the 1,8-dihydroxy- 
anthraquinone (2). 


All 10 comparisons of the interval between contractions for 
both the 15 and 30 mg. 1,5-dihydroxyanthraquinone and normal 
averages were significantly different statistically at p = 0.05. There 
were no significant differences between any of the comparisons be- 
tween the 15- and 30-mg. doses of 1,5-dihydroxyanthraquinone; 
there was one significant with the 1 ,8-dihydroxyanthraquinone, the 
ileum comparisons of amplitude of contractions (2). 


The remaining six significant comparisons were jejunum versus 
jejunum amplitude of contractions between 30-mg. dose and normal 
averages (this is compared to the 15-mg. dose of the l&dihydroxy- 
anthraquinone which was significant); ileum versus ileum amplitude 
of contractions between both treatments and normal averages ; 
ascending colon versus ascending colon contractions per minute 
between both treatments and normal averages; and the descending 
colon versus descending colon contractions per minute between 30- 
mg. dose and normal averages. 
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Table 111-Summary of Averages and Standard Deviations of Measurements of Rabbit Intestinal Activity 
Obtained with 15 mg. 1,8-Dihydroxyanthraquinone 


Segment 
No. of Interval between Amplitude 


Measurements Contractions/min. Contractions, sec. of Contraction, mm. 


Duodenum 
Jejunum 
Ileum 
Ascending colon 
Descending colon 


18 
18 
18 
18 
18 


14.4 f 1.05 
12.4 f 1.65 
9.8 f 2.04 
8.1 f 2 . 7 P  
7.2 f 1.54 


1 .9  f 0.3a 
2.5 0.4a 
3.2 f 0.6" 
4.5 f 2.5" 
4 . 4  f 0.9" 


0.73 f 0.36 
1.05 f 0.46a 


4.62 =k 5.79 
1.51 f 1.63 


1.52 f 1 . 3 5 " ~ ~  


~ 


0 Significantly different from normal averages at p = 0.05. b Significantly different from 30-mg. dose average at p = 0.05. 


Table N-Summary of Averages and Standard Deviations of Measurements of Rabbit Intestinal Activity 
Obtained with 30 mg. 1,8-Dihydroxyanthraquinone 


Segment 
No. of Interval between Amplitude 


Measurements Contractions/min. Contractions, sec. of Contraction, mm. 


Duodenum 
Jejunum 
Ileum 


rAscending colon 
Descending colon 


18 
18 
18 
18 
18 


15.2 f 1.41 
13.4 f 0.90 
10.3 f 1.10 
7.7 f 1.55" 
6 . 4 f  1.69 


1 . 9  f 0.2& 
2.3 f 0.2" 
2.7 i l .Oa 
3.5  f 0.9= 
4.3 f 1.2" 


2.84 f 1.92 
2.87 f 2.44 
7.04 4 2 . 0 8  
0.18 f 0.13 
0.35 f 0.22 


~ 


a Significantly different from normal averages at p = 0.05. b Significantly different from 15-mg. dose average at p = 0.05. 


Table V-Summary of Averages and Standard Deviations of Measurements of Normal, 
Untreated Rabbit Intestinal Activity 


Segment 
No. of Interval between Amplitude of 


Measurements Contractions/min. Contractions, sec. Contraction, mm. 


Duodenum 
Jejunum 
Ileum 
Ascending colon 
Descending colon 


21 
21 
21 
15 
15 


16.7 f 1.68 
12.4 f 2.31 
10.5 f 1.27 
2.1 f 0.83 
4.3 =I= 1.68 


3.9 f 0.1 
5.0 f 1.5 
6 . 2  I!= 1.1 
15.0 f 8.2  
13.4 f 5 . 0  


2.56 f 2.50 
6.53 4 3.46 
9.17 4 0.68 
1.68 f 0.57 
3.91 =k 2.38 


SUMMARY AND CONCLUSIONS 


Five different segments of the rabbit intestinal tractduodenum, 
jejunum, ileum, and ascending and descending colon-were utilized 
injrecording the activity of these segments in response to 15- and 30- 
mg. doses of 1,5-dihydroxyanthraquinone, using an in vitro isolated 
muscle bath technique. 


Contractions per minute, interval between contractions, and 
amplitude of contraction were recorded, determined, and averaged; 
standard deviations were calculated; and analyses of variance with F 
test and Scheffe's S method tests were performed on segment 
combinations between the 1,5-dihydroxyanthraquinone-treated and 
normal segments and the 1,s-dihydroxyanthraquinone-treated seg- 
ments. 


Of the 150 comparisons of the three parameters between drug- 
treated and normal averages, 31 were significantly different statis- 
tically at p = 0.05 and included all comparisons of interval between 
contractions for both drug treatments and normal averages. 


Comparing the actual figures (averages) of the three parameters 
for the five segments of the high dose of the l,5-dihydroxyanthra- 
quinone and the normal averages, 515 values for interval between 
contractions for the high dose were less than the normal figures and 
all showed statistically significant differences. 


Comparing the actual values of the three parameters for the five 
segments of the low dose of the 1,5-dihydroxyanthraquinone and the 
normal averages, 515 values for interval between contractions for the 
low dose were less than the normal figures and all again showed 
statistically significant differences. 


Comparisons of effects between the high and low doses of 1,5- 
dihydroxyanthraquinone on the three parameters showed no 


statistically significant differences. Comparisons of the activity 
between the high doses of both drugs on the three parameters and 
comparisons between the low doses of the two drugs showed no 
statistically significant differences. 


The statistical tests between figures of both drugs versus normal 
show considerable agreement in the numbers of statistically signifi- 
cant differences and agree much of the time with specific segments. 


The results from this in uitro study and their statistical com- 
parisons show again the parameter of interval between contractions 
to be a statistically significant measurement of activity. 
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sections on renal implications and tumor-secreted active amines are 
especially lucid. The authors cite 1890 references without being 
overly verbose. The book contains several useful tables of important 
data such as amine concentrations in blood, urine, and tissues in both 
normal and pathologic conditions; concentrations of dopamine, 
norepinephrine, serotonin, and other amines in 41 areas of post- 
mortem brain; and the influence of a variety of amines on the forrna- 
tion and excretion of urine in various animals and man. 


This book should prove a useful addition to the library of re- 
searchers and clinicians in the fields of autonomic pharmacology 
and endocrine pathophysiology involving altered secretion or levels 
of these amines. The discussion is not particularly instructive al- 
though it is comprehensive and thorough in reviewing the available 
literature. 


Reoiewed by David A. Blake 
School of Pharmacy 
University of Maryland 
Baltimore, M D  21201 W 


The National Formulary, Thirteenth Edition. Prepared by the 
National Formulary Board with the approval of the Board of 
Trustees, by the authority of the American Pharmaceutical Asso- 
ciation. The American Pharmaceutical Association, 1970. Distrib- 
uted by Mack Publishing Co., Easton, PA 18042. lxxiv 4- 1012 
pp. 14.5 X 23 cm. Price $15.00 (Domestic and Foreign). 
The publication of the National Formulary, or any other com- 


parable source for methods or standards, is often viewed as an event 
in itself, rather than the climax of a long series of procedures. In 
reality, any book of this nature is the end product of much research, 
fact finding, study, and evaluation. National Formulary, Thirteenth 
Edition, represents the results of a five-year revision program carried 
on by the American Pharmaceutical Association, involving more 
than 500 persons from the fields of medicine, pharmacy, and chemis- 
try. 


Certainly, one of the most important considerations-and the 
most apparent in the preparation of a new NF edition, is the selec- 
tion of drugs and dosage forms to be recognized and the preparation 
of monographs for those chosen. Of the 992 officially recognized 
articles in NF XIII, 41 1 are newly admitted. Two hundred twenty- 
one drugs, recognized in NF XII, have been dropped in going to the 
new edition. 


But a second aspect of the NF, which in certain respects has even 
more far-reaching consequences, is the application of new techniques 
and methods and the establishment of new criteria by which to en- 
sure the quality and purity of pharmaceuticals. It is this aspect of the 
N F  revision program which probably reflects to a greater extent the 
rapid changes and advances in technological capabilities and quality 
control methodology. 


In pursuit of its fundamental purpose-to provide standards and 
specifications which can be used to evaluate the quality of pharma- 
ceuticals-the NF has fostered the study of factors bearing on drug 
availability. As a result, NF XI11 draws upon and utilizes the many 
recent developments in drug analysis and methodology in providing 
new tests, new specifications, and new standards. 


Of the 80 General Tests chapters in NF XIII, I6 are new; those 
carried over from NF XI1 have been revised and updated to reflect 
more adequately current needs and capacities. 


Among the new General Tests chapters, those on X-ray diffraction 
and dissolution test are important examples. The first provides a 
technique enabling the NF Board to specify in these drug substance 
monographs where polymorphism of the crystal may be a problem 
affecting bioavailability that the article must conform to a specified 
X-ray diffraction pattern, while dissolution test specifications pro- 
vide an objective means of determining dissolution characteristics of 
a solid dosage form. The inclusion of these chapters and specifica- 
tions in pertinent individual monographs represents an initial ef- 
fort by the NF to establish specifications where appropriate both for 
the active ingredient and the final dosage form, to serve as an index 
of drug quality from the standpoint of expected biological availabil- 
ity. 


The aerosol dosage form is recognized officially for the first time in 
NF XI11 through inclusion of monographs for several therapeuti- 
cally important aerosol preparations. Among the procedures used to 
establish standards for aerosol products are leak testing, delivery 
rate, and pressure testing. NF XI11 provides standards and specifica- 
tions for four aerosol propellants in addition to monographs for six 
individual aerosol dosage forms. 


The rise of consumerism on all levels and the increasing consumer 
awareness and sophistication concerning drugs-in part due to the 
drug efficacy study, the hearings on oral contraceptives, the cycla- 
mate controversy, concern over misuse of drugs, and rising medical 
costs in general-have resulted in increased pressure on the official 
compendia to keep abreast of trends and developments in the sci- 
entific areas. In response to this challenge, the NF revision program 
is to be put on an even more continuous basis with the first supple- 
ment having a scheduled official date of September 1, 1970, coincid- 
ing with NF XIII. 


In accordance with the objectives of a more continuous revision 
program, additional NF XI11 supplements are planned at regular in- 
tervals throughout the revision period. 


Staff Review 
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Kinetics-Rate constants were calculated from spectrophoto- 
metric measurements of concentration changes. Standard kinetic 
procedures were followed. The ionic strength of all reaction mix- 
tures was maintained at 10-’ M with sodium chloride. 


CONCLUSIONS 


1.  Covalent addition of bisulfite ion occurs to Position Ca or 
C6 of 2-aminopyrimidinium ion derivatives so long as these posi- 
tions are not blocked by alkyl substituents and the pH of the system 
is such that the reactants exist to an appreciable extent as the mono- 
anion (HS03-) and the cation (pyrimidinium ion). 


2. Alkyl substituents at any position in the pyrimidinium ring 
reduce the extent and rate of addition. 


3. The covalent adducts are zwitterions, between pH 3 and 5 ,  
and have very low water solubility. 


4. The mechanism of addition appears to involve attack of both 
the bisulfite ion and sulfite ion on the pyrimidinium ion. The 
reverse reaction involves both a nonbase-catalyzed and a base- 
catalyzed decomposition of the neutral adduct. 
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Kinetics of the Hydrolysis of Pilocarpine in Aqueous Solution 


PING-HONG CHUNG, TING-FONG CHIN, and JOHN L. LACH 


Abstract The kinetics of the hydrolysis of pilocarpine in aqueous 
solution were investigated utilizing pH-stat titrimetry and polarim- 
etry. A cyclic mechanism was proposed for the hydrolysis, which 
is catalyzed by both hydrogen ion and hydroxide ion. The appro- 
priate rate constants, equilibrium constants, and the energy of activa- 
tion for the hydroxide-ion catalyzed hydrolysis were calculated. 
The hydrolysis in high alkaline pH was found to be accompanied 
by some epimerization. An optimum condition for the preparation 
of pilocarpine ophthalmic solution was also suggested. 


Keyphrases 0 Pilocarpine in aqueous solution-hydrolysis 0 
Kinetics-pilocarpine hydrolysis Hydrolysis, pilocarpine-hy- 
drogen-ion catalyzed 0 TLC-separation 0 UV spectrophotom- 
etry-identity 0 Titration, pH-stat--pilocarpine degradation de- 
termination [3 Polarimetry-pilocarpine cyclization 


Pilocarpine is used topically as a miotic in the treat- 
ment of glaucoma. The isomer, isopilocarpine, al- 
though qualitatively similar in its pharmacological 
effects, is almost completely inactive as a miotic (1). 
However, little clinical data are available concerning 
isopilocarpine. Pilocarpine solutions ranging from 0.5 
to 10% have been used, although there seems to be no 
advantage in concentrations above 4 %. Pilocarpine is 
less irritating than physostigmine salicylate and can be 
employed for long periods without producing undesir- 
able side effects (2). 


Although pilocarpine was isolated early in 1875, 
its structure and that of the isomer were elucidated by 
Jowett (3, 4) in 1900; total synthesis was achieved by 
several workers in different ways during the 1930’s 
(5-7). In 1966, the absolute configurations of these 
compounds were established as (2S:3R) (I) and (2R: 
3R) (11) for pilocarpine and isopilocarpine, respec- 
tively (8). 


pilocarpine (2S3R) isopilocarpine (2R:3R) 
I I1 


Pilocarpine possesses a y-lactone with two asym- 
metric centers. In the dry state and at high tempera- 
ture, the two isomers, pilocarpine and isopilocarpine, 
interconvert, isopilocarpine predominating at  equilib- 
rium (8). This property has been used for the prepara- 
tion of isopilocarpine hydrochloride from pilocarpine 
hydrochloride (9). It has been shown recently that, in 
the presence of alkali, isomerization may proceed via 
the enol intermediate (10). 


In aqueous solution, pilocarpine presents at least 
two possible pathways of degradation, including hy- 
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drolysis to pilocarpic acid and epimerization to iso- 
pilocarpine. The most important of these is the opening 
of the lactone ring. As long as the lactone is intact, the 
alkaloid maintains its stereochemical configuration 
(11, 12). 


Pilocarpine is relatively stable in solutions of acidic 
pH (12-14). As the pH increases, pilocarpine progres- 
sively becomes unstable (12, 13, 15, 16), especially at 
elevated temperatures. Its stability has also been shown 
to be affected by certain buffers. Phosphate and carbo- 
nate catalyze the degradation of pilocarpine, whereas 
borate does not (16, 17). Additions of 0.5% of methyl- 
cellulose slightly improve the stability of pilocarpine 
solutions (18). In all cases, the degradation has been 
accompanied by a marked drop in pH (14, 16-18), 
phosphate buffers failing to maintain a constant pH 
(17). 


Since stability studies appearing in the literature were 
of a preliminary nature, providing limited kinetic 
information, the purpose of this study was to obtain 
additional data dealing with the rates of hydrolysis and 
the mechanisms involved. 


EXPERIMENTAL 


Reagents-The following were used : pilocarpine nitrate USP; 
hydrochloric acid, reagent grade; sodium hydroxide, reagent grade; 
potassium chloride, reagent grade; dibasic potassium phosphate 
trihydrate, reagent grade; monobasic potassium phosphate, reagent 
grade; citric acid monohydrate USP; silica gel G, TLC grade; 
Whatman No. 4 chromatography paper (4 cm. X 25 cm.); meth- 
anol, reagent grade; chloroform, reagent grade; and n-butanol, 
reagent grade. 


Apparatus-The following were used: radiometer pH-stat (a 
combination of type TTTlc titrator, SBR2c titrigraph, SBUla 
syringe burette, and TTA3 titration assembly), with G2222C 
glass electrode, K4122 calomel electrode, and BlOl 0.5-ml. syringe; 
modified pH-stat titration assembly (19), with G202C glass elec- 
trode and K401 calomel electrode; Precision Scientific Co. Temp- 
Trol circulating system; radiometer PHM4c pH meter; Zeiss 
polarimeter with sodium lamp, 589-mp interference filter, and 40- 
cm. tube; and Beckman DK-2 recording spectrophotometer. 


Procedures) Preliminary Test-A 25-ml. portion of an aqueous 
2 z  pilocarpine nitrate solution was placed in each of three 50-ml. 
volumetric flasks. One of these was brought to strong alkalinity 
with sodium hydroxide; another was brought to strong acidity 
with hydrochloric acid. The flasks were then made up to 50 ml. 
with water and heated in a boiling water bath for 3 hr. After cool- 
ing, the solutions were neutralized to approximately the same pH 
and were chromatographed using TLC [plates: microscope slides 
coated with a slurry of 30 g. silica gel G in 65 ml. chloroform- 
methanol (3:I v/v) and activated at 100" for 1 hr.; solvent system: 
chloroform-methanol (1 : 1 v/v); spots located using iodine vapor] 
and paper chromatography (paper: 4-cm. X 25-cm. Whatman No. 4 
filter paper impregnated with 0.2 M pH 6.8 phosphate buffer 
prepared by mixing approximately equal volumes of solutions of 
0.2 M KH,PO, and 0.2 M K2HP04; mobile phase: water-saturated 
n-butanol; spots located using iodine vapor). 


(b) Hydroxide-Ion Catalyzed Hydrolysis-The pH-stat was 
utilized to follow hydrolytic degradation. Fifty milliliters of water 
and an appropriate quantity of potassium chloride (for adjusting 
ionic strength to 0.1) were placed in the reaction vessel, which was 
then flushed with nitrogen and sealed from contact with the atmo- 
sphere in the manner recommended by Chong et al. (19). As the 
temperature reached the desired value, the pH-stat was turned on 
to adjust the pH to the preset value. A 0.5-ml. aliquot of stock solu- 
tion (sample) was introduced into the vessel. When the desired pH 
equilibrium was achieved, the recording pen was returned to zero 
to start recording the rate of reaction, and the reaction was allowed 
to proceed either to completion (for pH 11-12) or until sufficient 
data were obtained (for pH 8-10). The pseudo-firsborder rate 
constants were then obtained either from a Guggenheim plot or the 
initial rate method. 


(c) Hydrogen-Zon Catalyzed Hydrolysis-Since the hydrogen-ion 
catalyzed hydrolysis is negligibly small in comparison to the oppos- 
ing cyclization reaction, comparable information would be ob- 
tained more easily and accurately by following the rate of cycliza- 
tion. A polarimeter was used to follow the rate of cyclization, be- 
cause there is a large change in optical activity when pilocarpic acid 
is cyclized to pilocarpine. 


RESULTS AND DISCUSSION 


In the preliminary study, as would be expected, all of the heat- 
treated solutions showed no characteristic absorption in the UV 
region, except that all exhibited a comparable magnitude of end- 
absorption. However, it should be noted here that pilocarpine does 
exhibit a maximum at 215 mp. The thin-layer chromatograms 
for the heat-treated acidic and neutral (pilocarpine nitrate solution 
without addition of acid or alkali) solutions showed a single spot, 
which had the same R, value as the reference spot, whereas that for 
the heat-treated alkaline solution exhibited a much smaller R, value 
in spite of producing a single spot. This did indicate that pilocarpine 
is stable in acidic solution but labile in alkaline solution. By repeating 
the chromatographic separation in a 0.2 M pH 6.8 phosphate buffer- 
treated paper, using water-saturated n-butanol as the mobile phase, 
the alkaline degraded spot and the reference spot showed signifi- 
cantly different and reproducible R, values, 0.19 and 0.88, respec- 
tively. Repeating the test using weaker alkali, the degraded solution 
displayed two spots with Rf values of 0.19 and 0.88, respectively, 
indicating only partial degradation as opposed to one spot in 
strongly alkaline degraded solution. Authentic pilocarpine and 
isopilocarpine, when chromatographed by the same techniques, 
showed, however, almost the same Rj value. Therefore, the de- 
scribed chromatographic techniques could not separate the two 
isomers and epimerization, if present, would not be detected. 


From the titration curves, the heat-treated acidic and neutral 
solutions showed a single pKa value, 6.85, which is similar to that 
of pilocarpine nitrate; on the other hand, the alkaline degraded 
solution, when acidified with hydrochloric acid and titrated immedi- 
ately with alkali, gave two pKa values, 4.05 and 7.50, respectively. 
However, if the acidified degraded solution was allowed to stand 
for several hours, the amount of alkali consumed in the titration 
for the pKal value, 4.05, was decreased, but that for the pKap 
value, 7.50, was not affected, except that pKal was shifted toward 
6.85. This decrease in alkali consumption probably indicates that 
the free carboxylic acid group in the degraded solution has under- 
gone cyclization. 


When freshly prepared pilocarpine base was dissolved in water 
and immediately titrated with hydrochloric acid, a pKa value of 
6.85 for the conjugate acid was produced. However, upon standing, 
the same solution of pilocarpine base generated an additional 
inflection in its titration curve, but the equivalent amount of total 
acid consumed was unchanged, indicating that an acid created 
from lactone hydrolysis immediately protonated on the original 
basic group of the molecule to form a zwitterion. 


These observed phenomena are consistent with the fact that the 
lactone ring in the pilocarpine molecule was hydrolyzed in an 
alkaline condition and subsequently recyclized when acidified. 
This has also been confirmed by Baeschlin et al. (20). Since the 
hydrolysis of a lactone produces an acid and since reaction at a 
constant pH is desirable, a pH-stat that not only keeps the pH 
constant but also records the rate of reaction was used to follow the 
hydroxide-ion catalyzed hydrolysis of pilocarpine. The theory 
behind the use of a pH-stat was discussed by Jacobsen et al. (21) 
and will not be discussed here. 


For hydroxide-ion catalyzed hydrolysis, a radiometer pH-stat 
with a closed-type reaction vessel, as suggested by Chong et al. 
(19), and a Precision Scientific Temp-Trol circulating system were 
used. In the 11-12 pH range, the entire course of the reaction was 
recorded; pseudo-first-order rate constants were obtained either 
from Guggenheim plots (22) or by the differential method (22). Both 
methods were equally satisfactory as applied to the result in this 
pH range. At pH 8-10, the reaction at each pH level studied was 
allowed to proceed until sufficient data were obtained. This proce- 
dure was used since the recording of the entire course of the reac- 
tion would have taken more than 1 day to complete. The initial 
rate method was used to obtain the pseudo-first-order rate con- 
stants. Since all initial rate versus initial concentration plots resulted 
in straight lines at constant pH, the rate law would have the follow- 
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Figure 1-pH profile of the hydrolysis of piIocarpine in alkaline pH.  


where k' is the pseudo-first-order rate constant. When log k '  was 
plotted against pH, a straight line was obtained with a slope of 1. 
Therefore, the rate law for the hydroxide-ion catalyzed hydrolysis 
of pilocarpine would be: 


where koa- is the second-order rate constant for the specific hy- 
droxide-ion catalysis. 


At pH 7, however, the rate constant was found to be slightly 
smaller than expected. Intuitively, it could be argued that the N- 
methylimidazole moiety could be acting as a catalyst. Consequently, 
the possibility of intermolecular catalysis was investigated, using 
added quantities of N-methylimidazole. At pH 10 and up to a 
concentration of 0.1 M of N-methylimidazole, no appreciable 
catalytic effect was observed. (At this pH, N-methylimidazole exists 
entirely in its basic form.) 


The effect of ionic strength on alkaline hydrolysis of pilocarpine 
was also studied at this pH, and no noticeable effect up to the 1.0 M 
potassium chloride level was observed. 


This rate constant deviation at pH 7, therefore, probably is due 
to other facts. For example, the opposing (cyclization) reaction 
may become significant at this pH, or it may be due to the limitation 
of pH-stat performance at high buffer capacity and very slow 


3.1 3.2 3.3 
1/T x 10' 


Figure 2-Arrhenius plot of hydroxide-ion catalyzed hydroiysis of 
pilocarpine. 


reaction rate. Since recording of sufficient data at this pH would 
take almost 1 day, the drift in electrode potential could cause a 
significant error. It should be pointed out that the error recorded 
by a pH-stat is proportional to the buffer capacity of the system 
and the magnitude of the potential drift (21). 


The temperature effect at different p H s  for the hydroxide-ion 
catalyzed hydrolysis was also studied at 25, 30, 40, and 50". The 
pH profiles at these temperatures are shown in Fig. 1 and are con- 
sistent with the mentioned rate law. Arrhenius plots for the two pH 
levels, 9 and 10, are shown in Fig. 2. Both plots show reasonable 
straight lines of the same slope. The energy of activation was found 
to be 11.0 kcal./mole after correction for enthalpy of ionization of 
water. This is in good agreement with the 10.8-12.1 kcal./mole 
values, as reported by Grace and Symons (23), for the hydroxide- 
ion catalyzed hydrolysis of substituted and unsubstituted y-butyro- 
lactones. 


In acidic pH, however, pilocarpine is fairly stable. As pointed out 
by Grace and Symons (23), most y-lactones are not hydrolyzed 
appreciably in acid. Therefore, it is difficult to follow the hydrogen- 
ion catalyzed hydrolysis directly. However, since Long et al. (24) 
reported that the hydrolysis of y-lactone was catalyzed by hydrogen 
ion, and since the cleaved acid would recyclize to the lactone in 
acidic pH, it can be expected that the rate expression would take the 
form of opposing reactions. Since these reactions would reach 
equilibrium after a period of time, and since the equilibrium position 
would lie far toward the lactone in acidic pH, it would be simpler 
to follow the rate of cyclization than to follow the rate of hydrolysis 
to obtain this information. 


In view of the fact that the opening of the lactone ring in a pilo- 
carpine molecule is accompanied by a large drop in its optical 
activity (to about 2 0 z  of its original value), the rate of cyclization 
was followed by measuring the optical rotation change with a 
polarimeter. 


To determine the dependence of optical activity on pH, 0.0625 M 
solutions of pilocarpine, which give a reading of about 5" in a 40- 
cm. polarimeter tube, and similar solutions that had been hydrolyzed 
completely at pH 12 were adjusted to constant ionic strength (0.2) 
and to different pH values. Their optical rotations were measured 
immediately after the adjustment of pH. The optical rotation-pH 
profiles obtained are shown in Fig. 3. In this figure, it can be clearly 
seen that the optical rotation-pH profile for the hydrolyzed product, 
pilocarpic acid, exhibits two inflections which correspond exactly 
to its two pKa values. This is obvious if the titration curve is super- 
imposed on the optical rotation-pH profile (Fig. 4). In fact, this 
provides another way for the determination of pKa values of a 
compound possessing optical activity. This approach is superior 
to the potentiometric method, since it is not affected by the acidity 
or alkalinity of the solvent. The presence of optical activity in the 
completely hydrolyzed product also revealed that the assumption 
made by Anderson (17), which states that "all products of the 
degradation other than isopilocarpine have no optical activity," 
was not valid. 


0 2 4 6 8 10 12 
PH 


Figure S o p t i c a l  rotation-pH profile of pilocarpine and pilocarpic 
acid. 
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To follow the rate of cyclization, a pilocarpine solution was 
hydrolyzed at pH 12 for 1 hr. to achieve complete hydrolysis. The 
hydrolyzed solution was then brought to acidic pH with hydro- 
chloric acid and diluted to a final concentration corresponding to 
that of a 0.0625 M hydrolyzed pilocarpine solution. The pH of the 
solution was measured, and the cyclization was immediately fol- 
lowed by measuring the optical rotation at different times. 
These results are shown in Fig. 5. As cyclization proceeds, 
the optical rotation increases rapidly at first, then gradually 
slows down, and finally converges to a fixed value which is 
smaller than the original optical rotation of the corresponding 
concentration of pilocarpine (Fig. 5).  This could indicate that the 
opposing reactions, namely cyclization and hydrolysis, have at- 
tained an equilibrium. Since the rate of the optical rotation change 
is higher at lower pH, both reactions would be catalyzed by hydro- 
gen ion. If this statement is valid, one should also be able to attain 
this equilibrium by starting with pilocarpine instead of pilocarpic 
acid. However, it has been found that the equilibrium optical 
rotation obtained from pilocarpine is higher than that obtained 
from pilocarpic acid (Fig. 5).  When analyzed for lactone, both 
equilibrium solutions showed almost equal amounts of lactone 
remaining, clearly indicating that some epimerization occurred 
during or after hydrolysis. From the work of Dqpke and d'Heureuse 
(10) and from the fact that the equilibrium optical rotation of the 
cyclized solution was the same no matter how long the starting 
compound, pilocarpic acid, remained in an alkaline condition, the 
former is more likely the case. A study of the extent of epimerization 
is being conducted in this laboratory and will be reported later. 


Assuming that cyclization of pure pilocarpic acid is followed, 
the simplified mechanism of cyclization may be stated as in Scheme 
I: 


RIE:H H+ - K R'f lzH H+ 
H+ 


slow 0 OH rapid 0 0- 


R1wR2 
Scheme I 


or in symbolic form (Scheme 11): 
k, 


K H+ 


H +  
k- I 


A- + H+ A d L 


Scheme I1 


where A-, A, and L represent pilocarpate, pilocarpic acid, and pilo- 
carpine, respectively; K is the association constant of pilocarpic acid 
(i.e., K = l/Ka); and kl and k-1 represent the rate constants of the 
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Figure 5-Optical rotation versus time plot for cyclization of 
pilocarpic acid. 


hydrogen-ion catalyzed cyclization and hydrolysis, respectively 
( i . e . , k l = k - E + , a n d k - l = k H + ) .  


If one starts with an initial concentration, C,, then the material 
balance equation is 


(Eq. 3) co = ( A 3  + ( A )  + (L) = (AT) f (9 
where (AT) = (A-) + (A). (A) can be expressed in terms of C, and 
(L) : 


where F = K(H+)/[K(H+) + 11. 
The rate of formation of pilocarpine is 


(Eq. 5 )  d(L) = ki(H+)(A) - k_l(H+)(L) dt 


Combination of Eqs. 4 and 5 gives 


do = klF(H+)Co - (klF + k-l)(H+)(L) (Eq. 6) 


which can then be integrated if the pH is kept constant. Upon 
integration of this equation, using the fact that (L) = 0 when t = 0, 
at constant hydrogen-ion concentration, gives 


dt 


At equilibrium, d(L)/dt = 0, and Eq. 6 gives 


Combination of Eqs. 7 and 8 gives rise to 


From the titration curve of pilocarpic acid, K was found to be 1.12 
X lo4 l./mole. 


At pH 5 2, F = K(H+)/[K(H+) + 11 = 1, and Eq. 9 can be re- 
duced to 


Equation 10 states that a plot of log [(L),/( (L)ep - (L) t ] ]  versus t 
will be a straight line, and the slope is given by 


slope = (kl + k-l)(H+)/2.303 (Es. 11) 


It should be noted that this slope is hydrogen-ion concentration 
dependent. 
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The quantity “(L)cp/[(L).p - (~5)~]” can be determined from 
optical rotation measurements, as derived from Scheme 111 : 


K H +  


H +  
A-+H+-A.L 


Scheme III  


From this mechanism, the material balance can be written as: 


Co = (A-)  + ( A )  + (L) = (AT)( + (L)t = ( A ~ ) e q  + ( q e q  (Eq. 12) 


for any time t and at equilibrium. For convenience, the following 
terms are defined: 


[ a ] ~  = optical rotation of pilocarpine with concentration C, 
[a]aT = optical rotation of 100 % hydrolyzed pilocarpine solu- 


Rt = optical rotation of sample solution at time t 
R, = optical rotation of sample solution at equilibrium 


Since optical rotation is an additive property of a system, the 
optical rotation of the sample solution can be considered as having 
contribution from the optically active species present. Thus, 


tion of the same concentration 


Subtraction of Eq. 13 from Eq. 14 leads to 


1 Re, - Rt = c, [L~]AT((AT)~~ -   AT)^) + [~IL((L)UI - @)I)] 


(Eq. 15) 


Rearrangement of Eq. 12 produces 


(AT), - (AT), = (L)eq - ( O t  (Eq. 16) 


Combination of Eqs. 15 and 16 renders 


pHI.10 pH 1.40 


(L) = 0 when 5 = 0, and R1 = R,. As a result, Eq. 17 is reduced to 


Dividing Eq. 18 by Eq. 17 gives 


Equation 19 suggests that the quantity “ ( J ~ ) , , / [ ( L ) ~  - (L)tl’’ 
can be obtained from measurement of the optical rotation of the 
sample solution at the beginning, at any time t ,  and at equilibrium, 
without knowing the concentration. 


In the 100% hydrolyzed solution of pilocarpine, isopilocarpic 
acid is present in much smaller amounts than pilocarpic acid. Since 
there is a smaller contribution to optical rotation change when 
isopilocarpic acid is cyclized (about one-half of the value when 
pilocarpic acid is cyclized), and since isopilocarpic acid cyclizes at 
a much faster rate (ft/* = 182 sec. at pH 1) (25), to the first approxi- 
mation, the derived equations can be used to obtain information 
about cyclization of pilocarpic acid in the hydrolyzed pilocarpine 
solution. 


Thus, the plots of log [(I,),/( (& - (L)l)] versus t for different 
pH values are illustrated in Fig. 6. Reasonable straight lines are 
indicated. 


Taking the logarithm of Eq. 11 yields 


log (slope) = log [(kl + k1)/2.303] - pH (Eq. 20) 


which implies that a plot of log (slope) against pH will have a straight 
line with a slope equal to - 1, with intercept being log [(kl + k-d/ 
2.3031. This plot is shown in Fig. 7, and the (kl + k-1) so obtained 
is 4.10 I./mole/hr. 


At pH greater than 2, Eq. 20 will no longer hold, since F = 
K(H+)/[K(H+) + 11 # 1, and the slope is now given by 


slope = Ck, &H+) __ + k-11 (H+)/2.303 (Eq. 21) 
KW+) + 1 


Upon rearrangement of Eq. 21, Eq. 22 is obtained: 


,pH 1.67 


0 25 
t, hr. 


50 75 


Figure 6-Cyclization of pilocurpic acid at different p H s .  
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which denotes that a plot of 2.303 (slope)/(H+) against k(H+)/  
[K(H+) + 11 will be a straight line with slope equal to kt and inter- 
cept equal to k-,. However, at a pH higher than 3, the change in 
pH value becomes significant as the cyclization proceeds. It is, 
therefore, necessary to use a pH-stat or buffer to maintain the pH 
constant. The rate of cyclization at a pH higher than 3 was found 
to be so slow that utilization of a pH-state was impractical. The use 
of a buffer such as citrate not only failed to maintain the pH con- 
stant but also catalyzed the reactions. For this reason, the applica- 
tion of Eq. 22 was unsuccessful. 


Nevertheless, kl and k-] can be calculated from the results ob- 
tained in Fig. 7 and the data obtained from the analysis of the 
cyclized solution for pilocarpine. This is because at low pH (for 
example, pH = l), the hydrolyzed product would exist essentially 
in its acidic form and the ratio kI/k-l would be equal to (pilocar- 
pine),/[C, - (pilocarpine),]. Thus, the results from Fig. 7 and 
from the analysis of cyclized solution give 


kl + k-] = 4.10 I./mole/hr. (Eq. 23) 


kilk-1 = 29.3 (Eq. 24) 


Solution of the simultaneous Eqs. 23 and 24 results in kl = 3.97 
l./mole/hr. and k-] = 1.35 X 10-I l./mole/hr. 


Up to this point, the mechanism for the hydrolysis of pilocarpine 
can be written as the cyclic equilibrium process shown in Scheme 
IV: 


pilocarpine 


H+ + pilocarpate A pilocarpic acid 


Scheme IV 


where k H +  is equal to k-l, and k-H+ is equal to kl. By considering 
“the principle of microscopic reversibility,” a reversible reaction 
for the hydroxide-ion catalyzed pathway can be inferred. Con- 
sequently, the complete cyclic mechanism may be stated as in 
Scheme V : 


pilocarpine 


n 
H+ + pilocarpate pilocarpic acid 


Scheme V 


Here, k-oH- is defined as the first-order rate constant for the 
cyclization of pilocarpate to pilocarpine and may be calculated 


10-6/hr. 
The hydrolytic information was obtained by following the rate of 


cyclization to approach equilibrium. (The hydrolysis of isopilocar- 


from koH-, kH+, k-3+, and K.  The k-oH- SO calculated is 2.49 X 


pine would take the same mechanism but with different values of rate 
constants.) Since there wasn’t noticeable epimerization indicated in 
acidic pH (14), the hydrolytic information obtained in this study 
and the postulated degradative pathway do not take into account the 
epimerization aspect. 


The information obtained in this study is different from the 
recent publications by Baeschlin and Etter (26, 27), in which certain 
kinetic parameters were not fully considered. 


CONCLUSION 


1. Hydrolysis of pilocarpine in aqueous solution is a cyclic 
equilibrium process which is catalyzed by hydrogen ion and hy- 
droxide ion. 


2. The equilibrium position depends on pH; it shifts to pilo- 
carpate at high pH and shifts to pilocarpine at low pH. The equilib- 
rium constant and the rate constants at 25”, as well as the energy of 
activation for the hydroxide-ion catalyzed hydrolysis, were deter- 
mined and are as follows: 


K 
k H +  
k-H+ = 3.97 l./mole/hr. 


= 1.12 X lo4 I./mole 
= 1.35 X 1 0 - 1  I./mole/hr. 


koH- 
k-oH-= 2.49 X 10-6/hr. 


= 7.56 X 10’ l./mole/hr. 


EU (for O H -  ostal. hydr01y6i8) = 11.0 kcal./mole 


3. It is suggested that pilocarpine solutions be prepared at pH 


4. In alkaline pH, pilocarpine also undergoes some epimerization 
4-5 for acceptable stability and physiological availability. 


but at a rate much slower than hydroxide-ion catalyzed hydrolysis. 
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Solubility Profiles for Several Barbiturates 
in Hydroalcoholic Mixtures 


T. L. BREON and A. N. PARUTA 


Abstract The solubilities of eight physiologically active bar- 
biturates were determined in binary mixtures of alcohol and water. 
The solubility curves for these substances varied, showing either 
solubility maxima or asymptotic solubility isotherms. The dielectric 
requirement of the barbiturates investigated illustrated an ap- 
proximate inverse relationship with the number of carbon a t o m  
in the molecule. A similar correlation was found with the solubilities 
in pure water, with the ratios of the solubilities in ethanol, and 
at the dielectric requirement to the solubility in water. The ther- 
apeutic indexes of duration of action and the period of time in- 
volved between administration of the drug and the time when the 
activity is first manifested increased as the relative polarity of these 
barbiturates declined. An approximate correlation between activity 
and solubility ratios is considered. 


Keyphrases Barbiturates, solubility-ethanol-water systems 0 
Dielectric requirement-barbiturates 0 Polarity, barbiturates- 
activity correlation 0 Solubility ratios-barbiturates, ethanol- 
water systems 


The pharmacological action exerted by a drug mole- 
cule in contact with a biological system is the net result 
of the interactions and extent of interactions with the 
complex biological environment. The degree as well as 
the rate of interaction is governed by many parameters, 
many of which depend on the physical and chemical 
properties associated with the drug molecule. 


To be physiologically active, a drug must be ab- 
sorbed and distributed throughout the biological fluids. 
More specifically, it is noted that these actions occur on a 
molecular level ; under these conditions, it would be 
assumed that solution properties and characteristics 
are operative. Many biologically active substances are 
weak electrolytes, and properties such as the pH of the 
medium, pKa of the drug, concentration gradients, 
surface tension, and the aqueous and lipid solubilities 
of the various species contribute to the overall extent of 
activity. 


The biologically active species, to initiate a response, 
would be presumed to have interacted with cellular 
constituents ; this process is involved with diffusion and 
permeability as well as those factors previously dis- 
cussed. Thus, this study is an initial investigation into 
the possible approximate correlation between solubility 


characteristics of several barbiturates and therapeutic 
activity. 


The wide variety of available barbiturates certainly 
attests to the importance of these materials, with a wide 
spectrum of uses such as sedatives and anticonvulsants. 
They are derivatives of barbituric acid with a variety 
of substitutions in the 5-position, and about 20 of these 
are presently available as therapeutic agents. 


Although the general sedative action of all these 
barbiturates is about the same, they do vary in the 
duration of depressant action. Since these barbiturates 
are chemically different, it would be judicious to study 
them in attempting to relate known duration of action 
and chemical structure. 


Thus, if in a series of barbiturates, a property such as 
solubility was determined as a function of polarity, 
there may be an indication of the relative lipoidal nature 
of these materials. It would be well to consider the 
solubility of these types of materials in a manner pre- 
viously described (I). The cosolvent action on these 
barbiturates by mixtures of decreasing polarity should 
be instructive. 


It might be expected that the position of the dielec- 
tric requirement (DR) and the magnitude of solubility 
at that point would be indicative of the effect of sub- 
stituents and the relative polarity of the drug molecule. 
In view of this possibility, some eight barbiturates with 
a spectrum of values for the onset and durat.ion of ac- 
tion were studied relative to their solubility behavior 
in hydroalcoholic solutions. 


Several long-, intermediate-, and short-acting barbitu- 
rates (2) were chosen to test this hypothesis, including 
barbital as the comparing standard. 


The very important work of Hansch and Anderson 
(3) should be mentioned here since they showed a defini- 
tive correlation of the activity of barbiturates with the 
log of the partition coefficients for various derivatives. 
This would suggest the importance of the hydrophobic 
character of substituted barbiturates in a wide variety 
of biochemical systems. 


The model used by Hansch and Anderson (3) is a 
partitioning between phases to calculate the coefficients 
or a measure of lipophilicity of these drugs, i.e., the 
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Effects of Mefruside on Renal Hemodynamics 


JAMES H. LUDENS* and HAROLD E. WILLIAMSO"! 


Abstract 0 Mefruside, a natriuretic drug similar in structure to 
furosemide, was examined for activity on renal hemodynamics in 
the dog. This agent, when administered at 10 mg./kg. i.v., increased 
renal vascular resistance and decreased renal blood flow. Blood 
pressure and the rate of glomerular filtration were not affected. 
Mefruside differs from furosemide in its action on renal hemody- 
namics, inasmuch as furosemide decreases renal vascular resistance 
and increases renal blood flow. 


Keyphrases Mefruside-effects on renal hemodynamics 0 Renal 
dynamics-mefruside, effects 


Mefruside { 4-chloro-3-sulfonamido- 1-[N-methyl-N- 
(2' - methyl- 2'- tetrahydrofurylmethyl)] - benzenesulfon- 
amide) (I) is a new orally active natriuretic (1). Struc- 
turally, this agent is similar to furosemide (11). In 


I mefruside 


' ' D N H - C F I 2 q  COOH 


HZNO2S 
I1 furosemide 


addition to natriuretic activity, furosemide also affects 
renal hemodynamics to enhance renal blood flow (2-5). 
The purpose of this study was to determine if mefruside 
also enhances renal blood flow. 


EXPERIMENTAL 


Mongrel dogs, weighing 1 3 1 6  kg., were anesthetized with sodium 
pentobarbital, 30 mg./kg. A tracheal cannula was inserted to ensure 
free passage of air. The kidney to be utilized was exposed by a 
flank incision, and the renal artery was cleared of the surrounding 
tissue. A flow transducer (Carolina Medical Electronics model 
EMP-411, lumen size, 11-mm. circumference) was placed around 
the exposed renal artery, and renal blood flow was monitored 
with a square-wave electromagnetic flowmeter (Carolina Medical 
Electronics model 321). The flowmeter was adjusted to zero flow 
by briefly occluding the renal artery distal to the flow transducer. 
Blood pressure was monitored from the carotid artery. Both blood 


Table I-Effect of Mefruside (10 mg./kg.) on Renal Hemodynamics 


Con- Mefru- 
trola sideb Dserencec 


Renal blood flow, 


Blood pressure, 


Renal vascular resistance, 


Sodium excretion, 


Inulin clearance, 


ml./min. I74 158 -16 f 4d 


mm. Hg 142 140 -2 f 2 


mm. Hg/ml./min. 0.84 0.92 0.08 k 0.02d 


r q . / m n .  1 24 424 300 f 53d 


ml./min. 30 30 04x3 


Q Control values represent values taken immediately prior to mefru- 
side administration. b Mefruside values represent values taken 10 min. 
after drug administration. c Difference from control f SE. d Indicates a 
significant difference, p < 0.05, n = 4. 


flow and blood pressure were recorded on a Beckman recorder. A 
solution containing 0.9% NaCl and 0.4z inulin was infused 
into the right femoral vein at a rate of 0.25 ml./kg./min. for at 
least 30 min. before and throughout the entire experiment. Mefm- 
side was dissolved in saline using sodium bicarbonate. The drug 
was given intravenously uia the right femoral vein. 


Urine samples from the exposed kidney were obtained from a 
renal pelvic catheter introduced into the ureter by way of the ret- 
roperitoneal incision. Although urine samples were collected only 
from the kidney to which blood flow was measured, the other 
ureter was cannulated uia a midline incision to ensure free urine 
flow from the contralateral kidney. Blood samples were obtained 
from the right femoral artery. 


Urine and plasma inulin concentrations were determined by 
the method of Shreiner (6). Sodium concentrations were determined 
with a Coleman flame photometer. All data were analyzed with 
Student's t test paired comparisons (7). A p value less than 0.05 
was used as the level of significance. 


RESULTS AND DISCUSSION 


Mefruside (10 mg./kg. i.v.) produced a significant decrease 
in renal blood flow of 16 ml./min. as renal vascular resistance 
was increased significantly (Table I). These effects were transient. 
They were maximal about 10 min. after drug administration and 
returned to control levels by 20 min. after drug administration. 
Blood pressure was not altered by the drug. Mefruside had no 
effect on inulin clearance. Sodium excretion was increased from 
124 to 424 peq./min. upon drug administration. The natriuretic 
action was still present 60 min. after drug administration when 
the experiments were ended. A lower dose of the drug (2 mg./ 
kg. i.v.) did not produce a significant change in renal vascular 
resistance or renal blood flow. 
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The results show that mefruside does possess renal hemodynamic 
properties but that they are not similar to the renal hemodynamic 
properties of furosemide. Furosemide decreases renal vascular re- 
sistance and thereby enhances renal blood flow (2-5). In contrast, 
mefruside (10 mg./kg. i.v.) increases renal vascular resistance and 
thereby decreases renal blood flow. The effect of mefruside on 
renal blood flow is more like that of the thiazide agents which 
also increase renal vascular resistance and decrease renal blood flow 
(2, 8). 
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l-(3,4-Dimethoxyphenyl)-2-propanol Effect on Conditioned 
Avoidance Response in the Rat 
C. F. BARFKNECHT, J .  M. MILES, and J. L. LESENEY 


Abstract IJ The compound, I-(3,4-dimethoxyphenyl)-2-propanol, 
was found to prolong latency times initially in a conditioned 
avoidance response test in rats. It was found to be a CNS de- 
pressant in mice. The structural implications of this action, plus 
the relationship between 1-(3,4-dimethoxyphenyl)-2-propanol and 
psychotomimetic amphetamines, are discussed. 


Key phrases 0 1 -( 3,4-D i methoxyp heny 1)-2-propanol-eff ect on 
conditioned avoidance response, rat 0 Psychotomimetic agents- 
3,4-dimethoxyamphetamine oxygen analog, pharmacological screen- 
ing 


The literature contains a report indicating that the 
oxygen analog of mescaline, namely, 3,4,5-trimethoxy- 
phenylethanol (TE), may be psychotomimetic (1). 
TE was isolated as a product of mescaline metabolism. 
When it was injected intravenously into rabbits, a mild 
mescalinelike action was observed. 


In structure-activity relationship studies on niesca- 
line, certain methoxylated amphetamines were found to 
be more potent than mescaline (2). If conversion from 
P-phenylethylamine to phenylisopropylamine can en- 
hance the potency of psychotomimetics, then a similar 
logic possibly could be applied to the oxygen analogs of 
these psychotomimetics. One could anticipate that any 
mescalinelike actions would be more pronounced in 
1 -phenyl-2-propanols than in 2-phenylethanols. This 
paper reports the results of a study on the effect of 
1-(3,4-dimethoxyphenyl)-2-propanol (DP), which is the 
oxygen analog of the psychotomimetic agent 3,4-dime- 
thoxyamphetamine, on conditioned avoidance response 
(CAR) in the rat. 


RESULTS AND DISCUSSION 


Although the synthesis of DP was reported in the literature (3), 
no pharmacological information on the compound could be found. 


Initially the effect of DP on CAR in rats was studied. The evalua- 
tion of drug action on CAR has been exploited widely. This tech- 
nique has been especially valuable for the evaluation of psychoto- 
mimetics (4). 


To determine whether DP is producing an effect similar to mes- 
caline or 3,4-dimethoxyamphetamine (3,4-DMA), the effects of 
these drugs at various dosages on a running response in conditioned 
male rats were determined. Each drug was given in three dosage 
levels (“effective dose,” one quarter the effective dose, and four 
times the effective dose) to groups of six rats. Figures 1 and 2 show 
the mean reaction time for each trial during the dIug sessions for 
each dosage level of mescaline and 3,4-DMA. That the profile of 
3,4-DMA is not completely analogous to mescaline may be due to 
the amphetamine structure present in 3,4-DMA. CNS stimulation 
caused by amphetamine would be expected to counteract the in- 
creased reaction times. Figure 3 shows the enhanced performance 
caused by amphetamine sulfate relative to placebo. The lower dose 
was more effective. 


Since 3,4-DMA is expected to be a poorer stimulant than am- 
phetamine itself (i.e., require a much larger dose to cause the same 
effect), the greatest variation from the mescaline profile would be 
expected at the higher doses. The large variation between reaction 
times of adjacent trials is observed in both mescaline and 3,4-DMA, 
which suggests that this is a characteristic feature of the behavior 
disruption caused by these agents. 


Figure 4 shows the effects of DP. The overall profile of the drug 
session is substantially different from any of the other drugs tested. 
When it became clear that DP was different, it was subjected to a 
more conventional pharmacological screening. In mice intraperi- 
toneally it was a CNS depressant [ED&leep) = 150 mg./ke; 
LDSu = 650 mg./kg.] (5 ) .  This pharmacological action of DP is 
not unexpected in light of the report that acetophenones and other 
phenones and their corresponding alcohols exhibit depressant 
effects (6). Thus, DP may be viewed as a structural isomer of these 
phenones and alcohols. 


The data presented here suggest that a reevaluation of the phar- 
macological effects of TE is required.’ A detailed study of the struc- 
ture-activity relationships and the mechanism of action of ring- 
substituted phenyl-2-propanols, phenyl-Zpropanones, and chemi- 


’Preliminary, unpublished studies indicate that TE has a CNS- 
depressant effect, EDm(s1eep) > 650 mg./kg. i.p. in mice. 
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New Compounds: Some 3,4,5-Trimethoxyphenyl 
Analogs of Analgesics 


VASANT G .  TELANG* and CHARLES 1. SMITHt 


Abstract Starting from 3,4,5-trimethoxybenzoic acid, the syn- 
theses of the 3,4,5-trimethoxyphenyl analogs of meperidine hydro- 
chloride and ketobemidone hydrochloride are described. 


Keyphrases 0 Meperidine HCI, 3,4,5-trimethoxyphenyl analogs- 
synthesis 0 Ketobemidone HCI, 3,4,5-trimethoxyphenyl analogs- 
synthesis 0 NMR spectrometry-structure IR spectrophotom- 
etry-structure 


A number of naturally occurring compounds having 
action on the CNS possess a 3,4,5-trimethoxyphenyl 
group. For the past 15 years, a considerable amount 
of work on 3,4,5-trimethoxyphenyl compounds of 
possible psychotropic activity has been done (1). Many 
of these compounds have little chemical relationship 
except the possession of 3,4,5-trimethoxyphenyl groups. 
One laboratory reported previously on the synthesis 
of some 3,4,5-trimethoxyphenyl analogs of antihista- 
mines (2) and anticonvulsants (3). Since analgesics are 
known to have a distinct effect upon the CNS, the drugs 
selected for the present studies were the important 
synthetic substitutes for the narcotic analgesic morphine. 
They are meperidine hydrochloride and ketobemidone 
hydrochloride. 


The synthetic routes are shown in Scheme I. The 3,4,5- 
trimethoxybenzoic acid (I) was reduced to the corre- 
sponding alcohol according to the procedure reported 
by DiFazio (4). This alcohol was converted to 3,4,5- 
trimethoxybenzyl chloride (11) following the procedure 
of Drake and Tuemmler (5). It remained stable without 
any change in color in an evacuated desiccator over 
sodium hydroxide pellets for more than 6 months at 
room temperature, in contrast to a previous report by 
Tsao (6) that this product slowly darkens even when 
stored in the refrigerator. Acetone has been reported 
(4,7) to be the best of several solvents tried for the con- 
version of I1 to 3,4,5-trimethoxyphenylacetonitrile (111). 
By reaction in dimethyl sulfoxide (DMSO) at 55-60", 
the desired nitrile was obtained in approximately the 
same yield but the reaction time was decreased from 
10 days (acetone) to 3 hr. Alkylation of I11 followed by 
treatment of the resulting product with hydrogen chlo- 
ride gave o~,cu-bis(2-dimethylaminoethyl)-(3,4,5-trime- 
thoxypheny1)acetonitrile dihydrochloride (IV). Pyrolysis 
of IV at its melting point to cause evolution of tri- 
methylamine and give the cyclized product V failed. 
Only a black residue which did not melt when tested 
up to 350" was obtained. Therefore, I11 was alkylated 
with 2,2'-dichloro-N-methyldiethylamine to obtain the 


~ ~~ ~ ~ ~ 


1 Marketed as Demerol hydrochloride by Winthrop Laboratories, 
N. Y. ; 4-carbethoxy-1-methyl-4-phenylpiperidine hydrochloride. 


z, Named Cliradon hydrochloride and used experimentally as an  anal- 
gesic; ethyl 4-(m-hydroxyphenyl)-l-methyl-4-piperidyl ketone hydro- 
chloride. 


cyclized product V. Sodium amide or n-butyllithium 
worked equally well as the base for this condensation 
reaction. 


Hydrolysis of V according to the method reported by 
Eisleb (8) failed. Several attempts, using either acid or 
alkali at elevated temperatures under pressure, did 
not yield the desired product. Finally, refluxing V with 
an excess of 2.2 M ethanolic sulfuric acid for 4 days and 
then hydrolyzing the imino ester gave the desired ethyl 
ester VIII. It is known that the carboxyl group on a 
quaternary carbon atom reacts sluggishly, probably 
because the alkyl groups dominate so much space in the 
neighborhood of the carboxyl group that they tend to 
block the intermediate ionic addition complex (9). 
Similar steric hindrance of the 4-cyano group in V is 
the probable reason for the failure in facile hydrolysis of 
the nitrile. Compound VIII was also prepared by con- 
densation of 2,2'-dichloro-N-methyldiethylamine with 
ethyl 3,4,5-trimethoxyphenylacetate (VII) in the pres- 
ence of sodium ethoxide. 


Compound V reacted with ethylmagnesium bromide 
only at low temperatures. Addition of ethylmagnesium 
bromide at 0" and then stirring the reaction mixture at 
20" for 24 hr. gave the intermediate ketimine, which 
finally was hydrolyzed to the corresponding ketone by 
warming with dilute acid. Similar trials at higher tem- 
peratures did not yield any product. It appears, there- 
fore, that the intermediate magnesium adduct of the 
ketimine is unstable above 20". A similar observation 
was reported recently by Muren (10). 


EXPERIMENTAL 


All melting points were determined with a Thomas-Hoover 
melting-point apparatus and are uncorrected. IR spectra were re- 
corded with Beckman model 8 or Perkin-Elmer 237B grating IR 
spectrophotometers. NMR spectra were determined with Varian 
Associates A-60 and A-60D instruments, using tetramethylsilane 
or 3-(trimethylsilyl)propanesulfonic acid sodium salt as the internal 
standard. Unless otherwise specified, all NMR spectra were obtained 
with approximately 15% concentrations; s refers to singlet, d to 
doublet, t to triplet, q to quadruplet, and m to multiplet. Micro- 
analyses were performed by Micro-Analysis, Inc., Wilmington, 
Del., and M-H-W Laboratories, Garden City, Mich. 
3,4,5-Trimethoxyphenylacetonitrile (ILI)-3,4,5-Trimethoxy benzyl 


chloride (11) was prepared according to the method reported by 
Drake and Tuemmler (5). A mixture of 2.18 g. (0.0101 mole) of 11, 
0.49 g. (0.010 mole) of sodium cyanide, and 190 ml. of DMSO was 
heated with magnetic stirring for 3 hr. at 55-60". Subsequently, the 
mixture was cooled, diluted with four times its volume of water, 
and then extracted with three 100-ml. portions of ether. The com- 
bined pale-yellow ethereal extracts were washed with 6 N hydro- 
chloric acid and with water, and then they were dried over anhy- 
drous magnesium sulfate. Removal of the ether under vacuum 
yielded a pale-yellow oil, which crystallized upon cooling to provide 
1.2 g. (58x) of yellow needles, m.p. 75-76". 


C Y , ~  - Bis(2 - dimethylaminoethyl) - (3,4,5 - trimethoxypheny1)ace- 
tonitrile dihydrochloride (IV)-Sodium amide was freshly pre- 
pared, starting with 7.5 g. (0.33 g. atom) of sodium and about 400 
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CHjO 
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CH,-N(CH2CH2CI!, I 
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2. HCI 
I11 


CH30’ 
VI 


C,H,OH Y+ 
CH30, 


C,H,OH I H+ 


CH,d 
VII 


CH30 


ml. of anhydrous liquid ammonia, according to the procedure of 
Hancock and Cope (1 1). The ammonia was allowed to evaporate 
as the reaction flask achieved room temperature. Then 150 ml. 
of dry benzene and 15 g. (0.072 mole) of I11 were added. The mixture 
was stirred with heating for 1 hr. and then was cooled. Next, 21 g. 
(0.14 mole) of 2-chloro-N,N-dimethylethylamine hydrochloride was 
added with stirring, and the reaction mixture was stirred and heated 
at reflux for 24 hr. It was cooled, 100 ml. of water was added, and 
the two layers were separated. The aqueous layer was extracted 
with benzene. The combined benzene extracts were dried, and the 
solvent was removed under vacuum to yield a red residue, which was 
dissolved in anhydrous ether. Dry HC1 gas was bubbled into the 
ethereal solution, whereupon a copious pale-yellow solid pre- 
cipitated; yield 18.4 g. (60.6 %). Decolorization with activated car- 
bon3 and four recrystallizations from hot absolute ethanol gave a 
white solid, the dihydrochloride, m.p. 270”. 


Anal.-Calcd. for C19H3,N303 .2HC1: C, 54.03; H, 7.87; C1, 
16.79; N, 9.95; 0, 11.36. Found: C, 54.27; H, 7.79; C1, 16.47; 
N,9.83;0,11.51. 


4-Cyano-4-(3,4,5-trimethoxyphenyl)-l-methylpiperi~ne (V)-A 
mixture of 2.07 g. (0.0100 mole) of 111, 1.07 g. (0.0274 mole) of 
sodium amide,4 and 1.92 g. (0.0100 mole) of 2,2’-dichloro-N- 


3 Norite, American Norit Co., Jacksonville, Fla. 
4 Gray powder, Fisher Scientific Co.,  Fairland, N. J. 


Scheme I 


methyldiethylamine hydrochloride (12) in 50 ml. of toluene was 
refiuxed for 12 hr. with stirring. It was cooled and decomposed 
with water. The organic layer was separated and extracted with 
three 20-ml. portions of 10% hydrochloric acid. The acidic extracts 
were combined, made alkaline with 40% aqueous sodium hydroxide 
solution, and then extracted with ether. After the ethereal layer 
was dried over magnesium sulfate, the ether was removed under 
vacuum to obtain 1.5 g. (52%) of V as an oily residue. This was 
redissolved in ether, and dry hydrogen bromide gas was bubbled in 
to precipitate a dark solid. This solid was separated and recrystal- 
lized four times from hot absolute ethanol with decolorization 
(Norite) to yield a white granular powder, the hydrobromide of 
V, m.p. 244.5”. The IR spectrum showed a broad ammonium band 
(2700-2250 cm.-l) and a nitrile peak (2242 cm.-l). The NMR 
spectrum (DzO) showed peaks of 6 values: 2.45 (t, 4PH, piperidine 
ring); 3.18 (s, 3H, N-CHs); 3.60 (t, 4aH, piperidine ring); 4.0 
(d, 9H, methoxys); and 7.05 (s, 2H, aromatic). 


Alzal.-Calcd. for C16H22N203.HBr: C, 51.76; H, 6.24; Br, 
21.52; N, 7.55; 0, 12.93. Found: C ,  52.42; H, 6.43; Br, 21.36; 
N, 7.48; 0,12.85. 


4 - Carbethoxy - 4 - (3,4,5 - trimethoxyphenyl) - 1 - methylpiper- 
idine (VIII-Method A-To an ice-cold solution of 2.9 g. (O.Ot0 
mole) of V in 210 ml. of absolute ethanol, previously dried accord- 
ing to the procedure of Vogel (13), was added dropwise 30 ml. of 
concentrated sulfuric acid. This reaction mixture was stirred mag- 
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netically and heated at reflux for 4 days. After being cooled, it 
was poured upon 300 g. of ice and the resulting aqueous solution 
was boiled for 5 hr. and cooled. The solution was made alkaline 
with 40% aqueous sodium hydroxide solution, and the resulting 
turbid solution was extracted with ether. The ethereal extract was 
dried over magnesium sulfate and the ether was removed under vac- 
uum to obtain 1.7 g. (50%) of an oily residue (VIII). The IR spectrum 
(film) of this oil showed a strong peak for ester carbonyl (1718 
cm.-’), ester C-0-C stretch (1 316 and 1066 cm.-1), and complete 
absence of any nitrile peak. The NMR spectrum (CCla) showed 
peaks of 6 values: 1.18 (t, 3H, C-CH3); 2.34 (m, 11H, 8 piperidine 
ring and 3 N-CHa); 3.75 (d, 9H, methoxys); 4.12 (q, 2H, CH2 of 
ethyl); and 6.64 (s, 2H, aromatic). This oily free base (VIII) was 
dissolved in dry ether, and dry HC1 gas was bubbled in to produce a 
white granular precipitate. This hydrochloride was separated, 
decolorized (Norite), and recrystallized twice from absolute ethanol 
and ether, m.p. 198-199’. 


Anal.-Calcd. for C18H27N05.HC1: C, 57.82; H, 7.55; C1, 9.48; 
N, 3.75; 0, 21.40. Found: C, 57.83; H,  7.47; C1, 9.58; N, 3.91; 
0,21.28 


Merhod B-Sodium ethoxide was prepared by reacting 1.5 g. 
(0.065 g. atom) of sodium with 100 ml. of absolute ethanol. Most of 
the alcohol was distilled and 100 ml. of dry toluene was added, of 
which 50 ml. was distilled to ensure complete removal of ethanol. 
Then 7.6 g. (0.030 mole) of ethyl 3,4,5-trimethoxyphenylacetate 
(VII) was added, and the reaction mixture was warmed for 1 hr. 
and cooled. Next 4.7 g. (0.030 mole) of 2,2’-dichloro-N-methyl- 
diethylamine was added, and the mixture was stirred and heated for 
24 hr. under an atmosphere of dry nitrogen. The contents were 
cooled and diluted with water. The organic layer was separated and 
extracted with dilute hydrochloric acid. The acidic aqueous layer 
was made alkaline with 40% sodium hydroxide solution and ex- 
tracted with ether. The ethereal extract was dried over sodium 
sulfate, and the ether was evaporated to obtain 3.5 g. (35%;;) of 
oily residue (VIII). The IR spectrum of this oil was identical with 
that of the oily free base obtained by Method A. 


Ethyl 4-(3,4,5-Trimethoxyphenyl)-l-methyl-4-piperidyl Ketone 
OX)-A solution of 0.58 g. (0.0020 mole) of V in 20 ml. of dry ben- 
zene was added to a solution of ethylmagnesium bromide prepared 
by reacting 0.44 g. (0.0040 mole) of ethyl bromide with 0.096 g. 
(0.0040 g. atom) of magnesium in 10 ml. of dry ether under an 
atmosphere of dry nitrogen. During the addition, the reaction was 
maintained at 0” and, after the addition, was stirred for 24 hr. at 
20”. The reaction mixture was decomposed with 10 ml. of 3 N 
hydrochloric acid and heated for 1 hr. on a steam bath while the 
organic layer was allowed to evaporate. The mixture was cooled 
and made alkaline with 3 N sodium hydroxide solution. The re- 
sulting turbid solution was extracted with chloroform. The com- 
bined extracts were dried and the chloroform was evaporated. The 
residual oil, on TLC examination (basic alumina; ethyl acetate- 
benzene, 7 :3, as the developing solvent), showed two distinct spots. 
The spot with the lower R j  value proved to be the desired ketone 


(IX), which was isolated by chromatography using ethyl acetate- 
benzene (7 : 3) on a basic alumina5 column. The eluting solvents were 
evaporated under reduced pressure; the residual oil, 0.27 g. (42%), 
was dissolved in minimal ether and treated with ethereal HCl. 
The precipitate obtained was decolorized (Norite) once and re- 
crystallized twice from chloroform-hexane so as to yield a white 
fluffy powder, m.p. 226-228” (dec.). The IR spectrum of this hydro- 
chloride showed a broad ammonium band, complete absence of 
a nitrile band, and the presence of a carbonyl band (1699 cm.-’). 
The NMR spectrum of the hydrochloride salt (CDClr) showed 
peaks of 6 values: 0.93 (t, 3H, CH3); 2.55 (m, 13H, 8 piperidine ring, 
3 N-CHB and 2 CH2 of ethyl); 3.86 (d, 9H, methoxys); and 6.44 
(s, 2H, aromatic). 


Found: C, 60.56; H, 7.88; N,4.01. 
Anal.-Calcd. for C18H27N0,.HCl: C, 60.41; H, 7.89; N, 3.91. 
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Solubility Profiles for Several Barbiturates 
in Hydroalcoholic Mixtures 


T. L. BREON and A. N. PARUTA 


Abstract The solubilities of eight physiologically active bar- 
biturates were determined in binary mixtures of alcohol and water. 
The solubility curves for these substances varied, showing either 
solubility maxima or asymptotic solubility isotherms. The dielectric 
requirement of the barbiturates investigated illustrated an ap- 
proximate inverse relationship with the number of carbon a t o m  
in the molecule. A similar correlation was found with the solubilities 
in pure water, with the ratios of the solubilities in ethanol, and 
at the dielectric requirement to the solubility in water. The ther- 
apeutic indexes of duration of action and the period of time in- 
volved between administration of the drug and the time when the 
activity is first manifested increased as the relative polarity of these 
barbiturates declined. An approximate correlation between activity 
and solubility ratios is considered. 


Keyphrases Barbiturates, solubility-ethanol-water systems 0 
Dielectric requirement-barbiturates 0 Polarity, barbiturates- 
activity correlation 0 Solubility ratios-barbiturates, ethanol- 
water systems 


The pharmacological action exerted by a drug mole- 
cule in contact with a biological system is the net result 
of the interactions and extent of interactions with the 
complex biological environment. The degree as well as 
the rate of interaction is governed by many parameters, 
many of which depend on the physical and chemical 
properties associated with the drug molecule. 


To be physiologically active, a drug must be ab- 
sorbed and distributed throughout the biological fluids. 
More specifically, it is noted that these actions occur on a 
molecular level ; under these conditions, it would be 
assumed that solution properties and characteristics 
are operative. Many biologically active substances are 
weak electrolytes, and properties such as the pH of the 
medium, pKa of the drug, concentration gradients, 
surface tension, and the aqueous and lipid solubilities 
of the various species contribute to the overall extent of 
activity. 


The biologically active species, to initiate a response, 
would be presumed to have interacted with cellular 
constituents ; this process is involved with diffusion and 
permeability as well as those factors previously dis- 
cussed. Thus, this study is an initial investigation into 
the possible approximate correlation between solubility 


characteristics of several barbiturates and therapeutic 
activity. 


The wide variety of available barbiturates certainly 
attests to the importance of these materials, with a wide 
spectrum of uses such as sedatives and anticonvulsants. 
They are derivatives of barbituric acid with a variety 
of substitutions in the 5-position, and about 20 of these 
are presently available as therapeutic agents. 


Although the general sedative action of all these 
barbiturates is about the same, they do vary in the 
duration of depressant action. Since these barbiturates 
are chemically different, it would be judicious to study 
them in attempting to relate known duration of action 
and chemical structure. 


Thus, if in a series of barbiturates, a property such as 
solubility was determined as a function of polarity, 
there may be an indication of the relative lipoidal nature 
of these materials. It would be well to consider the 
solubility of these types of materials in a manner pre- 
viously described (I). The cosolvent action on these 
barbiturates by mixtures of decreasing polarity should 
be instructive. 


It might be expected that the position of the dielec- 
tric requirement (DR) and the magnitude of solubility 
at that point would be indicative of the effect of sub- 
stituents and the relative polarity of the drug molecule. 
In view of this possibility, some eight barbiturates with 
a spectrum of values for the onset and durat.ion of ac- 
tion were studied relative to their solubility behavior 
in hydroalcoholic solutions. 


Several long-, intermediate-, and short-acting barbitu- 
rates (2) were chosen to test this hypothesis, including 
barbital as the comparing standard. 


The very important work of Hansch and Anderson 
(3) should be mentioned here since they showed a defini- 
tive correlation of the activity of barbiturates with the 
log of the partition coefficients for various derivatives. 
This would suggest the importance of the hydrophobic 
character of substituted barbiturates in a wide variety 
of biochemical systems. 


The model used by Hansch and Anderson (3) is a 
partitioning between phases to calculate the coefficients 
or a measure of lipophilicity of these drugs, i.e., the 


1306 0 JournaI of Pharmaceufical Sciences 







Table I-Summary of the Substituents Found in the Noted Positions for the Barbituric 
Acid Derivatives Used in this Study H 


Derivative Ri Rz R3 R4 


Barbituric acid 
Barbital 
Metharbital 
Butabarbital 


Vinbarbital 


-H 
--CHzCHa 
-CHzCH, 
-CH2CHo 


-CHzCHa 


-H 
>-HzCH3 
--CHzCHa 
-CHCH2CH3 


I 


H 
H 
CH3 
H 


0 
0 
0 
0 


H 0 
I 


CHI 


I 
Thiopental --CHzCHa -CHCHzCHzCH3 H S 


Thiamylal 


Phenobarbital 


Amobarbital 


Pentobarbital 


--CHzCH=CH? 


-CHzCHa 


CHZ 


I 
-CHCHzCHzCHs H 


I 


CH3 


-0 H 


-CHZ-CH~-CH PH3 H 
\ 


--CH--CHz--CHrCH3 H 
CH,. 


I 
CHa 


greater the lipophilicity, the greater the partition 
coefficient. It is assumed that the partition coefficients 
in 1-octanol-water systems are additive in nature. 


In the present study, the extent of lipophilicity is 
measured in a relative fashion, since it is assumed that 
the molecule possessing the greatest lipophilicity should 
have the least solubility in the most polar solvent. 
Further, the ratios of the solubilities, using a standard 
compound, should indicate the relative polarities of the 
molecules in a continuously varying spectrum of polar- 
ity. 


In Table I, the pertinent chemical characteristics are 
shown for the barbiturates studied. Barbituric acid is 
also given in Table I and used to illustrate the parent 
compound. 


EXPERIMENTAL 


Materials-The materials used in this study were as follows: 
barbituric acid,' m.p. 252-255"; metharbital,2 m.p. 151-155"; 
butabarbita1,S m.p. 166168"; tl-~iamylal,~ m.p. 133-135'; barbital: 
m.p. 189"; pentobarbita1,e m.p. 131 "; amobarbital,' m.p. 153"; 
and phenobarbital USP, m.p. 176". Thiopental was prepared from 
the sodium salt.* The sodium salt was dissolved in a quantity of 
distilled water, and the free acid precipitated by the addition of 
1.0 M hydrochloric acid9 solution. The slurry was filtered and 
washed with three portions of distilled water. The melting point 
range of the dried precipitate was 156-158". Melting points of 


1 Aldrich Chemical Co., Milwaukee, Wis., Lot 072281. 
a Gemonil, Abbott Laboratories, North Chicago, Ill., lot 685-7608. 
3 McNeil Laboratories, Fort Washington, Pa., lot 5086. 
4 Surital, Parke, Davis and Co., Detroit, Mich., lot 405838. 
8Merck & Co., Rahway, N. J., lot 51115. 
8 Abbott Laboratories. North Chicaeo. 111.. lot 12130. 
7 Ruger Chemical Coip., N. J., lot 135 3180. 
8 Abbott Laboratories, North Chicago, Ill., lot 780-7657. 
0 Mallinckrodt Chemical Works, New York, N. Y. 


pooled and dried samples from the gravimetric procedure were also 
made and found not to vary more than f 1-2' outside the range 
of the original material. This was done to ascertain if any aberrant 
behavior such as hydrate formation or crystalline modification 
(polymorphism) occurred in these binary solvent mixtures. 


Hydroalcoholic solvents were prepared volumetrically by the 
use of burets, previously determined densities for absolute ethyl 
alcoho1,lO and distilled water at ambient room temperature. 
These mixtures ranged from 0.0 to 100.0% w/w distilled water in 
2.5 increments and represent a polarity range in terms of dielectric 
constant values of 24.3-78.5. 


A pH 10.7 buffer was prepared with 71 g. of anhydrous sodium 
dibasic phosphatell (reagent grade) dissolved in loo0 ml. of dis- 
tilled water and adjusted to pH 10.7 with 1.0 M sodium hydroxide12 
solution. 


Equipment-A rotating apparatus was constructed which held 48 
screw-capped glass vials of 21-ml. volume and revolved at 32 r.p.m. 
The vials were rotated in such a way that the solute traversed the 
full length of the vial twice per revolution, thus causing sufficient 
agitation of the contents. No caking was observed in any of the 
samples. This apparatus was immersed in a 10-gal. water bath 
maintained at 25.0 f 0.3 O by a Tecan Tempunit. 


A Cary model 16 spectrophotometer,14 a Mettler type H6T15 
analytical balance, a Leeds Northup model 7401 pH meter,lB 
and a Sorvall model GLC-117 centrifuge were utilized in the assay 
procedure. Computational treatment of the data was aided through 
utilization of an IBM System 360 model 50 digital computer.18 


Procedure-The procedures used in this study have been pre- 
viously given (4) and consist essentially of a gravimetric analytical 
technique with a spectrophotometric check run. Each solubility 
curve represents the average values from at least three runs of the 
41 samples comprising the total variation in solvent composition. 


10 U.S. Industrial Chemicals Co., New York, N. Y. 
11 Fisher Scientific Co., Fair Lawn, N. J. 
12 Mallinckrodt Chemical Works, New York, N. Y. 
1s Techne (Cambridge) Limited, Cambridge, England. 
1 4  Cary Instruments, Belmont, Mass. 
18 Mettler Instrument Corp., Hightstown, N. J. 
14 Leeds and Northup Co., Philadelphia, Pa. 
17 Sorvall, Newtown, Conn. 
18 International Business Machines, Armonk, N. Y. 
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Figure 1-Solubilities of the barbiturates noted are plotted in mil- 
ligrams per milliliter at 25" as a function of the weight percent water. 


RESULTS AND DISCUSSION 


In Fig. 1, the solubilities of barbital, phenobarbital, and methar- 
bital in milligrams per milliliter as a function of the percent w/w 
water in binary mixtures are presented. The solubility curves show 
maxima at 10% w/w water for phenobarbital and 15% w/w water 
for barbital. Metharbital, on the other hand, shows a maximum at 
15% w/w water and a shoulder at 35% w/w water. These values 
lead to DR (dielectric requirement) values of 29.0 for phenobarbital, 
30.6 for barbital, and 30.6 and 41.3 for metharbital, respectively. 
The values for barbital and phenobarbital agree with those pre- 
viously given (5-7). 


The basic correlation of the interpretation of solubility phenomena 
in terms of dielectric constants is substantiated by considering 
Khalil and Martin's (5) value for barbital. The value of the solu- 
bility parameter is given as approximately 13.5 in their excellent 
work on model membranes. The DR of barbital in this present 
study was found to have a value of 31, which gives a solubility 
parameter value of 13.7 from a previously presented relationship 
(6),  which has been modified slightly and presented in another 
communication (8). 


Further, Khalil and Martin ( 5 )  obtained a value for the solubility 
parameter of salicylic acid as 10.8, which coincides well with the 
value of 10.5 derived on a dielectric constant basis (8). 


It is interesting to note the nature of these curves, since a cross- 
over occurs in the magnitude of solubility. Barbital is seen to have 
greater solubility than phenobarbital over a wide range of polarity, 
i.e., dielectric constant values of 33 to 78, whereas phenobarbital 
has greater solubility in the range of 24 to 33. These three bar- 
biturates have been grouped together for convenience, since these 
materials possess a DR and approximately the same duration of 
action. The solubility of these substances varies about 5-13"/, w/v 
in pure alcohol to the maxima. The solubility of these substances 
are summarized in Table 11. 


In the case of metharbital, it is noted from Fig. 1 that the 
addition of a methyl group to the Rs position of the molecule 
dramatically reduces the maximum solubility as compared to 
barbital with a hydrogen at  this position. A DR is observed at 30.6 
and a solubility at this point of 51.2 mg./ml. It is also seen that a 
shouldering effect, unique to this derivative, is observed in the range 


of 40-44 in terms of dielectric constants. The pharmacological 
activity of this derivative is also unusual in that it not only produces 
sedation but possesses anticonvulsant properties. 


A brief consideration of the chemical structure of the metharbital 
molecule will also yield some unusual characteristics relative to the 
nonmethylated analogs. It has been reported (9) that the barbituric 
acid derivatives undergo enol-keto tautomerism. Molecules devoid 
of alkyl substituents on the nitrogen atoms can provide a maximum 
of two (N-H) hydrogen atoms which would be available for con- 
tribution to monoenolized and dienolized structures with the three 
neighboring carbonyl groups. 


Scheme Ia illustrates the three possible dienolized structures as 


H 
1 P 


11 it 
-0 OH 


\ 
OH 


\ 
OH 


a-derivatives devoid of N-alkyl substituents showing only the 
dienol combinations 


b -N-alkyl derivatives showing all possible combinations of enol 
species 


Scheme Ia,b--Em-keto tautomerism of the barbituric acid dericatives 


well as the keto form. It is noted from this illustration that the 
carbonyl group at carbon-2 has twice the number of chances of 
becoming enolized as those at carbon-4 or 6, due to its vicinal posi- 
tion to both nitrogen atoms. Metharbital, on the other hand, has 
only one (N-H) hydrogen available. With the methyl group on the 
nitrogen at position-3, only two possible monoenolized species 
can form, as shown in Scheme Ib. Other effects being equal, the 
chances of the carbonyl group at position-2 or 6 being converted 
to the enol form are equal. 


Tautomerism is not a static situation where tautomeric species of 
molecules exist in only keto or enol forms, but rather it is a dynamic 
equilibrium where active hydrogen atoms are rapidly interchanging 
between the various species. 


It may be possible that the limitations imposed on the tautomer- 
ism of the metharbital molecule by the N-methyl group could 
cause the shouldering effect on the solubility profile. A second 
possibility for this unusual behavior for a barbiturate derivative is 
that the polarity of the various tautomeric forms is different. The 
assay procedure, not being specific for any particular species of 
this molecule, would detect the cumulative solubility of all the var- 
ious species present. 
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Table 11-Summary of the Solubility of the Barbiturate Noted 
in Ethanol-Water Mixtures in Milligrams per Milliliter at 25" 
as a Function of w/w Percent Water and Dielectric Constant 


w-- Solubility, mg./ml.--- --. 
w/w Dielectric Pheno- Methar- 
Water Constant, e Barbital barbital bital 


0.0 
2.5 
5.0  
7.5 


10.0 
12.5 
15.0 
17.5 
20.0 
22.5 
25.0 
27.5 
30.0 
32.5 
35.0 
37.5 
40.0 
42.5 
45.0 
47.5 
50.0 
52.5 
55.0 
57.5 
60.0 
62.5 
65.0 
67.5 
70.0 
72.5 
75.0 
77.5 
80.0 
82.5 
85.0 
87.5 
90.0 
92.5 
95.0 
97.5 


100.0 


24.3 
25.5 
26.5 
27.6 
29.0 
29.7 
30.6 
31.5 
32.7 
33.8 
34.7 
36.4 
37.5 
38.6 
39.8 
41.3 
42.8 
44.2 
45.7 
47.5 
49.0 
50.5 
52.0 
53.6 
55.4 
57.0 
58.4 
60.0 
61.7 
63.3 
6 4 . 5  
66.1 
67.5 
68.9 
70.2 
71.7 
73.2 
74.5 
75.7 
77.1 
78.5 


92.3 
98.6 


103.1 
110.0 
113.3 
118.3 
120.7 
117.2 
112.5 
107.7 
100.1 
94.3 
90.2 
85.1 
80.8 
75.6 
70.0 
66.3 
60.2 
56.5 
51.6 
47.7 
43.1 
39.2 
34.1 
30.6 
28.3 
24.1 
20.9 
17.1 
15.6 
14.2 
13.3 
12.5 
11.1 
10.1 
9.0 
8.0 
7.5 
7.4 
7.3 


118.4 
122.6 
127.8 
131.1 
132.3 
130.6 
126.4 
120.6 
112.3 
104.0 
97.7 
90.2 
82.4 
78.2 
70.3 
62.1 
52.0 
46.6 
41.1 
36.3 
30.6 
25.4 
21.2 
18.0 
15.0 
11.5 
10.0 
7.9 
6.2 
5.1 
4.5 
4.0 
3.0 
2.7 
2.5 
2.3 
1.9 
1.7 
1.5 
1.3 
1.2 


41.9 
43.7 
46.1 
47.9 
50.0 
50.7 
51.2 
50.9 
50.3 
49.3 
48.0 
46.0 
44.7 
43.4 
39.0 
36.6 
36.2 
33.4 
28.9 
26.2 
23.5 
21.2 
18.7 
16.2 
14.0 
12.1 
10.2 
8.6 
7.4 
6.3 
5.3 
4.5 
4.0 
3.5 
3.2 
2.9 
2.7 
2.5 
2.3 
2.2 
2.0 


The solubility data for butabarbital are found in Table 111. Figure 2 
represents the isothermal data graphically as solubility in milligrams 
per milliliter as a function of solvent composition. This molecule is 
identical to barbital with the exception of the ethyl group on the 
Rz position, which is replaced with a sec-butyl group. The addition 
of these two carbon atoms decreased the solubility over the entire 
range of the solvent composition. 


Reber and Pathamanon (10) have determined the solubility of 
vinbarbital in ethanol-water mixtures. A tabulation of values de- 
rived from smoothing their data is found in Table 111 and plotted 
in Fig. 2, as described previously. This particular derivative has a 
fifth carbon atom and an olefinic bond added to the substituent at 
the Rz position of the butabarbital molecule. 


For the purpose of obtaining the solubility profiles for vinbar- 
bital, special treatment of the data presented by Reber and Path- 
amanon (10) was necessary. Their profile consisted of 11 pieces of 
data, only one of which corresponded to an exact solvent composi- 
tion used in this study. It was necessary, therefore, to analyze 
their data and determine the apparent solubility of vinbarbital 
in each of the 41 solvent systems employed for the remaining com- 
pounds. Rather than arbitrarily picking points off a plot of their 
data, the data were subjected to a polynomial regression. A previ- 
ously compiled and published digital computer program (11) was 
employed in double precision. This program is based on a mathe- 
matical method presented by Ostle (12). The coefficients of an 
eighth-degree polynomial, representing the best fit of a curve to the 


data of Reber and Pathamanon (lo), were computed. From this 
equation, the apparent solubilities of vinbarbital in hydroalcoholic 
solvents of identical composition to those used in this study were 
calculated. It is suggested by Ostle (12) that this particular method 
is not valid for data presented in uneven increments of the inde- 
pendent variable. However, it is felt that the published solubility 
data for vinbarbital closely approximate even increments of solvent 
composition and, therefore, a close approximation of the true 
equation describing the data should be rendered by this method. 
A comparison of the original data in Table IV may be made with 
the values computed by this method which are found in Table 111. 


Amobarbital, the third of the intermediate-acting barbiturates of 
this group, is also illustrated in Fig. 2. However, in this case, the 
solubility curve rises asymptotically toward a maximum value in 
pure ethanol. The DR would presumably have a value of about or 
less than the dielectric constant of pure ethanol, i.e., 24.3. The 
solubility data for these compounds are given in Table 111. 


Three barbiturates of short to ultrashort duration were also 
studied. Pentobarbital, the 5-ethyl-5-(l-methyl butyl) derivative of 
barbituric acid, showed a solubility curve also running asymptot- 
ically toward pure alcohol. Again, it would be assumed that the 
DR would be about 24.3, that being the value for pure ethanol. 
Although there is a discrimination between amobarbital, the 5- 
ethyl-5-isopentyl derivative, and pentobarbital based on duration 
of action, both possess similar solubility curves and magnitudes of 
solubility. Certainly, there is considerable overlap in the duration 


Table III-Summary of the Solubility of the Barbiturate Noted 
in Ethanol-Water Mixtures in Milligrams per Milliliter a t  25" 
as a Function of wlw Percent Water and Dielectric Constant 


-Solubility, mg./ml.- 7 


w/w Dielectric Butabar- Vinbar- 
Water Constant, e Amobarbital bital bital 


0.0 
2.5 
5.0 
7.5 


10.0 
12.5 
15.0 
17.5 
20.0 
22.5 
25.0 
27.5 
30.0 
32.5 
35.0 
37.5 
40.0 
42.5 
45.0 
47.5 
50.0 
52.5 
55.0 
57.5 
60.0 
62.5 
65.0 
67.5 
70.0 
72.5 
75.0 
77.5 
80.0 
82.5 
85.0 
87.5 
90.0 
92.5 
95.0 
97.5 


100.0 


24.3 
25.5 
26.5 
27.6 
29.0 
29.7 
30.6 
31.5 
32.7 
33.8 
34.7 
36.4 
37.5 
38.6 
39.8 
41.3 
42.8 
44.2 
45.7 
47.4 
49.0 
50.5 
52.0 
53.6 
55.4 
57.0 
58.4 
60.0 
61.7 
63.3 
64.5 
66.1 
67.5 
68.9 
70.2 
71.7 
73.2 
74.5 
75.7 
77.1 
78.5 


219.6 
217.1 
213.4 
210.3 
205.6 
196.6 
191.9 
182.2 
172.1 
160.1 
145.8 
137.5 
123.6 
110.9 
104.2 
88.2 
81.0 
67.0 
62.3 
51.8 
40.0 
33.4 
25.5 
19.5 
16.4 
11.2 
9.6 
7.8 
7.4 
5.3 
2.6 
2.2 
1.7 
1.2 
1.1 
0.96 
0.84 
0.70 
0.68 
0.64 
0.56 


84.0 
85.9 
87.9 
89.3 
90.1 
90.6 
89.6 
88.5 
85.9 
82.6 
79.2 
73.4 
68.6 
63.6 
58.6 
53.7 
48.2 
43.0 
38.4 
33.4 
29.4 
24.8 
21.1 
17.7 
14.5 
11.9 
9.6 
7.5 
6.4 
4.8 
3.7 
2.9 
2.4 
2.0 
1.7 
1 . 5  
1 .4  
1.2 
1.1 
1 .o 
0.9 


62.3 
62.7 
63.1 
63.3 
63.0 
62.2 
61 .O 
59.2 
56.9 
54.2 
51.3 
48.1 
44.8 
41.3 
37.9 
34.4 
31.1 
27.8 
24.7 
21.8 
19.0 
16.4 
14.0 
11.8 
9.8 
8.1 
6.6 
5.3 
4.2 
3.3 
2.6 
2.1 
1.7 
1.4 
1.2 
1.1 
1 .o 
0.9 
0.8 
0.7 
0.7 
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Table IV-Summary of the Solubility of Vinbarbital in 
Ethanol-Water Mixtures in Milligrams per Milliliter a t  25 O 


as a Function of w/w Percent Water (10) 


wlw 7z Solubility, 
Water mg./ml. 


0.16 62.3 
7.56 63.3 


20.96 55.8 
28.77 46.6 
38.62 32.8 
48.85 20.20 
58.26 11.38 
67.62 5.03 
79.87 1.76 
90.20 0.96 


100.00 0.71 


of sedative effect for these materials; however, although amobar- 
bital has an intermediate duration, it is closer to short-acting pento- 
barbital (especially chemically) than it is to intermediate-acting 
vinbarbital and butabarbital. 


The following two compounds to be discussed differ from the 
previously mentioned derivatives, because the oxygen at the R4 
position has been replaced with a sulfur atom in the ultrashort- 
acting thiamylal and thiopental. The effect of this substitution may 
decrease the polarity of the molecule from its oxy-analog. On the 
electronegativity scale, the value for the oxygen atom is 1 unit higher 
than those for the sulfur and carbon atoms which are approximately 
equal. Thus, the chemical bond between the oxygen at the Rq 
position and the adjacent carbon atom may be more polar in char- 
acter than the similar situation with the sulfur atom. 


Aside from this substitution, the chemical structure of thio- 
pental varies from barbital by a 1-methylbutenyl group replacing 
an ethyl substituent on the Rz position. 


Table V and Fig. 3 tabulate and graphically illustrate the 
solubility data for thiopental, in the manner previously described. 


The ultrashort-acting barbiturate thiamylal is similar in chemical 
structure to thiopental, with the exception of an ally1 substituent 
replacing an ethyl group in the R1 position. Data for this derivative 
are found in Table V. A plot of these data, in the usual fashion, is 
represented in Fig. 3. This curve is unique in that no maximum is 
observed, but the solubility profile rises sharply toward pure 
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2 100 m 


2 80 
v) 


60 


40 


20 


I- 
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0 10 20 30 40 50 60 70 80 90 100 
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Figure 2-This plot parallels that for Fig. 1 for the barbiturates 
noted. 


Table V-Summary of the Solubility of the Barbiturate Noted 
in Ethanol-Water Mixtures in Milligrams per Milliliter at 25" 
as a Function of wlw Percent Water and Dielectric Constant 


-Solubility, mg./ml.- 
w/w Dielectric Pentobar- 
Water Constant, E bital Thiopental Thiamylal 


0.0 
2.5 
5 .O 
7 .5  


10.0 
12.5 
15.0 
17.5 
20.0 
22.5 
25.0 
27.5 
30.0 
32.5 
35.0 
37.5 
40.0 
42.5 
45.0 
47.5 
50.0 
52.5 
55.0 
57.5 
60.0 
62.5 
65.0 
70.0 
72.5 
75.0 
77.5 
80.0 
82.5 
85.0 
87.5 
90.0 
92.5 
95.0 
97.5 


100.0 


24.3 
25.5 
26.5 
27.6 
29.0 
29.7 
30.6 
31.5 
32.7 
33.8 
34.7 
36.4 
37.5 
38.6 
39.8 
41.3 
42.8 
44.2 
45.7 
47.4 
49.0 
50.5 
52.0 
53.6 
55.4 
57.0 
58.4 
61.7 
63.3 
64.5 
66.1 
67.5 
68.9 
70.2 
71.7 
73.2 
74.5 
75.7 
77.1 
78.5 


250.4 
250.4 
246.2 
243.3 
236.1 
226.4 
218.6 
208.8 
193.1 
180.4 
169.3 
157.1 
137.1 
123.4 
110.6 
98.3 
85.0 
72.0 
62.5 
51.0 
40.0 
34.5 
31.3 
24.3 
20.6 
15.5 
13.2 
10.3 
7.8 
5.5 
4.0 
3.1 
2.7 
2.1 
1.7 
1.4 
0 .9  
0 . 6  
0 .5  
0 .5  


56.3 
62.3 
74.2 
97.1 
94.9 
86.6 
79.9 
71.6 
63.7 
55.4 
50.4 
41.1 
36.3 
31 . O  
38.0 
23.5 
18.8 
16.3 
14.0 
11.2 
9.1 
7.3 
5.4 
4.5 
3.2 
2.4 
2.0 
0.9 
0 . 7  
0.5 
0.30 
0.28 
0.23 
0.19 
0.17 
0.15 
0.12 
0.11 
0.09 
0.08 


160.8 
149.9 
135.4 
124.6 
112.7 
102.0 
93.2 
82.3 
71.8 
61.9 
54.9 
43.3 
37.7 
32.3 
28.7 
23.1 
18.1 
15.4 
13.0 
10.3 
8 .2  
6.5 
4.7 
3.4 
2.5 
1.96 
1.41 
0.73 
0.51 
0.35 
0.23 
0.19 
0.15 
0.12 
0.10 
0.09 
0.07 
0.06 
0.06 
0.05 


ethanol, having a dielectric constant of about 24.3. This would 
indicate that a DR of less than 24.3 would exist for this compound. 


It was noted in the case of all the barbituric acid derivatives that 
some portion of the solubility isotherm possessed a fair degree of 
linearity relative to the solvent composition. The rates calculated 
as the slopes of the straight line best representing these approximately 
linear sections are summarized in Table VI, along with the ranges in 
solvent composition in which this relationship is valid. 


The limits of solvent composition, within which these rates are 
operative, lie well within the range of pharmaceutical interest. It 
might be assumed then that there would be some pharmaceutical 
formulation advantages in this information. 


It would be pertinent then to consider the changes in solubility 
produced by altering the substituent groups on the barbital mole- 
cule in a relative manner where barbital is used as the standard of 
comparison. 


The ratios computed in this manner for metharbital are shown 
and the data plotted as a function of w/w percent water in Fig. 4. 
It can be seen in this illustration that the magnitude of solubility of 
metharbital is substantially lower than that of barbital over the 
entire range of solvent composition. The peak observed between 30 
and 40z water by weight corresponds to the shoulder on the solu- 
bility profile. An inflection on this curve may be observed at 15% 
w/w water, which corresponds to the maximum solubility of both 
metharbital and barbital. 


Phenobarbital, on the other hand, produces an interesting spec- 
trum of values, wherein at low polarities the ratio is greater than 


1310 0 Journal of Pharmaceutical Sciences 







240 
PENTOBARBITAL 


200 


180 


. 160 
140 


G 
!z 120 A 
m 
3 100 
$ 


80 


60 


40 


20 


\ -  T H I r n L  


- I \  


0 10 20 30 40 50 60 70 80 90 100 


Figure 3-Solubilities of the noted barbiturates are illustrated as 
described in Fig. 1. 


unity and is isodielectric at 20% w/w water. The fair degree of 
linearity for the ratio curve up to about 70% w/w water implies a 
unique discriminatory effect due to the phenyl substituent in the 
incremental polarity shifting due to the varying aqueous content. 
This would seem to support the concept of a continuous polarity 
spectrum in ethanol-water mixtures possessing constant forces of 
interaction or dissolution. The approximate slope for this line is 
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Figure &Ratio of the solubility of phenobarbital and metharbital 
relative to barbital (defied as unity) is given as a function of the 
weight percent water. 
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Figure 5-This plot parallels that of Fig. 4 for amobarbital, buta- 
barbital, and vinbarbital. 


1.4 X change in water by weight. Thus a 10% change in 
water content from 10 to 20% would decrease the ratio by 0.14. 
In Fig. 5 ,  the ratio curves for amobarbital, butabarbital, and 


vinbarbital are shown. These three curves are similar in that there 
is an inflection point at about 15% w/w water and again, as ex- 
pected, the curves converge from about 70-100Z w/w water. Amo- 
barbital also possesses an isodielectric point at 42.5 % w/w water. 
In Fig. 6, the ratio curves are given for pentobarbital, thiamylal, 
and thiopental. Pentobarbital shows an inflection point at about 
20% w/w water and an isodielectric point at 45% w/w water. A 
very large change in the ratio is seen, from a 270% increase in pure 
ethanol due to the 1-methyl butyl group to about a 300% reduction 
in pure water. This ninefold change in solubility ratio varies non- 
linearly throughout the intermediate range. 


The ratio curves for thiamylal and thiopental are also interesting, 
the “spike” for thiopental due to the sharp maximum in the solu- 
bility profile. Further, the convergence of these plots extends over a 
very wide spectrum of concentration values, i.e., 30-100X w/w 
water. 


To attempt to collate this information in a coherent fashion, 
the solubility values in pure water, pure ethanol, and at  the DR 
(where applicable) were considered. 


In Table VII, a summary of the duration and onset of action (13, 
14) is shown for the compounds in this study, as well as the perti- 
nent characteristics of the solubility profiles. 


Table VI-Summary of Rates of Change in Solubility in 
Milligrams/Percent w/w Water, Calculated from the Linear 
Portion of the Solubility Profiles 


Rate in 


w/w Water 
Range in % mg./% 


Barbital 15.0-55.0 -1.8 


Metharbital 20.040.0 -1.0 
Butabarbital 20.0-55.0 -1 .9  
Vinbarbital 20.060.0 - 1 . 2  
Amobarbital 15.0-50.0 -4.4 
Pentobarbital 10.0-50.0 -5.0 
Thiopental 10.0-30.0 -3 .0  
Thiamylal 0 .0-30.0 - 4 . 0  


Derivative w/w Water 


Phenobarbital 15.0-50.0 -2.9 
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Table M-Summary of the Dielectric Requirement (DR), the Solubilities in Absolute Ethanol, in Water, and at the Dielectric 
Requirement in Milligrams per Milliliter, as a Function of the Duration and Onset of Action 


Onset of Solubility Solubility Solubility 
Duration of Action- 7 Action in Ethanol, at DR, in Water, 


Derivative Reference 13 Reference 14 Reference 13 DR mg./ml. mg./ml. mg./ml. 


Barbital Long Long 30-60 min. 30.6 92 121 7 . 3  
Metharbital Long Long 30-60 rnin. 30.6 42 51 2 . 0 0  
Phenobarbital Long Long 20-40 min. 29.7 118 132 1.20 
Butabarbital Intermediate Short to 20-30 min. 29.7 84 91 0.86 


Vinbarbi tal Inter mediate Short to 20-30 min. 27.6 62 63 0.70 


Amobarbital Intermediate Short to 20-30 min. 24.3 219 219 0.56 


Pentobarbital Short Short to 20-30 min. 24.3 250 250 0.50 


intermediate 


intermediate 


intermediate 


intermediate 
Thiopental Ultrashort Ultrashort 30 sec. 21.6 56 97 0 .08  
Thiamylal Ultrashort Ultrashort 20-60 sec. 24.3 161 161 0.05 


Table VIII-Summary of the Therapeutic Action, and the Ratios of the Solubility in Ethanol and at the Dielectric 
Requirement (DR) to the Solubility in Water 


Derivative 
Duration 


(Reference 13) 
Onset Sol. in Ethanol Sol. a t  DR 


(Reference 14) Sol. in Water Sol. in Water Group 


Barbital 
Metharbital 
Phenobarbital 
Butabarbital 
Yinbarbital 
Amobarbital 
Thiopental 
Thiamylal 
Pentobarbital 


LOW 
Long 
Long 
Intermediate 
Intermediate 
Intermediate 
Ultrashort 
Ultrashort 
Short 


30-60 min. 
30-60 min. 
20-40 min. 
20-30 min. 
20-30 min. 
20-30 rnin. 
30 sec. 
20-60 sec. 
20-30 min. 


12 
21 
98 
98 
88 


390 
670 


2300 
500 


91 11 
390 


1200 
2300 
500 


The onset of action for all the compounds listed is after the 
oral dose except with thiamylal and thiopental which are given 
intravenously. Intravenous administration of barbiturates other than 
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Figure &This plot parallels that of Fig. 4 for pentobarbital, thio- 
pental, and thiarnylal. 


% w/w WATER 


thiamylal and thiopental would have an onset of action about 3-5 
rnin., with barbital and phenobarbital at the upper value and the 
others at the lower. The DR’s for these compounds shift to lower 
values as the duration of action decreases, indicating greater lipo- 
philicity for the ultrashort barbiturates. The solubilities of these 
compounds in pure ethanol, pure water, or at the DR show no 
discernible pattern relative to direction and magnitude. 


It was thought, however, that some sort of approximate correla- 
tion should exist relative to the pharmacological parameters and 
physical properties, although this relationship is undoubtedly 
complex (13). In Table VIII, the ratios of the solubilities of these 
compounds in pure ethanol and at the DR relative to water are 
shown. For compounds with a long duration of action, these ratios 
have values of about 10 to 100. However, if phenobarbital is omitted, 
the ratios vary from about 10 to 25. For the compounds listed as 
intermediate in action, these ratios vary from about 100 to 400 for 
butabarbital through amobarbital. Again, overlapping is suggested 
by these values since amobarbital is substantially greater than 
either butabarbital or vinbarbital. For those barbiturates possess- 
ing short or ultrashort action, the ratios are substantially larger, 
ranging in value from 500 to 2300, which indicates relatively greater 
lipophilicity for these substances. Since amobarbital is closer to 
pentobarbital in the properties of the solubility curves, they might 
also be considered in a given group. 


Thus, a classification scheme for the barbiturates might be con- 
sidered from both points of view, i.e., pharmacological values and 
physical measurements. The last column of Table VLII breaks 
down the nine barbiturates in this study into three groups denoted 
by a Roman numeral. Although this type of classification would 
be very limited, it would provide a means by which exact and simple 
physical measurements could place a compound in the appropriate 
pharmacological range. 


This correlation is rather good in view of the nature of the sol- 
vents. Such a relationship might be expected with pure water and 
ethanol which anchor the ends of the spectrum of solvent composi- 
tion. Between these end-points, however, nonideal solvents are 
involved; this cosolvency phenomenon produces solubilities that 
deviate from those which may be expected of ideal solutions. 


It may be conjectured that the magnitude of these ratios are an 
indication of the extent to which these compounds become con- 
centrated in the less polar biological fluids. Thus, the derivatives 
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possessing a higher ratio, i.e., thiopental and thiamylal, become con- 
centrated to a higher degree in the body lipids than do barbital or 
metharbital and might be expected to be ultrashort acting. 


In considering these solubility data in total, an approximate cor- 
relation has been observed between the lipophilic nature of the 
various barbiturate analogs and their therapeutic action. One must 
view this study with proper perspective in relation to the numerous 
other physical and chemical properties as well as the various bio- 
pharmaceutical parameters which all contribute to the variation 
in the final therapeutic activity possessed by the members of this 
series. The net result of the complex interaction of these and other 
factors determines the type and degree of the pharmacological 
activity involved. 


The underlying concept of the pH-partition hypothesis as an 
approximate model would seem to be confirmed. However, such 
phenomena as binding, detoxification, active or passive diffusion, 
and complexation would play important roles in biologicaI read- 
outs which were not patternized or aberrant in behavior. 


It is anticipated that severat studies on the barbiturates and sub 
fonamides relative to solubility and partitioning will be undertaken in 
these laboratories and will be the subject of future communications. 
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Metabolism and Excretion of Chromonar 
and Its Metabolite in Dog and Man 


YVONNE C. MARTIN and RONALD G. WIEGAND 


Abstract 0 A simple method for the detection of chromonar and 
its acid metabolite by fluorescence techniques is described. Follow- 
ing oral or intravenous administration, chromonar is rapidly 
hydrolyzed to its metabolite, the corresponding acid. No further 
metabolism is observed. The metabolite distributes according to a 
single-compartment model. The plasma half-life is 1 hr. in man and 
dog. Excretion of the metabolite into the bile accounts for approxi- 
mately 25z of the dose, and excretion into the urine accounts for 
the remainder. 


Keyphrases 0 Chromonar-metabolism, excretion 0 Metabolite, 
chromonar-in uitro, in uiuo determination Blood levels, chro- 
monar and acid metabolite-human, dog 0 Excretion-chromonar 
acid metabolite 0 TLC-separation, identification 0 Fluorometry 
-analysis 


~ ~~ 


The coumarin compound chromonar is used for the 
treatment of angina pectoris in Germany and Japan. 
The early report by Klarwein and Nitz (1) demonstrated 
that when the drug comes in contact with biological 
tissues, it is rapidly hydrolyzed to the corresponding 
acid (Scheme I), which exists as a zwitterion at the pH 


1 3-(~-Diethylamino-ethyl)-4-methyl-7-carbethoxy-methoxy-2-oxo-(l,- 
2-chromene). Also known as Cassella 4489, Abbott-27053, and Inten- 
sain hydrochloride. Chromonar is marketed by the Cassella Co. of 
Germany. 


of the blood and urine. The present authors, therefore 
expected that the tissue distribution and further me- 
tabolism of the compound would be minimal and that 
the study of plasma and urine concentrations of the 
acid metabolite at various times after dosage would 
provide the information necessary to assess the way 
that chromonar is handled by the body. 


II chromonar 0 
3. 
CH, 


0 
acid metabolite 


Scheme I-Metabolism of Chromoriar 
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The results show that mefruside does possess renal hemodynamic 
properties but that they are not similar to the renal hemodynamic 
properties of furosemide. Furosemide decreases renal vascular re- 
sistance and thereby enhances renal blood flow (2-5). In contrast, 
mefruside (10 mg./kg. i.v.) increases renal vascular resistance and 
thereby decreases renal blood flow. The effect of mefruside on 
renal blood flow is more like that of the thiazide agents which 
also increase renal vascular resistance and decrease renal blood flow 
(2, 8). 
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l-(3,4-Dimethoxyphenyl)-2-propanol Effect on Conditioned 
Avoidance Response in the Rat 
C. F. BARFKNECHT, J .  M. MILES, and J. L. LESENEY 


Abstract IJ The compound, I-(3,4-dimethoxyphenyl)-2-propanol, 
was found to prolong latency times initially in a conditioned 
avoidance response test in rats. It was found to be a CNS de- 
pressant in mice. The structural implications of this action, plus 
the relationship between 1-(3,4-dimethoxyphenyl)-2-propanol and 
psychotomimetic amphetamines, are discussed. 


Key phrases 0 1 -( 3,4-D i methoxyp heny 1)-2-propanol-eff ect on 
conditioned avoidance response, rat 0 Psychotomimetic agents- 
3,4-dimethoxyamphetamine oxygen analog, pharmacological screen- 
ing 


The literature contains a report indicating that the 
oxygen analog of mescaline, namely, 3,4,5-trimethoxy- 
phenylethanol (TE), may be psychotomimetic (1). 
TE was isolated as a product of mescaline metabolism. 
When it was injected intravenously into rabbits, a mild 
mescalinelike action was observed. 


In structure-activity relationship studies on niesca- 
line, certain methoxylated amphetamines were found to 
be more potent than mescaline (2). If conversion from 
P-phenylethylamine to phenylisopropylamine can en- 
hance the potency of psychotomimetics, then a similar 
logic possibly could be applied to the oxygen analogs of 
these psychotomimetics. One could anticipate that any 
mescalinelike actions would be more pronounced in 
1 -phenyl-2-propanols than in 2-phenylethanols. This 
paper reports the results of a study on the effect of 
1-(3,4-dimethoxyphenyl)-2-propanol (DP), which is the 
oxygen analog of the psychotomimetic agent 3,4-dime- 
thoxyamphetamine, on conditioned avoidance response 
(CAR) in the rat. 


RESULTS AND DISCUSSION 


Although the synthesis of DP was reported in the literature (3), 
no pharmacological information on the compound could be found. 


Initially the effect of DP on CAR in rats was studied. The evalua- 
tion of drug action on CAR has been exploited widely. This tech- 
nique has been especially valuable for the evaluation of psychoto- 
mimetics (4). 


To determine whether DP is producing an effect similar to mes- 
caline or 3,4-dimethoxyamphetamine (3,4-DMA), the effects of 
these drugs at various dosages on a running response in conditioned 
male rats were determined. Each drug was given in three dosage 
levels (“effective dose,” one quarter the effective dose, and four 
times the effective dose) to groups of six rats. Figures 1 and 2 show 
the mean reaction time for each trial during the dIug sessions for 
each dosage level of mescaline and 3,4-DMA. That the profile of 
3,4-DMA is not completely analogous to mescaline may be due to 
the amphetamine structure present in 3,4-DMA. CNS stimulation 
caused by amphetamine would be expected to counteract the in- 
creased reaction times. Figure 3 shows the enhanced performance 
caused by amphetamine sulfate relative to placebo. The lower dose 
was more effective. 


Since 3,4-DMA is expected to be a poorer stimulant than am- 
phetamine itself (i.e., require a much larger dose to cause the same 
effect), the greatest variation from the mescaline profile would be 
expected at the higher doses. The large variation between reaction 
times of adjacent trials is observed in both mescaline and 3,4-DMA, 
which suggests that this is a characteristic feature of the behavior 
disruption caused by these agents. 


Figure 4 shows the effects of DP. The overall profile of the drug 
session is substantially different from any of the other drugs tested. 
When it became clear that DP was different, it was subjected to a 
more conventional pharmacological screening. In mice intraperi- 
toneally it was a CNS depressant [ED&leep) = 150 mg./ke; 
LDSu = 650 mg./kg.] (5 ) .  This pharmacological action of DP is 
not unexpected in light of the report that acetophenones and other 
phenones and their corresponding alcohols exhibit depressant 
effects (6). Thus, DP may be viewed as a structural isomer of these 
phenones and alcohols. 


The data presented here suggest that a reevaluation of the phar- 
macological effects of TE is required.’ A detailed study of the struc- 
ture-activity relationships and the mechanism of action of ring- 
substituted phenyl-2-propanols, phenyl-Zpropanones, and chemi- 


’Preliminary, unpublished studies indicate that TE has a CNS- 
depressant effect, EDm(s1eep) > 650 mg./kg. i.p. in mice. 
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Figure 1 -Effect ofmescaline hydrochloride on CAR. Doses (bottom 
to top) were 6.3, 25, and 100 mg./kg., respectively. The horizontal 
lines at 5.0 sec. for each dose sepuratc. avoidance (<5  sec.) und non- 
avoidance (>5  sec.) of shock. 
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Figure 2-Effect of 3,4-dimethoxyamphetamine hydrochloride on 
CAR. Doses (bottom to top) were 3.1, 12.5, and 50 nig./kg., re- 
spectively. 
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Figure 3-Effect ofplacebo (0.9 
amplic~tuniine surfate at I and 4 nig./kg., respectively, on CAR. 
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Figure 4-Effect of I-(3,4-dimetl~oxy~~lii~11yl)-2-pr~punol at 3. I and 
12.5 mg./kg., respectively, on CAR. 


cally related compounds is underway and will be the subject of a 
future communication. 


EXPERIMENTAL 


An A-584 automatic shuttlebox system2 was used to measure a 
running response in male, 70-100-day-old, hooded rats. 


Training-Each animal was required to cross from one side to the 
other in response to a conditioned stimulus (a buzzer, 5 sec.). At the 
end of this time, the unconditioned stimulus (electric shock, 1.0 
mamp., maximum time = 15 sec.) was administered if the animal had 
failed to cross. The trial ended when the animal made the cross or 
when a total of 20 sec. had elapsed. After a 40-sec. intertrial interval, 
the sequence was repeated. Each rat received 20 trials per day until 


2 Lafayette Instrument Co., Lafayette, Ind. 
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it attained 90% avoidance of unconditioned stimulus on that day or 
until it had received 200 trials. Rats failing to reach the criterion 
were discarded. Those attaining 90% avoidance were dosed with 
drugs (randomly selected) the following day. 


Drug Session-The day following attainment of criterion the rat 
was injected with a saline solution of a drug intraperitoneally and 
immediately placed in the shuttlebox. A series of 140 trials was 
given, and the data (escape or avoidance and reaction time) were 
automatically recorded. With the exception of extremely unruly 
subjects, the rats were completeiy isolated during the entire drug 
session. After the drug day, the rats were discarded. 


Some animals died during the drug sessions with mescaline 
hydrochloride at 25 mg./kg. (after Trials 77, 87, and 97) and at 100 
mg./kg. (after Trials 60, 61, and 68), and with 3,4-DMA hydro- 
chloride at 12.5 mg./kg. (after Trial 53) and at 50 mg./kg. (after 
Trials 66, 67, and 73). The animals were not considered in the com- 
putation of mean reaction times after death. 
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Preparation of Ethyl Diphenamate in 
Ethanol Using Potassium Diphenimide 
and 2-Chloroethanol 


Keyphrases 0 Ethyl diphenamate-synthesis 0 N-(2-Hydroxy- 
ethyl)-diphenimide synthesis-literature correction 0 NMR 
spectroscopy-structure 


Sir: 


The preparation of N-(2-hydroxyethyl)-diphenimide 
(111, Scheme I) was reported in 1952 by Demers and Jen- 
kins (1). The approach taken in preparing this com- 
pound involved the reaction of potassium diphenimide 
(I) with 2-chloroethanol (11) in ethanol (1). Since this 
route of synthesis had been used successfully by Moore 
and Rapala (2) in the preparation of a series of dialkyl- 
aminoalkyl phthalimide derivatives, it appeared un- 
likely that a product other than that reported (111) 
would be obtained. Elemental nitrogen analysis of 
Compound I11 reported by these workers was well 
within experimental error. 


In 1963, Jenkins et al. (3) reported that during the 
attempted synthesis of a series of dialkylaminoalkyl 
diphenimide hydrochloride salts, using a similar pro- 
cedure to that reported by Demers and Jenkins (I), 
the corresponding hydrochloride salts of ethyl di- 
phenamate were formed rather than the diphenimide 
derivatives. The similar chemical nature of the alkylat- 
ing species in these reactions prompted us to repeat 


I 


I11 


Scheme I 


the work of Demers and Jenkins to determine if Com- 
pound I11 had actually been obtained. 


The results of our work, which we report at this time, 
shows that Demers and Jenkins did not prepare N-(2- 
hydroxyethy1)-diphenimide (111) as reported but in- 
stead obtained ethyl diphenamate (IV). 


IV 


Identification of Compound IV was established as 
follows: (a) an NMR spectrum showed peaks at 6.83- 
8.00 6 (m, 8, Ar), 6.08 6 (b.s., NH2), 4.09 6 (9, CH& 
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C O M M U N I C A T I O N S  


Lidocaine : Evidence for the 
trans-Configuration 


Keyphrases 0 Lidocaine-trans-configuration 0 NMR spectros- 
copy-structure 0 IR spectrophotometry-structure 


Sir: 


A recent communication (1) gave IR data which 
purported to show that lidocaine was an unusual 
example of an acyclic secondary amide possessing the 
cis-configuration. The bases for this spatial assignment 
were: (a) the amide I1 band situated at  a lower fre- 
quency (1494 cm.-l) than that usually associated with 
trans-amides (> 1500 cm.- I), and (b) an invariance with 
dilution of the single N-H stretching band at 3312 
cm.- I, presumably arising from cis-dimeric association. 


Entirely different conclusions were reached in re- 
cently published studies regarding spatial properties 
of some closely related acetanilides (2) and a-halo- 
acetanilides (3,4), including the immediate precursor of 
lidocaine ( 5 ) ,  2-chloro-2’,6’-acetoxylidide (I). 


The strong dependence of both the NMR spectra 
and chemical reactivity of the a-halogen on the spatial 
configuration of these anilides was amply demonstrated. 
It was shown that ortho-substituted tertiary a-halo- 
acetanilides could exist in two rotomeric forms, the 
predominant isomer, A, being spatially constituted with 
the a-methylene group cis and orthogonal to the anilide 
ring. In this configuration, the a-halogen was quite 
unreactive and its chemical properties contrasted 
sharply with the other rotomer, B, possessing the 
a-methylene group in a much less constricted en- 
vironment, i.e., trans and away from the anilide ring. 


Moreover, secondary (N-hydrogen) a-haloacetan- 
ilides were shown to be entirely constituted with the 
a-niethylene trans and away from the anilide ring; 
their NMR spectral properties and chemical reactivity 
thus closely resembled the B rotomers of the tertiary 
anilides. This was consistent with the usual trans- 


Table I-Spectral Data for Lidocaine and Related Materials 


assignment (amidic proton trans to carbonyl oxygen) 
for most secondary amides, although contrasting 
slightly with findings for similar, hindered, secondary 
a-unsubstituted acetanilides (2), where, for instance, 
2’,6’-acetoxylidide (11) is only 74% rather than all 
trans (B configuration). 


Relevant to this communication was the finding, 
substantiated in other systems (2, 6, 7), that the cis- 
or trans-spatial configuration strongly and consistently 
influenced the NMR resonance of selected groupings 
in the amide. Thus, the a-methyl or a-methylene and 
nucleophilic groups attached thereto, which were 
constituted trans and away from the aromatic ring, 
were deshielded and absorbed at  a lower field than  
rotomers that possessed the a-methylene cis and 
orthogonal to the ring. Likewise, in tertiary amides the 
N-CH3 cis to the carbonyl oxygen was upfield from 
the trans-N-CH3 group. 


Moreover, the ability to separate tertiary a-halo- 
acetanilide rotomers A and B into pure form given 
sufficient ortho-bulk (i.e., ortho-tert-butyl) provides a 
convenient means, by simple nucleophilic displacement, 
for preparing new compounds of known spatial con- 
figurations. Under controlled conditions, reactive 
rotomer B can alkylate a nucleophile many times faster 
than its equilibration to A. Thus, a new compound 
with configuration B may be prepared, and its equil- 
ibration to an equilibrium mixture of A and B may be 
observed and measured. 


Therefore, confirmation of the cis- or trans-con- 
figuration of lidocaine can be ascertained from a com- 
parison of its spectra with selected materials, including 
rotomers of known configurations. Accordingly, Table 
I compiles pertinent N M R  and IR absorptions for 
lidocaine; I; 11; the tertiary anilide homolog of lido- 
caine, N-methyl-2-diethylamino-2’,6’-acetoxylidide 
(111); 2-chloro-2’-tert-butyl-6‘-ethylacetanilide (IV); 2- 
diethyIamino-2‘-tert-butyG6’-ethylacetanilide (V); and 
the A and B forms of its N-methyl homolog, 2-di- 
ethylamino-N-methyl- 2’-  tert - butyl-6’ - ethylacetanilide 
WI). 


7 Pertinent NMR Shift 6 CCk--- 7 


0 
II 


N 4 H s  XCHzC N--(CH&H& N--(CHZCH& -Pertinent IR, cm. --I CC14*- 
Amide IIc Material Sing13 SiniIet Quartet Triplet vN-I3 


Lidocaine 
1 


IV 
V 


VI As 
VI B 


- 
3.05 
3.30 
- 
- 


3.05 
3 .29  


3.01 
4 .15  
1.71 
2.05 
2.74 
3.30 
4.05 
3.06 
2.73 
3.29 


2.62 
- 


- 


2.52  
/ 


2.69  
2.53 
2 .69  


1 .10  
- 


- 
0.80 
1 .10  - 
1 .12  
0 .81  
1.10 


3328 
3410 
3238” 


1497 
1507 
1 543e 


- - 
3424 1508 


1495 3338 
- - 


0 For NMR shifts of respective tertiary a-haloamides,.see Reference 3. t, Beckman IR 12 in dry CCh at 0.033-0.046 M. c As verified by sensitivity 
to deuteration. d Spectra of both rotomers from equilibrium mxture, 74X IIB, CDCIS; >90X IIIA. e KBr pellet. Obscure. 0 VIB was prepared from 
IIE (Reference 3) with excess diethylamine, then equilibrated in CClr over several days to about 90% VIA. 
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Examination of the tertiary anilides, 111 and VI, 
shows that the B isomer is present at equilibrium, as in 
the a-halo series, only in minor amounts; hence, sub- 
stitution of halogen by diethylamino does not produce 
any unusual change in rotomer distribution. It could 
be reasonably questioned then why such an unusual 
departure from normal trans, as recently claimed (l), 
would take place with secondary a-amino-acetanilides, 
such as lidocaine. 


The trans-tertiary amides (carbonyl oxygen cis to 
anilide ring), VIB and IIIB, as predicted, have resonance 
absorptions for N-CH3 downfield from those for 
VIA and IIIA. Moreover, the a-methylene and N- 
(CHKH,), groups also are downfield from these more 
highly shielded groups in VIA and IIIA. The resonance 
absorptions for these latter two moieties in lidocaine, 
positioned between IIIA, VIA and IIB, VIB, are of 
little use for structural determinations. Compelling, 
however, is the consistent position of the N-(CH,CH3)2 
triplet. Materials possessing the a-methylene and, 
hence, diethylamino cis and over the anilide ring have 
this moiety well within the aromatic shielding zone ( 6 )  
and therefore at a higher field (6 0.8 p.p.m.) than the 
6 1.1 observed for materials constituted with the a- 
methylene trans to the anilide ring. 


In contrast, the position of the amide I1 band does not 
appear to be a reliable criterion for spatial assignments, 
a conclusion previously reached (8). As was found for 
similar compounds (9, lo), trans-a-chloroacetanilides 
I and IV absorb very close to 1500 cm.-l, at con- 
siderably lower frequencies than the amide I1 band 
normally found in trans-a-unsubstituted acetamides. 
(Note that 11, predominately trans, has a prominent 
amide I1 barid at about 1540 cm.- l.) 


Assignment of the trans-configuration to lidocaine 
can be reconciled with the observed single, solvent 
invariant N-H stretch and lower than usual amide I1 
band by reference to the internally bonded structure 
shown for trans-lidocaine. Ample precedent for this type 
of hydrogen bonding has been noted in trans-a-halo- and 
a-alkoxy acetamides (9, lo). Such internal bonding 
could produce a single solvent invariant uN-H; 
the uN-H found for lidocaine at even 100 cm.-’ 
lower frequency than the same function in a-halo- 
substituted amides is a tribute to the strong amido- 
amino (N-H- - -N) association in this amide (1 1). 


As suggested for similar association in a-haloacet- 
anilides (9), such bonding could force an equilibrium 
shift to a wholly trans-configuration (as contrasted 
with some minor cis in materials such as 11). Finally, 
the amide I1 band near 1500 cm.-l found for lidocaine 
(and related trans-materials, I, IV, V) could arise from 
a lesser amount of intermolecular association. As 
shown earlier (lo), a-substitution and steric hindrance 
to intermolecular association cause a frequency drop in 
this band. Protonation of the amino group would lessen 
the internal bonding, and the spectral characteristics 
presumably found for lidocaine hydrochloride (1) could 
revert more closely to those of “normal” trans-amides. 


The assignment of the trans-associated structure for 
lidocaine is further strengthened by its behavior to 
vapor phase osmometric measurements in benzene. In 
this nonbonding solvent, as well as carbon tetra- 


trans-lidocaine 


chloride, lidocaine over a 0.1-0.005 M concentration 
range shows no evidence of intermolecular association 
and is strictly monomeric. In contrast, certain authentic 
cis and dimerically bonded amides such as 2-pyridone 
have been shown to give a corresponding multiple 
of its molecular weight under these conditions (12). 
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Extrinsic Optical Activity from a 
MicelIar Solution 


Keyphrases 0 Micellar solutions-extrinsic optical activity IJ Sul- 
faethidole-betaine-induced optical activity 0 Polarimetry-anal- 
ysis 


Sir: 


Extrinsic optical activities have been observed follow- 
ing the interaction of macromolecules with suitable 
small molecules (1-3) and following the interaction of 
optically active solvents with solutes (4, 5). We now re- 
port optical activity induced into a symmetrical mole- 
cule by an optically active surfactant in the micellar 
form. L- and D-N-decyl-N,N-dimethylalanine hydro- 
bromides (betaines) were used as the surfactants; their 
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February 27, 1917, the day U. S. Patent No. 644,077 
expired, a whole new vista opened to the drug industry. 
What was, and is, the best seller of all times could 
easily be classed as the wonder drug of all ages. From the 
latest available figures of the U. S. Tariff Commission,’ 
there would be over 200 tablets available for every man, 
woman, and child in the United States if all the U. S. 
yearly production was made into tablets containing 
325 mg. ( 5  gr.) of acetylsalicylic acid, more popularly 
known as aspirin. 


Aspirin has the unique standing in the medical world 
of still being the most widely used drug, even with the 


‘From 1968 preliminary report: 31,248,000 pounds of aspirin by 
U. S. production. 


advent of modern, highly potent therapeutic agents. 
Aspirin has superior qualities as an antipyretic and as a 
general analgesic, but more specifically in the relief of 
headaches, muscular pain, postoperative and traumatic 
pain, postpartum pain, dysmenorrhea, malignancy, 
colds and respiratory diseases, rheumatoid arthritis, 
acute rheumatic fever, and in the field of dental anal- 
gesia. 


With such a versatile drug, it was obvious that 
aspirin would be combined with other drugs with the 
result that a more potent and effective preparation 
would result. It is the purpose of this review to em- 
phasize the plight that continually plagues the ana- 
lytical chemist in his constant search for a truly reliable 
method of measuring the decomposition of aspirin in 
the presence of other drugs or compounds. What makes 
this problem even more acute is that aspirin is highly 
selective of the type of compounds it intimately asso- 
ciates with. In fact, if aspirin acquires even a trace of 
moisture, it begins to fall to pieces. It thus becomes a 
problem of product development to finalize a stable 
formulation that will withstand a “normal” shelflife 
under all types of adverse conditions such as humidity, 
temperature, and interreactions with other components, 
even in the solid state. 


DETERMINATION OF DECOMPOSITION OF ASPIRIN 


When aspirin was first introduced as a drug, contro- 
versies ensued almost instantaneously as to how one 
could characterize truly good aspirin. Some became ex- 
perts on detecting trace amounts of acetic acid and so 
classed the elegance of the aspirin accordingly. Even in 
those early days, the advertising agencies made the most 
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of this purely subjective classification. Very few papers 
have been presented on the quantitative determination 
of acetic acid as a decomposition product of aspirin, 
chiefly because of the known volatility of acetic acid. 
Unless the original container was completely airtight, 
one would be measuring only the residual acetic acid, 
which would not be representative of the total acetic 
acid formed by the decomposition of the aspirin. Gen- 
eral methods evolved in which dry air was passed over 
and through a thin layer of the finely powdered sample. 
The acetic acid vapor was trapped in the water and 
then titrated with very dilute sodium hydroxide. A 
simpler approach utilized a Conway micro diffusion 
cell. The more refined approach involved GLC. 


It is interesting to note that visually the presence of 
any whiskers (very thin elongated crystals of salicylic 
acid) observed on the surface of a solid product con- 
taining aspirin is definitely an indication that some of 
the aspirin has decomposed and that the resulting 
salicylic acid has sublimed through the solid material. 
Here, again, if the container is not airtight, the possi- 
bility exists whereby the released salicylic acid, through 
sublimation, would leave the sample area and so not be 
measured. This crucial point, on the sublimation of 
salicylic acid, will be discussed more thoroughly in this 
review. As with most subjective tests, the evaluation of 
solid aspirin products by the appearance of salicylic 
acid whiskers is limited. Time is required for this sub- 
limation to take place, so one would not normally apply 
it to fresh products. Therefore, one could actually have 
a poorly made aspirin tablet which, on the surface, 
showed no whiskers but internally had a high content of 
salicylic acid. 


It is the intent of this review, therefore, to pursue a 
quantitative approach in the determination of the 
amount of decomposition of aspirin through the pres- 
ence of salicylic acid rather than acetic acid. 


No biological samples, such as blood, containing 
aspirin will be discussed in this review. Nor will this 
review include salts of aspirin, such as aluminum 
aspirin, solutions, or aspirin suspensions. The stability of 
aspirin in all these cases is definitely limited. The pres- 
ence of any moisture (with the salts of aspirin, the water 
of hydration) results in the hydrolysis of aspirin at such 
a rate that the given formulation does not have a prac- 
tical or useful shelflife. There is, however, a definite 
need in the field of pediatrics and geriatrics for a stable 
liquid formulation of aspirin, because there is no easier 
or simplier way to give a medicinal than by mouth to 
infants or to the feeble. 


Even limiting this review just to solid preparations 
leaves a great deal confronting the analyst. A step-by- 
step evaluation of the approaches published in the 
scientific literature will be presented. One will readily 
see the tremendous need for a simple, reliable, universal 
test for the decomposition of aspirin which can be ap- 
plied easily and rapidly to a completely unknown prep- 
aration containing aspirin. 


HYDROLYSIS STUDIES 


Decomposition of aspirin results from hydrolysis of 
the ester group, with the end products being acetic acid 


and salicylic acid. The oversimplified reaction for the 
hydrolysis of aspirin is presented only at this time, so 
one may visualize the overall picture of the decomposi- 
tion of aspirin (Scheme I). 


@E + CH,COOH 


Scheme I 


Those who have made a thorough study of the hy- 
drolysis of aspirin under various well-controlled and 
stated conditions report that the reaction is very com- 
plex. Judged by the number of papers on this subject 
alone, the reaction is also highly controversial. 


The first publication on the hydrolysis of aspirin in 
water was reported by Rath (1) who conducted his work 
at an extremely high temperature (100"). As was later 
found, the hydrolysis of aspirin is very sensitive to tem- 
perature changes, even near room temperature. The 
rate of hydrolysis was determined by titrating the total 
acidity at stated time intervals. The calculated values 
indicated a monomolecular reaction. Tsakalotos and 
Horsch (2,3) also followed the hydrolysis of aspirin but 
at more reasonable temperatures (20, 50, and 60"). It 
took about 100 days to effect complete hydrolysis of 
aspirin in water at room temperature. Hydrogen ion 
was found to accelerate the hydrolysis rate, hydrochloric 
acid being more effective than sulfuric acid. Acetic acid 
and citric acid caused an initial increase in the rate of 
hydrolysis; but as the days passed, a decrease in the rate 
of hydrolysis was noted. The unfounded explanation 
given by these authors for this slowdown was that the 
salicylic acid produced was being acylated. 


Wolf (4) substantiated the hydrogen-ion effect on the 
hydrolysis of aspirin by showing that the velocity con- 
stant in an acid medium (diluted hydrochloric acid) 
doubled over that of just water 


Aspirin was solubilized in water at room temperature 
by Morton (5) with the aid of potassium and sodium 
citrates and acetates. The degree of hydrolysis was fol- 
lowed by titrating the samples with standard alkali at 
stated time intervals. The rate of hydrolysis was re- 
ported to be independent of not only the concentration 
of the aspirin but also of the solubilizing salt concentra- 
tion. 


Saponification (alkaline hydrolysis) of aspirin was 
reported by La Mer and Greenspan (6 )  at 25.000 f 
0.005". The reaction was stopped by making the given 
sample (not an aliquot of the bulk solution as is the 
usual approach in hydrolysis studies) acidic with 
standard sulfuric acid. The excess acid was then titrated 
with 0.02 M sodium hydroxide. It is assumed that this 
back titration was conducted immediately ; otherwise, 
hydrolysis of aspirin in the strongly acidic medium 
would become an unwanted factor in the calculation of 
the saponification rate. This study showed that aspirin 
underwent a simple ionic bimolecular reaction with so- 
dium hydroxide in aqueous solution. Thus, a second- 
order rate constant was calculated. 
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Table I-Comparison of Hydrolysis Rates of Aspirin 
in Various Media 


100 I 
d 


> I  I 
6 


P 


B P 


1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  
PH 


Figure 1-pH-rate projile for hydrolysis of aspirin. [Reprinted, with 
permission, from L. J. Edwards, Trans. Faraday SOC., 46, 723(1950).] 


Continuing this same approach, Sturtevant (7) ana- 
lyzed the rate of saponification of aspirin at 35” cal- 
orimetrically with the aid of a thermocouple. His con- 
clusion is not often seen in print other than by authors 
commenting about the previous contributions in rela- 
tionship to their own work: “The results of these ex- 
periments have shown, however, that it would be very 
difficult to get accurate heat data on these reactions, and 
it has, therefore, not been considered worthwhile to 
carry the measurements any further.” 


A complete and thorough kinetic study of the factors 
involved in the hydrolysis of aspirin in dilute solution 
(3 X M )  was conducted by Edwards (8, 9). Using 
a UV spectrophotometric method for simultaneous 
determination of aspirin and salicylic acid, he observed 
the rate of decomposition to be first order at a fixed pH 
value (between pH 0.53 and 12.77) and constant ionic 
strength at  17”. Figure 1 depicts the relationship be- 
tween velocity (rate) constant and pH. This curve was 
subject to only slight alteration with change in ionic 
strength. Temperature dependence of this aspirin reac- 
tion was studied between 10 and 50”. The pH-rate pro- 
file was of the same shape for every temperature, with 
displacement upward with increasing temperature. 
This plot of log k against pH helps to show visually that 
the hydrolysis was catalyzed appreciably by hydrogen 


Investigator 


Rath (1)  
Edwards (8) 
La Mer and Green- 


Sturtevant (7) 
Edwards (8) 
Morton (5) 


Edwards (8) 


span (6) 


Medium k, Day-’ 


4 .35 X Water 
4 . 1  X Water 


7.05 
7 . 2  
7.50 


X lo3 Sodium hydroxide 
X lo3 Sodium hydroxide 
x lo3 Sodium hydroxide 


0.103 Potassium citrate 


0.117 PH 7 
buffer about pH 7 


ion (section AB of figure) and very strongly by hy- 
droxyl ion (section FG of figure). Over the pH range 
5-8 (section DE of figure), the rate was constant; in the 
pH range 2-3 (section C of figure), there was a pro- 
nounced minimum rate where the reaction velocity 
dropped to less than a quarter of the stationary value 
(DE) which is usually taken to  represent the “spon- 
taneous reaction.’’ Edwards explained the relationship 
between the rate constant and pH on the assumption 
that the hydrolysis of aspirin may take place uiu the six 
simultaneous reactions shown in Scheme 11. 


Through many relationships involving these six 
equations, the observed unimolecular (first-order) 
velocity constant could be expressed as a function of the 
six second-order constants (Eq. 1): 


(Eq. 1) 


When each of the six components of k was plotted on 
a pH-log k diagram, four types of curves were ob- 
tained. The combination of these four individual curves 
into one overall curve resulted in a single final curve 
similar to that depicted in Fig. 1, including the pre- 
viously inexplicable minimum (C in figure), which 
Edwards calculated as being at pH 2.44. (The observed 
minimum was at pH 2.5.) 


A comparison of the results of this work (Table I) 
with those obtained by previous investigators showed 
good agreement in the rate constant when expressed in 
the same terminology and conditions. 


The hydrolysis of aspirin was accounted for over the 
whole pH range by considering all the possible bimolec- 
ular reactions between the five species present in the 
equilibrium as: 2Hz0 8 H30+ + OH- on the one 
hand and the equilibrium: CH3COOC6H4COOH * 
CH3COOC6H4C00- + H+ on the other hand. 


The mechanism of intramolecular catalysis of the hy- 


ki 
CH~COOCGH~COOH + H30+ 


kz 
CH3COOCsH4COOH + HzO -d HOC6HaCOOH + CHaCOOH 


k3 
CH3COOCsH4COOH + OH- - HOCsHCOOH f CHICOO- 


HOC6H4COOH + CHaCOOH + H+ 


or HOC&COO- + CH,COOH 
k4 


CHICOOC~H~COO- + H,Of -- HOC6H4COOH + CH3COOH 


CHICOOC~H~COO- + HzO -___f HOCsH4COOH + CHICOO- 


ks 


ks 


or HOC.&COO- 4- CH3COOH 
CH8COOCijH4COO- f OH- - HOCsH4COO- f CHICOO- 


Scheme II  


k ,  Day-’ 


1 .9  


> 10-6  


<< 10‘ and probably < lo3 


46.7 


2.11 x 10-3 


7 . 5  x 1 0 3  
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drolysis of aspirin in the pH region of 5-8 led Davidson 
and Auerbach (10) to investigate the behavior of as- 
pirin in nonaqueous media. In the presence of dis- 
solved base, aspirin possessed acid anhydride proper- 
ties and functioned as an effective acetylating agent. 
They postulated the existence of a cyclic intermediate 
which results from the intramolecular nucleophilic 
attack by the ionized carboxyl group on the ester 
carbonyl. They also postulated that this base-cata- 
lyzed isomerization was the rate-controlling step for 
the hydrolysis of aspirin in the pH 5-8 range. This 
work was done with organic solvents, and there was no 
evidence for reactions of this type in aqueous solution. 


Ferroni and Baistrocchi (11) measured the rate of 
hydrolysis of aspirin by determining the liberated 
salicylic acid fluorometrically. They reported that the 
reaction followed first-order kinetics and the rate con- 
stant was evaluated as0.0122 hr.-l at 18.5” and pH 9.42. 


Hydrolysis rate constants for aspirin, reported by 
Miyamoto et al. (12), agreed with the k5 rate constant of 
Edwards (8): 2.625 X at 24’ and 6.909 X at 
37’. A general comment was made that aspirin hy- 
drolyzed more quickly in simulated intestinal fluid than 
in simulated gastric fluid. 


Garrett (13), extending the work of Edwards (8) to 
include a number of acyl salicylates in a very complete 
investigation, looked more thoroughly into the pH- 
rate profile of aspirin hydrolysis, particularly in the 
pH 4-8 range. Edwards’ own demonstration that the 
hydrolysis was not catalyzed by acetate ion (varied 
from 0.005 to 0.3 M) was not consistent with the mech- 
anism involving an attack by a water molecule on the 
aspirin anion, because the acetate ion is a considerably 
more powerful nucleophile than water. Garrett’s work 
pointed rather to intramolecular nucleophilic catalysis 
by the ionized carboxyl group. Even though the car- 
boxylate ion is an unfavorable case from the point of 
view of nucleophilicity, it apparently participates cat- 
alytically in a number of intramolecular catalyses of 
esters. The hydrolysis of aspirin may be regarded as a 
classical example. On increasing the alcohol concentra- 
tion greatly in the pH-independent region of the pH- 
rate profile, a very unexpected increase was found. 


In this light, alcohol would have to be considered a 
more active nucleophile than water. To clarify this 
anomalous enhancement of “spontaneous” hydrolysis 
with increasing alcohol content (0-60 %), Garrett made 
a thorough study. The addition of alcohol to the solvent 
increased the rate of solvolysis; ethyl acetate was a re- 
sulting product. He ruled out the possibility that the 
rate increase was a generalized solvent effect by showing 
that the addition of dioxane had very little effect on the 
rate of hydrolysis of aspirin. He tried to explain his re- 
sults by proposing a mechanism involving nucleophilic 
attack by alcohol on the tetrahedral carbon atom of an 
intermediate compound. This explanation has not been 
generally accepted. Nevertheless, the demonstration 
that the addition of alcohol increased the rate of sol- 
volysis did suggest strongly that the question of the in- 
volvement of a molecule of solvent in the transition 
stage ought to be studied. 


Using the same four acyl esters of salicylic acid as in 
the mentioned studies, Garrett (14) studied the stability 


of their saturated solutions. Prediction of stability in 
such solutions was made from separate studies of 
solubility rates and homogeneous rates on dilute solu- 
tions of these esters, since solvolytic degradation was a 
function of these two rates. This study did show that 
aspirin was the least stable of the esters studied. 


Okano and Kojima (15) investigated the effect of 
salicylic acid upon the rate of aspirin decomposition in 
solution. They observed deceleration of the aspirin 
hydrolysis between pH 2.2 and 7 with increasing 
amounts of salicylic acid being added to the medium. 
Below pH 2.2 the opposite effect was noted. These 
studies were conducted for 10 days at 35”, or 8 hr. at 
50°, and the rate constants were calculated. The reversal 
effect of the salicylic acid on the hydrolysis of the 
aspirin is in the vicinity of the minimum shown by 
Edwards’ (8) pH-rate profile of aspirin hydrolysis. 


The hydrolysis of aspirin at pH 6 in water containing 
4.3 atom of produced, after 22 hr. refluxing, 
salicylic acid containing 6% of the excess ‘*O 
in the water. This result was in agreement with the 
theoretical prediction made by Bender et a/ .  (16) 
and gave backing to the hydrolysis mechanism of 
aspirin postulated by Garrett (14) and others. This 
involved an intramolecular attack of the carboxylate ion 
on the carbonyl carbon atom of the ester to produce 
acetylsalicyl anhydride, which subsequently hydrolyzes 
rapidly to produce acetate and salicylate ion, or alterna- 
tively that the addition of the carboxylate ion to the 
carbonyl group of the ester is followed by some reaction 
with water leading to the same products. It can be 
calculated from the relative rates of hydrolysis of ethyl 
acetate and ethyl salicylate that the reaction producing 
salicylic acid-180 should occur to the extent of 2.5x. 
The 6 % observed was considered to be reasonable and 
consistent with the postulated reaction in which water 
was involved. 


Using a BPC mixture of aspirin, James (17) investi- 
gated the kinetics of the hydrolysis of aspirin from 
aqueous suspension by comparative, rather than quanti- 
tative, means. As long as there was a good excess of as- 
pirin suspension present at the different temperatures, 
the hydrolysis rate was zero order. Thus, the more con- 
centrated the suspension, the more stable was the as- 
pirin. After 62 days at room temperature, suspensions 
of 3.3,6.5, and 13.0% aspirin showed the following per- 
cent of intact aspirin remaining: 90, 94, and 97%, re- 
spectively. This follows, as the hydrolysis rate depends 
on the amount of aspirin in solution. Hence, suspen- 
sions show a low degree of hydrolysis relative to the 
total amount of aspirin in suspension. 


While James used a titration procedure to follow the 
rate of hydrolysis in his study, Blaug and Wesolowski 
(18) used a more refined UV procedure in a pH 3 buffer. 
This pH was selected because it is the pH of a saturated 
solution of aspirin (approximately 4 g./l.). The effect of 
the following additives (calcium gluconate, glycerin, N- 
methyl-2-pyrrolidone, polyethylene glycol 6000,2 poly- 
vinylpyrrolidone, salicylic acid, sorbitol, pH 3 .O buffer, 
and water) on the stability of aspirin suspensions (6.5 
of 100-mesh and 13 % of 60-mesh aspirin) was followed 


* Carbowax 6000, Union Carbide Corp. 
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by measuring the salicylic acid content at 298 mp. The 
thermodynamic values reported in the paper were cal- 
culated from the data obtained with these various sus- 
pensions. The suspensions(in duplicate) were stored in a 
50 f 0.5" mechanical shaker for 24 hr. Samples were 
removed from the suspensions at hourly intervals for 
assay. Calcium gluconate accelerated the hydrolysis by 
increasing the pH of the medium, while the N-methyl-2- 
pyrrolidone or glycerin enhanced the solubility of the 
aspirin, thus increasing the hydrolysis. The presence of 
saturated salicylic acid did not affect the hydrolysis 
rate. The most promising additives were polyethylene 
glycol 6000 and polyvinylpyrrolidone, but physically 
they were unsatisfactory at this temperature as they 
formed gummy, insoluble masses of the suspension. 
Only sorbitol showed any potential stabilizing effect on 
the aspirin suspension. 


In continuing his studies on the effect of alcohol on 
the hydrolysis rate of aspirin, Garrett (19) synthesized 
the mixed anhydride of aspirin and acetic acid to help 
establish his mechanism for the hydrolysis reaction. 
This compound did not form ethyl acetate as expected 
in the alcohol medium, so a logical explanation re- 
garding the experimental evidence was still lacking. 


Further studies with deuterium oxide solvent isotope 
effects in the nucleophilic reactions of phenylesters 
were reported by Bender et al. (20). One of the con- 
tinuing problems associated with the hydrolytic reac- 
tions of carboxylic acid derivatives is to distinguish be- 
tween nucleophilic and general basic catalysis of hy- 
drolysis. The former involves the attack of a nucleo- 
phile upon a substrate, leading to the formation of an 
unstable intermediate which spontaneously breaks down 
to give the product and regenerates the catalytic entity. 
The latter catalysis involves the attack of a general base 
on the substrate removing a proton in a rate-deter- 
mining stage. Either of these two processes may be car- 
ried out by a given substance which, by definition, is at 
one and the same time both a nucleophile and a general 
base. The deuterium oxide solvent isotope effect has 
been used to distinguish between these two possibilities. 


The aspirin hydrolysis has been shown, on the basis 
of kinetic and isotopic experiments, to involve an intra- 
molecular nucleophilic-catalyzed hydrolysis involving 
an anhydride intermediate. For the purpose of cal- 
culation, it has been assumed that the transition state of 
the reaction was one in which the carboxylate ion has 
been added to the carbonyl group of the ester, forming 
a tetrahedral addition intermediate. The formation of 
this intermediate is, in general, the slow step in the nu- 
cleophilic reactions of carboxylic acid derivatives. The 
authors concluded that the use of deuterium oxide sol- 
vent isotope effects as a criterion to distinguish between 
general base- and nucleophilic-catalyzed reactions was 
ambiguous; but when applied in a restricted sense, it 
may be empirically rewarding. 


Nogami et al. (21) examined the effect of cationic 
(cetylethyldimethyl ammonium bromide and benzalko- 
nium chloride), anionic (sodium lauryl sulfate), and 
nonionic (polyoxyethylene lauryl ether) surfactants on 
the suppression of the hydrolysis of aspirin which exists 
in anionic and undissociated forms in aqueous solu- 
tion. The decomposition-rate constants in the buffer 


solutions (pH 1-7.5) were obtained, with or without the 
surfactant, and compared. Samples were kept at 37 + 
0.1 ", with aliquots being removed at given intervals and 
assayed for salicylic acid with a ferric nitrate reagent. 
The color was determined spectrophotometrically at 
530 mp. 


The hydrolysis of aspirin was found to follow a 
pseudo-first-order reaction in the media studied. In the 
pH 5-7.5 range, aspirin was chiefly in the anionic form. 
Due to electrostatic attraction, it formed a complex 
with the cationic surfactant which moved into micelles 
composed of excess surfactant. Thus, the hydrolysis of 
aspirin in this pH region was suppressed only by a 
cationic surfactant. In the pH 1-5 range, all the sur- 
factants suppressed the hydrolysis of aspirin. Because 
the undissociated aspirin existed in this region, it moved 
into micelles and was less hydrolyzable. Near pH 1, only 
the anionic surfactant lost its effect on suppressing the 
hydrolysis of aspirin. This was explained by the pro- 
moting effect of sodium lauryl sulfate on the hydrolysis 
of aspirin, due to the attracted hydrogen ion on the 
micelle environment competing with the suppressing 
effect of the solubilization. Even though this report 
shows suppression of the hydrolysis of unionized as- 
pirin by all the surfactants and the suppression of the 
anionic form by cationic surfactants, it by no means 
implies that these solutions could be used as a stable 
pharmaceutical formulation. 


Nelander (22) reported the heat of hydrolysis of as- 
pirin at 25" by a calorimetric procedure. The -AH 
(kcal./mole) for aspirin was 25.39 f 0.03 in 0.8 N so- 
dium hydroxide in water-alcohol, 2 :3. The heat of SO- 
lution in aqueous tromethamine solution, ionic strength 
0.1, initial pH 8.05, for aspirin was 5.72 f 0.08 
kcal./mole. 


The first application of ultrasonic energy in accel- 
erated drug stability studies was published by Mario 
and Gerraughty (23). Duplicate samples of aspirin in 
the given buffer (pH 2.00, 4.00, or 5.95) were put in two 
constant-temperature baths at 21, 25, 35, and 45", one 
with ultrasonic energy and the other (control) without. 
Aliquots from both baths were taken at stated time 
intervals and assayed for salicylic acid at 302 mp; the 
content was calculated from standard curves of sali- 
cylic acid in the same buffer. Aspirin runs were done at 
two different concentration levels. The agreement of 
duplicate runs was good and indicated that the experi- 
mental technique was reproducible. 


Pseudo-first-order rates were found at all pH values 
and with varying temperatures, both with and without 
ultrasonic energy. The hydrolysis rate constant, k,  was 
calculated. The Arrhenius relationship was followed in 
all cases, and the heat of activation of the hydrolytic 
degradation of aspirin was not changed by the intro- 
duction of the ultrasonic energy. The increase in the 
rate found with the ultrasonic samples was equivalent 
to increasing the reaction mixture temperature within 
the range of 1.8-2.9". This range was consistent, re- 
gardless of the pH or temperature used. Although the 
effects of ultrasonic energy were not startling on in- 
creasing hydrolysis, these studies did show the poten- 
tial of this new technique, particularly with heat labile 
ingredients. 
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Table 11-Apparent Zero-Order Rate Constants of Salicylic 
Acid at Constant pH 


Aspirin plus k, 
Lubricant mg. FSA/hr. pH 


None 0.123 2.60 
Stearic acid 0.133 2.62 
Hydrogenated vegetable oil 0.123 2.68 
Talc 0.133 2.71 
Aluminum stearate 0.281 3.16 
Calcium stearate 0.986 3.75 
Magnesium stearate 1.314 4.14 


Needham and Gerraughty (24) pursued further the 
hydrolysis of aspirin in mixed solvent systems by ultra- 
sonic energy. The solvent systems were: alcohol-water, 
10, 30, 50, and 70%; ether-water, 3 and 5%;  and 
ethylene glycol-water, 5 ,  10, 30, and 50%. The pH for 
all of the media was kept at 3.67. Since the thermal en- 
ergy (use of dual constant-temperature baths) was kept 
constant for both ultrasonified and control systems, it 
was apparent that the ultrasonic energy was responsible 
for the increase in the kinetic rates. With the ethylene 
glycol-water system, as the concentration ratio was in- 
creased, the subsequent increase in viscosity apparently 
reduced the movement of molecules caused by the 
ultrasonic vibration, as shown by the smaller rate con- 
stants for the hydrolysis of aspirin. 


In studying the interaction of aspirin with urea, 
Santopadre and Bolton (25) shook saturated solutions 
of aspirin in water at 30" with known varying amounts 
of urea (0 through 10 M) for 5 hr. Kinetic studies were 
made at pH 2.0, 2.5, 2.75, 3.0, and 3.5 at 30 + 0.2". 
First-order rate constants were calculated. Urea in- 
creased the rate of hydrolysis below pH 2.75 and de- 
creased the rate of hydrolysis at pH values greater than 
2.75. It is interesting to note that this "crossover" oc- 
curs at a pH corresponding to the pH of maximum 
stability, as reported by Edwards (8). This pH may thus 
represent a point where the hydrolysis mechanism 
changes, and this could provide an explanation for the 
change in the effect of urea. 


Murthy and Rippie (26) studied the hydrolysis of 
aspirin in the presence of polysorbate 80. Saturated so- 
lutions of aspirin at 30 * 0.1 O were prepared in 0, l, 
2.5, and 4% solutions of polysorbate 80 at the following 
pH's: 2.63, 3.63, 4.10, 4.21, and 4.43. Kinetic studies 
were carried out on suspensions, saturated solutions, 
and half-saturated solutions for 48 hr. at 30 f 0.1 '. 
Samples were removed at stated times and assayed by 
the UV method described by Edwards (8). 


With the suspensions, the observed increase in deg- 
radation-rate constants (pseudo-zero-order) with added 
polysorbate 80 was due to the instability of un- 
dissociated aspirin in the micellar phase. With the 
homogeneous solutions, the rate of hydrolysis of as- 
pirin in the polysorbate micelles, while lower than in 
the aqueous phase, was not negligible. The solubility 
determinations in the various media showed the ab- 
sence of dissociated aspirin in the micellar pseudophase 
of the polysorbate 80 solutions. 


Hydrolysis of solubilized aspirin in the presence of 
the nonionic surfactant, cetomacrogol, was studied by 
Mitchell and Broadhead (27). All the studies were con- 


ducted at  37 + 0.1 O in the pH range of 1-7 on solutions 
of aspirin with cetomacrogol concentrations of 0.1 
through 0.07 M. 


The hydrolysis of aspirin proceeds as a first-order 
reaction, both in aqueous buffer and in buffered ceto- 
macrogol solutions. Reaction rate constants were deter- 
mined. At the pH of maximum stability, pH 2.27, 
where aspirin exists largely in the unionized form, the 
half-life increased with cetomacrogol concentration. 
In 0.07 M cetomacrogol, the half-life was approxi- 
mately twice that in the control buffer. In the plateau 
region where aspirin is largely ionized, the rate of hy- 
drolysis was independent of cetomacrogol concentra- 
tion. 


Kornblum and Zoglio (28) evaluated the commonly 
used tablet lubricants as to their effect on the stability 
of aspirin. Suspensions of aspirin with the various lu- 
bricants (talc, hydrogenated vegetable stearic acid, 
aluminum stearate, calcium stearate, and magnesium 
stearate) were prepared. The lubricants were also in 
excess to ensure saturation through the experiments. 


The suspensions were maintained at 30", with appro- 
priate aliquots withdrawn at various time intervals for 
pH and salicylic acid determination by adding ferric 
chloride and reading at 540 mp in a spectrophotometer. 
From the kinetic studies of these suspensions, the reac- 
tion rate appeared to be of zero order. The pH re- 
mained relatively constant through the 30-hr. study for 
the given suspension. 


The results are summarized in Table 11. 
With both calcium and magnesium stearates, the rate 


of decomposition of aspirin was due to  more than just 
the increase in pH. The authors showed that this in- 
crease was due to the high solubility of calcium and 
magnesium aspirin which were formed in these sus- 
pensions. The mechanism primarily involves a reaction. 
of the alkali cation with aspirin in a solution to form a 
salt of aspirin which, in the presence of solvated as- 
pirin, comprises a buffer system at a pH detrimental t o  
the stability of aspirin. 


Reduction of the water content in the aspirin-calcium 
stearate suspension was done to approach that found! 
in a solid dosage form, the ultimate aim being the 
achievement of reproducible data which would permit 
subsequent extrapolation to  the tablet or capsule 
dosage form. A major conclusion from this interesting 
study is that stearate salts should be avoided as tablet 
lubricants in preparing aspirin formulations. 


In their study on salicylic acid sublimation, Gore et al- 
(29) determined the hydrolysis rates for aspirin at tem- 
peratures ranging from 17.2 to 30.2 f 0.1 " at pH 7.4 
and reading the resulting salicylic acid at 296.5 mp. 
Their data are summarized in Table 111. These values 
are in close agreement with those reported by Morton 
(5) and Edwards (8). 


It is only by pure coincidence, but certainly quite 
appropriate, that the last papers dealing with hydrolysis 
of aspirin in this review clarified the situation im- 
mensely. In an attempt to circumvent the problems. 
raised by the kinetic equivalence of the several possible 
mechanisms, Fersht and Kirby (30, 31) looked first at 


3 Sterotex, Capitol City Products, Columbus, Ohio. 
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Table 111-Rate Constants for the Hydrolysis of Aspirin in pH 
7.40 Buffer Solution at Various Temperatures 


Temperature k,  Day-' 


17.2 
21.3 
25.5 
30.2 


0.0937 
0.1506 
0.2067 
0.3429 


the reactivity toward hydrolysis of a series of substituted 
aspirins. The results suggested, unambiguously, that 
the most likely mechanism for the hydrolysis of aspirin 
was one in which the carboxylate group acts not as a 
nucleophile but as a general base. 


The rate of hydrolysis of aspirin was measured in 
these studies by following the initial rate of release of 
salicylate at the isosbestic point, 298.5 mp, and at 39.0 f 
0.03'. The ionic strength was maintained at 1.0 with 
added potassium chloride. It was this fact that showed 
why Edwards (8) failed to detect catalysis by acetate 
ion, because the ionic strength was not kept constant in 
his experiments. Fersht and Kirby (30, 31) found that 
the small acceleration due to the addition of a given 
concentration of acetate was almost exactly equal to the 
opposite effect of the increase in ionic strength. If 
Edwards had only known this fact, there no doubt 
would have been fewer controversial papers dealing with 
the mechanism of the hydrolysis of aspirin. 


The pH-rate profile for aspirin hydrolysis, measured 
by Edwards (8), shows that the transition state for hy- 
drolysis in the pH-independent region involves the as- 
pirin anion, either alone in a unimolecular reaction or 
together with one or more molecules of solvent. Three 
mechanisms were consistent with this kinetic result for 
intramolecular catalysis of the hydrolysis of aspirin by 
the carboxyl group: 


1. A unimolecular process in which the carboxylate 
group acts as a nucleophile. There was no longer any 
evidence that specifically supported the nucleophilic 
mechanism. It was not consistent with the effect of sub- 
stituents on the reaction, and there were several indica- 
tions that the rate-determining step was not a unimo- 
lecular process. 


2. A general acid catalysis of the attack of hydroxide 
ion by the undissociated carboxylic acid group. This 
mechanism was rejected because intermolecular general 
acid catalysis by the carboxy group of aspirin should be 
observed for attack by acetate as well as by the hy- 
droxide ion. 


0 
11 3 
0 


II 
salicylic acid 


acetic acid 


fast 
--P + 


Scheme Ill-Mechanism of hydrolysis of aspirin as a classical 
general base catalysis 


3. A general base catalysis of the attack of a water 
molecule by the carboxylate anion. There seems little 
doubt that the intermolecular reaction of acetate with 
the aspirin anion represents general base catalysis. 
There is even less doubt that intramolecular catalysis of 
hydrolysis by the carboxylate group of aspirin involves 
the same mechanism as the intermolecular reaction 
with acetate ion. 


In actuality, it seems probable that the aspirin reac- 
tion lies close to the borderline between nucleophilic and 
general base catalysis (Scheme 111). 


DETERMINATION OF SALICYLIC ACID IN ASPIRIN AND 
ASPIRIN PRODUCTS WITH FERRIC IRON 


Until 1965, the most prominent method of deter- 
mining salicylic acid in aspirin, or products containing 
aspirin, was the reaction with ferric iron under a variety 
of conditions. The complex produced on mixing ferric 
ion and salicylic acid (a bidentate ligand) results in the 
formation of a series of intensely colored metal chelates 
having ligand-ferric-ion ratios of 1 : 1, 2: 1, and 3 : 1. 
The formation of the cyclic chelate structure (I) involves 
the displacement of the weakly acidic, phenolic hydrogen 
by the metal, resulting in the formation of a six-mem- 
bered ring by coordination of the metal through the 
phenolate and carboxylate groups of salicylic acid : 


I 


In the first of these publications, in 191 1 (32), the sam- 
ple containing aspirin was shaken with water or alcohol 
and filtered; then one drop of ferric chloride solution 
was added. On standing, the color changed from red- 
dish to dark violet. This, in essence, was the beginning 
of the official compendia tests for salicylic acid in as- 
pirin. It was noted very early by Melzer (33) that the 
presence of either sodium phosphate, tartaric acid, or 
borax masked the iron-salicylic acid color reaction. 
The useful suggestion was made that the tablets first be 
extracted with ether, since only the aspirin and salicylic 
acid would be extracted; thus a simple separation from 
the interfering compounds was easily accomplished. 
This immediately brings to  mind that it would be easy 
to obtain false negative tests for salicylic acid if such a 
compound was incorporated in the aspirin tablet and 
no prior separation were made. Before the year was 
over, Linke (32) had refined the method for determining 
free salicylic acid in aspirin tablets by comparing the 
resulting iron-salicylate color to a series of salicylic 
acid standards. As little as 1 mcg. salicylic acid/ml. 
could be detected. 


salicylic acid in aspirin was de- 
scribed by Leech (34), using a small volume of alcohol 
to dissolve the aspirin complGtely and then diluting 
with water before the addition of the ferric chloride cea- 
gent. This test became the basis for USP procedure whqn 
aspirin became official in 1926. It was emphasized that 
the standard salicylic acid tube should contain the same 


A limit test of 0.1 
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amount of alcohol as the sample, because the final color 
was affected (decreased) by the presence of alcohol. 
Jones (35) stated that for tablets the limit test should be 
0.15% salicylic acid and that there should be no tur- 
bidity in the final solutions. 


Rather than compare the salicylic acid extract from 
aspirin, as described, Dahm (36) prepared a permanent 
color series containing various amounts of cobalt chlo- 
ride dihydrate. After standardization with known quan- 
tities of salicylic acid, one could compare directly, under 
the stated conditions, aspirin extracts and "read" the 
percent free salicylic acid (FSA) directly. As these co- 
balt colors were of a permanent nature, it would save 
the analyst preparing a fresh salicylic acid reference 
standard. 


Comments about the BP salicylic acid test made by 
Nutter-Smith (37, 38) brought forth that the official test 
was not effective below 0.04 % salicylic acid, because the 
ferric chloride reagent was the limiting factor due to its 
own color. Using ferric ammonium sulfate corrected 
this situation. The presence of tartaric or citric acid in 
tablets (1 %) has been shown to mask the presence of 
0.2% salicylic acid. Thus, if one obtains a negative test 
for the FSA in unknown aspirin tablets, proper 
steps should be taken to separate the salicylic acid from 
the interfering material. Ruddiman (39, 40) added 
oxalic and tannic acids as masking agents of the iron- 
salicylate test and commented that sodium phosphate 
and borax did not interfere with the iron-salicylate test 
as had been believed. Incompatibility of aspirin with 
many drugs was proven by Snidow and Langenhan (41) 
using ferric alum reagent qualitatively. 


Valentin and Lieber (42) showed that if ether was 
used to extract aspirin and salicylic acid from other ma- 
terials, the evaporation step must be done with care, be- 
cause too much heat results in high FSA values. They 
suggested chilling the ether and passing a stream of air 
over the solution to expedite the evaporation. 


The use of a spectrophotometer in the determination 
of FSA was introduced by Hoffman (43) in 1929. Since 
the tablets being analyzed contained magnesium oxide, 
4 N sulfuric acid was added during the grinding of the 
tablets. This was added to prevent hydrolysis (although 
not stated, it would also free any salicylic acid which 
might have been combined with magnesium ion) of the 
aspirin before the salicylic acid was extracted with a 1 : 1 
mixture of ether and pentane. After evaporation of the 
clear extract, alcohol was added to dissolve the salicylic 
acid, and the iron reagent (ferric chloride) was added. 
This color was then compared with a standard series in 
the spectrophotometer. 


Chloroform was introduced as a direct extractant of 
aspirin by Hitchens (44). This chloroform extract was 
shaken with 2 % sodium bicarbonate aqueous solution 
to remove the aspirin (and salicylic acid). This, in turn, 
was made acidic with hydrochloric acid and extracted 
quantitatively with ethyl acetate. The ethyl acetate ex- 
tract was evaporated under reduced pressure in a water 
bath maintained between 40-45 ". The residue was dis- 
solved in alcohol and diluted with water; ferric am- 
monium sulfate solution was then added. The resulting 
color was compared with standards of salicylic acid in 
the same medium. Because hydrolysis does take place in 


alkaline medium, Hitchens showed that, at 20" for 1 hr. 
in the sodium bicarbonate solution, about 0.25 % of the 
aspirin was hydrolyzed. At 30°, about 0.35 % of the as- 
pirin was hydrolyzed. Since the procedure described took 
less than 20 min. in the alkaline medium, the error 
caused by this alkaline hydrolysis was called negligible. 
With standard runs of aspirin USP, the FSA content 
was less than 0.15 % by this extraction procedure. With 
various mixes and commerical tablets, the FSA found 
was never over 0.2%. The purpose of this extraction 
procedure was to isolate quantitatively the aspirin from 
compounds such as acetphenetidin, caffeine, acetanilid, 
antipyrine, amidopyrine, and phenylsalicylate. 


In 1937, Banchetti (45) made a critical evaluation of 
many of the pharmacopeias in regard to their FSA tests 
which used various ferric iron reagents after extraction 
of the aspirin and salicylic acid. It was pointed out that 
the tests should be done at the lowest practical tempera- 
ture and as rapidly as possible to minimize hydrolysis of 
the. aspirin while conducting the procedure. If evapora- 
tion of a solvent extract is required, it should be done 
with as little heat as possible to avoid excessive FSA 
values. 


The first reported humidity- and temperature-con- 
trolled experiments with aspirin tablets in different 
packagings was conducted by Canback (46). Tablets 
were stored in wood boxes, tins, impregnated paper, and 
glass bottles at 20 f 0.2" for 1 year at various humidity 
stations (0, 19, 44, 59, 75, and 100 % relative humidity). 
Using 2.5 M acid to acidify the pulverized powder, the 
aspirin and salicylic acid were extracted with a 1 : 1 mix- 
ture of ether and petroleum ether. An aliquot was evap- 
orated, and the salicylic content was determined by dis- 
solving the residue with diluted alcohol. Ferric chloride 
solution was added, and the resulting color was read in 
a colorimeter after standing 15 min. After a year at the 
various humidity stations, the aspirin tablets stored in 
glass showed very little change in FSA content. The 
other packagings were greatly inferior with the wooden 
one being the poorest in regard to aspirin stability. The 
higher the humidity, the larger and quicker the FSA 
values increased (other than in the glass bottles where 
little change was found at any of the humidity stations). 


Using a Duboscq colorimeter, Tsuzuki and Sawada 
(47) measured the amount of FSA produced after as- 
pirin had been heated at 110 and 128". The heated 
sample (after 5-35 min. at the stated temperature) was 
dissolved in methanol, the ferric chloride reagent was 
added, and the solution was compared to standards. 
The relationship of increased FSA with a corresponding 
lowering of the melting point of the aspirin was shown. 


Pankratz and Bandelin (48) made a systematic and 
comprehensive study of the optimum conditions for the 
reaction of ferric iron and salicylic acid and its repro- 
ducibility. Maximum absorption of the ferric-salicylate 
complex in a nearly aqueous medium was at 525 mp. 
This complex was very sensitive to pH changes. On 
studying pH effect at one pH unit increments from 1.0 
through 9.0, the maximum color was found between 
3.5 and 8.0. Above pH 6.5 the color faded rapidly, so 
the useful pH range was between pH 4.0 and 6.0. This 
emphasizes the point that unless the pH of the sample 
and of the standard series are close, the equivalent 
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Table IV-Percent Decomposition of Aspirin of Varying 
Particle Size after 6 Months" at 37" 


Table V-Stability of Aspirin in Various Powder Mixtures 
at 37' for 15 Days" 


~~ ~ 


Crystal Size, -Relative Humidity, %-- 
mesh 42 59 84 


20-50 0.07 0.08 0.16 
50-100 0.08 0.09 0.21 


100-200 0.08 0.10 0.59 


0 Reprinted, with permission, from R. Yamamoto and T. Takahashi, 
Ann. Rep. Shionogi Research Lab., 3 ,  112(1953). 


amount of color will not result. One variable, the al- 
cohol concentration, was not controlled. But at the 
levels used, it apparently did not affect the linearity of 
the color to concentration. With such a study, one 
would have expected a comparison of the different 
ferric salts, particularly those which have been used in 
the past such as ferric chloride and ferric ammonium 
sulfate. Instead, this is the first paper in which ferric 
nitrate was used. 


A study involving just pure aspirin, by Yamamoto 
and Takahashi (49), answered many questions which 
arise when one seriously wonders under what conditions 
aspirin is stable or the most stable. The effect of the par- 
ticle size of the aspirin on its decomposition rate was 
studied at 37 " over a storage period of 6 months at three 
controlled humidities. The data in Table IV indicate that 
the finer the crystals and the higher the relative hu- 
midity, the more aspirin hydrolyzed. One may also con- 
clude that under 60 % relative humidity at 37", the per- 
cent decomposition of aspirin did not change with 
particle size. With today's use of micronized aspirin, 
this is a valuable fact. 


In studies at 60" for a total of 25 hr. at 30,60, 80, and 
100 % humidities, decomposition was linear with time, 
and the linearity seemed proportional to the vapor 
pressure because the slope of each line increased with 
an increase in vapor pressure. Although the FSA con- 
tent never exceeded 0.04%, this study showed that an 
increase in humidity did result in an increase in the de- 
composition rate. 


At 90" and at low humidity, the authors found that, 
after a total of 12 hr., aspirin decomposition was linear 
with time but had not surpassed 0.1%. At 120" (low 
humidity), over 15% of the aspirin was decomposed 
within 5 hr., and the rate of decomposition was no 
longer linear with time. This study emphasized the fact 
that temperature increases alone accelerated the de- 
composition of aspirin. 


Grinding of aspirin for 15-120 sec. did not increase 
appreciably the percent decomposition. On repeated 
compression (three times) of aspirin, the percent de- 
composition was found not to have increased appre- 
ciably. 


In another paper dealing with the stability of aspirin 
when mixed with other compounds, Yamamoto and 


~ 


Percent Loss of 
Ratio of -Aspirin at- 


Compound Mixed with Aspirin to 42% 84 ? 
Aspirin Compound Relative Hunudity 


Antipyrine 10:3 1.2 21.1 
Aminopyrine 10:3 8.2 33.2 
Hexamine 10:3 56.4 83.4 
Ethyl aminobenzoate 10:3 32.6 60.8 
Caffeine 10:3 0.01 0.08 
Zinc sulfate 10:3 0.02 0.03 
Sodium benzoate 10:3 3.2 80.2 
Sodium salicylate 100:5 - 26.3 
Calcium glycerophosphate 10 : 3 0.4 4.2 
Pheniramine maleate 100:3 - 6.0  


6.4 Phenindamine tartrate 100:3 - 


5 Reprinted, with permission, from R. Yamamoto and T. Takahashi 
Ann. Rep. Shionogi Research Lab., 4, 79(1954). 


Table VI-Effect of Ethylenediamine Salts on the 
Stability of Aspirin" 


Salt of Loss 
Ethylenediamine ki of Aspirin, % 


~ 


0 . 6  
Maleate 1 .o x 10-2 3 . 1  
Succinate 6.4 x 10.5 


Hydrochloride - 


4 Reprinted, with permission, from R. Yamamoto and T. Takahashi, 
Ann. Rep. Shionogi Research Lab., 4, 79(1954). 


Takahashi (50) found that such mixtures should be 
stored at the lowest practical humidity to prevent ex- 
cessive decomposition of the aspirin (Table V). 


In a comparison of aspirin mixtures with various 
salts of ethylenediamine, the importance of acid 
strength on the decomposition of aspirin was shown 
(Table VI). This study was conducted at 37" and 84% 
relative humidity for 15 days with a 100:3 ratio of as- 
pirin to ethylenediamine salt. 


Further investigation of a 10: 1 molar ratio of as- 
pirin-antipyrine mixture stored at 37" and 84 relative 
humidity for 2 months produced salicylic acid and anti- 
pyrine salicylate. The mechanism proposed for this 
interaction is given in Scheme IV. 


Scheme IV was explained in the following manner. 
First there was an acid-base reaction between aspirin 
and antipyrine; but because this salt was highly un- 
stable, it decomposed rapidly to antipyrine salicylate. 
Since aspirin and salicylic acid have approximately the 
same acidity, the excess aspirin present was capable of 
reacting with the antipyrine salicylate, releasing salicylic 
acid and regenerating the unstable aspirin-antipyrine 
salt which, in turn, started the cycle again. 


A similar reaction cycle was proposed for the decom- 
position of aspirin with pheniramine maleate (amine 
salt of a weak acid), while no reaction took place with 
pheniramine hydrochloride (amine salt of a strong acid) 


1 
salicylic acid 


e L \ a n t i p y r i n e  + -  salicylate + _ _ _ _ I  I aspirin-intipyrine ---- I 
antipyrine salicylate 


L ----_-_- 1 


salicylic acid 
aspirin 


Scheme IY 
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Table VII-Explanation of Symbols Used in Table VIII 


Variable 


7 Low Level High Level \ 


Symbol Symbol 
in Table z in Table z 


Lubricants 
Glycerin monostearate 2 L 0 .5  1 
Magnesium stearate 2 L 0 . 5  1 
Talc 4 L 1 .o 1 
Calcium stearate 2 L 0 .5  1 
Stearic acid 2 L 0 . 5  1 
Mineral oil 4 L 1 .o 1 
Talc-mineral oil, 1 : 1 4 L 1 .o 1 


Pressure Highest P Lowest P 


Moisture" 1.64 M 0.098 rn 
Aspirin 14-Mesh A 40-Mesh a 


possible possible 


granules of 10% crystals 
starch-aspirin 
granulation 


a Refers to moisture content of the phenacetin-caffeine granulation only. 


because aspirin was not capable of displacing the hydro- 
chloric acid. 


Without the aid of the computer age, Ribeiro et al. 
(5 1) undertook a massive, well-executed study of vari- 
ables in the manufacturing of a stable APC tablet (as- 
pirin, phenacetin, and caffeine). To study the probable 
causes of the decomposition of aspirin, a factorial experi- 
ment was set up testing all combinations of lubricants at 
two levels, pressure at two levels, moisture at two levels, 
and two types of aspirin; the entire series was repeated 
for each of the seven different lubricants (a 2 4  X 7 fac- 
torial experiment). These variables were selected be- 
cause they seemed to be the most probable causes of as- 
pirin breakdown in APC tablets. An Association of 
Official Agriculture Chemists (AOAC) (6th edition) 
procedure for salicylic acid was modified by using 
absolute alcohol to extract the salicylic acid from the 
pulverized tablets and to develop the final iron-salicylate 
color in a 35 % alcohol medium. A spectrophotometer 
was used to read the resulting color at 537 mp. Con- 
centrations of salicylic acid were obtained from a stan- 
dard curve of salicylic acid prepared exactly as the 
samples. These salicylic acid values were converted to 
aspirin values and reported in this paper as percent of 
aspirin content that had decomposed. 


Before presenting the data in tabular form, a brief ex- 
planation of all the symbols used in the table is essen- 
tial for proper interpretation of the percent decomposi- 
tion of aspirin in the tablets after being stored in 
loosely capped bottles at 45" for 27 days. Tables VII 
and VIII summarize the results. 


Interpretation of these results indicated that more 
stable combinations were possible if the lubricants used 
were talc, talc plus mineral oil, mineral oil, or glycerin 
monostearate rather than stearic acid, magnesium stea- 
rate, or calcium stearate. Compression pressure levels 
showed no effect. Moisture levels were not different 
enough to be consequential. The crystalline aspirin was 
superior to the starch-aspirin granulation. 


Since difficulties arose in applying the BP colorimetric 
test for the FSA, Edwards e l  al. (52) initiated an 
investigation of the kinetics of aspirin hydrolysis and 
of conditions affecting the formation and stability of the 
ferric-salicylate complex. Time, as already well known, 
was an important factor, because aspirin hydrolyzes 
continually once it is in a given solvent (here alcohol 
and later water). The need for fast filtration was ob- 
vious. Higher temperature expedited the hydrolysis of 
aspirin, so the lowest practical temperature should be 
used throughout the test. Constant pH for the test was a 


Table VIII-Decomposition of Aspirin after 27 Days at 45" under the Stated Conditions Described in Table VII 


% Aspirin Decomposed" 7 


Glycerin Magnesium Calcium Stearic Mineral Talc plus 
Combination Monostearate Stearate Talc Stearate Acid Oil Mineral Oil 


MPAL 
MpAL 
MPaL 
Mpal 
MPal 
MpAl 
MpaL 
MPAl 
mPAL 


1.17 
1.76 
0.67 
0.36 
0.33 
1.63 
1.05 
0.99 
8.56 


8.67 
8.31 
7.06 
2.04 
1.21 
3.20 
6.26 
2.28 
6.84 


1.10 
0.97 
0.55 
0.00 
0.00 
2.76 
0.00 
2.21 
1.41 


20.95 
19.65 
21.21 
6.39 
6.95 
6.20 


19.54 
3.84 


16.04 


8.03 
8.54 
0.98 
0.69 
0.84 
3.48 
2.00 
1.27 
7.67 


4.11 
4.59 
0.99 
0.39 
0.31 
4.70 
0.99 
2.40 
1.18 


2.97 
1.33 
0.30 
0.52 
0.22 
0.87 
0.75 
1.16 
2.66 


mpAL 8.59 7.71 2.65 18.35 12.51 2.03 0.58 
mPaL 0.96 15.99 0.54 18.54 3.95 0.92 0.87 
mpal 0.80 3.39 0.55 3.53 0.44 0.45 0.97 
mPal 0.53 3.03 0.48 4.45 1.28 0.90 0.70 
mpAl 0.82 2.45 0.49 8.09 2.09 0.68 0.63 
mpaL 0.45 15.26 0.73 19.79 4.14 0.93 0.98 
mPAl 1.00 3.22 0.73 6.31 3.84 1.06 0.16 


~~ ~ 


a The freshly compressed tablets showed negligible decomposed aspirin. 
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must because the rates of hydrolysis of aspirin vary 
appreciably with pH. The intensity of the ferric-sali- 
cylate complex depends greatly on the pH of the 
medium. The maximum intensity was obtained between 
pH 2.5 and 3.5 and was best maintained using an acetic 
acid-ammonium monochloroacetate buffer. Below or 
above this pH range the intensity of the color decreased 
rapidly (intensity at pH 3 was over five times as strong 
as that at pH 1.5). 


As the BP method for FSA is a limit test, a quantita- 
tive procedure was developed utilizing the maximum 
conditions described. If no known interfering materials 
were present, the aspirin and salicylic acid were dis- 
solved in absolute ethanol diluted with water, all at 
25", and maintained by a thermostated water bath. 
The time (TO) was noted when the buffer and ferric 
ammonium sulfate solution were added and mixed. The 
volume of the solution was made up to the mark with 
water, mixed, and kept at 25" for about 10 min. An 
aliquot was filtered, transferred into an absorption cell, 
and read at 530 mp against a reagent blank; the time 
(TI)  was noted. At least three aliquots were withdrawn 
at intervals of not less than 10 min. apart. From these 
values (TI, Tz, and T3), a value for the extinction coeffi- 
cient at zero time (To) was obtained by extrapolation. 
From a standard salicylic acid curve, the amount of 
salicylic acid at To was thus obtained. 


If interfering matter such as phosphate or citrate was 
present, the aspirin and salicylic acid were extracted 
from the powdered sample in a separator with benzene. 
The filtered and pooled benzene was then extracted with 
small volumes of a solution of the buffer and ferric am- 
monium sulfate reagent, until an aliquot showed no fur- 
ther coloration in the aqueous extract. The pooled 
aqueous solution was made to volume with the re- 
maining buffered ferric ammonium sulfate solution and 
filtered, if necessary, before reading at 530 mp. The 
FSA was calculated from a standard salicylic acid curve 
as before, but without having to calculate a TO value; 
the intact aspirin remains in the benzene layer, so no 
hydrolysis should be taking place in the aqueous layer. 


It is of interest to note that the pH of the aqueous so- 
lution (2.95 f 0.05) read at 530 mp for both procedures 
was near the minimum of the hydrolysis rate of aspirin 
in regard to its pH-rate profile. On comparing the 
FSA values obtained by using these proposed proce- 
dures with those of the BP on several commercial prod- 
ucts, the proposed procedure consistently found more 
FSA, which again raises doubt about the sensitivity 
of the official BP test for FSA. 


Quite independently, Strode et al. (53) conducted a 
systematic study similar to  Edwards, only this study in- 
volved modifying the USP XV free salicylic test from 
a limit test to a sensitive, reproducible procedure which 
was applicable in FSA testing not greater than 0.25 %. 
Hydrolysis curves were constructed from transmittance 
measurements made at timed intervals on thermostated 
solutions of aspirin and ferric alum. Under the condi- 
tions of the spectrophotometric method, these curves 
indicated that salicylic acid increased at the rate of 
0.0028%/min. at 20°, 0.0036%/min. at 25", and 
0.0054 %/min. at 30". This definitely emphasizes theneed 
for reasonably close temperature control. T o  obtain re- 


liable readings, 100-mm. cells instead of the usual 10- 
mm. cells were used. The ferric alum solution in 0.01 N 
hydrochloric acid was kept refrigerated and prepared 
fresh each week. The calibration standards were pre- 
pared so that they would be at the same pH and essen- 
tially of the same composition as the sample solutions 
being measured. This was accomplished by adding an 
aliquot of freshly prepared aspirin solution in alcohol 
(SD 30) and water at 25" to individual standard incre- 
ments of salicylic acid, and noting the time between 
addition of the ferric alum solution and the reading of 
final solution (this should be within 5 min.). Through a 
simplified calculation, a correction for the hydrolysis of 
the aspirin during this short time interval may be ap- 
plied. Thus, this is the first time where the salicylic 
standards contained essentially the same amount of 
aspirin as the samples being assayed. With colorless 
aspirin solutions or those from green-tinted formula- 
tions, the final iron-salicylate color was read at 5 15 mp 
while the pink-tinted formulations were read at 575 mp. 
Appropriate standard curves were run at these given 
wavelengths. Within the range of concentration mea- 
sured, the precision and accuracy of this method were 
within 0.005% salicylic acid at the 95% confidence 
level. 


They also developed a rapid visual method using 
matched Nessler tubes and a series of salicylic acid 
standards, which were prepared exactly as the sample in 
regard to pH, alcohol (SD 30) content, and ferric alum 
solution. These standard solutions were stable for 2 
weeks. The aspirin sample (colorless for this test) 
was dissolved in alcohol (SD 30), the appropriate 
aliquot diluted with water cooled to lo", then treated 
with the ferric alum solution, and compared within 30 
sec. to  the standard series of salicylic acid. The salicylic 
acid content was estimated visually to the nearest 10 
mcg. of salicylic acid. By conducting this comparison 
test so rapidly and at  lo", the hydrolysis error appeared 
to  be within experimental error. 


In a thesis and later a publication, Leeson (54) and 
Leeson and Mattocks ( 5 5 )  made a very thorough study 
of the decomposition of aspirin in the solid state, util- 
izing a modification of the AOAC 6th edition procedure 
which improved the accuracy and sensitivity of the mea- 
surements. The aspirin and salicylic acid were dis- 
solved in absolute alcohol. The final color of a given 
aliquot, which was developed in a 50 % alcohol medium, 
was read in a spectrophotometer at 532 mp (a slit width 
of 0.02 mm.) along with a series of salicylic standards 
treated exactly as the samples. 


The step in which the sample or standard salicylic 
acid aliquot is diluted to  exactly 50 ml. with absolute 
alcohol is an extremely important one. The original pro- 
cedure consisted of adding the given aliquot to  50 ml. of 
absolute alcohol, but since the size of the aliquot varied, 
the concentration of alcohol in the final dilution was 
not constant. To determine the effect of alcohol con- 
centration on the iron-salicylate color, three different 
concentrations of salicylic acid were made. They were 
read over a varying range of alcohol from 5 through 
85 % alcohol at increasing increments of 10 % alcohol. 
It was readily concluded that the final concentration of 
alcohol had a significant effect on color intensity. With 
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Table IX-Stability of Various Aspirin-Antacid Mixtures (2:l) 
~~~~~~~~~ ~ ~ 


Over 1 FSA Stored % FSA after 1 
-for Stated Weeks at- Year at 


Antacid RT 37.5" RT 37.5" 


Dihydroxy aluminum aminoacetate 
Calcium gluconate 
Calcium carbonate 
Aluminum hydroxide dried gel 
Magnesium carbonate 
Magnesium oxide 
Magnesium hydroxide 
Calcium lactate pentahydrate 
Magnesium trisilicate 
Dibasic sodium phosphate, anhydrous 
Sodium bicarbonate 


52 + 
52 + 
28 
12 
12 
4 
2 


36 
4 


16 
4 


52 + 
5 2 f  
8 
4 
2 
2 
2 
6 
2 
2 
2 


0.65 
0.80 
4.4 
3 . 9  


11 .0  
18.0 
19.5 
71 .O 


100.0 
100.ob 
loo. ob 


0.70 
0 .78  


11.3 
6 .9  


42 .9  
24.0 
38.6 


100.0" 
100.ob 
1 o o . O C  
1 0 0 . 0 d  


., Within 48 weeks. *Within 44 weeks. c Within 40 weeks. d Within 28 weeks. 


the lowest salicylic acid concentration, alcohol content 
of 30 ml. instead of 25 ml. could introduce an error of 
6 .7z  in FSA value. This error increases greatly with 
higher concentration of alcohol. For this reason, al- 
though a worker may select any alcohol volume de- 
sired, he must keep it constant throughout the study for 
both the samples and standards. 


Under anhydrous conditions in sealed ampuls, as- 
pirin (100-140-mesh) with and without calcium stearate 
(a lubricant in aspirin tablets which has been shown to 
expedite the decomposition of aspirin) were stored at 
35, 45, 60, 80, 100, and 110". Samples were removed at 
various time intervals over a period of 50 days and as- 
sayed for FSA content. Samples of aspirin alone 
showed little or no decomposition at 80" or below, while 
those with calcium stearate decomposed within 2 days 
to the extent of about 1% FSA and then remained 
near this level during the remainder of the study. At 
both 100 and 110", with or without calcium stearate, 
the aspirin showed about 2% FSA in 5 days and then 
decreased gradually with time. As these samples both 
melted and changed color, it was not known whether 
the formation of a polymolecular salicylide accounted 
for the decrease in salicylic acid. 


From these studies, it was believed that the small 
amount of decomposition found could have been caused 
by traces of moisture, which contaminated the dry as- 
pirin during the filling and sealing of the ampuls. The 
amount of water necessary to account for the decom- 
position observed was approximately moles. The 
conclusion was thus reached that below 80", the decom- 
position of aspirin in the absence of moisture was of 
minor importance. 


Consequently, the role of humidity, or more specifi- 
cally vapor pressure, on the decomposition of aspirin 
was studied at various temperatures (50, 60, 70, and 
SOo) with vapor pressures varying from 46 through 
232.5 mm. At various time intervals over a period of 
nearly 1 year, samples were taken from the given 
humidistats and assayed for FSA content. Decomposi- 
tion was noted at all stations. The amount depended on 
the length of time in the given humidistat, temperature, 
and vapor pressure. The higher the temperature and 
vapor pressure, the more rapid was the decomposition. 


Tablets containing aspirin, starch, and talc (washed 
and unwashed) were prepared and studied under sim- 
ilar conditions as the aspirin crystals. The effect of 


washed talc on the stability of the aspirin was not ap- 
preciably different from the talc. The complications 
arose at various humidistats in that the tablets would 
liquefy, particularly at the 80" stations (but not below 
60"), once the salicylic acid content reached a critical 
level. Once liquefaction occurred, the salicylic acid con- 
tent decreased sharply and the study with that humidi- 
stat was discontinued. Along with previous workers' 
conclusions, Leeson showed that the compression into 
tablets did not change the mechanism of decomposition. 


The widespread use of aspirin in combination with 
various antacid compounds as buffering agents led 
Bandelin and Malesh (56) to study the stability of as- 
pirin with 11 commonly used antacid compounds. 
Using a modification of the method of Pankratz and 
Bandelin (48), previously discussed, the FSA content of 
powder mixtures of two parts aspirin to one part ant- 
acid powder, after being stored at room temperature or 
at 37.5" for periods of time up to 1 year, were assayed at 
stated time intervals. The antacid powders were used 
directly from the commercial container so they were not 
pretreated or dried in any way before using. Table IX 
summarizes their results. 


Both dihydroxy aluminum aminoacetate and calcium 
gluconate were definitely superior to the other antacids 
studied in regard to "available" FSA. The word avail- 
able is used with the FSA reported in that the mixture 
assayed was extracted directly with acetone. It was not 
shown, or stated, if aluminum, calcium, or magnesium 
salicylate was formed during the decomposition of the 
aspirin, or if the acetone would dissolve these salts. Fur- 
ther, if they did dissolve, would the ferric iron replace 
the cation in the 50% acetone medium in which the 
iron-salicylate color was developed? 


The unusual was done by Wirth (57) in that he fol- 
lowed the USP XV procedure for FSA without any mod- 
ifications when assaying APC tablets. The FSA values 
reported were acceptable. 


Using the procedure of Ribeiro et al. (51), Kral 
et al. (58) studied various mixtures of drugs commonly 
given with aspirin. Samples of the various mixes were 
kept at four different stations: room temperature, an- 
hydrous state at room temperature, 97 % relative hu- 
midity at room temperature, and 37" for periods up 
to 6 months. The individual mixtures of aspirin with 
phenacetin, caffeine, phenobarbital, dextrose, sucrose, 
or lactose were classed as being stable, while those with 
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Table X-Effect of Amphetamine Salts on the 
Stability of Aspirin 


Table XI-Stability of Various Aspirin Tablets 


pK of Parent 
Amphetamine Salt Acid 


Picrate 0.38 
Acid oxalate 1.19 I Increase 


in accelerating 
decomposition of 
aspirin 


Sulfate 
Acid maleate 
Acid tartrate 3.02 


0 Second dissociation constant. 


antipyrine, amidopyrine, and quinine hydrochloride de- 
composed slightly. Mixtures of sodium bicarbonate, 
hexamethylenetetramine, and caffeine sodium benzoate 
decomposed rapidly. 


In his thesis, Lippmann (59) used the colorimetric 
procedure developed by Leeson (54), but substituted 
9 5 z  alcohol for absolute alcohol in his studies of as- 
pirin decomposition with various amphetamine salts. 
Mixtures of 100 parts of aspirin (50-70-mesh) and 2.935 
parts of amphetamine salt as base (60-mesh) were 
stored in humidity cabinets at 73 " and 67 % relative hu- 
midity. Amphetamine salts used were sulfate, diphenyl- 
acetate, p-aminobenzoate, 2-naphthoate, phthalate, and 
picrate. The phthalate salt increased the rate of decom- 
position of the aspirin the greatest; the order was as 
follows: phthalate > diphenylacetate = p-aminobenzo- 
ate = 2-naphthoate > picrate > sulfate. 


A relationship between pK of the parent acid in the 
amphetamine salt and rate of decomposition of aspirin 
(Table X) correlated well with the acid strength dis- 
cussed by Yamamoto and Takahashi (50). 


Four different tablets of aspirin were manufactured 
by Nazareth and Huyck (60) to study the effect of cal- 
cium salts on the stability of aspirin. The tablets were 
stored at 9-12, 25-30, and 45" for a period of 8 weeks. 
Samples were removed weekly and assayed for salicylic 
acid by essentially the method of Pankratz and Band- 
elin (48), reading the final color in a 20% alcohol 
medium. Table XI summarizes their work. 


It was noticed that when the percent FSA was over 6, 
needle-shaped crystals (whiskers) of salicylic acid ap- 
peared on the sides and neck of the container. This study 
showed that aspirin was unstable in the presence of either 
calcium carbonate or calcium succinate. This was in 
agreement with Yamamoto and Takahashi (50), who 
found that the presence of a salt of a weak acid accel- 
erates the decomposition of aspirin. 


Continuing the same type of study, Nazareth and 
Huyck (61) studied the stability of aspirin in four differ- 
ently manufactured APC tablets. The tablets were stored 
for 5 weeks and samples removed weekly for the FSA 
assay. 


Only Tablet A in Table XI1 showed a rapid decom- 
position of aspirin. It was the only tablet containing 
magnesium stearate as a lubricant. 


As DeMarco and Marcus (62) did not require the 
sensitiveness described by Leeson (54), they modified 
the iron reagent to account for larger amounts of sali- 
cylic acid and still adhere to Beer's law (Table XIII). 


Reagent No. 1 was used by Leeson and was shown to 
be very sensitive to the alcohol concentration. Reagent 
No. 4 was recommended, as it was not only insensitive 


Weeks of Storage 
before 0 .5  % FSA Z FSA after 
--Found at- -8 Weeks at- 


Tablet 9-12'25-30' 45" 9-12' 25-30' 45" 


I. Aspirin 8+ 8+ 7 0.3 0.4 0.5 
11. Aspirin + calcium 


7 2 1 0.5 1.2 14.0 carbonate 
111. Aspirin + calcium 


succinate 5 1 1 0.6 1.0 88.5 
IV. Aspirin + calcium 


carbonate and 
4 1 1 0.6 1.2 96.7 succinate 


to alcohol concentration changes, but the intensity of 
the iron-salicylate complex was greatly increased. Re- 
agent No. 7 emphasized the need for acid in the color 
development medium. 


Okano et al. (63) conducted a factorial experiment 
(2* X 4) like Ribeiroet aL(5l)andobtained essentially the 
same conclusions. Of the lubricants, talc, edible oil, 
and stearic acid were better than magnesium stearate or 
calcium stearate at 56". Room relative humidity caused 
less decomposition than 84 % relative humidity. Storage 
temperature at 45 " caused more aspirin decomposition 
than room temperature (10-20"). Presence of lactose or 
diphenylpyraline hydrochloride resulted in an increase 
in aspirin decomposition. Little effect was noticed on the 
stability of aspirin, with or without starch, whether it 
was prism or needle form. The number of times the 
tablets were compressed at different pressures did not 
affect the aspirin. 


In continuing their studies on the stability of aspirin 
with other drugs or compounds, Pate1 and Huyck (64) 
manufactured aspirin tablets with and without alumi- 
num hydroxide dried gel USP. The tablets were stored 
for nine weeks and samples removed weekly for FSA 
assay as previously described. 


The results in Table XIV are in agreement with the 
work reported by Bandelin and Malesh (56). 


In two papers, Grabowska (65, 66) reported on the 
stability of aspirin with other drugs as powders or 
tablets after a year's storage. No decomposition of 
aspirin was reported when mixed with caffeine, quinine 
sulfate, codeine phosphate, phenobarbital, phenacetin, 
carbromal, urea, or p-aminobenzoic acid. 


Slight decomposition was reported with quinine hy- 
drochloride or sodium benzoate. The presence of so- 
dium phenobarbital, codeine base, or caffeine sodium 
benzoate greatly accelerated the decomposition of the 
aspirin. Four stabilizers, magnesium oxide, aluminum 
hydroxide, calcium carbonate, and calcium gluconate, 
were mixed individually with aspirin, sodium pheno- 
barbital, and caffeine mix, and aspirin, caffeine, and so- 


Table XII-Stability of Various APC Tablets 


FSA after 
5 Weeks at  


Tablet 9-12" 25-30'' 45 


A 0.6 
B 0.1 
C 0.1 


1.2 
0.2 
0.2 


16.0 
1.0 
0.6 


D 0.1 0 .2  1.3 
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Table XIII-Effect of Iron Reagent and Percent Alcohol on the Iron-Salicylate Color 


Adherence to Beer's Law at 
ml. Iron z Alcohol 532 m,u; 


Iron Reagent Solution Solution Acid/ml. 
Reagent Added/100 ml. in Final mcg. Salicylic 


I .  2 Ferric ammonium 
sulfate in 0.125 N 
hydrochloric acid 2 50 1 0-20 


2. Same as No. 1 5 50 10-60 
3. Same as No. 1 5 10 10-80 
4. 1 % Ferric chloride in 


0.1 N hydrochloric acid 5 50 10-80 
5. Same as No. 4 5 10 10-80 
6. 0 5% Ferric chloride in 


7. 0 5Z Ferric chloride. 
0 1 N hydrochloric acid 2 10 10-50 


no-acid 2 10 None 


dium benzoate mix. Magnesium oxide was best with the 
former mix, while aluminum hydroxide, calcium car- 
bonate, or calcium gluconate was effective in stabi- 
lizing the aspirin in the latter formulation. 


Control methods used in the Australian pharmaceuti- 
cal industry for FSA in aspirin formulations were de- 
scribed by Green (67). The method of Strode et al. (53) 
was used in determining the FSA content in aspirin and 
aspirin-starch formulations. The results were in line 
with the BP FSA limits. If the formulation contained 
magnesium hydroxide, it was necessary to release the 
salicylic acid from its magnesium salt by first adding an 
aqueous acid and extracting the salicylic acid imme- 
diately with 1 : 1 pentane-ether solution. After evapora- 
tion of the mixed solvent the residue was dissolved in 
alcohol and assayed. 


The effect of selected USP talcs on the stability of 
aspirin in tablets was reported by Gold and Campbell 
(68), utilizing a direct benzene extraction of the pulver- 
ized tablets. After vigorous shaking and centrifuging un- 
til clear, an aliquot was shaken with a ferric ammonium 
sulfate reagent. The clear aqueous layer, after centri- 
fuging, was read in a colorimeter at  515 mp. FSA con- 
tent was calculated from a standard series of salicylic 
acid treated as the sample. Three series of tablets were 
prepared. The first used the talc, as is; the second used 
acid-washed talc. The third series used the best of the 
four talcs, Talc A, plus known amounts of various im- 
purities (aluminum silicate, red iron oxide, calcium 
silicate, and calcium carbonate which were mixed in- 
dividually with the talc to prepare the aspirin tablets). 


The data indicated that the four USP talcs were 
different in regard to FSA formation after being stored 
at  40" and 90% relative humidity for 12 weeks (FSA 
varied from 0.8 to 25.8 %). The decomposition, how- 
ever, did not appear to  be directly related to the pH of 


Table XIV-Aspirin Dosage Form Stability 


z FSA 
after 9 --- Weeks at---- 


Tablet 10" RT 37.5" 


Aspirin 0.13 0 . 1 3  0 .16 
Aspirin and 


aluminum hydroxide 
dried gel 1.16 2.04 3.30 


the talc. The acid washing of the talc before use did 
improve the aspirin stability greatly, particularly with 
Talc C. Of the added impurities to Talc A, the presence 
of aluminum silicate or red iron oxide did not signifi- 
cantly affect the stability of the aspirir, while both the 
calcium salts (carbonate being the worst offender) in- 
fluenced appreciably the rate of decomposition of the 
aspirin. 


Though the main interest of Troup and Mitchner 
(69) was on degradation of phenylephrine hydrochlo- 
ride in tablet formulations containing aspirin, they did 
assay for FSA according to the Gold and CampbelI 
(68) procedure. For the degradation of phenylephrine 
in aspirin-containing tablets to occur, the breakdown of 
the aspirin was prerequisite. This was accelerated 
greatly by the presence of magnesium stearate as a lu- 
bricant in the manufacturing of the tablets. For any one 
formulation held at  elevated temperature (usually 70 "), 
the increase in salicylic acid content plotted against the 
decrease in phenylephrine content gave a linear relation- 
ship. 


The effect of four granulating solvents in the manu- 
facturing of aspirin tablets was reported by Trose and 
Danz (70). Granulations prepared with 95 and 7 0 x  
alcohol or spiritus gelatine did not increase the decom- 
position of the aspirin, while the use of 5 %  gelatin 
mucilage did. The FSA content was found by extracting 
the pulverized sample with alcohol, filtering, diluting 
with water, adding ferric chloride reagent, and reading 
the resulting color at 530 mp in a colorimeter. If phos- 
phates are present in the formulation, a preliminary 
extraction and evaporation must be made with 1:l  
ether-petroleum ether mixture. 


Jaminet and Evrard (71) evaluated the effectiveness 
of precirol (a glyceryl palmitostearate), a binder lu- 
bricant, in the manufacturing of aspirin tablets. After 3 
months at  50" and 80% relative humidity, no FSA was 
reported from the tablets using this substance. The FSA 
was determined in the pulverized tablets by first ex- 
tracting with 1 : 1 ether-petroleum ether solution, fil- 
tering, evaporating, dissolving the residue in alcohol, 
diluting with water, and adding a ferric ammonium sul- 
fate reagent. The solutions were read at 520 mp. 


The effects of humidity on aspirin, on its mixtures 
and tablets, with five different fillers were reported by 
Wisniewski and Piasecka (72). The FSA was deter- 
mined by dissolving the aspirin in alcohol, filtering if 


1066 [7 Journal of Pharmaceutical Sciences 







40 t 
5 32 
m a t 24 
M 


16 
d Ll a 


0 
0 20 40 60 80 100 120 140 160 


SALICYLIC ACID, rng./TABLET 


Figure 2-Relationship between the rate of formation of salicylic 
acid and of DAPAP. 


required, and adding an aliquot to a Nessler cylinder 
containing water and the ferric ammonium sulfate re- 
agent. These were compared with the prepared salicylic 
acid standard solutions. The samples were stored over a 
period of 4 months at 93, 58, and 20% relative hu- 
midity along with changing humidity conditions in the 
laboratory. The decomposition at 93 % relative humidity 
took place in the following decreasing order of filler 
used: magnesium oxide > magnesium carbonate > cal- 
cium carbonate > magnesium stearate > no filler. This 
same decomposition order existed at 58 and 20% rela- 
tive humidity, along with ambient conditions. It 
is one of the few times that magnesium stearate 
has not led the list in degree of decomposition of as- 
pirin. During these studies, it was shown that alcohol 
concentration affected the final color, as did varying 
amounts of acetic acid. None of the fillers used altered 
the final color. 


In a paper similar to that of degradation of phenyl- 
ephrine (69), Koshy et al. (73) reported on the acetyla- 
tion of acetaminophen (APAP) in tablet formulations 
containing aspirin. With tablets stored at 50" for a 
period of 6 weeks, the formation of diacetyl-p-amino- 
phenol (DAPAP) indicated a linear relationship be- 
tween the rate of formation of salicylic acid through a 
4-week period (Fig. 2). The same trend existed in 
various samples stored at ambient conditions, although 
at lower salicylic acid and DAPAP levels. Commercial 
tablets of unknown age, purchased from retail outlets 
and containing both APAP and aspirin, showed this 
same relationship of aspirin decomposition and forma- 
tion of DAPAP. As one of these lots showed high 
DAPAP, a study was conducted at 50" for 4 weeks on 
the effect of stearic acid in one and magnesium stearate 
in the other. The magnesium stearate mix produced 
nearly 1000 times as much DAPAP as the stearic acid 
or regular mix. 


Continuing their study on the stability of aspirin, 
Jaminet and Louis (74) made tablets with various lubri- 
cants. On assaying these tablets after being stored 6 
months at 50" and 80% relative humidity, the lubri- 
cants may be listed in order of increased amounts of 
salicylic acid being found. Magnesium stearate was the 
poorest lubricant in that nearly 90% of the aspirin wgs 
decomposed, the next being polyethylene glycol 6000 
(about 15 % being decomposed) > glycerol m o n p  
stearate I1 > stearic acid > stearyl alcohol > glycerol 
monostearate I > precirol = geleol. The last two lubri- 


Table XV-Effect of Common Active and Inactive Aspirin 
Product Components on Color Development" 


Corn- 
ponent- 


Salicylic Acid 
Component Ratio Interference 


Lactose 40:l  Nil 
Meprobamate 1OO:l Nil 
Methylcellulose 40: 1 Nil 
Polyvinylpyrrolidone 20:l  Nil 
Phenacetin 60: 1 Nil 
Calcium stearate 1O:l +ZOZ 
Magnesium stearate 1O:l +ZOZ 
Stearic acid 1O:l + 3 m  
Alginic acid 1O:l Nil 
Ion-exchange resinb 1O:l Nil 
Caffeine 40:l  Nil 
Ethoheptazine citrate 20: 1 Nil 


Di hydrocodeine 20:l  Nil 
Codeine phosphate 20:l  Nil 


Hydrogenated vegetable oilc 1O: l  Nil 
Talc 20:l  Nil 
Meperidine HCI 40:l  Nil 
Starch 70:l  Nil 


1OO:l -15% 
Citric acid 15:l -20% 


Phenergan HC1 3: l  +loo% 


~~ ~ ~~~ 


a Reprinted, with permission, from L. F. Cullen et al., Ann. N .  Y .  
Acad. Sci., 153, Art. 2, Table l(1968). b Amberlite, Rohm & Haas Co. 
c Sterotex. 


cants were the best in protecting the aspirin from de- 
composing under these conditions. 


It is befitting that the last paper using an iron reagent 
would be titled "An Automated Colorimetric Method 
for Determination of Free Salicylic Acid in Aspirin- 
Containing Products," by Cullen et al. (75). The number 
of salicylic acid determinations required in the develop- 
ment of a stable aspirin product, or in production 
quality control, can be overburdening. The need to 
automate the salicylic acid analysis was, and is, great, 
as the saving in analytical time, effort, manpower, and 
expense can be tremendous. 


The method selected for automation was that of 
Pankratz and Bandelin (48), as they had reported on the 
optimum conditions needed in order to obtain the 
greatest accuracy and reproducibility in the quantitative 
determination of salicylic acid in pharmaceutical prep- 
arations. A flow diagram (Fig. 3) is presented at this 
time only to show the equipment arrangement utilizing 
a standard Technicon automated system which was 
programed at 15 samples/hr. Specificity studies are 
summarized in Table XV. 


Turbidity accounted for the high values given by the 
presence of calcium and magnesium stearate and stearic 
acid. The quenching effect (negative interference) was 
brought about by citric acid which forms a nonionized 
salt with iron. Phenothiazine derivatives react directly 
with the ferric iron and so must be removed if present in 
the aspirin formulation. Linearity of the salicylic acid 
in the microaperture flow-through cells was excellent. 
The precision of standard salicylic acid showed a repeat- 
ability deviation of lS%, while replicate samples of a 
commercial tablet were within 2 %. Good accuracy was 
demonstrated by recovery of known amounts of stan- 
dard salicylic acid added to powdered commercial 
tablets and by comparing this to the manual proce- 
dure. 
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DETERMINATION OF SALICYLIC ACID IN ASPIRIN AND 
ASPIRIN PRODUCTS BY W SPECI’ROPHOTOMETRY 


Until Tinker and McBay (76) introduced their simple 
and rapid spectrophotometric method of analysis for 
aspirin and salicylic acid, two separate determinations 
had to be made for the intact aspirin and hydrolyzed 
aspirin. In selecting the solvent for the UV studies, they 
found that in using chloroform A.R. grade, both as- 
pirin and salicylic acid had higher absorbances and 
stabilities than in either aqueous or alcohol solutions. 
Also, the greatest difference between maximum and 
minimum absorbance values for any given concentration 
was observed in chloroform. The maximum absorbance 
for aspirin and salicylic acid was found to be 278 and 
308 mp, respectively, as shown in Fig. 4. Beer’s law was 
conformed to in the concentration ranges used. Equa- 
tions were developed for this two-component mixture, 
and the application to aspirin, aspirin tablets, or cap- 
sules was valid and had an error of less than 0.2%. 
Samples of aspirin were dissolved in chloroform (fil- 
tered if necessary) and read at 308 mp for salicylic acid 
content. A portion of the bulk solution was diluted 100 
times and then read at 278 mp for aspirin content. 
Both readings were against a chloroform blank. 


Ebert (77) found that the existing methods for deter- 
mining amphetamine sulfate, phenacetin, and aspirin in 
the corresponding tablets involved many laborious 
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Figure G U Y  specirocurves of aspirin (-- -) and of salicylic acid 
(-) in chloroform. 


Figure %Flow diagram for the de- 
termination of salicylic acid in aspirin- 
containing products. Key: I ,  0.8 ml.1 
min. air; 2, 4.06 ml./min. SDA No. 
30 alcohol; 3, 2.76 ml./min. sample; 4, 
2.03 ml./min. sample; 5, 2.76 ml./min.; 
6,2.76 ml.lmin. Fe(NO& reagent; 7,2.00 
ml,/min. air; 8, 2.5&ml./min. flowcell: 
and 9, reservoir-SDA No. 30 alcohol. 
[Reprinted, with permission, from L. F. 
Cullen et al., Ann. N. Y. Acad. Sci., 
153, Art. 2, Fig. I (I968).] 


time-consuming extractions. After the separations were 
completed, lengthy titrations or a gravimetric procedure 
were required. With all this work, very little, if any, re- 
liable information was available in regard to subtle 
changes such as the presence of salicylic acid which 
could be formed from the decomposition of the aspirin. 
Ebert, with meticulous care, designed a three-compo- 
nent spectrophotometric method for the simultaneous 
determination of aspirin, phenacetin, and salicylic acid. 
It was not only a more rapid method of analysis, but 
was found to give increased accuracy and precision. 
Alcohol was selected as the solvent of choice. In 
this medium, aspirin was found to have an absorp- 
tion maximum at 226 mp, salicylic acid at 235 mp, and 
phenacetin at 250 mp. As there was a great deal of over- 
lapping of the three absorption curves, it was important 
to prove that the absorbance of this mixture, partic- 
ularly where the aspirin showed 0, 50, and 100% hy- 
drolysis, represented the sum of the absorbances of the 
individual compounds comprising the mixture at that 
wavelength. The validity of this was well proven by 
Ebert’s work. From all these basic data, the appropriate 
validated equations were derived. The equations were 
then tried on tablets which had been extracted with 
ether. The three compounds in alcohol were then deter- 
mined spectrophotometrically. The estimate of the 
accuracy and precision compared favorably with those 
methods used in the past. Though the major emphasis 
of this work was on the stability of sympathomimetic 
amine salts when combined with aspirin and phen- 
acetin, interesting facts evolved about the stability of 
aspirin in these combinations. It might be added that in 
all the stability studies conducted here, phenacetin did 
not show any appreciable change. 


Stability studies on tablets containing amphetamine 
sulfate, aspirin, and phenacetin were conducted in re- 
gard to the effects of temperature, moisture, and lubri- 
cants on these compounds. All the tablets were packaged 
in loosely capped amber bottles. These bottles were 
stored under the following conditions: room tempera- 
ture, 0 % relative humidity; room temperature, 95 % 
relative humidity ; 43 O, 0 % relative humidity, and 43 O, 


95 relative humidity. After a year’s storage and many 
assays, the important finding was that aspirin decom- 
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position appeared to be associated with the disappear- 
ance of the amphetamine sulfate. The aspirin decom- 
position appeared to  be dependent upon the lubricant 
present in the following decreasing order: magnesium 
stearate > tale and magnesium stearate > stearic acid > 
talc. The increase of temperature accelerated the decom- 
position of aspirin, but the increase of humidity at the 
same temperature had a much greater effect. Meth- 
amphetamine hydrochloride was substituted for the 
amphetamine sulfate in a similar stability study, and the 
conclusions were the same as mentioned for amphet- 
amine sulfate. It is of interest to note that no aspirin de- 
composition occurred in any of the formulas stored at 
room temperature, 0 % relative humidity, regardless of 
the ingredients present. In another study, salicylic acid 
replaced aspirin in the tablet with the result that it had 
little or no effect on the amphetamine sulfate. 


Ebert checked on the possibility that aspirin might be 
capable of acetylating amphetamine. Working with the 
pure compounds, he isolated acetylamphetamine which 
proved this belief. The addition of an equivalent amount 
of salicylic acid and acetic acid in place of the aspirin in 
that study did not result in the isolation of any 
acetylamphetamine. Isolation of any acetylamphetamine 
from the tablets studied was not successful. Today, with 
the aid of TLC and GLC, such a decomposition product 
could readily be detected quantitatively. 


Though Leeson’s work with aspirin (54) involved 
chiefly a colorimetric procedure, he used the UV pro- 
cedure developed by Ebert. This was done to check that 
no loss of salicylic acid (through volatilization) from the 
vials on stability had occurred. As the tablets used here 
did not contain amphetamine sulfate or phenacetin, the 
interpretation required was simpler. Absolute alcohol 
was used in place of the 95 % alcohol. This would assure 
better stability of the aspirin during the assay. Readings 
were taken at 226 mp (slit width of 0.8 mm.) and at 235 
mp (slit width at 0.6 mm.) against absolute alcohol. On 
assaying many tablets randomly, the summation (in 
moles) of the aspirin and salicylic acid found accounted 
for all the aspirin originally employed. In short, no sali- 
cylic acid was being lost through volatilization under the 
storage conditions. 


In the first of a series of many interesting and Val- 
uable publications dealing with the determination of the 
stability of aspirin in many products, Levine (78) intro- 
duced a rapid chromatographic assay for APC tablets 
which included the determination of salicylic acid. Pre- 
vious papers using this column technique did not dis- 
cuss the determination of salicylic acid. 


The pulverized APC sample was extracted with 
chloroform containing a sinall amount of acetic acid 
(to convert any aspirin salt to the free acid and so be ex- 
tracted by the chloroform). Without filtering off the 
insoluble excipient material, an aliquot was diluted with 
freshly water-washed ether and passed directly to the 
single duplex column which had just been washed using 
water-washed ether. The upper segment of the column 
contained 1 N sodium bicarbonate on diato:naceous 
earth4 which acted as the supporting phase. The sodium 
bicarbonate trapped both the aspirin and salicylic acid. 


4 Celite 545. Johns-Manville Corp., New York, N. Y. 


The lower segment of the column contained 4 N sulfuric 
acid on diatomaceous earth. The sulfuric acid retained 
the caffeine while the phenacetin passed through into an 
evaporating dish. Water-washed ether was passed 
through the column in small portions to elute quantita- 
tively all the phenacetin. A volumetric flask was placed 
under the column and sufficient water-washed chloro- 
form was passed through the column to elute quantita- 
tively the caffeine. Immediately, the column was eluted 
with acetic acid in chloroform (previously water-washed 
before adding the acetic acid) into another volumetric 
flask. This last eluate was read immediately in a suitable 
spectrophotometer at 280 mp for aspirin and 310 mp for 
salicylic acid, as aspirin was not stable in this medium. 
The caffeine was read at 276 mp while the phenacetin 
was evaporating. The residue in the evaporating dish 
was dissolved in a little chloroform and then diluted 
with isooctane in a volumetric flask and read at 285 
mP* 


This entire procedure, from grinding of the tablets to 
the final UV readings, took less than 1 hr. Though it was 
not emphasized, the aspirin should not be left on the 
column any longer than necessary, as it has been found 
to hydrolyze readily. From experience it has been found 
that the phenacetin may be dissolved and diluted with 
chloroform; thus another solvent (isooctane) is unneces- 
sary. 


In calculating, standards of the three drugs and sali- 
cylic acid are read in the UV at the stated wavelength in 
the same medium as the sample. For practical purposes, 
it was assumed that aspirin’s absorbance at 3 10 mp was 
negligible (100 mcg. aspirin/ml. read 0.010). Thus, any 
reading at 310 mp was calculated as salicylic acid. From 
this absorbance value at 3 10 mp, the absorbance due to 
the salicylic acid at 280 mp can be calculated from the 
values of the standard salicylic acid read at these two 
wavelengths and deducted from the total absorbance 
at 280 rnp; the remainder can be considered to be the 
absorbance of the intact aspirin. 


This partition chromatographic procedure compared 
excellently with the old and very laborious N F  X pro- 
cedure. The fact of the matter is that Levine’s work was 
so convincing (and deservedly so) that in the next re- 
vision of the NF (NF XI) his procedure replaced the old 
official method except for the FSA limit test. There 
were also other firsts in this paper; Levine broke 
tradition with conventional partition chromatography 
techniques by altering the nature of the immobile 
phase (neutralizing the sodium bicarbonate phase of the 
column with acetic acid) as a step in the process. In so 
doing, the versatility of partition chromatography was 
thus broadened to permit separations not previously 
possible. In earlier techniques, the constitution of the 
immobile phase remains unchanged. 


In 1959 and 1960, Smith (79, 80) reported on an 
AOAC collaborative study of the Levine method for 
APC. As a result of these studies, the Levine method be- 
came official in the Tenth Edition of the Methods of 
Analysis of the AOAC. These collaborative tests did 
show a weakness in the procedure, in that the values re- 
ported for the salicylic acid content varied appreciably 
(from 0.15 to 3.17 % as hydrolyzed aspirin). As stated 
before, with care the hydrolysis of the aspirin on the 
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sodium bicarbonate column can be avoided, chiefly by 
eluting the column as quickly as possible. Smith sug- 
gested that the aspirin and salicylic acid content could 
be calculated by simultaneous equations rather than 
make the assumptions already discussed in the Levine 
paper. 


Heuermann and Levine (81) and later Heuermann 
(82) expanded the usefulness of Levine's original work 
to  the analysis of combinations of aspirin, phenacetin, 
and caffeine with other drugs. The other drugs were 
pyrilamine maleate, chlorprophenpyridamine maleate, 
phenindamine tartrate, methapyrilene hydrochloride, 
doxylamine succinate, thonzylamine hydrochloride, 
codeine sulfate or phosphate, phenobarbital, or cyclo- 
pentylallybarbituric acid. In neither paper were there 
any salicylicacid valuesreported, aIthoughdiscussion was 
made of its determination. An absorbance figure greater 
than 0.020 at 310 mp indicated that partial hydrolysis 
of the aspirin had taken place and must be accounted 
for in the calculations of the aspirin content of the 
sample. Simultaneous equations were used in deter- 
mining the intact aspirin and the FSA content of the 
sample. 


In the application of his partition chromatographic 
procedure to just aspirin and aspirin tablets, Levine (83) 
required only the sodium bicarbonate segment of the 
column. With this paper, he clarified the salicylic acid 
status in that if 5 %  or more FSA was found, the as- 
pirin and salicylic acid contents of the given sample 
were found simultaneously by the described UV pro- 
cedure. If the FSA was under 5z, another technique 
was used. (This technique will be described later in this 
Review Article.) 


With the UV procedure, it was noted earlier that 
aspirin was not stable in chloroform so a little acetic 
acid was added to acidify the medium. However, in the 
case of buffered tablets, a stronger acid was needed, not 
only to stabilize the aspirin but to protect it from the 
hydrolytic effect of the buffering agents present. This was 
accomplished by preparing a 0.24 N hydrochloric acid 
solution in methanol and adding a small amount of 
this solution to the original extraction medium of 
chloroform. The amount of acid present did not affect 
the efficiency of the chromatographic column, even if 
the tablets being assayed were not buffered. An aliquot 
of the aspirin solution was passed through the column 
with the aid of more chloroform (no ether was required 
as with APC tablets). The aspirin was eluted with acetic 
acid in chloroform and determined at 280 mp, while the 
reading at 310 mp showed the salicylic acid content. If 
the absorbance at 3 10 mp was 0.075 or higher, it repre- 
sented a concentration of 5 % or more FSA. The aspirin 
reading at 280 mp was corrected for this FSA absorb- 
ance so that the intact aspirin could be reported. If the 
FSA was below 5%,  another method was used in re- 
porting FSA since this spectrophotometric procedure 
resulted in too low an absorbance reading to be ac- 
curate. This procedure was successfully applied to 
regular aspirin tablets (white), pink aspirin tablets, 
orange-colored and flavored children's aspirin tablets, 
enteric-coated tablets, buffered aspirin tablets, and 
aluminum aspirin tablets. 


The stability of aspirin compounded with 10 different 


kinds of antacids was reported by Kubo et al. (84). The 
samples were stored for a total of 90 days at: 5" ,  5 2 z  
relative humidity; 20", 75 % relative humidity; and 30", 
92 % relative humidity. Samples were removed inter- 
mittently for assay by a UV spectrophotometric assay. 
The FSA content was calculated directly from the value 
at 308 mp, while the intact aspirin value at 275 mp had 
to  be corrected for the salicylic acid absorbance value. 
The antacids studied were aluminum silicate, mag- 
nesium carbonate, magnesium trisilicate, calcium gluco- 
nate, calcium lactate, sodium phosphate, dried alumi- 
num hydroxide gel, calcium carbonate, magnesium 
oxide, and sodium bicarbonate. Only the 5" station 
showed good stability with these antacids. At the 30" 
station, the last four mentioned antacids were com- 
pletely incompatible with aspirin, as shown by the high 
FSA values. 


Even though pyrilamine was known to interfere with 
the salicylic acid reading at 308 mp, Siege1 ei al. (85) 
used the Tinker and McBay (76) UV procedure to  ex- 
pedite the analysis of tablets of pyrilamine resin ad- 
sorbate with aspirin and ascorbic acid. Tablets were 
stored at 60" for 1 week and for a total of 12 weeks at 
45". Samples removed at various time intervals 
showed an unexpected trend because the type of con- 
tainer closure and degree of fill were of prime impor- 
tance for evaluating these products by accelerated tem- 
perature studies. Tablets stored in open bottles, or those 
with polyethylene snap caps, had greater stability than 
those with Bakelite screw caps. Filled containers ap- 
peared to have greater instability than partially filled 
ones; bottles that had been opened frequently, com- 
pared to those opened only once, appeared more stable. 
The following explanation was offered by the authors: 
the passage of air would remove moisture as well as 
gaseous acidic degradation products which promote in- 
stability in these tablets; thus, in tightly closed and well- 
filled bottles, this would not take place to as large a 
degree. 


Chapman and Harrison (86) determined FSA in sol- 
uble aspirin tablets by dissolving the aspirin in glacial 
acetic acid, filtering, and reading the absorbance at 320 
mp against glacial acetic acid. The salicylic acid content 
was found from a standard calibration curve of sali- 
cylic acid run exactly as the sample. This solvent was 
selected because aspirin was not stable in chloroform 
for UV studies, and the results obtained were more re- 
producible than the BP procedure. 


A more thorough study of the Tinker and McBay (76) 
procedure was reported by Ladomery (87). Chloroform 
was replaced with absolute spectral alcohol as the sol- 
vent for aspirin and salicylic acid. At the wavelength of 
maximum absorbance for salicylic acid, 300 mp, Beer's 
law held through 80 mcg./ml. of absolute spectral 
alcohol. Similar equations were calculated, only using 
the absorption data acquired from the alcohol medium. 
Application of this method was acceptable and ac- 
curate. 


For APC preparations which contain both barbituric 
acid derivatives and certain organic bases, it was the ob- 
jective of Turi (88) to develop a single method rather 
than using two procedures as described by Heuer- 
mann and Levine (81). He was successful with capsules 
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or tablets containing aspirin, phenacetin, caffeine, ito- 
barbital, and one of four phenothiazine derivatives 
(chlorpromazine hydrochloride, promethazine hydro- 
chloride, thiethylperazine dimaleate, or thioridazine 
hydrochloride). No mention, however, was made of 
determining salicylic acid by this column procedure 
other than that a prolonged stay (on Column 111) would 
result in a partial in situ degradation of the aspirin. 


For the determination of aspirin, calreine, and acet- 
aminophen (APAP), Koshy (89) found that the reversal 
of the column arrangement described by Heuermann 
and Levine (81) was all that was required. The three 
active ingredients could be assayed beside the poten- 
tial decomposition products, salicylic acid and p-amino- 
phenol. After the two columns were prepared in the 
usual manner and placed in tandem, such that the top 
column contained the sulfuric acid as the immobile 
phase and the bottom column contained the sodium 
bicarbonate as the immobile phase, they were both 
washed with ether. The powdered sample was dissolved 
in ethyl acetate, an aliquot of which was then passed 
through the two columns and collected in a volumetric 
flask. The columns were further eluted with ether. This 
fraction contained intact APAP. The columns were then 
eluted with chloroform. This fraction contained the 
caffeine. The two columns were then separated, and the 
bottom column (sodium bicarbonate phase) eluted im- 
mediately with acetic acid in chloroform. This fraction 
contained the aspirin and salicylic acid and was as- 
sayed in the usual manner. The top column (sulfuric 
acid phase), containing p-aminophenol, was washed 
with ether to remove the chloroform. The diatomaceous 
earth support was then extruded from the column with 
air under pressure and collected in a beaker. The ether 
was evaporated from this material, and 0.1 N hydro- 
chloric acid was added to dissolve the p-aminophenol. 
This extract was filtered and an aliquot was assayed 
colorimetrically using 1-naphthol as described by 
Greenberg and Lester (90). 


The effect of water vapor pressure on moisture sorp- 
tion and the stability of aspirin and ascorbic acid in 
tablet matrixes reported by Lee et at. (91) utilized the 
Tinker and McBay (76) procedure in evaluating the 
stability of the aspirin in these studies. Conclusions 
reached from these studies showed that the moisture 
adsorptive capacity of each compressed tablet formula- 
tion affected the stability of the two drugs to a great ex- 
tent and were directly related to the moisture sorption 
and tablet hardness. (The harder the tablet, the less 
moisture it sorbed and the more stable the drug.) Of the 
six diluent systems studied, calcium sulfate and cellu- 
lose produced the most stable tablets of aspirin and 
ascorbic acid, while amylose produced the least stable. 
Under stress-storage conditions, screw-cap glass bottles 
proved to be a better moistureproof container than 
snap-top plastic vials. Cellophane and aluminum foil 
strip packaging materials were about equally effective. 
Both were more effective than the glass or plastic 
containers. 


Reed and David (92) described a simple direct spec- 
trophotometric determination of salicylic acid in either 
one complete capsule or one intact tablet of an aspirin 
containing medicinal, provided no interference by the 


other components with the salicylic acid absorption at 
300 mp was encountered. The entire dose unit is shaken 
with alcohol for 1 hr. along with a similar freshly pre- 
pared unit dose as a "blank" (as this was generally not 
available, an equivalent amount of fresh aspirin was 
weighed and used as the blank). This exposure to an 
alcoholic medium for 1 hr. could lead to generated hy- 
drolysis in the case of aspirin tablets containing buffers 
as there is no mention of pH control here or in the 
aqueous dilution being read at 300 mp. The sample was 
read against the blank so that the effect of the intact as- 
pirin would be cancelled out, provided the difference 
between the two concentrations was not great. 


Application of the Tinker and McBay (76) procedure 
was applied by Day et al. (93) in following the stability 
of two mixtures official in the BPC. They reported 
the accuracy of the method to be f 2.5 %. 


In a general paper on the use of UV for analysis of 
drugs in pharmaceuticals, Sattler (94) applied the 
method described by Ladomery (87) which was a modi- 
fication of the Tinker and McBay procedure. 


A direct spectrophotometric determination of five 
compounds, aspirin, salicylamide, caffeine, phenacetin, 
and salicylic acid, in tablets or powders without any pre- 
liminary separation was reported by Clayton and Thiers 
(95). The powdered sample was extracted with chloro- 
form. From this extract, three aliquots (same volume 
size) were added to separate volumetric flasks, one to be 
an acidic medium, another to be a basic medium, and 
the third a hydrolyzed medium. A mixed solvent con- 
sisting of isopropanol, water, and a small amount of hy- 
drochloric acid was added to each flask followed by a 
solution of 50 % sodium hydroxide to the basic and hy- 
drolyzed labeled flasks. After hydrolysis of the aspirin 
was complete at room temperature (about 15 min.), 
concentrated hydrochloric acid was added to the hy- 
drolyzed labeled flask, rendering it acid again. On di- 
luting all flasks to volume with the mixed solvent, the 
solutions were then read at the following wavelengths 
along with the appropriate reference blank solution. The 
acidic labeled solution was read at  250, 273, and 310 
mp, the basic labeled solution at 333 mp, and the hy- 
drolyzed labeled solution at 301 mp. Using a variety of 
equations, the content of the individual components 
was calculated. The comment was made that if sali- 
cylic acid were absent, it was possible to  omit one step, 
but the omission is not recommended, since this step 
provides a measure of any hydrolysis of aspirin which 
might have occurred during storage or manufacture of 
the product analyzed. 


Use of the isosbestic point as a base line in differen- 
tial spectrophotometry was applied to aspirin and sali- 
cylic acid by Shane and Routh (96). When a series of 
concentrations of salicylic acid were used to prepare dif- 
ferential absorption spectra, monosodium salicylate (at 
pH 9) in the reference cell versus disodium salicylate (at 
pH 13.5) in the sample cell, two maxima at 246 and 319 
mp, two minima at 233 and 203 mp, and two isosbestic 
points at 268 and 300 mp were observed. If differential 
absorption spectra of aspirin solutions were prepared 
by the same procedure (monosodium acetylsalicylate in 
the reference cell uersus disodium salicylate equivalent 
to the monosodium acetylsalicylate in the sample cell), a 
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C '  Table XW-Sublimation Rates of Salicylic Acid at Various 
Temperatures 


Figure 5-Bifferential 
spectra of SoIicyIic acid 
( A ,  B, C)  and aspirin 
(A',  B', C'). [Reprinted, 
with permission, from 
N. A. Shane and J .  I .  
Routh, Anal. Chem., 39, 
414, (196n.l 
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maximum at 300 mp, a minimum at 268 mp, and an 
isosbestic point at 272 mp were observed. Figure 5 illus- 
trates the differential absorption spectra of three con- 
centrations of salicylic acid (A, B, and C )  compared to 
the spectra of three concentrations of aspirin (A' ,B', and 
C ' )  in the region from 260 to 340 mp. Each curve is con- 
structed from the two spectra of the same concentration 
of either salicylic acid or aspirin obtained at pH 9 and 
13.5 by subtracting one spectrum from the other spec- 
trum, resulting in the differential absorption spectrum of 
the given compound. The isosbestic point in differential 
spectrophotometry would be the wavelength at which 
each difference curve crosses the zero line. The correla- 
tion of the isosbestic point at 300 mp for salicylic acid, 
and the maximum at the same wavelength for aspirin, 
permits the use of the isosbestic point as the zero or base 
line for the quantitative determination of intact aspirin 
in the presence of salicylic acid. Thus, one would not 
need to do a FSA determination as the value reported 
for aspirin is for the intact aspirin. 


A very much needed publication on the significance 
of salicylic acid sublimation in stability testing of as- 
pirin-containing solids was presented by Gore et al. 
(29). A more than negligible loss of salicylic acid formed 
from the decomposition of aspirin would preclude the 
common practice of analytically determining changes in 
salicylic acid content in solid dosage forms of aspirin as 
a measure of degrading aspirin. The salicylic acid 
method could obviously underestimate the extent of 
decomposition of aspirin and, therefore, provide false 
confidence in the stability of the tested products. It thus 
became necessary to develop a method of gauging as- 
pirin stability in solids which would be unaffected by 
any loss of salicylic acid. 


A simultaneous spectrophotometric assay, based 
chiefly on the work of Edwards (8), was developed for 
aspirin and salicylic acid in a Clark and Lubs buffer, pH 


Table XVI-Constants for Aspirin and Salicylic Acid UV Assay 


Concentra- 
tion Range, 


mcg./ml. 
of pH 7 . 4  Absorptivity Value at 


Compound Buffer 262 mp 296.5 mp 


Aspirin 0-160 3.2 0 
Salicylic acid 0-10 3 . 3  - 
Salicylic acid 0-30 - 26.0 


Temperature 


~~~ 


Rate of Sublimation, 
mg./hr. 


40 f 0.05O 0.026 so f 0.20" 
70 f 0.20" 


0.062 
0.372 


7.4. It was found that this aqueous medium resulted in 
improved precision over the chloroform medium used 
by earlier workers. This slightly alkaline medium 
afforded a relatively rapid solution of solid aspirin and 
salicylic acid, and a medium in which slight variation in 
the pH would not introduce an error into the deter- 
mination as a consequence of the differential absorption 
of ionized and unionized aspirin or salicylic acid. The 
rate of hydrolysis of aspirin has been reported (8) to be 
independent of pH in the range of 4 through 8. Hy- 
drolysis rate constants were determined at pH 7.4 and 
25.5", and showed a delay of 13 min. between the sample 
preparation and reading on the spectrophotometer 
would cause an error of approximately 1 %. The actual 
error was reduced to below 0.1 % by maintaining the 
solutions below 15", usually at O", and reading them 
within 5-10 min. of their preparation. 


Table XVI presents the pertinent data required in the 
construction of the calibration curves used here. 


Before applying this UV procedure, several sublima- 
tion studies were conducted in which the need for such 
an assay was demonstrated quite convincingly. Using 
an electrobalance, the weights of salicylic acid were 
monitored continually at the stated temperatures for 12 
hr. From this study the following rates of sublimation 
were calculated (Table XVII). 


An Arrhenius-type plot of the apparent zero-order 
sublimation rates was shown. The slope of the curve 
was predominately determined by the enthalpy of sub- 
limation of salicylic acid. The observed rates of sublima- 
tion may be expected to depend directly upon the area 
through which the mass transfer occurred. These re- 
sults, therefore, were not intended to be quantitatively 
indicative of sublimation loss of salicylic acid during 
the stability testing, but merely substantiate that such a 
loss can occur even at moderately elevated tempera- 
tures. 


A similar sublimation study of purified aspirin revealed 
no significant loss of weight up to 70". It was concluded 
that aspirin does not appreciably sublime under the 
conditions of the experiment. 


With a 9:  1 mixture of aspirin-salicylic acid, the re- 
sults from 12 hr. at 70" indicated that only salicylic acid 
was lost. This was verified by using the UV procedure 
discussed. 


Aspirin tablets were stored at 50" and 81.2% relative 
humidity for a period of 98 days. At various time inter- 
vals tablets were removed and assayed by first grinding 
to a fine powder and dissolving in pH 7.4 buffer main- 
tained at 0". After filtration, an aliquot of the filtrate 
was further diluted with the cold pH 7.4 buffer and the 
absorbance measured at 262 and 296.5 mp. In this ap- 
plication, an error of 0.003 absorbance unit at 262 mp 
could contribute an error of approximately 1 % in-the 
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Table XVII-Comparison of Aspirin Tablet Stability Testing Results at 50” and 81.2% Relative Humidity, Based on 
Determination of Aspirin and Salicylic Acid Content of the Tablets“ 


Time, Based on Analysis 
Days of Aspirin, % of Salicylic Acid, % of Salicylic Acid, % 


Aspirin Content Error Due to 
Based on Analysis Sublimation 


Aspirin Content 


0 100 100 0 
15 99.1 3: 0.038 99.1 f 0.028 0 
30 98.4 4: 0.042 98.8 f 0.215 0.4  
45 97.2 9: 0.123 98.7 f 0.075 1.5 
60 97.1 +I 0.178 98.6 f 0.023 1 . 5  
98 95.0 +: 0.288 97.9 f 0.311 2.9 


a Each value is the average of four determinations recorded with f 1 standard deviation. 


determination of the aspirin content of a solid con- 
sisting of 80% aspirin using a 50-mg. aliquot for anal- 
ysis. The results of this study are presented in Table 
XVIII. 


The last column does show that salicylic acid is lost 
from these tablets by sublimation under the stated con- 
ditions of the experiment. 


By employing the UV procedure presented in this 
publication, the determination of the residual aspirin, 
rather than the apparent salicylic acid, in a solid can be 
used as a valid means of gauging the stability of the 
formulation. This method of analysis showed an ac- 
curacy within at least 1.5 %. 


DETERMINATION OF SALICYLIC ACID IN ASPIRIN AND 


CHROMATOGRAPHIC COLUMN 


Analytically, the need has always been great to 
separate and isolate the salicylic acid from aspirin as 
well as other components in the pharmaceutical prep- 
aration. The potential susceptibility of aspirin to hy- 
drolysis is constantly prevalent, so the more rapidly the 
intact aspirin is removed from the medium, once a given 
procedure is begun, the truer the reported FSA values 
will be. 


Again Levine (83) appeared to be first in breaking 
away from the traditional methods of determining 
salicylic acid in aspirin formulations. On using the 
chromatographic columns he had introduced in 1957 
with a diatomaceous earth-2 % ferric chloride mix, the 
passage of a chloroform solution of aspirin and sali- 
cylic acid resulted in the trapping of the salicylic acid 
(shown by a purple zone on the column). The aspirin 
passed through, and by using several washes with 
chloroform, the aspirin was completely removed from 
the column. The bound salicylic acid was then eluted 
quantitatively with chloroform containing acetic acid. 
This eluate was read at 310 mp for FSA. For the pro- 
cedure to be valid, the purple zone should not reach the 
bottom of the tube during the washing out of the as- 
pirin. If it does, the procedure must be repeated with 
another prepared column. As the original procedure 
was written, this was a major downfall in using this 
technique, because too many times the purple zone 
moved partially off the column during the aspirin 
removal step. 


This procedure was applied to pink aspirin tablets, 
children’s flavored and colored aspirin tablets, buffered 
aspirin tablets, and aluminum aspirin tablets. With the 
colored tablets, the dyes remained at the top of the 


ASPIRIN PRODUCTS WITH THE AID OF A FERRIC-ION 


column throughout the entire assay. With the buffered 
tablets, the chloroform-insoluble salts of aspirin or 
salicylic acid must be transformed to soluble acids in 
order that the FSA could be eluted in the proper frac- 
tion. Acetic acid could not be used since it would dis- 
sociate the ferric ion-salicylic acid complex on the 
column. Boric acid, however, was used for this trans- 
formation without affecting the column performance. 
A solution of boric acid in methanol was added to the 
sample, followed by chloroform to dissolve the freed as- 
pirin and salicylic acid. 


For enteric-coated tablets it was found best to mount 
in tandem a column containing just diatomaceous earth 
above the regular ferric ion-diatomaceous earth column. 
The plain diatomaceous earth column removed the sur- 
face-active agents present in these tablets, so the aque- 
ous phase would not be stripped off the regular ferric 
ion-diatomaceous earth column during both the pre- 
washing step and elution of the salicylic acid. This 
double column setup could be used also where dyes are 
present in the original chloroform extract, as well as for 
large amounts of excipient material in the sample being 
added to the column. 


As will be seen with later papers dealing with this 
novel approach of Levine’s, a delicate balance was 
being maintained with the ferric chloride content on the 
diatomaceous earth. A sufficiently low concentration of 
ferric chloride must be maintained to trap the salicylic 
acid, but at the same time a sufficiently large quantity 
of ferric chloride must be present to provide an excess 
over the amount removed during the washing step. It is 
thus recommended that the modifications of this pro- 
cedure, to be discussed in this review, be used rather 
than the method described in this publication. Just the 
introduction of this approach to the literature served a 
very worthwhile purpose as the official compendia now 
use a procedure based on this original study. 


Green (67) applied this described procedure by 
Levine and as he did not present any comments in his 
paper, it could be assumed that he did not experience 
any major difficulty with the columns. 


In 1961 Weber and Levine (97) made note that “sev- 
eral investigators have encountered difficulty with the 
published method” (83). During the elution of the as- 
pirin, the salicylic acid migrated slowly down the 
column (as evidenced by the position of the purple com- 
plex) and spread out into a diffuse band, which some- 
times becomes difficult to discern. 


In this publication, this was rectified by modi- 
fying the ferric chloride reagent. This radical improve- 
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ment in the chromatographic separation was achieved 
by having a high concentration of urea in the ferric 
chloride solution. The resultant effects were tremen- 
dous : the band of the ferric-salicylate complex ob- 
tained with this new reagent was more deeply colored 
than that obtained with just the simple ferric chloride 
reagent. The dense, sharply delineated band migrated 
only slightly during the elution of the aspirin. 


It, therefore, became feasible to use a shorter column 
which did not require extraordinary care in packing. 
This column even accommodated larger samples of as- 
pirin. 


Optimum conditions were obtained with an immobile 
phase containing 5 ferric chloride solution which was 
10 A4 with respect to urea. The pH must be maintained 
between 3.1 and 3.3. At lower pH levels the salicylic acid 
band became diffuse and more loosely retained, while 
at higher pH levels, recovery of salicylic acid from the 
column may be incomplete using the specified volume 
of eluant. 


For aspirin or aspirin tablets, the pulverized sample 
was dissolved with chloroform and passed through the 
column with the aid of several more portions of chloro- 
form to wash the intact aspirin through the column. A 
volumetric flask containing some hydrochloric acid in 
methanol was placed under the column, and the column 
first eluted with acetic acid in ether followed by chloro- 
form. Concomitantly the absorbance of this solution 
and of the standard salicylic acid in the same medium 
was determined at 306 mp. 


For APC tablets and flavored tablets, a column con- 
taining a small pad of cotton was placed in tandem over 
the regular ferric chloride-urea column. The sample in 
the chloroform was passed first through the cotton 
column to remove the dyes and any insoluble excip- 
ients. Another portion of chloroform was passed 
through the two columns, and then the top column was 
discarded. The regular column was then washed with 
chloroform and the salicylic acid eluted. 


As moderate amount of urea was eluted together with 
the salicylic acid from the column, the hydrochloric 
acid in the receiving flask was added to maintain acidity 
of the eluate. The methanol was present to  achieve 
miscibility of the acid with the eluting solvent. 


With buffered aspirin tablets, the boric acid was re- 
placed with oxalic acid in methanol, as the oxalic acid 
was more effective in releasing the bound salicylic acid 
from the antacid. The oxalic acid solution recovered 
quantitatively salicylic acid from its calcium salt. How- 
ever, neither this nor any other reagent thus far tested 
quantitatively released salicylic acid from aluminum 
hydroxide gel without causing extensive hydrolysis of 
aspirin. 


Excellent reproducibility on replicate analyses of a 
wide variety of commercial samples was shown. 


Though Weber's publication (98) on the analysis of 
salicylic acid and benzoic acid does not deal with as- 
pirin, per se, it had a valuable innovation regarding the 
ferric chloride-urea-diatomaceous earth column. When 
eluting salicylic acid of larger quantities than usual, the 
occasional leakage of ferric chloride was noted which 
invalidated the assay. This was seen visually by the pres- 
ence of a yellow color rather than the usual colorless 


clear eluate. If any yellow is present in the solution read, 
the reading at 306 mp would have to be voided. Weber 
found that a small layer of diatomaceous earth with 30 % 
phosphoric acid as the immobile phase placed at the 
bottom of the column on top of the glass wool support, 
and then followed by the regular ferric chloride-urea- 
diatomaceous earth mix, resulted in no ferric chloride 
leakage. The phosphoric acid retained any ferric chlo- 
ride which might be removed during the elution step of 
the salicylic acid. 


In their study on the formation of acetylcodeine from 
aspirin and codeine, Jacobs et al. (99) used the original 
Levine procedure (83) in isolating the salicylic acid 
which resulted from the previously mentioned reaction. 


On discussing pharmaceutical heterogeneous sys- 
tems, Zoglio et al. ( 2 8 )  have presented four papers re- 
garding the hydrolysis of aspirin. The salicylic acid re- 
sulting from the degradation of aspirin in the various 
formulations was determined by a modification of 
Levine's iron-diatomaceous earth procedure (83). The 
first paper [Kornblum and Zoglio (28)] is discussed in 
the Hydrolysis Studies portion of this review. They 
demonstrated that calcium or magnesium stearate ac- 
celerated the production of salicylic acid from aspirin 
through the solubilization of aspirin as a calcium or 
magnesium salt. More aspirin would thus be in solution 
which in turn would hydrolyze in the existing pH which 
was conducive to hydrolysis. This effect was not as pro- 
nounced when aluminum stearate was used as a lubri- 
cant, as the aluminum salt of aspirin has a low solu- 
bility in water. 


On pursuing this alkali stearate effect, Zoglio et al. 
(28) prepared capsules containing aspirin (20 parts), 
magnesium stearate (1 part), and 0, 1, 2, 5, 10, and 20 
parts of hexamic, maleic, malic, or tartaric acids, or maleic 
anhydride. These capsules were stored at 22, 40, and 
50" for 30 days. A minimum of 20% by weight of 
hexamic, maleic, or malic acid was required to  retard the 
hydrolysis of aspirin in these capsules. Tartaric acid or 
maleic anhydride was not effective at the higher tem- 
peratures. Besides the lower desired pH contributed by 
the added acid, the mechanism of inhibiting the degra- 
dation of aspirin involved the additive acid and aspirin 
competing for the magnesium ion. 


Maulding et al. (28) showed that stearic acid USP, 
which is nearly a 1 : 1 mixture of stearic and palmitic 
acids, promoted the decomposition of aspirin more than 
either reagent grade stearic or palmitic acid. On pre- 
paring various synthetic mixtures of reagent stearic and 
palmitic acids, the one simulating the amounts of the 
two acids in stearic acid USP behaved similarly as the 
stearic acid USP in accelerating the decomposition of 
aspirin. This ratio of stearic and palmitic acids was also 
the melting point minimum of the various mixes of 
these two acids. The possibility exists, therefore, of a 
liquid or semiliquid being present in formulations con- 
taining stearic acid USP which might serve as the 
medium for aspirin hydrolysis. 


The fourth paper dealt with the acceleration of as- 
pirin hydrolysis by various common additives (hexamic 
acid, aluminum hydroxide calcium stearate, magnesium 
stearate, or magnesium trisilicate), at a 5 or 10% level of 
the powder mix or tablet. The formulations con- 
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taining magnesium trisilicate resulted in the largest 
amount of FSA (about 13%) after 45 days at 40". 
Hexamic acid, under these storage conditions, retarded 
aspirin hydrolysis. The salicylic acid values resulting 
from these various formulations were in good agree- 
ment with values obtained from extrapolating apparent 
zero-order rates of aspirin suspensions of the same 
powder mix as used in the tablet. These studies show 
that stability prediction for solid dosage forms from 
apparent zero-order rates of suspensions is feasible and 
informative. 


The determination of the FSA in buffered as- 
pirin tablets by Levine and Weber (100) explored fur- 
ther the usefulness of their ferric chloride-urea-diatoma- 
ceous earth column. It was essential that the entire 
amount of aspirin and salicylic acid be dissolved in the 
mobile phase before the chromatographic treatment, 
and that the aspirin was not hydrolyzed during the prep- 
aration of that solution. These two requirements are 
not readily achieved in the case of buffered aspirin 
tablets. Chloroform solutions of aspirin, in the presence 
of basic materials such as those which comprise the 
buffering components of the tablets, undergo hydrolysis 
together with aspirin anhydride formation. Boric acid 
stabilizes the solution, at least with respect to the hy- 
drolysis of aspirin, but does not achieve the necessary 
release of the aspirin and salicylic acid from the buffer 
components to permit their complete solution in chloro- 
form. 


In designing a valid assay procedure, the acid which 
is used must: (a) produce only minimal hydrolysis of 
aspirin under the conditions of the assay; (6) rapidly 
and completely release aspirin and salicylic acid from 
the buffer components of the tablet; (e) be soluble in 
chloroform; and (d) be readily removed from the 
chloroform, so that the ferric-salicylic acid complex 
will not be dissociated during the following step of the 
analysis. 


These requirements were fulfilled by 98-100 % formic 
acid. The distribution of formic acid between chloro- 
form and inorganic acids was greatly in favor of the 
aqueous phase; therefore, the formic acid was removed 
from the chloroform solution by passage over dilute hy- 
drochloric acid. 


In the analysis of buffered aspirin tablets, two col- 
umns are prepared and placed in tandem. The top 
column consists of diatomaceous earth with 0.05 N hy- 
drochloric acid as the immobile phase. It is here that the 
formic acid in the chloroform is removed. The packing 
of this column should be such that a flow rate of chloro- 
form of 12 ml./min. is obtained. 


The bottom column consists of a layer of diatoma- 
ceous earth with 30 % phosphoric acid as the immobile 
phase. The phosphoric acid retains any ferric iron which 
may be eluted during the procedure. The upper stage of 
this column consists of the 5 % ferric chloride and 10 M 
urea as the immobile phase on diatomaceous earth. 


In the procedure, water-saturated solvents were used 
throughout. To a ground sample of tablets in a volu- 
metric flask, the 98% formic acid was added with 
swirling to wet the sample completely (not more than 
30-45 sec.) followed by chloroform. This mixture was 
shaken for 10 min. The extent of hydrolysis of aspirin 


during the period of contact of the sample with the 
formic acid before dilution lies in the range of 0.01- 
0.02%/min., so here the extent of hydrolysis will be in 
the order of 0.01 %. After dilution with the chloroform, 
the hydrolysis of aspirin sharply decreased to an av- 
erage of only 0.03x/hr. Thus a negligible amount of 
hydrolysis occurs during the 10-min. shaking period for 
dissolving the aspirin and salicylic acid. On diluting to  
volume with chloroform and mixing, the solution was 
filtered through a loose plug of glass wool. An aliquot 
of this filtrate was then passed through the double col- 
umns which were washed with more chloroform to re- 
move the aspirin. The eluate and the top column were 
discarded. A receiver containing hydrochloric acid in 
methanol was placed under the remaining (bottom) 
column, and ether containing acetic acid was passed 
through the column followed by chloroform containing 
acetic acid. This eluate was read at 306 mp along with a 
salicylic acid standard in the same medium. 


By this method, great strides have been made in re- 
gard to freeing salicylic acid from various antacids. It 
was shown that the formic acid treatment readily re- 
covers salicylic acid from its calcium or magnesium salts 
but that aluminum salicylate was quite refractory to 
this treatment. As dried aluminum hydroxide gel is pres- 
ent in several of the commercial buffered aspirin tablets, 
the need is still acute for a method which will recover 
salicylic acid from its aluminum salt. 


On studying the USP XVII limit test for salicylic acid 
in aspirin tablets containing buffers, Guttman (101) 
obtained spurious and nonreproducible results. Low 
recoveries were explained by an adsorption phenom- 
enon. Significant adsorption of salicylic acid occurred 
when solutions of chloroform were in contact with 
chloroform-insoluble agents which are commonly em- 
ployed as buffers in aspirin tablets. The affinity of sali- 
cylic acid for magnesium carbonate and aluminum gly- 
cinate was high, but the capacity of these solids for the 
acid was rather low. These two compounds held tena- 
ciously to the salicylic acid, as it was impossible to elute 
completely adsorbed material by repeated contacts 
with fresh solvent. 


High recoveries of salicylic acid resulted from a sur- 
prisingly rapid transformation of aspirin to a product 
having the chromatographic characteristics of salicylic 
acid. This was observed only when solid basic material 
(here magnesium carbonate) was suspended in the 
chloroform solution of aspirin. This transformation of 
aspirin was thus surface catalyzed. 


On repeating this experiment with different commer- 
cially available buffered aspirin products, the same 
phenomenon occurred except with one-and it con- 
tained citric acid monohydrate besides two antacid 
compounds. With this sample, the salicylic acid content 
did not increase appreciably with time of contact with 
the solid suspension. With all these suspension studies, 
it was of interest to note that, upon filtration, immediate 
cessation of salicylic acid production resulted. This was 
shown by the readings in the UV at 278 and 306 mp on 
the chloroform filtrate or when the ferric chloride- 
urea-diatomaceous earth column procedure (USP 
XVII) was used. 
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Table XIX-Results Obtained when Various Methods Were Employed to Estimate Salicylic Acid (SA) 
Contents of a Number of Commercial Buffered Aspirin Products 


SA Found Using 
Citric Acid 


Product Buffers Present USP Procedure FSA Procedure Salicylates 


Citric Acid Weber and Procedure for 
Procedure for Levine (97) Total Nonaspirin 


1 Aluminum hydroxide 


2 Aluminum glycinate 


Magnesium hydroxide 


Magnesium carbonate 


3 Aluminum hydroxide 
Glycine 
Magnesium carbonate 


Sodium bicarbonate 
Citric acid 


5 Aluminum hydroxide 
Glycine 
Magnesium carbonate 


6 Aluminum hydroxide 
Magnesium hydroxide 


7 Calcium carbonate 
Magnesium carbonate 


4 Calcium phosphate 


2.19 
2 .80  
3.03 
Not detectable 


0.455 


- 


- 


- 


- 


4 .02  
4 . 0 2  
3.89 
0.211 
0.236 
0.219 


1.01 


5.22 


0.682 


1.82 


1.96 


6.59 
6.53 


0.64 
0 .69  
0 .62  
0 . 6 7  
3.79 
3.91 
3.52 


- 


- 


- 


- 


6.64 
6.58 
6.62 
0.728 
0.718 
0.739 


3.78 
3.58 
3.58 


5.92 


2.81 


3.39 


3.37 


On further studies with aspirin in chloroform and 
magnesium carbonate in suspension with and without 
an equal weight of citric acid monohydrate, it was found 
that no salicylic acid was produced in 200 min. at 25" 
with citric acid present. After 60 min. of magnesium 
carbonate being in contact with the aspirin solution, the 
addition of citric acid monohydrate resulted in no fur- 
ther salicylic acid production. It was visually observed 
that the addition of citric acid had a pronounced effect 
on the nature of the suspension. Marked flocculation of 
particles was apparent immediately after the addition of 
citric acid monohydrate. Citric acid which had been pre- 
viously oven-dried showed a much less marked effect in 
inhibiting salicylic acid production. This showed that 
presence of water from the hydrate was essential in this 
reaction with suspended material. Applying this citric 
acid monohydrate to the previously studied commercial 
buffered tablets on an equal weight basis showed that in 
all systems studied here, the citric acid was effective in 
markedly reducing the catalytic ability of suspended 
solids in the production of salicylic acid from the as- 
pirin in chloroform. 


Repeating the magnesium carbonate-aspirin adsorp- 
tion experiment discussed earlier, only this time with 
and without an equal amount of citric acid monohy- 
drate, it was found that in the presence of citric acid 
there was no appreciable adsorption of the aspirin from 
the chloroform. It is also of interest that treatment of 
antacid compounds in suspension in chloroform with 
citric acid monohydrate significantly reduced their ca- 
pacities for adsorbing salicylic acid. 


Guttman's study demonstrated very convincingly that 
finely divided solids of antacids do catalyze a conversion 
of aspirin to a product which, by the analytical method 
employed, was determined as salicylic acid. The reac- 
tion occurred under essentially anhydrous conditions, 
and adsorption of the aspirin was apparently a pre- 
requisite for the transformation. The presence of citric 


acid monohydrate was shown to be effective in in- 
hibiting the formation and adsorption of salicylic acid 
in the systems reported here. A feasible explanation was 
given : citric acid monohydrate, which is essentially 
chloroform insoluble, inhibits the reaction by releasing 
water of hydration to the surface of the adsorbent. A 
neutralization reaction takes place in the hydrate layer 
which modifies the surface characteristics of the ad- 
sorbent so as to destroy the adsorption sites. Thus, the 
catalytic production of salicylic acid from aspirin is 
never initiated. 


Results from studies presented in this paper showed 
that addition of citric acid monohydrate to the official 
chromatographic procedure in the original extraction 
of the sample resulted in almost quantitative recovery 
of salicylic acid. It was also noted that this citric acid 
treatment was not effective in displacing salicylic acid 
from metallic salts which are known to form in buffered 
aspirin products. 


In applying the procedure suggested in the preceding 
paper, Guttman and Salomon (102) compared its use- 
fulness (and superiority) over the existing USP XVII 
FSA test for buffered tablets of aspirin. The method 
consisted of treating, by trituration, a powdered sample 
with an equal weight of citric acid monohydrate, 
and dissolving the aspirin and the FSA from the 
powder mass with chloroform. The remaining residue 
was treated with an aqueous solution of a strong acid 
(hydrochloric acid), and this solution was extracted with 
chloroform. The two chloroform extracts (one con- 
taining the FSA and the other containing the non- 
aspirin salicylates) were combined, and the salicylic acid 
content determined by the chromatographic method of 
Weber and Levine (97). With the assumption that the 
citric acid treatment results only in desorption of sali- 
cylic acid and aspirin and does not cause conversion of 
salicylate salts to free acid, one would have a method 
available for the estimation of the FSA content 
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Figure 6-Gas clwomatogram of aspirin in alcohol. [Reprinted, with 
permission, from J .  G. Nikelly, Anal. Chem., 36, 2248 (1964).] 


as well as total nonaspirin salicylate contents of 
buffered tablets of aspirin. Table XIX summarizes the 
results on applying four different procedures to com- 
mercially available buffered aspirin tablets: USP XVII 
(using boric acid in the initial extraction), Guttman's 
citric acid procedure, Guttman and Salomon's citric 
acid procedure for total nonaspirin salicylates, and the 
Levine and Weber procedure (100) which used formic 
acid in the initial extraction medium. 


Inspection of this table makes obvious that the FSA 
values, as determined by the USP procedure, were con- 
sistently and significantly lower than those determined 
by the other methods. It is logical to  assume that these 
low values resulted from adsorption of significant 
amounts of salicylic acid during sample extraction, and 
to the insensitivity of the procedure to salicylic acid 
which is present in the sample in the form of salts. The 
latter two methods appear to be equally precise. It is 
interesting to note the difference between the citric 
acid procedure for FSA and the citric acid procedure 
for total nonaspirin salicylates. The differences reflect the 
fact that significant amounts of salicylic acid can be pres- 
ent in buffered tablets as chloroform-insoluble salts. 
It is also apparent that no relationship exists between 
the FSA content and total nonaspirin salicylate content 
of these tablets, 


DETERMINATION OF SALICYLIC ACID IN ASPIRIN AND 
ASPIRIN PRODUCTS BY MISCELLANEOUS METHODS 


Schulek and Burger (103) stated that on using BrCl as 
a brominating agent, salicylic acid could be brominated 
quantitatively in 2 min., even in the presence of as- 
pirin. With the usual amounts of FSA present in as- 
pirin products, it is debatable whether such a titration 
would be sensitive enough to be of value. 


The application of differential thermal analysis (DTA) 
and thermogravimetric analysis (TGA) to aspirin was 
published by Wendlandt and Hoiberg (104). No men- 
tion was made of the effects of the presence of salicylic 
acid, but application of this approach would definitely 
be of interest in evaluating the purity of aspirin. 


Gas chromatography has a great potential in the anal- 
ysis of aspirin products, but only two papers have 
mentioned the possibilities. Crippen and Freimuth (105) 


stated that their proposed procedure would differentiate 
aspirin from salicylic acid only if the temperature of 
100-125" and a 1.23-1.83-m. (4-6-ft.) column were 
used. Nikelly (106) showed (Fig. 6 )  that under the stated 
conditions used in the determination of aspirin, the 
amount of acetic and salicylic acids could be estimated. 


In applying an IR spectrophotometric assay of as- 
pirin anhydride, Garrett and Johnson (107) concluded 
that the insignificance of salicylic acid in these lots of 
varied purity showed that little definition was lost on 
ignoring it. Though samples of aspirin were not used 
here, the usefulness of IR studies on the purity of 
aspirin in regard to  salicylic acid would be of value. 


The need for actual physical separation of salicylic 
acid from aspirin is great. The work by Vietti-Michelina 
(108) and Wagner (109) on paper chromatographic or 
paper electrophoretic separation of aspirin and salicylic 
acid might be applied successfully by using the latest 
techniques available in this field. 


A too often neglected technique in drug studies in the 
United States is the application of polarography. In 
1949 Korshunov et al. (1 10) reported on the reduction 
of weak acids at a dropping-mercury cathode. The half- 
wave potentials were given as 1.52 to 1.65 (for 1-7 
mmoles/l.) for aspirin and 1.66 to 1.83 (for 1-9 mmoles/ 
1.) for salicylic acid in 0.05 N tetramethylammonium 
iodide. With the more sensitive polarographs of today, 
such an approach in the analysis of aspirin products 
could prove to be useful. 


Quantitative separation of aspirin and salicylic acid 
by sephadex G gel filtration was reported by Lee et al. 
(1 11). No detectable (fluorometrically) hydrolysis of as- 
pirin on the column was noted. 


TLC should be an invaluable tool in aspirin stability 
studies. By using a mixture of hexane, glacial acetic 
acid, and chloroform (20 : 5 : 5), Reimers (1 12) separated 
aspirin and salicylic acid. After resolving the mixtures 
of aspirin-salicylic acid on thin-layer plates [using as- 
cending technique and a hexane, glacial acetic acid, and 
chloroform mixture (85:15:10), R, values of 0.2 and 
0.35 were obtained for aspirin and salicylic acid, respec- 
tively], the spots were removed from the dried plates, 
packed in an appropriate cell, and determined by UV 
reflectance spectroscopy. A linear relationship at 302 
mp between absorbance and the square root of the 
concentration was observed by Frodyma et al. (1 13) 
with spots containing up to 3.0 pmoles of either com- 
pound. 


An exhaustive paper on differentiating nonaqueous 
titration of salicylic acid and aspirin by Lin (114) 
showed that such a procedure was feasible. Dimethyl- 
formamide was the solvent of choice along with the 
titrant of 0.1 N tetrabutylammonium hydroxide in ben- 
zene-methanol (10: 1) using either a glass-calomel or 
platinum-calomel electrode pair. 
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Mechanisms of Reactions of Ring-Substituted 
Bis(1-aziridiny1)phosphinyl Urethan Antineoplastic Agents 


C. K. NAVADA, Z. F. CHMIELEWICZ, and T. J. BARDOS* 


Abstract Bis(truns-2,3-dimethylaziridinyl)phosphinyl urethan 
(IV) was synthesized and compared with the corresponding cis-2,3- 
dimethyl derivative (111). The comparative alkylating activities and 
rates of hydrolysis of these two stereoisomeric aziridine derivatives, 
111 and IV, were determined and compared with corresponding data 
for the monomethyl derivative (V) and two other clinically tested 
members of this series of antineoplastic agents (dual antagonists), 
AB-100 (I) and AB-132 (11). The structures of the final hydrolysis 
products of 111, IV, and V were determined and confirmed by direct 
synthesis. The results indicate that the mechanisms of hydrolysis of 
111, IV, and V (as that of the unsubstituted aziridine derivative, 
AB-100) are essentially sN2, in contrast to the much faster hy- 
drolysis of the 2,2-dimethylaziridine analog, AB-132, which in- 
volves a carbonium-ion mechanism. These studies give further 
support to the hypothesis that the unique pharmacologic properties 
of AB-132, as compared to other members of this series, may be 
related to the unique chemical properties of the 2,2-dimethyl- 
aziridine moieties. 


Keyphrases 0 Antineoplastic agents-reaction mechanisms 0 Bis- 
(trans-2,3-dimethylaziridinyl)phosphinyl urethan-synthesis 0 
Alkylating activity-cis-, trans-2,3-dimethylaziridine analogs 0 
Hydrolysis mechanism-ring-substituted aziridine derivatives 0 
IR spectrophotometry-identity 0 NMR spectroscopy-identity 


The synthesis of a series of bis( 1-aziridiny1)phosphinyl 
carbamates, termed “dual antagonists” (I and its 
analogs containing different carbamate moieties) (1, 2), 
and their antineoplastic activities in experimental animals 
(3, 4) and in man (5-9) were previously reported. In 
an effort to decrease the hematologic toxicity due to  the 
“alkylating” aziridine groups, derivatives were syn- 


thesized in which the C-atoms of the aziridine rings 
were substituted with methyl or ethyl groups (10). 
One member of this new series, ethyl bis(2,Zdimethyl- 1- 
aziridiny1)phosphinyl carbamate (AB-132, 11), has been 
studied to a considerable extent experimentally (1 1) 
as well as clinically (12-17). Its interesting pharmaco- 
logic properties [e.g., cholinesterase inhibition (1 8-20)] 
and its radiation potentiating effect (2 1-23) suggested 
that this compound may act by a different mechanism 
than the C-unsubstituted aziridine derivatives (24). 
This conclusion was supported by chemical studies of its 
hydrolytic and alkylation reactions (1 1, 25), which in- 
dicated that the unique properties of I1 may be related 
to  the ability of the 2,2-dimethylaziridine group to  
participate in S N ~  reactions with its substituted carbon 
(by forming a tertiary carbonium ion) and, alternatively, 


AH-COC~H, 
I. Rl = & = R3 = R, = H (AB-100) 
II. R1=& = CH3; & =R,=H (AB-132) 
m. R,=&=CH,;R,=R,=H (&)(AB-144) 
IV. R, = R, = CH3; R, =& = H (trans)(AB-145) 
V. R,=CH3;R,= q=R4=H(AB-143) 
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possessing a higher ratio, i.e., thiopental and thiamylal, become con- 
centrated to a higher degree in the body lipids than do barbital or 
metharbital and might be expected to be ultrashort acting. 


In considering these solubility data in total, an approximate cor- 
relation has been observed between the lipophilic nature of the 
various barbiturate analogs and their therapeutic action. One must 
view this study with proper perspective in relation to the numerous 
other physical and chemical properties as well as the various bio- 
pharmaceutical parameters which all contribute to the variation 
in the final therapeutic activity possessed by the members of this 
series. The net result of the complex interaction of these and other 
factors determines the type and degree of the pharmacological 
activity involved. 


The underlying concept of the pH-partition hypothesis as an 
approximate model would seem to be confirmed. However, such 
phenomena as binding, detoxification, active or passive diffusion, 
and complexation would play important roles in biologicaI read- 
outs which were not patternized or aberrant in behavior. 


It is anticipated that severat studies on the barbiturates and sub 
fonamides relative to solubility and partitioning will be undertaken in 
these laboratories and will be the subject of future communications. 
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Metabolism and Excretion of Chromonar 
and Its Metabolite in Dog and Man 


YVONNE C. MARTIN and RONALD G. WIEGAND 


Abstract 0 A simple method for the detection of chromonar and 
its acid metabolite by fluorescence techniques is described. Follow- 
ing oral or intravenous administration, chromonar is rapidly 
hydrolyzed to its metabolite, the corresponding acid. No further 
metabolism is observed. The metabolite distributes according to a 
single-compartment model. The plasma half-life is 1 hr. in man and 
dog. Excretion of the metabolite into the bile accounts for approxi- 
mately 25z of the dose, and excretion into the urine accounts for 
the remainder. 


Keyphrases 0 Chromonar-metabolism, excretion 0 Metabolite, 
chromonar-in uitro, in uiuo determination Blood levels, chro- 
monar and acid metabolite-human, dog 0 Excretion-chromonar 
acid metabolite 0 TLC-separation, identification 0 Fluorometry 
-analysis 


~ ~~ 


The coumarin compound chromonar is used for the 
treatment of angina pectoris in Germany and Japan. 
The early report by Klarwein and Nitz (1) demonstrated 
that when the drug comes in contact with biological 
tissues, it is rapidly hydrolyzed to the corresponding 
acid (Scheme I), which exists as a zwitterion at the pH 


1 3-(~-Diethylamino-ethyl)-4-methyl-7-carbethoxy-methoxy-2-oxo-(l,- 
2-chromene). Also known as Cassella 4489, Abbott-27053, and Inten- 
sain hydrochloride. Chromonar is marketed by the Cassella Co. of 
Germany. 


of the blood and urine. The present authors, therefore 
expected that the tissue distribution and further me- 
tabolism of the compound would be minimal and that 
the study of plasma and urine concentrations of the 
acid metabolite at various times after dosage would 
provide the information necessary to assess the way 
that chromonar is handled by the body. 


II chromonar 0 
3. 
CH, 


0 
acid metabolite 


Scheme I-Metabolism of Chromoriar 
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Table I-Kinetic Parameters (&SO) of the Appearance and Disappearance of the Acid Metabolite Following 
Intravenous Administration of Chromonar to Dogs" 


Approximate Conversion Constant, Metabolite Metabolite Apparent 
Dose, Half-Life, hr., Chromonar to the Acid Disappearance Metabolite Relative Volume of 


Dog mg./kg. Chromonar Metabolite, hr,? Constant, hr.-1 Half-Life, hr. Distribution, Vd', l./kg. 
~~ 


1 2 0.04 18.62r 3.6 
5 0.02 85.3 f 13.1 
9 0.01 167 2r 44 


2 2 0.04 23.2f 3.8 
5 0.04 20.6f 3.7 
10 0.04 25.72~ 5.1 


3 b  10 0.02 7.1 f 1.5 
4b 10 0.02 6.5 f 1.0 
5 5 
6 5 


Mean 0.03 


1.11 f 0.02 0.62 0.356 f 0.022 
0.76 f 0.10 0.92 0.482 f 0.018 
0.94 f: 0.20 0.74 0.541 f 0.036 
0.89 f 0.12 0.78 0.500 f 0.033 
0.85 =!= 0.14 0.81 0.429 f 0.029 
0.36 f 0.11 1.94 0.563 f 0.034 
1.09 f 0.21 0.64 0.408 f 0.050 
0.95 2r 0.13 0.73 0.458 f 0.039 
0.87 0.80 
0.91 0.76 
0.87 0.87 0.467 


a Calculated from the plasma levels of the metabolite and whole blood levels of chromonar. b These dogs received 10 mg./kg. chromonar intra- 
venously 6 days/week for 25 months prior to this study. 


Table II-Kinetic Parameters (fSD)4 of Disappearance of the Metabolite from Plasma Following Oral Administration of 
Chromonar to Dogs 
~~~~ ~ 


Metabolite 
Metabolite Apparent 


Disappearance Metabolite Relative Volume 
Dose, Lag, Constant, Half-Life, of Distribution, 


Dog mg./kg. hr . hr.-1 hr. l./kg. 


7 50 0 25 0.71 + 0.04 0.97 5.78 f- 0.19 
8 150 0.25 0.48 f 0.05 1.44 7.35 f 0.07 
9 150 0.25 0.65 + 0.04 1.06 2.80 f 0.11 


Mean 0 616 1.16 5.31  


Estimated by the method of Wiegand and Sanders (2), the variance was minimized by manipulation of the time lag. 


Since both compounds are highly fluorescent, it was 
possible to modify the original assay method of Klar- 
wein and Nitz (1) to make it more sensitive. To de- 
termine the amount of chromonar in a sample, it was 
extracted immediately after collection into ether from 
basic solution; then it was reextracted into acid, and the 
fluorescence of the acid phase was determined. The 
amount of the acid metabolite in a sample was de- 
termined by the fluorescence of the supernatant solu- 
tion after trichloroacetic acid precipitation. 


EXPERIMENTAL 


Reagents-Chromonar and the acid metabolite' were used. 
The standards used in the analytical procedures were homogeneous 
on TLC in Solvent Systems I and 11. The chromonar hydrochloride, 
which was administered to animals and to human subjects, con- 
tained 0.6 of 3-(fi-diethylamino-ethyl)-4-methyl-7- hydroxy-2-0~0- 
(1,2-chromene), which is the immediate chemical precursor of 
chromonar. The fluorescence spectrum of this compound did not 
interfere with the determination of chromonar or the acid metabo- 
lite. 


Diethyl-p-nitrophenyl monothiophosphatea was the commercial 
product. All other reagents were commercial products of reagent 
grade. 


Fluorescence Analysis of Chromonar-Within 5 sec. after with- 
drawal from the subject, the blood sample (usually 1 ml.) was 
shaken vigorously by hand for 1 min. in a 50-ml. ground-glass- 
stoppered centrifuge tube with 1 ml. 1 M tris chloride buffer, pH 
8.6, and 25 ml. diethyl ether. These ether extracts are stable for 
several hours. When a convenient number of samples had been ex- 
tracted, within 1-3 hr. of the original extraction, the tubes were 
centrifuged at low speed and 20 ml. of the ether phase was trans- 


2 Parathion, K&K Laboratories, Inc., Plainview, N. Y. 


ferred to a second tube which contained 3 ml. 0.1 N HCI. The 
samples were then mechanically shaken for 10 min. and centrifuged. 
The ether layer was discarded, and the fluorescent intensity of the 
aqueous layer was determined in an Aminco-Bowman spectrophoto- 
fluorometer. The excitation wavelength was 334 mp and the emis- 
sion wavelength was 400 mp. A tissue blank, standard chromonar 
solution, and tissue blank plus standard were analyzed with each 
set of samples. 


Fluorescence Analysis of Chromonar plus Its Acid Metabolite- 
When the total of chromonar plus the acid metabolite is to be 
analyzed, there is no need for the pH 8.6 extraction. Consequently, 
the sample is treated with trichloroacetic acid to precipitate pro- 
teins, and the fluorescence is read on the supernatant solution. 


Plasma or urine samples were used as such or diluted with isotonic 
saline. Feces were homogenized with five volumes of isotonic saline 
and then further diluted with saline if necessary. Samples could be 
stored at -15" for several weeks with no apparent degradation of 
the acid metabolite. 


trichloroacetic acid was added with 
vigorous shaking to 0.1 ml. of the sample. The fluorescence of the 
clear supernatant layer was determined after the samples were 
centrifuged. A tissue blank, standard, and tissue blank plus standard 
were included with each set of samples. 


TLC of Urine, Bile, and Fecal Samples-The methods and 
solvent systems were similar to those used by Klarwein and Nitz 
(1). Following sample applications the TLC plates (Analtech silica 
gel G, 200 p thick) were fist developed with water, then dried for 
1 hr. at loo", and then redeveloped with one of the following 
systems: I, ethanokhloroform-water in a 10:2: 1 volume ratio; 
11, ethylacetate-isopropyl alcohol-ammonium hydroxide in a 
9 :7 :4 volume ratio; or 111, chloroform-isopropyl alcohol-acetic 
acid-water in a 4 : 2 : 1 : 1 volume ratio. The location of fluorescent 
spots was detected under long wavelength UV light by comparison 
with authentic compounds; chromonar and the acid metabolite 
emit a characteristic yellow-green color. 


To quantitate the acid metabolite after chromatography of a 
known volume of sample, the spots with the same Rf as the standard 
were scraped off and extracted with several portions of 95% 
ethanol. The samples were diluted with water, and the metabolite 


For the analysis, 2 ml. of 5 
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content was then determined in 5 z trichloroacetic acid solution as 
previously described. 


I n  Vitro Conversion of Chromonar to Its Metabolite by Human 
Plasma-Freshly collected human plasma from three subjects was 
incubated with chromonar. At 1,2,  3, 4, and 5 min., samples were 
removed and analyzed for the concentration of unchanged drug. 


Dog Blood Level Studies-The plasma concentration of chro- 
monar and its acid metabolite was determined after intravenous 
administration of chromonar in isotonic saline to six dogs. Dogs 1 
and 2 w e ~ e  10-kg. female mongrels which had been anesthetized 
by 3 mg./kg. S.C. morphine followed in 15 min. by 250 mg./kg. 
sodium barbital. Three doses were given to each animal, with 
intervals of 2 hr. Blood samples were taken from the jugular vein. 
Dogs 3 (female, 9.5 kg.) and 4 (male, 9.6 kg.) were on a chronic 
toxicity study for 25 months at the same dose. They were not 
anesthetized. Blood samples from these dogs were taken from the 
femoral vein. Female mongrels, Dogs 5 (5.5 kg.) and 6 (14 kg.), were 
anesthetized as described. The ureters and common bile ducts were 
cannulated, and the total urinary and biliary output was collected 
for 4 hr. 


The plasma concentration of the acid metabolite was also de- 
termined after oral administration of chromonar in a capsule. 
Dog 7 was a 14.5-kg. male. Dogs 8 (female, 7.1 kg.) and 9 (male, 
13.8 kg.) had been on a chronic toxicity study for 25 months at the 
same dose. None of these dogs was anesthetized. Blood samples 
from these dogs were taken from the femoral or jugular vein. 


Human Blood Level Studies-In a multiple-dose study, 12 normal 
volunteers were divided into two groups of six. The first group, 
Subjects 1-6, took 150 mg. of chromonar orally on Day 1 and, for 
the following 6 days (2-7 inclusively), 150 mg. orally, t.i.d. On the 
8th day of the experiment, they were given a final oral dose of 150 
mg. In addition, Subjects 1 and 2 received an intraduodenal dose 
of 150 mg. prior to Day 1. The second group was given 40 mg. of 
chromonar intravenously on Day 1; for the subsequent 6 days, 
they received 150 mg. of the drug orally, t.i.d. On the 8th day, they 
were given a second 40 mg. of chromonar intravenously. Plasma 
samples were collected from blood taken from the femoral vein on 
Days 1 and 8 at appropriate times. Urine samples were collected 
prior to and &4, 4-8, and 8-24 hr. following drug administration. 


Six additional normal adult subjects were given three 150-mg. 
oral doses of chromonar tablets with 6 hr. between doses. Plasma 
was obtained from blood drawn at 0, I, 2, 4, 6, 8, 10, 12, 14, and 
24 hr. 


Excretion of the Acid Metabolite by Humans-To quantitate the 
amount of acid metabolite recovered in urine and feces, four sub- 
jects (19-22) were given a single 150-mg. tablet of chromonar. 
Urine and feces were collected for 4 days after drug administration. 


Calculation of Kinetic Constants from Blood Level Studies-For 
the calculation of the disappearance constant and the apparent 
relative volume of distribution of the metabolite, the computer pro- 
gram of Wiegand and Sanders (2) was used. The curve of the plasma 
levels of the metabolite, which was determined following the oral 
administration of chromonar to dogs, often indicated an apparent 
delay in absorption of 10-15 min. In these cases the kinetic con- 
stants were recalculated using several time lags. The lag which 
resulted in the best fit (lowest sum of squares of deviations of ex- 
perimental points from the calculated curve) was chosen, and these 
values are reported in the tables. For the case of blood levels of the 
metabolite following oral administration of chromonar to humans, 
data were not sufficient for use of this program. In the case of intra- 
venous administration of chromonar to dogs, the first-order constant 
that describes the increase in plasma concentration of the metabolite 
relates to the conversion of chromonar to its metabolite rather than 
to absorption of drug, as in the original formulation of the program 


For intravenous administration of chromonar to humans, plasma 
samples were not taken until 0.5 hr. after the dosing. Thus, the con- 
version to the acid metabolite was complete. Since the disappear- 
ance curve suggested a single-compartment model, the plasma half- 
life of the metabolite was calculated for these subjects, assuming an 
exponential decline of plasma levels with time. The slope of the 
least-squares line of the logarithm of concentration against time 
gives the first-order disappearance constant, kd. The plasma half- 
life, t1I2, is related to kd by the expression ti/* = In 2/kd. The inter- 
cept of this plot is co, the theoretical initial plasma concentration. 
However, this theoretical initial concentratian is also equal to the 


(3). 


Table 111-Recovery of the Acid Metabolite 4 hr. after the 
Intravenous Administration of 5 mg./kg. Chromonar to Dogs 


Dose, Z Dog 5 Dog 6 


Urine 53.2 75.3 
Bile 27.4 16.6 
Total recovery, 80.6 91.9 


dose of the drug, a,, divided by the apparent relative volume of dis- 
tribution of the drug Vd'. Thus, v d '  was evaluated as v d '  = uo/co. 


Calculation of Area under the Blood Level Curves-Areas under 
the acid metabolite plasma level curves for the subjects who had 
received chromonar orally were calculated by the addition of the 
area of each triangular or trapezoidal segment of the actual curve. 
The areas on Day 8 were corrected for the area due to the initial 
plasma concentration of the metabolite. 


Areas under the metabolite blood level curve following intra- 
venous administration were calculated from the extrapolated 
theoretical initial plasma concentration of the metabolite. The re- 
lationship is: area = co/kd. 


RESULTS 


Analytical Methods-Klarwein and Nitz (1) reported that di- 
ethyl-p-nitrophenyl monothiophosphate could be used to prevent 
the hydrolysis of chromonar. However, in preliminary investiga- 
tions, it was observed that when diethyl-p-nitrophenyl monothio- 
phosphate was used, a slight excess of this inhibitor (twice the con- 
centration necessary for inhibition of the serum esterase) quenched 
the fluorescence of the chromonar in the final solution. Thus, 
diethyl-p-nitrophenyl monothiophosphate was not used in the 
present method; instead, all samples analyzed for the concentration 
of chromonar were extracted immediately (within 5 sec.) from the 
basic solution with ether. With this procedure, 95-100% of the 
standard chromonar which had been added to a blood or tissue 
homogenate sample was recovered. A typical blank blood sample 
corresponded to 0.02 mcg. chromonar/ml. 


In the assay method for the total of chromonar and its acid 
metabolite, the simple trichloroacetic acid precipitation to remove 
most of the interfering substances from plasma, urine, bile, and 
feces was practical because of the intense fluorescence of the drugs. 
A relatively selective and sensitive spectrophotofluorometer is also 
necessary. In this procedure, a typical plasma blank in the de- 
termination of either chromonar or 11s acid metabolite corresponded 
to 0.01 mcg./ml. 


For both methods the range of concentrations over which the 
fluorescence is linear with respect to concentration was 0.04-10.0- 
mcg./ml. sample. Above this range the fluorescence decreased with 
concentration. Since the concentration of drug in certain urine and 
bile samples exceeded 10 mcg./ml., appropriate dilutions were 
necessary. 


The intensity of fluorescence of chromonar and its metabolite de- 
pends on the pH of the sample (1). It was, therefore, essential that 
the samples, standards, and blanks were prepared in the same way. 
If a sample exhibited too high a fluorescence, it was not further 
diluted with water but rather with the same concentration of acid 
that had been used in the original determination. 
In Vitro Conversion of Chromonar to Its Metabolite by Human 


Plasma-The half-life (&SO) was calculated to be 2.68 f 0.96 
min. ; thus, chromonar is extremely short-lived in human plasma. 


Blood Levels in Dogs-Calculations derived from the plasma 
concentration of chromonar and its metabolite at various times 
after an intravenous dose of chromonar are summarized in Table 
I. The half-life of chromonar is very short in the dog; essentially 
none remained in the blood after 10 min. (0.17 hr.). The plasma 
half-life of the metabolite averaged 0.87 hr. This relatively short 
half-life represents either efficient excretion or rapid metabolism 
of the metabolite. The decline in plasma levels of the metabolite 
parallels the decline of coronary vasodilation.3 The half-life of the 
metabolite was not significantly shorter in Dogs 3 and 4, which had 
been on a chronic study for 25 months prior to this study. 


ST. D. Darby and Y. C. Martin, unpublished observations. 
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Table IV-Calculations from Plasma Levels of the Metabolite in Six Subjects Given 40 mg. Chromonar Intravenously 


Metab- 
olite 


Apparent 
Relative 
Volume 


Disappearance Metabolite Intercept Distribu- Metabolite Of 


Dose, Constant, hr.,-l Half-Life, C,, Area, hr. tion, 
Subject Sex mg./kg. Day +SD P“ hr. mcg./ml. mcg./ml. l./kg. 


7 


8 


9 


10 


1 1  


12 


Mean 
Mean 
Mean 


M 0.48 1 
8 


F 0.70 1 
8 


M 0.52 1 
8 


M 0.52 1 
8 


1 
8 


1 and8 


0.670 f 0.071 
0.735 f 0.052 
0.858 f 0.102 
0.716 f 0.043 
0.903 I 0.106 
0.804 f 0.019 
0.843 f 0.026 
0.856 f 0.038 
0.855 f 0.033 


0.957 f 0.053 
0.882 f 0.088 
0.861 f 0.063 
0.830 f 0.043 


0.9a5 I 0.032 


0.50 1.03 1.20 
0.94 1.36 


0.26 0.81 0.89 
0.96 1.33 


0.63 0.76 1.51 
0.86 1.20 


0.79 0.82 1.46 
0.81 1.33 


0.31 0.81 1.75 
0.77 1.92 


0.50 0.72 1.53 
0.79 1.81 


0.68 0.80 1.39 
0.84 1.49 
0.82 1.44 


1.79 0.40 
1.85 0.35 
1.04 0.79 
1.86 0.53 
1.67 0.34 
1.49 0.43 
1.73 0.36 
1.55 0.39 
2.05 0.44 
2.12 0.40 
1.60 0.43 
2.05 0.36 
1.65 0.46 
1.82 0.41 
1.74 0.44 


~~~~ ~~ 


Probability value, which should be less than 0.05 if slopes are significantly different on Days 1 and 8 in same subject. 


With oral administration of chromonae, a 0.25-hr. time lag in 
absorption was observed (Table 11); this Is approximately the dis- 
integration time of the gelatin capsules used to administer the drug. 
The mean half-life of the metabolite in blood was 1.16 hr.; this is 
somewhat longer than that determined after intravenous adminis- 
tration. 


In the case of ma1 dosage, the V d ’  term as calculated also includes 
the fraction of the drug that is not absorbed. The ratio of the intra- 
venous to oral volumes of distribution, 0.088, hdicates that in the 
dog 8.8 
Excretion of the Metabolite by Dogs-Within 4 hr. after a single 


intravenous dose of 5 mg./kg. of chromonar, an average of 86% 
of the dose was recovered in the urine and bile as the metabolite 
(Table IIL). The identity of the fluorescent material was confirmed 
by quantitative TLC. At least 90% of the fluorescence was co- 
chromatographic with the authentic sample of the acid metabolite. 
Since the plasma half-life of the metabolite is the same in these 
dogs (Dogs 5 and 6) as in the others studied, one may conclude that 
the major route of disappearance of the metabolite from blood is 
excretion into the urine and bile. There is no evidence for further 
metabolism or tissue accumulation of the drug. In these cases the 
bile was collected as it was excreted. Since the plasma half-life of the 
acid metabolite was not shortened by this procedure, enterohepatic 
circulation apparently does not occur. 


Human Blood Level Studies-The mean half-life of the acid 
metabolite following the intravenous administration of chromonar 
was 0.80 hr. (Table IV). There were no apparent differences between 
males and females. When these six subjects (7-12) were given 150 
mg. chromonar, t.i.d., orally for 6 days and the intravenous study 
was repeated, the half-life was not significantly altered. There was 
also no significant change in the intercept, the area under the plasma 


of an oral dose of chromnar is absorbed. 


n @ D A Y  1 


Figure 1-Plasma levels 01 
the acid metabolite after 
single 40-mg. i. u. doses of 
chromonar to Subiect 11 


< 0.5 M [ “a 
o.2 t 


(Table IV) .  On Dd;s 2-7, 
150 mg. chromonar t.i.d. 


0 1 2 3 
HOURS 


curve, or the apparent relative volume of distribution. Thus, as in 
the case of the dog, there is apparently no metabolic adaptation to 
chromonar after continued administration. 


The actual values for the plasma concentration of the metabolite 
following intravenous administration of chromollar to Subject 11 
are plotted in Fig. I. This is graphic illustration of the lack of 
metabolic adaptation by repeated doses of chromonar. The plot of 
the logarithm of concentration against time is linear, which con- 
firms the appropriateness of using the single-compartment model 
for distribution of the metabolite. 


The standard deviation of the values calculated for the first- 
order disappearance constants of the plasma levels in each subject 
is usually approximately 10% of the value of the constant. This 
also indicates that the data are fit very wen by a singk-term equa- 
tion or a single-compartment model. There was no indication of a 
deviation from simple first-order disappearance in any of the data. 


The six subjects (1-6) who were given oral doses of chromonar 
separated by 6 days of 150-mg. t.i.d. dosage showed no consistent 
change in the area under the metabolite plasma curve (Table V). 
The area under the curve is a measure of availability of drug by the 
oral route. The two subjects (1 and 2) who received an intraduodenal 
dose showed essentially the same area under the plasma curve after 
this dose as after oral drug, indicating that chromonar may be 
absorbed from the intestine. 


Table V-Calculated Areas under the Metabolite Plasma Level 
Curves in Six Subjects Given 150 mg. Chromonar OralIy 


Area, 
hr. 


Subject Sex mg./kg. Day ml. 
Dose, mcg./ 


1 M 2.23 qduodenal) 


2 M 2.13 O(duodena1) 


1 
8 


1 
8 


3 M 2.06 1 
8 


4 F 3.00 1 
8 


5 F 1.99 1 
8 


6 F 2.28 1 
8 


Mean (n = 6) 1 
8 


1.48 
2.33 
1.58 
1.01 
1.33 
1.73 
2.52 
1.10 
2.46 
1.52 
1.50 
1.63 
2.44 
2.11 
2.10 
1.61 







Table VI-Human Urine Recoveries of the Metabolite Following Administration of Chromonar 


-mg. Acid Metabolite Recovered in Urine 
Day 1 7 ,  Day 8 


Subject 0-4 hr. 4-8 hr. 8-24hr. z 0-4 hr. 4-8 hr. 8-24 hr. z 
1 duod. 


oral 
2 duod. 


oral 
3 
4 
5 
6 


7 
8 
9 


10 
11 
12 


18.0 
33.8 
25.4 
25.4 
9 .4  


21.2 
27.4 
47.9 


27.0 
19.5 
11.8 
19.0 
14.8 
24.5 


1.3 1.5 
5.0 0 .2  


9.4 0.2 
8 .9  0.0 


Mean 


2.9 0. 3c 
6.2 1.7" 
2 .2  4. lC 
1.5f 0 .2  
0 .5  0.3 
6.4 1.9 


Mean 
(n=5) 


Oral 
20.5 
26.0 
19.0 
21.6 
9 .4  


22.5 
25.7 
37.9 
23.8 


Intravenous 
78.0 
68.5 
45.3 
54.3 
39.0h 
82.0 


65.6 


18.6 


43.30 
31.8 
25.2 


36.0 
2.07 


18.6d 
33.0 
22.2 
24.30 
18. 3c 
33.9 


9.7 


3.6b 
3.2 


11.5 
8.97 
4.7 


2.5" 
2 .6  
1 .5  
1 .o 
1 . 3  
2.9 


0.5 


0.6 
1 . 4  
1 .6  
0.14 
0.0 


Mean 


0.9 
0 . 8 c  


1.6 
0 
2.7 


Mean 
(n=6) 


19.2 


31.7 
24.3 
32.2 


27.2 
7.87 


23.8 


55.0 
91 . O  
59.3 
67.3 
49.0 
98.8 


70.1 


a 0-6 hr. b p-13 hr. c Might be overlap with next dose or previous. d 0-2 hr. e 2-6 hr. f 4-10.5 hr. o 0-5 hr. h Refrigerated, but not frozen, for 4 days: 
not included in mean. 


Table VII-Recovery of the Metabolite in Urine and Feces Following an Oral Dose of 150 mg. Chromonar 


7 Subject 
Recovery of the Metabolite, hr. 19 20 21 22 


0-24 hr. 
24-48 hr. 
48-72 hr. 
72-96 hr. 


Total 


0-24 hr. 
24-48 hr. 
48-72 hr. 
72-96 hr. 


Total 
Total g. samples 
Total mg. excreted z of dose recovered 


as the metaboliteb 


25.3 
5.4 
1 . 2  
0.0 


32.8 


0 . 5  
44.0 
24.9 
12.9 
82.3 


327 
115.5 


83 


Urine, mg. Recovered 
0.2 43.4 


40.9 
0.2 
0 .2  


41.5 


1 . 2  
0.0 
0 .2  


44.8 
Feces, mg. Recovered 


0.0 23.6 
39.6 21 .o 
31.4 25.4 
10.5 2.1 
81.5 


253 
123.0 


89 


72.1 
276 
116.9 


84 


58.2 
0.0 
0.0 
0.2 


58.2 


0.0" 
7.6a 
7.65 
3.2" 


18.4 
94 
76.6 


55 


Low weights of fecal samples in this subject (see text). b Corrected for difference in molecular weights and purity of administered drug. 


The actual serum levels of the metabolite following oral ad- 
ministration of chromonar to Subject 2 are plotted in Fig. 2. Note 
that the rate of decline of serum levels of the metabolite is ap- 
proximately the same as that of Subject 11 to whom the dose was 
administered intravenously. The variation in the amount of chro- 
monar absorbed by the same subject on different days is often seen. 


A comparison of the areas under the plasma curves after intra- 
venous and oral dosage allows estimation of the fraction of the 
dose absorbed orally. Correction for the dose by each route must 
be made. Calculated on this basis from the data in Tables IV and V, 
32% of the drug was absorbed on the 1st day of oral administra- 
tion; on the 8th day, 2 5 z  was absorbed. Thus, the overall average 
absorption was 28 %. 


After a 6-day ( t id . )  regimen of chromonar orally, the mean 
plasma concentration of the metabolite was 0.06 mcg./ml. 10 hr. 
following the last dose. (This compares with a mean of 0.9 mcg./ml. 
at the peak following an oral dose.) Thus, there was no appreciable 
accumulation of the metabolite. 


The plasma concentrations of the metabolite when the drug was 
given at 6-hr. intervals (Subjects 13-18) are summarized in Fig. 3. 
The pattern of absorption does not appear to vary from one dose to 
another. There was also no accumulation during the day, and by 24 
hr. the plasma levels of the metabolite were essentially zero. The 
plot of the mean plasma concentration against time was fit very 


well by a calculated curve in which first-order absorption and 
elimination were assumed. A value of 1.60 hr.-l was used for the 


1 0 DAY 0 
A DAY 1 
I3 DAY a 


0.5 
- 
E > z 


0.2 


0.1 
0.08 


0 1 2 3 4 
HOURS 


Figure 2-Plasma levels of the acid metabolite afer  single duodenal 
(Day 0) or oral (Days 1 and 8) dosesof 150 mg. chromonar to Subject 
I (Tab!e Y) .  On Days 2-7,150mg. chromonar t.i.d. wasgiven orally. 
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0 2 4 6 8 10 12 14 16 18 20 22 24 
HOURS 


Figure 3-Plasma fevels of rhe acid metabolite. Three 150-mg. 
tablets were given with 6 hr. between doses. 


absorption constant, 0.820 hr.-l for the disappearance constant, 
1.53 l./kg. for the apparent volume of distribution, and 2.28 mg./kg. 
for the dose. 


From the intravenous studies the apparent volume of distribu- 
tion of the acid metabolite in man was 0.44 l./kg. (Table IV). 


Human Excretion Studies-The urinary excretion data from Sub- 
jects 1-12 are summarized in Table VI. Excretion of the metabolite 
occurred primarily in the first 4 hr. after administration. In the 
second 4-hr. period, relatively less drug was excreted after intra- 
venous dosage than after oral dosage, which is consistent with the 
plasma curves and with the expected delay after oral administra- 
tion due to the absorption phase. When the drug was administered 
intravenously, an average of 68% of the dose of chromonar was 
excreted into the urine as the metabolite, with the remainder 
probably excreted into the bile. From the urinary excretion data 
for these subjects, it is also possible to calculate the percent of an 
oral dose which was absorbed. Calculated from the average percent 
of the doses excreted in the urine, absorption was 36% on the 1st 
day and 34% on the 8th day, for an overall average of 35%. This 
agrees very well with the figure of 28% absorption determined from 
the plasma levels of the same subjects. 


Following a single oral dose of chromonar, an average of 77% 
of the dose is recovered as the acid metabolite in urine plus feces 
(Table VII). The fecal weights from Subject 22 were very low; ex- 
cluding this subject, the recoveries averaged 85 %. The identity 
of the fluorescent material in the samples was confirmed by TLC 
in Solvent Systems I1 and 111. 


Bishydroxycournarin, ethyl biscoumacetate, and warfarin are 
well-known drugs which also contain the coumarin ring system. 


All three of these drugs are completely metabolized, although the 
coumarin portion of the molecules is usually not degraded (4-6). 
The apparent multicompartment distribution reported for bishy- 
droxycoumarin (7) is not seen with the acid metabolite of chromonar. 


SUMMARY 


Following the oral or intravenous administration of chromonar, 
the drug is rapidly hydrolyzed to the corresponding acid. It is 
largely in this form that the drug circulates in the blood and is ex- 
creted into the bile and urine. In dogs as well as humans, the plasma 
half-life of the acid metabolite is approximately 1 hr. The decline 
in plasma levels conform to a single-compartment model. Excre- 
tion, not further metabolism, accounts for the decline in blood 
levels of this metabolite. Biliary excretion is an important factor; 
in the dog an average of 22 of an intravenous dose was recovered 
in the bile and 64% in the urine. There is no evidence of accumula- 
tion of the metabolite when chromonar is administered on a chronic 
basis. 
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it attained 90% avoidance of unconditioned stimulus on that day or 
until it had received 200 trials. Rats failing to reach the criterion 
were discarded. Those attaining 90% avoidance were dosed with 
drugs (randomly selected) the following day. 


Drug Session-The day following attainment of criterion the rat 
was injected with a saline solution of a drug intraperitoneally and 
immediately placed in the shuttlebox. A series of 140 trials was 
given, and the data (escape or avoidance and reaction time) were 
automatically recorded. With the exception of extremely unruly 
subjects, the rats were completeiy isolated during the entire drug 
session. After the drug day, the rats were discarded. 


Some animals died during the drug sessions with mescaline 
hydrochloride at 25 mg./kg. (after Trials 77, 87, and 97) and at 100 
mg./kg. (after Trials 60, 61, and 68), and with 3,4-DMA hydro- 
chloride at 12.5 mg./kg. (after Trial 53) and at 50 mg./kg. (after 
Trials 66, 67, and 73). The animals were not considered in the com- 
putation of mean reaction times after death. 
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Preparation of Ethyl Diphenamate in 
Ethanol Using Potassium Diphenimide 
and 2-Chloroethanol 


Keyphrases 0 Ethyl diphenamate-synthesis 0 N-(2-Hydroxy- 
ethyl)-diphenimide synthesis-literature correction 0 NMR 
spectroscopy-structure 


Sir: 


The preparation of N-(2-hydroxyethyl)-diphenimide 
(111, Scheme I) was reported in 1952 by Demers and Jen- 
kins (1). The approach taken in preparing this com- 
pound involved the reaction of potassium diphenimide 
(I) with 2-chloroethanol (11) in ethanol (1). Since this 
route of synthesis had been used successfully by Moore 
and Rapala (2) in the preparation of a series of dialkyl- 
aminoalkyl phthalimide derivatives, it appeared un- 
likely that a product other than that reported (111) 
would be obtained. Elemental nitrogen analysis of 
Compound I11 reported by these workers was well 
within experimental error. 


In 1963, Jenkins et al. (3) reported that during the 
attempted synthesis of a series of dialkylaminoalkyl 
diphenimide hydrochloride salts, using a similar pro- 
cedure to that reported by Demers and Jenkins (I), 
the corresponding hydrochloride salts of ethyl di- 
phenamate were formed rather than the diphenimide 
derivatives. The similar chemical nature of the alkylat- 
ing species in these reactions prompted us to repeat 


I 


I11 


Scheme I 


the work of Demers and Jenkins to determine if Com- 
pound I11 had actually been obtained. 


The results of our work, which we report at this time, 
shows that Demers and Jenkins did not prepare N-(2- 
hydroxyethy1)-diphenimide (111) as reported but in- 
stead obtained ethyl diphenamate (IV). 


IV 


Identification of Compound IV was established as 
follows: (a) an NMR spectrum showed peaks at 6.83- 
8.00 6 (m, 8, Ar), 6.08 6 (b.s., NH2), 4.09 6 (9, CH& 
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Evidence for Capacity-Limited 
Biotransformation of Sulfanilamide 


Scheme 11 


and 1.02 6 (t, CH3); and (b)  a mixed melting-point 
determination of the product prepared by the method 
of Demers and Jenkins (1) with a sample of ethyl di- 
phenamate prepared by reacting ethyl diphenoyl chlo- 
ride with ammonia showed no depression, and single 
melting-point determinations and NMR spectra were 
identical within experimental error. 


Ethyl Diphenamate (W)-(a) This was prepared fol- 
lowing the procedure of Demers and Jenkins (l), m.p. 
93" (lit 93"). 


Anal.-Calcd. for N': 5.20. Found: 5.19. 
(b)  Items prepared by reacting ethyl diphenoylchloride 


with ammonia as follows. Approximately 74 mmoles of 
ethyl diphenoyl chloride was prepared in a manner re- 
ported by Demers and Jenkins (l) ,  except that the final 
product was not isolated following the 8-hr. reflux 
period because of its hygroscopic nature. Instead the 
solvent was first removed in uacuo, and three successive 
10-mI. portions of benzene were then added to the res- 
idue and each stripped off in a like manner to remove 
unreacted thionyl chloride, solvent, and HCl. The residue 
was dissolved in 200 ml. of anhydrous ether and cooled 
in a dry ice bath. Ammonia was then bubbled slowly 
into the mixture for several minutes (Scheme 11). A 
white precipitate (NHKI and ethyl diphenamate) 
formed immediately and was collected. The solid was 
triturated with water to remove the NH4C1. The re- 
maining solid (ethyl diphenamate) was collected and 
recrystallized from alcohol and water. Yield 95 %, m.p. 
89-90", NMR spectrum identical to that obtained in 
(a>. 
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Keyphrases 0 Sulfanilamide-capacity-limited biotransformation 
0 Biotransformation, sulfanilamide-rate limited 0 Dose de- 
pendence-sulfanilamide half-life 


Sir: 


Blood as well as lymph concentrations of various 
agents were determined following intravenous ad- 
ministration in recent studies concerned with the in- 
fluence of plasma protein binding on rate of drug dis- 
tribution to the body (1). Among these agents were 
several sulfonamides. The data obtained with sulfanil- 
amide appeared to indicate that the fraction of un- 
metabolized drug increased with increasing dose. Sub- 
sequent to the recently presented evidence that the 
biotransformation of salicylate, in the analgesic dose 
range usually used in man, is rate limited (2), a sig- 
nificant number of other agents were shown also to be 
metabolized in man and animals by various enzyme sys- 
tems which are capacity limited (3). Since clear evidence 
for the capacity-limited nature of acetylation has been 
obtained only for p-aminobenzoic acid (4), we carried 
out additional studies to  determine whether the bio- 
transformation of low doses of sulfanilamide was, in- 
deed, a rate-limited phenomenon. 


These studies were carried out using nonfasted male 
rats of the Sprague-Dawley strain, weighing between 
250 and 300 g. Sulfanilamide was injected into the 
femoral vein in doses of 2.5, 5.0, or 10.0 mg. Blood was 
sampled by cardiac puncture at 12, 18, 30, 42, and, in 
two instances, 5 min. after administration. Since lymph 
was also collected in some of the experiments, the 
animals were kept under light ether anesthesia. How- 


0 g l  


o f  I I I I I I I 


42 30 36 0 6 12  18 24 
MINUTES 


Figure I-Comparison of blood levels of unchanged drug afrer in- 
travenous administration of several doses of sulfanilamide. Straight 
lines are regression lines calcuIated from the individual values de- 
termined at each time level (same number of animals as indicated 
in Table I) .  
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Table I-Effect of Dose on Percent of Total Sulfanilamide 
Present in Blood as Unmetabolized Drug 


1 


Percent Unmetabolizeda 
Min- I -Dose, mg.------ F 


utes 2 . 5  5 . 0  10.0 


I 1 I T 


5 72.7 (2) - - 


12 61.5 f 12.3 (4) 81.3 * 4 . 3  (4) 85.6 f 3 .8  (3) 
18 65.8 f 15.6(4) 78.4 f 2 . 8  (4) 87.1 f 2 .4 (3 )  
30 55.6 f 16.9 (6) 72.6 f 12.4 (4) 85.3 f 4 . 5  (3) 
42 56.5f 11.6(7) 6 8 . 9 2 ~  11.1(4) 7 9 . 0 f 4 . 3 ( 5 )  


a Mean f SD. Numbers in parentheses indicate number of animals. 


ever, several experiments carried out in unanesthetized 
animals verified the blood level data collected in the 
anesthetized rats. The volume of all but the final sample 
of blood was 0.2 ml. The final sample, taken at 42 min., 
was sufficiently large to  permit the determination of the 
hematocrit as well as the drug content in whole blood, 
plasma, and red cells. These data were then used to 
calculate the plasma concentrations for the earlier 
blood samples from the same animal. The distribution 
of sulfanilamide between red blood cells and plasma 
was also determined in another group of animals at 
12, 18, and 30 min. after intravenous administration. 
For all samples the amounts of free (unmetabolized) 
and total (unmetabolized plus metabolized) sulfanil- 
amide were determined by the method of Bratton and 
Marshall (5). 


The results of the studies of distribution between 
plasma and red blood cells indicated that the interpre- 
tation of the data would be the same whether plasma 
concentrations or whole blood levels were used. The 


50 


40 


30 


2 20 E > 
M 
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analyses of the data, therefore, were carried out using 
the actual values obtained for blood rather than the 
calculated plasma values. These analyses clearly indi- 
cate that the biotransformation of sulfanilamide has the 
characteristics of a capacity-limited process (3). 


First of all, the percentage of the unchanged drug in 
the blood increases with dose (Table I). When the 
regression functions of the individual values of per- 
cent free sulfanilamide on time were estimated and 
tested for the three doses, it was found that the regres- 
sions were linear only for the 5.0 and 10.0-mg. doses 
and that the negative slopes of only these two regression 
lines were significantly different from zero. This indi- 
cates that above a dose of 2.5 mg., the rate of metab- 
olism increases relatively with time. Thus, the fractional 
composition of sulfanilamide in  blood is dependent on 
dose-a characteristic that is a good index of devia- 
tion from apparent first-order kinetics. 


Second, deviation from first-order kinetics also can 
be demonstrated when the data are treated as in Fig. 1. 
For first-order kinetics the principle of superimposition 
should apply when blood concentration/dose is plotted 
against time (3). However, it can be readily seen that 
the regression line for the 2.5-mg. dose is not super- 
imposable on the other two lines, and statistical analysis 
verified this conclusion. The slope of the line for the 
2.5-mg. dose was found to  be significantly different 
from those of 5.0 and 10.0 mg., and the slopes of the 
latter two lines were found to be insignificantly dif- 
ferent from each other. 


Finally, deviation from apparent first-order kinetics 
can be shown by the lack of linearity of semilogarithmic 
plots of blood concentration as a function of time (Fig. 
2) .  Although each of the regression lines is insignificantly 
different from a straight line and the corresponding 
slopes are significantly different from zero, the slope 
of the line for the 2.5-mg. dose is again significantly 
different from those for the other two doses. Therefore, 
the drug half-life becomes dose dependent at a dose 
between 2.5 and 5.0 rng. Alinearity of the plots for the 
5.0 and 10.0-mg. doses would be demonstrable only if 
the time of sampling was extended beyond 42 min. 


The demonstration that a capacity-limited system for 
acetylation of sulfanilamide exists in the rat is impor- 
tant for drug metabolism studies in this species but 
may not be necessarily relevant to  man. However, 
the saturation phenomenon occurred at doses in the 
rat that, when extrapolated to  man, lie well within the 
therapeutic dose range. Moreover, Levy (3) pointed 
out that several capacity-limited drug-metabolizing 
systems observed in man have been demonstrated also 
in rats. These include a limited capacity for the conjuga- 
tion of salicylate (6 )  and benzoate (3) with glycine and 
for sulfate and glucuronide conjugation with N-acetyl- 
p-aminophenol (7). Whether capacity-limited acetyla- 
tion of sulfanilamide can be added to  the list of simi- 
larities between man and the rat has to  await additional 
evidence. Certainly it becomes increasingly apparent 
that drug metabolism studies must be carried out at  
multiple-dose levels and that linearity of the semi- 
logarithmic plotsof drug elimination as a functionof time 
is frequently insufficient t o  discriminate between dose- 
independent or dose-dependent biotransformations. 
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Apparent Dose-Dependent Elimination 
Kinetics as an Experimental Artifact 


Keyphrases 0 Dose-dependent elimination kinetics, apparent- 
experimental artifact consideration 0 Plasma concentration- 
experimental blank errors 


Sir: 


It  is now known that the kinetics of elimination of 
several drugs are dose dependent. The decline in the 
plasma concentrations of some drugs is exponential 
throughout, but the apparent first-order rate constant 
for this process descreases with increasing dose (1). 
The elimination of other drugs involves one or more 
saturable processes, and semilogarithmic plots of plasma 
concentrations as a function of time curve downward 
until they attain an exponential phase which is reached 
at the same concentration irrespective of the dose (2) .  
In view of the great interest and investigative activity 
in the area of dose-dependent pharmacokinetics, it is 
appropriate to point out that errors in blank correc- 
tions can artifactually lead to the conclusion that an 
entirely linear, dose-independent system is in fact dose 
dependent and nonlinear. 


Figure 1 shows hypothetical plasma concentrations 
obtained after intravenous injection of 1, 3, and 10 
weight units of a drug which is actually eliminated by 
apparent first-order kinetics (t1l2 = 2.0 hr.), with the 
plasma concentration data describable by means of a 
one-compartment open model. However, the data 
points in the figure are, in each case, 2 mg./l. lower 
than the “real” concentrations. This would be so if, 
for a number of possible reasons, a 2 mg./l. error in the 


I I I I 


2 4 6 
HOURS 


Figure 1-Hypothetical plasma concentration data obtained after 
intravenous injection of I ,  3, and 10 weight units of a drug which is 
eliminated by apparent first-order kinetics (tm = 2 hr.), if the blank 
correction is 2 mg.11. too large. Arrows indicate apparent half-life. 
Inset: Relationship between initial plasma concentration (CO) and 
apparent halflife (“tl121’). 


blank value determination would have occurred. The 
data points thus obtained can be fitted readily to straight 
lines which yield a decreasing half-life with increasing 
dose. In the example shown, there is an almost 50% 
change in the apparent half-life. 


If plasma concentrations are determined over a 
wide concentration range, an error in the blank cor- 
rection can lead to the erroneous conclusion that 
elimination involves a combination of parallel linear 
and saturable ( i e . ,  capacity-limited) processes. Such 
systems may show an initial exponential concentration 
decline phase at  high concentrations, a subsequent 
downward curvature, and finally another exponential 
phase which is steeper than the initial exponential 
phase (2) .  This pattern is evident in Fig. 2; the figure 
shows hypothetical plasma concentration data at two 
doses (differing 10-fold) of a drug, which is actually 
eliminated by apparent first-order kinetics but where an 
error of 3 mg./l. in the blank correction causes appreci- 
able deviations from linearity. In this example, parallel 
straight lines may be fitted erroneously to the two sets of 
terminal data points, suggesting that the elimination 
kinetics above a plasma concentration of about 10 mg./ 
1. are capacity limited. 


The potential artifacts outlined in this article neces- 
sitate that considerable attention be directed to the 
correct determination of blank values. The magnitude 
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Examination of the tertiary anilides, 111 and VI, 
shows that the B isomer is present at equilibrium, as in 
the a-halo series, only in minor amounts; hence, sub- 
stitution of halogen by diethylamino does not produce 
any unusual change in rotomer distribution. It could 
be reasonably questioned then why such an unusual 
departure from normal trans, as recently claimed (l), 
would take place with secondary a-amino-acetanilides, 
such as lidocaine. 


The trans-tertiary amides (carbonyl oxygen cis to 
anilide ring), VIB and IIIB, as predicted, have resonance 
absorptions for N-CH3 downfield from those for 
VIA and IIIA. Moreover, the a-methylene and N- 
(CHKH,), groups also are downfield from these more 
highly shielded groups in VIA and IIIA. The resonance 
absorptions for these latter two moieties in lidocaine, 
positioned between IIIA, VIA and IIB, VIB, are of 
little use for structural determinations. Compelling, 
however, is the consistent position of the N-(CH,CH3)2 
triplet. Materials possessing the a-methylene and, 
hence, diethylamino cis and over the anilide ring have 
this moiety well within the aromatic shielding zone ( 6 )  
and therefore at a higher field (6 0.8 p.p.m.) than the 
6 1.1 observed for materials constituted with the a- 
methylene trans to the anilide ring. 


In contrast, the position of the amide I1 band does not 
appear to be a reliable criterion for spatial assignments, 
a conclusion previously reached (8). As was found for 
similar compounds (9, lo), trans-a-chloroacetanilides 
I and IV absorb very close to 1500 cm.-l, at con- 
siderably lower frequencies than the amide I1 band 
normally found in trans-a-unsubstituted acetamides. 
(Note that 11, predominately trans, has a prominent 
amide I1 barid at about 1540 cm.- l.) 


Assignment of the trans-configuration to lidocaine 
can be reconciled with the observed single, solvent 
invariant N-H stretch and lower than usual amide I1 
band by reference to the internally bonded structure 
shown for trans-lidocaine. Ample precedent for this type 
of hydrogen bonding has been noted in trans-a-halo- and 
a-alkoxy acetamides (9, lo). Such internal bonding 
could produce a single solvent invariant uN-H; 
the uN-H found for lidocaine at even 100 cm.-’ 
lower frequency than the same function in a-halo- 
substituted amides is a tribute to the strong amido- 
amino (N-H- - -N) association in this amide (1 1). 


As suggested for similar association in a-haloacet- 
anilides (9), such bonding could force an equilibrium 
shift to a wholly trans-configuration (as contrasted 
with some minor cis in materials such as 11). Finally, 
the amide I1 band near 1500 cm.-l found for lidocaine 
(and related trans-materials, I, IV, V) could arise from 
a lesser amount of intermolecular association. As 
shown earlier (lo), a-substitution and steric hindrance 
to intermolecular association cause a frequency drop in 
this band. Protonation of the amino group would lessen 
the internal bonding, and the spectral characteristics 
presumably found for lidocaine hydrochloride (1) could 
revert more closely to those of “normal” trans-amides. 


The assignment of the trans-associated structure for 
lidocaine is further strengthened by its behavior to 
vapor phase osmometric measurements in benzene. In 
this nonbonding solvent, as well as carbon tetra- 


trans-lidocaine 


chloride, lidocaine over a 0.1-0.005 M concentration 
range shows no evidence of intermolecular association 
and is strictly monomeric. In contrast, certain authentic 
cis and dimerically bonded amides such as 2-pyridone 
have been shown to give a corresponding multiple 
of its molecular weight under these conditions (12). 
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Extrinsic Optical Activity from a 
MicelIar Solution 


Keyphrases 0 Micellar solutions-extrinsic optical activity IJ Sul- 
faethidole-betaine-induced optical activity 0 Polarimetry-anal- 
ysis 


Sir: 


Extrinsic optical activities have been observed follow- 
ing the interaction of macromolecules with suitable 
small molecules (1-3) and following the interaction of 
optically active solvents with solutes (4, 5). We now re- 
port optical activity induced into a symmetrical mole- 
cule by an optically active surfactant in the micellar 
form. L- and D-N-decyl-N,N-dimethylalanine hydro- 
bromides (betaines) were used as the surfactants; their 
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Figure 1-Extrinsic circular dichroism curves for 7.0 X I t 4  M 
SETD in an 8.9 X M uqueous betaine solution. Key: 0, D- 
betaine; O ,  L-betaine; and S I N  ratio = 20:l. All measurements were 
made in a 0.1-cm. cell. 


CMC's, measured by optical rotatory dispersion and 
circular dichroism, have been found to be approxi- 
mately 1 X M at 25" (6, 7). Sulfaethidole (SETD) 
was used as the optically inactive molecule; this drug 
has been found to become optically active when bound 
to bovine serum albumin (€9, giving peaks in ellipticity 
at 280 (negative) and 257 mp (positive) which are con- 
sistent with the UV spectra. 


All measurements were made in a 6002 attachment to 
a Cary 60 spectropolarimeter' at 25". Under the experi- 
mental conditions, the betaine showed no optical activ- 
ity above 240 mp (7), and the SETD alone showed no 
activity at any wavelengths. Figure 1 shows the optical 
activity induced in the SETD molecules by the L- and 
D-betaines at concentrations considerably above their 
CMC. Peaks of opposite sign are seen at wavelengths 
of 288 and 255 mp. We have not observed any induced 
optical activities at concentrations of betaine below the 
CMC. 


Figure 2 shows the effect of betaine concentration on 
the ellipticity at 285 mp with the SETD concentration 
constant. These ellipticities are small, as is the signal- 
noise (S/N) ratio, but it appears that the plot cuts the 
betaine concentration axis at approximately the CMC. 
At a concentration of 6.0 x M ,  the ellipticity seems 
to have reached a plateau. This is probably the result of 
all the SETD being solubilized by the micellar betaine, 
so that subsequent additions of betaine can cause no 
further interaction. These extrinsic effects probably are 
due to the interaction of the hydrophobic core of the 
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Figure 2-Plot of observed ellipticity at 285 mji against D-betaine 
Concentration for a constant SETD concentration of 7.0 X l t 4  M. 
SIN ratio = 20:l at largest ellipticities and 4:l  at the lowest. All 
measurements were made in a 0.2-cm. cell. 


niicelle with the hydrophobic portion of the drug mole- 
cule. It is possible that the extrinsic efl'ects observed$ 
aqueous macromolecular solutions are also predomi- 
nantly hydrophobic in origin. 
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Macromolecular Dissolution: Temperature 
Effects on Polymer-Drug Preparation 


Keyphrases 0 Macromolecular dissolution--temperature of prod- 
uct formation effect 0 Polyethylene maleic anhydride-phenyl- 
propanolamine interaction temperature-effect on dissolution 
rate 0 Temperature of preparation, polymer-drug system- 
physicochemical properties 


Sir: 


Polymer-drug interaction systems have been a source 
of study for application toward the design of prolonged- 
release dosage forms (1-3). The general method of pre- 
paring these systems has differed from investigator to 
investigator and between the types of polymers and 
drugs. However, a t  no time has the effect of preparation 
temperature on dissolution and/or drug release from the 
polymer been investigated. 


This report concerns the effects of preparation tem- 


Table I-Dissolution Rates as Effected by Preparation 
Temperature 


Dissolution Rate, X lO-l, 
A Refractometer Scale 


Temperature Units/min. 


27" 4.14 
40" 3.36 
45 3.82 
SO" 
55 
60" 
80 O 


100" 


3.83 
2.89 
0.24 
0 .26  
0.09 


1 Cary Instruments, Monrovia, Calif. 
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Mechanisms of Reactions of Ring-Substituted 
Bis(1-aziridiny1)phosphinyl Urethan Antineoplastic Agents 


C. K. NAVADA, Z. F. CHMIELEWICZ, and T. J. BARDOS* 


Abstract Bis(truns-2,3-dimethylaziridinyl)phosphinyl urethan 
(IV) was synthesized and compared with the corresponding cis-2,3- 
dimethyl derivative (111). The comparative alkylating activities and 
rates of hydrolysis of these two stereoisomeric aziridine derivatives, 
111 and IV, were determined and compared with corresponding data 
for the monomethyl derivative (V) and two other clinically tested 
members of this series of antineoplastic agents (dual antagonists), 
AB-100 (I) and AB-132 (11). The structures of the final hydrolysis 
products of 111, IV, and V were determined and confirmed by direct 
synthesis. The results indicate that the mechanisms of hydrolysis of 
111, IV, and V (as that of the unsubstituted aziridine derivative, 
AB-100) are essentially sN2, in contrast to the much faster hy- 
drolysis of the 2,2-dimethylaziridine analog, AB-132, which in- 
volves a carbonium-ion mechanism. These studies give further 
support to the hypothesis that the unique pharmacologic properties 
of AB-132, as compared to other members of this series, may be 
related to the unique chemical properties of the 2,2-dimethyl- 
aziridine moieties. 


Keyphrases 0 Antineoplastic agents-reaction mechanisms 0 Bis- 
(trans-2,3-dimethylaziridinyl)phosphinyl urethan-synthesis 0 
Alkylating activity-cis-, trans-2,3-dimethylaziridine analogs 0 
Hydrolysis mechanism-ring-substituted aziridine derivatives 0 
IR spectrophotometry-identity 0 NMR spectroscopy-identity 


The synthesis of a series of bis( 1-aziridiny1)phosphinyl 
carbamates, termed “dual antagonists” (I and its 
analogs containing different carbamate moieties) (1, 2), 
and their antineoplastic activities in experimental animals 
(3, 4) and in man (5-9) were previously reported. In 
an effort to decrease the hematologic toxicity due to  the 
“alkylating” aziridine groups, derivatives were syn- 


thesized in which the C-atoms of the aziridine rings 
were substituted with methyl or ethyl groups (10). 
One member of this new series, ethyl bis(2,Zdimethyl- 1- 
aziridiny1)phosphinyl carbamate (AB-132, 11), has been 
studied to a considerable extent experimentally (1 1) 
as well as clinically (12-17). Its interesting pharmaco- 
logic properties [e.g., cholinesterase inhibition (1 8-20)] 
and its radiation potentiating effect (2 1-23) suggested 
that this compound may act by a different mechanism 
than the C-unsubstituted aziridine derivatives (24). 
This conclusion was supported by chemical studies of its 
hydrolytic and alkylation reactions (1 1, 25), which in- 
dicated that the unique properties of I1 may be related 
to  the ability of the 2,2-dimethylaziridine group to  
participate in S N ~  reactions with its substituted carbon 
(by forming a tertiary carbonium ion) and, alternatively, 


AH-COC~H, 
I. Rl = & = R3 = R, = H (AB-100) 
II. R1=& = CH3; & =R,=H (AB-132) 
m. R,=&=CH,;R,=R,=H (&)(AB-144) 
IV. R, = R, = CH3; R, =& = H (trans)(AB-145) 
V. R,=CH3;R,= q=R4=H(AB-143) 
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in SN2 reactions with its unsubstituted methylene 
carbon (25). 


In view of the observed profound effect of the 2,2- 
dimethyl substitution in the aziridine ring on the 
chemical and pharmacologic properties of 11, it was of 
interest to investigate the chemical reaction mech- 
anisms of the stereoisomeric 2,3-dimethylaziridine 
derivatives, I11 and IV (which are position isomers of 
11), and of the monomethylaziridine derivative, V. 


Table I-Comparative Alkylating Activities and ,Relative Stabili- 
ties to Hydrolysis of Ethyl Bis( 1-azirid1nyl)phosphlnyl Carbamates 


Alkylating 
Activities,a Half-Lives, 


Aziridine Ring k'so ,X lo3 hr.,b in HzO 
Compound Substituents min.-l at 37" 


I None 
I1 2,2-cH3 


111 cis-2.3-CHx 


3.3c 60 
2.4" 2.5 
0.8 125 


IV trani-2,3-~H3 1.9 35 
V 2-c& 2.0" 80 


RESULTS AND DISCUSSION 


There are three stereoisomeric forms of 2,3-dimethylaziridine: 
meso (cis) and L and D (tram). The first two of these were synthesized 
from D- (as well as DL) threo-3-amino-2-butanol and ~-erythro-3- 
amino-Zbutanol, respectively, by Dickey et al. (26). By stereo- 
specific syntheses, Dickey et al. (26) also established their absolute 
configurations. In the present work, commercial 3-amino-2- 
butanol,' a mixture of the DL-threo and DL-erythro isomers (VI), 
was used as the starting material. Cyclization of the acid sulfates 
VII gave a mixture of the two optically inactive diastereoisomeric 
aziridines, VIII and IX. These were separated by fractional dis- 
tillation, as described in the Experimental section, and their NMR 
spectra were consistent with the configurational assignments of 
Dickey et al. (26) (Scheme I). 


H2SO4 KOH 
CH3-CH-CH-CHj - CH3-CH-CH-CH3 A 


I I  I I  
NH2 OH 


VI (a) DL-the0 
(b) DL-erythro 


NHn &SOIH 
VII 


CHa-CH-CH-CH3 


'N' ^ .  
H 


VIII (meso) (cis) 
IX (DL) (trans) 


Scheme I 


The synthesis and physicochemical properties of the ring-sub- 
stituted bis-aziridinylphosphinyl carbamates 111 and V were pre- 
viously reported (10). The trans-2,3-dimethyl analog, IV, was 
synthesized according to the same general procedure, by the reac- 
tion of dichlorophosphinyl urethan with ~~-trans-2,3-dimethyl- 
aziridine (IX). Although two diastereoisomers of IV might be 
expected to arise from this reaction (since two molecules of the 
racemic aziridine reacted with each molecule of dichlorophos- 
phinyl urethan), only one, sharp melting, crystalline product could 
be isolated from the reaction mixture by repeated crystallization 
from n-hexane. 


The IR spectra of the cis- and trans-aziridine derivatives, 111 and 
IV, are almost superimposable, except in the 700-950 cm.-1 region 
where the differences in the ring-deformation frequencies of the 
two compounds result in characteristically different absorption 
patterns. The NMR spectra show the expected differences between 
the two compounds in the chemical shifts of their ring-CH and 
-CH3 protons, corresponding to the differences between the 
NMR spectra of the aziridines from which they were derived. 
In the spectra of both 111 and IV, the multiplets of the ring-CH 
protons are split by the phosphorus into two symmetrical groups of 
resonance lines. 


The comparative chemical alkylating activities (S~Zreactivities) 
of Compounds 111, IV, and V were determined according to the 
previously described method (25, 27) by measuring the rates of 
alkylation (colored product formation) with y-(4-nitrobenzyl)- 
pyridine (NBP) at 80" temperature and standard initial concentra- 
tions of the reactants. The initial reaction rates [Pso values (2711 
are given in Table I. It is apparent that the trans-isomer (IV) is 
much more reactive than the cis (111). This result seems reasonable, 
considering that in the case of LV the nucleophilic reactant can 


1 Commercial Solvents Corp., New York, N. Y. 
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For definition, see ReJerence 27. * Based on residual titratable 
aziridine rings, c Data taken from Reference 25. 


approach one of the carbon atoms from either side of each aziridine 
ring; while in the case of 111, only one side of each ring is open to  
nucleophilic attack. Both compounds are considerably less reactive 
than the "unsubstituted" analog (I), but IV is only slightly less 
reactive than the monomethyl and gem-dimethyl aziridine deriva- 
tives (V and 11, respectively) in which one of the aziridine carbons 
is unsubstituted. 


The relative rates of hydrolytic cleavage of the aziridine-rings 
of Compounds I-V, in distilled water at 37", can be compared on 
the basis of the half-life data given in Table I. If the hydrolysis of 
all compounds was to proceed entirely by an sN1 mechanism, as 
was found in the case of the 2,2-dimethyl aziridine analog, AB-132 
(11) (l l) ,  then the relative rates would depend on the comparative 
ease with which they are capable of forming a carbonium-ion inter- 
mediate. Therefore, the following order of hydrolysis rates would be 
expected: I1 > IV 2 I11 > V > I. Instead, the rates of hydrolysis 
show the following sequence: I1 >> IV > I > V > 111. Thus, it is evi- 
dent that the hydrolytic cleavageof the aziridinerings in someof these 
compounds appears to involve other than sN1 mechanisms. For 
example, the 3 4  times faster hydrolysis rate of the !rans-2,3- 
dimethylaziridine derivatives IV as compared to the cis-isomer 111 
almost parallels their relative sN2 reactivities in the alkylation of 
NBP. 


Preliminary studies relating to the mechanisms of hydrolysis of 
I and I1 were previously reported, indicating that in water solution, I 
undergoes bimolecular polymerization with its P-N linkages 
remaining largely intact (25), while the very fast hydrolysis of I1 
proceeds via a tertiary carbonium ion and with the cleavage of all 
three of its P-N bonds (11, 25). To elucidate the mechanisms of 
hydrolysis of 111-V, their final hydrolysis products, obtained after 
3 weeks of incubation of each compound in deionized distilled 
water solution at  37", were isolated and identified. In all cases, 
urethan and a phosphate ester were isolated from the hydrolysates 
as the two major, final hydrolysis products (Scheme 11). 


0 CH3 
II I 


0 CH3 
II I +  m + HZN-C-OCZH, + H-~-NH,-O-P-O-C-H 


I I 
I I I 


OH H-C-NH, 
I 


HO-C-H XI 


CH, 
I 
CH3 


XII 


I 
CH3 


XIII 
n 


6- 
XIV 


Scheme I1 







The structures of the phosphate esters were identified by elemental 
analysis, IR and NMR spectra, and alkaline hydrolysis, yielding 
the known amino alcohols.2 In addition, most of the phosphate 
mono- and diesters, salts, and ester-salts that could have resulted 
from the hydrolysis of Compounds 111-V were directly synthesized 
for comparison with the isolated products (‘see Experimental). 
The phosphate mono- and diesters were generally prepared by 
reacting the appropriate aziridine with phosphoric acid. Since the 
ring-opening reactions of the stereoisomeric 2,S-dimethylaziridines 
are known to proceed with a single Walden inversion (28), and 2- 
monosubstituted aziridines are cleaved by strong acids at the un- 
substituted 3-position (29), the structures of the phosphate esters 
were unambiguously defined by their synthesis. However, additional 
proof of structure was obtained by alkaline hydrolysis to yield the 
known amino alcohols. The ester-salts were synthesized by reacting 
the monoesters with one equivalent of the amino alcohol, while 
the phosphate salts were prepared by combining one equivalent of 
phosphoric acid with two equivalents of the amino alcohol. If the 
elemental analysis and melting points did not permit unambiguous 
identification of the hydrolysis products with the synthetic salts or 
esters (because of variations in water of crystallization), comparison 
of the spectra served well for this purpose. In general, the phosphate 
salts showed much sharper absorption bands in their IR and NMR 
spectra than the phosphate esters which are zmitterions. Although 
the positions of the absorption peaks for the phosphate ester and 
the corresponding salt were similar, it was possible to differentiate 
between them on the basis of their resolution and splitting patterns. 
In particular, the splitting by the phosphorus of the CH or CH2 
protons adjacent to the P-0 bond in the phosphate esters in- 
creased the complexity of the resonance pattern in the 3.5-4.5 
p.p.m. region and in the case of XIV gave rise to a well-resolved 
quartet. 


The results show that the cis-2,3-dimethylaziridine derivative Ill  
yields the phosphate ester-salt of rhreo-3-amino-2-butanol (XII), 
while the rrur?s-2,3-dimethylaziridine analog IV yields the phosphate 
monoester of erythro-3-amino-2-butanol (XIII). If the hydrolysis 
of the aziridine rings would have proceeded by an sN1 mechanism, 
the same carbonium-ion intermediate derived from either I11 or IV 
should have given identical mixtures of the phosphates of the two 
isomeric amino alcohols. Actually, the ring-opening hydrolysis 
reactions of both 111 or IV appear to involve in each case a single 
Walden inversion (trans-opening) and, therefore, must be mechanis- 
tically sN2, although they are pseudo-first-order from a kinetic 
point of view. Furthermore, the structure of the hydrolytic product 
XIV of the 2-methylaziridine derivative V shows that the ring- 
opening reaction of this compound occurred at the unsubstituted 
(less hindered) carbon, thus indicating that the mechanisms of this re- 
action similarly followed an S~2course. The fact that the hydrolysis of 
all three compounds, 111-V, resulted in the formation of a phosphate 
ester bond, indicates that the ring-opening reaction involves an 
inter- or intramolecular sN2 attack of a P-0- anion on the pro- 
tonated aziridine ring. This reaction requires either prior or con- 
certed hydrolytic cleavage of a P-N bond, possibly initiated by 
tautomerization of the O=P-NH- grouping; eventually, all 
three P-N bonds are cleaved to give the final hydrolysis products. 


CONCLUSIONS 


On the basis of these results, it is now possible to explain 
satisfactorily the order of hydrolysis rates for Compounds 
I-V. Thus, I1 is the only compound of this series which 
hydrolyzes by an sN1 mechanism, and this is consistent with its 
exceptionally fast rate of hydrolysis. In contrast, the relative rates 
of hydrolysis of Compounds I, V, and 111 appear to depend on the 
comparative steric hindrances of their aziridine moieties to nucleo- 
philic attack. The relative hydrolysis rate of Compound IV is 
somewhat anomalous and may suggest some smaller contribution 
of an sN1 mechanism (which possibility in the case of this com- 
pound is not entirely excluded by the structure of the isolated 
hydrolysis product XIII, since the latter contains only half of the 
total amount of amino alcohol resulting from the hydrolysis of 


* Alkaline hydrolysis of phosphate esters proceeds via.attack of the 
hydroxyl ion on the phos horus (wluch carries a residual positive 
char e) and does not invofve the asymmetric carbon of the alcohol 
whica is liberated without change in its configuration. 


IV). In any case, the mechanisms of hydrolysis of 111-V are largely 
sN2 and, therefore, just as the hydrolytic polymerization of the ring- 
unsubstituted-aziridine derivative I (25), they do not involve 
carbonium-ion intermediate formation to any substantial degree. 
The importance of the tertiary carbonium-ion intermediate formed 
in the hydrolysis of the geminally substituted aziridine derivative 
I1 has been previously discussed (11). Other studies on the compara- 
tive chemical and biological activities of conventional and 
“branched-chain” aromatic nitrogen mustards (27) have indicated 
that the biological activities in a given series of alkylating agents 
may be related to their different chemical reaction mechanisms 
(27, 30). On the whole, the results of the present study underline 
the uniqueness of the 2,2-dimethylaziridine derivative I1 (AB-132) 
with respect to its chemical behavior, as compared to other mem- 
bers of this series of alkylating agents. 


It should be mentioned that the in vivo toxicities and antitumor 
activities (in several rodent tumor systems)3 of Compounds I, III- 
V are qualitatively similar, and that their relative magnitudes 
closely parallel the relative “SN2 reactivities” of these compounds 
with respect to NBP. This is in contrast to the qualitatively and 
quantitatively different pharmacological activities of AB-132 (11). 


EXPERIMENTAL 


Comparative alkylating activities and rates of hydrolysis were 
determined by previously-described procedures (25, 27). The IR 
spectra were recorded on a Perkin-Elmer model 237 (Infracord), 
and the NMR spectra were obtained in a Varian Associates model 
A-60 using deuterium oxide as solvent, except where noted. The 
melting points were determined on a Mel-Temp melting point 
apparatus and are uncorrected. 


The syntheses of Compounds 1-111 and V were previously 
reported (1,2,10). 


Ethyl ~is(2,3-trans-dimethyl- 1 - aziridinyl)phosphinyl]carbamate 
(W)-Commercially available 3-amino-2-butano1, a mixture of DL- 
threo and DL-erythro isomers (VI), was cyclized through its amine 
sulfate (26) to yield a stereoisomeric mixture of 2,3-dimethyl- 
aziridine. The separation of the DL(truns)-isomer from the meso 
(cis)-isomer, VIII, b.p. 81-83” (771 mm.) [previously employed for 
the synthesis of 111 (lo)], was accomplished by fractional distillation 
through a spinning band column, and the fraction, b.p. 75575.5” 
(765 mm.) (IX), was collected. NMR spectra (in CC14 with tetra- 
methylsilane as internal standard) are as follows: VIII (cis): 1.05 
(6H, d, J = 6 c.P.s., CH3), and 2.06 p.p.m. (2H, multiplet, CH); 
IX (trans): 1.12 (6H, d, J = 4 c.P.s., CHI), and 1.50 p.p.m. (2H, 
multiplet, CH). The reaction of ~~(truns)-2,3-dimethylaziridine 
with dichlorophosphinyl urethan was carried out under nitrogen 
in the usual manner (10). After filtration, the filtrate was concen- 
trated in vucuo at 30” to give an oily residue. Several crystalliza- 
tions from n-hexane gave a pure product, m.p. 103-104”, yield 
20%. Ethylenimine assay (31): 102% of the theoretical value (based 
on two ethylenimine groups and a mol. wt. of 275). 


And-Calcd. for C11H22N303P: C, 47.99; H, 8.00; N, 15.26. 
Found: C, 47.89; H, 7.84; N, 15.42. 


IR absorption bands (KBr) (cm.-l): 3050,2960,1730 (s) (C=O); 
1460 (s) sh. 1420, 1440 (m) (C-CH,, CH2); 1380 (m) (C-CHI); 
1330 (w) (-0); 905 (m); 835 (s) (d~uble t ) .~  


NMR (in CDC13, with tetramethylsilane as internal standard), 
1.35 (15H, multiplet, CHa), 2.42 (4H, multiplet, -CH-N), and 
4.15 p.p.m. (2H, quartet, C H A ) .  


Hydrolysis Products-The final hydrolysis products of III- 
V were obtained by incubating 0.015 mole of each compound 
with 2.2 moles of deionized distilled water at 37” for 3 weeks. 
The aqueous suspension was then extracted with ether, and the 
aqueous layer was lyophilized, washed with ether, and dried. The 
combined ether extracts, on evaporation of the solvent, yielded in 
each case a crystalline material which had a melting point and an 
IR spectrum identical with those of an authentic sample of ethyl 


3 A detailed study on the comparative biological activities of all 
members of this series of “dual antagonists” in various experimental 
systems, including a large spectrum of animal tumors, is in preparation 
and will be published by the cooperating biological investigators. 


4 In the previously reported spectrum of the cis-analog I11 (lo), the 
last three band assignments were erroneously transcribed ; this region of 
the spectrum of 111 should read: 9.75 p (1025 cm.-l) (s); 9.90 p (1010 
cm.-l) (s); 11.00 p (905 cm.-l) (m); and 11.9 p (835 cm.-l) (m). 
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Table a-Final Hydrolysis Products 


Empirical -----Analysis, %--- 
M.P. Formula Calcd. Found NMR Spectra 6, p.p.m. 


Hydrolysis product of III 194-195" CaHzaNzOsP C, 37.21 C, 37.08 1.28 (12H, doublet, CHI) 
H,  8.92 H, 8.80 3.25 (2H, multiplet, CH-N) 
N. 10.85 N. 11.03 3.82 (2H. multidet. CH-0) 


(X") 
. ,  


P,' 12.01 P,' 12.17 
Hydrolysis product of IV 275-276" CaHizNOaP C, 28.40 C, 28.53 1.25 (6H, doublet, CHd 


(XIII) H, 7.10 H, 7.23 3.42 (IH, multiplet, CH-N) 
N. 8.28 N. 8.26 4.43 (lH, multiplet, CH-0) 
P.' 18.34 P.' 18.12 


Hydrolysis product of V 170-172" CsHuNzOaP C, 33.96 C, 33.68 1.29 (6H, doublet, CH,) 
H,  8.01 H, 7.86 2.6-4.2 (6H, multiplet, CH-N, CHZ-0, 
N, 13.21 N, 13.13 including overlapping quartet at 3.68) 
P, 14.62 P, 14.62 


(XIV) 


carbamate. The ether-insoluble products obtained from the aqueous 
layer were crystallized from methanol-ether. The melting points, 
elemental analyses, and NMR spectra of these "final hydrolysis 
products" (XII-XIV) are given in Table 11. 


Preparation of Phosphate Esters 


Phosphate Monoesters-A. Reaction of Substituted Aziridine 
with Phosphoric Acid-To an ice-cooEd, stirred solution of the 
substituted aziridine (0.10 mole) in 10 ml. of water was slowly added 
an equimolar quantity of 86% phosphoric acid. The resulting 
solution was stirred at room temperature for 48 hr. and then 
concentrated to dryness by lyophilization. The products were 
recrystallized several times from methanol or methanol-ether. 


B. Pyro/ysis Method-Equimolar quantities of the amino alcohol 
and phosphoric acid were stirred for 3 hr. at room temperature. 
The solution was concentrated in uacuo at 70", and the resulting 
oily residue was heated in uacuo (0.8 mm. Hg) for 3 hr. at 160". 


The solid residue was recrystallized from methanol or methanol- 
ether. The product was identical with that obtained by Procedure A, 
using the corresponding substituted aziridine, by mixed melting 
point, IR, and NMR. 


Phosphate Diesters-The procedure used for the synthesis of the 
phosphate diesters was essentially similar to that described for the 
synthesis of the phosphate monoester, Procedure A, except that 
two equivalents of substituted aziridine (0.2 mole) were reacted 
with one equivalent (0.1 mole) of phosphoric acid. The products 
were recrystallized from methanol-ether. 


The melting points, elemental analysis, and NMR spectra of the 
phosphate mono- and diesters are presented in Table 111. 


Hydrolysis of Phosphate Esters 


The phosphate esters were hydrolyzed, to yield the corresponding 
amino alcohol and sodium phosphate, by refluxing 0.02 mole of 
the ester for 48 hr. in 100 ml. of 15% sodium hydroxide solution. 


Table 111-Synthetic Phosphate Esters, Salts, and Half Salts-Half Esters 


Empirical -----Analysis, %--- NMR Spectra 6, p.p.m. 
Compound M.p. Formula Calcd. Found 


(~~-threo-Amino-2-butyl) dihydro- 
gen phosphate 


hydrogen phosphate 
Di(~~-flireo-3-amino-2-butyl) 


Di-3-(~~-threo-2-hydroxy)butyl- 
ammonium hydrogen phos- 
phate 


ammonium (~~-threo-3-amino- 
2-butyl) hydrogen phosphate 


(~~-erythro-3-Amino-2-butyl) di- 
hydrogen phosphate 


3-(~~-fhreo-2-Hydroxy)butyl- 


Di(D~-eryfhro-3-amino-2-butyl) 
hydrogen phosphate 


Di(~~-erythro-2-hydroxy)butyl- 
ammonium hydrogen phos- 
phate 


3-(~~-ery thro-2-Hydroxy)  butyl- 
ammonium (DL-eryfhr0-3- 
amino-2-butyl) hydrogen 
phosphate 


gen phosphate 


ammonium hydrogen phos- 
phate 


ammonium hydrogen phos- 
phate 


Di(~~-2-amino-l-propyl) hydro- 


D~-~-(DL-  1 -hydroxy)propyl- 


Di- 1 -(DL-~- h ydrox y)propyl- 


86" 


180-181 O 


194-195 


185-187" 


276-278" 


176-1 78 O 


199-201 O 


276-277 a 


170-172 ' 


161-163' 


164-1 65 


C, 28.40 
H, 7.10 
N, 8.28 
C, 37.21 
H, 8.92 
N, 10.85 
P, 12.01 
C, 34.78 
H, 9.05 
N, 10.15 
C, 34.78 
H, 9.05 
N, 10.15 
C, 28.40 
H,  7.10 
N, 8.28 
P, 18.34 
C, 34.78 
H,  9.05 
N, 10.15 
C, 34.78 
H,  9.05 
N, 10.15 
C, 37.21 
H, 8.91 
N, 10.85 


c ,  34.43 
H,  8.61 
N, 11.48 
C, 29.02 
H, 8.46 
N, 11.29 
C, 29.02 
H, 8.46 
N, 11.29 


C, 28.25 
H, 7.50 
N. 7.95 
C. 37.26 
HI 8.91 
N, 11.00 
P, 12.15 
c ,  34.79 
H,  9.20 
N, 10.30 
C, 34.80 
H,  9.23 
N, 9.99 
C; 28.22 
H,  7.12 
N, 8.26 
P, 18.34 
C, 35.03 
H,  9.25 
N. 9.88 
C, 34.76 
H,  9.19 
N, 9.89 
C, 36.91 
H,  9.08 
N. 10.63 


C, 34.67 
H,  8.58 
N, 11.58 
C, 28.96 
H 8.46 
N, 11.38 
C 28.97 
H,  8.58 
N, 11.35 


1.26 (6H, doublet, CH,) 
3.24 (lH, multiplet, CH-N) 
3.84 (1H. multidet, CH-0) 
1.22 (12H, doublet, CH3) 
3.18 (2H, multiplet, CH-N) 
3.85 (2H, multiplet, CH-0) 


1.36 (12H, doublet, CH3) 
3.23 (2H, multiplet, CH-N) 
3.78 (2H, multiplet, CH-0) 
1.32 (12H, doublet, CH,) 
3.26 (ZH, multiplet, CH-N) 
3.80 (2H, multiplet, CH-0) 
1.27 (6H, doublet, CH,) 
3.46 (lH, multiplet, CH-N) 
4.42 (lH, multiplet, CH-0) 


1.29 (12H, doublet, CH3) 
3.53 (2H, multiplet, CH-N) 
4.52 (2H. multiplet, CH-0) 
1.26 and'l .30 (i2H, 2 doublets, CH,) 
3.40 (2H, multiplet, CH-N) 
4.20 (2H, multiplet, CH-0) 
1.28 (12H, doublet, CH,) 
3.48 (2H, multiplet, CH-N) 
4.25 (2H, multiplet, CH-0) 


1.30 (6H, doublet,.CHt) 
2 . 6 4 . 2  (6H, multiplet, CH-N, 


1.26 (6H, doublet, CHI) 
3.6 (6H, multiplet, CH-N, CHzO) 


1.22 (6H, doublet, CH,) 
3.04 (4H, multiplet, CHZ-N) 
4.08 (2H, multiplet, CH-0) , 


CHZ-0) 
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After cooling to room temperature, the solution was saturated with 
solid sodium hydroxide and extracted with several portions of 
ether. The combined ether extracts were dried over anhydrous 
sodium sulfate and, after filtration, the ether was removed in vacuo. 
The oily product was identified by comparison of its IR and NMR 
spectra with those of an authentic sample of the amino alcohol. 


Preparation of Phosphate Salts 


To a stirred solution of two equivalents of amino alcohol (0.03 
mole) in 20 ml. water was added dropwise one equivalent of phos- 
phoric acid. The reaction mixture was stirred for 1 hr. and then 
lyophilized. The crude material was recrystallized from methanol. 
The products were characterized by their melting points. elemental 
analyses, IR, and NMR spectra (Table 111). 


Preparation of Phosphate Ester-Salts 


To an aqueous solution of the phosphate monoester, prepared as 
described in Procedure A (0.05 mole in 15 ml. of water), was added 
0.05 mole of the corresponding amino alcohol in 10 ml. of water. 
The mixture was stirred for 24 hr. at room temperature and then 
lyophilized. The product (95-100 yield) was crystallized from 
methanol or methanol-ether to yield the phosphate half ester-half 
salt. Analytical results and spectra are presented in Table 111. 
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Metabolic Fate of Mineral Oil Adjuvants Using 
I4C-Labeled Tracers I: Mineral Oil 


JAMES N. BOLLINGER 


Abstract 0 This investigation was undertaken to determine the 
metabolic fate of injected mineral oil using n-hexadecane as the 
tracer. Female white rats and female squirrel monkeys were injected 
either subcutaneously or intramuscularly with an emulsion contain- 
ing 1-14C-n-hexadecane made with mineral oil and mannide mono- 
oleate. The amount of radioactivity remaining at the site of injection 
and the distribution of radioactivity in the major organs were de- 
termined at varying time periods up to 10 months after injection. 
One week after injection, 85-98 % of the l-14C-n-hexadecane- 
labeled mineral oil remained at the site of injection. After 3 months, 
5@60% of the mineral oil remained; and after 10 months, ap- 
proximately 25-30% of the labeled mineral oil was still at the site 
of injection. The mineral oil tracer, which migrated from the site 
of injection, was readily incorporated into lipids. Aside from the 
site of injection, there did not appear to be any accumulation of the 
1-14C-n-hexadecane-labeled mineral oil in the major organs. 


Keyphrases 0 Mineral oil-metabolic fate 17 l-14C-n-Hexadecane- 
mineral oil-mannide monooleate emulsion-distribution Radio- 
activity accumulation-labeled mineral oil injection, monkeys, 
rats 0 Scintillometry-analysis 0 TLC-analysis 


Figure 2-Plexiglas metabolism cages designed for monkeys. 


Mineral oil emulsions are used in many bacterial and 
viral preparations in present experimental immuniza- 
tion programs. However, little is known concerning the 
metabolic fate of the mineral oil. Many observations, 
both present and in the past, show that mineral oil emul- 
sions are not always well tolerated (1). The safety of 
mineral oil adjuvants has been questioned on the basis 
of data that indicate mineral oil alone or Freund's (2) 
complete or incomplete mineral oil adjuvant, given 
with or without added antigens, may cause or be 
associated with induction of plasma cell tumors, auto- 
immune reactions, or excessive formation of focal 
granulomata (3-6). Some of the questions that have 
arisen from these observations are whether these ad- 
verse effects are a function of an incapability of animals 
to mobilize and metabolize mineral oil, adverse cellular 


n Spiked with 
n - Hexadecane k 


0 12 24 36 
Time, min. 


Figure 1-Gas-liquid chromatograph of mineral oil. Material, 
mineral oil; column 4.5.72 m. (150 ji.) capihry  coated with Apiezon 
L;  andcolumn temperature, 200". 


effects due to emulsifying agents, or the result of bac- 
terial and viral biochemical action on the adjuvant 
preparation itself or at the site of injection. 


Several investigators have attempted to answer some 
of these questions. Peck et af. (7) and Woodhour et a/. 
(8) have substituted a vegetable oil for mineral oil in 
their adjuvant preparation. These investigators reported 
that the clinical, gross, and histomorphologic reactions 
were much less than were those obtained in comparable 
test with Freund's (2) incomplete mineral oil adjuvant. 
These data, however, could be interpreted to reflect that 
the ability to metabolize the vegetable adjuvant oils 
was a factor in lowering toxicity. However, since the 
extent of metabolism was not measured, no definite 
conclusion could be drawn. On the other hand, several 
investigators have shown that straight-chain hydro- 
carbons (C-16-C-18) are metabolized to fatty acids 


Investigations by Berlin (12) involving a nonionic 
emulsifier indicated that the toxic reactions of mineral 
oil emulsions may be, in part or in whole, related to the 
level of ester hydrolysis and oxidative changes of the 
emulsifier. More recently, Hardegree and Pittman (13) 
have shown that the emulsified tetanus vaccines, which 
caused sterile abscesses in humans, contained free fatty 
acids and that a variety of antigens were capable of 
releasing free fatty acids from a water emulsion of man- 
nide monooleate. At any rate, it would appear that 
emulsions containing vegetable oil instead of mineral 
oil would yield as high or higher free fatty acid levels 
with added antigens. Peck et al. (7), however, found less 
toxicity (guinea pig dermal irritation and mouse peri- 
toneal irritation) with peanut oil than with mineral oil 
in influenza virus vaccine preparations. 


(9- 1 1). 


1 Arlacel A, Atlas Chemical Industries, Inc., Wilmington, DE 19899 
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Table I-Percentage of 14C-Tracer Remaining in Monkeys and 
Rats at the Site of Injection after the Administration of Mineral 
Oil-Mannide Monooleate Emulsion Containing l-14C- 
Hexadecane as a Tracer 


Figure 3-P/exiglas metabolism cages designed for rats. 


It is the purpose of this study to  determine the meta- 
bolic fate of the mineral oil in an injected adjuvant 
emulsion using a major mineral oil component, n-hexa- 
decane, as the tracer. 


EXPERIMENTAL 


Adjuvant Components-A gas-liquid chromatographic analysis 
of mineral oil2 is shown in Fig. 1. 


TLC analysis of the surfactant, mannide monooleate,3 shows this 
material to contain at least 15 components. Identification of the 
various components has recently been accomplished by O’Neill and 
Yamauchi (14). 


The emulsion used in this study was prepared by using 1 volume 
surfactant, 9 volumes mineral oil, and 9 volumes water. The resulting 
emulsions, prepared either by sonic vibration or the double-hubbed 
needle, double-syringe method, passed the suggested tests for sta- 
bility (1). However, to eliminate any difficulties with emulsion 
stability in this investigation, all emulsions were administered within 
30 min. after preparation. 


14C-Labeled Tracers-A representative 14C-labeled paraffin (e- 
hexadecane) was selected to serve as the 14C-tracer on the basis 
of its similarity to one of the major components of the mineral 
oil (Fig. l), as well as its ability to serve as an effective adjuvant 
(15). Tritium-labeled materials were considered but are less desir- 
able, since there always exists the possibility of tritium-exchange 
reactions which invariably complicate interpretation of experimental 
data (9). 


The l-14C-n-hexadecane4 used in this study had a specific activity 
of 2.35 mc./mmole. The radiochemical purity was determined with 
the aid of TLC and a liquid-scintillation spectrometer.5 Hexane was 
used to develop and resolve the l-14C-n-hexadecane on thin-layer 
plates coated with 125 p of silica gel6 Removal of a 3 % impurity was 
accomplished by using a 5 X 0.5-cm. silicic acid column. The im- 
purity remained on the column after elution of the I-14C-n-hexa- 
decane with glass-distilled hexane. Subsequent analysis indicated 
that there was less than 0.001 % radioactive impurity remaining in 
the 1- 14C-n-hexadecane tracer. 


Emulsions containing the radioactive tracer were prepared by 
prior mixing of the l-14C-n-hexadecane tracer into the unlabeled 
mineral oil. 


Metabolism Studies-Two types of experimental animals were 
used in this investigation: albino female rats7 weighing approxi- 
mately 250 g. and female squirrel monkeys8 weighing 500-700 g. 
A total of 36 rats and 36 monkeys was used. 


The dose was administered into the right rear thigh, either sub- 
cutaneously or intramuscularly. Prior to injection, several 1-pl. 


2 Drakeol 6-VR, Pennsylvania Refining Co., Butler, Pa. 
3 Hilltop Laboratories, Inc., Cincinnati, Ohio. 
4 Mallinckrodt Nuclear, St. LOUIS, MO 63160 
6 Packard Instrument Co, Inc. 
6 Silica gel F254 (Brinkmann), silica gel G (Analnbs). 
7 Simonsen Laboratories, Calif. 
8 Charles Chase Corp., Fla. 


Route and Time after Average Percentage Remaining 
Injectiona Monkeys, Z b  Rats, Z b  


IM, 1 day 3c 99.0 3c 91.2 
Sub Q, 1 day 3 96.8 3 100.0 
IM, 2days 3 98.2 3 86.6 
Sub Q, 2 days 2 91.5 3 85.2 
IM, 7days 3 98.8 3 85.2 
Sub Q, 7 days 3 96.1 3 89.5 
IM, 1 month 2 63.9 2 75.4 
Sub 0, 1 month 2 66.9 2 67.3 
IM, 2 months 3 77.2 2 77.9 


2 40.0 Sub Q, 2 months 2 81.7 
IM, 3 months 2 65.9 2 57.9 
Sub Q, 3 months 2 61.8 2 49.4 
IM, 7 months 1 22.7 
IM, 10months 4 29.1 


- _  
6 27.1 


0 IM, intramuscular, and Sub Q, subcutaneous injections. b Average 
percentage based on the total amount recovered and the total amount 
administered. c Number of animals. 


samples were removed from the 14C-labeled emulsion, and a check 
was made on the distribution uniformity of the tracer within the 
emulsion. The sue of dose administered was 0.1 ml. (approximately 
5 pc.) of the emulsion for rats and 0.3 ml. (approximately 15 pc.) 
for monkeys. The dose was administered with a 1-ml. disposable 
syringe equipped with a 23-gauge needle. A similar but unlabeled 
dose of the emulsion was injected into the left thigh. The control 
legs were examined by a veterinary pathologist during the study and 
immediately upon death. 


After injection of the radioactive emulsions, the animals on I-, 
2-, and 7-day experimental periods were immediately housed in 
Plexiglas metabolism cages (Figs. 2 and 3). These cages were con- 
structed in such a manner as to allow reasonable freedom of move- 
ment and easy access to water and food. The cages were opened for 
15-20 min. every 24 hr. for cleaning and to replenish food and 
water. 
In the long-term studies, 1, 2, 3, and 10 months, animals were 


housed in metal metabolism cages which allowed monitoring of 
urine and feces but not COz. 


After the 1-, 2-, or 7-day experimental periods or the I-, 2-, 3-, or 
10-month experimental periods, the animals were killed by ex- 
sanguination following anesthetization with sodium pentobarbital. 
All animals were immediately examined by gross necropsy with 
particular emphasis placed on the site of injection of an unlabeled 
emulsion in the left, or control, leg. 


To ensure complete removal of the site of injection for radio- 
activity determinations, entire thighs were excised. The thighs were 
then placed in a 600-ml. stainless steel beaker, frozen with liquid 
nitrogen, and shattered with a steel 5.08-cm. (2411.) engine valve and 
a hammer. This technique produced a very fine powder out of the 
muscle, bone, and skin. The crushed legs were then placed into pint 
jars; 100 ml. of a 2: 1 chloroform-methanol solution wasadded, and 
the mixture was homogenized with a high-speed blender.8 After 
separation into two phases (methanol-water and chloroform), the 
two phases and the residue were analyzed for radioactivity. 


A portion of the major organs of both monkeys and rats was re- 
moved for the determination of the radioactivity. Major organs 
examined were liver, depot fat, spleen, kidney, small intestine, ovary, 
lung, and, in some cases, the heart, blood, and brain. The inguinal 
lymph nodes of monkeys were also removed and assayed for radio- 
activity. 


Leg extracts as well as some organ extractions were fractionated 
by TLC, and attempts were made to ascertain the nature of radio- 
activity present by the migration on thin-layer plates relative to 
known standard materials. 


Radioactivity Determinations-Respired 14C02 was trapped in 
NaOH as Na2C03 and then precipitated as BaCOs. The BaCO3 was 


9 Omni-Mixer, Ser Vall. 
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Table 11-Thin-Layer Chromatographic Separation and Liquid-Scintillation Counting of the Radioactive Material Remaining at the 
Site of Injection after 3 and 10 Months 


- 10 Months, 3 Months 
TLCa Fraction TLC Area IMb Rats IM Monkeys Sub Q Rats Sub Q Monkeys IM Monkeys 


Percentage Valuesc 
1 Phospholipid 1.6 0.2 2.6 0.1 0.4 
2 Free sterol 0 .4  0.0 0.4 0.0 0.0 
3 Free fatty acid 0.6 1 .o 1.5 0.2 0.0 
4 Triglyceride 3.8 0.6 3.3 0.3 0.0 
5 Sterol ester 0 .8  0.3 1 .o 0 .2  4.0 
6 Hydrocarbon 92.7 97.6 91 . O  98.8 95.7 


a Pooled leg extracts were applied to silica gel-coated TLC plates and developed first with hexane (to resolve hydrocarbons) and then with 90: 10: 1 
hexane-diethyl ether-acetic acid to resolve lipids. b IM, intramuscular injection and Sub Q, subcutaneous injection, of the right thigh. c Average 
percentage of duplicate determinations of the radioactivity recovered from thin-layer chromatographic plates. 


Table 111-Average Level of Radioactivity in the Major Organs of Monkeys after the Administration of a Mineral Oil-Mannide 
Monooleate Emulsion Containing l-14C-n-Hexadecane as a Tracer 


Number 
Time after of -Average Counts/min./100 mg. Wet Tissue - 
Injection Animals Liver Fat Spleen Kidney Small Intestine Ovary Lung Lymph 


1 day 6 142 54 18 11 26 16 21 13 
2 days 6 695 472 40 67 88 31 49 27 
7 davs 6 1232 1701 161 183 130 112 204 46 
1 month 4 316 2606 222 397 135 137 324 80 
2 months 5 49 1949 59 77 72 71 41 181 
3 months 4 144 1596 98 147 68 52 123 20 


10 months 4 9 462 15 15 13 16 12 28 


Table IV-Average Level of Radioactivity in the Major Organs of Rats after the Administration of a Mineral Oil-Mannide 
Monooleate Emulsion Containing l-14C-n-Hexadecane as a Tracer 


~ ~~ ~ ~~ 


Number of -Average Counts/min./lOO mg. Wet Tissue - 
Time after Injection Animals Liver Fat Spleen Kidney Small Intestine Ovary Lung 


1 day 6 34 16 10 14 8 5 14 
2 days 6 145 92 56 46 74 46 47 
7 days 6 132 365 60 69 53 73 57 
1 month 4 87 555 54 114 119 45 24 
2 months 4 30 717 25 36 23 109 14 
3 months 4 82 2263 40 103 28 82 36 


10 months 6 10 647 5 9 12 26 8 


removed from the aqueous phase by filtration and dried in an oven 
at 120" for a minimum of 6 hr. After BaC03 dried, it was pulverized 
to a fine powder. Approximately 50-mg. samples were removed and 
suspended in a scintillation-gel (16) for radioactivity determination. 
The liquid-scintillation counting efficiency under the study condi- 
tions was 86%. Total radioactivity removed via respiratory I4CO2 
was then calculated from the total COz collected over 24-hr. ex- 
perimental periods. 


Urine and feces collected over 24-hr. experimental periods for the 
1st week after administration were also assayed for radioactivity. 
The amount of radioactivity in the feces was determined by a per- 
chloric acid-hydrogen peroxide digestion of 100-mg. samples (17). 
Radioactive urine was determined by using Bray's method (18). 
One milliliter of urine was counted, and the total activity eliminated 
via the urine was calculated from total urine volumes. 


Radioactivity in the major organs, including blood and feces, was 
determined by the method of Mahin and Lofberg (17). This method 
involves perchloric acid digestion of 100-mg. wet tissue samples 
(0.2 ml. blood). The color is removed from the digested samples 
with hydrogen peroxide. These samples were then taken up in 20 
ml. toluene and ethylene glycol-monoethyl ether (Cellosolve), 2 : 1, 
containing the scintillator PPO (6 g./l. counting solution) and 
counted. Counting efficiency in this system was about 53 %. 


The fractions obtained from serial scraping of thin-layer chro- 
matographic plates were assayed for radioactivity in the gel-scintilla- 
tion system as described for Ba14C03 determinations. Serial scrap- 
ings were obtained by the aid of mineral oil and lipid standards10 
and 1% vapor visuaIization. 


~ 


10 Applied Science Laboratories, State College, PA 16801 


RESULTS 


The amount of 1-l4C-n-hexadecane remaining at the site of injec- 
tion from 1 to 10 months after administration is summarized in Table 
I. In general, the mineral oil was slowly removed from the site of in- 
jection. In monkeys, 96-98 x was still present after 1 week, while in 
rats the amount remaining at the site of injection ranged from 85 to 
90% after 1 week. After 1 month, approximately 65-75 % remained, 
and by 3 months both groups of animals had retained 5&60z of 
the total radioactivity at the site of injection. Ten months after in- 
jection, approximately 2530% was still at the site of injection. 


Several mathematical equations (linear and semilogarithmic de- 
rived equations) were prepared to predict the length of time required 
to remove all of the oil from the site of injection. However, since 
there were too few animals at each time point as well as a consider- 
able amount of scatter of the data, it was found that a confident 
mathematical prediction could not be made. 


Virtually all (95599%) of the activity remaining at the site of in- 
jection in monkeys after 3 and 10 months was present in the hydro- 
carbon fraction (Table 11). On the other hand, 3-4% of the radio- 
activity found in the legs of rats had been incorporated into tri- 
glycerides with 91-93 x still associated with the hydrocarbon frac- 
tion. A reason for this difference was that the rats had a larger 
amount of depot fat (triglycerides) in the thigh area than did the 
monkeys. In both animal groups, a certain amount of radioactivity 
(1-3x) also was associated with the phospholipids of the leg 
muscles. McCarthy (11) demonstrated that C-16 and C-18 hydro- 
carbons were converted in vivo into fatty acids of the same chain 
lengths, suggesting that the incorporation of radioactivity into the 
various leg lipid fractions was the result of 1-lC-n-hexadecane 
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Table V-Distribution of Radioactivity from 1-14C-n-He~adecane Tracer in Major Lipid Classes of Monkey Tissue 
2 Days after Administration 


p-- --;Organs - 
Lipid Classes Liver, :7," Fat, % Kidney, % Spleen, % Ovaries, % Leg, % 


Phospholipids 19.6 0 10.6 0 0 0 
Free fatty acids 45.6 0 7 .4  18.6 10.0 0 
Triglycerides 4.4 57.7 7.4 0 0 0 
Hydrocarbons 30.5 42.3 74.6 81.4 90.0 100.0 
Radioactivity, average 525.0 831 . O  58.0 30.0 39.0 


c.p.m./100 mg. tissue 


(1 These percents were obtained from serial scraping of TLC and based on the total radioactivity applied to the plates. 


Table VI-Distribution of Radioactivity within the Various Lipid Classes of Organs of Monkeys 1 and 3 Months after Administration 
of a Mineral Oil-Mannide Monooleate Emulsion Containing l-14C-n-Hexadecane as a Tracer 


Intestine, 
TLC Fractionb Liver, % Fat, % Spleen, % Kidney, % Ovary, % Lung, % Brain, % Lymph, % 


1 Month 
Phospholipids 6.0 0 .5  14.3 15.1 1 . 1  0.0 15.0 13.8 0.0 
Free sterols 24.1 10.9 42.9 11.5 7.9 16.4 30.7 31.3 0.0 
Free fatty acids 7.5 50.0 30.0 20.9 0.0 32.9 17.3 15.6 0.0 
Triglycerides 32.3 23.5 5.7 5.0 9.6 27.4 5.5 20.6 18.2 
Sterol esters 26.3 11.5 0.0 30.9 72.5 0.0 12.6 13.8 72.8 
Hydrocarbon 3.8 3.7 7.2 13.7 9.0 23.3 18.9 5.0 9 .1  


3 Months 
Phospholipids 59.3 0.9 76.6 70.5 73.0 68.6 88.6 93.2 
Free sterols and 22.0 0.0 16.2 12.9 15.2 17.2 2.5 0.0 


Triglycerides 13.6 96.4 4.6 11.8 6 . 1  0.0 3 .3  0.0 
Sterol esters 3 .4  0.0 1.2 2.7 1.5 10.9 4.9 0.0 
Hydrocarbons 1.7 2.7 1.2 2.2 4.6 3.1 I .O 6 .7  


free fatty acids 


a Pooled tissue extracts. 6 Serial scraping from TLC. Silica gel plates developed with hexane initially, then with hexane-diethyl ether-acetic acid 
(90:lO:l) system. 


Table VII-Elimination of Respiratory W02 for 1 Week after the Injection of a Mineral Oil-Mannide Monooleate Emulsion 
Containing 1- W-n-Hexadecane 


Route of - Days after Injection 7 


Animal Injection 1 2 3 4 5 6 7 Total 
~ _ _ _ _ _ _ _ _ _ ~  ~~ 


Percentage Valuesa 
Monkeys 1M 0.01(9)b 0.16(6) 0.31(3) 0.33(3) 0.25(3) 0.19(3) 0 28(3) 1.53(3) 


SubQ O.Ol(6) 0 16(5) 0.24(2) 0.28(2) 0.37(2) 0.33(2) 0.25(3) 1.66(3) 
Rats IM 0.05(9) 0.18(6) 0.07(3) O.lO(3) 0.08(3) 0.12(3) 0 1q3) 0.55(3) 


SubQ 0.12(9) 0.11(6) 0.13(3) 0.32(3) 0.22(3) 0.14(3) 0.17(3) 1.20(3) 
~~ 


a Each percentage value represents an average percent of the total radioactive dose eliminated as 14CO2 over 24-hr. periods. b Numbers in paren- 
theses represent the number of individual determinations. 


mobilization to the liver, where it was converted to fatty acids and 
returned in the form of various lipid classes to leg muscle tissue. 


Tables I11 and IV show the average level of radioactivity found 
in the major organs of monkeys and rats, respectively, after the 
administration of a mineral oil mannide monooleate emulsion con- 
taining 1-l4C-n-hexadecane tracer. After the first 24 hr., all organs 
tested contained radioactivity. The liver had the highest activity of 
any organ 24 hr. after injection. Two days after injection of the 
emulsion containing l-I4C-n-hexadecane, the level of radioactivity in 
the liver increased four- to fivefold, as did the level in the depot fat. 
The radioactivity in all other organs increased to varying degrees. 
Radioactivity in the depot fat of both animals continued to in- 
crease until it became about fourfold over that amount present 
after 2 days. After 1 month, the amount of radioactivity in the liver 
of both monkeys and rats decreased; after 2 months, it had returned 
to  those levels recorded for the first 24-hr. period after injection. 
The specific activity of the depot fat remained high throughout the 
3-month period. After 10 months, the radioactivity in the depot fat 
had decreased to about one-fourth the level measured at 3 months. 
However, the level of radioactivity in the depot fat was still 50- to 
100-fold greater than any other organ. Other than the liver and depot 
fat, no organ appeared to accumulate large amounts of radio- 


activity. Most of the detectable radioactivity in the various organs 
resided in the fat-soluble fraction, with little or none appearing in 
the water-soluble and residue fractions. 


Table V shows the distribution of radioactivity in chloroform- 
methanol extracts of various organs taken from monkeys 2 days 
after the administration of an emulsion containing l-14C-n-hexade- 
cane. These data indicate that a substantial portion of the radio- 
activity in the liver (30%), fat (42%), kidney (7473, spleen (81 %), 
and ovary (90%) was unmetabolized 1-l4C-n-hexadecane tracer. The 
remaining radioactivity was located in the various lipid classes such 
as phospholipids, free fatty acids, and triglycerides, indicating that 
hexadecane was undergoing metabolism. 


By 1 month, however, the amount of radioactivity in the various 
organs associated with l-14C-n-hexadecane was greatly reduced, and 
most of the radioactivity (80-95%) was associated with the major 
lipid classes. After 3 months the major lipid classes contained as 
much as 9S98 % of the radioactivity (Table VI). 


Only a small amount of radioactivity from 1 -I4C-n-hexadecane was 
eliminated the 1st week in the respiratory COz by either monkeys or 
rats (Table VII). The amount eliminated per day varied considerably 
among animals, but it was usually less than 0.2% and, in many 
cases, was as little as 0.01 %. As a result, the average total amount 
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eliminated by respiratory l4CO2 the 1st week ranged from 0.5 to 
2.0z. The major reason for these low levels was that this material 
was only slowly mobilized from the site of injection, and its conver- 
sion to fatty acids and subsequent COZ was limited by the rate of 
mobilization. There was little or no difference in the rate of mobili- 
zation from subcutaneous and intramuscular injections. 


Some radioactivity from l-14C-n-hexadecane was eliminated in the 
urine and feces during the 1st week after administration; however, 
in both groups of animals, the total amount for the entire week was 
less than 0.01 %. 


All animals received an unlabeled dose of the emulsion in the 
opposite leg. Upon death, each of the control legs was immediately 
examined by gross necropsy by a veterinary pathologist. At no time 
was there any indication of any type of infection or a sterile abscess 
due to the injection. 


SUMMARY 


This investigation has shown that the n-hexadecane component 
and most likely other straight-chain hydrocarbon components of a 
mineral oil adjuvant emulsion are very slowly mobilized from the 
site of injection in monkeys and rats. Results have been presented 
which show that as much as 25-30z of the 14C-n-hexadecane 
tracer remains at the site of injection after 10 months. The 
n-hexadecane tracer, which is mobilized from the site of injection, 
was readily metabolized to naturally occurring lipids. 


Gross necropsy did not reveal any evidence of any pathological 
states at the sites of injection. 
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Metabolic Fate of Mineral Oil Adjuvants Using 
I4C-Labeled Tracers 11: Mannide Monooleate 


JAMES N. BOLLINGER 


Abstract 0 This investigation was undertaken to determine the 
metabolic fate of mannide monooleate when employed in a mineral 
oil emulsion. Female white rats and female squirrel monkeys were 
injected subcutaneously or intramuscularly with an emulsion made 
with mineral oil and surfactant and including either 1-W-oleate or 
UL-14CC-mannide-labeled mannide monooleate tracer preparations. 
It was shown that 3 G 4 0 z  of the surfactant mixture is removed 
from the site of injection after 24 hr. After 1 week, 4 G 6 0 z  of 
the surfactant is removed from the site of injection; while after 3 
months, l G 3 0 Z  of the surfactant still remains. The 1-W-oleate- 


Freund (1) found that “mannide monooleate”’ was an 
effective agent in combining antigens and mineral oils in 
the form of a water and oil emulsion. However, sub- 
sequent use has indicated an infrequent occurrence of 
cysts following injection of vaccines and allergens (2) 
made with certain lots of this surfactant. Berlin (3) 
performed studies which showed that the toxic reactions 
of a mineral oil-“mannide monooleate” emulsion may 


* Arlacel A, Atlas Chemical Industries, Inc., .Wilmington, DE 19899. 
Quotation marks in text of article indicate the impure mixture; absence 
of quotation marks in text of article indicates pure mannide monooleate. 


labeled mannide monooleate was largely incorporated into the 
various lipid classes, while the UL-i4C-mannide-labeled mannide 
monooleate preparation was largely eliminated in the urine. There 
was some indication that the inguinal lymph nodes of monkeys 
may have contained unusually large amounts of radioactivity. 
Keyphrases I-i4C-Oleate-labeled mannide monooleate-meta- 
bolic fate 0 UL-i4C-Mannide-labeled mannide monooleate- 
metabolic fate 0 Mineral oil-mannide monooleate emulsion- 
subcutaneous, intramuscular injection 0 Metabolic fate-mannide 
monooleate in mineral oil emulsion 0 TLC-identity 


be, in part or in whole, related to  the level of ester hydrol- 
ysis and oxidative changes of this material. Recently, 
Hardegree and Pittman (4) have shown that the tetanus 
vaccines which caused sterile abscesses in humans con- 
tained free fatty acids and that a variety of these antigens 
were capable of releasing free fatty acids from a water 
emulsion of “mannide monooleate.” 


This study was undertaken to obtain information on 
the mobilization and metabolism of a mannide mono- 
oleate surfactant preparation when it is received as an 
injected mineral oil emulsion. 
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D R U G  S T A N D A R D S  


Content Uniformity in Rectal Suppositories 


IVO SETNIKAR and FEBO FONTANI 


Abstract 0 The content variability in five types of suppositories was 
evaluated in terms of coefficient of variation. The observed content 
variability had a coefficient of variation in the range of 1.2-4.5; 
the method variability had a coefficient of variation in the range of 
0.3-4.3. Method variability interferes with the assessment of the 
actual content variability and, according to the official content 
uniformity specifications, may lead to the rejection of complying 
samples or to the acceptance of noncomplying samples. The ratio- 
nale and the structure of the official content uniformity specifica- 
tions were studied. The performance of official content uniformity 
specifications declines as method variability increases. An alterna- 
tive approach for the evahation and the restriction of content 
variability, based on the coefficient of variation, may be advan- 
tageous in some instances. 


Keyphrases 0 Suppositories, rectal-content uniformity 0 Con- 
tent uniformity, suppositories-official specifications 0 Variability, 
drug content-suppositories 


In discrete dosage forms, the content accuracy and 
the content unit-to-unit uniformity of the active in- 
gredient aTe basic and obvious requirements for assuring 
reliable and constant therapeutic effects. Several in- 
vestigators (1-5) have studied the manufacturing, 
analytical, and statistical problems involved in the 
control of content uniformity of tablets and capsules. 
In fact, content uniformity specifications are already 
given for some tablets in the USP XVII (6 )  and in the 
N F  XI1 (7). 


But content nonuniformity may affect other dosage 
forms besides tablets and capsules. For instance, sedi- 
mentation, heterogeneous repartition during the melt- 
ing-casting process, or weight variations (8) may result 
in an excessive unit-to-unit content variation in rectal 
suppositories, which are dosage forms designed either to 
develop a local therapeutic effect or to serve as the ve- 
hicle for a drug with a general action. Especially in the 
second instance, the content uniformity of the active in- 
gredient is as important as for oral dosage forms. 
Nevertheless, little attention has been given to this sub- 
iect, apart from Elste et al. (9) who investigated some 
assay methods of content in individual suppositories. 


The present investigation was undertaken to study 
the analytical and statistical aspects of the content 
uniformity control in rectal suppositories and to give a 
further contribution to this subject. 


EXPERIMENTAL 


Materials-Five types of suppositories, containing from 0.19 
to 30% active principle, were investigated: 


1. DIN, i.e., 2.3-g. suppositories containing 15 mg. of dehydro- 
epiandrosterone sodium sulfate in a water-soluble base of poly- 


ethylene glycol 1450 and 6O00,l glyceryl monostearate, propylene 
glycol, and succinonitrile. 


2. VAL, i.e., 2.0-g. suppositories containing 100 mg. dimen- 
hydrinate in a water-insoluble base of theobroma oil. 


3. GAM, i.e., 2.7-g. suppositories containing 800 mg. phen- 
probamate in a water-insoluble base of triglycerides of natural fatty 
acids. 


4. MAL, i.e., 2.1-g. suppositories containing 4 mg. dimefline 
hydrochloride (3-methyl-7-methoxy-8-dimethylarninomethylflavone 
hydrochloride) and 500 mg. aminopyrine in a water-insoluble base 
of triglycerides of natural fatty acids.8 


5. TEF, i.e., 2.1-g. suppositories containing 276 mg. of theo- 
phylline and 46 mg. of ethylenediamine (to form aminophylline) 
in a water-insoluble base of theobroma oil. 


The suppositories were manufactured by the melting-casting 
process previously outlined (8). Before casting, the active ingredients 
were in suspension in the melted base and the homogeneity was 


Methods-Ten replicates of the following assays were done: 
(a) bulk drug used for the preparation of suppositories; (b) drug 
content in samples equivalent in weight to one suppository (samples 
were taken from a mass obtained by homogenizing, without melting, 
30 suppositories of each type) and (c) drug content in individual 
suppositories after weighing each suppository to within a precision 
of 0.1 mg. 


The drug of replicates (a) and the samples of replicates (b)  and 
(c) belonged to the same production batch. 


The assays were done manually by the following methods. 
Bulk Drugs-Dehydroepiandrosterone Sodium Sulfate-The 


bromometric method for A6-steroids, according to Gorac (lo), was 
used. 


Dimenhydrinate-Assay was done with perchloric acid in glacial 
acetic acid as proposed by Meulenhoff and Van Sonsbeek (1 1). 


Phenprobamate-Kjeldahl’s method of nitrogen determination, 
using the accelerator “selenium mixture Merck” proposed by 
Wieninger (12), was used. 


Dimepine Hydrochloride-This method involved titration 
in glacial acetic acid after adding mercuric chloride solu- 
tion, using perchloric acid and methyl violet as indicator. One 
milliliter of 0.1 N perchloric acid is equivalent to 35.98 mg. of 
dimefline hydrochloride. 


Aminopyrine-Perchloric acid method in anhydrous medium 
(13) was used. 


Ethylenediamine-The method of De Lorenzi (14), based on the 
additionof formaldehyde to neutralized solutions of ethylenediamine 
hydrochloride and titration of the developed acidity with 0.1 N 
sodium hydroxide, was followed. 


Theophylline-About 250 mg., exactly weighed, was dissolved in 
30 ml. of anhydrous pyridine previously neutralized to thymol- 
phthalein. The solution was then titrated with 0.1 N alcoholic 
potassium hydroxide to a deep-blue color. One milliliter of 0.1 N 
potassium hydroxide is equivalent to 18.02 mg. of anhydrous 
theophylline. 


Drugs Vehicled in the Suppository Bases-DIN-The procedure 
described by Clark and Thompson (15) for the pure ingredient was 
adapted to  suppositories. One suppository was dissolved in 100 


, maintained by continuous mechanical stirring. 


1 Carbowax 1450 and 6000. Union Carbide Corp., New York, N. Y. 
2 Imhausen H, Imhausen Werke, Witten-Ruhr, Germany. * Imhausen W, Imhatrsen Werke, Witten-Ruhr, Germany. 
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Table I-Analytical Statistics Obtained on Bulk Drug, on Homogenized Suppositories, and on Individual Suppositories 


Content of Active Ingredient 
Suppositories Homogenized Suppository, Individual Suppository, Suppository 
and Entriesa Bulk Drug, Z mg./g. mg./Suppository Weight, mg. 


DIN 
NC 98. 27b 15 
ACF 98-35 6.06 14.7 2308 .._. 


cv 
R Z  
NR 
FLMw 


NC 
ACF 
cv 
R Z  
NR 
FLMN 


GAM 
NC 
ACF 
cv 
R Z  
NR 
FLMo5 


NC 
ACF 
CV 


VAL 


MAL-DIM 


R Z  
NR 
FLMgs 


MAL-AM1 
NC 
ACF 


TEF-ETHY L 
NC 
ACF 
cv 
R Z  
NR 
FLMss 


TEF-THE0 
NC 
ACF 
cv 
R Z  
NR 


0.29 
.O.  6 0 . 3  


4 .33  
-5.1-6.7 


2.44 1.62 
-5.1-2.4 - 1.9-3.1 
- 7.2-0.0 


98.15-98.55 5.87-6.25 14.4-14.9 228 1-2335 


1 on 100 
ioo. 15 


0.14 
-0.1-0.3 


100.05-100.25 


100 
99.86 
0.36 


- 0 . W . 7  


99.60-100.12 


100 
100.04 


0.14 
-0.2-0.3 


99.93-100. 


100 
100.03 


0.15 
-0.2-0.2 


99.92-100. 


100 
99.57 
0.15 


-0.2-0.1 


99.46-99.67 


90.8.V 
90.42 
0.26 


-0.5-0.4 


90.25-90.59 


51.44 
0.51 


- 1.1-0.9 


51.23-51.65 


300 
1 . 1 3  


- 1.4-1.7 


297-302 


1.93 
0.66 


- 0 . 6 1 . 1  


1.92-1.94 


242.5 
0.30 


-0.5-0.4 


242. 0-243.0 


20.7 
3.56 


- 6.2-3.2 


20.1-21.2 


134 
3.19 


-2.5-6.1 


131-137 


~~~ 


102.1 


- 4.2-7.4 
-2.1-10.3 


3.45 


99.6104.6 


800 
784 


1.84 
-2.0-2.8 
-4.0-0.6 


773-795 


4.00 
3.97 
1.20 


3.944.00 


- 2.3-2.0 
- 3 . 0 - 1 . 3  


500 
499 


1.74 
-2.0-3.3 
-2.2-3.2 


493-505 


46 
43.5 


-4.8-6.2 
-10.0-0.4 


3.45 


42.444.6 


276 
280 


A A7 
-6.8-15:4 
-5.1-7.0 


271-289 


1977 
1.57 


-2.3-2.5 


1956-1998 


2615 
1.48 


- 1.7-2.7 


2647-2703 


2060 
1.06 


-1.4-2.2 


2046-2074 


2088 
1.27 


-2.0-2.0 


2069-2107 


~ ~~ ~~ ~~~ ~ 


a NC = nominal content; ACF = average content found; CV = coefficient of variation; R % = range found, calculated in percentage of the ACF; 
NR = range in percentage of the NC; FLMgs = 0.05 p fiducial limits of the ACF. b Water content 1.73 %. c Water content 9.15 %. 


ml. of methanol by refluxing for 15 min. and, after cooling, was 
diluted to 200.0 ml. with methanol. The mixture was left to  rest, 
and 2.0 ml. of the decanted limpid liquid was evaporated to dryness 
in a test tube. One milliliter of antimony trichloride reagent (150 g. 
SbCla in 50 ml. of acetic anhydride) was added, and the test tube was 
kept for 5 min. in a water bath at 50 f 2". After cooling, 2.0 ml. 
of acetic anhydride and 3.0 ml. of acetic acid were added. After 40 
min., the developed color was measured and compared with a 
standard solution of dehydroepiandrosterone sodium sulfate 
submitted to the same procedure. 


VA,-One suppository was added to 100.0 ml. of water in a 
stoppered flask and heated to 45" until the base melted. The flask 
was shaken and cooled to room temperature. The content was 
filtered, and 5.0 ml. of the filtrate was diluted to 100.0 ml. with 0.01 
N sodium hydroxide. The absorbance was determined at 276 mp 
using 0.01 N sodium hydroxide as blank. As the standard, a 
solution of dimenhydrinate in 0.01 N sodium hydroxide was used. 
Dimenhydrinate was taken from the same batch used for manu- 
facturing the suppositories. 


GAM-One suppository was stirred in 50 ml. of petroleum ether 
(40-70") until the base dissolved. The insoluble drug was quantita- 
tively filtered on a tared sintered-glass funnel and washed with three 


20-ml. portions of petroleum ether. The funnel was dried to constant 
weight in a vacuum over PzOc The weight of the residue (melting 
at 100-105 ") was taken as the phenprobamate in the sample. 


MAL: Assay of Dimefine Hydrochloride (MAL-DIM)--One 
suppository was dissolved in 50.0 ml. of chloroform. A portion of 
20.0 ml. of this solution was evaporated to dryness on a water bath. 
To the residue, 50 ml. of 0.1 N hydrochloric acid was added. The 
mixture was heated and stirred on a water bath at 45" for 5 min., 
cooled, diluted to  100.0 ml. with 0.1 N hydrochloric acid, and 
filtered; 25.0 ml. of the filtrate was diluted to  50.0 ml. with 0.1 N 
hydrochloric acid. On this solution the absorbance was determined 
at 309 mp using 0.1 N hydrochloric acid as blank. The a for dime- 
fline hydrochloride is 61.9. 


MAL: Assay of Aminopyrine (MAL-AM+To another portion 
of 20.0 ml. of the chloroformic solution, prepared for the MAL- 
DIM assay, 20 ml. of glacial acetic acid was added. The titration 
was done with 0.1 N perchloric acid, using methyl violet as indicator. 
One milliliter of 0.1 N perchloric acid corresponds to 23.13 mg. of 
aminopyrine. 


TEF: Assay of Ethylenediamine (TEF-ETHYL )-One suppository 
was stirred in 50 ml. ethyl ether until the base dissolved. After 
extraction with four 20-ml. portions of water, the aqueous extracts 
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were filtered through a filter paper and diluted to 100.0 ml. with 
water (Solution A). To this solution, 0.1 N hydrochloric acid was 
added until the solution was neutral to methyl orange indicator. 
Five milliliters of 40 aqueous formaldehyde, previously neu- 
tralized to  the same indicator, was added; the developed acidity 
was titrated with 0.1 N sodium hydroxide. One milliliter of 0.1 N 
sodium hydroxide corresponds to 6.0 mg. of anhydrous ethylene- 
diamine. 


TEF: Assay of TheophylIine (TEF-THE0)-Exactly 1 ml. of 
Solution A, prepared as already described, was diluted to 250.0 
ml. with 0.01 N sodium hydroxide, and the absorbance was mea- 
sured at the maximum (about 275 mp). The amount of drug in the 
sample was calculated according to the British Pharmacopoeia 
(16) taking 65.0 as the vplue of o for anhydrous theophylline. 


RESULTS 


Compliance with the Official Content Uniformity Specifications 
( O C U S t T h e  content ranges of the active ingredient (Table I, 
Entry NR) in the investigated suppositories were within the limits 
prescribed in the first step of the OCUS given by USP XVII (6) 
for some oral dosage forms. In fact, in the 10 specimens investi- 
gated, the active ingredient found was always within the M 
0.15 M limits ( M  = nominal content). The OCUS may, therefore, 
be extended to rectal suppositories, where a heterogeneous dis- 
tribution of discrete particles of the active ingredients between the 
individual dosage units is likely, as in oral dosage forms with a 
relatively small quantity of active ingredient compared to  the inert 
ingredient (3,4). 


Assay Method for Content Uniformity Tests--The large amount 
of interfering vehicle and the small quantities of active ingredient 
present in the individual suppositories necessitated different assay 
methods for the bulk drug from those for the content of each 
suppository. Table I shows the performance of these assay methods 
in the different conditions, namely: (a) on the bulk drug, (6) on the 
homogenized suppository mass, and (c) on the individual supposi- 
tories. The analytical intrinsic variability, expressed by the co- 
efficient of variation (CV), was usually smaller in the assays of the 
bulk drug than in the content assays on suppositories. In several 
instances, the difference between the CV of the two types of assay 
was significant to a p < 0.05 level. [The critical value for the ratio 
between the larger and the smaller CVis 1.56(17).] 


Since the assay method on the bulk drug must usually be changed 
or modified for assaying the content in individual suppositories, its 
performance cannot be taken as a standard for content assay. The 
most representative standard is the assay with the elimination of 
the unit-to-unit content variability, i.e., the assay on samples, of the 
size of one dosage unit, taken from homogenized suppositories. 


Relationship between Content Variability and Observed Unit-to- 
Unit Variability-The unit-to-unit variability found in the content 
assays of the individual suppositories is composite and depends on 
the variability inherent in the analytical method as well as on the 
actual content variability. 


It has been assumed that the different variables follow a Gaussian 
distribution (1,  18), so that they may be related by the following 
equation: 


C V L  = cv.”.., + cvt,. (Eq. 1) 


where Cv&. is the CV observed, CV.,.. is the CV inherent in the 
analytical method, and CV,,,. is the CV depending on the actual 


Table II-Analysis of the Variabilities Observed in the Assays 


Cvobs.’ Active 
Suppository Ingredient, C v ~ b s . ~  d F  


TY pe z CVP.,,. + c v w  


DIN 
VAL 
GAM 


0.65 0.56 0.53 
5 .0  6.03 1.99 


29.3 1.63 0.99 
MAL-DIM 0.19 ? 82 0 96 . _  ~~ ~~ ~ ~~ 


MAL-AM1 24.3 5.80 1.58 
TEF-ETHY L 2.06 0.97 1.00 
TEF-THE0 13.4 1 . 4 0  1 . 3 1  


5 The critical value for the ratio is 1.56 (a! = 0.05, onetailed). 


Table III-Regressions of Content over the Weight of Different 
Types of Suppositories 


rb of 
Difference 


Suppository (a = 0; 
Type Regressiono b = 1) 


DIN C = (0.68 f 0.52) + 1.31  


VAL C = (0.64 f 0.77) + 0.83 
(0.32 21 0.52) W 


10.36 f 0.771 W 
GAM c‘= (-0.09 +‘0.21) + 0.42 


MAL-DIM C = (0.76 f 0.40) + 1.92 


MAL-AM1 C = (-0.24 f 0.56) + 0.42 


( 1 . 0 9  * 0.21) W 


(0.24 f 0.40) W 
, .  ~ 


(1.24 =t 0.56) W 


(1.05 f 0.89) W 


(2.16 i 0.99) W 


TEF-ETHYL C = (-0.05 zk 0.89) + 0.06 


TEF-THE0 C = (-1.16 f 0.99) + 1.18  


The regressions are standardized on average content and on average 
weight units. * 1 = 2.31 for 01 = 0.05. 


content variability. Equation 1 shows that CV,.. cannot be esti- 
mated directly from c v o b s . ,  unless CV.,.. is negligible compared to  
cvobs.. Some CVans.’s found, represented by the CV obtained on 
the homogenized suppository mass, were rather large, namely in the 
same range as those found by other authors in assays of the content 
in individual tablets or capsules with drug combinations or with 
small quantities of active ingredient compared to the inert in- 
gredients (3, 18-21). The CV,,,., therefore, interfered with the 
estimation of the CV,,.. As a matter of fact, the CVoha.lCV8na. 
ratio was not significantly greater ( p  < 0.05) than 1 in the DIN, 
TEF-ETHYL, and TEF-THE0 content assays (Table 11). Thus, 
in these suppositories, there is no proof of an actual content vari- 
ability, since this is concealed by the assay method variability. 
Conversely, the presence of an actual content variability is demon- 
strable at a p < 0.05 level in the VAL, GAM, MAL-DIM, and 
MAL-AM1 suppositories (Table 11). 


The actual content variability may depend on a heterogeneous 
dispersion of the active ingredient in the suppository mass, or on 
the suppository-to-suppository weight variability, or on both. 
The relationship between the different coefficients of variation is 


cv;. = cvwa + cv: , , .  (Eq. 2) 


where CVw represents the unit-to-unit weight variability, and 
CVhet. is the coefficient of variation due to heterogeneous dispersion 
of the active ingredient in the vehicle. From Eqs. 1 and 2, a hetero- 
genous distribution of the active ingredient is demonstrable when 
CVoba. > d C V ; - ,  + CVwa. This seems to be the case of VAL 
and of MAL-AM1 suppositories (Table 11). Table I1 shows that it is 
not possible to relate heterogeneous distribution to the percentage 
of active ingredient in the dosage form, as is often the case in solid 
oral dosage forms (22). 


Correlation between Content and Weigh-The correlation be- 
tween content and weight may be studied using the linear regression 
(23) of content (C) over the suppository weight ( W) in the equation 


C = a f b W  (Eq. 3) 


Comparison becomes easier by standardizing the regression, i.e., 
by adopting as units average content and average weight. By this 
procedure, Eq. 3 shows a strict weight dependence of content when 
a = Oandb = 1. 


The regressions calculated by the least-squares method are given 
in Table 111. Consistency with the hypothesis that a = 0 and b = 1 
was tested with the Student’s t test. Even though the regressions 
obtained apparently differ greatly from the theoretical one in 
which weight depends on content (expressed by C = W), the 
obtained results do not disprove such dependence. Data scatter, 
however, prevents any valid conclusion. 


Correlation between Drugs in Combination--The TEF supposi- 
tories contain a combination of ETHYL and of THEO; the MAL 
suppositories contain a combination of DIM and of AMI. Since in 
both suppository types, the two ingredients were assayed simulta- 
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Table 1V-Linear Regressions between Active Ingredients in MAL 
and TEF Suppositories“ 


DIM = (0.52 i 0.18) + (0.48 zt 0.18) AM1 


ETHYL = (0.94 f 0.27) + (0.07 + 0.27) THEO 
t o  = 2.95; t b  = 2.70 


t a  = 3.48;  t b  = 0 .26  


a The critical t value is 2.26 (a = 0.05). 


neously in each individual suppository, the possible correlation be- 
tween the two ingredients may be investigated by the linear regres- 
sion. The regressions found, standardized into units of average con- 
tent, are given in Table IV. 


No statistically significant correlation was found between ETHYL 
and THEO, and a very small one (0.05 > p > 0.02) was found be- 
tween DIM and AMI. For these suppositories the content uni- 
formity found on one of the two combined drugs is not transferable 
to  the other one, since each active ingredient varies independently. 


Content Accuracy-Content accuracy, i.e., correspondence be- 
tween the actual average content and the labeled content, may 
either be investigated on a composite sample or evaluated from the 
average of the contents of the individual dosage units. In the latter 
case, the coefficient of variation of the mean (CVM) indicates the 
precision by which content accuracy is evaluated. The p = 0.05 
confidence limits are the product of CVM multiplied by the appro- 
priate t value (2.26 for 9 degrees of freedom). 


Table I shows that the p = 0.05 confidence limits of the average 
content covered or were very close to the labeled content in most 
instances. The largest difference between the actual average content 
and the labeled content was found for TEF-ETHYL suppositories 
(- 5.473. Nevertheless, the TEF-ETHYL suppositories may still 
conform to the specification that the content must be between 95 
and 105% of the nominal content, since the upper confidence 
limits are only 3 lower than the nominal content. Therefore, there 
is no proof to a p = 0.05 level that the content found is lower than 
97 %. 


It should be emphasized that the content accuracy found is not 
the true one, since it depends also on the accuracy of the assay 
method. The performance of the method in terms of accuracy 
cannot be investigated with statistical tools, as in the case of uni- 
formity, but must be evaluated by comparing different methods, 
preparing samples with known quantities of the substance under 
investigation, etc. (24). While theoretically it is impossible to  be 
sure that an assay method is 100% accurate, in practice some 
methods, especially when a comparison with a proper standard is 
involved, yield an acceptable accuracy. 


In the case of TEF-ETHYL suppositories, it was found that the 
method used was inaccurate because of suppository base inter- 
ference. The alternative accurate method, which is now under 
investigation, has a wide intrinsic variability and, therefore, is not 
suitable for evaluating content uniformity. The resuIts of the study 
on content accuracy of TEF-ETHYL suppositories will be the 
subject of another paper. 


DISCUSSION 


The samples of the different types of rectal suppositories con- 
formed to USP XVII OCUS (16) for tablets, It may be shown, 
however, that this does not imply that every sample taken from the 
investigated lots of suppositories complies with the OCUS or that 
the OCUS are appropriate for restricting content variability in 
rectal suppositories. In fact, the OCUS call for comment before 
evaluating their adaptability to  more general conditions. 


Structure of the OCUS-The OCUS are based on sampling plans 
devised for “attributes” and for the restriction of “defective” 
specimens in a lot. The content is a continuous variable, which is 
transformed into an attribute by confronting the content found to 
the M f 0.15 M limits ( M  is the labeled content), a transformation 
which implies by itself a loss of information. Nevertheless, the 
OCUS “attributes” plan was adopted by USP XVII after a multi- 
laboratory study (2), mainly because it was shown that some vari- 
ables, e.g., the weights of sterile solids, occasionally may not follow 
a Gaussian distribution (25). In these cases, the “attributes” plan 
may be advantageous because it is more “robust,” i.e., less suscep- 


tible to the biasing effects of non-Gaussian distributions on the 
evaluation of variability. 


The “attributes” plan of the OCUS, however, is not flexible; 
even a minor change in sample size, in acceptance number, or in 
critical limits radically changes the performance of the plan. 
Furthermore, the OCUS plan does not take intrinsic analytical 
variability into account and so sometimes leads to  wrong con- 
clusions. 


The TEF-ETHYL suppositories, for instance, would not comply 
with the OCUS in approximately 1.7z of the samplings. More 
generally, an ideal lot with a perfect content uniformity, investi- 
gated for compliance with the OCUS with an assay procedure 
having an intrinsic variability expressed by a CVsna. = 5, would 
not comply in approximately 1 %  of the samplings. Conversely, 
the same analytical variability might result in acceptance of a bad 
lot. 


One reason for the choice of the “attributes” plan for the OCUS 
was the extensive experience already acquired with similar plans 
for the control and restriction of weight variability in different 
types of dosage forms. It should be remembered, however, that 
weight uniformity is investigated with a very precise and accurate 
method, namely the analytical balance, with an inherent CV,,,. 
usually smaller than 0.1. When introduced into the equation 


cv:,, = cv:,. + cvwz (Eq. 4) 


the CV,,.. is negligible, so CVW is directly evaluatable from the 
c v o b s . .  Moreover, for measuring weight, there is only one well- 
known and well-defined analytical method independent of a par- 
ticular drug or formulation. 


On the other hand, content uniformity is tested by methods which 
may have large intrinsic variabilities, interfering with the evaluation 
of the true content variability. Further, each drug and often each 
formulation call for a particular assay method, with a different 
intrinsic variability and, therefore, also a different consequence on 
the evaluation of true content variability. 


For these reasons, the experience acquired with the weight uni- 
formity specifications cannot be transferred to the control of con- 
tent uniformity, unless the assay method is extremely precise and 
accurate. 


Another point which should be emphasized is that the results 
obtained with the OCUS depend on the precision and on the 
accuracy of content of active ingredient and of its assay method. 
As a matter of fact, the name “test for content uniformity” is mis- 
leading, since actually the allowed variability decreases with the 
increase of inaccuracy, as shown in Fig. 1. Since the inaccuracy 
actually found depends also on the random composition of the 
sample and is biased by the imprecision and the inaccuracy of the 
assay method, a single specimen may sometimes be classified as 
within the M f 0.15 Mlimits and sometimes as outside. The OCUS 
do not provide for a clear discrimination between good and defec- 
tive specimens or for an explicit and fixed margin for content vari- 
ability, so that among other drawbacks the OCUS cannot be 
transferred to the production control charts or to the inspection 
of portions of the lot which are larger than the sample sues required 
by the OCUS. 


When discussing weight variability, it was shown that the con- 
fidence in the results increases with the precision of the assay 
method. Since compliance with the OCUS depends both on pre- 
cision and on accuracy, the assay method used for the OCUS must 
be accurate, a requirement which does not always go hand in hand 
with precision, economy, and sometimes even feasibility. This, for 
instance, is the case with biological assay methods, where the 
investigation of content uniformity can be performed only with 
inaccurate and unspecific methods (26). The need for different 
methods of testing accuracy and uniformity of content is becoming 
more and more obvious with the introduction of automated 
methods of analysis and is considered in the new editions 
of the USP and of the NF (21, 27, 28). But different methods, 
one for accuracy and the other for uniformity of content, are 
incompatible with the very structure of the OCUS. 
In conclusion, the OCUS have several disadvantages. These are: 


(n)  lack of flexibility so that it is very difficult to adapt the OCUS 
to different sample sizes, to the control of larger portions of a 
lot, or to control during production; (6) misleading results due to 
the neglect of the intrinsic analytical variability of the assay method; 
(c) dependence of content variability on content accuracy, which in 


1322 D Journal of Phcrrmaceutical Sciences 







some instances prevents the use of precise methods for investigating 
content uniformity ; (d) indefinite allowance for variability, impeding 
generalization, and the transfer of the OCUS to production control 
charts; ( e )  “yes or no” type of results, whereas often the knowledge 
of the degree of compliance or noncompliance of the sample is 
desirable to alert the producer or consumer to the presence of a 
borderline condition; (f) difficulty of gaining better knowledge of 
the OCUS through the experience acquired by content variability 
investigations, since most practical and theoretical studies evaluate 
the content as a continuous variable and express content variability 
in terms of standard deviation; and (g )  loss of information due to 
the transformation of a continuous variable into an attribute. 


These disadvantages are of secondary importance when the 
intrinsic variability of the assay method is small. But when the 
analytical variability is large enough to interfere with the evaluation 
of the actual content variability, or when a precise but inaccurate 
method is appropriate for checking content uniformity, an alterna- 
tive approach to the control and the restriction of content vari- 
ability seems desirable, e.g., one based on a “variables” sampling 
plan, as already advanced by Breuning and King (29), or based on 
the CV since many published investigations evaluate content uni- 
formity through the CV method. 


Content Uniformity Specifications Based on the Restriction of 
the Coefficient of Variation (CUS-CYfiAccording to Eq. 1 the 
basic acceptance condition of a CUS-CV, which takes into account 
the analytical variability, is 


where AQL is the acceptance quality level for content uniformity. 
Since the CV,,.. depends on the assay method used for the content 
determination of the particular drug in the individual dosage form, 
the content uniformity specification must state for each drug and 
for each dosage form: (a )  the official method for the content assay 
in the individual dosage units, and (b) the maximum method 
variability allowed for accepting the results (as for biological assay 
methods). 


It has been shown (30) that the CV,,,. consistent with a 95% 
acceptance probability of USP XVII OCUS is 5.4 in the first sample 
of 10 and 6.2 in the composite sample of 30 dosage units. The AQL 


g 5 1 ~ ~  90-110 


D = DOUBLE SAMPLING I 
2 3 4 5 6 7  


C V TOLERATED 
Figure I-Relationship between the content accuracy and the CV 
tolerated for the producer, according to the content uniformity 
specification of USP XVII. Ordinate: auerage content, as a percentage 
of nominal content; abscissa: CV tolerated for the producer. The 
tolerated CV is maximum for an average content equal to the nom- 
inal value and uanishes when the actual content approaches 85 or 
115% of the labeled content. The “first” and the “double” sampling 
curues reflect the implications of the first and second sampling steps 
described in the USP specification. 


Table V-Limits for CV,,,. at Different Sample Sizes 


Sample - cveo”.n - 
Size, units AQL’ UQL 


10 3.7 6 .9  
I5 4.1 6.6 
20 4.3 6.4 
30 
60 


100 


4.5 
4.7 
4.9 


6.3 
6.0 
5.9 


a Calculated according to Eq. 5 .  


for content uniformity may, therefore, be located between 5.4 and 
6.2, e.g., restrictively at 5.4. 


The AQL’ of a sample should give a 95% confidence that the CV 
in the lot is equal to or lower than 5.4. Therefore, the AQL”s were 
calculated from the one-tailed 95% fiducial limits of Table H of 
Davies (17) for different sample sizes and are given in Table V. 
Also, the unacceptable quality level (UQL), i.e., the quality found 
which gives 95% confidence that the CV,,,. in the lot is higher than 
5.4, depends on the sample size and is given in Table V. 


In an actual inspection for uniformity, one may, for instance, 
start with a sample of 10 units and then take any further decision, 
i.e., upon acceptance, rejection, or expansion of the sample, on 
comparing the CV,,,. found with the values of Table V. In this way, 
the sample size is open and flexible. 


As already pointed out, the OCUS link together two types of 
quality levels: one for uniformity and one for accuracy. 


The requirements implied in the OCUS must, therefore, be 
translated into terms of AQL for accuracy consistent with the AQL 
for uniformity. According to Breuning and King (29), this condi- 
tion is satisfied by expressing accuracy as the CVM. In a sample of 
10 and for a CV,,,. = 5.4, the CVM = 54/4/10 = 1.71. This CVM 
means that about 99% of the averages of the assays on 10 units, 
or of the assays of composite samples of 10 units, should be within 
95 and 105% of the nominal content, a condition which in fact is 
similar to the requirements of several monographs of USP XVII. 


In sum, the CUS-CV may be outlined as the AQL’ of the 
CV,,. found on the basis of Eq. 5 should be within the values given 
in Table V for the different sample sizes. Since the OCUS implies 
also a specification for content accuracy, it must be added that 
the average content, assayed with a given accurate method on a 
composite sample of 10 homogenized dosage units, or calculated 
from 10 assays on individual dosage units, should be within 95 and 
105% of the labeled content. The analytical variability must be 
considered in terms of CV,,. or of CVM,,.. in order to rid the 
found average content of the bias due to analytical variability. 


These specifications are both flexible and transferable to produc- 
tion control charts. 


The main argument against a CUS-CV plan is that it is less 
“robust” than the “attributes” plan when the distribution of the 
investigated variable is non-Gaussian (25). A non-Gaussian dis- 
tribution, however, seems an exception rather than the rule for the 
content of active ingredients (19). On the other hand, the advan- 
tages of the greater “robustness” of the OCUS are diminished by 
the greater room for uncertainty inherent in an “attributes” plan. In 
fact, according to Pietra and Setnikar (30), the AQL implied by the 
OCUS attribute plan for a lot is equal to 5.4 (or to 6.2 after the 
second sampling) and the UQL is equal to 12. This difference for lot 
CV is greater than the differences for sample CV listed in Table V. 
Although lot conditions are not comparable to sample conditions, 
the latter usually imply a larger margin of uncertainty but are, 
nevertheless, the actual conditions for inspecting uniformity. 


Given the advantages and disadvantages both of the “attributes” 
plan and of the CV plan, reconsideration of the general approach to 
content uniformity control would seem to be indicated. The present 
investigation aims to be a contribution to this subject. 
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USP Collaborative Study of the Assay 
of Atropine and Scopolamine Dosage Forms 


LEE T. GRADY and RUPERT 0. ZIMMERER, Jr. 


Abstract 0 Several tablet and injection dosage forms of atropine 
and scopolamine are covered by USP XVIII monographs. Gas 
chromatographic unit dose assay and content uniformity procedures 
were developed for these monographs. Interlaboratory reliability 
was evaluated by means of a collaborative study. The methods 
afford substantial improvements in sensitivity, specificity, and speed 
over previous official methods. 


Keyphrases 0 Atropine, scopolamine dosage forms-analysis 0 
Scopolamine, atropine dosage forms, analysis-collaborative 
study 0 Content uniformity method-atropine, scopolamine dos- 
age forms 0 GLC-analysis 


Previous official methods of assaying dosage forms 
for belladonna alkaloids have relied largely on titrirn- 
etry. These methods lacked sensitivity and specificity. 
Unit doses could not be assayed and decomposition 
products were not excluded. Such problems aroused 
some criticism. A notable exception was an IR method 
(1) which, although failing in sensitivity, did offer 
specificity with some control over decomposition. 
Assay methods for USP XVIIl were desired which 
would be accurate, reliable, and highly specific and yet 
be sufficiently sensitive, precise, and rapid to allow 
content uniformity determinations on unit doses, 


Various other approaches to belladonna alkaloid 
analysis may be noted. A colorimetric method (2, 3) 
was applied to preparations containing phenobarbital 
along with the alkaloids, and a dye-complex method 
was applied to atropine tablets and elixir (4). Neither 


of these approaches distinguishes one belladonna 
alkaloid from another. A fluorometric method has been 
reported for atropine (5). Paper chromatography (6,7), 
partition-column chromatography (2, 3, 8), counter- 
current distribution (9), TLC (lo), and TLC with densi- 
tometry (11) have all achieved separation of scopol- 
amine from atropine-hyoscyamine. 


Initial efforts in the gas chromatography of bella- 
donna alkaloids were reported by Kazyak and Knob- 
lock (12), Brochmann-Hanssen and Fontan (13), Jain 
and Kirk (14), and Solomon et al. (15). Penner (16) 
studied atropine assay by GLC, both as a silyl derivative 
and later untreated, using tetraphenylethylene as the 
internal standard. Alber (17) recently reported a broad 
study of the gas chromatography of drugs and alkaloids 
using the methylphenylpolysiloxane liquid phase which 
was used in this collaboration. 


The procedures developed for this collaborative 
study are related to a method previously reported (18) 
for dose forms of belladonna alkaloids containing 
phenobarbital. Other official methods * were developed 
earlier for belladonna alkaloids using anthracene as an 
internal standard for control of injection volume alone. 


MATERIALS 


Methylene Chloride-Gas chromatography or 99 mole grade 
was used. 


1 Hyoscyamine sulfate tablets NF and morphine and atropine 
sulfates tablets NF. 


1324 Journal of Pharmaceutical Sciences 








3 0  


9 -16 
> II: -24 
W 


-32 


J 
-8 


340 330 320 310 300 290 280 270 260 250 240 
WAVELENGTH, rnp 


Figure 1-Extrinsic circular dichroism curves for 7.0 X I t 4  M 
SETD in an 8.9 X M uqueous betaine solution. Key: 0, D- 
betaine; O ,  L-betaine; and S I N  ratio = 20:l. All measurements were 
made in a 0.1-cm. cell. 


CMC's, measured by optical rotatory dispersion and 
circular dichroism, have been found to be approxi- 
mately 1 X M at 25" (6, 7). Sulfaethidole (SETD) 
was used as the optically inactive molecule; this drug 
has been found to become optically active when bound 
to bovine serum albumin (€9, giving peaks in ellipticity 
at 280 (negative) and 257 mp (positive) which are con- 
sistent with the UV spectra. 


All measurements were made in a 6002 attachment to 
a Cary 60 spectropolarimeter' at 25". Under the experi- 
mental conditions, the betaine showed no optical activ- 
ity above 240 mp (7), and the SETD alone showed no 
activity at any wavelengths. Figure 1 shows the optical 
activity induced in the SETD molecules by the L- and 
D-betaines at concentrations considerably above their 
CMC. Peaks of opposite sign are seen at wavelengths 
of 288 and 255 mp. We have not observed any induced 
optical activities at concentrations of betaine below the 
CMC. 


Figure 2 shows the effect of betaine concentration on 
the ellipticity at 285 mp with the SETD concentration 
constant. These ellipticities are small, as is the signal- 
noise (S/N) ratio, but it appears that the plot cuts the 
betaine concentration axis at approximately the CMC. 
At a concentration of 6.0 x M ,  the ellipticity seems 
to have reached a plateau. This is probably the result of 
all the SETD being solubilized by the micellar betaine, 
so that subsequent additions of betaine can cause no 
further interaction. These extrinsic effects probably are 
due to the interaction of the hydrophobic core of the 


0.01 / '  ' 1  " ' ' ' A 


1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 
MOLES/LITER X 102 


Figure 2-Plot of observed ellipticity at 285 mji against D-betaine 
Concentration for a constant SETD concentration of 7.0 X l t 4  M. 
SIN ratio = 20:l at largest ellipticities and 4:l  at the lowest. All 
measurements were made in a 0.2-cm. cell. 


niicelle with the hydrophobic portion of the drug mole- 
cule. It is possible that the extrinsic efl'ects observed$ 
aqueous macromolecular solutions are also predomi- 
nantly hydrophobic in origin. 
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Macromolecular Dissolution: Temperature 
Effects on Polymer-Drug Preparation 


Keyphrases 0 Macromolecular dissolution--temperature of prod- 
uct formation effect 0 Polyethylene maleic anhydride-phenyl- 
propanolamine interaction temperature-effect on dissolution 
rate 0 Temperature of preparation, polymer-drug system- 
physicochemical properties 


Sir: 


Polymer-drug interaction systems have been a source 
of study for application toward the design of prolonged- 
release dosage forms (1-3). The general method of pre- 
paring these systems has differed from investigator to 
investigator and between the types of polymers and 
drugs. However, a t  no time has the effect of preparation 
temperature on dissolution and/or drug release from the 
polymer been investigated. 


This report concerns the effects of preparation tem- 


Table I-Dissolution Rates as Effected by Preparation 
Temperature 


Dissolution Rate, X lO-l, 
A Refractometer Scale 


Temperature Units/min. 


27" 4.14 
40" 3.36 
45 3.82 
SO" 
55 
60" 
80 O 


100" 


3.83 
2.89 
0.24 
0 .26  
0.09 


1 Cary Instruments, Monrovia, Calif. 
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Table II-Bound Moisture as a Function of Reaction and 
Drying Temperature 


Dried Polymer- Bound Mois- Bound Mois- 
Temperature Drug, mg. ture, mg. ture, Z 


40" 
45" 
50" 
55 
60 ' 


182.6 20.3 12.52 
179.7 17.4 10.72 
178.6 16.3 10.04 
174.6 12.3 7.58 
173.2 10.9 6.72 


6.59 - 80 173.0 10.7 
100" 162.0" - 


a Polymer-drug sample used as reference containing essentially no 
moisture. 


perature on the dissolution of a polyethylene maleic 
anhydride-phenylpropanolamine interaction system 
that was recently devised (4). Samples of the interaction 
system were prepared at 27, 40, 45, 50, 55,  60, 80, and 
100"; aqueous solutions of the polymer and drug were 
mixed i n  a 1:1 stoichiometric ratio at each indicated 
temperature. The solutions were evaporated to  dryness, 
and the powder was compressed into l-g. nondisintegrat- 
ing disks on a laboratory press using a 1.6-cm. (0.63411.) 
punch and die set. Dissolution studies were then per- 
formed using a refractometric method previously de- 
scribed (5). In addition, 10-ml. samples from a stock 
solution containing 16.40 mg./ml. of polymer-drug in a 
1 : 1 ratio were oven dried to constant weight at the 
stated temperatures to determine bound moisture. 


The results of these experiments are summarized in 
Tables I and 11. It is apparent from an examination of 
Table I that the dissolution rates of the polymer-drug 
are essentially the same between the temperature range 
of 27-55", with the higher rate at 27". However, an 
abrupt, approximately 10-fold, decrease in rate is shown 
at 60 and 80". with another significant drop in rate a t  
100". These results clearly indicate that temperature 
has a pronounced effect on some physicochemical 
property of the polymer-drug system during prepara- 
tion. 


The data in Table 11 summarize the temperature effect 
on bound moisture in the polymer-drug system. There 
is a continuous decrease in bound moisture with an in- 
crease in drying temperature, the percent being approxi- 
mately equal from 40 to 50" and from 55 to  80". This 
table shows a rank order correlation with the data in 
Table I, because both dissolution rate and bound mois- 
ture decrease with an increase in temperature. In both 
studies, 55" appears to be the inflection point at which 
temperature has the most pronounced effect on dis- 
solution and bound moisture. 


Moisture, it appears, is a factor contributing to this 
dissolution phenomenon. Therefore, water associated 
with the molecules of the polymer-drug system influ- 
ences the dissolution mechanism of this polymeric 
material. Prior to polymer dissolution, solvent imbibi- 
tion and hydration must occur to form a swollen gel; 
subsequently, gel disintegration must occur for dissolu- 
tion to proceed. This situation suggests a dynamic 
system which encompasses several rate phenomena 
such as solvent penetration, hydration, swelling, and 
gel disintegration, all of which determine the dissolution 


rate of the polymer. The state of hydration, therefore, 
has an apparent influence on the dynamics of polymer- 
drug dissolution as suggested by this report. 


Other factors, which may contribute to  a change in 
dissolution characteristics when a polymer-drug system 
is prepared at different temperatures, are stability of the 
individual components comprising the system and the 
type of interaction system formed. 


The effect of preparation temperature on dissolution 
could not be attributed to  instability of the components 
of the system studied. The integrity of the pure polymer 
was confirmed, since no change in dissolution rate was 
found when a solution of pure polymer was dried at 27 
and 100" and then tested. In addition, polyethylene 
maleic anhydride was reported by the supplier to be 
stable to  any rupture of molecules and does not break 
down into smaller units at temperatures below 200" 
(6). The spectra for phenylpropanolamine did not 
change when a solution of the drug at the concentration 
used for interaction system preparation was heated at 
100" for 2 days, the time required for preparation of the 
polymer- drug systems. 


Ethylene maleic anhydride hydrolyzes in water to 
form the free acid, each monomer containing two 
carboxyl groups. Dicarboxylic acids form salts or 
amides with amines depending upon the reaction tem- 
perature (7). It is, therefore, proposed that the polymer 
and drug may interact at the lower and intermediate 
temperatures to form a salt. As the temperature in- 
creases, a greater proportion of the interaction system 
formed may be the amide form. The salt form, being 
more hydrophilic, would have a greater affinity than 
the amide for bound water. The amide, being more 
hydrophobic, would show a lesser degree of attraction 
for moisture. One would, therefore, have a lower rate 
of hydration and subsequent dissolution, which are 
consistent with the experimental data. 


I am presently engaged in studies to elucidate further 
the mechanism of this dissolution phenomenon and to 
determine the effect of preparation temperature on drug 
reiease from the polymer. 
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Evidence for Capacity-Limited 
Biotransformation of Sulfanilamide 


Scheme 11 


and 1.02 6 (t, CH3); and (b)  a mixed melting-point 
determination of the product prepared by the method 
of Demers and Jenkins (1) with a sample of ethyl di- 
phenamate prepared by reacting ethyl diphenoyl chlo- 
ride with ammonia showed no depression, and single 
melting-point determinations and NMR spectra were 
identical within experimental error. 


Ethyl Diphenamate (W)-(a) This was prepared fol- 
lowing the procedure of Demers and Jenkins (l), m.p. 
93" (lit 93"). 


Anal.-Calcd. for N': 5.20. Found: 5.19. 
(b)  Items prepared by reacting ethyl diphenoylchloride 


with ammonia as follows. Approximately 74 mmoles of 
ethyl diphenoyl chloride was prepared in a manner re- 
ported by Demers and Jenkins (l) ,  except that the final 
product was not isolated following the 8-hr. reflux 
period because of its hygroscopic nature. Instead the 
solvent was first removed in uacuo, and three successive 
10-mI. portions of benzene were then added to the res- 
idue and each stripped off in a like manner to remove 
unreacted thionyl chloride, solvent, and HCl. The residue 
was dissolved in 200 ml. of anhydrous ether and cooled 
in a dry ice bath. Ammonia was then bubbled slowly 
into the mixture for several minutes (Scheme 11). A 
white precipitate (NHKI and ethyl diphenamate) 
formed immediately and was collected. The solid was 
triturated with water to remove the NH4C1. The re- 
maining solid (ethyl diphenamate) was collected and 
recrystallized from alcohol and water. Yield 95 %, m.p. 
89-90", NMR spectrum identical to that obtained in 
(a>. 
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Keyphrases 0 Sulfanilamide-capacity-limited biotransformation 
0 Biotransformation, sulfanilamide-rate limited 0 Dose de- 
pendence-sulfanilamide half-life 


Sir: 


Blood as well as lymph concentrations of various 
agents were determined following intravenous ad- 
ministration in recent studies concerned with the in- 
fluence of plasma protein binding on rate of drug dis- 
tribution to the body (1). Among these agents were 
several sulfonamides. The data obtained with sulfanil- 
amide appeared to indicate that the fraction of un- 
metabolized drug increased with increasing dose. Sub- 
sequent to the recently presented evidence that the 
biotransformation of salicylate, in the analgesic dose 
range usually used in man, is rate limited (2), a sig- 
nificant number of other agents were shown also to be 
metabolized in man and animals by various enzyme sys- 
tems which are capacity limited (3). Since clear evidence 
for the capacity-limited nature of acetylation has been 
obtained only for p-aminobenzoic acid (4), we carried 
out additional studies to  determine whether the bio- 
transformation of low doses of sulfanilamide was, in- 
deed, a rate-limited phenomenon. 


These studies were carried out using nonfasted male 
rats of the Sprague-Dawley strain, weighing between 
250 and 300 g. Sulfanilamide was injected into the 
femoral vein in doses of 2.5, 5.0, or 10.0 mg. Blood was 
sampled by cardiac puncture at 12, 18, 30, 42, and, in 
two instances, 5 min. after administration. Since lymph 
was also collected in some of the experiments, the 
animals were kept under light ether anesthesia. How- 


0 g l  


o f  I I I I I I I 


42 30 36 0 6 12  18 24 
MINUTES 


Figure I-Comparison of blood levels of unchanged drug afrer in- 
travenous administration of several doses of sulfanilamide. Straight 
lines are regression lines calcuIated from the individual values de- 
termined at each time level (same number of animals as indicated 
in Table I) .  
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Table I-Effect of Dose on Percent of Total Sulfanilamide 
Present in Blood as Unmetabolized Drug 


1 


Percent Unmetabolizeda 
Min- I -Dose, mg.------ F 


utes 2 . 5  5 . 0  10.0 


I 1 I T 


5 72.7 (2) - - 


12 61.5 f 12.3 (4) 81.3 * 4 . 3  (4) 85.6 f 3 .8  (3) 
18 65.8 f 15.6(4) 78.4 f 2 . 8  (4) 87.1 f 2 .4 (3 )  
30 55.6 f 16.9 (6) 72.6 f 12.4 (4) 85.3 f 4 . 5  (3) 
42 56.5f 11.6(7) 6 8 . 9 2 ~  11.1(4) 7 9 . 0 f 4 . 3 ( 5 )  


a Mean f SD. Numbers in parentheses indicate number of animals. 


ever, several experiments carried out in unanesthetized 
animals verified the blood level data collected in the 
anesthetized rats. The volume of all but the final sample 
of blood was 0.2 ml. The final sample, taken at 42 min., 
was sufficiently large to  permit the determination of the 
hematocrit as well as the drug content in whole blood, 
plasma, and red cells. These data were then used to 
calculate the plasma concentrations for the earlier 
blood samples from the same animal. The distribution 
of sulfanilamide between red blood cells and plasma 
was also determined in another group of animals at 
12, 18, and 30 min. after intravenous administration. 
For all samples the amounts of free (unmetabolized) 
and total (unmetabolized plus metabolized) sulfanil- 
amide were determined by the method of Bratton and 
Marshall (5). 


The results of the studies of distribution between 
plasma and red blood cells indicated that the interpre- 
tation of the data would be the same whether plasma 
concentrations or whole blood levels were used. The 


50 


40 


30 


2 20 E > 
M 


E 


analyses of the data, therefore, were carried out using 
the actual values obtained for blood rather than the 
calculated plasma values. These analyses clearly indi- 
cate that the biotransformation of sulfanilamide has the 
characteristics of a capacity-limited process (3). 


First of all, the percentage of the unchanged drug in 
the blood increases with dose (Table I). When the 
regression functions of the individual values of per- 
cent free sulfanilamide on time were estimated and 
tested for the three doses, it was found that the regres- 
sions were linear only for the 5.0 and 10.0-mg. doses 
and that the negative slopes of only these two regression 
lines were significantly different from zero. This indi- 
cates that above a dose of 2.5 mg., the rate of metab- 
olism increases relatively with time. Thus, the fractional 
composition of sulfanilamide in  blood is dependent on 
dose-a characteristic that is a good index of devia- 
tion from apparent first-order kinetics. 


Second, deviation from first-order kinetics also can 
be demonstrated when the data are treated as in Fig. 1. 
For first-order kinetics the principle of superimposition 
should apply when blood concentration/dose is plotted 
against time (3). However, it can be readily seen that 
the regression line for the 2.5-mg. dose is not super- 
imposable on the other two lines, and statistical analysis 
verified this conclusion. The slope of the line for the 
2.5-mg. dose was found to  be significantly different 
from those of 5.0 and 10.0 mg., and the slopes of the 
latter two lines were found to be insignificantly dif- 
ferent from each other. 


Finally, deviation from apparent first-order kinetics 
can be shown by the lack of linearity of semilogarithmic 
plots of blood concentration as a function of time (Fig. 
2) .  Although each of the regression lines is insignificantly 
different from a straight line and the corresponding 
slopes are significantly different from zero, the slope 
of the line for the 2.5-mg. dose is again significantly 
different from those for the other two doses. Therefore, 
the drug half-life becomes dose dependent at a dose 
between 2.5 and 5.0 rng. Alinearity of the plots for the 
5.0 and 10.0-mg. doses would be demonstrable only if 
the time of sampling was extended beyond 42 min. 


The demonstration that a capacity-limited system for 
acetylation of sulfanilamide exists in the rat is impor- 
tant for drug metabolism studies in this species but 
may not be necessarily relevant to  man. However, 
the saturation phenomenon occurred at doses in the 
rat that, when extrapolated to  man, lie well within the 
therapeutic dose range. Moreover, Levy (3) pointed 
out that several capacity-limited drug-metabolizing 
systems observed in man have been demonstrated also 
in rats. These include a limited capacity for the conjuga- 
tion of salicylate (6 )  and benzoate (3) with glycine and 
for sulfate and glucuronide conjugation with N-acetyl- 
p-aminophenol (7). Whether capacity-limited acetyla- 
tion of sulfanilamide can be added to  the list of simi- 
larities between man and the rat has to  await additional 
evidence. Certainly it becomes increasingly apparent 
that drug metabolism studies must be carried out at  
multiple-dose levels and that linearity of the semi- 
logarithmic plotsof drug elimination as a functionof time 
is frequently insufficient t o  discriminate between dose- 
independent or dose-dependent biotransformations. 
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Apparent Dose-Dependent Elimination 
Kinetics as an Experimental Artifact 


Keyphrases 0 Dose-dependent elimination kinetics, apparent- 
experimental artifact consideration 0 Plasma concentration- 
experimental blank errors 


Sir: 


It  is now known that the kinetics of elimination of 
several drugs are dose dependent. The decline in the 
plasma concentrations of some drugs is exponential 
throughout, but the apparent first-order rate constant 
for this process descreases with increasing dose (1). 
The elimination of other drugs involves one or more 
saturable processes, and semilogarithmic plots of plasma 
concentrations as a function of time curve downward 
until they attain an exponential phase which is reached 
at the same concentration irrespective of the dose (2) .  
In view of the great interest and investigative activity 
in the area of dose-dependent pharmacokinetics, it is 
appropriate to point out that errors in blank correc- 
tions can artifactually lead to the conclusion that an 
entirely linear, dose-independent system is in fact dose 
dependent and nonlinear. 


Figure 1 shows hypothetical plasma concentrations 
obtained after intravenous injection of 1, 3, and 10 
weight units of a drug which is actually eliminated by 
apparent first-order kinetics (t1l2 = 2.0 hr.), with the 
plasma concentration data describable by means of a 
one-compartment open model. However, the data 
points in the figure are, in each case, 2 mg./l. lower 
than the “real” concentrations. This would be so if, 
for a number of possible reasons, a 2 mg./l. error in the 


I I I I 


2 4 6 
HOURS 


Figure 1-Hypothetical plasma concentration data obtained after 
intravenous injection of I ,  3, and 10 weight units of a drug which is 
eliminated by apparent first-order kinetics (tm = 2 hr.), if the blank 
correction is 2 mg.11. too large. Arrows indicate apparent half-life. 
Inset: Relationship between initial plasma concentration (CO) and 
apparent halflife (“tl121’). 


blank value determination would have occurred. The 
data points thus obtained can be fitted readily to straight 
lines which yield a decreasing half-life with increasing 
dose. In the example shown, there is an almost 50% 
change in the apparent half-life. 


If plasma concentrations are determined over a 
wide concentration range, an error in the blank cor- 
rection can lead to the erroneous conclusion that 
elimination involves a combination of parallel linear 
and saturable ( i e . ,  capacity-limited) processes. Such 
systems may show an initial exponential concentration 
decline phase at  high concentrations, a subsequent 
downward curvature, and finally another exponential 
phase which is steeper than the initial exponential 
phase (2) .  This pattern is evident in Fig. 2; the figure 
shows hypothetical plasma concentration data at two 
doses (differing 10-fold) of a drug, which is actually 
eliminated by apparent first-order kinetics but where an 
error of 3 mg./l. in the blank correction causes appreci- 
able deviations from linearity. In this example, parallel 
straight lines may be fitted erroneously to the two sets of 
terminal data points, suggesting that the elimination 
kinetics above a plasma concentration of about 10 mg./ 
1. are capacity limited. 


The potential artifacts outlined in this article neces- 
sitate that considerable attention be directed to the 
correct determination of blank values. The magnitude 
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eliminated by respiratory l4CO2 the 1st week ranged from 0.5 to 
2.0z. The major reason for these low levels was that this material 
was only slowly mobilized from the site of injection, and its conver- 
sion to fatty acids and subsequent COZ was limited by the rate of 
mobilization. There was little or no difference in the rate of mobili- 
zation from subcutaneous and intramuscular injections. 


Some radioactivity from l-14C-n-hexadecane was eliminated in the 
urine and feces during the 1st week after administration; however, 
in both groups of animals, the total amount for the entire week was 
less than 0.01 %. 


All animals received an unlabeled dose of the emulsion in the 
opposite leg. Upon death, each of the control legs was immediately 
examined by gross necropsy by a veterinary pathologist. At no time 
was there any indication of any type of infection or a sterile abscess 
due to the injection. 


SUMMARY 


This investigation has shown that the n-hexadecane component 
and most likely other straight-chain hydrocarbon components of a 
mineral oil adjuvant emulsion are very slowly mobilized from the 
site of injection in monkeys and rats. Results have been presented 
which show that as much as 25-30z of the 14C-n-hexadecane 
tracer remains at the site of injection after 10 months. The 
n-hexadecane tracer, which is mobilized from the site of injection, 
was readily metabolized to naturally occurring lipids. 


Gross necropsy did not reveal any evidence of any pathological 
states at the sites of injection. 
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Metabolic Fate of Mineral Oil Adjuvants Using 
I4C-Labeled Tracers 11: Mannide Monooleate 


JAMES N. BOLLINGER 


Abstract 0 This investigation was undertaken to determine the 
metabolic fate of mannide monooleate when employed in a mineral 
oil emulsion. Female white rats and female squirrel monkeys were 
injected subcutaneously or intramuscularly with an emulsion made 
with mineral oil and surfactant and including either 1-W-oleate or 
UL-14CC-mannide-labeled mannide monooleate tracer preparations. 
It was shown that 3 G 4 0 z  of the surfactant mixture is removed 
from the site of injection after 24 hr. After 1 week, 4 G 6 0 z  of 
the surfactant is removed from the site of injection; while after 3 
months, l G 3 0 Z  of the surfactant still remains. The 1-W-oleate- 


Freund (1) found that “mannide monooleate”’ was an 
effective agent in combining antigens and mineral oils in 
the form of a water and oil emulsion. However, sub- 
sequent use has indicated an infrequent occurrence of 
cysts following injection of vaccines and allergens (2) 
made with certain lots of this surfactant. Berlin (3) 
performed studies which showed that the toxic reactions 
of a mineral oil-“mannide monooleate” emulsion may 


* Arlacel A, Atlas Chemical Industries, Inc., .Wilmington, DE 19899. 
Quotation marks in text of article indicate the impure mixture; absence 
of quotation marks in text of article indicates pure mannide monooleate. 


labeled mannide monooleate was largely incorporated into the 
various lipid classes, while the UL-i4C-mannide-labeled mannide 
monooleate preparation was largely eliminated in the urine. There 
was some indication that the inguinal lymph nodes of monkeys 
may have contained unusually large amounts of radioactivity. 
Keyphrases I-i4C-Oleate-labeled mannide monooleate-meta- 
bolic fate 0 UL-i4C-Mannide-labeled mannide monooleate- 
metabolic fate 0 Mineral oil-mannide monooleate emulsion- 
subcutaneous, intramuscular injection 0 Metabolic fate-mannide 
monooleate in mineral oil emulsion 0 TLC-identity 


be, in part or in whole, related to  the level of ester hydrol- 
ysis and oxidative changes of this material. Recently, 
Hardegree and Pittman (4) have shown that the tetanus 
vaccines which caused sterile abscesses in humans con- 
tained free fatty acids and that a variety of these antigens 
were capable of releasing free fatty acids from a water 
emulsion of “mannide monooleate.” 


This study was undertaken to obtain information on 
the mobilization and metabolism of a mannide mono- 
oleate surfactant preparation when it is received as an 
injected mineral oil emulsion. 
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Table I-Distribution of Radioactivity among the Various Compo- 
nents of UL- W-Mannide Oleate and lJ4C-O1eate Mannide 


-Plate Ia------. -Plate IIa- 
-----Surfactantb-- -Surfactant*-- 


Mannide Oleate Mannide Oleate 
Plate UL-’4C, 1 - 1 4 ~  U L - ~ ~ C ,  1 - 1 4 ~ ~  
Areac Z d  Z d  %d Zd 


a 12.0 6 . 0  2.9 0.5 
b 19.0 2.0 0.8 0.0 
C 3 . 4  7.0 5.7 3.0 
d 3.5 8.4 i i . 9  1 .0  
e 6.6 7.9 1 .2  2.0 
f 2.5 8 .1  3.8 6.4 
e 1.2 2.9 3.9 7.4 - 
h 4.9 3.2 4.1 9.3 
1 5.9 9.6 3.1 8.6 


11.7 24.0 1.3 2.7 
38.1 


j 
k 7.0 7.8 25.2 


21.1 13.1 30.1 20.9 1 
m 1.0 0.0 - - 


Q Refers to systems used in Fig. 1. b i*C-Labeled preparationsreceived 
from Atlas Chemical Industries. c Refers to TLC plate areas in Fig. 1. 
d Percentage based on the amount applied to the plates and subsequent 
serial scrapings of IZ vapor visualized separation. 


EXPERIMENTAL 


Adjuvant Components-The adjuvant emulsion used consisted of 
mineral oil,1 “mannide monooleate,” and water in proportions of 
9 parts mineral oil, 1 part surfactant, and 9 parts water. 


The surfactant preparation used was obtained from Hilltop Lab- 
oratories, Inc., Cincinnati, Ohio. TLC analysis showed the material 
to contain at least 12 components (Fig. 1). Identification of the 
various components is tentative in this investigation; however, 
O”eil1 and Yamauchi (9, who recently identified many of the 
components present in this particular surfactant, indicated that a 
neutral fraction from the “mannide monooleate” consisted of at 
least 12 components characteristic of peracylated carbohydrate 
structures. The intermediate or moderately polar material contained 
14 components of the mannide monooleate class. The polar fraction 
contained predominantly carbohydrate polymers, conjugated dienes, 
and cyclic fatty acids. 


The emulsion used in this study was prepared as described pre- 
viously (6), using either sonic vibration or a double-hubbed needle, 
double-syringe method. 


W-Labeled Emulsion-Since the mannide monooleate prepara- 
tion is not pure but a mixture of monooleate, dioleate, trioleate, etc., 
and various positional isomers of these esters plus various isomeric 
forms of dehydrated mannitol and oleic acid, it was decided that the 
most representative tracer would be TXabeled surfactant prepared 
in the same manner as that used for the preparation of the normally 
unlabeled material. 


Two preparations3 were used in this study. One was made from 
1-W-oleic acid and unlabeled mannitol, while the other was made 
from UL-i4C-mannitol and unlabeled oleic acid. The specific activity 
of the l-l*C-oleate mannide was 2.2 pc./mg., and that of the 
UL- W-mannide oleate was 2.1 pc./mg. Results of TLC analysis of 
“mannide monooleate” and radioactivity distribution analysis of 
the separated components of the two tracers are shown in Fig. 1 
and Table 1, respectively. The relative amounts of each of the 
components present in the i4C-labeled material were roughly (visual 
analysis) the same as those present in the unlabeled material. The 
data indicate that about 50% of the labeled surfactant is estenfied, 
while the remainder is nonesterified material (chemically altered 
mannitol and oleic acid). 


Dose and Administration-The radioactive tracers were thor- 
oughly mixed with unlabeled surfactant and the mineral oil emul- 


2 Drakeol 6-VR, Pennsylvania Refining Co., Butler, Pa. 
3 Both of these tracers were prepared by Atlas Chemical Industries, 


Inc., Wilmington, DE 19399, with a scale-down of procedures normally 
employed in the preparation of Arlacel A. 


Table %-Percentage of W-Tracer Remaining in Monkeys and 
Rats at the Site of Injection after Administration of Mineral Oil- 
“Mannide Monooleate” Emulsion Containing the l-i4C-Oleate 
Mannide as a Tracer 


Route and Time Average Percentage Remaining’ 
after Injection Monkeys Rats 


IM,* 1 day 
Sub Q: 1 day 
IM, 2days 
Sub Q, 2 days 
IM, 7 days 
Sub Q, 7 days 
IM, 1 month 
Sub Q, 1 month 
IM, 2 months 
Sub Q, 2 months 
IM, 3 months 
Sub Q, 3 months 


(3)” 78.3 
(3) 82.5 
(3) 77.2 
(3) 77.7 
(3) 41.2 
(3) 41.3 
(2) 49.4 
(2) 37.4 
(2) 46.1 
(2) 30.7 
(2) 35.1 
(2) 22.0 


(3)” 80.0 
(3) 74.0 
(3) 70.9 
(3) 73.5 
(3) 58.8 
(3) 59.0 
(2) 30.0 
(2) 17.6 
(2) 49.6 
(2) 20.8 
(2) 20.7 
(2) 9 .3  


~~ 


a Average percentages based on the amount injected. b IM, intra- 
muscular; Sub Q, subcutaneous. c Numbers in parentheses indicate the 
number of experimental animals used to determine the percentage lac- 
tracer remaining. 


sion prepared as described (6) and used immediately (within 30 
min. after preparation). 


The size of the dose was 0.1 ml. (approximately 5 pc.) of the 
emulsion for rats and 0.3 ml. (approximately 15 pc.) for monkeys. 
The dose was administered with a 1-ml. disposable syringe equipped 
with a 23-gauge needle. The dose was administered in the right thigh 
either subcutaneously or intramuscularly, depending upon the 
phase of the experiment. A total of 60 female white rats and 60 
female squirrel monkeys were used in this investigation. Prior to 
injection, several 1-p1. samples were removed from the I4C-labeled 
emulsions, and a check was made on the uniformity of distribution 
of radioactivity within the emulsion. An unlabeled emulsion prepara- 
tion of the same volume was injected into the left thigh for patho- 
logical evaluation by a veterinary pathologist. 


After injection of the radioactive emulsions, the animals on the 
short-term studies (1-7 days) were immediately housed in Plexiglas 
metabolism cages. In long-term studies (1-3 months), the animals 


PLATE I 


i I  
1 
h l  


i 


L 


Lanes A 


PLATE II 
1 I 


0 


-+- 
B Lanes A 


E s  te r i  f ied 
Lipids 


Free Fatty 
Acids 


Figure 1-Plate I shows the distribution of the components of “niaii- 
nide monooleate” (Lane A )  and the relative location of free fatty 
acids andesterifed naturally occurring lipids (Lane B) .  The letters a-in 
indicate the components isolated for radioactivity determinations 
(Table I ) .  The TLC system consisted of 100-pc. silica gel-coated 
plates developed in a chloroform-diethyl ether-acetic acid (95:5 : I )  
system. Plate I1 depicts the same materials as Plate I but was de- 
veloped in a more polar chloroformdiethyl ether-acetic acid (80 : 
20: I )  system. The letters depict the areas isolated for radioactivity 
determinations. 
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Table 111-Percentage of 14C-Tracer Remaining in Monkeys and 
Rats at the Site of Injection after Administration of Mineral Oil- 
“Mannide Monooleate” Emulsion Containing the UL-14C-Mannide 
Oleate as a Tracer 


Route and Time Average Percentage Remaining. 
after Injection Monkeys Rats 


IM, 1 day 
Sub Q, 1 day 
IM, 2 days 
Sub Q, 2 days 
IM, 7 days 
Sub Q, 7 days 
IM, 1 month 
Sub Q, 1 month 
IM, 2 months 
Sub Q, 2 months 
IM, 3 months 
Sub Q, 3 months 


(3)b 55.0 
(3) 59.5 
(3) 57.3 
(3) 65.7 
i3j 46.1 
(3) 48.5 
(2) 42.1 
(2) 30.7 
(2) 44.4 
(2) 31.9 
(2) 12.3 
(2) 17.1 


(3)b 67.2 
(3) 68.1 
(3) 56.4 
(3) 58.6 
(3) 54.1 
(3) 52.3 
(2) 30.7 
(2) 19.7 
(2) 39.5 
(2) 17.8 
(2) 13.0 
(2) 8.9 


~~ 


a Average percent of the administered radioactivity remaining a t  
the site of injection. b Numbers in parentheses indicate the number of 
experjmental animals used to determine the percentage of I‘C-tracer re- 
maining. 


Table IV-TLC Separation and Liquid-Scintillation Counting of 
the Radioactivity Remaining at the Site of Injection of Rats and 
Monkeys 3 Months after Injection of a Mineral Oil-“Mannide 
Monooleate” Emulsion Containing 1-l4C-Oleate Mannide and 
UL- W-Mannide Oleate 


1-14C- UL- 1 4 c -  


Oleate Mannide Mannide Oleate 
TLCQ Rats, Monkeys, Rats, Monkeys, 


Fraction Z b  % % % 


a-b 4.3 2.6 9.2 3.4 
c-g 8 . 8  5.6 11.1 5.7 
h-i 6 .3  2 .5  6 .1  1.2 
j-k 21.7 17.7 19.5 12.0 
1-m 57.7 71 .O 52.1 77.3 
Solvent front 1.6 1.2 2.4 0.4 


(1 TLC system used consisted of silica gel-coated plates developed in a 
chloroform-diethyl ether-acetic acid (95 :5  : 1) system. Fractions were 
scraped from the plates as indicated on Plate I, Fig. 1. b Average per- 
centages obtained from the total amount of radioactivity applied to the 
dates. 


were housed in metal metabolism cages which allowed moni- 
toring of urine and feces but not COz. Collection of 14C02 was 
carried out as described in a previous study (6). The determination 
of mobilization and degree of metabolism were monitored as pre- 
viously described (6). 


RESULTS AND DISCUSSION 


Table I1 shows the average percentage of l-14C-oleate mannide 
tracer preparation remaining at the site of injection 1 day to 3 
months after administration. Approximately 2&25 % of this tracer 


was removed from the site of injection of rats and monkeys the 1st 
day after both intramuscular (IM) and subcutaneous injection 
(Sub Q). Seven days after injection, however, 40% (rats) to 
(monkeys) had been removed from both sites of injection. After 3 
months, 22% (Sub Q) to 35% (IM) still remained at the site of 
injection in monkeys; in rats the average amount that remained 
ranged from 9% (Sub Q) to  20% (IM). 


The amount of UL- 14C-mannide oleate preparation remaining 
at the site of injection of monkeys and rats for 1 day to 3 months 
after injection is summarized in Table 111. During the first 2l hr. 
after administration, as much as 3545% of the radioactivity 
injected into rats and monkeys had been removed from both IM 
and Sub Q sites of injection. Two to seven days after injection, the 
amount remaining in both monkeys and rats changed very slowly, 
an average of 5 0 z  being removed from the site of injection the 1st 
week. After 1 month, intramuscularly injected animals lost approxi- 
mately 60 %, and subcutaneously injected animals lost 7&80% from 
the site of injection. Essentially, no change was noted after 2 months. 
By the 3rd month after injection, both the intramuscularly and 
subcutaneously injected animals had lost, from both sites of injec- 
tion, approximately 88 of the radioactivity associated with the 
UL- 14C-mannide oleate preparation. 


In general, one-half of the 14C-labeled ”mannide monooleate” 
was removed from the site of injection the 1st week. It took 3 
months, however, to remove roughly one-half to three-quarters of 
the material remaining after 1 week. 


In an effort to define the nature of the radioactive material left 
at the site of injection, the chloroform-methanol leg extracts (6) 
were applied to TLC plates. The extracts were developed in a 
chloroform-diethyl ether-acetic acid system (95 :5  : l), an example 
of which is shown in Fig. 1. The distribution of radioactivity on the 
TLC plate (Table IV) indicated that the material remaining at the 
site of injection of both monkeys and rats was the esterified com- 
ponents of mannide monooleate preparation. The free fatty acids, 
free sugar, and their altered forms apparently were removed from 
the site of injection. The nature of the material removed and of that 
left at the site of injection was not verified chemically. 


Distribution of Radioactivity among the Major Organs-The 
average levels of radioactivity (counts/min./lOO-mg. wet tissue) of 
the major organs of monkeys and rats after the administration of 
l-14C-oleate and UL- 14C-mannide surfactant preparations are pre- 
sented in Tables V and VI, respectively. All organs of both monkeys 
and rats incorporated radioactivity within the first 24 ht .  However, 
the level (c.p.m./lOC-mg. wet tissue) was less with UL-14C-mannide 
oleate than with the 1- 14C-oleate mannide preparation. The depot 
of fat of those animals receiving 1- 14C-oleate-labeled surfactant 
consistently contained the highest specific activity of any organ 
except the inguinal lymph nodes. In those animals receiving UL- W- 
mannide oleate tracer, the depot fat contained comparatively little 
radioactivity. 


Approximately 75 2 of the inguinal lymph nodes analyzed had a 
fairly large amount (20&2000 c.p.m./20-mg. wet tissue) of radio- 
activity, regardless of the tracers administered. These data seem t o  
indicate that the lymph was a major route in the transport of the 
surfactant and not necessarily a site of accumulation. 


Nature of the Radioactivity in the Major Organs-Attempts were 
made to evaluate the distribution of radioactivity within the major 
organs of monkeys 3 months after administration of a mineral 


Table V-Average Level of Radioactivity in the Major Organs of Monkeys and Rats after Administration of a Mineral Oil-“Mannide 
Monooleate” Emulsion Containing l-14C-Oleate Mannide as the Tracer 


Num- In- 
bera euinal 


Time of Small &m& 
after Ani- -Liver- -Fat-- -Spleen- -Kidney- -Intestine- -Ovary-. -Lung- Node 


Injection mals M R M R M R M R M R M R M R M  


Average Counts per Minute per 100-mg. Wet Tissueb 
1 day 6 153 102 348 405 118 59 149 103 135 59 129 73 65 48 826 
2 days 6 104 52 614 316 142 43 149 57 150 36 90 96 103 30 635 
7 days 6 399 64 1732 544 199 70 197 74 161 34 92 73 119 54 522 
1 month 4 232 49 1977 509 73 29 144 25 55 23 69 38 111 20 469 
2months 4 131 9 1233 612 36 10 46 10 26 11 27 32 20 9 875 
3months 4 331 23 1679 1105 54 28 119 22 38 48 44 80 38 18 253 


0 Number of monkeys (M) and number of rats (R) used in this study. b Average counts/min./lOO-mg. wet tissue except for inguinal lymph nodes. 
which weighed approximately 20 mg. 
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Table VI-Average Level of Radioactivity in the Major Organs of Monkeys and Rats after Administration of a Mineral Oil-“Mannide 
Monooleate” Emulsion Containing UL-14C-Mannide Oleate as the Tracer 


Inguinal 


Time after bera of -Liver-. -Fat- -Spleen-. -Kidney- -Intestine- -Ovary- -Lung- Nodes, 
Num- Small Lymph 


Injection Animals M R M R M R M R M R M R M R M 


Average Counts per Minute per 100-mg. Wet Tissueb 


1 day 6 33 7 29 8 34 8 46 8 54 9 38 9 20 5 120 
2 days 6 25 1 1  37 12 27 7 39 10 58 12 36 1 1  27 7 132 
7 days 6 43 13  31 13  22 10 30 14 27 10 17 1 1  55 10 38 
1 month 4 44 15 26 18 20 13 70 16 17 10 1 1  9 20 7 9 
2 months 4 12 9 10 8 1 2  5 38 9 1 9  6 9 7 6 4 277 
3 months 4 31 10 18 13 28 7 161 20 14 10 14 10 12 8 1889 


a, Number of monkeys (M) 
which weighed approximately 


and number 
20 mg. 


of rats (R) used in the study. b Average counts/min./ 1 00-mg. wet tissue except for inguinal nodes 


Table VII-Distribution of Radioactivity within Various Organs of Monkeys 3 Months after Administration of a Mineral Oil-“Man- 
nide Monooleate” Emulsion Containing l-14C-Oleate Mannide as the Tracer 


Inguinal 
Small L$mph 


TLC Liver, Fat, Spleen, Kidney, Intestine, Ovary, Lung, Brain, Nodes, 
Fractionb z z % % % z % % % 


a-b 0.0 0 . 9  
c-e 0.0 0.0 
f-g 2 .1  6 . 5  
h-i 4 . 2  17.3 
j-k 49.9 11.7 
1-m 31.2 0 . 0  
Solvent front 12.5 63.6 


~ - ~~ ~~ ~ ~ 


60.5 0 .0  0 . 0  35.6 0 .0  20.8 10.9 
0.0 70.7 0.0 0 . 5  0 .0  14.9 0.0 
0.0  29.1 62.9 6 . 5  44.9 15.8 0 . 0  


16.9 0 .0  0 . 0  35.4 0 .0  0 .0  7 . 8  
10.8 0 0  37.3 9 . 5  3 3 . 0  19.8 4 . 2  
11.8 0 0  0 .0  4 . 0  22 .0  28.7 40.6 
0 .0  0 .0  0 .0  8 . 3  0 .0  0 . 0  36.4 


a Pooled tissue extracts. b Probable contents of fractions: (a-b) phospholipids and chemically altered oleic acid; (c-i) chemically altered oleic acid, 
oleic acid, and monoglycerides; (j-solvent front) esterified surfactant and esterified naturally occurring lipids (triglycerides, sterol esters, and free 
sterols). 


oil-“mannide monooleate” emulsion containing either UL- ”C- 
mannide or I-14C-oleate-labeled surfactant. The results (Tables VII 
and VIII) of the serial TLC scrapings and liquid-scintillation count- 
ing of the fractions obtained from organ extracts varied consider- 
ably. This variation was interpreted as an indication of metabolism 
once these tracers had reached the various tissues. For example, the 
depot fat contained some radioactivity associated with free fatty 
acids and a large amount (64%) associated with newly synthesized 
triglycerides when the 1- 14C-oleate mannide preparation was used. 
The spleens of the same animals, on the other hand, contained large 
amounts of radioactivity ( 6 0 z )  at the origin of the TLC plates, 
indicating that this was probably newly synthesized phospholipids. 


The distribution of radioactivity in those monkeys receiving the 
UL- 14C-mannide oleate was completely different from those re- 
ceiving the l-l4C-oleate mannide preparation. Since no definite 
chemical studies were performed, these results can best be explained 
on the basis that the metabolism of the labeled oleate and the 
labeled mannitol tracers would be expected to be different. The 
nature of the radioactivity found in the lymph nodes also, un- 
fortunately, remained undetermined. However, it was suspected to 
be esterified material of the surfactant. 


Table VIII-Distribution of Radioactivity within Various Organs of 


Respiratory 14C02-A substantial amount of radioactivity is 
eliminated in the respiratory CO? of animals given the I-**C-oleate 
mannide preparation as the tracer (Table IX). In monkeys, the 
average daily rate of 14C02 eliminated was approximately 0.9 z, 
yielding a total average of 6% of the administered radioactivity 
eliminated the 1st week. Similar results were obtained with rats; 
however, the daily rate was slightly higher, and the total amount 
eliminated during the 1st week averaged close to 7% of the amount 
given. 


On the other hand, a very small amount (0.14.2%) of the UL- 
14C-mannide oleate tracer preparation was eliminated in the respi- 
ratory COz the 1st week after injection. No determinations were 
made after the 1st week. 


Urine and Feces-Table X data show that only a very small 
amount of radioactivity was eliminated in the urine of monkeys 
and rats when the l-14C-oleate-labeled surfactant was administered. 
The total amount eliminated for 1 week after injection ranged from 
0.5 to 1 %. 


When the UL-14C-mannide surfactant was administered, a large 
amount of radioactivity, roughly 25 of the dose administered, was 
eliminated in the urine the first 24 hr. During the 2nd day, the 


Monkeys 3 Months after Administration of a Mineral Oil- 
“Mannide Monooleate” Emulsion Containing UL- W-MannTde Oleate as the Tracer 


- 


Inguinalc 
Small Lymph 


TLC Liver, Fat, Spleen, Kidney, Intestine, Ovary, Lung, Brain, Nodes, 
Fractionb % z z % z z 72 % % 


a-b 64.4 2 . 4  1 0 . 3  22.6 10 .3  0 .0  17.0 13.4 87.5 
c-e 10.7 37.6 4 . 4  7 .5  0 .0  25.0 12.6 24 .4  10.5 
f-g 0 . 0  12.0 0.0 4 . 9  0 . 0  37.5 21.5 0 .0  1 . 8  
h-i 4 . 5  4 . 8  0.0 7 . 9  18.2 8 .7  0 .0  6 . 3  0 .0  
j-k 4 . 1  24.0 38.2 46.0 45.6 28.9 0 . 0  1 . 6  0 .0  
I-m 9 . 5  0.0 20.6 5 .3  12.5 0 .0  29.6 54.3 0.0 
Solvent front 6 . 6  20.0 26.5 5 .7  13.7 0 .0  19.3 0 .0  0 . 0  


a Pooled tissue extracts. b Probable contents of fractions : (a-b) phospholipids and chemically altered oleic acid; (c-i) chemically altered manriitol, 
mannitol, and monoglycerides; (j-solvent front) esterified surfactant and esterified naturally occurring lipids (triglycerides, sterol esters, and free 
sterols). c The lymph extract was hydrolyzed with perchloric acid prior to TLC separation. TLC separation before hydrolysis yielded results similar 
to Table VII. 
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Table IX-Elimination as Respiratory 14C02 of l-14C-Oleate Mannide and UL- 14C-Mannide Oleate from Both Rats and Monkeys 
for 1 Week after Injection of a Mineral Oil-“Mannide Monooleate” Emulsion 


Days after Injection ---. 
1, 2, 3, 4, 5, 6 ,  7, Total, 
Zb z z z z z z z 


lJ4C-Oleate Mannide 
Rats 1.96 0.98 0.88 1.12 0.79 0.81 0.70 7.24 
Monkeys (6) 0.98 0.83 0.94 0.76 0.88 0.89 0.72 6.00 


UL-14C-Mannide Oleate 
Rats (3) 0.16 0.03 0.01 0.02 0.02 <0.01 <0.01 0.23 
Monkeys (3) 0.03 0.03 0.02 0.01 0.02 0.02 0.02 0.15 


Number in parentheses is the number of animals analyzed. b Average percentage based on the total amount of radioactivity given. 


Table X-Elimination of Radioactivity in the Urine of Rats and Monkeys for 1 Week after Administration of a Mineral Oil- 
Mannide Oleate Emulsion Containing 1- 14C-Oleate Mannide or UL-14C-Mannide Oleate as the Tracer 


Days after Injection 7 


1,  2, 3, 4, 5, 6, 7, Total, 
%” z z z z z z Z 


l-14C-Oleate Mannide 
Rats (3)b 0.27 0.12 0 . 1 5  0.15 0.09 0.13 0.09 1 .oo 
Monkeys (3) 0.09 0.12 0.12 0.06 0.07 0.04 0.04 0.54 


Rats (12) 25.63 2.91 1.98 1.39 1.19 1 . 1 5  1.37 35.62 
Monkeys (18) 22.87 4.95 3.72 1.90 1.99 1.20 1.73 38.36 


UL-14C-Mannide Oleate 


a Average percentage based on the total amount of radioactivity given. b Number in parentheses is the number of animals analyzed. 


Table XI-Distribution of Radioactivity in 24-Hr. Urine Samples 
in Monkeys and Rats 1 Day after Administration of U L - T -  
Mannide Oleate as the Tracer 


TLC Monkeys, 
Fraction“ z Rats, z 


a-b 46.1 66.2 
c-g 53.8 33.4 
h-i 0.1 0 . 2  
j-k 0 .0  0 . 2  
1-m 0.0 0 .0  


5 Probable contents of fractions: (a-g) nonesterified, unaltered, and 
chemically altered mannitol; (h-m) esterified surfactant. 


amount decreased to about 3 and 5 % in rats and monkeys, respec- 
tively. Three to seven days after injection, the level eliminated in the 
urine stabilized to about I z daily. The total amount eliminated the 
1st week was about 3 5 4 0 z .  In general, there was no significant 
difference between monkeys and rats in the total amount eliminated 
in the urine. The results on the total amount eliminated in the urine 
of rats agree with those of Porter and Titus (7). However, these in- 
vestigators studied only the mannide-labeled surfactant. As shown, 
the l-14C oleate-labeled material is not eliminated in the urine. 


Table XI presents TLC separation and a liquid-scintillation 
counting analysis of the radioactive components in the urine of 
those animals receiving the UL- 14C-mannide oleate preparation. 
These data indicate that the material eliminated so rapidly in the 
urine was the nonesterified sugar components of the surfactant. 


No appreciable amount of radioactivity was detected in the feces 
when either tracer was given. 


Pathological Observations-Gross necropsy of all animals 
indicated that no sterile abscesses, infections, nor other observable 
pathological conditions were produced at the site of injection. 
No extensive histological examinations were performed ; therefore, 
it is not possible to state definitely whether any subtle histopatho- 
logical conditions existed. 


SUMMARY 


This study has shown that, when using a “mannide monooleate”- 
mineral oil emulsion, the surfactant was removed from the site of 
injection faster (4MOZ the 1st week) than the mineral oil (1-5z 
the 1st week) (6). The obvious danger in this phenomenon is that the 


loss of the emulsifier may allow the mineral oil to coalesce into 
larger droplet sizes and thereby retard mineral oil mobilization from 
the site of injection. Those components of the “mannide mono- 
oleate” preparation that were retained at the site of injection for 
longer periods of time (3 months or more) appeared to be the 
esterified components as opposed to the nonesterified components 
(free oleic acid, mannitol, and their chemically altered forms), which 
appeared to be removed within 24 hr. after injection. Thesedata sug- 
gest that, had this surfactant been pure mannide monooleate or 
even its other esterified forms, its longer retention at the site of injec- 
tion may have also assisted in a more uniform mobilization of 
mineral oil. 


This investigation has yielded additional information on the 
mobilization and metabolism of the mannide monooleate sur- 
factant preparation when it is received as an injected emulsion. No 
information was obtained directly which would implicate the sur- 
factant used in this study as a particularly noxious material. Al- 
though not tested in this study, this would seem to indicate that the 
reported toxic effects associated with this material are in some way 
related to the various antigen preparations. 
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USP Collaborative Study of the Assay 
of Atropine and Scopolamine Dosage Forms 


LEE T. GRADY and RUPERT 0. ZIMMERER, Jr. 


Abstract 0 Several tablet and injection dosage forms of atropine 
and scopolamine are covered by USP XVIII monographs. Gas 
chromatographic unit dose assay and content uniformity procedures 
were developed for these monographs. Interlaboratory reliability 
was evaluated by means of a collaborative study. The methods 
afford substantial improvements in sensitivity, specificity, and speed 
over previous official methods. 


Keyphrases 0 Atropine, scopolamine dosage forms-analysis 0 
Scopolamine, atropine dosage forms, analysis-collaborative 
study 0 Content uniformity method-atropine, scopolamine dos- 
age forms 0 GLC-analysis 


Previous official methods of assaying dosage forms 
for belladonna alkaloids have relied largely on titrirn- 
etry. These methods lacked sensitivity and specificity. 
Unit doses could not be assayed and decomposition 
products were not excluded. Such problems aroused 
some criticism. A notable exception was an IR method 
(1) which, although failing in sensitivity, did offer 
specificity with some control over decomposition. 
Assay methods for USP XVIIl were desired which 
would be accurate, reliable, and highly specific and yet 
be sufficiently sensitive, precise, and rapid to allow 
content uniformity determinations on unit doses, 


Various other approaches to belladonna alkaloid 
analysis may be noted. A colorimetric method (2, 3) 
was applied to preparations containing phenobarbital 
along with the alkaloids, and a dye-complex method 
was applied to atropine tablets and elixir (4). Neither 


of these approaches distinguishes one belladonna 
alkaloid from another. A fluorometric method has been 
reported for atropine (5). Paper chromatography (6,7), 
partition-column chromatography (2, 3, 8), counter- 
current distribution (9), TLC (lo), and TLC with densi- 
tometry (11) have all achieved separation of scopol- 
amine from atropine-hyoscyamine. 


Initial efforts in the gas chromatography of bella- 
donna alkaloids were reported by Kazyak and Knob- 
lock (12), Brochmann-Hanssen and Fontan (13), Jain 
and Kirk (14), and Solomon et al. (15). Penner (16) 
studied atropine assay by GLC, both as a silyl derivative 
and later untreated, using tetraphenylethylene as the 
internal standard. Alber (17) recently reported a broad 
study of the gas chromatography of drugs and alkaloids 
using the methylphenylpolysiloxane liquid phase which 
was used in this collaboration. 


The procedures developed for this collaborative 
study are related to a method previously reported (18) 
for dose forms of belladonna alkaloids containing 
phenobarbital. Other official methods * were developed 
earlier for belladonna alkaloids using anthracene as an 
internal standard for control of injection volume alone. 


MATERIALS 


Methylene Chloride-Gas chromatography or 99 mole grade 
was used. 


1 Hyoscyamine sulfate tablets NF and morphine and atropine 
sulfates tablets NF. 
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Buffer-Prepare 0.2 M, pH 9.0 buffer, standardized against the 
glass electrode, by dissolving 34.8 g. dibasic potassium phosphate 
in 900 ml. water. Adjust to pH 9.0 and make to 1 1. with water. 


Atropine Sulfate Standard Solution-Dissolve 30.0 mg. atropine 
sulfate in distilled water in a 100-ml. volumetric flask to obtain a 
solution of 0.30 mg./ml. Prepare fresh daily. 


Homatropine Hydrobromide Standard Solution-Similarly, p r e  
pare a final concentration of 0.04 mg./ml. by weighing 40.0 mg. 
homatropine hydrobromide. 


Scopolamine Hydrobromide Standard Solution-Similarly, pre- 
pare a final concentration of 0.25 mg./ml. by weighing 25.0 mg. 
scopolamine hydrobromide. 


PROCEDURES 


Atropine Sulfate Tablets-Place 1 tablet, or its equivalent from 
a composite of 20 tablets, in 5 ml. buffer in a 30-ml. separator and 
add exactly 1 .O ml. homatropine standard solution. Extract with 
10 ml. methylene chloride, passing the separated organic layer 
through 2 g. anhydrous sodium sulfate supported by a small pledget 
of glass wool in a funnel. Evaporate the methylene chloride at  
reduced pressure to about 0.3 ml. Inject an appropriate volume, 
about 1 pl., into the chromatographic system. Perform the assay 
in duplicate. Repeat the procedure, pipeting duplicate 1.0-, 2.0-, 
3.0-, and 4.0-ml. aliquots of atropine standard solution in place of 
the tablets. 


Measure the height, H, of the atropine and homatropine peaks in 
each chromatogram and calculate R = H atropine/H homatropine. 
Plot the value of R obtained from the standards versus amount of 
standard atropine sulfate added. Determine the amount of atropine 
sulfate in the sample preparation directly from the graph. 


Atropine Sulfate Injection-Proceed as directed under tablets, 
substituting 1.0 ml. or the measured contents of a single-dose con- 
tainer of the injection for the tablets. 


Atropine Sulfate Ophthalmic Solution-Pipet 1 .0- or 2.0-ml. 
aliquots of the preparation into duplicate 50-ml. volumetric flasks 
and make to volume with distilled water so that the final concentra- 
tion of atropine sulfate is 200-800 mcg./ml. Pipet 1.0 ml. of the 
sample preparation in place of the tablet, and proceed as directed 
in the assay for atropine sulfate tablets. Multiply the amount of 
atropine sulfate in the sample preparation by the dilution factor. 


Scopolamine Hydrobromide Tablets-Place 1 tablet, or its 
equivalent from a 20-tablet composite, in 5 ml. buffer in a 30-ml. 
separator and add exactly 1.0 ml. atropine sulfate standard solu- 
tion. Extract with 10 ml. methylene chloride, filtering the organic 
layer through 2 g. anhydrous sodium sulfate supported by a small 
pledget of glass wool in a funnel. Evaporate the solution under 
reduced pressure to about 0.3 ml. Inject an appropriate quantity, 
about 1 pl., into the chromatographic system. Perform the assay in 
duplicate. Repeat the procedure, substituting duplicate 1.0-, 2.0-, 
and 3.0-ml. aliquots of scopolamine hydrobromide standard 
solution for the tablet. 


Measure the peak heights, H, of atropine and scopolamine in 
each chromatogram, and calculate the ratio R = H scopolamine/H 
atropine. Plot the ratios of the standards versus the amount of 
scopolamine hydrobromide added. Read the amount of scopolamine 
hydrobromide in the tablet or sample preparation from the cali- 
bration graph. 


Scopolamine Hydrobromide Injection-Proceed as directed in the 
assay for the tablets, substituting 1.0 ml. or the measured contents 
of a single-dose container of the injection for the tablet. 


GAS CHROMATOGRAPHY 


Analyses should be performed using 0.6-1.2-m. glass columns, 
4 mm. id., packed with 3z w/w methylphenylsilicone oil2 on 
SO/lOO- or 100/120-mesh silanized, acid-washed, flux-calcined 
diatomite. Flame-ionization detectors are used. Helium carrier gas 
is used at a flow of about 60 ml./min. The temperature of the in- 
jection port is not more than 25" above that of the column; on- 
column injection is preferred. Column temperature and flow may 


2 OV-17. This oil contains approximately equal proportions of methyl 
and phenyl radicals. Other proportions are, or are becoming, avadable. 
Substitution is permitted but only if the chromatographic parameters 
discussed herein are met. 


be adjusted to permit rapid (5-10 min.) and optimum analysis, 
about 210" for an 0.6-m. column or 225" for the 1.2-m. column. 


Low-polarity methylphenylsilicone2 is coated on silanized, 
acid-washed, flux-calcined diatomite. A special curing sequence 
has been found to increase inertness and efficiency: maintain the 
column at 250' for 1 hr. with helium flowing to remove oxygen 
and solvents, stop the flow of helium and heat at about 340" for 
4 hr., lower temperature to 250", and condition with the helium 
flowing until stable. A suitable initial test for support inertness, 
which is valuable with any low-polarity liquid phase, is the delivery 
of a single symmetric peak for injected cholesterol with no evidence 
of decomposition. The alkaloid peaks should be symmetric with 
little tailing. 


PROTOCOL 


The previously discussed details of methods and materials were 
supplied3 to the collaborators along with samples of commercial 
dosage forms. The stated objective of the study was to evaluate 
these gas chromatographic methods for use in USP XVIII mono- 
graphs on atropine sulfate tablets, injection, and ophthalmic 
solution, and on scopolamine hydrobromide tablets and injection. 


Separate report sheets for each alkaloid were supplied. These 
requested, in addition to assay results, the identities of the in- 
struments, support material, and supplier. Chromatographic data 
requested were column parameters, retention times, occurrence of 
peaks in reagent blanks, resolution factors (19), and efficiencies 
(20). The variance of an individual drug-standard ratio was to be 
reported for eight injections of a single sample. Procedural variance 
was to be estimated by 6-8-fold assay of a single bottle of an in- 
jection or of a tablet composite. 


The following paragraphs were included in the protocol by way 
of explanation to the collaborators. 


Both atropine and scopolamine are available in multiple strengths 
for each of the official items (tablets, injection, and solution). 
These procedures were prepared with this in mind and feature the 
use of a standard curve hinged on a single amount of internal 
standard. This course was chosen rather than manipulating all 
sample preparations to a single specified concentration,* because 
a calibration curve must be prepared in the process of approving a 
column for use in a single-point assay. Such a single-point approach 
requires a linear standard curve passing exactly through zero, an 
unnecessarily strict and often unattainable requirement for some 
drugs. 


The isolation scheme is the simplest possible. Basic phosphate 
buffer is added so that the pH of the aqueous phase is 9 and is used 
instead of alkali to minimize ester cleavage. Homatropine was 
chosen as the "extracted" internal standard for atropine prepara- 
tions for several reasons. It differs from atropine only in a methylene 
group and the nature of substitution of the carbinol; thus, chro- 
matographic and chemical characteristics are similar. Multiple 
extractions or complete recoveries along the way are rendered 
unnecessary, since the molecular ratio of standard to analyte is 
controlled from the first step of the assay. Because of the close 
chemical similarities, minor alkaline ester cleavage or amine 
degradation also is controlled. Similarly, atropine is chosen as the 
standard for scopolamine. Both standards are or will be readily 
available. Heat and air during evaporation should be avoided. 


Belladonna alkaloids are polar compounds, and the particular 
difficulties associated with the GLC of amines are well known. 
Improperly or partially cured and conditioned columns often 
cause extensive tailing of such compounds. An additional problem 
can be partial, on-column dehydration (13, 15) of atropine and 
scopolamine. Although the preparation of less polar derivatives 
may allow successful chromatography in poorer systems, the 
additional steps and problems are appreciable. Modern phases, 
supports, and column treatments have extended greatly the range 
of molecules that can be chromatographed directly, without prior 
formation of less polar derivatives. The authors had successfully 
determined belladonna alkaloids previously and found no reason for 
including derivatization in the assays. The key to this assay is in 
the selection of the column. 


a During the summer of 1969 with all responses completed by midfall. 
4 USP XVIII since has specified a single-sample concentration but 


retains the calibration curve. 
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Table I-Assay Results: Individual Laboratory Average Assay Values for Samples Supplied 
~ ~~~~ ~~ ~ 


I Atropine SO1 - ---Scopolamine HBr- 
Collaborator Replicates, n 0.4-mg. Tab. 0.3-mg. Tab. 0.6-mg. Tab. 0.4 mg.lO.5 ml. 0.43 mg./ml. 0.32 mg./ml. 


A 
B 
C 
D 
E a  
F 


2 0.398 0.275 0.552 0.395 0.397 0 . 3 1 3  - 
2 0.383 0.280 
4-9 0.420 0.304 
3-10 0.390 0.295 


0.592 
0.633 
0.605 


0.390 0.425 [O ,3651 
0.390 0.430 0.312 
0.405 0.438 0 .315  


2 0.388 0.293 0.614 0.389 0.418 0.312 
2 0.390 0.300 0.600 0.403 0.433 0.310 


0.412 0.295 0.602 0.405 0.400 0.315 G 2 
H 2-4 0.407 0.265 0.566 0.370 
Ib 1 0.415 0.320 [0.510] 0.420 0.430 0.315 
x, mg. 0.401 0.295 0.595 0.396 0.422 0 . 3 1 3  


- - 


s, mg. 0.013 0.014 0.027 0.014 0.015 0.002 
cu z 3 . 3  4.8 4 .5  3 . 5  3.6 < 1  


aDiatoport S support; the others used OV-17 on Gas-Chrom Q. b OV-1 on Chromosorb WHP, 


It was recognized that some collaborators would prefer pur- 
chasing a prepared packing. The Drug Standards Laboratory 
(DSL) arranged for a lot,b tested by DSL, to be reserved by Applied 
Science Laboratories, State College, Pa. The collaborators were 
advised that after packing the column, the described curing and 
conditioning were necessary. 


RESULTS AND DISCUSSION 


Each assay value in Table I is the average of that collaborator's 
individual values (as given in the second column), whether he 
reported duplicate or 10-fold determinations. In this way, each 
collaborator's result is not allowed to obscure interlaboratory 
variation. 


Accuracy-The average assay values given in Table I are com- 
pared in Table 11 to the manufacturer's in-house extraction-ti- 
trimetry values determined at time of pass. The assay results by 
the GLC method exhibited less deviation from declared contents 
than the in-house extraction-titrimetry methods. On the average, 
the GLC values appeared to run about 0.5 lower. However, this 
GLC method does not measure decomposition products and should 
yield more realistic values. 


Reference standards for each drug will now be available. What 
effect this standardization would have on the interlaboratory 
variation or on the actual assay values cannot be predicted, although 
some reduction in interlaboratory variation may be anticipated. 
With regard to assay values, results from Laboratory A, for example, 
averaged 3.2% below results from other laboratories, suggesting 
some bias in procedure, very likely related to the standards used. 
Laboratory H, which used a programmed temperature run, reported 
assay values approximately 5 % lower than other laboratories. 
No other systematic error was apparent. 


Overall, the GLC methods given here must be judged as accurate 
and suitable for the official USP assay methods in light of the 
following features. 


Reliability-The data were evaluated grossly in the following 
manner. A mean, standard deviation, and coefficient of variation 
were generated for each dosage form. In four of six cases, the 
magnitude of the standard deviation was similar; since chro- 
matographic properties for the two drug standard situations were 
essentially similar, it appears that all the data in Table I may be 
pooled. An average, ED, of the nine coefficients of variation was 
obtained. The deviation of the individual assay values from the 
mean, 2, for that dosage form was considered; if x - 2 1 3 (m) (z), 
with 2 calculated without rejection, then the assay value was 
rejected, with the additional limitation that only one value from 
any column could be rejected. Only the two values in brackets out 
of the 52 values in Table I were rejected. This course was chosen to 
allow conservative estimation of reliability. 


A new average of the nine recalculated coefficients of variation 
was then calculated to be 3.4%. This value is one estimate of the 
overall reliability of the methods and is composed of both intra- 
laboratory and interlaboratory variations, as well as of significant 
deviations from the protocol. True reliability, of course, is a 


OV-17 on GasChrom Q. 
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Table II--Comparison of Assay Values 


Dosage Form Manufacturer USP Collaborative 


0 . 4  mg. 
0.3 mg. 
0 . 6  mg. 


Atropine Sulfate Tablets 
94.0% 
95.0 
97.3 


100.0% 
98.4 
99.2 


Atropine Sulfate Injection 


Scopolamine HBr Injection 
0 . 4  mg./rnl. 103.6 99.0 


0.43 mg./ml. 101 .o 98.4 
0.32 mg./ml. 100.4 98.0 
Average 99.7 99.2 


composite of this variation with accuracy, specificity, sensitivity, 
and precision. The contribution of each factor to the overall 
reliability will be discussed. 


Specificity and Sensitivity-The inherent specificity and sen- 
sitivity of gas chromatography, combined here with an extracted 
internal standard, are utilized by these methods. In addition to 
serving as the monograph assay, the comparison of the sample 
chromatogram to that of the reference standard serves also as a 
strong identity test. Degradation products d o  not interfere. Tropic 
acid is not extracted in the first step, and tropine and scopine elute 
prior to the standards and drugs. No collaborator reported evidence 
of decomposition products. 


The methods are directly applicable to available strengths of 
dosage forms covered by the monographs identified in the object 
of the collaborative study. Indeed, only a fraction of a percent of 
the available sample is actually analyzed. Use of this sensitivity 
in proof of content uniformity of tablets is obvious; however, this 
application depends also on intralaboratory chromatographic 
precision. 


Precision-Collaborators supplied data for both the reproduci- 
bility of the ratio obtained upon multiple injection of a single drug- 


Table 111-Precision Data Presented as Coefficients of Variation 


Lab- 
ora- ----Atropine-----7 -Scopolamine- 
tory R R, Assay R R, z Assay 


A" 1.58 0.47 0.87 1.37 1 . 3 1  1.48 
B 0.49 2.81 5.56 0.32 2.93 - 
C 0.97 0.57 - 0.43 0.62 - 
D 0.52 0 . 6  0 . 6  0 .45  1.0 2.2 
Eb 0.89 0.65 0.79 0.80 0.68 0.99 
F 1.07 0.65 2.92 1.06 1.04 1.24 


1.10 0.73 - 1.01 0.82 0.65 G 
H 1 . 1 1  2.30 3.43 
10 1.19 3.2 2.7 1.19 3.2 2 .7  


- - - 


~ 


5 Electronic integrator. 6 Diatoport S support. e Disk integrator, also 
used OV-l/Chromosorb WHP instead of recommended packing; all 
others used OV-17 on Gas-Chrom Q. 







Table IV-Chromatographic Data 
~~ ~~~ ~ ~ 


Retention -Resolution Factor- 
Time (Atropine), Homatropine/ Atropine/ I Plates - Column, 


Laboratory nun. Atropine Scopolamine Homatropine Atropine Scopolamine m. 


A 5 .  4 - - I 450 1270 I 420 1 .2  _ _  - .  ~ ~ 


3.0  4 . 3  410 600 760 0.9 
- > 20 (2680) 1550, 1200 1390 (0.6) C 4 .9 ,  4 . 6  


D 3.7 3.6 4.8 960 1080 1140 0 .6  
E 5.5.  3.5 3 .8  3.7 620 690. 430 570 0.55 


B l i  


F 4.9;  4 .3  - - 950 1360' 1580 1.2 
1520 1 . 2  
- 1.2  


I 5 ,  4 1 . 1  1 . 8  1080 1420 1530 2.0 


4.3 3.5 4.9 1010 1480 
- - - 


G 
H 4.5" 6 . 0  


a Programmed run, 135-210" at lO"/min. 


standard mixture and of the ratio obtained from multiple assay of a 
single commercial item. Their results are found in Table 111. The 
directions are for peak height ratios; however, two laboratories 
used area-measuring devices. 


Laboratory H erroneously did a programmed 10" per minute 
run, and the degraded precision is, therefore, understandable. 
Laboratories B and F generated a variable in obtaining sample 
preparations which F did not carry over from atropine to scopol- 
amine. Otherwise, the assay manipulations appear to contribute 
little to (im)precision which, therefore, must be largely dependent 
on chromatographic precision. An approximation of the difference 
in the two sets of precision data is about 0.5% in coefficient of 
variation. Indeed, any significant departure from this level should 
signal a possible procedural error to the analyst. 


Without rejecting any value, the average of coefficients of vari- 
ation in R is 1.3% for atropine and 1.4% for scopolamine, with a 
further estimate of about 1.9% for dosage form assay, which is 
moderately good for a GLC method. Several values can be a o  
counted for by graphical error alone. This is completely satisfactory 
(21) for use in content uniformity testing. 


The collaborative procedures construct calibration curves for the 
alkaloids with four points for atropine and three points for scopol- 
amine, based on the range of anticipated concentration of sample 
preparations from the range of dose strengths. Nonlinear absorp- 
tion, tailing, and relative graphical error could be expected to 
cause somewhat greater imprecision in the lower values on the 
calibration curve than in the higher values. These factors would 
similarly affect precisions for the absolute sizes of samples injected. 
A plot of the percent coefficient of variation against the value of 
R for each alkaloid, as given in Table 111, failed to support any 
such correlation between precision and magnitude of R. Therefore, 
the precision discussions in this report must pool all values ir- 
respective of magnitude or the identity of the drugs. Variations in 
sample size injected and magnitude of R conversely cannot be 
cited as causes of interlaboratory variations. This also is consistent 
with the judgment that reference standards are the only further 
vehicle needed to control interlaboratory variation in these assays. 


Dosage Forms-The 0.4-mg. atropine sulfate tablets were com- 
pressed tablets; the other two were hypodermic tablets. The results 
show the method to be equally applicable. Although the protocol 
gave a separate procedure, scopohmine hydrobromide tablets were 
not issued to collaborators. The atropine sulfate ophthalmic solu- 
tions available are sufficiently concentrated to require an initial 25- 
or 50-fold dilution to enter the assay concentration range. Thus, 
samples were not issued to collaborators. Results in this laboratory 
have shown that the procedure works as well for the nonofficial 
ophthalmic solutions containing cellulose derivatives. 


General Observations-Intralaboratory precision was found 
to be primarily a matter of chromatographic reproducibility. It 
would appear worthwhile to prepare a packed column giving good 
performance, particularly where use is anticipated in content uni- 
formity testing. The collaborators' data are of some guidance here. 


The chromatographic parameters reported by the collaborators 
are given in Table IV. A minimum resolution of R, not less than 
3.0, is one reasonable standard which an analyst might apply to a 
column. Laboratory 1 reported much lower resolution (Table 111) 
and experienced poor precision; both results may reflect the use of 
a different (OV-1) phase. The authors' initial studies (18) leading to 
the choice of packing would support this conclusion. Similarly, 
efficiencies of the order of 1000 plates for any peak appear suitable, 


but much less efficiency can be tolerated, as shown by Laboratory E 
using a 0.6-m. column. Some of the reported efficiencies appear in 
error for the claimed column lengths. Most collaborators reported 
linear standard curves with the intercept near or at the origin. 


However, perhaps the parameter most predictive of precision 
would be tailing. The authors found that tailing factors6 larger 
than 1.6 correlated with diminished precision and, for this reason, 
the protocol sent to collaborators stated that peaks should be 
symmetric with little tailing. 


Laboratory H erroneously used a programmed temperature run. 
This commonly degrades both pecision and accuracy,' and the 
authors are strongly against this unnecessary operation. Speed 
also is lost. 


The collaborators offered several comments on procedure. 
Laboratory H found the concentrates following evaporation were 
stable for 1 or 2 days. The authors made similar observations but 
do not recommend unnecessary sample storage. Laboratory H also 
reported that initial experiments indicated that evaporation at 60" 
in an airstream was satisfactory. 


Laboratory A reported an extraneous peak in the homatropine 
and scopolamine standards; the homatropine appeared to contain 
1.5% atropine. Such problems are best avoided by reference stan- 
dards. 


No collaborator reported evidence of decomposition, probably 
because the alkaloids were injected as free bases at moderate tem- 
peratures, with injection block temperatures only slightly greater 
than on-column temperatures. There have been reports (15, 22) of 
additional injection-site decomposition, possibly related to the glass 
wool a t  the top of the column or the injection of salts. The authors 
used commercial silanized glass wool and did not observe decom- 
position. 


SUMMARY 


The gas chromatographic assay methods for atropine sulfate 
tablets, injection, and ophthalmic solution and for scopolamine 
hydrobromide tablets and injection, now covered by USP XVIII 
monographs, have been studied in a nine-laboratory, collaborative 
study. The drug is extracted once from alkaline buffer along with 
added internal standard, homatropine for atropine and atropine 
for scopolamine. The extract is concentrated and injected into a 
defined system without further treatment. The methods are accurate, 
reliable, sensitive, highly specific, rapid, and reasonably precise. The 
methods are suited to content uniformity testing and serve as strong 
identity tests for all these monographs. Some interlaboratory varia- 
tions suggest the need for alkaloid reference standards keyed to 
these methods to control systematic error. No changes in the pro- 
cedures were found necessary. 
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Determination of Total Iron in Hematinics 
by Atomic Absorption Spectrophotometry 


HARRIS I. TARLIN and MARTIN BATCHELDER 


Abstract 0 The total iron content of six hematinic preparations 
was determined rapidly, precisely, and accurately by atomic ab- 
sorption spectrophotometry. Hematinics comprising iron-car- 
bohydrate complexes required ashing prior to assaying by atomic 
absorption spectrophotometry while those with an iron chelate 
or simple salt structure may be determined directly by atomic 
absorption spectrophotometry. A statistical evaluation of the data 
indicated that the atomic absorption spectrophotometry method 
was equivalent to the official calorimetric and volumetric methods 
and to a classical gravimetric procedure. 


Keyphrases IJ Iron in dosage forms-analysis 0 Atomic absorp- 
tion spectroscopy-analysis 0 Colorimetric analysis-spectro- 
photometer 0 Titration-iron analysis 0 Gravimetric analysis- 
iron 


Hematinic preparations generally fall into three 
structural categories: iron*arbohydrate complexes, 
iron chelates, and iron salts. Preparations consisting of 
iron-carbohydrate complexes are usually assayed for 
total iron by a lengthy colorimetric (1) or gravimetric 
procedure.’ The usual USP (2) or N F  (3) procedure 
for determining the total iron content of iron chelates 


The procedure used in this study was a slight modification of the 
gravimetric iron assay orocedure described in most auantitative anal- 
ysis textbooks. (See H. H. Willard, N. H. Furman, and C. E. Bricker, 
“Elements of Quantitative Analysis,” 4th ed., D. Van Nostrand, Prince- 
ton, N. J., 1956, pp. 335, 336.) 


and iron salts involves a sodium thiosulfate or ceric 
sulfate titration. Extensive studies (4, 5 )  indicate that 
atomic absorption spectrophotometry (AAS) offers a 
technique for assaying iron which is relatively free from 
interfering ions. To date, no studies have been reported 
in the literature concerning the assay of total iron in 
hematinics by AAS. 


EXPERIMENTAL 


Instruments-A Perkin-Elmer model 303 double-beam spectro- 
photometer, equipped with an iron hollow cathode lamp and single- 
slot burner head, was used for all atomic absorption measurements. 
The instrument was optimized with a 10-p.p.m. standard iron 
solution. A sensitivity of 0.18 mcg./ml. for 1% absorption was 
achieved. Instrument parameters appear in Table I. All colorimetric 
measurements were carried out on a Perkin-Elmer model 202 


Table I-Instrument Parameters 


Wavelength 248.3 mp 
Hollow cathode lamp current 
Fuel 
Oxidizer 
Aspiration rate 1 . 8  ml./min. 
Slit No. 3 
Meter response No. 2 
Recorder Perkin-Elmer model No. 165 


30 ma. 
Acetylene (flow meter at 9)a 
Air (flow meter at 9p 


= Perkin-Elmer Burner Control Box No. 303-0240. 
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Identification of p-Nitrophenyl Glucoside 
as a Urinary Metabolite 


Keyphrases 0 pNitr0phenol-2,6~~C urinary metabolites-deter- 
mination 0 Paper chromatography-separation, identification 0 
Rechromatography procedure-separation, identification 


Sir: 


In 1969, Gessner and Vollmer (1) reported that mouse 
liver microsomes fortified with uridine diphosphoglu- 
cose (UDPG) can effect glucosylation of p-nitrophenol 
(PNP) to p-nitrophenyl glucoside (PNPG). The pathway 
appeared to be about 5 times less active than glucuroni- 
dation of PNP when carried out by the same microsomal 
preparations fortified with uridine diphosphoglucuronic 
acid (UDPGA). In view of the fact that glucosides of 
phenols have not been previously detected among 
mammalian metabolites, it was of interest to  test whether 
the pathway manifests itself at all in uiuo. We found 
PNPG in the urine of PNP-treated mice. The metabolite 
was characterized chromatographically by employing 
a novel technique, which permits a chromatographic 
sample to  be subjected to consecutive chromatography 
in several solvent systems without elution of the mate- 
rial. The method is described below. 


Male, Albany Swiss mice, weighing 23-30 g., were 
injected intraperitoneally with a 50 mg./kg., 0.145 mc./ 
kg., dose of radioactive PNP' in a quantity of isotonic 
saline which was equivalent to 25 ml./kg. per dose. 
Urine from six mice was pooled and subjected to  
lyophilization. The residue of lyophilization was dis- 
solved in distilled water; the concentrate thus obtained 
was used for chromatography. Descending chroma- 
tography was carried out on Whatman No. 1 paper 
strips in the solvents listed inTable I. Authentic reference 
compounds, PNP, PNPG, p-nitrophenylglucuronic 
acid (PNPGA), and p-nitrophenylsulfate (PNPS) were 
chromatographed contemporaneously for comparison 
of the R, values of metabolites with those of authentic 
compounds. The compounds were detected on chroma- 
tograms with the aid of UV light; they appeared as 
quenching spots. Radioactive metabolites were located 
by scanning chromatographic strips with the aid of the 
Nuclear Chicago 4 pi chromatogram scanner, model 
1002. In this manner, R j  values of the metabolites were 
located and compared to the R, values of the authentic 
compounds. The presence of a radioactive peak at the 
R j  of PNPG on the initial chromatogram was inter- 
preted as an indication of the possible presence of 
PNPG. The hypothesis was further tested by subjecting 
the chromatographically separated radioactive metabo- 
lite to chromatography in other solvents. 


A novel method of rechromatography was developed, 
one that does not require elution of the substance under 
investigation. Verbal report of the method was made in 
1969 in conjunction with the identification of PNPG as 
an in uitvo metabolite (1). The method is suitable for 


* p-Nitrophenol-2,6-14C from Tracerlabs, Waltham, Mass. 
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Table I-Comparison of the Chromatographic Mobility of a 
Urinary Metabolite with that of Authentic 
pNitrophenylglucoside 


Solvent System 


~. 


RJO df 
of PNPG Metabolite 


I n-Butanol-pyridine-water 0.63 0.63 


I1 Benzene-acetic acid-water 0.48 0.44 


111 n-Propanol-ethyl acetate-water 0.73 0.74 


IV Methanol-formic acid-water 0.68 0.66 


V 1 N Sodium formate-formic acid 0.77 0.77 


(14:3 :3) 


(125 :72: 3) 


(7:1:2) 


(16:3 : 1) 


(200: 1) 


4 Chromatography was carried out. on Whatman No. 1 paper strips 
in a consecutive manner as described in the text. 


consecutive chromatography in several solvents and 
permits purification and characterization of an unknown 
substance by its chromatographic mobility. The paper 
chromatogram is developed in the usual manner, and 
the region with the RJ range under investigation is cut 
out as a strip. The cutout strip is then pinned at two 
opposite ends (using rustless pins) to two strips of 
chromatographic paper; a short leader-strip is for dip- 
ping into the solvent, and a long strip is for the develop- 
ment of the chromatogram. Thus assembled, the chro- 
matogram is developed in the usual manner. Again the 
region with the Rj  value of interest can be cut out from 
the chromatogram and subjected to chromatography 
in another solvent. The process can be repeated several 
times with little loss of the original material, and data 
from several solvents can be obtained from experiments 
on a single chromatographic sample of a substance. 


The method of consecutive chromatography was 
used for the detection of PNPG in the urine of PNP- 
treated mice as follows. The concentrate described pre- 
viously was chromatographed in Solvent I, n-butanol- 
pyridine-water (14 : 3 : 3), and the radioactive peak with 
the R, of PNPG was cut out and subjected to  chroma- 
tography in Solvent 11, benzene-acetic acid-water 
(125 :72 :3). Again the chromatogram that was devel- 
oped in Solvent I1 was cut up, and the radioactive peak 
with R,  of PNPG was subjected to  chromatography in 
Solvent 111, n-propanol-ethyl acetate-water (7 : 1 :2). 
The process was repeated with the chromatogram from 
each solvent in turn. Chromatography in Solvent 111 
was followed by chromatography in Solvent IV, meth- 
anol-formic acid-water (16:3 : l), and then by chroma- 
tography in Solvent V, 1 N sodium formate-formic acid 
(200: 1). The R,  values of the reference PNPG and 
radioactive metabolite were noted in each solvent, and 
the results are summarized in Table I. 


Thus, the presence of PNPG in the urine of PNP- 
treated mice was established by consecutive chroma- 
tography in five solvent systems. Data in the table show 
that in each solvent system the radioactive peak of 
metabolite behaved like PN PG. Our experiments 
showed that in the first solvent system, PNPG over- 
lapped with PNPS. However, the two components 
separated out in the second solvent system and, there- 
after, a single radioactive peak with the mobility of 
PNPG was detectable on chromatograms. The chroma- 







tographically pure PNPG was present in a small quan- 
tity and accounted for about 1-2% of the urinary 
metabolites. We also noted from our experiments that 
24-50 x of the administered PNP was excreted in urine 
in the form of metabolites of PNP in the first 5 hr., and 
that PNPGA and PNPS were the major products 
detectable on chromatograms at that time. The two 
metabolites accounted for about 95 % of the urinary 
metabolites. This observation is in accord with an 
earlier work of Robinson et al. (2). In the 5-hr. urine, 
PNPGA and PNPS appeared to be present in equal 
amounts. 


The fact that PNPG was present only in small 
amounts in the urine explains why the metabolite eluded 
detection in the past. However, low urinary excretion 
need not necessarily imply low production of this 
metabolite at all times in the body, but may be related 
to the fact that PNPG is not sufficiently acidic for exten- 
sive renal excretion. In vitro, the glucosylation pathway 
appears quite active (1). In this context perhaps it is 
significant that N-acetylglucosamine conjugation of 
steroids is also a pathway that appears to be very active 
in uitro (3), but such metabolites are detected with diffi- 
culty in mammalian urine (4). 


(1) T. Gessner and C. A. Vollmer, Fed. Proc., 28,545(1969). 
(2) D.  Robinson, J. N. Smith, and R. T. Williams, Biochem. J . ,  


(3) D. C. Collins, H. Jirku, and D. S. Layne, J. Biol. Chem., 243, 


(4) M. Arcos and S. Lieberman, Biochem. J. ,  66,2032(1967). 


50,221(1951). 


2928( 1968). 
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Total Synthesis of ( &)-Bisnorargemonine 


Keyphrases IJ (zt)-Bisnorargemonine-synthesis IJ 1R spectro- 
photometry-identification UV spectrophotometry-identifica- 
tion 0 NMR spectroscopy-identification 0 Mass spectroscopy- 
identification 


Sir: 


We had previously (1) postulated Structure I for bis- 
norargemonine based on its unambiguous NMR spec- 
trum, in which the chemical shifts of the aromatic and 
methoxyl protons appeared to be unequivocal for the 
structural assignment. Nevertheless, since a structure 
based on spectral evidence alone should be substantiated 
by synthesis, we have completed the necessary synthesis 


I 


by a 14-step procedure and an alternate 16-step pro- 
cedure. 


In the shorter synthesis, we started with the prepara- 
tion of 0-benzylvanillin, which was condensed with 
hippuric acid to  yield 5-keto-2-phenyl-4-(4’-benzyloxy- 
3’-methoxybenzylidene)-4,5-dihydroOxazole. The latter 
then was hydrolyzed with barium hydroxide to give 
3-methoxy-4-benzyloxyphenyl-pyruvic acid, which was 
readily oxidized with hydrogen peroxide to  provide the 
desired 3-methoxy-4-benzyloxyphenylacetic acid, m.p. 
114-116’ [lit. (2) m.p. 116’1. This acid was converted 
to  its acid chloride with thionyl chloride prior to re- 
action with p -methoxy - p - (3 - benzyloxy - 4 - methoxy- 
phenyl)ethylamine, which was obtained by treating the 
nitromethane adduct of 0-benzylisovanillin with sodium 
methoxide, according to Rosenmund et al. (3), to give 
1-methoxy-1-(3 - benzyloxy-4-methoxyphenyl) -2-nitro- 
ethane,’ m.p. 100-102”, which was then reduced with 
lithium aluminum hydride. The resulting amide, m.p. 
96.5-98.5 ’, was then submitted to  Bischler-Napieralski 
cyclization (4) with phosphorus oxychloride to give 
1-(3’-methoxy-4’-benzyloxybenzyl)- 6- benzyloxy-7- me- 
thoxyisoquinoline, m.p. 146-147 ’. 


Another route to this isoquinoline was achieved by 
dehydrogenation of the known 1-(3’-methoxy-4’-benzyl- 
oxybenzyl)-6-benzyloxy-7- methoxy - 1,2,3,4 - tetrahydro- 
isoquinoline ( 5 )  with 10 palladium-on-carbon and 
rebenzylation of the resulting phenolic isoquinoline with 
benzyl chloride according to  Lee and Soine (6). This 
route also served to confirm the identity of the iso- 
quinoline from the first method. The tetrahydroisoquin- 
oline was prepared, according to  Tomita and Kunimoto 
(3, by condensation of 3-methoxy-4-benzyloxyphenyl- 
acetyl chloride with ~-(3-benzyloxy-4-methoxyphenyl)- 
ethylamine. Subsequent Bischler-Napieralski cycliza- 
tion with phosphorus pentachloride gave l-(3’-methoxy- 
4’-benzyloxybenzylb6- benzyloxy -7 -methoxy - 3,4- dihy- 
droisoquinoline hydrochloride. The latter, on reduction 
with sodium borohydride in aqueous methanol, pro- 
vided the desired tetrahydroisoquinoline. 


The isoquinoline obtained by either of the two meth- 
ods then was quaternized with methyl iodide and re- 
duced with sodium borohydride in pyridine, according 
to Barton et al. (7), to yield 1-(3’-methoxy-4’-benzyl- 
oxybenzyl)-2-methyld-benzyloxy-7 -methoxy - 1,2 -dihy- 
droisoquinoline, m.p. 61-64”. Acid cyclization of this 
product, by the method of Battersby and Binks (S), 
gave (*)-bisnorargemonine, m.p. 231.5-232.5’. Except 
for melting point and rotational differences, the natural 
and synthetic compounds were shown to be identical. 
The identity of natural and synthetic materials was 
established by comparative UV, IR, NMR, and mass 


1 This compound has been prepared but not described by E. Broch- 
mann-Hanssen and K. Huai, J .  Pharm. Sci., 57,940(1968). Private com- 
munication with the authors indicates that the compound was obtained 
as a pale-yellow oil with suitable chromatographic and NMR char- 
acteristics. Oursolid product meets similar criteria and is assumed to be 
identical to their product. 
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Apparent Dose-Dependent Elimination 
Kinetics as an Experimental Artifact 


Keyphrases 0 Dose-dependent elimination kinetics, apparent- 
experimental artifact consideration 0 Plasma concentration- 
experimental blank errors 


Sir: 


It  is now known that the kinetics of elimination of 
several drugs are dose dependent. The decline in the 
plasma concentrations of some drugs is exponential 
throughout, but the apparent first-order rate constant 
for this process descreases with increasing dose (1). 
The elimination of other drugs involves one or more 
saturable processes, and semilogarithmic plots of plasma 
concentrations as a function of time curve downward 
until they attain an exponential phase which is reached 
at the same concentration irrespective of the dose (2) .  
In view of the great interest and investigative activity 
in the area of dose-dependent pharmacokinetics, it is 
appropriate to point out that errors in blank correc- 
tions can artifactually lead to the conclusion that an 
entirely linear, dose-independent system is in fact dose 
dependent and nonlinear. 


Figure 1 shows hypothetical plasma concentrations 
obtained after intravenous injection of 1, 3, and 10 
weight units of a drug which is actually eliminated by 
apparent first-order kinetics (t1l2 = 2.0 hr.), with the 
plasma concentration data describable by means of a 
one-compartment open model. However, the data 
points in the figure are, in each case, 2 mg./l. lower 
than the “real” concentrations. This would be so if, 
for a number of possible reasons, a 2 mg./l. error in the 


I I I I 


2 4 6 
HOURS 


Figure 1-Hypothetical plasma concentration data obtained after 
intravenous injection of I ,  3, and 10 weight units of a drug which is 
eliminated by apparent first-order kinetics (tm = 2 hr.), if the blank 
correction is 2 mg.11. too large. Arrows indicate apparent half-life. 
Inset: Relationship between initial plasma concentration (CO) and 
apparent halflife (“tl121’). 


blank value determination would have occurred. The 
data points thus obtained can be fitted readily to straight 
lines which yield a decreasing half-life with increasing 
dose. In the example shown, there is an almost 50% 
change in the apparent half-life. 


If plasma concentrations are determined over a 
wide concentration range, an error in the blank cor- 
rection can lead to the erroneous conclusion that 
elimination involves a combination of parallel linear 
and saturable ( i e . ,  capacity-limited) processes. Such 
systems may show an initial exponential concentration 
decline phase at  high concentrations, a subsequent 
downward curvature, and finally another exponential 
phase which is steeper than the initial exponential 
phase (2) .  This pattern is evident in Fig. 2; the figure 
shows hypothetical plasma concentration data at two 
doses (differing 10-fold) of a drug, which is actually 
eliminated by apparent first-order kinetics but where an 
error of 3 mg./l. in the blank correction causes appreci- 
able deviations from linearity. In this example, parallel 
straight lines may be fitted erroneously to the two sets of 
terminal data points, suggesting that the elimination 
kinetics above a plasma concentration of about 10 mg./ 
1. are capacity limited. 


The potential artifacts outlined in this article neces- 
sitate that considerable attention be directed to the 
correct determination of blank values. The magnitude 


Vol. 59, No. 12, December 1970 1847 







laaa R 


TIME 


Figure 2-Hypothetical plasma concentration data (e) obtained 
afrer intravenous injection of two different doses of a drug which is 
eliminated by apparent first-order kinetics, if the blank correction 
isz3ZmgJL. too large. The dashed lines represent the correct curve. 
Note the apparent parallelism o f  the straight lines fitted to the last 
three points of each set ofdata.  


and variability of the blank, relative to the lower range 
of drug concentrations encountered in the investigation, 
must be carefully considered in the pharmacokinetic 
analysis of the data. It is recommended that apparent 
dose-dependent changes in elimination-rate constants, 
as shown in Fig. 1, be tested statistically for lack of 
parallelism of the respective log concentration uersus 
time curves in the same concentration range. Where 
plasma concentration data show the pattern presented 
in Fig. 2, it is best to focus attention on the plasma con- 
centration and/or urinary excretion pattern of the me- 
tabolite that is presumed to be subject to capacity-limited 
formation. 


An underestimation of blank values, resulting in 
higher than correct drug concentration data, has ex- 
actly the opposite effects as those described here. Ap- 
parent first-order elimination-rate constants may be 
mistakenly assumed to increase with increasing dose [a 
type of kinetics that can actually occur due to dose- 
dependent distributional effects (3)], and a decrease in 
the slope of log drug concentration versus time curves 
with decreasing concentration might be treated as a 
linear multicompartment model or be interpreted as 
suggesting saturation of a renal tubular reabsorption 
process [a type of kinetics that can, in fact, occur (4)]. 
Thus, one must be concerned not only with the speci- 


ficity and sensitivity of an analytical method but also 
with the possibility of systematic errors in the blank 
correction. 
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Flocculation Theory and Polysorbate 80- 
Sulfaguanidine Suspensions 


Keyphrases 0 Flocculation theory-sulfaguanidine-polysorbate 
80 suspension 0 Sedimentation height-sulfaguanidine-polysor- 
bate 80 suspension 


Sir : 


Flocculation has been defined as an open network 
structure formed by aggregated suspension particles 
(1). Three possible mechanisms by which such a struc- 
ture can occur are: (a) aggregation in the secondary 
minimum which can theoretically result when the forces 
of attraction exceed the forces of repulsion (2, 3); (b)  
adsorption bridging-the aggregation of particles whose 
surface sites are occupied by segments of extended 
macromolecules; the extended molecules act as bridges 
between particles (4); and (c) chemical bridging-the 
aggregation by chemical reaction between adsorbed 
ions extending from the particle surface and media 
precipitation ions (5 ,  6) .  


In a study of the aggregation of a sulfaguanidine 
suspension with particles wetted by polysorbate 80, it 
was reported that the addition of increasing amounts of 
aluminum chloride produced a “flocculated system” 
which showed a steady increase in sedimentation height 
(7). A maximum volume was reached, and further addi- 
tions of salt produced no change in sedimentation 
height. 


Aluminum chloride at the concentrations used in the 
report could not react with the nonionic surfactant in a 
manner similar to those interactions that cause floccula- 
tion by chemical bridging. 


Polysorbate 80 has never, in our experience, shown 
the characteristics exhibited by macromolecules that 
produce floccules in suspensions; therefore, it seemed 
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In Viuo Electrometric Study of Carcinogenic 
Hydrocarbon Interaction with Mouse Epidermis 


V. F. SMOLEN, D. E. SNYDER, and R. J. ERB 


Abstract 0 A bioelectrometric technique was implemented in the 
study of 3-methylcholanthrene and benzene interaction with the 
epidermis of hairless mice. In contrast to previous studies of this 
nature, the experimental results were obtained entirely in uivo 
without causing injury to the mice. The results obtained are anal- 
ogous to titration curves of amphoteric macromolecules. Inspec- 
tion of the curves and their temporal variations following the topical 
application of the hydrocarbons revealed the induction of sig- 
nificant changes in the density of ionogenic groups affixed to the 
epidermal colloids. The carcinogenic 3-methylcholanthrene was 
observed to induce consistently a reduction of net cationic fixed- 
charge density attributable to the loss or discharge of basic nitrog- 
enous groups titratable above, at least, pH 7.4. A discussion of 
some of the possible mechanisms of this observation is presented. 
The results of the present study indicate the bioelectrometric 
method to be complementary to the more direct experimental 
techniques commonly employed. 


Key phrases 0 Carcinogenic hydrocarbon interaction-mouse epi- 
dermis 0 Epidermis, mouse-3-methylcholanthrene, benzene IJ 
3-Methylcholanthrene, benzene effects-epidermal net charge 
density IJ Bioelectrometric determination-pidermiis-hydrocarbon 
interaction 


The ability of hydrocarbons such as 3-methylchol- 
anthrene (3-MC) to induce malignantization following 
topical application to  skin has been well documented (1). 
It has been found generally that the greater the extent to  
which a hydrocarbon possessing a reactive, electron- 
rich, K-region binds to the skin, the greater is its car- 
cinogenic potency (2-4). It has also been demonstrated 
that binding occurs to protein components of mouse 
skin (5). The extent of interaction of the hydrocarbons 
varies with time (2,4-7), reaching a maximum for 3-MC 
at approximately 10 hr. (7). The binding of carcinogenic 
relative to inactive hydrocarbons has been found to be 
especially high for water-soluble proteins extracted from 
mouse skin found in a fraction termed “proteins I” (8, 
9); the in viuo binding of hydrocarbons to nucleic acids 
appears to remain in some doubt (10). It has been con- 
cluded (1 1) that oxidative biotransformation of the K- 
region of the hydrocarbons yields dicarboxylic acids 
which bind protein through amide, imide, or ester 
linkages but most probably through the formation of 
amides. 


The experimental methods employed in these previous 
investigations concerning the extent and nature of 
hydrocarbon interaction with mouse skin have been de- 
structive ; they necessitated the sacrifice of the animals, 
disintegration of the skin, and fractionation of its 
constituents. Such procedures are disadvantaged by the 
difficulty and necessity of correcting for any in uitro 
binding of the carcinogen which may occur during the 
extraction process. The observation of significant 
amounts of in uitro binding has led some authors (12) to 
conclude that carcinogens that were not bound in the 


intact tissue became bound in the process of disintegrat- 
ing the tissue. The difficulty of distinguishing between 
binding sites active in uiuo and those activated by the in 
vitro treatment of the tissue is readily apparent. Results 
obtained from the use of destructive methods have, 
therefore, been open to  question with respect to their 
verity in representing actual in vivo conditions. 


In the present study, a nondestructive bioelectro- 
metric method, previously described (13, 14), was uti- 
lized. It permitted the investigation of hydrocarbon 
interaction with mouse epidermal colloids to be ac- 
complished entirely in viuo under physiological condi- 
tions. The completely innocuous nature of the experi- 
mental procedure allows each animal to serve as its own 
control; repeated measurements can be made on the 
same animal to discern the temporal dependency of the 
induced effects. The present study was primarily under- 
taken to examine the ability of the bioelectrometric 
method to discern the effects of 3-MC on mouse skin and, 
secondarily, to determine if any responses to the 
carcinogen previously undetected when employing de- 
structive techniques could be made apparent in an all 
‘in viuo study. 


MATERIALS AND METHODS 


Methods-The electrometric method employed in the present 
study is essentially based upon the Gibbs-Donnan equilibriumt 
It involves the measurement of electrical potentials developed at the 
boundary of the tissue and a buffer solution, which may or may 
not contain the substance whose interaction is to be studied. The 
results obtained from treated surfaces are compared to untreated 
controls. 


The net density of fixed charge on the tissue surface, arising from 
the dissociation of ionogenic groups bonded or adsorbed to the 
surface, can be computed from the measured null point potentials. 
If these results are obtained under conditions of varying pH and 
plotted as a function of pH, the curves resemble, and are analogous 
to, titration curves of amphoteric macromolecules. The shape of 
these curves is dependent upon the nature of the dissociating groups, 
the presence of interacting solutes, and the state of aggregation of 
the colloids composing the tissue surface. The fixed-charge density 
on tissue surfaces and, therefore, the shape of the titration curves are 
quite sensitive to interacting substances. Variations in the curves can 
be interpreted to yield information about the extent and nature of 
the interaction. 


The verity of the measured potentials in representing the fixed- 
charge density has been established in the principal author’s 
laboratory (unpublished) as well as by others (15). The details of the 
calculation of the net fixed-charge densities and the elementary 
interpretation of titration curves have been described (13-1 5).  It has 
recently been found, in the principal author’s laboratory, that for 
human epidermis the thickness of the colloid phase, whose proper- 
ties are reflected in the electrometric measurements, is approxi- 
mately 4 p. This represents about 40% of the depth of the stratum 
corneum. Although this same determination has not been performed 
for mouse skin, which is thinner by several cellular layers, the results 
of the present study could pertain, at least, to a similar relative 
depth. 
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Figure 1-Experimental arrangement for  the determination of fixed- 
charge density of the epidermal surface of hairless mice. 


Figure 1 contains a diagram of the experimental arrangement used 
in the present investigation with hairless mice. The mice were ether- 
anesthetized and rendered immobile for the treatments and sub- 
sequent measurements by restraining them securely to a specially 
constructed mouse board prior to their recovery from the anesthetic. 
The differences of the measured potentials, used for the calculations 
of the fixed-charge density, are independent of the location of the 
reference surface on the animal, The tail of each mouse was selected 
for use in the present case because of its convenience. It was rinsed 
well with distilled water and 0.15 N NaCl and placed into the vessel 
containing the 0.15 N NaCl reference solution. The tail was not 
disturbed further during the course of the series of measurements 
corresponding to any given time. The dorsal side of the mouse was 
cleansed by swabbing with 70% ethanol, followed by a thorough, yet 
gentle, scrubbing with a solution of soap, and rinsing with distilled 
water. This cleansing procedure had previously been found to reduce 
both intrasubject and intersubject variations of the potential differ- 
ences measured under any given set of conditions (1  3). 


After cleansing, the back of the mouse between the neck and the 
tail was divided equally into three separate areas by drawing thin 
lines with an ink marker. The anterior third of the back was treated 
three times with a liberal application of benzene on a cotton swab 
and allowed to dry. The posterior third of the back was similarly 
treated with a 1 % w/v solution of 3-MC in benzene. The middle area 
was left untreated and served as the control. Immediately prior to 
the measurement of potentials from any of the areas on the mouse, 
the area was rinsed with distilled water and allowed to hydrate by 
covering with a pledget of cotton wetted with 0.15 N NaCl for ap- 
proximately 15 min. The electrical potentials were consistently read 
from the three areas in the order of benzene-treated, control, and 
3-MC-treated skin. No significant differences in measurements per- 
formed on the three skin areas prior to their treatment were observed. 


Titration curves for each treatment area on four separate mice 
corresponding to approximately 1, 4, 9, 20, 34, and 50 hr. after 
treatment were constructed over a range of pH from 1.0 to 7.4, using 
values of fixed-charge density calculated from the observed poten- 
tial differences. 


The data for a titration curve were obtained by swabbing the area 
with pH 1.0 buffer following the 15-min. soaking with 0.15 N NaC1. 
A 0.5 X 0.5-cm. piece of filter paper saturated with pH 1.0 buffer 


Table I-Significance Levels Obtained by Analysis of Variance 


Main Effects and 
Primary Interactions P 


Treatments of skin areas 0.05 
Time 0.001 
PH 0.001 
Timetreatments 0.01 
Treatment-pH N.S. 
pH-time 0.001 


_. - 
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Figure 2-The acerage relationship of the fixed-charge density of the 
epidermal surface colloids of mouse skin to pH. Each point represents 
the average of 24 determinations on four separate mice studied at 
each of six different time intervals varying from 1.1 to 50.3 hr. follow- 
ing treatment with benzene (-W-) and 1 % 3-MC solution in ben- 
zene (-A-}. The remaining curve (-0-) represenfs results oh- 
rained from the untreatedconrrol skin areas on each of the mice. 


was placed in the center of the area of interest. Despite any move- 
ment by the mouse, the paper was held firmly in place, in part by the 
weight of the calomel electrode mounted in a movable arm as- 
sembly. A potential, El ,  was continuously recorded until observed 
variations in the potentials were less than approximately 0.2 mv./ 
min.; this stability was usually achieved within 1-2 min. The 
electrode was then removed, the tip rinsed with saturated KC1 solu- 
tion, and wiped clean. Any remaining excess solution was swabbed 
from the back of the mouse. A smaller piece of filter paper, 
wetted with 0.15 N NaCl (except at pH 1.0 where a 1 : l O  
dilution of the buffer itself was used), was placed within the area 
previously covered and was followed immediately by the replace- 
ment of the electrode and the recording of a potential, E2. The 
electrode and skin surface were treated again as described, and the 
potential El was redetermined to ensure that conditions had re- 
mained constant between the time of El and E2 measurements. The 
potential difference, Ez - E l ,  termed the dilution potential, Ed, was 
computed with the average of El values which agreed within 1 .O mv. 
The Ed values allow the calculation of the fixed-charge density in the 
manner previously described (13, 14). Following pH 1.0, the 
fixed-charge densities of the epidermal surface corresponding to p H 
2.2, 3.7, 4.6, 6.0, and 7.4 were obtained from dilution potentials 
measured in the same manner using the isoosmotic buffer solutions 
of higher pH. 


Materials-The compositions of the isoosmotic buffer solutions 
have been reported earlier except for the pH 1.0 solution which 
consisted of 0.10 M HCl and 0.05 M NaCl. Spectrograde benzene 
was used. The 3-MC was supplied by Eastman Chemicals. 


Hairless, strain HRS/J mice (Jackson Labs, Bar Harbor, Maine) 
were used in the experiment. The mice were 7-week-old males. 


Corning miniature fiber-junction saturated calomel reference 
electrodes were used in conjunction with a Sargent model SR 
potentiometric recorder. The potentials were read directly from the 
recorder chart. 


Statistical calculations were conducted with the aid of an IBM 
7094 computer. 


RESULTS 


Gross Graphical and Statistical Results-The experiment can be 
described as being of three-factor, unsymmetrical design. Four 
responses, corresponding to the replicate determinations of the 
dilution potential on four individual mice, were recorded for each 
factor level. The determinations were made at 1.1, 4.8, 9.4, 20.4, 
34.0, and 50.3 hr. and at pH 1.0, 2.2, 2.9, 3.9, 4.6, 6.0, and 7.4 
on each of the treated and control areas on the mice. Significance 
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Figure 3-The relationship of rhe net .fixed-charge density of hair- 
less mouse epidermis, averaged over pH,  to ihe time following treat- 
ment of the skin with benzene (--.-), I % 3-MC in benzene solution 
(-A-), as well as for untreated control skin (-0-). Each point is 
the average of 28 determinations on four different mice. 


levels, resulting from an analysis of variance, for the main effects 
and primary interactions are shown in Table I ;  p > 0.05 was taken as 
not significant (N.S.). Some of the effects listed in Table I are graphi- 
cally illustrated in Figs. 2 4 .  In Fig. 2, the fixed-charge densities 
plotted at each pH are averages of the values calculated from ob- 
served Ed values at each time and for each mouse. The relatively 
parallel nature of the titration curves corresponding to each treat- 
ment over considerable ranges of pH illustrates the insensitivity of 
the treatment effects to pH. The relatively small vertical distances 
between the curves and their crossing can account for the compara- 
tively low order of significance of the treatments. Figure 3 is similar 
to Fig. 2, except the values of the fixed-charge densities are averaged 
over pH and plotted as a function of time. The pronounced effect of 
3-MC, relative to the benzene control, is clearly evident for the 
majority of the time course of the study. 


It is evident from Fig. 3 that a general trend toward an increased 
net density of positive fixed charge on the affected colloids underlies 
the treatment-induced responses. The three curves appear to possess 
this trend in common, differing only by the superimposition of the 
treatment-induced effects. Consistent with this trend toward a net 
increase in cationic fixed-charge density, examination of the titration 
curves for the untreated control skin areas revealed later curves 


- 
LL I 
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I I 


PH 
Figure &Comparison of titration curves obtained for untreated 
mouse epidermis at 1.1 (-0-) and 50.3 (-W-) hr. Each point is 
the average of four determinations on separate mice plotted + its 
standard error. By a paired t test, the curves are significantly dif- 
ferent at p < 0.01. 


Table II-Statistical Probability Levels ( p )  Representing the Sig- 
nificance" of Observed Differences in Fixed-Charge Density of 
Benzene-Treated Mouse Epidermis, in Comparison to 1 % 3-MC 
in Benzene Solution-Treated Mouse Skin as Determined from 
Paired t Tests 


7 Time, - PH 
hr. 1.0 2 .2  2.9 3.9 4.6 6.0 7.4 


- 1 . 1  - 0.05 0.05 0.02 0.05 - 
4.8 - - 0.05 - 
9.4 - 0.01 0.001 0.02 0.05 - 


0.01 - 


- - - 
- 
- - - 20.4 - - 


34.0 - - 
50.3 - - 


- 0.01 - - - 
- - - - __ 


a Values of p > 0.05 were considered as insignificant and correspond 
to the blanks in the table. 


always to lie below earlier curves. The extreme differences in the 
curves are depicted in Fig. 4 where the 1.1- and 50.3-hr. curves are 
presented. Each point is plotted with its standard deviation. A 
paired t test revealed the curves to be significantly different at p < 
0.01. This agrees with the highly significant pH-time interaction and 
supports the reality of the underlying general trend toward posi- 
tivity. 


It can be surmised from further inspection of Fig. 3 that, relative 
to the benzene control, the treatment with 3-MC can be calculated 
from the vertical differences between the two curves to have induced 
an overall average reduction of 23% in net cationic fixed-charge 
density. Exempting the anomaly at 4.8 hr., the reduction appears to  
decline exponentially with time from 49% at 1.1 hr. to 10% at 50.3 
hr. and has an approximate half-life of 20 hr. 


To resolve more precisely the influence of pH and time on the 
effects of the benzene and 3-MC treatments, paired t tests were per- 
formed. The significance levels calculated from the tests are presented 
in Tables 11-IV, from which it is evident that the effects are mostly 
significant at 1.1 and 9.4 hr. and nearly independent of pH. The 
highly significant differences between the 3-MC (plus benzene as the 
solvent) and benzene control can partly be attributed to the an- 
tagonistic effects of benzene and 3-MC on the net density of fixed 
charge at these times. This is evident from inspection of the titration 
curves observed at 1.1 and 9.4 hr. (Figs. 5 and 6) where it can be 
seen that the benzene and 3-MC displaced curves lie on opposite 
sides of the untreated control; moreover, in Fig. 3 the benzene curve 
is observed to lie above the untreated control at 1 .1  and 9.4 hr. In 
each case a reduction of net cationic charge has been elicited by the 
3-MC while the benzene has induced an increase at these times; the 
effect of benzene has subsided, while that of 3-MC has been elevated, 
at 9.4 hr. relative to 1.1 hr. The opposite effects of benzene and 3-MC 
are only apparent at 1.1 and 9.4 hr. At all other times the effects af 
the two hydrocarbons appear additive in reducing the average net 
density of fixed cationic charge on the involved colloids. 


Superficially at least the relatively high significance of the effects 
of 3-MC at 9.4 and 1.1 hr. may be compared to the maximum in 
protein binding observed at approximately 10 hr. following treat- 
ment of mouse skin (7). That carcinogenic hydrocarbons interact 
with tissue constituents to alter cellular functions within an hour of 
their application to mouse skin has also been demonstrated (17, 18). 


The appearance and disappearance of statistically significant 
treatment effects are likely the consequences of the various simul- 


Table HI-Statistical Levels of Significance" Resulting from Paired 
t Test Comparisons of Fixed-Charge Densities of Benzene-Treated 
Mouse Epidermis with Untreated Control Skin Areas 
on the Same Mice 


- Time, -- PH 
hr. 1.0 2 .2  2.9 3.9 4.6 6.0  7.4 


1 . 1  - 0.01 0.05 0.01 0.01 - - 
0.05* 4.8 
0.01 9.4 


20.4 


- - -~ - - 
- -  0.001 - - - 


- - -  - - - - 
- - - - _ -  34.0 - 


50.3 0.05' - - - - -  - 


Q Values of p > 0.05 were assumed insignificant. b The benzene 
titration curve was observed to lie above the control. 
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Figure 5-Titration curces of hairless mouse epidermal surface ob- 
served at 1.1 hr. following treatment with benzene (-A-), I z 3- 
MCin benzene solution (-w-)~ as well as for untreared control skin 
areas (-0-) on the mice. Each point represents the average of four 
dererminations on indiuidual mice. 


taneously operative rate processes affecting the observed net density 
of fixed charge in a complex manner. In some instances, it is possible 
to resolve the influence of some of these processes. 


DISCUSSION 


Analysis of the Trend toward Positivity and the Time-Dependent 
Effects of Benzene-Close inspection of the untreated control titra- 
tion curves in Fig. 4 reveals that the curves begin to diverge apprecia- 
bly beyond pH 2.2, i.e., in the range of pH where anionogenic groups 
generally become titratable. On this basis, the observed trend toward 
positivity can be attributed to a progressively increasing, time- 
dependent, net loss of anionogenic groups from the epidermal 
colloids. In contrast, a significant difference between titration curves 


-50 


A 
0 1 2 3 4 5 6 7  


Figure 6-Titration curves of hairless mouse epidermal surface oh- 
served at 9.4 hr. following treatment of the skin with benzene (-W-), 
I z 3-MC solution in benzene (--A-), as wellas for untreafed control 
skin (-@--) on the mice. Each point represents the average of four 
determinations on separate animals. 


Table IV-Statktical Levels of Significance" Resulting from Paired 
t Test Comparisons of Fixed-Charge Densities of Mouse Skin 
Treated with 1 Solution of 3-MC Relative to Untreated Control 
Skin on the Same Animals 


Time, I PH 
hr. 1.0 2.2 2.9 3 .9  4 .6  6 .0  7.4 


1 . 1  - - 
4 . 8  - - 0.02 - 
9 . 4  - 0.05 0.01 0.01 0.01 0.05 - 


- 0.05 0.05 0.01 0.02 20.4 - - 
34.0 - - - I 0.001 - 0.02 
50.3 - - 


- - - - - 
- - - 


- - - - - 


a Values ofp > 0.05 were assumed insignificant. 


at  pH 1 .O, coupled with significant vertical differences at higher pH, 
characteristically accompany a diminution of cationogenic groups 
titratable in the pH range presently studied. In this case the curves 
would also be required to approach one another and eventually 
become coincident once the pH range in which these groups are 
titratable has been exceeded. Clearly this behavior is not char- 
acteristic of the curves in Fig. 4. The loss of anionogenic groups 
from the epidermal colloids remains the only acceptable explanation 
of their behavior. 


Comparison of the benzene control with the untreated control 
curves (Figs. 5 and 6) observed at 1.1 and 9.4 hr. reveals a similar loss 
of anionogenic groups to be responsible for the benzene-induced 
effects on the fixed-charge densities of the epidermal colloids. An 
initial acceleration in the loss of anionogenic titratable groups in 
response to benzene treatment, followed by a slowing in the rate of 
subsequent loss, could account for the relatively high significant 
differences between the benzene and control curves at 1.1 hr. and the 
subsequent loss of significance at later times as the extent of aniono- 
genic group loss from the untreated control skin approaches that for 
benzene-treated skin. Since carboxyl groups are primarily titratable 
over the pH range for which the benzene-control differences are 
significant, it may be speculated that the titratable anionogenic 
groups were initially diminished by the extraction of fatty acids in 
the benzene treatment and later lost through further elutriation into 
the applied 0.15 N NaCl and buffered titrating solutions. Joseph 
et al. (19) have made similar observations on toluene-treated skin and 
derived similar conclusions regarding the effect of the organic sol- 
vent. 


It can be further hypothesized that the approach of the benzene 
curve in Fig. 3 to the control curve, in addition to being a conse- 
quence of the slowing of the benzene-induced initially accelerated 
loss of anionogenic materials, is also a result of a slower loss of 
cationogenic materials from the epidermis which becomes increas- 
ingly appreciable with time. Support for this hypothesis is gained 
from observing that beyond 1.1 hr., the benzene titration curve at pH 
1.0 consistently lies above the control, even though the only indi- 
vidual difference that is significant occurs at 50.3 hr. It has been 
demonstrated (20) that the treatment of skin with organic solvents 
removes lipoidal substances but does not directly remove hydrophilic 
materials from skin. However, such treatment predisposes their loss 
from the skin by leaching when the skin is subsequently exposed to 
water or aqueous solutions. The loss of these hydrophilk materials is 
accompanied by a lowering in the water-sorption capacity of the 
skin. It has been shown that amino groups are predominantly re- 
sponsible in affecting the water-binding capacity of skin (21). The 
water-soluble extractives from skin have been identified as nitrog- 
enous and consisting of amino acids and polypeptides (20,22). The 
pretreatment of the skin with 70z ethanol and soap may also be 
expected to have contributed to the elutriative loss of materials from 
the skin into the applied aqueous solutions. The untreated control 
skin, however, appears to have been left substantially unaffected 
with regard to changes in cationic fixed-charge density, as evidenced 
by the observation of the relatively constant values of positive fixed- 
charge density at pH 1.1 having a range of 35G-380 meq./l. 
and an overall average of 361 meq./l. The higher values consistently 
correspond to later times. 


In addition to this explication of the observed behavior of the 
control and benzene-displaced titration curves, the possibility of the 
changes resulting from the systemic absorption or lateral diffusion of 
3-MC into the control areas also exists. To reduce the possibility of 
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systemic absorption in this study, the mice were isolated between 
measurements to prevent their licking one another. Iversen and 
Evensen (16) minimize the importance of systemic absorption of the 
hydrocarbons in affecting their results. Since each treatment area 
would be equally affected by systemically absorbed materials, the 
differences observed between the skin areas could still be attributed 
to the treatments, even if systemic absorption of the hydrocarbons 
occurred to an appreciable extent. 


Reduction of Net Cationic Charge Density by 3-MC-The approxi- 
mately constant vertical distance between the 3-MC and other 
curves in Figs. 2, 5, and 6 demonstrates that the 3-MC-induced 
diminution in net fixed-cationic charge density does not appre- 
ciably rely on pH in the range studied. Such pH independence may 
be expected to result only if the affected cationic groups are titrat- 
able in an alkaline range of pH above the limit of pH 7.4 adopted 
in the present study. Such basic groups could include the guanidyl 
group of arginine, the e-amino group of lysine, a-amino groups 
(23), and some of the nitrogenous groups of purine and pyrimidine 
bases (24). It is, of course, not possible to discern the individual in- 
volvement of each of these groups in the presently observed phe- 
nomena. Provided the p K s  of the different groups are sufficiently 
separated, further information might be gained in a future study by 
extending the alkaline limit of pH and noting the region of pH at 
which the anticipated coincidence of the 3-MC- and benzene-dis- 
placed titration curves is observed. Such observations might con- 
ceivably distinguish between the involvement of a-amino, e-amino. 
and guanidyl groups. 


It could be a temptation to conclude that the observed neutraliza- 
tion of charge on the involved base-binding groups, induced by the 
action of 3-MC, results from the acylation of these groups by car- 
boxylated derivatives of the hydrocarbon. However, the observed 
up to nearly 50% involvement of the total fixed cationic groups on 
the colloids is quantitatively grossly inconsistent with the estimated 
0.001 of amino acid residues which become conjugated with 
hydrocarbons (25). The discrepancy would not be appreciably 
mitigated even if the latter percentage is corrected on the basis of 
assuming that only strongly basic side-chain amino groups interact 
with the hydrocarbons. Assuming arginine and lysine to constitute 
16.65% of the total amino acids in epidermis (26), a maximum of 
only 0.006z of their number would be directly bound to the hydro- 
carbons. Including the possibility of other binding sites as well, 
e.g., as might occur on nucleic acids, would again diminish this value 
and add further to the disagreement. A greatly potentiated elutriative 
loss of water-soluble cationic constituents from the skin, induced by 
the 3-MC, is not considered a likely mechanism for the unaccounted 
changes since the observed reduction in net cationic charge, relative 
to benzene, is maximal at 1.1 hr. As previously discussed, the extent 
of such losses by leaching increases with time. 


Although the results of the present study do not justify the estab- 
lishment of any firm conclusions regarding the mechanisms by 
which the 3-MC-induced reduction of fixed cationic charge density is 
manifested, it is certainly interesting to speculate the possibilities. 
The simplest possibility to consider is for the interaction of car- 
boxylated derivatives of 3-MC with the tissue colloids to occur 
through the action of secondary valence forces in addition 
to the formation of covalent linkages. The severity of the 
extractive procedures used in direct studies of hydrocarbon-protein 
interaction only allows the detection of the latter type of combina- 
tions. The use of the electrometric method permits changes in 
cationic fixed-charge density resulting from either type of binding to 
become demonstrative. The reversible nature of electrostatic and 
Van der Waals’ binding could conceivably allow the resolution of 
the contribution of each type of interaction to the reduction of net 
cationic charge density to be elucidated. The removal of the labile 
interacted hydrocarbon from the skin might be accomplished 
through extensive washing of the surface. The decline of the 3-MC 
effect, relative to the benzene control, could have arisen through 
such a loss of weakly bound anionic derivatives of 3-MC into the 
applied solutions. 


However, if the oxidative carboxylation of the hydrocarbon only 
occurs concomitantly with its covalent binding to protein (lo), it 
then follows that free anionic forms of the hydrocarbon would not 
be available for secondary valence force interactions with the pro- 
teins. Jf this is the case, an alternative explanation of the observed 
diminution in cationic charge density has to be sought. 


Because of its very extensive implications, an exceptionally in- 
triguing possibility is the reduction of cationic charge density result- 


ing from the operation of an allosteric mechanism (27). By this 
means, a cooperative release of protons from the affected macro- 
molecular structures could conceivably result from the interaction of 
the hydrocarbon at a paucity of cardinal sites; these sites would, 
however, control the acid-base properties of comparatively large 
numbers of proton-binding sites. Consideration of Mason’s bio- 
electronic theory (28) of carcinogenesis and Ling’s association- 
induction theory (29, 30) lends some degree of credence to  this 
conjecture. In the framework of Mason’s theory, the release of 
protons from the macromolecular structures could result from the 
formation of mobile positive holes in the protein molecules follow- 
ing the fusion of conduction bands between the macromolecules and 
the interacted hydrocarbons. Inductive and electrostatic field effects 
responsible for the release of protons could be conveyed to the basic 
side chains in a manner analogous to the mechanisms postulated by 
Ling (29). A net reduction of cationic charge on macromolecules 
may be expected to diminish their affinity for forming polysalt 
complexes with polyanions, such as polynucleotides, or cause the 
dissociatiod of such complexes already in existence (31). Such 
hydrocarbon-induced reductions of cationic charge density on 
nuclear proteins could conceivably accomplish the derepression of 
genes central to Pitot and Heidelberger’s theory of carcinogenesis 


This last hypothesis, in addition to being able to explicate the 
results observed in the present study, appears to be capable of 
integrating the various prominent theories of carcinogenesis. 
Although direct experimental evidence for the hypothesis is at pres- 
ent obviously lacking, its verity could readily be tested on the basis of 
gaining predictive evidence from both in uiuo and in uitro experi- 
mentation. This and the determination of whether the effects of 
hydrocarbon-tissue interactions involving K and L regions of the 
molecules can be distinguished by the bioelectrometric method 
could provide worthwhile objectives for future experimentation. 


(32). 


CONCLUSIONS 


Despite the apparent need for conjecture in some instances to  
interpret the results, the utility of the bioelectrometric method as a 
tool complementary to more direct, although destructive, techniques 
by which tissue-carcinogen interactions can be studied has been 
demonstrated in the present investigation. It would be of interest in 
future studies to prolong the experiment to determine whether the 
method is capable of predicting imminent neoplasia prior to the 
appearance of morphologic evidence. 
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Acute Oral Toxicity of Dimethoate 
in Albino Rats Fed a Protein-Deficient Diet 


ELDON M. BOYD and L. F. MUIS 


Abstract 0 The oral LDso f S E  of dimethoate was found to be 
147 f 29 mg./kg., 152 f 22 mg./kg., and 358 f 9 mg./kg., respec- 
tively, in male albino rats fed for 28 days from weaning on a diet 
containing: (a)  3.5% protein as casein, (b) normal amounts of pro- 
tein as casein, and (c )  normal amounts of protein as laboratory 
chow. The toxic syndrome at the range of the LDw was 
similar in animals of all three dietary groups and consisted of 
signs of cholinergic stimulation, depression of the central nervous 
system, anorexia, hypothermia, aciduria, proteinuria, an irritant 
gastroenteritis, widespread vascular congestion, toxic degenerative 
changes, dehydration, and loss of weight in body organs. 


Keyphrases Pesticide toxicity study-rats Dimethoate-toxic- 
ity study, rats 0 Protein-deficiency effec4imethoate toxicity 0 
LDso-dimethoate 0 Toxic effects, rats4imethoate 


Dimethoate, an organophosphorus pesticide intro- 
duced in 1956, is effective as a systemic insecticide 
against pests such as houseflies, aphids, mites, and 
grasshoppers (1). It is a white crystalline solid with 
limited solubility in water but is freely soluble in cotton- 
seed oil. The formula is shown in Structure I. It is 


/OCH3 
HIC-HN-C-CH~--S-P 


I1 
0 


I 
dimethoate 


absorbed into plants and converted mainly to  the toxic 
oxygen analog (2) which is taken up by insects. Insects 
are very sensitive to  its toxic effects (3), apparently due 
to less effective detoxifying mechanisms (4), particularly 
ability to remove the methylamido group which has 
been termed the “weak link” in detoxification by in- 
sects (5 ) .  Dimethoate is readily absorbed from the 
mammalian gastrointestinal tract and biotransformed 
by conversion of the sulfur group to  the oxygen analog, 


ll\ 
S OCHI 


by hydrolysis of the methyl ester groups, and by re- 
moval of the methylamido group (2). Pretreatment of 
mice with SKF 525A lessens (3), while pretreatment with 
the hepatic enzyme-inducer phenobarbital increases 
(6), the toxicity of dimethoate. The toxic action of 
dimethoate is due to  inhibition of various body esterases 
(7). The acute oral LDjo of technical dimethoate in male 
rats has been reported to  be between 180 and 325 
mg./kg. (2). Tolerance in human foods has been set a t  
2 p.p.m. (8). 


The World Health Organization concluded that further 
studies were desirable on the worldwide use of di- 
methoate (2) and requested the authors to investigate 
its acute oral toxicity in albino rats fed from weaning 
on diets deficient in protein. The present communica- 
tion is a report of such studies. 


EXPERIMENTAL 


The experiments were performed on male albino rats of a Wistar 
strain.’ Group I consisted of 137 weanlings, weighing 50-60 g., 
fed Protein Test Diet-Low2 which contains 3.5% casein, 
81.5 % cornstarch, 8% hydrogenated cottonseed oil, 475 
salt mix USP XIV, and 3 % of an all vitamin mixture (9). A 4-week 
feeding period was selected from the studies of De Castro and Boyd 
(10) who found that weanling rats react rather violently to a protein- 
deficient diet during the first 2 weeks but adjust during the 3rd 
and 4th weeks. After 28 days of feeding, the animals weighed 50 f 5 
g. (mean f SD).  


Group I1 was a control group of 120 weanlings fed Protein 
Test Diet-Norma12 which contains 26% casein, 59% cornstarch, 
and other ingredients as in Protein Test Diet-Low. At the end 
of 28 days, their body weight was 199 =!= 18 g. 


Group 111 was a protein control group of 128 rats purchased 2 
weeks from weaning and fed a standard laboratory chow for 2 
weeks.3 This diet contains 24% protein from various plant and 


1 Obtained from Woodlyn Farms Limited, Guelph, Ontario. 
2 General Biochemicals, Chagrin F,alls, Ohio. 
3 The chow was Rockland Rat Diet (Complete), Teklad Inc., Mon- 


mouth, 111. 
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Determination of Total Iron in Hematinics 
by Atomic Absorption Spectrophotometry 


HARRIS I. TARLIN and MARTIN BATCHELDER 


Abstract 0 The total iron content of six hematinic preparations 
was determined rapidly, precisely, and accurately by atomic ab- 
sorption spectrophotometry. Hematinics comprising iron-car- 
bohydrate complexes required ashing prior to assaying by atomic 
absorption spectrophotometry while those with an iron chelate 
or simple salt structure may be determined directly by atomic 
absorption spectrophotometry. A statistical evaluation of the data 
indicated that the atomic absorption spectrophotometry method 
was equivalent to the official calorimetric and volumetric methods 
and to a classical gravimetric procedure. 


Keyphrases IJ Iron in dosage forms-analysis 0 Atomic absorp- 
tion spectroscopy-analysis 0 Colorimetric analysis-spectro- 
photometer 0 Titration-iron analysis 0 Gravimetric analysis- 
iron 


Hematinic preparations generally fall into three 
structural categories: iron*arbohydrate complexes, 
iron chelates, and iron salts. Preparations consisting of 
iron-carbohydrate complexes are usually assayed for 
total iron by a lengthy colorimetric (1) or gravimetric 
procedure.’ The usual USP (2) or N F  (3) procedure 
for determining the total iron content of iron chelates 


The procedure used in this study was a slight modification of the 
gravimetric iron assay orocedure described in most auantitative anal- 
ysis textbooks. (See H. H. Willard, N. H. Furman, and C. E. Bricker, 
“Elements of Quantitative Analysis,” 4th ed., D. Van Nostrand, Prince- 
ton, N. J., 1956, pp. 335, 336.) 


and iron salts involves a sodium thiosulfate or ceric 
sulfate titration. Extensive studies (4, 5 )  indicate that 
atomic absorption spectrophotometry (AAS) offers a 
technique for assaying iron which is relatively free from 
interfering ions. To date, no studies have been reported 
in the literature concerning the assay of total iron in 
hematinics by AAS. 


EXPERIMENTAL 


Instruments-A Perkin-Elmer model 303 double-beam spectro- 
photometer, equipped with an iron hollow cathode lamp and single- 
slot burner head, was used for all atomic absorption measurements. 
The instrument was optimized with a 10-p.p.m. standard iron 
solution. A sensitivity of 0.18 mcg./ml. for 1% absorption was 
achieved. Instrument parameters appear in Table I. All colorimetric 
measurements were carried out on a Perkin-Elmer model 202 


Table I-Instrument Parameters 


Wavelength 248.3 mp 
Hollow cathode lamp current 
Fuel 
Oxidizer 
Aspiration rate 1 . 8  ml./min. 
Slit No. 3 
Meter response No. 2 
Recorder Perkin-Elmer model No. 165 


30 ma. 
Acetylene (flow meter at 9)a 
Air (flow meter at 9p 


= Perkin-Elmer Burner Control Box No. 303-0240. 


1328 Journal of Pharmaceutical Sciences 







Table H-Analysis of Iron-Carbohydrate Complexes 


Type of Sample 


% of Labeled Amounta- -7 


-Atomic Absorption- 
Gravimetric Colorimetric Direct Ashed 


Iron-carbohydrate complex 1 
Batch 1 101.96 101.96 90.54 98-76 
Batch 2 
Batch 3 
Batch 4 
Batch 5 
Batch 6 
Batch 7 


98.86 
100.28 
102.42 
99.44 


101.32 
99.98 


98.86 
100.20 
102.40 
NAb 
NAb 
NAb 


88.84 
90.34 
94.38 
NAb 
93.12 
NAb 


101.66 
100.24 
98.72 
98.58 
98.54 
98.14 ~ ~~ 


Iron-carbohydrate complex 2 
Batch 1 100.70 97.95 84.70 96.80 
Batch 2 96.60 95.50 85.35 96.55 
Batch 3 99.05 97.63 85.55 97.05 


Iron-carbohydrate complex 3 


SD &O. 129c fO. 135d k0.334" 
Batch 1 100.01 100.78 93.12 99.84 


a Based on a minimum of two assays. b NA = not analyzed. c Based on three determinations of iron-carbohydrate complex 1. d Based on six deter- 
minations of iron-carbohydrate complex 2. 8 Based on eight determinations of iron-carbohydrate complex 2. 


double-beam UV-visible spectrophotometer using a 1-cm. Corex 
cell and a slit width of 25. 


Reagents-Iron standard solution for atomic absorption spec- 
troscopy was used.2 All other reagents were ACS, USP, or N F  
grade. Distilled water was used for all solutions. Iron standard 
solutions used for calibrations were 7, 10, and 12 mcg. Felml., 
respectively. 


PROCEDURES 


Colorimetric Method-The total iron content of the three iron- 
carbohydrate preparations was determined colorimetrically by 
the 2,2'-bipyridine method described in USP XVII (1). Calculation 
of the mg. Fe/ml. solution was according to the following equation: 


100 X 4 X -- = mg. Fe/ml. solution 


where A is the absorbance of the sample, A, is the absorbance 
of the standard; d is the density of the sample measured with a 
pycnometer at 20", and W is the weight of the sample in grams. 


Titration Method-Tablet and sustained-release capsule prepara- 
tions were assayed for iron following the USP XVII (2) sodium 
thiosulfate titration procedure. For the hard gelatin capsule, the 
NF XI1 (3) ceric sulfate titration procedure was followed. 


Gravimetric Method-Accurately weigh a portion of iron-car- 
bohydrate solution equivalent to about 90 mg. of iron into a 
platinum crucible. Ash the sample with a Meker burner for 30 
min., and dissolve the ash in a 400-ml. beaker by boiling with 75 
ml. of 6 N HC1. Dilute with water to 150-200 ml. and make alkaline 
with NH40H. Acidify with nitric acid and again make alkaline 
with an excess of NH40H. Heat to 70-80" for approximately 1 min. 
and allow to cool and stand for 2 hr. Filter through Whatman No. 
41-H filter paper and wash the precipitate thoroughly with 1 %  
NH40H. Ash the filtered precipitate in a tared platinum dish and 
determine the weight of the ash. Calculate the mg. total Fe/ml. 
solution as follows: 


0%. 1) 
d 


As W 


W A  X X d = mg. total Feiml. solution (Eq. 2) 


where W A  is the weight of the ash in grams, d is the density of 
the sample measured with a pycnometer at 20°, and W is the 
weight of the sample in grams. 


ATOMIC ABSORPTION WITH ASHING3 


Iron-Carbohydrate Preparations-Accurately weigh a portion of 
solution equivalent to about 90 mg. of Fe into a platinum crucible 


and ash for 30 min. over a Meker burner. Dissolve the ash in a 
400-ml. beaker by boiling with 75 ml. of 6 N HCI. After the solution 
is cool, transfer to a 1-1. volumetric flask and dilute to the mark 
with water. Pipet a 6.0-ml. aliquot from the 1-1. volumetric flask 
into a 50-ml. volumetric flask and dilute to the mark with water. 
Aspirate the sample against a blank consisting of 100 ml. of 6 N 
HCI prepared according to the same dilution sequence as the sample. 
Calculate the mg. Fe/ml. solution as follows: 


(FAv) ( A )  (0.001) 
W/d X l / lOOO X 6/50 (Eq' 3, mg. Fe/ml. solution = 


where FAV is the average mcg. Fe/ml./absorbance unit (deter- 
mined from standards). FAV was calculated as follows: 


znz21. = concentration of standard. mcg. Fe/ml. 
absorbance 


ZF 
= no. of standards measured 


pycnometer at 20" 


Tablet-Weigh and finely powder 20 tablets. Weigh a portion of 
powder equivalent to about 90 mg. of Fe into a platinum crucible. 
Follow the procedure used for iron-carbohydrate preparations in 
the Atomic Absorption with Ashing section starting with "and ash 
for 30 min." up to "transfer to a 1-1. volumetric flask and dilute 
to the mark with water." Filter a portion of the solution through 
Whatman No. 2 filter paper. Pipet 6.0 ml. of the filtrate into a 50- 
ml. volumetric flask, and dilute to the mark with water. After 
aspirating the sample, calculate the mg. Fe/tablet as follows: 


A = absorbance of the sample 
d = density of the sample measured with 


50 1000 average tablet weight, g. 
6 1000 sample weight, g. mg. Fe/tablet = FAV X A X - X - ~ -  X 


(Eq. 4) 


Table III-Ratio of Variance 


Critical, Calculated 
5 %  Value 


Colorimetric us. 


Colorimetric us. 


AAS direct us. 


gravimetric US. 
AAS with ashing. 3 . 8 8  1 . 8 8  


gravimetric us. 
AAS with ashingb 6.94 3.63 


AAS with ashingc 7.71 27.07 


2 Fisher Scientific. 
In all the following AAS assays, the sample was aspirated against 


a blank consisting of the appropriate volume of 6 N HCI which was 
subjected to the same dilution sequence as the sample. 


a Based on seven batches of iron-carbohydrate complex 1. 1, Based 
on three batches of iron-carbohydrate complex 2. cBased on five 
batches of iron-carbohydrate complex 1. These results showed sig- 
nificant difference at  the 0.01 level. 
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Table IV-Analysis of Tablet and Capsules 


mg. Fe/Tablet or Capsule“ - 
--Atomic Absorption- 


Type of Sample Amount of Fe Declared Titration Direct Ashed 


Tablet 40 mg./tablet 
Capsule (hard gelatin) 37.52 mg./capsule 
Capsule (sustained release) 50 mg./capsule 
SD 


39.25 
39.48 
50.11 


f 2 .  l o b  


40.48 
40.54 
52.23 


311.79~ 


38.95 
38.95 
51.71 


~ 


Q Based on a minimum of two assays. * Based on four determination of the sustained-release capsule. 


where FAF- is the average mcg. Fe/ml./absorbance unit, and A is 
the absorbance of the sample. 


Hard Gelatin Capsule and Sustained-Release Capsule-Weigh 
the contents of 20 capsules, mix thoroughly, and weigh a portion 
equivalent to about 90 mg. of Fe into a platinum crucible. Follow 
the procedure used for iron-carbohydrate preparations in the 
Atomic Absorption with Ashing section starting with “and ash for 
30 min.” up to “transfer to a 1-1. volumetric flask and dilute to the 
mark with water.” Filter a portion of the solution through Whatman 
No. 2 filter paper, pipet 6.0 ml. of the filtrate into a 50-ml. volu- 
metric flask, dilute to the mark with water, and aspirate. Calculate 
the mg. Fe/capsule as follows: 


50 1000 mg. Feicapsule = FAV X A X X looo X 


(Eq. 5) 


where FAV is the average mcg. Fe/ml./absorbance unit, and A is 
the absorbance of the sample. 


average net fill weight, g. 
sample weight, g. 


~~~ 


ATOMIC ABSORPTION BY DIRECT DILUTION 


Iron-Carbohydrate Preparations-Accurately weigh a portion of 
solution equivalent to about 90 mg. of Fe into a tared beaker. Quan- 
titatively transfer the solution to a 1-1. volumetric flask with 30 ml. of 
water, add 100 ml. of 6 N HC1, and dilute to the mark with water. 
Pipet a 6.0-ml. aliquot into a 50-ml. volumetric flask, dilute to the 
mark with water, and aspirate. Calculate the mg. Fe/ml. as de- 
scribed in the section entitled Atomic Absorption with Ashing: 
Iron-Carbohydrate Preparation. 


Tablet, Hard Capsule, and Sustained-Release Capsule-Weigh 20 
tablets or the contents of 20 capsules. Weigh a portion of tablet 
powder or capsule content equivalent to about 90 mg. of Fe and 
transfer to a 1-1. volumetric flask with 30 ml. of water. Add 100 ml. 
of 6 N HCI,‘ and dilute to the mark with water. Filter a portion 
of the solution through Whatman No. 2 filter paper, pipet 6.0 ml. 
of filtrate into a 50-ml. volumetric flask, and dilute to the mark with 
water. Aspirate the sample against a blank. Calculate the mg. Fe/ 
tablet or mg. Felcapsule as described in the section entitled Atomic 
Absorption with Ashing: Tablet or Atomic Absorption with Ashing: 
Hard Gelatin Capsule and Sustained- Release Capsule. 


In the case of individual sustained-release capsules, the following 
procedure is used. Add thecontents of one capsule to a 500-ml. 
volumetric flask. Add 50 ml. of 6 N HC1 and 100 ml. of water, 
heat until solution is effected, and dilute to the mark with water. 
Filter a portion of the solution through Whatman No. 2 filter 
paper, pipet 6.0 ml. of the filtrate into a 50-ml. volumetric flask, 
and dilute to the mark with water. Aspirate the sample against a 
blank and calculate the mg. Felcapsule as follows: 


500 50 mg. Fe/capsule = FAV X A X __ X - 1000 6 (Eq. 6) 


4 It was necessary to heat the contents of the sustained-release capsule 
to effect solution after adding 6 N HCl. The insoluble material ob- 
served was no doubt due to the coating excipients commonly used in 
sustained-release preparations. 


Table V-Recovery Studies 


z Fe 
Amount of Recovered* 
Fea Added, by Atomic 


Type of Sample mcg. Absorption 


Iron-carbohydrate complex 100 9 P  
Capsule 100 101. 6d 
Tablet 100 100.4d 


In all cases, the final concentration of the added iron was 2 mcg./ml. 
Ashed before analysis. d Assayed * Average recovery for two trials. 


directly without ashing. 


where FAV is the average mcg. Fe/ml./absorbance unit, and A is 
the absorbance of the sample. 


Recovery Study-Known amounts of iron were added to each of 
the three dosage forms studied, and the iron content was deter- 
mined by AAS. 


RESULTS AND DISCUSSION 


The assay results for the three iron-carbohydrate preparations 
are summarized in Table 11. These results show that there is a 
significant difference between iron-carbohydrate preparations 
assayed directly by AAS and those ashed prior to assay by AAS. 
Although the standard deviation of the AAS ashed method is 
greater than the colorimetric or gravimetric method, the analysis of 
variance shown in Table 111 indicates that there is no significant 
difference between the colorimetric, gravimetric, and AAS with 
ashing method. The assay results summarized in Table IV indicate 
that the tablet and capsules studied may be analyzed directly for 
iron by AAS. Table V summarizes data from the recovery study 


It is recommended that an initial study of a hematinic prepara- 
tion should consist of an ashed and a direct AAS assay procedure. 
This generally will give a measure of interferences caused by organic 
molecules that complex or chelate the iron or excipients which may 
refract or absorb light and thus interfere with the assay. 
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tographically pure PNPG was present in a small quan- 
tity and accounted for about 1-2% of the urinary 
metabolites. We also noted from our experiments that 
24-50 x of the administered PNP was excreted in urine 
in the form of metabolites of PNP in the first 5 hr., and 
that PNPGA and PNPS were the major products 
detectable on chromatograms at that time. The two 
metabolites accounted for about 95 % of the urinary 
metabolites. This observation is in accord with an 
earlier work of Robinson et al. (2). In the 5-hr. urine, 
PNPGA and PNPS appeared to be present in equal 
amounts. 


The fact that PNPG was present only in small 
amounts in the urine explains why the metabolite eluded 
detection in the past. However, low urinary excretion 
need not necessarily imply low production of this 
metabolite at all times in the body, but may be related 
to the fact that PNPG is not sufficiently acidic for exten- 
sive renal excretion. In vitro, the glucosylation pathway 
appears quite active (1). In this context perhaps it is 
significant that N-acetylglucosamine conjugation of 
steroids is also a pathway that appears to be very active 
in uitro (3), but such metabolites are detected with diffi- 
culty in mammalian urine (4). 
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Total Synthesis of ( &)-Bisnorargemonine 


Keyphrases IJ (zt)-Bisnorargemonine-synthesis IJ 1R spectro- 
photometry-identification UV spectrophotometry-identifica- 
tion 0 NMR spectroscopy-identification 0 Mass spectroscopy- 
identification 


Sir: 


We had previously (1) postulated Structure I for bis- 
norargemonine based on its unambiguous NMR spec- 
trum, in which the chemical shifts of the aromatic and 
methoxyl protons appeared to be unequivocal for the 
structural assignment. Nevertheless, since a structure 
based on spectral evidence alone should be substantiated 
by synthesis, we have completed the necessary synthesis 


I 


by a 14-step procedure and an alternate 16-step pro- 
cedure. 


In the shorter synthesis, we started with the prepara- 
tion of 0-benzylvanillin, which was condensed with 
hippuric acid to  yield 5-keto-2-phenyl-4-(4’-benzyloxy- 
3’-methoxybenzylidene)-4,5-dihydroOxazole. The latter 
then was hydrolyzed with barium hydroxide to give 
3-methoxy-4-benzyloxyphenyl-pyruvic acid, which was 
readily oxidized with hydrogen peroxide to  provide the 
desired 3-methoxy-4-benzyloxyphenylacetic acid, m.p. 
114-116’ [lit. (2) m.p. 116’1. This acid was converted 
to  its acid chloride with thionyl chloride prior to re- 
action with p -methoxy - p - (3 - benzyloxy - 4 - methoxy- 
phenyl)ethylamine, which was obtained by treating the 
nitromethane adduct of 0-benzylisovanillin with sodium 
methoxide, according to Rosenmund et al. (3), to give 
1-methoxy-1-(3 - benzyloxy-4-methoxyphenyl) -2-nitro- 
ethane,’ m.p. 100-102”, which was then reduced with 
lithium aluminum hydride. The resulting amide, m.p. 
96.5-98.5 ’, was then submitted to  Bischler-Napieralski 
cyclization (4) with phosphorus oxychloride to give 
1-(3’-methoxy-4’-benzyloxybenzyl)- 6- benzyloxy-7- me- 
thoxyisoquinoline, m.p. 146-147 ’. 


Another route to this isoquinoline was achieved by 
dehydrogenation of the known 1-(3’-methoxy-4’-benzyl- 
oxybenzyl)-6-benzyloxy-7- methoxy - 1,2,3,4 - tetrahydro- 
isoquinoline ( 5 )  with 10 palladium-on-carbon and 
rebenzylation of the resulting phenolic isoquinoline with 
benzyl chloride according to  Lee and Soine (6). This 
route also served to confirm the identity of the iso- 
quinoline from the first method. The tetrahydroisoquin- 
oline was prepared, according to  Tomita and Kunimoto 
(3, by condensation of 3-methoxy-4-benzyloxyphenyl- 
acetyl chloride with ~-(3-benzyloxy-4-methoxyphenyl)- 
ethylamine. Subsequent Bischler-Napieralski cycliza- 
tion with phosphorus pentachloride gave l-(3’-methoxy- 
4’-benzyloxybenzylb6- benzyloxy -7 -methoxy - 3,4- dihy- 
droisoquinoline hydrochloride. The latter, on reduction 
with sodium borohydride in aqueous methanol, pro- 
vided the desired tetrahydroisoquinoline. 


The isoquinoline obtained by either of the two meth- 
ods then was quaternized with methyl iodide and re- 
duced with sodium borohydride in pyridine, according 
to Barton et al. (7), to yield 1-(3’-methoxy-4’-benzyl- 
oxybenzyl)-2-methyld-benzyloxy-7 -methoxy - 1,2 -dihy- 
droisoquinoline, m.p. 61-64”. Acid cyclization of this 
product, by the method of Battersby and Binks (S), 
gave (*)-bisnorargemonine, m.p. 231.5-232.5’. Except 
for melting point and rotational differences, the natural 
and synthetic compounds were shown to be identical. 
The identity of natural and synthetic materials was 
established by comparative UV, IR, NMR, and mass 


1 This compound has been prepared but not described by E. Broch- 
mann-Hanssen and K. Huai, J .  Pharm. Sci., 57,940(1968). Private com- 
munication with the authors indicates that the compound was obtained 
as a pale-yellow oil with suitable chromatographic and NMR char- 
acteristics. Oursolid product meets similar criteria and is assumed to be 
identical to their product. 
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spectral analyses. Such criteria left no doubt that the 
original structural assignment (1) was correct. 
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Improved Method for Measuring Output 
Potential of Specific Ion Electrodes 


Keyphrases 0 Ion electrodes, specific-output potential measure- 
ment pH meter, expanded scale-ion electrode potential output 
determination 


Sir: 


Since Frant and Ross (1) announced the invention of a 
single crystal lanthanum fluoride electrode for the 
determination of fluoride-ion activity, numerous articles 
have appeared in the literature describing applications 
of the device. It has been used to determine fluoride in 
bone (2), urine (3), chromium plating baths (4), tungsten 
(9, toothpaste (6),  and numerous other samples. 


In these methods, either an expanded scale analog or 
digital pH meter was used to measure fluoride-ion 
activity electrode potential. When using an expanded 
scale pH meter, it is possible to read electrode potentials 
to about =tl mv. According to the report of Lingane 
(7), this would represent an error of =t0.017 pF unit, or 
a relative accuracy of =t 1.7 %. With a digital pH meter, 
it is possible to measure potentials to + O . l  mv., with a 
correspondingly greater relative accuracy. 


When determining the fluoride content of some 
pharmaceutical preparations without a digital pH meter, 
it was necessary in the authors’ laboratory to devise a 
method of measuring the electrode potential more ac- 


curately than can be done directly with an expanded 
scale analog instrument. This was accomplished by using 
an expanded scale pH meter as an electrometer coupling 
between the electrode and a variable range strip-chart 
recorder, which involves simply connecting the recorder 
into the appropriate electrical output jacks of the meter. 
By so doing, and by choosing the proper input range of 
the recorder, it is possible to expand almost any portion 
of a standard curve [i.e., almost any millivolt range of 
the plot: log (concentration F-) versus millivolts] to full- 
scale deflection on the chart. 


The most convenient way is to  operate the pH meter 
in the pH (expanded scale) mode. This is done to keep 
the calibration circuit of the meter activated. 


For the present work, a Corning model 10 expanded 
scale pH meter was used. While some of its character- 
istics (i.e., deactivation of the calibration circuit when 
operated in the millivolt mode) may not be common, 
simple modifications of this procedure should make it 
applicable to individual needs. 


After choosing the desired concentration range for the 
standard curve, the fluoride and reference electrodes are 
placed in the least concentrated standard sample. The 
calibration knob of the pH meter is then adjusted to  
bring the recorder pen to zero. Thus, at this concentra- 
tion, the recorder will sense a zero potential from the 
electrode. The electrodes are then placed in the most 
concentrated standard, and the span control of the 
recorder is adjusted to bring the pen to fullscale de- 
flection. To do this, the span control of the recorder 
must be infinitely variable between any two coarse span 
settings. One or two standards of intermediate concen- 
trations are then used, and the pen deflection is noted. 


When this is done, the numbers read from the chart 
become arbitrary units, not millivolts. However, the 
relationship, log (concentration F-) versus recorder read- 
ing, is still linear. The concentration range is chosen on 
the basis of a compromise between a range narrow 
enough to allow sufficient accuracy and one wide enough 
to suppress electronic noise from the electrode. In the 
authors’ laboratory, a three or fourfold concentration 
range was found reasonable. This range requires the 
recorder to have a fullscale deflection of about 1.5 mv. 


In addition to a high degree of accuracy, several 
advantages are realized with the use of the recorder: 


1. It provides a superb method of determining when 
the electrodes reach equilibrium; one need only note the 
point at which the needle ceases to drift. In extremely 
dilute solutions, equilibration time may be 30-45 min. 


2. As reported by Strinivasan and Rechnitz (8), the 
electrode was found to drift, necessitating frequent re- 
calibration. Because the slope of the calibration curve 
did not change, recalibration could be accomplished in a 
few minutes by adjusting the reading of one of the 
standard solutions to its original value on the recorder 
with the calibration knob of the pH meter. 


3. The recorder gives a graphic presentation of the 
electronic noise produced by the electrode. This can be 
significant when the recorder is operated in the 1-2 mv. 
range. With the recorder, one can read potentials in spite 
of noise. 


While work using this procedure in the authors’ 
laboratory was conducted with a fluoride electrode, the 
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Figure 2-Hypothetical plasma concentration data (e) obtained 
afrer intravenous injection of two different doses of a drug which is 
eliminated by apparent first-order kinetics, if the blank correction 
isz3ZmgJL. too large. The dashed lines represent the correct curve. 
Note the apparent parallelism o f  the straight lines fitted to the last 
three points of each set ofdata.  


and variability of the blank, relative to the lower range 
of drug concentrations encountered in the investigation, 
must be carefully considered in the pharmacokinetic 
analysis of the data. It is recommended that apparent 
dose-dependent changes in elimination-rate constants, 
as shown in Fig. 1, be tested statistically for lack of 
parallelism of the respective log concentration uersus 
time curves in the same concentration range. Where 
plasma concentration data show the pattern presented 
in Fig. 2, it is best to focus attention on the plasma con- 
centration and/or urinary excretion pattern of the me- 
tabolite that is presumed to be subject to capacity-limited 
formation. 


An underestimation of blank values, resulting in 
higher than correct drug concentration data, has ex- 
actly the opposite effects as those described here. Ap- 
parent first-order elimination-rate constants may be 
mistakenly assumed to increase with increasing dose [a 
type of kinetics that can actually occur due to dose- 
dependent distributional effects (3)], and a decrease in 
the slope of log drug concentration versus time curves 
with decreasing concentration might be treated as a 
linear multicompartment model or be interpreted as 
suggesting saturation of a renal tubular reabsorption 
process [a type of kinetics that can, in fact, occur (4)]. 
Thus, one must be concerned not only with the speci- 


ficity and sensitivity of an analytical method but also 
with the possibility of systematic errors in the blank 
correction. 
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Flocculation Theory and Polysorbate 80- 
Sulfaguanidine Suspensions 


Keyphrases 0 Flocculation theory-sulfaguanidine-polysorbate 
80 suspension 0 Sedimentation height-sulfaguanidine-polysor- 
bate 80 suspension 


Sir : 


Flocculation has been defined as an open network 
structure formed by aggregated suspension particles 
(1). Three possible mechanisms by which such a struc- 
ture can occur are: (a) aggregation in the secondary 
minimum which can theoretically result when the forces 
of attraction exceed the forces of repulsion (2, 3); (b)  
adsorption bridging-the aggregation of particles whose 
surface sites are occupied by segments of extended 
macromolecules; the extended molecules act as bridges 
between particles (4); and (c) chemical bridging-the 
aggregation by chemical reaction between adsorbed 
ions extending from the particle surface and media 
precipitation ions (5 ,  6) .  


In a study of the aggregation of a sulfaguanidine 
suspension with particles wetted by polysorbate 80, it 
was reported that the addition of increasing amounts of 
aluminum chloride produced a “flocculated system” 
which showed a steady increase in sedimentation height 
(7). A maximum volume was reached, and further addi- 
tions of salt produced no change in sedimentation 
height. 


Aluminum chloride at the concentrations used in the 
report could not react with the nonionic surfactant in a 
manner similar to those interactions that cause floccula- 
tion by chemical bridging. 


Polysorbate 80 has never, in our experience, shown 
the characteristics exhibited by macromolecules that 
produce floccules in suspensions; therefore, it seemed 
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Figure 1-Aggregation of sulfaguanidine in a suspension containing 
polysorbate 80 and aluminum chloride. Key: 0-0, from Jones 
et al. (7); and 0- - -0, this report. 


doubtful that in this experiment aggregation by adsorp- 
tion bridging would occur. 


We do not believe that the theory of long-range forces 
of attraction, classically believed to be responsible for 
aggregation in the secondary minimum, applies to the 
aggregation of hydrophilic particles (5). Since the sul- 
faguanidine covered with surfactant is a hydrophilic 
system, no flocculation will occur by mechanism a. 


What we believed likely to happen is that the dispersed 
sulfa particles settle as individual entities and/or aggre- 
gate by surfactant-water film to surfactant-water film 
interactions to settle as close packed coagula (1). In 
either or both cases, the final height could not vary in 
the manner described in the report. 


Since the properties of the system used did not appear 
to us to be capable of producing a flocculated structure 
on the basis of any of the three mechanisms enumerated, 
we studied these same systems for clarification. 


Sulfaguanidine N F  suspensions in water with poly- 
sorbate 80 and aluminum chloride were prepared in the 
exact manner described in the report (7), with the excep- 
tion that mixing was done by a magnetic stirrer. The 
results of our experiments were always a sedimentation 
to a small volume (Fig. 1). The height did not change 
over the range of aluminum chloride concentrations 
shown. The suspensions sedimented in about 3 hr. and 
the final (Hu/Ho) was measured after 24 hr. The ex- 
perimental results reported here indicate that the par- 
ticles are either in the dispersed state and/or the coagu- 
lated state (1).  


The system reported to be flocculated, i.e., to in- 
crease to approximately twice its minimum (Hu/Ho) 
height was found in this laboratory to give only a con- 
tant height under all conditions stated in the report. 
These results support our apriori assumption that floc- 
culation cannot take place in this system. 
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Carboxyl Protection Using Salt Formation 
for the Synthesis of Linear Sequential 
Polypeptides : Synthesis of Poly-(L-tyrosyl- 
L-glutam yl-L-alanylglycy1)glycine- 1 -14C 


Ethyl Ester 


Keyphrases [7 Polypeptides, linear sequential-synthesis 0 Poly- 
(L-tyrosyl-L-glutamyl-L-alanylglycy1)glycine- 1J4C ethyl ester- syn- 
thesis 0 Carboxyl protection-peptide synthesis 0 Immuno- 
chemical properties-linear sequential polypeptide 


Sir: 


The least elaborate approach to carboxyl protection 
in peptide synthesis is the use of salt formation with 
such bases as triethylamine, tributylamine, or dicy- 
clohexylamine. This method of protection seems to 
work best when an activated ester of an N-protected 
amino acid is used for the coupling reaction to amino 
acids and peptides which were carboxyl protected by 
salt formation (1 , 2). 


We have extended this method of protection to the 
synthesis of high molecular weight linear polypeptides. 
This is illustrated by a new synthesis of the antigenic 
polymer poly-(~-tyrosyl-~-glutamyl-~-alanylglycyl)gly- 
cine-l-I4C ethyl ester (Scheme I). 


The previously reported tetrapeptide (3), N-carbo- 
benzoxy-0-tert-butyl -L-tyrosyl-y -1ert-butyl -L-glutamyl- 
L-alanylglycine methyl ester (I), was saponified with 
1 equivalent of N NaOH to yield the tetrapeptide free 
acid, N-carbobenzoxy-0-tert-butyl-L-tyrosyl-y-tert- 
butyl-L-glutamyl-L-alanylglycine (11), m.p. 159-160 O, 


[a] 
And-Calcd. for C36H48N4010: C, 61.4; H, 7.1; N, 


8.2. Found: C, 61.5; H, 7.15; N, 8.1. 
Coupling I1 with pentachlorophenol, using dicy- 


clohexylcarbodiimide, yielded the tetrapeptide acti- 
vated ester, N-carbobenzoxy-O-tert-butyl-L-tyrosy1-y- 
tert-butyl-L-glutamyl-L-alanylglycine pentachlorophenyl 
ester (111), m.p. 185”, [a]g - 17.0” (c 1.06 in di- 
methylformamide). 


And-Calcd. for C41H47C15N4010: C, 52.8; H, 5.1; 
N, 6.0. Found: C, 52.6; H, 4.9; N, 6.0. 


- 10.3” (c 4.23 in dimethylformamide). 
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Acute Oral Toxicity of Dimethoate 
in Albino Rats Fed a Protein-Deficient Diet 


ELDON M. BOYD and L. F. MUIS 


Abstract 0 The oral LDso f S E  of dimethoate was found to be 
147 f 29 mg./kg., 152 f 22 mg./kg., and 358 f 9 mg./kg., respec- 
tively, in male albino rats fed for 28 days from weaning on a diet 
containing: (a)  3.5% protein as casein, (b) normal amounts of pro- 
tein as casein, and (c )  normal amounts of protein as laboratory 
chow. The toxic syndrome at the range of the LDw was 
similar in animals of all three dietary groups and consisted of 
signs of cholinergic stimulation, depression of the central nervous 
system, anorexia, hypothermia, aciduria, proteinuria, an irritant 
gastroenteritis, widespread vascular congestion, toxic degenerative 
changes, dehydration, and loss of weight in body organs. 


Keyphrases Pesticide toxicity study-rats Dimethoate-toxic- 
ity study, rats 0 Protein-deficiency effec4imethoate toxicity 0 
LDso-dimethoate 0 Toxic effects, rats4imethoate 


Dimethoate, an organophosphorus pesticide intro- 
duced in 1956, is effective as a systemic insecticide 
against pests such as houseflies, aphids, mites, and 
grasshoppers (1). It is a white crystalline solid with 
limited solubility in water but is freely soluble in cotton- 
seed oil. The formula is shown in Structure I. It is 


/OCH3 
HIC-HN-C-CH~--S-P 


I1 
0 


I 
dimethoate 


absorbed into plants and converted mainly to  the toxic 
oxygen analog (2) which is taken up by insects. Insects 
are very sensitive to  its toxic effects (3), apparently due 
to less effective detoxifying mechanisms (4), particularly 
ability to remove the methylamido group which has 
been termed the “weak link” in detoxification by in- 
sects (5 ) .  Dimethoate is readily absorbed from the 
mammalian gastrointestinal tract and biotransformed 
by conversion of the sulfur group to  the oxygen analog, 


ll\ 
S OCHI 


by hydrolysis of the methyl ester groups, and by re- 
moval of the methylamido group (2). Pretreatment of 
mice with SKF 525A lessens (3), while pretreatment with 
the hepatic enzyme-inducer phenobarbital increases 
(6), the toxicity of dimethoate. The toxic action of 
dimethoate is due to  inhibition of various body esterases 
(7). The acute oral LDjo of technical dimethoate in male 
rats has been reported to  be between 180 and 325 
mg./kg. (2). Tolerance in human foods has been set a t  
2 p.p.m. (8). 


The World Health Organization concluded that further 
studies were desirable on the worldwide use of di- 
methoate (2) and requested the authors to investigate 
its acute oral toxicity in albino rats fed from weaning 
on diets deficient in protein. The present communica- 
tion is a report of such studies. 


EXPERIMENTAL 


The experiments were performed on male albino rats of a Wistar 
strain.’ Group I consisted of 137 weanlings, weighing 50-60 g., 
fed Protein Test Diet-Low2 which contains 3.5% casein, 
81.5 % cornstarch, 8% hydrogenated cottonseed oil, 475 
salt mix USP XIV, and 3 % of an all vitamin mixture (9). A 4-week 
feeding period was selected from the studies of De Castro and Boyd 
(10) who found that weanling rats react rather violently to a protein- 
deficient diet during the first 2 weeks but adjust during the 3rd 
and 4th weeks. After 28 days of feeding, the animals weighed 50 f 5 
g. (mean f SD).  


Group I1 was a control group of 120 weanlings fed Protein 
Test Diet-Norma12 which contains 26% casein, 59% cornstarch, 
and other ingredients as in Protein Test Diet-Low. At the end 
of 28 days, their body weight was 199 =!= 18 g. 


Group 111 was a protein control group of 128 rats purchased 2 
weeks from weaning and fed a standard laboratory chow for 2 
weeks.3 This diet contains 24% protein from various plant and 


1 Obtained from Woodlyn Farms Limited, Guelph, Ontario. 
2 General Biochemicals, Chagrin F,alls, Ohio. 
3 The chow was Rockland Rat Diet (Complete), Teklad Inc., Mon- 


mouth, 111. 
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Table I-Histopathological Observations at Death from Oral 
Administration of Dimethoate to Albino Rats 


Organ Histopathology 


Adrenal glands 


Brain 


Gastrointestinal tract: 
Cardiac stomach 
Pyloric stomach 


Small bowel 


Cecum 


Colon 
Heart 


Kidneys 


Liver 


Lungs 


Muscle (ventral abdominal 
wall) 


Pancreas 


Salivary (submaxillary) 
glands 


Skin 
Spleen 
Testes 


Thymus gland 


Lipoid globules prominent, especially 


Meninges and brain hyperemic and 


Occasionally submucosa hyperemic 
Areas of ulceration of the inner half of 


the gastric glands 
Mild capillary congestion of the 


lamina propria of the villi 
Occasionally small infiltrative ulcers of 


the mucosa and submucosa 
Normal appearance 
Occasionally mild capillary congestion 


of the myocardium 
Congestion of the glomerulus and 


loop of Henle; venous stasis and 
thrombosis; occasionally debris be- 
neath Bowman’s capsule; cloudy 
swelling, fine fatty degeneration, 
and early necrosis of the convoluted 
tubules 


Sinusoidal congestion and cloudy 
swelling; fatty degeneration in ani- 
mals of Group I 


Usually capillary congestion and 
venous stasis and thrombosis 


Normal appearance 


Deficiency of zymogenic granules in 
the acinar glands 


Mucous glands shrunken; serous 
glands shrunken, granulated, and 
sometimes vacuolated 


Occasionally ischemic 
Red pulp contracted 
Deficiency of normal sperm in delayed 


deaths; inhibition of spermato- 
genesis in animals of Group I 


Loss of thymocytes, particularly in 
animals of Group I 


in zona fasciculata 


congested 


animal sources. After 2 weeks of feeding the animals weighed 171 f 
5 g. 


At the end of the dieting period, each rat was placed singly in a 
metabolism cage with water. They received no food for 16 hr. 
(overnight) to empty the stomach prior to oral administration of 
dimethoate. Technical dimethoate4 was freshly dissolved in cotton- 
seed oil USP and given intragastrically in a volume of 20 
ml./kg. body weight. Following pilot dose studies in each dietary 
group, a series of definitive doses, estimated to yield mortality 
rates from just above 0% to just below loo%, were administered 
to 10 rats per dose with 15-20 controls given cottonseed oil. 


The animal was then returned to its metabolism cage with an 
excess of diet and drinking water. Clinical signs were measured in 
units of I + to 4+ at hourly intervals during the balance of the 1st 
day and then at intervals of 24 hr. or as indicated. Body weight 
gain, food intake, water intake, colonic temperature, urinary 
volume, urinary blood, urinary glucose and protein output, and 
urinary pH were measured daily for 5 days. 


An autopsy was performed upon all dead animals, the gross 
pathology was recorded, and a microscopic examination was made 
upon any organ that appeared abnormal to gross examination. 
Histopathology was recorded at death upon all organs listed in 
Table I in representative dead animals of each dietary group. 


The wet weight of organs listed in Table I1 was measured upon 
animals which could be autopsied within 1 hr. of death to avoid 
postmortem shifts in organ weights and water levels described by 
Boyd and Knight (1 1). Water content was measured upon aliquots 
of the organs listed in Table 111 dried to constant weight in a Fisher 
forced draft isotemp oven at 95 and was calculated as grams water 
per 100 grams dry weight of tissue. 


4 Cygon, 93.3 % dimethoate, Agricultural Division, American Cyan- 
amid Co., Princeton, N. J. 


The results were analyzed statistically by the application of t 
tests to the significance of differences between means and by the 
regression of differences on dose or time. The LDjo f. SE was 
calculated by linear regression analysis of dose on response. Details 
of the method, including statistical analysis, have been reviewed 
by Boyd (12). 


RESULTS 


Data on calculated lethal doses of dimethoate are assembled in 
Table IV. The LDso in Group I is identical to that in Group 11, 
and both values are about half that in Group 111. The interval to 
death varies inversely with the dose; i.e., the higher the dose of 
dimethoate, the more rapid is the occurrence of death. The mean 
interval to death is identical in all three dietary groups. Pathological 
lesions seen on gross examination at autopsy are similar in all three 
dietary groups. 


The clinicopathological syndrome of toxicity is essentially the 
same in animals of all three dietary groups. It will be exemplified 
by describing changes in animals previously fed laboratory chow 
(Group 111) and by noting significant differences in animals of the 
other two dietary groups. 


The dominant clinical signs of toxicity during the first few hours 
are tremors, prostration, dacryorrhea, and exophthalmos (Fig. 1). 
They reach a peak of intensity during the afternoon of the 1st 
day and begin to disappear at 24 hr. A delayed clinical syndrome, 
which reaches a peak at 24 hr. (Fig. 2), consists of piloerection, 
listlessness, sialorrhea, and soiling of the fur. These clinical signs 
are accompanied by a marked inhibition of food and water intake, 
hypothermia, and marked loss of body weight (Fig. 3). At 24 and 
48 hr., all mean changes shown in Fig. 3 are significant at p < 0.01. 
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4 24 48 
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Figure 1-Mean clinical units of intensity of clinical signs which 
were dominant during the 1st day of the toxicity syndrome to oral 
administration of lethal doses of dimethoate in albino rats previously 
fedlaboratory chow. 
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Table II-Shifts in the Fresh Wet Weight of Body Organs at 
Death following Oral Administration of Dimethoate" 


Group I 
(3.5.z Group I1 Group I11 
Casein) (26% Casein) (Chow) 


plus 14 plus 14 plus 15 
Organ Controls Controls Controls 


N = 1 4  N = 1 5  N=15 


Adrenal glands 
Brain 
Gastrointestinal tract: 


Cardiac stomach 
Pyloric stomach 
Small bowel 
Cecum 
Colon 


Heart 
Kidneys 
Liver 
Lungs 
Muscle (ventral abdominal 


wall) 


glands 
Salivary (submaxillary) 


Skin 
spleen 
Testes 
Thymus gland 
Residual carcass 
Autopsy body weight 


-1.1 
-5.8*b 


- 26.2** 
-14.7** 
-4.4 
-36.8** 
-18.1** 
-3.2 
+4.3 
-16.6** 
- 17.5* 
-13.6* 


- 10.3 
-2.3 
-45.3** 
+18.7* 
- 44.4** 
-3.6 
-7.0* 


+ 15. 2**c 
-0.7 


--12.5* 
-13.4** 
-11.1 
-17.6* 
+2.8 
-9.4* 
-11.0* 
-27.8** 
- 26.0** 
-3.3 


-23.9** 
-13.9* 
-38.5** 
-13.0* 
-33.7** 
-17.2** 
-13.2** 


+13.8* 
-0.7 


-12.5* 
-I].]** 
- 18.7** 
-21.4** 
-18.4** 


-8.2** 
-23.8** 
-0.3 
- 18.6** 


+3.6 


-28.5** 
-10.4* 
-45.8** 
-1.9 
- 14.3* 
-7.2* 
- 14.0** 


0 Weight was measured in grams. The results are expressed as mean 
percent change from controls fed the same diet but given cottonseed 
oil with no dimethoate, specifically as [(%f - ~ c ) / % c ]  X 100, where x d  
is the-mean in rats given dimethoate and XC in the controls. b * indicates 
that x d - -  XC was significant at p = 0.05 to 0.02. c ** indicates that 
x d  - XC was significant a tp  = 0.01 or less. 


Significant changes in urine are indicated in Fig. 4. At 24 hr., 
there occurs an oliguria with aciduria; at 72 hr., there is a reactive 
diuresis and urinary pH returns to normal. Proteinuria, glucosuria, 


Table HI-Shifts in the Water Levels of Body Organs at Death 
from Oral Administration of Dimethoate" 


Group I Group I1 
(3.5 z (26% Group 111 
Casein) Casein) (Chow) 


plus 14 plus 14 plus 15 
Organ Controls Controls Controls 


N = 1 4  N=15 N=15 


Adrenal glands f3.6 +26.7**b +14.3*C 


Gastrointestinal tract: 
Brain -1.8 -2.2 -1.6 


Cardiac stomach -22.6** -3.3 - 16.3** 
Pyloric stomach -6.3** +4.2 -5.3* 
Small bowel -9.0** +1.3 -3.5 
Cecum -18.3** -7.7* - 1 5.6** 
Colon -10.2* -3.3 - 11.7** 


Heart -10.6** -6.9** -6.2** 
Kidneys -4.4* -5.9* -9.7** 
Liver -5.3* -0.9 -3.7* 
Lungs -24.1** -18.4** -17.3** 
Muscle (ventral abdominal 


wall) -13.4** -16.4** -9.4* 
Salivary (submaxillary) 


glands -11.9* -15.0** -22.0** 
Skin -14.1* --15.0* -11.1* 
Spleen -5.7 -1.9 -3.8 
Testes +4.1 -6.5** -8.9*" 
Thymus gland -23.0** -11.4** -15.8** 
Residual carcass -11 .1 * *  -3.6 -8.1** 


(1 Water levels were measured as grams water per 100 g. dry weight of 
tissue. The results are expressed as mean percent change from controls 
fed the same diet_and-given cottonseed oil without dimethoate, specifi- 
cally as [ (xd -._Xc)/Xc] X 100, where xd is the,meaf! in dimethoate- 
treated rats and XC in controls. * ** indicates that xd - XC was significant 
at p = 0.01 or less. c indicates that %d - YC was significant at p = 
0.05 to 0.02. 


P i  loerec t ion 


List lessness  


Soiling of f u r  


-7 
4 24 48 


HOURS AFTER DIMETHOATE 


Figure 2-Mean clinical units of intensity of clinical signs which were 
dominant at 24-48 hr. ajier oral administration of lethal doses of 
dimethoate to albino ratspreuiously fed laboratory chow. 


and hematuria begin to appear during the first 24 hr. and are 
present in survivors at 48 and 72 hr. 


The protein-deficient animals of Group I do not exhibit exoph- 
thalmos and have less hypothermia during the first few hours after 
receiving dimethoate, and piloerection is marked at this time. 
There is no delayed reaction at 24 hr., and recovery of survivors is 
rapid in Group I; growth rate, for example, returns to normal 
during the 2nd day. 


casein, the initial reaction is similar 
to that of Group I11 except that listlessness, piloerection, and 
sialorrhea are present immediately after dimethoate. Soiling 
appears at 24 hr., but there is no glycosuria or hematuria. Recovery 
is delayed to the 3rd day as in Group 111. 


Microscopically (Table I), there is a moderate, local, irritant 
gastroenteritis with ulceration in the pyloric or glandular part of 
the stomach and in the cecum. Cecal ulcers are not particularly 
common in studies of this nature. After absorption, the most com- 
mon lesion is vascular congestion. This is accompanied by de- 
generative changes in the kidneys, liver, pancreas, salivary glands, 
and testes. There is a stress reaction in the adrenal glands, spleen, 
and thymus gland and the skin is ischemic. There are signs of 
kwashiorkor due to protein deficiency in animals of Group I ,  
as indicated by impaired development of several organs. 


There is a marked loss of weight in most organs (Table 11). Loss 
of weight is particularly marked in the tissues of the gastrointestinal 
tract, liver, lungs, muscle, spleen, and thymus gland. Loss of 
weight is due in part to dehydration as shown by data summarized 
in Table 111. The changes are, in general, similar in animals of all 
three dietary groups, and the few differences which are found may 
be seen from values quoted in Tables I1 and 111. 


In Group 11, fed a diet of 26 


DISCUSSION 


The results of this investigation indicated that dimethoate was 
no more toxic to rats fed a protein-deficient diet than to controls 
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Table IV-Lethal Doses, Interval to Death, and Gross Pathology 
following Oral Administration of Lethal Doses of Dimethoate 


Group I, Group 11, Group 111, 
Protein Test Protein Test Laboratory 
Diet-Low Diet-Normal Chow 


Measurement (3.5% Casein) (26% Casein) (24% Protein) 


Estimated 
maximal 
LDo, mg./kg. 92ta 74 t 345 


LDso * SE, 
mg./kg. 147 rt 29t 152 & 22t 358 =t 9 


Estimated mini- 
mal LDloo, 
mg./kg. 202 t 230t 371 


Hours to death, 
mean & 
SD* * 17 & 4 21 * 14 22 f 9 


Gross 
pathology Congested brain Congested brain Congested brain 


Acute gastritis Acute gastritis Acute gastritis 
Renal pallor Renal pallor Hepatitis 


Hepatitis Hepatitis Pneumonitis 
Pneumonitis Pneumonitis 


a t, significantly different from results in Group 111 atp = 0.02 orjess. * *, see text for variation with dose, 


a 
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Figure 3-Significant mean differences in daily body weight gain 
(Y X 4, colonic temperature (Y X OJ), food intake (Y X I ) ,  and 
water iiifake (Y X I )  following oral adi~in~strat io~ of lethal doses 
of dimethoate to albino rats previously fed laboratory chow. Dif- 
ferences were calculated as mean percent change from controls given 
cottonseed oil, specifically as [ ( x d  - xc)/xc]-X 100, where x d  is 
the mean in dimethoate-treated animals and X, the corresponding 
mean in controls. Note ihat the ordinate units must be multiplied by 
the factors indicated in parenthesis to obtain the mean percentage 
change for daily gain in body weight and for colonic temperature. 


CHANGES 
IN U R I N E  


Volume ( Y = 1.0 1 


24 48 72 
HOURS AFTER DIMETHOATE 


Figure &Significant mean changes in the urine of albino rats pre- 
viously fed laboratory chow following oral administration of lethal 
doses of dimethoate. The ordinate units for volume, protein output, 
and pH represent mean percent change from controls calculated as in 
Fig. 3. The ordinate units for glucose output indicate milligrams per 
kilogram body weight per day since there was no glucose in the urine 
of controls given cottonseed oil. The ordinate for urinary blood in- 
dicates units of blood. The ordinate units must be multiplied by the 
factors indicated in parenthesis to obtain the mean change in each 
parameter. 


fed adequate amounts of protein as casein. Protein deficiency 
causes degenerative changes and inhibition of growth in the liver 
(10) and could be expected to limit production of hepatic detoxifying 
enzymes. This, in turn, could lessen production of the highly toxic 
oxygen analog of dimethoate. A decreased production of the 
oxygen analog could account for no increase in the toxicity of 
dimethoate in the protein-deficient rat, which is generally more 
susceptible to pesticide toxicity. 


Available data on pesticide toxicity in protein-deficient rats 
have been summarized in Table V. Dimethoate is the only pesticide 
studied which is not more toxic to the protein-deficient rat. Five 
pesticides were twice as toxic to the protein-deficient rat; the five 
were diazinon and malathion, which are organic phosphorothioates 
like dimethoate, and chlordane, endrin, and lindane, which are 
chlorinated organic insecticides. Dicophane or DDT and monuron, 
an herbicidal chloro compound, were three times as toxic. Four 
compounds were four times as toxic: chlorpropham, which is an 
herbicide related to monuron, demeton (an organic phosphoro- 
thioate), and two chlorinated insecticides (endosulfan and toxa- 
phene). Carbaryl is a physostigminelike cholinesterase inhibitor 
of the naphthyl carbamate series and was six times as toxic. Para- 
thion is a pnitrophenyl organic phosphorothioate and was eight 
times as toxic. Casterline and Williams (29) have reported parathion 
to be more toxic in young adult rats fed for 30 days on a diet con- 
taining no protein than in animals fed a diet containing 15% of 
protein as casein. Captan is a mercapto-phthalidimide related 
structurally to thalidomide and was 26 times as toxic. 
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Table V-Acute Oral LD5,, of Pesticides in Male Albino Rats Fed for 28 Days from Weaning on a Protein-Deficient Diet Containing 3.5 
Casein Compared with Values in Controls Fed a Normal Protein Diet Containing 26% Caseina 


Protein-Deficient Diet, Normal Protein Diet, Quotient: 
Pesticide Group I Group I1 II/I Reference 


Dimethoate 
Chlordane 
Diazinon 
Endrin 
Lindane 
Malathion 
Dicophane (DDT) 
Monuron 
Chlorpropham 
Demeton 
Endosulfan 
Toxaphene 
Carbaryl 
Parathion 
Captan 


147 f 29 
137 * 30 
215 f 26 


95 =t 33 
599 f 138 
165 f 34 
950 =!= 240 


2590 * 480 


24 =t 10 
80 * 19 
89 =t 11 


480 f 110 


6.69 f. 0.80 


2.13 f 0.37 


4.86=t 1.31 


152 f 22 
267 f 44 
415 f 39 


16.6 f. 3.0 
184 f. 16 


1401 * 99 
481 =!= 13 


2880 i 3iO 
10390 It 1580 


7 .62f  0.22 
102 f 16 
293 + 31 
575 f si 
37.1 f 4.9 


12600 f 2100 


1 
2 
2 
2 
2 
2 
3 
3 
4 
4 
4 
4 
6 
8 


26 


This paper 
13 
14 
15 
16 
17 
18, 19 
20 
21 
22 
23 
24 
25, 26 
27 
28 


= The LDso is expressed as mg./kg. f SE. 


The results of these investigations indicate that further studies, 
including clinical toxicology trials, should be done upon pesticides 
listed toward the bottom of Table V to determine if they present a 
particular hazard when used in countries where the diet is low in 
protein. No evidence is present in these investigations to indicate 
that such a hazard exists for pesticides listed toward the top of 
Table V. 


The type of dietary protein does not appear to be as important a 
factor contributing to augmented susceptibility to pesticides as is 
deficiency of protein. Of the pesticides listed in Table V, chlor- 
propham and monuron were twice as toxic in rats fed laboratory 
chow as in rats fed normal amounts of protein as casein, while 
dimethoate was half as toxic. Dietary soy protein in normal amounts 
has been found, in current studies, to augment the susceptibility 
of rats to certain drugs such as phenacetin. There may be signifi- 
cant differences depending upon the type of protein in a protein- 
deficient diet, a problem which has not been studied in this labora- 
tory. 


Variation in the concentration of dietary protein involves altera- 
tion in the concentration of other dietary ingredients and is usually 
accomplished by changes in the amount of carbohydrate. The type 
of carbohydrate selected is of considerable importance. Soluble 
sugars such as glucose and sucrose should not be used in large 
amounts, because they can produce dehydration and death (30), 
and, in sublethal doses, they can add to the toxicity of drugs (31). 
Starch, on the other hand, produces death only by bowel obstruc- 
tion from huge doses (32) and is nontoxic in large amounts in the 
diet. In the present study, therefore, cornstarch was used, rather 
than a sugar, to replace a lowered concentration of dietary protein. 
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Assay of Chloramphenicol 
and Its Esters in Formulations 


M. S. KARAWYA* and M. G .  GHOURAB 


Abstract 0 A method for the estimation of chloramphenicol and 
its esters in some pharmaceutical preparations is described. The 
method is based on measuring the violet color produced by the 
interaction of chloramphenicol with hydroxylamine and ferric 
chloride in an alcoholic medium. 


Keyphrases 0 Chloramphenicol, esters in dosage forms-analysis 
Colorimetric analysis-spectrophotometer 0 Hydroxylamine 


HC1, ferric chloride-color formation, chloramphenicol 


The estimation of chloramphenicol and its esters has 
been, and is still, the subject of much investigation. 
The need for further investigation is evidenced by the 
fact that most of the methods reported for the estima- 
tion of chloramphenicol are subject to difficulties during 
their application. These difficulties may be attributed 
to the unfavorable solubility of chloramphenicol or its 
derivatives in the solvent of the experiment, as in case 
of titrimetric (1) and polarographic methods (2). Most 
color reagents used in colorimetric assays (3-7) may 
interact also with the decomposition products of chlor- 
amphenicol, thus giving erroneous results. These de- 
composition products may also interfere in spectro- 
photometric methods (8). Aihara et al. (4) proposed a 
method based on measuring the color developed from 
the action of ferric chloride on the hydroxamic acid 
which is produced by the interaction of chloramphenicol 
and hydroxylamine in aqueous alkaline medium. The 
method, however, is applicable only to free chlor- 
amphenicol and not to its water-insoluble esters. 


in the present investigation, the authors used the 
hydroxylamine reaction in establishing another colori- 
metric method suitable for estimating chloramphenicol 
and its esters in various pharmaceutical forms. 


EXPERIMENTAL 


Reagents-The following were used: (a) authentic samples of 
chloramphenicol, chloramphenicol palmitate, chloramphenicol 
stearate, and chloramphenicol succinate; (b)  standard test solution 
of chloramphenicol or its esters: a 0.2 % solution of chloramphenicol 
or any of the mentioned derivatives was prepared by dissolving 100 
mg. of the sample in absolute ethanol and adjusting to 50 ml. with 
the same solvent; (c)  ethanolic hydroxylamine hydrochloride 
reagent : a saturated solution of hydroxylamine hydrochloride in 
absolute ethanol; (4 ethanolic sodium hydroxide solution: a 
saturated solution of sodium hydroxide in absolute ethanol; (e)  
ethanolic hydrochloric acid: 20 ml. of hydrochloric acid (35% 
w/v) completed to 100 ml. with absolute ethanol; (f) ferric chloride 
solution: 1 % w/v in distilled water; and (g) ethanolic succinic acid 
solution: 91.3 rng. of succinic acid dissolved in absolute ethanol and 
adjusted to  50 ml. with the same solvent. 


Analytical grade reagents were used whenever possible. 
In a spectrophotometric study of the violet color resulting from 


the action of hydroxylamine hydrochloride and ferric chloride on 
chloramphenicol, a Prolabo spectrophotometer was used. The 
optimum wavelength for the measurement was found to be 505 mp. 


Procedure-Pipet a volume of the ethanolic solution of chlor- 
amphenicol or its esters, equivalent to 1-5 mg., into a small conical 


flask. (In the case of free chloramphenicol, add 1 ml. of succinic 
acid solution.) Add 1 ml. of hydroxylamine hydrochloride solution 
to the solution in the flask, and then add 1 ml. of sodium hydroxide 
solution. Complete to 5 ml. with absolute ethanol and heat on a 
water bath at 85-95" for 5 min. Transfer the flask to a refriger- 
ator freezer and allow to stand for 15 min. Transfer the contents of 
the flask quantitatively to a 10-ml. measuring tube with the aid of 
absolute ethanol (previously cooled to the same temperature as the 
mixture) and adjust the volume to approximately 7.5 ml. Add to the 
mixture, in the following succession, 1 ml. of distilled water (cooled 
as described), 1 ml. of 20 % hydrochloric acid in absolute ethanol, 
and 0.5 ml. of ferric chloride solution; mix well. Measure the violet 
color after 2-5 min. in a 1-cm. cell at 505 mp against a blank made 
simultaneously, omitting the addition of hydroxylamine reagent. 
The results are deduced from absorbance-concentration curves of 
chloramphenicol esters according to the sample analyzed. In the 
case of the chloramphenicol base, the results are deduced by com- 
paring with standard preparations containing the same amount 
of succinic acid treated simultaneously. 


Precision of the Method-Absorbance versus concentration of 
chloramphenicol palmitate was measured and the deviation was 
1.5%. 


Mechanism of Reaction-It has been suggested (4) that hydroxyl- 
amine reacts with the amide group of chloramphenicol to give a 
hydroxamic acid. The addition of ferric ion to the hydroxamic acid 
solution produces a color (9-11) which could be utilized in the 
quantitative measurement. Feigl et al. (12) suggested that a car- 
boxylic acid cannot be converted into a hydroxamic acid by the 
action of hydroxylamine and sodium hydroxide, while its ester can 
be converted under the same conditions (Scheme I). 


RCOOR' + NH20H + NaOH -, RCO (NHONa) + 
R'OH + HnO 


RCO (NHONa) + HCl -, RCONHOH + NaCl 
Scheme 1 


The hydroxamic acid formed gives a violet color with ferric chloride 
due to the formation of a water-soluble inner complex with ferric 
ion (Scheme 11). 


H 


+ Fe+++ -, R - C  7-1 + Hi 
/NHoH 


\O 


R-C 
\\ 


O--Fe/3 
Scheme I1 


Accordingly, the esters of chloramphenicol would behave similarly. 
Range-The color produced with chloramphenicol esters obeys 


Beer's law in the range of 300-500 mcg./ml. for the palmitate, 
300-575 mcg./ml. for the stearate, and 300-485 mcg./ml. for the 
succinate. 


Reproducibility-The reproducibility of the results is measured 
by applying the proposed method on solutions of known concentra- 
tions of chloramphenicol and its esters. The results are shown in 
Table I. 


Application of the Method on Pharmaceutical Preparations- 
Extraction of Chloramphenicol and Its Derivatives-With a formu- 
lated preparation, it is necessary first to isolate chloramphenicol 
from the other accompanying ingredients. This can be accomplished 
by extracting the chloramphenicol or its derivatives by means of a 
suitable organic solvent as follows. 


Chloramphenicol eye drops contain chloramphenicol, boric 
acid, borax, and phenyl mercuric nitrate. A volume equivalent 
to 50 mg. of chloramphenicol is mixed with an equal volume of 
phosphate buffer at pH 6.5 in a separating funnel and shaken with 
successive portions of chloroform (4 X 20 ml.) until complete 
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Table I-Assay of Solutions of Known Concentration of Chloramphenicol or Its Derivatives 


-Chloramphenicol- 7 -Chloramphenicol Palmitate--- -Chloramphenicol Succinate--- 
Added Found Added Found Added Found 


Amount, Amount, Error, Amount, Amount, Error, Amount, Amount, Error, 
mcg. mcg. z mcg. mcg. z mcg. mcg. z 
~ _____ ____ ~ 


250 255.7 2 .3  300 305.7 1.9 308.1 2.7 


425 424.0 -0.2 475 471 .O  -0 .8  425 419.0 -1.4 
450 440.5 -2.1 500 491.5 -1.7 450 436.5 -3.0 


extraction is effected. The chloroform is evaporated, and the residue 
is dissolved in 50 ml. of ethanol. 


Chloramphenicol ear drops contain chloramphenicol and 
propylene glycol. A volume equivalent to 50 mg. chloramphenicol 
is directly extracted with chloroform (4 X 15 ml.), and the procedure 
described for eye drops is followed. 


Chloramphenicol suppositories contain chloramphenicol in a 
suppository base. A weight of the suppositories equivalent to  50 
mg. chloramphenicol is shaken with hot water and allowed to cool; 
the base is extracted with petroleum ether (3 X 10 ml.). The chlor- 
amphenicol remaining in the liquid is then extracted with chloro- 
form (4 X 15 ml.) and treated as previously described. 


Chloramphenicol palmitate suspension contains chloramphenicol 
palmitate and suspending, coloring, and flavoring agents. 


Chloramphenicol palmitate and streptomycin suspension con- 
tains chloramphenicol palmitate, streptomycin sulfate, and 
suspending, coloring, and flavoring agents. 


Chloramphenicol stearate suspension contains chloramphenicol 
stearate and suspending, coloring, and flavoring agents. 


A volume of each of these three suspensions equivalent to 50 mg. 
of chloramphenicol is treated as described for eye drops. 


Chloramphenicol succinate injection contains chloramphenicol 
succinate with a diluent in a powder form. An equivalent to  50 mg. 
of chloramphenicol is dissolved in 50 ml. ethanol. 


All of the formulations were supplied from freshly prepared 
batches. The resulting ethanolic solutions of chloramphenicol or its 
esters were then assayed as described under Procedure. The results 
obtained were compared with those of the Aihara et al. (4)  method, 
the spectrophotometric method (l), and the a-naphthol method 
(6). They are compiled in Table 11. 


Estimation of Chloramphenicol in Degraded Samples-The 
estimation of chloramphenicol in degraded samples of palmitate 
suspension, eye drops, and ear drops was carried out to examine 
the potentialities of the proposed method. 


Degradation of chloramphenicol was achieved by incubating 
the preparation at different temperatures for 2 months. The suspen- 
sion darkened in color and acquired a caramel-like odor. The eye 


Table 11-Percentage of Chloramphenicol and Its Esters with 
Respect to the Labeled Amounts in Different Formulations 


Spectro- 
Aihara uhoto- a-Nauh- 


drops and ear drops acquired a yellow color. The results were also 
compared with those of the spectrophotometric (1) and a-naphthol 
methods (6) and are represented in Table 111. 


RESULTS AND DISCUSSION 


The ethanol used in the experiment was found advantageous 
due to  its solubilizing effect and for increasing the sensitivity of the 
reaction. Minimum sensitivity is given by 70% ethanol and maxi- 
mum sensitivity by 90% ethanol. The performance of the inter- 
action in absolute ethanol is 5 times as sensitive as in ethanol 70 %. 
However, the presence of about 15 water is necessary to dissolve 
the resulting sodium chloride and ferric hydroxamate. To choose 
the optimum pH for the hydrolysis step, many alkalies and buffer 
solutions were tried. When using boric acid buffer (pH lo), a faint 
green, fluorescent, unstable color was produced. The addition of 
1 ml. of phosphate buffer (pH 8) together with 1 ml. of sodium 
hydroxide solution stabilized the final violet color, but the sensi- 
tivity of the reaction decreased. The use of higher concentrations 
of phosphate buffer inhibited the resulting color. Higher and lower 
concentrations of sodium hydroxide solution and hydroxylamine 
reagent were tried, and 1 ml. of saturated ethanolic solutions of each 
was found most convenient for the color formation. At concentra- 
tions below 300 mcg./ml. of chloramphenicol, another grade of 
color is formed and this does not obey Beer's law. 


The interaction was favored by heating. The time and tempera- 
ture of heating affected the sensitivity of the reaction; heating for 
5 min. at a temperature of 85-95" was found most suitable for the 
completion of the reaction. In the acidification step, the optimum 
pH was found in the range of 2.1-2.3; this was obtained by em- 
ploying 1 ml. of ethanolic 20% hydrochloric acid. Hydrochloric 
acid buffer and organic acids were found to lessen the sensitivity 
of the color. 


The intensity of the color increases greatly by cooling and reaches 
its maximum at 0" and falls to a minimum at 15". The time of 
cooling affects the intensity of the produced color; the maximum 
color is obtained after 15 min. of cooling. 


It is of great importance to  adhere to the specified amount and 
concentration of ferric chloride (0.5 ml. of 1% solution); lower 


Table 11-Percentage of Chloramphenicol with Respect to Labeled 
Amounts in Degraded Samples 


Proposed et al. *metric tho1 
Samples Method Method Method Method 


Chloramphenicol 
Ear drops 
Eye drops 
Capsules 
Suppositories 


tate 
Suspension 
Suspension and 


streptomycin 
Chloramphenicol stea- 


rate 
Suspension 


Chloramphenicol suc- 
cinate 


Injection 


Chloramphenicol palmi- 


99 
97.5 
96 
99 


101 


I05 
107 


103 


98 
102 


101 
99.8 


99 
98 
97 


100 
100  


Negative 
Negative 


Negative 


Negative 
Negative 


Negative 
Negative 


98 99.9 
98.2 97 
96.2 96 
99.5 101 


103 102 


102 97 
105 102 


107 101 


100 98 
105 101 


101 97 
102 98 


Pro- Naph- Pro- 
posed thol posed Naph- UV 
Meth- Meth- UV Meth- thol Meth- 


od od Method od Method od 


-31°- 7-45'- 


Palmitate ~ .. 


suspension 102 101 102 90 104 110 
Eye drops 97 96 98 91 96.9 101 
Ear drops 100 99 99.5 90 99.5 107 


Palmi tate 
suspension 82 110 140 76 130 


Eve droos 80 101 110 50 a a 


&r drops 64 104 130 35 a 


a Discordant results. 
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concentrations gave incomplete reactions, and higher concentra- 
tions vitiated the violet color and changed it to yellow. When 
impure ferric chloride or an unfresh solution of it was employed. 
the addition of 2 drops of hydrogen peroxide (10 vol.) restored 
and potentiated the violet color. However, excess hydrogen peroxide 
was found unfavorable as the color changed to orange. The violet 
color, produced by the action of ferric chloride, develops within 2 
min. and should be measured within 2-5 min. The color is not 
affected by light but is very sensitive to temperature. 


Free chloramphenicol gave the same reaction as the salts, but 
the sensitivity was 5 times lower ( 5  15 mg.) and the results were not 
reproducible. The addition of a carboxylic acid, however, was found 
to increase the sensitivity of the reaction. Many acids were tried, 
and succinic acid gave the highest sensitivity (53 mg.). Although 
succinic acid alone gave negative reactions with the reagent, its 
presence affected the sensitivity of the reaction. Therefore, equal 
amounts of succinic acid were added to both test and standard 
preparations. 


Due to the slight yellowish color produced by the action of 
sodium hydroxide on chloramphenicol or its esters, the blank 
experiment was done exactly like the experiment, omitting the 
addition of hydroxylamine hydrochloride reagent. 


Data presented in Table I indicate the accuracy of the proposed 
method and the reproducibility of the results. The percentage of 
error with respect to the added and found amounts (Table I) 
ranges from j ~ 2 . 1  to 2.3 in chloramphenicol, from &1.7 to 1.9 
in chloramphenicol palmitate, and from f 2.7 to 3 in chlorampheni- 
col succinate. The method was found applicable to different freshly 
formulated preparations, and the results (Table 11) are comparable 
with those of the Aihara et al. method (4), the spectrophotometric 
method, and the a-naphthol method (6). The method of Aihara 
et ul. (4), however, was not applicable to chloramphenicol esters. 
The comparison of the proposed method to the a-naphthol method 
and the spectrophotometric method on degraded samples of chlor- 
amphenicol and its palmitate produced varying results (Table 111). 
The chloramphenicol analysis of the heated preparation decreased 
with an increase in temperature in the case of the proposed method 
and increased with the other two methods. This fact indicates that 
by means of the hydroxylamine method, chloramphenicol and its 


esters can be determined, while some of the degradation products 
interfere in the results of the other two methods. In addition, the 
color produced by the a-naphthol method was not the same in all 
cases; it ranged from greenish to bluish. 
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Application of Absorbance Ratios to Analysis 
of Pharmaceuticals VI: Analysis of Binary 
Mixture Using a Reference Spectrum 


M. J. CHO and M. PERNAROWSKI 


Abstract 0 Binary mixtures may be resolved by using absorbance 
ratio values and a reference spectrum for one component in the 
mixture. The method is based on the differences between the ab- 
sorbance values for the mixture a t  any two wavelengths and the 
values for a solution containing only one component in the mixture. 
Three constants are required to resolve the mixture, but only one 
of these is an absorptivity value. Unlike the absorbance ratio 
method described in the literature, this method does not depend on 
the use of a wavelength at  which the two components in the mixture 
have identical absorptivity values. 
Keyphrases 0 Binary mixture analysis-reference spectrum 0 
Caffeine-Na benzoate-spectral characteristics 0 Absorbance 
ratios-analysis 0 UV spectrophotometry-analysis, absorbance 
ratios 


I The ratio of two absorbance values determined on the 
same solution at two different wavelengths is a constant. 
These ratios may be used to determine both the relative 


and absolute concentrations of the components in a 
binary mixture (1). However, absolute concentrations 
(w/v) cannot be determined unless one of the two wave- 
lengths chosen for the analysis represents an isoabsorp- 
tive point. 


Isoabsorptive points (those wavelengths at which 
the two components in a mixture have identical absorp- 
tivity values) are difficult to isolate. The mathematical 
derivations in the next section show that absolute 
concentration values can be obtained by analyzing the 
mixture at wavelengths that do not represent isoabsorp- 
tive points, and that the number and nature of the 
constants in the derived equations are the same as those 
associated with the absorbance ratio method of analysis 
(1). This method of analysis is based, therefore, on the 
use of two absorbance ratio values ( Q  values), one 
absorptivity value, and the differences, at two wave- 
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spectral analyses. Such criteria left no doubt that the 
original structural assignment (1) was correct. 
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Improved Method for Measuring Output 
Potential of Specific Ion Electrodes 


Keyphrases 0 Ion electrodes, specific-output potential measure- 
ment pH meter, expanded scale-ion electrode potential output 
determination 


Sir: 


Since Frant and Ross (1) announced the invention of a 
single crystal lanthanum fluoride electrode for the 
determination of fluoride-ion activity, numerous articles 
have appeared in the literature describing applications 
of the device. It has been used to determine fluoride in 
bone (2), urine (3), chromium plating baths (4), tungsten 
(9, toothpaste (6),  and numerous other samples. 


In these methods, either an expanded scale analog or 
digital pH meter was used to measure fluoride-ion 
activity electrode potential. When using an expanded 
scale pH meter, it is possible to read electrode potentials 
to about =tl mv. According to the report of Lingane 
(7), this would represent an error of =t0.017 pF unit, or 
a relative accuracy of =t 1.7 %. With a digital pH meter, 
it is possible to measure potentials to + O . l  mv., with a 
correspondingly greater relative accuracy. 


When determining the fluoride content of some 
pharmaceutical preparations without a digital pH meter, 
it was necessary in the authors’ laboratory to devise a 
method of measuring the electrode potential more ac- 


curately than can be done directly with an expanded 
scale analog instrument. This was accomplished by using 
an expanded scale pH meter as an electrometer coupling 
between the electrode and a variable range strip-chart 
recorder, which involves simply connecting the recorder 
into the appropriate electrical output jacks of the meter. 
By so doing, and by choosing the proper input range of 
the recorder, it is possible to expand almost any portion 
of a standard curve [i.e., almost any millivolt range of 
the plot: log (concentration F-) versus millivolts] to full- 
scale deflection on the chart. 


The most convenient way is to  operate the pH meter 
in the pH (expanded scale) mode. This is done to keep 
the calibration circuit of the meter activated. 


For the present work, a Corning model 10 expanded 
scale pH meter was used. While some of its character- 
istics (i.e., deactivation of the calibration circuit when 
operated in the millivolt mode) may not be common, 
simple modifications of this procedure should make it 
applicable to individual needs. 


After choosing the desired concentration range for the 
standard curve, the fluoride and reference electrodes are 
placed in the least concentrated standard sample. The 
calibration knob of the pH meter is then adjusted to  
bring the recorder pen to zero. Thus, at this concentra- 
tion, the recorder will sense a zero potential from the 
electrode. The electrodes are then placed in the most 
concentrated standard, and the span control of the 
recorder is adjusted to bring the pen to fullscale de- 
flection. To do this, the span control of the recorder 
must be infinitely variable between any two coarse span 
settings. One or two standards of intermediate concen- 
trations are then used, and the pen deflection is noted. 


When this is done, the numbers read from the chart 
become arbitrary units, not millivolts. However, the 
relationship, log (concentration F-) versus recorder read- 
ing, is still linear. The concentration range is chosen on 
the basis of a compromise between a range narrow 
enough to allow sufficient accuracy and one wide enough 
to suppress electronic noise from the electrode. In the 
authors’ laboratory, a three or fourfold concentration 
range was found reasonable. This range requires the 
recorder to have a fullscale deflection of about 1.5 mv. 


In addition to a high degree of accuracy, several 
advantages are realized with the use of the recorder: 


1. It provides a superb method of determining when 
the electrodes reach equilibrium; one need only note the 
point at which the needle ceases to drift. In extremely 
dilute solutions, equilibration time may be 30-45 min. 


2. As reported by Strinivasan and Rechnitz (8), the 
electrode was found to drift, necessitating frequent re- 
calibration. Because the slope of the calibration curve 
did not change, recalibration could be accomplished in a 
few minutes by adjusting the reading of one of the 
standard solutions to its original value on the recorder 
with the calibration knob of the pH meter. 


3. The recorder gives a graphic presentation of the 
electronic noise produced by the electrode. This can be 
significant when the recorder is operated in the 1-2 mv. 
range. With the recorder, one can read potentials in spite 
of noise. 


While work using this procedure in the authors’ 
laboratory was conducted with a fluoride electrode, the 
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method should be equally applicable to all other specific 
ion electrodes. 
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BOOKS 


REVIEWS 


Editor’s Note: While it is not usual Journal practice fo run more 
than one review on a particular book, “The Theory and Practice of 
Industrial Pharmacy” appeared to warrant a broader approach as it 
is an iniiial attempt to produce a iextbook in the area of industrial 
pharmacy. For this reason, we are providing the opinions of two re- 
viewers in the book reviews which follow. 


The Theory and Practice of Industrial Pharmacy. Vol. 1. Edited by 
LEON LACHMAN, HERBERT A. LIEBERMAN, and JOSEPH L. KANIG. 
Lea & Febiger, Philadelphia, PA 19106, 1970. xii 4- 811 pp. 
15.5 X 23 cm. Price $24.50. 
In their preface, the editors state that a good textbook on industrial 


pharmacy has been sorely needed. This is indeed the case and this 
book represents the first modern comprehensive treatment of in- 
dustrial pharmacy to be published in the English language. 


The book has three coeditors and thirty-eight contributors. As a 
result some chapters are truly outstanding and others are distinctly 
disappointing. 


The book is written in four sections. These sections deal with the 
principles of pharmaceutical processing, dosage forms, quality 
control, and industrial pharmaceutical law and structures of 
pharmaceutical companies. 


The first third of the book deals with principles of pharmaceutical 
processing and is written from a unit operations standpoint. Unit 
operations which are of particular importance in pharmaceutical 
processing are covered in separate chapters and include drying, 
mixing, milling, dispersion, clarification and filtration, compaction 
and compression, heat transfer, and fluid flow. Other specialized 
pharmaceutical processes treated are sterilization and tablet coating. 
One of the most outstanding chapters in the entire book appears to 
be very much out of place in the pharmaceutical processing or unit 
operations section and that is the chapter on biopharmaceutics. 
This chapter which was contributed by Professor Gibaldi is perhaps 
the most outstanding single chapter on the subject of biopharma- 
ceutics to have been written to this date. 


Section two treats on an individual chapter basis all of the various 
major classes of pharmaceutical dosage forms, including tablets, 
capsules, liquids, emulsions, semisolids, suspensions, suppositories, 
sterile products, aerosols, and sustained-release products. This sec- 
tion is entitled in the table of contents, “Dosage Forms: Design and 
Evaluation.” Unfortunately dosage form design principles and drug 
product evaluation are either inadequately treated or are virtually 
missing from many of the chapters in this section. For example, in 
the chapter on capsules, no mention is made of the importance of 
availability studies or methods of characterizing in uitro availabil- 
ity. In most of the chapters in this section mechanical methods of 
manufacture are stressed. In the approximate 40% of the book deal- 
ing with dosage forms the chapter on sustained-action dosage forms 
by Eriksen, the chapter on sterile products by Avis, and the chapter 
on aerosols by Sciarra are outstanding in organization and content. 
The chapter on pilot plant scale-up techniques by Michelson is also 


well done, but seems strangely out of place, not to have been located 
in part one of the book dealing with pharmaceutical processing. 


The nearly 100 pages of the book dealing with quality control 
contain two chapters coauthored by Dr. Lachman, one dealing 
with kinetic principles of stability testing and the other with quality 
assurance. These are very well written and represent a significant 
textbook compilation on these subjects to the literature. 
In the design, organization, and writing of their book the editors 


have overlooked one important aspect of industrial pharmacy to- 
day. That aspect is the role of preformulation research and the 
application of physical-chemical principles in a systematic man- 
ner for the rational design of pharmaceutical drug products and 
dosage forms. It is obvious from the examination of the table of 
contents that the authors were at some loss as to the location of the 
section on biopharmaceutics. This excellent chapter together with a 
section on preformulation, its implications in drug product design, 
and the components of a total preformulation system would have 
provided a very good foundation for the dosage form section of the 
book. Unfortunately the preformulation concept is not treated by 
the book, making the foundation for the following dosage form sec- 
tion inadequate, and accentuating the lack of total information on 
basic principles of dosage form design and evaluation. 


Even though this book contains some obvious omissions, quite 
often is incomplete on the subjects of dosage form design principles 
and evaluation, and is questionably organized in two instances, the 
book does represent a creditable and laudable effort to cover a broad 
and very difficult area. This book is recommended as a textbook for 
any advanced pharmaceutics or manufacturing graduate course. 
The book warrants consideration for elective undergraduate 
manufacturing pharmacy courses. It is doubtful that the book will 
find wide-scale acceptance as an undergraduate text based on the 
specialized subjects treated and the nature of the material being 
covered. The book should, however, have a prominent place on the 
shelf of every pharmacy school and pharmaceutical laboratory 
library. It will also undoubtedly be a valuable contribution to the 
working bookshelf of many industrial and development pharma- 
cists. 


Reviewed by Gilbert S .  Banker 
School of Pharmacy and Pharmacal Sciences 
Purdue University 
Lafayette, IN 47907 


The Theory and Practice of Industrial Pharmacy. Vol. 1 .  Edited by 
LEON LACHMAN, HERBERT A. LIEBERMAN, and JOSEPH L. KANIG. 
Lea & Febiger, Philadelphia, PA 19106, 1970. xii + 811 pp. 15.5 
X 23 cm. Price $24.50. 
The preparation of this first attempt at a text on industrial 


pharmacy was undoubtedly difficult. The very scope of the subject 
must have given rise to many hard decisions finally arrived at 
with much hesitation, breadth versus depth alone being one of the 
most weighty of these. 
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Figure 1-Aggregation of sulfaguanidine in a suspension containing 
polysorbate 80 and aluminum chloride. Key: 0-0, from Jones 
et al. (7); and 0- - -0, this report. 


doubtful that in this experiment aggregation by adsorp- 
tion bridging would occur. 


We do not believe that the theory of long-range forces 
of attraction, classically believed to be responsible for 
aggregation in the secondary minimum, applies to the 
aggregation of hydrophilic particles (5). Since the sul- 
faguanidine covered with surfactant is a hydrophilic 
system, no flocculation will occur by mechanism a. 


What we believed likely to happen is that the dispersed 
sulfa particles settle as individual entities and/or aggre- 
gate by surfactant-water film to surfactant-water film 
interactions to settle as close packed coagula (1). In 
either or both cases, the final height could not vary in 
the manner described in the report. 


Since the properties of the system used did not appear 
to us to be capable of producing a flocculated structure 
on the basis of any of the three mechanisms enumerated, 
we studied these same systems for clarification. 


Sulfaguanidine N F  suspensions in water with poly- 
sorbate 80 and aluminum chloride were prepared in the 
exact manner described in the report (7), with the excep- 
tion that mixing was done by a magnetic stirrer. The 
results of our experiments were always a sedimentation 
to a small volume (Fig. 1). The height did not change 
over the range of aluminum chloride concentrations 
shown. The suspensions sedimented in about 3 hr. and 
the final (Hu/Ho) was measured after 24 hr. The ex- 
perimental results reported here indicate that the par- 
ticles are either in the dispersed state and/or the coagu- 
lated state (1).  


The system reported to be flocculated, i.e., to in- 
crease to approximately twice its minimum (Hu/Ho) 
height was found in this laboratory to give only a con- 
tant height under all conditions stated in the report. 
These results support our apriori assumption that floc- 
culation cannot take place in this system. 
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Carboxyl Protection Using Salt Formation 
for the Synthesis of Linear Sequential 
Polypeptides : Synthesis of Poly-(L-tyrosyl- 
L-glutam yl-L-alanylglycy1)glycine- 1 -14C 


Ethyl Ester 


Keyphrases [7 Polypeptides, linear sequential-synthesis 0 Poly- 
(L-tyrosyl-L-glutamyl-L-alanylglycy1)glycine- 1J4C ethyl ester- syn- 
thesis 0 Carboxyl protection-peptide synthesis 0 Immuno- 
chemical properties-linear sequential polypeptide 


Sir: 


The least elaborate approach to carboxyl protection 
in peptide synthesis is the use of salt formation with 
such bases as triethylamine, tributylamine, or dicy- 
clohexylamine. This method of protection seems to 
work best when an activated ester of an N-protected 
amino acid is used for the coupling reaction to amino 
acids and peptides which were carboxyl protected by 
salt formation (1 , 2). 


We have extended this method of protection to the 
synthesis of high molecular weight linear polypeptides. 
This is illustrated by a new synthesis of the antigenic 
polymer poly-(~-tyrosyl-~-glutamyl-~-alanylglycyl)gly- 
cine-l-I4C ethyl ester (Scheme I). 


The previously reported tetrapeptide (3), N-carbo- 
benzoxy-0-tert-butyl -L-tyrosyl-y -1ert-butyl -L-glutamyl- 
L-alanylglycine methyl ester (I), was saponified with 
1 equivalent of N NaOH to yield the tetrapeptide free 
acid, N-carbobenzoxy-0-tert-butyl-L-tyrosyl-y-tert- 
butyl-L-glutamyl-L-alanylglycine (11), m.p. 159-160 O, 


[a] 
And-Calcd. for C36H48N4010: C, 61.4; H, 7.1; N, 


8.2. Found: C, 61.5; H, 7.15; N, 8.1. 
Coupling I1 with pentachlorophenol, using dicy- 


clohexylcarbodiimide, yielded the tetrapeptide acti- 
vated ester, N-carbobenzoxy-O-tert-butyl-L-tyrosy1-y- 
tert-butyl-L-glutamyl-L-alanylglycine pentachlorophenyl 
ester (111), m.p. 185”, [a]g - 17.0” (c 1.06 in di- 
methylformamide). 


And-Calcd. for C41H47C15N4010: C, 52.8; H, 5.1; 
N, 6.0. Found: C, 52.6; H, 4.9; N, 6.0. 


- 10.3” (c 4.23 in dimethylformamide). 
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NaOH-HZ0 
Z-Tyr-Glu-Ala-Gly-Me - 2-Tyr-Glu-Ala-Gly-OH 


I I  MeOH I I  
But yOBut 


I 
But yOBut 


11 
DCC- 


I1 - Z-Tyr-Glu-Ala-Gly-OPCP 
PCPOH I 1 


But yOBut 
I11 


HBr-AcOH 
1x1 - - HBr . H-Tyr-Glu-Aia-Gly-OPCP 


IV 
HC1. H-GIy-1-I'C-OEt 


IV---- -+ H-[Tyr-Gl~~-Ala-Gly]~--Gly-l-~~C-OEt 
TEA V 


where DCC = dicyclohexylcarbodiimide, PCP = pentachlorophenyl, and TEA = triethylamine 


Scheme I 


Treatment of I11 with anhydrous hydrogen bromide 
in glacial acetic acid removed the N-carbobenzoxy and 
the tert-butyl protecting groups to yield the polymer- 
izing unit, L-tyrosyl-L-glutamyl-L-alanylglycine penta- 
chlorophenyl ester hydrobromide (IV), m.p. 180", [a]: 
- 3.3" (c 1.83 in dimethylformamide). 


Anal.-Calcd. for C25H26BrC15N408: C, 39.1 ; H, 
3.4; N, 7.3 Found: C, 39.1; H, 3.6; N, 7.6. 


The polymerization of IV was conducted under dilute 
conditions in the presence of a preformed monomer 
glycine-I- 14C ethyl ester hydrochloride. This established 
polymerizing procedure has been shown to yield linear 
high molecular weight polypeptides (3-6) when the side 
groups are protected. In this case, the polymerizing 
unit (IV), dissolved in dimethyl sulfoxide, was added 
dropwise to a solution of gIycine-l-l*C ethyl ester hy- 
drochloridecontaining the total amount (3.5 equivalents) 
of triethylamine such that the final concentration of 
reactants was never more than 70 mmole/l. The poly- 
merization was allowed to proceed for a week, after 
which the mixture was acidified and dialyzed extensively 
for 3 days. The precipitated polypeptide, poly-(L- 
tyrosy l-~-glutamy l-~-alan ylgly cy1)glycine- 1 - 4C ethyl 
ester (V), was collected by centrifugation, converted to 
its sodium salt, and dialyzed extensively for a week 
to remove all low molecular weight materials. This 
dialyzed polymer was lyophilized, converted to the free 
acid form by acidification, and again dialyzed to remove 
all traces of salt. Radioactive assay indicated 85% in- 
corporation of the starting preformed monomer. 


And-Calcd. for Cl9Hz4N4O7+ '/2 HzO: C, 53.15; 
H, 5.85; N, 13.05. Found: C, 52.8; H, 5.9; N, 13.0. 


Filtration of the polymer through a calibrated column 
(7) of synthetic polysaccharide' (2.5 X 45 cm.), using 
a solution of 0.1 M NaCI-0.05 M NaHC03 buffer 
as eluent, indicated a molecular weight of at least 1 X 


To evaluate this method of preparing polypeptides 
with one that uses conventional protecting groups 
(3-6), a comparison was made of this polypeptide with 
that prepared using the tert-butyl ester for carboxyl 
protection (3). It was found that both polymers eluted 


105. 


1 Sephadex G-100. 
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from a column of the polysaccharide (2.5 X 45 cm.) 
in the same fractionation pattern, using a 0.1 M NaC1- 
0.05 M NaHC03 buffer as eluent. The two polymers 
were considered to be structurally identical since both 
materials were similarly antigenic in rabbits ; each 
polypeptide crossreacted with the antibodies produced 
by the other, giving the same precipitin curve which was 
similar to that previously reported (8). From this 
evidence it was concluded that this method of carboxyl 
protection is compatible with the synthesis of linear 
high molecular weight polypeptides. 


(1) D. S. Kemp and S. W. Chien, J. Amer. Chem. Soc., 89, 2743 


(2) A. Kapoor, E. J. Davis, and M. J. Graetzer, J.  Pharm. Sci., 


(3) B. J. Johnson and E. G. Trask, J. Chem. SOC., C, 1969, 


(4) B. J. Johnson, ibid., 1967, 2638. 
(5) Zbid., 1968, 3008. 
(6) Ibid., 1969, 1412. 
(7) P. Andrews, Biochem. J., 91, 222U964). 
(8) B. I. Johnson and E. G.  Trask, J.  Pharm. Sci., 59, 724(1970). 
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Aporphines V: Total Synthesis of 
(*)-Apomorphine 


Keyphrases 0 (f)-Apomorphine-total synthesis IR spectro- 
photometry-structure 0 UV spectrophotometry-structure 


Sir : 


(-)-Apomorphine [(-)-I], the semisynthetic alkaloid 
obtained by vigorous treatment of morphine with 
strong mineral acids, has found medicinal application 








Effect of Solvent Composition on Association 
between Small Organic Species 


HARALD KRISTIANSEN, MASAHIRO NAKANO*, NAOMI I. NAKANO, and TAKERU HIGUCHIt 


Abstract 0 Effects of different organic solvents on the extent of 
complex formation in binary aqueous organic solvent mixtures 
were studied by means of spectrophotometry, spectropolarimetry, 
and solubility technique. In every instance, the stability constants 
of the complexes decreased as the ratio of organic solvent to water 
increased. The complexes were much less stable in aqueous dioxane 
mixtures than in similar mixtures of water and polyhydroxy com- 
pounds such as glycerin and sucrose. These studies strongly in- 
dicate the significant contribution made by hydrophobic bonding 
to these interactions and the major role of the water structure. 


Keyphrases Organic species, small-interaction Complex 
formation-solvent composition effect c] Stability constants, com- 
plexes-solvent composition effect Solvent effect-small organic 
species interaction 


The uniqueness of water as an environment for 
biological interactions has been realized in recent years 
(1). To account for the fact that many solute molecules, 
notably polymers, associate more strongly in water than 
in organic solvents, the concept of hydrophobic bonding 
has been developed (2). The exact role played by water, 
however, is not yet fully understood. Recent studies 
of the effect of various solvents on the stability con- 
stants of the tetramethylpyrimidopteridinetetrone-N,N- 
dimethylcinnamide complex indicated that the 
complex was less than one-tenth as stable in organic 
solvents as in water (3). Weber has reported the effect 
of solvents on quenching of the fluorescence of flavins 
in the presence of complexing agents (4). The quenching 
was observed only in water and not in organic solvents, 
including formamide which is more polar than water. 


Sinanoglu and Abdulnur have undertaken theoretical 
studies on the effect of solvents on the denaturation of 
deoxyribonucleic acid (5 ,  6). They indicated that the 
main source of stability of the helical structure of the 


t I  \ 


METHANOL, VOLUME % 


Figure 1-Stability constant of ribopauin-salicylate-ion complex 
plotted against solvent composition as measured spectrophoto- 
metrically at 25". 


nucleic acid in water over organic solvents comes from 
the large surface enthalpy of water, i.e., large surface 
tension of water. Subsequently, Moser and Cassidy 
have examined the extent of quinhydrone formation 
in various mixtures of water and organic solvents and 
found a reasonable correlation between surface tension 
and the extent of complex formation (7). 


As a part of the present investigation into the nature 
of molecular association of small organic species in 
aqueous solution (3, 8-11), the authors have under- 
taken a quantitative study of the influence of various 
organic solvents in mixed solvent systems on the extent 
of complexation. The main purpose of the present 
study was to obtain additional information about the 
factors determining the stability of these complexes in 
aqueous solution. 


EXPERZMENTAL 


Materials-trans-Cinnamic acid, 3,4-dimethoxycinnamic acid, 
and 1,3,7,9-tetramethylpyrimido(5,4,g)pteridine-2,4,6,8(1H,3H,- 
7H,9H)-tetrone (abbreviated as TMPPT) were from the same 
commercial source' and were purified and used as previously 
described (12). Riboflavin, menadione, sodium salicylate, caffeine, 
sucrose, and glycerin were USP grade chemicals. Caffeine was dried 
at 105" overnight to obtain an anhydrous compound. Tryptophan2 
was recrystallized from ethanol-water. N,N-Dimethylcinnamide was 
synthesized in this laboratory (10). Methan01,~ a~etonitrile,~ ace- 
tone, and dioxane6 were reagent grade solvents. Water was purified 
by distillation in an all glass still. 


Determination of Stability Constants-The stability constants 
of 1 : 1 and 1 : 2 complexes were defined in the following way: 


where brackets refer to equilibrium concentrations. Experi- 
mental procedures and calculations of stability constants employed 
in this study are reported elsewhere; the procedures include spectro- 
photometric (13), spectropolarimetric (1 l), and solubility (12, 14) 
techniques. 


RESULTS 


Effect of Solvent Composition on Stability Constants of Com- 
plexes-Ri~oflauin-Salicylate Ion-Apparent 1 : 1 stability con- 
stants of the riboflavin-salicylate-ion complex in water-methanol 
mixtures were determined spectrophotometrically ; the results are 
shown in Fig. 1. Displacement of a fraction of water with methanol 
resulted in a steady decrease in the stability constant of the complex. 


Menadione-Caffeine-Effect of solvent composition on the 
stability constant of the menadioneecaffeine complex was also 


1 Aldrich Chemical Co., Milwaukee, Wis. 
* Sankyo Kasei Co., Tokyo, Japan. 
3 Mallinckrodt Chemical Works, St. Louis, Mo. 
4 Chemical Manufacturing Div., Fisher Scientific Co., Fair Lawn, 


6 J. T. Baker Chemical Co., Phillipsburg, N. J. 
N. J. 
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Figure 2-Stability constant of menadione-caffeine complex plotted 
against soluent composition as measured spectrophotometrically at 
2.5 O. 


investigated spectrophotometrically ; the results are shown in Fig. 2. 
A drastic decrease in stability constants with increasing methanol 
fraction is also apparent with this complex. 


Tryptophan-Caffeine-Effects of environment on the stability 
constant of this amino acid-akylxanthine complex were examined 
spectropolarimetrically. The results presented in Fig. 3 for this 
complex exhibit the same trend as observed in other systems in- 
vestigated here. 
TMPPT-3,4-Dimethoxycinnamate Ion-The stability constants 


of 1 :1 and 1 :2 complexes and formed by the interaction 
of TMPPT with 3,4-dimethoxycinnamate ion in various composi- 
tions of methanol-water mixtures were computed from the phase- 
solubility diagrams. The stability constants are presented in Fig. 4 
as a function of the solvent composition. It is apparent from the 
figure that both constants decrease with increasing fraction of 
methanol and the equilibria are highly dependent upon the solvent 
composition. 
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Figure 3-Stability constant of tryptophan-caffeine complex plotted 
against solvent composition as measured spectropolarimetrically at 
2.5 O. 
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Figure &Stability constant of I : I  complex (0) and 1 :2 compreX 
(0) of TMPPT with 3,4-dimethoxycinnamate ion plotted against 
solvent composition as measured by solubility technique at 2.5'. 


TMPPT-Cinnamate Ion-Figure 5 presents the stability con- 
stants of the TMPPT-cinnamate-ion complex (Kl:l) in both water- 
methanol mixtures and water-dioxane mixtures. These stability 
constants were determined by the solubility technique and are 
shown in Fig. 5 as a function of solvent composition. These results 
again indicate that environment plays a major role in the stability 
of the complex. Dioxane was more effective in dissociating a com- 
plex than methanol. This point was further examined as presented 
in the next section. 


Comparison of Effects of Various Solvents a t  10% Level on 
Stability Constants-Since the stability constants of the complexes 
tend to be quite low in most organic solvents, the effects of such 
solvents on stability constants can be more easily evaluated at  lower 
solvent concentrations in water. For this reason, the effects of 
various organic solvents on the stability constants of complexes 
were investigated in 10% v/v organic solvent in water. The TMPPT- 
N,N-dimethylcinnamide and menadione-caffeine complexes were 
chosen as model complexes for this purpose and studied by the 
solubility method and spectrophotometry, respectively. 


The results are shown in Table I together with the values of 
surface tension of the media. Compounds such as sucrose and 
glycerin exhibited a much less destabilizing effect on the complexes 
than the other solvents investigated. Acetonitrile, acetone, and 
dioxane displayed a larger dissociating effect than the hydroxy 
compounds, dioxane exhibiting the greatest effect among the 
solvents investigated. 


DISCUSSION 


As amply demonstrated in this study, organic solvents have an 
unfavorable effect on the stacking interactions of organic planar 
molecules in water. Thus, irrespective of the solutes investigated 
here and of the methods employed to study these interactions, a 
steady decrease in the stability of a complex was observed with 
increasing fractions of organic solvent in aqueous media. Further, 
the comparison of various organic solvents at the 10% organic 
solvent-water mixture level indicates that the destabilizing effect 
of these organic solvents depends upon the nature of solvents and 
also upon the nature of interacting molecules. 


Although interactions in pure organic solvents are greatly re- 
duced in comparison with those in water, there nevertheless exists 
some associative tendency in pure organic solvents. For instance, 
the TMPPT-N,N-dimethylcinnamide complex has a stability 
constant of 60.0 M-1 at 25" in water, whereas in pure organic 
solvents such as methanol, acetone, and dioxane, the values range 
between 2.5 and 4.6 M-' at 25" (3). Yet it is evident that an aqueous 
environment is necessary for significant interaction to take place 
between these species. The considerable stability of these complexes 
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Table I-Stability Constants of Complexes in 10% v/v Organic 
Solvent in Water at 25” 


TMPPT- Menadione- 
Organic DMCA“ Caffeine Surface 
Solvent Complex Complex Tensionb 


0 10 20 30 40 
ORGANIC SOLVENT, VOLUME % 


Figure 5-One-to-one stability constant of TMPPT-cinnamate-ion 
complex plotted against solvent composition as measured by solu- 
bility technique at 25”. Key: 0, methanol-water mixture; and A, 
dioxane-water mixture. 


in water may then be regarded as medium-facilitated interactions. 
Although the exact mechanism by which water uniquely facilitates 
this type of association is not known, it may be speculated that the 
structural feature of water plays a major role. 


With the exception of the existence of a hydrogen-bonded net- 
work, the structure of water still remains controversial. A popular 
view in recent years is to consider water as a mixture of bulky four- 
coordinated cluster and dense monomeric water (15, 16). Regarding 
the influence of solutes upon water structure, Frank outlined the 
most widely held view (15, 16). Hydrogen-bonding molecules are, in 
general, expected to alter water structure comparatively little. 
Those that cannot participate in the four-coordinated clusters, 
however, tend to break water structure. Sucrose and glycerin are 
considered to be capable of hydrogen bonding with water because 
of their polyhydroxyl groups, whereas others such as acetonitrile, 
acetone, and dioxane can be looked upon as the breakers of the 
regular structure of water. This may explain the reason why sucrose 
and glycerin are less effective in dissociating complexes than the 
nonhydroxyl solvents. 


It is interesting to compare the effect of organic solvents on the 
extent of complexation with that on the micellar properties of 
surfactants in aqueous solution. It has been observed that critical 
micelle concentration increases in a monotonic manner with in- 
creasing fraction of organic solvent in aqueous media (17, 18). 
The effect was found to be more pronounced in dioxane-water 
mixtures than in ethanol-water mixtures. Thus, the relative effects of 
dioxane and the alcohol on the micellar properties of surfactants 
are similar to those observed in the present study of complex 
formation. Since hydrophobic interaction is supposed to be re- 
sponsible for micelle formation, a similar effect of organic solvents 
on both micelle and complex formations may be reasonable, and 
hydrophobic interactions may be considered to be of importance 
for the association of solute molecules in water. 


There are two theories as to the cause of hydrophobic interaction. 
Hydrophobic bonding is attributed by some workers to the struc- 
tural restriction of water around nonpolar groups of a solute 
molecule; i.e., nonpolar groups are surrounded by an “iceberg” 
zone of water in which the orientation disorder is smaller than bulk 
water (19, 20). According to  this theory, the total number of struc- 
turally restricted water molecules will be smaller when two molecules 
are brought together than when they are separated. This leads to an 
increase in entropy upon complexation. This positive entropy term 


None 60.0 48 72.0 
Sucrosec 56.7 - 72.4 . .._.. -. . 
Glycerin 51 . O  38 72.8 
Methanol 48.7 34 58.2 
Acetonitrile 39.9 25 53.8 
Acetone 41.5 22 50.9 
Dioxane 36.1 - 45.7d 


~~ ~. 


0 N,N-Dimethylcinnarnide. b “Handbook of Chemistry and 
Physics,” 49th ed., R. C. Weast, Ed., The Chemical Rubber Co.. 
CIeveIand, Ohio, pp. 28-30. = 10% w/v. d J. Timmermans, “The Physt, 
cal-Chemical Constants of Binary Systems in Concentrated Solutions, 
vol. IV, Interscience, New York, N. Y., 1960, p. 14. 


is considered to be the major contribution to the free energy of 
hydrophobic interaction. 


The second school of thought ascribes hydrophobic interaction 
to the energy gained when two cavities accommodating two single 
molecules coalesce to one when a complex is formed (5, 6). In this 
theory the enthalpy term (i.e., negative A H )  is largely responsible 
for the favorable interaction in water. This theory thus places a 
particular emphasis upon the large surface tension of water as being 
responsible for the unique behavior of water in stabilizing complexes 
of this nature. 


Experimentally, however, negative AS for the interactions of 
simple organic species are more common than positive AS as the 
first theory suggests (11). Fitness of the second theory (enthalpy 
contribution), on the other hand, gave some suggestive trend. 
Although the extent of interaction cannot be quantitatively cone- 
lated with the surface tension of the media (Table I), surface tension 
probably is nevertheless related to a common physical property 
which also influences the intensity of hydrophobic bonding. 


Hydrophobic bonding is generally recognized as important for 
the stability of protein conformations in aqueous solution (2, 20) 
and is referred to as the intramolecular force operating between the 
nonpolar side chains of these macromolecules. It is important to 
emphasize that the systems studied in the present work are inter- 
actions between small organic species, and it may be far from 
secure at this stage to correlate the observed binding in this case 
with the behavior of large molecules in solution. While the proteins 
are denatured to varying extent in aqueous organic solvents and in 
pure organic solvents, the same cannot, of course, take place for 
the aromatic and heterocyclic species studied here. 


As was pointed out in the studies of complex formation between 
small organic molecules in aqueous solution (8, 9, 12), variation in 
the ability to bind cannot be certainly explained by hydrophobic 
forces alone. For example, it has been shown that hydroxy groups 
on benzoates and cinnamates had a strong enhancing effect on the 
observed binding in water (8, 9, 12). It is difficult to attribute this 
effect to a higher hydrophobic character of the interacting species. 
It has also been demonstrated that the contribution from flexible 
alkyl side chains was very small (12). 


The observation that the binding between organic species dis- 
solved in water apparently takes place most effectively between 
members of two large, distinct classes of structures (12) has strongly 
suggested that some selectivity must be operating among the inter- 
actants. This again tends to indicate that hydrophobic forces alone 
cannot be largely responsible, in most instances, for the observed 
binding, but rather a mechanism of some nonclassical “donor- 
acceptor” type may be operating. Also the fact that a slight change 
in molecular structure, notably by introducing substituents having 
mesomeric effects, results in substantial changes in the observed 
stability constants (8,9, 12) appears to support this hypothesis. 


Since water may be considered to participate in these inter- 
actions, a possible mechanism of the donor-acceptor type appar- 
ently should be classified as being not of the classical type but 
peculiar to water. The authors would expect that the effect of dif- 
ferent solvents on the overall stability of a classical charge-transfer 
complex should reflect competitive solvation effects. Thus, in polar 
solvents that can act as both donor and acceptor, the medium 
would be expected to solvate both free solute species and the com- 
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plex itself. The overall net effect would probably render complex 
formation less favorable in the presence of such solvents than 
in an inert solvent. 


Such available data concerning the influence of solvents on the 
stability of charge-transfer complexes suggest that these classical 
complexes in general are formed in appreciable amount only in 
nonpolar solvents. For example, the stability constants for the 
trinitrobenzene-N,N-dimethylaniline complex decrease with the 
solvents in the following order (21): cyclohexane > n-hexane, 
n-heptane > carbon tetrachloride > chloroform > s-tetrachloro- 
ethane > 1 ,Cdioxane. The stability constants in cyclohexane and 
n-hexane were 9.5 and 8.2 M-l ,  respectively. In chloroform, s- 
tetrachloroethane, and dioxane, they were of much less magnitude, 
being 1.3,0.2, and 0.15 M-l,  respectively. 


The iodine-naphthalene complex decreases in stability with the 
solvents in the following order (22): n-heptane > cyclohexane > 
carbon tetrachloride > n-hexane > chloroform. Similarly, it has 
been shown that the stability constants for the complex between 
tetrachlorophthalic anhydride and hexamethylbenzene decrease 
when the solvents are varied in the following order (23): n-hexane > 
carbon tetrachloride > dibutyl ether > benzotrifluoride > fluoro- 
benzene ‘v benzene ‘v ‘cyclohexanone. The magnitude of the 
stability constants were reported to be 260 M-l in n-hexane and 
145 M-l in carbon tetrachloride. For comparison, the constants in 
dibutyl ether, benzotrifluoride, fluorobenzene, and cyclohexanone 
were 77, 52,29, and 23 M-l,  respectively. 


In all the cited examples it is seen that in going from nonpolar 
solvents to typical polar solvents such as chloroform, s-tetrachloro- 
ethane, dibutyl ether, fluorobenzene, benzotrifluoride, cyclo- 
hexanone, and dioxane, there is a substantial decrease in the 
stability of the charge-transfer complexes. If donors and acceptors 
interact to form complexes that are appreciably ionic in character, 
these generalizations may no longer apply; in such cases, complex 
formation may be facilitated in media that promote ionization 
(24, 25). However, this has by no means been found to be a general 
rule (25), and the type of complexes which are more stable in polar 
solvents presumably involve ion radicals and are not simple donor- 
acceptor complexes. With the exception of some complexes of 
tetramethylphenylenediamine with various tetrahaloquinones, 
tetracyanoethylene, and related acceptors, it appears that the 
known classical chargeetransfer complexes are in general formed in 
appreciable amounts only in nonpolar solvents (25). 


Although this discussion suggests that contribution from classical 
charge-transfer complexes may not be a major factor in aqueous 
solution because of the competitive participation of water, the 
authors cannot exclude the possibility that a donor-acceptor 
mechanism, peculiar to water, may contribute to the stability of the 
complexes studied. Such a speculation may be justified, since hydro- 
phobic forces alone appear to fail to account for all the observed 
effects. 


CONCLUSIONS 


From the preceding discussion, it is apparent that the favorable 
interaction between small organic species in water may be due to a 
summation of several factors. The net enhancement in binding by 
increasing the content of water in the environmental solvent cannot 
be rationalized on the basis of any single binding mechanism 
alone. Although hydrophobic bonding and a nonclassical donor- 
acceptor mechanism may have been the major forces involved, 
with the contributions from the former possibly of lesser magnitude, 
further investigations along these lines may shed light on additional 
factors which have not been evident in this limited study. Since 


the balance of forces operating between the complex components 
in pure aqueous solution is not known, it is difficult to separate and 
interpret the gross effect seen in mixtures of organic solvents with 
water. 
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concentrations gave incomplete reactions, and higher concentra- 
tions vitiated the violet color and changed it to yellow. When 
impure ferric chloride or an unfresh solution of it was employed. 
the addition of 2 drops of hydrogen peroxide (10 vol.) restored 
and potentiated the violet color. However, excess hydrogen peroxide 
was found unfavorable as the color changed to orange. The violet 
color, produced by the action of ferric chloride, develops within 2 
min. and should be measured within 2-5 min. The color is not 
affected by light but is very sensitive to temperature. 


Free chloramphenicol gave the same reaction as the salts, but 
the sensitivity was 5 times lower ( 5  15 mg.) and the results were not 
reproducible. The addition of a carboxylic acid, however, was found 
to increase the sensitivity of the reaction. Many acids were tried, 
and succinic acid gave the highest sensitivity (53 mg.). Although 
succinic acid alone gave negative reactions with the reagent, its 
presence affected the sensitivity of the reaction. Therefore, equal 
amounts of succinic acid were added to both test and standard 
preparations. 


Due to the slight yellowish color produced by the action of 
sodium hydroxide on chloramphenicol or its esters, the blank 
experiment was done exactly like the experiment, omitting the 
addition of hydroxylamine hydrochloride reagent. 


Data presented in Table I indicate the accuracy of the proposed 
method and the reproducibility of the results. The percentage of 
error with respect to the added and found amounts (Table I) 
ranges from j ~ 2 . 1  to 2.3 in chloramphenicol, from &1.7 to 1.9 
in chloramphenicol palmitate, and from f 2.7 to 3 in chlorampheni- 
col succinate. The method was found applicable to different freshly 
formulated preparations, and the results (Table 11) are comparable 
with those of the Aihara et al. method (4), the spectrophotometric 
method, and the a-naphthol method (6). The method of Aihara 
et ul. (4), however, was not applicable to chloramphenicol esters. 
The comparison of the proposed method to the a-naphthol method 
and the spectrophotometric method on degraded samples of chlor- 
amphenicol and its palmitate produced varying results (Table 111). 
The chloramphenicol analysis of the heated preparation decreased 
with an increase in temperature in the case of the proposed method 
and increased with the other two methods. This fact indicates that 
by means of the hydroxylamine method, chloramphenicol and its 


esters can be determined, while some of the degradation products 
interfere in the results of the other two methods. In addition, the 
color produced by the a-naphthol method was not the same in all 
cases; it ranged from greenish to bluish. 
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Application of Absorbance Ratios to Analysis 
of Pharmaceuticals VI: Analysis of Binary 
Mixture Using a Reference Spectrum 


M. J. CHO and M. PERNAROWSKI 


Abstract 0 Binary mixtures may be resolved by using absorbance 
ratio values and a reference spectrum for one component in the 
mixture. The method is based on the differences between the ab- 
sorbance values for the mixture a t  any two wavelengths and the 
values for a solution containing only one component in the mixture. 
Three constants are required to resolve the mixture, but only one 
of these is an absorptivity value. Unlike the absorbance ratio 
method described in the literature, this method does not depend on 
the use of a wavelength at  which the two components in the mixture 
have identical absorptivity values. 
Keyphrases 0 Binary mixture analysis-reference spectrum 0 
Caffeine-Na benzoate-spectral characteristics 0 Absorbance 
ratios-analysis 0 UV spectrophotometry-analysis, absorbance 
ratios 


I The ratio of two absorbance values determined on the 
same solution at two different wavelengths is a constant. 
These ratios may be used to determine both the relative 


and absolute concentrations of the components in a 
binary mixture (1). However, absolute concentrations 
(w/v) cannot be determined unless one of the two wave- 
lengths chosen for the analysis represents an isoabsorp- 
tive point. 


Isoabsorptive points (those wavelengths at which 
the two components in a mixture have identical absorp- 
tivity values) are difficult to isolate. The mathematical 
derivations in the next section show that absolute 
concentration values can be obtained by analyzing the 
mixture at wavelengths that do not represent isoabsorp- 
tive points, and that the number and nature of the 
constants in the derived equations are the same as those 
associated with the absorbance ratio method of analysis 
(1). This method of analysis is based, therefore, on the 
use of two absorbance ratio values ( Q  values), one 
absorptivity value, and the differences, at two wave- 
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lengths, between the absorbance values for a solution 
and the values for a reference solution containing one 
of the two components in the mixture. 


THEORY 


Hypothetical spectrophotometric curves for X and Y are shown 
in Fig. 1 and will be used to clarify the derivations. It is assumed 
that Beer’s law is obeyed at all wavelengths and at  all spectrophoto- 
metrically significant concentrations. 


The total absorbance of a mixture containing X and Y(AM) 
is equal to the sum of the absorbances due to X(Ax) and Y(AY). 
Therefore, at X4, 


 AM^ = a6Cx + aKY (Eq. 1) 


CX and Cy are the concentrations of X and Y in the mixture. 
Similarly, at A ,  


A m  = azCx + asCy (Eq. 2) 


The absorbance values, a t  A, and X,, for a reference solution con- 
taining only Xare: 


AX, = a6CXR 


Axa = azCxR 


C X R  is the concentration of X in the reference solution. 
Subtracting Eq. 3 from Eq. 1 and rearranging yield: 


alCy = D4 - a6Cx + a&xR 


Da is defined as  AM^ - Ax4. Similarly, at At, 


asCy = DZ - ~ Z C X  + aKxR 


1 2 3 
WAVE L E N GT H 


Figure 1-Hypothetical spectrophotometric curves for X (--) 
and Y (- - -). 


Dividing Eq. 6 by Eq. 5 yields: 


However, ab/al is equal to Q Y ,  the absorbance ratio value for pure 
Y. Therefore: 


QvDr - a&?vCx  + GQYCXR = Dz - a2Cx -t azCxR 0%. 8) 


Dividing both sides of Eq. 8 by a6 and substituting Q x ,  the absorb- 
ance ratio value for pure X, for a2/a6 yield: 


D 
a6 - QvCx + QKXR = a6 - QxCx + Q K X R  (Eq. 9) 


After rearranging: 


Therefore, the absolute concentration of X(Cx)  in a solution con- 
taining X and Y can be determined by measuring the differences, 
at two wavelengths, between the absorbance values for the mixture 
and the absorbance values for a reference solution containing 
only X. The constants, Q X  and Q Y ,  are concentration independent 
and are easily determined by measuring absorbance values of 
solutions containing only X or Y. 


The absorptivity value, a6, is determined by measuring absorbance 
values, at the specified wavelength, of accurately prepared solutions 
containing only X. 


The method described herein was checked experimentally by 
determining the absolute concentrations of sodium benzoate in 
solutions containing sodium benzoate and caffeine. 


EXPERIMENTAL 


Apparatus-A UV spectrophotorneter112 was used. 
Reagents-Sodium benzoate USP and caffeine USP were used. 
Spectral Characteristics of Sodium Benzoate and Caffeine- 


Caffeine and sodium benzoate (in water) absorb a maximum of 
radiant energy at 273 and 225 mp, respectively. An examination 
of the sodium benzoate spectrum indicated that the analysis of this 
substance in the presence of caffeine could be carried out by deter- 
mining absorbance values at 225 mp (the absorption maximum for 
sodium benzoate) and at 235 mp (a region in which the spectra 
have slight inflection points). 


Two series of solutions were prepared, one containing caffeine 
and the other containing sodium benzoate. The absorbance value 
of each solution was determined at 225 and 235 mp. The Q :235 :225 
values for caffeine and sodium benzoate were then calculated by 
dividing the absorbance at the first wavelength (235 mp) by that 
a t  the second wavelength (225 mp). Based on seven such solutions, 
the Q:235:225 value for caffeine was 0.721 f 0.002; for sodium 
benzoate, it was 0.619 f 0.003. 


A series of solutions was prepared to contain from 5.0 to 14.0 
mg. of sodium benzoate per liter of solution. The absorptivity value 
for sodium benzoate a t  225 mp was found to be 59.2 f 0.3. 


Procedure-Accurately dilute the solution containing caffeine 
and sodium benzoate. Determine absorbance values at 225 and 
235 mp. 


Prepare a reference solution, by dilution, to contain a known 
quantity of sodium benzoate. (The reference solution used in these 
analyses contained 14 mg. of sodium benzoate per liter.) Determine 
absorbance values a t  225 and 235 mp. 


Subtract the values for the reference solution from the values 
for the mixture. Substitute these Ds and D4 values into the numerical 
form of Eq. 10: 


0%. 11) 
Dz - 0.72104 


59.2 (0.619 - 0.721) c x  (g./l.) = 0.014 + 
Calculate the concentration of sodium benzoate in the solution. 


1 Beckman model DU-2. 
2 Bausch & Lomb Spectronic 505. 
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Table I-Analysis of Sodium Benzoate in Sodium Benzoate- 
Caffeine Mixtures 


mg. Sodium 
I- mg. Drug/l.- - Benzoate/l. 
Sodium Benzoate Caffeine Recovered 


4.5 
5 .0  
5 .0  
6 . 0  
6 . 5  
7 . 0  


7 . 5  
7 . 0  
5.0 
6.0 
5 . 5  
5.0 


4.54 
5.06 
5.02 
6.05 
6.32 
7.11  


Sixteen solutions were prepared to contain from 4.5 to 7.5 mg. 
of sodium benzoate per liter. Caffeine and sodium benzoate injection 
USP usually contains equal quantities of caffeine and sodium 
benzoate. However, to test the accuracy of the method, the solutions 
contained from three parts of sodium benzoate for every five parts 
of caffeine to five parts of sodium benzoate for every three parts of 
caffeine. To check the accuracy of the method further, a second 
set of six solutions was prepared and analyzed. The results for this 
set are shown in Table 1. The percent recovery for the 22 solutions 
was 100.1 %; the standard deviation value was + 2.9 %. 


DISCUSSION 


The caffeine-sodium benzoate mixture can be resolved by using 
simultaneous equations (2) or by the absorbance ratio method of 
analysis (I). If the former method is used, four absorptivity vdues 
must be determined. If the latter method is used, one absorptivity 
value and two absorbance ratio values must be determined. Absorb- 
ance ratio values are concentration independent; for this reason, 
the absorbance ratio method of analysis yields accurate results 
more quickly than does the method utilizing simultaneous equations. 
However, the absorbance ratio method of analysis yields absolute 
concentrations only if one of the two wavelengths chosen for the 
analysis is an isoabsorptive point. Such points are difficult to iso- 
late, and the absorptivity values at such wavelengths cannot be 
determined with accuracy. 


The method of analysis described here utilizes three constants. 
The absorbance ratio values are the same as those used in the 
absorbance ratio method of analysis. The absorptivity value, on 
the other hand, is determined at a wavelength at which one of the 
components absorbs a maximum of radiant energy. It is, therefore, 
not necessary to isolate an isoabsorptive point to calculate the 
absolute concentration of a drug in a mixture. 


The metnod does require the use of a reference solution. However 
solutions must be prepared to determine constants, and one of 
these can be designated as the reference solution. This solution 
must, h6wever, contain a quality of drug which will yield absorb- 
ance values somewhat greater than those observed for the mixture. 
If the difference between the absorbance values at the two specified 
wavelengths is small, the error in the analysis will be greater than 
necessary. 


The results reported here indicate that the method is capable of 
yielding reasonably accurate results. The maximum percent re- 
covery observed for the 22 solutions was 105.8%. The minimum 
percent recovery was 95.6%. A reexamination ofthese two solutions 
indicated that slight changes in absorbance readings can result in 
fairly substantial changes in percent recovery. This implies that each 
absorbance value should be determined twice (and the mean value 
used in the calculation) and that a stable, single-beam spectropho- 
tometer should be used to measure absorbance values. Since the 
solutions were read in sequence, the values could not be rejected. 
Even so, the overall percent recovery for the 22 solutions was 
100.1%. A standard deviation value of 3~2 .9% is acceptable if the 
speed and ease of analysis are taken into consideration. 


The caffeine concentration in the solutions can be determined 
by using an equation similar to that given for sodium benzoate. 
Both equations, therefore, are based on absorbance differences. 
However, the equations may be derived by summing absorbance 
values. If this is done, the form of Eq. 10 is the same except that the 
CXR term becomes negative. 


Absorbance ratio values are used in both this method of analysis 
and that previously published ( 1 ) .  The appropriate references (1, 3) 
should, therefore, be consulted for a full discussion of the ad- 
vantages and limitations of the use of such ratios in analysis. 
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BOOKS 


REVIEWS 


Editor’s Note: While it is not usual Journal practice fo run more 
than one review on a particular book, “The Theory and Practice of 
Industrial Pharmacy” appeared to warrant a broader approach as it 
is an iniiial attempt to produce a iextbook in the area of industrial 
pharmacy. For this reason, we are providing the opinions of two re- 
viewers in the book reviews which follow. 


The Theory and Practice of Industrial Pharmacy. Vol. 1. Edited by 
LEON LACHMAN, HERBERT A. LIEBERMAN, and JOSEPH L. KANIG. 
Lea & Febiger, Philadelphia, PA 19106, 1970. xii 4- 811 pp. 
15.5 X 23 cm. Price $24.50. 
In their preface, the editors state that a good textbook on industrial 


pharmacy has been sorely needed. This is indeed the case and this 
book represents the first modern comprehensive treatment of in- 
dustrial pharmacy to be published in the English language. 


The book has three coeditors and thirty-eight contributors. As a 
result some chapters are truly outstanding and others are distinctly 
disappointing. 


The book is written in four sections. These sections deal with the 
principles of pharmaceutical processing, dosage forms, quality 
control, and industrial pharmaceutical law and structures of 
pharmaceutical companies. 


The first third of the book deals with principles of pharmaceutical 
processing and is written from a unit operations standpoint. Unit 
operations which are of particular importance in pharmaceutical 
processing are covered in separate chapters and include drying, 
mixing, milling, dispersion, clarification and filtration, compaction 
and compression, heat transfer, and fluid flow. Other specialized 
pharmaceutical processes treated are sterilization and tablet coating. 
One of the most outstanding chapters in the entire book appears to 
be very much out of place in the pharmaceutical processing or unit 
operations section and that is the chapter on biopharmaceutics. 
This chapter which was contributed by Professor Gibaldi is perhaps 
the most outstanding single chapter on the subject of biopharma- 
ceutics to have been written to this date. 


Section two treats on an individual chapter basis all of the various 
major classes of pharmaceutical dosage forms, including tablets, 
capsules, liquids, emulsions, semisolids, suspensions, suppositories, 
sterile products, aerosols, and sustained-release products. This sec- 
tion is entitled in the table of contents, “Dosage Forms: Design and 
Evaluation.” Unfortunately dosage form design principles and drug 
product evaluation are either inadequately treated or are virtually 
missing from many of the chapters in this section. For example, in 
the chapter on capsules, no mention is made of the importance of 
availability studies or methods of characterizing in uitro availabil- 
ity. In most of the chapters in this section mechanical methods of 
manufacture are stressed. In the approximate 40% of the book deal- 
ing with dosage forms the chapter on sustained-action dosage forms 
by Eriksen, the chapter on sterile products by Avis, and the chapter 
on aerosols by Sciarra are outstanding in organization and content. 
The chapter on pilot plant scale-up techniques by Michelson is also 


well done, but seems strangely out of place, not to have been located 
in part one of the book dealing with pharmaceutical processing. 


The nearly 100 pages of the book dealing with quality control 
contain two chapters coauthored by Dr. Lachman, one dealing 
with kinetic principles of stability testing and the other with quality 
assurance. These are very well written and represent a significant 
textbook compilation on these subjects to the literature. 
In the design, organization, and writing of their book the editors 


have overlooked one important aspect of industrial pharmacy to- 
day. That aspect is the role of preformulation research and the 
application of physical-chemical principles in a systematic man- 
ner for the rational design of pharmaceutical drug products and 
dosage forms. It is obvious from the examination of the table of 
contents that the authors were at some loss as to the location of the 
section on biopharmaceutics. This excellent chapter together with a 
section on preformulation, its implications in drug product design, 
and the components of a total preformulation system would have 
provided a very good foundation for the dosage form section of the 
book. Unfortunately the preformulation concept is not treated by 
the book, making the foundation for the following dosage form sec- 
tion inadequate, and accentuating the lack of total information on 
basic principles of dosage form design and evaluation. 


Even though this book contains some obvious omissions, quite 
often is incomplete on the subjects of dosage form design principles 
and evaluation, and is questionably organized in two instances, the 
book does represent a creditable and laudable effort to cover a broad 
and very difficult area. This book is recommended as a textbook for 
any advanced pharmaceutics or manufacturing graduate course. 
The book warrants consideration for elective undergraduate 
manufacturing pharmacy courses. It is doubtful that the book will 
find wide-scale acceptance as an undergraduate text based on the 
specialized subjects treated and the nature of the material being 
covered. The book should, however, have a prominent place on the 
shelf of every pharmacy school and pharmaceutical laboratory 
library. It will also undoubtedly be a valuable contribution to the 
working bookshelf of many industrial and development pharma- 
cists. 


Reviewed by Gilbert S .  Banker 
School of Pharmacy and Pharmacal Sciences 
Purdue University 
Lafayette, IN 47907 


The Theory and Practice of Industrial Pharmacy. Vol. 1 .  Edited by 
LEON LACHMAN, HERBERT A. LIEBERMAN, and JOSEPH L. KANIG. 
Lea & Febiger, Philadelphia, PA 19106, 1970. xii + 811 pp. 15.5 
X 23 cm. Price $24.50. 
The preparation of this first attempt at a text on industrial 


pharmacy was undoubtedly difficult. The very scope of the subject 
must have given rise to many hard decisions finally arrived at 
with much hesitation, breadth versus depth alone being one of the 
most weighty of these. 
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where DCC = dicyclohexylcarbodiimide, PCP = pentachlorophenyl, and TEA = triethylamine 


Scheme I 


Treatment of I11 with anhydrous hydrogen bromide 
in glacial acetic acid removed the N-carbobenzoxy and 
the tert-butyl protecting groups to yield the polymer- 
izing unit, L-tyrosyl-L-glutamyl-L-alanylglycine penta- 
chlorophenyl ester hydrobromide (IV), m.p. 180", [a]: 
- 3.3" (c 1.83 in dimethylformamide). 


Anal.-Calcd. for C25H26BrC15N408: C, 39.1 ; H, 
3.4; N, 7.3 Found: C, 39.1; H, 3.6; N, 7.6. 


The polymerization of IV was conducted under dilute 
conditions in the presence of a preformed monomer 
glycine-I- 14C ethyl ester hydrochloride. This established 
polymerizing procedure has been shown to yield linear 
high molecular weight polypeptides (3-6) when the side 
groups are protected. In this case, the polymerizing 
unit (IV), dissolved in dimethyl sulfoxide, was added 
dropwise to a solution of gIycine-l-l*C ethyl ester hy- 
drochloridecontaining the total amount (3.5 equivalents) 
of triethylamine such that the final concentration of 
reactants was never more than 70 mmole/l. The poly- 
merization was allowed to proceed for a week, after 
which the mixture was acidified and dialyzed extensively 
for 3 days. The precipitated polypeptide, poly-(L- 
tyrosy l-~-glutamy l-~-alan ylgly cy1)glycine- 1 - 4C ethyl 
ester (V), was collected by centrifugation, converted to 
its sodium salt, and dialyzed extensively for a week 
to remove all low molecular weight materials. This 
dialyzed polymer was lyophilized, converted to the free 
acid form by acidification, and again dialyzed to remove 
all traces of salt. Radioactive assay indicated 85% in- 
corporation of the starting preformed monomer. 


And-Calcd. for Cl9Hz4N4O7+ '/2 HzO: C, 53.15; 
H, 5.85; N, 13.05. Found: C, 52.8; H, 5.9; N, 13.0. 


Filtration of the polymer through a calibrated column 
(7) of synthetic polysaccharide' (2.5 X 45 cm.), using 
a solution of 0.1 M NaCI-0.05 M NaHC03 buffer 
as eluent, indicated a molecular weight of at least 1 X 


To evaluate this method of preparing polypeptides 
with one that uses conventional protecting groups 
(3-6), a comparison was made of this polypeptide with 
that prepared using the tert-butyl ester for carboxyl 
protection (3). It was found that both polymers eluted 


105. 


1 Sephadex G-100. 
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from a column of the polysaccharide (2.5 X 45 cm.) 
in the same fractionation pattern, using a 0.1 M NaC1- 
0.05 M NaHC03 buffer as eluent. The two polymers 
were considered to be structurally identical since both 
materials were similarly antigenic in rabbits ; each 
polypeptide crossreacted with the antibodies produced 
by the other, giving the same precipitin curve which was 
similar to that previously reported (8). From this 
evidence it was concluded that this method of carboxyl 
protection is compatible with the synthesis of linear 
high molecular weight polypeptides. 


(1) D. S. Kemp and S. W. Chien, J. Amer. Chem. Soc., 89, 2743 
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Aporphines V: Total Synthesis of 
(*)-Apomorphine 


Keyphrases 0 (f)-Apomorphine-total synthesis IR spectro- 
photometry-structure 0 UV spectrophotometry-structure 


Sir : 


(-)-Apomorphine [(-)-I], the semisynthetic alkaloid 
obtained by vigorous treatment of morphine with 
strong mineral acids, has found medicinal application 
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as  a powerful, centrally acting emetic and has been 
included in the official drug compendia of the United 
States (1) and is regulated by Federal Narcotic Laws (2). 
Apomorphine exerts a direct stimulating action on the 
vomiting center in the brain and thus initiates emesis 
(3) .  The biochemical mechanism of its action is not yet 
clearly understood. 


The finding that subcutaneous administration of 
apomorphine to patients with selected neurologic 
disorders temporarily changed the neurologic mani- 
festations in the same direction as with the administra- 
tion of oral L-dopa has stimulated renewed interest in 
these catecholaminelike compounds (4). 


We wish to report the first total synthesis of (f)- 
apomorphine [(*)-I] and to describe a versatile pathway 
with potential for the elaboration of structurally sim- 
ilar alkaloids. Although (*)-apomorphine has not 
been synthesized previously, the preparation of ( f )- 
apomorphine dimethyl ether [( %)-I11 has been the 
subject of considerable interest and was first success- 
fully carried out by Spath and Hromatka (5) and sub- 
sequently by Hey and Palluel (6) and Sugasawa and 
Tachikawa (7). Their general methods were based on a 
Bischler-Napieralski cyclization of an o-nitrophenyl-N- 
phenylethylacetamide to a 3,4-dihydroisoquinoline de- 
rivative, which was subsequently transformed via the 
Pschorr procedure to  apomorphine dimethyl ether. 
Several workers have found this sequence impracticable, 
since the Bischler-Napieralski cyclization is generally 
unsatisfactory (8) when the amide used lacks an activat- 
ing substituent on the aromatic ring of the N-phenyl- 
ethyl moiety. Our scheme (Scheme I) was based on the 
alkylation of the Reissert anion (111) with 2-nitro-3,4- 
dimethoxybenzyl chloride (IV) (9). A variety of I-al- 
kylisoquinolines has been prepared by this method ( 10). 
The standard procedure (1 l), in which phenyllithium 


is used to generate the anion in ether at -20", gave 
a 3 5 x  yield of V, m.p. 208-209", IR (KBr): urnax. 
2245 cm.-l (w), 1675 (s), 1640 (s), 1530 (s), 1375 (m); 
A,,,. . 282 mp ( E ,  6100), 297 ( E ,  6300), 316 (E, 6100). 


Anal.-Calcd. for C26H21N305: C, 68.56; H, 4.65; N, 
9.23. Found: C, 68.57, H, 4.73, N, 9.22. 


A procedure for the generation of the anion I11 em- 
ploying sodium hydride in N,N-dimethylformamide at 
room temperature has recently been reported (12). 
Applying this modification to the synthesis of apor- 
phines (13, 14), we obtained excellent yields of the 
desired isoquinoline (VI) without the isolation of V. 
The crude product (V) was hydrolyzed to furnish a 
90% yield of VI (from 111), m.p. 129-130"; A:::": 261 
mp ( E ,  6800), 272 ( E ,  7200), 281 ( E ,  5900), 308 ( E ,  
4400), 322 (E, 5200). 


Anal.-Calcd. for C18HI6N2O4: C, 66.66; H, 4.97; 
N, 8.64. Found: C, 66.48; H, 4.88, N, 8.56,. 


Treatment of the base VI with methyl iodide gave 
the ammonium salt, m.p. 190-193", in a quantitative 
yield (15). The methiodide VII was reduced with po- 
tassium borohydride to  the tetrahydroisoquinoline 
VIII, m.p. 97-98.5", in 8 O x  yield (15). Reduction of 
the nitro compound VIII with palladium-on-charcoal 
and hydrogen gave 1-(2-amino-3,4-dimethoxybenzy1)-2- 
methyl-1,2,3,4-tetrahydroisoquinoline (IX), m.p. 85- 
87.5", in 80% yield; 212 mp ( E ,  39,000), 265 ( e ,  
1 1,000), 272 (E, 1400), 285 (E, 1600). This compound was 
previously reported as a brown oil (5-7). It furnished a 
dipicrolonate, m.p. 191-192", which did not depress the 
melting point of an authentic sample of the dipicro- 
lonate, m.p. 189-190" (6). The amine I X  was converted 
to (*)-apomorphine dimethyl ether I( *)-I11 by modi- 
fications of procedures of Spath and Hromatka (9, 
copper powder being used as the coupling agent for the 
diazonium salt. (&)-I1 was isolated as a n  oil in 41 % 


MeOH . 
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yield after column chromatography. TLC (silica gel, 
chloroform) of this product showed only one component, 
and the R,  was identical with that of a sample of (-)-I1 
prepared in 74% yield from (-)-I hydrochloride and 
diazomethane. The oily (*)-I1 was converted into a 
crystalline picrate, m.p. 187-189’ dec., and a crystalline 
perchlorate, m.p. 263 O dec. 


The two preparations of apomorphine dimethyl 
ether [(-)-I1 and (=!=)-I13 showed identical IR (film), 
UV, and NMR spectra; hggH: 216 mp (E, 47,000), 269 


singlet), 2.66-3.37 (7H, multiplet), 3.73 (3H, singlet), 
3.91 (3H, singlet), 6.91-7.18 (4H, multiplet), 8.28 
(lH, doublet, J = 2 c.P.s.). (=+=)-Apomorphine dimethyl 
ether was converted to its hydroiodide salt with 57% 
hydriodic acid. Recrystallization from acetone-water 
yielded white needles, m.p. 279 O dec. 


Anal.-Calcd. for Cl9HzzINO2: C, 53.91; H, 5.24, 
I, 29.98; N, 3.31. Found: C ,  54.08; H, 5.40; I, 30.17; N, 
3.13. 


The demethylation of this hydroiodide proved an 
exceptionally facile reaction, considering the sensitivity 
of apomorphine to oxidizing agents as well as to acylat- 
ing agents. The hydroiodide was heated with an equi- 
molar mixture of 5 7 z  hydriodic acid and acetic an- 
hydride at reflux for 1 hr. When the reaction mixture 
was diluted with ether, pure (*)-apomorphine hydro- 
iodide was precipitated and isolated as a white crystal- 
line powder, m.p. 282” dec.,’ in 93 % yield. This corn- 
pound oxidized only slowly when stored in the cold 
under nitrogen. Xg::”: 217 mp (E, 41,000), 273 (E, 
17,000), 309 (c, 3300). 


Anal.-Calcd. for Cl7Hl8INO2: C, 51.66, H, 4.59, I, 
32.11; N, 3.54. Found: C, 51.48; H, 4.69; I, 32.00; N, 
3.40. 


(c, 19,000), 306 s (E, 2300); NMR (CDC13): 2.57 (3H, 


1 Determined on a duPont differential thermal analyzer under nitro- 
gen. 
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REVIEWS 


International Encyclopedia of Pharmacology and Therapeutics. 
Section 13, Volume 1-Anticholinesterase Agents. Edited by C. 
RADOUCO-THOMAS, Pergamon Press Ltd., Oxford, England, 
1970. ix + 508 pp. 15.5 X 23.5 cm. Price $24.00. 
The number of compounds that inhibit the class of enzymes 


known as cholinesterases has increased markedly in recent years. 
These compounds, which have had only limited applications in 
medical therapy and have few equals as investigational tools in 
pharmacology, are now important industrially as insecticides and 
militarily as the highly toxic “nerve gases,” e.g., sarin, soman, and 
tabun. Concurrently, large numbers of papers have been pub- 
lished dealing with chemical and biological aspects of these 
inhibitors and of the enzymes with which they react. Many 
reviews have subsequently appeared, of which the one edited by 
Koelle in 1963, Cholinesterases and Anticholinesterase Agents, 
may be the most extensive and most widely used. 


The present volume of anticholinesterase agents for the most 
part covers the same literature as that of the review of Koelle and 
attempts to include most papers published through late 1968. 
The material is presented in two. major subsections, with an intro- 
duction, titled “History of the Research With Anticholinesterase 
Agents,” by Professor A. G. Karczmar, the Section Editor. This 
part considers in brief, historic detail the pharmacology of physo- 
stigmine, the concept of neurohumoral transmission, some novel 
aspects of the cholinergic system, organophosphorous inhibitors, 
early work on cholinesterases, the therapeutic uses of inhibitors of 
these enzymes, and some interesting points of disagreement among 
investigators of these areas. 


Subsection I, titled “Reactions of Cholinesterases With Sub- 
strates, Inhibitors and Reactivators,” compiled by Dr. Earl Usdin, 
comprises the major portion of the volume. The author states that 
a somewhat different point of view has guided this review: an 
intention not only to describe the reactions of cholinesterases with 
substrates, inhibitors, and reactivators, but to make known the 
differences and similarities among the reactions of these three classes 
of compounds. In this effort, reference has been made to the active 


1852 0 Journal of Pharmaceutical Sciences 








Acetylcholinesterase Substrates: P-Methylcholine Esters 


G. M. STEINBERG, M. L. MEDNICK, R. E. RICE, and J. P. MADDOX 


Abstract p-Methylcholine propionate (Compound 11) and iso- 
butyrate (Compound 111) are “good” substrates for eel acetyl- 
cholinesterase. Enzymatic hydrolysis of the corresponding pivalyl 
ester is barely detectable. For study of acetylcholinesterase under 
conditions where the “blank” hydrolysis rate of substrate must be 
reduced to a minimum, Compounds 11 and 111 can be used ad- 
vantageously. Like acetylcholine and p-methylcholine acetate, 
Compound I1 shows substrate inhibition. The isobutyryl ester (Com- 
pound 111) gives no significant substrate inhibition. Kinetic constants 
for both enzymatic and nonenzymatic hydrolysis are reported for 
the group of esters. Evidence is presented which suggests that the 
rate of acylation of the enzyme parallels reactivity with hydroxide 
ion for acetylcholine and the acetyl and propionyl esters of p- 
methylcholine. With the isobutyryl ester of p-methylcholine, there 
is a relative decrease in enzymatic acylation rate. 


Keyphrases 0 Acetylcholinesterase substrates-p-methylcholine 
esters 0 8-Methylcholine esters-synthesis 0 Hydrolysis rates, 
enzymatic, nonenzymatic-p-methylcholine esters 0 Michaelis 
constants-p-methylcholine esters 


For studies (to be published) on oxime reactivation of 
phosphonylated acetylcholinesterase (AChE) (acetyl- 
choline acetylhydrolase, EC 3.1.1 .7), which the authors 
wished to  perform by the continuous monitoring pro- 
cedure of Kitz et d. (1) using an autotitrator, it was im- 
portant to reduce the c‘blankyy hydrolysis rate of the 
substrate to a minimum. In the region of pH 9, acetyl- 
choline (ACh), its normal substrate, gives undesirably 
high “blank’y values. 


Like most enzymes, AChE has a moderately wide 
range in its specificity and is capable of hydrolyzing a 
considerable variety of esters other than ACh (2). 
It is well known that the rates of aqueous (alkpline) 
hydrolysis within a family of esters can be decreased by 
insertion of bulking groups near the ester linkage (3). 
Recently, Gunter (4) observed that ortho-substitution in 
phenyl acetate, which decreases the alkaline hydrolysis 
rate, does not interfere with enzymatic hydrolysis by 
AChE. Hence, it seemed appropriate to  examine 
several homologs of acetyl @-methylcholine with in- 
creasing bulk on the acetyl methyl group. The com- 
pounds are listed in general structure I. Two of the 
compounds, Compounds I1 and 111, satisfied the require- 
ments. 


+ II 
I 


CHI 
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Me3NCHzCH-0-C-R X- 


Compound R X- __ 
I -CHI Br- 


I1 -C2H5 I- 
111 -CH(CHa)z I- 
IV -C(CH& I- 


P-methylcholine esters 
I 


Since these compounds may have general utility for 
studies with AChE, particularly where the “blank” 
hydroIysis of substrate becomes a problem, the authors 


explored their properties. In this paper, they report the 
nonenzymatic and enzymatic hydrolysis rates and 
Michaelis constants (at pH 7.4). 


EXPERIMENTAL 


Acetylcholine bromide (ACh) and acetyl 0-methylcholine bromide 
(Compound I) were obtained commercially. The AChE (Worthing- 
ton Biochemicals) was purified, stable, dry powder from electric eel, 
Code ECHP, 1000 units/mg. Twenty milligrams of enzyme was dis- 
solved in 1.6 ml. of a previously boiled aqueous solution, pH ap- 
proximately 7.4, containing KCl (0.225 M )  and 0.25% gelatin 
(KCl/gel) to give enzyme concentrate E,. The concentration of 
active sites in E, is estimated to be 2.5 X 


Both enzymatic and solvolytic rates were determined from the 
rate of addition of standard alkali needed to maintain constant pH 
using a Radiometer TTTl autotitrator, fitted with an ABUl buret, 
a SBR2 recorder, and a PHA 630 scale expander. The titrator was 
fitted with the 0.25-ml. buret (0.25 ml. = 100 scale divisions of chart 
displacement), and the 6-ml. jacketed titration vessel was covered 
and maintained at 25 ’. Nitrogen was slowly passed over the reaction 
solution to minimize COz absorption. The titrant was 0.00353 M 
carbonate-free sodium hydroxide. 


Enzymatic Hydrolysis-All measurements were made at pH 7.4, 
25”. To 3.0 ml. of 0.225 M KCI, there were added 2.0 ml. of 
aqueous substrate and 15-500 PI. of appropriately diluted (in 
KCl/gel) enzyme concentrate, E,. Dilutions ranged from 1/1000 to 
1/10,000 (except for Compound IV, in which case undiluted E, was 
used). Records were made of initial hydrolysis rates. The enzymatic 
hydrolysis data are presented in Lineweaver-Burk reciprocal plots 
(Figs. 1 and 2). For convenience of comparison, the resuits have 
been normalized by conversion of the observed rates to those cal- 
culated for concentrated enzyme solution, E,, assuming a direct 
linear relationship between enzyme concentration and D, the velocity 
in moles per liter of ester hydrolyzed per minute. The values of 
kcat. and Km(app.) were computed from the slope and y-intercept us- 
ing Eqs. 2 and 2a. 


Nonenzymatic Hydrolysis-Reactions were run at 25 a at the ap- 
propriate pH values, which were maintained constant during each 
run. The 5.0 ml. reaction mixture contained 0.135 M KC1 and 0.1 M 
ester. Measurements were made of initial hydrolysis rates under 
conditions where less than 0.1 of the ester was hydrolyzed. The 
continuous records of alkali delivered (to maintain constant pH) 
as a function of time were linear over the period of measurement. 
The values reported have been corrected for the COZ blank. At the 
pH values employed the water component of the observed hy- 
drolytic reaction rate constant, /cob$, is negligible (5). Hence the 
reaction, RC02R’ + OH- + RC02- + R’OH, is first order in ester 
and in hydroxide ion. Because the autotitrator adds alkali auto- 
matically to maintain a constant pH, the rate of addition of alkali 
is equivalent to the rate of formation of acid. 


Synthesis-Compounds 11,111, and IV were prepared as follows. 
2-Hydroxypropyldimethy[amine-To a cooled (8 ”) stirred solu- 


tion of dimethylamine (54 g., 1.2 moles) in absolutemethanol (300 
ml.), 1,2-propylene oxide (58 g., 1.0 mole) was added in small por- 
tions over 25 min. while maintaining the temperature below 8”. 
After this addition, the temperature was permitted to rise to 30” 
and was held there for 20 min. After removal of the cooling bath, 
the solution was left to stand 1.5 hr. (maximum temperature 40”). 
Distillation through a simple head followed by redistillation through 
a 15 X 1-cm. vacuum-jacketed Vigreux column gave 46 g. (4573 
of 2-hydroxypropyldimethylamine, b.p. 126 O (uncorrected). 


Compounds II ,  III,  and IV-The propionyl and isobutyryl esters 
were prepared by treating 2-hydroxypropyldimethylamine with a 


1 Calculated from turnover number = 6.70X 105min.-*, pH 7.4,0.33M 
KC1, 0.0073 M AChE, 0.25% gelatin, 25 , K,(epp.) = 2.8 X 10-4 M 
(H. Michel, private communication). 


M.’ 
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Table I-Esters 11, 111, and IV 


Tertiary Quaternary 
Com- Aminoester, Aminoester, ---Anal., x- 
pound b.p.a m.p.5 Formula Calcd. Found 


I1 171-171.5” 165-167” C~H~OINOZ C, 35.89 C, 35.8 
H, 6.69 H, 6 .6  
N, 4.67 N, 4 .7  
0, 10.62 0, 10.8 


111 66.5-67” 195.5-196.5” CIOHZZINOZ C, 38.11 C, 38.1 
(10 mm.) H, 7.04 H, 6 .9  


I, 40.26 I, 40.2 
N. 4.44 N. 4.5 
0: 10.15 0: 10.3 


a Uncorrected. 


small excess of the corresponding acyl anhydride. For the pivalate, 
the reaction was run in benzene using equivalent quantities of 
aminoalcohol, pivalyl chloride, and pyridine. The tertiary amino- 
esters were quaternized by treatment with a small excess of methyl 
iodide in acetone and recrystallized from acetone or acetone-meth- 
anol. The physical properties of the tertiary aminoesters and the 
quaternary products, together with elemental analyses of the latter, 
are given in Table I. 


RESULTS AND DISCUSSION 


Nonenzymatic Hydrolysis-Table 11 contains the observed rates 
of reaction with the aqueous solvent. Measurements on each com- 
pound were made at two pH values. The essential identity in the 
pairs of computed k o ~  values (within the range of experimental 
error) indicates that for each ester the “water” reaction is negligible. 
Thus, one can compute the rate of the “blank” hydrolysis reaction, 
kobs., at any pH above those reported2 from the relationship 
kobs. = koH [OH-]. For convenience in comparison, the actual ob- 
served “blank” hydrolysis rates are also given for each of the esters 
(Table 11). It is noteworthy that the effect of increased bulking on 
going from ACh to Compound 111 reduces the hydrolysis rate ap- 
proximately 20X,  so that the “blank” for Compound 111 at pH 9.5 
is hardly greater than that of ACh at pH 8.0. 


Enzymatic Hydrolysis-In Fig. 1, Lineweaver-Burk reciprocal 
plots are given for ACh and Compounds I and 11. Like ACh, Com- 
pounds I and I1 are good substrates for AChE and each shows 
marked substrate inhibition at  high c~ncentration.~ Compound 
I11 (Fig. 2) does not show substrate inhibition even at the highest 
concentration of substrate that was used, 0.1 M .  


Table I11 contains data on enzymatic hydrolysis at pH 7.4 and 
substrate concentrations of 5 x and 5 x lop2 M ,  together with 
the computed ratios of the rates of the enzymatic to nonenzymatic 
hydrolyses. It also lists the values of Km(app.), computed from the 
Lineweaver-Burk plots in Figs. 1 and 2. Enzymatic studies were 
performed at pH 7.4 rather than at another higher pH because it 
provides data which can be more readily collated with those of other 
AChE substrate studies, the bulk of which have been performed in 
the pH 7-7.5 range. It may be assumed that changes in the Michaelis 
constants due to variation in pH will be substantially the same for 
the entire group of compounds, so the relative value of v / k O E  for 
the group can be applied at higher pH values. 


For the selection of the best substrate for a particular study using 
an automatic titrating device such as the Radiometer T I T I ,  one 
must bear in mind that the conveniently useful range in delivery 
rate of the buret is perhaps only 20X,  i.e., from approximately 1-2 
div./min. of chart paper to  20-30 div./min. At pH values above 9, 
where the “CO?’’ blank becomes significant, the range becomes even 


* Extrapolation probably can be carried to lower pH also. An esti- 
mated lower limit for extrapolation is approximately pH 5 (6). * Mounter and Ellin (7) report no substrate inhibition by Compound 
I. Theu studies appear.to have been made without addition of support- 
ing electrolyte. If fhis is so, the ionic strength of the medium changed 
with each change in concentration of substrate. Since the properties of 
eel AChE vary significantly with changes in ionic strength (see, for ex- 
ample, References 8 and 9). this may be the cause of the difference. 


Table IT-Nonenzymatic Hydrolysis of Substrates 


7- Solvolysis-- 
Rate 


Observed,- koH,6 
div./min. M-’ min.-l Substrate PH 


Acetylcholine 8.0 
8.5  


P-Methylcholine 
esters 
(I) Acetyl 9.0 


9 .5  
(11) Propionyl 9.0 


9.5 
(111) Isobutyryl 9 . 0  


9.5 
(IV) Pivalyl 10.0 


10.5 


5.08 
16.56 


9.35 
31.25 
7.21 


22.0 
1.89 
7.81 
1.93 
7 .7  


89.6” 
91 .O“ 


16.5 
17.4 
12.7 
12.3 
3.2 
4.4 
0.34 
0.43 


a Div. (on radiometer) = 2.5 X lO-3ml.; 5.0 ml. of 0.1 M ester was 
present in titration vessel. Titrant, 0.00353 M NaOH. * /cobs. =  OH 
[OH-]. c Reported: 72 and 80.4 (Reference 5). 


smaller. By increasing the concentration of titrant, the “blank” 
delivery rate for a given substrate concentration can be reduced. 
However, by doing so, sensitivity is reduced and, therefore, more 
of the substrate must be hydrolyzed to obtain measurable hydrolysis 
records. 


Under conditions where the enzyme concentration is the limiting 
factor, Compound I1 is best. Its values of u / k O H ,  the ratio of the 
enzymatic to the “blank” hydrolysis rates, are equal to or greater 
than the others. Its lower “blank” value makes it more useful than 
Compound 1. Where the enzyme is nonlimiting, i.e., its concentra- 
tion can be made high enough to give maximum delivery of titrant, 
Compound 111 is preferred because of its lower “blank.” The enzy- 
matic hydrolysis of Compound IV is so slow that one may question 
whether it is hydrolyzed by AChE at all. It is certainly possible that 
the slight activity is produced by some impurity in the enzyme 
preparation. However, if it is truly a substrate for AChE, it might be 
used for monitoring the concentrated enzyme, if and when it be- 
comes available in reasonably large quantities. 


P-Methylcholine exists as a DL-pair. It is known that with the 
acetate ester, only the L( +)-isomer acts as an AChE substrate, 
while the o(-)-isomer is an inhibitor‘ (10, 11). In these studies, the 
authors have observed that enzymatic hydrolysis of Compounds 
I1 and 111 give only approximately onehalf of the theoretical 


0.5 


0.4 


c 
C .- 
0.3 


I 


v 
i 
> 
=- 0.2 


0 100 200 500 1000 
11s (M-9  


Figure 1-Lineweaver-Burk reciprocal plots of velocity of substrate 
hydrolysis as a function of substrate concentrafion, p H  7.4, 25”. 
Substrates: ACh and Compounds I and II.  S represents concentra- 
tion of racemic mixture. 


A very rough estimate of the value of K r  for the  isomer is 
los3 M, calculated from data in Reference 11. 
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Figure 2-Lineweaver-Burk ploi for Cornpoiitid I l l .  S represents 
concentmtion ofraceniic mixture. 


quantity of acid. Here, too, only one member of each DL-pair acts 
as substrate. Hence, by using the pure enzymatically active isomers, 
one should be able to increase the v/OH ratios by at least two times 
and probably even more, since the inactive isomers may inhibit the 
enzymatic reaction. 


For both the Lineweaver-Burk plots (Figs. 1 and 2) and the com- 
putation of Km(app.) (Table III), use was made of total ester concen- 
tration and not actual concentration of active isomer. 


Observations on Enzyme Kinetics-Since the purposes of this 
study were pragmatic, the choice of substrates was made entirely 
on that basis and without regard to theoretical implications of the 
kinetic results. However, analysis of the data that were obtained 
points to probable relationships between substrate structure and 
enzyme kinetic constants which may warrant further investigation. 


AChE functions kinetically in a three-step reaction (Eq. 1) (12). 
Enzymatic hydrolysis follows Michaelis-Menten kinetics (at con- 
centrations below those which cause substrate inhibition) (Eq. 2); 
however, the kinetic constants are complex functions (Eqs. 3-5) (13). 


k i  k?  k3 
E + ester E.ester +E-acyl+ E (Eq. I )  


k -1 + + alcohol acid 


T I  n 


where k,, k+ kit and k3 are rate constants; c is the observed rate of 
product formation; and Eo and S are, respectively, the concentra- 
tions of enzyme and substrate. 


Inhibitors can bind to Eor E-acyl or to both (Eq. 6). 


E + ester+E.ester+E-acyl-+E + + 
Inh Inh (Eq. 6 )  


t i  


Jl KQ 
EInh EInh-acyl+ E 


Binding to E results in competitive inhibition while binding to 
E-acyl results in noncompetitive inhibition. Inhibition by excess 
substrate is believed to result from its binding to E-acyl and con- 
sequent interference with the deacylation step (14). Binding and 
interference in this fashion will be observed kinetically only if the 
relevant kinetic step is rate limiting [with ACh, deacylation is rate 


Table III-Enzymatic Hydrolysis by Eel AChE" 
~ 


7 - 0 ,  M/min.- -v/koE---- 


strate M M M 5 X 10-2M 


SOc = Sd = Soe = 
K m ( w p . ) * ,  


M 
Sub- 5 X 10-8 5 X lo-' 5 X lo-' SO'= 


2.8  x 10-U ACh 16.8 7.9 0.185 0.087 
I 3.5 3 .1  0.206 0.182 6 .9  x 10-4e 


I1 2.55 2 . 4  0.204 0.192 6 .9  x 10-4 
I11 0.1 0.22 0.0264 0.058 7.6 x 1 0 - 3  
IV - 3 x 10-6 - 7.7  x 10-5 - 


a pH 7.4, 25'; u, moles/l. min. of substrate hydrolyzed, calculated 
for enzyme concentration Em. b Based upon total ester concentration. 
c So, initial substrate concentration. d H. Michel (see Footnote 1). 
e Reported, 8 X 10-4 M ( 7 ) .  


Table IV-Kinetic Constants for Enzymatic Hydrolysis 


k2/K8,(I M-' 
Substrate kcat., mi&-' min.-l kz/K, koa 


7 x i o 6 b  2 . 5  x 1 0 9 b  2 . 8  X loT 
I 1 .74  x 1 0 5  5 .0  X lo8 3 x 107 


I1 1.27 X lo6 3 . 7  x 108 3 x 107 
I11 1.03 X lo4 2 . 7  X lo6 7 x 1 0 6  


ACh 


~~ 


Equation 5. Computed from concentration of active ester (one-half 
total ester concentration) for I, 11. and III. b See Footnote 1; 


limiting; k2 = 6-10 X ka (15)]. Thus, the failure of Compound 111 
to give substrate inhibition may be due to its failure to bind to the 
acyl enzyme, i.e., a marked increase in &, or alternatively may be 
the result of a change in the rate-limiting step, i.e., k3  > kz. 


Table IV contains the values of koat. computed (Eq. 2a) from the 
linear portions of the Lineweaver-Burk plots in Figs. 1 and 2 to- 
gether with the computed values of kz/Ka (Eq. 5 ) 6  for each substrate. 
For the latter calculation, the actual concentration of active isomer 
was used incomputing Kmcapp.). 


It can be seen that for ACh and Compounds I and 11, the values 
of k2/K., the rate constant for acylation of the enzyme divided by the 
dissociation constant of the enzyme substrate complex, closely 
parallel the corresponding values of koH, the rate constant for acyla- 
tion of the hydroxide ion; i.e., the value of k2/Ksko~ (Table IV) is 
constant. If one makes the not unreasonable assumption that the 
value of K, does not vary greatly among this group of substrates,' 
then the results suggest that over the range in structural variation 
represented by ACh and Compounds I and 11, the enzyme displays 
little kinetic selectivity, the differences in reaction rate paralleling 
the reactivity of the ester toward hydroxide ion. 
In the case of Compound 111, there is a marked fall in kcat. and in 


the value of kz/Ks. Also, as noted earlier, Compound 111 does not 
show substrate inhibition. These results suggest that the principal 
cause of the reduction in the rate of hydrolysis of Compound I11 by 
AChE is due to reduction in the rate constant of the acylation step, 
ke. Further, the kcat. values for the hydrolysis by eel AChE of the 
acetyl and isobutyryl esters of phenol are substantially the same.? 
For phenyl acetate, k2 >> k3 (17). Therefore, the values of ka for 
the acetate and isobutyrate (and probably the propionate) are closely 
similar! Hence, the fall in k,,*. for Compound 111 represents a fall 
in the value of kz.  


The rate of reaction of Compound 111 with hydroxide is less than 
that of the esters I and I1 (Table 11). The reduction in its "nor- 
malized" reaction rate with enzyme, k2/K8ko= (Table IV), is ap- 
preciably greater. Thus, with the increase in molecular size or com- 


The values of both kcat. and Km(app.) are reduced by the presence of 
the inhibitory nonsubstrate isomer. However, it can be shown that both 
are affected to approximately an equal extent, so that the value of 
kZ/& is not appreciably affected. 


6 With alkyl trimethylammonium salts, Kr values vary by no more 
than 2-3 X over a several carbon atom range in the chain length of the 
alkyl group. See Reference 16. ' The k o t .  value for phenyl acetate is approximately 3 X greater than 
that for phenyl isobutyrate (G. M. Steinberg and J. Maddox, to be pub- 
lished). 


* An inversion in the rate-determining step for the phenyl isobutyrate 
hydrolysis by AChE is highly unlikely in view of the extremely high rate 
of the reaction. However, if this was the case, it would mean that ka 
would be greater than kcat. and, hence, would not invalidate the con- 
clusions. 
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plexity on passing from Compound I1 to 111, one observes the be- 
ginning of kinetic selectivity by the enzyme. 


It is noteworthy that if one sets kz = koH [OH-] for ACh, to 
achieve the enzymatic acylation rate one would have to use a hy- 
droxide-ion concentration of 6 X lo4 M. 
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Carotid Sinus Pressure Reflex 
Bioassay for Veratrum viride 


B. KOROL, A. V. ZUBER*, and L. D. MILLERt 


Abstract 0 From a total of 238 anesthetized dogs, a series of re- 
gression analyses was performed examining the relationship 
between the variables (sex of the animal, date on which the experi- 
ment was performed, effect of the three veratrum alkaloidal drug 
preparations studied, and the number of days the dogs were stored 
in the animal house) on the arterial pressure pressor amplitudes of the 
predrug and postdrug carotid occlusion response and on the blood 
pressure-lowering effects of the drug treatments. The seasonal 
date of the experiment and the drug treatments significantly in- 
fluenced the arterial pressure responses, while sex of the animal 
or days stored prior to use did not consistently alter the slope con- 
stants or arterial pressure responses for the drug subgroups. 


Keyphrases 0 Veratrum viride alkaloids-bioassay Carotid sinus 
pressure reflex-V. viride bioassay IJ Sex, time of year effects- 
blood pressure lowering, drugs 0 Regression analysis-factors 
affecting blood pressure lowering 


The method presently used for the quantitative 
assessment of extracts of Veratrum viride is based on 
the progressive loss of the pressor response induced by 
bilateral occlusion of the common carotid arteries in the 
anesthetized dogs as reported by O’Dell (1). The 
potency of the test material is expressed in terms of 
carotid sinus reflex (CSR) units defined as follows: 
“One CSR unit represents the amount of intravenously 
administered hypotensive agent per kilogram of body 
weight which just abolishes the pressor response to  the 
carotid sinus reflex in dogs” (1). 


In a study on anesthetized dogs, Prochnik et al. (2) 
concluded that minimal pressor response to  bilateral 
carotid occlusion is to be expected when the mean 
arterial pressure is below 88 mm. Hg. Since the re- 
gression line approaches zero response at the basal mean 
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arterial pressure level of 60 mm. Hg, it was suggested 
that minimum variability would be obtained if the 
carotid occlusion pressor responses were expressed as: 
(mm. Hg rise due to occlusion X 100)/(mean arterial 
pressure [mm. Hg] - 60). 


Rubin and Burke (3) reported that since the changes 
in carotid pressor reflex response and in the existent 
mean arterial pressure are highly correlated, the steeper 
dose-response curve exhibited by the carotid pressor 
reflex response would be a more sensitive measure. 
They also concluded that the V. uiride hypotensive 
principles examined did not act via adrenergic, syrn- 
pathetic, or ganglionic blocking actions. However, 
more recently, Jandhyala and Buckley (4) reported that 
the effects of cryptenamine, an alkaloidal preparation 
from V. viride, were inhibited by reserpine, a-methyl- 
dopa, and adrenalectomy and therefore did act through 
a mechanism of action involving catecholamines and 
the adrenal medulla. 


The authors have used the method as described by 
O’Dell(1) for the bioassay of several alkaloidal prepara- 
tions from V.  oiride. The studies referred to previously 
alluded to  the high correlation between the basal 
arterial pressure and the pressor response amplitude to 
bilateral carotid occlusion. The authors have also made 
unpublished observations on other possible influencing 
variables, such as time of the year the study was per- 
formed and length of time the dog was maintained in the 
animal quarter. To  understand more fully the relation- 
ships between these variables, a series of regression 
analyses was performed on the data obtained over the 
last few years. This report is concerned with the findings 
obtained in this study. 
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TECHNICAL ARTICLES 


Lactose USP (Beadlets) and Dextrose (PAF 2011): 
Two New Agents for Direct Compression 


N. L. HENDERSON and A. J. BRUNO 


~~ ~ 


Abstract 0 Lactose USP (beadlets) and dextrose (PAF 201 1) have 
been evaluated and compared with two commonly used agents 
for direct compression-spray-dried lactose USP and anhydrous 
lactose USP-as to their relative physical properties and stability 
for tableting by direct compression. The compression characteristics 
of all four materials were defined with the aid of a rotary tablet 
machine instrumented with strain gauges. Compression and 
ejection forces were monitored continuously and correlated with 
tablet hardness, friability, weight variation, and disintegration 
times. It was concluded that the two new agents are generally 
superior to the other materials tested for use as fillers for direct 
compression. Both exhibited excellent flow and compressional 
characteristics. Neither agent represents an improvement over the 
older materials with regard to physical stability. 


Keyghrases Lactose (beadlets), dextrose, evaluation-direct 
compression 0 Dextrose, lactose beadlets-spray-dried, anhydrous 
lactose comparison 0 Tablets, direct compression-lactose bead- 
lets, dextrose, anhydrous, spray-dried lactose 0 Physical proper- 
ties, tablets-lactose beadlets, spray-dried, anhydrous lactose, 
dextrose 


Most therapeutic agents lack the compression and 
flow characteristics required for tableting on a rotary 
tablet press and must be processed prior to the tablet- 
ing operation. Classically, the techniques of granula- 
tion, either the wet method or the dry granulation 
method, have been used for this purpose. Each of these 
time-consuming procedures often necessitates the use 
of specialized equipment. Wet granulation is unsuitable 
for materials that are heat or solvent labile. In addition, 
the incorporation of active ingredients into granules 
often leads to decreased drug availability. 


At present, one of the most promising alternatives to 
granulation techniques is direct compression. I t  is for 
this reason that the concept of compressing pharma- 
ceuticals directly into tablets has received much atten- 
tion in the past decade (1-8). 


The process of direct compression, by definition, 
involves the blending of the active ingredient with a 
compressible, free-flowing agent for direct compression, 
along with required lubricants and disintegrating agents. 
Direct compression allows optimum utilization of 
production time. Since the active ingredient is not 
incorporated into a granule, tablet dissolution becomes 
more dependent on compression force and less subject 
to other, less controllable parameters. 


The ideal agent for direct compression should be 
compressible, free-flowing, inert with respect to chemi- 
cal and physical reactivity, and relatively inexpensive. 
To date, no single agent has been found that is suitable 


for all direct compression formulas. If such an agent 
was available, it would surely gain rapid and wide- 
spread acceptance throughout the pharmaceutical 
industry. 


Samples of two new agents for direct compression, 
i.e., lactose USP (beadlets)’ and dextrose-corn syrup 
solids,2 hereafter termed dextrose (PAF 201 I) ,  were 
obtained for study. The first of these materials is a form 
of lactose USP monohydrate, spray-dried, which has 
been specially processed to form white, free-flowing 
“beads” having a very faint caramel-like odor similar 
to that of spray-dried lactose. Dextrose (PAF 2011) 
is produced by the controlled hydrolysis of starch and 
is composed of 95-96 
higher saccharides. The result is a white, free-flowing, 
odorless material composed of aggregated, porous, 
crystalline beads. The two materials have been evalu- 
ated and compared with two agents commonly used for 
direct compression, namely, spray-dried lactose USP’ 
and anhydrous lactose USPY3 as to their relative physical 
properties and stability with respect to tableting by 
direct compression. 


Microcrystalline cellulose, a widely used agent for 
direct compression, was not included in this study for 
comparative purposes since it has been reviewed 
thoroughly in previous publications (3,9).  


dextrose combined with 4-5 


EXPERIMENTAL 


Materials-Lactose USP was employed as a control in physical 
and color stability tests. Lubrication of tablets was accomplished by 
the addition of 1 %  of either magnesium stearate USP or stearic 
acid USP. Starch USP was used as the disintegrating agent in 
samples used to determine disintegration times. Where the effect 
of amines on the tablets was to be determined, d-amphetamine 
sulfate USP or phenylephrine hydrochloride USP was incorporated 
in the formulations at a concentration of 10% by weight. 


Test Methods and Equipment-Tablef Machines-The compres- 
sion characteristics of all four materials for direct compression were 
defined with the aid of a Stokes RBB2 tablet machine instrumented 
to permit the simultaneous monitoring of tablet compression and 
ejection forces (10). The selection of this machine was based on the 
fact that it is routinely used in tablet production and the die-filling 
operation is dependent on the force of gravity and the flow proper- 
ties of the material to be tableted. The press was fitted with standard 
concave punches 0.87 cm. (11/32 in.) in diameter and was set to 
operate at 1200 tablets/min. 


1 Foremost Dairies, Inc., San Francisco, Calif. In the case of the 
lactose USP (beadlets), only one lot of material was available for 
testing. 


2 Available as Celutab (Dextrose PAF 201 1) from Penick and Ford, 
Ltd.. Cedar Rapids,, Iowa. 


3 Sheffield Chemical Co., Norwich, N. Y. 
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Table I-Physical Properties of Sugars for Direct Tablet Com- 
pression 


Particle- 
Tap -Angle of Repose- Size 


Density, After Range, 
Material g./ml. Control" Exposureb j~ 


Lactose USP (beadlets) 0.63 39-41 46-48 15-300 
Spray-dried lactose 


Anhydrous lactose USP 0.60 53-55 58-60 15-450 
Dextrose (PAF 201 1) 0.67 39-41 54-56 75-350 


USP 0.64 44-46 48-50 15-300 


Lactose USP 0.70 62-64 70-72 5-175 


a Control angle of repose. b Angle of repose after exposure to 7 5 %  
R.H. in open containers for 5 days. 


The many samples of tablets required for evaluation of the 
physical and color stability of the various sugars were prepared 
with the aid of a Stokes Model F tablet machine using 1.27-cm. 
(0.5411.) standard concave tooling. 


Hardness-Tablet hardness was determined on a hardness tester 
which was modified to operate from a compressed air line. All values 
were expressed as the average of the values obtained for 10 in- 
dividual tablets. 


Friabiliiy-Friability was determined in a Roche Friabilator 
(1 1). Samples of 10 tablets were weighed, subjected to rotation for 
20 min. at 25 r.p.m., and then reweighed after careful dusting. The 
percentage of tablet weight lost was then calculated. Tablets that 
capped were taken as 100% loss, and the number capped was 
recorded. 


Disintegration Time-Disintegration times were determined 
using the standard USP apparatus both with and without disks 
(12). These data were reported as the average time required for 12 
tablets to disintegrate. 


Bulk Density-The bulk density of each sugar was determined 
according to  the tap method of Butler and Ramsey (1 3). 


Particle Size-Particle size was determined by sieve analysis. 
Sizing was accomplished in an End Shake6 sieve shaker using a 
series of 20- to 200-mesh stainless steel U. S. Standard sieves. The 
unit was operated for 15 min. The sample for each test was 100 g. 
The finite particle shape was determined by examination of each 
material under low power (1OOX) magnification. 


Angle of Repose-The angle of repose for each substance was 
measured by a tilting box technique as previously reviewed by 
Train (14). 


Color Stabiliiy Tesiing-Tests were carried out by exposing 
samples of 10 tablets, in open glass Petri dishes, to one of the follow- 
ing conditions: (a) heat storage at 56" for 10 days; (b) moisture 
storage at 75% R.H. for 30 days; (c) heat/moisture storage at 37"/ 
75 R.H. for 10 days; or (d) light exposure to 600 foot candles (fc.) 
fluorescent illumination for 12 weeks (15). 


lniiial and Equilibrium Moisture Conteni-The initial moisture 
content of each material was determined by loss on drying in a 
vacuum oven after exposure for 16 hr. at 60" in open containers. 


To determine the hygroscopicity of these agents for direct com- 
pression, tared samples of each were stored at various relative 
humidities in open containers in desiccators at 25" for a 7-day 
period. Samples were then weighed to determine the percentage 
of moisture picked up. 


RESULTS AND DISCUSSION 


Some of the physical properties of four sugars for direct com- 
pression are summarized in Table I. Data for lactose USP were 
also included for comparison. 


The angle of repose of a powder is often regarded as providing a 
measure of the internal friction of the material. The determination 
of this angle, therefore, serves to quantify the relative degree of 
flowability of materials (16, 17). All of the agents for direct com- 
pression tested were found to have a low angle of repose, indicating 
excellent flow properties. It should be noted that, after exposure 
to 75% R.H. for 5 days in open containers, an increase in angle of 


4 Strong-Cobb Arner Co. 
5 Newark Wire Cloth Co., Newark, N. J. 
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Figure I-Histograms displaying puriicle-size disiribuiion of four 
materials for direct compression. Key: A, lactose USP (beadleis); 
B, spray-dried lactose USP; C, anhydrous lactose USP; and D, 
dextrose(PAF 2011). 


repose resulted. Dextrose (PAF 201 I )  exhibited the greatest de- 
crease in flowability. This material was found to be considerably 
more hygroscopic than the lactose sugars (Table 11). 


Sieve analysis indicated a wide range of particle size for each 
sugar tested. In general, when a material has a narrow particle-size 
distribution, it will exhibit less tablet-to-tablet weight variation 
than a material with a wider distribution of particle sizes. Dextrose 
(PAF 201 1) was found to have not only the most narrow particle- 
size distribution, but it also contained the smallest percentage of 
"fines" (Fig. 1). 


Color Stability-Several references indicate that tablets prepared 
from lactose tend to discolor upon storage (18, 19). This phe- 
nomenon is accelerated by the presence of amines and/or certain 
lubricants, and it is dependent upon the temperature, humidity, and 
illumination under which the tablet is stored. The mechanism 
governing this process has been previously elucidated (1 8,20). 


A study was undertaken to determine the degree of discoloration 
produced in the five sugars (four agents for direct compression plus 
a lactose USP control) when stored in open containers under four 
testing conditions-heat, moisture, heat/moisture, and light-in the 
presence of lubricants and selected amines. Results of visual ob- 
servation are summarized in Table 111. Samples stored at 37" at 
75% R.H. for 10 days exhibited no more color change than those 
stored at either 56" or 75 % R.H. 


There is no evidence that stearic acid USP produces any less 
discoloration than magnesium stearate USP under these condi- 
tions. Control samples, which had been stored in a cool, dark 
environment (in closed containers) for a 12-week period, showed 
the same degree of discoloration as the test samples. Unlubricated 
control samples showed no color change after a 12-week storage 
period in closed containers. This indicates that the lubricants alone 
are capable of causing discoloration. 


It was found that the incorporation of amines, such asd-amphet- 
amine sulfate USP or phenylephrine hydrochloride USP, in the 
formulations both accentuated and accelerated the degree of darken- 
ing produced under all test conditions. In the presence of amines, 
magnesium stearate USP showed a greater tendency than stearic 
acid USP toward producing discolored sugar tablets. 


Of the four materials tested for direct compression, only an- 
hydrous lactose USP was able to withstand adequately the effects 
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Table 11-Sorption of Water Vapor in Humidity Chambers 


Initial - Moisture Present” 7 


Sample Moisture, 11 31 51 75 81 93 100 


Lactose USP (beadlets) 0.22 0.22 0.22 0.22 0.22 0.22 1 .o 17.0 
Spray-dried lactose USP 0.20 0.50 0.50 I .o  1 . o  1.0 1.5 21.5 
Anhydrous lactose USP 0.24 0.24 0.24 0.24 1.0 1 . 5  3 . 0  27.0 
Dextrose (PAF 201 1) 8.50 9.0 9 . 0  9 . 5  10.5 27.0 60.0 76.0 
Lactose USP 0.16 0.16 0.16 0.16 0.16 0.16 0.16 17.5 


u After exposure to specified humidity for 7 days at 25” in open containers. 


Table 111-Color Stability of Sugar Tablets after Exposure to 
Different Storage Conditions in Open Containers 


Degree of Discoloration 
(Visual Observation) 


75 z 
R.H. 600 


56” R.T. fc. 
for 10 for 7 fDr 12 


Sugar Lubricant Days Days Weeks 


Lactose USP Mg stearate Slight Slight Slight 
(beadlets) Stearic acid Slight Slight Slight 


Spray-dried lactose Mg stearate Slight Slisht Slight 
USP Stearic acid Slight Slight Slight 


Anhydrous lactose Mg stearate None None None 
USP Stearic acid None None None 


Dextrose (PAF Mg stearate Slight Slight None 
201 I) Stearic acid Slight Slight None 


Lactose USP Mg stearate None Slight None 
Stearic acid None Slight None 


of high temperature, humidity, and exposure to light. These findings 
agree with those of Batuyios (21). Neither lactose USP (beadlets) 
nor dextrose (PAF 201 1) represents a substantial improvement over 
spray-dried lactose USP with regard to overall physical and color 
stability. 


Compression Characteristics-The compression characteristics of 
the four sugars for direct compression were defined with the aid 
of a rotary tablet machine instrumented with strain gauges. Com- 
pression and ejection forces were monitored continuously and 
correlated with the tablet parameters of hardness, friability, tablet- 
ta-tablet weight variation, and disintegration time. 


Figure 2, illustrating waveforms resulting from compression and 
ejection events, IS included for comparative purposes. The top 
tracing is a series of typical compression responses, the mean value 
for which was about 1200 Ib. force (each major division is equiva- 
lent to 786 Ib.). The lower tracing represents the response obtained 
from ejection-force measurements using an ejection cam instru- 
mented with metal foil strain gauges (10). A mean value of about 
22 Ib. force was obtained in this instance (each major division is 
equivalent to 12.5 Ib.). 


Tablets were prepared from each of the four materials for direct 
compression at two levels of pressure: a “normal” pressure level 
(approximately 2200 Ib.) to simulate typical production conditions 
and a “high” pressure level (approximately 4100 Ib.) to encourage 


compressional difficulties. The physical specifications of the tablets 
prepared are listed in Table IV. 


After careful examination of the compression curves and evalua- 
tion of the physical properties of the tablets, those prepared from 
dextrose (PAF 201 1) were found to be the hardest and least friable 
of the four agents tested. At “normal” pressure and speed, tablets 
prepared from spray-dried lactose USP began capping after 6 hr. 
This was not the case with the other three materials. Figure 3A 
shows a waveform resulting from the ejection of spray-dried lactose 
USP tablets 15 min. after commencement of operation. Figure 3B 
is a similar photograph taken 6 hr. later. The twin peak effect 
is indicative of capping insofar as the materials tested in this study 
are concerned. The initial peak is representative of the force re- 
quired to overcome die wall-tablet adhesion. Under ordinary 
conditions, this force is rapidly dissipated as the tablet emerges 
from the die. However, when capping and/or lamination occur, the 
rapid expansion of the tablet results in an increase in force which 
manifests itself as the second peak in the ejection waveform. The 
possibility that these second peaks were the result of buildup of 
material in the dies or on the lower punch tips was minimized 
because both these sites were checked for cleanliness at regular 
intervals throughout the run. 


At the higher pressure, tablets prepared from anhydrous lactose 
USP began capping as depicted by the ejection waveforms shown 
in Fig. 4. The secondary peaks in this figure are not as pronounced 
as those in Fig. 3B. However, when one compares the waveforms 
i n  Fig. 4 with those seen in a typical noncapping situation (Fig. Z), 
the secondary peak becomes more apparent. A secondary peak of 
this type indicates a latent tendency toward capping; the tablets 
do not cap as they come off the machine but cap during handling 


Figure 3-Oscilloscopic tracing resulting from the ejection of spray- 
dried lactose USP iablets; each hrge division rrpresetm 6.27 Ib. 
Key: A ,  no capping; and B, capping. 


Figure 2-Oscilloscopic tracing of force waveforms obtaitted from 
Stokes RBB2 tablet press. See text for explanation. 
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Table IV-Compression Specifications of Four Sugars for Direct Tablet Compression" 


No. of 
Compression Weight, Thickness, Friability Capped 


Materials Force, 1b.b g.c cm. (imp Hardnessc (z Loss)d Tablets 


Lactose USP (beadlets) 2230 0.200 0.337 (0.133) 11.3 1.2 0 
4108 0.198 0.314 (0.124) 15.8 11.8 1 


Spray-dried lactose USP 2219 0.201 0.337 (0.133) 7 .0  1.8 0 
4083 0.201 0.314 (0.124) 14.0 60.9 5 


Anhydrous lactose USP 223 1 0.201 0.337 (0.133) 8.1 1 .6  0 
3974 0.203 0.314 (0.124) 16.2 21.9 2 


Dextrose (PAF 201 1) 2153 0.201 0.337 (0.133) 12.3 0 .7  0 
4120 0.201 0.314 (0.124) 19.8 1.0 0 


(1 All tablets lubricated with 0.5 each magnesium stearate USP and stearic acid USP. Average of 20 consecutive events. 5 Average of 10 
readings. d Capped tablets taken as 100% loss. 


and packagiag. Tablets prepared from lactose USP (beadlets) also 
exhibited, to a lesser degree, a latent tendency toward capping at 
high pressure when run with standard concave punches. 


It was decided to  subject the two best performers [lactose USP 
(beadlets) and dextrose (PAF 2011)] to a more severe test. Each 
material was run on the same tablet machine at 1200 tablets/ 
min., using extra deep concave (modified ball) tooling at the high 
pressure level. Under these conditions, pronounced capping was 
evident in the case of the lactose USP (beadlets). In contrast, tablets 
prepared from dextrose (PAF 2011) did not cap under these same 
test conditions (Fig. 5). 


Weight Variation-Extremely close weight tolerances were ob- 
tained with all agents except anhydrous lactose USP. To determine 
the magnitude of tablet-to-tablet weight variation, each material 


Figure &Oscilloscopic tracing resulting from the ejection of an- 
liydrous Iucrose USP tableis; each large division represenis 12.5 Ib. 


Table V-Weight Variation of Four Sugar Tablets Prepared by 
Direct Compression 


Mean Standard 
Deviation Sample Weight" 


Lactose USP (beadlets) 201.94 f0.7466 
Spray-dried lactose USP 197.77 ~ t0 .9177 


Dextrose (PAF 201 1) 195.63 f0.9652 
Anhydrous lactose USP 199.41 f 1.4949b 


Average of 20 tablets and expressed in mg. b p = 0.0165. Significant 
at 95 % confidence limits. 


was run for 1 hr. on the instrumented RBB2 tablet press. The 
presence of a blank station in the die table served to index the 
compression forces at each individual station. It was, therefore, 
possible to determine if fluctuations in compression force levels 
were due to tablet-to-tablet weight variation or to tooling variation 
(i.e., the combined length of the upper and lower punches was 
either more or less than the norm for the particular set of tooling). 
Figure 6 shows a series of waveforms resulting from the compres- 
sion of dextrose (PAF 2011) in which a pattern of variable peak 
heights is evident. Since this pattern recurs in successive revolutions, 
one may assume that it is due to tooling variation. Hence, the 
dextrose (PAF 201 I) exhibited remarkably close weight tolerances. 
In comparison, the waveforms for anhydrous lactose USP depicted 
in Fig. 7 showed a considerable degree of fluctuating peak heights. 
Since the pattern obtained in this case does not recur at regular 
intervals, the force variations cannot be. attributed to tooling 
variations. 


Samples were taken from the machine at 10-min. intervals. 
Twenty tablets were selected, at random, from these samples and 
weighed individually on a semimicro balance. The statistical data 
obtained are tabulated in Table V. 


Disintegration-To obtain disintegration information, samples 
were prepared from each of the four agents for direct compression 
according to the following formula: 


Ingredients g./Tablet . 


Material for direct compression 0.190 
Starch USP 0.010 
Magnesium stearate USP 0.001 
Stearic acid USP 0.001 


0.202 
__ 


Tablets were compressed on the instrumented RBBZ tablet 


Figure 5-Oscilloscopic tracing resulting from the ejection of dextrose 
(PAF 2011) tablets; each large division represents 6.27 Ib. 


Figure b0sc i l loscopic  tracing resulting from the compression of 
dextrose (PAF 201 I ) ;  each large division represents 786 Ib. 
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Figure I-Oscilloscopic tracing resulting from the cornpression of 
anhydrous lactose USP; each large division represents 786 lb. 


machine. The uniformity of the compression force, weight, and 
tablet thickness was maintained within narrow limits. Disintegra- 
tion times, as determined by the official USP method (12), are 
recordedLrTable VI. 


7 .: ABkough all samples had disintegration times of less than 9 
min., those prepared from dextrose (PAF 2011) exhibited the 
shortest and most uniform times. This observation coJld well have 
been predicted in view of the difference in solubility between dextrose 
and lactose. 


SUMMARY AND CONCLUSIONS 


Lactose USP (beadlets) and dextrose (PAF 2011) have been 
evaluated and compared with two commonly used agents for direct 
compression, namely, spray-dried lactose USP and anhydrous 
lactose USP, as to their relative physical properties and stability 
for tableting by direct compression. 


The physical properties, i.e., bulk density, angle of repose, and 
particle-size distribution, of all four agents were determined. The 
effects of heat, moisture, and light, as well as the presence of selected 
amines and lubricants, on the physical properties and color stability 
of tablets prepared from the materials were compared with a 
lactose USP control. The compression characteristics of all four 
materials were defined with the aid of an instrumented rotary 
tablet machine. Compression and ejection forces were monitored 
continuously and correlated with tablet hardness, friability, weight 
variation, and disintegration time. 


Both dextrose (PAF 2011) and lactose USP (beadlets) exhibited 
excellent flow characteristics, as evidenced by minimal tablet-to- 


Table VI-Disintegration Time for Four Sugar Tablets Prepared 
by Direct Compression 


a Average of 10 tablets. * Average of 10 consecutive events. c Average 


tablet weight variation. The hygroscopic nature of the dextrose 
(PAF 201 1 )  detracts considerably from its overall physical stability. 
Neither new agent represented a significant improvement over the 
older materials with regard to color stability. Of the four agents 
tested, only anhydrous lactose USP was able to withstand ade- 
quately the exposure to heat, light, and moisture. 


The compressional characteristics of dextrose (PAF 201 1 )  were 
superior to those of the lactose sugars. When identical formulations 
were tested, dextrose (PAF 201 I )  produced the hardest and least 
friable tablets. The compression characteristics of lactose USP 
(beadlets) were superior to those of spray-dried lactose USP and 
anhydrous lactose USP. 


It is felt that both dextrose (PAF 2011) and lactose USP (bead- 
lets) warrant serious consideration for use as agents for direct 
compression in the pharmaceutical industry. 
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BOOKS 


REVIEWS 


Editor’s Note: While it is not usual Journal practice fo run more 
than one review on a particular book, “The Theory and Practice of 
Industrial Pharmacy” appeared to warrant a broader approach as it 
is an iniiial attempt to produce a iextbook in the area of industrial 
pharmacy. For this reason, we are providing the opinions of two re- 
viewers in the book reviews which follow. 


The Theory and Practice of Industrial Pharmacy. Vol. 1. Edited by 
LEON LACHMAN, HERBERT A. LIEBERMAN, and JOSEPH L. KANIG. 
Lea & Febiger, Philadelphia, PA 19106, 1970. xii 4- 811 pp. 
15.5 X 23 cm. Price $24.50. 
In their preface, the editors state that a good textbook on industrial 


pharmacy has been sorely needed. This is indeed the case and this 
book represents the first modern comprehensive treatment of in- 
dustrial pharmacy to be published in the English language. 


The book has three coeditors and thirty-eight contributors. As a 
result some chapters are truly outstanding and others are distinctly 
disappointing. 


The book is written in four sections. These sections deal with the 
principles of pharmaceutical processing, dosage forms, quality 
control, and industrial pharmaceutical law and structures of 
pharmaceutical companies. 


The first third of the book deals with principles of pharmaceutical 
processing and is written from a unit operations standpoint. Unit 
operations which are of particular importance in pharmaceutical 
processing are covered in separate chapters and include drying, 
mixing, milling, dispersion, clarification and filtration, compaction 
and compression, heat transfer, and fluid flow. Other specialized 
pharmaceutical processes treated are sterilization and tablet coating. 
One of the most outstanding chapters in the entire book appears to 
be very much out of place in the pharmaceutical processing or unit 
operations section and that is the chapter on biopharmaceutics. 
This chapter which was contributed by Professor Gibaldi is perhaps 
the most outstanding single chapter on the subject of biopharma- 
ceutics to have been written to this date. 


Section two treats on an individual chapter basis all of the various 
major classes of pharmaceutical dosage forms, including tablets, 
capsules, liquids, emulsions, semisolids, suspensions, suppositories, 
sterile products, aerosols, and sustained-release products. This sec- 
tion is entitled in the table of contents, “Dosage Forms: Design and 
Evaluation.” Unfortunately dosage form design principles and drug 
product evaluation are either inadequately treated or are virtually 
missing from many of the chapters in this section. For example, in 
the chapter on capsules, no mention is made of the importance of 
availability studies or methods of characterizing in uitro availabil- 
ity. In most of the chapters in this section mechanical methods of 
manufacture are stressed. In the approximate 40% of the book deal- 
ing with dosage forms the chapter on sustained-action dosage forms 
by Eriksen, the chapter on sterile products by Avis, and the chapter 
on aerosols by Sciarra are outstanding in organization and content. 
The chapter on pilot plant scale-up techniques by Michelson is also 


well done, but seems strangely out of place, not to have been located 
in part one of the book dealing with pharmaceutical processing. 


The nearly 100 pages of the book dealing with quality control 
contain two chapters coauthored by Dr. Lachman, one dealing 
with kinetic principles of stability testing and the other with quality 
assurance. These are very well written and represent a significant 
textbook compilation on these subjects to the literature. 
In the design, organization, and writing of their book the editors 


have overlooked one important aspect of industrial pharmacy to- 
day. That aspect is the role of preformulation research and the 
application of physical-chemical principles in a systematic man- 
ner for the rational design of pharmaceutical drug products and 
dosage forms. It is obvious from the examination of the table of 
contents that the authors were at some loss as to the location of the 
section on biopharmaceutics. This excellent chapter together with a 
section on preformulation, its implications in drug product design, 
and the components of a total preformulation system would have 
provided a very good foundation for the dosage form section of the 
book. Unfortunately the preformulation concept is not treated by 
the book, making the foundation for the following dosage form sec- 
tion inadequate, and accentuating the lack of total information on 
basic principles of dosage form design and evaluation. 


Even though this book contains some obvious omissions, quite 
often is incomplete on the subjects of dosage form design principles 
and evaluation, and is questionably organized in two instances, the 
book does represent a creditable and laudable effort to cover a broad 
and very difficult area. This book is recommended as a textbook for 
any advanced pharmaceutics or manufacturing graduate course. 
The book warrants consideration for elective undergraduate 
manufacturing pharmacy courses. It is doubtful that the book will 
find wide-scale acceptance as an undergraduate text based on the 
specialized subjects treated and the nature of the material being 
covered. The book should, however, have a prominent place on the 
shelf of every pharmacy school and pharmaceutical laboratory 
library. It will also undoubtedly be a valuable contribution to the 
working bookshelf of many industrial and development pharma- 
cists. 


Reviewed by Gilbert S .  Banker 
School of Pharmacy and Pharmacal Sciences 
Purdue University 
Lafayette, IN 47907 


The Theory and Practice of Industrial Pharmacy. Vol. 1 .  Edited by 
LEON LACHMAN, HERBERT A. LIEBERMAN, and JOSEPH L. KANIG. 
Lea & Febiger, Philadelphia, PA 19106, 1970. xii + 811 pp. 15.5 
X 23 cm. Price $24.50. 
The preparation of this first attempt at a text on industrial 


pharmacy was undoubtedly difficult. The very scope of the subject 
must have given rise to many hard decisions finally arrived at 
with much hesitation, breadth versus depth alone being one of the 
most weighty of these. 
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All in all, the book is an excellent beginning and the editors are 
congratulated in obtaining the consistently good help of so many 
competent contributors. 


But there are serious omissions in a text that by its title claims 
exposition of both theory and practice, and there are inclusions 
that seem a bit unnecessary here, however necessary and important 
as ancillary materials that have been very properly treated in other 
works. 


As to the latter, it seems that for the most part the chapters on 
heat transfer, momentum transfer, and fluid flow have been 
well treated elsewhere and need not have been included here, 
however well done. In actual practice an engineering department 
would or should function competently in these areas. 


It is interesting to note that the technological details of dosage 
form development in the various areas are never tied in with con- 
trol and production in the sense that in a well-run outfit develop- 
ment should issue detailed specifications for the finished job and 
assume the responsibility for the accuracy of these regardless of the 
degree of control and production involvement during the planning 
stages of new drug design. The chapter on pilot plant scale-up 
techniques is well done technically, but needs the finishing touch 


es to be assumed and by whom. This 
nk between development and produc- 


tion and is an extremely important administrative factor in the 
pursuit of industrial pharmacy. Interestingly, it is often disregarded 
in practice as it is disregarded in this text. 


Little if any reference is made to the construction and control of 
labeling information, to include both label and package circular, yet 
these are grave responsibilities that come much earlier in the scheme 
of things than the mechanical control of finished labeling. 


In the chapter on quality assurance, reference is made to a zero- 
defect concept. It is unfortunate that this widely used term is repeated 
here since it is a physical and psychologic anomaly. Yet the notion, 
as developed by Sinotte and others, is a most interesting approach to  
quality control because it deals with the fallibilities of the human 
which, after all is said and done, constitute the fundamental need 
for control. But the term “zero defect” should be replaced with 
one of greater semantic digestibility. Personnel may and should 
be qualified not only by training, experience, and the like, but also by 
their emotional attitudes toward the job after training and motiva- 
tional incentives have been applied. The applicable paragraph on 
page 715 could and should be greatly expanded by competent 
psychological treatment. It is not too difficult to calculate a standard 
deviation, but a human can ruin its importance. 


The control of bulk raw material is well spiced with general 
statements such as “adequate systems,” “appropriate records,” 
and our old friend “careful handling.” A few pages later these 
are followed by a quite satisfactory handling of statistical quality 
control for the purposes of this text, but in neither case nor in any 
other area of this volume is much attention given to how samples 
are taken, and where and when, and by whom. It is one thing to give 
a blessing to Military Standards sampling plans, but quite another 
to show how these are not complete and practical answers to the 
requirements of practice. The reader should like to know who trains 
the sampler or his supervisor and how this is done and what re- 
sponsibilities reside in these operators. Often no one else sees what 
they do, or how they do it. 


Automated sampling and assay procedures have already solved 
many problems in quality control, as this reviewer prophesized many 
years ago, and as this volume gives adequate description, but we 
need more definitive treatment of hand sampling and bench assay 
operation in a text on industrial pharmacy too, it would seem. The 
day is somewhat in the future when relatively small pharmaceutical 
operations will have disappeared. These need specific and truly 
applicable help in these areas of quality control far more than their 
more sophisticated counterparts. 


This reviewer is impelled once again to point out that it seems 
almost axiomatic that authors in this field must use terms such as, 
“carefully,” “adequate,” “absolutely correct,” “proper,” “suit- 
able,” “reasonable,” and the like. This volume has far too many 
such terms. As a text it needs none of them, or at the most, few. 
But it does need definitive statements in these applicable areas. 


In no as there found any statement as to the organizational 
respons and authorities of the director of quality control. 
This matter has been so avoided or mishandled in the industry 
generally that a careful discussion of it would seem to be in order. 


The statement in the last paragraph on page 748 is good, but it is 
altogether too general for a text without more detailed support. 


The matter of patents is well discussed and is quite informative 
to those of little experience in the field, which is as it should be. 
It would have been most helpful however, if some discussion of the 
manner in which ideas are developed in the group research that 
pertains today, and the difficulty of assigning the proper credit to 
individuals who participate in invention. These are the very facts of 
life to directors of development, or should be. Patents protect and 
provide incentive, but they are not the research “thing” itself. The 
“thing” itself is the heart and soul of industrial pharmacy. 


But this is an excellent “first try” in the elaboration of a text that 
has been long sorely needed. Careful revision will make it into a 
most valuable resource. Such revision will surely follow its use as 
a text, a use which is recommended. 


Reviewed by Sereck H. Fox 
Professor of Industrial Pharmacy 
Wayne State University 
Detroif, MI 48202 


European Pharmacopoeia. Vol. 1, Published under the direction of 
the Council of Europe (Partial Agreement) in accordance with the 
Convention on the Elaboration of a European Pharmacopoeia. 
Maisonneuve S. A., 57-Sainte-Ruffine, France, 1969. i + 401 
pp. 15.5 X 24.5 cm. (English and French versions available) 
The publication of the European Pharmacopoeia represents a 


significant step toward greater cooperation across national 
boundaries in the field of public health. The European Pharma- 
copoeia Commission was established by a Convention signed in 
September 1964 by the following countries: Belgium, France, Fed- 
eral Republic of Germany, Italy, Luxembourg, the Netherlands, 
Switzerland, and the United Kingdom. 


For the past five years, some hundred scientists, representing these 
eight countries, have been preparing this compilation. Application 
of the standards established in this volume must be made before 
January 1, 1972, with this volume gradually replacing the traditional 
national pharmacopoeias. 


This volume contains general methods of analysis as well as 51 
monographs on specific basic medicinal substances. A second vol- 
ume of this compendium containing biological substances such as 
hormones, vaccine serum? and antibiotics is scheduled for publica- 
tion next year. 


Staff Review W 


Pharmacology and Patient Care. By SOLOMON GARB, BETTY JEAN 
CRIM, and GARF THOMAS. Springer, 200 Park Ave. So., New 
York, NY 10003, 1970. x + 597 pp. 14 X 21.5 cm. Price $8.95 
(hard cover), $6.75 (soft). 
This, the third edition of Pharmacology and Patient Care, i s .  


somewhat broader than the first two editions. Garf Thomas, Chief.” 
Hospital Pharmacist, University of Missouri Medicial Center, has 
been added as a coauthor, in an attempt to give this book, origi- 
nally published as a textbook for nurses, a more interdisciplinary, 
paramedical approach. 


This edition contains several new chapters, with all the chapters 
from the preceding editions being updated. Of particular interest 
are the chapters on “Drug Interaction and Incompatibilities” and 
“Pharmaceuticals and Society.” 


Staff Review 
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yield after column chromatography. TLC (silica gel, 
chloroform) of this product showed only one component, 
and the R,  was identical with that of a sample of (-)-I1 
prepared in 74% yield from (-)-I hydrochloride and 
diazomethane. The oily (*)-I1 was converted into a 
crystalline picrate, m.p. 187-189’ dec., and a crystalline 
perchlorate, m.p. 263 O dec. 


The two preparations of apomorphine dimethyl 
ether [(-)-I1 and (=!=)-I13 showed identical IR (film), 
UV, and NMR spectra; hggH: 216 mp (E, 47,000), 269 


singlet), 2.66-3.37 (7H, multiplet), 3.73 (3H, singlet), 
3.91 (3H, singlet), 6.91-7.18 (4H, multiplet), 8.28 
(lH, doublet, J = 2 c.P.s.). (=+=)-Apomorphine dimethyl 
ether was converted to its hydroiodide salt with 57% 
hydriodic acid. Recrystallization from acetone-water 
yielded white needles, m.p. 279 O dec. 


Anal.-Calcd. for Cl9HzzINO2: C, 53.91; H, 5.24, 
I, 29.98; N, 3.31. Found: C ,  54.08; H, 5.40; I, 30.17; N, 
3.13. 


The demethylation of this hydroiodide proved an 
exceptionally facile reaction, considering the sensitivity 
of apomorphine to oxidizing agents as well as to acylat- 
ing agents. The hydroiodide was heated with an equi- 
molar mixture of 5 7 z  hydriodic acid and acetic an- 
hydride at reflux for 1 hr. When the reaction mixture 
was diluted with ether, pure (*)-apomorphine hydro- 
iodide was precipitated and isolated as a white crystal- 
line powder, m.p. 282” dec.,’ in 93 % yield. This corn- 
pound oxidized only slowly when stored in the cold 
under nitrogen. Xg::”: 217 mp (E, 41,000), 273 (E, 
17,000), 309 (c, 3300). 


Anal.-Calcd. for Cl7Hl8INO2: C, 51.66, H, 4.59, I, 
32.11; N, 3.54. Found: C, 51.48; H, 4.69; I, 32.00; N, 
3.40. 


(c, 19,000), 306 s (E, 2300); NMR (CDC13): 2.57 (3H, 


1 Determined on a duPont differential thermal analyzer under nitro- 
gen. 
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REVIEWS 


International Encyclopedia of Pharmacology and Therapeutics. 
Section 13, Volume 1-Anticholinesterase Agents. Edited by C. 
RADOUCO-THOMAS, Pergamon Press Ltd., Oxford, England, 
1970. ix + 508 pp. 15.5 X 23.5 cm. Price $24.00. 
The number of compounds that inhibit the class of enzymes 


known as cholinesterases has increased markedly in recent years. 
These compounds, which have had only limited applications in 
medical therapy and have few equals as investigational tools in 
pharmacology, are now important industrially as insecticides and 
militarily as the highly toxic “nerve gases,” e.g., sarin, soman, and 
tabun. Concurrently, large numbers of papers have been pub- 
lished dealing with chemical and biological aspects of these 
inhibitors and of the enzymes with which they react. Many 
reviews have subsequently appeared, of which the one edited by 
Koelle in 1963, Cholinesterases and Anticholinesterase Agents, 
may be the most extensive and most widely used. 


The present volume of anticholinesterase agents for the most 
part covers the same literature as that of the review of Koelle and 
attempts to include most papers published through late 1968. 
The material is presented in two. major subsections, with an intro- 
duction, titled “History of the Research With Anticholinesterase 
Agents,” by Professor A. G. Karczmar, the Section Editor. This 
part considers in brief, historic detail the pharmacology of physo- 
stigmine, the concept of neurohumoral transmission, some novel 
aspects of the cholinergic system, organophosphorous inhibitors, 
early work on cholinesterases, the therapeutic uses of inhibitors of 
these enzymes, and some interesting points of disagreement among 
investigators of these areas. 


Subsection I, titled “Reactions of Cholinesterases With Sub- 
strates, Inhibitors and Reactivators,” compiled by Dr. Earl Usdin, 
comprises the major portion of the volume. The author states that 
a somewhat different point of view has guided this review: an 
intention not only to describe the reactions of cholinesterases with 
substrates, inhibitors, and reactivators, but to make known the 
differences and similarities among the reactions of these three classes 
of compounds. In this effort, reference has been made to the active 
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sites of the enzymes, to the mechanisms and kinetics of the reactions, 
and to structureactivity relationships; stereoisomeric effects have 
been emphasized. Separate sections are included that are con- 
cerned with studies of the active sites of cholinesterases and on the 
“aging” of the organophosphate-enzyme product, since the latter 
phenomenon has particular significance in the therapy of poisoning 
by organophosphate inhibitors. 


Subsection 11, titled ‘‘Toxicity of Anticholinesterases and Treat- 
ment of Poisoning,” by Dr. J. H. Wills, has two goals: (a)  to 
complement and update reviews concerned with the pharmacology 
and toxicology of anti-ChE compounds, and (b) to describe and 
place on as firm a foundation as possible the treatment of poisoning 
by ChE inhibitors. Dr. Wills has assembled a large amount of 
basic data and information about the toxicology of a variety of 
inhibitors of ChE; and, more importantly, he has laid a foundation 
for therapy by a highly competent and thorough pharmacological 
analysis of the relevant material. The medical literature should 
still be consulted for clinical applications, to  which the discussion 
of Dr. Wills is a prerequisite. 


This review will be helpful to the student, investigator, and teacher 
interested in the various phases of ChE enzymes and their inhibitors, 
especially those for whom the historiographic approach is impor- 
tant. The subsection by Dr. Usdin, in addition to almost 300 
pages of data and discussion, includes over 50 pages of references, a 
testimony to literature searches aided by computers. The compu- 
ter, however, cannot be faulted for the fact that in an important 
table listing inhibitor constants the references are identified by 
number, whereas they are listed alphabetically. More rigorous 
editing here and throughout the text would have added to the 
readability and importance of this very useful review. 


Reviewed by A. A. Kondritzer 
Medical Research Laboratory 
Edgewood Arsenal, M D  21010 


The Chemistry and Biochemistry of Steroids. Edited by N. 
KHARASCH, Intra-Science Research Foundation, Santa Monica, 
Calif., 1969. iv + 166 pp. 21.5 X 28.5 cm. Price $12.00. 
This book represents a compilation of a series of lectures pre- 


sented by Drs. Leland J. Chinn, John S, Baran, Paul D. Klimstra, 
and Raphael Pappo at the University of Southern California during 
the fall of 1968. The authors are all research chemists with G. D. 
Searle and Company and considerable discussion is given to re- 
search conducted in the Searle laboratories over the past two 
decades. Taken in this light, the book represents informative read- 
ing for students in medicinal chemistry interested in an industrial 
career. 


The book is not, however, a complete text describing “The 
Chemistry and Biochemistry of Steroids” as represented by the 
publishers. Only selected areas of steroid chemistry are emphasized, 
and often times repeated (e.g., synthesis of 19-norsteroids), and the 
biochemical aspects are even more limited in scope. For example, 
the initial chapter by Dr. Chinn represents an excellent discussion 
of mineralocorticoids, but little mention is made of the equally 
important glucocorticoids. Moreover, the chapter on conforma- 
tional analysis is lucidly presented, but the section on structure 
receptor interaction fails to evaluate critically the various hy- 
potheses associated with this nebulous subject. 


The chapters on biosyntheses of cholesterol and hypocholester- 
olemic agents by Dr. Baran are an up-to-date summary of the re- 
search in these fields. To confuse the matter, however, these chapters 
are followed by another given the same title as the text itself, but 
which deals largely with the metabolism of cholesterol. Similarly, a 
chapter entitled “Biological and Clinical Aspects of Estrogenic Hor- 
mones” is four pages in length and describes mainly Dr. Baran’s 
own research with 1 l@-methyl-19-norsteroids. 


The chapters by Dr. Klimstra on oral contraceptives and andro- 
genic and anabolic steroids are well-documented reviews. As pointed 
out by the author, however, similar reviews recently have been pub- 
lished in other texts. 


The final two chapters are written by Dr. Raphael Pappo and 
pertain to a discussion of the chemistry and biology of 2-oxaster- 
oids and total and partial synthesis of steroids. The author has 
contributed significantly to the former and describes in detail the 
chemical development of the 2-oxa isostere of methyltestosterone 
which is marketed as an anabolic agent under the name of Anavar. 
A considerable portion of the chemistry presented in this chapter 
describes the author’s own work and has not been published else- 
where. 


Thus, this book represents an interesting and easy-to-read series 
of lectures representing selected areas of steroid chemistry and bi- 
ology. It is not, however, a text on “The Chemistry and Biochemistry 
of Steroids” as the title implies. 


Reviewed by Raymond E. Counsel1 
Laboratory of Medicinal Chemistry 
College of Pharmacy 
University of Michigan 
Ann Arbor, MI 48104 R 


International Encyclopedia of Pharmacology and Therapeutics. 
Pharmacology of the Endocrine System and Related Drugs: The 
Neurohypophysis. Executive Editor, G. PETERS; Section Editors, 
H. HELLER and B. T. PICKERWG. Pergamon Press Ltd., Oxford, 
England, 1970. x + 486 pp. 15 X 23.5 cm. Price $16.00. 
This volume I of section 41 of the International Encyclopedia of 


Pharmacology and Therapeutics is composed of 12 chapters by 19 
distinguished contributors. The subject matter includes the history 
of neurohypophysial research, the chemistry of the natural and 
synthetic neurohypophysial hormones, their distribution and evolu- 
tion in vertebrates, structural-activity relationships of the natuial 
and synthetic hormones, and the latest theories on their storage, 
release, biosynthesis, and analysis in body fluids. There is also an 
expanded chapter on the physiological and pharmacological effects 
of posterior pituitary peptides and their derivatives on the kidney, 
uterus, and mammary gland. In addition, there are chapters on the 
effects of posterior pituitary hormones and their derivatives in 
lower vertebrates, their cellular mode of action and fate, as well as a 
concluding discourse on the clinical pharmacology of oxytocin and 
vasopressin. 


Through this text which deservedly carries the term encyclopedia 
are extensive references to books, reviews, monographs, and orig- 
inal papers which easily bring the researcher up to date on the most 
recent data available concerning every conceivable aspect of the 
neurohypophysis. Appended is a complete author and subject 
index. 


The reader is urged to spend some time studying a series of elec- 
tron-micrographs which very clearly demonstrate the ultrastructural 
changes and the effects on hormone release of ether anesthesia, and 
ether-and-hemorrhage on rat and rabbit neural lobes. 


One major and obvious oversight is the unintentional absence of 
pages 264-265,268-269,272-273,276, and 217. It is hoped that the 
publisher can, at this time, still rectify this before the book begins 
to circulate widely. It is too fine a reference source to be known for 
its missing pages and accompanying facts. This work should be 
included in all medical research libraries and is recommended to all 
investigators interested in the most up-to-date information con- 
cerning the pharmacology and endocrinology of the posterior 
pituitary. 


Reviewed by Ronald F. Gautieri 
Department of Pharmacology 
School of Pharmacy 
Temple University 
Philadelphia, PA 19140 
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Permeability of Double-Layer Films I 


TSUNETO KURIYAMA, MICHIHARU NOBUTOKI, and MICHIO NAKANISHI 


~~ ~ 


Abstract 0 To make a pharmaceutical preparation that contains a 
water-unstable ingredient, it is preferable that the preparation be 
coated with a less permeable film. When rapid disintegration is 
required, however, the coating film should be made as thin as pos- 
sible. The present study was carried out on the permeability of the 
double-layer film in order to create a thin film with sufficient pro- 
tectivity from moisture. It was found that the permeability of most 
double-layer films had a directional property and could be made 
thinner than single films. This finding suggests the potential use- 
fulness in the manufacturing process of pharmaceutical prepara- 
tions. 


Keyphrases 0 Films, double layer-permeability 0 Permeation, 
water vapor-double-layer films Solvent evaporation rate- 
effect on film 


Coating is an important and basic technique which 
is widely used in the field of pharmaceutics. Film coating 
of tablets is a typical example. One important purpose 
of coating is to prevent moisture from permeating into 
preparations, because decomposition of the ingredient 
is often attributable to hydrolysis (and oxidation). For 
protection from moisture, it is of primary importance 
to select a proper coating agent. Several kinds of coat- 
ing agents are available, but the selection is not always 
easy because a coating agent should fulfill various 
incidental requirements. A coating agent should be 
soluble in the gastric or intestinal fluids as desired, 
while its solvents should not react with the ingredients 
and its water vapor permeability should be as low as 
possible. The water vapor permeability of a film may be 
reduced by making the film thicker, but such films may 
prolong the time of tablet disintegration in the digestive 
fluids. Therefore, the thickness of the coating film is 
limited. It may be possible to create a more useful 
coating film by combining currently available agents. 
For this purpose, two methods may be feasible: 
making a film from a mixed solution or combining 
single films to make a multilayer film. The authors 
studied the latter and found that the multilayer film 
had very interesting and useful properties which were 
worthy of reporting. 


To study quantitatively the water vapor permeability 
of a coating film, it may be advisable to perform an 
experiment on a simple system such as the free film 
rather than on a complicated system such as the film- 
coated tablet. Many reports are available concerning the 
permeability of a single film (1-5). In this report, the 
water vapor permeability was measured on the double- 
layer film as well as its constituent single films in a 
manner similar to that described by the former reporters. 


EXPERIMENTAL 


Cell for Measuring Water Vapor Permeability-A cell was as- 
sembled according to the method of Pate1 et al. (1). The cell was 
filled with distilled water and horizontally sealed with a sample 


film. The initial weight of the cell was accurately measured after 1 
hr. of thermal equilibration at a given temperature and humidity 
environment (generated by the Tabai Lucifer model TL-21P). 
The cell was again weighed after 20 hr. at the same conditions and 
the decrease of the weight was calculated. In this experiment, it 
was necessary to maintain a constant distance between the sample 
film and the surface of water in the cell to avoid inconsistencies in 
the data obtained. The shortest possible distance was advisable 
(6), but for practical reasons the authors used a distance of 1.5 
cm. 


Film Preparatio-a) Single Films-The coating agents were 
dissolved in suitable solvents, and the film solutions were then 
poured on horizontal glass plates equipped with a holding frame 
around the perimeter. The solvent was allowed to evaporate gradu- 
ally. In this process, the rate of evaporation was controlled by set- 
ting a cover which limited the diffusion of solvent vapor. The thick- 
ness of the film was adjusted by changing the concentration (5-15 %) 
and the quantity of the solution poured on the glass plate. Free 
films were peeled from the plates. Each free film was cut into circles 
4 cm. in diameter to make the sample films. These samples were 
dried in a vacuum for 12 hr. to remove residual solvent. 


(b) Double-Layer Films-It was necessary to use a double-layer 
free film which contained no air layer between, because an actual 
multilayer-coating film on the tablet contains no air layer. TWO 
single films, which had the same thickness but were of different 
types, were selected from the prepared films and combined to form 
a double-layer film by using a solvent which dissolved only a surface 
of either film. 


Measurement of Thickness of Film-The thickness of a single film 
produced in the manner described was measured with a dial gauge 
(precision: 0.001 mm.). The thickness of a double-layer film was 
taken as a total of the thickness of each single film. 


Materials-Coating agents used are shown in Table I. 
Measurement of Water Vapor Permeability-Several films were 


selected to distribute properly the thickness of each film in the range 
of 0.05-0.4 mm., and their water vapor permeability was measured. 
Permeability is generally described as follows (8): 


= PAt (PI  - p d l  (Eq. 1) 


Quantity (q) of water vapor, which passes through a given film at a 
given temperature, depends upon area (A), thickness (I), vapor 
pressure difference (Ap = fi - pz), and time ( t ) .  The proportional 
coefficient (P) was termed the permeability coefficient. Permeability 
(Q). which is defined in Ell. 2, was obtained at a given condition: 


Q = q/At (g./m2 24 hr.) (Eq. 2) 


Comparison was made on Q-values for various samples in terms of 
0.3-mm. film thicknesses. It was, of course, very hard to produce a 
sample film of the exact thickness intended, and Q-value depended 
upon the thickness (I) of a film. But because the relationship be- 
tween l / Q  and 1 was linear, Q for exactly 0.3-mm. thickness was ob- 
tained graphically. 


RESULTS AND DISCUSSION 


In the case of preparing sample films, the rate of evaporation of 
the solvent was a problem. Too rapid evaporation produced tur- 
bidity in the film, and the water vapor permeability of the film 
depended upon such turbidity, producing inconsistencies in data. 
The rate of evaporation was controlled to make the films trans- 
parent. All results reported were obtained from transparent sample 
films. 


The relationship between l/Q and 1 should be a straight line pass- 
ing through the origin according to Eq. 1. But this experiment re- 
vealed that the line did not pass through the origin but intersected 
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Table I-Abbreviations and Solvents of Coating Agents Used 


Abbre- 
viation 


Chemical 
Name 


Manufac- 
turer 


(Spezifi- 
cation) 


Solvent 
Used fo! 


Making Fdm 


EC 


MC 


AC 


CAB 


SH 


PVA 


HPC 


AEA 


HECAP 


cc 


CAP 


Ethyl- 
cellulose 


Methyl- 
cellulose 


Cellulose 
acetate 


Cellulose 
acetate 
butylate 


Shellac 


Polyvinyl 
alcohol 


Hydroxypropyl- 
cellulose 


Polyvinyl acetate 
diet hylamino 
acetal 


Hydroxyethyl- 
cellulose asetate 
phthalate 


Cellulose acetate 
phthalate-2-di- 
ethylamincaethyl- 
ester 


Cellulose acetate 
phthalate 


Dow Corning 
(50 cps.) 


Shin-etsu 
Chemical Co. 
(25  cps.) 


Wako Pure 
Chemical Co. 


Eastman Organic 
Chemicals Co. 


(25  cps.) 
Wako Pure 


Chemical Co. 
Eastman Organic 


Chemicals Co. 


Gifu Shellac 
Manuf. 


Hayashi Pure 
Chemicals 
( 5 0 0 )  


Freunt Ind. 


Sankyo Co. 


Y oshitomi 


Wako Pure 


Pharrn. Ind. (7) 


Chemicals 


Wako Pure 
Che.micals 


Ethyl 
acetate 


Methylene 
chloride + methyl 
alcohol (1 : 1) 


Acetone 


Acetone 


Methyl 


Water 
alcohol 


Methyl alcohol + 
Acetone 


chloroform (1 : 1) 


Acetone 


Methyl 
alcohol 


Acetone 


the ordinate ( I/Q-axis), indicating that the permeability of coating 
film does not perfectly agree with the classical theory (Eq. 1). 


This fact has been reported also by Patel et al. ( I ) ,  who pointed 
out that the linear plots resulted for various samples extrapolated 
to the same point on the abscissa (I-axis). However, the latter 


rn 


20 - 


16 - 
7. 
M > 
z 
=r 
N 12- 


0.1 0.2 0.3 0.4 
I, mm. 


Figure 1-The relationship between the resistance for pernieation 
(I/Q) and the Jirm thickness (I). Temperature, 40”; water vapor pres- 
sure of higher pressure side p,. 5.53 em. Hg (100% R.H.); water 
napor pressure of lower pressure side p ~ ,  4.20 em. Hg (76% R.H.). 


was not always supported experimentally, as shown in Fig. 1,  as 
Patel himself suspected contingency. In the case of double-layer 
films also, the relationships between l/Q and 1 were linear, just as 
in Fig. 1. 


Table I1 shows the results obtained. “Types” in the table are 
defined in Table 111. 


Table I1 shows the permeability for double-layer films as well as 
that for single-layer films, which are the components of the double- 
layer films. Differences in permeability were noted even in the same 
double-layer film, depending upon which layer was set on the side 
of higher humidity or depending upon the direction of permeation. 
This property is called “two-sidedness” by Rogers et al. (9, 10). In 
the present report, the double-layer film is expressed as X + Y 
(or Y + X), which means that the film is made from material X 
and material Y, and X-layer (or Y-layer)-written before the + 
mark-is set on the side of higher humidity, and Y-layer (or X-layer) 
-written after the + mark-is set on the side of lower humidity. 
In Table Ill, A, B, C, and Dare defined as follows: when X is more 
permeable than Y, A refers to the permeability of X and B refers 
to that of Y; C refers to the permeability observed for Y + X, and 
D to the permeability for X + Y. Therefore, A is always larger than 
B, and C or D is usually between A and B. 


It was found, however, that D can be greater &an A or that C 
can be smaller than B in some cases. In Table 111, all the possible 
orders of A, B, C, and D are listed; they are classified into four 
groups. Twelve orders of A, B, C, and D are called by “types” in 
this report. Table 111 also shows the number of cases falling under 
each “type.’” Rogers et al. (9) and Ninneman and Simerl(l0) measured 
the permeability of double-layer films used for packaging and ob- 
served the “two-sidedness.” “Two-sidedness” is expressed as C 
# D, according to the definition already mentioned. This property, 
which was confirmed in the present experiment on coating films, 
may be useful in pharmaceutics. More concretely, moisture should 
be minimized in a tablet which contains a water-unstable ingredient; 
in this sense, it will be practically useful to utilize the “two-sidedness” 
of the double-layer film for protecting the tablet from moisture. If 
coating layers are properly combined, the film-coated tablet can be 
dried easily even at a mild condition and, at the same time, the 
tablet will absorb little moisture. In addition, Table Ill indicates a 
much greater merit of double-layer film coating. Permeability of 
the double-layer film and that of each layer were compared on the 
same unit thickness basis in the present experiment. It revealed the 
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Table 11-Water Vapor Permeability- of Double-Layer Film and Its Elemental Single Films 


7- Double-Layer Film- -Single Film? --Double-Layer Film- -Single Film- 
Combinations Q b  Name Qh Typec Combinations Qb Name Qb TypeC 


CAB + MC-25 194 MC-25 625 8 
MC-25 + CAB 262 CAB 109 HECAP + EC-50” 150 EC-50 104 


C A B  + HECAP 92 HECAP 123 CC + PVA 526 PVA 667 
HECAP + CAB 164 CAB 109 PVA + CC 714 CC 625 


HECAP + AEA 87 AEA 49 HECAP + AC 161 AC 385 


AEA + C 4 P  80 AEA 49 MC-25 + CAP 340 CAP 263 


AEA + CAB 97 AEA 49 CAP + HECAP 139 HECAP I23 
AEA + MC-25 87 MC-25 625 


PVA + EC-50 225 PVA 667 


102 HECAP 123 2 EC-50 + HECAPd 


AEA + HECAP 74 HECAP 123 AC + HECAP 168 HECAP 123 8 


CAP + AE4 132 CAP 263 CAP + MC-25 260 MC-25 625 10 


CAB + AE4 62 CAB 109 HECAP + CAP 136 CAP 263 8 


MC-25 + AEA 92 AEA 49 


PVA + AEA 142 AEA 49 AC + AEA 125 AEA 49 
CAB + PVA 190 PVA 667 EC-50 + CAB 112 CAB 
PVA + CAB 255 CAB 1 09 CAB + EC-50 106 EC-50 104 
CAB + AC 
AC + CAB 236 CAB 109 MC-25 + CC 625 CC 625 


PVA + CAP 350 CAP 263 HPC + CC 625 CC 625 


CAP + CAB 167 CAB 109 
EC-50 + AEA 75 AEA 
AEA + EC-51) 90 EC-50 104 


MC-25 + AC 556 MC-25 625 EC-50 + AC 191 AC 385 


EC-50 + SH 19 SH 8 
MC-25 + PVA 459 PVA 
PVA + MC-25 625 MC-25 625 


PVA + HECAP 238 HECAP 123 EC-50 + MC-25 192 MC-25 625 


PVA + AC 649 AC 385 EC-50 + CAP 143 CAP 263 


‘04 8 EC-50 + PVA 168 EC-50 


AEA + PVA 69 PVA 667 AEA + AC 122 AC 385 8 


‘09 I I  


204 AC 385 CC + MC-25 676 MC-25 625 11 


CAP + PVA 296 PVA 667 CC + HPC 526 HPC 556 9 


CAB + CAP 141 CAP 263 p 49 7 


667 10 


AC + MC-25 427 AC 385 AC + EC-50 213 EC-50 104 p 


SH + EC-50 15 EC-50 104 8 


HECAP + PVA 212 PVA 667 MC-25 + EC-50 244 EC-50 104 p 


104 8 179 EC-50 AC + PVA 485 PVA 667 CAP + EC-50 


Measured under the following conditions: temperature, 40”; vapor pressure at higher pressure side PI, 55.3 mm. Hg (100% R.H. at 40”); vapor 
pressure at lower pressure side p ~ ,  42.0 mm. Hg (76% R.H. at 40”). Every double-layer film is composed of two kinds of single films which have 
the same thickness. b Dimension of permeability Q; g./m.! 24 hr., value obtained for 0.3-mm. thickness both of double-layer and single films. De- 
fined in Table 111. d HECAP was set a t  the lower pressure side. e EC-SO was set a t  the lower pressure side. 


presence of a particularly interesting effect of the “two-sidedness.” 
as shown in Table 111. For example (HECAP + EC-50, HECAP + CAB, CC + PVA), some double-layer films made from the ma- 
terials X and Y showed greater permeability than that of either X or 
Y film when water vapor permeated from one direction and, on the 
contrary, their permeability was smaller than that of either X or Y 
film when water vapor permeated from the other direction (Group 
a). This means that some double-layer films can accomplish effec- 
tive protection from moisture when the combined thickness of the 


Table 111-Classification of Permeability of Double-Layer Films 
7- Permeabilitya- -7 


Type Larger +- Smaller Cases Group 


I 
2 
3 
4 
5 
6 
7 
8 
9 


10 
I I  
12 


01 
Ca A” Be D” 0 
D A B C 3 
A B C D 0 
A B D C 
C D A B 0 
D C A B 0 
A C D B 
A D C B 20 
A C B D 1 


O B  


2 Y  


~ 


6 A Q B C 2 
C A D B 2 
D A C B 0 


layers is less than that of a single film. A coating film on a tablet 
should be less permeable as well as thinner, because it should effec- 
tively protect the ingredients from moisture and be disintegrated 
quickly in the digestive fluid. These two requirements generally 
disagree with each other, but the effect of the “two-sidedness” 
(Group a) will be a great help to the reconciliation of these 
antinomous requirements. The incidence of the Group y is naturally 
the highest. No case classifiable into Group ,3 was found, as was 
assumed theoretically. Examples of the Groups a and 6 are actually 
observed. 


SUMMARY 
Water vapor permeability of the coating film, single- and double- 


layer films, was measured at a certain condition. It was revealed 
that plotting the relationship between the resistance for permeation 
(l /Q) and the film thickness (0 gave a straight line, but the line did 
not intersect the I/Q-axis at the origin, indicating that the perme- 
ability of coating film does not perfectly agree with the classical 
theory. The permeability of the double-layer film varies, depending 
upon the direction of permeation (two-sidedness). The “two-sided- 
rims" was classified into some groups according to the relationship 
of permeability of each single film and that of the composite film. 
The most remarkable characteristic was observed in the Group a. 
which was interpreted to mean that the permeability of the double- 
layer film from one side and that from the other side are larger 
or/and smaller than that of any of its elemental single films of the 
same thickness. This fact is very important and may be useful from 
the viewpoint of pharmaceutical technology. 


REFERENCES A, permeability of more permeable single film; B, Permeability of 
less permeable single film; C, permeability of double-layer film when its 
more permeable layer was set on  the lower vapor pressure side; D, 
permeability of double-layer film when its more permeable layer was 
set on the higher vapor pressure side. 
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Permeability of Double-Layer Films I1 


TSUNETO KURIYAMA, MICHIHARU NOBUTOKI, and MICHIO NAKANISHI 


Abstract IJ Most of the combinations of coating films showed “two- 
sided” permeability, while this property has not been reported for 
films composed of hydrophobic layers only. Any coating film is 
more or less hydrophilic, and its water vapor permeability varies 
according to the mean humidity condition in which the film is 
placed. It was found that double-layer films with “two-sidedness” 
have characteristic relations (as classified into Groups 01, p, 7, and 
6) between specificity of permeability and humidity range. 


Key phrases IJ Permeability, two-sided-double-layer films 
Double-layer films-permeability, relationship of water vapor, 
humidity 


In the first part of this study, the authors reported the 
so-called “two-sided” directional property of the water 
vapor permeability of double-layer films, and clas- 
sified this property into four groups: a, p, y, and 6 (1). 
In double-layer films with two-sided water vapor 
permeability of the Group a, the permeability is either 
smaller or greater than that of either component layer, 
depending on the direction of permeation. The latter 
feature is a phenomenon that cannot be elucidated in a 
simple manner. Ninneman and Simerl (2) studied the 
permeability of multilayer films and introduced the 
following equation : 


n 


where Ap stands for the difference in water vapor pres- 
sure between the higher humidity atmosphere and 
lower humidity atmosphere ( i e . ,  pl - p ~ ) ,  Q is the perme- 
ability of an n-layer film, A is the thickness of the ith 
layer in the n-layer film, and Pi is the permeability 
coefficient of the ith layer. This equation may estimate 
the permeability of the multilayer film a t  a certain 
condition, where the material and the thickness of each 


component layer are given. It cannot explain the two- 
sided property of the multilayer film, however, because 
the permeability thus calculated is independent of the 
permutation of component layers of a film. In other 
words, Eq. 1 is practically applicable to  the hydro- 
phobic film only but not to the coating film, which is 
more or less of a hydrophilic nature. 


Equation 3 is derived from Eq. 2 (l), which is known 
to be applicable to the hydrophobic film. 


(1 = p y a z  At 0 3 .  2) I 


(EY. 3) 


where A is the area of film through which water vapor is 
permeated, t is the time of permeation, and q is the 
quantity of moisture permeated. But Eq. 3 does not 
always apply to the coating (hydrophilic) film. While 
1/Q should be proportional to Z according to Eq. 3, 
previously reported experiments (1) revealed that the 
value of l / Q  for Z=O did not come to  zero in spite of the 
linearity of the relationship between l /Q and 1. This 
finding suggests that the permeability of the coating 
film is different from that of the usual hydrophobic film 
and its behavior is rather complex. The two-sided 
property of the coating film may be attributed to these 
very facts, 


Takeda (3), studying the permeability of cellulose 
films, introduced the following equation : 


1 1  2 


where k is a coefficient which indicates how easily 
water molecules drive into the film from the higher hu- 
midity atmosphere. This equation explains that the 
relationship between l /Q  and 1 is not proportional; 
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All in all, the book is an excellent beginning and the editors are 
congratulated in obtaining the consistently good help of so many 
competent contributors. 


But there are serious omissions in a text that by its title claims 
exposition of both theory and practice, and there are inclusions 
that seem a bit unnecessary here, however necessary and important 
as ancillary materials that have been very properly treated in other 
works. 


As to the latter, it seems that for the most part the chapters on 
heat transfer, momentum transfer, and fluid flow have been 
well treated elsewhere and need not have been included here, 
however well done. In actual practice an engineering department 
would or should function competently in these areas. 


It is interesting to note that the technological details of dosage 
form development in the various areas are never tied in with con- 
trol and production in the sense that in a well-run outfit develop- 
ment should issue detailed specifications for the finished job and 
assume the responsibility for the accuracy of these regardless of the 
degree of control and production involvement during the planning 
stages of new drug design. The chapter on pilot plant scale-up 
techniques is well done technically, but needs the finishing touch 


es to be assumed and by whom. This 
nk between development and produc- 


tion and is an extremely important administrative factor in the 
pursuit of industrial pharmacy. Interestingly, it is often disregarded 
in practice as it is disregarded in this text. 


Little if any reference is made to the construction and control of 
labeling information, to include both label and package circular, yet 
these are grave responsibilities that come much earlier in the scheme 
of things than the mechanical control of finished labeling. 


In the chapter on quality assurance, reference is made to a zero- 
defect concept. It is unfortunate that this widely used term is repeated 
here since it is a physical and psychologic anomaly. Yet the notion, 
as developed by Sinotte and others, is a most interesting approach to  
quality control because it deals with the fallibilities of the human 
which, after all is said and done, constitute the fundamental need 
for control. But the term “zero defect” should be replaced with 
one of greater semantic digestibility. Personnel may and should 
be qualified not only by training, experience, and the like, but also by 
their emotional attitudes toward the job after training and motiva- 
tional incentives have been applied. The applicable paragraph on 
page 715 could and should be greatly expanded by competent 
psychological treatment. It is not too difficult to calculate a standard 
deviation, but a human can ruin its importance. 


The control of bulk raw material is well spiced with general 
statements such as “adequate systems,” “appropriate records,” 
and our old friend “careful handling.” A few pages later these 
are followed by a quite satisfactory handling of statistical quality 
control for the purposes of this text, but in neither case nor in any 
other area of this volume is much attention given to how samples 
are taken, and where and when, and by whom. It is one thing to give 
a blessing to Military Standards sampling plans, but quite another 
to show how these are not complete and practical answers to the 
requirements of practice. The reader should like to know who trains 
the sampler or his supervisor and how this is done and what re- 
sponsibilities reside in these operators. Often no one else sees what 
they do, or how they do it. 


Automated sampling and assay procedures have already solved 
many problems in quality control, as this reviewer prophesized many 
years ago, and as this volume gives adequate description, but we 
need more definitive treatment of hand sampling and bench assay 
operation in a text on industrial pharmacy too, it would seem. The 
day is somewhat in the future when relatively small pharmaceutical 
operations will have disappeared. These need specific and truly 
applicable help in these areas of quality control far more than their 
more sophisticated counterparts. 


This reviewer is impelled once again to point out that it seems 
almost axiomatic that authors in this field must use terms such as, 
“carefully,” “adequate,” “absolutely correct,” “proper,” “suit- 
able,” “reasonable,” and the like. This volume has far too many 
such terms. As a text it needs none of them, or at the most, few. 
But it does need definitive statements in these applicable areas. 


In no as there found any statement as to the organizational 
respons and authorities of the director of quality control. 
This matter has been so avoided or mishandled in the industry 
generally that a careful discussion of it would seem to be in order. 


The statement in the last paragraph on page 748 is good, but it is 
altogether too general for a text without more detailed support. 


The matter of patents is well discussed and is quite informative 
to those of little experience in the field, which is as it should be. 
It would have been most helpful however, if some discussion of the 
manner in which ideas are developed in the group research that 
pertains today, and the difficulty of assigning the proper credit to 
individuals who participate in invention. These are the very facts of 
life to directors of development, or should be. Patents protect and 
provide incentive, but they are not the research “thing” itself. The 
“thing” itself is the heart and soul of industrial pharmacy. 


But this is an excellent “first try” in the elaboration of a text that 
has been long sorely needed. Careful revision will make it into a 
most valuable resource. Such revision will surely follow its use as 
a text, a use which is recommended. 


Reviewed by Sereck H. Fox 
Professor of Industrial Pharmacy 
Wayne State University 
Detroif, MI 48202 


European Pharmacopoeia. Vol. 1, Published under the direction of 
the Council of Europe (Partial Agreement) in accordance with the 
Convention on the Elaboration of a European Pharmacopoeia. 
Maisonneuve S. A., 57-Sainte-Ruffine, France, 1969. i + 401 
pp. 15.5 X 24.5 cm. (English and French versions available) 
The publication of the European Pharmacopoeia represents a 


significant step toward greater cooperation across national 
boundaries in the field of public health. The European Pharma- 
copoeia Commission was established by a Convention signed in 
September 1964 by the following countries: Belgium, France, Fed- 
eral Republic of Germany, Italy, Luxembourg, the Netherlands, 
Switzerland, and the United Kingdom. 


For the past five years, some hundred scientists, representing these 
eight countries, have been preparing this compilation. Application 
of the standards established in this volume must be made before 
January 1, 1972, with this volume gradually replacing the traditional 
national pharmacopoeias. 


This volume contains general methods of analysis as well as 51 
monographs on specific basic medicinal substances. A second vol- 
ume of this compendium containing biological substances such as 
hormones, vaccine serum? and antibiotics is scheduled for publica- 
tion next year. 


Staff Review W 


Pharmacology and Patient Care. By SOLOMON GARB, BETTY JEAN 
CRIM, and GARF THOMAS. Springer, 200 Park Ave. So., New 
York, NY 10003, 1970. x + 597 pp. 14 X 21.5 cm. Price $8.95 
(hard cover), $6.75 (soft). 
This, the third edition of Pharmacology and Patient Care, i s .  


somewhat broader than the first two editions. Garf Thomas, Chief.” 
Hospital Pharmacist, University of Missouri Medicial Center, has 
been added as a coauthor, in an attempt to give this book, origi- 
nally published as a textbook for nurses, a more interdisciplinary, 
paramedical approach. 


This edition contains several new chapters, with all the chapters 
from the preceding editions being updated. Of particular interest 
are the chapters on “Drug Interaction and Incompatibilities” and 
“Pharmaceuticals and Society.” 


Staff Review 
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sites of the enzymes, to the mechanisms and kinetics of the reactions, 
and to structureactivity relationships; stereoisomeric effects have 
been emphasized. Separate sections are included that are con- 
cerned with studies of the active sites of cholinesterases and on the 
“aging” of the organophosphate-enzyme product, since the latter 
phenomenon has particular significance in the therapy of poisoning 
by organophosphate inhibitors. 


Subsection 11, titled ‘‘Toxicity of Anticholinesterases and Treat- 
ment of Poisoning,” by Dr. J. H. Wills, has two goals: (a)  to 
complement and update reviews concerned with the pharmacology 
and toxicology of anti-ChE compounds, and (b) to describe and 
place on as firm a foundation as possible the treatment of poisoning 
by ChE inhibitors. Dr. Wills has assembled a large amount of 
basic data and information about the toxicology of a variety of 
inhibitors of ChE; and, more importantly, he has laid a foundation 
for therapy by a highly competent and thorough pharmacological 
analysis of the relevant material. The medical literature should 
still be consulted for clinical applications, to  which the discussion 
of Dr. Wills is a prerequisite. 


This review will be helpful to the student, investigator, and teacher 
interested in the various phases of ChE enzymes and their inhibitors, 
especially those for whom the historiographic approach is impor- 
tant. The subsection by Dr. Usdin, in addition to almost 300 
pages of data and discussion, includes over 50 pages of references, a 
testimony to literature searches aided by computers. The compu- 
ter, however, cannot be faulted for the fact that in an important 
table listing inhibitor constants the references are identified by 
number, whereas they are listed alphabetically. More rigorous 
editing here and throughout the text would have added to the 
readability and importance of this very useful review. 


Reviewed by A. A. Kondritzer 
Medical Research Laboratory 
Edgewood Arsenal, M D  21010 


The Chemistry and Biochemistry of Steroids. Edited by N. 
KHARASCH, Intra-Science Research Foundation, Santa Monica, 
Calif., 1969. iv + 166 pp. 21.5 X 28.5 cm. Price $12.00. 
This book represents a compilation of a series of lectures pre- 


sented by Drs. Leland J. Chinn, John S, Baran, Paul D. Klimstra, 
and Raphael Pappo at the University of Southern California during 
the fall of 1968. The authors are all research chemists with G. D. 
Searle and Company and considerable discussion is given to re- 
search conducted in the Searle laboratories over the past two 
decades. Taken in this light, the book represents informative read- 
ing for students in medicinal chemistry interested in an industrial 
career. 


The book is not, however, a complete text describing “The 
Chemistry and Biochemistry of Steroids” as represented by the 
publishers. Only selected areas of steroid chemistry are emphasized, 
and often times repeated (e.g., synthesis of 19-norsteroids), and the 
biochemical aspects are even more limited in scope. For example, 
the initial chapter by Dr. Chinn represents an excellent discussion 
of mineralocorticoids, but little mention is made of the equally 
important glucocorticoids. Moreover, the chapter on conforma- 
tional analysis is lucidly presented, but the section on structure 
receptor interaction fails to evaluate critically the various hy- 
potheses associated with this nebulous subject. 


The chapters on biosyntheses of cholesterol and hypocholester- 
olemic agents by Dr. Baran are an up-to-date summary of the re- 
search in these fields. To confuse the matter, however, these chapters 
are followed by another given the same title as the text itself, but 
which deals largely with the metabolism of cholesterol. Similarly, a 
chapter entitled “Biological and Clinical Aspects of Estrogenic Hor- 
mones” is four pages in length and describes mainly Dr. Baran’s 
own research with 1 l@-methyl-19-norsteroids. 


The chapters by Dr. Klimstra on oral contraceptives and andro- 
genic and anabolic steroids are well-documented reviews. As pointed 
out by the author, however, similar reviews recently have been pub- 
lished in other texts. 


The final two chapters are written by Dr. Raphael Pappo and 
pertain to a discussion of the chemistry and biology of 2-oxaster- 
oids and total and partial synthesis of steroids. The author has 
contributed significantly to the former and describes in detail the 
chemical development of the 2-oxa isostere of methyltestosterone 
which is marketed as an anabolic agent under the name of Anavar. 
A considerable portion of the chemistry presented in this chapter 
describes the author’s own work and has not been published else- 
where. 


Thus, this book represents an interesting and easy-to-read series 
of lectures representing selected areas of steroid chemistry and bi- 
ology. It is not, however, a text on “The Chemistry and Biochemistry 
of Steroids” as the title implies. 


Reviewed by Raymond E. Counsel1 
Laboratory of Medicinal Chemistry 
College of Pharmacy 
University of Michigan 
Ann Arbor, MI 48104 R 


International Encyclopedia of Pharmacology and Therapeutics. 
Pharmacology of the Endocrine System and Related Drugs: The 
Neurohypophysis. Executive Editor, G. PETERS; Section Editors, 
H. HELLER and B. T. PICKERWG. Pergamon Press Ltd., Oxford, 
England, 1970. x + 486 pp. 15 X 23.5 cm. Price $16.00. 
This volume I of section 41 of the International Encyclopedia of 


Pharmacology and Therapeutics is composed of 12 chapters by 19 
distinguished contributors. The subject matter includes the history 
of neurohypophysial research, the chemistry of the natural and 
synthetic neurohypophysial hormones, their distribution and evolu- 
tion in vertebrates, structural-activity relationships of the natuial 
and synthetic hormones, and the latest theories on their storage, 
release, biosynthesis, and analysis in body fluids. There is also an 
expanded chapter on the physiological and pharmacological effects 
of posterior pituitary peptides and their derivatives on the kidney, 
uterus, and mammary gland. In addition, there are chapters on the 
effects of posterior pituitary hormones and their derivatives in 
lower vertebrates, their cellular mode of action and fate, as well as a 
concluding discourse on the clinical pharmacology of oxytocin and 
vasopressin. 


Through this text which deservedly carries the term encyclopedia 
are extensive references to books, reviews, monographs, and orig- 
inal papers which easily bring the researcher up to date on the most 
recent data available concerning every conceivable aspect of the 
neurohypophysis. Appended is a complete author and subject 
index. 


The reader is urged to spend some time studying a series of elec- 
tron-micrographs which very clearly demonstrate the ultrastructural 
changes and the effects on hormone release of ether anesthesia, and 
ether-and-hemorrhage on rat and rabbit neural lobes. 


One major and obvious oversight is the unintentional absence of 
pages 264-265,268-269,272-273,276, and 217. It is hoped that the 
publisher can, at this time, still rectify this before the book begins 
to circulate widely. It is too fine a reference source to be known for 
its missing pages and accompanying facts. This work should be 
included in all medical research libraries and is recommended to all 
investigators interested in the most up-to-date information con- 
cerning the pharmacology and endocrinology of the posterior 
pituitary. 


Reviewed by Ronald F. Gautieri 
Department of Pharmacology 
School of Pharmacy 
Temple University 
Philadelphia, PA 19140 
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plexity on passing from Compound I1 to 111, one observes the be- 
ginning of kinetic selectivity by the enzyme. 


It is noteworthy that if one sets kz = koH [OH-] for ACh, to 
achieve the enzymatic acylation rate one would have to use a hy- 
droxide-ion concentration of 6 X lo4 M. 
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Carotid Sinus Pressure Reflex 
Bioassay for Veratrum viride 


B. KOROL, A. V. ZUBER*, and L. D. MILLERt 


Abstract 0 From a total of 238 anesthetized dogs, a series of re- 
gression analyses was performed examining the relationship 
between the variables (sex of the animal, date on which the experi- 
ment was performed, effect of the three veratrum alkaloidal drug 
preparations studied, and the number of days the dogs were stored 
in the animal house) on the arterial pressure pressor amplitudes of the 
predrug and postdrug carotid occlusion response and on the blood 
pressure-lowering effects of the drug treatments. The seasonal 
date of the experiment and the drug treatments significantly in- 
fluenced the arterial pressure responses, while sex of the animal 
or days stored prior to use did not consistently alter the slope con- 
stants or arterial pressure responses for the drug subgroups. 


Keyphrases 0 Veratrum viride alkaloids-bioassay Carotid sinus 
pressure reflex-V. viride bioassay IJ Sex, time of year effects- 
blood pressure lowering, drugs 0 Regression analysis-factors 
affecting blood pressure lowering 


The method presently used for the quantitative 
assessment of extracts of Veratrum viride is based on 
the progressive loss of the pressor response induced by 
bilateral occlusion of the common carotid arteries in the 
anesthetized dogs as reported by O’Dell (1). The 
potency of the test material is expressed in terms of 
carotid sinus reflex (CSR) units defined as follows: 
“One CSR unit represents the amount of intravenously 
administered hypotensive agent per kilogram of body 
weight which just abolishes the pressor response to  the 
carotid sinus reflex in dogs” (1). 


In a study on anesthetized dogs, Prochnik et al. (2) 
concluded that minimal pressor response to  bilateral 
carotid occlusion is to be expected when the mean 
arterial pressure is below 88 mm. Hg. Since the re- 
gression line approaches zero response at the basal mean 
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arterial pressure level of 60 mm. Hg, it was suggested 
that minimum variability would be obtained if the 
carotid occlusion pressor responses were expressed as: 
(mm. Hg rise due to occlusion X 100)/(mean arterial 
pressure [mm. Hg] - 60). 


Rubin and Burke (3) reported that since the changes 
in carotid pressor reflex response and in the existent 
mean arterial pressure are highly correlated, the steeper 
dose-response curve exhibited by the carotid pressor 
reflex response would be a more sensitive measure. 
They also concluded that the V. uiride hypotensive 
principles examined did not act via adrenergic, syrn- 
pathetic, or ganglionic blocking actions. However, 
more recently, Jandhyala and Buckley (4) reported that 
the effects of cryptenamine, an alkaloidal preparation 
from V. viride, were inhibited by reserpine, a-methyl- 
dopa, and adrenalectomy and therefore did act through 
a mechanism of action involving catecholamines and 
the adrenal medulla. 


The authors have used the method as described by 
O’Dell(1) for the bioassay of several alkaloidal prepara- 
tions from V.  oiride. The studies referred to previously 
alluded to  the high correlation between the basal 
arterial pressure and the pressor response amplitude to 
bilateral carotid occlusion. The authors have also made 
unpublished observations on other possible influencing 
variables, such as time of the year the study was per- 
formed and length of time the dog was maintained in the 
animal quarter. To  understand more fully the relation- 
ships between these variables, a series of regression 
analyses was performed on the data obtained over the 
last few years. This report is concerned with the findings 
obtained in this study. 
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METHODS 


A total of 238 male and female mongrel dogs, weighing between 
7.0 and 14.0 kg. each and anesthetized with pentobarbital sodium, 
35 mg./kg. iv., was used throughout. 


Following the induction of anesthesia, both common carotid 
arteries were exposed and isolated by conventional surgical proce- 
dures. End arterial pressure was measured from either common 
carotid artery through a polyethylene tube inserted and fixed in the 
artery and connected to an E&M Physiograph pressure transducer 
which was coupled to an E&M Physiograph recorder. The cannula 
and pressure transducer were filled with a physiological saline 
solution containing 0.05 heparin sodium. A femoral vein was 
surgically exposed and used for the administration of all test drug 
solutions. 


The experimental procedure was as follows: after a 5-min. 
equilibration period, a control pressor response was obtained by the 
unilateral occlusion of the remaining (either left or right) unused 
common carotid artery for a period of 45 sec. The test solution was 
then administered i.v.; 4 min. later, carotid occlusion again was 
performed. The test drug solution administration and challenging 
carotid occlusions were made at the time intervals mentioned 
previously until there was completely diminished carotid occlusion 
pressor response or until subsequent injections failed to alter the 
carotid occlusion induced pressor response. 


The relationship between the variables, expressed by the re- 
gression equation Y = a + bX ( 5 )  where the slope constant b = 
xy /x*  and the intercept a is calculated from this formula by using 
the mean values of x( X) and y(  Y), was examined with the use of a 
oneway analysis of variance. Using an IBM 360/50 computer, the 
following regression relationships were made: 


A. Influence of sex (male or female) on the relationship between 
the basal arterial pressure and: 


1.  The amplitude of the predrug carotid occlusion response. 
2. The amplitude of the postdrug carotid occlusion response. 
3. The blood pressure-lowering effects by total drug treatment. 
B. Influence of date (months October-March-Group 1, and 


April-September-Group 2) of experiment on the relationships 
between basal arterial pressure and 1,2, and 3 of A. 


C. Influence of drug: (a) cryptenamine alkaloids, (b) cryptenamine 
tannate, and (c) crude alkaloids on the relationship between basal 
arterial pressure and 1,2,  and 3 of A. 


D. Influence of date of experiment on the relationship between 
basal arterial pressure and amplitude of predrug and postdrug 
carotid occlusion response clustered by drug treatments. 


E. Relationship between days stored of dogs in animal house on 
basal arterial pressure and on amplitude of predrug carotid occlu- 
sion response clustered by drugs (a), (b), and (c). 


RESULTS 


The regression analysis of the relationships between the variables 
are summarized and presented in Tables I-V. 


A. Influence of sex (male or female) on the relationship between 
the basal arterial pressure and predrug and postdrug carotid occlu- 
sion pressor response and on the blood pressure-lowering effects by 
total drug treatment (Table I). 


It can be seen from Table I that the male dog population before 
drug treatment had a mean basal arterial pressure (SAP), Column Y, 


Table I-Influence of Sex (Male or Female) on the Relationship 
between Basal Arterial Pressure and Response 


Factors" b Y X a 


BAP:BCO (B) M 0.7319 130.3 190.09 - 8 . 8 3  
BAP:BCO (B) F 0.6560 132.55 195.05 4.60 
BAP:BCO (A) M 0.7424 75.07 101.12 0 
BAP : BCO (A) F 0.6961 75.60 104.81 2.64 


DD:BP F 0.0014 9.949 56.780 9.149 
DD:BP M -0,0531 10.339 55.091 13.264 


~ 


a BAP = mean basal arterial pressure in mm. Hg; BCO = peak 
blood pressure (mm. Hg) during carotid occlusion episode; (B) = 
before drug; (A) = after drug; M = male; F =.female; DD = drug 
dose in mcg./kg.; and BP = blood pressure-lowermg response. 


Table U-Influence of Date (Fall, Winter-Spring, Summer) of 
Experiment on the Relationship between Basal Arterial 
Pressure and Response 


Factorsa b Y X a 


BAP:BCO(B) 1 0.6447 129.97* 1 8 5 . 5 4  10.35 
BAP:BCO(B)2 0.7313 131.90* 195.11' -10.78 
BAP:BCO (A) 1 0.7437 73.49d 95.15' 2.73 
BAP:BCO (A) 2 0.7162 75.51d 105.22e 0.15 . ,  
DD:BP 1 0.158 10.91 56.11 11.80 
DD:BP 2 0.0379 9.87 56.32 12.0 


~~ 


a BAP = mean basal arterial pressure in mm. Hg; BCO = peak 
blood pressure (mm. Hg) during carotid occlusion episode; (B) = 
before drug; (A) = after drug; 1 = experiments performed October 
through March; 2 = experiments performed April through September; 
DD = drug dose in mcg./kg.; and BP = blood pressure-lowering 
response. p < 0.036. c p < 0.024. d p < 0.048. * p < 0.016. 


of 130.3 mm. Hg; a mean peaked blood pressure response to bi- 
lateral carotid artery occlusion (BCO), Column X, of 190.09 mm. 
Hg; with a regression slope constant, Column b, of 0.7319. The 
female dogs before drugs did not significantly differ from the male 
group and had calculated mean values of 132.55 and 195.05 mm. 
Hg for BAP and BCO response, respectively, and a regression 
slope of 0.6560. 


After treatment with total drugs, the male and female populations 
were not significantly different and demonstrated, in the case of the 
males, BAP, BCO, and slope values of 75.07 mm. Hg, 101.12 mm. 
Hg, and 0.7424, respectively, while the female population had values 
of 75.60 mm. Hg, 104.81 mm. Hg, and 0.6961, respectively. 


Total drug treatment (DD) in the two sexes was not associated 
with a difference. in: mean blood pressure-lowering activity (BP), 
Column X; mean dose in mcg./kg., i.v., Column Y ;  or slope con- 
stant, Column b. 


B. Influence of time of the year experiment performed on the 
relationship between the basal arterial pressure and response. 


As shown in Table 11, the date when the experiment was per- 
formed significantly influenced the mean basal arterial pressure 
levels (Column Y) before as well as after total drug treatment. 
The experiments performed in the fall-winter (Group 1) showed a 
lower mean basal arterial pressure value of 129.97 mm. Hg com- 
pared to  the mean value of 131.90 mm. Hg obtained from the experi- 
ments performed in the spring-summer (Group 2). Similarly, after 
total drugs the mean basal arterial pressure was significantly lower 
in Group 1 (73.49 mm. Hg) than in Group 2 (75.51 mm. Hg). 


The mean peaked blood pressure responses (Column X) also 
demonstrated significantly different amplitude of response when 
comparison was made between Group 1 (185.54 mm. Hg) and 
Group 2 (195.1 1 mm. Hg) before drug treatment, and Group 1 (95.15 
mm. Hg) and Group 2 (105.22 mm. Hg) after total drug treatment. 


The date of the experiment did not influence the mean blood 
pressure-lowering response of total drugs nor the mean total drug 
dose. 


C. Influence of date of experiment performed on the relationship 
between dose of drug and amplitude of blood pressure-lowering 
response. 


Summarized in Table I11 are the regression analyses of the 
relationship between the dose of the drug treatment and the blood 
pressure-lowering response. The drugs used were: (a) cryptenamine 
alkaloids, (b) cryptenamine tannate, and (c) an alkaloidal fraction of 
V. uiride. It can be seen that the slope constants (Column b) of the 
relationship betweenthe drug-dose treatment and the blood pressure- 
lowering response were significantly different, exhibiting negative 
slopes of -0.0035 and -0,109 for cryptenamine alkaloids and alka- 
loidal fraction, respectively, while a positive slope constant of 
0.214 was obtained for the cryptenamine tannate. In the total 
population there was no difference in the three drug groups in their 
mean drug dose or in the mean blood pressure-lowering response. 


When the data were analyzed according to the date when the 
experiment was performed, a similar finding of significantly different 
slope constants was observed in the October-March (Group 1) 
experiments. 


Here again,cryptenamine alkaloids and alkaloidal fraction demon- 
strated negative slopes of -0.0404 and -0.622, respectively, and 
cryptenamine tannate showed a positive slope constant of 0.1638. 


Vo/. 59, No. 8, August 1970 0 1111 







Table III-Influence of Date on the Relationship between Blood 
Pressure-Lowering Response and Dose of Drug Clustered 
by Drug Groups 


Factors" b Y X a 


DD :BP a -0.0035b 9.27 51.71 9.29 
DD:BP b 0.214b 11.06 52.73 0.22 
DD :BP c -0.109b 10.40 56.67 16.58 
DD:BP u 1 -0.0464' 9.63d 53.25e 2.48 
DD:BP b 1 0.163PP 14.0dJ 48.95'80 - 8 . 0 0  
DD:BPc 1 -0.0622' 9 .1d 63.05"Q 3.93 
DD:BP a 2 0.0091 9.14 59.24 -0.53 
DD:BP b 2 0.0246 9.801 54.350 1.35 
DD:BPc2 -0 .1183  10.90 54.350 6.44 


~ ~~~ ~~~ 


a DD = drug dose in mcg./kg.; BP = blood pressure-lowering 
response; a = cryptenamhe alkaloids; b = cryptenamine tannate; c = 
alkaloidal; 1 = experiments performed October through March; and 
2 = experiments performed April through September. * p  < 0.0567. 
~ ~ < 0 . 0 6 . d p < 0 . 0 3 . ~ p < 0 . 0 4 5 . ~ p < 0 . 0 3 1 . ~ p < 0 . 0 2 4 .  


In these experiments there were also significant differences in the 
mean drug dose employed (Column Y) of 9.63, 14.0, and 9.1 mcg./ 
kg. and between the amplitude of the mean blood pressure-lowering 
response (Column X) of 53.25, 48.95, and 63.05 mm. Hg for cryp- 
tenamine alkaloids, cryptenamine tannate, and alkaloidal fraction, 
respectively. 


When the experiments were performed during April-September, 
Group 2, there were no significant differences between the slope 
constants obtained for the three experimental drugs. Also, the mean 
drug dose as well as the mean arterial pressure-lowering response 
did not significantly differ between the three subgroups. 


When comparison was made of the Date 1 to Date 2 results, it 
was observed that a cryptenamine tannate dose of 14.0 mcg./kg. 
(Date 1) was significantly greater than the mean dose of 9.8 mcg./ 
kg. used in the Date 2 experiments. Also, the mean blood pressure- 
lowering responses of cryptenamine and of alkaloidal fraction of 
48.95 and 63.05 mm. Hg, respectively, for Date 1 were significantly 
different from the Date 2 values of 54.35 mm. Hg for these drug 
groups. 


D. Influence of date experiment performed on the relationship 
between arterial pressure, drug doses, and the amplitude of the 
arterial pressure response to bilateral carotid occlusion. 


As shown in Table IV, within the Date 1 group there was no 
significant difference between the three drug subgroups before 
treatment (B), in slope constant (b), basal mean arterial pressure 
(Y) ,  or in peaked mean arterial pressure response (X) to carotid 
occlusion. Similarly, within the Date 2 group there were insignificant 
differences between the three drug subgroups before treatment (B), 
as far as slope constant (b) and peaked mean pressor response (X) 
to carotid occlusion are concerned, although the initial mean 


Table IV-Influence of Date on the Relationship between Basal 
Arterial Pressure, Drug Treatment, and BCO Response 
Clustered by Drug Groups 


Factorsa b Y X a 


BAP:BCO (B) a 1 0.6244b 128.63 185.2lC 12.98 
BAP:BCO (B) b 1 0.6475b 124.71 18O.8lc 7.64 
BAP:BCO(B)c 1 0.6423b 137.5 191.3 14.6 
BAP:BCO (B) a 2 0.7256b 126. 53d 193. 57c - 13.92 
BAP:BCO(B) b 2 0.7222* 139.88' 199.35' -4 .09 
BAP:BCO(B)c2 0.7182b 131.62d 193.29 -7.20 
DD:BCO (A) u 1 0.187e.f 9.60 17.125* 3.193 
DD:BCO (A) b 1 0.1598epf 14.00.i 23.667b -3.781 
DD:BCO (A) c 1 O.036leJ 9.368u 26.316 -0.941 
DD:BCO (A) a 2 0.0176iJ 9.143 29.6h -0.512 
DD:BCO (A) b 2 0.0303iJ 9.796i 31.796' -0.954 
DD:BCO (A) c 2 0.4620fJ 10.873 27.945 -12.90 


BAP = mean basal arterial pressure in mm. Hg; BCO = peak 
blood pressure (mm. Hg) during carotid occlusion episode; (A) = 
after drug; (B) = before drug; a = cryptenamine alkaloids; b = crypten- 
amine tannate; c = alkaloidal; 1 = experiments performed October 
through March; 2 = experiments performed April through September; 
and DD = drug dose in mcg./kg. b p  < 0.03. c p  < 0.05. d p  < 0.005. 
c p  < 0.05. f p < 0.01. 0 p < 0.03. h p  < 0.03. i p < 0.05. i p  < 0.001. 


arterial pressure (Y) levels between the three subgroups were 
statistically different. When comparison was made of the regression 
analysis of each drug subgroup [(a), (b),  or (c)] between Dates 1 
and 2, before treatment (B), it is observed that there was a statis- 
tically significant difference in slope constants of 0.6244 to 0.7256 
for cryptenamine alkaloids, 0.6475 to 0.7222 for cryptenamine 
tannate, and 0.6423 to 0.7182 for alkaloidal fraction. No 
significant difference in the drug subgroup values was observed 
between Dates 1 and 2 for the mean basal arterial pressure (Y). 
There was significant difference in pressor response to bilateral 
carotid occlusion between Dates 1 and 2 for cryptenamine alkaloids, 
185.21 to 193.57 mm. Hg; and for cryptenamine tannate, 180.81 to 
199.35 mm. Hg; whereas the difference. on the mean response of the 
alkaloidal fraction was not significantly influenced by the date the 
experiment was performed. 


Summarized on the bottom half of Table IV are regression 
analyses made on the influence of the date of experiment ( I  or 2) on 
relationship between drug dose (DD) separated by drugs [(a),  (b),  
or (c)] on the peaked mean arterial pressure response to carotid 
occlusion (BCO) after (A) the drug treatment. Examination of these 
Date 1 regression analyses reveals that the slope constants 
of 0.187 and 0.1598 obtained for drug subgroups (a)  and (b) ,  
respectively, significantly differed from the slope constant of 0.0361 
for subgroup (c). The mean doses of drug (a) 9.6 and (c) 9.368 mcg/ 
kg. were observed to differ significantly from the mean dose of 
14.0 mcg./kg. of drug (c). The peak pressor response to BCO was 
not significantly different between the three drug subgroups. 


During Date 2, only the slope constants for drug (a),  0.0176; 
drug (b),  0.0303; and drug (c). 0.4620 were significantly different for 
the three drug subgroups. The mean drug doses (Y)  and the peak 
mean pressor response to the bilateral carotid occlusion (X) did not 
vary significantly between the three drug subgroups. 


The slope constants for the Date 1 cryptenamine alkaloids, 0.187; 
cryptenamine tannate, 0.1598; and alkaloidal fraction, 0.0361 ; 
significantly differed from their Date 2 values of 0.0176,0.0303, and 
0.4020, respectively. The mean drug dose of cryptenamine tannate 
of 14.0 mcg./kg. for Date 1 and 9.796 mcg./kg. for the Date 2 
experiments were significantly different. The BCO responses (X) also 
differed significantly for cryptenamine alkaloids and cryptenamine 
tannate between Date 1 (17.125 and 23.667 mm. Hg) and Date 2 
(29.6 and 31.796 mm. Hg), respectively. 


E. Relationship of days stored in the animal house of the dogs 
on the mean basal arterial pressure and on the pressor response to 
BCO, before drug treatment, separated into drug subgroups. 


The data, summarized in Table V, reveal that the duration of days 
the dogs were stored (dH) in the animal house was not significantly 
different for the three drug subgroups; however, there was a sig- 
nificant difference for the BAP (Column X) and for the slope con- 
stants for the three drug subgroups. The animals which subsequently 
received cryptenamine alkaloids had a mean BAP of 127.07 mm. 
Hg and slope constant of 0.0032; for the cryptenamine tannate 
group, a mean BAP of 135.33 mm. Hg and slope constant of 
-0.1669; and, in the case of the alkaloid fraction group, a mean 
BAP of 133.19 mm. Hg with a slope constant of 0.1 176. 


The influence of the duration of days held on the peaked blood 
pressure response to BCO did not significantly vary between the 
three drug subgroups. 


DISCUSSION 


Examination of the regression analysis presented in the Results 
section leads to the following conclusions: 


The sex of the animal does not influence the mean BAP and the 
magnitude of the pressor response to BCO both before as well as 
after total drug treatment, nor influence the relationship between 
total drug-dose treatment and the intensity of the arterial pressure 
depression. 


The date of the experiment, that is, whether the experiment was 
performed in October through March or in April through Septem- 
ber, did have a profound influence on the mean BAP and on the 
magnitude of the pressor response to BCO both before and after 
total drug treatment, but did not significantly influence the relation- 
ship between total drug-dose treatment and blood pressure-lowering 
response . 


The calculated mean doses of cryptenamine alkaloids, cryptena- 
mine tannate, and the alkaloidal fraction were significantly different. 
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Table V-Influence of Days Stored in Animal House in the Basal 
Arterial Pressure and BCO Responses Clustered by Drug Groups 


Factors“ b Y X a 


dH:BAP a 0.003Zb 13.61 127.07c 13.20 
dH:BAP b -0.1669b 14.59 135.33C 37.18 
dH:BAP c 0.1176* 13.73 133.19 -1.93 


dH:BCO(B)b -0.1023 14.59 193.79 34.41 
dH:BCO (B) a -0.0569 13.61 191.44 14.706 


dH : BCO (B) c 0.0271 13.73 192.76 8.16 


0 dH = days held in storage; BAP = mean basal arterial pressure 
in mm. Hg; BCO = peak blood pressure (mm. Hg) during carotid 
occlusion episode; (B) = before drug; a = cryptenamine alkaloids, b 
= cryptenamine tannate; and e = alkatoidal. b p  < 0.0148. c p  < 0.03. 


There was a statistical difference in slope constant, mean drug dose, 
and in the amplitude of the blood pressure-lowering response for the 
experiments performed in October through March. When examina- 
tion was made of the data from experiments performed April 
through September, there were no calculated significant differences 
in these relationships. There were no significant differences be- 
tween the slope constants, mean drug dose, and blood pressure- 
lowering responses for the three drug subgroups when the data 
collected from October through March were compared to those 
obtained in April through September. 


There were no differences in the slope constants, mean BAP, 
and in the amplitude of the pressor response to BCO before drug 
treatment between the three drug groups for the experiments per- 
formed during the October through March period. There was only 
a significant difference in mean BAP between the three drug 
groups when the experiments were performed during April through 
September. However, there were significant differences for the 
three drug subgroups in slope constant and amplitude of the pressor 
response to BCO when the two 6-month experimental periods were 
compared. 


After drug treatment, there were significant differences between 
the three drug groups in slope constant and in mean drug dose 
for the experiments performed during October-March. Only the 
slope constants between the three drugs differed significantly 
when the experiments were performed during April-September. 
When comparison was made between the two 6-month periods, 
there was significant difference in slope constants, in mean drug 
,dose (cryptenamine tannate), and in mean peak arterial pressure 
response to BCO for the cryptenamine alkaloids and cryptenamine 
groups. 


It was observed that although there was no difference between 
the three drug subgroups in the mean number of days the dogs were 
stored in the animal house prior to use, there was a significant 
difference in slope constants and in mean BAP for the three drug 
subgroups. 


Examination of the results reveals that although the mean BAP 
is markedly lowered by total drug treatment, the slope constants 
for the relationships between the mean BAP and the pressor re- 
sponse to BCO did not significantly differ. These findings thus 
support the conclusions of Prochnik et al. (2) who suggested that 
when employing the bilateral carotid occlusion pressor bioassay, 
correction be made for drug-induced changes in mean BAP and 
also for the findings that the pressor response was physiologically 
absent when the arterial pressure reached 60 mm. Hg. 


Although there was no difference in mean total drug dose and 
blood pressure-lowering response, when these factors were sepa- 
rated by drug groups there was significant difference in slope con- 
stants. Here, cryptenamine tannate produced the most desirable 
slope constant indicative of an increase in blood pressure-lowering 
response with increasing dose. Cryptenamine alkaloids and the alka- 
loid fraction exhibited negative slopes, thus indicating that increasing 
drug dose decreases the degree the blood pressure falls. Further 
separation of these results into time of the year the experiment 
was performed showed that during October through March, 
cryptenamine tannate, although administered at a significantly 
higher dose, again demonstrated a positive slope while the other 
drugs exhibited negative slope constants in the relationship between 
drug dose and blood pressure-lowering effects. When the experiments 
were performed during April through September, cryptenamine 


alkaloids and cryptenamine tannate showed very low but positive 
slope constants, while the alkaloid fraction still demonstrated a 
negative slope constant for the relationship between the drug dose 
and the intensity of the blood pressure depression. It wasof interest to 
note that for all three drug subgroups there was a significant increase 
in slope constants, while the peak BCO response (before drugs) 
only significantly increased for cryptenamine alkaloids and crypten- 
amine tannate, and no differences were observed in the mean BAP 
when comparison was made between the October-March and 
April-September groups. Similar findings were observed when 
examination of the relationship between drug dose and BCO 
(after drug) was made. 


The days the animals were stored in the animal house prior to 
use did not consistently affect the slope constants nor the BAP 
on the BCO response amplitude for the three drug subgroups. 


Examination of these results thus indicates that the date at which 
the experiment was performed did significantly influence most of 
the examined relationships and if this bioassay procedure continued 
to be employed, necessary corrections must be applied to adjust 
for these influences. 


These seasonal influences are possibly the result of rhythmic 
changes in disposition and deposition of adipose tissue and other 
changes during different seasons as reported by Fisher et al. (6) 
and Hilditch (7). Since in all these experiments pentobarbital was 
used as the anesthetic, it is quite conceivable that the observed 
seasonal difference in mean BAP, in pressor response amplitude to 
BCO, and the blood pressure-lowering effects of the three drugs were 
the result of either a different level of anesthesia occurring during 
the different seasons or,more generally,a seasonally induced changed 
physiological state resulting in differential responding. 


It is well known that the physiological state of the preparation 
can profoundly influence both the nature as well as the intensity of 
a fixed treatment response. This is particularly in evidence with the 
alkaloids ibogaine and yohimbine. It was reported (8) that in the 
anesthetized dog, ibogaine produced a marked lowering of arterial 
pressure while in the conscious preparation an equal dose of ibo- 
gaine appeared to be devoid of hypotensive activity. Likewise, 
yohimbine is reported (9) to produce a hypertensive response in the 
conscious animal while evoking an arterial pressure depressor 
response when the animal is anesthetized with pentobarbital sodium. 
In order to examine the possibility that use of the anesthetic 


is a factor in influencing the responses as described, a series 
of experiments will be performed in chronically prepared dogs while 
conscious and in the anesthetized state. With each dog serving as its 
own control, it will be possible to assess the influence of the anes- 
thetic on many of the relationships examined in this study. 
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Permeability of Double-Layer Films I1 


TSUNETO KURIYAMA, MICHIHARU NOBUTOKI, and MICHIO NAKANISHI 


Abstract IJ Most of the combinations of coating films showed “two- 
sided” permeability, while this property has not been reported for 
films composed of hydrophobic layers only. Any coating film is 
more or less hydrophilic, and its water vapor permeability varies 
according to the mean humidity condition in which the film is 
placed. It was found that double-layer films with “two-sidedness” 
have characteristic relations (as classified into Groups 01, p, 7, and 
6) between specificity of permeability and humidity range. 


Key phrases IJ Permeability, two-sided-double-layer films 
Double-layer films-permeability, relationship of water vapor, 
humidity 


In the first part of this study, the authors reported the 
so-called “two-sided” directional property of the water 
vapor permeability of double-layer films, and clas- 
sified this property into four groups: a, p, y, and 6 (1). 
In double-layer films with two-sided water vapor 
permeability of the Group a, the permeability is either 
smaller or greater than that of either component layer, 
depending on the direction of permeation. The latter 
feature is a phenomenon that cannot be elucidated in a 
simple manner. Ninneman and Simerl (2) studied the 
permeability of multilayer films and introduced the 
following equation : 


n 


where Ap stands for the difference in water vapor pres- 
sure between the higher humidity atmosphere and 
lower humidity atmosphere ( i e . ,  pl - p ~ ) ,  Q is the perme- 
ability of an n-layer film, A is the thickness of the ith 
layer in the n-layer film, and Pi is the permeability 
coefficient of the ith layer. This equation may estimate 
the permeability of the multilayer film a t  a certain 
condition, where the material and the thickness of each 


component layer are given. It cannot explain the two- 
sided property of the multilayer film, however, because 
the permeability thus calculated is independent of the 
permutation of component layers of a film. In other 
words, Eq. 1 is practically applicable to  the hydro- 
phobic film only but not to the coating film, which is 
more or less of a hydrophilic nature. 


Equation 3 is derived from Eq. 2 (l), which is known 
to be applicable to the hydrophobic film. 


(1 = p y a z  At 0 3 .  2) I 


(EY. 3) 


where A is the area of film through which water vapor is 
permeated, t is the time of permeation, and q is the 
quantity of moisture permeated. But Eq. 3 does not 
always apply to the coating (hydrophilic) film. While 
1/Q should be proportional to Z according to Eq. 3, 
previously reported experiments (1) revealed that the 
value of l / Q  for Z=O did not come to  zero in spite of the 
linearity of the relationship between l /Q and 1. This 
finding suggests that the permeability of the coating 
film is different from that of the usual hydrophobic film 
and its behavior is rather complex. The two-sided 
property of the coating film may be attributed to these 
very facts, 


Takeda (3), studying the permeability of cellulose 
films, introduced the following equation : 


1 1  2 


where k is a coefficient which indicates how easily 
water molecules drive into the film from the higher hu- 
midity atmosphere. This equation explains that the 
relationship between l /Q  and 1 is not proportional; 
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Figure I-Relationship between Q and Ap. Temperarure, 40 '; 
thickness of film, 0.1 mm.; pl = 100% R.H = 55.3 mni. Hg; 
and Ap = pl - p. 


i .e. ,  the value of l / Q  is not zero even when the value of 
I equals zero. The authors attempted to elucidate various 
features of two-sidedness by using Eq. 4, but the re- 
sults did not clarify every finding of a series of experi- 
ments. 


The present report describes the results of a study of 
the two-sided permeability of double-layer films and the 
permeability of the component single-layer films ac- 
cording to the changes of pl and pz .  The symbol pl 
means a certain fixed water vapor pressure at the higher 
humidity side, and p 2  means that at the lower humidity 
side. The symbol p is used as the variable of either p l  
or p z .  


EXPERIMENTAL 


Method-Experiments were performed in the same manner as 
reported in the preceding part of this study (1). Various p2 (water 
vapor pressure of lower humidity atmosphere) conditions and 
temperatures were generated by a Tabai Lucifer model TL-21P. 
The permeation cell containing a solution to generate various pl 
(water vapor pressure of higher humidity atmosphere) conditions 
in the cell was placed in the cited apparatus. The weight decrease 
of the cell after permeation was measured. 


Materials-The materials used are the same as in the previous 
report (1); they are designated by abbreviations defined in that 
p3per. 


RESULTS AND DISCUSSION 


The permeability (Q) of the single films was determined at 40°* 
where water vapor pressure at  the higher humidity side pl was 55.3 
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Figure 2-Relationship between P atid Ap. Temperature, 40"; 
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mm. Hg (relative humidity, loo%), and water vapor pressure at the 
lower humidity side p? was varied over a wide range. Some of the 
results thus obtained are illustrated in Fig. 1. 


The figure shows the results with 0.I-mm.-thick films only; 
similar results were obtained with films of various thicknesses. 
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Since it was difficult to obtain directly in a single experiment films of 
exactly 0.1-mm. thickness, several films were selected so that the 
thickness of each film might be distributed in a range from 0.05 
to 0.4 mm. and the respective water vapor permeability was 
measured at various humidity conditions. Plotting the relationship 
between permeation resistance (l/Q) and film thickness ( I )  gave a 
straight line. Thus, the permeability (Q) of the film of a given 
thickness ( I )  in various conditions could be obtained. 


Figure 1 suggests some noteworthy points. According to Eq. 2, the 
relationship between Q ( =q/A)  and Ap (=PI - p2) should be linear 
and proportional. As shown in Fig. 1, however, most of the ob- 
tained curves do not agree with Eq. 2. In particular, the value of Q 
for PVA does not increase after the maximum point, even when the 
value of Ap increases. The cause of this apparently controversial 
phenomenon may be that the permeability, Q, depends not only 
on the pressure difference between the higher vapor pressure side 
and the lower side, but also on the mean humidity condition to which 
the test film is subjected. This feature may be called the water vapor 
pressure dependency of permeability. 


The permeability coefficient (P)  for a hydrophobic film is constant, 
because water vapor does not interact with the film, and the experi- 
mental data correspond to  m. 1 or 2. On the other hand, for 
hydrophilic films such as coating films, the value of P changes ac- 
cording to the humidity condition, because water vapor interacts 
with the film; thus Eq. 1 or 2 does not apply to the hydrophilic 
film. The relationship between Pand Ap  was obtained from Eq. 2 by 
using the data of Fig. 1. Figure 2 shows the results obtained. The 
value of P changed sharply, especially for the PVA film. 


Figure 3 illustrates the relationship between Q and Ap for the 
double-layer film, which has the remarkable two-sided feature of 
permeation. For comparison, this figure also shows the curves 
obtained with each single-component film. The permeability Q of 
the single films and of the double-layer film is expressed on the basis 
of 0.1-mm. thickness. It was found (Fig. 3) that twwsided features, 
classified as Group (Y and Group 6 (l), occurred over different 
humidity ranges. These features will, of course, change according to 
the sort of double-layer film or the combination of single films used 
therein. 


SUMMARY 


With both single-component films and a double-layer film, the 
relationship between water vapor permeability (Q) and humidity 
condition was studied. It was found that the permeability of the 
films depended not only upon the difference in vapor pressure (Ap)  
between the higher and lower humidity sides, but also upon the 
mean humidity condition to which the test film was subjected. It 
was also found that a double-layer film with two-sided permeability 
displayed the feature of Group a in a certain humidity range and 
the feature of Group 6 in another humidity range. 
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GLC Determination of Guaiacol Glyceryl Ether in Blood 


WILLIAM R. MAYNARD, Jr., and ROBERT B. BRUCE 


Abstract 0 A method has been developed for the determination of 
guaiacol glyceryl ether in blood by extraction with methylene chlo- 
ride followed by conversion to the heptafluorobatyrate ester and 
quantitation using an electron-capture detector. Blood levels follow- 
ing oral administration of the drug indicate a rapid absorption and 
elimination with a half-life of 1 hr. 


Keyphrases 0 Guaiacol glyceryl ether-GLC determination, in 
blood 0 NMR-identification 0 GLCdetermination, guaiacol 
glyceryl ether, in blood 


Guaiacol glyceryl ether (GGE) has been used for 
many years as an expectorant and, more recently, it has 
been claimed to have activity as a muscle relaxant 
(1) and as an hypocholesteremic (2-5), and to reduce 
platelet adhesiveness (6). In spite of its extensive use and 
study, no methods appear to be available for its deter- 
mination in man following usual dosages. Morgan et 


ul. (7) studied blood levels in dogs, and Mizutani and 
Naito (8) have determined blood levels in rabbits. 
However, relatively large doses were administered in 
each case, and these methods do not appear adaptable to 
present needs. Therefore, a method has been developed 
using GLC which appears to be satisfactory. 


EXPERIMENTAL 


The method is based on extraction of GGE from blood with 
n-ethylene chloride and conversion to the heptafluorobutyrate ester 
and quantitation by GLC using an electron-capture detector. 
Mephenesin [3-(o-toloxy)-l,2-propanediol] is used as an internal 
standard. 


The procedure is carried out as follows. To 5.0 ml. of blood, add 
1 .O mcg. of mephenesin, 3 ml. of distilled water, and 0.5 ml. of 2 N 
H2S04. Then extract with 20 ml. of redistilled methylene chloride 
by shaking for 10 min. Separate the phases by centrifuging, and dry 
the methylene chloride extract by passing it through a layer of 
anhydrous sodium sulfate in a funnel. Repeat the extraction with an 
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All in all, the book is an excellent beginning and the editors are 
congratulated in obtaining the consistently good help of so many 
competent contributors. 


But there are serious omissions in a text that by its title claims 
exposition of both theory and practice, and there are inclusions 
that seem a bit unnecessary here, however necessary and important 
as ancillary materials that have been very properly treated in other 
works. 


As to the latter, it seems that for the most part the chapters on 
heat transfer, momentum transfer, and fluid flow have been 
well treated elsewhere and need not have been included here, 
however well done. In actual practice an engineering department 
would or should function competently in these areas. 


It is interesting to note that the technological details of dosage 
form development in the various areas are never tied in with con- 
trol and production in the sense that in a well-run outfit develop- 
ment should issue detailed specifications for the finished job and 
assume the responsibility for the accuracy of these regardless of the 
degree of control and production involvement during the planning 
stages of new drug design. The chapter on pilot plant scale-up 
techniques is well done technically, but needs the finishing touch 


es to be assumed and by whom. This 
nk between development and produc- 


tion and is an extremely important administrative factor in the 
pursuit of industrial pharmacy. Interestingly, it is often disregarded 
in practice as it is disregarded in this text. 


Little if any reference is made to the construction and control of 
labeling information, to include both label and package circular, yet 
these are grave responsibilities that come much earlier in the scheme 
of things than the mechanical control of finished labeling. 


In the chapter on quality assurance, reference is made to a zero- 
defect concept. It is unfortunate that this widely used term is repeated 
here since it is a physical and psychologic anomaly. Yet the notion, 
as developed by Sinotte and others, is a most interesting approach to  
quality control because it deals with the fallibilities of the human 
which, after all is said and done, constitute the fundamental need 
for control. But the term “zero defect” should be replaced with 
one of greater semantic digestibility. Personnel may and should 
be qualified not only by training, experience, and the like, but also by 
their emotional attitudes toward the job after training and motiva- 
tional incentives have been applied. The applicable paragraph on 
page 715 could and should be greatly expanded by competent 
psychological treatment. It is not too difficult to calculate a standard 
deviation, but a human can ruin its importance. 


The control of bulk raw material is well spiced with general 
statements such as “adequate systems,” “appropriate records,” 
and our old friend “careful handling.” A few pages later these 
are followed by a quite satisfactory handling of statistical quality 
control for the purposes of this text, but in neither case nor in any 
other area of this volume is much attention given to how samples 
are taken, and where and when, and by whom. It is one thing to give 
a blessing to Military Standards sampling plans, but quite another 
to show how these are not complete and practical answers to the 
requirements of practice. The reader should like to know who trains 
the sampler or his supervisor and how this is done and what re- 
sponsibilities reside in these operators. Often no one else sees what 
they do, or how they do it. 


Automated sampling and assay procedures have already solved 
many problems in quality control, as this reviewer prophesized many 
years ago, and as this volume gives adequate description, but we 
need more definitive treatment of hand sampling and bench assay 
operation in a text on industrial pharmacy too, it would seem. The 
day is somewhat in the future when relatively small pharmaceutical 
operations will have disappeared. These need specific and truly 
applicable help in these areas of quality control far more than their 
more sophisticated counterparts. 


This reviewer is impelled once again to point out that it seems 
almost axiomatic that authors in this field must use terms such as, 
“carefully,” “adequate,” “absolutely correct,” “proper,” “suit- 
able,” “reasonable,” and the like. This volume has far too many 
such terms. As a text it needs none of them, or at the most, few. 
But it does need definitive statements in these applicable areas. 


In no as there found any statement as to the organizational 
respons and authorities of the director of quality control. 
This matter has been so avoided or mishandled in the industry 
generally that a careful discussion of it would seem to be in order. 


The statement in the last paragraph on page 748 is good, but it is 
altogether too general for a text without more detailed support. 


The matter of patents is well discussed and is quite informative 
to those of little experience in the field, which is as it should be. 
It would have been most helpful however, if some discussion of the 
manner in which ideas are developed in the group research that 
pertains today, and the difficulty of assigning the proper credit to 
individuals who participate in invention. These are the very facts of 
life to directors of development, or should be. Patents protect and 
provide incentive, but they are not the research “thing” itself. The 
“thing” itself is the heart and soul of industrial pharmacy. 


But this is an excellent “first try” in the elaboration of a text that 
has been long sorely needed. Careful revision will make it into a 
most valuable resource. Such revision will surely follow its use as 
a text, a use which is recommended. 


Reviewed by Sereck H. Fox 
Professor of Industrial Pharmacy 
Wayne State University 
Detroif, MI 48202 


European Pharmacopoeia. Vol. 1, Published under the direction of 
the Council of Europe (Partial Agreement) in accordance with the 
Convention on the Elaboration of a European Pharmacopoeia. 
Maisonneuve S. A., 57-Sainte-Ruffine, France, 1969. i + 401 
pp. 15.5 X 24.5 cm. (English and French versions available) 
The publication of the European Pharmacopoeia represents a 


significant step toward greater cooperation across national 
boundaries in the field of public health. The European Pharma- 
copoeia Commission was established by a Convention signed in 
September 1964 by the following countries: Belgium, France, Fed- 
eral Republic of Germany, Italy, Luxembourg, the Netherlands, 
Switzerland, and the United Kingdom. 


For the past five years, some hundred scientists, representing these 
eight countries, have been preparing this compilation. Application 
of the standards established in this volume must be made before 
January 1, 1972, with this volume gradually replacing the traditional 
national pharmacopoeias. 


This volume contains general methods of analysis as well as 51 
monographs on specific basic medicinal substances. A second vol- 
ume of this compendium containing biological substances such as 
hormones, vaccine serum? and antibiotics is scheduled for publica- 
tion next year. 


Staff Review W 


Pharmacology and Patient Care. By SOLOMON GARB, BETTY JEAN 
CRIM, and GARF THOMAS. Springer, 200 Park Ave. So., New 
York, NY 10003, 1970. x + 597 pp. 14 X 21.5 cm. Price $8.95 
(hard cover), $6.75 (soft). 
This, the third edition of Pharmacology and Patient Care, i s .  


somewhat broader than the first two editions. Garf Thomas, Chief.” 
Hospital Pharmacist, University of Missouri Medicial Center, has 
been added as a coauthor, in an attempt to give this book, origi- 
nally published as a textbook for nurses, a more interdisciplinary, 
paramedical approach. 


This edition contains several new chapters, with all the chapters 
from the preceding editions being updated. Of particular interest 
are the chapters on “Drug Interaction and Incompatibilities” and 
“Pharmaceuticals and Society.” 


Staff Review 
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sites of the enzymes, to the mechanisms and kinetics of the reactions, 
and to structureactivity relationships; stereoisomeric effects have 
been emphasized. Separate sections are included that are con- 
cerned with studies of the active sites of cholinesterases and on the 
“aging” of the organophosphate-enzyme product, since the latter 
phenomenon has particular significance in the therapy of poisoning 
by organophosphate inhibitors. 


Subsection 11, titled ‘‘Toxicity of Anticholinesterases and Treat- 
ment of Poisoning,” by Dr. J. H. Wills, has two goals: (a)  to 
complement and update reviews concerned with the pharmacology 
and toxicology of anti-ChE compounds, and (b) to describe and 
place on as firm a foundation as possible the treatment of poisoning 
by ChE inhibitors. Dr. Wills has assembled a large amount of 
basic data and information about the toxicology of a variety of 
inhibitors of ChE; and, more importantly, he has laid a foundation 
for therapy by a highly competent and thorough pharmacological 
analysis of the relevant material. The medical literature should 
still be consulted for clinical applications, to  which the discussion 
of Dr. Wills is a prerequisite. 


This review will be helpful to the student, investigator, and teacher 
interested in the various phases of ChE enzymes and their inhibitors, 
especially those for whom the historiographic approach is impor- 
tant. The subsection by Dr. Usdin, in addition to almost 300 
pages of data and discussion, includes over 50 pages of references, a 
testimony to literature searches aided by computers. The compu- 
ter, however, cannot be faulted for the fact that in an important 
table listing inhibitor constants the references are identified by 
number, whereas they are listed alphabetically. More rigorous 
editing here and throughout the text would have added to the 
readability and importance of this very useful review. 


Reviewed by A. A. Kondritzer 
Medical Research Laboratory 
Edgewood Arsenal, M D  21010 


The Chemistry and Biochemistry of Steroids. Edited by N. 
KHARASCH, Intra-Science Research Foundation, Santa Monica, 
Calif., 1969. iv + 166 pp. 21.5 X 28.5 cm. Price $12.00. 
This book represents a compilation of a series of lectures pre- 


sented by Drs. Leland J. Chinn, John S, Baran, Paul D. Klimstra, 
and Raphael Pappo at the University of Southern California during 
the fall of 1968. The authors are all research chemists with G. D. 
Searle and Company and considerable discussion is given to re- 
search conducted in the Searle laboratories over the past two 
decades. Taken in this light, the book represents informative read- 
ing for students in medicinal chemistry interested in an industrial 
career. 


The book is not, however, a complete text describing “The 
Chemistry and Biochemistry of Steroids” as represented by the 
publishers. Only selected areas of steroid chemistry are emphasized, 
and often times repeated (e.g., synthesis of 19-norsteroids), and the 
biochemical aspects are even more limited in scope. For example, 
the initial chapter by Dr. Chinn represents an excellent discussion 
of mineralocorticoids, but little mention is made of the equally 
important glucocorticoids. Moreover, the chapter on conforma- 
tional analysis is lucidly presented, but the section on structure 
receptor interaction fails to evaluate critically the various hy- 
potheses associated with this nebulous subject. 


The chapters on biosyntheses of cholesterol and hypocholester- 
olemic agents by Dr. Baran are an up-to-date summary of the re- 
search in these fields. To confuse the matter, however, these chapters 
are followed by another given the same title as the text itself, but 
which deals largely with the metabolism of cholesterol. Similarly, a 
chapter entitled “Biological and Clinical Aspects of Estrogenic Hor- 
mones” is four pages in length and describes mainly Dr. Baran’s 
own research with 1 l@-methyl-19-norsteroids. 


The chapters by Dr. Klimstra on oral contraceptives and andro- 
genic and anabolic steroids are well-documented reviews. As pointed 
out by the author, however, similar reviews recently have been pub- 
lished in other texts. 


The final two chapters are written by Dr. Raphael Pappo and 
pertain to a discussion of the chemistry and biology of 2-oxaster- 
oids and total and partial synthesis of steroids. The author has 
contributed significantly to the former and describes in detail the 
chemical development of the 2-oxa isostere of methyltestosterone 
which is marketed as an anabolic agent under the name of Anavar. 
A considerable portion of the chemistry presented in this chapter 
describes the author’s own work and has not been published else- 
where. 


Thus, this book represents an interesting and easy-to-read series 
of lectures representing selected areas of steroid chemistry and bi- 
ology. It is not, however, a text on “The Chemistry and Biochemistry 
of Steroids” as the title implies. 


Reviewed by Raymond E. Counsel1 
Laboratory of Medicinal Chemistry 
College of Pharmacy 
University of Michigan 
Ann Arbor, MI 48104 R 


International Encyclopedia of Pharmacology and Therapeutics. 
Pharmacology of the Endocrine System and Related Drugs: The 
Neurohypophysis. Executive Editor, G. PETERS; Section Editors, 
H. HELLER and B. T. PICKERWG. Pergamon Press Ltd., Oxford, 
England, 1970. x + 486 pp. 15 X 23.5 cm. Price $16.00. 
This volume I of section 41 of the International Encyclopedia of 


Pharmacology and Therapeutics is composed of 12 chapters by 19 
distinguished contributors. The subject matter includes the history 
of neurohypophysial research, the chemistry of the natural and 
synthetic neurohypophysial hormones, their distribution and evolu- 
tion in vertebrates, structural-activity relationships of the natuial 
and synthetic hormones, and the latest theories on their storage, 
release, biosynthesis, and analysis in body fluids. There is also an 
expanded chapter on the physiological and pharmacological effects 
of posterior pituitary peptides and their derivatives on the kidney, 
uterus, and mammary gland. In addition, there are chapters on the 
effects of posterior pituitary hormones and their derivatives in 
lower vertebrates, their cellular mode of action and fate, as well as a 
concluding discourse on the clinical pharmacology of oxytocin and 
vasopressin. 


Through this text which deservedly carries the term encyclopedia 
are extensive references to books, reviews, monographs, and orig- 
inal papers which easily bring the researcher up to date on the most 
recent data available concerning every conceivable aspect of the 
neurohypophysis. Appended is a complete author and subject 
index. 


The reader is urged to spend some time studying a series of elec- 
tron-micrographs which very clearly demonstrate the ultrastructural 
changes and the effects on hormone release of ether anesthesia, and 
ether-and-hemorrhage on rat and rabbit neural lobes. 


One major and obvious oversight is the unintentional absence of 
pages 264-265,268-269,272-273,276, and 217. It is hoped that the 
publisher can, at this time, still rectify this before the book begins 
to circulate widely. It is too fine a reference source to be known for 
its missing pages and accompanying facts. This work should be 
included in all medical research libraries and is recommended to all 
investigators interested in the most up-to-date information con- 
cerning the pharmacology and endocrinology of the posterior 
pituitary. 


Reviewed by Ronald F. Gautieri 
Department of Pharmacology 
School of Pharmacy 
Temple University 
Philadelphia, PA 19140 
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Comparative Distribution, Excretion, and Metabolism 
of 14C-Labeled Quaternary Ammonium Compounds of 
Promazine, Chlorpromazine, and Triflupromazine 


C. L. HUANG, J. Z. YEH, and 1. A. MUNI 


Abstract The tissue distribution and biotransformation patterns 
of the quaternary methiodides of promazine, chlorpromazine, and 
triflupromazine in rats were investigated. After parenteral ad- 
ministration, high concentrations of these compounds were found 
in the liver, kidneys, and intestines. The majority of these com- 
pounds was metabolized by the liver and excreted in the intestines 
uia the bile duct. In contrast to the corresponding tertiary amine, 
the majority of these compounds was excreted unchanged ; however, 
a trace of chlorprornazine sulfoxide methiodide was detected in the 
urine. 


Keyphrases 0 Promazine, chlorpromazine, triflupromazine 
14C-methiodides-synthesis 0 Triflupromazine, chlorpromazine, 
promazine IT-methiodides-synthesis 0 Biotransformation, 
distribution-quaternary phenothiazine compounds 0 IR 
spectrophotometry-identity 0 UV sptxtrophotometry- 
identity 0 Scintillometry-analysis 0 Radiochromatography- 
analysis 


Molecular modification of phenothiazines with an 
aim to isolate sedative effect from antihistaminic activity 
has been contemplated by quaternization of the tertiary 
amino nitrogen. Albanus et al. (1) prepared prometh- 
azine hydroxyethyl ammonium chloride and demon- 
strated that this compound had an antihistaminic ac- 
tivity similar to that of the parent compound but lacked 
sedative effect. Hanngren (2) reported that this com- 
pound caused a decrease in the volume and acidity of 
the gastric juice in human subjects by inhibiting the gas- 
tric basal secretion. 


Levine et ul. (3-5) studied the rate of absorption of 
monoquaternary ammonium compound of benzo- 
methamine by using in uiuo intestinal loops in rats. The 
data indicated that the quaternary ammonium salt was 
poorly absorbed by the gastrointestinal tract due to its 
high degree of ionization and the positive charge which 
promotes the formation of a nonabsorbable complex 
with the intestinal mucin. Levine stated that more than 
a passive diffusion was involved in the kinetics of in- 
testinal absorption of benzomethamine and other 
onium compounds. 


The rate of excretion of onium compounds is de- 
pendent upon the route of administration and the de- 
gree of ionization of the compound. By subcutaneous 
administration, some 7-37 % of radioactivity was re- 
covered in the urine during the same period of time. 
In a comparative study made by Hansson and Schmit- 
terlow (6 )  and Allgen et aI. (7) on in viuo behavior of 
tertiary and quaternary promethazine, markedly dif- 
ferent excretion patterns were found between these 
compounds. Both compounds were excreted mainly 
via the kidneys, and only 25% was found in the feces 


1 Aprobit, Recit Co., Stockholm, Sweden. 
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after subcutaneous administration. However, with oral 
administration, tertiary promethazine was excreted 
mainly in the urine, whereas the majority of the quater- 
nary compound appeared in the feces. 


Recently, distribution and excretion patterns of 
quaternary ammonium salts of mepazine, promethazine, 
trifluoperazine (S), and perphenazine (9) with one or two 
moieties of 14C-methyl groups attached to the terminal 
nitrogen have been studied. The rate of absorption of 
the i.p. administered 14C-methiodide of these com- 
pounds was rapid, as evidenced by the quick disap- 
pearance of radioactivity from the injected site and 
further reflected in fairly high blood levels with peaks, 
in most cases, at  0.5 hr. after the administration of the 
compounds. Contrary to  the previous speculations of a 
high blood-brain barrier for these compounds, brain 
levels of the compounds were low but above the sig- 
nificant level. This finding may provide direct evidence 
as to why these compounds are active on the CNS. 


It appears that the distribution and biotransformation 
pattern of quaternary phenothiazine compounds are 
quite different from those of the corresponding tertiary 
amino derivatives. The majority of the administered 
quaternary ammonium compounds is found in organs 
such as liver, intestines, kidneys, gastric mucosa, and 
pancreas ; the majority of the tertiary amine derivatives 
is found in the lungs and brain. Tertiary phenothiazine 
derivatives are known to  be metabolized in uiuo largely 
through four pathways: sulfoxidation, hydroxylation, 
glucuronidation, and N-demethylation; however, qua- 
ternary derivatives undergo these metabolic processes 
to  a much lesser extent. 


Apparently, two types of major excretion patterns 
exist, the urinary and fecal types, for these methiodide 
derivatives. Perphenazine methiodide exhibited the 
former type of excretion, while methiodides of mepazine, 
promethazine, and trifluoperazine belonged to the latter 
category. The difference in the metabolic behavior be- 
tween these compounds was apparently due to the 
difference in the affinity of these compounds for the 
liver cells; perphenazine methiodide could not enter 
into the active metabolic process of the liver, whereas 
other compounds actively participated in the excretory 
mechanism of the liver and thus were excreted in the 
intestines uia the bile duct. 


The toxicity of these phenothiazine derivatives did 
not diminish by quaternization, as evidenced by the 
fact that the LDba of these compounds administered by 
the i.p. route was higher than that of the corresponding 
tertiary amino derivatives. Antimicrobial activities 
were also retained by these quaternary ammonium salts 
in that growth of Staphylococcus aureus and Escherichin 







coli was inhibited at  the concentrations of 1 and 10 
mcg./ml., respectively. 


Review of the literature indicated that only a few 
quaternary ammonium compounds of phenothiazine 
derivatives were studied extensively in regard to their 
distribution, excretion, and metabolism in animals. 
It is the purpose of this study to compare the in uivo 
behavior of three quaternary compounds of promazine, 
chlorpromazine, and triflupromazine which are similar 
i n  structure except for the functional group attached to 
the Position 2. 


In this report, comparative studies on the tissue dis- 
tribution and elimination of the methiodide of three 
structurally related phenothiazine derivatives-pro- 
niazine, chlorpromazine, and triflupromazine-are pre- 
sented. These three compounds differ only by the pres- 
ence of substituent groups at the Position 2 on the 
aromatic ring system (Structures I, 11, and 111). 
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METHODS 


Synthesis of Promazine Methiodide (PRZ-MEI) and Promazine 
Methiodide-I4C (PRZ-MEI-14C)-Promazine hydrochloride (0.5 
8.) was dissolved in 5 ml. of water, and the solution was adjusted to 
pH 10 (pHydrion paper) and extracted several times with benzene. 
The benzene extracts were combined and the solvent removed 
under reduced pressure to leave an oil (0.42 g.). The oil was dissolved 
in 5 ml. of acetone, and 0.2 g. of methyl iodide was added. Crystal- 
lization commenced within 15 min. at room temperature. The 
crystals were collected and recrystallized from acetone to yield 0.57 
g. (90%) of PRZ-ME1 with m.p. 255-257" and Rf 0.71; Amax,, 210 
and 354 mp. 


And-Calcd. for CI~HZ~INZS: C, 50.70; H, 5.40; N, 6.57. Found: 
C. 50.80; H, 5.50: N, 6.70. 


'The free base ofpromazine(265 mg.,0.93 mmo1e)obtained was dis- 
solved in I .5 ml. of acetone and pipeted into the capillary guard of 
a breakseal tube which contained 85.5 mg. (0.60mmole) of 14C-methyl 
iodide (1 1.7 pc./mg.). The capillary seal was broken to allow 1 ml. 
(163 mg.,0.60mmole)ofthesolution toenter thetubeunder negative 
pressure. The tube was stoppered immediately and allowed to stand 
overnight at room temperature. About 100 mg. of unlabeled methyl 
iodide was added to ensure a complete quaternization of the proma- 
zine base. Then ether was added to the mixture until turbidity oc- 
curred. Crystallization commenced within 15 min. The crystals were 
collected and washed with ether to yield 345 mg. (87%) of PMZ- 


2 Mclting points were taken on a Fisher-Johns apparatus and were 
corrected. UV and IR absorption spectra were recorded on a Perkin- 
Elmer model 202 and model 137 infracord spectrophotometer. respec- 
tively. Paper chromatograms were developed in a solvent system; 
n-butanol-ethanol-water (5  :2  :2). Albino rats were purchased from 
Southern Animal Farms, Prattville, Ala. Radioactivity in the tissues 
was recorded in a G-M counter (Tracerlab, model TGC-2), and radio- 
chromatograins were scanned in a radiochromatogram scanner, Acti- 
graph 111 (Nuclear-Chicago). 


MEI-14C with m.p. 255-257" and specific activity 3.19 pc./mg. 
Radiochromatograms showed only one spot with an identical R, 
(0.71) with PMZ-MEI, and mixed melting point with PMZ-ME1 did 
not show depression (255-257"). 


Synthesis of Chlorpromazine Methiodide (CPZ-MEI) and Chlor- 
promazine Methiodide-I4C (CPZ-MEI-14C)-Chlorpromazine hy- 
drochloride (0.5 g.) in 5 ml. of water was adjusted to pH 10 and ex- 
tracted several times with benzene. The combined benzene extracts 
were dehydrated with anhydrous sodium sulfate and evaporated 
in uucuo to leave 0.43 g. of an oil. To the acetone solution ( 5  ml.) 
of the oil, 0.2 g. of methyl iodide was added. The mixture was 
shaken occasionally and left at room temperature overnight. Then 
ether was added to the mixture to precipitate the product. The pre- 
cipitate was collected and recrystallized from acetone-ether to yield 
0.49 g. (81 %) of CPZ-ME1 with m.p. 145-147"; A,,,,, 216 and 256 


And.-Calcd. for C18H2,CIIN2S: C, 46.91; H, 4.78; N, 6.08. 
Found:C,47.23;H,5.11;N,5.96. 


The oily free base of chlorpromazine (190 mg., 0.6 mmole) in 2 ml. 
of acetonewas reacted with 85.5 mg. (0.6 mmole) of I4C-methyl iodide 
(11.7 pc./mg.) as described for promazine. The reaction was allowed 
to proceed for 12 hr. at room temperature; then a suitable amount 
of ether was added to initiate crystallization. The crystals were col- 
lected and recrystallized from acetone-ether to yield 218 mg. (80%) 
of CPZ-MEI-14C with m.p. 145-147" and specific activity 2.89 pc./ 
mg. 


The radiochemical purity and authenticity of this compound were 
checked by paper chromatography (R,, 0.79) coupled with a radio- 
chromatogram scanner. The mixed melting point of this compound 
with CPZ-ME1 did not show depression (145-147'). 


Synthesis of Triflupromazine Methiodide (TFP-MEI) and Tri- 
flupromazine Methiodide-14C (TFP-MEI-14C)-Triflupromazine 
hydrochloride (0.5 g.) was dissolved in water, and the solution was 
adjusted to pH 10 by adding sodium hydroxide solution. The oily 
precipitate appearing in the mixture was extracted several times 
with ether. The combined ether extracts were dehydrated with an- 
hydrous sodium sulfate and the solvent removed in uucuo. The free 
base of triflupromazine (0.45 8.) was dissolved in 5 ml. of acetone, 
and methyl iodide (0.2 8.) was added. The mixture was allowed to 
stand at room temperature overnight; then a suitable amount of 
ether was added to initiate crystallization. The crystals were collected 
and recrystallized from acetone-ether to give 0.38 g. (60%) of TFP- 
ME1 with m.p. 169-170" and RJ 0.81 ; A,,,., 216 and 258 mp. 


Anu/.--Calcd. for CIgHnF31N2S: C,46.16;H,4.49;N, 5.67. Found: 
C, 46.33; H, 4.48; N, 5.71. 


To the free base of triflupromazine (224 mg., 0.6 mmole) in 2 ml. of 
acetone was added 14C-methyl iodide (11.7 pc./mg., 85.5 mg., 
0.6 mmole). The reaction was allowed to proceed for 12 hr. at room 
temperature; then ether was added until Crystallization commenced. 
The crystals were filtered off and recrystallized from acetone-ether 
to yield 188 mg. (60%) of TFP-MEI-14C with m.p. 169-170" and 
specific activity 3.11 pc./mg. Radiochemical purity and authenticity 
of the product were checked by chromatography coupled with 
radiochromatogram scanner, mixed melting point (169-170"), and 
cochromatography (Rj 0.81) with an authentic sample of TFP- 
MEI. 


Excretion Studies-In the excretion studies, 1 mg. each of the 
quaternary ammonium compounds of promazine (3.19 pc./mg.), 
chlorpromazine (2.89 pc./mg.), and triflupromazine (3.1 1 pc./mg.) 
was injected i.p. to six albino rats weighing 250-280 g. The animals 
were maintained in metabolic cages with free access to food and 
water. The urine and feces specimens were collected separately every 
8 hr. for a period of 5 days. Urine specimens were diluted five times 
with water; an aliquot of 0.5 ml. was measured in a planchet, dried, 
and the activity recorded. It was a thin-layer preparation and no 
correction for the self-absorption was required. Feces specimens 
were dried and powdered. An aliquot of 0.1 g. was placed in a 
planchet and the activity measured. Corrections were made for the 
self-absorption. 


Tissue Distribution Studies-Three groups of albino rats (five 
rats in  each group) weighing 250-280 g. were administered through 
the intraperitoneal route with 1 mg. each of PRZ-MEI-14C, CPZ- 
MEI-14C, and TFZ-MEI-14C, respectively. The animals were housed 
in individual cages and were sacrificed at the following intervals: 
0.5,1,2,4, and 8 hr. The following organs and tissues were isolated: 
liver, lungs, kidneys, spleen, heart, stomach, intestines, blood, brain, 
muscle (femoral), and bone (femur). The surface of the intestines 


w. 
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Table &Urinary and Fecal Excretion of Quaternary 14C-Methio- 
dides of Promazine (PRZ), Chlorpromazine (CPZ), and 
Triflupromazine (TFZ)" 


Time 
Intervals, -Urinary Excretion- --Fecal Excretion- 


hr . PRZ CPZ TFP PRZ CPZ TFZ 


8 12.28 7.23 5.67 0.41 0.40 0.13 
16 4.82 1.22 0.97 29.12 19.48 16.96 
24 3.98 0.53 0.37 5.20 14.71 1 3 . 4 4  _. 


32 2.62 0.44 0.25 3.96 10.28 4.39 
40 1.16 0.30 0.17 4.88 5.42 3.00 
48 0.85 0.28 0.13 2.61 1.12 0.47 
56 0.90 0.22 0.14 1.84 0 52 0.34 
64 0.82 0.15 0.07 1.72 1.25 0.87 
72 0.86 0.17 0.10 1.10 0.21 0.26 
96 0.80 0.42 0.28 1.82 0.82 1.39 


1 20 0.74 0.40 0.28 0.96 0.34 0.52 


and reacted with 0.5 ml. of methyl iodide. The crystal appeared 
spontaneously. The compound was recrystallized from the acetone- 
ether mixture to a crystalline powder with m.p. 242-243". The 
R/  value was 0.65. This material was used as a reference compound 
for the identification of metabolites of chlorpromazine methiodide. 


Biliary Excretion Studies-Male Holtzman rats weighing about 
300 g. were anesthetized by subcutaneous administration of 70 
mg./kg. of pentobarbital sodium. Through an abdominal incision, 
the bile duct was cannulated with a polyethylene tube (PE50, Clay- 
Adams Inc.). About 1 ml. of the drug solution (1 mg./ml.) was 
dropped directly into the abdominal cavity before the incision was 
closed. Bile was collected at the intervals of 0.5, 1, and 2 hr. All 
animals were sacrificed at the end of 2 hr., and the entire intestines 
were removed and the radioactivity was recorded as described pre- 
viously (Tissue Distribution Studies). The radioactivity in the urine 
and bile was determined according to the procedure described under 
the urinary excretion study. 


a Expressed in terms of percent of the administered activity. 


was rinsed with saline to remove mechanical contamination of the 
administered material, and the peritoneal cavity was washed several 
times with detergent to recover the unabsorbed portion of the ac- 
tivity. The whole organs, except for the blood and bone, were 
homogenized in a homogenizer and diluted with water to an extent 
that 16 ml. represented 1 g. of the organ. An aliquot of 150 mcg. of the 
dilution was measured in a planchet, dried, and the activity re- 
corded. 


Metabolic Studies-Since the 14C-methyl group is attached to the 
nitrogen of the 10-substituted side chain of the phenothiazine ring 
system, it was essential to study its fate in uiuo. In this study, three 
rats were injected i.p. with 1Gmethiodide (1 mg.) of these com- 
pounds. The animals were maintained in a large metabolic jar, and 
the expired air was passed through a washing bottle containing 40% 
sodium hydroxide solution for 24 hr. to collect carbon dioxide. The 
carbon dioxide trapped as sodium carbonate was treated with a 
calcium chloride solution; the precipitate of the calcium carbonate 
thus formed was collected and the activity determined. 


A portion (usually 0.5 ml.) of the urine collected 24 hr. after the 
intraperitoneal administration of these compounds was placed 
linearly on Whatman No. 3 chromatographic paper along with 
radioactive standards. The chromatogram was developed by an 
ascending technique in the usual solvent system (10). The chromato- 
gram was dried and scanned in a radiochromatogram scanner to 
record the activity, and the Rf value of the spot was calculated. Feces 
collected over a 3-day period were placed in a continuous extraction 
apparatus and extracted successively with ether for 2 days and then 
with methanol for 3 days. The methanol extracts were reduced to 
about 1 ml. in D ~ C U O ,  and an aliquot of 0.1 ml. was placed linearly on 
Whatrnan No. 3 chromatographic paper along with the radioactive 
standard. The chromatogram was developed by an ascending tech- 
nique in the solvent system described for the urine specimens. After 
the chromatogram was dried, the activity was recorded in a radio- 
chromatogram scanner and the Rf value was calculated. 


Synthesis of Metbiodide of Chlorpromazine Sulfoxide-About 
0.5 g. of chlorpromazine sulfoxide was dissolved in 5 ml. of acetone 


RESULTS 


Excretion of PRZ-MEI, CPZ-MEI, and TFP-MEI-Table I sum- 
marizes the urinary and fecal excretion of radioactivity by rats after 
a single intraperitoneal administration of PRZ-MEI-14C, CPZ- 
MEI-14C, and TFP-MEI-14C. Total radioactivity recovered in the 
urine in 5 days was: PRZ-MEI, 29.83%; CPZ-MEI, 11.36z; and 
TFP-MEI, 8.43 % of the administered radioactivity. The majority 
of the 14C in the urine was recovered within the first 8 hr., and the 
first 24-hr. excretion accounted for 7&90z of the total urinary 
radioactivity recovered during the 5-day period. However, fecal 
excretion was the major route of excretion, which is approximately 
2-6 times the urinary excretion for these compounds. The radio- 
activity in the feces was low in the first 8 hr., but the activity reached 
its peak in 16 hr. and declined slowly thereafter. Occasional fluctua- 
tion of radioa.ctivity was observed which was due to the uneven 
fecal excretion by these animals. Total radioactivity recovered dur- 
ing the 5-day period was: PRZ-MEI, 53.62%; CPZ-MEI, 54.55%; 
and TFP-MEI, 51.37% of the administered activity. The ratio be- 
tween the urinary and fecal excretion for PRZ-MEI, CPZ-MEI, and 
TFP-ME1 was 1 :1.8, 1 :5, and 1 :7.3, respectively. The combined 
radioactivity of PRZ-ME1 recovered in the urine and feces was the 
highest (83.45 % of the administered activity), followed by CPZ- 
ME1 (65.91 %) and TFP-MEI(59.8Oz). The difference in the rate of 
excretion in these compounds is apparently due to the different sub- 
stituent groups attached to the Position 2. 


Tissue Distribution of PRZ-MEI, CPZ-MEI, and TFP-ME1 
(Tables I1 and 111)-The blood levels of these 14C-compounds were 
generally low with peaks at 0.5 hr. The concentrations declined 
slowly after 1 hr. but remained significant until after 8 hr. Among 
the three compounds tested, PRZ-ME1 showed the highest blood 
level. The brain level of PRZ-ME1 showed an interesting trend of 
increasing radioactivity in contrast to the decreasing trend of the 
blood level during the 8-hr. period. However, the brain levels of 
CPZ-ME1 and TFP-ME1 were almost parallel to the blood levels 
The brain levels declined after 0.5 hr. and were insignificant after 2 
hr. In all cases, the intestines showed the highest radioactivity 
followed by the muscle, liver, and kidneys. Apparently, the liver was 


Table 11-Distribution of Radioactivity in the Tissues of Rats after Intraperitoneal Administration of Quaternary 14C-Methiodides of 
Prornazine (A), Chlorpromazine (B), and Triflupromazine (C) 


Organs 


Blood 
Brain 
Heart 
Intestines 
Kidneys 
Liver 
Lungs 
Muscle 
Spleen 
Stomach 
Urine 
Abdominal 


washings 


--- 0.5 hr.--. -1 hr.-- -2 hr.- --. --4 hr.- -. -8 hr.- 
A B C A B C A  B C A B C A  B 


1.36 0.36 0.33 1.04 0.32 0.26 0.65 0.29 0.20 0.51 0.16 0.09 0.37 0.03 
0.04 0.01 0.01 0.06 0.01 0.01 0.09 <0.01 <0.01 0.16 <0.01 0.01 0.20 <0.01 
0.08 0.05 0.03 0.08 0.05 0.05 0.06 0.03 0.04 0.03 0.02 0.03 0.03 0.01 
9.63 18.28 15.76 16.15 25.97 24.58 21.37 26.61 28.66 30.26 33.54 46.27 39.69 50.91 
1.76 1.37 0.95 1.98 0.60 0.69 1 . 3 3  0.40 0.87 0.97 0.38 0.35 0.65 0.13 
6.24 8 . 3 8  9.50 10.36 6.43 7.08 7.92 3.20 6.03 6.10 2.50 2.63 4.21 1.12 
0.11 0.12 0.04 0.08 0.11 0.14 0.12 0.13 0.07 0.16 0.15 0.02 0.12 0.09 
8.38 0.67 3.83 3.47 3.07 1 . 8 5  2.78 2.08 1.50 2.40 1.37 1.00 1.89 0.40 
0.12 0.66 0.79 0.16 0.38 0 . 5 5  0.18 0.13 0.24 0.27 0.27 0.10 0.23 0.08 
0.59 0.68 1.71 1.12 0.74 1 . 1 3  1.98 1.06 1.37 1.14 0.43 0.88 1.61 0.32 
0.41 2.13 2.50 0.78 3.07 4.35 1.72 5.67 5.07 4.63 6.98 5.76 11.63 12.04 
9.32 4.67 6.54 6.68 1 . 5 1  1.96 3 . 1 2  0.40 0.60 2.86 0.16 0.10 1 . 3 8  0.06 


__- 
C 


0.07 
<o . 01 


0.02 
44.02 
0.28 
1.73 
0.02 
0.32 
0.05 
0.68 
6.46 
0.05 


a Expressed in terms of percent of the administered activity. 
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Table 111-Relative Activity" of the lntraperitoneally Administered Promazine Methiodide- 14C (A), Chlorpromazine Methiodide-14C (B), 
and Triflupromazine Methiodide-14C (C) in the Tissues of Rats 


---0.5 hr.-- -I hr.- -2 hr.- -- 4 hr.- --- 8 hr.---. 
Organs A B C A B C A B C A B C A B C  


Blood 1 3 . 6  3 . 6  3 . 3  10.2 3 . 2  2 . 6  6 . 5  2 . 9  2 . 0  6 . 0  1 . 6  0 . 9  3 . 7  0 . 3  0 . 7  .. - ~ - -~ _ _  .~ ... -~~ ~ ~~ 


Brain 2 . 5  1 . 5  i . 6  7 .7  1 . 5  1 . 0  i i : 6  0 . 8  017 2 0 . i  0 . 3  012 2519 0 . 2  0 . 1  
Heart 21.6  16.3 10.0 21 .6  15 .2  18 .0  16 .2  10.0 13 .6  8 . 1  6 . 9  11.0 8 . 1  3 . 2  6 . 4  
Intestines 99.3  282 220 166 389 420 220 436 433 312 446 723 409 699 676 
Kidneys 152 176 143 172 86 .0  96 .9  116 48 .0  118 83.8 50.0 43 .1  56 .6  16.0 38.4 
Liver 116 229 276 194 178 219 148 84 .0  176 113 58.1 68.7 78 .4  30.1 43.1 
Lunes 16.2 22 .5  6 . 4  11 .9  23.6 24.3 17.7 21.2 5 . 7  32.6 14 .8  5 . 7  17.7 12.8 4 . 0  ~ ~- . - .  ~ ~~ ~~ -~ -~ ~~ 


Mukle 38.2 3 . 0  8 . 5  15.7 13.9 -4.1 i2:7  9 . 5  2 .5  10.9 6 . 3  1.4 8 . 5  - 1 .0 
Spleen 4 3 . 6  268 326 58.1 163 231 65 .3  47 .6  75 .3  98 .1  75 .3  33.3 83 .6  24.8 19.2 
Stomach 73 .3  48.8 92.7 140 30.8 107 247 58 .6  140 142 22.1 84 .9  201 41.1 65 .3  


a A value of 100 represents nonspecific tissue distribution. Relative activity = pc./g. tissue/(total activity/body weight) X 100. 


the major organ that metabolized these compounds; it showed 
a peak level between 0.5 and 1 hr. and maintained a fairly high level 
throughout the 8-hr. period. The radioactivity accumulated in the 
intestines reflected the fact that heptobiliary excretion was the major 
route of elimination for these compounds. The overall radioactivity 
in the kidneys was lower than that in the liver; however, the specific 
activity of the kidneys was higher than that of the liver when the 
radioactivity was expressed in terms of percent specific activity 
(Table 111). The kidney level had its peak at 0.5 to 1 hr. and then 
steadily declined. The increase of radioactivity in the urine re- 
covered from the urinary bladder by autopsy coincided with the 
decrease in the kidney level. Abdominal washings were obtained to 
estimate the rate of absorption of these compounds after the intra- 
peritoneal administration. The recovered radioactivity indicated 
that the rate of absorption of these compounds by rats was quite 
rapid; 4,67-9.32% of the administered activity remained in the 
abdominal cavity at 0.5 hr. but only 0.05-1.38 % was recovered after 
8 hr. 


When the tissue distribution data were expressed in terms of rela- 
tive activity in respect to the specific activity of the whole body, the 
distribution pattern of the activity in each organ remained the same. 
However, the relative specific activity of these organs changed 
(Table 111). The specific activity of PRZ-MEI-14C in the kidneys 
became the highest, followed by that in the liver at 0.5 hr. The 
specific activity of TFP-MEI-z*C in the spleen was higher than that 
in the liver and kidneys. A considerably high specific activity was 
found in the stomach, which had a higher level than that of the heart 
and lungs. The specific activity of these compounds in the intestines 
was 1-3 times higher than that of the whole body at 0.5 hr. and 
eventually it became 4-7 times at 8 hr. 


Metabolic Studies-N-Dernerhylation in vivo-No radioactivity 
was detected in the carbon dioxide collected from animals ad- 
ministered with the 14C-methiodide of promazine, chlorpromazine, 
and trdupromazine. This finding indicated that N-demethylation 
of the quaternary ammonium compounds did not occur in viuo. 


Urinary Metabolites-A paper chromatogram of the urine speci- 
mens collected from animals given PRZ-MEI-14C and TFP-MEI- 
14C showed only one spot as indicated on the recording of a radio- 
chromatogram scanner. The Rf values matched those of the corre- 
sponding original compounds, indicating that both compounds 
were excreted in the urine unchanged. The chromatogram of the 
urine specimens from the CPZ-ME1 group of animals showed a 
trace of the second metabolite with an Rf value of 0.66. It was identi- 
fied to be its sulfoxide by comparing the Rj value (0.66) and UV 
absorption spectrum (240 and 310 m9) with those of the authentic 
specimen of chlorpromazine sulfoxide methiodide. 


Fecal Metabolites-The ether extracts of the feces specimens from 
animals given the compounds appeared greasy and showed no 
radioactivity. Most of the radioactivity in the feces was found in 
methanol extracts; however, about l0-15% of the radioactivity 
was left in the residue after the methanol extraction. A paper chro- 
matogram of the methanol extract showed only one spot, as indi- 
cated on the recording of a radiochromatogram scanner. The Rf 
values of the spot matched each of the original starting materials 
(PRZ-MEI, 0.73; CPZ-MEI, 0.78; and TFP-MEI, 0.81). 


A study was conducted to establish the rate of fecal excretion 
of CPZ-MEI-14C after various routes of administration. During the 
5-day period, 55 % of the administered activity was recovered in the 


feces after an intraperitoneal administration and about 57% by a 
subcutaneous route; after an oral route of administration, nearly 
98 % of the material was recovered within 48 hr. Thus, it was estab- 
lished that fecal excretion was the main route of elimination of CPZ- 
ME1 irrespective of the route of administration. The ratio between 
the urinary and fecal excretion was as follows: intraperitoneal route, 
1 : 5, subcutaneous route, 1 :2.2; and oral route, 1 :320. By parenteral 
routes of administration, usually a slight inflammation was ob- 
served at the site of injection. 


DISCUSSION 


Fecal excretion was the major route of elimination of the N- 
methiodide of promazine, chlorpromazine, and triflupromazine. 
A substituent group of either C1 or CFI at Position 2 on the 
promazine molecule caused a remarkable change in the rate of 
elimination of these compounds. The rate of absorption of these 
compounds after the intraperitoneal route of administration was 
rapid, as indicated by a rapid disappearance of the compounds from 
the site of injection. Urinary excretion represented about 8-30% of 
the administered activity, and 51-559;: of the activity was found in 
the feces. The total excretion in the urine and feces combined was 
60-83 of the administered dose in a 5-day period, and a slow ex- 
cretion continued after 5 days. Apparently, a substituent group of C1 
and CF, at Position 2 on the promazine molecule remarkably 
changed the rate of elimination of these compounds, as evidenced 
by the fact that the extent of excretion for PRZ-MEI(83 %) was the 
highest, followed by CPZ-ME1 (6673, with TFP-ME1 (60%) the 
lowest. 


By parenteral routes of intraperitoneal and subcutaneous ad- 
ministration of CPZ-MEI, the radioactivity recovered in the feces 
was 55% and 57%, respectively. However, because of the ionic 
nature of this compound, it was poorly absorbed by the stomach. 
Therefore, with oral administration, 9 8 z  of the compound was re- 
covered in the feces, and urinary excretion represented only a trace 
of the compound (9). 


Blood level of PRZ-ME1 was the highest among the three com- 
pounds with a proportionally high brain level. It appeared that the 
blood-brain barrier is low for PRZ-MEI, which is contrary to the 
general concept that quaternary ammonium compounds have a high 
blood-brain barrier. However, the brain level of CPZ-ME1 and 
TFP-ME1 was very low and was insignificant against the back- 
ground after 2 hr. 


The majority of the i.p. administered compounds was metabolized 
by the liver and excreted in the feces. This metabolic route was con- 
firmed by cannulating the common bile duct of animals previously 
treated with CPZ-MEI. The bile specimen collected in this manner 
was subjected to paper chromatographic analysis as described pre- 
viously for urine specimens. A single spot with R, 0.78 was identified 
to be the unchanged CPZ-MEI. 


Apparently the bile excretion is the major source of radioactivity 
in the intestines. This is evidenced by the fact that when the common 
bile dust was ligatured, only a trace of radioactivity was detected in 
the intestines. 


Except for the intestines, the liver and the kidneys are the major 
organs representing most of the activity. However, the specific 
activity in the spleen was considerably higher than in other organs. 


Vol. 59, No. 8, August 1970 0 1117 







The methyl groups attached to the terminal nitrogen are quite 
stable, as evidenced by the negative finding of the radioactivity in 
the expired air of the animals pretreated with the quaternary com- 
pounds. Chromatographic analyses indicated that the majority of 
the urinary and fecal metabolites was the unchanged drug, except 
for a metabolite of CPZ-ME1 which was identified to be the sul- 
foxide of CPZ-MEI. 


SUMMARY 


1. The i.p. administered 14C-methiodides of the three structurally 
related phenothiazine derivatives-promazine, chlorprornazine, and 
triflupromazine-were well absorbed by the rats. 


2. Promazine methiodide showed higher blood and brain levels 
than the 2-chloro (chlorpromazine) and 2-trifluoromethyl (tri- 
flupromazine) substituted analogs. 


3. Liver was the major organ which metabolized the drug and 
eliminated it to the intestines through biliary excretion. 


4. The majority (51-55 %) of the administered radioactivity was 
recovered in the feces, and urinary excretion represented 8-30 
of the administered activity. 


5. The methyl groups attached to the terminal nitrogen were 
stable and not demethylated in the metabolic process. No radio- 
activity was detected in the carbon dioxide collected from the ex- 
pired air of the animals. 


6. Paper chromatography revealed that chlorpromazine methio- 
dide was metabolized to its sulfoxide, while promazine methiodide 
and triflupromazine methiodide were excreted unchanged. 
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Conformations of er-ythro- and threo-Dimethylacetylcholine 
Iodides in the Solid-state 


ELI SHEFTER*, PHYLLIS SACKMAN*, WILLIAM F. STEPHEN, Jr.?, and EDWARD E. SMISSMANt 


Abstract 0 The structures of erythro- and threo-a,@-dimethyl- 
acetylcholine iodides were determined by X-ray crystallographic 
procedures. The two molecules have substantially different con- 
formations. The conformation of the threo-compound appeared 
to be dominated by coulombic attraction between the carbonyl 
oxygen and the quaternary nitrogen group, while in the erythro- 
analog the acyloxy oxygen atom was involved in a similar intra- 
molecular interaction. 


Keyphrases 0 eryrhro-a,@-Dimethylacetylcholine iodides-structure 
determinations 0 fhreo-a,@-Dimethylacetylcholine iodides- 
structure determination 0 Conformation, structural-erythro- and 
threo-a,j+dirnethylacetylcholine 0 X-ray crystallography-structure 
determination 


Substitution of methyl groups on the a- and/or p- 
carbons of the acetylcholine molecule (ACh) has dra- 
matic effects on both the muscarinic activity of the 
analog and the hydrolysis rate of the molecule in the 
presence of acetylcholinesterase (AChE) (1, 2). Pharma- 
cological studies (2) on the erythro( *)- and threo( f )- 
a,@-dimethylacetylcholine compounds indicated that the 
racemic erythro-material is over 300 times more potent 
as a muscarinic agent than the racemic threo-compound. 
However, erythro( *)-dimethylacetylcholine has approx- 
imately one-tenth the activity of ACh. When relative 
rates of hydrolysis by AChE of the two molecules are 


compared, a reverse situation is found, i.e., the threo( f )- 
material is hydrolyzed at approximately one-tenth 
the rate of ACh and the erythro( *)-analog is negligibly 
hydrolyzed and possibily acts as an antagonist. In con- 
sideration of these results, it was deemed worthwhile to 
carry out structural studies on these molecules to learn 
to what extent their electronic and steric features might 
account for their observed properties. The crystal struc- 
tures of the erjjthro- and threo-compounds are reported 
in this article. 


EXPERIMENTAL 


The iodide salts of the racemic mixtures of the two compounds 
crystallized as prisms from ethanol-ether (for erythro-material) and 
ethanol-benzene (for threo-compound) solutions. The individual 
threo-crystals were found to be optically active, and the crystal 
chosen for the X-ray study was found to contain the ol(R)@(R) 
enantiomer. The crystal data for these compounds are: 


erythro- threo- 


14.715 (5) A b 13.229 (4) A 
7.166 (2) 4 U 7.592 (3) 4 


11.802(3)A 
99.38 (3)" 
1.61 g./cm. Density meas. 1 .54 gJcm.3 
1.617 g./cm3 Density calcd. 1 ,495 g./crn. 3 


P 21/c Space group P 212121 
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Cytotoxic Drugs in the Treatment of Cancer. Edited by EVELYN 
BOESEN and WALTER DAVE. Williams & Wilkins Co., Balti- 
more, MD 21202,1969. ix + 208 pp. 15 X 23 cm. Price $12.75. 
This book is aimed primarily at the physician using cytotoxic 


agents to control cancer; it is intended to provide a basic under- 
standing of the biochemistry of these agents. Alkylating agents, 
antimetabolites, plant products such as vincristine and vinblastine, 
and antibiotics are first discussed historically, and nucleic acid 
synthesis is reviewed. A chapter about structure-activity relations 
in the nitrogen mustard and antimetabolite classes of compounds de- 
scribes briefly the rationale behind these drugs. This chapter is 
followed by a review of methods of testing for anticancer activity, 
and an excellent discussion of the advantages and disadvantages of 
the methods in use today. 


The remainder of the book is devoted to consideration of the 
clinical application of the various classes of cytotoxic agents and of 
individual compounds in each class. The alkylating agents (nitro- 
gen mustards, dimethane-sulfonates, polyethyleneimines, and 
diepoxides) are extensively discussed, especially from a clinical 
standpoint. Throughout this discussion and others, rational drug 
therapy and the uses and limitations of cytotoxic agents are stressed. 
A brief chapter at the end of the book covers the use of drugs in 
conjunction with other methods of treatment and special techniques 
of administration. 


This reviewer feels that the book has accomplished its stated ob- 
jective of discussing the use and limitations of cytotoxic drug therapy, 
and that the book will be of value to the physician concerned with 
the clinical use of such agents. Although some areas of current re- 
search interest are omitted, notably the work being done on camp- 
tothecin, the book would be a valuable addition to a medically 
oriented library. 


Reviewed by Gerald Carlson 
Department of Medicinal Chemistry 
University of North Carolina 
Chapel Hill, NC 27514 w 


Neuropsychopharmacology and the Affective Disorders. By JOSEPH 
J. SCHILDKRAUT. Little, Brown and Co., Boston, MA 02106, 
1970. xiv + 111 pp. 14.5 X 21.5 cm. Price$10.50. 
This book, the contents of which were originally published in the 


New England Journal of Medicine, briefly reviews the biochemical 
pharmacology of psychoactive drugs. The emphasis is on the find- 
ings of the past decade concerning the changes in biogenic amine 
metabolism produced by various psychoactive drugs. 


StaffReview 


Nursing Home Standards: A Tragic Dilemma in American Health. 
By JORDAN BRAVERMAN. American Pharmaceutical Association, 
Washington, DC 20037, 1970. i + 75 pp. 21.5 X 27.5 cm. Price 
$2.50. 
This study of nursing home standards examines both state and 


Federal regulations relative to the construction and operation of 
nursing homes. Also covered are the standards which American 
nursing homes must meet to qualify for certification and operation 
under Federal Medicare and state licensure programs as well as the 
apparent absence of even minimum standards in some areas. Sum- 
mary tables of Federal and state standards are given. 


Staff Review 


NOTICES 


Aktuelle Probleme der Toxikologie und Angrenzender Gebiete. 
(Festschrift Franz Borbely) Swiss Toxicological Information 
Center, Zurichbergstrasse 8, CH-8028 Zurich, Switzerland, 1970. 
xii + 249 pp. 17.5 X 24 cm. Price S.fr. 68. (English summaries) 


Subsidia Pharmaceutica. Edited and published by Societe Suisse de 
Pharmacie Centre Scientifique, Zurich, Switzerland, 1969. 17.5 
X 25 cm. Page 1447-1660. (German and French) 


Introduction to the Chemistry of Enzyme Action. By A. WILLIAMS. 
Daniel Davey & Co., Inc., 964 Asylum Ave., Hartford, CT 06105, 
1970. viii + 130 pp. 14 X 22 cm. Price $7.25. 


Chemical Engineering Kinetics. 2nd edition. By J. M. SM~TH. MC- 
Graw-Hill, 330 West 42nd St., New York, NY 10036, 1970. 
xviii + 612 pp. 15.5 X 23.5 cm. Price $15.50. 


Clinical Endocrinology. By R.HALL, J. ANDERSON, and G. A. SMART. 
Lippincott, East Washington Square, Philadelphia, PA 19105, 
1969. vii + 418 pp. 19 x 25.5 cm. Price $15.00. 


Primer of Immunoelectrophoresis. By PIERRE C. ARQUEMBOURG, 
JOHN E. SALVAGGIO, and JOHN N. BICKERS. Ann Arbor-Hum- 
phrey Science Publishers, Ann Arbor, MI 48106, 1970. viii + 
83 pp. 19 X 27 cm. Price $8.25. 


Cytologie Moleculaire Des Membranes Et Compartiments De La 
Cellule Animale. By A. POLICARD. Masson et Cie, Editeurs, 120 
Boulevard Saint-Germain, Paris, France, 1970. vii + 122 pp. 
16 x 24 cm. (French) 
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The methyl groups attached to the terminal nitrogen are quite 
stable, as evidenced by the negative finding of the radioactivity in 
the expired air of the animals pretreated with the quaternary com- 
pounds. Chromatographic analyses indicated that the majority of 
the urinary and fecal metabolites was the unchanged drug, except 
for a metabolite of CPZ-ME1 which was identified to be the sul- 
foxide of CPZ-MEI. 


SUMMARY 


1. The i.p. administered 14C-methiodides of the three structurally 
related phenothiazine derivatives-promazine, chlorprornazine, and 
triflupromazine-were well absorbed by the rats. 


2. Promazine methiodide showed higher blood and brain levels 
than the 2-chloro (chlorpromazine) and 2-trifluoromethyl (tri- 
flupromazine) substituted analogs. 


3. Liver was the major organ which metabolized the drug and 
eliminated it to the intestines through biliary excretion. 


4. The majority (51-55 %) of the administered radioactivity was 
recovered in the feces, and urinary excretion represented 8-30 
of the administered activity. 


5. The methyl groups attached to the terminal nitrogen were 
stable and not demethylated in the metabolic process. No radio- 
activity was detected in the carbon dioxide collected from the ex- 
pired air of the animals. 


6. Paper chromatography revealed that chlorpromazine methio- 
dide was metabolized to its sulfoxide, while promazine methiodide 
and triflupromazine methiodide were excreted unchanged. 
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Conformations of er-ythro- and threo-Dimethylacetylcholine 
Iodides in the Solid-state 


ELI SHEFTER*, PHYLLIS SACKMAN*, WILLIAM F. STEPHEN, Jr.?, and EDWARD E. SMISSMANt 


Abstract 0 The structures of erythro- and threo-a,@-dimethyl- 
acetylcholine iodides were determined by X-ray crystallographic 
procedures. The two molecules have substantially different con- 
formations. The conformation of the threo-compound appeared 
to be dominated by coulombic attraction between the carbonyl 
oxygen and the quaternary nitrogen group, while in the erythro- 
analog the acyloxy oxygen atom was involved in a similar intra- 
molecular interaction. 


Keyphrases 0 eryrhro-a,@-Dimethylacetylcholine iodides-structure 
determinations 0 fhreo-a,@-Dimethylacetylcholine iodides- 
structure determination 0 Conformation, structural-erythro- and 
threo-a,j+dirnethylacetylcholine 0 X-ray crystallography-structure 
determination 


Substitution of methyl groups on the a- and/or p- 
carbons of the acetylcholine molecule (ACh) has dra- 
matic effects on both the muscarinic activity of the 
analog and the hydrolysis rate of the molecule in the 
presence of acetylcholinesterase (AChE) (1, 2). Pharma- 
cological studies (2) on the erythro( *)- and threo( f )- 
a,@-dimethylacetylcholine compounds indicated that the 
racemic erythro-material is over 300 times more potent 
as a muscarinic agent than the racemic threo-compound. 
However, erythro( *)-dimethylacetylcholine has approx- 
imately one-tenth the activity of ACh. When relative 
rates of hydrolysis by AChE of the two molecules are 


compared, a reverse situation is found, i.e., the threo( f )- 
material is hydrolyzed at approximately one-tenth 
the rate of ACh and the erythro( *)-analog is negligibly 
hydrolyzed and possibily acts as an antagonist. In con- 
sideration of these results, it was deemed worthwhile to 
carry out structural studies on these molecules to learn 
to what extent their electronic and steric features might 
account for their observed properties. The crystal struc- 
tures of the erjjthro- and threo-compounds are reported 
in this article. 


EXPERIMENTAL 


The iodide salts of the racemic mixtures of the two compounds 
crystallized as prisms from ethanol-ether (for erythro-material) and 
ethanol-benzene (for threo-compound) solutions. The individual 
threo-crystals were found to be optically active, and the crystal 
chosen for the X-ray study was found to contain the ol(R)@(R) 
enantiomer. The crystal data for these compounds are: 


erythro- threo- 


14.715 (5) A b 13.229 (4) A 
7.166 (2) 4 U 7.592 (3) 4 


11.802(3)A 
99.38 (3)" 
1.61 g./cm. Density meas. 1 .54 gJcm.3 
1.617 g./cm3 Density calcd. 1 ,495 g./crn. 3 


P 21/c Space group P 212121 
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A n Table I-Positional and Thermal Parameters and Their Estimated 
Standard Deviations in Parentheses 


Atom x/a . lo4 y/b . lo4 X/C . 104 B 


h 


C3-N-CI  103" 
C3-N-CL 11L 
C2-N-CL 106 
C I - N - C 4  109 
N-CL-C8 116 
N-cL-C5 108 
C7-C6-02 123 


1.53 


I 


1.5 I 


0 2 - C 6  1.16 


Figure 1-General uiews of the threo-a(R)/3(R)-dimethylacetylchoiine 
molecule showing intrumoleculor bond distances and angles. 


Intensity data' were collected by the stationary counterstationary 
crystal technique (3) using balanced filters for Cu Ka radiation (Ni 
uprsus Co). The intensities of 795 out of 826 unique data for the 
rhreo-compound and 1140 out of the 1267 independent data for the 
erythro-crystals in the 2 0-range of 0-100" had intensities signifi- 
cantly greater than their respective background counts. Corrections 
were applied to the data for a1-a2 splitting, Lorentz-polarization 
factors, and absorption. The absorption correction was an approxi- 
mate one, based on the anisotropy of transmission of the X-ray beam 
for a reflection at x = 90" for each crystal. The absorption (p-linear 
absorption coefficients -200 cm.-I) by these crystals was the 
greatest source of error in the data. 


The structures were obtained by the "heavy atom" technique (4) 
and refined by least squares, using a block diagonal approximation 
to the normal equations. During the refinement of the threo- 
structure, the absolute configuration of the enantiomorph in the 
crystal was derived by considering the agreement between the ob- 
served and calculated structure factors (calculations included the 
anomalous scattering term for iodine) for the a(S)p(S) and a(R)/3(R) 
structures. 


The R values for the refined structures are 0.096 and 0.132 for the 
observed data of the erythro- and rhreo-structures, respectively. 
Weighting schemes were chosen in both structures such that the 
average weighted difference squared was approximately constant 
over the whole range of observed structure factors, and the "unob- 
served'' data were given zero weight. The positional and thermal 


1 General Electric XRD-6 diffractometer used for all measurements. 
ZA list of the observed and calculated structure factors is in the 


Health Sciences Library of the State University of New York at Buffalo, 
and a copy may be obtained from the librarian. 


I 
c 1  
c 2  
c 3  
c 4  
c 5  
C6 
c 7  
C8 
c 9  
N 
0 1  
0 2  


I 
c 1  
c 2  
c 3  
c 4  
c 5  
C6 
c 7  
C8 
c 9  
N 
0 1  
0 2  


- 3779( 1) 
1497( 2 1) 
3946(25) 
3 I 52(24) 
768(20) 


-188(18) 
- 2094.(21) 
- 3269(23) 
- 596(23) 
- 1188(22) 


- 1535(12) 
- 1618( 15) 


2277( 14) 


- 1144(2) 
- 3203(35) 
-2217(39) 
- 8 13(29) 
- 480(28) 
- I99( 27) 
- 1209(33) 


- 765(39) 
- 2 128(46) 
- 1650(28) 
-225(23) 


-2552(22) 


- 1 177(49) 


erylhro- 
1397(1) 1252(1) 
2862( 1 I) 1566( 15) 
3885(13) 261311 5 )  
2470ii2j 3479ii5j 
3767(10) 3283(13) 
4520(9) 2617(11) 
4575( 11) 733( 13) 


3057(11) 368q13) 
5139(13) 3382(16) 
3246(8) 273q9) 
4105(6) 1707(8) 
5384(8) 625( 10) 


4035(12) -143(14) 


threo- 
1559(1) -1994(1) 
1021( 16) 895( 18) 
1467(18) 2667(25) 
2152(19) 1109(23) 
33q16) 1637(18) 


5105(12) 4454(16) 
8529(16) 102(23) 
7436(33) 165(37) 
5301(24) 2543(28) 
5416(23) 4795125) 


3935iiij 4502ii2j 
1019(11) 4862(11) 


a" 
2.310.3) Az 
3.0(0.$ 
2.8(0.3) 
1.3(0.2) 
l.o(O.2) 
2.1(0.3) 
2.810.3) 
2 .5 i0 .3  
3.2(0.3) 
O.g(O.2) 
1 .  qo. 2) 
3.2(0.2) 


w 
4.9(0.4) A 2  
S.g(O.5) 
6.3(0.6) 
3.9(0.4) 
3.3(0.4) 
5.3(0.5) 
8. g(O.9) 
7.0(0.6) 
7.3(0.7) 
4.8(0.4) 
4.7(0.3) 
4.6(0.3) 


Q These atoms (a, b) were refined anisotropically; final values of the 
coefficients (X lo4) with their ESD's were: 


a- 124(4) 21 (1) 22 (1) 21 (2) -38 (4) 13 (1) 
&1 Biz B33 Biz Bia B23 


b- 271 (4) 107 (1) 33 (2) -66(3) -7 (3) -8 (4) 


parameters with their respective standard deviations are presented in 
Table I. No attempt was made to locate the hydrogen positions in 
these structures. 


RESULTS AND DISCUSSION 


The estimated deviations in the bond distances and angles are on 
the average 0.04 A and 2" for the bonding parameters in the two 
structures. The intramolecular bond lengths and angles are shown in 
Figs. 1 and 2 for the two compounds. In general, these 


C 5 - E d - N  
C8-CL-N 
C l - N - C 2  
C 1 - N - C L  
C 2-N-Cb 
C 3-N-Cb 
C 3 - N - C 1  


\1 
1.55/ 


113 
110 
113 
108 


113 
110 
113 


W 


Figure 2-View of the erythro-a(S)/3(R)-dimethyfacety/choline 
structure with intramoiecuiar bonding parameters noted. 
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Figure 3-Conformations of the threo-a(R!P(R) 
(a) and erythro-a(S)p(R) (b) molecules about 
the C4-C5 bond. 


b w W 


parameters are similar to one another (i-e., the differences are not 
high/y significant) and are in substantially good agreement with 
comparable bonds in other structures (5-7). There is, however, a 
substantial distortion of the angles about C4 and C5 of the threo- 
compound away from tetrahedral symmetry. This angular distortion 
is an inexpensive way of relieving the overcrowding of the C8 and C9 
methyl groups in this structure. The distance between thema- and 
&methyl groups is quite similar in the two structures (3.1 8 A in the 
threo-structure and 3.11 A in the erythro-molecule), even though the 
C8-C+C5-C9 torsion angles are markedly different. In both struc- 
tures, there is also a slight distortion (not highly significant) of the 
angles about C4, possibly resulting from nonbonded repulsions be- 
tween the quarternary methyl groups and the a-methyl group. This 
effect can also be seen in Fig. 3. 


The spatial disposition of the nonhydrogen atoms of an ACh 
analog can be described in terms of three torsion angles, herein called 
61, $2, and I # J ~  for the N-O-C5-01, c4-C5-01-C6, and C5-01-C6- 
C7 groupings of atoms, respectively.3 These angles are defined in 
accordance with the Klyne and Prelog (8) rules; for example, the 
torsion angle for the N-C4-C5-01 system is the angle between the 
N C 4  and C5-01 bonds as viewed down the a-C5  bond, with a 
positive value when measured clockwise and a negative value when 
measured counterclockwise. The values of ql, &, and I $ ~  of these two 
molecules are compared with those found for some related molecules 
in Table 11. 


From molecular models4 of the threo- and erythro-compounds, it 
is observed that the size of the substituents on the choline residue 
limits the number of conformations that the two molecules may 
take up without substantial molecular distortions taking place. 
Models indicate that the restrictions on 4 2  and c $ ~  are not nearly as 
great as that on GI, but the presence of the P-methyl group will 
sterically prevent free rotation of $2. The 63 angles of various analogs 
of ACh (see Table 11) are all relatively close to 180", this value being 
the preferred conformation for the concerned atoms in primary 
esters (10). 


A model of the a(S)P(R) enantiomer of the erythro-compound 
indicates that values at approximately -gauchr and -trans5 
would be sterically favored over other possible rotamers. Repulsions 
between the P-methyl and the acyloxy oxygen atom and with the cat- 
ionic methyls would make the rrans-conformation less favorable. The 
a(R)P(S) minima would be at +gauche and +trans. For the threo- 
a(R)P(R) stereoisomer, models suggest that minima can be placed at 
approximately -gauche and -trans. The threo-a(S)P(S) molecule 
would have similar angular minima but with their signs reversed. A 
very small amount of angular distortion would result in both com- 
pounds when is 180" due to nonbonded repulsion between the 
&methyl and quaternary nitrogen methyls; energy needed to over- 
come this should be small. 


J The quaternary nitrogen methyls are in a staggered pattern relative 
to C4 and C5. This sterically favored arrangement is typical of quater- 
nary nitrogen compounds (6, 7, and 9) and is not felt to be pertinent to 
the present discussion. 


4 C.P.K. atomic models, Ealing Corp., Cambridge, Mass. 
6 For purposes of simplicity in describing the conformations of $1, 


gauche and trans are used to refer to angles within the range of 60-90" 
and 140-1 80", respectively. The prefixed sign indicates the preference 
for a particular configuration. 


An estimate of the relative rotational barrier for the interconver- 
sion of the guuche-trans-conformations for the two diaster- 
eoisomers is possible from molecular models. This barrier for the 
threo-enantiorners apparently is not very much greater than that for 
ACh. However, it was only possible to transform the -gauche-form 
of the erythro-a(S)@(R) enantiomorph to the frans-conformation 
with extensive strains in the bonding parameters, suggesting a large 
energy barrier due to steric factors. Thus, unless some of the trans- 
rotamer was formed in the synthetic process, a very limited concen- 
tration of this conformation would be expected in solution. 


In the solid-state structures of these materials, only one conformer 
is found for each molecule. The value of $1 found for each molecule 
suggests that the energy difference between the possible rotamers 
(based on steric considerations) is influenced greatly by intrarnolecu- 
lar attractive forces. These may be described as coulombic attraction 
between the acidic quaternary nitrogen grouping and the basic ester 
linkage (1 1). The threo-compound's preference for the - 143 con- 
formation over the gauche one in this structure may result from 
crystal forces, such as intermolecular Van der Waals' contacts. A 
180" rotamer assumes that no intramolecular attraction exists be- 
tween the quaternary nitrogen group and the basic oxygens. 


Although the hydrogens were not located in these structures, 
molecular models point to the possibility of further stabilization of 
the two conformations by N-C-H---0 interactions. The latter 
type of "hydrogen bonds" have been implied as stabilizing factors 
for ACh molecules in both the solid state and solution (6, 12). 


n 


Figure 4-Packing urrangemenf about the iodine in the erythro(2c.) 
dimethylacerylcholine structure with shortest contacts noted. 
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REFERENCES Table 11-Conformation Angles and Relative Hydrolytic Rates in 
the Presence of Acetylcholinesterase of Some ACh Analogs 


Relative 
Compound 61 $2 RateQ Ref. 


ACh Br 
Acetylthiol choline Br 
Acetylselenolcholine I 
erythro-a( R)P(S)-Di- 


methyl ACh I 
threo-a( R)P(R)-Di- 


methyl ACh I 
L( +)+I( S)-Methyl 


ACh I 
D( +)-a(R)-Methyl 


ACh I 


77" 79" 167" 100 6 
171" 129" 150" 100 11, 14 
175" 123" 155" 100b 13, 14 


76" -155" 173" 0" 2 


-143" 95" -175" 10" 2 


85" -147" 175" 54(46') 1, 15 


90" 170" 175" 78 (92") 1, 16 
-148" 176" 177" 


a Relative to ACh. b Rate-determining step different from that in 
ACh mechanism (14). 0 For racemic mixture. 


Further studies are presently being carried out in these laboratories 
to learn about the conformations of these molecules in solution and 
the solid state to assess the relative strengths of the intramolecular 
forces. 


No intermolecular contacts in either structure are significantly 
shorter than the sum of the Van der Waals radii of the atoms or 
groups involved. The arrangements of molecules about the iodine 
atoms in these structures are typical of that found in analogous 
quaternary nitrogen structures (9, 13). The packing arrangement of 
erythro-a,P-dimethyl ACh molecules about iodine is shown in 
Fig. 4. 


Even though definitive evidence is lacking as to the conformation 
of ACh analogs in biological systems and at the active site of AChE, 
it is tempting to speculate on the nature of the substrate-enzyme 
complex from presently available crystallographic, chemical, and 
biological data. Pauling has made two such attempts, first suggesting 
(17) that may be +60" for the ACh molecule bound to the enzyme 
and more recently that +150° appears to give "optimum" hy- 
drolytic conditions (18). To make these speculations, it was assumed 
that only one conformation of the substrate is relevant to the 
esterase for hydrolysis. However, the data in Table I1 together with 
experimental data on conformationally constrained ACh analogs 
(2, 19, 20) suggest that substrates having values other than 
+l50" are capable of being hydrolyzed by AChE. Along these lines, 
recent studies on the muscarinic "receptor" (21) and AChE (22) 
imply a dual mode of substrate binding, a common anionic site 
which is flanked by two bonding loci for polar and nonpolar side 
chains of the quaternary trimethylammonium ligands. 


The differences in relative rates of the various compounds in 
Table I1 suggest that factors such as the electronic feature of the 
ester linkage and steric repulsion between the methyl groups of the 
choline moiety and the enzyme surface are probably as important as 
the 4, angle in influencing the kinetic processes involved in AChE 
hydrolysis and cholinergic activity. The importance of the elec- 
tronic nature of the ester linkage on this rate process has recently 
been discussed (11). Although it is tempting to speculate on specifics 
relating to the enzym+substrate complex and to structural details of 
each kinetic step for ACh analogs in general, more structural and 
kinetic data are needed before a highly probable postulate can be put 
forth which would account for all the factors. 
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by T. F. Brennan, F. Ross, W. C. Hamilton, and E. Shefter (un- 
published) on the erythro-a,fl-dimethylacetylcholine iodide crystals. 
The results conclusively show that there is no intramolecular 
C-H . . . 0 hydrogen interactions. 
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Since it was difficult to obtain directly in a single experiment films of 
exactly 0.1-mm. thickness, several films were selected so that the 
thickness of each film might be distributed in a range from 0.05 
to 0.4 mm. and the respective water vapor permeability was 
measured at various humidity conditions. Plotting the relationship 
between permeation resistance (l/Q) and film thickness ( I )  gave a 
straight line. Thus, the permeability (Q) of the film of a given 
thickness ( I )  in various conditions could be obtained. 


Figure 1 suggests some noteworthy points. According to Eq. 2, the 
relationship between Q ( =q/A)  and Ap (=PI - p2) should be linear 
and proportional. As shown in Fig. 1, however, most of the ob- 
tained curves do not agree with Eq. 2. In particular, the value of Q 
for PVA does not increase after the maximum point, even when the 
value of Ap increases. The cause of this apparently controversial 
phenomenon may be that the permeability, Q, depends not only 
on the pressure difference between the higher vapor pressure side 
and the lower side, but also on the mean humidity condition to which 
the test film is subjected. This feature may be called the water vapor 
pressure dependency of permeability. 


The permeability coefficient (P)  for a hydrophobic film is constant, 
because water vapor does not interact with the film, and the experi- 
mental data correspond to  m. 1 or 2. On the other hand, for 
hydrophilic films such as coating films, the value of P changes ac- 
cording to the humidity condition, because water vapor interacts 
with the film; thus Eq. 1 or 2 does not apply to the hydrophilic 
film. The relationship between Pand Ap  was obtained from Eq. 2 by 
using the data of Fig. 1. Figure 2 shows the results obtained. The 
value of P changed sharply, especially for the PVA film. 


Figure 3 illustrates the relationship between Q and Ap for the 
double-layer film, which has the remarkable two-sided feature of 
permeation. For comparison, this figure also shows the curves 
obtained with each single-component film. The permeability Q of 
the single films and of the double-layer film is expressed on the basis 
of 0.1-mm. thickness. It was found (Fig. 3) that twwsided features, 
classified as Group (Y and Group 6 (l), occurred over different 
humidity ranges. These features will, of course, change according to 
the sort of double-layer film or the combination of single films used 
therein. 


SUMMARY 


With both single-component films and a double-layer film, the 
relationship between water vapor permeability (Q) and humidity 
condition was studied. It was found that the permeability of the 
films depended not only upon the difference in vapor pressure (Ap)  
between the higher and lower humidity sides, but also upon the 
mean humidity condition to which the test film was subjected. It 
was also found that a double-layer film with two-sided permeability 
displayed the feature of Group a in a certain humidity range and 
the feature of Group 6 in another humidity range. 
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GLC Determination of Guaiacol Glyceryl Ether in Blood 


WILLIAM R. MAYNARD, Jr., and ROBERT B. BRUCE 


Abstract 0 A method has been developed for the determination of 
guaiacol glyceryl ether in blood by extraction with methylene chlo- 
ride followed by conversion to the heptafluorobatyrate ester and 
quantitation using an electron-capture detector. Blood levels follow- 
ing oral administration of the drug indicate a rapid absorption and 
elimination with a half-life of 1 hr. 


Keyphrases 0 Guaiacol glyceryl ether-GLC determination, in 
blood 0 NMR-identification 0 GLCdetermination, guaiacol 
glyceryl ether, in blood 


Guaiacol glyceryl ether (GGE) has been used for 
many years as an expectorant and, more recently, it has 
been claimed to have activity as a muscle relaxant 
(1) and as an hypocholesteremic (2-5), and to reduce 
platelet adhesiveness (6). In spite of its extensive use and 
study, no methods appear to be available for its deter- 
mination in man following usual dosages. Morgan et 


ul. (7) studied blood levels in dogs, and Mizutani and 
Naito (8) have determined blood levels in rabbits. 
However, relatively large doses were administered in 
each case, and these methods do not appear adaptable to 
present needs. Therefore, a method has been developed 
using GLC which appears to be satisfactory. 


EXPERIMENTAL 


The method is based on extraction of GGE from blood with 
n-ethylene chloride and conversion to the heptafluorobutyrate ester 
and quantitation by GLC using an electron-capture detector. 
Mephenesin [3-(o-toloxy)-l,2-propanediol] is used as an internal 
standard. 


The procedure is carried out as follows. To 5.0 ml. of blood, add 
1 .O mcg. of mephenesin, 3 ml. of distilled water, and 0.5 ml. of 2 N 
H2S04. Then extract with 20 ml. of redistilled methylene chloride 
by shaking for 10 min. Separate the phases by centrifuging, and dry 
the methylene chloride extract by passing it through a layer of 
anhydrous sodium sulfate in a funnel. Repeat the extraction with an 
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Table I-Recovery of Known Amounts of GGE Added to 
Control Blood 


--GG E-mcg./ml. Blood-- 
Added Found Recovery, 


0.080 
0.16 
0.20 


0.078 
0. IS 
0.19 


97.5 
92.5 
97.0 


I .oo 1.02 102.0 
2.00 1.89 94.4 
3.00 3.07 101 . 0  


additional 10 ml. of methylene chloride, and combine the extracts. 
Wash sodium sulfate with an additional 3 ml. of methylene chloride 
which is added to the combined extract. Evaporate the combined 
extracts under a stream of nitrogen to 100 pl. Add 300 pl. of a solu- 
tion of heptafluorobutyric anhydride in methylene chloride (1 ml./ 
100 ml.), mix, heat to 60" for 30 sec., and allow to stand for 10 
min. with occasional mixing. Evaporate to complete dryness with 
nitrogen, add 0.50-3.0 ml. of redistilled ether, mix, and inject 1-4 
pl. int3 the gas chromatograph. 


The gas chromatograph used in this study was a Barber-Cole- 
man, Series 5000, with a 63Ni-detector. The column was 1.21 m. (1 
ft.) long, stainless steel, and contained 3 XE-60 on diatomaceous 
evth. Temperatures were: column, 144"; detector, 280"; an3 
injection port, 260". The flow rate was 40 ml./min. of nitrogen. 
The retention time of mephenesin heptafluorobutyrate was 4 min. 
50 sec. and that of GGE heptafluorobutyrate was 6 min. 10 sec. 
The column was preconditioned by four rapid injections of 4 pl. 
of a mixture of heptafluorobutyric anhydride in ether (1:4) and 


b 


a d  
Figure 1-Chromatograms showing results of the analysis of control 
blood (lefr) and blood sample from subject receiving GGE (right): 
a ,  mephenesin heptafluorobutyrafe; and b ,  GGE heptafluorobutyrate. 


1 Gas-Chrom Q, Applied Science Laboratories, Inc., State College, 
PA 16801 
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Figure 2-Average blood levels following the oral administration of 
600 mg. of GGE to three human subjects. 


allowing the column to remain at 144" for 30 min. The column 
temperature was raised to 200" for 2 hr. The column exit was dis- 
connected during this preconditioning. 


Three normal male subjects were administered an oral liquid dose 
of 600 mg. of GGE. The subjects received no solid food from the 
midnight before drug administration until 2 hr. after drug ad- 
ministration. Blood samples were drawn at  frequent intervals for 8 
hr. after the dose. 


RESULTS AND DISCUSSION 


GGE has been determined (9, 10) by GLC in pharmaceutical 
preparations. These methods did not give the sensitivity needed for 
blood level determination. Amides and esters prepared from 
halogenated acid chlorides or anhydrides give a high response with 
the electron-capture detector. Heptafluorobutyric anhydride was 
used because it reacts easily and quickly with GGE at room tem- 
perature and can be readily separated from the ester by simple 
evaporation. The procedure is straightforward and simple to carry 
out. The only precaution is to remove completely the solvent- 
methylene chloride-before the sample is injected into the gas 
chromatograph, since the detector is very sensitivie to halogenate3 
compounds. 


The results found from the analysis of blood samples to which 
known amounts of GGE had been added are shown in Table I. 
The standard deviation at the 1.00-mcg./ml. level was 0.046. These 
results appear to be satisfactory for the analysis of blood. Chro- 
matograms from actual analysis of blood samples are shown in Fig. 
1. A comparison of the chromatogram of the control blood with 
that of the sample containing GGE shows that nothing present in 
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the control interferes with the determination. Some uninvestigated 
materials are eluted earlier than the esters of GGE and mephenesin. 
Quantitation is made comparing peak heights of the internal stan- 
dard with that of the GGE ester. 


A large amount of the ester was prepared by the procedure de- 
scribed to determine whether reaction had occurred with both or 
only one of the hydroxyl groups. NMR spectra showed that only 
the primary hydroxyl had reacted. 


The results from the blood level determinations following the 
oral dose are shown in Fig. 2. GGE is readily absorbed, with the 
maximum amount determined occurring in the 0.25-hr. sample. 
The half-life was 1.00 hr. Detectable amounts of the drug were no 
longer present in the 8-hr. samples of any of the subjects, indicating 
rapid metabolism and excretion. 
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Antiradiation Compounds XIV: 
Dithiocarbamates of Aminothiophenes 


WILLIAM 0. FOYE, JAMES MICKLES, and GERARD M. BOYCE 


Abstract 0 Dithiocarbamates of 2-amino-3-cyano(or carbethoxy)- 
4,5-dialkylthiophenes and a corresponding furan have been ob- 
tained. Dithiocarbamate formation of 2-amino-3-cyano-4,5-di- 
phenylfuran resulted in a conversion to the corresponding thio- 
phene dithiocarbamate. A dithiocarbamate trithiocarbonate of 2- 
amino-3-carbethoxy-4-mercaptomethylthiophene was also syn- 
thesized, and ring closure of the 2-amino-3-cyanothiophenes to 
thiopheno[2,3-d]pyrimidines was observed. None of the com- 
pounds tested showed radiation-protective or antimalarial prop- 
erties. 


Keyphrases 0 Antiradiation compounds-dithiocarbamates of 
aminothiophenes 0 Aminothiophenes, dithiocarbamate deriva- 
tives-radiation-protective capacity, antimalarial properties 0 IR 
spectrophotometry-structure 


Although thiophene derivatives have not appeared 
frequently with radiation-protective properties, a basic 
derivative, N-phenyl-2-thiophenecarboxamidine, has 
been reported to  have appreciable protection in rats 
(1). Since several heterocyclic dithiocarbamates in the 
pyridine, pyrimidine, and acridine series (2) are radia- 
tion protective, dithiocarbamates of thiophenes and 
furans having basic functions appeared to be logical 
candidates as radiation-protective compounds. Methods 
for obtaining thiophenes and furans having primary 
amino substituents in the ring have recently been an- 
nounced (3), and the conversion of compounds of this 
type to dithiocarbamates has been attempted. In- 
clusion of this sulfur-containing function provides a 
thiol anion capable of undergoing rapid hydrogen- 
atom exchange reactions (4), which could account for 
radiation protection. 


PROCEDURE 


Preparation of 2-aminothiophenes was carried out by the method 
of Gewald et ul. (5) with modifications. This procedure involved 
the base-catalyzed condensation of a carbonyl compound with an 
active methylene nitrile and sulfur. Using methyl ethyl ketone 
and malononitrile, the reaction was found to be best catalyzed with 
morpholine, with excess ketone as the solvent. Using methyl ethyl 
ketone and malononitrile, the product was 2-amin0-3-cyano-4,S- 
dimethylthiophene; with ethanol as the solvent, the product was 
2-butylidenemalononitrile. By the same procedure, but with ethanol 
as the solvent, the following were obtained: 2-amino-3-carbethoxy- 
4,5-dimethylthiophene, 2-amino-3-cyano-4,5-tetramethylenothio- 
phene, and 2-amino-3-carbethoxy-4,5-tetramethylenothiophene. 
Also obtained by the same general procedure, without sulfur, were 
2-amino-3-cyano-4,5-dimethylfuran and the corresponding 4,s- 
diphenyl compound. 


Attempts to form the dithiocarbamates of the 2-aminothio- 
phenes previously mentioned, using carbon disulfide and ethanol as 
the solvent, gave only small yields over a period of 2472 hr. In 
the case of 2-arnino-3-cyano-4,5-dimethylthiophene, the thiourea 
was formed instead. By using the procedure of Fairfull and Peak 
(6), however, triethylammonium salts of the dithiocarbamates (I) 
of the aminothiophenes and one of the aminofurans were obtained 
in good yield and sufficiently pure for analysis. 


R, Y c x=s,o 


I 


The attempted conversion of 2-amino-3-cyano-4,5-diphenyl- 
furan to the dithiocarbamate gave a product having a poor 
analysis for the ethyl ester of the dithiocarbamate. By allowing the 
reaction to take place during a much longer time (2 weeks), a 
product was obtained for which the analysis indicated formation 
of the dithiocarbamate salt of 2-amino-3-cyano-4,5-diphenylthio- 
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Interaction of Ascorbic Acid with Silicic Acid 


WEN-HUNG WU, TING-FONG CHIN, and JOHN L. LACH 


Abstract Interaction of ascorbic acid with silicic acid in the 
solid state was studied using diffuse reflectance spectroscopic 
techniques. Surface degradation products from ascorbic acid 
breakdown were effectively observed using diffuse reflectance 
spectroscopy, whereas the corresponding transmittance spectral 
method did not give significant information concerning degrada- 
tion products. Adsorption of ascorbic acid from methanol solution 
by silicic acid did not occur. However, after evaporation of the 
methanol, ascorbic acid did undergo strong interaction with silicic 
acid, probably through hydrogen bonding. Thermal degradation 
of ascorbic acid in the adsorbed state was found to be different 
from that in solution. In acid solution, furfural was a major deg- 
radation product; whereas in the adsorbed state, furfural could 
not be detected. 


Keyphrases 0 Ascorbic acid-silicic acid-solid-state interaction 0 
Silicic acid-adsorbed ascorbic acid-stability 0 Thermal stability- 
ascorbic acid 0 TLC-analysis 0 Diffuse reflectance spectros- 
copy-analysis 


Silicic acid, an almost completely inert adsorbent, 
has found considerable use as a support in chromatog- 
raphy and as a carrier material for some oil-soluble 
vitamins and other medicinal agents. The surface of 
silicic acid consists of a plane of exposed silicon atoms 
to which are attached covalent surface hydroxyl groups, 
or silanols, the only important adsorption sites. The 
adsorbed molecules interact with silanols by hydrogen 
bonding, in which the adsorbed molecule normally 
acts as an electron donor (1). Gueyne and Duffaut (2) 
reported complex formation between an alkaline 
silicate and organic acids, including ascorbic acid. 
Strohecker and Henning (3) stated that it is not suitable 
to employ silica gel plates for quantitative assay of 
ascorbic acid, since too much is lost on the silica gel. 
Since a loss of ascorbic acid has also been reported to 
occur when ascorbic acid is present in a vitamin prep- 
aration containing oil-soluble vitamins which have 
been adsorbed onto silicic acid, this study was under- 
taken to obtain information concerning the nature of 
this loss. This study also represents a continuing pro- 
gram in the investigation of drug-excipient interactions. 


EXPERIMENTAL 


Materials-Ascorbic acid (USP reference standard) ; I  L-ascorbic 
acid, reagent grade, m.p. 190-193°;2 silicic acid, average particle 
diameter, 3 p;3 dehydroascorbic acid;4 levulinic acid;s furfurakB 
2,6-dichlorophenolindophenol s ~ d i u m ; ~  and 2-diphenylacetyl-l,3- 
indandione-1-hydrazone, map. 241 '? were used. 


Apparatus and Methods-All diffuse reflectance spectra (DRS) 
were taken according to the method of Lach and Bornstein (4) 


1 U. S. Pharmacopeial Convention, Inc. 
2 Fisher Scientific Co. 
3 Mallinckrodt Chemical Works, St. Louis, Mo. 
4 Pierce Chemical Co., Rockford, Ill. 
5 Eastman Organic Chemicals, Rochester, N. Y .  


Fisher Scientific Co. 
K & K Laboratory, Inc. 


8 Aldrich Chemical Co., Milwaukee, Wis. 


Table I-Thermal Degradation of Pure Ascorbic Acid at 100" 


Ascorbic 7z 
Time, Acid Degrada- 


hr . Found, mg. tion Color Change 


0 100 0 White 
2 100 0 White 
9 99.4 0.6  White 


24 99.4 0 . 6  Slightly yellow 
53.5 99.8 0.2 Yellow 


140 99.5 0 .5  Grey 
I92 99.4 0.6 Grey 


by using a spectrophotometer equipped with reflectance attach- 
ment.g 


Determination of Ascorbic Acid-This was performed by the 
dye method described in USP XVII (5). 


TLC for Identification of Degradation Products of Ascorbic 
Acid-Silica gel G plates (0.25 mm.) and a solvent system of chloro- 
form-n-heptane(l:8) were used. Ten grams of darkened sample con- 
taining silicic acid, ascorbic acid, and its degradation products was 
continuously extracted in a continuous extraction apparatus with 
anhydrous ether for 24 hr. The ethereal extract was concentrated to 
1 ml. and then reacted with 2-diphenylacetyl-1,3-indandione-l- 
hydrazone (DIH) in a mixture of methanol and chloroform using 1 
drop hydrochloric acid as a catalyst. The solution was spotted on a 
plate together with chloroform solutions of a reaction product 
of furfural and DIH (F-DIH), levulinic acid and DIH (L-DIH), and 
DIH itself. After development, the plates were examined under UV 
light. Since DIH shows a bright-yellow fluorescence under UV light, 


a 10 


0 B 0- m 


a C C- 


0- 
E D 


0' 


10 20 30 40 50 60 70 80 
TIME, min. 


Figure 1-Desorption and degradation of ascorbic acid (20 mg.) ad- 
sorbed on silicic acid (1 g.). Key: A, without heating; B, heated at 
100" for 9.5 hr.; C,  heated at  100" for 20.5 hr.: and D, heated at 100' 
for 40.0 hr. 


9 Beckman model DB-G and Beckman reflectance attachment. 
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Figure 2-Diffuse reflectance spectra showing the effects of heating ascorbic acid-silicic acid system at 100". (The numbers shown are time in 
hours.) 


all spots containing the DIH moiety appeared as bright spots in 
the violet background. 


RESULTS AND DISCUSSION 


Stability of ascorbic acid in the solid state was first studied by 
heating 100 mg. each of finely powdered ascorbic acid in a number 
of 50-ml. beakers in a dry oven at 100 f 0.5". Quantitative deter- 
mination of these solid samples was followed at varying time inter- 
vals, and the results are shown in Table I. The data in this table 
indicate that there is no apparent relationship between degradation 
of ascorbic acid and color change. It is probable that only the 
surface layer of each ascorbic acid particle was decomposed and 
that this degradation product(s) could act as a protecting film so 
that no further decomposition was observed within the time interval 
studied. Thermal stability of ascorbic acid has been previously 
studied by several workers (6.4, and their results indicated that 
pure ascorbic acid is thermally stable at elevated temperatures. 


Since silicic acid is known to adsorb various compounds, ad- 
sorption of ascorbic acid by silicic acid in methanol solution was 
undertaken. Ten milligrams of ascorbic acid in 10 ml. methanol was 
equilibrated with varying quantities of silicic acid for 18 hr. under 
nitrogen; after centrifugation, the concentration of ascorbic acid 
in the clear supernatant liquid was determined, and the results are 
shown in Table 11. Since the amount of ascorbic acid that re- 
mained in solution phase was approximately constant, it may be 
concluded that the adsorption of ascorbic acid by silicic acid from 
the methanol solution was negligible. 


However, after complete evaporation of methanol in such equil- 
ibrated systems, ascorbic acid was strongly adsorbed to silicic 
acid since this acid was only very slowly removed from the ad- 
sorbent surface by metaphosphoric-acetic acids T.S. This is shown 
in Fig. 1 ,  Curve A, in which 20 mg. of ascorbic acid/g. of 


silicic acid was equilibrated in methanol under nitrogen and the 
solvent evaporated at room temperature under vacuum. Accurately 
weighed portions of this dried sample were then titrated under 
nitrogen or after stirring at constant speed for a specified time. 
As is seen in Fig. 1, approximately 80 min. was required for de- 
sorption to occur. These results indicate that ascorbic acid is 
adsorbed to silicic acid on removal of the methanol and that this 
adsorption probably occurs through hydrogen bonding between the 
silanols on the silicic acid and the carbonyl oxygen of ascorbic 
acid. The lack of quantitative desorption of ascorbic acid as seen 
in Fig. 1, Curve A, may be attributed to  its oxidation in the adsorbed 
state and will be discussed later. 


Stability aspects of ascorbic acid adsorbed on silicic acid were 
also carried out. Portions of the methanol-equilibrated and vacuum- 
dried samples were heated at 100 f 0.5" in a dry oven, and at various 
time intervals the intact ascorbic acid was determined. The results 
are shown in Fig. 1, Curves B-D. From this figure and Table 


Table II-Adsorption of Ascorbic Acid from Methanol Solution 
by Silicic Acid 


Ascorbic Acid Silicic Acid Ascorbic Acid 
Added, mg. Added, g. Found, mg." 


10 0 9.69 
10 0.020 9.65 
10 0.050 9.65 
10 0.100 9.72 
10 0.200 9.79 
10 0.300 9.79 


a When 10 mg. of ascorbic acid in 10 ml. methanol was allowed to 
stand in the dark without tumbling, 9.96 mg. was found after 18 hr. 
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Table II-Correlation of Reflectance and Degradation 
of Ascorbic Acid in Adsorbed State 


Time for -Data from DRS--- 
Heating r ,  A245 Ascorbic Acid 


at loo", hr. mp, z f(r-1 Found, mg. 


0 
2 
5 


10 
17 
26 
35 
46 
66.5 


36.5 
40.0 
42.8 
44.9 
46.2 
47.0 
48.1 
49.2 
51 .8  


0.5524 
0.4500 
0.3822 
0.3381 
0.3133 
0.2988 
0.2800 
0.2632 
0.2243 


60 
56.2 


51.9 
47.8 
45.0 
44.1 
43.9 
42.0 


- 


I, it is evident that degradation of ascorbic acid is significantly 
greater in the adsorbed state than in pure powder form. This ac- 
celerated degradation rate may be due simply to a difference in the 
total surface area, since in this adsorbed state a larger number of 
ascorbic acid molecules are available for degradation than in the 
surface of the pure powder. Or it may be due to the fact that in 
this adsorbed state, as shown in Scheme I, hydrogen bond forma- 
tion between the carbonyl oxygen of ascorbic acid and the silanol 


Scheme I 


hydrogen requires a strong bonding of the lone pair electrons on the 
carbonyl oxygen to the silanol hydrogen. This can induce a general 
electron shift through the a,@-enone r-orbitals toward this new 
bond, so that the dissociation of the two hydroxy hydrogens on the 


60 & 
h 


40 1 


0.5 


h 


8 0.4 
Y 


0.3 


0.2 


1 
0 10 20 30 40 50 60 


TIME, hr. 


Figure >Correlation of re$ectance and degradation of ascorbic 
acid in adsorbed state. 
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Figure 4-TLC showing thermal degradation products of ascorbic 
acid-silicic acid system. Key: A ,  F-DIH, Rr = 0.71; B, ethereal 
extract reacted with DIH; C ,  L-DIH, Rr = 0.58; and D ,  DIH, 
Rr = 0.53. 


2- and 3-positions in ascorbic acid is enhanced. This increased dis- 
sociation may facilitate the oxidation of ascorbic acid to various 
carbonyl compounds, presumably through dehydroascorbic acid. 


The degradation of pure ascorbic acid in the solid statewas 
also studied using DRS. When a portion of the faintly yellow 
sample shown in Table I was appropriately diluted with acidified 
water and the transmittance spectrum taken, the solution showed 
an absorption maximum at 245 mp. However, when another portion 
of the same sample was mixed with silicic acid and the reflectance 
spectrum taken, two absorption maxima appeared. The one at 245 
mp corresponded to  the transmittance spectrum of the acidified 
ascorbic acid solution. The other, which appeared at 275 mF, 
might be a composite maximum due to the various carbonyl com- 
pounds produced from the surface degradation of ascorbic acid. 
Although the quantity of degradation products formed from pure 
ascorbic acid was small, as shown in Table I, they are mainly con- 
centrated on the surface and are effectively shown in the reflectance 
spectrum. However, in solution state, they are homogeneously 
mixed with the intact ascorbic acid molecules, so that the over- 
whelming amount of ascorbic acid present can sufficiently mask 
any spectral effects of this small quantity of degradation products. 
This clearly illustrates the advantage of the DRS method in study- 
ing degradation occurring at the surfaces. 


When 60 mg. of ascorbic acid was equilibrated with 1 g. of silicic 
acid in methylene chloride and the dried sample was heated at 
100 f O S " ,  the reflectance spectra taken at varying time intervals 
showed different intensities; these are given in Fig. 2. As is illus- 
trated in this figure, the intensity of the maximum at 245 mp grad- 
ually decreased with time, whereas a new maximum at about 300 mF 
appeared with increasing intensity. This second maximum at 300 
mp is different from that observed in the degradation of pure as- 
corbic acid, in which case the second maximum appeared at 275 
mp. This suggests that the degradative mechanisms might be dif- 
ferent. Along with the spectra, quantitative determinations of 
ascorbic acid in these equilibrated and heated samples were carried 
out, and the results are shown in Table 111 and Fig. 3. For purposes 
of comparison, reflectance readings, r,, at 245 mp were converted 
to remission functions, f(r,) since the remission function is di- 
rectly related to concentration (9). Examination of Fig. 3 does show 
this remission function concentration dependency which is main- 
tained in the degradated sample, suggesting that quantitized degrada- 
tion in the solid state can be studied by this technique. 


With respect to ascorbic acid it is interesting to note that its 
degradation products from aqueous solution have been determined 
by Otani (10) using TLC, and reported to  be dehydroascorbic acid, 
2,3-diketo-l-gulonic acid, 2-keto-1-gulonic acid, and furfural. 
Formation of furfural from aqueous solution of ascorbic acid was 
also discussed by various workers (11-13)$ the rate of furfural 
formation being studied in detail by Finholt et af. (14). 


However, in the present study furfuraI was not found as part of 
the degradation products resulting from the breakdown of ascorbic 
acid in the adsorbed state. Instead, levulinic acid was detected 
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on thin-layer plates as described in the Experimental section. The 
DIH reagent was used because of its high reactivity toward carbonyl 
compounds (15, 16). Thermal degradation products of this ascorbic 
acid-silicic acid system are shown in Fig. 4. Examination of the 
chromatogram does indicate the absence of furfural, the possible 
presence of levulinic acid, and, in addition, other unidentified deg- 
radation products, and strongly suggests that ascorbic acid in this 
adsorbed state undergoes a different type of degradation from that 
in aqueous solution. Although furfural was not detected in this 
system, it is still possible that any furfural formed could have vol- 
atilized from the solid surface or undergone polymerization. It is 
highly unlikely, however, that levulinic acid results from furfural 
degradation, since Lamden and Harris (11) pointed out that the 
formation of furfural in solution degradation does not result from 
dehydroascorbic acid which, as mentioned before, is probably the 
first step in the oxidation of ascorbic acid in the adsorbed state. 
It is, therefore, highly likely that the degradation pathway in the 
adsorbed state may be quite different from that in solution. 
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Electrostatic Interaction of Oil Droplets 
with Adsorbed Surface-Active Ions 
in Dilute Electrolyte Solutions 


N. F. H. HO, A. SUZUKI*, and W. I. HIGUCHI 


Abstract 0 Using the Haydon-Taylor model in which the surfactant 
head groups are situated at some distance from the oil surface, the 
interaction energy of electrostatic repulsion ( VR) between oil drop- 
lets in dilute electrolyte solutions is derived for the two cases: 
constant-surface potential and constant-surface charge. For com- 
parison, the repulsive energy is also derived for the constant-surface 
charge case without the effect of this adsorbed layer model. The 
Haydon-Taylor model accounts for the penetrability of the elec- 
trolyte and dielectric constant in the adsorbed surfactant layer of 
varying thickness, the degree of surface coverage, particle-size effect, 
ionic strength, and the dielectric constant in the bulk solution. In 
the constant-potential case, the resulting VR equation is identical to 
the classical Derjaguin, Landau, Venvey, and Overbeek (DLVO) 
one. Computations show that as flat plates and spheres approach 
each other, VR (constant-surface charge with impenetrable ad- 
sorbed layer) > VR (constant-surface charge with penetrable ad- 
sorbed layer) > VR (constant-surface potential). Because of the 
possible 50- to 1Wfold difference in magnitude between them, prop- 
er choice of the model is important when considering application 
of the theory to the rigorous kinetic treatment of the coalescence 
of o/w emulsions and flocculation of suspensions. 


Keyphrases 0 Oil droplets, electrostatic interaction-adsorbed 
surfaceactive ions 0 Electrolyte solutions-oil droplets, adsorbed 
surface-active ion interaction 0 Repulsive interaction-flat plates, 
spheres 0 Emulsions-particle collision probability 


In those dispersed systems in which the primary bar- 
rier to flocculation (or coalescence) is electrical, the 
classical theory of the repulsive interaction of overlap- 


ping electrical double layers between two particles coin- 
bined with the attractive interaction due to dispersion 
forces is used. Moreover, the usual model employed 
for the repulsive energy requires that the surface po- 
tential remains constant during the collision of particles, 
although the model on constant-surface charge, in 
which case the surface potential increases during the 
encounter, is applicable in most dispersed systems (1). 


Frens et al. (2, 3) showed that the collision of silver 
iodide colloidal particles in aqueous electrolyte solu- 
tions was more appropriately explained by the constant- 
surface charge condition. They employed the exact 
solution of the Poisson-Boltzmann equation in the form 
of elliptical integrals. Recently, while examining the 
question of the surface potential or charge remaining 
constant during the mutual approach of particles, Jones 
and Levine (4) derived approximate expressions in 
series form, and Muller ( 5 )  derived exact equations 
expressed as elliptical integrals. 


Haydon and Taylor (6-8) proposed a model for the 
adsorption of ionic surface-active agents at the oil/ 
water interface, allowing for the penetration of mobile 
ions into the adsorbed layer of surfactant molecules 
situated at some equilibrium distance from the inter- 
face. They calculated the potential in the aqueous sur- 
face phase and related it to surface-pressure area 
measurements. The Poisson-Boltzmann equation was 
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the control interferes with the determination. Some uninvestigated 
materials are eluted earlier than the esters of GGE and mephenesin. 
Quantitation is made comparing peak heights of the internal stan- 
dard with that of the GGE ester. 


A large amount of the ester was prepared by the procedure de- 
scribed to determine whether reaction had occurred with both or 
only one of the hydroxyl groups. NMR spectra showed that only 
the primary hydroxyl had reacted. 


The results from the blood level determinations following the 
oral dose are shown in Fig. 2. GGE is readily absorbed, with the 
maximum amount determined occurring in the 0.25-hr. sample. 
The half-life was 1.00 hr. Detectable amounts of the drug were no 
longer present in the 8-hr. samples of any of the subjects, indicating 
rapid metabolism and excretion. 
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Antiradiation Compounds XIV: 
Dithiocarbamates of Aminothiophenes 


WILLIAM 0. FOYE, JAMES MICKLES, and GERARD M. BOYCE 


Abstract 0 Dithiocarbamates of 2-amino-3-cyano(or carbethoxy)- 
4,5-dialkylthiophenes and a corresponding furan have been ob- 
tained. Dithiocarbamate formation of 2-amino-3-cyano-4,5-di- 
phenylfuran resulted in a conversion to the corresponding thio- 
phene dithiocarbamate. A dithiocarbamate trithiocarbonate of 2- 
amino-3-carbethoxy-4-mercaptomethylthiophene was also syn- 
thesized, and ring closure of the 2-amino-3-cyanothiophenes to 
thiopheno[2,3-d]pyrimidines was observed. None of the com- 
pounds tested showed radiation-protective or antimalarial prop- 
erties. 


Keyphrases 0 Antiradiation compounds-dithiocarbamates of 
aminothiophenes 0 Aminothiophenes, dithiocarbamate deriva- 
tives-radiation-protective capacity, antimalarial properties 0 IR 
spectrophotometry-structure 


Although thiophene derivatives have not appeared 
frequently with radiation-protective properties, a basic 
derivative, N-phenyl-2-thiophenecarboxamidine, has 
been reported to  have appreciable protection in rats 
(1). Since several heterocyclic dithiocarbamates in the 
pyridine, pyrimidine, and acridine series (2) are radia- 
tion protective, dithiocarbamates of thiophenes and 
furans having basic functions appeared to be logical 
candidates as radiation-protective compounds. Methods 
for obtaining thiophenes and furans having primary 
amino substituents in the ring have recently been an- 
nounced (3), and the conversion of compounds of this 
type to dithiocarbamates has been attempted. In- 
clusion of this sulfur-containing function provides a 
thiol anion capable of undergoing rapid hydrogen- 
atom exchange reactions (4), which could account for 
radiation protection. 


PROCEDURE 


Preparation of 2-aminothiophenes was carried out by the method 
of Gewald et ul. (5) with modifications. This procedure involved 
the base-catalyzed condensation of a carbonyl compound with an 
active methylene nitrile and sulfur. Using methyl ethyl ketone 
and malononitrile, the reaction was found to be best catalyzed with 
morpholine, with excess ketone as the solvent. Using methyl ethyl 
ketone and malononitrile, the product was 2-amin0-3-cyano-4,S- 
dimethylthiophene; with ethanol as the solvent, the product was 
2-butylidenemalononitrile. By the same procedure, but with ethanol 
as the solvent, the following were obtained: 2-amino-3-carbethoxy- 
4,5-dimethylthiophene, 2-amino-3-cyano-4,5-tetramethylenothio- 
phene, and 2-amino-3-carbethoxy-4,5-tetramethylenothiophene. 
Also obtained by the same general procedure, without sulfur, were 
2-amino-3-cyano-4,5-dimethylfuran and the corresponding 4,s- 
diphenyl compound. 


Attempts to form the dithiocarbamates of the 2-aminothio- 
phenes previously mentioned, using carbon disulfide and ethanol as 
the solvent, gave only small yields over a period of 2472 hr. In 
the case of 2-arnino-3-cyano-4,5-dimethylthiophene, the thiourea 
was formed instead. By using the procedure of Fairfull and Peak 
(6), however, triethylammonium salts of the dithiocarbamates (I) 
of the aminothiophenes and one of the aminofurans were obtained 
in good yield and sufficiently pure for analysis. 


R, Y c x=s,o 


I 


The attempted conversion of 2-amino-3-cyano-4,5-diphenyl- 
furan to the dithiocarbamate gave a product having a poor 
analysis for the ethyl ester of the dithiocarbamate. By allowing the 
reaction to take place during a much longer time (2 weeks), a 
product was obtained for which the analysis indicated formation 
of the dithiocarbamate salt of 2-amino-3-cyano-4,5-diphenylthio- 
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phene (I, R =C6Hj, Y =CN). During this prolonged reaction, the 
furan ring apparently opened and reacted with carbon disulfide to 
give the corresponding thiophene. 


IR absorption of the dithiocarbamates containing cyano groups 
showed either very weak or no peaks for cyano absorption. This 
may be attributed to interaction with the adjacent, negatively 
charged dithiocarbamate group. In addition, absorption due to 
C=S occurred at lower wavenumbers than in the case of the 3- 
carbethoxy compounds, again indicating interaction with cyano 
groups. 
2-Amino-3-ethoxycarbonyl-4-mercaptornethylthiophene was ob- 


tained by a modification of the method of Gewald and Schinke (7) 
for the disulfide. The mercaptan was not isolated but was treated 
with carbon disulfide and triethylamine to give the dithiocarbamate 
trithiocarbonate (11) from condensation at both the amino and 
thiol functions. A previous dithiocarbamate trithiocarbonate, 
prepared from cysteine, was found to be strongly radiation protec- 
tive in mice (8). A similar attempt to obtain 2-amino-3-cyano-4- 
methyl-5-mercaptothiophene gave the sulfide. 


S 


I1 


Thiopheno[2,3-dpyrimidines (111) were also obtained using the 
method of Gewald (9) for synthesis of furo[2,3-d]pyrimidines. 
These compounds resulted on refluxing the appropriate 3-cyano- 
thiophene with formarnide and acetic anhydride. 


BIOLOGICAL TESTING RESULTS 


Antiradiation screening of several of the compounds was carried 
out.' Tests were carried out in mice uersus 825 r (X-rays) or 950 r 
(y-rays) with an observation period of 30 days. The dithiocarbamate 
of 2-amino-3-carbethoxy-4,5-dimethylthiophene (I) was inactive 
against 950 r (-prays), and the dithiocarbamate trithiocarbonate 
(11) and the two thiopheno[2,3-d]-pyrimidines (111) were inactive 
against 825 r (X-rays). 


The three compounds (11 and 111) were also screened for anti- 
malarial activity in mice infected with Plasmodium berghei and in 
Aedes aegypti infected with Plasmodium gallinaceum; they were 
inactive in both tests. Also, the dithiocarbamates of the 2-amino-3- 
cyano(or carbethoxy)-4,5-dialkylthiophenes (I) were inactive in 
the mouse test. 


It may be concluded from the lack of radiation-protective ac- 
tivity for the dithiocarbamate trithiocarbonate (11) reported here 
and the powerful protective effect of the corresponding cysteine 
derivative (8) that a rigid structure connecting these functions is 
detrimental to radiation protection. 


EXPERIMENTAL 


Analyses for carbon, hydrogen, and nitrogen were performed.2 
Sulfur analyses were done by Parr bomb peroxide fusion. Melting 
points were taken on a Mel-Temp apparatus and are corrected. 
IR absorption spectra were obtained with a Perkin-Elmer model 
137B spectrometer. 


Triethylammonium 3-Cyano-4,5-dimethylthiophene-2-dithiocar- 
bamate-A mixture of 5.3 g. (0.035 mole) of 2-amino-3-cyano-4,5- 


1 At the Walter Reed Army Institute of Research: results reoorted 
through the courtesy of Dr. D. P. Jacobus. 


Mass. 
2 By Weiler and Straws, Oxford, England, or by Carol Fitz, Needham, 


dimethylthiophene (3, 42 ml. (0.600 mole) of carbon disulfide, 
76.5 ml. (0.550 mole) of triethylamine, and 2.5 ml. of absolute 
ethanol formed a red-orange solution. The solution was stirred at 
room temperature for 48 hr. and yielded 3.3 g. (28%) of orange- 
yellow product; m.p. 241-242"; IR (KBr) 880 (O-ring), 1135 (C=S), 
2200 (C=N, weak) cm.-l 


Anal.-Calcd. for C14H23N3S3: C, 51.02; H, 7.03; N, 12.75; 
S ,  29.19. Found: C, 51.37; H,  6.97; N, 12.29; S ,  29.63. 


Triethylammonium 3-Carbethoxy-4,5-dimethylthiophene-2-dithio- 
carbamate-A mixture of 7.0 g. (0.035 mole) of 2-amino-3-carb- 
ethoxy-4,5-dimethylthiophene (3, 42 ml. (0.600 mole) of carbon 
disulfide, 76.5 ml. (0.550 mole) of triethylarnine, and 2.5 ml. 
of absolute ethanol formed a red-orange solution, which was 
allowed to stand at room temperature for 2 days, giving 7.5 g. 
(56%) of bright-yellow crystals; m.p. 105-107"; IR (KBr) 990 
(C=S), 1650 (C=O) cm.-I. 


Anal.-Calcd. for C~6Hz8Nz02S3: C, 51.02; H, 7.49; N, 7.44; S ,  
25.54. Found: C, 50.86: H, 7.11; N, 7.15; S ,  25.10. 


Triethylammonium 3-Cyano-4,5-tetramethylenothiophene-2-di- 
thiocarbamate-A mixture of 8.9 g. (0.05 mole) of 2-amino-3- 
cyano-4,5-tetrarnethylenothiophene ( 5 ) ,  60 ml. (0.86 mole) of carbon 
disulfide, 109 rnl. (0.78 mole) of triethylarnine, and 3.5 ml. of ab- 
solute ethanol formed a yellow solution, which was allowed to 
stand for 3 days at room temperature, giving 6.5 g. (36%) of rust- 
colored product; m.p. 210-212"; IR (KBr) 875 (O-ring), 1115(C=S) 
cm.-l. 


Anal.-Calcd. for C16H2&S3: C, 54.04; H, 7.09; N, 11.82; s, 
27.05. Found: C, 54.11; H, 6.82; N, 11.70; S ,  27.50. 


Triethylammonium 3-Carbethoxy-4,5-tetramethylenothiophene- 
2-dithiocarbamate-A mixture of 11.25 g. (0.05 mole) of 2-amino- 
3-carbethoxy-4,5-tetramethylenothiophene (3, 60 ml. (0.86 mole) 
of carbon disulfide, 109 ml. (0.78 mole) of triethylamine, and 3.5 ml. 
of absolute ethanol formed a yellow solution, which was allowed 
to stand at  room temperature for 3 days, giving 11.3 g. (56%) of 
bright-yellow product; m.p. 101-103"; IR (KBr) 965 (C=S), 1660 
(C=O) cm.-I. 


Anal.-Calcd. for C18H30N202S.I: C, 53.69; H, 7.51; N, 6.96; S ,  
24.89. Found: C, 53.97; H, 7.36; N, 6.75; S, 24.76. 
N,N'-Bis(3-cyano-4,5-dimethyl-2-thienyl)thiour~-A solution 


of 2-amino-3-cyano-4,5-dimethylthiophene (5) (3.04 g., 0.02 mole) 
in 50 ml. of absolute ethanol was treated with carbon disulfide 
(42 ml., 0.06 mole). The yellow solution was stirred at room tem- 
perature for 2 days, and 0.95 g. (27%) of yellow compound was 
obtained which did not melt below 300"; IR (KBr) 1290 (C=S, 
thioamide), 2200 (C-N) cm.-1. 


Anal.-Calcd. for Cl5HI4N4S3: C, 52.0; H, 4.1; S, 27.7. Found: 
C, 51.7; H, 4.5; S ,  27.5. 


Triethylammonium 3-Cyano-4,5-dimethylfuran-2-dithiocarbamate 
-A solution of 3.1 g. (0.02 mole) of 2-amino-3-cyano-4,5-dimethyl- 
furan (9), 60 ml. (0.44 mole) of triethylamine, and 32.5 ml. (0.44 
mole) of carbon disulfide was stirred at room temperature for 2 
weeks. The orange solid was triturated with absolute ethanol, 
giving 0.64 g. (973 of compound which slowly decomposed on 
standing; m.p. 195-200" dec.; IR (KBr) 880 (O-ring), 1145 (C=S) 
cm.-l. 


Anal.-Calcd. for C14H23N30S2: C, 53.7; H, 7.3; N, 13.3; S, 
20.4. Found: C, 53.3; H,  7.4; N, 12.7; S, 20.5. 


Triethylammonium 3-Cyano-4,5-diphenylthiophene-2-dithiocar- 
bamate-A solution of 2.28 g. (0.009 mole) of 2-amino-3-cyano-4,5- 
diphenylfuran (9), 10.5 ml. (0.150 mole) of carbon disulfide, 19.1 ml. 
(0.138 mole) of triethylamine, and 6 ml. of absolute ethanol was 
allowed to stand at room temperature for 2 weeks. A yield of 0.61 
g. (15%) of orange crystals was obtained; m.p. 25&258";IR(KBr) 
987 (C=S), 2050 (C-N) cm.-l. 


Anal.-Calcd. for Cz4H~?N3S3: C, 63.5; H, 6.0; N, 9.2; S, 21.2. 
Found: C, 63.4; H, 5.8; N, 9.0; S, 20.7. 
Bis(triethylammonium)-3-carbethoxy-2-dithiocarbamate-4- thienyl- 


trithiocarbonate-A solution of 7.3 g. (0.06 mole) of 1,3-dimercapto- 
acetone and 6.8 g. (0.06 mole) of ethyl cyanoacetate in 30 ml. of 
absolute ethanol was treated with 3 ml. of triethylamine. After 
15 min., 35 ml. (0.47 mole) of carbon disulfide and 45 ml. (0.30 
mole) of triethylamine were added; the solution was stirred for 1 
hr. and allowed to stand overnight at room temperature. A red oil 
was separated and crystallized by the addition of 200 ml. of ab- 
solute ethanol, After being stirred for 2 hr., the yellow product 
(10.8 g., 31 %) was isolated; m.p. 10&108"; IR (KBr) 1010 (C=S), 
1125 (C=S),  1670 (C-0) cm.7. 
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Aid-Calcd. for C~H4,N30&:  C, 46.20; H ,  7.23; N, 7.35; S, 
33.64. Found: C, 45.97; H, 7.05; N, 7.05; S, 33.62. 


Bis(2-amino-3-cyano-4-methyl-5-thienyI)~fid~A mixture of 58 
g. (1 mole) of acetone, 13.2 g. (0.2 mole) of malononitrile, and 6.4 
g. (0.2 g. atom) of sulfur was treated dropwise with 20 ml. of tri- 
ethylamine. The mixture was stirred at  30-35" for 7 hr. and allowed 
to stand at room temperature for 36 hr. After addition of 400 ml. 
of aqueous ethanol (1 : 1) and vigorous stirring, a tan, crystalline 
prcduct was obtained which was extracted with boiling ethanol, 
gi\ ing 1.85 g. (3 %) of product; m.p. 255-257 O. 


Anal.-Calcd. for CI2H,,NaS,: C, 47.03; H, 3.29; N, 18.28; S, 
31.39. Found: C, 47.14; H, 3.38; N, 18.15; S ,  31.28. 
4-Amino-5,6-dirnethylthiopheno[2,3-d]pyrimidm~A mixture of 


3.04 g. (0.02 mole) of 2-amino-3-cyano-4,5-dimethylthiophene (9, 
30 ml. of formamide, and two drops of acetic anhydride was re- 
fluxed at 16Ck165" for 2 hr. After being cooled, a solid product was 
isolated and recrystallized from dioxane, giving 1.48 g. (39%) of 
white crystals; m.p. 261-263"; IR (KBr) 1650 ( N H 2 ) ,  3400 (NH,) 
cm.-l. 


Anal.-Calcd. for CsH9N8S: C, 53.47; H,  5.21; N, 23.22; S, 
18.25. Found: C, 53.61; H, 5.01; N, 23.44; S, 17.94. 
4-Amino-5,6-tetrarnethylenothiopheno[2,3-~pyrimidine-A mix- 


ture of 3.56 g. (0.02 mole) of 2-amino-3-cyano-4,5-tetramethyleno- 
thiophene (5), 30 ml. of formamide, and two drops of acetic an- 
hydride was refluxed at 165-170" for 2 hr. After being cooled, a 
solid product was isolated and recrystallized from dioxane, giving 
0.7 g. (17z) of white product; m.p. 261-263"; IR (KBr) 1635 
(NH,), 3350 (NH,) cm.-I. 


And-Calcd. for CloHlIN2S: C, 58.23; H, 6.32; N, 21.15; S, 15.62. 
Found: C, 58.51; H,  5.94; N, 20.67; S, 16.01. 


REFERENCES 


(1) I. Baev and S. Robev, C.  R. Acud. Bulg. Sci., 13, 733(1960). 
(2) W. 0. Foye and D. H. Kay, J. Pharm. Sci., 57, 345(1968); 


(3) K. Gewald, Chem. Ber., 98, 3571(1965); V. I. Shvedov, V. K. 


(4) S. G. Cohen, in "Organosulfur Chemistry," M. J. Janssen. 


(5) K. Gewald, E. Schinke, and H. Bottcher, Chem. Ber., 99, 91 


(6) A. E. S. Fairfull and D. A. Peak, J .  Chem. Soc., 1955,796. 
(7) K. Gewald and E. Schinke, Cheni. Ber., 99, 2712(1966). 
(8) R. I. H. Wang, W. Dooley, Jr., W. 0. Foye, and J. Mickles, 


(9) K. Gewald, Chem. Ber., 99, 1002(1966). 


W. 0. Foye, D. H. Kay, and P. R. Amin, ibid., 57, 1793(1968). 


Ryzhkova, and A. N. Grimev, Kliim. Getero. Socdin., 1967,239. 


Ed., Interscience, New York, N. Y., 1967, chap. 3. 


(1 966). 


J.  Med. Chem., 9, 394(1966). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received January 1, 1970, from the Departnient of Clzmiistry, 


Accepted for publication March 18, 1970. 
Presented to the Medicinal Chemistry Section, APHA Academy 


of Pharmaceutical Sciences, Washington, D. C. meeting, April 1970. 
This investigation was supported by Research Grant RHO0297 


from the National Center for Radiological Health, U. S. Public 
Health Service, Bethesda, Md. 


Mussuchusetis College of Pharmacy, Boston, MA 021 I5 


N-Substituted Aminoethanethiols and N-Substituted 
Aminoethanethiol S-Sulfonic Acids as Radioprotective Agents 


F. I. CARROLL and MONROE E. WALL 


Abstract 0 Several N-substituted aminoethanethiols and N-sub- 
stituted aminoethanethiol S-sulfonic acids were tested as potential 
radioprotective agents. 2-(2'-Carbamidoethy1amino)-ethanethiol 
(Iu), 2-(2'-carboxyethylamino)-ethanethiol (Ib), 2-(2'-cyanoethyl- 
amino)-ethanethiol (Ic), and 2-(2'-carbamidoethylamino)-ethane- 
thiol S-sulfonic acid (IIa) exhibited significant protective effects 
against ionizing radiation. Compound Ia showed the highest 
activity and was selected for further radiation-protection test 
studies. The structure-activity relationships of this class of corn- 
pounds are discussed. 


Keyphrases 0 Aminoethanethiols, N-substituted-radioprotective 
capacity, structureeactivity relationships Aminoethanethiol 
S-sulfonic acids, N-substituted-radioprotective capacity, struc- 
ture-activity relationships Radioprotective agents-amino- 
ethanethiols, aminoethanethiol S-sulfonic acids, N-substituted 


~ ~~~ 


A recent list of the various types of compounds that 
show radioprotective properties has appeared and 
their structure-activity relationships have been discussed 
( 1). Aminoalkylthiols constitute the most effective 
class of radioprotective agents. The initial discovery 


that 2-mercaptoethylamine (MEA) offered protection 
to mice against ionizing radiation (2) led to  the syn- 
thesis of several hundred derivatives of this compound. 
Structural requirements necessary for radioprotective 
activity have evolved from the test results on these 
compounds and have been summarized (1). This effect 
was not observable when one or two alkyl substituents 
were placed on the carbon containing the thiol function 
of MEA (3, 4).l Subsequently, it was found that some 
N-substituted aminoethanethiols and N-substituted 
aminoethanethiol S-sulfonic acids, prepared in this 
laboratory, showed significant protection against ioniz- 
ing radiation. In this report the radioprotection test 
results on these compounds are .presented, and their 
structure-activity relationships are discussed. 


1 Subsequent antiradiation test results have shown that 2-mercapto- 
2-methylaminopropane hydrochloride, when administered at 90 
mg./kg. i.p. using CMCTW as vehicle, gave 67% survival to mice ir- 
radiated with 825 r. (See footnotes to Table I1 for explanation of test 
data.) 
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RE VIEW A R T I C L E  


Syntheses and Biological Activity of 
5-Aminoimidazoles and 5-Triazenoimidazoles 


Y. FULMER SHEALY 


Keyphrases 0 5-Aminoimidazoles-methods of synthesis 0 Tri- 
azenoimidazoles-synthesis, stability 0 Antineoplastic activity- 
triazenoimidazoles 0 Microbiological activity-triazenoimidazoles 


Clinical studies-5-( 3,3-dimethyl- l-triazeno)imidazole-4-car- 
boxamide, 5-[3,3-bis(2-chloroethyl)-l-triazeno]imidazole-4-carbox- 
amide 


I. INTRODUCTION 


In 1945, Stetten and Fox (1) isolated a heterocyclic 
amine that accumulated (1, 2) during sulfonamide 
bacteriostasis of Escherichia coli and also detected 
this compound in sulfonamide-inhibited cultures of 
other bacteria. Shive et al. (3), proceeding from the 
hypothesis that purine biosynthesis had been affected, 
showed that the heterocyclic amine was 5-amino- 
imidazole-4-carboxamide1 ( I )  (AIC2), an imidazole 


1 When a nitrogen atom of the imidazole ring has an exocyclic sub- 
stituent, that nitrogen atom is assigned position 1. Prior to 1967, the 
subject indexes of Chemical Abstracts listed Compound I as 5(or 4)- 
am~noimidazole-rl(or 5)-carboxamide, because the position (which 
should be number 1) of the labile ring proton cannot be fixed. This 
nomenclature convention, in which the number of the alternative num- 
bering sequence is included in parentheses, had been employed for similar 
imidazoles that have a proton on a ring nitrogen and substituents a t  
positions 4 and 5. In recent subject indexes, Compound I is named 5- 
aminoimidazole4-carboxamide, and this simplified nomenclature is 
dso employed for similar imidazoles. In  agreement with later Chemical 
Abstracts usage and for the sake of simplicity, a single number, without 
the parenthetical alternative numbering system, will be used thoughout 
this review to designate positions 4 and 5. In  the structures of com- 
pounds, such as AIC, having the labile proton instead of another sub- 
stituent (alkyl, ribofuranosyl, etc.) on a nitrogen atom, the proton is 
generally placed on the nitrogen atom that corresponds to the point of 
attachment of the ribofuranosyl group of the biosynthetic imidazoles. 


2 The letter designations AIC and AICA are both employed in the 
literature for Compound I. Since either abbreviation could also be 
logically used for 5-aminoimidazole-4-carbox~lic acid, the ribonucleo- 
tide of which is a precursor of the ribonucleotide of I, neither is specific. 
The shorter abbreviation will, therefore, be used in this article. 


that had been synthesized more than 20 years earlier 
by Windaus and Langenbeck (4) as a potential inter- 
mediate for the chemical synthesis of purines ( 5 ) .  
Shive et a/. (3) correctly postulated that AIC ‘‘functions as 
a precursor of purine bases or is formed from a precursor 
of purines” and that a p-aminobenzoic acid “coenzyme 
[formyltetrahydrofolic acid] functions in combining a 
single carbon unit into the pyrimidine ring.” Subsequent 
studies of purine biosynthesis revealed that the I - ( ~ - D -  
ribofuranosyl) 5’-phosphate derivatives of AIC and of 
four other imidazoles constitute the middle group of 
steps in the biosynthetic pathway to purine ribonucleo- 
tides. All imidazole moieties of these compounds have 
an amino group (or its formyl derivative) at the 5-posi- 
tion of the imidazole ring; all, save the first, have a 
carboxyl or a carboxamide group at the 4-position. 


I 
AIC 


Other imidazole derivatives possess various types 
and varying degrees of biological significance. The 
physiological and pharmacological importance of 
histidine and histamine is well known, and the litera- 
ture relating to these compounds, their derivatives, and 
their analogs is extensive. Certain imidazole structures 
are reported to display antiprotozoal, antifungal, 
antibacterial, monoarnine oxidase-inhibitory, her- 
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bicidal, and other types of activity. The following ex- 
amples are illustrative: the activity of imidazole-4,5- 
dicarboxamide and some of its derivatives against 
coccidiosis in poultry (6,7); the activity of 1-(2-hydroxy- 
ethyl)-2-methyl-5-nitroimidazole (metronidazole) (8- 
10) and other nitroiniidazoles (e.g., 10-1 5 )  against 
Trichomonas uaginalis, other Trichomonas species, 
Entamoeba histolytica, and other protozoa; and the 
broad-spectrum antibacterial and antiprotozoal activity 
of 2-amino-5-( 1 -methyl-5-nitro-2-imidazolyl)-l,3,4-thia- 
diazole and related structures (16). The antiprotozoal 
activity of metronidazole is clinically important in the 
oral treatment of trichonioniasis (14, 17-19) and amoe- 
biasis (14,20,21). 


However, to limit the scope of this review, it deals, 
first, with chemical syntheses and biological properties 
of 5-aminoimidazoles related to those in the biosyn- 
thetic pathway to purine ribonucleotides, the principal 
emphasis being on imidazoles bearing a member of the 
carboxylic acid family of groups (carboxyl, ester, 
amide, thioamide, amidine, nitrile, etc . )  ortho to the 
amino group. Secondly, it summarizes the chemical and 
biological properties of triazenoirnidazoles related to 
the imidazoles rnenti~ned.~ An excellent review of the 
entire imidazole field covers the period from 1919 to 
1950 (22). Recent reviews (23, 24) differ from the 
present review in that: (a) they were limited to nucleo- 
sides and nucleotides of imidazoles, and (b)  considera- 
tion of these types of derivatives was not confined to 
5-aminoimidazoles. 


11. SYNTHESES OF 5-AMINOIMIDAZOLES4*6 


Chemical syntheses of 5-aminoimidazole derivatives 
are presented by describing the basic methods for form- 
ing the imidazole ring with an amino group (or a pre- 
cursor group) at position 5 rather than by structural 
type (amide, ester, nitrile, etc.). To preserve the con- 
tinuity of certain synthetic sequences, further trans- 
formations of the structures obtained from a basic 
route are also frequently included in the section in which 
the basic method is described. 


* Triazenoimidazoles and aminoimidazoles are included in the same 
review because of the derivation, structures. and biological activity of the 
former. There is, no intention to imply that inhibition of biochemical 
reactions involving aminoimidazoles is the primary mechanism of 
action of the trjazeno derivatives (Part IV). 


4 To minimize both the number of letter designations and the number 
of long systematic names, three abbreviations will be employed in Parts 
I1 and 111, with some exceptions in Part I11 where commonly accepted 
letter designations are shown with the structures. The three are A1 for 
5-amj1oimidazole, AIC for Compound I, and AICAR for the ribonu- 
cleotlde of Compound I. Admittedly, the latter two are not consistent; 
but there is no reason to change the generally accepted AICAR, and 
the reasons for choosing AIC are explained in Foornote 2. These three 
letter designations are employed in combination with the formulas of 
functional or protecting groups and in combination with names of 
groups or substituents to designate certain derivatives. For brevity, the 
terms ribofuranoside or ribonucleoside and ribonucleotide will be used 
for imidazoles bearing the 8-n-ribofuranosyl and the 8-o-ribofuranosyl 
5'-phosphate groups at the position of these groups in the biosynthetic 
imidazoles (Le., adjacent to the amino group). This shorthand nomen- 
clature method is illustrated by the following examples: 2-methyl-AIC 
ribonucleotide for 5-amino-2-methyl-l-(~-~-r~bofuranosyl)im~dazole-4- 
carboxamide S:-(dihydrogen phosphate) (LXd); 1-cyclohexyl-AI- 
COOH for 5-amino-1-cyclohexyhmidazole-4-carboxylic acid (XXXVII ; 
R' = RZ = H, R1 =. cyclohexyl); and AI-COOCHs for 5-aminoimid- 
azole-4-carboxylic acid methyl ester (rX). 


For convenience, carboxyl, amino, and phosphoric acid groups are 
depicted in their unionized forms throughout this review. However, 
ionic species are present in the biochemical environments in which 
imidazole derivatives having these groups are biosynthesized and 
transformed, and they are usually the forms isolated from chemical 
reactions. 
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A d  OAc 


Scheme I 


The synthetic methods of Sections B, C ,  and D are 
related and, in some of their variations, may include 
similar or common intermediates. However, they were 
developed at different times by different investigators; 
to simplify the presentation, they are treated separately. 


A. Reduction of the Nitro Group (Windaus-Langen- 
beck and Sarasin-Wegmann RoutestBecause of its 
importance in aromatic chemistry, reduction of a nitro 
group (or an arylazo group) naturally received initial 
attention as a method for preparing 5-aminoimidazoles. 
These early efforts to synthesize 5-aminoirnidazole 
(AI) and its methyl derivatives met with difficulties 
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owing to the instability of the products under the con- 
ditions of the chemical reductions (25-27, cf., 28). Yields 
were low or nil because of degradation by ring-open- 
ing, but both A1 (29) and its 4-methyl derivative (30) 
were subsequently obtained (as dihydrochlorides) in 
moderate yields by chemical reduction of the cor- 
responding nitro compounds. The examples of prime 
interest in the present context have a carboxamide, a 
carboxyl, or similar group at position 4. During the 
period that difficulties were being experienced in pre- 
paring the simple aminoimidazoles, Windaus and 
Langenbeck (4) succeeded in synthesizing AIC and AI- 
COOCH34 (IX) by a route that began with 4-methyl- 
imidazole (11) and terminated in the reduction of a 
nitro group (Scheme I). A nitration (25), an aldol- 
type condensation, and oxidation of the resulting styryl 
derivative (IV) yielded the key intermediate, 5-nitro- 
imidazole-4-carboxylic acid (V), which had been ob- 
tained earlier by a less productive method (31). The 
nitro amide (VII) (4, 32) was prepared from the ester 
(VI) and reduced catalytically to AIC (4). Further 
studies and modifications of the route to V and IX were 
made by Allsebrook et al. (33), who also used the 
method to prepare the two nitro acids (XIIIb and 
XVIIb) having a methyl group on a ring nitrogen 
atom. The route was employed by Shive et al. (3) to 
prove the structure of AIC isolated from bacterial 
cultures; by Rabinowitz (34) to prepare (in weakly 
basic solution) 5-aminoimidazole-4-carboxylate (VIII), 
a catabolite of xanthine formed by extracts of Clostri- 
dium cylindrosporum; by Allsebrook et al. (33) to 
prepare 5-ureidoimidazole-4-carboxylic acid and its 
methyl ester for purine synthesis; by Taylor el al. 
(35) to prepare 5-aminoimidazole-4-carbohydroxamic 
acid; and by Robinson and Shepherd (36) to prepare 
5-nitroimidazole-4-carboxylic acid hydrazide. 


Kulev and Gireva (37) and Gireva and Dobychina 
(38) described an improved synthesis of the nitro acid 
(V); 4-(hydroxymethyl)imidazole (X), prepared from 
invert sugar, was nitrated and 4-(hydroxymethyl)-5- 
nitroimidazole (XI) was oxidized in high yield to V 
in the nitration mixture. I hese authors and others have 
reported the preparation of several esters (XIIa) of 
V (38-42), the reduction of some of the nitro esters 
to esters (XIIb) of 5-aminoimidazole-4-carboxylic 
acid (38, 40, 41), the preparation of acyl and sulfonyl 
[including bis(2-chloroethyl)aminobenzoyl and bis- 
(2-chloroethyl)aminobenzenesulfonyl] derivatives of the 
amino group of XIIb (R = CzH,) (43), and the syn- 
thesis of N-aryl carboxainide analogs of VII (44,45). 


A synthesis (cf.,  Parts IIB and IIE) of AIC ribonucleo- 
side (XVIa) based on the nitro acid (V) was accom- 
plished by Baddiley et al. (32, 46). Glycosidation of the 
silver or chloromercury salt of methyl 5-nitroimidazole- 
4-carboxylate (VI) with 2,3,5-tri-O-benzoylribofuranosyl 
chloride evidently gave a mixture of ribofuranosides 
(XIVa and XVlIIa tribenzoates) that was transformed 
by ammonia to a mixture of the nitro amides (XVa, 
XIXa), which were separated. Catalytic reduction of 
each isomer gave AIC ribonucleoside (XVIa) and its 
isomer, 4-amino-l-(~-~-ribofuranosyl)imidazole-5-car- 
boxamide (XXa). Methylation of the silver salt of the 
nitro amide (VII) gave the l-methyl derivative (XVb) 


(32, 33) and its isomer (XIXb), which was also prepared 
from XVIIIb (32); catalytic reduction of XVb af- 
forded l-methyl-AIC (XVIb). 


Several findings on alkylation of these nitroimidazoles 
are germane to aminoimidazoles because of their po- 
tential or actual precursor role. Methyl l -methyl-4- 
nitroimidazole-karboxylate (XVIIIb) was the only 
reported product of methylation of the silver salt of 
VI (32, 33); the nitro styryl derivative (IV), like VII, 
gave a mixture of N-methyl isomers (32), and alkyla- 
tion of the sodium salts of IV and its 2-methyl deriva- 
tive gave mixtures of isomers (15). Ikehara et  al. (47) 
isolated XVIIIa tribenzoate as the main product of 
glycosidation of the chloromercury derivative of VI 
with 2,3,5-tri-O-benzoylribofuranosyl chloride and, 
in contrast, 4-methyl-5-nitro-l-P-~-ribofuranosy~- 
imidazole tribenzoate as the main product (44%) of 
glycosidation of 4-methyl-5-nitroimidazole (111). These 
results suggest either that the position of attack varies 
with the type of nitroimidazole substrate, the alkylating 
agent, and the conditions or that the methods of isola- 
tion or detection sometimes failed to reveal a second 
isomer. 


In another synthesis of aminoimidazole nucleosides 
uiu glycosidation of nitro derivatives, more conclusive 
evidence of the position of predominant attack was 
obtained. Rousseau et al. (48, 49) employed an acid- 
catalyzed fusion procedure to glycosidate VI and 
4-bromo-5-nitroimidazole with tetra-O-acetyl-0-D-ribo- 
furanose. The O-triacetyl derivative of XVIIIa was 
obtained in 8 3 z  yield, and the isomer could not be 
detected chromatographically. Although 4-bromo-5- 
nitroimidazole is not a product of the Windaus-Langen- 
beck route, it may be appropriate at this point to note 
that benzylation of this compound in solution (DMF) 
afforded a 7 8 x  yield of the derivative (XXIa) with 
the alkyl group adjacent to the bromo group6 (50) 
and that 5-bromo-4-nitro-l-(2,3,5-tri-O-acetyl-~-~-ribo- 
furanosy1)imidazole (XXIb) was isolated in 72 % yield 
from the acid-catalyzed fusion procedure (49), whereas 
less than a 5% yield of the isomeric ribofuranoside 
could be isolated. The amino derivatives, XXIIIa 
(50) and XXIIIb (48, 49), were obtained in yields of 
99 and 87 %, respectively, by catalytic hydrogenation of 
the nitro derivatives (XXII); similarly, XXa was ob- 
tained in high yield from XVIIIa triacetate by the 
sequence consisting of amination of the ester group, 
deacetylation, and catalytic hydrogenation (49). 


Another synthesis of aminoimidazolecarboxylic acid 
derivatives originated soon after the Windaus-Langen- 
beck route and produces structures related to those 
just discussed. In a sequence (Scheme 11) of high- 
yielding steps (XXIV-XXVII, XXX), Sarasin and 
Wegmann (5 1) converted 5-chloro-l-methylimidazole 
(XXIV, R1 = Rz = H) to 4-amino-l-methylirnidazole- 
5-carboxamide (XXX, R = R1 = Rz = H). The total 
synthetic route begins with the Wallach iniidazole-ring 
formation (52, 53) from an N,N’-dialkyloxamide 
(XXXIII) and results in the introduction of a substi- 
tuent on the imidazole-ring nitrogen adjacent to the car- 


*Benzylation of the sodium salt gave a mixture of approximately 
equal amounts of the isomers. 
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XLII XLIII X L N  


XXXI XXXII X = H, CONHR’, CSNHR’ 
= Or 
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Scheme 11 


boxyl-type group (cf., XVII-XX, XXII, XXIII) rather 
than at the position of the ribofuranosyl group in the 
biosynthetic imidazoles. In its most general form, 
the route is represented by XXIV-XXXII (Scheme 11). 
Although hydrolysis of the amides (XXVII) to acids 
(XXVIII) is difficult, Mann and Porter (54) introduced 
a modification that gave high yields of the carboxylic 
acids (XXVIII) (cf., 55). From the acids, N-substituted 
amides (XXXI, R1 and Rz = H or CHJ (54-56), nitro 
esters (54), and a hydroxamic acid (57) have been 
prepared via acid chlorides. Originally, the nitro group 
of XXVI and XXVII was reduced chemically (tin and 
hydrochloric acid) (51, 55, 58, 59), but catalytic reduc- 
tion to amino amides (XXX) (54, 56, 60-62), esters 
(XXXII, R1 = Rz = H) (54), and carbonitriles 
(XXIX) (60) is superior. However, incomplete reduc- 
tion of the nitro group of 1 -methyl-4-nitroimidazole- 
5-carbonitrile (XXVI, R1 = Rz = H) to an hydroxyl- 
amino group has been observed (63). The aminoimid- 
azole derivatives resulting from most of these in- 
vestigations (51, 54, 56, 58-64) were employed as 
intermediates for the synthesis of N-alkylpurines. 


Recent investigations (61, 62, 65, 66) have extended 
the scope of and have clarified the reaction of oxamides 
with phosphorus pentachloride, the initial step of the 
overall synthesis of the amino amides (XXX). The 
isomers isolated have always been the 5-chloroimid- 
azoles (51, 58, 61,62, 67). In the recent study of several 
products by Trout and Levy (62), vapor-phase chroma- 


/NHCH-A 
R,NCS + NH,CH-A - R~NH-C’ I --L 


XLV I \, C’=N 


XLVII CN 
XLVI 


Rl 
XLIX 


/ 


L 
I 


In XLV-XLIX, A = H, CHI, C6H6, --COOC2H5, or --CONHz and 
R1 = H, CHI, CeH6, -COCaHs, -COOC2Hj, but not in all 


possible combinations. 
Scheme I V 


tography and TLCfailed to reveal any of the 4-chloro de- 
rivatives. An unsymmetrical oxamide (XXXIII) (Scheme 


N (XXXIV and XXXV) (61). Several 4-amino-1,Z-di- 
XXXIII XXXIV XXXV alkylimidazole-5-carboxamides (XXX) were prepared by 


Scheme I l l  the Sarasin-Wegmann route (XXIV-XXVII, XXX) 


RiCHzNH(/o - + Rl+Nfl 111) gave two separable 5-chloro-l,2-dialkylimidazoles &CH&”CO 
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in the course of these studies (6T. 62) and used for 
the synthesis of purines (64). 
5-Chloro-I-methyl-4-nitroimidazole (XXV, R1 = 


RZ = H) (51, 67) has also served as a starting point 
for the synthesis of some 4-amino- 1 -methyliniidazole- 
5-sulfonamides (68,69). 
B. From a-Aminonitriles (Cook-Heilbron and G .  


Shaw Methods)-Synthetic routes that begin with 
a-aminonitriles were pioneered by Cook, Heilbron, 
G. Shaw, and coworkers and have proved to be excep- 
tionally important in syntheses of 5-aminoimidazoles 
(XXXVI-XLII), including the nucleotides of the bio- 
synthetic pathway (Part 111). In the first route (Scheme 
IV) (70-75), reactions of isothiocyanates (XLV) with 
a-aminonitriles (XLVI) produce 2,5-diaminothiazoIes 
(XLVIII) uia thioureas (XLVII), which may or may 
not be isolated. Under the influence of mild aqueous 
base, these 5-aminothiazoles rearrange to 5-amino- 
2-mercaptoiniidazoles (XLIX, or the tautonieric 5- 
amino-2-thioxoimidazolines). The group (R1) at posi- 
tion 1 is derived from the isothiocyanate, whereas the 
substituent (A) at position 4 is that present on the a- 
carbon atom of the aminonitrile. When an acyliso- 
thiocyanate is one of the reactants, the acyl group 
appears on the 5-amino group of the imidazole deriva- 
tive (L). Presumably, the I-acylimidazole is first 
formed, and then acyl migration occurs under the in- 
fluence of the basic conditions of the thiazole + 


imidazole rearrangement (70). The mercapto (or 
thioxo) substituent at position 2 may be removed by 
Raney nickel desulfurization (71-73), or it may be 
alkylated to afford compounds such as 2-(methylthio) 
and 2-(benzylthio) derivatives (75, 76). This synthetic 
route has produced 5-aminoimidazoles devoid of a 
functional substituent at position 4 (7 1-73), 5-amino- 
imidazole-4-carboxylic acid esters (73), or 5-amino- 
imidazole-4-carboxamides (73-75) with (XLIX, L) or 
without (LI, XXXVI-XXXVIII with Rz = H) a sulfur 
function at position 2. Treatment of a thiazole ester 
(XLVIII; A = COOCzH6, R1 = CH,) with ammonia 
and subsequent desulfurization also gave amides, 1- 
methyl-2-niercapto-AIC and I-methyl-AIC (XVIb or 
XXXVIII; R1 = CHB, RP = R ’  = H) (73). Recently, 
2-mercapto-AIC was prepared by the route XLV- 
XLIX (77) (see last paragraph of this section). 


In asecondroute(SchemeV)(70,74,78,79) based ona- 


XXXVI (R, = H) 
/ + XLVI - XXXVII (R, = H, R’= C2H5) 


/x 
R2-c 


XXXVIII (R’= R, = Hor R’= H, 
R, + & form a fused ring ) 


\NH \ 
L I1 


a, X = NH, 


LIII 


Scheme V 


aminonitriles, the imidazole ring is formed by interac- 
tion of an amidine (LIIa), an imidic acid ester (imidate) 
(LIIb), or an imidic acid thioester (thioimidate) (LIIc) 
with an appropriate a-aminonitrile (XLVI). This type 


of reaction produces 2-substituted derivatives and 
may be visualized as proceeding through an intermediate 
amidine (LIII). Again, the 5-amino group and the 4- 
substituent are furnished by the a-aminonitrile; the sub- 
stituent at the 2-position is determined by the structure 
(LII) of the amidine or imidic acid derivative. This 
method was responsible for an early synthesis (74) of 
AIC from formamidine (LIIa, R, = H). Soon after 
its role in purine biosynthesis had been discovered, 
AIC labeled at the 5-position with 14C was prepared (80, 
81) (cf., Part IIC) from ethyl formimidate (LIIb, R‘ = 
CzHs) and labeled 2-aminocyanoacetamide (XLVI, 
A = CONH,). Thioimidate (LIIc) hydrochlorides were 
considered (79) to give more satisfactory results in this 
type of synthesis, and they were utilized in the prepara- 
tion of a considerable number of 5-aminoimidazoles 
(XXXVI; R1 = H, R = hydrogen, alkyl, or aryl) 
(79, 82, 83), 5-aminoimidazolecarboxylates (XXXVII ; 
R1 = H, R ’  = C2H5) (79, 82, 83), and 5-aminoimid- 
azole-4-carboxamides (XXXVIII; Rl = R’ = H) 
(74, 84) with several different substituents at position 2. 
Several reported observations are of interest in the 
light of subsequent syntheses of this type: (a )  the imi- 
dates (LIIb) were used as free bases (79-81); (b )  the 
thioimidate (LIIc) hydrochloride sometimes failed to 
give imidazoles (or gave low yields) owing, apparently, 
to replacement by the a-aminonitrile of the imino 
group rather than the thioether group (82, 83); and 
(c) an intermediate imidate (LIV; R, = CsH5CH2-, 
A = -COOC,H,), rather than an imidazole, was 
obtained when an equivalent of acid was present during 
the reaction of ethyl aminocyanoacetate with a start- 
ing imidate (LIIb; Rz = CsHsCH2-, R’ = C2H6).’ 
More recently, bicyclic compounds that are 1,2-di- 
substituted AIC derivatives by virtue of ring fusion at 
positions 1 and 2 of the imidazole ring have been syn- 
thesized from cyclic imidates and aminocyanoacet- 
amide (85-90). These reactions of N-substituted imidates 
were usually performed in the presence of a catalytic 
amount of acid. 


By preparing intermediate linear imidates (LIV), 
either in the isolated form or in solution, G. Shaw 
and coworkers (91-95) added an extra dimension 
of versatility to this method of synthesis. The general 
route (Scheme VI) is shown by Structures LIIb, XLVI, 


/NH+IX (N-CH-A 
+ XLVI - - I ‘ C=N 


R2-c 
‘OR‘ 
LIIb 


AN-CH-A 


LVI 


Scheme VZ 


LIV, and XXXVI-XLII. As before, the starting imidate 
supplies the carbon atom at position 2 with its sub- 


~~~~ ~ 


7 Observations by Abraham, Baker, Barltrop, Chain, Waley, and 
Robinson cited in Reference 79. 
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stituent, but a primary amine (LV), or ammonia, then 
completes the imidazole ring by furnishing the nitrogen 
atom at position 1 with its substituent. The amidine 
(LVI) may be assumed to be an intermediate in this 
process (Scheme VI). Thus, appropriate choices of a- 
aminonitriles, iniidates, and primary amines permit, 
in the absence of complications in specific cases con- 
sequent to the use of such sensitive intermediates, the 
introduction of various substituents at positions I, 2, 
and 4 of 5-aminoimidazoles. From such linear imidates 
(LIV) and primary amines or ammonia, I-alkjl and 
1,a-dialkyl 5-aminoimidazoles (XXXVl, R = H) (92), 
1 -substituted and 1,2-disubstituted derivatives of AIC 
(XXXVIII, R’ = H) and of its N-methylamide analog 
(XXXVIII, R’ = CH,) (91, 92, 96, 97), and l-sub- 
stituted 5-aminoimidazole-4-carboxylic acid esters 
(XXXVII, Rz = H) (95) have been synthesized. In- 
cluded among the AIC derivatives prepared by the 
Shaw method were 1,l’-bis derivatives (97) joined by 
an alkylene chain. When the primary amines were 
replaced in the synthetic sequence by hydrazine, a 
substituted hydrazine (LV, R1 = R”R’”N-), or a 
semicarbazide, then 1,5-diaminoimidazoles (XL, XLI) 
were obtained (94, 97). Moreover, beginning the se- 
quence with a-aminocyanothioacetamide (XLVI, A = 
-CSNH,) produced thioamide analogs of AIC 
(XXXIX) (93), which have also been prepared by thia- 
tion of amides or addition of hydrogen sulfide to 
nitriles (Part IIF). The synthesis of the thioamides was 
sometimes frustrated by thiazole formation and other 
complications, but these difficulties could be circum- 
vented by choosing specific esters of imidic acid hydro- 
chlorides as reactants with aminocyanothioacetamide. 
Thus, benzyl acetimidate hydrochloride produced 
2-methyl derivatives (XXXIX, R, = CH,), whereas 
isopentyl formimidate (but not certain other 
formimidic acid esters) gave thioamides unsubstituted 
(Rz = H) at position 2. (However, in a nonaqueous 
solvent the isopentyl ester gave a thiazole.) The forma- 
tion of 5-amino-2-methylimidazole-4-thiocarboxan~ide 
(XXXIX; R1 = H, Rz = CH,) from ethyl acetimidate 
free base is consistent with earlier observations (79) 
that imidate free bases and a-aminonitriles form 5- 
aminoimidazoles without a requirement for added am- 
monia. Only recently, after aniinomalononitrile (XLVI, 
A = CN) became available as a result of studies re- 
lated to prebiological syntheses (Part IID), has a 
carbonitrile (XLII) been synthesized by this route 
(96). 


Representatives and derivatives of the general struc- 
tures XXXVI-XLIV were synthesized during the course 
of these studies from aminoimidazoles obtained from 
the basic routes. Thus, carbonitriles (XLII) were also 
prepared by dehydration of some 1-alkyl- and 1,2- 
dialkyl-AIC derivatives with pyrophosphoryl chloride 
(96). Earlier, representatives of XLII had been obtained 
by treating thioamides (XXXIX) with mercuric 
chloride and methylamine (93). I-Cyclohexyl deriva- 
tives of XXXVIII (I-cyclohexyl-AIC and some of its 
N-alkyl derivatives), as well as an analogous N,N-  
disubstituted amide, were synthesized from 1 -cycle- 
hexyl-AI-COOH by the active ester, mixed anhydride, 
or dicyclohexylcarbodiimide methods of peptide syn- 


thesis (98, 99). Since the ultimate aim of much of the 
earlier work on the routes from a-aminonitriles was the 
synthesis of purines, further transformations of the 
initially obtained aminoiniidazole derivatives were 
directed toward that end. Conversion of the amino 
group to ureido and to thioureido groups with iso- 
cyanates and isothiocyanates, respectively, afforded 
urea and thiourea derivatives (XLIII, XLIV) (70, 
73, 75, 78, 79, 82, 83, 100-102) for cyclization to  
purines. Alkylation of the imidazole ring with diazo- 
methane, methyl iodide, or methyl sulfate gave some 
1-methyl-4-aminoimidazoles (XLIV, X = H) (101, 
102) for the preparation of N-alkylpurines via urea or 
thiourea derivatives. 


The linear imidates (LIV, A = COOCH3 or CONH,) 
derived from methyl a-aminocyanoacetate or a- 
aminocyanoacetamide served not only as sources of 
alkyl and aryl derivatives but also as precursors of the 
biosynthetic ribonucleotides (Part 111) and the cor- 
responding ribonucleosides. Interaction of the appro- 
priate linear imidate and 2,3,5-tri-O-benzoylribo- 
furanosylamine (LVIIa) (103) gave, after removal of 
protecting groups, AIC ribonucleoside (XVIa) (92) and 
the methyl ester of AI-COOH ribonucleoside (95, 
104). Although 5-aminoimidazole-4-carboxylic acids 
readily undergo decarboxylation in the acid form, AI- 
COOH ribonucleoside could be obtained as its calcium 
salt (95) or the pyridine salt of its isopropylidene deriva- 
tive (LVIIIa) (98) after alkaline hydrolysis of deriva- 
tives of the ethyl or methyl esters. AIC ribonucleoside 
was also prepared (105) by amidation of the isopropyl- 
idene derivative (LVlIIb) (95, 104, 105) of AI-COOCH,. 
The ribofuranoside analogs, 1-galactosyl-2-methyl-A1 
and 2-methyl-l-xylopyranosyl-AIC, were synthesized 
from glycosylamines and linear imidates (LIV) (92). 


The ribonucleotides were first synthesized via the 
linear imidate method (cf., Part IIE) by phosphorylating 
the 5 ’-hydroxyl group of isopropylidene derivatives of 
the nucleosides with 2-cyanoethylphosphate and di- 
cyclohexylcarbodiimide (106) or with pyrophosphoryl 
chloride (107). Thus, phosphorylation of the isopropyl- 
idem derivative (LVIIIb) of AI-COOCH3 ribonucleo- 
side and subsequent removal of protecting groups led 
to the isolation of AI-COOH ribonucleotide (Part 111) 
(95, 104) and its methyl ester (105) in the form of their 
barium salts. Succino-AICAR (Part 111) was then syn- 
thesized in 15% yield from LVIIIb by a sequence of 
operations consisting of coupling the pyridine salt 
of LVIIIa with dimethyl aspartate in the presence of 
dicyclohexylcarbodiimide, phosphorylation, removal 
of protecting groups, and purification by ion-exchange 
methods (98, 108). Subsequently, this sequence of 
steps was employed for the preparation of analogs 
of succino-AICAR in which the aspartyl moiety is 
replaced by other amino acid residues (LIX) (109); 
a similar sequence of steps that began with the pyridine 
salt of LVIIla and proceeded via active esters-the 
2,4-dinitrophenyl and the pentachlorophenyl esters 
(LVIIIc, LVI1Id)-also produced succino-AICAR (99). 
From nucleosides obtained by the linear imidate 
method, AICAR (Part 111) was prepared by the follow- 
ing methods (99, 105) (including the usual deblocking 
and purification operations): (a) phosphorylation of 
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a,  R = R = R ‘  = CeH5CO- LVIII 
b, R + R’ = isopropylidene, a, R = H 


b. R = CHI R” = H203P- 
c,’R = 2,4-&initrophenyl 
d, R = pentachlorophenyl 


CHzO P03H2 


I I  
HO OH 


LIX 
-NH-A derived from the following amino 
acids: o-aspartic; L-, D-, and DL-threo- 
p-methylaspartic; oL-erythro-p-methyl- 
aspartic; oL-&i3-dimethylaspartic; L- 
glutamic; and glycine. 


HO OH 
LX 


b, Rz = H, A = CONHCH3 
C, Rz = H, A = CON(CzHs)* 
d ,  Rz = CH3, A = CONHz 


a, Rz = H, A = CN 


x<xcoNH2 
H,NCONHCHCONH* 


H NHZ 1 
CN 


LXI LXII 
a , X  = 0 
b , X  = S 


LVIIIb followed by amidation (40-50% yield) of the 
ester group with ammonia; (b) phosphorylation of the 
2’,3’-O-isopropylidene derivative of AIC ribonucleo- 
side; (c) amidation of the pyridine salt of LVIIIa with 
ammonia in the presence of dicyclohexylcarbodiimide; 
and (d) phosphorylation of the active ester LVIIIc 
followed by amidation. Method a is apparently superior 
to the other three methods. Subsequently, it was found 
(96) that the major product of phosphorylation of 
isopropylidene AIC ribonucleoside with pyrophosphoryl 
chloride is, after deblocking, AI-CN ribonucleotide 
(LXa) formed by concomitant dehydi ation of the 
amide group. As mentioned, alkyl derivatives of AIC 
were similarly dehydrated to nitriles. The last method 
(4 applied in the reverse order, i.e., amidation followed 


by phosphorylation, also yielded the N-methyl (LXb) 
and N,N-diethyl (LXc) analogs of AICAR (99). 


After some of these syntheses of ribonucleotides 
from ribofuranosides had been performed, 2’,3 ’-0- 
isopropylideneribosylaniine 5’-phosphate (LVIIb) was 
synthesized (1 10, 11 1) and used for syntheses of imid- 
azole ribonucleotides directly from the linear imidate 
intermediates. The ribonucleotides of AIC and AI- 
COOCH, were obtained from reactions of LVIIb 
with LIV (A = -CONH2 or -COOCH,) (1 10, 11 l), 
and 2-methyl-AIC ribonucleotide (LXd) was similarly 
formed in very low yield (1 11). 


A synthesis of 2-hydroxy-AIC (or the tautomeric 5-  
amino-2-oxoimidazoline-4-carboxamide, LXIIa) and 
of 13C-labeIed LXIIa is similar to the thiourea-thiazole 
method of Cook, Heilbron, and coworkers. The urea 
(LXI) obtained from aminocyanoacetamide (XLVI, A 
= -CONH2) cyclized in aqueous base to LXIIa 
(1 12). The analogous 2-mercapto-AIC (LXIIb), men- 
tioned previously, was formed from XLVI and potas- 
sium thiocyanate in acidic solution without identifica- 
tion of intermediates (77). 


C. From Aminomalonic Acid Derivatives (E. Shaw 
Method)-Soon after AIC had been identified as a 
biologically significant compound, E. Shaw and Woolley 
(113) devised a new synthesis (Scheme VII) that is also 
applicable to similar aminoimidazoles. The basic in- 
termediate is a three-carbon unit, typified by malonam- 
amidine (LXIII, X = 0), obtainable from nitriles such 
as ethyl cyanoacetate and malononitrile. The 2-amino 
group is introduced by coupling an aryldiazonium salt 
at the active methylene group of LXIII and reducing 
the resulting azo derivative (LXIV). Reduction with 
zinc in formic acid affords a formamide derivative 
(LXVI, Rt = H) that can be thermally cyclized to the 
imidazole (LXVII). In this way, AIC was synthesized 
(Scheme VII) from malonamaniidine (LXIII, X = 0) 
(1 13), and the analogous carboxamidine (LXVII; 
Rz = H, X = NH) was prepared from malonodiamidine 
(LXIII, X = NH) (1 14). Both gave formyl derivatives 
(LXVIII) on treatment with formic acid and acetic 
anhydride (1 14). Similarly, from ethyl chloroformate 
and aminomalonodiamidine (LXV, X = NH), which 
was isolated by substituting hydrochloric acid for 
formic acid in the reduction of the phenylazo deriva- 
tive (LXIV), 5-amino-2-hydroxyimidazole-4-carbox- 
amidine (LXVII; R2 = OH, X = NH) was obtained 
(Scheme VII) (1 15), and radioactive AIC labeled with 
**C at position 5 was synthesized (116) by the E. Shaw 
route (see Part IIB for labeled AIC). The phenylazo 
derivative (LXIV) can also be reduced cataIyticaIIy 
(117), and the cyclization of LXVI (Rz = H, X = 0) is 
more conveniently effected in refluxing formic acid 
(117) or with triethyl orthoformate (118, 119). 5- 
Formamidoimidazole-4-carboxamide (LXVIII, X = 0) 
obtained by the first modification of the procedure is 
easily hydrolyzed to AIC. 


The adaptability of the method for the introduction of 
other substituents was demonstrated with syntheses 
of N-benzyl-AIC from N-benzyl cyanoacetamide uia 
LXIX with R1 = H and R = benzyl (120); 2-methyl- 
AIC via LXVI (R, = CH,) by substituting acetic 
acid for formic acid in the reduction (121); and the 
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N-benzylamidine (LXIX; R = H, R1 = benzyl) 
analog of LXVI. Intermediates of the latter type can 
cyclize to either a 1-substituted AIC (LXX) or to an AIC 
substituted on the amino group (LXXI). Either of the 
two benzyl AIC derivatives could be obtained as the 
major product by properly choosing the reaction con- 
ditions (122). A further modification by Richter et al. 
(1 18) yields 2-substituted AIC derivatives. The reac- 
tion of aminomalonamamidine dihydrochloride (LXV, 
X = 0) (1 12, 113) with a molar equivalent of an ortho- 
ester gives a 2-substituted AIC derivative (LXVII) ; 
an excess of the orthoester produces an alkoxy alkyl (or 
aryl) methyleneamino derivative (LXXII), which can 


NOH II 
II 


HON=C-C-NH, - 
I 


HON=C-NH, 
LXXIII LXXN 


J \ 


be cyclized to a purine or hydrolyzed to the AIC deriva- 
tive (LXVII). 


Another route (Scheme VIII) (123, 124) to AIC that 
begins with malononitrile and proceeds through oxi- 
minomalonodiamidoxime (LXXIII) (125) is essentially 
a variation of the E. Shaw method. Nitrosation, rather 
than azo coupling, provides the precursor group at the 2- 
position, and reaction of hydroxylamine at the nitrile 
groups then gives the three-carbon unit (LXXIII) 
similar to LXIV. Reduction of LXXIII with zinc and 
formic acid gives formyl-AIC (LXVIII). Alternatively, 
the furazan (1,2,5-oxadiazole) (LXXIV) (125) may be 
prepared from LXXIII and aqueous base (or from 
malononitrile without isolating LXXIII) and converted 
to formyl-AIC by treatment with formic acid and reduc- 
tion with zinc-formic acid (123). Reduction of other 
furazans or furazanopyrimidines obtained from LXXIV 
also gave 5 - formamidoimidazole - 4 - carboxamide 
(LXVIII) (123). 


D. From Hydrogen Cyanide-Interest in prebiotic 
synthesis of purines stimulated investigations of simple 
precursor molecules that give rise to adenine (126, 
127). Or6 and Kimball (128) proved that AIC and 
5-aminoimidazole-4-carboxamidine (LXVII ; X = NH, 
R2 = H) (AI-amidine), as well as formamidine, were 
among products formed from hydrogen cyanide and 
aqueous ammonia. They proposed (128, 129) a multi- 
step route to these compounds which included form- 
amidine and 2-aminomalononitriIe, a hydrogen cyanide 
trimer. Ferris and Orgel (130, 131) succeeded in pre- 
paring the long-sought (e.g., 75, 132) aminomalono- 
nitrile (LXXV) and showed that interaction of this 
compound with formamidine in ethanol did, indeed, 
give an imidazole, 5-aminoimidazole-4-carbonitrile 
(LXXVI, AI-CN), which was isolated in 35% yield* 
(Scheme IX). This imidazole can be hydrolyzed to AIC 


AI-CN LXXVII 


I&<N7fN - <ICN 
CONH, H CN H 


Lxxm LXXM \ 


Q, R, = H 
b, R:! = CHj 
C ,  RP = CPHS 
d ,  RP = OH (or 0x0 


tautomer) 
Scheme I X  


I 


AI-CN a AIC 


(131, 133, 134) or prepared from it by dehydration with 
thionyl chloride in pyridine (130, 131) or with phos- 
phorus oxychloride (135). 


However, aminomalononitrile also reacted with 
cyanide in aqueous solution (130, 131) to give the more 
stable hydrogen cyanide tetramer, diaminomaleonitrile 


L X W I ( X - 0 )  - Arc 
Scheme Vl l I  


~ ~~ 


* This reaction is the same type as the Cook-Heilbron synthesis of 
AIC (74) (Part IIB). 
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(LXXVll) (136-138 and references cited), and both 
the tetramer and AI-CN were stated to be among the 
products of Orb’s hydrogen cyanide-aqueous ammonia 
reactions (130, 131). Further studies (133, 139) showed 
that the yields of AI-CN were 5-50%, depending on 
reaction conditions, from formamidine and amino- 
malononitrile in aqueous solutions; that reaction of the 
latter compound with cyanide to the tetramer (LXXVII), 
however, was faster and proceeded in yields of 6040%;  
that the tetramer also produced very low yields of 
AI-CN, AIC, and AI-amidine by reaction with form- 
amidine; and that formation of the tetramer and its 
subsequent reaction with formamidine could be re- 
sponsible for AI-CN, AIC, and the amidine formed in 
solutions of HCN and aqueous ammonia. In dilute 
aqueous solutions, the tetramer was converted photo- 
chemically via its trans-isomer (139, 140) to AI-CN 
in yields as high as 80% (139). (However, AI-CN is 
subject to photochemical degradation, and the yields 
quoted were determined by analytical methods.) As a 
result of these studies, the proposed steps in the path- 
way from hydrogen cyanide and ammonia to imidazoles 
and purines were revised to place greater emphasis on 
the role of the tetramer (LXXVII) (139, 141, 142). 


Since the aim of these studies was to demonstrate 
the formation of purines under postulated primitive 
earth conditions, much of the work was performed with 
dilute aqueous solutions; yields were only of secondary 
importance. Wakamatsu et al. (143) and Yamada 
et al. (144, 145) then found, however, that anhydrous 
solutions of ammonia and hydrogen cyanide (or 
sodium cyanide and ammonium chloride) yield adenine 
and imidazole-4,5-dicarbonitrile (LXXVIIIa) in addi- 
tion to the tetramer (144) and a pyrimidopyrimidine 
(146). Yields of LXXVIIIa, determined analytically, 
under optimal conditions were only about 20 % (144), 
but the starting materials are simple. In anhydrous am- 
monia, the formation of LXXVIIIa from the tetramer 
was attributed to reversion of the tetramer to amino- 
malononitrile (146). 


Prior to these studies of either the aqueous or the 
anhydrous ammonia-hydrogen cyanide systems, the 
tetramer (LXXVII) had been converted to imidazole- 
4,5-dicarbonitriles (LXXVlIIa-c) with triethyl ortho- 
esters (147), to the 2-oxoimidazoline (LXXVlId, 
OH-tautomer) with phosgene (148), and to LXXVIIIb 
with ethyl acetimidate (149). The relevance of the 
formation of dinitriles from hydrogen cyanide or 
its oligomers to aminoimidazoles is that AI-CN and 
AIC were prepared from LXXVIIIa in good yields 
by the following sequence of steps: partial hydrolysis 
to the monoamide (LXXIX) (150, 151), a Hofmann 
hypobromite reaction to AI-CN (150, 152), and alkaline 
hydrolysis to AIC (150 and references already cited). 
AI-CN, LXXVIIIa and its 1-substituted derivatives, 
and other dicarbonitriles derivable from hydrogen 
cyanide or its oligomers are potential precursors of 
other aniinoimidazole derivatives (153-155). 


E. By Ring Cleavage of Purines-Much of the early 
work on 5-aniino-4-substituted imidazoles was moti- 
vated by plans to  form a pyrimidine ring from the sub- 
stituents and, thereby, to produce purines. The reverse 
process, cleavage of the pyrimidine ring of purines, has 
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R5 = H or glucopyranosyl 


furnished 5-aminoimidazole-4-carboxylic acid deriva- 
tives and has become increasingly important as a route 
to these compounds. Iniidazoles obtained by this 
method have sometimes been formed inadvertently 
during studies of purines, sometimes as a means of 
establishing the structure of certain purines, and some- 
times by design. The formation of imidazoles from 
purines is part of the larger area of pyrimidine-ring 
cleavage and rearrangement reactions of fused py- 
rimidine heterocycles such as pteridines, quinazolines, 
8-azapurinesY and thiadiazolopyrimidines. The products 
of cleavage of these ring systems are usually similar in 
structure to the aminoimidazolecarboxylic acid deriva- 
tives under consideration here. Correlation of findings 
from these areas is obviously beyond the scope of this 
review. The following discussion simply narrates the 
historical highlights and attempts to record most of the 
known examples of formation of derivatives of the 
aminoimidazolecarboxylic acid-type from purines. 


The action of barium, sodium, or potassium hydrox- 
ide solutions on the methylated purines (caffeine, 
theophylline, and theobromine) provided the first 


9 Demonstrations of the formation of imidazoles by ring, opening of 
purines have not always included isolation, nor have the yields always 
been of practical significance. 
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LXXXV [a-k 
a, R = C6H5CHz-; b, R = pCHsC6H$Ot--; c ,  R = NHz-; d, 


for LXXXVIa-d: X = 0, RB = H, R1 = P-D-ribofuranosyl 
c, R = CH30CH2-; f ,  R = HOOCCH~CHZ- 


for LXXXVIe-f: X = 0, RP = H, R1 = fl-o-ribofuranosyl5’- 
(dihydrogen phosphate) 


R = CH~OCHZ- 


g, X = 0, R = RI = C6HsCH?-, Rz = H 
h, X = 0, R = CHs, R2 = H, R1 = 2’,3’-O-ethoxymethylene-fl-~- 


i, X = 0, R = glucopyranosyl, RI  = H or glucopyranosyl, RZ = H 
j ,  X = S ,  R = benzyl, R1 = fl-D-ribofuranosyl, Rt = H 
k, formyl derivative of LXXXVI with X = S, R = RZ = H, RI = 


Scheme X 


ribofuranosyl 


P-D-ribofuranosyl5 ’-(dihydrogen phosphate) 


examples of this method of synthesis. Caffeidine [I, 
N - dimethyl - 4 - (methy1amino)imidazole - 5 - carbox- 
amide] (LXXXa) was obtained from caffeine (LXXXIII, 
R2 = H) (156-158 and earlier references cited in these 
publications) and from 8-carbamoylcaffeine (LXXXIII, 
R2 = CONH2) (159). The initial products resulting 
froni alkaline degradation of caffeine, 8-carbamoyl- 
caffeine, and 1-ethyltheobromine (160) were believed 
to be the carbamic acids (LXXXIIa) (158, 161). Later, 
thiocaffeine and theophylline (LXXXIV, R1 = R2 = 
H) were degraded by alkaline conditions to thio- 
caffeidine (LXXXb) (1 62) and to theophyllidine 
(LXXXIa) (163), respectively. More recently, some 
isocaffeines (LXXXIV, R1 = CHJ were similarly 
cleaved to 1,N-dimethyl-5-(methylamino)imidazole-4- 
carboxamides (LXXXIb) (164), and some 7- and 8- 
substituted theophyllines produced (165) 1-substituted 
N-methyl-4 - (methy1amino)imidazole - 5 - carboxamides 
(LXXXIIb) and a 2-substituted theophyllidine 
(LXXXIc), respectively (165). Certain 2-substituted 
theophyllidines (LXXXId) (1 65) were also obtained 
from 2-nitrotheophyllidine. Methylation (55, 158, 166) 
and ethylation (156) of caffeidine gave dialkylamino 
derivatives (LXXXIIc), and the methylamino group of 
LXXXa was converted to benzoyl, urea, and nitroso 
derivatives (158). Caffeidine has also been transformed 
to its methyl ester analog L;iu the formyl derivative of 
its methylamino group and the nitroso derivative of 
its amide group (167). 


Purines not substituted on the ring-nitrogen atoms 
are ionizable in alkaline media. The anion formed is 
then stabilized to attack by nucleophiles. In the methyl- 
ated derivatives just discussed, the two carbonyl groups 
in the pyrimidine ring, as well as the N-alkyl substit- 


uents, contribute to labilization of the purine system. 
During the year that the degradation of theophylline was 
recorded, the initial reports (120, 168) of the extensive 
investigations of purine N-oxides by Brown (169) and 
coworkers and of the purposeful labilization of the 
purine ring by E. Shaw appeared. These series of 
publications served to emphasize the potential utility 
of purines substituted on ring-nitrogen atoms for imid- 
azole formation. Prior evidence, to be presented, by 
Baker and Joseph (170) of the increased susceptibility 
of nitrogen-substituted purines to ring opening may 
have gone unrecognized because of the specialized 
(cyclonucleoside) structure. 


E. Shaw synthesized (Scheme X) AIC ribonucleo- 
side (cf., Parts IIA and IIB) from inosine (LXXXV; R = 
R2 = H, R1 = P-D-ribofuranosyl) or its triacetate by 
first labilizing the pyrimidine ring by placing a sub- 
stituent (R) at position 1. The first method (120) con- 
sisted of alkaline ring cleavage of 1 -benzylinosine and 
removal of the benzyl group of N-benzyl-AIC ribo- 
nucleoside (LXXXVIa) with sodium and liquid am- 
monia. The overall yield suffered because of the dif- 
ficulty of the debenzylation step. The second method 
(171) consisted of tosylation of inosine triacetate, 
alkaline ring opening of 1-(p-toluenesulfony1)inosine 
triacetate, hydrazinolysis of the resulting N-(p-toluene- 
sulfony1)-AIC ribonucleoside (LXXXVIb), and reduc- 
tive fission of the acid hydrazide (LXXXVIc) to the 
amide (AIC ribonucleoside). A third method (172) 
gave AIC ribonucleoside from inosine triacetate and 
AICAR from the di(p-nitrophenyl) ester of the 2’,3’- 
0-isopropylidene derivative of inosinic acid [inosine 
5’-(dihydrogen phosphate) or IMP, Part 1111 as follows: 
the methoxymethyl group was introduced at position 1, 
the pyrimidine ring was again opened under alkaline 
conditions, the Iabilizing methoxyniethyl group was 
simultaneously removed hydrolytically from the car- 
boxamide group of LXXXVId and of the dinitrophenyl 
isopropylidene derivative of LXXXVIe, and the protect- 
ing groups were removed. This method constituted 
the first chemical synthesis of AICAR. The P-alanine 
analog (LXXXVIf) of succino-AIC ribonucleotide was 
similarly prepared by employing the principle of ring 
labilization (173). Inosinic acid was alkylated with 
propiolactone at position 1 by careful control of the 
pH ; alkaline ring opening of 1 -(2-~arboxyethyl)inosinic 
acid then gave LXXXVIf. 


Other aminoimidazolecarboxamides have been 
formed by alkaline cleavage of substituted hypoxan- 
thines-mostly I-substituted derivatives-as follows: 
1,N-dibenzyl-AIC (LXXXVIg) (174) from 1,9-di- 
benzylhypoxanthine (LXXXV; X = 0, R = R1 = 
benzyl, Rz = H); 4-amino-1,N-dibenzylimidazole-5- 
carboxamide (LXXXIId) from 1,7-dibenzylhypoxan- 
thine (175); the ethoxymethylene derivative of N-  
methyl-AIC ribonucleoside (LXXXVIk) (176) from 
the corresponding 1-methylinosine; several gluco- 
pyranosyl-AIC derivatives (LXXXVIi, LXXXIIe) (175) 
from various glucopyranosylhypoxanthines; and 5- 
(methylamino)imidazole - 4 - carboxamide (LXXXIIf) 
(177) from 3-methylhypoxanthine, 3-methyladenine, 
or 6-(dimethylamino)-3-methylpurine. The last two 
purines may have been converted to  3-methylhypoxan- 
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thine prior to ring opening. Cleavage of hypoxan- 
thinium salts is outlined near the end of this section 
(IIE). 


In addition, ring opening of certain purine-6(1H)- 
thiones (LXXXV, X = S) (6-mercaptopurines) has 
resulted in imidazole formation. 1 -Benzyl-9-@-D-ri bo- 
furanosylpurined( lw-thione, the sulfur analog of 1 - 
benzylinosine, was cleaved to AI-CSNHCH2C6H5 
ribonucleoside (LXXXVIj) (178); l-methylpurine-6- 
(1H)-thione (LXXXV; R = CHa, R1 = Rs = H) gave 
AIC on treatment with aqueous ammonia (179); 
and 5-formamido-l-~-~-ribofuranosylimidazole-4-thio- 
carboxamide 5'-(dihydrogen phosphate) (formyl-thio- 
AIC ribonucleotide, LXXXVIK) was reported (1 SO) 
to be formed from 6-mercaptopurine ribonucleotide 
pyridinium salt. 


As mentioned, initial investigations of purine N- 
oxides and 1 -substituted hypoxanthines were reported 
almost simultaneously. Although the isolation of 4- 
guanidinoimidazole after vigorous acidic hydrolysis 
of guanine (181) and of AIC after treatment of hypoxan- 
thine with zinc and sulfuric acid (182) has been re- 
ported, acidic ring cleavage of the common purines 
unsubstituted on ring-nitrogen atoms usually results 
in extensive degradation (183, 184 and references cited). 
However, under milder, but still strenuous, conditions, 
it was possible to isolate 5-aminoimidazole-4-carboxam- 
idine (LXXXVIIa) in 10% yield by acidic hydrolysis 
of adenine (183). In contrast, the oxide of adenine 
prepared by Stevens and Brown (168) was cleaved 
under much less vigorous conditions to 5-amino- 
imidazole-4-carboxamidoxime (LXXXVIIIa) in yields 
in excess of 75% (168, 185). This reaction established 
the structure of the oxide as adenine 1-N-oxide 
(LXXXIXa) ; catalytic reduction of the carboxamid- 
oxime produced the ainidine (LXXXVIIa) (cf., Parts IIC 
and IID), and hydrolysis gave AIC. Formation of the 
amidoxime by acidic ring opening of 2-methyladenine 
I-N-oxide (LXXXIXb) (186) and of the 2'-, 3'-, and 
5 '-phosphates of adenosine 1 -N-oxide (LXXXIXc) 
(with the expected concomitant loss of the ribofuranosy1 
group) was also demonstrated (187). Ring cleavage 
of adenosine 1-N-oxide and its 2'-, 3'-, and 5'-phos- 
phates by aqueous sodium hydroxide produced, 
respectively, the ribonucleoside (LXXXVIIIb) and 
the 2'-,  3'-, and 5'-phosphates ofLXXXVIIIb (187). 


Cleavage of 1-N-oxides by acetic anhydride apparently 
proceeds through the initial acetylation of the N- 
oxide group (186). Adenine 1-N-oxide and 2,6-di- 
aminopurine 1 -N-oxide were cleaved by refluxing acetic 
anhydride, and an oxadiazole ring was formed by the 
reagent ; the product was a 3-(5-acetamidoimidazol-4- 
y1)oxadiazole (XCa), which was obtained also from 
LXXXVIIIa and acetic anhydride. The 2-acetoxy deriva- 
tive (XCb) was likewise formed from 8-hydroxyadenine 
1-N-oxide. Under milder conditions the product 
obtained from adenine 1-N-oxide was the formamide 
(XCc), and XCa was evidently formed from it by an 
acyl-exchange reaction. Both XCa and XCb were 
hydrolyzed under acidic conditions to the 5-amino- 
imidazole derivatives (XCd and XCe) (186). In other 
studies of purine oxides, 4-acetyl-5-aminoimidazole 
was obtained by acid hydrolysis of 6-methylpurine 


NH 
II 


NH 
II cKC"HoR' I NHR 


R I  


LXXXW LXXXWI 
a , R l = R = H  a , R , = R = R ' = H  
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R1 = @-o-ribofuranosyl RI  = @-o-ribofuranosyl 
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e ,  R = -CH~COOH, R~ = H RI = P-o-ribofuranosyl 


Ri xc 
LXXXM 


a , R = R I = H  
b, R = CHR, RI = H 
c,R = H, 


R1 = @-o-ribofuranosyl 


a, R = -COCH3, 
RP = H 


RP = -0COCH.7 
b, R = -COCH3, 


C, R = -CHO, Rz = 
d,  R = Rz = H 
e,  R = H, Rz = OH 
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Ri Rl R1 
XCI XCII xcm 


a, X = -CONHz, a, R = Ri = CPH, 
b, R = benzyl, 


ribofuranmyl 


a, RI = H 
h, Ri = CHn RI = 6- 


RI = p-D-  o-ribofuranosyl 
b,  RI = Y,  = C€L 


1-N-oxide (1 88); the amidoxime (LXXXVIIIa) and 
AIC were minor components of the acid hydrolysate 
of 1-hydroxyisoguanine (189) ; 5-chloro-AIC was one 
of several products of the action of hydrochloric 
acid on hypoxanthine 3-N-oxide (190); and 1 - @ - ~ -  
ribofuranosyl - 5 - ureidoimidazole - 4 - carbonitrile 
(XCIIa) was one of the products isolated, in low yield, 
after photolysis of adenine 1 -N-oxide (19 1). 


Syntheses of imidazoles from purine N-oxides and 
from purines having an alkyl group on a ring-nitrogen 
atom converged when the N-oxide group was alkylated 
to 1-alkoxy derivatives (XCI) (192, 193). As l-sub- 
stituted adenine derivatives, such compounds are highly 
susceptible to the well-known rearrangement, generally 
believed to involve ring opening and reclosure, that 
results in placing the 1-substituent on the 6-amino 
group. This reaction was, indeed, observed to occur 
with 1-alkoxyadenines (192). However, the substituted 
imidazolecarboxamidoxime (LXXXVIIIc) could be 
isolated in high yield by cleavage of XCIa in neutral 
solution at low temperature (192). Likewise, l-benzyl- 
oxyadenosine (XCIb) was cleaved in methanolic am- 
monia to a substituted imidazolecarboxamidoxirne 
(LXXXVIIId) (193). Reductive removal of the benzyl- 
oxy group gave the amidine analog (LXXXVIIb) 
of AIC ribonucleoside, and diazotization of LXXXVIIb 


Vol. 59, No. 11, November 1970 0 1543 







XCIV xcv XCVI 


XCVII XCVIII XCIX 
X = H or benzyl 
R = H or benzyl 


R = H or benzyl 
R, = H or CHO 
X = H or benzyl 


R = H or OH 


C CI 
R 1 =  H or CHO R = H or benzyl 


R I  = H or CHO 


provided a convenient synthesis of 2-azaadenosine. 
[2-Azaadenine 1-N-oxide and 2-azaadenosine 1 -N- 
oxide had also been prepared (194) by diazotizing 
the amidoximes LXXXVIIIa, LXXXVIIIb.] At this 
point it may be recalled that ring fission of adenine 
1-N-oxide by acetic anhydride, discussed previously, 
evidently proceeds uia a 1-acyloxy derivative (186) 
analogous to the 1-alkoxyadenines. 


Although 1 -alkyladenines readily rearrange in basic 
media to 6-(alkylamino)purines, they may undergo cleav- 
age to carboxamidines in acidic solutions. Brookes 
and Lawley showed that 5-amino-N-methylimidazole- 
4-carboxamidine (LXXXVIIc) (195) and the N-benzyl 
derivative (LXXXVIId) (196) are formed by acidic 
cleavage of 1-methyladenine and 1-benzyladenine, re- 
spectively. Acidic degradation of 1 -methyladenosine 
and 1-benzyladenosine removed the ribofuranosyl group 
and gave the same carboxamidines (LXXXVIIc, 
LXXXVIId) (196). 


Cleavage of the pyrimidine ring of a cyclic adenine 
derivative (XCIIla), formed from N6-glycyladenine, also 
occurs under acidic conditions (197). The ring-cleavage 
products isolated-and probably formed uia 1 -carboxy- 
methyladenine (197, 198)-were the N-substituted 
amidine LXXXVIIe and AIC. Acidic hydrolysis of 
the related cyclic intermediate (XCIIIb) from N6-  
glycyl-9-methyladenine produced, among other prod- 
ucts, a small amount of 1-methyl-AIC (XVIb) (199). 
An earlier acidic cleavage of N-(purin-6-yl)aspartic 
acid, the aglycone of adenylosuccinic acid (Part 111), 
resulted in the formation of AIC and was postulated 
to involve a cyclic intermediate (200). 


5-Aminoimidazol-4-yl heterocycles that are struc- 
turally similar to the imidazolyloxadiazoles (XC) al- 
ready described have been obtained from purines to 
which a heterocyclic ring is fused at positions 1 and 
6 (tricyclic heterocycles) (XCIV-XCVI: CII) or from 


CII 
Scheme XI  


purines that can form such tricyclic compounds (XCVII, 
CIII). Temple et al. (201-203), in a series of publica- 
tions, described the synthesis of 4-aminoimidazol-5- 
yl-s-triazoles (XCVIII), 5-aminoimidazol-4-yl-s-triazoles 
(XCIX), and aminoimidazolyltetrazoles (C and CI) 
by acid- or base-catalyzed ring cleavage. The presence 
of a benzyl group on one of the imidazole ring-nitrogen 
atoms may aid, but is not necessary for, opening of the 
pyrimidine ring. The aminoimidazoles represented 
by XCVIII and XCIX (201, 203) were obtained from 
appropriately substituted s-triazolo[3,4-z]purines (XCIV, 
XCV) or from the isomeric s-triazolo[5, I-zlpurines 
(XCVI). Furthermore, the 6-hydrazinopurines from 
which the s-triazolo[3,4-i]purines were prepared also 
underwent ring cleavage to derivatives of type XCVIII 
or XCIX. When formic acid, diethoxymethyl acetate, 
or phosgene was the reactant, cyclization to an s- 
triazolo[3,4-~~purine may have preceded ring opening. 
But, when 7-benzyl-6-hydrazinopurine was converted 
to XCVIII (R = benzyl, R1 = X = H) with mineral 
acid, prior formation of a tricyclic system was not 
possible. Similarly, the 5-[amino (or formamido)imid- 
azolyl]tetrazoles (C and CI) (202) were isolated in 
good yields by acidic or basic cleavage of the tetrazolo- 
purines (CII), which are in tautomeric equilibrium with 
the 6-azidopurines (CIII) (Scheme XI). 


Quaternized purines, positively charged in the purine 
ring, may be expected to be even more susceptible 
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a, RI = H, Rz = R4 = benzyl, RS = CHO 
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c,  RI = RZ = benzyl, R3 = Rq = H 
d, RI = Rz = benzyl, RS = CHO, R4 = H 
e, Rl = Rz = CH3, R3 = RI = H 


R1 = H or CHS 


to nucleophilic opening of either the pyrimidine or the 
imidazole ring than are uncharged species. The studies 
of puromycin provided an example of pyrimidine-ring 
opening of a quaternary derivative. As mentioned, 
Baker and Joseph (170) found that the cyclonucleoside 
(CIVa) (Scheme XII) was easily cleaved by dilute base 
to CVa (R1 = CHO). Further, mild basic treatment 
hydrolyzed the amidine and the formamide groups, 
yielding an AIC ribonucleoside analog (CVIa). Michel- 
son (204) mentioned the formation of a similar amidine 
(CVb, Rl = H) from the cyclonucleoside of 2’,3’-iso- 
propylideneadenosine (CIVb); Montgomery et al. 
(174) observed the formation of an N-benzyl-AIC 
ribonucleoside analog (CVIb) by facile ring cleavage 
of the isopropylidene-protected cyclonucleoside of 1- 
benzylinosine, a hypoxanthinium salt. Kusashio and 
Yoshikawa (205) isolated small amounts of CVIc 
and carbonitrile analogs of CVIc (R1 = CHO and H) 
during studies of the phosphorylation of 2‘,3’-0- 
isopropylideneinosine with phosphorus oxychloride 
containing a small quantity of water or with pyrophos- 
phoryl chloride. These imidazoles were presumably 
formed from the cyclonucleoside of inosine. Mont- 
gomery and his coworkers (174, 206) also found 
that derivatives of aminoimidazolecarboxamides were 
formed from quaternary salts under mild conditions 
as follows: CVIIa and LXXXIIg from 1,3-dibenzyl- 
and 1,3,7-tribenzylhypoxanthinium bromides, respec- 
tively ; and CVIIc from 3,9-dibenzyl-6-(dimethylamino)- 
purinium bromide (CIVd). Compounds CVIIb and 
CVIId were prepared from CVIIa and CVIIc, respec- 
tively. Cleavage of the dimethylaminopurinium deriva- 
tive (CIVd) might have proceeded by initial hydrolysis 
at position 6 to 3,9-dibenzylhypoxanthine ; however, 
its similarity to cyclonucleosides (CIVa, CIVb) (Scheme 
XII), which first yielded the amidines (CVa, CVb), is 
evident, and ring opening could have preceded hydroly- 
tic removal of the dimethylamino group. Furthermore, 


Marsico and Goldman (207) found that alkaline deg- 
radation of 6-(diethylamino)-3,9-dimethylpurinium io- 
dide (CIVc) produced the amidine CVc (R, = H); 
further degradation yielded the nitrile (XCIIb) and 
finally 1-methyl-5-(methy1amino)imidazoled-carbox- 
amide (CVIIe), which was independently synthesized 
by lithium aluminum hydride reduction of formyl 1- 
methyl-AIC. Although the foregoing studies were not 
designed to determine relative facility of ring opening, 
it appears that, in general, the quaternized derivatives 
yielded imidazoles under milder conditions than un- 
charged, ring-nitrogen-substituted derivatives. 


Other reported examples of imidazole formation by 
ring opening include the interception of 1 -methyl4- 
ureidoimidazole-5-carbonitrile during the a1 kaline hy- 
drolysis of 2-chloro-7-methyladenine (208); isolation 
of 2-(methylsulfonyl)AIC ribonucleoside (or a deriva- 
tive) after treatment of 8-(methylsulfonyl)guanosine 
with tert-butoxide ion in dimethyl sulfoxide (209); and 
the nonenzymatic formation of A1 ribonucleoside 
from adenosine, a ketopentose, cupric ions, and pyro- 
phosphate (210). 


Finally, an interesting acid-catalyzed ring opening 
of 6-(methylthio)purines was recently reported by Albert 
(21 1)and afforded the first imidazole thiol esters(CVIII), 
one of which was converted by ammonia to AIC. 


At the beginning of this section, it was stated that 
ring-opening and rearrangement reactions of purines 
are related, but the transitory formation of imidazole 
derivatives during rearrangement reactions has not 
been treated here. During such reactions, facile reclosure 
of a pyrimidine ring to a more stable purine may pre- 
clude ring opening as a source of imidazoles. Likewise, 
the fact that the imidazole, rather than the pyrimidine, 
ring of purines is sometimes cleaved has not been 
discussed, but this fact is relevant to ring opening as 
a method of imidazole synthesis. 


F. Miscellaneous Methods-1-Substituted-4-amino- 
imidazoles, which belong to the structural type furnished 
by the Sarasin-Wegmann method, are formed by a 
route (Scheme XIII) that begins with N-cyanoimino- 
dithiocarbonic acid esters (CIX) (2 12). The imidazole 
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ring is formed (CXI) by base-catalyzed cyclization of 
the intermediate isothioureas (CX). The thioether 
group at position 2 may be removed with Raney nickel 


Approaches to 1-substituted derivatives of A1 and 
AI-COOH (VIII) similar to the steps in the biosynthesis 
of inosinic acid have been studied by Shaw and co- 
workers (cf., Part 111). The 1-cyclohexyl and ribonucle- 
otide derivatives of AI, the latter in admixture with form- 
ylglycinamidine ribonucleotide (FGAM), were obtained 
by decarboxylation of the amino acids under careful 
control to minimize ring opening (213). The influence 
of metal ions, pH, and other factors on the decarboxyla- 
tion has been studied (214). Conversely, carboxylation 
of these two A1 derivatives with bicarbonate gave the 
amino acids (215), and cyclization of the N-cyclohexyl 
derivatives of glycinamidine (with ethyl formimidate) 
and formylglycinamidine gave small amounts of 1- 
cyclohexyl-A1(213,215). 


Interconversions of carboxamide and carbonitrile 
and of thiocarboxamide and carbonitrile groups are 
potential sources of derivatives of all three types. 
Dehydration of AIC to AI-CN (LXXVI) and hydrolysis 
of the latter compound to AIC were described in Part 
IID; hydrolysis of nitrile products of the Sarasin- 
Wegmann method to amides was depicted in Part 
IIA; and conversion of some 1-alkyl-5-aminoimidazole- 
4-carboxamides and -thiocarboxamides to the cor- 
responding nitriies was mentioned in Part IIB. The 
thiocarboxamide analog (AI-CSNH,) (XXXIX, RI = 
Rz = H) of AIC was first prepared by thiation of AIC 
with phosphorus pentasulfide (47,216) and by the linear 
imidate method of Shaw and Butler (93) (Part IIB). 
Recently, thiation of AIC has been improved (217, 
218), but conversion of the nitrile to AI-CSNH2 with 
a methanolic alkaline solution of hydrogen sulfide 
proved to be superior (217, 219). Treatment of AI- 
CSNH, with formic acid and sodium formate yielded 
the 5-formamidoimidazole-4-thiocarboxamide (LXVIII, 
x = S). 


These reactions have been extended to include the 
syntheses of the thioamide analogs of AIC ribonucleo- 
side and ribonucleotide (217, 219). 5-Amino-1-(2,3-0- 
isopropylidene - /3 - D - ribofuranosy1)imidazole - 4 - car- 
bonitrile (CXIIIa), obtained by dehydrating AIC 


(CXII). 
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ribonucleoside with p-toluenesulfonylchloride in pyr- 
idine (220), was transformed by the hydrogen sulfide 
procedure to isopropylidene AI-CSNHz ribonucleoside 
(CXIIIb). The usual mildly acidic removal of the 


isopropylidene group furnished the thioamide analog 
of AIC ribonucleoside (CXIVa), which reverted to 
the nitrile upon treatment with methyl iodide and 
base. Phosphorylation of CXIIIb by the phosphorus 
oxychloride-trimethyl phosphate method, removal of 
the isopropylidene group, and application of the usual 
ion-exchange purification procedures yielded the thio- 
carboxamide analog (CXIVb) of AICAR. 


Other interconversions and further transformations 
of functional groups, many of which have been men- 
tioned in the preceding sections, provide access to 
desired derivatives. Some examples involving the 
amino group are its conversion by orthoesters to  
alkoxyanils (50,93,94,221,222) exemplified by LXXII; 
the preparation of 5-formamido derivatives (93-95, 
114, 117, 217), which are of potential interest because 
a derivative of this type is the immediate biosynthetic 
precursor of inosinic acid; and the formation of 
ureido, thioureido, and guanidino derivatives (167, 
2 12,223,224, and references cited in Parts IIA and IIB). 


Investigations of the biosynthesis of aminoiniidazole 
ribonucleotides by bacteria were an integral part of 
fundamental studies of purine biosynthesis. Micro- 
biological synthesis has become an important source 
of AIC ribonucleoside (225-232), AIC ribonucleotide 
(227, 233-235), and succino-AIC ribonucleotide or 
the analogous ribonucleoside (227, 236) as a result 
of the use of bacterial species, mutant strains, or yeasts 
that accumulate these compounds. Microbiological 
synthesis has provided these compounds in quantities 
sufficient for the employment of AIC ribonucleoside as 
a starting material for the synthesis of purine ribonucle- 
osides (224, 237) and for consideration of AICAR and 
succino-AICAR as food-seasoning agents (Part 111). 


111. BIOCHEMISTRY AND BIOLOGICAL 
ACTNJTY OF 5-AMINOMDAZOLES 


AIC and its ribofuranosyl derivatives, alone or in 
combination with other metabolites or antimetabolites, 
have been the subjects of many biochemical, microbio- 
logical, pharmacological, and other biological investiga- 
tions. These studies are too numerous to be recounted 
here; rather, the purpose of items 1-7 of Part I11 is to 
point out several known biological roles of amino- 
iniidazoles in order to emphasize their importance in 
metabolic processes. 


1. The prominent role of ribonucleotides of amino- 
imidazoles in the biosynthesis of purines is now well 
known. The postulated (3) association of AIC, or a 
derivative, with purine biosynthesis came during a 
period when studies designed to identify the ultimate 
sources (e.g., glycine and formate) of the individual 
atoms of the purine ring and when investigations prob- 
ing the role of folic acid in one-carbon metabolism 
were being intensively pursued. The identification of 
AICAR, rather than AIC itself, as a true precursor 
of purines resulted from the discoveries, along with 
other findings, of the precursor role of inosinic acid 
(IMP) for hypoxanthine (238) and of the accumulation 
of AIC ribonucleoside (XVIa) (239-243) and AICAR 
(240, 244) during sulfonamide bacteriostasis. The 
convergence and integration of these studies of simple 
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purine precursors, aminoimidazole derivatives, and events and the detailed biochemical processes of the 
folic acid coenzymes led to the delineation of the com- individual steps have been reviewed (245-248) and will 
plete sequence of steps in the synthesis de nouo of not be reexamined here. More recent reviews (249-252) 
inosinic acid (Scheme XIV). The chronology of these have dealt with the effects of inhibitors of some of the 
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reactions of Scheme XIV,Ss lo. l1 the principal emphasis 
being, of necessity, on the actions of purines and 
purine analogs on the initial and the late steps. 


The prominent role of aminoimidazole ribonucleo- 
tides in purine synthesis de lzouo is evident from Scheme 
XIV. Only certain salient aspects (arbitrarily selected) 
of the synthesis de nouo of inosinic acid will be men- 
tioned. (a) Glutamine plays a donor role in two steps 
(PRPP -+ PRA and FGAR + FGAM), and tetrahydro- 
folate derivatives insert a one-carbon unit in two of the 
steps (GAR -+ FGAR and AICAR + FAICAR). 
(Glutamine is not the only nitrogen source for PRPP 
+ PRA. Interference with "0-formyltetrahydrofolate 
metabolism was responsible for blocking the formyla- 
tion of AIC ribonucleotide and its resulting accumula- 
tion during sulfonamide bacteriostasis.) (b) The forma- 
tion of PRA is subject to feedback inhibition by purine 
derivatives and purine analogs. (c) Salvage pathways for 
the utilization of preformed purines, AIC, AIC ribonu- 
cleoside, and purine ribonucleosides are available to 
certain cells and organisms. (d)  The transformations 
of succino-AICAR to AICAR and of adenylosuccinic 
acid to AMP are apparently effected by the same 
enzyme, adenylosuccinase (253, 254). (e)  Biotin ap- 
parently does not participate directly in the carboxyla- 
tion of AIR; impairment of aspartate synthesis was 
probably responsible for evidence of biotin-deficiency 
inhibition of this step (255). 


In addition to these selected fragments of biochemical 
information, the following chemical findings are rele- 
vant to the role of aminoimidazoles in purine bio- 
synthesis. (a) Evidence for the nonenzymatic formation 
of PRA from ribose 5-phosphate and aqueous am- 
monia has been presented (256), and derivatives of 
PRA have been employed in chemical syntheses of 
imidazole nucleotides (Part IIB). (b) 5-Aminoimidazole- 
4-carboxylic acids are easily decarboxylated to the 
corresponding aminoimidazoles, which are likewise 
unstable. Decarboxylations of AI-COOH (VIII) (34), 
its ribonucleoside (2 14), its ribonucleotide (C-AIR) (2 13, 


~~ 


'OAbbreviations used in Scheme XIV are: ATP = adenosine 
triphosphate = adenosine 5'-(tetrahydrogen triphosphate)* ; AMP 
= adenosine monophosphate = 5'-adenylic acid*; THF = 
tetrahydrofolate; PRPP = 5-phosphoribosylpyrophosphate = ribo- 
furanose 5-(dihydrogen phosphate) l-(trihydrogen pyrophosphate)*; 
PRA = 5-phosphoribosylamine = 2-amino-2-deoxyribose 5-(di- 
hydrogen phosphate)* ; GAR = glycinamide ribonucleotide = 2- 
amino - N -  j3 - D - ribofuranosylacetamide 5' - (dihydrogen phosphate)* ; 
FGAR = formylglycinamide ribonucleotide = 2-formamido-N-B-~- 
ribofuranosylacetamide 5 '-(dihydrogen phosphate)* ; FGAM = formyl- 
glycinamidine ribonucleotide = 2-formamido-N-~-~-r1bofuranosyl- 
acetamidine 5'-(dihydrpgen phosphate)* ; AIR = 5-aminoimidazole 
ribonucleotide = 5-amino-l-~-~-ribofuranosylimidazole 5 '-(dihydrogen 
phosphate)* ; C-AIR = 5-amino-4-carboxyimidazole ribonucleotide 
= 5-amino-l-j3-~-ribofuranosylim~dazole-4-carboxyl~c acid 5'-(di- 
hydrogen phosphate)* ; succino-AICAR or SAICAR = 5-amino-4- 
imidazole-N-succinocarboxamide ribonucleotide = N-[(5-amino-l-p- 
~-ribofuranosylimidazol-4-yl)carbonyl]aspart~c acid 5'4dihydrogen 
phosphate)* ; AICAR = 5-aminoimidazole-4carboxamide ribonucleo- 
tide = 5-amino-l-~-~-r~bofuranosyl~m~dazole-4-carboxam~de 5'4di- 
hydrogen phosphate)* ; FAICAR = 5-formamidoimidazole-4-carbox- 
amide ribonucleotide = 5-formamido-l-~-~-ribofuranosyl~idazole-4- 
carboxamide 5'4dihydfogen phosphate)* ; IMP = inosine monophos- 
phate = 5'-inosinic acid*; SAMP = adenylosuccinic acid = N-(~-@-D- 
ribofuranosyl-9H-purin-6-yl)aspartic acid 5'-(dihydrogen phosphate); 
XMP = 5'-xanthylic acid*; GMP = 5'-guanylic acid*. (*Chemical 
Abstracts names.) 


"See References 247-249 for the enzyme, metal-ion, and ATP or 
GTP requirements for these steps and for other .species (phosphate, 
ADP, and water) either required for or produced in the various steps. 
Systematic enzyme names are given in Report of the Commission on 
Enzymes of the International Union of Biochemistry, Pergamon Press, 
New York. N. Y., 1961. 
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214, 257), and its l-cyclohexyl derivative (XXXVII; 
R1 = CsHI1, Rz = R' = H) (95, 213, 214) occur 
in mildly acidic or neutral media; certain metal ions 
have a stabilizing influence (214). (c) Using AI-COOH 
ribonucleotide and l-cyclohexyl AI-COOH (as a model 
compound), Franks et al. (213) have further shown that 
the steps from GAR to C-AIR may be caused to 
proceed nonenzymatically in the reverse direction 
simply by varying the pH and by heating. (d)  By these 
degradative methods and by synthetic procedures, 
the open-chain precursors (GAR, FGAR, and FGAM) 
and the analogous cyclohexyl derivatives have been 
formed by purely chemical means (110, 111, 213, 258). 
(e) Nonenzymatic carboxylation o f  AIR with bicar- 
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bonate at 85" has been demonstrated (215). (f) Cusack 
et ai. (215) have pointed out that most of the forward 
reactions to inosinic acid and most of those that are 
enzymatically reversible have been performed chemically 
under relatively mild conditions, and they have sug- 
gested a possible relevance of these findings to primeval 
synthesis. 


2. AICAR is a coproduct of an intermediate in 
histidine biosynthesis (e.g., 259, 260 and references 
cited). Adenosine triphosphate is glycosidated at 
position 1 by PRPP; a ring opening, analogous to one 
of the chemical methods of synthesis previously de- 
scribed, then produces an AIC ribonucleotide deriva- 
tive (CXV) (Scheme XV). In several steps, AICAR and 
4-imidazolylglycerol phosphate (CXVI) are formed, 
the latter arising from the ribofuranosyl group of 
PRPP, the nitrogen atom at position 1 of ATP, and 
nitrogen donated by glutamine. Histidine is formed 
from CXVI in several additional steps. It is interesting 
to note certain biochemical interrelationships: (a)  
AICAR may be recycled to ATP via IMP and AMP, 
and (b )  biodegradation of histidine in several steps 
uia urocanic acid yields formiminoglutamic acid, a 
one-carbon donor for tetrahydrofolate (261). 


3. The pyrophosphate (CXVIIa) of AICAR and 
AMP is formed from AIC and nicotinamide adenine 
dinucleotide (NAD) in the presence of NAD glyco- 
hydrolase from beef spleen (262-265). Enzymatic 
conversion of the dinucleotide (CXVIIa) to the pyro- 
phosphate of IMP and AMP and incorporation of the 
imidazole moiety into nucleic acids have been dem- 
onstrated. Evidence has also been presented for the 
transfer of a deoxyribofuranosyl group from pyrimidine 
deoxyribofuranosides to AIC by bacterial enzymes 
(266,267). 


4. Xanthine is degraded by extracts of certain species 
of Clostridia to 5-aminoimidazole-4-carboxylic acid 
(VIII) (34). The amino acid is formed uia 4-ureido- 
imidazole-5-carboxylic acid (CXVIII) (268) and under- 
goes further degradation to 5-aminoimidazole (34). 
Again, it is interesting for correlative purposes to note 
that the latter compound is further degraded to form- 
iminoglycine, which is a one-carbon source for tetra- 
hydrofolic acid (THF). The sequential formation of 5-  
formimino-THF, 5,10-methenyl-THF, and 10-formyl- 
THF is effected by enzymes from C. cylindrosporum 
extracts (269). Thus, interrelationships among purines, 
aminoimidazole derivatives, and folk acid coenzymes 
may be found in catabolic, as well as anabolic (Scheme 
XIV), processes. 


5. AIC has been identified as a urinary excretion 
product of healthy human beings and of animals 
(270-275). It is normally excreted by adult human beings 
in quantities of about 1 mg. per day (271, 273, 276, 
277), and for most individuals it is comparable to 
creatinine in the constancy of its excretion (273, 276). 
The excretion levels may be elevated in abnormal cir- 
cumstances such as during acute leukemia (276, 278); 
after oral administration of adenine, glycine, or AIC 
(279); or during folic acid deficiency (280). More re- 
cently, AIC ribonucleoside has been identified as one 
of several ribonucleosides excreted by normal subjects 
and by patients with leukemia or gout (281). 


6. A compound believed to be 5-arninoimidazole-4- 
carboxamide 5'-S-homocysteinylriboside { 5-amino-l- 
[5  - S - (3 -amino - 3 -carboxypropyl) - 5 - thio -/3- D -ribofu- 
ranosyl]imidazole-4-carboxaniidef (CXVIIb) has been 
isolated from the urine of patients with homocystinuria 
(282,283). 


7. In studies with mutants of Salmonella typhimurium, 
Newell and Tucker (284, 285) showed that purines 
and the pyrimidine moiety (CXIX) of thiamine share 
the early parts of their biosynthetic pathways. The 
evidence indicates that this pyrimidine is formed from 
AIR. The transformation of AIR to the pyrimidine 
requires the loss of the ribofuranosyl group and the 
addition of one carbon atom in the ring and the two 
carbon atoms in the exocyclic groups. 


In addition to their involvement in these metabolic 
processes, aminoimidazolecarboxylic acid derivatives 
have displayed certain types of biological activity. 5- 
Amino-2-thioxoimidazoline-4-carboxamide (LXIIb or, 
in the thiol tautomeric form, 2-mercapto-AIC) was 
reported to be moderately inhibitory to Ehrlich ascites 
carcinoma in mice (77). However, imidazoline-2-thione 
(2-mercaptoimidazole) and several of its derivatives 
that do not have the functional groups of the biosyn- 
thetic imidazoles appear to be more active against 
this neoplasm; some of these same compounds- 
LXIIb was not included-are also effective in inhibiting 
solid rodent neoplasms (77, 286). Imidazoline-2-thione 
and some related compounds inhibited thymidine up- 
take by ascites cells (77). The activity of LXIIb in 
the Ehrlich ascites test may, therefore, be unrelated to 
its formal resemblance to AIC. 


Among 15 analogs or derivatives of AIC and of AIC 
ribonucleoside tested against Nakahara-Fukuoka sar- 
coma (a tumor especially sensitive to 6-mercaptopurine 
and related compounds), only 5-formamidoimidazole- 
4-thiocarboxamide (LXVIII, X = S) and 5-amino-l-P- 
~-ribofuranosylimidazole-4-thiocarboxamide (CXIVa) 
were active (287). Further evaluation (288) of these 
two compounds against seven mouse tumors and leu- 
kemias showed that they are inhibitory to adenocar- 
cinoma 755, Ehrlich carcinoma (ascites), sarcoma 180 
(ascites), leukemia L-1210, C1498 leukemia, SR-61 
leukemia, and Nakahara-Fukuoka sarcoma. 6-Mer- 
captopurine and its ribonucleoside, employed as 
reference compounds in these tests, were also active 
against the same mouse neoplasms. A subline of SR-61 
leukemia resistant to these two purine anticancer 
agents was also resistant to the two imidazole deriva- 
tives. These results, the fact that the structures 
of the two imidazoles suggest that they are po- 
tential precursors of 6-mercaptopurine, and the 
observation (289) that 6-mercaptopurine is excreted 
after administration of the two compounds to mice 
suggest that the observed activity may be due to 6- 
mercaptopurine formed in vivo rather than to the two 
imidazoles per se. The thiocarboxamide analog 
(XXXIX, Rl = R2 = H) of AIC was reported to be 
weakly active against the Ehrlich ascites carcinoma 
and adenocarcinoma 755 (288) ; however, in an earlier 
test, it did not significantly increase the lifespan of ani- 
mals with Ehrlich ascites carcinoma (290). 
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Inhibition of the growth of a rat sarcoma by ethyl 
5-aminoimidazole-4-carboxy1ate (XI16, R = C2Hj) 
and its p-[  bis(2-chloroethyI)amino]phenylsulfonyl deriv- 
ative has also been reported (43). 


The activity of 8-azaguanine against mouse leukemia 
L-1210 was found to be potentiated by AIC (291). 
This effect resulted from inhibition by AIC of the 
enzyme guanine deaminase (292). Inhibition of adenylo- 
succinase by an analog of succino-AICAR also rep- 
resents activity at the enzyme level and deserves men- 
tion because of its potential importance for further 
investigation. Burrows et al. (109) found that the 
L-threo-P-methylaspartic acid analog of succino-AICAR 
is a competitive inhibitor of the enzyme. 


AICAR is reported to possess potent activity in 
enhancing the flavor of a wide variety of food products 
(227, 233, 293). It is also claimed that succino-AICAR 
has flavor-enhancing activity (227). 


IV. TRIAZENOIMIDAZOLES AND RELATED 
COMPOUNDS 


Interest in triazenoimidazoles began with the pro- 
totype, 5-(3,3-dimethyl-l-triazeno)imidazole-4-carbox- 
amide (NSC-45388, DIC), which was synthesized by 
Shealy et al. (294) for evaluation as a potential anti- 
cancer agent. Initial biological evaluation revealed 
activity in prolonging the survival time of mice with 
lymphoid leukemia L-1210 and in inhibiting the growth 
of the solid tumors adenocarcinoma 755 (Ca755) and 
sarcoma 180 (S180) in mice (295). This evidence of 
activity against more than one type of neoplasm led 
to pharmacological studies and clinical trials under 
the auspices of the Cancer Chemotherapy National 
Service Center (CCNSC). The chemistry and the biolog- 
ical properties of this compound and of related triazeno- 
imidazoles are discussed in this section. There is no 
intention to imply that biological activities of the types 
to be mentioned are confined to imidazole triazenes. 


Diazotization of 5-aminoimidazoles, followed by the 
addition of a coupling agent, such as 1- or 2-naphthol 
or the Bratton-Marshall reagent [N-( 1-naphthy1)ethyl- 
enediamine] (296), usually produces intensely colored 
solutions. This property has frequently been exploited 
in characterizing 5-aminoimidazoles (e.g., 26, 27, 
30, 73, 82, 92) and is the basis for an assay procedure 
for excreted AIC (273). Diazotization of AIC (Scheme 
XVI) initially gave 2-azahypo~anthine’~ (CXXI) (1, 
297), the product of intramolecular coupling of the 
diazo group with the adjacent amide nitrogen atom. 
Later, an intermediate in the formation of 2-azahypo- 
anthine was isolated and characterized as 5-diazoimid- 
xazole-4-carboxamide (CXX) (298). [The substance 
that initially precipitated from one of the earlier di- 
azotizations (297) might have been CXX.] This com- 
pound readily cyclizes to 2-azahypoxanthine over a 
wide range of pH values, particularly at pH 7 and in 
basic solutions. Despite this propensity for intramo- 
lecular coupling, which is amply precedented in the 
formation of benzo-u-triazines (299), intermolecular 


11 Chemical Abstracts names: 4H-imidazo[4,5-(il-u-triazin-4-one, 3,7- 
dihydro-; 7H-irnidazo[4,5-(il-u-triazin-4-01. 
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coupling with aromatic compounds and with amines 
was sufficiently competitive to permit isolation (usually 
in good yields) of the resulting arylazo (CXXII) (294), 
dialkyl- or arylalkyl-triazeno (CXXIII) (294, 300), 
and monoalkyl- or monoaryl-triazeno (CXXIV) (301, 
302) derivatives. 


In the initial studies (294), representative disub- 
stituted-triazeno derivatives (CXXIII) (including DIC) 
in phosphate buffer (pH 7), as well as DIC in 0.1 N 
hydrochloric acid, were shown by UV spectroscopy to 
be essentially unchanged in the dark during the periods 
of observation (limited to 1-2 days). Exposure of these 
solutions to ambient light resulted in the formation of 
2-azahypoxanthine (CXXI). The disubstituted-triazeno 
derivatives (CXXIII) were evidently dissociated by 
certain wavelengths of light to CXX and the secondary 
amine (RR’NH), and CXX then cyclized to CXXI. 
Further observations (300) by TLC of the dimethyl- 
triazeno (DIC) and the butylmethyltriazeno (CXXIII; 
R = CH3, R’ = C4H9) derivatives in 5 0 x  aqueous 
methanol or ethanol showed that the formation of 2- 
azahypoxanthine is rapid in sunlight or in 365-mp 
light (cf., 303), slow under fluorescent lighting, and very 
slow or negligible under incandescent lighting. l 3  


1s These qualitatiue observations simply indicate a trend and should 
not be interpreted to be applicable to all lighting situations involving 
sunlight and artificial lighting. They indicate that suitable precautions 
should be exercised in handling solutions of triazenoimidazoles. I t  
cannot be emphasized too strongly that the behavior of solutions of 
these and similar compounds wlll depend on the wavelengths of light 
to which they are exposed and on the intensity of the sensitizing light 
that reaches these solutions. Since the intensity of light decreases rapidly 
with distance at  rates that depend on the geometrical arrangement of 
the solution and the light source, relatively small differences in the dis- 
tance of a solution from a light source (e.g., a 365-mp lamp) catalyzing 
decomposition can make considerable differences in the apparent rate 
of decomposition. [The intensity of light from a germicidal lamp was 
found to be inversely proportional to distance at  short distances and 
roughly inversely proportional to the square of the distance at  greater 
distances (304). The Inverse Square Law applies to a point source of 
light.] For these reasons, exact comparisons of the rates of change of a 
compound in different solutions or of the rates of change of different 
compounds cannot be made unless the solutions are exposed under 
comparable conditions to light of the same wavelength and intensity. 
Comparisons of stability of different compounds might also be made at 
the light wavelengths that are optimal for the decomposition of each 
compound. Obviously, much effort would be needed to acquire the 
data necessary for precise comparisons. 
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Loo and Stasswender (303, cf., 305, 306) developed a 
colorimetric method for determining DIC in biological 
material, based on the deliberate dissociation of DIC, by 
exposing solutions containing both this compound and 
the Bratton-Marshall reagent to UV light in the 365- 
mp range. Taken together, these studies indicated that 
DIC is stable in the dark for at least 24 hr. in phosphate 
buffer (294), for at least 4-7 days in 50% alcohol (300), 
and for at least 1 month in refrigerated 0.1 N hydro- 
chloric acid solutions (303). Considerable (and various 
degrees of) dissociation of several disubstituted-triazeno 
derivatives (CXXIII) in Krebs-Ringer phosphate buffer 
(pH 7.4) within 20 hr. has been reported (307) but 
protection from light was not mentioned. In agreement 
with the observations at pH 7, Skibba et al. (306) re- 
cently reported DIC to be stable for at least 24 hr. 
in the dark in lactated Ringer’s solution (pH 6.5). l4 


In contrast, it was found (Scheme XVII) that simple 


+ 


CXXVI 
Scheme XVII 


monoalkyltriazeno derivatives (CXXIV) are unstable 
in aqueous and alcoholic solutions even in the dark, 
that AIC is formed during the decomposition of these 
derivatives, and that the decomposition follows first- 
order kinetics (302). Within the series consisting of 
CXXIV with R = methyl, ethyl, n-butyl, cyclohexyl, 
and tert-butyl, stability appeared to decrease in the order 
in which these compounds are listed. This decomposition 
was assumed to be similar to deamination of primary 
amines by nitrosation. Deamination via decomposition 
of triazenes of the benzenoid series is known to occur 
in organic solvents (308, 309) or in aqueous acids 
(3 10-3 12). Although the mechanistic details of deamina- 
tion reactions are complex (3 13-3 15), they suggested 
that the simple monoalkyltriazenoimidazoles disso- 
ciate, in essence, in accordance with the equations 
shown (302), producing the unstable alkyldiazonium 
ion (CXXV) in addition to AIC. The alkyldiazonium 
ion, in turn, evolves nitrogen and forms a carbonium 
ion (CXXVI). Some form l5 of the carbonium ion or the 
alkyldiazonium ion may rearrange (R’), form an alkene, 
or react with nucleophiles available in uitro or in viuo 
(water ; hydroxyl, amino, or thiol groups; electron- 
rich centers of heterocycles ; etc.). Certain monosub- 
stituted-triazeno derivatives (CXXIV), in which the 
substituent is an aryl group or a more complex alkyl 
moiety, are more stable (302); the mode of decomposi- 
tion may be different or may yield a more stable diazo 
derivative. 


In the initial synthesis (294) of 5-(3,3-disubstituted- 
1 -triazeno)imidazole-4-carboxaniides (CXXIII), the sub- 


14 I n  the author’s laboratories, there was no significant decrease in the 
absorbance of DIC in Krebs-Ringer buffer during 24 hr. in the dark 
and only a small decrease during 4 days. 


16 Summaries of theories on .the nature of the carbonium ion (hot, 
nonsolvated, vibrationally excited, solvent-caged) from deaminat?on 
reactions and the roles of the alkyldiazonium ion and the counterion 
may be found in References 309 and 313-315. 


stituents on the triazeno group included straight-chain 
alkyl, cyclic alkyl, aralkyl, and aryl groups, and the 
number of carbon atoms in the straight-chain groups 
was doubled [from the dimethyltriazeno (DIC) to the 
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dioctyltriazeno derivative]. Because of the antileukemic 
(L-1210) activity of DIC, its u-triazole analog (316), 
and some methyltriazenes of the benzenoid series 
(317), one of the alkyl substituents in a later group of 
dialkyltriazenoimidazolecarboxamides was a methyl 
group (300). Routine screening of the dialkyltriazeno 
derivatives against mouse neoplasms indicated that 
those derivatives in which at least one of the alkyl 
substituents is a methyl group are the most effective 
against L-1210. l6 Thus, in addition to DIC, the methyl 
propyl (NSC-76418), methyl butyl (NSC-70874), methyl 
isobutyl (NSC-83 1 13), methyl pentyl (NSC-8798 l), 
methyl cyclohexyl (NSC-8311 l), and methyl 2-hydroxy- 
ethyl (NSC-83 1 12) derivatives all caused an increase 
in lifespan (ILS) of treated leukemic mice, as did 5-  
(3-methyl-l-triazeno)imidazole-4-carboxamide (MIC) 
(302). The maximum values of the ILS observed in 
preliminary tests of these compounds fall within the 
range 40-70% (Reference 300 and additional tests 0s 
NSC-83 112). By way of comparison, preliminary testt 
of DIC against L-1210 indicated the ILS to be abouf 


~ 


16 Since doses in some of the L-1210 tests were determined by prior 
results from S180 and Ca755 tests, more detailed testing might reveal 
some activity among derivatives that failed the preliminary L-1210 
tests. 
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50-60 % (295); further, extensive evaluation has given 
values of the ILS of 60-90%, depending on the dose 
and on the route and frequency of administration 
(3 18). Activity by methyltriazeno derivatives was 
also found among the analogous triazenoimidazole- 
carboxylic acid esters; methyl 5-(3,3-dimethyl-l-tri- 
azeno)imidazole-4-carboxylate (NSC-87982) increased 
the lifespan of leukemic mice by 6 0 z  (319). At dose 
levels determined by the L- 12 10 primary screening 
protocols, other (but not all) methylalkyltriazeno- 
imidazole esters (CXXVII) have likewise caused some 
increase in the lifespan of treated leukemic mice (320). 


Antineoplastic activity of triazenoimidazoles is not 
confined to leukemia L-1210. DIC is active against 
other leukemias and inhibits the growth of solid rodent 
tumors (295, 318), and most of the aforementioned 
methylalkyl derivatives also inhibit Ca755 and S180 
(300). Derivatives of this group selected for tests against 
intramuscular Walker carcinosarcoma 256 (IMW256) 
in rats inhibited tumor growth (300), and an initial 
test of MIC against the subcutaneous form of this 
tumor suggested modest inhibition (302). Inhibition of 
solid tumor growth was frequently accompanied by 
loss of weight by the host animals. The apparent as- 
sociation of L-1210 activity with at least one methyl 
group may not apply to other tumors. Modest inhibi- 
tion of S 180 by triazenoimidazolecarboxamides lacking 
a methyl group was observed (300). Futhermore, cer- 
tain monoaryltriazeno derivatives of the imidazole- 
carboxylate variety (CXXVII) that did not inhibit 
L-1210 in primary screening did display modest in- 
hibition of IMW256 (320). Such derivatives, of course, 
cannot form a methyl or alkyl carbonium ion; rather, 
nonenzymic dissociation should produce a diazoimid- 
azole, an aryldiazonium ion, or both. (Aryldiazonium 
ions are more stable than the alkyl variety, and their 
coupling properties are well known.) In addition, 
Hano et al. (307) described some dialkyl- and mono- 
alkyltriazenoimidazolecarboxamides (CXXIII and 
CXXIV) in addition to those mentioned and evaluated 
the new and some of the old derivatives against the 
Ehrlich carcinoma. Within the series of derivatives of 
CXXIII in which R and R’ were identical and com- 
prised of one to five carbon atoms, the dipropyltriazene 
and DIC were considered to be the most active against 
the solid form of the tumor (321). The butyl methyl 
and the methyl propyl derivatives were subsequently 
shown to display similar activity (307). None of the 
dialkyltriazeno derivatives inhibited proliferation of the 
ascites form of the Ehrlich carcinoma, but two mono- 
substituted-triazeno derivatives (CXXIV, R = ethyl 
or hydroxyethyl) were reported to increase lifespan. 
The potentiating effect (322) of MIC on the activity of 
8-azaguanine against Ehrlich ascites is probably due 
to AIC, which is known (301, 302, 307) to be formed, 
as previously explained, from the triazene and which 
is known to potentiate the activity of 8-azaguanine 
by inhibiting guanine deaminase (see Part 111). 


The uncertainties of the association of structural 
elements with activity are emphasized by the fact that 
the most effective derivative in the L-1210 test sys- 
tem is one that does not bear a methyl group; namely, 
5-[3,3-bis(2-chloroethyl)- 1 -triazeno]imidazole-4- carbox- 


amide (NSC-82196) (323, 324). At certain dose levels 
and dosage schedules, a majority of leukemic mice 
treated with this compound survived until tests were 
discontinued after long periods (2-8 months) (323, 
325). In addition to these encouraging effects in the 
standard L-1210 test, Hoffman e t a / .  (325) demonstrated 
the effectiveness of NSC-82196 in advanced L-1210 
leukemia. Intraperitoneal administration produced a 
high proportion of 60-day survivors on certain treat- 
ment schedules; oral administration was less effective. 
Knowledge of the L-1210 test system gained from cor- 
relations of inoculum size to average lifespan and from 
cell-kill kinetic studies (326) indicates that leukemic 
cells had been completely eradicated from the long- 
term survivors of the L-1210 tests. Using spleen-colony 
and host-survival criteria, Wodinsky et a/. (327) showed 
that the activity of both NSC-82196 and DIC against 
L-1210 extends also to an L-1210 line resistant to 6- 
mercaptopurine. This study indicated a low level of 
crossresistance of the 6-MP-resistant line to NSC- 
82196 but not to DIC. Additionally, Tyrer et al. (328) 
developed a strain of L-1210 resistant to NSC-82196 
and showed that the resistant variant is crossresistant 
to DIC and to nitrosoureas; but, interestingly, it is 
sensitive to certain nitrogen mustard derivatives such 
as cyclophosphamide and melphalan. 


Unfortunately for purposes of handling and adminis- 
tration, this compound is beset by problems of instabil- 
ity. In addition to its susceptibility to light-catalyzed 
dissociation, it undergoes an internal alkylation to an 
ionic transformation product in solution and even, 
slowly, in the solid state (323, 324), but it can be pre- 
served in the solid form at low temperatures. The 
u-triazolinium salt structure (CXXVIII), the most likely 
among several candidate structures, was identified as 
the structure of the ionic isomer by an X-ray crystal 
structure analysis (329). The quality of specimens of 
NSC-82196 was originally estimated from distinctive 
differences in the IR spectra of the two compounds. 
Determinations of NSC-82196 based on a microbiolog- 
ical assay (330), light-catalyzed dissociation to 5-di- 
azoimidazole-4-carboxamide (303, 305), a UV absorp- 
tion method (331), and titrimetric determination of the 
ionic isomer (332) have been described. The latter 
method also provided information on the rate of 
change of NSC-82196 in solution. A nonaqueous 
titration procedure developed by Sternglanz (333) 
provides a direct determination of NSC-82196 and 
other triazenoimidazole arnides and esters. 
Bis[3,3-(2-fluoroethyl)-l-triazeno] derivatives of the 


imidazole (CXXIII and CXXVII) and pyrazole (CXXX) 
types have likewise demonstrated activity against 
L-1210, but they are, thus far, more toxic and less 
active than NSC-82196 (334~). The association of 
L-1210 activity with methyltriazenes also applies, 
as mentioned previously, to the u-triazole analog 
(CXXIX) (3 16) of DIC and to certain triazenopyrazole- 
carboxylic acid esters (CXXXa) (334b) and triazeno- 
pyrazolecarboxamides (CXXXb) (3348, 335). The tri- 
azeno-u-triazoles (3 16) and the triazenopyrazoles (3343, 
335) appear13 to be more stable to light than the tri- 
azenoimidazoles. 
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In addition to the antineoplastic effects produced by 
certain triazenoimidazoles, antimicrobial activity has 
also been demonstrated. Methyl 5-(3,3-dimethyl-l- 
triazeno)imidazole-4-carboxylate (NSC-87982) (3 19) is 
strongly inhibitory in vitro to a broad spectrum of Gram- 
positive and Gram-negative bacteria, mycobacteria, 
yeasts, filamentous fungi, and algae (319, 336, 337). 
Strains of Escherichia coli and Streptococcus faecalis 
resistant to various antibiotics and antimetabolites were 
not crossresistant to NSC-87982 (338). Activity in vivo 
was demonstrated against Staphylococcus aureus in mice 
(336), and significantly high blood levels and detectable 
concentrations in several mouse tissues were found after 
administration by various routes (337). It has also been 
shown that a number of related 5-(disubstituted-triaze- 
no)imidazole-4-carboxylic acid esters have broad-spec- 
trum antimicrobial activity in vitro (320). Additionally, 
from among a number of bacteria sensitive to DIC, a 
strain of E. coli resistant to glutamic acid y-hydrazide 
(and sensitive to DIC at a concentration of 5 mcg./ml. in 
the disk-plate method) was selected for a microbiological 
method of assay of DIC in blood and tissues (339). Re- 
cently, inhibition of E. coli B (340) by DIC and several 
of its homologs (at concentrations of about 10 mcg./ml.) 
and inhibition of Bacillus subtilis (341) by DIC were 
reported. Although the antimicrobial activity of the 
3,3-bis(2-chloroethy1)-l-triazeno derivative (NSC- 
82196) is minimal, inhibition of two species of Myco- 
bacteria and of drug-resistant E. coli strains at high 
concentrations was observed (330). 


Pharmacological studies of DIC have been con- 
ducted in the dog (342-344), rat (305, 349, mouse 
(339), monkey (305), and man (306, 342, 343, 345, 
346); DIC and some of its homologs have also been 
studied in rabbits and cats (347). NSC-82196 has been 
subjected to pharmacological and clinical evaluation 
(305, 348). In clinical trials, DIC (NSC-45388) has 
brought about objective remissions of malignant mela- 
noma in some of the treated patients (306, 349). Ob- 
jective responses by several other cancers have also 
been observed in patients treated with DIC (349). 


The discussion, thus far, has dealt with triazenoimid- 
azoles. Although 5-diazoimidazole-4-carboxamide 
(CXX, diazo-IC, NSC-22420), the precursor of the 
carboxamides, is an unstable compound in solution, 
there are reports that it also has various types of bio- 
logical activity ; these findings have possible relevance 
to the question of the mechanism of action of triazeno- 
imidazoles prepared from it. Reports of antineoplastic 
activity include inhibition of human epidermoid car- 
cinoma (H.Ep.-2) cells in culture (298), subcutaneous 
Walker carcinoma 256 (298), and Ehrlich ascites car- 
cinoma (298, 321). Antimicrobial activity by diazo-IC 
(or, because of the instability of CXX, a mixture of 
diazo-IC and 2-azahypoxanthine) in the form of in- 
hibition of Mycobacterium tuberculosis has been re- 
ported (350). Furthermore, diazo-IC completely in- 
hibits E. coli in vitro (290, 340) at low concentrations 
and is strongly inhibitory to B. subtilis (341). A 
third type of activity is represented by the potent 
inhibition of xanthine oxidase by the diazo compound 
and by two thioazo derivatives prepared from it (351). 


At this time, there are unanswered questions con- 
cerning both the relationship of structure to activity 
and the mechanism of action of triazenoimidazoles 
and related compounds. Several potential mechanisms 
of action may be considered, and these are not nec- 
essarily mutually exclusive. The structural relationship 
to, and chemical derivation from, the imidazole moieties 
of the imidazole ribonucleotides suggested a priori that 
the triazenoimidazoles or diazo-IC might interfere in 
some way with imidazole and purine metabolism (295, 
298). A second possibility that was also considered 
(295) is that the triazenes may be latent forms of the 
active agent-the corresponding diazo compound for 
disubstituted-triazeno derivatives or, in the case of 
NSC-82196, the diazo compound and bis(2-chloro- 
ethy1)amine. A third possibility is that the monosub- 
stituted-triazeno derivatives are carrier forms (302) of a 
reactive species (an alkyldiazonium ion or a carbonium 
ion) and, on the basis of recent findings (345), that 
the disubstituted-triazeno derivatives may act similarly 
after N-dealkylation. 


In what is, of necessity, a speculative vein, a number 
of findings may be brought to bear on the question 
of mechanism of action without, at this time, providing a 
definitive answer. Some observations tend to place 
the triazenoimidazoles in the class of chemically reactive 
anticancer drugs (“biological alkylating agents”) such 
as alkylating agents and diazo compounds. Studies 
by Wilkoff et al. (352) of the cell-kill kinetics of DIC 
and NSC-82196 in cultures of leukemia L1210 cells 
indicate that these drugs are probably not cell-cycle- 
stage specific agents. Their behavior in this system, 
therefore, is similar to that of certain chemically re- 
active drugs. The crossresistance to nitrosoureas of 
the L-1210 variant that is resistant to NSC-82196 (328) 
is consistent with the reactive species idea, but the 
lack of crossresistance to other drugs having a bis(2- 
chIoroethy1)amino group is not. The earlier findings 
of Pittillo and Hunt (338) that sulfur-containing amino 
acids reversed the inhibition of E. coli ATCC9637 
and of Saccharomyces cerevisiae by NSC-87982 and 
the inhibition of another E. coli strain by NSC-82196 
suggested (along with observations of crossresistance) 
involvement of a chemically reactive species as one, 
but not the sole, mechanism of action (330). Subse- 
quently, Yamamoto (340) reported that cysteine abol- 
ished the inhibitory action of diazo-IC on E. coli B 
and suggested that this compound might be the active 
form for inhibition of this organism by dialkyltri- 
azenoimidazolecarboxamides. More direct evidence in 
this connection is the discovery by Saunders and 
Saunders (341) that the inhibitory action of DIC on B. 
subtilis is markedly increased by exposing cultures grow- 
ing in the presence of the compound to light and 
that a strain resistant to DIC is also resistant to the 
diazo compound. These studies in bacteria also in- 
dicated that RNA and protein synthetic processes are 
inhibited by NSC-87982 in E. coli (338), that DNA 
synthesis is inhibited in E. coli B by diazo-IC (340), 
and that DNA synthesis in B. subtilis is inhibited by 
DIC (341). 


In the studies of Pittillo and Hunt (330), the partial 
protection to NSC-82196 inhibition of an E. coli strain 
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afforded by AIC suggested the involvement of 
purine metabolism. The observations in these stud- 
ies of NSC-82196 and of NSC-87982 of collateral 
sensitivity of bacteria resistant to certain purine analogs 
(330, 337, 338) and of partial crossresistance to 8-aza- 
guanine and to 2,6-diaminopurine of an E. coIi strain 
resistant to NSC-82196 (330) also tended to implicate 
purine metabolism. In this connection, the low level 
of crossresistance to NSC-82196 by 6-mercaptopurine- 
resistant L-1210 cells (327) should be recalled. The 
statement made at the outset that potential mech- 
anisms of action should not be considered mutually 
exclusive is illustrated by the report of Peters and 
McGeer (290) that diazo-IC, as well as some related 
compounds, showed inhibitory effects on the incor- 
poration of glycine into hypoxanthine by pigeon liver 
homogenates. 


A mechanism involving some form of alkyldiazonium 
ion or carbonium ion must be considered for the mono- 
alkyltriazenoimidazoles because of their demonstrated 
behavior in uitro, as explained previously. Housholder 
and Loo (353) and Skibba et al. (345) reported that 
patients given DIC excrete large amounts of AIC; 
the latter investigators found that DIC is N-demeth- 
ylated by rat liver microsomes to formate and AIC. 
It is appropriate to recall at this point that MIC not 
only forms AIC in solution but also has antineoplastic 
activity. If metabolic N-demethylation results in the 
formation of MIC, then a mechanism involving some 
form of an alkyldiazonium ion or a carbonium ion 
must also be considered for DIC and other disubstituted 
triazenoimidazoles. By analogy with organic deamina- 
tion reactions, some form of these highly reactive species 
should be generated and should react with nucleophilic 
centers such as those listed earlier in this section. Re- 
cently, Preussmann et al. (354), in a comprehensive 
paper on the mechanism of carcinogenesis of phenyl- 
triazenes, reported that formaldehyde and aniline 
are formed by incubation of 3,3-dimethyl-l-phenyl- 
triazene with rat liver or lung microsomal fractions 
in the presence of oxygen and an NADPH-generating 
system, that formaldehyde or acetaldehyde are formed 
similarly from certain other carcinogenic dimethyl- or 
diethyltriazenes of the phenyl and pyridyl series, and 
that 3-methyl-1-phenyltriazene is a potent carcinogen. 
Their proposed mechanism of carcinogenesis consists 
of oxidative dealkylation of a 3,3-dialkyl-l -aryltriazene 
in uiuo to an aryl monoalkyltriazene, decomposition 
of this intermediate to a carbonium ion, and alkylation 
by this species of “biopolymers, probably nucleic acids.” 
(The authors mention certain, as yet, unexplained phe- 
nomena such as the failure to  observe tumors in the 
liver or lungs.) The later stages of their mechanism 
are essentially those proposed (302) for the dissocia- 
tion of 5-(3-alkyl-l-triazeno)imidazole-4-carboxamides 
(CXXIV), and their findings are similar to those of 
Skibba et al. (345), except that formate was identified 
in the latter study. Whether N-dealkylation is the basis 
of a mechanism of action or simply a catabolic process 
remains to be seen. One may speculate that the par- 
ticular mechanism by which a triazene acts (such as 
reversion to a diazo derivative, interference in purine 
metabolism, oxidative N-dealkylation, or combinations 


of these processes) may depend on the biochemical 
environment in which it is placed or to which it is 
transported. l7 


REFERENCES 


(1) M. R. Stetten and C. L. Fox, Jr., J .  Biol. Chem., 161, 


(2) C. L. Fox, Jr., Proc. Exp. Biol. Med., 51, 102(1942). 
(3) W. Shive, W. W. Ackermann, M. Gordon, M. E. Getzen- 


daner, and R. E. Eakin, J. Amer. Cheni. Soc., 69, 725(1947). 
(4) A. Windaus and W. Langenbeck, Ber., 56,683(1923). 
( 5 )  W. Langenbeck, Angew. Chem., 60, 297(1948). 
(6) A. C. Cuckler, L. R. Chapin, C. M. Malanga, E. F. Rogers, 


H. J. Becker, R. L. Clark, W. J. Leanza, A. A. Pessolano, T. Y. 
Shen, and L. H. Sarett, Proc. Soc. Exp. Biol. Med., 98, 167(1958). 


(7) D. K. McLoughlin and D. K. Chester, Poulrry Sci., 38, 
353(1959); through Chem. Abstr., 53, 19137~(1959). 


(8) C. Cosar and L. Julou, Ann. Znst. Pasfeur, Paris, 96, 238 
(1959). 


(9) M. Bock, Arzneim.-Forsch., 11, 587(1961). 


S. Tchelitcheff, and R. VauprC, ibid., 16, 23(1966). 


G. H. Lord, J. Phurm. Pharmucol., 16,801(1964). 


333( 1945). 


(10) C. Cosar, C. Crisan, R. Horclois, R. M. Jacob, J. Robert, 


(11) G. P. Ellis, C. Epstein, C.  Fitzmaurice, L. Goldberg, and 


(12) Zbid., 19, 102(1967). 
(13) E. Grunberg, G. Beskid, R. Cleeland, W. F. DeLorenzo, E. 


Titsworth, H. J. Scholer, R. Richle, and Z .  Brener, Antimicrob. Ag. 
Chemother., 1968, 513. 


(14) I. de Carneri, Arzneim.-Forsch., 19, 382(1969). 
(15) P. N. Giraldi, V. Mariotti, and I. de Carneri, J. Med. 


(16) G. Berkelhammer and G. Asato, Science, 162, 1146(1968). 
(17) P. Durel, V. Roiron, A. Siboulet, and L. J. Borel, Brit. J. 


(18) H. C. Hesseltine and Y .  Lefebvre, J. Amer. Med. Ass., 184, 


(19) Editorial, ibid., 184, 1036(1963). 
(20) S. J. Powell, A. J. Wilrnot, and R. Elsdon-Dew, Ann. Trop. 


(21) P. J. Taylor, Ariz. Med., 25, 641(1968). 
(22) K. Hofmann, “Imidazole and Its Derivatives,” part 1, 


(23) A. M. Michelson, “The Chemistry of Nucleosides and 


(24) L. B. Townsend, Chem. Rev., 67, 533(1967). 
(25) R. G. Fargher and F. L. Pyman, J. Chem. Suc., 115, 217 


(26) R. G. Fargher, ibid., 117, 668(1920). 
(27) F. L. Pyman, ibid., 121, 261q1922). 
(28) I. E. Balaban, ibid., 1930, 268. 
(29) G. Hunter and J. A. Nelson, Can. J. Res., 19 (Sec. B), 296 


(30) R. Weidenhagen and R. Herrmann, Ber., 68, 22050935). 
(31) A. Windaus and H. Opitz, ibid., 44, 1721(1911). 
(32) J. Baddiley, J. G. Buchanan, F. E. Hardy, and J. Stewart, 


(33) W. E. Allsebrook, J. M. Gulland, and L. F. Storey, ibid., 


(34) J. C. Rabinowitz, J. Biol. Chem., 218, 175(1956). 
(35) E. C. Taylor, C. C. Cheng, and 0. Vogl, J. Org. Chem., 24, 


Chem., 11, 66(1968). 


Vener. Dis., 36, 21(1960). 


lOll(1963). 


Med. Parasitol., 61, 511(1967). 


Interscience, New York, N. Y., 1953. 


Nucleotides,” Academic, New York, N. Y., 1963. 


(1919). 


(1941). 


J. Chem. Soc., 1959,2893. 


1942, 232. 


2019( 1959). 


1 :Addendun2 added in proof-The following oublications dealing with 
the mechanism of action, metabolism, and biologwal effects of DIC 
and NSC-82196 appeared since this manuscript was completed: 


( 1 )  C. L. Vogel, V. IT. De Vita, R. P. Lisak, and M. W. Icies, 


(2) J. L. Skibba, D. D. Beal, G .  Ramirez, and G. T. Bryan, ibid., 30, 


(3) C .  L. Vogel, C.  Denham, T. P. Waalkes, and V. T. De Vita, ibid., 


(4) P. P. Saunders and G. A. Schultz. Biochem. Pharmacol., 19, 911 


Cancer Res., 29, 2249(1969). 


147(1970). 


30, 1651(1970). 


(1970). 


2043(1970). 
( 5 )  J. L. Skibba, G .  Ramirez, D. D. Beal, and G.  T. Bryan, ibid., 19, 


1554 Journal of Pharmaceutical Sciences 







(36) B. Robinson and D. M. Shepherd, J. Pharm. Pharmacol., 
14, 9(1962). 


(37) L. P. KuIev and R. N. Gireva, Zh. Prikl. Khim., 30, 811 
(1957); through Chem. Abstr., 51,  17897a(1957) [J. Appl. Chem. 
USSR, 30, 858(1957)]. 


(38) R. N. Gireva and N. S. Dobychina, Izv. Tomsk. Politekhn. 
Inst., 102, 108(1959); through Chem. Abstr., 59, 1622d(1963). 


(39) L. P. Kulev and A. M. Rozhkov, Zh. Obshch. Khim., 27, 
1389(1957) [J. Gen. Chem. USSR. 27, 1470(1957)]. 


(40) L. P. Kulev and V. R. Koroleva, ibid., 29, 2401(1959) [J. 
Gen. Chem. USSR, 29, 236q1959)I. 


(41) V. R. Koroleva, Izu. Tomsk. Politekhn. Inst., 111, 23(1961); 
through Chem. Abstr., 57, 14594b(1962). 


(42) R. N. Gireva, V. E. GoIubev, T. A. Boldyreva, and V. E. 
Chistyakov, Sin. Prir. Soedin., Ikh Analogov Fragmentov, Akad. 
Nauk SSSR, Otd. Obshch. Tekhn, Khim., 1965, 54; through Chem. 
Abstr., 65, 2158d(1966). 


(43) R. N. Gireva, G.  A. Aleshina, L. F. Mal'tseva, T. V. Mik- 
hailova, and 0. I. Petrova, Khim.-Farm. Zh., 2, 39(1968). 


(44) R. N. Gireva, N. N. Gavrilov, and V. M. Mar'yanovskii, 
Khim. Geterotsikl. Soedin., Sb. I :  Azotsoderzhashchle Geterotsikly, 
1967, 119; through Chem. Abstr., 70,967098(1969). 


(45) R. N. Gireva, N. N. Gavrilov, G. A. Aleshina, A. V. 
Evseeva, and N. V. Nikitina, ibid., 1967,123; through Chem. Abstr., 
70, 96710a(1969). 


(46) J. Baddiley, J. G. Buchanan, and J. Stewart, Proc. Chem. 
Soc., 1957, 149. 


(47) M. Ikehara, N. Nakazawa, and H. Nakayarna, Chem. 
Pharm. Bull., 10, 660(1962). 


(48) R. 5. Rousseau, L. B. Townsend, and R. K. Robins, 
Chem. Commun., 1966, 265. 


(49) R. J. Rousseau, R. K. Robins, and L. B. Townsend, J. 
Amer. Chem. Soc., 90, 2661(1968). 


(50) N. J. Leonard, K. L. Carraway, and J. P. Helgeson, J. 
Heterocycl. Chem., 2, 291(1965). 


(51) J. Sarasin and E. Wegmann, Helv. Chim. Acta, 7,713(1924). 
(52) 0. Wallach, Ann. Chem., 214, 278(1882). 
(53) 0. Wallach, Ber., 16, 534(1883). 
(54) F. G. Mann and J. W. G. Porter, J. Chem. Soc., 1945, 


(55) A. Heyrnons, Ber., 66, 1017(1933). 
(56) F. F. Blicke and H. C. Godt, J. Amer. Chem. SOC., 76, 


(57) M. H. Fisher, W. H. Nicholson, and R. S. Stuart, Can. J. 


(58) F. Montequi, An. SOC. Espan. Fis. Quim., 24, 731(1926); 


(59) Ibid., 25, 182(1927); through Chem. Abstr., 21, 3353(1927). 
(60) R. N. Prasad and R. K. Robins, J. Amer. Chem. Soc., 79, 


(61) G. E. Trout and P. R. Levy, Rec. Trav. Chim., 84, 1257 


(62) Ibid., 85, 765(1966). 
(63) E. C. Taylor and P. K. Loeffler, J. Org. Chem., 24, 2035 


(64) G. E. Trout and P R. Levy, Rec. Trav. Chim., 85, 1254 


(65) P. M. Kochergin, Zh. Obshch. Khim., 34, 3402(1964) 


(66) P. M. Kochergin, ibid., 34, 2735(1964) [J. Gen. Chem. 


(67) I. E. Balaban and F. L. Pyman, J. Chem. Soc., 125, 1564 


(68) F. F. Blicke and C.-M. Lee, J. Org. Chem., 26, 1861(1961). 
(69) M. H. Fisher, W. H. Nicholson, and R. S. Stuart, Can. J 


(70) I. Heilbron, J. Chem. SOC., 1949, 2099. 
(71) A. H. Cook, J. D. Downer, and I. Heilbron. ibid., 1948, 


(72) C. W. Capp, A. H. Cook, J. D. Downer, and I. Heilbron, 


(73) A. H. Cook, J. D. Downer, and I. Heilbron, ibid., 1948, 


(74) A. H. Cook, I. Heilbron, and E. Smith, ibid., 1949, 1440. 
(75) A. H. Cook and E. Smith, ibid., 1949, 3001. 
(76) Ibid., 1949, 2329. 
(77) G. Weitzel, F. Schneider, H. Guglielmi, J. Sander, J. 


751. 


3653(1954). 


Chem., 39, 133q1961). 


through Chem. Abstr., 21, 1448(1927). 


6401( 1957). 


(1965). 


(1959). 


(1966). 


[J. Gen. Chem. USSR, 34, 3444(1964)]. 


USSR, 34, 2758(1964)]. 


(1924). 


Chem., 39, 501(1961). 


1262. 


ibid., 1948, 1340. 


2028. 


Durst, and W.-D. Hirschrnann, Z .  Physiol. Chem., 346, 208(1966). 
(78) I. M. Heilbron and A. H. Cook, British patents 683523, 


683593, and 683594 (1952); through Chem. Abstr., 48, 2093a-e 
(1954). 


(79) A. H. Cook, A. C. Davis, I. Heilbron, and G. H. Thomas, 
J. Chem. SOC., 1949, 1071. 


(80) C. S. Miller, S. Gurin, and D. W. Wilson, Science, 112, 
654( 1950). 


(83) C. S. Miller, S. Gurin, and D. W. Wilson, J. Amer. Chem. 
Soc., 74, 2892(1952). 


(82) H. Bader, J. D. Downer, and P. Driver, J. Chem. Soc., 
1950, 2775. 


(83) H. Bader and J. D. Downer, ibid., 1953, 1636. 
(84) I. Nakata, Megi Yakka Daigaku Kenkyu Kiyo, 2,66(1963); 


through Chem. Abstr., 61, 1864b(1964). 
(85) R. G. Glushkov and 0. Yu. Magidson, Zh. Obshch. Khim., 


31, 1173(1961) [J. Gen. Chem. USSR, 31, 1085(1961)]. 
(86) Ibid., 31, 1906(1961) [J. Gen. Chem. USSR, 31, 1783 


(1961)l. 
(87) R. G. Glushkov and 0. Yu. Magidson, Khim. Geterotsikt. 


Soedin., 2,192(1966) [Chem. Heterocycl. Compd., 2, 134(1966)]. 
(88) R. G. Glushkov and 0. Yu. Magidson, Khim. Geterotsikl. 


Soedin., Akad. Nauk Latv. SSR, 1965, 85; through Chem. Absir., 
63, 13258f(1965). 


(89) V. G. Granik and R. G. Glushkov, Khim.-Farm. Zh., 1, 
16(1967); through Chem. Abstr., 68,689552(1968). 


(90) R. G. Glushkov and A. R. Todd, Khim. Geterotsikl. 
Soedin., 1968,433; through Chem. Abstr., 69,106668~(1968). 


(91) G. Shaw and R. N. Warrener, Proc. Chem. Soc., 1958, 
193. 


(92) G. Shaw, R. N. Warrener, D. N. Butler, and R. K. Ralph, 
J. Chem. SOC., 1959, 1648. 


(93) G. Shaw and D. N. Butler, ibid., 1959,4040. 
(94) R. N. Naylor, G. Shaw, D. V. Wilson, and D. N. Butler, 


(95) G. Shaw and D. V. Wilson, ibid., 1962, 2937. 
( 9 9  M. Greenhalgh, G. Shaw, D. V. Wilson, and N. J. Cusack, 


(97) C. L. Leese and G. M. Timmis, J. Chem. SOC., 1961,3816. 
(98) G. Shaw and D. V. Wilson, ibid., 1963,1077. 
(99) I. E. Burrows and G. Shaw, J. Chem. SOC., C, 1967,1088. 


(100) A. H. Cook, J. D. Downer, and I. Heilbron, J. Chem. SOC., 


(101) A. H. Cook and G. H. Thomas, ibid., 1950,1884. 
(102) H. Bader and J. D. Downer, ibid., 1953, 1641. 
(103) J. Baddiley, J. G. Buchanan, R. Hodges, and J. F. Prescott, 


(104) G. Shaw and D. V. Wilson, Proc. Chem. Soc., 1%1,381. 
(105) G. Shaw, D. V. Wilson, and C. P. Green, J. Chem. Soc., 


(106) G. M. Tener, J. Amer. Chem. Soc., 83, 159(1961). 
(107) H. Grunze and W. Koransky, Angew. Chem., 71,407(1959). 
(108) G. Shaw and D. V. Wilson, Proc. Chem. SOC., 1962,115. 
(109) I. E. Burrows, G. Shaw, and D. V. Wilson, J. Chem. Soc., 


(110) R. Carrington, G. Shaw, and D. V. Wilson, Tetrahedron 


(111) R. Carrington, G. Shaw, and D. V. Wilson, J.  Chem. SOC., 


(112) L. H. Smith, Jr., and P. Yates, J.  Amer. Chem. Soc., 76, 


(1 13) E. Shaw and D. W. Woolley, J .  Biol. Chem., 181, 89(1949). 
(114) E. Shaw, ibid., 185,439(1950). 
(115) E. Shaw and D. W. Woolley, ibid., 194, 641(1952). 
(116) T. Noguchi, Pharnz. Bull. (Japan), 4, 130(1956). 
(117) J. A. Montgomery, K. Hewson, R. F. Struck, and Y. F. 


Shaly, J.  Org. Chem., 24,256( 1959). 
(I 18) E. Richter, J. E. Loeffler, and E. C. Taylor, J. Amer. Chern. 


Soc., 82, 3144(1960). 
(119) T. Shirodokoro, M. Fukuzawa, N. Ito, M. Yamada, and 


M. Kakehi, Japanese patent 20550 (1965); through Chem. Abstr., 
64, 2096f(1966). 


ibid., 1961, 4845. 


J. Chem. SOC., C, 1969, 2198. 


1949, 1069. 


ibid., 1957, 4769. 


1964, 2650. 


C, 1968, 40. 


Lett., 1964, 2861. 


1965,6864. 


6080(1954). 


(120) E. Shaw,J. Amer. Chem. SOC., 80, 3899(1958). 
(121) Y. Hirata, I. Teshirna, and K. Iwashita, Res. Rept. Nagoyn 


Ind. Sci. Res. Inst., No. 8, 70(1955); through Chem. Abstr., 51, 
5758i( 1957). 


Vol. 59, No. 1 1 ,  November 1970 0 1555 







(122) E. Shaw, J. Org. Chem., 30, 3371(1965). 
(123) T. Ichikawa, T. Kato, and T. Takenishi, J. Heterocycl. 


(124) T. Takenishi, T. Kato, and T. Ichikawa, Japanese patent 


(125) G. Longo, Guzz. Chim. Ztul., 61, 575(1931); through 


(126) J. Orb, Biochem. Biophys. Res. Commun., 2, 407(1960). 
(127) J. Or6 and A. P. Kimball, Arch. Biochem. Biophys., 94, 


(128) Zbid., 96, 293(1962). 
(129) J. Or6, Nature, 191, 1193(1961). 
(130) J. P. Ferris and L. E. Orgel, J. Amer. Chem. SOC., 87, 4976 


(131) Zbid., 88, 3829(1966). 
(132) W. Ruske and E. Ruske, Chem. Ber., 91,2505(1958). 
(133) J. P. Ferris and L. E. Orgel, J. Amer. Chem. SOC., 88, 


1074( 1966). 
(134) Ajinomoto Co., Inc., French patent 1437213 (1966); 


through Chem. Abstr., 65, 20136g(1966). 
(135) K. Suzuki, T. Saito, T. Meguro, I. Kurnashiro, and T. 


Takenishi, Japanese patent 6910 (1967); through Chem. Abstr., 68, 
68995n( 1968). 


(136) R.L. Webb, S. Frank, and W. C. Schneider, J. Amer. Chem. 
SOC., 77, 3491(1955). 


(137) H. Bredereck, G. Schmotzer, and H.-J. Becher, Ann. Chem., 
600, 87(1956). 


(138) T. Volker, Angew. Chem., 72, 379(1960). 
(139) R. A. Sanchez, J. P. Ferris, and L. E. Orgel, J. Mol. Biol., 


(140) Y. Yamada, N. Nagashima, Y. Iwashita, A. Nakamura, 


(141) R. A. Sanchez, J. P. Ferris, and L. E. Orgel, J.  Mol. Biol., 


Chem., 2, 253(1965). 


15577 (1966); through Chem. Abstr., 66, 10958c(1967). 


Chem. Abstr., 26, 710(1932). 


217(1961). 


(1965). 


30, 223(1967). 


and I. Kumashiro, Tetrahedron Lett., 1968,4529. 
- .  


38, i2i(i968). 
(142) R. Sanchez, J. Ferris, and L. E. Orgel, Science, 153, 72 


(1966). 
(143) H. Wakamatsu, Y. Yamada, T. Saito, I. Kumashiro, and 


(144) Y. Yamada, I. Kumashiro, and T.Takenishi, ibid., 33, 


(145) Ajinomoto Co., Inc., Netherlands application 6403034 


(146) Y. Yamada, I. Noda, I. Kumashiro, and T. Takenishi, 


(147) D. W. Woodward, U. S. patent 2534331 (1950); through 


(148) Zbid., U. S. patent 2534332 (1950); through Chem. Abstr., 


(149) H. Bredereck and G. Schmotzer, Ann. Chem., 600, 95 


(150) Y. Yamada, I. Kumashiro, and T. Takenishi, Bull. Chem. 


(151) Ajinomoto Co., Inc., Netherlands application 6507892 


(152) Zbid., French patent 1437212 (1966); through Chem. 


(153) Y. Yamada, I. Kumashiro, and T. Takenishi, Bull. Chem. 


(154) Ajinomoto Co., Inc., French patent 1537384 (1968); 


(155) Y. Yamada and I. Kumashiro, British patent 1158965 


(156) E. Schmidt, Ber., 14, 813(1881). 
(157) E. Fischer and 0. Bromberg, ibid., 30, 219(1897). 
(158) H. Biltz and H. Rakett, ibid., 61, 1409(1928), and earlier 


(159) A. Einhorn and E. Baumeister, ibid., 31, 1138(1898). 
(160) M. W. Van Der Slooten, Rec. Truu. Chim., 15, 188(1896). 
(161) “Beilstein’s Handbuch der Organischen Chemie,” 4th ed., 


25, 511,512 (1936); 2nd suppl., 25,4031954). 
(162) A. M. Khaletskii and M. S. Eshman, Zh. Obshch. Khim., 18, 


21 16(1948); through Chem. Abstr., 43, 3794d(1949). 
(163) H. Auterhoff and M. F. Hebler, Arzneim.-Forsch., 19, 621 


(1959). 
(164) E. S. Golovchinskaya, 0. A. Kolganova, L. A. Nikolaeva, 


and E. S. Chaman, Zh. Obshch. Khim., 33, 1650(1963) [J. Gen. 
Chem. USSR, 33, 1608(1963)]. 


T. Takenishi, J. Org. Chem., 31,2035(1966). 


642(1968). 


(1964); through Chem. Abstr., 62, 6496b(1965). 


Bull. Chem. Soc. Jup., 42, 1454(1969). 


Chem. Abstr., 45, 5191d(1951). 


45, 5191i(1951). 


(1956). 


SOC. Jup., 41,241(1968). 


(1965); through Chem. Abstr., 64,15893f(1966). 


Abstr., 66, 2563q(1967). 


SOC. Jup., 41, 1237(1968). 


through Chem. Abstr., 71, 81425h(1969). 


(1969); through Chem. Abstr., 71, 101889t(1969). 


references cited therein. 


(165) A. M. Bellini and A. Fabian, Ann. Chim. (Rome), 54,621 


(166) H. Biltz and H. Rakett, Ber., 64, 197q1931). 
(167) R. M. Hoskinson, Aust. J. Chem., 21, 1913(1968). 
(168) M. A. Stevens and G. B. Brown, J. Amer. Chem. SOC., 80, 


2759(1958). 
(169) G. B. Brown, in “Progress in Nucleic Acid Research and 


Molecular Biology,” vol. 8, J. N. Davidson and W. E. Cohn, Eds., 
Academic, New York, N. Y., 1968, pp. 209-255. 


(170) B. R. Baker and J. P. Joseph, J. Amer. Chem. SOC., 77, 
15(1955). 


(171) E. Shaw, ibid., 81, 6021(1959). 
(172) Zbid., 83, 4770(1961). 
(173) C. M. Baugh and E. N. Shaw, Biochim. Biophys. Acta, 114, 


(1964); through Chem. Abstr., 61, 14661d(1964). 


- 
213(1966). 


(174) J. A. Montpomerv. K. Hewson. S. J. Clavton, and H. J. 
Thomas, J. org .  Chim., 31,’2202(1966). ’ 


1968,1929. 
(175) G. T. Rogers and T. L. V. Ulbricht, J. Chem. SOC., C, 


(176) A. Holy and K. H. Scheit, Chem. Ber., 99, 3778(1966). 
(177) B. C. Pal and C. A. Horton, J. Chem. Soc., 1964,400. 
(178) 5. A. Montgomery and H. J. Thomas, J. Org. Chem,, 28, 


(179) G. B. Elion, ibid., 27, 2478(1962). 
(180) M. R. Atkinson, J. F. Jackson, R. K. Morton, and A. W. 


(181) G. Hunter, Biochem. J. ,  30, 1183, 1189(1936). 
(182) S. Friedman and J. S. Gots, Arch. Biochem. Biophys,, 39, 


(183) L. F. Cavalieri, J. F. Tinker, and G. B. Brown, J. Amer. 


(184) R. H. Lindsay, W. K. Paik, and P. P. Cohen, Biochim. 


(185) R M. Cresswell and G. B. Brown, J. Org. Chem., 28, 2560 


(186) M. A. Stevens, H. W. Smith, and G. B. Brown, J. Amer. 


(187) Zbid., 81, 1734(1959). 
(188) M. A. Stevens, A. Giner-Sorolla, H. W. Smith, and G. B. 


(189) J. C. Parham, J. Fissekis, and G. B. Brown, ibid., 32, 1151 


(190) H. Kawashima and I. Kumashiro, Bull. Chem. Soc. Jap., 


(191) F. Cramer and G. Schlingloff, Tetrahedron Lett., 1964, 


(192) T. Fujii, T. Itaya, C. C. Wu, and S. Yamada, Chem. Znd. 


(193) J. A. Montgomery and H. J. Thomas, Chem. Commun., 


(194) M. A. Stevens, H. W. Smith, and G. B. Brown, J. Amer. 


(195) P. Brookes and P. D. Lawley, J. Chem. Soc., 1960, 539. 
(196) P. Brookes, A. Dipple, and P. D. Lawley, J. Chem. SOC., C, 


(197) G. B. Chheda and R. H. Hall, Biochemistry, 5,2082(1966). 
(198) G. B. Chheda, R. H. Hall, and P. M. Tanna, J. Org. Chem., 


(199) G. B. Chheda and R. H. Hall, ibid., 34, 34931969). 
(200) C. E. Carter, J. Biol. Chem., 223, 139(1956). 
(201) C. Temple, Jr., C. L. Kussner, and J. A. Montgomery, J. 


(202) Zbid., 31, 2210(1966). 
(203) Zbid., 32, 2241(1967). 
(204) A. M. Michelson, “The Chemistry of Nucleosides and 


(205) K. Kusashio and M. Yoshikawa, Bull. Chem. SOC. Jap., 41, 


(206) J. A. Montgomery, H. J. Thomas, and K. Hewson, Chem. 


(207) J. W. Marsico and L. Goldman, J. Org. Chem., 30, 3597 


(208) E. Shaw, ibid., 27, 883(1962). 
(209) M. Ikehara and K. Muneyama, Chem. Pharm. Bull., 14, 


2304( 1963). 


Murray, Nuture, 196, 35(1962). 


254( 1952). 


Chem. SOC., 71, 3973(1949). 


Biophys. Actu, 58, 585(1962). 


(1963). 


Chem. SOC., 82, 1148(1960). 


Brown, J. Org. Chem., 27, 567(1962). 


(1967). 


42, 750(1969). 


3201. 


(London), 1966, 1967. 


1969,458. 


Chem. SOC., 82, 3189(1960). 


1968, 2026. 


34, 3498(1969). 


Org. Chem., 30, 3601(1965). 


Nucleotides,” Academic, New York, N. Y., 1963, p. 20. 


142(1968). 


Znd. (London), 1965, 1596. 


(1965). 


46(1966). . ,  
(210) M. E. King and C. E. Carter, Biochim. Biophys. Actu, 44, 


232( 1960). 


1556 0 Journal of Pharmaceutical Sciences 







(211) A. Albert, Chem. Commun., 1969, 500; J. Chem. SOC., 
1969, 2379. 


(212) R. Gompper, M. Gang, and F. Saygin, Tetrahedron Lett., 
1966, 1885. 


(213) M. Franks, C. P. Green, G. Shaw, and G. J. Litchfield, J. 
Chem. SOC., C, 1966,2270. 


(214) G. J. Litchfield and G. Shaw, Chem. Commun., 1965, 
563. 


(215) N. J. Cusack, G. J. Litchfield, and G. Shaw, ibid., 1967, 
799. 


(216) G. H. Hitchings and G. B. Elion, U. S. patent 2756228 
(1956). 


(217) A. Yamazaki, I. Kumashiro, T. Takenishi, and M. Ikehara, 
Chem. Pharm. Bull., 16,2172(1968). 


(218) S .  Yamazaki, T. Meguro, and I. Kumashiro, Japanese 
patent 23428 (1967); through Chem. Abstr., 69, 36126j(1968). 


(219) Zbid., Japanese patent 00705 (1968); through Chem. Abstr., 
69, 52137u(1968). 


(220) T. Meguro, T. Saito, 1. Kumashiro, and T. Takenishi, 
Japanese patent 1534 (1966); through Chem. Abstr., 64, 12781~ 
(1 966). 


(221) E. C. Taylor and P. K. Loeffler, J. Amer. Chem. SOC., 82, 
3 147( 1960). 


(222) A. Yamazaki, I. Kumashiro, and T. Takenishi, Chem. 
Pharm. Bull., 16, 1561(1968). 


(223) N. P. Sen and P. L. McGeer, J.  Chromatogr., 20,147(1965). 
(224) A. Yamazaki, I. Kumashiro, and T. Takenishi, J.  Org. 


Chem., 32, 1825(1967). 
(225) T. Shiro, A. Yamanoi, S. Konishi, S. Okumura, and M. 


Takahashi, Agr. Biol. Chem. (Tokyo), 26,785(1962); through Chem. 
Abstr., 58, 7121b(1963). 


(226) J. R. De Zeeuw, U. S .  patent 3173848 (1965); through 
Chem. Abstr., 63, 2359d(1965). 


(227) H. T. Huang, Biochemistry, 4, 58(1965). 
(228) H. T. Huang, U. S. patent 3271386 (1966); through Chem. 


Abstr., 66, 36593x(1967). 
(229) H. Hama, H. Okada, I. Kinoshita, T. Shiro, and T. Sumita, 


Japanese patent 13795 (1966); through Chem. Abstr., 65, 1927% 
(1966). 


(230) T. Hirahara, Y. Suzuki, and T. Nakamura, Japanese patent 
27660 (1967); through Chem. Abstr., 69, 18036a(1968). 


(231) S. Konishi, T. Shiro, and N. Katsuya, Japanese patent 
19833 (1968); through Chem. Abstr., 70,18925k(1969). 


(232) 0. Kanemitsu, T. Akimoto, M. Ito, and S .  Mimura, 
Japanese patent 20717 (1968); through Chem. Abstr., 70, 27669g 
(1969). 


(233) Chas. Mzer and Co., British patent 1011346 (1965); 
through Chem. Abstr., 64, 7330c(1966). 


(234) K. Mitsugi, T. Shiro, S. Okumura, and M. Takahashi, 
Japanese patent 20551 (1965); through Chem. Abstr., 64, 4231c 
(1966). 


(235) Kyowa Fermentation Industry Co., Ltd., French patent 
1425028 (1966); through Chem. Abstr., 65,97OOd(1966). 


(236) S .  Knoishi, I. Maeyashiki, and T. Shiro, Japanese patent 
19832 (1968); through Chem. Absrr., 70, 276622(1969). 


(237) A. Yarnazaki, I. Kurnashiro, and T. Takenishi, J. Org. 
Chem., 32, 3032, 3258(1967). 


(238) G. R. Greenberg, J. Biol. Chem., 190, 611(1951). 
(239) G. R. Greenberg, J. Amer. Chem. SOC., 74,6307(1952). 
(240) G. R. Greenberg, Fed. Proc., 12, 651(1953). 
(241) G. R. Greenberg and E. L. Spilman, J. Biol. Chem., 219, 


(242) J. M. Weaver and W. Shive, J. Amer. Cheni. SOC., 75, 4628 


(243) J. S. Gots, Nature, 172, 256(1953). 
(244) G. R. Greenberg, J. Biol. Chem., 219,423(1956). 
(245) G. R. Greenberg and L. Jaenicke, in “Chemistry and Biol- 


ogy of Purines,” Ciba Foundation Symposium, G. E. W. Wolsten- 
holme and C. M. O’Connor, Eds., J. & A. Churchill Ltd., London, 
England, 1957, pp. 204-232. 


(246) J. M. Buchanan, J. G. Flaks, S. C. Hartman, B. Levenberg, 
L. N. Lukens, and L. Warren, ibid., pp. 233-252. 


(247) J. M. Buchanan and S. C. Hartman, in “Advances in Enzy- 
mology,” vol. 21, F. F. Nord, Ed., Interscience, New York, N. Y., 


(248) J. M. Buchanan, in “The Nucleic Acids,” vol. 3, E. Chargaff 


41 111956). 


(1953). 


1959, pp. 199-261. 


and J. N. Davidson, Eds., Academic, New York, N. Y., 1960, 


(249) G. B. Elion and G. H. Hitchings, in “Advances in Chemo- 
therapy,” vol. 2, A. Goldin, F. Hawking, and R. J. Schnitzer, Eds., 
Academic, New York, N. Y., 1965, pp. 91-177. 


(250) M. E. Balis, in “Frontiers of Biology,” vol. 10, A. Neu- 
berger and E. L. Tatum, Eds., North-Holland Publishing Co., 
Amsterdam, The Netherlands, 1968, chaps. 1 and 2. 


(251) L. L. Bennett, Jr., and J. A. Montgomery, in “Methods in 
Cancer Research,” vol. 3, H. Busch, Ed., Academic, New York, 
N. Y., 1967, pp. 549-631. 


(252) D. D. Schroeder, A. J. Allison, and J. M. Buchanan, J. 
Biof. Chem., 244, 585q1969). 


(253) J. S. Gots and E. G. Gollub, Proc. Nat. Acad. Sci. USA, 43, 
82q1957). 


(254) R. W. Miller and J. M. Buchanan, J. Biol. Chem., 237, 
491( 1962). 


(255) F. Ahmad, P. Missimer, and A. G. Moat, Can. J. Biochem., 
43, 1723(1965). 


(256) D. P. Nierlich and B. Magasanik, J. BioL Chem., 240, 
366( 1965). 


(257) L. N. Lukens and J. M. Buchanan, ibid., 234,1799(1959). 
(258) R. Carrington and G. Shaw, J. Chem. Soc., C, 1968, 1957. 
(259) D. W. E. Smith and B. N. Ames, J. Biol. Chem., 240, 3056 


(260) A, E. Shedlovsky and B. Magasanik, ibid., 237,3725(1962). 
(261) D. M. Greenberg, Ann. Reo. Biochem., 33,633(1964). 
(262) S .  G. A. Alivisatos and D. W. Woolley, J. Amer. Chem. 


(263) S. G. A. Alivisatos and D. W. Woolley, J. Biol. Chem., 221, 


(264) S. G. A. Alivisatos, L. La Mantia, F. Ungar, and B. L. 


(265) A. Liakopoulou and S. G. A. Alivisatos, ibid., 240, 3110 


(266) W. S. MacNutt, Nature, 166, W(1950). 
(267) W. S. MacNutt, Biochem. J., 50, 3841952). 
(268) J. C. Rabinowitz and W. E. Pricer, Jr., J.  Bid .  Chem., 218, 


(269) J. C. Rabinowitz and W. E. Pricer, Jr., J. Amer. Chem. 


(270) G. Ya. Vilenkina, Vopr. Med. Khim., 2,450(1956); through 


(271) A. E. Braunshtein and G. Ya. Vilenkina, Biokhimiya, 23, 


(272) D. M. Smith, R. M. Paul, E. G. McGeer, and P. L. MG 


(273) P. L. McGeer, E. G. McGeer, and M. C. Griffin, ibid., 39, 


(274) P. L. McGeer, E. G. McGeer, and A. J. Wood, Can. J. 


(275) N. F. Tolkachevskaya and G. Ya. Vilenkina, Vopr. Med. 


(276) P. L. McGeer, E. G. McGeer, and R. Hasselback, Can. 


(277) R. F. Coward and P. Smith, Clin. Chim. Acta, 12, 206 


(278) G. Ya. Vilenkina and F. E. Fainshtein, Vopr. Med. Khim., 


(279) M. Nishida, Y. Matsui, and Y. Nobuoka, Yukugaku 


(280) V. Herbert, Amer. J .  Clin. Nutr., 20,562(1967). 
(281) K. Fink and W. S.  Adams, Arch. Biochem. Biophys., 126, 


(282) T. L. Perry, S. Hansen, H.-P. Bar, and L. MacDougall, 


(283) T. L. Perry, S. Hansen, L. MacDougall, and P. D. Warring- 


(284) P. C. Newell and R. G. Tucker, Nufure, 215, 13841967). 
(285) P. C. Newell and R. G. Tucker, Biochem. J., 106, 279 


(1968). 
(286) G. Weitzel, F. Schneider, H. Guglielmi, F. Seif, W.-D. 


Hirschmann, and J. Durst, Hoppe-Seyler’s 2. Physiol. Chem., 348, 
1277( 1967). 


(287) A. Hoshi, K. Kumagai, and K. Kuretani, Chem. Phurm. 
BUN., 16, 2080(1968). 


pp. 303-322. 


(1 965). 


Soc., 77, 1065(1955). 


651( 1956). 


Matijevitch, ibid., 237, 12131962). 


(1965). 


189(1956). 


SOC., 78, 5702(1956). 


Chem. Abstr., 52, 20491g(1958). 


887(1958) [Biochemistry USSR, 23,839(1958)]. 


Geer, Can. J. Biochem. Physiof., 37, 1493(1959). 


591( 1961). 


Comp. Med. Vet. Sci., 25, 211(1961). 


Khim., 11, 141965); through Chem. Abstr., 64, 8720f(1966). 


Med. Ass. J., 85, 437(1961). 


(1965). 


7, 301(1961); through Chem. Abstr., 55, 27624w1961). 


Kenkyu, 35, 128(1963); through Chem. Abstr., 61, 16549h(1964). 


27(1968). 


Science, 152,776(1966). 


ton, Cfin. Chim. Actu, 15,409(1967). 


Vol. 59, No. 1 1 ,  November 1970 a 1557 







(288) A. Hoshi, F. Kanzawa, K. Kumagai, and K. Kuretani, 


(289) A. Hoshi, Y. Ohsaka, and K. Kuretani, Chem. Pharm. 


(290) D. A. Peters and P. L. McGeer, Can. J. Physiol. Pharmacol., 


(291) H. G. Mandel and L. W. Law, Cancer Res., 14, 808(1954). 
(292) H. G. Mandel, J. L. Way, and P. K. Smith, Biochim. 


(293) H. T. Huang and G. M. Shull, U. S. patent 3355301 


(294) Y. F. Shealy, C. A. Krauth, and J. A. Montgomery, J. 


(295) Y. F. Shealy, J. A. Montgomery, and W. R. Laster, Jr., 


(296) A. C. Bratton and E. K. Marshall, Jr., J. Biol. Chem., 128, 


(297) D. W. Woolley and E. Shaw, ibid., 189,401(1951). 
(298) Y. F. Shealy, R. F. Struck, L. B. Holum, and J. A. Mont- 


gomery, J. Urg. Chem., 26, 239q1961). 
(299) J. G. Erickson, P. F. Wiley, and V. P. Wystrach, in “The 


Chemistry of Heterocyclic Compounds,” vol. 10, A. Weissberger, 
Ed., Interscience, New York, N. Y., 1956, chap. 1. 


(300) Y. F. Shealy, C. A. Krauth, S. J. Clayton, A. T. Shortnacy, 
and W. R. Laster, Jr., J. Pharm. Sci., 57, 1562(1968). 


(301) C. A. Krauth, Y. F. Shealy, and J. A. Montgomery, J.  Ala. 
Acad. Sci., 33, 37(1962). 


(302) Y. F. Shealy and C. A. Krauth, J. Med. Chem., 9,34(1966). 
(303) T. L. Loo and E. A. Stasswender, J. Pharm. Sci., 56, 1016 


(1967). 
(304) A. D. McLaren and D. Shugar, “Photochemistry of 


Proteins and Nucleic Acids,” Macmillan, New York, N. Y., 1964, 
pp. 361, 362. 


(305) R. B. Field, G. Hoffman, V. S. Waravdekar, and I. Kline, 
Cancer Chemofher. Rep. (Part l) ,  53, 199(1969). 


(306) J. L. Skibba, G. Ramirez, D. D. Beal, and G. T. Bryan, 
Cancer Res., 29, 1944(1969). 


(307) K. Hano, A. Akashi, I. Yamamoto, S .  Narumi, and H. 
Iwata, Gann, 59, 207(1968). 


(308) E. H. White and H. Scherrer, Tetrahedron Lett., 1961, 
758. 


(309) E. H. White, H. Maskill, D. J. Woodcock, and M. A. 
Schroeder, ibid., 1969, 1713. 


(310) 0. Dimroth, Ber., 38,670(1905). 
(311) L. V. Alferova, B. A. Dolgoplosk, and V. A. Kropachev, 


Vysokomolekul. Soedin., 2, 31 1960); through Chem. Abstr., 54, 
23650f( 1960). 


(312) A. N. Lovtsova, T. N. Shatkina, and 0. A. Reutov, Dokl. 
Akad. Nuuk SSSR, 183, 1091(1968) (English translation, p. 1072). 


(313) A. Streitwieser, Jr., J. Org. Chem., 22, 861(1957). 
(314) H. Zollinger, “Azo and Diazo Chemistry,” Interscience, 


New York, N. Y., 1961, pp. 120-136. 
(315) E. H. White and D. J. Woodcock, in “The Chemistry of 


the Amino Group,” S. Patai, Ed., Interscience, London, England, 
1968, chap. 8. 


(316) Y. F. Shealy and C. A. O’Del1,J. Med. Chem., 9,733(1966). 
(317) Y. F. Shealy and C. A. Krauth, unpublished data. 
(318) W. R. Laster, Jr., and F. M. Schabel, Jr., unpublished data. 
(319) Y. F. Shealy, C. A. Krauth, R. F. Pittillo, and D. E. Hunt, 


(320) Y. F. Shealy, C. A. O’Dell, and C. A. Krauth, unpublished 


(321) K. Hano, A. Akashi, I. Yamamoto, S. Narumi, Z. Horii, 


(322) H. Nishio, I. Yamamoto, K. Kariya, and K. Hano, Chem. 


(323) Y. F. Shealy and C. A. Krauth, Nature, 210,208(1966). 
(324) Y. F. Shealy, C. A. Krauth, L. B. Holum, and W. E. 


(325) G. Hoffman, I. Kline, M. Gang, D. D. Tyrer, J. M. Ven- 


Cancer Chemofher. Rep. (Part l), 53, 165(1969). 


Bull., 17, 1720(1969). 


46, 195(1968). 


Biophys. Acta, 23, 402(1957). 


(1967); through Chem. Abstr., 68,28636q(1968). 


Org. Chem., 27, 215q1962). 


Biochem. Pharmacol., 11,674(1962). 


537(1939). 


J. Pharm. Sci., 56, 147(1967). 


data. 


and I. Ninomiya, Gann, 56,417(1965). 


Pharm. Bull., 17, 539(1969). 


Fitzgibbon, J. Pharm. Sci., 57, 83(1968). 


ditti, and A. Goldin, Cancer Chemother. Rep. (Part l), 52, 715 
(1968). 


(326) H. E. Skipper, F. M. Schabel, Jr., and W. S .  Wikox, 
Cancer Chemother. Rep., 35, l(1964). 


(327) I. Wodinsky, J. Swiniarski, and C. J .  Kensler, ibid., 52, 
393(1968). 


(328) D. D. Tyrer, I. Kline, M. Gang, A. Goldin, and J .  M. 
Venditti, Cancer Chemother. Rep. (Part l), 53,229(1969). 


(329) D. J. Abraham, J. S. Rutherford, and R. D. Rosenstein, 
J. Med. Chem., 12, 189(1969). 


(330) R. F. Pittillo and D. E. Hunt, Cancer Chemofher. Rep., 51, 
213( 1967). 


(331) A. P. Simonelli, S. C. Mehta, and W. I. Higuchi, 116th 
Annual Meeting, APHA, Montreal, Canada, May 1969. 


(332) R. H. James, P. D. Sternglanz, and Y. F. Shealy, J. Pharm. 
Sci., 58, 1193(1969). 


(333) P. D. Sternglanz, ibid., 59, 708(1970). 
(334) Y. F. Shealy and C. A. O’Dell, (a)  ibid., 59, 1358(1970); 


(335) C. W. Noel1 and C. C. Cheng, J.  Med. Chem., 12, 545 


(336) R. F. Pittillo and D. E. Hunt, Appl. Microbiol., 15, 531 


(337) D. E. Hunt and R. F. Pittillo, Proc. SOC. Exp. Biol. Med., 


(338) R. F. Pittillo and D. E. Hunt, ibid., 126, 555(1967). 
(339) D. E. Hunt and R. F. Pittillo, Cancer Chemofher. Rep., 52, 


(340) I. Yamamoto, Biochem. Pharmacol., 18, 1463(1969). 
(341) P. P. Saunders and G. F. Saunders, Abstracts, 158th 


National Meeting, ACS, Sept. 1969, No. BIOL 333. 
(342) T. L. Loo, E. A. Stasswender, J. H. Jardine, and E. Frei, 


111, Proc. Amer. Ass. Cancer Res., 8, 42( l967), abstract 163. 
(343) T. L. Loo, J. K. Luce, J. H. Jardine, and E. Frei, 111, 


Cancer Res., 28, 2448(1968). 
(344) T. L. Loo, B. B. Tanner, G. E. Housholder, and B. J. 


Shepard, J .  Pharm. Sci., 57, 2126(1968). 
(345) J. L. Skibba, G. Ramirez, D. D. Beal, R. 0. Johnson, and 


G. T. Bryan, Proc. Amer. Ass. Cancer Res., 10,83(1969), abstract 328. 
(346) C. MacDonald, N. Wollner, F. Ghavimi, and J. Zweig, 


ibid., 8,43(1967), abstract 167. 
(347) K. Hano, A. Akashi, Y. Suzuki, I. Yamamoto, S. Narumi, 


and H. Iwata, Jup. J .  Pharmacol., 17,668(1967). 
(348) S.  K. Carter and J. W. Newman, Cancer Chemother. Rep. 


(Part 3), 1, 63(1968). 
(349) J. K. Luce and W. G. Thurman, Proc. Amer. Ass. Cancer 


Res., 10, 53(1969), abstract 209. 
(350) G. N. Pershin and L. I. Shcherbakova, Farmakol. Toksikol., 


26,7121 1963). 
(351) H. Iwata, I. Yamamoto, and K. Muraki, Biochem. Phar- 


macol., 18, 955(1969). 
(352) L. J. Wilkoff, E. A. Dulmadge, and G. J. Dixon, Cancer 


Chemother. Rep. (Part l), 52, 725(1968). 
(353) G. E. Housholder and T. L. Loo, Life Sci., 8 (Part l), 533 


(1969). 
(354) R. Preussmann, A. von Hodenberg, and H. Hengy, Bio- 


chem. Pharmacol., 18, l(1969). 


and (6)  to be published. 


(1969). 


( 1967). 


125, 919(1967). 


553(1968). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received from the Kettering-Meyer Laboratories, Southern 
Research Institute, Birmingham, AL 35205 


The author is grateful to Mrs. Joan K. Whitworth for preparing 
the manuscript and for assistance with source materials; to Mr. 
Vladimir Mink for assistance with literature compilations; and 
to Chemotherapy, National Cancer Institute, National Institutes of 
Health, U. S. Public Health Service, Contracts PH43-64-51 and SA- 
43-ph-1740, and to the C. F. Kettering Foundation for support of 
investigations cited from these laboratories. 


1558 Journal of Pharmaceutical Sciences 








Cytotoxic Drugs in the Treatment of Cancer. Edited by EVELYN 
BOESEN and WALTER DAVE. Williams & Wilkins Co., Balti- 
more, MD 21202,1969. ix + 208 pp. 15 X 23 cm. Price $12.75. 
This book is aimed primarily at the physician using cytotoxic 


agents to control cancer; it is intended to provide a basic under- 
standing of the biochemistry of these agents. Alkylating agents, 
antimetabolites, plant products such as vincristine and vinblastine, 
and antibiotics are first discussed historically, and nucleic acid 
synthesis is reviewed. A chapter about structure-activity relations 
in the nitrogen mustard and antimetabolite classes of compounds de- 
scribes briefly the rationale behind these drugs. This chapter is 
followed by a review of methods of testing for anticancer activity, 
and an excellent discussion of the advantages and disadvantages of 
the methods in use today. 


The remainder of the book is devoted to consideration of the 
clinical application of the various classes of cytotoxic agents and of 
individual compounds in each class. The alkylating agents (nitro- 
gen mustards, dimethane-sulfonates, polyethyleneimines, and 
diepoxides) are extensively discussed, especially from a clinical 
standpoint. Throughout this discussion and others, rational drug 
therapy and the uses and limitations of cytotoxic agents are stressed. 
A brief chapter at the end of the book covers the use of drugs in 
conjunction with other methods of treatment and special techniques 
of administration. 


This reviewer feels that the book has accomplished its stated ob- 
jective of discussing the use and limitations of cytotoxic drug therapy, 
and that the book will be of value to the physician concerned with 
the clinical use of such agents. Although some areas of current re- 
search interest are omitted, notably the work being done on camp- 
tothecin, the book would be a valuable addition to a medically 
oriented library. 


Reviewed by Gerald Carlson 
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University of North Carolina 
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J. SCHILDKRAUT. Little, Brown and Co., Boston, MA 02106, 
1970. xiv + 111 pp. 14.5 X 21.5 cm. Price$10.50. 
This book, the contents of which were originally published in the 


New England Journal of Medicine, briefly reviews the biochemical 
pharmacology of psychoactive drugs. The emphasis is on the find- 
ings of the past decade concerning the changes in biogenic amine 
metabolism produced by various psychoactive drugs. 
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Nursing Home Standards: A Tragic Dilemma in American Health. 
By JORDAN BRAVERMAN. American Pharmaceutical Association, 
Washington, DC 20037, 1970. i + 75 pp. 21.5 X 27.5 cm. Price 
$2.50. 
This study of nursing home standards examines both state and 


Federal regulations relative to the construction and operation of 
nursing homes. Also covered are the standards which American 
nursing homes must meet to qualify for certification and operation 
under Federal Medicare and state licensure programs as well as the 
apparent absence of even minimum standards in some areas. Sum- 
mary tables of Federal and state standards are given. 
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on thin-layer plates as described in the Experimental section. The 
DIH reagent was used because of its high reactivity toward carbonyl 
compounds (15, 16). Thermal degradation products of this ascorbic 
acid-silicic acid system are shown in Fig. 4. Examination of the 
chromatogram does indicate the absence of furfural, the possible 
presence of levulinic acid, and, in addition, other unidentified deg- 
radation products, and strongly suggests that ascorbic acid in this 
adsorbed state undergoes a different type of degradation from that 
in aqueous solution. Although furfural was not detected in this 
system, it is still possible that any furfural formed could have vol- 
atilized from the solid surface or undergone polymerization. It is 
highly unlikely, however, that levulinic acid results from furfural 
degradation, since Lamden and Harris (11) pointed out that the 
formation of furfural in solution degradation does not result from 
dehydroascorbic acid which, as mentioned before, is probably the 
first step in the oxidation of ascorbic acid in the adsorbed state. 
It is, therefore, highly likely that the degradation pathway in the 
adsorbed state may be quite different from that in solution. 


REFERENCES 


(1) L. R. Snyder, “Principles of Adsorption Chromatography,” 
Marcel Dekker, New York, N. Y., 1968, p. 160. 


(2) J. Gueyne and M. I. Duffaut, Fr. M. 1069, Feb. 19, 
1962, Appl. Aug. 31, 1960; 13  pp.; through Chem. Abstr., 59, 
1291 lc(1963). 


(3) R. Strohecker and H. M. Henning, “Vitamin Assay,” 
Verlag Chemil GMBH, Weinheim/Bergstr., 1965, p. 233. 


(4) J. L. Lach and M. Bornstein, J. Pharm. Sci., 54,730(1965). 
( 5 )  “The United States Pharmacopeia,” 17th rev., Mack 


Printing Co., Easton, Pa., 1965. 
(6) V. A. Usoltseva, I. G. Chistyakov, and M. D. Nasyrova, 


Zzv. Vyssh. Ucheb. Zaved., Khim. Khim. Tekhnol., 8, 65(1965); 
through Chem. Abstr., 63, 2848f(1965). 


(7) C. Duval, Mikrochim. Zchnoanal. Actu, 6, 1073(1964). 
(8) J. P. Comer and L. D. Howell, J. Pharm. Sci., 53,335(1964). 
(9) W. W. Wendlandt and H. G. Hec, “Reflectance Spectros- 


copy,” Interscience, New York, N. Y., 1966, p. 62. 
(10) S. Otani, Yakuzaigaku, 24, 293(1964). 
(11) M. P. Lamden and R. S. Harris, Food Res., 15,79(1950). 
(12) I. Tanaka and S. Otani, Yakuzaigaku, 22, 150(1962). 
(13) T. Kurata and Y. Sakurai, Agr. Eiol. Chem., 31, 170(1967). 
(14) P. Finholt, I. Alsos, and T. Higuchi, J. Pharm. Sci., 54, 


(15) W. A. Mosher, I. S. Bechara, and E. J. Pozomek, Talantu, 


(16) R. A. Braun and W. A. Mosher, J. Amer. Chem. SOC., 80, 


18 1( 1965). 


15,482 (1968). 


3M8( 1958). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received January 21, 1970, from the College of Pharmacy, 


Accepted for publication March 27, 1970. 
This work was supported by Research Grant GM-13178 from 


the National Institutes of Health, U. S. Public Health Service, 
Bethesda, Md. 


University of Zowa, Zowa City,  ZA 52240 


Electrostatic Interaction of Oil Droplets 
with Adsorbed Surface-Active Ions 
in Dilute Electrolyte Solutions 


N. F. H. HO, A. SUZUKI*, and W. I. HIGUCHI 


Abstract 0 Using the Haydon-Taylor model in which the surfactant 
head groups are situated at some distance from the oil surface, the 
interaction energy of electrostatic repulsion ( VR) between oil drop- 
lets in dilute electrolyte solutions is derived for the two cases: 
constant-surface potential and constant-surface charge. For com- 
parison, the repulsive energy is also derived for the constant-surface 
charge case without the effect of this adsorbed layer model. The 
Haydon-Taylor model accounts for the penetrability of the elec- 
trolyte and dielectric constant in the adsorbed surfactant layer of 
varying thickness, the degree of surface coverage, particle-size effect, 
ionic strength, and the dielectric constant in the bulk solution. In 
the constant-potential case, the resulting VR equation is identical to 
the classical Derjaguin, Landau, Venvey, and Overbeek (DLVO) 
one. Computations show that as flat plates and spheres approach 
each other, VR (constant-surface charge with impenetrable ad- 
sorbed layer) > VR (constant-surface charge with penetrable ad- 
sorbed layer) > VR (constant-surface potential). Because of the 
possible 50- to 1Wfold difference in magnitude between them, prop- 
er choice of the model is important when considering application 
of the theory to the rigorous kinetic treatment of the coalescence 
of o/w emulsions and flocculation of suspensions. 


Keyphrases 0 Oil droplets, electrostatic interaction-adsorbed 
surfaceactive ions 0 Electrolyte solutions-oil droplets, adsorbed 
surface-active ion interaction 0 Repulsive interaction-flat plates, 
spheres 0 Emulsions-particle collision probability 


In those dispersed systems in which the primary bar- 
rier to flocculation (or coalescence) is electrical, the 
classical theory of the repulsive interaction of overlap- 


ping electrical double layers between two particles coin- 
bined with the attractive interaction due to dispersion 
forces is used. Moreover, the usual model employed 
for the repulsive energy requires that the surface po- 
tential remains constant during the collision of particles, 
although the model on constant-surface charge, in 
which case the surface potential increases during the 
encounter, is applicable in most dispersed systems (1). 


Frens et al. (2, 3) showed that the collision of silver 
iodide colloidal particles in aqueous electrolyte solu- 
tions was more appropriately explained by the constant- 
surface charge condition. They employed the exact 
solution of the Poisson-Boltzmann equation in the form 
of elliptical integrals. Recently, while examining the 
question of the surface potential or charge remaining 
constant during the mutual approach of particles, Jones 
and Levine (4) derived approximate expressions in 
series form, and Muller ( 5 )  derived exact equations 
expressed as elliptical integrals. 


Haydon and Taylor (6-8) proposed a model for the 
adsorption of ionic surface-active agents at the oil/ 
water interface, allowing for the penetration of mobile 
ions into the adsorbed layer of surfactant molecules 
situated at some equilibrium distance from the inter- 
face. They calculated the potential in the aqueous sur- 
face phase and related it to surface-pressure area 
measurements. The Poisson-Boltzmann equation was 


Vol. 59, No. 8, August 1970 0 1125 







REGION 
I[ I 


l I 
-8  0 d 2d 2d+ 6 
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Figure 1-Distribution of potential between weakly interacting elec- 
trical double layers of oil droplets in a dilute electrolyte solution with 
an ionic surfactant layer extending from the olw interface. Region I 
is the surfactant layer penetrable to small ions and Region I 1  is the 
bulk solution. 


assumed and applied to both sides of the plane of the 
head groups. Levine et al. (9) criticized Haydon and 
Taylor’s mathematical estimation of the extended 
equilibrium distance of the ionized monolayer and 
pointed out that the assumption of a Boltzmann dis- 
tribution of penetrating counterions behind the plane 
of the ionized monolayer becomes physically somewhat 
unrealistic in the limit that the available space for ion 
penetration becomes small as compared to the size of 
the penetrating ion. Recently, Gingell(10, 11) used the 
model to calculate the changes in the potential in the 
surface and aqueous phases between two approaching 
particles as a possible physical mechanism for inter- 
cellular interactions. The purposes of this paper are to 
utilize the model for interacting particles to derive 
simple expressions for the repulsive energy of interac- 
tion at constant-surface charge and to compare them 
with the usual energy expressions for constant-surface 
potential. As will be seen, this becomes necessary for 
the rigorous study of the kinetics of flocculation (or 
coalescence) of emulsions whereby one accounts for 
the probability of random collision of the entire par- 
ticle-size distribution through Smoluchowski’s funda- 
mental equation and Fuchs’ stability factor (12, 13). 
The results of this paper can also apply to suspensions. 


THEORY 


The Haydon-Taylor model for o/w emulsions containing ionic 
surfactants in dilute electrolyte solutions is assumed. The adsorbed 
surfactant molecules at the o/w interface are arranged in such a 
manner that the ionized head groups extend to some distance from 
the interface (Fig. 1). To treat the interaction energy of electrostatic 
repulsion between two oil droplets by way of the energy of interac- 
tion between two flat plates, the following system is used. 


1. Region I, in which (-6 5 x 5 0)  and(2d5 x 5 2d + G),isthe 
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Figure 2-Comparison of repulsive energy proJies for constant- 
surface charge, constant-surface charge with a penetrable surfactant 
layer, and constant charge with an impenetrable surfactant layer 
models for two equal spheres: +O = +O,m = 10 and25 mu., K = 101cm.J, 


= 80, E I  = 4, a = I . O p ,  6 = 1 / K  em., a n d d  = 0.75. 


region of the adsorbed surfactant layer and with the dielectric con- 
stant e ~ .  The surface-active ions are mobile, and the ionic head as- 
sumes an equilibrium distance 6 from the o/w interface. Since sol- 
vent and electrolyte are allowed to penetrate this layer, there is an 
a2, the volume fraction of this region accessible to small ions, and 
the characteristic K I ,  the reciprocal Debye-Huckel length. The o/w 
interface is uncharged, and there is no penetration of ions into the 
oil phase, thus requiring that (d$/dx)-a = 0 (9). 


2. Region 11, in which (0 2 x 5 2d), is the region of the bulk 
aqueous phase of dielectric constant e and reciprocal length param- 
eter K. The size of the surface-active head group is neglected. 


Repulsive Interaction between Similar Flat Plates-Assuming the 
modified Gouy-Chapman model of the electrical double layer for a 
flat plate and the linearized Debye-Huckel approximation for small 
potentials (<25 mv.), the resulting Poisson equations are: 


RegionI: 3 = a2~L2# (Eq. 1) dx2 


where + is the potential and the other terms are previously defined. 
When the boundary conditions for the left plate are applied, i.e., 


Region I :  # = $0 at x = 0 
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Figure 5Comparison of total potential energy profiles between three 
interacting double-layer models; t/Io = t/Io,m = 25 mu., K = 101 
E = 80,er = 10,a = 0 . 5 p , 6  = I/Kcm.,andu2 = 0.75. 


the solutions to Eqs. 1 and 2, respectively, are 


(-6 I x I 0) 


For the corresponding right plate, 


( d I x I Z - 4  


The surface charge density for the left plate is defined by 


where b2  = e / e ~  2 1 and, consequently, LI = bK. It can be shown 
from the symmetry of the system that 


U L  = U R  (Eq. 9) 


Depending upon the case when the surface potential or charge is 
constant, Eq. 8 expresses each parameter as a function of plate dis- 
tances. 


When the plates are brought together from infinity, the general 
expression for the potential energy of repulsion is 


V M P I P )  = F2d - F, (Eq. 10) 


800 


60C 


c 
i P 


40C 


20( 


1 2 
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Figure &Effect of the dielectric constant in the penetrable ionic 
surfactant layer on the repulsive energy of interaction between two 
equal spheres under the condition of constant charge; y h m  = 25 
mu., K = 10' cm.-I, €1 = 80, a = 1.0 p ,  6 = I /K cm., anda2 = 0.75. 


If the surface potential, Jl0, is constant and small and the potential 
between the interacting plates is equal to the sum of the potentials 
of the individual double layers, the free energy of the two similar 
plates (14) can be approximated by 


Fza = - ) (UL$OL + UR$OR) (Eq. 11) 
- - -u+o 


and 
F, = lim F2d 


2d+ m 


After substituting for u from Eq. 8 into Eqs. 11 and 12, the potential 
energy is 


$ o  = const. 


On the other hand, if the surface charge density, u, is considered 


(Eq. 14) 


to be constant and small, 


Fzd = %UL$OL + UR$OR) 


- - o+o 


Substituting for $o from Eq. 8 into Eqs. 14 and 12, 


u = const. 
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Table I-Inhence of the Constant Potential and Charge 
Repulsive Energy Models on the Collision Probability of Equal 
Spherical Particles" 


$0, mv. WdW!h WCI WG., 


5 
10 
15 
20 
25 


3.91 
15.65 
35.21 
62.60 
97.81 


5.00 x 101 
6.26 x i o 6  
I .95 x 1014 
1.52 X loz6 
>> 1026 


a a = 1.0 p, c = 80, KH,,, N 1. 


where A = a/b tanh abK8 (0 5 A < 1). However, it is recognized 
from Eq. 8 that because the plates are infinitely apart, the con- 
stant-surface charge is 


6%. 16) 
t K  


= h m ( A  + 1) 


where is the surface potential of a single double layer and is 
comparable in magnitude to the (-potential. Thus, Eq. 15 may be 
expressed again by 


""> (Eq. 17) W I C / ~ , ~ ~ ( A  + 1) 1 - tanh 
v R ( P I P )  = 4?r ( A  + tanh K d  


u = const. 


If Region I of the adsorbed layer is impenetrable to small ions, i.e., 
A = 0, then Eq. 17 reduces to the interaction energy of repulsion 
for a classical flat-plate model a t  constant-surface charge: 


u = const. 


Repulsive Interaction between Spheres-It has already been shown 
that the approximate interaction energy of repulsion between two 
spheres can be derived via the flat, double-layer approach (15). 
In general, 


(al, a2 >> H) 
(KUl, Ka2 >> 1) 


where a1 and a2 are the radii of the corresponding spheres, and H i s  
identical to 2d for the plate distances. Analogous to the various 
cases of VR(PIP)  in the previous section, it follows that: 


(a) If $0 is constant, 


(b) If u is constant and the adsorbed ionic surfactant layer model 
is assumed, 


0%. 21) 


(c) If u is constant and the adsorbed layer is impenetrable to 
small ions, 


It is noteworthy that, in the constant-surface potential case, the 
resulting V R ( S / S )  of Eq. 20 is identical to the classical DLVO one 
(16). It is implicit in Eqs. 17, 18,21, and 22 that the potential at the 
surface ($a) increases as the two particles approach each other. In 
the limit of a1 >> az, the interaction energy of repulsion for a 
sphere and a plane can be approximated. Here, the energy is de- 
pendent upon the particle with the smallest radius of curvature. 


Table 11-Correction to the (-Potential for the Usual 
Constant-Surface Potential Model of Repulsion Energy 
Used when the Constant-Surface Charge Case Is the Physically 
Applicable Model" 


Go, mv.-------- r ,  mv. K H ,  = 0.5 K H ~  = 1 


10 
15 
20 
25 
30 
50 


14.0 
21.1 
28.1 
3 5 . 1  
42.1 
70.2 


12.1 
18.2 
24.2 
3 0 . 3  
36.3 
6 0 . 5  


a Calculations based on Eq. 26 assuming r N +arn. 


It is possible to estimate the volume fraction 0 1 ~  in Region I ac- 
cessible to small ions in terms of the surface charge density: 


where r is the radius of the surfactant chain taken as a cylinder. 


RESULTS AND DISCUSSION 


Significance of the Repulsive Energy Models on Emulsion Sta- 
bility-Computation employing Eqs. 20-22 were carried out for a 
range of conditions. Figure 2 shows that as two particles approach 
each other, VR (constant u without the effect of the adsorbed layer 
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Figure 5-Efect of the tliickness of the adsorbed surfactant layer on 
the repulsive energy between two equal spheres under the condition of 
constant charge; $asrn = 25 mu., K = lo7 cm.-', e = 80, B I  = 4, a = 
1.0 p, and 0 1 ~  = 0.75. 
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Figure 6-Effect of the aolume in the adsorbed layer available for ion 
penetration on the repulsive energy curve; +ulm = 25 mu., K = lo7 
cni.-', E = 80, €1 = 4, a = 1.0 p, and6 = I/. cm. 


model) > VR (constant u with effect of the model) > VR (constant 
#u). Because a 50- to 100-fold difference in magnitude may exist 
between the three cases at close interparticle distances under certain 
environmental conditions, i.e., in the order of O S / K  to 1 / ~  cm., the 
proper choice becomes important when one desires to apply it to 
the rigorous treatment of the coalescence of o/w emulsions and also 
the flocculation of suspensions. At far distances, the VR'S of the 
three models approach the same asymptotic values. 


To illustrate the importance of the proper choice of the repulsive 
energy model to predict emulsion stability, consider the two ex- 
treme models: VR ($0 constant) and VR (a constant for an ion- 
impenetrable adsorbed surfactant layer). In general, the probability 
of collision between two equal spheres is given by the reciprocal of 


where W is the Fuchs probability factor, and VT==. is the maximum 
in a potential energy curve consisting of the sum of the repulsive 
and attractive energy of interaction ( VT = VR + VA). Using Eqs. 
20,22, and 24, it can be shown that 


In !!?!!?% - VRmar. - VRmar. > / k T  (Eq. 25) 
W&const. 4 ueonst. +.000n.t. 


The results of Eq. 25 for 1.0-p radius particles in a dilute elec- 
trolyte solution, in which the minimum interparticle distance H ,  is 
approximately I /K cm., are found in Table I. Usually, the VR ($0 


constant) model is used to describe the electrostatic barrier, in 
which case there must be rapid equilibrium of desorption and ad- 


sorption of surface charges during collision. However, in most 
physical systems it is more reasonable that the surface charge r e  
mains constant during the encounter, in which case the double-layer 
overlap leads to an increase in $0 (1). Therefore, depending upon 
the model chosen, it becomes evident from Table I that one can 
overestimate or underestimate the probability of collision (or emul- 
sion and suspension stability) by many orders of magnitude. In 
Fig. 3 the total potential energy curve illustrates another example. 
There are experimental evidences that may be explained in part by 
the constant-surface charge model. In the study of the flocculation 
of latex particles, Higuchi et al. (17) required higher concentrations 
of electrolyte to reproduce the same initial rate, despite repeated ef- 
forts to purify the particles. Also, Johnson et al. (18) obtained stable 
arachidic acid sols a t  zero I-potential. However, later they showed 
some evidence that the structuring of water about the particles 
might provide an additional repulsive factor (19). 


This discussion leads to the questionable use of I-potential mea- 
surements to predict the stability of dilute aqueous dispersions in 
which the primary barrier is electrical. Again consider the two ex- 
treme cases and equate Eqs. 20 and 22. It follows that 


$a2 - ln(1 - e--rHm) 
$O,m2 ln(1 + e--x*m) 0%. 26) 


and some results are shown in Table 11. If Eq. 20 is used to estimate 
the repulsive interaction energy and collision probability and if the 
constant-surface charge model is more correct, then one should use 
a surface potential higher in magnitude than the observed I-PO- 
tential (p 'v Go,-). From a practical viewpoint, the low absolute 
value of the p-potential may underestimate the degree of repulsive 
interaction and stability of a system unless the potential is sufficiently 
high so that it does not make a difference. 


Repulsive Energy According to the Penetrable Adsorbed-Layer 
Model-To study the behavior of the properties of the adsorbed 
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Figure I-Effect of the particle size of two spheres on the repulsive 
energy curve; $0,- = 25 mu., K = I07cm.-1, E = 80, el = 4 , 6  = I /K 
cm., and a2 = 0.75. 
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Figure 8-Efect of the electrolyte concentration on the repulsive 
energy curve; $0,- = 25 mu., e = 80, er = 4, a = 1.0 P, 6 = 11. em., 
and& = 0.75. 


layer of ionic surfactant on the interaction energy of repulsion, Eq. 
21 was used. Figures 4-6 show that a decrease in dielectric con- 
stant, the thickness of the adsorbed layer, or the volume fraction of 
the adsorbed layer accessible to small ion penetration leads to a 
VR larger in magnitude than that for the opposite situation and, in 
effect, makes the layer less ppetrable to small ions. The thickness 
of the layer is about 3-10 A. The low dielectric constant of the 
solvent in the layer affects the solubility and ionic distribution. 
Usually, the dielectric constant of the bulk aqueous solution is 
taken to be 80, while that in the layer is considerably lower, per- 
haps 4-10. 


It is observed that the V R  (constant-surface charge) of the ad- 
sorbed-layer model approaches VR (constant-surface potential) at 
close particle separations as the values of er, 6, and cy2 are increased. 
The greater penetrability of ions leads to a more effective screening 
of the surface charges and a decrease in the interaction energy. 
In Fig. 7, it is seen how the particle size has a marked effect on 


the magnitude of the repulsive energy and a consequential increase 
in the preference for coalescence (or flocculation) of small particles 
over larger ones. The usual influence of the electrolyte concentration 
on the V R  iiersus H profiles is shown in Fig. 8. 


CONCLUSION 


In an o/w emulsion, in which the change in the particle-size dis- 
tribution with time appears to occur primarily through droplet- 
droplet coalescence after overcoming an electrostatic barrier to the 
encounter, the repulsive energy of the constant-surface potential 
model may prevail in the initial kinetic history of the emulsion. 
The surface coverage of ionic surfactants is low in a freshly prepared 
emulsion, say about 5-10% of maximum coverage. Here it is 
believed that rapid equilibrium of desorption and adsorption of 
surfactant molecules occurs during the close approach of the drop- 
lets. However, at later periods when the total surface area of the 
system is smaller and the surface coverage higher, the repulsive 
energy according to the Haydon-Taylor model under the condition 
of constant-surface charge may then prevail. Intermediate situa- 
tions between these two periods are also conceivable. Kinetic studies 
of this nature are being conducted on o/w emulsions with ionic 
surfactants utilizing Smoluchowski’s fundamental flocculation 
equation treatment reported in an earlier paper (1 3). 
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Aid-Calcd. for C~H4,N30&:  C, 46.20; H ,  7.23; N, 7.35; S, 
33.64. Found: C, 45.97; H, 7.05; N, 7.05; S, 33.62. 


Bis(2-amino-3-cyano-4-methyl-5-thienyI)~fid~A mixture of 58 
g. (1 mole) of acetone, 13.2 g. (0.2 mole) of malononitrile, and 6.4 
g. (0.2 g. atom) of sulfur was treated dropwise with 20 ml. of tri- 
ethylamine. The mixture was stirred at  30-35" for 7 hr. and allowed 
to stand at room temperature for 36 hr. After addition of 400 ml. 
of aqueous ethanol (1 : 1) and vigorous stirring, a tan, crystalline 
prcduct was obtained which was extracted with boiling ethanol, 
gi\ ing 1.85 g. (3 %) of product; m.p. 255-257 O. 


Anal.-Calcd. for CI2H,,NaS,: C, 47.03; H, 3.29; N, 18.28; S, 
31.39. Found: C, 47.14; H, 3.38; N, 18.15; S ,  31.28. 
4-Amino-5,6-dirnethylthiopheno[2,3-d]pyrimidm~A mixture of 


3.04 g. (0.02 mole) of 2-amino-3-cyano-4,5-dimethylthiophene (9, 
30 ml. of formamide, and two drops of acetic anhydride was re- 
fluxed at 16Ck165" for 2 hr. After being cooled, a solid product was 
isolated and recrystallized from dioxane, giving 1.48 g. (39%) of 
white crystals; m.p. 261-263"; IR (KBr) 1650 ( N H 2 ) ,  3400 (NH,) 
cm.-l. 


Anal.-Calcd. for CsH9N8S: C, 53.47; H,  5.21; N, 23.22; S, 
18.25. Found: C, 53.61; H, 5.01; N, 23.44; S, 17.94. 
4-Amino-5,6-tetrarnethylenothiopheno[2,3-~pyrimidine-A mix- 


ture of 3.56 g. (0.02 mole) of 2-amino-3-cyano-4,5-tetramethyleno- 
thiophene (5), 30 ml. of formamide, and two drops of acetic an- 
hydride was refluxed at 165-170" for 2 hr. After being cooled, a 
solid product was isolated and recrystallized from dioxane, giving 
0.7 g. (17z) of white product; m.p. 261-263"; IR (KBr) 1635 
(NH,), 3350 (NH,) cm.-I. 


And-Calcd. for CloHlIN2S: C, 58.23; H, 6.32; N, 21.15; S, 15.62. 
Found: C, 58.51; H,  5.94; N, 20.67; S, 16.01. 
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N-Substituted Aminoethanethiols and N-Substituted 
Aminoethanethiol S-Sulfonic Acids as Radioprotective Agents 


F. I. CARROLL and MONROE E. WALL 


Abstract 0 Several N-substituted aminoethanethiols and N-sub- 
stituted aminoethanethiol S-sulfonic acids were tested as potential 
radioprotective agents. 2-(2'-Carbamidoethy1amino)-ethanethiol 
(Iu), 2-(2'-carboxyethylamino)-ethanethiol (Ib), 2-(2'-cyanoethyl- 
amino)-ethanethiol (Ic), and 2-(2'-carbamidoethylamino)-ethane- 
thiol S-sulfonic acid (IIa) exhibited significant protective effects 
against ionizing radiation. Compound Ia showed the highest 
activity and was selected for further radiation-protection test 
studies. The structure-activity relationships of this class of corn- 
pounds are discussed. 


Keyphrases 0 Aminoethanethiols, N-substituted-radioprotective 
capacity, structureeactivity relationships Aminoethanethiol 
S-sulfonic acids, N-substituted-radioprotective capacity, struc- 
ture-activity relationships Radioprotective agents-amino- 
ethanethiols, aminoethanethiol S-sulfonic acids, N-substituted 


~ ~~~ 


A recent list of the various types of compounds that 
show radioprotective properties has appeared and 
their structure-activity relationships have been discussed 
( 1). Aminoalkylthiols constitute the most effective 
class of radioprotective agents. The initial discovery 


that 2-mercaptoethylamine (MEA) offered protection 
to mice against ionizing radiation (2) led to  the syn- 
thesis of several hundred derivatives of this compound. 
Structural requirements necessary for radioprotective 
activity have evolved from the test results on these 
compounds and have been summarized (1). This effect 
was not observable when one or two alkyl substituents 
were placed on the carbon containing the thiol function 
of MEA (3, 4).l Subsequently, it was found that some 
N-substituted aminoethanethiols and N-substituted 
aminoethanethiol S-sulfonic acids, prepared in this 
laboratory, showed significant protection against ioniz- 
ing radiation. In this report the radioprotection test 
results on these compounds are .presented, and their 
structure-activity relationships are discussed. 


1 Subsequent antiradiation test results have shown that 2-mercapto- 
2-methylaminopropane hydrochloride, when administered at 90 
mg./kg. i.p. using CMCTW as vehicle, gave 67% survival to mice ir- 
radiated with 825 r. (See footnotes to Table I1 for explanation of test 
data.) 
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METHOD 


The synthesis of all the compounds listed in Tables I and I1 has 
been reported previously (5, 6). The irradiation was performed 
utilizing either a 300-kvp. GE Maxitron Unit, dose rate in air 45 
r/min., or a 6oCo irradiator, which contained a 1200-c. source, 
with dose rate between low50 r/min. (7). Female mice of the 
Walter Reed Bagg Swiss or Inbred Charles River (ICR) strain, 
5-6 weeks old and weighing 21-25 g., were used. Forty mice were 
exposed to whole body lethal irradiation. Equal numbers of con- 
trol mice injected with only the vehicle used for the particular drug 
evaluation were irradiated simultaneously. The mice were exposed 
in a perforated Lucite dish which rotated continuously during 
exposure. A 30-day period for survival was observed. All control 
animals died before the 21st day following exposure. Survival of 
treated mice was interpreted as good ( > 4 5 z  survival), fair (25544% 
survival), slight (l-2$% survival), and none (0% survival).Z 


RESULTS AND DISCUSSION 


Structure-activity relationship studies on MEA and its derivatives 
have established that the presence of a basic function and a free 
thiol group or function readily convertible to a free thiol in Giuo 
is necessary for high radioprotective effect. Alkylation of the amino 
group of MEA gives compounds with varied activities. Simple 
N,N-dialkyl derivatives of MEA exhibited little or no effect, whereas 
significant effects were observed in N-(2’-phenethylamino)-ethane- 
thiol and N-(2’-thienylethylamino)-ethanethiol (8). Good radio- 
protection was also found in several other N-substituted amino- 
ethanethiols. The results are summarized in Table I. Significant 
activity was observed in the case of the 2-carbamidoethyl derivative 
(la), 2-carboxyethyl derivative (Ib), or 2-cyanoethyl derivative 
(Ic), and the activity was considerably reduced with the 2-car- 
bethoxyethyl derivatives (Id and Ie). This reduction of activity 
could possibly be connected with the ester function, since several 
other ester derivatives (If-k) offered either slight activity or no 
effect at all. 


A similar structure-activity relationship was also observed in the 
N-substituted arninoethanethiol S-sulfonic acids: good activity 
when the N-alkyl group was 2-carbamidoethyl (Ha) and reduced 
activity when a methyl group was placed alpha to the amide func- 


2 These antiradiation screening tests were performed at the Walter 
Reed Army Institute of Research, Washington, D.C., under the direc- 
tion of J. P. Jacobus. 


tion, N-alkyl equal 2-carbamidopropyl (114. Placement of alkyl 
substituents on the amide nitrogen, Compounds IIb and Ilc, re- 
sulted in a complete loss of activity. With the exception of Com- 
pound IIe, which showed only slight activity, the remaining com- 
pounds were inactive. 


The good radioprotective property of Compounds Ia-c and Ilu, 
with their relatively low toxicity, has created additional interest in 
these agents. In particular, the amide (Ia) that showed the highest 
activity was selected for further radioprotection studies. 


The S-triphenylmethyl derivative (111) of Ia was tested for poten- 
tial latent antiradiation activity but proved to be completely 
inactive. 


(CsHs)aCSCHzCHzNHCHzCHzCONHz 
I11 
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Corneal Absorption Reinforcement of 
Certain Mydriatics 


EUNICE S. N. WANG and E. ROY HAMMARLUND* 


Abstract 0 By using a prebuffer technique or by adding buffer 
and/or viscolizer to certain dilute mydriatic solutions, similar physi- 
ological effects were obtained as were given by unbuffered solutions 
that were 10 times more concentrated. Isotonic, sterile, 2.6% sodium 
borate solution was found to be an effective buffer for the following 
solutions: 0.1 homatropine HBr, and 1 phenylephrine HCI 
plus 0.1 cyclopentolate HC1. These concentrations provided 
adequate dilation for routine eye examinations. The addition of 0.5 
hydroxypropyl methylcellulose, 4000 cps., to buffered mydriatic 
solutions did not show any further increase in pupil size of Cauca- 
sians compared to the same buffered solutions without viscolizer. 
However, when used similarly in the eyes of Orientals, the viscous 
solutions produced a more marked dilating effect. No eye irritation 
was reported by any of the human test subjects for any of the dilute 
experimental eye drops tested. The results of the animal experi- 
mentation indicated that the several biological buffers tested [tro- 
methamine, 2-(N-morpholino)ethanesulfonic acid, and N,N-bis(Z- 
hydroxyethyl)glycine] were not as effective as sodium borate for 
increasing the corneal absorption of the medicinal agents used. 
The pKa value of cyclopentolate HCl, determined by titration, was 
found to be 1.93. 


Keyphrases 0 Mydriatics-orneal absorption reinforcement 
Corneal absorption, mydriatics-reinforcement Buffer effect- 
corneal absorption pH effect-mydriatic activity 17 Cyclopento- 
late HC1-pKa determination 


Good therapy involves the efficient use of a drug 
so that the body encounters minimal chemical challenge 
to achieve the desired effect. In the case of ophthalmic 
solutions, modification of the vehicle must be con- 
tinuously studied since it has the potential for improving 
therapy. 


Because the cornea of the eye is more permeable to 
lipid-soluble than to water-soluble substances, the 
nonionized form of a drug, which is more lipid soluble, 
will be absorbed through the cornea more rapidly than 
the lipid-insoluble ionized form. The degree of dis- 
sociation of a drug in tears (normal pH 7.4), predictable 
from its pKa, and the capacity of tear buffers to over- 
come the buffer effect of the drug play vital roles in 
corneal drug absorption. The short-term alteration 
of pH also may affect the rate of corneal uptake. 


Since the physiological effect of alkaloidal eye drops 
results from an absorption of the free base portion of 
the alkaloid, greater response should be obtained if the 
drugs are administered in alkaline media. However, due 
to the instability of many alkaloids in alkaline solution, 
this procedure is not usually possible. Previous studies 
by Boberg-Ans et al. (1) have shown that pretreatment 
of the eye with a drop of sterile, isotonic, 2.6 % sodium 
borate solution (pH 9.2) can markedly reduce the 


dose required for an alkaloidal drug to produce a 
mydriatic or miotic response in the eye. 


In 1966, Good et al. (2) described a series of organic 
buffers, called “biological buffers,” for use in biological 
systems. No report has appeared on the effect of these 
biological buffers on the corneal absorption of oph- 
thalmic drugs. 


The objective of this study was to investigate some 
related aspects of prebuffering the eye or of buffering 
certain mydriatic eye drops with various alkaline 
buffers along with the utilization of some viscolizers 
in order to obtain increased physiological response in 
both rabbit and human eyes. 


Since Howard and Lee (3) and others have shown that 
there is a difference in mydriatic response between 
persons of different races, both Oriental and Caucasian 
subjects were included in this study. In addition, the 
previously unreported dissociation constant for cyclo- 
pentolate HC1 was determined experimentally. 


EXPERIMENTAL AND RESULTS 


Subjects and Materials-The experimental subjects employed 
were Caucasian and Oriental humans, both male and female, 
and New Zealand white rabbits, female, weight 2-2.5 kg. The 
mydriatics used were cyclopentolate HCl,’ homatropine HBr 
USP,* and phenylephrine HCI USP.3 The buffers utilized were 
sodium borate decahydrate,* N,N-bis(2-hydroxyethyl)glycine,6 2- 
(N-morpho1ino)ethanesulfonic acid.6 and tromethamine.7 The vis- 
colizers employed were hydroxypropyl methylcellulose 4OOO CPS.~ 
and polyvinyl alcohol.9 


Preparation of Aqueous Solutions of Mydriatics and Buffers-All 
aqueous drug and buffer solutions (without viscolizer) were prepared 
and sterilized by filtration through sterile membrane (0.45 f i )  
into sterile dropper bottles; subsequent transfers were made with 
sterile pipets. Adjustment of the tonicity of the test solutions was 
not considered. All eye drops prepared were stored in O.~-OZ., 
light-resistant, sterile, all-glass dropper bottles. To standardize the 
size of the drops instilled, only droppers that delivered 71-74 drops 
of water to give exactly 4 ml. when dropped vertically into a small 
cylindrical graduate were used. 


Preparation of Ophthalmic Vehicles Containing Viscolizers-A 
double concentrated solution of each viscolizer, i.e., 1 % hydroxy- 
propyl methylcellulose and 2.8 polyvinyl alcohol, was prepared 


1 Cyclogyl, Schieffelin and Co., New York, N. Y. * Merck Co., Inc., Rahway, N. J. 
* Neo-Synephrine HCI, Winthrop Laboratories, New York, N. Y. 
4 Reagent grade, 3. T. Baker Chemical Co., Phillipsburg, N. J. 
6 Bicine, A grade, Calbiochem, Los Angeles, Calif. 
6 MES, A grade, Calbiochem, Los Angeles, Calif. 


Tris, buffer grade, Nutritional Biochemicals Corp., Cleveland, Ohio. 
8 Methocel, 90 HG, premium, Dow Chemical Co.! Midland, Mich. 
9 99 7 hydrolyzed; Mafheson, Coleman and Bell, Cincinnati, Ohlo. 
10 Swinnex, Millipore Fdter Corp., Bedford, Mass. 
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Figure 1-Mydriatic effect of dilating solutions on humans (Cau- 
casian), both with and without borate prebuffer. Key: 0, unbuffered 
concentrated dilating solurion; 0, dilute dilating solution with borate 
prebuffer; and 0,  unbuffered dilute dilating solution. 


and autoclaved at 15 p.s.i. for 30 min. After cooling, a clear dis- 
persion resulted. Equal volumes of the doubly concentrated sterile 
stock viscolizer solution and the doubly concentrated sterile 
aqueous mydriatic solution were mixed together before instillation, 
thereby giving the desired final experimental concentration. The 
fmal viscolizer concentrations of 0.5 hydroxypropyl methyl- 
cellulose and 1.4 % polyvinyl alcohol were selected because those 
concentrations are often employed commercially. 


Measurement of Pupil Size-Rabbits were placed on top of empty 
rabbit cages, the height of which subdued them sufficiently so that 
no further restraint was necessary; humans were seated in an 
evenly lighted room. A ruler with a millimeter scale was held firmly 
against the face, and the horizontal diameter of the pupil was 
estimated to the nearest 0.5 mm. in a similar manner in all cases. 
The pupil diameters were measured before the initial instillation 
of drops and at various time intervals thereafter. The results are 
presented as the average millimeter of increased diameter of at 
least two human or three rabbit subjects in each case. 


Although statistical analysis could have been used in this study, 
it would contribute little. The range of values from which the 
averages were derived for the controls did not overlap those for 
the test subjects in any instance. 


Determination of Threshold for Mydriatics in Rabbits-Before 
undertaking the mydriatic study in rabbits, it was necessary to 
ascertain the proper concentration of drug to give the desired re- 
sponse in rabbit eyes. The threshold concentration sought was the 
minimum concentration that would give a measurable mydriatic 
response but which was still small enough so that any increase in 
response brought about by any adjuvant would be apparent. The 
rabbit threshold concentrations were found to be 0.0075 % for 


0 10 20 30 40 50 60 
MINUTES 


Figure 2-Mydriatic effect of dilute dilating solution on humans 
(Caucasian) with borate prebuffer and in freshly prepared, 8-, 
and 24-hr.dd borate buffers. Key: a, identical results from prebu$ 
fired eye, freshly prepared buffered dilute dilating solution, and 8- 
hr.-old buffered dilute dilating solution; and 0, 24-hr.-old buffered 
dilute dilating solution. 
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Figure 3-Mydriatic effect on Orientals of buffered dilute dilating 
solution with and without uiscolizer. Key: a, borate-buffered dilute 
dilating solution with hydroxypropyl methylcellulose viscolizer; and 
0, same solution without uiscolizer. 


homatropine HBr and 0.02 and 0.002%, respectively, for the 
combination phenylephrine HCI and cyclopentolate HC1 solution. 


Comparison of Effects of Combination Solution of Phenylephrine 
HCI and Cyclopentolate HCI in Different Concentrations, Both with 
and without Sodium Borate Prebdering-The combination solution 
of 10% phenylephrine HCI and 1 % cyclopentolate HCI, which is 
used routinely in many eye clinics, is designated as “concentrated 
dilating solution,” and a combination solution of exactly one-tenth 
this concentration is designated as “dilute dilating solution” 
throughout this study. The mydriatic effect and relative amount of 
eye irritation of both solutions were tested on human subjects. One 
drop of the concentrated dilating solution was instilled in one eye 
of the test subject, and one drop of the dilute dilating solution was 
instilled immediately in the other eye. Measurements of the pupil 
size were taken immediately before and every 10 min. after instilla- 
tion for 1 hr. Figure 1 shows that the dilute dilating solution gave a 
weaker response than did the concentrated solution. The test sub- 
jects reported that the concentrated dilating solution was quite 
painful to the eye but that the dilute dilating solution was not. 


In another series of experiments, one drop of sterile 2.6% sodium 
borate solution (pH 9.2) was &st instilled in one eye of the test 
subject. After a few seconds, any excess buffer solution on the eye 
lid was wiped off with soft tissue, and this prebuffered eye received 
one drop of the dilute dilating solution while the unbuffered eye 
received one drop of the concentrated dilating solution. Figure 1 
shows that there was a similar mydriatic response. in both eyes, 
with both pupils reaching the same maximum diameter at about 
the same time. The degree of dilation of both eyes was confirmed 
by an ophthalmologist at the eye clinic as being adequate for any 
routine eye examination; the borate prebuffer solution gave no eye 
irritation. 


The foregoing experiments were first carried out on rabbit eyes 
using the previously mentioned threshold concentration of the 
combination dilating solution. The results on rabbits corresponded 
to those reported in Fig. 1 for humans. 


Use of Combination 1% Phenylephrine HCI and 0.1% Cyclo- 
pentolate HCI Solution in a Sodium Borate Buffered Vehicle, Both 
with and without Viscolizer-To lessen the number of drops that 
must be given a patient, an attempt was made to combine the borate 
buffer solution (both with and without viscolizer) and the dilute 
dilating solution so that the technique of prebuffering the eye was 
unnecessary. The buffered drops had a pH of 9.2. A brief study of 
the stability of the agents in aqueous, viscous and nonviscous, 
alkaline solutions was in order. 


Comparison tests of the degree of mydriasis obtained were 
conducted first with rabbit eyes and then with a series of humans, 
using freshly prepared, dilute dilating solution in sodium borate 
buffer uersrcs similar solutions which were 8 and 24 hr. old. 
All tests were made by instilling in a like manner one solution in 
one eye while the solution to  which it was being compared was 
instilled in the other. The results for the average of three humans 
for each solution are presented in Fig. 2. The rabbit tests gave 
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similar responses. Clinically satisfactory and practically identical 
mydriatic and cycloplegic effects were obtained from the prebuffered 
solution and the freshly prepared and the 8-hr. old alkaline solution, 
but the 24-hr.-old alkaline solution produced slightly less mydriatic 
effect than did the others. No irritation to the eye was felt by any 
of the subjects receiving any of these alkaline, dilute dilating 
solutions. There was no change in physical appearance of the 24-hr.- 
old alkaline solution. However, after standing at room temperature 
for 3 days, the solution turned slightly yellow. 


The addition of 0.5 % hydroxypropyl methylcellulose to the 
freshly prepared sodium borate buffered, dilute dilating solution 
did not produce any increased mydriasis in the eyes of Caucasians 
because they were already at maximum dilation. However, when 
this viscous, dilute dilating solution was compared in Oriental eyes 
to the same solution without viscolizer, an increase in the degree of 
mydriasis in Oriental eyes was produced by the more viscous 
solution (Fig. 3). Since Oriental eyes are known to be more difficult 
to dilate than those of Caucasians, it was not surprising that one 
drop of the buffered, viscous, dilute dilating solution did not 
produce a completely satisfactory dilation, as shown in Fig. 3. 
It was necessary to instill a second drop 15 min. later into the eyes 
of Orientals to effect comparable dilation; these results are shown 
in Fig. 4 along with a one-drop dose of concentrated dilating solu- 
tion. Comparison with Fig. 1 shows how much less effective one 
drop of concentrated dilating solution is for Orientals (Fig. 4) 
than for Caucasians (Fig. 1). 


Effect of Various PrebufFers on Rabbit Corneal Absorption of 
Certain Mydriatics-In this study on rabbits, the enhanced my- 
driatic effect produced by using 2.6% sodium borate solution as a 
prebuffer was compared to the effect given by use of the following 
three biological buffers: 0.2 M N,N-bis(2-hydroxyethyl)glycine, 0.2 
M 2-(N-morpho1ino)ethanesulfonic acid, and 0.2 M tromethamine 
for aqueous homatropine HBr solutions. The tests were all made in 
a similar manner, with sodium borate prebuffer solution being 
instilled in one eye of each rabbit and one of the biological buffer 
solutions dropped in the other eye prior to the instillation of the 
mydriatic solution. The diameter of the pupils was measured every 
15 min. thereafter for 2 hr. and represented the average given by 
three or more rabbits in all cases. The results, shown in Fig. 5,  
indicate that the largest increase in mydriatic effect was given by 
the buffer with the higher pH and the smallest increase was given 
by the buffer with the lowest pH. A similar test on rabbits was made 
using sodium borate prebuffer solution in one eye and no buffer in 
the other eye to find out how much the mydriatic effect of a com- 
bination solution of phenylephrine HCl and cyclopentolate HCl 
is increased in rabbit eyes by prebuffering with sodium borate. 
The results, shown in Fig. 6, indicate that prebuffering markedly 
reinforces the mydriatic effect of phenylephrine and cyclopentolate 
solution in rabbit eyes. 


Effect of Viscolizers on Rabbit Corneal Absorption of Homatropine 
HBr Solution-A series of rabbits received one drop of aqueous 
0.0075 % homatropine HBr solution in one eye and one drop of the 
same homatropine solution prepared in either 1.4% polyvinyl 
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Figure 4- Mydriatic effect on Orientals of concentrated dilating 
solution and two doses of buffered, viscous, dilute dilating solutiorzs. 
Key:  0, borate-buffered, oiscous, dilute dilating solution (two doses 
instilled); and 0, unbuffered concentrated dilating solution (one 
dose instilled). 
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Figure 5-Effect of various prebuffer solutions on rabbit corneal 
absorption of 0.0075 % homatropine HBr solution. Key: A, with 
sodium borate prebuffer (pH 9.2); 0, with no buffer or with N,N- 
bis(2-hydroxyethy1)glycine prebuffer (pH 8.4) or with tromethamine 
prebuffer (pH 8.3); and 0, with 2-(N-morpholino)ethanesulfonic acid 
prebuffer (pH 6.2). 


alcohol or 0.5 % hydroxypropyl methylcellulose in the other eye. 
Single-drop doses rather than measured volumes were used, be- 
cause when the droppers were calibrated, the sizes of the drops were 
found to vary less than 6 x  whether or not they contained a vis- 
colizer. The procedure was carried out in the same manner as de- 
scribed previously; the measurement of the pupil diameters was 
taken every 15 min. for 2 hr. The results are shown in Fig. 7 and 
indicate that both viscolizers reinforce the mydriatic effect of hom- 
atropine HBr solution but that the increase given by hydroxypropyl 
methylcellulose was much greater than that given by polyvinyl 
alcohol. This increased mydriatic effect produced by the drops con- 
taining 0.5 % hydroxypropyl methylcellulose paralleled the some- 
what greater viscosity that it had, i.e., 13.2 cps. versus 2.3 cps. 
for the drops containing 1.4% polyvinyl alcohol. 


Determination of pKa of Cyclopentolate HCl-An aqueous solu- 
tion of known concentration of cyclopentolate HCI was neutralized 
with a stoichiometric quantity of standardized NaOH solution to 
liberate free cyclopentolate. A titration curve of the free cyclopento- 
late was obtained by titrating the neutralized solution with 
standardized dilute HCI, using a Beckman Zeromatic pH meter. 
The midpoint of the titration curve was ascertained, and the pKa 
value of cyclopentolate HCI was determined by finding the 
pH value that corresponded to this midpoint. In this way the 
pKa of cyclopentolate HCI was found to be 7.93, as shown 
in Fig. 8. 


DISCUSSION AND CONCLUSIONS 


The experimental data obtained from this investigation indicate 
that the physiological response of several mydriatic eye drops can 
be enhanced by proper utilization of certain buffers and viscolizers, 
with 2.6% sodium borate solution being the most effective buffer 
and 0.5 % hydroxypropyl methylcellulose being the most effective 
viscolizer of those tested. 


A comparison of the amount of the free base portion of an amine 
ophthalmic drug present at pH 9.2 (the pH of 2.6% sodium borate 
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Figure 6-Mydriatic effect on rabbits of combination solution 0, 
0.02 phenylephrine HCI and 0.002 % cyclopentolate HCl, both 
with and without borate prebuffer. Key: 0, with sodium borate pre- 
buffer: and @, without sodium borate prebuffer. 
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Figure I-Effect of viscolizers on rabbit corneal absorption of 
0.0075% hornatropine HBr solurion. Key: 0,  0.0075 % homatropine 
HBr solution: 0, same plus 1.4% polyvinyl alcohol: and 0, same 
plus 0.5 % hydroxypropyl rnethylcellulose. 


solution) and at pH 7.4 (the pH of normal tear fluid) by using the 
pKa of the particular drug can be used to predict whether or not 
buffering the eye to pH 9.2 would enhance the corneal absorption 
of this drug. For example, with phenylephrine HCl, which has a 
pKa of 8.86, the amount of free base present at pH 9.2 would at 
maximum be about 22 times greater than that present at pH 7.4; 
in a similar manner for homatropine HBr (pKa 9.7), the free base 
form would be about 48 times greater at pH 9.2. In the case of pilo- 
carpine HCl with a pKa of only 6.85, the concentration of the free 
base portion at pH 9.2 is only about 1.3 times greater than that 
present at pH 7.4. This increase in quantity of free base is too small 
an amount to show any measurable increase in miotic effect. A 
study of pilocarpine HCI showed no measurable decrease in pupil 
diameter due to the prebuffer treatment with sodium borate. 


Since the pH on the surface of the eye may fluctuate due to the 
loss of carbon dioxide and sometimes become as high as 8 (rather 
than 7.4), and since the pH of the mixed sodium borate solution and 
tear fluid which is continuously being diluted with more tears will 
decrease and be lower than 9.2 for much of the time after its initial 
instillation, the actual ratio of the free base molecules of instilled 
arnine drops on buffered and unbuffered eyes will be considerably 
smaller than the theoretical calculated value. This study showed 
that the mydriatic effect of the combination solution of phenyl- 
ephrine HCl and cyclopentolate HCI and of homatropine HBr 
each was increased about 10-fold when the sodium borate prebuffer 
method or borate-buffered drops were used. If the theoretical opti- 
mum buffering conditions could have prevailed, the mydriatic 
solutions should have given physiological responses of 2-4 times 
the experimental findings. 


Although the most appropriate pH for eye drops is usually re- 
ported as being 7.4 for maximum eye comfort, Trolle-Lassen (4) 
and others have found that the eye can tolerate an isotonic solution 
up to about pH 9.7 as long as it has no other irritating properties. 
Therefore, the sterile, isotonic, 2.6% sodium borate solution is a 
suitable nonirritating buffer for ophthalmic use whenever the 
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Figure 8-Titration 
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therapeutic drug has a sufficiently high pKa value for its effect to be 
appreciably enhanced. 


Recommended Dilating Solutions for Routine Eye Examination- 
The following two rather dilute mydriatic preparations will give a 
physiological response equal to that of the frequently used more con- 
centrated dilating solution composed of 10% phenylephrine HCI 
and 1 % cyclopentolate HC1: 


1. If the administration of a drop dose of each of two separate 
solutions presents no problem, it is recommended that one drop of 
sterile, 2.6% aqueous sodium borate solution be first instilled in 
the eye, followed immediately by one drop of a sterile, aqueous, 
combination solution of 1 % phenylephrine HCI and 0.1 % cyclo- 
pentolate HCl. This is the so-called prebuffering technique. 


2. If it is desired to have the total medication in a single drop, as  
it might be for children, one drop of a special solution should be 
instilled which is prepared by mixing together equal volumes of the 
aqueous mydriatic and viscous buffer solutions not more than 8 hr. 
prior to their use. The buffer solution is composed of double con- 
centrations of sodium borate, 5.2 %, and hydroxypropyl methyl- 
cellulose, l.O%, and has been sterilized in an autoclave. The my- 
driatic solution consists of double concentrations of phenylephrine 
HCl, 2%, and cyclopentolate HCl, 0.2%, and has been sterilized 
by filtration. Equal volumes of these two solutions, each in a sterile 
bottle, are mixed by pouring the viscolizer and buffer solution into 
the dropper bottle containing the mydriatic solution and shaking 
the contents well for a few seconds to effect complete mixing. The 
resulting solution will have the recommended concentration of 
1.0% phenylephrine HCI, 0.1 cyclopentolate HCI, 0.5% hy- 
droxypropyl methylcellulose, and 2.6 % sodium borate, and it 
should not be used more than 8 hr. after being mixed. 


While the use of the buffered solution has the advantage of re- 
quiring the instillation of only a single drop, it also has the obvious 
disadvantage of requiring that the two separate solutions must be 
mixed together daily since the mixture is only stable for 1 day. Also, 
when using the prebuffer technique, if there is any excess buffer solu- 
tion on the cornea or lids following its instillation, it should be wiped 
off gently with tissue before instillation of the mydriatic drops. 
Otherwise, due to the occasional limiting capacity of the cul-de-sac 
of the eye, a portion of the medicinal drop will flow out from the eye 
and down the cheek. The partial loss of the drop will cause a de- 
ficient response. Use of the preparation with both medicament and 
buffer combined in one solution will avoid this disadvantage. 


For use on races other than Caucasian, it is recommended for 
either buffering method that a repeat instillation be made about 15 
min. after the first one to ensure adequate dilation. 


Duration of Activity and Decreased Side Effec&All of the dilute 
mydriatic solutions used with prebuffer or with both buffer and 
viscolizer studied in this investigation gave mydriatic effects which 
were of considerably shorter duration than those given by the more 
concentrated dilating solutions used without buffer, although the 
duration of action of the various solutions is not being specifically 
reported in these results. Since it has been found that angle closure 
glaucoma can be precipitated by dilating the pupil (3, the shorter 
duration of mydriasis should be a decided advantage for using a 
dilute mydriatic solution with a buffer rather than a nonbuffered, 
more concentrated one. 


Carpenter (6) states that cyclopentolate in its usual and more 
concentrated dosage has been found to produce disorientation, 
hallucinations, apprehension, and cerebral disfunction in some 
cases, lasting for as long as 11 months in one instance. Another re- 
port (7) concludes that cyclopentolate is a strong enough hallu- 
cinogen to produce symptoms similar to those of LSD in some per- 
sons. Since an appreciable amount of any instilled eye drops 
descends through the nasolacrimal duct into the nasopharynx and is 
eventually swallowed or absorbed through the pharyngeal mucosa, 
a 10-fold less concentration of any therapeutic agent instilled into the 
eye-if it produces an acceptable therapeutic response-should have 
the added advantage of producing considerably less side effects. 
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Interactions of Drugs with Proteins 11: Experimental Methods, 
Treatment of Experimental Data, and Thermodynamics of Binding 
Reactions of Thymoleptic Drugs and Model Dyes 


H. J. WEDER* and M. H. BICKEL 


Abstract 0 The binding to bovine albumin of the model dyes and 
drugs-bromocresol green, eosin, imipramine, and desipramine- 
has been studied using equilibrium dialysis, ultracentrifuge sedi- 
mentation, and difference spectrophotometry. An improved 
apparatus for equilibrium dialysis has been developed. Bromo- 
cresol green interacts with two types of binding sites: four ligands 
are bound by H-bonds, electron-donator-acceptor (and possibly 
hydrophobic) forces stabilized by electrostatic forces, and three to 
four ligands are bound by electrostatic forces only. Eosin is bound 
by van der Waals’ forces and electron-donator-acceptor forces to 
three binding sites and by electrostatic forces to six binding sites. 
Imipramine interacts with only one type of binding site by van der 
Waals’ and possibly hydrophobic forces, stabilized by dipole  
dipole forces and involving tyrosyl residues. There are n = 6 
binding sites, and the intrinsic association constant k = 5 X lo* 
M-I. Desipramine binding exhibits a more complicated mech- 
anism, probably involving exposure of additional binding sites 
upon a drug-induced conformational change. Given concentra- 
tions of drug and protein yield the free-drug concentration and 
degree of binding as experimental values. From these the following 
parameters for each type of binding site have been determined by 
computer: n, k, freeenthalpy change, enthalpy change, and entropy 
change. From these parameters, as well as from spectral shifts and 
dependence on pH, ionic strength, and temperature, the modes and 
forces of interaction have been deduced according to previously 
discussed binding models and methods. Identical results are ob- 
tained by dialysis and ultracentrifugation if pH, ionic strength, 
and temperature are kept constant. 


Keyphrases 0 Plasma proteindrugs-interactions 0 Thymolep- 
tics, dyes-bovine albumin binding Dyes, thymoleptics- 
thermodynamics, bovine serum binding Thermodynamks- 
drugs-albumin binding 0 Dialysis, equilibrium-albumin binding 
0 UV spectrophotometry-analysis 


It is generally assumed that a small molecule inter- 
acting with a biopolymer induces a conformational 
change which is responsible for the action of the small 
molecule (drug). Similar interactions or binding of drugs 
also occur with biopolymers not involved in phar- 
macological action, i.e., with unspecific receptors such 
as plasma proteins. 


The binding of a small molecule can influence the 
chemical reactivity at different sites of the macro- 


molecule. These phenomena are mainly due to long- 
range electrostatic forces, to shorter range specific 
interactions such as hydrogen and hydrophobic bonds 
(l), and finally to proton dispersion forces; the latter 
obey the same laws as London dispersion forces (2). 
In addition, primary drug-protein complexes are often 
stabilized by charge transfer forces. These forces, how- 
ever, should not be used to estimate the overall complex 
stability, since the interactions are mainly due to van 
der Waals-London forces. The stability of a drug- 
protein complex is expressed by its association constant, 
which is also important for the pharmacokinetic be- 
havior of the drug. 


Numerous methods are currently used for the study 
of drug-protein interactions (3). Thermodynamic 
methods and optical rotatory dispersion (ORD) or 
circular dichroism measurements are tools for the 
detection of drug-induced conformational changes of a 
biopolymer. Equilibrium dialysis and ultracentrifuga- 
tion, as well as spectroscopy in the visible and UV 
range, allow the determination of association constants. 
The resulting energy and entropy effects are useful 
parameters for the interpretation of the mechanism of 
interaction. Difference spectra in the 220-3 10-mp 
range yield information on conformational changes in 
the environment of phenylalanyl, tyrosyl, and trypto- 
phyl residues. High resolution NMR spectroscopy is a 
powerful tool for the study of primary binding sites 
and of drug atoms interacting with the macromolecule. 
Information on the mobility of the interacting groups 
can, in this way, be obtained by the determination of 
relaxation times. 


In this paper, the authors present the results of 
experiments with triphenylmethane dyes and bovine 
albumin designed to test methods used in the study 
of drug-protein interactions. Some of these methods 
were used in the earlier study of tricyclic thymoleptic 
drugs (4). This paper also contains additional data on 
the thermodynamics and binding mechanism of the 
drugs mentioned. 
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Cytotoxic Drugs in the Treatment of Cancer. Edited by EVELYN 
BOESEN and WALTER DAVE. Williams & Wilkins Co., Balti- 
more, MD 21202,1969. ix + 208 pp. 15 X 23 cm. Price $12.75. 
This book is aimed primarily at the physician using cytotoxic 


agents to control cancer; it is intended to provide a basic under- 
standing of the biochemistry of these agents. Alkylating agents, 
antimetabolites, plant products such as vincristine and vinblastine, 
and antibiotics are first discussed historically, and nucleic acid 
synthesis is reviewed. A chapter about structure-activity relations 
in the nitrogen mustard and antimetabolite classes of compounds de- 
scribes briefly the rationale behind these drugs. This chapter is 
followed by a review of methods of testing for anticancer activity, 
and an excellent discussion of the advantages and disadvantages of 
the methods in use today. 


The remainder of the book is devoted to consideration of the 
clinical application of the various classes of cytotoxic agents and of 
individual compounds in each class. The alkylating agents (nitro- 
gen mustards, dimethane-sulfonates, polyethyleneimines, and 
diepoxides) are extensively discussed, especially from a clinical 
standpoint. Throughout this discussion and others, rational drug 
therapy and the uses and limitations of cytotoxic agents are stressed. 
A brief chapter at the end of the book covers the use of drugs in 
conjunction with other methods of treatment and special techniques 
of administration. 


This reviewer feels that the book has accomplished its stated ob- 
jective of discussing the use and limitations of cytotoxic drug therapy, 
and that the book will be of value to the physician concerned with 
the clinical use of such agents. Although some areas of current re- 
search interest are omitted, notably the work being done on camp- 
tothecin, the book would be a valuable addition to a medically 
oriented library. 


Reviewed by Gerald Carlson 
Department of Medicinal Chemistry 
University of North Carolina 
Chapel Hill, NC 27514 w 


Neuropsychopharmacology and the Affective Disorders. By JOSEPH 
J. SCHILDKRAUT. Little, Brown and Co., Boston, MA 02106, 
1970. xiv + 111 pp. 14.5 X 21.5 cm. Price$10.50. 
This book, the contents of which were originally published in the 


New England Journal of Medicine, briefly reviews the biochemical 
pharmacology of psychoactive drugs. The emphasis is on the find- 
ings of the past decade concerning the changes in biogenic amine 
metabolism produced by various psychoactive drugs. 


StaffReview 


Nursing Home Standards: A Tragic Dilemma in American Health. 
By JORDAN BRAVERMAN. American Pharmaceutical Association, 
Washington, DC 20037, 1970. i + 75 pp. 21.5 X 27.5 cm. Price 
$2.50. 
This study of nursing home standards examines both state and 


Federal regulations relative to the construction and operation of 
nursing homes. Also covered are the standards which American 
nursing homes must meet to qualify for certification and operation 
under Federal Medicare and state licensure programs as well as the 
apparent absence of even minimum standards in some areas. Sum- 
mary tables of Federal and state standards are given. 


Staff Review 


NOTICES 


Aktuelle Probleme der Toxikologie und Angrenzender Gebiete. 
(Festschrift Franz Borbely) Swiss Toxicological Information 
Center, Zurichbergstrasse 8, CH-8028 Zurich, Switzerland, 1970. 
xii + 249 pp. 17.5 X 24 cm. Price S.fr. 68. (English summaries) 


Subsidia Pharmaceutica. Edited and published by Societe Suisse de 
Pharmacie Centre Scientifique, Zurich, Switzerland, 1969. 17.5 
X 25 cm. Page 1447-1660. (German and French) 


Introduction to the Chemistry of Enzyme Action. By A. WILLIAMS. 
Daniel Davey & Co., Inc., 964 Asylum Ave., Hartford, CT 06105, 
1970. viii + 130 pp. 14 X 22 cm. Price $7.25. 


Chemical Engineering Kinetics. 2nd edition. By J. M. SM~TH. MC- 
Graw-Hill, 330 West 42nd St., New York, NY 10036, 1970. 
xviii + 612 pp. 15.5 X 23.5 cm. Price $15.50. 


Clinical Endocrinology. By R.HALL, J. ANDERSON, and G. A. SMART. 
Lippincott, East Washington Square, Philadelphia, PA 19105, 
1969. vii + 418 pp. 19 x 25.5 cm. Price $15.00. 


Primer of Immunoelectrophoresis. By PIERRE C. ARQUEMBOURG, 
JOHN E. SALVAGGIO, and JOHN N. BICKERS. Ann Arbor-Hum- 
phrey Science Publishers, Ann Arbor, MI 48106, 1970. viii + 
83 pp. 19 X 27 cm. Price $8.25. 


Cytologie Moleculaire Des Membranes Et Compartiments De La 
Cellule Animale. By A. POLICARD. Masson et Cie, Editeurs, 120 
Boulevard Saint-Germain, Paris, France, 1970. vii + 122 pp. 
16 x 24 cm. (French) 
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Molecular-Scale Drug Entrapment as a Precise 
Method of Controlled Drug Release I: 
Entrapment of Cationic Drugs by Polymeric Flocculation 


HARRIS GOODMAN* and GILBERT S. BANKER 


Abstract A system of molecular-scale drug entrapment has been 
developed which provides a physicochemical and highly reproducible 
method of effecting drug entrapment and subsequent controlled 
drug release from polymeric matrices. The flocculation of highly 
concentrated colloidal polymeric dispersions (latices), in the 
presence of the drug in solution which is to be occluded, provides 
the entrapment mechanism. A solid-state, highly reproducible 
molecular entrapment combination of methapyrilene hydrochloride 
and an acrylic copolymer was prepared and evaluated for sustained- 
action characteristics. A significant increased duration of action 
and a reduction of the acute toxicity of methapyrilene in the en- 
trapped form were established by in uiuo effectiveness studies. The 
broad application of the entrapment process to acid salts of 11 
widely used cationic nitrogen-containing drugs was demonstrated. 


Keyphrases 0 Polymeric flocculation-cationic drug entrapment 0 
Flocculation, polymeric-drug-concentration effect 0 Drug release, 
controlled- polymeric matrices 0 Release rates4rugs in poly- 
meric matrices Dialysis-methyapyrilene-polymer, binding de- 
termination 


Potentiation and alteration of drug action have been 
of interest to the medical and pharmaceutical professions 
for many years. In the last 15 years, prolongation of the 
therapeutic effects of orally administered medicinals 
has become of prime interest and concern to the in- 
dustrial pharmacist. 


The methods employed for the production of sus- 
tained-action dosage forms can be broadly classified 
into two categories : phsyicochemical and mechanical. 
These can be further subdivided into various groups 
such as gastroresistant coatings, chemical complexes, 
drug embedments, and ion-exchange techniques. 


The majority of the methods employed are based on 
some type of gross embedment or coating of the medica- 
ment to yield the desired effects. The procedures are 
usually time consuming and laborious, involve me- 
chanical techniques which are difficult to control, and 
in many cases result in products with excessive vari- 
ability. Much of this variability can probably be traced 
to the product design and methods of production. 


If optimization of drug action through controlled 
drug delivery rates from solid oral dosage forms is to 
become a reality, precise physicochemical methods of 
controlling drug release must replace earlier empirical 
and mechanical controlled-release methods. 


This investigation was motivated by the need for a 
simple and highly reproducible procedure for drug 
entrapment and the development of controlled-release 
dosage forms employing this principle. The purpose of 
this study was to investigate the applicability of a 
molecular entrapment phenomenon as a unique ap- 
proach to sustained-action dosage forms. The major 
objectives were: 


1. The investigation of the properties of various 
polymeric materials as they would apply to a sustained- 


release mechanism based on molecular scale, solid- 
state entrapment of drugs. 


2. The utilization and investigation of a process ex- 
hibiting broad application to the molecular entrapment 
of drugs. 


3 .  The in vitro and in vivo evaluations of the sus- 
tained-action characteristics and activity of a polymer- 
drug entrapment system. 


EXPERIMENTAL 


Materials and Equipment-A linear, anionically charged, acrylic 
copolymer composed of acrylic and methacrylic acids and esters 
and having a molecular weight exceeding 300,000 was supplied in 
an emulsion (latex) form, containing 40 f 0.5 solids. Also used 
were other polymeric materials evaluated as possible entrapment 
media. 2 * 3 1 4  


The drugs studied were NF or USP grade; where appropriate, 
the purity was checked by melting point and chloride determina- 
tions. 


Particle-size reduction and classification of all polymer and 
polymer-drug systems were accomplished using a comminuting 
machine (Fitzpatrick model M) and a series of standard sieves. 
All pH determinations were made on a pH meter (Beckman model 
N) equipped with a glass electrode (Beckman type E-2). A con- 
stant-temperature bath equipped with a mechanism for the rota- 
tion of sample bottle?, similar to that reported by Souder and 
Ellenbogen (l), was employed for in uirro release-rate studies. 


Initial Polymer Screening-Based on a polymer literature screen- 
ing of toxicity and physical properties, the following polymers were 
chosen for initial study and aqueous solubility characterization: 
(a) acrylic copolymer emulsion,' (b) carbohydrate polymers,2 (c) 
polyethylene glyc01,~ and (6) a sodium polyacrylate s ~ l u t i o n . ~  


Samples evaluated for solubility characteristics were com- 
minuted, and the fraction passing a 60-mesh screen was employed. 
The two acrylic acid derivatives (the acrylic copolymer emulsion 
and the sodium polyacrylate solution) were first extracted from their 
aqueous media to provide the solid polymeric materials for solu- 
bility study. 


Approximate rates of solubility of the polymeric materials in 
artificial gastrointestinal fluids were determined employing the 
rotating-bottle method (1, 2). Seven 1.0-g. samples of each polymer 
were sprinkled onto the surface of separate 60-ml. portions of 
artificial gastric fluid USP (without pepsin) in 3-oz. amber glass 
powder jars. The jars were sealed with a water-resistant electrical 
tapes and were rotated at 41 r.p.m. in a constant-temperature 
bath at 37 f 2". At specified time intervals, a sample bottle was 
removed and its contents vacuum filtered through a fine sintered- 
glass filter. The sample was then carefully transferred to a watch 
glass and dried at 50". The remaining sample bottles were ad- 
justed in pH as outlined in Table I. The data in Table I illustrate the 
approximate pH levels for the designated sample time intervals 
employed and the changes in the test fluids that were made to 
establish these levels. 


1 Acrysol ASE-75, Rohm & Haas Co., Philadelphia, Pa. 
2 Cerons are water-soluble anionic, cationic, or nonlonic etherified 


carbohydrate polymers available in powder form, Hercules Chemical 
Co.. Wilmington, Del. * Polyglycols, E-4000, 6000, 9000, and 20,000; polyethylene glycol, 
the Dow Chemical Co., Midland, Mich. 


4 Acrysol G.S. is a sodium polyacrylate polymer supplied as a 12-13 % 
w/v solution, Rohm & Haas Co., Philadelphia, Pa. 


6 Scotch Brand Electrical Tape No. 33, Minnesota Mining and Manu- 
facturing Co., St. Paul, M N  55106 
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Table I-pH Gradient for Approximate Rate of Solubility Test 


Time, Amount of Fluid pH of Test 
hr. Removed, ml.0 Fluid 


1 0.0 1.4 
2 20.0 2.1 
3 15.0 2.6 
4 20.0 5.5 
5 30.0 6.9 


50.0 7.4 
7.4 


6 
8 - 


=The clear supernatant fluid removed was replaced by an equal 
quantity of artificial intestinal fluid USP (prewarmed to 37"). 


The dried polymeric material was weighed, and the percentage of 
polymer dissolved at each time interval was calculated. The acrylic 
copolymer emulsion showed the most promising rate of solution, 
and this material was studied by further evaluative methods. 


Drug Assay Procedures-Methapyrilene hydrochloride6 was 
used because it represents a widely employed compound having 
characteristics suitable for development as a sustained-action 
dosage form. The drug is quick acting, having a fairly short dura- 
tion of action, with single doses exhibiting a therapeutic effect for 
about 3.5 hr. (3,4). 


A pH-induced differential spectrophotometric method was de- 
veloped which permitted the analysis of methapyrilene hydro- 
chloride without interference from the polymer (5 ) .  


A base-line UV spectrophotometric analysis method, outlined by 
Reilly and Sawyer (6),  was successfully adopted for the quantita- 
tive determination of phenylephrine hydrochloride in the presence 
of the polymeric material. The spectra were all analyzed at pH 12.9 
to eliminate any shifts of the absorption maxima of this compound 
(5 ) .  This pH value was found to concur with that reported by Rie- 
gelman et al. (7). 


Entrapment Procedure-Various methods of producing the 
polymer-drug entrapment systems were attempted. The addition 
of the acrylic copolymer emulsion to concentrated aqueous 
solutions of methapyrilene hydrochloride resulted in the floccula- 
tion and precipitation of the polymer affording the greatest pos- 
sibility of drug entrapment since the drug molecules themselves 
were causing the flocculation. Other methods attempted included 
the addition of the drug solution to the polymeric system and the 
acidification of an alkaline aqueous solution of the drug and the 
polymer. 


The following formula and procedure were the basic entrap- 
ment method used: 


Formula I 
Methapyrilene hydrochloride 20.0 g. 
Distilled water 100.0 ml. 
Acrylic copolymer emulsion 125.0 ml. 


The acrylic copolymer emulsion was slowly added to a constantly 
mixing solution of the methapyrilene in distilled water, resulting in 
an immediate flocculation and precipitation of the added polymeric 
material. When the addition of the emulsion was complete, the 
slurry was allowed to mix for another 5 min. The mixture was then 
vacuum filtered through a coarse sintered-glass filter, applying 
vacuum from a water aspirator for about 10 min. The collected 
material was dried for 4 hr. at 50". The dried material (a granular 
white solid) was then comminuted in a comminuting machine, 
employing a 40-mesh screen and the hammer edge of the blades 
in the forward position. The comminuted material was then screened 
through a 60-mesh sieve. 


Reproducibility of the entrapment procedure was evaluated by 
preparing replicate batches and determining the percentage of drug 
entrapped in each batch. 


The effect of drug (solution) concentration on the entrapment 
product was investigated by utilizing various drug concentrations 
in aqueous solution and holding constant the amount of Dolymer 
emulsion employed. 


6 Methapyrilene hydrochloride (Histadyl HCI), Eli Lilly and Co., 
Indianapolis, Ind. 
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Table 11-pH Gradient for the In Vitro Release-Rate Test 


Cumulative 
Time, hr. pH of Test Fluid 


0.5 1.3 
1.5 1.3 
2.5 2.3 
4.5 6.7 
6.5 7.3 
8 7.3 


Dialysis Studies-A dialysis study was conducted to determine 
whether methapyrilene hydrochloride was chemically bound to the 
polymeric material (in solution) in such a manner as to reduce the 
availability and the therapeutic activity of the drug. A dialysis 
method similar to that described in the literature (8, 9) was 
used. Dialysis sacs prepared from a semipermeable cellulosic 
membrane7 were used for investigation of free methapyrilene hy- 
drochloride, free acrylic copolymer, and acrylic copolymer-metha- 
pyrilene hydrochloride entrapment products. The dialysis samples 
were rotated for preselected time periods of 48, 72, or 107 hr. at 
37". The dialysis fluid employed was artificial intestinal fluid USP 
(without pancreatin) adjusted to  pH 7.4. This medium caused dis- 
solution of the polymer as well as the drug. The fluids inside the sacs, 
as well as the surrounding media, were assayed for drug content. 


In Vitro Release-Rate Procedure-A rotating-bottle method 
(1, 2) was used for the evaluation of the powdered and compressed 
sustained-action dosage forms. The comminuted polymer-drug 
samples were weighed into six individual dosage units, each to 
contain 100 mg. of methapyrilene hydrochloride. The samples were 
carefully transferred to 3-oz. amber glass powder jars and filled 
with 60 ml. of artificial gastric fluid. Table I1 illustrates the pH 
levels for the designated sample time intervals employed. These pH 
values agree well with those found by Borgstrom (10) in numerous 
in uivo tests. The test fluids were treated with artificial intestinal 
fluid and 1 .O N sodium hydroxide solution in such a manner as to 
yield the noted pH levels for the designated time intervals. 


Suitable aliquots of the filtered test medium were taken (at the 
specified time periods) and differentially analyzed for methapyrilene 
hydrochloride. 


In Viuo Evaluation-Various methods have been proposed to 
evaluate the activity and the duration of action of antihistaminic 
compounds (3,4, 11, 12). A guinea pig histamine aerosol procedure 
(4, 12, 13) was employed in this study. Duration of action of an 
orally administered dose of an acrylic copolymer-methapyrilene 
hydrochloride entrapment product was compared with that of the 
free. drug. 


It has been reported (4, 12) that 1-3 mg./kg. of methapyrilene 
hydrochloride administered to  guinea pigs has shown protective 
action against histamine vapor for about 3.5 hr. In this study, a 
dosage level of 2.5 mg./kg. of body weight was employed. The 
powdered forms of the product were washed through a catheter 
tube directly into the stomach of the animal. The product and 
control drug were code labeled so that the investigator performing 
the actual experiments did not know which system was being 
given to the individual guinea pigs, thereby reducing prejudiced 
judgments. A total of 20 experimental runs was made, with 10 
test animals receiving the free drug and 10 a polymer-drug entrap- 
ment product. 


Toxicity Reduction-A reduction in the acute toxicity of a drug 
should occur with its formulation into a sustained-action dosage 
product. A preliminary investigation established a dose of 200 mg./ 
kg. as the approximate LDs3 in rats for orally administered metha- 
pyrilene hydrochloride. Six rats were orally dosed with 200 mg./kg. 
of the free methapyrilene hydrochloride, and another six were given 
200 mg./kg. of the drug in a polymer-drug entrapment product. 
The time of death after oral administration was noted, and a 24-hr. 
survival time was considered the "cutoff" point for the test 
procedure. 


Flocculation Phenomenon-It was felt that the precipitation of the 
polymer emulsion in the presence of methapyrilene hydro- 
chloride was due to a flocculation phenomenon. Riddle (14) has 
stated: "The presence of salts in polymer dispersions usually has 
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the same effect as in other colloidal systems, i.e., the particle size is 
increased and some of the polymer may coagulate.” 


It was also hypothesized that as the pH of the acrylic copolymer 
emulsion (an anionically charged copolymer) was increased, the 
polymeric compound would become more hydrophilic, resulting 
in increased solvation and increased stability to electrolytes. Con- 
versely, as the pH decreases, the colloidal system becomes more 
hydrophobic and more prone to flocculation due to the presence of 
electrolytic agents. 


To test this hypothesis, the acrylic copolymer emulsion was ad- 
justed to pH values of 3.3 and 6.0, maintaining a 2Oz polymer 
solids content in both systems. Fivemilliliter samples of the system 
being evaluated were placed in 15.24-cm. (6-in.) (20-ml. capacity) 
test tubes, and 5 ml. of varying concentrations of sodium chloride or 
methapyrilene hydrochloride solutions was added. The contents 
were mixed by inverting the test tubes three or four times. The 
Hocculation value was taken as the minimum concentration of an 
electrolyte that caused complete flocculation within 2 hr. Complete 
Hocculation was observed as a separation of a voluminous solid 
phase and a clear aqueous layer. 


Flocculation Phenomenon in the Presence of Drugs-Flocculation 
values for acid salts of 1 1  widely used cationic nitrogen-containing 
drug compounds were determined in the copolymer emulsion 
system. The compounds studied varied in salt form, molecular 
weight, solubility characteristics, and therapeutic use. Included 
in this group of drugs were primary, secondary, and tertiary amines 
and a quaternary ammonium compound. 


Preparation of Tablet Samples-Tablets were prepared from 
acrylic copolymer-methapyrilene hydrochloride entrapment prod- 
ucts containing 13.3 and 33.4% active ingredient. In all cases, the 
tablets contained 100 mg. of drug, and they were compressed (on a 
Carver laboratory press) directly from the finer than 60-mesh mate- 
rial (hydraulic pressure setting of 8000 Ib./ia2). Two sets of tablets 
were prepared from each of the two employed polymer-drug SYS- 
tems, one set containing 10 starch as a disintegrant while the other 
contained no disintegrating agent. The tablets containing 13.3 % 
active ingredient were prepared with a 1.27-cm. (0.5411.) S.C. punch 
and die set, and those containing 33.4% drug were prepared with 
a 0.95-cm. (0.375-in.) S.C. punch and die set. Tablet hardness was 
determined using a hardness tester (Monsanto), and their in uitro 
release rates were determined using the rotating-bottle method. 


RESULTS AND DISCUSSION 


Polymer Solubility-The powdered polyethylene glycols and the 
carbohydrate polymers were eliminated from the study since all 
samples dissolved (all commercial types and molecular weights 
evaluated) within 1 hr. in artificial gastric fluid. 


The polymeric material of the acrylic copolymer emulsion was 
found to exhibit solubility characteristics desirable for use as a 
sustained-action matrix. The polymer showed limited solubility in 
the pH region of 1.4-5.5 (7-11 of the polymer dissolved over a 
period of 5 hr.). The solubility rate greatly increased as the pH was 
raised from 5.5 to 6.9 and finally to 7.4. The sodium polyacrylate 
exhibited similar solubility characteristics in the low pH range but 
dissolved almost immediately when the pH of the test Huid was 
raised to 5.5. 


The results indicate that the sodium polyacrylate might be suit- 
able as an enterosoluble agent and that the acrylic copolymer has 
solubility properties more appropriate for a sustained-action prep- 
aration. The high molecular weight (over 300,000), available toxicity 
data (15), and linear nature of this acrylic copolymer (16), coupled 
with its solubility characteristics, justified further investigation as to 
its applicability to drug entrapment and sustained-release prepara- 
tion. 


Reproducibility of the Entrapment Procedure-The data in Table 
111 show the assayed amounts of drug found in each of six identi- 
cally prepared entrapment products. Two analyses were performed 
on each batch, with the averages being used to calculate the stan- 
dard deviation of the batches prepared. 


Based on the statistical analysis of the experimental data, one 
can expect that approximately 90% (employing 5 degrees of free- 
dom) of the sample values will fall within f 5.12 of the sample 
mean (i.e., 132.87 f 5.12). The coefficient of variability falls within 
the 5 %  limits that are established for most pharmaceutical 
preparations. 


Table 111-Reproducibility of the Entrapment Process 


mg. of Methapyrilene Average of 
Batch No. HCl/g. of Collected Solid Two Assays 


1 


2 


135.28 134.94 
134.59 
133.05 
139.11 


136.08 


3 133.94 133.91 
133.87 


4 130.99 130.38 
129.77 


5 132.95 132.32 
131.69 


6 127.22 129.60 
131.98 


Effect of Drug Concentration on Entrapment Results-Figure 
1 depicts the results obtained when various concentrations of 
methapyrilene hydrochloride solutions were employed with a con- 
stant amount of acrylic copolymer emulsion. The same formula 
(except for the drug concentration) and technique were employed 
as outlined for the drug entrapment procedure. It appears that a 
linear relationship exists between the initial drug concentration (in 
the range of 0.13-2.01 molal) and the amount of drug entrapped 
in the solid product. The equation for the line covering this portion 
of the graph was estimated employing the method of least squares. 


X,,, = 14.22 (M) + 4.19 (Es. 1) 
where M represents the molality of the methapyrilene hydrochloride 
solution and X ,  is the amount (g.) of methapyrilene hydrochloride 
found in 100 g. of the resultant mixture. The sample correlation co- 
efficient ( r )  found for the points used to calculate the equation 
was 0.995, indicating that the observed points are all very close to 
the calculated regression line. It is, therefore, possible to predict 
accurately the amount of methapyrilene hydrochloride to be found 
in an entrapment product. This relationship also allows for the 
reproducible production of products that might exhibit different 
and desirable effects, which are controllable by the drug-polymer 
ratio of the system. 


No definite explanation can be presented for the break in the 
curve (Fig. 1) as the molality of the methapyrilene hydrochloride 
solution exceeds 2.01. The aqueous solubility limit of methapyrilene 
hydrochloride is being approached at the 3.0 molal concentration 
level. However, the range of 0.13-2.01 molal solutions presents a 
very broad and useful area for the production of acrylic copolymer- 
methapyrilene hydrochloride entrapment compositions. 


The equation established was: 
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a 
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MOLALITY OF METHAPYRILENE HYDROCHLORIDE SOLUTION 


Figure 1-Effect of drug concentration on the acrylic copolymer- 
methapyrilene hydrochloride entrapment ratio. 
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Table IV-Dialysis of Acrylic Copolymer-Methapyrilene 
Hydrochloride Entrapment Compositions 


Molarity 
Outside 


Mokdrity ~ 


Sample Hours Molarity" Outside Molarity 
No. Dialyzed of System the Sac of System 


Outside 
Mokdrity ~ 


Sample Hours Molarity" Outside Molarity 
No. Dialyzed of System the Sac of System 


I b  
2 
3 


48 7.36 7.24 0.98 
48 7.68 7.12 0.93 
48 7.77 7.08 0.91 


46 72 7.05 6.97 0.98 
5 72 7.39 6.97 0.94 
6 b  107 6.92 6.50 0 .94  .. 


7 107 7.43 6.50 0.87 
8 107 7.42 7.12 0.96 
9 107 7.00 6.30 0.90 


a Molarity of the system was based on the total drug concentration 
found inside and outside of the dialysis sacs. All molarity concentrations 
presented are times 103. b Represents free drug samples, while all others 
are polymer-drug entrapment compositions. 


Drug Availability from Polymer-Drug Solutions-Preliminary 
dialysis studies showed that the dialysis membrane employed acted 
as an impermeable barrier towards the polymer molecules (acrylic 
copolymer) while allowing free passage of the methapyrilene hydro- 
chloride. The pH of the test fluid (range 1.4-7.4) had no apparent 
effect on the dialysis of the drug across the membrane or upon the 
impermeability of the membrane towards the polymer molecules. 
Table IV presents the dialysis data for the drug and polymer-drug 
entrapment systems. 


If complete equilibration occurred, the value obtained by di- 
viding the molarity outside the dialysis sac by the total calculated 
molarity of the system would be equal to 1 ; but as can be noted in 
Table IV, even in the cases of the free drug samples the values at- 
tained were not exactly 1. These slight differences of the drug sys- 
tems from unity may be attributed to errors involved in the dialytic 
and analytical procedures or to a low order of drug binding to the 
membrane. 


No major differences were noted at the three time intervals em- 
ployed. It appears that approximately 5-10x of the drug in the 
polymer-drug product is not passing freely through the membrane 
and, in some manner, is being bound or retarded by the polymeric 
system. It was concluded that the major portion (90% or more) of 
the methapyrilene hydrochloride present in the polymer-drug 
entrapment products is readily available for passage through a semi- 
permeable membrane. It was felt that this would also be true in a 
biological system where the membrane of the gastrointestinal 
tract would act as the semipermeable barrier, excluding the high 
molecular weight polymer and permitting passage (absorption) of 
the unbound drug molecules. 
In Vitro Release-Rate Studies-Data given in Table V show the 


release-rate patterns of six individually prepared batches of the 
acrylic copolymer-methapyrilene hydrochloride entrapment prod- 
uct. In all cases, the samples had been screened through a 60-mesh 
screen and were weighed to contain 100 mg. of drug (all mixtures 
contained approximately 13.3 % active ingredient) (Table 111). 


Standard deviations of the release rates for the individual sample 
periods are shown at the bottom of Table V. Figure 2 represents a 
graphical presentation of the mean cumulative percent release values 
plotted against time. 


Table V-Release Rates of Acrylic Copolymer- 
Methapyrilene Hydrochloride Entrapment Compositions 


~ 


Batch - Cumulative Percent Releas-- 
No. 0 .5hr .  1 .5hr .  2 .5hr .  4 .5hr .  6.5hr. 8h r .  


1 54.8 63.2 77.2 87.5 95.9 95.9 
2 49.5 7 1 . 5  78.3 84.4 101.6 101.6 ~~ 


3 42.3 63.2 70.2 85.2 i05.i - 
4 38.1 57.3 66.5 72.9 95.0 95.0 
5 45.3 63.2 72.8 76.8 98.7 100.0 
6 40.9 57.3 65.4 72.1 98.4 99.3 
Mean 45.7 62.6 71.7 79.8 99.1 98.4 
SD 6 . 2  5 . 2  5 . 4  6 . 7  3.7 2 .8  
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Figure 2-In vitro release-rate pattern of the acrylic copolynic+ 
methapyrilene hydrochloride entrapment product. 


Several investigators ( 1 ,  17-19) have attempted to correlate iir 
uitro release-rate patterns with in viuo results. Urinary excretion 
rate data of various sustained-action dosage forms of dextroam- 
phetamine sulfate, phenylpropanolamine hydrochloride, and tri- 
meprazine maleate have been compared with in citro release-rate 
results obtained with the rotating-bottle method. 


The reported in uitro release values shown in Table VI were for 
those products exhibiting suitable sustained-action properties 
(usually 10-12 hr.) when evaluated in vivo by urinary excretion 
studies. The experimental data (entrapment composition) depicted 
in Table VI were found to lie within or very close to the values re- 
ported for the satisfactory sustained-action products. The entrap- 
ment product exhibited in uitro sustained-action characteristics 
in the fine subdivided state without further formulation into gran- 
ules, pellets, and compression-coated, sugar- or film-coated, or 
layer tablets. 


The results shown in Table VII illustrate the effect of the polymer- 
drug ratio (percent drug present in the entrapment product) on the 
release-rate pattern. The polymer-drug ratio may be another means 
of controlling and changing release-rate patterns. 


The 13.3% level of entrapment was used for in c i ~ o  evaluation 
because it presented what was believed to be the best in L;itro char- 
acteristics for methapyrilene hydrochloride. The more rapid re- 
lease patterns may be useful for drugs with a more limited solu- 
bility characteristic or when this fine material is formulated into 
some compacted dosage form. 


In Vitro Release Rates from Tablet Preparations-The results in 
Table VIII show the effect of tableting on the release-rate patterns. 
The tablets containing 13.3% drug with 10% starch as a disinte- 
grant completely broke apart in about 10 min. The resultant mate- 
rial exhibited almost the identical release-rate pattern as the original 
60-mesh screened powder employed for the production of these 
tablets. This formulation and tableting approach could be used 
advantageously when the original powdered material exhibits 
suitable release characteristics. 


The tablets (13.3% drug) compressed without any disintegrating 
agent failed to break apart in the 8-hr. period investigated. In the 
first 0.5-1.5 hr. of immersion in artificial gastric fluid, the tablets 
were swollen to about twice their original size. During the initial 
test period (0-1.5 hr.), 45.6% of the entrapped drug was being re- 
leased, presumably by a leaching action of the test fluids. This 


Table VI-Comparison of Reported Release Values with 
Experimental Results 


-Cumulative Percent Release--- 
Reported Experimental 


Time, hr. Values Values 


0.5 32-43 45.7 
1 . 5  - 62.6 
2 39-69 68.5" 
2.5 - 71.4 
4 . 5  -90 79.8 
6 5  - 99 I 
7 86-98 97. O L  


0 These values were graphically determined from Fig. 2. 
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Table VII-Effect of the Polymer-Drug Ratio 
on the Release-Rate Pattern 


Time, Percent Drug > 


hr. 1 3 . 3  19.7 28.5 33.4 


Cumulative Percent Release 
0 . 5  45.7 60.4 60 .4  74.3 
1 . 5  62 .6  73.2 71.8 81 3 -~ 
2 . 5  71.7 82.8 77.1 83.2 
4 . 5  79.8 87.3 82.3 88.7 
6 . 5  99.1 93.1 92.0 91.7 
8 98.4 94.7 94.3 92.6 


leaching effect was felt to be the predominant mechanism of re- 
lease until about the 3rd or 4th hr. when the tablets began to 
diminish in size due to the slow dissolution of the polymeric mate- 
rial (as the pH of the test fluid increased). The portion of the drug 
content more tightly entrapped in the polymeric network was then 
being slowly released as the polymer dissolved. 


The tablets containing 33.4% drug prepared with and without 
the addition of starch had the same general appearance during 
release-rate evaluation as those containing 13.3 Z drug without any 
added disintegrating agent ( i e . ,  initial swelling and then slow dis- 
solution with increasing pH of the test fluids). The total release (in 
8 hr.) from these tablets was less than that found for the tablets 
containing 13.3 % drug. This reduction in total release of the two- 
tablet systems containing 33 % drug is undoubtedly due to the in- 
creased hardness of these tablets (Table VIII). 


The tablets containing 13.3 % active ingredient (no starch) and 
the ones containing 33.4% drug with 10% starch demonstrated 
very uniform hourly rates of drug release for the test period from 
2.5 to 8 hr. (Table IX). 


In Vivo Studies-Results shown in Table X were obtained after 
oral administration of free methapyrilene hydrochloride samples 
and a polymer4rug entrapment product to guinea pigs, with the 
animals then being subjected to the histamine aerosol chamber. 
The 95z confidence interval for the difference between the means 
(pure drug and entrapped drug) was found to be 4.9 =I= 1.2 hr., 
indicating an increased duration of activity of the drug when it is 
administered in the polymer-drug entrapment system. It was con- 
cluded that the drug was slowly being released from the entrap- 
ment product in concentrations adequate to maintain a pharma- 
cologic effect over this extended period of time. 


Toxicity Reduction-An oral dose of 200 mg./kg. of free metha- 
pyrilene hydrochloride was found to kill five out of six rats within 
30 min. after administration of the drug. The rats died in an acute 
convulsive state. One of the six rats survived the preselected 24-hr. 
cutoff point. 


The same dose of methapyrilene hydrochloride administered 
in a polymer-drug entrapment product had no lethal effect on six 
rats when observed over a 24-hr. period. The results of this acute 
toxicity study present further supportive data for the in uifro and 
guinea pig investigations, showing that the polymer-drug entrap- 
ment product is preventing the immediate release of all the drug and 
is protracting its availability over an extended period of time. 


Mechanism of Entrapment-Table XI summarizes the results 
obtained when testing the hypothesis that the acrylic copolymer 
emulsion system would be more stable to electrolytes as the pH of 
the system was increased. The results indicate that the original 


Table VIII--Effect of Tableting on the In Vifro Release-Rate Pattern 


Table IX-Uniformity of Release from Selected 
Polymer-Drug Tablets 


-----Percent Hourly Releas-- 
33.4% Drug Tablet 13.3 % Drug Tablet 


Time Intervals, (No Starch, (10% Starch, 


2.5-4.5 4 . 3  4 . 2  
4.5-6.5 4 . 4  4 . 2  
6.5-8 6 . 5  4 . 7  


hr. Hardness 5.0 kg.) Hardness 9.0 kg.) 


Table X-Measurable Protection Times ARorded to the Guinea 
Pigs by Free Methapyrilene Hydrochloride and a 
Polymer-Drug Entrapment Product 


Free Methapyrilene HCl 
Animal Hours Animal Hours 


Entrapped Methapyrilene HCI 


No. Protected No. Protected 


1 
2 
3 
4 
5 3 
6 1 


10 
10 


Sick 
8 11 
9 4 
4 9 
5 10 
6 9 
8 10 
9 4 


18 


XI = 3.8 hr. x2 = 8.7 hr. 


hypothesis was correct and that the presence of methapyrilene 
hydrochloride was causing flocculation of the polymeric system as 
exemplified in the drug entrapment procedure. 


During the entrapment procedure as the added polymeric system 
was being flocculated, the drug molecules were entrapped (en- 
closed) in the formed aggregates, thus retarding their release in 
subsequent test procedures. 


The cause of flocculation can be traced to the added electrolyte 
(drug molecules), which decreased the thickness of the diffuse 
ionic layer (of the polymeric material) and thus facilitated the floc- 
culation of the polymeric material. Whether the approaching 
particles agglomerate or not is determined by the balance of the 
attractive van der Waals-London forces and the repulsive coulombic 
forces (20). 


Further evidence that the drug was not chemically interacting 
with the polymer in some salt or direct ionic bond formation was the 
fact that a chloride analysis showed that approximately 50% of 
the entrapped drug was still in the chloride salt form. Jirgensons 
(20) reports that instances in which discharging and resultant 
flocculation can be explained as an ionic interaction between the 
ions of the particles and those of the added electrolyte are very 
rare. 


Baron (21) has defined a type of entrapment product, known as 
inclusion compounds, which does not arise from the linkage of two 
reactants by means of covalent or coordinate bonds but from the 
ability of one compound to enclose another spatially. “The en- 
closed compound (guest) is in a situation whereby it cannot readily 


Cumulative Percent Release 7 


13.3% Drug 13.3z Drug 33.47, Drug 33.4% Drug 
Time, 13.3% Drug Tablet (10% Tablet (No 33.4% Drug Tablet (10% Tablet (No 


hr. (Fine Powder) Starch) Starch) (Fine Powder) Starch) Starch) 


0 . 5  
1 . 5  
2.5 
4 . 5  
6 . 5  
8 


45.7 
62.6 
71.7 
79.8 
99.1 
98.4 


45.5 
64.9 
73.8 
81.8 
97.0 


100.0 


17.2 
45.6 
59.9 
68.1 
76 .9  
86.7 


74.3 
81.3 
83.2 
88.7 
91.7 


16.1 
30.0 
40.0 
48.3 
56.7 
63.7 


25.3 
38. i 
51 .0  
53.8 
63.8 


92.6 64.4 


Tablet Hardness, 5.0 kg. 
Tablet Weight, 946-758 mg. 


Tablet Hardness, 9 . 0  kg. 
Tablet Weight, 299-306 mg. 
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Table XI-Flocculation Values of Sodium Chloride and 
Methapyrilene Hydrochloride for an Acrylic 
Copolymer Emulsion System 


Flocculation Value" 
pH 3.3 pH 6.0 


Sodium chloride 250 1000-1250 
Methapyrilene hydrochloride 10 35 


a Flocculation value is the concentration of the drug in mmoles/l. 
in the final system required to cause complete flocculation within 2 hr. 


leave its position, although it is not actually bonded to the includ- 
ing compound" (21). 


The polymer-drug entrapment products formed in this study 
do not directly fall into this class but may be considered as a type 
of inclusion system where the host molecules are being held to- 
gether in a flocculated (aggregated) state entrapping the guest 
(drug) molecules. 


Application of the Process to Entrapment of Other Drugs- 
Table XI1 depicts the results obtained employing the flocculation 
procedure for 11 other cationic drugs. The drugs studied readily 
caused flocculation of the polymeric material, and the majority of 
these had flocculation values of about l(r20. The method of drug 
entrapment described in this study appears applicable to many 
cationic drugs, without changing the procedure. Possible modifica- 
tions that could be made in the entrapment process are: (a)  the 
use of anionic medicinal agents for the flocculation of cationic 
polymeric systems ; (b) the application of nonaqueous solvent sys- 
tems to cause flocculation; and (c )  the use of physiologically inert 
electrolytes to aid in the flocculation and entrapment technique. 


Figure 3 illustrates the effect of the phenylephrine concentration 
employed in the entrapment procedure on the amount of drug 
found entrapped in the collected solid mixture. The percent of drug 
concentration of the entrapment product was found to increase 
sharply as the molality of the solution employed increased from 
0.98 to 1.72. Further increases in molality produced only com- 
paratively slight changes in the polymer-drug ratio until the sudden 
upswing occurring at the molalities of 3.50 and 3.68, similar to the 
upswing noted with methapyrilene hydrochloride (Fig. 1). The 
study of acrylic copolymer-phenylephine hydrochloride entrap- 
ment products further exemplifies the applicability of the developed 
entrapment procedure to other drugs. 


SUMMARY AND CONCLUSIONS 
The phenomenon of the flocculation of polymeric systems has 


been evaluated for the molecular entrapment of drugs as a physico- 
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Figure 3-Effect of drug concentration on the acrylic copolymer- 
phenylephrine hydrochloride entrapment ratio. 


chemical approach to the development of oral controlled- or sus- 
tained-action dosage forms. 


A solid reproducible molecular entrapment composition of 
methapyrilene hydrochloride and an acrylic copolymer was pre- 
pared and evaluated for sustained-action properties. 
Zn uitro results obtained using the rotating-bottle method in- 


dicated satisfactory sustained-release properties of the drug from 
the entrapment product. The results of in oivo studies in guinea 
pigs were found to correlate with the in vitro data. An increase in 
the continuous duration of action of 4.9 =t 1.2 hr. was shown for 
the polymer-drug product when compared with a mean duration 
for the free drug. 


A reduction of the acute toxicity of methapyrilene hydrochloride 
in the entrapped form was established by an itz vivo investigation 
in rats. 


The polymer-drug entrapment product was found to exhibit 
characteristic protracted-release patterns in the tableted as well as 
the fine-powder state. 


The broad application of the entrapment process to the acid 
salts of numerous cationic nitrogen-containing medicinal agents 
was demonstrated. 


Table XII-Flocculation of an Acrylic Copolymer Emulsion System by Acid Salts of Various Cationic Nitrogen-Containing Medicinals 


Molecular Type of Flocculation" 
Compound Weight Amine Category Value 


d-Amphetamine 
sulfate 


Chlorpromazine 
hydrochloride 


Atropine 
sulfate 


Homatropine 
met hylbromide 


Ephedrine 
hydrochloride 


Phenylephrine 
hvdrochloride 


Moiphine 
sulfate 


Dihydrocodeinone 
bitartrate 


Methapyrilene 
hydrochloride 


Pyrilamine 
maleate 


Chlorp heniramine 
maleate 


368.5 


355.3 


694.9 


370.3 


201.7 


203.7 


758.9 


494.5 


297.9 


401.5 


390.9 


Primary 


Tertiary 


Tertiary 


Quaternary 


Secondary 


Secondary 


Tertiary 


Tertiary 


Tertiary 


TeI riary 


Tertiary 


ammonium 


~ 


Central 
stimulant 


Tranquilizer 


Parasympatho- 
lytic 


Parasympat ho- 
lytic 


Sympatho- 
mimetic 


Sympatho- 
mimetic 


Narcotic 
analgesic 


Antitussive 


Anti- 


Anti- 


Anti- 


histaminic 


histaminic 


histaminic 


10 


10 


10 


20 


20-25 


40-50 


10-1 5 


20 


10 


10 


10 


a The flocculation value is the concentration of the drug in mmoles/l. in the final system required to cause complete flocculation within 2 hr. 
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Synthesis and Anticonvulsant Properties of Some 
Derivatives of N-Methyl-2-phenylsuccinimide I1 


H. C. CLEMSON*, E. 0. MAGARIANt, and J. F. REINHARD* 


Abstract 0 Several substituted N-methyl-2-phenylsuccinimides 
have been prepared and evaluated for protective activity against 
convulsions induced by electroshock and pentylenetetrazole. 


Keyphrases 0 N-Methyl-2-phenylsuccinimide derivatives-syn- 
thesis 0 Anticonvulsant activity-N-methyl-2-phenylsuccinimide 
derivatives IR spectrophotornetry-structure NMR spec- 
troscopy-structure 


Phensuximide,‘ N-methyl-2-phenylsuccinimide (I), 
is a well-known anticonvulsant agent which has been 
employed in the treatment of petit ma1 epilepsy. The 
first paper of this series described the synthesis and bio- 
logical evaluation of several tert-aminoalkyl derivatives 
of Structure I as potential anticonvulsants (1). As part 
of a continuing study, several additional derivatives of 
I have been prepared and screened for anticonvulsant 
properties. 


0 do I 


CH3 
I 


~~ ~~~~ 


‘Marketed as Milontin by Parke, Davis and Co.. Detroit, MI 
48232 


DISCUSSION 


Until recently, the methods used in the preparation of succinimide 
anticonvulsants have involved the cyclization of appropriate suc- 
cinonitrile and succinic acid derivatives (2-6). However, the feasi- 
bility of direct substitution on the succinimide ring has been demon- 
strated as a useful synthetic tool (1, 7, 8). 


alkylating or 
AC) latiiig conditions 


0 do I 


CH:] 


IIu; R =  -CHzPh 
IIb; R=-COCH, 
IIc; R =  -COPh 


Scheme I 
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Drug Absorption from the Rectum 111: 
Aspirin and Some Aspirin Derivatives 


WERNER LOWENTHAL, JOSEPH F. BORZELLECA, and CHARLES D. CORDER, Jr. 


Abstract 0 The rectal absorption of aspirin, aluminum aspirin, and 
calcium carbaspirin was studied in dogs. Cocoa butter, polysor- 
bate 61, polyethylene glycol mixture, and a mixture of natural 
saturated vegetable fatty acid glycerides were the bases used. The 
areas under the plasma concentration-time curves, peak salicylate 
levels, and the time the peak levels occurred were used as the criteria 
for comparison The absorption of aluminum aspirin from cocoa 
butter and the polyethylene glycol mixture was poor. Plasma salicy- 
late levels from aspirin and calcium carbaspirin in the polysorbate 
61 base were minimal. The highest peak and largest area under 
the curve were seen with calcium carbaspirin in vegetable fatty 
acid glycerides base The commercial aspirin product had the lowest 
peak and smallest area under the curve but the earliest peak. The 
two latest peaks in salicylate plasma levels were observed following 
the use of cocoa butter base suppositories. No conclusions can be 
reached concerning any differences in absorption of aspirin or 
calcium carbaspirin in the various bases or the commercial aspirin 
product. 


Keyphrases 0 Drug absorption-aspirin, derivatives, rectum, dog 
0 Aspirin, derivatives-drug absorption, rectum, dog 0 Rectal 
absorption, dog-aspirin, derivatives 0 Suppositories, absorption- 
aspirin, derivatives, dog 


Suppositories resemble a type of sustained-release 
tablet where it is desired that the matrix rapidly dis- 
integrates. The drug is incorporated into a wax-type 
matrix which can be either hydrophilic, such as poly- 
ethylene glycol waxes, or hydrophobic, such as cocoa 
butter. With this in mind, one would expect the ordinary 
suppository to release the drug more slowly than a 
rapidly disintegrating tablet. This should result in 
slower absorption and possibly a lower peak. In addi- 
tion, there is relatively little fluid present in the rectum 
compared to the stomach and intestine. As a result, as 
the suppository matrix liquifies, the drug is diffused 
through a viscous medium to get to the absorbing mem- 
brane. This also decreases the rate of absorption and 
may explain the erratic and incomplete absorption that 
occurs in the rectum. 


Aspirin suppositories became official in the USP 
XVII and are widely used. Coldwell and Boyd (1) re- 
ported that LD50 of rectally administered suppositories 
to male albino rats was significantly less than the LD50 
of orally administered aspirin. 


Only a few in uiuo studies have been reported (2). 
Thomsen (3) indicated that polysorbate 60 at 20 % con- 
centration modified aspirin absorption from a mixture 
of natural saturated vegetable fatty acid glycerides 
base.’ The surfactant caused an earlier peak level. 
Coldwell et al. (4) studied the effect of dosage form and 
route of administration on the absorption and excre- 
tion of aspirin in 10 human volunteers. Results indi- 
cated that oral absorption from tablets (640 mg.) pro- 


~ 


1 Witepsol S-55, Chemische Wake Witten, G.m.b.H., Riches-Nelson, 
Tnc. 


ceeded uniformly with a peak in 2 hr. Absorption from 
suppositories (640 mg.) was more variable. Aspirin 
tablets given rectally had lower levels and gave erratic 
blood level patterns. The rate of disappearance of 
salicylate from plasma was slower for the rectal route 
than the oral route. No salicylate could be detected in 
the plasma following administration of an aspirin sus- 
pension rectally. Recovery of salicylate from urine was 
less for the tablets and the suspension given rectally 
than for tablets given orally or for aspirin rectal sup- 
positories. Neuwald and Kunze (5) found that in uitro 
dissolution tests with suppositories were misleading and 
did not predict in uiuo absorption. 


Since there is a potential bioavailability problem with 
rectal suppositories and due to the potential toxic 
hazard, especially in children, it was decided to investi- 
gate the effects of various bases on the absorption of 
aspirin, aluminum aspirin, and calcium carbaspirin 
(calcium aspirin carbamide). 


Aspirin is soluble to the extent of 1 g. in 100 ml. water 
at 37” (6); aluminum aspirin NF is “insoluble”; and 1 
g. calcium carbaspirin dissolves in 4.33 ml. of water at 
20” (7). These were used to represent aspirin compounds 
with three different solubilities. The rate of absorption 
and the amount absorbed are dependent upon the rate 
of release of the drug from the dosage form matrix and 
the rate of solution of the drug in the rectum. To eval- 
uate these factors, the three forms of aspirin were in- 
corporated in four different suppository bases. The 
bases were: (a) cocoa butter USP;4 (b)  a mixture con- 
taining partial glycerides or triglycerides of natural 
saturated vegetable fatty acids of Clz-ls chain length 
with m.p. 33.5-35.5”, saponification value of 220-230, 
iodine value (Kaufman) of >7, and a hydroxyl value of 
50-56l (S-55); (c) polysorbate 61 [polyoxyethylene (4) 
sorbitan monostearate];5 and ( d )  a mixture of polyeth- 
ylene glycols (PEG). 


Cocoa butter and S-55 are hydrophobic bases melting 
below the normal body temperature of humans and 
dogs. Cocoa butter is widely used and may be consid- 
ered a “standard” against which other bases are com- 
pared. S-55 represents the new synthetic bases which are 
being used as cocoa butter substitutes. Polysorbate 61 
is a tan waxy solid, dispersible in water, with a pour- 
point of approximately 38‘ and a hydrophile-lipophile 
balance of 9.6, and represents the nonionic surfactant 
type of base. The polyethylene glycol mixture is a 
water-soluble base but does not melt at normal body 
temperature. 


2 Abbott Laboratories, North Chicago, IL 60064 
3 Calurin Dorsey Laboratories, a Division of the Wander Co. 
4 Charles’Huisking & Co., Inc. 
6 Tween 61, Atlas Chemical Industries, Inc., Wilmington, DE 19899 
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Figure I-Plasma saiicylate levels for cocoa butter base suppositories. 
A. aspirin, standard deoiation (--); B,  calcium carbaspirin, standard 
deoiation (-). 


As a result, three different drugs were to be studied in 
four different bases, resulting in 12 different products. 
A commercial aspirin product in a water-soluble base 
was included for comparative purposes. 


EXPERIMENTAL 


Procedures and Methods-These were the same as those pre- 
viously reported (2). The dogs used weighed between 11.3 and 14.5 
kg. Dogs were used in this study because of their larger size and 
because the rectal physiology of the dog and the human are similar. 
Four or five dogs were used for each p~epW9tb~. 


Analytical Procedure-These were the same as those previously 
reported (2). 


.I 
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Figure 2-Plasma salicylate levels for S-55 base suppositories. A ,  
aspirin, standard deviatioii (-); and B,  calcium carbaspirin, standard 
deviation (-). 
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Figure 3-Plasma salicylate levels for PEG mixture suppository base 
and rhe commercial aspirin product. A, aspirin, srandard deviation 
(-); B,  calcium carbaspirin, standard deoiation (-); and C ,  com- 
mercial aspirin producr, standard deviation (- -). 


Suppository Formulation-Aspirin6 USP comminuted through an 
80-mesh screen, aluminum aspirinZ NF, and calcium carbaspirinJ 
were used. The suppositories were made by the hot-melt method 
using metal molds. Drug displacement in the four bases was first 
determined, and the amount of base required was calculated (8). 
The drugs were mixed with the melted base and poured into molds; 
the molten mass was allowed to solidify in a refrigerator. The sup- 
positories were removed from the molds and stored in a refrigerator 
in a well-closed container until used. The same molds were always 
used. The PEG base was made from 6 parts polyethylene glycol 
154U and4 pans polyethylene glycol 6000’ 


A 330-mg. dose of aspirin base or equivalent amounts of alumi- 
num aspirin and calcium carbaspirin were used. This dose was 
lower than the one used in the previous study. This was deemed 
necessary to reduce the interference by the biotransformation 
s )  stems (9). 


RESULTS AND DISCUSSION 


Aluminum aspirin was poorly absorbed from cocoa butter and 
PEG bases, and in two dogs no salicylate could be detected. When 
salicylate was detected in the plasma, its appearance was later then 
either the aspirin or calcium carbaspirin. Due to the insignificance 
of the low levels obtained, the. -were not tabulated. The peak 
was about 1.21 mg.o/o in 4-7 hr. in cocoa butter and about 0.81 
mg. 2 in 3-7 hr. in PEG base. 


Calcium carbaspirin in polysorbate 61 base caused defecation 
and expulsion of the suppositories in 3 out of 4 dogs. Although there 
was no visual evidence of damage to the mucosa nor was any bleed- 
ing evident, irritation may have occurred and could have caused 
expulsion. Aspirin in polysorbate 61 base did not cause defecation, 
but the suppository or parts of it was removed in 3 out of 4 dogs. 
Again there was no visual evidence of mucosal damage or blood. 
The salicylate levels for these two products were very low and were 
not tabulated because they would be of doubtful value. The peak 
level for calcium carbaspirin was 1.84 mg. in 8 hr., for aspirin it 
was 1.74 mg. 


Individual dogs were fairly consistent in the salicylate levels they 
exhibited after administration of the various products; e.g., dogs 
that showed high salicylate levels generally did so for all products. 


in 4-8 hr. 


8 Aspirin, Merck & Co., Inc., Rahway, NJ 07065 
7 Carbowax 1540 and Carbowax 6000, Union Carbide Chemicals 


Co., New York, NY 10017 
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Table I-Data from Graphical Concentration of Sslicylate in Plasma-Time Plots 


Area under 
Curve, -Peak Level --- 


Preparation mg./hr. Height,a mg. Time,” hr. 


Aspirinsocoa blctter 26.1 4.10(2.85-6.27) 6(3-7) 
Calcium carbaspirinxocoa butter 21.9 3.46 (2.854.40) 6(4-6) 
Aspirinsommercial product 18.9 2.94 (1.86-3.70) X2-4) 
Aspirin-PEG 24.9 3.80 (2.774.95) 3 ( 3 4 )  


Calcium carbaspirin-S-55 29.0 4.56 (2.95-6.39) 3(34) 


Calcium carbaspirin-PEG 23.8 4 .  I 2  (3.284.91) 5(4-6) 
Aspirin-S-55 21.7 3.27 (2.484.30) 4(2-5) 


‘’ Obtained by averaging data for individual dogs. Numbers in parenthesis are the ranges. 


The average salicylate levels at the various sampling intervals and 
the standard deviations are shown in Figs. 1-3. As can be seen, there 
are no trends or consistencies among the drugs or bases. 


Areas under the curves were determined with a planimeter.* 
These findings, together with the height of the peaks and time the 
peak levels occurred, are given in Table I. Using this information 
the products were ranked in the following ways: (a )  order of de- 
creasing area under the curves; (b )  order of decreasing peak height; 
and (c) order of increasing length of time for peak blood level to 
occur. 


Decreasing Area under the Curve: 
1. Calcium carbaspirin-S-55 
2. Aspirin-ocoa butter 
3. Aspirin-PEG 
4. Calcium carbaspirin-PEG 
5. Calcium carbaspirin-cocoa butter 
6. Aspirin-S-55 
7. Commercial aspirin product 


I .  Calcium carbaspirin-S-55 
2. Calcium carbaspirin-PEG 
3. Aspirin--cocoa butter 
4. Aspirin-PEG 
5. Calcium carbaspirin-cocoa butter 
6. Aspirin-S-55 
7. Commercial aspirin product 


1. Commercial aspirin product 
2. Calcium carbaspirin-S-55 
3. Aspirin-PEG 
4. Aspirin-S-55 
5. Calcium carbaspirin-PEG 
6. Calcium carbaspirin-cocoa butter 
7. Aspirin-cocoa butter 


From these rankings the following conclusions can be made: 
1 .  Calcium carbaspirin in S-55 base has the highest peak and 


the largest area under the curve but only the secmd earliest peak. 
2. The commercial aspirin suppositories in a water-soluble base 


had the smallest area under the curve and the lowest peak height, 
but the peak occurred earliest. 


3. Calcium carbaspirin in cocoa butter base ranked fifth in area 
under the curve and peak height and sixth in time of Occurrence of 
the peak. 


4. Aspirin in S-55 base ranked sixth in area under the curve and 
height of peak level but was fourth in time that the peak level 
occurred. 


5. The two latest peaks in salicylate blood levels were observed 
following the use of cocoa butter base suppositories. 


No conclusions can be made concerning any difference in ab- 
sorption of aspirin or calcium carbaspirin in cocoa butter, PEG, or 


Decreasing Height of Peak: 


Time Peak Occurs: 


8 K and E Compensating Polar Planimeter, model 4236111. 


the synthetic fatty base. Aluminum aspirin appears to be only 
poorly absorbed from the rectum in 8 hr. The reasons may be the 
insolubility of the salt and the lack of fluid to dissolve it. Also the 
reason postulated by Levy and Procknal(10) that a protective gel 
forms around the drug to reduce its bioavailability may also occur 
in the rectum. Polysorbate 61 appears to cause irritations resulting 
in expulsion of the suppositories, although absorption from this 
base does occur. There was no visual evidence of tissue damage or 
bleeding due to polysorbate 61. The results here do confirm those of 
Neuwald and Kunze (5) who reported that aspirin and calcium 
salicylate absorption was identical. The peak blood levels were of 
similar height. Cummings et al. (11) reported that a polymeric 
condensation product of AlzOa and aspirin from the interaction of 
aluminum isopropoxide and aspirin was absorbed equally well as 
was aspirin after oral administration. Absorption of the aluminum 
aspirin was delayed about 0.5 to 1 hr, but the total salicylate ex- 
creted in the urine was the same for the two products. This alumi- 
num aspirin compound should also be tested for rectal absorption. 
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Interactions of Drugs with Proteins 11: Experimental Methods, 
Treatment of Experimental Data, and Thermodynamics of Binding 
Reactions of Thymoleptic Drugs and Model Dyes 


H. J. WEDER* and M. H. BICKEL 


Abstract 0 The binding to bovine albumin of the model dyes and 
drugs-bromocresol green, eosin, imipramine, and desipramine- 
has been studied using equilibrium dialysis, ultracentrifuge sedi- 
mentation, and difference spectrophotometry. An improved 
apparatus for equilibrium dialysis has been developed. Bromo- 
cresol green interacts with two types of binding sites: four ligands 
are bound by H-bonds, electron-donator-acceptor (and possibly 
hydrophobic) forces stabilized by electrostatic forces, and three to 
four ligands are bound by electrostatic forces only. Eosin is bound 
by van der Waals’ forces and electron-donator-acceptor forces to 
three binding sites and by electrostatic forces to six binding sites. 
Imipramine interacts with only one type of binding site by van der 
Waals’ and possibly hydrophobic forces, stabilized by dipole  
dipole forces and involving tyrosyl residues. There are n = 6 
binding sites, and the intrinsic association constant k = 5 X lo* 
M-I. Desipramine binding exhibits a more complicated mech- 
anism, probably involving exposure of additional binding sites 
upon a drug-induced conformational change. Given concentra- 
tions of drug and protein yield the free-drug concentration and 
degree of binding as experimental values. From these the following 
parameters for each type of binding site have been determined by 
computer: n, k, freeenthalpy change, enthalpy change, and entropy 
change. From these parameters, as well as from spectral shifts and 
dependence on pH, ionic strength, and temperature, the modes and 
forces of interaction have been deduced according to previously 
discussed binding models and methods. Identical results are ob- 
tained by dialysis and ultracentrifugation if pH, ionic strength, 
and temperature are kept constant. 


Keyphrases 0 Plasma proteindrugs-interactions 0 Thymolep- 
tics, dyes-bovine albumin binding Dyes, thymoleptics- 
thermodynamics, bovine serum binding Thermodynamks- 
drugs-albumin binding 0 Dialysis, equilibrium-albumin binding 
0 UV spectrophotometry-analysis 


It is generally assumed that a small molecule inter- 
acting with a biopolymer induces a conformational 
change which is responsible for the action of the small 
molecule (drug). Similar interactions or binding of drugs 
also occur with biopolymers not involved in phar- 
macological action, i.e., with unspecific receptors such 
as plasma proteins. 


The binding of a small molecule can influence the 
chemical reactivity at different sites of the macro- 


molecule. These phenomena are mainly due to long- 
range electrostatic forces, to shorter range specific 
interactions such as hydrogen and hydrophobic bonds 
(l), and finally to proton dispersion forces; the latter 
obey the same laws as London dispersion forces (2). 
In addition, primary drug-protein complexes are often 
stabilized by charge transfer forces. These forces, how- 
ever, should not be used to estimate the overall complex 
stability, since the interactions are mainly due to van 
der Waals-London forces. The stability of a drug- 
protein complex is expressed by its association constant, 
which is also important for the pharmacokinetic be- 
havior of the drug. 


Numerous methods are currently used for the study 
of drug-protein interactions (3). Thermodynamic 
methods and optical rotatory dispersion (ORD) or 
circular dichroism measurements are tools for the 
detection of drug-induced conformational changes of a 
biopolymer. Equilibrium dialysis and ultracentrifuga- 
tion, as well as spectroscopy in the visible and UV 
range, allow the determination of association constants. 
The resulting energy and entropy effects are useful 
parameters for the interpretation of the mechanism of 
interaction. Difference spectra in the 220-3 10-mp 
range yield information on conformational changes in 
the environment of phenylalanyl, tyrosyl, and trypto- 
phyl residues. High resolution NMR spectroscopy is a 
powerful tool for the study of primary binding sites 
and of drug atoms interacting with the macromolecule. 
Information on the mobility of the interacting groups 
can, in this way, be obtained by the determination of 
relaxation times. 


In this paper, the authors present the results of 
experiments with triphenylmethane dyes and bovine 
albumin designed to test methods used in the study 
of drug-protein interactions. Some of these methods 
were used in the earlier study of tricyclic thymoleptic 
drugs (4). This paper also contains additional data on 
the thermodynamics and binding mechanism of the 
drugs mentioned. 
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Figure 1-Apparatus for equilibrium dialysis. Key: 1 ,  Plexiglas core; 
2, Plexiglas lid; 3, glass disk; 4 ,  Teflon ring; 5 ,  membrane; 6, rubber 
ring; 7 ,  binding screw; 8,  Cr-Ni tubes, 1.4-mm. diameter; and 9, 
surface of liquid in dialysis cells. For further details, see Experi- 
mental. 


EXPERIMENTAL 


Materials-The purity of the dyes, bromocresol green (BKG) 
and eosin (EOS),' was checked by TLC. All other compounds used 
were described previously (4). The buffer solutions are indicated in 
the respective tables and figures. 


Spectrophotometry-All measurements were carried out at 
20 f 2" with a Unicam UV spectrophotometer SP 800 and a 1-cm. 
cell. The following molar extinction coefficients have been deter- 
mined for BKG (&) and EOS (&), respectively: 2.93 X lo4 and 
5.94 X lo4 (pH 7.0phosphate buffer, 0.01 M), 2.04 X lo4 and 5.50 x 
lo4 (pH 5.0 disodiumcitrate buffer, 0.05 M ) ,  and 1.32 X lo4 and 
3.26 X lo4 (pH 3.5 citric acid-phosphate buffer 0.05 M). The relative 
errors were <3%. 


To use a spectral change for the determination of the free and 
protein-bound dye, the following conditions must be fulfilled: 


1. There is no absorbance of the protein in the spectral range used. 
2. Free and bound ligands obey Beer's law in the concentration 


range used. 
3. Extinction coefficient (e) of bound ligand is independent of 


degree of binding (r) .  
4. There is the appearance of an isosbestic point (€free = €bound). 
Calculations of association constants can be carried out according 


to Benesi and Hildebrand (6) or Hammes and Schimmel (7). The 
molar ratio of an interaction can be determined by extrapolation 
of the difference spectrophotometric titration curve at saturation 
( r  = n) obtained by varying the concentration of either ligand or 
protein. 


Equilibrium Dialysis-The fraction of a ligand bound to a pro- 
tein can be determined by measuring the free ligand concentration 
in the protein-free compartment. Membrane effects can be con- 
trolled if the ligand concentration can be determined in both 
compartments. Under certain conditions (8), the Donnan effect 
must be corrected for (9, 10). The devices used for equilibrium 
dialysis range from simple cellophane bags (1 1-13) to specially 
designed apparatus (14, 15). The one developed by the authors 
contains two cells (3.0 ml., 0.27-cm. width), separated by a re- 
generated cellulose membrane of a medium pore size of 3-5 mg 


1 Purchased from Fluka Ltd., Buchs, Switzerland. 
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Figure 2-BKG-BA interaction (pH 7.00). Saturation curve obtained 
by  spectrophotonwtric titration. For further details, see Results. 


and a weight of 12.8 g./m2. The vertically positioned wheel-shaped 
double cell is rotated at 100 r.p.m. Each cell contains two metal 
tubes in opposite position. They are used for filling and emptying 
the cells and are connected by a plastic tube during dialysis. Further 
details are shown in Fig. 1. The main advantages (14) of this device, 
as compared to others, are a constant solution volume (pressure 
compensation), minimal dilution effects, short equilibration times, 
and low risk of denaturation. 


To suppress Donnan effects, the buffer solutions contained 0.9 
NaCI. The dialyses were carried out at 20 f 1 and 4 f l a ,  
respectively. The experimentally determined equilibration times 
were in the 2-3 hr. range for all ligands used [imipramine (IP), 
desipramine (DMI), BKG, and EOS]. Addition of these ligands to  
the buffer cell or to the protein cell led to  identical results. In the 
latter case, an incubation time of 30 min. was allowed before 
dialysis. The binding reactions have been found to be reversible. 
The weak adsorption of IP and DML to the membrane has been 
controlled by measuring the equilibration concentrations in both 
cells. The concentrations were determined either by measurement 
of radioactivity (4) or spectrophotometry. 


Ultracentrifugation-In a strong gravitational field, sedimenta- 
tion of proteins and protein-ligand complexes can be obtained 
whereas the free ligand concentration remains unchanged. The 
method described by Steinberg and Schachman (16, 17) has been 
used. 


Ultracentrifugation was carried out at 200,OOO X g for 16 hr. 
at21 f 1". 


CALCULATION O F  BINDING PARAMETERS 


The basic theory of the calculation of ligand-protein equilibria 
has been described in detail (11, 13, 18, 19). In many cases, a clear 
interpretation of experimental data is hampered by the occurrence 
of more than one type of binding site, one or more interacting types 
of binding sites, or by cooperative binding phenomena. In certain 
cases, particularly when important chemical and physical charac- 
teristics of the macromolecule are known, the correction function, 
f ( r ) ,  can lead to the desired result (20). 


Various curve-fitting techniques can be employed for the deter- 
mination of the number of individual binding sites and association 
constants by solving a set of i simultaneous linear equations for a 
system of i binding types (21). 


A graphic method, employed when the characteristics and con- 
centration of the protein are unknown, has been described by 
Rosenthal (22), making it possible to determine the physicochemical 
parameters of binding systems which consist of one ligand and one 
or more proteins containing one or more noninteracting binding 







Table I-BKG-BA Interaction Showing Binding Parameters and Comparison of Methods at 21 O 


Ionic 
Method pH Strength 121" 


AFi'; AFzO, 
nzn kl,b 10' I./mole k2, lo3 I./mole cal./mole cal./mole 


DIAd 7 . 0  0.19" 4.07 0.18 3-41 5.48 f 0.25 - -7718 -f 
ucsc 7.0  0.19" 4.11 f 0.21 3-4r 5.62 f 0.34 - - 7732 -f 


- -8231 -/ ucs 7.0  0 . 0 4 h  4.19 f 0.12 3-4f 13.2 =t 0 . 4  
T I P  7.0  0.04* 3.6 - - - - - 
ucs 5.0 0.241 58 =!= 2 4 4 + 4  0.06 + 0.03 1 . 3 1  i 0.10 - 4942 -4192 ucs 3 . 5  0 . 2 9  108 + 8 0 0.47 f 0.04 0 -5113 0 


a n = number of (primary and secondary) binding sites. * k = intrinsic association constant. c AFo = free-enthalpy change. d DIA = equilibrium 
dialysis. e Phosphate buffer, 0.01 M + NaCI, 0.9 %. f See Discussion. Q UCS = ultracentrifuge sedimentation. h Phosphate buffer, 0.01 M .  a TIT = 
spectrophotometric titration. J Disodium citrate buffer, 0.05 M. k Citric acid-phosphate buffer, 0.05 M .  


sites. This method also yields information about the distribution 
of the ligands on the different types of binding sites. 


Equations for the characterization of pure hydrophobic inter- 
action mechanisms between phenols (23) or polycyclic hydro- 
carbons (24) and proteins have been developed from the protein 
association constants and partition coefficients of the ligand in 
question. Crothers (25) developed a computational method for the 
calculation of binding isotherms for heterogeneous polymer sys- 
tems. 


Theoretical studies toward determination of the binding func- 
tions of ligands that interact with a polymerizing protein system 
have been carried out by Nichol et al. (26). According to these 
authors, pronounced sigmoidal binding curves, as in the case of 
allosteric systems, are to be expected. 


RESULTS 


BKG-Bovine Albumin (€%A)-The binding equilibrium of BKG 
and BA was investigated using three methods: difference spectro- 
photometry, equilibrium dialysis, and sedimentation in the ultra- 
centrifuge. 


The spectrophotometric titration of 5 X lo-& M BKG solutions 
in 0.01 M phosphate buffer, pH 7.0, with corresponding BA solu- 
tions (molar excess range of BKG 1 to 100) yielded at saturation a 
binding stoichiometry of BA-BKG = 1 : 3.6 (Fig. 2). Difference 
spectra, involving constant BA concentrations and variable BKG 
concentrations with corresponding BKG solutions as reference, 
show under like conditions absorption maxima at 413 and 632 mp, 
the longwave red-shift maximum yielding the same stoichiometry 
(1 :3.8). Since the absorption maxima of free BKG are 400 and 616 
mp, the charge transfer band of the albumin-bound BKG exhibits 
a shift of 13 and 16 mp, respectively. At 616 mp, a simultaneously 
appearing hypochromic effect of 32 f 4 


The evaluation of the experimental binding curves, as obtained 
by means of dialysis and ultracentrifugation, is based on the follow- 


can be measured. 


6 l  
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Figure 3-BKC-BA interaction (pH 7.00). Scatchard plots for pri- 
mary binding sites. Key: @, equilibrium dialysis, ionic strength 0.19; 
and 0, ultracentrifuge sedimentation, ionic strength 0.04. For further 
details, see Results. 


ing model, which has also been successfully employed in the case 
of EOS-albumin interaction. This model assumes that the use of 
dilute solutions allows the activities of the components to be equated 
to their concentrations and, furthermore, that interactions between 
individual binding sites as well as cooperative binding phenomena 
are absent or negligible. If r is the mean degree of binding, i.e., 
number of moles of bound ligand per mole of protein, and c~ the 
concentration in moles/liter of the free ligand at equilibrium, then 


where ni represents the maximal number of the equivalent binding 
sites of q different types, and ki is the corresponding intrinsic asso- 
ciation constants. In the case of two types of binding sites, Eq. 1 
becomes 


or for one type of binding site, 


or 


(Eq. 4) 


Thus, r/c/ as a function of r (Scatchard plot) yields the number of 
binding sites, nl, when r/c/ + 0 and the negative slope of the 
straight line corresponds to the intrinsic association constant kl.  
Assuming that r # f(AF.), where AF, is the electrostatic free-energy 
change, the Scatchard plot yields a curve resulting from interference 
of the individual curves representing the two types of binding sites. 
Hence, Eq. 4 can be written 


kl . nl + X-, . n2 - [(kl - k2)rl + k2 r] (Eq. 5) 
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Figure 4-BKG-BA interaction. Scatchard plots for binding at pH 
5.0 (0) (left scale) and pH 3.5 (@) (right scale). Ultracentrifuge 
sedimentation. For further details, see Results. 
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Table 11-EOS-BA Interaction Showing Binding Parameters by Ultracentrifuge Sedimentation at  21 


Ionic AFi O ,  AF2 O,  


PH Strength nl n2 k l ,  106 l./mole k2,  lo5 l./mole cal./mole cal./mole 


7 .0  0.0P 3.9 =t 0.1 5 .8  f 0.4 5.62 f 0.22 2.31 f 0.17 - 9077 -7213 
7.0 0.19" 3.8 f 0.1 5.6 f 0.5 9.70 f 0.51 1.09 f 0.08 - 9324 -6773 
5.0 0.24j 7.6 f 0.4  10.6 f 0.4  0.80 f 0.04 1.28 =k 0.03 -7938 - 6868 
3.5 0.24j 65 f 5 0 4.09 f 0.41 0 -8891 0 
3.5 0.2Y 61 f 6 0 1.34 + 0.12 0 - 8240 0 


For identification of 6 ,  h,  i, and k, see Table I. 


and in the limit, when rl, r2, and r + zero, 


For r/cf -., 0, 


From Eq. 5 ,  one obtains the negative slope: 


For kl >> kz and low values of r,  drlldr = 1 as a first approxima- 
tion; hence the negative slope is -kl, valid for the experimental 
range drl/dr 'v 0, where d(r/c,)/dr approaches -ka and r reaches 
its limiting value of nl + n2. 


For the determination of the slopes -kl  and -k2 ,  nl and n2, 


as well as of the y-intercept klnl + k2n2 for r -t 0, the authors de- 
veloped a best-fit computer program which also permitted the 
calculation of the standard free-energy (free-enthalpy) changes, 
AF1' and AF2", from the obtained intrinsic association constants. 


The binding parameters obtained for the BKG-BA interaction 
at pH 7.0, 5.0, and 3.5 are listed in Table I; the corresponding 
binding curves are shown in Figs. 3 and 4. In all dialysis and ultra- 
centrifuge experiments, three BKG concentrations were used 
(4 X low4, and 5 X 10-4 M), and the BA concentration was 
varied within the range 5 X to 1.25 x 10-4 M. 


EOS-BA-For the characterization of this interaction, spectro- 
photometry and ultracentrifugation were employed. 


Spectrophotometric titrations at 23" of 2.5 X MEOS solu- 
tions at pH 7.0, 5.0, and 3.5 with 2.5 X to 3.1 X lo-' M BA 
solutions of corresponding pH values yielded at saturation BA- 
EOS stoichiometries of 1 :3.2, 1 :2.1, and 1 :0, respectively. Normal 
and difference spectra demonstrate a red-shift maximum between 
532 and 534 mp and a clear isobestic point at 520-522 mp (Fig. 5) .  


The binding parameters, as obtained from ultracentrifuge experi- 
ments, are listed in Table 11. In these experiments, the EOS concen- 
tration was held constant at 2.5 X M ,  whereas the BA concen- 
tration was varied in the range 6 X to 1.25 X 


IP-BA-Freeenthalpy, enthalpy, and entropy changes of the 
IP-BA interaction were determined by means of equilibrium 
dialysis in an IP concentration range (2 x M )  
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Figure 5-EOS-BA interaction. Difference spectra by spectro- 
photometric titrations of EOS with afburnin solutions. For further 
details, see Results. 


which produces 1 : 1 complex formation; the BA concentration 
was 2 x M.  When r = 1 (1 :1 complexing), Eq. 3 becomes 


The l/r plotted as a function of l / c f  yields, at 20 and 4", intercepts 
of 1.04 f 0.05 and 0.98 f 0.07, respectively. The binding param- 
eters and thermodynamic functions are listed in Table 111. Analo- 
gous experiments with human albumin (HA) yielded an approxi- 
mately 35 lower association constant. 


Binding studies performed in the gravitational field of the ultra- 
centrifuge, with a 13.7 to 360 molar excess of IP and BA concentra- 
tions of and 0.5 X M ,  yield the straight-line binding 
curve depicted in Fig. 6. The binding parameters calculated accord- 
ing to Eq. 4 are listed in Table IV. 


DMI-BA-The interaction of DMI and BA, as studied under the 
same experimental conditions (21", pH 7.0, ionic strength Z = 
O M ) ,  is of a more complex nature. The Scatchard plot yields, for 
values of r in the range 0-8, a curve with an initially positive slope 
d(r/c,)/dr and a maximum at r 'v 6 ;  therefore, the model intro- 
duced previously cannot be employed for the DMI-BA interaction. 
For the interpretation of this mechanism of interaction, an r cersus 
c f  plot (Fig. 7) seems to be useful. In the concentration range 
leading to 1 :1 complex formation, the DMI interaction is of the 
type described for IP. 


DISCUSSION 


BKG-BA Interactions-Within the limits of experimental error, 
various methods [equilibrium dialysis, ultracentrifuge sedimenta- 
tion, and ultrafiltration (27, 28)] yield under identical experimental 
conditions the same binding parameters such as association con- 
stants and number of binding sites (compare Table I). If the in- 
trinsic association constant determined by Rodkey (27) by means 
of ultrafiltration and that determined in this paper are averaged, 
the result is kl = 5.45 X lo6 l./mole, with a relative error of 3.5 %. 
In this context, the number of primary binding sites as a function 
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Figure 6-IP-BA interxtioii ( p H  7.00). Scatchard plot. Ultmcen- 
trifuse sedimentation, ionic strength 0.04. For further details, see 
Results. 
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Table In-IP-Albumin Interaction Showing Binding Parameters 
and Thermodynamic Functions (pH 7.4) by Equilibrium Dialysisn 


ASi": 
Tem- AFl", AHI",~ cal. X 
pera- cal./ cal./ degree-' 


Albumin ture k l ,  lo3 ]./mole mole mole X mole-' 


Bovine 20" 6 .00+ 0.25 -5063 
Bovine 4" 10.60 =t 0.49 -5100 ) -5720 1 -2 '2  
Human 20" 3 . 8 2 2  0.25 -4800 


a For other symbols and the buffer used, see Table I. Ionic strength 
0.19.b AH'" = enthalpy change. c ASLO = entropy change. 


of pH is of interest. Spectrophotometric titration yielded n1 = 3.6 
at pH 7.0. At pH 5.0 and 3.5, the red shift of the difference spectrum 
has disappeared, but ultracentrifuge experiments yield n1 values of 
58 =k 2 and 108 f 8. This allows the conclusion that the additional 
binding sites are chemically different from the ones exhibited at 
pH 7.0. It can be assumed that the four binding sites observed in the 
native state of the albumin are lost by unfolding of the protein at 
low pH. It must be recalled that at pH 7.0, secondary binding sites (nz 
= 3 to 4) are also detectable. However, because kz  << k l ,  n2 cannot be 
determined accurately from the experimental data; kz is about 
5 X lo6 ]./mole and is thus comparable with the observed intrinsic 
association constant at pH 3.5, kl = 4.7 X loE l./mole. 


The albumin molecule is known to undergo a reversible con- 
formation change at pH = 4 (29). Electrostatic interaction forces 
within the albumin molecule cause an expansion of the molecule 
to take place, leading to the formation of a species of the so-called 
F-form having greater electrophoretic mobility and higher viscosity 
(30). In contrast, the N-form (native state) has significantly more 
compact packing. The binding forces for hydrophobic molecules 
are strongly diminished by an N-F transition (30,31). 


At pH 3.5, the binding mechanism is relatively simple: the al- 
bumin molecule carries a positive excess charge, and the N-F 
transition has occurred. BKG is present as a univalent 
anion, so the obtained free-enthalpy change of AFl" 'v -5100 
cal./mole can be attributed to electrostatic interactions. The number 
of binding sites, nl = 108 =k 8, may be accounted for by the basic 
(cationic) amino acid residues. This binding model (Eq. 3) is 
confirmed by the straight line in Fig. 4 and by the agreement of the 
experimentally determined nlkl value (5.15 X lo8 I./mole) and the 
calculated one (5.11 X lo6 l./mole). 


At pH 5.0, two different binding curves are obtained. Since kl > 
kz, the latter value and thus AFz" may have been somewhat over- 


Table IV-IP-BA Interaction Showing Binding Parameters 
by Ultracentrifuge Sedimentation at 21 O n  


Ionic ki , AFi O,  


pH Strength n1 lo3 I./mole cal./mole 


7.4 0.04h 6.31 f 0.24 3.59 & 0.12 -4781 
7.0 0.04h 6.05 f 0.19 3.76 xk 0.13 -4808 
7.0 0.19# 6.12 + 0.16 6.36 f 0.41 -5114 


(1 For identification of h and e, see Table I. 


estimated (Table I). A more realistic value for AFzo would be 
around -3800 cal./mole. It is likely that A&" (-4950 cal./mole) 
represents electrostatic interactions involving the monovalent 
BKG anion and AFz" (-3800 cal./mole) those with the bivalent 
BKG anion. In the BKG-HA system, Rodkey (28) observed a 20% 
decrease in the association constant at pH 4.8 as compared to pH 
3.4. A weak conformational change of the albumin molecule at pH 
5.0 appears sufficient for the exposure of the same number of bind- 
ing sites as is observed in the case of the N-F transition. Conforma- 
tional changes induced by ligand-protein interaction or protein 
unfolding also should not be excluded. 


At pH 7.0, the binding mechanism appears not to be of a solely 
electrostatic nature. This is not surprising since the albumin mole- 
cule, which is in its native state, has a negative excess charge, 
causing electrostatic repulsion forces with respect to the BKG 
which exists as the bivalent anion only at pH 7.0. At an ionic 
strength of 0.19, the negative free-enthalpy change for the primary 
reaction (nl = 4) is approximately 4000 cal./mole higher than the 
AFlo assumed for the bivalent anion at pH 5.0. However, - AFlo  is 
increased by about 500 cal./mole through the decrease of the ionic 
strength by a factor of 5.  This confirms the participation of stabiliz- 
ing electrostatic interaction forces. 


In conclusion, the following interpretation of the BKG-BA 
interaction emerges: (a) four primary binding sites predominantly 
interacting by means of proton donator-acceptor forces (hydrogen 
bonds), electron donator-acceptor forces, and possibly hydro- 
phobic forces (total -AFl" = 4000 cal./mole), and stabilized 
further by electrostatic forces (- AFlo 'v 3800 cal./mole, dependent 
on ionic strength); and (b) three to four secondary binding sites 
apparently interacting by means of electrostatic forces only (- A F 2 O  


'u 5000 cal./mole, kz 'u 5 x lo4 l./mole). 
Hydrophobic binding of straight-chain fatty acids by BA, in- 


volving stabilizing electrostatic forces, were also observed by Ray 
et al. (32). 


P 


Figure 7-IF-BA and DMI-BA in- 
teractions. Degree of binding (r) versus 
free concentration (ci). Key: 0, imipra- 
mine; and A, desipramine. Ultracentri- 
fuge sedirnentation, p H  7.0, ionic strength 
0.04. For further details, see Results. 
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EOS-BA Interactions-At pH 3.5, the simple binding model 
with one type of binding site is again confirmed. It also can be 
assumed that electrostatic forces predominate because of the 
unfolding of the albumin molecule, its positive excess charge, and 
the charge distribution of the ligand. An increase of the ionic 
strength by a factor of about 3 produces a decrease of the free- 
enthalpy change by about 700 cal./mole (Table II), but the number 
of binding sites remains unchanged (nl ‘v 60) and is considerably 
smaller in comparison to BKG. 


At pH 7.0, the ionic strength dependence of the free-enthalpy 
change is opposite for the two types of binding sites. The primary 
binding sites (nl 22 4) are likely to interact by means of van der 
Waals’ forces, since an increased electrolyte concentration reduces 
the dielectric constant of water and thus increases the association 
constant (by a factor of about 2). Although in a strictly physical 
sense the van der Waals forces apply only to dispersion forces, the 
authors employ the term in a broader sense according to Martin 
(33), whereby it should be noted that dipole-dipole interactions are 
stabilized by energy effects and true dispersion forces by entropy 
effects. The free-enthalpy change involving the secondary binding 
sites (n2 ‘v 6) is approximately 2000 cal./mole smaller than -AFl0.  
However, in this case, electrostatic forces appear to predominate, 
since an increase of the ionic strength by a factor of 5 reduces the 
-AF2” by about 450 cal./mole (Table 11). 


Spectrophotometric titrations at pH 7.0 and 5.0 yielded binding 
stoichiometries of BA-EOS = 1 : 3.2 and 1 : 2.1, respectively. 


The binding mechanism at pH 5.0 appears to  be more specific 
than for BKG, since nl + n2 is smaller by about 80 binding sites. 
An accurate interpretation of the binding mechanism at this pH, 
which is the approximate isoelectric point of albumin, is again 
difficult. Despite comparable ionic strengths, -AFlo is about 1400 
cal./mole lower than at pH 7.0. 


Finally, from the interaction data at hand, no structural relation- 
ships between ligand and protein can be derived. A possible par- 
ticipation of t-amino groups of lysine is indicated by preliminary 
experiments showing that the majority of these groups are blocked 
for dinitrofluorobenzene after binding of BKG or EOS. 


IP-BA and DMLBA Interactions-From the temperature 
dependence, the resulting thermodynamic functions, and the 
ionic strength dependence of the If-BA binding reaction in the 
1 : 1 complexing range, it can be concluded that participation of van 
der Waals’ forces is predominant. From the negative enthalpy 
change of 5700 cal./mole, it can be concluded that the forces under 
consideration are energetically stabilized, probably by dipole- 
dipole interactions. Hydrophobic forces cannot be excluded, since 
the entropy function (AS,’ = -2.2 cal. X degree-’ X mole-’) 
is very small. However, it is certain that they do not constitute the 
main interaction forces in contrast with sulfonamide-albumin 
binding, where Clausen (34) measured positive A S  values of 20-30 
cal. X degree-’ X mole-’. In the case of IP, a decrease of the ionic 
strength by a factor of 5 produces at constant temperature a reduc- 
tion of the intrinsic association constant by almost 50% and a 
corresponding reduction of the free-enthalpy change by about 300 
cal./mole. Both equilibrium dialysis and ultracentrifuge sedimenta- 
tion yield, under like conditions, the same binding parameters 
(Tables 111 and IV). The obtained number of binding sites averages 
n~ = 6.2&0.2. Thereason for thesomewhat weaker binding tendency 
of human albumin may lay in the higher degree of purity of the 
bovine preparation employed (35). 


UV difference spectra (performed with a Cary 14 recording 
spectrophotometer) at various degrees of binding (ri) demonstrate 
marked red shifts at 21 within both the 220-235 and 260-310 mp 
wavelength bands. According to Wetlaufer (36), red shifts are 
commonly associated with aromatic (?r -t T*) and peptide transi- 
tions. According to other authors (32, 37, 38), these red shifts are 
produced by tyrosine side-chain chromophores. This short wave- 
length red shift and its sign are typical of protein complexes in which 
the higher tryptophan-associated sites are not engaged. These 
spectroscopic data are also obtained by the binding to albumin of 
long-chain fatty acid anions (38). On the basis of the number of 
binding sites (nl ‘v 6), it can be assumed that tyrosine residues 
participate directly or indirectly in the IP-BA interaction. 


Herskovits et al. (3941) studied, with the aid of the solvent 
perturbation technique, the location of tyrosyl and tryptophyl 
residues in bovine serum albumin. Their results, at pH 6.8, show 
that about 70z of the 18 to 21 tyrosyl residues appearto be buried 
in the folds of the native protein, while the remaining tyrosyl 


groups ar? accessible to perturbants with molecule diameters less 
than 5.2 A. The two tryptophyl residues present in the protein are 
found to be nearly fully exposed to perturbants with less than 4.4 A 
diameter, while about 5$% exposure is observed with perturbants 
having greater than 5.2 A diameter. 


The data obtained in the case of the DMI-BA interaction in- 
dicate the involvement of a far more complicated mechanism than 
with IP-BA. The postulated binding models fail to explain the data. 
The r versus cj  plot of DMI (Fig. 7) yields a sigmoidal curve. In 
contrast to IP, UV difference spectra show blue shifts in the long 
wavelength and, particularly, in the short wavelength regions. 
The sigmoidal binding curve and the UV spectral properties allow 
the following interpretations for the DMI-BA complex. (a) Tyrosyl 
or tryptophyl residues are directly or indirectly involved. (b) A 
primary interaction of DMI and BA induces a change of the tertiary 
structure, e.g., by a certain degree of unfolding, or a conformational 
change presumably in secondary segments of the polypeptide chain. 
This is suggested by the variation in reactivity of the binding sites 
involved. The binding mechanism is thus governed by cooperative 
phenomena. (c) The number of binding sites amounts to at least 
eight (Fig. 7). 


Finally, it should be noted that the binding parameters obtained 
by different methods need not necessarily agree. Thus, the fraction 
calculated to be bound by gel filtration was one-third that found 
with equilibrium dialysis under identical experimental conditions 
(42). Such a disparity is determined by structural characteristics of 
ligands and gel phase. A combination of several methods is, there- 
fore, advisable to avoid false conclusions. Supplementary NMR 
data on IP-BA and DMI-BA interactions are currently being col- 
lected and will be published. 
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Pharmacokinetic Model for Chlordiazepoxide.HC1 
in the Dog 


S. A. KAPLAN, M. LEWIS, M. A. SCHWARTZ, E. POSTMA, S. COTLER, 
C. W. ABRUZZO, T. L. LEE, and R. E. WEINFELD 


Abstract 0 A six-compartment open-system model is presented to 
elucidate the physiological disposition of chlordiazepoxide and its 
two pharmacologically active biotransformation products, Ro 
5-0883/1 and Ro 5-2092, in the dog following the intravenous ad- 
ministration of 10 mg./kg. chlordiazepoxide. HCl. The pharmaco- 
kinetic parameters used in the model were obtained by administer- 
ing each of the three compounds separately. Excellent agreement 
was obtained between the plasma levels of intact drug, Ro 5-0883/1, 
and Ro 5-2092 found after administration of chlordiazepoxide-HC1 
and the calculated levels of each generated from the model. The 
main features of chlordiazepoxide disposition were: (a) its complete 
biotransformation to Ro 5-0883/1; (b )  elimination of Ro 5-0883/1 
almost entirely by biotransformation with up to 50% proceeding 
to  Ro 5-2092 by oxidative deamination; and (c) elimination of Ro 
5-2092 by urinary excretion and further biotransformation. 


Key phrases IJ Chlordiazepoxide .HC1 and metabolites, disposi- 
tion-pharmacokinetic model 0 Biotransformation, dogs-chlor- 
diazepoxide . HCI Plasma levels-chlordiazepoxide and metab- 
olites 0 Urinary excretion-chlordiazepoxide and metabolites 0 
TLC-separation 0 Fluorometry-analysis 


Chlordiazepoxide (7-chloro-2-methylamino-5-phe- 
nyl - 3H - 1,4 - benzodiazepine 4 - oxide) is extensively 
used in the treatment of anxiety states and other psychic 
disorders (1, 2). Chlordiazepoxide has been shown (3-5) 
to be biotransformed in dog and man to the N-demethyl 
chlordiazepoxide (Ro 5-0883/1), which undergoes fur- 
ther deamination to form the “lactam” (Ro 5-2092). 
The structure of chlordiazepoxide together with those of 
the two biotransformation products, both of which are 
pharmacologically active (2,6,7), is presented in Scheme 
I. 


This study reports the development of a pharmaco- 
kinetic model to describe the physiological disposition 


1 Chlordiazepoxide .HCI is the active ingredient in Librium marketed 
by Hoffmann-La Roche Inc., Nutley, N. J. 


c hlordiazepoxide N-demethyl chlordiazepoxide 
(Ro 5-0690) ( RO 5.088311) 


1 
H O  
I II 


“lactam” 
(Ro 5-2092) 


Scheme I 


of chlordiazepoxide, Ro 5-0883/1, and Ro 5-2092 fol- 
lowing the intravenous administration of chlordiaze- 
poxide . HCl to dogs. To elucidate an appropriate 
pharmacokinetic model, each of the three compounds 
was separately administered intravenously to two dogs. 
The pharmacokinetic parameters thus obtained for each 
compound were used to establish the model for the dis- 
position of chlordiazepoxide -HC1. 


EXPERIMENTAL 


Protocol-Two male dogs, weighing 10.5 and 13.0 kg., each 
received single 10-mg./kg. i.v. doses of chlordiazepoxide . HCl, Ro 
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Cytotoxic Drugs in the Treatment of Cancer. Edited by EVELYN 
BOESEN and WALTER DAVE. Williams & Wilkins Co., Balti- 
more, MD 21202,1969. ix + 208 pp. 15 X 23 cm. Price $12.75. 
This book is aimed primarily at the physician using cytotoxic 


agents to control cancer; it is intended to provide a basic under- 
standing of the biochemistry of these agents. Alkylating agents, 
antimetabolites, plant products such as vincristine and vinblastine, 
and antibiotics are first discussed historically, and nucleic acid 
synthesis is reviewed. A chapter about structure-activity relations 
in the nitrogen mustard and antimetabolite classes of compounds de- 
scribes briefly the rationale behind these drugs. This chapter is 
followed by a review of methods of testing for anticancer activity, 
and an excellent discussion of the advantages and disadvantages of 
the methods in use today. 


The remainder of the book is devoted to consideration of the 
clinical application of the various classes of cytotoxic agents and of 
individual compounds in each class. The alkylating agents (nitro- 
gen mustards, dimethane-sulfonates, polyethyleneimines, and 
diepoxides) are extensively discussed, especially from a clinical 
standpoint. Throughout this discussion and others, rational drug 
therapy and the uses and limitations of cytotoxic agents are stressed. 
A brief chapter at the end of the book covers the use of drugs in 
conjunction with other methods of treatment and special techniques 
of administration. 


This reviewer feels that the book has accomplished its stated ob- 
jective of discussing the use and limitations of cytotoxic drug therapy, 
and that the book will be of value to the physician concerned with 
the clinical use of such agents. Although some areas of current re- 
search interest are omitted, notably the work being done on camp- 
tothecin, the book would be a valuable addition to a medically 
oriented library. 


Reviewed by Gerald Carlson 
Department of Medicinal Chemistry 
University of North Carolina 
Chapel Hill, NC 27514 w 


Neuropsychopharmacology and the Affective Disorders. By JOSEPH 
J. SCHILDKRAUT. Little, Brown and Co., Boston, MA 02106, 
1970. xiv + 111 pp. 14.5 X 21.5 cm. Price$10.50. 
This book, the contents of which were originally published in the 


New England Journal of Medicine, briefly reviews the biochemical 
pharmacology of psychoactive drugs. The emphasis is on the find- 
ings of the past decade concerning the changes in biogenic amine 
metabolism produced by various psychoactive drugs. 


StaffReview 


Nursing Home Standards: A Tragic Dilemma in American Health. 
By JORDAN BRAVERMAN. American Pharmaceutical Association, 
Washington, DC 20037, 1970. i + 75 pp. 21.5 X 27.5 cm. Price 
$2.50. 
This study of nursing home standards examines both state and 


Federal regulations relative to the construction and operation of 
nursing homes. Also covered are the standards which American 
nursing homes must meet to qualify for certification and operation 
under Federal Medicare and state licensure programs as well as the 
apparent absence of even minimum standards in some areas. Sum- 
mary tables of Federal and state standards are given. 


Staff Review 


NOTICES 


Aktuelle Probleme der Toxikologie und Angrenzender Gebiete. 
(Festschrift Franz Borbely) Swiss Toxicological Information 
Center, Zurichbergstrasse 8, CH-8028 Zurich, Switzerland, 1970. 
xii + 249 pp. 17.5 X 24 cm. Price S.fr. 68. (English summaries) 


Subsidia Pharmaceutica. Edited and published by Societe Suisse de 
Pharmacie Centre Scientifique, Zurich, Switzerland, 1969. 17.5 
X 25 cm. Page 1447-1660. (German and French) 


Introduction to the Chemistry of Enzyme Action. By A. WILLIAMS. 
Daniel Davey & Co., Inc., 964 Asylum Ave., Hartford, CT 06105, 
1970. viii + 130 pp. 14 X 22 cm. Price $7.25. 


Chemical Engineering Kinetics. 2nd edition. By J. M. SM~TH. MC- 
Graw-Hill, 330 West 42nd St., New York, NY 10036, 1970. 
xviii + 612 pp. 15.5 X 23.5 cm. Price $15.50. 


Clinical Endocrinology. By R.HALL, J. ANDERSON, and G. A. SMART. 
Lippincott, East Washington Square, Philadelphia, PA 19105, 
1969. vii + 418 pp. 19 x 25.5 cm. Price $15.00. 


Primer of Immunoelectrophoresis. By PIERRE C. ARQUEMBOURG, 
JOHN E. SALVAGGIO, and JOHN N. BICKERS. Ann Arbor-Hum- 
phrey Science Publishers, Ann Arbor, MI 48106, 1970. viii + 
83 pp. 19 X 27 cm. Price $8.25. 


Cytologie Moleculaire Des Membranes Et Compartiments De La 
Cellule Animale. By A. POLICARD. Masson et Cie, Editeurs, 120 
Boulevard Saint-Germain, Paris, France, 1970. vii + 122 pp. 
16 x 24 cm. (French) 
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Synthesis and Anticonvulsant Properties of Some 
Derivatives of N-Methyl-2-phenylsuccinimide I1 


H. C. CLEMSON*, E. 0. MAGARIANt, and J. F. REINHARD* 


Abstract 0 Several substituted N-methyl-2-phenylsuccinimides 
have been prepared and evaluated for protective activity against 
convulsions induced by electroshock and pentylenetetrazole. 


Keyphrases 0 N-Methyl-2-phenylsuccinimide derivatives-syn- 
thesis 0 Anticonvulsant activity-N-methyl-2-phenylsuccinimide 
derivatives IR spectrophotornetry-structure NMR spec- 
troscopy-structure 


Phensuximide,‘ N-methyl-2-phenylsuccinimide (I), 
is a well-known anticonvulsant agent which has been 
employed in the treatment of petit ma1 epilepsy. The 
first paper of this series described the synthesis and bio- 
logical evaluation of several tert-aminoalkyl derivatives 
of Structure I as potential anticonvulsants (1). As part 
of a continuing study, several additional derivatives of 
I have been prepared and screened for anticonvulsant 
properties. 


0 do I 


CH3 
I 


~~ ~~~~ 


‘Marketed as Milontin by Parke, Davis and Co.. Detroit, MI 
48232 


DISCUSSION 


Until recently, the methods used in the preparation of succinimide 
anticonvulsants have involved the cyclization of appropriate suc- 
cinonitrile and succinic acid derivatives (2-6). However, the feasi- 
bility of direct substitution on the succinimide ring has been demon- 
strated as a useful synthetic tool (1, 7, 8). 


alkylating or 
AC) latiiig conditions 


0 do I 


CH:] 


IIu; R =  -CHzPh 
IIb; R=-COCH, 
IIc; R =  -COPh 


Scheme I 
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Table I-NMR Spectral Data 


No. Chemical Shift ( 6 ) " g  b 


I 3.00(2H,M), 3.02(3H,S),4.00(1H,Q),7.23(5H,M) 
IIa 2.85 (3H,S), 3.06 (2H,S), 3.10 (lH,D),c 3.58 


116 2.20 (3H,S), 2.69 (lH,D),d 3.03 (3H,S), 4.01 


IIc 2.98 (lH,D),d 3.12 (3H,S), 4.07 (lH,D),d 7.42 


111 3.07 (3H,S), 3.23 (lH,D),d3.88 (lH,D),d 5.78 


IV 2.60 (3H,S), 3.24 (lH,D),d 3.58 (lH,D),& 5.49 


V 3.15 (3H,S), 3.71 (2H,S), 7.67 (5H,M) 


(lH,D),C 7.38 (lOH,M) 


(lH,D),d 7.31 (5H,S) 


(8H,M), 7.96 (2H,M) 


(lH,S), 7.18 (lOH,M) 


(lH,S), 7.43 (lOH,M) 


0 S = singlet, D = doublet, M = multiplet, Q = quartet. b All com- 
pounds were run as 10% solutions in deuterochloroform, excepting 
Compound IV whose concentration was 4% in deuterochloroform. 
C J  = 13.5 C.P.S. d J  = 18.0 C.P.S. 


The proton in the 2-position of I is relatively acidic, because it is 
flanked by a benzene ring and a carbonyl group. Consequently, it 
was readily removed using either sodium amide or sodium ethoxide 
in anhydrous toluene. The resulting carbanion intermediate was 
subsequently utilized in alkylating and acylating reactions, as 
outlined in Scheme I. 


The bromination of 1Ia in carbon tetrachloride yielded two com- 
pounds which are isomeric (Scheme 11). The NMR spectra of the 
products indicate that they are geometric isomers having Formulas 
I11 and IV (Table I). The resonance peak for the methyl protons 
(2.606) in  IV appears upfield to the corresponding peak in 111 
(3.076). 


It would appear from Dreiding stereomodels that Structure IV 
should possess a strong conformational bias, since the benzyl group 
is flanked on the one side by the large bromine atom and on the 
other side by the rather bulky phenyl group. As a result of this 
strong restriction to free rotation, the benzyl group is so oriented 
that the methyl group appears in the shielding portion of the in- 
duced currents of the aromatic ring. With less restriction to rota- 
tion, the benzyl group in I11 has a decreased influence on the methyl 
protons; consequently, their resonance peak occurs at a lower field 
position. The absorption peak for the methyl protons (2.846) in 
Ila, the parent molecule, is intermediate in position to those in 111 
and IV. Location of the methyl peak in I11 downfield to that in 
IIa may be attributed to the influence of the bromine atom. Com- 
pound V, which was prepared by treating I with bromine in carbon 
tetrachloride (Scheme III), also displayed a similar deshielding 
effect by its bromine atom (Table I ) .2  


The substitution of the bromine atoms on the benzylic carbons 
to give diastereomers was also considered. However, the large 
difference in chemical shifts of the methyl protons cannot be ra- 
tionalized in terms of these structures. Dreiding stereomodels 
indicate that the benzyl group should influence the methyl protons 
to about the same degree in either diastereomer, and that there 
should be little difference in their chemical shifts. 


EXPERIMENTAL 


All melting points have been determined on either a Fisher- 
Johns block or a Kofler micro hot stage and have been corrected. 


Br ph 


CH,, CHJ 
I11 IV 


Scheme I1 


CH, 
v 


Scheme I l l  


Pertinent physical data for each of the products are listed in Table 
11. 


The IR spectra were determined on a Beckman IR-8 spectro- 
photometer using KBr pellets. All succinimide derivatives exhibited 
the two characteristic frequencies between 1690 and 1775 cm.-l 


NMR spectra were acquired using a Varian A-60 spectrometer 
and deuterochloroform solutions with tetramethylsilane as an 
internal standard. Appropriate data are given in Table I. 


N-Methyl-2-phenylsuccinimide @&-This compound was pre- 
pared according to the procedure of Miller and Long (12). 
2-Benzyl-N-methyl-2-phenylsuccinimide (1Ia)-To 0.10 mole of 


sodium amide in liquid ammonia (2.3 g. of sodium metal in 150 
ml. of liquid ammonia), 18.9 g. (0.10 mole) of N-methyl-2-phenyl- 
succinimide (I) in 150 ml. of anhydrous toluene was added with 
stirring. After heating at reflux for 3 hr., the mixture was cooled 
to room temperature and a solution of freshly distilled benzyl 
chloride (12.7 g., 0.10 mole in 50 ml. of anhydrous toluene) was 
added with stirring over a period of 15 min. The reaction mixture 
was heated at reflux for 30 min. and then allowed to stir at room 
temperature for 12 hr. Finally, it was treated with 20 ml. of water, 
and the organic layer was separated and dried (MgS04). The toluene 
was removed in uacuo, yielding an oil which solidified upon standing. 
The product was recrystallized from 95 ethanol to give 20.2 g. of 
IIa. 
2-Acetyl-N-methyl-2-phenylsuccinimide ( I I b e A  solution of 


18.9 g. (0.10 mole) of N-methyl-2-phenylsuccinimide (I) and 150 
ml. of anhydrous toluene was added to 0.15 mole of sodium ethoxide 
in 200 ml. of absolute ethanol. The ethanol-toluene azeotropic 
mixture was distilled, and the volume of the reaction mixture was 
kept constant by the addition of anhydrous toluene. After the 
suspension had been cooled to 35", 15.3 g. (0.15 mole) of acetic 
anhydride dissolved in 60 ml. of anhydrous toluene was added 
and the mixture was stirred for 8 hr. at 35". The mixture was then 
treated with 100 ml. of a 10% sodium bicarbonate solution. The 
toluene layer was dried over anhydrous MgS04 and evaporated 
in uucuo to give a viscous, yellow liquid which solidified when trit- 
urated with 95 ethanol. Recrystallization from the same solvent 
gave 13.6 g. of IIb. 
2-Benzoyl-N-methyl-2-phenylsuccinimide (&)-This derivative 


was prepared in a manner similar to the procedure for IIb except 
that 15.5 g. (0.11 mole) of benzoyl chloride was used in place of the 
anhydride. The product was recrystallized from 95% ethanol, 
yielding 14.9 g. of Ilc. 
Bromination of 2-Benzyl-N-methyl-2-phenylsuccinimide (III and 


1 V t T o  a mixture of 4.9 g. (0.018 mole) of 2-benzyl-N-methyl-2- 
phenylsuccinimide (IIa) and 50 ml. of carbon tetrachloride at 
reflux was added dropwise 2.8 g. (0.018 mole) of bromine over a 
period of several hours. When the addition was complete, the 
mixture was heated at reflux for an additional 14 hr., followed by 
the addition of 50 ml. of water. The organic layer was separated 
and dried (MgS04). Evaporation of the carbon tetrachloride solu- 
tion in uucuo gave an oil which solidified upon cooling. Recrystalli- 
zation from sec-butyl alcohol resulted in two fractions. The less 
soluble fraction gave 1.7 g. of 111, and the second fraction yielded 
3.8 g. of IV. 
2-Bromo-N-methyl-2-phenylsuccinimide ( V F A  stirred solution 


of 2.5 g. (0.013 mole) of N-methyl-2-phenylsuccinimide (I) in 20 ml. 
of carbon tetrachloride was treated dropwise with 2.1 g. (0.013 
mole) of bromine in 20 ml. of carbon tetrachloride. After the reac- 
tion mixture had been heated at reflux for 48 hr., the solvent was 
removed in uacuo. The residue was triturated with 9 5 z  ethanol; 
the solid, thus obtained, was recrystallized from this solvent, 
affording 2.1 g. of V. 


(9-1 1). 


*The preparation of V by a different method was previously re- 
ported by Izzo (13). 
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8 Elemental analyses were performed by Galbraith Laboratories, 
Inc., Knoxville, Tenn., and by Micro-Analysis, Inc., Wilmington, Del. 







Table 11-Derivatives of N-Methyl-2-phenylsuccinimide 


Molecular -Anal., z- Yield, 
No. M.p. Formula Calcd. Found % 


IIa 


IIb 


I I C  


I11 


IV 


V 


65-67' ClsH17N02 C, 77.43 C, 77.27 72 
H, 6 . 0 9  H, 6.15 
N, 5.02 N, 5.05 
0, 11.46 0, 11.23 


H, 5.63 H, 5.52 
N, 6.06 N, 6.20 
0, 20.78 0, 20.64 


H, 5.12 H, 5.10 
N, 4.78 N, 4.78 
0, 16.38 0, 16.32 


H, 4.47 H, 4.55 
Br, 22.32 Br, 22.35 
N, 3.90 N, 3.74 
0, 8.93 0, 9.09 


H, 4.47 H, 4.36 
Br, 22.32 Br, 22.57 
N, 3.90 N, 3.76 
0, 8.93 0, 9.11 


H, 3.73 H, 3.91 
Br, 29.82 Br, 29.62 
N, 5.22 N, 5.31 
0, 11.94 0, 12.07 


92-94" C13Hi3NOa C, 67.53 C, 67.38 58 


147-149" C ~ ~ H ~ S N O ~  C, 73.72 C, 73.73 51 


161-164" ClsHlsBrNOz C, 60.37 C, 60.21 21" 


117-119' Cl8Hl6BrNO2 C, 60.37 C, 60.14 48" 


113-1150b Cl1HIOBrNO2 C, 49.29 C, 49.50 60 


a Combined yield from the bromination of IIa = 69 %. Lit. m.p. 
(13) = 110.5-112". 


PHARMACOLOGY 


Methods and Materials-The succinimides were tested for anti- 
convulsant activity by modifications of two methods described by 
Swinyard et al. (14). In the first procedure (maximal electroshock 
seizures), the compounds were suspended in 10 z (aqueous) acacia 
and administered orally to adult, male, albino mice in groups of 
10 at a dosage of 200 mg./kg. At intervals of 0.5, 1, and 2 hr. 
thereafter, the animals of each group were challenged by delivering 
60 ma. (a.c.) through the corneal electrodes for 0.2 sec. 
The end-point indicating anticonvulsant activity is the abolition 
of the hindlimb tonic extensor component of the maximal seizure 
pattern. The time of peak effect was determined by observing which 
time interval gave optimum protection. Whenever substantial ef- 
fectiveness was demonstrated in this manner, a second investiga- 
tion was undertaken to determine potency moie precisely. The 
compound was administered at three or more dosage levels, gen- 
erally 10 animals per dosage, and the animals were challenged at 
the predetermined time of peak effect. The dosage of compound re- 
quired to produce the anticonvulsant end-point in 50% of the 
anirnals(EDso with95 z fiducial limits) was computed by the method 
of Litchfield and Wilcoxon (15). 


The second procedure (chemoshock) involved protection against 
a chemical convulsant, pentylenetetra~ol.~ Again, the compound 
was administered orally at a dosage of 200 mg./kg. to 10 adult, 
male, albino mice. At the time of peak effect, a 97% convulsant 
dosage of pentylenetetrazol (106 mg./kg.) was injected subcuta- 
neously. Anticonvulsant activity was indicated by the failure of cloiiic 
convulsive seizures to appear within 1 hr. following pentylenete- 
trazol. Whenever indicated, EDso's were determined in the manner 
previously described. 


The mice5 employed in these investigations were housed 20 per 
cage and fed Charles River Rat and Mouse Food and tap water ad 
libitum. 


Marketed as Metrazol by Knoll Pharmaceutical Co., Orange, NJ 


6 Obtained from the Charles River Breeding Laboratories, N. Wil- 
0705 1 


mington, Mass. 


Table 111-Anticonvulsant Activity of Succinimide 
Derivatives in the Mouse 


Fraction of Animals Protected 
following 200 mg./kg. of 


-Compound- Time of Peak 
Compound Electroshock Chemoshock Activity, hr. 


I 9/10. 9/ 1 Ob 0 . 5  
0110 - 


IIb 9/10" 9/10d 0 . 5  
I I C  0110 2/ 1 o e  
I11 0110 O/lOf - 
IV 0110 0110 - 
V 1/10 2/10g 1 


I I U  015 


- 


a ED50 = 115 (92-144) mg./kg. bED50 = 134 (87-208) mg./kg. 
c EDSO = 96 (64-144) mg./kg. d ED50 = 86 (60-124) mg./kg. e ED50 = 
610 mg./kg. (approx.). I 4/10 protected at 400, only 2/10 at 800 mg./kg. 
u 6/10 protected at 400, but only 2/10 at 600 mg.ikg. 


Results and Discussion-The data summarized in Table 111 
reveal that, in general, anticonvuhant potency was inversely pro- 
portional to the size of the side chain in the 2-position. Where this 
chain contained a benzyl or benzoyl group, anticonvulsant activity 
was either absent or weak in the sense that total protection could 
not be achieved at any dosage, owing to the superimposition of the 
toxicity of the test compound. However, the 2-acetyl derivative 
(IIb) was the most active member of the series, equalling the potency 
of the parent compound, phensuximide (I). A similar relationship 
between the size of alkyl substituents in some aryldialkylsuccin- 
imides and anticonvulsant potency was reported by Hauck et al. 
(6). 
In all of the studies conducted on these succinimides, anticon- 


vulsant activity was in all cases associated with depression of the 
CNS; yet the hypnotic activity did not appear in response to high 
dosage, even in the toxic range. Therapeutically, this combination 
of effectiveness against seizures without risk of undue CNS depres- 
sion is a distinctly desirable feature of any anticonvulsant, since it 
must be given daily for prolonged periods. 
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Kinetic Salt Effect in Pharmaceutical Investigations 


J. THURO CARSTENSEN 


Abstract The use of the kinetic salt effect in kinetic investigations 
has been widespread since its original derivation by Brgnsted and 
Bjerrum in 1925. Its derivation is tied in with the DebyeHuckel 
theory, and it would be expected that the concentration range of 
applicability of the kinetic salt effect would be confined to that of 
the corresponding Debye-Huckel expression, i.e., less than 0.01 M. 
A review of the pharmaceutical literature shows that applications 
may be extended to higher concentration ranges. Deviations from 
the Debye-Huckel expressions by the charged reactants and by the 
transition complex may be of the same magnitude and sign, and 
this may be the cause for the concentration range extension. 


Keyphrases 0 Kinetic salt effect-pharmaceutical solutions 
Ionic strength effect-high ionic concentrations Hydrolysis- 
kinetic salt effect 0 Degradation, drug-kinetic salt effect 


Properly conducted kinetic studies always, directly or 
indirectly, take into account the so-called kinetic salt 
effect. By varying the ionic strength by addition of an 
inert electrolyte (e .g . ,  NaC1) while keeping other 
concentrations constant, the rate constants for reacting 
species will either increase, remain constant, or de- 
crease. Accordingly, the effect is denoted positive, 
absent, or negative. As shall be seen in the following 
discussion, the sign or the absence of the kinetic salt 
effect is a valuable aid in interpretation of mechanisms. 
Strictly quantitative relations between rate constants 
and ionic strength are only theoretically valid at ex- 
ceedingly low concentrations. Since pharmaceutical 
investigations are most often conducted at ionic strength 
ranges higher than the theoretical limits, a review of 
findings from kinetics of pharmaceutical model systems 
might throw light on the actual range to which the 
kinetic salt effect can be extended. 


THEORY 


It can be shown (1) by means of transition-state theory that for a 
reaction in solution: 


Table I-Values of 2Q = 3.65.106.[p/e3T3]0.6 at Various 
Temperatures 


Temperature 2e" 


20 
25 
30 
35 
40 
45 
50 
55 
60 
70 
80 
90 


100 


1.008 
1.018 
1.026 
1.036 
1.046 
1.057 
1.068 
1.079 
1 .092 
i . i i t  
1.145 
1.174 
1.198 


0 e-values used in the computation are from Reference 43, and p- 
values are from Reference 44. 


to Eq. 2 for a solution of overall ionic strength, p,  leads to the well- 
known Br Qnsted-Bjerrum equation (2-5): 


log k = a + 2.  Q.ZA.ZB. <p (Eq. 4) 


where 2Q = 1.018 for aqueous solutions at 25'. Since Q = 1.825 . 
106 . [p/~T3]0.6, where E is the dielectric constant, p is density, and T 
is the absolute temperature, the coefficient to di changes with 
temperature. A list of values of 2Q is given in Table I. 


The Debye-HGckel equation is usually only obeyed in ionic 
strength ranges up to 0.01 (6). Figure 1 is an example of this showing 
the mean activity coefficients of hydrochloric acid in potassium 
chloride solutions of varying ionic strength (7). Equation 4 is, 
therefore, only strictly applicable up to this concentration. 


The modified Debye-Huckel equation for higher concentrations is 


(Es. 5)  


and holds up to an ionic strength of about p = 0.1 (8). Using this 
in the development outlined for Eq. 4 yields 


A + B + [ABt] +. products (Eq. 1) 


the rate constant, k ,  is related to the activity coefficients, 7 ,  of the 
reactants (A and B) and the transition complex ( [ A B q )  by: 


It is recalled that p is the overall ionic strength, but P depends on the 
ionic diameter of the. reacting species, and this usually is unknown. 
Linearity and slopes, however, are not very sensitive to the magni- 
tude of (3, which is always close to unity; it is the practice of some 
authors (9) to test kinetic salt effects with this assumption, i.e., 


log k = (Y + log [~A~B/?"ABtl] (Eq. 2) 


ZA + zg = Z I A B ~ ] .  Applying this and the Debye-Huckel limiting 
0%. 7) 4 


1 + d F  
The charges, z,  of the three species are related to one another by log k = O! f 2~~.ZA.Zb' 'p 


law : 
The slope of such a plot should be close to the value of 2 . Q . 
ZA Z~ (which is not necessarily an integer, all depending on tem- logy = -Q.z'.,/;; (Eq. 3) 
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C O M M U N I C A T I O N S  


Preparation and Biological Activity of 
Substituted 1,3-Distyry1-4,6-dinitrobenzenes Compound IDSO 


Table 11-Cytotoxic Activity of Compounds IIIf and IIIg" 


l I I f  R v  = OCH,. R, = OH 0.188 
IIIg R; = OH, I' Rj  = OCHI 0.648 


Keyphrases 0 1,3-Distyryl-4,6-dinitrobenzenes-synthesis 0 Cyto- 
toxic, antimicrobial activity-l,3-distyryl-4,6-dinitrobenzenes a See Table I for Structure 111. 


Sir 


In 1931, it was shown by Ruggil et al. (1) that one 
molecule of 4,6-dinitro- 1,3-xylene (I) condensed with 
two molecules of benzaldehyde to give 1,3-distyryl-4,6- 
dinitrobenzene (11) (Scheme I). As an extension of this 
approach, we studied the condensation of a variety of 


O I N Y Y N 0 2  
I 


H,C,HC=HC u C H = C H C , H ,  
I1 


Scheme I 


substituted aromatic aldehydes with 4,6-dinitro-l,3- 
xylene. The condensations were conducted by heating 
under reflux a solution of the appropriate aromatic 
aldehyde (0.2 mole), Compound I(O.1 mole), and piperi- 
dine (10 ml.) for 20-90 min. at  150-160". The reaction 
mixture was diluted with a large volume of benzene or 


Table I-Chemical and Biological Activity Data of Compounds HIa 


7 5 x  ethanol, and the crystalline products (111) (Table 
I) were isolated by filtration and drying. The yields of 
I ,3-distyryl-4,6-dinitrobenzenes ranged between 40 and 
60% and furnished satisfactory elemental (C, H, and 
N) analyses. 


These compounds were examined for their anti- 
microbial activities (2). In these tests, the microorgan- 
isms were grown in agar media. The compounds to be 
tested were dissolved in acetone at  concentrations of 
1 mg./ml. and applied to paper disks of 13-mm. diam- 
eter. After incubation, the diameters of the zones of 
growth inhibition were measured. The compounds 
which showed significant antimicrobial activity are 
given in Table I. 


Some of these compounds were also subjected to 
L-1210 in vitro assay for cytotoxic activity (3). In these 
screening experiments, the samples were weighed (about 
5-10 mg.) into glass homogenizers (12-ml. size) sterilized 
with 0.1 ml. of 70 '% ethanol and about 0.1 ml. dimethyl- 
sulfoxide (DMSO) was added to help solubilize. The sam- 
ple was ground with sterile water to make a suspension 
containing L-1210 leukemic cells. The tubes were stop- 
pered and incubated at  37" for 3 days; then cell counts 
were made on each tube by a Coulter counter. The per- 
cent inhibition and the IDjo values were calculated. 
Values of 1 or less for ID,, were considered potentially 


Compounds 


IIIa IIId 
~ I I I C  IIIe 


~ R1 = OGHs 
IIIb -~ Ri = OH 


Test Organism Rs = NO2 R1 = OCHI Rz = N@ R? = OCHI RI  = C1 


Zones of Inhibition, mm. 
Bacillus subtilis 29 25 25 17 29 
Bucillus cereus 19 18 17 18 
Staphylococcus uureus 25 22 23 17 25 
Mycobucterium phlei 25 25 25 16 24 
Bacillus subtilis (synthetic agar) 42 40 37 30 34 
Escherichiu coli (synthetic agar) 25 25 24 25 
Propionibucterium thonii 37 32 33 16 30 
Trigonopsis uariabilis 21 20 21 17 22 
Glomerella cingulata 20 
Chlorellu vulgaris 30 22 25 20 


228-229" Melting point 207-208 O 2 1 8-219 O 300 161-162" 


Q All R groups are H unless otherwise specified. 
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C.P.S. active. Only the compounds given in Table I1 showed 540 480 420 360 3oo 240 180 120 63 
significant cytotoxic activity. 


Acta, 24, 1250(1931). 


B 912, 351( 1967). 


(1) P. Ruggil, A. Zimmerman, and R. Thouvay, Helv. Chim. 


(2) L. J. Hanka, Absrracts, Int. Congr. Chemorher., Proc., 5rh, 


(3) H. H. Buskirk, Proc. Tissue Cu(ture Ass., 20, 23(1969). 
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Observations on the Micelle Formation 
of 2-Butyl-3-benzofuranyl- 
4-[ 2-(diethylamino)ethoxy]-3,5-diiodophenyl 
Ketone Hydrochloride (SK&F 33 134-A) 
by NMR Spectroscopy 


Keyphrases 0 2-Butyl-3-benzofuranyl-4-[2-(diethylamino)ethoxy]- 
3,5-diiodophenyl ketone hydrochloride (SK&F 331 34-A)-micelle 
formation 0 Critical micelle concentration-SK& F 33134-A 0 
NMR spectroscopy-micelle formation determination 


Sir: 


In recent years, several papers (1-3) have dealt with 
the use of high-resolution NMR for the determination 
of CMC. In our laboratories, we have used NMR to 
show the existence of micelles in a 5 %  aqueous solu- 
tion of SK & F 33 134-A(I). Micelle formation has not 
previously been reported for this system. 


I 


All measurements were carried out with a Jealco 
C60H NMR spectrometer equipped with a variable 


1 Marketed as Cordarone by Labaz Laboratories in several European 
countries. 


L I  , L _ i  I i * 
540 480 420 360 300 240 180 120 60 0 


C.P.S. 


Figure 1-NMR spectra for a 5% solution of SK&F 33134-A in 
D?O at 25 and 75 ', respectively. 


temperature probe. Spectra were recorded at tempera- 
tures ranging from 25 to 95".  Figure 1 illustrates the 
NMR spectrum for a 5 %  solution of SK&F 33134-A 
in DzO at 25". There are no sharp resonance lines as 
one would expect under normal conditions. Instead, 
there is a large broadening effect of all resonance lines. 
We attribute this broadening to dipolar interaction in 
the micellar structure where molecular motion is se- 


6 '1 \ 
\ 


I I 1 I 


40" 50" 60" 70" 6; 
TEMPERATURE 


Figure 2-A plot showing the effect of temperufure on fhe resolurion 
(peak width at half-height) at 504 cy.s. for  a 5% solutim of SK&F 
33134-A in DzO. 
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Pharmacokinetic Model for Chlordiazepoxide.HC1 
in the Dog 


S. A. KAPLAN, M. LEWIS, M. A. SCHWARTZ, E. POSTMA, S. COTLER, 
C. W. ABRUZZO, T. L. LEE, and R. E. WEINFELD 


Abstract 0 A six-compartment open-system model is presented to 
elucidate the physiological disposition of chlordiazepoxide and its 
two pharmacologically active biotransformation products, Ro 
5-0883/1 and Ro 5-2092, in the dog following the intravenous ad- 
ministration of 10 mg./kg. chlordiazepoxide. HCl. The pharmaco- 
kinetic parameters used in the model were obtained by administer- 
ing each of the three compounds separately. Excellent agreement 
was obtained between the plasma levels of intact drug, Ro 5-0883/1, 
and Ro 5-2092 found after administration of chlordiazepoxide-HC1 
and the calculated levels of each generated from the model. The 
main features of chlordiazepoxide disposition were: (a) its complete 
biotransformation to Ro 5-0883/1; (b )  elimination of Ro 5-0883/1 
almost entirely by biotransformation with up to 50% proceeding 
to  Ro 5-2092 by oxidative deamination; and (c) elimination of Ro 
5-2092 by urinary excretion and further biotransformation. 


Key phrases IJ Chlordiazepoxide .HC1 and metabolites, disposi- 
tion-pharmacokinetic model 0 Biotransformation, dogs-chlor- 
diazepoxide . HCI Plasma levels-chlordiazepoxide and metab- 
olites 0 Urinary excretion-chlordiazepoxide and metabolites 0 
TLC-separation 0 Fluorometry-analysis 


Chlordiazepoxide (7-chloro-2-methylamino-5-phe- 
nyl - 3H - 1,4 - benzodiazepine 4 - oxide) is extensively 
used in the treatment of anxiety states and other psychic 
disorders (1, 2). Chlordiazepoxide has been shown (3-5) 
to be biotransformed in dog and man to the N-demethyl 
chlordiazepoxide (Ro 5-0883/1), which undergoes fur- 
ther deamination to form the “lactam” (Ro 5-2092). 
The structure of chlordiazepoxide together with those of 
the two biotransformation products, both of which are 
pharmacologically active (2,6,7), is presented in Scheme 
I. 


This study reports the development of a pharmaco- 
kinetic model to describe the physiological disposition 


1 Chlordiazepoxide .HCI is the active ingredient in Librium marketed 
by Hoffmann-La Roche Inc., Nutley, N. J. 


c hlordiazepoxide N-demethyl chlordiazepoxide 
(Ro 5-0690) ( RO 5.088311) 


1 
H O  
I II 


“lactam” 
(Ro 5-2092) 


Scheme I 


of chlordiazepoxide, Ro 5-0883/1, and Ro 5-2092 fol- 
lowing the intravenous administration of chlordiaze- 
poxide . HCl to dogs. To elucidate an appropriate 
pharmacokinetic model, each of the three compounds 
was separately administered intravenously to two dogs. 
The pharmacokinetic parameters thus obtained for each 
compound were used to establish the model for the dis- 
position of chlordiazepoxide -HC1. 


EXPERIMENTAL 


Protocol-Two male dogs, weighing 10.5 and 13.0 kg., each 
received single 10-mg./kg. i.v. doses of chlordiazepoxide . HCl, Ro 
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Figure I-Computer-simulated curves and experimental data points 
following the intravenous administration of 10 mg./kg. chlordiazep 
oxide. HCl to Dog I .  


5-088311, and Ro 5-2092, with approximately 2 weeks between 
doses. The chlordiazepoxide and Ro 5-088311 were administered in 
aqueous solution as the hydrochloride, whereas the Ro 5-2092 was 
administered in propylene glycol solution. Five-milliliter blood 
specimens (heparinized) were obtained at various times after drug 
administration, and the plasma was separated. Total urine output 
for 3 days was collected following the administration of each drug. 


Analytical Method-A differential fluorometnc assay procedure 
( 5 )  allowed for the specific determination of chlordiazepoxide, Ro 
5-088311, and Ro 5-2092 when all three were present in a single 
plasma specimen. The sensitivity of the procedure was 0.24.3 mcg. 
of each compound per milliliter of plasma using a I d .  specimen. 
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Figure 2-Computer-simulated curves and experimental data points 
following the intravenous administration of I0 mg./kg. chlordiazep- 
oxide. HCI to Dog 2. 
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Figure 3-Computer-simulated curves and experimental data points 
following the intravenous administration of 10 mg.lkg. Ro 5-088311 to 
Dog I .  


For the analyses of urine, a TLC step was added to the assay 
procedure to eliminate interfering urinary fluorescence. The ether 
extract of urine was evaporated to dryness; the residue was re- 
constituted in 100 pl. ethanol and spotted on Brinkmann neutral 
TLC plates, F-254, with appropriate standards. Following develop- 
ment in ethyl acetate-ethanol (90 : lo), the areas corresponding to 
chlordiazepoxide ( R j  0.251, Ro 5-0883/1 ( R j  0.16), and Ro 5-2092 
(Rf 0.43) were scraped from the plate. Chlordiazepoxide was eluted 
from the silica gel with 0.1 N sulfuric acid, Ro 5-088311 with 7.0 N 
sulfuric acid, and Ro 5-2092 with 0.1 N sodium hydroxide. The 
analytical procedure for each compound then followed that de- 
scribed for plasma specimens ( 5 ) .  This procedure was carried out 
with 10-ml. urine specimens. 


RESULTS AND DISCUSSION 


The plasma level curves following the administration of 10- 
mg./kg. i.v. doses of chlordiazepoxide.HC1, Ro 5-088311, and Ro 
5-2092 to Dogs 1 and 2 are presented in Figs. 1-6. 
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Figure 4-Computer-simulated curves and experimental data points 
following the intravenous administration of 10 mg./kg. Ro 5-088311 to 
Dog 2. 
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Figure 5-Computer-simulated curve and experimental data points 
following the intravenous administration of 10 mg./kg. Ro 5-2092 to 
Dog I .  


The plasma level curves of each of the three intravenously ad- 
ministered compounds were apparently biexponential. This sug- 
gested that the pharmacokinetic evaluation of each compound 
would require a minimum of a two-compartment open-system 
model (8). The calculated volume of the central compartment, V,, 
for each of the three compounds was never less than 3 0 z  of body 
weight. This further suggested that the central compartment of the 
two-compartment open-system model consisted of plasma plus 
readily accessible body spaces, e.g., liver and kidneys. Therefore, 
elimination was assumed to occur from the central compartment, 
as indicated in the model presented in Scheme 11. 


In this model, k,, and kpc are the first-order rate constants into 
and out of the peripheral compartment, and k,l is the sum of the 
simultaneous processes of biotransformation and elimination, all 
assumed to be first-order processes. 


The experimental plasma level data of chlordiazepoxide, Ro 5- 
0883/1, and Ro 5-2092 obtained following the intravenous admin- 
istration of each of the three compounds were fit to the biexponential 
equation, C, = Ae-al + Be-@, by means of a "least-squares estima- 
tion of nonlinear parameters" evaluation programmed in FOR- 
TRAN IV for use on a GE-605 digital time-sharing system (9). 
The parameters thus obtained (A, a, B, and p) are presented in 
Table I. A and B are the ordinate axis intercepts of the biexponen- 
tial curve, and LY and B are the hybrid rate constants reflecting the 
overall rate processes. The individual rate constants (kc,, k,,, and 
k.1) associated with the two-compartment open-system model were 
calculated according to Riegelman et al. (8) and are presented in 
Table I. 


The 0-74-hr. urinary excretion levels in Dog 2 following the ad- 
ministration of chlordiazepoxide. HCl indicated no excretion of 
intact chlordiazepoxide, whereas 1.6 % of the administered dose was 
recovered as Ro 5-0883/1 and 5.0% was recovered as Ro 5-2092. 


Previous studies (10) indicated that following an oral l@mg./kg. 
dose of chlordiazepoxide. HCl to a dog and examination of the 
0-48-hr. urine, there was no recovery of intact chlordiazepoxide and 
that 1 .1  of the dose was recovered as Ro 5-0883/1 and 7.2% was 
recovered as Ro 5-2092. These findings are similar to those of Dog 
2. Schwartz ( 1  1) found that following the single oral administration 
of 4 mg./kg. 14C-chlordiazepoxide. HC1 to two dogs and examina- 
tion of the &72-hr. urinary excretion levels, there was no recovery 
of intact chlordiazepoxide, whereas 0.2 and 0.5% of the dose were 
excreted as Ro 5-0883/1 and 1.3 and 3.0% were excreted as Ro 
5-2092 in the two dogs, respectively. 


k,, 


k D C  


0 10 20 30 40 50 


-1 I peripheral compartment I 
j k d  


excretion and 
biotransformation 


Scheme 11-Two-compartment open-system pharmacokinetic model 
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Figure 6-Computer-simulated curve and experimental data points 
following the intravenous administration of 10 mg./kg. Ro 5-2092 to 
Dog 2. 


Further information on the biotransforrnation of chlordi- 
azepoxide and of Ro 5-0883/1 was obtained by examining the areas 
under the Ro 5-0883/1 plasma level curves following the intravenous 
administration of chlordiazepoxide. HC1, i.e., formed Ro 5-0883/1, 
and of administered Ro 5-0883/1, respectively. The (formation curve/ 
administered curve) area ratios for Ro 5-0883/1 were 0.88 and 0.99 
in Dogs 1 and 2, respectively. This would suggest virtually complete 
conversion of chlordiazepoxide to Ro 5-0883/1. 


The areas under the formation curves of Ro 5-2092 were deter- 
mined following the administrations of both chlordiazepoxide. 
HCl and Ro 5-0883/1 and compared with those following the ad- 
ministration of Ro 5-2092. The (formation curveladministered curve) 
area ratios were 0.28 and 0.28 in Dog 1 following chlordiazepoxide. 
HC1 and Ro 5-0883/1 administration, respectively, and 0.24 and 
0.22 in Dog 2. This would further indicate that chlordiazepoxide is 
completely biotransformed to Ro 5-0883/1 since Ro 5-0883/1 is the 
precursor of Ro 5-2092, and both chlordiazepoxide and Ro 5- 
0883/1 produce equivalent amounts of Ro 5-2092. 


Therefore, inasmuch as all the chlordiazepoxide. HCI administered 
was biotransformed to Ro 5-0883/1, the formation constant of Ro 


Table I-Pharmacokinetic Evaluation of Intravenously 
Administered Chlordiazepoxide . HCI, Ro 5-0883/1, and Ro 
5-2092 According to a Two-Compartment Open-System Model 


----Compound Administered- 
Chlordia- 


Parameter zepoxide Ro 5-088311 Ro 5-2092 


Dog 1 
Dose, mg./kg. 10 10 10 
Dog weight, kg. 10.5 10.2 9 .5  
A. mcg./ml. 7.86 13.26 3.14 
a. hr.=l' 2.80 13 .18  3 . 3 8  
B, mcg./ml. 12.26 17.10 8.41 
8, hr.-1 0 . 3 3  0.066 0.04 
k,,, hr.-1 0.79 5.75 0.89 
k,,, hr.-1 1.84 7.45 2.47 
k,l, hr.-1 0.50 0.12 0.059 
v,, 1. 5.22 3.36 8.21 z V P "  49.7 32.9 86.6 


Dog 2 
Dose, mg./kg. 10 10 10 
Dog weight, kg. 13.0 13.0 13.6 
A, mcg./ml. 19.18 13.06 7.72 
a, hr.-l 1.56 11.20 11.14 
B, mcg./ml. 9.19 19.04 11.26 
8, hr.-l 0.53 0.054 0.025 
k,,, hr.-1 0.24 4.51 4.51 
kpe, hr.-1 0.89 6.65 6.62 
kegr hr.-I 1 .oo 0.091 0.043 
VP, 1. 4.58 4.05 7.17 
% V P "  3 5 . 3  31.2 52.7 


a % VP = VP X 100/dog wt. 
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Scheme IlI-Six-compartment open-system pharmacokinetic model for the physiological disposition of chlordiazepoxide ' HCl 


5-0883/1, k13, was taken to be equal to that of the elimination-rate 
constant, kel,  of chlordiazepoxide. The formation constant of Ro 
5-2092, k35, was determined by adapting the absorption-rate equa- 
tion of Loo and Riegelman (12). This constant was determined by 
utilizing the formation data of Ro 5-2092 following the administra- 
tions of both chlordiazepoxide.HC1 and Ro 5-0883/1, and the 
rate constants, k,,, k,,, and kel obtained following the intravenous 
administration of Ro 5-2092. 


Based on these considerations, a six-compartment open-system 
pharmacokinetic model to describe the physiological disposition of 
chlordiazepoxide in the dog was developed, as indicated in Scheme 
111. 
In the model, klz, kZ1, k34, k43, k56, and kS3 are the first-order rate 


constants of distribution of the compounds indicated in the model; 
k13 and kr5 are the first-order rate constants of formation of Ro 
5-0883/1 and Ro 5-2092, respectively; ka0 is the sum of the simul- 
taneous processes of elimination of Ro 5-0883/1 and biotransforma- 
tion to compounds other than Ro 5-2092; and ksa is the sum of the 
simultaneous processes of elimination and biotransformation of 
Ro 5-2092. All the elimination and biotransformation processes 
are assumed to be first order. 


Solution of the differential equations (13) describing the six- 
compartment open-system model, as presented in Appendix A ,  yields 
the following expressions to describe the plasma level-time curves 
for Compartments 1, 3, and 5, respectively, following a single 
intravenous administration of chlordiazepoxide . HC1: 


6 = A13 e-a3; + A14 e-"4' (Eq. 1) 


C3 = A33 eeapi + A34 e-"4l + A35 e-u6t + A36 e-agt  (Eq. 2) 


C:, = Ab3 Cast + A64 e-a4t + A55 ePat + A56 eCasf + As? eeart + A58 e-Y8t (Eq. 3) 


where C,, C3, and C5 are the concentrations of the three compounds 
in the central compartment. The coefficients Alj ,  A3j, and ASJ and 
the hybrid rate constants a3-a8 are determined as a function of all 
the rate constants: klz, k21, k13, kZ4,  kd3, k30, ka5, k56, ks5. and kso. The 
six-compartment open-system model describing the physiological 
disposition of chlordiazepoxide was programmed in FORTRAN 


Table II-Pharmacokinetic Parameters for the Physiological 
Disposition of Chlordiazepoxide.HC1 in Dogs in Terms of a 
Six-Compartment Open System 


Rate Constant Dog 1 Dog 2 


klz, hr.-l 0.792 0.24 
kzl, hr.-l 1.836 0.892 
k13, hr .- 0.503 1.001 
k34, hr.-l 5.754 4.510 
k43, hr.-l 7.447 6.651 
k30, hr.-la 0.045 0.047 
kRa. hr.-l 0.072 0.045 
k;;; hr.-1 
k65, hr.-l 
kso, hr.-l 
k50, hr.-Lb 


0.892 
2.473 
0.059 
0.099 


4,508 
6.619 
0.043 
0.080 


a kso = ksr (Ro 5-0883/1) - k35. k60 corrected for formation data. 


IV for use in the GE-605 digital time-sharing system (14). This 
program allowed for the simulation of drug quantity in the various 
compartments of the model as a function of time. 


Confirmation of the proposed model required coincidence of 
simulated and experimental plasma level curves for Compartments 
1, 3, and 5 following a single intravenous administration of chlor- 
diazepoxide . HCI. The pharmacokinetic parameters (k,,, kpo and 
k,l) obtained for each of the three individually administered com- 
pounds (Table I) were utilized as computer input for the six-com- 
partment open-system model. The constants for the six-compart- 
ment model are summarized in Table 11. In addition, to allow for 
comparison of the experimental and simulated data of the three 
compounds following the administration of chlordiazepoxide- HCI, 
the plasma levels of Ro 5-0883/1 and Ro 5-2092 were converted to 
chlordiazepoxide equivalents. The three curves drawn in solid 
lines in Figs. 1 and 2 represent the simulated curves and correspond- 
ing experimental data points following the intravenous administra- 
tion of 10 mg./kg. chlordiazepoxide.HC1 to Dogs 1 and 2, re- 
spectively. 


The simulated plasma curves agreed very well with the experi- 
mental data in the chlordiazepoxide and Ro 5-0883/1 compart- 
ments utilizing the pharmacokinetic parameters obtained following 
the intravenous administration of each of the three compounds. 
The simulated plasma level curves of Ro 5-2092, however, did not 
correlate as well since they exhibited a slower elimination rate than 
did the experimentally obtained plasma level curves. This small 
deviation appears to be reflected in differences noted in the ex- 
perimentally obtained plasma level data following the intravenous 
administration of Ro 5-2092 as compared with the Ro 5-2092 
plasma levels obtained following the administration of chlor- 
diazepoxide or Ro 5-0883/1. The data indicate that the apparent 
elimination-rate constant of Ro 5-2092 when produced as a bio- 
transformation product was greater than the apparent elimination- 
rate constant observed after administered Ro 5-2092. This phe- 
nomenon has been previously observed for other drugs (15, 16). 


These findings indicated that k50 of the six-compartment open- 
system model would have to be calculated from the formation 
curve of Ro 5-2092 and not from the data following the intravenous 
administration of Ro 5-2092. Therefore, the elimination-rate con- 
stant of Ro 5-2092 was recalculated utilizing the formation data by 
rearranging Eq. A13 of Appendix A and solving for k j o ;  


where /3 is as of Eq. 3. Since the data of the elimination phase of 
the Ro 5-2092 formation curve are utilized, the terms A53 e-'8, 
Ass e-'Et, and As? e-'+ of E?q. 3 rapidly approach zero. Therefore, 
Eq. 3 reduces to 


CS = AS< e-"rf + A56 e'=sf + A58 e-"gt (Eq. 5 )  


This elimination phase was fit to the triexponential equation by 
means of the "least-squares estimation of nonlinear parameters" 
(9), keeping AS4, A56, A583 a4, and a6 constant. 


Substituting the new ksa into the computer program for the six- 
compartment open-system model resulted in an excellent simulation 
of the Ro 5-2092 levels in both dogs (dashed lines in Figs. 1 and 2). 
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CONCLUSION 


A pharmacokinetic model for the disposition of chlordiazepoxide . 
HCI in the dog has been presented in terms of a six-compartment 
open system. The excellent agreement between the simulated and 
experimental data reflects the reliability of the assumption of first- 
order kinetics for all processes. The model (Scheme 111) provides a 
basis for the elucidation and quantitation of chlordiazepoxide and 
its pharmacologically active biotransformation products, Ro 5- 
0883/1 and Ro 5-2092. The pathways in man (3-5) have been shown 
to be similar to those in the dog to the extent to which they are 
described in Scheme 111. It is expected that this model will be useful 
for the interpretation of future human pharmacokinetic studies. 


The main features of the physiological disposition of chlor- 
diazepoxide.HC1 in the dog were: (a)  its biotransformation to Ro 
5-0883j1 as the exclusive route of drug elimination; (b)  the elimina- 
tion of Ro 5-0883/1 almost entirely by biotransformation, with up 
to 50% going to Ro 5-2092 and the remainder going to an unidenti- 
fied biotransformation product; and (c) the elimination of Ro 5-2092 
by urinary excretion and further biotransformation. 


0 
0 


k35 
0 


(k34 + k43 + kio + k35) + 
d(k34 + k43 + k30 + k 3 d 2  -4  (kalkdo + k43k35) 


2 (Eq. A10) 


(k34 + k43 + k30 + k35) - 
d(k34 + k43 + k30 + k35)' - 4 (k&o + k43k35) 


2 (Eq. A l l )  


(k56 f k65 f k50) f 
(Eq. A12) d(k56 + k65 + k50)' -4 (k65k50) 


2 a7 = 


The eigen vectors, Aii, are then obtained as solutions to the 
6 ( j  = 3,4, , . . 8) vector equations: 


APPENDIX A 


Determination of Kinetic Constants for Six-Compartment Open- 
System Model-The six-compartment open-system model is 
presented in Scheme 111. The transfer and elimination process in 
the six-compartment open-system model may be described as fol- 
lows: 


2 = C5k56 - C6k65 (Eq. A6) 


where C, is the amount of drug in the designated compartment, 
and the numerical subscripts for C define the compartment. These 
simultaneous differential equations were solved by: (a) obtaining the 
eigen values of the eigen vector matrix, and (b) evaluating the corre- 
sponding eigen vectors (9). 


The eigen values, ails, are obtained as solutions of the char- 
acteristic equation: 


a3 - (kiz + kid kzi 
ka a4 - kzi 
k13 0 
0 0 
0 0 
0 0 


which have the roots: 


(kiz + k z 1 3 3 )  + 
2 


Z/(klz + kzi + kid' -4  (kzlkd a3 = 


where DO = initial dose. 
The eigen vectors, Aij, thus obtained are: 


(Eq. A15) 


A14 = DO - A13 (Eq. A161 


j = 3,4 (Eq. A17) 


5 
Aa6 = - 


j = 3  


(Eq. A19) 


(Eq. A20) 


j = 3,4,5, and 6 (Eq. A21) 


0 
0 


0 0 0 
0 0 0 1  


0 
= 0 (Eq.A7) 


as - k65 


0 
0 


a5 - ( k 3 4  + k35 + k30) k43 
a6 - k43 k34 


k35 0 a7 - (k56 f k50) k65 
0 0 k56 


7 


j 3 3  
A68 = - C A5j (Eq. A24) 


j = 3,4,. . . 8 (Eq. A25) 


For a general model composed of n individual two-compartment 
open-model units, as seen in Scheme IV, the solutions of eigen values (Eq* A9) 
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Scheme IV-General model composed of n individual two-compart- 
ment open-model units 


and eigen vectors may be generalized as follows. Where: 


i =  1 , 3 , 5  . . .  
i = central compartment 


i + 1 = peripheral compartment 
kio + ki(it2) = k,l 


the general solution of the eigen values would therefore be: 


(kcp + kpc + kto + ki(i+Z)) + - 
.\/(kop + kpe + kio + ki(i+t))’ -4 (kio + kic,+a)) kpc 


2 n i l  = 


(Eq. A26) 


(kcp + kpo + kio + ki(i+z)) - 
.\/(kc, + kpe + kio + ki(i+z))* -4 (kio + ki<i+z)& 


2 a] = 


(Eq. A271 


Where j = 3,4, 5 . . . i + 3, the general solution of the eigen vector 
Aij for the ith central compartment is: 


A<i-z)j k(i-z)i (kpc - a?) A,i = 
(ai - kp - k d  (a i  - kpJ - kcpkpc 


j = 3,4,5 . . j - 2 (Eq. 28) 


j - 1  


j = 3  
A , . -  - Aij 11 - 


j = i + 2 (Eq. A29) 


j = i + 3 (Eq. A30) 


Therefore, the general solution of the eigen vectors, A+ for the 
i+lth peripheral compartment is: 
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Solubility of Alkyl Benzoates I: Effect of Some 
Alkyl p-Hydroxybenzoates (Parabens) on the 
Solubility of Benzyl p-Hydroxybenzoate 


F. SHIHAB, W. SHEFFIELD, J. SPROWLS, and J. NEMATOLLAHI 


~ ~~ 


Abstract The solubility features of a homologous series of alkyl 
phydroxybenzoates (parabens) with alkyl groups, in an ascending 
order from methyl to n-butyl, were investigated together with benzyl 
paraben and methyl p-methoxybenzoate. A phenomenon of mutual 
solubilizing potential was observed to exist when the solubility of a 
mixture of an alkyl paraben and benzyl paraben in 60 % polyethyl- 
ene glycol 4Wwater was examined. The analysis was carried out 
by means of UV spectrophotometry and NMR spectroscopy. The 


A gross solubilizing effect of alkyl p-hydroxybenzoates 
(parabens) on benzyl paraben in polyethylene glycol 
4Oewater (designated as PEG-H20) mixture was first 
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scope of application of these esters for their antimicrobial prop- 
erties, for which they are primarily employed in pharmaceutical 
sciences, is envisaged to be augmented by considering factors in- 
fluencing solubility. 


Keyphrases 0 Parabens-mutual solubilizing potential 0 Poly- 
ethylene glycol-water system-paraben solubility UV spectro- 
photometry-analysis 0 N MR spectroscopy-analysis 


observed by Sprowls (1). Owing to the interest of phar- 
maceutical scientists in the physicochemical properties 
of parabens (2-4), which are employed both as medicinal 


1574 Journaf of Pharmaceutical Sciences 








E R R A T A  


In the article titled “Essential Oil of Anemopsis californica Part 
11: Minor Constituents” (l), the following correction should be 
made: 


On page 1215, Table 11, the value under Polyester Vinyl Plasti- 
cizer, 160°, RRT, for Peak No. 2, Methyleugenol, should read 18.4 
instead of 26.3. 


(1) D. R. Sanvordeker and M. G. Chaubal, J. Pharm. Sci., 58, 
121 3( 1969). 


In the article titled “Two-Phase Method for the Investigation of 
Interphase Transport 11: Experimental Aspects” (l), the following 
correction should be made: 


On page 1332, column 2, the last line should read 10-6 cm.2lsec. 
for dinitrotoluene instead of 10-6 cm.Z/sec. 


(1) S. A. Howard, A. Suzuki, M. A. Farvar, and W. I. Higuchi, 
J .  Pharm. Sci., 58,133q1969). 


In the article titled “Study of Density Gradients in Certain Oil- 
in-Water Emulsions Using Multichannel Gamma Ray Analysis” 
(l), the following correction should be made: 


On page 1452, under “Summary,” the third line should read 
o/w emulsions instead of w/o emulsions. 


(1) W. H. Parsons and D. L. Dondero, J. Pharm. Sci., 58, 1449 
(1969). 


In the article titled “Phytochemical Evaluation of Some Can- 


On page 1497, Structure I should be 
tharelloid Fungi” (l), the following correction should be made: 


CH~-(CH~)I~--CH-COOH 


H O - L O O H  
I 


Hz-C-COOH 
(1) E. D. Henry and G. Sullivan, J. Pharm. Sci., 58, 1497(1969). 


In the article titled “Aminosteroids” (l), the following correction 


The nomenclature for Compound V of Scheme 1 should be: 3- 


(1) A. P. Shroff, J. Pharm. Sci., 59, llO(1970). 


should be made: 


aza- 17~-acetamido-6a,l6a-dimethyl-A-homoandrost-4a-en-4-one. 


In the article titled “Estimation of Mean Potency and Content 
Uniformity of Tablets: A New Approach” (l), the following cor- 
rection should be made: 


On page 214, References 9 and 11, J. Acoust. SOC. Am. should 
read J. Am. Statist. Assoc. 


(1) J. P. Comer, H. L. Breunig, D. E. Broadlick, and C. B. 
Sampson, J. Pharm. Sci., 59,210(1970). 


In the article titled “Constituents from Gyrnnerna syluestre 
Leaves V: Isolation and Preliminary Characterization of the 
Gymnemic Acids” (l), the following correction should be made: 


On page 627, column 2, under “Comparison of Gymnemic Acids 
Isolated by Various Investigators,” line 23, “their acids Az and A3 
being” should read “their acids AP, A3, and Aa being.” 


(1) J. E. Sinsheimer, G. S. Rao, and H. M. McIlhenny, J. Pharm. 
Sci., 59, 6221970). 


In the article titled “Constituents from Gymnema syluestre Leaves 
VI: Acylated Genins of the Gymnemic Acids-Isolation and 
Preliminary Characterization” (l), the following correction should 
be made: 


On page 630, column 1, under Genin G,  line 12, Calcd. for 
C43H66011 should read Calcd. for C43H6601u. 


(1) J. E. Sinsheimer and G. S. Rao, J .  Pharm. Sci., 59,629(1970). 


In the article titled “Theoretical Model Studies of Drug Absorp- 
tion and Transport in the Gastrointestinal Tract I” (l), the following 
corrections should be made: 


On page 647, in Fig. 5, the ordinate should read F andf. 
On page 650, in the caption of Fig. 10, the diffusion efficiency 


coefficient T should be replaced by T2. 
Although the equations were incorrectly stated in the article, 


the calculations are correct and, therefore, the conclusions drawn 
are unaltered. 


(1) A. Suzuki, W. I. Higuchi, and N. F. H. Ho, J. Pharm. Sci., 
59,644(1970). 


In the article titled “Theoretical Model Studies of Drug Absorp- 
tion and Transport in the Gastrointestinal Tract 11” (I), the follow- 
ing corrections should be made: 


On page 653, Eq. 19 should read: 


On page 655, in Fig. 4 the ordinate should read in the following 
ascending order: 0.85,0.90,0.95, 1.00. 


(1) A. Suzuki, W. I. Higuchi, and N. F. H. Ho, J.  Pharm. Sci., 
59,651(1970). 


In the article titled “Dissolution of Slightly Soluble Powders 
under Sink Conditions I: Development of an Apparatus and Dis- 
solution Studies of Salicylic Acid Powders” (l), the following cor- 
rections should be made: 


On page 980, column 1, paragraphs 5 and 6 under “Apparatus,” 
the propeller dimensions of 1.9 cm., 2.6 cm., and 3.0 cm. should 
read 3.8 cm., 5.2 cm., and 6.0 cm., respectively. 


(1) I. Ullah and D. E. Cadwallader, J. Pharm. Sci., 59,979(1970). 


In the article titled “Steric Aspects of Adrenergic Drugs’’ (l), the 
following correction should be made: 


Nordefrin should be substituted for levonordefrin throughout 
this article. 


(1) P. N. Patil, J. B. Lapidus, and A. Tye, J. Pharm. Sci., 59, 
1203 1970). 


In the article titled “Physical-Chemical Evaluation of 34 3- 
Hydroxy-3-methylbutylamino)-5-methyl-as, Triazino [5,6-b] Indole 
(SK&F 30097)” (l), the following correction should be made: 


On page 1290, Footnote 1 should read: Polyoxyethylene poly- 
oxypropylene glycol; Pluronic F-68, Wyandotte Chemical Co., 
Wyandotte, MI 48193 


(1) L. J. Ravin, E. G. Shami, and E. Rattie, J. Pharm. Sci., 59, 
1290(1970). 


In the article titled “Determination of Total Iron in Hematinics 
by Atomic Absorption Spectrophotometry” (I), the following cor- 
rections should be made: 


On page 1329, column 1, line 12 should read “where A, is the 
absorbance of the sample.” 


On page 1329, column 2, line 2, “with 75 ml. of 6 N HCI” should 
read “with two 50-ml. portions of 6 N HQ.” 


On page 1329, column 2, under d = density of the sample, should 
be added: W = weight of sample, g. 


( I )  H. I. Tarlin and M. Batchelder, J. Pharm. Sci., 59,1328( 1970). 
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Kinetic Salt Effect in Pharmaceutical Investigations 


J. THURO CARSTENSEN 


Abstract The use of the kinetic salt effect in kinetic investigations 
has been widespread since its original derivation by Brgnsted and 
Bjerrum in 1925. Its derivation is tied in with the DebyeHuckel 
theory, and it would be expected that the concentration range of 
applicability of the kinetic salt effect would be confined to that of 
the corresponding Debye-Huckel expression, i.e., less than 0.01 M. 
A review of the pharmaceutical literature shows that applications 
may be extended to higher concentration ranges. Deviations from 
the Debye-Huckel expressions by the charged reactants and by the 
transition complex may be of the same magnitude and sign, and 
this may be the cause for the concentration range extension. 


Keyphrases 0 Kinetic salt effect-pharmaceutical solutions 
Ionic strength effect-high ionic concentrations Hydrolysis- 
kinetic salt effect 0 Degradation, drug-kinetic salt effect 


Properly conducted kinetic studies always, directly or 
indirectly, take into account the so-called kinetic salt 
effect. By varying the ionic strength by addition of an 
inert electrolyte (e .g . ,  NaC1) while keeping other 
concentrations constant, the rate constants for reacting 
species will either increase, remain constant, or de- 
crease. Accordingly, the effect is denoted positive, 
absent, or negative. As shall be seen in the following 
discussion, the sign or the absence of the kinetic salt 
effect is a valuable aid in interpretation of mechanisms. 
Strictly quantitative relations between rate constants 
and ionic strength are only theoretically valid at ex- 
ceedingly low concentrations. Since pharmaceutical 
investigations are most often conducted at ionic strength 
ranges higher than the theoretical limits, a review of 
findings from kinetics of pharmaceutical model systems 
might throw light on the actual range to which the 
kinetic salt effect can be extended. 


THEORY 


It can be shown (1) by means of transition-state theory that for a 
reaction in solution: 


Table I-Values of 2Q = 3.65.106.[p/e3T3]0.6 at Various 
Temperatures 


Temperature 2e" 


20 
25 
30 
35 
40 
45 
50 
55 
60 
70 
80 
90 


100 


1.008 
1.018 
1.026 
1.036 
1.046 
1.057 
1.068 
1.079 
1 .092 
i . i i t  
1.145 
1.174 
1.198 


0 e-values used in the computation are from Reference 43, and p- 
values are from Reference 44. 


to Eq. 2 for a solution of overall ionic strength, p,  leads to the well- 
known Br Qnsted-Bjerrum equation (2-5): 


log k = a + 2.  Q.ZA.ZB. <p (Eq. 4) 


where 2Q = 1.018 for aqueous solutions at 25'. Since Q = 1.825 . 
106 . [p/~T3]0.6, where E is the dielectric constant, p is density, and T 
is the absolute temperature, the coefficient to di changes with 
temperature. A list of values of 2Q is given in Table I. 


The Debye-HGckel equation is usually only obeyed in ionic 
strength ranges up to 0.01 (6). Figure 1 is an example of this showing 
the mean activity coefficients of hydrochloric acid in potassium 
chloride solutions of varying ionic strength (7). Equation 4 is, 
therefore, only strictly applicable up to this concentration. 


The modified Debye-Huckel equation for higher concentrations is 


(Es. 5)  


and holds up to an ionic strength of about p = 0.1 (8). Using this 
in the development outlined for Eq. 4 yields 


A + B + [ABt] +. products (Eq. 1) 


the rate constant, k ,  is related to the activity coefficients, 7 ,  of the 
reactants (A and B) and the transition complex ( [ A B q )  by: 


It is recalled that p is the overall ionic strength, but P depends on the 
ionic diameter of the. reacting species, and this usually is unknown. 
Linearity and slopes, however, are not very sensitive to the magni- 
tude of (3, which is always close to unity; it is the practice of some 
authors (9) to test kinetic salt effects with this assumption, i.e., 


log k = (Y + log [~A~B/?"ABtl] (Eq. 2) 


ZA + zg = Z I A B ~ ] .  Applying this and the Debye-Huckel limiting 
0%. 7) 4 


1 + d F  
The charges, z,  of the three species are related to one another by log k = O! f 2~~.ZA.Zb' 'p 


law : 
The slope of such a plot should be close to the value of 2 . Q . 
ZA Z~ (which is not necessarily an integer, all depending on tem- logy = -Q.z'.,/;; (Eq. 3) 
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Figure I-logarithm of the actiuity coeffcient of hydrochloric acid 
as a function of the quare root of ionic strength (2).  


perature) and should allow evaluation of the integer value of the 
product of ZA and ZB. 


In the case of higher ionic strengths, an ionic strength effect is 
possible even if one or both reacting molecules are uncharged. At 
high ionic strength, if A was charged and B not, then reaction 
A + B +. [ A B t ]  would dictate that z t  = ZA. At high ionic strength, 
the following relation (10) often holds: 


At high ionic strength ( l l ) ,  the activity coefficient of the uncharged 
species adheres to 


log 'YE = bBw (Eq. 9) 


which, by a treatment similar to the one leading to Eq. 7, yields 


log k = log ka 4- [ b ~  + be - bt1.p (Eq. 10) 


i.e., the logarithm of the rate constant should be proportional to 
the ionic strength. In the case of two uncharged molecules, applica- 
tion of Eq. 9 by itself would lead to an equation of the type of Eq. 10. 


Aside from these so-called primary salt effects, a secondary salt 
effect at times is important. In buffer-catalyzed degradations, an 
ionized species B- may be catalytic, whereas the corresponding acid, 
HB, may not be. The ionization constants of the acid are affected 
in a manner similar to that described by Eqs. 4 and 10. Increasing 
ionic strength can affect the concentration of B- and, in this in- 
direct manner. influence the value of the rate constant. 


EXAMPLES 


Zero Effect-One of the values of the kinetic salt effect as an 
experimental tool is that if a decomposition does not exhibit a 
kinetic salt effect, then reactions of two charged species can be 
eliminated from consideration, since either ZA or Z B  would have to 
be zero. Examples of this are hydrolysis of the following compounds 
in aqueous solution: streptozotocin (12), streptovaricin (1 3), 
diethylaminoethylsalicylate hydrochloride (14), acetylsalicylic acid 
anhydride (19, procaine hydrochloride (16, 17), chloramphenicol 
(18), N-acetyl-p-aminophenol(19), chlorobutanol(20), ascorbic acid 
(21, 22), phenobarbital (23), idoxuridine (24), penicillin at low pH 
(25), morphine (26), cycloserine (27), and hydroxocobalamin (28). 


Integer Effects-Where kinetic salt effects do exist, they imply 
that charged species are of identical or opposite charge. Since 
even model pharmaceutical systems by necessity are in concentra- 
tion ranges above 0.01 ionic strength, Eq. 4 cannot be expected to 
hold. In all of the cases to be cited (29-38), however, linearity 
prevails, but the slopes differ from 2 . Q . ZA . ZB, and other 
evidence has been employed by the respective authors to sup- 
port proposed mechanisms. 


Brooke and Guttmann (29) used kinetic salt effect data in in- 
vestigating the complex formation between 3-carbomethoxy-l- 
rnethylpyridinium cation (NME) and 8-chlorotheophyllinate anion 
(CT). Figure 2 shows their data plotted both according to Eqs. 4 
and 7 and (in spite of the scatter) implies the applicability of Eq. 7 


0 . 7 7 . -  I ~ 


0.1 0.2 0.3 0.4 
4i-N + 6) 


Figure 2-Kinetic salt effect on degradation of 3-carbomethoxy-l- 
methylpyridinium cation (29) at 30°, plotted according to Eq. 4 
(A, upper scale) andaccording to Eq. 7 (0, lower scale). 


up to an ionic strength of 1.2. When plotted according to Eq. 7, 
the slope is close to the theoretical. 


Hussain et a/ .  (30), in studying the degradation of echothiophate 
in aqueous solution, supported their proposed mechanism by a 
negative kinetic salt effect and found linearity up to an ionic strength 
of 0.02 when plotting was performed according to Eq. 4; the slope 
(0.9) is close to the theoretical as shown in Fig. 3. It is seen from 
Fig. 3, however, that use of Eq. 7 extends the useful range to an 
ionic strength of 0.2 (but not 0.5), still yielding a slope (0.91) close 
to the theoretical. 


Felmeister et a/. (31) employed the kinetic salt effect to support 
their contention that dismutation of the semiquinone free radical 
of chlorpromazine (C.)  took place Din a reaction of the type C .  ++ + 
H+ + [HC.+++]. However, they point out that at pH 1.96, the 
species H2C. +++ might also react with H+ to form a transition com- 
plex. The former type, at 25", should yield a positive slope of 2.036, 
as opposed to the value of 1.6 found when plotting was performed 
according to Eq. 4. As shown in Fig. 4, plotting according to Eq. 7 
yields a slope of 2.3, i.e., somewhat closer to the theoretical value, 
and may be implying that H2C. +++ + H+ plays a part in the overall 
scheme. The useful range would appear to be up to p = 0.2, but 
tabulated data (31) would imply linearity according to Eq. 7 (but 
not Eq. 4) up to 1.1 = 0.5. 


Finholt et a / .  (25) demonstrated a positive kinetic salt effect in 
penicillin degradation at alkaline pH. Their data are shown in Fig. 
5 ,  plotted according to both Eqs. 4 and 7. At pH 6.8, the positive 
effect is used to postulate penicillin (P) degradation according to the 
scheme P + HP04= + products, and the slope of 2 resulting from 
Eq. 7 would support such a view. The probable mechanism at pH 


0.1  0.2 0.3 0 . 4  
d i / ( l +  dfi) 


Figure 3-Kinetic salt effect on degradation of echothiophate at 22" 
(30), plotted according to Eq, 4 (8, upper scale) and according to 
Eq. 7 (0, tower scale). 


Vol. 59, No. 8, August 1970 0 1141 







-1.3 c,li J 1. 


0.2 - 
0.1 1- 1 


_ .  - 1  1'-J 


0.1 0.2 0.3  0.4 
dii or 4 A 1  + di)  


Figure &Kinetic salt effect on degradation of chlorpromazine at 25" 
(32), plottedaccording to Eq. 4 (8)  andaccording to Eq. 7 (0). 


8.75 would be a reaction of the type P- + HBOs= - products. 
This is not in conflict with the reported pH profile since, well below 
the pKz of boric acid, the logarithm of the concentration of HBOa' 
is proportional to pH. In this case, use of Eq. 7 appears valid to an 
ionic strength of 0.5. 


Koshy and Mitchner (32) studied the hydrolysis of 2-(4-phenyl-l- 
piperaziny1methyl)cyclohexanone (X) at 60". At pH 5 the kinetic 
salt effect yields a slope of -0.61 when plotted according to Eq. 4 
and a slope of -1.29, i.e., close to the theoretical, when plotted 
according to Eq. 7. This strongly supports the authors' contention 
(32) that X+ + B- - products is the predominant reaction. In this 
case, both Eqs. 4 and 7 yield linearity up to p = 0.4. 


Fractional Effects-The theoretical slope values, of course, can 
only be expected when the possibility of parallel reactions can be 
eliminated (unless both of the same ionic makeup). Szulczewski 
et al. (33) studied the isomerization and hydrolysis of 4,6-diamino- 
1-( 3,5)-dichlorophenyl- 1,2-dihydro-2,2-dimethyl- 1,3,5-triazine (I) 
at 65" and a pH of 1.85 and found it to involve both IH+ and I. 
When plotted according to Eq. 4, their data yield a slope of 0.5, 
whereas use of Eq. 7 results in the value 0.86, i.e., still somewhat 
removed from the theoretical value. Equations 4 and 7 here hold up 
t o p  = 0.16. 


A similar situation exists in the degradation of thiamine (34). 
Here, again, plotting (Fig. 6) according to Eq. 7 extends the useful 
range of ionic strength to p = 0.22, but the slope (0.87) is not close 
to the theoretical. As pointed out by the authors (34), secondary 
salt effects may be of significance in their system. 


The positive kinetic salt effect reported for acid hydrolysis of 
niacinamide (N) at 89.4" by Finholt and Higuchi (35) yields a slope 
value of 0.1 if plotted according to Eq. 4 and a slope of 0.6 if 
plotted according to Eq. 7. Therefore, as pointed out by the authors 
(35), both N+ + H+ and N + H+ must be involved, with rate 
constants of the same order of magnitude. 


Other examples of fractional effects are the study on barbital 
degradation by Goyan et al. (36) and the degradations of diethyl- 
aminoacetylsalicylate hydrochloride (37) and methylpyrrolidyl- 
acetylsalicylate hydrochloride (38) reported by Garrett. 


Behavior at High Ionic Strength-At ionic strengths above 1 ,  
Eq. 10 may be expected to hold, but the b-values are mostly of such 
low magnitude that absence of ionic strength effect would result 
in the cases to which it applies. There are three cases in recent 
pharmaceutical literature where Eq. 10 applies: (a) Schroeter's 


0.6 0.7 0 . 3  0.4 0.5 
dti or dw(1 + V'd  


Figure 5-Kinetic salt effect on degradation of penicillin in phosphate 
buffer at pH 6.8 and 60" (25), plotted according to Eq. 4 (0) and 
according to Eq. 7 (0). Pfots in bornte buffer at p H  8.15 parallel the 
lines shown in thefigure. 
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Figure 6-Kinetic salt effect on degradation of thiamine at pH 6.40 
and 96.4" (34), plotted according to Eq. 4 (0) and according to Eq. 7 
(0). 


investigation of salicyl alcohol interaction with sulfites (39); (b)  
the investigation of Siege1 et al. (40) of the hydrolysis of methyl DL- 
a-phenyl-2-piperidylacetate; and (c) Hou and Poole's investigation 
of degradation of ampicillin at low pH (41). 


DISCUSSION 


The only case in recent pharmaceutical literature where the ex- 
tended Debye-Huckel equation has been used is the (nonkinetic) 
study by Zografi et al. (42). The intents of this communication 
have been to advocate the advantages of using Eq. 7 as a plotting 
procedure when kinetic salt effects are under study, and to point 
to the fact that the concentration range in which it may be used 
may be as high as unity ionic strength, i .e. ,  well beyond the range 
of both Eqs. 3 and 5. 


Table I1 lists, in tabulated form, the slope values and ionic 
strength ranges extracted from this survey. It is quite obvious that 
the range of applicability is considerably higher than what would be 
expected from the limiting p-ranges for Eqs. 3 and 5. Only in the 
case of echothiophate is the maximum allowable ionic strength 
definitely less than 0.5. Since Eq. 8 holds for ionic strength ranges 
above p = 0.1, an equation of type 7 can be derived to yield: 


Table 11-Slope Values and Ionic Strength Ranges for the Kinetic Salt Effect in Degradations Reported in Pharmaceutical Literature 
~ 


Substance 


~ 


Refer- - 
ence Eq. 4 


Slope---- Maximum Ionic Tempera- 
Eq. 7 2Q Strength, p t ure 


3-Carbomethoxy-1-methylpyridinium cation 29 0.42 1 . 2  1.03 p m a x .  > 1 . 2  30 
Echothiophate 30 0.9 0.9 1.01 0 . 2 < ~ m , x .  <0.5 22 
Chlorpromazine 31 1.6 2 . 3  2.04 pmax. > 0.5 25 
Penicillin 25 0.8 2 .0  2.18 p m a x .  > 0.5 60 
2-(4-Phenyl-1-piperazinylrnethyl)cyclo- 


hexanone 32 -0.61 -1.29 -1.09 pmrtx. > 0.4 60 
4,6-Diamino- 1 -( 3,5)-dichlorophenyl-l,2- 
2,2-dimethyl-l,3,5-triazine 33 0.5 0.86 1.10 P,,,. > 0.16 65 


Thiamine 34 -0.37 -0.87 -1.19 pmax. > 0.22 96.4 
Niacinamide 35 0 .1  0 . 6  1.17 pmax. > 0 . 8  89.4 
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An explanation for the extended range could be that, in most 
cases, the factor [bA + bg - bt] is close to zero. Both bA and bs 
can be determined experimentally by measuring activity coefficients 
as a function of ionic strength for the reactants A and B. Of course, 
bt is not subject to direct experimental determination. 
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In Vitro and In Viuo Chlorpromazine Availability 
from Flocculated Polysalt Complex Systems 


P. A. JABLON*, G .  S. BANKER, and V. F. SMOLEN 


Abstract IJ An insoluble drug-polysalt complex of chlorpromazine 
hydrochloride, sodium carboxymethylcellulose, and protamine 
sulfate was selected as a model to evaluate the effects of these 
macromolecular constituents on the in uitro and in uiuo availability 
of the interacted drug. The in uirro liberation of drug from the 
polysalt complex was studied in simulated gastrointestinal fluids 
as a function of particle size, pH of formation of the complex 
flocculate, and presence and absence of enzymes in the medium. 
The in uitro drug-release studies conducted under these varying 
conditions suggested that the product possessed prolonged-release 
properties. In contrast, the in uiuo studies with rats revealed a 
promoted bioavailability of the drug in the presence of the polysalt 
complex. Protamine sulfate, a known pinocytotic inducer, was 
observed to be specifically implicated in this phenomenon. 


Keyphrases Flocculated complex systems, polysalt-chlor- 
promazine- S5S availability 0 Chlorpromazine-3%-polysait complex 
systems-in uiuo-in uitro availability 0 Release rates-chlor- 
pr~mazine-~~S-polysalt complex 0 pH effect-chlorpr~mazine-~~S- 
polysalt complex stability 0 Scintillometry-analysis 


The physical form of a polyelectrolyte salt complex 
(polysalt) is a function of the charge densities of the 


interacting species. Macromolecules with high charge 
densities tend to form precipitates (flocculates), while 
those with lower charge densities tend to  form a gel 
(coacervate) or quasiliquid product (1). The use of 
complex coacervates as a means of microencapsulating 
drugs has been claimed in a number of patents (2-7). 
Luzzi and Gerraughty (8, 9) have noted that complex 
coacervates of gelatin and acacia with pentobarbital 
may be employed to  control the liberation of the en- 
capsulated material into gastrointestinal fluids. They 
studied the release rate of the drug as a function of pH, 
temperature, ratio of solid to encapsulating material, 
quantity of hardening agent (formaldehyde), and addi- 
tion of surfactants. In  contrast, polysalt flocculates 
have received relatively little attention in the pharma- 
ceutical literature. 


The present drug-polysalt system was chosen on the 
basis of preliminary studies. It was found that a polysalt 
of sodium carboxymethylcellulose (NaCMC) and prot- 
amine sulfate interacted with appreciable quantities of 
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Acta, 24, 1250(1931). 


B 912, 351( 1967). 
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Observations on the Micelle Formation 
of 2-Butyl-3-benzofuranyl- 
4-[ 2-(diethylamino)ethoxy]-3,5-diiodophenyl 
Ketone Hydrochloride (SK&F 33 134-A) 
by NMR Spectroscopy 


Keyphrases 0 2-Butyl-3-benzofuranyl-4-[2-(diethylamino)ethoxy]- 
3,5-diiodophenyl ketone hydrochloride (SK&F 331 34-A)-micelle 
formation 0 Critical micelle concentration-SK& F 33134-A 0 
NMR spectroscopy-micelle formation determination 


Sir: 


In recent years, several papers (1-3) have dealt with 
the use of high-resolution NMR for the determination 
of CMC. In our laboratories, we have used NMR to 
show the existence of micelles in a 5 %  aqueous solu- 
tion of SK & F 33 134-A(I). Micelle formation has not 
previously been reported for this system. 


I 


All measurements were carried out with a Jealco 
C60H NMR spectrometer equipped with a variable 


1 Marketed as Cordarone by Labaz Laboratories in several European 
countries. 


L I  , L _ i  I i * 
540 480 420 360 300 240 180 120 60 0 


C.P.S. 


Figure 1-NMR spectra for a 5% solution of SK&F 33134-A in 
D?O at 25 and 75 ', respectively. 


temperature probe. Spectra were recorded at tempera- 
tures ranging from 25 to 95".  Figure 1 illustrates the 
NMR spectrum for a 5 %  solution of SK&F 33134-A 
in DzO at 25". There are no sharp resonance lines as 
one would expect under normal conditions. Instead, 
there is a large broadening effect of all resonance lines. 
We attribute this broadening to dipolar interaction in 
the micellar structure where molecular motion is se- 


6 '1 \ 
\ 


I I 1 I 


40" 50" 60" 70" 6; 
TEMPERATURE 


Figure 2-A plot showing the effect of temperufure on fhe resolurion 
(peak width at half-height) at 504 cy.s. for  a 5% solutim of SK&F 
33134-A in DzO. 
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540 480 420 363 300 240 180 120 69 0 
C.P.S. 


Figure 3-NMR spectrum for SK&F 33134-A solution clilaretf wiik 
tneilianol-d+ 


verely inhibited. Raising the temperature of this solution 
in small increments and recording the NMR spectra at  
selected temperature intervals resulted in spectra having 
increasing resolutions, with corresponding increases in 
signal intensities. The spectrum for S K & F  33134-A at 
75" is also shown in Fig. 1. The  sharpening of the spec- 
trum with an increase in signal intensity suggests the 
gradual breakdown of the micellar structure as the 
temperature increases. The resolution reaches its 
maximum at approximately 60". We assume that the 
micellar structure is completely disrupted at this tem- 
perature. The effect is further illustrated in Fig. 2 .  
which contains a plot of band width at half-height of the 
aromatic protons on the iodinated benzene ring at  504 
C.P.S. (resolution) versus temperature. The fact that band 
width at half-height reaches a minimum constant value 
at approximately 60 " again illustrates the apparent 
breakdown of the micellar structure at  this tempera- 
ture. 


Water-miscible organic solvents have been shown to 
have some effect on micelle formation (4). Figure 3 
illustrates the effect of the additien of methanol-d4 
to the micellar solution of SK & F 33 134-A at 25 ". The 
NMR spectrum becomes highly resolved, indicating 
that the micelle has been disrupted. 


0 u, ie0] LL 


0 ,-I 


X 


g 5 5  1 
I 
5 


40' 50" 60" 70" 80" 
T E M P E R A T U R E  


Figure 4-Plot showing the effect of temperature 012 the specifif 
conductance ofa 5 uqueous solution of SK&F33134-A. 


To substantiate the effect of temperature on the micel- 
lar state of SK&F 33134-A, conductivity studies were 
done over the same temperature range. A Serfass 
conductivity bridge, model RCM 15B1, and a Beckman 
K l.OO/cm. conductivity cell were used. An aqueous 
solution of SK&F 33134-A was poured into two small 
jacketed glass vessels connected to each other and to a 
constant-temperature bath. The conductivity cell was 
immersed into one vessel and a thermometer into the 
other vessel. The temperature of the water bath was 
increased slowly. The temperature and the conductivity 
of the test solution were recorded. The results are shown 
in Fig. 4. The conductivity increases gradually to 60" 
and then becomes relatively constant. These conductivity 
data are in  good agreement with the NMR data, in- 
dicating the presence of micelles at 25" and the sub- 
sequent complete destruction of the micelles as the 
temperature is increased. In both cases the temperature 
effect is reversible. 
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Imidazole and Pyrazole 
Bis( 2-fluoroethy1)triazenes 


Keyphrases 0 Bis(2-fluoroethy1)triazene derivatives-synthesis 
Antileukemic activity-triazenoirnidazoles 


Sir: 


Among a considerable number of 5-(disubstituted- 
triazeno) and 5-(monosubstituted-triazeno) derivatives 
of imidazole-4-carboxamide and of imidazoled-car- 
boxylic acid esters tested against lymphoid leukemia 
L-l210,5-[3,3-bis(2-chloroetIxyl)-l -triazeno]imidazole-4- 
carboxamide (I, NSC-82196) has proved to be the most 
effective. In certain of the standard L-1210 tests, a 
majority of the afflicted mice treated with NSC-82196 
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Scheme IV-General model composed of n individual two-compart- 
ment open-model units 


and eigen vectors may be generalized as follows. Where: 


i =  1 , 3 , 5  . . .  
i = central compartment 


i + 1 = peripheral compartment 
kio + ki(it2) = k,l 


the general solution of the eigen values would therefore be: 


(kcp + kpc + kto + ki(i+Z)) + - 
.\/(kop + kpe + kio + ki(i+t))’ -4 (kio + kic,+a)) kpc 


2 n i l  = 


(Eq. A26) 


(kcp + kpo + kio + ki(i+z)) - 
.\/(kc, + kpe + kio + ki(i+z))* -4 (kio + ki<i+z)& 


2 a] = 


(Eq. A271 


Where j = 3,4, 5 . . . i + 3, the general solution of the eigen vector 
Aij for the ith central compartment is: 


A<i-z)j k(i-z)i (kpc - a?) A,i = 
(ai - kp - k d  (a i  - kpJ - kcpkpc 


j = 3,4,5 . . j - 2 (Eq. 28) 


j - 1  


j = 3  
A , . -  - Aij 11 - 


j = i + 2 (Eq. A29) 


j = i + 3 (Eq. A30) 


Therefore, the general solution of the eigen vectors, A+ for the 
i+lth peripheral compartment is: 
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Solubility of Alkyl Benzoates I: Effect of Some 
Alkyl p-Hydroxybenzoates (Parabens) on the 
Solubility of Benzyl p-Hydroxybenzoate 


F. SHIHAB, W. SHEFFIELD, J. SPROWLS, and J. NEMATOLLAHI 


~ ~~ 


Abstract The solubility features of a homologous series of alkyl 
phydroxybenzoates (parabens) with alkyl groups, in an ascending 
order from methyl to n-butyl, were investigated together with benzyl 
paraben and methyl p-methoxybenzoate. A phenomenon of mutual 
solubilizing potential was observed to exist when the solubility of a 
mixture of an alkyl paraben and benzyl paraben in 60 % polyethyl- 
ene glycol 4Wwater was examined. The analysis was carried out 
by means of UV spectrophotometry and NMR spectroscopy. The 


A gross solubilizing effect of alkyl p-hydroxybenzoates 
(parabens) on benzyl paraben in polyethylene glycol 
4Oewater (designated as PEG-H20) mixture was first 


REFERENCES 


scope of application of these esters for their antimicrobial prop- 
erties, for which they are primarily employed in pharmaceutical 
sciences, is envisaged to be augmented by considering factors in- 
fluencing solubility. 


Keyphrases 0 Parabens-mutual solubilizing potential 0 Poly- 
ethylene glycol-water system-paraben solubility UV spectro- 
photometry-analysis 0 N MR spectroscopy-analysis 


observed by Sprowls (1). Owing to the interest of phar- 
maceutical scientists in the physicochemical properties 
of parabens (2-4), which are employed both as medicinal 
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Table I-Solubility of Alkyl Parabens in MolesfLiter ( M )  and in Grams/Liter (G) in PEG-HIO Ranging H O G  E- OR 
from 0 to 100% at 27" (Analyzed by Using UV) 


60%- -80%- c - l o o z - ~  
G M G 


---oz-- -20%- - -4o%G. - 
R M G M G M M G M 


CHI 0.0165 2.512 0.0601 9.150 0.2675 40.700 1.1410 174.000 2.2199 337,750 2.2594 343.750 
GH5 0.0062 1.030 0.0244 4.063 0.1128 18.750 0.8527 141.690 2.0461 340.000 2.1063 350.000 
JZ-C~H? 0.0022 0.400 0.0101 1.825 0.0499 9.000 0.6437 116.000 2.0116 362.500 2.0255 365.000 
n-C& 0.0012 0.240 0.0068 1 .313  0.0399 7.750 1.0683" 207.500 3.1406 610.000 3.1514 612.100 
CHz-Ph 0.0002 0.040 0.0016 0.378 0.0145 3.313 0.3329 76.000 1.5992 365.000 1.9278 440.000 


a Concentration of butyl paraben at a point just prior to separation into two phases. 


agents and for inhibition of the growth of micro- 
organisms in food, cosmetics, and pharmaceutical prep- 
arations, extensive research on the solubility property 
of parabens and their potential to affect the solubility 
of each other in a given solvent was presumed to be 
valuable. 


Using 60% PEG-H20 as a solvent, a preliminary 
observation revealed that, in contrast to the solubility 
of the individual parabens, combining two parabens en- 
hances the degree of solubility of both esters. This sug- 
gested the existence of a mutual solubilizing phenom- 
enon among parabens. After this empirical observa- 
tion, a few experiments were designed in an effort to 
characterize some solubility properties and the solu- 
bilizing potential of each member of the homologous 
series of alkyl parabens (methyl, ethyl, n-propyl, and 
n-butyl) together with benzyl paraben and methyl p-  
methoxybenzoate. 


Three different solubility aspects of parabens were 
investigated. 


First, the solubility of each paraben in the series was 
determined in various percentages of PEG-H20 (0- 
100 PEG). UV spectrophotometry was employed 
for quantitative measurements. The solubility informa- 
tion obtained, besides its usefulness per se, was found 
valuable for further solubility study, wherein a mixture 
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Figure 1-SoIubiriry of parabens in polyethylene gIycoI and wafer 
mixture of various proportions. Key: 0, methyl; 0, ethyl; A, n- 
propyl; o, n-butyl; and o ,  benzyl parabens. 


of two parabens rather than a single paraben was used. 
Accordingly, for the solubility study of a mixture of 
two parabens, a solvent containing 60% PEG in H2O 
was adopted. In this solvent the solubilizing affect of 
the parabens on each other was envisaged to be more 
pronounced ; their individual quantitation in the mix- 
ture, using NMR (5 ) ,  could be performed with adequate 
accuracy. 


Second, four pairs of parabens (combination of 
benzyl paraben with each of the alkyl parabens in the 
homologous series: methyl, ethyl, n-propyl, and n-butyl 
paraben) were subjected to solubility evaluation in an 
effort to examine the solubilizing effect of the parabens 
constituting the pair on each other (mutual solubilizing 
potential). The procedure consisted of adding each 
paraben in the pair to 60% PEG-H20 until the solids 
remained in equilibrium with the solution. 


Third, the solubility of benzyl paraben was deter- 
mined in 60% PEG-H20 solutions of methyl, ethyl, n- 
propyl, and n-butyl paraben, respectively, prepared in 
five different concentrations (0.1, 0.2, 0.3, 0.4, and 0.5 
A4). Due to the limited solubility of methyl p-methoxy- 
benzoate, only the solubilizing effect of 0.1 M of this 
ester on benzyl paraben was evaluated. The analysis was 
performed by using NMR. 


EXPERIMENTAL 


All the compounds employed in the experiments were analytical 
reagents: methyl phydroxybenzoate (Lot No. 5266),' ethyl p 
hydroxybenzoate (Lot No. 5082),1 n-propyl phydroxybenzoate 
(Lot No. 5294),' n-butyl phydroxybenzoate (Lot No. 5158),l 
benzyl phydroxybenzoate (Lot No. 1167),1 methyl pmethoxy- 
benzoate (methyl anisate Lot No, 1702),2 and polyethylene glycol 
400 USP YE 889.a 


The analyses were carried out by using UV spectrophotometry 
(Beckman DB) and/or NMR spectrometry (Varian Associate A-60) 
at ambient temperature. 


The solvents were prepared by mixing accurately weighed quan- 
tities of polyethylene glycol 400 and water. The percentages are 
expressed on a weight-to-weight basis. 


The molar solution of each paraben was prepared by weighing 
accurately a precalculated quantity of the desired paraben in a 
volumetric flask and then dissolving the solid in 60% PEG-HIO by 
gentle shaking. 


The solubility of each paraben was determined by adding the 
compound beyond its saturation point to the solvent and shaking 
the mixture in a constant-temperature water bath (27.0 =k 0.1 ") for 
24 hr. 


The solubility of benzyl paraben in the 0.1,0.2,0.3,0.4, and 0.5 M 
solutions of each of the methyl, ethyl, n-propyl, and n-butyl paraben 
and in the 0.1 M of methylpmethoxybenzoate was determined by 


1 Supplied by Matheson Coleman & Bell. 
* Supplied by Eastman Organic Chemicals. 
8 Supplied by City Chemical Corp. 
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Table 11-Quantitative Analysis of Each Phase Formed as a 
Result of Dissolving Butyl Paraben in 60% PEG-H20 


Butyl paraben 
PEG 
Water 


Upper Phase 
1.25 


43.39 
58.36 


Lower Phase 
Butyl paraben 54.31 
PEG 40.53 
Water 9 .72  


1.21 
42.13 
56.66 


51.94 
38.66 
9.40 


adding solid benzyl paraben, beyond its saturation point, to the 
solution and shaking the flask in a constant-temperature water 
bath (27.0 f 0.1") for 24 hr. The analysis of the solutions was 
carried out by using NMR spectrometry. 


For determining the solubilizing effect of one paraben on the 
other, benzyl paraben and one of the alkyl parabens were added 
alternately and portionwise into 60% PEG-H20 until a noticeable 
quantity of each paraben remained undissolved. 


The samples for analysis were obtained by withdrawing the 
solution with a pipet on whose tip had been tied one layer of What- 
man No. 1 filter paper for the purpose of ensuring the exclusion of 
of solid particles. 


If NMR was to be used for the analysis, the samples were instilled 
into an NMR tube as such. For UV analysis, a known volume of 
the sample was diluted further with 50% ethanol using volumetric 
flasks. The absorbance values were recorded at X = 256 mp. 


RESULTS AND DISCUSSION 


Table I and Fig. 1 depict the results of experiments on the solu- 
bility of parabens in various proportions of PEG-H20. Probably 
due to a decrease in the polarity of the solvent, the solubility of 
parabens increases as a function of increase in the proportion of 
PEG to HzO. In the homologous series of parabens employed in 
these experiments on a mole-to-mole basis up to a concentration 
of 40% PEG-H20, the solubility of each member was found to be 
slightly lower than its next lower homolog. If molar concentrations 
were converted to weight percentage, a reverse trend was observed 
for butyl paraben in 60% and for all the others in 80% PEG-HzO 
and 100% PEG. 


A sharp increase in the solubility of butyl paraben beyond 60% 
PEG-H,O is probably due to the lipophilic nature of the butyl 
chain. 
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Figure 2-Solubility of betzzyl paraben in 60% PEG-HzO solutiorrs 
of a homologous series of alkyl parabens in concentrations 
ranging from 0.1 to 0.5 M. Key: 0, methyl; A, ethyl; 0, n-propyl; 
and 0, n-butyl. 


Table 111-Solubility and Parabens, in Moles/Liter ( M )  
(m% PEG-H20 and 27") Determined for Each Paraben Both 
when Dissolved Individually and as a Combination of Two 
(NMR Used for Analysis) 


Paraben Solubility Parabens Solubility 
(Single) (M) (Combined) (MI 


Methyl 1.1854 Methyl 1.3195 


Benzyl 0.3301 Benzyl 0.6841 
Ethyl 0.8346 Ethyl 1.0827 


+ 
+ 


Benzyl 0.3301 Benzyl 0.7934 


As indicated in Table I, the solubility of butyl paraben in 60% 
PEG-H20 was recorded at the point just prior to its separation 
into two phases. Beyond this point the addition of more butyl 
paraben causes a formation of two layers. The constituent of each 
phase was determined quantitatively by the method described in 
the Appendix. The authors know of no previous explicitly described 
analysis of the two phases whose formation in alcoholic solvents 
also has been observed and reported (4). Nor has an unequivocally 
convincing explanation yet been expressed regarding the physico- 
chemical features of each phase. 


Table I1 depicts the quantity of each component present in each 
phase; details of the calculations are given in the Appendix. 


The peaks for water and PEG in the NMR spectrum of the upper 
phase occur at 6 4.6 and 3.6, respectively. As shown in the calcula- 
tions, correction has been made for the contribution of two protons 
to the water peak by the 2 OH'S per molecule of PEG. There was no 
contribution from the phenolic OH of the butyl paraben due to its 
low concentration in the upper phase (no phenyl proton peak was 
observed at a spectrum amplitude in which the water and PEG 
integral values were determined). 


For the lower phase, the concentration of butyl paraben was de- 
termined by comparing its NMR spectrum with that of a standard, 
analogous to the previously reported method (5). Similarly, the 
concentration of PEG was calculated, and then the quantity of H 2 0  
was obtained by the difference (by subtraction from the weight of 1 
ml. of the solution). 


The formation of a two-phase system as a result of dissolving a 
high quantity of butyl paraben in 60% PEG-HzO is probably due 
to the predominant occupation of etheric oxygen of polyethylene 
glycol by hydrogen bonding with phenolic OH of the paraben. 
Considering the preferred conformation of polyethylene glycol, 
such a hydrogen bond will restrict the free rotation of the phenyl 
group because of interference between phenyl hydrogens ortho to 
OH and methylene hydrogens of PEG. The butyl groups of two butyl 
parabens hydrogen bonded to two alternate oxygens, as becomes 
obvious by observing a molecular m0de1,~ can line up by van der 
Waals' force and maintain a relatively rigid structure. The net 
result becomes the formation of a complex, nonpolar enough to be 
capable of squeezing out water. The water, as it is compelled to 
form a separate phase, by virtue of hydrogen bonding carries with 
itself polyethylene glycol molecules which are not bound to butyl 
paraben. 


A similar phase separation was also observed during the deter- 
mination of mutual solubilizing potential of both benzyl paraben- 
propyl paraben and benzyl paraben-butyl paraben mixtures. The 
mechanism of formation of a two-phase system in this case is pre- 
sumed to be analogous to that postulated for the butyl paraben. 
However, the benzyl paraben with a bulky nonpolar aralkyl moiety, 
like its butyl analog, is capable of participating in complex forma- 
tion. The solubility expression for these two systems henceforth 
was thought to be meaningless and unsuitable for inclusion in a 
table. Table 111, therefore, includes the experimental results of the 
mutual solubilizing potential of only two pairs of combinations 
(methyl paraben-benzyl paraben and ethyl paraben-benzyl para- 
ben). 


The solubilizing potential of the alkyl parabens to affect the solu- 
bility of benzyl paraben, as depicted in Fig. 2, increases in the as- 
cending order of the alkyl chain of the homologous series and, 


4 The molecular model was constructed by using Dreiding Plastic 
Stereo model (Rinco Instrument Co., Inc. Greenville, Ill.). 
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Table IV-Solubility of Benzyl Paraben in Moles/Liter (M) in the 60% PEG-HzO Solution of the 
Alkyl Parabens Ranging from 0.1 to 0.5 M at 27" (Analyzed by Using NMR) 


%O 0 A- ORL - 


Ri Rz 0.0 M 0.1  M 0.2  M 0 . 3  M 0.4 M 0 .5  M 


H 0.3301 0.3654 0.3942 0.4383 0.4627 0.5054 
H 0.3301 0.3753 0.4364 0.4650 0.5252 0.5574 
H 0.3301 0.4282 0.4929 0.5689 0.5917 0.6133 
H 0.3301 0.4491 0.5178 0.5742 0.6449 0.6952 


CH; CHI 0.3301 0.4415 


except for propyl paraben, seems to follow a linear relationship 
with respect to the concentration of each member in the series. 
Knowledge of whether or not the odd-number carbon chain of 
propyl paraben is an influencing factor on causing the curve to 
bend toward the x-axis requires additional experiments with higher 
homologs. 


The solubilizing effect of methyl pmethoxybenzoate on benzyl 
paraben, as shown in Table IV, is somewhat similar to butyl para- 
ben. The substitution of a lipophilic group, OCHa, for OH of methyl 
paraben apparently enhances the solubilizing potential of the ester. 


A theoretical consideration of this and the mutual solubilizing 
phenomenon in general is under study. The practical aspect of 
solubility is envisaged to possess application in pharmaceutical 
preparation and microbiological research and development. 


APPENDIX 


The following abbreviations are used in  the equations: integral 
peak value = I ,  apparent = app., molar concentration = M, weight 
in grams = w, butyl paraben = BuPab, density of solution = d, 
solution = sln., and standard = st. 


The PEG 400 formula is: OH-CHZ-CH~-(OCHZ-CHZ)- 
OH. 


Upper Phase-Both UV and NMR were used for analysis. 


(HeO)aj,p.~ - (PEG)r X 1/18 = (H,O)Z (correction for 
2 OH/mole of PEG) (Eq. 1) 


(PEG)z X 1/18 = cpEGb! (molar ratio) 
(HzOIz (HzO)M (Eq. 2) 


400 (PEG), x - = ~ __ (weight ratio) (Eq. 3) (HzO)M 18 (HzO), 


Weight of BuPab in g./ml. determined using UV = (BuPab),/,l.. 
Weight of 1 ml. of solution - (BuPab), = (PEG + HzO)./m~.. 


Lower Phase-NMR was used for analysis. 


1 (PEGh X X (BuPabh. 
= (PEG)M (Eq. 10) 


(BuPab)z.,t. 


Weight of 1 ml. of solution - [(BuPab), + (PEG)zu] = (HzO)w/ml.. 
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An explanation for the extended range could be that, in most 
cases, the factor [bA + bg - bt] is close to zero. Both bA and bs 
can be determined experimentally by measuring activity coefficients 
as a function of ionic strength for the reactants A and B. Of course, 
bt is not subject to direct experimental determination. 
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In Vitro and In Viuo Chlorpromazine Availability 
from Flocculated Polysalt Complex Systems 


P. A. JABLON*, G .  S. BANKER, and V. F. SMOLEN 


Abstract IJ An insoluble drug-polysalt complex of chlorpromazine 
hydrochloride, sodium carboxymethylcellulose, and protamine 
sulfate was selected as a model to evaluate the effects of these 
macromolecular constituents on the in uitro and in uiuo availability 
of the interacted drug. The in uirro liberation of drug from the 
polysalt complex was studied in simulated gastrointestinal fluids 
as a function of particle size, pH of formation of the complex 
flocculate, and presence and absence of enzymes in the medium. 
The in uitro drug-release studies conducted under these varying 
conditions suggested that the product possessed prolonged-release 
properties. In contrast, the in uiuo studies with rats revealed a 
promoted bioavailability of the drug in the presence of the polysalt 
complex. Protamine sulfate, a known pinocytotic inducer, was 
observed to be specifically implicated in this phenomenon. 


Keyphrases Flocculated complex systems, polysalt-chlor- 
promazine- S5S availability 0 Chlorpromazine-3%-polysait complex 
systems-in uiuo-in uitro availability 0 Release rates-chlor- 
pr~mazine-~~S-polysalt complex 0 pH effect-chlorpr~mazine-~~S- 
polysalt complex stability 0 Scintillometry-analysis 


The physical form of a polyelectrolyte salt complex 
(polysalt) is a function of the charge densities of the 


interacting species. Macromolecules with high charge 
densities tend to form precipitates (flocculates), while 
those with lower charge densities tend to  form a gel 
(coacervate) or quasiliquid product (1). The use of 
complex coacervates as a means of microencapsulating 
drugs has been claimed in a number of patents (2-7). 
Luzzi and Gerraughty (8, 9) have noted that complex 
coacervates of gelatin and acacia with pentobarbital 
may be employed to  control the liberation of the en- 
capsulated material into gastrointestinal fluids. They 
studied the release rate of the drug as a function of pH, 
temperature, ratio of solid to encapsulating material, 
quantity of hardening agent (formaldehyde), and addi- 
tion of surfactants. In  contrast, polysalt flocculates 
have received relatively little attention in the pharma- 
ceutical literature. 


The present drug-polysalt system was chosen on the 
basis of preliminary studies. It was found that a polysalt 
of sodium carboxymethylcellulose (NaCMC) and prot- 
amine sulfate interacted with appreciable quantities of 
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chlorpromazine hydrochloride (CPZ HCI) to form a 
drug-polysalt complex. This material was insoluble at 
pH 7.40 and very slowly soluble in 0.1 N hydrochloric 
acid. Another important characteristic was the presence 
of a proteolyzable polymer. Therefore, it was proposed 
that a system of this type may be of value in controlling 
the liberation of the interacted drug in gastrointestinal 
fluids by utilizing not only its slow dissolution but also 
the possible destruction of the flocculated drug-polysalt 
matrix through enzymatic degradation. The present 
work was directed to elucidate in uitro release properties 
of the drug-polysalt complex in simulated gastro- 
intestinal fluids and to compare these results with the 
in uiuo behavior of the system as reflected in its pharma- 
cological response characteristics. 


MATERIALS AND METHODS 


Materials-All reagents were analytical grade, except barbital 
NF. The protamine sulfate utilized as the polycation in this work 
represented a highly purified protein which met all USP require- 
ments.' A low-viscosity grade (25-50 cps. in 2z solution) of 
NaCMC2 was employed as the polyanion. The specific activity of the 
35S-CPZ HCl,3 initially 3.57 pc./mg., was adjusted to 20,000 d.p.m./ 
mg. with unlabeled drug4 and this powder dilution was used in all 
subsequent experiments. Animals utilized in the in uiuo portion of 
this study were 75-day-old albino male rats, Holtzman5 strain. 


Solutions-A pH 7.70 buffer was prepared from 0.05 M barbital 
and sufficient sodium hydroxide. Sodium acetate (0.05 M) and 
hydrochloric acid were employed to prepare a pH 4.75 buffer. 
Gastrointestinal fluids were prepared according to USP XVII 
unless otherwise noted. The scintillation cocktail XDC (10) was 
utilized as a counting solution. When required, approximately 15.0 
ml. of the scintillation fluid was added to a low potassium glass 
counting vial6 containing 5.0-5.5 % colloidal silica pigment.? A thick 
gel promptly formed which was suitable for suspending any materials 
precipitated from solution by the XDC. 


Preparation of Labeled CPZ-Polysalt Complex-Buffered stock 
solutions of the polymers were prepared. An aliquot of the NaCMC 
solution was transferred to a beaker containing an accurately 
weighed quantity of the 35S-CPZ HCI. The mixture was stirred 
until a precipitate had completely formed. Protamine sulfate 
solution was then added with constant stirring to flocculate the 
system. The contents of the beaker were filtered through a medium 
sintered-glass funnel with the aid of suction. The gummy mass was 
vacuum dried to constant weight, crushed in a mortar, and assayed 
for drug content. Drug-polysalts were prepared in this manner 
from 35S-CPZ HCI, 2 parts protamine sulfate, and 3 parts NaCMC. 
Drug-polysalt complexes flocculated in buffers at pH values of 4.75 
and 7.70 were designated drug-polysalt A and drug-polysalt B, 
respectively. Tablets of these drug-polysalt materials, weighing 
approximately 250 mg. and containing approximately 100 mg. 
of drug, were prepared by direct compression on a Carver labora- 
tory press with a 0.78-cm. (0.31-in.) standard cup punch and die set 
using an applied load of 500 1b./h2. 


Preliminary work had revealed that this procedure and the order 
of combination of polymers in the ratio of 2 parts protamine 
sulfate to 3 parts NaCMC (in the presence of drug) yielded a 
flocculated product which was optimal with respect to the quantity 
of drug and colloids cleared from solution. Flocculated drug- 
polysalts prepared in three separate replications at each pH were 
found to contain 41.05 f 1.5 % and 40.08 f0.59 w/w of drug for 
drug-polysalt A and drug-polysalt B, respectively. In the absence 
of drug, maximum quantities of the polymers were found to be 
flocculated and cleared from solution when the polymers were 


1 The analytical data and a generous sample were kindly provided by 


* Cellosize CMC: Union Carbide Co.. New York. N. Y. 
Dr. J. M. McGuire Eli Lilly and Co., Indianapolis, Ind. 


a The Radiochemical Centre, Amersham, England. 
4 Thorazine, Smith, Kline & French Laboratories, Philadelphia, Pa. 
6 The Holtzman Co., Madison, Wis. 
6 Packard Instrument Co., Downers Grove, Ill. ' Cab-0-Sil, Cabot Corp., Boston, Mass. 


combined in electrically equivalent quantities. For example, the 
apparent equivalent weights of protamine sulfate and NaCMC in 
the pH 7.70, 0.05 M barbital buffer were determined, from the 
measurement of Donnan membrane potentials, to be 1260 and 
615 g. per equivalent of charge, respectively. As anticipated, the most 
stable flocculates were obtained when the polymers, in the absence 
of drug, were combined in approximately the ratio of 2 parts 
protamine to 1 part NaCMC. 


Radioassay for 3B-CPZ HCI-Solutions of the labeled drug 
were counted for 10 min. (or 10,000 counts) in a Packard6 Tricarb 
model 574 liquid scintillation spectrometer. The counting efficiency 
was determined by the internal standard method. Before assay for 
drug content, samples of the flocculated drug-polysalt were pre- 
treated with hot concentrated sulfuric acid to effect solution. 
In Vitro CPZ Release Methodology-A dissolution dialysis tech- 


nique was selected for the in uitro drug-release studies in an attempt 
to simulate in uiuo conditions. The polymer impermeable membrane 
utilized was intended to approximate the behavior of the gastro- 
intestinal mucosal membrane by retaining soluble drug-polymer 
complexes released from the drug-polysalt system. Only the avail- 
ability of the free drug, and perhaps drug associated to very small 
fragments of proteolyzed protamine, would be measured. Therefore, 
the dissolution dialysis release profile may be expected to be more 
closely representative of the in uiuo absorption of CPZ from the 
polysalt complex than a release profile based upon dissolution 
alone. 


Dissolution dialysis experiments utilized a cell composed of a sac 
of Nojax2 cellulose tubing which contained 10 ml. of dialysis fluid 
and the materials to  be dialyzed. Before use, the casing was boiled 
in 5% acetic acid and flushed well with distilled water. The sac 
was prepared by cutting the tubing to the required length and 
tying one end closed. The materials were introduced through the 
open end of the casing, which was then tied tightly with nylon cord 
at the upper level of the liquid. Free casing above the closure was 
knotted around the cord and the excess trimmed off. Sacs prepared 
in this manner had approximately the same surface area. The sacs 
were immersed in round, amber, 90-ml. (3-fl. 02.) bottles filled with 
50 ml. of the dialysis fluid. The cap of the cell was sealed with tape. 
The in uitro release characteristics of the labeled drug-polysalts 
were evaluated in simulated gastric fluid, simulated intestinal fluid, 
and simulated intestinal fluid without enzymes. The drug-release 
cells were assembled and placed on the reciprocating platform of a 
shaker-type water bath maintained at 37". At appropriate intervals 
during an 8-hr. period, samples of the (outside) fluid were removed 
from the cells and transferred to counting vials. An equal quantity 
of the test fluid was then added to the cell to maintain a constant 
volume. All fluids were freshly prepared and prewarmed to 37" 
before use. The cells were agitated at a constant rate of approxi- 
mately 60, 3.8-cm. excursions/min. 
In Vim Studies of the Drug-Polysalt System-The criterion 


selected for evaluating the in uiuo characteristics of the flocculated 
drug-polysalt complex was the depression of spontaneous motor 
activity in rats. Williamson8 activity cages (ll),  which showed 
negligible differences in sensitivity, were employed to measure this 
pharmacologic response. The EDso to produce the desired effect 
in the rat has been reported as 4.4 mg./kg. of CPZ HCI (12). Drag- 
stedt ( 1  3) emphasized the importance of administering identical 
doses of drug in the same fashion when testing products for sus- 
tained-release properties. In accordance with this principle, all 
animals that received a dosage form of the drug as a treatment 
were given 4.4 mg./kg. of CPZ HCl. 


In the first set of in uiuo experiments, rats were selected at random 
in groups of three at a time from a colony of 32 previously un- 
treated animals. Each rat in the colony was fasted for 24 hr., orally 
dosed with polysalt blank (Le., polymers interacted in the absence 
of drug), and placed in the Williamson cages for 11.5 hr. The 
spontaneous activity of these rats was then redetermined in the 
same manner, except that one of the four treatments was substituted 
for the polysalt blank. The animals received either a second dose of 
polysalt blank, a 4Oz mixture of CPZ HC1 in mannitol (drug 
control), drug-polysalt A, or drug-polysalt B. To optimize sensi- 
tivity, the experiments were run from 8:00 p.m. until 7:30 a.m. 
Rats are nocturnal animals and therefore most active at night. 
Influences arising from environmental disturbances were minimal 


~~ 


8 Williamson Development Co., West Concord, Mass. 
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Figure I-Device utilized to dose rats orally for in vivo activity 
studies. Key: 1, copper wire; 2, oral dosing needle; 3, capsule holder: 
4 ,  epoxy plunger; and 5,  capsule section. 


during this time period. Each of the four treatments was replicated 
on eight different rats. 


A dosing device was developed to administer the treatments 
orally. The apparatus, illustrated in Fig. 1, consisted of an oral 
dosing needle through which a copper wire bearing a dried epoxy 
resin plunger was inserted at the far end. A section of catheter 
tubing was attached to the beveled end of the needle over the 
plunger. The material that the animal received was weighed into 
the bottom half of a tared No. 5 gelatin capsule which was sub- 
sequently moistened until flexible, folded in half, and placed in the 
section of tubing. The dosing needle was then inserted into the 
esophagus of the animal; the copper wire plunger rod was pushed 
forward to eject the capsule. Since rodents do not have the ability 
to regurgitate, the capsule and its contents were carried to the 
stomach by peristalsis. Immediately following dosing with the 
capsule, the animal received about 0.5 mi. water through the dosing 
needle. 


A second set of in vivo experiments was conducted on a new 
colony of 18 rats according to the general procedure already out- 
lined. The three treatment groups were a drug control of 40% 
CPZ HCl in mannitol, a physical mixture of 40x CPZ HCI and 
protamine sulfate, and particles of drug-polysalt which would not 
pass a 30-mesh screen. Each of the three treatments was replicated 
on six different rats. 


RESULTS AND DISCUSSION 


In Vitro Release Studies in Simulated Gastric Fluid-Figure 2 
illustrates the dissolution dialysis of various physical forms of the 
drug in simulated gastric fluid. The uppermost curve in Fig. 2 was 
obtained with 100 mg. of 36S-CPZ dissolved in 10 ml. of simulated 
gastric fluid contained within the dialysis sac. This is the same 
quantity of CPZ as was contained in the drug-polysalts studied 
in the same manner. However, the dialysis sac served in this case 
to restrain the ready transfer of CPZ into the outside compartment. 
It is apparent from the other curves that the presence of a polysalt 
complex provided a significant additional retardation. 


Comparison of the curves for the tablets prepared from drug- 
polysalt B and small particles of the same material (>30 mesh) 
reveals the delaying effect of compression on the release of CPZ. 
This result obviously implicates the surface area of the drug- 
polysalt as a factor affecting the release of drug from the system. 


0 1  2 3 4  5 6 7 8  
TIME, hr. 


Figure 2-In vitro release of 35S-labeled chlorpromazine through 
cellulose sacs into simulated gastric fluid. Key: U, dialysis solution 
control of drug alone; 0, tablets drug-polysalt A ;  8, tablets drug- 
polysalt B; A, particles drug-polysalt B (>30 mesh); and 0, tablet 
control (physical mixture ofpolymer and drug). 


Upon immersion of the drug-polysalt tablets in gastric fluid, the 
cream-white biconcave disk appeared to swell slightly; a uniform 
three-dimensional gray band began to form around the outer edge, 
widen, and move gradually toward the core. After 8-10 hr., the 
cream-white solid matrix was replaced by a gray, swollen, gel-like 
structure. From these visual observations, it can be hypothesized 
that as the simulated gastric fluid penetrated the matrix, it began to 
solubilize the protamine, forming a network of channels in the 
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Figure 3-Release of 35S-labeled chlorpromazine from drug-polysalt 
tablets into simulated intestinal fluid without enzymes. Key: A, 
tablet contrd (physical mixture of polymers and drugs); 8,  tablets 
drug-polysalf A ;  and 0, tablets drug-polysalt B. 
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Figure &Release of 35S-labeled drug-polysalt tablets through 
cellulose membrane into simulated intestinal j u i d  with enzymes a fter 
immersion in simulated gastric fluid for 2 hr. Key: @, tablets drug- 
polysalr A ;  and ., tablets drug-polysalt B. 


remaining structure of insoluble free acid CMC. The entrapped 
drug was also solubilized by the gastric fluid; as channels were 
created, it dissolved and slowly leeched out into the surrounding 
medium. 


CPZ Release in Simulated Intestinal Fluids-At pH 7.4 the tablets 
swelled rapidly and the matrix soon broke apart into large cream- 
white particles. The particles, although swollen, appeared to retain 
their structural integrity in contrast to the behavior of the polysalt 
complex in gastric fluid. Figure 3 illustrates the slow release of drug 
from the polysalt system in simulated intestinal fluid without 
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enzymes. Figure 4 presents the dissolution dialysis profile of drug- 
polysalt A and B tablets in simulated intestinal fluid with enzymes 
following pretreatment by immersion, for 2 hr., in gastric fluid. 
This system was intended to simulate in viuo conditions where the 
enzymes can serve as additional means of degrading the complex 
and liberating the drug. However, in all cases with intestinal fluid, 
only relatively small amounts of CPZ were released. This can be 
attributed to the insolubility of the drug and the stability of its 
polysalt matrix in this medium. It was found that a control study 
of CPZ dialysis could not be performed for intestinal fluid in the 
same manner as that done for gastric fluid because of the limited 
solubility of the drug in this medium. 


Influence of pH of Formation on the Stability of the Drug-Polysalt 
Complex-Since both the drug and polymers are weak electrolytes, 
the extent of drug-polymer and polymer-polymer electrostatic 
interactions would be expected to vary with pH. A given drug- 
polysalt complex should be maximally stable at its pH of formation 
when combined in electrically equivalent quantities. It is, therefore, 
also expected that the complex formed at pH 4.75 would be more 
stable in solutions of lower pH than a corresponding product 
flocculated at pH 7.70. Conversely, the drug-polysalt complex 
formed at pH 7.70 should be more stable in solutions at higher pH 
values relative to the product flocculated at pH 4.75. The release 
profiles of drug-polysalt complex tablets A and B (shown in Fig. 2) 
are clearly inconsistent with such expectations. Figure 2 reveals a 
faster and more complete liberation of CPZ in acid media from the 
drug-polysalt A tablet than from its B counterpart. Furthermore, 
visual observations during the study indicated that the tablet 
matrix of drug-polysalt A was less cohesive than that of the corre- 
sponding B product. The observed phenomenon is partly explicable 
in terms of the greater solubility of CPZ salt relative to free base. 
In the pH 7.70 formed drug-polysalt complex, the CPZ occurs to a 
greater extent in the less soluble form of the free base relative to the 
drug in the pH 4.75 formed complex. Although the relatively slow 
dissolution of the unionized form of the drug is a factor contributing 
to the limited release rate of the drug from the tablet matrix, it is 
not wholly responsible for the slow release. This is indicated in Fig. 3 
by the observed faster drug release from a physical mixture of the 
drug with the polymers relative to the flocculate where, neglecting 
the occurrence of localized drug-polymer interaction, the rate- 
limiting factor in the availability of the drug from the tablet may be 
presumed to be its dissolution in the medium. The similarity in the 


Figure 5-Chlorpromazine-induced depression of spontaneous motor activity of rats as a function of time following administration of chlorproma- 
zine in direrent dosage forms. Each point is the average of eight replications on different animals. Key: @, polysalt blank; A, drug control (chlor- 
promazine HClandrnannito[); U, drug-polysalt A particles; ando,  drug-polysalt B particles. 
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Table I-Summary of Observed Variance Ratio (Fobs.) Showing 
Values for Significant Differences among the Four 
Treatment" Means 


Mean Mean 
Time, Square Square 


hr. Treatments Error Fobs. (3, 28)b 


1 
2 
3 
4 


8.948 
31.780 
40.370 
35.783 
38.700 
33.083 


3 . 5 3 3  
7.283 


7.388 
2.000 
7.280 
6.861 
5.250 
9.438 
6.370 
6.191 


1.210 
15.890" 
5.540" 
5.520" 
7.234" 
3.50Y 
0.555 
1.176 


9 17.917 4.938 3.628d 
10 2.083 6.045 0.345 
11  2.707 7.063 0.383 


(1 The four treatments referred to the polysalt blank, drug control, 
drug-polysalt A, and drug-polysalt B. b F o . 9 ~  (3, 28) = 2.95; F0.99 
(3.28) = 4.57. c Significant a t p  <0.01. d Significant a t p  <0.05. 


curves shown in Fig. 2 for drug release from tablets composed of a 
physical mixture and drug-polysalt B indicates, however, that under 
acidic conditions in the medium the slow dissolution of the unionized 
drug may be an important factor in limiting the drug's release. 


Another factor may be one similar to the electrolyte plasticiza- 
tion effect observed by Michaels (14); the ions constituting the salt 
form of the drug can act as a shield to decrease the electrostatic 
attraction between polycation and polyanion, resulting in a less 
consolidated system with a greater elasticity and tendency to 
swell. The looser polymer network formed at pH 4.75 by this 
mechanism could allow the physically entrapped drug to be more 
readily released from the matrix. 


Proposed Mechanism of Drug-Polysalt Interaction-Based on the 
preliminary observations and in oitro release studies, it can be 
hypothesized that the mechanism of uptake of the drug by the 
polysalt involves two consecutive processes. The drug first becomes 
bound to the NaCMC; upon addition of the protamine polycation, 
which possesses a greater affinity for the anionic binding sites on the 
CMC, some bound CPZ is competitively displaced. The released 
drug may then precipitate from solution due to local saturation 
and become physically entrapped within the solid polysalt matrix. 
The drug, therefore, likely exists in both a mechanically entrapped 
and physically adsorbed form within the polysalt matrix. Its 
mechanisms of release accordingly include desorption and dis- 
solution. 
In Vivo Studies of CPZ Availability-CPZ is cleared very rapidly 


from the bloodstream (15); the time course of pharmacological 
response intensity, i.e., magnitude of depression of spontaneous 
motor activity, was studied in rats in lieu of direct determinations 
of the drug in body fluids. Male rats were selected because their 
general level of activity, although lower than the female's, is not 
subject to the cyclization accompanying the female's estrus cycle. 
The results of the first study are illustrated in Fig. 5. The "deviation" 
statistic utilized to describe the treatment-induced effects was ob- 
tained as the difference in pretreatment and posttreatment activity 
readings. The mean of this value for each treatment group was 
plotted as a function of time. A single factor analysis of variance 
was employed to indicate the presence of an overall significant 
difference among the four treatment groups at each hourly interval. 
At those time periods where the variance ratio, Fobs., exceeded the 
critical value for the 0.05 probability level, comparison tests were 
employed to determine the exact group(s) responsible. These tests 
are summarized in Tables I and 11. Table I is related to Fig. 5 in 
that it indicates the times and probability levels at which treatment- 
induced effects are significant. Table I1 specifies which treatments are 
responsible. It is obvious from the results that, contrary to expecta- 
tion, no prolonged action effect was demonstrated by the drug- 
polysalt complexes. 


However, a closer inspection of the results over a 6-hr. period 
following the treatments revealed that the depression of activity 
in one or both of the groups receiving a drug-polysalt was con- 
sistently greater than that in the group receiving the drug control. 
A comparison test, utilizing the average deviation of the two drug- 
polysalt treatment groups uersus the drug control group, revealed a 


statistical difference in activity for the 6-hr. period at approxi- 
mately the 0.15 probability level. 


Since only a heterogeneous mixture of drug-polysalt particles was 
utilized in the first experiment, it was felt that the use of larger 
particles (>30 mesh) might provide the desired sustained action. 
(The small quantity of drug-polysalt complex administered pre- 
cluded its direct compression into tablets.) Of equal interest was an 
investigation into the possible cause of the apparently enhanced 
activity of the drug. The ability of such proteinaceous materials 
as protamine sulfate to act as inducers of pinocytosis has been well 
documented in the literature (1621). Indeed, the striking observa- 
tions of Whitmore (23), that gelatin microcapsules of streptomycin 
exhibited enhanced transport into polymorphonuclear leukocytes 
and macrophages, take on new meaning when he attributes the 
phenomenon to "phagocytosis" (sic) and cites as evidence the high 
degree of cytoplasmic vacuolation. These facts could conceivably 
provide a basis on which to explain the enhanced drug activity. 
Hence, another treatment variable was introduced to determine 
the effect of protamine sulfate alone on the biological availability of 
CPZ. Based on these considerations, a second set of in vivo experi- 
ments was performed. The results are shown in Fig. 6. A single 
factor analysis of variance (22) for significant differences among 
the various treatment combinations over an 11.5-hr. period is 
summarized in Table 111. These data clearly demonstrate that the 
depression of spontaneous activity produced by both treatments 
was greater than that of the drug control group. Despite the larger 
particles used, however, no significant sustained action of the drug- 
polysalt complex was observed. There are several possible explana- 
tions for these findings. It is apparent that the presence of prot- 
amine alone and with CMC enhances the activity of CPZ. The 
mechanism by which this occurs is probably not merely Donnan 
exclusion (24), since drug release in oitro, where this nonspecific 
effect would also be manifested for the interacted system, is delayed 
rather than facilitated. Although the results of the present study do 
not provide direct evidence for its occurrence, stimulation of 
pinocytosis or some other effect of the polymers on the mucosal- 
absorbing surface in the gastrointestinal tract appears to be a 
reasonable possibility. If protamine does have the ability to induce 
cells of the gastrointestinal mucosal-absorbing surface to envacuo- 
late the surrounding medium, it could enhance the absorption of 
any drug present in that medium. If this was shown to be the 
case unequivocally, an entirely new concept of drug dosage design 
could be initiated. However, with the drug-polysalt system, there 
may be additional components to the mechanism involved in the 
augmented activity of the drug. Because CPZ is unstable in acidic 
solution, the polysalt complex possibly also acts to protect the drug 
from destruction in the stomach and thereby allows a larger fraction 
of the released medicament to be absorbed intact. Still another 


Table 11-Comparison Tests at Intervals Showing 
Significant Differences" 


Treatments 
Time, hr. Comparedb Fobs. (3, 28)" 


1 x 2  
1x3  
1 x 4  
1 x 2  
1 x 3  
1 x 4  
1 x 2  
1 x 3  
1 x 4  
1 x 2  
1x3  
1 x 4  
1 x 2  
1 x 3  
1 x 4  
1x2  
1 x 3  
1 x 4  


21. 13d 
38 .  28d 
32. OOd 
6.26d 
7 . 2 2  


15.87d 
8 . 7 Y  


13.86d 
7 .  66d 
6 .  73e 


19.64d 
11.96d 
7.21e 
5 .  19e 
8.11e 
2.48 
6.70" 
9.23d 


2 X 3, 2 X 4, 3 X 4 Comparisons not significant. b l  = polysalt 
blank, 2 = drug control, 3 = drug-polysalt A, 4 = drug-polysalt B. 
c F0.95 (1, 28) = 4.20; F0.99 (I ,  28) = 7.64. d Significant a t  p <0.01. 
4 Significant a t  p <0.05. 
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Figure 6-Chlorpromazine-induced depression of spontaneous motor activity of rats as a function of time following administration of chlorproma- 
zine in different dosage forms. Euch point represents the average of six replications on different animals. Key: A, drug control (chlorpromazine 
HCI und mannitol): 0, chlorprornuzine hydrochloride-protarnine suvate physical mixture; and W, chlorpromazine-polysalt particles (>30 mesh). 


alternative possibility in explaining the phenomena is that the drug 
is released from the system as a protamine complex which is ab- 
sorbed more rapidly. The CMC may also be implicated in this 
process, since it can be taken up by mammalian tissue (25); indeed, 
CPZ itself has been reported to affect absorption through cell 
membranes (26). Thus, it may even be speculated that the particular 
combination of materials in the interacted system possesses a maxi- 
mal ability to affect cellular uptake and enhance the pharmacologic 
response to CPZ. 


The conditions employed in the in uitro release studies are ob- 
viously only a crude approximation of those actually obtained 
in viuo. Consequently, a diversity of factors may have been opera- 
tive to produce the clearly evidenced lack of correlation between the 
in vitro and in uico drug availability. Notable among these factors 
are the small volumes of gastrointestinal fluid available for the 
dissolution of the drug in uioo relative to that used in the in vitro 
study, as well as differences in mechanical agitation of the drug- 
releasing materials. These differences could contribute significantly 
to the discrepancy between the in uitro and in vivo results. Con- 
ceivably, in cico the drug-release medium could have become 
rapidly saturated with drug. This would result in the passage of the 
drug across the gastrointestinal barrier to become the rate-limiting 
step in its absorption rather than its release from the dosage form. 
In this case, the differences in in viuo drug availability noted for the 
different formulations could be attributed to the specific effects of 
the macromolecular constituents of the dosage form on the barrier 
properties of the absorbing surfaces and/or their effects on the 
stability of the drug in the fluids. Because of the demonstrated 


Table 111--Results of Single Factor Analysis of Variance of Treat- 
ment Combinations for an 11.5-hr. Period 


Mean Square Mean Square 
Treatmentso Treatments Error Fobs. (1, lo)* 


1 x 2  330.73 59.43 5.57= 
1 x 3  705.34 110.03 6.4lC 


a 1 = drug control, 2 = protamine sulfate-chlorpromazine hydro- 
chloride physical mixture, 3 = drug-polysalt particles. 6 F0.95 (1, 10) = 
4.96; F0.99 (1, 10) = 10.0. c Significant a t p  <O.OS. 


ability of such materials in altering the permeability properties of 
cells, the former effect may be considered more likely. 


Also, in considering the relatively small volumes of fluid avail- 
able for action upon the administered materials in viuo, it cannot be 
neglected that gelatin-encapsulated particles were used in vivo 
while compressed tablets were used in vitro. The use of gelatin- 
encapsulated particles was necessitated by the difficulties in com- 
pressing the small amounts of drug-polysalt complex comprising 
the dose of CPZ for the rats. A slow dissolution of the gelatin 
capsules in the limited fluids available in uivo could have slowed 
the release of the drug in all cases and also masked the differences 
among the formulations such as were observed in uitro. 


CONCLUSIONS 


In vitro dissolution dialysis studies clearly indicated a prolonga- 
tion of drug release from polysalt flocculates. The in vivo results 
with rats did not, however, support this conclusion. Nevertheless, 
these results do elicit the speculation that, should the observed 
in uivo effects of the polymeric constituents on CPZ availability be a 
consequence of an active alteration of the permeability properties 
of the mucosal barrier, e.g., endocytotic induction, it may also be 
possible, in general, to promote similarly theabsorptionof irregularly 
and poorly absorbed orally administered drugs. 
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Cytochrome P-450 and Alkaloid Synthesis 
in Claviceps purpurea 


S. H. AMBIKE and R. M. BAXTER 


Abstract 0 Tryptophan, 4-dimethylallyltryptophan, and various 
analogs of tryptophan were investigated for their effect on binding 
to cytochrome P-450 and on cytochrome P-450 and total alkaloid 
levels in Claviceps purpurea. These compounds were shown not to 
affect cytochrome P-450 levels, in contrast to phenobarbital which 
increased the levels, but rather exhibited stereospecific binding to 
cytochrome P-450. Those compounds (L-tryptophan and ~-4-di- 
methylallyltryptophan), which showed the highest binding affinity 
and are known precursors, caused the greatest increase in total 
alkaloid levels. The significance of these findings is discussed. 


Keyphrases 0 Cytochrome P-450, alkaloid synthesis-Clauiceps 
purpurea 0 “C-~-Tryptophan, tryptophan analogs-cytochrome 
P-450 0 Claoicepspurpurea growth-tryptophan analogs 0 Colori- 
metric analysis-spectrophotometer 


The occurrence of cytochrome P-450 in a clavine- 
producing strain of Claviceps purpurea has been pre- 
viously reported (1). Phenobarbital-treated C. purpurea 
exhibited a parallel increase in the cytochrome P-450 
and in total alkaloid. Cyanide produced a gradual 
but marked decrease in both cytochrome P-450 and al- 
kaloid levels. The interconversion of cytochrome P-450 
and P-420 has been utilized to provide additional evi- 
dence for its presence in C. purpurea (2). 


Cytochrome P-450 is now recognized as an “oxygen- 
activating enzyme,” participating in the hydroxylation 
of a wide variety of compounds (3, 4). Substrate inter- 
action with cytochrome P-450 gives rise to two types 
of difference spectra which have been utilized to  measure 
the nature and degree of interaction of cytochrome 
P-450 with various compounds. Type I spectral 


changes are characterized by a difference spectrum, 
with a trough at 420 mp and a peak at 385 
mp, and are characteristic of that produced by the 
interaction of cytochrome P-450 with hexobarbital, 
aminopyrine, phenobarbital, and chlorpromazine. Type 
I1 spectral changes exhibit a difference spectrum, having 
a peak at 430 mp and a trough at 390 mp; the spectrum 
is produced by the interaction of aniline, nicotine, 
nicotinamide, etc., with cytochrome P-450. The magni- 
tude of the spectral changes is substrate concentration- 
dependent (5 ) .  It has been suggested (6) that the sub- 
strate forms complexes with the oxidized form of 
cytochrome P-450 and that the rate-limiting step of the 
reaction is the reduction of the substrate-cytochrome 
P-450 complex. However, it has also been suggested 
that the complex is more readily reduced by NADPH 
cytochrome P-450 reductase than is cytochrome P-450 
in the absence of the substrate (7). 


The present study is concerned with the possible role 
of cytochrome P-450 in alkaloid synthesis and extends 
the previously reported data. The binding of tryptophan, 
tryptophan analogs, isopentenyl pyrophosphate, and 
4-dimethylallyltryptophan to cytochrome P-450 was 
studied using the difference absorbance. The effect of 
these compounds on the levels of cytochrome P-450 
and total alkaloid and the correlation of these values 
with effects on binding are also reported. 


EXPERIMENTAL 


Binding of 14C-~-Tryptophan to Cytochrome P 4 5 C T h e  method 
utilized was similar to that of Orrenius and Ernster (8) who studied 
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Figure 3-NMR spectrum for SK&F 33134-A solution clilaretf wiik 
tneilianol-d+ 


verely inhibited. Raising the temperature of this solution 
in small increments and recording the NMR spectra at  
selected temperature intervals resulted in spectra having 
increasing resolutions, with corresponding increases in 
signal intensities. The spectrum for S K & F  33134-A at 
75" is also shown in Fig. 1. The  sharpening of the spec- 
trum with an increase in signal intensity suggests the 
gradual breakdown of the micellar structure as the 
temperature increases. The resolution reaches its 
maximum at approximately 60". We assume that the 
micellar structure is completely disrupted at this tem- 
perature. The effect is further illustrated in Fig. 2 .  
which contains a plot of band width at half-height of the 
aromatic protons on the iodinated benzene ring at  504 
C.P.S. (resolution) versus temperature. The fact that band 
width at half-height reaches a minimum constant value 
at approximately 60 " again illustrates the apparent 
breakdown of the micellar structure at  this tempera- 
ture. 


Water-miscible organic solvents have been shown to 
have some effect on micelle formation (4). Figure 3 
illustrates the effect of the additien of methanol-d4 
to the micellar solution of SK & F 33 134-A at 25 ". The 
NMR spectrum becomes highly resolved, indicating 
that the micelle has been disrupted. 
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Figure 4-Plot showing the effect of temperature 012 the specifif 
conductance ofa 5 uqueous solution of SK&F33134-A. 


To substantiate the effect of temperature on the micel- 
lar state of SK&F 33134-A, conductivity studies were 
done over the same temperature range. A Serfass 
conductivity bridge, model RCM 15B1, and a Beckman 
K l.OO/cm. conductivity cell were used. An aqueous 
solution of SK&F 33134-A was poured into two small 
jacketed glass vessels connected to each other and to a 
constant-temperature bath. The conductivity cell was 
immersed into one vessel and a thermometer into the 
other vessel. The temperature of the water bath was 
increased slowly. The temperature and the conductivity 
of the test solution were recorded. The results are shown 
in Fig. 4. The conductivity increases gradually to 60" 
and then becomes relatively constant. These conductivity 
data are in  good agreement with the NMR data, in- 
dicating the presence of micelles at 25" and the sub- 
sequent complete destruction of the micelles as the 
temperature is increased. In both cases the temperature 
effect is reversible. 
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Imidazole and Pyrazole 
Bis( 2-fluoroethy1)triazenes 


Keyphrases 0 Bis(2-fluoroethy1)triazene derivatives-synthesis 
Antileukemic activity-triazenoirnidazoles 


Sir: 


Among a considerable number of 5-(disubstituted- 
triazeno) and 5-(monosubstituted-triazeno) derivatives 
of imidazole-4-carboxamide and of imidazoled-car- 
boxylic acid esters tested against lymphoid leukemia 
L-l210,5-[3,3-bis(2-chloroetIxyl)-l -triazeno]imidazole-4- 
carboxamide (I, NSC-82196) has proved to be the most 
effective. In certain of the standard L-1210 tests, a 
majority of the afflicted mice treated with NSC-82196 
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&f”-’ $ \ T I  vco-y 
I: Y = NH,; X =C1 


111: Y = OCH,; X = F  


I V : Y = N H , ; X = F  
11: Y = N H , ; X = F  V: Y = OC,H,; X = F 


The data in Table I show that the two bis(2-fluoro- 
ethy1)triazenoimidazoles (I1 and 111) increased the life- 
span of leukemic mice by 50-70z at tolerated doses. 
By way of comparison, the doses of NSC-82196 re- 
ported (1, 2) to be most effective are 30CL625 mg./kg. for 
single-dose treatment and 50-100 mg./kg./day for daily 
treatment. The data appear to justify the following con- 
clusions: (a) the bis(2-fluoroethy1)triazenes are more 
toxic than is NSC-82196; (b)  at doses tolerated by the 
host animals, 11 and I11 are less effective than NSC- 
82196; and (c) in the standard L-1210 test system, the 
increases in lifespan caused by I1 and I11 are comparable 
to those produced by the corresponding dimethyltri- 
azenes of the amide (NSC-45388) (8) and methyl ester 
(NSC-87982) ( 5 )  series. 


Both the v-triazole (9) and the pyrazole (10) analogs 
of 5-(3,3-dimethyl-1-triazeno)imidazole-4-carboxamide 
(NSC-45388, DIC) cause significant increases in the 
lifespan of mice bearing L-1210, and other triazeno- 
pyrazole amides and esters have likewise demonstrated 
activity against L-1210 (7). However, in tests conducted 
in accordance with the protocols of the Cancer Chemo- 
therapy National Service Center, amide IV displayed 
minimal activity, whereas the ethyl ester did not sig- 
nificantly increase survival time as a result of either the 
single-dose or the daily therapeutic regimens. Again, 
both are more toxic than NSC-82196. 


Amides 11 and IV, like NSC-82196, undergo a change 
in aqueous solutions to ionic transformation products 
(1 1. 12), but the bis(2-fluoroethyl)triazeno derivatives 
are considerably more stable than NSC-82196. Esters 
I11 and V likewise undergo a change, presumed to be 
the same type. Obviously, the greater toxicity of 11-V, 
in comparison with NSC-82196, may be due to re- 
placement of chloro groups by fluoro groups. It is also 
conceivable that the lower toxicity of NSC-82196 results 
in part from its instability. If this is true, the instability 
may be advantageous. 
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Aggregation Mechanisms in Pharmaceutical 
Suspensions 


Keyphrases I7 Suspensions, pharmaceutical-aggregation mecha- 
nism 0 Flocculation, coagulation-suspensions 


S i y :  


The method of prevention of impaction and caking 
in pharmaceutical suspensions by controlled floccula- 
tion is usually credited to Haines and Martin (1). The 
work of these authors is, however, sometimes quoted in 
review articles (2, 3 )  without reference to the important 
criticisms subsequently published by Wilson and 
Ecanow (4) and Ecanow et a / .  (5). We have endorsed 
(6) some of these criticisms, but have suggested that 
several generalizations proposed by Ecanow and his 
coworkers were based on inadequately controlled ex- 
periments. The purpose of this communication is to 
clarify some aspects of suspension theory recently com- 
mented upon by Ecanow et al. (7), since this area is of 
considerable importance to the pharmaceutical formu- 
lator. 


We are grateful to Ecanow et al. (7) for amplifying 
some points in their earlier paper (3, since we had pre- 
viously found that the almost complete absence of ex- 
perimental data, such as particle size of the drug and 
concentration of electrolyte, made an adequate ap- 
praisal impossible. Despite the recent criticisms of these 
authors, we see no reason to retract from our claim 
that Figure 1 in Reference 6 demonstrates differences 
between coagulation and flocculation. Ecanow and co- 
workers appear to have forgotten that suspensions of 
drugs in anionic surfactants (1, 8) and cationic and 
nonionic surfactants (9) in the absence of electrolyte 
cake on storage. The control suspension described in the 
uppermost curve of Figure 1 in Reference 6 caked after 
ultimate sedimentation. However, we do not consider 
it semantically or scientifically helpful to refer to this 
process as coagulation for the following reason. If the 
particles were slightly smaller, they would remain in 
permanent colloidal suspension due to Brownian motion 
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Molecular Scale Drug Entrapment as a Precise Method 
of Controlled Drug Release 11: Facilitated Drug Entrapment 
to Polymeric Colloidal Dispersions 


C. T. RHODES", K. WAIt, and G. S. BANKER 


Abstract 0 Further studies have been carried out to investigate 
drug-polymer flocculation as a means of molecular scale drug en- 
trapment. It has been shown that a suitable organic acid greatly 
increases the degree of interaction between the drug and the poly- 
mer and provides a mechanism controlling both interaction and 
subsequent drug-release properties. Results of tests indicate that the 
products prepared by the facilitated entrapment method possess 
excellent sustained-action characteristics. In addition, the drug 
entrapped as the carboxylate salt or in conjunction with the ap- 
propriate dicarboxylic acid, while demonstrating substantially 
complete drug-dissolution release in intestinal fluid, could be main- 
tained in the entrapped form in aqueous suspensions during storage 
periods in excess of 1 month. X-ray diffraction analysis confirmed 
the molecular scale level of entrapment of the drug in the polymer 
flocculated systems. 


Keyphrases Drug entrapment, molecular scale-controlled- 
release method 0 Polymer-drug interaction4rug salt form 
effect 0 Particle-size effect4rug release from polymer4rug 
flocculates X-ray diffraction-polymer-drug flocculates 


Although control of the intensity and duration of 
drug action has been of interest to the medical and 
pharmaceutical profession for many years, it is only 
recently that controlled-action pharmaceuticals have 
been exploited commercially to any extent. 


The advantages resulting from prolongation of drug 
action have been summarized by Wilson (1). Perhaps 
the most important is the maintenance of therapeutic 
effect for extended periods of time, particularly when 
continuous action at a therapeutic level is essential 
for efficient therapy. Another factor of importance is 
the convenience offered to the patient by this type of 
preparation. It has also been reported that the number 
of occasions when patients forget their medicine is 
significantly reduced when sustained-action prepara- 
tions are used (2) .  


Optimization of drug action, including improved 
drug safety, may often be approached by controlling 
the rate of drug delivery to the absorption pool from 
the dosage form. A very rapid rate of drug delivery 
from the dosage form undoubtedly often does not 
represent the optimum delivery system. 


It is somewhat surprising, in view of the many 
advantages offered by sustained-action or controlled- 
release dosage forms, that greater use has not been 
made of this approach in designing drug delivery 
systems. Although some drugs are inadequately 
absorbed along the gastrointestinal tract or have an 
insufficient margin of safety between therapeutic and 
toxic doses for sustained-action formulation to be 
feasible, other reasons are apparent for the still limited 
application of this frequently advantageous approach 
to the pharmacodynamic improvement of drug action. 


These reasons include, but are not limited to, the fact 
that most approaches to sustained-release formulation 
have involved empirical coating methods applied to 
nonuniform particulate drug-containing systems, which 
are coated at several thicknesses or with several com- 
positions to provide a range of release characteristics. 
The manufacturing sequence of such products is 
subject to considerable variation, and control is dif- 
ficult. Such processes are often costly and the resultant 
products are expensive ; development and manufacture 
of such dosage forms are also complex, at least some- 
what imprecise, and time consuming. Molecular scale 
quantitative approaches to the physicochemical binding 
of drugs by polymers, by ion exchange, or by com- 
plexation mechanisms offer a number of advantages 
over conventional coating techniques. Optimization of 
drug action to provide precisely controlled drug release 
rates will only become possible when accurate methods 
of drug entrapment and release, based on physico- 
chemical phenomena, are developed. 


The present paper reports studies performed during 
the development of a new method for the formulation 
of sustained- or controlled-action pharmaceuticals. 
The technique described involves application of 
stoichiometric entrapment of drugs by polymer floc- 
culation, the products being suitable for administration 
in either solid or liquid dosage forms. 


Earlier work by Goodman et al. (3) indicated that the 
molecular scale interaction between drugs and polymers 
could facilitate the quantitative development of re- 
producible sustained-action pharmaceuticals. The 
method developed by the present authors is similar to 
that previously described (3). However, it has been 
found that the properties of drug-polymer flocculates, 
in which the drug contains an amino functional group, 
can be markedly improved if a suitable organic acid is 
included in the formulation. The presence of such a 
carboxylic acid anion has been shown to increase the 
amount of drug which may be bound by the polymer 
and to provide improved control of drug release from 
the polymer flocculate. The inclusion of the carboxylic 
acid in the drug-polymer flocculate has also made 
possible the development of liquid and other dosage 
forms. 


The described method of molecular scale drug 
entrapment by these studies is extremely simple (3) and 
offers many advantages over the conventional lengthy 
and intricate methods used in the preparation of 
sustained-action pharmaceuticals. The present paper 
describes a method of facilitated drug entrapment in 
which a solution of the drug and an appropriate 
carboxylic acid is added slowly to a suitable polymer 
emulsion. The resultant flocculate is washed and dried. 
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Table I-Effect of Carboxylic Acid Anion upon the 
Entrapment of Chlorpheniramine by the Acrylic 
Copolymer Emulsion 


Table II-Release of Chlorpheniramine Maleate from a 
Polymer-Drug Entrapment Product" in Gastric and Intestinal 
Media as a Function of Particle Size and Time 


Initial 
Concn. of % Drug in 


Salt % w/v Bound Flocculant 
Chlorpheniramine Drug Soln., % Drug Dry 


Hydrochloride 2 54 3.3 
Maleate" 2 91 3.7 
Oxalate 2 80 3.7 
Malonate 2 90 3.9 
Succinate 2 98 4.5 
Succinate 5 93 10.0 
Succinate 10 86 17.5 
Adipate 5 96 10.4 


0 Obtained from Smith Kline & French Laboratories, Philadelphia, 
Pa.; all other salts synthesized. 


Products so obtained may be readily milled to a fine 
powder, tableted, encapsulated, or suspended to pro- 
vide controlled-release systems. 


EXPERIMENTAL 


Effect of Drug Salt Form upon Binding-To determine the effect 
of the drug anion moiety on the polymer-drug interaction, solu- 
tions of various salts of chlorpheniramine were employed to pro- 
duce polymer flocculation. In this study, 100 ml. of each drug solu- 
tion was used to coagulate 100 ml. of an acrylic copolymer emul- 
sion.' Each flocculated system was mixed for 30 min. and then 
filtered under reduced pressure, the filtrate being collected and 
assayed for drug content. The drug salts used were either obtained 
commercially or synthesized. Those that were synthesized were 
recrystallized one to three times from an isopropanol-ether solvent 
mixture and vacuum dried at 40"; the purity was checked by 
melting point and IR analyses. Results of the flocculation studies 
are shown in Table I. 


Effect of Particle Size on In Vitro Drug Relea-The dissolution 
release of chlorpheniramine from a chlorpheniramine maleate- 
acrylic copolymer entrapment product in both simulated gastric 
juice (without enzyme) and simulated intestinal juice (without 
enzyme) was determined as a function of particle size (Table 11). 
One-half-gram samples of each polymer-drug particle-size fraction 
were placed in 50 ml. of gastric or intestinal fluid,.rotated at 37" 
according to the method of Goodman et a[. (3), and assayed at the 
times specified. 


Release of Drug from Aqueous Solutions of Polymer-Drug Floc- 
culates-In the initial study, 5-g. quantities of chlorpheniramine 
maleate-acrylic copolymer product containing 3.7 % drug, as a 60- 
mesh undersize powder, were suspended in 100 ml. of selected ve- 
hicles in 4-oz. reagent bottles, which were shaken daily throughout 
the test period. The amount of drug released at  room temperature 
into the various vehicles was determined over a period of 30 days 
(Table 111). 


A more detailed study was also performed to  investigate the 
effect of drug concentration upon release rate. In this experiment, 
5-g. quantities of polymer-drug material were placed in 60-ml. 
volumes of vehicle, and the resultant suspensions were rotated 
continuously at 37" for the time specified (Tables IV and V). 


X-Ray Diffraction Studies of Drug-Polymer Flocculates-X-ray 
diffraction patterns of a commercially available sustained-action 
pharmaceutical,2 which makes use of polymeric materials as 
matrices, were studied as well as drug-entrapped products made by 
the method described herein. All patterns were obtained with 
copper K-a radiation generated to 40,000 v., using a General 
Electric XRD-5 source and the General Electric powder diffraction 
camera, 143.2-mm. diameter. One-half-millimeter glass capillary 


1 Acrysol ASE-75; a 100% linear, anionically charged acrylic acid 
copolymer with a molecular weight in excess of 300,000; supplied in 
emulsion form, containing 40% solids, Rohm & Haas Co., Philadel- 
phia, Pa. 


2 Desoxyn Gradumet, 15-mg. tablet, methamphetamine hydrochloride, 
Abbott Labs., North Chicago, 111. 


% Drug Released in 24 hr. 96 hr. 
Particle Size Gastric Intestinal Gastric 


(Sieve Fraction) Juice Juice Juice 


30 mesh oversize 62 92 67 
30/40 mesh 65 92 70 
4/60 mesh 67 91 72 
60/120 mesh 
120/170 mesh 


69 
71 


93 
91 


76 
75 


1701230 mesh 75 93 80 
230 undersize 77 91 80 


a In all cases the concentration of the drug in the polymer-drug floe 
culate was 4%. 


Table II-Release of Chlorpheniramine Maleate from a 
Polymer-Drug Entrapment Product in Various Vehicles 


pH of 
sus- 
pen- --% Drug Released, days- 
sion 2 7-8 14-15 30 


PhosphatebufferpH4.5 4.3 2.4 2.5 2 .3  3.6 
Phosphate buffer pH 6.0 5.6 0 3.8 4.2 3.6 
Phosphatebuffer pH 8.0 6.1 32.3 42.4 45.3 60.0 
Orange syrup USP 2.4 1.6 2.0 2.4 2.7 
lzcitricacidsolution 2.3 11.7 23.1 27.0 35.4 
Distilled water 3.3 6.4 7.1 7.5 9.6 
Distilled water (stirred)" 3.3 4 .6  6.1 6.8 7.0 
Standard solution 
(200 mg. drug, no 
polymer) 4.5 100 100 100 100 


a Stirred by a magnetic stirrer at about 30 r.p.m. 


tubes were used to rotate the sample in the beam. Results are shown 
in Fig. 1. 


DISCUSSION 


Studies with selected drug salts indicated that the addition of a 
stoichiometric quantity of an appropriate organic acid to the drug 
hydrochloride salt solutions, or the use of a drug carboxylate as the 
flocculant solution, greatly increased the amount of drug that could 
be bound by the polymer. The data shown in Table I clearly indicate 
the utility of the organic acid anion, since 8Cr90% of the drug was 
bound in the presence of such an anion-entrapment facilitator 
whereas only half the amount of drug could be bound when no 
facilitator was present, i.e., the hydrochloride drug salt. Entrap- 
ment was facilitated equally well regardless of whether the drug 
carboxylate salt was prepared and entrapped or a stoichiometric 
quantity of the carboxylic acid was added to the drug hydrochlor- 
ide salt solution. It is also significant that a 2% solution of the 
hydrochloride salt could only be entrapped to the extent of 54% ef- 
ficiency while a 5 %  solution of the adipate was 96% entrapped and 
a 10% solution of the succinate was entrapped with 86% efficiency. 


The results in Table I1 show several desirable features of the 
entrapment system from the point of view of a potential controlled- 
release product. Even though there is apparently a strong inter- 
action between the drug and polymer, over 90% of the drug is 
available in simulated intestinal juice. Further, even though particle 
size has some effect upon the release in gastric juice, this dependency 
is not great. The release in intestinal juice appears to be substantially 
independent of particle size. Also, the facts that about one-third 
of the available drug is not released in gastric juice, even after as 
long as 24 hr., and as little as 5 or 10% is released in selected 
buffers, even on stirring for 30 days (Table III), indicate the potential 
of these products for controlled-release or sustained-action liquid 
dosage forms. 


Table I11 describes the dissolution release of the drug from a 
finer than 60-mesh 3.7 chlorpheniramine maleate-polymer 
entrapment product. The drug, in the products made by this 
technique, is evenly distributed throughout the polymer matrix; 
the drug remains associated to the polymer without alteration 
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Table IV-Release of Chlorpheniramine from Drug-Polymer 
Flocculates as a Function of Carboxylic Acid Anion Type and 
Drug Concentration 


sus- Final 


sion pen- 
% Drug Me- % Drug Release, hr. sion, 


Facilitator Concn. diuma 24 48 120 pH 


Succinate 4.3  1 57 62 69 1 .4  
Succinate 4 . 3  2 3 3 3 4 . 1  
Succinate 4.3 3 99 97 - 7.1  
Succinate 10.3 1 86 84 84 1 .4  
Succinate 10.3 2 12 12 12 4 . 5  
Succinate 10.3 3 91 97 - 7 . 4  
Succinate 18.9 1 81 83 85 1 .4  
Succinate 18.9 2 18 19 21 4 . 9  
Succinate 18.0 3 89 94 - 8 . 0  
Oxalate 4.0  1 50 56 56 1 .4  
Oxalate 4 . 0  2 6 6 6 3.8 
Oxalate 4.0 3 86 92 - 7 . 0  
Malonate 4 . 1  1 62 67 68 1 . 4  
Malonate 4.1  2 5 5 5 3 . 6  
Malonate 4.1  3 88 98 - 7 . 0  
Maleate 3.9 1 55 58 67 1 .4  
Maleate 3.9 2 5 6 6 3 .9  
Maleate 3.9 3 91 100 - 7 . 0  
Adipate 9.9  1 82 81 85 1 .4  


PFn- sus- 


Adipate 9.9  2 10 10 10 4 . 4  
Adipate 9.9  3 92 95 - 7 . 7  


a Suspensionmedium: 1, simulated gastric fluid USP without enzyme; 
2,,phosphate USP buffer, pH 4.5; and 3, simulated intestinal fluid USP 
without enzyme. 


after high-speed milling in a comminutor and is contained in the 
various particle-size fractions in the same concentration. While 
substantial drug release was indicated in gastric fluid and nearly 
complete release in intestinal fluid (Table 11), minimal drug dis- 
solution occurs at pH values of 4.5-6, and drug dissolution in 
vehicles which correspond to this pH was minimal (less than 3 
in orange syrup in 30 days). 


Results shown in Table IV further indicate that the products 
obtained by this flocculation technique have potential for use as 
controlled release-suspensions, since the amount of drug released 
from suspensions in vehicles at pH values between about 4 and 6 
is very low. 


Continuous stirring of a distilled water suspension over a 30-day 
period produced no substantial alteration in the release pattern 
as compared with a similar suspension that was only shaken daily 
(Table 111). Likewise, samples stored at an elevated temperature 
demonstrated no significant difference in release rate. The results 
recorded in Table V show that particle size has a negligible effect 
upon the amount of drug release from suspensions buffered at 
pH 4.5; this property of the product is, of course, most advan- 
tageous for sustained-action liquid suspensions. 


Figure 1 presents photographs of the X-ray diffraction patterns 
of a molecular scale entrapment product, a physical mixture of the 
drug plus polymer employed in the entrapment system, and a 
commercially available polymer-drug matrix system. 


Photo A of Fig. 1 is a photograph of the X-ray diffraction pattern 
of a commercial methamphetamine hydrochloride-polymer matrix 
system (15 mg./tablet, tablet weight 115 mg.). The diffraction lines 
show crystalline methamphetamine hydrochloride to be present. 
All the lines listed in Pattern Number 5-0246 for methamphetamine 
hydrochloride, American Society for Testing Materials, are found 
in Fig. 1A. Thus, in this product the drug is not dispersed within the 


Table V-Release of Chlorpheniramine from a Chlorpheniramine 
Maleate-Polymer Entrapment Product (3.7% Drug) in pH 
4.5 Buffer as a Function of Particle Size 


Particles Size -% Drug Release, hr.- 
(Sieve Fraction) 24 48 120 


30/40 mesh 4.7  4.8 5.1 
80/120 mesh 5.4  5 . 4  5 . 5  
170/230 mesh 5.3 5 . 4  5 . 5  


Figure I-X-ray diffraction patterns. A ,  commercial methamphet- 
amine-polymer matrix product: B,  commercial product following 
drug extraction, C ,  chlorpheniramine acid succinate: D ,  chlorphenir- 
amine acid succinate, 25% as a flocculated polymer, 75z as a 
physicul mixture; and E ,  chlorpheniramine acid succinate-polymer 
entrapment product containing 25 % drug. 


product at the molecular level but merely consists of a physical 
compressed mixture of crystalline drug and polymer. 


After leaching the commercial product with 0.1 N hydrochloric 
acid for 2 days, the X-ray diffraction pattern (Fig. 1B) shows that 
nearly all of the crystalline drug has been removed. The faint lines 
remaining may be due to talc, coloring agent, or other components 
of the tablet. The polymer itself shows no crystalline X-ray pattern. 
It is, however, responsible for the heavy, undefined, scattered 
radiation apparent in Fig. 1B. 


Figure 1C shows the X-ray diffraction pattern of crystalline 
chlorpheniramine acid succinate. Figure 1D reproduces the dif- 
fraction pattern of a mechanical mixture of chlorpheniramine acid 
succinate (25%) and the acrylic copolymer as mechanically sep- 
arated from the polymer emulsion, clearly showing the presence 
of crystalline drug. However, Photo E of Fig. 1, a picture of the 
X-ray diffraction pattern of a chlorpheniramine acid succinate- 
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acrylic copolymer entrapment product containing 25 % drug, is 
quite different. The diffraction pattern indicates that crystalline 
drug is absent. The absence of crystalline drug in this sample 
demonstrates that the drug in the entrapment product is uniformly 
dispersed at a molecular level. 


The mechanism by which the carboxylic acid anion facilitator 
increases the amount of drug bound by the polymer is of con- 
siderable theoretical interest and is the subject of a further study. 
Several modes of action appear possible. The formation of complex 
ions between the polymer carboxyl group, drug, and acid anions has 
been suggested, the resultant electrostatic forces binding the drug to 
the polymer. Presumably, inclusion-type complex formation may 
also be involved to some extent. 


SUMMARY 


A new method for the preparation of sustained-action phar- 
maceuticals by stoichiometric entrapment of drugs in polymer 
flocculates is described. 


The advantages of the use of a suitable entrapment facilitator, 
an organic acid, to enhance the binding of drugs by polymers is 
demonstrated. 


In vitro tests indicate that the products obtained by this technique 
could be used in either solid or liquid dosage forms. 
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Molecular Scale Drug Entrapment as a Precise 
Method of Controlled Drug Release 111: 
In Vitro and In Viuo Studies of Drug Release 


C. T. RHODES*, K. WAII., and G. S. BANKER 


Abstract 0 Controlled-release drug-entrapped systems of phenyl- 
ephrine and phenylpropanolamine have been prepared by the 
facilitated molecular scale drug-entrapment method previously 
described. Variables influencing the entrapment process, such as 
flocculation pH and rate of agitation, have been investigated. These 
variables are readily controllable. The influence of various polymers 
and carboxylic acid anions on the entrapment and release of the 
drugs was examined. Tests applied to the products so obtained 
indicate that they are well suited for pharmaceutical use. An in 
vivo study verified the sustained-release properties of a molecular 
scale entrapped phenylpropanolamine. 


Keyphrases 0 Drug entrapment, molecular scale-release-rate 
control Flocculation pH effect-drug binding, release 0 Stirring 
rate effect4rug binding 0 Release rates, in uiuo, in vitro-polymer- 
bound drug 


Parts I and I1 of this series described the development 
of a method of molecular scale drug entrapment for 
the physicochemical preparation of controlled-release 
pharmaceuticals; the advantages offered by this new 
technique were also discussed (1, 2). Part I described 
the flocculation of polymeric colloidal dispersions as a 
mechanism of precise drug entrapment. It was demon- 
strated that the resultant drug-polymer floccuIates, 
when administered as a fine powder, exhibited very 
satisfactory sustained-action characteristics. However, 
less success was obtained when weakly basic drugs 
such as phenylephrine were used as flocculants. 


Table I-Efficiency of Various Carboxylic Acid Anions in Binding 
Phenylephrine to Acrylic Copolymer Emulsion 1 


Drug 
Bound by 


Facilitator pKa Polymer, 


(Hydrochloride) 
Adipate, H 
Citrate, H 
Malonate, H 
Citrate, HH 
Glutarate, H 
Glutarate 
Tartrate, H 
Tartrate 
Furnarate 
Succinate, H 
Succinate 
Maleate, H 
Ascorbate, H 
Adipate 
Citrate 
Ascorbate 
Maleate 


4.43 
4.74 
2.85 
3.06 
4.34 
5.12 
3.01 
4.54 
4.47 
4.19 
5.57 
2.20 
4.17 
5.27 
5.40 


11.57 
6.26 


25 
28 
32 
32 
33 
35 
36 
41 
44 
46 
49 
49 
49 
50 
53 
58 
60 
60 


~ 


0 Percentage of drug entrapped from solution. 


In Part I1 the study of drug entrapment by polymer 
flocculation was considerably extended. It was shown 
that the presence of a carboxylic acid anion greatly 
facilitated drug entrapment, increasing the binding of 
the drugs by the polymer, which substantially increased 
the efficiency of the drug-entrapment process and pro- 
vided added control over drug release. 
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Cytochrome P-450 and Alkaloid Synthesis 
in Claviceps purpurea 


S. H. AMBIKE and R. M. BAXTER 


Abstract 0 Tryptophan, 4-dimethylallyltryptophan, and various 
analogs of tryptophan were investigated for their effect on binding 
to cytochrome P-450 and on cytochrome P-450 and total alkaloid 
levels in Claviceps purpurea. These compounds were shown not to 
affect cytochrome P-450 levels, in contrast to phenobarbital which 
increased the levels, but rather exhibited stereospecific binding to 
cytochrome P-450. Those compounds (L-tryptophan and ~-4-di- 
methylallyltryptophan), which showed the highest binding affinity 
and are known precursors, caused the greatest increase in total 
alkaloid levels. The significance of these findings is discussed. 


Keyphrases 0 Cytochrome P-450, alkaloid synthesis-Clauiceps 
purpurea 0 “C-~-Tryptophan, tryptophan analogs-cytochrome 
P-450 0 Claoicepspurpurea growth-tryptophan analogs 0 Colori- 
metric analysis-spectrophotometer 


The occurrence of cytochrome P-450 in a clavine- 
producing strain of Claviceps purpurea has been pre- 
viously reported (1). Phenobarbital-treated C. purpurea 
exhibited a parallel increase in the cytochrome P-450 
and in total alkaloid. Cyanide produced a gradual 
but marked decrease in both cytochrome P-450 and al- 
kaloid levels. The interconversion of cytochrome P-450 
and P-420 has been utilized to provide additional evi- 
dence for its presence in C. purpurea (2). 


Cytochrome P-450 is now recognized as an “oxygen- 
activating enzyme,” participating in the hydroxylation 
of a wide variety of compounds (3, 4). Substrate inter- 
action with cytochrome P-450 gives rise to two types 
of difference spectra which have been utilized to  measure 
the nature and degree of interaction of cytochrome 
P-450 with various compounds. Type I spectral 


changes are characterized by a difference spectrum, 
with a trough at 420 mp and a peak at 385 
mp, and are characteristic of that produced by the 
interaction of cytochrome P-450 with hexobarbital, 
aminopyrine, phenobarbital, and chlorpromazine. Type 
I1 spectral changes exhibit a difference spectrum, having 
a peak at 430 mp and a trough at 390 mp; the spectrum 
is produced by the interaction of aniline, nicotine, 
nicotinamide, etc., with cytochrome P-450. The magni- 
tude of the spectral changes is substrate concentration- 
dependent (5 ) .  It has been suggested (6) that the sub- 
strate forms complexes with the oxidized form of 
cytochrome P-450 and that the rate-limiting step of the 
reaction is the reduction of the substrate-cytochrome 
P-450 complex. However, it has also been suggested 
that the complex is more readily reduced by NADPH 
cytochrome P-450 reductase than is cytochrome P-450 
in the absence of the substrate (7). 


The present study is concerned with the possible role 
of cytochrome P-450 in alkaloid synthesis and extends 
the previously reported data. The binding of tryptophan, 
tryptophan analogs, isopentenyl pyrophosphate, and 
4-dimethylallyltryptophan to cytochrome P-450 was 
studied using the difference absorbance. The effect of 
these compounds on the levels of cytochrome P-450 
and total alkaloid and the correlation of these values 
with effects on binding are also reported. 


EXPERIMENTAL 


Binding of 14C-~-Tryptophan to Cytochrome P 4 5 C T h e  method 
utilized was similar to that of Orrenius and Ernster (8) who studied 
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Table [-Binding Affinity of Cytochrome P-450 of C. purpurea 
and Alkaloid Levels 0.09 1 


Amount of 
Cytochrome Total 


Absorbance P-450 in Alkaloid 
Difference, pmoles, in mg./ 


Compounds A385-420 A450-490 Flask 


Control 0.010 6.10 
L-Tryptophan 0.038 6.51 
D-Try ptophan 0.009 5.86 
DL-Tryptophan 0.018 5.95 
4-Methyl-DL-tryptophan 0.010 6.04 
5-Methyl-oL-tryptophan 0.020 6.05 
6-Methyl-~~-tryptophan 0.010 5.98 
5-Fluoro-DL-tryptophan 0.012 6.20 
4-Fluoro-DL-tryptophan 0.011 5.95 
4-Dimethylallyl-L- 


tryptophan 0.042 6.09 
Isopentenyl pyrophos- 


phate 0.015 5.95 


2.10 
4.08 
2.05 
2.21 
2.14 
3.20 
2.18 
2.04 
2.15 


4.45 


3.15 


0 Concentration = 2 mM. 


the binding of l4Cc-aniline to cytochrome P-450. The cytochrome 
P-450-containing mycelial pellet preparation (1) was incubated at 
37" for 60 min. in 2.5 ml. of a reaction mixture containing 1 ml. of 
0.05 M tromethamine (pH 7.5). One milliliter of 0.12 M KCI, 
0.5 ml. of 1.67 M Na2S204, and 1 ml. of 1 mM solution 14C-~- 
tryptophan (sp. act. 9.0 mc./mM) were added. After incubation, 
the sample was diluted to  10 ml. with ice-cold 0.15 M KCI 
and centrifuged at 105,OOOXg for 60 min. The pellet was re- 
suspended in 10 ml. of 0.15 M ice-cold KC1 and recentrifuged. 
The washing was repeated three times or until the last washing was 
devoid of radioactivity. The washed pellet was suspended in 2 ml. 
of 0.15 M KCI and lyophilized. The residue was dissolved in 1 ml. 
of hyamine hydroxide and 10 ml. of scintillating solution (PPO, 4 
g.; POPOP, 100 mg. dissolved in 1 1. of toluene). The radioactivity 
in counts per minute was determined according to the usual pro- 
cedure, using a Packard liquid scintillation spectrometer. The re- 
sults in counts per minute were utilized to determine the per- 
centage of *4C-~-tryptophan bound. The radioactivity in counts 
per minute was also determined for a 1 mM solution of W-L- 
tryptophan and for the combined washings (three). 


Effect of Carbon Monoxide on Binding of 14C-~-Tryptophan to 
Cytochrome P-450-The washed pellet was suspended in 2.5 ml. 
of the reaction mixture. Carbon monoxide was bubbled into the 
mycelial pellet suspension for 30 sec. After centrifugation at 105,000 
Xg for 60 min. and after three washings, the radioactivity was 
determined as described. 


Determination of the Magnitude of Spectral Changes-The 
mycelial pellet, containing cytochrome P-450, prepared as described 
(2), was suspended in 2.5 ml. of the reaction mixture. One milliliter 
of a solution of L-tryptophan (range 0.5-6.0 mM/ml.) was added, 
followed by incubation at 31" for 60 min. The difference in ab- 
sorbance was measured between the two wavelengths, 385 and 
420 mp. The difference absorbance for the binding of other com- 
pounds was determined in a similar manner. The results in Table I 


Table 11-Binding of 14C-~-Tryptophan to Cytochrome P-450 of 
Control and Phenobarbital-Treated C.  purpurea 


~ 


Binding 
of '4C-L- 


Tryptophan 
to Cyto- 
chrome '4C-L. 
P-450 in Tryptophan 
Mycelial in Super- 


Source of Cytochrome Pellet," natant," 
Series P-450 7 i  z 


1 Control 71.47 27.54 
2 Phenobarbital-treated 85.14 14.43 
3 Control plus carbon 1 1 . 1 3  88.41 


monoxide 


0 For details of preparation, see Experimental. 
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Figure 1-Binding of L-frypfophan to cytochrome P-450 in the 
mycelialpellet of C. purpurea. 


were obtained using a 1-ml. solution of a concentration sufficient 
to give a final concentration of 2 mM. 


Growth of C. purpurea in the Presence of Analogs-C. purpurea 
was grown as previously described (2). The analog of tryptophan 
and other additives were added to a final concentration of 2 mM 
on the 10th day. On the 16th day (6 days after additions), the 
medium was removed from the mycelial mat and used for estimating 
total alkaloids by the method of Taber and Vining (9). The prepara- 
tion of the mycelial pellet was as previously described (2), and the 
estimation of cytochrome P-450 was by the method of Sat0 and 
Omura (10). 


RESULTS 


A comparison of the binding capacity of cytochrome P-450 in 
the mycelial pellet preparation from control and phenobarbital- 
treated C. purpurea revealed an increased binding capacity for L - ~ ~ C -  
tryptophan for the cytochrome P-450 in the mycelial pellet'from 
phenobarbital-treated C. purpurea. Treatment of the mycelial 
pellet with carbon monoxide in the presence of dithionite resulted 
in a release of most of the bound ~-'~C-tryptophan (Table 11). 
Figure 1 illustrates the increase in binding with increasing trypto- 
phan concentration expressed as an absorbance difference (Aaas-4~0). 
Maximum binding was observed at a concentration of 5 mM of 
L-tryptophan, with onehalf maximum being observed at 1.4 mM 
concentration of L-tryptophan. 


Over a pH range from 4.0 to 9.5, binding was maximal at pH 
5-5.5 and decreased by approximately 3 0 z  at pH 4.0 and 9.5. 
Table I summarizes the relative binding affinity of cytochrome 
P-450 as measured by absorbance difference for tryptophan, iso- 
pentenyl pyrophosphate, 4-dimethylallyltryptophan, and certain 
analogs of tryptophan. The effects of these compounds on cyto- 
chrome P-450 and total alkaloid levels in C. purpurea when added 
during the alkaloid-producing period are also indicated. It will be 
observed that the binding affinity is greatest for L-tryptophan and 
relatively low for D-tryptophan. The analogs of tryptophan used 
were the DL-isomers; therefore, the values recorded for these 
should be compared with those recorded for DL-tryptophan. None 
of the compounds in Table I produced any significant changes in the 
cytochrome P-450 levels from those of the control. However, L- 
tryptophan and 4-dimethylallyl-~-tryptophan, which are known 
precursors of ergot alkaloids, exhibit the highest binding affinities 
for cytochrome P-450 as well as causing the greatest increases in total 
alkaloid. The 5-methyl analog of DL-tryptophan exhibited a binding 
affinity similar to that of DL-tryptophan, but its addition during the 
alkaloid-producing period of growth of C. purpurea resulted in a 
greater increase in total alkaloid than that produced by DL-tTYptO- 
phan. 


The effects of various analogs of tryptophan when added during 
the alkaloid-producing period of growth of C. purpurea on cyto- 
chrome P-450 on total alkaloid levels and the affinity of the cyto- 
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Table LII-Effect of Tryptophan Analogs" on Binding Affinity of 
Cytochrome P-450 for Tryptophan and Alkaloid Levels 


~~ 


Amount of 
Cytochrome Total 


Absorbance P-450 in Alkaloid 
Difference, pmoles, in mg./ 


Compoundb A385-420 A450-490 Flask 
~~ _ _ _ _ _ _ _ _ ~  


4-Methyl-~~-tryptophan 0.020 6.14 3.12 


4-Fluoro-DL-tryptophan 0.024 6.10 3.10 


5-Methyl-~~-tryptophan 0.044 6.10 5.90 
6-Methyl-~~-tryptophan 0.030 5.95 3.14 


5-Fluoro-~~-tryptophan 0.039 5.81 3.87 
4-Dimet hylallyl-~- 


tryptophan 0.048 6.14 6.10 


* Analogs (2 mM) and L-tryptophan (2 m M )  added on the 10th day 
to the, culture of C.  purpureu. Binding affinity of cytochrome P-450 of 
mycelial pellet, cytochrome P-450, and alkaloid levels determined on the 
16th day (6 days after additions). b Concentration = 2 mM. 


chrome P-450 for L-tryptophan are summarized in Table 111. No 
significant differences were observed in the cytochrome P-450 
levels. The cytochrome P-450 of C. purpurea grown in the presence 
of 4-methyl-~~-tryptophan and 4-fluoro-~~-tryptophan exhibited 
a significantly reduced affinity for L-tryptophan and also a lower 
total alkaloid. The known precursor 4-dimethylallyl-~-tryptophan, 
under the same conditions, increased the affinity of the cytochrome 
P-450 and a significant increase in total alkaloid resulted. The non- 
precursor analog, 5-methyl-~~-tryptophan, produced an increase 
[tryptophan 0.038 (Table I) versus 0.044 (Table HI)] in binding 
affinity over that exhibited by the cytochrome P-450 from C. 
purpurea which had not been exposed to any additive and produced 
an increase in total alkaloid nearly equivalent to that produced by 
4-dimethylallyl-~-tryptophan. 


The binding affinity of cytochrome P-450 of C. purpurea grown 
in the presence of L-tryptophan exhibited a markedly enhanced 
affinity for isopentenyl pyrophosphate over that exhibited by cyto- 
chrome P-450 from C. purpurea which had not been exposed to any 
additive [0.051 (Table I V )  versus 0.015 (Table I)]. D-Tryptophan, 
5-methyl-~~-tryptophan, and 5-fluoro-~~-tryptophan appeared 
not to exert a significant effect. 


DISCUSSION 


The binding of tryptophan to the cytochrome P-450 of the 
mycelial pellet of C. purpurea was both pH and temperature de- 
pendent. Maximum binding was observed at a pH of approximately 
5.5. Orrenius and Ernster (8) reported that binding to cytochrome 
P-450 is pH dependent. At 37 ', maximum binding was observed after 
60 min. The extent of binding observed was 30% of maximum after 
15 min., 50Z after 30 min., and 80% after 45 min. 


Carbon monoxide, which is known to form an enzymically in- 
active complex with reduced cytochrome P-450 (12), prevents bind- 
ing of the compound which, once bound, is released in the presence 
of dithionite and carbon monoxide. Thus, an enzymically func- 
tional cytochrome P-450 is necessary for the binding to cytochrome 
P-450 and for active hydroxylation (8). From Table 11, it will be 
observed that the extent of binding of 14C-~-tryptophan was greatly 
diminished by carbon monoxide. The addition of dithionite had no 
effect on the extent of binding, but treatment with carbon monoxide 
resulted in the release of a large proportion of the already bound 
14C-tryptophan. 


The binding of tryptophan to the cytochrorne P-450 of the 
mycelial pellet of C. purpurea exhibits a high degree of stereo- 
specificity. The data of Table I indicate that the cytochrome P-450 
exhibits a relatively high binding affinity for L-tryptophan in con- 
trast to D-tryptophan. The binding affinity exhibited for 4-di- 
methylallyl-L-tryptophan is at least of the same order as that ex- 
hibited for L-tryptophan or greater. These results are particularly 
significant with respect to the biosynthesis of the ergolene nucleus, 
since it has been established that 14C-~-tryptophan is more effi- 
ciently incorporated into the ergolene nucleus than is '4C-D-tryptO- 
phan. In addition, Agurell (13) has reported that 4-dimethylallyl- 
L-tryptophan is more efficiently utilized than Cdimethylallyl-~- 
tryptophan or L-tryptophan. From Table I, it is also apparent that 
those compounds which exhibited the greatest degree of stereo- 
specific binding also produced the greatest increase in total alkaloid. 


Table IV-Effect of Tryptophan Analogs" on the Binding Affinity 
of Cytochrome P-450 for Isopentenyl Pyrophosphate and Alkaloid 
Levels 


Amount of 
Cytochrome 


Absorbance P-450 in Total 
Difference, pmoles, Alkaloid, 


Compoundb -4385-420 A450-480 mg. 
~ 


L-Tryptophan 0.051 6.10 6.30 
D-Tryptophan 0.020 5.85 3.20 


5-Methyl-~~-tryptophan 0.020 5.80 3.38 
5-Fluoro-~~-tryptophan 0.025 6.04 4.04 


DL-Try pt op han 0.030 5.90 4.10 


~ ~ 


a Analogs (2 mM) and isopentenyl pyrophosphate (2 mM) added on 
the 10th day to culture of C. purpureu. Binding affinity of cytochrome 
P-450 of mycelial pellet, cytochrome P-450, and alkaloid levels deter- 
mined on the 16th day (6 days after additions). b Concentration = 2 
mM. 


Although various routes have been proposed for the formation 
of ergot alkaloids, the route proposed by Arigoni (14) would appear 
of particular interest relative to the results reported here. The path- 
way proposed by Arigoni is one in which 4-dimethylallyltryptophan 
is hydroxylated to  form an intermediate which is then converted 
to agroclavine. Thus the results presented in this and earlier re- 
ports suggest a role for cytochrome P-450 in the formation of 
the ergolene nucleus. The most obvious involvement of cytochrome 
P-450 on the basis of present evidence would be in a reaction in 
which 4-dimethylallyltryptophan is hydroxylated. However, the 
high binding affinity exhibited by cytochrome P-450 of the mycelial 
pellet for L-tryptophan (Table I) and the greatly enhanced affinity 
for isopentenyl pyrophosphate of the cytochrome P-450 of the 
mycelial pellet from C. purpurea grown in the presence of L-trypto- 
phan (Table 1V) suggest the possible involvement of cytochrome 
P-450 at an earlier stage. 


The effect of growing C. purpurea in the presence of analogs of 
tryptophan on the binding affinity of the cytochrome P-450 of the 
mycelial pellet for L-tryptophan and their effect on cytochrome 
P-450 and total alkaloid levels are indicated in Table 111. No signif- 
icant changes in cytochrome P-450 levels were produced by any of the 
compounds. However, those compounds that increased the binding 
affinity for L-tryptophan (5-methyl-o~-tryptophan and 4-dimethyl- 
allyl-L-tryptophan) caused a significant increase in total alkaloids. 
Those analogs(4-methyl-~~-tryptophan and 4-fluoro-~~-tr) ptophan) 
that reduced the binding affinity tended to cause a reduction in total 
alkaloids. These results offer a possible explanation for earlier 
observations (15) that the 4-methyl and 4-fluoro analogs inhibited 
alkaloid synthesis relatively selectively and that such inhibition 
was only partially reversible by tryptophan. Protein synthesis 
was not significantly affected by these analogs; thus the effect of 
5-methyl-~~-tryptophan in increasing total alkaloid (Table IV) 
and in increasing the incorporation of 1C-L-tryptophan into 
agroclavine (15) may be explained in part by its effect on the binding 
affinity of cytochrome P-450 for L-tryptophan or perhaps 4-di- 
methylallyl-L-tr yptophan. 


The binding affinity of cytochrome P-450 of the mycelial pellet of 
C. purpurea for isopentenyl pyrophosphate was altered when 
C. purpurea was grown in the presence of tryptophan and tryptophan 
analogs. The increase in affinity for isopentenyl pyrophosphate 
when L-tryptophan was added to the growth medium was the most 
significant finding observable from the data in Table 1V. A stereo- 
specific effect was observable in the alterations in binding affinities 
(compare L-tryptophan and D-tryptophan). 


The results reported here and elsewhere (1) indicate that an in- 
crease or decrease in total alkaloid may be paralleled (or the result 
of): (a) an increase or decrease in cytochrome P-450 levels or (6) 
an increase or decrease in binding affinity of cytochrome P-450 
for the alkaloid precursors (L-tryptophan and isopentenyl pyro- 
phosphate or 4-dimethylallyl-~-tryptophan). Either or both of these 
may play a role in the initiation of alkaloid synthesis in 
C. purpurea, which is known to follow the active synthesis of 
primary metabolites such as protein. Thus, an increase in cyto- 
chrome P-450 levels in the presence of the precursors might result 
in the initiation of alkaloid synthesis. Equally as possible would be 
the initiation of alkaloid formation as a result of an increase in the 
binding affinity of existing cytochrome P-450 for alkaloid pre- 
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cursors. The results in Table IV might allow for the speculation 
that the increased availability of tryptophan resulting from reduced 
protein synthesis could sufficiently alter the binding of cytochrome 
P-450 for isopentenyl pyrophosphate that alkaloid synthesis might 
proceed, whereas at lower levels of available tryptophan such would 
not occur because of the low affinity of the cytochrome P-450 
for isopentenyl pyrophosphate. Based on the observation that 
benzyl thiocyanate, which has been shown to enhance tetracycline 
formation ( I  6), increased total alkaloid in C. purpurea to almost the 
same degree as phenobarbital (15), it is suggestive that cytochrome 
P-450 may be involved in the formation of certain other secondary 
cell metabolites in addition to that which has been discussed in this 
report. 
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Detection of Decomposition and Analytical Interferences 
in Pharmaceutical Preparations Containing Corticosteroids 


ROBERT E. GRAHAM*, PATRICIA A. WILLIAMS*, and CHARLES T. KENNERt 


Abstract Since the blue tetrazolium and phenylhydrazine rea- 
gents for corticosteroids react with the intact side chain at CIT, 
and the isonicotinic acid hydrazide method and UV spectro- 
photometry depend upon conjugation in Ring A at the other end 
of the molecule, the analytical results by the four methods give in- 
formation concerning decomposition caused by oxidation of the C17 
side chain and by deconjugation in Ring A. Methods are proposed 
which allow the detection and determination of both acidic and 
neutral decomposition products. Measurement of the variation of 
absorbance with time can be used to detect unidentified interferences 
in the blue tetrazolium, phenylhydrazine, and isonicotinic acid pro- 
cedures. The extent of interference of several substances which in- 
terfere in at least one of the color reactions is reported. Several 
examples of the use of the proposed methods to detect and determine 
decomposition and/or interference are given. 


Keyphrases Corticosteroids, decomposition determination- 
methods compared 0 Decomposition, corticosteroids-Cn side- 
chain oxidation determination 0 Interference-corticosteroid anal- 
ysis 0 Blue tetrazolium, phenylhydrazine, isonicotinic acid hy- 
drazide, UV spectrophotometry methods-analysis 


The detection of decomposition and of analytical 
interferences in pharmaceutical corticosteroid prepara- 
tions is important in the correct determination of the 
composition of such preparations. The usual methods 
of analysis for undecomposed corticoid hormones 


r--------? 
I B.T. & P.H. 
ICH,OH 
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hydrocortisone-portions of molecule measured by the following 
methods: INH = isonicotinic acid hydrazide, BT = blue tetra- 
zolium, PH = phenylhydrazine H2S04, and UV = ultraviolet 


I 


include the blue tetrazolium reaction (BT) (1-5); the 
phenylhydrazine-sulfuric acid-alcohol reaction (PH) 
(6, 7), which is also known as the Porter-Silber reaction; 
the isonicotinic acid hydrazide reaction (INH) (8), 
which is also known as the Umberger reaction; and UV 
spectrophotometry. As is shown in Structure I, the 
BT and PH reagents react with the CI7 side chain, while 
the INH and UV methods depend upon the conjugation 
of the carbonyl group at CI with the double bond be- 
tween C4 and C5 in Ring A of the steroid nucleus. Since 








&f”-’ $ \ T I  vco-y 
I: Y = NH,; X =C1 


111: Y = OCH,; X = F  


I V : Y = N H , ; X = F  
11: Y = N H , ; X = F  V: Y = OC,H,; X = F 


The data in Table I show that the two bis(2-fluoro- 
ethy1)triazenoimidazoles (I1 and 111) increased the life- 
span of leukemic mice by 50-70z at tolerated doses. 
By way of comparison, the doses of NSC-82196 re- 
ported (1, 2) to be most effective are 30CL625 mg./kg. for 
single-dose treatment and 50-100 mg./kg./day for daily 
treatment. The data appear to justify the following con- 
clusions: (a) the bis(2-fluoroethy1)triazenes are more 
toxic than is NSC-82196; (b)  at doses tolerated by the 
host animals, 11 and I11 are less effective than NSC- 
82196; and (c) in the standard L-1210 test system, the 
increases in lifespan caused by I1 and I11 are comparable 
to those produced by the corresponding dimethyltri- 
azenes of the amide (NSC-45388) (8) and methyl ester 
(NSC-87982) ( 5 )  series. 


Both the v-triazole (9) and the pyrazole (10) analogs 
of 5-(3,3-dimethyl-1-triazeno)imidazole-4-carboxamide 
(NSC-45388, DIC) cause significant increases in the 
lifespan of mice bearing L-1210, and other triazeno- 
pyrazole amides and esters have likewise demonstrated 
activity against L-1210 (7). However, in tests conducted 
in accordance with the protocols of the Cancer Chemo- 
therapy National Service Center, amide IV displayed 
minimal activity, whereas the ethyl ester did not sig- 
nificantly increase survival time as a result of either the 
single-dose or the daily therapeutic regimens. Again, 
both are more toxic than NSC-82196. 


Amides 11 and IV, like NSC-82196, undergo a change 
in aqueous solutions to ionic transformation products 
(1 1. 12), but the bis(2-fluoroethyl)triazeno derivatives 
are considerably more stable than NSC-82196. Esters 
I11 and V likewise undergo a change, presumed to be 
the same type. Obviously, the greater toxicity of 11-V, 
in comparison with NSC-82196, may be due to re- 
placement of chloro groups by fluoro groups. It is also 
conceivable that the lower toxicity of NSC-82196 results 
in part from its instability. If this is true, the instability 
may be advantageous. 
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Aggregation Mechanisms in Pharmaceutical 
Suspensions 


Keyphrases I7 Suspensions, pharmaceutical-aggregation mecha- 
nism 0 Flocculation, coagulation-suspensions 


S i y :  


The method of prevention of impaction and caking 
in pharmaceutical suspensions by controlled floccula- 
tion is usually credited to Haines and Martin (1). The 
work of these authors is, however, sometimes quoted in 
review articles (2, 3 )  without reference to the important 
criticisms subsequently published by Wilson and 
Ecanow (4) and Ecanow et a / .  (5). We have endorsed 
(6) some of these criticisms, but have suggested that 
several generalizations proposed by Ecanow and his 
coworkers were based on inadequately controlled ex- 
periments. The purpose of this communication is to 
clarify some aspects of suspension theory recently com- 
mented upon by Ecanow et al. (7), since this area is of 
considerable importance to the pharmaceutical formu- 
lator. 


We are grateful to Ecanow et al. (7) for amplifying 
some points in their earlier paper (3, since we had pre- 
viously found that the almost complete absence of ex- 
perimental data, such as particle size of the drug and 
concentration of electrolyte, made an adequate ap- 
praisal impossible. Despite the recent criticisms of these 
authors, we see no reason to retract from our claim 
that Figure 1 in Reference 6 demonstrates differences 
between coagulation and flocculation. Ecanow and co- 
workers appear to have forgotten that suspensions of 
drugs in anionic surfactants (1, 8) and cationic and 
nonionic surfactants (9) in the absence of electrolyte 
cake on storage. The control suspension described in the 
uppermost curve of Figure 1 in Reference 6 caked after 
ultimate sedimentation. However, we do not consider 
it semantically or scientifically helpful to refer to this 
process as coagulation for the following reason. If the 
particles were slightly smaller, they would remain in 
permanent colloidal suspension due to Brownian motion 
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because of their high mutual repulsion. This is the exact 
opposite of coagulation in true colloids. The reason why 
the particles come together at  the base of the container 
is that they sediment individually and roll over one 
another until they can go no farther. The repulsion 
only extends a short distance from the particle surface 
and is not sufficient to keep them far apart. We prefer 
to call this process “impaction,” thus preserving what 
Chwala (10) called the “sedimentation paradox.” The 
control suspension of Ecanow et al. (7) showed no 
sedimentation after 7 days due to the presence of glyc- 
erol. We would suggest, however, that if it were allowed 
to  sediment, it would impact as did similar suspensions 
recently described (1 1).  This is another reason why we 
feel that the inclusion of thickening agents in this type 
of study may mask important effects. 


We naturally accept the statement by these authors 
that interactions between electrolytes and surfactants 
are concentration dependent and, if reference is made to 
our earlier paper (S), it will be found that the inter- 
action of the ammonium salt of the same surfactant 
was tested under a wide range of electrolyte concentra- 
tions. Similar tests were also performed with the purer 
sodium salt used subsequently (6, 12). Only in much 
higher concentrations of electrolyte than were used did 
opalescence occur. We accept, of course, that there is 
bound to be interaction between ions of opposing charge 
in solution, whether they are surfactants or simple 
inorganic ions. Such interactions within the double 
layer are responsible for the reduction of {-potential and 
subsequent coagulation. Yet, we maintain that this 
type of interaction should not be called flocculation 
unless a definite precipitation of the surfactant-metal 
complex occurs, giving a continuous physical bridge 
between the particles. This would be analogous to the 
flocculation of colloids by starch polymer molecules 
described by La Mer (13). We would remind Ecanow 
et al. ( 5 )  that they used the precipitation effect as the 
decisive criterion for coagulation or flocculation. 


We would also like to answer an earlier criticism, by 
Wilson and Ecanow (4), of the validity of the concept of 
flocculation (or rather coagulation) of large particles 
by {-potential reduction and van der Waals’ attraction. 
They refer to the statement by Kruyt (14) of the possi- 
bility of long-range London-van der Waals’ forces be- 
tween particles of 2-5 pm. in diameter and the statement 
that such flocculation has not been experimentally veri- 
fied. Kruyt was referring to secondary minimum floccu- 
lation. This is only possible with intermediate concentra- 
tions of electrolyte, and we have shown (12, 15) that 
aggregation in the secondary minimum is unlikely to be 
the explanation of our results. We have produced cal- 
culated energy-of-interaction curves to  show that coagu- 
lation is more likely in the primary minimum. The depth 
of this minimum is restricted by the film of surfactant at 
the solid-liquid interface and makes the suspension 
still readily redispersible. This is because particle- 
particle attraction is strong enough to maintain the 
open structure of the coagulum, although, as Ecanow 


1 Experimental verification of secondary minimum flocculation has 
been published by Schenkel and Kitchens (16). 


et al. (7) pointed out, such structures can be broken 
down by centrifuging. 


The results of the work by Schenkel and Kitchener 
(16) on the coagulation of 10-pm. polymer particles 
show that, at  the highest concentrations of electrolyte, 
rapid coagulation occurred, forming an open structure. 
In this case the particles seized on contact, since there 
was no film of surfactant at the interface. 


We suggest that secondary minimum coagulation may 
be the cause of the effect noted by Ecanow et al. with 
the monovalent ions. Such coagulation would produce 
very loosely bound aggregates which would settle out 
more rapidly, but interparticulate forces might not be 
strong enough to maintain the open structure under the 
accumulating weight of the growing sediment. The wet- 
ting action of the surfactant would still be maintained 
and would assist the particles to slide over one another. 


Calculations and carefully controlled measurements, 
similar to those previously published (12), may sub- 
stantiate this point. 


We would also like to question the distinction which 
Wilson and Ecanow (4) and Ecanow et al. (7) have 
made between hydrophobic and hydrophilic particles. 
The drug particles under consideration are fundamen- 
tally hydrophobic and, for this reason, need the pres- 
ence of an adsorbed layer of amphophilic surfactant to 
form suspensions. I t  is important to realize that the 
stabilizing effect of surfactant films only extends a com- 
paratively short distance from the particle surface (17). 
For this reason, the diagrams published by Ecanow et 
al. (18) are so far from true scale as to be misleading. 


It is accepted that, in suspensions of pharmaceuticals, 
Brownian motion is less important, but it is not, as 
Ecanow et al. ( 5 )  state, negligible. We have calculated 
(6,  11) that for an aqueous suspension of drug particles, 
Brownian motion was a greater source of displacement 
than sedimentation up to a diameter of 2 pm. For sizes 
above this value, differential sedimentation rates in  
polydisperse systems will also cause particle collisions 
and coagulation. Since, however, glycerol will slow 
down both Brownian motion and sedimentation, we 
still consider its use likely to complicate experiments 
designed to differentiate between aggregation mech- 
anisms. We have also shown (9) that, in some systems, 
glycerol itself can cause aggregation. We have studied 
aggregation phenomena in model paracolloidal systems, 
using a Coulter counter and a digital computer (19-21). 
It is apparent that much of the theory developed for 
colloidal systems may, with certain modifications, be 
applied to dispersions of particles in the 2-10-pm. 
regions, this being a size range of peculiar importance to 
the pharmaceutical formulator. Our results indicate 
that there is no abrupt particle-size boundary between 
colloidal and paracolloidal systems but rather a gradual 
change of properties exists. With regard to the question 
of period of induction, it is important to stress that coag- 
ulation rate is number concentration dependent. Al- 
though a suspension may have a small proportion by 
weight of particles in the region where Brownian motion 
is important, this can be a significant proportion by 
number. 


We have provided further evidence (12) that coagula- 
tion in our suspensions is qualitatively analogous to 
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that in  a lyophobic colloid. 
We found that similar coagulation curves could be 


produced with sodium, calcium, and aluminum salts 
and that the only real difference was in the position of 
the vertical region of the sigmoid curve (12). The effect 
of valency was approximately as would be predicted by 
the Schulze-Hardy rule. The suspensions coagulated 
with the calcium chloride were particularly interesting 
since, with the highest concentration of electrolyte 
used, a further step in the sedimentation height curve 
was observed. Compatibility tests between the elec- 
trolyte and surfactant showed that, at  this concentra- 
tion, slight precipitation occurred. We interpret this as 
being perhaps the point of transition between coagula- 
tion and flocculation. 


Ecanow et af. (5, 7, 18) appear to argue that since 
coagulation and flocculation must produce qualita- 
tively different results and that we merely found quanti- 
tative differences, we could not be studying two different 
phenomena. We find it difficult to answer such circular 
reasoning. We would still maintain, on the basis of care- 
fully controlled experiments whose results are compared 
with fundamental theory, that both coagulation and 
flocculation can produce suspensions that remain free 
from caking on storage. 
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Effect of Macromolecules on 
Aqueous Solubility of Cholesterol 


Keyphrases Cholesterol, cholester01-26-~~C solubility-macro- 
molecule effects 0 Macromolecular substances-cholesterol solubil- 
ity effect 0 Pectin, acacia, dextrans effect--cholesterol solubility 


Scintillometry-analysis 


Sir: 


Intravenous administration of dextran solution has 
been suggested for treatment of hypercholesterolemia 
and atherosclerosis (l), and numerous investigations 
have been carried out to determine the effect of dextran 
on experimental hypercholesterolemia (2-6). Oral ad- 
ministrations of pectin and acacia have been studied for 
their hypocholesterolemic effects (7-14). The cited 
reports contain various and conflicting statements con- 
cerning the in uiuo effect, value, and mechanisms of 
action of macromolecular substances for lowering serum 
cholesterol. However, there have been no reports of 
studies conducted to determine the in vitro effects of 
these carbohydrate macromolecules on the solubiliza- 
tion of cholesterol. It was, therefore, considered desir- 
able to study the effect of these macromolecules on the 
aqueous solubility of cholesterol. 


Cholesterol concentrations were determined using a 
radioactive technique suitable for very low amounts of 
cholesterol in water. A 10.0-ml. volume of a benzene 
stock solution, containing 10 mcg. of cholesterol and 
0.1 pc. of cholesterol-26-*4C/ml., was transferred to a 
125-ml. iodine flask, and the solvent was evaporated 
under a mild stream of nitrogen with constant shaking. 
A 50-ml. volume of the aqueous solution of the particu- 
lar macromolecular substance was added to the flask. 
The dissolution studies were carried out at  30 f 0.5”. 
and the test solutions were agitated using magnetic 
stirrers. At predetermined intervals of time, samples 
were withdrawn from the system and filtered immedi- 
ately through a Millipore filtration assembly containing 
0.45-p filter paper. An accurately measured 0.20-ml. 
volume of the particle-free filtrate was pipeted into a 
liquid-scintillation vial. To this was added 15 ml. of 
dioxane-naphthalene phosphor (15), and the vials were 
shaken for 30 sec. to ensure thorough mixing. Duplicate 
samples, along with appropriate standards and blanks, 
were counted directly using a liquid-scintillation system.’ 
The counts per minute involved after 12 hr. were be- 
tween 150 and 415. 


The data from the solubility studies are illustrated 
in Fig. 1. Each point on the solubility curves represents 
an average of at  least eight determinations. Pectin 
(0.5 z) and acacia (0.5 %) solutions significantly in- 
creased the aqueous solubility of cholesterol, while 
slight increases were observed for the solubility of 
cholesterol in dextran solutions. The results for both 
high and low molecular weight dextrans2 were similar. 


1 Unilux 11, Nuclear Chicago. 
2 Dextran T70 and T40, Pharmacia Laboratories. 
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acrylic copolymer entrapment product containing 25 % drug, is 
quite different. The diffraction pattern indicates that crystalline 
drug is absent. The absence of crystalline drug in this sample 
demonstrates that the drug in the entrapment product is uniformly 
dispersed at a molecular level. 


The mechanism by which the carboxylic acid anion facilitator 
increases the amount of drug bound by the polymer is of con- 
siderable theoretical interest and is the subject of a further study. 
Several modes of action appear possible. The formation of complex 
ions between the polymer carboxyl group, drug, and acid anions has 
been suggested, the resultant electrostatic forces binding the drug to 
the polymer. Presumably, inclusion-type complex formation may 
also be involved to some extent. 


SUMMARY 


A new method for the preparation of sustained-action phar- 
maceuticals by stoichiometric entrapment of drugs in polymer 
flocculates is described. 


The advantages of the use of a suitable entrapment facilitator, 
an organic acid, to enhance the binding of drugs by polymers is 
demonstrated. 


In vitro tests indicate that the products obtained by this technique 
could be used in either solid or liquid dosage forms. 
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Molecular Scale Drug Entrapment as a Precise 
Method of Controlled Drug Release 111: 
In Vitro and In Viuo Studies of Drug Release 


C. T. RHODES*, K. WAII., and G. S. BANKER 


Abstract 0 Controlled-release drug-entrapped systems of phenyl- 
ephrine and phenylpropanolamine have been prepared by the 
facilitated molecular scale drug-entrapment method previously 
described. Variables influencing the entrapment process, such as 
flocculation pH and rate of agitation, have been investigated. These 
variables are readily controllable. The influence of various polymers 
and carboxylic acid anions on the entrapment and release of the 
drugs was examined. Tests applied to the products so obtained 
indicate that they are well suited for pharmaceutical use. An in 
vivo study verified the sustained-release properties of a molecular 
scale entrapped phenylpropanolamine. 


Keyphrases 0 Drug entrapment, molecular scale-release-rate 
control Flocculation pH effect-drug binding, release 0 Stirring 
rate effect4rug binding 0 Release rates, in uiuo, in vitro-polymer- 
bound drug 


Parts I and I1 of this series described the development 
of a method of molecular scale drug entrapment for 
the physicochemical preparation of controlled-release 
pharmaceuticals; the advantages offered by this new 
technique were also discussed (1, 2). Part I described 
the flocculation of polymeric colloidal dispersions as a 
mechanism of precise drug entrapment. It was demon- 
strated that the resultant drug-polymer floccuIates, 
when administered as a fine powder, exhibited very 
satisfactory sustained-action characteristics. However, 
less success was obtained when weakly basic drugs 
such as phenylephrine were used as flocculants. 


Table I-Efficiency of Various Carboxylic Acid Anions in Binding 
Phenylephrine to Acrylic Copolymer Emulsion 1 


Drug 
Bound by 


Facilitator pKa Polymer, 


(Hydrochloride) 
Adipate, H 
Citrate, H 
Malonate, H 
Citrate, HH 
Glutarate, H 
Glutarate 
Tartrate, H 
Tartrate 
Furnarate 
Succinate, H 
Succinate 
Maleate, H 
Ascorbate, H 
Adipate 
Citrate 
Ascorbate 
Maleate 


4.43 
4.74 
2.85 
3.06 
4.34 
5.12 
3.01 
4.54 
4.47 
4.19 
5.57 
2.20 
4.17 
5.27 
5.40 


11.57 
6.26 


25 
28 
32 
32 
33 
35 
36 
41 
44 
46 
49 
49 
49 
50 
53 
58 
60 
60 


~ 


0 Percentage of drug entrapped from solution. 


In Part I1 the study of drug entrapment by polymer 
flocculation was considerably extended. It was shown 
that the presence of a carboxylic acid anion greatly 
facilitated drug entrapment, increasing the binding of 
the drugs by the polymer, which substantially increased 
the efficiency of the drug-entrapment process and pro- 
vided added control over drug release. 
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Table 11-Effect of pH upon Binding and Release of 
Phenylephrine Maleate by Acrylic Copolymer Emulsion 1 


Concentration of 
Emulsion Drug in Polymer Drug Released 


PH Flocculate, w/w after 30 min., % 


1-1.5O 
2.9 
4 . 0  
4 . 7  


3 . 3  
3 . 7  
4 . 6  
5 . 3  


54 
70 
95 


100 
5 . 9  No flocculation - 


Without pH adjustment. 


Table II-Effect of Stirring Rate on Percentage of 
Phenylephrine Maleate Bound by Acrylic Copolymer 
Emulsion 1 


____ 


Stirring Rate 
(Variac Setting) 


Concentration of Drug 
in Flocculate, w/w 


69 
8n _ _  


110 
140 


1.2 
1 . 3  
1 .2  
3 . 0  


Phenylephrine and phenylpropanolamine, two weakly 
basic amine drugs which initially presented consider- 
able difficulty as to efficient entrapment and adequately 
retarded release utilizing the entrapment procedure, 
were selected for detailed study to assess the utility 
and applicability of the facilitated entrapment tech- 
nique in a rigorous manner. Results presented in this 
paper show that sustained-action products of both of 
these drugs may be readily prepared utilizing the facili- 
tated entrapment method. Studies made to determine 
the optimum conditions for facilitated entrapment were 
also conducted. 


EXPERIMENTAL 


Phenylephrine Studies-Eflciency of Various Dicarboxylic 
Acid Anions in Binding Drug to PoIymer-The binding of phenyl- 
ephrinel by an acrylic copolymer latex,2 hereafter referred to as 
acrylic copolymer emulsion 1 or acrylic copolymer 1,  in the presence 
of a variety of anions was examined in the following manner. O n e  
fortieth of a mole quantities of drugs, as the hydrochloride, together 
with an equivalent amount of carboxylic acid anion and sufficient 
sodium hydroxide to produce the facilitator moieties of Table I, 
was dissolved in 50 ml. of distilled water and added over a 
period of 5 min. to 50 ml. of the polymer emulsion, which was 
stirred continuously. The flocculate was separated from the super- 
natant liquid by filtration, and the drug content of both product and 
filtrate was determined by the peak height assay method (3). Re- 
sults are shown in Table 1. 


Effect of Flocculation p H  upon Binding and Release of Drug- 
A stock solution of phenylephrine maleate (0.25 M )  was prepared, 
and 50-ml. quantities were added to 50-ml. volumes of polymer 
emulsion, the pH of which had been previously adjusted by addi- 
tion of suitable amounts of sodium hydroxide solution. The flee 
culated products, which resulted from the addition of the drug 
electrolyte solutions to the polymeric colloidal dispersions, were 
collected by filtration, dried, and reduced to a 60-mesh powder. 
The concentration of drug in the dry flocculates and the amount 
of drug released after shaking for 30 min. in simulated gastric juice 
(without enzyme) at 37" are recorded in Table 11. 


Effect of Stirring Rate upon Binding of Phenylephrine-Solutions 
of phenylephrine maleate were used to flocculate acrylic copolymer 


1 Delchem, Chicago, 111. * Acrysol ASE-75 ; a 100 % linear,. anionically charged acrylic acid 
copolymer with a molecular weight in excess of 300,000, supplied in 
emulsion form, containing 40% solids; Rohm & Haas Co., Philadelphia, 
Pa. 


Table IV-Results of Investigations of Use of a Number of 
Polymers as Matrices for Molecular Scale Entrapment and 
Controlled Release 


~~ ~ ~~ 


Floccula- 
tion 


Polymer Value, Physical Properties 
Emulsion ml.0 of Product 


Crosslinked acrylic 
copolymer 2b 


Styrene-acrylic copolymerc 
Acrylic copolymerd 


Polyvinyl acetate copolymer' 


Acrylic copolymer' 


Acrylic copolymer0 


7.60  Good 
13.10 Good 
15.30 Product very soft and 


elastic, could not be 
milled 


20 Product very soft and 
elastic, could not be 
milled 


14.50 Incomplete flocculation 
product not filterable 


8 .70  Incomplete flocculation 
product not filterable 


.Z Flocculation values are for a 0.5 Mphenylephrine maleate solution. 
b Acrysol ASE 60, Rohm & Haas Co., Philadelphia, Pa. ~Neocryl 
BT-4, Polyvinyl Chemicals, Inc., Peabody, Mass. d Rhoplex 4530, Rohm 
& Haas Co., Philadelphia, Pa. 8 Neo-Vac V-26-N, Polyvinyl Chemicals, 
Inc., Peabody, Mass. Polyco 2715, Bordon ChemicaI Co., New York, 
N. Y. Rhoplex B85, Rohm & Haas Co., Philadelphia, Pa. 


Table V-Data on Binding and Release of Phenylephrine by 
Different Polymers 


Bound Drug 
Released 


Polymer 


after 30 min. 
Drug in Gastric 


Bound, % Juice, % 


Acrylic copolymer 


Acrylic copolymer 


Styrene-acrylic 


emulsion 1 60 54 


emulsion 2 58 39 


copolymer emulsion 60 48 


emulsion 1, as described in the previous section but without pH 
adjustment. Flocculation was effected at  different stirring rates 
using a standard three-bladed marine propeller, driven by a lab- 
oratory mixer employing Variac speed control. The effect of stir- 
ring rate upon percentage of drug bound is shown in Table 111. 
Attempts to effect flocculation at higher stirring rates by the use of a 
high-shear mixer with a rotor/stator head were unsuccessful; the 
flocculate blocked the narrow aperture of the mixing head. 


Influence of Polymer on Drug Entrapment-Goodman et al. (1) 
preliminarily investigated the usefulness of two related polymeric 
dispersions as entrapment matrices. In this phase of the research 
the influence of the polymer on drug entrapment was more closely 
studied. Twenty-five polymer dispersions were screened for pH 
solubility properties and apparent pKa values in order to select the 
potentially best materials for possible use as entrapment matrices. 
Those which demonstrated potentially useful solubility and coagula- 
tion properties were subjected to further drug flocculation studies. 
Polymeric systems with reasonable flocculation values (the volumes 
of a stock solution of phenylephrine maleate, 0.5 M, required to 
effect flocculation) are listed in Table IV. The physical properties 
of some of the flocculates, in particular the ease with which they 
could be dried and milled, are also noted in Table IV. 


The two most satisfactory products, derived from a second acrylic 
acid copolymer emulsion3 (hereafter referred to as acrylic copolymer 
emulsion 2 or acrylic copolymer 2) and a styrene-acrylic copolymer 
emulsion,* together with the previously described acrylic copolymer 
emulsion 1,2 were further examined. The percentage of drug bound 


a Acrysol ASE-60; a crosslined acrylic acid copolymer containing 
approximately 17 % carboxyl functionality (by weight), supplied. in 
emulsion form, containing 27.7% solids; Rohm & Haas Co., Phila- 
delphia, Pa. 


4 Neocryl BT-4; a styreneacrylic copolymer, existing in emulsion 
form; Polyvinyl Chemicals, Peabody, Mass. 
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Table VI-In Vitro Release Data for Phenylephrine Maleate- 
Acrylic Copolymer 1 Entrapment Products 


Table Vm-In Vitro Release Data for a PhenylpropanoIamine 
Acetate-Acrylic Copolymer 1 Entrapment Product" 


~~ ~ ~~ ~ 


PH 
Time, of -Cumulative Drug Release, %----- 


hr. Media (1)o (2)b (3)e (4)d 


0.5  1 .3  52 54 70 34 
54 65 1 . 5  1 . 3  63 


2 1 .3  64 
70 2 . 5  2 . 3  
90 4 .5  1 . 3  
91 6 . 5  7 . 3  - 


8 7 . 3  90 94 


- 
77 


95 


- - 
- - 


- 
- 


- - 
- 


- - 


a (1) 11.3 % drug, 20 mesh. 
ephrine hydrogen maleate, 1.7 
treated for 10 min. by washing with 0.1 NHCl. 


(2) 3.3 % drug, 50 mesh. c (3) Phenyl- 
drug, 50 mesh. d (4) Product 2 pre- 


by the various polymers was determined, and the amount of drug 
released after shaking a 60-mesh powder a t  37" in simulated gastric 
juice (without enzyme) for 30 min. was measured (Table V). 


In Vitro Release Study-The in vitro release rates of phenylephrine 
from phenylephrine maleate-acrylic copolymer entrapment prod- 
ucts were examined by the method described in Part 1 of this series 
(Table VI). 


Phenylpropanolamine Studies-Eficiency of Various Carboxytic 
Acid Anions in Drug Bindiirg-Experiments similar to those per- 
formed with phenylephrine were conducted. The results are shown 
in Table VII. 


In Vitro Release Study-An in vitro study of the release of drug 
from a phenylpropanolamine acetate-acrylic copolymer 1 entrap- 
ment product, as a 60-mesh powder, was performed (Table VIII) 
in the same manner as was employed for the phenylephrine entrap- 
ment products. 


In Vivo Release Study-Five adult healthy male subjects were 
used in this test. They were given a capsule dose of 50 mg. of 
phenylpropanolamine: (a) in the form of the USP product and (b) as 
a 60-mesh powder of the phenylpropanolamine acetate-acrylic co- 
polymer 1 entrapment product. The amount of drug appearing in 
the urine was determined over a 24-hr. period by the method de- 
scribed by Heimlich et al. (4). From the data so obtained, the time 
for half the drug to be excreted, the biological half-life, was deter- 
mined (Table IX). 


DISCUSSION 


The results in Tables I and VIL show considerable variation in the 
efficiency with which the various facilitators assist in the binding of 
these weak basic amine drugs to the acrylic polymer. For both drugs 
(Tables 1 and VII) the order of facilitator entrapment efficiency is 
very similar. Further, replacement of all acidic hydrogen atoms on 
the polybasic facilitators appears to enhance entrapment efficiency. 
No direct relationship between facilitator efficiency and pKa is 
immediately discernible. It is thought that both electronic and steric 
factors control the activity of the acid anions in the entrapment 
process. 


The effect of an increase in the flocculation pH value was two- 
fold. It increased both the amount of drug bound and the rate at 
which drug was released. These effects are probably due to one or 


Table VII-Efficiency of Various Carboxylic Acid Anions in 
Binding Phenylpropanolamine to Acrylic Copolymer 1 during 
Flocculation Entrapment 


Bound Drug 
Released 


after 30 min. in 
Drug Gastric 


Facilitator Bound, Juice, 


Citrate, HH 
Citrate H 
Tartrate 
Fumarate 
Citrate 
Acetate 
Maleate 


29 85 
30 57 


51 55 


~ ~ 


Time, hr. 


~~~~~ 


Cumulative pH of 
Media Drug Release, % 


0 . 5  
1 . 5  
2.5 
4.5 
6 
8 


1 . 3  
1 . 3  
1 . 3  
2 . 3  
7 . 3  
7 . 3  


48 
67 
69 
74 
94 
97 


4 Product contained 9.76% drug. 


both of two factors. First, an increase in pH will increase the amount 
of phenylephrine present in the unionized form and reduce the 
proportion present as the ionized species. The increase in the amount 
of drug bound may reflect the ability of the unionized species to 
interact with the polymer, possibly by a different mechanism 
to that operating in the binding of the ionized drug. Second, an 
increase in flocculation pH will alter the solubility of the polymer, 
since it will produce an increase in the proportion of ionized p l y -  
mer carboxyl groups. The results shown in Table I1 do not suggest 
that an increase in flocculation pH is advantageous in the prepara- 
tion of sustained-action pharmaceuticals by the carboxylic acid 
facilitated entrapment method. 


The increase in the amount of drug bound with an increase in 
stirring rate (Table 111) may possibly be attributed to the effect of 
high shear increasing the area of polymer surface available to drug 
in the aqueous phase by dispersing particle flocs, thus facilitating 
interaction. 


Examination of a number of polymer emulsions for use as molec- 
ular scale entrapment matrices for potential controlled drug- 
release applications resulted in the discovery of two additional 
polymers, acrylic copolymer emulsion 2 and the styrene-acrylic 
copolymer emulsion, which appeared to be well suited for this pur- 
pose (Tables IV and V). These two polymer emulsions flocculated 
completely ; the products obtained could be easily filtered, dried, 
and milled. Results of preliminary in vitro release studies compare 
favorably with those obtained earlier with acrylic copolymer 1. 


The results in Table VI indicate that the phenylephrine maleate- 
acrylic copolymer 1 product possesses very satisfactory in vitro 
release characteristics, with approximately one-half of the total 
drug being released in the first 30 min. for two of the products and 
the remainder becoming available at a steady rate during the next 
6.5 hr. Similar results are shown in Table VIII for the phenylpro- 
panolamine acetate-acrylic copolymer 1 product. 


Preliminary in vivo tests of the phenylpropanolamine entrapment 
product also indicate the sustained-action properties of the phenyl- 
propanolamine product. For all subjects the rate of excretion of 
drug from the polymer flocculate was lower than from the untreated 
drug. The mean time for half the total dose to be excreted was 4.6 
hr. for the USP product, as compared with 8.0 hr. for polymer-drug 
entrapment product (Table IX). 


SUMMARY 


Further studies of the facilitated molecular scale entrapment 
technique for the preparation of controlled-release or sustained- 
action pharmaceuticals are reported. The efficiency of a number of 
carboxylic acid anions in facilitating drug entrapment was studied, 
as were pH and mechanical effects on the facilitated entrapment. 


Table IX-In Vivo Release Data for Phenylpropanolamine- 
Acrylic Copolymer 1 Entrapment Sustained-Release Product 


Biological Half- Biological Half- 
Subject Life of Phenyl- Life of Phenyl- 
Weight, propanolamine, propanolamine 


Ib. hr. Polymer Product, hr. 


205 
175 
139 
139 
130 


Average 


5.0  
6 . 0  
5 .3  
3.0 
3 .8  
4.6 


7 .8  
9 . 8  
7 . 0  
8 . 5  
6 .8  
8 . 0  


~~ ~ 
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In vitro and in vivo tests of phenylephrine and phenylpropanolamine 
products, obtained by the facilitated molecular entrapment method, 
confirmed the pharmaceutical utility of this technique. 


These results indicate that the drug-polymer entrapment prod- 
ucts prepared by the facilitation method possess considerable po- 
tential for exploitation as sustained-action or controlled-release 
pharmaceuticals. 
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Selected Pharmacological Studies of a Series of 
Substituted Imidazo (4,5-d)pyridazines 


G. G. FERGUSON, H. C. HEIM, and G. D. APPELT 


Abstract 0 A general pharmacological screening program was ap- 
plied to a series of 10 substituted imidazo(4,5-d)pyridazine com- 
pounds. All of the compounds produced depression of spontaneous 
activity in rats, and six of the compounds produced significant 
lengthening of hexobarbital “sleeping times.” In addition, two of the 
compounds produced a partial reversal of reserpine hypothermia, 
measured by a rectal temperature monitoring apparatus, and seven 
of the compounds produced significant inhibition of monoamine 
oxidase using a Warburg apparatus. One compound produced 
monoamine oxidase inhibition when a spectrophotometric assay 
was employed. 


Keyphrases u Imidazo(4,5-d)pyridazines-pharmacological screen- 
ing [7 CNS activity-imidazo(4,5-d)pyridazines 0 Monoamine 
oxidase inhibition-imidazo(4,5-d)pyridazines 0 Reserpine-in- 
duced hypothermia-imidazo(4,5-d)pyridazine blocking effect 


In recent years, considerable interest has arisen in 
the development of compounds having potential anti- 
neoplastic effects. Robins (l), for example, reported the 
synthesis of a series of over 1300 purine derivatives and 
included antineoplastic screening data on active com- 
pounds. The compounds studied in this report, the 
imidazo(4,5-d)pyridazines, were synthesized by Ger- 
hardt et al. (2) as possible purine antimetabolites and 
are representative of 75 compounds in that series 
(Table I). 


Little has been reported concerning the pharmacology 
of imidazopyridazines or similar compounds, other 
than antineoplastic screening data. Dimmling and Hein 
(3) found that certain types of imidazole derivatives 
decreased contractility of the frog heart and produced 
damage to leukocytes and macrophages. Certain py- 
rimidazole derivatives have shown local anesthetic 
effects (4), and other pyridine and pyridine-pyrrolidine 
imidazole compounds have been shown to have CNS 
depressant effects ( 5 ) .  Rinaldi et al. (6)  showed some 
protection of mice to the effects of X-ray exposure with 
imidazole and benzimidazole derivatives. Certain de- 


Table I-Chemical Names of the Compounds 


Com- 
pound Chemical Name 


1 I H-Imidazo[4,5-dlpyridazine-2,4,7-trioi 
2 l-Benzyl-2-mercapto-lH-imidazo[4,5-d]pyridazine-4,7- 


3 l-Benzyl-2-(isopentylthio)-1H-imidazo[4,5-d]pyridazine- 


4 l-Benzyl-2-(cyclopentylthio)-1H-imidazo[4,5-~pyrid- 


5 l-Benzyl-2-[(p-fluorobenzyl)thio]-1H-imidazo[4,5-~- 


diol 


4,7-diol 


azine-4,7-diol 


pyridazine-4,7-diol 
6 l-Benzyl-2-~(m-fluorobenz~l~thiol-lH-imidazo~4,5-~- .~ - . .  . 


pyridazine-4,7-diol 


ovridazine-4.7-diol 
7 1-Benzyl-2-[(2,4-dichlorobenzyl)thio]-1H-imidazo[4,5-d]- 


8 I-B~nzyl-Z-[(2,6-dichlorobenzyl)thio]-1H-imidazo- 


9 1-Benzyl-2-[(p-bromobenzyl)thio]-1H-imidazo[4,5-d]- 
[4,5-d]pyridazine-4,7-diol 


pyridazine-4,7-diol 


pyridazine-4,7-diol 
10 l-Benzyl-2-[(o-iodobenzyl)thiol-lH-imidazo[4,5-d]- 


rivatives of phenylimidazopyridine carboxylic acid have 
been shown to have diuretic effects (7). It was felt that a 
survey of the general pharmacological properties of 
this series of compounds might be useful to further 
consideration of them as possible antineoplastic agents. 
In this paper, studies of certain effects of these com- 
pounds on the CNS are reported. 


EXPERIMENTAL 


Evaluation of Gross CNS Effects--Adult Houston-Cheek albino 
rats, weighing between 200 and 350 g., were used for measurements 
of spontaneous activity and for determinations of hexobarbital 
“sleeping time.” Spontaneous activity measurements were done 
using a “light box” similar to that proposed by Dews (8). Each 
animal was injected with a dose intraperitoneally of drug suspended 
in alkalinized distilled water (pH 9), placed in a stimulus-free cham- 
ber for 15 min. to allow for absorption of the drug, then placed in 
the activity box, and monitored for spontaneous activity for 1 hr. 
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cursors. The results in Table IV might allow for the speculation 
that the increased availability of tryptophan resulting from reduced 
protein synthesis could sufficiently alter the binding of cytochrome 
P-450 for isopentenyl pyrophosphate that alkaloid synthesis might 
proceed, whereas at lower levels of available tryptophan such would 
not occur because of the low affinity of the cytochrome P-450 
for isopentenyl pyrophosphate. Based on the observation that 
benzyl thiocyanate, which has been shown to enhance tetracycline 
formation ( I  6), increased total alkaloid in C. purpurea to almost the 
same degree as phenobarbital (15), it is suggestive that cytochrome 
P-450 may be involved in the formation of certain other secondary 
cell metabolites in addition to that which has been discussed in this 
report. 


REFERENCES 


(1) S. H. Ambike and R. M. Baxter, to be published. 
(2) Ibid. 
(3) J. Schekman, H. Remmer, and R. W. Estabrook, Mol. 


Pharmacol., 3, 113(1967). 
(4) Y. Imai and R. Sato, Biochem. Biophys. Res. Commun., 22, 


62N 1966). 
( 5 )  Y. Imai and R. Sato, J.  Biochem., 62,239(1967). 
(6) H. Remmer, J. Schenkman, R. W. Estabrook, J. Gillette, 


(7) P. L. Gigon, T. E. Gram, and J. R. Gillette, Biochem. 
D. Y. Cooper, and 0. Rosenthal, Mol. Pharmacol., 2,187(1966). 


Biophys. Rcs. Commun., 31, 558(1968). 


D R U G  S T A N D A R D S  


(8) S. Orrenius and L. Ernster, Life Sci., 6,1473(1967). 
(9) W. A. Taber and L. C. Vining, Can. J .  Microbiol., 4, 611 


(1958). 
(10) R. Sato and T. Omura, J.  Biol. Chem., 239,2370(1964). 
(11) D. Y. Cooper, S. Narasimhulu, 0. Rosenthal, and R. W. 


Estabrook, in “Oxidases and Related Redox Systems,” T. E. King, 
H. S. Mason, and M. Morrison, Eds., Wiley, New York, N. Y., 
1965, p. 838. 


(12) T. Omura and R. Sato, J.  Biol. Chem., 239,2379(1964). 
(13) S .  Agurell, Acta Pharm. Suecica, 3,71(1966). 
(14) D. Arigoni, in “Some Aspects of Mevalonoid Biosynthesis,” 


Symposium on “Organic Chemical Approaches to Biosynthesis,” 
London, England, 1965. 


(15) N. D. Zahid and R. M. Baxter, presented to the APHA 
Academy of Pharmaceutical Sciences, Miami Beach meeting, May 
1968. 


(16) M. H. J. Slezak and M. Vondracek, in “Antibiotics-Ad- 
vances in Research, Production and Clinical Use,” M. Herold and 
Z. Gabriel, Eds., Butterworths, Toronto, Ontario, Canada, 1966. 
p. 578. 


ACKNOWLEDGMENTS AND ADDRESSES 


Received January 22, 1970, from the Faculty of Pharmacy, 


Accepted for publication March 17, 1970. 
University of Toronto, Toronto 5 ,  Ontario, Canada. 


Detection of Decomposition and Analytical Interferences 
in Pharmaceutical Preparations Containing Corticosteroids 


ROBERT E. GRAHAM*, PATRICIA A. WILLIAMS*, and CHARLES T. KENNERt 


Abstract Since the blue tetrazolium and phenylhydrazine rea- 
gents for corticosteroids react with the intact side chain at CIT, 
and the isonicotinic acid hydrazide method and UV spectro- 
photometry depend upon conjugation in Ring A at the other end 
of the molecule, the analytical results by the four methods give in- 
formation concerning decomposition caused by oxidation of the C17 
side chain and by deconjugation in Ring A. Methods are proposed 
which allow the detection and determination of both acidic and 
neutral decomposition products. Measurement of the variation of 
absorbance with time can be used to detect unidentified interferences 
in the blue tetrazolium, phenylhydrazine, and isonicotinic acid pro- 
cedures. The extent of interference of several substances which in- 
terfere in at least one of the color reactions is reported. Several 
examples of the use of the proposed methods to detect and determine 
decomposition and/or interference are given. 


Keyphrases Corticosteroids, decomposition determination- 
methods compared 0 Decomposition, corticosteroids-Cn side- 
chain oxidation determination 0 Interference-corticosteroid anal- 
ysis 0 Blue tetrazolium, phenylhydrazine, isonicotinic acid hy- 
drazide, UV spectrophotometry methods-analysis 


The detection of decomposition and of analytical 
interferences in pharmaceutical corticosteroid prepara- 
tions is important in the correct determination of the 
composition of such preparations. The usual methods 
of analysis for undecomposed corticoid hormones 


r--------? 
I B.T. & P.H. 
ICH,OH 
I1 I Ic=o I 


1 


L J 
I U.V. I 


hydrocortisone-portions of molecule measured by the following 
methods: INH = isonicotinic acid hydrazide, BT = blue tetra- 
zolium, PH = phenylhydrazine H2S04, and UV = ultraviolet 


I 


include the blue tetrazolium reaction (BT) (1-5); the 
phenylhydrazine-sulfuric acid-alcohol reaction (PH) 
(6, 7), which is also known as the Porter-Silber reaction; 
the isonicotinic acid hydrazide reaction (INH) (8), 
which is also known as the Umberger reaction; and UV 
spectrophotometry. As is shown in Structure I, the 
BT and PH reagents react with the CI7 side chain, while 
the INH and UV methods depend upon the conjugation 
of the carbonyl group at CI with the double bond be- 
tween C4 and C5 in Ring A of the steroid nucleus. Since 







Table I-Reported Interferences in Corticosteroid Photometric 
Methods 


Interfering Refer- 
Substance ence BT PH INH 


Acetone 
Active hydrogen 


compounds 
Allantoin 
Alloxantin dihydrate 
Amphotericin B 
Bacitracin 
Benzal acetone 
Benzyl styryl ketone 
Dyclonine hydrochlo- 


Erythromycin 
Erythromycin stearate 
Hydroxy ketones 
Iodochlorhydroxyquin 
Lanolin 
Nystatin 
Phenothiazine 
Polyhydroxy phenols 
Polyhydroxythiols 
Polymixin B sulfate 
Reducing sugars 
Sodium novobiocin 
Stearic acid 
Tetracyclines 
Xylocaine 
Zinc bacitracin 


ride 


+ 
+ + + + + 
NR 
NR 


+ + + + 
None + + 
NR + + 
None + + 
+ 
NR + 
- 


NRa 


NR 
NR 
NR + + 
NR 
NR ' 


+ + 
NR + 
NR + 
NR 
NR + 
NR + 
Table 11 + 


- 


- 


- 
- 


+ 
NR 
NR 
NR + 
None + + 
+ + 
None 
NR + 
NR + 
NR 
NR 
NR 
None 
NR + 
Table 11 + 
NR 
None 


a NR = not stated in reference, 


the reactions in these four methods occur with different 
portions of the molecule, they can be used to detect 
and distinguish between decomposition which occurs 
at the C17 side chain and decomposition caused by 
deconjugation in Ring A. Quantitative agreement 
between all four methods indicates that the corticos- 
teroid is not decomposed and that there is no inter- 
ference in the determinative steps of any of the methods 
due to components of the preparation. Differences 
between the values by the four methods indicate de- 
composition or interference. 


The most common type of corticosteroid decomposi- 
tion encountered in pharmaceutical preparations is 
caused by the oxidation of the CI7 side chain by readily 
reducible organic and inorganic compounds, by metal 
ions, and by air in alkaline solutions (9-16). Much less 
common is the destruction or movement of the double 
bonds in Ring A caused by absorption of UV light 
(17-20). The degradation products caused by oxidation 
of the CI7 side chain are neutral or acidic in character 
(9, 11, 21-23) and are a complex mixture of organic 
acids together with neutral compounds such as alde- 
hydes and ketones. These decomposition products can 
be separated by extraction into chloroform, since the 
neutral compounds will be extracted along with the 
undecomposed steroid while the acidic components will 
remain in the aqueous phase. 


The BT reaction is the official method in USP XVII 
(24) and NF XI1 (25) for preparations listed in these 
compendia. It is more specific than the INH or UV 
method for corticosteroids since the BT reagent reacts 
with that portion of the molecule usually involved in 
decomposition. The BT method is subject to many 
interferences, as shown in Tables I and 11. Table I 
lists reported interferences with each of the three types 
of reactions used to determine corticosteroids. Inter- 


ferences in the UV determination are not included, 
since a large number of ingredients in corticosteroid 
preparations absorb in the same region and the inter- 
ference is relatively easy to detect due to changes in 
the UV spectra. The PH reaction is specific for the 
17,21-dihydroxy-20-keto side chain at CI7 and is less 
subject to interference than the BT procedure. 


Many substances which interfere in the BT, PH, 
INH, and UV procedures are usually removed during 
sample cleanup by extraction, by magnesium silicate' 
column chromatography (26), by TLC (17, 27), by 
paper chromatography (28-30), and by column- 
partition chromatography (3 1, 32). Water-soluble 
acidic decomposition products and interferences are 
removed by the use of acidic and basic traps in column 
procedures and by acidic or basic extractions in separa- 
tor procedures. Neutral decomposition products extract 
with the undecomposed corticosteroid. 


This paper reports several unreported interferences 
to the determinative methods (Table 11) and suggests 
methods of evaluation of results by the four methods 
to detect and determine decomposition in corticosteroid 
preparations and to  detect interferences. 


EXPERIMENTAL 


Reagents and Equipment-The reagents called for in the refer- 
ences for the individual methods were prepared as directed. All 
reagents were USP or ACS grade. All corticosteroid standard 
solutions were prepared from USP, NF, or commercial reference 
standards. 


A11 measurements were made on a Cary spectrophotometer, 
model 15. 


Methods-In all methods used, the samples were carried through 
any necessary cleanup and preparative steps. The final solution 
obtained was evaporated to dryness carefully under air on a steam 
bath. The residue was dissolved and made to volume with alco- 
hol USP, so that the concentration was approximately 0.010 mg./d. 
of the corticosteroid. This solution was used for the determinative 
steps for all four methods. A standard solution of the corticosteroid 
of the same concentration was also used in the determinative steps 
of each method. In all cases, the absorbance spectra of the first 
standard and the first sample were rescanned after all measure- 
ments in the series had been completed. 


BT Method-The procedure given in USP XVII (24) and NF XI1 
f25) was followed exceDt that 10.0-ml. aliauots and 1.0 ml. each of 
the  BT reagent and thk tetramethylammonium hydroxide reagent 
were used. 
PH Method--The procedure of Silber and Porter (7) was followed 


without modification. 
INH Method--The procedure of Umberger (8) was used, except 


that the INH reagent was modified by using twice the recommended 
concentration of hydrochloric acid to increase the sensitivity of the 
reaction (33). 
UV Spectrophotometry-The alcohol USP solution was scanned 


directlyin a 1-cm. cell. 
Interference Studies-The interference of several ingredients in 


corticosteroid preparations, which has not been reported pre- 
viously, was investigated. The interfering substance was added to a 
standard solution of hydrocortisone, which was then evaporated 
to dryness and the residue dissolved in alcohol USP prior to color 
development. In each case, the absorbance was compared to the 
absorbance of a standard hydrocortisone solution under the same 
conditions. 


Time Study of Absorbance Variation to Detect Interference- 
The absorbance of the sample solution and of the standard solution 
was measured periodically during and after the standard color 
development period. 


Detection of Decomposition or Interference-The absorbance of 
the sample and standard solution was determined by all four 
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Table 11-Interferences in Corticosteroid Photometric Methods 


Level 


Inter- BT- 7 PH- 7 INH 
A b s o r b a n c d .  mg. c 


7 


Standard Standard ferencel Standard 
Interfering mg. Hydro- + Inter- z + Inter- Z + Inter- Z 
Substance cortisone Standard ference Difference Standard ference Difference Standard ference Difference 


Sorbitan monostearate 250 0.585 0.680 +16.2 0.546 T" 0.326 0.357 +9.5 
1 


1 
Sorbitan monooleate 250 - 0.585 0.748 +27.9 0.546 T 0.326 0.457 +40.2 


Ethyl ether peroxides - 22 0.551 0.618 +12.2 0.379 0.347 -8.4 0.338 0.331 -2.1 
1 


1 


1 


Lanolin 600 - 0.585 0.846 +44.6 0.546 T 0.326 0.746 +128.8 


Salicylamide - 60 0.582 0.570 -2.1 0.546 0.549 +0.5 0.326 0.325 -0.3 


Sodium lauryl sulfate 20 0.564 0.558 -1.1 0.379 T 0.326 0.324 -0.6 


Stearic acid 


Sulfur 


1 
- 120 0.582 0.568 -2.4 0.546 T 0.326 0.325 -0.3 
1 


0.05 0.588 0.742 +26.2 0.559 0.559 0 0.332 0.332 0.0 
1 


Sulfide 0.i33 0.585 0.709 +21.2 0.546 0.546 0 0.326 0.328 +0.6 


Polysorbate 60 
1 


1 
- 90 0.570 0.754 +32.3 0.386 T 0.328 0.333 +1.5 


a T = solution becomes turbid so that absorbance cannot be determined. 


methods. Significant differences between the values obtained in- 
dicate either decomposition or interference in one or more methods. 


Procedure for Determination of Decomposition at C,? Side Chain- 
Prepare an alcohol USP extract of the sample and determine the 


Determine the neutral decomposition products plus the un- 
decomposed corticosteroid in the chloroform fraction by evapora- 
tion Of a known aliquot to dryness, followed by determination by 
the INH Or uv method. 


amount of corticosteroid by either the INH- or UV method. This 
is the total amount of the undecomposed plus any decomposed 
corticosteroid present. 


Dissolve or suspend the sample in an aqueous solution and 
extract with chloroform. Retain both solutions. 


Determine the acidic decomposition products in the aqueous 
fraction by evaporation of a known aliquot to dryness, followed by 
determination by the INH or UV method. 


Determine the undecomposed corticosteroid in the chloroform 
fraction by evaporation of a known aliquot to dryness, followed by 
determination by the BT or PH method. 


Table 111-Analysis of Corticosteroid Preparations 


RESULTS AND DISCUSSION 
The major portion of the determinations in this investigation 


has been made on hydrocortisone samples and standards, but the 
results are equally applicable to other corticosteroids since the 
decomposition pathways and determinative reactions are similar for 
all corticosteroids. 


Several components of corticosteroid preparations were found to  
cause interference in the determinative steps of at least one of the 
four corticosteroid methods. The results are summarized in Table 
11. 


Product 


~ ~ 


Corticosteroid 


~~ ~~~ 


7- % of Declared Value by-- 
Concn. BT PH INH 


Lotion 
1 
2 
3 
4 
5 
6 
7 


Cream 
1 
2 
3 
4 


1 


1 
2 


Ointment 


Ophthalmic drops 


Hydrocortisone 
Hydrocortisone 
Hydrocortisone 
Hydrocortisone 
Hydrocortisone 
Hydrocortisone 
Hydrocortisone 


Hydrocortisone 
Hydrocortisone 
Hydrocortisone 
Hydrocortisone 


0.125% 
0.125% 
0.25% 
0.25% 


1% 


0.5% 
0.5% 


0.125% 
0.125% 
0.25% 
0.5% 


Hydrocortisone acetate 0 . 5 %  


Hydrocortisone acetate 2 . 5 ~  
Prednisolone 0.27. 


100.0 
24. 3Q 
97.6a 
110.8 
95.3Q 
99.2a 
107.2 


48.4a 
82. 2a 
103.6 
111.7" 


104.2" 


78.4 
89.0 


99.2 
2.5 
90.6 
108.4 
90.7 
94.4 
107.5 


30.2 
45.0 
105.6 
102.7 


93.4 


80.6 
. . .  


99.7 
43.8 
100.3 
109.6 
98.7 
96.9 
107.4 


71.1 
60.0 
101.8 
113.2 


96.9 


79.0 
89.5 


I "  


Ophthalmic suspension 


Tablets 


1 Dexamethasone 0.1% 106.3 106.8 107.0 


1 Prednisone 0.75 mg. 90.1 88 


3 Prednisone 5 mg. 50.6" 45.3 65.1 


2 Prednisolone acetate 0.25% 111.8a 99.8 102.1 


2 Prednisone 2.5 mg. 100.0 


a Interference by variation of absorbance with time. 
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Table IV-Neutral and Acidic Corticosteroid Decomposition Products Determined in Pharmaceutical Preparations 


Pharmaceutical 
Formulation 


Corticosteroid Found ---- z -z Decomposed- 
---- 


Corticosteroid Undecomposed Neutral Acidic 


Capsule Prednisone (2 mg.) 34 9 57 
Tablets (buffered) Prednisone ( 5  mg.) 65 15 20 
Tablets Hydrocortisone (4 mg.) 82 5 13 
Cream Hydrocortisone (0.125 %) 48 36 16 
Cream Hydrocortisone (0.25%) 53 9 38 
Lotion Hydrocortisone (0.125%) 2 34 64 
Lotion Hydrocortisone (0.125%) 77 10 13 
Lotion Hydrocortisone (0.2597,) 84 10 6 
Lotion Hydrocortisone (0.25 %) 73 17 10 
Lotion Hydrocortisone (0.25 z) 76 12 12 


Typical results of determinations by the three methods on samples 
from different lot or batch numbers of the same preparation are 
shown in Table 111. The difference between the results obtained 
from samples that have undergone decomposition and the results 
obtained from undecomposed samples is immediately apparent. 
The samples of ophthalmic drops are typical of samples in which 
there is no decomposition but in which the amount of corticosteroid 
is less than the declared amount. In all cases in which there is a 
significant discrepancy between the results by the BT and PH 
methods, a study of the variation of absorbance with time indicated 
that there was interference in the BT determination. In these cases, 
the value by the PH method is assumed to be correct. 


Decomposition at the C17 side chain is indicated whenever the 
results by BT and PH methods are comparable but are lower than 
those by the INH or UV method. If no decomposed corticosteroid 
is found, the difference in values is due to a negative interference in 
the BT or PH method and/or a positive interference in the INH 
or UV method. The extent of the decomposition and the amounts 
of acidic and neutral decomposition products determined for 
several different corticosteroid preparations are given in Table IV. 
The amount of neutral decomposition products was determined by 
subtraction of the values obtained by the BT or PH method from 
those obtained by the INH or UV method on the chloroform ex- 
tract of the sample. The value of the total decomposed fraction was 
calculated by subtraction of the value obtained by the BT or PH 
method on the chloroform extract from the values obtained by the 
INH or UV procedure on the alcohol USP extract of the sample. 


Decomposition in Ring A is indicated whenever the results by 
INH and UV methods are comparable and are lower than the values 
obtained by the BT and PH methods. Decomposition of Ring A 
is due primarily to absorption of UV light and is not found often in 
corticosteroid preparations. It is more probable that such a differ- 
ence in values is due to a positive interference in the BT or PH 
reaction. Positive interferences in the BT are more probable than 
negative interferences in the INH or UV procedure, as shown in 
Tables I and 11. 


All four methods are subject to interference by components of 
corticosteroid preparations; detection and elimination of such 
interferences are important to the correct interpretation of analyt- 
ical results. Methods of detecting interferences include comparison 
of the PH and BT results. Differences between these values indicate 
interference, since the color-development reactions are different 
even though the reagents react with the same portion of the corticos- 
teroid molecule. The BT reaction is subject to more interferences 
than the PH reaction, since the BT reagent is less specific for corticos- 
teroids than the PH reagent. 


Interference in the BT reaction can be either positive or negative. 
Positive interferences, such as lanolin, are those that react with the 
BT reagent to produce the diformazan. Negative interferences are 


often due to the acidic nature of the interfering substance. The BT 
reaction is highly pH dependent; substances which lower the pH 
below the optimum value can cause decrease of color formation 
or even completely inhibit the color formation. The negative inter- 
ference of stearic acid and of salicylamide is probably due to pH 
effect, since increasing amounts of each cause a decrease in the pH 
of the BT reagent sample solution. As an example, the absorbance 
of a standard hydrocortisone solution containing 50 mg. of stearic 
acid was 0.331 compared to an absorbance of 0.608 for the standard 
alone. The pH of the BT solution containing the stearic acid and 
standard was 13.15 and that of the BT solution of the standard 
alone was 13.80. 


The PH reaction is also subject to both positive and negative 
interferences by components of corticosteroid preparations. Inter- 
ference is caused by some surface-active agents such as polysorbate 
60, sorbitan monooleate, and sorbitan monostearate. Interference 
is also caused by organic acids which are soluble in chloroform but 
insoluble in the strongly acidic phenylhydrazine-sulfuric acid- 
alcohol solution used. The insoluble compound raises the base line 
by light dispersion and causes an increase in the absorbance of the 
sample which is not always compensated by the blank. Lack of 
compensation by the blank is probably due to the fact that the 
particle size of the solid separating from the sample is not always 
identical to the particle size of the solid separating from the blank. 
Such differences in size cause differences in the amount of light 
dispersion and the rate of settling during the actual measurement. 
The negative interference of phenothiazine (34) in the PH reaction 
is probably due to a reaction with phenylhydrazine which is not 
corrected for by the blank used. 


Differences between the results by the INH and UV methods 
also indicate interference in one or both procedures. Positive inter- 
ference in the INH procedure is, caused by substances such as 
vanillin, which form derivatives with the reagent, or by substances 
such as oil-soluble vitamins and salicylamide, which absorb in the 
same region of the spectrum. 


Many of the components of corticosteroid preparations interfere 
with the determination by simple UV spectrophotometry, since 
they absorb in the same region of the spectrum. Stabilizers such as 
methylparaben and propylparaben fall into this category. Such inter- 
ference is usually detected readily by comparison of the absorbance 
curve of the sample to that of the standard. Interfering substances 
cause distortions of the spectra which are readily discernible. 


Many of the interferences discussed can be detected by time 
studies of absorbance variation during the color-development 
period of the samples and standards. This is especially true wlth 
the BT procedure, since the absorbance developed by the BT 
reagent with corticosteroids becomes constant after a certain 
period of time or continues to increase at a rate dependent upon 
the individual steroid (35). Remeasurement of the absorbance of 


Table V-Detection of Interference in the BT Method by Variation of Absorbance with Time 


Difference Absorbance 


Sample 1.  Hydrocortisone Lotion 0.125 z 
Minutes 90 126 


Sample 0.491 0.528 0.037 


Minutes 30 60 90 150 210 Difference 
m - i  s m  


Standard hydrocortisone 0.591 0.592 0.001 


Sample 2. Hydrocortisone Lotion 0.125 % 


Standard 
Ssmple A (2.1 8.) 
Sample B (3 .0  n.) 


,~-  ---, 
0.551 0.561 0.568 0.565 0.570 0.003 
0.462 0.490 0.515 0.528 0.540 0.013 
0.668 0.720 0.756 0.784 0.798 0.028 
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both the standards and samples 20 or 30 min. after the specified 
time for color development will show any major interference present. 
Minor interferences usually require an extended time study of 
absorbance variation during and after the color-development period 
for both standards and samples. Examples of the detection of inter- 
ference by the measurement of the variation of absorbance with 
time are shown in Table V. The increase of 0.037 unit in the absor- 
bance of Sample 1 during the 36 min. after the standard had become 
constant is an obvious indication that some component in addition 
to hydrocortisone is reacting with the BT reagent. This particular 
case of interference was detected by a routine rescan of the absor- 
bance of the first standard and sample of a series of determinations 
after all samples and standards had been measured. The time lapse 
of 36 min. was required to measure all samples and standards. 
Sample 2 is an example of interference that is not immediately 
apparent by a rescan of the first standard and sample after comple- 
tion of the series of measurements. In this particular case, a small 
increase in absorbance was noted for the sample when it was re- 
scanned so that the extended time study was made. This study 
definitely proves that some interfering substance was present. 


Many of these interfering substances may be separated from the 
corticosteroid in samples by use of a new acetonitrile-diatomaceous 
eartha column procedure (40). 
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that in  a lyophobic colloid. 
We found that similar coagulation curves could be 


produced with sodium, calcium, and aluminum salts 
and that the only real difference was in the position of 
the vertical region of the sigmoid curve (12). The effect 
of valency was approximately as would be predicted by 
the Schulze-Hardy rule. The suspensions coagulated 
with the calcium chloride were particularly interesting 
since, with the highest concentration of electrolyte 
used, a further step in the sedimentation height curve 
was observed. Compatibility tests between the elec- 
trolyte and surfactant showed that, at  this concentra- 
tion, slight precipitation occurred. We interpret this as 
being perhaps the point of transition between coagula- 
tion and flocculation. 


Ecanow et af. (5, 7, 18) appear to argue that since 
coagulation and flocculation must produce qualita- 
tively different results and that we merely found quanti- 
tative differences, we could not be studying two different 
phenomena. We find it difficult to answer such circular 
reasoning. We would still maintain, on the basis of care- 
fully controlled experiments whose results are compared 
with fundamental theory, that both coagulation and 
flocculation can produce suspensions that remain free 
from caking on storage. 
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Effect of Macromolecules on 
Aqueous Solubility of Cholesterol 


Keyphrases Cholesterol, cholester01-26-~~C solubility-macro- 
molecule effects 0 Macromolecular substances-cholesterol solubil- 
ity effect 0 Pectin, acacia, dextrans effect--cholesterol solubility 


Scintillometry-analysis 


Sir: 


Intravenous administration of dextran solution has 
been suggested for treatment of hypercholesterolemia 
and atherosclerosis (l), and numerous investigations 
have been carried out to determine the effect of dextran 
on experimental hypercholesterolemia (2-6). Oral ad- 
ministrations of pectin and acacia have been studied for 
their hypocholesterolemic effects (7-14). The cited 
reports contain various and conflicting statements con- 
cerning the in uiuo effect, value, and mechanisms of 
action of macromolecular substances for lowering serum 
cholesterol. However, there have been no reports of 
studies conducted to determine the in vitro effects of 
these carbohydrate macromolecules on the solubiliza- 
tion of cholesterol. It was, therefore, considered desir- 
able to study the effect of these macromolecules on the 
aqueous solubility of cholesterol. 


Cholesterol concentrations were determined using a 
radioactive technique suitable for very low amounts of 
cholesterol in water. A 10.0-ml. volume of a benzene 
stock solution, containing 10 mcg. of cholesterol and 
0.1 pc. of cholesterol-26-*4C/ml., was transferred to a 
125-ml. iodine flask, and the solvent was evaporated 
under a mild stream of nitrogen with constant shaking. 
A 50-ml. volume of the aqueous solution of the particu- 
lar macromolecular substance was added to the flask. 
The dissolution studies were carried out at  30 f 0.5”. 
and the test solutions were agitated using magnetic 
stirrers. At predetermined intervals of time, samples 
were withdrawn from the system and filtered immedi- 
ately through a Millipore filtration assembly containing 
0.45-p filter paper. An accurately measured 0.20-ml. 
volume of the particle-free filtrate was pipeted into a 
liquid-scintillation vial. To this was added 15 ml. of 
dioxane-naphthalene phosphor (15), and the vials were 
shaken for 30 sec. to ensure thorough mixing. Duplicate 
samples, along with appropriate standards and blanks, 
were counted directly using a liquid-scintillation system.’ 
The counts per minute involved after 12 hr. were be- 
tween 150 and 415. 


The data from the solubility studies are illustrated 
in Fig. 1. Each point on the solubility curves represents 
an average of at  least eight determinations. Pectin 
(0.5 z) and acacia (0.5 %) solutions significantly in- 
creased the aqueous solubility of cholesterol, while 
slight increases were observed for the solubility of 
cholesterol in dextran solutions. The results for both 
high and low molecular weight dextrans2 were similar. 


1 Unilux 11, Nuclear Chicago. 
2 Dextran T70 and T40, Pharmacia Laboratories. 
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Statistical analyses of the data by means of t and F tests 
at  95% confidence levels indicate the differences in 
solubilities between various test solutions to be signif- 
icant. 


It is well known that dextran, pectin, and acacia form 
colloidal solutions. It is possible that cholesterol might 
be suspended, dispersed, or adsorbed on these colloidal 
particles. Another possibility is that these macromole- 
cules might entrap the relatively smaller molecule of 
cholesterol. Brintzinger and Beier (16) suggested a num- 
ber of mechanisms for the ability of gum acacia to in- 
crease the solubility of substances such as benzoic acid, 
anisic acid, sulfanilic acid, strychnine, and nitroaniline. 
The suggested mechanisms included adsorption on the 
acacia micelle, solution in the micelle, adsorption ex- 
change between the added substance and water of hy- 
dration, and formation of chemical bonds. 


The large increase in the apparent solubility of 
cholesterol in 0.5 pectin solution is most interesting 
when related to the findings of Wells and Ershoff (8). 
They found that pectin inhibited the increase in liver 
cholesterol following cholesterol feeding of rats, even 
when the rats were fed on alternate days with choles- 
terol. These authors suggested that more is involved than 
the simple tying up of cholesterol (possibly by the forma- 
tion of a nonabsorbable pectin-cholesterol complex). 
Another possibility they suggested was that pectin 
induces changes in the intestinal flora which result in 
greater degradation of cholesterol, thereby leaving less 
of this material available for absorption. The present 
finding that pectin increases cholesterol solubility sug- 
gests the possibility that cholesterol in a solubilized 
form might be more susceptible to degradation in the 
intestine. Other possibilities are that cholesterol is 
adsorbed or dispersed in the colloidal particles formed 
by pectin or that a water-soluble complex is formed 
which is nonabsorbable. The fact that significant in- 
creases in the solubility of cholesterol in acacia and 


pectin solutions were observed after 24 hr. suggests that 
there may be more than one mechanism. 


Since in the current studies the solubility of choles- 
terol was greatly increased in acacia and pectin solu- 
tions, it would appear that acacia might have the same 
in r h o  cholesterol-lowering effect as pectin. However, 
Lin et al. (7) reported that addition of pectin to a basal 
diet containing cholesterol increased the excretion of 
exogenous cholesterol, while the addition of acacia 
or arabinose to this ration produced practically no 
change in the amount of fecal lipids and in the recovery 
of exogenous cholesterol in the feces. 


Flotte and Buxton (2, 3) and Ditzel and Dyerberg 
(6 )  observed that administration of dextran has a pro- 
found effect in lowering serum cholesterol. Ditzel and 
Dyerberg discussed the possible modes of action of 
dextran on plasma lipids and cholesterol. They postu- 
lated that a dextran-lipid complex might influence 
cholesterol synthesis or breakdown or facilitate choles- 
terol transport through the cell membranes by altering 
its solubility characteristics or charge. Rothschild et a/. 
(17) postulated that the mode of action of dextran might 
be explained by a stimulating effect on the reticuloendo- 
thelial system. The current findings suggest that dextran 
might facilitate at  least part of the transport redistribu- 
tion of cholesterol by an increase in the apparent solu- 
bility of cholesterol. 


Further investigations are being conducted to deter- 
mine the effect of a variety of macromolecules on the 
aqueous solubility of cholesterol and related hormone 
drugs and to elucidate the mechanism(s) of action of 
solubilization phenomena. 
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In vitro and in vivo tests of phenylephrine and phenylpropanolamine 
products, obtained by the facilitated molecular entrapment method, 
confirmed the pharmaceutical utility of this technique. 


These results indicate that the drug-polymer entrapment prod- 
ucts prepared by the facilitation method possess considerable po- 
tential for exploitation as sustained-action or controlled-release 
pharmaceuticals. 
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Selected Pharmacological Studies of a Series of 
Substituted Imidazo (4,5-d)pyridazines 


G. G. FERGUSON, H. C. HEIM, and G. D. APPELT 


Abstract 0 A general pharmacological screening program was ap- 
plied to a series of 10 substituted imidazo(4,5-d)pyridazine com- 
pounds. All of the compounds produced depression of spontaneous 
activity in rats, and six of the compounds produced significant 
lengthening of hexobarbital “sleeping times.” In addition, two of the 
compounds produced a partial reversal of reserpine hypothermia, 
measured by a rectal temperature monitoring apparatus, and seven 
of the compounds produced significant inhibition of monoamine 
oxidase using a Warburg apparatus. One compound produced 
monoamine oxidase inhibition when a spectrophotometric assay 
was employed. 


Keyphrases u Imidazo(4,5-d)pyridazines-pharmacological screen- 
ing [7 CNS activity-imidazo(4,5-d)pyridazines 0 Monoamine 
oxidase inhibition-imidazo(4,5-d)pyridazines 0 Reserpine-in- 
duced hypothermia-imidazo(4,5-d)pyridazine blocking effect 


In recent years, considerable interest has arisen in 
the development of compounds having potential anti- 
neoplastic effects. Robins (l), for example, reported the 
synthesis of a series of over 1300 purine derivatives and 
included antineoplastic screening data on active com- 
pounds. The compounds studied in this report, the 
imidazo(4,5-d)pyridazines, were synthesized by Ger- 
hardt et al. (2) as possible purine antimetabolites and 
are representative of 75 compounds in that series 
(Table I). 


Little has been reported concerning the pharmacology 
of imidazopyridazines or similar compounds, other 
than antineoplastic screening data. Dimmling and Hein 
(3) found that certain types of imidazole derivatives 
decreased contractility of the frog heart and produced 
damage to leukocytes and macrophages. Certain py- 
rimidazole derivatives have shown local anesthetic 
effects (4), and other pyridine and pyridine-pyrrolidine 
imidazole compounds have been shown to have CNS 
depressant effects ( 5 ) .  Rinaldi et al. (6)  showed some 
protection of mice to the effects of X-ray exposure with 
imidazole and benzimidazole derivatives. Certain de- 


Table I-Chemical Names of the Compounds 


Com- 
pound Chemical Name 


1 I H-Imidazo[4,5-dlpyridazine-2,4,7-trioi 
2 l-Benzyl-2-mercapto-lH-imidazo[4,5-d]pyridazine-4,7- 


3 l-Benzyl-2-(isopentylthio)-1H-imidazo[4,5-d]pyridazine- 


4 l-Benzyl-2-(cyclopentylthio)-1H-imidazo[4,5-~pyrid- 


5 l-Benzyl-2-[(p-fluorobenzyl)thio]-1H-imidazo[4,5-~- 


diol 


4,7-diol 


azine-4,7-diol 


pyridazine-4,7-diol 
6 l-Benzyl-2-~(m-fluorobenz~l~thiol-lH-imidazo~4,5-~- .~ - . .  . 


pyridazine-4,7-diol 


ovridazine-4.7-diol 
7 1-Benzyl-2-[(2,4-dichlorobenzyl)thio]-1H-imidazo[4,5-d]- 


8 I-B~nzyl-Z-[(2,6-dichlorobenzyl)thio]-1H-imidazo- 


9 1-Benzyl-2-[(p-bromobenzyl)thio]-1H-imidazo[4,5-d]- 
[4,5-d]pyridazine-4,7-diol 


pyridazine-4,7-diol 


pyridazine-4,7-diol 
10 l-Benzyl-2-[(o-iodobenzyl)thiol-lH-imidazo[4,5-d]- 


rivatives of phenylimidazopyridine carboxylic acid have 
been shown to have diuretic effects (7). It was felt that a 
survey of the general pharmacological properties of 
this series of compounds might be useful to further 
consideration of them as possible antineoplastic agents. 
In this paper, studies of certain effects of these com- 
pounds on the CNS are reported. 


EXPERIMENTAL 


Evaluation of Gross CNS Effects--Adult Houston-Cheek albino 
rats, weighing between 200 and 350 g., were used for measurements 
of spontaneous activity and for determinations of hexobarbital 
“sleeping time.” Spontaneous activity measurements were done 
using a “light box” similar to that proposed by Dews (8). Each 
animal was injected with a dose intraperitoneally of drug suspended 
in alkalinized distilled water (pH 9), placed in a stimulus-free cham- 
ber for 15 min. to allow for absorption of the drug, then placed in 
the activity box, and monitored for spontaneous activity for 1 hr. 


1584 0 Journal of Pharmaceutical Sciences 







Table 11-Eli'ect of the Compounds on Spontaneous Activity in Rats (counts/hrJz 


Compound Control 5 mg./kg. 10 mg./kg. 20 mg./kg. 40 mg./kg. 80 mg./kg. 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 


~~ ~~~~~~ 


186 3~ 14' 133 k 12 261 f 33 
186 =I= 14 123 f 22 125 ZIZ 24 .~ 


186 f 14 i i 8  =t i3 94 f i 2  
186 f 14 130 f 23 123 f 19 
186 f 14 127 i 24 73 f 18 
186 f 14 95 f 16 134 f 23 
186 f 14 69 f 5 85 f 15 
186 f 14 9 2 f  14 84 f 22 
1 8 6 f  14 71 i 16 95 f 11 
186 f 14 7 6 f  16 64 f 10 


133 f 33 
135 f 16 
100 f 15 
87 f 18 
69 f 19 


1 1 6 f  13 
56 f 8 
62 f 8 
55 & 7 
34 f 6 


~~~ 


162 f 38 131 f 38 
95 f 15 
7 2 f  13 
8 O f  17 
7 6 f  17 
64+ 11 
78 f 11 
57 f 18 
50 f 18 
4 O f  14 


1 1 7 f  11 
57 f 11 
83 =!= 10 
96 f 25 
38 f 9 
99 f 23 
57 f 16 
22 f 9 
23 f 4 


Q Each value represents the mean of five trials. b Standard error of the mean. 


Results were compared to controls having identical treatment ex- 
cept for the uee of the test drug. 


As a corollary study, rats were tested for the effect of the com- 
pounds on the hexobarbital sleeping time. The animals were in- 
jected with 20 mg./kg., i.p., of the compound to be tested 2 hr. prior 
to the administration of 50 mg./kg., i.p., hexobarbital. The length 
of sleep between the loss and regaining of the righting reflex (sleep- 
ing time) was then determined for each animal, and the results were 
compared to controls (9, 10). 


Evaluation of Monoamine Oxidase Inhibition-Initial screening 
for possible monoamine oxidase (MAO) inhibition was done using 
the "reserpine reversal" technique of Pletscher (11). Adult Lem- 
berger albino mice, weighing between 25 and 40 g., were restrained 
in plastic holders; their rectal temperatures were monitored using 
an electronic thermometer equipped with temperature-sensing 
probes.' 


The ability of the compounds to reverse the hypothermic effect 
of reserpine was measured, using four mice for each trial: two con- 
trol animals received 2.5 mg./kg., i.p., reserpine and two experi- 
mental animals were pretreated with 100 mg./kg., i.p., of the com- 
pound to be tested 1 hr. prior to treatment with 2.5 mg./kg. re- 
serpine. A small number of animals received 100 mg./kg., i.p., 
iproniazid to serve as a standard of MA0 inhibition. The rectal 
temperatures were monitored for 4 hr., and the effects of the drugs 
on the reserpine-induced hypothermia were noted. 


As a further evaluation of possible MA0 inhibition, the effects of 
the compounds on rat brain mitochondria were investigated. Brain 
mitochondria were prepared, according to the method of Brody 
and Bain (12), and MA0 activity was determined in the presence or 
absence of inhibitor by conventional manometric techniques (1 3) 
or spectrophotometrically (14). In the manometric determinations, 
Warburg flasks contained in the main compartment a final con- 
centration of 0.01 M phosphate buffer (pH 7.8), 0.017 Mcompound, 
and the mitochondrial suspension representing 50 mg. wet weight 
of tissue in a total volume of 1.8 ml. The side arm of the flask con- 
tained 0.3 ml. of 0.1 M tyramine. After the flasks were allowed to 
equilibrate at 37" for 15 min., the manometer valves were closed 
and the side arm contents of each flask were tipped in. Oxygen up- 
take was recorded at 10-min. intervals for a total period of 90 min. 


Those compounds which showed significant M A 0  inhibition 
using the manometric technique were then tested using a direct 
spectrophotometric assay for MA0 activity. The 3 ml. reaction 
mixture contained in a final concentration 0.03 commercial 
emulsifier,2 0.09 M phosphate buffer (pH 7.4), 0.00016 M com- 
pound, and 0.017 M p-dimethylaminobenzylamine hydrochloride, 
with mitochondria1 suspension representing 50 mg. wet weight of 
tissue. The conversion of p-dimethylaminobenzylarnine hydro- 
chloride to its aldehyde derivative by MA0 was observed by deter- 
mining the increase in density of the solution at 355 mfi, according 
to the method of Deitrich and Erwin (14). Readings were taken at 
1-min. intervals for 5 min. after the reaction began. 


RESULTS AND DISCUSSION 


All imidazopyridazine derivatives, except Compound 1, produced 
significant depression of spontaneous activity at all dosage levels 


1 TRI-R model TML, TRI-R Instruments. 
* Lubrol 90, I.C.I./Organics/Inc., Providence, RI 02901 


Table 111-Effects of the Compounds on the Hexobarbital 
"Sleeping Times" of Rats (Hexobarbital 50 mg./kg.) 


Number 
Dose, Sleeping Time, 


min. P 
?f Compound Animals mg./kg. 


- Control 28 - 44 f 3 
1 12 20 68 & 6. 0.001 
2 12 20 64 4 4" 0.001 
3 9 20 55 & 5 0.10 
4 10 20 65 f 4" 0.001 
5 12 20 34 f 4 0.10 
6 12 20 64 f 5a 0.01 
7 12 20 43 f 4 0.30 
8 11 20 73 f 55 0.001 
9 12 20 46 f 6 0.30 


10 12 20 57 4 4" 0.05 


Significant lengthening of sleeping time. 


employed (5-80 mg./kg.). Compound 1 produced significant de- 
pression of spontaneous activity a t  all dosages except 10 mg./kg. 
(Table 11). Compounds 1, 2, 4, 6, 8, and 10 produced significant 
prolongation of hexobarbital sleeping time (Table 111). 


None of the 10 compounds produced complete reversal of re- 
serpine-induced hypothermia in mice. Compounds 5 and 8 pro- 
duced a partial reversal of the induced hypothermia, although the 
results were not significant at thep=0.05 level (Table IV). 


Table IV-Effects of the Compounds in Blocking Reserpine- 
Induced Hypothermia in Mice 


Compound Control" Experimental 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


lproniazid 


-9.0"' 
-8.4" 
-7.6" 
-9.4" 
-8.6" 
-8.7" 
- 10.9" 
-8.5" 
-9.6" 


-10.0" 
-8.1" 
-8.7" 


-10.1" 
-8.9" 
-6.4" 
-9.5" 
-5.6" 
-6.5" 
-9.4O 
-7.8" 
-7.2" 
-7.9" 


-7.8" 
-10.0" 
-7.6" 
-6.1" 
-8.4' 
- 12.4" 
-9.4" 
-6.5" 
-6.8" 
-4.5" 


-11.4" 
-5.6" 
-7.8" 


-10.8" 
-3.4O 
-6.5" 
-7.8" 
-6.2" 
-7.6" 
-8.8" 
+1.4" 
-2.2" 


a "Controls" were treated with 2.5 mg./kg., i.p., reserpine and re- 
ceived 0.3 d. normal saline solution to replace the compound. b Values 
represent change in rectal temperature for 4-hr. period. 
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Table V-Effect of the Compounds on the Oxidation of Tyramine by Rat Brain Mitochondriaa 


Time, min. 
Compound* 10P 30 P 50 P 70 P 90 P 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
Control 


5a f 1* 0.01 1 9  f 10.10 25O Z!Z 10.30 310 f 10.20 416 f 2 0.30 
4 f 1 0.01 13 f 10.01 20 f 10.01 27 f 2 0.01 39c f 2 0.20 
2 f 1 0.001 10 f 10.01 19 =t 10.01 25 f 30.01 37c f 20.10 
0 f 1 0.001 2 f 10.001 3 f 10.001 7 f 10.001 9 f 20.001 
2 f 1 0.001 6 f 10.001 10 =t 10.001 14 f 20.001 19 f 20.001 
1 f 10.001 5 f 10.001 10 f 10.001 13 f 20.001 19 f 20.001 
3 f 1 0.01 11 f 10.01 18 f 10.01 24 f 20.01 34 f 20.01 
4 f 1 0.01 7 f 10.001 13 =t 20.01 19 f 20.01 27 f 20.01 
5 f 1 0.01 14 f 10.01 22 f 10.01 29 f 10.01 36 f 10.01 
3 f 1 0.01 9 f 10.01 17 f 10.01 22 f 10.01 28 f 10.01 
8 f l  - 18 f l -  2 6 3 ~ 1  - 3 4 f l  - 4 2 + 1  - 


5 Values represent mean of the microliters of oxygen uptake in 12 individual flasks. * Standard error of the mean. c Nonsignificant. 


In studies using the Warburg respirometer, Compounds 4-10 
produced significant inhibition of monoamine oxidase at  the end 
of 90 min. (Table V). Upon further testing of these compounds 
with the spectrophotometric technique, it was found that Com- 
pound 9 produced noncompetitive M A 0  inhibition (Fig. 1). 


While Compounds 4-10 produced significant MA0 inhibition in 
the Warburg studies, only Compound 9 produced significant in- 
hibition of the enzyme in the spectrophotometric assays. Several 
factors may be involved in the explanation of these findings. The 
concentrations of the drugs used were quite different in the two 
studies. The concentration of the compounds used in the Warburg 
studies was approximately 100 times that of the compounds used in 
the spectrophotometric assays. The substrates used were different 
in the two studies, and thus the influence of the inhibiting drug on 
the reaction system might have been different in each case. Finally, 
if the inhibition seen was irreversible, the 15-min. preequilibration 


in the Warburg flasks in the absence of substrate would be quite 
different from the conditions in the spectrophotometric studies, in 
which the inhibitor and substrate were added essentially together 
with no preequilibration time allowed. 


SUMMARY 


This study involved the evaluation of pharmacological activity 
of a group of 10 imidazo(4,5-d)pyridazine compounds which were 
originally synthesized as antineoplastic agents. 


All of the compounds were found to exert CNS depressant effects. 
Compounds 1,2,4,6,8, and 10 prolonged the hexobarbital sleeping 
time in rats. Compounds 5 and 8 produced a partial reversal of 
reserpine-induced hypothermia in mice. 


Compounds 4-10 inhibited M A 0  in Warburg studies, and Com- 
pound 9 inhibited MA0 in a spectrophotometric assay technique. 


18 
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Figure 1-MA0 inhibition of Compound9. 
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GLC of Mycophenolic Acid 
and Related Compounds 


FRANK E. GAINER and HAROLD J. WESSELMAN 


Abstract 0 A GLC method is described for the quantitative deter- 
mination of mycophenolic acid and monosodium mycophenolate. 
Data are presented to show that both the methyl ester and ethyl ester 
derivatives of mycophenolic acid can be chromatographed along 
with a cyclic acid hydrolysis product of mycophenolic acid. In 
addition, quantitative results are presented for the assay of myco- 
phenolic acid and the monosodium salt in various formulations. 
Spectral and TLC results are also included. 


Keyphrases IJ Mycophenolic acid, related compounds-deter- 
mination IJ TLC-separation 0 GLC-analysis 0 Tetraphenyl- 
ethylene, chloroform dissolved-internal standard 0 IR spectropho- 
tometry-structure 0 NMR spectroscopy-structure 


Mycophenolic acid (Structure I) is an antibiotic fer- 
mentation product which is isolated from penicillium 
cultures (1, 2). The antibiotic is known to have 


0 CH3 
II I 


RO -C - CH2-CH2-C=CH-CH, 


CH30 
CH3 


I, R = H  
II, R=Na 


111, R = CH3 
IV, R = C2H5 


antibacterial and antifungal properties which have 
been studied previously (3, 4). Recently, two groups of 
researchers (5, 6) reported on the antitumor activity of 
mycophenolic acid, while Williams et al. (7 )  reported 
that the substance exhibited both antiviral and anti- 
tumor properties. Work has been done, both chemical 
and physical in nature, to elucidate the structure of 
mycophenolic acid (8 ,  9 )  and some related compounds, 
which were isolated from the culture filtrates of a strain 
that produces mycophenolic acid (10). Birch and 
Wright (11) have devised a scheme for the total syn- 
thesis of mycophenolic acid. This paper reports the 
quantitative determination of mycophenolic acid and 
related compounds by GLC. 


Ethyl mycophenolate (IV) may be formed during the 
isolation of mycophenolic acid from penicillium cul- 
tures (12) and recrystallization of the acid by interaction 
of the acid and ethanol. However, Campbell et al. (10) 
have reported the isolation of ethyl mycophenolate 
from the culture filtrates of a strain that produces 
mycophenolic acid. The cyclic compound, 3,4-dihydro- 
5 - methoxy - 2,6 - dimethyl - 9(7H)  - 0x0 - 2H - furo- 
(3,4-h)benzopyran-2-propionic acid (V) was isolated 
from the reaction vessel after heating the acid 
at 100" in 10% hydrochloric acid for 18 hr. Meth- 
anol leads to partial esterification of mycophenolic 


0 
II 


,C-OH 


v 
acid during extraction processes (12), probably re- 
sulting in methyl mycophenolate (111). Monosodium 
mycophenolate (11) may be formed by adjusting a slurry 
of mycophenolic acid to pH 7-8 with sodium hydroxide. 


No record was found in the literature, either directly 
or indirectly, reporting the quantitative determination 
of mycophenolic acid. 


EXPERIMENTAL 


Equipment-A gas chromatograph (Hewlett-Packard model 402) 
equipped with a flame-ionization detector was used for the experi- 
mental work. The detector signal was fed to a 1-mv. recorder 
(Honeywell Electronik 16) with a chart speed of 15 in./hr. and a 1- 
sec. full-scale response. Samples were injected with a 10-pl. syringe 
(Hamilton No. 701). 


Materials-Helium was used as a carrier gas, while electrolytic 
hydrogen and oxygen were used in the detector. The stationary 
phase was 3.8z Linde W-98 silicone gum applied by the solution 
technique to silanized diatomaceous earth (Diatoport S) (80/lOO 
mesh) and packed in a borosilicate glass column, 0.91 m. X 0.64 cm. 
0.d. Chloroform (Reagent ACS) was used to dissolve the tetra- 
phenylethylene (Reagent ACS) internal standard. The silylating 
reagent was bis(trimethylsilyl)trifluoroacetamide.l Concentrated 
hydrochloric acid (Reagent ACS) and absolute methanol were 
employed. 


Operating Conditions-The column was operated isothermally 
at 235", with the detector block at 280" and the sample injection 
port at 280". The helium flow rate was 55 ml./min., with an inlet 
pressure of 40 psig. Oxygen and hydrogen flow rates were 200 and 
50 ml./min., respectively. The electrometer range was 10, with an 
attenuation of 128. Sample injections of 1.5 1.11. were used through- 
out the study. 


Quantitative Analysis-Tetraphenylethylene, 25 mg. in 100 ml. 
of chloroform, is used as an internal standard. 


Mycophenolic Acid-Accurately weigh 50 mg. of mycophenolic 
acid into a 50-ml. volumetric flask, and dilute to volume with 
chloroform. Pipet 1.0 ml. of the solution into a 3-ml. butyl-rubber- 
stoppered ampul, and add 1.0 ml. of the internal standard solu- 
tion. Carefully evaporate the solution in the ampul to dryness, 
using a gentle stream of nitrogen and a warm water bath. Add 0.5 
ml. of bis(ttimethylsily1)trifluoroacetamide to the ampul, and 
seal before heating for 1 hr. in a heating block at  80". Cool to room 
temperature before chromatographing. Prepare a standard refer- 
ence solution by accurately weighing 50 mg. of mycophenolic acid 
reference standard into a 50-1111. volumetric fiask and diluting to 
volume with chloroform. Treat this solution exactly as the sample 
solution. 


1 Regis, Regisil Chemical Co., Chicago, Ill. 
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Table I-Mycophenolic Acid Assay Results 


Sample Theory Found n RSD=t z R E %  


Raw material 1000 mg./g. 997.5 mg./g. 12 1.81 -0.25 
Raw material 1000 999.3 3 -0.07 
Raw material 1000 1002.0 3 +o. 20 
Capsules with starch 200 mg./capsule 204.4 mg./capsule 5 4.08 +2.18 
Capsules with starch 200 198.7 5 1.12 -0.65 
Mycophenolic acid + microcrystalline 


cellulose 570 mg./g. 569.5 mg./g. 3 -0.09 
Mycophenolic acid + talc 470 469.3 3 -0.15 


Table 11-Monosodium Mycophenolate Assay Results 


Sample Theory Found n RSD * z RE Z 
Ampul(I0z aqueous) 105 mg./ml.' 102.6 mg./ml.= 5 1.71 +2.60 
Ampul (IOZ aqueous) 100 103.1 9 2.30 +3.10 


Capsules with starch 200 201.0 5 0.69 +0.50 
Monosodium mycophenolate + 


talc (1: 1) 500 mg./g. 509.8 mg./g. 3 +1.96 


a Mycophenolic acid equivalency per unit sample. 


Capsules with starch 200 mg./capsule 197.4 mg./capsule 5 4.40 $1.80 


Mycophenolic Acid Capsules, 200 mg.-Weigh five filled capsules 
and empty the contents into a small beaker. Wash the empty cap- 
sules with chloroform, discarding the washings. Allow the capsules 
to dry before weighing. Subtract the weight of the empty capsules 
from that of the filled capsules to determine the average fill weight. 
Thoroughly mix the dry powder in the beaker, and accurately 
weigh a portion of the sample equivalent to 100 mg. of mycophenolic 
acid. Quantitatively transfer the sample to a 125-ml. separator 
containing 20 ml. of purified water. Extract the compound with 
three 20-1111. portions of chloroform, allowing 2 min. for each 
extraction. Filter the chloroform layer through anhydrous sodium 
sulfate into a 100-ml. volumetric flask. Wash the sodium sulfate 
with chloroform, and collect the washings in the flask. Dilute to 
volume with chloroform and shake well. Pipet 1.0 ml. of this solu- 
tion into a 3 4 .  butyl-rubber-stoppered ampul, and proceed 
as directed for mycophenolic acid, using the same internal standard 
and standard reference solution. 


Monosodium Mycophenolate-Accurately weigh 100 mg. of 
sodium mycophenolate into a 100-ml. voliimetric flask containing 
50 ml. of methanol. Add 0.5 ml. of concentrated hydrochloric 
acid to the flask and shake well. Dilute to volume with methanol 
and shake well before transferring 10 ml. of the solution to a 
butyl-rubber-stoppered ampul. Seal the ampul and place it in a 
heating block at 80" for 0.5 hr. Cool the contents of the ampul to 
room temperature. Pipet 1.0 ml. of the solution into a 3-ml. butyl- 
rubber-stoppered ampul and proceed as with mycophenolic acid. 
Prepare a standard reference solution by accurately weighing 100 
mg. of monosodium mycophenolate standard into a 100-ml. 
volumetric flask containing 50 ml. of methanol. Treat this solution 
exactly as the sample solution. 


Monosodium Mycophenolate Ampuls, lO%-Pipet 1.0 ml. of 
the ampul solution into a 100-ml. volumetric flask containing 
50 ml. of methanol. Proceed as directed for monosodium myco- 
phenolate, using the same internal standard solution and standard 
reference solution. 


Experimental procedures and details for the GLC of ethyl myco- 
phenolate, methyl mycophenolate, and the cyclic compound are the 
same as for mycophenolic acid. 


Chromatograph the standard and sample solutions, and measure 
the peak heights of the respective internal standard, standard, and 
sample peaks. 


Calculations- 


(Eq. 1) 
peak height sample - R, 


peak height sample internal standard 


Rz 0%. 2) ~- peak height standard 
peak height standard internal standard - 


RI X milligram standard 
RP X milligram sample X standard purity milligram/gram = 


milligram active ingredient/gram sample (Eq. 3) 


Substitute milliliter sample for milligram sample when solutions 
are assayed. 


Eq. 3 X average fill weight of capsule = 


milligram active ingredient/capsule (Eq. 4) 


If the active ingredient is monosodium mycophenolate, the acid 
equivalency can be obtained by multiplying Eqs. 3 and 4 by the 
factor 0.935. 


RESULTS AND DISCUSSION 


Each of the compounds studied, except monosodium myco- 
phenolate, is chloroform soluble; thus, it was convenient to do 
simple extractions and dilutions with this solvent. Monosodium 
mycophenolate is very soluble in water and relatively insoluble in 
most organic solvents except methanol, which was used for this 
compound. 


Since it is more difficult to silylate the sodium salt of a carboxylic 
acid than the acid itself, initial efforts were made to convert mono- 
sodium mycophenolate in methanolic solution to mycophenolic 
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Figure 1-Typical chromatogram of internal sfandard and sample. 
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Table III-Retention Times of Trimethylsilyl Ethers of Myco- 
phenolic Acid and Related Compounds 


~ ~ 


Reten- 
tion 


Time,a 
Compound min. 


Mycophenolic acid 4.0 
Monosodium mycophenolate (as methyl mycophenolate) 3 .2  
Cyclic compound 4 .6  
Ethyl mycophenolate 3 . 6  
Methyl mycophenolate 3 .2  
Tetrapheny lethyleneb 1 . 2  


~ 


a Using chromatographic parameters described under operating 
conditions. * Internal standard. 


acid by the addition of concentrated hydrochloric acid with shaking. 
This resulted in a solution containing two compounds, as shown by 
GLC and TLC. The chromatograms suggested that the compounds 
were methyl mycophenolate and mycophenolic acid. Both IR 
and NMR confirmed that one component was methyl myco- 
phenolate. Additional checks were not made to determine whether 
the second component was mycophenolic acid; but the chemistry 
of the system, along with stability observations, indicated that it was 
the acid. Since methanol and hydrochloric acid are conducive 
to ester formation, it was convenient to form methyl mycophenolate 
from monosodium mycophenolate instead of forming the acid. 
TLC and GLC of aliquots taken from the reaction mixture at 
various time intervals indicated that esterification was taking place 
at a measurable rate even at room temperature. It was possible to 
obtain complete esterification by heating the reaction mixture at 
80" for 0.5 hr. Again, TLC and GLC confirmed that the solution 
contained only one component, methyl mycophenolate. Chroma- 
tography also indicated that no formation and subsequent esteri- 
fication of the cyclic acid hydrolysis compound (V) were occurring. 
The methylated cyclic compound has a lower R f  value and a longer 
retention time than methyl mycophenolate. 


To confirm that the soaium salt was being converted to the ester, 
an alternate method of preparation was employed in which a 
methanolic solution of mycophenolic acid was treated with gaseous 
hydrogen chloride. IR and NMR confirmed that the product was 
methyl mycophenolate. The product, from both methods of 
preparation, had the same R, value by TLC. 


It was found necessary to heat all compounds studied during 
the silylating reaction to obtain consistent results. Assay results for 
mycophenolic acid and monosodium mycophenolate were re- 
producible, and recoveries were good. Table I shows the results 
of assays of several lots of mycophenolic acid raw material and 
formulations. Assay results for monosodium mycophenolate are 
shown in Table 11. 


The response of the detector is linear over a range of concentra- 
tions from 0.5 to 1.5 mg./ml. for the silylated derivatives of myco- 


phenolic acid and methyl mycophenolate. The continual use of the 
silylating agent causes a deposit to form on the detector anode, 
which eventually causes a loss in precision and accuracy. This 
problem can be eliminated by periodically cleaning the anode in an 
ultrasonic bath. 


Both mycophenolic acid and monosodium mycophenolate are 
very stable compounds which lend themselves to quantitative 
assays as silylated derivatives. A typical chromatogram, showing 
peaks for the internal standard and silylated mycophenolic acid, is 
shown in Fig. 1. Although no quantitative work was done on ethyi 
mycophenolate and the cyclic compound, it should be possible 
to quantitate these compounds by using the same experimental 
parameters used for mycophenolic acid. Metabolites, other than 
ethyl mycophenolate, that are related to mycophenolic acid (10) 
also should be amenable to GLC. It is significant that mycophenolic 
acid, related metabolites, and other related compounds can be 
chromatographed by using very similar experimental conditions. 
Table I11 presents the retention times for the compounds studied. 
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Objective Visual Evaluation of the Relative 
Content of Major and Minor Defects 
in Tablets and Capsules 


Keyphrases Tablets, capsules-relative defect determination 0 
Defects, tablets and capsules-visual determination method 


Sir: 


Recently, it became desirable for our Quality Control 
Department to develop and subsequently implement a 
reasonably objective analysis for the evaluation of 
major and minor physical defects in tablets and capsules. 
The results would then be used to determine if ad- 
ditional processing was required prior to packaging. 


Even though major and minor physical defects are 
routinely monitored by most pharmaceutical manu- 
facturers, we were unable to find a reference regarding 
a test method in the literature. Consequently, a visual 
method has been developed which allows for the mon- 
itoring of major and minor physical defects in tablets 
and capsules. 


Basically, the method consists of filling a rectangular 
plastic (Plexiglas) tray, a monolayer in depth, with the 
test tablets or capsules. The tray is placed on a work- 
bench and positioned under a lamp containing a 100- 
watt incandescent lightbulb. The tray's width is placed 
parallel to the front bench edge about 7.62-15.24 cm. 
(3-6 in.) from the edge. The lamp is connected to a 
timer' that activates illumination of the lightbulb for a 
required amount of time. 


Table I-Definition of Major and Minor Defects 


Major Defects Minor Defects 


Surface spots Polishing not uniform 
Breaks or cracks Feathered edges 
Coated base tablet exposed Chips 
Foreign particulate matter" Pitting or pimples 


Atypical mottling 
Nonuniform color 
Nonuniform size or shape 
Not smooth 
Smeared printing 
Thin-coated edges 


a Detection of this major defect results in rejection of the lot until it is 
freed of any health hazard resulting from this defect. 


Subsequently, the start button of the timer is de- 
pressed and the tablets are scanned for both major and 
minor defects (Table I);  the defective tablets are 
marked, using a felt-tipped pen (or equivalent). Auto- 
matically, the light is turned off, signifying the end of 
the analysis. The number and types of defects are 
sorted, and the results are recorded on an assay report 


1 Model M-lM, Industrial Timer Corporation, Parsippany, N. J. 


form. The report is designed so that the number and 
types of defects are identified. 


An empty tray is superimposed over the tablet- 
containing tray, and the two trays are rotated 180" 
around the x- or y-axis so that the reverse side of the 
tablets are exposed. The original tray is removed, and 
the assay is performed on the new exposed side of the 
samples. The procedure is repeated until the total 
number of tablets or capsules required in the evaluation 
is assayed, and the results are recorded accumulatively. 


The total number of units assayed is related to batch 
size and based on Military Standard 105D. Using the 
average tablet or capsule weight, the number of units 
to be tested are weighed into a beaker for subsequent 
transfer to the testing tray. A double sampling plan is 
used in which the acceptable quality level (A. Q. L.) 
is 0.65 and 4.0%, respectively, for major and minor 
defects. 


Two sets of trays (two identical trays per set) are 
required to accommodate capsules, capsule-shaped 
tablets, and the conventional standard-shaped tablets. 
All the trays are 22.86 X 15.24cm. (9 X 6 in.); however, 
the trays used for capsules and capsule-shaped tablets 
have an inner depth of 0.32 cm. (0.125 in.), and the 
trays used for the standard-shaped tablets have an inner 
depth of 0.16 cm. (0.062 in.). 


Since the size of the tablet or capsule being assayed 
dictates the number of units in each tray load, the 
time interval (length of time light is illuminated) is 
correspondingly adjusted. In effect, the illumination 
duration is longest for the smallest tablet assayed. 
After a year of using this technique, we have developed 
the following formula for determining the time interval 
for a given sample: 


total number of tablets to be assayed - P seconds/tablet X - 
number of filled trays 


seconds/tray (m. I )  


The value of P chosen should reflect the desired rigidity 
of the inspection. In our laboratory, P has an average 
value of 0.035 sec./tablet. If lo00 tablets were to be 
tested and five filled trays were involved, the time 
interval would be 7 sec./tray. If the last tray is less than 
half a tray, half the time interval is used. Otherwise, the 
tray is considered a full tray. 


We found that the number of tablets scanned per 
tray varies between analysts, and the formula attempts 
to compromise these differences. Otherwise, the natural 
tendency of the analyst is to become overcritical of the 
sample appearance. 


J .  C. STONE 
Quality Control Laboratories 
Warren-Teed Pharmaceuticals Inc. 
Columbus, OH 43215 
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Mathematical Optimization Techniques in Drug 
Product Design and Process Analysis 


DALE E. FONNER, Jr.*, JAMES R. BUCK, and GILBERT S. BANKER 


Abstract 0 Optimization techniques represent analytical tools 
available to the researcher in his search for the best possible solution 
to a particular problem. Methodologies have been developed for 
structuring typical pharmaceutical development problems into a 
framework whereby sophisticated mathematical techniques can be 
employed to arrive at an optimal solution. Pharmaceutical prod- 
uct and process design problems were structured as constrained 
optimization problems and subsequently solved by the Lagrangian 
method of optimization. This optimization method was employed 
to generate optimal formulations in typical tablet design problems 
and to locate optimizing levels of processing variables in a typical 
encapsulation design problem. 


Keyphrases 0 Drug product design-mathematical optimization 
techniques 0 Process analysis-mathematical optimization tech- 
niques Lagrangian method-optimization, drug design 0 Op- 
timum tablet design-techniques 0 Tablets, optimization design- 
phenylpropanolamine HCI 


Pharmaceutical product and process design problems 
are normally characterized by multiple objectives. In 
designing a product, for example, the pharmaceutical 
scientist must often meet prespecified control limits 
which define or influence such dosage form charac- 
teristics as the unit cost, physical stability, chemical 
stability, or physiological availability of the active 
ingredient. The parameters describing these dosage form 
characteristics represent response or dependent vari- 
ables, and any limits or conditions placed on these 
response variables represent objectives. The magnitude 
of the observed value for each response variable gen- 
erally depends upon levels of one or more of the con- 
trollable (independent) variables. Mathematically speak- 
ing, thejth response variable is measured as yj,  and the 
responses obtained are a function of levels of one or 
more of the controllable variables, XI, XZ, . . ., X.. 
Thus, 


yj  = & ( X i ) ,  j = 1,2,. . ., r;  i = 1,2,. . ., n (Eq. 1) 


wherefi is the relationship between the one or more Xi 
controllable variables and each response variable yj.  
The geometrical representation of yi as a function of 
possible combinations of levels of the controllable 
variables defines a response surface (Fig. 1). The task 
of the pharmaceutical scientist frequently involves 
locating levels of the one or more Xi  controllable vari- 
ables that meet limits or conditions placed on each yi 
response variable. 


The response variables of product and process design 
problems are often affected differently by particular 
combinations of the controllable variables due to inter- 
action effects (1-5). If the response variable effects are 
nonadditive, the response surface is highly complicated. 
Unless the program of experimentation is statistically 
well designed and an extensive series of experiments is 
conducted, accurate estimates of the response variable 


t y .  = response ’ var iab le  


f. = relationship b e t ~ e e n  ’ combination o f  the 
cnntroilable variables 
and the r e - p o n s c  .:sriable 


k 
X. 


Figure 1-Representative graph of Eq. I for two controllable vari- 
ables, XI and X2. 


from a fixed set of controllable variables are virtually 
impossible (6). 


Design problems are further complicated when objec- 
tives are competing. As a particular controllable variable 
is increased in most pharmaceutical design problems, 
one response variable tends to improve while another 
response variable is degraded. For example, compres- 
sional force or the concentration of granulating agent 
employed may produce competing effects on tablet 
friability and disintegration time or on tablet hardness 
and drug-release rate. Achievement of the best product 
or process design under conditions of competing objec- 
tives and interactive effects by guesswork or trial and 
error is time consuming, unreliable, costly, and often 
unsuccessful. Furthermore, the pharmaceutical re- 
searcher who employs such techniques may not recog- 
nize how close a particular solution lies to the optimal 
solution. 


One way of dealing with complex pharmaceutical 
design problems is to structure them as constrained 
optimization problems. Problems structured in this way 
can be solved by any one of a number of existing tech- 
niques; one of the more versatile techniques is the 
Lagrangian method. This study investigated the useful- 
ness of a systematic optimization approach in solving 
pharmaceutical product and process design problems. 


Constrained mathematical optimization methods 
would appear to be broadly applicable to many pharma- 
ceutical product design and process analysis problems. 
Data which are currently being generated by preformu- 
lation research programs during drug product design 
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should permit the use of optimization techniques in an 
increasing number of product design or process analysis 
programs. 


Optimization techniques have the capability in 
pharmaceutical research of: (a)  saving time and mini- 
mizing costs in achieving the desired product design; 
(b )  improving the reliability of the research effort to 
achieve the optimal or near optimal product or process 
design solution; and ( c )  improving quality and assuring 
quality of the final drug product as affected by product 
and/or process design. 


THEORY 


Optimization problems may be broadly classified as either un- 
constrained or constrained. Unconstrained optimization involves 
the maximization or minimization of a function in which no restric- 
tions or limits have been placed on the controllable variables or 
functions of the controllable variables. For example, optimization of 


y = f ( X , ) ,  i = I,&.. ., n 0%. 2) 


represents an unconstrained optimization problem and can be 
solved by classical calculus techniques (7). For a function of n con- 
trollable variables, the location of relative optima requires solving 
a set of n simultaneous equations. The n simultaneous equations 
result from partially differentiating Eq. 2 with respect to the n 
controllable variables. The global optimum is then established by 
evaluating f ( X J  at the relative optimum points and selecting the 
most extreme of all the solutions obtained. 


A constrained optimization problem (7) is one in which a function 
is optimized subject to restrictions or limits placed on the con- 
trollable variables. Mathematically, the problem is to optimize 


(Eq. 3) y = f ( X , ) ,  i = 1,2,. . ., n 


such that: 


g j (X , )  = a,, 


gj(Xi> 2 aj, 


j = 1,2,. . . , p  5 n 


j = p + 1 , .  . ., m 


(Eq. 4) 


(Eq. 5 )  


Equation 3 represents the function to be optimized and is generally 
referred to as the objective function. Equations 4 and 5 are referred 
to as equality and inequality constraints for the specified constants 
al. Only the greater than or equal to relationship is represented, 
since h(X,) 5 0 may be written as g ( X J  = - h(XJ 2 0. Thus, the 
constrained optimization problem involves locating levels of X i  
that produce an optimal response inf(Xi) such that the constraints 
of the problem are not violated. If the objective function and 
constraints are linear, the problem can be solved by linear pro- 
gramming techniques (8-10). If nonlinearities exist in the objective 
function and/or one or more of the constraints, the constrained 
optimization problem of Eqs. 3-5 becomes a nonlinear programming 
problem. Several techniques capable of dealing with nonlinear 
programming problems have been developed(l1-13). Sincesystemsof 
pharmaceutical interest are often characterized by the presence of 
many interactions, nonlinear models frequently result. 


The Lagrangian Method-Of the techniques available for solv- 
ing the constrained optimization problem in its general form (Eqs. 
3-9, the most versatile method appears to be the Lagrangian 
method (7, 14, 15). Appendix A contains two numerical examples 
illustrating this method of optimization. The Lagrangian method 
has many desirable properties because this method: (a) locates the 
optimum directly and does not search infeasible points; (b)  gen- 
erates only feasible solutions; (c)  efficiently handles inequality as 
well as equality constraints; and (6) deals with nonlinearities in the 
objective function and/or constraints. 


Inequality constraints are converted to equality constraints by 
incorporating a slack variable, q j ,  which must be nonnegative to 
assure that its value is positive in the Lagrange function (16). 
Thus, Eq. 5 may be written as follows: 


(Eq. 6) 


The slack variable, q j ,  in effect absorbs the slack created by the 


gj(XJ - q,* = a], j = p + 1,. . ., m 


original inequality relationship. For a less than or equal to con- 
straint, the minus sign in Eq. 6 is replaced with a plus sign. Once 
the inequality constraints have been converted to equality con- 
straints, the next step is to form the Lagrange function, F ,  which is 
equal to the objective function plus the products of the Lagrange 
multiplier, Xi, and the constraint (7). For the general constrained 
optimization problem (Eqs. 3-9 ,  the Lagrange function becomes 


m 


C X M X J  - qj2  - all (Eq. 7) 


As shown in Eq. 7, one Lagrange multiplier is introduced for each 
constraint, and one slack variable is introduced for each inequality 
constraint. 


If the task is to minimize the objective function, then the Lagrange 
function is minimized with respect to the controllable variables Xi 
and maximized with respect to the Lagrange multipliers Xj, giving 
a so-called minimax solution (17, 18). In maximizing the objective 
function, the resulting solution is a maximin solution relative to 
Xi and Xj, respectively. Either form of the resulting solution is a 
stationary point in which the tangent of the Lagrange function is 
zero with respect to each Xi and Xj. Therefore, the values of the 
controllable variables which jointly satisfy each partial derivative 
of the Lagrange function with respect to Xi ( i  = 1, 2, . . ., n), X j  
( j  = 1 ,  2, . . . , p ,  . . . , m), and q j  ( j  = p + 1, . . . , m), each set equal 
to zero, provides stationary points including a constrained extreme 
of the objective function. These satisfying values, Xi*, can be 
obtained by the simultaneous solution to the n + rn equations. 
Each set of Xi* values obtained is a root to this set of equations 
and denotes a stationary point. If a set of equations gives multiple 
roots, then each root may be substituted into the objective function 
to find the one that is the desired extreme. If the equations obtained 
from partially differentiating the Lagrange function result in a set 
of simultaneous nonlinear equations, then numerical methods must 
be used to locate the simultaneous solution point (14). 


The Lagrange multiplier has an interesting interpretation directly 
relating to optimization problems (19). The numerical value of X j  
represents a measure of the instantaneous rate of change of the 
objective function with a change of the constraint's limiting value. 
Thus, the value of Xj is useful in projecting the expected gain or loss 
in the objective function accompanying a change in constraint of 
one unit. 


The Lagrangian method of solving constrained optimization 
problems assumes that a mathematical relationship exists which 
relates the response variable to levels of the controllable variables. 
Theoretically, mathematical models can be derived from a knowl- 
edge of the natural laws governing the system. However, underlying 
mechanisms in pharmaceutical product and process design problems 
are often so complicated that the formulation of an analytical 
mathematical model is out of the question. If an analytical model is 
impossible to derive, then an empirical mathematical model may 
be developed by using multiple-regression techniques (4, 20). Thus, 
it is usually possible to fit a polynomial to the response surface 
which can be expected to give an adequate approximation of the 
response surface over the region of experimentation. The Lagrangian 
method has been applied to a constrained optimization problem 
involving polynomial models generated by multiple-regression 
techniques (21). 


3'P + 1 


EXPERIMENTAL 


A typical product design problem was studied in this investigation. 
It involved locating levels of the binder and disintegrant that 
optimized tablet physical properties and drug availability in a model 
tablet formulation. An optimization method was used to solve a 
constrained tablet design problem involving a restriction placed on 
the urinary elimination rate of the drug. A process design problem 
was also analyzed utilizing regression models describing powder 
encapsulation (4). 


Model Tablet Design, Preparation, and Evaluation-A model 
tablet system was employed to demonstrate the advocated design 
procedure. Tablets containing various concentrations of a disin- 
tegrant and binder were prepared. The effect of the binder and dis- 
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integrant concentration on tablet hardness, friability, volume, in 
uitro release rate, and urinary excretion rate of drug in human sub- 
jects was recorded. Phenylpropanolamine hydrochloride' was the 
drug chosen based on its relatively low dose, safety, quantitative 
urinary excretion reflecting drug availability, and ease of assay from 
the urine. The model tablet system employed: (a) represented 
commonly used ingredients in tablet formulations; (b)  produced 
tablets that did not split or fracture during the friability test; and 
(c) contained levels of binder and disintegrant that significantly 
affected tablet hardness, friability, volume, and in uitro release rate 
of the drug. The tablet formulas studied were all contained within 
the following limits: 


Phenylpropanolamine hydrochloride 50 mg. 
Dicalcium phosphate dihvdrateZ (I.S. 
Corn starch3 ~ 


Stearic acid USP4 
1-41 7i 
5-45 7i 


Tablet weight = 400 mg. 


To achieve reproducible friability and in uitro r50% release rate 
data, it was necessary to control the moisture content of the tablets. 
The starch, therefore, was dried for 4 hr. at 120", and all tablet 
ingredients were individually stored in a vacuum desiccator con- 
taining anhydrous calcium sulfate5 for 24 hr. prior to compression. 
Tablets were individually compressed, utilizing 0.95 cm. (3/8 in.) 
standard cut tooling, to a load of 3000 Ib. on a pneumatic press.6 
The load was maintained for 10 sec., and all tablets were stored in a 
vacuum desiccator for at least 24 hr. prior to use. Karl Fischer 
moisture determinations were conducted to ensure that the moisture 
content of the tablets remained below 1%. At least five replicate 
tablets, each based on a separate powder mixture of a particular 
formulation, were used to obtain a measure of tablet volume, 
hardness, friability, and in uitro t 5 0 %  release rate for all nine tablet 
formulations studied. 


Tablet hardness in kilograms was determined using a Pfizer 
hardness tester.? Since tablet moisture content affected tablet 
friability, a special friabilation apparatus was fabricated in which 
humidity control was possible. This apparatus consisted of a 1.5-oz. 
amber, dry square bottle whose bottom was covered with a 0.25-in. 
layer of Wood's metal (soft solder). A 0.08-cm. (l/tpin.) thick piece 
of Teflon was dried over the Wood's metal to provide a smooth 
standard surface for tablet contact. A silica gel bag: wrapped in 
muslin, was attached to the cap of the bottle. Attrition was provided 
to the tablet in the bottle by placing the entire unit in an Eberbach 
shaker unit9 oscillating at  275 + 3 c.p.m., with a stroke length of 3.8 
cm. (1.5 in.). Friability was measured as the percent weight loss of an 
individual tablet after 40 min. of shaking. The conditions selected 
for the friabilation test were found to give reproducible data and 
to distinguish real friability differences existing among the nine 
different tablet formulations. 


Tablet volume was computed from the cylindrical tablet volume 
and the spherical segment volume of the standard cup punches used. 
The volume of the spherical segment was calculated as (22) 


(Eq. 8) 


where r is the radius of the segment and h is its depth. Punch 
diameter [0.94 cm. (0.3720 in.)] and punch depth I0.10 cm. (0.0410 
in.)] were measured with calipers. The volume of each spherical 
segment was calculated to be V = 0.037 cm.3 (0.0023 in.3). The 
crown thickness of the tablets was measured using an Ames 
micrometer. lo 


The in uitro release rate tests were conducted in a 250-ml., three- 
necked, round-bottom flask, utilizing 200 ml. of distilled water as 
the solvent, at 37 & 1". Agitation was provided by a model 12 
Stedi-Speed adjustable stirrer' equipped with a two-bladed, 3.18-cm. 
( I  .25-in.) diameter stainless steel impeller, which was operated at 130 


V = 1/6nh(3r2 + h2) 


1 Sigma Chemical Co., St. Louis, Mo. 
2 Monsanto Chemical Co., St. Louis, MO 63166 
3 A. E. Staley Mfg. Co., Decatur, IL 62525 
4 Ruger Chemical Co., Irvington-on-Hudson, N. Y. 
6 Drierite, W. A. Hammond Drierite Co., Xenia, OH 45385 
6 Fred S. Carver. Inc.. Summit. N. J. 
7 Chas. Pfizer &'Co.,'Inc., Brooklyn? NY 10017 


W. R. Grace Chemical & Co., Baltmore, MD 21203 


Table I-Tablet Formulations Used in the Optimization Study 


Mg. of Ingredient per Tablet- - 
Phenyl- Dical- 


Form- propanol- cium 
ulation amine Phosphate Stearic 


No. HCl .2HzO Starch Acid 
~~ 


1 50 326 4 (1%) 20 ( 5 % )  
2 50 246 84 (21 %I 20 
3 50 166 164(41%) 20 


84 100 
164 100 


4 
5 
6 


8 50 86 84 180 
9 50 6 164 180 


246 4 100 (25%) 
50 166 
50 50 86 


7 50 166 4 180 (45 7%) 


f 2 r.p.m. Thisagitation level providedsolvent circulation but did not 
disturb the particles formed by the disintegrating tablet at the 
bottom of the flask. Five-milliliter aliquots were removed at selected 
time intervals for analysis, with each aliquot being replaced by 
5 ml. of distilled water. The concentration of drug in the bulk 
solvent was corrected for drug lost from the previous samples. 
Each aliquot was filtered through a Millipore filter (0.65-p pore 
opening), and its absorbance was determined at 256.4 mp. Cumula- 
tive percent of drug released uersus time plots were prepared for 
each of the replicate tablets of each formulation. The time for 50% 
of the drug to be released ( t 5 0 % )  was determined graphically from 
each plot. 


The nine tablet formulations listed in Table I define a full 3 2  


factorial design. Levels of stearic acid and starch were equally 
spaced to permit a trend analysis of the data in the framework given 
by Davies (6). Replication provided an estimate of the experimental 
error involved, and experiments were randomized to prevent 
systematic biasing of the estimates of experimental effects. 


Urinary Excretion Rate-The urinary excretion rate of phenyl- 
propanolamine hydrochloride was determined for four different 
tablet formulations (Formulations 1, 3, 4, and 7 of Table I) and for 
a control solution of the drug. The control solution contained 47.66 
mg. of drug in 200 ml. of distilled water. Five healthy human male 
subjects were used. Each subject was separately administered all 
four of the dosage forms and the control solution of drug at time 
intervals of 7 X t '50% or longer, where tfso% represents a measure of 
the urinary elimination rate half-life in hours of the last formulation 
administered. The order of administration of the dosage forms and 
the order in which the individuals were tested were randomized. 
A modification of the assay of Heimlich er al. (23) was used for the 
drug urinalysis in which cyclohexane was employed as the extracting 
solvent. Three standards were run during each assay in which three 
known amounts of drug were added to a blank urine sample; the 
sample had been collected from each subject prior to administration 
of the dosage form. Semilog plots of cumulative percent drug re- 
maining in the body uersus time were made, the least-squares equa- 
tion for each line was solved, and the t '60% value was calculated. 


RESULTS AND DISCUSSION 


The effects of varying concentrations of stearic acid and starch, 
the controllable variables Xl and Xz,  on the tablet response variables 
of hardness (yl), in uitro r50% release rate (yz), friability (y3) ,  and 
volume (ya), are presented in Table 11. A two-factor analysis of 
variance (24) for homogeneity of variances disclosed that the in 
uitro t50% release rate (y,) and friability ( y 3 )  data appearing in Table 
I1 were not homoscedastic at the 99% confidence level. A transfor- 
mation was found which, when applied to the t50% and friability 
data, resulted in statistically equal variances a t  the nine different 
experimental conditions. An arithmetic plot was prepared showing 
the combination of standard deviation and mean value for each 
experimental condition of the in uitro release rate and of the fri- 
ability. In both cases the standard deviations were found to be 
proportional to the mean values, as indicated in the least-squares 
proportions of Eqs. 9 and 10, with correlations of fit exceeding 0.99: 


Su, = (0.7356 X lO-l)& (Eq. 9) 


Sy, = (0.8274)y3 (Eq. 10) 


Eberbach Corp., Ann Arbor, Mich. 
lo  B. C. Ames Co., Waltham, MA 46518 
11 Fisher Scientific Co., Chicago, Ill. 
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Table H-Effect of Stearic Acid and Starch Concentration on Certain Physical and Chemical Properties of the Tablets 


7 Percentage of Starch (X2)  
1 21 41 


Stearic -Response Variables- -- Response Variables- -- Response Variables- 
Acid, XI y,= Y 2 b  Y3E Y 4 d  x 102 yl Yz Y3 y4 x lo* y1 Yz Ya ~4 X lo2 


5 


Mean 
SD 


25 


Mean 
SD 


45 


Mean 
SD 


11.7 
12.0 
10.8 
10.2 
9.5 


10.8 
1.04 


15.0 
16.2 
16.4 
14.6 
15.5 
15.5 
0.77 


17.1 
17.7 
17.8 
17.8 
16.1 
17.3 
0.73 


52.5 
44.3 
47.9 
56.3 
51.0 
50.4 


118.0 
141.9 
123.5 
116.0 
123.0 
124.5 


300.0 
270.0 
324.0 
285.0 
281 .O 
292.0 


4.56 


10.25 


20.88 


4.49 2.36 5.4 15.0 
4.68 2.37 4.0 14.2 
4.43 2.37 4.4 15.7 
5.28 2.38 4.2 17.3 
4.33 2.37 5.8 15.8 
4.64 2.37 4.8 15.6 
0.378 0.005 0.79 1.15 
1.13 2.52 11.0 27.2 
0.99 2.53 9.5 25.2 
1.10 2.53 9.8 23.2 
1.21 2.53 10.3 28.3 
1.09 2.53 11.2 24.0 
1.10 2.53 10.4 25.6 
0.080 0.001 0.74 2.14 
0.08 2.73 13.5 36.2 
0.08 2.74 13.0 39.2 
0.10 2.73 13.1 43.1 
0.10 2.71 13.0 38.4 
0.08 2.73 12.8 41.7 
0.09 2.73 13.1 39.7 
0.011 0.008 0.46 2.73 


13.12 
13.71 
15.07 
15.88 
14.80 
14.52 
1.102 
1.55 
1.69 
1.48 
1.78 
1.64 
1.63 
0.115 
0.49 
0.45 
0.40 
0.38 
0.38 
0.42 
0.049 


2.53 1.5 5.1 
2.56 1.3 5.4 
2.56 1 . 3  5.9 
2.54 1 .0  6.0 
2.55 2.5 5.4 
2.55 1.5 5.6 
0.012 0.71 0.38 
2.67 6 .5  12.5 
2.66 5.4 11.8 
2.66 6 7 13.5 
2.66 6 . 4  12.0 
2.64 7.2 11.1 
2.66 6.4 12.2 
0.010 0.61 0.89 
2.86 9.8 19.6 
2.87 9.2 18.2 
2.85 9.8 20.7 
2.86 10.2 19.8 
2.86 11.0 21.7 
2.86 10.0 20.0 
0.005 0.66 1.32 


40.03 
47.20 
41.21 
47.92 
42.74 
41.82 
3.498 
4.74 
5.03 
5.17 
4.79 
5.75 
5.10 
0.406 
0.88 
0.95 
0.79 
0.84 
0.74 
0.84 
0.081 


2.72 
2.72 
2.69 
2.69 
2.70 
2.70 
0.010 
2.82 
2.85 
2.84 
2.82 
2.83 
2.83 
0.013 
3.00 
3.01 
2.99 
2.97 
2.97 
2.99 
0.016 


The yl is tablet hardness in Pfizer kilogram units. 6 The yz is in uitro release rate as measured by time in minutes for 50 Z of the drug to be in 
solution ( t 5 0 % ) .  c They3 is tablet friability as measured by percentage weight loss. d The yn is tablet volume in cubic inches. 


Brownlee (25) has shown that when S, = k7, the natural logarithmic 
transformation stabilizes the variances. This transformation was 
applied to the release rate and friability data; the results appear in 
Table 111. Three units were added to each transformation of 
friability datum to eliminate negative logarithmic values. The test 
for homogeneity of variances was then applied to the transformed 
data, and the existence of homoscedasticity could not be rejected 
at the 99 % confidence level. 


Regression Models-In stepwise regression, there are two basic 
versions: forward and backward (26). In this study, a backward 
stepwise regression analysis program1z was utilized to generate 
polynomial models relating the response variables to the controllable 
variables. The results of the regression analysis appear in Table IV. 
Although the multiple-correlation coefficients for the regression 
models were high (Table IV), the predictive power of each model 
required further evaluation. A valid means of extending the poly- 
nomial evaluation is to select experimental conditions or treatments 
not included in the original set of experimental conditions and to 
compute both the predicted response and its associated confidence 
interval. The result of a new experiment can then be compared with 
the prediction to determine if the new experimental result is con- 
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Figure %Contour curves for tablet hardness (kilogram), illustrating 
levels of starch and stearic acid producing similar responses. 


tained within the confidence interval. Four new expenmental con- 
ditions were tested, and these formulations corresponded to the 
possible combinations of XI = 15 and 35% and XZ = 11 and 31 %. 
The predictions from the polynomial models were determined, and 
the 95 % confidence intervals about a single prediction were com- 
puted. Construction of confidence intervals associated with multiple 
regression can be found in Chew (20). Next these formulations were 
prepared and the responses in question experimentally determined. 
Results of these analyses are given in Table V. The experimental 
response values all fell within the 95 % confidence interval about a 
single prediction (Table V), with one exception. Thus, acceptance 
of the regression models in Table IV for predictive purposes in 
this study appears to be reasonable. 


Contour Graphs-Contour graphs illustrate combinations of the 
controllable variables producing the same response. For each pre- 
designated response of y j ,  X2 was solved at values of XI = 2, 4, 
6, . . . , 40. A computer program for this purpose for use on the 
IBM 7090 was written, and contours were set by interpolation 
from the XI and X2 values obtained in the program output. The 
generated contour graphs are presented in Figs. 2-5. Contour 
graphs not only give various combinations of the controllable 
variables which produce the same response, but they also provide 
other interesting and useful information. For example, from the 
contour graph for tablet hardness (Fig. 2), it can be seen that to 
maintain a tablet hardness of 6.0 kg., the ratio of starch to stearic 
acid must be about 2: 1; for a tablet hardness of 12.0 kg., the ratio 
needs to be about 1 :2. For the sake of illustration, assume that the 
requirements on the final tablet are that hardness be 8-10 kg. and 
in uitro r 6 o %  be 20-33 min The solution to this problem is readily 


Table II-Stabilizing Effect of the Logarithmic Transformation on 
In Vitro Release Rate (y2) and Friability (y3) 


% Stearic Starch --ln yZ0- -In y3b + 3.0- 
Acid(Xl) (X , )  Mean SD Mean SD 


5 1 3.901 0.1212 4.533 0.0789 
5 21 2.745 0.0729 6.674 0.0770 
5 41 1.714 0.0686 6.731 0.0821 


25 1 4.822 0.0796 3.100 0.0729 
25 21 3.239 0.0835 3.485 0.0729 
25 41 2.498 0.0776 4.626 0.0776 
45 1 5.675 0.0843 0.563 0.1218 
45 21 3.580 0.0690 2.127 0.1129 
45 41 2.994 0.0657 2.822 0.0967 


’*This regression analysis program was developed for use on the 
IBM 7090 by M. Dale Fimple of the Sandia Corp. 
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0 The in uirro t5m release C ~ Z )  is measured in minutes. bThe tablet 
friability (y3) is measured by percentage weight loss. 







Table IV-Results of Multiple Regression Analysese 
~~ ~~ ~ ~ 


Coefficients Regression Coefficient Value- 
and Trend Tablet Friability, Table Volume, 


Components Trend Component Name Tablet Hardness, yl In Vitro f50. / . ,  In yzb In y3 + 3.0b y4 x loz 


Bto y-Intercept 0.96089 X 10' 
B ~ I  Xi Linear in XI 0.31689 X loo 
B*zXZ Linear in Xz -0.33759 x 100 
B+3 Xi Quadratic in Xi -0,29915 X lo-' 
Bi,Xz2 Quadratic in Xz 0.21832 X lWa 
Bt5XiXz Linear X linear 


interaction 0.12626 X 1W2 
Bt s Xi Xz 


interaction 0.0 
Bi7 XI  Xz 


interaction 0.0  
Bd'l1Xz2 Quadratic X quadratic 


interaction 0.0 


Multiple correlation coefficient 0.9899 


Linear x quadratic 


Quadratic X linear 


0.37657 X 10' 
0.45581 X lo-' 


-0.55720 X lo-' 
0.0 
0.0 


-0.17935 X lo-' 


0.45949 X lo-' 


0.0 


-0.20698 X 


0.9982 


0.45164 X loe 
0.0 
0.72057 X 10-1 


-0.20254 X lo-' 
0.0  


-0.77965 X lo-' 


0,11249 X 


0.18878 X 


-0,30361 X lo-' 
0.9975 


0.23441 X 10' 
0.49647 X 
0.83571 X 
0.79259 X 
0.0 


-0.52103 X lW4 


0.11770 X 1W6 


0.0 


-0.19681 X lo-' 


0.9983 


a These analyses were performed on a polynomial of the form yi = Bra f Bid5 + BtzXz + BfSXI' + Bi4XZ2 + ++5XIX2 -I- B r a X i ~ z 2  f B ~ ~ X I . ~ X Z  f 
BisXiZXz2, where i = 1,2,3,  and 4. b Since thelogarithmic transformation was applied to in uitro tsO% and tablet friabdity data to stabilize the variances, 
trend and regression analyses were performed on the transformed data. 


available by superimposing the contour graphs for tablet hardness 
and in virro t50% on each other. Figure 6 illustrates the desired 
solution space (shaded portion of graph). Figure 6 points out the 
fact that there are many combinations of Xi and Xz  producing 
responses which meet these restrictions on tablet hardness and 
in uitro release rate. When this is the case, the final selection of levels 
of Xi and Xz can be based on some other criterion such as cost. The 
reader interested in the different types of contour graphs and their 
physical interpretation is referred to Box (27). 


Constrained Optimization-Since a reasonably rapid release rate 
of drug is generally an important objective in the design of solid 
dosage forms, optimization of this parameter was employed in 
studying the applicability of constrained optimization to a phar- 
maceutical product design problem. The problem was thus to locate 
levels of stearic acid ( X i )  and starch ( X2) that minimized the in vitro 
release rate, such that the average tablet volume did not exceed 
0.442 (3137.3 (0.0270 in.3) and the average friability value did not 
exceed 2.72 %. Expressed mathematically, this constrained optimiza- 
tion problem was to minimize 


Yz = J;(XI,X2) (Eq. 11) 


such that the following constraints were not violated: 


5 5 x, I 45 (Eqs. 12-13) 


1 5 Xz 5 41 (Eqs. 14-15) 


Table V-Verification of Generated Polynomial Models 


y4 = fp(Xi,Xz) I 0.0270 (Eq. 17) 
Equations 12-15 serve as constraints to keep the Xi and XZ values 
in the known experimental region. 


Figure 7 represents a graphical analysis of the constrained opti- 
mization problem defined by Eqs. 11-17. The shaded portion of 
the graph defines the region of feasible solutions where none of the 
constraints is violated. Any pair of Xi and X2 values within the 
shaded region meets the friability and volume constraints as well 
as the minimum starch percentage (Eqs. 14, 16, and 17), without 
consideration of such nonbinding constraints as those of Eqs. 12, 
13, and 15. The dashed contour lines of Fig. 7 represent in uitro 
tao% responses of 12, 20, and 33 min. Since this family of contour 
lines is decreasing in the direction of Point A, it is also evident 
that the minimum starch percentage of Eq. 14 will not be binding 
in a minimization problem. By eliminating obviously nonbinding 
inequality constraints, the optimization problem of Eqs. 11-17 
reduces to the following: minimize 


In yz = BZO + &X1 + BZXZ + BZ6XlXZ f 


such that 


BzsXiX2' + WsXizXz2 0%. 18) 


Bso + BazXz f B33Xi' + B3sXiXz + B3sXiXz2 4- 
B3,XiaX2 + B3sXi2Xz2 + qI2  - (In 2.72 + 3.0) = 0 (Eq. 19) 


B ~ o  + B41XI + B42x2 + B4aX1' + B4sXiXz + BasXiXz' + 
BeXi'X2' + 4 2 2  - (0.0270 X 1 0 2 )  = 0 (Eq. 20) 


New Experimental Conditions 
% Stearic % Starch, 
Acid, XI xz 


95% CI 
about the Experimental Predicted yi. 


Variable from Polynomal Single Prediction Results 


15.0 
15.0 
35.0 
35.0 
15.0 
15.0 
35.0 
35.0 
15.0 
15.0 
35.0 
35.0 
15.0 
15.0 
35.0 
35.0 


11.0 Hardness (yl), kg. 10.4 
31.0 5.9 
11.0 14.1 
31.0 10.1 
11.0 In uitro ?so% (YZ), 37.3 
31.0 nun. 12.3 
11.0 68.0 
31.0 19.9 


8.8 - 12.1 
4.3 - 7.5 


12.4 - 15.7 
8.4 - 11.7 


31.7 - 43.8 
10.4 - 14.4 
51.9 - 80.2 
16.9 - 23.4 


3.18 2.32 - 4.36 
7.04 5.13 - 9.66 31.0 z wt. loss 


11.0 0.55 0.40 - 0.78 
31.0 1.21 0.88 - 1.66 
11.0 Table volume (yJ,  0.0252 0.0249 - 0.0255 
31.0 in. 3 0.0268 0.0266 - 0.0271 
11.0 0.0269 0.0266 - 0.0272 
31.0 0.0283 0.0281 - 0.0286 


11.0 Tablet friability (y~), 


9.4 
4.4 


14.6 
9.6 


34.4 
12.9 
72.8 
19.9 
4.14 
6.64 
0.51 
1.21 
0.0254 
0.0272" 
0.0270 
0.0284 


This value fell slightly outside the 95 % confidence range for a single prediction. 
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Figure 3-Contour curves for in vitro t 5 0 %  (minute), illustrating lecels 
of starch and stearic acid producing similar responses. 


In Eqs. 18-20, the regression models developed earlier (Table 
IV) have been substituted into Eqs. 11, 16, and 17. The slack 
variables q1 and q2 have been included in Eqs. 19 and 20 in order 
that these constraints may be written as equality constraints. The 
formulated Lagrange function is then 


F BZO + B21X1 + BZZXZ + B25XIxZ + B ~ ~ X I X Z '  + 
Bdi2Xz*  f h ( & o  + 8 3 2 x 2  + &3xi2 + Badixz + 
B36X1XZ2 f B37XlZX2 + B38XI2XZ2 + 41' - 4.000) + 


XZ(B~O f B ~ I X I  f B42X2 f B43XI2 f B45XIX2 + 
B46XiX2' + B,sXi2Xza + q z z  - 2.70) (Eq. 21) 


where XI and h2 are terms known as Lagrange multipliers. As can 
be seen from Eq. 21, one is introduced for each constraint. 


The original constrained optimization problem involving three 
equations has now been converted into an unconstrained minimax 
problem involving one equation. The minimax solution of Eq. 21 
defines values of XI and XZ which minimize the in vitro 150% value 
subject to the constraints on tablet friability and volume. When 
this Lagrange function is partially differentiated with respect to each 
variable, each differentiation is set equal to zero, and the set of six 
equations is solved simultaneously, the values of each variable are 


XI* = 22.5% XI = 0.50 41 = 0.0 
Xz* = 26.8% Xz = 2.90 9 2  = 0.0 


By substituting these values of Xl and Xz into Eq. 18, t*50% = 
17.9 min., which is the best release rate that can be achieved under 
the restrictions involved. Since q1 = qz = 0.0, both previously 
described constraints are binding as indicated by Fig. 7, where it 
is evident that the contour line for t*60% = 17.9 min. would pass 


33 


9 


3 


4 8 12 16 20 24 28 32 36 40 
% STEARIC ACID, XI 


Figure 5-Contour curves for tublet volume (cubic inch), illustrating 
levels of starch and stearic acidproducing similar responses. 


30 


through Point A, where the contour lines for y 3  = 2.72% and 
y 4  = 0.442 ~ 1 1 7 . ~  (0.0270 in.9 cross. 


Sensitivity Analysis-The solution to a constrained optimization 
problem may depend heavily upon the restricting values assigned 
to the secondary objectives or constraints. Consequently, minor 
modifications in these restricting values may result in a substantial 
improvement in the primary objective. Sensitivity analysis serves 
to identify the changes in the primary objective resulting from such 
modifications of the restricting values. Sensitivity analysis involves 
solving the constrained optimization problem for systematic changes 
of the restricting values assigned to the secondary objectives. 
Mathematically, the problem is to minimize In y t ,  such that 


In y 3  + 3.0 5 In ak + 3.0 (Eq. 22) 


5 5 XI 5 45, and 1 5 X2 5 41 (Eqs. 23-24) 


The restraining values of percent friability (ax) were allowed to  
assume the following values: 0.3, 0.4, 0.5, 0.6, 1.0, 2.0, 3.0, 4.0, 
5.0, 6.0, 7.0, and 8.0. These results are shown in Fig. 8, and they 
demonstrate that substantial improvements in t*50% can be obtained 
for values of a k  up to about 1-2x. Beyond 2%, the rate of decrease 
of t*50% is very low. Consequently, the scientist designing the drug 
product can evaluate the potential gains in the primary objective 
which accrue from modifications of restraining values on secondary 
objectives. An objective decision on whether or not restraining 
values on secondary objectives should be relaxed (or tightened), 
and by how much, is thus made possible. Also, the locus of XI* and 
Xz* points may be shown as a function of ak, as demonstrated by 
Fig. 9, so that any decision on the revision of a~ can immediately 
provide a revised solution in terms of the tablet formulation. 


Frequently, it is useful to consider the sensitivity of multiple 
constraints which requires a Lagrangian solution for each different 
combination of restricting values. For example, if the friability 
restriction was retained as f f k  and a tablet volume constraint of 


3L-- , ._ lL-  1 i,-JpluJ 
4 8 12 16 20 24 28 32 36 40 


% STEARIC ACID, XI 


Figure 4-Confour curves for tablet friability (percent weight loss), 
illustrating levels of starch and stearic acid producing similar re- 
sponses. 


6 


% STEARIC ACID, XI 


Figure 6-Feasible solution space defined by hypothetical restric- 
tions on tablet hardness and in vitro tso% release rate. Key: - - -, 
hardness contours (kilogram); and -, in vitro tho% contours (minute). 
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% STEARIC ACID, XI 
Figure I-Graphical analysis of constrained Optimization problem 
deJined by Eqs. 26-32. Key: 0, in vitro t50% (minute); 0, volume 
(cubic in.); 0, hardness (ki/ogram); andA, percent starch. 
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pk’ was added, then each f fk ,  pk‘ combination requires a new solution 
that provides t*50y,, XI*,  and Xz* values. The results for nine com- 
binations of a& and (3s’ for this example are shown in Table VI. 
An examination of the XI* and X2* values indicates that none of 
the experimental condition constraints was binding. Figure 10 
provides a graphic illustration of t*50% as a function of CY~ and 
&’. Figure 10 demonstrates that a sizable improvement in t*60% 
can be achieved by relaxing (Yk and flk’ values, but the rate of im- 
provement drops off sharply past the midvalue of o(k = 2.70 and 


Constrained Optimization and In Vivo Studies-Clinical trials 
performed on a new drug in its various dosage forms or dosage 
form modifications may result in information on the relationship 
between blood levels, level of therapeutic action, duration of action, 
toxicity properties, and the absorption rate or possibly the conse- 
quent elimination rate of the drug. Establishment of such relation- 
ships could lead to criteria being established on the absorption rate 
or consequent elimination rate in order that the best therapeutic 
response and/or duration of effect and minimal toxicity be achieved. 
The results of urinary elimination-rate studies performed on certain 
formulas used in this investigation are presented in Table VII. 
The time in hours for 509;: of the drug to be eliminated (t’60%) was 
used as a measure of the urinary elimination rate of the drug as 
modified by the availability from the respective formulation. The 
linear correlation coefficients for the semilog plots of drug retention 
versus time all exceeded 0.98, indicating that the excretion of phenyl- 
propanolamine hydrochloride followed an apparent first-order 
process. A comparison of the mean in uiiro (t50%) and in uivo ( t ’ S O % )  
data showed that the rank order of the formulations was the same 
for each criterion. Further analysis revealed that the logarithm of 
the mean in vivo t’50% data correlated very highly ( r  = 0.993) with 
the mean in uitro f 5 0 %  data on a linear scale. Figure 11 depicts this 
plot and illustrates the correlation. The confidence bands about the 
t’&o% values represent 95 confidence intervals. It would appear 
that prediction of the in viuo f’50% response from a knowledge of the 
in uitro t50% response can be made fairly accurately for the tablet 
system used in this study, employing the correlation curve appearing 
in Fig. 11. 


To illustrate the utility of the constrained optimization approach 
as applied to in uiuo data, a sample constrained optimization 
problem was formulated and solved using the Lagrangian method. 


@k’ = 0.0270. 


Figure &Optimum in 
vitro t50% release rate 
as a function of restric- 
tions on tablet fri- 


- 


- * - O  ability. 


I /  


I I I I I I I I L 
1 2 3 4 5 6 7 8  


MAXIMUM ACCEPTABLE FRIABILITY, % wt. loss 


Figure 9-Optimizing values of stearic acid and starch as a funciion 
of restrictions on tablet friability. Key: A ,  percent starch; and B, 
percent stearic acid. 


The following situation was assumed to exist in this illustrative 
example: 


1. The primary objective was to minimize tablet friability or its 
equivalent (In y3 + 3). 


2. Secondary objectives were to maintain a reproducible fill in 
the packaging container and to avoid noticeable differences in 
tablet size so that the tablet volume ( y4 )  is held within the interval 


3. Another secondary objective was to keep the in uivo elimination 
half-life below 6.5 hr. for the desired therapeutic effect of this drug. 


In constrained optimization form, the problem may be mathe- 
matically stated as: minimize 


0%. 25) 


0.0261-0.0269. 


(In Y J  + 3.0) = J;(X1,Xd 


such that 


2.61 5 y 4  X lo2 5 2.69, and (Eqs. 26-27) 


0.69937 + (0.1908 X lo-*) (elnut) 5 log 6.5 (Eq. 28) 


In Eq. 28, the left-hand side of the equation represents the least- 
squares estimate of the curve appearing in Fig. 11, and In yz  as a 
function of XI and Xz can be found in Table LV. 


Employing the Lagrangian method, the solution to the constrained 
optimization problem (Eqs. 25-28) was found to be as follows: 
XI* = 34.1W,. X2* = 13.39;:, and y3* = 0.64 % wt. loss. The 
volume constraint of Eq. 26 was nonbinding, and the other two 
constraints (Eqs. 27-28) were binding. To demonstrate further the 
validity of this approach to tablet design, a formulation was pre- 
pared using the optimal percentages of stearic acid and starch 
(34.1 and 13.39;:, respectively) and the empirical test results were 


Table VI-Optimizing Percentages of Stearic Acid and Starch and 
the Corresponding Optimal In Vitro Release Rate as a Function of 
Simultaneous Restraining Values on Tablet Friability and Volume 


Maximum Acceptable 
-Constraints- 
Fria- 
bility, 
% wt. Volume, 
loss (in.s) 


1.00 0.426(0.0260) 
0.442 (0.0270) 


Optimum 
In Vitro 


Optimizing Values Release 
of Controllable Variables Rate 
2 Stearic % Starch, (t*5!px), 
Acid, XI* Xz* min. 


27.9 7 . 9  71.6 
30.7 18.2 34.9 


0.459 in. 0280j 23.8 26.5 23.8 
2.70 0.4%(0.0260j 18.7 17.7 26.0 


0.442 (0.0270) 22.5 26.8 17.9 
0.459 (0.0280) 27.1 34.8 14.8 


7.40 0.426 (0.20601 10.9 23.9 15.4 
1 2 3 4 5 6 7 8  


MAXIMUM ACCEPTABLE FRIABILITY, 
% wt. loss 


0.442 (0.027oj 32.6 32.8 11.6 
0.459 (0.0280) 20.6 40.4 10.6 
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Table M-Results of Urinary Excretion Studies for Tablets 
Containing Various Concentrations of Starch and Stearic Acid 


Table VIII-Experimental Response Values for the Optimal 
Tablet Formulation of 34.1 % Stearic Acid and 13.3z Starch 


~~~~~~~~~ ~ ~ ~ 


Urinary 
Excretion 


Rate 
Sub- (t'sa%), Mean 


Formulation No." ject hr. (ttSO%), hr. SD 


Solution of Drug 1 
2 
3 
4 
5 


3 1 
2 
3 
4 
5 


1 1 
2 
3 
4 
5 


4 1 
2 
3 
4 
5 


7 1 
2 
3 
4 
5 


6.30 
4.09 
4.38 4.95 
5.09 
4.88 


5.07 
5.70 
5.94 
7.34 6.23 
6.07 
6.09 
9.13 


13.48 
16.54 18.00 
17.66 
19.65 


0.853 


0.874 


0.641 


1.723 


6.878 


5 See Table I. 


compared with the theoretical values predicted. These results appear 
in Table VIII, and the in uiuo urinary elimination rate curves appear 
in Fig. 12. The mean tablet volume of 0.442 c m 3  (0.0270 in.9 
and the mean t'so% excretion of 6.4 hr. were very close to the 
theoretical predictions of 0.0269 and 6.5, respectively. By optimizing 
the tablet friability, a cohesive tablet was formed, with an average 
friability weight loss of about 0.58$, which is sufficiently close to 
the theoretical prediction of 0.64 %. 


Pharmaceutical Process Optimization-Reier et al. (4) have re- 
cently quantified the weight and weight variation of filled capsules 
with controllable process variables. They found the significant set 


t.;o.,, min. 


4 


MAXIMLIM ACCEPTABLE 
FRIABILITY, o( 


Figure l&Optimum tSo% as a function of restrictions on tablet 
friability and volume. 


Tablet Urinary 
Friability, Excretion z wt. Rate 


Volume, cm.3 (in.3) loss (t'm%), hr. 


0.442 (0.0270) 
0.442 (0.0269) 
0.442 (0.0270) 
0.442 (0.0270) 


0.58 5.0 


0.444 (0.027ij 
Mean: 0.442 (0.0270) 0.58 6.4 


of controllable variables to be: (a) machine speed, r.p.m. (XI); (b )  
capsule size, (3177.3 (&); (c) specific volume, ml./g. (X3); (6) flow- 
ability, in.2 ( X4); and (e)  presence or absence of talc (&). Regression 
models relating these controllable variables with mean gross capsule 
weight (yl), capsule weight standard deviation (y2), and capsule 
weight coefficient of variation (y3) were given. These regression 
models can be employed to formulate an unconstrained optimization 
problem for determining levels of machine speed (X,) ,  specific 
volume ( X &  and flowability (X4), which minimize the capsule 
weight coefficient of variation (y3). Assuming that talc is present 
in the formulation, the model for y3 ,  using the data of Reier et al. 
(4), becomes 


y:  = 4.15 + 0.04Xi2 + 0.23X3' - 136x4 + 
0.45X4' - 0.15x1X3 - 0.1IXix4 (Eq. 29) 


Taking the first partial derivatives of Eq. 29 with respect to XI, Xa, 
and X4, setting these expressions equal to zero, and solving this 
set of three simultaneous linear equations produced the following: 
XI* = 13.3 r.p.m., X8* = 4.34 ml./g., and Xr* = 3.75 ins2 At this 
global minimum, y3* = 0.78%. However, the values for XI* and 
X3* far exceed values used by the authors in deriving Eq. 29 and 
may, therefore, not be valid. An interesting point is, however, that 
this information would suggest using a light, free-flowing powder 
and a high machine speed to minimize capsule weight variation. 
Since the maximum machine speed used by Reier et al. (4) was 8.7 
r.p.m., the optimization problem may be reformulated using this 
maximum machine speed as fixed, or : 


ya = 7.18 - 1.31Xa - 2.82X4 + 
0.23Xa2 4- 0.45Xa2 (Eq. 30) 


The solution to Eq. 30 is a global minimum at X3* = 2.85 ml./g. 
and X4* = 3.13 in.2, with the criterion of y3* = 0.90% at this 
minimum. Insofar as these regression models hold for various 
possible formulations, which appear to be reasonably general, the 
values XI* = 8.7, X3* = 2.85, and X4* = 3.13 for the control- 
lable variables minimize the capsule weight coefficient of variation. 
If y 3  is independent of capsule size, which appears valid for a t  
least moderate variations, then the solution to this optimization 
problem holds for various capsule sizes. 


However, it may not always be practical to utilize these optimum 
operating conditions. Often the bulk formulation, capsule size, and 
weight are specified in advance. As an example, assume the following 
information has been prespecified: (a) capsule size = No. 0, or 
Xz = 0.699; (b) capsule weight = 400 mg., or y1 = 400; (c) specific 
volume of powder = 2.80 ml./g., or X3 = 2.80; and (d) talc is 
present, or X S  = f l .  The objective is to locate levels of machine 
speed (XI> and flowability (X4) which minimize the capsule weight 


Figure 11-Correlation 
of in vivo and in 
vitro release rate data. 
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Figure 12-Urinary excretion data from five humans for the optimal 
tablet formulation of 34.1 % stearic acid and 13.3% starch. Key: 0, 
Subject I ;  A, Subject 2; 0, Subject 3; e, Subject 4; and A, Subject 
5. 


coefficient of variation. This represents a constrained optimization 
problem which may be formulated as follows: minimize 


y8 = 6.09 - 1.86X4 + O.04Xi2 - 0.45Xpz - 
0.42Xi - 0.11XiX~ (Eq. 31)  


such that 


548.49 - 32.27Xi - 11.20Xz + 1.92xiz = 400 (Eq. 32) 


The Lagrangian expression then becomes 


F = 6.09 - 1.86X4 + 0.04Xiz + O.45X4' - 
0.42Xi - 0.11Xix4 + X(148.49 - 32.27Xi - 


11.20Xz + 1.92X1') (Eq. 33) 


By partially differentiating Eq. 33 and solving this set of nonlinear 
equations, it was found that XI* = 5.63 r.p.m., X4* = 2.47 i n 2 ,  
and y3* = 1.62. Thus, for a 400-mg. No. 0 capsule, whose contents 
have a specific volume of 2.8 ml./g., the minimum coefficient of 
variation possible is 1.62, and this is achieved at a machine speed 
setting of 5.63 r.p.m. and a flowability value of 2.47 in.z 


SUMMARY 


The use of constrained optimization techniques, employing the 
Lagrangian method, has been successfully applied to complex 
pharmaceutical product and process design problems involving 
many competing objectives. Location of optimal solutions to 
pharmaceutical design problems by this analytical-mathematical 
approach has been demonstrated. In most situations the location 
of the theoretical optimal solution point can provide the starting 
reference for adjustments due to other practical considerations, 
thereby permitting more rapid and accurate solution of the design 
problem. The steps involved in solving a design problem via the 
constrained optimization approach may be summarized as follows: 


Identify important response variables y,, j = 1, 2, . . ., r,  the 
significant set of controllable variables Xi,  i = 1, 2, . . ., n, and 
measures on both classes of variables. 


Determine a mathematical relationship between each y j  as a 
function of Xi, either analytically or empirically. 


Select the response variable which is of greatest importance as 
the principal objective to be optimized and place control limits on 
the remaining response variables. 


Solve the resultant constrained optimization problem by one of 
the several existing techniques. 


In addition to finding optimal solutions to constrained pharma- 
ceutical problems, the application of sensitivity analysis studies to 
such problems was also illustrated. The rate of change of the optimal 
response in the principal objective to changes of restrictions on the 
competing or lesser important objectives was analyzed for a product 
design problem. 


The mathematical and statistical techniques described in this 
paper are suggested as an improvement over the trial-and-error 
approach widely employed today in pharmaceutical product and 
process design. Improved reliability of the research effort and a 
saving in time and money are the direct results of this sophisticated 
approach to pharmaceutical research problems. 


APPENDIX A 


Example 1-Locate the levels of XI and Xz which maximize 


Y = XIX2 (Eq. A-1) 


such that 


XI f xz = 4 (Eq. A-2) 


Since the constraint in Eq. A-2 is already in the form of an 
equality constraint, the Lagrangian function can be formed imme- 
diately: 


F = XtXz + X(Xi + Xz - 4) (Eq. A-3) 


Taking the first partial derivatives of the Lagrangian function 
(Eq. A-3) and setting the resulting equations equal to zero, 


dFlaX1 = x, + x = o 
aFlaX2 = xi + x = o 
aF/;iax 


(Eq. A-4) 


(Eq. A-5) 


(Eq. A-6) = xl + x, - 4 = o 
Solving these three equations simultaneously, XI* = 2, XZ* = 2, 
and X = -2.  Substituting these values of XI and XZ back into the 
objective function (Eq. A - l ) ,  it was found that y* = 4. Thus, the 
maximum response in y that can be obtained subject to the con- 
straint of XI + Xz = 4 is 4 units. This constrained optimization 
problem is represented graphically in Fig. A-1. Contour curves for 
objective function responses of 2, 4, and 6 units are shown. The 
dashed, straight line in Fig. A-1 represents the constraint (Eq. A-2), 
and Point A depicts the optimal solution point (Xi* = 2, Xz* = 2). 


y = XI2 + XzZ 


Example 2-Locate the levels of XI and Xz which minimize 


(Eq. A-7) 


such that 


XI + xz 2 4 (Eq. A-8) 


4 


3 


1 


I I 
1 2 3 4 5 6 


xz 
Figure A-1-Graphical solulion for constrained optimizarion problem 
of Eqs. A-I and A-2. Key: - - -, contour line for Xi + XZ = 4. 
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xz 


Figure A-2-Graphical solution for constrained optimization probIem 
of Eqs. A-7 and A-8. Key: - - - -, contour line for XI + XZ = 4. 


The inequality constraint of Eq. A-8 must first be converted to 
an equality constraint by introducing a slack variable, q. Thus, Eq. 
A-8 may be written as 


Xl + xz - q= = 4 (Eq. A-9) 


and the Lagrangian function becomes 


F = Xiz + Xz2 + X(X1 + Xz - q 2  - 4) (Eq. A-10) 


Taking the first partial derivatives of Eq. A-10 and setting these 
expressions equal to zero, 


8FldXi = 2x1 + X = 0 (Eq. A-11) 


aFIax2 = 2x2 + X = 0 (Eq. A-12) 


aF/dX (Eq. A-13) 


aFIaq = -2Xq = 0 (Eq. A-14) 


= X I  + XQ - q2 - 4 = 0 


Solving these four equations simultaneously, Xl* = 2, Xz* = 2, 
q = 0, and X = -4. At this optimal solution point, y* = 8 units. 
This constrained optimization problem is represented graphically in 
Fig. A-2. Point A in Fig. A-2 illustrates the minimum response in 
y that can be achieved under the restriction that Xl + Xz 2. 4. 
At the simultaneous solution point for Eqs. A-11-A-14, it is noted 
that q = 0. Thus, at the optimal solution point, XI + Xz = 4. 
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Anhydrotetracycline and 4-Epianhydrotetracycline in 
Market Tetracyclines and Aged Tetracycline Products 


VERNON C. WALTON, MARGARET R. HOWLETT, and GEORGE B. SELZER 


Abstract 0 A large number of tetracycline samples were tested for 
the presence of anhydrotetracycline and 4-epianhydrotetracycline 
when they were fresh and after being stored under normal and ad- 
verse conditions. It was found that: (a) Newly manufactured tetra- 
cycline preparations contain only small amounts of anhydrotetra- 
cycline and 4-epianhydrotetracycline. (b)  Storage under adverse 
conditions markedly increases the percentage of degradation 
products, but storage under normal conditions results in only a 
slow increase in anhydrotetracycline and 4-epianhydrotetracycline. 
In syrups, this can be correlated with loss in tetracycline potency. 
(c) Citric acid greatly increases the tendency of tetracycline to de- 
grade. (4 Tetracycline hydrochloride is more stable than tetra- 
cycline phosphate. (e) Demethylchlortetracycline is the most 
stable of the tetracycline derivatives studied. (f) Rolitetracycline is 
extremely unstable. 


Keyphrases 0 Anhydrotetracycline determination-tetracycline 
products [3 4-Epianhydrotetracycline determination-tetracycline 
products 0 Column chromatography-separation 0 UV spectro- 
photometry-analysis IJ Colorimetric analysis-spectrophotom- 
eter 0 Turbidimetric analysis-biological potency 


Degradation products of tetracycline (TC) and 4- 
epianhydrotetracycline (EATC), in particular, have been 
implicated in renal dysfunction (1-9). It was, therefore, 
of interest to determine the amount of degradation in 
TC products on the market. A large number of market 
TC products were examined for EATC content. Several 
lots were tested for stability under normal and adverse 
storage conditions to determine the amount of EATC 
that may reasonably be expected in newly manufactured 
TC products and to reveal what increase in EATC could 
be expected with time. 


Several analytical methods for the determination of 4- 
epitetracycline (ETC), anhydrotetracycline (ATC), and 
EATC have been described (10-17). The most conve- 
nient are those of Dijkhuis (15), Kelly (16), and Selzer 
and Wrisht (17); these have been adopted for use in this 
study. 


EXPERIMENTAL 


Methods-Colrrtm Chromatdgraphy-The method of Kelly (16) 
is a column chromatographic separation of ATC and EATC from 
each other and from TC and other interfering substances. The 
column consists of acid-washed diatomaceous earth' moistened 
with 0.1 M ethylenediaminetetraacetic acid (EDTA) buffer, pH 
7.8; the compounds are eluted with chloroform and determined 
spectrophotometrically. For this study, the method was modified 
to ensure that the sample was at  pH 7.8 when it was applied to the 
column. A 5-ml. sample of TC syrup containing 25 mg. of TC/ml. 
or a 2-ml. sample of pediatric drops containing 100 mg. of TC/ml. 
was diluted to 10 ml. with 0.1 MEDTA buffer, pH 7.8 (prepared by 
dissolving 0.1 mole of EDTA disodium salt in 800 ml. of water, 
adjusting the pH to 7.8 with ammonium hydroxide, and diluting to 
1 1.). The sample was then brought to pH 7.8 with ammonium 


1 Celite 545, Johns-Manville, New York, N.Y. 


Table I-Total Anhydrotetracyclines Present in Fresh 
Tetracycline Powder" 


Sample 
Number Manufacturer ATC + EATC, Z 


1-4 A 0.17,O. 14, 0.31, 0.17 
5-8 B 0.97.0.86.0.90.0.92 
9-12 C 0.47; 0.48; 0.57; 0.98 


13-18 D 2.06, 1.44, 1.98, 1.59 


19-2 1 E 0.25,0.71,0.62 
22-25 F 0.24,0.25,0.23,0.21 
26-29 G 0.39,0.46,0.36,0.34 
3&33 I 0.20,0.17,0.66,0.06 
34 J 0.11 
35 K 0.25 
36-38 L 0.41,0.09,0.81 


1.69, 1.27 


a Determined by the method of Dijkhuis (15). 


hydroxidewater (1 : 9) and diluted to 25 ml. with the EDTA buffer. 
One tablet containing 125 mg. of TC or capsule material containing 
125 mg. of TC was ground in a mortar and pestle with 10 ml. of 0.1 
M EDTA buffer, pH 7.8, brought to pH 7.8 with ammonium hy- 
droxidewater (1:9), and diluted to 25 ml. with the EDTA buffer. 
Each 250-mg. capsule was blended with 25 ml of 0.1 M EDTA 
buffer, pH 7.8, brought to pH 7.8 with ammonium hydroxide-water 
(1 : 9), and diluted to 50 ml. with the EDTA buffer. Difficultly soluble 
samples were dissolved first in 10 ml. of 0.1 N HC1, brought to pH 
7.8 with ammonium hydroxidewater (1 : 9), and then diluted to 50 
ml. with 0.1 MEDTA buffer, pH 7.8. 


A 1-ml. aliquot of the diluted sample was then mixed with 1 g. 
of dry diatomaceous earth, applied to the column, and covered with 
a 1-cm. layer of diatomaceous earth moistened with 0.1 M EDTA 
buffer, pH 7.8. The method was further modified in that no sup- 
porting circle of filter paper was used under the column, no layer 
of sand was used, and the 0.1 M EDTA buffer was not equilibrated 
with CHCb before use. 


Spectrophotometric Screening Method-The method of Dijkhuis 
(15) was used to screen powder, tablet, and capsule samples for 
total anhydrotetracycline content (ATC + EATC). The sample 
preparation was modified to ensure the dissolution of samples con- 
taining TC base or TC phosphate. A 50-mg. sample of TC powder 
was weighed into a SO-ml. volumetric flask, and 10 ml. of 0.1 N HCI 
was added. The flask was shaken until the sample dissolved; the 
contents were then diluted to the mark with water and assayed. 
Capsule powder or finely ground tablet powder equivalent to 250 
mg. of TC hydrochloride was placed in a 250-ml. volumetric flask; 
50 ml. of 0.1 N HC1 was added, and the flask was shaken on a 
mechanical shaker for 5 min. The sample was then diluted to 
volume with water and filtered through a fluted-filter paper. The 
f is t  20 ml. of filtrate was discarded and the remainder was collected 
for assay. The calculations were modified in that the formula recom- 
mended by Dijkhuis (15) for the calculation of the percent ATC 
in dosage forms was also used for TC powder. 


Paper Chrontatography-The method of Selzer and Wright (17) 
was used. It is an ascending paper chromatographic method for the 
separation of TC compounds by a resolving solvent of chloroform- 
nitromethane-pyridine (10:20:3) on 20.3 x 20.3-cm. (8 X 8-in.) 
Whatman No. 1 paper moistened with McIlvaine's buffer, pH 3.5; 
the spots are observed by their fluorescence under UV light. To 
vary the relative positions of the different TC and degradation 
products on the chromatogram and to facilitate their identification, 
the chromatographic paper was moistened with any of three buffers: 
McIlvaine's buffer, pH 3.5; 0.1 M EDTA buffer, pH 4.5; or 0.1 A4 
EDTA buffer, pH 7.7. 
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Table 11-Total Anhydrotetracyclines Present in Fresh 
Tetracycline Phosphate Powder" 


Table IV-Total Anhydrotetracycline and 4-Epianhydrotetracycline 
Present in Tetracycline Capsules" 


Sample Typeof Manu- 
Number Tetracycline facturer ATC + EATC, % 


~~~ 


Sample Number Manufacturer ATC + EATC, % 


1 H 1.44 
2 H 1.58 
3 H 1.05 
4 H 1.07 
5 H 1.05 


a Determined by the method of Dijkhuis (15). 


1-3 HCl B 1.38, 1.28,0.83 
4-5 HCI G 0.29,O. 27 
6-15 PO4 H 1.73, 1.66, 1.62, 1.50 


1.76. 1.44.2.89. 3.05 
1.13: 1.14' 


1618 Po4 M 
HCl M 
Base N 
HCl N 
HCl 0 
HCI P 


1.58; 
0.57 
0.65 
0.57, 
0.23. 


0.60, 1.32 ~~ 


19 
20 
21-24 
25-28 
29-31 


Potency Determination-The biological potencies of the samples 
of TC used in these studies were determined by the turbidimetric 
assay method (18) with Staphylococcus aureus (ATCC 6538P) as the 
test organism. 


Standards-ATC-EATC Mixture-A standard mixture of 50: 50 
ATC-EATC was prepared as follows: a mixture of 2 g. of TC HCI, 
1 ml. of glacial acetic acid, and 20 ml. of water was incubated over- 
night at 37". One milliliter of concentrated HCl was added, the 
mixture was heated on a steam bath for 30 min., and the liquids 
were removed by lyophilization. The dry powder was dissolved in 
methanol, and an aliquot was chromatographed on paper as 
described previously, using each of the three buffers mentioned to 
moisten the paper. In each case, two spots of equal intensity, cor- 
responding to ATC and EATC, were detected. Analysis of the 
powder by the column chromatographic method indicated that it 
contained 48.9% ATC and 50.9% EATC. Comparison of the 100. 
Mc.p.s. NMR spectrum of a CF2COOH solution with data in the 
literature (19) confirmed the identity of the mixture. The bands 
in a 100-Mc.p.s. spectrum were better resolved, and those bands due 
to H, and Ha* (Structures I and 11) could be integrated. Comparison 


0.50, 
0.32, 
0.29, 
0.68 


0.71, 


1.09, 
1.45, 
1.31 


0.46,0.44 
0.12,o.  55 
0.24 0.21: 


32-33 
34 
35-38 
39 
4049 


3 HC1 
HCI 
HCI S 
HCl T 
HCI U 


0.85;  
0.33 
0.63, 
0.68 


0.71,0.34 


1.29, 1.35 
1.41, 1.24 


1.14, 
1.60, 
1.31, 


~~~~~ 


a Determined by the method of Dijkhuis (15). 


cated that the sample contained only a trace of EATC; none could 
be detected by column chromatography. Integration of the bands 
corresponding to protons H, and H.1 (Structures I and 11) in the 
100-Mc.p.s. NMR spectrum of a DMSO-d6 solution of the sample 
indicated that the amount of ATC was on the order of 23 times as 
much as the amount of EATC. 


4-Epianhydroretracycline Sulfate-4Epianhydrotetracycline sul- 
fate (Lot No. 57 F 536, Bristol Laboratories) was used. Paper chro- 
matography of this compound in all three systems indicated that 
only a trace of ATC was present; none could be detected by column 
chromatography. Integration of the bands corresponding to protons 
H. and Ha1 (Structures I and 11) in the 100-Mc.p.s. NMR spectrum 
of a DMSO-ds solution of the sample indicated that the amount of 
EATC was on the order of 10 times as much as the amount of ATC. 
However, the presence of traces of one or more other compounds 
was indicated. 


Samples-All of the TC samples used in this study had been 
received as part of the antibiotic certification program. 


RESULTS AND DISCUSSION 


Because pharmaceutical dosage forms of TC contain a number of 
other ingredients, the column chromatographic procedure and the 
screening method were tested for interference from such materials. 
Phenyltoloxamine, aspirin, phenacetin, caffeine, salicylamide, and 
chlorothen citrate did not interfere with either method. Ampho- 
tericin B, neomycin, nystatin, oleandomycin, and triacetyloleando- 
mycin had no detectable effect on the results of the column chro- 
matographic procedure. Although novobiocin caused the EATC 
band to follow the ATC band quite closely in the column chro- 
matographic procedure, it did not affect the results. However, 


anhydrotetracycline 
I 


4.epianhydrotetracycline 
11 


of the peak areas indicated that the powder contained 45% ATC 
and 55% EATC. 


Additional quantities of mixed ATC and EATC were prepared 
by heating TC HCl for 5 min. in 2 N HCl(l5). The compositions of 
these materials were determined by the method of Kelly (16) and by 
comparison of their absorptivities at 356 and 430 mp. 


Anhydrotetracycline HCI Hydrate-Anhydrotetracycline HCl 
hydrate (Lot No. 63 F 2052, Bristol Laboratories, Syracuse, N.Y.) 
was used. Paper chromatography in all three buffer systems indi- 


Table V-Anhydrotetracycline and 4-Epianhydrotetracycline 
Found in Fresh Tetracycline Syrups" 


Sample 
Number Manufacturer ATC, % EATC, % 


Table 111-Total Anhydrotetracycline and 4-Epianhydrotetracycline 
Present in Fresh Tetracycline Hydrochloride Tablets" 1 B 


2 B 
0.27 
1.81 
0.06 


0.28 
1.12 
0.13 
0.13 


3 F 
4 H 
5 T 
6 T 
7 V 
8 V 
9 V 
10 V 
1 1  W 
12 0 


Sample 
Number Manufacturer ATC + EATC, % 


0.13 
0.13 
0.09 
0.39 
0.72 
0.11 
0.11 
2.93 
0.19 


0.30 
0.26 
0.43 
0.70 
0.16 
0.12 
4.18 
0.47 


1-15 F 0.50,0.46,0.53,0.52, 
0.54,0.46,0.47,0.63, 
0.59,0.59,0.57,0.58, 
0.63.0.49.0.54 


16-19 B i .81;  i.621 1.45, 1.59 
2&22 G 0.14,O. 11,0.69 


~~~~ ~ ~ 


= Determined by the method of Kelly (16). 0 Determined by the method of Dijkhuis (15). 
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Table VI-Comparison of the Loss of Potency of Tetracycline 
Syrup after Storage" with the Amount of Anhydrotetracycline 
and 4-Epianhydrotetracyclines 


Sample Potency Lost, ATC Found, EATC Found, 
Number mg./dose mg./dose mg./dose 


1 
2 
3 
A 
5 
6 
7 
8 
9 


10 
11 


0 
0 
0 


0.16 
0.26 
0.38 


0.25 
0.52 
0.30 


0 3.7 4.6 
2 0.49 0.62 
5 0.53 0.32 
5 0.98 
9 


10 
11 


. .. 


3.5 
0.35 
0.49 


12 1.2 


i .29 
3.9 
0.50 
0.62 
0.72 


12 13 0.32 0.32 
13 13 0.38 0.59 
14 16 4.8 4.1 
15 17 0.44 0.82 
16* 17 1.4 1.5 
17 23 1.2 0.99 
18 25 2.0 2.6 
19 
20 
21 


~~ 


28 
61 
32 


~. 


2.0 
3.6 
5.3 


2 .1  
4.1 
5.1 


a Storage ranged from 12 to 20 months at 25". b An experimental 
formula. 


amphotericin B and nystatin, both of which absorb light at 430 mp, 
caused unduly high results in the screening method when they were 
present in concentrations comparable to those found in commercial 
products. For this reason, TC products containing amphotericin B 
or nystatin were tested by the column chromatographic method. 


A survey was conducted to find out how much ATC and EATC 
were present in fresh TC powder. As shown in Table I, the ATC + 
EATC content of 38 samples of fresh TC HC1 bulk material from 
11 manufacturers ranged from 0.11 to 2.06%. However, all of the 
six results over 1 z were obtained with material from one manu- 
facturer. Table I1 shows the total ATC + EATC found in newly 
manufactured TC PO4 analyzed by the method of Dijkhuis (15). 
All of the five samples tested contained between 1 and 2 z  ATC + 
EATC. 


Another survey was made of the ATC and EATC present in 
newly manufactured samples of various TC dosage forms. Table 111 
shows that of 22 TC HCl tablets tested, only five contained more 
than 1 total ATC + EATC. These five samples were produced 
by one manufacturer and contained less than 2% ATC + EATC. 
As shown in Table IV, all but two of the 49 TC capsules tested con- 
tained less than 2 x  total ATC + EATC. Table V shows that only 


Table VII-Results of the Storage of Tetracycline Derivatives for 30 Days 
at 37" and 100% Relative Humidity 


two of the 12 fresh TC syrups tested contained more than 1% of 
either ATC or EATC. 


It can thus be seen that the amounts of ATC and EATC found 
in fresh TC products were quite low. On the basis of these results, 
limits of 2% EATC in TC powders and 3% EATC in finished TC 
products have been proposed for inclusion in the Code of Federal 
Regulations (20). 


Several studies were conducted to determine the stability of TC 
products under various conditions. In one study, TC syrups were 
examined for ATC and EATC after they had been stored for dif- 
ferent periods of time. The solid matter in the syrups was either in 
suspension or easily resuspendable. As shown in Table VI, there is 
some correlation between loss of biological potency and increase in 
ATC and EATC content. 


In another study, the ability of the TC antibiotics to resist un- 
favorable storage conditions of elevated temperature and high 
humidity was investigated. The TC samples were stored at 37" in 
desiccators containing water (100% relative humidity) or a saturated 
sodium bromide solution (66% relative humidity) in the desiccant 
chamber. The samples were tested for potency by the microbiologi- 
cal turbidimetric method (18) and for degradation products by the 
paper chromatographic method on paper moistened with McIl- 
vaine's buffer, pH 3.5, and by the column chromatographic method. 


Several conclusions may be drawn from the data presented in 
Tables VII and VIII. Demethylchlortetracycline (DMCTC) is the 
most stable of the TC derivatives when stored under 100% relative 
humidity at 37"; it showed no loss of potency after storage for 1 
month. Chlortetracycline (CTC) is somewhat less stable than 
DMCTC; after 1 month at 37" and 100% relative humidity, the 
potency of CTC powder had diminished by 17 % and that of capsule 
material by 1 4 z .  Neither CTC nor DMCXC showed evidence of 
anhydrolike degradation products by the paper chromatographic 
method. However, TC was less stable; TC products stored 1 month 
at 37" and 100% relative humidity gave visible evidence of degrada- 
tion by becoming partially liquid and turning dark brown. Potency 
losses of from 17 to 7 9 x  occurred, and the column chromato- 
graphic procedure revealed ATC levels ranging from 2.2 to 7.1 Z 
and EATC levels ranging from 3.3 to 14.1 %. Paper chromatography 
indicated that approximately one-half of the TC was converted to 
the inactive epimer form, ETC. Rolitetracycline (RTC) was even 
more unstable. Storage at 37" and 100% relative humidity resulted 
in almost complete destruction of this antibiotic; the only recog- 
nizable fragment was a small amount of the epimeric form of RTC. 
Paper chromatography of degraded oxytetracycline indicated the 
possible presence of an anhydrolike product. 


TC HCI powder and dosage forms were quite stable when stored 
2 months at 66% relative humidity and 37", as shown in Table IX. 
Only a small fraction of the TC was converted to the anhydro forms. 
However, TC HCI with added citric acid was almost completely 
inactivated and formed large amounts of ATC and EATC. Citric 
acid thus has an adverse effect on TC stability. TC POa is somewhat 


-Potency, mcg./mg.- 
Description Before After 


Product after Storage Storage Storage Paper Chromatography" 


Pooled demethylchlortetracycline Brown powder 1000 1030 Strong fluorescent spot (DMCTC) 


Demethylchlortetracycline Light-brown 490 480 Two minor spots at R ,  0.19 (Epi- 


Oxytetracycline hydrochloride Dark-brown 1000 490 Strong fluorescent spot (OTC) 


Oxytetracycline base powder Dark-brown liquid 185 Strong blue-green fluorescent 


hydrochloride powder at RJ 0.63 


capsule powder powder DMCTC) and Rj  0.37 


powder at RJ 0.20 


with few solid 
particles 


tar 


spot at origin; RJ 0.39 and 0.96 


Rolitetracycline powder Very dark-brown I000 15 No TC detected. Weak fluorescent 
spots at RJ 0.38, 0.20, and 0.96. 


Strong spot at origin. 
Chlortetracycline hydrochloride Yellow powder 490 420 Strong fluorescent spot (CTC) at 


Chlortetracycline capsule 


a On paper moistened with McIlvaine's buffer, pH 3.5. 


powder RJ 0.74 
Weak TC spot at R, 0.43. No 


powder degradation indicated 
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Table VLII-Results of the Storage of Tetracycline Powder and Capsule Materials for 30 Days at  
37" and 100% Relative Humidity" 


-Potency, mcg./mg.- 
pH before Before After 


Product Storage Description after Storage Storage Storage ATC, EATC, X, 
TC PO4 powder 


TC HCI powder 


TC HCI with glucosamine 


TC PO4 capsule powder 


TC PO4 capsule powder 


(capsule powder) 


(Company H) 


(Company M) 


Very dark-brown 800 215 2 .2  3.3 


2.38 Dark- brown 550 350 2.2 3.7 


2.30 Partially liquid, 520 430 7.  I 6 .5  


viscous liquid 


powder 


yellow- brown 
powder 


very dark- 
2.58 Partially liquid, 620 130 2.3 5.2 


brown powder 


brown liquid 
2.46 Very dark- 5 70 160 5.7 14.1 


a Chromatography was done on paper moistened with McIlvaine's buffer, pH 3.5; strong fluorescent spots for TC at  Rr 0.46 and Epi-TC at  Rj 
0.14; spots for ATC at Rf 0.98 and EATC at  R f  0.60. 


Table IX-Results of Storage of Tetracycline Powder and Capsule Materials at 37" 
and 66% Relative Humidity 


Potency, mcg./mg. Loss in 
Days Description Before After Potency, 


Product Stored after Storage Storage Storage ATC, % EATC, % Paper Chromatography" 


TC HC1 70 Yellow-brown 1000 900 10 0.02 0 .2  No ATC or EATC detected 


TC HCI capsule powder 70 Yellow-brown 520 600 0 0.15 None No ATC or EATC detected 


TC HCI with citric acid 70 Orange-brown 480 35 93 18.5 56.7 Large amount of ATC and 
capsule powder cake EATC. No TC detected 


TC PO4 powder 62 Yellow-brown 800 480 40 2 . 0  3 .2  Spots for ATC and EATC 
powder visible; large TC and 


TC PO4 capsule powder 62 Yellow-brown 680 450 34 1.3 1.8 Spots for ATC and EATC 
(Company H) powder visible; large TC and 


TC PO4 capsule powder 62 Yellow-brown 600 450 25 1 .7  2.3 Spots for ATC and EATC 
(Company M) powder visible; large TC and 


powder (est.) 


powder 


ETC spots 


ETC spots 


ETC spots 


a On paper moistened with McIlvaine's buffer, pH 3.5. 


less stable than TC HCI under conditions of 37" and 6 6 z  relative 
humidity; TC POc products stored under these conditions had 
potency losses ranging from 25 to 40% and small amounts of ATC 
and EATC were present. 


The effects of other active ingredients on the stability of TC PO1 
were also investigated. Samples from two lots of TC PO4 capsules 
made by the same manufacturer were stored under adverse and 
control conditions for 3 years. One lot (A) contained TC POc and no 
other active ingredients; the other lot (B) contained TC PO4, phenyl- 


Table X-Percent of Labeled Potency Present as 
Anhydrotetracycline and Epianhydrotetracycline in Tetracycline 
Phosphate Capsule Powder Stored under Normal Conditions 
and at 32 O and 63 % Relative Humidity 


Months Normal Conditions 32" and 63 R.H. 
Stored ATC, % EATC, % ATC, EATC, % 


0 0.52 
4 0.8 
9 1 .4  


32 3.9 


0 1 . 5  
4 2.3 
9 2.6 


2.8 
32 5.1 


Lot Aa 
0.27 
0.3 2.0 2.6 
0.88 3.3 3.4 
2.9 8.6 10.6 
Lot Bb 
0.44 
0.6  2.7 2.2 
1 .2  5.7 3.7 
1 . 1  3.5 4 . 0  
3.7 13.0 22.1 


5 No other active ingredients present. b Contained phenyltoloxamine 
citrate, aspirin, phenacetin, and caffeine. 


toloxamine citrate, aspirin, phenacetin, and caffeine. Control cap- 
sules were stored at room temperature in closed bottles, and the test 
capsules were stored under adverse conditions in open beakers in a 
desiccator at 32". The desiccant chamber was filled with a saturated 
solution of NasCr207 to ensure a constant relative humidity of 63 %. 
At intervals the capsules were tested for ATC and EATC content. 
As shown in Table X, the test capsules of both lots at all times con- 
tained greater amounts of ATC and EATC than the control cap- 
sules; and at all times, Lot B contained greater amounts of ATC and 
EATC than did Lot A. The final potency of Lot A after being stored 
under adverse conditions was 24.4% of the labeled potency; after 
being stored under control conditions, it was 80x of labeled po- 
tency. The final potency of Lot B after being stored under adverse 
conditions was 13.4z of labeled potency; under control conditions, 
it was 85 %. The combination of phenyltoloxamine citrate, aspirin, 
phenacetin, and caffeine apparently had some additional deteriorat- 
ing effect on the stability of TC PO4 capsules stored under adverse 
conditions. 
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NMR Analysis of Synthetic Corticosteroids of the 
1,4-Dien-3-one Type 


HAJRO W. AVDOVICH, PAUL HANBURY, and BRUCE A. LODGE 


Abstract A procedure for the analysis of synthetic corticosteroids 
of the 1,4-dien-3-one type is described. The method is based upon 
NMR spectroscopy. Spectra are determined in dimethyl sulfoxide 
containing an internal reference substance, fumaric acid. Both 
bulk drugs and formulations can be assayed using this method, and 
comparison is made with results obtained from official assays on 
the steroids and their formulations. The average deviation obtained 
in the NMR method was 0.6%. A procedure for water-soluble 1,4- 
dien-3-ones is also described. This method uses triethylamine hy- 
drochloride as an internal standard. 


Keyphrases IJ Corticosteroids, 1,4-dien-3-one type-analysis 0 
NMR spectroscopy-analysis 0 Fumaric acid-internal standard 


1 


Synthetic corticosteroids of the lY4-dien-3-one type 
are at present assayed (1, 2) by colorimetric methods 
based on the reduction of certain tetrazolium deriva- 
tives by the a-ketol side chain at C-17. Such methods 
do not distinguish between 1,4-dien-3-ones and re- 
lated corticosteroids of the 4-en-3-one type, which 
may be present as impurities and which frequently 
possess different corticoid activity to that desired in the 
Iy4-dien-3-one. NMR spectroscopy affords a method 
of distinguishing easily between the two groups of 
steroids. 1 ,CDien-3-ones possess three vinylic protons, 
of which the chemical shift usually differs from that of 
the single vinylic proton of 4-en-3-ones. It is, therefore, 
theoretically possible to detect the two groups of com- 
pounds in the presence of each other and, hence, to 
develop a much more specific assay procedure. 


Present methods used in the determination of pred- 
nisolone sodium phosphate (PSP) (1, 2) are also rel- 
atively nonspecific. The BP method (1) for the bulk 
drug relies upon dissolution in water and measure- 
ment of the extinction of the solution at  247 mp; for 


2 .o 3. 
I " ' 1 ' ~ ~ ' T  


400 


I! 


L Impurity t 


) . , . , I .  
I . . . . I . . . . I . . , . I . . . . I . . . . L  


P.0 7.0 PPM (6) 6.0 


Figure 1-Partial NMR spectrum of steroidal 1,4-dieti-3-one in 
dimethyI sulfoxide containing fumaric acid and 2 ,5 ,  or 10 2 of added 
steroidal 4-en-3-one. 
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BOOKS 


REVIEWS 


Thin-Layer Chromatography. Edited by EGON STAHL. Springer- 
Verlag New York, Inc. 175 5th Ave. New York, NY 10010, 
1969. xxiv + 1041 pp. 
Egon Stahl’s Thin-Layer Chromatography (second edition) is the 


most complete and current compilation of TLC theory and practice 
available today. The book, published in 1967 in German, is an 
expansion of his first work, organized in much the same manner. 
There is the same review of nomenclature before each compound 
class, the same history, and a much expanded theory section cover- 
ing new apparatus and additional techniques. 


The book has a much more complete section on heterocyclic 
nitrogen compounds than Kirchner’s Thin-Layer Chromatography. 
Phenothiazines, the diazepines, carbamate esters, compounds of 
antihistamine activity, and the narcotics are all more thoroughly 
covered by Stahl than in the other available books on the market. 
Moreover, most charts list the structural formula where feasible or 
the chemical name of the compound in addition to its common 
name. The amino acid section is also well done. There is an extensive 
listing of general test conditions and solvent systems for these 
compounds. 


The volume, however, is not specific in its treatment of the ste- 
roids. For the most part, it lists general systems for the various 
groupings of steroids and does not treat each drug individually. 
An incomplete and inconsistent index is also a hindrance, varying 
between listing drugs as to their activity, group name, or the name 
of one compound in the group. However, no existing TLC hand- 
book approaches the amount of data contained in this volume and, 
as such, this work is a definitive addition to any TLC library. 


Reuiewed by Dorothy K. Wolf 
Drug Standards Laboratory 
American pharmaceutical Association Foundation 
Washington, DC 20037 8 


Cationic Surfactants. Vol. 4. Edited by ERIC JUNGERMANN. Marcel 
Dekker, New York, NY 10016, 1970. xiv + 652 pp. 16 x 23.5 
cm. Price $37.50. 
This, the fourth volume in Dekker’s Surfactant Science Series, is 


concerned with the organic, physical, and analytical chemistry of 
cationic surfactants. A fourth section deals with the biological 
aspects of this class of surfactants. 


The eighteen authors are drawn from both industry and the uni- 
versities. Following an introductory chapter, the next six chapters 
deal with the synthesis of straight chain and cyclical alkylam- 
monium compounds, petroleum-derived and polymeric forms, and 
nonnitrogen-containing surfactants. Brief references to the applica- 
tions, physical properties, and toxicities of the compounds under 
discussion are made. As would be expected, major emphasis is 
placed on commercial products. Considering the potentially unex- 
citing subject matter, the presentation is clear and readable. 


There then follows a group of six chapters concerned with the 
physical chemistry of cationic surfactants. Specific topics covered 
are micelle formation in aqueous and nonaqueous media, adsorp- 
tion by a variety of substrates, and coacervation. A brief section on 
adsorption on biological substrates has obvious pharmaceutical 
implications. In most cases the treatment is sufficiently basic; in- 
evitably, much of the discussion is common to all classes of sur- 
factants. 


A single chapter comprises the section on the analytical chemistry 
of cationic surfactants. The approach taken is a practical one, with 
emphasis placed on methods that have been developed for carefully 
purified surfactants. The chapter considers both qualitative and 


quantitative aspects of analysis. Most discussion of the latter centers 
around absorptiometric, volumetric, and gravimetric analysis. 


The final section, on the biology of these compounds, contains 
two chapters that review the germicidal properties and toxicology, 
respectively, of cationic surfactants. In the chapter on germicidal 
properties, little consideration is given to a discussion of the mech- 
anisms of action involved. However, the descriptive literature in this 
area is covered satisfactorily. Cationic surfactant toxicology is well 
summarized in the final chapter, which also contains a comprehen- 
sive listing of reported toxicities. 


While this text undoubtedly represents a comprehensive presenta- 
tion on cationic surfactants, its major appeal to the pharmaceutical 
scientist will probably be limited to the last two sections which com- 
prise approximately one-third of the total material. 


Rruiewrdby James Swarbrick 
School of Pharmacy 
Uniuersitv o /  Connecticut 
Storrs. CT 06268 


Pharmaceutical Chemistrv. Volume 2: Instrumental Techniaues. 
Edited by L. G. CHATTEN. Marcel Dekker, Inc., 95 Madison Ave., 
New York, NY 10016, 1969. xiv + 773 pp. 17 X 24 cm. Price 
$17.75. 
Eighteen authors and the editor have collaborated to present 19 


chapters in this second volume of a two-volume set on the analytical 
aspects of pharmaceutical chemistry. When the objectives stated in 
the preface are compared with the final written work, this reviewer 
finds that, in general. the mission has been accomplished. In an at- 
tempt to evaluate this book, each chapter has been examined and 
the following comments are respectfully set down. 


The chapters may be conveniently divided into three groups: 
(1) topics involving electromagnetic radiation; (2) topics dealing 
with electrochemistry; and (3) subjects not classified as either ( I )  
or (2). In many cases, questions, problems, and answers as well as 
experiments have been provided. 


The first group of items is concerned with analytical techniques 
utilizing electromagnetic radiation in its various forms. The first two 
chapters concerning absorption spectrophotometry in the visible and 
ultraviolet region and in the infrared are well written and employ 
pretty much the standard approach to the subjects. ln the first case, 
spectrophotometric titrations and a welcome treatment of the 
chemistry of chromogenesis in some colorimetric analyses are in- 
cluded. The presentation of structure-spectra correlations is done 
well; unknown spectra are provided for practice and study. 


In both chapters, the experiments are appropriate but the instru- 
mental features receive only brief attention. Raman spectroscopy, 
becoming more useful as instrument prices diminish, is discussed in 
a separate chapter. The theory is examined carefully and requires 
an appreciation of group theory and fundamental spectroscopy for 
adequate understanding. At present, no good examples of the ap- 
plication of this technique to pharmaceuticals are evident. 
In the division of fluorometry, the explanations of theory, deriva- 


tions of equations, and the examination of pharmaceutical ex- 
amples are excellent. Particularly noteworthy is the portion discuss- 
ing spectra-structural correlations. The choice of experiments in- 
cludes the study of the physiological availability of riboflavin. The 
16 pages of the atomic absorption chapter are used with efficient 
economy, the various points being well presented. This simple 
technique is certain to be used to a much greater extent than it is 
today. The qualitative elucidation of the nuclear magnetic resonance 
phenomena i s  clearly written as is the section of interpretation of 
spectra, so very useful in organic compound identification. There is 
little quantitative work in this area, however. Turbidimetry and 
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Effect of Structural Similarity on Molecular Interaction in Aqueous 
Solution: Interaction of Phenazine and Tetramethylpyrimido- 
pteridinetetrone with Alkylxanthines and Benzene Derivatives 


KIICHIRO KAKEMI, HITOSHI SEZAKI, TAKAYOSHI MITSUNAGA, and MASAHIRO NAKANO* 


Abstract 0 The molecular interactions in water of phenazine and 
tetramethylpyrimidopteridinetetrone (TMPPT) with alkylxan- 
thines and benzene derivatives were studied by means of the phase 
solubility technique. Alkylxanthines showed a greater affinity 
toward phenazine than toward TMPPT. Benzene derivatives, on 
the other hand, formed more stable complexes with TMPPT than 
with phenazine. These results are discussed in terms of structural 
similarity between interacting species. Studies concerning the effects 
of solvent on the extent of complex formation have revealed that 
water plays a unique role in these interactions. The observation 
that complexation between two structurally dissimilar compounds 
is favored over that between two similar compounds suggested that 
some forces other than mere hydrophobic bonding should be taken 
into consideration. It is postulated that the results are best ration- 
alized by hydrophobic bonding stabilized by a type of bonding 
similar to polarization bonding. 


Keyphrases 0 Molecular interaction, aqueous solutions-struc- 
tural similarity effect 0 Phenazine-alkylxanthines, benzene deriva- 
tives-interaction Tetrarnethylpyrimidopteridinetetrone-alkyl- 
xanthines, benzene derivatives-interaction 0 Phase sohbility- 
molecular interactions UV spectrophotometry-analysis 


While molecular interaction in nonpolar solvents 
can best be understood on the basis of hydrogen bond- 
ing o r  charge transfer complexation, a mechanism of 
molecular interaction in aqueous solution still remains 
largely unsolved. Earlier workers initially believed that 
hydrogen bonding was responsible for complexation in 
aqueous solution. Considerable evidence has since been 
accumulated to dispute this interpretation (1). The 
application of the charge transfer complexation theory 
in nonpolar sovents (2) to aqueous solutions is not in 
accord with present knowledge of interactions in 
aqueous solution. Such an interaction has been shown 
to be quite weak or nonexistant in an aqueous environ- 
ment (3), since a typical charge transfer band is not 
usually observed in water (3). It is thought that thermal 
electron transfer leading to the formation of radicals 
or reactions may be responsible for the appearance of 
such a band in some cases. 


The more or less nonpolar molecules in water tend to 
come together, reducing the number of water-solute 
contacts. This phenomenon is known as hydrophobic 
bonding. Solvophobic bonding refers to a similar phe- 
nomenon in any solvent. The source of stability of a com- 
plex in aqueous solution has been attributed either to 
a favorable enthalpy term [large surface energy of 
water (4, 5) ]  or to a favorable entropy term [increased 
ordering of water around the hydrophobic group in a 
solute molecule (6,  7)]. The “squeezing-out” effect 
proposed by Higuchi and Lach as early as 1954 (8) 
is essentially the same as the theory by Sinanoilu and 
Abdulnur (4, 5). Studies on the effect of solvents on the 
extent of complexation (9-1 1) generally support the 
hydrophobic bonding theory. Complexes stabilized 


in aqueous solution tend to dissociate in less polar and 
nonpolar solvents, except when solute molecules as- 
sociate by hydrogen bonding or charge transfer inter- 
action (12). 


From a considerable amount of work concerning 
complex formation in aqueous solution, Higuchi (13) 
concluded that hydrophobic bonding alone cannot be 
responsible for interaction in aqueous solution. He 
suggested that interacting molecules may be divided 
into groups or classes such that compounds which 
belong to the same class do not interact very strongly 
with each other while those belonging to different 
classes bind strongly. 


In pursuit of the elucidation of the mechanism of 
molecular interaction in water the present study was 
undertaken by selecting two model compounds, phen- 
azine and tetramethylpyrimidopteridinetetrone(TMPPT) 
so that the extent of interaction can be monitored by 
the increase in their solubility in the presence of 


n 


I I 


CH, CH,, 
phenazine TMPPT 


complexing agents. The choice of phenazine and 
TMPPT is based on simplicity in their spectrophoto- 
metric assay and on the polarizable nature of the 
former in contrast to the polar nature of the latter. The 
present results demonstrate that there is some dis- 
crimination in molecular interaction even in aqueous 
media, the extent of interaction being greater between 
polar and polarizable compounds than that between 
two polar compounds or two polarizable molecules. 
The results are further interpreted in terms of additional 
stabilization of complexes by polarization bonding (14) 
in the presence of hydrophobic bonding contribution 
due to water as solvent. 


EXPERIMENTAL 
Materials-Phenazine (Aldrich) was recrystallized from meth- 


anol-water, m.p. 171 ’. 1,3,7,9-Tetramethylpyrimido(5,4-g)pteridine- 
2,4,6,8( lH,3H,7H,9H)-tetrone (abbreviated as TMPPT; Alfred 
Bader Chemicals, Aldrich) was used without further purification 
since its NMR spectrum indicated no impurity; m.p. >340”. With 
the exception of N-substituted amides (15), complexing agents were 
obtained from commercial sources and purified whenever neces- 
sary. Water was purified by distillation. Organic solvents employed 
were of spectroscopic grade. 


Methods-Phenazme (or TMPPT) in excess of the solubility 
was added to vials containing aqueous solutions (5 ml.) of varying 
concentrations of the complexing agent. Complexing agent concen- 
trations were obtained by dilution of a stock solution. The vials were 
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Eqs. 2 and 3 was assumed and the stability constants defined by 
Eqs. 4 and 5 were computed. 


A + B $ A B  (W. 2) 


0 1 2 
COMPLEXING AGENT, M X 10' 


Figure 1-Solubility diagrams of phenazine in the presence of 8- 
methoxycaffeine (D), theophylline (O), N,N-dimethylcinnamamide 
(01, andsodium salicylate (A) in wafer at 25". 


closed and shaken in a constant-temperature water bath at 25' for 
about 40 hr. The equilibrated contents of the vials were quickly 
filtered through sintered-glass funnels (medium porosity) under 
reduced pressure. Samples (2 ml.) were then diluted with water and 
the total concentration of phenazine (or TMPPT) solubilized was 
measured spectrophotometrically at 366 mp (or at 360 mp for 
TMPPT) employing a spectrophotometer (Shimadzu QV-50). The 
observed solubility of phenazine (or TMPPT) was plotted against 
the concentration of complexing agent added. Stability constants 
were calculated from the solubility diagrams according to the 
following manner. 


I : I  Complex-Where a straight line was obtained in the 
plot, the formation of a 1 :1 complex was assumed and the stability 
constant was calculated from Eq. 1 (16); 


slope 
intercept(1 - slope) Ki:i = 


I : I  and I :2  Complexes-Where an upward curve was obtained in 
the plot, the formation of both 1 :1 and 1 :2 complexes given by 


8 1 -  


7 


5 6  


X 
f 


4 


0 1 2 
COMPLEXING AGENT, M X 10' 


Figure 2-Solubility diagrams of TMPPT in the presence of N,N- 
dimethylcinnamamide (0), sodium salicylate (A), Smethoxycaf- 
feine (O), and theophylline (0) in water at 25". 


(Eq. 5 )  CABn 
K1:2 = cAB(cB - CAB - 2cAB2) 


where CAO, CB, CAB, and CAB, are the solubility of A in the absence 
of B, the total concentration of B, the equilibrium concentration of 
AB, and that of AB2, respectively. From the material balance, the 
apparent solubility of A,  CA, is given by 


CA = CA" + CAB +  CAB^ (Eq. 6) 


From Eqs. 4-6 the following equation was obtained (17): 


(Eq. 7) 


Since CAB and CAB, were not known experimentally, they had to be 
calculated by an iteration (17). The initial values for KI:I and K I : ~  
KlzB were obtained from Eq. 7 by ignoring the CAB and CAB, terms. 
The first approximate values for CAB and CAB, were obtained from 
Eqs. 4 and 5 ,  i.e., 


CAB = K~:~CA"CB (Eq. 8) 


CAB, = K~:IK~:ZCA'CB* (Eq. 9 )  


The CAB and CAB* values were then put into Eq. 7 to obtain better 
values for and KI:IKI:z. These steps were repeated until a 
convergent straight line was obtained. 


RESULTS 


The solubility diagrams of phenazine in the presence of theophyl- 
line, 8-methoxycaffeine, N,N-dimethylcinnamamide, and sodium 
salicylate are shown in Fig. 1. The solubility diagrams for the 
TMPPT systems are shown in Fig. 2. 


Similar solubility measurements were carried out for both phen- 
azine and TMPPT in the presence of 1,3-dimethyluracil, j3-hy- 
droxyethylphthalimide, cinnamamide, sodium benzoate, sodium 
cinnamate, benzoic acid, phenol, benzamide, anisamide, and N- 
methylbenzamide. The solubility diagram of phenazine in the 
presence of caffeine is shown in Fig. 3, while that of TMPPT is 
presented in Fig. 4. 


A downward trend in the solubility diagram of the TMPPT- 
caffeine system is apparent in Fig. 4. Guttman (18) earlier 
found that the solubility diagram for the interaction of riboflavin 
with caffeine was similarly convex. He has explained this tendency 
on the basis of the dimerization of caffeine (19). When the dimeriza- 
tion of caffeine was taken into consideration for the present system, 
a straight line was obtained giving KIZ1 of 19 MP. In this calcula- 


tion, equilibria 2C Cz and T + C $ TC were taken into con- 
sideration, while the contribution from 2T e Tz was neglected 
because of low concentrations of T present, where C = caffeine 
and T = TMPPT. A value of Kd = 12.7 M-l(l9) was used in the 
calculation. The upward curve in Fig. 3, on the other hand, clearly 
demonstrates the presence of higher order complexes as well as a 
1 : 1 complex. Stability constants computed from such solubility 
data are presented in Table I for the complexes formed in each 
system. A typical example of the iterative procedure used, when 
applicable, for calculating Kl:l and KI:Z values is illustrated in Fig. 
5 for the interaction of phenazine with 8-methoxycaffeine. 


The effects of solvent on molecular interaction were examined for 
the interaction of TMPPT with N,N-dimethylcinnamamide. The 
results shown in Table I1 clearly indicate the important part played 
by water as a solvent. Studies with less polar solvents than those 
employed, such as carbon tetrachloride and cyclohexane, could not 
be made because of insolubility of TMPPT in such solvents. 


Kd Ki:i 
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Figure 3-Solubility diagram of phenazine in the presence of caffeine 
in waterat25'. 


DISCUSSION 


Results shown in Figs. 1-4 and Table I clearly indicate that cyclic 
amides (alkylxanthines, 1,3-dimethyluracil, and P-hydroxyethyl- 
phthalimide) interacted much more strongly with phenazine than 
with TMPPT, while benzene derivatives (with the exception of 
benzamides) interacted more strongly with TMPPT than with 
phenazine. Although benzamides appeared to complex with both 
phenazine and TMPPT to the same extent, the complexing be- 
havior of other agents toward these model compounds unequivo- 
cally supports the view that compounds belonging to the same class 
(benzene derivatives and phenazine on the one hand and cyclic 
amide and TMPPT on the other) do not interact very strongly, 
while those belonging to different classes (cyclic amides and phen- 
azine on the one hand and benzene derivatives and TMPPT on the 
other) interact strongly in aqueous solutions (13). Phenazine and 
benzene derivatives may be classified as polarizable since the charge 
distribution in phenazine and in the benzene ring of the benzene 
derivatives are expected to be more or less uniform, although the 
benzene derivatives have net dipole moment. Cyclic amides includ- 
ing TMPPT, on the other hand, are classified as polar because the 
charge distribution in 1,3-dimethyluracil, the six membered ring of 
the alkylxanthines, and the maleimide group of P-hydroxyethyl- 
phthalimide, are considered to be very much irregular (20). The 
observed complexing behavior between there compounds may be 
summarized as in Siieme I. 


phenazine 


strong 
benzene deriv. + + cyclic amides 


polarizable polar 


Scheme I 


Though the interaction of TMPPT with phenazine cannot be 
determined experimentally because of the low solubility of these 
compounds, the interaction of cyclic amides with benzene derivatives 
has been reported to be appreciable (16). It should be pointed out 


Table I-Stability Constants of Phenazine and TMPPT 
Complexes in Water at 25" 


~~ ~ 


-Phenazine- -TMPPT- 
C : i  &:z & : I  &:a 
M-1 M-1 M-1 M-1 Complexing Agent 


Theophylline 
Caffeine 
8-Methoxycaffeine 
1,3-Dimethyluracil 
&Hydroxyethylphthalimide 
Cinnamamide 
N,N-Dimethylcinnamamide 
Sodium salicylate 
Sodium cinnamate 
Sodium benzoate 
Benzoic acid 
Phenol 
Benzamide 
Anisamide 
N-Methylbenzamide 


166 
314 
345 
23 
42 
28 
37 
I2 
17 
4.7 
9.8 
5 .5  


11 
34 
15 


13 
19 
21 


10 
69 
44 
43 
46 


23 
18 
13 
31 
13 


2.3 


8 . 7  


here that distinction between polar and polarizable molecules may 
become obscure when a compound carries both polar and polariz- 
able groups. 


The present studies concerning the effects of solvent on complex 
formation (Table 11) have quantitatively demonstrated the specific 
role played by water as a solvent. Since both TMPPT and N,N- 
dimethylcinnamamide have no hydrogen capable of forming hy- 
drogen bonds, the possibility of direct hydrogen bonding between the 
interactants can be ruled out. The results do not appear to support 
charge transfer as the major force responsible for the interaction 
since there seems little tendency for stabilization of the complex in 
less polar solvents (21). 


A valid mechanism for this associative behavior of organic 
molecules in aqueous media should, therefore, take into account 
both the selective nature of interaction and the important role of 
water as the environment which facilitates such interactions. The 
following hypothesis is proposed in order to give a rationale to the 
present knowledge of interactions. Water seems to have a role of 
bringing solute molecules together (hydrophobic bonding). When 
two solute molecules are brought together, a bonding similar to 
polarization bonding may become operative and stabilizes the 
complex. The detailed reasoning on which the hypothesis is based 
follows. 


If one of the direct interactive mechanisms such as hydrogen 
bonding, charge transfer complexation, or interactions due to 
orientation forces and induction forces were the primary forces 
which bind two solutes together, even larger stability constants in 
less polar solvents than in water would be expected. The authors' 
results (9) as well as others' (10, l l ) ,  however, showed that the 
extent of interaction is greatest in water, decreasing with increasing 


3 
0 5 10 
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Figure &Solubility diagram of TMPPT in the presence of caffeine 
in water at 25 '. 
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Figure 5-Analysis of the solubility data for the interaction of 
phenazine (A) with 8-methoxycaffeine (B) in water at 25”. Key: 
0, first iteration; A, second iteration; and 0, third and further 
iterations. 


percentage of polar organic solvents in water-organic solvent mix- 
tures, and it is very small in pure organic solvents. The extent of 
interactions in various solvents was correlated with the surface 
free energy of the solvent (10, 22). Sinanoglu and Abdulnur 
attributed the main interactive force to the large enthalpy of water 
(4, 5). Observed results (Table I), however, cannot be rationalized 
merely by solvophobic bonding. If the bonding were merely due 
to the squeezing-out property of a solvent, it would not be expected 
to discriminate among polar and nonpolar molecules to such an ex- 
tent as was observed since the solvophobic bonding is not affected 
very much by the nature (polar or nonpolar) of the molecule ( 5 ) .  


The present data cannot be explained by dispersion force alone. 
The dispersion interaction energy, E, is given by (23) 


where a; = polarizability of Molecule i, I ,  = ionization potential 
of Molecule i ,  and r = intermolecular separation. Since the ioniza- 
tion potential varies but little for organic molecules (23), the dis- 
persion energy is mainly affected by polarizability. Then a com- 
plexing agent with a large polarizability would bind with both 
phenazine and TMPPT strongly. This is not the case. Thus forces 
such as the dispersion force do not seem to be the sole source of 
stability of the complex in aqueous solution. It is important to 
note here that the present finding of favorable binding between 
structurally dissimilar molecules over that between structurally 
similar molecules is contrary to what is expected on the basis of 


Table 11-Stability Constants for the TMPPT-N,N- 
Dimethylcinnamamide Complex in Several Solvents at 25 


Solvent Stability Constant, K l : l ,  M-l 


Water 
Methanol 3 .6  
Acetone 2.5 
Chloroform 2.1 
Dioxane 4.6 
Benzene 4.7 


44 (&:2  = 33 M-1) 


dispersion interaction (24). The theory provides for a self-recog- 
nition of a molecule by an identical molecule. If the dispersion 
force is responsible for the stability of the complex, the difference 
in energy, E,  between the interaction of Molecule A with Molecule 
B, A-B, and self-interactions, A-A and B-B, as depicted by 
Arrangements 1 and 2: 


A-A 
B- B 


Arrangement 1 


A-B 
A- B 


Arrangement 2 


( E  in Arrangement 1) - ( E  in Arrangement 2) 


is proportional to 


-((UA2 f CYBz) - (-2CZAaB) 


= - ( a A  - O(B)’ _< 0 


Then it would be concluded that Arrangement 1 is more 
energetically stable than Arrangement 2 (24). Again this has been 
found not to be the case. 


Thus a bonding with some degree of selectivity between dis- 
similar molecules must be sought. Polarization bonding (14) de- 
scribes weak interactions between polar groups of one component 
and a polarizable second component in crystalline state. This kind 
of bonding in a crystalline xanthine complex has recently been 
postulated by Shefter (25). He also pointed out that in order to 
propose molecular models for xanthine complexes of pharmaceutical 
interest, one should take into account polarization interactions. 
The exact nature of polarization bonding is not known, although it 
has been proposed that polycyclic hydrocarbon-tetramethyluric 
acid complexes in the crystalline state (26-28) are due to this bond- 
ing. The interactive force seems to be very weak and effective only 
when the polar and polarizable molecules are in close proximity 
as in the crystalline lattice. The bonding was not observable in non- 
polar solvents such as cyclohexane and benzene (29). It may be 
speculated, however, that molecular interactions similar to polariza- 
tion bonding in crystalline complexes may become operative in 
water when two molecules are brought together by hydrophobic 
bonding. Polarization bonding, however, has to be distinguished 
from the classical induction interaction described by (23) 


where pt = dipole moment of Molecule i and E = effective value for 
the dielectric constant of the medium. The formula describes the 
energy of interaction when the size of a molecule is smaller than the 
intermolecular distance. Thus the formula is not applicable to the 
case when the size of the molecule is larger than the intermolecular 
distance as is the case of complexes of planar molecules in aqueous 
solution. The most favorable relative orientation of two flat mole- 
cules seems to be that of stacking one of the molecules on top of the 
other (30, 31). A new theoretical development which describes an 
induction interaction applicable to such a vertically stacked com- 
plex of large flat molecules seems to he essential in order to under- 
stand theoretically the observed results. 


Current works in the authors’ laboratories have revealed that 
cyclic amides employed in the present studies are salted-out by 
tetramethylammonium chloride while benzene derivatives are 
salted-in by the same salt (32). Again differences in nature of these 
molecules in aqueous solution seem to play a part. 
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Binding Specificity between Small Organic Solutes 
in Aqueous Solution: Classification of Some Solutes 
into Two Groups According to Binding Tendencies 


TAKERU HIGUCHI* and HARALD KRISTIANSEN 


Abstract Experimental data have been obtained which appear to 
show that the binding between organic species dissolved in water 
apparently takes place most effectively between members of two 
large, distinct classes of structures, classified arbitrarily as A and 
B types. Typical examples of Class A are the uncharged alkyl- 
xanthines and tetramethylpyrimidopteridinetetrone. Among the 
compounds in Class B are various benzene derivatives, salicylates, 
and trans-cinnamic acid anions. Many drugs may be included in 
the present classification system; some examples for which data 
are available are caffeine, theophylline, and prednisolone in Class 
A, and phenacetin, promethazine, and menadione in Class B. The 
complexing tendencies of series of systems involving pairs of inter- 
acting organic molecules in aqueous solution were investigated by 
the phase-solubility technique. Stability constants for some caffeine 
interactions were evaluated by means of partitioning studies. 


Key phrases 0 Organic solute binding specificity-aqueous solu- 
tion Solutes, small organic-binding tendency classification 0 
Stability constants-solute binding 0 Solubility-solute interac- 
tion effect 0 Spectrophotometric analysis-organic solutes 


Water strongly stabilizes a large number of molecular 
complexes, apart from its participation in hydrophobic 
bonding (1). Water provides a medium which seems to 
be unique for the molecular binding tendencies of 
organic molecules (2-lo), many of them of great bio- 
logical and pharmacological importance. In the last 
few years a number of papers have reported the prop- 
erties of pyrimidines, purines, and the important nucleo- 
side and nucleotide polymers in the aqueous environ- 
ment. It has conclusively been shown, for example, that 


the bases associate to varying degree in aqueous solu- 
tion, evidently through plane-to-plane stacking (1 1-16). 
It is believed that molecular interactions between ad- 
jacent bases in nucleic acid strands to a major extent 
are responsible for the structural stability of nucleic 
acids in solution (17-19). 


The exact nature of the force or balance of forces 
operating between the complex components in aqueous 
solution still is the subject of controversial discussions 
in the literature. The observed binding between organic 
molecules in water is, however, firmly believed to be 
strictly physical in nature. As pointed out earlier (1, 5, 
6),  the observed intensity of binding cannot be ration- 
alized on the basis of simple charge-transfer-type inter- 
actions (the binding constants are extremely low in 
alcohol, dioxane, and purely nonpolar solvents), dis- 
persion forces (little or no interactive tendency is evi- 
dent among systems of low polarizability), hydro- 
phobic associations (very small contributions from flexi- 
ble alkyl side chains), or hydrogen bonding alone. 
The matter is, of course, complicated by the possible 
interplay of different interacting forces. The problem is 
obviously related to the structure of liquid water, which 
in itself is a very intricate one, and many safe conclusions 
have not been made so far (20-25). 


In this article the authors present their most recent 
observations carried out on series of systems involving 
pairs of interacting molecules in aqueous solution. 
These results have strongly reinforced a growing belief 
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NMR Analysis of Synthetic Corticosteroids of the 
1,4-Dien-3-one Type 


HAJRO W. AVDOVICH, PAUL HANBURY, and BRUCE A. LODGE 


Abstract A procedure for the analysis of synthetic corticosteroids 
of the 1,4-dien-3-one type is described. The method is based upon 
NMR spectroscopy. Spectra are determined in dimethyl sulfoxide 
containing an internal reference substance, fumaric acid. Both 
bulk drugs and formulations can be assayed using this method, and 
comparison is made with results obtained from official assays on 
the steroids and their formulations. The average deviation obtained 
in the NMR method was 0.6%. A procedure for water-soluble 1,4- 
dien-3-ones is also described. This method uses triethylamine hy- 
drochloride as an internal standard. 


Keyphrases IJ Corticosteroids, 1,4-dien-3-one type-analysis 0 
NMR spectroscopy-analysis 0 Fumaric acid-internal standard 


1 


Synthetic corticosteroids of the lY4-dien-3-one type 
are at present assayed (1, 2) by colorimetric methods 
based on the reduction of certain tetrazolium deriva- 
tives by the a-ketol side chain at C-17. Such methods 
do not distinguish between 1,4-dien-3-ones and re- 
lated corticosteroids of the 4-en-3-one type, which 
may be present as impurities and which frequently 
possess different corticoid activity to that desired in the 
Iy4-dien-3-one. NMR spectroscopy affords a method 
of distinguishing easily between the two groups of 
steroids. 1 ,CDien-3-ones possess three vinylic protons, 
of which the chemical shift usually differs from that of 
the single vinylic proton of 4-en-3-ones. It is, therefore, 
theoretically possible to detect the two groups of com- 
pounds in the presence of each other and, hence, to 
develop a much more specific assay procedure. 


Present methods used in the determination of pred- 
nisolone sodium phosphate (PSP) (1, 2) are also rel- 
atively nonspecific. The BP method (1) for the bulk 
drug relies upon dissolution in water and measure- 
ment of the extinction of the solution at  247 mp; for 


2 .o 3. 
I " ' 1 ' ~ ~ ' T  


400 


I! 


L Impurity t 


) . , . , I .  
I . . . . I . . . . I . . , . I . . . . I . . . . L  


P.0 7.0 PPM (6) 6.0 


Figure 1-Partial NMR spectrum of steroidal 1,4-dieti-3-one in 
dimethyI sulfoxide containing fumaric acid and 2 ,5 ,  or 10 2 of added 
steroidal 4-en-3-one. 
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Table I-Analysis of Bulk Water-Insoluble Steroids by NMR 


Amount Weighed, Amount Found, Deviation 
Steroid Sample No. mg. mg. z from Mean % 


Betamet hasone 1 77.9 78.5 100. 8 0.5 
2 106.8 107.7 100.8 0.5 


Dexamethasone 


Fluocinolone 
acetonide 


Prednisolone 


Prednisolone 
acetate 


Prednisone 


Triarncinolone 


Triamcinolone 
acetonide 


1 
2 
1 


1 
2 
3 
4 
5 
6 
7 


108.0 
100. 1 
104.5 


82.3 
107.3 
133.3 
140.9 
85.9 
76.0 
75.7 


107.0 
loo. 1 
105.2 


83.3 
107.9 
134.0 
140.0 
87.3 
77.0 
76.3 


99.1 
100.0 
100.7 


101.2 
100.6 
loo. 5 
99.4 


101.6 
101.3 
100.8 


1.2 
0.3 
0.4 


0.8 
0.3 
0.2 
0 .9  
1.3 
1 .o 
0.5 


1 69.4 69.8 100.6 0.3 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
1 


101.8 
95.2 
93.2 


132.0 
96.0 
99.3 


101.0 
92.9 
89.9 
85.8 


106.4 
119.4 
116.7 
91.7 


loo. 1 
104.2 
83.2 


102.4 
95.3 
92.9 


133.2 
95.8 
98.5 


100.4 
93.3 
88.8 
86.1 


106.0 
120.9 
117.6 
92.1 
99.4 


105.1 
83.0 


100.6 
100. 1 
99.7 


100.9 
99.8 
99.2 
99.4 


100.4 
98.8 


100.3 
99.6 


101.3 
100.8 
100.4 
99.3 


100.9 
99.8 


0.3 
0.2 
0.6 
0.6 
0 .5  
1.1 
0.9 
0.1 
1 .5  
0 
0.7 
1 . 0  
0.5 
0.1 
1 .O 
0.6 
0.5 


Mean found = 100.3 SD = 0.7 
Average deviation from mean = 0.6 % 


the formulation, it uses a colorimetric procedure based 
on a condensation of the steroid with isoniazid. The 
USP method (2), for both the bulk drug and the 
formulation, uses alkaline phosphatase to hydrolyze 
the phosphate ester, followed by extraction of the liber- 
ated prednisolone into methylene chloride and measure- 
ment of the absorbance of the steroidal solution at 241 
mP. 


EXPERIMENTAL 


Spectra were obtained at 60 Mc.p.s. using an analytical NMR 
spectrometer (Varian A-60A). A sweep time of 50 sec. for a chart 
width of 500 C.P.S. was used for all integrals. A r. f. power of 0.25 
milligauss (nominal dial setting) was found to give the maximum 
integral amplitude (3) and was used for the integrations. Tetrameth- 
ylsilane in chloroform was used as an external reference to measure 
chemical shifts. 


Procedure (Water-Insoluble CompoundstBulk Drug-Ap- 
proximately 100 mg. of steroid was accurately weighed and dis- 
solved in 1 ml. of dimethyl sulfoxide containing fumaric acid (25.40 
mg./ml.). The NMR spectrum was integrated 5 times in each direc- 
tion through the region shown (Fig. 1). 


Dosage Forms-Tablets-Twenty 5-mg. or ten 8-mg. tablets 
were powdered and refluxed for 15 min. with 50 ml. of 95% 
ethanol. The mixture was filtered, the residue and filter pad 
were washed with 50 ml. of 95 % ethanol, and the combined filtrate 
was evaporated to dryness by flash evaporation. The residue was 
dissolved in 1 ml. of dimethyl sulfoxide containing fumaric acid 
(25.40 mg./ml.). The NMR spectrum was integrated as for the bulk 
drug. 


Injections-Four milliliters (25 mg./ml.) or 2 ml. (40 mg./rnl.) 
of aqueous suspension was carefully measured into a 50-ml. round- 
bottom flask and evaporated to dryness. One milliliter of dimethyl 


sulfoxide containing fumaric acid (25.40 mg./ml.) was added to the 
residue, and the whole was carefully mixed to effect dissolution of 
the steroid in the solvent. Some of the residue (preservative, sus- 
pending agents) was not soluble in the dimethyl sulfoxide and re- 
mained adhered to the wall of the flask. A clear solution was ob- 
tained, and the NMR spectrum was determined as for the bulk 
drug. 


Procedure (Water-Soluble Compounds)-Bulk Drug-Approxi- 
mately 100 mg. of PSP, previously dried in U ~ C U O  at 105", was 
accurately weighed in a glass-stoppered flask, to which was added 
about 10 mg. of pure triethylamine hydrochloride, also accurately 
weighed. The mixture was dissolved in the minimum amount of 
D20 (0.5-1.0 ml.). The NMR spectrum was obtained in the usual 
way (Fig. 2), the signals of interest being integrated 5 times in 
each direction. The signals at 2.42~ (for PSP) and 6.787 (for tri- 
ethylamine hydrochloride) were used as a basis for the assay. 


Formulation-Four milliiiters of injection of PSP was accurately 
measured into a 50-ml. round-bottom flask, and the solvent was 
removed by flash evaporation. Approximately 10 mg. of triethyl- 
amine hydrochloride (accurately weighed) was added to the flask, 
and the mixture was dissolved in the minimum amount of DzO. 
The NMR spectrum was obtained and integrated as for the bulk 
drug. 


Calculations-Bulk Drug- 


amount of steroid (mg.) = 


E.W. (steroid) I (steroid) weight of standard (Eq. 1) 
E.W. (standard) I (standard) 


where E.W. is the molecular weight divided by the number of 
protons in the signal chosen and I is the integral height. 


Tablets-As for the bulk drug, then: 


0%. 2) 
total weight (steroid) 


no. of tablets in sample amount of steroid/tablet = 
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Table 11-Recovery of Steroids from Excipient Mixtures 


Amount Amount 
Mix- Added, Found, 
ture Steroid mg. mg. % 


1 Prednisone 97.6 96.3 98.7 
2 Prednisone 137.3 135.9 98.9 
3 Prednisone 137.0 135.0 98.6 
4 Triamcinolone 124.4 125.2 100.6 
5 Triamcinolone 106.3 106.9 100.6 


Injections-As for bulk drug, then: 


total weight (steroid) 
no. of ml. in sample amount of steroid (mg./ml.) = (Eq. 3) 


RESULTS AND DISCUSSION 


The NMR method, based on the 60 Mc.p.s. spectrum and 
using an internal standard, has been shown (4) to be suitable as an 
assay procedure for meprobamateand chemically related substances. 
The spectrum of a steroidal 1,4-dien-3-one is rather complicated, 
however, and an internal standard must be chosen with great care, 
since there are few spaces in the spectrum into which a reference 
signal might fit. To be of use as a standard, a substance should be 
an easily purified solid, freely soluble in the solvent of choice. It 
should not react with the solvent or the substrate and should pos- 
sess a recognizable, isolated signal in a suitable region of the spec- 
trum. Fumaric acid was chosen as an internal reference standard 
for use with water-insoluble 1,4-dien-3-ones, because its NMR 
spectrum in dimethyl sulfoxide shows a single sharp signal at 3.17, 
which fits well into the spectrum of the steroids. Figure 1 shows the 
part of the spectrum utilized in the analysis; the signals occur at 
approximately 2.17 (doublet, C-1 proton), 3.67 (doublet, C-2 
proton), and 3.77 (singlet, C-4 proton). 


Also shown in Fig. 1 is the position of the signal from the vinylic 
proton in a steroidal 4-en-3-one (4.17). Partial spectra were ob- 
tained from prepared mixtures containing 2, 5, and 10% of 4-en-3- 
one in 1,4-dien-3-one to show the intensity of the signal from the 
impurity. This signal can be seen to be well removed from the 
primary assay signal (2.17) and the standard signal (3.17). 


The results obtained from the analysis of eight reference steroids 
are shown in Table I. In two cases, there was very little material 
available, and only one analysis could be carried out on each. 
Nevertheless, the results obtained from fluocinolone acetonide 
and triamcinolone acetonide are both within the average deviation 
from the mean, which for 30 samples is 0.6%. Eleven of the 30 
results are outside the average deviation, which is the equivalent of 
one standard deviation. This does not appear to be important for 
practical purposes, however, since the overall range of results is 
98.8-101.6%. The NMR method thus appears to be suitable for 
the assay of bulk steroids of the 1,4-dien-3-one type. 


Table I1 shows that recovery of prednisone and triamcinolone 
from mixtures with lactose and starch is reproducible and almost 
complete. The extraction procedure thus appears to  be suitable for 
use in the determination of steroids in dosage forms. 


Table I11 shows the results obtained from some commercial 
dosage forms of the steroids under consideration. The NMR 


A 


I . . . .  1 . ' .  ~ " ~ ' " " ' ~ ~ ' " ~ ' " " ~ ~ ~ ' ~ " " ~ ~ ' ~ ~ ~ ~ ~ ' ~  
2.0 3.0 4.0 5.0 6.0 7.0 


p.p.m., 7 


Figure 2-Partial N M R  spectrum of PSP + triethylamine hydro- 
ch(oride in D20. 


procedure for tabletsis simpler than the colorimetric method because 
no weighing of the tablets is involved. Recovery of the steroid from 
the powdered tablets in the colorimetric method involves several ex- 
tractions of an aqueous suspension of the powder with chloroform, 
followed by dilution of the chloroform solution. An aliquot is 
taken, and the chloroform is removed by evaporation on a steam 
bath; then the residue is dissolved in ethanol. The NMR procedure 
consists of refluxing with 95% ethanol, filtration, and removal of 
the solvent by flash evaporation. The residue is dissolved in 
1 ml. of the stock solution of fumaric acid in dimethyl sulfoxide. 
The stock solution was stored in a cool, dark place for several 
months without deterioration. One problem frequently encountered 
in extracting drugs from powdered tablets into chloroform is that of 
emulsion formation. Such emulsions are sometimes very stable, 
and separation of all the chloroform solution is difficult. This prob- 
lem does not enter into the NMR procedure at all. 


The result obtained from Brand C: a prednisone tablet, requires 
some comment.The colorimetric method was carried out 8 times 
on this product, using a variety of water-chloroform ratios in the 
extraction. However, the results showed only 90% of the labeled 
amount, whereas the NMR procedure showed 98%. The reason 
for this low result may be that some very bad emulsions were 
obtained, even when a large excess of chloroform over water was 
used. The pairs of results obtained from the other five types of 
tablets compare very well. 


Reproducibility of sampling was the chief problem in assaying 
the injectable preparations, which were both aqueous suspensions; 
however, the results are all well within the official limits (1: 2). No 
emulsion problems were encountered with these suspensions, in 
spite of the presence of suspending agents in the formulations. In 
the NMR procedure, not all of the dried formulation was soluble 
in dimethyl sulfoxide, but this apparently did not present any 


Table 111-Analysis of Dosage Form by NMR and Colorimetric Methods 


Labeled - _ _ ~  Found, mg,a- 7 


Sample Steroid Amount, mg. NMR Colorimetric 


Brand A ,  tablet Prednisone 5 5.1 5.0 
Brand B, tablet Prednisone 5 4 . 9  4.9 
Brand C, tablet Prednisone 5 4.9 4.56 
Brand D, tablet Prednisolone 5 5.1 5.0 
Brand E, tablet Prednisolone 5 4.8 4.9 
Brand F, tablet Triamcinolone 8 8 . 2  8 .2  


24.9/ml. Brand G ,  injection Prednisolone 25/ml. 26.3jml. 


Brand H, injection Triamcinolone 40/ml. 39.8)ml. 41.51ml. 
acetate 


acetonide 


0 Each result is the average of two determinations. b This result is the average of eight determinations. 
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Table IV-Determination of PSP (Bulk Drug) by NMR 


Deter- 
mina- Weight 
tion Et aN. HCI, Weight PSP, mg. 
No. mg. Added Found z 


1 10.17 106.2 106.0 99.8 
2 12.80 140.8 141.6 100.6 
3 13.20 90.6 91.1 100.6 
4 9.72 104.1 104.6 100.5 
5 10.53 150.3 148.5 98.8 
6 9.01 120.2 121.9 101.4 
7 11.99 101.5 100.2 98.7 
8 12.62 119.2 119.9 100.6 


Mean Z = 100.1 SD = 0.95 


problems of recovery based on a comparison of the two pairs of 
results. It was found, for the formulations studied, that the excip- 
ients did not interfere with the NMR method; hence a minimum of 
cleanup is required. 


The NMR procedure, as described, is specific for steroidal 1,4- 
dien-3-one in the presence of related 4-en-3-ones. This cannot be 
said of the colorimetric method, which works equally well with 
other steroids containing the a-ketol side chain. Indeed, it has 
been shown in this laboratory that such common pharmaceutical 
aids as ascorbic acid and lactose also produce the color under the 
reaction conditions used. Since it has been shown (5) that samples 
of corticosteroids of the 1,4-dien-3-one type sometimes contain 
significant amounts of related 4-en-3-one precursors, a more spe- 
cific assay procedure is perhaps desirable. 


PSP is a water-soluble corticosteroid and, therefore, the solvent 
of choice for NMR is D20. The almost inevitable presence of a 
strong signal of 5.37 (H20/HOD) with its attendant spinning side 
bands presents a considerable problem, since it reduces the space 
available in which to put a reference signal. Triethylamine hydro- 
chloride was found to be a suitable internal standard, fulfilling all 
the conditions described for such substances. 


The 60-Mc.p.s. spectrum of PSP in D20 (Fig. 2) shows a broad 
doublet at 2.427 (J = 10 c.P.s.), being the signal from the vinylic 
proton at C-1 in PSP. This signal was compared with that produced 
by the six equivalent methylene protons of triethylamine hydro- 
chloride at 6.787 (quartet, J = 7.5 c.P.s.). 


In addition to the steroid, the commercial sample of PSP injec- 
tion contains nicotinamide, phenol, sodium hydroxide, sodium 


bisulfite, and disodium edetate. Some interference is caused with 
the signal at 2.427 (C-1 proton), making accurate integration im- 
possible. However, the signals at 3.667 (doublet,J = 10 c.P.s., C-2 
proton) and 3.937 (singlet, C-4 proton) are unaffected. The total 
integral for the two protons was used in the determination, with 
the necessary correction being made to the calculation. 


Results obtained from the analysis of eight samples of PSP are 
shown in Table IV. 


A sample of injection of PSP labeled to contain the equivalent 
of 20 mg. of prednisolone/mL was analyzed twice by the NMR 
method and each time found to contain 18.8 mg./ml., and once by 
the USP method (2), giving 19.1 mg./ml. 


For the injectable sample, the NMR method requires much less 
manipulation than the official UV method (2) and is also relatively 
more specific. Comparison of the results obtained for analysis of 
the commercial preparation showed the two methods to be in good 
agreement. 


CONCLUSION 


Synthetic corticosteroids of the 1,4-dien-3-one type can be 
assayed satisfactorily by means of NMR spectroscopy, even in the 
presence of related 4-en-3-one precursors. Because of the sensitivity 
of present NMR spectrometers, the method is chiefly of value for 
raw material analysis; it is, however, easily adapted for composite 
tablet assays and for the assay of injectable preparations. 
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BOOKS 


REVIEWS 


Thin-Layer Chromatography. Edited by EGON STAHL. Springer- 
Verlag New York, Inc. 175 5th Ave. New York, NY 10010, 
1969. xxiv + 1041 pp. 
Egon Stahl’s Thin-Layer Chromatography (second edition) is the 


most complete and current compilation of TLC theory and practice 
available today. The book, published in 1967 in German, is an 
expansion of his first work, organized in much the same manner. 
There is the same review of nomenclature before each compound 
class, the same history, and a much expanded theory section cover- 
ing new apparatus and additional techniques. 


The book has a much more complete section on heterocyclic 
nitrogen compounds than Kirchner’s Thin-Layer Chromatography. 
Phenothiazines, the diazepines, carbamate esters, compounds of 
antihistamine activity, and the narcotics are all more thoroughly 
covered by Stahl than in the other available books on the market. 
Moreover, most charts list the structural formula where feasible or 
the chemical name of the compound in addition to its common 
name. The amino acid section is also well done. There is an extensive 
listing of general test conditions and solvent systems for these 
compounds. 


The volume, however, is not specific in its treatment of the ste- 
roids. For the most part, it lists general systems for the various 
groupings of steroids and does not treat each drug individually. 
An incomplete and inconsistent index is also a hindrance, varying 
between listing drugs as to their activity, group name, or the name 
of one compound in the group. However, no existing TLC hand- 
book approaches the amount of data contained in this volume and, 
as such, this work is a definitive addition to any TLC library. 


Reuiewed by Dorothy K. Wolf 
Drug Standards Laboratory 
American pharmaceutical Association Foundation 
Washington, DC 20037 8 


Cationic Surfactants. Vol. 4. Edited by ERIC JUNGERMANN. Marcel 
Dekker, New York, NY 10016, 1970. xiv + 652 pp. 16 x 23.5 
cm. Price $37.50. 
This, the fourth volume in Dekker’s Surfactant Science Series, is 


concerned with the organic, physical, and analytical chemistry of 
cationic surfactants. A fourth section deals with the biological 
aspects of this class of surfactants. 


The eighteen authors are drawn from both industry and the uni- 
versities. Following an introductory chapter, the next six chapters 
deal with the synthesis of straight chain and cyclical alkylam- 
monium compounds, petroleum-derived and polymeric forms, and 
nonnitrogen-containing surfactants. Brief references to the applica- 
tions, physical properties, and toxicities of the compounds under 
discussion are made. As would be expected, major emphasis is 
placed on commercial products. Considering the potentially unex- 
citing subject matter, the presentation is clear and readable. 


There then follows a group of six chapters concerned with the 
physical chemistry of cationic surfactants. Specific topics covered 
are micelle formation in aqueous and nonaqueous media, adsorp- 
tion by a variety of substrates, and coacervation. A brief section on 
adsorption on biological substrates has obvious pharmaceutical 
implications. In most cases the treatment is sufficiently basic; in- 
evitably, much of the discussion is common to all classes of sur- 
factants. 


A single chapter comprises the section on the analytical chemistry 
of cationic surfactants. The approach taken is a practical one, with 
emphasis placed on methods that have been developed for carefully 
purified surfactants. The chapter considers both qualitative and 


quantitative aspects of analysis. Most discussion of the latter centers 
around absorptiometric, volumetric, and gravimetric analysis. 


The final section, on the biology of these compounds, contains 
two chapters that review the germicidal properties and toxicology, 
respectively, of cationic surfactants. In the chapter on germicidal 
properties, little consideration is given to a discussion of the mech- 
anisms of action involved. However, the descriptive literature in this 
area is covered satisfactorily. Cationic surfactant toxicology is well 
summarized in the final chapter, which also contains a comprehen- 
sive listing of reported toxicities. 


While this text undoubtedly represents a comprehensive presenta- 
tion on cationic surfactants, its major appeal to the pharmaceutical 
scientist will probably be limited to the last two sections which com- 
prise approximately one-third of the total material. 


Rruiewrdby James Swarbrick 
School of Pharmacy 
Uniuersitv o /  Connecticut 
Storrs. CT 06268 


Pharmaceutical Chemistrv. Volume 2: Instrumental Techniaues. 
Edited by L. G. CHATTEN. Marcel Dekker, Inc., 95 Madison Ave., 
New York, NY 10016, 1969. xiv + 773 pp. 17 X 24 cm. Price 
$17.75. 
Eighteen authors and the editor have collaborated to present 19 


chapters in this second volume of a two-volume set on the analytical 
aspects of pharmaceutical chemistry. When the objectives stated in 
the preface are compared with the final written work, this reviewer 
finds that, in general. the mission has been accomplished. In an at- 
tempt to evaluate this book, each chapter has been examined and 
the following comments are respectfully set down. 


The chapters may be conveniently divided into three groups: 
(1) topics involving electromagnetic radiation; (2) topics dealing 
with electrochemistry; and (3) subjects not classified as either ( I )  
or (2). In many cases, questions, problems, and answers as well as 
experiments have been provided. 


The first group of items is concerned with analytical techniques 
utilizing electromagnetic radiation in its various forms. The first two 
chapters concerning absorption spectrophotometry in the visible and 
ultraviolet region and in the infrared are well written and employ 
pretty much the standard approach to the subjects. ln the first case, 
spectrophotometric titrations and a welcome treatment of the 
chemistry of chromogenesis in some colorimetric analyses are in- 
cluded. The presentation of structure-spectra correlations is done 
well; unknown spectra are provided for practice and study. 


In both chapters, the experiments are appropriate but the instru- 
mental features receive only brief attention. Raman spectroscopy, 
becoming more useful as instrument prices diminish, is discussed in 
a separate chapter. The theory is examined carefully and requires 
an appreciation of group theory and fundamental spectroscopy for 
adequate understanding. At present, no good examples of the ap- 
plication of this technique to pharmaceuticals are evident. 
In the division of fluorometry, the explanations of theory, deriva- 


tions of equations, and the examination of pharmaceutical ex- 
amples are excellent. Particularly noteworthy is the portion discuss- 
ing spectra-structural correlations. The choice of experiments in- 
cludes the study of the physiological availability of riboflavin. The 
16 pages of the atomic absorption chapter are used with efficient 
economy, the various points being well presented. This simple 
technique is certain to be used to a much greater extent than it is 
today. The qualitative elucidation of the nuclear magnetic resonance 
phenomena i s  clearly written as is the section of interpretation of 
spectra, so very useful in organic compound identification. There is 
little quantitative work in this area, however. Turbidimetry and 
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Binding Specificity between Small Organic Solutes 
in Aqueous Solution: Classification of Some Solutes 
into Two Groups According to Binding Tendencies 


TAKERU HIGUCHI* and HARALD KRISTIANSEN 


Abstract Experimental data have been obtained which appear to 
show that the binding between organic species dissolved in water 
apparently takes place most effectively between members of two 
large, distinct classes of structures, classified arbitrarily as A and 
B types. Typical examples of Class A are the uncharged alkyl- 
xanthines and tetramethylpyrimidopteridinetetrone. Among the 
compounds in Class B are various benzene derivatives, salicylates, 
and trans-cinnamic acid anions. Many drugs may be included in 
the present classification system; some examples for which data 
are available are caffeine, theophylline, and prednisolone in Class 
A, and phenacetin, promethazine, and menadione in Class B. The 
complexing tendencies of series of systems involving pairs of inter- 
acting organic molecules in aqueous solution were investigated by 
the phase-solubility technique. Stability constants for some caffeine 
interactions were evaluated by means of partitioning studies. 


Key phrases 0 Organic solute binding specificity-aqueous solu- 
tion Solutes, small organic-binding tendency classification 0 
Stability constants-solute binding 0 Solubility-solute interac- 
tion effect 0 Spectrophotometric analysis-organic solutes 


Water strongly stabilizes a large number of molecular 
complexes, apart from its participation in hydrophobic 
bonding (1). Water provides a medium which seems to 
be unique for the molecular binding tendencies of 
organic molecules (2-lo), many of them of great bio- 
logical and pharmacological importance. In the last 
few years a number of papers have reported the prop- 
erties of pyrimidines, purines, and the important nucleo- 
side and nucleotide polymers in the aqueous environ- 
ment. It has conclusively been shown, for example, that 


the bases associate to varying degree in aqueous solu- 
tion, evidently through plane-to-plane stacking (1 1-16). 
It is believed that molecular interactions between ad- 
jacent bases in nucleic acid strands to a major extent 
are responsible for the structural stability of nucleic 
acids in solution (17-19). 


The exact nature of the force or balance of forces 
operating between the complex components in aqueous 
solution still is the subject of controversial discussions 
in the literature. The observed binding between organic 
molecules in water is, however, firmly believed to be 
strictly physical in nature. As pointed out earlier (1, 5, 
6),  the observed intensity of binding cannot be ration- 
alized on the basis of simple charge-transfer-type inter- 
actions (the binding constants are extremely low in 
alcohol, dioxane, and purely nonpolar solvents), dis- 
persion forces (little or no interactive tendency is evi- 
dent among systems of low polarizability), hydro- 
phobic associations (very small contributions from flexi- 
ble alkyl side chains), or hydrogen bonding alone. 
The matter is, of course, complicated by the possible 
interplay of different interacting forces. The problem is 
obviously related to the structure of liquid water, which 
in itself is a very intricate one, and many safe conclusions 
have not been made so far (20-25). 


In this article the authors present their most recent 
observations carried out on series of systems involving 
pairs of interacting molecules in aqueous solution. 
These results have strongly reinforced a growing belief 
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that the observed binding in water takes place most ef- 
fectively between members of two large classes of struc- 
tures. Typical examples of these two apparently natural 
classes, arbitrarily called Classes A and B, are: 


Class A Class B 
Caffeine Benzoates and salicylates 
Theophylline Cinnamates 
Prednisolone Cinnamamides 
Tetramethylpyrimido- Naphthoic acids 


pteridinetetrone Phenols and naphthols 
Aromatic aminoacids 
Phenacetin 
Menadione 
Tryptophan 


Although members of Classes A and B bind noticeably 
with others within their own class, the strongest inter- 
actions seem to be between the two groups. 


For the purpose of expressing the extent of interaction 
between the complexing pairs, in this report the authors 
have assumed that essentially only 1 : 1 and 1 :2 com- 
plexes were formed. The experimental data have been 
analyzed to yield stability constants for formation of 
these species. Most of the equilibrium constants were 
obtained through a systematic investigation using 
tetramethylpyrimidopteridinetetrone (TMPPT), cin- 
namamide, and/or N,N-dimethylcinnarnamide as model 
compounds. TMPPT has a planar molecular structure 
similar to the alkylxanthines. The binding behavior of 
this compound for organic molecules appeared to be 
very strong, and it was felt that it would provide a use- 
ful insight into the general phenomenon of molecular 
association in water. 


EXPERIMENTAL 


MaterialsCaffeine, theophylline, and phenacetin of USP grade 
and antipyrine NF were used directly. Caffeine and theophylline 
were dried at 110" prior to use. N,N-Dimethylcinnamamide was 
synthesized from cinnamoyl chloride and dimethylamine in ether 
and recrystallized from water-methanol, m.p. 102-103 '. 
1,3,7,9-Tetrarnethylpyrimido(5,4-g)pteridine - 2,4,6,8( 1 H,3 H,7H,7H, 
9mtetrone (TMPPT),' m.p. > 320°, was used usually without 
further purification.2 All other compounds used were from com- 
mercial sources and were purified by recrystallization from ap- 
propriate solvents. Their melting points were found to deviate no 
more than 2" from literature reports. 7-(2-Dimethylaminoethyl)- 
theophylline,3 phenylbutazone (lot SN 34514), and lO-(Zdimethyl- 
aminopropy1)phenothiazine hydrochloride (promethazine hydro- 
chloride, control no. F-663110) were 


All reagents used for buffered solutions and the organic solvents 
used were of analytical grade. The water was purified by redistilla- 
tion. 


1 Aldrich Chemical Co. 
The material as received was found to contain no significant amount 


of interfering impurities from analysis of its saturated solution. An ap- 
propriately diluted sample of an aqueous solution in equilibrium with a 
arge excess of unpurified material revealed the same spectral charact- 


eristics as those found in solutions of the recrystallized substance. Ac- 
curately prepared solutions from both untreated and recrystallized 
material showed identical, highly characteristic spectra over the range 
220-400 mp; Amax. 233 mp (e 49,000), 264 (c 11,875), 271 (E 12,000), 362 
(e 25,500); Amin. 303 r n p  (t 1500). The equilibrium solubility in water of 
unpurified and recrystallized material was found to be the same. Since 
this is a characteristic physical property of a pure compound, just as is 
the melting point, the unpurified substance was considered to be es- 
sentially free of interfering impurities. 


And-Untreated material : Calcd. for CEHIZNSO~ : C, 47.37; H, 
3.98: N. 27.62. Found: C. 47.21: H. 3.87: N. 27.82. 


I ,  I ,  ~ * Dimethazan. 
4 Supplied by Endo Laboratories Inc., Geigy Pharmaceuticals, and 


Wyeth Laboratories Inc., respectively. 


Procedure-Solubility Studies-The experimental method for 
most of the systems investigated was the phase-solubility technique, 
which recently was reviewed in detail (26). An equal amount of the 
slightly soluble material to be tested, in considerable excess of its 
normal solubility, was added into each of several 15-ml. screw-cap 
vials. Increments of a stock solution of the complexing agent (the 
ligand) were pipeted into the vials, and the solution in each vial was 
brought to a constant final volume of 10 ml. with the necessary 
amount of the solvent. The vials were closed, and the screws were 
securely sealed with parafilm and masking tape. 


When the hydroxy-substituted benzoic and cinnamic acids were 
tested, the vials were closed and sealed under slight nitrogen pres- 
sure to prevent oxidation of the acids. 


Solubility equilibrium was obtained by tumbling the vials in a 
water bath thermostated at 25.0 f 0.1" for at least 48 hr. It was 
determined that this was sufficient time to ensure solubility equi- 
librium for all of the substances tested. 


When the ligand was the ionized form of an acid (and the solid 
phase material was a neutral molecule over a wide pH range), a 
stock solution was prepared in situ upon dissolving the acid in 0.1 
M sodium bicarbonate; pH was adjusted to 8.3 with the necessary 
amount of sodium hydroxide. The vials were then prepared so that 
the resulting solution in each also was 0.1 M with respect to the 
bicarbonate. When the ligand was the unionized form of the acid, a 
0.005 M sulfuric acid solution was used as the solvent to depress 
ionization of the ligand. A phosphate buffer of pH 6.5 was used for 
the theophylline (pKa 8.8) systems to ensure that essentially all 
theophylline was in its neutral form. Stock solutions of the aromatic 
acids were then made up by adding an equivalent amount of base 
and phosphate buffer to the desired volume. For some of the acids, 
pH 6.74.8 was maintained in the theophylline systems. For 8- 
chlorotheophylline, apparent pKa 5.3 (27), in its neutral form, a 
monochloroacetate buffer of pH 2.9 was used. Theophyllinate and 
8-chlorotheophyllinate systems were tested at pH 11.3 and in0.1 M 
bicarbonate, respectively. 


The pKa of phenylbutazone, determined spectrophotometrically 
in water (25.0°), was found to be 4.56 f 0.02. A stock solution of 
the sodium salt was prepared in situ by dissolving the compound 
in a solution containing an equivalent amount of sodium hydroxide. 


The pKa of TMPPT, determined by the solubility technique 
outlined by Albert and Serjeant (28), in hydrochloric acid solutions 
was found to be -0.55 =t 0.10. 


Following equilibration, the content of the vials was filtered 
through Pyrex sintered-glass filters and analyzed for total solid 
solubilized. 


Analysis-An aliquot of the filtered samples diluted with meth- 
anol was determined spectrophotometrically in most instances on a 
Cary 16 spectrophotometer. (Sometimes a Cary 15 or a Cary 14 
instrument was used.) The analytical wavelength chosen for the 
determination of the solubilized material was one where the ligand 
did not absorb. In some cases, small absorbances due to the presence 
of the ligand were subtracted from the observed values. 


The dilution of the filtered samples with methanol prior to 
analysis was consequently carried out for all systems, because the 
complex formation in this solvent was practically negligible. In 
this way the complexes formed in water were essentially broken 
down so that the measured absorbances were due to uncomplexed 
substances. In water, noticeable spectral perturbations occurred 
with some of the compounds upon complex formation. In all cases, 
an exactly known concentration of the analyzed compound in 
methanol was used as the standard. The maximum water content 
in the diluted samples was 2 z .  


When theophylline was the solid phase material, it was separated 
from the complexing agent by extraction with a mixture of 3 parts 
chloroform and 1 part isopropyl alcohol and measured spectro- 
photometrically in this solvent. 


Partitioning Studies-Since it has been shown (29) that caffeine 
undergoes self-association rather markedly in water, a phase dia- 
gram with caffeine as the solid phase cannot be unambiguously 
interpreted. For this reason a partitioning technique was employed 
so that the binding of caffeine in relative low concentration with 
some of the ionized aromatic acids could be studied. The experi- 
mental operation was essentially the one described by Guttman and 
Higuchi (29), but the total caffeine concentration was kept constant. 
The distribution of caffeine between 10% chloroform in isooctane 
and a 0.1 M sodium bicarbonate solution containing varying 
amounts of the ionized form of the acid was studied at 25.0 =t 0.2". 
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Calculation of Equilibrium Constants-So/ubility Method- 
Phase diagrams were made by plotting the total molar concentration 
found in solution of the substance to be tested, SL, versus the total 
concentration of ligand, Lt. The quantitatve description of the 
different types of phase diagrams was treated by Higuchi and 
Connors (26). In the cases where the diagrams indicated formation 
of only soluble complexes and appeared to be first order with re- 
spect to the ligand, the apparent Kly1  stability constants were evalu- 
ated according to Eq. 1 : 


where SO is the equilibrium solubility in the absence of L and thus 
equal to the intercept in the plot. The data were treated by the 
method of least squares to get the best fit values for slope and inter- 
cept. For this purpose, a computer program was used on an Olivetti- 
Underwood Programma 101. 


Methods are available to obtain the individual stability constants 
from phase diagrams exhibiting a positive curvature (26), and some 
assumptions usually are made depending upon the extent of com- 
plex formation. Therefore, the calculations applied when this type 
of diagram was observed in the present study will be outlined. 


The assumption was made that only two complexes were formed, 
SL and SL2,5 with the stability constants given by: 


Concentrations in molar units are represented by the brackets. 
The mass balance equations are: 


St = [a + [SLI + [SLZI 


L f  = [LI + [SLI + 2[SLZl 


(Eq. 4) 


(Eq. 5 )  


By combining Eqs. 2 4  and since [S] = SO, 


andya plot of the left-hand term of Eq. 6 versus [L] gives both Kl:l 
and KlZz from slope and intercept. However, free ligand concentra- 
tion, [L], is not known. To obtain the estimate of [L], the first step 
is to assume that all complexed was in the SL form. Then Eq. 5 
reduces to : 


[Ll = Lt - (St - So) (Es.  7) 
and Eq. 6 takes the form: 


" - 
= KI:ISO + Kl, lKl ,zSo [L, - (St - SO)] (Eq. 8 )  Lt - (SL - So) 


The first estimate of Kl:l and Kl:z came from a plot of the left- 
hand side of Eq. 8 versus Lt - (St  - SO). 


Combining Eqs. 2-5 and solving for [L], 


The quadratic form of Eq. 9 was used in computing the free 
ligand concentration from the known values of St and L L  and the 
preliminary stability constants obtained from Eq. 8 .  Thus, the sta- 
bility constants obtained from the exact Eq. 6 should represent 
better values than those obtained from Eq. 8 .  The procedure of 
getting better Kl:l  and Kl:2 values involved repeated computations 
in using Eqs. 9 and 6 successively, after the initial Kl:l ,  Kl:2, and 
[L] were calculated from Eqs. 8 and 9. 


Convergent values for slope and intercept (constant values for 
the stability constants) were usually obtained after three to four 


6 I t  is not possible to prove that the equilibria occurring in solution 
are restricted to the formation of only two complexes; neither is it pos- 
sible to show that these equilibria are actually occurrjng. Nevertheless, 
with the assumptions made, it is possible to describe accurately the 
phase-solubility diagrams and thus express the extent of complexation. 


iterations. The data for the linear plots were treated by a computer- 
programmed least-squares method, and the calculations of [Ll 
were also programmed. 


Partitiorzirzg-It was assumed that the ligand, for all practical 
purposes, was present only in the aqueous phase, since the aromatic 
acids would be ionized at the pH used in these studies. The free 
caffeine was distributed between the two solvents. For the interac- 
tion of the substance S with the ligand L in the aqueous solution, 


where [SL], [S].,., and [L] are the molar concentrations of the com- 
plex, free S, and L species. 


The partition coefficient (PC) was defined as: PC = molar con- 
centration of S in aqueous phase/molar concentration of S in organic 
phase, or 


where S, is the total molar concentration of the substance S in the 
system, and [SlOrE. is the molar concentration of S in the organic 
phase. The mass balance equations for the aqueous phase are: 


S t w .  = [Slaq. + [SLI 


Lt = [Ll + [SLI 


(Eq. 12) 


0%. 13) 


Defining for simplicity, 


(Eq. 14) [Slas. (Pc)o = -~ [Sl",. 
Combining Eqs. 10, 11, and 12, 


PC = + KI:I(PC)O[LI (Eq. 15) 


As a first approximation, the authors set [L] = Lt and got a pre- 
liminary estimate of KlZl from slope and intercept by plotting PC 
against [L] in Eq. 15, = slope/intercept. 


Now, combining Eqs. 10 and 13 with 14, 


Free ligand concentration could then be calculated from Eq. 
16 from the initial estimate of and the known values of (aore 


Equations 15 and 16 were used successively until convergent 
values for the slope were obtained (note that the intercept is a 
constant in the system), i.e., constant values of [L] and The 
linear plots were fitted by a programmed least-squares method. 
Provided only a single 1 : 1 complex is present in the system under 
investigation, the final KlZl value should represent the true stability 
constant. 


RESULTS 


The stability constants calculated from phase-solubility studies 
for the binding of a variety of compounds to TMPPT, cinnamamide, 
and N,N-dimethylcinnamamide are listed in Table I. Data for some 
other interacting systems are given in Table 11. Typical increases 
observed in the solubility of the pyrimidopteridine compound in 
the presence of benzoate and cinnamate anions are shown in Fig. 1. 
The solubility of the compound is increased more than 25 times with 
0.05 M ferulic acid anion. The upward curvature in the plot is also 
easily recognized, indicating the formation of higher order associa- 
tions with the added material. Another apparent feature of the 
TMPPT complexes of this type was their yellow color, which in- 
creased in intensity with the number of substituents on the ligand. 
Unsubstituted trans-cinnamate and benzoate did not appear to 
form colored complexes. Spectrophotometric studies showed a 
shift toward longer wavelengths of the 362-mp absorption band of 
TMPPT in the presence of the cinnamate anions. 


In general, the solubility diagrams for TMPPT as the solid phase 
material were either linear over the whole concentration range of 
ligand used or showed a positive curvature, as in Fig. 1. In a few 
instances, notably for p-anisidine, 2,6-dihydroxybenzoic acid, 4- 
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Table I-Stability Constants (liters/mole) for the Interaction of Various Compounds with TMPPT and Cinnamamides in Water at 25' 


Ligand TMPPT 
N,N-  


Cinnamamide Dimethylcinnamamide 


1 Caffeine 
2 Theophylline 
3 8-Methoxycaffeine 
4 8-Chlorotheophylline 
5 Theophylline-7-acetic acid 
6 Theophylline-7-acetate 
7 Phenylbutazone, sodium salt 
8 Antipyrine 
9 Imidazole 


10 Theophyllinate 
11 8-Chlorotheophyllinate 
12 Phenacetin 
1 3  Phenol 
14 QChlorophenol 
15 Sodium sorbate 
16 p-Anisidine 
17 l0-(2-Dimethylaminopropyl) 


18 7-(2-Dimethylaminoethyl) 


19 0-Hydroxyethyltheophylline 
20 Sodium salicylate 
21 2,6-Dihydroxybenzoate 
22 2,6-Dihydroxybenzoic acid 
23 Nicotinamide 
24 4-Hydroxycoumarin 


phenothiazine hydrochloride 


theophylline 


11.9 
12.8 
19.1 
18.5 
5 . 0  
5.9 
6 . 0  
1.9 
2.3 


56.2 (7.1). 
154.1 (11.6) 
43.3 
13.1 (5.7) 
29.2 
4.2 


14.9b 
65.5 (2.7) 


10.0 


I 8  
44:: (4.7) 


102.1 (37. I )  
96.6b 


5.5 
99.w 


37.5 
27.3 
48.5 
39.3 
22.7 
20.0 
5.0 
3 .6  
0 .8  


14.3 
25.8 
8.0 
1 . 7  
2.7 
1.4 
2.4 


11.5 


37.6 
27.5 
54.0 


17.3 


6.8 


31.0 


27.3 
1 . 9  
5 .9  
6.1 
3.9 


10.8 


a The numbers in parentheses are the 1 :2 stability constants for TMPPT-ligand, also expressed in I./mole. b Calculated from initial increase in 
solubility of TMPPT. An insoluble complex is also formed. 


hydroxycoumarin, and 3-methoxy-%hydroxymandelic acid anion, 
there was an initial linear increase in the solubility of TMPPT with 
ligand concentration, followed by a plateau region where precipita- 
tion of an insoluble complex occurred. The slopes were always 
considerably less than one for the diagrams or portions of them 
exhibiting increasing linear behavior or at any point in the diagrams 
showing curvature. The calculation of stability constants from the 


Table II-Stability Constants for the Interaction of Some 
Organic Molecules in Water at 25' 


K I : ~  K I : ~  
Interacting System l./mole I./mole 


TMPPT-sodium benzoate 
TMPPT-trans-cinnamic acid anion 
TMPPT-d,/-mandelic acid anion 
TMPPT-mandelamide 
TMPPT-5-phenyl-2,4-pentadienoic 


TMPPT-p-aminohippuric acid anion 
TMPPT-p-coumaric acid anion 
TMPPT-3-methoxy-4- hydroxybenzoic 


acid anion 


acid anion 
TMPPT-3-methoxy-4-hvdroxv mandelic - - _  


acid anion 
TMPPT-caffeic acid anion 
TMPPT-ferulic acid anion 
TMPPT-cinnamamide 
TMPPT-N,N-dimethylcinnamamide 
TMPPT-P-naphthaleneacetic acid 


TMPPT4methoxyphenylacetic 


TMPPT-3-(p-methoxyphenyl)propionic 


anion 


acid anion 
~~ 


acid anion 
TMPPT-N,N-dimethyl-panisidine 
Caffeine-3-methoxv-4- hvdroxvbenzoic - _ _  


acid anion 
Caffeine-ferulic acid anion 
Phenacetin*ffeine 
Theophylline-caffeic acid anion 
Theophylline-Z,6dihydroxybenzoic 


Cinnamamide-ferulic acid anion 
N,N-Dimethylcinnamamide-caffeic 


acid anion 


acid anion 


9 . 2  
40.7 
4 .2  
2.8 


1 28 


29.2 


50.5 
106 


1390 


202 
228 
70.0 
57.4 


10.9 


14.1 


141 


8.2 
17.8 


46.0 
17.0 
39.5 


8.0 
7.2 


300 


10.4 


25.9 


26.1 
14.6 


75 
85 


16.0 


1.7 


3.6 


a See Footnote a in Table I. 
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diagrams where a linear increase in the solubility of TMPPT was 
observed was based on the assumption that a single 1 : 1 complex was 
formed. Both 1 : 1 and 1 :2 stability constants were evaluated from 
the phase diagrams showing positive curvature. Studies of the 
partitioning of TMPPT between water and an organic phase com- 
posed of 25 chloroform in isooctane (v/v) indicated that this com- 
pound did not self-associate to a detectable extent in water. This 
observation was given the interpretation that higher order associa- 
tions of the compound should not interfere with the evaluation of 
reliable stability constants from the phase-solubility diagrams. 


The interactions of the unionized form of trans-cinnamic, caffeic, 
and ferulic acid with TMPPT gave insoluble complexes. These 
interactions were not investigated further since the authors were 
primarily interested in the associations taking place in solution. 
The formation of insoluble complexes has also been found for 
theophylline interactions with a series of unionized benzoic acids 
(5). 


The 1:l stability constants in Table I1 for the interaction of 
caffeine with some of the ionized aromatic acids require some addi- 
tional explanation. The calculated constants from the partitioning 
data were dependent upon the total caffeine concentration. To get 
the most reliable 1 : 1 constants for these systems, several experi- 
ments were carried out with different caffeine concentrations in 
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Figure 1-Increase in soIubility of TMPPT produced by addition 
of ferulic acid anion (O), 2,6-dihydroxybenzoate (O), and trans- 
cinnamate (A) in 0. I M sodium bicarbonate at 25". 







each. Figure 2 shows the data for the interaction of caffeine with 
ferulic acid anion with the apparent K,:l constants, calculated as 
outlined in the Experimental section, plotted against the caffeine 
concentration. The increase in stability constants with increasing 
caffeine concentration strongly suggests that higher order caffeine 
complexes are formed. This is not surprising, because caffeine has 
been found to exist in aqueous solution as monomer, dimer, and 
tetramer (29), and all the caffeine species might possibly associate 
with the aromatic anion. This was supported with data from the 
solubility technique, which showed that one molecule of the anion 
brought close to two molecules of caffeine into solution. When the 
linear plot in Fig. 2 was extrapolated to zero caffeine concentration, 
the value of 46.0 for the KlZl constant was believed to represent 
the best "true" constant. 


When the two cinnamamides were used as solid phase material 
in the solubility technique, only a linear increase in the solubility 
was observed. The slopes of the solubility diagrams were in every 
instance less than one. Partitioning studies between water and 10 
chloroform in isooctane (v/v) indicated that self-association of 
cinnamamide and N,N-dimethylcinnamamide in the aqueous 
phase did not occur. The calculation of stability constants from the 
phase diagrams was made assuming formation of a single 1:l 
complex in the systems. 


Studies were attempted with vitamin A acid anion and pheno- 
thiazine as complexing agents, but they did not lead to definitive 
results. The salt form of vitamin A acid apparently formed micelles 
at very low concentrations, and phenothiazine was unstable in solu- 
tion. 


DISCUSSION 


Earlier studies indicated that there is relatively little specificity in 
the type of interactions under present consideration. For example, 
if the stability constants of complexes formed by Compound 1 with 
a series of other species were plotted against the stability constants 
derived using Compound 2 for the same series of interactants, it has 
been shown that the points fall essentially on a straight line passing 
through the origin (6 ,7) .  The present investigation strongly suggests, 
however, that there are at least two broad classes, labeled here as 
Class A and Class B. The data collected indicate that although 
members of Class A and Class B will interact with others within 
their own class, the strongest binding seems to be between the two 
groups. 


Thus, for example, TMPPT and theophylline have been classified 
asybeing in Class A. N,N-Dimethylcinnamamide and y-resorcylic 
acid anion are considered to be in Class B. As listed in Table I, the 
former two interact weakly, K equal to 12.8 I./mole, with each 


I11 
CH=CHCON(CHJ2 
I 


I coo- 57.4 How -30T 
n n 


a a a 


Figure 2-Plot of ap- 
parent K1:1 stability con- 
stants from partitioning 
data of the caffeine-ferulic 
acid anion system as a 
function of total caffeine 
concentration at 25". 
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other; the latter pair interact even more weakly with K less than 6 
l./rnole. The four constants for the crossinteractions are subtan- 
tially larger, being 27.5, 57.4, 102, and 300 ]./mole. This is shown 
diagrammatically in Scheme I. The same trendis revealed by examin- 
ing Scheme 11, where the TMPPTXaffeine system represents the 
A-A interaction with K equal to 11.9 l./mole. The cinnamamide- 
ferulic acid anion system, with a K of 8.0 I./mole, is the B-B inter- 
action. The four possible A-B interactions have 1 : 1 stability con- 
stants of 37.5, 46.0, 70, and 228 I./mole. 


The possible existence of such a generic difference in the binding 
behaviors of these compounds is strongly supported by the plots 
shown in Figs. 3 and 4. Here the stability constants listed in Table I 
for the interactions of the various complexing agents with cinnam- 
amide (Class B) and N,N-dimethylcinnamamide (Class B) have been 
compared with those for the interactions of the same compounds 
with TMPPT (Class A). Both Figs. 3 and 4 show that all the com- 
pounds fall readily in two groups, those binding the cinnamamides 
strongly and TMPPT weakly, and those characterized by the op- 
posite binding tendencies. Thus, these plots demonstrate that a 
large number of organic compounds may be classified as belonging 
to either of the two categories, A or B. Such a classification is ap- 
parently valid among the compounds tested that showed relatively 
strong binding tendencies. However, the classification may, of 
course, be somewhat obscure for compounds that tended to bind 
rather weakly with any interactant. Examples of the latter type 


VI 
CH=CHCONH2 
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CH3 CH, 
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Scheme I-A-B system interactions in water at 25". The numbers on 
the arrows represent the I : I  stability constants for the interacting 
species. I ,  TMPPT; 11, theophylfk; HI,  N,N-dimethyfcinnamamide; 


and IV, 2,6-dihydroxybenzoate 


CHZ CH, 
I 


Scheme 11-A-B system interactions in water at 25". The numbers 
on the arrows represent the I : I  stability constants for the interacting 
species. I ,  TMPPT; V,  caffeine; VI ,  cinnamamide; and VII,  ferulic 


acid anion 
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Figure 3-A plot of the I:I stability constants for cinnamamide 
and TMPPT with each of the indicated compounds. The numbers 
refer to the compounds listed in Table I .  


from the present data are phenylbutazone, antipyrine, imidazole, 
sodium sorbate, and nicotinamide. 


From Figs. 3 and 4, it is seen that the apparent two classes of 
compounds fall essentially on their own straight line passing through 
the origin in the plots, thus indicating a reasonable linear free 
energy relationship for the A-B interactions. The rationale for this 
type of plot is that the difference in the free energy (6AGo) for the 
binding of one class of compounds to TMPPT compared to the 
cinnamamides is expressed by the slope. That a linear free energy 
relationship exists does not, of course, imply that a single binding 
mechanism is operating among the two categories of interactants. 
It has been found that simple linear free energy relationships are 
not necessarily limited to closely related reactions but might apply 
to entire groups of reactions (30). The free energy changes involved 
in these systems, in general, are small. From the slopes of the lines 
drawn in Figs. 3 and 4, it was calculated that the binding of Class A 
compounds to the cinnamamides (Class B) was favored by about 
600 cal./mole compared to the binding of the same class to TMPPT 
(Class A). For the binding of Class B compounds, TMPPT was 
favored over the cinnamamides by 1000-1500 cal./mole. 


The present data suggest that all the investigated neutral xanthines 
and the pyrimidopteridine compounds constitute the same class, 
Class A. Examination of previously reported stability constants for 
prednisolone and hydrocortisone interactions (5 ,  6) indicates that 
these compounds also apparently may be classified as being in the 
same A category. Class B consists of a large number of aromatic 


compounds. Apparently all benzoate derivatives, phenols, naphthols, 
cinnamates, and naphthoates, for which data are available, form 
much stronger complexing pairs with the Class A compounds than 
with members of their own group. In Class B the cinnamates appear 
to be among the strongest binders. Since molecular complexation 
is believed to be a possible mechanism for drug-receptor interac- 
tions in vivo, it is interesting to note that drugs like phenacetin and 
salicylate, according to the present classification system, are typical 
B compounds. The observed binding of the phenothiazine deriva- 
tive (promethazine hydrochloride) that was tested indicated that 
it apparently fit into the same Class B. The strong binding to 
TMPPT of the biologically important metabolite 3-methoxy-4- 
hydroxymandelic acid anion ( K  equal to 139 l./mole) showed that 
it most likely belongs to Class B. The stability constants reported 
for the interaction of menadione and tryptophan with some alkyl- 
xanthines (7, 31) further suggest that both these compounds may 
be members of Class B. 


Some insight into factors that confer characteristics of A and B 
compounds can be gained by correlating the data for the theophyl- 
line systems. The ionized form of theophylline and 8-chlorotheo- 
phylline bind TMPPT stronger than cinnamamide, whereas the 
reverse is true for the uncharged form of these xanthines. While 
the neutral xanthines were labeled Class A compounds, Fig. 3 
shows that their ionized forms fit nicely into Class B. Recently, it 
was also shown that theophyllinate binds stronger to 8-methoxy- 
caffeine than its neutral form (32), and neutral theophylline had a 
stronger affinity for some cinnamate esters than theophyllinate 
(10). For a long time it has been assumed, and in some cases con- 
firmed by experiment (5, 8, 32), that the stronger solvation around 
the ions compared to the neutral molecules should decrease the 
complexing capability in water. The theophyllinate behavior cannot 
be explained in this way. Although the binding with cinnamamide is 
reduced, theophyllinate and 8-chlorotheophyllinate bind TMPPT 
markedly stronger than do the corresponding neutral forms. The 
1 : 1 stability constants were found to be 12.8 and 18.5 I./mole for 
the interaction with theophylline and 8-chlorotheophylline, re- 
spectively, compared to 56 l./mole for the binding of TMPPT to 
theophyllinate and 154 l./mole for the interaction with S-chloro- 
theophyllinate. On the other hand, data for the neutral and ionized 
forms of theophylline-7-acetic acid show that when the negative 
charge is adjacent but isolated from the imidazole ring in theophyl- 
line, there is no significant change in the binding strength with 
either cinnamamide or TMPPT. The neutral and ionized molecules 
interacted with cinnamamide to give K equal to 22.7 and 20.0 
l./mole, respectively. The corresponding constants for the interac- 
tion with TMPPT were 5.0 and 5.9 l./mole. 


An important factor regarding the observed behavior of the 
theophyllinates appears to be the great change in the resonance 
structures of both theophylline and 8-chlorotheophylline upon 
formation of their anions. In theophylline-7-acetic acid, the reson- 
ance character of the heterocyclic ring system of the molecule can- 
not be affected by ionization of the carboxylic group. The binding 
of the theophyllinates, in general, resembled the binding of the 


Figure 4-A plot of the I : I  stability 
constants for N,N-dimethylcinmrn- 
amide and TMPPT with each of the 
indicated compounds, The numbers 
refer to the compounds listed in Table 1. 
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benzoates and the cinnamates with TMPPT. All these ligands gave 
yellow, soluble complexes with TMPPT, and the solubility diagrams 
were all characterized by an upward curvature. The neutral alkyl- 
xanthines, on the other hand, interacted in a first-order manner with 
TMPPT, and no colored complexes were formed. 


Since the difference in electronic character of the two forms of 
theophylline crudely appears to be responsible for their differences 
in binding with the A-B system compounds, one is tempted to 
speculate if this reflects any important property which would clearly 
distinguish an A from a B compound. Still there are contradicting 
opinions about the electronic properties of, for example, the purine 
derivatives. Although Pullman and Pullman (33) found from MO 
calculations that a correlation existed between the electron donating 
properties of the purines and their solubilizing effect on hydrocar- 
bons (33), the influence of the medium was not taken into account. 
Hanna and Sandoval (34) carried out NMR studies of caffeine in 
complexes with benzene and mesitylene in carbon tetrachloride, 
and they concluded that caffeine acts as a typical acceptor in these 
complexes. This is, of course, contrary to the predictions made from 
MO theory. It is evident that the effect of the solvent environment 
on the extent of complex formation has to be taken into account 
(1). In attempts to rationalize the observed data, many problems 
arise because knowledge about this refinement is far from complete. 


The interacting species listed in Tables I and I1 represent struc- 
turally a spectrum of different planar aromatic and heterocyclic 
molecules. Both neutral and ionized species have been tested. The 
substituents on the compounds are differently oriented, and some 
would be expected to exert an electron-withdrawing effect while 
others should be donating electrons and, in any case, affect the r- 
orbitals of the aromatic and heterocyclic ring systems. The varia- 
tions in structure appear to be pronounced within each of the pro- 
posed two classes of interacting species. In general, therefore, it 
seems impossible to ascribe the interactions to any localized binding 
site. The binding of one class of compounds to a member of the 
other class must be mainly nonspecific in nature. The same reason- 
ing is applicable to the observed weak binding between members of 
the same class. However, since the collected data clearly demon- 
strated that there are at least two broad classes of compounds, some 
selectivity must be operating among the interactants. In other words, 
a particular molecule must be able to recognize an A from a B 
compound. This property of the interactants seems to eliminate the 
important contribution to the stability of the complexes due to 
dispersion forces. The dispersion energy of attraction can be ex- 
pressed in terms of a single parameter, the product of the polariz- 
abilities of the interacting molecules (35, 36). Thus, if dispersion 
forces were important for the binding in water, one would not ex- 
pect to see the observed selectivity since all the molecules would be 
more or less “blind.” 


At the present time, the authors believe that charge-transfer 
complexes of the formal type (37) are not a major factor in stabiliz- 
ing these complexes in water. Experiments have shown that the 
binding in these systems is considerably reduced in media less polar 
than water ( I ) ,  and this is the opposite effect of what should be 
expected if charge-transfer was a major factor (38). But the pos- 
sibility cannot be excluded that a mechanism of nonclassical “donor- 
acceptor” type, peculiar to water, may be operating in the interac- 
tions being considered. It is clear that factual information about the 
role of water in these interactions is lacking. This may be the main 
reason why no satisfactory explanation has emerged as to the exact 
nature of the forces involved, although numerous complex inter- 
actions in aqueous media have been reported. 


The complex geometry of the systems investigated cannot be 
described with great assurance since they exist only in solution in 
equilibrium with the uncomplexed components. With all the pos- 
sible solute-solute, solvent-solvent, and solute-solvent interactions 
taking place simultaneously in aqueous solution, any detailed struc- 
tural or mechanistic interpretation can only be speculative and may 
involve assumptions that are far from safe. However, some prog- 
ress in understanding the spatial arrangement of complexes of 
organic molecules in aqueous solution is evident from previous 
studies. In general, it has been shown that planarity of the interact- 
ing molecules is important (5-7), and it has been observed that ex- 
pansion of the ring system from a benzenoid to the naphthalene 
structure led to substantial increased binding with, for example, 
theophylline (5, 6). Recently, it was reported that a reasonable 
linear correlation existed between the standard unitary free energy 
change and the estimated planar area of the smaller neutral inter- 


actants for theophylline complexes with a series of cinnamate esters 
and related compounds, and it was postulated that the 1 : 1 com- 
plexes were most likely of a plane-to-plane orientation (10). NMR 
measurements of the tryptophanxaffeine complex have suggested 
that the geometry apparently corresponded to plane-to-plane stack- 
ing (7). The effect of increased planar area upon the complex sta- 
bility is substantially confirmed by the present study. For example, 
by increasing the planar surface from that of a typical alkykan- 
thine like caffeine or theophylline to the three-membered hetero- 
cyclic ring system in the pyrimidopteridine compound, the more 
favorable is the observed binding in water. The coplanarity of the 
benzene ring with the ethylenic bond and the carboxylate in the series 
of cinnamic acid anions increases the planar surface area of these 
molecules compared to the benzoates and other benzene derivatives. 
It is evident from the present data that the cinnamic acid anions, in 
in general, are much stronger binders than the latter type of com- 
pounds, notably toward the Class A compounds. However, it 
cannot be ascertained at the present time if the strong binding tend- 
ency of the cinnamates is due to the increase in surface area or to 
the extended conjugation with increased r-electron delocalization 
in the molecular system. It may be suggested that a combination of 
both the effects contributes favorably to the observed binding. 


Since the strongest binding, in general, is seen with compounds 
that are polycyclic in nature (of which there are examples of both 
Class A and Class B compounds in the present study) or contain 
extended conjugation, the view that planar area overlap of the 
partners in the complex takes place has considerable appeal. But 
it is not possible to make any conclusions, which at  this time may 
be more than speculative, regarding the preferred mutual orienta- 
tion of the components in these complexes in solution. Again it is 
felt that the role of water may be essential for the modes of orienta- 
tion. 
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Alkaloids of Tylophora 11: Structural Studies 


KOPPAKA V. RAO 


Abstract 0 Structural studies on the six alkaloids isolated from 
Tylophora crebrijlora (N. 0. Asclepiadaceae) are described here. 
Spectral data indicate that five of these alkaloids (A-E) possess the 
dibenzo[f,h] - pyrrolo[l,2b]isoquinoline skeleton known to be 
present in tylocrebrine. They differ in the number, nature, and 
distribution of the oxygen-bearing substituents and in the presence 
or absence of a benzylic-type hydroxyl. An oxygen substitution 
pattern of 3, 4, 6, and 7 is suggested for Alkaloids A, B, and C and 
that of 2, 3,4, 6, and 7 for Alkaloids D and E. Alkaloid F is shown 
to be a seco analog of tylocrebrine with a 1,Zdiphenyl cis stilbene 
skeleton. 


Keyphrases u Alkaloids-Tylophora crebrijora 0 Structural 
studies-T. crebrijlora alkaloids 0 NMR spectroscopy-structure 0 
IR spectrophotometry-structure 0 UV spectrophotometry- 
structure 


The isolation of six new alkaloids designated as A, 
B, C ,  D, E, and F, together with the known compounds 
tylocrebrine and tylophorine from Tylophora crebri- 
flora, S .  T. Blake (N. 0. Asclepiadaceae), was described 
in Part I (1). An examination of the analytical and spec- 
tral data indicated that Compounds A-E resemble 
tylocrebrine (I) in that they possess the dibenzo[f,h]- 
pyrrolo[ 1,2b]isoquinoline skeleton with four or five 
oxygen-bearing substituents. The studies that provided 
evidence for the structures of these new members are 
described in this paper. 


DISCUSSION 


Alkaloid A, C24H27NOS, resembles tylocrebrine in its UV and IR 
spectra and in having four methoxyl groups. The extra oxygen 
atom is in the form of a hydroxyl group, as shown by the formation 
of a monoacetate (bands at 1725 and 1225 cm.-I in IR and a sharp 
3-proton peak at r 7.85 in the NMR spectrum). Clemmensen reduc- 
tion or catalytic hydrogenation converts Alkaloid A to a nonhy- 
droxylic compound Cz4Hz7N04, thus indicating that the hydroxyl is 
benzylic. In its spectral and chromatographic behavior, the re- 
duction product is almost indistinguishable from tylocrebrine, but 


the mixed melting (decomposition) point seems to indicate that 
the two may not be identical. 


The presence of the benzylic hydroxyl in Alkaloid A is analogous 
to the case of tylophorinine (11, R = OH),another known member of 
this group (2). In this compound, the hydroxyl was placed at 14 in- 
stead of 9 (for numbering, see Structure I), because the latter 
structure would have represented a highly labile carbinolamine 
system and the stability of the compound was inconsistent with 
such a structure (2). This was later confirmed by synthesis (3). In an 
analogous manner, the stability of Alkaloid A strongly suggests the 
location of the hydroxyl to be 14. This is also supported by the 
following NMR spectral evidence: the chemical shifts of the ben- 
zylic CH(0H) protons in tylophorinine and Alkaloid A are very 
close: T 3.96 and 3.87, respectively. The corresponding chemical 
shift of the same proton in the acetates of both compounds is T 


3.48; in both cases, it is split as a doublet, as would be expected. 
It is, therefore, concluded that Alkaloid A has the hydroxyl at 14. 


Alkaloid B, C23H25N04, has three methoxyl groups. The fourth 
oxygen is part of a phenolic group (UV spectral shift in base and 
band at 3540 cm.-l). This is supported further by the formation of a 
monoacetate (1750 cm.-l in IR and a 3-proton peak at r 7.59). 
Methylation with diazomethane leads to a tetramethoxy compound, 
CZ4Hz7NO4, which is almost indistinguishable from tylocrebrine on 
the basis of spectral and chromatographic data, but the mixed melt- 
ing (decomposition) point suggests that the two may not be identi- 
cal. 


Alkaloid C,  C28H25N05, shows features similar to both A and B. 
It has three methoxyls and forms a diacetate (1725 and 1760 cm.-l 
in IR  and 3-proton peaks at T 7.87 and 7.59 for the alcoholic ace- 
tate and phenolic acetate groups, respectively). It can be converted 
by methylation to  Alkaloid A and by Clemmensen reduction to B. 
Hence, this compound is the desmethyl derivative of Alkaloid A, 
and the position of the phenolic hydroxyl in B and C is the same. 
The transformations are shown in Scheme I. 


H2 


isomer of tylocrebrine +-- Alkaloid A 


CHzN? I CH?N2 
Hz 


Alkaloid C Alkaloid B +--- 
Scheme I 


I 
Alkaloids D and E have the compositions C2sH29NOe and Czs- 


HzgNOs, respectively. They each have five methoxyl groups. Clem- 
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Quantitative Spectrophotometric Methods for 
Determination of Sodium Hypochlorite in 
Aqueous Solutions 


A. HUSSAIN*, P. TRUDELL, and A. J. REPTA 


Abstract 13 Two simple spectrophotometric procedures for the 
quantitative estimation of hypochlorite in commercially available 
sodium hypochlorite solutions are presented. One method is 
based directly on the absorbance of hypochlorite in alkaline aqueous 
media. The other method takes advantage of the quantitative 
reaction of hypochlorite and ammonia in alkaline solution to form 
chloramine, which has a higher molar absorptivity. Results of 
the spectrophotometric assays are compared with results obtained 
by the titrimetric procedure of NF XII. 


Keyphrases Sodium hypochlorite determination-aqueous 
solutions 0 Chloramine determination-Na hypochlorite anal- 
ysis 0 Molar absorptivity-Na hypochlorite, chloramine 0 
UV spectrophotometry-analysis 


Of the various methods available for quantitative 
determination of sodium hypochlorite in aqueous solu- 
tion, most are the volumetric or gravimetric type 
(1-4). All of these methods are relatively laborious, 
time-consuming, and expensive to do on a routine 
basis. The method described in the NF XII, while 
giving good precision and accuracy, requires the 
preparation of several solutions, some of which must 
be standardized (1). 


The purpose of this work was to develop procedures 
equally sensitive compared to the NF method, which 
could be used routinely for the quantitative determina- 
tion of sodium hypochlorite. The facts that hypochlorite 
ion has an absorbance maximum at 292.5 mp in al- 
kaline aqueous solution (5) and that the absorbance 
shows a direct relationship to concentration of hy- 
pochlorite were utilized in one procedure. The other 
procedure is based on the quantitative reaction of 
hypochlorite with ammonia to yield chloramine (6),  
which has an absorbance maximum at 244.3 mp that 
is also linearly related to concentration. 


EXPERIMENTAL 


Reagents-Commercially available sodium hypochlorite solu- 
tions were used. Hypochlorous acid solutions were prepared by 
the method of Higuchi et a/. (7). Reagent grade ammonium hy- 
droxide (58%) (Mallinckrodt) was diluted with distilled water to 
yield a 20% ammonium hydroxide solution. All water was distilled 
from acid permanganate solution in an all-glass still. 


Spectrophotometric measurements were carried out using a Cary 
model 14 spectrophotometer. A Beckman pH meter was used 
for all pH measurements. 


Procedures-Spectral Changes of Hypochlorous Acid as a Func- 
ti012 of pH-Solutions containing 2.13 X M hypochlorous 
acid at various pH values were prepared. The spectral changes 
were determined by examining the UV spectra from 400 to 250 
mr. 


Standardization of Hypochlorous Acid Solutions-A suitable 
volume (3 ml.) of hypochlorous acid solution at 25" was pipeted 
into a stoppered conical flask and diluted with about 100 ml. of 
water. One milliliter of glacial acetic acid and 2 g. of potassium 


iodide were then added, and the stoppered flask was placed in the 
dark for 5-10 min. The liberated iodine was then titrated with stan- 
dard sodium thiosulfate solution, using 1 ml. of starch solution as an 
indicator. 


lodometric Determinations of Sodium Hypochlorite-These 
determinations were carried out according to a modification of the 
procedure described in NF XII. The modification consisted of pipet- 
ing 3 ml. of the sample at 25" rather than weighing it. 


Spectrophotometric Method I-The molar absorptivity of hy- 
pochlorite was determined as follows. Solutions containing con- 
centrations ranging from 8.73 X to 34.92 X lo-' M sodium 
hypochlorite were prepared by pipeting 1,2,3, and 4 ml. of a stan- 
dardized hypochlorous acid solution into 100-ml. volumetric flasks. 
Two milliliters of 10% sodium hydroxide solution and 75 ml. of 
distilled water were then added to each flask, and the solutions 
were allowed to equilibrate at 25". After equilibrating, the solutions 
were brought to volume with distilled water at 25". A plot of the 
absorbance of each solution in a 1-cm. stoppered cell at 292.5 mp 
uersus concentration was used to calculate the molar absorptivity 
of hypochlorite ion. 


The hypochlorite content of commercial bleaches was determined 
by pipeting 1 ml. of bleach at 25" into a 200ml. volumetric flask 
and adding 175 ml. of water and 1 ml. of 10% sodium hydroxide 
solution. The solution was then equilibrated at 25" and brought 
to volume with distilled water of the same temperature. Its absorb- 
ance at 292.5 mp was then determined against a similarly prepared 
solution containing no bleach. Using the molar absorptivity and a 
molecular weight at 74.5 g./mole for sodium hypochlorite, the con- 
centration of sodium hypochlorite (in mg./ml.) of bleach solution 
was calculated. 


Spectrophotometric Method 11-The molar absorptivity of 
chloramine was determined by preparing concentrations of chlo- 
ramine varying from 8.73 x 10-4 to 34.92 X lo-' M. This was done 
by pipeting 1, 2, 3, and 4 ml. of a standardized hypochlorous acid 
solution (at 25") into four 100-ml. volumetric flasks, followed by 
addition of about 75 ml. of distilled water and 2 ml. of 10% sodium 
hydroxide solution. The flasks were then equilibrated at 25" in a 
water bath. To one of the solutions was added 2 rnl. of 20% am- 
monium hydroxide, and the solution was brought to volume with 
distilled water. The absorbance was measured immedintely at 
244.3 mp in a I-cm. stoppered cell using a suitable blank. Each of 
the remaining solutions was treated in an identical way. A plot of 
absorbance uersus concentration was made, and the molar ab- 
sorptivity was calculated. 


Determination of hypochlorite content of commercial b!eaches 
was made by pipeting 1 ml. of bleach at 25" into a 200-ml. volu- 
metric flask. The sample was diluted with 175 ml. of distilled water 
and 1 ml. of 10% sodium hydroxide solution. The resulting solu- 
tion was equilibrated at 25". Two milliliters of 20% ammonium 
hydroxide solution was then added to the flask, and distilled water 
was added to bring the solution to a volume of 200 ml. The absorb- 
ance was then immediately measured at 244.3 mp against a blank 
which was prepared in the same way except the bleach was omitted. 


DISCUSSION 


Spectrophotometric Method I-Since this method was based on 
the absorbance-concentration relationship of hypochlorite ion, 
it was necessary to determine the minimum pH required to ensure 
that all hypochlorous acid was converted to hypochlorite ion. 
Therefore, several solutions containing identical amounts of hy- 
pochlorous acid were adjusted to various pH values, and their 
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Figure 1-UV spectral changes of 2.13 X I k 3  M hypochlorous acid 
solutions as a function of pH.  A,,,. is 292.5 mp. 


spectra were obtained by scanning from 400 to 250 mp. It was 
found that at pH > 10, all hypochlorous acid had been converted to 
the hypochlorite ion. These data are shown in Fig. 1. All solutions 
subsequently used in the determination of the absorptivity and in 
analysis of hypochlorite were made such that pH >lo. 


From Fig. 1, it was also determined that Am,. = 292.5. When 
absorbance at A,,,. was plotted against pH (Fig. 2), a typical sigma- 
shaped curve was obtained. From Fig. 2, the pKa of hypochlorous 
acid was found to be 7.50, which agrees well with the value of 7.53 
previously reported (8). 


When the absorbance values at 292.5 mp of a series of hypo- 
chlorite solutions were plotted against their concentrations, a 
linear relationship was found. From these data the molar absorp- 
tivity was calculated (e = 360 f 2 M-l cm.-l). 


The quantitative determination of hypochlorite in commercial 
bleach solution was done by pipeting a 1-ml. sample at 25" into a 
200-ml. volumetric flask, adding excess alkali, and bringing to 
volume with water at 25". The absorbance of the diluted solution 
was measured at 292.5 mp against a blank. The concentration in 
milligrams of sodium hypochlorite per milliliter of bleach was 
calculated according to the following equation: 


mg. of NaOCl/ml. of bleach = A X MW X V D / ~ V S  (Eq. 1) 


where: A 
e 


MW = molecular weight of NaOCl = 74.5 
V D  
V s  


= absorbance at 292.5 mp 
= molar absorptivity of hypochlorite (at 292.5 mp) 


= 360 M-l cm.-l 


= total volume of diluted solution (in ml.) 
= volume of bleach sample solution used (in ml.) 


The stability of the solutions was checked, and no change in 
absorbance at 292.5 mp was observed over a 2-hr. period. 


Spectrophotometric Method 11-An earlier report (6) has shown 
that hypochlorous acid in alkaline solution reacts rapidly in the 
presence of excess ammonia to form chloramine quantitatively 
according to the following scheme: NH, + HOCl + NHKl + 
RO.  
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Figure 2-Absorbance at 292.5 mp of 2.13 X 
acid solutions as a function ofpH. 


M hypochlorous 


This information was used as the basis for the indirect deter- 
mination of hypochlorite. Figure 3 shows the difference in spectra 
between hypochlorite solution at pH >10 and a similar solution 
to which excess ammonia has been added to form chloramine. 
The Amax. shifted from 292.5 mp for hypochlorite to 244.3 mp for 
chloramine. When various concentrations of hypochlorous acid 
were treated with ammonium hydroxide at pH >lo, and the ab- 
sorbance at 244.3 was plotted against the concentration of chlo- 
ramine (which is equimolar with hypochlorite), a linear relationship 
was observed. From the slope of the line, the molar absorptivity 
was calculated to be 459 & 3 M-1 cm.-l. Actual determinations of 
sodium hypochlorite in commercial bleach samples were similarly 


Figure 3-Spectra of 2.1 X 
1 0 - 3  M solutions o f ( A )  hypo- 
chlorite and ( B )  chloramine 
(formed by addition of ammo- 
nium hydroxide to hypochlo- 
rite solutions). 
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Table I-Results and Comparisons of Hypochlorite Assay of Three Commercial Bleaches at 25“. Results Expressed as 
Milligrams of Sodium Hypochlorite per Milliliter of Bleach 


Bleach Assay Number of Range of Mean and Standard 
Results, mg./ml. Deviation, mg./ml. Solution Method Determinations 


NF” 
Spectrophotometric 


Spectrophotometric 


NFa 
Spectrophotometric 


Spectrophotometric 


NFD 
Spectrophotometric 


Spectrophotometric 


method I* 


method IP 


method I b  


method IIc 


method Ib 


method I I c  


39.5-40.3 39.8 f 0.3 
39.6 f 0.1 39.6-39.8 


39.5-39.8 39.7 f 0.1  


15.2 f 0.2 15.1-15.4 
15.3-15.4 15.3 f 0.1  


15.0-15.1 15.1 f 0.1 


59.7-60.2 59.7 h 0.2  
60.1 f 0.2  60.0-60.3 


59.1-59.5 59.3 f 0.2  


~~~ 


a Used volume at  25” rather than weighing sample in NF assay. Measured as hypochlorite a t  292.5 m p .  c Measured as chloramine at  244.3 mp. 


carried out, and the concentration of sodium hypochlorite in 
milligrams per milliliter of bleach was calculated according to 
Eq. 1 where now A = absorbance of chloramine at 244.3 mp, and 
e = molar absorptivity of chloramine = 459 M-1 crn-1. 


When the absorbance of chloramine solutions was observed 
over a period of time, no significant changes were seen in 4-5 min. 
However, 1-2% decreases in absorbance were observed after 30 
min. To minimize the experimental error due to the instability of 
chloramine, all solutions were prepared up to the point where the 
ammonium hydroxide was to be added. At this point, one solution 
at a time was taken and to it were added the ammonium hydroxide 
and distilled water to bring it to volume. The absorbance was then 
immediately measured. 


RESULTS AND CONCLUSIONS 


The hypochlorite content of three different bleach solutions 
was determined by the NF method and the two spectrophotometric 
methods; the results are shown in Table I. The results obtained for 
each sample are in good agreement for all three analytical methods. 


The simplicity and ease of the spectrophotometric methods as 
opposed to the NF method would seem to suggest the former as the 
methods of choice in the determination of hypochlorite in aqueous 
solution. In addition, the spectrophotornetric methods allow for 
analysis of much more dilute solutions than the NF method. For 
example, if a 10-cm. cell and the expanded scale of the Cary 14 
spectrophotometer were used, concentrations as low as several 
micrograms per milliter could be determined. This could be ex- 
tremely useful, especially when applied to the determination of 
active chlorine in water. 
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BOOKS 


REVIEWS 


Thin-Layer Chromatography. Edited by EGON STAHL. Springer- 
Verlag New York, Inc. 175 5th Ave. New York, NY 10010, 
1969. xxiv + 1041 pp. 
Egon Stahl’s Thin-Layer Chromatography (second edition) is the 


most complete and current compilation of TLC theory and practice 
available today. The book, published in 1967 in German, is an 
expansion of his first work, organized in much the same manner. 
There is the same review of nomenclature before each compound 
class, the same history, and a much expanded theory section cover- 
ing new apparatus and additional techniques. 


The book has a much more complete section on heterocyclic 
nitrogen compounds than Kirchner’s Thin-Layer Chromatography. 
Phenothiazines, the diazepines, carbamate esters, compounds of 
antihistamine activity, and the narcotics are all more thoroughly 
covered by Stahl than in the other available books on the market. 
Moreover, most charts list the structural formula where feasible or 
the chemical name of the compound in addition to its common 
name. The amino acid section is also well done. There is an extensive 
listing of general test conditions and solvent systems for these 
compounds. 


The volume, however, is not specific in its treatment of the ste- 
roids. For the most part, it lists general systems for the various 
groupings of steroids and does not treat each drug individually. 
An incomplete and inconsistent index is also a hindrance, varying 
between listing drugs as to their activity, group name, or the name 
of one compound in the group. However, no existing TLC hand- 
book approaches the amount of data contained in this volume and, 
as such, this work is a definitive addition to any TLC library. 


Reuiewed by Dorothy K. Wolf 
Drug Standards Laboratory 
American pharmaceutical Association Foundation 
Washington, DC 20037 8 


Cationic Surfactants. Vol. 4. Edited by ERIC JUNGERMANN. Marcel 
Dekker, New York, NY 10016, 1970. xiv + 652 pp. 16 x 23.5 
cm. Price $37.50. 
This, the fourth volume in Dekker’s Surfactant Science Series, is 


concerned with the organic, physical, and analytical chemistry of 
cationic surfactants. A fourth section deals with the biological 
aspects of this class of surfactants. 


The eighteen authors are drawn from both industry and the uni- 
versities. Following an introductory chapter, the next six chapters 
deal with the synthesis of straight chain and cyclical alkylam- 
monium compounds, petroleum-derived and polymeric forms, and 
nonnitrogen-containing surfactants. Brief references to the applica- 
tions, physical properties, and toxicities of the compounds under 
discussion are made. As would be expected, major emphasis is 
placed on commercial products. Considering the potentially unex- 
citing subject matter, the presentation is clear and readable. 


There then follows a group of six chapters concerned with the 
physical chemistry of cationic surfactants. Specific topics covered 
are micelle formation in aqueous and nonaqueous media, adsorp- 
tion by a variety of substrates, and coacervation. A brief section on 
adsorption on biological substrates has obvious pharmaceutical 
implications. In most cases the treatment is sufficiently basic; in- 
evitably, much of the discussion is common to all classes of sur- 
factants. 


A single chapter comprises the section on the analytical chemistry 
of cationic surfactants. The approach taken is a practical one, with 
emphasis placed on methods that have been developed for carefully 
purified surfactants. The chapter considers both qualitative and 


quantitative aspects of analysis. Most discussion of the latter centers 
around absorptiometric, volumetric, and gravimetric analysis. 


The final section, on the biology of these compounds, contains 
two chapters that review the germicidal properties and toxicology, 
respectively, of cationic surfactants. In the chapter on germicidal 
properties, little consideration is given to a discussion of the mech- 
anisms of action involved. However, the descriptive literature in this 
area is covered satisfactorily. Cationic surfactant toxicology is well 
summarized in the final chapter, which also contains a comprehen- 
sive listing of reported toxicities. 


While this text undoubtedly represents a comprehensive presenta- 
tion on cationic surfactants, its major appeal to the pharmaceutical 
scientist will probably be limited to the last two sections which com- 
prise approximately one-third of the total material. 


Rruiewrdby James Swarbrick 
School of Pharmacy 
Uniuersitv o /  Connecticut 
Storrs. CT 06268 


Pharmaceutical Chemistrv. Volume 2: Instrumental Techniaues. 
Edited by L. G. CHATTEN. Marcel Dekker, Inc., 95 Madison Ave., 
New York, NY 10016, 1969. xiv + 773 pp. 17 X 24 cm. Price 
$17.75. 
Eighteen authors and the editor have collaborated to present 19 


chapters in this second volume of a two-volume set on the analytical 
aspects of pharmaceutical chemistry. When the objectives stated in 
the preface are compared with the final written work, this reviewer 
finds that, in general. the mission has been accomplished. In an at- 
tempt to evaluate this book, each chapter has been examined and 
the following comments are respectfully set down. 


The chapters may be conveniently divided into three groups: 
(1) topics involving electromagnetic radiation; (2) topics dealing 
with electrochemistry; and (3) subjects not classified as either ( I )  
or (2). In many cases, questions, problems, and answers as well as 
experiments have been provided. 


The first group of items is concerned with analytical techniques 
utilizing electromagnetic radiation in its various forms. The first two 
chapters concerning absorption spectrophotometry in the visible and 
ultraviolet region and in the infrared are well written and employ 
pretty much the standard approach to the subjects. ln the first case, 
spectrophotometric titrations and a welcome treatment of the 
chemistry of chromogenesis in some colorimetric analyses are in- 
cluded. The presentation of structure-spectra correlations is done 
well; unknown spectra are provided for practice and study. 


In both chapters, the experiments are appropriate but the instru- 
mental features receive only brief attention. Raman spectroscopy, 
becoming more useful as instrument prices diminish, is discussed in 
a separate chapter. The theory is examined carefully and requires 
an appreciation of group theory and fundamental spectroscopy for 
adequate understanding. At present, no good examples of the ap- 
plication of this technique to pharmaceuticals are evident. 
In the division of fluorometry, the explanations of theory, deriva- 


tions of equations, and the examination of pharmaceutical ex- 
amples are excellent. Particularly noteworthy is the portion discuss- 
ing spectra-structural correlations. The choice of experiments in- 
cludes the study of the physiological availability of riboflavin. The 
16 pages of the atomic absorption chapter are used with efficient 
economy, the various points being well presented. This simple 
technique is certain to be used to a much greater extent than it is 
today. The qualitative elucidation of the nuclear magnetic resonance 
phenomena i s  clearly written as is the section of interpretation of 
spectra, so very useful in organic compound identification. There is 
little quantitative work in this area, however. Turbidimetry and 
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related methods are presented together, but the discussion is some- 
what difficult to read. Many equations arehtroduced and the treat- 
ment includes light-scattering measuwments. Numerous rekreiices 
are listed and classified, but the single experiment chosen is dis- 
appointing. It was hoped that some work in light scattering might 
be suggested. 


Refractometry and polarimetry are discussed in two relatively 
short sections. The theoretical discussion of refractometry is good 
and the use of this property in monitoring chromatographic eluants 
and in structural studies is presented together with its well-known 
application in liquid identification. The theory involving polar- 
imetry and related properties, such as optical rotatory dispersion and 
circular dichroism, is most complex and cannot be handled in a few 
pages as is evident from this chapter. The discussion of circdarly 
and plane polarized light and the resolution of the former into the 
latter is not quite clear. Optical rotatory dispersion is treated in 
terms of the octant rule. The proposed experiments deal with 
pharmaceutical compounds or preparations and are good. Un- 
fortunately, quantitative analysis by polarimetry is limited by lack 
of instrumental sensitivity. 


Crystallography is introduced in a chapter which describes prop- 
erties that are measurable optically. Although most interesting, the 
work proved very hard to read. Concomitant performance of the 
suggested experiments seems necessary. Possibly the use of photo- 
micrographs, colored if cdors are to be seen, together with dia- 
grams using various colors to emphasize coordinate axes,angles, 
and lines would have improved this important section. The tech- 
niques of X-ray analysis in terms of topicswch as powder diffrac- 
tion, single crystal studies, and X-ray fluorescence are part of a 
chapter that reads well and cites good pharmaceutical examples, 
both in cases of identity study and quantitative determinations. 
Considering the analyses possible with the powder technique and 
the trace level detection possible when fluorescence is measured, it 
is disappointing that some experiments are not proposed for those 
fortunate enough to have an X-ray spectrometer. 


Electrochemical topics are covered in five chapters. The presenta- 
tion on potentiometry is rather standard and includes a discussion 
of electron tubes and some simple circuits. However, the use of 12 
photographs of commercial instruments and injudiciously plotted 
curves is not making the most of space. The omission of specific ion 
electrodes is surprising. The conductimetric and high-frequency 
methods are discussed in a chapter entitled Current How Methods. 
The discussions are done well and include measurement circuits and 
Wheatstone bridge concepts with a description of critical micelle 
measurements. Coulometry and chronopotentiometry are written 
in a direct, crisp, clear, readable style. The pertinent equations and 
the salient differences between the techniques are made plain. At 
the end of each subsection, the pharmaceutical applications are 
listed and an experiment using an appropriate pharmaceutical is 
supplied for each technique. 


The polarography and amperometry chapters are well done. The 
various equations necessary for polarography are derived, and con- 
cepts are lucidly introduced and developed. In addition to classical 
polarography, solid microelectrodes and measurements in non- 
aqueous media are discussed. The commentary on instrumental 
aspects is pertinent, and the experiments and summary of pharma- 
ceutical applications are good. It was disappointing not to find any 
mention of AC polarography. Both one- and two-polarized elec- 
trode systems used in amperometric titrations are considered and 
the applications to pharmaceuticals are summarized. 


The final group of topics includes chapters on mass spectrometry, 
gas chromatography, and radiochemistry. .The survey of mass 
spectrometry begins with a good introduction to theory, but the 
study of fragmentation patterns clearly requires more intense work 
than could be presented in the available space. Although good use 
has been made of this technique, together with pyrolysis and gas 
chromatography with simplified interpretation by means of com- 
puter techniques, the utility in quantitative analysis, discussed in this 
section, has not been established. Gas chromatography is developed 
in the usual manner and seems generally satisfactory. However, 
the discussion of the detectors and their mode of operation is dis- 
appointing, as is the omission of pyrolysis techniques. Likewise, the 
choice of experiments is not imaginative with work such as the 
separation of steroids and the monitoring of barbiturates in the 


urine published in the literature. The closing chapter on radiocheni- 
istry presents a logical development of the theory and measure- 
ments appropriate to this area. However; the very important .aspect 
of radiation safety procedures, decontamination, and waste dis- 
posal, as well as radioaseptic techniques, has not been included. 
The experiments are disappointing; it was hoped that procedures 
such as neutron-activation analysis (if a neutron source is available), 
scintillation spectrometry, or nuclide standardization and calibra- 
tion would be included. 


This reviewer recommends that this book be considered as a text 
for a course in instrumental analysis. It may be necessary to sup- 
plement this work from many available sources if some aspects of 
electronics or instrumental function and design are to be taught. 
But this is not a serious drawback since this text presents the analy- 
sis of pharmaceuticals. information not available in a text at this 
level before. 


Reviewed by Thomas Medwick 
College of Pharmacy 
Rutgers University 
Newark, NJ 07104 H 


Consulting. Establishing and Maintaining An Independent Practice 
By RICHARD A. STEMM. SiSi: Stemm’s Information Systems & 
Indexes, P. 0. Box 42576, Los Angeles, CA 90050, 1970. iii + 
29 pp. 13.5 21 cm. Price $2.50. 
Despite its brevity, this booklet, written by Richard Stemm, con- 


tains a vast amount of information for the practicing or aspiring 
consultant. The author states in the Preface that the primary value 
of the publication is helping an individual objectively plan and pre- 
pare a course of action to establish himself as an independent con- 
sultant. 


The material appears to be applicable to individuals in most 
fields and specialties. Among the topics covered are proposing, 
quoting, negotiating, contracts, fees, and costs. The booklet also 
contains forms for the National Consulting Register, a division of the 
author’s organization. 


Staff Review 


Codeine and Its Alternates for Pain and Cough Relief. By NATHAN 
B. EDDY, HANS FRIEBEL, KLAUS-JURGEN HAHN, and HANS HAL- 
BACH. World Health Organization, Geneva, Switzerland, 1970. 
i + 253 pp. 17.5 X 24 cm. Price $6.00. 
This review of the analgesic and antitussive effects of codeine and 


its alternates was originally published, in five installments, in the 
Bulletin of the World Health Organization during 1968 and 1969. 


The five chapters included are codeine, exclusive of its antitussive 
action; alternates for pain relief; the antitussive action of codeine- 
mechanism, methodology, and evaluation; potential alternates for 
cough relief; and discussion and summary. 


Codeine, which has been used increasingly for the relief of pain and 
cough since it was first isolated in 1832 from morphine, is an effective 
analgesic and antitussive either alone or in combination with other 
compounds. This publication reviews the literature concerning the 
experimental and clinical effectiveness of codeine and a wide range of 
alternative substances. 


Effectiveness and lack of undesirable side-effects, including toler- 
ance, dependence, and liability to abuse, are among the leading 
characteristics to be considered in the evaluation of codeine and its 
potential alternates. These aspects are taken up in this review. 


Staff Review a 
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Alkaloids of Tylophora 11: Structural Studies 


KOPPAKA V. RAO 


Abstract 0 Structural studies on the six alkaloids isolated from 
Tylophora crebrijlora (N. 0. Asclepiadaceae) are described here. 
Spectral data indicate that five of these alkaloids (A-E) possess the 
dibenzo[f,h] - pyrrolo[l,2b]isoquinoline skeleton known to be 
present in tylocrebrine. They differ in the number, nature, and 
distribution of the oxygen-bearing substituents and in the presence 
or absence of a benzylic-type hydroxyl. An oxygen substitution 
pattern of 3, 4, 6, and 7 is suggested for Alkaloids A, B, and C and 
that of 2, 3,4, 6, and 7 for Alkaloids D and E. Alkaloid F is shown 
to be a seco analog of tylocrebrine with a 1,Zdiphenyl cis stilbene 
skeleton. 


Keyphrases u Alkaloids-Tylophora crebrijora 0 Structural 
studies-T. crebrijlora alkaloids 0 NMR spectroscopy-structure 0 
IR spectrophotometry-structure 0 UV spectrophotometry- 
structure 


The isolation of six new alkaloids designated as A, 
B, C ,  D, E, and F, together with the known compounds 
tylocrebrine and tylophorine from Tylophora crebri- 
flora, S .  T. Blake (N. 0. Asclepiadaceae), was described 
in Part I (1). An examination of the analytical and spec- 
tral data indicated that Compounds A-E resemble 
tylocrebrine (I) in that they possess the dibenzo[f,h]- 
pyrrolo[ 1,2b]isoquinoline skeleton with four or five 
oxygen-bearing substituents. The studies that provided 
evidence for the structures of these new members are 
described in this paper. 


DISCUSSION 


Alkaloid A, C24H27NOS, resembles tylocrebrine in its UV and IR 
spectra and in having four methoxyl groups. The extra oxygen 
atom is in the form of a hydroxyl group, as shown by the formation 
of a monoacetate (bands at 1725 and 1225 cm.-I in IR and a sharp 
3-proton peak at r 7.85 in the NMR spectrum). Clemmensen reduc- 
tion or catalytic hydrogenation converts Alkaloid A to a nonhy- 
droxylic compound Cz4Hz7N04, thus indicating that the hydroxyl is 
benzylic. In its spectral and chromatographic behavior, the re- 
duction product is almost indistinguishable from tylocrebrine, but 


the mixed melting (decomposition) point seems to indicate that 
the two may not be identical. 


The presence of the benzylic hydroxyl in Alkaloid A is analogous 
to the case of tylophorinine (11, R = OH),another known member of 
this group (2). In this compound, the hydroxyl was placed at 14 in- 
stead of 9 (for numbering, see Structure I), because the latter 
structure would have represented a highly labile carbinolamine 
system and the stability of the compound was inconsistent with 
such a structure (2). This was later confirmed by synthesis (3). In an 
analogous manner, the stability of Alkaloid A strongly suggests the 
location of the hydroxyl to be 14. This is also supported by the 
following NMR spectral evidence: the chemical shifts of the ben- 
zylic CH(0H) protons in tylophorinine and Alkaloid A are very 
close: T 3.96 and 3.87, respectively. The corresponding chemical 
shift of the same proton in the acetates of both compounds is T 


3.48; in both cases, it is split as a doublet, as would be expected. 
It is, therefore, concluded that Alkaloid A has the hydroxyl at 14. 


Alkaloid B, C23H25N04, has three methoxyl groups. The fourth 
oxygen is part of a phenolic group (UV spectral shift in base and 
band at 3540 cm.-l). This is supported further by the formation of a 
monoacetate (1750 cm.-l in IR and a 3-proton peak at r 7.59). 
Methylation with diazomethane leads to a tetramethoxy compound, 
CZ4Hz7NO4, which is almost indistinguishable from tylocrebrine on 
the basis of spectral and chromatographic data, but the mixed melt- 
ing (decomposition) point suggests that the two may not be identi- 
cal. 


Alkaloid C,  C28H25N05, shows features similar to both A and B. 
It has three methoxyls and forms a diacetate (1725 and 1760 cm.-l 
in IR  and 3-proton peaks at T 7.87 and 7.59 for the alcoholic ace- 
tate and phenolic acetate groups, respectively). It can be converted 
by methylation to  Alkaloid A and by Clemmensen reduction to B. 
Hence, this compound is the desmethyl derivative of Alkaloid A, 
and the position of the phenolic hydroxyl in B and C is the same. 
The transformations are shown in Scheme I. 


H2 


isomer of tylocrebrine +-- Alkaloid A 


CHzN? I CH?N2 
Hz 


Alkaloid C Alkaloid B +--- 
Scheme I 


I 
Alkaloids D and E have the compositions C2sH29NOe and Czs- 


HzgNOs, respectively. They each have five methoxyl groups. Clem- 
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mensen reduction of Alkaloid D affords E. Based on arguments 
similar to those already advanced, Compound D is the 14-hydroxy 
derivative of E. The arrangement of the methoxyl groups will be 
discussed later in the paper. 


At the time they proposed the structure of tylocrebrine, Gellert 
er a/. (4) considered two possible alternatives for the arrangement 
of the methoxyl groups, as shown in Structures I and Ia. To make 
a choice, both isomers were synthesized and compared with the 
natural tylocrebrine. It was observed that the spectral and physical 
properties of both isomers were very similar to each other, which 
made the comparison somewhat difficult. Hence, they subjected 
both synthetic compounds to Hofmann degradation and found that 
the product from Ia depressed the melting point of the correspond- 
ing derivative of natural tylocrebrine. Thus, Structure I was selected 
as the correct one for tylocrebrine. 


OCH3 


I 


I 


OCH3 
Ia 


The NMR spectrum of tylocrebrine (Fig. 1) shows resonance 
peaks which correspond to four aromatic protons, four methoxyls, 
and benzylic and methylene protons of expected chemical shifts 
and splitting patterns. The spectrum, however, cannot distinguish 
between Structures I and Ia. The peak at T 0.7 can be assigned to the 
proton at 4 (or 5), the peak at 7 2.74 to the proton at 1 (or 8), and 
the quartet at 7 2.33, 2.49, 2.74, and 2.89 to protons at 7 and 8 (or 1 
and 2), depending on whether Structure I or Ia is being considered. 


The spectrum of Alkaloid A (Fig. 2B) shows general similarity to 
that of tylocrebrine, with an additional peak due to the benzylic 
hydroxyl and a shifted peak due to the proton at 14. In spite of the 
otherwise general similarity, one striking feature may be noted; 
that is the downfield shift (by44 c.P.s.) of one-half of the AB quartet 
as compared with its position in the spectrum of tylocrebrine (Fig. 
2A). The other half of the quartet also shows a slight downfield 
shift of 10 C.P.S. In the spectrum of the acetyl derivative of A (Fig. 
2C), it can be seen that the larger downfield shift is not present 
and the positions of the peaks are very close to those of tylocrebrine. 


A parallel situation exists in the spectra of Alkaloids B, C, and 
the diacetyl derivative of C (Figs. 2D, 2E, and 2F). The direction and 
magnitude of the downfield shift are the same as already noted. 
Also, in an analogous manner, the spectrum of the diacetate of C 
(Fig. 2F) is very close to that of Alkaloid B. 


It appears that a hydroxyl function in the benzylic position has a 
strong deshielding effect on one of the two protons which form the 
AB system; protection of the hydroxyl by acetylation nullifies this 
effect. Since the hydroxyl group is located at 14 instead of 9 for 
reasons already stated, and since the 14-hydroxyl group is more likely 
to affect the proton at 1 than that at 8, it is apparent that the AB 
system is due to the protons at 1 and 2 rather than those at 7 and 8. 
This suggests that an oxygen substitution of the type shown in Ia is 
present in Alkaloid A. 


Very similar arguments have been used recently by Wiegrebe 
eta/ .  ( 5 )  in assigning the structure for their Alkaloid A isolated from 


A 1 I 


QLu-lL 
EP F 1 2 37 


Figure 2-NMR spectra of tylocrebrine, Alkaloid A ,  0-acetyl A ,  
Alkaloid B, Alkaloid C ,  and 0-acetyl C.  


Cyanchum vincetoxicum (L.) Pers. Because of the ambiguity of the 
NMR spectrum in distinguishing between the two methoxyl pat- 
terns: 3, 6, 7 (11, R = H )  and 2, 3, 6 (IIa), they introduced a sub- 
stituent at 9 (a cyan0 group). Based on its deshielding influence on 
the protons at 8 and 7, the choice was made as the 2,3,6 isomer (IIa). 


As further evidence for the structure of Alkaloid A (T .  crebri- 
flora), a comparison of the NMR spectra of deoxytylophorinine 
(11, R= H), tylophorinine, (11, R =OH), and acetyl tylophorinine 
(11, R=OCOCH3) was undertaken. The location of the benzylic 
hydroxyl at 14 and the methoxyl pattern of 3, 6 , 7  were established 
by synthesis by Govindachari er ul. (3). Portions of the spectra 
pertinent to the discussion are shown in Figs. 3A, 3B, and 3C. Al- 
though the spectra are slightly more complex because of the addi- 
tional proton in Ring A, one can recognize the half of the AB 
quartet in question. In deoxytylophorinine (Fig. 3A), these two 
peaks are located at r 2.17 and T 2.02; while in tylophorinine (Fig. 
3B), which has the 14-hydroxyl group, these are shifted downfield 
to r 1.75 and r 1.60. In acetyltylophorinine (Fig. 3C), the peaks are 
shifted upfield to r 2.24 and T 2.09. Thus, introduction of the 14- 
hydroxyl group in deoxytylophorinine brings about a downfield 
shift of 25 C.P.S. of the peaks due to the proton at 1, and acetyla- 
tion of the hydroxyl nearly cancels this effect. Based on these strong 
analogies, it appears that Alkaloid A is represented better by Struc- 


CI 
k H 3  


I1 Ila 


Figure 1-NMR spectrum of tylocrebrine. Key: A ,  offset 200 C.P.S. 111 
6CH3 


IIIa 
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Figure 3-NMR spectra of deoxytylophorinine, fylopliorinine, and 
0-acety ltylophorinine. 


ture IIIa instead of 111. It is thus possible that the reduction product 
of Alkaloid A will be the isomer of Structure Ia. 


Alkaloids D and E contain five methoxyls each, and it has already 
been shown that D is the 14-hydroxy derivative of E. Their UV 
spectra bear much closer resemblance to the spectra of tylocrebrine 
and Alkaloid A than that of tylophorine, the 2, 3, 6, 7-tetramethoxy 
derivative. In the NMR spectra of both D and E (Figs. 4B and 4A), 
the familiar AB pattern characteristic of tylocrebrine and its deriva- 
tives is lacking. This suggests that the vicinal proton system (1 ,  2 
or 7, 8) is absent and that the additional methoxyl is located at  one 
of these. The 2-position was chosen for the following reasons. 
In the spectrum of E (Fig. 4A), the peak at T 0.79 can be assigned to 
the proton at  5,  and the signal at r 2.81 (2 protons) can be assigned 
to those at 1 and 8. In the spectrum of D (Fig. 4B), the peak at r 
1.0 is equal to two protons ( 5  and I), and the signal at r 2.17 is 
equal to one proton (8). Thus the signal due to one of the protons is 
shifted downfield (105 c.P.s.) as a result of the introduction of the 
hydroxyl a t  14. The most probable explanation appears to be that 
the additional methoxyl is located at 2 and the downfield shift (105 
c.P.s.) observed is that due to the proton at 1 under the deshielding 
influence of the 14hydroxyl. The NMR spectrum of the acetate 
of D (Fig. 4C) supports this view; the peak at T 0.92 is again equal 
to one proton (5) and the other two peaks due to the protons 1 
and 8 can be clearly seen upfield at T 2.80 and 2.89, almost at the 
same positions as they are in E. The structures of E and D are 
represented in IV and V. 


OCH, 


W , R = H  
V:R=OH 


The magnitude of the downfield shift of the H-1 peak under the 
influence of the ldrhydroxyl appears to be roughly a function of the 
extent of substitution in Ring A. When there is only one methoxyl 
and three protons (at 1, 2, and 4), the shift is 25 c.P.s.; with two 
methoxyls and two protons (at 1 and 2), the shift is 44 c.P.s.; and 


with three methoxyls and one proton (at I), the shift is 105 C.P.S. 
This suggests that the 14-hydroxyl group might be involved in some 
type of a hydrogen bonding with the r-electron system of Ring A. 
In addition to the observations of Wiegrebe et al. ( 5 )  already men- 
tioned, similar effects were noted in the catechin series where they 
were attributed to the presence of a pseudoequatorial hydroxyl in 
close proximity to the aromatic system (6). 


The site of demethylation in Alkaloids B and C will now be con- 
sidered. They both have the 3,4,6,7-substitution pattern, and one o 
the four groups is a phenolic hydroxyl. A comparison of the NMR 
spectra of A and C shows that the only significant difference be- 
tween the two is the upfield shift (by 25 c.P.s.) of the signal due to 
the proton at 5. On acetylation, this shift becomes absent. The effect 
appears to be due to the increased electron density as a result of 
the close proximity to the phenolic hydroxyl. An examination of 
models indicates that the effect will be more pronounced if the 
hydroxyl is present at 4 than at 6. As a further support, the sharp 
band at 3540 cm.-' in IR suggests the presence of a hindered pheno- 
lic hydroxyl(7). Alkaloids B and C also give a positive Gibb's test 
(2,6-dibromo-N-chloroquinonimine). and this requires the phenolic 
group to  be present at 4 since it is the only one with a free pam- 
position. Also, the ready oxidizability to quinonoid products in- 
dicates the presence of a hindered phenolic group. Thus, B and C 
are represented by VI and VII. 


OCH3 
VI;R=H 


VII; R =OH 


Alkaloid F differs from all the hitherto known members of the 
tylophora alkaloids in its physical properties. Chief among these is 
the UV spectrum, which shows a relatively broad maximum at 288 
mp (log E, 4.03) and a shoulder at 240 mp (log E ,  4.2), in contrast 
with the sharp maximum in the region 257-263 mp (log e ,  4.8) shown 
by all the other members. However, the molecular formula, C24- 


HzsN04, differs from that of tylocrebrine by only two hydrogen 
atoms and they both contain four methoxyl groups. The mass 
spectra of both show intense peaks at M-69 mass units, which can 
be explained as being the result of a retro Diels-Alder type of fission 
with the expulsion of a neutral fragment, C4H7N. This result gives 
strong support to the presence of the indolizidine system in F. The 
NMR spectrum shows only two signals in the aromatic region at 
T 3.39 and r 3.43 in a ratio of 2:l and shows general similarity to 
the spectrum of tylocrebrine otherwise. The absence of signals 
below T 1.0 indicates alteration of the phenanthrene part of the 
skeleton. On oxidation with permanganate, veratric acid is isolated 
as the most significant product. Based on these results, Structure 
VIII is proposed. The physical properties and the proposed struc- 
ture show that it is identical with septicine isolated earlier from 
Ficus sepfica (8). 


VIII 


Tylocrebrine and Alkaloids A, B, and C give dark-red solutions 
when treated with a number of oxidizing agents such as ceric sulfate, 
nitric acid, bromine water, or chromic acid. In contrast, tylophorine 
and tylophorinine do not respond to this reaction. In the cases of 
the two members (B and C) that possess the phenolic hydroxyl 
group, this oxidation can be achieved not only by the men- 
tioned reagents but also by nitrous acid, periodate, and lead tetra- 
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Figure 4-NMR spectra of Alkaloid E,  Alkaloid D,  and 0-acetyl D .  


acetate. The reaction product from Alkaloid A has the composition 
CztHzlNOs with only two methoxyl groups. The compound appears 
to be an orthoquinone formed by the loss of two methoxyl groups, 
and the spectral evidence is in agreement with its formulation as IX. 
The requirement for the hindered methoxyl (or hydroxyl) group is 
indicated by the absence of the oxidation with tylophorine or tylo- 
phorinine. 


OCH3 
IX 


EXPERIMENTAL 


General Method of Acetylation-A solution of the alkaloid (0.2- 
0.5 g.) in acetic anhydride (5-10 ml.) and pyridine (0.5-1 ml.) was 
heated at 100" for 2 hr. The cooled solution was diluted and made 
slightly basic. The precipitated solid was filtered and crystallized 
from methanol. 


The acetate of Compound A is a colorless crystalline solid, m.p. 


Anal.-Calcd. for C Z ~ H ~ ~ N O , :  C, 69.16; H, 6.47; N, 3.10. Found: 
C, 69.13; H, 6.52; N, 3.03. 


The acetate of Compound B is a colorless crystalline solid, m.p. 
226-228". 


Anal.-Calcd. for CZ6Hz7NO5: C, 71.25; H, 6.46; N, 3.32. Found: 
C, 70.75; H, 6.51; N, 3.36. 


The diacetate of Compound C is a colorless crystalline solid, 
m.p. 216-218". 


Anal.-Calcd. for C ~ ~ H Z ~ N O , :  C, 67.63; H, 6.10; N, 2.92. Found: 
C, 67.78; H, 6.17; N, 2.83. 


The acetate of Alkaloid D is crystallized from ether-isopropyl 
ether. It is a colorless crystalline solid, m.p. 188-190". 


Anal.-Calcd. for C Z ~ H ~ I N O ~ :  C, 67,34; H, 6.49; N, 2.91. Found: 
C, 67.27; H, 6.51; N, 2.79. 


General Procedure for Clemmensen Reduction-Zinc dust (50 9.) 
was washed twice with acetone. It was then suspended in water 
(250 ml.) and treated with concentrated hydrochloric acid (25 ml.) 
and aqueous mercuric chloride (5 g. in 100 ml.). After standing 
for 10 min., the clear solution was decanted off and the zinc amalgam 
washed with water twice and kept under water. 


A mixture of the alkaloid (0.5 g.), 2 N hydrochloric acid (50 ml.), 
and zinc amalgam (approximately 10 g.) was boiled under reflux for 
24-36 hr. Aliquots were tested by paper chromatography for comple- 
tion of the reaction. At the end, the clear solution was decanted off 
and enough sodium acetate added to pH 4-5. The solution was ex- 


197-198". 


tracted twice with chloroform and the solvent extract concentrated to 
dryness. The solid was crystallized froma mixture of chloroform and 
methanol. 


When reduced by this method, Alkaloid A gave a colorless crys- 
talline solid, m.p. 219-220". Mixed melting point with tylocre- 
brine was 210-215". 


Alkaloid C gave a colorless crystalline solid identical with Alka- 
loid B, and Alkaloid D gave a crystalline solid identical with Al- 
kaloid E. 


Hydrogenation of Alkaloid A-A solution of Alkaloid A (0.5 g.) 
glacial acetic acid (10 ml.) was hydrogenated in the presence of 
Adanis catalyst (0.2 8.) at 50 p s i .  for 48 hr. The reaction mixture 
was filtered, diluted with water, heated with a slight excess of am- 
monia, and extracted with chloroform. Paper chromatography of 
the extract showed the presence of unchanged starting material, 
which was removed by countercurrent distribution in the chlorc- 
form-ethyl acetate-3% aqueous acetic acid (7: 3 :  10) system. The 
hydrogenation product was recovered and crystallized twice from 
chloroform-methanol. It was identical with the product obtained 
from Clemmensen reduction. 


Oxidation of Alkaloid A-A solution of Alkaloid A (1  8.) in 1 N 
HC1 (10 ml.) was cooled in an ice bath and treated with 5 %  ceric 
sulfate (15 ml.). The dark-red soluton was extracted with chloroform 
in the presence of sodium acetate. The dark-red extract was con- 
centrated to dryness, and the solid crystallized from methylene 
chloride. The quinone hydrochloride is a maroon-red crystalline 
solid, m.p. >300". 


And.-Calcd. forG&lNOs.HCl: C, 63.53; H, 5.33, N, 3.36, and 
0CH3(2), 14.91. Found: C, 63.72; H, 5.52; N, 3.26, and OCH3, 
15.32. 


SUMMARY 


Of the six alkaloids, A, B, C, D, E, and F, isolated from T. 
crebripora, S. T. Blake, five (A-E) retain the dibenzo[f,h]- 
pyrrolo[l,2b]isoquinoline skeleton present in tylocrebrine. The 
distribution of the oxygen-bearing substituents in these compounds 
is discussed based on the NMR spectral evidence. An oxygen sub- 
stitution pattern of 3, 4, 6, and 7 is suggested for Alkaloids A, B, 
and C and that of 2, 3 ,4 ,6 ,  and 7 for Alkaloids D and E. Alkaloid 
F is an interesting member, and a structure based on tetramethoxy 
stilbene is proposed for this. 
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TECHNICAL ARTICLES 


Improved Self-programming Automated 
Tablet-Coating System 


ALLEN HEYD and JOSEPH L. KANIG 


Abstract 0 The usefulness of a monitoring system based on mois- 
ture sensing is established as a means of automating a tablet- 
coating proces. A radio frequency absorption system was em- 
ployed to measure continuously the state of dryness of the tablet 
mass and to indicate when the tablets reached a predetermined 
satisfactory end-point. The moisture-sensing apparatus was found 
to monitor the drying rate accurately after the tablets had been 
sprayed. The analyzer readings were shown to be directly related 
to conditions of relative humidity existing in the environment 
surrounding the coating pan. The instrument was extremely 
sensitive and permitted a constant readout of drying rate and 
moisture content by means of a specially constructed probe placed 
within the tablet mass. 


Keyphrases 0 Tablet-coating system-self-programming, auto- 
mated 0 Automated tablet coating-radio frequency system, 
moisture measurement 0 Diagram-automated tablet-coating 
system Moisture analysis-tablet-coating rate control 


One important factor in a tablet-coating process is 
the drying of the tablet mass after each application of a 
coating solution. The rate of liquid loss dictates the 
time period between tablet-coat applications. One does 
not know if the rate of liquid lo-s is constant for each 
application during a coating process, or if the applica- 
tion of successive coats lengthens or shortens the drying 
time. It becomes a matter of subjective evaluation to 
determine whether or not a tablet mass is sufficiently 
dry before the next application. When an automatic 
timed procedure is used, it is based on the assumption 
that the drying rate is constant for each cycle of the 
process. The validity of this assumption has never 
been cIearIy established. Drying rates are different for 
each type of coating solution and are also influenced 
by tablet shape, tablet size, and batch size. A conten- 
tion underlying this investigation was that an auto- 
matic timed procedure does not take into account 
either inherent or environmental conditions which may 
exercise an effect during the coating process and may 
vary the drying time. In taking these inherent or en- 
vironmental changes into account, a system must be 
able to monitor the drying rate continuously and utilize 
the degree of dryness for controlling an automated 
process. 


Automated tablet-coating systems that have been 
suggested to date are time controlled (1-6) with the 
length of each step in the coating cycle determined by a 
preset timer. Therefore, such systems are insensitive 
to environmental changes. When an automated system 
is created around a timed procedure, it must be pro- 
grammed specifically for all the variables indicative 


of the properties of a particular batch. Each major 
variation in size, shape, weight, number, and other 
features of a tablet batch may require a separate and 
different program. A system that follows the drying 
rate, however, may prove to be independent of most of 
these variables. This report presents a description of 
an automated tablet-coating system which is entirely 
programmed and controlled by the moisture content 
of the tablet mass. 


EXPERIMENTAL 


Materials-The core tablets used in this investigation consisted 
of dicalcium phosphate dihydratel lubricated with 1.5 % magnesium 
stearate.2 Tablets weighing 400 mg. were compressed with 1.01- 
cm. (0.40-in.) standard concave punches and used without further 
treatment. 


The coating solution used in all the experiments was an 85% 
(w/v) syrup solution. The solution was colored with 0.1% (w/v) 
amaranth. 3 


Equipment-The schematic diagram in Fig. 1 illustrates the 
overall design and arrangement of the equipment which made up 
the programmed automated tablet-coating system. 


The coating solutions were delivered by an airless spray system 
(A).4 The pump model used (the “President”) had a 28 : 1 pressure 
ratio. Two spray guns (B) (Graco automatic Hydra-Spray guns, 
model 205-163) were suspended inside a 96.52-cm. (38-in.) baffled 
coating pan (C)  in such a position that the spray was directed 
perpendicular to the surface of the tumbling tablets for maximum, 
uniform coverage. The guns were suspended from steel tubing 
which was mounted on the pump chassis. A high-pressure fluid 
heater (D) (Graco model 206-580, series A), 240 v., was mounted 
on the rear of the spray system and connected to the fluid lines 
between the pump and the spray guns. The fluid passing through the 
guns could then be heated to a desired temperature before it was 
sprayed. A circulating system (E) (Graco Restrict-A-Flo) was utilized 
to accomplish continuous fluid circulation for maintaining uniform 
temperature and homogeneity of the coating liquid. Two timers5 
(F) were mounted on the automatic spray-system control panel. 
These timers were connected to energize the spray-on and drying 
cycle. The dry cycle timer was utilized only when the system was 
manually controlled. The timers were also interconnected with the 
moisture monitoring-programming device so the entire process 
could be evaluated for its applicability to automation. The instru- 
ment used to measure relative humidity during the coating experi- 
ments was a wet-dry bulb psychrometer.6 Exhaust (G) was supplied 
with a portable v a c ~ u m , ~  and a blower-heater system* was used as 
the source of forced air (H). 


1 Stauffer Chemical Co., Chicago, Ill. 
2 Ruger Chemical Co. Inc., Irvington-on-Hudson, N. Y. 
3 National Aniline Div., Allied Chemical Corp., New York,,N. Y. 
4 Graco Hydra-Spray Unit, Gray Co., Inc., Minneapolis, Minn. 
5 Microflex, Eagle Signal Corp.,. Moline,, Ill. 
6 Psychron, model 566-3, Bendix Aviation Corp., Friez Instrument 


7 Craftool model 411, Craftool Inc., New York, N. Y. 
8 Model 7866, Bonat Inc., Norwalk, Conn. 


Div., Baltimore, Md. 
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Figure 1-A schematic diagram of the design and equipment for a 
selfprogramming automated tablet-coating system. Key: A ,  airless 
spray system; B,  spray guns; C ,  coating pan; D ,  jluid heater; E ,  
circulating system; F, timers; G,  exhaust; H ,  forced air system; I ,  
Moisture Analyzer; J-K, electrodes, automatic and manual, respec- 
tively; L ,  compressed air; M ,  solenoid switch: N ,  mixing tank: 
-, coating solution; - - -, electrical line; and - - -, compressed 
air. 


10 20 30 40 50 60 70 80 
TIME, min. 


Figure 3-Analyzer sensitivity to moisture loss. Key: A ,  at 29"; 
B,  at 29" with exhaust; C,  at 29" with forced air and exhaust: and 
D ,  with forced air at 50' and exhaust. 


when using either electrode under the same set of conditions. The 
cup electrode was used only during calibration curve preparation. 


Moisture Calibration Curve-A freshly prepared 200-lb. batch of 
tablets was wetted with 2000 ml. coating solution. 


The tablets were allowed to tumble for 20 min. in an open pan 
without heat, forced air, or exhaust to achieve uniform wetting. 
Subsequently, three samples were taken at 15-min. intervals from 
different areas in the pan with the manual Analyzer electrode re- 
ceptacle. Readings were taken after manipulation of the control 
switches on the Analyzer panel until a minimum reading on the 
contact meter (radio frequency conductance) was obtained. The 
readings in terms of units indicated the dielectric loss and, conse- 
quently, the moisture content of the tablet mass. Twenty intact 
tablets taken from each sample were weighed and placed in 50 ml. 
of anhydrous methanol, reagent grade, for 12 hr. Five milliliters 
of each methanol-water sample was then tested for total moisture 
content using the Karl Fischer method (8). 


To establish a calibration curve, readings were plotted against 
percent moisture on a semilog graph since energy loss due to 
moisture is a first-order process (7). The resulting curve (Fig. 2), 
determined by the method of least squares, was then used to  inter- 
pret readings in terms of actual tablet moisture content. This cali- 
bration curve is valid for all volumes of aqueous solution delivered. 
Therefore, the volumes used in the investigation were appropriate 
for each experiment. 


Automated Coating Procedure-Two hundred pounds of freshly 
compressed tablets was placed in the coating pan. The automatic 
electrode was positioned in the tablet mass in such a manner that 
liquid from the spray nozzle was applied downstream in relation 
to tablet flow and electrode insertion. Tablet attrition on the 
electrode walls prevented the buildup of coating solution; therefore, 
electrode reidings were not affected. An equilibrium meter reading 
of 22, corresponding to 2.2% moisture, was taken and designated 
as batch dryness for each experiment in the investigation. This 
reading was arbitrarily chosen to  indicate batch dryness because 
it was extremely difficult to obtain lower readings within an opti- 
mum time period. The coating apparatus was put into operation 
by closing a master switch on the Analyzer. The contact meter 
indicating dryness activated the spray cycle timer (F). The timer 
energized a solenoid valve which, in turn, activated the automatic 
spray guns, allowing the flow and atomization of coating liquid. 
At the end of the spray cycle time, the solenoid was deenergized 
and the forced air and exhaust units wereenergized by the Analyzer. 
The sequence of events was repeated only when the Analyzer in- 
dicated that the predetermined degree of dryness was reached in 
the tablet mass. On completion of each spray cycle, the digital 
counter registered one coat. This coating procedure was carried 
out for repeated coats in each experimental portion of this investi- 
gation. 


Sensitivity to Moisture Loss-Analyzer sensitivity to moisture 
loss was determined under four conditions: (a) at  29"; (6)  at 29" 
with exhaust, ( c )  at 29" with forced air and exhaust; and (d) with 
forced air at 50" and exhaust. 


The instrument selected to measure the state of dryness of the 
tablet mass was the HFR-6E Moisture Analy~er .~ The Analyzer 
(I) operates on the principle of high-frequency conductance caused 
by power absorption of the material being tested. Power absorp- 
tion or conductance is the only electrical property which gives 
accurate indications of moisture content (7). The Analyzer was 
adapted for in-process control of the various components of the 
coating system and for continuous readout of tablet moisture con- 
tent. This was accomplished by replacement of the regular conduct- 
ance meter with a contact-conductance meter which energized the 
spray cycle timer. Auxiliary switches were also incorporated into 
the Analyzer which activated the blower-heater and the exhaust 
system at the proper coating cycle intervals. A digital contact 
meter on the Analyzer was set to predetermine the total number of 
coats applied, after which it deenergized the entire coating ap- 
paratus. L-shaped and cup-shaped electrodes (J, K) were used to 
determine sample moisture content automatically and manually, 
respectively. Analyzer meter readings did not significantly differ 
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Figure t---Moisture calibration curve. 
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Figure 4-Relatiue humidity versus dryitzg time. 


The spray cycle timer was set for a 60-sec. interval to deliver 
600 ml. of coating liquid and was energized manually. The wetted 
tablets were tumbled for 10 min. prior to manual sample testing for 
moisture to  assure uniform distribution of coating solution. Sample 
readings were taken every minute after the equilibration period 
until a constant moisture content was attained. The coating room 
temperature was 29" at 60% relative humidity for the series of 
experiments. Each condition was carried out in duplicate with a 
fresh batch of tablets. 


Sensitivity to Relative Humidity-The automated coating pro- 
cedure was carried out on freshly prepared batches of tablets for 5 
consecutive days. During this time, the ambient relative humidity 
varied from 15 to 60 %. Coating experiments were also carried out 
at five controlled relative humidity range levels: 15-25 to 55-65%. 
Each level consisted of 10% units from a low of 15 to a high of 
65 % relative humidity. These relative humidity levels were attained 
by atomizing water into the coating-room environment. Spray 
cycles of 10-sec. duration, delivering 100 ml. of coating solution 
per cycle, were used. Moisture readings were taken every minute 
after an initial 3-min. equilibration period until the base reading of 
22 was attained. 


Sensitivity to Changes in Spray Cycle Time-These experiments 
were performed at a temperature of 29" and 40% relative humidity 
to test Analyzer sensitivity to changes in spray cycle time (change in 
total volume delivered). Spray cycles were begun using a 10-sec. 
interval and then increased by 5- or 10-sec. increments to a 30-sec. 
interval. Forced air a t  50" was used for drying the tablet mass. 
Meter readings were taken every 5 min. until a plateau was reached, 
indicating tablet dryness. 


Reproducibility of Coating Cycles-Several coating cycles were 
run using spray cycles of 30-sec. duration to deliver 300 ml. of 
coating liquid. The experiments were carried out in triplicate under 
conditions of 50% relative humidity at a temperature of 29". 
Moisture readings were taken every minute after a 5-min. equilibra- 
tion period until a plateau was reached. 


RESULTS AND DISCUSSION 


Sensitivity to Moisture Loss-Figure 3 shows that the Analyzer 
followed moisture loss with time as drying of the tablet mass 
occurred.'O The differing drying curve characteristics also indicate 


~ ~ ~ 


lo Data points for Figs. 3 and 5 were omitted for the purpose of 
clarity. 


Table I-Effect of Relative Humidity on Drying Time 


Day 
1 2 3 4 5 


Average relative 


Average drying 
humidity, % 59.3 34.7 27.2 37.5 51.6 


time, min. 18.2 10.0 9.0 11.5 15.0 


Table II-Effect of Spraying Cycle Time on Drying Time 


Spray Cycle Time, sec. Drying time, min. 


10 
15 
20 
30 


10.0 
13.75 
19.5 
28.0 


the sensitivity of the instrument to varying drying conditions. It 
can be seen that forced air significantly increased the drying rate 
of the tablets. A plateau (batch dryness) was reached in approxi- 
mately 22 min. as opposed to approximately 40 min. with and 
without forced air, respectively (Curves C and D uersus A and B). 
Exhaust had no significant effect on the rate of moisture loss, as is 
shown by Curves A and B. The exhaust system could very well 
have been eliminated from the coating apparatus and would only 
be of use for collecting dust from an enclosed coating system. 
There was no significant difference in drying rate when comparing 
forced air at 29 and 50°, Curves C and D, respectively. Therefore, 
the major driving force for moisture loss from the surface of the 
wet tablets was the volume of forced air. 


Sensitivity to Relative Humidity-The data in Table I show a 
decrease in drying time with a decrease in the relative humidity 
surrounding the coating apparatus. The Moisture Analyzer was 
quite sensitive to these changes in drying time, and a surprisingly 
good linear relationship was found between relative humidity and 
drying time when the data were plotted as a 10-unit range in per- 
cent relative humidity versus time (Fig. 4). 


The Analyzer clearly indicated that there was a change in drying 
time as therelative humidity surrounding the coating system changed. 


Sensitivity to Changes in Spray Cycle Time-Table I1 shows that 
the Analyzer was sensitive to a change in moisture when the spray 
cycle times were varied. It is evident that as the spray cycle time 
increased, there was a corresponding increase in drying time. 


Reproducibility of Coating Cycles-The reproducibility of the 
coating cycle is quite evident in Fig. 5. In each case, a plateau was 
reached at approximately 11 min., after which the curves were 
linear and parallel, indicating approach to dryness. 


The importance of using a moisture-monitoring device in tablet 
coating is illustrated in Figs. 3-5. There was an immediate indica- 
tion of drying rate and drying time for the tablet mass under specific 
environmental and tablet mass conditions (Figs. 3 and 4). The state 
of the drying condition was no longer evaluated subjectively with 
the attendant, inherent human error; but it was evaluated con- 
tinuously, quantitatively, and reproducibly as shown in Fig. 5. 


In addition, the Analyzer can function as a built-in fail-safe 
mechanism to correct immediately the drying program of the 


5 10 15 20 25 30 
TIME, min. 


Figure 5-ReproducibiIity of coating cycles. 
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coating process should there be a failure in one component of the 
systems such as in the spray delivery timer. Even though timed 
devices may contain fail-safe mechanisms, such a timed coating 
process would have to be terminated and reprogrammed manually. 


SUMMARY 


An automated tablet-coating system was designed which is self- 
programming and based on the rate of moisture loss. The Moisture 
Analyzer, which programmed the system, was revealed to be ex- 
tremely sensitive to the presence of moisture and to moisture loss in 
the tablet mass. The system quickly adjusts to any change in spray 
cycle time and also shows a high degree of reproducibility between 
cycles under similar conditions. 


A high degree of sensitivity of the drying cycles to changes in 
the environmental humidity was also demonstrated by the ap- 
paratus. It is, therefore, felt that a moisture-sensing device should be 
utilized when considering an automated tablet-coating system for 
production. 
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Monitoring Volatile Coating Solution Applications 
in a Coating Pan 


RUSSELL J. LANTZ, Jr.*, ALAN BAILEY, and MANFORD J. ROBINSON 


Abstract 0 Equipment and methods are presented for recording 
temperature patterns resulting from the evaporation of volatile 
coating solutions applied to pellets in a rotating pan. These patterns 
are interpreted in regard to run-to-run replication, effect of ap- 
plication and drying rate, and coating solution distribution. The 
applicability of this equipment and methodology to control the 
coating of solid particles is discussed. 


Key phrases 0 Coating application, pellets-monitoring method 0 
Volatile coating solutions-application monitoring 0 Diagram- 
pellet coating equipment with monitor 0 Thermal patterns- 
pellet coating 


~~~ 


Sutaria (1) has noted that, until recently, pharmaceu- 
tical coating processes were an art because of the apathy 
shown toward studying the many variables involved in 
these processes. Sutaria’s extensive bibliography indi- 
cates that efforts to  define and control these variables 
are now underway and, in some cases, have resulted 
in the semiautomation of certain aspects of the coating 
process. 


The purpose of this preliminary report is to add to 
this knowledge by presenting data on methods found 
useful for monitoring the application of volatile coating 
solutions to pellets in a rotating pan. 


The application and evaporation of coating solutions 
containing volatile solvents, e.g., acetone, alcohol, and 
chloroform, produce measurable temperature changes 
in a bed of pellets in a rotating pan. By placing a ther- 
mocouple and thermistors in the pellet bed and record- 
ing the temperature changes during coating, it is possible 


O N - O f f  SWITCH I €*HAUS1 AIR 


Figure 1-Equipment diagram. 


to discern and control certain events and/or trends taking 
place during the coating process. 


EXPERIMENTAL 


Equipment and Instrumentation-The coating process was 
performed in a Stokes 91.4-cm. (36-in.) coating pan.’ The volume 
of air moving across and through the pellet bed was monitored at the 
exhaust with a Dwyer pitot tube and an air velocity meter No. 
400.2 The temperature of the coating solutions was controlled in a 
30-l., electrically heated, feed tank. The feed tank temperature 
was monitored with an Alnor pyrometer3 coupled to a standard 


1 Model 900-1-8, Pennwalt Corp., Stokes Tableting Equipment 


2 Dwyer Manufacturing Co., Michigan City, Ind. 
3 Type 1200, Illinois Testing Laboratories, Inc., Chicago, Ill.  


Dept., Warminister, Pa. 
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related methods are presented together, but the discussion is some- 
what difficult to read. Many equations arehtroduced and the treat- 
ment includes light-scattering measuwments. Numerous rekreiices 
are listed and classified, but the single experiment chosen is dis- 
appointing. It was hoped that some work in light scattering might 
be suggested. 


Refractometry and polarimetry are discussed in two relatively 
short sections. The theoretical discussion of refractometry is good 
and the use of this property in monitoring chromatographic eluants 
and in structural studies is presented together with its well-known 
application in liquid identification. The theory involving polar- 
imetry and related properties, such as optical rotatory dispersion and 
circular dichroism, is most complex and cannot be handled in a few 
pages as is evident from this chapter. The discussion of circdarly 
and plane polarized light and the resolution of the former into the 
latter is not quite clear. Optical rotatory dispersion is treated in 
terms of the octant rule. The proposed experiments deal with 
pharmaceutical compounds or preparations and are good. Un- 
fortunately, quantitative analysis by polarimetry is limited by lack 
of instrumental sensitivity. 


Crystallography is introduced in a chapter which describes prop- 
erties that are measurable optically. Although most interesting, the 
work proved very hard to read. Concomitant performance of the 
suggested experiments seems necessary. Possibly the use of photo- 
micrographs, colored if cdors are to be seen, together with dia- 
grams using various colors to emphasize coordinate axes,angles, 
and lines would have improved this important section. The tech- 
niques of X-ray analysis in terms of topicswch as powder diffrac- 
tion, single crystal studies, and X-ray fluorescence are part of a 
chapter that reads well and cites good pharmaceutical examples, 
both in cases of identity study and quantitative determinations. 
Considering the analyses possible with the powder technique and 
the trace level detection possible when fluorescence is measured, it 
is disappointing that some experiments are not proposed for those 
fortunate enough to have an X-ray spectrometer. 


Electrochemical topics are covered in five chapters. The presenta- 
tion on potentiometry is rather standard and includes a discussion 
of electron tubes and some simple circuits. However, the use of 12 
photographs of commercial instruments and injudiciously plotted 
curves is not making the most of space. The omission of specific ion 
electrodes is surprising. The conductimetric and high-frequency 
methods are discussed in a chapter entitled Current How Methods. 
The discussions are done well and include measurement circuits and 
Wheatstone bridge concepts with a description of critical micelle 
measurements. Coulometry and chronopotentiometry are written 
in a direct, crisp, clear, readable style. The pertinent equations and 
the salient differences between the techniques are made plain. At 
the end of each subsection, the pharmaceutical applications are 
listed and an experiment using an appropriate pharmaceutical is 
supplied for each technique. 


The polarography and amperometry chapters are well done. The 
various equations necessary for polarography are derived, and con- 
cepts are lucidly introduced and developed. In addition to classical 
polarography, solid microelectrodes and measurements in non- 
aqueous media are discussed. The commentary on instrumental 
aspects is pertinent, and the experiments and summary of pharma- 
ceutical applications are good. It was disappointing not to find any 
mention of AC polarography. Both one- and two-polarized elec- 
trode systems used in amperometric titrations are considered and 
the applications to pharmaceuticals are summarized. 


The final group of topics includes chapters on mass spectrometry, 
gas chromatography, and radiochemistry. .The survey of mass 
spectrometry begins with a good introduction to theory, but the 
study of fragmentation patterns clearly requires more intense work 
than could be presented in the available space. Although good use 
has been made of this technique, together with pyrolysis and gas 
chromatography with simplified interpretation by means of com- 
puter techniques, the utility in quantitative analysis, discussed in this 
section, has not been established. Gas chromatography is developed 
in the usual manner and seems generally satisfactory. However, 
the discussion of the detectors and their mode of operation is dis- 
appointing, as is the omission of pyrolysis techniques. Likewise, the 
choice of experiments is not imaginative with work such as the 
separation of steroids and the monitoring of barbiturates in the 


urine published in the literature. The closing chapter on radiocheni- 
istry presents a logical development of the theory and measure- 
ments appropriate to this area. However; the very important .aspect 
of radiation safety procedures, decontamination, and waste dis- 
posal, as well as radioaseptic techniques, has not been included. 
The experiments are disappointing; it was hoped that procedures 
such as neutron-activation analysis (if a neutron source is available), 
scintillation spectrometry, or nuclide standardization and calibra- 
tion would be included. 


This reviewer recommends that this book be considered as a text 
for a course in instrumental analysis. It may be necessary to sup- 
plement this work from many available sources if some aspects of 
electronics or instrumental function and design are to be taught. 
But this is not a serious drawback since this text presents the analy- 
sis of pharmaceuticals. information not available in a text at this 
level before. 


Reviewed by Thomas Medwick 
College of Pharmacy 
Rutgers University 
Newark, NJ 07104 H 


Consulting. Establishing and Maintaining An Independent Practice 
By RICHARD A. STEMM. SiSi: Stemm’s Information Systems & 
Indexes, P. 0. Box 42576, Los Angeles, CA 90050, 1970. iii + 
29 pp. 13.5 21 cm. Price $2.50. 
Despite its brevity, this booklet, written by Richard Stemm, con- 


tains a vast amount of information for the practicing or aspiring 
consultant. The author states in the Preface that the primary value 
of the publication is helping an individual objectively plan and pre- 
pare a course of action to establish himself as an independent con- 
sultant. 


The material appears to be applicable to individuals in most 
fields and specialties. Among the topics covered are proposing, 
quoting, negotiating, contracts, fees, and costs. The booklet also 
contains forms for the National Consulting Register, a division of the 
author’s organization. 


Staff Review 


Codeine and Its Alternates for Pain and Cough Relief. By NATHAN 
B. EDDY, HANS FRIEBEL, KLAUS-JURGEN HAHN, and HANS HAL- 
BACH. World Health Organization, Geneva, Switzerland, 1970. 
i + 253 pp. 17.5 X 24 cm. Price $6.00. 
This review of the analgesic and antitussive effects of codeine and 


its alternates was originally published, in five installments, in the 
Bulletin of the World Health Organization during 1968 and 1969. 


The five chapters included are codeine, exclusive of its antitussive 
action; alternates for pain relief; the antitussive action of codeine- 
mechanism, methodology, and evaluation; potential alternates for 
cough relief; and discussion and summary. 


Codeine, which has been used increasingly for the relief of pain and 
cough since it was first isolated in 1832 from morphine, is an effective 
analgesic and antitussive either alone or in combination with other 
compounds. This publication reviews the literature concerning the 
experimental and clinical effectiveness of codeine and a wide range of 
alternative substances. 


Effectiveness and lack of undesirable side-effects, including toler- 
ance, dependence, and liability to abuse, are among the leading 
characteristics to be considered in the evaluation of codeine and its 
potential alternates. These aspects are taken up in this review. 


Staff Review a 
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Allylic Phosphate Hydrolysis: Kinetics and Mechanism 
of Degradation of 3P,17cr-Dihydroxy-Ga-rnethylpregn-4-en-2O-one 
17-Acetate, 3-Phosphate 


T. 0. OESTERLING and J. H. GUSTAFSON* 


Abstract 0 The kinetics and mechanism of degradation of 3p,17~~- 
dihydroxy-6a-methylpregn-4-en-20-one 17-acetate, 3-phosphate (I) 
was studied as a function of pH and temperature. At low pH the 
least stable moiety is the allylic phosphate ester at Car while the 
most reactive function at high pH is the acyl ester at position 17. 
At pH 7 and 37", the rate of phosphate ester hydrolysis is approxi- 
mately 104 times faster than hydrolysis of the 17~acetoxy function. 
Between pH 4 and 10 at 37" and between pH 2 and 6 at 4", the rate 
of phosphate ester hydrolysis is first order with respect to hydrogen- 
ion concentration. The major products of allylic phosphate hy- 
drolysis are an epimeric mixture of CS alcohols, supplying evidence 
that the reaction occurs principally by carbon-oxygen bond fission. 
The activation energy for phosphate ester hydrolysis of 1 is 21.5 
f 0.9 kcal./mole. 


Keyphrases 3p,17a-Dihydoxy-6a-methylpregn-4-en-20-one 17- 
acetate, 3-phosphate degradation-kinetics, mechanism 0 pH, 
temperature effects-allylic phosphate hydrolysis 0 TLC-separa- 
tion, identification Mass spectroscopy-identification 0 NMR 
spectroscopy-identification 


The synthesis and bioactivity of 3p, 17a-dihydroxy- 
6a-methylpregn-4-en-20-one 17-acetate, 3-phosphate 
(I) have been reported by Morozowich et al. (1).  It is 
a highly water-soluble progestational agent, which 
could be administered intravenously when rapid high 
levels of progestin are required such as in threatened 
abortion or premature labor. In uiuo, I is enzymatically 
metabolized to form the corresponding C S  alcohol (11) 
(1) and other potent progestational agents such as the 
3-keto analog (2). 


Table &Effect of pH and Temperature on Rate of Phosphate 
Ester Hydrolysis of 3p,l7a-Dihydroxy-6cu-methylpregn-4-en-20-one 
17-Acetate, 3-Phosphate (I) 


~~ ~~~ ~ ~~~ 


Tem- 
pera- Ionic k, sec-1 


PH Buffer ture Strength X 1 0 6  


2.42 
3.12 
4.08 
4.97 
6.12 
6.10 
6.10 
4.00 
5.05 
5.14 
6.05 
6.09 
6.11 
6.80 
6.95 
7.80 
8.01 
8.90 
9.00 
9.04 
9.95 
6.20 


3-Chloropropionate 
3-Chloropropionate 
Acetate 
Acetate 
Acetate 
Acetate 
Acetate 
Acetate 
Acetate 
Acetate 
pH stat 
Acetate 
Acetate 
Maleate 
pH stat 
pH stat 
Borate 
Ammonia 
Borate 
Borate 
Borate 
Acetate 


4" 0.1 
4" 0.1 
4" 0.1 
4" 0.1 
4" 0.1 


1.5' 0.1 .~ 


25" 0 .1  
37" 0.1 
37" 0.1 
37" 0 .1  
37" - 
37" 0.05 
37" 0.1 
37" 0.1 
37" - 
37" - 
37" 0.1 
37" 0.1 
37" 0.1 
37" 0.1 
37" 0.1 
47" 0.1 


739 
131 
12.8 
1.61 
0.124 
0.582 
1.23 


1070 
81.5 
92.7 
13.6 
10.2 
8.78 
2.70 
2.19 
0.518 
0.286 
0.0700 
0.0301 
0.0308 
0.00375 


19.0 


CH3 
I 
I c=o c! 


The two moieties that are least stable from the stand- 
point of development of a chemically stable parenteral 
formulation of I are the acetoxy function at Cn and the 
allylic phosphate ester at C3. Esters such as the C17-acyl 
function of I are highly susceptible to general acid- 
general base catalysis. Turner (3) reported that the 17a- 
acetoxy function of 3& 17a-diacetoxyallopregnan-20- 
one was completely hydrolyzed after standing overnight 
in 0.25 N methanolic sodium hydroxide at room temper- 
ature. However, these type esters are usually much less 
reactive near neutral pH where, on the other hand, 
allylic phosphates such as the C3 moiety of I are rela- 
tively unstable. For example, the half-life for phosphate 
hydrolysis of I at pH 8.78 and 37" is approximately 
5 days (1). 


Most previous studies of hydrolysis of allylic phos- 
phate esters have been confined to  those of acyclic 
monoterpene and sesquiterpene alcohols. The enzyme- 
catalyzed synthesis of squalene from mevalonic acid 
proceeds through acyclic terpenol phosphate and pyro- 
phosphate intermediates such as farnesyl and geranyl 
pyrophosphate (4-6). These intermediates have been 
isolated and their properties studied to elucidate their 
role in the biochemical process. Such acyclic allylic 
phosphates are very unstable in acid and hydrolyze 
through carbonium-ion intermediates. 


This report describes the kinetics and mechanism of 
degradation of I. The effects of pH and temperature on 
the rates of hydrolysis of the C3-phosphate and C17-acyl 
esters have been studied, and the major products of 
degradation have been identified. 


EXPERIMENTAL 


Materials3& 1 7a-Dihydroxy-6a-methylpregn-4-en-20-one 1 7- 
acetate (11), 3~,17ar-dihydroxy-6~~-methylpregn-4-en-2O-one 17- 
acetate, 3-phosphate (I), and 17a-acetoxy-6-methyIpregna-3,5- 
diene-20-one (XII) containing less than 2% impurities were used.' 
All other chemicals were reagent grade. 


Kinetic Studies-Phosphate Ester Hydrolysis-The pH of reac- 
tion mixtures of I was maintained by a pH stat technique or by the 


~~ ~ ~~~~~~~ 


Supplied by the research laboratories of The Upjohn Co. 
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CH, 


c=o r 
I 


--OAc 


0 P-0 II 67 dP 
HO' 'OH &H3 


I / I  


CH, CH, 
11, R =OAC 


VI, R = OH 


buffers shown in Table I. Individual buffers were prepared from 3- 
chloropropionic acid, acetic acid, maleic acid, boric acid, ammonium 
hydroxide, and disodium carbonate and were adjusted to the desired 
pH at the temperature of the run by the addition of sodium hy- 
droxide or hydrochloric acid. The ionic strength of buffered reac- 
tion mixtures was adjusted by the addition of potassium nitrate. 
Reactions were initiated by mixing temperature-equilibrated aqueous 
solutions of I with the buffer so that the final concentration was: 
I, 0.001 M; buffer, 0.05 M ;  and ionic strength, 0.1. After placing the 
mixture in a constant-temperature bath, 1 .O-ml. samples were with- 
drawn at appropriate times, added to 1.0 ml. of 0.1 M NHaOH, and 
refrigerated until assayed for inorganic phosphate. The pH of the 
reaction mixture was measured periodically during the run; if the 
pH varied by more than 0.2 unit from the initial pH, the run was 
discarded. All reaction mixtures in which phosphate ester hydrolysis 
was measured were prepared with freshly boiled deionized water. 


For reaction mixtures where the half-life of phosphate ester 
hydrolysis was less than 1 hr., special techniques were employed. 
One-milliliter portions of an aqueous solution of I containing 2 
mg./ml. were equilibrated at the temperature of the run. To obtain 
one time point, 1.0 ml. of equilibrated buffer was added with a 
syringe. At an appropriate time the reaction was quenched by the 
addition of 2.0 ml. of 0.1 M ammonium hydroxide with a syringe. 
Each portion of the reaction mixture was equilibrated for a different 
length of time until enough samples for kinetic analysis were ob- 
tained. 


Kinetic runs in which pH was maintained with a pH stat were 
carried out as follows. Electrodes from the pH stat (Radiometer 
TTTlC titrator and SBR2C titragraph) and the titrant delivery 
tube were immersed in 39.0 ml. of freshly boiled deionized water in 


Table 11-TLC Analysis of 3&17a-Dihydroxy-6a-methylpregn- 
4-en-20-one 17-Acetate, 3-Phosphate (I) Reaction Mixtures 


Zone 
Number Rf Percent Molecular Ion 


1 0.10 <I  
2 0.18 5 
3 0.31 51 
4 0.39 3 
5 0.48 32 
6 0.55 < I  
7 0.63 <1 
8 0.70 <1  


388 
346 
388 
346 
388 
-a 
-a 
-0 


5 Insufficient sample. 


\ \  


III,R=OAc IV, R =OAc V, R =OAC 
VII, R = OH VIII,R = OH IX, R = OH 


Scheme 1 


a stoppered jacketed vessel maintained at 37 f 0.1 '. After thermal 
equilibrium was attained, 40 mg. of I in 1.0 ml. of deionized water 
was added, and the reaction was initiated by adjusting the pH to 
the desired value by the addition of 1 N HCI or 1 N NaOH. Drift 
in pH during the run was corrected by the addition of 1 N HC1 or 
1 N NaOH. At appropriate times, 1.0-ml. aliquots were withdrawn 
and added to 1.0 ml. of deionized water; the sample was assayed 
immediately for inorganic phosphate content by the following 
procedure. Corrections for the volume of titrant added prior to 
sample withdrawal were incorporated into the assay results. 


The amount of inorganic phosphate in each reaction mixture 
aliquot was determined by Mokrasch's (7) assay. Because of the 
instability of the mixed reagent used in this assay, a standard was 
assayed after every three unknowns. Rates of phosphate ester 
hydrolysis were determined by least-squares analysis of log (P*, -  - 
Pi,&time data, where Pi., is the molar concentration of inorganic 
phosphate present at completion of hydrolysis that is equivalent to  
the initial molar concentration of I, and Pi,l is the molar concen- 
tration of inorganic phosphate present at any time. 


Acyl Ester Hydrolysis-Reaction mixtures were prepared by 
mixing 5 ml. of a temperature-equilibrated aqueous solution of I 
(40 mg./ml.) with a sufficient volume of 0.1 N .  NaOH to give the 
final desired pH. After diluting to 10 ml. with deionized water, the 
solution was mixed and placed at 37". At appropriate times, 1 .O-ml. 
samples were withdrawn and mixed with 1.0 ml. of 0.1 M ,  pH 9 
borate buffer. The amount of intact 17a-acetoxy function remaining 
in the reaction mixture aliquot was measured by the method of 
Goddu et a/. (8) as modified by Forist and Theal(9). Second-order 
rate constants of acyl ester hydrolysis were obtained by least- 
squares analysis of In (a-x)/(b-xktime data, where a is the initial 
concentration of I, b is the initial concentration of sodium hydroxide, 
and x is the amount of each reacted at any time 


Identification of Products-Degradation products were identified 
by mass spectral and NMR studies and by comparison of TLC 
R, values with authentic samples, when available. TLC studies 
were carried out by spotting ethyl acetate extracts of quenched 
reaction mixture aliquots on silica gel G and developing with 
methanol-aceton~water-chloroform-cyclohexane~hexane (2 : 10 : 
0.2:80:20:40). Zones were visualized by heating the plates at 100- 
130" after spraying with 30% ammonium sulfate. 


The relative amount of each zone was estimated by scanning the 
thin-layer plates with a Schoeffel model SD-3000 spectrodensitom- 
eter. Samples for mass spectral and NMR analyses were obtained 
by preparative TLC. Mass spectra were determined with an Atlas 
CH4 mass spectrometer in which samples were introduced by the 
direct inlet technique. NMR spectra were determined with a Varian 
HA-100 spectrometer. 
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Figure I-Apparent Jirst-order phosphate ester hydrolysis of 3p,17a- 
dihydroxy-6a-methylpregn-4-en-20-one l7-acetate, 3-phosphate ( I )  
atpH6.1.  Key: ~ , 4 ~ ; 0 , 1 5 " ; a n d . , 2 5 " .  


RESULTS AND DISCUSSION 


Identification of Products-Table I1 shows the R, values of the 
products in a reaction mixture of I after about 5Oz phosphate 
hydrolysis. Also shown are the relative amounts of the zones and 
the number assigned as molecular ion determined by mass spectral 
studies of compounds isolated by preparative TLC. In general, the 
relative amount of each species represented in Table I1 was in- 
dependent of pH, although at higher pH the percentages of Zones 
2 and 4 tended to increase. Four of the eight degradation products 
of I (Table 11) were present only in trace amounts; of these four, a 
sufficient sample for mass spectral studies could only be obtained 
from Zone 1. 


Numerous reports have shown that allylic phosphates and pyro- 
phosphates hydrolyze through carbonium-ion intermediates (4-6, 
10). Such a mechanism is reasonable for dephosphorylation of I 
and is compatible with the data shown in Table 11. Scheme I shows 
a possible mechanism by which I could hydrolyze; it involves a 
carbonium-ion intermediate stabilized by the allylic double bond. 
The three products in Table I1 possessing molecular weight 388, 
the molecular weight of the alcohol which would result from hy- 
drolysis of the Ca-phosphate, could correspond to three of the four 
products shown in Scheme I (I-IV). Goodman and Popjak (4) 
reported that the relative amounts of secondary and tertiary alcohols 
resulting from pyrophosphate hydrolysis through a carbonium-ion 
intermediate differ from one compound to another (4). For the 
case of I, the secondary C3 epimeric alcohols (I1 and 111) are the 
most likely products due to the relative instability of tertiary allylic 
alcohols formed at CS and the steric hindrance involved in addition 
reactions at C6. The R, of Zone 3 is identical to the authentic 
sample of 3~,l7a-dihydroxy-6au-methylpregn-4-en-20-one 17-ace- 
tate (11) which, combined with the mass spectral data in Table 11, 
establishes the identity of the major product. The presence of a 
carbinol proton in the NMR spectra of Zone 5 in conjunction with 
a molecular weight of 388 was taken as conclusive evidence that 
Zone 5 represents 111, the Ca epimer of 11. Mass spectra of the 
compounds isolated from Zones 3 and 5 provided further evidence 
that they are I1 and 111. The signal at m/e 370 (molecular ion minus 
water) of Zone 3 was of lower intensity than the molecular ion 
signal typical of equatorial hydroxyl groups (1 1,12), while the signal 
at m/e 370 of the compound from Zone 5 was of greater intensity 
than the molecular ion signal typical of axial hydroxyl groups (11, 
12). The unsaturation in Ring A of I1 and 111 slightly distorts the 
configuration of the C3 hydroxyl groups. However, probably suf- 
ficient axial (Compound 111) and equatorial (Compound 11) 
character remains in the 3-hydroxyl groups of these products to 
show this mass spectral response. 


An epimeric mixture of C3 alcohols could be formed in reaction 
mixtures of I by means other than the mechanism shown in Scheme 
I. For example, 111 could be formed by epimerization of I1 after 
phosphate hydrolysis. However, only trace amounts of 111 were 
determined by TLC when authentic I1 was subjected to similar 
conditions for comparable periods of time, providing evidence 
that epimerization subsequent to hydrolysis is unlikely. Since a 


substantial amount of 111 was formed in reaction mixtures of I 
under conditions where epimerization of I1 is negligible, the mech- 
anism of hydrolysis postulated in Scheme I is quite reasonable and 
indicates that the reaction proceeds primarily by carbon-oxygen 
bond fission. 


The molecular weights of the other two major products of I, 
Zones 2 and 4 in Table 11, correspond to the alcohol that would 
result from hydrolysis of the acyl ester at C,,. Since hydrolysis of the 
17a-acetoxy moiety proceeds with retention of configuration under 
the conditions of this study (3), Zones 2 and 4 probably represent 
C3 epimers of the 17a-deacetoxy derivative of I. By analogy to the 
products resulting from phosphate hydrolysis, Zone 2 represents 
3@,17a-dihydroxy-6a-methylpregn-4-en-20-one (VI), and Zone 4 
represents 3a,17a-dihydroxy-6a-methylpregn-4-en-2O-one (VII). 


The identities of Zones 1 and 6-8 in Table I1 were not conclusively 
established. Mass spectral data suggest that Zone 1 may be IV or V, 
and inspection of Drieding models shows that LV is favored. How- 
ever, there was an insufficient sample for further tests. Other pos- 
sible products which might be represented by Zones 6-8 include 
those that would arise from D-homoannulation of CompoundsVI-IX 
(Scheme 11). 


VI-IX X 
Scheme II 


Ring expansions, such as the one depicted in Scheme 11, are both 
acid ( 1  3) and base (14) catalyzed, and only trace amounts would be 
expected under the mild conditions of this study. 


Secondary and tertiary allylic alcohols, such as Compounds 11-V, 
reportedly undergo facile dehydration in acid to form conjugated 
dienes of the type represented by XI (15). The R f  of an authentic 
sample of the diene of Compounds 11-V, 1701-acetoxy-6-methyl- 
pregna-3,5-dien-20-one (XII), was 0.9 in the solvent system 


XI 


described in the Experimental section, and none of this prod- 
uct was detected in any of the reaction mixtures in Table I. How- 


2 3 4 5 6 7 8 9  
PH 


Figure 2-pH-rate projile of phosphate hydrolysis of 3@,17a-di- 
hydroxy-6a-methylpregn-4-en-20-one 17-acetate, 3-phosphate ( I ) .  
Key: .,4";andO,37". 
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ever, this diene can be detected in lower pH reaction mixtures where 
phosphate hydrolysis cannot be conveniently measured. For ex- 
ample, when I was treated with 0.25 N HC1 at room temperature, 
almost complete conversion to XI1 occurred after 1 hr. 


Rate Studies-The phosphate ester moiety of I hydrolyzed by an 
apparent first-order process under all experimental conditions. 
Some typical first-order curves of phosphate hydrolysis are shown 
in Fig. 1. 


The effects of pH and temperature on the rate of phosphate ester 
hydrolysis of I are shown in Table I. In general, effects of ionic 
strength and buffer species on the rate constant appear minimal. 
However, the data at pH 6 and 37" show a slight tendency toward 
suppression of the rate constant with increasing ionic strength, and 
the pH 9 data suggest a possible buffer effect. Rate-pH profiles 
between pH 4 and 10 at 37" and between pH 2 and 6 at 4" are shown 
in Fig. 2. The slope of the curve of the 4" data is - 1.00 and that of 
the 37' data is -0.97. 


Three species of monosubstituted orthophosphate esters such as 
I contribute to the observed rate constant in the pH range 2-10. 
Although dissociation constants vary slightly with the nature of the 
substitution, in general the predominant species at pH 2 is the 
neutral or undissociated form; in the pH range 3-6, the monoanionic 
species predominates; and at pH 6-10, the dianion is the major 
species. The shape of the rate-pH profile depends on the concentra- 
tion and relative reactivities of these three species. For example, in 
the case of 2,4-dinitrophenyl phosphate (16) where the dianion is 
the most reactive of the three species, the observed rate constant is 
greater in the pH range 6-10 where the dianion is the major species. 
If the monoanion is more reactive than the neutral or dianionic 
forms, as in the case of methyl phosphate (17), the rate-pH profile 
shows a maximum in the neighborhood of pH 4 where the mono- 
anion is present at maximum concentration. The maximum in the 
pH-rate profile will become less pronounced as the reactivity of the 
neutral species increases relative to that of the monoanion. Examples 
of this behavior are glucose-I-phosphate (18) and lincomycin-2- 
phosphate (19). 


Finally, the case arises where the relative reactivity of the neutral 
form increases to the point where the log of the rate constant shows 
a linear dependence on pH. The slope of the resulting line can in- 
dicate the number of species contributing to the observed rate con- 
tant; for example, a plot of log k versus pH for the hydrolysis of tert- 
butyl phosphate is a straight line between pH 2 and 7 (20) with a 
slope of -0.7. The nonunity value of the slope could be inter- 
preted as an indication that more than one species, i.e., monoanion 
and undissociated, of tert-butyl phosphate is contributing to the 
overall rate constant. 


On the other hand, Bunton and Humeres (21) obtained a slope 
of - 1 for the straight-line plot of pH uersus log k for the hydrolysis 
of ribose-1-phosphate in the pH range 3.5-7.5. This behavior was 


Table III-Second-Order Rate Constants of Acyl Ester Hydrolysis 
of 3~,17~~-Dihydroxy-6~~-methylpregn-4-en-20-one 17-Acetate, 
3-Phosphate (I) at 37" 


NaOH, N k, 1. mole-' sec.-l X loa 


0.03 
0.05 
0.07 
0.09 


3.36 
3.00 
4.07 
3.37 


0.3 


M 
-0 0.2 


0.1 


0 


80 160 240 320 
MINUTES 


Figure 4-Second-order plot of acyl ester hydrolysis of 3p,I 7a- 
dihydroxy-6a-methylpregn-4-en-20-one l7-acetate, 3-phosphate ( I ) .  
Key: 0, a = 0.04 M, b = 0.05 M; a n d o ,  a = 0.04 M, b = 0.03 M. 


attributed to the much higher reactivity of the neutral or undis- 
sociated form over the monoanionic or other negatively charged 
species of ribose-I-phosphate. A similar interpretation can be ap- 
plied to the data shown in Fig. 2. The major reacting species for 
phosphate hydrolysis of I is probably the undissociated form over 
the entire pH range covered in this study. A rate-pH profile of 
allylic pyrophosphate hydrolysis based on a single-point measure- 
ment method has been reported by Goodman and Popjak (4); 
however, their method of measurement and the possibility of assay 
variation at high pH preclude direct comparison with Fig, 2. 


The phosphate moiety of I is not sufficiently stable to allow mea- 
surement of the dissociation constant of the most acidic proton. 
Thus, no estimate of the specific rate constant for hydrolysis of the 
neutral species could be obtained. However, the data in Table I 
clearly show that the neutral form of I is many times more reactive 
than the analogous species of other types of monosubstituted- 
orthophosphate esters such as alkyl (17, 20), acyl (22), glycosidic 
(18, 21), and carbohydrate phosphates as glucose-2-phosphate (23) 
and lincomycin-2-phosphate (19). In fact, I is also much more reac- 
tive than acyclic allylic phosphates and pyrophosphates such as 
neryl, dimethylallyl, and geranyl (24, 25) phosphate and geranyl, 
dimethylallyl, neryl, and farnesyl pyrophosphates (4, 5).  The half- 
lives for phosphate hydrolysis of these acyclic allylic phosphates 
and pyrophosphates range from 2 to 15 min. in 0.1 N HC1 at 25", 
while the extrapolated half-life (Table I) for hydrolysis of I at pH 
1 and 25" is about 0.01 min. 


An Arrhenius plot of phosphate ester hydrolysis (I) is shown in 
Fig. 3. The activation energy calculated from the slope of Fig. 3 
is 21.5 f 0.9 kcal./mole. This activation energy represents the re- 
activity of the neutral species, even though it was present in very 
low concentration in the reaction mixtures at pH 6.1. 


Second-order rate constants obtained for hydrolysis of the 17a- 
acetoxy function of I as a function of sodium hydroxide concentra- 
tion at 37' are shown in Table 111. Figure 4 shows typical second- 
order plots of the 0.03 and 0.05 N NaOH data. Extrapolation of the 
average second-order rate constant in Table 111 to pH 7 (assuming 
minimal buffer effects) shows that phosphate ester hydrolysis is 
about lo4 times faster than acyl hydrolysis at C17. 
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pH Effects on Salicylate Absorption from Hydrophilic Ointment 


FRED MARCUS*, JOHN L. COLAIZZI, and HERBERT BARRY, 1117 


Abstract 0 Hydrophilic ointment formulations containing sal- 
icylic acid were prepared at  different pH levels by inclusion of 
phosphate buffers. Percutaneous salicylic acid absorption was 
studied by measuring salicylate blood levels in rabbits at 1.5-hr. 
intervals from 1.5 to 7.5 hr. after ointment application. The effect 
of 15% dimethyl sulfoxide in the various formulations was also 
determined. Formulations without dimethyl sulfoxide produced 
maximal blood concentrations at the highest pH level (10.78) and 
higher concentrations at the lowest pH (2.97) than at the inter- 
mediate ones (4.48, 6.80, 9.23). Proportionally higher concentration 
of undissociated species appeared to account for the increased 
absorption observed at the most acidic pH, while increased dis- 
solution was probably responsible for the greater blood levels 
recorded at the most alkaline pH. Dimethyl sulfoxide produced a 
more rapid rate of salicylate absorption as well as greater peak 
blood levels at each pH. However, its influence on rate of absorp- 
tion and on peak blood levels was less pronounced at the highest 
pH levels. This finding seems to indicate that the positive effect of 
dimethyl sulfoxide on percutaneous salicylate absorption is due in 
part to its ability to enhance the dissolution of salicylic acid. 


Keyphrases 0 Salicylate absorption-hydrophilic ointment 0 
pH effect-salicylate absorption from hydrophilic ointments 0 
Dimethyl sulfoxide effect-salicylate absorption, hydrophilic 
ointment 0 Percutaneous absorption-salicylate in hydrophilic 
ointment 


~ ~~ 


Experimental evidence indicates that percutaneous 
absorption of most drugs occurs by passive diffusion 
of an undissociated therapeutic entity across a lipoidal 
barrier (1). Characteristics of an ointment base, in 
particular its thermodynamic activity and included sol- 
vents, influence the rate of release from the base and 
the rate and quantity of percutaneous penetration and 
absorption. Knowledge of the specific influence of each 


of these factors can aid in the formulation and choice of 
ointment bases designed to elicit a specified rate and 
magnitude of percutaneous drug absorption for a par- 
ticular drug administered topically. 


Higuchi (2) indicated that the chief driving force for 
diffusion and penetration is thermodynamic activity, 
which for a weakly acidic drug is inversely proportional 
to the term lopH. Bhatia and Barber ( 3 )  found changes 
in the local anesthetic activity of ethyl aminobenzoate 
incorporated into hydrophilic ointment USP buffered 
at nine different pH values ranging from 3.5 to 10.0. 
They observed maximum pharmacologic activity at pH 
6 and 7 and found a marked decrease when the pH was 
decreased or increased from that neutral region. Bhatia 
and Barber ( 3 )  attributed their results to the possibility 
that maximum penetration and pharmacologic activity 
occurred at or near the pH of rat skin. Stolar et al. (4) 
theorized that the concentration of free salicylic acid 
present at a pH of 6.2-6.5, in either an aqueous solution 
of 6.95% sodium salicylate or in a sodium salicylate 
cream having an aqueous dispersion medium, could not 
account for the measurable salicylate blood levels ob- 
served in rabbits. Blank and Gould (5) observed an in- 
crease in the absorption of sodium laurate solutions in 
contact with excised human skin at reduced pH. They 
attributed the increase in absorption at the lower pH to 
the formation of more undissociated lauric acid. 


The use of solvents to enhance percutaneous absorp- 
tion was suggested by the ease with which gases, such 
as nitrobenzene vapor (6), can penetrate the skin (7-lo), 
and has been confirmed by the greater enhancement of 
percutaneous absorption produced by the volatile 
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coating process should there be a failure in one component of the 
systems such as in the spray delivery timer. Even though timed 
devices may contain fail-safe mechanisms, such a timed coating 
process would have to be terminated and reprogrammed manually. 


SUMMARY 


An automated tablet-coating system was designed which is self- 
programming and based on the rate of moisture loss. The Moisture 
Analyzer, which programmed the system, was revealed to be ex- 
tremely sensitive to the presence of moisture and to moisture loss in 
the tablet mass. The system quickly adjusts to any change in spray 
cycle time and also shows a high degree of reproducibility between 
cycles under similar conditions. 


A high degree of sensitivity of the drying cycles to changes in 
the environmental humidity was also demonstrated by the ap- 
paratus. It is, therefore, felt that a moisture-sensing device should be 
utilized when considering an automated tablet-coating system for 
production. 
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Monitoring Volatile Coating Solution Applications 
in a Coating Pan 


RUSSELL J. LANTZ, Jr.*, ALAN BAILEY, and MANFORD J. ROBINSON 


Abstract 0 Equipment and methods are presented for recording 
temperature patterns resulting from the evaporation of volatile 
coating solutions applied to pellets in a rotating pan. These patterns 
are interpreted in regard to run-to-run replication, effect of ap- 
plication and drying rate, and coating solution distribution. The 
applicability of this equipment and methodology to control the 
coating of solid particles is discussed. 


Key phrases 0 Coating application, pellets-monitoring method 0 
Volatile coating solutions-application monitoring 0 Diagram- 
pellet coating equipment with monitor 0 Thermal patterns- 
pellet coating 


~~~ 


Sutaria (1) has noted that, until recently, pharmaceu- 
tical coating processes were an art because of the apathy 
shown toward studying the many variables involved in 
these processes. Sutaria’s extensive bibliography indi- 
cates that efforts to  define and control these variables 
are now underway and, in some cases, have resulted 
in the semiautomation of certain aspects of the coating 
process. 


The purpose of this preliminary report is to add to 
this knowledge by presenting data on methods found 
useful for monitoring the application of volatile coating 
solutions to pellets in a rotating pan. 


The application and evaporation of coating solutions 
containing volatile solvents, e.g., acetone, alcohol, and 
chloroform, produce measurable temperature changes 
in a bed of pellets in a rotating pan. By placing a ther- 
mocouple and thermistors in the pellet bed and record- 
ing the temperature changes during coating, it is possible 


O N - O f f  SWITCH I €*HAUS1 AIR 


Figure 1-Equipment diagram. 


to discern and control certain events and/or trends taking 
place during the coating process. 


EXPERIMENTAL 


Equipment and Instrumentation-The coating process was 
performed in a Stokes 91.4-cm. (36-in.) coating pan.’ The volume 
of air moving across and through the pellet bed was monitored at the 
exhaust with a Dwyer pitot tube and an air velocity meter No. 
400.2 The temperature of the coating solutions was controlled in a 
30-l., electrically heated, feed tank. The feed tank temperature 
was monitored with an Alnor pyrometer3 coupled to a standard 


1 Model 900-1-8, Pennwalt Corp., Stokes Tableting Equipment 


2 Dwyer Manufacturing Co., Michigan City, Ind. 
3 Type 1200, Illinois Testing Laboratories, Inc., Chicago, Ill.  


Dept., Warminister, Pa. 
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Table I-Data Sheet Sample of Conditions Recorded in Addition to Thermal Patterns 


Pump Operation and Coating Solution Application 


Pellet- Exhaust Dry % Driving Liquid Applied Spray Feed Coating 
Code 20 Bed Air Flow, Bulb Relative Air, Pressure, per Hour, Rate, Solution 


Time Temp. c.f.m. Temp. Humidity psig. psig. kg. g./min. Temp. 


Coating Coating 
Ambient Conditions Pump Pump Solution Solution 


15" 200 27.7" (82" F) 31 10 130 4.9 3 54 67" 
68 O 


10:00 a.m. 
11 :00 a.m. 15" 21 1 27.7" (82" F) 31 10 130 4.9 346 


14.5" 21 1 26.6" (80" F) 33 10 130 4.9 3 54 64 O 


64 O 


12:OO noon 


63" 
1 :00 p.m. 


14.5" 199 26.1 O (79" F) 34 10 130 4.9 356 
65 


2:OO p.m. 
14.5" 200 26.1 * (79" F) 34 10 130 4.9 358 


64 
3 :OO p.m. 


14.5" 21 1 26.6" (80" F) 31 10 130 4.9 344 


4:00 p.m. 15.5" 205 26.1" (79" F) 34 10 125 4.6 355 


I 


Table 11-Program for Coating Solution Application 
and Pellet Drying 


Total 
Amount of 


Total Coating 
Spray- Solution 


ing Applied 
Spray Dry per per Hour, 


Code 20 No. of Cycle, Cycle, Hour, kg. 
Time Cycles min. min. min. (Theory) 


I 


1st hour 5 2 2 10 3.50 
10 1 3 10 3.50 


2nd hour 15 1 3 15 5.25 
3rd and 


4th hours 15 1 3 15 5.25 
5th hour 12 1 4 12 4.2 


iron-constantan thermocouple. The coating solutions were pumped 
by a Grover pump,4 which delivered 130 psig. pressure to a No. 
650067 Spraying Systems6 T-Jet nozzle mounted on a Spraying 
Systems 24 AU Auto Jet valve assembly.6 The spraying and drying 
cycles were timed with a stopwatch, and the "start" and "stop" of 
the spray nozzle were controlled by an on-off switch in series with a 
Skinner electric valve.6 Ambient conditions were recorded with a 
Bristol thermo-humidograp h.? 


An Hitachi 165 recorde? fitted with a standard iron-constantan 
thermocouple, placed 3.8 cm. (1.5 in.) deep in the pellet bed and 
17.9 cm. (7 in.) in from the pan rim, was used to record pellet bed 
temperature at this point. The recorder temperature range was from 
4 to 21 '. 


A second recorder,g with two type A-21 amplifiers, was used to 
amplify the signals from two thermistors10 (nominal resistance: 2000 
ohms at 25"). To obtain a range of 13-16" with each amplifier, 
the thermistors were placed in one arm of a standard Wheatstone 
bridge, where all arms were at  equal resistance at 14". One thermis- 
tor was placed beside the iron-constantan thermocouple, while the 
second thermistor was moved to different points on the pellet-bed 
surface. The two separate recording setups were used to give the 
advantage of the wide temperature range coverage of one recorder 
and the detailed or expanded scale of a small temperature range 
recorder, and to provide a reference check of one recorder against 
the other. 


Figure 1 shows the equipment setup. 
Materials-Sugar pellets, 1 6 3 0  mesh, were used for each coating 


run. Special denatured No. 30 alcohol was the volatile solvent used 
in preparing the coating solution. 


Procedure-For each coating run, a 50-kg. charge of pellets was 
placed in the coating pan preset to rotate at 20 r.p.m. The coating 
solution was prepared, heated, and maintained at 65 Z!I 3". A 2-min. 
spray and 2-min. dry cycle was used until the pellets were wetted 


4 Model 2585 TSS, Grover, Montebello, Calif. 
6 Spraying Systems Co., Bellwood, Ill. 
4 Skinner Electric Valve Division, New Britain, Conn. 
7 Bristol Co., Waterbury, Conn. 
8 Hitachi Ltd., Tokyo, Japan. 
9 Model G22, Varian Associates, Palo Alto, Calif. 
1OFenwal type GB 32 P8, Fenwal Electronics, Inc., Framingham, 


Mass. 


and the bed temperature dropped to approximately 15". The time 
cycle was then changed to a 1-min. spray and a 3-min. drying 
period, or a 1-min. spray and a 4-min. drying period, to maintain 
an equilibrium between the amount of coating solution applied and 
the rate of evaporation. A sample data sheet and program for 
coating solution application and pellet drying are seen in Tables 
I and 11, respectively. 


Some coating runs were made under near identical conditions to 
determine if identical thermal patterns could be obtained. In other 
runs, coating application rates and pellet drying times were varied. 
The temperature profile across the pellet bed and the circulation 
of coating solution to the back of the coating pan were also deter- 
mined. Sixteen coating runs were made to accumulate and recheck 
the data obtained. 


RESULTS AND DISCUSSION 


Typical thermal patterns, taken at the same point in the pelkt 
bed with the thermocouple and thermistor setups, are shown in 
Fig. 2. These identical curves show good uniformity from cycle to 
cycle in the temperature rise that accompanies the heated coating 
solution application and the evaporative cooling which occurs dur- 
ing the drying period. The range between the maximum and mini- 
mum temperature usually averaged 0.34.4" within a normal spray 
and dry cycle (the lower curve). 


Coating runs performed on different days, following nearly 
identical conditions and procedures, show almost identical thermal 
traces throughout each run. This is illustrated in Fig. 3, where por- 
tions of the trace of each run are shown early and late in the coating 
process. A comparison of the thermal patterns made early in the 
run with those made late in the run shows a difference in the heating 
portion of the curve, which represents the coating solution applica- 
tion. It is possible that the leveling off or temperature decrease at 
one point in the heating curve may be caused by a partial dissolution 
of the heavier coating accumulated late in the run as new coating 
solution is applied. This effect is shown more clearly in an expanded 
thermal trace of one cycle in Fig. 4. 


It was found that a variation in coating solution application rates 
and/or pellet drying times caused distinguishable differences in the 
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Figure %Run-[@run duplication of thermal patterns. 
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pellet-bed thermal patterns. In Fig. 5 the upper and lower thermal 
traces show the effect of high and low coating solution applica- 
tion rates, and the middle thermal trace represents a more normal 
application and drying rate. High application rates of coating solu- 
tion result in a continuous decrease in temperature during drying, 
with an overall downward trend in pellet-bed temperature; the low 
application rate of coating solution shows just the opposite effect. 
The normal application rate curve illustrates a system in equilibrium, 
in which the coating solution solvent application rate balances the 
solvent evaporation rate with no upward or downward trend in 
pellet-bed temperature. 


If the pellets are subjected to an extended period of drying, or if 
only small amounts of coating solution are applied, two stages of 
drying, namely the “constant rate period” and the “falling rate 
period” (2, 3), are revealed by the thermal traces of these pellet 
beds. In the constant rate period, unbound solvent is removed 
from a saturated surface at  a constant rate under constant condi- 
tions. The second stage or falling rate period proceeds after the 
critical solvent level has been reached,” and it is controlled by the 
internal movement of the solvent to the surface of the pellets. 
This stage is characterized by a diminishing solvent evaporation 
rate under constant conditions. In Fig. 6, the constant rate period 
is shown as a constant decrease in pellet-bed temperature, while the 
second stage or falling rate period is shown as a gradual increase 
in pellet-bed temperature. 


The distribution of coating solution in a rotating pan is always of 
concern, because of the poor product circulation patterns set up in 
some coating pans, including those with improper baffle designs. 
Improper positioning of the spray nozzle can also result in maldis- 
tribution of the coating solution. A means of evaluating-coating 
solution distribution in a rotating pellet bed is illustrated-in Figs. 
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Figure &Temperature drop during coating solution application. 
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11 The point where the surface no longer remains saturated. 


Thermocouple Curve 


,First Drying Stage 


r Solvent Application 
--,-- . .  -- 1 Second Drying Stage 


-- 
2 Minutes 


Thermistor Curve 
[First Dry ing  Stage 


r Solvent Application Second Drying Stage -, -_-- 


-rz 
2 Minuter  


Figure 6-Thermalpatterns indicating two stages of drying. 


I 2  This technique is more feasible if raw materials and ambient 
conditions can be held constant during the coating of each batch of 
solid particles. 
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The recording of temperature profiles across a bed of solid par- 
ticles during coating may also be correlated with final product 
results to help in evaluating the design of coating pans and/or baffles 
for a particular product. This same technique should also be useful 
in selecting the proper spray nozzle design and determining its 
position in a coating pan. 
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Figure 9-Coating solution circulation to the back of the coating pan. 


SUMMARY 


This preliminary report describes a method for measuring tem- 
perature changes encountered during the application of volatile 
coating solutions to pellets in a rotating pan. These temperature 
changes develop characteristic patterns during the periods of coat- 
ing solution application and pellet drying, and these patterns are 
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Figure 8- Distribution qf coating solution in the pellet bed. 


replicable. Distinguishable differences in thermal patterns were 
found when coating solution application rates and pellet drying 
times were varied. Thermal traces from extended pellet drying times 
revealed two stages of drying. Temperature changes recorded at 
several points on the pellet-bed surface demonstrated differences in 
coating solution distribution to the pellets. 


This method of measuring solid particle-bed temperature changes 
in a rotating pan should be applicable to the control of day-to-day 
and operator-to-operator variability; to the automation of the 
coating process; and to an evaluation of the design of coating pans, 
baffles, and auxiliary equipment. 


Correlations between changes in pan coating conditions and 
their effects on final product characteristics using this technique 
will be considered in another paper. 


REFERENCES 


(1) R. H. Sutaria, Mjg. Chem. Aerosol News, 39, 37(1968). 
(2) M. W. Scott, H. A. Lieberman, A. S. Rankell, F. S. Chow, 


and G. W. Johnston, J. Pharm. Sci., 52, 284(1963). 
(3) R. H. Perry, C. H. Chilton, and S. D. Kirkpatrick, “Perry’s 


Chemical Engineers’ Handbook,” 4th ed., McGraw-Hill, New 
York, N. Y., 1963, pp. 15-50. 


ACKNOWLEDGMENTS AND ADDRESSES 


Received February 11, 1970, from the Research and Development 
Division, Smith Kline & French Laboratories, Philadelphia, P A  
19101 


Accepted for publication April 1, 1970. 
Presented in part at the 62nd Annual Meeting of the A.I.Ch.E., 


* Present address: Endo Laboratories, Inc., Garden City, NY 
Washington, D. C., November 20,1969. 


11 530 


Vol. 59, No. 8, August 1970 1177 








related methods are presented together, but the discussion is some- 
what difficult to read. Many equations arehtroduced and the treat- 
ment includes light-scattering measuwments. Numerous rekreiices 
are listed and classified, but the single experiment chosen is dis- 
appointing. It was hoped that some work in light scattering might 
be suggested. 


Refractometry and polarimetry are discussed in two relatively 
short sections. The theoretical discussion of refractometry is good 
and the use of this property in monitoring chromatographic eluants 
and in structural studies is presented together with its well-known 
application in liquid identification. The theory involving polar- 
imetry and related properties, such as optical rotatory dispersion and 
circular dichroism, is most complex and cannot be handled in a few 
pages as is evident from this chapter. The discussion of circdarly 
and plane polarized light and the resolution of the former into the 
latter is not quite clear. Optical rotatory dispersion is treated in 
terms of the octant rule. The proposed experiments deal with 
pharmaceutical compounds or preparations and are good. Un- 
fortunately, quantitative analysis by polarimetry is limited by lack 
of instrumental sensitivity. 


Crystallography is introduced in a chapter which describes prop- 
erties that are measurable optically. Although most interesting, the 
work proved very hard to read. Concomitant performance of the 
suggested experiments seems necessary. Possibly the use of photo- 
micrographs, colored if cdors are to be seen, together with dia- 
grams using various colors to emphasize coordinate axes,angles, 
and lines would have improved this important section. The tech- 
niques of X-ray analysis in terms of topicswch as powder diffrac- 
tion, single crystal studies, and X-ray fluorescence are part of a 
chapter that reads well and cites good pharmaceutical examples, 
both in cases of identity study and quantitative determinations. 
Considering the analyses possible with the powder technique and 
the trace level detection possible when fluorescence is measured, it 
is disappointing that some experiments are not proposed for those 
fortunate enough to have an X-ray spectrometer. 


Electrochemical topics are covered in five chapters. The presenta- 
tion on potentiometry is rather standard and includes a discussion 
of electron tubes and some simple circuits. However, the use of 12 
photographs of commercial instruments and injudiciously plotted 
curves is not making the most of space. The omission of specific ion 
electrodes is surprising. The conductimetric and high-frequency 
methods are discussed in a chapter entitled Current How Methods. 
The discussions are done well and include measurement circuits and 
Wheatstone bridge concepts with a description of critical micelle 
measurements. Coulometry and chronopotentiometry are written 
in a direct, crisp, clear, readable style. The pertinent equations and 
the salient differences between the techniques are made plain. At 
the end of each subsection, the pharmaceutical applications are 
listed and an experiment using an appropriate pharmaceutical is 
supplied for each technique. 


The polarography and amperometry chapters are well done. The 
various equations necessary for polarography are derived, and con- 
cepts are lucidly introduced and developed. In addition to classical 
polarography, solid microelectrodes and measurements in non- 
aqueous media are discussed. The commentary on instrumental 
aspects is pertinent, and the experiments and summary of pharma- 
ceutical applications are good. It was disappointing not to find any 
mention of AC polarography. Both one- and two-polarized elec- 
trode systems used in amperometric titrations are considered and 
the applications to pharmaceuticals are summarized. 


The final group of topics includes chapters on mass spectrometry, 
gas chromatography, and radiochemistry. .The survey of mass 
spectrometry begins with a good introduction to theory, but the 
study of fragmentation patterns clearly requires more intense work 
than could be presented in the available space. Although good use 
has been made of this technique, together with pyrolysis and gas 
chromatography with simplified interpretation by means of com- 
puter techniques, the utility in quantitative analysis, discussed in this 
section, has not been established. Gas chromatography is developed 
in the usual manner and seems generally satisfactory. However, 
the discussion of the detectors and their mode of operation is dis- 
appointing, as is the omission of pyrolysis techniques. Likewise, the 
choice of experiments is not imaginative with work such as the 
separation of steroids and the monitoring of barbiturates in the 


urine published in the literature. The closing chapter on radiocheni- 
istry presents a logical development of the theory and measure- 
ments appropriate to this area. However; the very important .aspect 
of radiation safety procedures, decontamination, and waste dis- 
posal, as well as radioaseptic techniques, has not been included. 
The experiments are disappointing; it was hoped that procedures 
such as neutron-activation analysis (if a neutron source is available), 
scintillation spectrometry, or nuclide standardization and calibra- 
tion would be included. 


This reviewer recommends that this book be considered as a text 
for a course in instrumental analysis. It may be necessary to sup- 
plement this work from many available sources if some aspects of 
electronics or instrumental function and design are to be taught. 
But this is not a serious drawback since this text presents the analy- 
sis of pharmaceuticals. information not available in a text at this 
level before. 


Reviewed by Thomas Medwick 
College of Pharmacy 
Rutgers University 
Newark, NJ 07104 H 


Consulting. Establishing and Maintaining An Independent Practice 
By RICHARD A. STEMM. SiSi: Stemm’s Information Systems & 
Indexes, P. 0. Box 42576, Los Angeles, CA 90050, 1970. iii + 
29 pp. 13.5 21 cm. Price $2.50. 
Despite its brevity, this booklet, written by Richard Stemm, con- 


tains a vast amount of information for the practicing or aspiring 
consultant. The author states in the Preface that the primary value 
of the publication is helping an individual objectively plan and pre- 
pare a course of action to establish himself as an independent con- 
sultant. 


The material appears to be applicable to individuals in most 
fields and specialties. Among the topics covered are proposing, 
quoting, negotiating, contracts, fees, and costs. The booklet also 
contains forms for the National Consulting Register, a division of the 
author’s organization. 


Staff Review 


Codeine and Its Alternates for Pain and Cough Relief. By NATHAN 
B. EDDY, HANS FRIEBEL, KLAUS-JURGEN HAHN, and HANS HAL- 
BACH. World Health Organization, Geneva, Switzerland, 1970. 
i + 253 pp. 17.5 X 24 cm. Price $6.00. 
This review of the analgesic and antitussive effects of codeine and 


its alternates was originally published, in five installments, in the 
Bulletin of the World Health Organization during 1968 and 1969. 


The five chapters included are codeine, exclusive of its antitussive 
action; alternates for pain relief; the antitussive action of codeine- 
mechanism, methodology, and evaluation; potential alternates for 
cough relief; and discussion and summary. 


Codeine, which has been used increasingly for the relief of pain and 
cough since it was first isolated in 1832 from morphine, is an effective 
analgesic and antitussive either alone or in combination with other 
compounds. This publication reviews the literature concerning the 
experimental and clinical effectiveness of codeine and a wide range of 
alternative substances. 


Effectiveness and lack of undesirable side-effects, including toler- 
ance, dependence, and liability to abuse, are among the leading 
characteristics to be considered in the evaluation of codeine and its 
potential alternates. These aspects are taken up in this review. 


Staff Review a 
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pH Effects on Salicylate Absorption from Hydrophilic Ointment 


FRED MARCUS*, JOHN L. COLAIZZI, and HERBERT BARRY, 1117 


Abstract 0 Hydrophilic ointment formulations containing sal- 
icylic acid were prepared at  different pH levels by inclusion of 
phosphate buffers. Percutaneous salicylic acid absorption was 
studied by measuring salicylate blood levels in rabbits at 1.5-hr. 
intervals from 1.5 to 7.5 hr. after ointment application. The effect 
of 15% dimethyl sulfoxide in the various formulations was also 
determined. Formulations without dimethyl sulfoxide produced 
maximal blood concentrations at the highest pH level (10.78) and 
higher concentrations at the lowest pH (2.97) than at the inter- 
mediate ones (4.48, 6.80, 9.23). Proportionally higher concentration 
of undissociated species appeared to account for the increased 
absorption observed at the most acidic pH, while increased dis- 
solution was probably responsible for the greater blood levels 
recorded at the most alkaline pH. Dimethyl sulfoxide produced a 
more rapid rate of salicylate absorption as well as greater peak 
blood levels at each pH. However, its influence on rate of absorp- 
tion and on peak blood levels was less pronounced at the highest 
pH levels. This finding seems to indicate that the positive effect of 
dimethyl sulfoxide on percutaneous salicylate absorption is due in 
part to its ability to enhance the dissolution of salicylic acid. 


Keyphrases 0 Salicylate absorption-hydrophilic ointment 0 
pH effect-salicylate absorption from hydrophilic ointments 0 
Dimethyl sulfoxide effect-salicylate absorption, hydrophilic 
ointment 0 Percutaneous absorption-salicylate in hydrophilic 
ointment 


~ ~~ 


Experimental evidence indicates that percutaneous 
absorption of most drugs occurs by passive diffusion 
of an undissociated therapeutic entity across a lipoidal 
barrier (1). Characteristics of an ointment base, in 
particular its thermodynamic activity and included sol- 
vents, influence the rate of release from the base and 
the rate and quantity of percutaneous penetration and 
absorption. Knowledge of the specific influence of each 


of these factors can aid in the formulation and choice of 
ointment bases designed to elicit a specified rate and 
magnitude of percutaneous drug absorption for a par- 
ticular drug administered topically. 


Higuchi (2) indicated that the chief driving force for 
diffusion and penetration is thermodynamic activity, 
which for a weakly acidic drug is inversely proportional 
to the term lopH. Bhatia and Barber ( 3 )  found changes 
in the local anesthetic activity of ethyl aminobenzoate 
incorporated into hydrophilic ointment USP buffered 
at nine different pH values ranging from 3.5 to 10.0. 
They observed maximum pharmacologic activity at pH 
6 and 7 and found a marked decrease when the pH was 
decreased or increased from that neutral region. Bhatia 
and Barber ( 3 )  attributed their results to the possibility 
that maximum penetration and pharmacologic activity 
occurred at or near the pH of rat skin. Stolar et al. (4) 
theorized that the concentration of free salicylic acid 
present at a pH of 6.2-6.5, in either an aqueous solution 
of 6.95% sodium salicylate or in a sodium salicylate 
cream having an aqueous dispersion medium, could not 
account for the measurable salicylate blood levels ob- 
served in rabbits. Blank and Gould (5) observed an in- 
crease in the absorption of sodium laurate solutions in 
contact with excised human skin at reduced pH. They 
attributed the increase in absorption at the lower pH to 
the formation of more undissociated lauric acid. 


The use of solvents to enhance percutaneous absorp- 
tion was suggested by the ease with which gases, such 
as nitrobenzene vapor (6), can penetrate the skin (7-lo), 
and has been confirmed by the greater enhancement of 
percutaneous absorption produced by the volatile 
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Table I-Buffer Systems and Corresponding pH Values for 
Aqueous Phase 


Table U-Experimental Design for the Four Rabbits 
Tested at Each pH Levela 


Aqueous Salt or 
Phase, Buffer g./30 g. of moles/30 g. of 


PH Pair Ointment Ointment, 


2.97 KH.POd0 1 . 0048 0.0074 .. . . _. 


H3PO4"' 0.1096 0.001 1 
4.48 KHePOa" 1.1568 0.0085 
6.80 KzHP08 0.7403 0.0042 


KH,POAa 0.5784 0.0042 
9.23 KoHPOih 1.4805 0.0085 


10.78 K~POI.  H,Oa 0.4033 0.0019 
KzHPOP 1.1496 0.0066 


0 Mallinckrodt Chemical Works, St. Louis, Mo. b Analytical reagent 
grade, Fisher Scientific Co., Pittsburgh, Pa. 


component of a volatile-nonvolatile topical steroid 
solution (1 1). 


One nonvolatile solvent, dimethyl sulfoxide (DMSO), 
which has received much attention in recent years, has 
been found to enhance the percutaneous absorption of 
numerous drugs (12-18). Mechanisms proposed to ex- 
plain the effect of DMSO include its reversible inter- 
action with keratin, the extraction of lipids within the 
skin by disulfide interchange, the possibility of its inter- 
action with another diffusing solute, and its inhibition 
of the redox polymerization of hyaluronic acid (19-22). 
Studies to date have indicated that DMSO is low in 
toxicity and causes no abnormal changes in the eyes of 
man, even when applied directly to the eyes (23). 


The objective of this study was to determine the in- 
fluence of pH on the percutaneous absorption of sali- 
cylic acid from cream-type bases, using rabbits as the 
test animals. In addition, the effect of DMSO, which is 
known to influence the absorption of salicylic acid and 
sodium salicylate (24), perhaps partially by altering the 
solubility characteristics of the drug, was investigated 
at different pH values. The measurement of effects of 
DMSO at several different pH levels may indicate the 
optimal combination for either maximizing or retarding 
the rate and magnitude of percutaneous drug absorption 
and can provide information on the mechanisms by 
which pH and DMSO both influence absorption. 


MATERIALS AND METHODS 


Animals-The study employed a total of 20 white, male, New 
Zealand rabbits with a weight range of 1.68-3.48 kg. and an average 
weight of 2.70 kg. They were housed in temperature- and humidity- 
controlled cages, and were supplied with Purinal rabbit chow and 
water ad libifurn, except that food was withdrawn for 24 hr. prior to 
each ointment application. 


Preparation of Ointment Base-Salicylic acid2 particle size was 
reduced in a ball mill,3 and the material was passed through 
an 80-mesh sieve. The powder was dried in a heated vac- 
uum desiccator4 at 50" for a minimum of 48 hr. Hydrophilic 
ointment USP XVII (25), categorized as a water-removable oint- 
ment base, was prepared and stored in tight containers in a re- 
frigerator at a constant temperature of 9". 


Ointment bases of various pH values were prepared by substitut- 
ing the combinations and amounts of salts shown in Table I for the 
same weight of water in the original formula. The pH was deter- 


1 Ralston-Purina Co., St. Louis, Mo. 
2 Analytical reagent grade, Mallinckrodt Chemical Works, St. 


Louis, Mo. 
a Erweka G. m. b. H., Frankfurt-am-Main, Germany. 
4 Model No. 68351, Precision Scientific Co., Chicago, Ill. 


~~~ ~~~ ~~ 


Variables Tested Variables Tested 
in Each Animal among Different Animals 


Rab- Repli- Initial Trial Trial Trial Trial 
bit cate Condi- 1 2 3 4 


tion Stage 1 Stage 2 
1 1 NoDMSO No DMSONo DMSO 
2 1 DMSO DMSONo DMSONo 
3 2 NoDMSO No DMSONo DMSO 
4 2 DMSO DMSONo DMSONo 


~~~~~~~~ ~~ 


a Two variables tested among different animals (Initial Drug Condi- 
tion and Replications), and, for the four trials, two variables tested in 
each animal (Drug Condition and Stages). "No" here refers to the ab- 
sence of DMSO from the ointment base. 


mined with a Beckman Zeromatic 11 pH meter5 for the aqueous 
phase of each ointment base, and a calomel junction electrode6 
attachment was exchanged for the usual electrode to observe the 
pH of the emulsion-type bases themselves standardized against 
acid mantle cream6 of pH 4.22. The values obtained with either 
system, base or aqueous phase, showed only very slight differences, 
and the aqueous phase pH value was then utilized as the more con- 
venient value. 


After each base of each pH was prepared, 10% w/w salicylic acid 
was incorporated into one set of bases at each pH, and 10% W/W 
salicylic acid plus 15 w/w DMSO' was incorporated into another 
set of bases at each pH. 


Test Procedures-The rabbits were weighed, and hair was re- 
moved with an Oster animal clippers from the dorsal area and the 
ears 24 hr. prior to the ointment application. A 5-g. sample of oint- 
ment was spread uniformly over a rectangular area, 6.35 X 12.70 
cm., on the dull side of a sheet of aluminum foil. This was applied 
to the shaved dorsal area of the rabbit and carefully pressed down 
with the aid of adhesive tape and an elastic bandage. After the 7.5- 
hr. test period, the tape and remaining ointment were removed, and 
a small amount of white petrolatum was applied to prevent chap- 
ping before the rabbit was returned to its cage. 


Six blood samples were taken at intervals of 1.5 hr., the first 
immediately before the ointment was applied (to provide the zero 
time value) and the last 7.5 hr. afterward. Prior to each blood collec- 
tion, the animal was set into a rabbit restraining box. One ear was 
warmed by manual massage and the heat from a small lamp, and a 
clip was placed near the base of the back of the ear to block venous 
blood flow as soon as the marginal ear vein distended. After the 
vein was pierced with a lancet9 at a point 1 cm. above the clip, 0.5 
ml. of blood was withdrawn into a syringe containing 0.1 ml. of 
heparin,lO 5000 u./ml. The blood and heparin mixture was added 
to 5.0 ml. of a bifunctional protein precipitant and color developer 
in a centrifuge tube and analyzed for salicylate content according to 
a method originally described by Trinder (26) and more recently 
employed by Stelzer et al. (24). 


Experimental Design and Statistical Analysis-The 20 rabbits 
were divided into five groups of four each, and each group was 
tested with a different pH level of ointment (2.97, 4.48, 6.80, 9.23, 
and 10.78). The animals were tested in pairs, one rabbit with DMSO 
and the other with no DMSO added to the ointment. Two such 
pairs (replicates) were tested with each pH level. The rabbits were 
given four tests, with a 7-day interval between each test. Two tests 
were with DMSO and the other two with no DMSO added to the 
ointment. Table 11 summarizes the experimental design for the four 
rabbits tested with each pH level. 


Since the time of peak blood level varied in different animals and 
under different conditions, the blood level at any one time interval 
or for all intervals averaged together depended partly on absorption 
rate. A measure of maximal blood level, independent of rate, was 
obtained by recording for each animal, in each test, the highest of 


6 Beckman Instruments, Inc., Fullerton, Calif. 
6 Dome Laboratories, West Haven, Conn., a water-miscible, alum- 


7 Supplied by Crown Zellerbach Corp., Camas, Wash. 
BModel A-2 with size 40 head, John Oster Manufacturing Co., 


10 Liquaemin Sodium, Organon, Inc., West Orange, N. J. 


inum acetate-buffered cream base. 


Milwaukee, Wis. 
Medipoint, Inc,, Brooklyn, N. Y. 
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Table HI-Average of Eight Salicylate Blood Level Determinationsa 


Mean 


Type of Time, 
Ointment hr. 


Values, 
Combined 


pH 2.97 pH 4.48 pH 6.80 pH 9.23 pH 10.78 PH 


No DMSO 1.5 
3.0 
4.5 
6.0 
7.5 


Mean values 
(Combined times) 


1 .5  
3.0 


DMSO 


4.5 
6.0 
7.5 


Mean values 
(Combined times) 


5.75 
11.56 
12.79 
13.54 
14.07 


11.54 
13.68 
19.43 
21.38 
21.12 
18.80 


18.88 


2.47 
4.98 
7.48 
9.51 
9.98 


6.88 
8.31 


12.27 
12.58 
12.73 
11.12 


11.40 


~ 


2.58 5.49 7.03 4.66 
7.77 9.49 14.49 9.66 
8.99 10.76 16.00 11.20 
9.14 11.96 15.72 11.97 
9.34 11.01 15.66 12.01 


7.56 9.74 13.78 
10.39 8.67 11.32 10.47 
15.13 16.42 17.96 16.24 
15.24 16.70 17.37 16.65 
14.23 15.86 14.66 15.72 
12.54 14.82 12.80 14.02 


13.50 14.50 14.82 


(1 Expressed as milligram percent of salicylic acid, at five time intervals after application of ointment at one of five pH values with or without 
DILISO. 


the five blood levels in the span from 1.5 to  7.5 hr. after application 
of the ointment. A statistical analysis of the effects of DMSO and 
pH was performed for these peak blood levels as well as for blood 
levels as a function of time. 


The milligram percent blood level of salicylic acid for each rabbit, 
at each of the five collection times from 1.5 to 7.5 hr., was corrected 
for the zero time blank. The BMD 02V Analysis of Variance Pro- 
gram for the IBM 7090 digital computer provided the test for statis- 
tical significance (27, 28). The analysis included three variables 
tested among different animals (five pH levels, two initial drug 
conditions, and two replications), two variables comprising differ- 
ent ointment applications for each animal (“no DMSO” or “DMSO’ 
conditions, and the two stages), and one variable comprising 
different blood samples for each ointment application (five time 
periods). The residual variance for testing statistical significance, 
as in previous studies (29-32), consisted of the pooled interactions 
of all appropriate variables with the randomly selected variable 
(two replications). Mechanical failure of the spectrophotometer 
caused loss of the data on blood levels for two rabbits tested at pH 
2.97 in the second of their two tests with DMSO and also in the 
second of their two tests with no DMSO. The scores for the first 
test under the same conditions were used, and the degrees of free- 
dom for the residual variance was reduced accordingly in statistical 
tests for variations among different ointment applications. 


For variables with more than two levels (five pH values and five 
time periods), the appropriate orthogonal polynomial function 
was used in prior studies (29-32) to test the hypothesis that increas- 
ing pH or time intervals resulted in a progressive, monotonic change 
in scores (linear) or monotonic change in one direction to an inter- 
mediate pH or time, followed by a monotonic change in the oppo- 
site direction (quadratic). 


RESULTS 


Table 111 summarizes the effects of the experimental treatments 
on blood levels of salicylic acid. Each value in the table represents 
an average value of blood levels obtained from the four rabbits 
assigned to one of the five pH levels. The value for each rabbit at 


I /  


0 1.5 3.0 4.5 6.0 7.5 
HOURS 


0 4  J I 1 1 ,  


Figure 1-Mean blood levels 
of salicylic acid at jive time 
intervals after application of 
ointment, with all Jive pH 
values combined. Key: 0, 
DMSO added; and 0, no 
DMSO. 


each of the five time periods represents the average for two tests 
with and two without the addition of DMSO to the ointment. 


The values in the extreme right-hand column of Table 111, aver- 
ages for the five pH levels, are portrayed as Fig. 1. At each time in- 
terval, the addition of DMSO resulted in higher blood levels of 
salicylic acid. This effect of DMSO was statistically highly reliable 
(F = 76.24, df = 1/26, andp < 0.001). More rapid absorption with 
DMSO is shown by a large difference at the earliest (1.5 hr.) inter- 
val. The difference in the shape of the two curves in Fig. 1 resulted 
in a statistically significant linear function in the interaction be- 
tween DMSO treatment and time intervals ( F  = 12.77, df = 1/136, 
andp <0.001). 


Figures 2 and 3 portray the blood levels over the entire time span 
of the experiment for the tests with and without DMSO at the two 
extreme pH levels (2.97 and 10.78). Figure 2 shows the greater effect 
of DMSO on salicylic acid blood levels at the lowest pH of 2.97 
than at  the highest pH of 10.78 (Fig. 3) throughout the five time in- 
tervals. In spite of the large difference in magnitude of DMSO 
effect, both figures show that DMSO caused higher blood levels at 
the early time intervals and a decline in blood levels at the later in- 
tervals. This decline was greater and began at an earlier time in- 
terval at the highest pH of 10.78. Similarly, the tests with no DMSO 
showed maximal blood levels at 4.5 hr. at the highest pH of 10.78. 
The tests with no DMSO showed maximal blood levels at 4.5 hr. 
at the highest pH of 10.78, whereas the blood levels continued to 
rise throughout the 7.5 hr. at the lowest pH of 2.97. 


To obtain an overall measure of the effect of pH, the blood levels 
at all five time intervals were averaged together, as shown in Fig. 4. 
Figures 5 and 6 show the average salicylic acid blood levels as a 
function of pH at the earliest interval of 1.5 hr. and at the latest 
interval of 7.5 hr., respectively. The diminished effect of DMSO at 
the later time interval is evident from a comparison between Figs. 
5 and 6. Blood levels of salicylic acid were generally higher at the 
lowest and the highest pH values than at the intermediate pH levels, 
both with and without DMSO and at both time intervals. 


Figure 2-Mean blood levels 
of salicylic acid at jive time 
intervals after application of 
ointment at the lowest pH of 
2.97. Key: 0, DMSO added; 
andO. no DMSO. 
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Figure 3-Mean blood levels 
of salicylic acid at jive time 
intervals afrer application of 
ointment at the highest pH 
of 10.78. Key: @, DMSO 
added; and 0, no DMSO. 


The decrease in blood levels at the last two time intervals (6.0 and 
7.5 hr.) in tests with DMSO treatment (Figs. 1-3) indicates that 
salicylate available for absorption decreased to the extent that the 
rate of metabolism and elimination exceeded the rate of absorption 
at these time intervals. The continuing rise in blood levels at these 
time intervals after application of the ointment without DMSO 
further indicates the more gradual rate of absorption in the absence 
of DMSO. The biasing effect of the decline of blood levels of sali- 
cylic acid with DMSO added, at the later time intervals, was re- 
moved by using the highest value in the series of five time intervals 
for each experimental run, as shown in Fig. 7. This analysis resulted 
in higher average blood levels than in Fig. 4, as would be expected, 
but otherwise the results in the two figures are rather similar. The 
lowest blood level occurred at the second lowest pH (4.48), with 
progressively higher blood levels as the pH increased to 6.80, 9.23, 
and 10.78. The lowest pH (2.97) also increased blood levels greatly 
above those obtained with pH 4.48. Statistical analysis of the peak 
blood levels (Fig. 7) showed a highly reliable effect of DMSO (F = 
48.55, df = 1/26, and p <0.001) and a highly reliable quadratic 
function of pH (F = 10.78, df = 1/9, andp <0.01). 


The quadratic function of pH was similar whether or not DMSO 
was added to the ointment. However, the highest blood levels were 
obtained at the lowest pH with DMSO and at the highest pH with- 
out DMSO. This indicated a tendency for the effect of DMSO to 
decrease with progressively increasing pH. The test of this differen- 
tial effect of DMSO, shown in Fig. 7, revealed a linear function for 
the interaction between DMSO and pH (F = 3.26, df = 1/26, and p 
<O.lO%). 


Solubility of salicylic acid was estimated by the amount visible 
immediately after adding 100 g. of salicylic acid to 1000 ml. of 
water. Most of the salicylic acid remained in suspension, whereas 
solution was complete when 150 g. of DMSO was substituted for an 
equivalent weight of water. 


DISCUSSION 


The results of this investigation show that at the lowest pH the 
blood levels of salicylic acid obtained with the emulsion-type oint- 
ment base (without DMSO) exceed the blood levels obtainable at 
the intermediate pH values. As Higuchi (2) theorized, decreasing 
the pH of a vehicle would be expected to increase the thermo- 
dynamic activity of the undissociated form of a weakly acidic drug 
like salicylate. As Table IV demonstrates, the highest concentration 
of undissociated salicylic acid is present at the lowest pH. The much 
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Figure &Mean blood levels of 
salicylic acid as a f i t i o n  of pH,  
showing the average for all five time 
intervab. Key: @, DMSO added; 
and0,  no DMSO. 
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Figure 5-Mean blood levels of 
salicylic acid as a function of pH 
at 1.5 hr. ajier application of oint- 
ment. Key: 0, DMSO added; and 
0, no D MSO. 


Figure 6-Mean blood levels OJ 


salicylic acid as a function of pH 
at 7.5 hr. after application of oinr- 
ment. Key: 0, DMSO added; and 
0, no DMSO. 
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2.97 6.80 10.78 
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lower concentrations of the undissociated species at the three inter- 
mediate pH values probably account for the lower levels observed. 
These findings agree with those of Blank and Gould ( 5 )  who noted 
the increased percutaneous absorption of sodium laurate solutions 
at pH values at which undissociated lauric acid was present in rel- 
atively greater concentration. 


Although the three intermediate pH values produced lower blood 
salicylate levels than the most acidic ointment, a progressive in- 
crease in blood levels was observed as the intermediate pH values 
rose. At the most alkaline pH value, the salicylate levels observed 
were higher than for any of the other ointments without DMSO, 
even higher than the levels observed at the most acidic pH. The 
apparent increase in absorption as the pH values increased might 
be explained by the more rapid rate of dissolution of salicylic acid 
that occurs with increasing pH. The rate of dissolution of salicylic 
acid has been shown to increase by a factor of nearly 15.9 when the 
pH of an aqueous buffer solution was increased from 1.5 to 6.8, 
and by a factor of nearly 2 when the pH was increased from 6.8 to 
9.0 (33). It is well established that dissolution in vivo is often a rate- 
limiting step in the gastrointestinal absorption process; higher blood 
levels due to increased absorption can result from a more rapid rate 
of dissolution of the drug. Although a far greater proportion of 
salicylate is present in the dissociated form at the more alkaline 
pH levels, the undissociated species is probably still the absorbing 
species, because when one molecule of the undissociated species is 
absorbed (lost from the ointment), another molecule must be 
formed from the dissociated species to maintain the equilibrium (1). 


As Fig. 4 indicates, when the DMSO was incorporated into the 
ointment bases, the maximum blood levels were achieved at the 


4i 


t 


9 I , 
\ 
\ ,d 
‘\ ,‘ b- - .o’ 


Figure 7-Mean blood levels of 
salicylic acid as a function of pH 
at the time of peak blood level be- 
tween 1.5 and 7.5 hr. ajier applica- 
tion of ointment. Key: @, DMSO 
added; andO, no DMSO. 
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Table IV-Comparative Percentages of Undissociated Salicylic 
Acid in the Aqueous Phase at Each pH and Comparative Total 
Molar Solubilities of the Drug at Each pHa 


Percent of Salicylic 
Acid in 


pH of Aqueous Form in Aqueous Solubility 
Undissociated Total Molar 


Phase Phase at 25” at 25” 


2.97 50 3.20 X 
4.48 2.997 5.30 X 10-l 
6.80 0.014 -c 


10.78 -b -c 


-c 9.23 -b 


Q Percentages were determind, from the, Henders0n:Hasselbalch 
buffer equation (without correcting the actlvity coefficients). Total 
solubilities were determined from the equation: 


s - so pH = pKa + log - 
S O  


where I<a is the dissociation constant of salicylic acid, S is the total 
solubility (the sum of the molar concentration of salicylic acid in solu- 
tion plus the molar concentration of salicylate ion), and SO is the molar 
concentration of salicylic acid in water. b Essentially complete dissocia- 
tion. c Complete solubility. 


lowest rather than highest pH. Therefore, DMSO appears to func- 
tion as a penetration facilitator of acidic drug molecules more 
efficiently at the most acidic pH. DMSO completely solubilized the 
salicylic acid in the aqueous phase, and this increased activity of 
salicylic acid appears to have been an important factor in the in- 
creased percutaneous absorption of the drug. It is not surprising 
that DMSO enhanced overall percutaneous salicylate absorption to 
the greatest extent at the most acidic pH, since this is the pH at 
which undissociated salicylic acid is present to the greatest extent. 
Thus, solubilization of the less water-soluble (but more absorbable) 
form into the aqueous phase of the base, from which percutaneous 
absorption occurs more readily, could have maximal effect. 


At the more alkaline pH levels, as dissolution factors become less 
rate limiting and as a decreasing proportion of undissociated sali- 
cylic acid is present, the degree to which the solubilizing effect of 
DMSO could promote absorption would be expected to diminish. 
The present results confirm this expectation, but DMSO enhanced 
absorption even at the most alkaline pH value where its solubiliza- 
tion effect would be minimal. This suggests that DMSO also en- 
hances percutaneous absorption by other mechanisms, possibly by 
direct action on the skin and cutaneous tissue. 


With no DMSO present in the ointment and with all pH values 
combined, as in Fig. 1 ,  the blood levels gradually rose over the 
time period from 1.5 to 7.5 hr., reaching an apparent plateau at 
about 5.5 hr., at which time the rate of absorption apparently 
approximated the rate of disappearance of drug from the blood. 
When DMSO was incorporated into the ointments and with all pH 
values combined, the blood level at 1.5 hr. was more than double 
that obtained without DMSO. At 3.0 hr., the blood level rose to 
the extent that it was still almost double the value for no DMSO. 
The steeper initial slope observed with DMSO indicates an in- 
creased absorption rate following initial application of the drug. 
The subsequent decline might indicate that with DMSO the store 
of absorbable salicylic acid is exhausted more rapidly. Another 
possible reason for the decline is that the DMSO, which is itself 
absorbed rapidly, is no longer available to facilitate salicylate ab- 
sorption. Thus, it is probable that the effect of DMSO is under- 
estimated at later time periods, when its rapid absorption has ex- 
hausted the concentration of the solvent. 
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N O T E S  


Enhancement of Radioresistance in 
Mice Treated with Diphenylhydantoin 


H. LEVAN*, P. GORDONt, and S. STEFANI* 


Abstract 0 Diphenylhydantoin, a pharmaceutical compound of the 
same chemical class as magnesium pemoline, is found to exhibit 
significant protection against ionizing radiations. It is suggested 
that the mechanism of the radioprotective action of diphenyl- 
hydantoin is related to its influence on nucleic acid metabolism 
rather than to its anticonvulsant effects on the brain. 


Keyphrases Diphenylhydantoin-radioresistance enhancement, 
mice Radiation protection-diphenylhydantoin effect, mice !J 
Irradiation, mice-enhancement of lifespan, diphenylhydantoin 
effect 


Recently, the radioprotective effect of magnesium 
pemoline, a central nervous system (CNS) stimulant 
(1-4), has been investigated and reported from these 
laboratories. These encouraging results led to the 
studies of other compounds of the same chemical class 
as magnesium pemoline, among these diphenylhydan- 
toin (DPH). Although pemoline and DPH do not have 
similar pharmacological actions on the most commonly 
employed screening system, pemoline is, in fact, 5-  
phenylpseudohydantoin and has been reported to exert 
effects similar to DPH and other phenylhydantoins on 
aspects of learning behavior in the rat and on the 
enzyme system DNase 1 ( 5 ,  6) .  Because DPH is a rela- 
tively nontoxic drug currently in use, while magnesium 
pemoline still falls in the category of an experimental 
drug of restricted use, it was felt that the exploration 
for radioprotective effects exerted by DPH, similar to 
those of pemoline, might have both theoretical and 
practical value. In this report, the enhancement of the 
lifespan of irradiated mice treated with DPH is reported. 


METHOD 


CR male mice, 50-60 days old, were used. The animals were 
housed in air-conditioned quarters and had free access to food and 
water. The experiments started about 10 days after their arrival 
from the supplier (Carworth Farm). Three hundred mice were 
divided randomly into two groups. Each group was then divided 
into 15 cages of 10 animals per cage. A second control group of 60 
untreated mice was also used to observe possible pseudomonas 
infection. The experimental group was treated with 3 mg./kg. of 
DPH, intraperitoneal route, approximately 15-20 min. before 750 r 
whole-body X-irradiation; the control group was treated with a 
0.3 z suspension oftragacanth. Tragacanth was also used to prepare 
the DPH solution. 


Irradiation was carried out with a Maxitron 400 kvp. X-ray 
machine at 80-cm. target-skin-distance (TSD) and an average 
exposure rate of 80 r/min. The TSD was determined by measuring 
the distance between the target and the horizontal level in the cage 
where the backs of the mice were exposed. The animals were not 
free to move around in the cage during irradiation. Total exposure 
was measured by a Victoreen Condenser R-Meter placed in the 
cage used to irradiate the animals. A turntable rotating at 5 r.p.m. 


I t % 


. O i  


10 15 20 25 30 
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Figure I-Survival curves for  two groups of CFI mice trealed with 
DPH and lragacanth and exposed to 750 r of X-irradiation. Key: 
e-e, control (tragacanrh); and (3-0, experimental (3  rng./kg. 
DPH). 


was used to ensure uniform distribution of the radiation field. 
Less than 3 % difference in the total exposure received by the two 
groups was observed. 


The animals spent their postirradiation days in the same cage 
placed at the same position as before irradiation. Cautious measures 
were taken to assure minimal changes in the environmental factors 
between preirradiation and postirradiation periods. The experiment 
was replicated consecutively three times so that a total of 900 mice 
was used. Mortality was observed up to 30 days for each cage, and 
the total results were averaged for each of the two groups from all 
three experimental runs. Statistical analysis of the three combined 
experimental results was done according to Mewissen (7). The data 
plotted were thus based on the mortality of 900 animals. 


RESULTS AND DISCUSSION 


No unusual symptoms or sickness were observed in the 60 un- 
treated, nonirradiated control mice. Figure 1 clearly demonstrates 
a prolongation of survival of mice treated with DPH. All mortalities 
in the control group occurred within 10 days. By the 19th day after 
radiation exposure, all animals in this group had died while over 
60% of the animals treated with DPH still survived. Over a period of 
2 weeks, the survival in the experimental group decreased from 100 
to 55%,  and no further mortality was observed after the 24th 
postirradiation day. Most animals in  both groups died between the 
1 Ith and 14th day after radiation exposure. The highest mortality 
of the control group was 30%, 13 days after irradiation, versus 
13% for the DPH-treated group 12 days following radiation ex- 
posure. 


Although Laird and Fonner (8) have reported a protective effect 
of DPH in the hyperacute radiation syndrome wherein death is 
from convulsion, two aspects of the present experimental design 
required that the authors postulate a mechanism of action for DPH 
in this experiment employing X-irradiation at 750 r that is distinct 
from its classical anticonvulsant effect. The exposure to radiation 
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employed is one where death is delayed for more than 1 week and is 
ascribable to hematopoietic depression rather than to CNS effects. 
Mortality in the experiments of Laird and Fonner occurred follow- 
ing exposures in the 10,000-r range 2-3 days postirradiation and was 
associated with convulsions, which was not the case in this experi- 
ment. Furthermore, DPH was given in this experiment in a single 
injection at a dose level one-fourth the anticonvulsant dose in mice 
(9) and would certainly not be expected to exert any anticonvulsant 
activity 10 days following drug administration. 


Potentially important nonanticonvulsant actions of the DPH 
drug group have been identified by Gordon et a/ .  and include anti- 
leukemic activity (5) and enhancement of the deteriorated learning 
and memory characteristic of very old animals (10, 11). Further- 
more, both DPH and pemoline have been identified by this group 
as markedly potentiating the activity of the enzyme DNase 1, while 
DPH has been found by Shafer (12) to increase markedly the turn- 
over of DNA in normal liver. Thus, DPH may exert the radio- 
protective action reported here by effects on nucleic acid metabo- 
lism, which are in no simple way related to its anticonvulsant action 
on the brain. 


Continuing investigations will include exploring the capacity 
of DPH to exert radioprotective effects when given after radia- 
tion because such an effect for DPH has been observed in these 
laboratories when it is given within the 1st hour. Further, in a series 
of preliminary experiments, DPH exerted an effect similar to that of 
pemoline (5-phenylpseudohydantoin) in altering the growth pattern 
of Ehrlich carcinoma while prolonging the lifespan of tumor- 
bearing animals (13-15). The fact that DPH and pemoline have a 
similar chemical structure and exert similar effects on a nucleic acid- 
metabolizing enzyme suggests the link between biological effects 
shared by these two compounds. 
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Erythrina sp. 111: Chemical Constituents of 
Erythrina suberosa Roxb. Seeds 


HARKISHAN SINGH and AMRIK SINGH CHAWLA 


suberosa and E. stricta. Hypaphorine (I) has been iso- 
lated from the seeds of E. uariegata var. orientalis (2-6), 
and Folkers and Koniuszy (6) obtained erythraline 


Abstract 0 A phytochemical investigation of Erythrinu suberosa 
seeds has resulted in the isolation of erythraline, erysodine, eryso- 
trine, and hypaphorine. This is the first time that erysotrine has 
been found to occur naturally, although it is well known as a 
conversion product of other eryso-alkaloids. The alkaloidal con- 
stituents were found to vary in different seed collections. The fatty 
acid composition of the seed oil was examined, and the sterol part 
from the unsaponifiable matter was found to be composed of 
sitosterol, stigmasterol, campesterol, and cholesterol. 


Q 7 C H 2 - F “ - - C O O -  


I 
H +N(CHA 


Key phrases 0 Erythrina suberosa seed-phytochemistry, chemical 
constituents 0 Mass spectroscopy-identification 0 IR spectro- 
photometry-identification 0 TLC-identification 


In India, Erythrina stricta Roxb., E. suberosa 
Roxb., and E.  uariegada Linn. var. orientalis (Linn.) 
Merrill (syn. E.  indica Lam.) have been used in the 
indigenous system of medicine for various ailments 


The authors have started a systematic study of 
Erythrina species growing in India. There have been 
no earlier reports of chemical investigations of E. 


(1). 


I1 


(11; R1,R2 = -CH2-) from the seeds. Subbaratnam 
( 5 )  isolated a neutral entity, C24Hs~02,  m.p. 82-84”. 
The fatty acids present in the seeds have been studied 
(3, 7). The bark of E. variegata var. orientalis has been 
investigated by various workers (3,8,9), and preliminary 
studies on the leaves (3, 10) have been made. 


Recently, the present authors fractionated the 
petroleum ether extract of E. suberosa bark into wax 
esters, alcohols, and acids; alkyl ferulates; and stig- 
masterol, sitosterol, campesterol, and cholesterol (1 1). 
In this paper, results from an investigation on the chem- 
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Comparison of Plasma Concentrations of Warfarin Measured 
by Both Simple Extraction and TLC Methods 


P. G .  WELLING, K. P. LEE, URMILLA KHANNA”, and J. G. WAGNER 


Abstract 0 Human volunteers received 25-mg. single oral doses of 
sodium warfarin. Ninety-three plasma samples were independently 
assayed by: (a) a simple extraction method, and (6)  a TLC method 
using a UV instead of a fluorescent end-point. Both assays employed 
7.5-cm. pathlength cells and the Cary 14 UV spectrophotometer. 
The assays were concluded to be equivalent and to measure only 
unchanged warfarin after single doses, since: (a) the least-squares 
line forced through the origin when assays by the extraction method 
were plotted against assays by the TLC method had a slope of 
1.00; (b) of the differences (TLC - extraction), 44 were positive, 2 
were zero, and 47 were negative; and (c) average elimination half- 
lives of warfarin estimated from terminal plasma concentrations 
measured by the two methods were not significantly different. The 
absolute value of the differences averaged 0.17 mcg./ml. with a 
SD of 0.14 mcg./ml. One may assume that each assay had an aver- 
age deviation of 0.085 mcg./ml. from the “true” warfarin concentra- 
tion and that the deviation was independent of the plasma concentra- 
tion in the range studied (0.1-4.5 mcg./ml.). 


Keyphrases 0 Warfarin, plasma determination-method compar- 
ison 0 Extraction procedure-warfarin determination in plasma 
TLC-warfarin determination in plasma UV spectrophotometry 
-analysis 


An analytical method, developed by O’Reilly et al. 
(I), for the measurement of unchanged warfarin in 
plasma has been used by several investigators (2-6) to 
study the absorption, distribution, and metabolism of 
this compound and to correlate prothrombin times with 
plasma concentrations of the drug. Although other 
analytical techniques have been used (4,7), the O’Reilly 
assay, involving a series of extractions and UV deter- 
mination, has proved to be the simplest and most reli- 
able procedure. 


Recently, Lewis and Ilnicki (8) published, in abstract 
form, data suggesting that the O’Reilly assay was not 
specific for unchanged warfarin in plasma. TLC evidence 
was mentioned, indicating that two other compounds, 
presumably warfarin metabolites, could be detected at a 
stage in the assay which necessitated their being included 
in the final estimation. The implication of this report is 
clear and throws some doubt on the validity of all data 
using the original assay. 


Interest in the pharmacokinetics of warfarin made it 
necessary to investigate this problem further. The data 
reported here are part of a more detailed study, the 
results of which will be published later. The objects of 
this particular investigation were: (a) to increase the 
sensitivity of the existing O’Reilly assay by variation of 
plasma and solvent volumes and measuring techniques 
in order to measure lower plasma drug concentrations, 
and (b) to develop a new assay, based on the abstract of 
Lewis and Ilnicki (8), specific for unchanged warfarin 
and equally as sensitive as the modified O’Reilly assay. 
Thus, the second assay would assess the validity of the 
first. 


EXPERIMENTAL 


Assay Methods-Modified O’ReiNy Assay-After some experi- 
mentation, the following procedure was found to give reproducible 
linear absorbance-to-concentration ratios over the required plasma 
concentration range (0.1-4.5 mcg./ml.). 


To 1,2-ethylenedichloridel (EDC, reagent grade, 20 ml.) in a 
square-sided 50-ml. bottle, fitted with a polyethylene-lined screw 
cap, were added plasma (4 ml.), distilled water (2 ml.), and 3 N 
hydrochloric acid (1 ml.). The bottle was tightly closed and hori- 
zontally agitated in a Kahn shaker for 10 min. The contents were 
then poured into a 125-ml. separator fitted with a Teflon tap. The 
bottle was allowed to drain into the funnel for 30 min., which was 
sufficient time for separation of the organic phase from the emulsion. 
The EDC layer was drained into a second separator, to which was 
then added 0.1 M phosphate buffer, pH 7.2 (5 ml.). After shaking for 
4 min. and allowing 4 min. for phase separation, the EDC layer was 
run off. Exactly 15 ml. of this washed EDC extract was added to a 
third separator, shaken for 4 min. with 2.5 N sodium hydroxide (5 
ml.), and allowed to stand for 4 min. 


The EDC layer was discarded, and the alkaline aqueous phase 
containing sodium warfarin was poured into a 15-ml. centrifuge 
tube. This was centrifuged at 1500 r.p.m. for 5 min. to separate 
residual EDC; the absorbance of the clear aqueous solution was 
read by scanning in a 7.5-cm. pathlength cell from 380 to 280 mp in a 
Cary 14 spectrophotometer. 


The subject’s zero-hour plasma was carried through each assay 
batch and was used as the reference solution in the spectrophotom- 
eter. Pooled plasma, from the hospital blood bank, was spiked with 
warfarin (0.5 ml. of a 40 mcg./ml. aqueous solution per 9.5 ml. of 
plasma) to a concentration of 2.0 mcg./ml. This was included in each 
assay batch and measured against unspiked blood bank plasma to 
determine assay reproducibility. 


In this and in the TLC assay, a baseline drift was observed when 
scanning from 360 to 308 mp, giving an average net absorbance 
(A3~8-A3BO) of 0.025 (SD = 0.004). This figure, hereafter referred to 
as “cell correction,” was deducted from all net absorbance readings. 
The baseline drift is presumably due to the cell composition or the 
long pathlength used and not to their being unmatched, because the 
drift remained constant on reversing the cell positions. 


Plasma concentrations of warfarin were calculated using Eq. 1 ? 


(Eq. 1) 
A308-A360 - (cell correction) 


0.183 plasma concentration = 


TLC Assay-This assay is similar to that reported by Lewis and 
Ilnicki (8). Estimation of warfarin by UV absorption was, however, 
substituted for fluorescence. The problem of fluorescence fading 
with exposure of acetone solutions of warfarin to UV light and the 
consequent difficulty in reassaying samples were therefore avoided 
[Corn and Berberich (7)]. At the plasma concentrations used in 
this study, the fluorescence technique seemed to offer no advantage 
over the method used. 


Methodology in this assay was the same as in the modified 
O’Reilly assay up to the point of obtaining the 15 ml. of washed 
EDC extract. 


Specificity was achieved in this assay by separating warfarin from 
other EDC extractable material, present after washing with phos- 
phate buffer, by TLC. In all steps subsequent to obtaining 15 ml. of 
buffer-washed EDC extracts, contact of warfarin solutions with light 
was minimized. Glass containers were wrapped in aluminum foil. 
Volume reduction of solutions under nitrogen and plate develop- 


1 Eastman. 
2 For the derivation of these constants, see Tables I, 11, and IV. 
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Table I-Statistics of Beer's Law Plots for Runs with Human Plasma Spiked with Warfarin" 


Slope of Least- --Statistics of Least-Squares Line Free to Pass through Any Intercept-- 
Correlation Squares Line Forced No. ofb SE of SE of 


Day Samples Slope Slope Intercept Intercept Coefficient through the Origin 


1 6 0.168 0.0128 -o.oof? 0.0288 0.989 0.166 
2 6 0.181 0.0029 -0.010~ 0.0054 0.9995 0.178 
3 6 0.180 0.0029 - 0. 007c 0.0054 0.9995 0.177 
4 6 
5 5 
6 5 


0.200 
0.177 
0.183 


0.0032 
0.0028 
0.0014 


-0.024 
- 0.002c 
-0.002c 


0.0072 
0.0064 
0.0107 


. ...~ 


0.9995 
0.9996 
0.9992 


0.191 
0.185 
0.182 


Av. 0.182 0.180d 
SE 0.0043 0.0035 
95% CI 0.171 to 0.193 0.171 to 0.189 
Pooled 


data 0.182 0.0031 -0.009c 0.0067 0.9954 0.179 


Using 7.5-cm. pathlength cells in the Cary 14 recording spectrophotometer (modified O'Reilly assay method). Concentrations used were 0.1, 
0.2.0.5, 1, 2, 3, and 4 mcg. warfarin/ml. c Not significantly different from zero. d Average not including Day 1 (which was inordinately low) is 0.183. 


ment were done in the absence of light, and application of solutions 
to TLC plates was done in a minimum of light. 


It has been shown in this laboratory that EDC and acetone solu- 
tions of warfarin are light sensitive. Reproducible results cannot be 
obtained in this assay, in which warfarin must remain in the solution 
for longer periods, unless these precautions are taken. 


The 15-ml. washed EDC extract was reduced to dryness in a 50- 
ml. wide-mouthed centrifuge tube at room temperature under nitro- 
gen. The tube was washed down with 3, 2, and 1 ml. of EDC and 
taken to dryness each time to concentrate material at the bottom of 
the tube. The contents were redissolved in a minimum volume of 
EDC, quantitatively transferred by capillary tube to 250-p thick sil- 
ica gel GF 2543 chromatography plates (20 X 20 cm.), and de- 
veloped in EDC-acetone (9 : 1). 


Warfarin could be clearly detected at the lowest plasma concentra- 
tion by its quenching of plate fluorescence under a wide-range UV 
lamp. The use of quenching on fluorescing plates is more sensitive 
than warfarin fluorescence on normal plates and eliminates the need 
to expose the plates to ammonia vapor before detection. 


The spot at Rf 0.5W.54 due to warfarin was scraped off into a 15- 
ml. centrifuge tube with a small spatula and eluted by agitating 
with acetone (3 X 1.5 ml.) on a vortex mixer, centrifuging at  2000 
r.p.m., decanting, and finally washing the walls of the tube down 
with 1 ml. of acetone, centrifuging, and decanting again. Plate areas 
from blank plasmas at identical Rf values to warfarin were iden- 
tically treated to  yield reference solutions in the spectrophotometer. 


The acetone solution was taken to dryness under nitrogen at room 
temperature. The warfarin was redissolved by vigorous agitation in 
2.5 N sodium hydroxide ( 5  ml.) for 10 min. on a vortex mixer. After 
centrifuging at 2000 r.p.m. to precipitate any remaining silica gel, 
the clear supernatant was measured as before and the plasma war- 
farin concentration was calculated using Eq. 2:a 


(Eq. 2) 
A30g-A360 - (cell correction) 


0.167 plasma concentration = 


In the use of both assays, all the plasma samples from one phase of 
the study for a particular subject were assayed at the same time. 


The developed chromatograms from dosed subjects were identical 
to those from warfarin-spiked plasma. Spots at Rf 0.91, 0.85, and 
0.25 were identical to blank plasma in all cases. A spot at R f  0.1 
was also observed in blank plasma in 18 out of 24 cases. No other 
spots could be detected. 


The 4 ' -0H,  &-OH, and 7-OH metabolites have Rf values of 
0.22,0.18, and 0.23, respectively, in this system. These R, values are 
not affected when chromatographing the metabolites in combination 
with the parent drug. 


Assay Standardization-On six different days, human plasma was 
spiked with warfarin at 0.1-4.0 mcg./ml. concentrations. The ab- 
sorbances obtained in the modified O'Reilly assay gave rise to the 
statistics given in Table I. Multiple samples of plasma spiked at one 
concentration only were also assayed using 1-cm. cells in a Beckman 
DB recording spectrophotometer. The results of these assays, and 
also equivalent figures for a 7.5-cm. light path, are given in Table 11. 


As a consequence of these data, it was decided to divide the 
observed net absorbance of final extracts in the modified O'Reilly 
assay by 0.183 to obtain the plasma warfarin concentration. 


Table 111 lists recoveries of warfarin from thin-layer plates at five 
different concentrations on 4 separate days. The average recovery 
was 91.7 %. Therefore, the expected net absorbance/concentration 
ratio in the TLC assay is 0.183 X 0.917 = 0.168. The actual ratio 
obtained when pooled plasma was spiked with warfarin was 0.167 
(Table IV). Therefore, the figure 0.167 was substituted for 0.183 in 
the TLC assay. 


In both assays the sensitivity compared to the original O'Reilly 
assay (1) has been increased by a factor of 


4 7.5 4 
1 5  2 x - x - = 12 


where the fractions represent plasma volumes, cell pathlengths, and 
sodium hydroxide volumes, respectively. 


Clinical Study-Six healthy adult human volunteers, four male 
and two female, weighing between 120 and 200 1b. and between 21 
and 30 years of age, were selected. All had normal vital signs and 
screening laboratory values. No barbiturates or other enzyme- 
inducing agents were permitted to be taken for 30 days preceding 
initiation of the study. No medication, apart from warfarin and 
menadiol diphosphate (tetrasodium salt),( was permitted for a period 
of 7 days before commencement to the end of the study. The study 
was arranged as a two-phase crossover design. In each phase each 
subject ingested orally a 25-mg. dose of warfarin sodium as five 
5-mg. tablets or one 25-mg. tablet. The tablets were swallowed 
whole. Subjects were fasted overnight and for 4 hr. postadministra- 
tion of drug. Eight fluid ounces of water was taken within 1 hr. after 
arising and also when the tablets were ingested. No other beverage, 
water, or food was taken until 4 hr. after dosage. After this period, 
food and liquids were allowed ad libitum. 


Twenty milliliters of blood was taken from a forearm vein just 
before dosing (0 hr.) and at  1 ,4 ,  8, 12, 24,48, 72, and 96 hr. after 
dosing. The blood was drawn into one or two Vacutainer tubes con- 
taining EDTA as the anticoagulant. After centrifuging, the plasma 
was aspirated off into a second tube and quick-frozen at - 18" until 
required. 


To reduce the possibility of hemorrhage, each subject was admin- 
istered a 10-mg. dose of menadiol diphosphate (2 X 5-mg. tablets) 
1 day before, on the same day, and 3 days following warfarin dosage 
in each phase of the crossover study. This compound and its metab- 
olites have been shown in this laboratory not to interfere with the 
OReilly or the TLC assay for warfarin. The plasma concentrations, 
arranged according to the experimental design, will be reported in a 
forthcoming publication. 


Materials-As a standard, USP reference standard warfarin acid 
was solubilized as the sodium salt by dissolving in 0.1 M phosphate 
buffer, pH 7.5. A stock solution of concentration 100 mcg./ml. 
was kept refrigerated, and aliquots were taken and brought to room 
temperature before use. Plasma used for assay standardization and 
for controls was obtained from the blood bank, University of 
Michigan Medical Center, 


Synkayvite, Hoffmann-La Roche, Nutley, NJ 071 10 Merck & Co., Inc., Rahway, NJ 07065 
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Table 11-Net Absorbance-Concentration Ratios Observed on Different Days with Modified OReilly Assay. 


-- 
Expected 


Conditions AN/? 
Day Warfarin Coefficient 


(No. of Plasma EDC Vol., NaOH Vol., Concn., Observed of Variation, Average AN/C for 
Samples) Vol., ml. ml. ml. mcg./ml. Average % 7.5-cm. Cellb 


20 4 
20 4 
20 4 
20 4 
10 4 
20 
20 
20 


2 
2 
2 


5 0.0305 
10 0.0261 
10 0.0320 
10 0.0308 
5 0.0339 
5 
5 
5 


0.0634 
0.0607 
0.0580 


4.52 
2.61 
3.53 
1.66 


0.183 
0.157 
0.192 
0.185 


1.36 0.203 
1.74 
1.29 
1.03 


0.190 
0.182 
0.174 


Av. 0.183 


0 Using I-cm. pathlength cells in a Beckman DB spectrophot0meter.b Expected average AN/C value for the final assay adopted (4 ml. plasma, 20 ml. 
EDC, backextracted into 5 ml. NaOH, and absorbance read in 7.5-cm. pathlength cells) based on results obtained. c Assays on Day 8 were run by 
a different analyst than those on Days 1-7. 


4'-OH, M H ,  and 7 4 H  metabolites of warfarin were do- 
nated.& All other chemicals and solvents were reagent grade and were 
not further purified before use. 


RESULTS 


Because this report is concerned only with the sensitivity and 
comparison of results of two methods of assay, no specification of 
plasma levels of warfarin obtained from the five 5-mg. or the one 
25-mg. dosage is made here. 


In the modified O'Reilly assay, the average net absorbance (Asor 
Asso - cell correction) of final extracts from subjects' zero-hour 
plasmas, using water in the reference cell, was 0.216 with a SD of 
0.056. When corrected for cell pathlength and plasma and sodium 
hydroxide solution volumes, this figure is equivalent to an average of 
0.018 absorbance unit compared with 0.010 reported by O'Reilly et 
al. (1). The average net absorbance of final extracts from unspiked 
blood bank plasma was 0.261, with a SD of 0.024, yielding an 
O'Reilly equivalent of 0.022. 


In the TLC assay, the average net absorbance of final extracts 
from subjects' zero-hour plasmas was 0.155 with a SD of 0.030 and 
an O'Reilly equivalent of 0.013. The average net absorbance of final 
extracts from unspiked blood bank plasma was 0.158 with a SD of 
0.035 and an O'Reilly equivalent of 0.013. 


Hence, both assays gave higher blanks than reported by OReilly 
et al. (1). A reduction in the net absorbance of the blanks was ob- 
tained by the TLC purification step. 


In Fig. 1 the plasma concentration of warfarin measured by the 
modified O'Reilly method is plotted on the ordinate against the cor- 
responding plasma concentration of warfarin measured by the TLC 
method for the 93 plasma samples analyzed by both methods. The 
slope of the least-squares line forced through the origin is 1.00; this 
is the exact theoretical value for equivalence of the assays. 


For the differences (TLC assay - O'Reilly assay), there were 44 
positive values, 2 zero values, and 47 negative values. These differ- 
ences are plotted against the averages, namely (TLC assay + 
O'Reilly assay)/2, in Fig. 2. It appears that the differences are in- 
dependent of plasma concentration in the range studied. The average 
absolute value of the difference was 0.17 mcg./ml. with a SD of 0.143 
mcg./ml. If the average of the two assays on each plasma sample is 
taken as the true concentration of warfarin, the average deviation of 
an assay value from the true concentration is 0.085 mcg./ml. 


From Fig. 3 it may be seen that the UV spectra of final extracts 
from both assays are essentially identical. However, since the metab- 
olites of warfarin have spectra similar to the parent compound (9), 
small amounts of metabolite would not be detected by this method. 
This evidence is, therefore, of minor importance. 


Elimination half-lives of warfarin were estimated from terminal 
plasma concentrations of warfarin from each of the 12 sets of plasma 
samples assayed by both methods. The method of least squares was 
applied to the logarithms of the plasma concentrations of each set, 
which appeared to be randomly distributed about a straight line 


6 D?. Karl Paul Link and Fred W. Deckert, Department of Bio- 
chemistry, University of Wisconsin. 


when plotted against time; the slopes of the least-squares lines were 
divided into the logarithm of 2 to obtain the half-lives. In Fig. 4 the 
elimination half-life estimated from plasma samples assayed by the 
modified O'Reilly method is plotted on the ordinate against 
the elimination half-life estimated from plasma samples assayed by 
the TLC method on the abscissa. The least-squares line free to pass 
through any intercept had a slope of 0.99 and an intercept of 2.5, 
which was not significantly different from zero. The least-squares 
line forced through the origin had a slope of 1.0, and this line is 
drawn through the points in Fig. 4. The average half-life of 37.4 hr. 
obtained with the modified O'Reilly assay was not significantly 
different from the average half-life of 35.2 hr. obtained with the TLC 
assays by a paired t-test (t = 0 . 9 5 , ~  > 0.25). 


DISCUSSION 


O'Reilly (10) showed that the binding strength of warfarin 
metabolites to crystalline human albumin was 7- to 17-fold less than 
that of unchanged warfarin. He suggested that the introduction of the 
polar hydroxyl groups by metabolism greatly decreases the hydro- 
phobic binding of warfarin metabolites, not only to albumin but also 
to the receptor sites for the unchanged drug; this allows for their 
ready renal clearance and accounts for the loss of anticoagulant 
activity. This may explain why warfarin metabolites are present in 
urine but not in plasma in measurable amounts. 


Since the TLC assay employed measures only unchanged warfarin 
in plasma, from the data presented it may be concluded that the 
original and the modified O'Reilly assays are specific for unchanged 
warfarin in plasma. Results reported here strongly support the 
countercurrent distribution studies of O'Reilly ei al. (l), which 
indicated the specificity of his assay method. If warfarin metabolites 
are present in plasma, they must be present in minute amounts and, 
in such trace amounts, would not invalidate the O'Reilly assay as a 


Table III-Recoveries of Warfarin from TLC Plates 


% Recovery of Warfarin 
No. of Samplesa Average SD 


92.7 
92.1 
90.2 
91.7 


1.1 
0.64 
1.8 
2.9 


.Ail five samples in each case were different concentrations of 
warfarin. The range of amounts spotted was 1.66-20.9 mcg. 


Table IV-Standardization of the TLC Assay Using Pooled 
Plasma Spiked with USP Reference Standard Warfarin 


~~~~ ~ 


Concentra- 
No. of tion Range, ----AN/C-- 


Day Samples mcg./ml. Average SD Range 


1 6  0.25-3.0 0.168 0.011 0.151-0.182 
2 4 2.00nly 0.166 0.005 0.1624.174 


Av. 0.167 
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Figure 1-Plot of plasma coiicentrarion of warfarin measured by the 
modified O'Reilly meihod against plasma conceniraiion of warfarin 
measured by ihe TLC method, 


specific method. It is feasible that warfarinlike products detected on 
thin-layer plates after spotting extracts from plasma by Lewis and 
llnicki (8) were degradation products which arose from the action of 
light on warfarin during their TLC assay procedure. However, if 
these authors were using a very high dose of warfarin, then the 
possibility of an increase in the activity of hydroxylating enzymes at 
high plasma concentrations of drug, causing a disproportionate 
increase in plasma metabolites, would also be a feasible explanation 
for their results. 


If a metabolite also had a long half-life in the body, its concentra- 
tion in blood could build up after multiple doses of drug to levels that 
would invalidate the conclusions reached following administration 
of single doses of drug. 


SUMMARY 


Ninety-three plasma samples obtained from human volunteers, 
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Figure 2-Plot of difference between assays against average of assays. 
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Figure 3-UV spectra of f ind extracts .from TLC and rnodifed 
O'Reilly assays. 


following ingestion of 25-mg. single oral doses of warfarin sodium, 
were independently assayed by a modification of the method of 
O'Reilly ei al. (1) and by a TLC method. There was no detectable 
evidence of the presence of warfarin metabolites on any of the TLC 
plates developed from extracts of plasma from subjects dosed with 
warfarin in this study. The UV spectra of final extracts from both 
assays were essentially identical. Comparison of the 93 pairs of 
plasma concentrations arising from the application of the two assay 
methods on the same plasma samples and the 12 pairs of elimination 
half-lives of warfarin, estimated from terminal plasma concentra- 
tions, measured by the two assay methods indicated that the assays 
gave equivalent results. It is concluded that the original and the modi- 
fied O'Reilly assay methods are specific for unchanged warfarin in 
plasma in the concentration range of 0.14.5 mcg. warfarin/ml. 
plasma observed in this study. 
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Figure 4-Plot of the elimination half-life ofwarfarin estimated from 
modified 0' Reilly assays against ilze elimiiiaiion half-life of warfarin 
esiimated from TLC assays. 
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Salt Effects in Aqueous Solutions of Urea 


RICHARD E. LINDSTROM and ALEXANDER R. GIAQUINTO 


Abstract It is suggested, when working with drug-urea-water 
systems, that more than passing consideration be given to the effect 
or effects produced by addition of a fourth component, as, for 
example, when an acid is used to adjust pH. Data are cited which 
indicate that these effects are measurable and often predictable. 
Solubility data for methyl salicylate and methyl benzoate are given 
as functions of varying acid, salt, and urea concentrations. These 
data represent the equilibrium solubilities of the esters in the various 
systems at 30”. The solubilities were obtained by sampling and sub- 
sequent determination of the ester concentration using UV spectro- 
photometry. A mathematical model was derived which permits a 
quantitative evaluation of salt effects in urea solutions. The theoret- 
ical calculations, based on this model, were found to be in good 
agreement with the experimental values observed for neutral and 
pH 1 solutions of methyl salicylate and methyl benzoate in urea. 
Extension of these findings to an eailier investigation indicates that 
significant error in interpretation of solubility in urea may result if 
these salt effects are disregarded. 


Keyphrases 0 Urea aqueous solutions-salt effects 0 Methyl 
salicylate and benzoate solubility-urea-water mixture 0 Elec- 
trolyte, HC1 concentration effects-methyl salicylate and benzoate 
solubility UV spectrophotometry-analysis 


The introduction of a fourth component into a urea- 
drug-water system will produce changes in both the 
physical and chemical properties of the system. Under- 
standably, the inclination is to  disregard or minimize 
the resultant effects, especially when the rationale of the 
investigation appears to be unaltered by doing so. 
However, it is imperative that some quantitative esti- 
mate be obtained before following this premise, since 
the magnitude of these effects may be large enough to 
require reassessment of the object of the experiment. 


Work on systems involving urea-water mixtures are 
particularly prone to questionable assumptions. For 
example, during their study of the solubility of salicylic 
acid in urea solutions, various authors (1-3) sought to 
preclude ionization of the salicylic acid by making the 


solutions pH 1 with strong acid. In two instances, the 
workers made the solutions 0.1 N in H+. Taking note of 
observed irregularities in this matter, however, Feld- 
man and Gibaldi (1) were careful to adjust the pH of 
each solution to 1. These two different procedures 
result in systems that are not equivalent, a fact that may 
have been responsible for the differences in observations 
and conclusions. The strong acid which was added in 
these studies is certain to  exhibit a characteristic in- 
fluence on the solubility of any additional solutes. 
Whether this influence is significant and measurable in 
multicomponent mixtures of urea, water, drug, and 
salt is typical of the problem which should concern the 
investigator. 


Wetlaufer et al. (4) demonstrated that salt effects do 
exist in urea solutions. These workers found that the 
solubility of skatole in aqueous urea-sodium chloride 
solutions was measurably less than in solutions of the 
same urea concentration but containing no sodium 
chloride. Additionally, it was estimated that this 
“salting out” approximated that observed when the 
solubility of skatole in water and in water-sodium 
chloride solution was compared. Thus, it would seem 
that the salt effects are not only measurable but also 
are relatively independent of the urea concentration. 
In that event, one is in a favorable position to quantify 
similar effects in urea solutions in general. 


THEORETICAL CONSIDERATIONS 


The phenomena of “salting in” and “salting out” have been 
described empirically by the Setschenow equation (5 ) :  


logSo/S = KC 0%. 1) 


where So and S are the molar solubilities of a nonelectrolyte in pure 
water and in a solution containing C moles/l. of electrolyte, re- 
spectively. The symbol, K ,  is an empirical salt parameter, which is 
characteristic of both the electrolyte and nonelectrolyte species. 
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employed is one where death is delayed for more than 1 week and is 
ascribable to hematopoietic depression rather than to CNS effects. 
Mortality in the experiments of Laird and Fonner occurred follow- 
ing exposures in the 10,000-r range 2-3 days postirradiation and was 
associated with convulsions, which was not the case in this experi- 
ment. Furthermore, DPH was given in this experiment in a single 
injection at a dose level one-fourth the anticonvulsant dose in mice 
(9) and would certainly not be expected to exert any anticonvulsant 
activity 10 days following drug administration. 


Potentially important nonanticonvulsant actions of the DPH 
drug group have been identified by Gordon et a/ .  and include anti- 
leukemic activity (5) and enhancement of the deteriorated learning 
and memory characteristic of very old animals (10, 11). Further- 
more, both DPH and pemoline have been identified by this group 
as markedly potentiating the activity of the enzyme DNase 1, while 
DPH has been found by Shafer (12) to increase markedly the turn- 
over of DNA in normal liver. Thus, DPH may exert the radio- 
protective action reported here by effects on nucleic acid metabo- 
lism, which are in no simple way related to its anticonvulsant action 
on the brain. 


Continuing investigations will include exploring the capacity 
of DPH to exert radioprotective effects when given after radia- 
tion because such an effect for DPH has been observed in these 
laboratories when it is given within the 1st hour. Further, in a series 
of preliminary experiments, DPH exerted an effect similar to that of 
pemoline (5-phenylpseudohydantoin) in altering the growth pattern 
of Ehrlich carcinoma while prolonging the lifespan of tumor- 
bearing animals (13-15). The fact that DPH and pemoline have a 
similar chemical structure and exert similar effects on a nucleic acid- 
metabolizing enzyme suggests the link between biological effects 
shared by these two compounds. 
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Erythrina sp. 111: Chemical Constituents of 
Erythrina suberosa Roxb. Seeds 


HARKISHAN SINGH and AMRIK SINGH CHAWLA 


suberosa and E. stricta. Hypaphorine (I) has been iso- 
lated from the seeds of E. uariegata var. orientalis (2-6), 
and Folkers and Koniuszy (6) obtained erythraline 


Abstract 0 A phytochemical investigation of Erythrinu suberosa 
seeds has resulted in the isolation of erythraline, erysodine, eryso- 
trine, and hypaphorine. This is the first time that erysotrine has 
been found to occur naturally, although it is well known as a 
conversion product of other eryso-alkaloids. The alkaloidal con- 
stituents were found to vary in different seed collections. The fatty 
acid composition of the seed oil was examined, and the sterol part 
from the unsaponifiable matter was found to be composed of 
sitosterol, stigmasterol, campesterol, and cholesterol. 


Q 7 C H 2 - F “ - - C O O -  


I 
H +N(CHA 


Key phrases 0 Erythrina suberosa seed-phytochemistry, chemical 
constituents 0 Mass spectroscopy-identification 0 IR spectro- 
photometry-identification 0 TLC-identification 


In India, Erythrina stricta Roxb., E. suberosa 
Roxb., and E.  uariegada Linn. var. orientalis (Linn.) 
Merrill (syn. E.  indica Lam.) have been used in the 
indigenous system of medicine for various ailments 


The authors have started a systematic study of 
Erythrina species growing in India. There have been 
no earlier reports of chemical investigations of E. 


(1). 


I1 


(11; R1,R2 = -CH2-) from the seeds. Subbaratnam 
( 5 )  isolated a neutral entity, C24Hs~02,  m.p. 82-84”. 
The fatty acids present in the seeds have been studied 
(3, 7). The bark of E. variegata var. orientalis has been 
investigated by various workers (3,8,9), and preliminary 
studies on the leaves (3, 10) have been made. 


Recently, the present authors fractionated the 
petroleum ether extract of E. suberosa bark into wax 
esters, alcohols, and acids; alkyl ferulates; and stig- 
masterol, sitosterol, campesterol, and cholesterol (1 1). 
In this paper, results from an investigation on the chem- 
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Table I-Contents of Fatty Acids Present in E. suberosa 
Seed Oil 


Percent Percent 
Fatty Acid Weight Mole 


Myristic acid Traces 
Palmitic acid 12.2 13.4 
Stearic acid 2.4 2.4 
Oleic acid 38.3 39.2 
Linoleic acid 24.7 25.4 
Arachidic acid 3.5 3 . 2  
Eicosenoic acid 4.5 4.4 
Behenic acid 11.3 9.6 
Docosenoic acid Traces 
Lignoceric acid 3.1 2.4 


ical constituents of E.  suberosa seeds are reported. 
Three collections, made from Dehradun, Mandi, and 
Joginder Nagar in India, have been examined; a pre- 
liminary communication about the alkaloidal con- 
stituents of the seeds has been published (12). 


From the powdered seeds, the oil was separated 
through extraction with petroleum ether. The physical 
and chemical characteristics of the oil and the chemical 
characteristics of the separated fatty acids were deter- 
mined. On spectrophotometric estimation, the oil re- 
vealed the presence of 22.9 % of diene acids calculated 
as linoleic acid, 43.7 % of mono-ene acids calculated as 
oleic acid, and 33.4% of saturated fatty acids (found by 
difference). The fatty acid content in terms of percent 
weight and percent mole as estimated by GLC of the 
methyl esters is listed in Table I. 


The unsaponifiable matter of the seed oil yielded a 
sterol material, which the GLC of the trimethylsilyl 
(TMS) ethers showed to be a mixture of sitosterol 
(67 %), stigmasterol (20 %), campesterol (12 %), and 
cholesterol (1 %). 


The Dehradun seed powder was defatted with petro- 
leum ether and the marc extracted with ethanol. The 
petroleum ether extract yielded an alkaloidal part 
(Fraction A). The ethanol extract gave a chloroform- 
soluble part (Fraction B), which on chromatographic 
resolution gave a crystalline base identified as eryth- 
raline (I1 ; R1,R2 = -CH2-). Fraction A, which was 
resinous, gave erythraline hydriodide. The aqueous al- 
kaline layer remaining after removal of Fraction B 
from the ethanol extract was acidified, refluxed, and 
extracted with chloroform to give Fraction C, which 
did not yield crystalline material. The aqueous layer 
yielded a water-soluble base identified as hypaphorine 


The Mandi seed collection gave Fraction D from the 
petroleum ether extract, and Fractions E and F from 
the ethanol extract, representing "free" and "liberated" 
alkaloidal parts. Fraction D yielded a crystalline hy- 
drochloride which appeared to be erysotrine (I1 ; 
R1 = R2 = CH,) hydrochloride according to ele- 
mental and UV data. Fraction F gave crystalline ery- 
sodine (11; RI = H, Rz = CH,). Contrary to earlier 
observations (13), it was possible to prepare the hydro- 
chloride of the isolated erysodine. Chromatogaphy 
of Fraction E led ultimately to crystalline erysotrine 
hydrochloride and erysodine. A confirmation of the 
identity of isolated erysotrine hydrochloride came from 
a mass spectrum of the liberated base from the salt. 


(1). 


The base indicated significant peaks at mle 313 (mo- 
lecular ion M+; 33% intensity of base peak), 298 (Mf 
--CH3; 3573, and 282 (M+ -CH30; base peak), 
which compared with the authentic specimen. Hy- 
paphorine was also isolated from the Mandi seeds. 


Because of the alkaloidal variations found in the 
Dehradun and Mandi collections of E. suberosa seeds, 
a third collection, from Joginder Nagar, was investi- 
gated. These seeds also yielded the "free" bases eryso- 
trine and erysodine but no erythraline. 


The difference in the alkaloidal variations mentioned 
may be attributed to differences in climatic or soil 
conditions, and the two plants possibly may belong to 
different strains. The other aspect of interest is the 
isolation of erysotrine because never before has ery- 
sotrine been found to occur naturally, although it is 
well known as a conversion product of other eryso- 
alkaloids. 


EXPERIMENTAL 


Plant Material'-The seeds were procured2 from Dehradun 
(Uttar Pradesh, India), and also collected from Mandi and Joginder 
Nagar (Himachal Pradesh, India). The seeds were reduced to 
moderately coarse powder. 


Extractives-The seed powder (Dehradun) (25 8.) was extracted 
successively in a continuous extraction apparatus, and the percent 
extractives was determined: petroleum ether (6U-80°), 8.10%; 
benzene, 0.51 %;ether, 0.07%; chloroform, 0.64%; acetone, 0.84%; 
ethanol, 18.20%; and water, 5.30%. 


Extraction and Study of Oil-The seed powder (Dehradun) 
(500 g.) was extracted with petroleum ether (60-80") for 15 hr. 
to yield 40 g. of the oil, which had the following characteristics: 
sp. gr. 25"/25O, 0.9483; ng 1.4690; iodine value, 74.6; acid value, 8.6; 
saponification value, 173; and unsaponifiable matter, 1.6%. 


The mixed fatty acid fraction (iodine value, 80.9; saponification 
equivalent, 281) obtained from the oil was found to have a total 
diene composition and mono-ene composition of 22.9 and 43.7%, 
respectively, as determined by the alkali isomerization method of 
Hilditch et al. (14) and using reference values of Hilditch et ul. (15). 
By difference the saturated fatty acids come to 33.4%. 


The mixed fatty acids were converted to their methyl esters 
(16). The IR spectrum of the methyl esters showed bands at 2997 
cm.-1 (olefinic C-H stretching); 2918 and 2846 cm.-l (for CH2 
andCH3); 1740cm.-1(C==0 stretching); and 1230, 1185, and 1160 
cm.-l (C-0 stretching for esters). 


The methyl esters were analyzed by GLC on a polyester column 
[20% diethylene glycol succinate on diatomite3 2.44 m. (8 ft.) X 
0.49 cm. (0.19 in.), 215"] with a thermal conductivity detector. 
The peak areas were measured by triangulation and the results 
are given in Table I. 


The unsaponifiable part of the seed oil was separated in the 
usual way. A chromatographic resolution on an alumina column 
gave a sterol fraction, m.p. 139". The IR spectrum showed a band 
at 3440 cm.-1 (broad, associated 0-H stretching) and a weak but 
very diagnostic peak at 972 cm.-l for the trans-disubstituted double 
bond of stigmasterol. 


The sterol fraction, when resolved as its TMS ether on an SE-30 
column [lz on Anakrom SD, 3.04 m. (10 ft.) X 0.32 cm. (0.125 
in.), 260"], proved to be a mixture of sitosterol(67%), stigmasterol 
(2073, campesterol (1273, and cholesterol (1 %). A standard 
mixture of TMS ethers of the corresponding sterols was used for 
identification of the peaks.4 


Isolation and Detection of Alkaloids-Dehradun, Mandi, and 
Joginder Nagar seeds were investigated separately. 


'The authenticity of the seeds was certified by Dr. T. S .  Sareen, 


2 Through M!s PrataD Nurserv and Seed Stores. Dehradum. 
Curator, Department of Botany, Panjab University. 


3 Chromosorb W. Johns-ManGiIle. 
4 These data were obtained through Dr. J. W. Rowe, USDA Forest 


Products Laboratory, Madison, Wis. 
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Dehrudun Seeds-The seed powder (2.0 kg.) was extracted with 
petroleum ether (6@-80") in a continuous extraction apparatus. 
The basic components were removed from the petroleum ether 
extract by shaking with 2% w/v sulfuric acid. The acid layer (1 1.) 
was made alkaline with a dilute ammonia solution (150 ml.) and 
extracted with chloroform. The chloroform extract was worked up 
to give a residue (0.93 g., Fraction A). 


The marc was extracted with ethanol in a continuous extraction 
apparatus. The residue (300 g.) remaining after evaporation of the 
solvent was repeatedly treated with 2 w/v sulfuric acid. The acid 
layer (2 1.) was washed with chloroform (3 X 300 ml.) to remove 
the nonalkaloidal matter. The acid extract was made alkaline with a 
dilute ammonia solution (350 ml.) and extracted with chloroform 
(10 X 300 ml.). The chloroform extract was washed with water, 
dried over anhydrous sodium sulfate, and evaporated to yield a 
residue (5.7 g., Fraction B). 


Fraction B was chromatographed over alumina (Merck, 170 
g.). Elution with benzene gave a sticky solid mass (3.0 g.), which 
was repeatedly crystallized from absolute ethanol to give a base, 
m.p. 11 1-113" [lit. (6) erythraline, m.p. 106-107"]. 


Anal.-Calcd. for CI8H19NO3: N, 4.71. Found: N, 5.11. [a]: + 
192.5" (c, 0.78, CHC13) [lit. (6) [a]$ + 211.8" (c, 0.944, EtOH)]; 
UV A:::" 292 mp (log E 3.6) [lit. (17) 292 mp (log e 3.6)]. 


The base showed no depression on determining mixed melting 
point with authentic erythraline. The base formed a hydrobromide, 
m.p. 250-251 O dec. [lit. (17) erythraline hydrobromide, m.p. 246'1. 


Anal.-Calcd. for Cl8HI9No3.HBr: C, 57.16; H, 5.33; Br, 21.13; 
N, 3.70. Found: C, 57.47; H, 5.30; Br, 21.25; N, 3.56. UV A:::" 
290 mp (log E 3.6). The IR spectra of the base hydrobromide and 
authentic erythraline hydrobromide were identical. 


The hydrochloride of the base was prepared in the usual way and 
crystallized from dry ether-absolute ethanol to give an entity, 
m.p. 251-252" dec. 


Anal.-Calcd. for C I ~ H ~ ~ N O ~ . H C I :  C, 64.79; H, 6.04; C1, 10.63; 
N, 4.20. Found: C, 64.66; H, 6.64; C1,10.80; N,4.19. 


Fraction A was not resolvable on an alumina column. Its 
hydriodide, m.p. 247-248" dec., was prepared and showed no de- 
pression in melting point on admixture with the hydriodide of 
erythraline isolated from Fraction B [lit. (6) erythraline hydriodide, 
m.p. 252-253 O dec.]. The IR spectra were also superimposable. 


A portion of the aqueous layer left after removal of Fraction B 
was acidified with dilute sulfuric acid to pH 1.0. It was refluxed 
for 3 hr., made alkaline with dilute ammonia solution, and extracted 
with chloroform (5 X ~200 ml.). The yield of the residue, after com- 
plete solvent removal, was 0.8 g. (Fraction C). It was chromato- 
graphed over alumina, but no pure base or salt could be isolated. 


The other portion of the aqueous layer was acidified and pre- 
cipitated with Dragendorffs reagent. A part of the separated pre- 
cipitate (35 8.) was decomposed with moist silver carbonate (15 8.) 
and processed to  obtain a crystalline material. It was recrystallized 
from ethanol to give a base, m.p. 250" dec. [lit. (18) hypaphorine. 
m.p. 253-254'1. 


Anal.-Calcd. for C ~ ~ H I E N ~ O Z :  C, 68.27; H, 7.37; N, 11.37. 
Found: C, 67.81; H, 7.11; N, 11.10. The base showedno depression 
on determining mixed melting point with authentic hypaphorine, 
and the IR spectra of both were identical. 


The base formed a hydrochloride, m.p. 231-232" dec. [lit. (19) 
hypaphorine hydrochloride, m.p. 234-235 "I. 


Anal.-Calcd. for CI4H18N2O2.HC1: C, 59.48; H, 6.77; C1, 
12.54; N, 9.91. Found: C, 59.10; H, 6.63; CI, 12.42; N, 9.80. 


The hydrobromide, m.p. 233" dec. [lit. (20) hypaphorine hy- 
drobromide, m.p. 225"], and nitrate, m.p. 221-222" dec. [lit. (18) 
hypaphorine nitrate, m.p. 223.5-224.5"], of the base were also pre- 
pared. 


Mundi Seeds-The seed powder (4.8 kg.) was extracted with 
petroleum ether (60-80") and the extract was worked as described 
previously to give an alkaloidal entity (2.5 g., Fraction D). The 
marc was extracted with ethanol, and the extract was processed to 
give alkaloidal Fraction E (14 g.). 


A benzene-soluble portion (11 g.) of Fraction E was resolved 
on an alumina column (330 g.). Elution with benzene first gave a 
syrupy mass (3.0 9.) and then a solid residue (1.5 9.) which crys- 
tallized from acetone to  give a base, m.p. 208-210" [lit. (13) ery- 
sodine, m.p. 204-205"l. 


Anal.-Calcd. for C18&N03: C, 72.22; H, 7.07; N, 4.68. Found: 
C, 72.34; H, 6.95; N, 4.77. [a]? + 220.8" (c, 0.98, CHCW [lit. 
(13) [a]E + 248' (c, 0.311, EtOH)], UV 285 mp (log E 3.6) 


[lit. (17) 285 mp (log E 3.6)]. The base showed no depression on 
determining mixed melting point with authentic erysodine. A 
mixture with the latter was inseparable on TLC, and the IR spectra 
were identical. 


The hydrochloride was prepared by treating absolute ethanolic 
solution of the base with ethanolic hydrochloric acid. It was crys- 
tallized from dry ether-absolute ethanol to give an entity, m.p. 217- 
218" dec. 


And-Calcd. for c1&1N03 .HCl: C, 64.40; H, 6.61 ; CI, 10.56; 
N, 4.17. Found: C, 64.66; H, 6.68; C1, 11.02; N,4.30. 


The syrupy mass was picked up with dry ether and made slightly 
acidic with ethanolic hydrochloric acid. The separated mass was 
repeatedly crystallized from dry ether-absolute ethanol to give a 
product, m.p. 206-208" [lit. (21) erysotrine hydrochloride, m.p. 


And-Calcd. for ClBH23N03.HC1: C, 65.22; H, 6.91; C1, 10.14; 
N, 4.01. Found: C, 65.34; H, 7.26; C1, 10.30; N, 4.02. UV XzH 
232 mp (e 19,800) and 284 mp (e 3490). 


A part of the aqueous layer left after separation of alkaloidal 
Fraction E was hydrolyzed and worked as for Fraction C to ob- 
tain 2.1 g. (Fraction F) of the "liberated" base. The latter was re- 
solved over alumina (53 g.). Elution with chloroform yielded a 
solid residue (1.1 g.), which crystallized from acetone to give a base, 
m.p. 208-210", identified as erysodine. 


Anal.-Calcd. for CI8Hz1NO3: C, 72.22; H, 7.07; N, 4.68. Found: 
C, 72.46; H, 7.04; N, 4.90. 


The aqueous layer left after the removal of the "free" (Fraction 
E) and "liberated" (Fraction F) bases gave hypaphorine when 
worked in the usual way. 


Fraction D (2.5 g.) was chromatographed over alumina (75 g.). 
Elution with benzene gave a syrupy mass (1.25 g.), which gave an 
alkaloidal hydrochloride, m.p. 203-204", identified as erysotrine 
hydrochloride. 


Anal.-Calcd. for Cl9HZ3NO3 .HCl: C, 65.22; H, 6.91 ; N, 4.01. 
Found: C, 65.24; H, 6.93; N, 3.90. 


Joginder Nugur Seeds-This collection, when worked in the 
same manner as Mandi seeds, led also to the isolation of erysodine 
and erysotrine, the latter obtained as the hydrochloride. 


The isolated bases and salts were identified by comparison with 
authentic  specimen^.^ 


205-206 "I. 
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NMR Analysis of Some Alkyl p-Hydroxybenzoates 


F. SHIHAB, W. SHEFFIELD, J. SPROWLS, and J. NEMATOLLAHI* 


Abstract 0 By applying NMR spectrometry, a number of solutions 
containing unknown quantities of two or three alkyl p-hydroxy- 
benzoates (parabens) in 60% polyethylene glycol in water were 
analyzed for quantification of the individual parabens. The method 
was found to be accurate, facile, and rapid and seems to possess a 
promising potential for applicability in related fields of pharma- 
ceutical analysis. 


Keyphrases 0 Parabens-NMR analysis 0 Alkyl p-hydroxybenzo- 
ates-NMR analysis 0 NMR spectroscopy-analysis 


The antibacterial and antifungal properties of esters 
of p-hydroxybenzoic acid (parabens) have been of 
interest to pharmaceutical scientists for the past few 
decades. Methyl, propyl, butyl, and benzyl parabens 
have been investigated individually or in  combination in  
pharmaceutical research and development. 


A literature survey revealed that UV spectrophotom- 
etry is the most widely used method for a quantitative 
analysis of the parabens (1). This technique has proved 
quite satisfactory in the quantification of a single 
paraben, but it is not sufficient for the analysis of a 
mixture of parabens in solution. This is due to the fact 
that most parabens possess nearly identical A,,,. 
values. 


Procedures such as column chromatography (2) and 
GLC (3) have been reported for the analysis of para- 
bens. The former procedure is time consuming and 
laborious. If esters are in an aqueous solution, the 
silylation technique, which should precede injection 
onto the column, together with other problems inherent 
to GLC makes the latter procedure less desirable and 
casts some doubts upon the accuracy of the results. 


An exploratory attempt on the applicability of NMR 
spectrometry for the analysis of parabens revealed the 
method to be both rapid and accurate and the procedure 
quite simple. 


EXPERIMENTAL 


The parabens used in the experiments were all reagent grade. 
The general procedure for preparing the standard solutions con- 
sisted of placing an accurately weighed quantity of the desired 
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Figure 1-The NMR spectrum of a mixture of benzyl puruben and 
methyl puraben in PEG-H2O. Standurd benzyl paraberr is depicted 
at I10 c.p.s. offset. 


ester in a volumetric flask, dissolving, and adjusting the volume with 
60% polyethylene glycol (PEG) 400 in water. This vehicle was also 
used for preparing the solution of the parabeii mixtures. Adoption 
of this solvent was due to its routine use in some other aspects of 
the research and to illustrate the point that the analysis does not 
require deuterated solvents. 


The NMR spectra were determined using a Varian A-60 NMR 
spectrophotometer at an ambient temperature. 


RESULTS AND DISCUSSION 


Depicted in Fig. 1 is the NMR spectrum of a mixture of benzyl 
paraben and methyl paraben in 60% PEG in water. Benzyl paraben 
contains two doublets at 6 6.85 and 6 7.85, which are the results of 
spin-spin coupling of two pairs of phenyl protons, in two different 
magnetic environments, in the phydroxybenzoate moiety of the 
ester molecule (Structure I). The singlet a t  6 7.3 results from the 
phenyl protons of the benzyl moiety. The two doublets of benzyl 
paraben superimpose on the doublets of methyl paraben. 
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Microencapsulation may be thought of as a method 
of wrapping small entities in individual, protective 
coatings. These coatings may be designed to protect, 
separate, or aid in storage and handling. Alternatively, 
the coatings may be constructed so that the encapsulated 
material is released under prescribed conditions to 
control or prolong the action from the microscopic- 
size capsules. The conditions for release may be made 
dependent upon moisture, pH, physical force, or 
combinations thereof. The mechanism for release may 
be associated with leaching, erosion, rupture, or other 
such actions, depending upon wall construction 


Microencapsulation encompasses both science and 
technology. A great deal has been written concerning 
current applications and future possibilities for en- 
capsulating those materials whose original activities, 
actions, or stabilities may be altered or controlled by 
packaging in microcapsules. The technology of micro- 
encapsulation, involving several varied disciplines, is 
advancing rapidly, but the application of the principles 
involved has not yet approached its full potential. 
Knowledge from several disciplines is often essential 
to the technology of microencapsulation. For example, 
it may be necessary for pharmacology and therapeutics 


to join with colloidal and polymer chemistry for the 
encapsulation of medicinals. 


Much of the available information pertaining to  
microcapsules and microencapsulation is found in the 
patent literature. Many applications of microencap- 
sulation, employing varied and ingenious techniques, 
are patented. However, as is typical with patent lit- 
erature, control and testing data as well as completeness 
of details essential for reproducibility are either lacking 
or alluded to in ambiguous terms. Definitive literature 
in these areas is limited and will probably remain so 
for some time, due to  security measures on the part of 
those companies holding patent rights. 


In this review of microencapsulation, an attempt will 
be made to bring together the published information 
from the scientific, patent, and company-prepared 
literature. In cases in which the scientific or patent 
literature is accompanied by company brochures, only 
the former literature will be discussed and the latter 
will be referenced. 


Microcapsules are measured in microns and usually 
fall into the range of from several to  approximately 
200 p (1). Some of the literature (2) alludes to micro- 
capsules as a form produced by a specific mechanism 
which yields discretely packaged materials regardless of 
size, as opposed to discrete, microscopic packages of 
material. For this paper, microcapsules are defined as 
being discrete packages of material in the size range of 
0.5-200 /I (3), and the term applies to  all small, discrete 
packages produced by any number of techniques. 
Figures 1-3 illustrate microcapsules in different stages 
of preparation. 
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Figure l-Microcapsules of individual oil droplets before drying. 
(Courtesy of The National Cash Register Co.) 


SURVEY OF MICROENCAPSULATION METHODS 


The processes of microencapsulation have been used 
to encase particles of liquids, solids, or gases. These 
particles must be immersible in the liquid phase con- 
taining the material that will ultimately form the capsule 
wall. The first practical use of microencapsulation 
appears in United States patents issued to Green and 
Schleicher (4-6). The principles of microencapsulation 
enumerated in these patents involve both simple and 
complex coacervation. Coacervation, as a method of 
microencapsulation, was also claimed in two other pat- 
ents by Green and Schleicher (7) and by Green (8); 
these patents were filed at the same time but issued sev- 
eral years later. 


Coacervation-The term “coacervation” has been 
used by chemists to describe the salting out of or phase 
separation of lyophilic solids into liquid droplets 
rather than into solid aggregates (9). The term was 
introduced into colloidal chemistry by Bungenberg de 


Figure 2-Capsules within a capsule or aggregate microcapsules 
containing a liquid, before drying. (Courtesy of The National Cash 
Register Co.) 


Jong and Kruyt (10) to describe the flocculation or 
separation of liquids from solution where at least one 
of the liquids contained a colloidal solute. 


Coacervation has been subdivided into two cate- 
gories : simple coacervation and complex coacervation. 
Briefly, simple coacervation usually deals with systems 
containing only one colloidal solute, while complex 
coacervation usually deals with systems containing 
more than one colloid (1 1). 


Simple coacervation is a process involving the 
addition of a strongly hydrophilic substance to a 
solution of a colloid. This added substance causes two 
phases to be formed, one phase rich in colloidal droplets 
and the other poor in such droplets. This process 
depends primarily on the degree of hydration produced. 
For example, addition of alcohol or sodium sulfate, 
as typical hydrophilic substances, to an aqueous 
solution of gelatin can lead to  phase formation. When 
suitable conditions, including the presence of suitable 
nuclei, are prevalent, microcapsules may result. 


Complex coacervation (Fig. 4) is primarily dependent 
on pH. It has been reported that in gum arabic-gelatin 
systems, complex coacervation occurred and micro- 
capsules formed at pH values below the isoelectric 
point (IEP) of the gelatin but would not occur above 
this pH. At pH values below the IEP of gelatin, it 
becomes positively charged while acacia particles 
retain their negative charge regardless of pH. The 
same was found to be true of other systems containing 
two dispersed colloids, one of which was ampholytic 


Two mechanisms have been suggested for the for- 
mation of microcapsules by these methods (13): (a) 
individual coacervate droplets may be drawn to and 
coalesce about particles immiscible in the system, or 
(b) a single coacervate droplet may encompass one or a 
group of immiscible nuclei. Either or both mechanisms 
may be operative in a given system. However, un- 
published data seem to indicate that, in certain cases, 
complex coacervate systems may be controlled to yield 
reproducible “compound capsules.” That is, capsules 
may be formed which contain smaller, previously 
formed capsules from the same mother liquid, without 
first removing the smaller capsules or rejuvenating the 
liquid. 


Phase Separation-This technique involves the dis- 
persion of a polymer or copolymer in a solvent system 
in which the nucleus material is not soluble. Another 
liquid, which is miscible with the solvent system but 
which must be a nonsolvent for the polymer and 
nuclei, may be added. The rate of stirring, subsequent 
dispersion of the polymer-rich phase, and the rate of 
addition of the nonsolvent may be controlled to  regulate 
the porosity of the capsule wall. 


Several other methods of microencapsulation have 
been reported. These include interfacial polymerization, 
electrostatic methods, mechanical processes, and vac- 
uum metalization. 


Interfacial Polymerization-Microencapsulation by 
this method is a process whereby a monomer is made to  
polymerize at the interface of two immiscible substances. 
If the internal phase is a liquid, it is possible to dis- 
perse or solubilize the monomer in this phase and to  


( 12). 
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emulsify the mixture in the external phase until the 
desired particle size is reached. At this point, a cross- 
linking agent may be added to the external phase. 
Since there is usually some migration of the monomer 
from the internal to the external phase, and since it is 
preferred that the crosslinking agent not transfer to the 
internal phase, the bulk of any polymerization will 
take place at the interface (15). 


An interesting dual-walled capsule formulation 
embodying a combination of coacervation and inter- 
facial polymerization was disclosed by Brynko and 
Scarpelli (16). They prepared dual-walled oil-containing 
capsules whose inner wall consisted of polymerized 
styrene-divinylbenzene monomer with an outer wall 
of a gelatin-acacia coacervate shell. The monomer was 
dissolved in the internal phase, and polymerization 
took place during and after coacervation. The in- 
dividual processes were controlled by temperature 
adjustment. 


Electrostatic Methods-Preparation of microcap- 
sules by these methods (17, 18) involve a bringing to- 
gether of the wall material and the material to be en- 
capsulated when both are aerosols. The material must 
be liquid during the encapsulation stage and must be 
capable of wetting the core material. Should the internal 
phase be liquid during the process, then it must have 
the higher interfacial tension to ensure encapsulation. 
The two aerosols must be oppositely charged; this can 
be accomplished prior to the mixing of the two. Three 
chambers are used in this process, with two of the cham- 
bers being atomization chambers and the third a mixing 
chamber. Oppositely charged ions are generated and 
directed into the two atomization chambers and are 
deposited on the liquid drops while they are being 
atomized. The capsules are allowed to cool in order to 
solidify the coating and then are collected by an ap- 
propriate aerosol collection system. 


Mechanical Methods-One mechanical method (19) 
for producing microcapsules involves the use of counter- 
rotating disks. The inner rotating disk produces small 
particles of the core material. These particles are pro- 
jected toward a point on the outer counter-rotating disk, 
which is lined with liquid coating material and has a 
row of orifices. When a sufficient weight of core mate- 
rial has collected at  a particular orifice, centrifugal force 
separates the core and wall-forming material from the 
rotating cylinder, thus completing capsule formation. 
The amount of wall material applied is related to the 
initial concentration of the wall solution and the rate at 
which the solution flows onto the outer disk. 


Another method (20) involves the dripping of the 
material to be encapsulated onto a continuous film of 
the liquified wall material and subsequent collection 
of the capsules. Here, again, the accumulated weight of 
core material causes the film to separate, with sub- 
sequent capsule formation (Fig. 5) .  


Still another method for the mechanical coating of 
small particles is the Wurster fluidized-bed coating 
technique (21-23). Figure 6 shows that the apparatus 
may consist of a vertical, somewhat conical column. 
A gas, carrying the coating material, is introduced at 
the base or constricted part of the column at a velocity 
high enough to suspend the particles. The gas velocity 


Figure 3-Microencapsulated solid before drying. 


in the flared part of the column is greatly decreased, so 
the particles cannot be supported in this region and 
they fall outward and downward into the constricted 
region where they are again lifted by the gas flow. 
The wall material is dissolved in a solvent (usually 
volatile) and is sprayed onto the supported particles, in 
a fine mist, from a nozzle located near the bottom of the 
column. The solution coats the suspended particles, and 
heated air drives off the solvent. When the particles 
are sufficiently dry, the air flow is cut off and the coated 
product falls to the bottom of the apparatus for col- 
lection. The amount of wall material applied is generally 
proportional to the atomizing time, since the coating 
material is sprayed at a uniform rate and the particles 
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Figure &Flow diagram of a typical method of manufacture of 
microcapsules via complex coacervation. Emulsification may be 
carried out with or without gelatin present. The particle size of the 
emulsified oil may be controlled, thus affecting the size of the ulti- 
mate capsule. Adjustment of p H  to 4.5 causes coacervate droplets to 
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Figure 5-Schematic of a counter-rotating, multioriJce apparatus 
for the coating ofparticles. 


are uniformly exposed to the spray. The time and air 
velocity required to coat the particles depend upon: 
(a) the starting surface area of the particles to be coated 
(the smaller the particle, the greater the surface area 
per pound of material to be coated and, therefore, the 
longer the time needed to coat); (b)  the desired thickness 
of the coating; (c) the weight of particles coated per 
batch; and (d)  the rate of flow of the coating liquid. 


Vacuum Metalization-Although not directly ap- 
plicable to pharmaceuticals when using metallic sub- 
stances as the coating material, this process presents a 
very interesting methodology (24, 25). The apparatus 
(Fig. 7) consists of a container in which a vacuum can 
be pulled and which is equipped with a heated metal 
vaporization mechanism, a refrigerated hopper, and an 
inclined refrigerated vibrating tray. The particles to be 
coated are fed onto the tray and, in their cooled state, 
condense the metal vapors emerging from the heated 


PARTICLES BEING 
COATED 


( L u L - a s  
Figure &Schematic ofthe Wurster coating apparatus. 


crucible. The thickness of the coating may be regulated 
by controlling the rate at which the particles descend the 
inclined tray. Other factors which may be controlled to  
regulate wall thickness are the rate of metal vaporization 
and its consequent condensation. 


Many more devices have been reported. However, 
most of the principles have been discussed here. The 
specific mechanisms not mentioned are usually part of, 
or a combination of, several of those discussed. 


PREPARATION OF MICROCAPSULES 


Bungenberg de Jong (26) described many coac- 
ervate systems along with the behavior of coacer- 
vate droplets under a variety of conditions. Al- 
though he did not attempt the technique of micro- 
encapsulation, his descriptions and observations are the 
bases for the current technology of microencapsulation 
uia coacervation. The first practical use of the process 
of coacervation was made by Wagner (3), Green and 
Schleicher (4), and Green (27, 28). Two of the early 
patents (3, 4) indicated that various oils, some of which 
contained dissolved dyes, had been encapsulated in 
gelatin-acacia microcapsules. 


One procedure (4) consisted of dissolving 20 g. of 
acacia in 160 g. of water and emulsifying into this 80 g. 
of trichlorodiphenyl containing 3-6 %, by weight, of 
color reactant materials, Emulsification was continued 
until the oil droplet size was from 2 to 5 p. Next, 20 g. 
of gelatin was dissolved in 160 g. of water and mixed 
with the emulsion. This mixture of colloids and oil was 
then diluted by adding approximately 525 g. of water, 
at which time (the patent states) coacervation occurred 
and the gelatin-acacia complex formed about the oil 
droplets; all ingredients were kept at 50". The mass was 
then cooled by pouring it into a quantity of cold ( O O )  


water. The mixture was agitated and allowed to stand 
for 1 hr. at not more than 25". The pH was adjusted to  
between 7 and 9 with sodium hydroxide, and the 
material was left in this state for at least 30 min. The 
capsules were hardened by adding 20 g. of formaldehyde 
solution USP and mixed at 3" or lower for about 10 
min. Since the ultimate use of this material was for 
the preparation of "carbonless carbon paper,"' the 
capsules were not dried but the water content of the 
mixture was adjusted to suit this application. 


In another patent (5 ) ,  Green and Schleicher, again 
using similar materials, related that encapsulation may 
be brought about by adjusting pH and by controlling 
the degree of hydration of pigskin gelatin through 
salt addition. Using the pH adjustment method, the 
oily material was emulsified into an acacia solution ; 
a solution of pigskin gelatin, with an IEP of pH 8, was 
added to the emulsion. Then, the pH of the mixture 
was brought to 6.5 with a 20% w/w solution of sodium 
hydroxide. Three hundred grams of this mixture was 
diluted with 700 g. of water at 50". The pH of the diluted 
mixture was then lowered to approximately 4.5 with 
diluted acetic acid. It was during this step that the 
coacervate droplets formed and were deposited about 


1 The National Cash Register Co., Dayton, Ohio. 
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the oil droplets. While still at 50", 2.19 g. of formalde- 
hyde solution was added to help fix in place the co- 
acervate droplets. The mixture was cooled to 10" and, 
subsequently, the pH was brought to 9. The cooling and 
pH adjustment further immobilized the formed shell. 


Another method of microencapsulation is given in the 
same patent and describes coacervation by salt ad- 
dition. In this case, the emulsion, containing 100 parts 
of 10 x w/w gelatin and 20 parts of oil but no acacia, is 
treated in a similar manner, except that coacervation 
is induced by slowly adding, with stirring, a strongly 
hydrophilic salt solution. In this instance, 1.51 1. of a 
2 0 x  solution of sodium sulfate was added at 50". The 
mixture was then placed in 37.85 1. of 7 sodium sulfate 
solution at about 20". The material was filtered and 
washed to remove the salt and was later treated with 
formaldehyde solution. 


In later patents, Green and Schleicher (7) and Green 
(8) presented schematic diagrams for the preparation 
of microcapsules by both simple and complex co- 
acervate systems. They also offered further explanation 
of these reactions and included an enumeration of 
other core materials consisting of naturally occurring 
and synthetic oils. A list of anions and cations arranged 
according to  their relative hydrophilic nature was 
given to aid in determining the efficiency of various 
salts which may be used for simple coacervate systems. 


In other patents involving coacervation of phase 
separation, several inventors added to the technology of 
microencapsulation. Materials other than, and in 
addition to, gelatin, albumin, casein, pectin, acacia, etc., 
have been used. Solids as well as oils have been en- 
capsulated, wall materials have been altered, sealing 
coats have been applied, and various combinations of 
natural and synthetic materials have been used as 
coating agents. The following is a sampling of the 
many variations perpetrated to attain microcapsules 
having various "improved" characteristics. An attempt 
will be made, in this section, to discuss patent in- 
formation in a chronological manner, using filing 
dates as a guide. 


Brynko and Scarpelli (16), in their patented process 
of making dual-walled capsules, dissolved two mono- 
mers, dichlorodiphenyl monomer and styrene mono- 
mer, in an internal oil phase. The oil phase was 
emulsified into an aqueous phase containing acacia, 
gelatin, and (to act as the catalyst for the monomers) 
potassium persulfate. The initial pH of the emulsion 
was 6.5 and the temperature was 55" .  The pH was 
subsequently lowered and the temperature brought to 
15". Polymerization of the monomers began with 
the initial mixing of the phases and was substantially 
completed at the interface by the time coacervation 
had been accomplished. To harden the capsule walls, 
formaldehyde solution was added and the pH was 
raised to 10. Agglomeration of capsules was controlled 
by the addition of a maleic anhydride copolymer such 
as the polyvinylmethyl ether-maleic anhydride co- 
polymer. 


Brynko and Scarpelli (29) also reported that dual- 
walled capsules have been formed by causing de- 
position, uiu coacervation, of a lower molecular weight 
copolymer followed by an addition of a higher mo- 


POWDER TO 
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HEATED 
CRUCIBLE 


I I 
Figure 7- Vacuum metalization apparatus for encapsulation. 


lecular weight copolymer. They reported a mixture of 
polyethylene-maleic anhydride copolymer, of approx- 
imate 1000-2000 molecular weight, in an aqueous 
solution containing gelatin and acacia at 35" and at 
pH 9. The material to  be encapsulated was dispersed 
in the mixture and the pH was lowered to 4.8. A wall 
thickness of about 5 p was found when coacervation was 
completed using the prescribed quantities of materials. 
The pH was then raised to about 6.8 to allow for the 
addition of an aqueous medium containing poly- 
ethylene-maleic anhydride copolymer having a molec- 
ular weight of 60,000-70,OOO. At pH 6.8, decoacer- 
vation took place and, consequently, it was important 
that the time during which the mixture was at this pH 
was at a minimum. Upon addition of the higher mo- 
lecular weight copolymer, the pH was lowered to 
approximately 5.  The resultant deposition yielded 
capsules with a total wall thickness of about 100 p.  
When the mixture was cooled to 13", the walls became 
rigid and solid but were still in a reversible state; 
formaldehyde, glutaraldehyde, or a similar crosslinking 
material was used to fix the wall material. 


In another patent (30), fractionated gelatin along 
with acacia was used as the wall-forming material. 
Fractionation was accomplished by heating a solution 
of pigskin gelatin (IEP 8) at pH 7 and treating this with 
ethyl alcohol. Two distinct layers formed, one rising 
to the top and the other sinking. The lower layer was 
collected, dried, and comminuted. The powdered gelatin 
fraction, along with acacia, was dissolved in water, 
and capsules were formed by complex coacervation. 
Discrete capsules were collected and were found to be 
more pervious to  light than capsules formed using 
nonfractionated gelatin. 


Jensen (31) reported a method for encapsulation of 
water-soluble solid materials. The solid material was 
first coated with a liquefied lipid material by one of 
several mechanical methods. The coated solid was then 
encapsulated, using either simple or complex coacer- 
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Table I-Effect of pH on Diffusion Rate of Dye 


Diffusion Rate of Dye, 
pH of Material prior Z dye 


to Spray Drying released/min. 


4.00 
5.00 
6.00 
1 . 2 5  
8.50 


0.125 
0.125 
0.128 
0.180 
0.302 


vation or a partially hydrolyzed maleic anhydride 
copolymer. The solubility of the partially hydrolyzed 
copolymer was found to vary in different hydroalcoholic 
systems; the solubility was also found to decrease with 
the addition of selected salts. For example, completely 
hydrolyzed styrene-maleic anhydride copolymer was 
found to be about 2% soluble in water but at least 
20 % soluble in a 50-50 mixture of methanol and water. 
When the partially hydrolyzed copolymer was used, 
phase separation and consequent encapsulation of 
suspended material were brought about by the addition 
of an appropriate solvent or a salt such as magnesium 
sulfate. The sulfate salt was found to be effective over a 
wide concentration range. An adjustment of pH, either 
up or down depending on the polymer, was necessary 
to reduce the solubility of the wall material, thereby 
ensuring irreversibility. 


Another method for the encapsulation of hydrophilic 
materials that involves precoating was disclosed by 
Heistand et al. (32). In this case, the precoating pro- 
cedure was carried out from nonaqueous systems. For 
example, 50 % hydrolyzed styrene-maleic anhydride 
copolymer was dissolved in a nonaqueous liquid. Into 
this an aqueous solution of the desired core material 
was emulsified. A third liquid, soluble in the organic 
liquid but not a solvent for the polymer, was added to 
induce phase separation and encapsulation of the 
suspended aqueous phase. The precoat was hardened, 
separated, and dried. The resultant precoated material 
was then suspended in an aqueous system from which 
encapsulation was brought about by any of several 
previously mentioned methods. 


In a patent granted to Jensen (33), styrene-maleic 
anhydride copolymers and the hydrolyzed species of 
these copolymers were used as part of the negatively 
charged species to effect encapsulation via complex 
coacervation. It is stated that encapsulation by this 
method produces a shell which is less permeable than 
that obtained using, for example, gelatin and acacia. 
The gelation or cooling step may be eliminated when 
using this combination of materials. 


Another method of preparing less permeable micro- 
capsules was patented by Jensen (34) and involves 
controlling pH during the drying procedure. This 
included a spray-drying process which was used to 
obtain a free-flowing powder form of microcapsules 
and which was carried out at pH values between 4 and 
6. It is stated in the patent that although the reason for 
the decrease in permeability was unknown and un- 
expected, nevertheless there existed an optimum be- 
tween pH 4 and 6. Table I is a presentation of some of 
the data generated for this patent. The data were 


collected from 1 g. of dry product having a gelatin- 
acacia shell and suspended in 250 ml. of chloroform 
and stirred at a constant rate. The rate of diffusion of 
an encapsulated dye was measured spectrophoto- 
metrically using filtered aliquots of the chloroform 
suspension (Table I). 


Jensen and Wagner (35) also were granted a patent 
in which they described the preparation of micro- 
capsules using a partially hydrolyzed styrene-maleic 
acid copolymer. The method for the preparation of the 
acid copolymer was disclosed in this case. 


In a patent entitled “Encapsulation in Natural 
Products” (36), the lipophilic material to be encap- 
sulated was dispersed in a solution of egg albumin and, 
in order to bring about encapsulation, was heated to 
between 70 and 90”. In examples given in this patent, 
other techniques that aid coagulation were cited. 
These included addition of formaldehyde soIution, 
alternations of ratios, variations of temperature and 
time, and use of additional polymers. The inventor 
stated that one advantage of this process was that it was 
particularly suitable for volatile substances since only 
moderately high temperatures were necessary. 


Capsules with a wall material consisting of acacia 
and low viscosity ethylcellulose (ratio not more than 
2 :  1) and gelatin were disclosed in a patent granted to 
Maierson (37). The process of encapsulation follows 
that of Green and Schleicher ( 5 )  and Green (6), dif- 
fering only in the inclusion of ethylcellulose in the 
lipid phase. It was claimed that this modification of the 
process causes ethylcellulose to be deposited at the 
inside of the capsule walls, thereby plugging pores which 
may be present in the walls. Deposition of the ethyl- 
cellulose was said to be brought about by the presence 
of an aqueous phase. The film of ethylcellulose con- 
tinues to deposit during coacervation and acts as host 
for acacia-gelatin droplets. 


A cyclic process (38) for the manufacture of micro- 
capsules that may contain acetylsalicylic acid and which 
employs nonaqueous dispersion media was disclosed 
in a patent issued to Miller and Anderson. Given as 
“Example I” of encapsulation in this patent is the 
following: 


“This example utilizes (a) cyclohexane as the solvent 
vehicle, (b) butyl rubber. . . to maintain the wall 
material solution as a separate phase, (c) aspirin of a 
particle size . . . , and (d) ethylcellulose . . . solution in a 
2 0 x  alcohol/toluene solvent as a wall material. 


“Into a 600 ml. vessel, there are introduced, with 
agitation sufficient to produce liquid entities of ethyl- 
cellulose-cyclohexane solution of several microns aver- 
age drop size at 80”, 200 grams of a 3% by weight, 
solution of the specified butyl rubber in cyclohexane, 
4 grams of the specified ethylcellulose, and 48 grams of 
the specified particulate size acetylsalicylic acid, to 
form a system which is heated to 80”.” (38) 


When the desired dispersion had been reached, the 
system was cooled and the wall began to form at about 
70”. The cooling was carried to room temperature. 
The capsules were removed and the remaining liquid 
reconstituted to its original proportions of starting 
ingredients. The capsules were recovered, in an ap- 
propriate manner, and dried. 
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Anderson et al. (39) also patented a method of 
encapsulation for aspirin using ethylcellulose. In this 
system, the aspirin particles were first wetted with an 
aqueous buffering solution of monobasic potassium 
phosphate previously adjusted to pH 2.3 with phos- 
phoric acid. The aspirin particles were dried and the 
encapsulation procedure begun. 


Ethylcellulose, acetic anhydride, and polyethylene 
were dispersed in cyclohexane at room temperature and 
solubilized by raising the temperature to 80". At this 
point, the buffered aspirin particles were dispersed 
with continued agitation, and the temperature was 
lowered to approximately 25". The capsules thus formed 
were separated from the insoluble polyethylene particles 
by washing through a screen. Polyethylene was used 
in this system as a phase separation inducing material, 
which caused no hydrolysis of aspirin as may have been 
the case with water-soluble materials. 


When the phase separation of a polymer is used as 
the method of coating small particles, difficulties are 
sometimes encountered in recovering discretely coated 
nuclei. To overcome this, Rowe (40) incorporated 
mineral silicates into the system and thus minimized 
adhesion and coalescence of capsules. Generally 
speaking, when phase separation of polymers is to be 
the method of encapsulation, an organic solvent solution 
of the polymer is prepared, the particles to be coated 
are dispersed in it, and an organic nonsolvent for both 
the polymer and particles is added to the dispersion. 
A polymer-rich dispersed phase separates during the 
addition of the nonsolvent ; this phase, while dispersed, 
may migrate to and coat suspended particles. It was 
found that incorporation of the mineral silicate (40) 
(talc was preferred) into the system during the addition 
of the nonsolvent minimized coalescence. 


Another method of preventing capsules from ag- 
gregating during the isolation or drying step was 
patented by Maierson (41). In this method, cationic 
surfactants were added to redispersed capsules prior 
to drying. More than one surfactant was added, in 
varied sequences, to achieve optimum particle dis- 
persion. 


Ranney (42) compiled techniques from the U. S. 
patent literature pertaining to microencapsulated prod- 
ucts. The techniques were abstracted from 81 U. s. 
patents, some of which have been presented here and 
some of which are yet to be discussed. He also included 
numerous flow charts and schematics obtained from 
the literature, 


STUDIES OF MICROENCAPSULATION SYSTEMS 


The most widely known application of microcapsules 
to date is, of course, manifest in the copying material 
produced by The National Cash Register Co. Their 
major product, in this area, is record paper commonly 
known as "carbonless carbon paper." Several methods 
of microencapsulation are utilized to encapsulate 
the system of leuco dyes used in this process. In all 
cases, however, the dyes are dissolved in an oily base 
prior to encapsulation. The formed capsules are coated 
or spread on paper along with a material which will 
cause color formation of the leuco dyes when the 


CAPSULE CHARACTERISTICS 


1. TYPICAL COATING MATERIALS 
GELATIN ETHYLCELLULOSE 


POLYETHYLENE OXIDE SARAN 


STYRENE h4ALElC ANHYDRIDE CELLULOSE ACETATE PHTHALATE 


POLYVINYL ALCOHOL ETHYLENE VINYL ACETATE 


2.AMOUNT OF COATING- FROM I% TO 70% 


3. CAPSULE SIZE - FROM 5 TO 5000MICRONS 


4. CAPSULE STRUCTURE 


AGGREGATE OR PARTICULATE STRUCTURES 


5. COATING MODIFICATION 
SOLUBILITY - CROSSLINKING PLASTICIZATION 


COLORING PIGMENTATION 


SURFACE TREATMENTS MULTIPLE COATING 


6. PHYSICAL FORM 
POWDERS COATINGS 


SUSPENSIONS BRIQUETTES 


Figure 8-Some capsule characteristics. (Courtesy of The National 
Cash Register Co.) 


capsules are ruptured and contact between reactants is 
possible. This is not only the major application but, 
as mentioned earlier, is the first to  become widely used 
in a commercial product. As noted, the technology has 
been widely patented and there has been a rapid 
diversification of application. Materials ranging from 
volatile oils to solids and semisoIids are now being 
encapsulated. The materials used as encapsulating 
agents are just as varied, ranging from the gelatin- 
acacia complexes to ethylcellulose, hexamethylene- 
diamine, and combinations of two or more of these or 
similar materials. In spite of the wealth of technology, 
and with one or two exceptions, microcapsules and the 
microencapsulation processes remain a curiosity. Figure 
8 illustrates some of the characteristics of microcapsules. 
Numerous potential applications have been advanced in 
various patents and elsewhere (1, 43, 44) and have 
served to stimulate exploration of the area. 


The discussion to  this point has primarily involved 
the patent literature. As such, it was descriptive in areas 
of technology but lacked depth of detail due to the 
nature of the literature covered. Several definitive 
treatments of restricted areas of microencapsulation 
have appeared in the literature. The object of an im- 
portant, continuing, in-depth study (45-52) has been 
to encapsulate enzymes in semipermeable micro- 
capsules for use in enzyme-replacement therapy. Thus 
far, these investigators have reported several successes 
using both shunt systems and, in certain cases, inter- 
peritoneal injection. They have encapsulated catalase, 
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Table n-Effect of Acid Value of Encapsulated Oil on 
Permeability of Microcapsule Wall. 


Oil Extracted 
Acid in Acid Value Oil Extracted as Total Weight 
Oil, z of Oil in 60 hlin., ml. of Sample, 


0 0 0.012 1.02 
1 2.15 0.012 1.02 
2 4.22 0.061 5.18 
3 6.08 0.091 7.70 
4 8.24 0.248 21.08 
5 10.47 0.320 27.20 


a Reprinted, 
J .  Pharm. Sci., 


with permission, from 
53, 431(1964). 


L. A. , Luzzi and R. J. Gerraughty, 


urease, and erythrocyte hemolysates as well as detoxi- 
cants useful in conjunction with the experimental 
enzyme therapy. 


Various encapsulation methods have been used by 
these investigators in attempts to achieve workable 
systems. Microcapsules have been prepared with walls 
of nylon, collodion, and heparin-complexed collodion. 
The nylon microcapsules are of special interest, since 
neither the methods by which they may be prepared 
nor the products themselves have, as yet, been discussed 
in this presentation. The nylon monomer, 1,6-hex- 
anediamine, was dissolved in water along with a 
solution of the material to be encapsulated. This was 
emulsified into a mixture of chloroform and cyclohexane 
until the desired particle size was reached. At this point, 
a suitable polymerizing agent, such as sebacyl chloride, 
which had been dissolved in some of the external phase 
of the emulsion, was added. As there was migration of 
the nylon monomer across the interface, and since a 
polymerizing agent was present in the external phase, 
polymerization of the nylon took place in the immediate 
vicinity of the aqueous droplet. Improved capsules, in 
the sense that they existed individually by virtue of 
strong negative charges, were achieved when 4,4‘- 
diamino-2,2’-diphenyldisulfonic acid was substituted 
for 50 


Luzzi et al. (53) modified this technique to produce a 
sustained-release pharmaceutical dosage form. In this 
work, nylon was used to encapsulate a barbiturate. 
Particle-size range of the resultant free-flowing powder 
was noted, and kinetic data were given for the release 
of medication from tablets formulated in different 
manners. 


of the nylon monomer. 


Table III-Effect of Final pH on Permeability of Capsule Walls 
when a Solid Barbiturate Has Been Encapsulated uia 
Complex Coacervationa 


After 0.5 After 1 After 2 
Total in 
Gastric 


Hr. in Hr. in Hr. in and 
Final Gastric Intestinal Intestinal Intestinal 
PH Fluidb Fluid Fluid Fluids 


6.5 27.0 14.7 23.5 50.5 
7 . 0  23.7 28.4 29.3 53.0 
7 . 5  29.4 13.1 22.4 51.8 
8 . 0  28.6 17.7 27.2 55.8 
8.8 36.7 33.7 36.0 72.7 


~ 


a Reprinted, with permission, from L. A. Luzzi and R. J. Gerraughty, 
J.  Pharm. Sci., 56, 634(1967). b All values expressed as percent of encap- 
sulated phase. 


In other work by Luzzi and Gerraughty (54), some 
selected oils used in pharmacy were encapsulated 
and evaluated for their effect on capsule permeability 
(Table 11). The capsules were prepared by complex 
coacervation, using gelatin and acacia, and contained 
oils with a variety of acid and saponification values 
and surfactant properties. In additional publications 
by the same authors (55, 56),  a similar encapsulating 
system, modified for the encapsulation of solids, was 
evaluated. Manufacturing variables such as starting 
pH, starting temperature, ratio of encapsulated material 
to wall material, quantity of denaturant, and final pH 
(Table 111) were examined to determine the effect on 
capsule formation. Techniques of altering and con- 
trolling the release of drugs from microcapsules were 
also studied. 


Phares and Sperandio (57) used a simple coacervate 
encapsulating system to investigate the possibility of 
coating pharmaceuticals. They investigated the en- 
capsulation of five solids and two liquids, with emphasis 
on regulation of coating thickness and on controlling 
the volume of coacervate. These authors (58) also 
investigated the preparation of phase diagrams for 
coacervate systems, using parameters of physical 
measurement rather than chemcial analysis methods 
which had previously been used. 


Very basic work has been and is being carried out in 
the area of phase separation by Veis and coworkers 
(59-63). Although microencapsulation was not cited 
as the objective in these references, the information 
presented is important for an understanding of the 
area. These authors have explored phase separation 
in complex and simple coacervate systems, both with 
and without fractionated gelatin. In some cases, 
mathematical models were prepared; in others, the 
degree of separation of polymeric material was ex- 
amined. 


ADDITIONAL PRESENT AND FUTURE APPLICATIONS 


Although wide ranging applications have been found 
for microcapsules, their potential use in pharmaceuticals 
has not yet been realized. The following brief overview 
of a few current and projected applications may suffice 
to stimulate further the reader’s imagination. 


The first application was, as mentioned, the prep- 
aration of “carbonless carbon paper.” Many other 
uses for these capsules have since followed. The en- 
capsulation of magnetizable materials was disclosed 
by Schleicher and Boughman (64). The encapsulated 
material may be permanently magnetized or may be 
magnetized by magnetic fields applied to the capsules. 
When the encapsulated and magnetizable materials are 
light-opaque platelets, light transmission through the 
area covered by these capsules may be controlled by 
the direction of the magnetic field. This type of ap- 
plication has potential in fields such as computerology, 
printing, data processing, copying, and light shuttering 
(Fig. 9). 


Another application for microcapsules may be found 
when it is desired to apply a thin film of a volatile or 
partially volatile mixture on surfaces. One such ap- 
plication (65, 66) involves the encapsulation of ad- 
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Figure 9-Schematic of encapsulated magnetic pigments in different 
magnetic fields. 


hesives and subsequent distribution of the encapsulated 
adhesive on a surface. In the encapsulated form, the 
adhesive is nontacky and remains so until the capsules 
are ruptured. Various adhesive systems have been 
advanced and include heat reactivatable, resin-catalyst, 
solvent reactivatable, and totally encapsulated systems. 


Another application (67) using films of microcapsules 
involves absorbent material which may be used for 
cleaning and wiping. In this case, the pressure applied 
during use releases an encapsulated soil-removing 
liquid. Similar products are becoming increasingly 
popular in the advertising media for fragrances and 
foods. 


Other microencapsulated products, such as aspirin, 
have been marketed, and the potential for products 
seems to be unlimited. This is due to the variety of 
techniques that exists for encapsulating particles as a 
means of packaging, separating, and/or storing ma- 
terials on a microscopic level for later release under 
controlled conditions. Pharmaceutical applications such 
as taste-masking of bitter drugs, formulation of pro- 
longed-action medicinals, separation of incompatible 
materials, protection of moisture- and light-sensitive 
drugs, and formulations for enzyme-replacement ther- 
apy are areas currently receiving considerable attention. 


Other areas, allied to  pharmaceuticals, which are 
being investigated include agricultural chemicals and 
foods. In agriculture, microcapsules of insecticides, 
fungicides, and various microorganisms, for example, 
have been made in attempts to increase the longevity of 
action of the encapsulated material. 


The food industry is using microcapsules as con- 
tainers for maintaining the quality of fats, oils, and 
flavors. The encapsulated materials are released during 
the preparation of the meal or during ingestion. 


Perhaps the most imaginative area for the application 
of encapsulated materials is in aerospace studies. 
Cosmic dosimeters utilizing encapsulated live bacteria 
are already in use. Measurement of survival of bacteria 
during a space trip can indicate how much cosmic 
radiation was encountered. Another possibility in the 
area of space travel may be in the construction of 
urethan-type shelters. This application depends on 
the encapsulation of a polymer which foams when the 
capsules are broken. This and other applications may 
be found in many of the references cited to this point; 
however, no attempt has been made to exhaust this 
type of reference. References 68-8 1 have been included 


in the list so that the interested reader may pursue the 
topic further. 
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Thermodynamic Analysis of Structure-Activity Relationships 
of Drugs: Prediction of Optimal Structure 


TAKERU HIGUCHI and STANLEY S. DAVIS* 


Abstract 0 A new quantitative and comprehensive approach re- 
lating structures of congeneric drugs to their relative biological ac- 
tivities is presented. The analysis is derived on the basis that struc- 
ture-activity relationships represent a family, a different situation 
applying to each phenomenon such as drug absorption, drug trans- 
port, drug transformation, and drug excretion. The present treat- 
ment considers the relationship under equilibrium or quasiequilib- 
rium conditions, thus permitting rigorous thermodynamic treat- 
ment. On the basis of the effect of structural changes on the dis- 
tributive tendencies of the drug in various body tissues, including the 
receptor site, relationships have been derived which are surprisingly 
in good agreement with available experimental data. The approach 
suggests a rational way to predict the degree of lipophilicity which 
would result in maximal activity. 


Keyphrases 0 Structure-activity relationships, drugs-optimal 
structure prediction 0 Thermodynamic analysis-structureac- 
tivity relationships 0 Equilibrium conditions, model compart- 
ments-thermodynamic activity, drugs 0 Energy change- 
aqueous-lipid partitioning 


Persistent efforts have been made over many decades 
to bring some satisfactory order to the correlation of 
the relative activities of drugs with their molecular 


structure. The last few years have seen a great upsurge 
in interest in this direction. In this publication, the 
authors: (a) review many of the earlier hypotheses and 
theories dealing with structure-activity relationships, 
and (b)  present a new formulation of the problem based 
on thermodynamics. 


The proposed approach, which will be treated in 
depth later in this paper, assumes that any observed 
biological activity in the animal or any test system 
usually involves one or more time-independent situa- 
tions and a large number of time-dependent processes 
such as drug absorption, drug transport, drug trans- 
formation, and drug excretion. Since structural altera- 
tions affect each of these differently, it would appear 
highly unlikely that any single relationship can account 
for the observed situation. The present treatment has 
been largely limited to analysis of the effects of struc- 
tural changes on the time-invariant activity of drugs. 


As a general approximation, overall interaction of a 
drug n~olecule with its receptor site appears to be 
resolvable into two parts. The first is highly specific in 
nature and is presumably responsible for the “lock and 
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Salt Effects in Aqueous Solutions of Urea 


RICHARD E. LINDSTROM and ALEXANDER R. GIAQUINTO 


Abstract It is suggested, when working with drug-urea-water 
systems, that more than passing consideration be given to the effect 
or effects produced by addition of a fourth component, as, for 
example, when an acid is used to adjust pH. Data are cited which 
indicate that these effects are measurable and often predictable. 
Solubility data for methyl salicylate and methyl benzoate are given 
as functions of varying acid, salt, and urea concentrations. These 
data represent the equilibrium solubilities of the esters in the various 
systems at 30”. The solubilities were obtained by sampling and sub- 
sequent determination of the ester concentration using UV spectro- 
photometry. A mathematical model was derived which permits a 
quantitative evaluation of salt effects in urea solutions. The theoret- 
ical calculations, based on this model, were found to be in good 
agreement with the experimental values observed for neutral and 
pH 1 solutions of methyl salicylate and methyl benzoate in urea. 
Extension of these findings to an eailier investigation indicates that 
significant error in interpretation of solubility in urea may result if 
these salt effects are disregarded. 


Keyphrases 0 Urea aqueous solutions-salt effects 0 Methyl 
salicylate and benzoate solubility-urea-water mixture 0 Elec- 
trolyte, HC1 concentration effects-methyl salicylate and benzoate 
solubility UV spectrophotometry-analysis 


The introduction of a fourth component into a urea- 
drug-water system will produce changes in both the 
physical and chemical properties of the system. Under- 
standably, the inclination is to  disregard or minimize 
the resultant effects, especially when the rationale of the 
investigation appears to be unaltered by doing so. 
However, it is imperative that some quantitative esti- 
mate be obtained before following this premise, since 
the magnitude of these effects may be large enough to 
require reassessment of the object of the experiment. 


Work on systems involving urea-water mixtures are 
particularly prone to questionable assumptions. For 
example, during their study of the solubility of salicylic 
acid in urea solutions, various authors (1-3) sought to 
preclude ionization of the salicylic acid by making the 


solutions pH 1 with strong acid. In two instances, the 
workers made the solutions 0.1 N in H+. Taking note of 
observed irregularities in this matter, however, Feld- 
man and Gibaldi (1) were careful to adjust the pH of 
each solution to 1. These two different procedures 
result in systems that are not equivalent, a fact that may 
have been responsible for the differences in observations 
and conclusions. The strong acid which was added in 
these studies is certain to  exhibit a characteristic in- 
fluence on the solubility of any additional solutes. 
Whether this influence is significant and measurable in 
multicomponent mixtures of urea, water, drug, and 
salt is typical of the problem which should concern the 
investigator. 


Wetlaufer et al. (4) demonstrated that salt effects do 
exist in urea solutions. These workers found that the 
solubility of skatole in aqueous urea-sodium chloride 
solutions was measurably less than in solutions of the 
same urea concentration but containing no sodium 
chloride. Additionally, it was estimated that this 
“salting out” approximated that observed when the 
solubility of skatole in water and in water-sodium 
chloride solution was compared. Thus, it would seem 
that the salt effects are not only measurable but also 
are relatively independent of the urea concentration. 
In that event, one is in a favorable position to quantify 
similar effects in urea solutions in general. 


THEORETICAL CONSIDERATIONS 


The phenomena of “salting in” and “salting out” have been 
described empirically by the Setschenow equation (5 ) :  


logSo/S = KC 0%. 1) 


where So and S are the molar solubilities of a nonelectrolyte in pure 
water and in a solution containing C moles/l. of electrolyte, re- 
spectively. The symbol, K ,  is an empirical salt parameter, which is 
characteristic of both the electrolyte and nonelectrolyte species. 
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For the case of low nonelectrolyte concentration, it can be assumed 
that the interactions between the molecules of nonelectrolyte are 
minimal and may be disregarded (6). Equation 1 then becomes 


log S"/S = kC (Eq. 2) 


where k is a salt parameter of considerably less complexity than K .  
Because of the relatively low solubilities of the drugs involved in the 
present study, as well as the availability of pertinent salt parameters 
in this form, it is convenient to use k rather than K .  Mention is made 
of the more complex term, K ,  to emphasize the need for consider- 
ation of an alternative when the solubility of the drug or nonelec- 
trolyte is proportionately greater. 


The salt parameter, k, is often referred to as the "salting-out" 
constant. This may be misleading since the inference is that all 
electrolytes reduce the solubility of nonelectrolyte or drug species. 
Such is not the case. Referring to Eq. 2, it is seen that k is a salting- 
out constant if positive, but it becomes a salting-in constant if 
negative. Long and McDevit (6) compiled data which show that 
the magnitude and algebraic sign of k are determined by the nature 
of the electrolyte and nonelectrolyte. For solutions of benzoic acid, 
the salt constant is positive when the electrolyte is composed of 
small ions, and it becomes increasingly negative as the size of the 
ions increases. For example, in sodium chloride, k = f0.18; while 
in  tetraethylammonium iodide, k = - 0.63. On replacing benzoic 
acid with salicylic acid, the same constants decrease by approxi- 
mately 0.01. 


At this point it is apparent that the solubility of a sparingly 
soluble drug varies in a regular fashion with the concentration of 
added electrolyte. Furthermore, the magnitude of the solubility 
of the drug in electrolyte solution relative to that in pure water is 
indicative of the nature of the electrolyte. One might now ask 
whether a similar rationalization is possible when the solvent is a 
urea-water mixture. In this regard, findings of Wetlaufer et al. (4) 
hold some promise. On substitution into Eq. 2, their data yield a 
value of k = 0.13 for the solubility of skatole in pure water relative 
to that in a 0.15 M NaCl solution. This compares favorably with 
k = 0.18, obtained for the solubility of skatole in a 7 M urea solu- 
tion relative to that in a solution of the same urea concentration 
but 0.15 M in sodium chloride as well. These results suggest that 
the solubilizing of the urea and the salting out of the sodium chlo- 
ride may be additive effects. 


PRESENT INVESTIGATION 


An extension of these findings was undertaken in the present 
investigation. The solubility of methyl salicylate and of methyl 
benzoate was studied as a function of varying urea and hydro- 
chloric acid concentrations in an attempt to identify and estimate 
the effect of added electrolyte on the solubility of these esters in 
urea-water mixtures. The work presupposes the establishment of 
two criteria upon which subsequent interpretations are dependent. 
First, the salt parameter, k,  is a characteristic of a particular elec- 
trolyte, at least in the case where the solutes are electrolytes of 
similar structure. Second, the salt parameter is relatively indepen- 
dent of the urea concentration. 


EXPERIMENTAL 


The solubilities of methyl salicylate and methyl benzoate were 
studied as a function of urea concentration in both neutral solutions 
and solutions adjusted to pH 1. In addition, the solubility of methyl 
salicylate was studied as a function of urea concentration in solu- 
tions containing sodium chloride. The experimental uncertainty 
was estimated to be 1 %. 


Materials-Urea, reagent grade; methyl salicylate, Eastman 
grade;2 methyl benzoate, reagent grade;3 hydrochloric acid, Baker 
analyzed reagent ;1 sodium chloride, reagent grade; and methanol, 
absolute,' were used without further purification in this investigation. 


Method-The neutral urea solutions, ranging in concentration 
from 0 to 5 M ,  were prepared in 25-ml. volumetric flasks by dis- 
solving the appropriate amount of urea in distilled, deionized water 


1 Baker Chemical Co., Phillipsburg, N. J. 
* Eastman Organic Chemicals, Rochester, N. Y. 
3 Fisher Scientific Co., Pittsburgh, Pa. 


1626 Journal of Pharmaceutical Sciences 


and diluting to volume. The acidic urea solutions, also ranging in 
concentiation from 0 to 5 M ,  required additional precautions. The 
desired amount of urea was placed in a 25-ml. beaker and dissolved 
in a minimum of water. Then, by using a Corning model 10 pH 
meter, the solution was adjusted to pH 1 with concentrated hydro- 
chloric acid. Enough water and acid were added to bring the volume 
of the solution to approximately 22-23 ml. The solution was trans- 
ferred to a 25-ml. volumetric flask, where the volume of the soh- 
tion was adjusted to the mark using 1-ml. portions of a 0.1 N 
hydrochloric acid solution, each of which had previously been used 
to rinse the original beaker. A final check of the resulting solvent 
system showed no measurable change from pH 1. All urea solutions 
were prepared on the day of their use. 


Each 25-ml. sample of urea solution was transferred to a 50-ml. 
glass-stoppered flask. One milliliter of the methyl ester was intro- 
duced using a pipet. This quantity assured ample excess. The flask 
and contents were then placed in a shaker bath, thermostated at 
30 f 0.2", and allowed to equilibrate for 24 hr. 


After the equilibration period, three 1-ml. samples of the clear 
supernatant were withdrawn from each flask by pipet. The pipets 
were equipped with a simple, cotton prefilter to exclude extraneous 
material and were preheated to ensure the continuous solubility of 
the ester within the sample. The samples were subsequently diluted 
to an appropriate volume, using a 1 : 10 water-methanol solvent 
mixture. The absorbance at 306 rnp for methyl salicylate or at 272 
mp for methyl benzoate was obtained with a Beckman DB-G 
spectrophotometer. The ester concentration was then obtained from 
a Beer's law plot. It had previously been determined that neither 
the acid nor the urea offered interference with the spectral measure- 
ments. 


The work involving sodium chloride was handled in the same 
manner. Again, it was found that the salt offered no spectral inter- 
ference. 


pH of Urea-Water-HCI Mixtures-A 50-ml. sample of 8.0 A4 
urea was transferred, by pipet, to a 100-ml. beaker which had been 
suspended in a bath thermostated at 30.0". Electrodes from a Corn- 
ing model 10 pH meter were then positioned so that contact was 
made with the urea solution in the beaker. Constant boiling hydro- 
chloric acid, 20.248% by weight, was introduced in a stepwise 
fashion from a 50-ml. buret. The quantities of acid required for the 
mixture to reach pH values of 3.0, 2.5, 2.0, 1.5, and 1.0 were re- 


2 4 6 a 10 
UREA, rnoles/l. 


Figure I-pH of aqueous solutions containing both urea and hydro- 
chloric acid. 







Table I-Solubility of Methyl Salicylate in 1.5 M Sodium Chloride 
Solutions of Varying Urea Concentration at 30" 


Table 11-Solubility of Methyl Salicylate and Methyl 
Benzoate in Solutions of Urea at 30" 


Urea Concentration, 
M Solubility, mg./ml. Salt Parameter, k 


-Molar Concentration of Urea- 
Ester 0 1 2 3 4 5  


0 
3 
4 
5 


0.46 
0.90 
1.06 
1.29 


0.20 
0.18 
0.18 
0.16 


corded. The molar concentration of urea and of HCl at each of 
these pH values was calculated by assuming ideal additivity of the 
volumes of mixture and added titrant. The entire procedure was 
repeated for 1.0,4.0, and 6.0 M urea solutions. 


RESULTS AND DISCUSSION 


This work may be viewed as the result of three successive deter- 
minations, each of which was dependent upon the preceding. In- 
itially, it was necessary to establish the fact that a characteristic 
salt effect was identifiable and would yield quantitative results in 
solutions of varying urea concentration. The solubility of methyl 
salicylate in solutions of urea and sodium chloride was studied for 
this purpose. A parameter was then derived that represented the 
salt effects influencing the solubility of methyl salicylate in solutions 
of urea and hydrochloric acid. Finally, predictions based on the 
proposed model were compared with the experimental values ob- 
served for the solubility of methyl benzoate, also in solutions of 
urea and hydrochloric acid. 


Methyl Salicylate-Urea-Sodium Chlorid-The existence of 
measurable and predictable salt effects was verified by determining 
the solubility of methyl salicylate in solutions that were 1.5 M in 
sodium chloride but which contained varying concentrations of 
urea. This high concentration of sodium chloride represents an 
upper limit of the ionic strength in the hydrochloric acid-urea 
solutions shown in Fig. 1. At the same time, it provides data which 
may serve as an indication of the limit to which meaningful quantita- 
tive relationships may be extended. 


Table I gives the observed solubility of methyl salicylate in 
aqueous systems of the indicated composition, as well as the salt 
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Figure 2-Solubility of methyl salicylate in solutions of urea. Key: 
0, experimental points determined in neutral media; 0, experimental 
points determined at p H  1; ---,plot of Eq. 5 ;  and - - -,plot of Eq. 6. 


~~ 


Ester Solubility, mg./ml. 
Methyl salicylate 


(neutral ,media) 0.95 1.15 1.39 1.69 1.95 2.23 
Methylsalicylate(pH 1) 0.88 1.16 1.48 1.79 2.13 2.60 
Methyl benzoate 


(neutral media) 2.42 2.90 3.34 3.75 4.30 4.88 
Methyl benzoate(pH 1) 2.16 2.68 3.20 3.90 4.62 5.42 


parameters for sodium chloride in each system. The latter were 
calculated according to Eq. 2 by comparing the solubilities of the 
ester in solutions of like urea concentration. 


Thus, for example, 


solubility of drug in 5 M urea 
= kC (Eq. 3) log solubility of drug in 5 M urea + 1.5 M NaCl 


where the denominator of the log term is the solubility of methyl 
salicylate in the urea-salt solutions as given in Table 1. The numera- 
tor is the solubility of methyl salicylate in solutions of urea alone 
and may be found in Table 11. The salt concentration, C, is 1.5 in 
all cases. 


The results shown in Table I establish the criteria necessary for 
continued effort on the overall problem. The salt parameter for 
sodium chloride in these solutions agrees well with the value cited 
earlier (6) with regard to the effect of this salt on the aqueous solu- 
bility of salicylic acid. In view of the high concentration of salt 
used in the present work, the agreement is excellent. Additionally, 
the parameter is in fair agreement with the value calculated in 
connection with the solubility of skatole (1). This is as expected, 
since skatole bears some structural resemblance to methyl salicy- 
late. Furthermore, the salt parameter appears to be only slightly 
dependent on the urea concentration. Presumably, even this small 
dependence will vanish at lower salt concentrations, where the 
change in sodium chloride activity with urea concentration d e  
creases (7). 


From the foregoing, it must be concluded that the solubility of a 
drug in urea-water systems containing electrolyte relative to that in 
electrolyte-free solutions may be approximated in a quantitative 
fashion. This, in turn, assumes prior knowledge of the sign and 
magnitude of the salt parameter and a realization that the predic- 
tions are less valid at high salt and high urea concentrations. The 
effects under consideration are not those by which urea-solute or 
urea-solvent interactions alter drug solubility, but are simply those 
which are presumed to result from the presence of electrolyte 
species. 


Methyl Salicylate-Urea-Hydrochloric Acid-In contrast to the 
work already discussed, the solubility of methyl salicylate in urea 
solutions at pH 1 presents an interesting complication. Unlike the 
obviously consistent and predictable effect produced by adding 
sodium chloride, Fig. 2 suggests the salt effect of hydrochloric acid 
is strongly dependent on the urea concentration. In the absence of 
urea, hydrochloric acid salts out the ester. Then, as the urea con- 
centration is increased, a salting in appears, which offsets the initial 
effect and soon predominates. As seen from Fig. 1, the concentra- 
tion of hydrochloric acid is increasing along with that of the urea. 
This suggests the possiblity of a relationship between the increasing 
salt effect and the increasing acid concentration. However, a direct 
correlation seems impractical since hydrochloric acid characteristi- 
cally salts out benzoic acid derivatives (6), and the addition of more 
acid should further decrease the solubility of the methyl salicylate. 
The answer to this paradox rests with observations that these solu- 
tions may contain another species in addition to the obvious com- 
ponents. 


Consider, first, the fact that the solubility of methyl salicylate 
increases with additional acid and urea. In terms of the earlier dis- 
cussion, this phenomenon results when the ions of the added elec- 
trolyte are large. Although one might regard the hydronium ion 
and its associated waters of hydration as being large, an explanation 
of the enhanced solubility on the basis of additional hydrochloric 
acid is out of the question. The results of this investigation, as well 
as those cited from other workers, have shown that this acid de- 
finitely salts out the ester. 
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Figure ?-Solubility ofmethyl salicylate in solutions of ureu adjusted 
so us to exclude the salting out ofthe hydrochloric acid. Key: -, 
plot of Eq. 5: and - - -, plot of Eq. 7. 


Second, the activity of the hydrochloric acid is drastically re- 
duced in urea solutions, as implied from Fig. 1. Of the explanations 
for this particular phenomenon, the formation of some proton-urea 
complex seems the more feasible at the present time. Thus, Bull et 
al. (8) studied the conductance of hydrochloric acid in aqueous solu- 
tions of urea. Their findings suggest the existence of an electrolyte 
species that is considerably less mobile, and presumably bulkier, 
than the proton. This view has been supported by spectral (9) 
and dilatometric (10) evidence, as well. In essence, these workers 
have described an electrolyte species which is capable of salting in. 


By assuming this interaction to be a fact, it becomes possible to 
rationalize the conditions that account for the observed ester solu- 


7- 0 
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Figure &Solubility of methyl benzoate in solutions of urea contain- 
ing the hydrochloric acid-urea complex. Key: 0, oalues calculated 
according to Eq. 2; and-, plot of Eq. 11. 


bilities in acid media. For example, consider an aqueous solution 
saturated with respect to methyl salicylate at pH 1.  The concentra- 
tion of ester in this solution is approximately 0.05 mg./nil. less than 
it would be in neutral media because of the salting out caused by 
the nearly 0.1 M concentration of hydrochloric acid. If this solu- 
tion is made 5 M in urea, Fig. 1 shows that the hydrochloric acid 
concentration must be increased to 0.90 M to maintain the pH at  1. 
At the same time, the concentration of methyl salicylate increases 
to 2.60 mg./ml. Since the pH is 1, the activity of the hydrochloric 
acid must, likewise, remain at  0.1 M, as in the original solution. 
As a result, the new solution is 0.8 M in a species which is not 
contributing to the acidityper se. This is the quantity of hydrochloric 
acid that has interacted with the urea to form the larger, salting-in 
species. In that event, the concentration of unreacted or pure urea 
has decreased to 4.2 M .  Thus, the final solution may be described as 
being 0.1 M in acid, 4.2 M in urea, and 0.8 M in the complex and 
containing 2.60 mg./ml. of methyl salicylate. 


The use of the term “complex” to define the acid--urea interaction 
product does not necessarily imply that the authors advocate com- 
plex formation in the customary sense. The exact nature of the 
interaction is uncertain and open to conjecture. Use of the term is 
simply an expediency, which will be employed throughout the re- 
mainder of this report. Additionally, it appears that the authors 
have tacitly assumed a relatively simple relationship between the 
observed pH values and the corresponding concentrations of the 
electrolytes in each solution. Unfortunately, such a relationship is 
inaccurate. However, since the final conclusion is unaffected by 
this assumption, it was decided to utilize this approach to simplify 
the discussion. 


Salt Parameter for the Complex-A straightforward calculation 
of a salt parameter for the complex was precluded by the presence 
of a second salt, namely, the “unreacted” hydrochloric acid. This 
situation is simplified considerably if the data are adjusted so as to 
exclude the salting-out effect of the hydrochloric acid. An attempt 
was made to quantify this effect, using the data of both the methyl 
salicylate and methyl benzoate solubilities at pH 1. The adjust- 
ments proved to be unduly complicated; in view of the associated 
experimental uncertainties, the attempt was abandoned in favor of 
a more direct but approximate procedure. Since the activity of the 
acid is presumed to be constant by virtue of maintaining the pH at 
1 ,  and in view of the findings with regard to the initial study on the 
salt effects at constant sodium chloride concentration, it was as- 
sumed that the salting-out effect of the hydrochloric acid was the 
same over the entire range of urea concentrations studied. Thus, in 
equation form, the assumption was 


log Sols* = constant (Eq. 4) 


where So is the solubility of ester in neutral media; and S* is the 
solubility of ester in a hypothetical solution containing water, urea, 
and the acidic form of the hydrochloric acid only. The error in- 
troduced is minimized by the fact that the salting-out effect is, in 
addition, relatively small. Using a parameter of 0.1 (4), the constant 
in Eq. 4 becomes 0.01. This particular value is not derivable from 
the present data, but it does reflect the magnitude of the effect. 


The actual adjustment is illustrated in Fig. 3. The dashed curve 
in Fig. 2, which represents the solubilities of methyl salicylate at 
pH 1, has been shifted upward so that its intercept now corresponds 
with that of the solid curve, representing the solubilities in neutral 
media. In effect, this cancels the salting out of the “acidic” hydro- 
chloric acid. 


The use of empirical equations presents a more quantitative view 
of the procedure. Equations 5 and 6 are the result of a least-squares 
treatment of the data in Table I1 and represent the solubilitieslof 
methyl salicylate, S, as functions of urea concentration, U, in 
neutral media and at pH 1, respectively. 


S = 0.94 + 0,211 U + 0.010 U2 


S = 0.89 + 0.247 U + 0.018 U2 
(Eq. 5 )  


(Eq. 6) 
If the curve is shifted upward, Eq. 6 becomes 


S = 0.94 + 0.247 U + 0.018 U2 (Eq. 7)  


and, to a good approximation, represents the solubility of methyl 
salicylate in urea solutions that contain the acid-urea complex 
only. 
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The salt parameter for the complex may be determined by using 
the appropriate values obtained from Eqs. 5 and 7 and Fig. 1. The 
variables used in Eq. 2 are defined as: S = the solubility of methyl 
salicylate in a solution containing U moles/l. of urea and C moles/l. 
of the complex; C = the molar concentration of the complex, 
found by subtracting 0.1 M from the concentration of hydrochloric 
acid in a U M urea solution at pH 1; and So = the solubility of 
methyl salicylate in neutral media containing U‘ mole@ of un- 
reacted urea, where U’ = ( U  - C). 


As an example, consider the solubility of methyl salicylate in 5 
M urea at pH 1. It was shown earlier that this solution, while 5 M 
in total urea, is only 4.20 M in unreacted urea. Substitution of the 
latter value in Eq. 5 gives So = 2.01 mg./ml. Using 5 Min  Eq. 7, one 
finds S = 2.63 mg./ml. Since the solution is presumably 0.80 M in 
the complex, Eq. 2 becomes 


log 2.01/2.63 = 0.80 k (Eq. 8) 


A similar treatment also was applied to solutions 1, 2, 3, and 4 M 
in urea. The pertinent data are listed in Table 111. Subsequently, a 
value of k = -0.160 was determined from the slope of a log SO/S 
versus C plot. 


Methyl Benzoate-Urea-Hydrochloric Acid-The basic premise 
of this paper may now be tested by using the salt parameter for the 
complex to predict analagous effects on the solubility of other non- 
electrolyte solutes. The methyl benzoate solubility data, given in 
Table 11, were used for this purpose. In neutral media and at pH 1, 
respectively, these data may be represented as 


S = 2.52 + 0.295 U + 0.038 U 2  


S = 2.16 + 0.457 U + 0.039 Ua 


(Eq. 9) 


(Eq. 10) 


On shifting the intercept, as is done with the data on methyl sali- 
cylate to exclude the salting out of the acidic hydrochloric acid, 
Eq. 10 becomes 


S = 2.52 + 0.457 U + 0.039 Ua (Eq. 11) 


If the proposed method is correct, it should be possible to cal- 
culate solubility data at pH l ,  given data in neutral media 
and the necessary parameters for Eq. 2. In a like manner, the data in 
neutral media may be determined from those at pH 1. As an ex- 
ample, assume that the solubilities of methyl benzoate in neutral 
urea solutions are known and that the data at pH 1 are desired. 
The procedure is to (a) calculate the product k C, using the value 
k = -0.160 and the appropriate C; (b) determine So, using the 
corresponding U’ and Eq. 9; and (c)  calculate S, using Eq. 2. For 
purposes of illustration, it is convenient to use the values for C 
and U’ given in Table 111. Thus, at U’ = 4.20, So is found to be4.43 
mg./ml. and C is 0.80. On substitution, Eq. 2 becomes 


log 4.43/S = (-0.160) (0.80) (Eq. 12) 


from which the solubility of methyl benzoate in a 5 M urea solution 
at pH 1, S, is calculated to be 5.95 mg./ml. Five such values were 
derived and are indicated by circles in Fig. 4. For comparison, the 
figure includes a curve representing Eq. 11. The agreement is excel- 
lent and attests to the validity of the proposed concepts. 


An interesting situation becomes evident when these findings 
are extended to an earlier investigation reported by Feldman and 
Gibaldi ( I ) .  These workers determined the thermodynamic changes 
associated with the solution of salicylic and benzoic acids in urea 
solutions at pH 1. Their results are based on a direct application of 
solubility data, without regard for the salting-in effects suggested 
in the present study. As such, the calculated free energy changes are 
probably too high, and actually represent a composite of the salting- 
in and urea-water effects. By way of comparison, the parameters 
previously outlined indicate that the free energy values derived by 
Feldman and Gibaldi for their 3 M urea systems should be reduced 
by 110 cal./mole. In turn, this would require an adjustment of the 
observed entropy changes. On the average, these alterations would 
represent approximately 25 % of the reported values. 


pIil of Urea-Water Solutions-Figure 1 is a composite of the 
results obtained by titrating various urea solutions with concentrated 
hydrochloric acid, according to the procedure outlined in the 
Experimental section. The data at pH 1 were used in the present 
investigation. The additional values are included for informational 
purposes only. It is not presumed that this figure represents other 


Table In-Data Employed in Calculation of the Salt 
Parameter, k 


Solubility of Methyl 
-Salicylate, mg./ml.- 


Total Com- Complex- 
Urea, plexed Free Free In Presence 


M Urea, M Urea, M Solution of Complex (W (0 ( U’) (S ”) (9 -log sols 


5 0.80 4.20 2.01 2.63 0.118 


than a good approximation. The observations are similar to those 
described by Bull et a[. (8), except that the current data were ob- 
tained for much higher acid concentrations. 


A problem in interpretation arises with the realization that these 
are not actually pH values. With a change in solvent from water to a 
urea-water mixture, the term pH loses its meaning, and there is no 
assurance that a pH meter is indicating hydrogen-ion activity. As a 
result, there are additional uncertainties in the assumptions made 
earlier with regard to the concentration of “free” or uncompiexed 
HCI. None of these uncertainties, however, greatly affects the find- 
ings of this investigation. 


The determination of actual hydrogen-ion activities is beyond the 
scope of the present work. Nevertheless it is still possible to esti- 
mate the effect of changing solvents by using a modification of the 
Born equation (1 1). On substituting the appropriate dielectric 
constants, one finds that a I-mv. change in potential may be ex- 
pected on transferring a 1-1 electrolyte of given activity from water 
to a solvent having the dielectric constant of a 5 M urea solution. 
This is, admittedly, an oversimplification of a complex problem, 
but the treatment should convey the magnitude of the effect. In 
relation to the practice of equating pH and concentration, the effect 
would seem to be negligible. 


While it would be desirable from the standpoint of establishing 
a more accurate value for the salt parameter, k, a precise knowledge 
of the “free” HCl concentration is unnecessary for the present 
purpose. In the final analysis, the term log S“ /S  relates the ester 
solubilities in HCI-urea solutions. Through the relationship So = f 
(U-C), this term is found to be somewhat insensitive to variations 
in the concentration of uncomplexed acid. For example, a 25% 
error in “free” acid concentration produces only a 5 %  error in 
log So/S in 1 M urea. This is considerably smaller than the potential 
error if the salt effect is disregarded completely. In view of the re- 
sults, it appears that the approximation, pH = “free” acid con- 
centration, is reasonable. It is by no means precise. A more pre- 
cise analysis will depend on a quantitative evaluation of the activity 
coefficients as a function of ionic strength and solvent composition. 


CONCLUSION 


It is well to emphasize that the model proposed in this paper is 
speculative. To indicate otherwise would presuppose intimate knowl- 
edge of a solvent system which is, to say the least, complex and 
little understood. The treatment, of necessity. is based on circum- 
stantial evidence. However, the high degree of self-consistency within 
the model cannot bedenied, and it would seem that any real judgment 
against it must await additional evidence. At this time, there ap- 
pears to be little reason why a similar analysis cannot be applied to 
any aqueous urea solution, provided, of course, that the character- 
istic salt constant is known or determined. 
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Common Receptor-Complement Feature among 
Some Antileukemic Compounds 


KWANG-YUEN ZEE-CHENG and C. C. CHENG 


Abstract 0 A common structural feature was found among some 
nonalkylating antileukemic agents such as aminopterin, anthramy- 
cin, Sazacytidine, bisketopiperazines, camptothecin, cytosine 
arabinoside, daunomycin, demecolcine, emetine, glutarimide anti- 
biotics, harringtonine, 6-mercaptopurine riboside, methotrexate, 
sangivamycin, streptonigrin, tylocrebrine, tylophorine, vinblastine, 
and vincristine. This structural feature consists of a triangulation 
composed of one nitrogen and two oxygen atoms with rather 
definite interatomic distances. This structural characteristic may 
contribute to the in vioo binding to one of the pertinent receptor 
sites involved in leukemia geneses. 


Keyphrases 0 Antileukemic compounds-common receptor com- 
plement Structural similarity, antileukemic agents-triangular 
pattern, nitrogen, oxygen atoms Oxygen, nitrogen pattern, inter- 
atomic distances-antileukemic activity 


In connection with structure-activity studies of vari- 
ous oncolytic agents, a common structural feature was 
noted among a number of antileukemic agents. The 
purpose of this paper is to present a preliminary account 
of this observation. 


Iv V 
THEORETICAL 


The tylophora alkaloids (l), tylocrebrine (I) and tylophorine (11), 
were found to possess antileukemic activity against leukemia 
L-1210 in mice (2). The nucleus of these alkaloids, phenanthro- 
[9,10:6’,7’]indolizidine (111) (3), however, is devoid of the activity 
(4) exhibited by the polysubstituted methoxy derivatives. 


The antibiotic streptonigrin (IV), the structure of which contains 
an o-aminoquinone unit (9, exhibits a broad spectrum of inhibitory 
activity against a number of leukemias, lymphomas, carcinomas, 
and other tumor systems (6-13). Although the o-aminoquinone 
unit is also present ( 5 )  in two other types of antitumor antibiotics 
(mitomycin C and actinomycin D, for example), a synthetic com- 
pound, 7-amino-6-methoxy-5,8-quinolinedione (V) (14), which 
possesses a partial structure of this antibiotic in that it contains the 
o-aminoquinone unit, failed to retain the original antileukemic 
activity.’ 


I I1 


I11 
‘Test results were provided by Dr. Harry B. Wood and Robert B. 


Ing of the Cancer Chemotherapy National Service Center, National 
Cancer Institute, U. S. Public Health Service.. 
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NMR Analysis of Some Alkyl p-Hydroxybenzoates 


F. SHIHAB, W. SHEFFIELD, J. SPROWLS, and J. NEMATOLLAHI* 


Abstract 0 By applying NMR spectrometry, a number of solutions 
containing unknown quantities of two or three alkyl p-hydroxy- 
benzoates (parabens) in 60% polyethylene glycol in water were 
analyzed for quantification of the individual parabens. The method 
was found to be accurate, facile, and rapid and seems to possess a 
promising potential for applicability in related fields of pharma- 
ceutical analysis. 


Keyphrases 0 Parabens-NMR analysis 0 Alkyl p-hydroxybenzo- 
ates-NMR analysis 0 NMR spectroscopy-analysis 


The antibacterial and antifungal properties of esters 
of p-hydroxybenzoic acid (parabens) have been of 
interest to pharmaceutical scientists for the past few 
decades. Methyl, propyl, butyl, and benzyl parabens 
have been investigated individually or in  combination in  
pharmaceutical research and development. 


A literature survey revealed that UV spectrophotom- 
etry is the most widely used method for a quantitative 
analysis of the parabens (1). This technique has proved 
quite satisfactory in the quantification of a single 
paraben, but it is not sufficient for the analysis of a 
mixture of parabens in solution. This is due to the fact 
that most parabens possess nearly identical A,,,. 
values. 


Procedures such as column chromatography (2) and 
GLC (3) have been reported for the analysis of para- 
bens. The former procedure is time consuming and 
laborious. If esters are in an aqueous solution, the 
silylation technique, which should precede injection 
onto the column, together with other problems inherent 
to GLC makes the latter procedure less desirable and 
casts some doubts upon the accuracy of the results. 


An exploratory attempt on the applicability of NMR 
spectrometry for the analysis of parabens revealed the 
method to be both rapid and accurate and the procedure 
quite simple. 


EXPERIMENTAL 


The parabens used in the experiments were all reagent grade. 
The general procedure for preparing the standard solutions con- 
sisted of placing an accurately weighed quantity of the desired 


::1 
i 


I 
I . .  _ . .  . . .  I . . , . . . . . . l . . . . . . . . . ! . . . . . . . . . '  , 


I . .  , I . . .  I . . , . . . .  I I .  . . .  8 .  . I  


5.0 PPM (b) 4.0 8.0 7.0 6.0 


Figure 1-The NMR spectrum of a mixture of benzyl puruben and 
methyl puraben in PEG-H2O. Standurd benzyl paraberr is depicted 
at I10 c.p.s. offset. 


ester in a volumetric flask, dissolving, and adjusting the volume with 
60% polyethylene glycol (PEG) 400 in water. This vehicle was also 
used for preparing the solution of the parabeii mixtures. Adoption 
of this solvent was due to its routine use in some other aspects of 
the research and to illustrate the point that the analysis does not 
require deuterated solvents. 


The NMR spectra were determined using a Varian A-60 NMR 
spectrophotometer at an ambient temperature. 


RESULTS AND DISCUSSION 


Depicted in Fig. 1 is the NMR spectrum of a mixture of benzyl 
paraben and methyl paraben in 60% PEG in water. Benzyl paraben 
contains two doublets at 6 6.85 and 6 7.85, which are the results of 
spin-spin coupling of two pairs of phenyl protons, in two different 
magnetic environments, in the phydroxybenzoate moiety of the 
ester molecule (Structure I). The singlet a t  6 7.3 results from the 
phenyl protons of the benzyl moiety. The two doublets of benzyl 
paraben superimpose on the doublets of methyl paraben. 
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0 


R = CHB, CZH,, C3H7, C,H,, CHpPh 
I 


By comparison of the integral values of the peak of the standard 
to those of the unknown, the concentration of each paraben in the 
mixture was calculated. The following examples illustrate the cal- 
culation of the concentration of individual parabens in mixtures 
as PEG-water solutions. 


The abbreviations used are: standard = st; unknown = u; 
singlet integral value = SIV; doublet integral value = DIV; triplet 
integral value = TIV; molarity = M; methyl, ethyl, propyl, 
butyl, and benzyl paraben = MePab, EtPab, PrPab, BuPab, and 
BzPab, respectively. 


Calculation of Concentration of Methyl Paraben and Benzyl 
Paraben Present in Unknown Quantities as a Mixture in PEG-Water 
-See Fig. 1. The standard was a known concentration of benzyl 
paraben solution. 


Quantification of a mixture of any alkyl paraben mixed with 
benzyl paraben can be carried out by a similar procedure. 


Calculation of Concentration of Methyl Paraben and Propyl 
Paraben Present in Unknown Quantities as a Mixture in PEG-Water 
-The standard was a known concentration of methyl paraben 
solution. 


Calculation of Concentration of Benzyl Paraben, Methyl Parahen, 
and Propyl Paraben Present in Unknown Quantities as a Mixture in 


Table I-Results of NMR Analyses of Parabens in PEG-H20 


Concn., mole/l., 
Concn., Calculated Using 
mole/l., NMR Peak 


Alkyl Group Prepared Integral Values 
~ ~~ ~ 


Single 
1. CH3 0.2500 0.2497 
2. CzH, 0.30OO 0.3000 


Mixture 
CH3 0.5000 0.5006 


3. (n-C3H7 0.3000 0.3000 
CHI 0.7500 0.7511 


4. (n-C3H, 0.5000 0.4989 
0.7500 0.7484 


5.  (EE:Ph 0.3000 0.3000 
0.5000 0.5000 
0.2500 0.2516 
0.1500 0.1500 


F .  . .  
I . . . . . . " . ( . . ,  . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . , . . !  . . . . .  , 


. . . .  . . . . . . . . .  I . .. I . .  . I . . . _  I I . . . . . . . . . I . . . .  I I . . _ .  
I . .  . .  I . .  . .  i J l I  . . . . . . . . .  I . .  . .  I .  . - 


8 0  Zo p p ~  (bj 6.0 "'2.0 1.0 


Figure 2-The NMR spectrum of a mixture of ethyl paraben and 
propylparuben in PEG-H20. 


PEG-Water-The standard was a known concentration of benzyl 
paraben solution. 


A summary of the precision of the experimental procedure is 
depicted in Table I. 


As long as one of the two parabens in a mixture contains a dis- 
cernible characteristic resonance peak, the individual esters can be 
determined quantitatively by NMR. Analysis of a mixture of ethyl 
and propyl paraben, whose triplet peaks are not superimposed, can 
be cited as an example and is depicted in Fig. 2. 
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Thermodynamic Analysis of Structure-Activity Relationships 
of Drugs: Prediction of Optimal Structure 


TAKERU HIGUCHI and STANLEY S. DAVIS* 


Abstract 0 A new quantitative and comprehensive approach re- 
lating structures of congeneric drugs to their relative biological ac- 
tivities is presented. The analysis is derived on the basis that struc- 
ture-activity relationships represent a family, a different situation 
applying to each phenomenon such as drug absorption, drug trans- 
port, drug transformation, and drug excretion. The present treat- 
ment considers the relationship under equilibrium or quasiequilib- 
rium conditions, thus permitting rigorous thermodynamic treat- 
ment. On the basis of the effect of structural changes on the dis- 
tributive tendencies of the drug in various body tissues, including the 
receptor site, relationships have been derived which are surprisingly 
in good agreement with available experimental data. The approach 
suggests a rational way to predict the degree of lipophilicity which 
would result in maximal activity. 


Keyphrases 0 Structure-activity relationships, drugs-optimal 
structure prediction 0 Thermodynamic analysis-structureac- 
tivity relationships 0 Equilibrium conditions, model compart- 
ments-thermodynamic activity, drugs 0 Energy change- 
aqueous-lipid partitioning 


Persistent efforts have been made over many decades 
to bring some satisfactory order to the correlation of 
the relative activities of drugs with their molecular 


structure. The last few years have seen a great upsurge 
in interest in this direction. In this publication, the 
authors: (a) review many of the earlier hypotheses and 
theories dealing with structure-activity relationships, 
and (b)  present a new formulation of the problem based 
on thermodynamics. 


The proposed approach, which will be treated in 
depth later in this paper, assumes that any observed 
biological activity in the animal or any test system 
usually involves one or more time-independent situa- 
tions and a large number of time-dependent processes 
such as drug absorption, drug transport, drug trans- 
formation, and drug excretion. Since structural altera- 
tions affect each of these differently, it would appear 
highly unlikely that any single relationship can account 
for the observed situation. The present treatment has 
been largely limited to analysis of the effects of struc- 
tural changes on the time-invariant activity of drugs. 


As a general approximation, overall interaction of a 
drug n~olecule with its receptor site appears to be 
resolvable into two parts. The first is highly specific in 
nature and is presumably responsible for the “lock and 
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key” relationship between the two interactants (1). It is 
suggested that this part of the interaction involves those 
portions of the drug and receptor species that are in 
intimate fixed contact with each other. The second, 
which is largely unspecific in nature, is generally con- 
sidered to arise simply from hydrophobic interaction 
between the lipoidal parts of the drug molecule and 
various lipophilic portions of the receptor. The present 
treatment is limited essentially to the influence on drug 
activity arising from the effects of changes in its mo- 
lecular structure on the latter contribution to drug- 
receptor binding. 


It is recognized, however, that the effect on activity 
of any structural changes in the drug molecule cannot 
always be totally ascribed to one or the other of the two 
interaction categories. Introduction of a hydrophobic 
grouping in the near vicinity of the specific site, for 
example, may increase the nonspecific interactions 
while interfering with the “lock and key” relationship. 
However, if the specific-type binding is assumed to be 
limited to a fractionally small part of the molecular 
surface of the drug, it would appear that most struc- 
tural changes would not affect the specific interaction 
but would manifest their effect essentially through their 
influence on hydrophobic binding. Most serious ap- 
proaches relating group contribution to drug activity 
have been limited primarily to effects arising from the 
same unspecific part of the overall interaction. 


EARLIER APPROACHES 


Some of the more interesting earlier studies on structure-activity 
relationships were those made by Overton (2), Meyer (3), and Meyer 
and Hemmi (4), who related narcotic activity to partition coefficients 
and suggested that narcosis occurred when a definite molar concen- 
tration was reached in the receptive lipid biophase. In a normal 
homologous series, for example, the increase in activity upon the 
addition of a methylene group was shown to be in the narrow range 
of 2.5-3.3 times, depending on the nature of the drug series and the 
test organism. Many physicochemical properties of aliphatic com- 
pounds, which depend on an equilibrium between two phases, in- 
crease or decrease with change in chain length in a similar manner. 
The increase in biological response with chain length does not 
continue indefinitely as predicted by this relationship; instead, a cut- 
off point is reached where higher homologs have little or no activity. 
Hansch ( 5 )  rightly commented that such effects are of extreme im- 
portance and should be explained by any proposed model dealing 
with structure-activity relationships. 


Ferguson (6) rationalized the picture of narcotic action using 
thermodynamics and suggested that an equilibrium exists between 
the extracellular phase and the phase at the site of action (receptor 
site) such that substances present at the same proportional saturation 
in a given medium have the same degree of biological action. Or, as 
stated by Brink and Posternak (7), “equal degrees of narcosis are 
produced at about equal thermodynamic activities.”’ This gen- 
eralization, unlike the earlier theories of Overton (2) and Meyer (3), 
has the great advantage of not requiring any specific mechanism of 
action. Ferguson (6) also considered that physical toxicity involved 
no chemical reaction and that the narcotic substance left the body 
unchanged (8). For example, the substitution of a halogen in a 
hydrocarbon leaves the potency practically unchanged, and no 
specific narcotic character can be ascribed to the chlorine atoms in 


1 The use of the term “thermodynamic activity” in this sense is ques- 
tionable. As defined by G.  N. Lewis (Proc. Amer. Aead. Arts Sci., 31, 
49( 1901), activity of Component A can only he compared to some other 
state of A. The authors will treat this in greater detail in a subsequent 
paper. 


chloroform, their presence merely lowers the vapor pressure of 
methane to a level convenient for administration. 


McGowan (9) related the bioactivity of organic compounds to 
their size (parachor), while Mullins (10) examined the problem with 
the help of the solubility parameter concept (11). The latter con- 
cluded that narcosis, by chemically inert molecules, took place when 
constant fraction of the total volume of some nonaqueous phase in 
the cell was occupied by narcotic molecules. If the narcotic behaved 
ideally in the biophase, the thermodynamic activity multiplied by the 
volume fraction of narcotic was a constant. Higher values of thermo- 
dynamic activity, which occurred when a homologous series was 
ascended, were attributed to an increase in the activity coefficient of 
the narcotic in the biophase. 


Crisp and Marr (12) examined the action of a range of narcotic 
substances from a more strictly thermodynamic standpoint and 
concluded that the mechanism of narcotic action in small organisms 
is only consistent with an equilibrium condition between the nar- 
cotic in the biophase and in the external medium. They felt that no 
theory that relied solely on a rate process, such as diffusion through 
a lipoid layer, could account adequately for the facts. However, 
Hansch and Fujita (1  3) recently concluded that, in the great majority 
of cases, a true equilibrium condition is rarely achieved and that a 
probabilistic approach may be far more realistic. These aspects will 
be discussed at greater length with relation to the proposed model. 


By far the most widely known and employed linear free energy 
approach to stucture-activity correlation is that due to Hansch 
(5, 14-16) and Hansch and Fujita (13). Originally, a four-parameter 
approach was suggested: 


where T is a constant derived from partition studies between water 
and 1-octanol, u is the Hammett constant, and p is a reaction con- 
stant derived from regression analysis. Correlation between bio- 
logical response (BR) and chemical structure was achieved with a 
great many diverse systems. When only the ?r-term was necessary for 
good correlation, the response was considered to be controlled by a 
physical process (e.g., partitioning of the drug), whereas a chemical 
interaction was thought to be responsible for correlations domi- 
nated by the a-term. However, this type of one-parameter approach 
was limited, no doubt, to the complex nature of the biological test 
systems which would include problems such as drug penetration, 
possible differential rates of metabolism and excretion, and steric, 
electronic, and hydrophobic interactions with critical sites in the 
biophase. Also of equal importance is the very limited accuracy of 
much of the biological data. 


In free energy terms the response can be considered as being 
governed by one rate-limiting process for which KBR is the equilib- 
rium constant (14). Then: 


AFMR’ = AF%X + AFk,,,,,iC + AF$,,ic a log KMR (Eq. 2) 


where L/H = hydrophobic and BR = biological response. 


condition: 
In partial terms for substituent effects and for a true equilibrium 


~,FMR’ = 6 , F h  + 6zF~i,,t,,i. + 6,FI,i, a 6, log KBR (Eq. 3) 


Attempts can then be made to associate the various free energy 
terms with definite physicochemical constants (Table I). For exam- 
ple, 


6,F&/, = f(log P, T, RM, ARM, p, and parachor) (Eq. 4) 


6ZF‘$eOt10ni. = f[u, etc., quantum mechanically calculated 
electron densities or chemical shifts (NMR)] (Eq. 5) 


The 6,F~t.,io terms are somewhat difficult to ascribe to definite 
parameters, although ES and EsC have been used. Often, a two- 
parameter approach seems to be successful. 


Detailed examples of the use of the various parameters can be 
found in one of the many recent reviews of Hansch’s work (13-15). 
In some cases, this has indicated that, while steric interactions are 
extremely important [for example, see Portoghese (17)], the concept 
of “lock and key” fit of drug and substrate has been overemphasized 
at the expense of hydrophobic bonding (14). 
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Hansch’s approach is not without its shortcomings (18) and by 
and large it cannot cope with steric factors or with metabolic 
inactivation processes too successfully. Also, some surprising results 
appear in regression analysis. For example, in one case the derived 
equations would indicate that the mode of action of thiobarbiturates 
differs from that of the analogous barbiturates (19). 


The linear free energy relations of Zahradnik (20, 21) are also of 
the basic Hammett type but are restricted in their application to 
aliphaticcompounds of the type R-X. They can be written as: 


log(BRi/BRo) = a@ 0%. 6) 


where BR terms refer to the response of the species (i) and the 
reference species (0); @ is a constant characterizing the alkyl sub- 
stituent R and its value is independent of the nature of the functional 
group X ;  and a characterizes the susceptibility of the biological 
system to the influence of the substituents R. The two constants are 
mutually independent. The @ is linearly related to the logarithm of 
the activity coefficient of the drug and Hansch’s T (22). Success in 
correlation has been demonstrated for situations where specific 
electronic and steric effects are not crucial, and the approach has also 
been extended (21) using Hammett and Taft substituent constants. 


In continuing investigations designed to elucidate structure- 
activity relationships, Purcell er d. (23) attempted correlation with a 
wide range of parameters, including dielectric and surface-active 
properties, dipole moments, and electronic structure. A number of 
attempts have also been made to apply molecular orbital methods, 
but progress has been slow due to the lack of a reasonable theo- 
retical framework within which to work (24). Hansch (5) has not 
attempted to factor out hydrogen bonding, although Purcell et a[. 
(23) have suggested ways of dealing with such a term. 


Table I lists some of the parameters that have been used in linear 
free energy correlations of the Hansch type. In multiparameter cor- 


Table I-Linear Free Energy Correlation Parameters (log BR = 
4 1 )  + b(2) + . . . + k )  


Parameter 


2. T2 


4. u2 
5. u* 
6. UI 
7. u* 


10. u. 
11. r u ,  etc. 
12. Es 
13. E;,. 
14. N 
15. nH 


16. Log P 
17. Log VP 


19. y 
20. pz 
21. t l / t  


22. S,(Z) 
23. joxJs.(f9 
24. E 
25. pKa 
26. ApKa 


18. P E  


27. ER 


28. Ak 
29. P 
30. A 
31. [PI 
32. EA 
33. F 
34. xF 
35. R M  


Hydrophobic bonding constant from partition coef- 
ficientsa-e 


Hammett linear free energy constanta-o 


Taft aliphatic constanth, 
Inductive parameteri 
Electrophilic radical constanti 


Electronic effect of substituent attached to side chain 
and positions ortho to itk 


Radical coiistantl 


Taft steric parameter” 
Hancock‘s corrected steric parameters 
Number of carbon atoms in substituent“. 
Number of hydrogens attached to protonated nitro- 


Partition coefficientp 
Vapor pressure (from GLC)g 
Molar electronic polarizabilityo 
Arbitrary steric constant‘ 
Dipole momenta 
Reaction parameter* 
Superdelocalizabilityt . u 
Frontier electron density (ether oxygen)t, y 
Electron density on nitrogen” 


‘Vl 


gen# 


(Reference I )  
Dissociation constant difference between Darent and 


derivative”’ 
Constant obtained from hydrogen abstraction reac- 


tion of nuclear-substituted cumene.9 
Hydrogen bonding parameterZ 
Orientation polarization of amide groups2 
Wheland‘s atomic localization energyh 
Parachorr 
Interaction parameter (hydrogen bonding)., oa 
Molar attraction constantbb 
“b  


Chromatography constant derived from R p  


Table I-Continued 


Parameter 


36. HOMO 
37. [P*] Adjusted parachoreez ff 
38. 6, 
39. ec 
40. ee 


laps#@ 
41. % 
42. AB Eigen value differencessg 
43. BE 
44. M Molecular weight” 


Energy of highest occupied molecular orbitaldd 


Occupation number (extended Huckel theory)## 
Electron density by extended Huckel theorygu 
As 39, but by complete neglect of differential over- 


Total interaction energy hydride ion## 


Incipient transition state energy differences#s 


~ 
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A. R. Steward, and J.  Iwasa, J .  Med. Chem., 8, 868(1965). hR. Zah- 
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745(1967). N. J. Turner and R. D. Battershell, “Abstracts, 155th.Na- 
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Chem., 11, 397(1968). a J. W. McFarland, L. H. Conover, A. L. Howes, 
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ewicz, W. Courtney, and D. H .  Morgan, “Abstracts, 155th National 
Meeting, American Chemical Society,” San Francisco, Calif., April 
1968. I<. Fukui, I<. Morokume, C. Nagata, and A. Imamura, 
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and L. H.  Ruddle, J .  Appl. Chem., 16, 99(1966). 2 J.  C. McGowan, ibid., 
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relations, the mathematical significance of the various terms, T ,  u, 
etc., as well as g2, rz, and U T ,  are determined using regression 
analysis. The physicochemical significance of the various squared 
and product terms is not clear. 


The choice of terms is often bewildering; and in many cases, little 
can be said about a particular parameter except that it “works” and 
gives improved correlation. The complexity of some of the more 
recent equations is also disturbing. A recent illustrative example 
cited by Hansch (25 )  but not  recommended contains seven terms to 
correlate 16 data points: 


log BR = -0.123 T’ + 0.633 71 


- 1.823 U. + 3.162 o 


- 0 . 7 9 6 ( ~ ~ ’ )  + 0.639 E,s + 1.450 (Eq. 7) 


Leo et a/ .  (26) recently examined some of the parameters currently 
used in structure-activity relationships and their improvement, if 
any, over simple correlations using molecular weight. In general, the 
octanol-water partition coefficient was more suitable for satis- 
factory correlation than polarizability, molar attraction constant, 
parachor, or adjusted parachor. A great number of linear free 
energy constants (27) have yet to be tested but this would appear to 
be only a matter of time. 


Free and Wilson (28) developed a purely mathematical approach 
to structure-activity relationships from an original proposal by 
Bruice et al. (29). Here it is assumed that the contribution due to 
each substituent is additive and constant, regardless of substituent 
variation in the remainder of the molecule. Although being restricted 
to a series of chemically related species, it has the great apparent ad- 
vantage over linear free energy methods in that no physicochemical 
data are required. Smithfield and Purcell (30) discussed the appli- 
cation and requirements of the method. These are: (a) closely re- 
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lated analogs that provide a gradual change in biological response; 
( b )  accurate biological data; and (c) additive activity parameters. 
Although somewhat limited for these reasons, it has been used with 
success by Purcell and Clayton (31), Ban and Fujita (32), and many 
others. A similar additive method is that of Kopecki et at. (33) in 
which constants are fitted to a semiempirical equation using regres- 
sion analysis. This too is limited, at present, to specialized classes of 
compounds. 


Singer and Purcell(34) compared the linear free energy and Free 
and Wilson (28) types of correlation technique. Each has its own 
merits and disadvantages. In particular, the Free and Wilson addi- 
tive constant group contribution concept is not suitable for cases 
where there is a parabolic relation between the partition coefficient 
and biological response. 


Interrelationships between the various methods have also been 
discussed by Cammarata (24) who showed that many of the physico- 
chemical approaches to the study of drug action can be related, in a 
quantitative manner, to the principle of hard and soft acids. Here the 
drug-receptor interaction was discussed in terms of each pair of 
interacting atoms making an independent contribution to the 
electronic, steric, and desolvation free energies of interaction. 


A NEW PROPOSAL BASED ON THE 
EQUILIBRIUM MODEL 


It is apparent from the preceding analysis of the various ap- 
proaches to structure-activity relationships that no single proposed 
system has been widely accepted and, at the same time, been based 
on rational grounds. To a certain degree, this has been due ap- 
parently to the fact that a single, simple correlation was sought 
when none was possible for the multifaceted situation. The authors 
wish to suggest a more limited approach which seems to be rational, 
relatively simple, and perhaps more useful. It is designed for any test 
system that rapidly achieves distributive equilibrium or quasi- 
equilibrium with respect to the added drug. It assumes, in brief, that: 
(a) any test system, whether a culture of microorganisms, a mouse, 
or a man, consists of a number of widely differing physical regions 
having widely differing affinities for the added drug species, and (b) 
biological activity is determined by the relative amount distributed 
to the receptor from the total system. 


For the purpose of analysis, the authors make the following con- 
ditions and fundamental assumptions. 


1. A biological test system can be represented by t number of ac- 
cessible compartments, w, 1, 2, 3 . . . t + r ,  where compartment w is 
the aqueous phase; 1, 2, 3, etc., are tissue, lipoidal, protein, etc., 
phases; and r is the receptor. The receptor can either be some 
definite site (e.g., an enzyme surface) or some unspecialized region in 
some cells. The effective volume of each compartment is V,, Vl, V2, 
etc. 


2. Thermodynamic equilibrium or quasiequilibrium is reached in 
all accessible phases, and the thermodynamic activity of the drug in 
the rth compartment is the same as that in the aqueous, first, second, 
etc., all with reference to a common standard state. If a drug is added 
to the aqueous compartment, it will be distributed to all the other 
available compartments according to Nernst's distribution law. 


3. For a series of drugs of closely related structures, biological 
activity is proportional to the fraction of the active sites occupied. If 
the fractions occupied are made the same, then equal biological 
response will be elicited. 
4. Essentially all of the administered drug will be distributed to 


the various accessible body compartments, and only an insignificant 
amount will actually be attached to the receptor site. 


Apparent observed overall activities of a series of drugs in any 
animal test system will obviously be dependent on effects of struc- 
tural changes on, for example, the process of absorption, the process 
of transport to the area of the receptor site, the process of excretion, 
the process of chemical transformation into metabolites, etc. As is 
apparent, the authors have in the present analysis restricted the 
definition of drug activity to equilibrium situations, the term drug 
activity being related to the intensity of biological response observed 
when the test drug is assumed to be completely distributed over all of 
the readily accessible tissue and fluid space. The equilibrium, or 
more correctly, the pseudoequilibrium definition of drug activity can 
be, to a certain extent, considered as the intrinsic (time-independent) 
activity, and other (time-dependent) effects can be considered modifi- 
cations of it. The pseudoequilibrium situation commonly prevails, 


Table 11-Affinity Constants for the CH2 Group 


Solvent F 


Carbon tetrachloride 
Cyclohexane 
Chloroform 
Hexane 
Benzene 
Ethyl ether 
Octanol 
Oleic acid 
Ethyl acetate 
n-Butanol 
2-Butanol 
3-Pentanone 


4.6 
4.5 
4.4 
4.2 
4.2 
3.6 
3 .2  
3 . 1  
3.0 
2.6 
2.2 
2.1 


because a significant number of the body compartments of the test 
systems are not accessible to many drugs. 


The influence of the distributive effects on drug activity can be 
formalized as follows. Consider the situation when an amount Of 
drug, S ,  is administered to the test system. It is evident that 


s = C,V, + C,VL + c*v* + . . .c,v, 
i = t  


i = l  
= c w ~ w  + C CtVi (Eq. 8) 


where C's refer to the effective concentrations in each accessible bio- 
phase compartment and V's to their volumes. As previously stated, 
the number of accessible compartments is taken as t ,  and the amount 
of drug incorporated into the receptor phase is normally negligible. 


If the drug distribution between the aqueous phase and each bio- 
phase is assumed to follow a linear partition isotherm, a distribution 
constant can be defined: 


and 


i = t  


i = l  


The effective concentration of the drug on the receptor can then be 
formulated by solving for C, in Eq. 10: 


or 


i = l  


E being the concentration of drug produced on the receptor per unit 
amount of drug administered. It relates directly to the expected rela- 
tive activity of the drug. 


What change in activity can be expected on this basis when, for 
example, a hydrogen in the reference (parent) drug is replaced by a 
methyl group? It is apparent from Eq. 12 that the activity of the new 
derivative will differ from that of the parent compound as the 
chemical change influences the various K ,  the partition coefficient, 


values in the equation. For a system where V, >> C KiVi (that is, for 


a system where the bulk of the drug is in the aqueous phase), it is 
evident that the substitution of a methyl for a hydrogen will produce 
a marked increase in lipophilicity and activity corresponding to a 
similar increase in K ,  (usually of the order of 2-3 X), the partition 
coefficient of the receptor site. This relates as a first approximation 
to the amount of free energy necessary to bring a methylene group 
from aqueous to the receptor bond state. It is evident that if  two 
methylene groups are introduced (e.g., by substituting with CzHs 
rather than CHI), the increase in activity will correspond to the 


z = t  


i = l  
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Figure 1-Two-compartment model analysis of drug disrribution: 
F ( c H ~ ) ~  = 3atIdF(CH2)1 = 3. 


square of the first; i.e., if the first increase is by a factor of 2.5, the 
second will be approximately (2.5)* or 6.25. This follows essentially 
the group contribution approach developed by Hansch and others 
(5 ) .  


Kay, ,  i.e., for systems in which the drug 


has been largely distributed into the tissue phases leaving only a 
small fraction in the aqueous, substitution of a methyl for a hy- 
drogen may be expected to lead to a decrease in activity in instances 
where the receptor may be intermediate in polarity. This can be seen 
by using a highly simplified test system consisting only of an aqueous 
phase and a single lipoidal phase in addition to the receptor. For 
such a case: 


i = t  
For the situation, V ,  < 


i= 1 


KT -~ - KT since KtVt >> V, (Eq. 13) 
V, + KiVi -  KlVz E =  


where subscript I refers to the lipoidal phase. It is evident that K, may 
still increase by a factor of 2.5, but Kt may increase by a factor of 
4.5, the expected decrease in activity in this example being 2.5/4.5 or 
bv a factor of 5/9. For the same system, introduction of CzH5 for 
CHI will be expected to produce a (5/9)2 decrease in activity. 


These concepts, as they apply to Eq. 12, can be generalized. Thus, 
when substituents a, p ,  efc . ,  are introduced, the effective drug con- 
centration on the receptor is 


K ~ * ( F ~ ) T ( F B ) ~ .  . . 
(Eq. 14) 


i = t  


i= 1 


E =  
v w  + c [K,*(Fa>i(Fs)i ' . .lVi 


where the asterisk (*) refers to the partitioning properties of the 
parent reference drug into compartment i, and the F's are the fac- 
torial group contribution in modifying them with respect to each 
biophase. An F value, as used here, is the ratio of the partition co- 
efficient of a substituted substance to the partition coefficient of the 
parent compound. For the example of the methyl substitution given 
in this illustration, F ~ c E ~ ) ,  = 2.5 and F ( C H * ) ~  = 4.5. It is evident 
that for systems obeying equilibrium or pseudoequilibrium condi- 
tions, Eq. 14 will permit prediction of the effects of such substitu- 
ents whose F values are known. 


For comparison of relative activities of derived compounds with 
those of their parents, it is convenient to define another function: 


(Eq. 15) 
) 
1 


( 
( i = l  


i = t  


i = l  
K,  Vw + Ki*Vi 


i = t  
Kr* V w  + C KtVi 


R = E/E* = 


It is apparent that if R > 1, a derived compound is more active than 
its parent; conversely, if R < 1, it will be less active. 


The relationships discussed can perhaps be seen more effectively 
graphically. For the two-compartment model discussed, select 
the situation such that V,  = 1 and Kt* = 0.33. The resulting activity 
values expressed as R as functions of the number of added meth- 
ylene groups are shown in Figs. 1-3. In all cases, R initially increases 
in magnitude with increase in chain length. When the volume of the 
lipoidal phase is somewhat less than that of the aqueous phase, this 
increase is more or less geometric in nature. However, the linear 
(geometric) region does not continue indefinitely, and a maximum or 
limiting value of R is obtained. If F ( c H ~ ) ~  = F(cH?),, a plateau 
region is reached where further increase in chain length has little 
effect on R. If F(CH2)g is greater than F ( c H ~ ) ~ ,  a maximum value for R 
is obtained. The exact shapes of the various hypothetical curves are 
dependent on the values of ?'I and F(CH2)1, F(cH+ If F(CH2)t = 
2F(CH2)?, a parabolic relationship results (Fig. 3). The position in the 
alkyl chain for maximum activity depends on the difference between 
the affinity factors (F values) of the receptor and lipoidal phase and 
the volume of the lipoidal phase. As the difference between F~cH,) ,  
and F(CH%)~ becomes greater, maximal R occurs at lower chain 
lengths. A similar result is obtained by increasing the volume of the 
lipoidal phase. 


It is evident that for any real multicompartment system, the 
fractional distribution of drug into various compartments will be 
such that it will move from the aqueous phase gradually toward the 
most lipophilic compartment as the drug itself is made more lipoidal. 
In the extreme cases, the drug will be found largely in the aqueous or 
in the most lipoidal compartment (adipose tissues), which correspond 
roughly to the simplified example. The receptor sites, because of 
their locations, may be expected to offer intermediate environments 


10.0 


5.0 


cx 
2.0 


1.0 


0.5 


1 2  3 4  6 7  
INCREASE I N  CARBON NUMBER 


Figure 2-Two-compartment model analysis of drug distribution: 
F(cH*)~ = 3 and F(cimi = 4.  
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Figure 3-Two-compartment model analysis of drug distribution: 
F ( c H ~ ) ~  = 2 a n d F ( c ~ , ) i  = 4.  


The authors found that for nearly all nonpolar lipoidal solvents 
such as benzene, cyclohexane, carbon tetrachloride, chloroform, and 
hexane, the free energy change in transferring a methylene function 
from water to the lipoidal environment is such that an addition of a 
CH2 produces a partition coefficient increase by a factor close to 4.5 
at 25” (Table 11). Similarly, a CFZ produces an increase by a factor 
of 5.5. It would appear, therefore, that if the effect on I(, is by a 
factor of 2-3, any significant increase in lipophilicity can be expected 
to lead to decreased activity at longer chain lengths. It is apparent 
that at some point of balanced lipophilicity, the optimal concentra- 
tion of the drug on the receptor surface will be obtained. The so- 
called “parabolic” relationship between drug activity and lipo- 
philicity, therefore, is a thermodynamically predictable situation, as 
shown in Figs. 1-3. Figure 4 shows an example of the “parabolic” 
relationship in biological response data between drug activity and 
lipophilicity. 


Affinity constants, the F values, corresponding to effects of in- 
dividual groupings on distributions of the drug between water and 
various lipoidal media (solvents) can most conveniently be estimated 
by partitioning experiments. For many systems, this would involve 
simply measuring the partition coefficient of a selected compound 
and that of the same compound containing in addition the grouping 
under study. The affinity constant for a methylene group, for exam- 
ple, can be evaluated by measuring the factorial increase in the parti- 
tion coefficient of, for example, p-propylphenol as compared to that 
of p-butylphenol, the difference corresponding to the free energy of 
transfer of a methylene from water to the selected solvent. Some of 
these constants have been evaluated in the authors’ laboratory in 
this manner, including the use of the ion-pair extraction procedure 
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Figure 4-Dilution of alkyl rhodanaies required for 50% kill of 
green chrysanthemum aphid. [Plotted from the data of E.  E.  Bouquet, 
P .  0. Salzberg, and H.  F. Dietz, Ind. Eng. Chem., 27,1342(1935).] 


described earlier (35). It isevident that if the F values for all common 
substituent groupings were available, it would permit much greater 
insight into the potential distributive behavior of new drugs. 


The F(cB,) for inert hydrocarbon solvents, determined as de- 
scribed, is in the region of 4.2-4.5, while for polar liquids this value 
appears to be considerably lower and is dependent on the nature of 
the polar liquid in question. Some representative values calculated 
from partition data are shown in Table 11. Values for other isolated 
groupings in various solvents can be also obtained from published 
data or from partition experiments. For example, F{C@H,) is 1000 in 
cyclohexane and 60 in octanol. The addition of a halogen atom 
brings about an increase in the partition coefficient in the majority of 
cases; for aromatic species, this increase can be correlated quite well 
with the size of the added groupings. Although different F values for 
the halogens are evident for different solvents, detailed accurate par- 
tition experiments will be necessary before a table of values similar 
to Table I1 can be derived for them. 


Polar groupings, of course, present a very diverse picture, and a 
great variety of F values will be possible, depending on the nature of 
the lipid phase. To a first approximation, the hydroxyl group, for 
example, has an F value of 2 X loe2 in octanol and 4 X in 
cyclohexane. In general, polar groupings will have a solubilizing 
effect in water and will increase the hydrophilic nature of a drug 
species. Some insight into the possible variation in values of F can be 
gained by calculating activity coefficient values for various func- 
tional groups in different organic solvents (Table 111). The magni- 
tudes of the various contributions can be rationalized largely on the 
basis of hydrogen bonding interactions. When both hydrogen- 
donating and hydrogen-accepting groupings are present in a single 
drug molecule, there is always the possibility of intramolecular 
bonding resulting in marked departure from additivity situations for 
these groupings. 


A semiquantitative concept of the effect of adding various func- 
tional groups to a hypothetical drug molecule can be obtained by 
using the F values given, employing arbitrary values for KZ, Vt, and 
V,, and considering that in the simple two-compartment model the 
lipoidal phase is similar to  an inert hydrocarbon (cyclohexane) and 
the receptor biophase is similar to a long-chain alcohol (octanol). The 
calculated R values (Table IV) show that the quantity of substituted 
drug reaching the receptor site, as compared to the parent drug, de- 
pends on the partition coefficient of the parent drug and the volume 


Table 1ZI-Activity Coefficients of Aliphatic Functional Groups in Different Organic Solvents 


-- Solvent 7 


Carbon Tetra- Cyclohexane- 
Group Benzene Chloroform chloride Octanol Ether Hexane 


CHz 1.00 0.96 0.92 1.32 1 . 1 5  1.00 
COOH 64.5 45.7 74.2 0.58 1.41 50.0 
C 7 0  2.6 0.56 6.1 2.6 2 .0  (7) 
OH - 
NHf 


-. 


(1) 
1 . 5  


5 . 5  
0.25 


35 
2 


0.5 7 
0.75 


65 
5 
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Table IV-Substitution of a Hypothetical Drug; Effect of Parti- 
tion Coefficient and Lipid Phase Volume on the Ratio R 


Partition 
Coefficient Volume 
of Parent of Lipid - R 


Drug Phase -CH, -C&, -OH 


0.01 0 .1  3.2 
1.0 3 . 1  


10.0 2 . 5  
0 .1  0 .1  3 . 1  


1 .0  2 . 5  
10.0 1 . 1 3  


1 .0  0 .1  2.5 
1.0 1 . 1 3  


10.0 0.76 
10.0 0.1 1 . 1 3  


1.0 0.76 
10.0 0.12 


100.0 0.1 0.76 
1 .o 0.72 


10.0 0.71 


30.0 0.020 
5 . 5  0.0202 
0.65 0.022 
5 . 5  0.0202 
0.65 0.022 
0.12 0.04 
0.65 0.022 
0.12 0.04 
0.066 0.22 
0.12 0.04 
0.066 0.22 
0.060 1.96 
0.066 0.22 
0.060 1.96 
0.060 14.4 


of the lipoidal compartment, all other factors being equal. The 
usual generalization that the addition of a hydrophobic grouping 
results in a greater quantity of drug at the receptor site and the 
converse for a hydrophilic grouping are of limited value. The CH2 
and C8H5 groups will give increased drug concentration at the 
receptor site and, hence, biological activity when K I  and V Z  are small. 
However, when KZ and VZ become larger, the drug will be contained 
almost exclusively in the lipoidal phase. This is especially true for the 
CsH6 grouping in the present example, where R becomes very much 
less than unity, indicating a greatly reduced activity for the sub- 
stituted form. At the other extreme, a hydroxyl group brings about 
reduced activity at low KZ and V I  but has the opposite effect at higher 
values. 


One major point of interest resulting from this approach is that it 
suggests that within the stated limitations it is possible to predict the 
degree of lipophilicity required to elicit the optimal activity for a 
given drug series. As pointed out earlier, whether a given sub- 
stituent will effect an improvement in the drug activity will depend 
on whether R as defined in Eq. 15 is greater than 1 or not, the 
optimal lipophilicity for the drug usually corresponding to R = 1 
when a single CH2 grouping is added. It is evident that if, for example, 
a methylene group is added to a parent drug molecule and the 
resulting derivative drug possesses essentially the same biological 
activity, R would be close to unity and these structures would 
represent nearly the peak in the parabolic relationship between 
activity and the number of, for example, methylene carbons. For the 
simple two-compartment model systems consisting only of the 
aqueous and lipoidal phases, R can be readily estimated by using 
Eq. 15 in terms of the relative amounts of the drug found in the 
aqueous phase (V,) and in the lipid phase ( VI) .  In Fig. 5 ,  R corre- 
sponding to addition of a single methylene is shown for F ( c H , ) ~  = 4.5 
as a function of the logarithm of KI* Vl/V,, the ratio of amount of 
drug concentrated in the lipid phase to that in the aqueous for sev- 
eral values of F ( C H * ) ~ ,  the affinity constant for the receptor site. 
Although the selection of the affinity constant for the receptor affects 
the ratio at which point R = 1 ,  the maximum point in the parabolic 
relationship, the effect is relatively small, the ratio of the amounts of 
the drug in the two phases for R = 1 being 0.40 for F(cH,), = 2.00, 
0.56 for F(cH,), = 2.25, and 1.25 for F(cH,), = 3.0. Since the F(cH,) 
values for most receptors would usually fall in the range of 2.25- 
2.50, assuming that the receptor site has an intermediate polar na- 
ture, the ratio would normally be expected to be within the range of 
0.40-1.00 for maximum drug activity. Since this variance is well 
within the range produced by a single methylene group, it would 
appear that normally a rather sharp maximum in activity could be 
expected when approximately one-half to an equivalent amount 
of drug is concentrated in the adipose and other lipoidal tissues, as 
compared to that found free in the aqueous phase of the test system. 
This postulate is readily amenable to experimental test. 


Although this approach was based on the simplified two-phase 
model, it is more widely applicable to real animal systems than it 
may first appear. The adipose tissue in man is normally the largest 
and the most important lipophilic depot, along with fat deposits in 
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Figure 5-Injuence of distribution ratio and affinity constant for  
receptor site on the relative activity of drug containing CH2 grouping 
over that of theparent compound. 
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the circulatory and other systems. It is evident that it is largely to 
these accessible, similar, essentially nonpolar lipid deposits that 
lipophilic drugs tend to accumulate as they are made increasingly 
hydrophobic. 


The present general approach has been described in terms of 
equilibrium interaction with a definite, although usually unidenti- 
fied, receptor site. It is evident that essentially the same development 
and conclusions would apply to systems in which the drug activities 
are governed by rates of transport across membrane barriers. Since in 
such situations the rate is directly influenced by the equilibrium 
concentration on the surface of the barrier, all of the relationships 
derived apply with equal validity. 


The authors recognize the fact that the present treatment attempts 
to treat an extremely complex problem in a simplistic way. Situations 
have been ignored that involve irreversible interaction with the 
receptor, induced conformational changes in the receptor, non- 
linear distribution function (for the receptor and any of the remain- 
ing biophases), and any other complicating factor. The authors have 
not considered the specific interactions between the receptor and the 
drug nor between the competing sites in other biophases. The analysis 
treats the test system as being in equilibrium, a state that is not 
altogether realistic for any large living organism. Yet the present 
approach points to the start that must be taken in recognizing the 
inff uence of substituents on distributive tendencies to compartments 
other than the receptor in affecting the observed apparent activity. 
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Metal Complexes of Thiouracils I: Stability Constants by 
Potentiometric Titration Studies and Structures of Complexes 


EDWARD R. GARRETT and DENNIS J. WEBER 


Abstract The divalent metals, Cu++, Pb++, Cd++, Ni++, and Zn++, 
complex with the 5- and/or 6-alkyl-substituted thiouracils, HU. 
Significant concentrations of MU+ and MU2 complexes in homo- 
geneous solution for all but Cuff permitted estimation of the re- 
spective Kl and K2 stability constants by potentiometric titrations, 
where the log Kl values were directly proportional to the pKa values 
of the parent thiouracils. Thus, the complex with 5,6-dimethyl-2- 
thiouracil (pKa’ 8.08) was the most stable, and the complex with 
:-carboethoxy-2-thiouracil (pKa’ 6.43) was the least stable of 
those studied. The initial MU+ complex is formed by the covalent 
bonding of the divalent cation at the anionic sulfur. When sulfhy- 
dry1 formation in thiouracil is blocked by prohibiting tautomeriza- 
tion, as with 6-methyl-N,N’-diethyI-2-thiouracil, or by alkylation 
of the sulfur, as with 2-ethylmercapto-4-hydroxypyrimidine, no 
complexation with metal ions was observed. Pb++ and Cd++ ions 
have stability constants, Kl,  for MU+ formation with thiouracils that 
are 100 times greater than with Ni++ or Zn++. No complexation of 
thiouracils with Fe+++, Fe++, Co++, Ca++, or Mn++ was observed. 
The MU2 complex is formed by the covalent bonding of the divalent 
metal to two sulfur anions; this bis(6-n-propyl-2-thiouracil)- 
cadmium (11) is the fiIst complex to precipitate from solution on the 
titration of cadmium ion and 6-n-propyl-2-thiouracil at 25 and 35”. 
The structure was confirmed by elemental analysis and IR spectra 


of synthesized compounds. In all other cases of studied complexa- 
tion of Cd++ and Pb++ with 2-thiouracil, 6-methyl-2-thiouraci1, 5- 
methyl-2-thiouracil, 5,6-dimethyl-2-thiouracil, 5-carboethoxy-2- 
thiouracil, and 6-n-propyl-2-thiouracil, the first complex that pre- 
cipitated on potentiometric titration had a 1 :1 stoichiometry and 
was most probably the cyclic dimer, M2U2, bis(thiouraciLmeta1) 
(II), although the polynuclear polymer, M,U,, was possible. The 
heightened acidity of the 4-OH of the initial MU+ complex pro- 
moted dissociation at low pH values and subsequent covalent bond- 
ing of the divalent cation to the sulfur of one thiouracil and the 
oxygen of another. The resultant M2U2 or M,U, structure was con- 
firmed by elemental analysis and IR spectra of synthesized com- 
plexes. The formed and precipitated complexes of Pb++ and Cd++ 
as MU+, MU2, and MJJ2 were stable, at least in mildly alkaline 
solutions, whereas those of Ni++ and Zn++ were destroyed in mild 
alkali with the final precipitation of the metal hydroxides. 


Keyphrases 0 Thiouracils-metals-complexation 0 Complexes, 
thiouracil-metal-stability constants 0 Metal-thiouracil complexes 
-structure 0 Solubility, aqueous-thiouracils 0 Potentiometric 
titration-analysis 0 IR spectrophotometry-structure 0 UV 
spectrophotometry-structure 


The antithyroid activities of 5-methyl-, 6-methyl-, and 
5,6-dimethyl-substituted thiouracils have been claimed 
to be 0.7, 1 .O, and 1.2 relative to 2-thiouracil (Structure 
Ia) (1-3). 


The present antithyroid derivativeof choice, because of 
its claimed maximal activity and low toxicity in the in- 
tact animal, is 6-n-propyl-2-thiouracil(l-5). Alkylation 
of thiouracil at the N-1, N-3, or sulfur positions greatly 
reduced (2), and substitution by electronegative groups 
at the 5- or 6-position practically eliminated, any anti- U n 


HC<?‘;C=S 
H ! y W  I 


II 
0 


HU Ia 


thyroid activity (1-3). 
Cupric ion has been implicated in thyroid function (6) .  


The copper content of the normal and pathologic 
thyroid has been determined (7) and verified by Kasanen 
and Viitanen (8) who found elevated copper levels in 
toxic and nontoxic goiters. The formation of diiodoty- 
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Common Receptor-Complement Feature among 
Some Antileukemic Compounds 


KWANG-YUEN ZEE-CHENG and C. C. CHENG 


Abstract 0 A common structural feature was found among some 
nonalkylating antileukemic agents such as aminopterin, anthramy- 
cin, Sazacytidine, bisketopiperazines, camptothecin, cytosine 
arabinoside, daunomycin, demecolcine, emetine, glutarimide anti- 
biotics, harringtonine, 6-mercaptopurine riboside, methotrexate, 
sangivamycin, streptonigrin, tylocrebrine, tylophorine, vinblastine, 
and vincristine. This structural feature consists of a triangulation 
composed of one nitrogen and two oxygen atoms with rather 
definite interatomic distances. This structural characteristic may 
contribute to the in vioo binding to one of the pertinent receptor 
sites involved in leukemia geneses. 


Keyphrases 0 Antileukemic compounds-common receptor com- 
plement Structural similarity, antileukemic agents-triangular 
pattern, nitrogen, oxygen atoms Oxygen, nitrogen pattern, inter- 
atomic distances-antileukemic activity 


In connection with structure-activity studies of vari- 
ous oncolytic agents, a common structural feature was 
noted among a number of antileukemic agents. The 
purpose of this paper is to present a preliminary account 
of this observation. 


Iv V 
THEORETICAL 


The tylophora alkaloids (l), tylocrebrine (I) and tylophorine (11), 
were found to possess antileukemic activity against leukemia 
L-1210 in mice (2). The nucleus of these alkaloids, phenanthro- 
[9,10:6’,7’]indolizidine (111) (3), however, is devoid of the activity 
(4) exhibited by the polysubstituted methoxy derivatives. 


The antibiotic streptonigrin (IV), the structure of which contains 
an o-aminoquinone unit (9, exhibits a broad spectrum of inhibitory 
activity against a number of leukemias, lymphomas, carcinomas, 
and other tumor systems (6-13). Although the o-aminoquinone 
unit is also present ( 5 )  in two other types of antitumor antibiotics 
(mitomycin C and actinomycin D, for example), a synthetic com- 
pound, 7-amino-6-methoxy-5,8-quinolinedione (V) (14), which 
possesses a partial structure of this antibiotic in that it contains the 
o-aminoquinone unit, failed to retain the original antileukemic 
activity.’ 


I I1 


I11 
‘Test results were provided by Dr. Harry B. Wood and Robert B. 


Ing of the Cancer Chemotherapy National Service Center, National 
Cancer Institute, U. S. Public Health Service.. 
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It has been reported that the hydroxyl and carbonyl groups 
presented in the lactone ring portion of camptothecin (VI) (15-19) 
may account for the antileukemic activity displayed by this al- 
kaloid. Modification or replacement of these functions resulted in 
deprivation of its oncolytic property (15, 18, 19). 


A comparative study of the structure of these compounds, using 
the Briegleb (20)-Stuart (21) molecular models, revealed that there 
is a common atomic arrangement among these very differently 
constituted molecules. Three electronegative atoms, containing at 


least one lone pair of electrons-one nitrogen and two oxygen 
atoms-form a triangle with very distinct parameters. The inter- 
atomic distances are rather definite, as shown in Fig. 1. 


The triangular arrangments in Compounds I, 11, IV, and VI are 
indicated by dotted lines. It is obvious that no such relationship 
could be found in Compounds 111 and V. 


This interesting observation immediately prompted an examina- 
tion of the structure of other compounds with antileukemic activity 
(at least active versus L-1210). This included demecolcine (VII) 
(22-24); aminopterin (VIIIa) (25-28); methotrexate (VIIIb) (27) 
[many related compounds such as dichloromethotrexate, 2,4- 
diaminopyrimidine analogs of aminopterin and methotrexate, and 
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Table I-Interatomic Distance Measurements (A) of Some 
Nonalkylating Antileukemic Compounds 


Compounds N-0, N--02 0 1 - 0 2  


Tylocrebrine 


Tylophorine 


Streptonigrin 


Camptothecin 
Demecolcine 
Aminopterin 
Methotrexate 
Vinblastine 
Vincristine 
Anthramycin 
Daunomycin 
Glutarimide antibiotics 
Bisketopiperazines 
Harringtonine 
Sangivamy cin 


6-MP riboside 
Cytosine arabinoside 
5-Azacytidine 
Emetine 


7.50-7.71 


7.50-7.71 
7.38 


6.84 
7.370 
7 178 
6: 02-7.05 
7.03-7.71 
6.37-6.70 


8.75-8.87 


8.75-8.87 
8.04 


8.04 
8.71a 
8. 71a 
8.70-9.71 
8.38-8.71 
7.70-9.37 


3.01-3.35 
3.01-3.35 
3.01-3.35 
3.01-3.35 
3.05-3.35 
3.05-3.35 
3.35 
3.03-3.36 
2.69-4.03 


6.37-6.70 8.03-9.03 2.69-4.03 
6.70 8.71 3.36 
6.70 8.71 3.36 
8.04-8.36 8.71-9.05 3.01-3.35 
7.05-10.20 8.36-11.40 2.70 
6.70-7.05 
7 .  O V  
7.04 
7 .  0 P  
6.70" 
7 . w  
6.36-7.05 
7.05" 
7.  03" 


8.40-9.71 
i. SS-8.38 
7.90 
8.70" 
8. 70" 
8. 70a 
8.70-9.36 
8.70" 
8 .  50a 


3.05-3.35 
4.00-4.35 
3.08 
3.40 
3.40 
3.05 
3.68-4.02 
3.03 
3.30 


Interatomic distance of conformed conformation. 


quinazoline antifolates, which can have similar triangular arrange- 
ments, also displayed antileukemic activity (29-35)]; vinblastine 
(IXa) and vincristine (IXb) (36-44); the methyl ether of anthramy- 
cin (X) (4549); daunomycin (XI) (5&56); the glutarimide antibi- 
otics cycloheximide (XIIa, actidione), E-72 (XIIb), and streptovitacin 
A (XIIc) (57-69); bisdiketopiperazines (XIII, R = H, CH,) (70,71); 
harringtonine (XIV) (72); sangivamycin (XV) (73-75) [toyocamycin 
(76), which lacks the side-chain amide group, is devoid of antileu- 
kemic activity]; 6-MP riboside (XVI) (77-80) [the active form of 6- 
MP riboside, as well as for 6-MP, is 6-MP ribonuclotide (SO)] and 
related compounds (8&83); cytosine arabinoside (XVII) (84-89); 
5-azacytidine (XVIII) (9&95); and emetine (XIX) (96). The inter- 
atomic distances (Table I) indicated by the dotted lines, determined 
from the Briegleb (20)-Stuart (21) molecular models, with minor 
deviations in the values of anthramycin and harringtonine, are all 
intriguingly within the limitations of the values shown in Fig. 1. 


The relationship between the triangular pattern and antileukemic 
activity is further substantiated by the reports that neither dauno- 
mycinone (the aglycone of daunomycin) nor the amino sugar 
daunosamine possesses antileukemic activity,' and that the indole 
and indoline units of vinblastine and vincristine, when separated, are 
also inactive (97, 98). Triangular patterns of different sizes and 
shapes have been reported in explaining sites of other receptors 
(99-101) (the muscarinic, nicotinic, histamine, serotonin, inflamma- 
tory, etc.). Although some of the triangulations are also composed of 
one nitrogen and two oxygen atoms, the compounds were inactive 
against leukemia L-1210. The interatomic distances in these cases 
differ markedly from those illustrated in Fig. 1. 


DISCUSSION 


It appears that the triangular pattern, which is present among the 
aforementioned antileukemic compounds of both synthetic and 


Figure 1-N-0-0 triangular pattern. 


natural origin, may actually contribute in the binding to one of the 
pertinent receptor sites (99-107) in certain biopolymers (proteins, 
polysaccharides, nucleic acids, erc.) involved in leukemia geneses. 
Thus, it may result in inhibiting the active site of the enzymes, in 
altering the specificity of enzyme systems, in disturbing the template 
molecules in transcription process, in changing the permeability of 
certain biological membranes, or in causing other interruptions of 
biological functions. Admittedly, the present observation is quite 
empirical, and the facts as presented are oversimplified. Additional 
work, such as molecular orbital calculations of preferred conforma- 
tions of molecules and electron-density distribution of atoms, is 
definitely needed to verify the finding. Furthermore, the triangular 
pattern cannot be used to explain the antileukemic activity of some 
other compounds including hydroxyurea,i ellipticine,Z and biologi- 
cal akylating agents. Nevertheless, perhaps the receptor-comple- 
ment feature can be used to  explore the itz oiuo drug interaction in 
greater detail. It can also be regarded, among other considerations,3 
as one of the working hypotheses in designing better and more useful 
antileukemic drugs. 
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Theoretical Justification of Reciprocal Rate Plots 
in Studies of Water Vapor Transmission through Films 


DANE 0. KILDSIG, RONALD L. NEDICH”, and GILBERT S. BANKER 


Abstract 0 A theoretical equation has been developed justifying 
the graphical representation of vapor permeation data by l/rate 
versus film thickness plots. The permeability coefficient for the film 
may be determined from the slope of this plot and has units in 
square centimeters per second. The intercept at zero film thickness 
is dependent upon the gometry of the expeiimental design and the 
diffusion coefficient for the vapor within the diffusion cell. The 
derivation of the equation assumes a nonequilibrium condition for 
water vapor in the diffusion cell, as well as the existence of steady- 
state conditions. 


Keyphrases 0 Water vapor-transmission through films 0 Film 
transmission-water vapor 0 Reciprocal rate plots, vapor trans- 
mission-theoretical justification 0 Polymeric, unplasticized films- 
water vapor transmission 


The passage of water vapor through polymer films, 
with reference to the free films having potential appli- 
cation as tablet film coatings, has been reported in the 


ATMOSPHERE 


VAPOR 


L l  


LIQUID 


Figure 1-Schematic diagram of water vapor transmission cell de- 
picting water concentrations existing at various surfaces. Co = con- 
centration of molecules above liquid surface, C, = concentration of 
molecules at inside film surface, and Cz = concentration of molecules 
at outside film surface. 


pharmaceutical literature (1-3). In the first of these 
studies (I), a vacuum was created on one side of the 
film so that a pressure difference existed across the film. 
More recently (2,3), the transfer of water vapor through 
films has been studied in which a water vapor pressure 
difference existed but in which the total pressure, 
atmospheric, was the same on both sides of the film. In 
these investigations (2, 3), a linear relationship was 
found between the reciprocal of the rate of water vapor 
permeation and film thickness. In one case (2), the 
authors stated : “An interesting relationship is observed 
when (w/t)-l is plotted against thickness of film; al- 
though no theoretical basis for such a plot can be pro- 
posed at the present time, we feel it is worth presenting.” 
The research described by this study and the accom- 
panying theory present a theoretical justification for 
the linear relationship between the reciprocal of rate of 
water vapor permeation and film thickness. 


THEORY 


Previous investigations have used equations that relate the rate of 
vapor transfer to the water vapor pressure differential existing 
across the film. Alternatively, an expression may be used relating 
this rate to the concentration difference existing across the fdm: 


R = PAAC 
U 


where R is the rate of permeation, P is the permeability coefficient, 
A is the area of the film, a is its thickness, and AC is the water 
vapor concentration difference across the film. AC may be expressed 
in any suitable units such as molecules. The type of transmission 
cell used in previous investigations (2, 3) is shown in Fig. 1, where 


In calculating AC, the diffusion of water vapor from the surface 
of the liquid to the polymer film must first be considered. Because 
the distance between the liquid and the film influences the rate of 
water vapor transmission through the film (4), it can be assumed 
that the vapor pressure at the film surface is not in equilibrium 
with the liquid surface, and that a vapor pressure difference exists 
through this distance. The diffusion through this distance is given 
by Fick‘s one-dimensional equation: 


AC = Ci - Cz. 
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Metal Complexes of Thiouracils I: Stability Constants by 
Potentiometric Titration Studies and Structures of Complexes 


EDWARD R. GARRETT and DENNIS J. WEBER 


Abstract The divalent metals, Cu++, Pb++, Cd++, Ni++, and Zn++, 
complex with the 5- and/or 6-alkyl-substituted thiouracils, HU. 
Significant concentrations of MU+ and MU2 complexes in homo- 
geneous solution for all but Cuff permitted estimation of the re- 
spective Kl and K2 stability constants by potentiometric titrations, 
where the log Kl values were directly proportional to the pKa values 
of the parent thiouracils. Thus, the complex with 5,6-dimethyl-2- 
thiouracil (pKa’ 8.08) was the most stable, and the complex with 
:-carboethoxy-2-thiouracil (pKa’ 6.43) was the least stable of 
those studied. The initial MU+ complex is formed by the covalent 
bonding of the divalent cation at the anionic sulfur. When sulfhy- 
dry1 formation in thiouracil is blocked by prohibiting tautomeriza- 
tion, as with 6-methyl-N,N’-diethyI-2-thiouracil, or by alkylation 
of the sulfur, as with 2-ethylmercapto-4-hydroxypyrimidine, no 
complexation with metal ions was observed. Pb++ and Cd++ ions 
have stability constants, Kl,  for MU+ formation with thiouracils that 
are 100 times greater than with Ni++ or Zn++. No complexation of 
thiouracils with Fe+++, Fe++, Co++, Ca++, or Mn++ was observed. 
The MU2 complex is formed by the covalent bonding of the divalent 
metal to two sulfur anions; this bis(6-n-propyl-2-thiouracil)- 
cadmium (11) is the fiIst complex to precipitate from solution on the 
titration of cadmium ion and 6-n-propyl-2-thiouracil at 25 and 35”. 
The structure was confirmed by elemental analysis and IR spectra 


of synthesized compounds. In all other cases of studied complexa- 
tion of Cd++ and Pb++ with 2-thiouracil, 6-methyl-2-thiouraci1, 5- 
methyl-2-thiouracil, 5,6-dimethyl-2-thiouracil, 5-carboethoxy-2- 
thiouracil, and 6-n-propyl-2-thiouracil, the first complex that pre- 
cipitated on potentiometric titration had a 1 :1 stoichiometry and 
was most probably the cyclic dimer, M2U2, bis(thiouraciLmeta1) 
(II), although the polynuclear polymer, M,U,, was possible. The 
heightened acidity of the 4-OH of the initial MU+ complex pro- 
moted dissociation at low pH values and subsequent covalent bond- 
ing of the divalent cation to the sulfur of one thiouracil and the 
oxygen of another. The resultant M2U2 or M,U, structure was con- 
firmed by elemental analysis and IR spectra of synthesized com- 
plexes. The formed and precipitated complexes of Pb++ and Cd++ 
as MU+, MU2, and MJJ2 were stable, at least in mildly alkaline 
solutions, whereas those of Ni++ and Zn++ were destroyed in mild 
alkali with the final precipitation of the metal hydroxides. 


Keyphrases 0 Thiouracils-metals-complexation 0 Complexes, 
thiouracil-metal-stability constants 0 Metal-thiouracil complexes 
-structure 0 Solubility, aqueous-thiouracils 0 Potentiometric 
titration-analysis 0 IR spectrophotometry-structure 0 UV 
spectrophotometry-structure 


The antithyroid activities of 5-methyl-, 6-methyl-, and 
5,6-dimethyl-substituted thiouracils have been claimed 
to be 0.7, 1 .O, and 1.2 relative to 2-thiouracil (Structure 
Ia) (1-3). 


The present antithyroid derivativeof choice, because of 
its claimed maximal activity and low toxicity in the in- 
tact animal, is 6-n-propyl-2-thiouracil(l-5). Alkylation 
of thiouracil at the N-1, N-3, or sulfur positions greatly 
reduced (2), and substitution by electronegative groups 
at the 5- or 6-position practically eliminated, any anti- U n 


HC<?‘;C=S 
H ! y W  I 


II 
0 


HU Ia 


thyroid activity (1-3). 
Cupric ion has been implicated in thyroid function (6) .  


The copper content of the normal and pathologic 
thyroid has been determined (7) and verified by Kasanen 
and Viitanen (8) who found elevated copper levels in 
toxic and nontoxic goiters. The formation of diiodoty- 
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rosine and thyroxine is increased when cupric ion is 
added to homogenates of thyroid gland (9). Other 
evidence that cupric ion aids in the formation of thy- 
roxine, by formation of iodine from iodide, has been 
presented (10-12). 


Since cupric ion and other heavy metals precipitate 
thiouracil and its derivatives from aqueous solution, 
Libermann (13, 14) conjectured that complexing ability 
and antithyroid activity may be correlated. He assumed 
that completeness of precipitation could be taken as a 
measure of the stability of the complex. However, this 
assumption is not necessarily valid. Some ethylene- 
diaminetetraacetic acid (EDTA) complexes have high 
stability and high water solubility. Libermann (14) sug- 
gested the structure for the cupric-thiouracil complex 
(Structure Ib), which assumed a 1 : l  stoichiometry of 


Ib 


metal to ligand and chelate binding of the cupric ion by 
the sulfur at  the 2-position and the oxygen at  the 
4-position. Consideration of the stereochemistry of 
2-thiouracil and the square-planar nature of cupric ion 
shows that the proposed structure is impossible because 
the phenolic oxygen and thionyl sulfur are coplanar and 
physically distant. 


The oxidation of thiouracil by iodine has been 
shown to occur with ease at  physiological pH values. 
The product is the disulfide (Structure Ic) (15): 


OH 
1 


I 
OH 


Ic 


The disodium salt of this disulfide is stable, but the free 
acid readily disproportionates to thiouracil and higher 
oxidation products (1 5 ) .  


This ease of the oxidation of 2-thiouracil by iodine 
suggests that thiouracil's antigoitrogenic mechanism of 
action may be the reduction of iodine to  the ineffective 
iodide. However, since cupric ion has been implicated 
in thyroid function at the level of iodine production, the 
removal of cupric or cuprous ion by complexation with 
thiouracil could be an alternate explanation for its mode 
of action. If the complexation of cupric or cuprous cop- 
per is important in the mechanism of action of the 
thiouracils, then the stability constant of the complex 
may be larger for copper than with other physiological 
metal ions. Furthermore, it may be possible to correlate 
the stability constant of the copper complex or com- 
plexes of thiouracils and other metals with the biological 
activity of the particular thiouracil derivative. The cor- 
relation can only be expected under the conditions of 


equal concentrations at  the site of action. Any differ- 
ences in the in vivo solubility or stability of the thiouracil 
derivative should be considered. 


The principal purpose of these studies was to provide 
quantitative information on the complexation of metal 
ions with thiouracils. The types of metal ions which 
complex, the effect of thiouracil substituents on the 
stability constants, and the structure of the complexes 
were to be determined. This first paper in the series 
applies the method of potentiometric titrations to the 
study of aqueous solutions of metal complexes of thio- 
uracil that maintain homogeneous solutions for por- 
tions of the titrations. This excludes the study of solu- 
tions of mixtures of copper ions and thiouracils that 
give immediate precipitation by this method. The com- 
plexes of lead, cadmium, nickel, zinc, ferric, ferrous, 
manganese, calcium, and cobaltous ions with 2-thio- 
uracil (TU). 6-n-Propyl-2-thiouracil (PTU), 6-methyl- 
2-thiouracil (6MTU), 5-methyl-2-thiouracil (SMTU), 
5,6-dimethyl-2-thiouracil (5,6DMTU), 5 carboethoxy- 
2-thiouracil (SCETU), N,N'-diethyl-6-methyl-2-thio- 
uracil, and 2-ethylmercapto-4-hydroxypyrimidine 
(2EM4HP) are to be considered, however. 


EXPERIMENTAL 


Purification of 2-Thiouracil (TU&2-Thiouraci11 was recrystallized 
from hot water. The product was washed with water and acetone 
and dried in a vacuum oven at  80°, m.p. 322-323" dec. (all melting 
points are uncorrected); literature value 3 10-312" dec. (16), about 
340" (17). Equivalent weight 130.3; calculated for C4H4N20S 128.1. 
IR spectrum (18), 8 in crn.-' (Nujol mull): 3020 (NH); 1680 (-0); 
1280, 1240, 1177. UV spectrum (16), (0.1 M HC104), A,,,. 273 
(e 13,700), A,,,. 212 (E 16,600). 


Purification of 6-n-Propyl-2-thiouracil ( P m T h e  compound2 
was recrystallized from hot water and dried at 80°, m.p. 219-221 '; 
literature value 219-221 O (19). Equivalent weight 170.0; calculated 
for C7HloN20S 170.2. IR spectrum, I in cm.-l (Nujol mull): 3100 
(NH); 1650(&0); 1550,1240,1190. UV spectrum(0.1 MHC1O4), 
A,,,. 272 ( E  15,840), A,,,. 214 (e 15,840). 


Purification of 6-Methyl-2-thiouracil (6MTU)-The compound3 
was recrystallized from hot water and dried in a vacuum oven at 
50", m.p. 331-332" dec.; literature value >300" (1). Equivalent 
weight 142.1; calculated for CsH~N20S 142.1. IR spectrum, c in 
cm.-l (Nujol mull): 3100 (NH); 1640(C=O); 1195, 1165. UV spec- 
trum(O.l MHCIOd, A,,,, 274(e 15,460), A,,,. 213 ( e  15,760). 


Purification of 5,6-Dimethyl-2-thiouracil (5,6DMTU)-This 
material4 was recrystallized from hot water and dried at 50" in 
a vacuum oven, m.p. 286-287" dec.; literature value 283-285" (1). 
Equivalent weight 156.5; calculated for CBHsN20S 156.2. IR spec- 
trum, 8 in cm.-l (Nujol mull): 3210,3110 (NH); 1660(&0); 1600, 
1210, 1130. UV spectrum (0.1 M HCI04), Amx. 276 (E 17,340), 
A,,,. 215 (E 14,020). 


Purification of 5-Methyl-2-thiouracil (5MTUt5-Methyl-2- 
thiouracil5 was recrystallized from hot water, washed with water, 
and dried at 50" in a vacuum oven, m.p. 334" dec; literature value 
not available (17). Equivalent weight 141.2; calculated for 
C,H,N20S 142.1. IR spectrum, 8 in an.-' (Nujol mull): 3090 (NH); 
1640 (C==O); 1240, 1200, 1165. UV spectrum (0.1 M HC104), 
A,,,. 274 ( E  15,450), Amax. 21 3 (E 15,730). 


Purification of 5-Carboethoxy-2-thiouracil (5CETUtS-Carbo- 
ethoxy-2-thiouracil6 was used as received, m.p. 245-246 "; literature 
value 245" (17). Equivalent weight 197.5; calculated for C7HsN203S 


1 Nutritional Biochemical Corp., Cleveland, Ohio. 
2 Nutritional Biochemical Corp., and K & K Laboratories, Plain- 


3 Nutritional Biochemical Corp. and I< & K Laboratories. 
4 K & K Laboratories. 


6 Cyclo Chemical Corp., Los Angeles, Calif. 


view, N. Y. 


Sigma Chemical Co., St. Louis, Mo. 
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200.2. UV spectrum (0.1 M HC104), A,,,. 310 (e 15,121), A,,,. 
269 (e 18,991), A,,,. 213 ( 6  10,762). 


Purification of 2-Thio-6-aminouracil-2-Thio-6-aminouracil was 
used as received, m.p. 330"; literature value 295" (17). UV spectrum 


Synthesis and Purification of 6-Methyl-N,N'-diethyI-2-thiouracil 
(XI-This material was synthesized by the procedure of Lacey (20). 
N,N'-Diethylthiourea' (3.2 8.) was added to 20 ml. of glacial acetic 
acid and brought to a boil in a round-bottom flask fitted with a re- 
flux condenser and a dropping funnel containing 8.6 g. of diketene.8 
The diketene was added over a 0.5-hr. period, and the reaction was 
allowed to cool overnight. The reaction was further heated for 
0.5 hr. and then cooled; the acetic acid was removed by vacuum 
evaporation. Twenty milliliters of water was added to the residue; 
the mixture was shaken to emulsify and put into a refrigerator over- 
night. The precipitated contents were recrystallized from hot water 
and dried in a vacuum oven at 50", m.p. 97-98'; literature value 
97-98" (20). IR spectrum, F in cm.-l (Nujol mull): 1680 ( G O ) ;  
1250, 1105. UV spectrum (HzO), A,,,. 278 (e 13,100), A,,,. 222 
(e 15,250). Potentiometric titration with 0.1 N NaOH indicated that 
no titratable acid function was present. The yield was 73 %. 


Synthesis and Purification of 2-Ethylmercapto-4-hydroxypynm- 
idine (2EM4HP) (1X)-Eight grams of 2-thiouracil (0.062 mole) 
was added to 2.49 g. NaOH (0.062 mole) in 100 ml. of water, and 
acetone was added; the solution was cooled overnight in a refriger- 
ator. A precipitate of the sodium salt of 2-thiouracil formed (8.3 
g., 0.055 mole), which was filtered and collected. 


The sodium salt of 2-thiouracil (0.055 mole) and ethyl iodide 
(0.06 mole, 9.35 g.) were added to 120 ml. of 95% ethanol in a 
round-bottom flask and refluxed until the sodium thiouracil had 
gone into solution. It was necessary to add an additional 4 g. (0.026 
mole) of ethyl iodide during the reaction to put the sodium thio- 
uracil into solution. The reaction mixture was cooled and the 
ethanol removed by vacuum evaporation. A white residue was left, 
which was recrystallized from ethanol once and then finally purified 
by sublimation, m.p. 152-153"; literature value 152" (17). IR spec- 
trum, F in cm.-l (Nujol mull): 1660 (C==O), 1270, 1170, 1540. UV 
spectrum (HzO), X,,,. 280 (e S O D ) ,  Amax. 230 (e 11,750). Equivalent 
weight 156.4; calculated for C6HsNtOS 156.2. 


Anal.-Calcd. for CeHsN2OS: C, 46.13; H, 5.16; N, 17.94; S, 
20.52. Found: C, 46.40; H, 5.31; N, 18.04; S, 20.37.g 


Potentiometric Titrations-All potentiometric titrations were per- 
formed using a Sargent model D automatic titrator equipped with a 
2.5-ml. capacity syringe buret. The sample solutions were titrated 
under nitrogen in water-jacketed titration cells at constant tempera- 
ture. A Beckman combination electrode with Ag-AgC1 'cference 
was used. The pH standardization at 4 and 7 was checke 1 before 
and after each titration. In no case was the pH drift larger than 0.05 
pH unit and usually was less than 0.02 unit. 


The 0.1 N sodium hydroxide titrant was prepared and maintained 
carbonate-free. Sample solutions for titration were prepared with 
constant concentrations of thiouracil(2 x 10-3 M) and varying con- 
centrations of metal ion, as listed in Table I. The ionic strength 
was maintained constant at 0.006 M by substituting 0.03 M sodium 
perchlorate for equal volumes of 0.01 M divalent metal nitrate, 
since the ratio of the molar concentrations of sodium perchlorate 
to divalent metal nitrate is 1 : 3 for equal ionic strengths. 


The pKa' values of the various thiouracils (Table 11) were deter- 
mined by potentiometric titration with standard alkali, with an 
initial ionic strength of 0.006 M and estimated from the pH of 
half-neutralization. The pKa' values at 25.0" were the averages of 
a t  least three separate determinations and had standard deviations 
of less than 0.05. The pKa' values at 35.0 and 45.0" were usually 
single determinations made at the same time and under the same 
conditions as the titrations of the metal-thiouracil mixtures. The 
equivalent weights of the thiouracils have been given under the 
characterization of the individual compounds. 


Standardization of Metal-Ion Solutions-Analytical grade nitrate 
salts of cupric, cadmium, lead, nickel, ferric, cobalt, calcium, zinc, 
and manganese were used to prepare stock solutions in distilled 
water. The stock solutions were standardized using the mercury, 
mercury-EDTA electrode10 (21, 22). The general procedure was to 


(0.1 MHClOa), A,,,. 275 ( E  18,413), Am=. 202 (E 5856). 


~~ 


1 Eastman Organic Chemical Co., Rochester, N. Y. 
8 K & K Laboratories, Plainview, N., Y. 
9 Huffman Laboratories Inc., Wheatndge, Colo. 


10 Sargent Co., Chicago, Ill. 


titrate potentiometrically solutions containing 2-ml. aliquots of 
0.01-0.04 M metal nitrate, 25.0 ml. of buffer (22), and 1 drop of 
1.0 X M Hg-EDTA solution (22) with 0.1000 M EDTA. The 
reference electrode was a saturated calomel electrode. In the case 
of cobalt, an excess of standard calcium was added, and the excess 
was determined by titration with EDTA according to the general 
procedure outlined. Since the procedure of Reilley e f  al. (22) cannot 
be used to standardize ferric ion, the procedure of Pribil et al. 
(23) was used. The procedure was to titrate a solution containing 
5 ml. of 0.01 M ferric ion, 25.0 ml. of a pH 3 chloroacetic acid buffer 
(0.2 M), and 1 drop of a 0.01 M ferrous perchlorate solution. The 
titrant was 0.1000 M EDTA, and the electrode system consisted of a 
platinum indicator electrode and a calomel reference. Since ferrous 
ion is easily oxidized, fresh ferrous-ion stock solutions were pre- 
pared as needed from analytical grade FeS04. 7Hz011 and boiled, 
nitrogen-purged water. 


Aqueous Solubility of Thiouracils-Saturated aqueous solutions 
(50 ml. of 0.1 M HC104 in 100-ml. sealed flasks) of 2-thiouracil, 
6-n-propyl-2-thiouraci1, 6-methyl-2-thiouraci1, 5-methyl-2-thio- 
uracil, 5,6-dimethyl-2-thiouracil, 5-carboethoxy-2-thiouraci1, and 
6-amino-Zthiouracil were equilibrated at 25.0" in a controlled tem- 
perature shaker bath. Filter sticks (Sargent No. S-30417) were used 
to remove samples from the equilibrated solutions. The first filtrate 
was discarded; 2.0-ml. aliquots of the filtered, equilibrated solution 
were taken, appropriately diluted with 0.1 M HC104, and read on 
the Cary spectrophotometer or the Beckman DU against a 0.1 M 
HClOa blank solution. Repetitive samples were taken with time to 
assure complete equilibration. Possible oxidation (15) of the equili- 
brating solutions of TU, PTU, SMTU, and 6MTU were denied by 
the fact that the absorbances at several wavelengths were of the 
ssme ratio to similar absorbances for fresh solutions of these thio- 
uracils. The calculated solubilities are listed in Table 11. 


Spectrophotometric Titrations of Thiouracils-Thirty milliliters 
of solutions, 0.921 x 10-4 and 1.00 x W4 M in 2-thiouraciland 
8.00 X M in sodium perchlorate, contained in a water-jacketed 
titration cell (25.0"), were titrated with 1.00 N NaOH and 0.0499 N 
NaOH, respectively. Nitrogen gas, free of carbon dioxide (passed 
through an Ascarite tube) and saturated with water (passed through 
a sparger tube immersed in water) at 25.0", was passed into the cell 
for each run. The cell solution was stirred with a magnetic stirrer. 
A constant-rate buret (Sargent) equipped with a 2.5-ml. syringe 
buret was used to deliver the titrant to the cell. The volume delivered 
could be read to the nearest 0.5 pl. A microaperture flow cell (Beck- 
man catalog No. 97290) was connected by polyethylene tubing 
(Clay-Adams Co., No. PE 200) to the titration cell and to a 5.0-ml. 
gastight syringe (Hamilton). After each addition of standard 
alkali, the gastight syringe was actuated by hand to draw the titra- 
tion cell solution into the flow cell and the spectrum recorded versus 
a water blank. The gastight syringe was actuated several times be- 
fore each spectrum was recorded to ensure thorough mixing of any 
solution that may have remained in the flow cell or tubing. The pH 
of the solution was read after mixing using a glass-calomel electrode 
system and a Radiometer pH meter (No. TIT 1). The total volume 
change during the titration of the sample solution was less than 2% 
and was considered negligible. 


The absorbances at the A,-. and other wavelengths were plotted 
against pH. The pKa' values were determined from the intercept of 
plots of log [(A - AH+)/ (AoH- - A)] versus pH, where A is the ab- 
sorbance at a given pH value, A H +  is the absorbance in 0.10 M 
HC104, and AOH- is the absorbance at pH 9 in accordance with the 
expression (24) : 


The pKa' values determined by spectrophotometric titrations are 
given in Table 11. 


Synthesis of Bis(2-thiouracil)cadmim (n) or Cd(TU)* (1V)-A 
solution containing 0.06 mole of 2-thiouracil in 2 1. of hot water was 
prepared. To the 2-thiouracil solution was added slowly, with stir- 
ring, a solution containing 0.03 mole of cadmium nitrate in about 
200 ml. of water. The resulting mixture was allowed to stand 0.5 hr. 
on low heat (about 70"). It was then allowed to cool to room temper- 
ature, and the pH was adjusted to 6.5 with concentrated NaOH. 


11 Matheson Coleman & Bell, Cincinnati, Ohio. 
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Table I-Composition of Solutions and Estimated Logarithmic Stability Constants of 1: 1 (MU+) and 1:2 ( M u d  
Metal Complexes of Substituted Thiouracils from Potentiometric Titrations 


Ligand" Metal lO3[M++lO Temperature Slope5 log KiC log K2' 


2TU 


PTU 


Pb++ 2.00 
1.80 
1.60 
1.40 
1.20 


Cd++ 


Nif+ 


Pb++ 


Cd++ 


1 .oo 
0.800 
0.600 
0.400 
0.200 


2.00 
0.800 


2.00 
0.800 


2.00 
1.80 
1.60 
1.40 
1.20 
1 .oo 
0.800 
0.600 
0.400 
0.200 


2.00 
0.80 


2.00 
0.800 


60.00 
6.00 
4.00 
1.60 
1 .oo 


2.00 
1.60 
1 .oo 
0.400 
0.200 


2.00 
0.800 


2.00 
0 * 800 


2.00 
1.60 
1 .OO 
0.400 
0.200 


2.00 
0.800 


2.00 
1.20 


Ni++ 2.00 
1.60 
1 .oo 


Zn++ 2.00 
6MTU Pb++ 2.00 


1.60 
1 .oo 


25.0" 
25.2" 
25.2" 
25.1" 
25.0" 
24.9" 
24.9" 
24.9" 
24.9" 
24.9" 


34.95" 
34.85' 


44.85" 
45.15" 


25.1" 
25.3" 
24.9" 
25.3" 
25.1" 
25.1" 
25.1" 
25.1" 
25.0" 
25.0" 


34.7" 
34.7" 


45.0" 
45.0" 


25.0" 
25.0" 
25.0" 
25 .O" 
25.0" 


25.8" 
25.8" 
25.8" 
25.8" 
25.8" 


34.80' 
34.80" 


44.85" 
44.58" 


25.0" 
25.3" 
25.3" 
25.3" 
25.3" 


35.1" 
34.9" 


44.9" 
44.9" 


25.9" 
25.9" 
25.9" 


25.9" 
26.0" 
25.5" 
25.5" 


I .oo 
1.15 
1.15 
1.11 
1 . 1 1  
I .08 
1.12 
1.10 
1.08 
1.07 


1.10 
1.10 


1 .oo 
1.16 


1 .oo 
1.36 
1.12 
1.23 
1.36 
1.22 
1.59 
1.33 
1.60 
1.60 


1.31 
1.26 


1.10 
1.25 


1.13 
1.11 
1.01 
1.08 
1.20 


1 .oo 
1 .oo 
1.12 
I .24 
1.13 


1.08 
1.15 


1 .oo 
1.05 


- 


1.43 
1.66 
1.42 
2.06 


1.49 
1.48 


1.58 
1.42 


1.91 
- 
- 


- 


1 .oo 
1 .oo 
1.22 


4.68(4. 68)b 
4.69 
4.70 
4.72 
4.73 
4.76 
4.76 
4.84 
4.83 
4.75 
4.74 f 0.05 
4.534.  58)b 
4.62 
4.67 f 0.05 
4.52(4.54)b 
4.49 
4.50 i 0.01 
4.  21(4.21)b 
3.88 
4.10 
4.03 
3.85 
4.02 
4.13 
3.98 
4.07 
3.96 
4.02 f 0.10 
4.07 
4.10 
4.08 f 0.01 
4.05 
3.93 
3.99 i 0.06 
2.46 
2.59 
2.38(2. 43)b 
2.60 
2.40 
2.49 f 0.09 
4.79(4.82)b 
4.76(4. 77Ib 
4.84 
4.67d 
4.50d 
4-79 f 0.03 
4.58(4. 65)b 
4.69 
4.63 f 0.05 
4.43(4.47)b 
4.45 
4.44 f 0.01 
4.16 


4.17 
4.31d 


4.16 f 0.005 
3.95 
3.78 
3.86 f 0.08 
4.01 
3.65 


1.34 
0.30d 
1.36 
1.35 f 0.01 
2.16 
4.63(4. 66)b 
4.73(4. 80)6 
4.68 


~ 


- 


- 
~ 


3.83 f 0.18 


~ 


3.07 
3.69 
3.54 
3.47 
3.42 
3.37 
3.49 
3.47 
3.41 
3.49 
3744 f 0.15 
3.24 
3.40 
3.32 f 0.08 
2.62 
3.37 
2.99 f 0.37 
3.12 
4.00 
3.57 
3.55 
3.94 
3.46 
3.58 
3.31 
3.36 
3.03 
3.49 f 0.29 
3.68 
3.86 
3-77 f 0.09 
3.20 
3.70 
3T45 i 0.25 
3.78 
3.57 
1.69 
2.12 
2.84 
2-66 f 0.71 
3.34 


3.48 
3.26 


3.36 f 0.09 
3.50 
3.32 
3.41 f 0.09 
3.32 
3.32 
3.27 f 0.04 
4.22 
4.73 
4.81 
4.20 


4.49 =t 0.28 
4.64 
4.97 
4.80 f 0.17 
4.35 
4.19 
4.27 f 0.08 
3.49 
4.46d 
3.53 
3.51 f 0.02 
3.62 
3.29 
3.33 
3.45 


- 


- 


~ 


- 


(Continued) 
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Table I--(Conrinued) 
~~ ~ 


Liganda Metal 1O3[M++lo Temperature Slopeh log KiC 


0.400 25.0" 1.22 4.73 
4.69 i 0.04 


3.00 
3.26 =t 0.16 


2.00 
0.800 


35.1" 
35.1" 


1 .oo 
1.10 


4.70(4. 74)b 
4.80 
4.75 f 0.05 


3.51 
3.59 
3.55 f 0.04 
~ 


2.00 
0.80 


44.9O 
44.95" 


1.02 
1.19 


4.54 
4.52 
4.53 f 0.01 


3.28 
3.48 


~ 


3.38 f 0.10 
Cd++ 2.00 


1.60 
1 .oo 
0.40 


26.0" 
25.5" 
25.5" 


1.25 
1.33 
1.32 


4.15 
4.16 
4.09 


3.43 
3.59 
3.70 
4 .  15d 26.0" 1.96 3. 67d 


4.13 f 0.03 3.57f 0.11 
3.89 
3.96 
3192 f 0.03 
3.82 
3.80 
3.81 f 0.01 
3.18 


__ 


2.00 
0.800 


35.2" 
35.2" 


1.15 
1.47 


4.31 
4.35 
4.33 f 0.02 


44.85' 
35.0" 


1 .oo 
1.46 


4.26(4.33)* 
4.18 
4.22 f 0.0 
4.13 
4.75(4.75)h 
4.74 
4.85 
4.89 
c 8 0  f 0.06 


2.00 
0.800 


Ni++ 
Pb++ 


2.00 
2.00 
1.60 
1 .oo 
0.400 


26.0" 
25.0' 
25.3" 
24.5" 
24.5" 


1.53 
1 .oo 
1.06 
1.20 
1.20 


3.14 
3.34 


5MTU 


3.24 
3.51 
3.32 f 0.16 


2.00 
0.800 


35.05' 
34.9" 


1 .oo 
1.08 


4.65(4. 66)h 
4.73 


3.25 
3.12 
j.18 f 0.06 4.69 f 0.04 
3.30 
3.13 
3.21 f 0.08 


2.00 
0.800 


44.85' 
44.85" 


1.02 
1.14 


4.51(4.55)b 
4.59 
4.55 f 0.04 


2.00 
1-60 


25.0" 
25.0" 


1.07 
1.32 


4.28(4.36)& 
4.27 


3.47 
3.15 
3.92 


Cd++ 


25.3' 
25.0" 


1.42 
1.93 


4.22 
3.79b 
4.25 f 0.03 
4.14 
4.25 


1 .oo 
0.400 4. 48b 


3.71 f 0.18 
2.00 
0.800 


34.85' 
34.9" 


1.16 
1.28 


3.82 
3.93 
3.87 f 0.07 4.9 f 0.05 


3.97 
4.11 
4.04 f 0.07 


2.00 
0.800 


44.75" 
44.95" 


1.14 
1.44 


3.23 
3.85 
3.54 f 0.31 
2.84 
2.74 
1 .63d 
2.79 f 0.05 


~ 


26.0" 
25.3' 
25.0" 


1.49 
1.21 
1.31 


2.30d 
2.72 


Ni++ 


Pb++ 


2.00 
1.60 
1 .oo 2.61 


2.66 f 0.05 
5,6DMTU 2.00 25.8" 


25.0" 
25.3" 
25.3' 


1 .oo 
1 .oo 
1 .oo 
1.37 


5.01(5.04)b 
4.98(5. 04)b 
5.03(5.04)b 
4.79d 
5.01 f 0.02 
5.04(5. 02)b 
4.99 
m f 0.02 


__ 


4.04 
3.86 1.60 


1.00 
0.400 


3.83 
3.92 
3.91 f 0.08 


~ 


2.00 
0.800 


34.85' 
34.85" 


1 .oo 
1.06 


4.37 
4.72 
4.54 f 0.17 


4.81(4. 86)b 
4.82 
4.81 =t 0.00 
- 


4.23 
4.13 
4.18 f 0.05 


3.99 
4.24 
4.11 


4.23 
4.40 
4.31 f 0.08 
4.21 
4.45 
4.33 f 0.12 
2.99 
PPt. 


- 


4.11 f 0.10 


~- 


2.00 
0.800 


45.35" 
44.9" 


1 .oo 
1.32 


25.5" 
25.5" 
25.3" 
25.5' 


1 .oo 
1.14 


4.52~(4.53)* 
4.36 
4.37 
4.37 
4.37 f 0.004 
4.50 
4.40 
4.45 f 0.05 
4.28 
4.19 
4.23 f 0.04 
3.03 
PPt. 


__ 


Cd++ 2.00 
1.60 
1 .oo 
0.400 


1.32 
1.31 


34.85' 
34.95" 


1.11 
1.33 


2.00 
0.800 


2.00 
0.800 


44.85" 
45.0" 


1.23 
1.67 


Ni++ 1 .oo 
SCETU Pb++e 2.00 


25.5' 
25.5" 


1.38 
- 


(Continued) 


Vol. 59, No. 10, October 1970 0 1387 







Table I+Continued) 
~~~ ~ ~~ ~~ 


Liganda Metal 103[M++l0 Temperature Slopeb log Kic log Kzc 


Cd++ 


0.800 
2.00 
0.800 
2.00 
0.800 
2.00 
0.800 


2.00 
0.800 
2.00 
0.800 


25.5" 
35.0' 
35.0" 
45.0" 
45.0" 
24.8" 
25.0" 


35.4" 
34.5" 
44.85" 
44.85" 


- 
1.25 
1.75 


1.54 
2.28 
1.73 
2.03 


PPt. 
PPt. 
PPt. 
PPt. 
PPt. 
3.51 
3.48 
3.52 f 0.04 
3.50 


3.79 
3.55 
3.67 f 0.12 


~ 


- 


__ 


PPt. 
PPt. 
PPt. 
PPt. 
PPt. 
3.74 
3.56 
3.65 f 0.09 
3.72 


3.98 
3.94 
3.96 f 0.02 


~ 


- 


a The ligand concentration was 0.002 M, ionic strength was 0.006 M, and initial volume of the titrating solution was 25.00 ml. The ligand abbrevia- 
tions represent the following compounds : (TU) 2-thiouracil ; (PTU) 6-n-propyl-2-thiouracil; (6MTU) 6-methyl-2-thiouracil ; (5MTU) 5-methyl-2- 
thiouracil; (5,6DMTU) 5,6-dimethyl-2-thiouracil; and (5CETU) 5-carboethoxy-2-thiouracil. 1, These are the slopes ofplots of log (1 - a)/% uersusp[U-], 
where 7i is the degree of formation of a postulated 1 : 1 complex (MU+) in accordance with log (1 - %)/fi = pK1 + p[U-]. For those cases where the 
slope was consistent with the theoretical expectation of unity, it can be postulated that the only complex present in significant concentration is the 1 : 1 
complex, MU+. The values of log KI estimated from the intercept of these plots for unit slopes are given in parentheses. The estimations of pK1 and 
slope values were limited to those portions of the titrations where homogeneous solutions were maintained. c Log xi and log KZ values were derived 
from the slope and intercept values of plots offi/fl - fi)[U-j versus [(ri - 2)/(fi - l)][U-]in accordance withA/(l - A)[U-] = KI + [(% - ?)/ti5 - l)] 
[U-] KIKz, where KI is the stability constant for the formation of the 1 : 1 complex, MU+, and KZ is the stability constant for the formation of MU2 
from MU+. The mean values of the log K values are given for each temperature with the estimated standard deviahons. d This value was considered 
anomalous and was not included in the calculation of the mean values. e There was immediate precipitation on addition of Pb(N03)~ to the 5CETU 
solution. 


The resulting suspension was warmed again, cooled to room tem- 
perature, and filtered through a medium fritted-glass funnel. The 
product was washed with cold water and acetone and dried in a 
vacuum oven at 60". IR spectrum, fi in cm.-' (Nujol mull): 1620, 
1550, 1530, 1300, 1210, 1180, 827. 


Anal.-Calcd. for C8H6CdN40&: Cd, 30.65. Found: Cd, 31.54, 
30.96. 


Synthesis of Bis(2-thiouracil)lead (U) or Pb(TU)z (1V)-The 
procedure for the synthesis of bis(2-thiouraci1)lead (11) was exactly 
the same as in the case of bis(2-thiouracil)cadium (11) except that 
lead nitrate was used in place of cadmium nitrate. IR spectrum, fi  
in cm.-I (Nujol mull): 1660, 1630, 1560, 1500, 1280, 1000, 815. 


Anal.-Calcd. for CsH6N4O2PbS2: Pb, 44.90. Found: Pb, 44.51. 
Synthesis of Bis(2-thiouracil-cadmium) (II) or Cdz(TU)2 (W)- 


A solution containing 0.06 mole of 2-thiouracil in a minimum of 
hot water was added slowly, with stirring, to a 1-1. solution contain- 


ing 0.06 mole of cadmium nitrate heated to the same temperature 
(about 80") as the hot thiouracil solution. The resulting mixture was 
maintained a t  the initial temperature for 0.5 hr. and then allowed to 
cool to room temperature. Concentrated sodium hydroxide was 
added to p H  6.8, and the resulting suspension was reheated. After 
30 min. the suspension was cooled to room temperature and the 
product filtered through a medium fritted-glass funnel. The re- 
sulting product was washed with water and then acetone and dried 
in the vacuum oven at 60". IR spectrum, fi in cm.- (Nujol mull): 
3400, 1570, 1510, 1335, 1020. 


Anal.-Calcd. for C&14CdZN40&: Cd, 47.2. Found: Cd, 45.8. 
Synthesis of Bis(2-thiouracil-lead) (II) or Pbz(TU)z (W)-The 


procedure for bis(2-thiouracil-lead) (11) was exactly the same as in 
the case of bis(2-thiouracil-cadmium) (11) with lead nitrate substi- 
tuted for cadmium nitrate. IR spectrum, 8 in cm.-' (Nujol mull): 
1560, 1520, 1430, 1330, 1000,820. 


MnUn VIII 


Scheme I-Relations among the divalent metal-ion complexes of rhiouracils except that no experimental evidence exists in support of 
MUOH (V). MU+ ( I l l )  and MU2 (IV) exist in significant concentrations in solution, and characterized MU2 (ZV), MZUZ (VII) ,  andlor 
M,U, (VIII) are precipitated from solutions of metal-ion andthiouracil mixtures. 
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Table 11-Intrinsic Solubilities" at 25.0" and pKa' Values of Various Thiouracils 


pKafb 
Ligand Solubility, moles/l. 25.0" 35.0" 45.0" 


2-Thiouracil 5.53 x 10-3 7.46(7.52) 7.22 7.09 
6-n-Propy l-2-thiouracil 7.07 x 10-3 7.76(7.80) 7.48 7.17 
6-Methyl-Zthiouracil 3.75 x 10-3 7.73(7.94) 7.65 7.41 


5,6-Dimethyl-2-thiouracil 8.79 x 10-3 8.08 8.06 7.76 
5-Carboethoxy-2-thiouracil 7.97 x 10-3 6.43 6.40 6.27 


6-Amino-2-thiouracil 1.79 x 10-3 


5-Methyl-2-thiouracil 3.58 x 10-3 7.71(7. SO) 7.57 7.35 


2-Ethylmercapto-4-hydroxypyrimidine - - - 7.01 
- - - 


Q Determined from the absorbances of saturated solutions in 0.1 M HCIOl where the absorptivity values for wavelengths of maximum absorbance 
have been given in the Experimenrai section. b Determined by potentiometric titration with standard alkali with an initial ionic strength of 0.006 M, 
where the pKa' was estimated from the pH of half-neutralization. The pKa' values at 25.0" were the averages of at least three separate determinations 
and had standard deviatlons less than 0.05. The parenthetical pKa' values at 25.0" were determined by spectrophotometric titration of 10-4 M thio- 
uracll from the intercept values of plots of log [(A - AH+)/(AoH- - A)] uersus pH, where A is the absorbance at a given wavelength at a given pH 
value, AH+ is the absorbance In 0.10 MHClOa, and AOH- is the absorbance at pH 9 in accordance with the expression log [(A - AH+)/(AoH- - A)] = 
pKa' - pH. 


Anal.-Calcd. for CsHdN402PbS~: Pb, 62.15. Found: Pb, 62.54. 
Synthesis of Bis(6-n-propyl-2-thiouracil)cadmium (IT) or Cd(PTU)2 


(1V)-The preparation of this complex was performed in the same 
manner as for bis(2-thiouraci1)cadmium (11). The molar amounts of 
6-n-propyl-2-thiouracil and cadmium nitrate were 0.06 and 0.03, 
respectively. IR spectrum, 5 in cm.-l (Nujol mull): 3100, 1630, 1500, 
1270, 1220, 1175, 1015,970,830. 


Anal.-Calcd. for C14H18CdN40z&: C, 37.29; H, 4.02; Cd, 24.9; 
N, 12.43; S, 14.22.12 Found: C, 37.94; H, 4.15; Cd, 24.7; N, 11.95; 
S, 13.77. 


Synthesis of Bis(6-n-propyl-2-thiouracil-lead) (JI) or Pb2(PTU)2 
(VII)-This complex was prepared by the same procedure as for 
bis(2-thiouracil-cadmium) (11). The molar amounts of 6-n-propyl-2- 
thiouracil and lead nitrate used were 0.06. IR spectrum, i in cm.? 
(Nujol mull): 1550, 1420, 1280, 1165, 1020, 825. 


And-Calcd. for C14H,pN402PbS,: Pb, 55.2. Found: Pb, 55.4. 
Analysis of Cadmium Content of Complexes-Accurately weighed 


(200-mg.) samples of the dried cadmium complex were dissolved 
in 150 ml. of 0.01 M H2S04 and heated (70") until all of 
the sample had dissolved. Approximately 150 mg. of sodium hydro- 
gen sulfide in 15 ml. of water was added, and the resulting cadmium 
sulfide precipitate was digested for about 2 hr. until the crystals 
were large. The precipitate was filtered onto a tared, fritted-glass 
funnel, washed with warm water, and dried in a vacuum oven at 50" 
overnight. The dried precipitate was weighed in the funnel, and the 
cadmium was calculated by multiplying the weight of cadmium 
sulfide by the gravimetric factor 0.7780 (25~). 


Analysis of Lead Content of Complexes-Accurately weighed 
samples (300 mg.) of the lead complex were digested in 100 
ml. of 1.0 M nitric acid until everything had dissolved. The volume 
was reduced to 25 ml. by evaporation; 100 ml. of a solution 2.0 M 
in sulfuric acid and 1.0 M in sodium sulfate was added. The precipi- 
tate was digested to give large crystals, and the volume was reduced 
by evaporation to about 50 ml. The precipitate was collected on a 
tared, fritted-glass funnel, washed with water, dried at 120" over- 
night, and weighed. The gravimetric factor is 0.6832 (256). 


THEORY AND METHODS OF CALCULATION 


The derivation of the general equation for the calculation of 
stability constants from potentiometric titration data was first 
given by Bjerrum (26). An excellent summary of computational 
techniques is also available (27). The following derivations are made 
for the specific circumstances in this study. They do not assume the 
formation or precipitation of significant amounts of the hydroxides 
of the free metal ion, i.e., MOH+ or M(OH),, and require all species 
(ligands, metal ions, and complexes) to be in solution and in in- 
stantaneous equilibrium. They can be and were applied only under 
such valid circumstances. All possible species and complexes and 
the rational equilibria among them are shown in Scheme T. The 
discussion of the following section is in respect to these relationships. 


~ ~~~ ~ 


12 Elemental analysis by Huffman Laboratories Inc., Wheatridge, 
Colo. 


Equations for Stability Constants of Complexes of Thiouracil (HU) 
and Doubly Charged Metal Cations (M++) where the Significant 
Complexes in Solution Have Only the Forms MU+ and MUZ-The 
formation of 1 : 1 (MU+) and 2: 1 (MU2) complexes of thiouracil 
anion (U-) and metal ion (M++) in homogeneous solution can be 
formulated as: 


-H+  +Mf '  +U- 
HU F? U- F? MU+ F? MU2 


+ H +  - M f f  - u- 0%. 2) 
I K,' I1 I11 Kz IV 


The apparent acid-dissociation constant of the thiouracils is: 


where [U-] and [HU] are the molar concentrations of thiouracil 
anion, 11, and undissociated thiouracil acid, I, respectively; and 
[H+] ?+ = U H +  = lO-pH is the hydrogen-ion activity, where yk is the 
mean activity coefficient of the hydrogen-ion concentration, [H+]. 
The stability constant for the first complex of metal ion with thio- 
uracil is: 


where [MU+] is the concentration of the first complex, 111; and [M++] 
is the concentration of free metal ion. The step stability constant for 
the formation of the 1 : 2 complex is: 


[MU21 
Kz = [MU+][U-] 


where [MU2] is the concentration of the second complex, IV. The 
overall stability constant, the product of 4 and Kz, is: 


The mass balance equations for thiouracil, metal-ion, and sodium 
hydroxide titrant are: 


[HUIo = [U-I + [HU] + [MU+] + 2[MUzl 


[M++]o = [M++] + [MU+ + [MU?] 
0%. 7) 
(Eq. 8) 


[NaOH] = [U-] + [MU+ + 2[MU + [OH-] - [H+] (Eq. 9) 


The initial stoichiometric concentrations of thiouracil and metal ion 
in the solution to be titrated are given by [HUIO and [M++]o. The 
stoichiometric concentration of alkali, calculated on the basis that 
of the amount added at any point in the titration none had yet been 
consumed, is given by [NaOH]. The concentration of hydroxyl ion 
in Eq. 9 is the sum of the hydroxyl ion from the titrant and from the 
dissociation of water. Since a hydrogen ion is produced when a 
water molecule dissociates, the hydrogen-ion concentration corrects 
the hydroxyl-ion concentration for this phenomenon, so the re- 
sultant equation only accounts for the hydroxyl ion due to the 
titrant. 
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The degree of formation, 5, is defined as the average number of 
ligands bound to a metal ion: 


When the appropriately rearranged Eqs. 3 and 7 are substituted into 
Eq. 10, 


I1 = 
[M++lo 


When Eq. 9 is subtracted from Eq. 7, 


[HUo] - [NaOH] = [HU] - [OH-] 4- [H+] (Eq. 1 2 )  


If the potentiometric titrations are performed near neutrality 
and/or significant thiouracil is present during the titrations, the 
differences between the relatively small quantities of [OH-] and 
[H+] can be ignored and 


[HWo - [NaOH] = [HU] (Eq. 1%) 


This was true for all cases. The value for [HU] in Eq. 126 may be 
obtained from a rearrangement of Eq. 3. After substitution of this 
value for [HU] into Eq. 12b, the following equation is obtained on 
rearrangement: 


The right-hand side of Eq. 13 contains only experimentally obtain- 
able quantities; therefore, [U-] can be calculated. Substitution of 
[U-] into Eq. 1 1  allows the calculation of 6. 


Substitution of the rearranged equilibrium expressions for [MU+], 
[MUZ], (Eqs. 4 and 6) and the mass balance (Eq. 8) for [M++Io into 
Eq. 10 gives, on simplification and rearrangement, a relation be- 
tween I%, Kl, and P2: 


Equation 14 is linear when $(1 - n) [U-] is plotted against 
[ (G - 2)/(G - l)] [U-1. The slope is pz and the intercept is KI. If 
is assumed to be zero, Eq. 14 reduces to an equation whose loga- 
rithmic transformation is: 


where pKL and p[U-] represent the negative logarithm of Kl and 
[U-1, respectively. Equation 15 is linear when log (1 - n)/n is plot- 
ted against p [U-] and has a slope of 1 and an intercept ofpKl. 


Equations for Stability Constants of Complexes of Thiouracil (HU) 
and Doubly Charged Metal Cations (M++) where Significant Com- 
plexes in Solution Have Only the Forms MU+, MUz, and MUOH 
(or MLJ*bThe formation of MUOH (V), the mixed ligand complex 
(or its reaction equivalent zwitterion MU*, VI) can conceivably 
occur by reaction of 111, Scheme I, or Eq. 2, with OH- (or by its 
equivalent, the removal of a H+): 


- H +  +OH- 
MU* * MU+ MUOH 


+ H +  - OH- 03. 16) 


This derivation of the equations for the calculation of the stability 
constants of MU+ (111) and MUOH (V) assumes that no significant 
amounts of MOH+ and/or M(OH)* are formed and all species are in 
solution and at  equilibrium. The use of the symbol MUOH in the 
following equations may stand for either MUOH (V) or MU* (VI) 
or the sum of both. The fact that both are products of hydroxyl-ion 
reaction with MU+ (111) makes them mathematically equivalent in 
all calculations. 


The expressions for the apparent acid-dissociation constants, 
K,,', and the equilibrium constant, Kl, for the first complex, MU+ 
(III), have already been given (Eqs. 3 and 4). The step stability con- 


stants, &', of the mixed ligand complex is: 


[MUOH] 
[MU+][OH-]z K2' = (Eq. 17) 


where [MUOH] is the molar concentration of the mixed ligand com- 
plex (V), and [OH-Iy,' = a , , ~ -  = IO-pOH = 10-(pKw - pH) is the 
activity of hydroxyl ions. The mean activity coefficient is given by 
yi'. The expression for the autoprotolytic constant of water is: 


Kw = [H+l Y* [OH-] Y*' (Eq. 18) 


The overall stability constant, the product of Kw, Kl, and Kz', for the 
mixed ligand complex is: 


The value of [OH-] Ti' has been substituted by KJH+] yi from 
Eq. 18. The mass balance equations for thiouracil, metal-ion, and 
sodium hydroxide titrant are: 


[HUlo = [U-I + [HUI + 
[MU+] + [MUOH] + 2[MUzl (Eq. 20) 


[M++]o = [M++] + [MU+] + [MUOH] + [MUzl (Eq. 21) 
[NaOHl = [U-I + [MU+] + 


2[MUOH] + 2[MUz] + [OH-] - [H+] (Eq. 22) 


When the degree of formation for the complexes MU+, MUOH, and 
MUz is considered 


Substitution of rearranged Eqs. 3 and 20 into Eq. 23 results in: 


Subtracting Eq. 22 from Eq. 20, substituting [HU] from Eq. 3 and 
[MUOH] from Eq. 19, and dropping the relatively small quantities 
[OH-] and [H+] give: 


The left-hand side of Eq. 24 contains the free metal-ion concentra- 
tion; therefore, the value of [U-] cannot be accurately calculated 
unless the free or uncomplexed metal-ion concentration is determin- 
able. If the assumption is made that MUOH is not present in any 
significant amount during some interval in the titration, then Eq. 
24 reduces to Eq. 13. This assumption would permit the observed 
data to conform to Eq. 14. Equation 24 is valid when MUOH is 
present, whether or not significant amounts of MU2 are formed. 


for mixed ligand complexes is 
derived by substitution of the equilibrium expressions for [MU+] 
(Eq. 4), [MUOH] (Eq. 19), [MU2] (Eq. 6), and [M++] (Eq. 21) into 
Eq. 23 to give: 


The relation of 2 to Kl, pz, and 


Rearrangement of Eq. 25 by multiplication of both sides by the 
denominator of the right-hand expression and collection of similar 
terms gives: 


which is not linear when E/(l - R )  [U-] is plotted against 1/ [H+]y* 
or [(a - 2)/(A - l)] [U-] when ii is calculated from Eq. 11 for [U-] 
calculated from Eq. 24. When it is assumed that the concentration of 
MUOH is not significant, fill approaches zero, Eq. 26 reduces to 
Eq. 14, [U-1 may be calculated from Eq. 13, and only potentiometric 
titration data are needed. When it is assumed that the concentration 
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of MU2 is not significant and that only MU+ and MUOH complexes 
may exist, P2 approaches zero and Eq. 26 becomes 


Ti = K + -  P I 1  


1 - n [u-1 [H+Ir* 


which is linear when E/(l - Z) [U-] is plotted against l/[H+]y, with 
a slope of Pll and an intercept of Kl when Fi is calculated from Eq. 11 
for [U-] calculated from Eq. 24, which demands an independent 
estimate of metal-ion concentration in addition to the potentio- 
metric titration data. 


Equations for Stability Constants of Thiouracil (HU) and Doubly 
Charged Metal Cations (M++) in the General Case where Complexes 
Have Only the Possible Forms MU+, MU2, MU* (or MUOH), and 
M z U ~  or n Complexes as M,U,-The formation of positively charged 
MU+ (111) and neutral MU* (VI) [or its equivalent MUOH (V)] 
1 : 1 complexes, as well as the polynuclear complexes, M2U2 (VII), 
can be formulated as an extension of Eq. 16: 


+MU* 
M ~ U ~  7 MU, +(n-l)MU* 


-MU* - (n - 1)MU* 
MnUn (Eq. 1 6 ~ )  


VII K2" VI VIII 


Molecular models of M2U2 (VII) in Scheme I are easily formed and 
exhibit no strain. It is also possible to write polynuclear complexes, 
M,U,, of variable n in the linear form of VIII in Scheme I. This de- 
rivation of the equations to relate stability constants of MU+, MU*, 
MzUZ, and polynuclear complexes, M,U,, assumes that no signifi- 
cant amounts of MOH+ are formed and all species are in solution 
and in equilibrium. 


The expressions for the apparent acid-dissociation constant of the 
ligand and the stability constant of the first complex (MU+, 111) 
have been given (Eqs. 3 and 4). The expression for the acid-dis- 
sociation constant of MU+ (111) to MU* (VI) is: 


The equation for the step stability constant of M2U2 (VII) is: 


Substitution of the equilibrium expression for [MU+] (Eq. 4) into 
Eqt17 and collection of constants give: 


where Po2 has the same value as Pll in Eq. 19. Substitution of the 
expression for [MU*] from Eq. 30 into Eq. 29 and collection of con- 
stants give: 


The mass balance equations for thiouracil, metal-ion, and sodium 
hydroxide titrant are: 


[Hula = [U-I + [HUI + [MU+] + 
[MU*] + 2[MzUzl + 2[MUzl (Eq. 32) 


[M++]o = [M++l f [MU+] + 
[MU*] + 2[MzUzl + [MU21 0%. 33) 


[NaOH] = [U-] + [MU+] f 2tMU*l + ~[MzUZI f 
2[MUz] + [OH-] - [H+l (Eq. 34) 


The degree of formation when the complexes MU+, MUa, MU*, 
and M2U2 are considered is: 


Equation 35, when substituted by rearranged Eqs. 3 and 32, is 


Subtracting Eq. 34 from Eq. 32; substituting Eqs. 3, 30, and 31 for 
[HU], [MU*], and [M2U2], respectively; and dropping the relatively 
small quantities [OH-] and [H+] give: 


where Pa2 (Eq. 30) has the same value as P11 (Eq. 19). 
The general equation for the ligand-anion concentration, where n 


polynuclear complexes M,U, (VIII) exist for all n values in addition 
to the complex MU+ (111) and independent of whether an MU2 (IV) 
complex is present or not, is: 


where MU* (or its equivalent, MUOH) is considered to be a poly- 
nuclear complex of the form When n = 1, the only complexes 
in solution can be MU+, MU*, and possibly MU2, and Eq. 37 re- 
duces to Eq. 24. When n = 0 or if it isassured that M,U,complexes 
including MU* (or MUOH) are not significant during the titration, 
the only complexes in solution are MU+ and possibly M U ,  and 
Eq. 37 reduces to Eq. 13 which can be calculated from the homo- 
geneous potentiometric titrations. The values of [U-] in Eqs. 25 
and 37 are functions of the free or uncomplexed metal-ion concen- 
tration and cannot be calculated accurately unless this concentra- 
tion is obtained in addition to the potentiometric titration data. 


The relation of 6 to Kl,  P2 ,  Pa%, and PZ2 is derived by substitution of 
the equilibrium expressions for [MU+] (Eq. 4), [MU2] (Eq. 61, [MU*] 
(Eq. 30), [M2U2] (Eq. 31), and [M++l0 (Eq. 33) into Eq. 35 to give: 


0%. 39) 


The general equation to relate 71 and the stability constants for all 
possible complexes in solution, MU+, MU2, and n complexes of 
the form M,Un (which includes MU* or MUOH as MIU1) is: 


n 


0 
Kl[U-] + 2P2[U-I2 + 


1 + K[U-] + @2[U-]2 + 


~zP,,[M++]~-~ [U-In[H+]-" y+-" 


n =  
n 


it@,, [M++ln-' [U-ln[H+l-Ry,-n 
0 


(Eq. 40) 


which, when n = 0, 1, and 2, reduces to Eqs. 14,25 or 26, and 38 or 
39, respectively. Only in the case where n = 0 and the significant 
complexes in solution can be only MU+ and MUa will 71 be inde- 
pendent of the free metal-ion concentration and can it be calculated 
from potentiometric titration data alone. 


RESULTS 


Potentiometric Titrations of Various Thiouracil-Metal-Ion Mix- 
tures-The addition of an amount of cupric nitrate as low as 2 X 
10-4 M to a 2 X M aqueous solution of a 2-thiouracil(2-thio- 
uracil, 6-n-propyl-2-thiouracil, 6-methyl-2-thiouraci1, 5-methyl-2- 
thiouracil, and 5,6-dimethyl-2-thiouracil) caused an immediate drop 
in pH from about 5.5 to about 3.0 and the immediate formation of a 
precipitate, the amount of which increased with time. Attempts at 
potentiometric titration of such mixtures with smaller concentra- 
tions of thiouracils in the presence of minimal amounts of cupric 
nitrate were unsuccessful in maintaining a homogeneous solution. 
Since the complexes of cupric ion and the thiouracils had such low 
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Figure 1-Potentiometric titrution curves of aqueous solutions of 
lead nitrate and 2-thiourucil with p = 0.006 at 25.0". Twenty-five- 
milliliter solutions were 2.00 X M in 2-thiouracil und: (A) ,  2.00 X 
10-3 M; (B) ,  1.60 x 10-3 M; (c), 1.40 x 10-3 M; (D), 1.20 x 
10-3 M ;  (E) ,  1.00 x 10-3 M; (F), 8.00 x 10-4 M; (c), 6.00 x 


M; wid ( H ) ,  0 M in lead nitrate. Curve I is the titration of 
M fead nitrate. The titer of a fkd i  between 


( D ) ,  
and (G),  3.03 X 


25.0 ml. of 4.00 X 
inflections I and 2 are: (B) ,  6.50 X 
1.76 x lo+; (E) ,  2.10 X 


(0, 1.14 X 
(F) ,  2.30 X 


nieg. 


solubilities, it was technologically infeasible to use the potentio- 
metric titration method which demands instantaneous equilibration 
in homogeneous solution for the estimation of complexation con- 
stants of copper-ion-thiouracil complexes. 


Fortunately this was not the general case. Homogeneous solu- 
tions were maintained for significant titer additions to mixtures of 
other metal-ion solutions and various 2-thiouracils. 


Typical Potentiometric Titration Curves of Metal-Ion-Thiouracil 
Mixtures which Initially Form Homogeneous Solutions; Thiouracil- 
Lead-Ion Mixtures-A typical set of potentiometric titration curves 
is given in Fig. 1 for solutions of 25.00 ml. of 2.00 X M 2-thio- 
uracil (25.0", p = 0.006). Various amounts of lead nitrate have been 
added to each of these solutions so that the original concentration 
ranged from 2.00 X M to 0.00 M Pb(NO& for Curves A to H, 
Fig. 1. The plots are given in terms of the milliequivalent of NaOH 
necessary to achieve an observed pH value for each of these solu- 
tions. Homogeneous solutions were maintained for a portion of the 
titrations, and the points of precipitation are clearly indicated in 
Fig. 1. They occurred in excess of pH 6, except for the particular 
case (Curve H) of the thiouracil in the absence of lead ion where no 
precipitation was observed throughout the titration. The titration 
curve for 25.00 ml. of 4.00 x 


When the titrations of the precipitating solutions were continued 
past the points of precipitation, two apparent inflections, labeled 
as 1 and 2 in Fig. 1, were observed in all cases, except for the equi- 
molar solution (Curve A) of Pb++ and Zthiouracil when only one 
inflection was observed. The total milliequivalents of NaOH con- 
sumed by the equimolar solution (Curve A, Fig. 1) to the first ob- 
served inflection at pH 8.3 closely corresponded to twice the milli- 
equivalents of NaOH necessary to neutralize the same concentration 
of Zthiouracil alone (Curve H, Fig. 1). This strongly indicates that 


lead nitrate is given in Curve I .  


the precipitated lead-thiouracil complex is of 1 : 1 stoichiometry and 
that the precipitate is the net result of equal numbers of lead ions 
displacing two protons per molecule from equal numbers of thio- 
uracil molecules. If the added milliequivalents of NaOH necessary to 
reach the pH of this inflection 1 (Curve A, Fig. 1) had been greatly in 
excess of twice the milliequivalents necessary to neutralize the ligand, 
it could be proposed that additional NaOH reacted with the pre- 
cipitated complex and destroyed it or that the metal hydroxide 
Pb(OH)* was precipitated simultaneously. If all the metal had been 
reacted to form hydroxide, the milliequivalents of NaOH to this 
inflection 1 would have been three times the milliequivalents of 
NaOH necessary to neutralize the ligand alone. IR analysis of the 
precipitate, isolated at pH 7.5, gave a curve identical to the IR 
curve of his(2-thiouracil-cadmium) (II), M2U2 (VII). 


Further confirmation is obtained from the titrations (Curves 
B-G, Fig. 1) of solutions where the 2-thiouracil concentrations are 
in molar excess of Pb(N03)2 concentrations. The titrations of the 
excess 2-thiouracil in these curves appear to occur after the comple- 
tion of the precipitation of the Pb++-thiouracil complex of apparent 
1 : 1 stoichiometry at  inflection 1. The milliequivalents of titer be- 
tween this inflection 1 and inflection 2 may represent the neutraliza- 
tion of the excess 2-thiouracil. It is apparent that this titer between 
the inflections (Curves B-G, Fig. 1) is for a compound of pKa 7.5, 
a fact consistent with the pKa of 2-thiouracil (Curve H, Fig. 1). 


The 102 meq. of NaOH consumed between inflections 1 and 2 for 
the various titrations of Fig. 1 were: B, 0.7 (1.0); C, 1.2 (1.5); D, 1.8 
(2.0); E, 2.1 (2.5); F, 2.3 (3.0); and G, 3.0 (3.5). The parenthetical 
values are the molar excess of 1 0 2  meq. of 2-thiouracil over Pb++ ion; 
the close correspondence with the titration values is apparent. Exact 
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Figure 2-Potentiometric titration curves of aqueous mixtures of 
cadmium nitrate and 6-n-propyl-2-thiouracil (PTU) with p = 0.006 
at 25.0". Twenty-five-milliliter solutions were 2.00 X 10-3 M in 
PTU and: ( A ) ,  2.00 X 10-3 M; (B),  1.00 X M; (a, 4.00 X 
loF4 M; and (D) ,  0 M in Cd++. Curve E is the titration of 25 ml. 
of 8.00 X M cadmium nitrate. 
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coincidence of these values is not to be expected since it is based on 
the titration of a heterogeneous and precipitating system which is 
not in instantaneous equilibria. If the values are taken as absolute, 
the precipitates may be a mixture of 1 : 1 stoichiometry and a com- 
pound of higher ratio of thiouracil to metal with the former pre- 
dominating. 


Similar titration curves with Pb++ ion were observed for the vari- 
ously 5- and 6-alkyl-substituted 2-thiouracils listed in Table I. Only 
in the case of the ligand 5-carboethoxy-2-thiouracil was there im- 
mediate precipitation on the addition of lead ion. 


Titration of Thiouracil-Cadmium-Ion Mixtures-Potentiometric 
titrations of mixtures of cadmium ion and the variously 5- and 6- 
alkyl-substituted 2-thiouracils listed in Table I, except 6-n-propyl-2- 
thiouracil, gave sets of curves very similar to those obtained on 
titration of thiouracil mixtures with lead ion (Fig. 1). Precipitation 
occurred during the titration at about pH 6.5, so the calculation of 
stability constants could be based on a region of homogeneous 
solution. The milliequivalents of NaOH consumed to inflection 1 for 
the equimolar mixtures of Cd++ and substituted 2-thiouracils (Curve 
A, Fig. 1 )  corresponded to twice the milliequivalents of NaOH con- 
sumed by the same concentration of ligand alone (Curve H, Fig. 1) 
to indicate strongly the precipitation of a complex of metal ion- 
thiouracil of 1:l stoichiometry, which was not destroyed by the 
addition of further alkali to result in Cd(OH),. As stated previously, 
the formation or precipitation of Cd(OH), would have consumed 
milliequivalents NaOH greatly in excess of twice the available milli- 
equivalents of ligand. If the cadmium-thiouracil complex had been 
completely hydrolyzed, or if the cadmium had been completely pre- 
cipitated as the hydroxide, three times the milliequivalents of ligand 
would have been consumed as NaOH. 


The I R  curve of the precipitate from such titrations was isolated 
at pH 10.5 and was identical to the IR curve of synthesized bis(2- 
thiouracil-cadmium) (11), M2U2 (VII). 


Further confirmation was obtained from the titrations of solutions 
where the thiouracil concentrations were in molar excess of the Cd- 
(NOS)% concentrations. These titrations were similar to Curves B-G 
of Fig. 1 for the lead-ion studies in that the titration of excess thio- 
uracil assigned to the milliequivalents NaOH between inflections 1 
and 2 (about pH 7 and 9) were consistent with the thiouracil added 
to the original solutions in excess of 1 : 1 molar stoichiometry with 
the cadmium ion. 


Anomalous Titration Curves of 6-n-Propyl-2-thiouracil-Cadmium- 
Ion Mixtures-The titration curves of cadmium-6-n-propyl-2- 
thiouracil solutions at 25 and 35" (Fig. 2) differed from the curves 
obtained from mixtures of cadmium ion and the other studied 5- 
and/or 6-substituted 2-thiouracils or obtained from thiouracil-lead- 
ion mixtures (Fig. 1). The titration curves for mixtures of cadmium 
ion and 0.002 M 6-n-propyl-2-thiouracil (Fig. 2) showed precipita- 
tion near pH 6 as before. However, the first inflection, near pH 8.0, 
for all concentrations of cadmium ion equal or greater than 0.001 M 
(Curves A and B, Fig. 2) occurred when milliequivalents of NaOH 
were consumed that were equal to the milliequivalents of NaOH 
consumed by the ligand alone. Only when the total cadmium con- 
centration was less than 0.001 M (Curve C, Fig. 2), i.e., when it was 
less than half of the Iigand concentration, did the titration curve 
give any indication of any excess or uncomplexed ligand. Such 
excess 6-n-propyl-2-thiouracil is postulated to be titrated between 
the designated inflections of Curve C, Fig. 2, and characterized 
by the 7.8 pKa' which is essentially the titration curve of 6-n-propyl- 
2-thiouracil alone (Curve D, Fig. 2) in the absence of cadmium ion. 
Such a behavior on titration, where the synonymous inflections of 
Curves A and B (Fig. 2) at the same milliequivalents of NaOH are 
considered to represent the complete precipitation of all available 
complex, must demand that the metal to thiouracil precipitate have 
a 1 :2 stoichiometry. The fact that when the added Cd++ was in ex- 
cess of this 1 :2 stoichiometry (Curve A, Fig. 2) indicated hydroxide- 
ion consumption by the excess cadmium ion is confirmatory. This 
is readily seen from the similarities of the titration curves above pH 
values of 8 for Curve A and Curve E, where Curve E is for the alka- 
line potentiometric titration of cadmium ion alone. 


The above analysis was performed on titration curves obtained at 
25 and 35". However, a t  45" the potentiometric titrations of cad- 
mium-6-n-propyl-2-thiouracil solutions gave curveswhich were simi- 
lar to Fig. 1. This indicates that at elevated temperatures the pre- 
cipitation of cadmium complexes of 6-n-propyl-Zthiouracil of 1 : 1 
stoichiometry is preferred over the precipitation of cadmium-6-n- 
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Figure 3-Potentiometric titration curves of aqueous mixtures of 
nickel nitrate and 2-thiouracil (2TU) with p = 0.006 at 25.0". 
Twenty-jive-milliliter solutions were 2.00 X M in 2TU and: 


(D), 4.00 X M; and (E),  0 M in nickel nitrate. Curue F 
is the titration of 25 ml. of4.00 X 


(A) ,  2.00 x 10-3 M ;  (B) ,  1.20 x 10-3 M; (a, 8.00 x 10-4 M; 


M nickel nitrate. 


propyl-Zthiouracil complexes of 1 :2 stoichiometry that occurs a t  
lower temperatures. 


Titration of Nickel-Thiouracil and Zinc-Thiouracil Mixtures- 
Titrations of 2-thiouracil, 6-n-propyl-2-thiouraci1, 6-methyl-2- 
thiouracil, 5-methyl-2-thiouraci1, and 5,6-dimethyl-2-thiouracil in 
the presence of nickel gave curves that showed an initial pH drop 
from 6.0 to 5.5 and precipitation during the titration near pH 8 
(Fig. 3 Curves A-D). 


Titration of 6-n-propyl-2-thiouracil in the presence of zinc gave an 
initial pH drop from 6.5 to 6.0 and precipitation occurred near pH 
7.3. The titration curves for the zinc complexes were very similar to 
those found for nickel (Fig. 3). 


The potentiometric titrations of equimolar solutions of Zn++ or 
Ni++ and thiouracil (Curve A, Fig. 3) when continued past the 
points of precipitation did not give evidence of clear-cut stoichiom- 
etry of the precipitating complexes as had been so evident in the lead 
and cadmium cases. The total milliequivalents of NaOH consumed 
to the observed inflection in such a titration was greatly in excess 
of twice the milliequivalents of NaOH which would have been neces- 
sary to neutralize the thiouracil ligand alone (Curve E, Fig. 3). 
This is definite indication that metal hydroxide precipitation, 
M(OH)%, must also occur concomitant with the possible precipita- 
tion of a metal-thiouracil complex. The fact that the milliequivalents 
of NaOH consumed between inflections 1 and 2, in Curves B-D, 
Fig. 3, presumably assignable to the excess thiouracil if the metal- 
thiouracil complex was at  least 1:1 ,  had no relation to milli- 
equivalents of such excess thiouracil, was further evidence that the 
added hydroxide ion was consumed by the metal and that any 
metal-thiouracil complexes were probably disrupted by the addi- 
tion of this excess hydroxide ion. 
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doubly charged metal cation M++, and the thiouracil was the 1:l 
complex, MU+, with the anion of the latter. If this were true, 
derived Eq. 15: - 


- 


- 


- 


would be applicable and the plot of log (1 - n)/n against p [U-J 
= - log [U-] should have a slope of one and an intercept of p&, a 
measure of the complexation constant of MU+. The values of 5 
were calculated from: 


6 .  


4 .  


3 -  


2 .  


where [HUIO and [M+2]~ are the molar concentrations of the added 
thiouracil and metal ion,' respectively, where KO' is the dissociation 
constant of the thiouracil acid, where [H+] y+ is the activity of the 
hydrogen ion, U H  +, and is calculated from U H  + = 10-p1' where the pH 
is experimentally observed, and where the concentration of thio- 
uracil anion [U-] is calculated at the same pH value from: 


/ 
0 
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Figure +Plot of log ( 1  - fi)/m against the negative logarithm of 6-n- 
propyl-2-thiouracil-anion concentration (p[PTV]) obtained from a 
lead nitrate (2.00 x 10-3 M)-PTU (2.00 X M) mixture in 
wafer with p = 0.006 at 25.8". Slope of plot is 1.00 and log K, is 
4.82 from the pK1 intercept. 


Titration of 2-Thiouracil and 6-n-Propyl-2-thiouracil in the Pres- 
ence of Other Metal Ions-Potentiometric titrations of 2-thiouracil 
and 6-n-propyl-2-thiouracil in the presence of ferric, ferrous, 
manganese, calcium, and cobaltous ions gave no indication of any 
complex formation. The titration curves of the mixtures could be 
assigned to uncomplexed ligand in the case of calcium and man- 
ganese and to hydrolysis of the metal ion in the case of ferric, 
ferrous, and cobaltous ions. 


Titrations of Sterically Blocked Thiouracil in the Presence of Cu 
(II), Cd (II), and Pb (IItSolutions of 2-ethylmercapto-4-hydroxy- 
pyrimidine (2EM4HP) and N,N'-diethyl-6-methyI-2-thiouracil in 
the presence of cadmium, lead, and cupric ions were titrated with 
standard alkali. The titration curve of 2EM4HP in the presence of 
cadmium ion was the same as the titration of the ligand alone. 
The titration curves of 2EM4HP in the presence of cupric and lead 
ion could be assigned to a simple summation of the metal hydrolysis 
and ligand titration curves and indicated no apparent complexa- 
tion. The titration of solutions of N,N'-diethyl-6-methyl-2-thioura- 
cil alone showed no titratable group, and the titrations of metal 
ion mixtures gave curves showing only metal hydrolysis. In the 
case of 2EM4HP, the pKa' of the 4-hydroxy group was 7.01 at 25". 
The fact that no complexation occurred at the 4-hydroxy position, 
even when it could form an anion more easily than 2-thiouracil 
itself (pKa' 7.49), argues for complexation at the sulfur position in 
the sterically unblocked compounds. 


Calculation of Complexation Constants from Potentiometric 
Titrations-Those portions of the potentiometric titration curves 
where homogeneous solutions are maintained prior to the points of 
precipitation (Figs. 1-3) permit the estimation of complexation 
constants. The highest pH values at which usable data could be 
obtained in these studies were about 6.5 since the precipitation 
which occurred destroyed the equilibrium conditions. 


Such feasible titration data were analyzed on the basis of the de- 
rived equations. First, the assumption was made that the only sig- 
nificant concentration of complex in solution derived from the 


where [NaOH] is calculated on the premise that it would have been 
the concentration of the added milliequivalent of NaOH at the 
point in the titration if no NaOH had been reacted or consumed. 
Typical plots in accordance with Eq. 15 are given in Figs. 4 and 5 
and the tabulated slopes of such plots are listed for all available 
titration studies in Table I. In those cases where the solutions were 
prepared so that the metal-ion and the thiouracil concentration 
were equimolar, the slopes of such plots were unity and it was rea- 
sonable that the intercept represented the pKl of the MU+ complex 
(Table 1). However, when the total metal-ion concentration [M++]o 
was made up to be less than the total thiouracil concentration [Hula, 
the estimated slopes of such plots were in excess of unity (Table I). 
At very high ligand-metal ratios, these slopes approached two in 
some cases. This would be expected if appreciable amounts of MU2 
were formed which would be favored under conditions of high lig- 


n r  
".A 


3.7 3.9 4.1 4.3 4.5 4.7 4.9 5.1 
PPTU -1 


Figure 5-Plot of log ( I  - ii)/fi against the negative logarithm of 6-n- 
propyl-2-thiouracil anion concentration (p[PTU-]) obfained from a 
lead nitrate (2.00 X lC4 M)-PTU (2.00 X M) mixture in 
water with = 0.006at 25.8". Slope ofplot is 1.13. 
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Figure 6-Plots of fi/(l-fi)[2TU-I uguinst [ ( i i -2) / ( f i - l ) ]  [2TU-] from aqueous mixtures of 2-thiouracil ([2Tu] = 2.00 x 1 0 - 3  M) and lead 
nitrute with p = 0.006 at 25.0'. Key: ( A ) ,  2.00 X M Pb++; ( D ) ,  8.00 X l F 4  
M Pb++; curd ( E l ,  2.00 X 


M Pb++; (B), 1.80 X M Pb++;  (C) ,  1.40 X 
M Pb++. Intercept on ordinate is K1 and slope is KIK2. 


and concentrations and as the titrations proceeded. At these 
higher slopes the premises for the use of such plots derived from m. 15 become invalid, and equations based on the postulates of ad- 
ditional complexes in solution must be used. 


Thus, the assumption was made that there were two significant 
complexes in solution, the 1 :I  complex MU+ and the 1 :2 complex 
MU2. If this were true, the derived: 


would be applicable and the plot of 3/ (  (1 - i )  [U-1) against (i - 2/ 
i - 1) [U-] would be linear for all thiouracil-metal-ion mixtures 
and the statistically significant estimated slopes Pz and intercepts Kl 
would be the same for all such mixtures. The 6 and [U-] data are 
calculated from the experimental values and Eqs. 11 and 13, as has 
been explained previously, and typical plots are given in Fig. 6. 


The derived values of log Kl and log K2 (where K2 = P2/Kl) are 
related to the complexation constants of MU+ and MU2 (from 
MU+), respectively, and are listed in Table I. The facts that the cal- 
culated values of log Kl and log K2 did not vary with the total metal- 
ion concentration (Table I) were consistent with the premise that 
only MU+ and MU2 complexes are in significant concentrations in 
the homogeneous solutions of mixtures of metal ions and thio- 
uracils maintained prior to the observance of precipitation on the 
further addition of alkali. It has been shown in the Theory and 
Methods of Calculation section that the presence of significant 
amounts of other complexes in solution, such as MU* (VI) or its 
equivalent MUOH (V), M2U2 (VII) or M,U, (VIII) would make 
[U-] a function of the metal-ion concentration as denoted in Eqs. 24, 
36, or 37. If this were true, plots (Fig. 5 )  made on the assumption of 
only significant concentrations of MU+ (111) and MU2 (IV) in the 
homogeneous solutions in accordance with Eq. 14 and on the premise 
of [U-] being independent of M++ concentration (Eq. 13) would not 
be expected to be linear. This can be readily seen from the forms of 
Eqs. 26 and 39 where it is apparent that log K, and log K2 values 
estimated from plots in accordance with Eq. 14 would vary widely 
as a function of the metal-ion concentration, [M++]o. Since such 
plots were linear (Fig. 6) and there was no significant variation of the 
derived log Kl and log K2 values with M++ concentration (Table I), 
it is reasonable to accept the premise that only the MU+ (111) and 
MU2 (IV) complexes are in significant concentrations in the titrated 
homogeneous solutions prior to the observed precipitation on fur- 
ther addition of alkali. 


DISCUSSION 


Stability Constants of the Significantly Soluble MU+ and MU, 
Complexes-Analyses of the homogeneous portions of the alkaline 
titration curves of solutions of mixtures of lead, cadmium, nickel, 
or zinc nitrate and various thiouracils [2-thiouracil (TU), 6-n-propyl- 
2-thiouracil (PTU), 6-methyl-2-thiouracil (6MTU), 5-methyl-2- 
thiouracil (SMTU), 5,6-dimethyl-2-thiouracil (5,6DMTU), and 
5-carboethoxy-2-thiouracil (SCETU)] to the pH values of precipi- 
tation were consistent with the facts that the species present in 
significant concentrations in the homogeneous solutions of  the titra- 
tion must be the MU+ (111) and MU2 (IV) complexes of Scheme I. 
Plots (Fig. 5 )  in accordance with Eq. 14 where [U-] was calculated 
from Eq. 13 demonstrated linearity for all the metal ions and thio- 
uracils studied that showed significant complexation. The values of 
log Kl and log Kz that were calculated from such plots (Eq. 14 and 
Fig. 5 )  did not show significant variation with various metal-ion 
concentrations [M++l0 (Table I). These facts are indicative that 
complexes such as MUOH (V), MU* (VI), M2U2 (Vll), or M,U, 
(VIII) of Scheme I were not of significant concentrations in the 
alkaline titrated homogeneous solutions prior to precipitation. 


The stability constant Kl (Table I) is the largest for the formation 
of the MU+ complex from Pb++ and Cd++ with 5,6DMTU and 
smallest from Cd++ with 5CETU. The log K, values were available 
for CdU+ complexes with the substituted thiouracils that had the 
highest range in pKa' values (Table 11). A plot of such log KI values 
against these pKa' values at 25.0" showed definite linearity and 
conformed to the expression : 


log K1 = 0.50 pKa' + 0.32 (Eq. 41) 


Single alkyl substitution at the 5 or 6 position of 2-thiouracil 
slightly increased the pKa' values to about 7.7 from 7.5 and simi- 
larly increased the log Kl value of the CdU+ complex. Simultaneous 
alkyl substitution at the 5 or 6 position significantly elevated the 
pKa' to 8.1 and the log K1. 


Substitution of the electronegative carboethoxy group at the 5 
position significantly reduced both the pKa' to 6.43 and log K1 
value. This is readily understandable in that the electronegative 5- 
carboethoxy group (R2 in Id, Scheme I) would be expected to reduce 
the electron availability of the para sulfur atom. Thus the sulfur's 
electronic charge would be reduced to result in lessened ability to 
bind both hydrogen ions and metal cations with the concomitant 
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Figure 7-Apparent linear relation between the logarithm of the 
stability constant KI for the formation of the CdU+ complex in 
solution, Cd++ + U- CdU+ (where U- is the 5- andlor 6-alkyl 
Zfhiouracil anion) and the pKa' for the dissociation of the respectiue 
thiouracilacid, HU 3 H+ + V.  
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results of lowered pKa' (or higher acidity) and diminished affinity, 
Kt, of thiouracils for metal ions. 


No obvious relations were observed as to the significant effects 
of 5 and/or 6 substituents of 2-thiouracil and their related pKa' 
values on the formation constants, Kz, of the MU2 complexes (Table 
I). No significant temperature effects could be concluded within the 
narrow temperature range studied. 


The potentiometnc titration studies demonstrated that the order 
of decreasing stability of complexes of divalent metal cations with 
thiouracils (Table I) to form MU+ is Pb++ > Cd++ >> Ni++ - Zn+'. 
Metal ions which do not complex thiouracils are Fe+++, Fe++, CO++, 
Ca++, and Mn++. 


Evidence for the Necessity of a Potential Anionic Sulfur in Thio- 
uracils for Divalent Metal-Ion Complexation-The increase in pKa' 
of the ionizable sulfhydryl group of the thiouracil is related to the 
stability of the metal complex (Fig. 7 and Table I) and implicates 
the need for an anionic sulfur in thiouracil for metal complex 
formation. In addition, when the dissociable proton is removed by 
alkylation as in 2-ethylmercapto-4-hydroxypyrimidine (IX), no 
complexation with metal ions was observed. Since the acidic hy- 


IX x 
droxyl group, pKa' 7.01, still exists at the 4 position in IX, it can be 
stated that metal ions do not readily bind to the oxygen at the 4 
position in the parent thiouracils. Alkylation of the N-1 and N-3 
nitrogens of thiouracil, as in N,N'-diethyl-6-methyl-2-thiouracil (X) 
also destroyed the ability to complex metal ions. These substitutions 
on both the ring nitrogens prohibit the tautomeric formation of the 
dissociable sulfhydryl group of the complexing thiouracils, HU (I) 
in Scheme I. This is further evidence that metal-ion complexation 
occurs at the sulfur atom and is dependent on the formation of the 
sulfur anion. 


Possible Structures of Precipitates from Alkaline Titrated Solu- 
tions of Metal-Thiouracil Complexes-Although only concentrations 
of MU+ and MU2 complexes appear to be significantly present in 
the homogeneous solutions of mixtures of metal ions and thioura- 
cils on alkaline potentiometnc titration, this does not exclude the 
probability that the MUOH (V), MUi (VI), M2U2 (VII), and M,U, 
(VIII) complexes given in Scheme I may also be present. 


It is apparent that if the concentration of any one of these com- 
plexes is limited by its solubility, precipitation will occur as the ti- 
trations proceed, It is also apparent from Scheme I that concentra- 
tions of all complexes must increase with the addition of hydroxyl 
ions. It may be presumed a priori that the charged complexes MU+ 
and MUi would not readily or preferentially precipitate as such, or 
as salts with appropriate counterions. 


Alkaline titrations of precipitating equimolar thiouracil-metal- 
ion solutions of Pb++ and Cd++ with all thiouracils (Fig. 1 ,  Curve A), 


except for the Cd++-P?'U mixture (Fig. 2, Curve A), consumed titer 
up to the inflection pH of complete precipitation that was twice the 
alkaline titer expected for the titration of the thiouracil alone. Solu- 
tions (except for Cd++ and PTU mixtures) that contained less than 
equimolar amounts of metal to ligand showed that uncomplexed 
free ligand consumed equivalent moles of alkali but that the formed 
precipitate consumed twice the milliequivalents of alkali expected for 
the titration of that amount of thiouracil that was equimolar with 
the added Pb++ or Cd+' ions (Fig. 1 ,  Curves B-G). These facts indi- 
cated that the complex precipitated must have a stoichiometry of 
1 : 1 ,  metal to ligand, or some multiple of 1 : 1 .  This behavior required 
that the species MU2 present in homogeneous solutions for all Pb++ 
or Cd++ with all thiouracils (Table I), except for Cd++ and PTU 
mixtures, was not the precipitating species. 


These phenomena may be summarized in the following expres- 
sions given in reference to Scheme I .  The expected stoichiometry for 
neutralization of thiouracil is: 


HU + OH--, U- + HOH (Eq. 42) 
I I1 


If no more than the milliequivalent of NaOH necessary to neutral- 
ize the total amount of available thiouracil is necessary to complete 
the precipitation of adducts of divalent metal ion and thiouracil 
(Fig. 2), then: 


M++ + HU +OH- e M++ + U- + HOH -F? 
I I1 


MU+ + HOH (Eq. 43) 
111 


and 


MU+ + HU + OH- &MUf + U- + HOH- 
111 I 111 I1 


MUz 3. + HOH (Eq. 44) 
IV 


and, as in the special case of 6-n-propyl-Zthiouracil and cadmium 
ion, the precipitated complex may have the stoichiometry, metal to 
ligand, of 1 :2. Further confirmation was obtainable from the facts 
that when cadmium ion was equal to, or in excess of, one-half the 
available moles of PTU (Fig. 2, Curves A and B), the precipitation 
of complex (as monitored by the alkaline titration to the appropriate 
pH inflection where the precipitation of Cd(OHh could not possibly 
interfere) was completed when the milliequivalents of added NaOH 
were just equivalent to the available PTU in accordance with Eqs. 
43 and 44. Furthermore, Cd(OH)2 precipitation, indicative of un- 
complexed cadmium ion, was observed only when the cadmium-ion 
concentration was in excess of half the molar concentration of PTU 
(Fig. 2, Curve A). Free uncomplexed PTU was only observed (Fig. 
2, Curve C) when the cadmium-ion concentration was less than half 
the molar concentration of PTU. 


If twice the milliequivalents of NaOH necessary to neutralize the 
thiouracil completes the precipitation of equimolar amounts of 
divalent metal ion and thiouracil (Fig. l ) ,  then in reference to 
Scheme I, 


HU + M++ + 20H- MU+ + OH- + Hr0 + 


I I1 
MUOH 3. + HzO (Eq. 45) 


V 


or 


HU + M+' + 20H- F? MU* + 2H20 (Eq. 46) 
I VI 


where 


2MU* - MzUz 3. 
VI VII 


or 


nMU* - M,U, 
VI VIII 
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There was no tendency for such precipitated complexes of lead and 
cadmium ion with the various thiouracils to be disrupted at rela- 
tively high concentrations of hydroxyl ions, at least to a pH of 9.0. 
This is indicative of the fact that the complexes of lead and cad- 
mium of Scheme I have relatively high stabilities. 


Consumption of more than twice the milliequivalents of NaOH 
necessary to neutralize the available thiouracil to the inflec- 
tion corresponding to complete precipitation (Fig. 3) would be 
indicative of ready disruption and lessened stability of complexes 
such as those of Scheme I. It would imply that the metal hydroxides 
would be more readily formed on the further addition of hydroxide 
ion. 


Consider the example when 3 times the milliequivalents of NaOH 
necessary to neutralize the total amount of available thiouracil 
complete the precipitation of an equimolar solution of a divalent 
metal ion and a thiouracil (Fig. 3, Curve A). Then, 


HU + M++ + 30H-+ M(0H)z -1 + U- + HzO (Eq. 49) 
I I1 


Alternatively the possible precipitated complexes of MU2, 
MUOH, M2U2, or M,U, in equilibrium with their relatively unstable 
counterparts in solution can be disrupted by additional alkali as 


MU2 + 2(OH-) + MU+ + U- + 2(OH-) + 


IV 111 I1 
M(0H)z 4 + 2U- (Eq. 50) 


I1 


and 


MUOH + OH- + M(OH)2 .I. + U- 
V I1 
I 


M,,U, + HOH + OH- JT t 
VII or VIII 


M 
MU* + OH- + HOH --f MU+ + 20H- 


VI I11 
(Eq. 51) 


In the cases of the complete titrations after precipitation of the 
equimolar mixtures of Ni++ or Zn++ with thiouracils the alkaline 
titers to the completion of precipitation were greatly in excess of 
twice the titer necessary to neutralize the available thiouracil, HU, 
alone (Fig. 3, Curve A). This definitely indicates that the potential 
complexes of Scheme I for Ni++ and Zn++ with thiouracils were 
readily disrupted in solution by hydroxide ion in accordance with 
Eqs. 49-51. This is not unexpected since the stability constant of the 
MU+ complexes for nickel and zinc are about a hundred times 
smaller than those for lead and cadmium (Table I). 


Confirmation of Structures of Precipitates and Complexes of 
Cadmium and Lead Complexes of Thiouracils-The equilibria of 
Scheme I are consistent with the potentiometric titration studies. 
The precipitation of a relatively stable MU2 (IV) complex from Cd++ 
and 6-n-propyl-2-thiouracil and of relatively stable either MUOH, 
M2Uz, or M,U, complexes from Cd++ and Pb ++ with the other thio- 
uracils (Table I) is highly probable and consistent with the data. 


These high probabilities were put to the test by the deliberate 
synthesis, isolation, and characterization of MU2 (IV) and MZUZ 
(VII) or M,U, (VIII) complexes. The MU2 complexes were prepared 
by the use of forcing conditions where a solution of the metal ion 
was added to the thiouracil solution in molar excess. The complexes 
of 1 : I  stoichiometry were prepared from equimolar concentrations 
of thiouracil and metal ion where the thiouracil solution was added 
to that of the metal ion. The precipitation was effected by adjustment 
of the pH of the solutions to 6.5 (see Experimental). 


The synthesized MU2 (IV) complexes of bis(2-thiouraci1)-cad- 
mium (Il), Cd(TU)s; bis(2-thiouracil)-lead (II), Pb(TU)z; and bis- 
(6-n-propyl-2-thiouracil)-cadmium (11), Cd (PTU)z, and the synthe- 
sized MzUz (VII) (or M,U,, VIII) complexes of bis(2-thiouracil- 
cadmium) (11), Cd2(TU)%; bis(2-thiouracil-lead) (II), Pb2(TU)z; and 
bis(6-~1-propyl-2-thiouracil-lead) (11), Pb2(PTU)z, had the proper 
metal analyses and the proper complete elemental analysis [as in 
the Cd ( 


Further confirmation of the validity of the assignment of the MU2 
structure, IV, of Scheme I was obtained from the IR spectra. The 


case] to confirm fully these assigned structures. 


synthesized Cd(TU)z. Pb(TU-)2, and Cd(PTU)z had a strong absorp- 
tion band at 1630 cm.- 1 assignable to the absorption of the tauto- 
merizable carbonyl group at the 4 position of thiouracils (28). 
Strong absorption bands between 1440 and 1660 cm.-1 indicated the 
presence of C==N bonds (29) that were not bound to metal ion. In 
contrast, the IR spectrum of the synthesized 6-methyl-N,N’-diethyI- 
2-thiouracil (X), a compound incapable of tautomeric formation o 
C=N bonds, did not demonstrate such C=N absorption bands. 


Further confirmation of the validity of the assignment of an MzUz 
(or M,U,,) structure, VII (or VIII) of Scheme I, was obtained also 
from the IR spectra. The synthesized Cdz(TU)z, PbdTU)Z, and Pbz- 


(or their M,U, equivalents) showed no significant band 
above 1570 cm.-l that could be assigned to a potential carbonyl 
group at the 4 position of the thiouracil ring (28) but did show bands 
assignable to the C=N group (29). The validity of secondary metal 
binding to the Coxygen is well indicated. 


Further evidence for such an assignment as in VII or VIII of 
Scheme I is that the pKa’ of 2-ethylmercapto-4-hydroxypyrimidine 
(IX) is 7.01 compared to 7.46 for 2-thiouracil. Since alkyl substitu- 
tion at the sulfur atom increased the acidity of the potential hydroxyl 
group at the 4 position, it is expected that substitution by a cation 
on the sulfur with retention of positive charge, as with MU+ (III), 
would further increase the acidity. This facilitated dissociation of the 
Chydroxy group of the MU+ (111) complex to MU* (VI) should be 
highly favored at lowered pH values and promote ready reaction 
with other MU+ or MU* molecules to form the MzUz (VII) or M,U, 
(VIII) polynuclear complexes of Scheme I early in the alkaline po- 
tentiometric titrations. Such neutral cyclic or polynuclear complexes 
with lessened hydrophilic groups must, in general, have lower solu- 
bilities and precipitate more readily than the MUz (IV) complexes 
which have been shown to exist readily at lower pH values (Fig. 5 
and Table I). 


The one observed exception was the cadmium and 6-n-propyl-2- 
thiouracil mixture where the neutral 1 : 2 complex Cd(PTU)z pref- 
erentially precipitated at the lower temperatures of 25 and 35”. 
Equations 43, 44, and 4 6 4 8  are valid explanations of the mul- 
tiple equilibria and precipitation that may occur with some mixtures 
of metal ion and a thiouracil. It can be argued that the larger alkyl 
group significantly decreased the solubility of the MU, complex, 
significantly increased the pKaz’ of the 4-OH group of the MU* com- 
plex, or significantly increased the stability constant, Kz, of the MU2 
complex for PTU. Of these, the first and third arguments are most 
probable. The latter is confirmed by the data of Fig. 1, where Kz for 
MU2 formation exceeded Kl for MU+ formation by more than two- 
fold for the cadmium complex of PTU; whereas for the cadmium 
complexes of CETU and 5,6MTU, they were approximately equal 
and for lead and cadmium complexes of the other thiouracils stud- 
ied, Kl was 5-20-fold greater than Kz. 


The precipitates produced by the potentiometric titrations of 
solutions containing 2-thiouracil in the presence of lead and cad- 
mium ions were isolated, at pH 7.5 and 10.5, respectively, washed, 
and the IR spectra recorded. The IR spectra of these precipitates 
were identical with the spectra of the synthesized MZUZ complexes 
Pbz(TU)z and Cd2(TU)2, respectively. Thus, it can be concluded that 
complexes of the form MUOH (V) are neither of significant con- 
centration in homogeneous solutions of Cd++ or Pb++ ions with 
thiouracil, nor are they readily precipitated from such solutions on 
the addition of alkali. Equations 44, 47, and 48 from Scheme I are 
valid explanations of the multiple equilibria and precipitation that 
occur with most mixtures of Pb++ or Cd++ and thiouracils. 


The elemental and IR analyses of the synthesized PbZ(TU)z, Cd, 
(TU)? and Pb2(PTU)z complexes do not permit rigorous discrimina- 
tion between the preferred assignments as the cyclic dimers MZUZ 
(VII) or as the polynuclear polymers M,U. (VIII). When the syn- 
thesized Cd2(TU)2 was recrystallized from an ammoniacal solution 
and dried, its IR spectrum was almost exactly the same as the original 
Cd2(TU)2. However the physical form was noncrystalline in nature 
and appeared as “paper pulp.” It is possible that the ammonia 
complexed with the cadmium and opened the ring of Cdz(TU)z, 
VII, and, on removal of the ammonia, the polymeric structure Cd,- 
(TU), (VIII) was formed. 
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In Vitro Release of Chloramphenicol from Polymer Beads 
of a-Methacrylic Acid and Methylmethacrylate 


S. C .  KHANNA” and P. SPEISER 


Abstract 0 The in vitro release behavior of chloramphenicol from 
four different bead polymers containing methylmethacrylate and 
a-methacrylic acid in various buffer solutions has been studied. 
The concentration of a-methacrylic acid in the copolymer beads 
and the pH and ionic strength of the buffer solutions were observed 
to influence the release rate of the chloramphenicol from these 
beads. The beads containing no a-methacrylic acid did not release 
the drug in any buffer solution, and the beads containing only a- 
rnethacrylic acid released the drug at almost the same rate in all 
buffer solutions. The smaller beads released the drug more quickly 
than the larger ones. 


Keyphrases 0 Polymer beads-chloramphenicol release 0 Chlor- 
amphenicol release-a-rnethacrylic acid, methylmethacrylate beads 
0 a-Methacrylic acid, concentration effect-release rates, polymer 
beads 0 pH, ionic strength effects-chlorarnphenicol release, 
polymer beids 


In an earlier publication (I) ,  the possibility of utilizing 
the bead polymerization method for the preparation 
of a sustained-release dosage form was discussed. Physi- 
cal barriers are used in the majority of the prolonged- 


release dosage forms to decrease the rate of drug release 
to the absorption site. The swelling or dissolution prop- 
erty of the polymer materials in which the drug is 
embedded is the major contributing factor in the release 
of drug from such dosage forms. Nelson (2) reported 
that the dissolution or release rate of a drug from a 
dosage form is the rate-determining factor in the absorp- 
tion and physiological availability of the drug. Hence, 
an in vitro release procedure may be used to screen the 
materials worthy of inclusion as a potential physical 
barrier for sustained-release products. Furthermore, 
it may show the direction in which the right copolymers 
or polymers for the purpose may be found. The final 
required sustained-release dosage form containing 
these beads may consist of a single specimen of the 
polymer beads or a mixture of many different polymer 
and copolymer beads. 


As the drug is incorporated in a large number of small 
individual beads, the chances of consistent avaiJability 
of the drug at the intended site of the gastrointestinal 
tract increase considerably. In the present work, the 
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Laboratory Evaluation of Aggressive Behavior 
of the Grasshopper Mouse (Onychomys) 


HENRY F. COLE* and HAROLD H. WOLF 


gressive behavior of these grasshopper mice in an ex- 
perimental paradigm involving isolation-induced ag- 
gression* 


Members of a second species, 0. torridus, the southern 


Abstract 0 The genetically predisposed aggressive behavior of two 
species of grasshopper mouse, Onychomys leucogasrer and 0. 
torridus, was evaluated in an experimental paradigm involving 
isolation-induced aggression. 0. leucoaaster exhibited considerably 
more aggression than did 0. torridus. When aggression was pro- 
voked in Onychomys by isolation, the behavior could not be SUP- 
pressed by pentobarbital nor by chlordiazepoxide. Indeed, chlor- 
diazepoxide increased the amount of time spent fighting. Chlor- 
promazine was able to depress fighting behavior in torridus but not 
in leucogaster. The results obtained support the contention that an 
animal’s behavioral predisposition may markedly alter the orga- 
nism’s response to drugs. EXPERIMENTAL 


grasshopper mouse, were also included in this investiga- 
tion. Because the authors are unaware of any studies 
concerned with the behavior of torridus under 
tory conditions, they data 
could be provided by the inclusion of this species. 


Keyphrases 0 Grasshopper mouse-aggressive behavior 0 Ag- 
gression-genetic predisposition, mice 0 Chlorpromazine HCI, 
chlordiazepoxide, Na pentobarbital effect-aggression 0 Genetic 
predisposition effect-pharmacological tests 


The effects of tranquilizers and other central nervous 
system depressants on the aggressive behavior of albino 
mice have been studied by many investigators (1-7). 
Such investigations reveal that aggressive behavior of 
most albino mice is mild and relatively unstable. This 
is not surprising because albino mice have been bred 
for hundreds of generations for docility and tolerance 
to high-population densities. Moreover, in laboratory 
colonies, two major causes of aggression, competition 
for food and competition for territory, are removed. 
Under these conditions, a high level of aggressiveness 
becomes an undesirable trait, to be removed from the 
population. 


In view of the relative docility of albino mice, the 
authors felt that an aggressive animal might serve as a 
more appropriate subject for studies on aggression. One 
such animal is the northern grasshopper mouse, Onycho- 
mys  leucogaster. These grasshopper mice are predatory 
and carnivorous. In their natural habitat, they stalk and 
quickly kill other small rodents by gnawing into the 
base of the victim’s brain (8). Ingles (9) estimates that 
small mammals and insects form 90% of Onychomys’ 
natural diet. In the laboratory, the fighting behavior of 
0. leucogaster is readily elicited, quite stable, and easily 
quantified (1 0). When given the opportunity, leucogaster 
will quickly and vigorously attack a victim mouse. 
When given regular opportunities to fight, they may 
become so adept at  expressing this behavior that the 
victim is killed as quickly as 20 sec. after its exposure 
to the aggressor (10). 


The highly stereotyped and invariable method of 
killing by gnawing through the base of the skull ex- 
hibited by leucogaster, as well as the ease with which the 
behavior is elicited, even in naive subjects several gen- 
erations removed from the wild, strongly suggests that 
this behavior is primarily genetically determined rather 
than learned. Therefore, the authors thought it worth- 
while to investigate the genetically predisposed ag- 


A commonly employed method of producing aggressive behavior 
in albino mice is to subject them to extended periods of social isola- 
tion. Since such isolation-induced aggression has been frequently em- 
ployed in drug studies (1, 2, 4, 6), the authors also utilized this 
method in their investigations of the aggressive behavior of Ony- 
chomys. 


The 0. leucogaster ranged in weight between 24 and 41 g., were 
derived from a colony previously maintained at the University of 
Utah College of Pharmacy, and were approximately 6 to 10 genera- 
tions removed from the wild. The 0. torridus were first-generation 
offspring of mice trapped by The Pet Corral, Tucson, Arizona, and 
weighed 20-32 g. Onychomys were segregated according to sex 
and were housed in groups of at most three mice to a standard 43 X 
25 X 12-cm. plastic cage. When it became necessary to employ female 
subjects, care was taken to ensure that pregnant females were ex- 
cluded. Purina Lab Chow and water were continually available in 
the cages. This diet was periodically supplemented with sunflower 
seeds, wheat, or small quantities of canned dog or cat food. Results 
were statistically analyzed by means of the following specific pro- 
cedures; except where otherwise indicated, differences were con- 
sidered to be significant at p < 0.05. 


The drugs employed in these studies, chlordiazepoxide HCI 
(CDP), chlorpromazine HCI (CPZ), and sodium pentobarbital 
(PTB), were administered intraperitoneally in aqueous solution in 
such concentration that 1 ml./lOO g. body weight contained the 
appropriate dose. Dosage and time of peak drug effect (TPE) were 
based on a roller-rod test slightly modified from that previously de- 
scribed (11 )  in that a speed of 4 r.p.m. was employed. The time at 
which the greatest number of mice were unable to remain on the rod 
for at least 30 sec. in any one of three trials (minimal neurological 
deficit) was taken as the time of peak drug effect (TPE). Employing 
this TPE, the dose of each drug producing evidence of minimal neu- 
rological deficit in 50% of the mice (TDsO) was calculated by the 
method of Litchfield and Wilcoxon (12). All further drug-behavior 
studies were carried out at the TPE using a dose level of l / 2  TDw. 
The TPE’s and TD,o’s for the drugs enployed are presented in 
Table I. 


Four male and two female adult leucogaster and five male and two 
female adult torridus were caged individually and then tested at in- 
tervals of every 2 or 3 days until they would consistently attack a 
small albino victim mouse introduced into the aggressor’s cage for 
a 5-min. period. Isolation periods as short as 3 or 4 days were usually 
sufficient to  evoke this behavior in leucogasrer, whereas torridus re- 
quired as much as 2 to 3 weeks of isolation. When attack behavior 
was consistently displayed by Onychomys, the drug studies were 
initiated. Mice were randomly assigned to receive each of four treat- 
ments (control, CPZ, CDP, and PTB) in a unique sequence. Mice 
were injected with the appropriate treatment; at the TPE listed in 
Table I, a small (10-14 g. )  victim albino mouse was placed in the 
cage of the Onychomys for a maximum of 5 min. The latency to the 
first attack by the aggressor and total amount of time spent engaged 
in aggressive activity were recorded. Mice not observed to attack the 
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Table I-Median Toxic Doses and Times of Peak Drug Effect 


180 


CPZ CDP I-- PTB 
Species TDso‘ TPEb TDSO TPE TDjo TPE 


- 


10.0 54.0 22.0 


10.2 29.5 14.0 
0. leucogaster (6.8-14.6)‘ 60 (31.8-91.8) 20 (17.6-27.5) 5 


0. torridus (5.7-1 8.4) 60 (18.447.2) 5 (9.5-20.6) 10 


a Median toxic dose, mg./kg. P, Time of peak drug effect, min. c 95 Z fiducial limits. 


victim within the 5-min. test period were assigned a latency of 300 
and a fighting duration of 0 sec. If a victim was killed before the end 
of the 5-min. test period, the time was noted and the victim was re- 
moved immediately. 


Mice were given one of the four treatments no more than once 
every 5 days. On the day immediately preceding that on which a 
treatment (drug or control) was administered, each mouse was in- 
jected with distilled water and tested at the TPE of the treatment to 
be given the following day. Thus, each mouse received five control 
(distilled water) treatments over the duration of the study. This 
paradigm allowed each treatment to be compared to the immediately 
preceding control treatment and, furthermore, allowed an evalua- 
tion of the stability of the behavior with respect to time and expo- 
sure to the fighting situation. Moreover, this schedule permitted 
each animal to serve as its own control. 


The results, unless otherwise indicated, were analyzed with the 
Wilcoxon matched-pairs signed-ranks test or with the Friedman 
two-way analysis of variance (13). 


RESULTS 


The effects of TDSo of chlorpromazine, chlordiazepoxide, and 
pentobarbital and of the combined control treatments on the 
amount of time spent engaged in aggressive activity after isolation 
are displayed in Figs. 1 and 2 for leucogaster and torridus, respec- 
tively. None of the drugs significantly depressed fighting time in 
leucogaster. Indeed, CDP significantly increased the duration of 
fighting in this species. The fighting time of torridus was also 
slightly, but significantly, prolonged by this drug, while CPZ 
significantly decreased the duration of fighting time of torridus. 


The time that the victims survived on exposure to either species of 
Onychomys after the various treatments is tabulated in Table 11. 
None of the drugs significantly altered the time either species re- 


b 


CPZ CDP PTB 


Figure 1-Effects of drugs on fighting time of 0. leucogaster. Key: 
a ,  combined control treatments; and b,  significant drug eflect (p < 
0.05). 


quired to kill a victim. However, as Table I11 reveals, CPZ did 
significantly increase thelatency of torridus to  attack a victim. 


A statistical analysis of differences in performance between each 
of the five control treatments for either species revealed no signifi- 
cant changes in latency to attack, survival time of the victim, or 
fighting time. Thus, levels of aggression remained constant over the 
entire experimental period. Moreover, a given treatment had no 
appreciable lasting effect on subsequent fighting performance. 


A Mann-Whitney “U” test comparison (13) of control perform- 
ances of torridus and those of leucogaster revealed that torridus 
exhibited significantly longer latencies to attack and significantly 
shorter fighting durations than did similarly treated leucogaster. 
Although no significant difference was found between the survival 
times of leucogaster’s and torridus’s victims, leucogaster did kill a 
significantly ( p  < 0.01) greater number of their victims (58 %) than 
did torridus (40%) as determined by the Fisher exact probability 
test ( 1  3). 


DISCUSSION 


Under the conditions employed in these studies, the torridus 
appeared to be somewhat less aggressive than leucogaster. In the 
isolated subjects, torridits displayed longer latencies to attack, 
shorter fighting times, and made fewer kills than did leucogaster. 
Moreover, in an unpublished study conducted in this laboratory, it 
was observed that a conditioned aggressive response which was 
readily acquired by leucogaster could not be reliably reproduced in 
torridus. Studies to  date from this laboratory have not provided an 
apparent explanation for the quantitative discrepancy in aggression 
exhibited by the two species of Onychomys, and the authors are 
unaware of any studies comparing the aggressive behavior of these 
two mice either in the laboratory or the field. Nevertheless, it should 
be emphasized that both species of Onychomys, especially when 


n 


CPZ CDP PTB Ca 


Figure 2-Effects of drugs on fighting time of 0. torridus. Key: 
a ,  combined control treatments; and b,  significant drug effect (p < 
0.05). 
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Table 11-Mean Survival Times of Victim Mice, Given in Seconds 
~~ 


Aggressor CPZ CDP PTB Control 


0. leucogaster 156 190 151 178 
0. torridus 250 199 146 219 


Table 111-Mean Latencies to Attack Victim Mice, Given in 
Seconds 


Aggressor CPZ CDP PTB Control 


0. leucogaster 11.0 6 . 7  5 . 2  7 . 2  
0. torridus 121.9a 34.4 51.7 46.1 


Significantly longer than control latencies @ < 0.05). 


isolated, were found to display a markedly greater degree of aggres- 
sive behavior than would albino subjects under similar conditions. 


To evoke aggressive behavior in albino subiects, weanlings are 
typically isolated for periods of a month or longer (1, 7, 14). In 
contrast, the genetically predisposed aggressive behavior of torridus 
could be evoked in half this time and leucogaster would consis- 
tently attack victim mice after periods of isolation as short as 3 or 4 
days. Moreover, less than 7 0 z  of a population of albino mice sub- 
jected to extended periods of social isolation can be expected to dis- 
play even a minimal amount of aggressive behavior (1, 4, 7), while 
each of the Onychomys vigorously and consistently attacked the 
victim mice after the isolation period. Furthermore, an analysis of 
the latencies to attack, fighting times, and killing times for each of 
the five control treatments which every Onychomys received re- 
vealed no change for either species over the entire course of this 
study (eight opportunities to display aggressive behavior). In con- 
trast, in a similar experimental paradigm, half of a population of 
albino mice failed to display a minimal amount of aggressive be- 
havior after as few as six exposures to a victim (1). It should be 
mentioned also that while albino mice are commonly isolated while 
relatively young, the Onychomys employed in these studies were 
placed in isolation as adults, a time when isolation is much less 
effective in producing aggression (14). 


The aggressive behavior of albino mice is characterized by 
sparring and nipping, components of mild rather than severe fight- 
ing. The injury to the victim is only superficial and the authors have 
never observed an albino aggressor kill a victim, even though expo- 
sure periods of up to 15 min. were employed (1). On the other hand, 
torridus and leucogaster killed 40 and 58%, respectively, of their 
victims. 


Differences between the aggressive behavior of isolated albino 
mice and Onychomys are also apparent with regard to drug effects. 
For example, CPZ has been shown to depress the isolation-induced 
aggressive behavior of albino mice in small, nontoxic doses (1-3, 6). 
In contrast, a dose of CPZ as large as l/* TD50 was ineffective in 
suppressing significantly the isolation-induced aggressive behavior of 
leucogaster. Although the less aggressive torridus did respond to 
CPZ, this effect might be at least partially due to a nonselective 
depression of the central nervous system, since at this dose the 
animals appeared to be somewhat sedated. Clark (10) also found 
the aggressive behavior of leucogaster to be quite resistant to 
suppression by this drug. He further reported that aggression was 
increased on the day following CPZ treatment. However, the ex- 
periments reported here were not designed to investigate such late 
alterations of behavior. 


CDP has been reported to possess unique taming properties (1 5) 
and to be effective in calming aggressive or vicious albino mice and 
rats, dogs, cats, and monkeys (5, 15). The authors have found it 
effective in suppressing the isolation-induced aggressive behavior in 
albino mice in doses as low as ‘ IS TD50 (1). However, in both 
leucogaster and torridus, a much higher dose of CDP was not only 
ineffective in suppressing aggression, but indeed significantly in- 
creased the amount of time the aggressor spent engaged in fighting 


activities. This increase in fighting time could not be attributed to a 
decrease in fighting efficiency due to neurotoxicity, since both the 
latency to attack and survival time of the victims remained essen- 
tially unchanged. 


Pentobarbital was not found to alter significantly the aggressive 
behavior of either species of Onychomys. Similarly, this nonselec- 
tive central depressant is ineffective in altering the aggressive be- 
havior of albino mice except in severely debilitating doses (1,3,4,6).  


It should be reemphasized that Onychomys are predatory ro- 
dents. In their natural habitat, survival probably depends in large 
part on the ability of these mice to track and kill victims for food. 
Moreover, this behavior appears to be genetically predetermined 
since individuals several generations removed from the wild will 
readily attack and kill victims in their typical stereotyped pattern. 
Taken in light of these factors, the experimental results reported here 
demonstrate how markedly the aggression of albino subjects differs 
from that of Onychomys. The relatively mild, difficult to elicit, and 
unstable aggressive behavior of albino subjects contrasts sharply 
with the genetically predisposed, predatory nature of Onychomys. 
Thus, the results the authors have reported support and extend 
their earlier contention (16) that the genetic predisposition under- 
lying an animal’s behavior may qualitatively and quantitatively 
influence the results obtained in pharmacological and behavioral 
investigations and must not be ignored. 
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Theoretical Justification of Reciprocal Rate Plots 
in Studies of Water Vapor Transmission through Films 


DANE 0. KILDSIG, RONALD L. NEDICH”, and GILBERT S. BANKER 


Abstract 0 A theoretical equation has been developed justifying 
the graphical representation of vapor permeation data by l/rate 
versus film thickness plots. The permeability coefficient for the film 
may be determined from the slope of this plot and has units in 
square centimeters per second. The intercept at zero film thickness 
is dependent upon the gometry of the expeiimental design and the 
diffusion coefficient for the vapor within the diffusion cell. The 
derivation of the equation assumes a nonequilibrium condition for 
water vapor in the diffusion cell, as well as the existence of steady- 
state conditions. 


Keyphrases 0 Water vapor-transmission through films 0 Film 
transmission-water vapor 0 Reciprocal rate plots, vapor trans- 
mission-theoretical justification 0 Polymeric, unplasticized films- 
water vapor transmission 


The passage of water vapor through polymer films, 
with reference to the free films having potential appli- 
cation as tablet film coatings, has been reported in the 


ATMOSPHERE 


VAPOR 


L l  


LIQUID 


Figure 1-Schematic diagram of water vapor transmission cell de- 
picting water concentrations existing at various surfaces. Co = con- 
centration of molecules above liquid surface, C, = concentration of 
molecules at inside film surface, and Cz = concentration of molecules 
at outside film surface. 


pharmaceutical literature (1-3). In the first of these 
studies (I), a vacuum was created on one side of the 
film so that a pressure difference existed across the film. 
More recently (2,3), the transfer of water vapor through 
films has been studied in which a water vapor pressure 
difference existed but in which the total pressure, 
atmospheric, was the same on both sides of the film. In 
these investigations (2, 3), a linear relationship was 
found between the reciprocal of the rate of water vapor 
permeation and film thickness. In one case (2), the 
authors stated : “An interesting relationship is observed 
when (w/t)-l is plotted against thickness of film; al- 
though no theoretical basis for such a plot can be pro- 
posed at the present time, we feel it is worth presenting.” 
The research described by this study and the accom- 
panying theory present a theoretical justification for 
the linear relationship between the reciprocal of rate of 
water vapor permeation and film thickness. 


THEORY 


Previous investigations have used equations that relate the rate of 
vapor transfer to the water vapor pressure differential existing 
across the film. Alternatively, an expression may be used relating 
this rate to the concentration difference existing across the fdm: 


R = PAAC 
U 


where R is the rate of permeation, P is the permeability coefficient, 
A is the area of the film, a is its thickness, and AC is the water 
vapor concentration difference across the film. AC may be expressed 
in any suitable units such as molecules. The type of transmission 
cell used in previous investigations (2, 3) is shown in Fig. 1, where 


In calculating AC, the diffusion of water vapor from the surface 
of the liquid to the polymer film must first be considered. Because 
the distance between the liquid and the film influences the rate of 
water vapor transmission through the film (4), it can be assumed 
that the vapor pressure at the film surface is not in equilibrium 
with the liquid surface, and that a vapor pressure difference exists 
through this distance. The diffusion through this distance is given 
by Fick‘s one-dimensional equation: 


AC = Ci - Cz. 
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Table I-Description of the Polymers Employed where D is the diffusion coefficient for water vapor in air. If a steady 
state is assumed, 


Therefore, 


or 


= constant 
dX 


a C/bx may be related to the concentration of water vapor by the 
equation 


where L is the distance between the liquid surface and the film, and 
CO is the equilibrium concentration of water molecules above the 
liquid surface (Fig. 1). The steady-state assumption may be justi- 
fied by observing the rate dependence on the liquid-film distance 
and the linearity of the rate of water vapor transmission. 


The quantity of water that has evaporated and diffused, W ,  dur- 
ing time t is given by 


-DA't(Ci - Co) 
L W =  


where A' is the area of the liquid surface. 
Because the diffusion coefficient, D, may be dependent upon the 


concentration difference, Cl - Co (5), the diffusion coefficient is 
more accurately represented by the mean diffusion coefficient, 0, 
of the form 


In the absence of data quantifying the concentration dependence 
of D on water vapor concentration for the water vapor-aiLsystem, 
only the observed mean value of the diffusion coefficient, D,  can be 
determined. 


The concentration of water vapor at the inside surface of the 
film, CI ,  may then be calculated from the equation: 


WL c1 = co - 7 
DA't 


If the effective film surface area is assumed to be equal to the 
liquid surface area, Eq. 8 may be written as 


WL c1 = co - - DAt 


Further assumption-of steady-state diffusion within the diffusion 
cell implies that W/t  = R, where the symbols are as previously 
defined. As a result, Eq. 9 becomes 


RL 
c1 = co 7 - D A  


If C2, the concentration of water outside the film, is maintained 
at zero, AC = Cl. Therefore, 


RL 
AC = Co- 


Substituting this relationship for AC into Eq. 1 and taking the re- 
ciprocal yield 


L 1 a f-  
R -  PAC0 DACo (Eq. 12) 


It can be seen from this equation that a plot of l/rate of permeation 


-Percent Substitution"-. 


Grade, cps. Weight, M .  Methoxyl propoxyl 
Viscosity Molecular Hydroxy- 


5-7 11,600 28.0 8.9 
50 25,000 30.0 8.6 


400 45,300 28.4 9.3 


a Expressed on a weight basis, as supplied by Dow Chemical Co. 
(6). 


versus film thickness should be linear with a slope of l/PACo and an 
intercept of L/sACo.  


EXPERLMENTAL 


Polymer Selection and Solution Preparation-Methylhydroxy- 
propoxyl ethers of cellulose,l viscosity grades 5-7, 50, and 400 cps., 
were selected for use in this study (Table I). Their selection was 
based on their ability to form free unplasticized films, their solu- 
bility in aqueous and organic solvent system, and their widespread 
commercial use as pharmaceutical coating materials. 


Solutions, 3 % w/v, were prepared by dispersing the polymers in 
either deionized water or an organic solvent system consisting of 
methylene chloride, methyl alcohol, and isopropyl alcohol in a 
40 : 30 : 30 ratio. The solvents were cooled to 5 prior to polymer 
addition and were stirred until the dispersions reached room tem- 
perature. The solutions were brought to volume and allowed to 
solvate for a minimum of 24 hr. before use. 


Preparation of Free, Unplasticked Film Samples-Free films were 
prepared by pouring the polymer solutions onto a clean, leveled 
surface of aluminum foil. Film area was controlled by the use of a 
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Figure 2-Transmission of water vapor through the cellulose Jlms 
as a function of time: 


Number Polymer Grade Solvent Thickness, in. 


I 400 cps. Water 0.00194 
2 400 cps. Organic 0.00355 
3 5-7 cps. Organic 0.0129 
4 5-7 cps. Organic 0.0176 


1 Methocel 60 HG, Dow Chemical Co., Midland, Mich. 
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Figure %Relationship between the reciprocal of the water vapor 
transmission rate and$lm thickness as predicfed by Eq. 12: 


Number Polymer Solvent 


I 400 cps. Water 
2 5-7 cps. Water 
3 50 cps. Organic 
4 5-7 cps. Organic 


rectanCular 10 X 15-cm. Plexiglas frame, and film thickness was 
varied by adjusting the volume of the polymer solution employed. 
Organic cast films were allowed to evaporate for 12 hr. at room 
temperature before removal from the substrate. Films cast from 
deionized water were dried in an oven at 50" for 12 hr. before re- 
moval from the substrate. Films cast from deionized mater, which 
were dried for 48-60 hr. at room temperature, showed no significant 
difference in permeation properties compared with those dried in 
the oven at 50". The film was removed from the aluminum foil by 
peeling the substrate away in strips. 


Film samples were cut from the sheet with a metal cylinder hav- 
ing an internal diameter of 2.35 cm. Film thickness was determined 
with a micrometer. The samples were stored in a desiccator over 
calcium sulfate for 5 days prior to use. 


Transmission Cell and Environmental Chamber-The type of 
experimental design used in this study was similar to that used in 
previous investigations (2, 3). 


A saturated solution of sodium tartrate was placed in each trans- 
mission cell (Fig. l), maintaining a relative humidity of 91% at 
30" equivalent to a vapor pressure of 28.96 mm. of mercury. Since 
the film-to-liquid surface was found to be a critical factor in the 
reproducibility of results, a sufficient volume of the saturated solu- 
tion (approximately 5 ml.) was utilized to ensure an initial distance 
of 4.5 cm. between the liquid surface and the film sample. The cells 
were placed within a glovebox at 30" and maintained at a relative 
humidity below 3% using anhydrous calcium sulfate. Each cell 
was weighed on an analytical balance within the glovebox initially 
and at 12-hr. intervals for a 72-hr. period. The value of CO, the equi- 
librium concentration of vapor existing above the solution having a 
vapor pressure of 28.96 mm. of mercury, was calculated to be 9.2 
X lo1' molecules/cm.a, using the ideal gas law. 


Table n-Permeability Coefficients for Water Vapor Permeation 
through Methylhydroxypropoxyl Ethers of Cellulose Films 


Permeability 
Coefficient, 
cm.2/sec. x 


Polymer Solvent 104 


Methylhydroxypropoxyl Organic 7.39 
ethers of cellulose, Water 3.13 
5-7 cps. 


Methylhydroxypropoxy1 Organic 3.30 
ethers of cellulose, Water 2.54 
50 cps. 


Methylhydroxypropoxyl Organic 3.15 
ethers of cellulose, Water 3.04 
400 cps. 


Table 111-Mean Diffusion Coefficients for Water Vapor-Air 
Diffusion within the Diffusion Cell for Various Film Systems 


Polymer 


Mean 
Diffusion 


Coefficient, 
Solvent cm. 2/sec. 


Methylhydroxy propoxyl Organic 0.166 


Methyl hydroxypropoxyl Organic 0.189 
ethers of cellulose, Water 0.224 
50 cps. 


Methylhydroxypropoxyl Organic 0.162 
ethers of cellulose, Water 0.164 
400 cps. 


Semiinfinite column Free diffusion 0.258" 


ethers of cellulose, Water 0.177 
5-7 cps. 


water in air 


a From Reference 7 corrected to 30" (8). 


RESULTS AND DISCUSSION 


The transmission of water vapor through the polymer films was 
linear with time and dependent on film thickness and composition 
(Fig. 2). For a given polymer the relationship between l/rate and 
film thickness was linear, as predicted by Eq. 12 (Fig. 3). The perme- 
ability coefficient, P ,  which reflects the interaction of the vapor 
with the film and its diffusion through the film, can be determined 
from the slope in Fig. 2, since the slope is l/PACo, and Co and A 
are constants. The permeability coefficients for films of the three 
molecular weight grades of the hydroxypropyl methylcellulose 
polymer, for films cast from both an organic solvent and water, are 
shown in Table 11. Without exception the water-cast films had a 
lower permeability coefficient, although this difference decreased 
as the molecular weight of the polymer increased and is probably 
not significant for the water-cast versus organic solvent-cast 400-cps. 
polymer films. 


This approach, i.e., the method of data expression shown in Fig. 
3, provides a direct experimental method for determining perme- 
ability coefficients. When determined in this manner, the units of 
P are square centimeters per second, and the solubility coefficient, 
S, in the relationship P = DS is dimensionless. The linearity of the 
graphical data (Fig. 3) indicates that P is independent of film thick- 
ness over the range of thickness studied. 


The permeability of the film does affect the concentration gra- 
dient existing in the diffusion cell. As the permeability of the film 
decreases and the rate of water vapor transfer through the film 
decreases, the concentration gradient within the diffusion cell, 
CO - C1, decreases, and equilibrium conditions are approached. 
Conversely, an increase in film permeability increases the concentra- 
tion gradient, CO - Cl. Although the concentration gradient across 
the film, C1 - CZ, decreases, the increased permeability of the film 
would result in a greater total flux through the film. 


The intercept in Fig. 2, L/BACo, is dependent on the geometry 
of the experimental design and the value of the mean diffusion 
coefficient, 3. Since L remained essentially constant during the 
experiment (a maximum change of 1 occurred), the values of fi 
were readily calculated from the intercept values (L/BACO) and are 
reported in Table 111. The values determined for B are lower, al- 
though of the same order of magnitude, compared to those for 
water vapor-air in a semiinfinite column (Table 111) and must 
reflect the dependence of the diffusion coefficient on water vapor 
concentration. The linearity of Fig. 3 also indicates that is a 
function of concentration only and is not dependent on film thick- 
ness. As such, the observed variations in fi do not affect the magni- 
tude of the permeability coefficient nor the graphical method used in 
determining the permeability coefficient. 


SUMMARY AND CONCLUSIONS 


In the past, investigators have graphically represented watei 
vapor permeation data by plotting l/rate versus film thickness. A 
theoretical basis for this relationship was not apparent. A theoretical 
justification for this relationship has been derived, based on the 
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observation that an equilibrium does not exist between the liquid 
surface and the film for water vapor. The resulting equation readily 
leads to the calculation of a permeability coefficient for the film; 
the units of P are the same as the diffusion coefficient, square centi- 
meters per second. A steady state was assumed to exist within the 
diffusion cell following the lag time. This was justified by the lin- 
earity of the graphical data in Fig. 1. The theory was tested with films 
of unplasticized methylhydroxypropoxyl ethers of cellulose cast 
from water and an organic solventj and the permeability coefficients 
were calculated from the slope of l/rate versus film thickness. This 
provides a direct experimental method for easily determining per- 
meability coefficients and, by maintaining constant cell geometry, 
relative permeability values can be assigned to any fXm or series of 
films. 
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Potential Anticancer Agents VI: 
5-Substituted Pyrimidine-6-carboxaldehydes 


CHUNG IL HONG”, CLAUDE PIANTADOSI?, and J. LOGAN IRVIN 


Abstract 0 A series of 5-substituted pyrimidine-6-carboxaldehydes 
and their derivatives were synthesized and tested for inhibition 
of growth of the Ehrlich ascites carcinoma and Ehrlich carcinoma. 
Further studies included inhibition of incorporation of L-phenyl- 
alanine-1-l4C and formate-14C into proteins, and orotic acid -53H, 
thymidine-2-14C, and formate-lC into nucleic acids of the asoitic 
tumor cells in uitro. The following compounds were found to be 
particularly active as inhibitors: 2-mercapto-4-hydroxy-5-(3- 
pheny 1propyl)pyrimidine-&carboxaldehyde (V111-2), 2-mercapto-4- 
hydroxy-5-(4-phenylbenzyl)pyrimidine-6-carboxaldehyde (VIII-3), 
and 2-mercapto-4-hydroxy-5-(cu-naphthylmethyl)pyr~idin~&car- 
boxaldehyde (Ic). The best compounds of this series are equally 
as effective as 5-fluorouracil and 2-mercapto-4-hydroxy-5-(4- 
chlorobenzyl)pyrimidine-6-carboxaldehyde (Ib) in inhibiting for- 
mate incorporation into DNA and growth of the ascitic tumor. 
They are more effective than 5-fluorouracil in inhibiting incorpora- 
tion of formate and orotic acid into RNA, thymidine into DNA, 
and phenylalanine into proteins. The active compounds also 
showed a strong inhibitory activity against respiration of the ascitic 
tumor. Compounds V111-2 and VIII-3 also inhibited growth of the 
Ehrlich carcinoma as a solid tumor after subcutaneous transplanta- 
tion, but in these tests the drugs were more toxic to the host when 
injected intraperitoneally since the drugs were not preferentially 
absorbed by the tumor cells in contrast to the tests versus the 
ascites form of the carcinoma. 


Keyphrases Pyrimidine6-carboxaldehydes, 5-substituted- 
synthesis 0 Anticancer activity-5-substituted pyrimidine-6- 
carboxaldehydes 0 Protein synthesis inhibition-5-substituted 
pyrimidine-6-carboxaldehydes 0 Nucleic acid synthesis inhibition-- 
5-substituted pyrimidine-6-carboxaldehydes 0 Tumor aerobic 
respiration inhibition-5-substituted pyrimidine-&carboxaldehydes 


~ 


In earlier studies (1-3) on 5-substituted derivatives 
of Compound I, it was observed that 5-fluoro (Ia) and 
4-(4-chlorobenzyl) (Ib) substituents resulted in deriva- 
tives possessing strong inhibitory activity against the 
Ehrlich ascites carcinoma. 


I 


Id, R=CH,  -0 
It was further observed that this series of 5-substi- 


tuted pyrimidine-6-carboxaldehydes inhibited incor- 
poration of amino acids and formate into proteins, and 
of orotic acid, thymidine, and formate into nucleic acids 
of the tumor cells in uitro (3). Compound Ib was equally 
as effective as 5-fluorouracil (FU) in inhibiting formate 
incorporation into DNA and growth of the tumor and 
more effective than FU in inhibiting incorporation of 
formate and orotic acid into RNA, thymidine into 
DNA, and phenylalanine and glycine into proteins. 
However, Compound Ib had only negligible inhibitory 
activity against the folate reductases. 


The fact that an enhanced inhibitory activity was ob- 
tained by the introduction of benzyl substituents in the 
5-position led to the synthesis of further derivatives of 
pyrimidine-6-carboxaldehydes containing bulky sub- 
stituents in the 5-position in order to study the struc- 
ture-activity relationship of these analogs in the test 
system. 


RESULTS AND DISCUSSION 


Chemistry-The majority of the a-substituted 8-keto esters (VI) 
were prepared by the alkylation reaction of ethyl y,y-dimethoxy- 
acetoacetate (IV) with an aralkyl (benzyl or naphthylmethyl) halide 
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Determination of Ethanol in an Elastomeric 
Matrix by Gas Chromatography 


HARRIS I. TARLIN 


Abstract 0 A gas chromatographic procedure is described for the 
complete separation and quantitative determination of trace 
amounts of ethanol in the presence of nine common pharmaceu- 
tical compounds. By using a column containing an ethylvinylbenzene 
polymer, the occluded ethanol content of a single dosage unit can 
be determined in 8 min. 


Keyphrases 0 Ethanol, traces-separation, determination, elas- 
tomeric matrix, GLC 0 Elastomeric matrix-ethanol separation, 
determination 0 GLC-separation, determination 


Ethanol has been determined by gas chromatography 
in liquid cough syrups (1) on a column of styrene- 
divinylbenzene polymer' and in blood (2-5) on a column 
of ethylvinylbenzene polymer. This polymer has also 
been used to  determine ethanol by gas chromatography 
in a variety of pharmaceuticals such as paregoric, 
mercurochrome, elixer phenobarbital, and antihistamine 
syrups (6). To date, there have been no studies reported 
in the literature concerning the determination of ethanol 
in a pharmaceutical dosage form comprising a water- 
soluble elastomeric material. 


This report describes a simple, rapid method for 
determining ethanol which was occluded in an elas- 
tomeric matrix containing lidocaine, propylene glycol, 
sorbitol, sodium saccharin, polyvinyl alcohol, poly- 
vinylpyrrolidone, gelatin, methylparaben, propyl- 
paraben, and common coloring and flavoring agents. 
The method was developed as part of a quality control 
program to determine the presence and quantity of 
ethanol in the finished dosage form prepared from a 
liquid mixture of the aforementioned components, 
which was subjected to  heat above the boiling point of 
ethanol during processing. 


EXPERIMENTAL 


Instruments-A Perkin-Elmer model 8 11 gas chromatograph with 
a flame-ionization detector was used. The sensitivity of the de- 
tector was 0.005 CJg. The 1.82-m. (6-ft.) glass column, i.d. 0.32 cm. 
(0.125 in.), 0.d. 0.63 cm. (0.25 in.), was packed with ethylvinyl- 
benzene polymer 50/80 mesh, using a vibrator and conditioned for 
18 hr. at 200' with helium gas flowing through the column. A small 
pledget of glass wool was placed in each end of the column. The 


Table I-Relationship of Peak Height to Ethanol Concentration 


Ethanol, pl./lO ml./ 
Ethanol, J. / lO ml. Peak Height Unit of Peak Height 


~~ ~ 


0.3 3.0 0.10 
0.5 5 .0  0.10 
1.0 10.5 0.095 
5.0 51 . O  0.098 


Av. = 0.098 


Polypak-2, F. M. Scientific Division, Hewlett Packard. * Porapak Q, Waters Associates, Inc., Framingham, Mass. 


Table II-Ethanol Content of Three Batches of Product 
~~ ~~~ ~ ~ ~ 


No. of Alcohol Content, 
Dose Units pl./unit 


~ 


Batch 1 


Batch 2 


Batch 3 


4 
11 
2 
6 
2 


13 
12 
23 


1 
1 


~~ 


0.05 
0.10 
0.15 
0.20 
0.25 
0.00 
0.05 
0.00 
0.05 
0.25 


following gauge pressures were used: helium, 30; hydrogen, 15; 
and compressed air, 40. The Row rate through the column was 
64 ml./min. The column temperature was 122" and the injector 
temperature was 185 '. A Bristol Dynamaster Strip-Chart recorder 
with a chart speed of 2.54 cm. (1 in.)/min. was used. 


Standard Solution-A stock solution containing 1 pl. of 9 5 z  
ethano13/ml. was prepared by pipeting 2.0 ml. of alcohol into a 2-1. 
volumetric flask and diluting to the mark with distilled water.4 
Standard solutions containing 0.3, 0.5, 1.0, and 5.0 pl. of ethanol/ 
10 ml. were prepared by pipeting 0.3, 0.5, 1.0, and 5.0 ml. of stock 
solution, respectively, into 10-ml. volumetric flasks and diluting to 
the mark with water. Five microliters of each standard was in- 
jected.6 Table I shows the relationship of peak height6 to alcohol 
concentration. 


A single dosage unit of 5 cm.2 of the solid elastomer mixture was 
cut into two pieces and introduced into a 10-ml. volumetric flask 
containing 5 ml. of water. The pieces were dissolved with vigorous 
shaking, and the flask was diluted to the mark with water. Five 
microliters of the prepared solution was injected. This procedure 
was carried out for 74 additional dosage units. Ethanol concentra- 
tions were calculated as follows: pl. of ethanol/dosage unit = peak 
height X av. pl. of ethanol/lO ml./unit of peak height. 


A standard containing 1 pl. of ethanol/lO ml. of solution was in- 
jected throughout this investigation. An evaluation of 10 injections 
of the standard indicated that steady-state operating conditions were 
maintained (p = 0.06 for 2s). 


Identification of the Ethanol Peak-The ethanol peak was qualita- 
tively identified by the following enrichment method: 8 ml. of a 
solution consisting of 1 dissolved dosage unit/lO ml. (containing 
0.025 pl. of ethanol/ml.) was pipeted into a 10-ml. volumetric flask 
containing 1 pl. of ethanol. The flask was diluted to  the mark with 
water. The solution thus prepared contained 1.2 pl. ethanol/lO ml. 
The expected peak height was 13.0, and the expected retention? 
distance was 16.98 f 0.22 cm. Following are the results of two 
trials : 


Retention 
Peak Height Distance, cm. 


Trial 1 13.5 16.9 
Trial 2 12.8 16.7 


Ethyl alcohol USP, 95 %, US. Industrial Chemical Co. Referred to 
as ethanol in the following text. 


4 Referred to as water in the followjng text. 
&,All samples In this study were injected with a 10-pl. Hamilton 


syringe. 
6 All peak heights in this study were measured on chart paper which 


was divided into 100 equal units. 
The retention distance is the distance in centimeters between the 


leading slope of the water peak and the maxima of the peak under 
investigation. The average retention distance for 5 standard ethanol 
solutions was 16.98 f 0.22 cm. 
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This experiment indicated that the observed peak was due to 
ethanol. A similar procedure was used to identify the first major 
peak. The peak resulted from the organic impurities in water. 


RESULTS AND DISCUSSION 


Table I1 shows a summary of the ethanol content of the three 
batches studied. The column material used in this investigation has 
outstanding separation properties for volatile, low-molecular 
weight compounds and was particularly valuable for this study 
since no signals were observed from any of the compounds in the 
dosage form except ethanol. 
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Antimicrobial Activity of Some P-Nitrostyrenes 


LEONARD R. WORTHEN and HOWARD W. BOND 


Abstract 0 Nine compounds were tested for antimicrobial activity, 
and eight of these exhibited varying spectra of inhibition. 


Keyphrases 0 @-Nitrostyrene derivatives-antimicrobial activity 0 
Antimicrobial activity, evaluation-0-nitrostyrene derivatives 0 
Paper disks-microbe-inhibition analysis 


In the course of synthesizing some chemical com- 
pounds for testing as potential molluscicides, a number 
of P-nitrostyrene compounds were prepared. This re- 
port indicates the preliminary results obtained from 
testing nine of these compounds, seven of which are 
new (l), for antibacterial and antifungal activity. 


The antimicrobial activity of P-nitrostyrenes has been 
previously noted by several workers, including Schales 
and Graefe (2), Bocobo et al. (3), and Huitric et al. (4). 


An impregnated filter paper disk on an inoculated 
agar plate was selected as the testing method. This 
technique has the advantage over the hole or cup method 
because the solvent can be evaporated from the satu- 
rated paper disks prior to placing them on the inocu- 
lated agar plate. In this manner, any potential anti- 
microbial effects from the solvent used can be avoided. 


EXPERIMENTAL 


Materials and Methods-The test organisms used included the 
following: Staphylococcus aureus, strain 209, ATCC 6538 ; Esche- 
richia coli, ATCC 4157; Pseudomonas aeruginosa, ATCC 10145; 
Bacillus subtih; Proteus vulgaris; Aspergillus niger, ATCC 9642; 
Trichophyton mentagrophytes, ATCC 9129; and Candida albicans, 
ATCC 10231. The melted test agar media were inoculated with 0.1 
ml. of a 24-hr.-old bacterial culture grown in nutrient broth or a 0.1 
ml. saline suspension of a 48-hr.-oId fungal culture grown on 
Sabouraud's agar. Nutrient agar was employed for the bacterial tests 


Table I-Antibacterial and Antifungal Activity of Some @-Nitrostyrenes 


c Microbial Spectrum0 - 
R 1 2 3 4 5 6 7 8 


H 


2,4-c12- 
Cls- 
Br 


+Sb ++ ++ ++ ++ ++ + ++ + - 
- - 


+ ++ 
+ - - 


+++ +++ + +++ - 


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


m-CH3COz- +f ++ ++ 
P-CH~CHXCOZ- ++ ++ +++ 
3-CH~O-4-CH3CO~- + + ++ ++ 


Microbial spectrum: Gram-positive: 1, S. aureus, strain 209, ATCC 6538; 2, B. subtilis. Gram-negative: 3, E.  coli, ATCC 4157; 4, P .  aeruginosa, 
ATCC 10145; 5, P .  vulgaris. Fungi: 6, C. albicans, ATCC 10231; 7, A. niger, ATCC 9642; T. mentagrophytes, ATCC 9129. b Zone of inhibition: 
- = less than 12.7 mm. (zone includes diameter of disk); + = less than 20 mm., ++ = 21-29 mm., and + ++ = more than 30 mm. 
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In Vitro Release of Chloramphenicol from Polymer Beads 
of a-Methacrylic Acid and Methylmethacrylate 


S. C .  KHANNA” and P. SPEISER 


Abstract 0 The in vitro release behavior of chloramphenicol from 
four different bead polymers containing methylmethacrylate and 
a-methacrylic acid in various buffer solutions has been studied. 
The concentration of a-methacrylic acid in the copolymer beads 
and the pH and ionic strength of the buffer solutions were observed 
to influence the release rate of the chloramphenicol from these 
beads. The beads containing no a-methacrylic acid did not release 
the drug in any buffer solution, and the beads containing only a- 
rnethacrylic acid released the drug at almost the same rate in all 
buffer solutions. The smaller beads released the drug more quickly 
than the larger ones. 


Keyphrases 0 Polymer beads-chloramphenicol release 0 Chlor- 
amphenicol release-a-rnethacrylic acid, methylmethacrylate beads 
0 a-Methacrylic acid, concentration effect-release rates, polymer 
beads 0 pH, ionic strength effects-chlorarnphenicol release, 
polymer beids 


In an earlier publication (I) ,  the possibility of utilizing 
the bead polymerization method for the preparation 
of a sustained-release dosage form was discussed. Physi- 
cal barriers are used in the majority of the prolonged- 


release dosage forms to decrease the rate of drug release 
to the absorption site. The swelling or dissolution prop- 
erty of the polymer materials in which the drug is 
embedded is the major contributing factor in the release 
of drug from such dosage forms. Nelson (2) reported 
that the dissolution or release rate of a drug from a 
dosage form is the rate-determining factor in the absorp- 
tion and physiological availability of the drug. Hence, 
an in vitro release procedure may be used to screen the 
materials worthy of inclusion as a potential physical 
barrier for sustained-release products. Furthermore, 
it may show the direction in which the right copolymers 
or polymers for the purpose may be found. The final 
required sustained-release dosage form containing 
these beads may consist of a single specimen of the 
polymer beads or a mixture of many different polymer 
and copolymer beads. 


As the drug is incorporated in a large number of small 
individual beads, the chances of consistent avaiJability 
of the drug at the intended site of the gastrointestinal 
tract increase considerably. In the present work, the 
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Table I-Polymeric Beads of a-Methacrylic Acid and Methyl- 
methacrylate with Chloramphenicol 


~~~ ~~~ 


Monomeric Mixture Polymerized, Chlor- 
Preparation a-Methacrylic Methyl- amphenicol 


No. Acid methacrylate in Beads, 


1 100 - 9 . 5  
66.6 
33 .3  
- 


33.3 
66.6 


100.0 


- . -  


15.0 
19.5 
7.0 


influence of the following factors on the in uitro release 
of chloramphenicol USP embedded in beads of a- 
methacrylic acid, methylmethacrylate, or mixtures 
thereof has been studied: (a)  content of a-methacrylic 
acid in the polymer beads, (b)  pH and ionic strengths of 
the buffer solutions, and ( c )  size of the bead. 


EXPERIMENTAL 


I n  Vitro Release Test-A modified USP tablet disintegration test 
apparatus was used under the same conditions as previously de- 
scribed (3). In each glass tube, a fine nylon filter was fitted so that 
the beads could be separated from the buffer solution from time to 
time. Approximately 100-1 50-mg. beads from an 800-1000-p 
diameter sieve fraction were accurately weighed and eluted with 
50 ml. of buffer solution. At a fixed time interval, selected according 
to the polymer and the buffer solution used, the buffer solution was 
filtered through the fine nylon filter fitted in the tube and was 
replaced with the same amount of the fresh buffer solution. The 
amount of chloramphenicol released was determined spectrophoto- 
metrically at the 278-mp wavelength. This procedure was repeated 
until either the whole of the embedded drug was released or a 
maximum period of 14 hr. was reached. Triplicate experiments 
were performed with each buffer solution, and the results are the 
average of these. 


Buffer Solution Used-Various buffer solutions in the range of 
pH of gastrointestinal fluids have been used as eluting liquids for 
the in uifro release of chloramphenicol from the polymer beads. 
Buffer solutions of pH 1.2 (HCI-NaCl), 3.2, 5.2, 6.2, 7.2, and 8.2 
(all phosphates), each with ionic strengths of 0.1, 0.2, and 0.3, 
were prepared. Buffer solutions of either pH 8.2 or of ionic strength 
0.3 are less common in the human gastrointestinal tract, but they 
were selected in this study to check the effect of these factors at 
this high limit on the release behavior of chloramphenicol from 
the polymer beads. 


0 5 10 15 20 ;5 30 
MINUTES 


Figure I-Release oJ chloramphenicol from Preparation I in dq- 
fererir buffer solutions ( p  = ionic strength). Key: 0, pH 1.2, p 
0.1; V, pH 1.2, p 0.2: 0, pH 1.2, p 0.3; @, pH 5.2, p 0.1; 0, pH 5.2, 
p 0.2; urrd X, pH 5.2, p 0.3. 


L - 
1 2 3 4 5 6 7  8 


HOURS 


Figure 2-Release of chloramphenicol from Preparation 2 in dif- 
ferent buffer solutions ( p  = ionic strengfh). Key: A, pH 3.2, p 0.1; 
0, p H  3.2, p 0.2; V, p H  3.2, p 0.3; X, pH 5.2, p 0.1; m, pH 5.2, p 
0.2; u, p H  5.2, p 0.3; 0, pH 7.2, 0.1; @, pH 7.2, p 0.2; and 0, pH 
7.2, p 0.3. 


To calculate the amount of the substances for the preparation 
of the buffer solutions, the following equations were used (4): 


p = 1/2 c c,z,2 


All symbols have the same meaning as in the literature (4). 
The p H s  of the buffer solutions were determined using a Met- 


rohm pH meter, type E 396, and the buffers were adjusted to the 
correct value if required. The ionic strength, if required, was ad- 
justed by the addition of sodium chloride. All substances used were 
of analytical quality. 


Beads Used-The materials used and the method of preparation 
of these polymeric beads in the presence of chloramphenicol USP 
have already been reported (1). The composition of the beads 
used in the present study is shown in Table I. 


Bead Size Used-Sieve analysis of the polymeric beads was carried 
out (1). The fraction left on each sieve (40&500 p,  50&630 p,  
630-800 p,  and 800-1000 p) was used to study the effect of bead 
size on the release rate of chloramphenicol from the polymeric 
beads. 


RESULTS AND DISCUSSION 


To select the appropriate polymer or copolymer of a-methacrylic 
acid and methylmethacrylate for incorporation into the sustained- 
release dosage form, the influence of different ionic strengths and 
the p H s  of the various buffer solutions on the release behaviors 
of chloramphenicol embedded in them has been studied. Although 
gastric juice varies individually in composition (3, the acidity 
ranges generally in terms of pH values from 1.2 to 2.5. In some 
healthy persons, it may even exhibit higher pH values. The pH 
values of the fluids from the duodenum to the large intestine may 
vary from 5 to 8 (6). Therefore, the release studies of the drug 
from the polymeric beads were carried out in buffer solutions 
from pH 1.2 to 8.2. Although the ionic strengths of the gastro- 
intestinal fluids are constant under normal conditions, they may 
change due to uptake of ionic substances during meals, etc. There- 
fore, the influence of the different ionic strengths (0.1,0.2, and 0.3) 
at all the pH levels of the buffer solutions on the release of drug 
from beads also has been studied. As the enzymatic activity of 
gastrointestinal fluids is of minor importance in the release be- 
haviors of the drug from the polymers, pure buffer solutions of 
either HCI-NaCI or phosphates having the given p H s  and ionic 
strengths have been used. 


In the course of the experiments, it became evident that in most 
cases the release of chloramphenicol from the various polymer and 
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Table &-Average tZO%, rs0%, and fso%" of Chloramphenicol Released from Different Bead Formulations in Various Buffer Solutions 


1 2 3 
-Buffer Solutions-- -Time, min.- - . c-- Time, hr.-- 7 Time, hr. 
pH Ionic Strength 120 f 50 t s o  t z  0 t a o  tso t z o  t 5 0  t 8 0  


0.3 


1 . 2  5.0 
1.2 5.4 
1 .2  5.0 
1 . 4  6.2 
1.4 5 .8  
1.5 6 . 5  
1 . 4  6 . 6  
1.3 6 .0  
1 .3  6.5 


0.2 
0 . 3  


0.2 
0 . 3  


- - - 16.0 4.15 
18.5 4.5 - - . .  


17.5 0.8 2.6 5 . 9  
16.8 0.65 2 . 4  5 . 5  - 
18.2 0.55 2.  I 4.75 


.. . 


0.25 0 .8  I . 8  1 . 6  
- 0.20 0 .6  1.35 1 .0  


0.15 0 . 5  0.95 0.45 


- - 
- - 


6.5 I 5.5" 
2 . 9  6 . 4  
1 . 5  3 .4  
5.5 14.0' 
2 . 0  4 .5  
1 . 2  2.6 


a The values for each were taken from Figs. 1-3. 6 The values obtained by extrapolation. 


copolymer beads of a-methacrylic acid and methylmethacrylate 
gave curves of a higher order when plotted as percent cumulative 
release against time, or as logarithms of the amount of drug re- 
maining in the beads (as a percentage) against time, or as the amount 
of drug released against the square root of time. However, since 
most of the drug release data from the various bead formulations 
showed that up to 80% of the release of the chloramphenicol 
apparently followed a first-order rate, except the release during the 
first interval, it was decided to represent the results as logarithms 
of the amount of chloramphenicol remaining in the beads as a 
percentage against time (Figs. 1-3). The faster release rate in the 
beginning may be due to the presence of the drug on the surfaces 
of the beads. The orthogonal polynomials were used where ade- 
quate data were available to calculate the best fitting equations 
for the regression of the complete curve of log percent of drug 
remaining in beads against time. In extreme cases, polynomials 
up to the third degree were required to provide an adequate equa- 
tion. The comparison of the functions of these equations was 
rather complex; therefore, the times for release of 20, 50, and 80% 
of chloramphenicol (represented as tz0, t50, and tso) from beads 
were used as the comparative measures to prove the influence of 
the various factors in the study on the release behavior of the drug 
from polymeric beads (Table 11). In a few cases, where even 20% 


A 


1 


0 2 4 6 8 10 12 14 
z 


HOURS 


Figure 3-Release of clzloramphenicol from Preparation 3 in dif- 
ferent buffer solutions ( p  = ionic strength). Key: A, pH 6.2, p 0.1; 
0, pH 6.2, p 0.2; 1, pH 6.2, p 0.3; 0, pH 7.2, p 0.1; X , p H  7.2, p 
0.2; m, pH 7.2, 1.1 0.3; 0, pH 8.2, p 0.1; C3, pH 8.2, fl  0.2; and 9, 
p H  8.2, p 0.3. 


release over a study period could not be obtained from the experi- 
mental values, it was calculated from the respective regression 
equations. 


influence of a-Methacrylic Acid Content in Bead Polymers on 
Release of Chloramphenicol-In the absence of a-methacrylic acid 
in the polymeric beads, Preparation 4, the release of the drug did 
not take place in buffer solutions of pH 8.2 and below. The release 
from these beads in buffer solution of higher pH's than this was 
not carried out. In copolymers, Preparations 3 and 2, incorporating 
33.3 and 66.6% a-methacrylic acid, respectively, the release of 
chloramphenicol started in the buffer solutions of pH 6.2 and 3.2, 
respectively. The release of chloramphenicol from these copolymer 
beads in the buffer solutions of pH 5.2 and 2.2, respectively, was 
almost negligible. The beads containing only a-methacrylic acid, 
Preparation 1, released the drug quite rapidly in buffer solutions of 
pH 1.2 and above. 


Thus, the content of a-methacrylic acid in the polymer and 
copolymers influences the onset of the release of chloramphenicol 
in the buffer solutions. The higher the acidic content in the poly- 
meric beads, the lower is the pH at which the release of drug 
starts. The results are given in Table 111. 


There is a rather complicated relationship between the a-meth- 
acrylic acid content of the polymer and the properties (pH and 
ionic strength) of the buffer solutions. This is observed from the 
irregular release behavior of chloramphenicol from these poly- 
meric beads in the different buffer solutions. For this reason, a 
quantitative comparison between a-methacrylic acid content in 
the polymers and the release rates of drug from them in buffer 
solutions seems difficult to establish. However, it may be observed 
(Table 11) that the higher the a-methacrylic acid content in the 
polymeric beads, the quicker the release of the drug from them 
into the buffer solutions. 


Influence of pH's and Ionic Strengths of Buffer Solutions on 
Release Rate of Chloramphenicol from Beads-The polymeric 
beads containing only a-methacrylic acid showed no significant 
change in the release rate of chloramphenicol embedded in these 
beads with variation of either pH or ionic strength of the buffer 
solution (Table 11). It is possible that, due to the large number of 
acidic groups in the polymer beads, identical solubility and swelling 
of the beads occurred in the acidic to neutral buffer solutions. 


Table 111-Influence of Acidic Content in Beads on the 
Onset of Drug Release 


--- Preparation NO.---- 
1 2 3 4 


pH of buffer 
solution (ionic > 1 . 2  > 3 . 2  > 6 . 2  q 8 . 2  
strength = 0.1) 
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Table IV-Average Release of Chloramphenicol from Polymeric 
Beads of Different Diameter 


--- Preparation No.- - 
1 2 3 --- Buffer Solution- -- 


pH 5.2, Ionic pH 5.2, Ionic pH 7.2, Ionic 
Strength = 0.1 Strength = 0.1 Strength = 0.1 


Bead Time, min. Time, hr. Time, hr. 
Diameter, p t 5 0  tso t60 t80 f 5 0  ~ R O  


400- 500 1.8 3 .5  1.0 1.9 3.5 8 .4  
50G 630 3 .0  7.8 1 . 3  3.9 4 .3  9 . 2  
630- 800 4 . 0  9.7 2.0 4.0 6 . 4  15.1 
800-1000 7 .0  17.4 2 .5  5.9 6.5 15 .5  


However, with the increase of either pH or ionic strength of the 
buffer solutions, the rate of release of chloramphenicol from the 
polymer beads containing either 66.6 or 33.3% of a-methacrylic 
acid was enhanced (Table 11, Figs. 2 and 3). In the case of a prep- 
aration containing 66.6 % a-methacrylic acid in the polymer, the 
most pronounced increase in the release of chloramphenicol took 
place in buffer solutions having p H s  between 3.2 and 5.2; for a 
preparation containing 33.3 % a-methacrylic acid, the same effect 
was observed in buffer solutions of pH’s between 6.2 and 7.2. 


The ionic strength had a more pronounced effect in the case of 
the bead formulation containing 33.3 % a-methacrylic acid than 
in the case of one containing 66.6 x a-methacrylic acid. This change 
in the release rate of the drug may be due to different swelling and 
solubility properties of the polymer beads in various buffer solu- 
tions. 


Influence of the Bead Diameter on the Release Rate-As the release 
of chloramphenicol from the copolymer beads was found to be 
dependent on the ionic strengths and pH’s of the eluting buffer 
solutions, it was considered that these beads could be ion-exchange- 
type resins. The release rate of the drug from such resins is in- 
versely proportional to the radius of the spherical particles. Thus, 
the release behavior from different bead sizes of the first three 
preparations was studied. Preparation 4 could not be considered 
for the study because no release took place from this preparation 
in any buffer solution below pH 8.2 (Table 111). However, no such 
relationship between tso release and l/radius could be observed. 
It may be that the fraction of the sieve-analyzed beads taken in 
these release studies is not representative of the uniform size 
distribution of the beads in that fraction. Moreover, the geometry 
of these beads is altered by swelling and dissolution; hence, the 
mean radius taken will not be correct for such correlation. 
However, the results (Table IV) clearly show that the release rate 


of drug increases with decreasing bead size. Therefore, the uniform 
release from the sustained-release dosage form may be obtained 
by varying the particle size in the formulation. 


SUMMARY 


The release behavior of the drug from these beads in the buffer 
solutions depends mainly on the amount of a-methacrylic acid 
content in the polymer. The polymer beads containing 100% 
a-methacrylic acid released the drug easily in strong acidic buffer 
solutions of pH 1.2 and above. Hence, these beads may be used to 
form the initial dose portion in a sustained-release dosage form. 
The copolymer beads containing 66.6 and 33.3 % a-methacrylic 
acid released the drug in buffer solutions of pH 3.2 and 6.2, re- 
spectively, and over. These may be incorporated as a sustained- 
release portion in such dosage forms. The combination of these 
beads in the appropriate proportion will show a right release 
pattern for a sustained-release dosage form. 


On the basis of this study, copolymer beads of a-methacrylic 
acid and methylmethacrylate having the property of predeter- 
mined release of drug in specific buffer solution may possibly be 
prepared. The release rate of the sustained-release portion may 
also be controlled by varying the bead sizes. 
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Polymorphism in Sulfanilamide-d* 


HWAING OU LIN and J. KEITH GUILLORY 


Abstract 0 Thermal behaviors of four crystalline forms of sulf- 
anilamide and of sulfanilamide-d4 have been examined. Heats of 
transition and fusion have been determined. The deuterated modi- 
fications exhibit smaller heats of transition and heats of fusion 
than the corresponding undeuterated forms. There is, however, a 
difference in the magnitude of this decrease in the case of the heats 
of transition. 


Keyphrases 0 Sulfanilamide-d4-polymorphism 0 Polymorphic 
forms-sulfanilamide-d4 0 Differential thermal analysis-identity 
0 IR spectrophotometry-identity 0 NMR spectroscopy-iden- 
tity 


Polymorphic forms of the same compound exhibit a 
number of divergent physical properties including 
crystal structure, rate of dissolution, density, solubility, 
and refractive index. Differences in dissolution rate 
have been noted in such widely used drugs as aspirin 
(1) and chloramphenicol palmitate (2). These differences 
in solution properties can be expected to result in 
variations in therapeutic blood levels and therapeutic 
efficacy. 


In spite of the fact that polymorphism is a widespread 
phenomenon among organic compounds, in general, 
and among pharmaceuticals, in particular, very little 
progress has been made toward an understanding of the 
factors that permit some compounds to  exhibit and 
prevent others from exhibiting polymorphism. The 
availability of commercial instrumentation which makes 
thermodynamic data concerning heats of transition and 
fusion more readily accessible encouraged the authors 
to study a group of structurally related compounds, the 
sulfonamides (3). Polymorphism has been detected in 
some sulfonamides but not in others. 


One sulfonamide that has been studied extensively 
is sulfanilamide. The existence of polymorphic forms of 
the compound was first reported by Zyp in 1938 (4). 
He observed that sulfanilamide appeared in several 
crystal forms when crystallized from a drop of water 
and examined under the microscope. Watanabe (5, 6 )  
conducted an X-ray diffraction study of sulfanilamide 
crystallized from various solvents, and he determined 
that the compound could crystallize in at least three 
polymorphic modifications designated as a-, p-, and 
y-forms. Yakowitz (7), in his report, confirmed Wat- 
anabe's discovery that sulfanilamide is polymorphic, 
with at least three phases, and reported refractive in- 
dexes and heats of solution of these forms. McLachlan 
(S), in his book on X-ray crystal structure, mentions 
four polymorphic forms of sulfanilamide, designated 
as /3-, y-, ti-, and €-forms. 


The techniques of neutron diffraction and X-ray 
diffraction have been employed in the elucidation of the 
crystal structures of some polymorphic forms of sul- 
fanilamide. O'Connor and Maslen have determined 
the structures of &-sulfanilamide (9) and of /3-sulfanil- 


amide (lo), and Alleaume and Decap have determined 
the structures of /3- and of y-sulfanilamide (11-14). 
The present investigation was undertaken to obtain 
thermodynamic data on heats of transition and fusion 
of sulfanilamide and sulfanilamide-dr. 


EXPERIMENTAL 


Materials-Sulfanilamide-d4 was prepared by repeated re- 
crystallization of sulfanilamide from monodeuteroethanol, mono- 
deuteromethanol, or deuterium oxide. The progressive exchange of 
D for H in the amino and amide groups of sulfanilamide was 
observed in the IR spectrum of the material. After five or six 
recrystallizations, the exchange was virtually complete. The isotopic 
purity of sulfanilamide-d4 was further confirmed by NMR spec- 
troscopy using dimethyl-ds-sulfoxide as the solvent. Monodeutero- 
methanol and monodeuteroethanol were prepared by the method 
described by Greive and Sporek (15). Monodeuterobutanol was 
obtained by repeated isotopic exchange of n-butanol with deuterium 
oxide (Merck, AG, 99.75z isotopic purity) in the presence of 
deuterium chloride as the catalyst. Acetone-d6 (Mallinckrodt) had a 
stated isotopic purity of not less than 99.5 %. 


Methods and Instrumentation-Polymorphic forms of sulfanil- 
amide and sulfanilamide-d4 were prepared by recrystallization from 
appropriate solvents. Distilled water, ethanol, methanol, butanol, 
and acetone were used as solvents in the recrystallization of sul- 
fanilamide, while deuterium oxide, monodeuteroethanol, mono- 
deuteromethanol, monodeuterobutanol, and acetone-d6 were used 
in the recrystallization of sulfanilamidedr, which had been prepared 
as described. The a-, p-, and y-forms of sulfanilamide were obtained 
by methods described by Watanabe and Kamio (5 ) .  The &form was 
obtained by recrystallization of sulfanilamide from hot, saturated 
butyl alcohol. Deuterated solvents, analogous to those used for 
obtaining the four forms of sulfanilamide, were employed in the 
preparation of the four deuterated modifications. 


The Du Pont 900 differential thermal analyzer (DTA), equipped 
with a standard cell, was employed to detect polymorphic transitions 
and melting in the various forms of sulfanilamide and sulfanilamide- 
d4. Thermograms, plots of differential temperature as a function of 
the sample temperature, were obtained. In each case the sample was 
heated from room temperature to a temperature several degrees 
above fusion, at a uniform rate of lO"/min. Samples of approxi- 
mately 2 mg. were employed in ordinary glass capillary tubes, 2 mm. 
in diameter. Nitrogen gas  was flushed through the standard cell 
during the heating procedure to minimize oxidative decomposition. 
The reference used in these experiments was glass beads. Tempera- 
tures of phase transitions were obtained from the thermograms and 
were corrected for nonlinear temperature response of the chromel/ 
alumel thermocouple. 


Quantitative measurements of the heats of transition and fusion 
of the compounds were obtained using the Du Pont 900 differential 
thermal analyzer equipped with a calorimeter cell. While the Du 
Pont standard cell provides useful qualitative information concern- 
ing polymorphic transitions, the geometry of the cell precludes its 
use for quantitative determinations of heats of transition and 
fusion. The calorimeter cell was designed for this purpose. Samples 
of approximately 5 mg. were employed in measurements of heats of 
fusion, and samples of approximately 7 mg. were employed in 
measurements of heats of transition. These were weighed on a 
Cahn electrobalance to the nearest 0.002 mg. The samples were 
placed in cups fashioned from aluminum foil, and the cups were 
fitted into the silver sample holder of the calorimeter cell in such a 
way as to obtain good contact with the bottom of the sample 
holder. Neither aluminum liner nor reference material was used 
in the reference cup. Thermograms incorporating the temperature 
ranges of interest were recorded using the chart recorder of the 
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Table I-Thermal Behaviors of Sulfanilamide and Sulfanilamide-d4 


Phase Heat of 
Polymorphic Transition Transition, Fusion Heat of Fusion, 


Forms Solvents Used for Recrystallization Temperature cal./mole X Temperature cal./mole X 1 


Form I (a-form) Ethanol, water 108" 3.58 =k 0.15  166" 5.22 f 0.07 
Monodeuteroethanol, heavy water 101-105" 3.45 f 0.02 165" 5.09 =k 0.05 


Form I1 (&form) Ethanol, water, methanol, ace- 
tone 131-141" 3.47 f 0.16 166" 5.32 f 0.03 


Monodeuteroethanol, mono- 
deuteromethanol, heavy water, 
acetone-dk 120-122" 2.66 f 0.02 165" 5.04 f. 0.05 


Form I11 (y-form) n-Pentanol " 


Form IV (&form) n-Butanol 
Monodeuteropentanol 


Monodeuterobutanol 


166" 5.24 f 0.05 
165' c 07 + n n5 _ - -  ~ 


108" 3.86 f 0.07 166" 5.27 f 0.05 
105' 3.60 f 0.05 165" 5.01 i 0.03 


DTA instrument. The areas of the transition and fusion peaks were 
obtained by drawing a line from the point at which the thermogram 
first departed from the baseline to the point at which the baseline 
was reestablished. Area measurements were performed using a 
polar planimeter (Keuffel & Esser No. 62005). The area of the 
peaks obtained in DTA calorimetry is proportional to the heat of 
transition, and the value of AH can be obtained by calculation 
based on the use of a calibration curve. This curve is constructed 
from data on the areas of the fusion peaks of materials with known 
heats of fusion, including gallium, tin, indium, and zinc. The 
procedure is described in more detail in a paper by Guillory (16). 
The calibration was found to be accurate to within 2.1x  when 
checked with samples of silver nitrate and benzoic acid. Heats of 
transition and fusion reported in Table I are average values of six 
or more determinations. The average deviations from the mean for 
these measurements are also given. 


IR spectra of crystals of sulfanilamide and sulfanilamide-dc were 
taken as potassium bromide pellets. The pellets were prepared using 
a Beckman potassium bromide dye and a Pasadena Hydraulics, 
Inc., press at a pressure of 20 tons. The samplepotassium bromide 
ratio employed was 1 :200. Some samples were obtained using the 
Wilks Mini-Press with a samplepotassium bromide ratio of 0.7: 120. 
Both methods resulted in identical IR patterns. Spectra were 
obtained on a Beckman IR-10 IR spectrophotometer. The 
instrument employs two precision replica gratings in a single 
monochromator. The first operates from 4000 to 600 cm.-l, and 
the second grating operates from 650 to 300 cm.-l. Polystyrene film 
was used to calibrate the wavelength axis. 


As an independent check, observations of phase transitions were 
carried out on the Koefler micro hot stage. A small amount of sample 
was placed between a slide and cover glass, and the slide was placed 
on the hot stage. The sample was observed through a microscope 
as it was heated at a constant rate (lO"/min.) up to fusion. 


X-ray diffractograms of the polymorphic forms were recorded 
by the powder diffraction method.' These diffractograms are re- 
produced elsewhere (17). 


RESULTS AND DISCUSSION 


Four polymorphic modifications of sulfanilamide and sulfanil- 
amide-d4 were obtained by recrystallization from the solvents listed 
in Table I. These modifications were subjected to DTA, IR spectros- 
copy, and DTA calorimetry. Forms I, 11, and I11 of undeuterated 
sulfanilamide are analogous to the a-, 8-, and y-forms of Watanabe 
and Kamio (5 ) .  The deuterated polymorphic forms are named by 
analogy to the corresponding undeuterated forms. 


The commercially available form of sulfanilamide is the @form. 
The three other forms of sulfanilamide also remain stable at room 
temperature. DTA reveals that the a-, 0-, and &forms are trans- 
formed to the y-form prior to melting. The y-form, then, is the only 
polymorph that melts without undergoing a polymorphic trans- 
formation. The deuterated forms of these four polymorphs behave 
in a precisely analogous fashion. 


1 National Spectrographic Laboratories, Inc., Cleveland, Ohio. 


In 1961, Inoue and Saito (18) reported the use of DTA in the 
study of polymorphic transitions occurring in sulfanilamide. 
Two thermograms appear in this paper, and an explanation of the 
thermograms is given by the authors. Two transition peaks are 
observed in the thermogram of what the authors refer to as the 
a-form of sulfanilamide. They associate these two peaks with 
transformations from the a- to the p-form and from the p- to they- 
form, respectively. The latter peak is substantially smaller in area 
than the former. In the second thermogram, the transition peak is 
identified as being associated with the 8- to y-transition. 


In the present investigation (Figs. 1 and 2), repeated experiments 
have failed to produce two transition peaks when the a-form is 
heated from room temperature to fusion. An examination of the 
data obtained from DTA calorimetry (Table I) reveals that the 
magnitude of the heat of transition in the case of these two forms is 
virtually the same. If the a-form did indeed transform to the p- 
modification at 108", one would expect to find a transition peak of 
approximately the same area at 131-141 ', the transition temperature 
range of the &form. The fact that Inoue and Saito (18) found only a 
small peak in this range indicates that their sample of the a-form was 
contaminated with some p-form. The authors of this study believe 
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Figure 1-DTA thermograms of four polymorphic forms of sul- 
fanilamide. 
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Figure 2-DTA thermograms of four polymorphic forms of sul- 
fanilamide-d+ 


that Watanabe and Kamio (3, who reported from thermomicro- 
scopic observations a transition from a to @ occurring at tempera- 
tures near go", made a similar error. According to their account, 
when suction was used to dry crystals of the a-form, they were 
converted to the 0-form. The authors have found that a similar 
transition occurs on trituration of the a-modification. Inoue and 
Saito (18) do not describe the 6- to y-transition which was detected 
in this study, nor did they estimate the heats of transition of the 
polymorphic changes. 


Data obtained from DTA calorimetry are listed in Table I. 
Heats of transition are reported for the a-, @-, and &forms. These 
three forms are converted to the y-form, which melts without 
undergoing polymorphic transition. Since three forms are converted 
to the y-form prior to fusion, all four forms are expected to exhibit 
the same heat of fusion. This is found to be true, within the limits 
of experimental error, for both the nondeuterated and the deuterated 
forms. 


An examination of the heats of transition for the three poly- 
morphs which undergo transition reveals that the &form requires 
the greatest amount of energy to affect its transition to the y-form. 
The a- and @-modifications apparently have similar internal energies. 
This may explain why conversion from the a-form to the @-form 
occurs so readily. Simple trituration will bring about this change 
(although heating from room temperature to fusion will not, as 
pointed out previously). 


Hydrogen bonding plays an important role in the crystalline 
structure of sulfanilamide. Apparently the two hydrogens of each 
amide group are engaged in NH--0 bonding with oxygens on 
two adjacent sulfanilamide molecules. Similarly, the two hydrogens 
on each amine function participate in similar hydrogen-bonding 
interactions. It is interesting to note that X-ray diffraction studies 
(9-14) suggest that the hydrogen bonds in the a- and @-forms are, 
on the average, very nearly the same length, but those of the @- 
modification are slightly longer. This observation is in line with the 
heats of transition determined in this study (i.e., higher heat of 
transition for the form with shorter bonds). 


The 7-form, which does not exhibit a polymorphic transition, 
forms hydrogen bonds that are, on the average, somewhat longer 
than those of the a- and @-forms. Data are not available for the 


lengths of the hydrogen bonds in the &form, but results of this 
investigation suggest that, on the average, the hydrogen bond 
lengths in this form will be considerably shorter than those of the 
a- and @-forms. 


The heat of fusion of the deuterated y-form is approximately 
5 %  less than that of the undeuterated modification, although the 
melting point is decreased only about 1" by deuteration. Substitu- 
tion of deuterium for hydrogen apparently lengthens the hydrogen 
bonds in the crystal lattice (19), and this accounts for the lower 
heat of fusion. 


In the case of the three modifications that exhibit phase transitions 
prior to fusion, deuteration diminishes the magnitude of the energy 
required for conversion to the y-form. The degree of reduction of 
the heat of transition is approximately the same for the a- and 6- 
forms as the reduction in the heat of fusion measurements. The 
@-form, however, shows anomalous behavior, with a reduction in 
heat of transition of approximately 25 %. Apparently, isotopic 
substitution affects the bond lengths and bond strengths of the 
hydrogen bonds of these crystals to a different degree. 


When the X-ray diffraction patterns obtained for the four modi- 
fications of sulfanilamide and sulfanilamide-dc are compared (I 7), 
it is seen that the crystal structures appear to have similar molecular 
arrangements in the case of the deuterated and undeuterated @- 
and &forms. There are, however, significant differences in the 
molecular arrangements in the a- and y-forms following deutera- 
tion. This implies that, at least in some cases, substitution of deu- 
terium for hydrogen in sulfanilamide does more than simply expand 
the crystal lattice. Deuteration may, or may not, affect the lattice 
structure. 


Figures 3 and 4 show IR spectra of sulfanilamide and sulfanil- 
amide-dr, respectively. In Fig. 3 it can be seen that the spectra for 
the a- and @-forms are virtually identical. In preparing samples for 
IR analysis, grinding and pressing operations are employed which 
can be expected to bring about a transformation from the a-form 
to the @-form. Therefore, the first two spectra shown are both of the 
@-modification. A comparison of the spectra for the deuterated 
sulfanilamides reveals that three of the forms exhibit essentially 
identical spectra. Ito and Sekiguchi (20), in a paper on the forma- 
tion of a molecular compound of sulfanilamide and sulfathiazole, 
reported that they had examined three deuterated forms of sul- 
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Figure 3-IR spectra of four polymorphic forms of sulfanilamide. 
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Figure &IR spectra of four polymorphic forms of sulfanilamide-dd. 


fanilamide and found that: “spectral differences between the three 
polymorphic forms . . . (were) comparatively few.” In the present 
investigation, minor differences in the spectra were noted in the 
-NHz stretching regions but not in the -NDz stretching regions. 
Similar differences can be seen in spectra published by Novak 
et al. (21). 


The study of polymorphism in sulfanilamide is complicated by the 
large number of possible hydrogen bonding sites in the molecule; 
by the formation of hydrogen bonds of various lengths; by the fact 
that in some forms the unit cell is made up of eight, and in others, 
of four molecules; and by the fact that the crystal structure of the 
&form has not yet been elucidated. Additional information is 


required before the mechanisms of the polymorphic transitions 
occurring in this compound can be understood. 
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observation that an equilibrium does not exist between the liquid 
surface and the film for water vapor. The resulting equation readily 
leads to the calculation of a permeability coefficient for the film; 
the units of P are the same as the diffusion coefficient, square centi- 
meters per second. A steady state was assumed to exist within the 
diffusion cell following the lag time. This was justified by the lin- 
earity of the graphical data in Fig. 1. The theory was tested with films 
of unplasticized methylhydroxypropoxyl ethers of cellulose cast 
from water and an organic solventj and the permeability coefficients 
were calculated from the slope of l/rate versus film thickness. This 
provides a direct experimental method for easily determining per- 
meability coefficients and, by maintaining constant cell geometry, 
relative permeability values can be assigned to any fXm or series of 
films. 
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Potential Anticancer Agents VI: 
5-Substituted Pyrimidine-6-carboxaldehydes 


CHUNG IL HONG”, CLAUDE PIANTADOSI?, and J. LOGAN IRVIN 


Abstract 0 A series of 5-substituted pyrimidine-6-carboxaldehydes 
and their derivatives were synthesized and tested for inhibition 
of growth of the Ehrlich ascites carcinoma and Ehrlich carcinoma. 
Further studies included inhibition of incorporation of L-phenyl- 
alanine-1-l4C and formate-14C into proteins, and orotic acid -53H, 
thymidine-2-14C, and formate-lC into nucleic acids of the asoitic 
tumor cells in uitro. The following compounds were found to be 
particularly active as inhibitors: 2-mercapto-4-hydroxy-5-(3- 
pheny 1propyl)pyrimidine-&carboxaldehyde (V111-2), 2-mercapto-4- 
hydroxy-5-(4-phenylbenzyl)pyrimidine-6-carboxaldehyde (VIII-3), 
and 2-mercapto-4-hydroxy-5-(cu-naphthylmethyl)pyr~idin~&car- 
boxaldehyde (Ic). The best compounds of this series are equally 
as effective as 5-fluorouracil and 2-mercapto-4-hydroxy-5-(4- 
chlorobenzyl)pyrimidine-6-carboxaldehyde (Ib) in inhibiting for- 
mate incorporation into DNA and growth of the ascitic tumor. 
They are more effective than 5-fluorouracil in inhibiting incorpora- 
tion of formate and orotic acid into RNA, thymidine into DNA, 
and phenylalanine into proteins. The active compounds also 
showed a strong inhibitory activity against respiration of the ascitic 
tumor. Compounds V111-2 and VIII-3 also inhibited growth of the 
Ehrlich carcinoma as a solid tumor after subcutaneous transplanta- 
tion, but in these tests the drugs were more toxic to the host when 
injected intraperitoneally since the drugs were not preferentially 
absorbed by the tumor cells in contrast to the tests versus the 
ascites form of the carcinoma. 


Keyphrases Pyrimidine6-carboxaldehydes, 5-substituted- 
synthesis 0 Anticancer activity-5-substituted pyrimidine-6- 
carboxaldehydes 0 Protein synthesis inhibition-5-substituted 
pyrimidine-6-carboxaldehydes 0 Nucleic acid synthesis inhibition-- 
5-substituted pyrimidine-6-carboxaldehydes 0 Tumor aerobic 
respiration inhibition-5-substituted pyrimidine-&carboxaldehydes 


~ 


In earlier studies (1-3) on 5-substituted derivatives 
of Compound I, it was observed that 5-fluoro (Ia) and 
4-(4-chlorobenzyl) (Ib) substituents resulted in deriva- 
tives possessing strong inhibitory activity against the 
Ehrlich ascites carcinoma. 


I 


Id, R=CH,  -0 
It was further observed that this series of 5-substi- 


tuted pyrimidine-6-carboxaldehydes inhibited incor- 
poration of amino acids and formate into proteins, and 
of orotic acid, thymidine, and formate into nucleic acids 
of the tumor cells in uitro (3). Compound Ib was equally 
as effective as 5-fluorouracil (FU) in inhibiting formate 
incorporation into DNA and growth of the tumor and 
more effective than FU in inhibiting incorporation of 
formate and orotic acid into RNA, thymidine into 
DNA, and phenylalanine and glycine into proteins. 
However, Compound Ib had only negligible inhibitory 
activity against the folate reductases. 


The fact that an enhanced inhibitory activity was ob- 
tained by the introduction of benzyl substituents in the 
5-position led to the synthesis of further derivatives of 
pyrimidine-6-carboxaldehydes containing bulky sub- 
stituents in the 5-position in order to study the struc- 
ture-activity relationship of these analogs in the test 
system. 


RESULTS AND DISCUSSION 


Chemistry-The majority of the a-substituted 8-keto esters (VI) 
were prepared by the alkylation reaction of ethyl y,y-dimethoxy- 
acetoacetate (IV) with an aralkyl (benzyl or naphthylmethyl) halide 
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in the presence of sodium ethoxide in 70% yield. Claisen condensa- 
tion of isopropyl ester (V) with methyl dimethoxyacetate (111) in 
benzene in the presence of sodium hydride afforded the a-alkyl (n- 
hexyl and n-dodecyl) and a-aralkyl (Zphenylethyl and 3-phenyl- 
propyl) p-keto esters in 95% yield. The isopropyl esters were em- 
ployed to reduce self-condensation (4). Due to extensive decomposi- 
tion during fractionation, the crude esters were used without purifi- 
cation. The condensation of the p-keto ester with thiourea gave the 
pyrimidine acetal (VII) in 30 % yield. With guanidine hydrochloride, 
the yield was 45 %. 


When the guanidine reaction was performed utilizing guanidine 
hydrochloride and sodium methoxide in boiling ethanol, the inter- 
mediate guanide (2-methoxyacetyl-2-substituted acetyl guanide) 
separated during the 1st hour (5). This guanide was redissolved and 
cyclized to the pyrimidine acetal (VII). Hydrolysis of the acetals 
(VII) was accomplished in dioxane with 10% HzSOa or 10% HC1, 
resulting in a 60% yield of the pyrimidine-&carboxaldehydes (VIII). 
Dioxane was used as a solvent for those acetals which did not dis- 
solve in acid solution, and hydrolysis was completed in about 1 hr. 
Claisen condensation of the phenylacetonitriles with methyl dime- 
thoxyacetate and ethanolic sodium ethoxide gave a-acylphenylace- 
tonitriles (11) in 50% yield. Compound I1 was converted to the en01 
ether by diazomethane and then condensed with guanidine to give 
Compounds VII-16 and VII-17. These pyrimidine acetals were then 
hydrolyzed with aqueous 0.4 N HCl to the aldehydes (VIII-16,17) 
(Scheme 1). 


The pyrimidine aldehydes (VIII) contained a molecule of ethanol 
when recrystallized from ethanol or ethanol-water. This molecule of 
ethanol was removed by heating at  100” for several hours in vacuo. 
Although a molecule of ethanol could be removed, some compounds 
were found to have one or one-half molecule of water, which was 
difficult to remove. The Cannizzaro reaction of Compound VIII-2 
with 25% KOH yielded the corresponding alcohol (XI) and acid 
(XII) in good yield. The alcohol was precipitated at pH 7-8, and the 
acid was precipitated at lower pH (1-3). The thiosemicarbazones 
(IX), hydrazones (X), and Schiff bases (X) were prepared in the 
usual manner in good yields. Compound XI1 was decarboxylated 
by heating in tetralin, resulting in Compound XIII. Scheme I1 shows 
the sequence of reactions discussed. 


Screening Tests-Test versus Ehrlich Ascites Carcinoma-The 
compounds were tested versus the Ehrlich ascites carcinoma in 
Swiss-Webster white mice by a slight modificaticn of procedures 


described previously (6, 7). Twenty-four hours after the inoculation, 
each control mouse received an intraperitoneal injection of 0.2 
ml. of dimethyl sulfoxide (DMSO), and each experimental mouse 
received a solution of the tested compound in DMSO. The intra- 
peritoneal injections of control and experimental mice were con- 
tinued twice daily for 6 days (one injection on the last day; total of 
11 injections). On the 7th day, all surviving mice in control and 
experimental groups were sacrificed. The volume of ascitic fluid 
was measured for each sample of ascitic fluid by centrifugation in 
heparinized capillary tubes. The total packed-cell volume (TPCV) 
of tumor cells was calculated in each case together with average 
values and standard deviations. 


The results of tests of representative compounds are recorded in 
Table I. The results showed that almost all compounds had an in- 
hibitory activity and low toxicity at thedosage of5&100rng./kg./day. 
Compounds Ic, VIII-2, VIII-3, VIII-10, X-4, and XI1 showed strong 
activity against the tumor growth at  the dosage of 10-60 mg./kg./day. 
Compounds Ic, VIII-2, VIII-3, and VIII-10 were as effective as 
Compound Ib, but they showed greater toxicity than Ib. Since VIII-6 
showed less activity than Ic, the &-substituted naphthalene deriva- 
tive seemed to be superior to the ,%substituted compound. Also, the 
unsubstituted naphthylmethyl derivative (Ic) was found to be a 
better compound than the methyl-substituted derivatives (VIII-7 
and VIII-8). 


The 5-dodecyl-pyrimidine-&carboxaldehyde (VIIL-10) showed 
greater antitumor activity than the 5-hexyl derivative (V111-9), but 
both compounds were quite toxic. Since Compound Ic was found 
to be more active than VIII-13, the SH group at the pyrimidine 2- 
position seemed to be a better functional group than NHZ for anti- 
cancer activity in this system. A similar observation was noticed for 
Compound U, in a previous study (3). The aldehyde group at the 
pyrimidine &position also seemed to be very important for activity, 
because Compounds Ib and VILI-2 showed superior activity when 
compared with corresponding acetal (V11-2), thiosemicarbazone 
(IX-2), hydrazones (X-4 and X-5), and SchB bases (X-1 and X-2). 
Furthermore, the corresponding alcohol and carboxylic derivatives 
(XI and XII) were found to be less active than the corresponding 
aldehyde derivative (VIII-2). 


Test versus Ehrlich Carcinoma (Solid Tumor)--The compounds 
were also tested versus the Ehrlich solid tumor in Swiss-Webster 
white mice by a modification of a procedure described previously 
(8). Each mouse (initial weight approximately 30 9.) received a sub- 
cutaneous injection of 0.2 ml. of 10% ascitic fluid (containing 1.4 X 
lo7 carcinoma cells) into the inguinal region or the back shoulder 
region on one side. For each assay the mice were divided into a con- 
trol group of eight mice and several experimental groups of eight 
mice each. Seventy-two hours after the inoculation, each control 
mouse received an intraperitoneal or a subcutaneous (tumor area) 
idection of 0.2 ml. DMSO, and each experimental mouse received 
a solution of the tested compound in DMSO. The intraperitoneal or 
subcutaneous injections of control and experimental mice were con- 
tinued once daily for 9 days (total of nine injections). On the 12th 
day after inoculation, all surviving mice in control and experimental 
groups were sacrificed. The solid tumors were carefully taken out 
and weighed. The average weight of solid tumor was calculated in 
each case together with standard deviations. The results of the 
more active pyrimidine analogs on solid tumor growth are listed in 
Table 11. 


These compounds showed some activity and high toxicity against 
the solid tumor as opposed to a strong activity and low toxicity 
against the ascites tumor. Compound VIII-2 showed 74% inhibition 
with no mortality a t  a dosage of 16.46 mg./kg./day on subcutaneous 
injection, while this compound showed 25% inhibition with 3/8 
mortality at a similar dosage on intraperitoneal injection. A similar 
result was obtained with Compound VIII-3. Compounds Ib and Ic 
showed 20% inhibition at  a dosage of 15-20 mg./kg./day. FU 
showed 50% inhibition at a dosage of 16.06 mg./kg./day on intra- 
peritoneal injection. However, subcutaneous injection did not en- 
hance the inhibitory activity for FU and Ib. Administration of 31.6 
mg./kg./day of Ib resulted in complete mortality. The higher toxicity 
of these compounds in the tests versus the solid tumor in comparison 
with the tests versus the ascites tumor can be explained on the basis 
that in the latter tests the compounds are immediately in contact 
with the carcinoma cells upon intraperitoneal injection, and the 
rapid uptake by these cells minimizes the concentrations attained in 
normal tissues of the host animal. On the other hand, when the 
compounds are injected intraperitoneally in the tests versus the 
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solid tumor, the tumor cells do not have a preferential opportunity 
to absorb the drugs, and higher concentrations are attained in 
normal tissues of the host. The lower toxicity upon subcutaneous 
injection in the region of the tumor also can be explained upon the 
basis of preferential uptake by tumor cells, as well as a slower rate 
of rise in drug concentration in the peripheral circulation. 


Inhibition of Protein Synthesis-The effects of the compounds 
upon protein synthesis were studied by determining the inhibition 
of incorporation of L-phenylalanine-l-14C and formate-14C into the 
proteins of Ehrlich ascites carcinoma cells, which were incubated 
aerobically for 1 hr. with labeled substrate and the compound in 
vitro in Krebs-Ringer phosphate (KRP) buffer at 37 i 1 O by a pro- 
cedure described previously (1). After the incubation, the acid- 
soluble fraction (ASF) and the total proteins were isolated and 
freed of lipids and nucleic acids. Each protein preparation was dis- 
solved in 2.0 ml. of 0.3 N NaOH, and 0.2 ml. of the protein solution 


0 


XI XI1 
IX = R” = -NHCSNHZ 
X = R” = -NHCQCsH, 


L (CHAN(CHJ2 
Scheme 11 


‘In 1 1. of toluene, 5 g. of 2,5-diphenyloxazole (PPO) and 0.3 g. of 
1,4-bis(4-methyl-5-phenyloxazolyl)benzene (dimethyl-POPOP were dis- 
solved. Two liters of this POPOP-PPO solution and 1 1. of)tyloxapol 
(Triton X-100) were mixed. 


was transferred to a glass scintillation vial. To each vial, 0.2 ml. of 
hyamine hydroxide 10-X and 16 ml. of POPOP-PPO tyloxapol’ 
scintillation fluid were added for determination of radioactivity in a 
Packard liquid scintillation spectrometer, model 3320. 


The effects of the compounds upon incorporation of L-phenyl- 
alanine-l-14C and formate-14C into proteins of the carcinoma cells 
are recorded in Tables 111 and V. Compounds Ic, VIII-1, VIII-2, 
VIII-3, VIII-6, VIII-7, VIII-9, VIII-10, IX-2, and X-4 almost com- 
pletely inhibited the incorporation of ~-phenylalanine-l-~~C into 
proteins at the concentrations of 0.484.96 mM. Compounds Ic, 
VIII-2, and VIII-3 showed 9L%95% inhibition of f ~ r m a t e - ~ ~ C  in- 
corporation into proteins at 0.77 mM. 


The effects of the homologous 5-aralkylpyrimidine-E-carb0xdde- 
hydes (Id, VIII-1, and VIII-2) are shown in Fig. 1. The phenylpropyl 
derivative (VIII-2) was found to be the most active compound 
among them, and the activity decreased in the order: CsHsCHzC&- 
CH2 > C&CH2CH2 > CeHCH2. However, the difference in activ- 
ity was not significant; only a 5-10x difference in inhibition existed 
at a concentration range of 0.24-0.48 mM. These compounds lost 
their inhibitory activity at a concentration of 0.12 mM. The differ- 
ence in activity might be explained from the binding difference by 
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Table I-Results of Screening Tests uersus Ehrlich Ascites Carcinomaa 


Average Weight I-- Average TPCV--- 7 


SD T T as 
+ ml. % o f C  


Dose? ---Mortality-- Change, TIC, 
Compound mg./kg./day C T TIC, g. ml. 


6.313.7 1.112.6 0.58 42 7;: 3.215.2 0.411.8 0.16 22 
I C  9 . 5  


31.7 
59.8 1)s -o.i)s. 2 0.311.8 0.78 17 


6.111.0 0.111.6 0.06 6 


4.415.2 1.311.8 0.38 72 


6.613.7 1.312.6 0.81 50 


4.215.2 0.3/1.8 0.10 17 


-0.613.2 0.812.4 0.44 35 
2.313.2 0.512.3 0.19 22 


4.013.2 0.512.3 0.30 22 


9.113.2 0.512.3 0.17 22 


1.015.2 0.1611.8 0.22 9 


115.9 318 318 


93.1 018 318 


VII-2 57.4 018 218 
VII- 3 64.2 018 118 


VIII-1 58.4 018 218 


VIII-2 9 .3  018 118 
16.2 018 118 
30.2 018 118 
55.8 018 
91.7 018 8: 3.113.2 0.1712.3 0.15 7 


218 


93.3 018 
VIII-4 68.5 018 318 
VIII-6 


VIII-7 
VIII-8 
VIII-9 
VIII-10 
VIII-11 
VIII- 12 


VIII-13 
VIII- 16 
VIII-17 


IX-1 
ix-2 
IX-5 x- 1 
x-2 


59.8 
98.8 
58.4 
55.8 
95.8 
63.5 
61.0 
59.4 
88.9 
64.0 
60.0 
63.1 
31.6 
57.4 
40.5 
58.7 
58.3 


c;/S 


018 
118 


018 


1.913.7 0.612.6 0.05 24 


0.8j5.2 
10.2/3.7 
4.115.2 
2.315.2 
6.113.7 
5.013.2 
9.013.2 
4.715.2 
4.013.2 
0.313.2 
6.215.2 
3.715.2 
0.915.2 


4.118.2 
- 1.815.2 


- 4.015.2 
- 1.615.2 


0.7li.8 
0.912.6 
1.711.8 
0.911.8 
0.912.6 
0.212.3 
0.812.3 
0.7/1.8 
0.612.3 
0.712.3 
0.611.8 
0.411.8 
0.411.8 
0.511.8 
1.411.9 
0.411 .8 
0.711.8 


0.79 
0.34 
0.99 
0.64 
0.21 
0.06 
0.59 
0.41 
0.43 
0.31 
0.29 
0.09 
0.19 
0.27 
0.51 
0.21 
0.34 


39 
35 
94 
50 
35 
9 


35 
39 
26 
30 
33 
22 
22 
28 
14 . .  
22 
39 


x-4 57 2 nis 618 - 5  3 k  2 n $11 8 n 19 17 
x-5 


XI 
XI1 


60.4 018 01s 
1 18 8: 218 


61.6 
49.6 


- . , ~ _ _  
3.315.5 0.411.8 0.  ii 22 
7.513.2 0.512.3 0.34 22 
2.913.2 0.312.3 0.09 13 


Ibe 8.9 018 018 1.613.7 0.712.6 0.29 28 
3.418.1 0.312.4 0.10 12 
3.119.1 0.113.0 0.23 3 


-0.315.3 0.1511.5 0.10 10 


30.0 018 018 
48.2 018 018 


FUd 27.5 018 018 


T = treated group; C = controls; and TPCV = total packed-cell volume of tumor cells on final day of assay. The average standard deviation for 
TPCV of all control groups was zt0.44 ml. * The compound, 5,  10, 25, 50, 100, or 150 mg., was dissolved in 20 ml. of DMSO. Each mouse (initial 
weight approximately 30 g.) received two intraperitoneal injections of 0.2 ml. of the drug solution daily. 0 Data from Reference 5 .  d 5-Fluorouracil; 
data from Reference 3. 


hydrophobic bonding with these groups to the enzyme which might centration of 0.96 mM, while 2-thioorotic aldehyde (TOA) showed 
be involved at the inhibitory site. This hypothesis seems to be plau- no activity at  0.65 mM and only 70% inhibition at 1.96 m M  (1). 
sible, because the 5-hydrocarbon chain alkylpyrimidine-6-carboxal- The aldehyde group at pyrimidine &position appears to be essen- 
dehydes (VIII-9 and VIII-10) showed 95-98 % inhibition at a con- tial, since Compound VIII-2 showed an increased inhibitory activity 


Table 11-Results of Screening Tests u e r w  the Ehrlich Carcinoma (Solid Tumor)a 


-Average Tumor Weight--- 
SD T as 


T =k g. % o f C  
Dose,” ---Mortality-- TIC, 


Compound Jnjection mg./kg./day C T g. 


Ib Intraperitoneal 14.16 018 218 
Intraper itoneal 15.5 118 018 


Intraperitoneal 31.6 218 818 
Subcutaneous 16.0 1 18 218 


Intraperitoneal 16.3 118 418 
VIII-2 Intraperitoneal 16.0 118 318 


Subcutaneous 16.6 018 018 
VIII-3 Intraperitoneal 16.3 118 518 


Subcutaneous 16.7 018 018 
FUC Intraperitoneal 16.0 118 318 


Subcutaneous 15.6 118 218 


2.8613.95 0.73 72 


3.05/4.02 0.07 75 


2.6413.00 0.25 85 
3.2614.02 0.25 81 
3.4614.02 0.05 86 
3.0314.02 0.33 75 
0.3611.35 0.39 26 
3.5714.02 0.06 83 
0.7611.35 0.51 56 
2.0514.02 0.33 51 
3.05/3.00 0.26 100 


3.3 114.02 0.14 83 


- - - 
Intraperitoneal 21.4 118 418 


IC Intraperitoneal 15.0 1 18 418 


a T = treated group; C = control. The average standard deviation for the control group was *0.21 g. for the intraperitoneal injection and ~ k 0 . 9 5  
p .  for the subcutaneous injection. * The compound, 50, 70, or 100 mg., was dissolved in 20 ml. of DMSO. The drug solution (0.2 ml.) was injected 
intraperitoneally or subcutaneously into the mouse (initial weight approximately 30 g.) once daily. c FU = 5-fluorouracil. 
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Table 111-Effects of Compounds on Incorporation of 
~-Phenylalanine-l-~~C~ into Proteins of Ehrlich Ascites 
Carcinoma Cells 


Table IV-Effects of Compounds on Incorporation of 
Thymidine-2-14C and Orotic Acid-S3H into Nucleic Acids of 
Ehrlich Ascites Carcinoma Cellsa 


Concentration Average Experimental Values, 
of Compound, % of Control 


Compound mM DNA RNA 


None 0 looh loo" 
Ic 0.96 39 30 


1.92 5 4 


~~ ~~ 


Concentration Average Experimental Values, 
of Compound, 7 of Control 


Compound mM Protem A S P  


None 
Ic 


VIII-1 


0 
0.96 
0.12 
0.24 
0.48 
0.96 


looC 
6 


113 
26 
10 
4 


l 0 0 d  
96 _ _  


124 
205 
231 
70 


136 VIII-2 0.12 
0.24 
0.48 
0.96 


100 
17 
6 
0 


~~ ~ 


202 
216 
18 XI1 


XI11 
Ibd 


91 


24 
- 


0.96 190 
0.96 23 
0.96 46 


VIII-3 


VIII-7 
VIII-9 
VIII-10 
VIII-13 


VIlI-6 
0.96 
0.96 
0.96 
0.96 
0.96 
0.96 
0.96 
0.48 
0.96 
0.48 
0.48 
0.96 
0.96 
0.38 
0.96 
0.68 
2.0 


3 
5 
3 
2 
5 


34 
30 
73 


45 
30 
31 
30 
11 


123 
94 


1.92 0 13 
90 


1.60 3 30 
- 


- 
FUf 0.57 


VIII-14 
IX- 1 
IX-2 
x-2 
x-4 


XI 


a Thymidine-2-1C: 0.1 pmole/mI. (1 pCi); orotic a~id-5-~H: 0.04 
pmole/ml. (10 pCi). b 3.26 X 106 c.p.m./mg. 6 1.43 X 106 c.p:m./mg. 
d Data from Reference 5. e New result. f FU = 5-fluorouracd; data 
from Reference 3. 


152 
157 
209 
48 
- 


6 
22 
3 


28 
127 14C incorporation into the ASF by the compounds listed in Table 


111 may be the result of such effects. However, inhibition of incorpo- 
ration into protein was always greater than inhibition of incorpora- 
tion into the ASF. Compounds VIII-2, VIII-6, VIII-7, VIII-9, and 
VIII-10 gave 7 G 9 0 z  inhibition of accumulation in the ASF at a 
concentration of 0.96 mM. Compounds VIII-1 and VIII-2, however, 
stimulated L-phenyIalanine-l-14C incorporation into the ASF to 
220% of controls at 0.48 mM concentration. This increase in accu- 
mulation of radioactivity in the ASF could result in part from the in- 
hibition of incorporation of phenylalanine into protein, which 
would produce a "pile-up" of phenylalanine-l-14C in the ASF. 


Inhibition of Nucleic Acid Synthesis-The effects of the com- 
pounds upon nucleic acid synthesis were studied by determining 
the inhibition of incorporation of orotic a ~ i d - 5 - ~ H  and formate-14C 
into RNA and of thymidine-2-14C and formate-14C into DNA of 
Ehrlich ascites carcinoma cells. These cells were incubated aerobi- 
cally for 1 hr. with the labeled substrate and the compound in uirro 
in KRP buffer at 37 + 1 by a procedure described previously (3). 


Incorporation of Orotic Acid-5-3H and Thymidine-2-14C into 
Nucleic Acids-Each incubation flask contained 5 ml. of a 20% SUS- 
pension of tumor cells in KRP buffer (pH 7.1-7.2), 1 ml. of KRP 
buffer containing orotic acid-5-3H (0.04 pmole/ml., 10 pCi), thymi- 
dine-2-14C (0.1 pmole/ml., 1 pCi), glucose (5 mg./ml.), and 0.2 ml. 
of the compound in DMSO. 


After incubation, the acid-insoluble residue was obtained and 
washed as previously described (1). The acid-insoluble residue then 
was suspended in 5 ml. of 0.5 N HC104 and heated for 30 min. at 
95". At the end of heating, the tubes were centrifuged, and the 
supernatant was neutralized with KOH. To each glass scintillation 


Table V-Effects of Compounds on Incorporation of 
Formate-14C into Nucleic Acids and Proteins of Ehrlich 
Ascites Carcinoma Cellsa 


XI1 


FUJ 


Ibe 5 
5 


87 
81 


67 
83 
85 


a 0.1 pmolelml. (0.2 pCi). b ASF = acid-soluble fraction. C 1.122 X 
lO3counts/min./mg. d 1.751 X 103counts/min.~ Data from Reference 5. 
f FU = 5-fluorouracil; data from Reference 3. 


over the alcohol (XI) and the acid (XII) derivatives. The 5-naphthyl- 
methyl-pyrimidine-Gcarboxaldehydes were also found to be very 
effective compounds against the incorporation of L-phenylalanine- 1- 
14C into proteins. However, the 2-amino-5-naphthylmethyl deriva- 
tives (VIII-13 and VIII-14) showed 70% inhibition at a concentra- 
tion of 0.96 mM, while the corresponding 2-mercaptopyrimidine de- 
rivatives showed 95-98 % inhibition at the same concentration. 


When an amino acid is concentrated in a cell, it rapidly equili- 
brates with exogenous amino acids and is competitively displaced 
by certain structurally related analogs (9). The radioactivity of the 
ASF obtained after 1 hr. incubation of a suspension of Ehrlich 
ascites cells and ~-phenylalanine-l-l~C is due to unchanged L- 
phenylalanine-l-14C and other compounds produced metabolically 
from ~-phenylalanine-l-~~C. Inhibition of L-phenylalaninel-14C 
transport into the cell interior or relatively faster biochemical reac- 
tions involving L-phenylalanine- 1-14C may reduce the total radio- 
activity in the ASF of the cell. The inhibition of bphenylalanine-l- 


Concen- 
tration of 


Com- Average Experimental Values, 
pound, % of Control 


Compound mM RNA DNA Protein 


None 0 loob lOOC l 0 0 d  
Ic 0.77 9 15 9 


VIII-2 0.77 4 8 6 
4 VIII-3 0.77 2 2 


XI11 0.77 62 59 


FUf 0.64 126 7 


- 
Ibe 0.11 4.4 5.3 2.2 


1.54 0.4 0.09 0.2 - 
0.5 1 .o 


CONCENTRATION OF COMPOUNDS, rnM 


Figure 1-Egects of phenylalkylpyrimidine-6-carboxaldehydes on 
incorporation of ~-phenylalanine-I-l~C into proleins of Ehrlich 
ascites carcinoma cells in vitro. ~-Phenylalanine-I-1~C: 0.1 pmolel 
mi.; 0.2 pCi. 


aFormate-14C: 0.318 pmolelml. (8 pCi). b 1.57 X lo4 c.p.m./mg. of 
RNA. ~2.26 x l o 4  c.p.m./mg. of DNA. d1.88 X lo4 c.p.m./mg. 


FU = 5-fluorouracil; data from Reference 3. Data from Reference 5. 
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Table VI-Effect of Compounds on Respiration of Ehrlich 
Ascites Carcinoma Cells 


Concentra- 
tion of . ~ ~ . ~  ~~ 


Com- Qo,? 
pound, ~ 1 .  Oz/mg. cells/hr. Inhibi- 


Compound mM Control Experiment tion, 


Ib 1 .0  3.50 1.57 55 
2.0 3.50 1.30 63 


Tr 1 .o 3.50 1.31 63 -_ ~. 


2.0 3.50 1.44 60 
VIII-1 1 .o 4.00 1.48 63 


63 2 .0  4.00 1.51 
IX-2 1.0 4.00 3.79 5 


2.0 4.00 3.31 17 


2.0 4.00 1.06 
x-4 1 .o 4.00 3.79 5 


aFor calculation of Qoa value, 2 ml. of 10% cell suspension was 
considered as equivalent to 32 mg. dry weight. 
vial, 0.2 ml. of the neutralized solution, 0.2 ml. of hyamine hydroxide 
lO-X, and 16 ml. of the scintillation fluid were added for determining 
radioactivity. The radioactivities of 14C and 3H were determined 
according to Kabara et uf. (lo), and the exact channel ratios of I4C 
and 3H were determined (1). The concentration of RNA was deter- 
mined by the orcinol reaction and corrected for the interference by 
DNA. The amount of DNA was determined by the diphenylamine 
reaction (1 1). The specific activities were calculated as c.p.m. ( 3H)/ 
mg. of RNA and c.p.m. (14C)/mg. of DNA. 


The effects of the compounds upon incorporation of orotic acid- 
5JH into RNA and thymidina2-l4C into DNA of the carcinoma 
cells are recorded in Table IV. Compounds Ib and VIII-2 showed 
complete inhibition of thymidine-2-14C incorporation into DNA- 


Table VIL-6-(Dimethoxymethyl)-5-substituted Pyrimidines 


Yield, 
No. Ri Rz R3 % 


thymine at  a concentration of 0.96 mM. A recent study with Com- 
pound Ib (12) showed that the inhibition of thymidine incorporation 
into DNA was possibly due to the inhibition of thymidine mono- 
phosphate (TMP) kinase by this compound. 


Compounds Ib, Ic, VIII-2, and VIII-3 showed 80-95z inhibition 
of incorporation of orotic acid-5-3H into RNA at  a relatively high 
concentration (1.92 mM) of the compounds. 


The previous work showed that the conversion of orotic acid to 
orotidylic acid was inhibited by some of the 5-fluoroorotic aldehyde 
derivatives (1). The 5-substituted pyrimidine derivatives might also 
inhibit this conversion. The possibility that Compound XI1 is 
acting as an antimetabolite of orotic acid does not seem to be valid. 
While this compound was quite active as a growth inhibitor in this 
system, it showed no inhibition against incorporation of L-phenyl- 
alanine into proteins and of orotic acid into RNA at  a concentra- 
tion of 0.96 mM. 


Incorporation of Formute-14C into Nucleic Acids-Each incuba- 
tion flask contained 5 ml. of a 40% suspension of tumor cells in 
KRP buffer, 1 ml. of glucose in KRP buffer (3 mg./ml.), 1 ml. of 
formate-14C in KRP buffer (0.318 pmole/ml., 8 FCi), and 0.2 ml. of 
the compound in DMSO. After incubation, nucleic acids were iso- 
lated as sodium nucleates. The proteins also were isolated for evalu- 
ation of inhibition of formate incorporation into protein. RNA was 
separated from DNA by hydrolyzing with 0.3 N KOH at 37" for 
1618 hr. After purification, the radioactivities were counted for 
each nucleic acid by a procedure described previously (1). The effects 
of the compounds upon incorporation of formate-14C into the 
nucleic acids of ascites cells are recorded in Table V. Compounds 
Ic, VIII-2, and VIII-3 showed almost complete inhibition of incor- 
poration of formate into DNA and RNA at a concentration of 0.77 
mM, and they were as active as 2-mercapto-5-(4-chlorobenzyl) 
pyrimidine-Gcarboxaldehyde (Ib) as previously reported (3). These 
compounds are practically identical in activity with FU in inhibiting 
formate incorporation into DNA, but they are more active than FU 
in inhibiting formate incorporation into RNA. Compound XI11 was 
less active than Compound VIII-2, which further indicates the im- 


-------Anal.- 
M.p. Formula Calcd. Found 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


SH OH 


SH OH 


SH OH 


SH OH 


SH OH 


SH OH 


SH OH 


SH OH 


SH OH 


SH OH 


NHz OH 


NHz OH 


NH2 OH 


NHz OH 


NHZ OH 


N H z  NHz 


NHz NHZ 


40 


12 


33 


34 


10 


16.3 


23 


10 


28 


36 


26.2 


47 


19.1 


22 


32.7 


22.3 


18.7 


175-1 77 


118-120" 


210-212" 


185-187" 


238-240"dec. 


163-1 65' 


262-263 O 


18 3-1 85 O 


99- 100" 


81.5-82.5" 


242-243 dec. 


219-221" 


243-245 a 


222-224" dec. 


264265" dec. 


241-248 ' 
259-260" 


58.82 
5.88 


60.00 
6.25 


65.25 
5.44 


60.00 
6.25 


47.59 
4.25 


63.16 
5.26 


64.04 
5.62 


61.00 
5.89 


54.54 
7.69 


61.62 
9.19 


47.46 
4.52 


62.28 
6.58 


66.46 
5.85 


66.46 
5.85 


67.25 
6.19 


60.00 
6.16 


56.11 
5.40 


C, 58.96 
H, 6.01 
C, 60.06 
H, 6.32 
C, 65.17 
H, 5.41 
c ,  60.34 
H, 6.32 
c ,  47.53 
H, 4.21 
C, 63.09 
H ,  5.18 
C, 64.28 
H, 5.59 
C, 61.11 
H,  6.01 
C, 54.62 
H, 7.96 
C, 61.48 
H, 9.22 
c, 47.34 
H, 4.43 
C, 62.26 
H,  6.74 
C, 66.48 
H,  6.03 
C, 66.34 
H,  6.27 
C, 67.07 
H ,  5.96 
c ,  59.97 
H, 6.15 
C, 56.15 
H,  5.55 
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Table VII-5-Substituted Pyrimidine-6-carboxaldehydes R, 


Yield, ------Anal.- 
NO. Ri Rz Rs % M.p. Formula Calcd. Found 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


SH 


SH 


SH 


SH 


SH 


SH 


SH 


SH 


SH 


SH 


NHz 


NHz 


NHz 


NHz 


NHz 


NHz 


NHz 


OH 


OH 


OH 


OH 


OH 


OH 


OH 


OH 


OH 


OH 


OH 


OH 


OH 


OH 


OH 


NHz 


NHz 


40 


93.5 


74 


47 


75 


75 


69 


71 


100 


100 


72.5 


95 


94 


47 


96 


93.5 


90 


201-202" 


168-170" 


234-235 O dec 


254-256" dec. 


263-265" dec. 


204-205 " 
239-240" dec. 


247-249" dec. 


123-125 


75-77" 


>300" dec. 


>330° dec. 


293-294" dec. 


>300" dec 


>300" dec. 


>300" dec. 


>300" dec. 


c, 60.00 
H. 6.16 


C, 
H. 


C,' 61.31 
H,  5.11 
C, 67.10 
H,  4.35 
C, 61.31 
H. 5.11 
C,' 46.90 
H, 2.92 
C, 62.95 
H, 4.26 
C. 65.80 
H: 4.51 
C,' 63.95 
H, 4.70 
c ,  55.00 
H,  6.67 
C. 62.96 
H', 8.64 
C. 46.75 c, -3.24 
c ,  64.20 
H, 5.35 
C. 66.66 
H. 4.86 
C,' 68.82 
H,  4.66 
C, 67.55 
H,  5.30 
C. 59.19 
H; 4.93 
c ,  54.77 
H,  4.14 


C ,' 
H, 


59.97 
6.15 


60.98 
5.04 


67.24 
4.28 


62.06 
5.09 


47.00 
3.01 


63.07 
4.18 


66.05 
4.51 


64.07 
4.79 


55.04 
6.79 


62.56 
8.51 


47.10 
3.32 


63.91 
5.40 


66.40 
4.90 


68.89 
4.95 


67.78 
5 . 5 5  


59.65 
4.78 


55.03 
4.11 


portance of the aldehyde group at the &position. 
In the initial studies by Chae (13), the effects of the 5-fluoroorotic 


aldehydes on the incorporation of labeled formate into DNA- 
purines were not investigated because of the low radioactivity in the 
purines of DNA; the radioactivity could be mainly accounted as 
DNA-thymine. In the present experiments, the total radioactivity of 
DNA was counted without separation of each base. Therefore, the 
authors did not determine whether the radioactivity was counted 
mainly from DNA-thymine or whether the DNA-purines made a 
significant contribution. However, since previous studies (1 3) indi- 
cated a low radioactivity from DNA-purines, the authors assumed 
that the radioactivity was counted mainly from DNA-thymine. This 
assumption indicated that probably the inhibition of incorporation 
of formate-14C into DNA by the 5-substituted pyrimidine derivatives 
might be attributable to inhibition of thymidylate synthesis by these 
compounds. 


A recent study (12) also indicated that these compounds inhibited 
TMP kinase, and the inhibition of formate incorporation into DNA 
might be due to these two inhibitions. It was also observed (12) that 
Compound Ib inhibited the incorporation of formate- 14C into 
guanine of RNA 2 4  times more than the formate incorporation into 
adenine of RNA. Furthermore, Compound Ib showed 75580% in- 
hibition of incorporation of labeled 5-amino-4-imidazolecarbox- 
amide (AICA) and hypoxanthine (Hx) into guanine of RNA at a 
concentration of 0.25 mM, while this compound showed practically 
no inhibition against incorporation of AICA and Hx into adenine 
of RNA at the same concentration. These results would indicate 
that one of the possible steps inhibited by Ib is the conversion of 
xanthosine monophosphate (XMP) to guanosine monophosphate 
(GMP). Since the incorporation of formate-14C into adenine of 
RNA was also inhibited by Ib, there must be other possible inhi- 
bition steps which utilize formate or THFA coenzymes. However, 
the 5-substituted pyrimidine derivatives were essentially inactive as 
folate reductase inhibitors when compared with accepted antifols 
such as aminopterin, pyrimethamine, and trimethoprim (3). There 
fore, the inhibition of formate incorporation into DNA and RNA 


by these compounds could not be attributed to inhibition of the 
folate reductases. 


Inhibition of Aerobic Respiration of the Tumor-The effects of the 
compounds upon aerobic respiration of the Ehrlich ascites tumor 
were studied by measuring oxygen consumption by means of the 
Warburg apparatus. To each Warburg flask was added 2 ml. of the 
10% cell suspension in KRP buffer, and 0.2 ml. of 20% KOH was 
added in the center well which contained a small piece of filter 
paper. Threetenths milliliter of drug solution in DMSO (or 0.3 
ml. of DMSO for the control) and 0.3 ml. of 0.5 M glucose solu- 
tion were then added to each sidearm. For the thermobarometer, 
2.6 ml. of distilled water was added to the flask and 0.2 ml. of 20% 
KOH in the center well. The flasks were equilibrated in a 37" water 
bath for 15 min. after gassing with oxygen (10 min.). After equilibra- 
tion the stopcocks were closed, and the contents of the flask were 
then mixed. Readings were taken every 10 min. thereafter for 1-hr. 
For each experiment, at least two controls and one thermoba- 
iometer were needed. 


The oxygen uptake for respiration was calculated by the method 
described previously (14). The change in readings, corrected for 
thermobarometer, was multiplied by the flask constant (KO%), re- 
sulting in the oxygen uptake (pl. Oz/hr.). 


Two milliliters of the 10% cell suspension contained 32 mg. dry 
weight of cells. Therefore, Qm (microliter O2 taken up per milligram 
dry weight of cells per hour) was calculated by dividing the oxygen 
uptake by 32 mg. The inhibitory activity was calculated from the 
mean value ( Q o ~ )  of the duplicate experiments of each sample. 


The effects of the compounds upon aerobic respiration of the 
Ehrlich ascites tumor are recorded in Table VI. 


Compounds Ib, Ic, VIII-1, and X-2 showed 55580% inhibition of 
respiration at a concentration of 1 mM in the presence of added 
glucose. Most of these compounds did not show an enhanced in- 
hibitory activity a t  an increased concentration (2 mM). 


There may be two possible explanations for the inhibition of 
respiration by these compounds. Since preliminary data seem to in- 
dicate that these analogs inhibit the synthesis of AMP and GMP 
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Table IX-Thiosemicarbazones of 5-Substituted Pyrimidine-6-carboxaldehydes 


Yield, -Anal.- - 
NO. Ri Rz R3 % M.p. Formula Calcd. Found 


1 SH OH CHzCsHj 62.5 200-201" Ci3HiaN50Sz C, 48.90 C, 48.56 
H, 4.07 H, 4.17 


2 SH OH CH,CsH&I('I) 51 245-246" dec. CnHizClNeOSz C, 44.13 C, 44.16 
H. 3.39 H. 3.30 


3 CzH5S OH CHzCsH&1(4) 63 231-233" dec. CiJ3iClNsOS2 C,' 47.18 C , ~  46.99 
H, 4.19 H, 4.11 


H, 4.46 H, 4.74 
5 NH, NHz CsHdCl-4 62 270-275" dec. CisHi2ClN7S C, 44.79 C, 44.86 


H, 3.73 H,  4.02 
6 OH OH Br 68.5 >300" dec. CaHsBrN50zS C, 24.65 C, 24.33 


H, 2.05 H, 2.31 


4 SH OH CHzCeHd-CsH5(4) 51 2 15-21 7 CigHi7NzOS. '/zHzO C, 56.43 C,  56.70 


(12), such inhibition could result in inhibition of oxidative phos- 
phorylation and synthesis of the coenzymes which participate in 
glycolysis, the tricarboxylic acid cycle, and the electron-transport 
system. The second possibility may be a direct inhibition of the 
oxidative enzymes themselves by the compounds. However, these 
compounds have less inhibitory effect upon respiration than upon 
the synthesis of nucleic acids and proteins. Consequently, it seems 
likely that the inhibition of growth of the carcinoma cells by these 
compounds is attributable to the latter rather than to the former. 
The elucidation of the sites of inhibition will be the subject for 
further research. 


EXPERIMENTAL2 


Melting points were taken in capillary tubes in a Mel-Temp 
apparatus and have been corrected. The designation of a roman 
numeral followed by an arabic numeral indicates a specific com- 
pound number in the table indicated by the roman numeral (Tables 
I-VI). 


Isopropyl-5-phenylvalerate ( V t T h i s  compound was prepared 
by a known procedure (4) from 5-phenylvaleric acid and isopropyl 
alcohol; yield 79% of crude product; b.p. 102-105" (0.4 mm.). 


The isopropyl-4phenylbutyrate (b.p. 100-102" at  0.4 mm.), 
isopropyl octanoate, and isopropyl myristate were all prepared in 
an analogous manner. 


Isopropyl ~-(3-Phenylpropyl)-y,~-dimethoxyacetoacetate (V1)- 
This compound was prepared by a known procedure (4) from iso- 
propyl 5-phenylvalerate and methyl dimethoxyacetate; yield 99 % 
of crude product. 


The isopropyl a-(2-phenylethyl)-y,y-dimethoxyacetoacetate, iso- 
propyl a-(n-hexy1)-y,y-dimethoxyacetoacetate, and isopropyl a+- 
dodecy1)-y,y-dimethoxyacetoacetate were all prepared by a similar 
procedure. 


2-Bromomethylnaphthalene-A mixture of 56.8 g. (0.4 mole) of 
2-methylnaphthalene, 71.2 g. (0.4 mole) of N-bromosuccinimide, 
and 0.2 g. of benzoyl peroxide in 500 ml. of carbon tetrachloride 
was refluxed with magnetic stirring for 10 hr. The hot reaction mix- 
ture was filtered, and the filtrate was evaporated in uacuo. The crude 
product was recrystallized from petroleum ether (30-60"); yield 
70.7 g. (80%) ofwhitecrystals, m.p. 55-56'. 


Anal.-Calcd. for CI1HgBr: C, 59.75; H,  4.10. Found: C, 59.73; 
H, 4.09. 


The other chloromethylnaphthanes used were commercially 
available. 


Ethyl ~-(4-Phenylbenzyl)-y,~-dmethoxyacetoacetate (V1)-To 
a sodium ethoxide solution prepared from 2.88 g. (0.125-g. atom) 
of sodium in 75 ml. of absolute ethanol, 23.8 g. (0.125 mole) of 
ethyl y,y-dimethoxyacetoacetate (15) and 25.34 g. (0.125 mole) ofp- 
phenylbenzyl chloride were added. The brown solution was refluxed 
gently with magnetic stirring for 9 hr., during which time sodium 
chloride separated. The neutral reaction mixture was filtered, and 


2 Analyses were performed by M-H-W Laboratories, Garden City, 
MI 48135 


the sodium chloride was washed with 20 ml. of absolute ethanol. 
The combined filtrate was dried with anhydrous magnesium sulfate 
for 3 hr., and the ethanol was evaporated in vacuo at  80-90". A 
light-brown oil was obtained; yield 44 g. 


The a-benzyl-fi-keto esters and a-naphthylmethyl-fi-keto esters 
were prepared in an analogous manner. Because of the extensive 
decomposition that occurred during distillation, the crude esters 
were used for the next step. 


2-Mercap to-6-(dimethoxymethyl)-5-(3-phenylpropyl)4pyri~dol 
(V11-2FTo a sodium ethoxide solution prepared from 5.72 g. 
(0.248 g. atom) of sodium in 200 ml. of absolute ethanol, 80 g. 
(about 0.248 mole) of crude isopropyl a-( 3-phenylpropyl)-y,y- 
dimethoxyacetoacetate and 18.9 g. (0.248 mole) of dried thiourea 
were added. The mixture was refluxed with magnetic stirring for 12 
hr. During the refluxing, a yellowish-brown precipitate separated. 
The solvent was evaporated in uacuo, and the residue was dissolved 
in 600 ml. of water. The aqueous mixture was filtered, and the 
filtrate was extracted twice with 200 ml. portions of ether. The 
aqueous solution was acidified with 10% aqueous HCl, resulting in 
the separation of a brown oil. This oil solidified gradually in an ice 
bath after several hours. The brown precipitate was filtered and 
washed with cold water. Recrystallization from ethanol gave 9.5 g. 
(12%) of white crystals; m.p. 118-120". Table VII lists the com- 
pounds prepared in an analogous manner. 
2-Amino-6-(dmethoxymethyl)- 5 - (2 -phenylethyl)-4-pyrimidol 


(VII-12FA mixture of 41 g. (about 0.133 mole) of crude isopropyl 
a-( 2-phenylethyl)-y,y-dimethoxyacetoacetate and a solution of 
guanidine [from 12.7 g. (0.133 mole) of guanidine hydrochloride and 
3.06 g. (0.133 g. atom) of sodium in 100 ml. of absolute ethanol] was 
refluxed with stirring for 6 hr. The white precipitate, which separated 
during the 1st hour, gradually dissolved to yield a reddish-brown 
solution. The solution was evaporated to dryness under reduced 
pressure, and 500 ml. of water was added. The mixture was acidified 
with acetic acid. After cooling at 0" for several hours, the gummy 
precipitate was filtered and washed with cold ethanol and ether. 
The product was recrystallized from ethanol; yield 18 g. (47%) of 
white crystals, m.p. 219-221 O. Table VII lists the compounds pre- 
pared by a similar procedure. 


2,4-Diamino-6-(dimethoxymethyl) - 5 - (4 - fluoropheny1)pyrimidine 
(VII-1WThis compound was prepared by a known procedure (3) 
from guanidine hydrochloride and a-(dimethoxyacety1)-p-fluoro- 
phenylacetonitrile; yield 18.7 % of white crystals, m.p. 259-260". 
2,4-Diamino-6-(dimethoxymethyl)-5-phenylpyrimidine (VII-16) 


was prepared in an analogous manner. 
2-Mercapto-4-hydroxy-5-(3-phenylpropyl)pyrimidine-6-~box- 


aldehyde (VIII-2F-A mixture of 2 g. (6.25 mmoles) of VlI-2, 20 
ml. of 10% aqueous HCI, and 30 ml. of dioxane was refluxed for 1 
hr. The cooled yellow solution was diluted with ethanol-water ( 1  : 1) 
to turbidity. After being cooled at  0" for several hours, the crystals 
were filtered and washed with water. The crude product was 
recrystallized from ethanol and dried at 100"; yield 1.6 g. (93.5%) of 
yellow crystals, m.p. 168-170'. Table VIII lists the compounds pre- 
pared in an analogous manner. 


2-Amino-4-hydroxy-5-(2-phenylethyl)pyr~d~e-6-~r~xaldehyde 
(VLII-l2)-A mixture of 5 g. (17.3 mmoles) of VII-12, 30 ml. of 
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Table X-Schiff Base and Hydrazones of 5-Substituted Pyrimidine-&carboxaldehydes HS 
~~ ~~~ ~ ~ ~ ~~ ~ ~~ 


-Anal.- 
No. Ri Rz % M.p. Formula Calcd. Found 


Yield, 


C, 54.78 C, 54.71 
H, 5.42  


2 CHzCeHKI(4.) CHzCHzCHzN(CH& 62.5  161.5-162.5' C17HziClNiOS c ,  55.97 C, 56.13 
dec. H, 5 .76  H, 5.51 


C, 63.17 3 CHzCHzC6Hj CHzCHzCHeN(CH& 100 177-178' dec. Ci8Hz4N40S C, 62.79 
H, 6.97 H, 6.97 


H. 3.76 H, 3.92 


1 CHzCeHLI(4) CHzCH,N(CH& 80.5  181-183" dec. Ci eH1 9CIN4OS H, 5.36  


4 CHzCsHKI(4) NHCOCGH5 80 262-264 CigHisClNaOzS C, 57.21 c ,  57.37 


100 335-338" dec. C, 54.03 
H, 3.50 


C, 54.05 
H, 3.68 


10% aqueous HCI, and 50 ml. of dioxane was refluxed for 1 hr. 
The solvent was evaporated in vucuo, and the residue was triturated 
with 25 ml. of cold water and then dissolved in warm 2-methoxy- 
ethanol. The solution was decolorized with charcoal and then 
poured into 100 ml. of saturated aqueous NaHC08. The pale-yellow 
powder was collected on a filter and washed with water. Recrystal- 
lization from ethanol-water (1 : 1) and drying at  100" gave 4 g. (95 %) 
of yellow crystals, m.p. > 300" dec. Table VIII lists the compounds 
prepared by a similar procedure. 


Thiosemicarbazone of 2-Mercapto-6hydroxy-5-benzylpyrimidine- 
6-carboxaldehyde (LX-1)-To a warm solution of 0.616 g. (2.5 
mmoles) of Id in 30 ml. of ethanol was added a warm solution of 
0.23 g. (2.5 mmoles) of thiosemicarbazide in 15 ml. of 80% ethanol. 
The solution was refluxed for 20 min. and filtered while warm. After 
cooling at 0" for 1 hr., the yellow crystals were filtered and washed 
with cold ethanol. The crude product was recrystallized from etha- 
nol; yield 0.5 g. (62.5%) of yellow crystals, m.p. 200-201". Table IX 
lists the compounds prepared by a similar procedure. 


N - [ 2 - M e r c a p t o - 4 - h y d r o x y - 5 - ( 6 c ~ o r o b e n z y y l -  
idenel-N,N-dimethylethylenediamine ( X - l e A  stirred mkture of 
0.7 g. (2.5 mmoles) of Ib in 30 ml. of absolute ethanol and 0.22 g. 
(2.5 mmoles) of N,N-dimethylethylenediamine was refluxed for 30 
min. White to yellow crystals separated. This was filtered, washed 
with cold ethanol, and recrystallized from ethanol; yield 0.7 g. 
(80.5%), of yellow crystals, m.p. 181-183" dec. Table X lists the 
compounds prepared by a similar procedure. 


Hydrazones of the Pyrimidine Aldehydes (X-4 and X - 5 t T o  a 
solution of 2.5 mmoles of the aldehyde Ib in 50 ml. of 50% aqueous 
acetic acid was added a solution of 2.5 mmoles of the respective 
hydrazide in 20 ml. of 50% aqueous acetic acid. It was heated at  
8(r90° for 10 min., during which time yellow crystals precipitated. 
After cooling at 0" for 1 hr., the crystalline precipitate was collected 
by filtration and recrystallized from ethanol. Table X lists these 
derivatives. 


2-Mercapto-6-hydroxymethyl-S~3-phenylpropyl)-4-pyr~~dol (XI) 
and 2-Mercapto-6hydroxy-5-(3-phenylpropyl)pyr~~~e-6-~~~- 
ylic Acid (XU-To a cold solution of 1.5 g. of KOH in 6 ml. of 
water was added 1.5 g. of VIII-2. The mixture was left standing at 
room temperature for a total of 48 hr. The yellow solution was di- 
luted with 20 ml. of water and filtered. To the filtrate, 10% aqueous 
HCI was added to bring the mixture to pH 7-8, resulting in the 
precipitation of white crystals (XI). After cooling at  0" for 1 hr., 
the white crystals were filtered and washed thoroughly with cold 
water. The filtrate was further acidified with 10% aqueous HCI, 
resulting in precipitate of yellow crystals (XII). After cooling at 
0" for 1 hr., the yellow crystals were filtered and washed with cold 
water. Both products were recrystallized from ethanol: 


The alcohol (XI); yield 0.65 g. (8673, m.p. 214-215". 
Anal.-Calcd. for CI~HW,NZOZS: C, 60.87; H, 5.80. Found: C, 


The acid (XII); yield 0.65 g. (82%), m.p. 271-273" dec. 
Anal.-Calcd. for C14HI4N~O3S: C, 57.93; H, 4.83. Found: C, 


57.88; H, 4.98. 
2-Mercapto-5-(3-phenylpropyl)4pyrimidol ( X I I I e A  mkture of 


0.3 g. (1.03 mmoles) of XI1 and 20 ml. of tetralin was refluxed for 
5 hr. The brown solution was cooled at 0" for 1 hr. The precipitate 
was filtered and washed with toluene. The crude product was dis- 
solved in 10 ml. of 10% aqueous NaOH and acidified with 10% 


61.07; H, 5.84. 


aqueous HCl to pH 7, resulting in a white precipitate. Recrystalliza- 
tion from ethanol gave 62 mg. (24.5%), m.p. 172-174'. 


Anal.-Calcd. for C13H14N20S: C, 63.41; H, 5.69. Found: C, 
62.96; H ,  5.86. 
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This experiment indicated that the observed peak was due to 
ethanol. A similar procedure was used to identify the first major 
peak. The peak resulted from the organic impurities in water. 


RESULTS AND DISCUSSION 


Table I1 shows a summary of the ethanol content of the three 
batches studied. The column material used in this investigation has 
outstanding separation properties for volatile, low-molecular 
weight compounds and was particularly valuable for this study 
since no signals were observed from any of the compounds in the 
dosage form except ethanol. 
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Antimicrobial Activity of Some P-Nitrostyrenes 


LEONARD R. WORTHEN and HOWARD W. BOND 


Abstract 0 Nine compounds were tested for antimicrobial activity, 
and eight of these exhibited varying spectra of inhibition. 


Keyphrases 0 @-Nitrostyrene derivatives-antimicrobial activity 0 
Antimicrobial activity, evaluation-0-nitrostyrene derivatives 0 
Paper disks-microbe-inhibition analysis 


In the course of synthesizing some chemical com- 
pounds for testing as potential molluscicides, a number 
of P-nitrostyrene compounds were prepared. This re- 
port indicates the preliminary results obtained from 
testing nine of these compounds, seven of which are 
new (l), for antibacterial and antifungal activity. 


The antimicrobial activity of P-nitrostyrenes has been 
previously noted by several workers, including Schales 
and Graefe (2), Bocobo et al. (3), and Huitric et al. (4). 


An impregnated filter paper disk on an inoculated 
agar plate was selected as the testing method. This 
technique has the advantage over the hole or cup method 
because the solvent can be evaporated from the satu- 
rated paper disks prior to placing them on the inocu- 
lated agar plate. In this manner, any potential anti- 
microbial effects from the solvent used can be avoided. 


EXPERIMENTAL 


Materials and Methods-The test organisms used included the 
following: Staphylococcus aureus, strain 209, ATCC 6538 ; Esche- 
richia coli, ATCC 4157; Pseudomonas aeruginosa, ATCC 10145; 
Bacillus subtih; Proteus vulgaris; Aspergillus niger, ATCC 9642; 
Trichophyton mentagrophytes, ATCC 9129; and Candida albicans, 
ATCC 10231. The melted test agar media were inoculated with 0.1 
ml. of a 24-hr.-old bacterial culture grown in nutrient broth or a 0.1 
ml. saline suspension of a 48-hr.-oId fungal culture grown on 
Sabouraud's agar. Nutrient agar was employed for the bacterial tests 


Table I-Antibacterial and Antifungal Activity of Some @-Nitrostyrenes 


c Microbial Spectrum0 - 
R 1 2 3 4 5 6 7 8 


H 


2,4-c12- 
Cls- 
Br 


+Sb ++ ++ ++ ++ ++ + ++ + - 
- - 


+ ++ 
+ - - 


+++ +++ + +++ - 


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


m-CH3COz- +f ++ ++ 
P-CH~CHXCOZ- ++ ++ +++ 
3-CH~O-4-CH3CO~- + + ++ ++ 


Microbial spectrum: Gram-positive: 1, S. aureus, strain 209, ATCC 6538; 2, B. subtilis. Gram-negative: 3, E.  coli, ATCC 4157; 4, P .  aeruginosa, 
ATCC 10145; 5, P .  vulgaris. Fungi: 6, C. albicans, ATCC 10231; 7, A. niger, ATCC 9642; T. mentagrophytes, ATCC 9129. b Zone of inhibition: 
- = less than 12.7 mm. (zone includes diameter of disk); + = less than 20 mm., ++ = 21-29 mm., and + ++ = more than 30 mm. 
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and Sabouraud’s agar for the fungal tests. All bacterial cultures were 
incubated at 35” and the fungal cultures at room temperature. The 
filter paper disks (12.7-mm. diameter) were saturated with 0.1 ml. of 
a 1 : 1000 concentration of the compounds to be tested; the solvent 
was allowed to evaporate before the disks were placed, in duplicate, 
on the seeded plates. Ethanohc solutions of eight of the compounds 
were used. The other compound [m-(2-nitrovinyl)-phenyl acetate] 
was employed as a suspension in pyridine. Disks impregnated with 
an equal amount of the solvent only were dried and used as controls 
and in no instance exhibited any inhibition. The zones of‘ inhibition 
were read at the end of 24 hr. of inccbation for the bacteria and 48 
hr. for the fungi. The results are tabulated in Table 1. 


DISCUSSION 


Nine P-nitrostyrene derivatives were tested by the paper disk 
method for antimicrobial activity. Of the six 3-nitro-4-substituted 
phenoxy-P-nitrostyrenes tested, the parent compound had the 
widest spectrum. The pentachloro derivative was effective against 
S. aureus only, and the pentabromo derivative was inactive. None 
of these compounds had any activity against P.  uuIgaris or P .  
aeruginosa. 


The three ring-substituted 8-nitrostyrenes tested all showed good 
activity against the test organisms. Of particular significance is their 
activity against the Proteus and Pseudomonas species tested. One 
limitation with the most active compound tested, m-acetoxy-b- 


nitrostyrene, was the inability to solubilize it in common organic 
solvents, even at a 1 : 1000 concentration. It was placed on the paper 
disk as a 1 : 1000 suspension. The results of the tests of the latter 
series of coinpounds warrant further study of other derivatives of 
this group. 
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Solvent Effects in the NMR Spectra of 
Cyano Compounds 


EDWARD E. SMISSMAN and ALEXANDROS C. MAKRIYANNIS 


Abstract 0 Novel solvent effects in the NMR spectra of certain 
cyano compounds are reported. A change in the splitting pattern of 
the methylene groups of N-cyano-N-methylarylethylamines with a 
change in solvent was observed in open-chain alkyl cyano com- 
pounds containing a terminal aromatic ring. 


Keyphrases 0 Solvent effects-NMR spectra, cyano compounds 
Cyano compounds, NMR-solvent effects 0 NMR spectra- 
solvent effects, cyano compounds 


During the synthesis of a number of N-cyano-N- 
methylarylethylamines (I), it was observed that the 
NMR spectra exhibited dramatic changes when the 
solvent was changed from either carbon tetrachloride or 
deuterochloroform to benzene. These changes involved : 
(a)  a strong upfield shift in the singlet signal due to the 
N-methyl protons, and ( b )  a strong upfield shift of the 
multiplets due to the four methylene protons, accom- 
panied by a pronounced change in the splitting pattern 
of the multiplet in all of the compounds where rotation 
was possible about the C-C bond of the ethylamine. 
The only compound examined which did not show the 
change in splitting pattern was N-cyanotetrahydroiso- 
quinoline (Compound 5). The observations from the 
examined spectra are summarized in Table I. 


1. R = H  
2. R = OCHj 


3 


4 5 


R, 


10 


/ \  ClCH,CH,CN 
11 


R4 


R5 


CN CH, 


RI RP Ra RI R, 
BrCHLCHLCH,CN 


12 


6.-OCHZO- OH OMe H 
7.-0CHz0- OAc OMe H 
8 . H  H OH OH H 
9.OH O M e H  OMe OH 


structures of compounds listed in Table I 
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Distribution, Excretion, and Metabolism of "C-Labeled 
Quaternary Ammonium Salt of Perphenazine in Rats 


C. L. HUANG, G .  M. MIR, and J. Z. YEH 


Abstract 0 Urinary excretion was the major route of excretion of 
intraperitoneally administered perphenazine dimethiodide-14C in 
rats. Peak blood level was observed at 0.5 hr. after the administra- 
tion of the compound, and brain level was above the detectable 
level at the same period of time. Antimicrobial activities were dem- 
onstrated. The toxicity of quaternary ammonium salt of perphen- 
azine on mice is higher than perphenazine. 


Keyphrases 0 Perphenazine dimethiodide-14C-synthesis Dis- 
tribution, metabolism, excretion-perphenazine dimethiodide- 
14C 0 Antimicrobial activity-perphenazine dimethiodide-14C 0 
UV spectrophotometry-analysis a Paper chromatography- 
radio scanning 


Perphenazine is a phenothiazine derivative which 
differs chemically from prochlorperazine only with 
respect to the substitution of a hydroxyethyl group for 
the methyl group of the latter drug. Perphenazine is 
approximately twice as potent dosagewise as prochlor- 
perazine and exhibits clinical effects and side actions 
similar to those of chlorpromazine (1-3). 


Symchowicz et al. (4, 5) have reported the tissue 
distribution of 35S-perphenazine in rats after the sub- 
cutaneous injection of 0.3 mg./kg. of the compound. 
High concentrations were found in the lungs, adrenals, 
liver, kidneys, spleen, and pituitary, while the brain had 
only a residual activity. Blood levels were consistently 
low. High levels of radioactivity were found in the 
pituitary gIand after 48 hr. and remained relatively high 
even after 6 days. Over 80x of the administered activity 
was excreted during the 24-hr. period, of which 44z 
was found in the feces and only 16 z in the urine. 


Huang and Kurland (6), who focused their attention 
on identification and quantitative determination of the 
major metabolites of perphenazine, found that unlike 
chlorpromazine (7, 8) the rate of excretion of perphena- 
zine metabolites was low; approximately 44 of the 
administered dose was recovered in man during a 7-day 
period. Perphenazine glucuronides were found to be the 
major metabolites, representing approximately 69 of 
the total urinary metabolites. Perphenazine sulfoxide 
was found to be approximately 13 z of the administered 
dose, and the unchanged perphenazine was usually 
undetectable. 


It has been demonstrated that toxic properties of 
phenothiazine neuroleptics do  not diminish by quaterni- 
zation of the side-chain nitrogen but rather increase in 
most cases (trifluoperazine, mepazine, and prometha- 
zine). The excretion of the majority of the administered 
activity of quaternary derivative of mepazine, prometh- 
azine (9), and trifluoperazine (10) was consistent with 
predominantly fecal excretion. 


Absorption of these coinpounds from the intraperito- 
neal cavity was rapid, which is reflected in a rapid increase 
of blood levels in rats in 0.5 hr. Brain levels were generally 


low and were either trace or insignificant against the 
background activity. All these compounds seemed to  
have a particular affinity for the bone, since significant 
activities were recorded in the bone after 5 days. No 
radioactivity was found in the calcium carbonate formed 
from the carbon dioxide collected in the expired air 
from the animals placed in metabolic jars, which in- 
dicated that demethylation of these quaternary com- 
pounds did not occur in vice. Antimicrobial activities 
were also demonstrated. High intestinal activity ap- 
peared to be due to the secretory process of these drugs 
via bile. As indicated in a previous communication (lo), 
trifluoperazine, one of the potent phenothiazine neuro- 
leptics with a piperazinyl side chain, is excreted un- 
changed. It would be of interest to see how a compound 
of this series with a primary alcohol function on the side 
chain would behave in viuo. In this report, distribution 
and elimination of perphenazine dimethiodide-14C in 
rats are described. 


METHODS' 


Synthesis of Perphenazine Dimethiodide (PPZ-DME1)-Perphen- 
azine dihydrochloride (0.53 g., 1.1 mmoles) was dissolved in water. 
The solution was adjusted to pH 10 and extracted several times with 
ether. The combined ether extracts were dried over anhydrous 
sodium sulfate and the solvent removed in vacuo. The oil (0.42 g., 
0.97 mmole) remaining in the container was dissolved in 10 ml. of 
acetone, and methyl iodide (0.71 g., 5 mmoles) was added. The mix- 
ture was left at room temperature for 1 hr., and about 10 ml. of 
anhydrous ether was added to precipitate the quaternary ammonium 
salt. The precipitate was collected and recrystallized from meth- 
anol-ether to yield 0.36 g. (50x) of a white crystalline powder with 
m.p. 207-209"; A,,,., 218 and 256 mp; R ,  = 0.50. 


Anal.-Calcd. for C23H32C11N30S: C, 40.12; H, 4.65; N, 
6.10; S4.65. Found: C, 40.38; H, 4.76; N, 6.11; S, 4.87. 


Synthesis of Perphenazine DimethiodideJ4C (PPZ-DME1J4C)- 
The free perphenazine base (121 mg., 0.3 mmole) was dissolved in 5 
ml. of acetone, and 85.5 mg. (0.6 mmole) of 14C-methyl iodide (11.7 
pc./mg. in 5 ml. of acetone) was added. About 300 mg. of unlabeled 
methyl iodide was added as a carrier. The container was stoppered 
and left standing at room temperature for 24 hr. Then ether was 
added to precipitate the product. The crude material was recrys- 
tallized from ethanol-ether to yield 104 mg. (50%) of the final 
product with m.p. 2077209" and specific activity 3.27 pc./mg. Mixed 
melting point with PPZ-DMEI above did not show depression 
(207-209'). The authenticity and radiochemical purity of the product 
were established by paper chromatography coupled with a radio- 
chromatogram scanner, Actigraph 111. The physical properties of 
this compound were found to be identical with PPZ-DMEI. The 
scheme of the synthesis of this compound is shown in Scheme I .  


1 Melting points were taken in a Fisher-Johns apparatus and were 
corrected. UV absorption spectra were recorded on a Perkin-Elmer 
model 202 spectrophotometer. Elemental analysis was performed by 
Galbraith Laboratories. Paper chromatograms were developed in a 
solvent system, n-butanol-ethanol-water ( 5  : 2 : 2 ) ,  and in the case of 
radiochromatogram, an Actigraph 111 (Nuclear-Chicago) was used to 
record the activity. Radioactivity in the tissues was recorded in a G-M 
counter (Tracerlab, model TGC-2), with the efficiency of 9%. All of 
the recordings were carried out at a constant geometry, and corrections 
for self-absorption were made for the thick-layer preparations. 
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Scheme I-Sytrthesis of Perphenazine Dimethiodide-I4C 


Tissue Distribution S ~ U ~ ~ S - P P Z - D M E I - ~ ~ C  (1 mg.) was dis- 
solved in I ml. of water and injected intraperitoneally into five 
Holtzman rats (one rat for each time period) weighing 175-250 g. 
The animals were sacrificed at various intervals of 0.5, 1,  2,4, and 
8 hr. after the injection. The liver, kidneys, spleen, heart, lungs, intes- 
tines, stomach, muscle, bone, and brain were isolated, rinsed with 
normal saline solution, and briefly dried, and their weights were 
recorded. The whole organ (except blood and bone) was ho- 
mogenized with water 10 times its weight. An aliquot (0.5 ml.) was 
measured and evaporated to dryness in a planchet and the activity 
of the residue was recorded. The blood specimen (0.1 ml.) was 
measured and dried directly in a planchet, and a portion (0.1 g.) 
of the bone (femur, dried and ground to a powder) was placed in a 
planchet to record the activity. 


Urinary and Fecal Excretion Studies-One milliliter of the 
aqueous solution of PPZ-DMEI-14C (1 mg./ml.) was injected intra- 
peritoneally into four Holtzman rats weighing 175-250 g. The 
animals were maintained in metabolic cages with free access to food 
and water. The urine and feces were collected separately every 8 hr. 
An aliquot (0.5 ml.) of the urine specimens was measured in a 
planchet and dried for recording activity. Since it was a thin-layer 
preparation, no correction for self-absorption was required. The 
feces were dried and powdered. A fraction (0.1 9.) was weighed out in 
a planchet to record the activity. Corrections for self-absorption 
were made for the preparation. 


Biliary Excretion Studies-Holtzman rats weighing about 300 
g. were anesthetized by a subcutaneous administration of 70 
mg./kg. of pentobarbital sodium. An incision was made on the 
abdominal wall, and the common bile duct was cannulated with a 
polyethylene tube, PE50 (Clay-Adam). About 1 ml. of the test 
solution (1 mg./ml.) was placed directly into the intraperitoneal 
cavity and the incision was closed. Bile specimens were collected at  
the intervals of 0.5, 1, and 2 hr. All animals were sacrificed at  the 
end of the 2-hr. period; intestines and urine in the bladder were 
collected and the activities were recorded. 


Metabolic Studies-To study the N-demethylation in uiuo, two 
rats were injected intraperitoneally with PPZ-DMEIJ4C and placed 
in a large metabolic jar with a constant flow of air to remove carbon 
dioxide produced by the animals. The air was passed through a 
gas washing bottle containing 40 % sodium hydroxide solution. 
The carbon dioxide collected in the gas washing bottle was precipi- 
tated by adding 50% calcium chloride solution; the calcium car- 
bonate thus formed was collected and dried and the activity was 
recorded. 


Paper chromatographic technique was used to determine me- 
tabolites of PPZ-DMEI-14C in urine and feces. Pooled urine (10 ml.) 
from three rats after the intraperitoneal administration of PPZ- 
DMEI-l4C was condensed to 1 ml. and centrifuged to remove solid 
precipitate. An aliquot of 0.5 ml. of the supernatant liquid was 
placed linearly on Whatman 3 MM paper, and the chromatogram 
was developed in the solvent system previously mentioned. A ref- 
erence PPZ-DMEI-I'C was used as a control. The chromatogram 
was scanned in a radiochromatogram scanner, Actigraph 111, and 
the R,  values of the corresponding spots were calculated. 


Feces collected over a 3-day period after the administration of 
PPZ-DMEI-14C were extracted with ether in a continuous extrac- 


Table I-Recovery of Radioactivity" from Urine and Feces of 
Four Rats after Intraperitoneal Administration of 1 mg. ( 1  ml.) 
of Aqueous Solution of Perphenazine Dimethiodide-14C 


Time, Urine, Feces, 
hr. z % 


8 1 3 O f 4 0 5  0 03 f 0 00 
16 14 O f  3 01 0 03 =k 0 00 
24 3 4 3 ~ 0 6 0  0 48 f 0 04 
32 2 5 f 0 2 1  9 1 2 f  2 32 
40 1 9 f 0 3 3  0 60 f 0 05 
48 1 . 5  f 0.20 0.44 f 0.25 
56 1 . 1  f 0.07 0.20 f 0.08 
64 1 . 1  f 0.10 0.12 f 0.06 
88 0 . 5  f 0.85 2 .4  f 0.22 


112 0 . 4  f 0.01 0.96 f 0 . 3 1  


0 Mean percent of the administered activity f standard error. 


tion apparatus for 2 days to remove fatty substances. The ether ex- 
tracts which did not show radioactivity nor color reaction with 50z 
sulfuric acid were discarded. The residue in the continuous extrac- 
tion apparatus extractor was extracted with methanol for 3 days. 
The methanol extracts were evaporated to 1-2 ml. under reduced 
pressure, and an aliquot of 0.1 ml. was chromatographed on What- 
man 3 MM paper and treated in the same manner described for the 
analysis of urinary metabolites. 


Acute Toxicities-A series of dilutions of aqueous solution of 
PPZ-DMEI was administered intraperitoneally to a group of 10 
male albino mice (Southern Animal Farms, Prattville, Ala.). 
Each animal was placed in an individual cage with free access to 
water. Acute toxicity was observed and the mortality recorded. 
LDu was calculated according to the method of Litchfield and 
Wilcoxon (1  1). 


Antimicrobial Activities-Antibacterial and antifungal activities 
of PPZ-DMEI were tested by using a diffusion method in which 
a short glass cylinder containing 0.3 ml. of the test solution was 
placed on a solid culture medium which was previously seeded with 
a test organism. After incubation at 37" for an optimum growth 
period for the organism, the diameter of the clear zone surrounding 
the glass cylinder was taken as the measure of the inhibitory effect 
of the drug against the organism. In this test, Staphylococcus uureus 
and Escherichiu coli were chosen to represent a Gram-positive 
microorganism and a Gram-negative microorganism, respectively. 
Brain heart infusion agar (Baltimore Biological Laboratory, Bal- 
timore, Md.) was used as the culture medium. 


Saccharomyces curlbergensis and Aspergillus riiger grown on 
Sabouraud dextrose agar medium were used in the test for anti- 
fungal activity. 


RESULTS 


In contrast to the excretion pattern of triff uoperazine methio- 
dide-14C, the major route of excretion of PPZ-DMEI-14C was 


Table II-Distribution of Radioactivity in Tissues of the Rat 
after Intraperitoneal Administration of Perphenazine 
Dimethiodide-14C" 


Organs 


Blood 
Bone 
Brain 
Muscle 
Lungs 
Heart 
Kidneys 
Spleen 
Stomach 
Intestines 
Liver 
Urine 


----Time after Administration, hr.- 
0 .5  1 2 4 8 


19.84 13.84 12.54 6.64 0.64 
2.42 4.21 6.06 6.20 6.70 
0.08 0.08 0.14 0.11 0.15 
4 . i ~  i . i i  2.49 1 . 3 1  0 . 7 1  
0.71 0.59 0.65 0.56 0.25 
0.20 0.14 0 . 1 3  0.08 0.02 
6.13 12.18 14.53 20.93 19.93 
0.77 0.31 0.31 0.26 0.29 
1.16 0.44 0 . 5 1  0.31 0.35 
6.46 5.22 5.66 5.54 4.76 
4.76 5.86 5.68 7.25 6.28 
2.84 8.34 15.86 16.00 17.99 


Abdominal 
washings 3.53 1.03 0.50 0 . 3 1  0.05 


Total 53.60 54.95 65.12 65.50 58.12 


Q Expressed in terms of percent of the administered activity. 
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Table III-Distribution of Radioactivity in Tissues of the Rat 
after Intraperitoneal Administration of Perphenazine 
DimethiodideJ4C“ 


7- Time after Administration, hr.- 
Organs 0.5 1 2 4 8 


Blood 198.40 138.40 125.40 66.40 6.40 
Bone 4.95 8.61 12.40 12.69 13.74 ~- . 
Brain 10.00 11.77 15.31 15.25 17.53 
Muscle 21.72 12.40 11.31 5.96 3.24 
Lungs 108.54 101.28 87.50 105.89 35.96 
Heart 55.00 41.20 32.50 23.71 5.34 
Kid n e v s 670.46 1475.90 1589.22 1978.83 1800 45 
spleen 224.58 91.22 92.50 90.13 90.38 
Stomach 24.45 21.07 49.58 20.15 9.09 
Intestines 94.20 69.37 83.94 115.02 72.36 
Liver 117.32 138.75 132.53 173.33 167.76 


Expressed in terms of percent of specific activity of organ (c.p.m./ 
g. of wet weight) against specific activity of whole body (administered 
activity/g. of body weight). 


consistent with predominantly urinary excretion as indicated by the 
cumulative excretion data shown in Table I. About 5 5 x  of the 
administered activity was recovered during the 112-hr. period, of 
which 41 % was found in the urine and only 14% in the feces. Inall 
cases, urinary excretion was rapid; nearly 70% of the recovered 
activity appeared in the urine during the first 16-hr. period. How- 
ever, fecal excretion was somewhat slow; that is, only a small 
amount of feces specimen was collected within the first 24-hr. period 
and a large amount of specimen was obtained between 24 and 32 hr. 
The slow fecal excretion was apparently due to the decreased in- 
testinal motility associated with the sedative effect of the drug. 
The ratio of the activity between the urine and feces was 2.8 : 1. 


The distribution pattern of radioactivity of this compound is 
presented in Table 11. Radioactivity in the kidneys and liver pre- 
vailed over other organs 0.5 hr. after the administration. Rapid 
absorption of the compound was indicated by a rapid decline in 
the activity of the recovered abdominal washings, and it was further 
reflected by the high blood level with a peak at 0.5 hr. after the 
injection. The blood level decreased thereafter; however, the activity 
remained above the detectable level after 8 hr. The kidney level 
was almost parallel to the urinary level, which started to increase 
at 2 hr. and reached its peak at 4 hr. An average of 6 %  of the ad- 
ministered activity was found in the liver and 5 % in the intestines 
during the 8-hr. period. The brain level was low but above the sig- 
nificant level. Activity in the brain accumulated slowly but steadily, 
reaching its peak at 8 hr. In other organs, the radioactivity was in 
the descending order of stomach, spleen, lungs, and heart during 
the 8-hr. period. 


The overall recovery of the administered activity was between 
54 and 66 % in these animals. A considerable amount of the material 
apparently was retained in the fat and skin of the animals, because 
an average of 4.2 and 9.3% of the injected activity was found in 
the fat and skin tissues, respectively (digested with hyamine hy- 
droxide and dried in a planchet or activity recording), of two rats 
(used in the excretion study) 6 days after the administration of 


In contrast to chlorpromazine methiodide-l*C, only a low radio- 
activity (0.45% of the injected dose) of PPZ-DMEI-14C was re- 
covered in the bile collected from the common bile duct at 8 hr. 
This may be due to a weak affinity of this compound for the hepatic 
transport mechanism, because a compound which is not actively 
taken up by liver cells is not actively secreted into the bile through 
the liver. Activity in the intestinal content from the bile duct-can- 
nulated animals was low (4%) but above the significant level, 
which suggested an active secretion of the compound to the in- 


PPZDMEI- 14C. 


testinal lumen by the glands of the intestinal mucosa. Urinary ex- 
cretion during the same period of time was 8 % of the administered 
activity. 


When these data were interpreted in terms of percent per unit 
wet weight of organs or tissues, a remarkable change in the ratio 
of activity between the organ was observed. The relative specific 
activity in the brain was higher than that in the muscles 2 hr. after 
the administration of the compound (Table 111). 


A comparative rate of biliary, intestinal, and urinary excretion of 
PPZ-DMEI-14C and chlorpromazine methiodide-14C in the rats 2 
hr. after the intraperitoneal administration of these compounds is 
shown in Table IV. 


The calcium carbonate, obtained by collecting the carbon dioxide 
produced by the rat after PPZ-DMEI-14C administration, did not 
show a significant activity. This indicated that N-demethylation and 
degradation of this compound did not occur in uiuo. However, this 
does not rule out the possibility that N-methyl exchange with 
neuroamines such as catecholamines might have occurred in uiuo. 


Paper chromatographic technique coupled with radiochromato- 
gram scanner revealed that there were at least three metabolites 
present in the urine. One of the substances with Rf 0.50 was 
identified to be the unchanged PPZ-DMEI-14C. A trace of the 
metabolite with R f  0.66 was found to be its sulfoxide by cochro- 
matography with an authentic perphenazine sulfoxide. Fecal metab- 
olites are currently under investigation. 


When LDso (18.2 mg./kg.) wasadministered, the principal signs of 
toxicity were clonic and tonic convulsions; respiratory depression 
occurred between 5 and 30 min. after the intraperitoneal in- 
jection. At lower doses, respiratory depression as well as cyanosis 
was observed. Dosagewise, PPZ-DMEI-14C (LDso, 18.2 mg./kg., 
i.p.) appears to be more toxic than its parent compound, per- 
phenazine (LD,o, 64 mg./kg., i.p.). On a molar basis, PPZ-DMEI- 
14C has a higher toxicity than the quaternary methiodideof its analog, 
such as chlorpromazine and trifluoperazine. 


PPZ-DMEI-14C showed an inhibitory effect against the Gram- 
positive bacteria, Escherichia coli, at 10 y/ml. No remarkable effect 
was observed on the yeast and fungus tested. 


CONCLUSION 


Intraperitoneally administered perphenazine dimethiodide-14C 
was well absorbed by the rats. The majority (40%) of the drug was 
accumulated in the kidneys and was excreted in the urine; only 14% 
of the drug was excreted by the intestines. The ratio of the urinary 
to fecal excretion was 2.8:l. Peak blood level was observed 0.5 hr. 
after the administration of the drug. Perphenazine dimethiodide-14C 
seemed to have a particular affinity for the bone. The activity in the 
bone started to rise in 0.5 hr. and reached its peak level in 1 hr. 
Brain level was low but above the detectable level at 0.5 hr. 


Excretion of the activity of perphenazine dimethiodide- 14C 
was fairly rapid; almost 70% of the activity excreted in urine and 
feces was recovered in the first 32-hr. period. The quaternary 
ammonium salt of this compound has a toxicity higher than the 
parent compound, perphenazine. Antibacterial activities against 
Gram-positive and Gram-negative bacteria were demonstrated. 


REFERENCES 


(1) E. A. Swinyard and S. C. Harvey, in “Remington’s Phar- 
maceutical Sciences,” 13th ed., E. W. Martin, Ed., Mack Publishing 
Co., Easton, Pa., 1965, p. 1168. 


(2) A. A. Kurland, T. E. Hanlon, M. H. Tatum, and A. M. 
Simapoulos, J .  Neru. Ment. Dis., 132, 61(1961). 


(3) A. A. Kurland and C. L. Huang, Psychopharmacol. Seru. 
Cent. Bull., 2, 84( 1962). 


Table IV-PPZ-DMEI-14C and Chlorpromazine Methiodide-14C Excretion 


Bile Intestines Urine 


Perp henazine 


Chlorpromazine 
dimethiodide- 14C 


methiodide- 14C 


0.45 f 0.02a 


29.99 f 5.88 


4.10 f 0.24 


10.09 f 1.67 


8.55 f 1.10 


4.  I0 f 0.94 


a Percent of the administered activity i SE. 
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Dissolution of Slightly Soluble Powders under 
Sink Conditions I Development of an Apparatus 
and Dissolution Studies of Salicylic Acid Powders 


ISMAT ULLAH* and DONALD E. CADWALLADERf 


Abstract 0 A three-compartment apparatus was developed for 
dissolution studies of slightly soluble powders under sink conditions. 
The apparatus was designed to accommodate up to three phases to 
provide sink conditions. The apparatus could accommodate a 
barrier in the dissolution medium to prevent floating powders 
from entering and dissolving directly into the sink phase. Dissolu- 
tion studies were conducted with several particle size grades of 
salicylic acid under nonsink as well as sink conditions. Effects of 
the rate of agitation and methods of introducing samples (dry or 
wetted suspensions) were also investigated. The data indicated 
that under diffusion-controlled rate of agitation, using the appro- 
priate placement of propellers, it was possible to establish a rank 
order for in virro dissolution times of different particle size salicylic 
acid powders. 


Keyphrases 0 Powders, slightly soluble-dissolution, sink condi- 
tions 0 Particle-size effect-powder dissolution 0 Diagram- 
powder dissolution apparatus 0 UV spectrophotometry-analysis 


In recent years, much attention has been focused on 
the problem of drug availability from solid dosage 
forms. The importance of in uitro dissolution-rate 
studies for solid dosage forms in determining the drug 
availability has been recognized (1-5), but it is now 
generally accepted that the in vitro results should be 
correlated to some physiologic parameter. It has been 
shown that unless appropriate sink conditions are 
maintained in certain cases, in vitro dissolution studies 
might bear little relationship to in uivo dissolution 
results (6).  


Recently, several methods have been developed 
(3-17) to study the in uitro dissolution rates of drugs 
from solid dosage forms; however, most of these 
methods lack sink conditions. Only a few methods 
(6, 15) have been reported for dissolution studies under 
sink conditions, but these are not suitable for powders. 
Due to flotation and flocculation of slightly soluble 
powder, the determination of a rank order in the dis- 
solution rates of slightly soluble powders is a problem 
even under nonsink conditions. Unless these floating 


floccules could be broken up, and the powders dis- 
tributed in such a way that the relative surface areas of 
different particle-size powders would be available for 
dissolution, a rank order in the dissolution rates would 
not be possible. Finholt et al. (18, 19) encountered 
these problems in their attempt to study the effect of 
particle size on dissolution rates and while comparing 
the dissolution rates of powders with granules and 
tablets. Lin et al. (20) also found similar problems in the 
rank order in the dissolution rates of different particle- 
size powders. 


Because certain properties of drug powders play an 
important part in their dissolution rates from the 
dosage forms, it is important that the dissolution be- 
havior of powders be studied. An apparatus, which 
could give a rank order in the in vitro dissolution rates 
of powders and could also accommodate sink phases, 
would be of value in the development and evaluation 
of dosage forms where control of certain powder 
characteristics is important. 


The objectives of this investigation were to develop 
an apparatus which could be used to carry out dissolu- 
tion studies of slightly soluble powders under sink 
conditions, and to demonstrate the utility of this 
apparatus by obtaining an appropriate rank order in 
the dissolution rates of different particle-size powders of 
a model drug. 


EXPERIMENTAL 


Chemicals and Materials -The salicylic acid' used was USP 
grade. The different particle-size grades were obtained by sieving 
twice through Ro-Tap testing sieve shaker, using U. S. standard 
sieves. Isopropyl myristate2 and polysorbate 803 were used. All 
other chemicals were reagent or certified ACS grade. 


1 Fisher Scientific Co. 
2 S. B. Penick, New York, N Y  10008 * Atlas Chemical Industries, Inc., Wilmington, DE 19899 
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Colorimetric Determination of Atropine, 
Homatropine, Scopolamine, and Their Derivatives 
by the Ferric Hydroxamate Method 


JOSEPH A. FELDMAN and BRUCE J. ROBB" 


Abstract The purpose of this study was to develop a procedure for 
the quantitative analysis of the salts of the solanaceous alkaloids 
in the presence of their hydrolysis products. The salts taken were 
atropine sulfate, homatropine hydrobromide, homatropine methyl- 
bromide, scopolamine hydrobromide, and scopolamine methyl- 
bromide. The ferric hydroxamate procedure was used. The condi- 
tions necessary for a reproducible reaction were established; a pro- 
cedure of sufficient sensitivity was developed which will allow unit 
dose analysis; and an analysis was developed which will permit the 
salts of the solanaceous alkaloids to be quantitatively analyzed in 
the presence of their degradation products. 


Keyphrases 0 Atropine, homatropine, scopolamine dosage forms- 
analysis 0 Solanaceous alkaloids with degradation products- 
analysis 0 Ferric hydroxarnate method-solanaceous alkaloid 
analysis 0 Colorimetric analysis-spectrophotometer 


~ 


Atropine and its synthetic homolog homatropine are, 
respectively, the tropic acid and mandelic acid esters of 
the aminoalcohol tropine, whereas scopolamine is the 
tropic acid ester of scopine. The official assay methods 
for these drugs have inadequate sensitivity; a single 
assay sample for Scopolamine Hydrobromide Injection 
requires a minimum of 40 ml. of the solution, and at least 
100 tablets are needed for the USP XVII assay of Atro- 
pine Sulfate Tablets. Another limitation of the compen- 
dial assays is that they do not discriminate between the 
intact ester drugs and their inactive hydrolysis products. 
The USP XVII assays (1) for Atropine Sulfate Injection, 
Homatropine Hydrobromide Ophthalmic Solution, and 
Scopolamine Hydrobromide Injection provide for chloro- 
form extraction of the bases from ammoniacal solution 
followed by evaporation of the extracts and acidimetric 
titration. Chafetz and Daly (2) recently observed that 
tropine is extracted along with homatropine base in the 
USP XVIT assay, invalidating it as a stability-indicating 
method. They proposed a selective method for hom- 
atropine; however, their method is inapplicable to tropic 
acid esters. Separative techniques have also been applied 
to the solanaceous alkaloids (3). This report describes a 
method which: (a)  is generally applicable to the sola- 
naceous alkaloids and their derivatives ; (b)  is stability 
indicating; and (c) affords adequate sensitivity for unit- 
dose analysis. 


Hydroxylaminolysis of esters and formation of 
colored complexes of the hydroxamic acids so derived 
with ferric ion afford convenient means for determina- 
tion of esters in the presence of their alcohol and acid 
constituents. Siege1 et al. (4) used this reaction to follow 
the hydrolysis rates of methylphenidate. Vincent and 


Table I-Absorbance Concentration Relationships 


mg./5 
ml. 


r- 


Atropine 
Sulfate 


-Absorbance at 540 mp- 
Hornat- Homat- Scopol- 
ropine ropine amine 
Hydro- Methyl- Hydro- 
bromide bromide brormde 


0.5  
1 .o 
2.0 
3 .O 
4 .0  
5.0 


0.060 
0.140 
0.260 
0.410 
0.540 
0.650 


0.062 0.060 0.070 
0.115 0.121 0.130 
0.258 0.240 0.280 
0.340 0.360 0.410 
0.490 0.472 0.530 
0.600 0.540 0.650 


F 


Scopol- 
amine 
Methyl- 
bromide 


0.092 
0.180 
0.360 
0 . 5 3 5  
0.640 
0.890 


Schwa1 (5) evaluated a ferric hydroxamate colorimetric 
procedure for the analysis of alkaloid drugs with ester 
and lactone functions such as the veratrum alkaloids, 
cocaine, aconitine, and pilocarpine. However, they re- 
ported that atropine, homatropine, and scopolamine 
gave only very faint colors. Kinetic studies (6-8) have 
shown that these compounds are easily hydrolyzed in 
alkali; hydroxylaminolysis of esters is a base-catalyzed 
reaction. The inference derived from these observations 
was that conditions wherein formation of the hydroxa- 
mate was facilitated and the rate of the competing ester 
saponification inhibited would afford colors intense 
enough to be analytically useful. Such conditions were 
attained by use of a large excess of hydroxylamine at 
ice-water bath temperature. The method was applied to 
atropine sulfate, homatropine hydrobromide, homatro- 
pine methylbromide, scopolamine hydrobromide, and 
scopolamine methylbromide. The potential utility of the 
method in the analysis of dosage forms of these com- 
pounds is indicated. 


EXPERIMENTAL 


Reagents and SuppliesSaturated hydroxylamine HCI (83 g. in 100 
d.), 10.5 A4 potassium hydroxide, 4 M hydrochloric acid, and 0.37 
M ferric chloride in 0.1 M hydrochloric acid were filtered before 
use if necessary and stored under refrigeration. Absorbance data 
were obtained with 11.67-mm. diameter cylindrical cells in a Bausch 
and Lomb Spectronic 20 spectrometer. 


All chemicals used were USP, NF? or analytical reagent grade. 
Standard Preparation-Dissolve an accurately weighed amount of 


the appropriate reference standard in water, and dilute the solution 
quantitatively and stepwise to obtain a concentration of about 600 
mcg./ml. 
Assay Preparation-Tablets-Weigh and finely powder not less 


than 20 tablets. Extract a weighed amount with water, filter the 
extract if necessary, and dilute it quantitatively to represent a con- 
centration of about 600 mcg./ml. 


Solutions-If the solution is preserved with chlorobutanol or 
parabens, extract it with ether as described by Brochrnann-Hanssen 


1646 0 Journal of Pharmaceutical Sciences 







et a / .  (9). Transfer an appropriate volume of the injection or 
ophthalmic solution to a volumetric flask and dilute it to represent 
about 600 mcg./ml. 


Procedure-Transfer 5-rnl. portions of the assay preparation, the 
standard preparation, and water to separate 50-ml. conical flasks 
chilled in an ice-water bath. Successively pipet 1 ml. of hydroxyl- 
amine HCI reagent and 1 ml. of potassium hydroxide solution into 
each flask, and mix. After 1 hr., add 2.0 ml. of 4 M hydrochloric 
acid (pH 1.2-1.4) and 1.0 ml. of ferric chloride reagent to each 
flask, mixing after each addition. Remove the flasks from the ice- 
water bath, allow the gas evolution to subside, and determine the 
absorbance of the assay and standard solutions versus the blank at 
the wavelength of maximum absorbance at about 540 mp in a suit- 
able spectrometer. Calculate the amount of drug, in milligrams, in 
the sample taken from the formula: 0.001 C(Au/As), in which C is 
the concentration in micrograms per milliliter of the standard 
preparation, and ATJ and As are the absorbances of the solutions 
from the assay preparation and from the standard preparation, 
respectively . 


RESULTS AND DISCUSSION 


Color Intensity-The absorbance values found in trials of this 
procedure are presented in Table I, from which conformance to 
Beer’s law is evident. According to Aksnes (lo), the color results 
from a 1 : 1 complex of ferric ion and hydroxamic acid. 


Since tropohydroxamic acid is formed by three of the com- 
pounds and mandelohydroxamic acid by the homatropine deriva- 
tives, the molar absorptivities for atropine and the scopolamine 
derivatives, on the one hand, and for the other two compounds, on 
the other, should be identicalif ester saponification or other side reac- 
tions do not occur. It is evident that scopolamine methylbromide, 
although it has the highest molecular weight, is converted to the 
hydroxamate most efficieptly. Since reference standards are reacted 
concomitantly, the differences in molar absorptivities are of little 
practical consequence. The molar absorptivities, E, in liters/mole/ 
centimeter for atropine sulfate, homatropine hydrobromide, hom- 
atropine m-thylbromide, scopolamine hydrobromide, and scopol- 
amine methylbromide are, respectively, 420, 350, 385,490, and 615. 
The color intensity obtained in this procedure is about 10 times that 
reported by Vincent and Schwal (5) for atropine, homatropine, and 
scopolsmine, from which one may calculate -values of 41, 35, and 
92, respectively. The increase in absorptivity effected by the proce- 
dure reported here affords a useful analytical method. 


Two precautions must be taken to achieve a procedure that pro- 
duces absorbance values conforming to  Beer’s law. First, the 
volume taken of the assay preparation must be constant (5 ml. in 
the procedure proposed). Second, the pH of the solution prior to the 
addition of the ferric chloride reagent must be adjusted to a value of 


The msin advantage of this analysis, in addition to its sensitivity, 
is the fact that the analysis reaction is specific for esters and will not 
react with the degradation products of ester hydrolysis, the acids 
and aminoalcohols. To verify this, the procedure was performed on 
several of the degradation products which might be formed by the 
hydrolysis of the esters involved. Tropic acid, mandelic acid, tro- 
pine, and scopoline w2re tested alone in solution and in combina- 
tions. These solutions did not absorb any energy at 540 mp. 


Instrumental reproducibility, according to the manufacturers, will 
account for a relative error of 10% at a concentration of 0.5 mg./5 
ml. However, by taking proportionate quantities of reaction solu- 
tions, unit-dose solutions containing concentrations of 0.5 mg./ml. 


1.2-1.4. 


(2.5 mg./5 ml.) can be analyzed at a relative instrumental error of 
4 %. 


The procedure was also applied to a typical scopolamine hydro- 
bromide injection formulation which contained 0.4 mg./ml. of 
scopolamine hydrobromide, mannitol, acetate buffer, and a non- 
ester preservative. A control was run which contained everything 
but the scopolamine hydrobromide, and no interference from the 
formulation was found. The lack of absorbance by the blank, while 
the absorbance of the formulation containing the scopolamine 
hydrobromide reflected the proper concentration of the com- 
pound, signifies that the procedure is applicable to the analysis 
of formulations containing esters and ester salts of solanaceous 
alkaloids. 


CONCLUSION 


A procedure that allows for the quantitative analysis of several of 
the salts of the solanaceous alkaloids was developed. The conditions 
necessary for reproducible reaction were established; a procedure of 
sufficient sensitivity was developed which will allow for unit-dose 
analysis; and an analysis was developed which will permit the salts 
of the solanaceous alkaloids to be selectively and quantitatively 
analyzed in the presence of their degradation products. Official 
USP and NF procedures leave much to be desired as far as analyz- 
ing for these compounds in the presence of their degradation prod- 
ucts. It is hoped that the proposed procedure will offer a better 
means of analysis for the saXs of the solanaceous alkaloids. 
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Micellar Solubilization of Barbiturates 11: 
Solubilities of Certain Barbiturates 
in Polyoxyethylene Stearates of Varying 
Hydrophilic Chain Length 


M. WAFIK GOUDA*, A. A. ISMAILt, and M. M. MOTAWIt 


Abstract 0 A study has been made of the solubilities of a series of 
5,5-disubstituted barbituric acid derivatives in aqueous solutions of 
polyoxyethylene stearates of varying poly oxyethylene chain length. 
Except for phenobarbital, which forms an insoluble precipitate 
complex with the solubilizers, all other barbiturates studied were 
micellarly solubilized. On a molar basis, solubility increases with 
an increase in hydrophilic chain length but decreases if solubility 
is expressed in terms of the amount solubilized per ethylene oxide 
unit. A possible explanation for such a pattern was given. The 
partition coefficient, K ,  of the drug molecules between a micellar 
pseudophase and an aqueous phase was found to be dependent on 
both the polar effect and the number of carbon atoms of the sub- 
stituents on the 5-position. The formation of an insoluble precipi- 
tate complex by phenobarbital was attributed to the presence of the 
aromatic phenyl group in the molecule. 


Keyphrases 0 Barbiturates, 5,5-disubstituted-solubility Micel- 
lar solubilization-barbiturates 0 Solubilization, barbiturates- 
polyoxyethylene stearates Hydrophilic chain length, polyoxy- 
ethylene stearates-barbiturates solubilization 


The micellar solubilization of certain barbiturate 
drugs in polysorbates 20,40,60, and 80' was previously 
reported (1). These polysorbates have the same hydro- 
philic portion in their molecule but differ in the length 
of the carbon atom chain of their lipophilic portion. 
This investigation was undertaken to  study the effect of 
the hydrophilic group of nonionic solubilizers and the 
chemical structure of solubilizates on the degree of 
solubilization. Polyoxyethylene stearates are nonionic 
surfactants used as solubilizing agents in the same man- 
ner as polysorbates (2). Polyoxyl40 stearate was official 
in USP XVII as a pharmaceutic aid. A group of four 
polyoxyethylene stearatesZ was chosen as the solubilizing 
agents for this study. Since these solubilizers are all of 
one chemical type, differing only in ethylene oxide 
content, they serve as a good model to compare solubil- 
ization of the barbiturates as a function of hydrophilic 
chain length. 


EXPERIMENTAL 


Materials-The following surfactant@ were used as received : 
polyoxyethylene 30 monostearate, polyoxyethylene 40 monostear- 
ate, polyoxyethylene 50 monostearate, and polyoxyethylene 100 
monostearate. 


The barbiturates used and their melting points3 were: pheno- 
barbital, 5-ethyl-5-phenylbarbituric acid, m.p. 173-174"; barbital, 
5,5-diethylbarbituric acid, m.p. 185-187"; amobarbital, 5-ethyl-5- 


1 Tween 20, 40, 60, and 80, Atlas Chemical Industries, Inc., Wilming- 


* Myrj 51, 52, 53, and 59, Atlas Chemical Industries, Inc., Wilming- 
3 Uncorrected melting points determined with a Thomas-Hoover 
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Figure 1-Solubility of barbital in polyoxyethylene stearate solu- 
tions at 30". Key: m, solubility in water; a, polyoxyethylene 30 
stearate; A, polyoxyethylene 40 stearate; 0, polyoxyethylene 50 
stearate; and 9 ,polyoxyethylene 100 stearate. 


isoamylbarbituric acid, m.p. 153-155 '; diallylbarbituric acid, 5 3 -  
diallylbarbituric acid, m.p. 169-170"; and cyclobarbital, 5-(l-cyclo- 
hexenyl)-5-ethylbarbituric acid, m.p. 89-91 ". 


Assay Procedure-The differential UV procedure of Walker 
er al. (3). using a Unicam SP 500 spectrophotometer, was used to 
assay for the barbiturates. 


Solubility Determinations-The solubilities of the barbiturates in 
solutions of polyoxyethylene stearates in 0.003 N sulfuric acid at 
30" were determined by the procedure described earlier (1). Equi- 
librium solubility was attained after 24 hr. 


RESULTS AND DISCUSSION 


The solubilization of barbital, diallylbarbituric acid, cyclobarbital, 
amoharbital, and secobarbital in the polyoxyethylene stearate 
surfactants is shown in Figs. 1-5. The concentrations of the polyoxy- 
ethylene stearates used were well beyond their CMC (4). All of these 
barbiturate drugs showed a linear increase in solubilities in the pres- 
ence of the solubilizers characteristic of micellar solubilization of 
such polar solubilizates. 


To compare the solubilizing power of the different homologs of 
solubilizer, the slopes of the solubilization isotherms were calculated 
using the method of least squares. Table I shows the solubilization 
capacities expressed as moles drug per gram solubilizer, moles drug 
per mole solubilizer, and moles drug per equivalent of ethylene 
oxide in the surfactant. The latter values are the slopes of the 
solubilization isotherms if the moles of solubilizate were to be 
plotted against the surfactant concentration in equivalents of 
ethylene oxide per liter. The solubilizing power of the solubilizers, 
expressed on a molar basis, is found to increase slightly but gradually 
as the polyoxyethylene chain increases. However, when the solu- 
bilizing power of the surfactants is expressed in terms of moles drug 
per gram surfactant or moles drug per ethylene oxide equivalent, the 
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Figure 2-Solubility of diallylbarbituric acid in polyoxyethylene 
stearate solutions at 30". Key: m, solubility in water; e, polyoxy- 
ethylene 30 stearate; A, polyoxyethylene 40 stearate; 0, polyoxy- 
ethylene 50 stearate; and 8 , polyoxyetkylene 100 stearate. 


efficiency of solubilization decreases with the increasing length of the 
polyoxyethylene chain. 


Other authors have reported a similar pattern for the solubiliza- 
tion of benzoic acid derivatives in the same polyoxyethylene stearate 
surfactants ( 5 )  and for the solubilization of benzaldehyde and p- 
methyl benzaldehyde in polyoxyethylene ethers of varying hydro- 
philic chain length (6). No explanation for such a pattern was given. 
A possible explanation could be forwarded, however, on the basis of 
the study of Schick et at. (7) of the effect of the polyoxyethylene chain 
length of polyoxyethylene ethers on the micellar weight and the 
number of surfactant molecules per micelle. From light-scattering 
measurements, these authors found that, for polyoxyethylene ethers 
of branched nonylphenol and n-decanol having a hydrophobic chain 
of 10.5 and 12 carbon atoms, respectively, both the aggregate 
number (number of molecules per micelle) and the aggregate molec- 
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Figure 3-Solubilify of cyclobarbital in polyoxyethylene stearate 
solutions at 30. Key: 1, solubility in water; e, polyoxyethylene 30 
stearate; A, polyoxyethylene 40 stearate; 0, polyoxyethylene 50 
stearate, and 0, polyoxyethylene 100 stearate. 
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Figure &Solubility of amobarbital in polyoxyethylene stearate 
solutions at 30". Key: m, solubility in water; e, polyoxyethylene 30 
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stearate; and 8 ,  polyoxyethylene I00 sfearate. 


ular weight of the micelles decrease as the polyoxyethylene chain 
increases from 10 to 50 ethylene oxide units. However, for n-octa- 
decanol ethers with a hydrophobic chain of 18 carbon atoms, the in- 
crease in ethylene oxide units from 14 to 100 resulted in a decrease of 
the aggregate number but an increase of the aggregate molecular 
weight of the micelle. This increase in micellar weight was also found 
to be associated with increase in the micellar size. Such an increase in 
both micellar weight and micellar size was not linearly parallel to the 
increase in ethylene oxide units. For example, the aggregate molecu- 
lar weight for the n-octadecanol ether surfactants with 14 ethylene 
oxide units was found to be 330,000; while for the surfactant with 
100 ethylene oxide units, it was found to be 465,000. This means that 
the micellar size per ethylene oxide equivalent will actually be seen to 
decrease with the increasing length of the polyoxyethylene chain. 
Since the authors here are dealingwith surfactants having the same 18 
carbon atom hydrophobic chain length, it seems reasonable to expect 
that if the solubilization efficiency is expressed on a molar basis, it 
will increase with the hydrophilic chain length due to formation of 
larger micelles which could accommodate more solubilizate. On the 
other hand, if the solubilization efficiency is expressed in terms of 
number of moles solubilized per ethylene oxide equivalent, then it is 
expected to decrease as the hydrophilic chain increases. 


The effect of the chemical structure of the solubilizate on the de- 
gree of solubilization was determined by regarding the solubilization 
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Table I-Solubilities and Partition Coefficients of Barbiturates in Polyoxyethylene Stearate Solutions at 30" . I f  


., t I. 


r Solubility -7 Partition 
mole Drug/ mole Drug/ Coefficient 


mole Drug/ Ethylene mole [micelles] 
g. Surfactant Oxide equiv.a Surfactantb [water] 


Drug Surfactant x 104 x 102 x 102 x 10-2 


Barbital Polyoxyethylene 30 stearate 1.95 1.07 31.2 4.04 
Polyoxyethylene 40 stearate 1.93 1.00 39.4 5.09 
Polyoxyethylene 50 stearate 1.60 0.79 39.8 5.15 
Polyoxyethylene 100 stearate 0.85 0.40 39.8 5.15 
Polysorbate 60" - - 25.1 3.17 


Diallylbarbituric Polyoxyethylene 30 stearate 1.13 0.62 18.2 10.89 
acid Polyoxyethylene 40 stearate 1.12 0.58 22.9 13.72 


Polyoxyethylene 50 stearate 0.96 0.47 23.9 14.32 
Polyoxyethylene 100 stearate 0.59 0.28 27.8 16.62 
Polysorbate 60" - - 17.3 10.48 


Cyciobarbital Polyoxyethylene 30 stearate 2.42 1.33 38.8 27.11 
Polyoxyethylene 40 stearate 2.24 1.17 45.7 31.99 
Polyoxyethylene 50 stearate 1.97 0.97 49.0 34.26 
Polyoxyethylene 100 stearate 1.18 0.55 55.1 38.53 
Polysorbate 60" - - 33.8 23.97 


Amobarbital Polyoxyethylene 30 stearate 1.42 0.78 22.8 43.29 
Polyoxyethylene 40 stearate 1.38 0.72 28.2 53.76 
Polyoxyethylene 50 stearate 1.15 0.56 28.5 54.36 


64.07 Polyoxyethylene 100 stearate 0.72 0.34 33.6 
Polysorbate 60" - - - 


Secobarbital Polyoxyethylene 30 stearate 4.33 2.37 69.2 54.88 
Polyoxyethylene 40 stearate 4.01 2.09 81.9 65.03 
Polyoxyethylene 50 stearate 3.31 1.63 82.2 65.27 
Polyoxyethylene 100 stearate 1.88 0.88 87.8 69.71 
Polysorbate 6OC - - - 


- 


- 


a Percentages of ethylene oxide per surfactant molecules are: polyoxyethylene 30 stearate, 80.0% w/w,; polyoxyethylene 40 stearate, 84.5 % wlw ; 
polyoxyethylene 50 stearate, 89.5% w/w; and polyoxyethylene 100 stearate, 94.0z  w/w (5). b Calculations are based on the following molecular 
weights: polyoxyethylene 30 stearate, 1604; polyoxyethylene 40 stearate, 2044; polyoxyethylene 50 stearate, 2484; and polyoxyethylene 100 stearate, 
4684. c The molar solubilities and partition coefficients of the drugs in polysorbate 60 were obtained from Reference 1. 


as a partition between a micellar phase and a water phase. The parti- 
tion coefficient, K ,  associated with this process was calculated using 
the equation reported previously (1). Table I lists the values of K for 
the various barbiturates in the different polyoxyethylene stearates. 
The values of K for the same drugs in polysorbate 60, polyoxyethyl- 
ene 20 sorbitan monostearate, is also included for comparison. 
The order (decreasing) of the partition coefficients for the mentioned 
barbiturates between the micellar pseudophase and the aqueous 
phase was: secobarbital > amobarbital > cyclobarbital > diallyl- 
barbituric acid > barbital. This same order was found for the parti- 
tion coefficients of the same barbiturates between the polysorbate 
micellar phase and the aqueous phase (1). It is also the order of their 
distribution coefficients between I-octanol and water (8). As ex- 
pected, the value of K is dependent on the lipophilic character, as 
well as the inductive effect of the substituents on the 5-position of 
the barbituric acid molecule. The extent of solubilization, as ex- 
pressed by K ,  was found to be higher for the polyoxyethylene 
stearate solubilizers than for polysorbate 60. Both types of solu- 
bilizers have a stearate hydrophobic chain length but the former has 
more ethylene oxide units. The higher solubilizing power of the 
polyoxyethylene stearates is considered to be due to their larger size 
micelles. 


The results obtained for these barbiturates indicate that their 
solubilization in the polyoxyethylene stearate solutions is essentially 
a micellar solubilization and similar in mechanism to their solu- 
bilization in polysorbate solutions. The solubilization mechanism 
appears to be essentially an inclusion within the micelles. For non- 
ionic surfactants containing polyoxyethylene chains, the micelle 
may be considered to consist of two parts, an inner core of hydro- 
carbon tails and an outer shell of hydrated polyoxyethylene (9). The 
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position of the solubilizate molecule inside the micelle cannot be 
determined with certainty from these results. However, it seems 
reasonable to expect that the lipophilic character of the substituents 
on the 5-position of the barbiturate molecule, as well as their 
influence on the rest of the molecule, will determine whether the 
solubilizate molecule is predominantly within the hydrocarbon core 
or the polyoxyethylene shell of the micelles. 


The interaction of phenobarbital with the polyoxyethylene stear- 
ate surfactants resulted in the formation of an insoluble precipitate. 
The effect of varying polyoxyethylene 40 stearate concentrations, 
expressed as ethylene oxide equivalents per liter, on the solubility of 
phenobarbital is shown in Fig. 6.  The results are typical of the solu- 
bilization curves obtained with all the solubilizers studied. This 
phase diagram shows a plateau region, indicating that phenobarbital 
interacts strongly with the surfactant and forms an insoluble precipi- 
tate complex. The stoichiometric ratios of the phenobarbital- 
surfactant complex formed in the plateau region could be calcu- 
lated from the phase diagrams (10). Analysis of this region shows that 
1 molecule of phenobarbital reacts with 3 equivalents of ethylene 
oxide. This stoichiometric ratio of 1:3 was obtained for all the 
surfactants studied. Because of the heterogenicity of the surfactants, 
this value is regarded as an approximation. 


Higuchi and Lach (10) found that while pentobarbital and barbi- 
tal do not interact with polyethylene glycols, phenobarbital forms an 
insoluble complex with a stoichiometric ratio of 1 :2 phenobarbital- 
PEG. Chakravarty ei al. (11) showed that polyoxyethylene 40 
stearate interacted with phenol and resorcinol to form insoluble 
complexes. Saito and Shinoda (12) reported that benzene mixes with 
the polyoxyethylene shell of polyoxyethylene nonylphenyl ethers and 
depresses the cloud points of their solution to below 0". Such a de- 
pression results in turbidity and separation into two phases at any 
temperature above the cloud point. The strong interaction of pheno- 
barbital with the surfactants is attributed to the presence of the 
aromatic ring in the molecule, the phenyl group causing an increased 
interaction between the barbiturate molecule and the polyoxyeth- 
ylene chain of the surfactant resulting in the formation of an insolu- 
ble precipitate complex. 
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Potential Antiarrhythmic Agents 11: Effects of Amide 
Reversal and ortho-Methylation on Activity of Procaine Amide 


D. K. YUNG, M. M. VOHRA, and I. CHU 


Abstract 0 Substitution of a methyl group at one or both of the 
ortho-positions of the benzene ring in procaine amide and procaine 
provides analogs that are more active in prolonging the refractory 
period of isolated rabbit atria than procaine amide itself. These 
analogs, however, fail to abolish ouabain-induced ventricular and 
aconitine-induced atrial arrhythmias in cats. On the other hand, 
analogs like 2-diethylamino-4’-amino-2’,6’-dimethylacetanilide di- 
hydrochloride monohydrate, 4-amino-N-(2-diethylaminoethyl)-2’, 
6’-dimethylbenzamide, 2-diethylaminoethyl 4-amino-2-methyl- 
benzoate, and 2-diethylaminoethyl 4-amino-2,6 - dimethylbenzoate 
produce a significant increase in the amount of ouabain required 
to elicit ectopic rhythm in cats when administered before the in- 
fusion of the glycoside. Of these four compounds, the last three also 
show local anesthetic activity in the corneal reflex test in rabbits. 
Reversal of the amide group in procaine amide significantly re- 
duces the activity in prolonging the refractory period of cardiac 
tissue and does not seem to improve the antiarrhythmic activity of 
the parent compounds. 


Keyphrases 0 Antiarrhythmic agents, potential-synthesis 0 
Procaine amide activity-amide, reversal, ortho-methylation, ef- 
fects 0 Structure-activity relationships-procaine amide deriva- 
tives 0 IR spectrophotometry-identity 


It is frequently noted that several pairs of compounds 
with analogous pharmacological activities can be ob- 
tained by reversing the position of the functional group. 
For example, a large increase in analgesic activity is 
reportedly caused by this type of reversal in the ester 
functional group of meperidine (1). As part of a con- 
tinuing investigation on the structureactivity rela- 
tionships of procaine amide (2), it was, therefore, con- 
sidered of interest to determine whether this type of 
isosterism is possible in procaine amide. Accordingly, 
3-diethylamino-4’-aminopropionanilide (Iu) was syn- 
thesized. For comparative purposes, 2-diethyIamino-4’- 
aminoacetanilide (Ib), 3-diethylamino-4’-amino-2’,6’- 
dimethylpropionanilide (Ic), and 2-diethylamino-4’- 
amino-2 ’,6’-dimethylacetanilide (Id) were also pre- 
pared. Compounds Ic and Id can be regarded as an- 
alogs of lidocaine, which is useful clinically in the pre- 
vention and treatment of cardiac arrhythmias. 


.O 


H z N ~ N H - ~ ~ H z ) . - \ ~ C ~ I C H )  R’ 


Ia, n=2;RandR’=H 
Ib, n=1;RandR‘=H 
Ic, n = 2; Rand R’ =CH, 
Id, n = 1; Rand R’= CH, 


The fact that 4-amino-N-(2-diethylaminoethyl)-2- 
chlorobenzamide was 4 times as active as procaine 
amide in blocking’atrial fibrillation in dogs (3) prompted 
the preparation of 4-amino-N-(2-diethylaminoethyl)- 
2methylbenzamide (IIu) and 4-amino-N-(2-diethyl- 
aminoethyl)-2,6-dimethylbenzamide (IIb) in an attempt 
to study the effect on activity of substitution of one 
or two methyl groups on the benzene ring ortho to the 
amide linkage in procaine amide. 


HZN ~ - ~ ~ - ~ ~ z ~ ~ z - N ~ ~ ~ z ~ ~ 3 ~  


R‘ 
IIa, R = CH3; R’ = H 
116, R and R’ = CH, 


Two additional compounds, 2-diethylaminoethyl 4- 
amino-2-methylbenzoate (IIIa) and 2-diethylaminoethyl 
4-amino-2,6-dimethylbenzoate (IIIb), were included in 


H J  ~ - ~ - ~ ~ z ~ ~ z - ~ ~ ~ ~ z ~ ~ 3 ~  R’ 


IIIu, R = CH,; R’ = H 
IIIb, R and R’ = CH, 
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and Sabouraud’s agar for the fungal tests. All bacterial cultures were 
incubated at 35” and the fungal cultures at room temperature. The 
filter paper disks (12.7-mm. diameter) were saturated with 0.1 ml. of 
a 1 : 1000 concentration of the compounds to be tested; the solvent 
was allowed to evaporate before the disks were placed, in duplicate, 
on the seeded plates. Ethanohc solutions of eight of the compounds 
were used. The other compound [m-(2-nitrovinyl)-phenyl acetate] 
was employed as a suspension in pyridine. Disks impregnated with 
an equal amount of the solvent only were dried and used as controls 
and in no instance exhibited any inhibition. The zones of‘ inhibition 
were read at the end of 24 hr. of inccbation for the bacteria and 48 
hr. for the fungi. The results are tabulated in Table 1. 


DISCUSSION 


Nine P-nitrostyrene derivatives were tested by the paper disk 
method for antimicrobial activity. Of the six 3-nitro-4-substituted 
phenoxy-P-nitrostyrenes tested, the parent compound had the 
widest spectrum. The pentachloro derivative was effective against 
S. aureus only, and the pentabromo derivative was inactive. None 
of these compounds had any activity against P.  uuIgaris or P .  
aeruginosa. 


The three ring-substituted 8-nitrostyrenes tested all showed good 
activity against the test organisms. Of particular significance is their 
activity against the Proteus and Pseudomonas species tested. One 
limitation with the most active compound tested, m-acetoxy-b- 


nitrostyrene, was the inability to solubilize it in common organic 
solvents, even at a 1 : 1000 concentration. It was placed on the paper 
disk as a 1 : 1000 suspension. The results of the tests of the latter 
series of coinpounds warrant further study of other derivatives of 
this group. 
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Solvent Effects in the NMR Spectra of 
Cyano Compounds 


EDWARD E. SMISSMAN and ALEXANDROS C. MAKRIYANNIS 


Abstract 0 Novel solvent effects in the NMR spectra of certain 
cyano compounds are reported. A change in the splitting pattern of 
the methylene groups of N-cyano-N-methylarylethylamines with a 
change in solvent was observed in open-chain alkyl cyano com- 
pounds containing a terminal aromatic ring. 


Keyphrases 0 Solvent effects-NMR spectra, cyano compounds 
Cyano compounds, NMR-solvent effects 0 NMR spectra- 
solvent effects, cyano compounds 


During the synthesis of a number of N-cyano-N- 
methylarylethylamines (I), it was observed that the 
NMR spectra exhibited dramatic changes when the 
solvent was changed from either carbon tetrachloride or 
deuterochloroform to benzene. These changes involved : 
(a)  a strong upfield shift in the singlet signal due to the 
N-methyl protons, and ( b )  a strong upfield shift of the 
multiplets due to the four methylene protons, accom- 
panied by a pronounced change in the splitting pattern 
of the multiplet in all of the compounds where rotation 
was possible about the C-C bond of the ethylamine. 
The only compound examined which did not show the 
change in splitting pattern was N-cyanotetrahydroiso- 
quinoline (Compound 5). The observations from the 
examined spectra are summarized in Table I. 


1. R = H  
2. R = OCHj 
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Table I-Solvent Effects on Chemical Shifts in the NMR of Cyano Compounds 


Compound Solvent 
.---------- Chemical Shift (a)---------- 


N-CHa -CHZ-CHZ- 


1 
1 
2 
2 
3 
3 
4 
4 
5 


5 


6 
6 
7 
7 
8 
9 


10 


10 


11 


11 


12 


12 


CDCI, 
CsH6 


CDCL 
CDCIa-CsHdl 1 )  


2.66 
2 .00  
2.87 
2.12 
2.80 
2.07 
2.78 
2.05 
4.30( N C H Z ~ )  


3.44(NCH&) 


2 .80  
2.38 
2.81 
2.12 
2.83 
2.90 


Multiplet; 2.66-3.29 
Multiplet as singlet; 2.47 
Multiplet; 2.87-3.51 
Multiplet as singlet; 2.57 
Multiplet; 3.07-3.39 
Multiplet as singlet; 2.67 
Multiplet as singlet; 3.37 
Multiplet; 2.47-3.26 
Irregular triplet; 2.88 (W112 = 13 c.P.s.) 
Irregular triplet; 3.41 (W112 = 13 c.P.s.) 
Irregular triplet; 1.93 (Wi/% = 13 c.P.s.) 
Irregular triplet; 2.41 (Wl/? = 13 c.P.s.) 
Multiplets as singlet; 3.27 
Multiplet; 2.86-3.17 
Multiplet as singlet ; 3 . 3  1 
Multiplet; 2.40-3.18 
Multiplet as singlet; 3.42 
Multiplet as singlet; 3.41 
Irregular triplet; 2.77 (Wl/? = 14 c.P.s.) 
Multiplet; 1.33-1.84 
Irregular triplet; 3.26 (W1/? = 14 c.P.s.) 
Multiplet; 2 . 0 e 2 . 9 2  
Triplet; 3.73 (J = 6 . 5  c.P.s.) 
Triplet; 2.83 (J = 6 . 5  c.P.s.) 
Triplet; 2.88 (J = 6 . 5  c.P.s.) 
Triplet; 1.88 (J = 6 . 5  c.P.s.) 
Triplet; 3.51 (J = 6 c.P.s.) 
Multiplet; 1.99-2.70 
Triplet; 2.79 (J = 6 c.P.s.) 
Multiplet; 1.14-1.84 


There appears to be no long-range coupling effects 
between the methylene protons and the protons of the 
aromatic ring in any of these arylethylamines. Decoup- 
ling experiments were performed on Compounds 1, 3, 
and 4 by irradiating the aromatic region of the spectra. 
This had no effect on the splitting pattern of the methy- 
lene groups when either deuterochloroform or benzene 
was utilized as the solvent. 


The NMR spectrum of phenylbutyronitrile (Com- 
pound 10) exhibited equally strong solvent effects, in- 
volving upfield shifts accompanied by pronounced 
changes in the patterns of the methylene signals. The 
spectra of the alkyl cyano compounds P-chloropropio- 
nitrile (Compound 11) and y-bromobutyronitrile (Com- 
pound 12) exhibited upfield shifts of equal magnitude 
with no change in the splitting pattern, whereas N,N-  
dimethylphenethylamines showed no significant solvent 
effects in their NMR spectra. 


These solvent effects, therefore, appear to be due to 
the cyano group and can be explained on the basis of a 
collision complex between the benzene ring and the 
cyano group. Similar collision complexes have been 
postulated by Hatton and Richards (2) and have been 
applied to explain the solvent effects caused by benzene 
with N-methyl formamide (3) and several ketones 
(4, 5) .  The general upfield shifts in the case of the non- 
aromatic protons can be attributed to the anisotropy of 
the magnetic susceptibility of benzene. The change in the 


splitting pattern of the methylene peaks, which is ob- 
served with all of the open-chain alkyl cyano compounds 
containing a terminal aromatic ring (Compounds 1- 
4, 6, 7, lo), can be attributed to: (a)  a decrease in the 
shielding effect of benzene when the methylene groups 
are further removed from the cyano group, and (b)  con- 
formational changes accompanying the change in sol- 
vent. 
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Dissolution of Slightly Soluble Powders under 
Sink Conditions I Development of an Apparatus 
and Dissolution Studies of Salicylic Acid Powders 


ISMAT ULLAH* and DONALD E. CADWALLADERf 


Abstract 0 A three-compartment apparatus was developed for 
dissolution studies of slightly soluble powders under sink conditions. 
The apparatus was designed to accommodate up to three phases to 
provide sink conditions. The apparatus could accommodate a 
barrier in the dissolution medium to prevent floating powders 
from entering and dissolving directly into the sink phase. Dissolu- 
tion studies were conducted with several particle size grades of 
salicylic acid under nonsink as well as sink conditions. Effects of 
the rate of agitation and methods of introducing samples (dry or 
wetted suspensions) were also investigated. The data indicated 
that under diffusion-controlled rate of agitation, using the appro- 
priate placement of propellers, it was possible to establish a rank 
order for in virro dissolution times of different particle size salicylic 
acid powders. 


Keyphrases 0 Powders, slightly soluble-dissolution, sink condi- 
tions 0 Particle-size effect-powder dissolution 0 Diagram- 
powder dissolution apparatus 0 UV spectrophotometry-analysis 


In recent years, much attention has been focused on 
the problem of drug availability from solid dosage 
forms. The importance of in uitro dissolution-rate 
studies for solid dosage forms in determining the drug 
availability has been recognized (1-5), but it is now 
generally accepted that the in vitro results should be 
correlated to some physiologic parameter. It has been 
shown that unless appropriate sink conditions are 
maintained in certain cases, in vitro dissolution studies 
might bear little relationship to in uivo dissolution 
results (6).  


Recently, several methods have been developed 
(3-17) to study the in uitro dissolution rates of drugs 
from solid dosage forms; however, most of these 
methods lack sink conditions. Only a few methods 
(6, 15) have been reported for dissolution studies under 
sink conditions, but these are not suitable for powders. 
Due to flotation and flocculation of slightly soluble 
powder, the determination of a rank order in the dis- 
solution rates of slightly soluble powders is a problem 
even under nonsink conditions. Unless these floating 


floccules could be broken up, and the powders dis- 
tributed in such a way that the relative surface areas of 
different particle-size powders would be available for 
dissolution, a rank order in the dissolution rates would 
not be possible. Finholt et al. (18, 19) encountered 
these problems in their attempt to study the effect of 
particle size on dissolution rates and while comparing 
the dissolution rates of powders with granules and 
tablets. Lin et al. (20) also found similar problems in the 
rank order in the dissolution rates of different particle- 
size powders. 


Because certain properties of drug powders play an 
important part in their dissolution rates from the 
dosage forms, it is important that the dissolution be- 
havior of powders be studied. An apparatus, which 
could give a rank order in the in vitro dissolution rates 
of powders and could also accommodate sink phases, 
would be of value in the development and evaluation 
of dosage forms where control of certain powder 
characteristics is important. 


The objectives of this investigation were to develop 
an apparatus which could be used to carry out dissolu- 
tion studies of slightly soluble powders under sink 
conditions, and to demonstrate the utility of this 
apparatus by obtaining an appropriate rank order in 
the dissolution rates of different particle-size powders of 
a model drug. 


EXPERIMENTAL 


Chemicals and Materials -The salicylic acid' used was USP 
grade. The different particle-size grades were obtained by sieving 
twice through Ro-Tap testing sieve shaker, using U. S. standard 
sieves. Isopropyl myristate2 and polysorbate 803 were used. All 
other chemicals were reagent or certified ACS grade. 


1 Fisher Scientific Co. 
2 S. B. Penick, New York, N Y  10008 * Atlas Chemical Industries, Inc., Wilmington, DE 19899 
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Figure I-Dissolution apparatus. 


Apparatus-The dissolution apparatus developed for this study 
is illustrated in Fig. 1, a schematic diagram of the assembly is 
shown in Fig. 2, and the dismantled apparatus is given in Fig. 3. 
The basic parts of the apparatus consist of a main frame; two glass 
bowls; a pair of Teflon gaskets; a screen or a filter membrane- 
holding frame; two controlled speed stirrers with stirring shafts, 
propellers, and impellers; and a sample injector. 


The main frame was fabricated from stainless steel. When the 
glass bowls were clamped to the main frame, the apparatus con- 
sisted of three compartments. The main frame served as the com- 
partment (Compartment C) for an organic sink phase. 


The glass bowls were 9.0 cm. in diameter with round bottoms. 
The bowl for Compartment A was 7.3-cm. deep, and the bowl 
for Compartment B was 9. I -cm. deep. 


The Teflon gaskets had 9.1-cm. open diameter. One gasket was 
2.0-cm. thick, while the other was 0.16 cni. The screen-holding 
frame, to which a screen was secured, was 0.3-cm. thick, had four 
support arms, and had a central hole for a stirrer shaft. As seen in 
Fig. 3, this screen-holding frame was combined with the sample 
entrance tube through which samples being studied could be intro- 
duced directly into the dissolution medium. To prevent injecting air 
below the screen when introducing the samples, a side tube was 
affixed to the sample entrance tube to vent the air. The level of this 
air vent tube corresponded to the level of the liquid in the apparatus. 
A 200-mesh screen4 was used as the barrier throughout these 
studies. This screen was selected on the basis of transport and 
equilibrium studies carried out using various membranes and 
screens as barriers. The results of these studies will be reported in a 
forthcoming paper. 


Two propellers were attached to the left-hand stirrer shaft. A 
three-blade propeller, 1.9 cm. in diameter, was positioned 2.5 cm. 
from the bottom of the glass bowl in Compartment B. A three- 
blade turbine impeller, 2.6 cm. in diameter, was used in the organic 
phase and positioned 0.9 cm. above the interface in Compartment B. 


Two, three, or four propellers were attached to the right-hand 
stirrer shaft. A three-blade propeller, 1.9 cm. in diameter, was 
placed 2.2 cm. from the bottom of the glass bowl in Compartment 
A. A three-blade turbine impeller, 3.0 cm. in diameter, was attached 
0.2 cm. above the screen. Other additional impellers were used, 
depending on the particular experimental conditions, and will be 
described in detail under other headings. 


The sample injector is shown in Fig. 4 and consists of a syringe- 
like assembly made of Teflon. A Teflon piston was attached to a 
stainless steel rod, which could be unscrewed to clean the assembly. 
A Teflon disk or Whatman No. 1 filter paper disk was used to cover 
the tip of the injector assembly. The fitting of these disks was such 
that they could be ejected with a slight pressure but would remain 
intact while the samples were being introduced. 


Dissolution of Salicylic Acid Powders under Nonsink Conditions- 
These experiments were carried out in Compartment A with the 


This screen was obtained from Cambridge Wire Cloth Co. The 
screen had twilled weave, 68.6-p pore size and was made from a 58.42-p 
diameter wire. 


apparatus immersed in a 37 f 0.5" water bath. A 600.0-ml. volume 
of 0.2 MClark-Lubs pH 2.0 buffer containing 0.05 polysorbate 80 
(dissolution medium), which was previously equilibrated6 at 37.0°, 
was poured into Compartment A through the sample entrance 
tube with the help of a separator6 (there was approximately 145 ml. 
of dissolution medium above the screen). The stirrer, which was 
previously set at 55 r.p.m., was started. One gram of salicylic acid 
powder of desired mesh size was placed in the sample injector. The 
closed end of the injector was gently tapped three times on a firm 
surface to give uniform packing. The piston rod was pushed to 
bring the powder to the tip of the injector, and a Whatman No. 1 
filter paper disk was placed over the opening. The sample injector 
was then introduced into the aqueous phase through the sample 
entrance tube with the lower tip of the injector placed 4.5 cm. above 
the bottom of the glass bowl; the sample was then slowly injected 
into the aqueous phase over a 30-sec. period. One-milliliter samples 
were removed from the solution above the screen at appropriate 
intervals. The samples were diluted with pH 2.0 buffer and assayed 
spectrophotometrically at 302 mp using a Beckman DU-2 spectro- 
photometer. A volume of the buffer used for dissolution (37.0") 
equal to the sample volume removed was replaced immediately 
after each sample was taken. Using this method, the effect of par- 
ticle size on dissolution of salicylic acid was investigated. 


Dissolution of Salicylic Acid Powders under Sink Conditions- 
Three different methods were used for these experiments. In Com- 
partment A, three propellers were used for Methods A and B while 
four propellers were used for Method C. The third propeller was a 
three-blade turbine-type impeller, 2.2 cm. in diameter, and was 
placed 0.6 cm. above the interface. The fourth propeller was also a 
three-blade turbine-type impeller. This impeller was 4.3 cm. in 
diameter and was attached 0.1 cm. below the screen-holding frame. 


Method A-A 600.Rml. quantity of dissolution medium was 
poured into Compartment A as described earlier. A 480.0-ml. 
volume of 0.2 M Clark-Lubs pH 7.4 buffer was used in Compart- 
ment B, while 300.0 ml. of isopropyl myristate was placed above the 
two aqueous phases. The stirrers were started and the three phases 
allowed to equilibrate for 45 min. The stirrer for Compartment 
B was adjusted to 100 r.p.m., while the Compartment A stirrer was 
varied for different experiments as indicated in the particular 
experiment. One gram of salicylic acid powder of desired particle 
size was packed and introduced into the dissolution medium as 
described earlier. One-milliliter samples were removed from each 
phase? at appropriate intervals, and the sample volume was re- 
placed immediately with the appropriate solvent. The samples from 
Compartments A, B, and C were diluted, respectively, with pH 2.0 
buffer, pH 7.4 buffer, and isopropyl myristate and assayed spectro- 
photometrically at 302, 297, and 306 mp using a Beckman DU-2 
spectrophotometer. Using this method, the effects of various parti- 
cle sizes and two Compartment A agitation rates (55 and 100 r.p.m.) 
on the dissolution rate of salicylic acid powder were studied. 


Method B-These experiments were carried out as described 
under Method A except that the samples were introduced as suspen- 
sions. A suspension of 1.0 g. of salicylic acid powder and 1.5 ml. 
of the dissolution medium was made in the sample injector by 
stirring with a melting point capillary tube. The piston rod was 
moved to bring the suspension level up to the tip of the injector, 
and a Teflon disk was placed over the opening. The samples were 
then shaken vigorously before introducing them into the dissolution 
medium in Compartment A. The suspensions were slowly injected 
into the dissolution medium over a 30-sec. period, and samples 
from each phase were removed at appropriate intervals and assayed 
spectrophotometrically as described earlier. 


Method C-With this method the experiments were carried out 
as described under Method A, with the exception that an additional 
three-blade impeller, as described earlier, was attached to the 
stirrer shaft below the screen in Compartment A. An agitation 
rate of 30 r.p.m. in Compartment A was used in these experiments. 


5 This was necessary so that dissolved air in the b u l k  would not be 
evolved and block the screen. 


6The separator had a 20.0-cm. long stem which, when introduced 
through the sample entrance tube, would rest on the bottom of the glass 
bowl. There was no formation of foam below the screen when the 
dissolution medium was introduced in this manner. 


The samples from aqueous phases were removed by dipping pipets 
into the respective phases through the organic phase. The sides of these 
pipets were wiped off before delivering the samples. 


980 0 Journal of Pharmaceutical Sciences 







C O M P A R I M E N I  
AIR VENT TUBE 


-TEFLON GASKET 


-SCREEN HOLDING 


\IEFLON GASKEI 


RUBBER GASKET 


PORT (RUUBER) 


GLASS BOWL 


GLASS BOWL 


S u P P o a T  CLAMP 


SIDE VIEW 


F R A M E  


TOP VIEW 


Figure 2-Schematic diagram of the dissolution apparatus. 


The sample injector was positioned just below the lower edge of 
the screen-holding frame, so the lower impeller would scrape off 
the powder sample as it was slowly introduced into the dissolution 
medium over a 30-sec. period. 


RESULTS AND DISCUSSION 


Dissolution of Salicylic Acid Powders under Nonsink Conditions- 
The apparatus used for these studies, as described under Experi- 
mental, was essentially a modified form of Levy’s beaker stirrer 
assembly. Using this apparatus, the dissolution studies of different 
particle size salicylic acid powders under nonsink conditions 
(Fig. 5 )  show a good rank order for the dissolution rates of medium 
particle size range powders (40/60,60/80, and 100/120). The method 
however, fails to give relative dissolution rates for coarser (20/30) 
or finer (120/140) powders. Figure 5 shows that after about an hour, 
there is a higher dissolution rate for 20/30-mesh powder as com- 
pared to 4 / 6 0  mesh. Similar discrepancies have been reported by 
other workers (18-20). This might be due to the packing charac- 
teristics of different particle-size powders. The 20/30-rnesh powder, 
being coarser, may not pack as tightly as the 40/60-mesh powder 
and thus might allow a greater movement of the dissolution medium 
through its particles, resulting in a higher dissolution rate. It was 


Figure &Sample injector. Figure 3-Dissolrition apparatus dismantled. 
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Figure %Effect ofparticle size 011 dissolution of salicylic acid under 
nonsink condirions at 55 r.p.m. and 37". Key: 0, 120/140 mesh; 
A ,  IOOlI20 mesh; 0,60/80 mesh; A, 40160 mesh; and m, 20130 mesh. 


observed that a small portion of the 40/60-mesh powder was dis- 
persed over a larger surface area at the bottom of the vessel than 
the 20/30-rnesh powder, and this could be the reason for higher 
initial dissolution rates for the finer powder. 


Figure 5 also shows a lower than expected dissolution rate for 
120/140-mesh powder. This lower dissolution rate is due to the 
greater tendency of this size powder to agglomerate because of 
greater surface energy and electrostatic charges (21). In these studies, 
the powder remained mainly as a single large mass against the 
bottom of' the screen, which resulted in a much lower effective 
surface area for dissolution. This mass slowly, but not uniformly, 
disintegrated during the dissolution period. After about 2 hr., 
there was a slight increase in the dissolution rate due to the breakup 
of the floating mass into smaller particles. 


The flotation problem could still be seen with fine powders, even 
though the dissolution medium used in the studies contained 0.05 
polysorbate 80. In these studies, 20/30 and 40/60-mesh powders 
sank rapidly; but 60/80-mesh powder floated for about 2 min., 
100/120-mesh powder floated for about 20 min., and 120/140- 
mesh powder remained floating during a 3-hr. experimental run. 
The preliminary experiments showed that in the absence of poly- 
sorbate 80, the flotation problem was much greater even in relatively 
much coarser powders, and a 120/140-mesh powder did not com- 
pletely disintegrate and sink even after 24 hr. under similar experi- 
mental conditions. The presence of the surfactant in the gastro- 
intestinal contents (22-24) and its use in the dissolution studies 
have been shown (24). In these studies, the presence of surfactant in 
the dissolution medium does not completely solve the flotation 
problem; however, it does substantially decrease its magnitude. 


Dissolution of Salicylic Acid Powders under Sink Conditions- 
The studies under sink conditions show that the dissolution rates 
(Fig. 6) are generally higher than those under nonsink conditions 
(Fig. 5) .  However, a close comparison shows that the differences 
are small. This is due to the fact that after 3 hr. the dissolution 
medium is never more than 3 5 z  saturated for any mesh size 
salicylic acid powder, even under nonsink conditions. 


0.6 
2 
3 


z 


I- 


0 
v, 0.4 


q 
M 
v 


g 0.2 


s 2 


0.0 
0 30 60 90 120 150 180 


MINUTES 


Figure 6-Effect of particle size on dissolution of salicylic acid under 
sink conditions at 55 r.p.m. and 37". Key: 0, 120/140 mesh: A, 
100/120 mesh; 0, 60180 mesh; A, 40/60 mesh; and m, 20130 mesh. 
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Figure 7-Dissolution and partitioning of 100/I20-mesh salicylic 
acid powder using Method A at 55 r.p.m. and 37". Key: 0, pH 2.0 
buffer;& isopropyl myristate; and 0, pH 7.4 buffer. 


It is apparent from these studies that the failure to  obtain a rank 
order in the dissolution rates of salicylic acid powders under non- 
sink conditions was not due to the lack of sink conditions but to the 
packing, agglomerating, and floating characteristics of the powders. 
Under these circumstances, the presence of a sink condition would 
not be expected to  make a qualitative change in the dissolution 
results. The method, however, does demonstrate the technique for 
using sink conditions and the necessity for a screen barrier to prevent 
the floating powders from entering directly in the organic phase 
under sink conditions. The experiments also did not indicate any 
emulsification at the interface. 


Figure 7 shows the partitioning of 100/120-mesh salicylic acid 
powder as the dissolution takes place. The development of concen- 
tration in the pH 7.4 buffer seems to be a little slow and could 
possibly be increased by using a higher pH buffer; however, no 
such attempt was made because the purpose of these studies was 
mainly to demonstrate the use of a three-phase sink system and not 
necessarily to develop a perfect sink system which, of course, would 
be different from product to product. 


Dissolution studies at 100 r.p.m. under sink conditions (Fig. 8) 
show that, at this rate of agitation, it is possible to have a large 
rank order difference between coarser powders (20/30 and 40/60). 
This could be due to a greater distribution of 40/60-mesh powder 
under the force of agitation. Figure 8, however, shows a decrease in 
the difference of the dissolution rates of the finer (60180 and 100/120) 
powders. This could be due to the fact that, at this rate of agitation, 
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Figure 8-Effect of particle size on dissolution of salicylic acid 
under sink conditions at 100 r.p.m. and 37". Key: 0, 120/I40 mesh; 
A, 1001 I20 mesh; 0,60180 mesh; A, 40160 mesh; and m, 20130 mesh. 
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Figure 9-Effect of particle size on dissolution of salicylic acid under 
sink conditions using suspension samples at 55 r.p.m. and 37". Key: 
0, 2001230 mesh; A, I201140 mesh: 0, 60180 mesh; e, 40160 mesh; 
and A, 20130 mesh. 


the finer powders cannot remain distributed on the lower sides and 
bottom of the vessel but are forced into the central vortex, where 
there is less surface area exposed to the dissolution medium. The 
120/140-mesh powder shows an initial lower dissolution rate even 
at this high rate of agitation. The floating mass is wetted and com- 
pletely disintegrated after about an hour, resulting in an increased 
dissolution rate. Although the flotation of powders was partially 
reduced with the increase in the rate of agitation, the problem of 
powder distribution was aggravated due to vortexing ; the rank 
order problem was not solved by this experimental method. 


Dissolution of Salicylic Acid Powders Using Suspension Samples- 
Since the problem of rank order in the dissolution rates could be 
attributed mainly to flotation, flocculation, and poor distribution, 
it was thought that if prewetted powder samples could be properly 
distributed, a rank order might be possible. Dissolution studies 
using samples as wetted suspensions (Method B) did not show any 
significant difference in the dissolution profiles of powders having 
particle sizes higher than 40/60 mesh (Fig. 9). A rapid settling of the 
powders was observed and there was no flotation and flocculation. 
Due to rapid settling of the powders, however, it appeared that the 
particles could not be distributed well enough to expose relatively 
different surface areas; different dissolution rates for different par- 
ticle size powders above 4/60 mesh did not occur. 


A similar phenomenon was observed by Finholt et al. 
(18), who could not differentiate dissolution rates of different par- 
ticle size acetylsalicylic acid powders in 0.1 N HC1 containing 0.2 % 
polysorbate 80. These workers mentioned the possibility of a com- 
plex formation between acetylsalicylic acid and polysorbate 80 as 
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Figure 10-Effect of particle size on dissolution of salicylic acid 
under sink conditions using four propellers at 30 r.p.m. and 37". 
Key: 0, 2001230 mesh; A, 1201140 mesh; 0, 60180 mesh; A ,  40160 
mesh; and ., 20130 mesh. 


Table I-Reproducibility of Dissolution Method A for the Dissolu- 
tion of 100/120-Mesh Salicylic Acid Powder at 55 r.p.m. and 37" 


Mean 
Dissolution Weight" 


Time, (mg.1, in SD Percent 
min. Solution f mg. SD 


30 262.9 31.1 11.82 
60 406.1 59.7 14.70 
90 504.3 86.7 17.39 


120 567.3 85 5 i s  ns 
150 
180 


6io. 5 
652.8 


89.7 
92.7 


14.69 
14.20 ___ 


Mean = 14.65 


Each value is an average of six experiments. 


being responsible for this unusual behavior. They did not introduce 
the samples as suspensions, but the powders were spread over the 
dissolution medium. An alternative explanation for their observa- 
tion might be that the powders were wetted rapidly and, under the 
slow rate of agitation used, were not distributed enough in the 
dissolution vessel to give relatively different surface areas for dis- 
solution. 


In the present studies, a lower concentration of polysorbate 80 
(0.05 %) was used. This low concentration is not enough to complex 
a major fraction of the sample used and probably does not explain 
the results. Since good differentiation in the dissolution rates of 
some powders was achieved using the same concentration (0.05%) 
of polysorbate 80 (Figs. 5 and 6), it would appear that some other 
factor is responsible for the lack of differentiation in this case. 
The most likely factor that would explain the lack of differentiation 
is the rapid settling of the powders. Figure 9 also shows relatively 
lower dissolution rates as compared to Fig. 6. This difference can 
also be explained on the basis of rapid settling and poor distribu- 
tion of the powders. 


Dissolution of Salicylic Acid Powders under Sink Conditions 
Using Additional Lower Impeller-The preceding studies on dis- 
solution of salicylic acid powders showed that the apparatus was 
adequate for dissolution studies under sink conditions; however, 
a rank order in the dissolution rates of different particle size 
powders could not be obtained. The failure was probably due to a 
lack of mechanism to wet and disintegrate rapidly the large floating 
powder masses (in the case of fine powders) and to inadequate 
distribution of the particles in the dissolution medium. An increase 
of rate of agitation or prewetting of the samples also did not over- 
come the problems. Consideration of the previous results indicated 
that an additional lower impeller just below the barrier might solve 
these problems. A rate of agitation of 30 r.p.m. was selected on the 
basis of preliminary equilibrium and dissolution studies using the 
additional lower impeller. 


Dissolution profiles of various particle size salicylic acid powders, 
using an additional lower impeller (Method C), are shown in Fig. 
10. The profiles show a good rank order for the different particle 
size powders studied. The dissolution profiles do not give conven- 
tional linear rate order plots, but this is not surprising since a multi- 
particulate system is very complex. 


Table 11-Reproducibility of Dissolution Method C for the Dis- 
solution of 120/14Q-Mesh Salicylic Acid Powder at 30 r.p.m. and 37" 


Dissolution Mean Weighta 
Time, (mg.). in SD Percent 
min. Solution f mg. SD 


10 
20 
30 
45 
60 
75 
90 


392.1 9.5 2.42 
538.0 8.0 1.48 
632.0 15.2 2.40 
730.8 19.6 2.68 
828.3 26.7 3.22 
863.0 16.8 1.94 
891.7 18.4 2.06 


Mean = 2.31 
- 


~~ 


5 Each value is an average of six experiments. 
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Since these studies show a rank order for the dissolution of 
different particle-size powders and the studies were conducted under 
sink conditions using a diffusion-controlled rate of agitation, it 
might be possible to correlate such studies with some physiological 
parameter. 


Since the main difference in the dissolution Methods A and C 
was the presence of an additional lower impeller in the latter method, 
the achievement of the rank order in the dissolution rates of different 
particle-size powders can be attributed to the effect of this impeller. 
This impeller runs very close (0.1 cm.) to the lower end of the sample 
entrance tube where it scrapes off the powders as they are intro- 
duced into the dissolution medium and distributes them evenly 
on the bottom and sides of the dissolution vessel. In this way, even 
coarser powders are not allowed to drop to the bottom in the form 
of small piles but are distributed relatively more widely, resulting 
in higher dissolution rates as compared to the rates of Method A 
(Figs. 5 and 6). Since the smaller particle-size powders require 
relatively longer times for settling, they are distributed differently 
and relatively more widely by the action of the lower impeller. 
Another very important effect of the lower impeller on very fine 
powders (120/140 and smaller), which tend to float, is the slight 
impact it has on the floating masses due to its proximity (upper 
edge of this impeller is 0.4 cm. below the screen). Under this gentle 
impact, the floating masses were rapidly disintegrated and settled 
evenly on the lower sides of the dissolution vessel. 


Figure 10 shows that after about 80z of the sample weight has 
been dissolved, the dissolution profiles of finer powders converge. 
This could be due to the fact that in the case of very fine powders 
(120/140 and 200/230), some glomerates are not completely dis- 
integrated before settling on the bottom portion of the dissolution 
vessel. After the major portion of the powder has been dissolved, 
these small glomerates remain at the bottom of the vessel and their 
surface area is about the same as the large-size powders. However, 
this does not seem to be a serious problem since it occurs after a 
major portion (above 80%) of the sample has been dissolved. 


Although a fine powder (120/140 mesh) was used for dissolution 
studies with Method C as compared to a relatively coarser powder 
(loo/ 120 mesh) for Method A, the comparison of the data in Tables 
I and I1 shows that Method C with an additional lower impeller 
is much more reproducible as compared to Method A which does 
not have this lower impeller. The mean percent standard deviation 
is more than 6 times greater than for Method C. Student’s t test 
conducted on percent standard deviation gave the value of 15.95, 
which shows that Method C is significantly better than Method A 
even at 99.9% confidence Limits. This can be explained on the basis 
that In the case of Method C, the lower impeller distributes the 
powders uniformly each time, while in its absence (Method A), 
the powders disintegrate and distribute in a haphazard and non- 
uniform fashion. 
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Spectrophotofluorometric Determination of Mestranol 
in Oral Contraceptive Tablets 


THERON JAMES 


Abstract 0 A rapid, reliable fluorometric method has been de- 
veloped for assaying 17~~-ethynylestradiol-3-methyl ether (mes- 
tranol) in some oral contraceptive tablets. The method utilizes the 
native fluorescence of mestranol. No separations are required and 
the method is applicable in the presence of norethynodrel, ethyno- 
diol diacetate, or norethindrone. Chlormadinone acetate inter- 
feres in the procedure. The method is sensitive (0.8-1.0 mcg./ml.) 
and applicable to single-tablet analyses. The accuracy under the 
conditions studied was *1.29%, and the precision ranged from 
f0 .896 to 4Z1.73z. 


Keyphrases 0 Mestranol determination-tablets 0 UV spectro- 
photometric, fluorometric, colorimetric analyses, mestranol- 
comparison 0 Fluorometry-analysis 


The estrogenic component of oral contraceptives is 
usually 17a-ethynylestradiol-3-methyl ether (mestra- 
no]). Because of its low dosage in tablets, mestranol is 
difficult to assay. UV (1-3), GLC (4-S), and colori- 
metric (9-14) methods have been proposed but all lack 
specificity or are unsuitable for routine analysis. 


Several fluorometric procedures have also been re- 
ported (13, 15-20). The procedures involved induced 
fluorescence where reagent preparation, temperature, 
and time are all very critical for reproducibility. Use 
of fluorescence does increase sensitivity, but the meth- 
ods currently available suffer the same limitations and 
drawbacks as colorimetric methods. 


Duggan et al. (21) reported that natural estrogens 
possess native fluorescence. Mestranol, a synthetic 
estrogen, also possesses native fluorescence, whereas 
the more common progestins do not fluoresce ap- 
preciably. To date, methods that utilize native fluores- 
cence (22) usually require internal standards and 
excipient blanks which are not readily available ex- 
cept to the manufacturer. Conceivably, each com- 
mercial product could have different excipients which 
would preclude the use of a “universal excipient blank.” 


The proposed assay procedure overcomes these 
limitations and is applicable to a variety of com- 
mercial products. No internal standards or excipient 
blanks are required, no preliminary separations are 
necessary, and the method is suitable for single-tablet 
analysis. 


EXPERIMENTAL 


Apparatus-A recording spectrophotofluorometer’ with 1-cm. 
cells was used. The following instrument parameters were employed: 
xenon lamp; meter multiplier, 0.01 ; sensitivity, 45-50; 1P21 photo- 
multiplier; slit arrangement No. 4; excitation wavelength, about 
284 mp; and emission wavelength, about 327 mp. 


Standard Preparation-Prepare a solution containing 0.8-1 .O 
mcg. of mestranolz per ml. in absolute ethanol. 


1 Aminco-Bowman spectrophotofluorometer, American Instrument 
* Syntex Labs, Inc., Palo Alto, Calif. 


Co., Inc., Silver Spring, Md. 


Table I-Fluorometric Assay of Commercial Tablets 
Containing Mestranol 


Mestranol Found, mg./T’ablet (Mestranol Declared, 0.1 mg./Tablet) 
Sample 1“ Sample 2” Sample 3‘ 


0.101 0.0997 0.0979 0.100 
0.101 0.100 0.0986 0.100 
0.105 0.0984 0.100 0.100 
0.104 0.103 0.101 0.0995 
0.103 0.101 0.0991 0.100 
0.101 0.100 0.0985 
Av. = 0.102 Av. = 0.100 Av. = 0.0995 
SD = 4 ~ 1 . 7 3 %  SD = &1.59% SD = zk0.896Z 


(1 Samples 1 and 2 also contain norethindrone, 2 mg./tablet. h Sample 
3 also contains norethynodrel, 2.5 mg./tablet. 


Procedure-Rinse all glassware with ethanol prior to use. Grind 
at least 20 tablets to pass a 60-mesh sieve. Accurately weigh a por- 
tion of powder equivalent to one tablet, and transfer to a 50-ml. 
centrifuge tube (for single-tablet analysis, place tablet in centrifuge 
tube and crush with glass rod). Pipet 20 ml. of absolute ethanol into 
the tube, stopper securely, and shake on a mechanical shaker for 30 
min. Centrifuge to clarify the solution. Pipet an aliquot of the super- 
natant, equivalent to  20-25 mcg. of mestranol, into a 25-rnl. volu- 
metric flask, and dilute to volume with absolute ethanol. 


Fluorescence Determination-Adjust the spectrophotofluorometer 
to read 7 0 z  emission, at 327 mp, with the standard solution. Deter- 
mine the fluorescence spectra of the standard and sample solutions 
by scanning from 285 to 400 mp. Make calculations using the maxi- 
mum emission at about 327 mp. Use absolute ethanol as a blank 
and correct for it. 


RESULTS AND DISCUSSION 


Progestins commonly associated with mestranol in contraceptive 
tablets exhibit negligible native fluorescence. However, because of 
their relatively high concentrations in tablets as compared to mes- 
tranol (as much as 25 : l), concentration quenching will occur. This 
could affect the fluorescence of mestranol but is effectively negated 
by diluting samples to large volumes. Recovery samples containing 
norethindrone (a progestin) and mestranol gave low recoveries for 
mestranol when the norethindrone concentration in the final solu- 
tion was 100 mcg./ml. or more. This same sample gave 100% re- 
covery when the norethindrone concentration was 50 mcg./ml. or 
less. 


The accuracy of the method was demonstrated by five assays of a 
synthetic mix. The average mestranol recovery was 99.8z,  with a 
standard deviation of f1 .29  %. 


Table I gives results of the fluorometric assay for three com- 
mercial products. Samples 1 and 2 were labeled to contain 2 mg. of 
norethindrone and 0.1 mg. of mestranol per tablet; Sample 3 was 
labeled to contain 2.5 mg. of norethynodrel and 0.1 mg. of mestranol 
per tablet. The standard deviation ranged from f0.869 to 
f1.73 %. 


Table I1 compares the data obtained by UV (23) and colorimetric 
(12) methods with results by the present fluorometric method. Re- 
sults by the fluorometric method compare favorably to those by the 
colorimetric method. The samples represent four different manu- 
facturers. 


Mestranol in combination with chlormadinone acetate could not 
be determined by the fluorometric procedure without prior separa- 
tion, because the excitation wavelength for mestranol (about 284 
mp) is too close to the absorption peak for chlormadinone acetate 
(283.5 mp). 
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Table 11-Comparison of Assay Methods for Mestranol in Commercial Samples 


Mestranol 7-- % of Amount Declared by------ 
Color Fluorometric Sample Present Declared, mg. uv Progestin 


85. la 99.0“ 100 
-b 101 


1 Norethynodrel 0 .1  
2 Ethynodiol diacetate 0 .1  98.0 
3 Norethindrone 0 .1  100 99.0 101 


Norethindrone 0 .1  95.4 100 99.7 
1 02 - 0.08 1 02 


4 
5AC 
5Bc Chlormadinone acetate 0.08 101” -h 


102 
-IJ 


a Corrected for interference in the spectrum, b Interferences prevented accurate calculations. c Sequential-type tablets. 


The method is also applicable to single-tablet analyses. Assay 
values for 10 tablets ranged from 98.5 to 105 % of declared values. 
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Assay of Emetine Hydrochloride Injection 


KATALIN ACEL and MURRAY M. TUCKERMAN 


Abstract 0 Data are presented for the DAB 7 assay of emetine 
hydrochloride and for quantitative assay of emetine hydrochloride 
injection by a method previously reported for injections of amin- 
salts. The method involves nonaqueous titration of a chloroform. 
eluted sample from a magnesium oxide-siliceous earth mixture 
Thermogravimetric data show that emetine hydrochloride forms no 
stable hydrates, that water can be lost even at room temperature, 
and that loss still continues slowly beyond the usual drying tempera- 
ture so that it is difficult to render the material anhydrous. For these 
reasons, it is suggested that emetine hydrochloride and emetine 
hydrochloride injection be labeled with the content of anhydrous 
emetine hydrochloride. Permissible variation should be f 1 z for 
emetine hydrochloride and f 5 z for the injection. 


Keyphrases 0 Emetine HCI injection-analysis IJ Potentiometric 
titration-analysis Titrimetry-analysis 


Emetine Hydrochloride Injection USP XVII has a 
peculiar definition in that “it contains an amount of 
anhydrous emetine hydrochloride (C29H40N204-2HC1) 


equivalent to not less than 84 % and not more than 94 % 
of the labeled amount of emetine hydrochloride” (1). 
Thus it is the only pharmaceutical preparation formu- 
lated at less than 100% of label claim. This peculiar 
definition is necessitated by the official definition of 
Emetine Hydrochloride USP XVII as a hydrate of uncer- 
tain composition, which “contains not less than 98.0 % 
and not more than 101.5% of C29H40N204.2HCI, 
calculated on the anhydrous basis” (2 ) .  


Water is determined as follows: “Dry it at 105” for 2 
hr.: it loses not less than 8 % and not more than 14% of 
its weight’’ (2). The average water content of the solid is 
thus 11 %, which corresponds to the average require- 
ment for the injection of 89 % of anhydrous material. 


An attempt was made to assay emetine hydrochloride 
injection by a previously proposed method (3). The 
method involves distributing the sample over a mixture 
of magnesium oxide and purified diatomaceous earth 
held on a sintered-glass filtering funnel, eluting the 
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Potential Antiarrhythmic Agents 11: Effects of Amide 
Reversal and ortho-Methylation on Activity of Procaine Amide 


D. K. YUNG, M. M. VOHRA, and I. CHU 


Abstract 0 Substitution of a methyl group at one or both of the 
ortho-positions of the benzene ring in procaine amide and procaine 
provides analogs that are more active in prolonging the refractory 
period of isolated rabbit atria than procaine amide itself. These 
analogs, however, fail to abolish ouabain-induced ventricular and 
aconitine-induced atrial arrhythmias in cats. On the other hand, 
analogs like 2-diethylamino-4’-amino-2’,6’-dimethylacetanilide di- 
hydrochloride monohydrate, 4-amino-N-(2-diethylaminoethyl)-2’, 
6’-dimethylbenzamide, 2-diethylaminoethyl 4-amino-2-methyl- 
benzoate, and 2-diethylaminoethyl 4-amino-2,6 - dimethylbenzoate 
produce a significant increase in the amount of ouabain required 
to elicit ectopic rhythm in cats when administered before the in- 
fusion of the glycoside. Of these four compounds, the last three also 
show local anesthetic activity in the corneal reflex test in rabbits. 
Reversal of the amide group in procaine amide significantly re- 
duces the activity in prolonging the refractory period of cardiac 
tissue and does not seem to improve the antiarrhythmic activity of 
the parent compounds. 


Keyphrases 0 Antiarrhythmic agents, potential-synthesis 0 
Procaine amide activity-amide, reversal, ortho-methylation, ef- 
fects 0 Structure-activity relationships-procaine amide deriva- 
tives 0 IR spectrophotometry-identity 


It is frequently noted that several pairs of compounds 
with analogous pharmacological activities can be ob- 
tained by reversing the position of the functional group. 
For example, a large increase in analgesic activity is 
reportedly caused by this type of reversal in the ester 
functional group of meperidine (1). As part of a con- 
tinuing investigation on the structureactivity rela- 
tionships of procaine amide (2), it was, therefore, con- 
sidered of interest to determine whether this type of 
isosterism is possible in procaine amide. Accordingly, 
3-diethylamino-4’-aminopropionanilide (Iu) was syn- 
thesized. For comparative purposes, 2-diethyIamino-4’- 
aminoacetanilide (Ib), 3-diethylamino-4’-amino-2’,6’- 
dimethylpropionanilide (Ic), and 2-diethylamino-4’- 
amino-2 ’,6’-dimethylacetanilide (Id) were also pre- 
pared. Compounds Ic and Id can be regarded as an- 
alogs of lidocaine, which is useful clinically in the pre- 
vention and treatment of cardiac arrhythmias. 


.O 


H z N ~ N H - ~ ~ H z ) . - \ ~ C ~ I C H )  R’ 


Ia, n=2;RandR’=H 
Ib, n=1;RandR‘=H 
Ic, n = 2; Rand R’ =CH, 
Id, n = 1; Rand R’= CH, 


The fact that 4-amino-N-(2-diethylaminoethyl)-2- 
chlorobenzamide was 4 times as active as procaine 
amide in blocking’atrial fibrillation in dogs (3) prompted 
the preparation of 4-amino-N-(2-diethylaminoethyl)- 
2methylbenzamide (IIu) and 4-amino-N-(2-diethyl- 
aminoethyl)-2,6-dimethylbenzamide (IIb) in an attempt 
to study the effect on activity of substitution of one 
or two methyl groups on the benzene ring ortho to the 
amide linkage in procaine amide. 


HZN ~ - ~ ~ - ~ ~ z ~ ~ z - N ~ ~ ~ z ~ ~ 3 ~  


R‘ 
IIa, R = CH3; R’ = H 
116, R and R’ = CH, 


Two additional compounds, 2-diethylaminoethyl 4- 
amino-2-methylbenzoate (IIIa) and 2-diethylaminoethyl 
4-amino-2,6-dimethylbenzoate (IIIb), were included in 


H J  ~ - ~ - ~ ~ z ~ ~ z - ~ ~ ~ ~ z ~ ~ 3 ~  R’ 


IIIu, R = CH,; R’ = H 
IIIb, R and R’ = CH, 
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Table 1-3-Diethylamin0-4'-amino-2 ',6'-dimethylpropionanilide 2HC1 (Ic) and Intermediates 


Yield , Solvent of 7- Anal., %- 
Compound z M.p. Recrystn. Formula Calcd. Found 


- - 4-Nitro-2,6-dimethylaniline 90 161.5-162"Q Ethanol CsHioNzOz 


C, 51.55 3-Chloro-4'-nitro-2 ',6 '- 69 218.5-220" Ethanol CiiH13ClNzOa C, 51.47 
H, 5.13 dimethy lpropionanilide H,  5.10 


N, 10.92 N, 10.74 
C ,  61.40 C, 61.41 3-Diethylamino-4 '-nitro-2 ',6 '- 80 80-82" n-Hexane- Ci~Hz3Na03 H,  7.84 


dimethylpropionanilide acetone H, 7.90 N, 14.30 
N, 14.32 


3-Diethylamino-4'-nitro-2',6'- 72 174-1 76 ' Methanol- CziHzeNoOio C, 48.27 C, 48.30 
H, 5.38 dimethylpropionanilide acetone H, 5.02 


picrate 


dimethylpropionanilide 2HC1 ethanol H, 8.09 H, 8.23 


(Ic) C, 45.00 
H, 4.41 dimeth y lpropionanilide acetone H,  4.33 


dipicrate 


(5073 


3-Diethylamino-4'-amino-2 ',6'- 60 237-238' Absolute CisHz7ClzNaO c ,  53.57 c ,  53.34 


3-Diethylamino-4 '-amino-2 ',6'- 68 207-209 ' Methanol- G7H31N9016 c, 44.93 


a Reported m.p., 163.5-164.5" (8). 


Table 11-4-Amino-N-(2-diethylaminoethyl)-2-methylbenzamide (Ha) and Intermediates 


Yield, p- Anal., %-- 
Compound z B.p. Formula Calcd. Found 


- - -(I - 4-Nitro-2-methylbenzoic acid 91 C, 48.40 
4-Nitro-2-methylbenzoyl 90 164-168"/18 mm.' CsHeClN03 C, 48.12 


H,  3.27 chloride H, 3.03 N, 6.86 
N, 7.02 


C, 60.20 4-Nitro-N-(2-diethylaminoethyl)- 82 170-174"/0.1 mm.c Ci4HziNaOa C, 60.19 
H,  7.67 2-methylbenzamide H, 7.58 


4-Nitro-N-(2-diethylaminoethyl)-2- 84 - d  CzoHzrNsOio C, 47.24 C, 47.24 
methylbenzamide picrate H, 4.76 H ,  4.86 


4-Amino-N-(2-diethylaminoethyl)- 87 182"/0.25 mm. Ci,HzaN30 C, 67.45 C, 66.87 
2-methylbenzamide (IIa) H, 9.30 H, 9.05 


N, 16.86 N, 17.11 


M.p. 15Cb151 O, reported m.p. 153" (9). M.p. 33-34". c M.p. 63-64". d M.p. 162-164". after recrystallization from methanol and acetone. 


this study to determine whether or not steric protection 
of the ester group in procaine can produce active anti- 
arrhythmic substances. The observation of activity in 
2-diethylaminoethyl 2,3,5,6-tetramethylbenzoate (4) 
made the proposed structural modification appealing. 


EXPERMENTAL 


Chemical Synthesis' 


Compounds Ia (3-diethylamino-4'-aminopropionanilide HCI) 
and Ib (2-diethylamino-4 '-aminoacetanilide HCl) were prepared 
according to the procedure reported by DiGangi (5) and Lofgren 
and Lundquist (6), respectively. The procedure of Dahlbom et a/. 
(7) was followed in preparing Compound Ic (3-diethylamino-4'- 
amino-2',6'-dimethylpropionanilide 2HC1) and 2-diethylamino-4'- 
amino-2',6 '-dimethylacetanilide. Compound Ic and its intermediates 
are new compounds whose physical data and yields are listed in 
Table I. The dihydrochloride salt of 2-diethylamino-4'-amino-2',6'- 
dimethylacetanilide (Id) has not been reported previously. 


2-Diethylamino-4'-amino-2',6'-dimethylacetanilide 2HC1-Yield 
was 95 z, m.p. 250-252", after recrystallization from absolute 
ethanol. 


And-Calcd. for C14H21N30.2HC1.HzO: C, 49.41; H, 8.00; N, 
12.35. Found: C, 49.41; H, 7.86; N, 12.28. 


Compound IIa [4-amino-N-(2-diethylaminoethyl)-2-methylbenz- 
amide] was synthesized by the reaction of 4-nitro-2methylbenzoic 
acid, which was prepared according to the method of Peltier (9), 
with thionyl chloride, followed by condensation of the acid chloride 


1 Melting points were taken with a Thomas-Hoover capillary melting- 
point apparatus and are uncorrected. Elemental analyses were per- 
formed by Weiler and Strauss, Oxford, England. The absorption peaks 
of IR spectra of all compounds synthesized were as expected. IR spectra 
were recorded on a Perkm-Elmer model 237B spectrophotometer. 


with N,N-diethylethylenediamine and reduction of the resultant 
4-nitro-N-(2-diethylaminoethyl)-2-methylbenzamide with iron-hy- 
drochloric acid. Attempts to make the hydrochloride salt of Com- 
pound IIa failed because of the hygroscopic nature of the salt. 
The physical data and yields of Compound IIa and its intermediates 
are summarized in Table 11. 


The preparation of Compound IIb [4-amino-N-(2-diethylamino- 
ethyl)-2,6-dimethylbenzamide] was analogous to that of Compound 
IIa. 4-Nitro-2,6-dimethylbenzoic acid was obtained by converting 
4-nitro-2,6-dimethylaniline to 4-nitro-2,6-dimethylbenzonitrile via 
the Sandmeyer reaction, followed by acidic hydrolysis of the nitrile. 
Attempts to prepare the hydrochloride salt of Compound IIb were 
unsuccessful because of the hygroscopic nature of the salt. Com- 
pound IIb and its intermediates have been reported in the literature 
(10). The intermediate 4-nitro-N-(2-diethylaminoethyl)-2,6-di- 
methylbenzamide and Compound IIb are liquids; for purpose of 
identification, picrate salts were prepared. 


4-Nitro-N-(2-diethylaminoethyl)-2,6-dimethylbenzamide Picrate- 
Yield was 85 z, m.p. 189-191 O ,  after recrystallization from acetone 
and methanol. 


Anal.-Calcd. for Cz1Hz6NeOlo: C, 48.27; H, 5.02. Found: C, 
48.15, H, 5.43. 


4-Amino-N-(2-diethylaminoethyl)-2,6-dhethylbenza1nide Dipic- 
rate-Yield was 90%, m.p. 2oG203 ', after recrystallization from 
acetone and methanol. 


Anal.-Calcd. for Cz7HalNsOls: C, 44.93; H, 4.33. Found: C, 
44.80; H, 4.51. 


Compounds IIIa (2-diethylaminoethyl 4-amino-2-methylben- 
zoate) and IIIb (2-diethylaminoethyl 4-amino-2,6-dimethylbenzoate) 
were synthesized by a previously reported procedure (10). While 
Compound IIIb and its intermediates have appeared in the litera- 
ture (lo), Compound IIIa and its intermediates are new com- 
pounds. The physical data and yields of Compound IIIa and its 
intermediates are listed in Table 111. Compounds IIIu and IIIb 
failed to form stable hydrochloride salts. Since 2-diethylamino- 
ethyl 4-nitro-2,6-dimethylbenzoate and Compound lIIb are liquids, 
picrate salts were prepared. 
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Table III-2-Diethylaminoethy14-Amin0-2-methylbenzoate (Illa) and Intermediates 


Compound 
Yield, 
7i B.p. 


c 


Formula 
Anal., 


Calcd. Found 


4-Nitro-2-methylbenzoyl See Table I1 
chloride 


2-methylbenzoate H, 7.19 H, 7.45 
N. 10.00 N. 9.64 


2-Diethylaminoethyl 4-nitro- 82 122-124"/0.05 mm. Ci4HzoNz04 C, 59.98 c, 60.21 


, - -  - -  
C; 47.28 2-Diethylaminoethyl 4-nitro- 62 -a GoHz~NsOI~ C, 47.17 


2-methylbenzoate picrate H, 4.55 H, 4.75 
2-Diethylaminoethyl Camino- 98 146150°/0.1 mm. Ci4HzzNzOz C, 67.17 C, 67.15 


H, 9.10 2-methvlbenzoate fllld H. 8.86 
> ,  


N; 11.26 
2-Diethylaminoethyl Camino- 56 -b CzoHzsN509 C, 50.10 C, 49.66 


2-methylbenzoate picrate H,  5.26 H, 5.40 


N; 11.19 


a M.p. 173.5-175", after recrystallization from methanol and acetone. b M.p. 155-157", after recrystallization from methanol and acetone. 


Table N-Effect of Compounds on the Maximum Stimulation Rates (MSR) of Isolated Rabbit Atria 
~ ~ 


Concn., 
Compound mcg./ml. 


Procaine amide 10 
20 
30 


3-Diethylamino-4'-amino- 30 


2-diethy lamino-4 '-amino- 30 
propionanilide HCl (Ia) 


acetanilide HC1 (Ib) 
3-Diethylamino-4'-amino- 10 


2 ' ,6'-dimethylpropion- 20 
anilide 2HC1 (Ic) 30 


2-Diethylaminod'-amino- 10 
2 ',6 '-dimethylacetani- 20 
lide 2HC1 H 2 0  (Id) 30 


CAmino-N-(2-diethylamino- 10 
ethyl)-2-methylbenzamide 20 


30 
10 


(114 


ethyl)-2,6-dimethyl- 20 
benzamide (Ilb) 30 


2-Diethylaminoethyl Camino- 5 
2-methylbenzoate (IIIa) 10 


2-Diethylaminoethyl Camino- 5 
2,&dimethylbenzoate (IIIb) 10 


4-Amino-N-(2-diethylamino- 


Average Percent 
Depression, MSR Activity 


10.4 =t 1.5 
15.1 f 2.2 
19.8 f 4.7  
5.1 f 1.0 


5.4 f 1.2 


18.2 f 4.4 
24.9 zt 2.5 
34.4 =!= 4.7 
18.5 f 2.8 
26.0 f 3.6 
33.5 f 5.3 
14.6 f 1.1 
21.9 f 3.4 
28.0 f 2.6 
17.1 f 1.7 
30.7 f 1.4 
36.3 f 2.2 
26.7 f 2.0 
42.4 f 6.8 
23.4 f 2.2 
48.0 f 7.6 


1 
1 
1 
0.3 


0 . 3  


1.8 
i . 7  
1.7 
1 .8  
1.7 
1.7 
1 .4  
1.5 
1.4 
1 .6  
2 . 0  
1.8 


4.1 


4 .6  


- 


- 


2-Diethylaminoethyl 4-Nitro-2,6-dimethylbenzoate Picrate-Yield 
was 96%, m.p. 169-171 ", after recrystallization from acetone and 
methanol. 


And-Calcd. for C21H21Nb0~1: C, 48.18; H, 4.81; N, 13.37. 
Found: C, 48.17; H, 4.86; N, 13.70. 


2-Diethylaminoethyl 4-Amino-2,6-dimethylbenmate Dipicrate- 
Yield was 83 x, m.p. 107-111 ', after recrystallization from acetone 
and methanol. 


Anal.-Calcd. for C27H30NS016: C, 44.88; H, 4.18. Found: C, 
45.14; H, 4.50. 


Determination of pKa Values-An accurately weighed amount of 
the compound (about 120 mg.) was dissolved in a stoichiometric 
quantity of 0.1 N HCl or in water, and the solution was diluted to 
200 ml. with freshly boiled distilled water. To the solution was added 
a known amount of 0.1 N NaOH. The pH of the solution was then 
determined by means of a pH meter. The pKa value of the compound 
was calculated, using the formula pKa = pH - log [B]/[BH+]. 


Pharmacological Testing 


For the biological testing, compounds that formed hydrochlo- 
ride salts were dissolved in distilled water. The others were dissolved 
in a stoichiometric amount of 0.4 N HCI. All solutions were then 
buffered with potassium phosphate solution of pH 7.4, followed by 
dilution with normal saline to give the desired concentrations. 
Procaine amide and procaine were used in the form of hydrochloride 
salts. 


Determination of Maximum Stimulation Rate (MSR)-The 
method of determination was that reported by Dawes (11). The 
rate and amplitude of contraction of the rabbit atria were recorded 
by a force displacement transducer on an E & M model DMPdA 


physiograph. Four or more determinations were carried out, using 
at least two isolated atria for each compound. The average percent 
depression on the MSR for procaine amide was arbitrarily set to 
have an activity of 1 unit. 


General Methods for Experiments on Cats-Cats of either sex, 
weighing from 2 to 4 kg., were anesthetized with pento- 
barbital2 (35 mg./kg. i.p.). Artificial respiration was maintained 
throughout the experiment. Mean atrial blood pressure was re- 
corded from the femoral artery with a Statham P-23C pressure 
transducer. Electrocardiograms were recorded on a standard Lead 
11. All recordings were made on a direct ink-writing Beckman type 
R dynograph. The solutions of the test compounds were injected 
intravenously through indwelling polyethylene catheters in the 
femoral vein, followed by a 2-ml. saline flush. 


Prior to the testing for antiarrhythmic activity, the cardio- 
toxicity of Compounds Ic, Id, IIu, IIb, Ma, and IIIb was studied by 
injecting the compound intravegously at increasing doses of 1, 
2.5, 5 ,  and 10 rng./kg. at 10-min. intervals until ectopic rhythm 
appeared in the electrocardiograms. The total dose was taken as 
the maximum tolerated dose. 


Determination of Activity in Termination of Ouabain-Induced 
Arrhythmias-The method used to induce arrhythmias with oua- 
bain was that described by Raper and Wale (12). An initial loading 
dose of oudbain (40 mcg./kg.) was injected intravenously into cats; 
starting 30 min. later, doses of 10 mcg./kg. were repeated at 15-min. 
intervals until a persistent ventricular tachycardia was produced. 
When arrhythmias had persisted for 10 min., increasing doses of 
the compound to be tested were given every 10 min. until the maxi- 


2 Nembutal. 
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Table V-Arrhythmic and Lethal Doses of Ouabain" in Cats Pretreated with Compounds 


Average 
Dose to Average 


Approx. Dose of Ectopic Lethal 
LDso, Compd," No. of Rhythm, Dose, 


Compoundb mg./kg. mg./kg. Cats mcg./kg. P d  mcg./kg. P d  


- Control - - 3 10431 6 - 158 3~ 10 
Procaine amide 290 18 5 2 143 f 15 <o 01 228 f 1 <o 01 


- 162 - IC 194 8 5  1 110 
Id 192 18 5 3 131 f 4 <o 01 212 f 23 <O 05 


- 168 - IIa 186 18 .5  1 118 
I16 209 8 . 5  3 1293I 1 1  <0.05 215 3I 20 >0.01 
IIIa 86 18.5 3 143 + 5 <0.01 210 3I 27 <0.05 
IIIb 67 8 . 5  3 128 f 5 <o. 01 193 f 31 >0.05 


a Ouabain administered by intravenous infusion at a rate of 5 mcg./kg./min. b Compounds administered by slow intravenous injection before ouabain 
infusion. c Maximum tolerated dose of the compounds. d p  values compared with control. 


mum tolerated dose was reached. The criterion used to define 
antiarrhythmic activity was the reversion to sinus rhythm for a 
period of not less than 30 min. 


Determination of Activity in Prevention of Ouabain-Induced Ar- 
rhythmias-In this series of experiments the compound to be 
tested was injected intravenously in cats in one single dose. Ouabain 
was administered 10 min. later by intravenous infusion at the 
rate of 5 mcg./kg./min. The amount of ouabain required to produce 
ectopic rhythm and death was determined. 


Determination of Activity in Termination of Aconitine-Induced 
Arrhythmias-Atrial arrhythmias were produced in cats according 
to the procedure described by Schmid and Hanna (13). A 0.05% 
solution of aconitine nitrate in normal saline was used. Compounds 
Id and IIIa were administered intravenously at the rate of 1 mg./ 
kg./min., and Compounds IIb and IIIb were administered at  the 
rate of 0.5 mg./kg./min. 


Determination of Surface Anesthesia in Rabbits-Albino rabbits 
of either sex, weighing 2 to 3 kg., were used. The eyelashes of the 
rabbit were clipped off; into each conjunctival sac was instilled 
0.5 ml. of a 2 %  solution of the test compound. Normal saline 
solution was used as a control. The corneal reflex was elicited by 
touching the cornea with a feather five times at 2, 5, 10, 15,20,30, 
and 35 min. after the compound was applied. The degree of an- 
esthetic activity was expressed in terms of percent anesthesia. For 
example, a score of 50 failures of corneal reflex out of a possible 
maximum of 120 gave 41.7 anesthesia. 


Acute Toxicity Studies in Mice-Male albino mice, weighing 20 
to 35 g., were used in the tests. Compounds were injected intraperi- 
toneally. The median lethal dose (LD~o) for each compound was 
calculated by the method of Litchfield and Wilcoxon (14) and was 
based on 1 day's observations. 


RESULTS AND DISCUSSION 


Results in Table IV indicate that although Compound Ia showed 
some activity in prolonging the refractory period of isolated rabbit 
atria at a concentration of 30 mcg./ml., the activity, being only one- 
third of the activity of procaine amide, was hardly significant. 
Shortening the hydrocarbon chain length between the carbonyl 
carbon and the terminal amino nitrogen atoms in Compound 10 
failed to improve the activity of the parent compound. This sug- 
gests that reversing the amide functional group in procaine amide 
does not improve the antiarrhythmic activity of the compound. 


The activity of procaine amide to depress the MSR of isolated 
rabbit atria was increased significantly ( p  < 0.05) when one or two 
methyl groups were substituted at the ortho-positions of the benzene 
ring. This information led to the synthesis of the two lidocaine 
analogs, Compounds Icand Id. These two compounds had an activity 
of about 1.7 times that of procaine amide in depressing the MSR. 
Compared with the corresponding nonmethylated compounds, Ia 
and Ib, the methylated ones were at least 5 times more active. 


In view of the favorable effect of the methyl substituents, it was 
considered of interest to modify the structure of procaine in the 
same fashion. Accordingly, Compounds IIIa and IIIb were prepared. 
When tested on isolated rabbit atria, both compounds demon- 
strated marked depressant action on the force and rate of contrac- 
tion of the atria at a concentration of 30 mcg./ml. Determinations 
of MSR were, therefore, carried out at lower concentrations, 5 and 


10 mcg./ml. Results showed that Compounds IIIa and I116 were 
about 4 times more active than procaine amide. 


Since Compounds Ic, Id, IIa, 116, IIIa, and I116 showed significant 
prolongation of the refractory period of isolated rabbit atria, they 
were tested for their ability to antagonize or prevent ouabain-in- 
duced arrhythmias. Prior to these experiments, the maximum 
tolerated dose of the compounds was determined. For Compounds 
Ic, 116, and IIIb, the maximum tolerated dose was found to be 8.5 
mg./kg.; for Compounds IIa and IIIn, the maximum was 18.5 mg./ 
kg. It appeared that compounds with a methyl substituent at both 
ortho-positions of the benzene ring had a higher cardiotoxicity, 
as indicated by the lower maximum tolerated dose value, than those 
that were only mono-orrho substituted. 


None of the compounds tested appeared to show any activity in 
terminating arrhythmias induced by ouabain. To make certain that 
the animals were not refractory, procaine amide was given after 
each experiment in doses of 28.5 to 38.5 mg./kg., and this resulted 
in the successful conversion to sinus rhythm. It should be noted, 
however, that procaine amide was also ineffective at doses of 8.5 
and 18.5 mg./kg. 


The effectiveness of the compounds in preventing ouabain-in- 
duced arrhythmias was determined by the increase in the amount 
of the glycoside needed to evoke ectopic rhythm, as indicated in the 
electrocardiograms by three successive QRS complexes not clearly 
related to a preceding P wave (15) ,  and to cause the death of the 
animal. Results of the determinations are listed in Table V. On a 
weight basis, the di-ortho-methyl-substituted procaine amide 
analog (IIb) showed a higher prophylactic activity against arrhyth- 
mias than procaine amide, whereas the monosubstituted analog 
(IIa) did not appear to  have any activity at all. The corresponding 
analogs of procaine, Compounds IIIa and IJIb, also showed pro- 
tective action against ouabain-induced arrhythmias. Again, on a 
weight basis, the di-orrho-methyl-substituted compound (IIIb) was 
more active than the monosubstituted analog (IIIa). 


After Compounds Id, IIb, IIIa, and IIIb were found to be active 
prophylactically against ventricular arrhythmias caused by ouabain, 
it was decided to test them for activity in abolishing established 
atrial arrhythmias induced by aconitine. None of the compounds 
showed any activity. 


The effects of Compounds Ic, Id, IIn, IIb, TIIa, and lIIb on blood 
pressure were studied. The compounds did not demonstrate any 
significant effect on the blood pressure, although a transient lowering 
of blood pressure was observed with Compounds IJ6 and IJIa 
at cumulative doses of 6 mg./kg. 


Table VI-Local Anesthetic Activity of Compounds and Their 
Ionization Constant (H20, 25") 


No. of Average Percent 
Compound Tests Anesthesia pKa 


- - Saline (control) - 
Procaine 6 34.6 8.86" 
Jd 3 Inactive 8 .24  
IIb 3 54.1 8 .68  
IJIa 2 41 .3  8 .80  
IIIb 3 41 .7  8 .64  


a Reported pKb value, 5.2 (16). 
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Since many antiarrhythmic agents seem to possess some degree 
of local anesthetic action, those compounds, namely, Id, IIb, IIIa, 
and IIIb, were tested for local anesthetic activity. Table VI  is the 
summary of the results of the testing. Due to the limited number of 
tests, the data in this table were not analyzed statistically to deter- 
mine if the average percent anesthesia of the compounds was sig- 
nificantly higher than that of procaine. Therefore, the results should 
be treated qualitatively rather than quantitatively. It is not surprising 
that Compounds IIb, IIIa, and IIIb showed local anesthetic activity, 
because in addition to structural similarity these compounds had a 
pKa value very close to that of procaine. 
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In Viuo Evaluation of Absorption and Excretion 
of Pentylenetetra~ol-lO-~~C from Sustained-Release 
and Nonsustained-Release Tablets 


WILLIAM R. EBERT*, ROBERT W. MORRIS*, SUSAN G .  ROWLESt, 
HENRY T. RUSSELL$, GORDON S. BORN§, and JOHN E. CHRISTIANS 


Abstract 0 Sustained-release and nonsustained-release tablets 
containing pentylenetetrazol-10- 14C were administered orally to 
human volunteers. The levels of the drug and/or its labeled metab- 
olites in the plasma and urine were determined by liquid scintillation 
counting. These data showed that the sustained-release tablets pro- 
vided a consistent plasma level of 14C for about 12 hr. and that the 
drug and/or its labeled metabolites were excreted in the urine at a 
fairly constant rate during this period. The nonsustained-release 
tablets given in divided doses resulted in three separate peak plasma- 
14C levels and a urinary excretion pattern similar to that of the 
sustained-release tablet. A single dose of the nonsustained-release 
tablet was followed by a peak plasma-14C level, which decreased 
during the 12 hr. after administration, and by a fairly constant rate 
of urinary excretion of l4C during this period. 


Keyphrases 0 Pentylenetetrazol-lO--’4C-absorption, excretion 0 
Tablets, sustained-, nonsustained-release-pentylenetetrazol-lo- 
14C 0 Absorption, e~cretion-pentylenetetrazol-l0-~4C from 
sustained-, nonsustained-release tablets 0 Scintillometry-analysis 


Sustained-releasel and nonsustained-release tablets 
containing pentylenetetrazol and niacin in common 
therapeutic dosages have been evaluated for their in uiuo 
performance in humans by following niacin-plasma 


1 Geroniazol TT, Philips Roxane Laboratories, Columbus, Ohio. 


levels (1). This evaluation was accomplished by using 
l4C-labe1ed niacin in the tablets and determining the 
plasma and urine levels of niacin- 14C and/or its labeled 
metabolites subsequent to oral administration of the 
tablets. The results of this study showed that after 
ingestion of sustained-release tablets, the plasma level 
of niacin-14C and/or its labeled metabolites was sus- 
tained for a 12-hr. period. In contrast, three doses of 
nonsustained-release tablets, administered at 4-hr. 
intervals, resulted in three peak plasma levels. The drug 
excretion patterns observed after both dosage regimens 
were similar. 


Because of the various chemical, pharmacological, 
and metabolic differences between niacin and pentylene- 
tetrazol, different absorption and excretion patterns for 
the two drugs were expected. The present paper reports a 
study of the absorption and excretion patterns charac- 
teristic of pentylenetetrazol administered orally, com- 
bined with niacin, in both sustained-release and non- 
sustained-release dosage forms. Pentylenetetrazol-10- 
14C was used in this study to permit determination of 
these patterns by radiotracer techniques similar to 
those originally reported by Rosen and Swintosky (2) 
for following the appearance of a drug in human plasma 
and urine. 
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Monomolecular Film Properties 
of Some Cellulose Esters 


JOEL L. ZATZ and BEVERLY KNOWLES 


Abstract [7 Cellulose acetate butyrate, cellulose acetate stearate, 
and cellulose acetate phthalate have been studied as monolayers 
at the air-water interface. Monolayers of the first two were virtually 
unaffected by changes in subphase pH, whereas the last one, cellu- 
lose acetate phthalate, exhibited large differences under the same 
conditions. Certain monolayer properties of the cellulose esters 
have been used to interpret the behavior of these polymers as free 
films and enteric coatings. 


Keyphrases 0 Cellulose esters-monomolecular film properties 0 
Film properties, monomolecular-cellulose acetate butyrate, 
cellulose acetate stearate, cellulose acetate phthalate 0 Polymer 
monolayers-as model for enteric, film coatings 


An approach that has provided information on the 
properties of film-forming polymers is the study of 
these materials as monolayers at the air-water interface 
(1). Such studies give insight into the molecular struc- 
ture of polymers (1, 2) and may be used to investigate 
interaction of polymers with other substances, such as 
plasticizers (3). 


Among the polymers used as coatings for pharma- 
ceutical dosage forms, the cellulose esters represent an 
important group. These materials have previously been 
studied as free films and as coatings applied to tablets. 
Antonides and DeKay (4) evaluated various cellulose 
derivatives for possible use as enteric coatings. Pate1 
et al. ( 5 )  studied water vapor transmission through free 
films of cellulose esters as a function of temperature and 
film thickness. Lachman and Drubulis (6)  reported the 
influence of plasticizers on water vapor transmission 
through free films of cellulose acetate phthalate. 


This study is concerned with the monomolecular film 
properties of three esters of cellulose, cellulose acetate 
phthalate (CAP), cellulose acetate butyrate (CAB), and 
cellulose acetate stearate (CAS). By adjusting the pH of 
the subphase to values of either 3 or 6.5 before spread- 
ing the polymer film, it was possible to  assess the effect 
of a large change in environmental pH on the properties 
of each polymer studied. 


EXPERIMENTAL 


Materials and Apparatus-The cellulose derivatives were pur- 
chased' and purified further to remove residual monomers and 
other possible contaminants. CAP (32% phthalyl) was purified 
by precipitation from solution in benzene-ethanol, 1 : 1, using n- 
hexane as the nonsolvent. The polymer mass was washed with n- 
hexane and dried in uacuo at 30" to constant weight. As a result of 
this procedure, the free phthalic acid content of the polymer was 
reduced from an initial value of 1.3% w/w to a negligible level. 
Similarly, CAB (17% butyryl) was precipitated from solution in 
ethyl acetate by n-hexane. The precipitate was washed with n- 
hexane and dried in uacuo at 50" to constant weight. CAS was sus- 


pended in n-hexane, repeatedly washed with that solvent, and dried 
in Cacuo at 50". Water was deionized and then distilled in an all- 
glass still. The organic liquids employed were of reagent grade and 
were found to be free of surface-active contaminants (7). The in- 
organic materials employed were of reagent grade and were not 
further purified. The Teflon surface balance has already been de- 
scribed (8). Surface pressure was determined by the Wilhelmy plate 
method. 


ProcedureThe pH of the subphase was adjusted using HCI to 
obtain a pH of 3 or a buffer system containing KzHPOI and KH2P04 
to obtain a pH of 6.5. The ionic strength of each solution used as 
subphase was adjusted to 0.1 M using KC1. The polymer under 
investigation was dissolved in a suitable solvent, and the solution 
was applied to the surface by means of an Agla micrometer syringe. 
CAB was dissolved in methylene chloride, CAS in benzene, and CAP 
in a isopropanol-benzene mixture, 1 : 1. Preliminary experiments 
showed that essentially the same results were obtained using other 
spreading solvents (isopropanol-methylene chloride for CAP and 
methylene chloride-benzene for CAB). After spreading the polymer, 
10 or 15 min. was allowed for equilibration. Then the area avail- 
able to polymer molecules was slowly decreased (at a rate of about 
0.02 m. 2/mg./min.); surface pressure was determined as a function of 
available surface area. All studies were carried out at room tempera- 
ture (25 f 0.7"). 


RESULTS 


Plots of surface pressure as a function of available surface area 
(PA curves) for the cellulose esters studied are presented in Figs. 
1-3. Each plot is based on at least three independent experiments. 
The reproducibility was such that at a given surface area, the surface 
pressure found in each experiment was within 0.6 dynelcm. of the 
average value plotted in Figs. 1-3. 


The s-A curves for CAB are shown in Fig. 1 .  The results with 
a subphase pH of 3.2 were nearly identical with those at a pH of 
6.5. Monolayers of CAB collapsed to form a stringy, tenacious 
coagulum. 


Some dificulty was encountered in spreading CAS at the surface. 
Droplets of spreading solution formed from the tip of the Agla 
syringe appeared to lose their clarity after a few seconds because of 
polymer adsorption and precipitation at the surface of the drop. 
Certain proteins are known to behave in a similar manner (9) 
Since all of the polymer was not in solution when applied to the 
surface, it is possible that the CAS was not completely spread. 
The s-A results, given in Fig. 2, show a slight variation in surface 
pressure as a function of pH. However, at a given surface area, the 
difference in surface pressure is always less than 2 dynes/cm. and 
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Figure 1-Surface pressure ( T)- 
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is probably the result of experimental error. The two curves in Fig. 2 
are quite similar and indicate that no significant change in the 
properties of CAS occurs when the subphase pH is changed from 
3.2 to 6.5. 


Quite another result is obtained for CAP monolayers (Fig. 3). 
At a pH of 3.1, the T-A curve exhibits a condensed region at areas 
smaller than about 0.8 m.*/mg. In the same region, the monolayer 
on a subphase of pH 6.5 appears to be much more expanded. 
Monolayer collapse pressure at a pH of 3.1 is 16.6 dynes/cm. The 
corresponding value for a pH of 6.5 is 11.4 dynes/cm. At a pH of 
3.1, the extrapolated area at zero pressure of the film is 0.89 m.*/ 
mg., increasing to 1.56 m.*/mg. at a subphase of pH of 6.5. 


DISCUSSION 


Monolayers of CAB and CAS were virtually unaffected when 
subphase pH was raised from about 3 to 6.5, whereas large changes 
occurred in the monolayer properties of CAP. These changes may 
reflect an alteration in conformation at the interface, which CAB 
and CAS do not undergo. Therefore, it may be inferred that neither 
CAB nor CAS could function as an effective enteric coating. Be- 
cause the properties of these polymers are independent of pH, 
tablet disintegration could occur in: (a) either the stomach or small 
intestine, or (6) neither the stomach nor small intestine. For both of 
these polymers, the second alternative was actually found to be the 
case (4). 


0 1 1  0.6 0.7 0.8 0.9 1.0 1.1 1.2 
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Figure 3-Surface pressure (r)-area ( A )  isotherms of CAP at two 
subphasepHualues: n , p H  = 3.1:andO,pH = 6.5. 


Table I-Some Properties of Unionized Cellulose Esters 
~ ~ 


Extrapolated Area 
Collapse Pressure, at Zero Pressure, 


Polymer dynes/cm. m. 


CAB 
CAS 
CAP 


7.0 
19.4 
16.6 


0.82 
0.74 
0.89 


The change in monolayer properties of CAP with pH is due to the 
presence of the ionizable carboxyl group in the phthalate moiety, 
which is presumably uncharged at a pH of 3.1 but negatively 
charged at a pH of 6.5. The satisfactory performance of CAP as an 
enteric coating has been ascribed to its insolubility in the strongly 
acid stomach fluids, where the polymer is uncharged, and its 
corresponding solubility in the weakly acid small intestine, in which 
the polymer is charged (10). 


A very important property of polymer coatings is permeability 
to moisture. Moisture permeates polymer films by simple diffusion 
and by an additional mechanism involving clustering of water 
molecules about polar centers (1 1). In a series of related polymers, 
the most hydrophobic will generally exhibit the lowest moisture 
permeability. 


It is instructive to compare the collapse pressures of the union- 
ized cellulose esters as given in Table I. Collapse pressure, a measure 
of monolayer stability, is dependent on the balance between ad- 
hesional and cohesional forces in the film (12). In a series of com- 
pounds, those that exhibit strong intermolecular interactions will 
have higher collapse pressures. The most important contribution 
to monolayer stability appears to arise from van der Waals’ 
interactions between hydrophobic groups. Thus, for a group of 
monolayers of similar constitution, monolayer collapse pressure 
may be taken as a qualitative measure of “hydrophobicity.” Such 
a relationship has been demonstrated for the half-esters of poly- 
(methyl vinyl etherimaleic anhydride) (3). Based on collapse pres- 
sure values, one may conclude that CAS is more hydrophobic than 
CAB and that films of CAS should be less permeable to moisture 
than films of CAB. This predicted order is in agreement with 
experimental results (5 ) .  CAP differs from the other cellulose deriva- 
tives studied because it contains an additional polar group, the 
carboxyl group. Its presence would be expected to  increase the 
interaction of CAP with the subphase and to  influence the mono- 
layer collapse pressure. For this reason the collapse pressure of 
monolayers of CAP should, strictly speaking, not be compared with 
those of CAB and CAS to predict relative moisture permeability of 
films. Nevertheless, values for both collapse pressure (Table I) and 
moisture resistance ( 5 )  increase in the order CAB, CAP, CAS. 


By using polymer monolayers as a model for enteric and film 
coatings, a great deal of basic information may be obtained within a 
relatively short time. This new approach may be utilized in the 
evaluation of new polymers and of polymer mixtures as potential 
coating materials, and it will hopefully result in the introduction 
of novel formulations with superior properties. 
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Triazolines VI: Evaluation of 1 5-Diaryl-A2- 1 2,3-triazolines 
and Arylidene Anilines for Herbicidal Activity 


PANKAJA K. KADABA 


Abstract 0 A large number of 1 ,5-diaryl-A2-l ,2,3-triazolines and 
arylidene anilines (from which the triazolines are derived) have 
been examined for the first time for herbicidal activity. Although 
the majority of the compounds as a class showed no activity, those 
bearing 3 or 4 halogen substituents evinced slight activity in post- 
emergence tests. 


Keyphrases 0 1 ,S-Diaryl-A2-l ,2,3-triazolines-herbicidal activity 0 
Arylidene anilines-herbicidal activity 0 Herbicidal activity- 
1 ,5-diaryl-A2- 1,2,3-triazolines, arylidene anilines 


Studies in the author’s laboratories on solvation 
effects and the role of protic-dipolar aprotic solvents 
in 1,3-cycloaddition reactions (1-5) have helped pave 
the way to  the proper understanding and application 
of solvation energy to  assist bimolecular cycloaddition 
reactions. Thus, the accelerating effect of water on the 
1,3-cycloaddition of diazomethane to  Schiff bases 
(arylidene anilines) (I) has led to a versatile general 
method for the synthesis of the rarely encountered A2- 
1,2,3-triazolines (11) (3, 6 )  (Scheme I). By carrying out 


I 


Hk, ,f;T 
N 
I1 


Scheme I 


the addition reaction in aqueous dioxane solutions, a 
variety of previously unknown 1,5-diaryl-1,2,3-tria- 
zolines have been obtained in good yields. Earlier 
methods of syntheses (7, 8) have either failed to  give a 
triazoline adduct or have yielded only insignificant 
amounts of the products. As a result, there is no ref- 
erence in the literature to any studies on the biological 
properties of this group of heterocyclic compounds. 
The cycloaddition reaction in aqueous dioxane solu- 
tions has now made a large number of 1,2,3-triazolines 
readily available in sufficient quantities to permit, for the 
first time, a detailed screening of these compounds for 
biological activity. In this paper, a brief report on the 
results of screening for herbicidal activity is presented. 


About 30 1,5-diaryl- 1,2,3-triazolines (11) bearing one 
or two substituent groups on the C-phenyl and/or the 
N-phenyl and the respective arylidene anilines (I), 
from which the triazolines are derived, were screened 
for preemergence, postemergence, and defoliant ac- 
tivities. Although the majority of the 1,2,3-triazolines 
and arylidene anilines showed no activity, compounds 
bearing 3 or 4 halogen substituents evinced slight activ- 
ity. The latter compounds caused visible chlorosis, 
contact and formative effects, and necrosis in the broad- 
leaf species in postemergence applications; the cereals, 
however, were unaffected. Both cereals and broadleaf 
species also were not affected in preemergence or de- 
foliant tests. 


EXPERIMENTAL 


The 1,5-diaryl-l,2,3-triazolines and arylidene anilines containing 
such substituents as the nitro, chloro, bromo, methyl, methoxy, or 
carbalkoxy groups on the C-phenyl and/or the N-phenyl ring, in the 
o-, m-, or p-positions (with the exception of the carbalkoxy groups, 
which were present only in thepposition of the N-phenyl ring) were 
previously prepared in the author’s laboratory (1-6). The p- 
aminobenzoic esters necessary for the preparation of the arylidene 
paminobenzoates were synthesized, in a convenient one-step 
reaction, by refluxing the p-aminobenzoic acid with excess alcohol 
in the presence of commercial boron trifluoride ethyl ether as the 
catalyst (9). 


The test compounds were dissolved in acetone containing 0.5 
polysorbate 201 and sprayed vertically onto potted seedlings aged 7 
days from planting at the time of treatment. The spray volume used 
was 12 ml. directed evenly over 3 sq. ft. of area, and the spray 
rates were such that applications equivalent to 0.1 and I Ib./acre 
were obtained. Each rate was applied to 12 pots simultaneously 
(two pots of each of the six species used). Observations were then 
made from four plants of each broadleaf species (two plants per 
pot) and 20 plants of each cereal species (10 plants per pot) at 
intervals of 1-2, 5 ,  and 10-14 days for individual visual effects, 
the latter comprised of abscission, chlorosis, contact and formative 
effects, curvature, galling, killing, necrosis, abnormal pigmentation, 
quilling, adventitious root formation, and stunting. 


Compounds bearing one or two halogen atoms, either alone or in 
conjunction with another group, showed little activity. Those 
bearing 3 or 4 halogen atoms, either alone or otherwise, pro- 
duced visual effects, the tetrahalogen compounds being more 
powerful. Among those tested, 1-(3,4-dichIoropheny1)-5-(2,4-di- 
chlorophenyl)-l,2,3-triazoline and 2,4-dichlorobenzylidene-3-chlor- 
oaniline appeared to be the most active and produced a greater 
variety of visual effects in a greater variety of crops than any of 
the other compounds. 


1 Tween 20, Atlas Chemical Industries, Wilmington, Del. 
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Release, Uptake, and Permeation Behavior 
of Salicylic Acid in Ointment Bases 


MASAHIRO NAKANO* and NAGIN K. PATELS 


Abstract 0 In oitro release of salicylic acid from ointments was 
investigated by a diffusion technique employing a silicone rubber 
membrane. The advantages of this membrane over a cellophane 
membrane are discussed. Release of salicylic acid from five oint- 
ment bases indicated that emulsion-type ointment bases are superior 
to oleaginous and polyethylene glycol ointment bases. Uptake of 
salicylic acid by polyethylene glycol ointment from the solution was 
much faster than that by others, indicating a fairly strong affinity 
of this drug for the polyethylene glycol base. The permeation of 
salicylic acid from the aqueous solution through ointment bases to 
another aqueous solution was studied with a three-compartment 
diffusion cell to examine the relative importance of the factors in- 
volved in the process. Dimethyl sulfoxide and dimethylacetamide 
facilitated the release of salicylic acid from the ointments. Di-n- 
butylpropionamide was found to increase both the release of salicylic 
acid from the ointment and permeation through the ointment base. 
The in oirro release pattern from various bases is in agreement with 
the in uiuo data repsrted in the literature. 


Keyphrases 0 Ointment bases-salicylic acid 0 Salicylic acid in 
ointment-release, uptake, permeation 0 Release rates-salicylic 
acid, ointment bases Silicone rubber membrane-salicylic acid 
transfer UV spectrophotometry-analysis 


Physiological availability of a topically applied drug 
depends on both the rate of release from the vehicle 
and the permeability through the skin. The former is 
physicochemical in nature, whereas the latter may be 
called physiological. The role of the physicochemical 
factor in the overall availability of a drug has not been 
fully understood. To explore this point, the behavior 
of a drug in ointment bases was examined with a 
diffusion cell and a silicone rubber membrane instead 
of the commonly used cellophane membranes (1, 2). 
Since an in uitro study using an excised skin (3) and a 
number of in uiuo studies (4-6) deal with salicylic acid, 
this agent was selected for the present study. 


Some of the special features and objectives of the 
present work are as follows. (a) The feasibility of the use 
of silicone rubber membranes in availability studies in 
vitro was investigated. (b) The very slow rate of release of 
salicylic acid from polyethylene glycol ointment 
prompted the authors to investigate the affinity or inter- 
active nature of the drug for the ointment base by 
measuring the uptake of the drug from the solution by 
the ointment base. (c) To ascertain whether the diffu- 
sivity of the drug through the ointment or the solubility 
of the drug in the ointment base (7) plays the major role 
in the release characteristics of salicylic acid, the rate of 
permeation' of the drug from the solution to another 
solution through an ointment-base layer was deter- 
mined with the use of a three-compartment cell. (d)  


1 In this communication the following termino!ogy is used. Diffusion 
is designated as the transport of a material within a medium, whereas 
permeation is defined as the transport of a material from one aqueous 
medium to another aqueous medium thfough a semisolid phase whlch 
separates the two aqueous media, since In the latter both diffusion and 
partition take place. 


m m  
(C) 


Figure 1-Diagrams of apparatus used in: (a) release study, (b)  up- 
take study, and (c) permeation study. Key: 1 .  salicylic acid incor- 
porated in an ointment base: 2. sodium hydroxide solution; 3. oint- 
ment base: 4. salicylic acid solution: and m, dimethyl polysiloxane 
membrane. An arrow indicates direction of transfer of salicylic acid. 


The effect of dimethyl sulfoxide and two amides on the 
release and permeation of the drug was also investi- 
gated, since these organic solvents have received 
considerable attention with regard to their effect on 
membrane permeability (8). 


EXPERIMENTAL 


Materials-Reagent grade salicylic acid2 was used throughout. 
Dimethyl polysiloxane3 sheeting in a labeled thickness of 5 mil was 
used. Dimethyl ~ulfoxide,~ N,N-dimethyla~etarnide,~ and N,N-di- 
n-butylpr~pionamide~ were used without further purification. Poly- 
ethylene glycol ointment, hydrophilic petrolatum, and hydro- 
philic ointment were prepared according to USP XVII. Water-in- 
oil and oil-in-water bases were prepared according to the method 
of Whitworth (9). 


Apparatus-The polymethyl methacry1ate6 diffusion cell de- 
scribed by Patel and Foss (11) was used. The diameter of the avail- 
able area for diffusion was 34 mm. A three-compartment cell 
designed for permeation studies consisted of the mentioned diffu- 
sion components and a thin plastic6 plate (1.8 mm. in thickness) 
with a central opening, 34 mm. in diameter. 


Procedure-Finely powdered salicylic acid (final concentration = 
3 %) was levigated with 10 drops of liquid petrolatum and incorpo- 
rated into an ointment base by means of a mortar and pestle. 
Organic solvent (final concentration = 5 7 3  was blended with the 
ointment base using a mortar and pestle prior to incorporation of 
the drug. 


Three types of experiments performed in the present investiga- 
tion: (a) release, (b) uptake, and ( c )  permeation, are illustrated 
diagrammatically (not to scale) in Fig. 1 and the procedure is given 
for each experiment. 


Release from Ointment-One compartment of the diffusion cell 
was filled with an ointment and the excess was removed with the 
edge of a spatula to produce an even surface. The silicone rubber 


2 General Chemical Division, Allied Chemical Corp., New York, 
N. Y. 


3 Supplied by Medical Products Division, Dow Corning Corp., Mid- 
land, Mich. 


4 Chemical Manufacturing Division, Fisher Scientific Co., Fair Lawn, 
N. J. 


5 Distillation Products Industries, Division of Eastman Kodak Co., 
Rochester, N. Y. 


6 Plexiglas, Rohm & Haas Co., Philadelphia, Pa. This material has 
recently been shown to absorb some nonelectrolytes from the solution 
(10). Salicylic acid may also be absorbed to a certain extent. 
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Figure 2-Release of sulicylic acid from ointments at 30". Key: 
oil-in-water ointment; 0, hydrophilic ointment; V, water-in-oil oint- 
ment; A, hydrophilic petrolatum; and 0, polyethylene glycol oint- 
ment. 


membrane was then placed on it and carefully pressed to ensure 
complete contact of the membrane with the ointment. The other 
compartment of the cell was then placed on the membrane. The 
cell was assembled and tightly secured with bolts and wing nuts. 
The unit was brought up to a temperature of 30" by keeping it in a 
constant-temperature incubator.? A 10-ml. portion of prewarmed 
0.01 N NaOH was placed in the empty compartment. Sodium 
hydroxide was added to maintain the effective concentration of 
permeable species to a value of zero in solution. The entire assembly 
was agitated on a shake9 in the incubator a t  a constant tempera- 
ture of 30". A 0.5-ml. aliquot of the aqueous solution was with- 
drawn at a definite interval and diluted to 10 ml. with 0.02 N HCI to 
suppress the dissociation of salicylic acid. The concentration of 
salicylic acid was determined spectrophotometricallyp at 302 mp. 


Uptake by Ointment Base-The general procedure is the same 
as just described with the exception that the ointment base was 
packed in one compartment and a 10-ml. portion of a 10 mM 
salicylic acid solution in 0.01 N HCI was placed in the opposite 
compartment. Decrease in the salicylic acid content of the aqueous 
phase was determined spectrophotometrically. 


Permeation through Ointment Base-The plastic plate with a 
circular opening was placed on the silicone rubber membrane and 
the opening was filled with an ointment base. The second membrane 
was then placed on it and pressed down to ensure complete contact 
with the ointment base. This unit was then placed between the two 
halves of the diffusion cell and the cell was assembled. The cell was 
brought up to 30" by placing it in the incubator. A 10-ml. portion 
of prewarmed 0.01 N NaOH was placed in one compartment, and 
an equal amount of prewarmed 10 mM salicylic acid in 0.01 N 
HC1 was pipeted into the opposite compartment. The cell was 
agitated at a constant temperature; the increase in the drug concen- 
tration of the alkaline solution at definite time intervals was followed 
spectrophotometrically. 


RESULTS 


Release of Salicylic Acid from Ointments-The release charac- 
teristic of salicylic acid from various ointment bases over a 2-hr. 
period is illustrated in Fig. 2. The increase in the drug concentra- 
tion of the aqueous phase at varying time intervals was used to 


assess the rate of drug release from the ointments. The emulsion- 
type ointments were superior to either hydrophilic petrolatum or 
polyethylene glycol ointment bases in salicylic acid release. Among 
the emulsion-type bases investigated, the oil-in-water type bases 
gave a better release than the water-in-oil type. Although not shown 
in the figure, the rate of release of salicylic acid from white petrola- 
tum was slower than that from hydrophilic petrolatum; whereas 
the drug release from Base 11, a polyethylene glycol base containing 
cetyl alcohol (12), was comparable to that from the polyethylene 
glycol base. Results are in agreement with those published in the 
literature (4) with the exception of the release data from poly- 
ethylene glycol bases, which are in direct contrast with those re- 
ported earlier (13). A possible explanation is offered under Dis- 
cussion. Three official ointment bases, i.e., hydrophilic ointment 
(an emulsion base), hydrophilic petrolatum (an absorption base), 
and polyethylene glycol base (a water-soluble base), were further 
examined in the uptake and permeation studies. 


Uptake of Salicylic Acid by Ointment Bases-The drug uptake 
from aqueous solution by the ointment bases, separated by the 
silicone rubber membrane, was measured to evaluate the relative 
affinity of the drug for the bases. The data for this part of the study 
are plotted in Fig. 3. The figure shows that only 8% of the drug 
remained in solution after a 24-hr. period in the case of polyethylene 
glycol base, thus demonstrating a comparatively rapid rate of uptake 
by this base. The uptake by hydrophilic ointment was fairly rapid, 
whereas it was very slow for hydrophilic petrolatum. 


Permeation of Salicylic Acid through Ointment Bases-Figure 4 
illustrates the permeation profile of salicylic acid from the acidic 
solution to the alkaline solution through various ointment bases. 
Here the drug concentration of the alkaline solution is plotted as a 
function of time. The permeation of salicylic acid through hydro- 
philic ointment was comparatively rapid, whereas very little drug 
permeated through polyethylene glycol base within a 10-hr. period, 
with hydrophilic petrolatum as an intermediate. Even though only a 
small fraction of salicylic acid permeated through polyethylene 
glycol base into the alkaline solution, there was a large decrease in 
the drug content of the acid solution, thus indicating a significant 
accumulation of salicylic acid in the base. 


Effects of Some Organic Solvents on the Release and Permeation- 
The data on the influence of dimethyl sulfoxide and two amides 
for the release of salicylic acid from hydrophilic petrolatum are 
presented in Fig. 5. The rate of drug release was dependent upon the 
nature of the organic solvent. Di-n-butylpropionamide exhibited 
the greatest enhancing effect, followed by dimethylacetamide and 
dimethyl sulfoxide in decreasing order. Similar enhancing effects 
of these solvents were observed with polyethylene glycol and 
hydrophilic ointments. 


Figure 6 illustrates the effects of the solvents on the rate of drug 
Permeation through hydrophilic petrolatum. Permeation through 
the vehicle was accelerated in the presence of di-n-butylpropion- 
amide, but the effect due to dimethylacetamide was not very pro- 
nounced. Polyethylene glycol ointment showed a similar behavior 
with the solvents; however, the magnitude of acceleration was less 
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Mode182, Fisher Scientific Co., Pittsburgh, Pa. 
8 Lab-Tek aliquot shaker, Ames Lab-Tek. Inc., Westmont, Ill. 
9 Model DB, Beckman Instruments, Inc., Fullerton, Calif. 


Figure 3-Uptake of salicylic acid by ointment bases at 30". Key: 
A, hydrophilic petrolatum; U, hydrophilic ointment; and 0, poly- 
ethylene glycol ointment. 
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Figure 4-Permeation of salicylic acid through ointment bases at 
30". Key: 0, hydrophilic ointment; A, hydrophilic petrolatum: and 
0, polyethylene glycol ointment. 


marked. These solvents had little effect on the permeation of the 
drug through hydrophilic ointment. 


DISCUSSION 


As illustrated in Fig. 2, the release characteristics of salicylic acid 
from five physically different ointment bases through a silicone 
rubber membrane over a period of 2 hr., indicate that the membrane 
of a thickness of 5 mil provides reasonably fast rates of release 
to be of practical use for investigations of release of drugs from 
ointments. The linearity of the plots appears to indicate that the 
release of salicylic acid follows apparent zero-order kinetics, al- 
though this is not always the case (Fig. 5). The release pattern ob- 
tained using a silicone rubber membrane is in agreement with the 
in uiuo data of Stolar e f  al. (4). Their ranking of the ointment bases 
for percutaneous absorption of salicylic acid was: hydrophilic 
ointment > hydrophilic petrolatum > polyethylene glycol. 


Billups and Patel reported that cellophane membrane gave un- 
usually rapid release of salicylic acid from the polyethylene glycol- 
cetyl alcohol base (Base II), although it was satisfactory for emul- 
sion- and oleaginous-type bases ( 1  3). This is in direct contrast to the 
poor percutaneous absorption of salicylic acid from polyethylene 
glycol base (4). Cellophane membrane is freely permeable to water. 
In the case of an ointment base with high affinity for water, such as 
polyethylene glycol, the base attracts water, thus forming a solution 
and thereafter allowing the drug to permeate from the aqueous solu- 
tion rather than from the base. 


The mechanism of transfer of salicylic acid through the silicone 
rubber membrane is possibly governed by the partitioning of the 
drug into and diffusion through the membrane (14). The partition 
coefficient of the drug between the membrane and the ointment base 
thus plays an important role. In overall availability, this factor may 
be desirable because of the similarities in the physical properties of 
the membrane with those of skin. The skin barrier is generally 
considered to be lipoid in nature, although the exact mechanism of 
percutaneous absorption is not fully understood (15). Silicone rubber 
membranes are known to be permeable to nonionic drug molecules; 
and because of their lipidlike properties, they are claimed to be 
of value in the investigation of the drug transport through lipoid 
barriers (14, 16, 17). Based on the agreement of in oitro release 
pattern with in viuo data (4), a silicone membrane appears to be 
ideal for investigating drug release from diverse bases. 


The very slow release of salicylic acid from polyethylene glycol 
ointment observed in this study was also noted by Loveday using 
excised pig skin (3) and by Stolar et al. from the measurement of the 
blood level in the rabbit (4). This slow release is most likely due to 
the affinity of salicylic acid for polyethylene glycol. This was demon- 
strated by the fairly rapid uptake of salicylic acid by the polyethylene 
glycol base from the solution (Fig. 3) and the drug accumulation 


0 30 60 90 120 
TIME, min. 


Figure 5-Effect of dimethyl sulfoxide arid amides on the rate of 
release of salicylic acid from hydrophilic petrolatum ut 30". Key: 
V, with di-n-butylpropionamide; 0, with dimethylacetamide: 0, 
with dimethyl sulfoxide; andA, without organic solcent. 


within the ointment base in the permeation studies (Fig. 4). Hy- 
droxybenzoic acids and phenols form molecular complexes with 
polyethylene glycol (18, 19) through hydrogen bonding. Due to 
complexation, salicylic acid is held up by the vehicle, thus retarding 
its release. Drugs which do not complex with polyethylene glycol 
would be expected to show better drug release than the acid. Love- 
day observed superior release of methyl salicylate from polyethylene 
glycol ointment (3). Methyl salicylate would not be expected to 
complex with polyethylene glycol because of the lack of the car- 
boxylic acid group and involvement of the hydroxy group in intra- 
molecular hydrogen bonding. 


For diffusion to occur, the medicinals should be dissolved in the 
ointment base; this factor is of considerable importance for poorly 
soluble drugs. The three-compartment cell was used to examine the 
permeability characteristics of the drug in each ointment base 
without complications from the difference in the solubilities of the 
drug in various bases. In this experiment the initial concentration 
of salicylic acid in one compartment was kept constant, and the 
drug was allowed to permeate through varied bases into another 
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Figure 6-Effect of amides on the rate of permeation of salicylic acid 
through hydrophilic petrolatum. Key: V, with di-n-butylpropionamide; 
0, with dimethylacetamide; andA, without umide. 
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compartment. Under these conditions the partition coefficient of the 
drug between the ointment base and membrane, as  well as its diffu- 
sivity in the ointment base, would influence the rate of permeation 
and consequently the rate of release. The overall similarity of the 
release and permeation profile of the drug from hydrophilic oint- 
ment, hydrophilic petrolatum, and polyethylene glycol indicates 
that the solubility factor is not of overwhelming importance and 
the contribution from other factors, such as the diffusivity of the 
drug in the ointment base and possibly the partition characteristics 
of the drug between the base and the membrane, also have a sig- 
nificant bearing upon the release characteristics of the drug. 
In the absence of specific interaction between the drug and the 


ointment base, as was the case with salicylic acid and polyethylene 
glycol ointment base, the base that takes up the drug fast appears 
to release the drug fast (Figs. 2 and 3). The rate of uptake of the 
acid by the ointment base from a solution through the silicone 
rubber membrane depends upon both the partition coefficient 
between the ointment base and the membrane and the diffusivity 
through the ointment base. Diffusivity through the ointment base 
may be the rate-limiting factor for ointments with poor drug 
release. This can be explained on the basis of uptake data for hydro- 
philic ointment and hydrophilic petrolatum. The greater uptake of 
drug by hydrophilic ointment than by hydrophilic petrolatum can 
be related to faster diffusion of salicylic acid through hydrophilic 
ointment. Water, being a continuous phase in hydrophilic ointment, 
is more mobile than the continuous oil phase of hydrophilic petrola- 
tum and this, in turn, would favor diffusion of salicylic acid through 
hydrophilic ointment. The partition factor, on the other hand, 
should have a favorable effect upon hydrophilic petrolatum over 
hydrophilic ointment, since salicylic acid is roughly five times more 
soluble in oils and fats than in water (20). 


Accelerated release of salicylic acid from white petrolatum and 
water-in-oil-type emulsion base in the presence of organic solvents 
has been reported by Whitworth (9). The results of the present 
study showed that the in citro release of salicylic acid from hydro- 
philic petrolatum, polyethylene glycol base, and hydrophilic oint- 
ment was also increased in the presence of dimethyl sulfoxide and 
the amides. The reported increased percutaneous absorption of 
salicylic acid in the rabbit in the presence of dimethyl sulfoxide 
(21) may be attributed to the increased drug release from the oint- 
ment (Fig. 5)  rather than merely to the change in the skin perme- 
ability by the sulfoxide. The increased solubility of salicylic acid 
in the ointment base containing organic solvents would be expected 
to increase the rate of release. The reason for attributing the in- 
creased release of salicylic acid mainly to the increased solubility 
of the drug in the base, rather than to change in membrane perme- 
ability, comes from the fact that the effect of dimethyl sulfoxide 
and dimethylacetamide on the rate of permeation was not so pro- 
nounced as that on the release rate. In addition, these two organic 
solvents have been shown not to partition to an appreciable extent 
into the silicone rubber membrane (22). These solvents, therefore, 
may not have a significant influence on the silicone rubber mem- 
brane itself, although the possibility of this effect may exist with 
biological membranes. The greater enhancing effect of di-n-butyl- 
propionamide compared to dimethylacetamide may be due in 
part to the greater solubility of the former in the membrane. Di-n- 
butylpropionamide partitions into the membrane from the ointment, 
and it can form hydrogen bonds with salicylic acid which, in turn, 
facilitates the transfer of salicylic acid from the ointment into the 


membrane. This interaction is expected to accelerate the permeation 
of salicylic acid (22). 
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Table 11-Comparison of Assay Methods for Mestranol in Commercial Samples 


Mestranol 7-- % of Amount Declared by------ 
Color Fluorometric Sample Present Declared, mg. uv Progestin 


85. la 99.0“ 100 
-b 101 


1 Norethynodrel 0 .1  
2 Ethynodiol diacetate 0 .1  98.0 
3 Norethindrone 0 .1  100 99.0 101 


Norethindrone 0 .1  95.4 100 99.7 
1 02 - 0.08 1 02 


4 
5AC 
5Bc Chlormadinone acetate 0.08 101” -h 


102 
-IJ 


a Corrected for interference in the spectrum, b Interferences prevented accurate calculations. c Sequential-type tablets. 


The method is also applicable to single-tablet analyses. Assay 
values for 10 tablets ranged from 98.5 to 105 % of declared values. 
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Assay of Emetine Hydrochloride Injection 


KATALIN ACEL and MURRAY M. TUCKERMAN 


Abstract 0 Data are presented for the DAB 7 assay of emetine 
hydrochloride and for quantitative assay of emetine hydrochloride 
injection by a method previously reported for injections of amin- 
salts. The method involves nonaqueous titration of a chloroform. 
eluted sample from a magnesium oxide-siliceous earth mixture 
Thermogravimetric data show that emetine hydrochloride forms no 
stable hydrates, that water can be lost even at room temperature, 
and that loss still continues slowly beyond the usual drying tempera- 
ture so that it is difficult to render the material anhydrous. For these 
reasons, it is suggested that emetine hydrochloride and emetine 
hydrochloride injection be labeled with the content of anhydrous 
emetine hydrochloride. Permissible variation should be f 1 z for 
emetine hydrochloride and f 5 z for the injection. 


Keyphrases 0 Emetine HCI injection-analysis IJ Potentiometric 
titration-analysis Titrimetry-analysis 


Emetine Hydrochloride Injection USP XVII has a 
peculiar definition in that “it contains an amount of 
anhydrous emetine hydrochloride (C29H40N204-2HC1) 


equivalent to not less than 84 % and not more than 94 % 
of the labeled amount of emetine hydrochloride” (1). 
Thus it is the only pharmaceutical preparation formu- 
lated at less than 100% of label claim. This peculiar 
definition is necessitated by the official definition of 
Emetine Hydrochloride USP XVII as a hydrate of uncer- 
tain composition, which “contains not less than 98.0 % 
and not more than 101.5% of C29H40N204.2HCI, 
calculated on the anhydrous basis” (2 ) .  


Water is determined as follows: “Dry it at 105” for 2 
hr.: it loses not less than 8 % and not more than 14% of 
its weight’’ (2). The average water content of the solid is 
thus 11 %, which corresponds to the average require- 
ment for the injection of 89 % of anhydrous material. 


An attempt was made to assay emetine hydrochloride 
injection by a previously proposed method (3). The 
method involves distributing the sample over a mixture 
of magnesium oxide and purified diatomaceous earth 
held on a sintered-glass filtering funnel, eluting the 
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Figure I-Thermograuimetric study of emetine hydrochloride. 


liberated base with chloroform, and titrating the eluates 
with perchloric acid. However, due to the low require- 
ment in meeting label claims, this could not be used as a 
guide to recovery. Therefore, a more extensive investiga- 
tion was pursued. 


EXPERIMENTAL 


Procedure A-Weigh accurately 170 mg. of emetine hydro- 
chloride, previously dried at 105” for 3 hr. Dissolve it in 40 ml. of 
glacial acetic acid; add 10 ml. of mercuric acetate T.S. and 6 drops of 
0.25x pnaphtholbenzein in glacial acetic acid. Titrate to the green 
end-point. Perform a blank titration and make any necessary correc- 
tion. Concomitantly determine the end-point potentiometrically. 
This is essentially the method of DAB 7 (4). 


Weigh an amount of dried, assayed emetine hydrochloride, 
equivalent to 325.0 mg. of anhydrous salt, and dissolve in enough 
distilled water to make 5.00 ml. Assay by Procedure B. 


Procedure B-Distribute 2.00 ml. of the solution over 3 g. of a 
mixture of 1 g. of chromatographic magnesium oxide and 10 g. of 
high flowrate, purified siliceous earth’ held on a coarse-porosity, 
sintered-glass filtering funnel. Elute with five 10-ml. portions of 
warm (55’) chloroform, mixing each portion well with the contents 
of the crucible and then draining with gentle suction into 40 ml. of 
glacial acetic acid. Add 6 drops of pnaphtholbenzein indicator and 
titrate to the green end-point. Perform a blank titration and make 
any necessary correction. Concomitantly, determine the end- 
point potentiometrically (3). 


The content of anhydrous emetine hydrochloride in the dried 
material found by duplicate titration by Procedure A was: potentio- 
metric, 97.535 f 0.077%; and indicator, 98.250 f 0.084%. 


Recovery from the standard solution found by duplicate titration 
by Procedure B was: potentiometric, 98.92 f 0.25%; and indicator, 
99.03 f 0.15%. 


Recovery from a commercial injection found by triplicate deter- 
mination was 87.66 f 0.76%, using the indicator end-point. 


DISCUSSION 


Data for recovery of assayed material show that the proposed 
method for the injection is accurate and reproducible enough for use 
as a method of control. Recovery from the commercial product is 


1 Celite 545, Johns-Manville. 


satisfactory in view of an 89 f 5 requirement. The authors were 
troubled, however, by the low result obtained in the assay of the 
supposedly anhydrous solid, which differs significantly from 100% 
and barely meets the 98.0% minimum required if the indicator end- 
point value is taken. The sample used had been dried to constant 
weight, as shown by drying for an additional hour, so that the dis- 
crepancy was difficult to explain. 


A sample of the original material was submitted for thermo- 
gravimetric analysis. A copy of the record is shown in Fig. 1 for a 
10.8-mg. sample heated at 5”/min. in a nitrogen atmosphere. From 
this it can be concluded that: 


1 .  Emetine hydrochloride forms no stable hydrates. 
2. Water loss takes place even at room temperature. This usually 


indicates that the water content of the solid will fluctuate with the 
relative humidity. 


3. Slow loss continues to take place at temperatures above 105O, 
so that the drying time specified in USP XVII would not be ex- 
pected to remove all moisture. Moisture loss is so slow, however, 
that the sample will appear to have reached constant weight by the 
usual criterion. It is suggested, therefore, that emetine hydrochloride 
be defined in terms of its content of anhydrous salt without drying. 
The definition should then read: “contains not less <han 99% and 
not more than 101 of the labeled content of anhydrous emetine 
hydrochloride.” The injection should also be labeled in terms of 
content of anhydrous salt. 


4. A new sample of emetine hydrochloride was obtained for 
moisture determination by the Karl Fischer titrimetric method (5). 
The reagent was standardized in triplicate against sodium tartrate 
dihydrate containing 15.61 % water to yield a value of 6.276 f 0.021 
mg. H20/ml. The moisture in the emetine hydrochloride sample, 
determined in duplicate, was 9.40 f 0.01 %. Moisture content by 
drying to constant weight was 9.27 2. This finding again shows that 
drying to constant weight does not quite remove all of the moisture, 
The close agreement between the oven-drying method and the Karl 
Fischer method suggests that the titrimetric procedure should be 
adopted. 
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Since many antiarrhythmic agents seem to possess some degree 
of local anesthetic action, those compounds, namely, Id, IIb, IIIa, 
and IIIb, were tested for local anesthetic activity. Table VI  is the 
summary of the results of the testing. Due to the limited number of 
tests, the data in this table were not analyzed statistically to deter- 
mine if the average percent anesthesia of the compounds was sig- 
nificantly higher than that of procaine. Therefore, the results should 
be treated qualitatively rather than quantitatively. It is not surprising 
that Compounds IIb, IIIa, and IIIb showed local anesthetic activity, 
because in addition to structural similarity these compounds had a 
pKa value very close to that of procaine. 
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In Viuo Evaluation of Absorption and Excretion 
of Pentylenetetra~ol-lO-~~C from Sustained-Release 
and Nonsustained-Release Tablets 


WILLIAM R. EBERT*, ROBERT W. MORRIS*, SUSAN G .  ROWLESt, 
HENRY T. RUSSELL$, GORDON S. BORN§, and JOHN E. CHRISTIANS 


Abstract 0 Sustained-release and nonsustained-release tablets 
containing pentylenetetrazol-10- 14C were administered orally to 
human volunteers. The levels of the drug and/or its labeled metab- 
olites in the plasma and urine were determined by liquid scintillation 
counting. These data showed that the sustained-release tablets pro- 
vided a consistent plasma level of 14C for about 12 hr. and that the 
drug and/or its labeled metabolites were excreted in the urine at a 
fairly constant rate during this period. The nonsustained-release 
tablets given in divided doses resulted in three separate peak plasma- 
14C levels and a urinary excretion pattern similar to that of the 
sustained-release tablet. A single dose of the nonsustained-release 
tablet was followed by a peak plasma-14C level, which decreased 
during the 12 hr. after administration, and by a fairly constant rate 
of urinary excretion of l4C during this period. 


Keyphrases 0 Pentylenetetrazol-lO--’4C-absorption, excretion 0 
Tablets, sustained-, nonsustained-release-pentylenetetrazol-lo- 
14C 0 Absorption, e~cretion-pentylenetetrazol-l0-~4C from 
sustained-, nonsustained-release tablets 0 Scintillometry-analysis 


Sustained-releasel and nonsustained-release tablets 
containing pentylenetetrazol and niacin in common 
therapeutic dosages have been evaluated for their in uiuo 
performance in humans by following niacin-plasma 


1 Geroniazol TT, Philips Roxane Laboratories, Columbus, Ohio. 


levels (1). This evaluation was accomplished by using 
l4C-labe1ed niacin in the tablets and determining the 
plasma and urine levels of niacin- 14C and/or its labeled 
metabolites subsequent to oral administration of the 
tablets. The results of this study showed that after 
ingestion of sustained-release tablets, the plasma level 
of niacin-14C and/or its labeled metabolites was sus- 
tained for a 12-hr. period. In contrast, three doses of 
nonsustained-release tablets, administered at 4-hr. 
intervals, resulted in three peak plasma levels. The drug 
excretion patterns observed after both dosage regimens 
were similar. 


Because of the various chemical, pharmacological, 
and metabolic differences between niacin and pentylene- 
tetrazol, different absorption and excretion patterns for 
the two drugs were expected. The present paper reports a 
study of the absorption and excretion patterns charac- 
teristic of pentylenetetrazol administered orally, com- 
bined with niacin, in both sustained-release and non- 
sustained-release dosage forms. Pentylenetetrazol-10- 
14C was used in this study to permit determination of 
these patterns by radiotracer techniques similar to 
those originally reported by Rosen and Swintosky (2) 
for following the appearance of a drug in human plasma 
and urine. 
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Table I-In Vitro Determination of Cumulative Pentylenetetrazol 
and Niacin Release from Sustained-Release Tablets 


Mean Pentylenetetrazol 
Time, -----Released =k SD- Mean Niacin 


hr. Chemical Assay 14C Assay Released i S D  


1 " 40.5 i 0.9b 41.8 f 0.6b 30.8 f 0.2" 
4d 69.9 It 1.9" 73.8 =k 1.0" 58.0 =k 2.0' 
8* 89.8 =k 0.30 92.9 =k 0 . 7 ~  77.8 f l . O h  


a Mean of six tablets; simulated gastric solution test fluid. Established 
limit for commercial forms is 40.0 f 3.0z. CEstablished limit for 
commercial forms is 30.0 f 5.0 %. Mean of three tablets; simulated in- 
testinal solution test fluid. Established limit for commercial forms is 
73.0 f 5.0%. f Established limit for commercial forms is 57.5 f 7.5 %. 
0 Established limit for commercial forms is 92.5 f 7.5 z. Established 
limit for commercial forms is 82.5 f 7.5 %. 


EXPERIMENTAL 


Radioactive Pentylenetetraz~l-Pentylenetetrazol-lO-~*C with a 
specific activity of 17.8 pc./mg., as synthesized* by Stiver, and with 
radiochemical purity established by TLC (3) was diluted (4) with 
nonradioactive pentylenetetrazol NF XII. Three separate dilutions 
of pentylenetetrazol- 14C were prepared, and the resulting specific 
activities were 23.4 pc./300 mg., 18.5 pc./lOO mg., and 9.3 
pc./100 mg. Each dilution was prepared by dissolving pentylene- 
tetrazol-10- 14C and pentylenetetrazol N F  XI1 in methanol (99.85 %) 
with stirring. The methanol was evaporated over a steam bath. 
The pentylenetetrazol- 14C thus obtained was then cooled to room 
temperature and dried in a vacuum desiccator at 0.05 mm. at room 
temperature for 6 hr. 


Radioactive Tablets-Three different compressed tablet formula- 
tions were manufactured from the pentylenetetrazol--'4C dilutions as 
follows. 


Formula A-Sustained-release tablets, of the insoluble matrix 
type, from which the active ingredients are slowly leached; identical 
to commercial forms,' with the exception of the use of pentylene- 
tetrazolJ4C. These tablets contained pentylenetetrazol- 14C, 300 mg. 
(equivalent to 23.4 pc. of 14C); niacin, 150 mg.; fatty substances; 
and inert excipients. 


Formula B-Nonsustained-release tablets containing pentylene- 
tetrazol-14C, 100 mg. (equivalent to 18.5 pc. of 14C); niacin, 50 mg.; 
and inert excipients. 


Formula C-Nonsustained-release tablets containing pentylene- 
tetrazol-I4C, 100 mg. (equivalent to 9.3 pc. of 14C); niacin, 50 mg.; 
and inert excipients. 


Quality Control-Tablets were selected at  random from all three 
tablet formulations; they were subjected to routine quality control 
tests to establish the conformance of the pentylenetetra~ol-~C- 
containing sustained-release tablets to the commercial forms and to 
determine that the physical and chemical characteristics of the non- 
sustained-release tablets were satisfactory with reference to com- 
mercially available tablets of similar composition. Tablets were 
tested for pentylenetetrazol content, niacin content, weight, thick- 
ness, and hardness. The disintegration time of the nonsustained- 
release tablets was determined by the USP Tablet Disintegration 
Test, and the in vitro release rate was determined for the sustained- 
release tablets. 
In Vitro Release Rate Tests-Before the sustained-release tablets 


were administered to human subjects, the in vitro release rates of 
pentylenetetrazol and niacin were determined to establish confor- 
mance of the radioactive tablets to commercial forms. The USP 
Tablet Disintegration Test Apparatus (5) was used to determine the 
in uitro release rates as follows. Six tablets were chosen at random 
and tested individually by placing one tablet in one of the six tubes 
of the basket-assembly, which was then immersed in 600 ml. of 
simulated gastric fluid T.S. (6) at 37 f 1 '. After operation of the 
apparatus for 1 hr., the basket was removed, rinsed, and trans- 
ferred immediately to 600 ml. of simulated intestinal fluid T.S. (7) 
at 37 f 1 O in which the apparatus was operated for 7 hr. 


At the end of the 1st hour, samples of the gastric test fluid were 
assayed for pentylenetetrazol by both the liquid scintillation count- 
ing technique and by gravimetric analysis. In the latter procedure, 


* Synthesis conducted at the Bionucleonics and Medicinal Chemistry 
Departments, Purdue University, Lafayette, Ind. 
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Figure 1-Average plasma levels of equivalent pentylenetetrazol 
following oral administration of pentylenetetrazol- 'C tablets. 
Group A:  One sustained-release tablet. Group B: One nonsustained- 
release tablet. Group C: One nonsustained-release tablet at 0, 4 ,  
and 8 hr. For clarity, stundard deviations are not shown on the curves 
but are given in Table II. 


an aliquot of the test fluid was saturated with ammonium sulfate 
and the pentylenetetrazol quantitatively extracted with carbon 
tetrachloride. After evaporation of the solvent, the residue was 
dissolved in a small volume of ether and evaporated to dryness; 
the process then was repeated. The weight of the residue was deter- 
mined after drying in a vacuum at room temperature to constant 
weight. The niacin was quantitated by UV spectrophotometry 
with a correction for the background absorbance due to the gastric 
test fluid. Samples of the intestinal test fluid were withdrawn at 4 
and 8 hr. after the start of the test and were assayed similarly after 
acidification of the release solutions. 


I n  Vivo Protocol-Twelve healthy adult human volunteers, de- 
termined by medical history and physical examinations to be free of 
any disorders associated with abnormal absorption or excretion 
patterns, were used in this study. The subjects were all Caucasian 
males, ranging in age from 25 to 34 yr. and weighing between 72.3 
and 102.8 kg. Plasma and urine samples were obtained from all 
subjects before the experiment began for later use in background 
correction of sample assays. All subjects fasted for 12 hr. prior to 
the experiment and for 5 hr. after it began. 


The 12 volunteers were assigned experimental subject numbers at 
random. Each of four subjects (Group A: Subjects 1, 2, 3, and 4) 
was given one tablet of Formula A, the sustained-release dosage 
form. Each of four other subjects (Group B: Subjects 5,6,7, and 8) 
was given one tablet of Formula B, a nonsustained-release tablet. 
Each of four additional subjects (Group C: Subjects 9, 10, 11, and 
12) was given one tablet of Formula C, a nonsustained-release 
tablet, at time zero and again at 4 and 8 hr. after time zero. All 
tablets were ingested with water. 


Ten-milliliter blood samples were withdrawn from all subjects at 
I ,  2,4, 5, 8,9, 12, 24, and 48 hr. after time zero. All blood samples 
were treated with 20 mg. of disodium EDTA, and the plasma was 
immediately separated by centrifugation and frozen until assayed. 
Total urinary collections were made for all subjects during the 
following intervals after time zero: 0-3, 3-6, 6-9, 9-12, 12-24, 
24-36,36-48, and 48-72 hr. The urine was frozen until analyzed. 


Assay of 14C-Liquid scintillation counting techniques were 
employed to determine the quantity of 14C in each plasma and urine 
sample. In a preliminary experiment, replicate plasma samples were 
prepared for counting by three different methods, using Insta-Gel 
em~lsifier,~ hyamine hydroxide4 solution, and perchloric acid. All 
three methods gave satisfactory results, but the Insta-Gel emulsifier 
system was determined most suitable on the basis of its simplicity 
and low quenching characteristics (counting efficiencies of approxi- 
mately 80 were obtained). 


Remaining plasma samples were prepared for counting as fol- 
lows. Exactly 1 ml. of plasma was slowly added to a counting vial 
containing 10 ml. of emulsifier (Insta-Gel). The vial was tightly 
capped and allowed to remain at room temperature for 20 hr., with 


3 Packard Instrument Co., Inc., Downers Grove, Ill. 
4p(Diisobutyl-~resoxyethoxy ethyl)dimethylbenzylammonium hy- 


droxide. 
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Table 11-Plasma Levels of Equivalent Pentylenetetrazol following 
Oral Administration of Pentylenetetra~ol-~~C Tablets 


Mean" Equivalent Plasma Pentylenetetrazol! 
Time after I mg./l. f SD---- 


hr . Ac Bd (2 
Administration, Group Group Group 


1 2.1 f 0 . 3  2 .1  f 0 . 3  2 .1  + 0 . 2  
2 2 .7  f 0 . 3  2 .0  f 0 . 2  2 .0  f 0 . 2  
A 7 2 f 0 . 3  1 . 7  f 0 . 1  1.8 f 0.2 ~ _. 
5 3.4 f 0.3 i . 7  + 0. i  3.6 -I. 0.9 
8 3 .5  f 0 . 2  1 . 4  f 0.0 3.3 f 0.4 
9 3 .5  f 0 . 2  1 . 3  f 0.1 4 .7  f 0.5 


12 3.2 f 0.3 1.1 f 0.1 4.5 f 0.5 
24 2.2 f 0.4 0.7 f 0.1 2.7 f 0.6 
48 0.7 f 0.1 0.2 f 0 . 1  0.9 f 0.4 


a Mean of four subjects. *Any 14C-labeled metabolites have been 
equated to the administered pentylenetetrazoL14C. Group A: One 
sustained-release tablet containing 300 mg. of pentylenetetrazol-14C. 


Group B: One nonsustained-release tablet containing 100 mg. of 
pentylenetetrazol- 14C. Group C: One nonsustained-release tablet 
containing 100 mg. of pentylenetetrazol-14C at 0,4, and 8 hr. 


occasional shaking. Upon cooling to 4", a viscous one-phase system 
was obtained. 


Urine samples were prepared for counting by adding 1.0-ml. 
aliquots to 15 ml. of a scintillation solution containing 2,5-diphenyl- 
oxazole (PPO), 10.0 g.; naphthalene, 80.0 g.; p-xylene, 143 ml.; 
p-dioxane, 429 ml., and a sufficient quantity of 2-ethoxyethanol to 
make 11. 


All samples were cooled to 4" and were counted at that tempera- 
ture in a Packard Tri-Carb liquid scintillation spectrometer equipped 
with bialkali photomultiplier tubes. The discriminators were 
set at 50 and 900, and the gain was adjusted to optimize the counting 
rate. All samples were counted for a length of time sufficient to 
assure counting errors less than 5 z (at the 95 % confidence level) in 
all cases and less than 12 for the majority of the samples. 


All sample count rates were corrected for background and con- 
verted to absolute count rates by the internal standardization 
method of quench correction. The results of the sample assays are 
expressed in terms of "equivalent pentylenetetrazol," thus equating 
any 14C-labeled metabolites to the administered pentylenetetrazol- 
l ac ,  and assuming that the specific activities of all labeled com- 
pounds present in the urine and plasma are identical to the specific 
activity of the administered pentylenetetrazol- 14C. 


RESULTS AND DISCUSSION 


Tablet Assays-The in vitro release rate data for the sustained- 
release tablets (Formula A) are given in Table I. These data indicate 
that the radioactive sustained-release tablets met the specifications 
of the corresponding commercial form. 


The data for quality control tests for total pentylenetetrazol, 
total niacin, weight, thickness, hardness, and disintegration time are 
not summarized in this paper but showed that all tablets tested con- 
formed to corresponding commercially available forms. 


Plasma Data-The average plasma levels of equivalent pentylene- 
tetrazol are plotted for each test group in Fig. 1. This graph shows 
that the plasma levels of the parent compound and/or its labeled 
metabolites were identical (&0.01 mg./l.) for all three groups 1 hr. 
after drug administration. Plasma concentrations of equivalent 
pentylenetetrazol gradually rose during the 14-hr. period after 
administration of the sustained-release tablet and then remained 
constant (3.2-3.5 mg./l.) until about the 12th hour. However, during 
the 1-4-hr. period following administration of the nonsustained- 
release tablet, plasma- 14C levels gradually decreased. Typical rises 
and falls in plasma levels of equivalent pentylenetetrazol were ob- 
served following the repeated administration of the nonsustained- 
release tablet. The plasma level of equivalent pentylenetetrazol 
decreased continually after the peak seen 1 hr. after single-dose 
administration of the nonsustained-release tablet. 


Table I1 gives the mean plasma levels of equivalent pentylene- 
tetrazol and the standard deviations for all three groups at the var- 
ious times studied. Student t values (8) were determined to compare 
the mean plasma levels of 14C of the different groups at various 
times. At the 99 confidence level ( p  = 0.01), there were no statis- 
tically significant differences between the mean plasma levels of any 
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Figure 2-Cumulative average urinary excretion of equivalent pentyl- 
enetetrazol following oral administration of pentylenetetrazol- 14C 
tablets. Group A: One sustained-releuse tablet. Group B: One non- 
sustained-release tablet. Group C: One nonsustuined-release tablet 
at 0, 4 ,  and 8 hr. For clarity, standard deviations are not shown on 
the curves but are given in Table I I I  for the noncumulative excretion 
data. (The value of Group C, 24-36-hr. collection, includes an esti- 
mate of the amount ofpentylenetetrazolpresent in a quantiry of urine 
which was voided but not collected for analysis. (One subject forgot 
to collect one urine sample voided during this interval.) 


two groups 1 hr. after drug administration. At all times after 1 hr., 
the mean plasma levels of Groups A and B (the sustained-release 
tablet group and the single-dose, nonsustained-release tablet group) 
were significantly different. This indicates that the sustained-release 
tablet was still releasing pentylenetetrazol after the 1st hour, whereas 
the peak plasma level resulting from dosage with one nonsustained- 
release tablet occurred prior to or approximately at 1 hr. 


Statistically significant differences were found between Groups A 
and C (the sustained-release tablet group and the group that re- 
ceived three divided doses of a nonsustained-release tablet) only 
at 2,4, 9, and 12 hr. These results suggest that the sustained-release 
tablet released about one-third of the pentylenetetrazol rapidly 
and that the remainder was smoothly and continuously released. 


As expected, there was no statistically significant difference 
between Groups B and C (the groups receiving nonsustained-re- 
lease tablets in single doses and in three divided doses) at 1, 2, or 4 
hr. From 5 hr. on, differences between these two groups were sig- 
nificant. 


Urine Data-Urinary excretion of equivalent pentylenetetrazol 
proceeded at a nearly constant rate for approximately 36 hr. after 
administration of the sustained-release tablet and then gradually 
decreased (Fig. 2). A similar excretion pattern was shown by those 
subjects receiving three nonsustained-release tablets at 4-hr. inter- 
vals. A constant rate of urinary excretion of equivalent pentylene- 
tetrazol was evident for approximately 24 hr. following single oral 


Table III-Urinary Excretion of Equivalent Pentylenetetrazol 
following Oral Administration of Pentylenetetra~ol-~~C Tablets 


Mean" Equivalent PentylenetetrazoP Excreted, 
Time after ---- mg. f SD------ 


hr. Ac Bd Ce 


0-3 12.3 f 4.4 9 . 3  -I. 3.9 8.8 f 3.0 
3-6 19.5 f 2.7 9.3 f 3.4 1 3 . 9 3 ~  2.8 


Administration, Group Group Group 


h-9 21 n =I= 4 9 10.8 f 1.5 19.7 f 7.2 - ~. 


9-12 24.7 + 4.i  8 .2  i . 3  2 6 . 4 ~  7 . 7  
12-24 65.9 f 5.2 21.5 f 0.4 79.7 f 10.6 
24-36 51.8 -I. 11.9 1 2 . 8 f f  4.9 55.3 f 11.5 
36-48 27.2 =!= 5.5 7.9 f 2.0 31.2 f 7.0 
48-72 23.5 f 4.8 7.6 f 1.6 30.6 f 10.6 


a Mean of four subjects. (r Any IC-labeled metabolites have been 
equated to the administered pentylenetetrazoLl4C. Group A :  One 
sustained-release tablet containing 300 mg. of pentylenetetrazol- 1". 


Group B: One nonsustained-release tablet containing 100 mg. of 
pentylenetetrazol- I C .  0 Group C: One nonsustained-release tablet 
containing 100 mg. of pentylenetetrazol-14C at 0, 4, and 8 hr. f This 
value includes an estimate of the amount of pentylenetetrazol present in 
a quantity of urine which was voided but not collected for analysis. 
(Subject forgot to collect one urine sample voided during this interval.) 
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administration of the nonsustained-release tablet, with the rate 
decreasing after the 24-hr. point. 


The mean equivalent pentylenetetrazol excretion values and the 
standard deviations for the three groups are given in Table 111. 
Student i values (8) were calculated to compare the mean 
excretion values of the different groups at various times. Statistically 
significant ( p  = 0.01) differences were seen between Groups A and B 
at allcollection intervals after the first ((t3 hr.). 


No significant differences between Groups A and C were present 
at any of the collection intervals. These results indicate that urinary 
excretion of 300 mg. of pentylenetetrazol proceeds at approximately 
the same rate whether the dose is administered in one sustained-re- 
lease tablet or divided and administered in three doses at 4-hr. 
intervals. These results also indicate that the same fraction of pentyl- 
enetetrazol was absorbed from the sustained-release tablets as from 
the nonsustained-release tablets. 


There were no significant differences between Groups B and C 
until the fourth collection (9-12 hr.). Mean excretion values for 
these two groups were significantly different in all of the last five 
urine collections. 


SUMMARY 


Sustained-release and nonsustained-release tablets containing 
pentylenetetrazol-10-14C were administered to human subjects. The 
resulting plasma and urine concentrations of equivalent pentylene- 
tetrazol were determined by liquid scintillation counting techniques. 
Subjects receiving the sustained-release tablets exhibited smoothly 
sustained plasma levels of equivalent pentylenetetrazol for a period 
of about 12 hr. and a nearly linear urinary excretion rate of “C 
during a period of 36 hr. Subjects receiving three doses of nonsus- 
tained-release tablets at 4-hr. intervals exhibited typical rises and 
falls in plasma 14C levels and an excretion pattern similar to that of 
the subjects receiving the sustained-release tablets. Subjects receiv- 
ing a single dose of a nonsustained-release tablet showed one peak 
plasma I4C level which then decreased continuously. A fairly con- 
stant rate of urinary 14C excretion was evident for 24 hr. The results 
of this study showed that the sustained-release tablet produced 


absorption and excretion patterns similar to those obtained follow- 
ing three doses of the drug administered in nonsustained-release 
form at 4-hr. intervals. 
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Permeability of Double-Layer Films I11 


TSUNETO KURIYAMA, MICHIHARU NOBUTOKI, and MICHIO NAKANISHI 


Abstract Moisture permeability of most double-layer films has 
a directional property. This “two-sidedness” may be brought 
about mainly by a change in the permeability coefficient as a 
result of the change in vapor pressure. To utilize this characteristic, 
it should be clarified as to how the permeability coefficient varies. 
For this purpose the differential permeability coefficient was cal- 
culated, making it easy to estimate the permeability of moisture 
under various conditions and making it possible to obtain the dis- 
tribution of both vapor pressure and the water concentration in 
double-layer films. When the permeability on single films under 
various moisture conditions is given, the “two-sidedness” feature 
of double-layer films made from them will be grasped. 


Keyphrases 0 Double-layer films-theoretical considerations 0 
Films, double layer-moisture permeability Differential per- 
meability coefficients-double-layer films m Water concentration, 
vapor pressure-films 


Previous reports (1, 2) dealt with variations of “two- 
sidedness” in the moisture permeability of double-layer 
films with changing conditions. It is very important to 


investigate the cause (or principle) of these phenomena. 
Rogers et a!. (3) explained the two-sidedness skillfully, 
even though they did not classify such characteristics as 
were reported in a previous report (1). Their theory can 
be regarded as applicable to  understand various types of 
two-sidedness and their behavior under changing 
moisture conditions. As stated in a previous report (2), 
the permeability coefficient, P ,  is not constant but varies 
with the moisture changes. Rogers et al. (3) introduced 
the concept of the differential permeability coefficient to 
solve this problem. The following theoretical considera- 
tions are mainly based on these ideas. 


EXPERIMENTAL 


The experimental method and the abbreviation for each film are 
the same as those in previous reports (1,2). 


Cell for Measuring Water Vapor Permeability-The cell and 
measuring method are modifications of those of Patel et al. (4). 
Permeation through a sample film was determined by measuring 
weight change of the cell a t  a certain condition. 
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Triazolines VI: Evaluation of 1 5-Diaryl-A2- 1 2,3-triazolines 
and Arylidene Anilines for Herbicidal Activity 


PANKAJA K. KADABA 


Abstract 0 A large number of 1 ,5-diaryl-A2-l ,2,3-triazolines and 
arylidene anilines (from which the triazolines are derived) have 
been examined for the first time for herbicidal activity. Although 
the majority of the compounds as a class showed no activity, those 
bearing 3 or 4 halogen substituents evinced slight activity in post- 
emergence tests. 


Keyphrases 0 1 ,S-Diaryl-A2-l ,2,3-triazolines-herbicidal activity 0 
Arylidene anilines-herbicidal activity 0 Herbicidal activity- 
1 ,5-diaryl-A2- 1,2,3-triazolines, arylidene anilines 


Studies in the author’s laboratories on solvation 
effects and the role of protic-dipolar aprotic solvents 
in 1,3-cycloaddition reactions (1-5) have helped pave 
the way to  the proper understanding and application 
of solvation energy to  assist bimolecular cycloaddition 
reactions. Thus, the accelerating effect of water on the 
1,3-cycloaddition of diazomethane to  Schiff bases 
(arylidene anilines) (I) has led to a versatile general 
method for the synthesis of the rarely encountered A2- 
1,2,3-triazolines (11) (3, 6 )  (Scheme I). By carrying out 


I 


Hk, ,f;T 
N 
I1 


Scheme I 


the addition reaction in aqueous dioxane solutions, a 
variety of previously unknown 1,5-diaryl-1,2,3-tria- 
zolines have been obtained in good yields. Earlier 
methods of syntheses (7, 8) have either failed to  give a 
triazoline adduct or have yielded only insignificant 
amounts of the products. As a result, there is no ref- 
erence in the literature to any studies on the biological 
properties of this group of heterocyclic compounds. 
The cycloaddition reaction in aqueous dioxane solu- 
tions has now made a large number of 1,2,3-triazolines 
readily available in sufficient quantities to permit, for the 
first time, a detailed screening of these compounds for 
biological activity. In this paper, a brief report on the 
results of screening for herbicidal activity is presented. 


About 30 1,5-diaryl- 1,2,3-triazolines (11) bearing one 
or two substituent groups on the C-phenyl and/or the 
N-phenyl and the respective arylidene anilines (I), 
from which the triazolines are derived, were screened 
for preemergence, postemergence, and defoliant ac- 
tivities. Although the majority of the 1,2,3-triazolines 
and arylidene anilines showed no activity, compounds 
bearing 3 or 4 halogen substituents evinced slight activ- 
ity. The latter compounds caused visible chlorosis, 
contact and formative effects, and necrosis in the broad- 
leaf species in postemergence applications; the cereals, 
however, were unaffected. Both cereals and broadleaf 
species also were not affected in preemergence or de- 
foliant tests. 


EXPERIMENTAL 


The 1,5-diaryl-l,2,3-triazolines and arylidene anilines containing 
such substituents as the nitro, chloro, bromo, methyl, methoxy, or 
carbalkoxy groups on the C-phenyl and/or the N-phenyl ring, in the 
o-, m-, or p-positions (with the exception of the carbalkoxy groups, 
which were present only in thepposition of the N-phenyl ring) were 
previously prepared in the author’s laboratory (1-6). The p- 
aminobenzoic esters necessary for the preparation of the arylidene 
paminobenzoates were synthesized, in a convenient one-step 
reaction, by refluxing the p-aminobenzoic acid with excess alcohol 
in the presence of commercial boron trifluoride ethyl ether as the 
catalyst (9). 


The test compounds were dissolved in acetone containing 0.5 
polysorbate 201 and sprayed vertically onto potted seedlings aged 7 
days from planting at the time of treatment. The spray volume used 
was 12 ml. directed evenly over 3 sq. ft. of area, and the spray 
rates were such that applications equivalent to 0.1 and I Ib./acre 
were obtained. Each rate was applied to 12 pots simultaneously 
(two pots of each of the six species used). Observations were then 
made from four plants of each broadleaf species (two plants per 
pot) and 20 plants of each cereal species (10 plants per pot) at 
intervals of 1-2, 5 ,  and 10-14 days for individual visual effects, 
the latter comprised of abscission, chlorosis, contact and formative 
effects, curvature, galling, killing, necrosis, abnormal pigmentation, 
quilling, adventitious root formation, and stunting. 


Compounds bearing one or two halogen atoms, either alone or in 
conjunction with another group, showed little activity. Those 
bearing 3 or 4 halogen atoms, either alone or otherwise, pro- 
duced visual effects, the tetrahalogen compounds being more 
powerful. Among those tested, 1-(3,4-dichIoropheny1)-5-(2,4-di- 
chlorophenyl)-l,2,3-triazoline and 2,4-dichlorobenzylidene-3-chlor- 
oaniline appeared to be the most active and produced a greater 
variety of visual effects in a greater variety of crops than any of 
the other compounds. 


1 Tween 20, Atlas Chemical Industries, Wilmington, Del. 
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Preparation and Antitumor Activity of Some Schiff 
Bases of 2’-Amino-4’,5’-dichlorobenzenesulfonanilide 
and 2’-Amino-p-toluenesulfonanilide 


JOHN H. BILLMAN and ROBERT L. SCHMIDGALL 


Abstract 0 Series of variously substituted salicylaldehyde Schiff 
bases and 2-substituted-p-[N,N-bis(2-chloroethyl)a~no]benzalde- 
hyde Schiff bases of 2’-amino-4’,5 ’-dichlorobenzenesulfonanilide 
and 2‘-amino-ptoluenesulfonanilide have been prepared and 
screened for antitumor activity. None of the compounds showed 
appreciable activity against L-1210 leukemia. 


Keyphrases 0 2’-Amino-4’,5‘-dichlorobenzenesulfonanilide, 
Schiff bases-synthesis, antitumor activity evaluation 0 2‘- 
Amino-p-toluenesulfonanilide, Schiff bases-synthesis, antitumor 
activity evaluation 0 Antitumor activity evaluation-2’-amino- 
4’,5’-dichlorobenzenesulfonanilide, 2’-amino-ptoluenesulfonani- 
lide 0 IR spectrophotometry-structure, analysis 


Woolley et al. (1-3) have shown that 4’,5’-dichloro- 
2’-nitrobenzenesulfonanilide (Ia) is effective in per- 
manently curing some spontaneous mammary cancers 
of mice. Evidently the not very toxic Ia functions as an 
antimetabolite of 1,2-dimethyl-4,5-diaminobenzene and 
inhibits the biosynthesis of vitamin BIZ, which is syn- 
thesized by the spontaneous cancers but not by the 
hosts (4). 2’-Amino-4’,5’-dichlorobenzenesulfonanilide 
(Ib) was also apparently active but much less potent 
than Ia. 


Ia, X = -NOz 
I b, X = -NHz 


In  view of the antitumor activity or at least acces- 
sibility to the tumor site of Ia and Ib plus the convenient 
handle of the primary amino group of Ib for further 
structural modifications, it was decided to prepare some 
derivatives of Type 11. Twelve of these derivatives 
(Table I) were conveniently synthesized (Scheme I) by 
condensing the desired aldehyde with Ib, which was 
prepared from the corresponding o-phenylenediamine 
and arylsulfonyl chloride. The aldehydes employed 
were those substituted salicylaldehydes and 2-sub- 
stituted-p-[N,N-bis (2-~hloroethyl)amino] benzaldehydes 
which have previously shown antitumor activity 


I11 
R 
Iv 


R =substituted phenyl 


excess 


V 


X=-C1,-H R=-H or -CH3 R’=substituted phenyl 
Scheme I 


either in their own rights or in easily hydrolyzed deriva- 
tives (5-15). It was hoped that these new azomethine 
derivatives (11) would be even more potent antineo- 
plastic drugs than either the active parent amine Ib or 
the active aldehyde alone. 


C l f J p S $ )  c1 N=CH 


R 
R = substituted phenyl 


11 


It is well known that a majority of tumors contain 
cells with a lower pH than cells in normal tissues. 
Fitch and Voegtlin (16) also have shown that the ad- 
ministration of glucose to tumor-bearing animals can 
produce an even lower pH value for the tumor cells. 
Since Schiff bases are one class of compounds that 
hydrolyze readily in aitro under mildly acidic conditions, 
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Comparative Evaluation of Various Dissolution 
Apparatus for Capsule Dosage Forms 


SONG-LING LIN, JOHANNE MENIG, and CHARLES J. SWARTZ 


Abstract 0 The dissolution profiles of experimental diuretic and 
antidiabetic compounds in capsules were investigated by bead, 
plate, blade, holder. basket, disintegration time, and proposed USP 
dissolution methods. The apparent initial dissolution rate and the 
extent of drug released within the testing period were used as 
parameters in comparative evaluation of these seven methods. 
The influence of the size of the stirrer, the volume of dissolution 
medium, and the size of screen cloths for making the basket on the 
dissolution profile was studied and discussed. The Reynolds number 
of the fluid is introduced to explain the influence of the size of the 
stirrer on the dissolution rate. Due to the small screen (40 mesh) 
employed in the proposed USP dissolution method, the visual 
observation of the behavior of the capsule is impaired, and the 
chance of clogging the screen by the granules is greater than the 
self-designed (8 mesh) basket used in the basket method. The 
dissolution profiles obtained with the disintegration time method 
provide the fastest rate and the greatest extent of dissolution for 
both experiemental diuretic and antidiabetic compounds. 


Keyphrases Capsule dosage forms4issolution apparatus 0 
Dissolution apparatus, comparison, evaluation-capsule dosage 
forms 0 Stirring rate effect-capsule dissolution 0 UV spectro- 
photometry-analysis 


The majority of drugs today are formulated and 
marketed as tablets and capsules. For slightly and 
poorly water-soluble compounds, the effective absorp- 
tion process is generally controlled by the disintegra- 
tion time of the dosage form and the rate and extent 
of the subsequent dissolution at which the drug goes 
into and remains in the solution state. Thus, for a drug 
contained in a solid dosage form to be absorbed, the 
following illustrated sequence must occur (Scheme I): 


drug i n  granules 


cE: rheir aggregates 
I 


dosage 


form 


(lisintegratiou GI _____f blood 


Huid 


drug 
particle 


Scheme I 


The usefulness and importance of developing suitable 
dissolution apparatus and procedures in product re- 
search and development have been recognized for 
several years. In the product research area, dissolution 
testing is commonly employed as a means of evaluating 
and selecting the crystalline or amorphous forms, 
polymorphic or solvate forms, or the eutectic or com- 


plex forms of the compound. On the other hand, dis- 
solution testing is generally accepted in the product 
development area for studying the drug-release patterns 
of the conceptual dosage forms, for investigating the 
formulation and process factors in the development of 
dosage forms, and for facilitating the selection of 
certain preliminary formulations for preclinical in vivo 
efficacy studies of the formulation. In general, when the 
correlations between the in vitro dissolution data and 
the in uiuo clinical or pharmacokinetic evidence have 
been established, the dissolution method may be in- 
corporated in the specification of the dosage form as 
a quality control tool. Therefore, the standardization 
of test apparatus and methodology is extremely im- 
portant in the evolution of drug standards, and proper 
comparative evaluations play a significant role in such 
standardization. 


Dissolution characteristics of solid dosage forms such 
as tablets or capsules may be determined by various 
apparatus employing various dissolution media, agita- 
tion intensities, and sampling methods for assaying the 
drug content in solution. Many in vitro techniques 
appear in the literature for the evaluation of drug- 
release patterns from solid dosage forms (1-24). The 
applicability and reliability of these apparatus and 
procedures are, in general, more suited for tablets than 
for capsules. It is the purpose of this article to 
evaluate comparatively the dissolution profiles attain- 
able by various devices which are shown to be practical 
and reproducible for investigating the release pattern 
of the compound from the capsule. 


EXPERIMENTAL 


Materials-The diuretic compound was dried at 100" for 8 hr. 
The chemical identity was confirmed by elemental analysis and IR 
spectra. The moisture content, as determined by the Karl Fischer 
method, was about 1 %. Analysis by a nonaqueous titrimetric 
method showed a purity of better than 99% which was substan- 
tiated by TLC analysis. The equilibrium solubility at 37" in phos- 
phate buffer at pH 7.3 was about 1 mg./ml. Using U. S. standard 
sieves, the fraction of the diuretic compound passing through 40 
mesh but retained in 100 mesh was collected and used throughout 
this investigation. 


The antidiabetic compound was dried at 80" under vacuum for 
12 hr. The moisture content, as determined by the Karl Fischer 
method, was negligible. The chemical purity was found to be better 
than 99.5%. The equilibrium solubility at 37" in double-distilled 
water was approximately 2%. The samples were sieved through 
U.S. standard sieves, and fractions of 20/10@mesh particles were 
collected for use in this investigation. 


Determination of Dissolution Profile-Approximately 100 mg. of 
the sieved sample of the diuretic or antidiabetic compound was 
accurately weighed and carefully introduced into No. 1 clear 
gelatin capsules with as little compaction as possible. The capsule 
was then placed in one of the several devices, as depicted in Fig. 1,  
for obtaining the dissolution profile. The devices or apparatus 
employed are as follows: (a) The capsule is weighted down to the 


Vol. 59, No. 7, July 1970 0 989 







each method investigated in this study. The gelatin capsule in the 
diluted sample aliquots was found not to interfere with the spectro- 
photometric assay at the aforementioned wavelengths. 


RESULTS AND DISCUSSION 


Figure 1-Photograph illustrating the various devices employed for 
the investigation of capsule dissolution profile. Key: A ,  bead method: 
B, plate method; C,  holder method with small stirrer; D, blade 
method with large stirrer; E, basket method with large stirrer; and 
F, proposed USP disx.dutiotf method. 


bottom of the dissolution flask by inserting two glass beads at 
both ends of the capsule (bead method) prior to the filling of the 
drug into the capsule. (b)  The capsule sinks to the bottom of the 
dissolution flask by affixing the capsule to a 2 X 2-cm. stainless 
steel plate (plate method) with the aid of water-repellant glue. 
(c)  The capsule is affixed to one of the three blades of the stirrer 
(blade method) with the same water-repellant glue. (d )  The capsule 
is positioned into the orifice of a plastic capsule holder (holder 
method) specifically designed for a No. 1 gelatin capsule. 
( e )  The capsule is placed in a self-fabricated basket (basket method) 
made from a stainless steel metal screen. ( f ,  The capsule is placed in 
the USP proposed basket (proposed USP method) designed to be 
one of the official dissolution testing apparatus in the future. 


The dissolution studies were performed using 300 ml. of dissolu- 
tion medium at 37" in a pyrex beaker of 8Wml. capacity. The 
bottom face of the beaker was converted into a convex shape. 
The agitation of the dissolution medium was achieved by an over- 
head stirrer operated at 60 r.p.m. and placed at the center of the 
beaker. The agitation mechanism and the volume of dissolution 
fluid employed for each method are indicated in Table I. In all 
cases, the top surface of the agitation mechanism, such as the 
stirrer or basket, was immersed 2 cm. below the surface of the 
dissolution medium. The dissolution media employed for the 
diuretic and antidiabetic compounds were phosphate buffer at pH 
7.3 and double-distilled water, respectively. At zero time, the 
capsule was introduced into the dissolution medium maintained 
at 37". At prescribed time intervals, sample aliquots were with- 
drawn and replaced immediately with the same volume of fresh 
medium maintained at 37". The aliquot was immediately filtered 
through 0.45-p pore size Millipore filter paper. The clear filtrate 
was properly diluted with an appropriate solvent and assayed 
spectrophotometrically at 282 mp for the diuretic compound 
and 347 mp for the antidiabetic compound. Beer's law curves were 
constructed previously in the solvent systems employing 50 
aqueous methanol and distilled water. A cumulative correction 
was made to account for the previously removed samples in deter- 
mining the total amount of drug dissolved at any specific time. 
An average of at least three determinations was performed for 


The experimental conditions employed to obtain dissolution 
profiles, together with their apparent agitation mechanism, are 
summarized in Table I. Numbers appearing in the f i s t  column of 
Table I correspond to the number designated for the curves in 
Figs. 2-6. Whenever the device investigated was suitable for study- 
ing the effect of the size of the stirrer on the release rate of drug 
from the capsule, two kinds of three-bladed stirrers were employed. 
The small stirrer used was 2.0 cm. in diameter and the angle of the 
blade to the horizontal plane was 45", whereas the large stirrer 
employed was 4.3 cm. and the blade was perpendicular to the 
horizontal plane. It was suggested by Levy (15) that, using a stirring 
rate of 30 to 60 r.p.m., the agitation intensity is sufficient to obtain a 
homogeneous solution for sampling purposes yet low enough to 
preserve the microenvironment of the tablet being tested. Con- 
sequently, the constant stirring rate of 60 r.p.m. was employed 
throughout the study unless otherwise specified. 


The plot in Fig. 2 depicts the dissolution profiles of the diuretic 
and antidiabetic compounds, using the bead method with the small 
and large stirrers. It is evident from the plot that a lag time does 
exist prior to the dissolution of drug from its encapsulated form 
into the dissolution medium. The existence of the lag time is ex- 
plained by the dissolution of gelatin capsules prior to the leaching 
or releasing of the drug from the capsule. The lag time is about 
5 min. for gelatin capsules under the experimental conditions em- 
ployed. In general, the capsule breaks initially from both ends that 
are in contact with the glass beads, and this is soon followed by the 
melting of gelatin from the middle portion of the capsule. Compari- 
son of the dissolution profiles of the two compounds investigated 
shows that the higher the aqueous solubility of the compound, the 
faster the initial rate of dissolution and the greater the extent of 
drug released. This finding is in accord with the Noyes-Whitney 
equation. 


Although the stirring speed was kept constant at 60 r.p.m., it is 
conceivable that the larger the diameter of the stirrer, the greater 
the driving force and the better the efficiency of the dissolution 
fluid impacting on the capsule to release the drug. The increased 
dissolution rate could be correlated qualitatively to the Reynolds 
number, a dimensionless group of importance in fluid dynamics. 


Table I-Experimental Conditions for the Dissolution Profile Study 


Volume 
of Dis- 
solution 


Curve Medium 
Ref: Methodb Agitation Mechanism in ml. 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 


14 


15 


16 


~ ~ 


Bead method 
Bead method 
Plate method 
Plate method 
Blade method 
Blade method 
Holder method 
Holder method 
Basket method 
Basket method 
Basket method 
Basket method 
D.T. method 


Proposed USP 
method 


Proposed USP 
method 


Proposed USP 
method 


~ ~~ 


Small stirrerc 
Large stirrerd 
Small stirrer 
Large stirrer 
Small stirrer 
Large stirrer 
Small stirrer 
Large stirrer 
Basket alone 
Basket alone 
Basket & small stirrer 
Basket & large stirrer 
D.T. rack assembly 


with disk 
USP basket 


USP basket 


USP basket & large 
stirrer 


300 
300 
300 
300 
300 
300 
300 
300 ... 


300 
600 
600 
600 
700 


300 


600 


600 


Q Numbers correspond to curves in Figs. 2-6. * See text for details. 
c The small stirrer employed is 2.0 c y .  in diameter and the angle of the 
blade to, the, horizontal plane is 45 . d The larger stirrer employed is 
4.3 cm. in diameter and the angle of the blade to the horizontal plane 
is 90". 
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Figure 2-Dissoftriion proffes of the diuretic (opeii symbols) and 
antidiabetic (solid symbols) compounds by beud method at 60 r.p.m. 
Key: I,!small stirrer; and 2, farge sfirrer. 


The Reynolds number (NR)  of the fluid having been agitated at 
constant speed (r)  is related to the diameter of the stirrer (D) 
through the following equations: 


N E  = k D Z  (Eq. 1) 


where p and '7 represent the density and viscosity of the fluid, 
respectivelq . Assuming that the p and 9 of the dissolution fluid are 
macroscopically independent of stirrer dimension, k will remain as a 
constant when the fluid is stirred at constant speed, r, Then, it 
follows from Eq. 1 that the ratio of Reynolds numbers obtained 
with larger L'ZTSUS smaller stirrers employed in this study are: 


(Eq. 3) 


Therefore, as espected, the larger the stirrer size, the greater are 
the initial dissolution rate and the extent of the dissolution of the 
diuretic and antidiabetic compounds (Fig. 2). For the diuretic com- 
pound, the initial dissolution rate is increased about threefold, and 
the extent of dissolution within a 2-hr. period is approximately 
doubled when the smaller stirrer (Curve 1, open symbol, Fig. 1) 
is replaced with the large stirrer (Curve 2, open symbol, Fig. 1). 
Quantitative study of the effect of N R  on dissolution rate is in 
progress (25). 


In the plate method, the capsule is affixed to a 2 X 2-cm. stainless 
steel plate in such a way that the contact area between the capsule 
and the metal plate is minimized by applying as little as possible of 
the water-repellant glue. The dissolution data obtained with the 
plate method are illustrated in Fig. 3 for the diuretic compound 
(open symbols) and the antidiabetic compound (solid symbols). 
It is clearly demonstrated again that the rate and extent of dissolu- 
tion are increased with the intensity of agitation and the size of the 
stirrer. The general characteristics of these four curves of Fig. 3 
are very similar to the corresponding curves illustrated in Fig. 2. 


For the diuretic compounds (the lower two curves of Figs. 2 and 3), 
the apparent initial rate and the extent of dissolution are slightly 
greater for the bead method than for the plate method when small 
stirrers are employed; the similar apparent initial rate but a greater 
extent of dissolution is observed for the bead method than for the 
plate method when a large stirrer is used. The situation is somewhat 
different for the antidiabetic compound (the upper two curves of 
Fig. 3). Using a small stirrer, the identical apparent initial release 
rate is observed and the extent of dissolution is found to be slightly 
greater for the plate method than for the bead method when a 
larger stirrer is employed. 


The data obtained with the blade method and the holder method 
are summarized together as depicted in Fig. 4. For the antidiabetic 
compound, the dissolution profiles obtained with either large or 
small stirrer using either blade or holder method are nearly super- 
imposable. Therefore, the resulting dissolution profiles are illus- 
trated representatively by the upper curve of Fig. 4. The effect 
of the size of the stirrer on the dissolution profile of the antidiabetic 
compound was not discernible for both the blade method and the 
holder method. This finding differs from that obtained with either 
the bead method or the plate method, in which the rate as well as 
the extent of dissolution is enhanced with increasing agitation in- 
tensity by replacing the small stirrer with the large stirrer. 


The dissolution profile of the diuretic compound is not affected 
by the size of the stirrer used in the blade method (Curves 5 and 6 ,  
open symbol, Fig. 4) but is slightly altered in the holder method 
(Curves 7 and 8, open symbol, Fig. 4). Comparison of dissolution 
profiles of the diuretic compound in Figs. 2-4 indicated that, using a 
small stirrer, the apparent initial dissolution rate and the extent of 
drug release are decreased in the following order: blade method > 
holder method > bead method > plate method. However, no sig- 
nificant difference in the apparent initial dissolution rate is observed 
when the large stirrer is employed among the blade, holder, bead, 
and plate methods, It is interesting to note that the scattering 
of the dissolution profiles of the diuretic compound ob- 
tained among blade, holder, plate, and bead devices is greatly 
minimized by substituting the small stirrer with the large stirrer. 
It appears that the larger the stirrer operating at the same rotating 
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Figure %-Dissolution profiles of the diuretic (open symbols) and 
antidiabetic (solid symbols) compounds by plate method at 60 r.p.m. 
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Figure 4-Dissolution proJles of rhe diuretic (open symbols) and 
antidiabetic (solid symbols) compounds by blade (Curves 5 and 6 )  and 
holder (Curves 7 and 8) methods at 60 rg .m.  Key: 5 and 7 ,  small 
stirrer; and 6 and 8,  large stirrer. 


speed, the smaller variation of dissolution profiles is obtained among 
various devices. It was found in preliminary experiments with the 
blade methods that the difference in dissolution profiles of the 
diuretic compound is negligible when the capsule investigated is 
affixed at the bottom of the stirring shaft, at the face of the blade 
opposite to the direction of the flow, or at the face of the blade 
facing the same direction of the flow as shown in Fig. 1 .  


With blade or holder method, the majority of the drug is fairly 
well dispersed in the testing Huid at 60 r.p.m., although a small 
fraction of drug falls to the bottom of the dissolution vessel. The 
observation of the relative degree of drug dispersion in the dissolu- 
tion Huid, together with the determination of dissolution profile, 
could be employed as a fast and useful means for screening the 
dosage forms. In general, if the large particulate agglomerates are 
visually observed to swell or sink in the dissolution flask, an un- 
satisfactory dissolution profile is expected. The poor dispersion 
effect may be taken as a possible early warning of drug-availability 
problems from the absorption viewpoint. 


One common characteristic among the blade, holder, plate, and 
bead methods is that a certain segment of the capsule is physically 
in contact with supporting devices such as the stirring blade, plastic 
holder, metal plate, or glass bead, respectively. To prevent the 
physical contact and to alleviate the common problem of floating 
of the capsule on the surface of the dissolution medium, a self- 
designed basket was employed. The basket is labeled E in Fig. 
1. The basket consists of a stainless steel cylinder 4.5 cm. 
in height and 2.3 cm. in diameter. The sides and bottom of the 
basket are No. 8 mesh stainless steel cloth. The bottom wire is 
welded together. The wire at the top of the cylinder is welded to a 
stainless steel ring which, in turn, is welded to an inverted T-shaped 
stainless steel attachment. The top of this cylindrical assembly has 
an orifice to be affixed to the bottom tip of the stirring shaft. 


With this cylindrical basket, the dissolution profiles of the 
diuretic and the antidiabetic compounds were investigated. The 
results obtained are illustrated as Curves 9-12 in Fig. 5 .  When the 
agitation of dissolution fluid is provided by the rotational movement 
of the basket alone, the dissolution profile of the diuretic compound 


(Curve 9, open symbol, Fig. 5) closely resembles the profiles ob- 
tained with the plate-large stirrer (Curve 4, Fig, 3), holder-large 
stirrer (Curve 8, Fig. 3), and blade-small or large stirrer (Curves 
5 and 6, Fig. 4) systems. 


For evaluating the influence of the stirrer on the dissolution 
profile of the diuretic compound, it is necessary to increase the 
volume of dissolution fluid to accommodate the stirring assembly. 
As the volume is doubled from 300 to 600 ml. (Curves 9 and 10, 
Fig. 5) ,  the rate and the extent of dissolution are enhanced when the 
basket alone is rotated at 60 r.p.m. to supply the agitation. By 
keeping the volume of dissolution fluid at 600 ml., the dissolution 
profiles (Curves 10-12, Fig. 5) show that the apparent initial dis- 
solution rate and the extent of drug released are increased with the 
increase of the stirrer dimension. 


Since the disintegration time (D.T.) apparatus, as described in 
USP XVII, is commonly employed in assessing the dissolution 
profile of a solid dosage form, this apparatus was incorporated 
in this investigation with the following slight modifications: a 
round-bottom dissolution flask of 800-ml. capacity was employed 
and one capsule was introduced to any one of the six compart- 
ments of the basket rack assembly. The assembly, agitated at 30 
c.p.m., was allowed to descend to 1 crn. from the bottom of the 
dissolution Hask on the downward stroke. The disk was used, and 
the volume of dissolution fluid was 700 ml. The data obtained for the 
diuretic compound are shown as Curve 13 (open symbol) in Figs. 
5 and 6.  The extent of the diuretic compound released within the 
testing period of 1 hr. is greatly enhanced with the D.T. method 
as compared with the basket, blade, holder, plate, or bead methods. 
This may be attributed to the stronger turbulent flow and the 
greater impacting force exerted on the capsule and the particulate 
aggregates by the D.T. method. Therefore, the percentages of drug 
released within 5 and 10 min. are already at the level of about 33 
and SO%, respectively. However, the shape of the dissolution 
profile of the diuretic compound obtained by the D.T. method is 
similar to the following systems: (a)  bead-large stirrer system 
(Curve 2 ,  Fig. 2); (b )  plate-large stirrer system (Curve 4, Fig. 3); 
(c )  blade-small or large stirrer system (Curves 5 and 6 ,  Fig. 4); 
(6) holder-large stirrer system (Curve 8, Fig. 4); and (e) basket-no 
stirrer system (Curve 9, Fig. 5). 


The dissolution profiles obtained for the antidiabetic compound 
are depicted in Fig. 5 as circular and inverted-triangular solid 
symbols for basket and D.T. methods, respectively. It appears that 
the change of the volume of the dissolution fluid and the addition 
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Figure 5-Dissolution profiles of the diuretic (open symbols) and 
antidiabetic (solid symbo1s)compounds by basket (Curves 9-12) method 
ar 60 r.p.m. and D.T. (Curve 13) methodat 30 c.p.m. See Table I for 
detailed experimen tal conditions. 
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of a small or large stirrer to the basket have not caused any detect- 
able alteration in the dissolution profile of the antidiabetic com- 
pound. Consequently, the results are plotted collectively as solid 
circles of Curves 9-12 of Fig. 5. With the D.T. method, the dis- 
solution profile is nearly superimposable to that obtained by the 
basket method. 


Toward the completion of this investigation, a similar basket as 
was employed in this study was advocated by the USP as a tentative 
apparatus for investigating the dissolution of tablet and capsule 
dosage forms. Therefore, the suggested USP basket was purchased 
and incorporated in this study. The proposed USP apparatus 
(F in Fig. 1) consists of a stainless steel basket 3.6 cm. high and 2.5 
cm. in diameter. The sides and bottom of the cylinder are 40 mesh 
stainless steel. The wire is welded to two stainless steel rings, top 
and bottom, and joined by welding at the seam. A stainless steel rod 
30 cm. long with a 2.5-Cni. plate and three spring clips are used to 
hold the basket (26). The results obtained with the proposed USP 
dissolution apparatus are shown in Fig. 6 for the diuretic (Curves 
14-16, open symbols) and antidiabetic (Curves 14-16, closed 
symbols) compounds. For easy comparison, the dissolution profiles 
of both compounds obtained with the D.T. method are reproduced 
in Fig. 6. 


For the diuretic compound, the initial dissolution rate and the 
extent of the drug released are enhanced by the increasing volume of 
dissolution medium (Curves 14 and 15) when the stirring mech- 
anism is kept constant and by the use of additional stirrers (Curves 
15 and 16) when the volume of dissolution medium is kept constant. 
This is in accord with the trend obtained with the basket method. 
The major difference between the basket method and USP dissolu- 
tion apparatus is the stainless steel screen cloths used to fabricate 
the basket; USP apparatus uses 40-mesh screen, whereas 8-mesh 
screen is employed for the self-designed basket. When the basket 
method was replaced with the USP apparatus in determining the 
dissolution profile of the diuretic compound, no discernible differ- 
ence was observed when the volume of dissolution medium was 
300 nil. (Curve 14, Fig. 6, uersus Curve 9, Fig. 5), whereas slight 
enhancement of the initial dissolution rate was observed when the 
volume was 600 ml. (Curve 15, Fig. 6, uersus Curve 10, Fig. 5; 
and Curve 16, Fig. 6, uersus Curve 12, Fig. 5). 


The increase in the initial dissolution rate by substituting the 
basket method with the USP apparatus may be attributed to the 
higher agitation intensity of the smaller mesh screen used in the 
USP apparatus. With the larger screen used in the basket method, 
large drug particles and their agglomerates were observed to pass 
through the screen orifice and fall to the bottom of the dissolution 
flask after the dissolution of the capsule; the small screen employed 
in the USP method was observed to provide a mechanical sieve 
action which forced the drug particles and their aggregates through 
the small orifice of the screen as a fine dispersion, with lesser 
amounts of particulate matter swelling and remaining at the bottom 
of the dissolution vessel. However, due to the small orifice of the 
screen, the visual observation of the behavior of the capsule within 
the basket of the USP dissolution apparatus is impaired and not as 
convenient as when an 8-mesh screen was employed as in the basket 
method. It appears that a compromise lies in adopting a suitable 
screen cloth, between 8 and 40 mesh, to provide the convenience 
of visual observation of the capsule behavior in the basket as well 
as the prevention of the falling and accumulating of large drug 
particles and their aggregates at the bottom of the dissolution flask. 


As shown in Figs. 5 and 6, the dissolution profiles obtained with 
the D.T. method provide the fastest rate and greatest extent of 
dissolution for both diuretic and antidiabetic compounds among the 
various devices employed in this investigation. It is sufficient to 
say that the turbulent flow created by D.T. apparatus operating 
vertically at 30 c.p.m. is stronger in agitation intensity than any 
other devices employing unidirectional convection and turbulence 
at 60 r.p.m. The disadvantage of the strong agitation intensity of the 
D.T. method is that the mild difference in the dissolution charac- 
teristics of several formulations to be screened may not be revealed 
explicitly. 


SUMMARY AND CONCLUSION 


The dissolution profiles of experimental antidiabetic and diuretic 
compounds incapsules were investigated by bead,plate, blade, holder, 
basket, disintegration time, and proposed USP dissolution methods. 


These methods are capable of preventing the common problem of 
the floating of capsuleson the surfaceof dissolution fluid. The evalua- 
tion of drug-release patterns by these seven methods was compared 
from the standpoint of apparent initial dissolution rate, extent of 
dissolution, and reproducibility within the period of 1 to 2 hr. 
at 60 r.p.m. 


At the constant stirring rate of 60 r.p.m., the initial rate and the 
extent of dissolution are enhanced with increasing stirrer dimension. 
It was found that the larger the size of the stirrer, the smaller was 
the variation of dissolution profiles obtained among various dis- 
solution devices. The observation of the degree of the dispersion 
of drug in the dissolution media can be used as a visual method to 
predict the dissolution patterns during dosage form development 
work. For hydrophobic compounds, the better the dispersion and 
the lesser the amount of drug remaining or swelling in the bottom 
of the flask, the faster was the rate and the greater was the extent of 
dissolution. 


For the easy visualization and comparison of the dissolution 
profiles obtained with the seven methods employed in this investiga- 
tion, the time needed for dissolving the 25, 50, 75, and 90% of the 
total drug from the capsule was obtained from Figs. 2-6 and sum- 
marized in Table 11. It is clearly indicated that the D.T. method 
provides the fastest rate and the greatest extent of dissolution for 
both diuretic and antidiabetic compounds among various devices 
employed in this investigation. This finding is attributed to the 
stronger turbulent flow and the greater impacting force exerted 
on the capsule and the particulate aggregates by D.T. apparatus 
operating vertically at 30 c.p.m. than that obtained by other de- 
vices employing unidirectional convection and turbulence at 60 
r.p.m. 


Although the reproducibility of the dissolution profiles obtained 
with the seven dissolution methods for capsules is satisfactory 
and comparable, the authors prefer the simplicity, convenience, 
and versatility of the basket method and the proposed USP method. 
However, due to the small screen (40 mesh) used in the basket of 
the USP method, the visual observation of the behavior of the 
capsule in the USP method is impaired and the chance of clogging 
the screen by the granules is greater than with the self-designed 
(8-mesh screen) basket used in the basket method. For providing the 
convenient visual observation of the behavior of the capsule in the 
basket and for preventing the fall and accumulation of large drug 
particles and their aggregates at the bottom of the dissolution flask, 
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Table 11-Dissolution Characteristics of Diuretic and Antidiabetic Compounds tnvestigated by Various Dissolution Apparatus 


I Time at Which the Indicated Fraction of Drug Dissolved, min.----- 
Expt. Diuretic Compd.- -___ 7 -Antidiabetic Compd. 7 


Cond.a fm% h a . / ,  190% izzsn t m  f76% tsn% 


I 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
I5 
16 


36.5 
11.5 
42 
14 
13 
12.5 
16 
13 
15.5 
13 
11.5 
10.5 
4 


14 
9 . 5  
8 . 5  


120 
44 


50 
57 
58 
135 
57 
60 
30 
26 
22 
10 
60 
27 
20 


- 


9 
<4 


9 
5 


<4 
<4 
<4 
<4 
<4 
<4 
<4 
<4 
<4 
<4 
<4 
<4 


15 
4 .5  


13.5 
6 . 5  
5 
5 
5 
5 


<5 
<5 
<5 
<5 
<5 
<5 
<5 
<5 


24 
6 


18.5 
9 . 0  
6 
6 
6 
6 


<5 
<5 
<5 
<5 
<5 


5 
5 
5 


55 
12.5 
27 
18.5 
8.5 
8 . 5  
8.5 
8.5 


<5 
<5 
<5 
<5  
< 5  
10 
10 
10 


~ ~~ 


a Numbers correspond to curve reference in Table I. h Not reached within experimental period of time. 


the compromise should be made to  employ a basket fabricated with 
the screen cloths of between 8 and 40 mesh. 
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Colorimetric and Gas Chromatographic Analyses 
of Arecoline in Capsule Preparations 


BARBARA J. KOVENSKY and CHARLES W. POOLE 


Abstract 0 Two procedures have been developed for the quantita- 
tive determination of arecoline hydrobromide in capsule prepara- 
tions. In the colorimetric assay, the arecoline salt was converted to 
the base with aqueous sodium bicarbonate, extracted into chloro- 
form, and reacted with methyl orange. The absorbance was deter- 
mined at 527 mp. With the GLC method, the arecoline salt 
was converted to the base in a 5:100 triethylamine-chloroform 
solution and directly injected onto the column, using nicotine as the 
internal standard. The GLC method was found to be faster and 
more accurate. 


Keyphrases 0 Arecoline capsules-analysis 0 Colorimetric analy- 
sis-spectrophotometry 0 GLC-analysis 


Arecoline hydrobromide, methyl 1,2,5,6-tetrahydro- 
I-methylnicotinate hydrobromide, is a parasympatho- 
mimetic agent. Its major pharmaceutical uses are as a 
cathartic for horses and a teniacide for dogs. 


The only officially recognized assay pertaining to 
this material has its major application with the raw 
material (1). Until 1960, when Stainier and Gloesener 
( 2 )  published their somewhat laborious gas chro- 
matographic procedure, the compound had been 
virtually ignored in light of advanced analytical in- 
strumentation. 


The presence of arecoline hydrobromide in many 
soft gelatin capsule preparations necessitated these 
investigations. First a colorimetric assay was developed 
and subsequently a faster and more convenient gas 
chromatographic assay. 


EXPERIMENTAL 


Colorimetric Assay-Preparation of Sample and Standurd- 
Fifty milligrams of arecoline hydrobromide dissolved in 500 ml. of 
water served as the standard. Capsules sufficient to yield a sample of 
10 mg. of arecoline hydrobromide were cut into a 200-ml. centrifuge 
bottle; 25 ml. of chloroform was added, and the sample was swirled 
to disperse the fill material. To the solution, 0.1 N H2S04 (100 ml.) 
was added; then the sample was shaken for 10min. andcentrifuged 
to separate the biphase mixture. 


Assay Procedure-A 5-ml. aliquot of the aqueous phase and the 
standard were each transferred to 200-ml. centrifuge bottles. Five 
milliliters of water and 1 g. of sodium bicarbonate were then added 
to the solutions. The samples (i.e., the prepared simple and stan- 
dard) were heated on a steam bath until effervescence subsided and 
then cooled to room temperature. Chloroform (100 ml.) was added 
to the samples, which were then shaken for 10 min. The samples 
were centrifuged and the aqueous phase was discarded. 


A 40-ml. portion of each sample was transferred to a 50-ml. 
glass-stoppered centrifuge tube along with a 40-ml. portion of 
chloroform as a reagent blank. One milliliter of a saturated aqueous 
solution of boric acid and 1.0 ml. of a saturated aqueous solution of 
methyl orange were added to each sample and the reagent blank. 
The resulting solutions were shaken for 20 min., centrifuged, and 
the water layer discarded. A 15-ml. aliquot of each was then trans- 
ferred to 50-1111. glass-stoppered tubes, and 1.0 ml. of a 2% H2S01 
solution in absolute ethanol was added. The absorbance was read 
at 527 mp against the reagent blank. 


b 


Figure 1-Repre- 
sentative chromato- 
gram: a, areco- 
line (4.5 min.); 
and b, nicotine (8  
min.). 


0 1 2 3 4 5 6 7 8 9 1 0  
MINUTES 


Calculations-The potency of arecoline hydrobromide in mil- 


A ,  10 
A, number of capsules 


ligrams per capsule was calculated using the following formula: 


= mg. arecoline HBr/capsule (m. I) 


where A,, is the absorbance of assay sample solution, and A. is the 
absorbance of standard solution. 


Gas Chromatographic Assay-Preparation of Sample and Stan- 
dard-A 52.0-mg. sample of arecoline hydrobromide was weighed 
into a 250-ml. centrifuge bottle to use as the standard. Capsules 
comprising a 52.0-mg. sample of arecoline hydrobromide were 
cut open and dispersed in a 250-ml. centrifuge bottle. To both 
sample and standard, a 5 : 100 triethylamine solution in chloroform 
(100 ml.) was added, and the samples were shaken for 10 min. 
A 50-ml. portion of water was added to extract any compound 


- 
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Table I-Comparison of the Two Assay Procedures Table 11-Statistical Treatment of GLC Procedure 


Prod- Capsule Re- 
uct Claim, Methyl Recovery, covery, 
Lot mg. Orange z GLC z 


Amount 
Recovered, 


Sample No. Claim, mg. mg. Recovery, 


I 25.92 25.5 98.3 25.8 99.5 
I1 25.92 25.0 96.5 25.1 96.8 
I11 4.14 4.1 97.6 4.2 103.0 
IV 34.56 31.8 92.0 33.4 96.8 ~. ._ 


V 2.70 2.7 100.0 3.3 121.1 
VI 35 .5  29.4 85.0 33.8 97.8 


from the shell surfaces. The biphase mixture was shaken, centri- 
fuged, and the water layer discarded. 


The standard and sample solutions were then diluted 1 : 1 with 
a 0.5 mg./ml. solution of nicotine in chloroform, the internal 
standard. Two microliters of each solution was injected onto the 
column. 


Gas Chromatograph-A Varian 2100 chromatograph with a 
hydrogen-flame ionization detector was used with a model 480 
electronic digital integrator equipped with a Victor Digit-matic 
printout. 


Column and Conditions-A 1.52 m. X 0.63 cm. X 2mm. (5  ft. X 
0.25 in. X 2 mm.) Pyrex column was packed with 5 polyethylene 
glycol 20 MI and 0.2% KOH on 60/80 diatomaceous earth.2 The 
column was preconditioned overnight at 170’ in a stream of helium. 
The operating conditions were as follows: column temperature, 
120”; injectop, temperature, 235”; detector temperature, 250”; 
carrier gas, helium, 57 ml./min.; detector gas, hydrogen, 25 ml./ 
min.; air, 300 ml./min.; and sensitivity, 124 X 


Identification of Constituents-The relative retention times were 
arecoline, 4.5 min., and nicotine, 8 min. 


Calculations-The potency of arecoline hydrobromide in mil- 
ligrams per capsule was calculated according to the following 
formula: 


amp./mv. 


Ca 
Ar As . - . X = mg. arecoline HBr/capsule (Eq. 2) 


where As  is the area of the arecoline peak in sample/area of internal 
standard peak, Ca is the concentration of arecoline hydrobromide 
in mg./ml. in the standard solution, Ar is the area of arecoline 
peak in prepared standard/area of internal standard peak, and 
Xis the dilution factor. 


RESULTS AND DISCUSSION 


Several gelatin capsule preparations were assayed by the method 
proposed in the “Official Methods of Analysis” (1). The method 
was found inadequate for capsules, because the average dosage 
level of arecoline hydrobromide is 1-8 mg. The number of capsules 
needed to procure the necessary 100.0-mg. sample created severe 
emulsion problems. The overabundance of gelatin made it virtually 
impossible to separate the two phases required for the assay. The 


1 Carbowax, Union Carbide Corp., New York, N. Y .  
2 Gas-Chrom W, Applied Science Laboratories, Inc., State College, 


Pa. 


I A  ~. ~ 


1B 
IC 


54.5 52.0 95.4 
54.5 56.1 102.9 
54.5 52.6 96.5 


IIA 54.5 5 5 . 5  101.8 
IIB 54.5 54.6 100.2 ~ . .  - 
IIC 54.5 52.9 97.1 


IIIA 54.5 52.5 96.3 
IIIB 54.5 5 5 . 5  101.9 
IIIC 54.5 55.8 102.3 
Mean 
SD 


54.2 99.4 
3 .O 


methyl orange colorimetric method proposed here, although sensi- 
tive to any trace of amines or ammonia compounds on the glass- 
ware, did suffice as an analytical tool for assaying low concentra- 
tions of arecoline hydrobromide. 


In an attempt to conserve the relatively large amount of time 
necessary for running the assay colorimetrically, the investigation 
then turned to developing a quicker, more precise instrumental 
method. A perusal of the literature revealed Stainier and Gloe- 
sener’s (2) chromatographic assay of arecoline. Their samples of 
arecoline were hydrolyzed with KOH, and the corresponding al- 
cohols were assayed quantitatively. Since the method was rather 
indirect, it was felt that arecoline could be chromatographed directly 
by merely converting the hydrobromide salt to its base in an ap- 
propriate solvent and injecting the arecoline directly onto the proper 
column. 


A typical chromatogram is shown in Fig. 1. The peaks are well 
resolved and symmetrical; absorption effects appear to be absent. 


Table 1 shows a comparison of values for each of the proposed 
methods, which were each run on six capsule lot preparations of 
varying concentrations of arecoline hydrobromide. In each case, a 
greater part of the theoretical claim was recovered with the gas 
chromatographic method, which also took less time to complete. 
Nine samples, each containing 54.5 mg. of arecoline hydrobromide, 
showed a mean percent recovery of 99.4 with a relative standard 
deviation from the mean of &3.0 (Table 11). The precision of the 
colorimetric assay was found in experimental studies to be of the 
magnitude of f6 .0x .  
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administration of the nonsustained-release tablet, with the rate 
decreasing after the 24-hr. point. 


The mean equivalent pentylenetetrazol excretion values and the 
standard deviations for the three groups are given in Table 111. 
Student i values (8) were calculated to compare the mean 
excretion values of the different groups at various times. Statistically 
significant ( p  = 0.01) differences were seen between Groups A and B 
at allcollection intervals after the first ((t3 hr.). 


No significant differences between Groups A and C were present 
at any of the collection intervals. These results indicate that urinary 
excretion of 300 mg. of pentylenetetrazol proceeds at approximately 
the same rate whether the dose is administered in one sustained-re- 
lease tablet or divided and administered in three doses at 4-hr. 
intervals. These results also indicate that the same fraction of pentyl- 
enetetrazol was absorbed from the sustained-release tablets as from 
the nonsustained-release tablets. 


There were no significant differences between Groups B and C 
until the fourth collection (9-12 hr.). Mean excretion values for 
these two groups were significantly different in all of the last five 
urine collections. 


SUMMARY 


Sustained-release and nonsustained-release tablets containing 
pentylenetetrazol-10-14C were administered to human subjects. The 
resulting plasma and urine concentrations of equivalent pentylene- 
tetrazol were determined by liquid scintillation counting techniques. 
Subjects receiving the sustained-release tablets exhibited smoothly 
sustained plasma levels of equivalent pentylenetetrazol for a period 
of about 12 hr. and a nearly linear urinary excretion rate of “C 
during a period of 36 hr. Subjects receiving three doses of nonsus- 
tained-release tablets at 4-hr. intervals exhibited typical rises and 
falls in plasma 14C levels and an excretion pattern similar to that of 
the subjects receiving the sustained-release tablets. Subjects receiv- 
ing a single dose of a nonsustained-release tablet showed one peak 
plasma I4C level which then decreased continuously. A fairly con- 
stant rate of urinary 14C excretion was evident for 24 hr. The results 
of this study showed that the sustained-release tablet produced 


absorption and excretion patterns similar to those obtained follow- 
ing three doses of the drug administered in nonsustained-release 
form at 4-hr. intervals. 
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Permeability of Double-Layer Films I11 


TSUNETO KURIYAMA, MICHIHARU NOBUTOKI, and MICHIO NAKANISHI 


Abstract Moisture permeability of most double-layer films has 
a directional property. This “two-sidedness” may be brought 
about mainly by a change in the permeability coefficient as a 
result of the change in vapor pressure. To utilize this characteristic, 
it should be clarified as to how the permeability coefficient varies. 
For this purpose the differential permeability coefficient was cal- 
culated, making it easy to estimate the permeability of moisture 
under various conditions and making it possible to obtain the dis- 
tribution of both vapor pressure and the water concentration in 
double-layer films. When the permeability on single films under 
various moisture conditions is given, the “two-sidedness” feature 
of double-layer films made from them will be grasped. 


Keyphrases 0 Double-layer films-theoretical considerations 0 
Films, double layer-moisture permeability Differential per- 
meability coefficients-double-layer films m Water concentration, 
vapor pressure-films 


Previous reports (1, 2) dealt with variations of “two- 
sidedness” in the moisture permeability of double-layer 
films with changing conditions. It is very important to 


investigate the cause (or principle) of these phenomena. 
Rogers et a!. (3) explained the two-sidedness skillfully, 
even though they did not classify such characteristics as 
were reported in a previous report (1). Their theory can 
be regarded as applicable to  understand various types of 
two-sidedness and their behavior under changing 
moisture conditions. As stated in a previous report (2), 
the permeability coefficient, P ,  is not constant but varies 
with the moisture changes. Rogers et al. (3) introduced 
the concept of the differential permeability coefficient to 
solve this problem. The following theoretical considera- 
tions are mainly based on these ideas. 


EXPERIMENTAL 


The experimental method and the abbreviation for each film are 
the same as those in previous reports (1,2). 


Cell for Measuring Water Vapor Permeability-The cell and 
measuring method are modifications of those of Patel et al. (4). 
Permeation through a sample film was determined by measuring 
weight change of the cell a t  a certain condition. 
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Figure I-Relationship between Q and Ap. Temperature, 40'; 
thickness of$lm, 0.2 mm.; p, = 100% R.H. = 5.5.3 mm. Hg; 
md Ap = pi - p. 
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Film Preparation-Single Film-Free film was prepared by 
casting a solution of coating agent on a glass plate. 


Double-Layer Film-Two single films were combined to form a 
double-layer film by using a solvent that dissolved only a surface of 
either film. 


Measurement of Film Thickness-The thickness of a single film 
is expressed as the mean value of 12 different points measured with 
a dial gauge (precision 0.001 mm.) in a sample film (4 cm. in diame- 
ter). Standard deviation of the thickness in a sample film was less 
than 0.0006 mm. at 0.05-mm. thickness, 0.0008 mm. at 0.15-mm. 
thickness, and 0.001 mm. at 0.25-mm. thickness. 


Materials-The coating agents used are as follows: 


Abbrevia- Manufacturer 
tion Chemical Name (Specification) 


EC Ethylcellulose Dow Corning (50 cps.) 
MC Methylcellulose Shin-etsu Chemical Co. 


HECAP Hydroxyethyl- Yoshitomi Pharmaceutical 
(25 CPS.) 


cellulose acetate Industries ( 5 )  
phthalate 


All permeability data were determined as the mean of six ob- 
servations at the same condition. 


d 
0; 800 
X 
a, 


RESULTS AND DISCUSSION 


Figure 1 shows the relationship between the pressure difference, 
Ap, and the moisture permeability, Q, across methylcellulose 
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Figure 2-Relationship between P and Ap. Temperature, 40"; 
thickness offilm, 0.2 mm.; p1 = 100% R.H. = 55.3 mm. Hg; and 
AP = PI - P. 


(MC-25) film of 0.2-mm. thickness. 


coefficient P. The result is shown in Fig. 2. 
Application of Eq. 1 to this relationship gives the permeability 


where I = thickness of a film, A = permeation area of the film, 
t = time of permeation, pl = water vapor pressure at the side of 
higher humidity, pz = water vapor pressure at the side of lower 
humidity, P = permeability coefficient of moisture, Q = moisture 
permeability, and q = quantity of permeated moisture. 


Figure 2 shows that the permeability coefficient is not a constant 
but a function of the humidity condition in which the film is placed. 
Each section that is rectangular to the direction of permeation 
across a film may have a certain differential permeability coefficient, 
depending upon the humidity condition in which the section is 
located. What is obtained in an experiment is permeability coefficient 
P,  which corresponds to the integrated value of all differential 
permeability constants involved. This idea is expressed as follows: 


P = & L P ' d p  


Table I-Calculation of Differential Permeability Coefficient, p~ = 5.53 cm. H g  


PP,PI 


P,  AP = PI - P, QPIA Ql = PAP, g./sec. P', g./sec. 
cm. Hg cm. Hg g./24 hr. m.2 g./sec. cm. cm. cm. H g  cm. cm. Hg 


5.03 0 . 5  460 1067 X 10-l1 2134 X lo-" 
4.93 0.6 48 5 1125 X 1875 X lo-" 580 X 
4.83 0 .7  506 1174 X 1677 X lo-" 490 x lo-" 
4.73 0 . 8  528 1225 X 10-11 1531 X lo-" 510 X lo-" 
4.63 0 . 9  550 1276 X 10-l' 1418 X lo-" 510 X 
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Table 11-Calculation of Ppp, (pz = 1.03 cm. Hg) 


2000 


I" 1600 


E, 


g 1200 


5 


d 
% 
N 


> 


M 


2 800 
X 
a, 
,.. 


400 


J; P' dP, 


g./sec. cm. 


- 


- 


- 


. 


- 


p ,  AP = P - P Z ,  P', 
cm. Hg cm. Hg g./sec. cm. cm. Hg 


PPP,, QPP,, 
g./sec. cm. cm. Hg g./24 hr. m2 


1.03 0.0 90 X lo-" 9 x 10-11 90 X lo-" 
1.13 0.1 70 X lo-" 16 X lo-" 80 x 10-11 3 . 5  
1.23 0.2 90 X lo-" 25 X lo-" 83 X lo-" 7 . 2  
1.33 0.3 50 X lo-" 30 X lo-" 75 x 10-11 9.7 
1.43 0.4 90 x lo-" 39 x 10-11 78 x lo-" 13.5 


where P' is the differential permeability coefficient. 
Differentiating Eq. 2 gives Eq. 3 : 


(Eq. 3 )  


Figure 2 gives the relationship between P and Ap (or p ) ,  which 
may produce P' with the help of Eq. 3. The process of this calcula- 
tion is summarized in Table I. In this table, each P and Q has a 
suffut consisting of two letters. The first letter refers to the water- 
vapor pressure of the side of higher humidity; the second letter 
refers to the water vapor pressure of the side of lower humidity. 
For instance, Qplp is the Q which is obtained by fixing the water 
vapor pressure on pl at the side of higher humidity and by varying 
the vapor pressure, p ,  at the side of lower humidity. In a like man- 
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Figure 3-Ap-profile of P', P,,,, and P,,,. Material, MC-25; 
thickness of film, 0.2 mm.; temperature, 40"; PI = IOO% R.H. = 
55.3 mm. Hg; and Ap = p1 - p. PpIp = permeability coeficient 
observed by fixing the water vapor pressure on p1 at the side of higher 
humidity and by varying the vapor pressure p at the side of lower 
humidity. P,,, = permeability coefiient calculated fixing the water 
vapor pressure on pa at the side of lower humidity and varying the 
vapor pressure p at the side of higher humidity. P' = differential 
permeability coefiient calculated. 


A p ,  mm. H g  


R.H., % 


P, mm. Hg 


ner, the correspondent permeability coefficient of moisture is ex- 
pressed as Pplp. 


The results shown in Table I were calculated from the data of 
Fig. 1, not from data of Fig. 2. Although the four values observed 
in Fig. 2 are converted from Fig. 1, the curve in Fig. 2 is not as ac- 
curate as that in Fig. 1, because the former is more sharply curved 
than the latter. As is understood from Eq. 3, even a small error in 
P will have a strong influence on the resulting P'.  The results ob- 
tained in Table I show the relationship that corresponds to the 
function P' = f ( p )  under a certain condition. Figure 2 shows the ob- 
served values corresponding to €!q. 4. Here, using the relation of 
P' = f ( p )  of Table I, Pppz can be obtained (Eq. 5). Pppz is the permea- 
bility coefficient for varying vapor pressure at the side of higher 
humidity under constant vapor pressure at the lower side. Moreover, 
Pnpz gives Qpp,  according to Eq. 1.  


These calculations were made in accordance with Table 11, and the 
results are shown in Fig. 3. 


Pnlp is considerably different from Ppp,.  This means that the mois- 
ture permeability will be different when the mean value of vapor 
pressure is not the same, even if the difference of pressure across 
the film is constant. The calculated P' values were considerably 
divergent as plotted in Fig. 3. This divergence was caused, as men- 
tioned previously, by the fact that the values of P' were strongly 
influenced by the slightest errors of P (errors of observation and 
plotting). P' values used in Table 11 are the raw results from Table 
I, so the Ppp, values obtained are divergent too. However, if the 
compensated values of P' obtained from the regression curve in 
Fig. 3 are used, a better curve can be obtained around Ppp2. Rogers 
et al. (3) explained the two-sidedness of the permeability without 
calculating P'. Their idea shows that it is possible to obtain Qpp2 


0 Q 


I 


p ,  Pm P2 Pq Pm p2 
(a) (b) 


Figure &Rogers' graphical method to obtain Qppz from Q,,, 
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p2 


Figure 5-Graphical estimation of permeability (QJ of double-layer 
Jilm composed of Material I (higher humidity side) and Material I1 
(lower humidity side). 


graphically, as shown in Fig. 4, if Q,,, is given. (This is, in principle, 
the same method as that used in Table I and/or 11.) 


means the moisture permeability across Film I when the vapor 
pressure p l ,  at the side of higher humidity, is constant with varying 
vapor pressure p at the lower side. Q;:% is QPp2 of Film 11, which is 
obtained by the method shown in Fig. 4 using the data Q&. Rogers 
et al. (3) indicated that Qc in Fig. 5 corresponds to the moisture 
permeability of double-layer film made from I and 11, where Film I 
faces the p ,  side and Film I1 faces the pz side. As a model, Fig. 6 
(a and b) illustrates different combinations of films with different 
moisture permeability characteristics. 


Rogers et a / .  (3) explained that the two-sided characteristic of the 
double-layer film results from the different Q around the intersect- 


Figure 5 gives the combination of QZ, and Q p p 2 ,  I1 where Q;, 


Q I 


ing points C and D. When the thicknesses of Films I and I1 are the 
same, A, B, C, and D all correspond to the permeability across the 
films of the same thickness. The characteristics of these double- 
layer films are classified according to the order of magnitude of 
Q s  around A, B, C, and D as mentioned in an earlier report (1). 
Figure 6a belongs to group 7,  and Figure 6b belongs to group a. 
Only if the actual data of Q:p and Qifp are given can Qpi,and Q$ 
bedetermined graphically, wherepzcan be determined to be any value 
within a range of the mentioned data. For instance, the observed 
Qp,p for both ethylcellulose EC-50 of 0.1-mm. thickness and 
hydroxyethylcellulose acetate phthalate (HECAP) of 0.1-mm. thick- 
ness can produce Fig. 7. 


Each intersecting point, A, B, C, or D, in Fig. 7 is plotted against 
humidity conditions to obtain Fig. 8. Figure 8 is utilized to compare 
the permeation property of the double-layer film with that of each 
of its single films, where the double-layer film is made from EC-50 
and HECAP of 0.1-mm. thickness and single films are EC-50 and 
HECAP of 0.2 mm. The observed values corresponding to Fig. 8 
were plotted in Fig. 9. 


When the two graphs are compared, the shapes are seen to be 
similar, but the predicted graph (Fig. 8) seems to be more com- 
pressed in the direction of the ordinate than the observed ones 
(Fig. 9). These facts may be explained as follows. According to the 
method of Rogers et al. (3) shown in Fig. 4, the moisture permea- 
bility is halved when two films of the same kind with the same thick- 
ness are piled; that is, the thickness of the film is doubled. In other 
words, the moisture permeability is inversely proportional to the 
thickness of the film (or l /Q is in direct proportion to r). Thus, Fig. 
4b is obtained when Fig. 4a is turned over symmetrically around the 
line (parallel to the p ordinate) that passes through the point ' 1 2 .  Q. 
However, as mentioned in an earlier report (l), the moisture permea- 
bility is not exactly in inverse proportion to the thickness but is 
slightly more than one-half, even if the thickness of the film is 
doubled. The main reason Fig. 8 differs from Fig. 9 may be at- 
tributed to the assumed inversely proportional relation. 


Although the following processing method involves some theo- 
retical inadequacies, it may be practically useful to estimate the two- 
sided property of the double-layer film. 


1. The moisture permeability is measured at several Ap levels 
about single Films I and 11, which may be combined to form a 


Film Material Water Vapor Pressure (Fixed) 


Q b P  I p1 (higher pressure side) 
f p2 (lower pressure side) Qk I1 p1 (higher pressure side) 2; I1 pz (lower pressure side) 


Figure 6-Two-sidedness of doubIe-Iayer films (Rogers' method). 


Water Vapor Pressure (Varied) 


p (lower pressure side) 
p (higher pressure side) 
p (lower pressure side) 
p (higher pressure side) 
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Figure I-Application of Rogers' method at various Ap 
ranges. Temperature, 40"; thickness of (single) film, 0.1 
mm.; p1 = 100% R.H. = 55.3 mm. Hg; and Ap = 


P1 - P. 


double-layer film with several levels of thickness. (Although Ap 
can be set as either p1 - p or p - p2 ,  the following explanation is 
carried out using Ap = p1 - p.) 


2. The data are arranged in terms of: abscissa = I ,  ordinate = 
l / Q ,  and parameter = Ap, which afford a linear relationship. The 
graphs are obtained for I and 11. 


3. From the graphs obtained in Step 2, the figure is depicted for 
I and I1 in terms of: abscissa = Ap, ordinate = Q ,  and parameter = 
1. To evaluate the permeability of the double-layer film which con- 
sists of I and I1 when each elemental layer has thickness I , ,  the 
parameter is enough to be ll and 211. In other words, the Q-Ap (or 
Q p ~ p )  curve is obtained for both I and I1 with the thickness 1, and 
211, respectively. 


4. The Qpp, curve for a given p2 is obtained by turning the Qplp 
curve of a film with thickness h symmetrically around the line that 


tbl 


EC- 5 O/ 


I 


0 10 20 30 A p  mrn Hg 
100 81.9 63.9 45.8 25.3 R.k., p,mrn. % Hg 


55.3 45.3 35.3 


10 20 30 Ap,rnm.Hg 
81.9 63.9 45.8 R.H.. % 
45.3 35.3 25.3 p ,  mm.  Hg 


passes through the point QP,,,% of the film with thickness 211 and is 
parallel to the Ap axis. The four curves obtained, QZp,  Qtp9 ,  C?i:p, 
and Q&, are drawn in a graph as in Fig. 6. 


In this method, different from that of Rogers et al. (3), the value 
of Q along the line of symmetry is not l / ~ - Q p l P z  for 11 but QPl4 
for 211. From the intersect points in the graph thus obtained, the 
two-sided characteristic of the double-layer film is evaluated. Ac- 
cording to this method, the permeability of any combination of 
films can be determined only if the data for each single film are 
given, and the permeabilities of single films can be compared with 
each other under the same conditions on the any-accurate-thickness 
(11) basis (although it is very difficult to make a film with an exact 
h thickness). Figure 10 is an example of the result thus obtained with 
a double-layer film made from EC-50 and HECAP. 
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Figure 8-Estimation of two-sidedness of moisture permeability. 
Temperature, 40"; p1 = 100% R.H. = 55.3 mm. Hg; and Ap = 
PI - p. Materials: @I, HECAP (0.1 mm.) + EC-50 (0.1 mm.); 
@, EC-50 (0.2 mm.); @, HECAP (0.2 mm.); and @, EC-50 (0.1 
mm.) + HECAP(O.l mm.). 
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Figure 10 closely resembles Fig. 9, indicating the usefulness of 
the method to predict the two-sided property. This graphical 
method does not necessarily match with the detailed facts. (For in- 
stance, QP,I,, does not come to zero.) However, the Q values ob- 
tained from the intersecting points make it possible to determine the 
two-sided property of permeability of the double-layer film with 
tolerable accuracy. 


The differential permeability coefficient can be utilized for another 
purpose. The Apjl in Eq. 1 is the gradient of vapor pressure across 


- 


- 


- 


- 


400 


I 
0 10 20 30 40 


100 81.9 63.9 45.8 27.7 


55.3 45.3 35.3 25.3 15.3 


Figure 9-Two-sidedness of moisture permeability observed. Tem- 
perature, 40'; p~ = 100% R.H. = 55.3 mm. Hg; and Ap = p~ - p .  
Materials: @, HECAP (0.1 mm.) + EC-50 (0.1 mm.); @, EC-50 
(0.2 mm.); @, HECAP (0.2 mm.); and @, EC-50 (0.1 mm.) + 
HECAP(O.l mm.). 
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P, mm. Hg 
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Figure 10-Estimation of two-sidedness of moisture permeability. 
Temperature, 40"; p1 = 100% R.H. = 55.3 mm. Hg; and Ap = 
p1 - p. Materials: @, HECAP (0.1 mm.) + EC-50 (0.1 mm.); 
@, EC-50 (0.2 mm.); @, HECAP (0.2 mm.); and @, EC-50 (0. I mm.) + HECAP(O.l mm.). 


the film. After permeation arrives a t  a steady state of condition, 
the moisture transmitting the cross section of the direction of 
permeation is of the same quantity as Q, passing through the film 
itself. Considering the cross section, Eq. 1 then can be written as 
Eq. 6: 


where x is the distance from the surface of higher humidity to the 
aimed cross section of the direction of permeation. This equation 
may then be correlated to the equation of Fick's law (Eq. 7) on 
diffusion : 


0 10 20 x 10-8 crn. z 


Figure 11- Water vapor pressure distribution in firm (calculated). 
Film material, MC-25; temperature, 40"; p1 = 4.53 cm. Hg; 
and p~ = 1.03 em. Hg. 
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Figure 12-Water vapor pressure distribution (calculated) of double-layer .film. Temperature, 40'; p1 = 5.03 cm. He; and pz = 1.53 cm. Hg. 


While the diffusion coefficient, D, in Eq. 7 is constant, the differen- 
tial permeability coefficient, P', in Eq. 6 is a function of the water- 
vapor pressure. Equation 8 is obtained when Eq. 6 is integrated in 
the range between x = 0 and x = x ,  i.e., between pl and p where 
p1 = the water vapor pressure at the side of higher humidity, andp 
= the vapor pressure in equilibrium to cross section across the film 


(Pl > P > P2). 


(hydrophilic). Figure 11 supports this result, although it was not 
sigmoid. However, Fig. 11 shows the distribution of the vapor 
pressure; if the vapor pressure distribution is converted into the 
distribution of water concentration, it will give a sigmoid curve. 
The reason for this follows. Although the relation of the water 
vapor pressure, p.  to the water concentration, c, which is in equilib- 
rium with the pressure, follows Henry's law (Eq. 9) in general, 


c = s p  0%. 9) 
(Eq* 8, the relation given by Eq. 10 is valid, as shown by Henley (7) with 


the propane-polyethylene system, when p varies over a wide range: 


x = 1 [ P'dp 
QPl, 


The distribution of the vapor pressure across the film can be ob- 
tained from Fig. 10. Table 111 shows the calculation process which 
gives the relation of p to x.  This calculation was carried out using 
the P' value which was calculated in Table I and revised in Fig. 3. 
These results produce Fig. 11. 


The curve of the vapor pressure distribution in MC-25 (hydro- 
phylic film) was concluded not to be linear, although it was linear 
in the case of a hydrophobic film. Gillespie (6) investigated the water 
concentration of each layer in some multilayer films and obtained 
similar results: the curve of water concentration distribution was 
linear on polystyrene (hydrophobic) and sigmoid on cellophane 


S = a p + b  (Eq. 10) 
where both a and b are constants. 


Substituting Eq. 10 into Eq. 9 gives Eq. 1 1  : 


c = ap2 + bp (Eq. 11) 
This indicates that c is a function of the second order of p .  This has 
been also supported experimentally by Gillespie (6). The ordinate 
of Fig. 1 1  can be converted into the water concentration distribu- 
tion by using Eq. 1 1 ,  and then the obtained curve will be more simi- 
lar to the sigmoid. 


Table 111-Calculation of Water Vapor Pressure Distribution in Films 


X ,  
['P' dp, 


P ,  P', 
cm. Hg g./sec. cm. cm. Hg g./sec. cm. cm. 


4.53 
4.43 
4.33 
4.23 
4.13 


445 x 10-11 
420 X lo-" 
400 X lo-" 
380 x lo-" 
360 x 10-11 


0 x 10-11 
44.5 x 10-11 
86.5 X lo-" 


126.5 X lo-" 
164.5 X lo-" 


o x 10-3 
1.25 x 10-3 


3.57 x 10-3 
4.64 x 10-3 


2.43 X 


. .  . . .  . . .  
. . .  . . .  . . .  . . .  


r . . .  
, '1 .23 


1 . 1 3  
1 . 0 3  


76 x lo-" 
74 x 10-11 
72 x lo-" 


694.3.X lo-" 
701.7 X lo-" 
709.1 x lo-" 


19.58 X 
19.79 X 
20.00 x 10-3 


a p ~  = 4.53 cm. Hg,pz = 1.03 cm. Hg, 1 = 0.02 cm., Q p ~ p z  = 1 / 1  P'dp = 709'1 'O-" = 35.46 X 10-3 (g. /sec. cm.2) = 306 (g./24 hr. m.2). 
0.02 
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The differential moisture permeability coefficient of a film was 
actually obtained by calculation. Using this coefficient, the permea- 
bility for any humidity condition, not only the condition in which 
the experiment was actually carried out, can be estimated. The 
authors introduced a graphical method to estimate the two-sided 
characteristic of moisture permeability for the double-layer film 
under changing humidity conditions. In addition, the distributions 


found to be determined by calculation, even in the case of very thin 
films for which other determination methods cannot be applied. 


of both water vapor pressure and water concentration in a film were 


For a double-layer film of EC-50 and HECAP, the distribution 
of the water vapor pressure can be shown as in Fig. 12 and the 
distribution of water concentration can be shown as in Fig. 13.  
These distributions change, depending upon which side faces the 
higher humidity atmosphere. In addition, Fig. 13a shows that 
moisture permeation can occur even against the gradient of water 
concentration in some cases, although it does not occur against that 
of the vapor pressure. The curve of the water concentration distri- 
bution is not so sharply S-shaped as observed by Gillespie. The 
difference may be caused mainly by the different experimental con- 
ditions between Gillespie’s and the present study. Gillespie dealt 
with multilayer film having air layers between each elemental layer 
and, of course, the material of the film was different. 


SUMMARY 


10 
depending upon which side faced the higher humidity atmosphere. 
Across the interface of films, moisture permeation was found to 
occur possibly against the water concentration. 
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Preparation and Antitumor Activity of Some Schiff 
Bases of 2’-Amino-4’,5’-dichlorobenzenesulfonanilide 
and 2’-Amino-p-toluenesulfonanilide 


JOHN H. BILLMAN and ROBERT L. SCHMIDGALL 


Abstract 0 Series of variously substituted salicylaldehyde Schiff 
bases and 2-substituted-p-[N,N-bis(2-chloroethyl)a~no]benzalde- 
hyde Schiff bases of 2’-amino-4’,5 ’-dichlorobenzenesulfonanilide 
and 2‘-amino-ptoluenesulfonanilide have been prepared and 
screened for antitumor activity. None of the compounds showed 
appreciable activity against L-1210 leukemia. 


Keyphrases 0 2’-Amino-4’,5‘-dichlorobenzenesulfonanilide, 
Schiff bases-synthesis, antitumor activity evaluation 0 2‘- 
Amino-p-toluenesulfonanilide, Schiff bases-synthesis, antitumor 
activity evaluation 0 Antitumor activity evaluation-2’-amino- 
4’,5’-dichlorobenzenesulfonanilide, 2’-amino-ptoluenesulfonani- 
lide 0 IR spectrophotometry-structure, analysis 


Woolley et al. (1-3) have shown that 4’,5’-dichloro- 
2’-nitrobenzenesulfonanilide (Ia) is effective in per- 
manently curing some spontaneous mammary cancers 
of mice. Evidently the not very toxic Ia functions as an 
antimetabolite of 1,2-dimethyl-4,5-diaminobenzene and 
inhibits the biosynthesis of vitamin BIZ, which is syn- 
thesized by the spontaneous cancers but not by the 
hosts (4). 2’-Amino-4’,5’-dichlorobenzenesulfonanilide 
(Ib) was also apparently active but much less potent 
than Ia. 


Ia, X = -NOz 
I b, X = -NHz 


In  view of the antitumor activity or at least acces- 
sibility to the tumor site of Ia and Ib plus the convenient 
handle of the primary amino group of Ib for further 
structural modifications, it was decided to prepare some 
derivatives of Type 11. Twelve of these derivatives 
(Table I) were conveniently synthesized (Scheme I) by 
condensing the desired aldehyde with Ib, which was 
prepared from the corresponding o-phenylenediamine 
and arylsulfonyl chloride. The aldehydes employed 
were those substituted salicylaldehydes and 2-sub- 
stituted-p-[N,N-bis (2-~hloroethyl)amino] benzaldehydes 
which have previously shown antitumor activity 


I11 
R 
Iv 


R =substituted phenyl 


excess 


V 


X=-C1,-H R=-H or -CH3 R’=substituted phenyl 
Scheme I 


either in their own rights or in easily hydrolyzed deriva- 
tives (5-15). It was hoped that these new azomethine 
derivatives (11) would be even more potent antineo- 
plastic drugs than either the active parent amine Ib or 
the active aldehyde alone. 


C l f J p S $ )  c1 N=CH 


R 
R = substituted phenyl 


11 


It is well known that a majority of tumors contain 
cells with a lower pH than cells in normal tissues. 
Fitch and Voegtlin (16) also have shown that the ad- 
ministration of glucose to tumor-bearing animals can 
produce an even lower pH value for the tumor cells. 
Since Schiff bases are one class of compounds that 
hydrolyze readily in aitro under mildly acidic conditions, 
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n 
cy-JA-so** N=CH 


I 
CI 


Table I-SchifF Base Derivatives of 2 '-Amino-4 ',5 '-dichlorobenzenesulfonanilide R 


Yield IR Absorptions, p 
Compd. (pure), 7 ZN- -NH- 


No. R Formula Z M.p. Calcd. Found SOZ- -C=N- 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


on 


& 
OCH, 


'ii. 
& CI 


87.0 


86.5 


92.0 


89.5 


65.8 


70.9 


76.5 


91.9 


82.1 


89.5 


94.3 


83.7 


3.14 


8.57 
166168 Oa 6.64 6.50 7.50 6.20 


3.11 


8.60 
135.5-137.50a 5.54 5.53 7.50 6.19 


3.08 
189.Ck190.5"b 6.21 5.99 7.54 6.18 


8.64 


3.08 


8.64 
179-181 Oa 6.38 6.28 7.56 6.16 


3.16 


8.73 
181-183"= 6.15 6.02 7.73 6.20 


3.15 


8.72 
1 85-1860a 5.60 5.66 7.72 6.19 


3.07 
208-210 OG 9.01 9.09 7.56 6.21 
dec. 8.60 


3.28 
206208 O d  4.16 4.46 7.66 6.19 
dec. 8.63 


3.06 
191-193"a 5.25 5.28 7.59 6.19 


8.59 


3.10 


8.59 


3.11 


8.57 


192-1940b 7.71 7.66 7.35 6.27 


167-169"' 7.51 7.36 7.40 6.28 


3.08 
173-175"" 7.46 7.34 7.41 6.22 


8.61 


a Recrystallized from 2-propanol. b Recrystallized from 4 : 1 2-propanol-acetonitrile. c Recrystallized from 1 : 1 2-propanol-acetonitrile. d Recrystal- 
lized from 10: 1 acetonitrile-N,N-dimethylformamide. 


such compounds probably could be hydrolyzed selec- 
tively by the tumor cells to liberate the active aldehydes 
to serve as alkylating agents at the same time as the 
active amine is freed to act as an antimetabolite. 


Even if hydrolysis of the Schiff bases does not occur 
at the tumor site, the compounds might still be active. 
Ross et al. (10) have pointed out that the azomethine 
linkage in these compounds can be regarded as an 


isostere of two cytotoxic agents: the azo compounds 
and the stilbenes. 


Seventeen Schiff bases (IV) (Table 11) of 2'-amino-p- 
toluenesulfonanilide (111) were also prepared (Scheme 
I), using the same or similar aldehydes as were used in 
the synthesis of Compounds 11. Here, if the derivatives 
IV undergo hydrolysis in the mildly acidic tumor cells, 
the active aldehydes could still be liberated to serve as 
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Table 11-Sch8 Base Derivatives of 2'-Amino-p-toluenesulfonanilide 


Compd. 
No. R 


_ _ _ _ _ ~  ~ _ _ _ _ _  ~~ ~ _ _ _ _ _ _  


Yield IR Absorptions, p 
ZN- -NH- 7 (pure), Calcd. Found SOZ- X = N -  


Formula Z M.p. 


3.05 


8.73 


3.06 


8.59 


CzoHisNzOaS 98.2 143-1 44 Oa 7.65 7.82 7.60 6.21 


CziHzoNzO4S 89.5 174-1 75 a 7.07 7.23 7.51 6.19 2 & 
OCH3 


OH 


3 4 3.09 


8.65 
GoHnClNzOaS 90.2 154-1 55"" 6.99 7.25 7.55 6.22 


%I 


CzoH17BrN203S 81.9 159.5-16O.5Oa 4 & Br 


5 6 CZOHI~N~O~S 96.0 196-197 O b  


NO2 
OH OCH, 


GiHzoNz04S 95.1 140.5-142.5"" 6 4 5  
43 


OH CH,-CH=CHs 
CzaHzzNzOaS 82.4 120.0-121.5"" 3 


8 v  CzoHirNaOaS 93.6 161-163"" 


3.17 
10.44 7.60 6.28 


8.72 
10.21 


3.11 


8.67 
3.09 


8.61 


7.07 6.88 7.58 6.23 


6.89 7.00 7.55 6.21 


3.06 


8.58 
CzoHi~ClzNz03S 85.0 171.5-173.5'" 6.43 6.20 7.55 6.14 9 


Cl 


3.08 
CzdhIzNzOaS 83.9 171-173OC 4.53 4.78 7.60 6.20 


10 q dec. 8.64 
I 


3.11 


l1 & - - O H  dec. 8.63 


3.05 


8.57 


87.6 188-189 7.32 7.17 7.50 6.10 
6.18 GoHi~NzoaS 


56.3 195-197 Ob 6.57 6.70 7.50 6.16 CZZHZZNZOES 


dCH, 
3.10 


8.60 
13 Cz4HzoNzo~S 96.2 186.5-187. 50d  6.73 6.52 7.56 6.16 


W z 11 
1.-- 


94.1 125-126"* 8.57 8.50 7.42 6.25 
14 ~ ( C H ~ C H ~ C I ) ~  CZ~HZ~C~ZNSOZS 8.64 


3.10 


15 b N ( c H 2 c H z ~ , ) L  GsHz7ClzN30zS 8.62 
98.6 146-147 Ob 8.33 8.42 7.40 6.21 


~ 


3.07 


8.62 
75.5 163-1 64"* 8.26 8.19 7.39 6.19 G ~ ~ ~ C ~ ~ F N ~ O ~ S  


-CH=NA 2.93 


dec. 8.55 
40.4 132-1 33 OC 10.25 9.96 7.40 6.24 


a Recrystallized from 2-propanol. * Recrystallized from 4 : 1 2-propanol-acetonitrile. c Recrystallized from 1 : 1 2-propanol-acetonitrile. d Re- 
crystallized from acetonitrile. c Washed with water, acetone, methanol, and diethyl ether but not recrystallized from any solvent. 
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alkylating agents but the freed amine (111) would not have 
any antitumor activity (17). Thus, the primary func- 
tions of 111 would be to serve as a carrier of the active 
aldehydes to the tumor site and to direct them into the 
cellular metabolism. 111 could also serve as a protector 
of the aldehydes and prevent their destruction through 
oxidation, reduction, or whatever before they reached 
the tumor cells where they could be freed to function as 
antitumor agents. 


Antitumor evaluation of the compounds in Tables I 
and I1 was carried out' using the test system for leukemia 
L-1210 (intraperitoneal). No appreciable activity was 
shown by any of the compounds in Tables I and I1 
with this particular test system. 


EXPERIMENTALz 


2'-Amino4',5'-dichlorobenzenesulfonanilide, Ib-Seventy-five 
grams (0.424 mole) of 4,5-dichloro-o-phenylenediamine was sus- 
pended in 800 ml. of a 3:2 ethanol-water mixture and cooled to 
&5' in an ice bath. With vigorous stirring and maintenance of the 
temperature at G5", 61.8 g. (0.350 mole) of benzenesulfonyl chloride 
was added dropwise over 5 hr. After complete addition, the stirring 
was continued for 4 hr. with the ice bath removed. Three hundred 
milliliters of 2.0 N hydrochloric acid was then added, and the 
mixture was stirred another hour. Suction filtration of the reaction 
mixture provided a wine-red solution and a purple-gray precipitate. 
The solid was recrystallized from 2-propanol with the hot mother 
liquor being decolorized with activated charcoal. White crystals 
of Ib were obtained after two further recrystallizations from 2- 
propanol. Yield: 44.8 g., 40.4%. M.p. (lit.) 158" (2); (obs.) 163- 
165". IR absorptions, p :  -NHS02--, 3.10, 7.60, and 8.64; -NHz, 
2.90, 3.00, and 6.20. 


Anal.-Calcd. for C12H10C12N202S: N, 8.83. Found: N, 8.80. 
Recovery of 22.8 g. of 4,5-dichloro-o-phenylenediamine was 


effected by neutralization of the wine-red solution with 50% 
aqueous sodium hydroxide. 


2 '-Amino-4',5 '-dichlorobenzenesulfonanilide S c h 8  Base Deriva- 
tives, I1 (Table I)-The synthesis of this series of compounds is 
illustrated by the preparation of 2'-( [5-(n-hexyl)salicylidene]- 
amino )-4',5'-dichlorobenzenesulfonanilide. To a stirring solution 
of 2.30 g. (0.00730 mole) of 2'-amino4',5'-dichlorobenzenesul- 
fonanilide in 50 ml. of absolute ethanol was added dropwise, over 
15 min., 1.50 g. (0.00750 mole) of 5-(n-hexyl)salicylaldehyde (18) 
dissolved in 75 ml. of absolute ethanol. The mixture was refluxed 
for 15 min., chilled, and filtered. The tan solid obtained was re- 
crystallized from 2-propanol to give fluffy, light-yellow crystals. 
Yield: 3.20 g., 86.5%. M.p. 135.5-137.5". 


Anal.-Calcd. for C25H26C12N203S: N, 5.54. Found: N, 5.53. 
2'-Amino-p-tnluenesulfonaNlide, 111-A solution of 48.7 g. 


(0.450 mole) of o-phenylenediamine in 300 ml. of a 1 :1 aqueous 
ethanol mixture was cooled to G5' in an ice bath. Over a span of 
3 hr., 57.2 g. (0.300 mole) of p-toluenesulfonyl chloride was added 
in small portions with rapid stirring at CL5". The stirring at CL5' 
was continued for another hour after the addition was completed; 
then the ice bath was removed. Two hundred fifty milliliters of 2.0 
N hydrochloric acid was added, and stirring was continued for 60 
min. at room temperature. After the disubstituted compound had 
been removed by suction filtration, the clear, dark-red filtrate was 
neutralized with 50% aqueous sodium hydroxide until a precipitate 
began to form. To complete the neutralization, solid sodium bi- 


1 By the Cancer Chemotherapy National Service Center (CCNSC), 
Bethesda, Md. 


*All melting points were taken in open capillaries on a Thomas- 
Hoover melting point apparatus and are uncorrected. The elemental 
analyses were performed by Midwest Microlab, Inc., Indianapolis, 
Ind. The IR spectra were determined in KBr disks on a Perkin-Elmer 
Infracord spectrophotometer. Aldehydes and other starting materials 
used were either reagent grade or were purified by distillation or re- 
crystallization from appropriate solvents. 


carbonate was slowly added with stirring until the evolution of 
carbon dioxide ceased. The mixture was chilled thoroughly in an 
ice bath and then filtered with suction. The resulting off-white 
solid was recrystallized from 2-propanol to give fluffy, white crys- 
tals of 111. Yield: 63.8 g., 81.1 %. M.p. (lit.) 114" (19), 135-136" 
(20), 142" (21); (obs.) 139-140". IR absorptions, p :  -NHSOz-, 
3.16,7.60, and 8.78; -NH2, 2.91, 3.00, and 6.19. 


And-Calcd. for C13H14N202S: N, 10.68. Found: N, 10.65. 
2'-Amino-p-toluenesulfonanilide SchifF Base Derivatives, IV 


(Table 11)-The following synthesis for 2'-{ [2-fluoro-4-(N,N-bis(2- 
chloroethyl)amino)benzylidene]amino}-ptoluenesulfonanilide is 
typical of the procedure used for preparing this series of compounds. 
Five and twenty-five hundredths grams (0.0200 mole) of 2'-amino- 
p-toluenesulfonanilide was dissolved in 50 ml. of dry methanol. 
To this was added dropwise, with stirring, a second solution of 
5.03 g. (0.0220 mole) of 2-fluoro-4-[N,N-bis(2-chloroethyl)amino]- 
benzaldehyde (13) contained in 75 ml. of hot methanol. The addi- 
tion took 15 min. and was followed by 30 min. of refluxing. The 
reaction mixture was cooled in an ice bath and filtered to obtain 
a dirty yellow solid. Recrystallization of this solid from a 4 : l  2- 
propanol-acetonitrile mixture afforded bright-yellow crystals 
which were moderately light sensitive. Yield: 7.70 g., 75.5z. M.p. 


And-Calcd. for C24H24C1~FN302S: N, 8.26. Found: N, 8.19. 
163-1 64 '. 
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Mechanism of Action of Retinyl Compounds 
on Wound Healing 11: Effect of Active Retinyl 
Derivatives on Granuloma Formation 


K. H. LEE and THEODORE G .  TONG 


Abstract 0 The naturally occurring retinyl derivatives that promote 
wound healing as measured by their effects on tensile strength of 
healing wounds also stimulate granuloma formation induced by 
cotton pellets. The hexosamine and hydroxyproline contents in the 
granuloma affected by retinyl derivatives are also increased. The 
mechanisms of action of retinyl derivation on wound healing are 
discussed. 


Keyphrases 0 Retinyl compounds--effect on granuloma forma- 
tion 0 Granuloma formation-retinyl derivatives, effects 0 
Wound healing-mechanism of action, retinyl derivatives 


Previous reports have shown that a few retinyl deriva- 
tives promote wound healing, and these compounds 
also reverse the wound-healing retardation action of 
anti-inflammatory agents (1-3). It is well known that 
inflammation and mucopolysaccharide synthesis are 
the two important features which are essential for sub- 
sequent healing. 


One commonly used method for studying the anti- 
inflammatory action of drugs is measuring antigranula- 
tion effect with the cotton pellet method of Meier et 
al. (4). This method involves subcutaneous implant- 
ing of cotton pellets and measuring the size of the 
granuloma induced after a few days. Anti-inflam- 
matory agents reduce the size or weight of granuloma as 
compared with that of the control. In the present study, 
it is found that those retinyl derivatives that promote 
healing increase the size or weight of the granuloma. 
These active retinyl derivatives are “inflammatory 
agents.” 


The promotion of mucopolysaccharide synthesis 
action of vitamin A in granulation tissue of an open 
wound has been demonstrated earlier (1). In the present 
study, it is found that both hexosamine and hydroxy- 
proline contents in the granulomas of retinoic acid- 
treated animals are considerably higher than those of 
the controls. The mechanisms of action of retinyl 
derivatives on wound healing are discussed. 


EXPERIMENTAL. 


Materials and Special Chemicals-Materials and chemicals used 
in this study included the following: crystalline hydroxy-L-proline; 
retinoic acid,’ all trans, Sigma grade, Type XX; synthetic crystal- 
line, fl-carotene,’ Sigma grade, Type I; crystalline lycopene,’ 
Blakeslea trispora origin; prednisone;2 fl-ionone3 (BY 1.584); a- 
ionone3 (&’ 1 S030); glucosamine HC1,P reagent grade; 2,4-pent- 
anedione4 (acetylactone), reagent grade; p-dimethylaminobenzalde- 
hyde,‘ reagent grade; dental cotton rolls,6 size 1 ; polyvinyl sponge$ 


1 Sigma Chemical Co., St. Louis, Mo. 
2 The Upjohn Co.,  Kalamazoo, Mich. 
3 Aldrich Chemical Co., Inc., Milwaukee, Wis. 
4 Eastman Kodak Co., Rochester, N. Y. 
6 Johnson and Johnson, New Brunswick, N. J.  
8 Unipoint Laboratories, High Point, N.  C. 


and retinyl palmitate’ (400,000 unitslg.). @-Ionone, as purchased, 
was a pure preparation, while a-ionone contained 31 of p-ionone. 
The isomer was satisfactorily separated by using a preparative gas 
chromatograph as described previously (3). The p-dimethylamino- 
benzaldehyde was twice recrystallized according to the procedure of 
Adams and Coleman (5 ) .  


METHODS 


Implantation of Cotton and Polyvinyl Disks-The effect of 
retinyl compounds on granuloma formation in rats was evaluated 
with cotton pellet and polyvinyl sponge methods (4, 6). Cotton 
pellets are disks sliced from dental cotton rolls with a sharp razor 
blade. Disks weighing 20 f 0.5 mg. were selected and placed in 
Petri dishes for sterilization in a steam autoclave for 40 min. The 
sterilized cotton disks were handled with sterilized instruments 
and an aseptic technique. Polyvinyl sponges were also prepared in 
the form of disks. The block of polyvinyl sponge was sliced with a 
heavy-duty butcher’s cold-meat slicer into 3-mm. thick slices. A 
cork borer, 11 mm. in diameter, was used to cut the slices into uni- 
form disks. The disks were then thoroughly washed with distilled 
water to remove the preservative and moistening agents. The washed 
disks were dried at 65” for 48 hr. Disks weighing 22 f 0.5 mg. were 
selected and placed in Petri dishes for sterilization in a steam auto- 
clave for 40 min. 


Growth of granulation tissue into cotton pellets was induced by 
subcutaneous implantation at two symmetrical dorsolateral sites 
on Sprague-Dawley male rats weighing 120 f 5 g. under ether 
anesthesia. 


The cotton pellet implanted on the right side contained the 
retinyl compound, and the cotton pellet implanted on the left 
side served as the control. The compound was introduced to the 
pellet as its ether solution. The ether was completely evaporated 
before implantation. On the 7th day after implantation the animals 
were killed with ether and the body weights were taken. The gran- 
ulomas were carefully removed and were weighed rapidly on a 
torsion balance.* After drying in an oven at 65” for 48 hr., the 
dried slices were weighed again. 
In other experiments, two cotton disks without drug were im- 


planted dorsolaterally and retinoic acid sodium salt was given 
orally or intraperitoneally on the day before the operation and on 
the 2nd day after the operation. On the 7th day after implantation, 
the granulomas formed were carefully removed, and their wet 
weights and dry weights were measured as described previously. 


For polyvinyl sponge experiments, large Sprague-Dawley male 
rats weighing 230 f 5 g. were used. Four sponge disks were im- 
planted subcutaneously at symmetrical dorsolateral sites. Two disks 
containing drug and two control disks were implanted diagonally 
2 cm. from each other. Prednisone was given orally on the day 
before the operation and also on the 2nd day after the operation. 
The dosage was 2.5 mg. per rat per day. On the 7th day after im- 
plantation, the granulomas were carefully removed and treated as 
already described. 


Chemical Analysis-Individual dry disks were weighed and 
placed in a Pyrex 13 X 100-mm. culture tube with 1 ml. of 6 N 
HCl. The tube was sealed in D ~ C I I O ,  and the content was hydrolyzed 
at 140” in a constant-temperature heating block for 3 hr.* After 
cooling to room temperature, the seal of the tube was broken and 
the content was carefully neutralized with 6 N NaOH. The content 
was then filtered with the aid of suction. The original tube and the 


7 Eastman Kodak Co., N. J. 
8 Roller-Smith precision balance, Bethlehem, Pa. 
9 Hallikainen Instruments, Richmond, Calif. 
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Table I-Effect of Retinol and Retinoic Acid on Cotton Pellet-Induced Granuloma 


A r o u p  I . A r o u p  I1 
Right Side 


Left Side (Control) Left Side (Control) 
Right Side 


No. of animals 8 12 
Drug impregnated: 


6000 I.U. 
- - - Retinyl palmitate, + 


Retinoic acid, 2 mg. - - 


LeftlRight 1.4 1 . 5  


LeftIRight 1 . 5  1 . 5  


- + 
Pellet wt., mg. 20.0 f 0.5 20.0 f 0 . 5  20.0 f 0.5 20.0 f 0 . 5  
Granuloma wet wt., mg. 300.4 =k 7.2  220.3 f 4.5  332.2 f 4.9 218.7 f 2.5 


Granuloma dry wt., mg. 54.3 f 1.6 36.7 f 2 . 0  50.9 f 1.7  3 5 . 1  f 1.9  


Change of body wt., g. +49.5 =t 2.1 +56.1 f 3.7 


Table 11-Effect of Sodium Retinoate" on Granuloma Formation 


Group I Group 11 Group I11 


No. of animals 18 6 6 
Drug given - RANa, oral RANa, i.p. 
Cotton pellet wt., mg. 20.0 f 0.5 20.0 f 0 . 5  20.0 f 0 . 5  
Granuloma wet wt., mg. 211.5 f 4.8 264.9 f 7 . 5  274.6 f 9 . 9  
Granuloma dry wt., mg. 28.6 f 1 . 1  41.1 f 1.6 42.3 f 1.7 


Four milligrams of Na-retinoate was given to each rat on the day of operation and on the 2nd day after operation. 


filter were rinsed several times with small portions of distilled water. 
The filtrate was brought to 10.0 ml. Aliquots were taken for hy- 
droxyproline and glucosamine analyses. Samples containing 5-1 5 
mg. of hydroxyproline were analyzed according to the method de- 
scribed by Neuman and Logan (7). Aliquots of the filtrate contain- 
ing O.Ol(M.030 mg. of glucosamine were analyzed according to 
the method of Elson and Morgan as modified by Boas (8). 


RESULTS 


The effects of retinoic acid and vitamin A on cotton pellet-induced 
granuloma are shown in Table I. Preliminary tests have been done 
to determine the proper amount of each compound to be used for 
appreciable, measurable effects. Either 6000 I.U. of retinyl pal- 
mitate or 2 mg. of retinoic acid is required to give about 50% in- 
crease in granuloma formation as compared with the control. 


Both the wet weight and the dry weight of the granuloma in- 
duced by cotton pellets are about the same when either drug is 
applied. The granulomas of the controls are also similar in weight. 
The ratios of the granuloma induced by cotton pellets impregnated 
with either drug to the controls are all about 1.5. These differences 
are highly significant as determined by the Student t test (p 
< 0.001). These results clearly demonstrate that retinyl derivatives 
increase the size of granuloma induced by the cotton pellet. These 
results also indicate that retinyl palmitate and retinoic acid are of the 
same potency. Retinyl palmitate and retinoic acid also had the same 
activity when tensile strengths of healing wounds were compared 


(9). In both cases the rats gained body weight at a normal rate, 
which indicates that the amount of drug used was not showing any 
toxic effect. 


The effects of the sodium salt of retinoic acid, given orally or 
intraperitoneally, on cotton pellet-induced granuloma are shown 
in Table 11. Group I involves 18 rats receiving no drug. The average 
wet weight and dry weight of granuloma are about 212 and 29 mg., 
respectively. These values are about the same as those of the con- 
trols shown in Table I. This fact indicates that the implantation 
of a cotton pellet impregnated with 2 mg. of retinoic acid or 6000 
I.U. of retinyl palmitate did not influence the size of their controls. 
In Group 11, six rats were given sodium retinoate orally. The average 
wet weight and dry weight are significantly larger than those of 
Group I animals. In Group 111, all six rats received sodium retinoate 
intraperitoneally ; their granulomas are about the same as those of 
Group 11 animals but are significantly larger than those of the 
controls. 


The effect of prednisone on granulomas induced by retinoic acid- 
impregnated polyvinyl sponge is shown in Table 111. Group I rats 
received no oral administration of prednisone. The average wet 
and dry weights of all of the granulomas induced by polyvinyl 
sponges impregnated with 2 mg. of retinoic acid were 390.9 and 
54.8 mg., respectively. The averagewet and dry weights of granuloma 
induced by polyvinyl sponges were 289.5 and 32.9 mg., respectively. 
The ratio of wet and dry weights of the granulomas induced by 
retinoic acid-impregnated and control polyvinyl sponges was 
about 1.5. Group I1 rats were treated exactly as those of Group I, 
except prednisone was given to the rats on the day before the opera- 


Table 111-Effect of Prednisone on Retinoic Acid-Impregnated Polyvinyl Sponge-Induced Granuloma 


Group I (Control)-- Group I1 (Prednisone)---- 
With R. A. Control With R. A. Control 


A B C D 


No. of animals 8 
- Retinoic acid-impregnated, + - 


6 + 
2 mg. 


1.4 1.4 
54.8 f 3.4  32.9 f 3.0  46.3 f 4.8 27.8 f 2.3  


AIB 


CID 1.6 1 .6  


Sponge wt., mg. 22.0 f 0 . 5  22.0 f 0.5 
Granuloma wet wt., mg. 390.9 f 16.9 289.4 f 17.5 340.0f 15.4 240.5 =t 15.2 


Granuloma dry wt., mg. 


Granuloma wet wt., ratio 


Granuloma dry wt., ratio 


AIC 
B/D 


AIC 


1 . 1 5  
1.20 


1 . 1 8  
BID 1.18 
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Table IV-Effect of a Few Retinol-Related Compounds on Cotton Pellet-Induced Granuloma 


No. 
of Body Wt. I Granuloma Wt., mg. 


-Dry- Expt./ An- Drug Change, I Wet - EXpt./ 
Group imals Applied Av. g. Expt. Control Control p Expt. Control Control P 


I 14 @Carotene, +53 339.0 f 12.1 220.5 f 9.3 1.5 <0.001 38.3 3Z 2.0  26.6 f 1.7 1 . 4  <0.001 


I1 6 Lycopene, +50 244.8 f 8.7  2 3 9 . 6 3 ~  6 .4  1.0 23.6% 1.9 23.0f  1 .5  1.0 
2 mg. 


2 mg. 


25 mg. 


25 mg. 


I11 6 8-Ionone, $47 305.3 f 10.6 212.7 f 7.6 1 . 4  <0.001 37.6 f 2.6  24.3 f 2.1 1 . 5  <0.001 


IV 6 d o n o n e ,  $49 252.0f 6 .6  2 2 8 . 8 1  3.8 1.1 27.5 31 2.2 28.1 f 1.7 1 . 0  


tion and also on the 2nd day after the operation. The average wet 
and dry weights of the granulomas induced by polyvinyl sponges 
impregnated with 2 mg. of retinoic acid were 340.0 and 46.3 mg., 
respectively. These weights are about 20% less than those of the 
animals receiving no prednisone (Group I). The wet and dry weights 
of the granulomas induced by polyvinyl sponges without retinoic acid 
were 240.5 and 27.8 mg., respectively. These weights are also about 
20% less than those of the Group I animals. This experiment dem- 
onstrated again that retinoic acid enhanced granuloma formation in- 
duced by polyvinyl sponges and its activity was inhibited by predni- 
sone. This also confirms the previous findings with another 
independent method: that prednisone inhibits and retinoic acid pro- 
motes healing (2, 3). 


The effects of a few retinol-related, naturally occurring com- 
pounds in cotton pellet-induced granuloma are shown in Table IV. 
0-Carotene (Group I) enhances granuloma formation induced by 
the cotton pellet. It is almost as active as retinoic acid. Lycopene 
(Group 11) has the same structure as 0-carotene, except that it has 
an open trimethyl cyclohexene ring. It is not active. 0-Ionone is 
active while a-ionone is not (Groups 111 and IV). The activities 
of these compounds on granuloma formation are essentially the 
same as their activities on the tensile strength of healing wounds 
(3). 


The total hexosamine contents in the granulomas induced by 
cotton pellets in the presence and absence of 2 mg. of retinoic acid 
were 124.0 f 3.5 and 94.0 f 2.3 mcg., respectively. The dry 
weights of the respective granulomas were 55.4 f 2.1 and 35.5 
f 0.8 mg. The hydroxyproline contents of the experimental and 
control granulomas were 259.2 f 7.3 and 200.0 f 8.5 mcg., respec- 
tively. 


DISCUSSION 


Inflammation and mucopolysaccharide synthesis are the two 
known important features in wound healing. Anti-inflammatory 
agents retard healing by their anti-inflammatory and inhibitory 
actions on mucopolysaccharide synthesis (2, 10-12). Retinol and a 
few retinyl derivatives can reverse the wound-healing retardation 
action of a number of anti-inflammatory agents (3, 10). This fact 
illustrates an important pharmacological principle of using an 
agent (retinol) to modify the untoward effect of a useful drug 
(anti-inflammatory agent). Retinol, or either one of the active 
retinyl derivatives alone, promotes healing (2, 3). 


Meier et al. (4) introduced a method that makes quantitative 
studies of the action of cortisone on connective tissue possible. 
These workers used the cotton pellet as a foreign body to induce 
granuloma formation. Application of cortisone resulted in a di- 
minution of granuloma size, which can be expressed quantita- 
tively by determining its fresh and dry weights. Cortisone was ef- 
fective by local as well as by general application, similar concentra- 
tions producing the same degree of inhibition of granuloma formed. 
Since then, this method has been extensively used for assaying 
steroid and nonsteroid anti-inflammatory agents. Retinol and 
retinyl derivatives that promote healing cause an increased granu- 
loma mass induced by cotton pellets. 


It is interesting to point out that this is the first demonstration 
of an agent given orally, intraperitoneally, or locally enhancing 
granuloma formation. This phenomenon definitely shows again 
the effect of retinol or its active retinyl derivatives and anti-inflam- 
matory agents. It seems justified to call these retinyl compounds 


“inflammatory agents.” 
Grindlay and Waugh (6) used essentially the same implantation 


method to study tissue regeneration, except that they used poly- 
vinyl sponges. The protein, lipid, and mucopolysaccharide contents 
of the granuloma have been studied. 


Jackson et al. (13) pointed out that repair of connective tissue 
is the most basic feature in wound healing, and they used the forma- 
tion of granuloma induced by polyvinyl sponges to study healing. 
Sandberg and Zederfeldt (14) found that the rate of gain in tensile 
strength and hydroxyproline in granuloma was directly related 
in both rats and rabbits. The results of the present experiment show 
that only those retinyl derivatives that are active in increasing tensile 
strength also increase the size and weight of granuloma induced by 
either the cotton pellet or polyvinyl sponge. Granuloma formation 
is a useful quantitative method to study wound healing. 


The promotion of mucopolysaccharide synthesis action of retinol 
in granuloma tissue of an open wound has been reported (1). In the 
present study, both total hexosamine and hydroxyproline contents 
were increased in the granuloma induced by the cotton pellet im- 
pregnated with retinoic acid. 


The results obtained in this study suggest that retinol and active 
retinyl derivatives promote healing by inducing inflammation and 
increase mucopolysaccharide synthesis mechanisms of action. 
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Effect of Nonionic Surfactants on the Transport 
of Testosterone across a Cellulose Acetate Membrane 


P. M. SHORT*, E. T. ABBSt, and C. T. RHODES 


Abstract 0 Solubilization of testosterone by a series of three 
alkylpolyoxyethylene surfactants at 37" has been examined as a 
function of surfactant concentration. The effect of these surfactants 
has also been investigated upon the diffusion of testosterone through 
cellulose acetate membranes. Diffusion coefficients were calculated 
using a method that allows the measurements to be completed in a 
very short time. Possible mechanisms by which surfactants may 
affect drug transport are discussed. In all cases examined, the sur- 
factants reduced the diffusion coefficient of testosterone. 


Keyphrases Testosterone transport-cellulose membrane 0 
Surfactants effect-testosterone transport, cellulose membrane 0 
Solubilization, testosterone-surfactants 0 Diffusion coefficient- 
testosterone 


The effect of surfactants upon the biological avail- 
ability and pharmacological activity of drugs has at- 
tracted the attention of a considerable number of re- 
searchers in recent years (1). 


In the present work, the authors report an investiga- 
tion of the solubilization of testosterone by three alkyl- 
polyoxyethylene surfactants. The effect of these surfac- 
tants upon the diffusion of testosterone across a cellu- 
lose acetate membrane has been studied. The work 
was carried out in a simple closed system which 
may be more similar to physiological conditions than 
the use of a "sink." The authors utilized a method for 
the evaluation of membrane diffusion coefficients that 
is rapid and avoids the problems of back diffusion. 


EXPERIMENTAL 


Materials-Three n-alkylpolyoxyethylene surfactants of the 
general formula CIGOE,OH (A30, A45, and A60) were used.' 
The mean molecular weights of these compounds were estimated 
by NMR spectroscopy as previously described (2,3). Testosterone,2 
m.p. 155.5-156.0" [lit. (4) 152-156"], glass-distilled water, spec- 
tral quality ethanol, and cellulose acetate membranes3 were also 
used. 


ethanol by 
UV spectrometry at 245 mp. The molar absorptivity for testosterone 
at this wavelength was found to be 1.61 X lo4, obeying the Beer- 
Lambert law. Surfactant solutions were used as blanks when re- 
quired. 


Solubility Determinations-An aqueous suspension of testosterone, 
plus the appropriate amount of surfactant, was stirred for 1 week 
at 37 =t 0.1" until equilibrium had been reached. Samples were 
filtered twice through 0.22-pm. membrane filters4 and assayed 
spectrophotornetrically. 


Determination of Diffusion Coefficients-The apparatus used was 
similar to that described by Humphreys and Rhodes (3). The Per- 
spex donor and recipient cells were separated by the membrane 
and stirring was effected by bar magnets activated by immersible 
control units. The temperature was controlled at 37 f 0.1". Pre- 


Testosterone Assay-Testosterone was assayed in 50 


1 Glover's Ltd., Leeds, England. 
2 Steraloids Ltd., Croydon, England. 
3 Visking, Scientific Instruments, Chichester, England. 
4 Millipore Ltd., Middlesex, England. 
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Figure 1-Testosterone concentration in donor (upper curve) aid  
recipient (lower curve) cells as a function of time. 


liminary tests showed that the surfactant did not cross the mem- 
brane, although small traces of nonsurface-active impurities did. 
Blank solutions, not containing drug, were therefore used as ref- 
erence in the spectrophotometric assay. 
In all the diffusion results, from which diffusion coefficients, D 


values, were calculated, the total initial concentration of steroid, 
[Ow] + [ D J ,  in the donor cell was 6.93 X 


The thickness of the membrane, L, used in the diffusion studies 
was obtained from replicate determinations made using two mi- 
crometer screw gauges; the L value for thewet membrane was 6.4-X 
10-6m. 


Results were calculated using an Elliott 803 digital computer. 


M. 


THEORY 


A typical set of fuli-term diffusion study results showing the 
concentration of drug in both the donor and recipient cells as a 
function of time is shown in Fig. 1. It is possible, using equations 
based on first-order kinetic assumptions, to determine transport 
rates from such data. Although such determinations can be most 
useful, they are subject to several limitations. The transport process 
is often inconveniently lengthy. Also, back diffusion of drug can 
complicate the estimation of diffusion coefficients. 


Rogers et al. ( 5 )  derived equations which overcome the difficulties 
outlined above. They investigated the diffusion of helium across 
glass and obtained the following equation: 


(dpldt) = (2A/Y)SPl (D/nt)0,6 exp[-(L2/4Dt) X 
m = O  
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Figure 2-Plot for the determination of diffusion Coefficient. 
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where P represents the pressure, t the time, A the area of the mem- 
brane, L the membrane thickness, PI the pressure on the donor side 
of the membrane, S the solubility coefficient, and D the diffusion 
coefficient. This equation is derived from Fick's law and includes 
the assumptions that D is independent of time and pressure (i.e.,  
concentration for a solution). However, measurements are made 
over a very short time period and the D determined is that for 
when t --+ 0. Thus. these assumptions are unlikely to be of great 
practical significance for small concentration changes. 


By integrating the original equation of Rogers et al., Eq. 2 is ob- 
tained, in which the diffusion coefficient is related to the amount of 
drug diffused: 


where So is the solubility of drug in the solvent, Si is the solubility 
of drug in the membrane, Co is the concentration of drug in the sol- 
vent, Q is the amount of drug diffused across the membrane, of 
length L ,  t is the time, and D is the diffusion coefficient. 


Not all the terms of the integration are shown in Eq. 2 but, be- 
cause of the inverted placement o f f  in the exponentials, this series 
converges most rapidly for very small values of t rather than for 
large values. After taking logarithms of both sides, Eq. 3 is ob- 
tained: 


log, ($) = log, (ao) + 3 2 log, D - - L2 . ~ 1 (Eq. 3 )  
4 0  t 


By plotting log, (Q/f1.6) as a function of reciprocal time, a straight 
line is obtsined (Fig. 2). From the slope of the line the diffusion 
coefficient, D, may be obtained using Eq. 4: 


slope = -L2/4D 0 3 . 4 )  


When accurate values of Si are available, high precision values of 
D may be calculated by use of an iterative technique (Fig. 3). In 


4 0  [ 8",;C;2Di:] INTERCEPT = L~ loge ~ 


Figure 3-Plot for the determination of high precision diffusioii co- 
efiiefrt. 


the work reported in this paper, however, D has been calculated 
directly from Eq 4. 


There are limitations at  either end of the straight line obtained 
by use of Eq. 3. At the beginning of the transport process, concentra- 
tions of drug in the recipient cell are very low and errors in their 
analytical estimation are thus relatively high. Later when the con- 
centration of drug in the recipient cell exceeds a critical value, back 
diffusion occurs and the graph starts to curve. However, results on 
the linear portion of the graph always returned correlation coeffi- 
cients approaching unity; for example, a typical set of results of five 
readings gave a correlation coefficient of 0.990. 


RESULTS AND DISCUSSION 


The results of the solubilization study are shown in Fig. 4. In 
all cases the relationship between steroid solubility and surfactant 
concentration was linear. This type of solubilization isotherm is 
indicative of micellar solubilization governed by a distribution 
equation (6) .  Distribution coefficients for testosterone in the solu- 
tions of the three surfactants have been calculated by the method 
of Humphreys and Rhodes ( 3 )  (Table I). When the extent of 
solubilization is calculated on a molar rather than a percent weight 
basis, the solubilization efficiency increases with chain length. This 
finding indicates that the soluhilized steroid may be primarily lo- 
cated in the polyoxyethylene exterior of the micelle. Spectroscopic 
studies of the solubilization of several steroids have led to a 
similar conclusion (7). 


In any aqueous isotopic surfactant solution containing a drug, 
the following equilibrium will exist: 


[ O w l  e [Om] (Eq. 5 )  
where D, represents the free and D,,t the bound or micellar drug. 
In the transport of a drug from a surfactant solution across a mem- 
brane the bound or micellar drug is not normally involved. Passive 
transport of drug across a membrane is a function of the concen- 
tration (or more accurately, activity) gradient of free drug across 
the membrane, and reduction in the value of [Ow] will tend to  re- 
duce drug transport. (In those cases in which pinocytosis of micellar 
drug can occur the situation will, of course, be more complex.) 


0 
0 2 4 


% SURFACTANT 


Figure 4-Testosteroire soluhilization at  37" as a fiaictioir of  percent- 
age n-alkyl polyoxyethyleire conceritrritioii. Key : Top line, A30; 
rniddlP liiie, A45; uiid bottom line, A60. 
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Table I-Diffusion and Micellar Partition Coefficients for 
Testosterone in n-Alkylpolyoxyethylene Surfactant 
Solutions at 37” 


No. of 
Ethylene 


Oxide Diffusion 
Groups Coefficient 


Estimated X lo7 cm.z 
Surfactant by NMR & min.-’ 


- 18.80 
A30 34 476 7.41 
A45 62 397 10.18 
A60 88 333 11.58 


- - 


There are several recent reports exemplifying the reduction in the 
antimicrobial action of drugs caused by surfactants. However, it is 
apparent that other effects besides reductions in [Ow] are also opera- 
tive(8,9). 


The second mechanism by which surfactants can alter the trans- 
port of drugs from solution across a membrane is by modifying 
the aqueous diffusion coefficient of the drug. Recent work by 
Bloor et al. has shown that surfactants can increase or decrease 
such values (10, 11). Thus, in systems where diffusion of drug to the 
membrane surface is a rate-limiting factor the presence of surfac- 
tant could increase or decrease the overall transport rate. It is also 
possible, though rather unlikely, that monomeric surfactant might 
reduce the aqueous activity coefficient of the drug, the diminished 
activity gradient resulting in slower diffusion. 


In those cases where adsorption of drug upon the membrane 
surface is a necessary prerequisite to membrane passage, the pres- 
ence of surfactant may have further influence. Reduction of surface 
tension at the interface is likely to have a generalized depressant 
effect upon the adsorption of all species. The possibility of competi- 
tion between monomeric surfactant and drug for adsorption sites 
also exists. However, since it is feasible that a surfactantdrug com- 
plex, such as mixed micelle, might also be adsorbed, presence of 
surfactant could increase or decrease the amount of drug adsorbed. 
The overall effect will depend upon the relative concentrations of 
the various species present and the values of their free energies of 
sorption for the membrane involved. For those substances for which 
active transport systems exist in a biological membrane, there is a 
possibility of specific interference by the surfactant with this process. 
There are also a number of reports which may indicate that sur- 
factants can have direct effects on membrane permeability (12-14). 
Such effects could be caused by partial defatting or interaction be- 
tween the surfactant and protein or phospholipid (15). 


Because surfactants may affect drug transport in so many ways, 
there are great advantages in using initially simple in uitro studies 
which can be designed so as to allow the different mechanisms to be 
distinguished. Such work, of course, can not be regarded as a 
substitute for in uiuo evaluation. 


Diffusion coefficients of testosterone in distilled water and in 
aqueous 1 %  w/v solutions of the three surfactants, increasing in 
HLB value, are shown in Table I, and the effect of surfactant 
concentration upon the testosterone diffusion coefficient is re- 
corded in Table 11. These results show that the higher the K d  value, 
i.e., the more the equilibrium shown in Eq. 5 is in favor of the 
micellar pseudophase, the greater the reduction in diffusion coeffi- 
cient. Plaxco et al. observed similar effects with ethylene oxide chain 


W = P  
Figure 5-Effect of sur- 
factant (A30) concentra- 
tion on testosterone di’ 
fusion coeficient. 
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Table H-Diffusion Coefficients for Testosterone as a Function 
of Surfactant (A30) Concentration at  37” 


Surfactant Diffusion Coefficient 
X 107 cm.2 min.-l Concentration, % w/v 


0 . 5  
1 .0 
1 .5  
2 . 0  
3 . 0  


8 . 4 4  
7.41 
6.93 
5 .54  
1.56 


length, and thus HLB, in investigations of drug release from sup- 
positories (16). 


Figure 5 shows the effect of the concentration of surfactant upon 
diffusion coefficient. The value of the diffusion coefficient determined 
in the presence of surfactant decreases linearly with increase in 
surfactant concentration. 


Extrapolation, to zero surfactant concentration, of the relation- 
ship between finite surfactant concentration and diffusion coeffi- 
cient yields a value substantially different to the diffusion coefficient 
of testosterone determined in distilled water. It is highly improbable 
that this finding is due to experimental error. Since the surfactant 
solutions used in this investigation were stirred during the mem- 
brane diffusion measurements, this effect cannot be attributed to 
modification of the aqueous diffusion of the steroid. This change 
must therefore be attributed to some effect of the surfactant upon 
the membrane. It seems likely that D changes rapidly at or about 
the CMC (critical micelle concentration). It has been established 
that there is no permanent interference with the integrity of the 
membrane. A membrane, which had been used for the study of the 
effect of surfactant upon the steroid membrane transport, when 
thoroughly washed, behaved normally with respect to the steroid 
diffusion. It is suggested that this depressant effect on steroid 
transport is probably due either to a generalized inhibition of ad- 
sorption at the membrane-solution interface or competition between 
the monomeric surfactant and steroid for adsorption sites upon 
the membrane. Further studies of the effect of surfactants upon 
the transport of drugs across membranes will be published shortly. 
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Hydrogenation of Substituted Isoquinolines over 
Nickel Catalyst 11: Effects of Pressure and Temperature 
on the Hydrogenation of 5-Hydroxy-2-alkylisoquinolinium Salts 


IAN W. MATHISON, WILEY L. FOWLER, Jr., and KATHLEEN C. FOWLER 


Abstract A study of the effect of high pressure and high tempera- 
ture on the nickel-catalyzed hydrogenation of 5-hydroxy-2-ethyliso- 
quinolinium salt is described. The effects of these parameters on 
the yield and stereochemistry of the 5-hydroxy-2-ethyldecahydro- 
isoquinolines produced are discussed. Comparisons of these data 
with those from analogous hydrogenations of the 5-nitro-2-methyl- 
isoquinolinium salt are included. 


Keyphrases 5-Hydroxy-2-alkylisoquinolinium salts-hydrogena- 
tion 0 Hydrogenation, isoquinolinium salts-temperature, pressure 
effect 0 Vapor phase chromatography-analysis GLC-anal- 
ysis 0 IR spectrophotometry-structure 


In a continuing study of the stereochemistry of vari- 
ously substituted, fully reduced isoquinolines possessing 
pharmacological activity (1, 2), the authors have been 
recently interested in the hydrogenation of 5-substituted 
isoquinolines at  high temperature and high pressure 
over Raney nickel catalyst (3). Their initial attention 
was directed toward the hydrogenation of a 5-nitro- 
isoquinolinium salt in which they were able to demon- 
strate that increases in temperature were effective in 
inducing changes in the specificity of the hydrogenation 
while increases in pressure played little or no role in 
determining the stereochemistry of the desired 5-  
aminodecahydroisoquinolines produced. The results 
in regard to the effects of temperature were not totally 
unanticipated (4); however, an unexpected result was 
that increases in temperature initially resulted in in- 
creased specificity of hydrogenation up to a certain 
point which was then followed by a more randomized 
reduction. It was of significance that the cis ring junc- 
tion decahydroisoquinoline was the heavily favored 
isomer produced (approximately 13 : 1 to 2: 1, depend- 
ing on conditions) (5 ,  6). The authors demonstrated that 
hydrogenolysis occurred to a significant extent at tem- 
peratures of 200' and above, while at  160" and 1500 
p s i .  an optimum yield of 71 of the desired 5-amino- 
decahydroisoquinolines was produced (cis : trans, 7.7 : 1). 
In view of the reported pharmacological activity of de- 
rivatives of 5-hydroxy-2-alkyldecahydroisoquinolines 
(2, 7) and the need for a rapid, efficient synthesis of 
these compounds, the authors wish to report the effects 
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Figure 1-Effect of temperature on reaction products at 2000 p.s.i. 


of increased pressure and temperature on the one-stage 
hydrogenation of 5-hydroxy-2-ethylisoquinolinium p -  
toluenesulfonate over W7 Raney nickel catalyst. The 
effects of these parameters on the stereochemistry of 
the hydrogenation and yields of the 5-hydroxy-2-ethyl- 
decahydroisoquinolines produced will be discussed 
and comparisons will be drawn with the previously re- 
ported study (3 ) .  


EXPERIMENTAL 


The melting point is corrected. Analyses were run by Galbraith 
Laboratories, Knoxville, Tenn. Vapor phase chromatograms were 
recorded on a Varian Aerograph model 700 Autoprep chromato- 
graph. Chromatographic peak areas were determined using a 
Dietzgen model D-1803-8 planimeter. 
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Isolation of Diphenyl-Substituted Tetronic Acids 
from Cultures of Paxillus atrotomentosus 


M. C. GAYLORD, R. G. BENEDICT, G. M. HATFIELD, and L. R. BRADY 


Abstract 0 Pigments which accumulated in surface cultures of 
Paxillus atrotomentosus (Batsch) Fr. were studied. The nutrient 
broth and mycelium of 2-month-old cultures were blended, and the 
pigments were partitioned into ether. Two pigments were isolated 
by dry-column chromatography using a silica gel adsorbent and 
ether saturated with concentrated HCl as a chromatographic sol- 
vent. The major pigment was identified as xerocomic acid, and the 
minor pigment was shown to be atromentic acid. Identification of 
these acids was based on UV and IR spectra, mass spectral frag- 
mentation patterns, high-resolution mass spectroscopy, and prop- 
erties of their acetyl derivatives. Examination of fresh carpophores 
of P. atrotomentoms failed to demonstrate detectable amounts of 
either of these tetronic acids. These pigments have been reported to 
occur in fresh carpophores of some species in the Boletaceae and 
Gomphidiaceae, but this is the first reported presence of any di- 
phenyl-substituted tetronic acid in the saprophytic culture of a 
fungus. 


Keyphrases Tetronic acids, diphenyl substituted-Paxillus 
atrozomentosus cultures 0 Pigment formation-P. atrotomentosus 
cultures 0 Column chromatography-separation 0 Paper chro- 
matography-identification 0 Electrophoresis-separation monitor- 
ing 


Diphenyl-substituted tetronic acids (pulvinic acid de- 
rivatives) have long been known to be characteristic con- 
stituents of certain lichens (1, 2). Experimental evidence 
(3)suggests that polyporic acid, a terphenylquinone pres- 
ent in basidiomycetes as well as in lichens, is a pre- 
cursor of pulvinic acid lactone (I) and calycin in the 
thalli of the lichen Pseudocyphellaria crocata. A number 
of terphenylquinones are known to occur in basidiomy- 
cetes (4), especially in the Hydnaceae, but information 
on the occurrence of pulvinic acid derivatives in basidio- 
inycetes is restricted essentially to recent reports on the 
presence of atromentic acid (11), gomphidic acid (111), 
variegatic acid (IV), and xerocomic acid (V) in carpo- 
phores of some species in the Boletaceae and Gomphidi- 
aceae (Table I). 


Ri R2 R3 R4 Rs 
I. uulvinic acid lactone H H H H H  ~~ 


11; hromentic acid lactone H OH H H OH 
111, gomphidic acid lactone OH OH OH H OH 
IV, variegatic acid lactone OH OH H OH OH 
V, xerocomic acid lactone OH OH H H OH 


Pigmentation was noted in surface cultures of Paxillus 
atrotomentosus (Batsch) Fr., and studies were initiated 
to determine the identity of the pigments produced by 
vegetative mycelia of this agaric. Carpophores of P .  
atrotomentosus are known to contain the terphenyl- 
quinone, atromentin (9), but no information is available 


Table I-Occurrence of Diphenyl-Substituted Tetronic Acids in 
Carpophores of Basidiomycetes 


Species Reported Tetronic Acid 


Boletaceae 
Boletus appendiculattrs Fr. 
B. calopus Fr. 
B. erythropus (Fr.) Secr. 
Suillus bovinus (Fr.) Kuntze 
S. uariegatus (Fr.) Kuntze 
Xerocomus chrysenteron 


(St. Amans) Qukl. 


Gomphidiaceae 
Gompliidius glutinosus (Fr.) Fr. 


Variegatic acid (5) 
Variegatic acid (6) 
Variegatic acid (5, 6) 
Variegatic acid (5) 
Variegatic acid (5, 7) 


Atromentic acid (6), 
variegatic acid (6), 
xerocomic acid (6) 


Atromentic acid (8), 
gomphidic acid (8), 
xerocomic acid (8) 


in the literature on the pigments formed by vegetative 
growth of this species or on the occurrence of tetronic 
acids in carpophores of the fungus. 


EXPERIMENTAL 


Origin of Culture and Carpophores-A culture of P. atrotomen- 
tosus was used in this study.' Stock cultures were maintained on a 
recommended cherry agar and were transferred monthly. 


Carpophores of this mushroom were obtained from the Quinault 
River area of western Washington during September 1969. 


Vegetative Growth of P. atrotomentosus-Liquid nutrient me- 
dium for surface cultivation of the fungus was prepared by steaming 1 
kg. of pitted fresh, or unsweetened frozen, sour cherries in 1 1. of 
distilled water for 2 hr. Twenty milliliters of strained cherry decoc- 
tion and 30 ml. of distilled water were added to each 5Wml. Roux 
bottle, and the nutrient solutions were autoclaved for 15 min. at 
15 lb. pressure. Sterile nutrient solutions were inoculated im- 
mediately after preparation, using a homogenate obtained by re- 
moving the mycelium of P. atrotomentosus from 10-14-day-old 
agar-slant cultures and blending for 5 sec. with a small volume of 
sterile water. 


Preliminary observations suggested that the best results were ob- 
tained when the cultures were incubated at  ZOO, that a pigment with 
chromatographic properties of atromentic acid was present in the 
cultures after 35 days, and that maximum pigment accumulation 
occurred between 50 and 60 days. Shortly after this optimal period, 
the cultures tended to undergo degradative changes, and pigments 
were no longer extractable with ether. Similar deteriorations oc- 
curred very rapidly in cultures incubated at 30' or exposed to intense 
light for a significant period. Thus, the cultures employed in this 
study were incubated routinely in the dark at 20" for 50-60 days. 


Very little growth was evident in the cultures at the end of the 1st 
week. Fine vegetative mycelia gradually radiated from the sub- 
merged fragments of inoculum. Brown spherical aggregations began 
to appear in zonations around each growing point; after 21 days, 
scattered buff-colored tufts of aerial mycelium were developing from 
the dark-brown aggregations. In 38 days a yellowish-beige mycelial 
growth covered approximately one-half of the yellow-colored 
nutrient broth in the Roux bottles. Between 50 and 60 days, aerial 
mycelia became yellow-orange at the edges of the mycelial mats and 
fluoresced a bright orange under UV light. Microscopic examination 


1 Centraalbureau voor Schimmelcultures, Baarn, The Netherlands. 
2Identification was provided by Dr. D. E. Stuntz, Department of 


Botany, University of Washington, Seattle, Wash. 
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Table 11-Chromatographic Separation of Selected Terphenylquinones and Pulvinic Acid Derivatives 


- A h r o m a t o g r a p h i c  Systema and R, Values----------- 
Compound A B C D E F 


- - Aurantiacin 0.85 0.64 0.99 0.99 
Thelephoric acid 0.63 0 0.05 0 


0.72 Polyporic acid 0.15 0.98 0.70 
Pulvinic acid lactone 0.84 0.94 0.25 0.95 
Pulvinic acid 0.63 0.90 0.54 0.92 - 
Atromentin 0.21 0.74 0.52 0.35 0.71 0.93 
Atromentic acid lactone 0.83 0.81 0 0.99 0.97 0.87 
Atromentic acid 0.53 0.64 0.074.17  0.72 0.90 0.82 
Xerocomic acid 0.50 0.58 0.04-0.12 0.50 0.85 0.93 


- - 
- - 


- - 
- 


a System A: silica gel G thin layer, methyl ethyl ketone-HZO-formic acid (250:25 :I);  System B: silica gel G thin layer, ether saturated with con- 
centrated HCI; System C: polyamide thin layer, methyl ethyl ketone-H2O-formic acid (250:25:  1); System D: kieselguhr G thin layer, benzene-methyl 
formate-formic acid (!3:5:4);.System E: Whatman No. 1 paper, n-butanol-acetone-HzO (2 :5 :2 ) ;  and System F: Whatman No. 1 paper, Ha* 
methyl ethyl ketonediethylamine (921 :77 :2). 


of the aerial mycelia at this stage revealed the presence of specialized 
strand formations; these strands resembled the dark velvety hyphal 
structures found with numerous brown incrustations on the stipe of 
the mature carpophore of P. atrotomentosus. 


Degradative changes in the cultures appeared to commence 
shortly after a complete mycelial mat was developed. These changes 
were associated with a rapid transition of mycelial color from 
yellow-orange to brown. The color of the nutrient broth also 
changed from yellow to brown. 


Chromatographic Examination-Various chromatographic pro- 
cedures were examined for their utility in detecting pigments in the 
cultures and in monitoring the isolation and purification manipula- 
tions. The four TLC and two paper chromatographic systems which 
offered the greatest value are listed in Table 11. The silica gel G8 
and kieselguhr G 3  TLC plates were activated at 110" for 30 min. The 
polyamide* system had been developed to examine fungal terphenyl- 
quinones (lo), and the kieselguhr system had been used successfully 
with certain diphenyl-substituted tetronic acids (6, 8). The paper 
chromatographic systems were particularly useful for distinguishing 
atromentic and xerocomic acids. 


The various pigments could be detected on the chromatograms 
without the use of any visualization reactions. However, observa- 
tions of the chromatograms under longwave UV light provided some 
information which aided in distinguishing the various pigments. 
Atromentin, aurantiacin, polyporic acid, and thelephoric acid ab- 
sorb UV light without fluorescing. The fluorescent colors noted 
with the other compounds were: atromentic acid, dull yellow; 
atromentic acid lactone and pulvinic acid, orange; pulvinic acid 
lactone, bright yellow; and xerocomic acid, dull orange. 


Electrophoretic Examination-A paper electrophoretic procedure 
was also found to be useful in monitoring the isolation and puri- 
fication manipulations. Samples were applied 20 cm. from the 
positive edge of 46 X 57-cm. sheets of Whatman No. 3 paper. The 
paper was then carefully dampened with a pH 2 buffer (formic acid- 
acetic acid-Ht0, 1:4:28). The dampened sheet was placed on a 
rack, covered, and run at 2500 v. and 100 ma. for 2 hr.; the sheet 
was covered with a crude fraction of nonane (b.p. approx. loo"), 
since the high voltage required the use of a cooling system. 


Atromentic and xerocomic acids moved distances of 6.5 and 5.8 
cm., respectively, toward the positive pole under the experimental 
conditions. Atromentic acid lactone and atromentin showed no 
migration in this electrophoretic system, and polyporic acid and 
pulvinic acid apparently were either eluted or ran off the sheet in the 
2-hr. time interval. 


Isolation and Purification of Pigments from P. atrotomentosus 
Cultures-Stability problems with some terphenylquinones and 
hydroxylated diphenyl-substituted tetronic acids and the suspected 
distribution of pigments in both the mycelium and culture broth 
suggested the desirability of extracting the total culture mixture with- 
out drying. The pooled mycelium and nutrient broth from 56-day- 
old cultures were blended in a large blender, and the mixture was 
extracted by shaking repeatedly with ether. Approximately 50 1. 
of ether was required to extract exhaustively the pigments from 
50 Roux bottle cultures. The initial ether extract was dried over 
anhydrous Na2S04. The ether solution was separated, and the sol- 


3 Obtained from Brinkmann Instruments Inc., Westbury, N. Y. 
4 Obtained from Alupharm Chemicals, New Orleans, La. 


vent was removed under reduced pressure at 32". Most of the pig- 
mented material in the resulting red residue was soluble in water; 
the pigments were dissolved in approximately 60 ml. of cold water 
and separated from less polar impurities by filtration. Pigments in 
the aqueous filtrate were partitioned into ether, and the ether was 
removed to give a crude pigment fraction. Precautions were taken 
during all of the purification manipulations to minimize exposure of 
the pigments to light. 


The chromatographic and electrophoretic monitoring systems 
indicated the presence of one major pigment and one minor com- 
ponent in the crude pigment fraction. Dry-column chromatography 
(1 1) was selected for the separation of these substances. Silica gel was 
washed successively with water, methanol, and ether. The washed 
silica gel was dried at  140" for 24 hr. and then was equilibrated with 
10% w/vwater for 3 hr. in a ball mill. The crude pigment fraction was 
adsorbed on five times its weight of silica gel, and aliquots of this 
material were added to the top of approximately 1.8 X 30-cm. silica 
gel columns. Ether saturated with concentrated HCl was used as the 
chromatographic solvent system. The major and minor pigments, 
which were subsequently established to be xerocomic and atromentic 
acids, respectively, migrated at approximately R f  0.51 and 0.60. 
These bands were removed from the columns, the pigments were 
eluted from the adsorbent with the HCl-saturated ether, and the pig- 
ment materials were rechromatographed individually on a second 
series of columns for ultimate separation. Each 100 mg. of the crude 
pigment fraction yielded 75 mg. of xerocomic acid and 2 mg. of atro- 
mentic acid. Some pigmented material could not be eluted from the 
adsorbent and remained at the top of the columns. No evidence of a 
pigment band was noted at R,  0.80, the approximate migration of 
atromentin in the dry-column system. 


Table 111 shows the relative weights of the various components 
found in 50 Roux-bottle cultures which were harvested at 56 days. 
After the blended cultures were extracted with ether, the mycelium 
and nutrient broth were separated and freeze-dried. 


Identification of Xerocomic Acid6-The UV spectra of the major 
pigment, A ~ y B " 0 '  408 and 260 mp, A:: 378 and 256 mp, and 


620, 362, 320 (sh), and 230 mp, agreed with the 
published absorption properties of xerocomic acid (6) and a 
related tetronic acid (5). The IR spectrum (KBr pellet), with absorp- 
tion peaks at 3190,2882,2558,1739,1675,1600, and 1513 cm.-l, was 
also in general agreement with the reported spectrum for xerocomic 
acid (6). 


The mass spectral fragmentation of diphenyl-substituted tetronic 
acids has been studied (12), and the fragmentation patterns of some 
hydroxylated pulvinic acid derivatives have been confirmed (6, 8). 
Water is readily lost from these tetronic acids, and the molecular 
ions in the mass spectra correspond to the respective lactones. The 
tetronic acid lactones exhibit two basic fragmentation series. The 
first series involves successive elimination of small fragments; this 
established fragmentation series for xerocomic acid lactone is m/e 
338 -+ 310 -, 282 +226. The second series involves cleaving the 
lactone into two equal or approximately equal ions and subsequent 
elimination of small fragments. Xerocomic acid lactone, an unsym- 


~ 0 . 0 1  M NaECOa 
ma=. 


UV and IR spectra were obtained with a Beckman UV spectro- 
photometer, model DB, and a Beckman IR spectrophotometer, model 
IRSA, Beckman Instruments, Inc., Fullerton, Calif. Mass spectra were 
determined with a Picker-AEI MS9 mass spectrometer, Picker Nuclear 
Division, White Plains, N. Y. 
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Table 111-Weight of Culture Components and Pigment Fractions 
from 50 Roux Bottle Cultures of P .  atrotomentosus 
Harvested at 56 Days 


Yield 
Based on 


Total 
Dry Weight, Solids, 


g. z 
Extracted mycelia 20.03 43.7 
Solids from extracted 19.55 42.7 


Initial ether extract 6.17 13.5 
Partitioned crude pigment fraction 2.76 6 .0  
Xerocomic acid 2.07 4.5 
Atromentic acid 0.055 0.001 


nutrient broth 


metrical molecule, fragments initially into ions m/e 177 and 161, and 
these undergo the following fragmentations: m/e 177 - 149 -, 121 - 75 and m/e 161 -* 133 - 105 -+ 77. 


The mass spectrum of the isolated pigment revealed ions at m/e 
338, 310, 282, 226, 177, 161, 149, 133, 121, 105, 77, and 75. These 
observations agree completely with the known fragmentation pat- 
terns of xerocomic acid lactone. The high-resolution parent ion peak 
at mle 338.0426, both observed and calculated for ClIHl0O7, and 
other ionic fragments in the high-resolution mass spectrum further 
supported the identity of xerocomic acid lactone. 


Confirmation of the identity of the major pigment as xerocomic 
acid was obtained by preparing an acetyl derivative, using an estab- 
lished procedure (6). The tetronic acid (50 mg.) was refluxed for 5 
min. with 1 ml. of acetic anhydride and a trace of concentrated 
H2S04. The yellow needles of triacetylxerocomic acid lactone, which 
separated upon cooling, were removed by filtration and recrystallized 
from glacial acetic acid. The properties of this acetyl derivative, m.p. 
22506 (lit. 221-223"), UV spectrum e:yc 379 mp and IR spectrum 
(KBr pellet) 1821, 1764, 1658, 1499, 1364, and 1205 cm.-l, were 
generally consistent with those reported previously (6). The mass 
spectmm of the acetyl derivative revealed a parent ion of m/e 464, an 
initial loss in mass equivalent to three acetyl groups to give frag- 
ments m/e 338 and 43, and fragmentation patterns of m/e 338 which 
were identical to those observed for xerocomic acid lactone. 


Identification of Atromentic Acid-The UV spectra A:!?' 391 
and 257 mp, A:: 375 and 258 mp, and A ~ ~ ~ . " N * " c o 3  360 
(sh), 320, and 238 mp agreed with those of a reference sample of 
atromentic acid, the identity suggested for the minor pigment by the 
chromatographic and electrophoretic studies. 


Atromentic acid lactone is symmetrical, and the mass spectral 
fragmentation patterns would be represented by m/e 322 - 294 - 
266 F* 238 - 210 and m/e 322- 161 - 133 - 105 + 77. The mass 
spectrum of the isolated material was in complete agreement with 
these fragmentation patterns with ion peaks at mle 322, 294, 266, 
238,210,161, 133, 105, and 77. The high-resolution parent ion peak 
at  m/e 322.1474, both observed and calculated for CI8Hl0O6, and 
other ionic fragments in the high-resolution mass spectrum provided 
additional evidence for the identity of atromentic acid lactone. 


A crystalline acetyl derivative was not obtained due to the limited 
availability of the minor pigment, but a small quantity of the acety- 
lated product was prepared and purified on a silica gel column using 
the ether-HC1 solvent. The acetyl derivative was eluted from the 
chromatographic adsorbent, and this solution was used to obtain 
a mass spectrum. A parent ion was observed at m/e 406, as antici- 
pated for diacetylatromentic acid lactone. Fragments equivalent 
to two acetyl substituents were lost to give an ion peak at m/e 322, 
and the fragmentation patterns of this product were identical to 
those observed for atromentic acid lactone. 


Examination of Carpophores of P. atrotomentosus for Tetronk 
Acids-Fresh carpophores (5 kg.) of the mushroom were placed 
in a blender and reduced to a pulpy slurry. Sufficient water was 
added to maintain the fluidity of the slurry. The blended mixture 
was extracted exhaustively by shaking with several portions of 
ether and then with cold methanol. The ether and methanol ex- 
tracts were studied using the various chromatographic and electro- 
phoretic procedures previously described. Atromentin was readily 
detected in the ether extract and was observed to be present in the 


6 Determined with a Kofler micro hot-stage apparatus. 
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methanol extract. Using these experimental procedures, no evidence 
for the presence of pulvinic acid derivatives was noted in the 
limited quantity of mushrooms available. 


RESULTS AND DISCUSSION 


A temperature of 20" and an incubation period of approximately 
2 months were selected as standard conditions for growing the 
vegetative mycelium of P.  urroromenrosus in surface cultures. The 
cultures were grown in the dark to prevent any light-induced de- 
struction or transformation of the pigments, and precautions were 
employed during all experimental manipulations to minimize 
exposure to light. Concern for stability also prompted extraction of 
the pigments from a blended mixture of the fresh mycelium and 
nutrient broth. A number of fungal terphenylquinones (10) and 
pulvinic acid derivatives (5-7) are known to present stability prob- 
lems under certain conditions, and avoidance of a drying process 
would lessen the probability of artifact formation of the type that 
has recently been suggested for amitenone in carpophores of 
SuiNus bovinus (1  3). Bovinone was obtained as the major pigment 
when fresh carpophores of S. bouinus were extracted without the 
application of heat, and the amitenone present in the dried mush- 
room may be of chemical rather than biologic origin. 


No atromentin was detected in the cultures of P .  atrotomen/osus. 
The water-insoluble portion of the initial ether extract and the 
ether-exhausted slurry were treated with a NaHCO8 solution and 
reextracted to exclude the possibility that atromentin was present 
as its leuco form, which is known to account for a significant per- 
centage of this terphenylquinone in carpophores of this species (9). 


Chromatographic, electrophoretic, and UV and IR spectral data 
all suggested and supported the conclusion that the pigments iso- 
lated from the cultures were diphenyl-substituted tetronic acids. The 
mass spectra and mass spectral fragmentation patterns of the acids 
and their acetyl derivatives established the number and distribution 
of hydroxyl substituents. The major pigment in the cultures was 
xerocomic acid, and atromentic acid was isolated in a considerably 
lower concentration. These observations provide the first established 
formation of pulvinic acid derivatives by the vegetative growth 
phase of a basidiomycete. 


Several hydroxylated pulvinic acid derivatives are known to occur 
in the fresh carpophores of some mushrooms (5-8), especially 
members of the Boletaceae. The Boletaceae and the Paxillaceae are 
recognized as being closely related (14), and the possibility that pig- 
ments represent chemotaxonomic links between the two families 
has been noted (5). The recent report of atromentin in carpophores 
of S.  bouinus (13) and the discovery of pulvinic acid derivatives in 
cultures of P. atrotomentosus provide further experimental support 
for such chemotaxonomic relationships and for the close relation- 
ship between terphenylquinones and pulvinic acid derivatives. 


The distinctive metabolic capabilities of carpophores and vegeta- 
tive growth of P.  atrotomentosus raise a very interesting question 
of comparative biochemistry. The extremely limited information on 
the biosynthetic relationships of terphenylquinonesand tetronic acids 
(3) suggests that atromentin is a precursor of atromentic acid; this 
sequence would imply that the vegetative phase of this species has 
a more complete biosynthetic capability than the specialized fruiting 
body. Experimentally controlled carpophore development of this 
species in the laboratory has never been achieved, but vegetative 
cultures may offer a tool for clarification of biosynthetic relation- 
ships and some biologic control mechanisms. 
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Application of Clearance and Volume of Distribution 
to the Plateau Principle of Drugs 


SAMUEL A. CUCINELL* and WILLIAM PERLT 


Abstract 0 The concentration of drug in plasma after continuous 
administration (plateau concentration, C,) has been defined as 
the relationship of the dosage per unit time and the half-life of 
elimination ( t i i 2 )  to the volume of distribution (vd) of a drug. The 
C, determinants, vd and &, have been determined in single- 
dose and continuous-infusion experiments. The data derived have 
been used to predict C, for a series of substances when adminis- 
tered by continuous intravenous infusion. Alterations in Vd and 
t I l z  of a drug may occur under clinical situations. This is reflected 
in changes in the plateau concentration, despite a constant dosage 
per unit time. An experimental example of deoxycholic acid de- 
creasing the volume of distribution of bromsulfophthalein is given. 


Keyphrases 0 Plateau principle-plasma drug concentration 0 
Deoxycholic acid effect-volume of distribution 0 Volume of 
distribution-plasma concentration plateau 0 Drug administra- 
tion rate-plasma concentration plateau 


Drugs are often administered by continuous or re- 
peated administration over long enough periods so that 
a relatively constant, or plateau concentration, of drug 
in the plasma is achieved and maintained. This plateau 
concentration will, in large measure, determine the effec- 
tiveness or toxicity of a drug. Bishydroxycoumarin,’quin- 
idine, the anesthetics, antibiotics, and digitalis depend on 
a constant drug level in plasma to maintain their desired 
clinical response. In many cases, the drug may be re- 
garded as distributed in a so-called volume of distribu- 
tion into which the drug is administered at a constant 
rate and out of which the drug is removed by first-order 
kinetics. This model leads to a relationship of the plateau 
concentration of the drug to its rate of administration, 
its volume of distribution, and its first-order rate constant 
of removal. This relationship has been called the plateau 
principle (I). The purpose of this paper is to  report on 
various types of kinetic experiments which demonstrate 
the self-consistency and utility of the plateau principle. 


1 Dicumarol. 


THEORY 


The basic formulas of the one-compartment model are sum- 
marized for convenience. 


Drug is infused into the body at a constant rate, I (mg./min.). 
Upon entering the body, the drug is assumed to equilibrate “in- 
stantaneously” among the various body tissues, so the quantity 
Q(t) (mg.) of drug in the body at time t (min.) is expressed as 


Q ( f )  = VdCp(f) 0%. 1) 


where Vd (ml.) is by definition the constant volume of distribution 
and Cp(t) (mg./ml.) is the concentration of drug in plasma at time t .  
The rate of removal L(f)  (mg./min.) of drug from the body, either 
as separation from the body or loss of identity within the body, is 
assumed expressible by the first-order expression 


Yt) = GCp(r) (Eq. 2) 
where G (ml./min.) is by definition a constant clearance. The mass 
balance equation for the drug is, by Eqs. 1 and 2, 


vd(dcp/dZ) = I - GCp(t) 0%. 3) 
which has the solution starting from zero drug plasma concentra- 
tion (1) 


Cp(f )  = C,, (1 - ec-kl) (Eq. 4) 


C,, = I/G (Eq. 5 )  


k = G/vd (Eq. 6) 


C,, = I/kVd (Eq. 7) 


Cp, = Itl/a/O.693Vd 0%. 8) 


In Eq. 4, the plateau concentration C,, (mg./ml.) is given by 


and the rate constant k(min.-l) is given by 


Equations 5 and 6 give 


Substitution of the half-life t i /a  = 0.693/k into Eq. 7 gives 


If, after the plateau concentration is reached (to a given accuracy), 
the infusion is suddenly stopped, the decay of drug plasma con- 
centration is described by Eq. 3, with Z = 0, as 


- vd(dcp/df) = GCp(1) (Eq. 9) 


Cp(t) = Cpme--kt (Eq. 10) 
with solution 
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TECHNICAL ARTICLES 


Characterization of the Content Uniformity Plan 


C. B. SAMPSON, H. L. BREUNIG, J. P. COMER, and D. E. BROADLICK 


Abstract 0 The operating characteristic of the official content 
uniformity plans is developed in terms of proportion defective in a 
lot. This proportion defective is represented as a function of the 
means and variances, respectively, of the drug substance weight 
and the tablet weight. It is then shown that the probability of a o  
ceptance of a lot can be derived for each process from knowledge 
of only: (a) the coefficient of variation, and (b)  the proportional 
process bias. That is, the proportion defective in a lot is considered 
in terms of departures from theoretical drug substance weight and 
target tablet weight and their coefficients of variation which can 
arise in normal manufacturing operations. A completely worked 
example of these calculations outlines the procedure. The tables 
show, through computer calculation, the probability of acceptance 
arising through the interplay of several selected values of the coef- 
ficients of variation and of the proportional process bias. 


Keyphrases 0 Tablet content uniformity-determination Con- 
tent uniformity, tablets-sampling plan 0 Defective tablets, pro- 
portion-determination 0 Formulas, tablet-content uniformity 
determination 


The content uniformity sampling plans for tablets in 
USP XVII and N F  XI11 have the disadvantages that all 
information available to the analyst is not efficiently 
utilized and that the probability of acceptance of a lot 
cannot be evaluated in terms of departures from the 
theoretical drug content and target tablet weight. 


A new procedure for estimating content uniformity in 
pharmaceutical products has been proposed by Comer 
et al. (1). Information from both tablet weights and 
assays may be utilized to provide more efficient estimates 
of mean potency and tolerance limits. In the present 
paper, the authors develop the operating characteristics 
of current official sampling plans for content uniformity 
tests. Formulas are presented for studying the effect of 
slight changes in drug content and tablet weight during 
manufacture upon the probability that a lot of material 
will meet the official content uniformity limits. These 
formulas include not only the coefficients of variation of 
both tablet weight and assay data but also what are 
described as proportional process biases in these vari- 
ables. Similar statements concerning the USP weight 
variation test have been made by Roberts (2). 


STRUCTURE 


The primary forces which determine the amount of drug substance 
in the unit dose of pharmaceutical tablet forms are: (a) the weight of 
drug substance per weight of formulation material as estimated by 
assay, say P, and (6)  tablet weights, say Y .  


If a population is assumed to be normal, then the population 
parameters of interest are the mean, p, and the variance, uz. Such 
a normal distribution is denoted by the conventional N(p,u2). 
Then, restating the assumption of normality, the population of 
tablet weights is assumed to be normally distributed with mean p v  


and variance uu2, i.e., N(gu,uuz). Similarly, the distribution of single- 
unit assay measurements is N(pp,upZ). For consistency, say that Y 
is measured in milligrams per tablet and P in milligrams of drug 
substance per milligram of formulation material. It is further as- 
sumed that the concentration of drug, P, is independent of the 
weight of the tablet, Y .  The unbiased estimates of p p ,  pv, up*, and 
uu2 are denoted by E,  7, sp2, and suz, respectively. These estimates 
are based on np observations on the P distribution and nu observa- 
tions on the Y distribution. 


The variable of interest is PY,  the weight of drug substance in 
milligrams per tablet. Some distribution-free results concerning the 
mean and variance of P Y  are now presented. Since P is assumed 
to be independent of Y,  the population mean, pm, is given by the 
product of the respective population mean, pppu,  an the popula- 


example, Goodman (3).] The unbiased estimates of gpv  and u,,a 
are easily shown to be 


f iPU = PY (Es. 14 


tion variance, uppu2, is equal to pP~uua + pu.2~p2 + up f uvz. [See, for 


1 1  
n P  nu 


ePu2 = p2sV2 + y2sp2  + ( 1  - - - -) sp2su2 (Eq. l b )  


The distribution of PY is not easily determined, but some exact 
distribution results have been reported by Craig (4), Aroian (9, and 
DeZur and Donahue (6). These results are somewhat mathemati- 
cally intractable and are not readily amenable to practical utilization. 
However, Aroian ( 5 )  has demonstrated that as the ratios up/pp and 
uu/pB, singly or together, become small, the distribution of PY 
approaches normality. These ratios, denoted by y p  and yu, re- 
spectively, are called population coefficients of variation. 


Also, approximate formulas for skewness and kurtosis have 
been worked out for the product of two random variables. [See 
Burr (7).] Skewness and kurtosis are measures of shape of distribu- 
tion which, along with the mean and variance, characterize most 
distributions fairly well. Skewness is a measure of symmetry and 
has a value of zero for symmetric distributions. Kurtosis measures 
flatness or peakedness and equals 3.0 for a normal distribution and 
1.8 for the rectangular (uniform) distribution. 


Sampson (8) evaluated the skewness and kurtosis formulas, 
performed some Monte Carlo simulations, and concluded that, for 
the cueficients of variation of magnitudes usually encountered and 
considered acceptable in tablet manufacture, the assumption of 
normality for the distribution of PY is reasonable, provided P and 
Y have normal distributions. 


With this structure in mind, the probability of meeting content 
uniformity requirements for various population coefficients of varia- 
tion for the respective populations of single-unit assays and of 
tablet weights is developed. 


OPERATING CHARACTERISTIC FORMULAS 


The current content uniformity sampling plan for tablets in 
USP XVII (9) and NF XI11 (10) may be summarized as follows: 
Individually assay 10 tablets. If all 10 are within 85-115z of the 
mean-of the tolerances specified in the official monograph, then the 
requirements are met. If one of 10 fails, i.e., falls outside the limits, 
then 20 more tablets are individually assayed. If only one of the 
combined sample of 30 falls outside limits, the lot is passed. All 
other possibilities result in failure to meet requirements. 


A tablet outside of limits is defined as a “defective.” The prob- 
ability of accepting a lot with a proportion, r, of defective units 
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under this sampling plan is 


P, = (1 - ,;lo + 10n(l - n)29 (Eq. 2) 


P ,  is easily derived from the criteria for the sampling plan and 
delineates the operating characteristic curve for various values of 
the proportion defective n. Once n is evaluated in light of this 
structure, Eq. 2 characterizes the content uniformity plan. 


The lower and upper allowable limits for a particular character- 
istic of a product unit are denoted by L and U, respectively. If the 
mean of the tolerances specified by the official monograph is p, 
then L = 0 . 8 5 ~  and U = 1 . 1 5 ~  for the official plan. If label claim 
is p, then the process is expected to operate such that p = p , ~ , ;  
therefore, 1 - n = Pr[L<PY< u] = Pr[0.85pppu < P Y <  1.15pppy] 
may be evaluated. It is probable that the parameter mean for the 
drug substance in formulation material may be running not exactly 
at p, but at p p  + Ap for a given point in time, where A, is some in- 
cremental change and may be positive or negative. Similarly the 
process may not be making tablets that weigh on the average py 
but rather pu + A,. With this in mind, a is computed as a function 
of the coefficients of variation, y, = u,/p, and y, = u,Jpu, and also 
of what may be termed proportional process biases, 6, = A p / p ,  
and 6, = A,/p,. That is, n is a function only of y p ,  y,, a,, and 6,; 
when the processes are running on target so that 6, and 6, both 
equal zero, then n is dependent only upon y p  and yg, the popula- 
tion coefficients of variation. 


From these definitions, 


~ p u  = (PP + A p ) ( ~ y  + A,) = ~ ( p p u ( 1  + &)(1 + 6,) (Eq. 3 )  


u z  = ( p p  + Ap)'.y2 + ( ~ u  + A y ) 2 c p 2  + up2uy2 
= PLp%!Yl + 6,)2 + puaup"l + 6,)' + PP2PU2YP2YV2 


(Eq. 4) 
Further more : 


1 - n = Pr[L < PY < U] 


Table I-Probability of Meeting Content Uniformity 
Requirements when 6, = 8 ,  = 0" 


where F[ ] may be found in tables of the cumulative distribution of 
the standardized normal function. [For example, see Beyer (ll).] 
From Eqs. 3 and 4, 


(Eq. 56) 
By combining and cancelling terms on the right-hand side, this 
becomes 


where 


Similarly, 


By carrying out the calculations of Eqs. 7,6,8, and Sa and inserting 
into Eq. 2, the probability of accepting a lot for given values of 
y,, y,, 6,, and 6, may be computed. 


ILLUSTRATION 


Suppose that for a given tablet item labeled at  10 mg. drug per 
tablet, the process specifications stipulate that the target weight for 
the granulation is 0.1 mg. of drug substance per milligram of form- 
ulation material, i.e., 


p p  = 0.1 mg./mg. (Eq. 9) 


y p  0.01 0.02 0.$3 0.04 0.05 


0.01 1.0000 1.0000 1.0000 1.0000 0.9975 
0.02 1.0000 1.0000 0.9998 0.9936 
0.03 1.0000 0.9983 0.9786 
0.04 0.9861 0.9331 
0.05 0.8322 


a When 8 p  = 8~ = 0, the tables are symmetrical. 


The repeatability of assay determinations, which also reflects 
homogeneity, is given by a standard deviation of, say, 


up = 4 X mg./mg. (Eq. 10) 


Similarly, the target weight for compression and weighing may be 


pu = 100 mg./tablet (Eq. 11) 


and the repeatability of compression and weighing may be 


u, = 3.0 mg./tablet 0%. 12) 


Assume, however, that for a particular lot the process is running 
low on formulation and high on compression so that 


pLp + A, = 0.093 mg./mg. 0%. 13) 


and 


g, + A, = 101 mg./tablet (Eq. 14) 


Then, by definition, 6, = -0.07,6, = 0.01, y p  = 0.04, and yu = 
with the standard deviations remaining the same. 


0.03. Calculating from Eq. 3, 


P P U  


and from Eq. 7, 


yPu  = [(0.04)2(1 


= (0.1)(100)(1 - 0.07)(1 + 0.01) 


= 9.393 mg. drug/tablet 


+ 0.01)* + (0.03)Yl - 0.07)' 


+ (0.04) 2(0. 03)q'h 


= 0.04911 


From Eq. 6: 


IJ  - ___. PPY = 1.15 - (1 - 0.07)(1 + 0.01) - 
UP, 0.04911 


= 4.29 


And, similarly, from Eq. 8, 


L - ppv  - 0.85 - (1 - 0.07)(1 + 0.01) 
UP, 0.04911 


= -1.818 


By Eq. 5a, 


1 - T = fl4.291 - F[-1.8181 


= 1 .OO - 0.03454 (Reference 11) 


and thus T = 0.03454. 


By Eq. 2 


Po.03454 = (0.96546)" + 10(0.03454)(0.96546)29 


= 0.8283 


for the values given for y p ,  y,, 6,, and 6,. 
That is, if the label claim is 10 mg. of drug substance per tablet 


and if the processes are running at p p  = 0.093 mg./mg. and pu = 
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Table 11-Probability of Meeting Content Uniformity 
Requirements 


YP 0.01 0163 0.05 


when 6, = -0.04, 6, = 0.02 
0.01 1 .oooo 1 .0000 0.9954 
0.03 1 .oooo 0.9997 0.9663 
0.05 0.9896 0.9539 0.7871 


when6, = 0.09, E, = -0.08 
0.01 1.0000 1 .0000 0.9986 
0.03 1 . 0000 1.0000 0.9786 
0.05 0.9836 0.9459 0.7943 


when6, = 0.07, 6, = -0.01 
0.01 1.0000 0.9986 0.7794 
0.03 0.9996 0.9560 0.6310 
0.05 0.8593 0.6823 0.4063 


101 mg./tablet with coefficients of variation of 3W for P and 4% 
for Y, then the probability of meeting the content uniformity 
requirements as specified in USP XVIL and NF XI11 is 0.8283. 


Although it is not feasible to publish complete tables of P[r] for 
even a representative indexing of y,. y,, 6,, and 6,, a few additional 
examples (Tables I and 11) are included. 


DISCUSSION 


Recalling that the probabilities of meeting content uniformity 
requirements depend only upon the four parameters 6,, 6,, y,, 
and y v ,  it is convenient to note that these probabilities are symmetric 
with respect to the pairs (6,, y p )  and (6,, y,). That is, if (6,, y,) = 
(0.07,0.03) and (6,, 7,) = (-0.01,0.05), then the probability of a o  
ceptance is the same as if (a,, 7,) = (-0.01, 0.05) and (a,, y,) = 
(0.07,0.03). This can be easily verified from Eqs. 6 and 7. 


The IBM Mathpack Subroutine NDTR (12) was used to cal- 
culate the function F[ l. Since this particular subroutine has a max- 
imum error of 7( X lO-T), the computed probabilities are in general 
more accurate than if they were computed using F[ ] from usual 
tabled sources of the cumulative normal distribution. The difference 
is in the fourth decimal place and of little practical significance. 


Note that several probabilities in Tables I and I1 are given as 


1.0000. This means that, even though it is not absolutely certain 
that a lot will meet content uniformity requirements under the in- 
dexed parameter conditions, the probabilities of acceptance are so 
high that rounding to four decimal places carries these values to 
1.0000. 


The formulas in this paper compute the probability of meeting 
content uniformity requirements for given population parameters 
y,, y,, IS,, and 6,. They characterize the content uniformity sampling 
plan and are to be used as supplemental information in making 
decisions before and during the production of particular products. 
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Solid-Phase Synthesis and Degradation of a Model 
Polypeptide by an Automated Approach 


ANDREW M. TOMETSKO*, JOHN TISCHIO, and JOHN GARDEN, I1 


Abstract 0 The solid-phase synthesis and degradation of a model 
polypeptide, ~-leucyl-~-leucyl-~-leucyl-~-leucyl-~-leucyl-~-alan~e, 
was carried out using a computer-oriented automated approach. 
Two computer programs were used to generate control paper tapes 
for the total synthesis and degradation of the model peptide. 
Encouraging results were obtained in automating the degradation 
of polypeptides on the solid phase and in carrying out the degrada- 
tion in a nonaqueous solvent system. The course of the synthesis and 
the degradation was monitored by amino acid analysis of acid 


hydrolyzates of the resin which were taken periodically. The auto- 
mated solid-phase degradation of naturally occurring polypeptides 
and proteins should be possible through modifications of the de- 
scribed approach. 


Keyphrases 0 Polypeptide-automated synthesis, degradation 0 
Amino acid sequence, computer controlled-polypeptide synthesis 
0 Degradation, polypeptide, Edman-automated 0 Automated 
system-peptide synthesis, degradation 


Classical methods have been employed in the chemical 
synthesis (1-6) and Edman degradation (7-10) of poly- 
peptides and proteins. Recently, a number of labora- 


tories have automated solid-phase polypeptide synthesis 
(1 1-14); in one instance (19, the automation of classical 
sequential analysis of polypeptides has been reported. 
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Action of Antibiotics on Respiratory Tract 11: Dicloxacillin 


G .  BENZI*, F. BERTE, E. BERMUDEZ, and E. ARRFGONI 


Abstract [7 Dicloxacillin antagonizes in uitro the acetylcholine-, 
histamine-, and barium chloride-induced spasms on the dog bron- 
chial chain. Against the histamine or acetylcholine contraction, 
dicloxacillin is about 2-3 times less active than ephedrine, about 
2000-4000 times less active than isoprenaline, and about 5-6 times 
more active than ampicillin. In  situ, the intravenous injection of 
dicloxacillin induces a decrease of the respiratory frequency with a 
moderate increase in ventilation. 


Keyphrases Dicloxacillin-respiratory tract, effects 0 Antibi- 
otics, dicloxacillin-effect, respiratory tract 0 Bronchospasm- 
comparison antibiotics, effects 


Studies on the ampicillin action on the respiratory 
tract showed that in vitro the antibiotic antagonizes 
the barium chloride-, histamine-, and acetylcholine- 
induced spasms on the dog bronchial chains. In situ, 
the antibiotic induces at first a prompt but short in- 
crease in ventilation ; subsequently, a lesser but per- 
sistent activity remains for 2 or 3 hr. (1). The plan of the 
present research was to study the dicloxacillin action 
on the airways in vitro and in vivo. The isoxazolyl group 
of semisynthetic penicillins has been useful in the therapy 
of infections caused by penicillase-producing staphylo- 
cocci (2-7) and, collaterally, possesses a myolytic 
action on the rabbit-isolated duodenum, jejunum, and 
ileum; on the guinea-pig-isolated bronchial muscle; 
and on the rat-isolated intestine (8). Furthermore, 
dicloxacillin induces a relaxation in vitro and in vivo 
of both the terminal bile duct and ureter, normal or 
hypertonized by various spasmogenic agents (9, lo). 
The intrabiliary perfusion with dicloxacillin inhibits 
in situ the stimulation of the peripheral end of the right 
supradiaphragmatic vagus (9), while the perfusion into 
the ureter with the antibiotic induces no effect on the 
electrical stimulation of the hypogastric and pelvic 
nerves (10). 


METHODS 


The experiments were performed in the dog both in uitro and 
in situ. The following were used : dicloxacillin sodium monohydrate, 
of which amounts are expressed in terms of 3-(2,6-dichlorophenyl)- 
5-methyl-4-isoxazolyI-penicillanic acid ; ampicillin sodium salt, of 
which amounts are expressed in terms of D( -)-6-(c~-amino-a- 
pheny1acetamido)-penicillanic acid; dl-isoprenaline hydrochloride; 
and I-ephedrine hydrochloride, the amounts of which are expressed 
in terms of the base. 


Experiments In Vitro-Bronchi of 38 mongrel dogs of either sex 
(weighing 6.6-1 1.4 kg.) were removed immediately after death. 
All tissues were carefully dissected and cut into rings, which were 
tied together in chains with loops of thread. The mucosa was 
removed to allow for greater freedom of movement of the muscle; 
the cartilage in each ring was cut so that only the smooth 
muscle bands were left joining each ring together (11). Four to six 
rings were suspended in a 50-ml. organ bath containing Tyrode 
solution gassed with 95% oxygen and 5 %  carbon dioxide; the 
temperature was 36.5-37.3". The tonus level of the preparations 
was continuously recorded by a strain-gauge lever, giving a magni- 
fication of X15 to 20, tension 200 mg., writing on a kymograph 
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Figure 1-Log dose-response curve of dicloxacillin action against the 
stimulation by barium chloride. The ordinate shows the inhibition Per- 
cent of the contracting action by barium. The concentrations of the 
antibiotic (mcg./ml.) are plot fed on the abscissa in logarithmic scale. 
The vertical lines indicate standard errors of the means, Six prepara- 
tions at each dose Iecel. 


drum. The preparations were left 2 hr. before any drugs were given. 
Three submaximal doses of acetylcholine were administered, until 
regular responses were obtained, before any doses of acetylcholine 
itself or other agonists were tested. The action of dicloxacillin 
(25400 mcg./ml.) was evaluated against the stimulation by barium 
chloride (100-400 mcg./ml.); for the construction of the dose- 
response curve, dicloxacillin activity was taken as the percent 
inhibition of the recorded response area by barium chloride stimula- 
tion during a 20-min. period of contact. 


For comparative assay with other in uitro bronchodilators, the 
activity of dicloxacillin (2W3200 mcg./ml.), ampicillin (2000- 
16,000 rncg./ml.), /-ephedrine (200-1600 mcg./ml.), and dl-iso- 
prenaline (0.125-2.0 mcg./ml.) was evaluated against the stimula- 
tion by acetylcholine chloride (0.2-2.0 mcg./ml.) and histamine acid 
phosphate (1&10.0 mcg./ml.). Two dose levels of agonist and 
antagonist were usually used; the agonist doses were left in contact 
with the preparation for 0.5-1 .0 min. Dicloxacillin and ampicillin 
were introduced into the bath 10 min., and ephedrine and isoprena- 
line 30 sec., before the acetylcholine or histamine doses. The EDSO, 
the slope of the curve, the potency ratio, and their 95 % confidence 
limits were calculated ( I  2). 


Experiments In SitrL-The experiments were carried out on 28 
mongrel dogs of either sex (weighing 12.4-16.8 kg.) preanesthetized 
with urethan (0.4 g./kg. i.p.). Anesthesia was induced and main- 
tained by chloralose (80 mg./kg. i.v.); the arterial blood pressure 
was measured from a cannula inserted into a femoral artery; the 
intestinal movement and tone were recorded by a rubber balloon 
inserted into the jejunum. During the succinylcholine chloride 
( I  mg./kg. i.v.) action, an intratracheal Warne tube was set in place. 
Through this tube, a little rubber balloon was pushed into a primary 
or, if possible, secondary bronchus under X-ray examination. 
Arterial blood pressure and intestinal and respiratory activity were 
recorded by a Physioscript EE12 Schwarzer polygraph. 
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Table I-Dog Bronchial Chain in Virro: EDso, Slope Function of 
Line (S) and Estimated Relative Potency (ERP), with 95% 
Confidence Limits, of dl-Isoprenaline, I-Ephedrine, Ampicillin, 
and Dicloxacillin against Stimulation by Acetylcholine Chloride 
(0.2-2 mcg./ml.) and Histamine Acid Phosphate 
(l.&lO.O mcg./ml.) 


Agonist 7 


Antagonist EDma S b  ERPc 


Acetylcholine 
Isoprenaline 0.38 


(0.20-0.72) 
2.51 26,315 


( 1.04-6.02) (9501372,892) 
D 


Ephedrine 520 
(247-1902) 


2.81 19 


D 
(0.97-8.16) (6.44-56.05) 


Ampicillin 


Dicloxacillin 


10,000 
(454522,000) 


1500 
(600-3750) Figure 2-Action of dicloxacillin intravenously on the ventilation of a 


dog in situ. From top to bottom: tracing recorded by a balloon inserted 
into the bronchus; blood pressure (mm. Hg). I = control condition; 2 
= 5 min. after injection intravenously of 2 mg./kg. of dicloxacillin; 
3 = 15 min. later; 4 = 30 min. later: 5 = 60 min. later; 6 = 75 min. 
later; 7 = 90 min. later; und 8 = 120 min. later. 


Histamine 
2.01 8214 


(1.12-3.63) (3042-22,178) 
n 


Isoprenaline 0.56 
(0.30-1.03) 


Ephedrine 450 
(2 14-945) 


- 
2.83 10 


(0.97-8.20) (3.4-29.5) 
D I n  situ, the intravenous injection of 0.25-8 mg./kg. of dicloxa- 


cillin induces a decrease of the respiratory frequency with a mod- 
erate increase in ventilation, as illustrated in Fig. 2. No change in 
systemic blood pressure occurs during the 2-3 hr. of the antibiotic 
action on the airways. The comparative evaluation of the action 
of dicloxacillin and ampicillin upon the dog ventilation is sum- 
marized in Fig. 3;  ampicillin acts mainly on the depth of respira- 
tion, while dicloxacillin acts on the rate. 


To analyze the mechanism of action of dicloxacillin in situ, it 
should be noted that: (a)  the pressure recorded by the bronchial 
balloon technique reflects merely the effects of lung volume changes 


Ampicillin 


Dicloxacillin 


4600 
(2090- 10,120) 


1000 
(41&2400) 


2.53 1 


3.47 4 . 6  


D 


(0.70-9.10) 


(0.77-1 5.61) (1.41-14.95) 


a ED50 = dose (mcg./ml.) of bronchodilator necessary to reduce by 
50% the contraction produced by acetylcholine or histamine. b S = 
fold change in dose required to produce a unit standard deviation change 
in response along the line; thus S = antilog s = antilog l/b, where 
b and s are, respectively, the slope constant and standard deviation of a 
line relating log dose of antagonist and probit percent reduction of 
agonist activity. c D = ampicillin and compared drugs differ signifi- 
cantly in potency ( p  < 0.05). 200 
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ii Dicloxacillin (0.25-8.0 mg./kg.) was administered intravenously 
by a polystan tube inserted into the femoral vein. Two submaximal 
doses of dl-isoprenaline or I-adrenaline were given intravenously until 
regular responses were obtained before any doses of dicloxacillin were 
tested. To analyze the mechanism of action, dicloxacillin was tested 
also after: (a )  cutting the vagi, and (b )  treatment with atropine 
sulfate (2-3 mg./kg. s.c.), dibenamine hydrochloride (3-6 mg./kg. 
i.v.), D( - )INPEA' (4-8 mg./kg. i.v.), methysergide maleate ( 2 W O  
mcg./kg. S.C. + 10 mcg./kg. i.v.), chlorpheniramine maleate ( 2 4  
mg./kg. s.c.), cyproheptadine hydrochloride (200-400 mcg./kg. 
i.v.), hexamethonium bromide (2WOO mcg./kg. i.v.), or morphine 
hydrochloride (4-8 mg./kg. i.v.). 


RESULTS AND DISCUSSION 


Dicloxacillin (25400 mcg./ml.) reduces or inhibits the stimulation 
by barium chloride on the dog bronchial chains in virro; the log 
dose-response curve is indicated in Fig. 1 .  


The comparative assay of dicloxacillin, ampicillin, isoprenaline, 
and ephedrine action against the stimulation by acetylcholine or his- 
tamine is indicated in Table I and shows that dicloxacillin is more 
active than ampicillin in reducing the agonist-induced spasm. It is 
possible to observe that against histamine- or acetylcholine-induced 
contraction, dicloxacillin is about 2-3 times less active than ephe- 
drine, about 2000-4000 times less active than isoprenaline, and 
about 5-6 times more active than ampicillin. 


Dicloxacillin, as ampicillin (1) and aminophylline (1 I) ,  is more 
effective in preventing a histamine than an acetylcholine broncho- 
spasm. Obviously, it is impossible to correlate directly the present 
results with clinical conditions, the in uirro studies being limited to 
denervated portions of the airways while many bronchoconstrictive 
stimuli act, at least in part, via reflex mechanisms. 


- 


100 
0 0-20 20-60 60-120 0-20 2060 60-120 


Figure %-Dog ventilation in situ: range of the percent changes (on 
ordinate) both in amplitude of the recorded tracing and in,frequency of 
the respirarory rate at various periods of observation (on abscissa, in 
min.) after the intravenous injection of dicloxacillin (0 .254  mg./kg.) 
and ampicillin (1.25-80 mg./kg.). D( - )-1-(4-Nitrophenyl)-2-isopropylaminoethanol HCI. 
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on the intrathoracic airways, primarily reflecting changes in tidal 
volume; (6) the pretreatment with morphine antagonizes the action 
of the antibiotic; (c )  the dicloxacillin activity is unaffected by the 
pretreatment with atropine, dibenamine, INPEA, methysergide, 
chlorpheniramine, cyproheptadine, and hexamethonium; and (d) 
the action of the antibiotic persists after cutting of the vagi. 


Consequently, only in vitro is it possible to  note the myolytic 
activity of the antibiotic on the bronchial musculature, while in 
vivo it is more likely that dicloxacillin, as ampicillin, induces at 
least in part an action on the medullary respiratory center. 
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Spectrographic Determination of Traces of 
Cobalt in Vitamin B,, Preparations 


Keyphrases 0 Cobalt determination-vitamin BIZ dosage forms 0 
Emission spectrograph, direct-analysis 


Sir: 


The assay methods available for determination of 
vitamin Blz fall into four groups : biological, micro- 
biological, chemical, and radioactive (1-3). Most of 
these methods are time consuming or difficult to  
perform, and often large samples must be taken for 
analysis. 


A quick and simple analytical assay was needzd for 
evaluation of active ingredients in pharmaceutical 
preparations containing vitamin Blz or its analogs, 
using only a few centigrams of the test substance. 


We have developed a direct emission spectrographic 
method for rapid analysis of vitamin B12 in biological 
materials, where the amount of nonvitamin Blz cobalt 
is negligible. The method is based upon the cobalt 
content of cyanocobalamin (C63Hs8CoN14014P, 4.35 % 
Co in dry form). Mineralization, fusion, or ashing of 
organic substances is superfluous in this determination ; 
separation or extraction of traces of Co is similarly 
unnecessary. 


One milliliter of a liquor containing 25-125 mcg. 
vitamin B12/ml. (corresponding to 1.1-5.4 mcg. Co/nil.) 
is mixed with 0.1 g. spectroscopically pure graphite 
powder and evaporated to dryness at 105 ’. Or, approxi- 


mately 0.05 g. powdered solid sample is thoroughly 
mixed with 0.1 g. graphite powder. Then 20 mg. of this 
mixture or the residue is vaporized in a cupped carbon 
electrode, using a 14-amp. d.c. arc, and the spectro- 
graphic plate is measured as usual (4). 


The entire procedure takes about 30 min. for a single 
determination. In batch analyses the time required is 
considerably reduced. 


The results of this determination are expressed in 
terms of anhydrous cyanocobalamin. When less stable 
but more naturally occurring forms of vitamin BE, 
like hydroxocobalamin and metabolically active co- 
enzyme B12, are also present in the test solution, total 
vitamin Blz activity is directly obtained in this method 
(calculated as cyanocobalamin equivalents). 


Fraudulent addition of inorganic cobalt interferes 
with this assay. 


The mqst sensitive cobalt line in the UV region, 
at 3435.5 A, is chosen as the analytical line. Its intensity 
is suitable for the range 1-5 mcg. Co/ml. which is 
usually encountered in pharmaceutical preparations. 


There are few ions that interfere with this deter- 
mination, and it may be termed as specific. However, 
the intensity of the cobalt line is increased several times 
in the presence of organic matter existing usually in 
vitamin preparations. A similar increase of line intensity 
is observed in flame photometry when using solutions 
made with combustible organic solvents like methanol 
or methyl isobutyl ketone (5). For this reason, standard 
powders are made according to the “addition method,” 
in which increasing amounts of Co are added to the 
same solution that is being analyzed (4). This “standard 
addition method” is equivalent, by its nature, to a recov- 
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Hydrogenation of Substituted Isoquinolines over 
Nickel Catalyst 11: Effects of Pressure and Temperature 
on the Hydrogenation of 5-Hydroxy-2-alkylisoquinolinium Salts 


IAN W. MATHISON, WILEY L. FOWLER, Jr., and KATHLEEN C. FOWLER 


Abstract A study of the effect of high pressure and high tempera- 
ture on the nickel-catalyzed hydrogenation of 5-hydroxy-2-ethyliso- 
quinolinium salt is described. The effects of these parameters on 
the yield and stereochemistry of the 5-hydroxy-2-ethyldecahydro- 
isoquinolines produced are discussed. Comparisons of these data 
with those from analogous hydrogenations of the 5-nitro-2-methyl- 
isoquinolinium salt are included. 


Keyphrases 5-Hydroxy-2-alkylisoquinolinium salts-hydrogena- 
tion 0 Hydrogenation, isoquinolinium salts-temperature, pressure 
effect 0 Vapor phase chromatography-analysis GLC-anal- 
ysis 0 IR spectrophotometry-structure 


In a continuing study of the stereochemistry of vari- 
ously substituted, fully reduced isoquinolines possessing 
pharmacological activity (1, 2), the authors have been 
recently interested in the hydrogenation of 5-substituted 
isoquinolines at  high temperature and high pressure 
over Raney nickel catalyst (3). Their initial attention 
was directed toward the hydrogenation of a 5-nitro- 
isoquinolinium salt in which they were able to demon- 
strate that increases in temperature were effective in 
inducing changes in the specificity of the hydrogenation 
while increases in pressure played little or no role in 
determining the stereochemistry of the desired 5-  
aminodecahydroisoquinolines produced. The results 
in regard to the effects of temperature were not totally 
unanticipated (4); however, an unexpected result was 
that increases in temperature initially resulted in in- 
creased specificity of hydrogenation up to a certain 
point which was then followed by a more randomized 
reduction. It was of significance that the cis ring junc- 
tion decahydroisoquinoline was the heavily favored 
isomer produced (approximately 13 : 1 to 2: 1, depend- 
ing on conditions) (5 ,  6). The authors demonstrated that 
hydrogenolysis occurred to a significant extent at tem- 
peratures of 200' and above, while at  160" and 1500 
p s i .  an optimum yield of 71 of the desired 5-amino- 
decahydroisoquinolines was produced (cis : trans, 7.7 : 1). 
In view of the reported pharmacological activity of de- 
rivatives of 5-hydroxy-2-alkyldecahydroisoquinolines 
(2, 7) and the need for a rapid, efficient synthesis of 
these compounds, the authors wish to report the effects 
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Figure 1-Effect of temperature on reaction products at 2000 p.s.i. 


of increased pressure and temperature on the one-stage 
hydrogenation of 5-hydroxy-2-ethylisoquinolinium p -  
toluenesulfonate over W7 Raney nickel catalyst. The 
effects of these parameters on the stereochemistry of 
the hydrogenation and yields of the 5-hydroxy-2-ethyl- 
decahydroisoquinolines produced will be discussed 
and comparisons will be drawn with the previously re- 
ported study (3 ) .  


EXPERIMENTAL 


The melting point is corrected. Analyses were run by Galbraith 
Laboratories, Knoxville, Tenn. Vapor phase chromatograms were 
recorded on a Varian Aerograph model 700 Autoprep chromato- 
graph. Chromatographic peak areas were determined using a 
Dietzgen model D-1803-8 planimeter. 
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5-Hydroxy-2-ethylisoquinolinium p-Toluenesulfonate (I)-5-Hy- 
droxyisoquinoline (25 g., 0.17 mole) and ethyl p-toluenesulfonate 
(35.5 g., 0.18 mole) were dissolved in dimethylformamide (100 ml.) 
and allowed to stand at room temperature for 72 hr. The precipitated 
crystals (50 g., 83 %) of 5-hydroxy-2-ethylisoquinolinium ptolu- 
enesulfonate were recrystallized from methanol to yield yellow 
needles, m.p. 212-213". 


Anal.-Calcd. for C18H19NOrS: C, 62.59; H,  5.54; N, 4.06; 
S, 9.28. Found: C, 62.74; H, 5.67; N, 4.05; S, 9.51. 


The IR spectrum (KBr) was consistent with the proposed struc- 
ture(3200 cm.-'; 123Ocm.-l, -OH). 


HYDROGENATION PROCEDURE 


The catalytic reduction of I (10 g.) was carried out in methanol 
(150 ml.) over W7 Raney nickel catalyst (8) (3.0 g.) in a Parr series 
4000 hydrogenator under varying conditions of temperature and 
pressure. The temperature was carefully controlled using a Honey- 
well temperature controller No. 481 1. Standardization of each 
hydrogenation experiment regarding time of heating and agitation 
has been previously described in detail (3). At the termination of the 
reduction, the hydrogenated solution was removed from the bomb 
and the exhausted catalyst was filtered using diatomaceous earth 
(Celite) as a filtering aid. The methanol filtrate was evaporated on 
the rotary evaporator to yield a pale-yellow viscous oil which was 
suspended in water, made strongly alkaline with sodium hydroxide, 
and extracted with ether. The dried ether extract was then distilled 
to yield a yellow oil. This oil was assayed gas chromatographically 
on a 6.09 m. X 0.95 cm. (20 ft. X 0.375 in.) SE 30 (30%) on Chromo- 
sorb W column at 215" using a thermal conductivity detector at a 
gas (helium) flow rate of 100 ml./min. Authentic samples, which 
were used for identification of the chromatographic peaks of the 
reaction product mixture, included: 


1.  cis-5,9,10-H-5-Hydroxy-2-ethyldecahydroisoquinoline (2). Re- 
tention time = 28.4 min. 


2. trans-9,lO-trans- 5 - H- 5 -Hydroxy - 2 - ethyldecahydroisoquino- 
line.' Retention time = 26.8 min. 


3. cis-2-Ethyldecahydroisoquinoline. Retention time = 14.3 min. 
4. trans-2-Ethyldecahydroisoquinoline. Retention time = 13.4 


min. 


RESULTS AND DISCUSSION 


The average areas under each identified peak of duplicate gas 
chromatograms of a t  least two separate hydrogenations were 
plotted and Figs. 1-6 were obtained. 


Effect of Temperature at Constant Pressure 


The study was approached by an initial examination of the in- 
fluence of temperature on the reduction of 5-hydroxy-2-ethyliso- 
quinolinium p-toluenesulfonate. An initial bomb pressure of 2000 
p.s.i. was utilized, since it allowed comparisons with the previous 
investigation (3). Examination of Figs. 1-3 shows clearly the overall 
effects of temperature on the hydrogenation. As anticipated, in- 
creases in temperature resulted initially in an increase in yield of 
the desired 5-hydroxy-2-ethyldecahydroisoquinolines (Fig. 3); 
this was followed by a decreased yield concurrently with increased 
hydrogenolysis (Figs. 1 and 3). It was apparent that the optimum 
temperature was in the region of 200", a significantly higher tem- 
perature than that for the corresponding nitroisoquinolinium salt 
(3). The influence of temperature on the stereochemistry of the 
products yielded some interesting results (Figs. 1 and 2). It is 
evident (Fig. 1) that increased temperature resulted in increased 
yields of the trans ring junction product accompanied by a com- 
parable decrease in the cis product. This holds up to 2W220°, at 
which point marked decreases in both isomers occur, primarily due 
to hydrogenolysis and decomposition. This trend, while evident 


1 Prepared from frans-9,10-trans-5-H-5-hydroxydecahydroisoquino- 
line using essentially the method of Blicke and Monroe (9) as outlined by 
Mathison et al. (2) for the corresponding cis-5,9,10-H-5-hydroxy-2- 
ethyldecahydroisoquinoline. 


2 Prepared by the catalytic hydrogenation of 2-ethylisoquinoliniutn 
p-toluenesulfonate using the general procedure outlined by Witkop (10). 
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Figure 2-Effect of temperature on the stereoclieniistry at 2000 
p.s.i. 


during the reduction of the nitro analog (3), was not nearly so dra- 
matic as in the present study on the hydrogenation of the hydroxy 
compound. Indeed, at 240" and above, the authors were able to 
produce predominantly the trans isomer, a situation never realized 
during the reduction of the nitro compound. More interesting were 
the data obtained regarding isomer ratios as temperature was in- 
creased (Fig. 2). At IOO", a favored cis ring junction hydrogenation 
occurred. As the temperature was increased to 200", a more 
randomized hydrogenation resulted where the cis: trans ratio was 
1 : l.However, beyond 200" the randomization of hydrogenation was 
decreased which resulted in a cis: trans ratio of 0.8, i.e., a reduction 
favoring the trans isomer. While it is acknowledged that increased 
temperature favors a more randomized hydrogenation (4), the au- 
thors are unaware of temperature increases resulting in increased ran- 
domization followed by a decrease in the randomization. Addition- 
ally, it was unanticipated that such a marked reversal of the favored 
stereochemistry would result. No comparable data were obtained 
during the reduction of the nitroisoquinoline (3). It is also pertinent 
that in the reduction of the nitro compound the cis-5-amino- 
decahydroisoquinoline was the very heavily favored product (cis: 
trans ratio of 14:l to 2:1 depending on the temperature), while in 
the present study with the hydroxy compound the cis isomer was 
the most favored at best at isomer ratios of only 2: 1. 


100 120 140 160 180 200 220 240 260 
TEM PER ATU RE 


Figure 3-Effect of temperature on yield of 5-hyrlro.ry-2-etliyyl- 
cahydroisoquinolines at 2OOOp.s.i. 
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Figure &Effect ofpressure on reaction products at 220". 


Effect of Pressure at Constant Temperature 


In view of the superior yield and nearly equal isomer ratio, it 
was decided to examine the effects of pressure at 220". The results 
are summarized in Figs. 4-6. Figure 4 shows clearly that the pro- 
duction of the traizs ring junction isomer is virtually unaffected by 
increases in pressure. On the other hand, the amount of the cis 
analog produced undergoes marked changes during a similar pres- 
sure increase. Increased pressure up to 2000 p.s.i. results in increased 
quantities of cis-5,9,10-H-5-hydroxy-2-ethyldecahydroisoquinoline, 
while pressure increases beyond this point result in decreased 
product. The correlation between the amount of cis isomer pro- 
duced and the amounts of hydrogenolyzed products is of interest. 
As the amount of the cis analog increases, the hydrogenolysis prod- 
ucts decrease and vice versa. The summation of the amounts of cis 
product and the hydrogenolysis products remains at a figure of ap- 
proximately 39% of extracted material throughout the pressure 
range 1500-3000 p.s.i. These data strongly suggest that the cis 
isomer is more readily hydrogenolyzed than the irons analog, a 
finding compatible with the data obtained during the temperature 
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Figure 5-Efect ofpressure on stereochemistry at 220". 
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Figure 6-EJSect ofpressure on yield of 5-hydroxy-2-e1hyldecahydro- 
isoquinolines at 220". 


study on the hydrogenation of the nitro and hydroxy compounds. 
The authors were unable to demonstrate this trend in the analogous 
pressure experiments on the nitro compound (3). The results re- 
garding the stereochemistry of the hydrogenation (Fig. 5) were 
comparable with the data obtained for the nitro compound. In- 
creased pressure results in decreased specificity of hydrogenation 
up to a point (approximately 2000 p&); this is then followed by in- 
creased specificity. This finding is in contrast to the anticipated re- 
sults ( 1 1). As pressure increases, hydrogen availability increases, 
and processes requiring hydrogen would be accelerated. One would 
expect, therefore, that greater cis: trans ratios would result since 
desorption from the catalyst surface would be less likely to occur 
prior to completion of the hydrogenation. The results concur with 
this rationale up to 2000 p.s.i; however, beyond this point the data 
contradict this theory. The authors can only assume that pressures 
beyond 2000 p.s.i. in some way perturb the adsorption of the com- 
pound to  the catalyst prior to completion of the reduction which 
results in desorption and, therefore, decreased specificity of hy- 
drogenation. As anticipated, pressure was more effective than 
temperature in inducing higher yields of the desired 5-hydroxydeca- 
hydroisoquinolines. Superior yields, however, were obtained with 
the nitro compound at increased pressures (3). 


The differences in stereochemistry observed between the hydro- 
genations carried out on the 5-nitro-2-alkylisoquinolinium salts 
(3) and the present study on the hydroxy compounds may be re- 
lated to the basicity of the products, the aminodecahydroisoquino- 
lines produced in the former investigations being stronger bases 
than the hydroxydecahydroisoquinolines produced in this study. 
It is well established (12) that pH is an important factor in de- 
termining the steric course of catalytic reductions. 
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Influence of Phase Equilibria on 
Properties of Emulsions 


S. FRIBERG and L. MANDELL 


Abstract 0 An investigation was made concerning the phase 
equilibria in water-oil-emulsifier systems. The results have shown 
the presence of liquid crystalline phases and the pronounced 
influence of these on the properties of emulsions. The pronounced 
solubilizing power of emulsifier micelles in the oil phase, the changed 
stability due to these, and the drastic changes of volume ratios, 
water to oil, with increasing emulsifier concentration which this 
gives rise to, have been investigated. 


Keyphrases 0 Emulsions-phase equilibria effect Phase equi- 
libria-w/o emulsions [7 Stability, emulsions-emulsifier concentra- 
tion 0 Liquid crystalline phase-emulsions 


The complicated behavior of emulsions has been 
treated in numerous articles and reviews, due to the 
importance of such systems in chemical technology 
and in a vast number of systems of biological origin. 
In his bibliography, Becher (1) dealt with the different 
factors that had been found responsible for the be- 
havior of emulsions. Davies discussed the stability of 
emulsions based on a collision theory ( 2 ) .  Sherman has 
made important contributions concerning the general 
properties and rheological behavior of emulsions (3). 
Recently, Shinoda has introduced the PIT value (4), 
which denotes the phase inversion temperature. Shinoda 
assumes this temperature to be more useful than the 
well-known HLB value in the prediction of the be- 
havior of emulsions from the properties of the emulsi- 
fiers. 


The HLB value is useful to a very high degree; 
its success in practical emulsion preparation has shown 
this beyond doubt, but its shortcomings are obvious. 
As an example, Sherman (5) pointed out the inversion 
of emulsions when the amount of emulsifier is increased, 
and Davies (2) showed the difference in emulsion be- 
havior when the oil phase was changed from benzene 
to petroleum ether. Neither of these examples can be 
explained by the HLB value of the emulsifier. 


Preliminary results on the influence of phase equilib- 
ria on the properties of emulsions showed a sudden 
increase in stability in the presence of a mesomorphous 
phase (6) .  Further investigations (7) showed a pro- 
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nounced change in phase equilibria when the aromatic 
p-xylene in the oil phase was replaced by hexadecane. 
These results gave a tentative explanation to the prob- 
lem stated by Davies ( 2 ) .  The rather complicated 
rheological behavior of emulsions when the emulsifier 
concentration was changed could also be satisfactorily 
explained by interpretation of phase equilibria (8). 
Since these results appeared to  be promising, it was 
considered that further investigations of phase equilibria 
in the water-emulsifier-oil systems could be of general 
value. 


Emulsions of w/o type are considerably more difficult 
to treat theoretically due to  the low electric field 
strength in the continuous medium. Taking this into 
consideration, the authors chose a set of emulsifiers of 
the w/o type and determined the phase equilibria of the 
systems. 


EXPERIMENTAL 


Materials-The water was twice distilled. The nonylphenol 
diethyleneglycol ether was of commercial origin (Berol AB, 
Sweden), which was purified from polyglycols; other impurities are 
less than 0.01 %. Other chemicals used were: octylamine (puriss. 
gas chromatographic >99 %) and p-xylene (puriss. gas chromato- 
graphic >99.5 %) (Fluka A.G., Switzerland); monocapryline 
(synthesized at the Institute of Medical Biochemistry, University of 
Gothenburg, Sweden); tricapryline (Eastman Distillation Products 
Industries); and lecithin, prepared from egg yolk according to a 
simplified method (9). 


Phase Equilibria-The samples for investigation of the phase 
equilibria in the three-component systems given in Fig. 1 (A-D) 
were weighed directly into glass ampuls which were sealed. The 
samples were heated to homogeneity, slowly cooled to 20” under 
agitation, and allowed to stand at this temperature. The different 
phases were separated by ultracentrifugation and identified by 
visual observation under a polarizing microscope or by X-ray 
methods according to previous work on phase equilibria in ternary 
systems (10, 11). 


Emulsion Preparation and Properties-The components were 
weighed into ampuls which were treated in an ultrasonic device at 
20” for 1 min. followed by vacuum treatment to remove air. This 
was repeated five times. 


The nature of the emulsion was determined by visual observa- 
tion through a microscope of the spread of oil- or water-soluble 
dyes (Sudan 111 and Brilliant Blue F.C.F.). The emulsions with an 
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Application of Clearance and Volume of Distribution 
to the Plateau Principle of Drugs 


SAMUEL A. CUCINELL* and WILLIAM PERLT 


Abstract 0 The concentration of drug in plasma after continuous 
administration (plateau concentration, C,) has been defined as 
the relationship of the dosage per unit time and the half-life of 
elimination ( t i i 2 )  to the volume of distribution (vd) of a drug. The 
C, determinants, vd and &, have been determined in single- 
dose and continuous-infusion experiments. The data derived have 
been used to predict C, for a series of substances when adminis- 
tered by continuous intravenous infusion. Alterations in Vd and 
t I l z  of a drug may occur under clinical situations. This is reflected 
in changes in the plateau concentration, despite a constant dosage 
per unit time. An experimental example of deoxycholic acid de- 
creasing the volume of distribution of bromsulfophthalein is given. 


Keyphrases 0 Plateau principle-plasma drug concentration 0 
Deoxycholic acid effect-volume of distribution 0 Volume of 
distribution-plasma concentration plateau 0 Drug administra- 
tion rate-plasma concentration plateau 


Drugs are often administered by continuous or re- 
peated administration over long enough periods so that 
a relatively constant, or plateau concentration, of drug 
in the plasma is achieved and maintained. This plateau 
concentration will, in large measure, determine the effec- 
tiveness or toxicity of a drug. Bishydroxycoumarin,’quin- 
idine, the anesthetics, antibiotics, and digitalis depend on 
a constant drug level in plasma to maintain their desired 
clinical response. In many cases, the drug may be re- 
garded as distributed in a so-called volume of distribu- 
tion into which the drug is administered at a constant 
rate and out of which the drug is removed by first-order 
kinetics. This model leads to a relationship of the plateau 
concentration of the drug to its rate of administration, 
its volume of distribution, and its first-order rate constant 
of removal. This relationship has been called the plateau 
principle (I). The purpose of this paper is to  report on 
various types of kinetic experiments which demonstrate 
the self-consistency and utility of the plateau principle. 


1 Dicumarol. 


THEORY 


The basic formulas of the one-compartment model are sum- 
marized for convenience. 


Drug is infused into the body at a constant rate, I (mg./min.). 
Upon entering the body, the drug is assumed to equilibrate “in- 
stantaneously” among the various body tissues, so the quantity 
Q(t) (mg.) of drug in the body at time t (min.) is expressed as 


Q ( f )  = VdCp(f) 0%. 1) 


where Vd (ml.) is by definition the constant volume of distribution 
and Cp(t) (mg./ml.) is the concentration of drug in plasma at time t .  
The rate of removal L(f)  (mg./min.) of drug from the body, either 
as separation from the body or loss of identity within the body, is 
assumed expressible by the first-order expression 


Yt) = GCp(r) (Eq. 2) 
where G (ml./min.) is by definition a constant clearance. The mass 
balance equation for the drug is, by Eqs. 1 and 2, 


vd(dcp/dZ) = I - GCp(t) 0%. 3) 
which has the solution starting from zero drug plasma concentra- 
tion (1) 


Cp(f )  = C,, (1 - ec-kl) (Eq. 4) 


C,, = I/G (Eq. 5 )  


k = G/vd (Eq. 6) 


C,, = I/kVd (Eq. 7) 


Cp, = Itl/a/O.693Vd 0%. 8) 


In Eq. 4, the plateau concentration C,, (mg./ml.) is given by 


and the rate constant k(min.-l) is given by 


Equations 5 and 6 give 


Substitution of the half-life t i /a  = 0.693/k into Eq. 7 gives 


If, after the plateau concentration is reached (to a given accuracy), 
the infusion is suddenly stopped, the decay of drug plasma con- 
centration is described by Eq. 3, with Z = 0, as 


- vd(dcp/df) = GCp(1) (Eq. 9) 


Cp(t) = Cpme--kt (Eq. 10) 
with solution 
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Figure 1-Plasma BSP concentration with constant infusion. 


Just after stoppage of the infusion, the time rate of change of Cp(r) 
changes discontinuously from the value zero just before stoppage 
to the value given by Eq. 9 as 


-Vd(dc,/dt)o = GC,(O) = Gc,, (Eq. 11) 


v d  = -I/(dC,/dt)o (Eq. 12) 


Substitution of G from Eq. 5 and solving for v d  give 


Equations 12 and 8 yield 


C,, = -(dCp/df)ot1/2/0.693 (Eq. 13) 
The value of Vd from Eq. 12 applies only to a single-compartment 


model with monoexponential elimination. Although in practice 
this may be true for some drugs, additional compartments (multi- 
exponential) may be observed, yielding a low value of v d  from Eq. 
12 compared to Eq. 8 (2). 


In the present constant-infusion experiments, the experimental 
data were I (exp.), C,, (exp.), (dC,/dt)o (exp.), and ti/, (exp.) from 
the slope of the semilogarithmic plot of the decay curve after stop- 
page of the infusion (Fig. 1). C,, (exp.) was compared with the 
theoretical C,, obtained by Eq. 13 from (dCp/dt)o (exp.) and tl/* 
(exp.) (Table I). Equivalently, the theoretical v d  obtained by Eq. 
12 from Z (exp.) and (dC,/dr)o (exp.) was compared with the theo- 
retical Vd obtained by Eq. 8 from I (exp.), C,, (exp.), and t l / ,  (exp.). 


A series of sudden-injection experiments was also performed. 
Theoretical first-order kinetics (3) predicts that the response to 
sudden injection is essentially the time derivative of the response to 
constant infusion. Hence, in the present model, if the amount Qu 


70 t 


Qo = 500 rng 


A = 99.8 y/rnin/rnl 


Dog# I0 Table 2 


MINUTES POSTINJECTION (ti) 


Figure 2-Plasma decay of PAH afier single dose. 


of drug is suddenly injected, the plasma concentration will be 


C&) = CPoe-kt (Eq. 14) 
where the zero-time intercept Cpu yields the volume of distribution 
v d  by 


v d  = Q o / C ~ O  (Eq. 15) 


and the rate constant k is given by Eq. 6. The experimental data in 
these experiments were the amount injected QO (exp.), the zero- 
time intercept C,O of the straight-line fit of the semilogarithmically 
plotted plasma concentration against time, and the half-life ti/,  
(exp.) = 0.693/k (exp.) from the slope of the semilogarithmic plot. 
Constant-infusion experiments on the same animals yielded the 
constant-infusion rate I (exp.) and the plateau concentration 
C,, (exp.). A comparison of theory and experiment was made by 
first calculating v d  by Eq. 15 from Qo (exp.) and Cp0 (exp.) and then 
substituting this Vd and t11, (exp.), I (exp.) into Eq. 8 to yield a C,, 
for comparison with C,, (exp.). 


In some sudden-injection experiments, the plasma concentration 
decayed multiexponentially at first before becoming monoexpo- 
nential (Fig. 2). In these cases the relation 


Vd = Qo/C,u(l + B) (Eq. 16) 
was used instead of Eq. 15, where B is a correction derived in the 
Appendix. 


In all experiments the clearance G was calculated by Eq. 6 
(Table 11). 


If the drug is removed from the body primarily from one organ, 
then the rate of removal of drug can be expressed by the Fick prin- 
ciple as 


Ut) = F[C&) - C&)l (Eq. 17) 
where F (ml./min.) is the rate of blood flow through the organ, and 
C&) and C,(t) are the concentrations of drug, respectively, in the 
arterial blood inflow to and in the venous blood outflow from the 
organ. Equations 2 and 17 yield 


C = XEF (Eq. 18) 


(Eq. 19) 


= Ca(t)/Cp(t) 0%. 20) 


where 


E = [Ca(t) - C4I)I/Ca(t) 


is the so-called extraction ratio from whole blood and 


is the constant-partition coefficient of drug between whole blood 
and plasma. 


EXPERIMENTAL 


Mongrel dogs of both sexes were anesthetized intravenously with 
pentobarbital, 50 mg./kg. Polyethylene catheters were placed in 
the forepaw and in the femoral veins. Isotonic solutions of brom- 
sulfophthalein (BSP), antipyrine, paminohippuric (PAH) acid, and 
phenolsulfonphthalein (PSP) (all in saline) were used. In a constant- 
infusion experiment, the solution was infused into the paw vein at a 
constant rate by means of a Cambridge syringe pump. Blood was 
sampled from the catheter in the femoral vein into a heparinized 
syringe at intervals of 30 sec. for eight samples, every minute for 
the next four samples, and every 2 min. for the final four samples. 
The same schedule was followed for the single-injection experi- 
ments. There was never more than a 2% change in hematocrit 
throughout the experiment. 


In those experiments in which two different infusions were made, 
the start of the second infusion was delayed until the plasma level 
of drug from the previous experiment had been zero for at least 2 
hr. If this precaution was not taken, the BSP clearance often did not 
follow a first-order decay; instead the second infusion caused an 
almost linear rise in dye concentration throughout the 16-min. 
period of infusion. This suggests that the Tm for BSP had been ex- 
ceeded and the rate of removal of BSP from plasma was no longer 
a first-order function but rather depended on liver capacity (4). 


Values of vd and k were obtained in each of six dogs by the single- 
injection technique. BSP (25 mg.), PSP (4.0 mg.), and PAH (500 
mg.) were given intravenously as a single bolus in 5 ml. saline. Two 
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Table I-Continuous Infusion of BSP 


Experimental - Calculated- 7 


[,a. w.2: c p m , c  C P W d  G,". Vd.' Vd,' Percent of 
Dog ylmin. nun. rhi. ylml. ml./min. ml. ml. Error of C,, 


4 5400 2 .0  26 35 207 438 599 +25 
7 9850 3 . 3  64 74 154 625 733 $6 


8 9850 2 .3  70 65 141 505 467 -7 
9 9850 1 .9  70 61 141 455 345 -8 


10 3180 2 .6  7 .8  8 .6  508 1370 1520 + 10 
9600 2.9 27 31 355 1298 1480 +I5 


13 3420 3.9 21 21.5 163 925 930 -2  
3420h 4 . 0  48 45.5 71 450 440 -5 


15 3820 4 . 0  58 57 66 382 380 -2 
3820h 4 . 2  65 77 59 300 356 +17 


11  3420 
3420h 


4 . 0  
3.9 


26 
42 


39 
62 


131 
81 


513 
316 


759 
458 


I = rate of administration of BSP. b fl/,= half-life of plasma decay determined (from semilogarithmic plot) upon discontinuance of infusion. 
c G = determined 


J'd = volume of distribution; determined from the initial slope upon discontinuance of Infusion, by Eq. 12. 
c C,, (experimental) = steady-state concentration (Fig. 2). 
from experimental values by Eq. 5. 
D J'd =.determined from experimental values by Eq. 8. h Deoxycholic acid, 8 mg./min., infused with BSP. 


d C,, (calculated) = obtained from (dC,/dt)o and t l /% by Eq. 13. 


hours after the plasma level of the test drug had reached zero, a 
constant infusion of the same drug was started. 


In the case of antipyrine, the constant-infusion study was done 1 
week after the single injection of 500 mg. The blood in the case of 
antipyrine was drawn every minute for the first four samples, 
every 5 min. for the next four samples, and every 15 min. for the 
next six samples. 


The BSP and PSP were analyzed by diluting serum (1 :3) with 
0.001 N NaOH and reading the absorbance in a DU spectropho- 
tometer at 560 mM. The PAH and antipyrine were analyzed by the 
methods of Smith (5) and Brodie and Axelrod (6), respectively. 


RESULTS 


The Vd and t1/ ,  were determined for a series of representative 
substances by both the single-injection and the continuous-infusion 
techniques. Data from the continuous infusion of BSP are shown 
in Table I. The C,, calculated from these data are in fair approxi- 
mation with the experimentally observed C,,. The clearance G, 
or volume freed of drug per unit time, was determined by Eq. 5. 
The volume of distribution, v d ,  determined from Eq. 12 was in 
fair agreement with that determined from Eq. 8. 


To demonstrate the consistency of these equations, deoxycholic 
acid was added to the infusion of BSP (Fig. 1). This caused an in- 
crease in C,, for the same dosage of BSP in the same dog which 
had received BSP alone 2 hr. previously. This change in C,, could 
have been due, by Eq. 8, to an increase in f l / z  or a decrease in v d .  


It is seen from Table I that Vd, determined from the initial slope, 
decreased and tll2 remained the same. The G must decrease by 
Eq. 6. Now G is also equal to F(C, - C,)/C,, Eq. 18, with X = 1. 
Either the blood flow or the fraction of BSP extracted from plasma 


must, therefore, have been depressed by deoxycholic acid to cor- 
respond with the depression of G. Since Demling (7), using a ther- 
moelectric technique, was able to demonstrate that liver blood flow 
was not depressed by deoxycholate administration, the fraction 
of BSP removed from the plasma was probably decreased. 


There is a tendency for the estimated C,, to be in excess of the 
experimental value (Table I). It may be that BSP has depots other 
than the plasma and liver which are more slowly filled. In this case 
the initial slope method, Eq. 12, would yield low values of v d  and, 
hence, by Eq. 8, too high values for Cpm. 


In a similar manner, v d  and ti/* may be determined from Eqs. 14 
and 15 by means of a single intravenous injection. Values of C,, 
predicted from Eq. 8, making use of v d  and f l / z  obtained in this 
fashion, were in fair agreement with the C,, experimentally de- 
termined for BSP, PAH, PSP, and antipyrine by continuous infusion 
(Table 11). The V d  and t i / *  obtained from the single intravenous 
injection may be used to estimate the C,, of these substances 
during continuous administration. There is no consistent trend in 
the error of estimating Cnm from the single-dose value of v d  and ti/*. 


Only in single-dose experiments with PAH was it necessary to 
correct for multiexponential kinetics by Eq. 16. 


DISCUSSION 


The clearance G determines, or is defined by, the plateau plasma 
concentration C,, in response to long-time, constant infusion of 
the drug at rate I (Eq. 5). It is clear that C,, can change, despite a 
constant I, if G changes. In the following, various pharmacological 
situations in which C,, changes are discussed in terms of G, v d ,  


and t i /2.  For convenience in visualization, the pair of fundamental 
parameters, G and v d ,  may be replaced by the equivalent pair, t i / ,  


Table 11-Calculation of C,, from Data Obtained from Single Intravenous Injection 


C p m ,  cw, 
Vd,' t l ( 2 , b  G,c Predicted,d 1, Experimenta1,O c,,, 


Dog 10 9400 25 250 43 10.6 53 - 20 
PAH 
Dog 70 4600 12 264 62 16.5 66 -7 
PAH 
Dog 70 600 2.5 165 6 .1  1.02 7 . 4  - 19 
PSP 


ml. rmn. ml./min. ?,Id. mg./min. V l d .  Error 


Dog 205 
BSP 
Dog 18 
BSP 


300 4 .5  46 72 3.30 63 +12 


482 3.75 89 44 3.82 55 - 20 


Dog 14 8500 100 59 58 3.4 65 - 10 
Antipyrine 


0 vd, determined from zero-time intercept after single injection by Eq. 15 or 16. b t l / z ,  half-time of semilogarithmic plot of decay curve. c G, deter- 
mined from V d  and ti/* by Eq. 6 with k = 0.693/tl/~. d C p ,  (predicted), calculated from Eq. 8. C,, (experimental), determined by constant infusion 
in each dog 2 hr. after completion of single dose. 
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Table 111-Change in Values of G with Dose before and after Induction of Drug-Metabolizing Enzymese 


7-- V d ,  1.- 7 -----tlj2, hr.- 7 ,  G ,  l./hr. -- 
Dog Wt, kg. 50 mg./kg. 20 mg./kg. 50 mg./kg. 20 mg./kg. 50 20 - 


2.6 prestimulation 6 14 12 10.5 5.5 2.8 1.5 
5 . 5  poststimulation 


1 10.2 10.2 5.7 7.7 1 . 5  1.0 2.6 prestimulation 
4 .1  poststimulation 
2.4 prestimulation 
3.0 poststimulation 


15 14 2 .0  1 .8  5.3 


13.5 1 .4  2 .0  1.3 4.7 
2 11.5 8.6 7.7 6 .0  2.2 1 .o 


9 .6  8 .0  2.5 1.8 2.7 


a All data obtained from single injection. 


and v d ,  where by Eq. 6 


I’/z = 0.693 v d / c  (Eq. 21) 


For convenience in interpretation, the pair t l / ,  and v d  are as- 
sumed to be independent variables experimentally as well as theo- 
retically. This is probably rarely if ever qualitatively correct, but 
one or the other predominates quantitatively. 


To illustrate the utility of the concept of volume of distribution, 
the displacement of drugs from plasma binding sites by competing 
substances in the plasma may be interpreted as an increase in vol- 
ume. Sulfa drugs displacing bilirubin from plasma binding sites 
may precipitate kernicteris in the newborn at relatively low plasma 
concentrations of bilirubin (8). Phenylbutazone increases the anti- 
bacterial activity of the sulfa drugs (9). In these cases, the pharma- 
cological activity or toxicity of the drug is increased while the 
plasma concentration is decreased. In terms of Eq. 15, V, has 
increased, causing Cp0 to decrease at constant Qo. 


The volume of distribution may also be made to decrease. In 
this case, another drug may compete for binding sites in an organ 
other than the plasma. Thus, in Table I, deoxycholic acid when in- 
fused with BSP increased C,, and decreased v d  while t l I z  remained 
unchanged. This implies (Eq. 21) a decrease in G which means that 
the drug is not being removed from the circulation as fast as the 
control, despite a constant t l I 2 .  Weiner et al. (10) have shown that 
methandrostenolone in man is capable of increasing the C,, of 
oxyphenbutazone while the t i /% remains unchanged. The implica- 
tion that v d  is thereby decreased (Eq. 21) would indicate that meth- 
androstenolone is capable of displacing oxyphenbutazone from 
extravascular binding sites. Norethandrolone and iopanoic acid ap- 
pear capable of inhibiting liver storage and excretion of BSP in 
man (11). It is possible that this is a reflection of competition for 
liver binding sites. This is a case of v d  decreasing at constant 1 
and Hence C is decreased (Eq. 21), which causes C,, to in- 
crease (Eq. 5). 


remains unchanged, the 
opposite may also occur. C,, may change with t l iZ while v d  re- 
mains constant. The liver enzyme systems that metabolize a large 
number of drugs may be stimulated by phenobarbital or a number of 
other compounds (12). These enzymes will break down diphenyl- 
hydantoin, bishydroxycoumarin, and antipyrine at an increased rate 
after phenobarbital pretreatment. For example, an individual receiv- 
ing an intravenous injection of a drug has a much longer tx/, before 
receiving phenobarbital than after receiving phenobarbital for a 
sufficient time. In terms of Eq. 21, G has increased. 


It has been noticed that this effect is more readily demonstrated 
with a high dose of drug than with a low dose (13). The data in 
Table I11 demonstrate the differences observed in V d  and t l lz when 
a dog is given a 50-mg./kg. and a ZO-mg./kg. dose of diphenylhy- 
dantoin intravenously. G at 20 mg./kg. was higher (2.6 l./hr.) than 
at  50 mg./kg. (1.5 l./hr.). Assuming that liver blood flow was not 
affected by the diphenylhydantoin, the fraction E of drug cleared 
from the blood was higher at the lower dose than at the higher dose 
(Fq. 18). After pretreatment of the dogs with barbiturates, the C 
for both dosage levels had increased (about 4 l./hr.), although the 
t i / z  at the low dose was unchanged. This suggests that fraction E 
of the drug removed by the liver was no longer dose dependent. 
Also, it is clear that the induction of drug-metabolizing enzymes is 
prominent at low as well as high dosage levels in terms of an in- 
crease in G. The induction at the lower dose level manifests itself 
more as an increase in both v d  and G than as a decrease in tllz. 


The ti/, may also be increased, forcing an elevation of C,,, without 
an increase in I. Bishydroxycoumarin is capable of inhibiting the 
metabolism of diphenylhydantoin, thereby prolonging the t l i z  and 


Whereas Vd may be altered while the 


potentiating the effect of the anticonvulsant (14). v d  tends to-re- 
main unchanged. Thus, there is a decrease in G (Eq. 21), which in 
turn would cause an increase in the level of C,, (Eq. 5). 


SUMMARY 


The plateau principle is experimentally described for BSP, PAH, 
psp, and antipyrine in terms of the volume of distribution ( v d ) ,  


the half-life of plasma decay (tti,), and the rate of administration 
( I ) .  


The plasma concentration of a drug may be altered by changes 
in V d  or ti/, despite a constant 1. Deoxycholic acid infusion in- 
creased C,, for BSP by decreasing the Vd,  while t l / ,  remained 
constant. C,, may be predicted by prior determination of v d  and 


for drugs with approximately monoexponential decay kinetics. 


APPENDIX 


For a single-injection experiment, a better approximation of the 
volume of distribution than Eq. 15 is given by 


where C,i is the drug plasma concentration at time tl on the final 
monoexponential portion of the plasma decay curve (Fig. 2). The 
numerator in Eq. A1 takes account of the drug which is lost from 
the body, by Eq. 2, at the actual (elevated) plasma concentration 
before the distribution of drug corresponding to the final mono- 
exponential behavior has occurred. If the final monoexponential 
C,O e-kt is added and subtracted to Cp(t) in Eq. A1 and the integra- 
tion 


C,O e-kt dt = (Cpo - C,i)/k (Eq. A21 Ltl 
is carried out, the result is 


V d C p i  = Qo-GA - G(C,o - C,i)/k (Eq. A3) 
where A is the area between the actual plasma decay curve and the 
monoexponential curve back-extrapolated to time zero (cross- 
hatched area in Fig. 2 measured on a linear plot). Substitution of 
Eq. 6 for G in Eq. A3 and solving for v d  yield 


where 
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Application of Molecular Sieve Technique 
in Solubilization Studies of Benzoic Acid 
in Solutions of Cetomacrogol 1000 


M. DONBROW, E. AZAZ, and R. HAMBURGER 


Abstract [7 The applicability of a new technique in solubilization 
studies, using a molecular sieve, was tested on a system consisting 
of benzoic acid and cetomacrogol lo00 (cetostearyl ether of poly- 
oxyethylene) in aqueous solutions. The data obtained are in good 
agreement with those found by other methods. Some advantages of 
the method are outlined. 


Keyphrases 0 Benzoic acid-solubilization study 0 Cetomacrogol 
lo00 solution-benzoic acid solubility 0 Micellar solubilization, 
benzoic acid in cetomacrogol lGCO-quantitative determination 0 
Molecular sieve technique-solubilization study 0 Spectrophotom- 
etry, UV, visual-analysis 


The importance of theoretical and pharmaceutical 
aspects of micellar solubilization of drugs has been well 
recognized in recent years (1-4). Nevertheless, only 
three methods are available in routine practice for 
quantitative investigation of the phenomenon. 


The conventional solubility method has been used by 
almost all investigators either as a basic tool or com- 
paratively. Its main disadvantage is that it is limited to 
saturated systems ; hence the dependence of solubiliza- 
tion on the concentration of unbound solubilizate can- 
not be studied by this method. Another major dis- 
advantage lies in the fact that many additives decrease 
the cloud point (4, 5).  This means that although turbid- 
ity is often used as a criterion for saturation with liquid 
solubilizates, it is not necessarily an indication of maxi- 
mum solubility (6-10). Furthermore, the determination 
of the turbidimetric end-point is subject to error. 


Equilibrium dialysis was first introduced into solubi- 
lization studies by Patel and Kostenbauder (1 1). This 
method solved the problems encountered in the solu- 
bility method. Although widely accepted, it is time con- 
suming and requires preliminary work on the selection 
of a proper membrane for each system. Nylon mem- 


branes used by Patel and Foss (12) are stated to swell 
and bind phenolic compounds ; rubber membranes tried 
by Matsumoto et al. (13) varied in thickness; and methyl- 
cellulose membranes are attacked by certain surfactants 


Potentiometric titration was first used for solubiliza- 
tion studies of organic acids and bases by Donbrow and 
Rhodes (15-17). Although rapid and elegant enough to 
have been adopted for routine use (15-23), it is restricted 
to ionizing solubilizates in which only the unionized 
form undergoes micellar solubilization. It is thus un- 
suitable for studies on the solubilization of acids and 
bases of pronounced amphiphilic properties such as 
local anesthetics or acid derivatives of steroidal hor- 
mones, their ionized form, as well as the unionized, 
being solubilized (24). 


In view of the increasing importance of studies on 
nonsaturated systems, additional methods of a more 
general nature and greater scope than potentiometric 
titration and quicker than equilibrium dialysis would be 
advantageous. Such methods would also be valuable for 
crosschecking. 


A molecular sieve technique which promised to meet 
these needs, has in fact been applied to methylp-hydroxy- 
benzoate by Ashworth and Heard (25). Dextran gel, 
with a suitable degree of crosslinking, was used in a 
static way similar to a semipermeable membrane in di- 
alysis. The small molecules (the solute) are distributed 
between the swollen gel and the external liquid, while 
the surfactant is unable to penetrate the internal gel 
phase and remains in the external liquid. The solute 
distribution normally follows a linear relation. (See also 
Eqs. 5 and 6 in Results and Discussion, and Eq. 1 in 
Experimental.) 


The object of the present work is to broaden the 
applicability of this method by testing it on another 


(14). 
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Table 11-Probability of Meeting Content Uniformity 
Requirements 


YP 0.01 0163 0.05 


when 6, = -0.04, 6, = 0.02 
0.01 1 .oooo 1 .0000 0.9954 
0.03 1 .oooo 0.9997 0.9663 
0.05 0.9896 0.9539 0.7871 


when6, = 0.09, E, = -0.08 
0.01 1.0000 1 .0000 0.9986 
0.03 1 . 0000 1.0000 0.9786 
0.05 0.9836 0.9459 0.7943 


when6, = 0.07, 6, = -0.01 
0.01 1.0000 0.9986 0.7794 
0.03 0.9996 0.9560 0.6310 
0.05 0.8593 0.6823 0.4063 


101 mg./tablet with coefficients of variation of 3W for P and 4% 
for Y, then the probability of meeting the content uniformity 
requirements as specified in USP XVIL and NF XI11 is 0.8283. 


Although it is not feasible to publish complete tables of P[r] for 
even a representative indexing of y,. y,, 6,, and 6,, a few additional 
examples (Tables I and 11) are included. 


DISCUSSION 


Recalling that the probabilities of meeting content uniformity 
requirements depend only upon the four parameters 6,, 6,, y,, 
and y v ,  it is convenient to note that these probabilities are symmetric 
with respect to the pairs (6,, y p )  and (6,, y,). That is, if (6,, y,) = 
(0.07,0.03) and (6,, 7,) = (-0.01,0.05), then the probability of a o  
ceptance is the same as if (a,, 7,) = (-0.01, 0.05) and (a,, y,) = 
(0.07,0.03). This can be easily verified from Eqs. 6 and 7. 


The IBM Mathpack Subroutine NDTR (12) was used to cal- 
culate the function F[ l. Since this particular subroutine has a max- 
imum error of 7( X lO-T), the computed probabilities are in general 
more accurate than if they were computed using F[ ] from usual 
tabled sources of the cumulative normal distribution. The difference 
is in the fourth decimal place and of little practical significance. 


Note that several probabilities in Tables I and I1 are given as 


1.0000. This means that, even though it is not absolutely certain 
that a lot will meet content uniformity requirements under the in- 
dexed parameter conditions, the probabilities of acceptance are so 
high that rounding to four decimal places carries these values to 
1.0000. 


The formulas in this paper compute the probability of meeting 
content uniformity requirements for given population parameters 
y,, y,, IS,, and 6,. They characterize the content uniformity sampling 
plan and are to be used as supplemental information in making 
decisions before and during the production of particular products. 
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Solid-Phase Synthesis and Degradation of a Model 
Polypeptide by an Automated Approach 


ANDREW M. TOMETSKO*, JOHN TISCHIO, and JOHN GARDEN, I1 


Abstract 0 The solid-phase synthesis and degradation of a model 
polypeptide, ~-leucyl-~-leucyl-~-leucyl-~-leucyl-~-leucyl-~-alan~e, 
was carried out using a computer-oriented automated approach. 
Two computer programs were used to generate control paper tapes 
for the total synthesis and degradation of the model peptide. 
Encouraging results were obtained in automating the degradation 
of polypeptides on the solid phase and in carrying out the degrada- 
tion in a nonaqueous solvent system. The course of the synthesis and 
the degradation was monitored by amino acid analysis of acid 


hydrolyzates of the resin which were taken periodically. The auto- 
mated solid-phase degradation of naturally occurring polypeptides 
and proteins should be possible through modifications of the de- 
scribed approach. 


Keyphrases 0 Polypeptide-automated synthesis, degradation 0 
Amino acid sequence, computer controlled-polypeptide synthesis 
0 Degradation, polypeptide, Edman-automated 0 Automated 
system-peptide synthesis, degradation 


Classical methods have been employed in the chemical 
synthesis (1-6) and Edman degradation (7-10) of poly- 
peptides and proteins. Recently, a number of labora- 


tories have automated solid-phase polypeptide synthesis 
(1 1-14); in one instance (19, the automation of classical 
sequential analysis of polypeptides has been reported. 
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Studies in this laboratory have been directed toward the 
development of automated techniques that might be 
applicable to solid-phase synthesis and solid-phase 
degradation of polypeptides. Toward this goal an Auto- 
matic Chemical Reaction System (ACRS) (16) has been 
designed and constructed to carry out the physical op- 
erations involved in the synthesis and/or degradation 
following commands punched in a paper tape. Another 
phase of this research program has involved the develop- 
ment of computer approaches for generating the paper 
tape containing the commands for executing the synthe- 
sis or degradation (e.g., amino acid additions, filtration 
steps, stirring sequences, deblocking steps, wash cycles, 
and activation steps). 


Although the synthesis of polypeptides on the solid 
phase has been extensively studied and discussed (17- 
21), reports on solid-phase degradation have been lim- 
ited to studies employing a resin-bound isothiocyanate 
functional group (22, 23) and to studies with the peptide 
bound to the resin but using methylisothiocyanate 
(MTC) in the degradation (24, 25). Dijkstra et al. (25) 
suggested that MTC is preferable to the classical phe- 
nylisothiocyanate (PTC) due to its higher solubility in 
aqueous solvents. They also suggested that PTC inter- 
acts unfavorably with the resin under their reaction con- 
ditions. Since Edman and Begg (15) demonstrated nearly 
quantitative coupling of PTC with free amines, and 
since the nature of the solvent could have a considerable 
influence on the interactions occurring within a chemical 
system, a study of the degradation using PTC in non- 
aqueous solvent systems seemed worthwhile. Informa- 
tion concerning the use of PTC with solid-phase degra- 
dative systems in nonaqueous solvents has been limited 
(26). 


In this article, the authors report the application of 
ACRS to the solid-phase synthesis and degradation of a 
model polypeptide, L-leucyl-L-leucyl-L-leucyl-L-leucyl-L- 
leucyl-L-alanine. This model peptide was chosen to 
study: (a) the use of PTC for the degradation of poly- 
peptides in conjunction with a solid-phase (polystyrene) 
matrix; (b) the solid-phase degradation in a nonaqueous 
solvent that would be more compatible with both PTC 
and the resin; and (c )  the feasibility of automating the 
synthesis and Edman degradation of polypeptides by 
applying a computer-oriented automated approach. 


EXPERIMENTAL 


Chemicals-All reagents were of analytical grade. L-Amino 
acids,' trifluoroacetic acid (TFA),2 and chloromethylated poly- 
styrene3 were used. tert-Butyloxycarbonyl (2-BOC) amino acids were 
prepared by the method of Schwyzer et al. (27). 


Preparation of tertButyloxycarbony1 Alanine (I-BOC ah.) Resin- 
The t-BOC ala. resin was prepared according to the method of 
Merrifield (1 7). Specifically, chloromethylated polystyrene (25 g., 0.7 
meq./g.) was refluxed for 48 hr. with t-BOC ala. (9.88 g.) and tri- 
ethylamine (EtsN) (7.65 ml.) in absolute ethanol (150 ml.). The resin 
was filtered and washed three times with ethanol (50 ml. each) and 
three times with methanol (50 ml. each) and then was dried in uacuo. 
Amino acid analysis of an acid hydrolyzate of resin gave an alanine 
content of 0.523 meq./g. 


Automatic Chemical Reaction System (ACRS)-ACRS (16) is an 
electromechanical device, which was designed and constructed to 


1 Nutritional Biochemical Corp. 
* Eastman Chemical Corp. 


Bio-Rad Laboratories. 


Table I-Sequence of Chemical Additions for 
Coupling an Amino Acid 


Chemical 
Additions 


Total 
Time, 


Operation Time, min. nun. 


1. Chloroform Wash (three times) 2.0each 6 
2. t-BOC leu Amino acid addition 2.0 each 6 


4. CHC13 Wash (three times) 2.0each 6 
5. Ethanol Wash (three times) 2.0each 6 
6. CHC13 Wash (three times) 2.0 each 6 
7. 50% TFA Deblocking reagent 30.0 30 
8. CHCli Wash (three times) 2.0each 6 


10. CHCI, Wash (three times) 2.0each 6 
Total time/cycle = 202 


3. DCC Activating agent 120.0 120 


9. 10% Et3N Neutralization 10.0 10 


execute automatically the physical operations normally involved 
in solid-phase synthesis or degradation. Specifically, it is capable of 
measuring and dispensing appropriate chemicals into a reaction 
vessel, stirring chemicals, filtering, timing events, and, generally, 
controlling the synthetic or degradative processes. The information 
for every operation is punched onto a paper tape. The paper tape is 
fed into the ACRS unit, which translates the punched holes into 
physical operations such as turning on a stirrer or operating valve 
networks. Obviously, the ACRS is merely assisting by executing 
operations which would normally be carried out by the investigator. 


The principal component of this type of reaction system is the de- 
coder which translates the command tape. In essence, this approach 
divides the synthesis or degradation into two categories: (a) those 
features that are primarily physical in nature (e.g., measuring and 
adding chemicals), and (b) those features that are primarily chemical 
in nature (e.g., removal of protecting groups and coupling of amino 
acids). By assuming the burden of the first category, the ACRS 
permits the investigator to concentrate more on the chemical 
aspects of the synthesis or degradation. 


Preparation of Control Tape with Computers--In the automated 
approach discussed in this report, the sequence of operations in- 
volved in the chemical synthesis or degradation is incorporated onto 
a paper tape. Methods for preparing the command tape quickly and 
accurately are extremely important. Manual methods could be used 
to prepare the control tape. However, such methods are very time- 
consuming and increasingly subject to error as the number of com- 
mands increase. These difficulties led to a search for a more rapid 
and reliable means for preparing control tapes. Since the linear 
progression of commands with time is analogous in form to a one- 
dimensional array, a computer appeared to be an obvious candidate 
for setting up a simple array of commands of any reasonable dimen- 
sion (e.g., 30,000 commands). Once the computer program for 
generating the command array is available, the computer provides a 
control tape with speed (60 commands/sec.) and with reliability for 
any number of commands. 


By using this approach for the synthesis of polypeptides, it is only 
necessary to specify the amino acid sequence, and the computer 
generates a onedimensional array of commands for the complete 
synthesis. To specify the desired amino acid sequence, a set of data 
cards is prepared with the name of each amino acid punched onto a 
separate card. The cards are then placed in the data deck in the order 
that the amino acids occur in the polypeptide chain. Thus, if the 
sequence gly.val.leu.phe is desired, four cards corresponding to 
gly, Val, leu, and phe, respectively, are arranged in order and 
inserted at the end of the data section of the program. For a 100- 
amino acid protein, 100 cards in the appropriate sequence are used. 
The program and data are read into the computer, which generates 
all of the commands involved in the complete synthesis of the pep- 
tide. With a functional program,p an investigator (with little or no 
programming experience) could generate a control tape of any 
desired length within minutes by simply supplying the desired amino 
acid sequence. 


Computers-Computer programs' were written in the FORTRAN 
IV language and processed by an IBM 360-44 computer and a 
PDP-7 computer (University of Rochester). In this process, an 
array of commands was generated by the IBM 360-44 and copied 


~~ ~ 


' A listing of the computer programs is available from the authors. 
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Table It-Amino Acids Incorporated into the Resin 
during Synthesis 


Leu- 
cine Ratio of Alanine 


Addi- Average mmoles of Amino -to Leucine-- 
tion ---Acidlg. of Resin-- Experi- Theo- 


Cycles Alanine Leucine mental retical 


0 0.495 jz 0.025 0.00 1 :o 1 :o 
1 0.273 f 0.030 0.241 f 0.038 1:0.88 1:l 
2 0.243 f 0.040 0.476 jz 0.080 1:1.96 1:2 
3 0.281 f 0.013 0.800 f 0.045 1:2.85 1 : 3  
4 0.207" 0,840" 1:4.06" 1:4 
5 0.195 f 0.008 0.945 f 0.010 1:4.86 1:5 


a Values present are from one experiment since sampling from the 
second experiment was taken 5 min. after the addition of the fifth 
leucine and activating agent. (See Discussion.) 


onto a magnetic tape. The magnetic tape was then read by the PDP- 
7 computer which produced a paper tape paralleling the commands 
on the magnetic tape. 


Chemical Synthesis-The automated chemical synthesis of the 
model polypeptide, L-leucyl-L-leucyl-L-leucyl-L-leucyl-L-leucyl-L- 
alanine, was carried out using the sequence of operations shown in 
Table I. Initially, stock solutions of the various reagents were 
prepared and placed in the ACRS unit. These solutions consisted of: 
(a) 0.2 M t-BOC leu in chloroform (CHC13); (b)  0.2 M dicyclohexyl- 
carbodiimide (DCC) in CHC13; (c) 10% Et3N in CHCI3; (d) 50% 
TFA in CHCl3; (e )  ethanol; and (fl CHC13. The desired amino acid 
sequence was read into the computer (i.e., five data cards calling for 
leucine) along with the FORTRAN IV program deck. A one-dimen- 
sional array of commands for the synthesis of the peptide was then 
set up by the computer and copied onto a magnetic tape. The mag- 
netic tape was then read by a PDP-7 computer which produced the 
control paper tape. The ACRS unit (through its decoder) executed 
the following operations from the tape. 


A sample of deblocked r-BOC ala. resin (3.0 g.) in the reaction 
vessel was treated three times with CHC13 to wash and swell the 
resin. A solution of tert-butyloxycarbonyl-L-leucine (30 ml.) was then 
added, the mixture was stirred for 1 min., and a solution of DCC in 
CHCL (30 ml.) was added. The resulting mixture was stirred at 
room temperature for 2 hr. and filtered. The resin was washed three 
times with each of the wash reagents: CHC13, ethanol, and CHCI3, 
respectively (60 ml. of each reagent); the deblocking reagent [50% 
TFA in CHCI, (60 ml.)] was added. The deblocking mixture was 
stirred for 30 min. and filtered. Control experiments indicated that 
complete cleavage of the BOC group was obtained within 15 min. 
under these conditions. The resin was washed with CHCl3 (60 ml.) 
three times, and 10% Et3N in CHCls (60 ml.) was added. The 
mixture was stirred for 10 min. and was filtered and washed three 
times with CHCI,. 


The resin was then ready for the next amino acid addition in 
subsequent positions of the control tape. The internal timer of the 
ACRS unit was set to move the control tape to the next position at 
1.5-min. intervals. Following the last wash (Step 10 in Table r) in 
each coupling cycle, a sample of the resin was removed from the 
reaction vessel and dried. This resin (10-15 mg.) was then trans- 
ferred to a hydrolysis tube, and a solution of 6 N HCl in 50% 
dioxane (1 ml.) was added. The tube was then sealed and incubated 
at 110" for 48 hr. Table I1 shows the average amino acid analysis of 
an acid hydrolyzate after each amino acid addition cycle for two 
experiments. In Fig. 1, the leucine residues on the resin during each 
experiment were plotted as a function of the reaction cycle (dotted 
line), together with the theoretically expected values (solid line). 


Edman Degradation of the Model Peptid+As in the automated 
synthesis described, a control tape was prepared for the series of 
operations involved in the degradation of the resin-bound poly- 
peptide. A computer program was used to set up an array of com- 
mands, which were copied onto a magnetic tape and subsequently 
translated into punched holes on a paper tape by the PDP-7 com- 
puter. The general sequence of operation is shown in Table 111. In 
this case, stock solutions consisted of: (a) PTC-EbN-50% pyridine 
in dimethyl formamide (DMF) (1 :1:8); (b) 50z pyridine in DMF; 
( c )  CHCl$; (6) 10% Et3N in CHC13; and (e) 50% TFA in CHClr. The 
stock solutions were placed in the ACRS unit, and the paper control 
tape for the degradation was fed into the ACRS. Initially, the ra in  
with the synthetic peptide attached was washed three times with 50% 


TabIe 111-Sequence of Chemical Addition for 
Edman Degradations 


Total 
Chemical Time, Time, 
Additions Operation mn.  min. 


~~ __________~ ~ 


1. 50% pyridine Wash (three times) 2.0 each 6 


2. PTC Derivative formation 120.0 120 
3. 50% pyridine Wash (three times) 2.0 each 6 


4. CHC13 Wash (three times) 2.0 each 6 
5. TFA in CHC13 Cyclization 120.0 120 
6. CHC13 Wash (three times) 2.0 each 6 
7. 10% Et3N in Neutralization 10.0 10 


6 8. CHCl, Wash (three times) 
Total time/cycle = 280 


in DMF 


in DMF 


CHC13 
2 . 0  each 


pyridine in DMF (60 ml.). The PTC solution (60 ml.) was then added. 
The reaction mixture was stirred under nitrogen for 120 min. and 
was filtered. After washing the resin three times with 50% pyridine in 
DMF and three times with CHC13, a solution of 50% TFA in CHCla 
(60 ml.) was added. The resulting mixture was stirred for 120 min. 
and was filtered and washed with CHCI, (60 ml.) three times. The 
resin was stirred for 10 min. with 10% Et3N in CHC13 (60 ml.) and 
was filtered and washed with CHC13 (60 ml.) three times. 


This sequence of operations was repeated for each cycle (amino 
acid removal) in the degradation. The progress of the degradative 
process was monitored by analyzing the residual peptide attached to 
the resin after the final wash in each degradative cycle (Step 8 in 
Table 111) as described. The change in leucine to alanine ratio indi- 
cated the progress of the degradation. Table IV shows the average 
amino acid analysis of acid hydrolyzates after each degradation 
cycle for two experiments. In Fig. 2, the leucine residues on the resin 
during each experiment were plotted as a function of the degradation 
cycle (dotted lines), together with the theoretically expected values 
(solid line). 


RESULTS AND DISCUSSION 


The studies with the model polypeptide, L-leucyl-L-leucyl-L- 
leucyl-L-leucyl-L-leucyl-L-alanine, have demonstrated the feasibility 
of applying computer-oriented automated techniques to the chem- 
ical synthesis and/or degradation of polypeptides and proteins. The 
ACRS unit with the computer-generated control tape carried out 


a 5.0 -, 


I 


0 -  1 I I I I 
1 2 3 4 5 


SYNTHETIC CYCLES 


Figure 1-The number of leucine residues present in an acid hydroly- 
zate of the resin is plotted as a fwzction of the synthetic cycle. Theo- 
retical values are indicated by the solid lines and circles. Experimental 
values are illustrated with dotted lines and with triangles in one case 
and with squares in the other. Leucine residues were determined with 
respect to the alanine content of the resin (Table Zr). 
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5.0 -a Table IV-Amino Acids on the Resin following 
Edman Degradation 


4.0 


l.O 1 
1 2 3 4 5 
DEGRADATION CYCLES 


Figure 2-The number of leucine residues present in an acid hy- 
drolyzate of the resin is plotted as a function of the degradatiue 
cycle. Theoretical values are indicated by the solid line and circles. 
Experimental values are illustrated with dotted lines and with tri- 
angles in one case and with squares in the other. Leucine residues were 
determined with respect to the alanine content of the resin (Table 
10. 


most of the physical operations involved in the synthesis and degra- 
dation of the model peptide. Progress of the amino acid incorpora- 
tion into the growing chain was evidenced by the increase in leucine 
ratio in the amino acid analysis of an acid hydrolyzate of the resin- 
bound peptide. 


Figure 1 compares the experimental values (dotted lines) for two 
different experiments with the theoretically expected values (solid 
line). The results indicate that the amount of leucine incorporated 
into the growing polypeptide chain is close to the theoretically 
expected amounts. Ultimately, it is desirable and necessary to drive 
the synthesis at each step to completion (at least 9 8 z  or higher yield 
at each step) to avoid a heterogeneous final product and a massive 
isolation and purification problem. For a synthesis to run under 
optimum conditions, information concerning the progress of each 
reaction step would be extremely important. Not only would such 
information provide an indication of the current status of the synthe- 
sis, it would also suggest future changes in the experimental ap- 
proach which would accelerate the synthesis or optimize the yield of 
the reactions involved. 


In Fig. 1 the triangle at Cycle 4 provides an example of the infor- 
mation that could be used to reevaluate the experimental approach. 
In this case, a sample of resin for acid hydrolysis was removed from 
the reaction vessel 5 min. after the addition of the new (activated) 
amino acid. The amino acid analysis of the resin demonstrated that 
leucine had been significantly incorporated into the polypeptide 
during this brief period. These results are consistent with those of 
Esko et al. (28)  for the reaction of leucine with polypeptides on the 
solid phase. Other amino acids gave differences in reaction time for 
90% completion extending from a few minutes to 24 hr. The rapid 
incorporation observed in this study would suggest a modification in 
reaction time in future studies and would result in the addition of 
more leucine residues per day. Reaction conditions [e.g., Esko et al. 
(28)] that are specific for each amino acid could be readily incorpo- 
rated into the computer program and the resulting paper command 
tape. In this case, when the amino acid sequence is specified, those 
conditions that are specific for a given amino acid (e.g., reaction 
time, amount and concentration of chemicals to be added, and tem- 
perature of the reaction) would be generated by the computer in 
essentially the same time taken to generate the tape for reaction 
cycles that are identical for each amino acid. Information concerning 
the different chemical characteristics should be forthcoming in future 
studies and should permit the implementation of reaction conditions 
tailored to each amino acid. 


The Edman degradation is an obvious choice for monitoring the 
current status of a synthetic operation at each major step since the 
free N-terminal amino acid is readily removed. The resulting peptide 


Deg- Ratio of Alanine 
rada- Average mmoles of Amino -to Leucine-. 
tion -Acid/g. of Resin- Experi- Theo- 


Cycles Alanine Leucine mental retical 


0 0.195 f 0.008 0.945 f 0.010 1:4.86 1:5 
1 0.154 f 0.012 0.600 f 0.067 1 : 3 . 9 0  1:4 
2 0.214 =k 0.002 0.623 f 0.001 1:3.00 1:3 
3 0.228 f 0.008 0.483 f 0.042 1:2.12 1:2 
4 0.231 f 0.012 0.322 Ifr 0.043 1:1.45 1:l 
5 0.231 & 0.037 0.212 f 0.079 1:0.92 1:0 


can then be analyzed as in this study, or the amino acid thiohydan- 
toin derivative could be characterized and quantitated. A degrada- 
tion following a coupling sequence could indicate the presence of 
free (uncoupled) N-terminal amino acid, while a degradation follow- 
ing a deblocking cycle would indicate the extent to which the preced- 
ing coupling cycle has gone to completion and the extent that the 
preceding amine protective group has been deblocked. The model 
peptide in this study does not lend itself to this type of interpretation 
because of the repeating sequence of leucine residues. In future 
studies, degradative methods will be used to evaluate the synthesis at 
each step for peptides containing different amino acids in adjacent 
positions. 


This model peptide did indicate that the solid-phase degradation 
of polypeptides following computer-generated programs is indeed 
feasible in the nonaqueous solvent systems employed in this study. 
Figure 2 demonstrates the progress during the degradation of the 
model peptide in two different experiments (dotted lines). Beginning 
with the intact peptide attached to the resin, subsequent degradation 
steps reduced the leucine to alanine ratio by about one residue until 
the N-terminal of the residual peptide was within three amino acid 
residues of the resin. At this point, removal of additional leucine 
residues became more difficult. The nature of the decrease in cleav- 
age is unclear and will be studied further. This lower cleavage rate 
has been reproduced in a number of experiments and is also in agree- 
ment with the results of Laursen (24). Attempts were made to over- 
come the reduction by employing different chemical preparations, 
solvents, and reaction conditions, but results consistent with Fig. 2 
were obtained in each case. It is possible that the free amine is 
rendered inaccessible due to interactions between the smaller 
peptides and the resin. More experiments are needed to clarify this 
point. 


Automation of the classical Edman degradation approach (15) 
has greatly accelerated the process of sequential analysis of proteins 
with the removal of 15 amino acid residues in 24 hr. The computer- 
oriented automated approach to solid-phase degradations discussed 
in this report should be equally useful in determining the amino acid 
sequence of proteins, with some modifications in the described 
method. Studies on the automated solid-phase degradation of 
naturally occurring polypeptides ate currently being carried out in 
this laboratory 
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Effect of Mescaline HCl on Resistance 
of Male Mice to Histamine Stress 


A. STANLEY WELTMAN, ARTHUR M. SACKLER, and LEROY JOHNSON 


Abstract 0 Single intraperitoneal injections of mescaline HCl 
caused significant decreases in the ability of albino mice to tolerate 
histamine phosphate when administered intraperitoneally 40 f i n .  
after mescaline. The dose levels of mescaline HC1 ranged from 5-100 
mg./kg. of body weight. Eight subcutaneous injections of mescaline 
(100 mg./kg. of body weight) administered during a 2-week period 
showed no difference between the LDm values of the test versus 
saline control groups when challenged with histamine 24 hr. after 
the eighth and last dose of mescaline. No effects were noted in the 
body weights and growth patterns of the test mice in the 2-week 
investigation. 


Keyphrases [7 Mescaline HClbeffect on histamine tolerance, mice 
0 Histamine tolerance, mice--effect of mescaline HCI 0 Hal- 
lucinogens, mescaline-acute uersus prolonged effects on growth, 
histamine stress resistance 


Previous investigations have demonstrated that 
LSD-25 stimulates adrenocortical activity and inhibits 
growth, metabolism, and gonadal and thyroidal func- 
tion in female (1-3) and male rats (4). LD60 analyses 
of male rats given eight sequential injections of LSD-25 
spaced during a 2-week period presented suggestive 
evidence of increased ability of the treated animals to 
tolerate histamine stress (5). Parallel studies with male 
mice receiving mescaline HC1 (6)  revealed identical, 
but somewhat smaller alterations in adrenal and thy- 
roidal function but no effects on body weight and food 
consumption. Adrenal weights and adrenocortical 
activity [i.e., thymus involution and white blood cell 
count (WBC) decreases] were significantly increased 
(6) .  The lesser effects produced by mescaline uersus 
LSD-25 may be attributed to thelower potency of mesca- 
line. The equivalent hallucinogenic dose of mescaline 


in humans is 4000 times greater than that of LSD (7). 
As with LSD-25 (3, 4, S), various physiological findings 
have demonstrated the development of tolerance or 
accommodation of the treated mice to mescaline (6).  
The present investigation sought to determine acute 
uersus prolonged effects of mescaline administration on 
body growth and the resistance of male mice to his- 
tamine stress. 


EXPERIMENTAL 


Three series of young male experimental albino mice (Carworth 
Farms, CFW) averaging 22 g. in body weight were selected for his- 
tamine LDS0 analyses. Series I and I1 test and control mice were 
challenged intraperitoneally with histamine phosphate 40 min. after 
receiving a single intraperitoneal injection of mescaline HCl dissolved 
in normal saline or equivalent doses of saline. Series 111 mice received 
histamine phosphate 24 hr. after the eighth and final subcutaneous 
injection of mescaline HC1 or normal saline. The eight injections 
were administered over a 2-week period on alternate days with the 
exception that on the 13th and 14th days, the two doses were given 
consecutively. 


Series I consisted of 225 mice divided equally into three groups 
(two test groups and one saline control). The two doses of mescaline 
administered were 5 and 20 mg./kg. body weight. Series XI consisted 
of an equivalent number of mice also divided equally into two test 
and one control groups. The test mice received a single dose of 
either 50 or 100 mg./kg. body weight of mescaline HCI. Series 111 was 
represented by a single test (100 mg./kg.) and normal saline group. 
In general, the various test groups were challenged with 5-6 dose 
levels of histamine phosphate and utilized 15-19 mice per dose level. 
The appropriate challenging doses of histamine, depending on the 
susceptibility of the test and control groups, ranged from 350-1450 
mg. histamine base/kg. body weight. Finney’s (9) method of probit 
analysis was used to calculate the LD60 values and dose-response 
lines. 


To determine further the effects of various doses of mescaline on 
survival periods, the time of death following histamine phosphate 
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on the intrathoracic airways, primarily reflecting changes in tidal 
volume; (6) the pretreatment with morphine antagonizes the action 
of the antibiotic; (c )  the dicloxacillin activity is unaffected by the 
pretreatment with atropine, dibenamine, INPEA, methysergide, 
chlorpheniramine, cyproheptadine, and hexamethonium; and (d) 
the action of the antibiotic persists after cutting of the vagi. 


Consequently, only in vitro is it possible to  note the myolytic 
activity of the antibiotic on the bronchial musculature, while in 
vivo it is more likely that dicloxacillin, as ampicillin, induces at 
least in part an action on the medullary respiratory center. 
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Spectrographic Determination of Traces of 
Cobalt in Vitamin B,, Preparations 


Keyphrases 0 Cobalt determination-vitamin BIZ dosage forms 0 
Emission spectrograph, direct-analysis 


Sir: 


The assay methods available for determination of 
vitamin Blz fall into four groups : biological, micro- 
biological, chemical, and radioactive (1-3). Most of 
these methods are time consuming or difficult to  
perform, and often large samples must be taken for 
analysis. 


A quick and simple analytical assay was needzd for 
evaluation of active ingredients in pharmaceutical 
preparations containing vitamin Blz or its analogs, 
using only a few centigrams of the test substance. 


We have developed a direct emission spectrographic 
method for rapid analysis of vitamin B12 in biological 
materials, where the amount of nonvitamin Blz cobalt 
is negligible. The method is based upon the cobalt 
content of cyanocobalamin (C63Hs8CoN14014P, 4.35 % 
Co in dry form). Mineralization, fusion, or ashing of 
organic substances is superfluous in this determination ; 
separation or extraction of traces of Co is similarly 
unnecessary. 


One milliliter of a liquor containing 25-125 mcg. 
vitamin B12/ml. (corresponding to 1.1-5.4 mcg. Co/nil.) 
is mixed with 0.1 g. spectroscopically pure graphite 
powder and evaporated to dryness at 105 ’. Or, approxi- 


mately 0.05 g. powdered solid sample is thoroughly 
mixed with 0.1 g. graphite powder. Then 20 mg. of this 
mixture or the residue is vaporized in a cupped carbon 
electrode, using a 14-amp. d.c. arc, and the spectro- 
graphic plate is measured as usual (4). 


The entire procedure takes about 30 min. for a single 
determination. In batch analyses the time required is 
considerably reduced. 


The results of this determination are expressed in 
terms of anhydrous cyanocobalamin. When less stable 
but more naturally occurring forms of vitamin BE, 
like hydroxocobalamin and metabolically active co- 
enzyme B12, are also present in the test solution, total 
vitamin Blz activity is directly obtained in this method 
(calculated as cyanocobalamin equivalents). 


Fraudulent addition of inorganic cobalt interferes 
with this assay. 


The mqst sensitive cobalt line in the UV region, 
at 3435.5 A, is chosen as the analytical line. Its intensity 
is suitable for the range 1-5 mcg. Co/ml. which is 
usually encountered in pharmaceutical preparations. 


There are few ions that interfere with this deter- 
mination, and it may be termed as specific. However, 
the intensity of the cobalt line is increased several times 
in the presence of organic matter existing usually in 
vitamin preparations. A similar increase of line intensity 
is observed in flame photometry when using solutions 
made with combustible organic solvents like methanol 
or methyl isobutyl ketone (5). For this reason, standard 
powders are made according to the “addition method,” 
in which increasing amounts of Co are added to the 
same solution that is being analyzed (4). This “standard 
addition method” is equivalent, by its nature, to a recov- 
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ery test. Therefore, experiments for the complete recov- 
ery of added vitamin BIZ are not necessary in this assay. 


The cobalt line is measured against the background 
of the plate, using a densitometer. To prepare standard 
synthetic powders, 0.1, 0.2, 0.3, and 0.4 ml. of a 
standard cobalt solution containing 10 mcg. Co/ml. 
[49.38 mg. cobalt nitrate, Co(NO& .6Hz0, dissolved 
in 1000 ml. distilled water] are added to four 1-ml. 
portions of the vitamin solution being analyzed. Each 
sample is treated as mentioned previously, after mixing 
with 0.1 g. graphite powder. 


An atomic absorption spectrophotometer may be used 
for this determination. While freedom of interference is 
better in emission spectrography, because of the higher 
resolving power of the large spectrographs used, the 
sensitivities of detection are of the same order of magni- 
tude. Although the atomic absorption method may be 
superior in rapidity and probably precision, we can 
mention the following points in favor of emission 
spectrography : 


1 .  Solid samples can be analyzed directly after drying 
and grinding with graphite powder. 


2. Solvent extraction is not needed for the range of 
cobalt concentration usually encountered in biological 
materials. 


3. The spectrographic plate is a valuable and per- 
manent record of analytical data, enabling a complete 
qualitative and quantitative check at any time. This 
fact is particularly important in legal cases. 


In the authors’ opinion, emission spectrography and 
atomic absorption must be used simultaneously and 
concurrently for the exact determination of traces of 
metals in biological materials. Their respective results 
for every metal should doublecheck each other. 


In the spectrographic procedure, a “National” carbon 
cupped electrode, type L 3900, is used as the lower 
electrode, and a “National” L 3957 is used as the 
counter electrode. The charge weighed into the cavity 
is 20 mg. The distance between electrodes, or analytical 
gap, is 3 mm., which is further increased to 6 mm. 
during arcing. A d.c. arc, 14-amp., generated from 
N.S.L. Spec Power,’ is used as the excitation source. 
The time of exposure is set to 13 sec., during which up 
to 3 mcg. of Co in 20 mg. dry residue is completely 
volatilized. Prearcing is not necessary. A Bausch & 
Lomb Large Littrow spectrograph is used for this 
assay, with a fixed slit of 20-p width and 3-mm. height. 
The spectrographic plate is Kodak No. 1, size 4 X 10 
in., which is developed and dried using a N.S.L. pro- 
cessor. It is measured with a N.S.L. reader (densitom- 
eter). 


The characteristic curve of the plate is obtained by 
plotting a preliminary curve, using an iron arc spectrum 
taken with a two-step filter. This method of plate 
calibration seems to have a satisfactory precision, 
because random scatter of experimental points is com- 
pensated for in drawing the preliminary curve. The 
characteristic curve is practically unchanged for a 
period of laboratory work. Concentrations are plotted 
against intensities on ordinary graph paper. 


~~~~~ 


1 National Spectrographic Laboratories Inc., Cleveland, Ohio. 


By taking three spectra from each powder, a precision 
of *lox was attained. 


A large number of vitamin BIz-containing prepara- 
tions such as liver extract and liver injection were 
analyzed by this method. It was also used to follow 
separation or purification steps in manufacturing 
processes (fermentation, extraction, etc.). To indicate 
the precision obtained, we are giving here the results 
of a routine determination. The analysis of a vitamin 
BIZ preparation claimed to contain 40 rncg. vitaminlml. 
gave the following results: 1.7, 1.8, 2.0, 2.0, 1.6, and 2.0 
mcg. Co/ml. in six different plates. The mean value, 
1.85, multiplied by 100/4.35 = 23 gives 42 mcg. cyano- 
cobalamin/ml. 
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Synthesis of 
0- Alkyldihydroxyacetone 
and Derivatives 


Keyphrases 0 0- Alkyldihydroxyacetone, derivatives-synthesis 
IR spectrophotornetry-structure IJ GLC-identity 


Sir: 


Recently, Snyder and coworkers (1-4) proposed a 
biochemical pathway and identified intermediates that 
demonstrated the biosynthesis of 0-alkyl ether bonds in 
glycerolipids from fatty alcohols and dihydroxyace- 
tone-P in cell-free systems. This new metabolic scheme 
included 0.alkyldihydroxyacetone and O-alkyldihy- 
droxyacetone-P as intermediates. We have now further 
substantiated the previously reported biochemical 
reaction sequence (3) by the chemical synthesis of one 
of the intermediates, namely 0-alkyldihydroxyacetone 
(I) (R = octadecyl or hexadecyl) (Scheme I). This pre- 
liminary communication describes the synthesis of I 
which can exist as a keto-enol tautomer; the properties 
of I are identical with those of the l4C-O-a1kyldihydroxy- 
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Influence of Phase Equilibria on 
Properties of Emulsions 


S. FRIBERG and L. MANDELL 


Abstract 0 An investigation was made concerning the phase 
equilibria in water-oil-emulsifier systems. The results have shown 
the presence of liquid crystalline phases and the pronounced 
influence of these on the properties of emulsions. The pronounced 
solubilizing power of emulsifier micelles in the oil phase, the changed 
stability due to these, and the drastic changes of volume ratios, 
water to oil, with increasing emulsifier concentration which this 
gives rise to, have been investigated. 


Keyphrases 0 Emulsions-phase equilibria effect Phase equi- 
libria-w/o emulsions [7 Stability, emulsions-emulsifier concentra- 
tion 0 Liquid crystalline phase-emulsions 


The complicated behavior of emulsions has been 
treated in numerous articles and reviews, due to the 
importance of such systems in chemical technology 
and in a vast number of systems of biological origin. 
In his bibliography, Becher (1) dealt with the different 
factors that had been found responsible for the be- 
havior of emulsions. Davies discussed the stability of 
emulsions based on a collision theory ( 2 ) .  Sherman has 
made important contributions concerning the general 
properties and rheological behavior of emulsions (3). 
Recently, Shinoda has introduced the PIT value (4), 
which denotes the phase inversion temperature. Shinoda 
assumes this temperature to be more useful than the 
well-known HLB value in the prediction of the be- 
havior of emulsions from the properties of the emulsi- 
fiers. 


The HLB value is useful to a very high degree; 
its success in practical emulsion preparation has shown 
this beyond doubt, but its shortcomings are obvious. 
As an example, Sherman (5) pointed out the inversion 
of emulsions when the amount of emulsifier is increased, 
and Davies (2) showed the difference in emulsion be- 
havior when the oil phase was changed from benzene 
to petroleum ether. Neither of these examples can be 
explained by the HLB value of the emulsifier. 


Preliminary results on the influence of phase equilib- 
ria on the properties of emulsions showed a sudden 
increase in stability in the presence of a mesomorphous 
phase (6) .  Further investigations (7) showed a pro- 
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nounced change in phase equilibria when the aromatic 
p-xylene in the oil phase was replaced by hexadecane. 
These results gave a tentative explanation to the prob- 
lem stated by Davies ( 2 ) .  The rather complicated 
rheological behavior of emulsions when the emulsifier 
concentration was changed could also be satisfactorily 
explained by interpretation of phase equilibria (8). 
Since these results appeared to  be promising, it was 
considered that further investigations of phase equilibria 
in the water-emulsifier-oil systems could be of general 
value. 


Emulsions of w/o type are considerably more difficult 
to treat theoretically due to  the low electric field 
strength in the continuous medium. Taking this into 
consideration, the authors chose a set of emulsifiers of 
the w/o type and determined the phase equilibria of the 
systems. 


EXPERIMENTAL 


Materials-The water was twice distilled. The nonylphenol 
diethyleneglycol ether was of commercial origin (Berol AB, 
Sweden), which was purified from polyglycols; other impurities are 
less than 0.01 %. Other chemicals used were: octylamine (puriss. 
gas chromatographic >99 %) and p-xylene (puriss. gas chromato- 
graphic >99.5 %) (Fluka A.G., Switzerland); monocapryline 
(synthesized at the Institute of Medical Biochemistry, University of 
Gothenburg, Sweden); tricapryline (Eastman Distillation Products 
Industries); and lecithin, prepared from egg yolk according to a 
simplified method (9). 


Phase Equilibria-The samples for investigation of the phase 
equilibria in the three-component systems given in Fig. 1 (A-D) 
were weighed directly into glass ampuls which were sealed. The 
samples were heated to homogeneity, slowly cooled to 20” under 
agitation, and allowed to stand at this temperature. The different 
phases were separated by ultracentrifugation and identified by 
visual observation under a polarizing microscope or by X-ray 
methods according to previous work on phase equilibria in ternary 
systems (10, 11). 


Emulsion Preparation and Properties-The components were 
weighed into ampuls which were treated in an ultrasonic device at 
20” for 1 min. followed by vacuum treatment to remove air. This 
was repeated five times. 


The nature of the emulsion was determined by visual observa- 
tion through a microscope of the spread of oil- or water-soluble 
dyes (Sudan 111 and Brilliant Blue F.C.F.). The emulsions with an 
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diethyleneglycol eiher; C, waier-tricapryline-monocapry line: and D ,  water-tricapryline-egg lecithin. 


amine as emulsifier were too unstable for such a procedure. In that 
case the emulsion was allowed to settle, and the nature of the two 
developing layers was determined. This eased the determination 
of the emulsion type when one of the layers-the emulsion-was 
emulsified in the other, since a change from water to  oil of the 
continuous phase gave indications of a double emulsion, which 
could later be confirmed by direct observation in the microscope. 


The estimation of the emulsion stability was performed in a 
rough way by judging the sedimentation rate from photographs. 
With the pronounced differences of stability characteristic of 
these systems, the method was considered to be satisfactory. The 


Table I-Total Composition of Water-Tricapryline Emulsions with 
Monocapryline as Emulsifier 


Ratio, 
Water 


Tri- -Monocapryline Sample No.--. 
Series capryline 1 2 3 4 


I 9515 9 .5  19.2 32.1 
I1 90/10 9 . 1  18.9 3 1 . 0  
111 80120 8 . 2  16.7 28.7 
IV 60140 6 .3  i3 .1  25.1 36.6 
V 40160 4 . 2  16.8 27.9 40.5 
VI 20180 2 . 3  9 . 1  16.2 25.5 


emulsions containing an amine as stabilizer were too unstable to be 
determined in this way. In that case the time for clarification of the 
phases was used as a measure of the stability. 


The emulsions were prepared in several series. In  each series the 
ratio of water to oil was kept constant while the amount of emulsi- 
fier was varied. The total compositions of the emulsions are found 
in Tables I and 11. 


RESULTS 


Phase Equilibria-Figures 1A-D contain diagrams of the phase 
equilibria in the four systems of this investigation. The conditions 
in the tentative three-phase areas to the right in the diagram 
(Fig. 1D) have not been examined in detail, since they are of no 
value to the present investigation. 


The diagrams (Figs. 1A-C) are all of the same general shape with a 
pronounced solution area where the oil and the emulsifier 
solubilize water. Xylene and octylamine solubilize water to such a 
high extent that a continuous solubility area connecting all three 
components is formed. The solubilizing power decreases in the 
order A to C in the diagrams; in the water-tricapryline-egg lecithin 
system, too little mutual solubility is found to be observable in the 
diagram. The solubilization only takes place in the form of a liquid 
crystalline phase with a layer structure (denoted D in the figure). 
This phase is also found in all other diagrams and is always formed 
by water and the emulsifier with the oil solubilized to a few 
percent. 
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Emulsion Type-Figure 2 shows the emulsion type in the different 
parts of the region containing two liquid phases in the equilibrium. 
The system containing lecithin has not been included, since the 
corresponding two-phase area of that system is too small to be 
investigated conveniently. 


The octylamine gives o/w emulsions in the water-rich part. 
In the remaining part of the two-phase area, it forms emulsions 
of the o/w/o type. which, however, are unstable and separate into 
two emulsions within a short time(Fig. 2A). Diglycol ether forms w/o 
emulsions when the emulsifier is associated in micelles in the p- 
xylene phase and when the ratio of p-xylene to water exceeds 0.70- 
0.75 (Fig. 2Bi. Monocapryline forms w/o emulsions in the whole 
area except where the water-tricapryline ratio is too high to permit 
the formation of a w/o emulsion (Fig. 2C). 


Emulsion Stability-The stability of the system with diethylene- 
glycol ether as an emulsifier has previously been investigated 
and reported (12), and the system containing egg lecithin will 
not be treated here, since the solution areas of this are too small 
to be investigated conveniently. 


The emulsions containing octylamine are considerably less 
stable than the other emulsions (Table 11). The comparison be- 
tween the stability of different emulsions in this system was con- 
sequently not done by means of photographing the emulsions, but 
it was made by measuring the time required for the upper phase to 
form a clear solution. 


The upper layer is oil-continuous, and it is striking to 
compare (Table 11) how the time for the clarification of this 
layer is reduced when the amount of emulsifier is increased. This 
tendency is most pronounced when the emulsion contains high 
amounts of p-xylene. On the other hand, the emulsions formed by 
the liquid crystalline phase and the solution were stable to a very 
high degree. 


The emulsions containing water and tricapryline and with mono- 
capryline as an emulsifier show two distinct regions of different 
behavior. At first, Series I and I1 contain the liquid crystalline 
phase in Sample 3 (Table I and Fig. 1C). This emulsion is by far 
the most stable that can be observed in Fig. 3. Only Series I1 is 
shown for spatial reasons. Sample 2, containing more emulsifier 
than Sample 1,  is less stable. 


This phenomenon of decreasing stability with increasing emulsi- 
fier concentration can be observed in all the emulsions belonging to 
the second region, the large two-phase area, in Fig. 1C. Only Series 
V is shown here as an example because of space limitations. 


These results imply an optimum addition of monocapryliiie to 
obtain maximal stability. This has, however, not been investigated 
at present. 


DISCUSSION 


The results have shown two factors governing the stability of 
emulsions. The first one is the presence of a liquid crystalline phase 
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Table 11-Stability of Water-p-Xylene Emulsions, with Octylamine 
as Emulsifier 
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Time 
Time Required for 


Ratio, Required for Clarifica- 
Formation tion of the 


% p-Xylene Octylamine Layer, min. Sample, min. 


% Water 
of a Clear Top Whole 


20180 
20180 
20180 
40160 
40/60 


%\E 
601 40 
60140 
60/40 
60140 
80120 
80120 
80120 
80120 
901 10 
90110 
90110 
90/10 


8.0 
17.0 
3 5 . 0  
6 .0  


13.0 
29.0 
47.0 
4.5 
9.5 


22.0 
38.0 
5 .0  


1 3 . 5  
24.0 
40.0 
2 . 0  
8 . 5  


14.5 
26.0 


120 
19 


120 
55 


3 
3 . 5  


140 
37 


3 
3 


90 
175 
54 


5 
160 
160 
160 
145 


4 . 5  


170 
35 
8 


325 
220 
220 
220 
200 
200 
200 
200 
190 
I90 
190 
190 


1100 


1100 


of the layer type which will increase the stability of the emulsion. 
This is well shown by Series I1 in Fig. 3 where Sample 3 
contains the liquid crystalline phase. The same trend has been 
shown for other systems (6, 12). The two-phase area between 
water and the liquid crystalline phase containing only mono- 
glyceride and water was treated by Larsson (13), who also gave 
suggestions for the structure of such a dispersion in water. 


The second factor is the presence of micelles. From the present 
investigations and from earlier studies (12), it appears that the 
emulsion will have a reduced stability when the concentration of 
the emulsifier is in excess of the critical micelle concentration. 
This is especially pronounced in the case of octylamine, p-xylene, 
and water where the increased emulsifier concentration gives a 
reduction of emulsion stability (Table 11). The reason for this is not 
completely clear at present but the following explanation may serve 
as a hypothesis. 


When two emulsified drops approach each other, a temporary 
oversaturation will be established in the region between the 
surfaces of the drops owing to the adsorbed emulsifier. This tem- 
porarily increased concentration may give rise to the formation of 


p -Xy I e ne Tr ica pryl i  n e  


0 20 40 60 
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Figure 2-Etn11Isio11 type in different parts of the two-phase areas. Key: A, water-p-xylene-octylamine; B, water-p-xylene-nonylphenol di- 
ethy le~zegly col &<r; and C, water-tricaprylijie-monocnprylij?e. 
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Figure 3-The behavior of emulsions in series where the ratios of water to tricapryline are constant and the amount ofmoriocaprylit?e is increased. 
The composition of the samples is given in Table I.  


micelles in the continuous phase, or micelle formation also can take 
place in the dispersed phase in some cases. It appears likely that the 
formation of micelles will mean a source of decreased order be- 
tween the surfaces and, consequently, the resistance to coalescence 
will be reduced. If the increased concentration, on the other hand, 
gives rise to an ordered layer structure of the liquid crystalline 
type, the temporary overconcentration between the surfaces will not 
imply a disorder phenomenon. On the contrary, a several layer 
structure can be formed containing more ordered structures. 


This hypothesis is not contradicted by any of the results-they 
all support it. The water-amine-pxylene system, which can form 
micelles both in the aqueous and p-xylene phase, gives rise to a very 
unstable emulsion when the concentration of emulsifier is increased. 
At high amine to pxylene ratios, where the solution changes from 
pxylene to water continuous, the stability of the emulsion is very 
low. For the same ratio of p-xylene to amine but with the water 
content reduced to such a degree that the liquid crystalline phase is 
present, the stability is increased in the most pronounced way. 


The marked increase of the water-solubilizing power of the 
oil phase at certain ratios (oil-emulsifier), which can be observed 
in Figs. 1A-C, is also an important factor. The solubilizing 
implies that the volume ratio, water to oil, can be most drastically 
changed when the concentration of emulsifier is increased. This 
means that the changed concentration of emulsifier-in some cases 
due to the evaporation of the solvents-can cause an inversion of 
the emulsion due to volume changes under certain conditions. 


CONCLUSIONS 


The investigations have shown how the properties of emulsions 
can be related to the phase equilibria in water-oil-emulsifier 
systems. They have confirmed the hypothesis about the pronounced 
influence of the liquid crystalline phases present on the properties 
of the emulsion but have also pointed to the influence of micelles 
in the systems. Both of these factors have been neglected in earlier 
studies of the behavior of emulsions except one preliminary study 
(14). 


The resuIts have also made evident the pronounced solubilization 
of water in the oil phase and shown how this fact can cause 
drastic changes in the volume ratios of the two liquid phases. 


REFERENCES 


(I) P. Becher, “Emulsions, Theory and Practice,” Reinhold, 


(2) J. T. Davies, Recent Progr. Surface Sci., 2, 129(1964). 
(3) “Emulsion Science,” P. Sherman, Ed., Academic, London, 


(4) K. Shinoda, J. CoIloid Inierface Sci., 30,258(1969). 
( 5 )  P. Sherman, J. SOC. Cosmet. Chem., 16,465( 1965). 
(6) S. Friberg, L. Mandell, and M. Larsson, J .  Colloid lnferface 


(7) S. Friberg, L. Mandell, and K. Fontell, Actu Chem. Scand., 


( 8 )  S .  Friberg and P. Solyom, KolloidZ., 236,173(1970). 
(9) W. S. Singleton, M. S .  Gray, M. L. Brown, and J. D. White, 


(10) L. Mandell and P. EkwaIl, Acta Polyterh. Scand. Chem., 


(11)  K. Fontell, L. Mandell, H. Lehtinen, and P. Ekwall, ibid., 


(12) S .  Friberg and L. Mandell, to be published. 
(13) K. Larsson, 2. Phys. Chem., 56, 173(1967). 
(14) F. Lachampt and R. M. Vila, Amer. Perfum. Comet. ,  82, 


New York, N. Y., 1965. 


England, 1968. 


Sci., 29, 155(1969). 


23, 1055(1969). 


J. Amer. Oil Chem. SOC., 42,53(1965). 


74, I(1968). 


74, Ill( 1968). 


29(1967). 


ACKNOWLEDGMENTS AND ADDRESSES 


Chemistry, Drottn. Kuisi. Vag. 45-47, Stockholm, Sweden. 
Received August 22, 1969, from the Swedish lnstituie for Surface 


Accepted for publication February 24, 1970. 
The authors thank Mr. Bengt Jernstrom, Miss Solveig Sundberg, 


The investigation has received support from the Swedish Board 
and Miss Kerstin Lundin for valuable technical assistance. 


for Technical Development. 


1004 0 Journal of Pharmaceutical Sciences 








(6) B. B. Brodie and J. Axelrod, J .  Biol. Chem., 179,25(1949). 
(7)  L. Demling, “Thermoelektrische Durschblutringsmissum- 


gen in der menschlichen Leber. Vortr. geh. Internat. Kongr. Gas- 
trointerologie, Leindein, 1960,” as quoted by H. Henning and L. 
Demling, in “Progress in Liver Diseases,” vol. 1,  Grune and Strat- 
ton, 1961. 


(8) G. B. ODell, J.  Clin. Invest., 38, 823(1959). 
(9) A. H. Anton, J.  Pharm. Exp. Ther., 134,291(1961). 


(10) W. Weiner, A. A. Siddiqui, R. T. Shahani, and P. G. 


(11) L. J. Schoenfield and W. Foulk, J.  Clin. Invest., 43, 1419 


(12) A. K. Conney, Pharm. Rev., 19, 317(1967). 
(13) P. G. Dayton, S. A. Cucinell, M. Weiss, and J. M. Perel, 


(14) J. M. Hansen, M. Kristensen, L. Shovsted, and L. K. 


Dayton, Proc. Soc. Exp. Biol. Med., 124, 1170(1967). 


(1964). 


J.  Pharm. Exp. Ther., 158, 303  1967). 


Christensen, Lancet, 265 (July 30, 1966). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received November 3, 1969, from the New York Uniuersity Re- 
search Service, Goldwater Memorial Hospital, Welfare Island, 
N.  Y. 


Accepted for publication May 26, 1970. 
Supported in part by U. S. Public Health Service Research Grant 


HE 07482 from the National Heart Institute and by Grants U 1579 
and U 1761 of the Health Research Council of New York and Grant 


*Present address: Department of Medicine, Division of Clinical 
Pharmacology, Emory University School of Medicine, Atlanta, GA 
30303 


?Present address: Department of Medicine, New Jersey College 
of Medicine and Dentistry, Newark, NJ 07103 


GM 14186-01. 


Application of Molecular Sieve Technique 
in Solubilization Studies of Benzoic Acid 
in Solutions of Cetomacrogol 1000 


M. DONBROW, E. AZAZ, and R. HAMBURGER 


Abstract [7 The applicability of a new technique in solubilization 
studies, using a molecular sieve, was tested on a system consisting 
of benzoic acid and cetomacrogol lo00 (cetostearyl ether of poly- 
oxyethylene) in aqueous solutions. The data obtained are in good 
agreement with those found by other methods. Some advantages of 
the method are outlined. 


Keyphrases 0 Benzoic acid-solubilization study 0 Cetomacrogol 
lo00 solution-benzoic acid solubility 0 Micellar solubilization, 
benzoic acid in cetomacrogol lGCO-quantitative determination 0 
Molecular sieve technique-solubilization study 0 Spectrophotom- 
etry, UV, visual-analysis 


The importance of theoretical and pharmaceutical 
aspects of micellar solubilization of drugs has been well 
recognized in recent years (1-4). Nevertheless, only 
three methods are available in routine practice for 
quantitative investigation of the phenomenon. 


The conventional solubility method has been used by 
almost all investigators either as a basic tool or com- 
paratively. Its main disadvantage is that it is limited to 
saturated systems ; hence the dependence of solubiliza- 
tion on the concentration of unbound solubilizate can- 
not be studied by this method. Another major dis- 
advantage lies in the fact that many additives decrease 
the cloud point (4, 5).  This means that although turbid- 
ity is often used as a criterion for saturation with liquid 
solubilizates, it is not necessarily an indication of maxi- 
mum solubility (6-10). Furthermore, the determination 
of the turbidimetric end-point is subject to error. 


Equilibrium dialysis was first introduced into solubi- 
lization studies by Patel and Kostenbauder (1 1). This 
method solved the problems encountered in the solu- 
bility method. Although widely accepted, it is time con- 
suming and requires preliminary work on the selection 
of a proper membrane for each system. Nylon mem- 


branes used by Patel and Foss (12) are stated to swell 
and bind phenolic compounds ; rubber membranes tried 
by Matsumoto et al. (13) varied in thickness; and methyl- 
cellulose membranes are attacked by certain surfactants 


Potentiometric titration was first used for solubiliza- 
tion studies of organic acids and bases by Donbrow and 
Rhodes (15-17). Although rapid and elegant enough to 
have been adopted for routine use (15-23), it is restricted 
to ionizing solubilizates in which only the unionized 
form undergoes micellar solubilization. It is thus un- 
suitable for studies on the solubilization of acids and 
bases of pronounced amphiphilic properties such as 
local anesthetics or acid derivatives of steroidal hor- 
mones, their ionized form, as well as the unionized, 
being solubilized (24). 


In view of the increasing importance of studies on 
nonsaturated systems, additional methods of a more 
general nature and greater scope than potentiometric 
titration and quicker than equilibrium dialysis would be 
advantageous. Such methods would also be valuable for 
crosschecking. 


A molecular sieve technique which promised to meet 
these needs, has in fact been applied to methylp-hydroxy- 
benzoate by Ashworth and Heard (25). Dextran gel, 
with a suitable degree of crosslinking, was used in a 
static way similar to a semipermeable membrane in di- 
alysis. The small molecules (the solute) are distributed 
between the swollen gel and the external liquid, while 
the surfactant is unable to penetrate the internal gel 
phase and remains in the external liquid. The solute 
distribution normally follows a linear relation. (See also 
Eqs. 5 and 6 in Results and Discussion, and Eq. 1 in 
Experimental.) 


The object of the present work is to broaden the 
applicability of this method by testing it on another 


(14). 
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log K' 


Figure 1-Log-log plot of distribution of benzoic acid between 
Sephadex G25-fine and aqueous 0.005 N HCI at 25". (See Eq. I in 
Experimental.) 


system, benzoic acid in cetomacrogol solutions, for 
which data for comparison with other methods are 
available (18, 19,21,22,26). 


EXPERIMENTAL 


Material-Cetomacrogol lo00 BPCl was used (ng, 1.451; n'," 
for 20% w/v solution, 1.360). The material, dried at 60" in vacuum, 
gave by combustion analysis the following results: C, 58.64; H, 
9.62; 0, 31.72. Assuming a molecular weight of 1300, this ratio 
fits the formula: CHa(CH2)15(OCH2CH&40H. Benzoic acid, analyti- 
cal grade; dextran gel;a and Sephadex G25-fine2 were also used. 
Water regain equalled 2.5 rfr 0.2 g./g. dry gel. Particle size, 20-80 p, 
was confirmed microscopically. 


Procedure-Determination of Internal Solvent Volume-Ten 
milliliters of 0.1 solution of dextran blue 2,000,O0O2 was added 
to about 3.5-g. samples of the gel swollen in 15 ml. 0.05 N NaCl. 
After the samples were shaken for 1 hr. at 25", they were decanted 
and centrifuged. The concentration of the dye was determined by 
measuring the absorbance at 620 mp directly, without further dilu- 
tion. The water regain was measured on three samples of the gel. 
The mean value of a given batch was found to be 2.33 g./g. dry gel 
(zt 0.05 g./g. dry gel). 


Determination of K' (Distribution Coefficient of Benzoic Acid be- 
tween Aqueous 0.005 N HCI and Sephadex G25-Fine)-Assuming a 
linear distribution of benzoic acid between the gel and the external 
phase (Eq. 1) and aiming at equal amounts of benzoic acid outside 
and inside the gel (Eq. 2), the optimal weight of dry gel for a given 
external volume was calculated from Eq. 3: 


M = CK' (Eq. 1) 


0%. 2) 


(Eq. 3)  


where M = mrnoles of benzoic acid bound to 1 g. gel; C = concen- 
tration of the free acid in the external phase in mmoles; W = weight 
of the dry gel in grams; K' = the distribution coefficient in (mmoles 
acid/g. gel)/(mmoles acid/l.); and V = aqueous external volume in 
liters = V1 - 2.33 W (where V t  is total aqueous volume and 2.33 
g./g. dry gel is water regain of the gel). 


Substituting K' of 0.0045 l./g., as approximated from the pre- 
liminary experiment, and external volume (V) of 0.002 I., suitable 


MW = CK'W = C V  


V 
K 


or 


W = ,  


I Marketed as "Texofor Alp," by Glovers Chemicals Ltd., Wortley 


* Pharmacia, Uppsala, Sweden. 
Low Mills, Leeds, England. 
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Table I-Change in Concentration of Benzoic Acid Solution 
Shaken with Sephadex G2S-fine at 25" with Timea 


Benzoic Acid 
Concentration, Time, 


hr. mmoles 


0 
0.25 
1 


24 
96 


120 
I44 
168 
192 
264 


0.145* 
0.115 
0.115 
0.115 
0.115 
0.101 
0.068 
0.064 
0.050 
0.000 


a Total aqueous volume 50 ml., Sephadex about 3.5 g. * Hypothetical, 
calculated from total acid added. 


quantities of Sephadex ( r y )  were about 0.6 g. The samples were 
weighed accurately from weighing bottles into known volumes of 
aqueous 0.005 N HCl (thus minimizing moisture uptake from the 
air). This concentration of HCl was maintained in all subsequent 
stages of the work to suppress the ionization of benzoic acid. The gel 
was allowed to swell at room temperature for 3 hr. Solutions of 
benzoic acid of varying concentration were added and made up to 
constant volume of 0.004 l.(Vt). The samples were shaken at 25" 
for 1 hr. 


After equilibration, aliquot portions of the external phase were 
decanted, diluted suitably with 0.005 N HC1, and centrifuged to 
remove any fine particles present. The absorbance was read spectro- 
photometrically at the 230 or 273-rnp maximum. Blanks were pre- 
pared using the same procedure but omitting the benzoic acid 
(Sephadex was found to release traces of UV absorbing materials.) 


Distribution of Benzoic Acid between Cetomacrogol I000 and Aque- 
ous Solutions of 0.005 N HCI-The procedure and amounts were 
identical with those used in the previous stage, except that cetomac- 
rogol 1000 as well as benzoic acid was added from stock solutions 
to  the conditioned gel. The concentration of cetomacrogol in the 
samples was 2.3-2.6z (varying with the weight of dry gel). Equili- 
bration and analysis were carried out as previously. At the dilutions 
of surfactant studied, Beer's law was observed. The Amax. and em,,. 
were as in water. 


The optimum amount of dry gel ( W) for a given external volume 
(V')  in this case may be calculated from Eq. 4, aiming to equalize 
the amount of benzoic acid outside and inside the gel: 


CWK' = CV' + CGK" (Eq. 4a) 
or 


1 
K' W = (V' + GK") 


where C, K', V,  and W are as defined for Eq. 1 ; V'  = external vol- 
ume corrected for micelle partial volume (27) = V - 0.84 G; G = 
weight of micelles in sample in grams; and K" = KlK2 = apparent 
distribution coefficient of benzoic acid between cetomacrogol and 


% I - / -  2 0.1 
;; 


2 4 6 a 10 12 
mmoles FREE ACID (C) 


Figure 2-Adsorption isotherm of benzoic acid in 2% w/u ceto- 
macrogol and 0.005 N HCl at 25^. (See text for description.) Key: 
-, experimental isotherm, X = (K,K2C)/(I + KIC); and - - -, 
slope of the initial portion of the isotherni X = KIK,C. 







water in l./g., neglecting its decreasing value with rising concentra- 
tion (see ResuIts and Discussion). 


RESULTS AND DISCUSSION 


From Fig. 1,  plotted in log-log form for convenience, it is evident 
that the uptake of benzoic acid by Sephadex follows a linear relation 
over the range studied, and that the assumption made in Eq. 1 is 
valid. 


L/g. found for K', the distribution coeffi- 
cient, was reproducible over a wide concentration range (1 x lod2 - 
1 M), provided that the equilibration time was limited. If the period 
of contact was extended above 96 hr. (Table I), benzoic acid reacted 
further with the gel. Such reactions have been observed for other 
aromatic and heterocyclic compounds (28). 


With regard to the solubilization of benzoic acid in cetomacrogol 
1000, some typical results are plotted in Fig. 2. These results clearly 
demonstrate that, as already reported (19, 22), there is a deviation 
from linear distribution. 


The values of C and X (Fig. 2) were calculated from Eqs. 5 and 6, 
respectively : 


0%. 5 4  


The value of 4.46 x 


CoV = CJV + K'CW 


CJV = CV' + G X  (Eq. 
CIV - CV' 


G X =  


where C ,  G,  K',  V,  V', and Ware as defined earlier (Eqs. 1-46); Co = 
initial concentration of benzoic acid in m M ;  C j  = final total con- 
centration of benzoic acid outside the gel in mM; and X = mmoles 
of benzoic acid bound/l g. micelles. 


The results plotted in Fig. 2 may be represented by use of Lang- 
muir's equation (Eq. 7): 


where X = mmoles acid bound to 1 g. surfactant; C = concentra- 
tion of free acid in mM; and K1 and Kz = adsorption parameters in 
l./mmoles and mmoles/g., respectively. 


By means of the reciprocal form of Langmuir's equation (Eq. 8): 


1 1  1 
x = K 2 + -  KXzC 


linearity was obtained over the full range (Fig. 3). 
Unfortunately, the individual values of Kl and KZ could not be 


obtained by graphical methods. As can be seen from Fig. 3, the 
intercept ( l / K z )  in the plot is very small and KZ is subject to a very 
large error. This shortcoming has been pointed out previously (22). 


I 
I I I 


0.5 1 1.5 


rnrnoles-1 (i) 
Figure &Adsorption isotherm of benzoic acid in cetomacrogol at 
25" from data obtained by different methods: 


I 1  1 - = .- + -- 
X Kz KiKzC 


Key: 0, molecular sieve, present work: A, Donbrow and Azaz (21); 
0, Mitchell and Brown (18); and 0, Donbrow et al. (19, 22). 


To overcome this difficulty, a X / C  versus X plot was tried using the 
rearranged form of Langmuir's equation (Eq. 9): 


X/C = KiKz - KiX (Eq. 9) 
The slope was, however, very small, giving a large error in KI .  


Values of Kl and Kz were, in fact, calculated statistically from a 


Table 11-Comparison of Adsorption Parameters Obtained by Molecular Sieve Method with Those Obtained by Other Methods 


I KiKz, I&. 7 


Range of Maximal 
Statistical Standard Individual Concn. of Cetomacrogol 
Mean,. Deviation, Runs, Free Acid, Concn., Methods 


KiK2 X 10' S X 10' KiKz X 10' mmoles z wlv Used References 


4.4b 0.046 4.2-4.8 29.2 4-12 Potentiometric 19, 22 


5.9"  0.32 4.8-6.5 20.2 1.3-13 Potentiometric 1 8c 


titrations and 
solubility 


5 . 6 d  0.055 4.4-6.9 10.73 19 
titrations 


titrations 
Potentiometric 21 


6.05" 0.17 -6 12.5 2.2-2.6 Molecular Present 
sieve work (Fig. 3) 


0 Data were treated by the least-squares method using a Control Data Cow. computer to obtain the range of the individual runs. The means re- 
ported were combined parameters obtained by using all the individual results in the least-squares calculations. b The published data (19) were corrected 
for surfactant partial volume (27), replotted, and treated statistically. 0 These values were calculated from the potentiometric titration data of Mitchell 
and Brown (18) by changing the units and substituting into Langmuir's equation (Eq. 8). A plot of l /x versus l/c gave a straight line, from the slope 
of which the value of K1K2 was found to be 5.9 x 10-2 l./g. In the original publication, results were reported as distribution coefficients. The solubility 
method gave the lowest distributloncoefficlent (4.8 x !O-zI,/ 9.)  as would be expected. Results within the same range were obtained by these authors by 
pH measurements (one point titration) and the equlllbrium dialysis method. d The experimental procedure was similar to the one used previously 
(19, 22). e All repeated experiments were included. 
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very large number of results and will be reported (21). For the ob- 
jective of this present work, the product of the two parameters 
KIK, = K“, which can be determined accurately from either type 
of plot (Eq. 8 or 9), is sufficient to characterize the system. This 
combined parameter can be regarded as a linear distribution coeffi- 
cient for a limited range of benzoic acid concentration in cetomac- 
rogol 1000 solutions (Fig. 2, straight-line extrapolation from initial 
points). The concept of K“ as a distribution coefficient is derived 
from Eq. 7 which, at low values of the binding constant KI or low 
concentrations of adsorbate (KIC << I ) ,  approaches X = KlK2C = 
K“C. 


Table 11 shows that the value of 6.05 X 10P for K“ by the mo- 
lecular sieve method is of the same order as values obtained by other 
methods; the standard deviation, which falls within the range pre- 
viously obtained, is acceptable. Since the method was found to be 
rapid and reproducible, it should prove to be suitable for routine 
solubilization studies, not only for benzoic acid in nonionic sur- 
factants such as cetomacrogol 1000 but also for other unsaturated 
solubilized systems. 
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Some Factors Affecting Release and Availability 
of Drugs from Hard Gelatin Capsules 


R. J. McGEE, D. R. KENNEDY, and G. C. WALKER 


Abstract 0 Acetylsalicylic acid, acetylsalicylic acid and lactose, 
and acetylsalicylic acid and dibasic calcium phosphate were ad- 
ministered orally in No. 3 and No. 4 hard gelatin capsules to rabbits, 
using a Latin square design. Plasma levels were determined at 1-, 2-, 
and 3-hr. intervals; an analysis of variance showed that at hour 3, 
there was a difference between the average for the No. 3 and No. 4 
capsules, irrespective of excipient. The significantly better plasma 
levels obtained with the more tightly compacted No. 4 capsules 
may be due to the diffusion of gastric juice through the gelatin 
which created higher pressure within the capsules. Dissolution 


determinations were made using the Levy beaker method and the 
oscillating tube method. The mean plasma levels at the end of 1, 2, 
and 3 hr. were lower than the concentrations obtained at the cor- 
responding hours from the in uitro study, and direct correlation of 
the two sets of data could not be made. Hard gelatin capsules con- 
taining acetylsalicylic acid alone broke down slowly in uitro. 
Keyphrases 0 Capsules, hard gelatin-drug release, availability 0 
I n  viuo-in sitro release rates-drug from capsules 0 Aspirin release, 
capsules--excipient effect 0 Gelatin capsule size effect-aspirin 
release rates 


Encapsulation remains a popular method for ad- 
ministering medication because of the general view 
that capsules readily break down upon ingestion to 
release the enclosed medicament (1). It was thought 
desirable to investigate the effects of two different 
excipients and the effects of two different pressures of 


fill on the rate of absorption of acetylsalicylic acid (ASA) 
from hard gelatin capsules in the rabbit. ASA is re- 
ported to  be absorbed rapidly from all parts of the 
gastrointestinal tract and may serve as a “marker” to 
assess the effect of formulation and dosage form char- 
acteristics on absorption rate (1). In v i m  dissolution 
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Effect of Mescaline HCl on Resistance 
of Male Mice to Histamine Stress 


A. STANLEY WELTMAN, ARTHUR M. SACKLER, and LEROY JOHNSON 


Abstract 0 Single intraperitoneal injections of mescaline HCl 
caused significant decreases in the ability of albino mice to tolerate 
histamine phosphate when administered intraperitoneally 40 f i n .  
after mescaline. The dose levels of mescaline HC1 ranged from 5-100 
mg./kg. of body weight. Eight subcutaneous injections of mescaline 
(100 mg./kg. of body weight) administered during a 2-week period 
showed no difference between the LDm values of the test versus 
saline control groups when challenged with histamine 24 hr. after 
the eighth and last dose of mescaline. No effects were noted in the 
body weights and growth patterns of the test mice in the 2-week 
investigation. 


Keyphrases [7 Mescaline HClbeffect on histamine tolerance, mice 
0 Histamine tolerance, mice--effect of mescaline HCI 0 Hal- 
lucinogens, mescaline-acute uersus prolonged effects on growth, 
histamine stress resistance 


Previous investigations have demonstrated that 
LSD-25 stimulates adrenocortical activity and inhibits 
growth, metabolism, and gonadal and thyroidal func- 
tion in female (1-3) and male rats (4). LD60 analyses 
of male rats given eight sequential injections of LSD-25 
spaced during a 2-week period presented suggestive 
evidence of increased ability of the treated animals to 
tolerate histamine stress (5). Parallel studies with male 
mice receiving mescaline HC1 (6)  revealed identical, 
but somewhat smaller alterations in adrenal and thy- 
roidal function but no effects on body weight and food 
consumption. Adrenal weights and adrenocortical 
activity [i.e., thymus involution and white blood cell 
count (WBC) decreases] were significantly increased 
(6) .  The lesser effects produced by mescaline uersus 
LSD-25 may be attributed to thelower potency of mesca- 
line. The equivalent hallucinogenic dose of mescaline 


in humans is 4000 times greater than that of LSD (7). 
As with LSD-25 (3, 4, S), various physiological findings 
have demonstrated the development of tolerance or 
accommodation of the treated mice to mescaline (6).  
The present investigation sought to determine acute 
uersus prolonged effects of mescaline administration on 
body growth and the resistance of male mice to his- 
tamine stress. 


EXPERIMENTAL 


Three series of young male experimental albino mice (Carworth 
Farms, CFW) averaging 22 g. in body weight were selected for his- 
tamine LDS0 analyses. Series I and I1 test and control mice were 
challenged intraperitoneally with histamine phosphate 40 min. after 
receiving a single intraperitoneal injection of mescaline HCl dissolved 
in normal saline or equivalent doses of saline. Series 111 mice received 
histamine phosphate 24 hr. after the eighth and final subcutaneous 
injection of mescaline HC1 or normal saline. The eight injections 
were administered over a 2-week period on alternate days with the 
exception that on the 13th and 14th days, the two doses were given 
consecutively. 


Series I consisted of 225 mice divided equally into three groups 
(two test groups and one saline control). The two doses of mescaline 
administered were 5 and 20 mg./kg. body weight. Series XI consisted 
of an equivalent number of mice also divided equally into two test 
and one control groups. The test mice received a single dose of 
either 50 or 100 mg./kg. body weight of mescaline HCI. Series 111 was 
represented by a single test (100 mg./kg.) and normal saline group. 
In general, the various test groups were challenged with 5-6 dose 
levels of histamine phosphate and utilized 15-19 mice per dose level. 
The appropriate challenging doses of histamine, depending on the 
susceptibility of the test and control groups, ranged from 350-1450 
mg. histamine base/kg. body weight. Finney’s (9) method of probit 
analysis was used to calculate the LD60 values and dose-response 
lines. 


To determine further the effects of various doses of mescaline on 
survival periods, the time of death following histamine phosphate 
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Table I-Effects of Mescaline HCI" on the Resistance of Male 
Albino Mice to Histamine Stress (Single Intraperitoneal Injection) 


Body Wt., L D ~ o ,  
Group Dose n g. mg./kg. 


Group 1 
f SE 
Group 2 
fSE 
Group 3 
&SE- 
X Diff. 1 us. 3 
p-value 
% Diff. 2 us. 3 
p value 


Diff. 1 US. 2 
p value 


Group 4 + SE 
Group 5 
&SE 


Group 6 
fSE- 


Diff. 4 us. 6 
p value 


Diff. 5 us. 6 
p value 
% Diff. 4 us. 5 


p value 


Series I 
5 mg./kg. 75 


20 mg./kg. 75 


Saline 75 
control 


Series I1 
50 mg./kg. 115 


100 mg./kg. 11 5 


Saline 95 
control 


24.5 
k 0 . 2  
24.2 


f 0 . 2  
24.1 


k 0 . 2  
+1.7 


$0.4 


-1.2 


0.17 


0.76 


0.34 


24.5 
*o. 1 
24.7 


=to. 2 
24.6 


f O .  1 
-0.4 


0.44 


0.67 


0.39 


+0.4 


$0.8 


830.5 
k25 .4  
753.3 


&28.2 
913.4 


rt22.5 
-9.1 


0.05 
-17.5 


<O.Ol 
-9.3 


0.09 


622.3 
k15 .2  
537.9 


3 ~ 1 7 . 2  
921.6 


rt39.2 
-32.5 


-41.6 


-13.6 


<.001 


< ,001 


0.01 


0 Sigma Chemical Co., St. Louis, Mo., Lot No. 76B-1460. 


injections was recorded for Series I1 animals. Proportionate num- 
bers of mice receiving 50 or 100 mg./kg. of mescaline or normal 
saline were selected for analyses from groups given 850, 1050, and 
125U-mg./kg. doses of histamine phosphate. 


Prior to initiation of the investigation, all animals were housed 
for 1 week to acclimatize the mice to laboratory conditions. The 
animals were housed five per cage in stainless steel cages 40.64 
X 45.72 X 27.94 cm. (16 X 18 x 1 I in.) in an air-conditioned lab- 
oratory maintained at 22.7" (73" F). The mice used in the acute 
studies were weighed immediately prior to administration of the 
mescaline to permit calculation of the approximate doses of mesca- 
line HCl and histamine phosphate. Animals used in the 2-week 
study were weighed initially and at the end of each week. Previous 
studies have indicated that prolonged isolation (10) or excessive 
crowding (1 1) and temperature changes (12) can produce metabolic 
and endocrinological alterations. Similarly, to minimize handling 
(13) and auditory stress (14, 15) influences, all animals were handIed 
alike, and care was taken to prevent harsh and extraneous loud 
noises. The average level of the laboratory background noise 
during the period of experimentation was 68 decibels at daytime and 
85 decibels a t  nighttime due to the increased nocturnal activity of 
the animals in the colony room. 


RESULTS AND DISCUSSION 


Standard t-test analyses (16), as indicated in Table I ,  revealed no 
significant differences between the various body weights of the 


Table II-Effects of Mescaline HCla on the Resistance of 
Male Albino Mice to Histamine Stress (8 Subcutaneous 
Injections in 2 Weeks) 


Final 
Body Wt. 
2nd Wk., LD50, 


Group Dose n g. rng./kg. 


Series 111 
Group 7 100 mg./kg. 81 26.7 678.4 
f S E  *0.2 zt44.5 
Group 8 Saline 80 26.8 691.1 
f S E  control h 0 . 4  k29 .1  


Diff. 7 us. 8 0.4 -1.8 
p value 0.81 0.82 


Sigma Chemical Co., St. Louis, Mo., Lot No. 78B-1790. 
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randomly selected mice in the acute Series I and 1J tests uersus con- 
trol group studies. All p values had higher probabilities than the 
0.05 level used for statistical significance. Table I also presents 
the LDso data for the Series I and I1 groups administered single 
intraperitoneal doses of mescaline 40 min. before the histamine 
challenge. In both series, all doses of mescaline ( 5 ,  20, 50, and 100 
mg./kg.), when compared with their respective controls, showed sig- 
nificant decreases in the resistance of the test mice to histamine 
stress (i.e., 5 mg./kg. uersus saline, p = 0.05). No significant dif- 
ference was noted between the LD50 values of the two saline controls 
of Series I and 11 ( p  = 0.86). Comparisons further revealed sig- 
nificant differences between the various doses of mescaline when 
each level was compared with the other (i.e., 20 uersus 50 mg./kg., 
p = <0.01; 50 uersus 100 mg./kg., p = 0.01 ; etc.). An exception was 
observed in the comparison of the LDhO values of the 5 uersus 20-mg./ 
kg. dose. The p value of 0.09, although low, was not statistically sig- 
nificant. Analyses of the slopes of the regression equations for the 
mescaline and saline groups, on the other hand, showed no signifi- 
cant differences ( p  = >O.OS> between the various slope values when 
the test groups were compared with their respective controls and 
each other. In accord with LD50 findings, standard t-test analyses 
(16) of the time of death following histamine injections likewise 
revealed that prior administration of 50 or 100 mg./kg. of mescaline 
significantly hastened the onset of death. Compared to saline con- 
trols (control death time: 5.2 f 0.2 min.), 50 mg./kg. of mescaline 
significantly reduced the time of death by 43.8z ( p  = <0.01) and 
100 mg./kg. by 49.4% ( p  = <0.001). The difference in the time 
of death between the two mescaline doses was not statistically 
significant ( p  = 0.36). 


At the time of histamine challenge, comparable studies with addi- 
tional test and control groups revealed that a t  40 min. the test 
mice had recovered from the depressive influences of mescaline 
and were displaying heightened locomotor activity when compared 
to the saline controls (17). The reduction in resistance to histamine 
may reflect the combined effects of two nonspecific stress agents 
(mescaline and histamine) administered within too short a time 
period of each other (40 min.). The decrease in resistance may also 
be related to hypoglycemic influences of mescaline. Speck (18) 
reported significantly lower blood glucose levels in male rats given 
single injections of mescaline at  doses of 5 mg./100 g. body weight. 


Table I1 presents the final body weights and the LD50 values of 
the test (100 mg./kg.) uersus control group receiving eight repeated 
injections of mescaline (Series 111). The findings indicated no dif- 
ferences between the initial body weights of the test and control 
groups (21.9 i 0.3 g.) and no effects on the h a 1  body weights of 
the test uersus control mice at the completion of the prolonged 
2-week study ( p  = 0.81). Analyses further revealed no statistically 
significant differences between the LD50 values ( p  = 0.82) or the 
slopes of the regression equations ( p  = 0.39) of the test uersus saline 
control group. The two LD50 control values of the acute Series I 
and I1 were significantly higher than the control of Series 111 ( p  
values = <0.01). This difference in LD50's may possibly reflect the 
influences of eight repeated saline injections, a 2-week age factor, 
or biological and environmental variables resulting from a year's 
lapse in time between the previous series and Series 111. Despite 
evidence of increased adrenocortical activity (6), as demonstrated 
in related test groups (k., increased adrenal weights, thymic in- 
volution, and WBC decreases), no marked or significant increase 
was noted in the ability of the test mice to withstand histamine 
stress. Feasibly, other than the route of administration of mescaline, 
the difference in the increased mortality demonstrated by the mice 
receiving a single uersus repeated doses might rest in the time lapse 
between the successive doses of mescaline and histamine challenge. 
In the acute study, the time period was 40 min. uersus 24 hr. for 
the prolonged 2-week investigation. Further groups are required 
to duplicate the 40-min. time interval in mice receiving eight injec- 
tions and the 24-hr. period in mice receiving a single injection. 
It should be noted that contrary to hypoglycemic effects produced 
by a single dose, Speck (18) reported hyperglycemia in rats in- 
jected daily for 1.5 months. In an additional 2-week study of mice 
receiving 50- or lOO-mg./kg. doses of mescaline subcutaneously, 
significant increases were noted in blood glucose levels of both 
groups of test mice (19). 
In conclusion, single intraperitoneal doses of mescaline (5-100 


mg./kg.) were found to decrease significantly the resistance of 
male mice to histamine stress when challenged 40 min. later. Re- 
peated injection of mescaline HCI administered subcutaneously 







during 2 weeks showed no significant effects on the histamine LD60 
values of test versus control groups despite findings of increased 
adrenocortical activity (6). This may be related to the time interval 
factor between mescaline and histamine challenge. Histamine in 
this last instance was administered 24 hr. after the last mescaline 
injection. No significant effects were noted on body weights and 
growth patterns of mice in the 2-week investigation as demon- 
strated by the present and previous findings (6). 
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Teratogenic Effects of Audiogenic 
Stress in Albino Mice 


CHARLES 0. WARD, MICHAEL A. BARLETTA, and TANlS KAYE 


Abstract 0 The teratogenic effects of audiogenic stress were studied 
in @day-old pregnant Swiss-Webster mice by exposing the preg- 
nant dams to the effects of a noise generator for varying periods 
during pregnancy. The most severe fetal effects were noted when 
the pregnant dams were stressed on Days 8-17 and Days 10-15 of 
pregnancy. In an attempt to discern the days of greatest suscepti- 
bility to stress, a second group of mice was studied, and it was 
determined that Days 7-8 was the period of maximal susceptibility. 
The teratogenic effects produced by audiogenic stress included a 
reduction in fetal weight, complete or partial resorption of fetuses, 
cranial hematoma, dwarfed hind limbs, and tail defects. 


Keyphrases 0 Teratogenicity-audiogenic stress effects, albino 
mice 0 Audiogenic stress, effects-teratogenicity, albino mice 


The maternal organism has been exposed to a wide 
variety of noxious chemicals and environmental changes 
in an effort to determine the effects of such exposure 
on fetal development (1-4). Procedures that only affect 
the maternal organism have, however, received little 
attention until recently. Environmental stresses to 
which virtually all maternal organisms are subjected 
during pregnancy have been proven to exert real and 
deleterious effects on fetal development (5-8). Geber 
( 5 )  recently demonstrated that decreased fetal weight 
as well as resorption frequency can be produced in the 
offspring of rats subjected to audiovisual stress for 
varying periods during development. The stress of 


handling pregnant dams (6)  and severe audiogenic 
stress (7) have been shown either to block pregnancy 
completely or to reduce the chance for successful fetal 
development. The purposes of this investigation were 
to study the effects of audiogenic stress on pregnant 
albino mice in an attempt to determine the effects of 
such stress on fetal development and also to determine 
the period of pregnancy in which the fetus is most 
susceptible to the deleterious effects of stress. 


METHODS 


Sexually mature Swiss-Webster mice, received at 60 days of age, 
were used throughout this study. They were kept in a separate room 
in the animal quarters for 1 week prior to breeding to allow for 
adjustment to their surroundings. When proestrus was determined 
by the technique of vaginal smearing (9), two females were placed 
with each male for an 1 I-hr. period. When the sexes were separated, 
the presence of a vaginal plug was taken as proof of pregnancy. 
This was then Day 0. Between 20-35 of the mated females became 
pregnant using this technique. Pregnant females were then isolated 
and kept in separate cages fur the duration of pregnancy. 


The stress chamber was rectangular t25.40 X 20.32 X 60.96 cm. 
(10 X 8 X 24 in.)] and constructed of stainless steel. Pregnant mice 
as well as controls were placed in this chamber in a separate room, 
and the stressed dams were subjected to the effects of a noise genera- 
tor which consisted of a motorcycle horn connected to a micro- 
switch timer and set to deliver an output of 82-85 decibels’ at a 


‘Sound Level Meter, Type 1551-A, General Radio Co., Cambridge, 
Mass. 
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ery test. Therefore, experiments for the complete recov- 
ery of added vitamin BIZ are not necessary in this assay. 


The cobalt line is measured against the background 
of the plate, using a densitometer. To prepare standard 
synthetic powders, 0.1, 0.2, 0.3, and 0.4 ml. of a 
standard cobalt solution containing 10 mcg. Co/ml. 
[49.38 mg. cobalt nitrate, Co(NO& .6Hz0, dissolved 
in 1000 ml. distilled water] are added to four 1-ml. 
portions of the vitamin solution being analyzed. Each 
sample is treated as mentioned previously, after mixing 
with 0.1 g. graphite powder. 


An atomic absorption spectrophotometer may be used 
for this determination. While freedom of interference is 
better in emission spectrography, because of the higher 
resolving power of the large spectrographs used, the 
sensitivities of detection are of the same order of magni- 
tude. Although the atomic absorption method may be 
superior in rapidity and probably precision, we can 
mention the following points in favor of emission 
spectrography : 


1 .  Solid samples can be analyzed directly after drying 
and grinding with graphite powder. 


2. Solvent extraction is not needed for the range of 
cobalt concentration usually encountered in biological 
materials. 


3. The spectrographic plate is a valuable and per- 
manent record of analytical data, enabling a complete 
qualitative and quantitative check at any time. This 
fact is particularly important in legal cases. 


In the authors’ opinion, emission spectrography and 
atomic absorption must be used simultaneously and 
concurrently for the exact determination of traces of 
metals in biological materials. Their respective results 
for every metal should doublecheck each other. 


In the spectrographic procedure, a “National” carbon 
cupped electrode, type L 3900, is used as the lower 
electrode, and a “National” L 3957 is used as the 
counter electrode. The charge weighed into the cavity 
is 20 mg. The distance between electrodes, or analytical 
gap, is 3 mm., which is further increased to 6 mm. 
during arcing. A d.c. arc, 14-amp., generated from 
N.S.L. Spec Power,’ is used as the excitation source. 
The time of exposure is set to 13 sec., during which up 
to 3 mcg. of Co in 20 mg. dry residue is completely 
volatilized. Prearcing is not necessary. A Bausch & 
Lomb Large Littrow spectrograph is used for this 
assay, with a fixed slit of 20-p width and 3-mm. height. 
The spectrographic plate is Kodak No. 1, size 4 X 10 
in., which is developed and dried using a N.S.L. pro- 
cessor. It is measured with a N.S.L. reader (densitom- 
eter). 


The characteristic curve of the plate is obtained by 
plotting a preliminary curve, using an iron arc spectrum 
taken with a two-step filter. This method of plate 
calibration seems to have a satisfactory precision, 
because random scatter of experimental points is com- 
pensated for in drawing the preliminary curve. The 
characteristic curve is practically unchanged for a 
period of laboratory work. Concentrations are plotted 
against intensities on ordinary graph paper. 


~~~~~ 


1 National Spectrographic Laboratories Inc., Cleveland, Ohio. 


By taking three spectra from each powder, a precision 
of *lox was attained. 


A large number of vitamin BIz-containing prepara- 
tions such as liver extract and liver injection were 
analyzed by this method. It was also used to follow 
separation or purification steps in manufacturing 
processes (fermentation, extraction, etc.). To indicate 
the precision obtained, we are giving here the results 
of a routine determination. The analysis of a vitamin 
BIZ preparation claimed to contain 40 rncg. vitaminlml. 
gave the following results: 1.7, 1.8, 2.0, 2.0, 1.6, and 2.0 
mcg. Co/ml. in six different plates. The mean value, 
1.85, multiplied by 100/4.35 = 23 gives 42 mcg. cyano- 
cobalamin/ml. 


(1) “Methods of Vitamin Assay,” 3rd ed., The Association of 
Vitamin Chemists, Eds., Interscience, New York, N. Y.,  1966. 


(2) “The Vitamins,” vol. 11, 2nd ed., W. H. Sebrell, Jr., and R. S. 
Harris, Eds., Academic, New York, N. Y. ,  1968. 


(3) “The Vitamins,” vol. VII, 2nd ed., P. Szent-Gyorgyi and 
W. N. Pearson, Eds., Academic, New York, N. Y.,  1967. 


(4) C. E. Harvey, “Spectrochemical Procedures,” A. R. L., 
California, 1950, pp. 215-254. 


(5) H. A. Bryan and J. A. Dean, Anal. Chern., 29, 1289(1957). 
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Synthesis of 
0- Alkyldihydroxyacetone 
and Derivatives 


Keyphrases 0 0- Alkyldihydroxyacetone, derivatives-synthesis 
IR spectrophotornetry-structure IJ GLC-identity 


Sir: 


Recently, Snyder and coworkers (1-4) proposed a 
biochemical pathway and identified intermediates that 
demonstrated the biosynthesis of 0-alkyl ether bonds in 
glycerolipids from fatty alcohols and dihydroxyace- 
tone-P in cell-free systems. This new metabolic scheme 
included 0.alkyldihydroxyacetone and O-alkyldihy- 
droxyacetone-P as intermediates. We have now further 
substantiated the previously reported biochemical 
reaction sequence (3) by the chemical synthesis of one 
of the intermediates, namely 0-alkyldihydroxyacetone 
(I) (R = octadecyl or hexadecyl) (Scheme I). This pre- 
liminary communication describes the synthesis of I 
which can exist as a keto-enol tautomer; the properties 
of I are identical with those of the l4C-O-a1kyldihydroxy- 
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CHOR CHzOR CHzOR 
I1 I 
I II 


C-OH c=O C-OH 


CHzOH CH20H CHOH 
Scheme I 


acetone synthesized enzymically by niicrosomes (4), 
thereby confirming it as an intermediate in the bio- 
synthesis of these new and metabolically important 
ether-linked keto lipids. 


We have prepared structures with the following 
general formulas: 


C==O 


CHzOH 
I 


I 


C 


CHzOH 
I 'OCH3 


I1 


Two synthetic routes were investigated in the syn- 
thesis of l-O-octadecyl-2,2-dimethoxy-3-hydroxypro- 
pane (11). In the first procedure, acetyl dihydroxyacetone 
dimethyl ketal was synthesized (5) and then converted 
to l-O-trityl-2,2-dimethoxy-3-hydroxypropane (HI), 
which had the correct elemental analysis; m.p. 127-128'. 


And-Calcd. for C21H2604: C, 76.16; H, 6.92. 
Found: C, 76.40; H, 7.01. 


IR spectrum: 3500 cm.-' (OH), 2920 cm.-' (C-H), 
1600 cm.-' (trityl), 1085-1 140 cm.-' (-C-0-C-). 


Compound 111 was reacted with octadecyl bromide 
in the presence of powdered KOH in benzene (6), 
resulting in 1 -O-octadecyl-2,2-dimethoxy-3-O-trityl pro- 
pane (IV). IR spectrum showed loss of OH band 
absorption, 2920 cm.-' (C-H, substantial increase in 
aliphatic CH band absorption), 1085-1 140 cm.-' 
(-C-0-C-). Hydrogenolysis of IV with 15% 
PdjC in dioxane at 40' and 60 p.s.i. resulted in I. 


And-Calcd. for C21H4203: C, 73.63; H, 12.36. 
Found: C, 73.59; H, 12.29. 


IR spectrum: 3420 cm.-' (OH), 2920 cm.-' (C-H), 
1725 cm.-' (-C-C-C-), 1085-1 140 cm.-' 


(-C-0-C-). N M R  in CDCl, showed no methoxy 
singlet, and the assignments of fragments in the mass 
spectra were comparable to that of the keto-enol form 
of I, m.p. 87-89'. 


In the second synthetic scheme, batyl alcohol was 
benzoylated in the presence of pyridine and the crude 
mono derivative was oxidized with dimethyl sulfoxide 
and dicyclohexylcarbodiimide in the presence of trifluor- 


0 


oacetic acid (7). This afforded l-O-octadecyl-3-0- 
benzoyl-2-propanone, V. 


Found: C, 75.26; H, 10.29, m.p. 52-53'. 
And-Calcd. for c28H4.504: c ,  75.29; H, 10.38. 


Compound V was then ketalized to  afford 1-0- 


which was further confirmed with IR. Compound VI 
was base hydrolyzed to give l-O-octadecyl-2,2-dime- 
thoxy-3-hydroxypropane (11). 


And-Calcd. for C23H4804: C, 71.08; H, 12.45. 
Found: C ,  70.82; H, 12.33. IR spectrum showed 3470 
cm.-' (OH), 2920 cm.-' (C-H), 1085-1140 cm.-' 
(-C-0-C-). NMR 6 3.25 [S, 6. (OCH3)], m.p. 


The two synthetic preparations of O-alkyldihydroxy- 
acetone were reduced with LiA1H4 to the corresponding 
0-alkylglycerol, and GLC of the isopropylidene deriva- 
tives demonstrated that they had the same retention 
time as the isopropylidene derivative of authentic batyl 
alcohol. Acid hydrolysis of the ketone-containing lipids 
produced octadecanol ; periodate oxidation produced 
0-alkylglycolic acids, and they could be reduced with 
LiAlH, to 0-alkylethyleneglycols. These reactions and 
the details for identifying the products have been de- 
scribed (4). Further work on these ether-linked keto- 
lipids is in progress in our laboratories. 


Res. Commun., 34, 315(1969). 


octadecyl-2,2-dimethoxy-3-O-benzoylpropane, VI, 


29-3 1 '. 
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D R U G  S T A N D A R D S  


Rapid Determination of Aluminum in Pharmaceutical 
Dosage Forms by Neutron Activation 


JOSEPH P. F. LAMBERT" and MICHEL MARGOSIS 


Abstract 0 A rapid, efficient, and highly accurate assay by neutron- 
activation analysis is presented for aluminum content as a function 
of the aluminum compounds contained in complex antibiotic 
formulations. The assay requires no chemical isolation or cleanup. 
The relatively short half-life of "A1 allows rapid analysis, and the 
technique favors the detection of aluminum over possible inter- 
ferences by longer lived radionuclides. 


Keyphrases [7 Aluminum in dosage forms4etermination 0 
Oleaginous products-aluminum determination 0 Neutron-activa- 
tion analysis-aluminum 


Aluminum monostearate (AMS) is incorporated as a 
thixotropic gelling agent in oleaginous pharmaceutical 
formulations. Many of these products are intended for 
use as intramammary infusions for the treatment of 
mastitis in dairy animals. These often comprise assorted 
mixtures of antibiotics (procaine penicillin G, neomycin 
sulfate, dihydrostreptomycin sulfate, polymyxin B 
sulfate, and sodium novobiocin), sulfonamides, corti- 
costeroids, and various preservatives. Milk-out studies 
indicate that prolonged antibiotic residues in milk may 
be associated with certain formulations containing 
AMS, with greater prolongation being correlated with 
higher soap content. 


The product known as sterile procaine penicillin G 
with aluminum stearate suspension is used in human 
medicine as a depot preparation to obtain prolonged 
duration of penicillin in the blood following a single 
intramuscular injection. Aluminum chlorohydroxide is a 
drug possessing astringent properties commonly used 
in antiperspirant formulations. 


The analysis of aluminum salts in pharmaceutical 
dosage forms is usually performed titrimetrically with 
EDTA or gravimetrically as A1203 after combustion 
(USP, NF). These methods are often cumbersome, 
inefficient, tedious, occasionally erroneous, and gener- 
ally lacking in specificity. 


Well over 100 applications of neutron activation for 
the analysis of aluminum have been reported (1) but 
none in the field of pharmaceutical dosage forms. The 
technique reported here should be most valuable to 
drug chemists because of its specificity, accuracy, and 
practical application at the common dosage concentra- 
tion. The reaction of thermal neutrons with aluminum, 
27Al(n,y)28Al, is favorable, and the resulting radioactive 
nuclide has a half-life of 2.3 min. and a y-ray energy of 
1.78 MeV. A rapid recording of the y-ray spectrum at the 
reactor site is dictated by the relatively short half-life of 
2*A1. The short irradiation enhances the discrimination 


against longer lived radionuclides and enables the rapid 
analysis for aluminum of a large volume of samples. 


Interferences from fast neutrons reacting with silicon 
or phosphorus and from thermal neutrons reacting with 
magnesium (2) are minimized, since the analysis in- 
volves relatively large quantities of aluminum as com- 
pared with the amounts of the interfering elements, if at 
all present. Gamma-ray spectral interferences are also 
minimal, since the matrix is essentially organic, time of 
irradiation is short, and the y-ray energy for aluminum 
is relatively high. Neutron-activation analysis is ren- 
dered even more efficient in this case, because there is 
no necessity to  separate and isolate the aluminum in any 
fashion from these intractable formulations. This study 
covers mainly a variety of oleaginous commercial 
products containing antibiotics, but the method is 
readily applicable to  any aluminum-containing drug. 


EXPERIMENTAL 


Irradiation Containers-The 0.40-dr. (1 ml.), capped polyethylene 
vials1 were cleaned with 1 : 1 HNO,, rinsed with distilled water, and 
dried with acetone or methanol. 


Standards-A stock solution of aluminum standard was prepared 
by dissolving 12.3534 g. of reagent grade A12(S04)3.18H~0 in 
distilled water and diluting to 1 1. in a volumetric flask. A secondary 
standard was prepared by dissolving 0.0458 g. of aluminum wire 
(grade 1100) in dilute HzSOa and diluting to 100 ml. in a volumetric 
flask. Aliquots of 1.00 ml. were transferred to the polyethylene vials. 


Samples-About 1 g. of the oily product was accurately weighed 
into a polyethylene vial. Antiperspirants were prepared by diluting 
an accurately weighed sample of about 1 g. to 25 ml. with distilled 
water and transferring a 1.00-ml. aliquot to a polyethylene vial. 


Apparatus-All samples were irradiated in either an exposure 
tube (thermal neutron flux of approximately 10%/cm.Z sec.) or a 
pneumatic tube facility (thermal neutron flux of approximately 
1012 n/cm.z sec.) at the 1-Mw. nuclear reactor of the Naval Research 
Laboratory, Washington, D. C. The y-ray spectra were obtained 
with a 1024-channel pulse height analyzer,2 using a 7.62 X 7.62-cm.(3 
X 3-in.) NaI(Tl)detector.3The readout equipment consisted of a tele- 
type printer and an x-Y recorder.' The samples were mounted 
approximately 10 cm. from the detector, which is housed in a large 
steel shield. This detector, which was covered with a 1-cm. thick 
plastic @-absorber, has a resolution of 8.0% at 662 kev. The pulse 
height analyzer was divided into four 256 channels, so four in- 
dependent counts could be recorded. The gain control of the 
analyzer was set at 10 kev./channel over the 256 channels. 


ProcedureThree samples and one standard were packaged into 
an irradiation bucket and lowered into the exposure tube for a 60- 
sec. irradiation, or one sample and one standard were packaged into 


1 Chemical Rubber Co., Cleveland, Ohio. 
2 Northern Scientific, Madison, Wis. 
a The Harshaw Chemical Co., Cleveland, OH 44106 
4 Mosley model 7590. 
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Table I-Neutron-Activation Analysis of Aluminum in AMS 


Expected 


Sample z Tech.O USP' (wiv), % 
A1 Found, A M S  (w/w), X AMS" 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
10Aa 
11 
12 
12A 
13 
14 
15 
15A 
16 
17 
18 
18A 
19 
19A 
20 
20A 
21 
21A 
22 
22A 
23 
23A 
24 
24A 
25 
25A 
26 
27 
28 
28A 
29 
30 
31 
32 
33 
34 
34A 
35 
36 
37 
37A 
38 
38A 
39 
39A 


0.01 
0.01 
0.003 
0.003 
0.001 
0.001 
0.01 
0.01 
0.02 
0.104 
0.0916 
0.119 
0.0955 
0.102 
0.0950 
0.0734 
0.107 
0.101 
0.0911 
0.0872 
0.0985 
0.105 
0.136 
0.143 
0.123 
0.122 
0.126 
0.135 
0.173 
0.150 
0.138 
0.135 
0.131 
0.148 
0.147 
0.153 
0.127 
0.148 
0.133 
0.137 
0.137 
0.161 
0.146 
0.170 
0.187 
0.208 
0.186 
0.232 
0.189 
0.220 
0.206 
0.249 
0.239 
0.298 
0.280 


- 
- 
- 
- 
- 
- 
- 
- 
- 


2.34 
2.06 
2.68 
2.15 
2.30 
2.14 
1.65 
2.11 
2.27 
2.05 
1.96 
2.22 
2.36 
3.06 
3.22 
2.77 
2.75 
2.84 
3.04 
3.89 
3.38 
3.11 
3.04 
2.95 
3.33 
3.31 
3.44 
2.86 
3 . 3 3  
2.99 
3.08 
3.08 
3.62 
3.29 
3.83 
4.21 
4.68 
4.19 
5.22 
4.25 
4.95 
4.64 
5.60 
5.38 
6.71 
6.30 


- 
- 
- 
- 
- 
- 
- 
- 
- 


1.31 
1.15 
1.50 
1.20 
1.28 
1.20 
0.92 
1.35 
1.27 
1.15 
1.10 
1.24 
1.32 
1.71 
1.80 
1.55 
1.53 
1.59 
1.70 
2.18 
1.89 
1.74 
1.70 
1.65 
1.86 
1.85 
1.92 
1.60 
1.86 
1.67 
1.72 
1.72 
2.03 
1.84 
2.14 
2.35 
2.62 
2.34 
2.92 
2.38 
2.77 
2.59 
3.13 
3.01 
3.75 
3.52 


None 
None 
None 
None 
None 
None 
None 
None 
None 
2 
2 
2 
2 
2 
2 
1.786 
1.49"f 
1.49"f 
- 
- 


1 .47eJ 
1.47ef 
2.00" 
2. ooe 
2. o o e  
2.00e 
2.00" 
2 .  ooe 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
2 
2 
2 
2 
2 
2.12 
2.12 
1.94 
3 
- 
- 


6.00 
3 
6.00 
6.00 
- 
~ 


6.60 
6.60 


Q Based on technical grade containing 4.45 % A1 by neutron-activation 
analysis. * Based on USP grade containing 7.95 Z Al. c Actual or labeled 
amount on ueight/volume basis. Samples labeled A are duplicates. 
e Weightiweight basis. 1 Official drug. 


a pneumatic tube shuttle and irradiated for 60 sec. in the pneumatic 
tube facility. 


After a group irradiation, the standard was counted for 1 min. at 
a decay time of 10 min., whereas the three samples were counted 
individually for 1 min. at suitable decay times based on the in- 
dicated dead time of the pulse height analyzer. 


The direct method of quantitation involves taking one count for 
each irradiated specimen at a given time, whereas the differential 
method requires a count of two different times for each specimen. 
The data were analyzed by the Cove11 method (3) for the photopeak 
area at 1.78 Mev., and the activity (net count summation) was 
adjusted to the time equivalent to the end of irradiation, using a 
calculated decay factor, according to equation 


AO = Al/e-hl 0% 1) 


where A ,  is the activity of specimen at time equivalent to the end 


Table 11-Neutron-Activation Analysis of Aluminum in Products 
Containing Different Aluminum Salts 


A1 Found, Expected, Expected z of 
Salt % z 


Tristearate 0.0630 0.07078 89.0 
91 .o Tristearate 0.0644 


Chloro hydroxide 4.95 5.03 98.4 
Chloro hydroxide 4.86 5.03 96.6 


0.07078 
Chlorohydroxide 4.50 4.79 93.9 


Chlorohydroxide 5.00 5.03 99.4 
Chloro hydroxide 5.00 5.03 99.4 


of irradiation; A1 is the activity of specimen at time count was 
made; h is specific decay constant for nuclide; and t is equivalent 
time of count. When a sample and a standard are treated identically 
in every respect, the activity to aluminum content ratio is directly 
comparable. 


The differential method subtracts the sample activity at two 
given times, t l ,  tz .  and Aa is determined as follows: 


A1 - AS = Ao(e-hli - e-hlz) (Eq. 2) 


(Eq. 3) .. . A .  = AA/(e-hti - e-htz) 


The relationship between activity and aluminum content of the 
sample is again compared to that of the standard. 


The data obtained for all samples are based on total aluminum 
content, regardless of source, and physicochemical state of the 
specimen. 


RESULTS 


Table I lists results obtained for 39 different samples of oleaginous 
drug formulations from various manufacturers. Column 2 lists the 
actual amount of aluminum found; the values in Column 3 are 
calculated to the monostearate salt based on the technical grade 
(Table IV); and Column 4 lists the values calculated on the basis 
of the USP grade for comparison to the actual or labeled amounts 
as listed in Column 5.  Table I1 likewise lists results for aluminum 
salts found in one otic and several antiperspirant formulations. 
The results obtained from various standard samples, using the 
pneumatic tube facility, are listed in Table 111. Table IV shows 
results from several determinations of a sample of aluminum 
monostearate. Table V lists the results from four identical irradia- 
tions of the secondary standard, using the pneumatic tube facility. 


L 


2 
I- 


W 
5 2  ii. LL: 


C 


J 


D 


0 MeV. 1.8 MeV. 0 MeV. 1.8 MeV. 0 MeV. 1.8 MeV. 0 MeV. 1.8 MeV. 
ENERGY 


Figure 1-Typical y-ray spectra .for an aluminum standard and a 
mastitis drug sample after a I-min. irradiation in a flux of 
n/cm.z  sec. Key: A ,  aluminum standard counted after 3-min. decay 
period; B ,  aluminum standard counted after 8-min. decay period: 
C ,  drug counted after 5-min. (upper) and 20-min. (lower) decay period; 
and D ,  drug counted after 10-mbi. decay period. 
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Table 111-Recovery of Aluminum from Materials Used as Stan- 
dards 


Table IV-Determination of Aluminum in a Batch of’ AMS 


A1 Re- 
Weight, A1 Found, Expected, covery, 


Sample mg. mg. mg. %” 


1100 wire, soh- 0.4576, 


1 100 wire, solid 5 .00  
99.9% A1 + 1 . 1 1  


SRM-87a AI-Si 1.77 


A1 monostear- 27.7 


Al monostear- 13.7 


A1203 reagent 24.9 


tion mg./ml. 


0.1 % Au wire 


alloyb 


ate, in oil 


ate, powder 


grade 


0.458, 


5 .04 
1.08 


1.79 


1.22 


0 . 6  


8.53 


mg./ml. 
0.4576, 


5 .00 
1 . 1 1  


1.61 


2.20“ 


1 .09c 


mg./ml. 


13.2d 


100 


101 
97.3 


111 


55.5 


59 


64.7 


~~ ~~ ~ 


a Ratio of A1 determined by neutron activation to that calculated from 
sample weight. * SRM-87a Al-Si alloy is an NBS reference standard 
containing 91.0% Al. c Calculated on basis of USP value of 7,95$ Al. 
d Sample assumed to be anhydrous, but was in fact the trihydrate; 
actually 99.2 Z recovery as A1203.3H~O. 


Figure 1 shows examples of typical y-ray spectra for an aluminum 
standard and a drug. 


DISCUSSION 


Sterile procaine penicillin G with aluminum stearate suspension 
is an official USP drug containing 2 % of aluminum monostearate. 
The soap, however, usually contains mixtures of stearates, palmi- 
tates, oleates, and free or loosely combined fatty acids, as well as 
hydrates and basic soaps (4). The aluminum content of AMS (USP) 
is equivalent to 14.5-16.0% of A1203 obtained by combustion, 
whereas the technical grade salt may yield around 10% Alto3. 


The results in Table I may then be used as a presumptive test, if 
necessary, to determine the grade of soap used in the formulation 
for control and regulatory purposes. In the first grouping, there was 
no 28A1 photopeak detected, and an upper limit value was com- 
puted from the counts. Considering an approximate 10% variation 
in density of the samples in comparing percent weight/weight 
against percent weight/volume, it is noted that most samples fall 
into one or the other grade. The standard deviation for samples 
listed in Table I approached 10%. When samples were handled 
individually, the standard deviation was lower than 3 %; however, 
the rate of sample handling decreased about threefold. 


The precision is also affected by the background, which may 
occasionally show other isotopes to be present in substantial 
amounts. For instance, peaks due to sodium, chlorine, and cobalt 
have been detected in many of these samples. The presence of 
chlorine (Fig. 1) and/or sodium contributes to the 28A1 y-ray 
spectrum peak area. The Covell method or the differential technique 
of data analysis is used to correct for these spectral interferences. 
These corrections somewhat limit the overall precision of neutron- 
activation analysis for aluminum. 


To verify the results in Table 111, the AMS bulk and the aluminum 
oxide standard were subjected to combustion. The residue on 
ignition values of 9.4 and 67%, respectively, confirmed the results 
from neutron-activation analysis and verified the accuracy of the 
method. The sample of AMS was indeed of a technical grade; the 
aluminum oxide was indeed a trihydrate. The only outlying result 
in Table I11 is 1 1  1 % recovery for the standard reference material. 


A1 Found, 
mg. AI, 2 Samplea Weight, mg. 


1A 23.90 1.07 4.48 
1B 23.90 1 .05  4.39 


4B 27 .7  
4c 27.7 
5 37.2 


Av. = 4.45% 
SD = 0.031 (0.7%) 


1.24 4.48 
1.194 4.31 
1.630 4.38 


Samples 1 and 4 were irradiated and counted three times each. 


Table V-Precision in Relative Counts in Irradiations 


Identification” Relative Net Counts 


Aliquot 1 9409 
9295 
9473 


9615 
Av. 9478 
SD 119 (1.26%) 


a The same sample was irradiated more than once over a period of 
2 days. Both aliquots are from the same stock solution. A blank stock 
solution contained less than 0.002 mg. of Al. 


Aliquot 2 9597 


However, this was not unexpected since the geometry of the sample 
was different from that of the primary standard, and the sample 
was small. 


The secondary standard was handled individually ; the results 
listed in Table V indicate that the relative counts from different 
irradiations are reproducible, showing a precision of better than 
3 %. Comparisons of values also indicate excellent accuracy. 
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very large number of results and will be reported (21). For the ob- 
jective of this present work, the product of the two parameters 
KIK, = K“, which can be determined accurately from either type 
of plot (Eq. 8 or 9), is sufficient to characterize the system. This 
combined parameter can be regarded as a linear distribution coeffi- 
cient for a limited range of benzoic acid concentration in cetomac- 
rogol 1000 solutions (Fig. 2, straight-line extrapolation from initial 
points). The concept of K“ as a distribution coefficient is derived 
from Eq. 7 which, at low values of the binding constant KI or low 
concentrations of adsorbate (KIC << I ) ,  approaches X = KlK2C = 
K“C. 


Table 11 shows that the value of 6.05 X 10P for K“ by the mo- 
lecular sieve method is of the same order as values obtained by other 
methods; the standard deviation, which falls within the range pre- 
viously obtained, is acceptable. Since the method was found to be 
rapid and reproducible, it should prove to be suitable for routine 
solubilization studies, not only for benzoic acid in nonionic sur- 
factants such as cetomacrogol 1000 but also for other unsaturated 
solubilized systems. 
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Some Factors Affecting Release and Availability 
of Drugs from Hard Gelatin Capsules 


R. J. McGEE, D. R. KENNEDY, and G. C. WALKER 


Abstract 0 Acetylsalicylic acid, acetylsalicylic acid and lactose, 
and acetylsalicylic acid and dibasic calcium phosphate were ad- 
ministered orally in No. 3 and No. 4 hard gelatin capsules to rabbits, 
using a Latin square design. Plasma levels were determined at 1-, 2-, 
and 3-hr. intervals; an analysis of variance showed that at hour 3, 
there was a difference between the average for the No. 3 and No. 4 
capsules, irrespective of excipient. The significantly better plasma 
levels obtained with the more tightly compacted No. 4 capsules 
may be due to the diffusion of gastric juice through the gelatin 
which created higher pressure within the capsules. Dissolution 


determinations were made using the Levy beaker method and the 
oscillating tube method. The mean plasma levels at the end of 1, 2, 
and 3 hr. were lower than the concentrations obtained at the cor- 
responding hours from the in uitro study, and direct correlation of 
the two sets of data could not be made. Hard gelatin capsules con- 
taining acetylsalicylic acid alone broke down slowly in uitro. 
Keyphrases 0 Capsules, hard gelatin-drug release, availability 0 
I n  viuo-in sitro release rates-drug from capsules 0 Aspirin release, 
capsules--excipient effect 0 Gelatin capsule size effect-aspirin 
release rates 


Encapsulation remains a popular method for ad- 
ministering medication because of the general view 
that capsules readily break down upon ingestion to 
release the enclosed medicament (1). It was thought 
desirable to investigate the effects of two different 
excipients and the effects of two different pressures of 


fill on the rate of absorption of acetylsalicylic acid (ASA) 
from hard gelatin capsules in the rabbit. ASA is re- 
ported to  be absorbed rapidly from all parts of the 
gastrointestinal tract and may serve as a “marker” to 
assess the effect of formulation and dosage form char- 
acteristics on absorption rate (1). In v i m  dissolution 
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Table I 
Determinations of No. 3 Capsules Containing ASA” 


Avcrage Concentrations Obtained in Dissolution 


Average Concentration: 
mg./100 ml. - 


Hydrochloric Simulated Simulated 
Time, Acid-Water, Gastric Intestinal 
mrn. pH 1.2 Fluid Fluid 


10 
20 
30 
45 


0 
0 . 8  
3.5 


1 .o 
3.3 


10.0 


0 
2 . 5  
7 . 8  


6 . 8  13.3 13.0 
60 10.0 15 .3  15.0 
90 


120 
180 


. _  ~. . 


13.8 16.5 17.3 
16.0 17.3 18.3 
18.0 20.0 20.0 


24 0 19.8 


a Oscillating tube method, 100-mesh screen. 6 Average of three deter- 
minations. 


tests were carried out to complement the in uiuo work 
to determine if any correlation existed between the 
two sets of data. 


METHODS AND PROCEDURES 


ASA BP was used in all cases (British Drug Houses, 20-mesh 
crystals). The excipients were water-soluble a-lactose and the rela- 
tively water-insoluble dibasic calcium phosphate, both of which are 
used as fillers and diluents in capsules as well as tablets. 


The rabbit was used as the test animal. Each rabbit received all 
four of the following combinations, as well as the control ASA at 
weekly intervals: ASA alone in a No. 3 capsule, ASA and lactose 
in No. 3 and No. 4 capsules, ASA and dibasic calcium phosphate 
in No. 3 and No. 4 capsules. Ten rabbits were used in two 5 X 5 
Latin squares, and one rabbit died during the treatment schedule. 
An analysis of variance was carried out, ignoring the “week” as if 
the data were from a randomized block experiment and omitting 
Rabbit 5 from which two observations were missing. 


It was determined that 200 mg. of ASA would produce mea- 
surable plasma salicylate levels and that 200 mg. of ASA and 66.6 
mg. of excipient could be contained in both No. 3 and No. 4 empty 
gelatin capsules (Parke-Davis), thus affording a relatively greater 
compaction pressure in the No. 4 capsule. No. 3 capsules containing 
200 mg. of ASA alone were also used, because it was felt that the 
same crystals without excipient or compaction would serve to point 
out any differences between excipients or compaction pressures. 
Ten capsules of each combination and size were selected at random 
and assayed individually according to the method of Routh and 
Dryer (2). The largest difference between the mean mixture weights 
of the combination variables was found to be 0.0003 g. For practical 
purposes the weights mly be considered identical. 


In. V i t r o  Tests-Dissolution-rate studies were begun using the 
Levy and Hayes (3) “beaker method,” so that the low agitation 


Table 11-Average Concentrations Obtained in Dissolution 
Determinations of No. 3 and No. 4 Capsules Containing 
ASA and Lactose“ 


Average Concentration,b 
_ _ _ _ _ _ ~  mg./100 ml.-- - 


Time. --No. 3 Capsule? --No. 4 Capsule-- 
min. SG F SIF SGF SIF 


10 5.3 1 . 0  15.3 8 .5  


90 18.5 
I20 19.5 
180 19.8 


16.1 16.3 
17.5 19.9 
18.1 
18.9 
19.1 
19.4 
19.5 


~ 


a Oscillating tube method, 100-mesh screen. b Average of three deter- 
minations: SGF, simulated gastric fluid; and SIF, simulated intestinal 
fluid. 


Table N-Average Concentrations Obtained in Dissolution 
Determinations of No. 3 and No. 4 Capsules Containing ASA 
and Dibasic Calcium Phosphate“ 


Average Concentration,* 
7- -mg./lOO ml. - 


Time, ,---No. 3 Capsule- - --No. 4 Capsule-- 
min. SG F SIF SG F SIF 


10 6.8 3.5 7.8 8.8 
20 16.5 14.8 19.8 19.6 
30 19.0 19.8 
45 19.8 


a Oscillating tube method, 100-mesh screen. b Average of three deter- 
minations: SGF, simulated gastric fluid; and SIF, simulated intestinal 
fluid. 


intensity which Levy regards as important for in uitro dissolution- 
rate measurements to reflect in uiuo conditions might be achieved 
(4). This method was found to be unsatisfactory for use with cap- 
sules; it was necessary to use the “oscillating tube” method which 
involves a relatively high agitation intensity as the dissolution fluid 
is forced through a 100-mesh screen on the bottom of a Plexiglas 
cylinder (4). Dissolution rates were determined for the No. 3 cap- 
sules containing ASA alone using the Levy and Hayes beaker 
method and the oscillating tube method with distilled water adjusted 
to pH 1.2 with hydrochloric acid as the dissolution medium. Dis- 
solution rates for each combination variable were determined using 
the oscillating tube method and either gastric fluid, simulated test 
solution USP, or intestinal fluid, simulated test solution USP (5) as 
the dissolution medium. The intrinsic dissolution of the ASA crys- 
tals was determined in each simulated test solution using the oscil- 
lating tube method. The samples at the end of each time period 
were assayed by the method of Routh and Dryer (2) (Tables I-IV). 


In Vivo Tests-The rabbit was mildly sedated using halothane. 
A gag was placed between the teeth, and the capsule was placed 
well back in the throat and washed down with a little water. Blood 
samples were withdrawn from the marginal ear vein at 1-, 2-, and 3- 
hr. intervals after administration of the capsule. The samples were 
collected in calibrated centrifuge tubes and centrifuged, and the 
liquid was used for analysis. Plasma blank values were subtracted 
from the sample values. The plasma was analyzed according to the 
method of Routh and Dryer (2). 


1 2 3 


HOURS 


Figure 1-Mean plasma salicylate levels afrer administratioti of ASA 
in No. 3 and No. 4 hard gelatin capsules. Key: 0, ASA + lactose 
(No. 4) ;  0, ASA (No. 3); and a, ASA + lactose (No. 3). 
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Table IV-Dissolution of 20-Mesh ASA Crystals in Both 
Gastric Fluid, Simulated Test Solution and Intestinal 
Fluid, Simulated Test Solution" 


Average Concentration? 
Time, --- mg./100 m1.---- 
min. SGF SIF 


10 11.5 19.3 
20 12.5 20.3 
30 13.0 
45 16.3 
60 18.8 
90 19.5 


120 19.8 
180 19.4 


a Oscillating tube method, 100-mesh screen. b Average of three deter- 
minations: SGF, simulated gastric fluid; and SIF, simulated intestinal 
fluid. 


RESULTS AND DISCUSSION 


Table V and Figs. 1 and 2 show the mean plasma salicylate levels 
in mg./100 ml. obtained at 1, 2, and 3 hr. after administration of the 
capsule. The mean plasma salicylate values were low. A multiple 
regression analysis' (6), in which there was no detailed examination 
of differences among the five treatment means, showed no suggestion 
of week differences. An analysis of variance (Table VI) showed that 
by the 3rd hour, the highly compacted combinations in No. 4 cap- 
sules were producing better plasma levels than the No. 3 capsules, 
with or without excipients. 


The better plasma salicylate levels obtained with the tightly 
compacted No. 4 capsules may be due to the diffusion of gastric 
juice through the gelatin, which created a higher osmotic pressure 
within the capsules, thereby leading to more rapid breakdown and 
absorption. It is difficult to explain the excellent in viuo performance 
of the ASA in a No. 3 capsule. 


Under the low agitation conditions of the Levy beaker method, 
a No. 3 capsule containing ASA alone floated in the hydrochloric 
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1 2 3 


HOURS 


Figure 2-Mean plasma salicylate levels after administration OJ 
ASA in No. 3 and No. 4 hard gelatin capsules. Key: A, ASA + 
dibasic calcium phosphate (No. 3); and A, ASA + dibasic calcium 
phosphate (No. 4) .  


Thanks are extended to Professor D. W. Reid and Mrs. Bazoki 
of the Department of Epidemiology and Biometrics, School of Hygiene, 
University of Toronto, for their suggestions regarding the experimental 
design and analysis of the data obtained. 


Table V-Mean Plasma Salicylate Levels from the Determination 
of Plasma Salicylate Concentration in Rabbits at 1, 2, and 3 
hr. following Administration of ASA Combinations in 
Hard Gelatin Capsules 


Mean Plasma Salicylate Levels, 
-mg./lOO m1.- 


Dosage Form Hour 1 Hour2 Hour 3 


ASA in No. 3 capsules 3 .7  6 .8  7.6 
ASA plus lactose in 2.8 5.4 5.1 


ASA plus lactose in 3 . 9  6.9 7.6 


ASA plus dibasic calcium 3.9 6.6 6.9 


ASA plus dibasic calcium 4 .9  7 .0  8 . 3  


No. 3 capsules 


No. 4 capsules 


phosphate in No. 3 capsules 


phosphate in No. 4 capsules 


acid-water solution for 2 hr. before settling to the bottom of the 
beaker. Figure 3 presents sketches of the appearance of the capsule 
at various times. The concentration of ASA was found to be 5.5 
mg./IOO ml. at the end of 4 hr. A small amount of pepsin was added 
to the beaker, and the thin gelatin bag broke within 1 min. The 
beaker method using distilled water, adjusted to pH 1.2 with hydro- 
chloric acid, was felt to be unsatisfactory for dissolution determina- 
tions with capsules. A modified Levy-Hayes method, using weighted 
capsules to prevent floating, has been suggested for overcoming 
the results experienced in this study (7). 


Using the oscillating tube method, the hard gelatin capsules 
showed distortion and did not appear to  break down readily even in 
the presence of the digestive enzyme used and the relatively high 
agitation intensities of the oscillating tube method. The average 
concentration (three determinations) of ASA at the end of 4 hr. was 
19.8 mg./100 ml. using hydrochloric acid-water (pH 1.2) as the 
dissolution medium and 20.0 mg./100 ml. after 3 hr. using gastric 
fluid, simulated test solution. Intrinsic dissolution determinations 
showed that ASA dissolves well when unencumbered by gelatin. 


The mean plasma salicylate levels at the end of 1, 2, and 3 hr. 
were far lower than the concentrations obtained at the correspond- 
ing hours in the in vifro study, so that any attempt to correlate the 


STAGE I .  


STAGE 2. 


STAGE 3. 


STAGE 4. 


Figure %Appearance of capsule at various stages using the Levy 
and Hayes beaker method. Stage I ,  whiskers or needles, 3 min.; 
Stage 2, mushroom, 8-10 min.; Stage 3, pycnidium, 25-120 min.; 
and Stage 4 ,  cylinder, over I20 min. 
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Table VI-Analysis of Data from Plasma Level Determinations 


-Hour 1- -Hour 2- -Hour 3- 
df MS df M S  df MS 


Control us. average 1 0.31 1 0.63 1 2.89 
of others 


Capsules 1 8.70 1 8.12 1 34.41° 
Fillers 1 9.71 1 3.93 1 14.95 
Capsules + fillers 1 0.01 1 2.94 1 3.00 
Rabbits 8 6.70 8 22.18b 8 16.03n 
Error 32 3.86 32 5.83 32 5.50 


a Significant at the 5 x level. * Significant at the 1 x level. 


two sets of data was considered of little value. A rank order correla- 
tion may, however, be observed in that the mean plasma salicylate 
values, as well as dissolution values, are higher for the more highly 
compacted No. 4 capsules and in the case of dibasic calcium phos- 
phate. The low plasma salicylate levels may be due to a failure to 
break down in vivo. The in uitro agitation intensities resulting from 
the dissolution medium being forced through the 100-mesh screen 
were reported by Levy (4) to be far greater than the agitation en- 
countered in the stomach, a fact that could account for the wide- 
spread difference in concentration levels between the two studies. 


In vitro observations showed that the ASA became moist; over 
a period of time the gelatin stretched and, together with the me- 
chanical action of striking against the 100-mesh screen, assisted in the 
breakdown. The stretching effect was not as noticeable in the case of 
capsules containing excipients. 


The low plasma salicylate levels obtained in uivo together with 
the in uitro behavior of the capsules would seem to indicate that the 
gelatin in the hard gelatin capsules had been modified in some 
manner, either by the acidity of the gastric juice, or by the acidity 
of the ASA (pKa 3.5) within the microenvironment of the capsule, 
or by a combination of the two. If due to the weakly acidic drug 
alone or to a combination of drug and gastric juice, this could be 
of importance for other drugs of similar properties when encapsu- 


Factors Influencing Solvolysis 
of Corticosteroid-2 1 -phosphate Esters 


G. L. FLY” and D. J. LAMB 


Abstract The solvolysis of methylprednisolone-21-phosphate in 
dilute aqueous solution (<0.005 M )  is qualitatively similar to that 
observed for methylphosphate and other simple monoalkyl phos- 
phates, particularly in the pH range 3-8. In more concentrated solu- 
tions (>0.02 M ) ,  however, there is an acceleration of reaction 
velocities and marked deviation from the expected pH dependency. 
This change in chemical behavior is attributed to association 
colloid formation. Support for this mechanism is drawn from hy- 
drolysis-rate data obtained as a function of concentration and in- 
dependently determined critical micelle concentration values. 


Keyphrases Corticosteroid-21-phosphate esters-solvolysis, 
micelle formation Solvolysis, corticosteroid-21-POc esters-pH 
profile, activation energy, aggregation effect 0 Critical micelle 
concentration determination-conductivity, surface-tension meth- 
ods Phosphate, inorganic-analysis 


The term phosphate ester is extremely ambiguous 
because it applies to several distinctly different classes 
of compounds, each characterized by unique chemical 


lated. If due to the acidity of the gastric juice alone, it would appear 
that the release of any drug enclosed in hard gelatin capsules could 
be affected adversely. Gelatin is obtained by heat denaturation of 
collagen and is built of three strands, which are joined primarily 
by hydrogen bonding between the strands (8). It is possible that the 
stretching of these strands accounted for the appearance of the 
hard gelatin capsules in the in uitro tests and perhaps for the low 
plasma salicylate levels. 
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behavior. Furthermore, chemistries in each phosphate 
ester class can be appreciably different both qualitatively 
and quantitatively, depending on the types and proximi- 
ties of neighboring atoms within the molecule. Ad- 
ditional complexity arises from the biformity of the 
carbon-oxygen-phosphorus linkage. Solvolysis, for 
instance, may entail carbon-oxygen cleavage, phos- 
phorus-oxygen splitting, or both, depending on the 
reaction conditions (1). 


The hydrolyses of monoalkyl phosphates are char- 
acterized by these diversities. The prototype of this phos- 
phate ester class is methylphosphate. It is a relatively 
simple molecule whose aqueous stability has been 
extensively studied (2). At pH values below zero, the 
conjugate acid species predominates, and the solvolysis 
takes place with both carbon-oxygen and phosphorus- 
oxygen splitting. The neutral molecule is the principal 
species in pH range 0-2, and it cleaves exclusively at 
the carbon-oxygen bond. Above pH 3, the monoanion, 
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during 2 weeks showed no significant effects on the histamine LD60 
values of test versus control groups despite findings of increased 
adrenocortical activity (6). This may be related to the time interval 
factor between mescaline and histamine challenge. Histamine in 
this last instance was administered 24 hr. after the last mescaline 
injection. No significant effects were noted on body weights and 
growth patterns of mice in the 2-week investigation as demon- 
strated by the present and previous findings (6). 
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Teratogenic Effects of Audiogenic 
Stress in Albino Mice 


CHARLES 0. WARD, MICHAEL A. BARLETTA, and TANlS KAYE 


Abstract 0 The teratogenic effects of audiogenic stress were studied 
in @day-old pregnant Swiss-Webster mice by exposing the preg- 
nant dams to the effects of a noise generator for varying periods 
during pregnancy. The most severe fetal effects were noted when 
the pregnant dams were stressed on Days 8-17 and Days 10-15 of 
pregnancy. In an attempt to discern the days of greatest suscepti- 
bility to stress, a second group of mice was studied, and it was 
determined that Days 7-8 was the period of maximal susceptibility. 
The teratogenic effects produced by audiogenic stress included a 
reduction in fetal weight, complete or partial resorption of fetuses, 
cranial hematoma, dwarfed hind limbs, and tail defects. 


Keyphrases 0 Teratogenicity-audiogenic stress effects, albino 
mice 0 Audiogenic stress, effects-teratogenicity, albino mice 


The maternal organism has been exposed to a wide 
variety of noxious chemicals and environmental changes 
in an effort to determine the effects of such exposure 
on fetal development (1-4). Procedures that only affect 
the maternal organism have, however, received little 
attention until recently. Environmental stresses to 
which virtually all maternal organisms are subjected 
during pregnancy have been proven to exert real and 
deleterious effects on fetal development (5-8). Geber 
( 5 )  recently demonstrated that decreased fetal weight 
as well as resorption frequency can be produced in the 
offspring of rats subjected to audiovisual stress for 
varying periods during development. The stress of 


handling pregnant dams (6)  and severe audiogenic 
stress (7) have been shown either to block pregnancy 
completely or to reduce the chance for successful fetal 
development. The purposes of this investigation were 
to study the effects of audiogenic stress on pregnant 
albino mice in an attempt to determine the effects of 
such stress on fetal development and also to determine 
the period of pregnancy in which the fetus is most 
susceptible to the deleterious effects of stress. 


METHODS 


Sexually mature Swiss-Webster mice, received at 60 days of age, 
were used throughout this study. They were kept in a separate room 
in the animal quarters for 1 week prior to breeding to allow for 
adjustment to their surroundings. When proestrus was determined 
by the technique of vaginal smearing (9), two females were placed 
with each male for an 1 I-hr. period. When the sexes were separated, 
the presence of a vaginal plug was taken as proof of pregnancy. 
This was then Day 0. Between 20-35 of the mated females became 
pregnant using this technique. Pregnant females were then isolated 
and kept in separate cages fur the duration of pregnancy. 


The stress chamber was rectangular t25.40 X 20.32 X 60.96 cm. 
(10 X 8 X 24 in.)] and constructed of stainless steel. Pregnant mice 
as well as controls were placed in this chamber in a separate room, 
and the stressed dams were subjected to the effects of a noise genera- 
tor which consisted of a motorcycle horn connected to a micro- 
switch timer and set to deliver an output of 82-85 decibels’ at a 


‘Sound Level Meter, Type 1551-A, General Radio Co., Cambridge, 
Mass. 
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Table I-Teratogenic Effects of Audiogenic Stress in Albino Mice 
~ 


Period Hours Total No. Mean Mean No. Litters 
No. of of Stressed Normal us. Mean Fetal CR/TU5 Delivered 


Pregnant Stress, Per Abnormal Litter Weight, Distance, us. No. Teratogenic 
Dams Days Day Fetuses Size g. mm. Resorbed Effects 


5 
5 


Control 0 5210 
8-17 8 1812 


10.5 1.45 2019 None 
5/0 Hematoma 


kinked tail 
10.0 0.44 1516 213 


resorption 


dwarfed hind limbs 
straight tail 
resorption 


Hematoma 6 1&15 5 43/14 9.5 0.87 1817 610 


Resorption 
None 


3/0 None 
3 9-10 5 2410 8.0 1.80 25/10 
4 11-12 5 5210 13.0 1.70 2319 410 


4 7-8 5 All resorbed 015 


4 i3-14 5 38ji 
3 15-16 5 2910 
2 17-18 5 1810 


9.5 1.60 2bl8 410 Hematoma 
9.0 i .40 2ij9 3 j0 None 
9.0 1.59 24/10 210 None 


a CR = crown-rump distance in millimeters; TU = transumbilical distance in millimeters. 


frequency of 320-580 C.P.S. The timer delivered these noise 
levels for 60-75z of each hour in an intermittent fashion, i.e., 3 
min. on, 2 min. off. Background noise was measured as 35-50 
decibels at a frequency of 2@32 C.P.S. 


Food and water were continuously supplied to both control and 
experimental groups; control mice were placed in the exposure 
chamber for 5-hr. periods on each day of pregnancy. 


Both experimentaland control females weresacrificed on Day 18 of 
pregnancy; a laparotomy was performed, the uterus was exposed 
and incised, and the fetuses were removed. Care was taken to note 
uterine distribution of fetuses as well as any vacant uterine sites 
which were indicative of fetal resorption. The fetuses were then 
weighed on a Class A torsion balance to the nearest 0.01 g.; trans- 
umbilical and crown-rump measurements were taken to the nearest 
millimeter, and the fetuses were then divided into two groups. 
Every third fetus was placed in 90.0 ml. of a 1.0% potassium hy- 
droxide solution to which 6.0 mg. of Alizarin red S was added to 
stain the bones selectively. The remaining fetuses were placed in 
Bouin’s solution for several days and then examined microscopically 
after gross dissection, according to established techniques (9). The 
following parameters were recorded: total number of normal and 
abnormal fetuses, litter size, fetal weight, crown-rump and trans- 
umbilical distances, number of litters resorbed or delivered, and any 
demonstrable fetal malformations. 


RESULTS AND DISCUSSION 


The results of this investigation, summarized in Table I, clearly 
demonstrate the deleterious effects of audiogenic stress on the de- 
veloping fetus. The most severe fetal effects were observed when the 
pregnant dams were stressed 8 hr./day on Days 8-17 of pregnancy, 
with 40% of the litters resorbing and a mean fetal weight of 0.44 g. 
compared to a control value of 1.45 g. The next period of greatest 
susceptibility was Days 10-15 of pregnancy when, although no litters 
resorbed, the mean fetal weight was 0.87 g. In all cases, the crown- 
rump and transumbilical distances were decreased when the mean 
fetal weight was decreased, indicating that this parameter is also a 
good indication of fetal development. In none of the stressed groups 
was the litter size or the uterine distribution altered over control 
values. These observations are in agreement with Geber (5)  and 
Sontag et al. (7), who reported decreased fetal weight as a result 
of audiovisual and audiogenic stress. But the observations contradict 
the findings of Geber ( 5 )  as well as those of Thompson and Sontag 
(10) with regard to litter size, because these investigators reported 
decreased litter size and no effect on either litter size or fetal weight, 
respectively. The latter, however, stressed their experimental groups 
only during the last trimester of pregnancy. 


It is evident from Table I that, when murine pregnancy was 
studied in 2-day intervals, the period of greatest susceptibility to 
the effects of audiogenic stress was Days 7-8 of pregnancy, with 
100% of the litters resorbing before Day 18. 


The teratogenic effects observed (cranial hematoma, dwarfed hind 
limbs, and tail defects) compare favorably with those reported by 
other investigators (5).  These effects have been attributed to the 


endocrinologic effects of stress on either the maternal or fetal 
organism, including the discharge of catecholamines and steroid 
hormones from the adrenals and decreased maternal and fetal blood 
flow, especially of the uterine and placental vasculature, thus 
causing fetal hypoxia and even possibly delaying or preventing the 
implantation of the fertilized ova (5 ) .  This observation correlates 
also with the findings of Weir and DeFries (6) who reported a de- 
creased rate of pregnancy when fertilized dams were subjected to 
the stress of handling prior to implantation. The adaptation to 
maternal stress, suggested by Geber (5). did not appear to be a 
factor in this investigation, because the data demonstrate that, in 
general, the more severe the stress, the greater the effect on fetal 
development. Maternal adaptation would also not be a factor in 
the portion of this investigation in which the murine pregnancy cycle 
was studied in 2-day segments. While maternal influences in fetal 
development as the result of stress are the most plausible explanation 
for the spectrum of teratogenic effects, the direct effects of sound on 
the fetus itself cannot be disregarded (7). 


The significance of this study is that teratogenic effects have been 
produced with no manipulations of either the fetus or the maternal 
organism other than environmental alterations of maternal and/or 
fetal physiological mechanisms. Also, the period of greatest suscepti- 
bility to environmental audiogenic stress appears to be during the 
period of implantation (Table I), which compares favorably to the 
period of susceptibility to  chemical stress factors, i.e., the administra- 
tion of known teratogenic drugs (1 1). 
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B O O K S  


REVIEWS 


Legal Medicine Annual. Edited by CYRIL H. WECHT, M.D., J.D. Ap- 
pleton-Century-Crofts, 440 Park Ave., New York, NY 10016, 
1969. 442 pp. 16.7 X 24.4 cm. Price $14.00. 
This book contains 22 monographs by 26 authors covering 


various aspects of forensic medicine. The largest part of the book is 
devoted to a discussion of professional liability and forensic toxicol- 
ogy. The remainder of the book is rounded out with a discussion of 
criminal responsibility, organ transplantation, and abortion laws. 


Two chapters that deserve special mention are: Chapter 8, dealing 
with the preparation for trial in drug liability cases. The author gives 
an excellent discussion of how probing an attorney’s inquiry can be 
into the facts and responsibilities for adverse drug reactions. 


Chapter 5 gives a clear overview of the medicolegal problems of 
hospital liability and the extent to which the courts are forcing 
hospitals to exercise increasing control over medical staff conduct. 
While this chapter focuses on potential liability of the medical 
staff, it is clear that members of the paramedical staff, such as, 
clinical pharmacists and nurses can face the same types of potential 
liability. 


A b3ok of this nature would not be of interest to the pharmaceu- 
tical scientist or pharmacy practitioner unless he has a strong in- 
terest in medicolegal problems. 


Reviewed by William C. Roemer 
Academy of Pharmaceutical Sciences 
American Pharmaceutical Association 
Washington, DC 20037 H 


Physician’s Book Compendium. Edited by MAX CELNIK. Physician’s 
Book Compendium, Inc., 25 West 45th St., New York, NY 
10036, 1969. xxvi + 846 pp. 17 X 23.5 cm. Price $29.50. 
While the idea behind the “Physician’s Book Compendium” of 


compiling into one source all books from the medical field and giving 
pertinent bibliographic information is sound and would have useful 
applications, the product of this idea falls considerably short of its 
goal, as stated in the Preface, of being “an indispensable reference 
volume.” 


Probably the first objectionable feature that the user would notice 
is the inserts of business reply cards, provided for ordering books. 
The thickness of these inserts, and their location interspersed 
throughout the text, makes flipping pages difficult. The next an- 
noyance is the numerous pages of advertisements scattered through- 
out the volume; they seem to be out of place in a book of this type. 
The very fact that this book costs nearly thirty dollars and is filled 
with ads, in itself, might be objectionable to some purchasers of this 
book. 


Had both of these aforementioned materials been placed at the 
beginning or end of the book, the usefulness of the book would have 
been somewhat increased, as well as bettering its appearance. 


The paragraph summaries, which are not provided for all books, 
read like the publicity flyers sent out by the publishers. No attempt 
could be discerned to evaluate or critique any book, an omission 
which certainly detracts from the value of the compendium. This 
omission is particularly significant with regard to the older books. 


With just a quick check of the section on “Pharmacology,” it was 
noted that nearly half of the books included were published before 
1964. One cannot help but wonder if these are all significant, classic 
books, or if they were included to fill out the space available. 


The inclusion of books with a popular approach or nature tends 
to diminish any remnant image of a scholarly attempt at compiling 
a technical work. 


The use of the same type face, although admittedly a little larger, 
for both the subheads within sections and the authors’ last 
names adds to the reader’s confusion. 


While there is apparently a need for this type of book and the 
editors have made an initial step, it would be difficult, if not impos- 
sible, to recommend this book for general use. 


StaffReview 


Contraception: The Chemical Control of Fertility. Edited by 
DANIEL LEDNICER. Marcel Dekker, Inc., 95 Madison Ave., New 
York, NY 10016,1969. xiv + 269 pp. 15.5 X 24cm. Price$13.75. 
This is an excellent book for researchers who are entering the 


field of female antifertility. It contains six chapters which deal with 
biology and chemistry of steroidal and nonsteroidal agents. Each 
chapter is authored by men who are well versed in their respective 
fields. 


Chapter One introduces the reader to the reproductive cycle of 
the human female and discusses the interplay between the hypo- 
thalamus, pituitary, and ovary. 


Chapters Two and Four emphasize the biology of steroidal and 
nonsteroidal compounds that are either being used as contraceptive 
agents or have been evaluated in animals. Chapter Two in particular 
discusses in detail the mode of action and the rationale for selecting 
the present steroidal contraceptive agents. Chapter Four, on the 
other hand, primarily emphasizes the biology of nonsteroidal estro- 
gens and antiestrogens. The chemistry is also divided in two chapters. 
Chapter Three covers the synthesis and the biological activity of 
various 19-norsteroids and progesteronelike compounds. Other 
chemical antifertility agents, referred to as nonsteroidals, are dis- 
cussed in Chapter Five. The free use of flow diagrams and isolated 
structures brings to light the various routes and rationale that medic- 
inal chemists have explored over the past decade. 


Finally, the big plus for the book is the chapter on Assays and 
Screens. The author has compiled various methods that have been 
employed by a number of workers in screening for antifertility 
agents. The use of tissue slides enhances the appreciation of a novice 
for these assays. 


All in all, the book is well written and the chapters are well co- 
ordinated. It does have, however, many typographical errors espe- 
cially in Chapter Five. A chapter on “absorption, excretion, and 
metabolism” of existing contraceptive agents, in my opinion would 
have contributed immensely. Also, some mention of male anti- 
fertility would have been in order even though the editors did explain 
its omission in the Preface. The book can certainly be recommended 
for advanced graduate students and researchers in the field of con- 
traception. 


Reviewed by Arvin P. Shroff 
Ortho Research Foundation 
Raritan, NJ 08869 


Isolation and Identification of Drugs (in pharmaceuticals, body fluids 
and post-mortem material). Edited by E. G. C. CLARKE. The Phar- 
maceutical Press, 17 Bloomsbury Square, WC-1, London, England. 
U. S. distributor: Rittenhouse Book Store, 1706 Rittenhouse 
Square, Philadelphia, PA 19103, 1969. xxii + 870 pp. 14.8 X 
22.6 cm. Price $39.00. 
Clarke has drawn into monograph form drug identification 


methods, properties, metabolism, and toxicology. Most of this vast 
amount of information was available previously in assorted compi- 
lations but this book is the first large-scale collation of data of greatest 
interest to toxicologists, biochemists, pharmacists, pathologists, and 
forensic and pharmaceutical chemists. There is a clear need for this 
compilation and one can only regret the rapid obsolescence inherent 
in these active areas of research. All the more for this admirably 
printed and bound volume. The book was produced by the Phar- 
maceutical Society of Great Britain as a companion volume t o  the 
Extra Pharmacopoeia. 


The essence of the work is the Monograph. Most concern com- 
mercial drug substances but some pesticides, herbicides, and hal- 
lucinogens are included. Unfortunately, the editor does not state 
criteria for selection or a cutoff date so one wonders at the absence 
of some recent, noted drugs. As most important compounds are 
listed, there is little loss in scope of coverage when transplanted to 
this country. Each monograph ideally contains statements or para- 
graphs on title, pharmacologic category, synonyms, trade names, 
structure, physical properties, screening tests, extraction, coded 
chromatographic systems, UV and IR absorption, references to 
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Alternatives to the National Formulary Procedure 
for Detecting Nitrobenzene in Benzaldehyde 


JOHN H. BLOCK", MATHEWS A. NUNESt, and RICHARD 0. MUHLHAUSER 


Abstract 0 A TLC technique has been developed which can be 
used to detect microgram quantities of nitrobenzene in benzalde- 
hyde. This method, with its sensitivity and simplicity, provides a 
great advantage over the current detection procedure in the NF 
XIl. A color complex reaction utilizing sodium pentacyanoamine 
ferroate and a spot test procedure on filter paper were also in- 
vestigated, and each of these offers specific advantages over the 
current N F  procedure. A mechanism for formation of the color 
complex is postulated. 


Keyphrases 0 Nitrobenzene detection-benzaldehyde 0 TLC- 
analysis 0 UV light-TLC spot visualization Colorimetric 
analysis [3 Pentacyanoamine ferroate-color reagent 0 Spot 
testing-nitrobenzene in benzaldehyde 


Benzaldehyde has been in the official compendia since 
1905 when it became a part of the United States Phar- 
macopeiu V f f f .  In 1936 benzaldehyde was deleted from 
the USP and became official in the National Formulary 
Vl. In 1916, a test for the detection of nitrobenzene be- 
came a part of the monograph, and this same test is 
still in the present revision. The test for nitrobenzene 
is included because it has an odor similar to benzalde- 
hyde but is extremely toxic, having a lethal dose of 
5-50 mg./kg. in man (1). Nitrobenzene is toxic by all 
routes and is capable of causing methemoglobinemia 
and destruction of red blood cells (2). The official test 
involves reduction of nitrobenzene to aniline and then 
oxidation with potassium dichromate to give a purple 
color if nitrobenzene is present in the sample (3). A 
problem which is often encountered is the formation 
of a precipitate that may make detection of the color 
difficult if not impossible. Furthermore, since the test 
is run by different technicians, results may be inter- 
preted differently. 


Aromatic nitro compounds have been detected by 
spot tests (4) and by formation of a colored complex 
(5). Interpretation of these results, however, is quite 
difficult for small amounts of nitrobenzene, and the 
procedures involve many steps. A spectrophotometric 
procedure was developed in 1949 by Glazko et al. 
(6); although quantitative results are obtained, the 
procedure is quite involved and lengthy. 


To overcome problems associated with interpretation 
of results and complicated procedures, this paper re- 
ports and evaluates three different procedures for the 
detection of nitrobenzene in benzaldehyde. 


EXPERIMENTAL 


Reagents-The following chemicals and reagents were used 
without further purification: benzaldehyde N F  and nitrobenzene 
(Matheson, Coleman & Bell), sodium fluorescein (Eastman Organic 
Chemicals), sodium pentacyanoamine ferroate (K & K Labor- 
atories), and silica gel G and silica gel HF (Brinkmann Instru- 
ments, Inc.). Visualization was made by means of a General Electric 
purple-X 250 w. UV light. 


Table I-Reagents and Results Obtained by Color 
Complexation Procedure 


Benzaldehyde Neg. Butylamine Neg. 
Nitrobenzene Pos. Dimethylamine Neg. 
Aniline" Pos. Ethylbenzene Neg. 
N-Methylaniline Neg. Xylene Neg. 
N,N-Diethylaniline Neg. 2-Methylnaphthalene Neg. 
N-Benzylisopropylamine Neg. Phenol Neg. 
N,N-Di benzylaniline Neg. Anisole Neg. 
p- Aminobenzoic acid Pos. o-Anisidine Pos. 


a A positive result was obtained also without the reduction step. 


NF Procedure-Solutions analyzed by the NF XI1 procedure 
were nitrobenzene, benzaldehyde, and nitrobenzene in benzal- 
dehyde 5:lOO and 1 :100. (All dilutions are by volume.) 


Spot Tests (4)-Samples analyzed were nitrobenzene, benzal- 
dehyde, and nitrobenzene in benzaldehyde 1 : 100 and 1:lOOO. Two 
drops of each solution was placed on a piece of filter paper, and 
1-2 drops of 10% stannous chloride in ethanol saturated with 
hydrogen chloride gas was added. After absorption, 1 drop of 
35 cuprous chloride in concentrated hydrochloric acid was added 
and allowed to be absorbed. Six drops of pyridine was added and 
a green color developed. Two drops of carbon tetrachloride was 
then added and the characteristic colors formed in 10-30 sec. 


Color Complex (5)-Samples analyzed were nitrobenzene, 
benzaldehyde, and nitrobenzene in benzaldehyde 1 : 100, 1 : 1O00, 
and 1 : 10,000. One-tenth milliliter of the solution to be analyzed 
was dissolved in 3 ml. of ethanol, previously heated on a hot water 
bath, in a 10-cm. (4-in.) test tube. Six drops of 10% calcium 
chloride solution and about 50 mg. of zinc dust were added, and 
the solution was heated to boiling in a hot water bath. The excess 
zinc was removed by filtration, and the cooled filtrate was treated 
with 1 drop of a 1 % solution of sodium pentacyanoamine ferroate. 
A colored flocculent precipitate formed in about 1 min., the time 
required depending upon the amount of nitrobenzene present. 
Best results were obtained when the solution was not stirred. Dilute 
samples required 2-3 hr. if the solution was stirred after the ad- 
dition of the sodium pentacyanoamine ferroate solution. 


Additional samples were also tested to learn something about 
the nature of the complex formed. The samples used and results 
appear in Table I. 


Thin-Layer Chromatography-TLC was carried out on 5 X 
20-cm. chromatoplates prepared according to Stahl, utilizing silica 
gel G,  with 0.04% sodium fluorescein, and silica gel HF. Eight 
solvent systems were investigated (7-9) (Table 11); however, only 
the visualization technique of Berei and Vasaros (7) was employed. 


The other adsorbent was investigated with the 2.5% acetone in 
benzene solvent system. 


Samples analyzed were nitrobenzene, benzaldehyde, and nitro- 
benzene in benzaldehyde 1 : 100, 1 : 1O00, and 1 : 10,OOO. In all of the 
initial chromatograms, normal spotting procedures using a capil- 
lary tube were employed. The sensitivity of this procedure was 
also evaluated; for this test, 10 pl. of the solution was spotted via 
a calibrated micropipet. 


RESULTS AND DISCUSSION 


NF Procedure-The 1:100 solution gave a negative result for 
nitrobenzene using this procedure. The 5:100 solution did give 
positive results; however, another analyst may well have judged 
the results to be negative when compared with a control sample. 


Spot Tests-The pure sample of benzaldehyde gave a predom- 
inantly blue spot, and the nitrobenzene produced a definite red- 
orange color. However, problems were encountered in trying to 
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Table [I-Solvent Systems Investigated Using Silica Gel G with 
0.04% Sodium Fluorescein 


Benzeneemethanol-acetic acid, 45 : 8 :4 
Petroleum ether-ethyl acetate, 4:  1 
Diethyl ether 
Acetone (2.5 %) in benzene 
n-Hexane4iisopropyl ether, 6 :4 
Cyclohexane4iethyl ether-diisopropyl ether, 2: 1 : 1 
Cyclohexane-diethyl ether, 2: 1 with 10% silicone oil 
Benzene-ethyl acetate, 5 : 1 


distinguish the characteristic orange color produced by the nitro- 
benzene from the yellowish discoloration of the filter paper due to 
the other chemicals. The 1 : I00  dilution was definitely positive; but 
with the 1 :lo00 dilution, it was not possible to determine whether 
the test was positive when compared with a control sample. 


Color Complex-In this test, pure benzaldehyde produced a 
yellow precipitate whereas pure nitrobenzene produced a deep- 
purple precipitate. As the amount of nitrobenzene in the sample 
was reduced, the intensity of the color faded through blue to a 
blue-gray color for the 1 :I000 dilution. No bluish hue was distin- 
guishable for the 1 :10,000 dilution. 


The basis of these tests is the reduction of nitrobenzene and 
subsequent reaction with an appropriate reagent to produce a 
characteristic color. In the NF XI1 procedure the reduction is 
carried out with zinc and sulfuric acid, followed by the addition of 
potassium dichromate to yield a blue-green colored product if 
nitrobenzene was originally present. In the spot test procedure, 
stannous chloride and HCI reduce the nitro group to the primary 
aromatic amine. The color formed is most likely due to the forma- 
tion of a complex between the amine and the cuprous ion (4). 


In the colored-complex procedure, reduction is accomplished with 
zinc dust and the calcium chloride solution. The color formed is 
probably due to the formation of a complex between the reduced 
nitro group and the Fe(CN)5-3 moiety of the sodium pentacyano- 
amine ferroate, Na3[Fe(CN)5NH3]. Two possibilities exist: (a )  
that there is a replacement of the NH3 ligand by the -NH2 por- 
tion of the aromatic amine or (b )  that a charge transfer complex 
exists between iron and T electrons of the phenyl ring (10). On the 
basis of data in Table I, it seems reasonable to postulate that the 
complexation consists of a replacement of NH3 ligand by the pri- 
mary aromatic amine. I f  a charge transfer complex formed, all the 
aromatic compounds with strongly electron-donating groups would 
have been expected to form the complex. The data also indicate 
that a primary aromatic amine is necessary for complexation. The 
differences in inductive effects of aniline and N-methylaniline are 
so small that a charge transfer complex should have been formed 
with both. The methyl group of N-methylaniline, in addition to 
providing steric hindrance for ligand replacement, prevents overlap 
of the unshared p-orbital electrons of the nitrogen with the r 
electrons of the phenyl ring. It is this delocalization of electrons that 
is probably of primary importance in color change, as pointed out 
by the fact that the aliphatic amines tested did not delocalize and 
gave negative results. It would seem that phenol, which also has 
an unshared pair of electrons, should also form the complex. How- 
ever, Basolo and Johnson have pointed out that the greater the base 
strength of a ligand, the greater the stability of the complex formed 
(11). Thus, aniline, which has a greater basicity than phenol, will 
form a more stable complex. 


Thin-Layer Chromatography-Of the eight solvent systems 
examined, none gave better separation than that of 2.5 acetone in 
benzene. The solvent systems of benzene-methanol-acetic acid 
and of diethyl ether provided very poor separation, and the other 
systems used gave results similar to the 2.5 % acetone in benzene 
system. This acetone-benzene system had the added advantage of 
being one of the faster systems, requiring only about 40 min. for the 
solvent front to travel 15 cm. 


Using the silica gel G with 0.04% sodium fluorescein, the 1 :1M) 
dilution showed a red-violet band (R j  0.93) which appeared purple 
under UV light. This band was not visible without irradiation at 
1 : lo00 but was clearly seen with the aid of UV light. At a dilution 
of 1 : 1O,o00, this band was barely visible even with UV light, and the 
limit of the test was taken to be the 1 : lo00 dilution. Pure samples 
were also spotted for comparison, and the appearance of the 
chromatograms is shown in Fig. 1. Since aldehydes are easily 


n F 


A C D 
Figure 1-Thin-layer chromatograms. Soloent system: 2.5 % acetone 
in benzene. Plates: A ,  B, and C,  silica gel G with 0.04% sodium 
fluorescein; D ,  silica gel HF. Key: A ,  benzaldehyde; B, nitroben- 
zene; and C and D ,  nitrobenzene in benzaldehyde, I :1000. 


oxidized and possibly reduced, benzyl alcohol and benzoic acid 
were also chromatogramed and found not to interfere. 


The silica gel H F  showed the same sensitivity as the silica gel G 
but had the advantage of not showing the spots at the lower end 
of the plate which are attributed to the benzaldehyde. Using silica 
gel G and spraying with 0.04% sodium fluorescein failed to dif- 
ferentiate between the nitrobenzene and the benzaldehyde. 


Unlike the previous procedures, TLC does not require the re- 
duction of nitrobenzene. Thus, it is possible to detect smaller 
amounts of nitrobenzene, since the other procedures are sensitive 
to only that portion of the nitrobenzene that has been reduced. 


SUMMARY 


A TLC technique has been developed which can be used to de- 
tect small amounts of nitrobenzene. The estimated limit of this 
test is ml. or 12 micrograms of nitrobenzene. This test is 100 
times as sensitive as the color complex procedure. In addition, there 
are fewer mechanical steps involved and, therefore, less chance of 
error when compared with the NF procedure. 


The spot test procedure has approximately the same sensitivity 
as the NF procedure, but it takes much less time. It requires only 
about 5 min. as compared to about 1.5 hr. for the monograph 
procedure. 


The color complex reaction is much more sensitive than either 
the NF or the spot test procedure. Nitrobenzene was detectable 
in 0.1 ml. of the 1 : 100 dilution which corresponded to 1.2 mg. of 
nitrobenzene. This procedure is also quite simple and requires less 
than 0.5 hr. total. 


On the basis of this investigation, it can be stated that the color 
complex and the TLC procedures are superior to the present NF 
procedure, both from the standpoint of sensitivity and time re- 
quired for routine use. The thin-layer procedure is the simpler and 
more sensitive of the two and could presumably be adapted to ob- 
tain quantitative results. 
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Spectrophotometric Determination of Chlorpromazine 
in Pharmaceutical Dosage Forms 


B. S. R. MURTY and R. M. BAXTER 


Abstract A rapid and convenient spectrophotometric method for 
the determination of chlorpromazine hydrochloride and its unit 
dosage forms is described. Extensive separation and extraction of 
the active ingredient are not required. The microsensitive color 
response (A,,,, 520 mp) with Van Urk’s reagent is the basis of the 
analytical technique. The results are reproducible. 


Keyphrases 0 Chlorpromazine dosage form-analysis 0 Colori- 
metric analysis-spectrophotometry 0 Van Urk’s reagent--color 
formation 


Chlorpromazine hydrochloride (CPZH), a pheno- 
thiazine derivative, is a widely used psychopharma- 
cological agent. Chlorpromazine hydrochloride and 
some of its unit dosage forms are official in BP 1968 
(l), USP XVII (2), and Ph.1. (3). A number of gravi- 
metric, titrimetric, opticometric, electrometric, and 
chromatographic methods for the quantitative deter- 
mination of phenothiazines have been reported in the 
literature, each one claiming individual advantages. 
These have been reviewed by Blazek (4), Blazek et al. (5 ) ,  
and Gyenes (6). Blake and Agarwal(7) recently reported 
a photometric titration of phenothiazines with ceric 
sulfate. The current pharmacopeias recognized non- 
aqueous titrimetry for determining the drug, while the 
unit dosage forms containing the drug-uiz., tablets, 
injections, etc., are determined by methods based on the 
UV absorption properties of the phenothiazine base. 
However, these methods involve a series of extractions 
of the active ingredient from the unit dosage forms. 


The authors have observed that a color (A,,,., 520 
mp) results when CPZH is treated with Van Urk’s 
reagent. The color-producing reaction with pheno- 
thiazines has not been previously reported in the 
literature. This investigation is primarily directed 
toward the evaluation of the observed novel reaction 
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Figure 1-Effect of time on the stability of color with Van Urk’s 
reagent and CPZH. 


as a quantitative measure of chlorpromazine in its 
various dosage forms. 


EXPERIMENTAL 


Instrumentation-Beckman DU spectrophotometer ( 1-cm. cell) 
was used. 


Materials-Van Urk‘s reagent, BP 1968 (8), was used. Chlor- 
promazine hydrochloride and the various dosage forms were ob- 
tained from commercial sources. All reagents were analytical 
grade. Glass-distilled water was used throughout this work. 


Standard Reference Solution-Chlorpromazine hydrochloride 
(50 mg.), previously dried, in distilled water (250 ml.) was used. 


Sample Preparation-Tablets-Twenty tablets were weighed and 
reduced to a fine powder. An accurately weighed portion of the 
powder, equivalent to 50 mg. of the drug, was transferred to a 250- 
ml. volumetric flask. The flask was shaken thoroughly for 1&15 
min. after adding 100 ml. of water and was made to volume. The 
contents of the flask were filtered. 


Injections-An equivalent volume, representing 50 mg. of the 
drug, was measured and diluted with water to 250 ml. 


Suppositories-Suppositories representing 100 mg. of the drug 
were placed in a 500-ml. volumetric flask and melted by heating on a 
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Table VI-Analysis of Data from Plasma Level Determinations 


-Hour 1- -Hour 2- -Hour 3- 
df MS df M S  df MS 


Control us. average 1 0.31 1 0.63 1 2.89 
of others 


Capsules 1 8.70 1 8.12 1 34.41° 
Fillers 1 9.71 1 3.93 1 14.95 
Capsules + fillers 1 0.01 1 2.94 1 3.00 
Rabbits 8 6.70 8 22.18b 8 16.03n 
Error 32 3.86 32 5.83 32 5.50 


a Significant at the 5 x level. * Significant at the 1 x level. 


two sets of data was considered of little value. A rank order correla- 
tion may, however, be observed in that the mean plasma salicylate 
values, as well as dissolution values, are higher for the more highly 
compacted No. 4 capsules and in the case of dibasic calcium phos- 
phate. The low plasma salicylate levels may be due to a failure to 
break down in vivo. The in uitro agitation intensities resulting from 
the dissolution medium being forced through the 100-mesh screen 
were reported by Levy (4) to be far greater than the agitation en- 
countered in the stomach, a fact that could account for the wide- 
spread difference in concentration levels between the two studies. 


In vitro observations showed that the ASA became moist; over 
a period of time the gelatin stretched and, together with the me- 
chanical action of striking against the 100-mesh screen, assisted in the 
breakdown. The stretching effect was not as noticeable in the case of 
capsules containing excipients. 


The low plasma salicylate levels obtained in uivo together with 
the in uitro behavior of the capsules would seem to indicate that the 
gelatin in the hard gelatin capsules had been modified in some 
manner, either by the acidity of the gastric juice, or by the acidity 
of the ASA (pKa 3.5) within the microenvironment of the capsule, 
or by a combination of the two. If due to the weakly acidic drug 
alone or to a combination of drug and gastric juice, this could be 
of importance for other drugs of similar properties when encapsu- 


Factors Influencing Solvolysis 
of Corticosteroid-2 1 -phosphate Esters 


G. L. FLY” and D. J. LAMB 


Abstract The solvolysis of methylprednisolone-21-phosphate in 
dilute aqueous solution (<0.005 M )  is qualitatively similar to that 
observed for methylphosphate and other simple monoalkyl phos- 
phates, particularly in the pH range 3-8. In more concentrated solu- 
tions (>0.02 M ) ,  however, there is an acceleration of reaction 
velocities and marked deviation from the expected pH dependency. 
This change in chemical behavior is attributed to association 
colloid formation. Support for this mechanism is drawn from hy- 
drolysis-rate data obtained as a function of concentration and in- 
dependently determined critical micelle concentration values. 


Keyphrases Corticosteroid-21-phosphate esters-solvolysis, 
micelle formation Solvolysis, corticosteroid-21-POc esters-pH 
profile, activation energy, aggregation effect 0 Critical micelle 
concentration determination-conductivity, surface-tension meth- 
ods Phosphate, inorganic-analysis 


The term phosphate ester is extremely ambiguous 
because it applies to several distinctly different classes 
of compounds, each characterized by unique chemical 


lated. If due to the acidity of the gastric juice alone, it would appear 
that the release of any drug enclosed in hard gelatin capsules could 
be affected adversely. Gelatin is obtained by heat denaturation of 
collagen and is built of three strands, which are joined primarily 
by hydrogen bonding between the strands (8). It is possible that the 
stretching of these strands accounted for the appearance of the 
hard gelatin capsules in the in uitro tests and perhaps for the low 
plasma salicylate levels. 
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behavior. Furthermore, chemistries in each phosphate 
ester class can be appreciably different both qualitatively 
and quantitatively, depending on the types and proximi- 
ties of neighboring atoms within the molecule. Ad- 
ditional complexity arises from the biformity of the 
carbon-oxygen-phosphorus linkage. Solvolysis, for 
instance, may entail carbon-oxygen cleavage, phos- 
phorus-oxygen splitting, or both, depending on the 
reaction conditions (1). 


The hydrolyses of monoalkyl phosphates are char- 
acterized by these diversities. The prototype of this phos- 
phate ester class is methylphosphate. It is a relatively 
simple molecule whose aqueous stability has been 
extensively studied (2). At pH values below zero, the 
conjugate acid species predominates, and the solvolysis 
takes place with both carbon-oxygen and phosphorus- 
oxygen splitting. The neutral molecule is the principal 
species in pH range 0-2, and it cleaves exclusively at 
the carbon-oxygen bond. Above pH 3, the monoanion, 
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which cleaves exclusively at  the phosphorus-oxygen 
bond, is formed and its concentration determines the 
reaction velocity well into the basic pH range. 


Phosphates are of interest pharmaceutically because 
they provide a means of making soluble derivatives 
out of highly insoluble compounds. Additionai?, some 
types of phosphate esters are sufficiently stable to aiisw 
the formulation of solutions with practical shelflives. 
These characteristics translated into biopharmaceutical 
terms mean instantaneous blood levels and facile paren- 
teral administration. Most important or widely used of 
the pharmaceutical phosphate esters are the cortico- 
steroid-21-phosphates. This report deals with their 
chemical behavior in aqueous solution as a function of 
concentration, pH, and other reaction conditions. 


EXPERIMENTAL 


Sample Preparation-In the kinetic studies, solutions were pre- 
pared at predetermined concentrations using distilled water and 
appropriate amounts of buffering agents and organic phosphate. 
In the pH 3-6 region, these were adjusted to pH at room tempera- 
ture using either a concentrated solution of sodium hydroxide or 
concentrated hydrochloric acid. In the very low and high pH ranges, 
the samples were adjusted to pH at the temperature of the run. 
Initial concentrations were then determined by the Porter-Silber 
procedure (3, 4). After pH adjustment, the samples were filled in 
appropriately sized glass vials (usually 5 ml.) and placed in constant- 
temperature oil baths maintained within f 0 . 1 "  of the indicated 
temperatures. These were removed and analyzed on a suitable, 
predetermined schedule. 


In the surface-tension determinations of critical micelle concentra- 
tions (CMC), a concentrated solution of the drug in distilled water 
was prepared and then diluted by 50 or 60% successively to levels 
far below the expected CMC. These were analyzed for surface ten- 
sion as a function of concentration. Conductimetric studies were 
carried out on solutions prepared in a tight range around the ex- 
pected CMC values (1.5 X 


Equipment-Spectrophotometric determinations were performed 
on a Cary 11 recording spectrophotometer. The pH adjustments 
were monitored on either a Beckman model GS or a Corning ex- 
panded scale meter. The surface-tension measurements were done 
on a Cenco DuNoiiy 70545 tensiometer and conductivity measure- 
ments on a Serfass conductivity bridge model RCM 15Bl. 


Inorganic Phosphate Procedure-Chemicals-All of the following 
chemicals were used without further purification: methylene chlo- 
ride (distilled in glass); hydrochloric acid, reagent grade; potassium 
phosphate, monobasic, crystals A.R.; N,N-dimethylformamide 
(distilled in glass); ammonium molybdate A.R. ; glacial acetic acid, 
reagent grade; cupric sulfate (anhydrous) A.R. ; ascorbic acid 
USP; sodium acetate A.R., granular; stannous chloride, crystals 
A.R.; and sodium phosphate, dibasic (anhydrous) A.R. 


Hydrocortisone-21-phosphate (disodium salt), prednisolone-21- 
phosphate (disodium salt), and dexamethasone-21-phosphate (di- 
sodium salt) were used as received. Methylprednisolone-21 -phos- 
phate (M-21-P) (disodium salt) (Upjohn) was purified uia continuous 
methylene chloride extraction for micellar kinetic studies. Otherwise, 
it was used as received. 


Reagents-Originally the Mokrasch (5) procedure was employed. 
On later runs, a modified procedure with the following reagents was 
used: 


1.  Ammonium molybdate-2.Oz (NH&Mo7 .4H20 in double- 
distilled water. 


2. Acetate buffer-3 10 ml. of glacial acetic acid, 49 g. of potassium 
acetate, and 48 mg. of cupric sulfate dissolved in double-distilled 
water and diluted to 1000 ml. 


M to 3 X 10- M). 


3. Ascorbic acid-2z ascorbic acid in distilled water. 
4. Stannous chloride-2Oz stannous chloride in hydrochloric 


acid; 1 ml. diluted to 100 ml. with distilled water prior to use. 
5 .  Standard inorganic phosphate solution-300 mg. (accurately 


weighed) of NazHP04 (dried 2 hr. at 110") in 100 ml. of distilled 


1 Supplied by Merck & Co., Rahway, N. J. 
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water; 10 ml. diluted to 200 ml. with distilled water (approximately 
2 x M). When buffer systems were used, the standard was 
prepared in them. 


Procedure-Total sample was removed from the ampuls, placed 
in a 60-ml. separator, and extracted with two 25-ml. portions of 
methylene chloride to remove formed sterol. An aliquot of the 
extracted sample was then appropriately diluted. To separate 
100-ml. volumetric flasks, the following were added: (a) 2 ml. of 
standard, q.s. to 10 ml.; (b) 2 ml. of standard and 2-5 ml. of sample 
q.s. to 10 ml.; (c) 2-5 ml. of sample [appropriate size varied from 
concentration to concentration but same amount of sample used 
in (b) and (c) in any case for given run]; and (d) 10 ml. distilled 
water (blank). 


This was followed immediately for each solution with SO ml. of 
acetate buffer, 5 ml. of ammonium molybdate solution, 5 ml. of 
ascorbic acid solution, and 5 ml. of stannous chloride solution, 
mixing well after each addition. These were then diluted to volume 
with acetate buffer and allowed to develop for 30 min. The ab- 
sorbance of the samples at 740 mfi against the blank was determined 
within 3 hr. using 1-cm. cells. 


Calculations- 


[M-2I-P]t = [M-21-P]' - [ P I ,  (Eq. 1) 


= [M-21-PIo - [q X 2: X D.F. X __ AAmpt (Eq. 2) 
A A m p O  


where: 


[M-2l-P], = molar concentration of methylprednisolone-21- 
phosphate with respect to time 


[M-21-PIo = initial molar concentration of methylprednisolone- 
21-phosphate (independently determined); alter- 
nately, the inorganic phosphate infinity value was 
used as material balance was good 


[PIt = inorganic phosphate molar concentration with 
respect to time 


A m p  = absorbance of sample 
[q = molar concentration of phosphate standard 


A ,  = absorbance of standard 
D.F. = dilution factor 


AA,,, = absolute difference in the spiked and nonspiked 
sample at time, t 


sample initially; equal to A, 
AA,,O = absolute difference in the spiked and nonspiked 


CMC Determinations-I. Surface-Tension Measurernents- 
These were made on the tensiometer at room temperature. Each 
dilution was read three times and the values were averaged. It was 
found that pH was relatively invariant at pH = 7.5, and no ad- 
justments were made. Experiments run at lower pH were done 
on solutions that had been accurately pH adjusted. 


2. Conductirnetric and Spec trophotornetric Determinations-These 
were run on solutions diluted to between 0.75 and 15 mg./ml. 
corresponding to 1.5 x 10-3 M and 3 X M, respectively. The 
conductimetric measurements were carried out in a jacketed-glass 
beaker in which the temperature was maintained within 0.1 O of that 
indicated. The cell constant of the conductance probe was 1.0. 


pKa Determinations-Solutions of M-21-P were prepared to 
contain 1.33 mg./ml. NaCl was added to give an ionic strength of 
0.15. Titration curves were run on a radiometer titrator at the in- 
dicated temperature using 0.09823 N HC1 as the titrant. The pKat 
values were read directly from the graph at the half-neutralization 
point. The pKal values were estimated from the one and one-half 
neutralization point and were corrected for water content of the 
phosphate sample. Equation 3 was used: 


[A- + H+l pKal = pH1 - log [HA - H+] 


THEORETICAL CONSIDERATIONS 


From the beginning of these studies, it was realized that spurious, 
unquenchable reactions would be occurring simultaneously with the 
solvolytic reaction in the pH range of interest. To avoid the poten- 
tially serious complications resulting from these secondary de- 
compositions, a method of monitoring the reaction, which was 
either sensitive to the presence of intact organic phosphate or 
capable of assessing formed inorganic phosphate, was sought. Two 
established analytical procedures, the Porter-Silber (3,4) procedure 
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Figure 1-Typical curves for the disappearance of M-21-P from 
aqueous media as a function of temperature at p H  5.42 and an ionic 
strength of 0.105. 


and the Mokrasch (5)  inorganic phosphate procedure, were deemed 
suitable. After some experimentation with each, the inorganic 
phosphate procedure was chosen. This procedure is based on the 
reduction of phosphomolybdate to form a colored product. It was 
developed expressly for the determination of inorganic phosphate 
in the presence of labile organic phosphate and thus was particularly 
suited to the investigation. 


The removal of formed neutral species was found to be. a necessary 
condition to the successful application of this technique. Otherwise, 
color development was erratic. In addition, each sample was 
assayed with a counterpart spiked with a known amount of in- 
organic phosphate. The procedure is similar to that used in scintil- 
lation counting where counting efficiency is determined by adding 
an exact quantity of unstable isotope (3H, I4C, etc.) to the sample 
after it has been counted for its unknown concentration. In both 
cases the known concentration corrects the value of the unknown 
for variances in the sensitivity of the assay. Thus, any tendency for 
color development to drift was offset by including the drift factor, 
AAmPt/AAmp0,  in the calculations (Eq. 2). With these precautions 
the infinity time values by the inorganic phosphate method were 
within experimental error of the independently determined initial 
concentrations. 


The solvolysis of M-21-P between pH 0 and 8 was expected to be 
pseudo-first-order based on literature reports (6, 7) for similar 
compounds : 


(Eq. 4) 


where [M-21-P] stands for the instantaneous concentration of 
M-21-P and kobs. is the observed pseudo-first-order rate constant at a 
given pH, temperature, ionic strength, etc. The integrated form of 
this equation becomes the familiar 


[M-21-PIf = [M-21-PIo e-koba.t 0%. 5 )  


Since [M-21-PIt = [M-21-PIo - [inorganic phosphate], then 


[M-21-P]O - [inorganic phosphate] = [M-21 -PIo e-kobs.f (Eq. 6) 


or, on a percentage basis: 


X I00 = 100 ebkcht  [M-21-PIo - [inorganic phosphate]. 
[M-21-PIo 


(Eq. 7) 


Semilogarithmic plots of either intact M-21-P concentration or 
percent M-21-P remaining versus time should yield straight lines 
intercepting at log [M-21-PI0 (Eiq. 6) or log 100 (Eq. 7), respectively, 
with slopes of k,b,./2.303. 


RESILTS 


The disappearance of M-21-P in reaction systems typical of those 
considered here is shown as a function of time and pH in Fig. 1. 


Table I-Buffers Used in M-21-P Kinetic Studies 


PH Buffer 


0.02 
4.<22 


. r  1.24 
" 1.61 


2.50 
3-8 


1.0 M HCI0.j 
0 . 2  MHC.10, 
0:0643-k-Hel, 0.05 M KCI 
0.0263 MHCl,0.05 MKCI 
0.05 M Phthalate. 0.396 M HCl 
Either 0.02 M ci&ate or 


0.02 M bisulfite, 0.02 M citrate 


Table 11-Rate Constants at pH = 4.06 at 70" for Solvolysis 
of Several Corticosteroid-21-phosphate Esters 


k70 O (days-') 


Methy lprednisolone 
Dexamethasone 
Prednisolone 
Hydrocortisone 


0.151 
0.148 
0.156 
0.148 


This figure shows the residual percentage of the initial M-21-P 
in solutions consisting initially of 2 X loea M M-21-P at several 
temperatures and pH = 5.42. The buffers used in the studies are 
from a paper by Bunton et al. (2) and are outlined in Table I. 


AS would be expected on the basis of Eq. 7, semilogarithmic 
plots of the residual percentage of M-21-P against time are linear. 
Typical pseudo-first-order curves are shown in Fig. 2 for the 
reaction at several temperatures and pH = 5.32. The solvolyses of 
prednisolone-21-phosphate, hydrocortisone-21-phosphate, and 
dexamethasone-21-phosphate proceeded in a similar fashion as 
shown by a single pH and temperature study summarized in Table 
11. These rates are indistinguishable within experimental error 
from one another. 


The pH dependency of the reaction velocity is shown in Fig. 3. 
These data are for the reaction of solutions initially of 2 X M 
concentration at 70". Included with these data for later consider- 
ation are the 70" literature data of Marcus (8) for the solvolysis of 
hydrocortisone-21-phosphate and 101 ' data extrapolated to 
70" for methylphosphate (2) using an activation energy of 30.6 
kcal./mole. 


The temperature dependency of the reaction was determined at 
multiple points above pH = 3. As predicted by the Arrhenius 
equation, plots of the log of the observed rate constant against the 
reciprocal of the absolute temperature yielded straight lines (Fig. 4). 
The lines representing different values of pH were also parallel. 
The activation energy values calculated from the slopes of these 
lines are tabulated in Table 111. The average of these values, 27.5 
kcal./mole, is assumed to be the best estimate of the activation 
energy. 


Because of the striking diversity in these results and previous 
results on hydrocortisone-21-phosphate and the obvious structural 
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Figure 2-Semilogarithmic plots showing the disappearance of 
M-21-P as a function oftemperature at pH 5.32 and an ionic strength 
of 0.100. 
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Figure %-The 70" p H  projiles for methylphosphate, M-21-P, and 
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0.001 


semblance between the corticosteroid phosphates and the surface- 
active bile acids (Structures I and II), studies attempting to relate the 


mol. wt. = 409 


I 


mol. wt. = 454 


I-cholic acid 11-methylprednisolone-21-phosphate 


observed differences to molecular aggregation effects were initiated. 
Typical results of surface-tension measurements of serially diluted 
solutions of M-21-P at room temperature and pH = 7.5 are shown 
in Fig. 5. These are plotted in the usual fashion as the surface 
tension uersus the log of the molar concentration. Distinct breaks in 
the curves at approximately 0.02 M were observed. Because of the 
tedium of the procedure and interest in expanding the data to 
include surface-tension measurements as a function of pH and 
temperature, conductimetric studies supplanted surface-tension 
experiments. The data from a representative temperature experiment 


Table 111-Apparent Activation Energy as a Function of pH 
for the Solvolysis of M-21-P 


PH E. 


7.52 
6.45 
5.42 
5.32 
4.35 
3.32 


27.0 
27.3 
26.3 
28.9 
29.4 
27.6 


at pH = 7.5 are graphically presented in Fig. 6. It appears from 
this plot that there is a slight increase in the CMC with increasing 
temperature. CMC values fall between 0.01 and 0.02 M ,  which is 
in good agreement with the surface-tension studies. Neither method 
yielded sharply defined CMC's. Conductimetric studies were also 
performed at 25" and several pH values. At low pH, where the 
free acid predominates, the solubility of the compound was too 
low to make measurements. CMC's measured above pH = 3 were 
not distinguishable from one another. 


With the amphiphilic character of the compound definitely 
established, studies were conducted to assess the effect of association 
colloid formation on the reaction. Unfortunately, in the pH range 
of maximum interest, the data gathered were only crudely quanti- 
tative due to  an inability to control pH in bufferless systems. 
Therefore, the results will only be reported here in qualitative 
terms. The reaction rate was found to be invariant with concen- 
tration at pH = 4 in solutions ranging from 0.005 to 0.16 M(0.005, 
0.01, 0.02, 0.04, 0.08, and 0.16 M). In these studies, pH drifts 
were found to be no more than several hundredths of a unit through- 
out the concentration range. However, on reactions run at pH = 7 
and 7.5, a different behavior was observed for series of solutions 
of the same concentrations. For the dilute solutions, pH shifts to 
more acidic conditions exceeded a full pH unit. As the concen- 
tration increased, the pH drift narrowed to slightly over half a unit. 
The downward shift in pH would tend to accelerate the reaction. 
Despite this, the reaction in 0.16 M solutions was consistently 
observed to be 2-3 times more rapid than in 0.08 M solutions. 
There appeared to be little difference between 0.08 and 0.04 M 
solutions. Below 0.04 M ,  the pH shifts became exaggerated and 
there was an apparent increase in reaction rate. 


DISCUSSION 


Analysis of the pH-Rate Profile-The pH profile for all alkyl 
phosphates is a composite of the individual species profiles, and its 
shape is determined by their relative concentrations and rates (1). 
Four species are possible: the conjugate acid, the free acid, the 
monoanion, and the dianion. The conjugate acid is formed in 
highly acidic solution (pH << 1.0) and thus is only of marginal 
concern for the steroid-21-phosphates. In pH range 1-8, the in- 
stability of these compounds can be explained on the basis of the 
independent reactivities of the free acid and monoanion. An M-21-P 
species profile as a function of pH is given in Table IV. These data 
are calculated using averaged, independently determined pKal and 
pKa, values of 2.55 and 6.04, respectively, and Eqs. 8-10: 


where C is the fractional concentration and subscripts N, M ,  and 
D refer to the neutral species, monoanion, and dianion, respectively. 


Comparison of the pH profiles of methylphosphate and M-21-P 
between pH 0 and 2, where the neutral species prevails, indicates 
that the trough found for methylphosphate is leveled out for its 
corticosteroid counterpart (Fig. 3). Reaction rates at pH = 1.0 
differ by approximately two orders of magnitude. Similar plateauing 
is observed in the profiles of a-D-glucose-1-phosphate (9) and 
monobenzyl phosphate (10). Unlike these two cases, the increased 
reactivity of the neutral species cannot be attributed to a change 
from an sN2 solvolytic displacement to an s ~ 1  carbonium-ion 
mechanism. The carbonium ion of M-21-P would be even less 
energetically favored than that for methylphosphate due to the 
electron-withdrawing a-carbonyl. A probable explanation for the 
increased reactivity is stabilization of the transition stated ( S N ~  
mechanism with spz hybridization) due to r-orbital overlap with 
the electron-rich neighboring oxygen atom (11). A similar effect 
of similar or greater magnitude for a-carbonyls has been noted in 
other solvolytic displacements (12). The plateau in the M-21-P 
profile suggests that the specific second-order rate constants for 
the cleavage of the neutral species and monoanion are of the same 
order of magnitude. 
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Figure &-Arrhenius plots for the hydrolysis of M-21-P at several 
values ofpH. 


In the pH region of pharmaceutical interest, the principal deg- 
radative route for phosphate monoesters is the cleavage of the 
monoanion. The qualitative similarity of the reaction for M-21-P 
and methylphosphate above pH = 3 is readily apparent from Fig. 3. 
The reaction proceeds with P 4  splitting. The specific requirements 
for the hydrolysis of the monoanion led Butcher and Westheimer 
(13) to postulate a mechanism in which an unstable monomeric 
metaphosphate-ion intermediate is formed. This mechanism is 
consistent with the relative rapidity of the hydrolysis, the require- 
ment of protonation of one of the phosphate oxygens, P-0 splitting, 
and the marked insensitivity of the hydrolytic velocity to the nature 
of the leaving group. At 70" the monoanion rate constant for 
M-21-P is just over seven times that found for methylphosphate. 
Because of an approximately 3-kcal./mole difference in observed 
activation energies, this factor shrinks as the temperature is lowered. 
Regardless, this difference is significant and likely attributable to 
electronic effects of the a-carbonyl on the strength of the P-0 bond. 
An interesting fact discovered in these studies is that, in dilute 
solution, the nature of the steroid nucleus has little effect on the 
specific second-order monoanion instability constant for the 
corticosteroid-21-phosphates, at least insofar as hydrocortisone, 
methylprednisolone, dexamethasone, and prednisolone are dif- 
ferent. This suggests that the overriding influence on the observed 
rate is the adjacent carbonyl and that the M-21-P data can be 
considered representative of the stability of related steroid phos- 
phates. 


Throughout the course of the kinetic studies at premicellar 
concentrations. there was no noticeable effect of buffers on the 
reaction rate. Buffers could be interchanged or changed in con- 
centration without a measurable reaction velocity change. This is 
not too surprising because at low pH, the buffer species present 
are extremely poor nucleophiles. At high pH the mechanism pre- 
cludes buffer involvement but, neglecting this, the reaction require- 
ments are such that two negatively charged species must be brought 
together and this is energetically unfeasible. 


Because of doubts regarding the relative validity of the available 
methods for following the progress of the reaction, the disap- 
pearance of M-21-P was also followed directly using the Porter- 
Silber procedure (3). Results by this procedure were comparable 
with those obtained following the appearance of inorganic phos- 
phate. For instance, at 54.3" and pH = 5.4, the inorganic phosphate 
procedure yielded a value for kobs. of 1.45 X day-1 while the 
value by the Porter-Silber procedure was 1.83 X day-1. 
These results were obtained on ampuls from the same set. It was 
implicit in these studies that the formation of spurious products 
would have negligible effect on the principal reaction. In other 
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Figure 5-Determination of the CMC of M-21-P by surface-tension 
measurement. Each point is an average of three determinations. 


words, it was assumed that changes in the molecule prior to sol- 
volysis, if any, would not appreciably affect processes at the phos- 
phate moiety. Products were assumed to be inert. The dominance of 
the solvolysis as the major instability, the linearity of plots, and the 
reproducibility of data by both of these methods attest to the 
credibility of these assumptions. 


The dianion of M-21-P is virtually unreactive. Negative linear 
dependency on the pH is observed far into the high pH range, and 
this dependency parallels the concentration of the monoanion. 
Presumably, the concentration of the monoanion should eventually 
become negligible, resulting in a plateau in the pH profile. This 
point, if it is reached at all, is well above pH = 8 based on the 
observations in this study. 


Micellization and Its Probable Iduence on Reaction Rate-Strong 
evidence has already been presented for the formation of associa- 
tion colloids in these systems. In addition, slight but unmistakable 
deviations from Beer's law were observed above the CMC. Similarly, 
the solubility of methylprednisolone in solutions of M-21-P in- 
creases sharply as the CMC is exceeded. 


The enthalpy for the formation of the micelles, AHm, is calculable 
from the available data and Eq. 11 : 


AHm = -RTe ___ (Eq. 11) YiMC) 
and was found to be approximately - 1.0 kcal./mole at 40". This 
is entirely consistent with the behavior of other systems (14). The 
significance of this value is that it indicates the marked temperature 
insensitivity of micellization. Over a narrow temperature range, 
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Figure 6-Determination of the CMC of M-21-P by conductance 
measurement. Each line represents a different temperature. In all 
cases, the apparent CMC fell between 0.01 and 0.02 M. 
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Table IV-M-21-P Species Concentrations of f(pHp 


Free Acid Monoanion Dianion 
PH (N) (M) (D) 


0 0.997 0.003 Negligi bIe 
1 0.973 0.027 Negligible 
2 0.78 0.12 Negligible 
3 0.262 0.738 Negligible 
4 0.034 0.956 0. &8- 
5 n . nn3 0.914 0.083 - .  __. - .  . .~ 


6 Negligible 0.523 0.477 
7 Negligible 0.099 0.901 
8 Negligible 0.011 0.989 
9 Negligible Negligible 0.998 


10 Negligible Negligible 1.000 
~ 


a M-21-P total = 1.0. 


the fraction of molecules participating in micelles to total surfactant 
molecules remains relatively constant. In other words, temperature 
effects parallel those of chemical equilibria rather than chemical 
reactions. 


Another factor to be kept in mind is the salt effect or, more 
properly, the gegenion effect on micellization. Many investigators 
working with diverse systems have observed that the logarithm 
of the CMC changes linearly with the logarithm of the concen- 
tration of gegenion (14): 


In CMC = - K  In Cg + constant (Eq. 12) 


In practical terms, this contraindicates the use of buffers in well- 
designed studies on micellar kinetics. It also suggests that the 
hydrocortisone-21-phosphate reaction systems of Marcus (8) were 
of significant micellar character. His working phosphate con- 
centration was 0.02 M ,  slightly above the CMC, and his studies 
were performed in 0.20 M phosphate buffer providing as little as 
0.2 M and up to 0.4 M concentration of positively charged ions 
(gegenions), depending on pH. The activation energy reported by 
Marcus for the solvolysis of hydrocortisone-21-phosphate is 17.0 
kcal./mole, fully 10 kcal./mole less than that found for M-21-P 
and 13 kcal./mole less than the average for this entire class 
of compounds (1). A shifting micellar fraction with temperature 
can account for much of these substantial differences. 


Controlling variables in micellar kinetic studies can be a difficult 
job. Not only do the usual parameters such as temperature and pH 
have to be controlled, but also gegenion concentration and im- 
purities. Buffers can have a multiplicity of effects. Therefore, 
several studies at pH N 4 and pH > 7.0 were initiated in bufferless 
systems. There was definitely no micellar facilitation of the reaction 
at low pH. At high pH, it appeared as if the reactions were ac- 
celerated above the CMC, particularly when changing pH effects, 
which ran counter to the micellar effects, were taken into account. 
The insensitivity to micellization at  pH 2 4 is explicable when the 
peculiar requirements and mechanism of the phosphate monoanion 
decomposition are considered. The rate-determining step, the 
production of a metaphosphate anion, is a unimolecular reaction 
reflecting the intrinsic instability of a given molecule. With the 
exception of factors influencing protonation, the presence of 
neighboring molecules would not play a major role in the reaction. 


It is implicit here that the pH at the micellar surface is not ap- 
preciably different from the bulk pH. This is not necessarily true 
at higher pH. The surface potential, $, is becoming increasingly 
negative. If the hydrogen ions are present in a Boltzman distribution 
represented by Eq. 13: 


[H+Is = [H+]b exp. - ( le[$/kt)  (Eq. 13) 


where [H+], and [H +Ib are the surface and bulk hydrogen-ion 
concentrations, respectively, then the pH at the micellar surface is 
expected to lag behind that of the bulk solution. This will change 
the ratio of phosphate monoanions to dianions relative to the 
bulk and, therefore, produce an apparent increase in rate. This 
factor and the gegenion effect together could help produce the 
rather unusual pH and temperature dependency observed by 
Marcus (8) in the pH range 5-8. 
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Thermal Dissociation of Sulfonylureas: Dissociation 
of Tolbutamide in a Series of Aliphatic 
Alcohols and in Polyethylene Glycol 400 


F. BOTTARI, M. MANNELLI, and M. F. SAETTONE 


Abstract [7 A study on the thermal dissociation of tolbutamide (I) 
in a series of 12 primary aliphatic alcohols, C1 to CIS, and in poly- 
ethylene glycol 400 USP at 80” is presented. It is shown that the 
compound dissociates in only one of two possible fashions, i.e., 
only to give butylamine and p-toluenesulfonyl isocyanate. In all 
cases, an N-(ptoluenesulfonyl)carbamate, formed by reaction of 
the sulfonyl isocyanate with the alcohols, was present in the equilib- 
rium mixture. pToluenesulfonamide and alkyl N-butylcarbamates, 
arising from the other possible dissociation, were never evidenced. 
The results are consistent with a mechanism involving, as the first 
step, a preferential conversion of I into one of two possible tauto- 
meric forms. 


Keyphrases 0 Sulfonylureas-thermal dissociation in alcohols, 
polyethylene glycol 400 0 Tolbutamide-thermal dissociation in 
alcohols, polyethylene glycol 400 IJ Dissociation, thermal-tol- 
butamide in alcohols, polyethylene glycol 400 0 TLC-separation, 
identification c] UV spectrophotometry-analysis Alkyl N-(p- 
tosy1)carbarnates-formation, synthesis 


Although 1,3-disubstituted sulfonylureas, in view of 
their importance as oral hypoglycemic agents, have 
been widely investigated From the synthetic and ana- 
lytical standpoint, little is known about their chemical 
reactivity. The acid hydrolysis of tolbutamide (I), 
carbutamide, and chlorpropamide has been investi- 
gated by Vogt ( I ) ,  and Haussler and Hajdh (2) have 
reported on the hydrolytic breakdown of I in alkaline 
solution. More recently, Ulrich and Sayigh (3) 
have described a method for the preparation of iso- 
cyanates based on the pyrolysis of some sulfonylureas in 
high-boiling solvents. 


In a previous communication (4), it was reported 
that the tolbutamide, carbutamide, or chlorpropamide 
content of some o/w creams for topical use showed a 
significant decrease when the said drugs were dis- 
solved at 70-80” in the oil phase of the emulsions. 
No such decrease occurred when the sulfonylureas 
were incorporated into the bases at room temperature. 
A series of tests, carried out by heating at 80” the mix- 
tures of I with the single components of the oil phase, 
showed that the observed effect was due to some compo- 
nents containing hydroxyl groups, such as stearyl 
alcohol or polyethylene glycol. This led to  the investiga- 
tion of the behavior of I, chosen as a representative 
member of the series, in a number of alcohols, in an 
attempt to establish the reaction course both on a 
qualitative and quantitative basis. Indeed, although the 
thermal dissociation of symmetrical and unsymmetrical 
mono- and disubstituted ureas has been investigated 
under various experimental conditions (5 ,  6) ,  no studies 


1 The term “dissociation” is preferred to the terms “decomposition” 
and “dearrangement” used by earlier authors, since the process is the 
reversal of the formation reaction (6). 


Table I-Tolbutamide (I), N-(p-Toluenesulfonyl)carbamates, and 
Butylamine Found in the Equilibrium Mixtures after 2 hr. at 80”. 
Initial Concentration of I was 10% w/w (37 mmoles/100 g.) 


N-(p-To~yl)- 
Tolbutamide, carbamate, Butylamine, z wlw z w/w z w/w 


(mmoles/ (mmoles/ (mmoles/ 
Solvent 100 9.) 100 9.) 100 g.) 


0.76 (10.4) 
1 . 1 3  (15.5) 


n-Prowl alcohol 6.5 (24.0) 3 . 1  (12.0) 0.87 (11.9) 


Methyl alcohol 7.2” (26.6) - 
Ethyl alcohol 5.80 (21.5) - 
n-Bufil alcohol 6.3 (23.3j 3 . 5  (12.9j 0.93 (12.7j 
n-Pentyl alcohol 6 . 4  (23.7) 3.7(13.0) 0.93 (12.7) 
n-Hexyl alcohol 6 . 0  (22.2) 4 .4  (14.7) 1.06 (14.5) 
n-Octyl alcohol 6.1 (22.6) 4 .4  (13.4) 0.96 (13.2) 
n-Decyl alcohol 6.5  (24.2) 4.5 (12.7) 0.92 (12.6) 
n-Dodecyl alcohol 6 . 0  (22.2) 5 .6  (14.6) 1.05 (14.4) 
n-Tetradecylalcohol 6 . 0  (22.2) 5 .7  (13.9) 1.01 (13.8) 
n-Hexadecyl alcohol 6.3 (23.3) 6 . 0  (13.6) 0.98 (13.4) 
n-Octadecylalcohol 6 . 2  (23.0) 6.5(14.0) l.OO(13.7) 
Polyethylene glycol 


400 6.6  (24.5) - - 


Calculated from the amount of amine found in the mixture. 


could be found in the literature on the dissociation of 
pharmacologically active sulfonylureas at relatively low 
temperatures and in media such as may occur in 
pharmaceutical vehicles. 


The results of a preliminary investigation on the 
dissociation of I at 80” in 12 primary alcohols (methyl, 
ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, n-octyl, 
n-decyl, n-dodecyl, n-tetradecyl, n-hexadecyl, and n- 
octadecyl alcohols) and in polyethylene glycol (PEG) 
400, a common constituent of pharmaceutical prepara- 
tions, are the subject of this paper. 


EXPERIMENTAL 


A Beckman model DU spectrophotometer was used for all 
analyses. TLC separations were carried out on Merck F 254 silica 
gel plates, using the benzene-acetone-methanol-acetic acid 
(70:20:5:5) solvent system described by Kaistha and French (7). 
Tolbutamide (I) was the medicinal grade drug; it was crystallized 
from benzene to constant melting point (127-129”) and was shown 
by TLC to be free from contaminants or decomposition products. 
pToluenesulfonamide2 was crystallized from ethanol, m.p. 136- 
137”. nButylamine was distilled prior to use, b.p. 77-78”. All 
alcohols (Table I) were anhydrous, analytical reagent grade prod- 
ucts. Their purity was checked by gas chromatography. PEG 
400 was found to contain 2% HzO by azeotropic distilla- 
tion with toluene, and it was used as such. pToluenesu!fonyl 
isocyanate (111) was prepared from p-toluenesulfonarnide and 
oxalyl chloride as indicated by Franz and Osuch (8). N-(p-Toluene- 
sulfonyl)carbamates, Compounds 1-1 2, were prepared from 111 
and the appropriate alcohols by the method of McFarland and 
Howard (9); analyses and physical constants are reported in Table 
11. Some of the compounds had been described previously (footnotes 


and ’, Table II), but no analytical data had been given. “PEG 


2 Fluka A.G. 
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Table II-Alkyl N-(pToluenesulfony1)carbamates 


Com- 
pound Empirical --- Ca1cd.-- -- Found- - 
No. R M.p.= :6$ Formula C H N  S C H N  S 


~~ 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 


106-107°c 
82-84 OC 


64-65"' 
118-120°d 
45-46 OC 


Oils 
53-54"c 
72-74 ' 
87-89 ' 
86-87 O 
86-87" 
97-98" 
- 


69 
69 
72 
72 
73 
76 
77 
79 
81 
81 
82 
86 
29 


47.15 
49.37 
51.34 
53.12 
54.71 
52.32 
58.69 
60.81 
62.62 
64.19 
65.56 
66.76 
- 


4.84 
5.38 
5.88 
6.32 
6.71 
6.27 
7.70 
8.22 
8.67 
9.06 
9.40 
9.60 
- 


6.11 
5.76 
5.44 
5.16 
4.91 
4.36 
4.28 
3.94 
3.65 
3.40 
3.18 
3.15 
- 


13.98 
13.18 
12.46 
11.81 
11.23 
9.98 
9.79 
9.02 
8.35 
7.79 
7.29 
7.14 
- 


47.00 4.65 5.94 
49.21 5.42 5.63 
51.31 5.79 5.25 
52.98 6.27 5.12 
54.55 6.63 4.63 
52.25 6.11 4.30 
58.46 7.58 4.16 
60.70 8.29 3.98 
62.44 8.50 3.83 
63.94 8.51 3.08 
66.24 9.06 3.23 
66.49 9.70 3 .00  
- - - 


13.70 
12.89 
12.29 
11.71 
11.02 
9.77 
9.64 
9.12 
8.17 
7.71 
7.15 
6.85 
- 


0 Determined on a Kofler block and uncorrected. All compounds were crystallized from petroleum ether, boiling range 6&80°. b Solvent system: 
benzene-acetone-methanol-acetic acid (70:20:5 : 5 ) ;  see text. c Cf. L. Fishbein, J .  Chromatogr., 30, 245(1967). d Synthesis described by A. Novlckk 
and B. Vondriizek, Czech. pat. 96,582 (Sept. 1960); through Chem. Absrr., 55, 15420g(1961). 8 Analyzed as the sodium salt. 


400 N-(ptosyl)carbamate," prepared from 111 and excess PEG 400, 
was not purified. 


Procedure for Study of Dissociation of I in Anhydrous Cl-clS 
Alcohols-Mixtures containing I (50 mg.) and an alcohol (450 mg.) 
were placed in 5-ml. ampuls. The sealed ampuls were heated at 80" 
in an electrically controlled oil bath. The reaction temperature 
was selected after some preliminary trials ; temperatures below 80" 
were insufficient for a quick dissolution of the drug in some al- 
cohols, while higher temperatures favored formation of small 
amounts of unidentified side products. After 2 hr. or, for the reac- 
tion in n-octadecyl alcohol, at the time intervals specified in Fig. 1, 
the ampuls were cooled and their contents were quantitatively 
dissolved in acetone (25 ml.). Ten 50-pl. portions of the solution 
were applied on a chromatoplate as a row of points. Appropriate 
reference solutions [I, N-(ptosy1)carbamates and butylamine] were 
also applied. After development, the areas corresponding to I 
(Rf  0.68) and to the N-(ptosy1)carbamates ( R f  reported in Table 11) 
were evidenced by examination under a shortwave UV light and 
were marked. Their identity was confirmed by comparison with the 
standards. The marked areas were removed from the plate and 
quantitatively eluted with ethanol (10 ml.). The UV absorption of 
the solutions at 228 mp (I) and at 226 mp (carbamates) was re- 
corded, applying a correction for the blank extinction value. The 


40 t 
3 5 i  


' -A 
5 10 15 25 40 60 80 300 


MINUTES 


Figure 1-Concentrations of tolbutamide (I) (0) and of n-octadecyl 
N-(p-tosy&arbamate (Compound 12) (m) versus time at 80". Initial 
concentration of I in n-octadecyl alcohol is IOZ w/w (37 mmolesl 
100 g.). 


amounts of I and of N-(ptosy1)carbamate were obtained by com- 
parison with suitable standard curves. The procedure gave errors 
not exceeding =t597,, as proven by separate tests carried out with 
standard solutions of I and of carbamates. The location of butyl- 
amine (Rj 0.04) was evidenced by spraying the "standard" portion 
of the plates with 0.5% ninhydrin solution and heating briefly at 
60". The corresponding "sample" area was removed and quantita- 
tively eluted with ethanol (10 ml.). The determination of the butyl- 
amine content of the solution was carried out by the ninhydrin 
method outlined by Kaistha and French (7). In this case also, the 
error did not exceed f 5 %. 


When methyl and ethyl alcohols were used as solvents, a quanti- 
tative estimation of I and of the N-(ptosy1)carbamates was im- 
possible, since the substances had almost identical Rf's and could 
not be separated. In these cases, the extent of dissociation of I 
was calculated from the amount of amine found in the equilibrium 
mixtures. 


Dissociation of I in PEG 400 and in 2 % Aqueous C1-Cs Alcohols- 
One-gram samples of 10% w/w solutions of I were placed in 5-ml. 
flasks and heated 2 hr. at reflux temperature (methyl and ethyl 
alcohols) or at 80" (n-propyl, n-butyl, n-pentyl, n-hexyl, and n-octyl 
alcohols). Each flask was connected to a small gas absorption trap 
containing a Ba(OH)2 solution. Evolution of COZ was qualitatively 
evidenced by a white precipitate in the trap. After cooling, a sample 
(500 mg.) of each mixture was dissolved in acetone (25 ml.) and 
processed as described previously. In this case, a ptoluenesulfon- 
amide reference solution (R, 0.58) was also applied to the plates. 
For PEG 400, a quantitative estimation of the N-(ptosy1)carbamate 
could not be effected. 


Reaction of III with Aqueous Alcohols-To I-g. samples of the 
alcohols mentioned in the preceding paragraph, placed in 5-ml. 
ampuls, 0.1 g. of 111 was added. The ampuls were sealed and heated 
30 min. at 80". After cooling, a sample (500 mg.) of each mixture 
was dissolved in acetone (25 ml.) and processed as described. The 
products consisted of a mixture containing approximately equal 
portions of ptoluenesulfonamide and of the N-(ptosy1)carbamate 
of the alcohol used as solvent. 


RESULTS AND DISCUSSION 


The results obtained heating 10% solutions of I in 12 straight- 
chain primary alcohols and in PEG 400 are summarized in Table I. 
In all cases, the reaction practically reached equilibrium within 2 hr., 
after which time about 40% of I had disappeared and other com- 
pounds, identified as n-butylamine and the N-(ptosy1)carbamate of 
the alcohol used as solvent, were formed in stoichiometric amounts. 
All tosylcarbamates (Table 11) were independently synthesized; 
some of them (Compounds 8, 9, 10, 11, and 12) were unknown. 
In the case of PEG 400, the carbamate had the same chromato- 
graphic behavior of a sample obtained from ptoluenesulfonyl iso- 
cyanate and PEG 400. No attempts were made at purification of 
this "PEG 400 N-(ptosy1)carbamate" on consideration of its 
probably complex composition. The overall reaction of I with 
alcohols is indicated as (1) in Scheme I. 
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I H 3 C - - @ S O z N C 0  + C4H&Hz (2) 


111 


'H3C-@S0,NC0 + ROH I1 (3) 


I11 


H3c-,~co + HzO - 
IV 


Scheme I 


A more detailed study of the behavior of a 10% solution of I in 
n-octadecyl alcohol at 80" is shown in Fig. 1. The tolbutamide 
concentration (initially 37 mmoles/100 9.) was found to diminish 
as carbamate (and butylamine, not shown in the figure) formation 
increased, until an equilibrium mixture containing about 6.2 
(23.0 mmoles/100 9.) of I, 6.5% (14.0 mmoles/100 9.) of n-octa- 
decyl N-(ptosy1)carbamate (Compound 12), and 1.0% (13.7 
mmoles/100 9.) of butylamine was reached after about 1.5 hr. 


In every case, the amounts of n-butylamine and of N-(ptosy1)- 
carbamate present in the mixture satisfactorily accounted for the 
amount of I which had disappeared. A prolonged heating (5-10 hr.) 
of the solutions of I in higher alcohols resulted in formation of very 
small amounts of a third compound, evidenced by a fluorescent 
spot on the chromatographic plates. The Rf of this spot (e.g., 
0.88 for the reaction in n-octadecyl alcohol) was in all cases different 
from those of all the possible dissociation products of I, and in- 
vestigation in this direction was not pursued. 


The presence of 2% water in some solvents (PEG 400 and 
alcohols C,-Cs) did not influence the equilibrium concentrations of 
I and of n-butylamine. However, the equilibrium mixtures contained 
about 2 % of p-toluenesulfonamide and a correspondingly reduced 
amount of N-(p-tosy1)carbamate. Furthermore, evolution of COZ 
during the reaction was observed when water was present. 


The reported results might be rationalized as follows. Mono- 
and disubstituted ureas and some sulfonylureas are known to 


OH 
V 


it 


dissociate on heating to isocyanates and amines (3,5,6). The thermal 
dissociation of pethoxyphenylurea, for example, in aqueous 
solution leads to p-ethoxyphenyl isocyanate, ammonia, and, in 
minor amounts, phenetidine and isocyanic acid (10). The isocyanates 
originating from the dissociation are often evidenced indirectly, 
e.g., through derivatives formed with suitable reagents. The reaction 
medium itself can function in some cases as one such reagent; 
sym-di-pethoxyphenylurea was assumed to dissociate to phene- 
tidine and pethoxyphenyl isocyanate, since it gave phenetidine and 
n-butyl N(pethoxypheny1)carbamate on heating in n-butanol 
(11). The results seem to be in line with these data, and they sug- 
gest that tolbutamide dissociates on heating in the presence of 
alcohols to butylamine and ptoluenesulfonyl isocyanate. Inter- 
action between the latter compound and the alcohol used as solvent 
would give the observed N-(ptosy1)carbamate. The reactions are 
indicated as (2) and (3) in Scheme I. 


The additional formation of ptoluenesulfonamide and carbon 
dioxide, when water is present in the reaction mixtures, can be ex- 
plained assuming that water might compete with the alcohols for 
ptoluenesulfonyl isocyanate. The latter is known to react readily 
with water as indicated in (4), Scheme I (12). Support for this 
hypothesis came from experiments in which p-toluenesulfonyl 
isocyanate was allowed to react with a series of aqueous alcohols. 
In all cases, a mixture of N(ptosy1)carbamate and p-toluene- 
sulfonamide was obtained, and COz evolved during the reaction. 


A significant outcome of the present study is the observation 
that tolbutamide, under the experimental conditions described, 
dissociates in only one of two possible fashions. The alternative disso- 
ciation leading to ptoluenesulfonamide and alkyl N-butylcarbamates 
as the end products could not be detected even to a minimal 
extent. A tentative rationalization of this phenomenon is presented 
in Scheme 11, where the mechanism for the thermal dissociation of I 
has been patterned after that proposed by Hoshino et al. (6) for 
sym-diphenylurea. It can be seen that path (a), leading to the 
observed products, requires tautomerization of I to V, while path 
(b), leading to ptoluenesulfonamide and butyl isocyanate, requires 
tautomerization to VII. Tautomerization of I to V should be 
strongly favored by the high acidity of the NH group bound to the 
sulfonyl group. Furthermore, even if a small amount of VII was 
present at equilibrium, its subsequent conversion into the ion VIII 
should be rather difficult, since it would require protonation of a 
nitrogen atom endowed with a very low basicity. Conversely, forma- 
tion of the ion VI from V should occur easily, on account of the 
greater degree of basicity of the nitrogen bound to the alkyl group. 


Solvent effects and/or reaction temperature might play a signif- 
icant role in determining the fashion and extent of the reaction. 
A relevant example is the formation of good yields of alkyl iso- 
cyanates and sulfonamides from 1,3-disubstituted sulfonylureas 
under pyrolysis conditions, where a completely different mechanism 
is probably operative (3). Moreover, although this proposed dis- 
sociation mechanism receives strong support from several analogous 
examples reported in the literature, alternative mechanisms, such as 


VI 


lt 
H3C-JWO -I- C4H9NHz 


I11 
Scheme II 
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alcoholysis, should not be entirely disregarded. Additional experi- 
ments are needed to obtain a satisfactory picture of the reaction. 
Further work, aimed at collecting kinetic data for the dissociation 
of I and of other pharmacologically active sulfonylureas in different 
media, is now in progress. 
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Abstract 0 The crystal structure of the 2:l complex of barbital 
with caffeine has been determined by X-ray diffraction methods. 
The crystals are triclinic, space group P1, With a = 14.627, 6 = 
14.160, c = 6.902 A, cx = 95'15', ,9 = 92"48', and y = 100"45', 
and with four barbital and two caffeine molecules in the cell. The 
block-diagonal least-squares refinement of 496 atomic positional 
and thermal parameters, based on 4665 X-ray intensity data, gave a 
final R factor of 0.05. The structure consists of ribbons of barbital 
molecules linked by NH...O=C hydrogen bonds. caffeine 
molecules are bound to the ribbon by an NH. . .N(9) hydrogen 
bond and by an unusual interaction involving C(8)H with two 
barbital oxygen atoms. Weak interactions of nonhydrogen-bonded 
caffeine carbonyl groups with barbital carbonyl groups may also 
be important in this crystal. There is minimal overlap of the flat 
ring systems of the component molecules. 


Keyphrases 0 Molecular association-barbital-caffeine 2 : 1 
crystalline complex [7 Barbital, molecular association-caffeine 
in 2 : 1 crystalline complex 0 X-ray diffraction-barbital-caffeine 
2:l crystalline structure, determination 


Barbiturates (1-3) and xanthines (4, 5 )  form crystal- 
line complexes with a variety of other molecular species 
as well as with each other (6-8). The crystal complex of 
barbital with caffeine was chosen for study because con- 
sideration of the structure of the component molecules 
(Fig. 1) shows that the nature of barbital-caffeine as- 
sociation must differ in two important respects from 
that found in previously determined crystal structures of 
complexes of purines and pyrimidines. 


The strong association by pairs of hydrogen bonds, 
which occurs in complexes of barbiturates with adenine 
derivatives (3,9) and which is analogous to the hydrogen 
bonding in the crystal structures of nucleic acid base 
pairing model systems (1 0), cannot occur between 


(12)' H. Ulrich, Chem. Rev., 65,369(1965). 


barbital and caffeine. As a hydrogen-bonding donor 
caffeine can at most form a weak C(8)H hydrogen bond 


The stacking together of flat molecules with extensive 
overlap of their a-bonded ring systems has been found 
in complexes of tetramethyluric acid with pyrene (1 1) 
and caffeine with 5-chlorosalicylic acid (5 ) .  This type of 
interaction, which has been termed polarization bond- 
ing, is postulated as an important cohesive factor in 
xanthine complexes (12). However, in the complex of 
caffeine with barbital, overlap of the two flat ring sys- 
tems is largely prevented by the ethyl groups, which 
shield each side of the barbital ring. 


The crystal structure of the 2 : 1 barbital-caffeine 
complex was determined to reveal the detailed geometry 
of molecular association. 


EXPERIMENTAL 


Triclinic crystals (m.p. 142") of the complex were obtained as 
described by Higuchi and Lac@ (6). The lattice parameters are a = 
14.627, b = 14.160,~ = 6.902 A, CY = 95"15', j3 = 92"48', and7  = 
lOO"45'. The space group is Pi,  and there are four barbitaland two 
caffeine molecules in the unit cell. The X-ray intensity data (4665 
reflections) were collected on a four-circle automatic diffractometer 
using CuKa radiation. A11 40 nonhydrogen atoms of the crystal 
chemical unit were found in the first E map, derived from an ap- 
plication of the direct method of phase determination similar to that 
described by Karle (13). All 34 hydrogen atoms were subsequently 
found in a difference Fourier synthesis. The positional and aniso- 
tropic thermal parameters for heavier atoms and positional and 
isotropic thermal parameters for hydrogen atoms were refined by a 
block-diagonal least-squares procedure to give a final R factor of 
0.05. 


Description of the Structure-The crystal structure consists of 
stacks of hydrogen-bonded ribbons, one of which is shown in Fig. 
2. The backbone of the ribbon is made up of the barbital molecules, 
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B O O K S  


REVIEWS 


Legal Medicine Annual. Edited by CYRIL H. WECHT, M.D., J.D. Ap- 
pleton-Century-Crofts, 440 Park Ave., New York, NY 10016, 
1969. 442 pp. 16.7 X 24.4 cm. Price $14.00. 
This book contains 22 monographs by 26 authors covering 


various aspects of forensic medicine. The largest part of the book is 
devoted to a discussion of professional liability and forensic toxicol- 
ogy. The remainder of the book is rounded out with a discussion of 
criminal responsibility, organ transplantation, and abortion laws. 


Two chapters that deserve special mention are: Chapter 8, dealing 
with the preparation for trial in drug liability cases. The author gives 
an excellent discussion of how probing an attorney’s inquiry can be 
into the facts and responsibilities for adverse drug reactions. 


Chapter 5 gives a clear overview of the medicolegal problems of 
hospital liability and the extent to which the courts are forcing 
hospitals to exercise increasing control over medical staff conduct. 
While this chapter focuses on potential liability of the medical 
staff, it is clear that members of the paramedical staff, such as, 
clinical pharmacists and nurses can face the same types of potential 
liability. 


A b3ok of this nature would not be of interest to the pharmaceu- 
tical scientist or pharmacy practitioner unless he has a strong in- 
terest in medicolegal problems. 


Reviewed by William C. Roemer 
Academy of Pharmaceutical Sciences 
American Pharmaceutical Association 
Washington, DC 20037 H 


Physician’s Book Compendium. Edited by MAX CELNIK. Physician’s 
Book Compendium, Inc., 25 West 45th St., New York, NY 
10036, 1969. xxvi + 846 pp. 17 X 23.5 cm. Price $29.50. 
While the idea behind the “Physician’s Book Compendium” of 


compiling into one source all books from the medical field and giving 
pertinent bibliographic information is sound and would have useful 
applications, the product of this idea falls considerably short of its 
goal, as stated in the Preface, of being “an indispensable reference 
volume.” 


Probably the first objectionable feature that the user would notice 
is the inserts of business reply cards, provided for ordering books. 
The thickness of these inserts, and their location interspersed 
throughout the text, makes flipping pages difficult. The next an- 
noyance is the numerous pages of advertisements scattered through- 
out the volume; they seem to be out of place in a book of this type. 
The very fact that this book costs nearly thirty dollars and is filled 
with ads, in itself, might be objectionable to some purchasers of this 
book. 


Had both of these aforementioned materials been placed at the 
beginning or end of the book, the usefulness of the book would have 
been somewhat increased, as well as bettering its appearance. 


The paragraph summaries, which are not provided for all books, 
read like the publicity flyers sent out by the publishers. No attempt 
could be discerned to evaluate or critique any book, an omission 
which certainly detracts from the value of the compendium. This 
omission is particularly significant with regard to the older books. 


With just a quick check of the section on “Pharmacology,” it was 
noted that nearly half of the books included were published before 
1964. One cannot help but wonder if these are all significant, classic 
books, or if they were included to fill out the space available. 


The inclusion of books with a popular approach or nature tends 
to diminish any remnant image of a scholarly attempt at compiling 
a technical work. 


The use of the same type face, although admittedly a little larger, 
for both the subheads within sections and the authors’ last 
names adds to the reader’s confusion. 


While there is apparently a need for this type of book and the 
editors have made an initial step, it would be difficult, if not impos- 
sible, to recommend this book for general use. 


StaffReview 


Contraception: The Chemical Control of Fertility. Edited by 
DANIEL LEDNICER. Marcel Dekker, Inc., 95 Madison Ave., New 
York, NY 10016,1969. xiv + 269 pp. 15.5 X 24cm. Price$13.75. 
This is an excellent book for researchers who are entering the 


field of female antifertility. It contains six chapters which deal with 
biology and chemistry of steroidal and nonsteroidal agents. Each 
chapter is authored by men who are well versed in their respective 
fields. 


Chapter One introduces the reader to the reproductive cycle of 
the human female and discusses the interplay between the hypo- 
thalamus, pituitary, and ovary. 


Chapters Two and Four emphasize the biology of steroidal and 
nonsteroidal compounds that are either being used as contraceptive 
agents or have been evaluated in animals. Chapter Two in particular 
discusses in detail the mode of action and the rationale for selecting 
the present steroidal contraceptive agents. Chapter Four, on the 
other hand, primarily emphasizes the biology of nonsteroidal estro- 
gens and antiestrogens. The chemistry is also divided in two chapters. 
Chapter Three covers the synthesis and the biological activity of 
various 19-norsteroids and progesteronelike compounds. Other 
chemical antifertility agents, referred to as nonsteroidals, are dis- 
cussed in Chapter Five. The free use of flow diagrams and isolated 
structures brings to light the various routes and rationale that medic- 
inal chemists have explored over the past decade. 


Finally, the big plus for the book is the chapter on Assays and 
Screens. The author has compiled various methods that have been 
employed by a number of workers in screening for antifertility 
agents. The use of tissue slides enhances the appreciation of a novice 
for these assays. 


All in all, the book is well written and the chapters are well co- 
ordinated. It does have, however, many typographical errors espe- 
cially in Chapter Five. A chapter on “absorption, excretion, and 
metabolism” of existing contraceptive agents, in my opinion would 
have contributed immensely. Also, some mention of male anti- 
fertility would have been in order even though the editors did explain 
its omission in the Preface. The book can certainly be recommended 
for advanced graduate students and researchers in the field of con- 
traception. 


Reviewed by Arvin P. Shroff 
Ortho Research Foundation 
Raritan, NJ 08869 


Isolation and Identification of Drugs (in pharmaceuticals, body fluids 
and post-mortem material). Edited by E. G. C. CLARKE. The Phar- 
maceutical Press, 17 Bloomsbury Square, WC-1, London, England. 
U. S. distributor: Rittenhouse Book Store, 1706 Rittenhouse 
Square, Philadelphia, PA 19103, 1969. xxii + 870 pp. 14.8 X 
22.6 cm. Price $39.00. 
Clarke has drawn into monograph form drug identification 


methods, properties, metabolism, and toxicology. Most of this vast 
amount of information was available previously in assorted compi- 
lations but this book is the first large-scale collation of data of greatest 
interest to toxicologists, biochemists, pharmacists, pathologists, and 
forensic and pharmaceutical chemists. There is a clear need for this 
compilation and one can only regret the rapid obsolescence inherent 
in these active areas of research. All the more for this admirably 
printed and bound volume. The book was produced by the Phar- 
maceutical Society of Great Britain as a companion volume t o  the 
Extra Pharmacopoeia. 


The essence of the work is the Monograph. Most concern com- 
mercial drug substances but some pesticides, herbicides, and hal- 
lucinogens are included. Unfortunately, the editor does not state 
criteria for selection or a cutoff date so one wonders at the absence 
of some recent, noted drugs. As most important compounds are 
listed, there is little loss in scope of coverage when transplanted to 
this country. Each monograph ideally contains statements or para- 
graphs on title, pharmacologic category, synonyms, trade names, 
structure, physical properties, screening tests, extraction, coded 
chromatographic systems, UV and IR absorption, references to 
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Spectrophotometric Determination of Chlorpromazine 
in Pharmaceutical Dosage Forms 


B. S. R. MURTY and R. M. BAXTER 


Abstract A rapid and convenient spectrophotometric method for 
the determination of chlorpromazine hydrochloride and its unit 
dosage forms is described. Extensive separation and extraction of 
the active ingredient are not required. The microsensitive color 
response (A,,,, 520 mp) with Van Urk’s reagent is the basis of the 
analytical technique. The results are reproducible. 


Keyphrases 0 Chlorpromazine dosage form-analysis 0 Colori- 
metric analysis-spectrophotometry 0 Van Urk’s reagent--color 
formation 


Chlorpromazine hydrochloride (CPZH), a pheno- 
thiazine derivative, is a widely used psychopharma- 
cological agent. Chlorpromazine hydrochloride and 
some of its unit dosage forms are official in BP 1968 
(l), USP XVII (2), and Ph.1. (3). A number of gravi- 
metric, titrimetric, opticometric, electrometric, and 
chromatographic methods for the quantitative deter- 
mination of phenothiazines have been reported in the 
literature, each one claiming individual advantages. 
These have been reviewed by Blazek (4), Blazek et al. (5 ) ,  
and Gyenes (6). Blake and Agarwal(7) recently reported 
a photometric titration of phenothiazines with ceric 
sulfate. The current pharmacopeias recognized non- 
aqueous titrimetry for determining the drug, while the 
unit dosage forms containing the drug-uiz., tablets, 
injections, etc., are determined by methods based on the 
UV absorption properties of the phenothiazine base. 
However, these methods involve a series of extractions 
of the active ingredient from the unit dosage forms. 


The authors have observed that a color (A,,,., 520 
mp) results when CPZH is treated with Van Urk’s 
reagent. The color-producing reaction with pheno- 
thiazines has not been previously reported in the 
literature. This investigation is primarily directed 
toward the evaluation of the observed novel reaction 
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Figure 1-Effect of time on the stability of color with Van Urk’s 
reagent and CPZH. 


as a quantitative measure of chlorpromazine in its 
various dosage forms. 


EXPERIMENTAL 


Instrumentation-Beckman DU spectrophotometer ( 1-cm. cell) 
was used. 


Materials-Van Urk‘s reagent, BP 1968 (8), was used. Chlor- 
promazine hydrochloride and the various dosage forms were ob- 
tained from commercial sources. All reagents were analytical 
grade. Glass-distilled water was used throughout this work. 


Standard Reference Solution-Chlorpromazine hydrochloride 
(50 mg.), previously dried, in distilled water (250 ml.) was used. 


Sample Preparation-Tablets-Twenty tablets were weighed and 
reduced to a fine powder. An accurately weighed portion of the 
powder, equivalent to 50 mg. of the drug, was transferred to a 250- 
ml. volumetric flask. The flask was shaken thoroughly for 1&15 
min. after adding 100 ml. of water and was made to volume. The 
contents of the flask were filtered. 


Injections-An equivalent volume, representing 50 mg. of the 
drug, was measured and diluted with water to 250 ml. 


Suppositories-Suppositories representing 100 mg. of the drug 
were placed in a 500-ml. volumetric flask and melted by heating on a 
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Figure 2-Effect of water-soluble inert diluents on the absorption 
maxima. Key: . . . , CPZH and lactose and sucrose; 0, CPZH and 
acacia or fragacnnth: andA, CPZH. 


steam bath. Hot water (100 ml.) was added; the solution was shaken 
and finally made to volume with water. Following filtration, the 
filtrate was used for the assay. 


Syrup-A volume of syrup representing 50 mg. of the drug was 
diluted with water to 250 ml. 


Method-A 0.1-0.5-ml. aliquot of the sample solution, prepared as 
previously described, was treated with 4 ml. of Van Urk’s reagent, 
shaken, and made to a known volume with water. The intensities of 
the colors developed by the sample solution and by the chlor- 
promazine standard, treated simultaneously with the reagent, were 
measured at 520 mg against the reagent blank. 


RESULTS AND DISCUSSION 


The color produced in the reaction is stable for at least 60 min. 
(Fig. 1); the presence of 0.5 mg. of the commonly used inert diluents 
-acacia, tragacanth, lactose, and sucrose-did not interfere (Fig. 
2). The most suitable slope of the calibration curve and the maxi- 
mum color intensity were obtained with the use of 4 ml. of the 
reagent with 0.1-1.0 ml. of the standard solution in a total volume of 


Table I-Analysis of Unit Dosages Containing CPZH 


Labeled Method 
Amount Method USP Proposed 
per Unit, BP 1968, XVII, Method, 


Dosage Form“ mg. Z Rb Z R  Z R  
Tablet 50.00 101.00“ 102.00“ 102.003~ 


Injection 27.90 99.30 102.10 102.10+0.4 
Syrup 5.58 98.60 98.60 98.603Z 1.0 
Suppositories 1 1  1.60 Not official 98.80 98.60 + 0.6 
Control CPZH 50.00 100.40 100.40 100.40* 0.2 


0.4d 


0 Dosage forms analyzed for two different labeled amounts; one only 
is given. * R represents the percentage recovery. c Average of at least 
three determinations by official method. d Standard deviation based on 
at least four determinations. 
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Figure %-Effect of volume of Van Urk’s reagent on absorbance. Key: 
vohme ofreagent: A = I ml.; B = 2 ml.; C = 3 ml.; and D = 4 ml. 


10 ml. (Fig. 3). For a constant volume of Van Urk‘s reagent, an 
increase in the concentration of CPZH up to 20 mcg./ml. produced 
an increase in color intensity. Color generation under standard 
conditions obeyed Beer’s law between 5-20 mcg./ml. (0.165-0.7 
absorbance, respectively, at 520 mp) (Fig. 3). The mean absorbance 
of 10 replicates from one solution to another was noted. The 
standard deviation was found to be f 0.005. 


The data in Table I indicate that quantitative recoveries were 
obtained for the unit dosage forms and that the results were in 
good agreement with the official methods. The reported procedure 
has the advantage that it does not require the preliminary extrac- 
tion of the active ingredient. The effect of decomposition products 
on the recovery of the parent compound has not been evaluated. 
The procedure allows for a simple, rapid, and accurate determina- 
tion of small quantities of chlorpromazine. 
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Solute Fluxes in Fat Absorption 


R. L. S. WILLIX 


Abstract 0 Diffusion rates of fatty acid (oleic and palmitic acids) 
in bile salt solution and in polyoxyethylene-polyoxypropylene 
copolymer solution depend on the amount of fatty acid solubilized 
and also on any physical restrictions to flow. Micelles of the two 
types of surfactant are significantly different in size. Assuming a 
passive process for the uptake of fatty acid, diffusion rates correlate 
with the observed uptake of fatty acid into everted intestinal sacs 
of the rat. 


Keyphrases 0 Fat absorption-solute fluxes, iiz vitro Diffusion 
cells-fat transfer 0 Radioactive solute-fat transfer, diffusion 
cells Refractometry, differential-diffusion rates 0 Scintillom- 
etry-analysis 


The surface-active property of the natural surfac- 
tants, bile salts, in mediating lipolysis (1) and absorption 
by the small intestine of hydrophobic material, other- 
wise poorly soluble in an aqueous medium (2-4), is well 
accepted. 


Synthetic nonionic surfactants, such as polyoxy- 
ethylene-polyoxypropylene copolymer, also promote 
absorption of free fatty acids by everted intestinal 
sacs of the rat but less effectively than bile salts (5 ) .  
They exert an effect in uiuo from which conclusions are 
obscured due to the absence of a clear distinction be- 
tween uptake from micellar solutions compared with 
uptake from emulsions (6). 


Phase separation by ultracentrifugation has estab- 
lished that, for any one concentration of either sur- 
factant and lipid composition, a fixed amount of fatty 
acid partitions between the micellar and emulsion 
phases (6); and for absorption in uitvo, there is a clear 
relationship between the amount of fatty acid (oleic 
acid) solubilized and uptake into the everted intestinal 
sac (5). 


If it is generally agreed that lipid is absorbed almost 
exclusively from the isotropic phase of intestinal 
content, micellar solubilization could promote uptake 
by increasing the chemical potential or effective con- 
centration of lipid in the systems considered. An under- 
standing of the mechanism, however, requires a knowl- 
edge of the dynamic nature of the physicochemical 
events in the absorptive process. Diffusion coefficients 
in the aqueous phase and the interfacial resistances to 
fatty acid movement between emulsion globules, 
micelles, and the surrounding aqueous medium are the 
kinetic quantities that provide the link between solubili- 
zation and uptake in this luminal stage of fat absorption. 


The method involves the measurement of the fatty 
acid flux across a confined volume of solution, in 
practice a solution that is limited to the interior of a 
diaphragm and made less sensitive to gradients that 
lead to bulk flow in free solution. In addition, the use 
of diaphragms of different porosities provides data on 


1 Pluronic F68, Wyandotte Chemicals Corp., Wyandotte, MI 48193 


solute fluxes when the movement of fatty acid in one or 
more of its states of aggregation, monomers, micelles, 
or emulsion globules is restricted. 


The method has been applied to lipids in a qualitative 
manner (7) and follows from studies (8,9) on the effect 
of solubilizing agents in increasing the driving force for 
diffusion of water-insoluble dyes. The capacity of 
Millipore filters, under conditions of free filtration, in 
separating emulsion and micellar phases of lipid dis- 
persed by bile salts has been previously demonstrated 
(10). Using Millipore and sintered-glass diaphragms, the 
present study provides quantitative data on the diffu- 
sive movement of fatty acid, specifically oleic acid, in 
lipid systems of bile salts and of polyoxyethylene- 
polyoxypropylene copolymer. 


The validity of a diffusion-limited model for the 
luminal stage of fatty acid absorption implies the pres- 
ence in the gut of a still layer near the absorptive cell. 
While this is not proven, the glycocalyx coat could well 
produce an unstirred layer of fluid of greater thickness 
than at a clean cell surface; the presence of microvilli 
with some of the characteristics of physical pores (11) 
improves the analogy with the physicochemical model, 
making the data on fatty acid movement in its different 
states of aggregation perhaps directly applicable to the 
biological situation. 


An understanding of the luminal stage of the absorp- 
tive process through the comparison of different sur- 
factants may then provide insight into the much more 
complicated in uiuo problem where, as yet, few clearcut 
physicochemical parameters have emerged. 


EXPERIMENTAL 


Materials-Sodium taurocholate (NaTC) moved as a single spot 
on activated silica gel at room temperature with ethyl acetate- 
methanol-glacial acetic acid (70:20:10). It was used as supplied.* 


Sodium taurodeoxycholate (NaTDC) was synthesized from tau- 
rine and deoxycholic acid by the method of Norman (1 2) as modified 
by Hofmann (13). Bile salts were used in a 4:l ratio with NaTC- 
NaTDC in all experiments. 
Polyoxyethylene-polyoxypropylene copolymer (nominal molec- 


ular weight 8000) had a specific refractive index increment of 0.139 
ml. g.-1 and was used as supplied. 


Glycerol 1-monooleate (monoolein) was shown by TLC to con- 
tain small amounts (4 %) of diglyceride and free fatty acid. By 
GLC the fatty acid composition was ClZ:o 1, Cle:' 5 ,  Cls:l 85, CIS:Z 5.  


Oleic acid and palmitic acid were -98% pure by GLC. Radio- 
chemical purity of oleic acid-1-14C was certified3 as 95-98z pure 
Cl~:l of which 7% was elaidic acid; 97% of the material was free 
fatty acid by TLC. Palmitic acid-9,10-3H was certified 96% pure; 
94% of the activity was in the fatty acid band. 


Sodium dihydrogen phosphate and monohydrogen disodium 
phosphate were used as supplied.4 


Methods-Two types of diaphragm cells are described. One uses 
a sintered-glass disk of -3O-fi average pore diameter, 4.9 cm.2 


2 Koch-Light Laboratories, Colnbrook, England. 
8 Radiochemical Centre, Amersham, England. 
4 Ajax Chemicals, Sydney, Australia. 
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Table I-Cell Constants 1.0 


Diaphragm Cell Constant fl (cm.-2)1 


Sintered glass (SG), 30 p 
Millipore (MP), 1.2 f i  
Millipore, 0.010 p 


0 .25  f 0.02 
9.54 f. 1 . 1  
4.37 f 0.06 


in area and 2 mm. thick, in the Stokes modification (14) of _the 
NorthropAnson (15) diffusion cell, in which stirring is effected by 
two polyethylene-encased6 metal bars mounted one on each side close 
to, but not in contact with, the diaphragm. The cell was filled by 
suction and the lower chamber was closed with a tightly fitting 
ground-glass stopper. A film of silicone grease was placed on the 
external joint, and the entire lower chamber port was enclosed in a 
small polyethylene bag. The cell was immersed vertically in the 
thermostat and held in a rigid clamp to minimize vibration. 


When steady-state conditions prevailed in the diaphragm, the 
solution in the upper chamber was removed and replaced with the 
solution of interest, either a nonradioactive solution of lower con- 
centration if a chemical concentration gradient was to  be main- 
tained across the diaphragm or a nonradioactive solution of the 
same lipid concentration if the system was to be at chemical (but not 
isotopic) equilibrium, The upper chamber was closed with a ground- 
glass stopper with a perforation to the atmosphere, and the run was 
commenced by activating the stirrer with rotating magnets. At the 
end of the diffusion period, the entire solution (24.2 ml.) from each 
chamber was removed for analysis. Radioactivity measurements 
were made on triplicate samples (refractive index measurements 
also were made if surfactant diffusion in concentration gradient 
experiments were being followed). 


The other diaphragm cell utilized Millipore cellulose acetate 
filters (25 mm. in diameter, 0.15 mm. thick) of different porosities, 
mounted vertically to expose 2.90 cm.2 to the solutions in each 
chamber (initially always 20 ml. in volume) and stirred by centrally 
located metal bars encased in Perspex and driven by rotating mag- 
nets mounted on the cell support platform. Solutions in both cham- 
bers were always of the same composition and concentration in lipid, 
i.e., at chemical but not isotopic equilibrium. 


At timed intervals over the period of one experiment, 0.5-ml. 
samples (usually six in all) were removed from each chamber for 
radioactivity analysis, but the liquid level at the end of the diffusion 
period never fell below the top of the diaphragm. Before use the 
cell was tested for leaks with an impermeable barrier. 


Cells were calibrated using KCI as the standard diffusing solute. 
Chloride ion in stock solutions and in each chamber at the experi- 
ment end was determined by AgCl turbidity in 50z ethanol-water 
(after dilution to reduce C1- concentration to a convenient level) 
according to the method of Luce et af .  (16). The calibration curve at 
350 mp was linear up to 14 mcg./ml. C1. 


Where surfactant diffusion rates were monitored, differential 
refractometry (in 10-cm. cells) with a Hilger-Rayleigh interferom- 
eter was used. The instrument was calibrated with sucrose solu- 
tions of known refractive index to give drum readings with respect to 
the refractive index: A l l &  = 4.81 X 10W. However, since the solute 
concentration term in the diffusion equation (discussed later) is 
independent of the unit of measurement, drum readings were later 
taken directly as measures of concentration. When such diffusion 
rates were followed in the presence of lipid, lipid concentrations 
were such that the refractive index measurement of &/Ac = 0.140ml. 
g.-l polyoxyethylene-polyoxypropylene copolymer compared with 
0.139 ml. g.-' polyoxyethylene-polyoxypropylene copolymer in 
the absence of lipid. From this it was concluded that, at these lipid 
concentrations, lipid contributed little to the refractive index and that 
refractive index changes were due mainly to the movement of sur- 
factant. 


For radiochemical assay, fatty acids were extracted with a 3 : 1 
v/v quantity of a 1 : 1 : 1 v/v/v mixture of ethanol-heptane-diethyl 
ether. Two further extractions with the upper phase of ethanol-wa- 
ter-heptane-diethyl ether ensured that > 99 z of the fatty acid was 
in the organic extract, the solvent was driven off under dry Nz, and 
the residue was counted in a liquid scintillation countePafter dissolu- 
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Figure I-Semilogarithmic plots of I4C and aH isotopic concentra- 
tion funciion (Ceq. - C)/(Ceq, - CO) versus time for 4:4:2 mM mono- 
olein-oleic acid-' PC-pulmitic acid- $H equilibrating through 10-mfi 
MP. Key: mM 4 :I sodium taurocholate-sodium taurodeoxycholate: 
0,2.5; A, 5.0; *, 7.5; 0 , l O . O ;  and m, 15.0. 


tion in toluene containing 2,5-diphenyIoxazole (4 g./l.) and 1,4-bis- 
2-(5-phenyloxazolyl)benzene (0.05 g./l.) as scintillation solutes. 
Count times were such as to achieve 1 standard deviation. Correc- 
tions for quenching were made by the channels ratio method. 


Solutions taken to be nonradioactive at the start of a diffusion 
period were tested for adventitious amounts of radioactivity. 


Emulsions and micellar solutions of lipid were prepared by 5-min. 
ultrasonic irradiation (40 w. at 20 kc.) at constant anode current on 
a Branson sonifier. 


Solubilization was determined by separation of emulsion and 
micellar phases by ultracentrifugation at lo7 g min. (-36"), at the 
end of which the lower aqueous micellar phase was sampled and 
analyzed for radioactivity. 


All solutions were 0.15 M NaH2P04/0.07 M NarHP04 in phos- 
phate buffer at pH 6.4 f 0.1, and all experiments were performed at 
37 3z  1". 


RESULTS AND DISCUSSION 


Diffusion Equation-The usual application of Fick's law of dif- 
fusion as applied to diaphragms (17) is followed: 


where A is the total area of the diaphragm pores exposed at right 
angles to the direction of flow, I the thickness of the diaphragm (and 
associated unstirred layers of solution), Vp and VQ the volumes of 
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i/c x 10-3 BILE SALTS, M 


Figure 2-Fatty acid equilibration rate &/3 as a function of the 
reciprocal of the bile salt concentration, 4 :4 : 2  mM monoolein-oleic 
acid-palmitic acid, through 10-mp MP. 


each compartment P and Q, Ceq. the concentration or specific 
activity of the diffusing solute at equilibrium, CO initially, and C at 
time t. b is the average value of the diffusion coefficient for the con- 
centration range of the experiment and is expressed as & to allow 
for all states of aggregation of fatty acid. 


The expression in square brackets is the cell constant /3 and is 
determined with KCI, given that DKCI = 2.45 X cm.$ sec.-l in 
0.5 M solution at 37” (Table I). Three measurements with separate 
Millipore (MP) filters of each stated pore size were made for 0, 
whereas p for the sintered-glass (SG) disk was obtained from nine 
separate determinations over the period of use (several months) to 
detect significant erosion. The 8% variability in /3 for the SG disk is 
higher than can be achieved with such diaphragms, but was con- 
sidered satisfactory for the experiments described here. With SG 
diaphragms, diffusion coefficients were calculated from one experi- 
mental point. Since kinetic curves were not obtained, the results were 
more liable to error than in the MP procedure. This was partly offset 
by the duplication of experiments with the SG diaphragms. 


Tortuosity and blocked capillaries in MP filters are serious limita- 
tions if such structural characteristics are a feature of many pores in 
the one filter and are not even approximately reproduced from filter 
to filter. However, the range in /3 for any one porosity suggested no 
gross irregularities. 


Preliminary experiments established a rate of stirring above which 
the results were insensitive to stirring rate, i.e., the “still” layers 
associated with the diaphragm were at their minimum thickness. In 
this respect, one limitation of the method is whether the dimensions 
of the unstirred layer are comparable for KCl and lipid solutes. 
When considered against the overall thickness of the diaphragm, the 
effect is likely to be small. 


With MP filters, semilogarithmic plots of the concentration 
term-time give acceptable straight lines (Fig. 1). Correlation co- 
efficients were never less than -0.95. The gradients DTB, obtained 


5.0 10.0 
C BILE SALTS, mM 


(4 
Figure 3-(a) Fatty acid solubilization in bile salt solution. 
2.0; and monoolein mM: upper curve, 1.0, and lower curve, 
(PPC) solution. Total lipid concentrations: oleic acid mM, 0, 


by regression analysis, were within 8% for both oleic acid and pal- 
mitic acid loss from one compartment and gain in the other compart- 
ment in any one experiment. Such parallelism in the rates of loss and 
gain suggest steady-state conditions in the diaphragm and the 
reasonable balance of activity-limited retention by the diaphragm. 


Bile Salts-Egect of Solubilization-Figure 1 shows fatty acid, 
equilibration rates across a 0.010-p MP where, in each experiment 
both chambers P and Q have the same lipid composition (4 mM 
oleic acid, 2 mM palmitic acid, and 4 mM monoolein), with one 
chamber containing 14C- and 3H-labeled fatty acids; bile salt con- 
centrations alter from experiment to  experimegt. The effect of 
surfactant concentration on equilibration rate ( D T ~ )  is shown in 
Fig. 2. 


Fatty acid solubilization in this system (Fig. 3a) suggests a 
CMC in the region 2.0-2.5 mM bik salts with total solubilization 
above 10.0 mM. When the gradient DT@ is expressed as a function of 
t&e reciprocal of the bile salt concentration (Fig. 2), no change in 
D T / ~  is apparent until the bile salt concentration reaches -7.0 mM. 
This may be a result of pore blockage by fine globules, so appreci- 
able transport rates are achieved only when there is near total 
solubilization. On the other hand, the solubilization curve reveals 
that only 30% of the fatty acid is solubilized at this bile salt concen- 
tration and that an increase in the solubilizing power, apparent from 
the change in the gradient of the solubilization curve, occurs in this 
region. A significant change in the flux is then to be expected near 
this surfactant concentration. 


Furthermore, although all the lipid was solubilized near 10 mM 
bile salts, the diffusion function continued to increase with increas- 
ing surfactant concentration. At 10 mM bile salts and the stated 
lipid concentration, about 40 molecules of lipid are associated with 
each micelle on the basis of an even distribution of solubilizates and 
an aggregation number of -40 for the bile salt micelle (discussed 
later). Given the tendency of lipid to swell micelles (18, 19), increas- 
ing the concentration of surfactant with the same overall lipid con- 
centration would suggest the formation of rgore, and smaller, 
micelles. An increase in the rate of equilibration D T / ~  with increasing 
surfactant concentration is then understandable on the basis of 
micelle size. The reciprocal concentration plot is made to allow 
extrapolation to such high bile salt concentrations (1/C = 0), i.e., so 
large a number of micelles that on the average the amount of lipid 
per micelle (at this fixed total lipid concentration) scarcely alters the 
dimension of the micelle. The extrapolated DT so determined is I .7 
X cm.$ sec.-l. 


Effect of Pore Size-The diffusion coefficient of oleic acid solu- 
bilized in bile salts and equilibrating through the SG diaphragm is 
3.9 X cm.2 sec.-l (Table 11). The difference between this figure 
and 1.7 X 10-6 cm.2 sec.;l is probably due to the factor -3 between 
micellar diameter (-30 A) and average pore size not being adequate 
for the process to approach that of diffusion in free solution, i.e., 
with no geometrical limitations on movement. This fits with the 
observation that for the same lipid mixture in 10 mM bile salts 
equilibrating through a 1.2-p MP, b~ is 4.4 X cm.2 sec.-l 
(Table 11). 


The 20% lower b~ when there is a chemical concentration dif- 
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Total lipid concentrations: oleic acid mM: 0, 1.0, and @, 4.0; palmitic acid mM: A, 
4.0. (6) Fatty acid solubilization in polyoxyethylene-polyoxypropylene copolymer 
4,O;palmitic acid mM, A, 2.0; and monoolein mM, 4.0. 
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Table II-Diffusion Coefficients b, in Bile Salt Solutions 


--Chamber P-- 
Bile Chamber Q------ 
Salt, Bile Salt, --DT x 106 (cm.2 sec.-l)-- 
mM Lipid, mMu mM Lipid, mM Diaphragm Bile.Salts Oleic Acid 


5.0 10.0 
10.0 1.OOA. 1 . 0 M O  5.0 


- 30-p SG 
3 0 - ~  SG 


10.0 1.0 OA, 1.0 MO 10.0 1.0 OA, 1.0 MO 30-p SG 


5.28 
5.43 
4.75 
4.63 


3.25 
3.40 
3.10 ___ ~ 


5 .0  + 0.4 3.2-1. 0 .2  


3.47 
4.47 
3.9 -1. 0 . 5  
- 


10.0 4.0 OA, 4 .0  MO 10.0 4.0 OA, 4.0 MO 1.2-p MP 4.4 -1. 0.5 


2.0 l .OOA,  1.OMO 2.0 - 30-p SG 0.59 
2.0 l .OOA,l .OMO 2.0 1.0 OA, 1.0 MO 30-p SG 0.41 


0.33 ~- 
0.37 =t 0.04 


2.0 4.0 OA, 4.0 MO 2.0 4.0 OA, 4.0 MO 0.010-/~ MP 0.25 f 0.03 
(2.0 PA) (2.0 PA) 


MO = monoolein, OA = oleic acid, and PA = palmitic acid. 


ference (rather than just an isotopic concentration gradient) is out- 
side the error limits for the experiments described. 


For bile salt concentrations below the CMC, that is, lipid exists 
mainly in the emulsion phase, the kinetic constant is effectively the 
same when a 0.010-p MP rather than a 30-/A SG diaphragm is inter- 
posed between the equilibrating systems; this figure is an order of 
magnitude lower than when the lipid is totally solubilized. 


Polyoxyethylene-Polyoxypropylene Copolymer-Effct of Pore 
Size-When each chamber contains lipid of composition 4:4:2 mM 
in monoolein-oleic acid-palmitic acid and 2 mM polyoxyethylene- 
polyoxypropylene copolymer, equilibration rates over the MP poros- 
ity range from 0.010 to 1.2 p are as shown in Fig. 4. The CMC for this 
nonionic surfactant is near 0.10 mM, based on solubilization data in 
Fig. 3b, and 2.0 mM polyoxyethylene-polyoxypropylene copolymer 
ensures better than 95 solubilization of fatty acid in the lipid sys- 
tem used. Hence, the interpretation is not complicated by the pres- 
ence of an emulsion phase. Nevertheless, the equilibration rate is 
roughly constant over the MP porosity range from 0.010 to 0.200 p 
and increases with larger pore sizes, even when variation in the cell 
constant (3 is allowed for (lower ctrve of Fig. 4). 


In the lower porosity range, DT is 3.2 X lop7 cm.2 sec.-1 and 
increases to 9.7 X sec.-l for the 1.20-p MP; from this 


k L, 


20 40 60 80 100 
lid, P-' 


Figure &-Fatly acid equilibration rate &Tp, upper curve, DT, 
lower curve, versus reciprocal of average pore dimension (MP): 
4 :4 : 2  mM monoolein-oleic acid-palmitic acid in 2.0 mM poly- 
oxyethylene-polyoxypropylene copolymer. 


- 


rate/reciprocal pore dimension display, -3 p is the MP dimension at 
which the diffusion coefficient of fatty acid in the 2.0 mM poly- 
oxyethylene-polyoxypropylene copolymer system approaches that 
obtained with the SG diaphragm corresponding to free diffusion 
(Table 111). Due to the steep nature ofthe plot in this region, this can 
only be an estimate; but the point emphasized is that although the 
fatty acid is solubilized, the flux is much reduced below 0.200 p. 


Effect of Solubilization-A detailed study of the effect of solubil- 
ization on equilibration rate was not carried out in the polyoxy- 
ethylene-polyoxypropylene copolymer system, since preliminary 
experiments suggested that similar effects to the bile salt system were 
being observed; that is, when micelles are freely transported and 
emulsion globules restricted in their movement, increased solubiliza- 
tion due to an increasing concentration of surfactant, at a fixed lipid 
composition, results in an increased flux. The difference is that these 
effects are observable in the 1-p pore range compared with 100 
times lower for the bile salt micelle. 


This behavior is expected from the data in Fig. 5, which sum- 
marizes the throughput of fatty acid in ultrafiltration experiments, 
under a differential pressure of 60 cm. Hg. While only approximate 
at  best, ultrafiltration does show that with increasing polyoxy- 
ethylene-polyoxypropylene copolymer concentration the proportion 


0 1.0 3.0 5.0 
PORE DIAMETER, p 


Figure 5-Ratio of fatty acid, filrrate/unJiltered dispersion (1s (1 


function of average pore dimension (MP):  4 :4  :2  m M  monooleiii- 
oleic acid-palmitic acid in polyoxyethylene-polyoxypropylene copoly- 
mer. Key: oleic acid mM, @, 4.0; pdmitic acid mM, X, 2.0; -, 
filtration of emulsion-micellar dispersion; and - - -, filtration of 
micellar solution obtained by ultracentrifugation of 2 mM polyoxy- 
ethylene-polyoxypropylene copolymer-lipid dispersion. 
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Table 111-Diffusion Coefficients 6,. in Polyoxyethylene-Polyoxypropylene Copolymer (PPC) Solutions 


Chamber P - ------Chamber Q- - 
PPC, PPC, -DT X lo6 (cm.2 sec.-I)-- 
mM Lipid, mM mM Lipid, mM Diaphragm PPC Oleic Acid 


2.0 ( 16 mg./ml.) - 0 . 1  - 30-p SG 2.68 
2.0 l .OOA, 1.0 MO 1.0 - 30-11 SG 1.83 2.20 


1.89 2.05 
2.63 2.01 
3: 49 1 13 


2.0 
2.0 
2.0 


_. ._ .. ._ 


2.2f  0.4 mf 0.4 
l.OOOA, 1.OMO 2.0 l .OOA,l .OMO 30-pSG 2.0 
4.0 OA, 4.0 MO 2.0 4.0 OA, 4.0 MO 0,010-p MP 0.32 f 0.04 
4.0 OA, 4.0 MO 2.0 4.0 OA, 4.0 MO 1.20-p MP 0.97 Z!C 0.11 


of fatty acid in the filtrate increases appreciably only with filters 
above 0.100-p pore size. Moreover, while the bulk of fatty acid in 
polyoxyethylene-polyoxypropylene copolymer micellar solution is 
transmissible through 0.300-p pores (Fig. 5) ,  pore sizes in excess 
of 5.0 p are necessary to recover all the fatty acid from a filtered 
polyoxyethylene-polyoxypropylene copolymer stabilized emulsion. 


By contrast, a 0.010-p MP under the same hydrostatic pressure re- 
tains no fatty acid from an emulsion stabilized with 2.0 mM bile 
salts. 


The diffusion data in the polyoxyethylene-polyoxypropylene 
copolymer system are summarized in Table 111. 


Comparison of Micelles of the Two Surfactants-At 37", pH 6.4, 
Na+ = 0.15 M ,  and in the absence of lipid, the micellar molecular 
weights (MMWs) of 4: 1 NaTC-NaTDC is 2.0 X lo4 (Le., aggrega- 
tion number 40) and 5 X lo6 for polyoxyethylene-polyoxypropyl- 
ene copolymer from a light-scattering study made in conjunction 
with the present investigation. The former value is in fair agreement 
with 1.2-2.3 X lo4 (depending on the sodium-ion concentration) for 
the taurodeoxycholate micelle at 25" (20). MMWs of the magnitude 
found for polyoxyethylene-polyoxypropylene copolymer are not 
unusual for nonionic surfactants (21). 


From the Stokes relation, the diffusion coefficient D is inversely 
proportional to the radius. If the diffusing entities are roughly 
spherical and their densities about the same, D is inversely propor- 
tional to 32/MMW. Also, if the two media have about the same 
viscosity, 


Above the CMC the apparent diffusion coefficient 6~ is the weighted 
mean of the coefficient for monomolecular and micellar species 
(22,23): 


- 
DTCT = Dmono. Cmono. + D m i e . C m i e .  = L1X1 + L X Z  (Eq. 3) 


where C's are the concentrations (see Appendix). 
If solubilization does not greatly alter the CMC, i.e., the CMC of 


each surfactant in the absence of lipid solubilizate is close to that in 
the presence of lipid, then from the observed values of the CMC by 
the solubilization method and the measured diffusion coefficients of 
monomeric and micellar surfactant: 


in fair agreement with the expected ratio. 
Because of the necessarily lower concentrations of surfactants 


and the interferometric method of estimation, D,,,,. has low accu- 
racy. However, the monomeric contribution to the total flux is rela- 
tively small, and relatively large errors in the detemination of the 
diffusion coefficient of monomer result in relatively small changes in 


cm.2 sec.-l for the diffusion 
coefficient of monomeric oleic acid (24) and 4 X M for its 
solubility (6), the diffusion coefficients of the lipid-containing (1.0 
mM solutions) bile salt and polyoxyethylene-polyoxypropylene 
copolymer micelles are 3.9 X 
sec-1, respectively, based on the movement of radioactively labelled 
fatty acid. 


Dmic.  
Correspondingly, using 6 X 


set.-' and 1.8 X 


CONCLUSIONS 


An increase in the driving force for diffusion of lipid with an in- 
crease in solubilization is clearly apparent and, provided that events 
in the luminal stage determine the kinetics of absorption of fatty 
acid, this would account for the improved fatty acid uptake ob- 
served in everted sacs from micellar systems compared with emui- 
sions (5). 


Another factor that emerges from this study is the necessity for 
unrestricted movement of micelles if their maximum contribution to 
the diffusive flux is to be achieved. With bile salt micelles, the trans- 
port function approaches the diffusion coefficient in free solution for 
pore sizes somewhat in excess of 10 mp; whereas with polyoxyethyl- 
ene-polyoxypropylene copolymer micelles, dimensions greater than 
200 mp are necessary for unhampered micellar movement. 


The significance of these findings to fat absorption in uiuo is not 
clearcut, but a reasonable expectation is that incomplete mixing in 
the gut preserves a layer of fluid near the absorptive cell in which 
diffusion-controlled processes dominate. Physical restrictions on the 
movement of micelles due to the microvilli and the associated 
glycocalyx coat are possible, but further experiments are required to 
assess their importance. 


However, even neglecting the possible existence of a greater 
macroscopic barrier to the movement of the polyoxyethylene- 
polyoxypropylene copolymer micelle, the factor of 2 between the 
diffusion coefficients of the lipid-containing bile salt micelle com- 
pared with the lipid-containing polyoxyethylene-polyoxypropylene 
copolymer micelle would largely account for the difference of ab- 
sorption rates in everted intestinal sacs observed for the two types of 
micellar systems. 


APPENDIX 


The usual application of irreversible thermodynamics is followed. 
The flux of fatty acid (e.g., oleic acid) in the systems described may 


(Eq. All  


be written 


JT = JI + Jz + J3 


where the subscripts 1,2, and 3 refer to the contributions of mono- 
mers, micelles, and emulsion globules ("monomer" including all 
associated forms of fatty acid that exist outside the micelles and 
emulsions). 


Flows and forces are related by 


Ji = LikXk where i = 1, 2, 3. .  .n (Eq. A2) 
k 


and Lik is the coefficient that expresses the effect of the force Xk on 
the flow J;. This set of n equations includes all possible interactions 
between flows and forces in the system. 


In the absence of driving forces such as temperature and pressure 
gradients, the driving forces are equatable to  chemical potential 
gradients or concentration gradients if the usual equivalence be- 
tween thermodynamic activity and concentration, at low solute con- 
centrations, is assumed. 


Since the flux of surfactant can also be described as the sum of 
monomer J I  and micellar JII fluxes, the fatty acid flux can be wholly 
described by 


Ji = h X i  + 42x2 + h 3 X s  + LlrXI + LIIIXII (Eq. A3) 
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Jz = LzXz + LIXI + L23X3 + 41x1 + L ~ X I I  


J3 = L3X3 + &XI + L32& 4- &XI 4- L3IIXII 


(Eq. A4) 


(Eq. A5) 


The first term in each equation is, as expected, an expression of Fick‘s 
diffusion law, Ji = LiXi = - D(dci)/(dx). For example, in Eq. A3 
the flux of monomer J1 is related to the concentration of monomer 
X I  through the diffusion coefficient L1, the second term takes into 
account “coupling” between monomer fatty acid and micellar fatty 
acid, and the third term takes into account coupling between mono- 
mer oleic acid and emulsified oleic acid. The last two terms in Eq. A3 
allow for association between monomer oleic acid and monomer and 
micellar surfactant, respectively, and so on for JZ and J3. These equa- 
tions attempt to account for all associations between fatty acid and 
surfactant in their different aggregated forms (with the proviso that 
the presence of monoolein alters the description little). 


From the reciprocal relation pogulate of Onsager, L1z = ,521, L13 
= L31, etc. The near similarity of DT in an emulsified system when 
the movement of emulsion globules is, or is not, restricted by the 
diaphragm, e.g., 0.010-p MP compared with SG, suggests that the 
flux of emulsion is small, i.e., JS -0. Correspondingly and consider- 
ing the relatively small interface of the emulsion, that is, molecules 
aggregated in the emulsion must interact less with fatty acid in free 
solution compared with the extent of interaction if the same amount 
of material was all dispersed in solution, coupling between emulsion 
and monomeric and emulsion and micellar fatty acid may be ne- 
glected. Then 


Ji = L I X I  + LizXz + L I X I  + 15111x11 (Eq. A6) 


and 


Jz = L X z  + LziXi + LIXI  + LIIXII (Eq. A7) 


are the only quantities of importance. 
Coupling between surfactant and fatty acid movement should be 


apparent in the comparison of two systems, one where there is a net 
concentration gradient of surfactant and the other where chemical 
concentrations are the same in both chambers, but a difference 
exists only in the concentra_tion of isotopic label. The identity 
(within the limits stated) of DT for oleic acid in polyoxyethylene- 
polyoxypropylene copolymer diffusing in sintered glass under the 
two conditions described suggests that 


b r  - LlII  - L1 - LZII = 0 (Eq. A81 


Considering the weights of monomers and micelles of bile salts 
compared with polyoxyethylene-polyoxypropylene copolymer, one 
may be led to expect that if interaction between the flows of fatty 
acid and surfactant were significant, a lesser effect would be ob- 
served with bile salts than with the nonionic surfactant. The reverse 
is the case, which is the justification for the application of Eq. A8 to 
the bile salt system. 


The argument is somewhat complicated in a system with a solute 
concentration gradient by the movement of solvent (i.e., water) in 
the opposite direction to the flow of solute, which may reduce the 
observed (i.e., mutual) solute diffusion coefficient from the iso- 
topic (-differential or thermodynamically ideal) value. However, 
this solvent flow effect is likely to be small when the chemical po- 
tential differences are as small as in the systems described here. The 
magnitude of solute concentrations in the present work also justifies 
comparisons between 1 mMand 4 mMlipid systems. Then, 


JT = LiXi + LzXz -t Liz(Xi + Xz) 0%. A9) 


from the mentioned equivalenct of LIZ and LzI. LIZ is likely to be 
small. But since the extent of this coupling between monomer and 
micellar fatty acid is uncertain, Eq. A9 is best written 


JT = (h 4- b z ) X ~  + (Lz + L ) X L  = LI’XI + Lz’Xz (Eq. A101 


The measured diffusion coefficients Ll’ and Le’ equal Ll and Lf ,  
respectively, ifLIP is negligibly small. 
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alcoholysis, should not be entirely disregarded. Additional experi- 
ments are needed to obtain a satisfactory picture of the reaction. 
Further work, aimed at collecting kinetic data for the dissociation 
of I and of other pharmacologically active sulfonylureas in different 
media, is now in progress. 
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cussions. 


Abstract 0 The crystal structure of the 2:l complex of barbital 
with caffeine has been determined by X-ray diffraction methods. 
The crystals are triclinic, space group P1, With a = 14.627, 6 = 
14.160, c = 6.902 A, cx = 95'15', ,9 = 92"48', and y = 100"45', 
and with four barbital and two caffeine molecules in the cell. The 
block-diagonal least-squares refinement of 496 atomic positional 
and thermal parameters, based on 4665 X-ray intensity data, gave a 
final R factor of 0.05. The structure consists of ribbons of barbital 
molecules linked by NH...O=C hydrogen bonds. caffeine 
molecules are bound to the ribbon by an NH. . .N(9) hydrogen 
bond and by an unusual interaction involving C(8)H with two 
barbital oxygen atoms. Weak interactions of nonhydrogen-bonded 
caffeine carbonyl groups with barbital carbonyl groups may also 
be important in this crystal. There is minimal overlap of the flat 
ring systems of the component molecules. 


Keyphrases 0 Molecular association-barbital-caffeine 2 : 1 
crystalline complex [7 Barbital, molecular association-caffeine 
in 2 : 1 crystalline complex 0 X-ray diffraction-barbital-caffeine 
2:l crystalline structure, determination 


Barbiturates (1-3) and xanthines (4, 5 )  form crystal- 
line complexes with a variety of other molecular species 
as well as with each other (6-8). The crystal complex of 
barbital with caffeine was chosen for study because con- 
sideration of the structure of the component molecules 
(Fig. 1) shows that the nature of barbital-caffeine as- 
sociation must differ in two important respects from 
that found in previously determined crystal structures of 
complexes of purines and pyrimidines. 


The strong association by pairs of hydrogen bonds, 
which occurs in complexes of barbiturates with adenine 
derivatives (3,9) and which is analogous to the hydrogen 
bonding in the crystal structures of nucleic acid base 
pairing model systems (1 0), cannot occur between 


(12)' H. Ulrich, Chem. Rev., 65,369(1965). 


barbital and caffeine. As a hydrogen-bonding donor 
caffeine can at most form a weak C(8)H hydrogen bond 


The stacking together of flat molecules with extensive 
overlap of their a-bonded ring systems has been found 
in complexes of tetramethyluric acid with pyrene (1 1) 
and caffeine with 5-chlorosalicylic acid (5 ) .  This type of 
interaction, which has been termed polarization bond- 
ing, is postulated as an important cohesive factor in 
xanthine complexes (12). However, in the complex of 
caffeine with barbital, overlap of the two flat ring sys- 
tems is largely prevented by the ethyl groups, which 
shield each side of the barbital ring. 


The crystal structure of the 2 : 1 barbital-caffeine 
complex was determined to reveal the detailed geometry 
of molecular association. 


EXPERIMENTAL 


Triclinic crystals (m.p. 142") of the complex were obtained as 
described by Higuchi and Lac@ (6). The lattice parameters are a = 
14.627, b = 14.160,~ = 6.902 A, CY = 95"15', j3 = 92"48', and7  = 
lOO"45'. The space group is Pi,  and there are four barbitaland two 
caffeine molecules in the unit cell. The X-ray intensity data (4665 
reflections) were collected on a four-circle automatic diffractometer 
using CuKa radiation. A11 40 nonhydrogen atoms of the crystal 
chemical unit were found in the first E map, derived from an ap- 
plication of the direct method of phase determination similar to that 
described by Karle (13). All 34 hydrogen atoms were subsequently 
found in a difference Fourier synthesis. The positional and aniso- 
tropic thermal parameters for heavier atoms and positional and 
isotropic thermal parameters for hydrogen atoms were refined by a 
block-diagonal least-squares procedure to give a final R factor of 
0.05. 


Description of the Structure-The crystal structure consists of 
stacks of hydrogen-bonded ribbons, one of which is shown in Fig. 
2. The backbone of the ribbon is made up of the barbital molecules, 
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Figure I-Molecular structure and atomic nomenclature for (a) 
barbital and (b) caffeine. Unlabeled atoms are carbon and hydrogen, 
shown as large and small spheres, respectively. Both molecules 
are drawn with the stereochemistry including hydrogen atom orienta- 
tion, which was determined in the crystal structure determination 
of the 2:1 complex. The barbital molecule is Molecule B 
viewed as in Fig. 2. 


which are linked by NH. . .O=C hydrogen bonds. The ribbons are 
puckered so as to avoid close contact between the nonhydrogen- 
bonded carbonyl oxygen atom O(6) of barbital Molecule A and the 
ethyl group of Molecule B’ further along the same ribbon. Each 
caffeine molecule is associated with a ribbon by accepting an NH. . . 
N(9) hydrogen bond from barbital and by an unusual type of inter- 
action C(8)H. . .0(2), with two barbital carbonyl groups. The angles 
C-H. . .O are 144” and 130” with e.s.d.’s of 4”, and the corresponcj- 
ing H. . .O distances are 2.32 and 2.64 8, with e.s.d.’s of 0.05 A. 
Only the former distance is appreciably shorter than the sum of 
the appropriate van der Waals’ radii (2.6 A) as listed by Pauling 


Figure 2 shows that the ethyl and methyl groups of the barbital 
and caffeine molecules generally project outward from the border of 
the hydrogen-bonded ribbon. The mode of assembly of ribbons to 


( 14). 


form the three-dimensional crystal structure gives rise to close pack- 
ing of these alkyl groups, as well as partial overlap of stacked flat 
ring systems. 


There are 11 H .  . .H distances less than 2.6 8, between ak$ 
hydrogen atoms of adjacent ribbons, of which the shortest is 2.32 A. 
In stacking along the z-direction, i.e., above or below the page in 
Figs. 2 and 3, there are five such distances between barbital ethyl 
groups, four between barbital ethyl and caffeine methyl groups, and 
one between caffeine methyl groups. There are two such distances 
between barbital ethyl groups of laterally adjacent ribbons. 


The superposition of the flat ring systems of caffeine and barbital 
in the crystal structure is shown in Fig. 3. Corresponding inter- 
atomic distances are listed in Table I. 


Details concerning molecular structure and stereochemistry in 
this crystal structure will be reported. 


DISCUSSION 


In barbiturate crystal structures, there are two types of inter- 
molecular hydrogen-bonding linkage. These may be termed 
“cyclic” if the molecules are linked by a pair of MI. . . O=C hydro- 
gen bonds, as between barbital A : : : : A’ and barbital B : : : : B‘ 
(Fig. 2), or “noncyclic” if only one hydrogen bond is formed, as 
between barbital A .  . . .barbital B. Although there are both cyclic 
and noncyclic barbital linkages in the 2:l  complex with caffeine 
and also in barbital polymorph I (15), there are crystal structures in 
which the hydrogen bonding is exclusively cyclic, as in barbital 
polymorph I1 (15) and amobarbital polymorphs I and I1 (la), or 
exclusively noncyclic, as in rmethylamobarbital(l7). 


Further possibilities for hydrogen-bonding variations arise when 
there are insufficient NH or other donor groups to form crystal 
structures in which all three barbiturate carbonyl oxygen atoms are 
hydrogen bonded. Under these circumstances, C(2)-0(2) and 
C(4)-0(4)’ usually accept one hydrogen bond each and C(6)- 
O(6) is not hydrogen bonded as in the 2 : 1 complex of barbital with 
caffeine (Fig. 2), the 1 :2 complex of phenobarbital with 8-bromo-9- 
ethyladenine (3), barbital I, 7-methylamobarbital, and amobarbital 
I and 11. In barbital 11, both C(4)-0(4) and C(6)-0(6) are hydro- 
gen bonded and C(2F0(2) is not. These crystal structures all con- 
tain hydrogen-bonded ribbons with different geometries. In vin- 
barbital I (18), heptabarbital(19), and barbital IV (20), C(4)-0(4) 
forms two hydrogen bonds while C ( 6 m 6 )  and C(2)--0(2) are 
not hydrogen bonded. There is no case as yet in which only C(2)- 
O(2) is hydrogen bonded. 


Thus the barbital-barbital hydrogen bonding in the 2: 1 complex 
with caffeine represents only one of the variety of different modes 
that have been found in barbiturate crystal structures. 


Although only three crystal structures containing caffeine have so 
far been determined, the hydrogen-bonding behavior of this mole- 
cule is more consistent. In caffeine hydrate (21), the 1 : 1 complex of 
caffeine with 5-chlorosalicylic acid (5) and in the presently reported 
structure (Fig. 2), atom N(9) is the acceptor for a normal hydrogen 
bond [HOH...N(9), -COOH.. .N(9), and >NH...N(9), 
respectively], while the caffeine carbonyl groups C(2)-0(2) and 
C(6)--0(6) are nonhydrogen bonded, or at  most these oxygen atoms 
are acceptors in very weak CH. . .O interactions. 


While such consistency may be fortuitous, it suggests that for 
caffeine the N(9) hydrogen-bonding acceptor site is favored over the 
carbonyl oxygen atoms. 


Crystal structures containing caffeine are also similar in that the 
C(8)H bond of the caffeine is directed more or less toward a car- 
bony1 oxygen atom of another molecule. The occurrence and geom- 
etry of CH..  .O hydrogen bonds in xanthine and other crystal 
structures have been reviewed by Sutor (22). More recently, Dono- 
hue (23) has cjoubted the inference that H-  * .O distances between 
2.2 and 2.6 A in CH..  .O interactions are hydrogen bonds, a t  
least in the sense that this term is used for 0-H. . -0, N-H. . .O, 
and N-H. . . N  systems. Whether or not these are called hydrogen 
bonds, the recurrence of H. . .O distances less than 2.5 8, between 
caffeine C(8)H and carbonyl oxygen atoms suggests that an attrac- 
tive interaction is present which is stronger than the usual van der 
Waals’ effect. 


1 In the isolated molecule (Fig. l), C(4f-0(4) and C(6)-0(6) are 
symmetry-related but distinct from C(2)-0(2). 
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Table I-Intermolecular Distances” 


Hydrogen Bonding Distancesb Other Intermolecular Distances Involving Caffeinec 


N(1)A.. .0(2)B 2.98 A 
N(3)A...0(4)A 2.94 N(3)C. . .C(8)C 3.35 O(2)C. . .C(2)A 3.36 
N(l)B...N(9)C 2.99 C(4)C. . .C(8)C 3.3 1 O(2)C. . .N(3)A 3.41 
N(3)B.. .0(4)B 2.93 C(4)C. . .N(9)C 3.28 N(3)C. . . O(2)A 3.21 


C(5)C- . . N(9)C 3.42 C(3)C. . . O(4)A 3.34 
C(6)C. . .N(l)B 3.53 C(5)C. . .C(8)C 3.44 
C(8)C...N(3)C 3.35 C(6)C...0(2)B 3.40 


C(8)H. . . O(2) distances N(9)C...C(4)C 3.28 0(6)C...C(2)B 3.02 
N(9)C. . . N(9K 3.39 O(6)C. . . O(2)B 3.22 


N(1)C. . .0(2)B 3.40 A C(2)C.. .0(2)A 3.04 A 


~I ~, 
C(8)C. . .0(2)A 3.16 A 
C(8)C. . . O(2)B 3.35 N(7jC.. .c(sjc 3.41 


N(7)C.. .N(9)C 3.40 
C(7)C. . .N(9)C 3.43 
C(8)C. . . N(7K 3.41 
c(8jc .  . . c(5jc  3.44 
N(9)C...N(7)C 3.40 
N(9)C. . C(7)C 3.43 


0 Atomic nomenclature is as in Fig. 1.  The labeling A, B, or C refers to barbital molecules (A and B as shown in Fig. 2) and caffeine (C). The 
barbital ring systems for both Molecules A and B are numbered so that C(6+0(6) IS the nonhydrogen-bonded carbonyl group. E.s.d.’s in the inter- 
atomic distances range between 0.005 and 0.009 A. b See Fig. 2 for the distances involving hydrogen-bonded hydrogen atoms. = For each distance, the 
atom listed on the left belongs to the caffeine molecule shown centrally in either Fig. 3a or 3b. The column at the left gives distances to molecules 
“above,” i.e., in the positive z-direction, as in Fig. 3a; the column at the right gives distances to molecules “below,” i.e., in the negative z-direc- 
tion, as in Fig. 3b. 
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( b  1 
Figure &Molecular overlap in the crystal structure of the 2 : l  
complex of barbital with caffeine. A central caffeine molecule is 
shown overlapped by the hydrogen-bonded ribbon “above” in (a) 
and “below” in (b), where “above” corresponds to the positive z- 
direction in the crystal. The view is the same as in Fig. 2,  i.e., along 
the normal to the plane of the caffeine five-membered ring. Arrows 
in (b) indicate the overlapping carbonyl groups. 


The overlap of flat ring systems of barbital and caffeine in the 2: 1 
complex is restricted to the partial overlap of the five-membered 
rings of the caffeine molecules with each other and to the overlap of 
caffeine carbonyl groups with those of barbital molecules (Fig. 3). 
The caffeine-caffeine interatomic distances such as N(9). . .N(9) 


(3.39 A) and N(9). . .N(7) (3.40 A) are all longer than the usual 
van der Waals’ distances (Table I), from which it is concluded that 
these caffeine-caffeine interactions are not significant as a structure- 
determining influence. 


The caffeine carbonyl-barbital carbonyl overlap is of greater 
interest because the short intermolecular C .  . .O distances (3.02 
and 3.04 A) and the approximately antiparallel C--O stacking 
resemble the configuration found in the crystal structures of the non- 
pharmacologically active barbiturates, violuric acid monohydrate 
(24) and dilituric acid trihydrate (25). 


Bolton (26) has pointed out a number of crystal structures, in- 
cluding anhydrous barbituric acid and alloxan, which have in- 
tFrmolecular C==O. - .C=O distances ranging from as short as 2.77 
A, but with a different geometry such that the C==O bond of one 
carbonyl group is directed toward the carbon atom of a second. 
Bolton describes these as dipole-dipole interactions, emphasizing 
that the carbonyl groups in each case are flanked by electron-with- 
drawing groups which might be expected to enhance the polar 
character of the C=O bond. 


Prout and Wallwork (27) consider the two different orientations 
for the carbonyl-carbonyl interactions as examples of a general 
class of intermolecular dipole-dipole or induced dipole interactions 
involving polar groups such as C=O and P=O and/or polarizable 
groups such as aromatic systems and carbon-carbon double bonds. 
For previously determined xanthine crystal structures, where steric 
factors permit more extensive molecular overlap, Shefter (12) has 
summarized results showing a tendency for carbonyl groups to lie 
over the delocalized 7r-bonded ring systems of adjacent molecules. 


The crystal structure of the 2: 1 complex of barbital with caffeine 
appears to be dominated by barbital-barbital and barbital-caffeine 
interactions, with NH. . .O and NH. . . N hydrogen bonding playing 
a major role. The C(8)H. . -0 and C=O-. .C=O interactions may 
also be important, but the nature of these interactions and the extent 
to which they impose steric relationships in the environment of the 
component molecules are not yet well understood. These weaker 
interactions merit further study because they may enhance drug 
molecular association in solution and drug binding in vivo at sites 
where polar or polarizable groups are favorably oriented. 
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Influences of Heredity and Environment on 
Alkaloidal Phenotypes in Solanaceae 


MARK J. SOLOMON* and FRANK A. CRANE 


Abstract 0 Modern biometrical analysis of reported data on 
Atropa belladonna L. indicates varying heritabilities at successive 
stages of plant ontogeny, exhibiting almost complete additivity a t  
the early flowering stage. A discussion of the importance of this 
observation with accompanying consideration of more general 
implications is presented. 


Keyphrases 0 Phenotypes, alkaloidal, in Solanaceae--heredity, 
environmental influences 0 Solanaceae biovariation-selecting 
for alkaloidal phenotypes, effects of heredity, environment 
Genetic variation, Solanaceae alkaloidal phenotypes-equations, 
phenotypic scale diagram 


Research efforts involving selection for or against 
alkaloidal phenotypes are relatively rare in the litera- 
ture. Such studies are lengthy, involved, and relatively 
wasteful in time and effort in comparison to the informa- 
tion obtained. 


Upon reviewing the literature on Solanaceous alka- 
loidal biovariation, the authors noted that Sievers (1) had 
grown plants of Atropa belladonna L. for economic 
reasons during World War I and collected data on total 
alkaloidal content, expressed as milligrams atropine per 
gram dry weight of powdered leaf. These data lent 
themselves to heritability analysis (h2, the potential for 
selection under artificial or natural conditions), utilizing 
modern statistical and biometric techniques (2). 


The authors’ analysis of Sievers’ data is summarized 
in Table I. Since Sievers analyzed parental types and 
their respective progeny at different stages of ontogeny, 
the following conclusions may be drawn: 


1. Heritability (h2)  is present. 
2. This heritability varies with ontogeny, ranging 


from high values (maximum value of 1) during vegeta- 
tive and early flowering stages to lower values in early 
and late fruiting stages. 


3. Heritability is maximum at the flowering stage of 
ontogeny, reaching almost complete additivity. 


To the writers’ knowledge, this analysis represents the 
first application of quantitative genetic techniques to 
tropane alkaloid biovariation, and it is the first example 


The statistical techniques used for this analysis were not known in 
1915. It is a tribute to his scientific acumen that Sievers’ data could be 
analyzed over a half-century later to yield these results. 
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of quantitative estimation of a relationship of plant 
ontogenesis to a tropane alkaloid. 


DISCUSSION 


Without the information obtained from Sievers’ original data (1) 
and the authors’ later interpretation, four models of genetic control 
appear possible if workers do not postulate genetic and environ- 
mental control of alkaloidal phenotypic variation to occur, as most 
geneticists would assume. These models are: 


1.  Alkaloidal phenotypes are not inherited; i.e., they are all 
environmentally controlled. 


2. Alkaloidal phenotypes are inherited in Mendelian fashion; 
i.e., they are monogenic with no environmental control. 


3. Alkaloidal phenotypes are the product of multiple allele 
segregation (with no environmental control). 


d 


Figure I-Alkaloidal phenotypic scale for one gene in the bio- 
synthetic pathway of an alkaloid (26). * A hypothetical case: pres- 
ence of both dominant alleles would produce a final contribution of 
0.5 % alkaloidal content. The double recessive GEG* would produce a 
concentration of 0.IZ. If the alleles are additive, the heterozygote 
AlAz would be 0.3%. If  dominance is present, the GIG2 genotype 
would have the value of 0.4%. 
GIG1 = homozygous dominant (maximum contribution to alkaloidal 


phenotype) 
GZGE = homozygous recessive (minimum contribution to alkaloidal 


phenotype) 
GIGZ = heterozygote value (0 point or deviation if dominance is 


present) 
d = dominance deviation from midparent 
mp = midparent value (additive value of GIG1 + additive value 


011 = average effect when GI is substitutedfor G2 
CYZ = average effect when GZ is substituted for GI 
(YT = total average effects on the phenotype 
a = additive effect due to one allele substitution 
p = frequency of GI allele in population 
q = .frequency of GZ allele in population 
p + q = I since each gene has only two alleles 


o f  GZGZ divided by 2) 
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REVIEWS 


Legal Medicine Annual. Edited by CYRIL H. WECHT, M.D., J.D. Ap- 
pleton-Century-Crofts, 440 Park Ave., New York, NY 10016, 
1969. 442 pp. 16.7 X 24.4 cm. Price $14.00. 
This book contains 22 monographs by 26 authors covering 


various aspects of forensic medicine. The largest part of the book is 
devoted to a discussion of professional liability and forensic toxicol- 
ogy. The remainder of the book is rounded out with a discussion of 
criminal responsibility, organ transplantation, and abortion laws. 


Two chapters that deserve special mention are: Chapter 8, dealing 
with the preparation for trial in drug liability cases. The author gives 
an excellent discussion of how probing an attorney’s inquiry can be 
into the facts and responsibilities for adverse drug reactions. 


Chapter 5 gives a clear overview of the medicolegal problems of 
hospital liability and the extent to which the courts are forcing 
hospitals to exercise increasing control over medical staff conduct. 
While this chapter focuses on potential liability of the medical 
staff, it is clear that members of the paramedical staff, such as, 
clinical pharmacists and nurses can face the same types of potential 
liability. 


A b3ok of this nature would not be of interest to the pharmaceu- 
tical scientist or pharmacy practitioner unless he has a strong in- 
terest in medicolegal problems. 


Reviewed by William C. Roemer 
Academy of Pharmaceutical Sciences 
American Pharmaceutical Association 
Washington, DC 20037 H 


Physician’s Book Compendium. Edited by MAX CELNIK. Physician’s 
Book Compendium, Inc., 25 West 45th St., New York, NY 
10036, 1969. xxvi + 846 pp. 17 X 23.5 cm. Price $29.50. 
While the idea behind the “Physician’s Book Compendium” of 


compiling into one source all books from the medical field and giving 
pertinent bibliographic information is sound and would have useful 
applications, the product of this idea falls considerably short of its 
goal, as stated in the Preface, of being “an indispensable reference 
volume.” 


Probably the first objectionable feature that the user would notice 
is the inserts of business reply cards, provided for ordering books. 
The thickness of these inserts, and their location interspersed 
throughout the text, makes flipping pages difficult. The next an- 
noyance is the numerous pages of advertisements scattered through- 
out the volume; they seem to be out of place in a book of this type. 
The very fact that this book costs nearly thirty dollars and is filled 
with ads, in itself, might be objectionable to some purchasers of this 
book. 


Had both of these aforementioned materials been placed at the 
beginning or end of the book, the usefulness of the book would have 
been somewhat increased, as well as bettering its appearance. 


The paragraph summaries, which are not provided for all books, 
read like the publicity flyers sent out by the publishers. No attempt 
could be discerned to evaluate or critique any book, an omission 
which certainly detracts from the value of the compendium. This 
omission is particularly significant with regard to the older books. 


With just a quick check of the section on “Pharmacology,” it was 
noted that nearly half of the books included were published before 
1964. One cannot help but wonder if these are all significant, classic 
books, or if they were included to fill out the space available. 


The inclusion of books with a popular approach or nature tends 
to diminish any remnant image of a scholarly attempt at compiling 
a technical work. 


The use of the same type face, although admittedly a little larger, 
for both the subheads within sections and the authors’ last 
names adds to the reader’s confusion. 


While there is apparently a need for this type of book and the 
editors have made an initial step, it would be difficult, if not impos- 
sible, to recommend this book for general use. 


StaffReview 


Contraception: The Chemical Control of Fertility. Edited by 
DANIEL LEDNICER. Marcel Dekker, Inc., 95 Madison Ave., New 
York, NY 10016,1969. xiv + 269 pp. 15.5 X 24cm. Price$13.75. 
This is an excellent book for researchers who are entering the 


field of female antifertility. It contains six chapters which deal with 
biology and chemistry of steroidal and nonsteroidal agents. Each 
chapter is authored by men who are well versed in their respective 
fields. 


Chapter One introduces the reader to the reproductive cycle of 
the human female and discusses the interplay between the hypo- 
thalamus, pituitary, and ovary. 


Chapters Two and Four emphasize the biology of steroidal and 
nonsteroidal compounds that are either being used as contraceptive 
agents or have been evaluated in animals. Chapter Two in particular 
discusses in detail the mode of action and the rationale for selecting 
the present steroidal contraceptive agents. Chapter Four, on the 
other hand, primarily emphasizes the biology of nonsteroidal estro- 
gens and antiestrogens. The chemistry is also divided in two chapters. 
Chapter Three covers the synthesis and the biological activity of 
various 19-norsteroids and progesteronelike compounds. Other 
chemical antifertility agents, referred to as nonsteroidals, are dis- 
cussed in Chapter Five. The free use of flow diagrams and isolated 
structures brings to light the various routes and rationale that medic- 
inal chemists have explored over the past decade. 


Finally, the big plus for the book is the chapter on Assays and 
Screens. The author has compiled various methods that have been 
employed by a number of workers in screening for antifertility 
agents. The use of tissue slides enhances the appreciation of a novice 
for these assays. 


All in all, the book is well written and the chapters are well co- 
ordinated. It does have, however, many typographical errors espe- 
cially in Chapter Five. A chapter on “absorption, excretion, and 
metabolism” of existing contraceptive agents, in my opinion would 
have contributed immensely. Also, some mention of male anti- 
fertility would have been in order even though the editors did explain 
its omission in the Preface. The book can certainly be recommended 
for advanced graduate students and researchers in the field of con- 
traception. 


Reviewed by Arvin P. Shroff 
Ortho Research Foundation 
Raritan, NJ 08869 


Isolation and Identification of Drugs (in pharmaceuticals, body fluids 
and post-mortem material). Edited by E. G. C. CLARKE. The Phar- 
maceutical Press, 17 Bloomsbury Square, WC-1, London, England. 
U. S. distributor: Rittenhouse Book Store, 1706 Rittenhouse 
Square, Philadelphia, PA 19103, 1969. xxii + 870 pp. 14.8 X 
22.6 cm. Price $39.00. 
Clarke has drawn into monograph form drug identification 


methods, properties, metabolism, and toxicology. Most of this vast 
amount of information was available previously in assorted compi- 
lations but this book is the first large-scale collation of data of greatest 
interest to toxicologists, biochemists, pharmacists, pathologists, and 
forensic and pharmaceutical chemists. There is a clear need for this 
compilation and one can only regret the rapid obsolescence inherent 
in these active areas of research. All the more for this admirably 
printed and bound volume. The book was produced by the Phar- 
maceutical Society of Great Britain as a companion volume t o  the 
Extra Pharmacopoeia. 


The essence of the work is the Monograph. Most concern com- 
mercial drug substances but some pesticides, herbicides, and hal- 
lucinogens are included. Unfortunately, the editor does not state 
criteria for selection or a cutoff date so one wonders at the absence 
of some recent, noted drugs. As most important compounds are 
listed, there is little loss in scope of coverage when transplanted to 
this country. Each monograph ideally contains statements or para- 
graphs on title, pharmacologic category, synonyms, trade names, 
structure, physical properties, screening tests, extraction, coded 
chromatographic systems, UV and IR absorption, references to 
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T E C H N I C A L  ARTICLES 


Design and Evaluation of a Pressure Attachment 
for a Rotational Rheometer 


KAKUBHAI R. M. VORA*, LARRY L. AUGSBURGER, and RALPH F. SHANGRAW 


Abstract The problems associated with the measurement of the 
rheological properties of pressurized aerosol concentrates consisting 
of emulsions and/or micellar solutions are discussed. A pressure 
attachment for a commercially available rheometer is described, 
and data are presented for simple soap formulations. Pressurized 
concentrates exhibited pseudoplastic properties which could not 
always be correlated with the flow properties of resultant foams. 


Keyphrases Rheometer, rotational-aerosol rheological proper- 
ties Pressure attachment, rheometer-design, evaluation 0 
Diagram-pressure attachment, rheometer 0 Viscosity-increasing 
additives-aerosol foam effect 


A major problem, which has plagued the formulators 
of “aerosol” foams and other products utilizing high- 
consistency concentrates, has been the lack of a suitable 
and convenient means to evaluate their rheological 
properties. Most pharmaceutical and cosmetic foams 
utilize a pressurized concentrate in which the insoluble 
propellant is emulsified or micellized into the internal 
phase of an oil-in-water system by means of a suitable 
surfactant. Evaluation of the flow properties of the con- 
centrate prior to the addition of propellant is of limited 
usefulness, because it does not reflect the influence of 
the internal phase. The fact that the concentrate sys- 
tems are almost always non-Newtonian complicates the 
situation even further. The rheology of these pressurized 
concentrates plays an important role in the flow of 
material in the dip tube and valve assembly and in- 
fluences drainage from the inside of the can during 
product use. 


Although the importance of determining rheological 
characteristics of the non-Newtonian concentrates 
under pressure has been well recognized, very few re- 
ports are available in the literature. A preliminary re- 
port on the pressure-viscosity-time factors in dispens- 
ing of liquid aerosols was published by Mina in 1959 
(1). The author measured the delivery rate of dimethyl 
silicone oils using a Precision Valve (3 X 0.040/0.080) 
(Precision Valve Corp., Yonkers, N. Y.) at different 
pressures. By the use of suitable blending of different 
hydrocarbons and halocarbon propellants, the author 
was able to achieve a range of pressure from 10 to 100 
psig. inside the sealed container. Viscosity determina- 
tions were made with an Ultra-Viscoson viscometer 
(Bendix Research Corp., Towson, Md.), utilizing a 
special twin-top adapter on the container to accommo- 
date the ultrasonic probe as well as a normal valve. 
The author concluded that viscosity is significantly 
lowered under pressure as the pressure is increased, and 


K 


Figure 1-A schematic diagram of the pressure assembly ]or the 
Rotovisco viscometer. 


this phenomenon is reversible upon removal of the 
added pressure. 


Cohen et al. have described the use of the 
Brookefield viscometer (Brookefield Engineering Lab- 
oratory, Stoughton, Mass.) for measuring viscosity at 
low rates of shear, supplemented by use of the Severs 
extrusion rheometer model A-100 (Castor Laboratory 
Equipment Co., Pittsburgh, Pa.) for high shear measure- 
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viscosity values; at  higher concentrations of soap the 
propellant was emulsified, giving higher viscosity values 
(6). 


Figure 2-Assembled pressure attachment. 


ments ( 2 ,  3). A series of aerosol valves were calibrated 
in the Severs extrusion rheometer for pressures varying 
from 10 to 100 psig., and the rheological characteriza- 
tion method was demonstrated by the use of polymer 
“solutions” as well as a group of four commercial 
pressure-packaged toothpastes. 


A qualitative method of evaluating pressurized emul- 
sion systems was reported by Strickland (4). He com- 
pared different emulsions under pressure by measuring 
the time required for a 5-mm. diameter glass bead to fall 
through the emulsion when the transparent bottle was 
inverted. Sanders reported a method for evaluating the 
approximate viscosity of pressurized emulsions by in- 
verting bottles slowly and noting the flow characteristics 


Augsburger made use of the Rotovisco viscometer 
with a modified pressure chamber assembly to accom- 
modate the emulsion concentrate under pressure (6). 
Although Augsburger concluded that further modifica- 
tions were necessary in the design of the pressure as- 
sembly, he was able to carry out rheological measure- 
ments of soap concentrates under pressure. He found 
that at  a 5 %  (w/w) concentration of soap, propellant 
was solubilized in the soap solution, giving lower 


(5 ) .  


DESIGN AND CONSTRUCTION OF 
PRESSURIZED RHEOMETER 


Rotational viscometers offer a means of transferring the standard 
model of Newtonian flow in a plane to a closed continuous system 
in which the liquid is trapped between the surfaces of a cup and a 
bob. By rotating either surface at a fixed rate and measuring the 
viscous drag transferred through the liquid (or on the rotating 
member itself), the two necessary parameters of viscosity-rate of 
shear, which is proportional to r.p.m., and shear stress, which is 
proportional to viscous drag-can be measured. Rotational viscom- 
eters are particularly useful in measuring non-Newtonian systems, 
because rates of shear can be varied and relationships between rate 
of shear and shear stress within a particular system can be estab- 
lished. These are most often described as flow curves. 


The Haake Rotovisco rotational viscometer (Polyscience Corp., 
Evanston, Ill.), was employed in this study to determine the vis- 
cosity of the liquid concentrates as well as the rheological properties 
of the foams produced by the pressurized emulsion systems. The 
measuring head of the Rotovisco viscometer contains two readily 
interchangeable torsion springs, one of 50-g. cm. capacity for low- 
viscosity fluids and the other of 500-g. cm. capacity for medium- 
viscosity fluids. The use of the 50 head allows for expansion of 
lower stress readings over the entire dial range, giving greater ac- 
curacy to low-viscosity readings. 


The pressure assembly previously utilized by Augsburger in his 
preliminary work on pressure rheometry was used in the current 
study, with some modifications. This assembly involves the use of a 
“driving” magnet, which is attached to the spindle of the viscometer 
in the same fashion that a bob is normally attached. On rotation 
of the spindle, this magnet drives a second magnet situated across a 
seal within a pressure chamber. A bob attached to the driven 
magnet inside the sealed chamber is held concentrically in the cup 
by means of a pair of ball bearings. 


A schematic diagram of the pressure assembly is presented in Fig. 
1. A magnet (A), attached to the spindle of the Rotovisco measur- 
ing head (B), drives a magnet (C) across the pressure seal plate (D). 
A spacer (E) assures that the driving magnet will not contact the 
pressure plate. Previous experience had shown that, under pressure, 
the pressure plate tends to become convex in the direction of the 
driving magnet, and that the clearance originally allowed for this 
magnet was insufficient. The driven magnet, tapped onto a 
standard Rotovisco spindle (F), rides on two Fafnir No. F4DD 
bearings (The Fafnir Bearing Co., New Britain, Conn.). The pres- 
sure chamber housing (G) is threaded to accommodate the sample 
cup (H). The dimensions of the cup and its relationship to the spindle 
are identical to that of the standard Rotovisco assembly. Conse- 
quently, all instrument constants remain the same for this attach- 
ment. An O-ring (I), at the base of the threads of the cup, seats itself 
against a ledge cut into the inner surface of the housing. By virtue 
of this O-ring, only minimal hand-tightening of the cup is required 
to make a pressuretight seal. Hoke No. 450 toggle valves (Hoke, 
Inc., Cresskill, N. J.) are tapped into both the cup and the housing. 
The valve (K) in the cup was used to fill the chamber with the 
pressurized emulsions using a transfer actuator. The sample was 
removed from the same valve, because this minimizes internal foam- 
ing into the bearings when the pressure is released. The sleeve (L) 
is designed to fit over the lower portion of the Rotovisco measuring 
head where it is fastened with two thumb screws. While the housing 
was machined from brass, the cup was machined from plastic. A 
photograph of the pressure assembly is shown in Fig. 2. 


Before proceeding further, it might be appropriate to summarize 
the difficulties encountered in the construction and operation of the 
pressure rheometer as follows: 


(1) Sealing ofpressure chamber: difficulty was solved by means of 
a Teflon spacer seal next to the brass plate and an O-ring at the base 
of the threads of the cup. 


( 2 )  Concentricity of bob in the cup: two bearings instead of one 
bearing were used to support the drive spindle more rigidly. 


(3) Introduction of samples into the cup: as pressurized soap con- 
centrates were transferred, they would foam into the cup. The foam 
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SCALE READINGS WITHOUT PRESSURE ASSEMBLY 


Figure >Relationship of shearing stress with and without pressure 
assembly, obtained with various standard viscosity Ilquids. Key: 
shear rate, see.-': Q 9 . 2 ;  @, 18.4; 0,27.6; and m, 55.2. 


would occupy the gap between the cup and the bob, giving ab- 
normally high readings. This difficulty was solved as follows: (a)  
prepressurizing the cup before loading the sample; and (b)  machining 
the cup out of clear plastic so that the sample could be observed and 
determinations disregarded if foaming occurred. 


(4) Slippage on the surface ofthe bob: the use of the MVII-P pro- 
filed bob (with serrated surface) minimized the slippage encountered 
with high-viscosity systems. 


A major problem was associated with the small but ever present 
additional frictional drag on the measuring head produced by the 


SHEAR STRESS, dynes/cm.2 


Figure 4-Pressurized emulsion flow curves-the effect of methyl- 
cellulose on the rheology of formulations containing 10% ( w / w )  
soap. Key: 8, control soap formulation; 0, 1.0% methylcellulose; 
A, 1.5 % methylcellulose; and Q 2 . 0  % methylcellulose. 
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Figure 5-Pressurized foam flow curves-the &ect of methylcel- 
lulose on the rheology of high consistency soap foams extruded from 
formulations containing 10% (w/w) soap. Key: C. control soap foam; 
@, 1.0% methylcellulose; A, 1.5% methylcellulose; and m, 2 . 0 x  
methylcellulose. 


magnetic clutch and bearings. Standard viscobrty liquids were 
measured and shear stress values at various rates of shear were 
determined, both with and without the pressure assembly. A rela- 
tionship was found to exist between the stress values with and with- 
out the pressure assembly. As can be seen from Fig. 3. this rela- 
tionship proved to be linear. The slope of the straight line is 0.95, 
which means that actual stress values were 95"; of those observed 
with the pressure assembly. 


EXPERIMENTAL 


Pressurized Packaging-Soap concentrates were weighed into 
"6-ounce'' standard coated cans1 which had been previously purged 
with a few drops of propellant, and Precision 0.020/0.080 valves 
(Precision Valve Corp., Yonkers, N. Y . )  were crimped into place. 
Dip tubes were omitted to facilitate the filling of test vessels. The 
propellant was filled into the test containers by weight. The finished 
products were shaken vigorously and placed in a 50' water bath for 
20 min. to test for leakage and can distortion. After removal from 
the water bath, the cans were allowed to remain at room tempera- 
ture for 3 days prior to testing; all tests were completed within 2 
weeks of preparation to minimize any possible aging effects. 


Foam Rheology-Foam rheology was carried out after the man- 
ner of Richman (7) using the Haake Rotovisco viscometer and the 
MVII-P profiled bob and cup system. After shaking the pressurized 
containers for 15 sec., the foam was introduced directly into the cup 
through a 12.7-cm. (5-in.) extension of 0.64-cm. (0.25411.) poly- 
ethylene tubing attached to Precision foam actuator SP-115. The 
cup was filled slowly from the bottom up, and shearing was begun 
1 min. after the cup was filled. Since dip tubes were not employed, 
pressurized containers were inverted during actuation. All measure- 
ments were made at 28 f 0.5". 


Basic Soap Formulation-Richman reported rheological measure- 
ments of soap solutions at atmospheric pressure and observed the 
dilitant nature of the flow curves at high-shear rates in the region 
of about 500 sec.-1(7). An experiment was designed to measure the 


1 Spra-tainer, Crown Can Co., Philadelphia, Pa. 
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Table I-Relationship of Shear Rate to Shear Stress in a Basic Soap Formulation Consisting of 10% (w/w) Soap and 10% (w/w) 
Propellant Blend 12/114 (57:43) 


Scale Value X Stress Value, Foam Stress 
Shear Rate, Fine Scale Value (Viscometer Reading) Normal Scale Pressure dynes/cm.2 X Value," dynes! 


sec.-l Sample 1 Sample 2 Mean Value" Factorb 1 0 - 3  X 


3.0  1 .2  1 . 1  1 . 1 5  0.29 0.28 0.011 0.57 
6 .  I 1 .6  1 . 7  1.65 0.41 0.39 0.015 0.61 
9 . 2  1.9 1.9 1.90 0.48 0.46 0.018 0.68 


18.4 2.5 2.6 2.55 0.65 0.61 0.024 0.79 
27.6 3 .9  4 . 0  3.95 0.99 0.94 0.037 0.92 
5 5 . 2  5 . 4  5 .6  5.50 1.37 1.30 0.051 1.08 
8 2 . 8  8 . 2  8 . 4  8.30 2.07 1.97 0.077 1 . 1 7  


a Normal scale value is one-fourth of fine scale reading. b Pressure factor = 0.95, from Fig. 3 (a factor to convert scale values with pressure assembly 
into equivalent values without pressure assembly). c Values for the foam extruded from the same basic formulation presented in this table for compari- 
son and reference in the following sections. 


shear stress values under pressure of the following basic soap 
formulation: 


(wiw) 
Soap concentrate, , , , , , , , . . . . . . . . . . . . . . . . . . . 10% 


. . . . . .90% 


Stearic acid. . . . . . . . . , . . . . . . . .5 parts 
Coconut oil fatty acids. . . . . . . . 3  parts 
Triethanolamine. . . . . . . . . . . . . .5 parts 


Additive. . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . (- %) 
Distilled water q.s.  ad. . . . . . . . . . . . . . . . . . . . . . . loo% 
Propellant blend 12/114 (57:43). . . . . . . , , , , , . . , . . . . . . . . . . . . l o %  


No additives were employed in the control formulation. Samples 
were prepared in duplicate, and the rheological measurements were 
carried out at 28 f 0.5". Shear stress values obtained at varying 
rates of shear are presented in Table I. The flow curve appears in 
Fig. 4 as the control soap formulation. 


Effect of Additive-Once the basic rheology of a simple pres- 
surized concentrate was determined, the effects of viscosity-increas- 
ing additives were studied. Methylcellulose (4000 cps.) was selected 
for its known property of increasing the viscosity of aqueous soap 
solutions; three different concentrations (1.0, 1.5, and 2.0% w/w) 
were employed. The flow curves obtained from these systems are 


4 "  n 
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Figure 6-Pressurized emulsion flow curves-the effect of additives 
on formu1ation.c cottraining 10% ( w / w )  soap. Key: A, 0.12Sx hy- 
droxyerhylcelfitlose: 0,0.125% commercial hydrocolloid; ando,  4 0 z  
glycerin. 


presented in Fig. 4. To compare the effect of this additive on the 
rheology of foams produced from these same formulations, rheo- 
logical measurements were carried out on the corresponding foams 
and the results are shown in Fig. 5. It becomes obvious upon ex- 
amination of these data that the sequence of flow curves remains 
the same in both the concentrate and foam. In a subsequent experi- 
ment, soap solutions were prepared containing different additives 
known to increase the consistency of aerosol foams. While glycerin 
was selected for its Newtonian property, hydroxyethylcellulose and 
a commercial hydrocolloid2 were selected for their non-Newtonian 
and pseudoplastic properties in aqueous solutions. Flow curves of 
the emulsion concentrates with various additives are presented in 
Fig. 6, and flow curves of the corresponding resultant foams are 
shown in Fig. 7. The sequence of flow curves is not the same in both 
figures. The pressurized emulsion containing the hydrocolloid gave 
higher shear stress values than the one containing hydroxyethyl- 
cellulose, whereas this order was reversed in the case of pressurized 
foams. Thus, it can be noted that the agents that affect bulk viscosity 
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Figure I-Pressurized foam flow curves-the effect of additives on 
formulations containing 10% (w/w) soap. Key: 0, 0.125% commer- 
cial hydrocoltoid; A, 0.12Sz hydroxyethylcellufose; and W, 40% gly- 
cerin. 


2 Polyhall-295R1, a water-soluble nonionic polyacrylamide hydro- 
colloid of high molecular weight, Stein, Hall and Co., Inc., New York, 
N. Y. 
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of a concentrate may not affect the viscosity of the resulting foam 
in exactly the same manner. Surface viscosity and surface area are 
dominant factors in the viscosity of the pressurized foam. 


The pressure rheometer can be a useful tool for studying aerosol 
concentrates containing propellants. Since foam-producing systems 
are generally emulsions or micellized solutions, determining the 
rheological properties of concentrates before pressurization is of 
limited value. Commercial pressure rheometers have become 
available since this research was begun. However, the magnetic 
clutch unit (introduced by the Polyscience Corp., Evanston, Ill.) 
for use with the Rotovisco viscometer requires a sample size of ap- 
proximately 1 I., which makes it unattractive for product-develop- 
ment work. The Viscoclav MA attachment to the Contraves rheom- 
eter (Olkon Corp., Stanford, Conn.), which also utilizes a mag- 
netically driven bob, employs a much smaller (10 ml.) sample. 


It is important that cosmetic and pharmaceutical aerosol chemists 
investigate their pressurized systems using techniques such as those 
described in this paper if meaningful rheological data are to be 
generated. 


SUMMARY AND CONCLUSIONS 


The design of a device for modifying a commercially available 
rotational viscometer to measure the rheological properties of fluids 
under pressure is described. 


Data presented for simple aerosol concentrate soap formulations 
revealed pseudoplastic properties which could not always be cor- 
related with the flow properties of the resultant foams. This lack of 


correlation may be attributable to the role that surface viscosity 
(rather than bulk viscosity) plays in determining foam consistency. 
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Abstract 0 Titanium dioxide, ranging in particle size from 0.005 
to 0.040 p, has been investigated as an adsorbate in the manufacture 
of lake dyes from certified water-soluble dyes. The manufacturing 
technique for the titanium dioxide lakes and the pharmaceutical 
application in color-coating tablets have been demonstrated and 
discussed in conjunction with automatic spray coating. 


Keyphrases Titanium dioxide lakes-preparation 0 Lakes, 
water-soluble dyes-titanium dioxide adsorbate 0 Spray drying- 
titanium dioxide lake preparation [7 Color coating, tablets- 
titanium dioxide lakes 


Color lakes, prepared in liquid suspension, have 
been extensively employed pharmaceutically for color- 
ing sugar-coated tablets. There are advantages for 
using the color lakes rather than the water-soluble 
dyes, which are well known to the coating expert. 
These advantages consist of: significant time reduction 
for the color-coating operation, greater color stability, 
and greater color uniformity for consecutive batches 
(1). The majority of color lakes are manufactured by 
employing alumina as the adsorbate material inter- 
acted with various dyes. Commercial lakes are available 


as micronized powders that render better color disper- 
sion in liquid suspensions than if not so treated. 


Color-concentrate suspensions prepared from color 
lakes are commercially available and are extensively 
used by the pharmaceutical industry for coloring sugar- 
coated tablets. 


The purpose of this study was to determine the 
acceptability of titanium dioxide as an adsorbate 
material for color lake manufacture from water-soluble 
dyes. The titanium dioxide selected is referred to as 
“fumed” and possesses a submicron particle size The 
ultimate goal of this project was to prepare extempora- 
neously color lakes for tablet coating. 


EXPERIMENTAL 


Materials-Fumed titanium dioxide‘ was selected for study as 
an adsorbate in the manufacture of color lakes because it possesses 
a suitable particle-size range from 0.005 to 0.040 p.  Titanium 
dioxide USP differs significantly from the fumed material with 


1 Titanium Dioxide P-25, DeGussa, Inc., Kearny, N. J.; Cab-0-Ti, 
Cabot Corp., Boston, Mass. 
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Inhibitors of Monoamine Oxidase VI: 
Effects of Substitution on Inhibitory 
Activity of 6(or @-Substituted P-Carbolines 


BENG T. HO, KO-CHIN LI, K. E. WALKER, L. WAYNE TANSEY, 
PATRICIA M. KRALIK, and WILLIAM M. McISAAC 


Abstract 0 A number of 6(or 8)-substituted aromatic p-carbolines 
were synthesized, and their inhibitory activities toward monoamine 
oxidase were compared with their tetrahydro congeners. A con- 
siderable difference in the effects of qor 8)-substitution on the in- 
hibitory activities existed between these aromatic and tetrahydro- 
8-carbolines. Influence of 9-methyl substitution on activities was 
greater with the tetrahydro than the aromatic series; as a result, 9- 
methyltetrahydro-p-carbolines were generally much better inhibitors 
of the enzyme than the corresponding 9-hydrogen-tetrahydro-p- 
carbolines. An amino group at C1 of 8-carboline caused a fivefold 
decrease in inhibitory activity. This decrease was likely due to the 
steric hindrance by the bulk of the amino group. Aromatic p- 
carbolines were prepared by the palladium-on-charcoal catalyzed 
dehydrogenation of the corresponding tetrahydro-p-carbolines. 
Methylation of the N9 of aromatic p-carboline was carried out with 
methyl iodide in the presence of sodium hydride. Nitration of p- 
carboline gave a mixture of two isomeric products, 6- and 8-nitro-p- 
carbolines, which were separated with hot chloroform. Catalytic 
reduction converted the nitro compounds to 6- and 8-amino-p- 
carbolines, respectively. The positions of the amino group was con- 
firmed by NMR spectrometry. 


Keyphrases 0 Monoamine oxidase inhibitors-synthesis 0 8- 
Carbolines, qor 8)-substituted-~ynthesis 0 Structure-activity 
relationship-monoamine oxidase inhibitors NMR spectros- 
copy-structure 0 UV spectrophotometry-structure 


In the previous papers (1, 2) the monoamine oxidase 
inhibitory activity of several 6(or 8)-substituted tetra- 
hydro-b-carbolines and their 9-methyl analogs has 
been reported. It was found that, in general, replace- 
ment of hydrogen on the C, position of tetrahydro-0- 
carboline (Ia) caused a slight reduction in inhibitory 
activity. An even greater decrease of activity resulted 
when the same position of 9-methyltetrahydro-0-carbo- 
line (Ib) was substituted (1). Introduction of a methyl 
group on Cs of Ia and fb, however, did not affect the 
activity of these two compounds. In the present study, 
a number of 6(or 8)mbstituted aromatic 0-carbolines 
(V-XV) were synthesized, and their inhibitory activities 
were compared with those of the tetrahydro series. 


A considerable difference in the effects of 6(or 8)- 
substitution on the inhibitory activities existed between 
these aromatic P-carbolines and their tetrahydro con- 
geners. Replacement of the C6-hydrogen of I1 by a 
methoxy group resulted in nearly a 1.5 time decrease 
in activity (Table I, Compound VI), whereas a greater 
loss (fourfold) of activity was observed by a similar 
substitution in the tetrahydro series (Table I1 Com- 
pounds Ia and Ic). When the 9-methyl compounds of 
each series were compared, 6-methoxy substitution 
on the 9-methyltetrahydro-0-carboline (Ib) gave Com- 
pound Id, which was 10 times less active than Ib as an 
inhibitor ; however, only less than a threefold decrease 
in activity of 9-methyl-0-carboline (111) resulted from 


Table I-Inhibition of Monoamine Oxidase 


Compound R1 Ra R3 LO,* mM 


I1 H H H 0. 029b 
JJJ H CH, H 0. Olob _ _ _  -_  _ ~ _  
IV H H CHI 0 .  i 4 b  
V H H 0.15 


VI 6-OCHa H H 0.043 
VIIC 6-OCH, CHx H 0.028 


VIII 6-CH3 H H 0.12 
IX 6-CHa CH3 H 0.070 
X 6-c1 H H 0.024 


XI 6-NH2 H H 0.63 
XI1 8-OCH3 H H 0.12 
XI11 8-CH3 H H 0.072 


H 0.020 
H 0.58 


XIVC 8-CH3 CHI xv 8-NHz H 


a Concentration of an inhibitor giving 50% inhibition of the enzyme. 
b Data from Reference 2. c Hydrochloride salt. 


the conversion of I11 to 6-methoxy-9-methyl-P-carboline 
(VII). Substitution of chlorine on the Ce position had 
less effect on both series, because X was equally as 
active as 11, and Ie was only slightly less active than Ia. 
The greater (fourfold) loss of activity resulting from the 
methyl substitution of Cs of I1 was unexpected in view 
of the similarity in sizes among CH3, Cl, and OCHs and 
the weaker electron-donating nature of CH, than OCH,. 


It was reported earlier (1) that a methyl group on 
Cs of la and Ib exerted little effect on the inhibitory 
activity (Table 11, Compounds If and Ig). The same 
substitution on Cs of the aromatic series, on the other 
hand, caused a reduction in the inhibition of the en- 
zyme; XI11 and XIV were, respectively, 2.5 and 2.0 
times weaker inhibitors than I1 and 111. 


Effects of 9-methyl substitution were greater in the 
tetrahydro than in the aromatic series. For instance, 
a 34-fold increase in activity was achieved by the methyla- 
tion of la  to  Ib, a 13-fold increase from Ic to Id,' and 
nearly a 24-fold increase from Ifto Ig (Table 11). Intro- 
duction of a methyl group to N9 of I1 gave only a three- 
fold increase in inhibition; a 1.5 time increase was ob- 
served as a result of conversion of VI to VII, a 1.7 time 
increase from VlIl to IX, and a 3.6 time increase from 
XI11 to  XIV (Table I). These data further indicated 
that if aromatic P-carbolines and their tetrahydro 
congeners were bound at the same site on monoamine 


~~ ~~ 


1 The previously reported value of 3.6 mM (1) should be the 150 for 
2-methyl-6-methoxy- 1,2,3,4-tetrahydro-p-carbollne. 
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Table I[-Inhibition of Monoamine Oxidase 


Compound Ri RZ 1 5 0 , ~  mM 


la H H n 34 


I;. 6-c1 
8-CHn 


H 
H 


0.42 
0 . 3 8  


fg 8-CH; CH3 0.016 
~ 


All data from References 1 and 2. 


oxidase, it would appear to have different binding con- 
formations for each series (3). 


Decreases of 22- and 20-fold, respectively, in activity 
were found when an amino group was placed o n  either 
C6 or Cs of I1 (Table I, Compounds XI and XV). Such 
magnitude of reduction in activity, however, was not 
observed with the 6-methoxy compound (VI). Since the 
amino group is smaller in size than the methoxy group, 
the greater loss of activity found with XI and X V  was, 
therefore, not due to  the steric hindrance caused by 
the substituent on C6 or Cs. 


Replacement of C1-hydrogen of 11 with an amino 
group resulted in about a fivefold decrease in activity. 
In view of the finding that V was an inhibitor of equal 
activity as 1-methyl-@-carboline (IV), this decrease 
was most likely attributed to  the steric hindrance by 
the bulk of the amino or alkyl group (2). 


CHEMISTRY 


Aromatic P-carbolines, such as 6-methoxy-(VI), 6-methyl-(VIIl), 
6-chloro-(X), 8-methoxy-(XII), and 8-methyl-(XIII), were prepared 
by the palladium-on-charcoal (Pd-C) catalyzed dehydrogena- 
tion of the corresponding 1,2,3,4-tetrahydro-/3-carbolines (I) in 
boiling xylene (Scheme I). The reaction would appear to require a 


I 
R, 


I 
Ri 


VI, R, = 6.OCH,; R,=H 
VII, R,=6-OCH,; R, = CH, 


VIII, R1 = 6-CH3; R, = H 
X, R, = 643; R, = H 


XII, R, = 8-OCH,; R, = H  
XIII, R, = 8-CH,,; R, = H 


Scheme I 


fresh and active catalyst; in a few instances when an old catalyst 
was used in the preparation of methoxylated 0-carbolines, only the 
starting material was recovered. Due to the availability of 8-methyl- 
1-oxotetrahydro-0-carboline commercially, the preparation of XlII 
by the present method was simpler and more economical than by the 
method of Cook et al. (4) who utilized the condensation of 7- 
methyltryptophan with formaldehyde, followed by K2Cr9O7 oxida- 
tion. The synthesis of 8-methyltetrahydro-0-carboline (If) has pre- 
viously been reported (1). 


The very low yield of Compound X was apparently at- 
tributed to the dehalogenation of the 6-chloro atom by Pd-C 
during the dehydrogenation; unsubstituted 0-carboline (XVI) was 
solated as a by-product. Attempts to prepare X by other methods 
were unsuccessful. Substitution of Raney nickel for Pd-C as the 


I 
CHJ VIII, 6-CH, 


XIII, 8-CH3 IX, 6CHJ 
XIV, 8CH3 


Scheme I1 


catalyst resulted in the isolation of an equal amount of the un- 
changed 6-chlorotetrahydro-~-carboline (Ie) and the dehalogenated 
product IT. No reaction took place when 1-0x0-6-chlorotetrahydro- 
p-carboline was refluxed with phosphorus oxychloride. This reagent 
has been reported to give 9-alkyl-P-carbolines from 1-0x0-9-alkyl- 
1,2,3,4-tetrahydro-P-carbolines (5 ) .  Chloranil (tetrachloro-pbenzo- 
quinone) has been shown to be an excellent dehydrogenating agent 
for the preparation of carbazoles from tetrahydrocarbazoles (6). 
However, the use of p-benzoquinone in the dehydrogenation of 6- 
chlorotetrahydro-P-carboline failed to give X. 


Methylation of VIII and XI11 with methyl iodide in the presence 
of sodium hydride gave the dimethyl-0-carbolines IX and XIV, 
respectively (Scheme 11). 1-Amino-b-carboline (V) was obtained 
from the treatment of P-carboline (11) with sodium amide according 
to the procedure reported in the literature (9) (Scheme 111). 


I1 NH, 
V 


Scheme 111 


Nitration of 0-carboline (11) and the reduction of the nitro-0- 
carboline to amino-8-carboline have been reported by Saxena (7). 
In his preparation, only one isomer was isolated. The position of the 
nitro group was not established other than to assume that it was the 
6-nitro-0-carboline (XVI). No indication was given by Saxena on 
whether the 6-nitro-P-carboline prepared by him was free of con- 
tamination of other isomers. However, in carrying out the nitration 
of 1-methyl-P-carboline, Synder et al. (8) reported the isolation of 
two products. The higher-melting nitro compound (67 % yield) was 
then reduced, diazotized, and converted to a bromo compound 
whose physical properties were identical with those of 6-bromo-l- 
methyl-P-carboline, The position of the nitro group in the lower- 
melting compound (20% yield) was assumed by them to be the 
isomer 8-nitro-l-methyl-~-carboline. 


In the present work,two isomeric nitro-P-carbolines from the nitra- 
tion of I1 (Scheme IV) were found to vary with their R f  values on 
TLC, retention times on gas chromatograms, as well as IR and UV 
spectra. Separation of these two isomers was achieved by the differ- 
ence in their solubilities in hot chloroform. Reduction of the nitro 
group by Pd-C catalyst gave 6-amino-P-carboline (XI) and %amino- 
P-carboline (XV), respectively (Scheme IV). The authors chose to 
differentiate the positions of the amino group in the two products, 
XI and XV, by their NMR spectra; XI (60 Mc.p.s.): 7 (D,O-DCl>, 


II x7 HNo,! 02NqN + WN 
XVI NO, 


XVII 


Pd-C/H, I Pd-C/H, I 


Scheme IV 
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1.31 (singlet, H-I), 1.80(doublet,J = 6.0c.p.s.,H-3), 1.89(doublet, 
J = 6.0c.p.s.,H-4). 1.94(doublet,J = 2.0c.p.s.,H-5). 2.27(doublet 
of doublets, J = 2.0 and 8.7 c.P.s., H-7), 2.57 (doublet, J = 8.7 
c.P.s., H-8). Due to the limited solubility of XV in DzO-DCl, its 
NMR spectrum was run with a 100 Mc.p.s. spectrometer: T 


(DzO-DCI), 0.82 (singlet, H-I), 1.44 (doublet, J = 6.3 c.P.s., H-3), 
1.55 (doublet, J = 6.3 c.P.s., H-4), 1.67 (doublet, J = 7.9 c.P.s., 
H-5), 2.07 (doublet, J = 7.9 c.P.s., H-7), 2.48 (triplet, J = 7.9 
c.P.s., H-6). An earlier attempt to convert 6-nitrotetrahydro-P- 
carboline into XVI, which could then be used for further charac- 
terization of the 6-nitro isomer. was unsuccessful. 


EXPERIMENTAL 


Preparation of Substituted Aromatic P-Carbolines from Tetra- 
hydro-8-carbolines-A mixture of 20 mmoles of the corresponding 
substituted 1,2,3,4-tetrahydro-P-carbolines (1,2) in 150 ml. of xylene 
and 500 mg. of 5 or 10% Pd-C catalyst was refluxed for 6 hr. or 
overnight and then filtered hot. The filtrate was cooled in ice; the 
deposited product was collected on a filter and recrystallized from 
a suitable solvent. Accordingly, the following compounds were 
prepared: 6-methoxy-/3-carboline (VI), 45 %, m.p. 20&207" 
(toluene); A,,,. (EtOH) 217,234,249.259(s), 292,299,361,371 mp. 


And-Calcd. for Cl2HIoN2O: C; 72.71; H, 5.09; N, 14.14. 
Found: C ,  73.01; H, 4.77; N, 14.09. 


6-Methyl-8-carboline (V111)-27 %, m.p. 190-191 O (benzene); 
A,,,,,. (EtOH) 220,240,255 (s), 265 (s), 285,297,357,372 mp. 


Anal.-Calcd. for CIzHIONz: C, 79.09; H, 5.53; N, 15.37. Found: 
C, 79.19; H, 5.55; N, 15.11. 


6-Clzloro-~-carboline (X)--0.9%, m.p. 270-271 (chloroform); 
A,,,. (EtOH) 238, 249, 331, 345 mp. 


And-Calcd. for C11H7CIN2: C, 65.20; H, 3.48; N, 13.82. Found: 
C, 65.49; H, 3.38; N, 13.96. 


8- Mefhoxy-~-curboline (XU-62 %, m.p. 204-205 (xylene) ; 
A,,,. (EtOH) 216, 243, 268, 278,287, 343, 354 (s) mp. 


Anal.-Calcd. for ClzHloNzO: C, 72.71; H, 5.09; N, 14.14. 
Found: C ,  72.68; H, 5.11; N, 14.04. 


8-Methyl-(3-carboline (XIZZ)-90%, m.p. 233-234.5' (benzene); 
A,,,,. (EtOH) 217, 237, 338, 352 mp. A 229-230" m.p. has been re- 
ported for this compound, which was prepared by the treatment of 
7-methyltryptophan with formaldehyde followed by potassium 
dichromate oxidation (4). 


6-Methoxy-9-n~erhyl-~-c~rboline ( Vll)-Ether-HCl was added 
to the xylene filtrate and the hydrochloride salt of VII was collected 
on a filter; yield, 83 %, m.p. 254-257". Recryetallization from EtOH 
gave SO%,  m.p. 258-259"; A,,,. (EtOH) 220,235,248, 270,286 (s), 
292, 299, 370, 380 mp. A 262-263" m.p. has been recorded for 
the hydrochloride salt of VII prepared by the treatment of the 1- 
oxo-6-methoxy-9-methyltetrahydro-~-carboline with POCl3 (5). 


Alkylation of Substituted P-Carbolines-8,9-Dimethyl-~-carboline 
(XI-To a stirred suspension of 0.2 g. (12 mmoles) of 8-methyl- 
P-carboline (XIII) in 20 ml. of dimethylformamide was added slowly 
0.6 g. (17 mmoles) of sodium hydride (50% suspension in mineral 
oil). After stirring at room temperature for 4 hr., the mixture was 
cooled in ice, and 1.8 g. (13 mmoles) of methyl iodide was added. 
Stirring was continued overnight, and 150 ml. of chloroform was 
then added. The chloroform layer was washed with water (ten 
100-ml. portions), dried (anhydrous sodium sulfate), and evaporated 
in uucuo, leaving an oil. When a solution of this oil in 150 ml. of dry 
ether was mixed with an excess of ether-HCI, a hydrochloride salt 
of the product precipitated. Recrystallization from ethanol gave 
1.8 g. (65 %), m.p. 298-300". 


And-Calcd. for Cl3Hl2N2.HC1: C, 67.10; H, 5.63; N, 12.04. 
Found: C ,  66.75; H, 5.86; N, 11.98. 


A small protion of this hydrochloride salt was neutralized with 
10 % sodium hydroxide to yield 8,9-dimethyl-P-carboline (XIV), 
m.p. 69-71'; A,,,. (EtOH) 247, 292, 350, 364 mp. A 68-70' m.p. 
has been recorded for the compound prepared from 1,7-dimethyl- 
tryptophan and formaldehyde followed by oxidation of the conden- 
sation product with potassium dichromate (4). 


6,9-Dimethyl-/3-curboline (IX)-In a similar manner as the prep- 
aration of XIV, a mixture of 1.6 mmoles of 6-methyl-8-carboline 


2 Melting points are corrected and were taken on a Mel-Temp ap- 
paratus. Qualitative UV spectra were obtained with a Beckman spectro- 
photometer model DB-G. 


(VIII) in 10 ml. of dimethylformamide and 2.8 mmoles of sodium 
hydride was stirred for 30 min. Methyl iodide (2.8 mmoles) was 
added, and the stirring was continued for 1 hr. The product, m.p. 
121-122", was obtained in a 38% yield. Recrystallization from ben- 
zene-hexane did not raise the melting point; A,,,. (EtOH) 220,238, 
255 (s), 265,285, 297, 357, 367 mp. 


And-Calcd. for C18HllN2: C. 79.56: H, 6.16: N, 14.27. Found: _i .- . , . .  
C, 79.73; H: 6.24; N, 14.13. 


1-Amino-0-carboline (VCThis was prepared from 8-carboline 
(11) and NaNH2 according to the procedure of Snyder et a/ .  (9), 
m.p. 200-201 O (lit. m.p. 198-200"); A,,,. (EtOH) 225,243, 256 (s), 
273 (s), 280,290, 339, 353 mp. 


Nitration of 0-Carboline-A mixture of 4.96 g. (29 mmoles) of 
-carboline (11) and 60 ml. of concentrated nitric acid was stirred at 


ice temperature for 2 hr. and then heated on a steam bath until the 
solid dissolved (approximately 15 min.). The hot solution was 
poured onto 30 g. of crushed ice, and the bright-yellow solid that 
precipitated was collected on a filter and washed several times with 
water. This nitrate salt was dissolved in a minimum amount of 
water (about 900 ml.). Upon neutralization with 10% sodium hydrox- 
ide, the free amine precipitated; yield 4.88 g. (78 %). Both silica gel 
TLC [CHC13-MeOH (9:1)] and gas chromatography (3% SE 30 
on Varaport 30) showed that it was a mixture of two products. 


The mixture was treated with about 4 1. of hot chloroform and 
then immediately filtered. The insoluble solid, 2.64 g. (42%) and 
with R, = 5.8, was recrystallized 3 times from acetone to give 850 
mg., m.p. 340-342"; A,,,. (EtOH) 237,267,295,350 mp. 


And-Calcd. for CllH7N302: C, 61.97; H, 3.31; N, 19.71. 
Found: C, 61.83; H, 3.39; N, 19.54. The assignment of 6-nitro- 
8-carboline (XVI) to this compound was based on the NMR spec- 
trum of its reduction product, 6-amino-8-carboline (XI). 


When this chlorofom filtrate was evaporated in uucuo, 1.65 g. 
(26 %) of bright-yellow solid was obtained. Two recrystallizations 
from a minimum amount of dimethylformamide gave 0.5 g., m.p. 
320" dec.; R, = 7.3. Amx. (EtOH) 228,263,292,302 mp. 


Anal.-Calcd. for CllH7N302: C, 61.97; H, 3.31; N, 19.71. Found: 
C, 62.01; H, 3.45; N, 19.68. On the basis of the NMR spectrum of 
its reduction product (XV), the compound was believed to be the 
8-nitro-0-carboline (XVII). 


6-Amino-P-mrboline ( X I F A  mixture of 0.85 g. (4 mmoles) of 
6-nitro-P-carboline (XVI), 200 ml. of ethanol, and 0.5 g. of 5 % Pd-C 
catalyst was shaken with hydrogen at an initial pressure of 3 atm. 
until the consumption of hydrogen ceased. After filtration, the solu- 
tion was evaporated in uucuu, and the residue was twice recrystal- 
lized from ethanol yielding 0.33 g. (45%) of product, m.p. 302- 
303" [lit. (7) m.p. 268'1; A,,,. (EtOH) 242, 296, 304, 381 mp. Silica 
gel TLC [butanol-acetic acid-water (4: l :  111: R ,  = 4.5. 


And-Calcd. for CllH9N3: C, 72.11; H, 4.95; N, 22.94. Found: 
C, 71.81; H, 5.50; N, 22.69. 


8-Amino-j3-carboline (XV)-In a similar manner as described in 
the preparation of X, the 8-nitro-8-carboline (XV11) was cata- 
lytically reduced. The product, 8-amino-8-carboline was recrystal- 
lized from ethanol-ether to yield 62%, m.p. 242" dec.; A,,,. (EtOH) 
232, 252, 292, 360 mp. Silica gel TLC [n-butanol-acetic acid-water 


And-Calcd. for CIIH9Na: C, 72.11; H, 4.95; N, 22.94. Found: 
C, 71.90; H, 5.11; N, 22.69. 


Assay-Mitochondria1 monoamine oxidase from beef liver was 
isolated and purified as previously described (2). All the stock 
solutions of inhibitors, except VIII and IX, were prepared in 0.01 
N HCI. Compounds VIII and IX were dissolved in 0.02 N HCI. 
Incubation was carried out with tryptamine-2-14C hydrochloride 
according to the previously described procedure (2). 


(4:l:l)I: R, = 6.4. 
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Kinetics and Mechanisms of Action of Drugs on 
Microorganisms XI: Effect of Erythromycin and Its 
Supposed Antagonism with Lincomycin on the Microbial 
Growth of Escherichia coZi 


EDWARD R. GARRETT, SAMUEL M. HEMAN-ACKAH, and GEORGE L. PERRY 


Abstract 0 The steady-state growth of Escherichia coli in broth 
cultures is inhibited by erythromycin with a new steady-state 
growth-rate constant (kapp.), which is linearly related to drug 
concentrations in the range 0-10.0 mcg. mi. -l as k,,,. = ko - kEE, 
where kE is the inhibitory-rate constant for drug concentration E 
of drug-free rate constant ko. The k,,,. at  E > 10.0 mcg. ml.-I 
adheres to a kinetic model, which implies the saturation of a 
limited number of receptor sites in accordance with the equation 
k,,,. = ko - k,E/(1 + k&), where k ,  and kb are constants of propor- 
tionality related to drug concentration partitioned into the biophase 
and its affinity for available receptor sites. The dependence of E. coli 
growth rate on drug concentrations is invariant with the organism 
population or broth concentrations. However, values for k ,  in- 
crease 10-fold as the pH of broth is increased from 6.80 to 7.80 
while ko remains constant. This indicates that the unprotonated 
fraction of the drug concentration contributes to the activity. 
Lincomycin in Phase I-affected growth has the same formal de- 
pendency on concentration as does erythromycin with a potency 
ratio of 6.68: 1, erythromycin base to lincomycin base, on a weight 
basis. The combined effects of erythromycin and lincomycin in 
Phase I of its effect are not antagonistic on the growth rate of E. cofi 
in the subinhibitory range and can be predicted on the basis of 
adding equivalent amounts in accordance with the coincident 
response-dose curves of erythromycin and lincomycin (Phase I). 


Keyphrases Erythromycin effect-Escherichia coli steady-state 
growth Lincomycin growth, Phase I&e.rythromycin effect 
Reversibility-erythromycin antimicrobial activity 0 Microbiologi- 
cal analysis-erythromycin action on E. co/i 0 Kinetics-erythro- 
mycin action on E. coli. 


The mode of action of the macrolide erythromycin is 
generally ascribed to inhibition of protein synthesis 
(1-9). Erythromycin binds exclusively to the 50 S 
subunit of ribosomes from Escherichia coli (1, 4, lo), 
Staphylococcus aureus (1 l), Bacillus subtilis (6, 8 ,  12), 
Bacillus megaterium (2, 13), and Bacillus stearothermo- 
philus (2) in reconstituted cell-free systems to inhibit 
polypeptide synthesis which has been stated to be a 
rapid and reversible process (8). Tanaka et al. (4) 
observed maximum binding of the 50 S ribosomal sub- 
unit of E. coli Q. 13 at very low concentrations of 


erythromycin (-0.6 mcg. ml.-l). Only about one- 
tenth of that amount was found to bind to the ribosomes 
of resistant mutants. 


It has been speculated (8) that erythromycin competes 
with the transport RNA carrying the peptidyl radical 
involved in amino acid polymerization for a common 
binding site on the 50 S subunit of ribosomes. An alter- 
native proposed model (12) for erythromycin’s protein 
inhibition is that it inhibits a “translocase” factor which 
is necessary for the transfer of the peptidyl t-RNA 
elongated by a single aminoacyl residue from a ribo- 
somal acceptor site to a donor site. 


Conflicting views have been expressed about the 
modes of action of those antibiotics (e.g., erythromycin, 
lincomycin, and chloramphenicol), which are supposed 
to have the common 50 S ribosomal binding site (7, 8, 
10,12). In fact, combinations of erythromycin and linco- 
mycin have been claimed to be antagonistic (2, 3, 8, 
10, 12), which would not necessarily follow from an 
assumption of similar modes of action. 


The application of microbial kinetics to the quanti- 
fication and prediction of antimicrobial action has been 
demonstrated (14-22). The effects of subinhibitory 
concentrations of drugs on the growth of bacteria have 
been studied in simple reproducible systems with E. coli 
strain B/r as the test organism to derive kinetic param- 
eters that may characterize antibacterial action and 
drug-receptor interaction and to provide insight into 
the possible mechanisms of drug action. 


This paper presents the results of such studies on the 
action of erythromycin on the growth of E.  coli. It 
considers the formal dependence of the kinetic constants 
of growth inhibition on antibiotic concentration as 
affected by inoculum size, composition and pH of the 
media, and reversibility of the erythromycin concentra- 
tions. In addition, the actions of combinations of 
erythromycin and lincomycin on microbial growth, as 
compared with their a priori expectation, are con- 
sidered. 
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Influences of Heredity and Environment on 
Alkaloidal Phenotypes in Solanaceae 


MARK J. SOLOMON* and FRANK A. CRANE 


Abstract 0 Modern biometrical analysis of reported data on 
Atropa belladonna L. indicates varying heritabilities at successive 
stages of plant ontogeny, exhibiting almost complete additivity a t  
the early flowering stage. A discussion of the importance of this 
observation with accompanying consideration of more general 
implications is presented. 


Keyphrases 0 Phenotypes, alkaloidal, in Solanaceae--heredity, 
environmental influences 0 Solanaceae biovariation-selecting 
for alkaloidal phenotypes, effects of heredity, environment 
Genetic variation, Solanaceae alkaloidal phenotypes-equations, 
phenotypic scale diagram 


Research efforts involving selection for or against 
alkaloidal phenotypes are relatively rare in the litera- 
ture. Such studies are lengthy, involved, and relatively 
wasteful in time and effort in comparison to the informa- 
tion obtained. 


Upon reviewing the literature on Solanaceous alka- 
loidal biovariation, the authors noted that Sievers (1) had 
grown plants of Atropa belladonna L. for economic 
reasons during World War I and collected data on total 
alkaloidal content, expressed as milligrams atropine per 
gram dry weight of powdered leaf. These data lent 
themselves to heritability analysis (h2, the potential for 
selection under artificial or natural conditions), utilizing 
modern statistical and biometric techniques (2). 


The authors’ analysis of Sievers’ data is summarized 
in Table I. Since Sievers analyzed parental types and 
their respective progeny at different stages of ontogeny, 
the following conclusions may be drawn: 


1. Heritability (h2)  is present. 
2. This heritability varies with ontogeny, ranging 


from high values (maximum value of 1) during vegeta- 
tive and early flowering stages to lower values in early 
and late fruiting stages. 


3. Heritability is maximum at the flowering stage of 
ontogeny, reaching almost complete additivity. 


To the writers’ knowledge, this analysis represents the 
first application of quantitative genetic techniques to 
tropane alkaloid biovariation, and it is the first example 


The statistical techniques used for this analysis were not known in 
1915. It is a tribute to his scientific acumen that Sievers’ data could be 
analyzed over a half-century later to yield these results. 
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of quantitative estimation of a relationship of plant 
ontogenesis to a tropane alkaloid. 


DISCUSSION 


Without the information obtained from Sievers’ original data (1) 
and the authors’ later interpretation, four models of genetic control 
appear possible if workers do not postulate genetic and environ- 
mental control of alkaloidal phenotypic variation to occur, as most 
geneticists would assume. These models are: 


1.  Alkaloidal phenotypes are not inherited; i.e., they are all 
environmentally controlled. 


2. Alkaloidal phenotypes are inherited in Mendelian fashion; 
i.e., they are monogenic with no environmental control. 


3. Alkaloidal phenotypes are the product of multiple allele 
segregation (with no environmental control). 


d 


Figure I-Alkaloidal phenotypic scale for one gene in the bio- 
synthetic pathway of an alkaloid (26). * A hypothetical case: pres- 
ence of both dominant alleles would produce a final contribution of 
0.5 % alkaloidal content. The double recessive GEG* would produce a 
concentration of 0.IZ. If the alleles are additive, the heterozygote 
AlAz would be 0.3%. If  dominance is present, the GIG2 genotype 
would have the value of 0.4%. 
GIG1 = homozygous dominant (maximum contribution to alkaloidal 


phenotype) 
GZGE = homozygous recessive (minimum contribution to alkaloidal 


phenotype) 
GIGZ = heterozygote value (0 point or deviation if dominance is 


present) 
d = dominance deviation from midparent 
mp = midparent value (additive value of GIG1 + additive value 


011 = average effect when GI is substitutedfor G2 
CYZ = average effect when GZ is substituted for GI 
(YT = total average effects on the phenotype 
a = additive effect due to one allele substitution 
p = frequency of GI allele in population 
q = .frequency of GZ allele in population 
p + q = I since each gene has only two alleles 


o f  GZGZ divided by 2) 







Table I-Effect of Ontogenesis on Heritability of Total Alkaloids (Determined as Atropine) in Leaves of 
A. belladonna [Determined from the Data of Sievers (l)] 


7 Flowering - c Fruiting 
Statistic Before After Early Late Overall 


h2 a 0.8838 0.9520 0.4828 0.3097 0.7240 
95% CLh2b 0.7874-0.9801 0,8344-l .OOOO+ 0.4007-0.5648 0 . 2 2 7 O .  3924 
Regression 


0 .8838~ 0 .9520~ 0 . 4 8 2 8 ~  


0.6158-0.8321 


equationc y = 0.1294 + y = 0.0098 + y = 0.2360 + y = 0.4443 + y = 0.2991 + 
0.3097~ 0 .7240~ 


h2 = heritability, saa/sp2.  When s p z  = sa2, then h2 = sg)/sp2. b 95 % C L A ~  = in 19 of 20 cases the heritability will.be between these limits. c Regres- 
sion equation: x = parental value; y = progeny values. Five randomly selected progeny per parent were used to avoid weighting factors. See Falconer 
(2) for technique, p. 179. 


4. Alkaloidal phenotypes are the product of a polygenic system 
(quantitative inheritance with some environmental control and 
possible genetic+nvironmental interaction). 


Model 1-In view of Sievers’ data and other corroborating 
evidence, this model is not feasible for A. belladonna. Furthermore, 
other genera in the Solanaceae exhibit evidence of genetic control. 
The increased numbers of genes in autotetraploids demonstrated by 
Rowson (3, 4) and recently extended by Solomon and Crane (5) 
indicate that increased numbers of genes cause increased alkaloid 
concentration. Stary (6), working with “Poinsettia aneuploids” 
and “Globe aneuploids,” indicated that the 17.18 and 21.22 
chromosomes of Datura regulate alkaloid production and further 
implicate genetic control. 


The work of Hills et al. (7) on crosses of Duboisia species and of 
Evans et al. (8,9) on Dafura species indicates that genes may regu- 
late the presence or absence of specific alkaloids in interspecific 
hybrids. 


Lecat (10) demonstrated that selection for increased morphine 
content in Papaver somniferum var. nigrum is possible. Good chem- 
ical screening for alkaloids is based on the empirical premise that if 
alkaloids are found in a given species, other members of the genus 
and other genera in the family have a greater probability of produc- 
ing alkaloids than a random sampling of the plant kingdom. Thus, 
it appears that genetic control of alkaloidal biovariation and all 
resulting implications in nautral selection and fitness considerations 
may be generalized to other families in higher plants. 


Model 2-Although Mendelian segregation may be responsible 
for the presence or absence of specific alkaloids in interspecific 
genetic studies (7-9) in view of the complex set of biochemical reac- 
tions thought to be responsible for various alkaloidal biosyntheses, 
a single-gene mechanism of inheritance within a particular species 
should be considered highly unlikely (Table II). Such a mechanism 
would indicate one gene regulating more than one enzymatically 
controlled reaction for the biosynthesis of hyoscyamine and possibly 
even more steps in the biosynthesis of scopolamine. A monogenic 
mechanism of inheritance would also require that the one gene 
regulating the alkaloidal phenotype in Datura would have the un- 
likely task of being located on two different chromosomes (the 
17.18 and 21.22) at the same time (6). 


Model &The many types of biochemical transformations in- 
volved in the alkaloid biosynthesis already demonstrated for Datura 
effectively eliminate the multiple-allele model as a total explanation 
of alkaloid inheritance. But even with another model, the possibility 
of multiple alleles at any genic locus identified with regulating al- 
kaloid inheritance must be considered. This explanation would 
have to be confined to individual steps in particular biosynthetic 
schemes rather than to the total biosynthesis of the final alkaloidal 
product. 


Model &-Quantitative Characteristics or metrical characters 
such as secondary plant product concentrations, i.e., alkaloid con- 
centrations, are usually assumed to be polygenically controlled. 
Geneticists assume a priori that such characteristics have, by their 


Table 11-Outline of Major Steps Involved in Hyoscyamine and Hyoscine Biosynthesis 


Genea 
(Possible) Hypothetical Function of Enzyme Type of Reaction 


I 


I1 


111 


IV 


V 


VI 


VII 


N-Methylation 


Oxidation 


Ring-closure equilibrium 


Condensation with acetoacetic 
acid 


Oxidation 


Esterification 


Carboxylation 


VIII Amination 


IX Intramolecular rearrangement 


\ \  


/ /  
N: + 


glutamic- y - aldehyde 


N-methylpyrrolinium salt 


N-Me: Ornithine -, a-N-methylornithine 


Transamination: a-N-methylornithine -, a-N methyl 


Ring closure: a-N-methylglutamiwpaldehyde -+ 


COO- COOH 


Mannich reaction LNMD0 -. f i ~ ~  70 
kOOH ’COOH 


COOH 


Oxidative 
decarboxylation 


COOH ’COOH 
Tropic acid + tropanone carboxylic acid + hyoscyamine 


x Oxidation - W :  Hyoscyamine + 6,7-dehydrohyoscyamine 
XI Oxidation +O : 6,7-dehydrohyoscyamhe -, 6-hydroxyhyoscyamine 


XI1 Oxidation Oxidation: 6-hydroxyhyoscyamine -* hyoscine 


Genes are designated by Roman numerals. The dominant alleles would be IAI, IAZ, Ias . . . . The recessive alleles would be In], Ia2, Iaa . . . . 
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basic nature, genetic and environmental variation. Since Beadle’s 
(1 1) statement of the “one-gene-one-enzyme” hypothesis, it has 
been assumed that one gene regulates one biochemical step through 
one enzyme. Reexamination of Table I1 indicates 12 possible 
biosynthetic reactions resulting from enzymatic activity (12). 
Thus, there appears to be a high probability that extensive additive 
genetic variance, estimated by heritability, should be possible. 
Sievers’ data (1) and the writers’ analysis indicate that this is the 
case. 


Figure 1 summarizes recognized aspects of established polygenic 
relationships. A hypothetical numerical example relating to al- 
kaloidal polygenic contt ibutions is given. Significantly, each gene in 
the biosynthetic pathway has an additive genetic variance which 
contributes to the rate of selection, either artificial or natural, for or 
against the final phenotype. This rate of selection, designated as 
ha, is the term for heritability. Thus, the presence of heritability in a 
parent-offspring regression analysis, as demonstrated by Sievers’ 
data, indicates that additive genetic variance is present and that 
polygenic inheritance applies. 


Other types of variation than additive genetic variation are pos- 
sible. These variances are summarized by the following equation: 


= s,* + s,’ + so,’ + s.’ + sda  + st2 (Eq. 1) 
where sa2 + sdZ + si2 = so2 


and 


sp2 = total observed variation (phenotypic) 
se2 = total environmental variation 
sa2 = sampling error induced by not using an infinite popula- 


sgee = genetic-environmental variation 
spa = total genetic variation 
saa = total additive genetic variation 
s d 2  = total dominant deviation variation 
s,2 = total epistatic or intergenic variation 


The total average effects of all the genes affecting the final con- 
centration of alkaloids in the phenotype would simulate a normal 
distribution because of the large number of frequency classes pos- 
sible. The enzymes listed in Table I1 need not be specific for a 
particular step in alkaloid biosynthesis but may be involved in 
general metabolic activity as well. A polygenic model requires only 
that a number of enzymes and their respective genes controlling 
production of the final product, alkaloid, additively produce the 
final concentration. 


Therefore, since the heritability, h2, varies with ontogeny of the 
plant in A .  belladonna, the ratio of the additive genetic variance to 
the total phenotypic variance also appears to vary. Thus, it appears 
that the additivity, or the ability to select for or against total al- 
kaloidal variation expressed as milligrams atropine per gram dry 
weight of powdered leaf, also varies with the ontogeny of the plant. 


Most pharmacognosists have stressed the importance of environ- 
mental effects on the alkaloids of Solanaceous plants. Such environ- 
mental variables as photoperiod, temperature, inorganic nutrition, 
and their ratios have been reported to influence growth and alkaloid 
production (1 3-25). These environmental studies were made on 
uniform strains of plants, assuming genetic influence as nonvariable. 
In view of Sievers’ data and the authors’ analyses, heritability, ad- 
ditivity, and, therefore, the possibility of selection are present. 
Moreover, the high heritabilities observed in the eat ly vegetative 
and early floweiing phases indicate that natural selection under 
various environmental circumstances would most probably occur at 
these stages of ontogeny. 


tion 


CONCLUSIONS 


Modern biometric analysis of reported data on A. belladonna 
indicates that heritability, or the possible rate of selection, either 


natural or artificial, for the total alkaloids of this species varies 
with the ontogeny of the plant, reaching maximum levels (almost 
complete additivity) at the early flowering stage. Reexamination of 
existing information in pharmacognostical literature indicates that 
the polygenic model, rather than the three alternative models, 
appears most satisfactory for explanation of the biovariation of 
alkaloidal concentrations in specific phenotypes. The presence or 
absence of particular alkaloids in interspecific hybrids and their 
genetic segregants may be explained, however, by the usual Men- 
delian laws. 
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