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The Literature of Analgesics 

LEO J. STEVENS 

Smith, Kline & French Laboratories, Philadelphia, Pa. 

Relief of pain has been one of the oldest and most widely 
studied problems of medical art and related sciences—pertinent 
documentation is found even in papyri of the ancients. The 
historical development of the literature of analgesics is set 
forth; specialized analgesic literature and a number of the 
more important, recent reviews on the subject are mentioned. 
Some recent advances are briefly reviewed with special em
phasis given to the chemical aspects, to the bioaction, and in 
some cases, to the clinical experiences made with selected drugs. 

In modern times new anesthetic agents, analgesics, hypnotics, nerve sections, and 
laboratory studies on the physiology and psychology of pain have gone a long way 
toward making the relief of pain a widely studied and thoroughly investigated 
scientific problem. 

The word "analgesia" entered the medical, chemical, and related literature with 
the discovery and isolation of morphine by Serturner in 1803 (63, 6U). It is by 
definition the absence of sensibility to pain which is physiologically due to a raising 
of the pain threshold. Anesthesia—pain relief by loss of feeling—was introduced 
into the medical l iterature with the discovery of ether by S ir Humphrey Davy, C. W. 
Long, Wm. Morton (35), and others (8, 35), in the early part of the 19th century. 

The use of cocaine by the Viennese opthalmologist, Roller, in 1884, opened new 
vistas in the field of pain relief (U6-J+8). Since then the synthesis pharmacology, 
and cl inical use of local anesthetics have occupied a large portion of the literature. 

The Oldest Literature of Pain Relief 

The Old Testament (52) and the Talmud contain reference to the ancient practice 
of inducing sleep by artif icial means when otherwise sleep would not come because of 
pain. In Homer's Odyssey (9th century, B.C.) we find that Helen of Troy put some 
drug into wine to " l u l l a l l pains and anger and bring f orgetf ulness to every sorrow" 
(35, 41). This is certainly one of the oldest references to the use of an analgesic, 
although its nature is not known. Perhaps i t was opium. The collection of opium 
itself was first described by Diagoras of Melos around 380 B.C. and by Theophrastus 
about the third century, B.C. Herodotus, a Greek historian, knew about a Scythian 
custom "of inhaling the fumes of hemp" to overcome pain and induce sleep, another 
example of a very old use of a narcotic—Indian hemp, now known as hashish, is 
il legally used as a smoke for its intoxicating effects. Dioscorides, a physician i n 
Greece who lived in the middle of the first century, mentions the use of mandragora, 
an herb of the nightshade family, as a pain-ki l l ing agent; the root of the plant was 
boiled in wine and administered pr ior to surgical operations (15, 35). 

One of the first references to analgesic pil ls was made by Celsus during the first 
century, A .D. , in his "De Medic ina" (13, 55, 66). In the literature of medieval times, 
the term " laudanum" is ascribed to the physician and alchemist Paracelsus (1493-
1541). A n oil for surgical anesthesia was described by Hugo de Lucca as early as 
the 13th century. It contained opium, the juices of Hyoscyamus, hemlock, and 
mandragora. Giambattista Porta, a surgeon of Naples, used an essence made of 
Hyoscyamus, nightshade, poppy, and belladonna (37). 

Shakespeare, who was fami l iar wi th the narcotic effects of various drugs, 
in "Cymbel ine" makes the court physician, Cornelius, prescribe a drug which: 
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4 ADVANCES IN CHEMISTRY SERIES 

W i l l stupefy and dull the sense awhile, but there is 
No danger in what show of death it makes, 
More than the locking up the spirits a time, 
To be more fresh, reviving. (65) 

A t present the literature of pain relief, under its various headings, has grown 
tremendously (Tables I and II ) . In fact, information on these subjects is not 
limited to a specialized literature of pain relief (except for limited numbers of more 
recent publications dealing exclusively with this problem) but one may say that the 
l iterature of analgesics is now part of the chemical, physiological, pharmacological, 
and cl inical l iterature, and chemists who want to obtain information on analgesics 
must use the same methods that have to be applied in other l iterature searches. 

Table I. Modern Journals Devoted to Problems of Anesthesia and Analgesia 
Name of Journal 

Anesthesiology 
Anaesthesia 

Anesthésie et analgésie 

Acta Anaesthesiologica Belgica 

British Journal of Anaesthesia 
Current Researches in Anesthesia 

and Analgesia 
Der Anaesthesist 

Minerva Anestesiologica 
Revistw argentina de 

anestesia y analgesia 
Revista brasileira de 

anestesiologia 
Schmerz Narkose-Anaesthesie 

Society, Author, Publisher 
The Amer i can Society of Anesthesiologists 
Associat ion of Anaesthetists of Great 

B r i t a i n and Ire land 
Société Française d'Anesthésie et 

d'Analgésie 
Société Belge de Chi rurg ie , Bruxel les 

(part of A c t a Ch i ru rg i ca Belgica) 
J o h n Sherratt & Son, A l t r i n c h a m , E n g l a n d 
Internat ional Anesthesia Research Society 

Osterreichische Gesellschaft fu r 
Anaesthesiologie, V i e n n a ; Spr inger 
Ve r l ag , Be r l i n 

Società I ta l iana d i Anestesiologica 
Associacion A r g en t ina de Anestesia, 

Buenos A i res 

Georg Thieme, L e i p z i g 

Published 
Bimonth ly 
Quarter ly 

Quarter ly 
B imonth ly 

B imonth ly 

3 times a year 

Quarter ly 

Apparen t l y 
discontinued 
i n 1944 

Table II. Abstracts, Special Texts, and Review Articles0 

Name 
Anesthesia Abstracts 
Chemical Abstracts 
Chemisches Zentralblatt 
Biological Abstracts 
Excerpta Medica 
Current List of Medical Literature 
Quarterly Cumulative Index Medicus 
Quarterly Reviews 
Annals of the New York Academy of Sciences 

Vol. 51 : "Newer Synthetic Analgesics" 

Society, Publisher 
Burgers Pub l i sh ing Co., Minneapol is 
A MERICAN C HEMICAL SOCIETY 
Akademie^Ver lag G.m.b.H. 

Wi l l i ams & W i l k i n s Co. 
A r m e d Forces Medica l L i b r a r y 
Amer i can Medical Associat ion 
Chemical Society, London, 1948, 1951 

lished November 1948. 
N e w Y o r k Academy of Sciences, Conference on 

Newer Synthetic Analgesics, May 1948 pub-
United Nations Bulletin of Narcotics 

a A l so see (6, 36, 39, 40, U9, 50, 57) for addit ional review articles. 

Some Recent Developments Revealed in the Literature of Analgesics 

In the field of synthetic analgesics, the prime requirement has always been to 
find potent, nonhabit-forming drugs of low toxicity. This task has fallen short of 
the goal, but i t has made significant advances. 

W i th the possible exception of the salicylates, antipyrine, pyramidon, and 
aspirin, a l l introduced in the late 1800's, and metopon introduced in 1936, no true 
synthetic analgesic was reported before Eisleb and Schaumann developed demerol 
(l-methyl-4-phenyl-piperidine-4-carboxylic acid ethyl ester hydrochloride) (19). 
Schaumann postulated that demerol, in its structure as a 4-phenylpiperidine deriva
tive, constitutes a part of the morphine molecule (56). Well-known in various coun
tries under different names, its nonproprietary name is Meperidine. Demerol is 
used clinically in obstetrical and other analgesia in doses of 50 to 150 mg., orally or 
intramuscularly. Unfortunately, i t is habit-forming U , 38). 

Structures, Syntheses, and Analgesic Activit ies. Eisleb condensed AT-bis-(p 
chloroethyl)-methylamine wi th benzyl cyanide; the piperidinonitrile thus obtained 
was hydrolyzed and the carboxylic acid formed esterified with ethyl alcohol ; the hy
drochloric salt of this ester is demerol (17, 18). 
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STEVENS—THE LITERATURE OF ANALGESICS 5 

CH 3N 
/CHaCHaW 

H 2 <( 
C e H B 

CN 

/ \/3βΗβ 

Œ * \ / S , 

Λ . Œ 3 N ά (Demerol) 
χ 7 COOCjjHe 

The configurational relationship between demerol and morphine is shown by the 
following structural formulas. 

According to Schaumann (56), the l-methyl-4-phenylpiperidine grouping with 
a quaternary carbon atom is the carrier of the analgesic effect of morphine. Other 
phenanthrene derivatives and phenanthrolines such as 2,7-dimethyl-4-hydroxy-5-
methoxy-p-phenanthroline, although active in animals as an analgesic, show no 
typical morphinelike effects (44). A great number of demerol-like compounds have 
been prepared—e.g., the ethyl ester of the isomeric l-methyl-3-phenylpiperidine-3-
carboxylic acid (Metadine) which is active (44). Another analgesic of the morphine 
type is Hoechst-10720, now known as Cliradon-Ciba, a l-methyl-4- (m-hydroxyphenyl-
piperidine)-4-ethyl ketone that is somewhat more potent than morphine (18, 43). 

Compounds that may te considered as reversed esters of demerol, especially the 
propionoxy derivative, have been prepared by workers of the Hoffmann-LaRoche 
Laboratories (69). One of these drugs has been marketed as Nisenti l , formerly 
known as N u l l 9 6 . It is a potent analgesic and is used in obstetrics. Chemically, 
i t is dZ-a-l,3-dimethyl-4-phenyl-4-propionoxypiperidine hydrochloride; it causes true 
addiction (42). 

Another important development in the field of synthetic analgesics was the 
approach of Bockmuhl and Schaumann during Wor ld War II, which culminated in 
the synthesis of amidon, also known as methadon, dolophine, adanon, and polamidon 
(9, 67, 68). While a potent analgesic in doses of 2.5 to 15 mg., orally, or 2.5 to 10 
mg., subcutaneously and intramuscularly, it was found to cause true addiction. The 
synthesis, pharmacology, and cl inical use of this compound have been reported 
repeatedly in the literature (9,12, 58, 60, 67). The synthesis of amidon is as follows: 

O x 
>CHCN+CH3CH - C H 2 

r ti.tm I n J T 

• OT3CHWai2N(CH3)2 

NaNHj CI 

CH, 

\ _ / 6H 8 CH(GH 3 )N(CH3) 8 

CaHeMgW 

O k 

CH(CH 3 )CH e N(CH 3 ) 8 

C a H 8 MgCl 

\ / CH a CH(CH 3 )N(CH 3 ) 2 

The synthesis takes its start from diphenylacetonitrile, which is condensed with 
2-chlorodimethylaminopropane under the influence of sodamide. A s this chloramine 
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6 ADVANCES IN CHEMISTRY SERIES 

undergoes immediate cyclization to an ethyleneimine under these conditions, and the 
latter may react wi th diphenylacetonitrile in two ways, depending upon the cleavage 
of its three-membered r ing, two isomeric nitri les are formed. Af ter separation of 
the isomer, one nitr i le yields amidon on treatment with a Grignard compound, while 
the other results in isoamidon upon similar treatment (60). The structural rela
tionship of amidon to morphine (7) may be seen in the structural formulas. 

Morphine Fragment Amidon 

The work of Grewe (30, 31), of the Universi ty of K i e l , has contributed greatly 
to the old problems of the morphine synthesis and structure. Grewe found a rela
tively simple way to synthesize a basic structure analogous to morphine which he 
called ΛΤ-methylmorphinan ; their interrelationship (33) may be seen in the struc
tura l formulas (34). 

Morphine iV-Methylmorphinan 

The Grewe synthesis was carried out by condensing cyanoacetic ester and cyclo-
hexanone-carboxylic ethyl ester in the presence of ammonium acetate, glacial acetic 
acid, and benzene. The condensation product was hydrolyzed with concentrated 
hydrochloric acid and the unsaturated dicarboxylic acid formed was heated wi th 
ammonium carbonate to form 1,3-dihydroxytetrahydroisoquinoline. Through chlo-
rination wi th phosphorus oxychloride, the two hydroxy groups were removed 
and the dichloro compound formed was dechlorinated to yield 5,6,7,8-tetrahydroiso-
quinoline. The latter was methylated on the nitrogen and the reaction product in 
teracted with benzylmagnesium chloride. Hydrogénation of the hexahydroisoquino-
line derivative formed yielded 2-methyl-l-benzyl-l,2,3,4,5,6,7,8-octahydroisoquinoline 
which was cyclized to ΛΓ-methylmorphinan using 50% phosphoric acid (30, 31). A n 
isomeric iV-methylisomorphinan was prepared by Gates in a different way (28). 

ΛΓ-methylmorphinan has analgesic effects ; however, its 3-hydroxy derivative was 
found to have potent analgesic properties. It seems that a tert iary nitrogen and 
the hydroxy group in the 3 position favor analgesic act iv ity; the oxygen bridge of 
morphine does not seem to be essential (30, 31). Schnider and Grussner (59), of 
Hoffmann-LaRoche, synthesized 3-hydroxy-A/-methylmorphinan in a manner similar 
to the Grewe synthesis. Its hydrobromide has been marketed as Dromoran and is 
used as an analgesic in doses of 2.5 to 5 mg., subcutaneously. Dromoran's analgesic 
effects in humans are somewhat better than those of morphine; the average duration 
of analgesia produced by Dromoran is somewhat longer than that produced by similar 
doses of morphine sulfate (45). It also causes habituation (22). 

The synthesis of morphine has been the dream of organic chemists for a long 
time. It was finally accomplished in 1952 by Marshal l Gates and Gi l g Tschudi (27) 
of the Universi ty of Rochester, although parts of this total synthesis had been re
ported previously (23-25, 28, 29). 

The in i t ia l material of the total synthesis was 2,6-dihydroxynaphthalene from 
which, in a complicated 10-step synthesis, 5,6-dimethoxy-4-cyanomethyl-l,2-naph-
thoquinone was prepared (23-25, 28, 29). A complete presentation of these steps 
was given by Marsha l l Gates before the 13th National Organic Chemistry Sym
posium, A M E R I C A N C H E M I C A L SOCIETY , June 15, 1953, at A n n Arbor, Mich, (see 
page 8). 
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STEVENS—THE LITERATURE OF ANALGESICS 7 

CI 

G H 2 C e H e 

D e c h l o r i n a t i o n t [ |j (1) flUI". 
(2) C e H e CH 2 MgW 

$ , 6 , 7 , 8 - t e t r a h y d r o i s o q u i n o l i n e 

2 c e H e 

0 0 
, C H s Hydroge- y 

nat ion 
• Œ 3 Ring c losure y 

cone.H 3 P0 4 ,150° 

2 - M e t h y l - l - b e n z y l - l , 2 , 3 , U , 5 , 
6 ,7 ,8-octahydroisoquinol ine 

N-CH 3 

N-Methylmorphinan 

The naphthoquinone was subjected to the diene reaction with butadiene to form 
3,4-dimethoxy-9,10-dioxo-13-cyanomethyl-5,8,9,10,13,14-hexahydrophenanthrene. This 
was hydrogenated over copper-chromium oxide to give a ketolactam, which on 
Wolff-Kishner reduction and remethylation yielded another lactam. Reduction of 
the lactam with l i thium aluminum hydride, followed by methylation with formalde
hyde-formic acid, gave dZ-/3-A6-dihydrodesoxycodeine methyl ether (26). The race-
mate was resolved wi th L ( + )-dibenzoyltartaric acid; the d-p-A e-dihydrodesoxyco-
deine methyl ether, on hydration with dilute sulfuric acid, yielded β-dihydrothebainol 
methyl ether. On vigorous treatment with potassium hydroxide in diethylene glycol, 
demethylation occurred to yield /3-dihydrothebainol. Oxidation of /3-dihydrothebaino 
by a potassium ieri-butoxide-benzophenone system gave /3-dihydrothebainone. 
Bromination of this wi th 2 moles of bromine, followed by treatment wi th 2,4-dini-
trophenylhydrazine, yielded a dinitrophenylhydrazone. Cleavage of the hydrazone 
with acetone and acid produced 1-bromothebainone. This substance was converted 
by catalytic hydrogénation to dihydrothebainone hydrate. Bromination of the latter 
with 3 moles of bromine, followed by treatment with dinitrophenylhydrazine, pro
duced 1-bromocodeinone dinitrophenylhydrazone. On cleavage of this hydrazone, 1-
bromocodeinone resulted. 1-Bromocodeinone was converted by l i thium aluminum 
hydride in tetrahydrofuran solution into codeine. Codeine was demethylated to 
morphine, using pyridine hydrochloride as described by Rapoport and his coworkers 
(53, 54). Thus, 146 years after the discovery of morphine by Serturner, the first 
total synthesis of morphine was carried out. 

Miscellaneous Analgesics. Aralkylamines have received attention as potential 
analgesic agents; of these, some sympathomimetic amines—e.g., epinephrine and 
ephedrine—have been reported to exhibit a pain-threshold-elevating action (21, 
51, 58). 

More recently, a series of aminophthalidylalkanes, of which 1-amino-l-phthalidyl-
propane was the most active (32, 66), was found to exhibit analgesic activity 
(20, 67). Aralkylamines and aminophthalidylalkanes have not achieved any clinical 
importance. 
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STEVENS—THE LITERATURE OF ANALGESICS 9 

[-CH-CH 2-CH 3 

A n interesting structure and rather unorthodox for an analgesic is 1,4-bisdiethyl-
aminomethylnaphthalene hydrochloride. Reported by Badger and coworkers, i t is 
claimed to have the same activity as demerol (3). 

A series of potent analgesics, some of them as active as morphine in the rat, has 
been discovered by Br i t i sh workers of the Wellcome Research Laboratories ; they are 
3-tert-amino-l,l-(2'-thienyl)-l-butenes, where R = Me, E t ; N R 2 = N < [ C H 2 ] 3 > 
C H 2 , or N < [ C H 2 ] 4 > C H 2 , or N < [ C H 2 ] 4 > 0 (1). 

Buchi and coworkers (11) recently prepared several series of 3,5-dioxopyra-
zolidine derivatives. Some of them showed, in animal tests, analgesic effects on the 
order of pyramidon—e.g., l-phenyl-3,5-dioxopyrazolidine. 

Of several attempts to use the concept of quaternary carbon and tertiary nitrogen 
in /3-relationship as a feature of analgesic potency, the interesting compound of 
Schwartzman (61, 62) should be mentioned. According to Eddy (16), this material, 
a l,l '-spirocyclohexyl-(?)-amino-3'-dimethylaminoindane, is stable and nearly twice 
as active as codeine (5, 16). 

Fina l ly , l,4-di-(2-pyrazyl) -piperazine, a "bissed" compound with an allegedly 
high analgesic potency, should be mentioned (14). 

I T N ( G H 3 ) , 
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Methods for Introducing Oxygen into 
Position II of the Steroids 

S. A. HARRIS and G. E. SITA1 

Research Laboratories, Chemical Division, Merck & Co., Inc., Rahway, N. J. 

A survey is made of the various chemical, enzymatic, and 
microbiological methods developed to effect this oxygen addi
tion. Investigations on the rare natural C-11 oxygenated 
steroids, such as sarmentogenin and gamabufotalin, are men
tioned and the synthetic approaches are discussed under three 
broad subdivisions: (1) the shift to C-11 of a C-12 oxygen 
atom already present in the molecule (bile acids, hecogenin, 
etc.); (2) the actual introduction of an oxygen atom into those 
steroids which are devoid of oxygen in ring C and which form 
the bulk of the abundant naturally occurring compounds, and 
(3) the total synthesis. 

The first observations of the ut i l i ty of cortisone in the treatment of rheumatoid 
arthrit is by Hench and Kendal l , in September 1948, not only opened up new 
horizons in medicine but also brought about a renaissance in the chemistry of 
steroids. The chemical problems aris ing from the need to make cortisone more 
plenti ful and less expensive have been met successfully. The period of the last 
five years has brought forth many scientific publications attesting to the accomplish
ments of the chemist. Of the 28 steroids thus far recognized in adrenal cortex 
extracts, only 5 have been determined to be biologically active and only 2 are of 
medical interest at present. These are ll-dehydro-17-hydroxycorticosterone (other
wise known as cortisone) and 17-hydroxycorticosterone, now known as hydro
cortisone. 

Cortisone Hydrocortisone 

Steroids, widely spread through animal and plant l i fe, have been known to 
chemists for a long time. Cholesterol, the unsaponifiable portion of animal and 
vegetable fats and oils, sex hormones, the bile acids, toad poisons, and many other 
substances usually found in small quantities throughout organic nature belong to 
this class of chemical compounds. Because these molecules are complex, their struc
ture has been unraveled only in relatively recent times and much has yet to be 
learned about them. 

F rom the molecular standpoint a l l of these substances can be considered as 
derived from a four r ing structure made up of 17 carbon and 28 hydrogen atoms, 
technically known as cyclopentanoperhydrophenanthrene, each r ing being identified 
by a letter and each carbon atom by a number as shown. 

Instead of ly ing flat as might be inferred from the schematic representation, the 
bonds between the carbon atoms form angles in the th i rd dimension, impart ing a 

1 Present address, Bar re t t D iv i s ion , Allied Chemical & Dye Corp. , 40 Rector St., N e w Y o r k , Ν. Y . 
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"puckered" structure to the molecule, which in turn is responsible for problems of 
steric hindrance that arise when attempts are made to attach other atoms to the 
system. This latter characteristic is part icularly important, in that it influences the 
course of many reactions and often produces unexpected results. If, for example, a 
substituent or functional group is introduced in the improper spatial configuration, 
isomers of the desired compounds are produced which often are medicinally quite 
inactive. It seems to be essential for the C-10 and C-13 methyl groups (generally 
present in natural ly occurring steroids) to project forward from the general plane 
of the r ing system (assuming the so-called beta configuration, which is conventionally 
represented by a fu l l l ine). In the natural steroids the same holds true for the hy
drogen atom at C-8 and the side chain at C-17, whereas the C-9, C-14, and C-17 
hydrogens assume the alpha configuration—i.e., they lie behind the general plane 
of the r ing system and are usually represented by a dotted line. 

Since most of the natural steroids have configurations similar to that of cor
tisone, it seemed highly desirable to use one or the other of such natural steroids as 
starting material for a part ia l synthesis of cortisone. But, in addition to proper 
steric configuration, the antiarthrit ic activity of the adrenal hormones (whether 
synthetic or otherwise) appears to depend on the presence of certain functional 
groups at specified places in the r ing system. Thus i t would seem that there has to 
be: a double linkage between C-4 and C-5, oxygens at C-3, C - l l , and C-17, and a basic 
- C O - C H 2 O H side chain. Absence of one or more of these substituents usually dimin
ishes or completely eliminates the therapeutic value of the molecule. 

C- l l Oxygen Function 

Of these groups, the C - l l oxygen function is perhaps the most interesting from 
the standpoint of steroid synthesis. A historical approach to the problem might 
make this more apparent. 

The cortisone used by Hench was prepared from a bile acid, named desoxy-
cholic acid, by means of a 30-step conversion process. Desoxycholic acid possesses an 
oxygen function in the form of an O H at C-12 which, through a sequence of reactions, 
was utilized as a "handle " to afford the desired C - l l keto compound. The vast 
amount of research effort responsible for this achievement, stemming from several 
laboratories across the country and drawing on the previous work of numerous 
other chemists, is part ia l ly reflected in nearly 250 pages of reports devoted to 
various aspects of this work (36). 

Fol lowing the discovery of cortisone's therapeutic value, i t became immedi
ately apparent that the supply of cattle bile would be inadequate, and a search for 
more abundantly available raw materials got under way. A t first attention focused 
on the plant steroid sarmentogenin, because it possessed an oxygen function at C - l l . 
As shown in a Dutch patent (48), it can be converted into 3,ll,20-triketo-21-hydroxy-
pregnane, an important compound for the synthesis of cortisone. 

Sarmentogenin 3 i 11,20-triketo-21-hydroxypregnane 

While extensive plant expeditions by Swiss and American laboratories estab
lished that a number of Strophanthus species contain sarmentogenin, i t became 
obvious that the agricultural program for the procurement of sufficient sarmento
genin would be too formidable to tackle. 
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14 ADVANCES IN CHEMISTRY SERIES 

The sarmentogenin saga is entertainingly told in a chapter entitled "The Lost 
Strophanthus" in Burl ingham's, "The Odyssey of Modern Drug Research," pub
lished i n 1951 by the Upjohn Co. in connection with the opening of its new phar
maceutical manufacturing plant (8). 

Only one other natural steroid is known to possess an oxygenated C - l l and that 
is the toad poison, gamabufotalin (UU), of academic interest only. 

Another plant steriod—the sapogenin hecogenin (chemically known as 22-
isoallospirostan-3/3-ol-12-one)—has received considerable attention because i t con
tains oxygen in position 12. Hecogenin is readily isolated from certain species of 
Agave found in the southwestern parts of United States, Mexico, and A f r i ca . It 
can also be easily recovered from sisal wastes. 

The conversion of hecogenin to an 11-keto compound (11-ketotigogenin) was 
accomplished by the group headed by Djerassi and Rosenkranz (18, 19) employing 
a modification of the scheme developed by Gallagher and his coworkers (25). 

The principal problem involved in this conversion is the transfer of the 12-keto 
group to the 11-position as shown. 

Introduction of Oxygen Atom 

In the meantime, attention had been turned to some of the steroids without oxy
gen at r ing C that are readily available in relatively large quantities—e.g., cholesterol 
from wool fat, stigmasterol from many fats and oils, ergosterol from yeast, and 
certain sapogenins, in particular diosgenin which is readily obtainable from the 
Mexican yam, Dioscorea macrostachya. The object was to find practical methods 
by which oxygen could be introduced at C - l l in r ing C. As so frequently happens i n 
chemistry, the objective was realized in several laboratories almost at the same time. 

A key intermediate in the uti l ization of these compounds is a conjugated 7,8:9,-
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11-diene. These dienes are prepared from the 5,6:7,8-dienes by selective reduction 
of the 5,6 double bond followed by treatment of the 7,8-ethylene with mercuric 
acetate (63). 

The 7,8 double bond (Δ 7 ) may be already present as in ergosterol or may be 
introduced into a Δ 5 steroid by the action of ΛΓ-bromosuccinimide followed by dehy-
drobromination (14). A process involving the shift of a double bond from position 
6 has also been used (13). The 7,9-dienes are interesting compounds; because they 
are conjugated, they span rings Β and C, bridging positions 7 and 11. 

AcO' 

For the conversion of 7,9-dienes, an interesting observation that the compound 
reacts wi th per acids in a stepwise manner was reported by Chamberlin, Chemerda. 
and coworkers (10) using ergosterol D and later by the Swiss group of Heusser 
and J^ger at Zurich (32). The first mole of per acid is absorbed in a matter of 
minutes, the second in a matter of a few hours, and the third mole requires a day 
or so for consumption. B y controlling the quantity of per acid a mono-, di-, and t r i -
oxide can be prepared. 

Dichromate oxidation or hydrolytic rearrangement of the monoepoxide fol
lowed by oxidation affords the 7- l l -d iketo-A 8 compound which is converted to the 
11-ketone by zinc dust and acetic acid, followed by removal of the 7-keto group by a 
Wolff-Kishner reduction (22). 

Of the many other reactions that the monoepoxide is capable of undergoing, the 
following (55, 58) is most interesting for the synthesis of cortisone. 

This rearrangement was first reported by Swiss investigators and observed 
independently in the Merck laboratories (32, 55, 58). When the oxide is treated 
with boron trifluoride or aluminum chloride (in benzene), i t is rearranged into a 
A 8 ' 9 -H-keto derivative. The reduction of the 8,9 double bond occurs readily wi th 
l i th ium in l iquid ammonia, the desired configuration at position 8,9 being obtained. 
The yield is 90% or better. If alcohol is present during the reduction, the 11-keto 
group is also reduced to the l la -hydroxy l group. As these methods are most direct 
in the util ization of the oxide, they are preferred. 

Two other attractive routes to 11-keto steroids from the same 7,9-dienes were 
reported by Stork and others (59) and Djerassi and others (16). Stork and co
workers obtained a 9,11-epoxy-7-keto compound which, on treatment w i th 
alkal i , rearranges to the corresponding A 8 , e -Ha-hydroxy-7-keto compound. The 8,9 
double bond is readily reduced, yielding the 7-keto-11 α-hydroxy steroid. The 7-keto 
group was eliminated by the Wolff-Kishner reaction or through the thioketal 
wi th Raney nickel, 

Djerassi and coworkers converted a Δ 8 , 9-7-keto steroid into the enol acetate, 
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which was oxidized with perphthalic acid to the A 8 ' 9-7-keto-l la-hydroxy compound 
(16). 

A departure from the Δ 7 , β ( 1 1 ) approach was announced by Laubach and co
workers (89), who employed photochemical peroxidation of r ing C dienes to intro
duce the 11-oxygen as a C - l l to C-14 peroxide bridge. 

R R R 

A dehydroergosterol-type triene is catalytically isomerized with l iquid sulfur 
dioxide to yield the Δ β ' β ( 1 4 ) 0 ( 1 1 ) - t r iene, which is then photoperoxidized and the re
sult ing transannular peroxide is rearranged with mild base to the 11-one, 14-
hydroxy compound. Dehydration followed by hydrogénation affords the Δ8'9-11^βΐο 
steroid. 

W i t h regard to biological methods for C - l l oxygenation, a new line of attack 
was opened by the observation of Hechter, Pincus, and others (65) of the Worcester 
Foundation for Experimental Biology that perfusion of sterols (such as Compound 
S and desoxycorticosterone) through the adrenal gland causes hydroxylation in 
position 11, to produce hydrocortisone and corticosterone. 

This discovery was further extended by this group to cover a number of steroids 
including progesterone (to yield 11/3-hydroxyprogesterone, corticosterone, and hydro
cortisone), Compound S (to yield hydrocortisone), cholesterol (to yield a mixture 
of cortical hormones), etc. 

desoxycorticosterone progesterone Compound S 

corticosterone 11-hydroxyprogesterone Compound F (hydrocortisone) 

It was later found by others (41, 55) that homogenates of the adrenal gland are 
also effective in bringing about the 11-hydroxylation reaction. In every case, hydrox
ylat ion produced an 11/3-hydroxy steroid which one expects, since the 11 α-hydroxy 
steroids have not been found in the glands. Although these reactions can be 
carried out in vitro and are remarkable to the organic chemist, they have not been 
considered completely practical because of the l imitation of adrenal gland supplies 
and the instabil ity of the enzyme system. Up to now no direct chemical oxidation has 
been devised to carry out this step. If the human gland can carry out 11-hydroxyla-
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t ion reactions and the chemist cannot furnish the reagent to accomplish this same 
transformation, possibly the microbe may provide the tool. 

In A p r i l 1952, Peterson and Murray of the Upjohn Research Laboratories (50) 
reported that steroids can be 11-hydroxylated using microorganisms. Thus, a com-
mon mold of the order of Mucorales (Rhizopus arrhizus) oxidizes progesterone to 
l la-hydroxyprogesterone and to a dihydroxyprogesterone, later found to be 6 a , l l a - d i -
hydroxyprogesterone. 

k-OH 

h O H 

The Upjohn publication was followed by several publications on the use of 
microorganisms for steroid hydroxylations (12, 24). Us ing an unidentified fungus 
of the Rhizopus family, the Syntex group (40) carried out the microbial oxidation 
o f progesterone to lla-hydroxyprogesterone in 45% yield. The same authors con
verted lla-hydroxyprogesterone to pregnane-ll,20-dion-3a-ol acetate which pre
viously had been converted to cortisone. 

COCH, C O C H 3 COCH, 

[H] CrQ 3 

This synthesis from progesterone requires 10 steps or, starting with diosgenin, 
14 steps required. It is the shortest synthesis of cortisone (starting with a plant 
•material) reported to date. 

The Squibb research group (24) observed that Aspergillus niger is also effective 
i n microbial oxidation of steriods. 

The same hydroxylation was carried out wi th 17-hydroxyprogesterone. W i t h 
the latter, the expected lla,17a-dihydroxyprogesterone was obtained (15% yield) 
along with 17a-methyl-D-homo-A 4-androstene-lla, 17a-diol-3,17-dione (25%). 

C 0 C H 2 0 H C 0 C H 2 0 H 

, - 0 H H O . • U H 

Aspergillus niger 
2 5 % ~~ 

The microbial oxidations described above produced in a l l instances the un
natura l l la -hydroxy derivatives. Golingsworth (12) reported that Streptomyces 
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fradiae converted Compound S to hydrocortisone in small yield. In this instance 11/3 
-hydroxylation occurs and similates the adrenal gland in this respect. 

Microorganisms are capable of hydroxylating certain steroids in other positions 
than the 11 and 6 positions. Thus, Perlman, Titus, and Fr i ed (49) observed that 
an unidentified actinomycete oxidized progesterone to 16a-hydroxyprogesterone. A 
dihydroxyprogesterone as yet unidentified was also formed. 

Total Synthesis 

Three groups of workers have now completed total syntheses of steroidal com
pounds capable of being converted into cortisone. Robinson in 1951(0,) succeeded 
in synthesizing epiandrosterone. Simultaneously Woodward (64) and his associates at 
Harvard University announced the successful synthesis of methyl-3a-acetoxy-A 9 ( 1 1 )-
etiocholenate. 

0 COOCH 3 

Epiandrosterone Methyl-3ar-acetoxy-A 9 t , 1 )-etiocholenate 

These syntheses intersected previously published part ia l synthesis of cortisone 
from natural occurring steroids and hence constitute the first formal total synthesis 
of cortisone. 

A complete total synthesis of cortisone by an uninterrupted series of reactions 
was accomplished by Sarett (54) and coworkers of Merck & Co., Inc. The following 
chemicals were put together in a stereospecific manner to yield the 21-carbon atom 
skeleton of cortisone: ethoxypentadiene, benzoquinone, methyl v inyl ketone, meth-
al ly l iodide, and ethoxyacetylene magnesium bromide. 

The benzoquinone furnished the 11-oxygen atom of 11-keto-progesterone, which 
was the first steroid intermediate obtained in this synthesis. This was converted 
into dehydrocorticosterone and then into cortisone. In this synthesis c^-cortisone 
was prepared as well as the natural stereoisomer. 

11-ketoprogesterone Dehydrocorticosterone 

Conclusion 

Today a number of different practical methods are available for the synthesis 
and production of 11-oxygenated steroids. A l l these methods are only a little more 
than 2 years old as far as scientific publications are concerned; They have in part 
been responsible for the widespread availabil ity of cortisone. Today cortisone is 
available in every hospital and corner drugstore in this country and in many other 
countries. This rapid development from the "laboratory curiosi ty" of 3 years ago 
to the stage of widespread availabil ity is a tribute to modern technology and assures 
the ultimate goal—the availabil ity of this drug to everyone who needs it. 

The following bibliography gives additional references to the methods of intro
ducing oxygen into position 11 of the steroids. 
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Literature of Radioactive Pharmaceuticals 

D. L. TABERN and W. A. SOUTHERN 

Abbott Laboratories, North Chicago, Ill. 

It has been slightly more than ten years since man's initiation 
of the nuclear chain reaction, and only about seven years since 
the first shipment of a pile-produced radioisotope. In that 
short time these isotopes have not only become an integral part 
of medical practice, but have proved most valuable research 
tools. Many industrial groups, including some in the medical 
field, have set up groups to employ these new techniques 
safely. One of their very important functions is to survey 
the widely scattered reports, evaluate them technically, and 
sell management, as well as their fellow research workers, 
on the advantages to be gained by employing isotopes for se
lected problems. Abbott has gone further and developed as 
a part of its research department a division having to do with 
the development, production, and distribution of radioactive 
pharmaceuticals conforming to and tested by good pharmaceu
tical standards. 

W h e n it is realized that only a few months more than 10 years ago the first nu
clear chain reaction was made to take place under the stands in Stagg Fie ld, one can 
only be astonished at the progress that has been made in this field. The difficulties 
have been many. F i r s t of a l l , there came wartime secrecy, and then the necessity 
for keeping many of the data classified. Almost equally important has been the 
fact that it has been necessary to tra in , almost from scratch, groups of highly 
specialized research workers. Only in the past 5 years has adequate instrumenta
tion been commercially available. Some of the pitfalls and unusual problems pre
sented by isotope studies are just beginning to be appreciated. It cannot be em
phasized too strongly that isotopes themselves, and their use, are no guarantee of 
successful experimentation. In fact, much of the evidence in the biological field 
is contrary to what would have been anticipated on the basis of older theories. 

Perhaps the most str ik ing phenomenon is the growth of a group of hybrid scien
tists. We, of course, had the biochemist and physical chemist, but we now have the 
biophysicist, the health physicist, the radiation chemist, the radiobiologist, and a 
host of analogs whom Brucer grossly calls "isotopologists." It is typical of this 
development that the younger, and sometimes some of the older, men in a given 
field have acquired tra in ing in this new field and have applied this new knowledge 
to their own fields of specialization. 

In industry, for instance, many companies have groups of specialists working 
w i th isotopes, but always welcome the suggestions of others who think they see in 
radioisotopes new avenues of research approach. It is thought to be the r ight 
p lan for men with ideas and technical ski l l to come to the isotope group, wi th its 
background of specialized equipment and radiation protection, work wi th i t for as 
long as may be necessary to prove or disprove their points, and then return to their 
regular fields of activity. 

This situation is very definitely reflected in the chemical l iterature of radioisotopes. 

Journals 

Except perhaps for Nucleonics (which is rather unfortunately tending more and 
more to the physics side), there is no really specialized journal in this field. A 
fa i r l y complete resume of the references on radioactive isotopes appearing in Nu

ll 
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clear Science Abstracts and the Current List of Medical Literature between Janu
ary 1952 and June 1953 shows that references appeared in more than 600 publica
tions. The Journal of the American Chemical Society contained one of the largest 
number of references. 

It was at one time felt that this field was rather closely allied to the work of 
the radiologist. Yet an analysis of the reports shows that Radiology and the Ameri
can Journal of Roentgenology carried fewer such publications than a number of 
other journals, part icularly those in the biochemical and physical fields. 

Obviously, the diverse places of publication make it practically essential to rely, 
for the most part, and certainly in the medical field, upon abstract journals or ab
stract publications to keep in touch with the latest developments. As always, 
Chemical Abstracts is doing a very excellent job, but here again it is necessary to 
cover many pages in order to be reasonably sure of comprehensive coverage. In 
that respect Nuclear Science Abstracts, which is now in its tenth volume, de
serves special commendation. This is an official publication of the U . S. Atomic 
Energy Commission through the Technical Information Service at Oak Ridge, Tenn. 

Perhaps the most valuable single feature is a l ist ing of a l l unclassified and de
classified reports from the many agencies and contracting laboratories of A E C as 
well as the corresponding European atomic energy installations, some 50 in a l l . 
Most of these are subsequently reported in very brief form as abstracts. 

The availabil ity of each report included in Nuclear Science Abstracts is indi
cated in its abstract. Declassified reports may be purchased through the Office of 
Technical Services in Washington, they may be obtained from the agencies issuing 
them, they may be borrowed from cooperating A E C libraries, or they may not be 
available for distribution. 

Of particular interest is the fact that the abstracts covering biology and medi
cine, chemistry, engineering, metallurgy, physics, etc., are carried under these 
headings. It thus becomes possible in a reasonable amount of time to check leading 
articles. 

Two extensive bibliographies on the literature of radioactive isotopes are wortftiy 
of mention. The first is a bibliography of more than 400 references which ap
peared in connection wi th the article, "Radioisotopes in Pharmaceutical and Medical 
Studies," in the November and December 1950 and January 1951 issues of Nu
cleonics. The second is an annotated bibliography of radiobiology released by the 
Technical Information Service of the U . S. Atomic Energy Commission at Oak 
Ridge. 

Books and Manuals 

There are a reasonable number of books which should be in every l ibrary. These 
include the Univers i ty of Cal i fornia series on "Advances in Biology and Medical 
Physics," Hahn's "Manua l of Radioisotope Therapy," Low Beer's "C l in i ca l Use of 
Radioactive Isotopes," S i r is ' "Isotopics Tracers and Nuclear Radiations," and 
Kamens' "Radioactive Tracers in Biology." 

F rom time to time manuals on various specialized fields such as gold therapy and 
brain tumor localization have been issued by Abbott Laboratories. 

Delay in Publication. In connection with publication, there have been two very 
serious problems. The first is delay. Articles submitted somewhat more than a 
year ago are currently coming to press in magazines like Radiology and the Journal 
of the American Roetgenologic Society, whose official title is the American Journal 
of Roetgenology, Radium Therapy, and (as of last year) Nuclear Medicine. 

A second and somewhat "sore point" is the fact that a great deal of work in this 
field is centered about method development. In general, synthetic procedures 
must be directed toward a specific end and the greatest possible economy of a given 
isotope. Wi th certain short-lived isotopes, the time required for carry ing out a 
given reaction and the isolation may be the deciding factor. In others, the abil ity 
to carry out a certain synthesis with a minimum of handling and radiation expo
sure to the operator may be the crucial point. 

To the nonisotopic editor, burdened with problems of space l imitation, these 
modifications seem relatively unimportant, and too many contributions which would 
have served a real purpose in the furthering and enhancement of synthetic proce-
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dures have been turned down as "unor ig ina l . " They may be unoriginal, but they 
are certainly not unimportant. 

Recent Highlights 
Radioactive Gold. Foremost is the use of radioactive gold. While this has ac

tual ly been in use for three years, the articles are just beginning to come through. 
The author's group has just finished compiling the "Gold Manua l . " This contains 
some 85 references, to which another 15 could easily be added since that time. 

The radiation from the x-ray machine or from radium is essentially gamma ra 
diation which is, statistically speaking, a very poor agent for destroying cancer 
cells. In fact, as Pau l Aebersold pointed out in an article appearing in a recent 
radiological magazine, i f radium had been discovered as a part of this isotope pro
gram, i t probably would never even have been very seriously considered for thera
peutic application. 

On the other hand, the beta rays from artif icial radioisotopes are characterized 
by a very limited degree of penetration, with the util ization of their entire energy 
over a very thin layer. This has advantages, and some disadvantages. On the 
positive side, it is possible to destroy the thyroid, and only one instance in the en
tire medical l iterature has been found where the immediately adjacent parathyroid 
has even been temporarily damaged. On the other hand, i f we wish to irradiate 
the entire mass of a tumor, and most materials do not localize as does the radio-
iodine used above, i t becomes necessary to t ry to infiltrate that area as uniformly 
as possible. 

This is a difficult situation, and one for which there is no very simple answer. 
Yet the fact remains that today the use of radioactive gold infiltrated by direct ad
ministration into the prostate of men with prostate cancer offers one of the best 
possibilities of prompt alleviation, and perhaps even a reasonable percentage of 
permanent relief, from that disease. 

Even more important is the use of gold, given intrapleural ly or intraperitoneally. 
Here its radiation does not penetrate more than the surface of the tumor or the 
peritoneal wal l . It has very little effect upon the tumor itself, but it does definite
ly stop, in somewhere between 50 and 75% of the cases, the very detrimental ac
cumulation of ascitic or pleural fluid associated wi th breast and ovarian malig
nancies. In other words, i t is not a cure, but i t does give, in a reasonable percent
age of cases, more months of fa i r ly comfortable and occasionally even active life. 

Radioiodine. One of the earliest chemical reactions tried wi th radioiodine was 
its incorporation with proteins. A s most proteins contain tyrosine residues, i t is 
possible to iodinate them. Many reports have appeared, but i t is only within the 
past 2 years that we are beginning to understand the proper means of iodination, 
so that the material retains to the maximum degree its naturalness as far as the 
body is concerned. It thus becomes possible to use such a tagged albumin for very 
simple determinations of both blood and plasma volumes, and to do this repeatedly 
and successfully upon the same patient over a period of time. 

Very surprisingly, this same material, which we cal l R I S A , localizes in brain and 
certain other tumors, and the gamma radiation therefrom may be used as a diag
nostic test for the presence or absence as well as the exact localization of such 
brain tumors. It has been employed instead of Lipiodol to study where blocks 
have occurred in the spinal canal. Even more interesting, and of probably consider
able more importance, is its use for studying circulation. In other words, i f one 
has one scintillation counter pointed over the heart and another at the sole of the 
foot, and gives a dose of albumin very rapidly, i t becomes possible to determine 
the time required for circulation between the heart and the foot. It is thus pos
sible to detect derangement of circulation, al l very quickly and harmlessly. 

This same material, given orally instead of intravenously, is digested just l ike 
any protein, and it would seem that a fa i r ly simple determination of the iodine out
put is a fa i r l y sensitive index of pancreatic enzyme function. 

Here, then, i t would seem as i f we had a fa i r l y universal "reagent" which could 
well be kept on hand in many biological and clinical research laboratories for the 
many uses to which i t can be successfully applied. 

Radioactively tagged compounds have been extensively used for the study of drug 
metabolism. Some results have been good, some disappointing; but at least they 
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have altered materially our conception of drug distribution and handling wi th in 
the body. 

Hypnotics. Dur ing his earlier days, the author may have been frequently guiltjr 
of pointing out that the hypnotics exerted their action by localizing in the central 
nervous system. Studies carried out with radioactive Pentothal, radioactive Nem
butal, and their analogs show that this is not at al l true. Actual ly there may be 
less Nembutal in the brain than in the surrounding plasma. We are beginning to 
recognize st i l l another disturbing factor—the fact that a given barbiturate may 
actually be present in the bloodstream is no indication that i t is in an active form. 
A s Taylor and Richards of these laboratories recently reported, the effect of l i ver 
dysfunction on the duration of action of barbiturates may not depend upon a dif
ference in the rate of metabolism, but rather upon a difference in the amount o f 
proteins in the blood. The more protein, the more barbiturate is held in inactive-
form, and the less is available for the exerting of its action. 

Isonicotinic Hydrazide. Everyone is very much interested in the isonicotinic 
hydrazide or isoniazid. This has been made tagged with carbon-14 in the car-
boxyl group by the group at Los Alamos and studied extensively at the Univers i ty 
of Chicago. As seems to be true wi th almost every drug, there was a fa i r l y general 
distribution in the body, wi th the blood, skin, and lungs each having about 5% of 
the total administered activity at the end of half an hour. A t the end of 8 hours 
a large portion of this had disappeared. The only major metabolite found was 
isonicotinic acid itself. It was possible to show that this material penetrated into 
enlarged caseous nodes relatively easily and that detectable amounts remained 
there for as long as 4 days. Very recently this same group has reported upon the 
use of the tagged material in humans. Aga in excretion was fa i r ly rapid, some 
85% the first 24 hours. Highest tissue levels were found in the lungs and skin, 
wi th concentrations in actual lesions somewhat, but st i l l not too much, higher than 
in other tissues. It could be established that such concentrations were theoretical
l y sufficient to produce bacteriostasis for a number of days, and i t was concluded 
that this factor, plus the abil ity of the drug to permeate into the lesions and the 
accompanying diseased tissue, was responsible for its cl inical activity. 

In a very recent paper it has been shown that Tuberculosis bacilli susceptible to 
isoniazid become radioactive when grown in a medium containing carbon-14— 
labeled isoniazid, while resistant bacteria do not. 

Insulin. The L i l l y group employing pure cystine prepared by Abbott Labora
tories actually labeled insulin with sulfur-35. Such methods are, of course, la 
borious. Stadie and his group at the Universi ty of Pennsylvania have been able 
to iodinate insulin as well as to prepare an insul in sulfate, both of which seem to 
retain their activity essentially unchanged. Gleason of the Abbott Laboratories 
likewise succeeded in producing iodine-tagged insulin of a very high degree of pur
ity. It was shown by three methods that both types are bound by strong, pre
sumably chemical forces, by various tissues, such as the rat diaphragm. This 
group feels that the activity of the insulin observed is a function of the quantity 
bound in close association with, not a part of, enzymatic systems. 

Sucaryl. Sometimes it is best to ask simple questions of specifically designed 
radiosotope experiments. For instance, i t became highly desirable to know how 
the new sweetening agent Sucaryl is handled by the animal body. Extensive 
chemical work had resulted in a recovery of only about 50% of the injected mate
r ia l , and as a result restrictions were imposed on the amount used in any given day. 
Very fortunately, a very smooth synthetic procedure was developed for sulfur-
labeled Sucaryl. Taylor and his group at Abbott were able to show that i t is very 
rapidly eliminated from the body completely unchanged. This seemed to satisfy 
the Food and Drug Administrat ion and as a result a l l l imitations have been re
moved. Its usefulness in a wide variety of fields, including dietetic foods and even 
diabetic beverages, is rapidly on the increase. A t least the resultant revenues, 
have helped pay for the many "unprofitable" ventures of the department. 

Penici l l in G. The group is just at the " tu rn ing point" of another valuable con
tr ibution in the antibiotic field. It has developed very satisfactory microbiological 
procedures for one incorporation of sulfur-35 as sulfate directly into penicil l in G. 
This material has been used by two laboratories for fundamental studies on the 
mechanism of antibiotic action. It has also been used by a leading agr icul tura l 
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school in experiments on cattle and milk production. By employing this sulfur-
labeled penicil l in, and a method of isotope dilution, we have st i l l another accurate, 
and certainly noncontroversial, method of penicil l in-G assay. 

Selenium Residues. There is st i l l another way in which isotopes can be very 
useful from the analytical side. While there is every indication as to the safety 
of Selsun, a new selenium sulfide preparation for seborrheic dermatitis, there is 
natural ly extreme interest in how much of the material might be left on the skin, 
on the hair follicles, under any given set of conditions. Analyt ica l procedures for 
selenium, in this form, are just not applicable. 

If a skin sample containing a totally unweighable amount of such a selenium 
sulfide residue is taken and placed in one of the more active piles for a few hours, 
the selenium is converted to a radioactive form. In spite of the fact that its hal f 
life is only 15 to 20 minutes, it is possible to use radiochemical methods rather than 
straight chemical methods for the assay. The same techniques have been applied 
by our nutrit ional group to arsenic assays on tissues of animals whose growth had 
been promoted by arsanilic acid. 

One of the earliest uses of radioisotopes was in connection with the study of the 
human antithyroid activity of certain compounds. The results were extremely 
clean cut, and at variance wi th the result which had been determined earlier upon 
animals. 

One of the most interesting and certainly one of the most controversial subjects 
appearing in the literature is the mechanism of radiation damage to the body. In 
view of the possibility that we ourselves may some day be caught in an atomic 
bombing ra id , this becomes an extremely important and practical problem. 

Fortunately, Abbott Laboratories has chosen to keep its work as a part of the 
Research Department, and has welcomed collaborative efforts not only with medical 
research groups but wi th good friends in the pharmaceutical industry as well. 
To cite but one example, Smith, Kl ine , and French have supplied very pure syn
thetic thyroxine and triiodothyronine which is labeled with iodine-131 and supplied 
to a l l interested groups with pooling of information as i t becomes available. 

Reference Fi le . F rom the very beginning of the project, some 7 or 8 years ago, 
a fa i r ly up-to-date reference file has been kept, not of a l l subjects, but pr imar i l y 
those of interest in the biological and medical field. Three resumes appeared i n 
Nucleonics for 1950-51, and i f the number of reprints requested is any criterion, i t 
aroused considerable interest. 

A t about this same time the laboratory distributed a very complete l is t of a l l 
titles in this field appearing during that year. This did not prove to be anywhere 
near as valuable or as practical. As a result, instead, several progress reports were 
supplied to a l l collaborators and those specifically requesting them. These deal 
wi th the principal subjects of interest and, in not more than two pages, survey the 
current status of that particular use or project. These contain a reasonable num
ber of references and, again to judge from the interest, have proved valuable. This 
is now being enlarged to include, not a l l references, but only those additional ones 
most l ikely to prove of value to research workers and to cl inical investigators. 
The selection is somewhat arbitrary, but any pertinent omissions can easily be in 
corporated in the next edition i f the subject has grown in interest. 

While perhaps not in the field of " l i terature, " the group has been interested i n 
the education of prospective isotope workers in the medical field. The radioac
tive pharmaceutical plant in Oak Ridge, the only institution of its kind in the 
world, is always open to qualified visitors. 

Literature on Radioactive Isotopes 

The literature references of interest to those working in the field of radioactive 
isotopes which appeared in Nuclear Science Abstracts and the Current List of Medi
cal Literature during the period January 1952 to June 1953 were tabulated i n order 
to find which serial publications carried the greatest number of articles on this 
subject. References appeared in more than 600 publications. 

The publications listed below covered the greatest number of articles on radio
active isotopes. 
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Medical Journals, American 

American Journal of Physiology 
American Journal of Roentgenology 
Cancer Research 
Journal of the American Medical Association 
Journal of Cellular and Comparative Physiology 
Journal of Clinical Endocrinology and Metabolism 
Journal of Laboratory and Clinical Medicine 
Journal of the National Cancer Institute 
Journal of Pharmacology and Experimental Therapeutics 
Mississippi Valley Medical Journal 
New England Journal of Medicine 
Proceedings of the Society for Experimental Biology and Medicine 
Radiology 

Scientific Journals, American 

Analytical Chemistry 
Archives of Biochemistry and Biophysics 
Canadian Journal of Chemistry 
Journal of the American Chemical Society 
Journal of Biological Chemistry 
Journal of Chemical Physics 
Journal of Physical Chemistry 
Nucleonics 
Science 

X-Ray Technician 

Medical Journals, Foreign 
Acta Radiologica 
Acta Unio Internationales Contra Cancrum 
British Journal of Radiology 
British Medical Bulletin 
Bulletin de l'Association Française pour VEtude du Cancer 
Fortschritte auf dem Gebiete der Roentgenstrahlen 
Journal Belge de Radiologie 
Journal de Radiologie et oVElectrologie 
Radiologia Medica 
Radioterapia, Radiobiologia e Fisica Medica 
S trahlentherapie 

Scientific Journals, Foreign 

Analyst 
Analytica Chimica Acta 
Bulletin de la Société chimique de France 
Journal of the Chemical Society (London) 
Comptes Rendus de la Société de Biologie 
Doklady Akademii Nauk, S.S.S.R. 
Nature 
Naturwissenschaften 
Zeitschrift fur anorganische C hernie 
Zeitschrift fur Naturforschung 

Research Reports 

A E C D Reports. Atomic Energy Commission. Declassified Reports. 
A E C U Reports. Atomic Energy Commission. Unclassified Reports. 
B E R E Reports. Atomic Energy Research Establishment, Harwel l , England. 
A N L Reports. Argonne National Laboratory 
B N L Reports. Brookhaven National Laboratory 
*NP Reports. Atomic Energy Commission Nonproject. 
N Y O Reports. New York Operations Office, Atomic Energy Commission. 
U C L A Reports. Radiation Laboratories, Universi ty of Cal i fornia, Los Angeles. 
U C R L Reports. Radiation Laboratory, Universi ty of Cal i fornia. 
U R Reports. Atomic Energy Project, Univers i ty of Rochester. 
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Recent Publications 

Atomic Energy Commission 
"E igh t -Year Summary of Isotope Distr ibut ion," March 1955, contains more 

than 7000 references, divided into 30 fields of work. Includes author index. 
Book T ID 4000, February 1955, provides a cumulative numerical l ist of avai l

able unclassified U S A E C reports. 
The Isotope Division has released bibliographies covering the recent l iterature 

on several of the more widely used isotopes (I131, P 3 2 , Au 1 9 8 , etc.). 
Abbott Laboratories has published at approximately 6-month intervals bibliog

raphies and resumes covering current developments, both published and unpub
lished. 
RECEIVED September 14, 1954. 
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A Critique on Literature of 
Antituberculous Compounds 

H. HERBERT FOX 

Research Laboratories, Hoffmann-LaRoche, Inc., Nutley, N. J. 

Because of the successes achieved with the sulfones, strepto
mycin, p-aminosalicylic acid, and the benzenoid thiosemi-
carbazones, the search for new and better compounds has been 
broadly extended in many laboratories and the literature of 
antitubercular compounds has grown enormously in recent 
years. Unfortunately, in vivo activity—the standard, which 
all compounds must meet before being judged suitable for 
clinical application—has not been applied to the classification 
of antitubercular compounds in the literature. In this situa
tion, remedial measures appear to be called for and some correc
tive suggestions are advanced. 

The chemotherapy of tuberculosis, in the modern sense of the term, dates from 
1939. In that year, Rist (11) and his coworkers (12) demonstrated for the first 
time, the in vitro and in vivo efficacy of 4,4'-diaminodiphenylsulfone against the 
hitherto apparently impregnable tubercle bacillus. On this basis, the literature of 
modern, antituberculous compounds covers at most a period of the last 14 years. 
This is not meant to imply that the chemotherapy of tuberculosis was not attempted 
prior to 1939 or that the number and range of substances used against tuberculosis 
were insignificant. Pract ical ly everything which had ever demonstrated activity 
against any disease was tried in tuberculosis. 

In the Decennial Index of Chemical Abstracts for 1927 to 1936, a part ia l l ist ing 
of the substances which were reported to have been used or tried in the treatment of 
tuberculosis includes antisera, calcium chloride, calcium ions and calcium compounds 
in general, camphor, cod liver oil, copper and copper compounds, chaulmoogra oil , 
cholesterol, cinnamic acid, coramine, ethyl stéarate, ferric chloride, formates, gold 
salts, iodides, sodium ricinoleate, manganese salts, proteins, phenol, quinine, rare 
earth compounds, the vitamins from A to D, and tannins. These are among the 
more conventional therapeutic substances reported during that ten-year period. 
Less conventional perhaps but certainly of no greater efficacy was the recommenda
tion of one investigator (10) that tuberculosis patients eat 100 to 150 grams of 
semiraw spleen daily as an important adjunct to gold salt therapy. This recom
mendation was based on the temperature and weight benefits demonstrated by two 
cases, which is a rather inadequate basis for any claim. As medieval as the use of 
the splenic preparation may sound, i t is futuristic in comparison to the use of char
coal or pulverized animal carbon by injection (2). A n d yet, as recently as 1933, 
the intravenous administration of carbon for the treatment of tuberculosis was 
warmly defended (7). 

Judging from some of the substances listed, the chemotherapy of tuberculosis 
pr ior to 1936 appears to have been based on the premise that i f the patient could sur
vive the drug, he could survive the disease. Actual ly , the uncrit ical and unrestrained 
use of anything that came to hand was indicative of the long and desperate need for 
effective antituberculous agents. Every clue, whether real or imaginary, was eagerly 
followed and phthisiologists were prepared to t ry the most unorthodox procedures 
in the hope of favorably influencing the course of the disease. 

In surveying the literature on antituberculous compounds immediately prior 
to 1940, i t is difficult to realize that some of the papers were written only a few years 
ago—so great has been the progress in the last decade. Fo r example, in 1936, in the 
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Bulletin de la société de chimie biologique, two investigators (U) reported that per
sons l iv ing near a salt lake in the vicinity of Tekirghiol, Dobrodgea, were wont to 
treat rickets and tuberculosis by coating the patients wi th the black mud and slime 
of the lake shore. The bedaubed patients were then required to dry out in the sun. 
According to the investigators, the mud, r ich in algae and therefore in ergosterol and 
other sterols, may owe its beneficial effects to the irradiated ergosterol which is 
absorbed presumably through the skin. 

The dearth of chemotherapeutants in 1937 is evidenced in a review article by 
Johnston (8) on the pharmacology of some newer drugs employed in tuberculosis 
therapy. The review lists barbiturates, calcium compounds, and some newer gold 
salts. In 1940, Jotten and Reploh (9) wrote that Solganol B-oleum and auric 
taurocholate T226, bismuth wi th curcum dye, copper in the form of Bayers' "Ebesa ls " 
and the benzyl esters of chaulmoogra fractions gave the best expectations for the 
successful chemotherapy of tuberculosis. In effect, therefore, the literature of 
antituberculous compounds of true chemotherapeutic significance covers at most the 
period from 1939 to the present. Certainly none of the compounds which were widely 
used and accredited before 1939 are now accepted as effective tuberculostats. This 
was pointed out by D 'Arcy Har t in an excellent review of the chemotherapy of 
tuberculosis covering the 100-year period prior to 1939 (5). According to him, by 
1935, a general reaction had taken place among the clinicians against antituberculous 
drugs wi th the exception of a few valued symptomatics. This reaction was a some
what belated recognition by the phthisiologists that most of the drugs used were 
without scientific basis and that the few drugs originating in scientific laboratories 
were transferred to clinical application on inconclusive evidence. Browning (3) in 
a 1935 lecture on chemotherapy stated, "No treatment at present can be aimed 
directly against the causal agent . . . " 

The literature of antituberculous agents is not confined to any one scientific 
sphere. Progress in chemotherapy is the product of a joint enterprise involving 
several scientific disciplines. In consequence, the pertinent publications on anti
tuberculous compounds are scattered through the chemical, biochemical, biological, 
pharmacological, bacteriological, medical, antibiotic, and general science l iterature. 
Since this critique is addressed to and directed toward chemical investigators, dis
cussion is confined to those papers which deal with the chemical nature of tuber
culostatic compounds and the laboratory evidence for their activity. 

Discussion 
The chemotherapy of tuberculosis had fallen into disrepute by the middle thirties 

because the drugs used up to then were of highly questionable efficacy and had been 
placed into cl inical use without being firmly based on convincing and favorable lab
oratory experiments. The advent of the sulf ones not only ushered in a new class of 
tuberculostats but also paved the way for a new philosophical approach to the 
chemotherapy of tuberculosis. The era of the uncrit ical application of untested 
substances to human guinea pigs is passed and general recognition is given to the 
need for extensive and thorough laboratory experimentation before cl inical t r i a l . 
This change of view was aided greatly by the fact that the sulf ones were the first 
compounds to show marked in vivo activity against the tubercle bacillus. W i th the 
knowledge that the "impossible" had been achieved and that the " impregnable" 
tubercle bacillus could be controlled within the protective environment provided by 
the host, a new criterion was established for tuberculostatic substances. Proof of 
in vivo activity has become a prime requisite to cl inical application. 

Because of the successes achieved with the sulf ones, and later wi th streptomycin, 
p-aminosalicylic acid, and the benzenoid thiosemicarbazones, the search for new and 
better compounds has been broadly extended in many laboratories throughout the 
world and the literature of antituberculous compounds has grown enormously these 
past few years. In tacit acknowledgment of the trend, Chemical Abstracts, in its 
1947 index under the heading, "tuberculosis," used for the first time the subheading, 
"antitubercular compounds." Unfortunately, the standard of in vivo activity which 
a l l compounds must meet before cl inical application has not been applied to the 
classification of antitubercular compounds in the literature. Currently, no distinc
tion is drawn in literature classifications between in vitro and in vivo activity. 
Since the compounds wi th in vitro activity are legion and far exceed in numbers 
those with in vivo activity, the l iterature of antitubercular substances is rapidly 
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being cluttered with reports on compounds which do not merit the classification, 
"antitubercular." 

Without regard to the pros and cons of the in vitro test as a screening pro
cedure, compounds with only in vitro activity should not be classed as "antitubercu
la r . " If the view is accepted that the purpose of research in the chemotherapy of 
tuberculosis is to find compounds wi th clinical potentialities, then standards must be 
established by which such compounds should be judged and these standards should 
be applied to classification in the literature as well as in the laboratory. The num
ber of compounds active against the tubercle bacillus has grown to the point where 
serious consideration need only be given to those compounds which possess significant 
activity in experimental tuberculosis and only compounds of this latter class should 
be called "antitubercular." Yet any survey of the current literature finds a large 
number of papers purporting to deal wi th antitubercular compounds but which, in 
reality, l ist compounds that are either totally inactive or are active only in vitro. 
This is well i l lustrated by an analysis of the items listed under the heading, "tuber
culosis," subheading, "antitubercular compounds," in the Chemical Abstract Index 
for 1951. Of a total of 19 papers surveyed, 12 papers deal with compounds whose 
activity has been tested only in vitro, five papers with compounds tested in vivo and 
two papers do not list activity at a l l . In two of the 12 papers based on in vitro 
studies and in two of the five based on in vivo studies, a l l of the compounds re
ported are inactive. In effect, therefore, only three of 19 papers purporting to deal 
with antitubercular compounds actually report on chemotherapeutically active 
agents. To those interested in the chemotherapy of tuberculosis, there would ap
pear to be an overabundance of chaff with the wheat. 

This is not to be interpreted as a denunciation of those papers which report on 
inactive compounds or on compounds whose activity has only been tested in vitro. 
There is a definite place in the scientific l iterature for a l l publications which add to 
the general knowledge. The problem is one of classification and not of exclusion. 
Therefore, the mere mention of the word "tuberculosis" in a chemical paper should 
not qualify i t for classification in the literature of antitubercular compounds. A case 
in point is the paper by Basu and Banerjee entitled, " A Therapeutic Agent in Tuber
culosis" (1), in which the authors reported on the preparation of the phthaloyl de
rivative of p-aminobenzaldehyde thiosemicarbazone. The compound was prepared 
presumably as a less toxic substitute for Tibione. Regardless of its ultimate merits, 
the fact remains that the report does not mention either biological experiments or 
activity. Therefore, the compound may or may not be active, but the designation 
"therapeutic agent" is not warranted. Str ict ly speaking, the paper properly belongs 
in the category of organic preparations. Similar ly , in another paper (6), sl number 
of p-aminophenylazole derivatives substituted in the azole r ing were prepared in con
nection with the investigation of the "dependence of tuberculosis-inhibiting action 
on structural factors." The activity of none of the compounds is listed and there is 
no assurance that they are active—yet they are classified among the antitubercular 
compounds in the index of the Chemical Abstracts. 

Another source of confusion is usually encountered in review articles on the 
chemotherapy of tuberculosis. Authors of review articles sometimes fa i l to dis
tinguish between in vivo and in vitro activity and in so doing invest some com
pounds wi th unmerited importance. For example, Stenlake (IS), in an excellent re
view l ist ing over 230 references and covering the literature between 1939 and 1950 
inclusively, states : 

Heterocyclic sulf ones such as promizole (4,2 /-diaminophenyl-5'-thiazolylsulfone), 
diphenyl and heterocyclic sulfides and sulfoxides, diphenyl ethers, diphenylamines 
and diphenylmethanes possess tuberculostatic activity. W i th the exception of 
promizole, few of these compounds have progressed beyond the stage of testing in 
experimental animals. 

Actual ly, the diphenyl and heterocyclic sulfides, the diphenyl methanes, and 
most of the diphenyl ethers have been tested only in vitro, and the diphenylamines, 
though tested in vivo, were too toxic to permit an in vivo effect to be observed. In 
short, these classes of compounds are not t ru ly antitubercular and grouping them 
with the sulfones tends to confer on them an unwarranted significance. 
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Suggestions for Literature Classification 

In view of the inevitable growth of the literature on antituberculous com
pounds, the inclusion of so much irrelevant material promises to be a severe handi
cap to future workers in the field and measures should be taken to correct the situa
tion. The execution of such remedial measures devolves mainly upon the journal 
editors but the authors can do much to make the literature of antitubercular com
pounds more meaningful to the laboratory or literature researcher. 

The following definitive steps in the right direction are suggested: 
A l l authors should be required to confine the adjective antituberculous (or ant i

tubercular) to those compounds that show activity in experimental tuberculosis— 
preferably with the human or with the bovine strain of tubercle bacillus. 

The titles of papers in which the activities of the compounds are not given 
should not suggest chemotherapeutic application unless some properly qualifying 
term is included. Fo r example, the paper by Basu and Banerjee should not have 
been entitled, " A Therapeutic Agent for Tuberculosis," because no statement is 
given on activity, either in vivo or in vitro. A more correct title would have read, 
"The Synthesis of a Compound to Be Tested in Tuberculosis." Better st i l l , a l l ref
erence to tuberculosis in the title should have been omitted. 

The classification of compounds in indexes should separate and clearly distin
guish between in vivo activity and in vitro activity. Under the heading, "Tubercu
losis," Chemical Abstracts should have two subheadings: "antitubercular com
pounds" for those active in vivo and " i n vitro active compounds" for those whose 
testing has not progressed beyond the in vitro stage or for those active only in vitro 
and not in vivo. 

Review articles should also carefully distinguish between in vitro and in vivo 
active compounds. To be in accord wi th convention, reviews on the chemotherapy of 
tuberculosis should include only those compounds which have been chemotherapeuti-
cally—i.e., in vivo—tested. 

A further suggestion to those who contemplate working in the field is to concen
trate their attention on those publications dealing with in vivo active compounds and 
save for leisure reading those which report only in vitro activities. Adherence to this 
principle has served the author very well these past few years and has been an ex
cellent guide through the maze of publications to those of most significance. In 
this regard the review articles have been part icularly valuable in highlighting the 
more fundamental and more concrete contributions to the chemotherapy of tubercu
losis. Therefore, a l ist of six review articles providing a fa i r ly complete coverage 
of the entire field unti l early 1953, is appended to the literature cited. 

Literature Cited 
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Introductory Comments Concerning 
Pharmaceutical Trade-Marks 
H. T. BONNETT1 

Ciba Pharmaceutical Products, Inc., Summit, N. J. 

Comments are given concerning the importance and 
development of pharmaceutical trade-marks. 

The importance of names to those working with pharmaceutical and medicinal 
l iterature is obvious and requires no comment. As many as three totally distinct 
types of names may be applied to a drug. One is the chemical or scientific name 
which often denotes accurately the structure of the compound. Another name usu
ally, but not always, used on drugs is the proprietary name or the trade-mark. A 
third is the nonproprietary name, sometimes also referred to as a generic or com
mon name. 

A trade-mark is a name or device adopted and used by a manufacturer or mer
chant to designate the goods that he manufactures or sells and to distinguish them 
from those manufactured or sold by another. The trade-mark functions as an in
dication of origin, so that, regardless of whether the purchaser sees the trade-mark in 
New York or San Francisco, the goods are associated with the same proprietor. 
Trade-marks also function as a guarantee of uniform quality so that from previous 
experience the customer knows whether to buy—or avoid. A third function per
formed by a trade-mark is that of selling. Through advertising, the mark becomes 
established in the mind of the purchaser; it comes to his mind automatically when 
he is shopping. Trade-marks function also in providing ready-made markets in 
case a manufacturer desires to extend his market to new or allied products to be 
sold under the same trade-mark. Thus, trade-marks are property representing 
great investment, and may be of great value. Consequently, the owner does his 
utmost to establish his trade-mark by every means at his command. The possibility 
of establishing a "trade-mark" is one of several considerations which induce manu
facturers to engage in research for the development of new and improved products. 

Registering of Trade-Marks 
Trade-marks are secured by adoption and use. The creation of pharmaceutical 

trade-marks requires essentially the same techniques as in any other industry, so 
that reference need be made only to a few unique features. One of these is the 
service provided by the two industry associations, The American Drug Manufacturers 
Association and The American Pharmaceutical Manufacturers Association, by the 
operation of a Combined Trade-Mark Bureau with which member firms may reg
ister trade-marks. The names are then published and distributed to members, any 
of which may object i f their own trade-marks are resembled too closely. In this way, 
trade-mark searches, in which there is a large subjective element, are supplemented 
by the review of many others and an opportunity is provided to iron out differences 
of opinion on an informal basis w i th saving of time, effort, money, and good feelings. 

Developing Trade-Mark Names 
In developing trade-marks, i t sometimes is necessary to compromise conflicting 

points of view. Thus, the advertising and sales people often tend to favor descrip
tive or suggestive names because such names are believed to be established more 
easily. Names may be suggested resembling the leading product in the field. The 
trade-mark attorney does not like a descriptive name because i t is a weak trade-mark. 

1 Present address, G. D . Searle & Co., P .O . Box 5110, Chicago 80, Ill. 
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I f the company depends heavily on the medical profession, medical contacts oppose 
therapeutically suggestive names which the medical profession dislikes. 

Another factor is the attitude of the American Medical Association which 
suggests that certain principles be followed, such as conformance to accepted rules 
of nomenclature. Examples are the " o l " suffix to indicate alcohol or phenol, " i n e " 
to indicate amine, and so on. 

Those concerns operating in international trade t ry to develop names suitable 
for use in the various languages. Two instances i l lustrate a type of hazard en
countered. One firm markets a product under the name Privine. It is a good 
product and has sold well. Probably no adult American reared in a rura l area, 
once having heard the name, would forget i t and, in that sense, it is a good name. 
Recently this same firm was looking for a trade-mark for its Pyribenzamine nebulizer. 
Pyribenzamist seemed a very nice name but, in German, "m i s t " means "manure." 

Loss of Trade-Marks 

Trade-marks may be lost unless care is used in their adoption and use. Court 
decisions have held that, lacking a suitable nonproprietary name, a trade-mark may 
lose its trade-mark status and become a nonproprietary name. Consequently, the 
trade-mark owner must always create a suitable name which can be dedicated to the 
free use of the public. In this respect, the pharmaceutical industry does not differ 
from others but, in this industry, agencies such as the American Medical Associa
tion, the various pharmacopeia commissions, and the Wor ld Health Organization 
take an active interest in selection and use of nonproprietary names. 

Improper use of trade-marks also may result in damage to trade-mark status 
of a mark, and for this reason, trade-mark owners are sensitive to improper use. 
Trade-marks are proper nouns, a point which should be borne in mind by authors 
of scientific papers. While formerly trade-marks did not appear in the Journal of 
the American Medical Association, now they not only appear, but are marked as 
trade-marks. 

Those dealing in international trade may encounter difficulty because the 
pharmacopeia commissions in various countries select different official nonproprietary 
names. Confusion and added expense are caused by the duplication in labels, car
tons, and promotional l iterature. 

Again, in international trade, the trade-mark owner faces the problem of p i 
rat ing in some countries wherein the first to register controls the name. A United 
States manufacturer may find both his trade-mark and the nonproprietary name 
registered in such countries. 

The trade-mark owner does his best to establish his trade-mark. In this effort 
some opposing pressures may be faced—for example, the medical profession looks 
with disfavor on the multipl icity of trade-marks for a given product because of the 
difficulty of remembering them, and the retail druggist dislikes a large number be
cause i t increases his inventory. Some merit exists i n this cr i t ic ism—for example, 
recently, in making a search, approximately 50 names beginning with the syllables 
" C o r " and " C o r t " were encountered. 

Conclusion 

Those in the pharmaceutical industry who are concerned with "trade-marks" 
would make two requests, that writers in the scientific literature treat trade-marks 
as proper Engl ish words—e.g., by capitalization—and that those coining t r i v ia l 
names which eventually may become nonproprietary names make a search in order 
to avoid close similarity with either trade-marks or other nonproprietary names. 
RECEIVED September 13, 1954. 
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Generic and Brand Names for Drugs 

HAROLD D. KAUTZ 

Council on Pharmacy and Chemistry, American Medical Association, Chicago 10, Ill. 

The expanding number of complex chemical compounds for 
medicinal use requiring the application of convenient generic 
names, and the multiplication of brand names, increase the 
difficulty of selecting distinctive terminology for new drugs. 
The use of dissimilar generic names by different authorities or 
by different countries further aggravates this problem. Organ
izations adopting generic names and pharmaceutical manufac
turers seeking trade-marks share in the responsibility for de
veloping new terminology. 

Generic names for drugs can be defined as recognized nonproprietary designations, 
available for unrestricted use, which are unprotected or for which trade-mark rights 
have been waived. When adopted for legally recognized publications, such as the 
" U . S. Pharmacopeia" or the "Nat iona l Formulary , " they are frequently referred to 
as "official" names and may be so identified by affixing the abbreviation for those pub
lications, U.S.P. or N .F . When adopted by the Council on Pharmacy and Chem
istry of the American Medical Association prior to their admission to the "official" 
publications, they may be referred to as "council-adopted." When they are included 
only in the council's annual publication, "New and Nonofficial Remedies," the abbre
viation N.N.R. may be affixed. Reference also can be made to the generic termin
ology adopted for pharmacopeias or their equivalents that are published in other 
countries. 

Brand names may be defined as trade names (including those protected as trade
marks) that are applied to different drug products by individual manufacturers. 
The mult ipl ic ity of brand names for well-known drugs has magnified the difficulty 
of coining additional brand names as well as generic terminology for new drugs. 
Some pharmaceutical manufacturers employ a single trade name for each drug, 
whereas others coin a different brand name for each additional salt or dosage form of 
the same drug that is introduced on the market. The vast array of trade-marks for 
various penicil l in salts and dosage forms is a monumental example of the confusion 
which results from this practice. Manufacturers defend it on the basis that the 
physician wants a short name or symbol to simplify prescribing, whereas the doctor 
complains that the identity of the particular drug is difficult to recall for prescribing 
because there are so many names. 

Origin of Generic Names 

Generic names may originate in published reports of individual investigators 
as well as in those of scientific organizations responsible for the selection of appro
priate drug terminology. Some names, such as penicil l in, bacitracin, and strepto
mycin, were suggested by their discoverers. Occasionally, the surname of the dis
coverer may figure in the coining of a name as a means of honorary recognition, 
although this method of identification is more often applied to the naming of various 
l i v ing forms than to the naming of drugs. Antibiotics such as penicil l in and strepto
mycin were named on the basis of the microbiological source from which they are 
derived. The name bacitracin was selected to honor a seven-year-old patient named 
Margaret Tracey from whom the discoverer isolated the strain of Bacillus subtilis 
which produces the antibiotic. 

The scientific departments of drug manufacturers also frequently propose or 
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introduce generic terms that are recognized by the council and other agencies respon
sible for the selection of drug nomenclature. Indeed, the majority of generic names 
for drugs considered by the council are initiated by proposals of pharmaceutical 
manufacturers. The council encourages such cooperation prior to the placing of 
new drugs on the market so that satisfactory terminology can be employed at the 
outlet, including early use of accepted terminology in the medical l i terature; thus, 
generic names, rather than trade names, code numbers, or less convenient chemical 
names, can be used in scientific reports on new compounds. When new drugs are 
referred to repeatedly only by experimental numbers, abbreviations, or the system
atic chemical name, such designations tend to acquire "generic" status, in the sense 
that they represent the only "common or usua l " name as interpreted under the label
ing provisions of the Federal Food, Drug, and Cosmetic Act. 

Similar ly, when only a brand name has been used to identify a drug, it may 
gradually lose its ownership status under the amended trade-mark law and come to 
be regarded as a generic term. The name aspirin is in this category, and because 
of greater convenience, i t is generally preferred over the official designation, acetyl-
salicylic acid. Likewise, the repeated use of the abbreviation B A L (Br i t ish A n t i -
Lewisite) has hampered the establishment of the more chemically descriptive phar-
macopoeial name, dimercaprol. 

Generic vs. Chemical Names 

Simplified generic names are becoming more imperative as the number of com-
p'ex chemical compounds introduced for medicinal use is expanded by systematic 
research. W i th simple inorganic compounds, such as ferrous sulfate, systematic 
cheirical names are sufficiently easy to remember and convenient for use in speak
ing and wr i t ing ; it is both unnecessary and undesirable to coin other desig
nations when simple chemical compounds are employed as drugs. For such com
pounds, simple chemical names are to be preferred as generic names. However, the 
coining of contracted names, such as epinephrine or procaine, for complex organic 
compounds is essential to replace the systematic but unwieldy chemical nomencla
ture. When properly coined and properly introduced into scientific literature, short 
generic names for complex compounds then become synonymous, by definition, with 
the complete chemical terminology, and can be used conveniently in place of the 
latter, even in chemical publications. Whenever practicable, i t is desirable to coin 
generic names that bear some recognizable resemblance to systematic chemical ter
minology. Thus, some effort should be made to provide a terminal suffix, such as 
" o l " for an alcohol or phenol, to connote accurately the type or class of chemical to 
which the compound belongs. 

Similar attention should be given to systems of nomenclature for other basic 
sciences, as in the selection of names for biological and other substances which 
cannot be completely defined chemically. If possible, generic names also should be 
so coined that they avoid any misleading connotation as to identity. Thus, the " o l " 
suffix in the adopted designation cyclocumarol is somewhat misleading for a deriva
tive of coumarin which does not contain a hydroxyl group. When chemical identic 
fication is part ial ly or wholly obscured, a suitable designation usually can be adopted 
on the basis of current knowledge. For example, the name vitamin B i 2 has been used 
pending the development of the chemically derived term cyanocabalamin. However, 
as in the case of the chemically derived generic designations for certain other drugs, 
some time is required to displace the early terminology and there may be some 
confusion. 

Isomeric Chemical Compounds 

A special problem arises in the selection of generic names for chemical com
pounds capable of existing in several isomeric forms, two or more of which may 
exhibit promising pharmacological properties. In such instances, i t may be de
sirable to anticipate the introduction of several isomers of the same compound in 
devising a name for the first one made available for clinical use. Un t i l recently, 
attention to this aspect of generic terminology has received little consideration. 
Thus, the "official" designation epinephrine for Z-epinephrine does not connote the 
levo isomer to which it refers, whereas the term arterenol, formerly employed. to 
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designate the levo isomer of norepinephrine, has been expanded recently to levar-
terenol to indicate its stereoisometric identity. The name methadone likewise does 
not suggest the racemic (oil) form of that analgesic compound, although this may 
be considered to be understood as i t is for amphetamine. While the matter is of 
greater importance to chemical taxonomists than to physicians or pharmacists, 
consideration is warranted so that confusion between drug and chemical terminology 
is avoided. In many instances, where not more than one or two forms are found 
to have cl inical use, the particular isomer in the names need not be specified part icu
lar ly i f other terminology has become firmly established. 

Misleading Names 

Generic as well as brand names, except those for serums and vaccines, should be 
coined to avoid any obvious connotation of diseases for which they are to be used. 
Physicians who do not wish to reveal to patients the nature or purpose of a pre
scribed remedy would find this difficult i f obliged to use therapeutically suggestive 
names for prescribing drugs. Another inherent objection to such names lies in 
the possibility that they may become misleading i f the drugs to which they are 
applied are found to have other uses. Misleading names can lead to dangerous 
confusion in dosage or method of administration. The further significance of the 
suggestiveness of names is i l lustrated by certain classes of drugs which have acquired 
pharmacological connotations through long association wi th a particular scheme of 
terminology. For example, the "ca ine" ending, usually employed for naming local 
anesthetic agents, has been applied whether or not it accurately reflects a strictly 
correct chemical classification of a l l such compounds. The misleading " a l " ending, 
long employed for naming barbiturates as well as other sedative agents, is also in 
this category. Thus, through long usage the connotation of sedative action inherent 
in the " a l " suffix tends to pre-empt its application to an aldehyde unless that type of 
compound happens to have some sedative or hypnotic action. Despite the inaccurate 
connotation of the " a l " ending when used in names for nonaldehyde compounds, its 
association wi th barbiturates cannot be effaced readily. For these reasons, in the 
naming of isomers, efforts to improve imperfect drug nomenclature already estab
lished should be approached wi th caution to avoid provoking further confusion. 

Problems in Drug Nomenclature 

Although some of the older generic terminology is admittedly longer and more 
difficult to learn than a catchy trade name, its use offers ultimately less of a burden to 
the memory than attempting to recall one of a variety of trade names, some of which 
may apply only to particular dosage forms of the same drug. Often, however, the 
first trade name introduced gets a "head s tar t " on other names, including the 
generic name, wi th the result that a new drug becomes better known by its brand 
name than by any other terminology. Physicians who wish to use only generic 
names for prescribing can specify a particular manufacturer's product when de
sired by affixing the name of the firm to the generic name of the drug. 

The recent trend to adopt more convenient generic names for drugs may en
courage their more general use and discourage the use of ambiguous symbols in place 
of established nomenclature. The multiplication of generic names for the same drug 
presents less of a problem than i t does for trade names. Nevertheless, the existence 
of more than one generic name or synonym also tends to create confusion, par
t icular ly in the scientific literature. 

The difference in generic names for drugs used in various countries has led to 
the creation of a Subcommittee on International Nonproprietary Names of the Wor ld 
Health Organization. This agency seeks to recommend common generic terminology 
for drugs on a world-wide basis, through the cooperation of its member countries, 
although in certain instances domestic conflicts cannot be avoided. In some cases 
conflicts of international names w i th domestic trade-marks are involved. The un
fortunate occurrence of trade-marking generic names outside the country of origin 
presents an international problem. The efforts of the Wor ld Health Organization 
and of the Combined Trade-Mark Bureau of the American Drug Manufacturers 
Association and the American Pharmaceutical Manufacturers Association to dis
courage this practice are highly commendable, but so far these have met wi th only 
part ia l success. 
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Future Outlook 

For the future, a more judicious attitude toward the introduction of brand 
names on the part of the pharmaceutical industry is desired to avoid further ag
gravation of the problem of selecting distinctive generic terminology for new 
drugs. Some manufacturers have found it expedient to reuse old trade-marks 
formerly applied to abandoned products. When this practice results in the applica
tion of a name to another drug, further confusion is created, especially i f the name 
already has appeared in published literature on the drug to which i t was formerly 
applied. 

The problem of finding nonconflicting terminology cannot be solved through 
the reuse of old names. The difficulties must be met by more frugal use of trade
marks and a cooperative attitude in the selection of uniform generic nomenclature; 
otherwise, the vast storehouse of terms that can be derived from the language 
eventually may become exhausted. The mutual efforts of responsible agencies on 
nomenclature, both here and abroad, provide encouragement that improvements in 
drug terminology w i l l parallel the advance of future therapeutic discoveries. 

RECEIVED September 13, 1954. 
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International Nonproprietary Names 

LLOYD C. MILLER 

United States Pharmacopeia, New York 16, Ν. Y. 

A program for selecting nonproprietary names for drugs through 
international cooperation is conducted by the World Health 
Organization, with its object being to minimize the discrepancies 
in common names for drugs existing between nations. The 
organization of the project and progress as well as fundamental 
and controversial difficulties are discussed. 

A chemist's success in conceiving and synthesizing a new compound which proves 
valuable as a drug not only opens great opportunities scientifically but also imposes 
weighty responsibilities. These remarks are directed to singling out the responsibil
ities concerned part icular ly with pharmaceutical nomenclature. 

It is important that each new drug come on the market wi th two unique names. 
One of these is the brand or trade name, which should be registered for the exclu
sive use of the interested firm. Such a name is deemed to be better i f it is easily 
recognized and remembered. The second name is the t r iv ia l or nonproprietary 
name, which need not have the qualities desirable in a brand name but should indi 
cate something of the chemical nature of the drug. While this is a nonproprietary 
name, available for free and unrestricted use, i t too may be registered. Fre
quently, however, the struggle of finding the brand name is so exhausting that no 
serious effort is made to find a nonproprietary name at first. This fai lure invites 
future trouble, the most serious kind of which is the possibility that the brand 
name w i l l come into such common use as to lose its exclusive, protected status. The 
best known examples of this are the names aspirin and cellophane. 

F rom the standpoint of the world market in drugs another source of difficulty 
looms larger. It resides in the probability that different nonproprietary names w i l l 
come into use for the same drug. The resulting confusion benefits no one and is 
a nuisance in drug commerce. It means that, in the face of a multipl icity of trade
marks, the one possible common key to identity is lost. The greatest confusion is in 
the hindrance to the interchange of scientific information, both experimental and 
cl inical. The complications of abstracting and cataloging are also serious. F ina l ly , 
differences in nonproprietary nomenclature can only result in a higher cost of 
doing business. 

The only means of avoiding multipl icity in nonproprietary nomenclature for 
drugs is through international action, in spite of a l l the obstacles that obstruct the 
paths in that direction. The problem bears on public health generally, so that the 
Wor ld Health Organization has undertaken to bring about order and uniformity 
on an international scale. As a unit of the United Nations and the successor to the 
Health Organization of the League of Nations, the W H O alone is in a logical position 
to assume this role. It may be debatable whether the menace to world health from 
confusion over drug nomenclature is to be ranked wi th such pressing problems facing 
the W H O as the eradication of tuberculosis, malaria, and other deadly diseases. 
Furthermore, the funds of W H O are limited. The fact is, however, that W H O has 
established a program aimed at recommending, for international adoption, a single, 
nonproprietary name for each drug likely to move in international commerce. In 
1955, an arrangement was completed for naming compounds capable of producing 
addiction even though they may not have been introduced commercially as drugs. 
This action facilitates the important task of the United Nations body responsible for 
the international control of traffic in narcotic agents. 
Program of World Health Organization 

A rather fu l l discussion of the mechanics of the program has been published 
(1, 2, Jt-6). Briefly, the project is directed by the W H O Secretariat in Geneva, Swit-
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zerland, with the advice of a Subcommittee on International Nonproprietary Names 
consisting of four individuals, from areas of the world having a very real interest 
in the subject. Un t i l recently these four were: Hans Baggesgaard-Rasmussen, 
Royal Danish School of Pharmacy; Rene Hazard, School of Medicine, Univers i ty 
of Par i s ; C. H . Hampshire, retired secretary of the Br i t i sh Pharmacopoeia Com
mission; and the writer. In 1953, Robert T. Stormont, secretary of the Council 
on Pharmacy and Chemistry of the American Medical Association, replaced the 
writer on the subcommittee. As with al l W H O experts, these serve on a voluntary 
basis without pay. 

In the United States, coined, common names for drugs are usually spoken of 
as "generic" names but this practice is not followed elsewhere. Hence, the W H O 
chose the term, nonproprietary, instead of generic, to designate names not covered 
by trade-mark rights. Since pr imar i ly the word "generic" means classification 
according to genus and genera, there is no doubt that "nonproprietary" is a more 
specific and less ambiguous term, although less convenient. Specificity is a highly 
desirable attribute, considering especially the necessity for translation into several 
languages. 

Since La t in is st i l l regarded as the universal language of medicine and pharmacy, 
the pr imary form of the international nonproprietary name is La t in with the Engl ish 
and French equivalents given secondarily in parallel in al l W H O publications. 

The program was established in 1950 and the subcommittee set up rules of 
nomenclature patterned almost exactly after those followed by the Council on 
Pharmacy and Chemistry of the American Medical Association and the Br i t i sh 
Pharmacopoeia Commission. These rules have been published and are generally 
known ; they are considerably more flexible than those of the Scandinavian Pharma-
copoeial Council which adopts names for use in the four Scandinavian countries 
and Iceland. 

Not unt i l 1953, did the American pharmaceutical industry take an active interest 
in the W H O program, although three years earlier the American Drug Manufac
turers Association had given it enough attention to pass a resolution upon it. This 
earlier action was not recalled during the protest campaign which ultimately 
reached the floor of the World Health Assembly in its annual session in May 1953. 
The result was a very beneficial re-examination of the entire program with a restate
ment of its aims and procedures, which had evolved piecemeal in the first 3 years 
of the program's operation. 

The protest campaign was spearheaded by the two leading trade associations 
of the pharmaceutical industry, the American Drug Manufacturers Association and 
the American Pharmaceutical Manufacturers Association, which enlisted the sup
port of other organizations including the United States Pharmacopeia. The com
plaint was on the grounds that there was insufficient opportunity for drug houses 
to comment on proposed names and that no procedure was established for appealing 
decisions in these cases where the name adopted by the W H O was deemed objection
able or detrimental to trade-mark rights. 

These complaints were unquestionably justified. Not only was the program 
inadequate but its operation on an informal plane was simply not compatible 
with the magnitude of the interests concerned. Some of the drugs on which agree
ment was not readily reached had a business volume running into tens of millions of 
dollars a year, as i n the case of Terramycin which came out with oxytetracycline 
as its international nonproprietary name. 

Structure of World Health Organization 

The lack of opportunity to comment on proposals was directly related to the 
organizational structure of the W H O . The body is set up to maintain contact with 
each of the member states, the 81 nations of the world which have fu l l or associate 
membership, through the respective official correspondents, generally the Ministers 
of Public Health or as here, the Surgeon General of the U . S. Public Health Service. 
Suggestions, complaints, and appeals for W H O assistance a l l channel in through 
these correspondents. The Director-General of W H O is guided in responding to 
many of these communications by experts who advise in a completely independent 
capacity according to their best individual judgments. Their recommendations then 
flow out from W H O through the same official correspondents. This means that for 
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each country, a l l nationals, private citizens, and multimill ion-dollar drug firms 
alike are expected to be kept informed mainly over a single line of communication. 

W i th nonproprietary names for drugs, the proposals were being received freely 
enough but movement in the opposite direction left much room for improvement. 
Drug firms were not learning that names were being sought for their products 
unt i l the process of selection had gone too far for lodging protest. No clear avenues 
of appeal had been provided. Further , the whole area is one in which little inter
national law has yet been established. Special measures were taken to circulate the 
proposed names regularly through the Bulletins of the Combined Trade-Mark 
Bureau. It proved that the American pharmaceutical industry was not alone i n 
benefiting from this publication of the W H O proposals. A t least two trade papers 
reprinted them as news items and the effectiveness of this publicity was attested bj 
comments received here from as far away as Holland and Austra l ia . A l l such 
comments were forwarded to the W H O Secretariat in Geneva for transmission to 
the other members of the Subcommittee on International Nonproprietary Names. 
Nevertheless, the American drug industry felt that this relatively prompt but 
informal system was inadequate and unfortunately no effort was made elsewhere 
in the world to duplicate it. 

The procedure now in effect calls for even more extensive publication of the 
names in the American pharmaceutical press. Further , some restrictions have 
been laid down and an appeal process is spelled out. 

Procedure for Proposals of Nonproprietary Names 

In brief, the new procedure calls for submitting proposals for Recommended 
International Nonproprietary Names on a regular form to W H O as in the past. 
The proposals are forwarded from the Secretariat in Geneva to the subcommittee 
for consideration with the understanding that the original name shall be accepted 
unless there are "compelling reasons to the contrary." 

The rules adopted in 1954 embody important changes in the original rules: 

The clause ". . . unless there are compelling reasons to the contrary" is employed 
in connection wi th adopting the name coined by the person discovering or first 
developing the drug in question. There remains room for debate as to what con
stitutes a "compell ing" reason but obviously t r i v i a l reasons are ruled out. The 
greatest potential source of difficulty arises in this connection from the differences 
in attitude toward nonproprietary names existing between nations. In the United 
States no special pressure has been exerted in the past to select names that w i l l 
have a reasonable chance of competing wi th the brand name for the same drug. 
Elsewhere, part icular ly in England and Denmark, a great deal of attention is given 
to adopting nonproprietary names as short and euphonious as brand names gen
erally are. 

Names under consideration are to be published in the Chronicle of the World 
Health Organization (3). 

A 4-month period is allowed for submitting comments or protests from the 
time of publication. Considering the Chronicle is i n press some 2 months before is
sue and that the subcommittee w i l l require time both before and after the 4-month 
wait ing period, the minimum time needed for establishing a name w i l l be about one 
year. Certainly no manufacturer w i l l want to hold his product off the market for 
a year pending the W H O action in those countries of Europe and South America 
where each drug must bear an accepted nonproprietary name. 

Proprietary names are generally three syllables in length, whereas it is rare for 
a nonproprietary name to be less than four syllables. In the case of 35 U.S.P. X I V 
drugs which are under patent control or exclusively marketed by a single firm under 
its trade name, the average syllable length of the U.S.P. title is 4.1, whereas the 
corresponding trade-marks average 3.2 syllables. In only one instance, Neo-Syneph-' 
rine vs. phenylephrine, is the protected name the longer of the two. 

The great emphasis placed on taking the nonproprietary name first put into 
use by the individual or firm developing a drug makes i t obvious that the in i t ia l 
selection demands careful attention to the guiding principles of drug nomenclature 
established by the W H O . Those who have dealt with the A .M .A . Council on Phar
macy and Chemistry in the past w i l l recognize most of them. They are set forth 
here in the interest of completeness: 
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General Principles for Guidance in Devising International Nonproprietary Names 
1. Names should, preferably, be free from any anatomical, physiological, 

pathological, or therapeutic suggestion. 
2. A n attempt should first be made to form a name by the combination of 

syllables in such a way as to indicate the significant chemical groupings of the 
compound and/or its pharmacological classification. Preference should be given to 
the following syllables : 
Latin English Type of Compound 
-inum -ine For alkaloids and organic bases 
-inum - in Fo r glycerides and neutral principles 
-olum -ol For alcohols and phenols ( -OH group) 
-alum -al For aldehydes 
-onum -one For ketones and other substances containing the CO group 
-enum -ene For unsaturated hydrocarbons 
-anum -ane For saturated hydrocarbons 
-cainum -caine Fo r local anesthetics 
-mer -mer For mercurial compounds 
-sulfonum -sulfone For sulfone derivatives 
-quinum -quine For antimalarial substances containing a quinoline group 
-crinum -crine For antimalarial substances containing an acridine group 
-sulfa -sulfa For derivatives of sulfanilamide 
-dionum -dione For antiepileptics derived from oxazolidinedione 
-toinum -toin Fo r antiepileptics derived from hydantoin 
-stigminum -stigmine Fo r anticholinesterases 

3. Names should be distinctive in sound and spelling. They should not be 
inconveniently long and should not be liable to confusion with names already in use. 

4. The addition of a terminal capital letter or number should be avoided as 
far as possible. 

Chemists wi l l recognize some ambiguity in Item 7, especially for those com
pounds which may be looked upon as fa l l ing into more than one group. Furthermore, 
the task of finding distinctive combinations of syllables having some relation to the 
chemical structure becomes more difficult year by year as the simple groupings are 
exhausted and the chemical nature of the drugs becomes so much more complex. 
The first tendency would be to take a path of least resistance and to choose names 
without regard to length and euphony. Two forces operate against this choice. 
F i rs t , there is the above-mentioned jeopardy to the protected trade-marked name i f 
it is very much easier to use. Second, the movement among physicians and phar
macists to use the official names of drugs is gaining strength. A s this movement 
picks up impetus, a greater and greater area becomes a fertile ground in which 
resentment against long, awkward names can sprout and flourish. 

The chemist of the drug industry is in a strategic position to prevent this 
resentment by using judicious care in selecting nonproprietary names which w i l l be 
wholly suitable for international use. Such efforts might be likened to using a pre-
emergent weed-killing spray, which stops trouble before it gains headway. 

F ina l ly , there are bound to be cases when the nonproprietary name first pro
posed w i l l not prove suitable internationally even though i t has come into fa i r ly 
general use in some one country. A prime example is the fact that the names of a l l 
of the chemical elements are not yet settled. When such cases arise i t is to be hoped 
that a l l concerned w i l l take an open-minded attitude conducive to working out a 
compromise in a spirit of true international cooperation. 
Literature Cited 
(1) Blanc, P., Bull. fed. intern, pharm., 24, 138 (1950/51); Chronicle of World 

Health Organization, 6, 322-6 (1952). "International Nonproprietary Names 
for Drugs, " summary of lecture by P. Blanc, Secretary, Expert Committee 
on International Pharmacopoeia, 14th General Assembly, International 
[Pharmaceutical F'ederation 

(2) Horan, J . J . , Ibid., 43, 657-74 (1953). Revised W H O Program on Generic Names. 
(3) International Nonproprietary Names, Chronicle of World Health Organization, 

7, 41-8 (1953). 
(4) Ibid., 7, 297-324 (1953). 
(5) Levy, M . W., Ibid., 43, 229-41 (1953). W H O Authorized It? 
(6) Mi l ler , L . C , Trade-Mark Reporter, 43, 133-62 (1953). International Non

proprietary Names. 
RECEIVED September 13, 1954. 

 P
ub

lic
at

io
n 

D
at

e:
 J

an
ua

ry
 1

, 1
95

6 
| d

oi
: 1

0.
10

21
/b

a-
19

56
-0

01
6.

ch
00

7

In A Key to PHARMACEUTICAL AND MEDICINAL CHEMISTRY LITERATURE; 
Advances in Chemistry; American Chemical Society: Washington, DC, 1956. 



Current Medical Periodicals 
of Chemical Interest 

MAGDALENE FREYDER 

American Medical Association, Chicago, Ill. 

Tremendous increase of literature in the postwar years has 
heightened the difficulty of keeping abreast of printed re
ports. Therefore, it is important for chemists to know titles 
and sources of journals and bibliographic tools in which they are 
included. This paper surveys the field by furnishing this in
formation, and discusses the influence on current periodical 
literature of chemical advances which affect medical research 
and clinical medicine. 

The qualifying phrase in the title might well have been omitted because practically 
every issue of most medical periodicals contains at least one such article. When 
that part of the title is eliminated, current medical periodicals remain, and the first 
question: "What is a medical periodical?" "One that deals with medicine" is the 
most obvious answer, but medicine is so intimately related to so many branches of 
science—bacteriology, psychology, physics, meteorology, and especially chemistry— 
that definite l imits are not easy to determine. In medical l ibrary work, the Journal 
of Bacteriology, The Journal of Comparative and Physiological Psychology, and the 
Journal of Biological Chemistry are considered just as much a part of medical l i tera
ture as The American Journal of Medicine or the British Medical Journal. 

No general agreement on this point is indicated by various lists of so-called 
medical periodicals. The Indexing Research Project at the Welch Medical L ibrary , 
Johns Hopkins University, prepared a list of 6369 serials on punch cards, of which a 
number cannot be classified as periodicals, and many are not strictly medical. United 
Nations Educational, Scientific and Cultural Organization has published World 
Medical Periodicals, which includes 4000 items and covers medicine, biology, phar
macy, odontology, and veterinary medicine. The fourth edition of Periodica Medica, 
printed by Georg Thieme Verlag, lists 12,624 titles which have been in print some 
time since 1900, and includes annual reports, congresses, bibliographies, and minor 
items of local character although it is claimed to be a selective compilation. Ap 
parently there are no common criteria for such lists. 

Publications Have Increased 

Bil l ings estimated 864 medical periodicals in 1880. The increase has been 
spread over the 70 intervening years, and has been almost alarming since World 
War II. Publishing in European countries, especially Germany and Italy, has made 
a remarkable recovery; some of the South American countries are especially pro
lific ; the Japanese are producing a surprising number of periodicals ; and the United 
States is not lagging behind. 

Since 1950, the American Medical Association has maintained a card file of 
journals, new to its collection, which have been received from various sources. A 
check of those which began publication from January 1950 to date produced the fol
lowing figures: 80 new titles in 1950, 73 in 1951, 66 in 1952, and 29 thus far in 1953. 
This represents only the journals received in this l ibrary and includes such widely 
divergent items as Alam Attib (World of Medicine) from Turkey, the Bulletin of 
Mental Health f rom the V i r g in Islands, and the Japanese Planned Parenthood 
Quarterly, as well as journals of greater importance, such as Acta Neurochirurgica, 
Antibiotics and Chemotherapy, Metabolism, and the Journal of Histochemistry and 
Cytochemistry. 

42 
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Dur ing this period a few periodicals have ceased publication and some have been 
combined. A n interesting record of these developments is furnished by the Medical 
L ibrary Association's Vital Notes on Medical Periodicals which gives information on 
their births, deaths, and marriages. 

Medical Publishers 

Who publishes this wealth of material? F i r s t there are the medical publishing 
houses: C. V . Mosby & Co., W. B. Saunders Co., Charles C Thomas, Wi l l iams & 
Wi lk ins Co., and perhaps a dozen others in this country; Butterworth & Co., J . & A . 
Churchi l l , and H . K. Lewis & Co., in Great B r i t a i n ; J . B . Ball iere et F i l s and 
Masson & Cie. in France; E ina r Munksgaards For lag in Denmark; L. Cappell i and 
Edizioni Minerva Medica in I taly; S. Karger and Benna Schwabe & Co. in Switzer
land; and Springer-Verlag, Georg Thieme, and Urban & Schwarzenberg in Germany 
among many more. Next, there are the university presses and such organizations 
as the Wistar Institute of Anatomy and Biology and the Milbank Memorial Fund . 
A number of medical societies publish or sponsor their own periodicals. The 
American Medical Association is represented by the Journal and 9 specialty journals; 
the Br i t i sh Medical Association has 15 periodicals to its credit besides the British 
Medical Journal; the American Heart Association fosters Circulation and a new 
journal called Circulation Research; the American College of Surgeons is respon
sible for Surgery, Gynecology, and Obstetrics in addition to its Bulletin. 

In fact, it seems that every hospital, clinic, and medical school in every country 
publishes a Dulletin; every society has its own journal or at least prints its trans
actions; and. most international congresses produce volumes of their proceedings. 
Some of these publications are limited to material, which w i l l not appear elsewhere, 
but many of the articles are reprints, abbreviated reports, or a rehash of other 
papers by the authors. Others are of such minor importance that they merely 
clutter l ibrary shelves or waste baskets. 

Periodical Literature 

Another source of increase in periodical l iterature is the expanded bulk of in 
dividual journals in the last few years. In 1947 the volumes of the J.A.M.A. i n 
cluded 4242 pages; in 1952, 5 years later, 5152 or about 900 more pages. In the 
issues for May, June, and Ju ly 1947, 114 signed articles were printed, whereas in 
the corresponding period for 1952 this number was increased to 195, about 80 more 
for these three months, which probably means at least 300 more for the year. In 
this respect the Journal is typical of periodicals a l l over the world. 

Much of this expansion probably can be attributed to the tremendous increase in 
research in recent years and what group is more responsible than the chemists and 
pharmacologists? A comparative count of articles in the May, June, and Ju ly issues 
of the J.A.M.A. for 1928 and 1953 vérifies this impression. Of the 159 signed 
articles in 1928, 15% had chemical slant as shown by t i t le ; of the 190 signed articles 
in 1953, 36% were of chemical interest. 

The author's experience wi th medical periodicals covers over 25 years of work 
on the Quarterly Cumulative Index Medicus (called The Quarterly by the staff 
and known :o most persons as Q.C.I.M.) and most of this paper is based on this 
source of information. In one of the volumes of the Q.C.I.M. for 1928, the titles 
under "Diabetes Mell itus, insulin i n " occupied a column, but the two substitutes, 
glukhormet (a vegetable product), and synthalin (a guanidine derivative), each re
quired as much space. The "Suprarenal Extracts , " as they were designated then, 
accounted for two pages, while in a 1951 volume, although the corresponding 
"Adrena l Preparations" took the same space, the additional "Adrenocortical Prep
arations" covered 9 pages and "Adrenocorticotropic Hormone" 7 more. In 1928 
drug therapy of tuberculosis included insulin, calcium, an extract of walnut leaves, 
and a pine oil preparation, and even as late as 1948, a column of the index was de
voted to gold therapy. Today, the literature is flooded with papers on streptomy
cin, para-aminosalicylic acid, thiosemicarbazone, and the latest recruits, isoniazid 
and its derivatives. Vitamins were designated A , B, C, D, and Ε before they be
came complex; the anterior pituitary was only suspected of such " t rop ism" as was 
later discovered ; histamine was collecting its forces, but no one wrote about antihista
mines. In fact, the main difficulty then was identifying the constituents of pro-
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prietary drugs, especially in the German l iterature; now they are fa i r ly well con
trolled, and that whole problem seems insignificant in the fact of chemical sub
stances grouped as anticonvulsant, adrenergic, sympathomimetic, spasmolytic, vaso
constrictor, anticoagulant, and carcinogenic, or the pesticides, the solvents, and 
other industrial products, to mention examples. In addition to proprietary names 
everyone is being confronted with a series of designations such as S N , SK , M & B , and 
R P combined wi th numbers that run into the thousands, chemical terms which can 
be written in several different ways, and the generic names of the manufacturer, the 
Council on Pharmacy and Chemistry, W H O , the Br i t i sh authorities, and any other 
interested parties. This a l l adds up to confusion which must be as harassing to the 
searcher as to the indexer. 

When any new product or group of products is introduced, the first report 
printed in this country usually appears in the Journal of the American Chemical 
Society where the chemical make-up and properties are set forth. This announce
ment has scarcely been made before a crop of reports, first on animal experiments 
and then on administration to humans, both normal and sick, make their appear
ance. Af ter this, i f results are favorable, the field is open, the product is tried in 
every condition which it could conceivably affect, and medical journals receive the 
impact. A t the height of this stage in the development of the sulfonamides, the 
cross references in the Q.C.I.M. from the subhead " therapy" listed almost 150 
specific headings under which articles could be found, but in the last volume for 
1951 there were only about one th ird that number. Therefore, a leveling-off process 
occurs as the value of a product is assessed. Simultaneously, reports on side re
actions begin to filter in and sometimes reach proportions which definitely l imit the 
application of a product or prohibit its further use. Both the therapeutic and toxic 
results stimulate a search for related compounds which may be more satisfactory, 
and endless derivatives, substituted compounds, homologs, analogs, and such are in
vestigated with the results appearing in medical literature i f they prove satisfactory 
enough to warrant t r ia l . 

To keep abreast of this accumulation of printed material the chemist has a 
wealth of literature in his own field which is generously abstracted and indexed in 
Chemical Abstracts. If he is interested in the clinical applications of his work, 
then the search of other sources is necessary. The two principal indexes to current 
medical l iterature are the Quarterly Cumulative Index Medicus, published by the 
American Medical Association, and the Current List of Medical Literature prepared 
by the Armed Forces Medical L ibrary . The former unfortunately is behind schedule 
in production, but the latter is more up to date. Approximately one th ird of the 
periodicals covered is included in both indexes, an unfortunate duplication of time, 
effort, and expense, but otherwise they supplement each other. The chemical searcher 
may find direct references to his subject under headings in the Q.C.I.M., while an in 
direct method of l ist ing is used in the Current List. The register of articles in the 
latter arranges titles by publications; this should be a definite assistance to anyone 
desiring to follow the contents of any particular journal. Besides these general in 
dexes there are those in special fields, among them Cancer Current Literature, pub
lished by the American Cancer Society, and national indexes, such as Index Medicus 
Danicus, covering the medical l iterature of one country. 

The abstract publications are an excellent source of information. Excerpta 
Medica, printed in The Netherlands, appears monthly in 16 sections, each devoted to 
a special field and written in Engl ish, and covers l iterature from al l over the world. 
Each volume of each section includes an index to its contents. The Ζ entr alb latter 
of Springer-Verlag, which resumed publication after Wor ld W a r II, is valuable for 
anyone who reads German. The coverage of both publications is world wide, and 
combined they survey most branches of medicine. Also, a Br i t i sh journal, Abstracts 
of World Medicine, appears monthly but includes a relatively small number of 
periodicals, mostly well represented in other sources. Besides these, a number of 
abstracts journals deal with special subjects, such as Industrial Hygiene Digest 
prepared by the Industrial Hygiene Foundation; Tuberculosis Index and Abstracts 
of Current Literature issued in Great Br i t a in by the National Association for Pre
vention of Tuberculosis; Current Literature on Venereal Diseases, a publication of 
the Public Health Service; and Leukemia Abstracts prepared by the John Crerar 
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Library . In addition, various annual reviews, advances, yearbooks, and special 
bibliographies are produced by different organizations. 

Of course, most important for current reference are the journals themselves. 
Out of 1900 journals received currently in the ΑΜΑ l ibrary, about 1700 are boxed, 
and only about 1000 are included in the Q.C.LM. The fact that Chemical Abstracts 
chooses articles from most of them indicates that they must be of interest to chem
ists. I f a worker in this field feels it is advantageous to consult issues of such pub
lications as they are printed, rather than to wait unt i l they are indexed and ab
stracted, he can start by selecting medical titles from the l ist of abstracted journals 
in Chemical Abstracts; then for further suggestions, he can turn to the Current List 
and the Q.C.LM. A f ter this, i f he wants to undertake an inclusive coverage, 4000 
titles are available in World Medical Periodicals and the 12,000 in Periodica Medica. 

I f chemists are like physicians they tend to shy away from articles in foreign 
languages, but direct consultation of periodicals outside English-speaking countries 
is not to be disregarded. A visit ing German doctor recently made the statement 
that some procedures reported in the United States as new had been known in 
Europe for a long time, and attributed the lack of information in this country to the 
fact that foreign literature is not read. 

Suggestions for Periodicals 

This seems to be an excellent opportunity to make certain suggestions regarding 
periodicals. The title of another paper on this symposium attracts the author's 
attention because i t uses the phrase " fer t i l i ty of medical l i terature." There is the 
root of the problem that confronts bibliographers, and for this reason thought might 
be given to contraception. Since, at present, it is apparent that it is almost im
possible to exercise bibliographic control over scientific l iterature by indexes, ab
stract journals, and similar devices in any way that combines complete coverage wi th 
currency, it might be more practical to check its production. 

Before a new periodical is launched, its actual value to scientific knowledge and 
research should be honestly assessed. One letter from an editor complained that he 
could not attract contributors because his journal was not indexed in the Q.C.LM.; 
he did not seem to realize that authors felt no need for his publication as an outlet 
for their papers. A number of letters ask whether a certain prospective periodical 
w i l l be included in the Index when it is st i l l only a gleam in the progenitor's eye and 
long before the first issue has appeared. Eventually this attitude might lead to a 
stamp of approval in imitation of the ΑΜΑ Councils, "Indexed in the Q.C.LM" 

There are several ways in which the number of papers in any journal could be 
controlled. For instance, i f a group of investigators has done a piece of work on 
some problem, is it necessary to split i t up into four or five articles a l l published 
in the same issue of a periodical, or could it be printed as one report, which might 
not only save space in the journal, but also cut entries in an index and st i l l give the 
paper ample coverage? Along the same line, must a separate report be made every 
time a different animal or a different drug is used in an investigation? This prac
tice is especially characteristic of a French publication, and one reason why it was 
impractical to retain it on the l ist of periodicals indexed in the Q.C.I.M. 

More discretion might be exercised in the selection of papers for publication. 
Is a short discussion which summarizes articles by other authors, but offers no cr i t ical 
material and nothing original, worth printing? Should another case report of a 
fa i r ly common condition be published unless it adds something new to medical 
knowledge? In other words, should encouragement be given to the attitude toward 
publication which was criticized aptly by Bowers, University of Utah College of 
Medicine, at a recent meeting: "Don' t get it r ight—just get it written"? 

Certain features of the format make for speed in handling. The title, the 
volume, the number, and the date of each issue should appear either on the cover or 
on the first page where they can be quickly located, and not hidden in some incon
spicuous spot among the advertisements. 

The title of an article should preferably be brief, but it definitely should indicate 
its content. For example, hypothetically, when the use of a new product in peptic 
ulcer is reported, the title "Peptic U lcer : Report of Case" is entirely inadequate; 
"New Treatment for Peptic U l ce r " is not much better; why not "Enterogastrone 
Therapy of Peptic Ulcer : Case Report" or some other phrasing that w i l l give 
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specific information? Even worse are the vague titles beginning "Random Thoughts 
o n — " or " A Few Observations o n — " and worst of a l l those made from quotations 
which may indicate the philosophical trend of the paper, but give no idea of the sub
ject matter. 

Nothing is more helpful to an indexer and also to a reader than a clear statement 
of its purpose at the beginning of an article and a summary at the end which out
lines the main points discussed. 

It is certainly assumed that any author has made some investigation of the 
literature before he writes on any subject. If a review article or another paper 
summarizes this material, i t is not necessary to go over the whole process again. A 
gold medal to the writer who advises, " F o r a survey of the literature the reader may 
consult the recent article by Smith and Jones," giving the definite reference in a 
footnote, and then begins his own contribution. 

In some of the best scientific publications, the use of init ials for various prep
arations and procedures is becoming a common practice which may be an economy 
for the printer but an anathema for the reader. From long usage B M R , B C G , E C G , 
B P , CA , T B , and Q C I M have become fa i r ly famil iar, but what are EOT , D M F , 
R P M , T A B D T , T A T , and V D R L ? How many can identify the following in your 
own field: D A D P S , D H E - 4 5 , A M P , C T A B , T E T M S , F H S , and I N A H ? In despair 
one uninformed but conscientious manuscript editor interpreted I B M as International 
Brother of Magicians because that was the only definition which could be found in 
the dictionary! Of course, the meaning of these init ials is usually explained in the 
text, but where? If they must be used, a footnote on the first page should list them 
and their equivalents. 

There probably are objections to these suggestions, which incidentally have 
been disregarded in the title of this paper and the use of the initials J.A.M.A. and 
Q.C.I.M., but adopting them would improve medical and chemical periodicals for 
the reader as well as the indexer. A t any rate i t is hoped that those who write 
or edit may give them consideration. They are offered as the author's opinions and 
not those of her sponsor, the American Medical Association. 

RECEIVED September 1 13, 1954. 
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Library Resources of the 
Pharmaceutical Industry 
GERTRUDE BLOOMER 

The Wm. S. Merrell Co., Cincinnati 15, Ohio 

To meet the increasing information needs of management, 
and to make fullest use of the increasing amount of printed 
materials, pharmaceutical librarians have developed some spe
cial resources. These are described. Several services which 
are particularly helpful in the identication of pharmaceutical 
preparations are likewise mentioned. A high degree of co
operation among pharmaceutical librarians has facilitated the 
interchange of ideas and materials in this industry. 

The phenomenal growth of the pharmaceutical industry into a billion-dollar busi
ness has been both the cause and effect of the research which has been carried on not 
only in the industry's laboratories, but also in its libraries. In this highly com
petitive field where the miracle drug of today is supplanted next week by a st i l l more 
miraculous drug, the use of current literature and the most up-to-date sources of 
information has become of prime importance. On the other hand, the volume of 
literature has increased to such an extent that it is a growing problem for the phar
maceutical l ibrar ian to keep up with the pace of publication and to filter out those 
items which are of greatest significance to the organization. 

The most important asset of any l ibrary is, of course, its collection of books and 
journals. A basic list of books for a pharmaceutical l ibrary collection has been 
prepared by Lowe (4). A list of journals would include the important chemical, 
medical, biological, and pharmacy titles, as well as a wide representation of journals 
in specialized and general science. Pharmaceutical l ibrarians have developed some 
special resources to aid them in making the most of their book and journal collec
tions. 

One of the most outstanding of these resources is Unlisted Drugs, which is pub
lished monthly by the Pharmaceutical Section, Science-Technology Division, Special 
Libraries Association (9). As its title indicates, this publication bridges the in
evitable gap between the mention of a new drug in the literature or its appearance 
on the market, and its official inclusion in the drug encyclopedias, pharmacopoeias and 
formularies, and other sources of drug information. For each compound listed, 
Unlisted Drugs gives the composition, name of manufacturer, the purpose for which 
the drug is intended (that is, its action), the dosage (when this information is avail
able), and at least one reference to the source of these data. Unlisted Drugs is the 
only known service which lists drugs systematically by their experimental numbers 
as soon as they are reported in scientific journals. If one wishes to find out some 
information about, for example, a compound which is known only as 278 R-255, 
Unlisted Drugs w i l l disclose that the compound is 2-[p-chloro-<x- (β-dimethylamino-
ethoxy)-a-methylbenzyl] pyridine hydrochloride, prepared by The Wm. S. Merre i l 
Co., that its action is fungistatic, and that a discussion of the drug is to be found in 
Journal of Investigative Dermatology, vol. 20, page 178 (March 1953). 

Twenty-one pharmaceutical l ibraries in the United States, Canada, and Argen
tina cooperate voluntari ly in this project, each l ibrary being assigned certain domes
tic and foreign journals which are scanned for new drugs. The required data are 
submitted once a month to the editor. On some items information is actually pub
lished in Unlisted Drugs in the same month in which mention of the compounds ap
pears in the literature. In 1952, more than 2300 new pharmaceutical preparations 

American Chemical Society. 
Library 
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and experimental compounds were described in Unlisted Drugs. The l ist is indexed 
twice a year, the last index being cumulative. 

In September 1952, the Pharmaceutical Section of Special Libraries Association 
published a Union List of Periodicals in Pharmaceutical Libraries (8). This com
pilation lists the holdings of 25 pharmaceutical l ibraries in the United States and 
Canada. It locates the titles of some 1500 journals and government documents in 
the subject fields most closely related to pharmaceutical interests and also in the 
fields of business and manufacturing. The Union List is not only an aid to the 
l ibrar ian and research worker by serving as a guide to the journals found in most 
pharmaceutical l ibraries and, therefore, a guide to the journals regarded as most 
important to the industry, but it also points out sources for interl ibrary loans. The 
directory of part icipating libraries and their l ibrarians included in the Union List 
was revised in August 1953. The directory also supplies information as to which 
l ibraries w i l l furnish photocopies. 

The Committee on Pharmacomedical Nonserial Industrial Publications—known 
as Copnip among its sponsors—is another specialized source of information devel
oped by the Pharmaceutical Section, Special Libraries Association (1). A sample 
copy of this publication appeared in A p r i l 1953; volume 1, number 1 was published 
in September 1953, and later numbers have appeared quarterly. Copnip l ists cur
rent, informational publications on drugs, diseases, and other topics of public health 
interest issued by manufacturers in the pharmaceutical and related industries, and 
by organizations supported by these manufacturers. These data are frequently 
valuable to pharmaceutical researchers, and difficult to find when needed. The l ist 
attempts to br ing such material together in one place for the bibliographic help it 
offers. Serial publications, such as house organs and trade lists, and certain types 
of advertising material are excluded. This project likewise is on a cooperative 
basis, each l ibrar ian submitting to the editor certain specified data on al l appro
priate material put out by his own company, and on material put out by other com
panies when it is available. 

Another project recently launched by the Pharmaceutical Section is Drug In
formation Sources (2). This project supplements the l ist of national and inter
national pharmacopoeias published in 1952 by Strieby and Spencer (7). Drug 
Information Sources provides data on the drug encyclopedias, codexes, formularies, 
dispensatories, and related types of books, which have been published in various 
areas of the world since 1940. Mater ia l is obtained by exploration in large l i 
braries, and by correspondence with individuals and institutions in many foreign 
countries. A particular, object of this publication is the l ist ing of books which 
present drugs under their proprietary or common names. 

St i l l in the formative stage is a pharmaceutical abstracting service which it is 
hoped the Pharmaceutical Section w i l l be able to publish. This service w i l l pro
vide abstracts covering a broad scope of subjects of interest to the industry, and 
do so at a low cost. 

Aside from their obvious use to l ibrarians who have interest in the pharma
ceutical field and the many related fields, including chemistry and medicine, the 
most outstanding fact about the projects mentioned is their cooperative status. 
Each of them was launched and carried on by the voluntary cooperation of phar
maceutical l ibrarians. There is no remuneration for any work done. Par t i c i 
pants in Unlisted Drugs receive free copies of each issue; this is the only reward 
for the hours of work which go into the projects. It may be that such cooperative 
ventures are unique in the field of scientific research, at least in this country. 

One of the sources of information on drugs already on the market is the 
Modern Drug Encyclopedia, published by Drug Publications, Inc. (6). This d i 
rectory of new pharmaceutical preparations and new dosage or use forms of older 
preparations is now in the 6th edition, 1955. It is kept reasonably up to date by a 
bimonthly supplement entitled Modern Drugs, which has a cumulative index in each 
issue. The Encyclopedia contains a "therapeutic index," which is a classified l ist
ing of types of medication and also diseases; a "generic name index," which lists 
the therapeutic agents accepted by the American Medical Association under their 
generic names; and a manufacturers' index which gives not only the names and ad
dresses of the companies whose products are listed in the Encyclopedia, but also 
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lists the products which are described in this part icular edition. The supplemental 
Modem Drugs provides the same service for each issue. 

Facts and Comparisons, edited by Kastrup, is another most useful tool i n the 
pharmaceutical l ibrary (3) and supplies information on newer therapeutic agents 
so as to answer such questions as: What is it? What is i t used for? Who makes 
i t? A r e there different sizes and strengths? Is i t more or less potent than other 
l ike products? How does the price per dose compare wi th similar or like products? 
Facts and Comparisons is arranged in the form of tables, each table being given 
to one drug or type of drug combination. For example, the tables headed "nasal 
vasoconstrictors" include other tables l ist ing antihistamine-containing solutions, 
antibiotic-containing solutions, sulfa-containing nasal vasoconstrictors, and aque
ous nasal vasoconstrictor compounds. It is kept fa i r ly well up to date by monthly 
replacement sheets, but not a l l tables are brought up to date every month, and as a 
result the publication cannot be expected to furnish the most up-to-date informa
tion on al l new drugs. 

No discussion of pharmaceutical l ibrary resources would be complete without 
mention and proper recognition of the Merck Index (5). As it certainly must be 
for every l ibrar ian and research worker in the entire field of chemistry and widely 
related interests, the Merck Index is the pharmaceutical l ibrarian's stand-by and 
right-hand help. 

Some of the reference materials which pharmaceutical l ibrarians have de
veloped to serve the informational needs of their own organizations have been de
scribed. Mention has been made also of a few services which pharmaceutical l i 
brarians have borrowed from their fellow chemistry and pharmacy l ibrarians. 
These sources represent some of the industry's l ibrar ians ' efforts to cope wi th the 
ever-increasing mass of technical publications. Individual efforts, cooperatively 
exerted into larger projects, have resulted in some invaluable aids in serving the 
scientific research l ibrary and the workers and management who rely upon it. 
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Indexing Methods as a Means of Increasing 
the Fertility Factor of Medical Literature 

C. E. BRINDLEY, M.D. 

Merck & Co., Inc., Rahway, N. J. 

The assumption is made that the basic purpose of a system 
of cataloging or indexing of scientific literature in the field 
of pharmaceutical medicine is to make available a collection 
of data that will serve as a culture medium for the growth 
of scientific theory and lead to its fruition in the development 
of new methods of treatment and the discovery of new drugs. 
With this basic premise in mind, the practical aspects are 
presented, with emphasis on the employment and enlargement 
of the "Standard Nomenclature of Diseases and Operations" 
into a workable numerical index system specifically adapted 
to handle medical, pharmaceutical, pharmacologic, physiologic, 
and biochemical literature. Stress is placed on the practical 
aspects of such a numerical coding system, the use of the 
punch card and the mechanical sorter, and on the results 
that can be expected from the intelligent use of such a com
bination. 

T h e basic purpose of a system of cataloging or indexing scientific l iterature in 
the field of medicine is to make available a collection of data which may serve as a 
culture medium for the growth of scientific theory and its fruit ion in the develop^ 
ment of new methods of treatment and the discovery of new therapeutic agents. 
It has been stated that ". . . the science of medicine is a collective endeavor pro
gressing as a result of the ideas and observations of many men, and that on occa
sion significant ideas and observations rise from obscure quarters" (3). 

Obscure bits of data are important not only as isolated points of take-off into 
the uncharted field of new ideas and new areas for further exploration, but even 
more important is the correlation of related materials buried in the unwieldy mass 
of technical reports that the modern methods of pr int ing and publishing have 
produced. It is no exaggeration to say that most of us feel, on occasion, that, in the 
search for the r ight answer to a scientific problem, we have been buried under an 
avalanche of technical data. 

In a discussion (1) of the need for mechanized systems for literature searching, 
held recently at the Massachusetts Institute of Technology, attention was called to 
the magnitude of the problem. It was stated that the volume of technical infor
mation is growing at an exponential rate and that 20 years is about the average 
period of doubling. Scott, of the Interdepartmental Committee on Scientific De
velopment of the U . S. Government, called attention to the fact that the expense 
of handling rises as the volume of information increases. In fact, there would 
seem to be danger of serious encroachment by literature-searching demands on the 
total man-hours available for research. Swedish investigators have estimated 
that l iterature searching accounts for about one th i rd of the total cost of research. 
E i ther we must painfully dig our way out from under this staggering load by 
spending uncountable hours and large sums of money in sorting and evaluating 
or some means of escape must be devised in which mechanical aids can be enlisted. 

The collection of periodicals and monographs that make up a medical l ibrary 
plus the files of personal communications and assorted writ ten materials that make 
up the factual tools of research laboratories and technical industries such as the 

50 
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pharmaceutical industry, may be looked upon as a "collective memory" for a l l the 
work that has been done in this part icular field. Par t and parcel of "memory" 
as a concept is the abil ity to recall. The data must be classified in an orderly 
fashion so that any piece of the whole is easily and quickly accessible. Further i t 
is not enough to be able to find a single fact. The data must be so arranged that 
a l l closely related facts are equally available. Then, in the event there is no exact 
answer, a choice of possible solutions is available. 

There are a number of ways to build up and put in working order this "collective 
memory" of medical, pharmaceutical, pharmacological, chemical, and other related 
data but the solution that we have worked out serves our part icular needs aston
ishingly well. Wi th in a matter of hours, and frequently within a matter of 
minutes, a group of abstracts or a l l the available references in the current l i tera
ture on a given subject can be obtained whether it is the mechanism of action of 
a given drug on a specific disease process or the currently used methods of treat
ing a given type of dermatitis. 

Specific, isolated, informational queries can be answered, bibliographic data can 
be supplied, cl inical research data can be classified and correlated, collections of 
abstracts on any desired subject can be compiled for use in planning research, i n 
formation can be located for the practicing physician who has a problem, and 
informational material can be made available to those engaged in advertising and 
selling the firm's products. A l l this can be accomplished by the integration of 
three working elements: punch cards and a mechanical sorter, a complex but un
derstandable numerical code, and trained personnel. 

Punch Cards and the Mechanical Sorter 
The punch cards and the mechanical sorter are at the same time the most spec

tacular and the least troubling of the three working elements. We use 27 verti
cal columns of twelve spaces each out of a possible eighty columns on the punch 
card. Vert ica l lines have been overprinted to divide the card into sections and 
headings suited to our particular needs have been inserted. The position and 
number of holes punched in the gr id of spaces are determined by the coding num
bers used in indexing the original data. Thus the card, after i t has been punched, 
takes on individual characteristics which make it possible to feed an unsorted 
stack of cards into an electrical sorter which automatically distinguishes one 
group from al l the others. 
The Coding System 

The coding system to be used wi th punch cards and the numerical sorter is, from 
the user's point of view, the most complex part of the entire problem. Numerical 
codes are, without question, the most concise and accurate means of indexing in 
dividual, isolated facts and, at the same time, groups of related data. It should 
be emphasized, however, that the system is only as good as the code. B y and large, 
the system w i l l stand or fa l l on the suitabil ity and the adaptability of the numerical 
code chosen and on the accuracy with which the coding is done. 

The importance of suitabil ity is obvious. The need for flexibility is readily 
apparent, too, but i t has more hidden dangers. Not only is the subject matter of 
science itself continually changing but the interests of the individuals using this 
"collective memory" of medical and related data are continually in a state of 
flux. L i t t le specific advice can be given on how to achieve and maintain the 
flexibility of such a system other than to point out the need for it and to emphasize 
the importance of keeping i t always in mind, not only by those who plan the 
numerical code (the numbers used must be as flexible as possible) but also by 
those who do the abstracting, indexing, and coding day by day. Simplicity and 
uniformity are also of great importance. 

When the coding system now in use in the Medical Division of Merck & Co., 
Inc., was first planned, existing classifications of medical information were ex
amined. The decision was made to use the "Standard Nomenclature of Diseases 
and Operations," published by the American Medical Association (2), as the basis 
for the coding system. It should be pointed out that any already existing classi
fication chosen as a foundation for a numerical code, designed to fit a specific but 
new need, w i l l present problems of adaption. The essential thing is to choose a 
classification coming closest to the apparent needs. 
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Standard Nomenclature. The "Standard Nomenclature" was worked out 
originally by a large group of individuals, insurance companies, and medical 
organizations, cooperating with the National Conference on Nomenclature and 
Disease, from 1928 unt i l the first edition was published in 1932. Continual revision 
has been carried on and the fourth edition of the "Standard Nomenclature" appeared 
in 1952. It is pr imar i ly designed for the use of physicians, specialists, and 
hospital personnel, so that a uniform and standard terminology may be used in the 
recording of diagnoses. Thus, it was designed for its own specific job, and not 
intended to serve as a means of indexing data in clinical and experimental medicine, 
physiology, pharmacology, and the like. It is essential that hospital records be 
as uniform as possible i f cases are to be available for study, review, and research, 
not only in each individual hospital but also on a nation-wide scale. 

The following statement appears in the "Standard Nomenclature" (page 848): 
Basically a medical nomenclature is a l ist or catalogue of approved terms 

for describing and recording clinical and pathological conditions. To serve its 
fu l l function, i t should be extensive, so that any pathological condition can be 
accurately recorded. As medical science advances, a nomenclature must expand 
to include new terms necessary to record new observations. A n y morbid condition 
that can be specifically described w i l l need a specific designation in a nomenclature. 

It is further stated that 
The purpose of the system of classifying disease employed in this book is to 

present a logical cl inical nomenclature. 
The "Standard Nomenclature" attempts to include every disease which is 

cl inically recognizable and to avoid repetition and overlapping. . . . It has been 
designed pr imar i ly for use by clinicians, as the clinical diagnosis is a most im
portant source of information on prevalence and distribution of the disease. 

The problem of indexing of informative material has little in common with 
the problem of classification confronting the staff physicians and the medical 
record l ibrar ian in the average hospital. When the two problems are examined 
carefully i t soon becomes apparent that the most surprising thing is that the 
system used for the hospital records can be adapted at a l l , much less used efficiently, 
for the indexing of physiological, pharmacological, and medical information. The 
explanation for the success of this adaption of the "Standard Nomenclature" to 
the indexing of informational medical material lies in the fact that the numerical 
code given in the "Standard Nomenclature" is built up of two components—the 
first refers to the part of the body affected and the second to the cause of the 
disease. These two main divisions themselves have innumerable components. As 
a result i t is the tremendous number and possible combinations of items that 
render medical classification the overwhelmingly complex thing it is and yet 
make possible a logical classification. 

Description of Numerical Code as Adapted for Use. The numerical code used 
in our indexing system is made up of five components: 

A . Drug used (this section of the classification was devised by our personnel) 
1. Class of drug 
2. Specific drug 

B. Route of administration (this section also was formulated by our per
sonnel) 

C. Diseases or disturbances (adapted from "Standard Nomenclature") 
1. Topography (where the disease process occurs) 
2. Etiology (causative factor) 

D. Other identifications (formulated by our personnel) 
1. This is a miscellaneous group of unrelated designations such as " E x 

perimental studies," "Metabolic studies," "Review articles," etc. 
E . Drug effects (adapted from a section in "Standard Nomenclature" titled 

Supplementary Terms) 

Coding for Drugs. Designating code numbers for drugs are made up of two 
parts, a group of two digits connected by a hyphen wi th a second group of three 
digits. The first two digits indicate the class of drug and the second group the 
individual drug. 
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Actual examples are: 

0 1 - Adrenolyt ic agents 
02- A m i n o acids 
02-009 His t id ine 
03 - Elements 
03-003 Ca lc ium 
04- Analept ics 
05- Analgesics 
05-005 Dro.ni ran 
06- Anesthetics 
07- Anthe lmint ics 
08- Ant ib io t ics 
09- A - 1 coagulants 
09-001 D icumaro l 

ΙΟ Ant iepi lept ics 
Ι 1- A n t h staminics 
11-003 Ante rgan 
11-006 Benadryl 

28 - Diuret ics 

3 1 - Hemat in ics 

52- V i t am ins 
52-003 Ascorbic acid 
52-009 Fo l ic acid derivat iv 

-XOO A new drug that has 
no specific number 

28-X00 Would, therefore, be a new drug 
that has a diuretic act ion 

Coding to Indicate the Route of Administration of Drug. Since there is a com
paratively small number of possible ways that any single drug can be given, thi** 
part icular category requires only a small section of the punch card. It has been 
assigned two columns, each of which has twelve possible variations — x, y, and 
0 to 9. The following are included: 

0Y Regimens (where emphasized) 10 Ocular 
o x Other than listed 12 Intraperi toneal 
00 Ora l 13 Cardiac 
01 Intramuscular 14 Implantat ion 
02 Intravenous 15 Int ra-ar ter ia l 
03 Subcutaneous 16 In t ra -ar t i cu lar 
04 Loca l 17 Intradermal 
05 Inhalat ion 18 Intrap leura l 
06 Rectal 19 Intramedul lary 
07 In t rasp ina l 20 B y stomach tube 
08 Percutaneous 
09 V a g i n a l 6Y L o n g term 

Coding to Indicate Disease or Disturbance. This section of the coding is the 
most complex of a l l and, when purely clinical studies are indexed, is taken without 
change except for occasional shortening, from the "Standard Nomenclature." The 
number used is made up of two groups of digits. The first group of three indicates 
the location of the disease process (topography) and the second group of four 
indicates the causative factor (etiology). The first of the three digits which in
dicate the location, refers to the body as a whole or an organ system, the second 
and th i rd digits refer to an organ or a part of an organ. There are ten main 
divisions : 

0 Body as a whole (includes the psyche 
and the body generally) 

1 Integumentary system 
2 Musculoskeletal system 
3 Respiratory system 
4 Cardiovascular system 
5 Hemic and lymphat ic system 
6 Digestive system 
7 Urogen i ta l system 
8 Endocr ine system 
9 Nervous svstem 
X Organs of special sense 
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Under the first section (or "Sys tem" as it is referred to in "Standard Nomen
clature") there are the following subheads: 

00 Psychobiologic un i t 
01 Body as a whole 
02 Head and face 
03 Neck, thorax, thoracic wa l l and medias

t i num 
04 Abdomen, abdominal wa l l and pelvis 
05 Other areas of t runk 
06 Per i toneum and serous sacs 
07 Superf ic ial fossae Subdivided fu r the r : 
08 U p p e r extremity 080 Uppe r extremity, generally 
09 Lower extremity 081 A r m 

The second group of four digits, which follows the hyphen in the compound 
number identifying the disease, indicates the causation of the disturbance. The 
main classifications are as follows: 

0 Diseases due to prenata l influence 
1 Diseases or infections due to a lower p lant or an ima l parasite 
2 Diseases or infections due to a higher p lant or an ima l parasite 
3 Diseases due to intoxicat ion 
4 Diseases due to t rauma or phys ica l agent 

50 Diseases secondary to c irculatory disturbance 
55 Diseases secondary to disturbance of innervat ion or of psychic contro l 

6 Diseases due to, or consist ing of, static mechanical abnormal i ty 
7 Diseases due to disorder of metabolism, growth, or nu t r i t i on 
8 N e w growths 
9 Diseases due to unknown or uncerta in cause w i th the s t ruc tura l reaction manifest ; 

hereditary and fami l i a l diseases of this nature 
Κ Diseases due to unknown or uncerta in cause w i th the fuct ional reaction alone man i f es t ; 

hereditary and fami l i a l diseases of this nature 
y Disease of undetermined cause 

As a concrete example, diabetes mellitus would have the code number 871-785. 
Analyz ing this number we find that 

8 Refers to disease of the endocrine system 
87 Refers to disease of the pancreas 

871 Refers to disease of the tissue of the Islands of Langerhans 
871-7 Refers to diseases due to metabolic disorders, growth, or nut r i t i on 

871-785 Refers to diabetes mel l i tus 

Since the "Standard Nomenclature" was not designed to cover experimental 
and laboratory work, some provision had to be made to index such studies. The 
topographic section of the "Standard Nomenclature" number is retained i f the idea 
to be indexed involves an effect on a certain part of the body, and the second part 
of the compound number is ignored. If, on the other hand, the important point is 
an effect on a body process, the second half of the compound number is used. The 
section on etiology of the "Standard Nomenclature" is searched for a number re
ferr ing to the process involved. A t this time the words "disturbed," "disturbance 
of," and "abnormal" in the "Standard Nomenclature" are disregarded. 

According to our usage, a code number having a group of three digits con
nected by a hyphen to a second group of four digits is used for indexing purposes, 
when an article is concerned with patients or animals wi th a given disease. If 
only the first half of the number is used, the article is concerned with the effects of 
a drug on a certain section of the body; and i f only the second half of the com
pound number is used, the effects of the drug on a certain body process or processes 
are discussed. 

Coding Designated as Other Identifications. This category is used by our 
personnel to indicate a variety of unrelated matters, a miscellaneous group of odds 

082 
083 
084 
085 
086 
089 
08x 

E lbow 
Forea rm 
W r i s t 
H a n d , generally 
F ingers , generally 
P a l m 
Intr ins ic vessels 
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and ends. Two columns of spaces are allowed for this assortment, examples of 
which include: 

01 Expe r imenta l studies, other than m a n 
02 Studies i n man , exper imental or c l in ica l 
03 Pharmacology (absorption, blood levels, excretion) 
04 Tox ic i t y 

this column i n conjunction w i th the three spaces i n the last column (on " d r u g 
effects") ind ica te : 

04 ; 000 N o toxic effect 
04 ; x x x F a t a l 
04 ; y . . Exacerbat ion of symptoms 
04; . . y Prec ip i ta t i on of new symptoms 

05 Contra indicat ions 
06 Bacteriology 
07 Chemica l and phys ica l properties 
08 H is to ry . 
09 Reviews and general articles 
10 N u t r i t i o n 
20 Assay 
23 Chi ldren 
24 Ve te r inary 
29 Geriatr ics 
53 An tagon i sm of drugs 

Coding of Drug Effects. This group of code numbers has been adapted from 
the "Standard Nomenclature." Original ly it was intended to be used as a means 
of recording the symptoms of various diseases, but are used in our system to indi
cate the effects of a drug on the patient. This adaptation requires a certain 
amount of interpretation. For example, in an article on plasma volume extend
ers, one would not record "change in blood volume" after therapy (since 
that is the purpose of the preparation). However, i f the patient developed a ch i l l 
each time he received a plasma volume extender, this would be recorded. One 
instance so recorded might not be important, but several or many probably would 
have clinical significance. 

In this category three vertical columns of digits are used. Samples of this; 
code are as follows: 

010 Dehydrat ion 
006 Ga in i n weight 
008 Loss i n weight 
134 Petechiae 
612 Ano r ex i a 
311 Dyspnea 
206 A r t h r a l g i a 

Additional Coding. In using the outlined system it has become desirable to 
indicate certain other characteristics. Fortunately, i t was possible to adapt the 
system to include these. Different colored cards were used to indicate several 
broad categories. Brown punch cards, for example, are used for foreign refer
ences. This is important because, frequently, requests for information are from 
individuals l iv ing outside the United States. Since it is not only natural for some
one in South America, for example, to read Spanish or Portuguese, but also easier 
for him to obtain such journals, an attempt is made to supply the inquirer wi th 
references to technical papers appearing in appropriate language journals. 

Fortunately, since the cards were set up wi th eight vertical columns at the 
left of the punch card used only as space in which to write in code numbers, we 
were able to use one of these columns for foreign journals. Therefore, the proper 
digit in that column is punched so that cards referring to articles in a given 
language in periodicals from one country or group of countries, may be sorted 
mechanically. Thus the seventh vertical column on the cards is used as fol lows: 

1 E n g l a n d 
2 Germany 
3 F rance 
4 Spanish- and Portuguese-speaking countries, inc lud ing South A m e r i c a 
5 Or i en ta l countries, inc lud ing India 
6 I taly 
7 Ho l land , Be lg ium, Luxembourg , and the Scandinav ian countries 
8 The N e a r Eas t 
9 Russ ia 
Κ Unrecognized 
y Miscellaneous 
0 B l ank for future use 
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The decision to leave one space in the column unused in keying the foreign ref
erences is an excellent example of the type of planning and of the attempt to 
foresee future happenings that are so essential to the lasting success of a system 
of this type. The need to plan ahead and leave a margin of safety cannot be 
overemphasized. Conditions change constantly and it is entirely possible that 
within the next five years some country, hitherto unimportant scientifically, may 
suddenly begin producing a sizable amount of technical l iterature. Under such 
conditions it would be highly convenient to have a means of keying those papers. 

In addition to keying of foreign references, the left hand side of the card is 
used for other notations such as reference to abstract sections of journals. 

Blue punch cards are used for articles not abstracted but indexed on punch cards 
only, white for articles from American or Canadian journals that have been ab
stracted and for which abstract cards are available, yellow for correspondence 
files, and so on. Columns five and eight have been used to indicate the year i n 
which the report appeared and column 11 for the month. 

How Technical Reports Are Coded 

The first step in the process of indexing is to abstract the article. The ab
stracter writes the code number on the left-hand part of the punch card of the 
proper color. The sequence number of the abstract card is also written on the 
back of the punch card. A t this time the last name of the first author and the 
literature reference are written on the bottom of the card beneath the last row of 
spaces. The punch card is then "mark-sensed." This mark-sensing merely 
means that the proper spaces on the right-hand side of the card corresponding to 
the code numbers are marked with carbon ink or pencil. The punch card is then 
ready to be fed into a machine which punches the holes in a l l spaces so marked. 
The card is then added to the already existing collection of punch cards ready to 
be sorted out by the mechanical sorter when a group of cards must be run to 
answer a specific question. 

The actual assignment of code numbers to informational material can be best 
understood only by examining a specific example shown on page 58. 

The numbers used for the preparation of the punch card for this particular ab
stract are indicated in the right margin. The letters in parentheses refer to the 
various sections or vertical columns in which the proper spaces are punched. 
The code numbers with their meanings are outlined below. 

A . Drug used 23-003 
23- Refers to the class carcinolytic agents 
-003 Refers to the specific drug within the c lass . . nitrogen mustard 

B. Method of administration 02 
In this case, intravenous injection 

C. Diseases or disturbances 190-8191 
(from "Standard Nomenclature") 783-8191 

200-819.0 
360-819.0 

783- Refers to the cervex uteri (location or topography) 
190- Refers to the breast 
200- Refers to bones, generally 
360- Refers to lungs, generally 

-8191 Refers to carcinoma (cause or etiology) 
-819.0 Refers to neoplasm with metastases 

190-8191 Is therefore carcinoma of the breast 
783-8191 Is therefore cervical carcinoma 
200-819.0 Is therefore neoplasm with metastases to the bones 
360-819.0 Is therefore neoplasm with metastases to the lungs 

D. Other identifications 28 
04 

28 Refers to mechanism of action 
04 Refers to toxicity 
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E . Drug effects (adapted from the section "Supplementary Terms" in "Stand
ard Nomenclature") 006 

008 
5. . 
611 

006 Refers to gain in weight 612 
008 Refers to loss in weight 614 
5. . Refers to the blood picture y . 
611 Refers to nausea 
612 Refers to loss of appetite 
614 Refers to vomiting 
y. . Refers to general deterioration of condition (not from "Standard 

Nomenclature") 
Assignment of Code Numbers 

R e m o l d , P . , a n d S i e g e r t , Α . : Use o f | n i t r o g e n m u s t a r d } 

i n r e c u r r e n t c e r v i c a l a n d mammary c a r c i n o m a s a n d i n 

m e t a s t a t i c t u m o r s o f b o n e s and l u n g s , Z t s c h r . f . 

K r e b s f o r s c h . 5 7 : 6 1 4 ( a b s t r a c t f r o m t h e J . A . M . Α . , 1 4 9 : 2 0 6 , 

May 1 0 , 1952 . ) . 

2 3 - 0 0 3 (A ) 

" T h e a i m o f t h e s e s t u d i e s was t o a s c e r t a i n t h e mode o f 

j a c t i o n l a n d t h e t h e r a p e u t i c e f f e c t o f n i t r o g e n m u s t a r d 

i n t h e t r e a t m e n t o f r e c u r r e n t ! c e r v i c a l | o r [mammary}-

| c a r c i n o m a s | a n d ο f { m e t a s t a t i c t | b o n e | a n d [ p u l m o n a r y | t u m o r s . 

The f o l l o w i n g f a c t o r s s e r v e d as c r i t e r i a : t h e p a t i e n t ' s 

s u b j e c t i v e f e e l i n g ; t h e o b j e c t i v e s t a t u s as d e t e r m i n e d 

by p a l p a t i o n , a u s c u l t a t i o n a n d r o e n t g e n e x a m i n a t i o n ; 

t h e g e n e r a l c o n d i t i o n as m a n i f e s t e d b y | b o d y w e i g h t ] a n d 

| b l o o d p i c t u r e ] a n d f i n a l l y t h e f u r t h e r c o u r s e o f t h e 

τ 

and Ivom i t i n g j a s a r u l e w e r e n o t e d o n l y a f t e r t h e t h i r d 

o r f i f t h | in j e c t i o n |. I t was f o u n d t h a t t h e t r e a t m e n t 

f u n c t i o n a n d i m p a i r m e n t o f t h e p a t i e n t ' s g e n e r a l c o n d i t i o n 

w i t h \ a c c e l e r a t e d d e c l i n e ! . The a u t h o r s f e e l t h a t t r e a t m e n t 

w i t h t h e n i t r o g e n m u s t a r d s i s i n a d v i s a b l e a n d u n j u s t i f i e d . " 

2 8 

-> 7 8 3 -

-> 1 9 0 

- 8 1 9 1 

2 0 0 -

- 8 1 9 . 0 

3 6 0 -

d i s e a s e . P a r t i c u l a r a t t e n t i o n was g i v e n t o t h e b l o o d 

p i c t u r e d u r i n g a n d a f t e r t r e a t m e n t . The a u t h o r s u s e d 

t h e ' t r i s ' n i t r o g e n m u s t a r d a n d , a f t e r c o m m e n t i n g o n 

t h e d i f f e r e n t d o s a g e s c h e m e s t h a t h a v e b e e n u s e d , t h e y 

s a y t h a t t h e y u s e d H e i l m a y e r ' s m e t h o d , i n w h i c h 0 . 0 5 mg. 

p e r k i l o g r a m o f b o d y w e i g h t i s a d m i n i s t e r e d e v e r y s e c o n d 

d a y . A t o t a l o f 3 8 p a t i e n t s w e r e t r e a t e d . S e c o n d a r y 

0 0 6 

0 0 8 

5 , . 

w i t h n i t r o g e n m u s t a r d p r o d u c e d n e i t h e r s u b j e c t i v e n o r 

o b j e c t i v e i m p r o v e m e n t , b u t r a t h e r a d e f i n i t e a n d 

l a r g e l y i r r e v e r s i b l e [ d e t e r i o r a t i o n 1 o f t h e h e m a t o p o i e t i c 

. 0 4 

(D) 

( C ) 

( O 

( O 

(C ) 

(C ) 

(C ) 

( E ) 

( E ) 

( E ) 

^ 6 1 1 ( E ) 

— » 6 1 2 ( E ) 

6 1 4 ( Ε ) 

0 2 ( Β ) 
^1 

( Β ) 

( Ε ) 

(D ) 
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Personnel 

The personnel responsible for the day to day operation of this type of coding 
system must be vital ly interested in the system itself and understand it not only 
in detail but from a broad point of view. It would be next to impossible to state 
how much output can be expected from a certain number of individuals for too 
much depends on the system itself, on the type of material indexed, and on the 
needs of the institution served by the system. A t present we have four abstract-
er-coders, an abstracter's assistant, and a clerk-typist. Since this new system was 
inaugurated in A p r i l 1951, over 13,000 abstracts and 22,500 punch cards have been 
accumulated. Approximately 2500 journals w i l l have been screened, abstracted, 
and indexed by this method during 1953. 

The abstracter-coder must have a broad scientific education: some chemistry, 
some biology, some language, and as much premedical training as possible. In 
addition, at least one abstracter-coder should have a sense of numbers and ex
perience with some type of numbering system. Scientific curiosity and a detective 
instinct are assets. A n open mind and adaptability are musts. A personal interest 
in the system and a realization of its potentialities are fundamentally important 
as well as the possession of a creative attitude and abil ity to see the system as 
a whole. It is an absolute necessity that anyone who codes must be able to run 
the mechanical sorter and understand how it works in practice. 

The abstracter's assistant can operate the mechanical sorter for answers to 
al l but the most complicated questions. It is the assistant's job to check the punch 
cards for accuracy. In fact, accuracy is the most important qualification for this 
job. The clerk-typist, in addition to the usual type of work required, mark-senses 
the punch cards and is able to operate the mechanical sorter for answers to simple 
questions. Here again accuracy is required. 

What Are the Potsntialities of Such a System? 

How many individual items can be indexed on a punch card? The system 
used has twelve to the eightieth power, or a number corresponding roughly to the 
estimated number of electrons in the known universe. The limitations of this 
system are, therefore, the limitations of the human beings who devise the numerical 
code used and the individuals who do the indexing and coding. 

How Does One Go About Setting Up Such a System? 

The personnel trained in the subject matter to be indexed and the specialist in 
punch-card systems should cooperate in install ing the system. Some system of 
nomenclature must be chosen and an estimate made of the number of categories 
of subject matter involved together wi th the approximate number of items within 
each category. Once the approximate scope of the coding is determined a punch 
card can be designed to suit the particular problem. 

To il lustrate, a hypothetical problem in indexing might be the fol lowing: 

1. There are 60,000 ± 500 chemicals of a specific type (all containing the 
radical X O — ) and they can be subdivided into 50 ± 10 classes. 

2. These chemicals are very l ikely to be insecticides and their effectiveness 
may be indicated by + + + +, ++ + , ++, +, ± , and 0. 

3. There are 20,000 species of insect (which can be separated into three 
groups—flying, crawling, hopping) native to 35 different countries. 

The question then i s—How many columns of twelve spaces each (x, y, 0 to 9) 
are necessary to put a l l possible combinations of this data on punch cards? 
Would hyphenated numbers be used? How would i t look? 

By simple arithmetic two vertical columns, of 12 spaces each, furnish 144 
possibilities. Three columns furnish 1728, four columns 20,736, fivo columns 
248,832, and six columns 2,985,984. Therefore, the punch card would probably 
need the fol lowing: 

1. For the chemicals two columns for the class 
four columns for the specific chemical 

The code number would be of the 00-0000 type. 
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2. For the effectiveness of the chemicals as insecticides only one column 
would be needed and the code numbers would be as follows: 

0 + + + + 
1 + + + 
2 + + 
3 + 
4 ± 
5 0 

3. For the insects one column is needed to indicate whether they were flying, 
crawling, or hopping, and four columns to indicate the species. Two other 
columns would more than suffice for the number of countries. 

Therefore, the card would look like the following chart. 
Chemicals The Insects 

Class Specific Effect Type Species Country 
y y - y y y y 
X χ - X X χ X 

0 0 - 0 0 0 0 
1 1 - 1 1 1 1 
2 2 - 2 2 2 2 
3 3 - 3 3 3 3 
4 4 - 4 4 4 4 
5 5 - 5 5 5 5 
6 6 - 6 6 6 6 
7 7 - 7 7 7 7 
8 8 - 8 8 8 8 
9 9 - 9 9 9 9 

y y y y y y 
X X X X X X 

0 0 0 0 0 0 
1 1 1 1 1 1 
2 2 2 2 2 2 CO 3 3 3 3 3 
4 4 4 4 4 4 
5 5 5 5 5 5 
6 6 6 6 6 6 
7 7 7 7 7 7 
8 8 8 8 8 8 
9 9 9 9 9 9 9 

Fourteen of the available vertical columns would thus be utilized. In this 
instance the Κ and y spaces are used as though they were numbers, i.e., no dis
tinction is made. Ordinari ly the Κ and y spaces are reserved for unusual designa
tions. In our own system, for example, 08-x00 means a new antibiotic which 
has not been given a specific number. The reason for not assigning i t a specific 
number might be that there was some question as to whether it might not be identi
cal wi th another antibiotic already assigned a code number. 

Filing of Punch Cards 

The filing problem with punch cards varies according to the group using 
them. In this case, punch cards are filed in broad groups according to the classi
fication number of the drugs involved. Obviously we have a tremendous number 
of references on such subjects as cortisone, penicill in, streptomycin, and anti-
histaminics. In answering specific questions i t is time-saving to be able to pick 
up a group of cards l ikely to contain the answer for processing with the mechanical 
sorter. This mechanical sorter can handle 400 cards a minute. To date we have 
a total of 22,500 cards, some 4620 of which are on cortisone and hydrocortisone. 

How Questions Are Answered 
That the more specific the question the easier it is to obtain an answer is a 

maxim that must not be forgotten. The basic reason is inherent in the procedure 
necessary to get informational data out of the system into which i t has been put. 
The process consists essentially of coding the question i n the same manner that 
the data is coded, setting the sorter to pick out a l l the cards punched with the 
same code numbers as the question and then running the cards through the sorter. 

Some typical questions which have been answered are : 
Use of benzodioxane in the diagnosis and management of pheochromocytoma 
Effect of cortisone on the mechanism of blood coagulation 
Use of cortisone in sprue 
Use of diamino diphenyl sulfone in leprosy and lupus erythematosus 
Nal l ine, a l l references since January 1952 

The first four of these are sufficiently specific to yield themselves to efficient 
and rapid handling. The last of the group, on the other hand, is of the type that 
can be very troublesome. In this part icular case i t does not present such a problem 
since there is not yet a large number of references on Nall ine. If the question had 
been a l l the references on cortisone that have appeared since January 1952, i t would 
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62 ADVANCES IN CHEMISTRY SERIES 

have presented quite a different problem. The tremendous number of references 
forthcoming would have been overwhelming and unwieldy even i f the individual 
who asked the question intended to do no more than have these references typed in 
the form of a bibliography. 

What Is Accomplished by Use of Punch Card and Mechanical Sorter? 

The use of the punch card and the mechanical sorter by trained personnel who 
have been provided with a workable numerical coding system is the most efficient 
and the most effective practical method we have found to increase the fert i l i ty 
factor of scientific l iterature or, more specifically, medical l iterature. A t first 
glance some might think it unnecessarily complex, others might fear i t to be 
expensive. But on closer examination i t quickly becomes apparent that no index
ing system commonly used can produce a comparable amount or extent of in 
formation in relation to the labor, time, and money invested. For example, the 
title of an article, The use of cortisone and penicillin in the treatment of agranulo
cytosis caused by the use of aminopyrine in treating a patient with arthritis, 
is by no means unique in length or in the number of items that should be noted 
i f the article is to be properly absorbed into the "collective memory" of medical 
and pharmacotherapeutic literature. The conventional type of card file index 
would probably include the following separate cards: 
1. Master card giv ing complete reference (authors, periodical name, volume, 

page, date) and probably abstract 
2. Author card (this may be a duplicate of card 1) 
3. Card with the heading Cortisone and referring to card 4=1 
4. Card with the heading Agranulocytosis and referring to card =jj=l 
5. Card with the heading Aminopyrine and referring to card φ ΐ 
6. Card with the heading Arthritis and referring to card +1 
7. Card with the heading Penicillin and referring to card =#=1 

Under our adaptation of the punch card system, there would be the following: 
1. The same as the master card (+1) above 
2. Same type of author card (+2) 
3. A punch card coded to indicate 

Aminopyrine, analgesic, given orally to a patient with rheumatoid 
arthrit is , had a toxic effect, causing agranulocytosis 

4. A punch card coded to indicate 
Cortisone, a hormone given orally, to treat agranulocytosis in a patient 
who had developed this condition as a result of receiving aminopyrine 

5. A punch card coded to indicate 
Penici l l in, an antibiotic, administered, in order to prevent infection 

The original report is more completely indexed on the five cards used in the 
second system than by the seven cards of the first. The more complete the index 
the easier it is to locate isolated facts. W i th the nonpunch card system, a l l seven 
cards must be filed alphabetically in their proper place and many running feet of 
card file drawers must be manually handled and visually scanned to locate material. 

In the second system, the first two are filed in a similar fashion. The master 
card is given a number and filed by consecutive number, the second card is filed 
alphabetically by the last name of the sole author or of the first author listed in a 
series. The three punch cards (which also carry on the reverse the number of the 
master card) are simply placed in the three filing sections labeled analgesics, 
hormones, and antibiotics. If a question arises concerning the toxic effects of 
aminopyrine in the treatment of arthrit is , one need only set the mechanical sorter 
to select al l the cards carrying references to this, insert the stack of cards from 
the section on analgesics and await results. Assuming that there may be 1500 
punch cards on analgesics, i t w i l l take less than five minutes for the machine to 
find the information accurately. By comparison, a human being under the old 
system might have needed hours to search through a large number of cards. 

Once the punch card, or cards, indexing the desired data, have been selected by 
the mechanical sorter, only a note of the number written on the back of the punch 
card needs to be made i f one wishes to locate the abstract in the master file, or to 
note the reference written on the punch card i f the circumstances are such that i t 
seems desirable to consult the original article directly. The punch cards, having 
served their immediate purpose, are then returned as a group to the drawer—a 
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BRINDLEY—INDEXING MEDICAL LITERATURE 63 

much more time-saving process than laboriously refiling individual cards in specific 
locations. In addition to being more rapid, the system is far more accurate and 
practically eliminates lost and misplaced (misfiled) index cards. 

Some indication of the efficiency of this system is that the staff can scan, 
abstract, code and prepare punch cards for pertinent technical data in at least 
two hundred separate journals per month. Besides the routine filing away of 
many hundreds of resulting abstracts answers are supplied regularly in the form 
of abstracts and reference lists to between seventy-five and a hundred questions 
per month. A weekly publication is prepared of the 20-25% of the abstracts 
deemed of most timely interest to the company personnel. A t the present time 
(1953), our "collective memory" of data-bearing punch cards is growing at the 
rate of about 1500 cards per month. 

Literature Cited 

(1) Chem. Eng. News, 30, 2806-10 (1952). 
(2) Plunkett, R. J., and Hayden, A . C., "Standard Nomenclature of Diseases and 

Operations," 4th ed., Blakiston, Philadelphia, Pa., 1952. 
(3) Rogers, F . B., The Armed Forces Medical L ibrary , Military Surgeon, 112, 

246-9 (Ap r i l 1953). 
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Literature Sources of Mammalian Toxicity 
Data, with Special Emphasis on 
Tabulating Machinery Applications 
W. J. WISWESSER 

Willson Products, Inc., Reading, Pa. 

A Chemical Toxicity Registry has been developed for the pur
pose of cataloging and reproducing mammalian toxicity data 
at low cost with standard punched card tabulating equipment. 
This report summarizes: 

1. A survey of the literature sources, and a method for 
coding the references. 

2. A concise method for coding, tabulating, and cor
relating the toxicity data. 

3. A simple method for linearly describing the cor
responding structures of the chemicals with the 
37 "teletype" symbols of standard tabulating equip
ment. 

4. A simple method for sorting functional groups in 
an elementary manner. 

5. A decimal method for coding the formula index and 
ring index values according to five natural numeric 
measures. 

6. A simple method for supplementing the above chemi
cal identifications with a short name or coded sys
tematic name, based on established word roots. 

When the industr ial hygienist is asked what type of health protection should 
be provided in some exposure to a new chemical, determination must be made as 
to whether the chemical is dangerously toxic or only slightly toxic. Thus, in both 
the industr ial and medical fields, biochemical toxicity data are as important as 
the physical chemical data on vapor pressures, transit ion temperatures, solubili
ties, and reactivities. In answering such questions, the hygienist usually turns 
to the literature to find what has been reported about the health hazard. U n 
fortunately, data of this type recorded in the literature must be used with care 
because no standardized method or basis for reporting data exists. 

Consequently, much must be done in the standardization and distribution of 
this fundamental information. In 1953, Chemical and Engineering News (2) 
announced a commendable new National Safety Council program to evaluate the 
handling and shipping hazards of new chemicals with a minimum of five standard
ized toxicity tests. Standardization also is needed for the efficient storage and 
retrieval of a l l kinds of data relating to specific chemicals. Indexing is becoming 
mechanized (3), but the abstracting and cataloging cost is so great that the task 
cannot be attempted unless the information is shared through pooled research 
efforts (10, 13). 

The author is convinced that satisfactory standardization can be achieved in 
the immediate future i f the problem is given the proper scientific attention. E a r l y 
in 1953, a simple "checkoff" questionnaire was sent to a number of pharmaceutical 
and toxicological laboratories, in a systematic effort to obtain majority opinions 
from these authorities on four basic questions : 

1. Which journals are most widely regarded as literature sources containing 
—or leading to—mammalian toxicity information? (answered in Table I ) . 

64 
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WISWESSER—LITERATURE SOURCES OF MAMMAL IAN TOXICITY DATA 65 

2. Which specific toxicity measures are most widely favored as standards? 
(answered in Table I I ) . 

3. Which of the many kinds of structure, measures seem most promising for 
classification and correlation purposes? (answered in Table III ) . 

4. Which types of concise identifications for chemical compounds are favored 
in systematic toxicity tabulations? (answered in Table I V ) . 

For many years the author has been interested in locating, recording, storing, 
retrieving, and correlating toxicity data through the use of systematic measures 
and mechanical aids. The present paper describes a system employing punched 
cards adapted for visual and mechanical manipulation, which has been developed 
as the result of many experimental refinements. In this system three main series 
or decks of cards are prepared : 

1. "Chemical identification" cards (one for each compound) on which are 
recorded : 

a. The chemical structure, written in the Wiswesser notation, 
b. A short name identification, 
c. Biochemical and physical data, 
d. The functional groups present in the compound, 
e. A " formula file number" based on the compound's empirical formula, and 
/. The literature reference in terms of year of publication, author, and 

journal. I f more than one reference is recorded, additional cards are 
provided on which items b, c, and d are replaced by as many as eight 
year-author-journal references. 

2. "Reference identification" cards (one for each reference) on which are 
recorded : 

a. Name of author (s), 
b. Abbreviated title or subject, and 
c. The literature source in terms of journal, year, volume, page, and 

author's init ials. The year-author-journal marks permit correlation 
of a specific reference card with one or more "chemical identification" 
cards. 

3. "Journa l identification" cards (one for each journal) on which are recorded: 
a. The title of the journal, book, or other l iterature source, 
b. The address of the publication, in terms of city, zone, and state (or 

country i f not United States), and 
c. A two-letter code to indicate the literature source. This code permits 

correlation by machine with the described "reference identification" 
and "chemical identification" cards. 

Ordinari ly, searches in terms of chemical structure, property, or name are 
conducted on the "chemical identification" cards. When the desired cards have 
been located, the appropriate "reference identification" and " journa l identification" 
cards are selected mechanically, making use of the common code. In case the 
number of selected cards is large, the three types of cards are correlated and 
sequenced—also by high-speed machine methods. 

The information sought may be taken manually directly from the cards, or 
the cards may be fed into a tabulating machine to l is t the information in any 
preferred arrangement (at the rate of 9000 cards or complete lines of information 
per hour) . If multiple copies are desired, these can be run from Ditto masters 
made at the same rate in the tabulating machine, with Ditto tabulator carbon. 

The layout of these cards, the technique of recording or searching, and other 
comprehensive uses of these cards are described in subsequent sections of this paper. 

Toxicity Literature 

Current sources of toxicity data (periodicals) are listed in Table I, which 
includes the suggestions and revisions obtained through the author's questionnaire. 
In this l ist, the current sources are arranged and identified by means of a two-
letter code, referred to hereafter as the J-Code—i.e., Journal Code. 

Ma i l ing addresses and other detailed information on these sources were 
obtained from a comprehensive current list (8), prepared in 1953 by the Industrial 
Hygiene Foundation, at the Mellon Institute. The abbreviations used in that 
l ist "conform, with some modifications, to those used by Chemical Abstracts," and 
the l ist is arranged in the alphabetic order of the abbreviations. This same ar
rangement is followed in other comprehensive lists (11), so this majority preference 
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66 ADVANCES IN CHEMISTRY SERIES 

also is followed in Table I. Fo r example, the abbreviated letters in Ind. Hyg. 
Digest come before Index Medicus, even though the represented word " Indust r ia l " 
would follow "Index." 

Table I. Current Sources of Toxicity Dataa (Illustrating the Two-Letter J-Code) 

A A Acta Med. Scand. 
A E Acta Pharml . Tox. 
A I Ac ta Physio. Sen. 
A M Acta Radiol. 
A Q Agr . Chemicals 
A U A g r . & Food Chms. 
A Y A m . Heart J . 
B B Am. Ind. Hy. A n . Qt. 
B F A m . J . C l in . Path. 
Β J A m . J . Dis. Chldrn. 
B N A m . J . Medicine 
B R A m . J . Med. Sci. 
B V A m . J . Obst. Gync. 
CC A m . J . Ophthalmol. 
C G A M . J . P A T H O L 

O G Y 
C K Am. J . Pharmacy 
CO A m . J . Physiology 
CS A m . J . Pub. Health 
C W Am. J . Roent. Ra . T. 
CZ Am. J . Trop. Med. H . 
DD Am. J . Vetnry. Res. 
D H A m . Rev. Tuberc. 
D L Anat. Record 
D P Angiology 
DT A N N . I N T E R N . 

M E D . 
D X Ann . pharm. franc. 
Ε A Antibio. & Chemo. 
E E Arch . Bioch. Biop. 
E I Arch . Derm. Syph. 
E M Arch . Ex . Path. Ph . 
E Q Arch . f . ges. Phys. 
E U A R C H . IND . 

Η. 0 . M . 
E Y Arch . Intern. Med. 
F B Arch . int. pharmd. 
F F Arch. int. physio. 
F J Arch . mal. profes. 
F N Arch . Pathology 
F R Assn F & D Offls. 
F V Atomic E n . Comm. 
GC Biochim. biophys. 
GG Biochem. J 
G K Biochem. Zeit. 
GO B IOL . A B S T R A C T S 
GS Blood 
G W Bol. soc. it. bio. 
GZ BR IT . A B S T R A C T S 
H D Br i t . J . Cancer 
H H Br . J . Exp . Path. 
H L BR IT . J . IND . M E D . 
H P Br i t . J . Nutr i tn . 
H T BR IT . J . 

P H A R M C L . 
H X Br i t . J . Ven. Dis. 
ΙΑ Br i t . Med. Bu i . 
I E BR IT . M E D . J . 
II Bu l l . Hygiene 
I M Bu i . Johns Hp. H . 
IQ Bu i . mem. soc. md. 
I U Bu l l . Soc. chim. F . 

I Y Can. J . Comp. Med. Q Y 
J B Can. J . Med. Sci. R B 
J F Can. J . Res. (Tec.) R F 
J J C A N . M E D . R J 

A S S N . J . R N 
J N C A N C E R R R 

R E S E A R C H R V 
J R C H E M . SC 

A B S T R A C T S SG 
J V Chemical Age S K 
K C Chem. Engg. SO 
K G Chem. Eng . News SS 
K K Chem. Products SW 
K O Chem. Safety D. s z 
K S Chem. Trade J . T D 
K W Chemisch. Zentr. T H 
K Z Chemistry & Ind. T L 
L D Circulation T P 
L H Circ. Research TT 
L L Compens. Med. T X 
L P C O M P T . R E N D . 
L T Com. ren. soc. bio. U A 
L X Cornell Vet. U E 
M A C U R R E N T L I S T M . U I 
M E Curr . Med. Digest U M 
M I Deut. med. Wochsr. UQ 
M M Diseases of Chst U U 
MQ Endocrinology U Y 
M U E X C E R P T A V B 

M E D I C A V F 
M Y Exp t l . Cell Res. V J 
N B Federatn. Proc. V N 
N F Fol ia Haematol. V R 
N J Fo l ia medica V V 
N N G. Br i t . H . M . S. 0. W C 
N R Gigiena i Sanit. W G 
N V Helv. Med. Ac ta W K 
o c Ind. Eng . Chem. 
OG Ind. Health B. N J WO 
OK Ind. Health Mo. 
0 0 Ind. Health Rev. W S 
OS IND . H Y G . W W 

D I G E S T WZ 
OW IND. M E D . & X D 

S U R G . X H 
o z Ind. Data Sheets X L 
P D I N D E X M E D I C U S X P 
P H J . Al lergy X T 
P L J . A M . M E D . X X 

A S S N . Y A 
P P J . A M . P H A R M . 

A S N . Y E 
P T J . A M . V E T . M D . Y I 

A N . Y M 
P X J . B IOL . C H E M . Y Q 
QA J . Gen. Physiol. Y U 
QE J . Hygiene Y Y 
QI J . Lab. C l in . Med. ZC 
Q M J . Nutr i t ion ZG 
QQ J . P A T H . B A C T L . Z K 
Q U J . P H A R M A C Y ZO Q U 

& P. ZS 

J . Pharm. E x . Thp. 
J . Physiology 
J . Sci. Food Agr . 
J . Urology 
K l i n . Wochschr. 
L A N C E T 
Med. Bu i . S O / N J 
Med. J . Austra l ia 
Med. K l in ik 
Med. lavoro 
Med. Res. Lab. Rep. 
Mfg . Chemist 
Minerva Medica 
Minnesota Med. 
Modern Sanitn. 
Monthly Rev. Ν. Y . 
Nat. Nuc. E n . Ser. 
Nat. Safety News 
Nature 
N E W E N G . J . 

M E D . 
Ν. Y . State J . Med. 
Nord. Hyg . Tidskr. 
Nucl . Sci. Absts. 
Occpl. Health 
Ohio Ind. Com. M r . 
Ohio St. Med. J . 
Pa . Bur . Ind. Hyg . 
Perfumer 
Pest Control 
Pharmcl. Revs. 
Physics Today 
Practitioner 
Pr . A m . Vet. Md. A n . 
Pr . Soc. E x . B i . Md . 
Pr . Soc. St. In. Md. 
P U B . H E A L T H 

R E P S . 
QRT. J . E X . 

P H Y S I O . 
Rev. Tuberculose 
Sammlung. Vergft. 
Schweiz. med. Wo. 
Science 
Semaine hop. Par is 
So. A f r . Med. J . 
Soap Sanit. Chem, 
Southern Med. J . 
Souibb Abs. Bu l l . 
S U M M A R Y T A B . , 

N R C 
Tex. Rep. Bio l . Med. 
Tr . Asn . Ind. Med. 0 . 
Trans. Nat. T B Asn. 
U . S. Armed F. M . J . 
U . Cal . Pb. Pharm. 
Wien. K l i n . Woch. 
Z. ges. in . Med. G. 
Z. physiol. Chem. 
Z. Un f allmed. Bk. 
Zent. Arbeitsmed. 
Zent. f. Chir . 

Names of most widely consulted journal or abstract sources are capitalized. 
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Journal Identification Cards. The ful l titles and mail ing addresses of the sources 
listed in Table I are best elaborated on a master set of just a few hundred " journal 
identification" cards. These have a layout as suggested in the examples below; 
a separate card is used to record the data on each horizontal line, such as the 
"t i t le l ine " itself. Each mark, space, or dot represents one of the 80 columns 
available on the I B M information-carrying cards. The blank spaces here denote 
pr int ing spaces (on the cards and in tabulations) that do not require corresponding 
separating blanks in the punched columns of the cards—for example, between 
columns 43 and 44, or between columns 49 and 50. Punched column recording 
capacity is never wasted to separate the printing of adjacent fields. Thus, suc
cessive lines of information—i.e., cards—appear as follows, when sorted by the 
J-code in columns 48 and 49. 

COLUMN 1 2 3 4 5 6 7 8 
123456789012345Ô789012345678901234567890123 45 67 89 0123456789012345678901234567890 

.TITLE OF PERIODICAL IN 40 OR LESS MARKS.V. Y. A. J . CITY AND ZONE SYMBOL..STATE...# 

ACTA MEDICA SCANDINAVICA AA STOCKHOLM Κ SWEDEN.... 

ACTA PHARMACOLOGIC A ET TOXICOLOGIC^. AE COPENHAGEN Κ DENMARK.. « 

AGRICULTURAL CHEMICALS INDUSTRY PUBLNS . . AQ NEW YORK 1 NEW YORK. · 

AMERICAN INDUSTRIAL HYGIENE ASSN QUARTERLY. . . 

AMERICAN J OF CLINICAL PATHOLOGY 

ANNALS OF WESTERN MEDICINE AND SURGERY 

ARCHIVES BELGES DE MED SOCIALE HYG ETC 

BB CHICAGO 11 ILLINOIS. · 

BF BALTIMORE 2 MARYLAND. · 

DZ LOS ANGELES 5 CALIFORNIA 

EC BRUSSELS BELGIUM. . » 

ARCHIVES OF INDUSTRIAL HYGB AND OCCPL MED.2 5 0 . . . EU CHICAGO 10. ILLINOIS.. 

J OF INDUSTRIAL HYGIENE AND TOXICOLOGY.. .31 49 . . Q2 . . S E E 50 EU 

The title of the periodical, as shown by the leading card, is given in the first 
40 columns; this field size is sufficient to permit the vast majority of names to 
be spelled out in fu l l . A few obvious abbreviations like " A M E R " and " J " are 
justified by their extensive usage. The journal code from Table I is punched in 
columns 48 and 49 (in the " J " space). The source address is confined to a 20-
column "c i ty and zone" field (columns 50 through 69) and a 10-column "state or 
nat ion" field (columns 70 through 79) ; the information punched into these last 
30 columns is printed most conveniently (by the I B M "interpreter" ) on the second 
pr int ing line of these journal identification cards. (Standard I B M tabulators also 
can be wired to list two-line sets in a similar manner, with columns 44 through 49 
also on the second line.) 

New titles are added with reserve letter combinations such as DZ and E C in 
the above l ist of examples; and old titles no longer in use can be included as 
letter-number combinations, such as the Q2 example. 

Optional volume-year correlations are shown in columns 41 through 45 on 
these cards. For example, the printed figures can show the number of volumes 
per year and the first year of publication of a new journal—as in the E U example 
—or the last volume number and last year of publication of a discontinued one 
—as in the Q2. 

The last column 80 (#) is reserved to distinguish the different decks or sets 
of cards—e.g., the journal identification, reference identification, or chemical 
identification cards—and the succession of additional cards (first, second, or third) 
when more than one is necessary to record the fu l l information. In most cases 
more than enough space is provided on a single card, and this reserve capacity can 
be used for supplementary information. For example, the 40-column field for 
the journal name is sufficient to show the following helpful detail: 

O C C U P A T I O N A L H E A L T H . . U S G O V T P R I N T G O F C 
This principle of providing economic use for reserve capacity also is i l lustrated 
in the "reference identification" and "chemical identification" cards. 

 P
ub

lic
at

io
n 

D
at

e:
 J

an
ua

ry
 1

, 1
95

6 
| d

oi
: 1

0.
10

21
/b

a-
19

56
-0

01
6.

ch
01

1

In A Key to PHARMACEUTICAL AND MEDICINAL CHEMISTRY LITERATURE; 
Advances in Chemistry; American Chemical Society: Washington, DC, 1956. 



68 ADVANCES IN CHEMISTRY SERIES 

Reference Identification Cards. A few hundred cards suffice to identify the 
journal and text sources of toxicity data, but references to specific articles may 
run into the thousands in a master catalog. Hence a l l of the literature source 
information is made available for many kinds of punched card correlations (by 
journal , date, author, subject, etc.) through the inclusion of a distinct set of 
"reference identification" cards. 

Specific journal articles are identified on these cards, with authors' names, 
page-volume numbers, the year-author-journal codes, and short title or subject 
identifications (see preceding comments on journal identification cards) : 

COLUMN 1 2 3 4 5 6 7 8 
1234567890123456789012345678901234567890123 45 67 89 0123456789012345678901234567890 

.LAST NAMES AND INITIALS OF AUTHORS.PAGE..V T. A. J . TITLE OR SUBJECT IDENTIPICATN.# 

BRANDT A D...MD C0NNELL AND PLINN..00132.61 46 AB WK C0MP0SN OF TRADE NAME SOLVENTS 

COOK WARREN A 00936..7 45 WC 0W SUMMARY OF M A C VALUES 

LEHMAN A J . . . CHEMICALS IN FOODS 00047.16 52 AL FR SUBACUTE AND CHRONIC TOXIC IT IE 

LEHMAN A J . . .CHEMICALS IN FOODS... .00122.15 51 AL FR PESTICIDES AND TOXICITIES 

MC CORMICK m Ε 00038.13 52 WM BB CHEMICALS IN RUBBER PRODUCTS.. 

MC LAUGHLIN R S..500 CASE REPORTS..01355.29 46 RM CC EXE BURN CASES FROM 180 CHMLS. 

SLOAN KETTERING INST FR CANCER RES.00376..4 52 SK YA INTRAPERIT TOLERANCES FOR MICE 

SMYTH H F JR AND C Ρ CARPENTER 01363.29 46 HS CC EYE INJURY GRADES ON 180 CHMLS 

The first 35 columns of these reference cards are reserved as shown for author 
(and subtitle, etc.) information, and the last 30 (columns 50 through 79) for 
subject identification. The latter information is printed (interpreted) on the 
second print ing line of these cards, as wi th the journal identification cards. More 
elaborate subject coding could be used i f some of the " t i t l e " columns were reserved 
for that purpose, but the self-evident word descriptions seem to be preferred in 
these cards. 

F ive columns (36 through 40) are reserved for the page number, and the 
next three (41 through 43) for the volume number. Here again the blank spaces 
in the leading card denote printing spaces that separate adjacent punching columns. 

Each specific journal reference is identified by a unique six-column code 
(columns 44 through 49), composed of three pairs of symbols: two digits which 
directly identify the year number, two letters which generally give the author's 
init ials, and the two " journal code" letters from Table I. 

Text and pamphlet references also can be included in this six-column code. 
Books are distinguished by a blank space in the fifth position (column 48), followed 
by the publisher's in i t ia l in the last position. Miscellaneous pamphlets are dis
tinguished by a blank space in the third position (column 46), followed by a 
three-letter identification of the issuing organization-, such as A C S , N S C , N R C , 
P H S , S P B etc. These three-letter organizational identifications can be elaborated 
on " journal identification" cards. 

Chemical Identification Cards. A widely applicable third set of cards comple
ments the above two sets by summarizing the tabulated physico-biochemical data for 
each specific compound. If the information on a chemical card is summarized 
in a single reference, the corresponding reference code is given in columns 44 
through 49, exactly as described above. Otherwise, a multipl icity of reference 
code numbers is given on a chemical card having " R c a r d " printed in the reference 
field (columns 44 through 49). One such " R ca rd " can carry up to eight reference 
codes (for a simple chemical structure) in addition to the complete chemical no
tation and a formula-ring-indexing "ser ia l number" identification (see "Formula 
Index Numbers" ) . This multi-reference layout for a chemical card is i l lustrated 
below, wi th others. 

The chemical card layout is i l lustrated below, in terms of the field identifica-
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tions for structures with increasing degrees of complexity (increasing length of 
notation). The 80 consecutive punching columns are identified across the top 
by adjacent numerals, without the pr int ing (interpreting) spaces that are pro
vided after columns 43, 45, 47, and 49. As in the preceding two sets of journal 
and reference cards, the printable information in the first 49 columns is "w i r ed " 
to be printed across the top pr int ing line of the card; the remaining printable 
information appears on the second line. 

COLUMN 1 2 3 4 5 6 7 8 
1234567890123456789012345678901234567890123 45 67 89 0123456789012345678901234567890 

.NOTATION VAPOR DATA SHORT NAME... T . A. J . xxxx.WEIGHT DATA FORMULA..# 

.NOTATION FOR NONVOLAT ILES . . . .SHORT NAME... Y. A. J . xxxx.WEIGHT DATA FORMULA..# 

.NOTATION FOR UNNAMED COMPLEX STRUCTURES... Y. A. J . xxxx.WEIGHT DATA FORMULA..# 

.NOTATION TO HERE ON 1ST CARD.SHORT NAME... Y. A. J . xxxx.WEIGHT DATA FORMULA..* 

.NOTATION FOR VERY COMPLEX STRUCTURES CAN GO TO COLUMN 70 ON 2ND CARD FORMULA. · Μ 

.NOTATN REF.#8 REF.#7 REF.#6 REF.#5 REF.#4 R CA RD REF.#3 REF.#2 REF.#1 FORMULA..* 

The first 14 columns suffice to denote the structures of a l l appreciably volatile 
compounds, which must be relatively simple molecules, in terms of the systematic 
notation discussed in "Chemical Structure Notation." [With this line-formula no
tation, Smith (12) showed that only ten or less columns are necessary to describe 
5580 of the 7105 most common chemicals—those listed in the Hodgman (7) and 
Lange (9) handbooks. Only six of these 7105 notations require more than 30 col
umns; and the longest notation (Lange No. 3732) requires only 41 columns (12)Λ 
Next, 16 columns (15 through 30) are reserved for vapor data such as the crit ical 
thermochemical constants, or the vapor toxicity ratings described in "Toxic i ty 
Rat ings" ; hence the first 30 columns are reserved for the notation of nonvolatile 
compounds that also have a short name. 

Short names, or the shortened systematic names described in "Short Name 
Identification" are carried in the next 13 columns (31 through 43) with occasional 
use of the preceding columns for prefix marks; thus, the first 43 columns can be 
wired directly to the corresponding alphabetic tabulator positions. Notations for 
unnamed very complex structures can, of course, continue to the 43rd punching 
column, as shown in the above symbolized examples. 

Fo r those rare "one in a thousand" compounds that have a very long structure 
description and a short name, a second chemical card is provided (and distinguished 
with its first part by a "zone" punch in column 80). The first 30 marks of the 
notation repeat on this card, and the notation continues as far as necessary, to 
the ultimate second card l imit at column 70; the remaining nine columns (71 
through 79) are reserved for a unique "ser ia l number" identification which in 
corporates formula-indexing numbers (in "Formula Index Numbers" ) . These extra 
cards, both for the notation and for multiple references, are interpreted without 
any blank spaces after columns 43, 47, etc., since blank spaces within the notation 
have specific meaning. 

The field-overlapping principle that is il lustrated above also can apply in 
dividually in al l cases that require a second card. For example, the longest 
notation among 7105 handbook compounds (Lange No. 3732) requires 41 columns 
and has a short name identification (Fast Red D) ; therefore the second card can 
carry the complete notation and al l other data except the short name. Since a l l 
such second cards are identified uniquely with the first ones through the "ser ia l 
number" in columns 70 through 79, no extra effort is necessary to keep these card 
pairs adjacent. 

Column 80 carries two sets of punches: the numeric punches identify any one 
of nine different sets of cards, such as journal, reference, or chemical cards, and 
successive additions in the last set; the "zone" punches identify the first, second, 
or th ird card of its kind, for any multi-card entry w i t N n any set. 
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While the punched cards are designed to be the pr imary information carriers, 
a great deal more can be done with them in an information center that has access 
to I B M accounting machinery. For example, a committee might want a few 
dozen Ditto copies of a list that summarizes a l l the references on just one chemical 
or one group of chemicals (selected, perhaps, by several independent sorting 
searches). In one rapid machine operation, the collected Reference Identification 
cards can be merged with the Journal Cards in such a way that each different 
"J -Code" among the Reference Identification cards is followed by that Journal 
Identification card. This merged collection of cards could " ins t ruct " the tabulating 
machine to print the desired Ditto-masters at the rate of 9000 lines or cards per 
hour. 

Similar lists can be made for any sequenced sets of cards. If the Reference 
Identification cards followed some sequence other than the "J-Code" letters, these 
letters could be wired to appear in any two letter-printing columns and the entire 
l ist of the explanatory Journal Identification cards could be issued separately. 
W i th standard I B M tabulators the only l imitation is that the alphabetic (or letter-
and-number) information must be printed in the first 43 columns of the list, 
since the remaining columns pr int numbers only. However, a l l three of these 
journal, reference, and chemical card layouts are designed with this l imitation 
in mind, generally wi th the result that the pertinent alphabetic information never 
extends beyond a 43-column field. 

Af ter the l ist ing operation, the cards can be sorted on column 80 for return 
to their respective catalogs. If the project were a continuing one, the selected 
cards first could be duplicated and kept in the listed order, ready to receive any 
occasional additions for future annual or monthly revisions. 

This reference-listing example illustrates just one of the countless benefits 
(many of them unpredictable) that can be obtained from a punched-card cataloging 
investment. 

Table II. Preferences for Various Kinds of Toxicity-Coding Measures 
(F igures i n parentheses denote the percentage of toxicologists who replied to this question 

and favored the indicated measure) 

Definition of Toxicity Rating 
A . Vo lat i l e hazards, measured as parts per mi l l i on (p.p.m.) by volume 

Concentrat ion lethal to any an ima l i n 5 to 10 minutes 
Narco t i c concn. for! rats (11), mice (7 ) , other animals (4) 
Inhalat ion LDm for rats (24), mice (14), dogs (4) after 4 hr . 
Tolerable, LDQ, for rats (7) , mice (7) , others (7) for 1 hour 
Threshold l im i t (M .A .C . , max. allowable concn.) 8-hr. daily 

B . Threshold l imi t , i n mg . per cubic meter of a i r 
C. Doses expressed as mg . per k g . of an ima l body weight 

Single oral LD50, rats (35), mice (25), dogs (11), cats (7) 
Single intraper i toneal LDm, for rats (29), mice (29) 
Da i l y intraper i toneal LD0, for rats (14), mice (29) 
Single dermal LD50, fori rabbits (32), mice (11), rats (7) 
Da i l y oral LDQ, tolerated by rats (39) or mice (14) for period of 

1 mo. (4) , 3 mo. (7) , 6 mo. (7) , 12 mo. (4 ) , 18 mo. (4) , 24 mo 
D . Feed tolerance, as weight parts per mi l l i on of feed 

Safe l imi t , LD0 after 1 month, for rats (25) or mice (4) 

Toxicity Ratings 

Toxicity determinations require costly laboratory investments, so correlation 
of scattered information is desirable as much as possible, but the data have neg
ligible correlating value unless the test conditions are standardized. Four essential 
test specifications are method of administration, test species, criterion of toxicity, 
and definition of measured units. Many possible variations must be reduced to 
a small number of standard combinations i f the information is to be coded and 
correlated. Thus, the National Safety Council plan (3) employs five standardized 
toxicity tests to evaluate shipping hazards wi th a safe minimum of testing in 
vestment. 

Table II summarizes the preferences for a dozen different toxicity ratings, 
as revealed by the responses to the questionnaire. Most of these are further qual
ified by preferences for the test animals, shown by the figures in parentheses. 
Even when test conditions are specified, imperfect experimental techniques may 

Total 
Favorability, % 

21 
18 
42 
21 
57 
29 

75 
57 
21 
54 

. (7) 50 

32 
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cause misleading results. For example, a strong minority of the toxicologists 
objected to intraperitoneal administrations, part icularly for repeated doses, be
cause adhesions or other complications might increase the mortality. The purity 
of the test chemicals also should be stated, since lethal quantities of impurities 
obviously would have their effect. 

Toxicologists repeatedly have cautioned against deceptive "precis ion" in the 
LD values, which are misleading because of the inevitable variabi l i ty of individuals 
receiving the doses—as well as those giv ing them! For example, Craver and 
associates at Ciba summarized many subtle causes of response variations when 
doses were administered intravenously to rodents (U)> 

The numeric values used in this proposed toxicity registry (Tables III and 
IV) are based on a very simple grading system developed by Smyth and associates 
at the Mellon Institute (lb). Their "range-finding" numeric grades have three 
valuable attributes for punched card notation and correlation: 

* tabulating mark (number or letter) suffices to show the value. 
2. The geometric intervals defined by these marks permit simple comparisons 

among different sets of toxicity ratings (as on logarithmic scales). 
3. The magnitude of the intervals—approximate powers of two—properly de

fines the l imit of accuracy for the vast majority of published figures. 
Most of the toxicologists who replied to the questionnaire acknowledged the 

need for a standard set of "pure number" intervals such as these, suitable for coding 
the magnitude of the dose in parts per mill ion, in mill igrams per cubic meter, or 
in mill igrams per kilogram of body weight. 

Single code marks for 30 successive grades of dosage are as follows : 
Mark 

1 
2 
3 
4 
5 
6 
7 

Mean Value 
500,000 
250,000 
125,000 

63,000 
32,000 
16,000 
8,000 
4,000 
2,000 
1,000 

Mark 
& 
A 
Β 
C 
D 
Ε 
F 
G 
H 
I 

Mean Value 
500 
250 
125 

63 
32 
16 
8 
4 
2 
1 

Mark 
# 
J 
Κ 
L 
M 
Ν 
θ 
Ρ 
Q 
R 

Mean Value & Exact Range 
0.5 
0.25 
0.125 
0.063 
0.032 
0.016 
0.008 
0.004 
0.002 
0.001 

0.36-0.69 
0.18-0.35 
0.09-0.17 
0.045-0.089 
0.022-0.044 
0.011-0.021 
0.0056-0.010 
0.0028-0.0055 
0.0014-0.0027 
0.0007-0.0013 

On the I B M card, the three numerically parallel sets of values are distinguished 
by the top "zone" punch (denoted as &) and the second "zone" punch (denoted as 
#) . Tabulated zero numerals can be distinguished from O-letters with care, but 
their identities are ensured by "s lash ing " the zeros and " b a r r i n g " the O's. On 
the cards the punched positions alone are sufficiently distinctive. 

Simi lar grades of dosage values, with a sl ightly smaller geometric interval of 
1.5, were proposed by Deichmann and Mergard (5), while larger intervals were 
proposed by Drinker and Cook (6). 

Table III. Structure Measures Favored for Toxicity Registry 
(Parenthet ica l figures denote the percentage of those who replied to the question and 

favored the indicated measures) 
Presence of Ν atoms i n compound 
Presence of S atoms i n compound 
Presence of aromatic character 

(79) 
(51) 
(47) 
(37) 
(37) 
(16) 
(32) 

(39) 
(56) 
(26) 
(13) 
(39) 

(4) 

Number of C atoms i n compound 
Number of H atoms i n compound 
Number of Ο atoms i n compound 
Number of R I N G S i n structure 
Number of unsaturations 
Number of " b ranched " atoms 
Number of funct ional or a lka ry l uni ts 

i n structure 

(74) 
(68) 
(21) 
(74) 
(32) 
(27) 
( I D 
(12) 

Presence of H A L O G E N atoms 
Presence of t r ip le bonds 
Presence of quaternary atoms 
Presence of M E T A L L I C atoms 
Presence of heterocyclic r ings 

Table IV. Types of Structure Identification Favored for Toxicity Registry 
(Parenthet ica l figures denote the percentage of those who replied to the 

question and favored the indicated measures) 
One suitable for use w i t h edge-notched (hand-sorting) cards. 
One suitable for use w i t h punched cards and tabulat ing machinery. 
A n agreed name of not more than ten (9 ) , or of any number (4) of letters. 
A na tura l " c l a s s i f y ing " number of two (4) or any number (4) of digits. 
A complete descript ion, i n l inear (17) or two-dimensional (9) p r i n t i n g , based on a 40-

character (13) or 80-character (4) keyboard, and on " l i n e - f o rmu la " (22) or " r o o t - n a m i n g " 
(4) pr inc ip les . 

A b inary—present or absent—identi f icat ion of " f u n c t i o n a l " groups. 
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Table V illustrates the use of the single I B M marks to show toxicity ratings 
(in parts per mil l ion by volume) of some common vapors, along with the line-formula 
notation (see "Chemical Structure Notation") and the "shor tnd" names (see "Short 
Name Identification"). 

The seven kinds of toxicity ratings shown in Table V can be carried in the 
columns of the "chemical identification" cards as indicated below: 

Col. 15, Concentration lethal to any animal in 5 to 10 minutes 
Col. 17, Concentration lethal to man in 30 to 60 minutes 
Col. 19, Concentration intolerable to man for 10 minutes 
Col. 21, Concentration tolerable to man for 1 hour 
Col. 23, Threshold l imit (maximum allowable concentration) 
Col. 25, I rr i tant or nuisance threshold 
Col. 27, Odor threshold 

Table V. Sample 43—Column Listing 

COLUMN 1 2 3 4 
12345Ô7890123456789012345678901234567890123 

RATINGS* ..SHORT NAME... 

0U101 5 7 Β ME FORMATE 

OUI 5 & G FORMALDEHYDE 

ZH 6 7 & Β & C AMMONIA 

NC1U1 Ε ACRYLONITRILE 

ses 8 & Ε I CBN DISULFIDE 

oso & Ε C Ρ Ρ G SFR DIOXIDE 

GH 8 C G D HYD CHLORIDE 

FH 8 Β Ρ G HYD FLUORIDE 

R 5 6 7 D BENZENE 

SHH 9 & C A Ε Β J HYD SULFIDE 

0N0 A Β C D C NIT DIOXIDE 

NCH A Β D Ρ Ε I HYD CYANIDE 

ZR Β G ANILINE 

WNR Α Ι Ρ NITROBENZENE 

GG A C D G I Ε G CHLORINE 

G1V1 & D G CHLORACETONE 

EE 9 C G I J G BROMINE 

11VI A H I0D0ACETONE 

GPGG & C G J I P3 CHLORIDE 

E1V02 A F I ET BR ACETAT 

GXGGOVG C D C J I DIPHOSGENE 

E1R1 9 H J 2 XYL BROMIDE 

WNXGGG Α Β Ρ I I CHL0R0PICRDÎ 

10SW01 Β I ME2 SULFATE 

(P .P .M. units) 
(P .P .M. units) 
(P .P .M. units) 
(P .P .M. units) 
(P .P .M. units) 
(P .P .M. units) 
(P .P .M. units) 

These successive measures follow a trend from high to low concentrations; 
this sequence provides more space in the notation field for complex compounds which 
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could not exist in the high concentrations that are given in columns 15 and 17. 
Narcotic concentrations apply only to relatively simple compounds that have 

very short line-formula notations; thus columns 12, 13, and 14 can be reserved to 
show narcotic concentrations for rats, mice, or man, respectively. Column 20 
can show the inhalation LDso for rats after four hours of exposure; and column 22, 
the tolerable LD0 for rats after one hour. If revisions are necessary in any of 
these toxicity column assignments, the cards containing a mark in the questioned 
columns can be sorted out quickly and the revised layout can be reproduced 
automatically. This chemical card layout is the result of several such revisions. 

The tabulating applications, such as the direct creation of Ditto masters 
at the rate of 9000 complete lines per hour, are of sufficient potential value to 
justi fy special consideration. (For example, the two separate components of the 
I B M letter punches can be sensed to pr int the two-column numeric equivalent of 
Smyth's toxicity grades.) In some standard tabulators, the "zone" punch for the 
0.5 value (denoted here as the # mark) rrçay pr int as a zero; while this #-zero 
could hardly be mistaken for the top 500,000 value, it might be confused with the 
O-letter (a very slightly narrower figure in the I B M type) since this mark represents 
the 0.008 value. To avoid any such tabulating ambiguities, the # mark should be re
placed by the J punch in the few places where the 0.5 value is coded; then on the 
punched card itself, the lower component of this J-punch (position 1) can be 
circled to show that the true rat ing is 0.5 rather than 0.25, i f such refinement is 
justified. 

Toxicity ratings in weight units apply to the most complex structures in the 
registry. Therefore a l l weight ratings are given in the right-hand part of the 
card, outside the notation-vapor-name field i l lustrated in Table V . (Here again 
the letter punches could be sensed in two parts to print a two-column numeric 
grade.) 

Weight ratings for radioactive substances extend beyond the 0.001 value 
—for example, in mi l l igram units—so al l tabulating ambiguities among single-
mark symbols can be avoided by using S for the 0.0005 value, Τ for 0.00025, etc., 
to Ζ for the least possible 0.000004 value. Thus, the mark U or value 0.00012, in 
milligrams per body units, represents the maximum amount of radium (0.1 micro
gram) that could safely be deposited in the human body. The plutonium l imit in 
these same units is represented by the R mark (1 microgram) ; and in contrast, the 
normal 50-gram salt content of the human body is represented by the numeral 3 
(50,000 mg.). 

These single-mark equivalents of Smyth's "range-f inding" grades provide suf
ficient capacity on the chemical-information cards for 16 different toxicity ratings 
by weight, in addition to the three fields of information i l lustrated in Table V . 
Physicians' doses may be included among the weight ratings, since these values 
obviously are conservative measures of safe body tolerances. Columns 55 to 70 
are reserved for these above mentioned 16 different ratings. The equally concise 
structure descriptions may extend from the first few columns (for common solvents) 
to the 43rd letter-printing column (for exceedingly complex drugs). 

Chemical Structure Notation 

The line-formula notation featured in this punched-card catalog also has been 
used independently by Benson (1) to code 3500 Eastman chemicals on Remington-
Rand cards, and by Smith (12) to code over 7100 Handbook chemicals on I B M 
cards at the Universi ty of Hawai i . Smith employed the systematic contractions 
that are explained in the ful ly detailed manual for this notation (15), and demon
strated that 80% of the Handbook structures (7, 9) could be described wi th ten 
or less punched-card columns. Smith and Benson also made statistical studies 
which showed, for example, how well the first two marks of this line-formula no
tation divide the 7100 Handbook chemicals among several hundred functionally 
distinct subclasses. 

Table V I illustrates the specific letter symbols which, with the generic a lky l -
group symbol, A , describe common aliphatic structure types. Specific a lky l groups 
are distinguished by arabic numerals which denote the number of carbon atoms in 
these chain units. Unsaturations are indicated by colon marks in typewritten or 

 P
ub

lic
at

io
n 

D
at

e:
 J

an
ua

ry
 1

, 1
95

6 
| d

oi
: 1

0.
10

21
/b

a-
19

56
-0

01
6.

ch
01

1

In A Key to PHARMACEUTICAL AND MEDICINAL CHEMISTRY LITERATURE; 
Advances in Chemistry; American Chemical Society: Washington, DC, 1956. 



74 ADVANCES IN CHEMISTRY SERIES 

printed copy, or by the letter U in punched-card equipment. Thus, ethylene is 1:1, 
acetylene is 1::1, and butadiene is 1:2:1. 

Only two new specific letter symbols are necessary to describe the open-chain 
hydrocarbons: Y for the ternary carbon atom, and X for the quaternary carbon 
atom. These letters graphically suggest the corresponding bond patterns. 

Only two additional new letter symbols are necessary to describe the thousands 
of aliphatic oxygen derivatives of these hydrocarbons: Q for the hydroxyl or O H 
group, and V for the very common carbonyl connective, the bivalent CO group. 

Three new letter symbols are introduced with the nitrogen derivatives: Κ for 
the quaternary and cationic nitrogen atom, M for the imino or mid-amino N H group, 
and Ζ for the terminal or pr imary amino N H 2 group (as in hydraz ine) . 

Table VI. Descriptive Symbols for Common Aliphatic Structure Types 
[Let ter A denotes any alkyl (ene) chain or connective] 

A . Unbranched Structures 

ΑΜΑ sec- Amines N N N A Azides 
A N : ΝΑ Azo compounds O C N A Isocyanates 
A O A Ethers 0 : A Aldehydes 
A O O A Peroxides 0 : N A Nitroso compounds 
A O V O A Carbonates P H H A Phosphines 
A S A Sulfides QA Alcohols 
A S S A Disulfides QOA Hydroperoxides 
A : A Alkenes Q V A Carboxylic acids 
A : A : A Alkadienes S C N A Isothiocyanates 
A : : A Alkynes S H A Mercaptans 
A V A Ketones S H V A Thiolic acids 
A V O A Esters S : A Thioaldehydes 
A V O V A Anhydrides (acid) W N A Nitroalkanes 
C N A Isocyanides W N O A Nitrates 
F A Fluoroalkanes Z A primary Amines 
G A Chloroalkanes Z V A Amides 
M : A Imines Z V A V Q Amic acids 
N C A Nitr i les Z V M M A Semicarbazides 
N C O A Cyanates Z V M V A Ureides 
N C S A Thiocyanates Z V O A Urethanes 

B . Branched Structures (Conta in ing Ternary and Quaternary Atoms) 

Thioketones 
Dithioic acids 
Thioacyl chlorides 
Thionic acids 
Thiosemicarbazides 
Thiosemicarbazones 
Nitrol ic acids 
Sulfones 
Sulfonates 
Sulfonyl chlorides 
Sulfonic acids 
Imidrazides 
as-Hydrazines 
Keto-hydrazones 
Hydrazide-hydrazones 
as-Ureas 
Amidines 
Amidoximes 
Amidrazones 
Thionamides 
L-aZp/ia-Amino acids 

Sulfonyl and nitro groups introduce the symbol W for the nonlinear "d ioxo" 
or 0 2 part of these functional groups. F ina l ly , the two most common halogen atoms 
are denoted by distinctive single letters which facilitate machine operations 
(see "B ina r y Searching F ie ld" ) : G for the chlorine atom, avoiding the typewriter 
ambiguity in CI, and Ε for the bromine atom. Thus, hydrogen and the halogens 
fa l l w i th in an alphabetically compact E , F , G, Η, I sequence—to which J can be 
added for a "jeneric halo j en " ! 

A N A . A tert-Amines S : Y A . A 
A O P H O . O A Phosphites S : Y A . S H 
A O P O A . O A Orthophosphites S : Y G A 
AOSO.OA Sulfites S : Y Q A 
A O S W O A Sulfates S : Y Z M M A 
A O Y A . O A Acetals S : Y Z M N : A 
A O Y O A . O A Orthoformates W N Y A . :NQ 
A S X A , A . S A Mercaptols W S A . A 
A S Y A . S A Mercaptals W S A . O A 
ΑΧΑ,Α.Α Neoalkanes W S G A 
A Y A . A Isoalkanes W S Q A 
M : Y A . O A Imido-esters Z M Y A . : M 
M : Y G A Imide chlorides Z N A . A 
M : Y Z M A Guanidines Z N : Y A . A 
O A s A , A . A Arsinoxides Z N : Y A . M Z 
ΟΚΑ,Α.Α Amine oxides Z V N A . A 
Q X A , A . A tert- Alcohols Z Y A . : M 
Q Y A . A sec- Alcohols Z Y A . : N Q 
Q Y A . O A Hemiacetals Z Y A . : N Z 
Q Y A . : M Imidic acids Z Y A . : S 
Q Y A . : N Q Hydroxamic acids Z Y V Q / A 
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The remarkably efficient discriminating power of these line-formula symbols 
is demonstrated by Smith's and Benson's statistical analyses: the first two marks 
divide the 7100 Handbook chemicals into 263 different " funct ional " groups, and 
147 of these contain less than 0.1% of the catalog (less than 7 chemicals each). 
Benson's corresponding analysis of the 3500 Eastman chemicals shows surprisingly 
close agreement; thus, the percentages in the 24 largest groups compare as follows 
(Smith vs. Benson l i s ts ) : 

1 0 — Methoxy compds. 1.2% vs. 1.5% 
1R— Tolyl compds. 1.2 1.2 
I V — Acetyl compds. 1.6 2.3 
1 Y — Isopropyl compds. 2.3 1.7 
2 0 — Ethoxy compds. 2.8 2.8 
G l — Cl-methyl compds. 0.8 1.2 

G R — Chlorophenols 0.8 1.2 
G V — Cl-formyl compds. 0.7 1.5 
N C — Nitr i les 1.3 1.8 
O U — Aldehydes 1.9 2.7 
Q l — HO-methyl compds .1.4 1.2 
Q2— HO ethyl compds. 1.4 1.2 

Q R — Phenols 4.3% vs. 3.8% 
Q V — Carbox. acids 8.2 5.8 
Q Y — sec-Alcohols 1.8 1.2 

W N — Nitro compds. 6.6 6.0 
w s — Sulfo compds. 1.3 1.4 
Z R — Ani l ine derivs. 5.0 4.0 
Z V — Amides, ureas, etc. 2.2 1.4 
Z Y — "sec-Amines," etc. 1.5 1.2 

L — (Carbopolycyclics) 2.1 1.5 
L 6 — (Cyclohexyl, etc.) 6.5 6.5 
T 5 — (Heterocyclics) 5.8 5.2 
T 6 — (Heterocyclics) 6.0 5.2 

Each of the remaining 239 two-letter subdivisions of the 7100 Handbook chem
icals contains less than 1% of the catalog (less than 70 chemicals each). 

Cyclic compounds other than simple benzene or polyphenyl derivatives con
stitute a surprisingly small fraction of the commonly met chemicals—only 23% 
of the 7100 Handbook chemicals, and only 26% of the 3500 Eastman chemicals. 
Thus the open-chain and benzene-ring derivatives must be recognized as the 
dominating types among the commonly met compounds. The chapter headings in 
general or advanced textbooks of organic chemistry reflect this same proportion. 
Even in the National Research Council's catalog of 50,000 biologically tested com
pounds, tetracyclic and higher r ing systems constitute only about 2% of the 
total—and 1.4% of these are sterol derivatives! 

The benzene r ing is cited far more often than al l other rings combined, so 
this singular prominence (even in the Beilstein Handbook) justifies the use of a 
single letter R for this resonating r ing. A l l other r ing systems are described 
with the well-known R ing Numbers; in the cycloalkyl derivatives, these are log
ically associated with the alkyl chain symbols, and in polycyclic systems, the 
r ing numbers are cited in pictorially direct order. These numeric descriptions of 
r ing systems a l l are distinctively enclosed in parentheses. 

Lower case letters locate a l l r ing positions through their alphabetic order; 
these " locants" constitute a logically distinct and very concise set of symbols. 
They establish the relative positional relations in a way that never can be confused 
with existing systems of "enumeration." 

In May 1950, at the National Research Council's F i r s t Symposium of the 
Chemical-Biological Coordination Center (10), the author privately discussed a 
way of using this line-formula notation in standard punched-card equipment. 
Brief ly, the key idea centers on the use of a blank space wi thin the punched-card 
notation—to convey "lower case" meaning i f i t precedes a letter (ideal wi th the 
locants), and "superscript" meaning i f i t prefixes a number (ideal for multipliers 
of radicals, as well as the necessary but infrequent isotope numbers). The Notation 
manual should be consulted for more elaborate details relating to structure de
scriptions. 

The Binary Searching Field 

There are 1369 possible combinations of the first two line-formula symbols 
(26 letters, 10 numerals, and the blank space). A few hundred of these would 
not appear i f the notation is used according to the rules—e.g., " forbidden" com
binations like 1Q— and Y l — when compounds of a l l elements are considered. 
Thus, the first two marks alone of the line-formula notation distinguish roughly 
a thousand subclasses in very large chemical catalogs. When combinations of 
functional groups are sought, however, even this enormous discriminating power 
is not enough. What is needed with standard punched-card equipment is a compact 
binary—i.e., present or absent—searching field: one that provides a fixed punching 
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place for each elementary symbol in the structure description. A "b inary " field 
shows present or absent, punched or unpunched, distinctions, as with edge-notched 
cards. 

A four-column I B M field is sufficient when the elementary variables are the 
symbols of this notation, because there are 48 binary positions in these four columns, 
and only 36 single-mark symbols—like 2 for ethyl groups, 4 for butyl or cyclobutyl 
groups, Q for alcohols, V for ketones, and Ζ for pr imary amino or N H 2 groups. 
Thus, 12 additional positions remain for independent variables such as ionic nature, 
aromatic character, heterocyclic group, etc., and for a few very prominent two-
letter groups such as carboxylic acids (QV) and esters (OV) . The latter two 
assignments prevent overloading of the alcohol (Q), ether (O), and ketone (V) 
punches. 

Table V I I summarizes the assigned meanings for the 48 positions in this 
binary searching field. The numerals and capital letters are re-registered directly 
from the corresponding atomic group symbols in the I B M notation—e.g., both M 
and G for a M g atom—except that the benzene " R " is punched in the upper (R) 
position. A l l positional designations are disregarded. The other parenthetically 
bracketed punching positions identified in Table V I I are the additional semi-
independent variables. 

The discriminating capacity of this four-column binary field is enormous : i f 
only 40 of the 48 structural distinctions were ful ly independent variables, these 
four columns could show 2 4 0 or 1,000,000,000,000 combinations! 

Columns 50 to 53 on the chemical identification cards are reserved for this 
binary searching field, as shown in Table V I I . A n additional column 54 is reserved 
to show multiple occurrences of any one symbol-punch in the corresponding hori
zontal row of the searching field. Thus the cards for polymethyl or polyphenyl 
compounds would have the 1-position punched again in column 54; polybromo or 
polyketo compounds, the 5-position; and polyhydroxy compounds, the 8-position 
punched again in column 54. (The vertical positions for the letter-punches are 
obtained directly from the lower components of the standard I B M letter-punches, 
and the three horizontal positions—columns 51, 52, or 53—are determined from 
the upper or "zone" components. Thus, al l of the 36 notational symbols can be 
"regenerated" from the binary searching field for proofreading work, in a 36-column 
specially wired tabulation.) 

Table VII. Binary Searching Punches 

Additional Punches (Bracketed Symbols) 
Twenty or more C-atoms in alkyl group 
Decyl to nonadecyl a lkyl chains 
General alkyl group 
Element or alloy 
Inorganic compound 
Salt or ion-pair compound 
OV-ester (not punched in Ο or V ) 
QV-acid (not punched in Q or V ) 
Aromatic character in any r ing besides R 
Heterocyclic r ing 
Carbocyclic r ing other than benzene-R 
Benzene r ing 

The lower R-punch (Col. 52-9) is reserved for R in the atomic symbol, as in CR. 

Formula Index Numbers 
The results of the author's questionnaire shown in Tables III and IV demonstrate 

that the structural measures are st i l l favored as searching tools for chemical 
catalogs and include those used in the Chemical Abstracts' Formula Indexes and 
Ring Indexes. Punched cards are ideal carriers for formula index numbers, be
cause each atom count can serve as an independent searching and sorting aid, or 
classifying and filing measure. Subdivisions based on these atomic totals represent 
truly elementary distinctions that set broad, natural l imits to the possible combina
tions of functional groups. For example, a search for halogenated nitro compounds 
must be confined to those sections of the Formula Index that contain at least one 

50 51 52 53 Ad 
(t) (a) (s) (x) (t) 
(d) (e) (ο) (h) (d) 

(i) (q) (c) (a) 
1 A J ( R ) (e) 
2 Β Κ S (i) 
3 C L Τ (s) 
4 D M u (o) 
5 Ε Ν V (q) 
6 F 0 w (x) 
7 G Ρ X (h) 
8 H Q Y (c) 
9 I R z ( R ) 
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halogen atom, one nitrogen atom, and two oxygen atoms; the minimum total of at 
least four heteratoms also is a search-limiting measure. 

Most structural searches can be focused to an astonishing degree by storing 
the cards on the shelf according to just two or three natural formula-indexing 
measures of small magnitude (less than ten) that are easily learned, quickly counted, 
and always remembered. A practical consequence of no small importance is that 
this elementary storage accelerates searches and retards card wear, because sections 
of the catalog that cannot contain the minimum elements obviously need not be 
passed through the searching machines. 

Optimum sorting efficiency with I B M equipment is obtained when the actual 
formula numbers are reduced to a simpler set of numerical measures, each with 
probable values ranging from zero to nine. One such measure might be the number 
of oxygen atoms, up to nine and more in the final division. This measure gives a 
rather poor distribution among the high values, however; compounds with one to 
four oxygen atoms in the structure are far more probable than those with five or 
more oxygen atoms. If several equally simple atom-counting measures were 
found to give reasonably balanced population distribution among the ten-digit 
values of each measure, their ease of usage would clearly outweigh the slight loss 
in capacity due to imperfect distributions. 

Four such formula file numbers have been found and tested in large indexes. 
The first number, designated as an Α-digit, divides the Chemical Abstracts Formula 
Index into ten equally large or equally important elementary sections: 

Α-Digit Elementary Definition Per Cent of Catalog 
0 Oxy-hydrocarbons ( C , H , 0 only) 15.2 
1 N t (C ,H ,0 ) compounds 9.2 
2 N 2 (C ,H ,0 ) compounds 8.6 
3 N g _ N (C ,H ,0 ) compounds 9.8 
4 S (C ,H ,0 ) compounds 7.8 
5 S , N (C ,H ,0 ) compounds 17.3 
6 Halogen (C ,H ,0 ) compounds 7.9 
7 Ha logen .N (C ,H ,0 ) compounds 11.6 
8 All other organic compounds 8.7 
9 A l l inorganic compounds 3.9 

Tota l 100.0 

The percentage figures indicate the distribution for the ten-year period from 
1942 to 1951. The recent increases among P, S i , or F compounds might seem large 
within the 8.7% total of the A 8 division, but these little expansions have not dis
turbed the long-enduring dominance of the C , H , O, N , S compounds. Formula 
indexes from smaller general collections show a much smaller percentage in the 
A 5 division, and a much larger percentage in the first or A 0 division. Thus, the 
smaller catalogs reflect the dominance of the simpler combinations of elements. 

A logical subdividing measure for these major elementary Α-digit divisions 
is the total heteratomic count, designated as the T-digit and meaning a l l atoms 
other than carbon or hydrogen. It gives a somewhat better distribution than the 
O-atom count (with the same maximum of nine and more), and provides better 
correlations. Thus the T i division associates al l simple alcohols, ethers, amines, 
and halides. 

A third natural decimal measure that gives str ik ing distributional uniformity 
is designated as the C-digit because it represents simply the units part of the long-
featured carbon-atom count; that is, the digit 2 for C 2 , C i 2 , C 2 2 , etc., or C i 0 2 . 

The data in Table V I I I show how well some 994 randomly selected examples 
(the first compound on every even-numbered page of the Chemical Abstracts' 
Formula Indexes) are distributed among the 90 organic subdivisions defined by the 
Α-digit and C-digit values. The effectiveness of these two simple decimal measures 
is proved by the large number of average-sized subdivisions. Only four of the 
ninety subdivisions contain more than twice the average (more than 20 compounds), 
and only five contain less than half the average (less than 5). Confirming proof 
of a profound statistical balance is evident in the last column of Table VI I I , where 
the percentage figures show how well the C-digit itself divides the collection into 
ten almost exactly equal sections. 
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Table VIII. Distribution of Compounds among A-C Subdivisions 
(994 random organic examples f rom 1942-51 C.A. pages) 

C-Digit Α-Digit Values (Major Divisions) C-Value, 
Values 0 1 2 3 U 5 6 7 a Subtotals % 

0 20 9 11 12 14 17 11 8 9 111 11 
1 16 8 12 8 2 19 1 18 7 91 9 
2 12 6 8 18 10 18 13 14 10 109 11 
3 20 8 10 9 8 10 6 13 3 87 9 
4 14 12 9 7 14 18 11 8 11 104 10 
5 13 8 11 11 U 9 9 13 6 84 8 
6 10 12 9 7 5 23 11 13 21 111 11 
7 19 6 7 12 9 16 6 14 U 93 9 
8 17 14 5 9 6 24 8 9 16 108 11 
9 15 13 8 8 9 22 6 12 3 96 10 

-Subtotals 156 96 90 101 81 176 82 122 90 994 99 
A fourth numerical measure that is somewhat more difficult to understand is 

designated as the Η-digit because it is integrated from the tens and units digits 
of the Η-atom count. The units digit alone gives poor discriminating efficiency 
because odd numbers of Η-atoms cannot occur among the compounds in the A 0 , A 2 , 
and A 4 elementary divisions; and even numbers cannot occur in the A i division. 
Therefore, the Η-digit is derived from the true Η-atom count as shown here: 

Η-Digit True Η-Atom Count 
0 0 19 28 37 46 55 64 73 82 91 100 
1 1 10 29 38 47 56 65 74 83 92 101 
2 2 11 20 39 48 57 66 75 84 93 102 
3 3 12 21 30 49 58 67 76 85 94 103 
4 4 13 22 31 40 59 68 77 86 95 104 
5 5 14 23 32 41 50 69 78 87 96 105 
6 6 15 24 33 42 51 60 79 88 97 106 
7 7 16 25 34 43 52 61 70 89 98 107 
8 8 17 26 35 44 53 62 71 SO 99 108 
9 9 18 27 36 45 54 63 72 81 90 109 

The effectiveness of the four A , T, C, and H digits in independently decimating 
a comprehensive Formula Index has been demonstrated with the 6500 organic com
pounds in the Lange Handbook (9), and with the 5500 in the Hodgman Handbook 
(7). The 25 largest groups of compounds with the same empirical formula in 
either of these handbooks contain 10 to 29 members. These groups increased by 
an average of only two additional compounds when classified by the much simpler 
A - T - C - H digits. Furthermore, no new A -T -C -H divisions appear from other sets 
of formula isomers that are larger than these. This str ik ing leveling effect of 
the four natural numerical measures is i l lustrated in Table IX . 

Inorganic compounds contain no carbon atoms, so for these compounds, the 
C-digit indicates the largest periodic group number of the metallic elements in 
the given formula, up to the value 7 for the M n group, 8 for the Fe group, and 
9 for the Co group. Similar ly , for these compounds, a redefined Η-digit indicates 
the largest "contravalent" periodic group number, starting with 0 for the inert 
gases, 1 for the halogens, etc., and concluding with 8 for the N i group. Thus the 
A - T - C - H number for F e C l 2 is 9-3-8-1, and that for K 2 C r 2 0 7 is 9-9-6-2 (or just 
9381 and 9962). 

R ing Indexes also are important because rings characterize the structure and 
contribute peculiar chemical attributes like aromatic character. Fortunately, a 
single ring-indexing digit has been found that seems sufficient in itself to comple
ment the four formula digits. This fifth measure is designated as the Ring-digit 
of B-digit ( full sequence of digits gives a B -A -T -C -H number, a useful memory aid) 
because its divisions show an exact parallel with those defined by the A-d ig i t—a 
parallel between numbers of benzene rings and numbers of nitrogen atoms, between 
other monocyclic compounds and sulfur compounds, between bicyclic compounds 
and halogen compounds, between tricyclic structures and al l other organic formulas, 
and finally between the remaining polycyclic structures and inorganic formulas. 
This parallel is best understood by comparing the respective A- and B- definitions. 

 P
ub

lic
at

io
n 

D
at

e:
 J

an
ua

ry
 1

, 1
95

6 
| d

oi
: 1

0.
10

21
/b

a-
19

56
-0

01
6.

ch
01

1

In A Key to PHARMACEUTICAL AND MEDICINAL CHEMISTRY LITERATURE; 
Advances in Chemistry; American Chemical Society: Washington, DC, 1956. 



WISWESSER—LITERATURE SOURCES OF MAMMAL IAN TOXICITY DATA 79 

Table IX. Analysis of Largest Formula Index Divisions 
( A l l A - T - C - H divisions w i th more than 20 isomers 
in either the Hodgman or Lange Handbook lists) 

No. in A-T-C-H 
Division 

Hodgman Lange 

A-T-C-H 
File 

Numbers 

Largest 
Formula 
Division 

No. in Largest 
Formula Division 
Hodgman Lange 

27 31 0291 C 9 H 1 0 O 2 25 29 
24 28 1182 C s H i i N 23 26 
22 28 0203 C10H12O2 20 26 
27 27 0388 C e H g O s 27 27 
18 26 0287 C s H i e C ^ 15 22 
26 7 0075 C 7 H 1 4 24 5 
25 23 0005 C10H14 21 20 
20 24 0165 C e l ï l é O 20 23 
19 23 6264 CelÏ4:X2 18 22 
23 13 0063 C e l l 12 19 9 
22 22 0263 C 6 H 1 2 0 2 21 21 
22 21 0281 C s H l o 0 2 21 20 
10 22 6189 C 8 H o X 10 22 
19 21 0177 Ο γ Ι ϊ ι β Ο 18 19 
19 21 0251 C 5 H 1 0 O 2 13 15 
5 21 6446 C14IÏ6O2CI2 3 13 

Sizes of these formula divisions increase in proportion to the square root of the 
l ist size; thus the largest formula divisions in the 500,000-item C.A. Cumulative 
Formula Index contain around 200 isomers each. 

The impressive labor-saving power of the decimating numeric measures can 
be i l lustrated with a single example—a deck of 10,000 cards can be reduced to 
1000 by sorting on the first specified digit ; these 1000 cards in turn can be reduced 
to 100 by the second digit, and the 100 to 10 by the third digit. The total number 
of card-passes through the sorter is only 11,100—a mere twenty minutes of ma
chine time with a standard model that processes 650 cards per minute! 

If cards were made for each of the 500,000 chemicals in the Chemical Abstracts 
Cumulative Formula Index, and i f these were stored by rows and columns in ac
cordance with the C-digit and Α-digit values, the largest resulting A -C partit ion 
would contain some 12,000 cards (see Table V I I I ) . Thus in a formula-index 
search, this largest segment would be reduced to a mere dozen or so by three 
simple sorting operations on the remaining B - T - H decimating numbers. 

Comprehensive searching and correlating versati l ity could be made available 
in a ring-formula catalog, stored by the B- (ring) and Α-digits, for the resulting 
B -A partitions follow an idealized Beilstein arrangement. In this ring-digit array 
of cards, an eleventh " top " B-row would appear for a l l chemicals with an undefined 
or blank value in the B-digit position. (In this same row, the blank A-digit 
position provides a specific place for drugs of undetermined empirical formula.) 

Columns 71 to 75 in the "chemical identification" cards carry these B -A -T -C -H 
numbers that provide a "streamlined" ring-formula index; columns 76 to 78 in 
this field are reserved for supplementary serial designations—arbitrary number 
or letter assignments—that provide concise yet ful ly specific identifications for 
a l l catalog entries, regardless of name or notation. (If letters and numbers are 
used in columns 76 to 78 for the above-mentioned drugs of undetermined empirical 
formula, more than 39,000 designations are provided, without any Ο or I ambiguities.) 

These ten equally important cyclic divisions therefore are as follows: 
Ring-Digit (B) Definition % of Catalog 

0 Open-chain structures 21.5 (14) 
1 Monophenyl derivatives 20.8 (23) 
2 B ipheny l or bis-phenyl derivatives 8.1 (11) 

1.3 ( 4) 
( 8) 

Definition 
Open-chain structures 
Monophenyl derivatives 
B ipheny l or bis-phenyl derivatives 
Po lypheny l and benzoquinone derivatives 
Other monocyclic structures 11.1 
Monocycl ic- (po ly ) phenyl derivatives 9.4 (10) 
B i - or bis-cyclic structures (nonphenyl) 10.7 (12) 
B i - or bis-cyclic structures w i th (po ly )phenyl branches 5.4 ( 8) 
T r i - or tr is-cycl ic structures, w i th or without pheny l - r ing branches 7.7 ( 7 ) 
A l l other mu l t i - or poly-cyclic structures (and phenyl branches) 3.9 ( 3) 

The B e and B 7 divisions include bis-monocyclic structures like nicotine, as well 
as the bicyclic structures like naphthalene. Likewise, " t r is -cyc l ic " structures 
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include tris-monocyclic and bicyclic-monocyclic combinations as well as the rarer 
tricyclic systems. Bis-bicyclic combinations thus belong in the last and smallest 
division. If the r ing divisions were not defined in this " integrated" manner, the 
large ones would become st i l l larger, and the small ones st i l l smaller. 

The first column of percentage figures represents the distribution found for 
the 50,000 biologically tested compounds that are cataloged in the National Research 
Council's Chemical-Biological Coordination Center (10). The figures in paren
theses represent the corresponding distribution in the larger but less representative 
Beilstein Handbook (many of these are merely identification derivatives). 

Only 0.6% of the N R C - C B C C compounds are tetracyclic and larger systems 
other than sterol derivatives; some 1.4% are steroids, and the remaining 1.9% 
in the B 9 division consists of bis-bicyclic, etc., combinations. 

Short Name Identifications 

The last 13 columns of the 43-column Notation field on the "chemical identi
fication" cards are reserved for a short name identification when one is established. 
Thus, i f a very complex structure has no short name and requires 30 to 43 columns 
for its notation, no card capacity is lost; and in the few cases where such a very 
complex structure has a short name like hemoglobin, the complete structure de
scription is given on a second card (see discussion in "Toxic i ty L i terature" ) . 

Short name identifications, though seldom systematic, have remarkable survival 
strength; and this endurance is a proof of their continuing usefulness. Fo r 
example, more than a century ago, many index entries for organic treatises were 
names like acetal, acetone, acetic acid, aconitic acid, acroleine, adipic acid,, alcohol, 
alizarine, allantoine, and alloxan. These convenient word identifications st i l l are 
the main entries for these compounds in the latest Merck Index (with no spelling 
change other than possible loss of the terminal e). 

Inorganic crystallographic types likewise sti l l are identified by chemically 
unrevealing names such as the diamond, zinc blende, zincite, fluorite, diaspore, 
cuprite, pyrite, ilmenite, calcite, and perewskite forms. These old-fashioned 
mineralogical names are useful part icularly in cases where the formula alone 
is insufficient to identify polymorphous solids. 

Forensic medicine undoubtedly continues to perpetuate legally established word 
identifications such as atropine, cocaine, curarine, hemoglobin, heroin, morphine, 
reserpine, and strychnine. "Systematic" names for these structures certainly can 
be devised, but they would be so complex and forbidding in appearance that their 
usefulness would be extremely difficult to demonstrate. In contrast, these es
tablished names are v ir tual ly indispensable dictionary identifications. 

Pesticide name identifications like the recently assigned aldrin, al lethrin, 
chlordan, dieldrin, heptachlor, lindane, malathion, methoxychlor, parathion, schradan, 
toxaphene, and warfar in have a far-reaching practical value that hardly needs 
elaboration. 

A l l of the above names are sufficiently concise to be printed in the provided 
13-column name field. Thousands of longer names also can be contracted to this 
size through the omission of terminating letters, or through the use of very simple 
combinations such as the international atomic symbol plus its valence number, when 
this identifies the first part of a name. 

Many names for salts and esters consist of just two parts; punched-card 
operations on both parts obviously can be made i f the first part is confined to the 
first three columns, and the second part to the last nine columns of a 13-column 
name field. A numeral in the third column can represent either the valence of a 
symbolized metallic ion, or the multipl ic ity of a monovalent radical. Thus the 
contraction 

A G C H L O R I D E means silver chloride 
B U 2 O X A L A T E means dibutyl oxalate 
E T L I N O L E A T E means ethyl linoleate 
F E 2 S U L F A T E means ferrous sulfate 
F E 3 C H L O R I D E means ferr ic chloride 
M E 3 P H O S P H A T E means t r imethy l phosphate 

Table X contains some of the hundreds of anionic or terminating names—like 
- A N I L I N E , - B E N Z E N E , - P Y R I D I N E , or - T H I O P H E N E — t h a t can be suitably 
identified within the last nine columns (35 to 43) of the name field. The iso prefix 
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is contracted to the letter J in both parts of the name, as in I B U I C Y A N A T E and 
I P R I V A L E R A T E . Likewise, the chloroacetate names are contracted to C L 1 A C E -
T A T , C L 2 A C E T A T , and C L 3 A C E T A T . The name for the AsS* anion similar ly 
is contracted to S 4 A R S E N A T , and analogous compound names are contracted in 
the same manner. 

Table X. Short Anionic or Terminating Names 
Acetate Cinnamate Hypon i t i t Oleate Soyate 
Aconi tate C i t ra te Hypops fa t Osmate Stannate 
Ac ry l a t e Cyanamide Hypopsf i t Oxalate Stannide 
Adipate Cyanate Hyposl f i t Oxani late Stanni te 
A l u m Cyanide Ibutyrate Oxide Stéarate 
A lumina t e Decoate Icyanate Pa lmitate St ibnate 
Amide Dichromat Icyanide Perborate St ibnite 
An i sa t e Dioxide Iodate Perbromat Succinate 
A n t h r a n l t Disulfide Iodide Perc lorat Sul fanlat 
Arsenate Ethox ide Itaconate Periodate Sulfate 
Arsen ide Ferrate I thiocynt Permangnt Sulfide 
Arseni te Fe r r i t e Ivalerate Peroxide Sulfite 
Az ide F luoborat Lactate Perphsfat Tannate 
Benzoate F luocrmat Laura te Persul fat Tantalate 
B i ca rbna t F luos i la t Levu l inat Pe r th ion t Tar t rate 
B i f l u o r i d F luot i ta t Linoleate Phosphate Tel luride 
Bismate F luor ide L inoresnt Phosphide Te l lur i te 
B isul fa te Formate Maleate Phosphite Thiocyant 
Bisulfide Fu lmina te Malonate Phthalate S4Arsenat 
Bisulfite Fumarate Mandelate P ic ramate S4Bismate 
Borate Furoate Manganate P i c ra te S3Stannat 
Bor ide Gallate Mangani te P la t inate S4Stibnat 
Bromate German ate Mercaptan P la t in i t e Thoriate 
Bromide Gluconate Methacr l t P lumbate T i tanate 
Butyrate Glutamate Molybdate P lumbide Toluate 
Carbamate Glutarate Myr is ta te P rop ion at Tungstate 
Carbide Glycphsft Naphthent Resinate Urana t e 
Carbonate H4Bora te Naphthoat Rhenate Va lerate 
Caseinate Ha fn ia te N ico t ina t R ic inate Vanadate 
Cerate Heptoate N i t r a t e Sal icy lat Xanthate 
Chlorate Hexoate N i t r i d e Sebacate Zincate 
Chlor ide H ippura t e N i t r i t e Selenate Zirconate 
Chlor i te Hydr ide Nonoate Selenide 
Chromate Hydrox ide 0 acetate Selenite 
Chromite Hypoc l r i t Octoate Si l icate 

N u m e r a l is a mul t ip l i e r of preceding symbol : H4Borate is tetrahy droborate. 

Init iat ing symbols M E , E T , PR , B U , A M or ΡΕ, H X , H P , and OC should be 
obvious contractions for the π-alkyl names. L ike A C , BZ , and P H , these two-
letter symbols can be combined wi th a numeric mult ipl ier in column 34; but the 
multipl ier must be omitted for three-letter contractions like A L Y (a l ly l ) , A M I 
(amino), A M M (ammonium), B Z L (benzyl), D E C (decyl), I C Y (isocyano), I PR 
(isopropyl), L R L ( lauryl ) , N O N (nonyl), T O L (tolyl), and the like. 

Prefixed letters or numbers precede the name field; thus in column 29 the lone 
letter M is meta, 0 is ortho, Ρ is para, R is racemic or dl, S is secondary (or sym
metric), Τ is tertiary, and V is vicinal. A contracted name like 2356BR4 Phenol 
would begin in column 27, thus should be understood to mean 2,3,5,6-tetrabromo-
phenol. 

Dyes, indicators, and pigments usually earn names that have an obvious prac
tical meaning, such as Ani l ine Black, Bismark Brown, Indigo Blue, Guinea Green, 
Butter Yellow, Methyl Orange, L i thol Red, Methyl Violet, and the recently popular 
Methyl Purple. Where the name ends in the color identification, as in these cases, 
the color correlations can be made with punched cards by using the last three 
columns (41 to 43) for code words such as R E D , ORG, Y E L , G R N , B L U , V L T , 
P R P , B R N , B L K , and W H T . These are used only as parts of the name, not as 
physical descriptions. 

The name contractions suggested in this section do not add any system to the 
seemingly chaotic collection of established word identifications—nor is any sys-
temization intended. Instead, the naming procedures should be kept as l iberal 
and flexible as possible, so that eventual improvements are not excluded. A t the 
present state of development, the short name should supplement or complement 
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the systematic notation and the formula numbers in the same way that a "bird's-
eye v iew" supplements an architectural floor plan and the side views. 

If a research preparation has no common name and no commercial value, but 
can be described precisely by the systematic notation, classified by this notation 
and the prefix mark, cross-indexed by the formula-ring numbers, etc., then the 
"need" for a name that is nothing more than a spoken constitutional formula 
seems to be more imaginary than real in this catalog. If the notation is short, 
and the corresponding systematic name can be contracted to fit wi th in the 13-
column name field (not counting prefix numbers), this is a welcome confirmation, 
but not a necessity. 
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Trends in Pharmaceutical Advertising 

WILLIAM T. STRAUSS 

Ciba Pharmaceutical Products, Inc., Summit, N. J. 

The character of pharmaceutical advertising has undergone 
marked changes with the emphasis now being placed on service 
to the medical profession. Industry is also exhibiting aware
ness to public opinion with many companies adopting or ex
panding public relations. These trends are illustrated primar
ily in terms of advertising. 

In an age in which the commercial singing or otherwise has become a symbol of 
advertising, the character of ethical pharmaceutical advertising seems indeed para
doxical. The word "commercia l " applies strictly to consumer advertising and con
notes a message from the advertiser to note the advantages of a product. 

This is a relatively simple approach to the problem of selling and apparently an 
effective one in the consumer field. It is, however, an approach that is taboo i n 
ethical pharmaceutical advertising for several good reasons. 

For one thing, television, radio, and other consumer media suitable for this k ind 
of promotion are usually out of bounds to the advertiser of ethical pharmaceuticals. 
Obviously, the latter must l imit his advertising to professional people—the doctors 
who w i l l prescribe his product, the medical students who are potential prescribers 
of his product, or the druggist who w i l l dispense his product. In most instances, 
these groups resent being approached through anything but ethical media. Further
more, the exaggerated, repetitious claims of the advertising "commercial" are not 
favorably received by a well-informed and discriminating professional audience. 
Eth ica l pharmaceuticals must be promoted in the language of science. A precise 
and often complex language is distinguished by reservation rather than exaggera
tion and cannot be effectively translated into consumer advertising jargon. 

There is another important difference between the consumer advertiser and 
the advertiser of pharmaceuticals. The consumer advertiser is almost exclusively 
concerned wi th promoting either his products or premiums which help to sell his 
products. The pharmaceutical advertiser, although equally concerned with selling 
his product, has found i t advantageous to operate beyond the level of pure product 
promotion. On a second level he performs a v i ta l function—that of providing 
service. 

Services by Pharmaceutical Advertiser 

Services performed by the pharmaceutical advertiser consist mainly in keeping 
the doctor informed of current medical developments, tel l ing him how to use pharma
ceutical products and, in general, helping him to practice medicine. The prescrib
ing of modern pharmaceuticals and the practice of modern medicine require a broad 
background of information and entail extremely complicated techniques. If the 
advertiser's product is to be integrated into the pattern of modern medical practice, 
and i f the good wi l l of the prescribing customers is to be obtained, the pharmaceutical 
advertiser must perform services for the doctor. In so doing, he serves his own 
cause. 

Of course, a l l services offered by the pharmaceutical advertiser do not meet the 
criteria. In a highly competitive business, good w i l l is vastly important. A n d a l 
most any means of obtaining i t—wi th in the limits of ethical practice—is considered 
cricket. Under certain circumstances, good wi l l may be had by catering to the 
doctor's cultural interests, or other interests outside the field of medicine. 

83 
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Scientific Publications 

Of the services performed by the pharmaceutical advertiser, perhaps the most 
outstanding is in the field of scientific publications. Almost every major pharma
ceutical house publishes a magazine or "external house organ" which is mailed 
regularly to doctors, medical students, and others—usually without charge. These 
magazines cover a wide range of subject matter of general or special interest to 
practicing, researching, or teaching physicians, and are distinguished i n several 
instances by elaborate and unusual application of art. 

A recent issue of the Lederle Bulletin, published by Lederle Laboratories, dem
onstrates the character of this type of service. A n article entitled "Medico-Economic 
Front iers : Population Movements" presents a detailed account of mass migrations 
which have occurred in this century and outlines medical measures undertaken to 
safeguard the health of the migrants. This same issue carries, among other things, 
a lengthy article on recent advances in ophthalmology and a series of detailed, ful ly 
colored il lustrations of the female reproductive organs. Product promotion is not 
evident in either of these features, although several other articles refer, directly or 
indirectly, to Lederle products and advertisements of the company's products ap
pearing in the issue. 

In another publication, Scope, published by the Upjohn Co., an article en
titled "Te l l ing Lines—Some Notes on Graphs" appears in a recent issue. This 
article deals with the history and development of various types of graphs and their 
role in modern scientific procedures. 

As with the Lederle Bulletin this issue of Scope carries advertising, but the 
emphasis is on material offered pr imar i ly as a service. 

Abbott Laboratories' What's New is perhaps the best known service of this 
company to the medical profession. The emphasis is definitely on art, even to an 
accompanying text by a well-known art crit ic. Subject matter of What's New 
sometimes ranges far afield of medicine, an indication that Abbott relies heavily on 
cultural appeal as a means of cultivating good wi l l . One issue of What's New, for 
instance, carried short stories by Emi l y Kimbrough and J . Frank Dobie, poems by 
Christopher F r y and the late Jan Struther, an original painting by Rouault, and the 
score for an original song composed by Haro ld Rome! 

Newest of the pharmaceutical industry's house organs, and in some ways the 
most unusual, is Spectrum published by Pfizer. This publication is issued biweekly 
and is incorporated into the advertising pages of the Journal of the American 
Medical Association. P icking an issue at random, the following subjects were 
found to be discussed : 

Current Emphasis on Eclampsia 
Swimmer's Itch 
How about the Southwest for Asthma 

Motion picture films, such as those offered by Davis and Geek, Squibb, and 
Wyeth, have become established in the pharmaceutical industry's promotional pro
gram. These films are teaching aids covering diagnostic procedures, surgical tech
niques, and methods of treatment. The education of the patient is a service not 
neglected by the pharmaceutical industry. Brochures, pamphlets, and other printed 
material are made available through the medical profession. Examples of these in 
clude a handbook for diabetics offered by Squibb and dietary instruction sheets pre
pared by Meade Johnson. 

Somewhat more elaborate general presentations, summarizing certain phases 
of the practice of medicine, have been distributed to physicians. These are offered 
gratis or at cost. Examples include the well-known DeReMedtca of L i l l y and The 
Merck Manual. 

At Ciba the accent on service is perhaps even more pronounced than elsewhere 
in the pharmaceutical industry. Looming large among Ciba services is the Clinical 
Symposia, a magazine distributed six times a year, without charge, to a compre
hensive l ist of doctors, medical students, and others interested in medicine. Clinical 
Symposia was inaugurated in the spring of 1948 with its objective, in the words 
of its editor, J . Harold Wal ton: "to present comprehensive, authoritative articles on 
subjects of general medical interest, in a simple and concise style—free from the 
esoteric terminology of the specialist." In mid-1949, a policy was inaugurated 
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under which Clinical Symposia would accept only articles signed by recognized med
ical authorities. This policy has been followed strictly. A curious and str iking 
fact is that, even though no fees are paid for articles, a wealth of material is almost 
always submitted for publication. 

Selection of Articles 
Subject matter for the Clinical Symposia is chosen with two broad considera

tions in mind; first, does the subject lend itself to i l lustrat ion; second, is the sub
ject of wide interest to the medical profession? The second consideration springs 
from the nature of the reading audience which is made up of 90% or more of gen
eral practitioners or specialists in fields other than that concerned in any particular 
article. The first consideration is guided by the trade-mark of Clinical Symposia— 
the il lustrations of F rank Netter, who has gained recognition as one of the world's 
foremost medical i l lustrators. H is range of talents has been expressed in a variety 
of subjects, such as hemorrhagic problems in infants and children, diseases of the 
uterus, pathology of the mouth and jaws, disorders of the hip, and others. He com
bines the art istry and craftsmanship of the il lustrator with the scientific insight of 
the trained physician. 

Two bound volumes of Netter's work, "The Ciba Collection of Medical I l lustra
t ions" and "Nervous System," contain drawings reproduced in elaborate color plates. 
The accompanying text is written by experts in various fields of medicine on com
mission from Ciba. Both of these books are distributed free to medical school 
l ibraries, and can be purchased by individual doctors or students at cost. These i l 
lustrations of Netter have also been reproduced on 35-mm. Kodachrome slides. 
Sets of these slides, containing a l l of the work of these two books, are sent without 
charge to a l l medical schools, and are also available—singly or in sets—to individual 
doctors at cost. 

Illustrative Material 

These il lustrations of Netter have also been reproduced on 35-mm. Kodachrome 
slides. Sets of these slides, containing a l l of the work of these two books, are sent 
without charge to a l l medical schools, and are also available—singly or in sets— 
to individual doctors at cost. 

Ciba, as others in the pharmaceutical industry, considers product l iterature an 
indispensable service. For every product in the Ciba line, a detailed booklet or 
pamphlet provides a l l pertinent information on clinical experience with the drug, 
chemical and pharmacologic properties, experimental evidence, indications and con
traindications, dosage, and precautions. A review of the general field of therapy is 
often included. When a new product is introduced, literature is part icularly im
portant. In this case the pharmaceutical advertiser is certainly the best source of 
information on the product and his responsibility is to convince the doctor of the 
value of the product. A l l possible dangers from using this product, necessary pre
cautionary measures, and other factors which may circumscribe its cl inical applica
tion, must also be pointed out. The ethical standards of any pharmaceutical house 
are certainly put to the test in its product l iterature. 

Product literature is obviously a service that helps the doctor practice medicine— 
assuming that the product in question is good medicine. A t Ciba, the Advert is ing 
Division makes available such things as a slide rule for determining hormone dosage, 
a slide rule for converting apothecary to metric system (and vice versa), record 
forms for patients undergoing sulfonamide therapy, and a series of maps showing 
geographical and seasonal patterns of allergy. The advertising staff also helps to 
prepare scientific exhibits which are shown at various conventions. 

Exhibits 

In these technical exhibits, Ciba has gone beyond a strict concept of product 
promotion and into the realm of service—for example, an exhibit on hypertension 
shown at the last A .M .A . meeting and scheduled for showings at future conventions. 
This exhibit was created by George Kra j i an , an Austra l ian designer who is rapidly 
becoming famous for his original and highly complex work in Acr i lac (a substance 
similar to Plexiglas) . A series of superimposed acrilac sheets—intricately carved, 
stained, and synchronized with l ight and sound—has been prepared to demonstrate 
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the basic phenomena of normal blood pressure and hypertension and the application 
of Ciba's three hypotensive drugs—Apresoline, Regitine, and Esomid. The result 
was a graphic, 15-minute course on the nature of hypertension and the effect of the 
newer drugs in this condition. 

Another very important part of this company's program of service is Cibascope— 
a publication directed to a l l retai l and hospital pharmacists and to a l l wholesale 
and chain drug stores four times a year. Besides information on various Ciba spe
cialties, it features articles having to do wi th manufacturing or research activities of 
the pharmaceutical industry, the history of pharmacy, and other aspects of the pro
fession. One issue carried a picture story describing medica! and pharmacy facilities 
aboard the S.S. United States. In another issue, a story dealt with medical 
installations on United States Navy submarines. Favorable response to Cibascope 
has come from as far as Okinawa and Honolulu. 

Another Ciba service appealing to interests other than medicine is the "Guide to 
New York C i t y " — a 60-page book prepared originally for the A .M .A . conven
tion. This book has now been reprinted and is available for future medical meet
ings in New York. Among other things, points of interest in New York, shopping, 
transportation and hotel facilities, and restaurants are covered. 

A newcomer to the l ist of Ciba service is Ciba Reports—a newsletter devoted to 
highlights of important scientific meetings. A t al l of these meetings, correspondents 
cover the news, br inging physicians up to the minute on developments which might 
not be reported in other media. Reports from current medical l iterature are also 
included in this publication when appropriate. Sample headlines give an idea of 
the variety of its coverage: 

One in For ty Pediatric Patients May Be Epileptic 
Alcoholics L ike Guns 
Autosuggestibility Called Important Factor in Heart Disease 
New Approach to Care of Infant Sk in 
Unique Cases of Pelvic Cancer Reported 

The character of the services which the pharmaceutical advertiser offers to the 
medical profession is well represented by Ciba Reports. And this type of service 
is more and more in evidence as the pharmaceutical industry moves forward. The 
individual practicing physician now depends on the pharmaceutical advertiser for 
new information, for background material, and even for cultural stimulation. 
Hackneyed though the phrase may seem, pharmaceutical advertising serves the 
cause of medicine. 

RECEIVED September 13, 1954. 
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Sources of Pharmaceutical Market 
and Economic Information 

WALTER A. SOUTHERN 

Abbott Laboratories, North Chicago, Ill. 

The major sources of market and economic information on the 
pharmaceutical industry are discussed. An annotated bibliogra
phy, including all sources mentioned in this discussion and a 
number of supplementary sources, is appended to this paper. 

Statist ics are important in the pharmaceutical industry. They form the basis for 
scientific research decisions, for medical research decisions, and for business de
cisions. As the pharmaceutical industry has become more complex, facts and 
statistical data likewise have become more useful. How quickly and efficiently the 
l ibrary is able to supply desired statistics is an excellent criteria of the quality of 
service offered by the industrial pharmaceutical l ibrary. 

How many appendectomies were performed in the United States in 1952? What 
are the world-wide production figures on ergot, and which countries are the major 
growers? How many people w i l l be over 65 in 1975? What is the incidence of 
amebiasis in the various countries of the world? What percentage of the United 
States production of penicil l in in 1952 was exported to foreign countries? These 
are typical of the requests for statistical data that come into the industrial pharma
ceutical l ibrary. Most frequently the answer to these requests are to be found in 
the standard statistical reference sources. Many times, however, these sources are 
not helpful, and it may be a reference in a textbook, a newspaper article, a printed 
speech, or perhaps an obscure leaflet issued by an advertising agency which has the 
answer. The l ibrar ian must be alert to these unusual sources, and he must care
ful ly screen and index significant data contained in these sources. 

This paper is concerned with the major sources of economic and market data as 
related to the pharmaceutical industry. The United States Government is the 
largest supplier of statistics on the pharmaceutical industry, but trade associations, 
trade journals, pharmaceutical companies, private research organizations, univer
sities, and state governments also are important sources of statistical data. 

Requests for current pharmaceutical economic and market data generally fa l l 
into one of these broad groups—production, consumption, foreign trade, new phar
maceutical products, prescriptions, disease incidence, mortality statistics, and finan
cial and operating data on pharmaceutical industry. 

Since it is impossible to discuss a l l the major sources of information in these 
fields, two or three important sources are mentioned in each category. A more ex
tensive annotated list of sources has been compiled and is appended to this paper. 

Production Statistics 
Production statistics may be requested for individual chemicals or pharma

ceutical preparations, for the total drug industry, or for the total United States pro
duction. Two key guides for production statistics are the U . S. Tarif f Commission's 
annual report, Synthetic Organic Chemicals, United States Production and Sales, 
and the Census of Manufactures. The former publication gives production figures 
in pounds and quantity, value, and unit value sales statistics for synthetic organic 
chemicals and the raw materials from which they are made. Data for the report 
is supplied annually by more than 560 producing companies. The Census of Manu
factures gives dollar value of shipments in finely divided subdivisions for biological 
products, inorganic and organic medicinal chemicals, and pharmaceutical prepara
tions. 
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Consumption Statistics 

Consumption statistics for pharmaceutical products may be wanted for in 
dividual products, such as aspir in sales in 1952, or for the value of total drug prod
ucts sold in a particular year. Drug Topics, one of the leading statistical reporting 
trade publications in the industry, also reports annually on drug sales and publishes 
a sales forecast. The report on drug store sales lists such items as vitamins, anti
histamines, and eye lotions. The retail trade section of the U. S. Census of Business 
gives prescription, drug, and farm animal remedy statistics for drug stores. 

Prescription Statistics 

Statistics on prescriptions are one of the most often requested. Total prescrip
tion sales, average prescription price, sales of prescriptions by therapeutic use, and 
sales of individual prescription specialties are types of prescription data requested. 
American Druggist, a fortnightly trade publication, carries a continuing prescrip
tion survey in each issue. Prescriptions are classified by use and by major drug type* 
Twenty-six prescription types and eight drug types are listed. The Associated Pre
scription Panel Service is a monthly analysis of 33,500 prescriptions. This service 
gives data on the number of times prescription specialties were used in the pre
scriptions analyzed. The National Prescription Survey, a bimonthly publication 
of the Research Society averages 225,000 prescriptions per year. This survey gives 
such data as: number of one ingredient prescriptions, prescriptions by manufac
turers, average prescription prices, and number of drug forms to fill specialty pre
scriptions. Drug Topics carries an annual prescription survey which is very useful. 

New Pharmaceutical Specialties 

Information on new pharmaceutical specialties, while not in the area of statis
tics, is closely related to this field. Requests for information on trade and chemical 
names of pharmaceutical specialties, their content, and use are frequently requested. 
Many excellent publications of this type are available. The Modern Drug Ency
clopedia gives comprehensive data on prescription specialties in the United States. 
For quick identification of specialties the American Druggist Blue Book and the 
Drug Topics Red Book are very useful. Facts and Comparisons lists together prod
ucts of similar therapeutic use, and it is useful for this purpose, as well as for quick 
identification of specialties. Unlisted Drugs, a notable cooperative publication of 
industrial pharmaceutical l ibrarians belonging to the Special Libraries Association, 
lists foreign as well as domestic drugs. It gives trade and chemical names and the 
action and dosage of specialties listed. A very useful feature of this publication is 
the l ist ing of l iterature references which are given for each specialty. 

Statistics on Scope of Pharmaceutical Market 

Statistics related to the scope of the market for pharmaceutical preparations 
may require data on the incidence of disease, population figures, or mortality figures. 
Population data such as age, sex, mari ta l status, race, major occupation groups are 
found in the Census of Population. The Current Population Reports which supple
ment and bring up to date the Census of Population are issued in several series. 
Estimates of total U . S. population, population by states, school enrollment, and 
the labor force are reported at irregular intervals. 

Vital Statistics of the United States is the most important source for mortal i ty 
statistics. Deaths from 254 selected causes by race and sex for the United States 
and each state are given. Supplementing this report is the Monthly Vital Statistics 
Report, which contains mortality data for 43 causes of death. The Communicable 
Disease Summary and Morbidity and Mortality carry weekly summaries on the num
ber of cases of more than 20 diseases during the previous week. Public Health Re
ports frequently carry review-type articles on specific diseases in which comprehen
sive statistical data on the incidence of diseases are discussed. The Statistical Bulle
tin of the Metropolitan Life Insurance Company contains a monthly summary of 
death rates per 100,000 policyholders from selected causes. Special surveys of spe
cific diseases are regularly featured in which comprehensive statistical data are gen
eral ly included. 
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Foreign Trade Statistics 

Import and export statistics are championed by the Department of Commerce's 
publications United States Imports of Merchandise and United States Exports of 
Merchandise. Statistics on the amount of crude drugs imported into the United 
States or the export of finished pharmaceuticals are listed in these publications. 
Another very useful, but somewhat outdated publication is the U . S. Tariff Com
mission's Summaries of Tariff Information. In addition to import statistics on the 
foreign value, unit value, quantity, and tariff rates on pharmaceutical preparations, 
informative, general discussions are included for each product listed. Discussions 
include information on countries which are leading producers, general information 
on the product, foreign capacity, prices, and others. 

Drug Store Statistics 
Statistical information on drug stores, the industry's chief outlet for its prod

ucts, is broad in scope. Location and number of drug stores, sales, sales per United 
States family, drug sales by city, inventories, drug store failures, wholesale prices 
of pharmaceuticals, drug store profits and margins are typical of the statistical data 
requested in this field. The Monthly Retail Trade Report, Survey of Current Busi
ness, Business News Reports and the sales management Survey of Buying Power are 
a l l publications of interest for statistical data on drug stores. 

Financial and General Data on Pharmaceutical Companies 
Financia l and general statistics available on pharmaceutical companies and the 

industry as a whole are readily available. Moody's Services and Standard & Poor's 
Services supply data on the history, capital structure, commerce share earnings, div i 
dends, income, inventory turnover, price earnings, and ratios on the individual phar
maceutical companies. The Monthly Labor Review contains statistics in each issue on 
the number of employees in the drug industry, monthly labor turnover rates, and 
hours and gross earnings of production workers. The Census of Manufactures 
includes statistics on number of employees, wages, value of products. Data are pre
sented for the pharmaceutical industry as a group and separately, by geographic 
divisions and of states. 
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Statistics by states, vol. III. Detailed statistics on number of establish
ments making drugs and medicines, employees, value of products, per
centage of value represented by cost of materials and manufactures for 
each of the 48 states, the Distr ict of Columbia, A laska, Hawai i , in a l l 
counties and cities of more than 10,000 inhabitants. 
Product supplement. Quantity and value of shipments of more than 
6000 products manufactured by U . S. industry. 

(7) "Census of Population, 1950." 4 volumes. 1952-53. U . S. Department of 
Commerce, Washington, D. C. 

Number of inhabitants, vol. I. Total population for states, counties, ru ra l 
areas, etc. 
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Labor force, vol. III. 
Characteristics by age, vol. IV . 

(8) Chemical Economics Handbook. Annual . Stanford Research Institute, Palo 
Alto, Cal i f . 

Statistics and charts on a l l chemicals of commercial importance and data 
on hundreds of companies. 

(9) Chemical Facts and Figures. Annual . Manufacturing Chemists' Associa
tion, Washington, D. C. 

A handy compilation of government and other statistics on production and 
consumption indexes, hours and earnings, financial and tax data, foreign 
trade, wholesale price indexes, and others. 

(10) Chemical Market Report. Monthly. Foster D. Snell, Inc., New York. 
A n index and summary of significant published data in trade journals, 
government publications, scientific journals, and house organs in the field 
of chemical marketing, research, supply, and development. 

(11) Chemical and Rubber Industry Report. Monthly. U . S. Department of Com
merce, Washington, D. C. 

Gives monthly production figures for United States production of ant i
biotics, sulfonamides, and vitamins. 
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(13) Drug Topics. Biweekly. Topics Publ ishing Co., New York. 
Includes annual surveys of what the public spends for health goods bought 
through drug stores; the vitamin market; first aid goods department; 
prescription census; and forecast of trend of sales, prices, stocks, gross 
margins, and others. 

(14) Drug Topics Red Book. Annual . Topics Publishing Co., New York. 
L is t of pharmaceutical specialties available in the United States. Prices 
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(15) Drug Trade News. Biweekly. Topics Publishing Co., New York. 
Publishes annual analysis of the financial statements of pharmaceutical 
companies. 

(16) Dun's Statistical Review. Monthly. Dun & Bradstreet, New York. 
Monthly statistics on the number of drug store failures and their current 
liabilities. 

(17) Economic Almanac. Biannual . National Industrial Conference Board, New 
York. 

A statistical compilation, including population, consumption, and manu
facturing data. 

(18) Ethical Drug Audit. Quarterly. Dun & Bradstreet, New York. 
Data on the market position of producers of specified prescription spe
cialties; market position, by classification of the market for specialties; 
percentage distribution of purchases among various classifications of the 
market. Data on product, form, volume, and strength of specialty. 

(19) Facts and Comparisons. 314 pages. 1953. Monthly revisions. Facts and 
Comparisons, Inc., St. Louis, Mo. 

L i s t of pharmaceutical specialties available in the United States. Prod
ucts of l ike nature are arranged together. Content, dosage, and price 
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Interpretative reporting of financial data on individual pharmaceutical 
companies and industry statistics such as sales, taxes, earnings, and ex
ports. 

(21) Federal Reserve Bulletin. Monthly. Federal Reserve System, Washington, 
D. C. 

Statistics on wholesale prices of drugs and pharmaceuticals. 
(22) Foreign Commerce Weekly. Weekly. U . S. Department of Commerce, Wash

ington, D. C. 
Contains informational articles on drugs and pharmaceuticals and indus
trial developments in foreign countries. 

(23) Foreign Commerce Yearbook. Annual . U . S. Department of Commerce, 
Washington, D. C. 

Contains import and export statistics, including the value and amounts 
of pharmaceuticals from and to the United States and the principal coun
tries of the world. 
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Hayes, Detroit, Mich. 
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(25) Lilly Digest. Annual . E l i Lilly and Co., Indianapolis, Ind. 
Statistics on drug store costs, margins, profits, prescription prices, and 
refills. 

(26) Medical Marketing. Monthly. Medical Economics, Inc., Rutherford, N . J. 
Contains annual physician survey on prescribing habits, dispensing trends, 
patient load, working load, and time spent per patient. 

(27) Modern Drug Encyclopedia. 5th ed., 1952. Quarterly supplements. Drug 
Publications, New York. 

L i s t of pharmaceutical specialties available in the United States. Chem
ical name, action and uses, administration, and supply data given. 
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Counties. 1953. Modern Medicine Publications, Minneapolis, M inn . 
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scription sales, and so forth. 

(29) Modern Medicine Topics. Monthly. Modern Medicine, Minneapolis, Minn. 
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others. 

(30) Monthly Labor Review. Monthly. U . S. Department of Labor, Washington, 
D. C. 
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over rates; hours and gross earnings of production workers. 
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Manual of Investments, Industrials. Annua l and semiweekly. Gives data 
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(35) Morbidity and Mortality. Weekly. U . S. Department of Health, Education, 
and Welfare, Washington, D. C. 
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United States. 

(36) National Prescription Audit. Bimonthly. Research Society, Boston, Mass. 
Analysis of 225,000 prescriptions per year. Data on per cent of prescrip
tions, per cent dollar volume, average prescription prices, pieces of direct 
mai l , and new products of prescriptions analyzed. Number of different 
drug forms to fill specialty prescriptions, number of one ingredient pre
scriptions, and ingredient of prescriptions by manufacturers are also given. 
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(37) Oil, Paint, and Drug Reporter. Weekly. Schnell Publishing Co., New York. 
Record of conditions and prices in industrial markets for chemicals and 
drugs. 

(38) Pharmaceutical Index. Bimonthly. A . C. Nielsen Co., Chicago, Ill. 
A n audit of the invoices of 800 drug stores of drug and pharmaceutical 
products. Data are projected into national totals, and broken down by 
territories, county sizes, and store types. 

(39) Sales Management Survey of Buying Power. Annual . Sales Management, 
New York. 

Statistics on drug store sales per U . S. family by states; drug store sales 
for 200 leading counties; estimated retail drug sales by c i ty ; county, met
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Industry Surveys, Drugs and Cosmetics, Basis Analysis. Annual . F inan
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profit margins, dividend policies, and price-earnings ratios for the indus
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since 1939. 
Industry Surveys, Drugs, and Cosmetics, Current Analysis. Quarterly. 
Abbreviated, but more current, report on the industry. Contains data 
similar to that found in Basic Analysis report. 
Corporation Records. Continuous revisions. Factual data on pharma
ceutical companies and their securities. Gives corporate background in 
formation, stock data, and earnings and financial data. 

(41) Statistical Abstract of the United States. Annual . U . S. Department of 
Commerce, Washington, D. C. 

Statistics from various sources on drugs and druggists preparations, 
which include cost of material used in production, value of manufacture, 
indexes of employment and payroll , average hours and earnings of em
ployees, corporation income tax returns, excise taxes, and foreign trade. 
Also statistics on trade of drug stores; wholesale prices for medicinal and 
pharmaceutical preparations, and expenditures by states for health and 
sanitation. 

(42) Statistical Bulletin of the Metropolitan Life Insurance Co. Monthly. The 
Company, New York. 

Monthly tabulation of death rates per 100,000 policyholders from selected 
causes. Includes special surveys of disease incidence of a l l types. 

(43) Summaries of Tariff Information. Vol. 1, Chemicals Oils, and Paints. Part 
1, Noncoal-tar Acids, Alcohols, Resins, and Medicinals. 1948. U . S. Tariff 
Commission, Washington, D. C. 

Import statistics on medicinal and pharmaceutical preparations. Foreign 
value, unit value, quantity, and tariff rates. 

(44) Survey of American Listed Corporations: Data on Profits and Operations. 
Annual . U . S. Securities and Exchange Commission, Washington, D. C. 

Includes data on the drug industry and drug stores. 
(45) Survey of Current Business. Monthly. U . S. Department of Commerce, 

Washington, D. C. 
Contains monthly statistical data on employment and wages, production 
and distribution, retai l sales of drug stores, and an index of wholesale drug 
prices. 

(46) Synthetic Organic Chemicals. Annual , with monthly supplements. U . S. 
Tariff Commission, Washington, D. C. 

Gives U . S. production and sales of intermediates and finished organic 
chemicals, by groups. 

(47) United States Imports of Merchandise for Consumption in Commodity by 
Country of Origin Arrangement. FT410. Monthly and annual. U . S. De
partment of Commerce, Washington, D. C. 

Lists industrial commodities, the total imported from al l countries, and for 
each commodity information on the amount of each country from which 
imports are $10,000 or more. 

(48) Unlisted Drugs. Monthly. Special Libraries Association, Pharmaceutical 
Section, New York. 

L i s t of recently introduced domestic and foreign drug specialties. Gives 
chemical name, action, dosage, and literature reference for each specialty 
cited. 
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(49) Vital Statistics of the United States. Annua l . U . S. Department of Health, 
Education and Welfare, Washington, D. C. 

Pa r t I. Natal i ty , marriage, divorce, morbidity, and life table data for the 
United States. 
Pa r t II. Nata l i ty and mortal ity data for the United States, by place of 
residence. 

RECEIVED September 13, 1954. 
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Biochemical, Pharmacological, and Medical 
Terminology in French and German 
Chemical Literature 

HENRY FISCHBACH 

The Language Service, 141 East 44th St., New York 17, Ν. Y. 

As a guide to the literature chemist who may be called upon 
to translate or abstract biochemical, pharmacological, and 
medical literature, the following subjects are discussed: phar
maceuticals of chemical origin; a basic anatomical and path
ological vocabulary in French and German; "aliases" under 
which many chemical substances are known in pharmacology 
and medicine; words whose literal meaning differs from their 
pharmacological, biochemical, and medical connotations; and 
a general method of approach to such literature. Listed are 
frequently used therapeutic preparations with their French 
and German equivalents, helpful English and foreign-language 
reference works, and the Latin and Greek prefixes and suffixes 
most prevalent in medical terminology. 

T h e purpose of this paper is to present suggestions to the literature chemist who 
has a reading knowledge of chemical French and German and who may be called 
upon to translate or abstract biochemical, pharmacological, or medical material in 
these languages. 

Many chemical substances have been and are being widely used in medicine. 
In fact, chemotherapeutic agents have come to occupy an increasingly important 
place in modern medicine. Their physiological action and the therapeutic benefits 
derived from them are of more than theoretical interest to the manufacturing 
chemist. Any description of their physical and chemical properties is l ikely to be 
accompanied by a discussion of their effects on the human organism. The l itera
ture chemist may consequently have to translate or abstract reports of experi
mental investigations and clinical trials in which the therapeutic applicability of 
both old and new chemical substances has been tested. Chemical companies are 
concerned wi th the toxicity of many of the chemicals they manufacture, even i f these 
are not used in human medicine, because these substances may be responsible for 
occupational diseases and consequently affect the health of those handling them. 

The approach to medical material is essentially the same as the approach to 
other scientific texts. The pr imary nonlinguistic prerequisite for translating sci
entific material is some knowledge of the subject matter involved (1). Because 
a l l cannot be expected to have specialized knowledge in the fields of medicine and 
pharmacology, the question arises as to where the necessary basic information can 
be found in ready reference form. 

Reference Works 

In addition to a large number of excellent medical dictionaries, many of which 
are listed in Table I, reference should also be made to English-language textbooks 
and manuals intended for the physician. Before translating a given medical text, 
i t may be well to consult such works in order to acquire some background knowl
edge of the physiological, bacteriological, or pathological concepts discussed. 

94 
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A n excellent all-purpose reference in Engl ish is "The Merck Manual of Diag
nosis and Therapy" which, when used in conjunction with a foreign-language hand
book, such as the "Formula i re As t i e r " in French, w i l l answer most terminological 
problems. Another useful reference, part icularly for clinical bacteriology and 
histology, is the Department of the Army's technical manual entitled "Methods for 
Laboratory Technicians," prepared under the direction of the Surgeon General. 
Among the pharmacological references frequently worth consulting is "The Merck 
Index of Chemicals and Drugs, " which also lists some foreign pharmaceutical prepa
rations, although perhaps not enough, and contains many valuable tables for con
verting measures and weights, p H determinations, radioactive isotopes, coal-tar dyes 
for drugs, boiling temperatures of liquids, and melting points. Incidentally, body 
weights and temperatures should, as a rule, be converted from the metric and 
centigrade systems, but measurements in laboratory data should not. Other i n 
dispensable source references for French, Belgian, Swiss, German, Austr ian, and 
other foreign proprietary drugs are the "Uni ted States Pharmacopeia," "New and 
Nonofficial Remedies," and similar treatises on drugs, their formulas, and methods 
of preparation published abroad. The names of some chemotherapeutic agents, 
proprietary or otherwise, may not be readily recognizable in French or German be
cause of their orthographic adaptation to these languages. 

Table II is a list of some of the major types and categories of therapeutic 
agents in use today, with French and German equivalents, and a necessarily brief 
identification of the physiological action involved. This tabulation does not include 
those categories of therapeutic agents which are used in the treatment of a specific 
disease (antisyphilitics, antimalarials, antitetanics, etc.), or those belonging to a 
family of chemotherapeutic agents (barbiturates, arsenicals, sulfa drugs, etc.). 

Another problem frequently encountered in translat ing or abstracting phar
maceutical material is that many chemical substances known to the chemist by one 
nonproprietary name are known to the pharmacologist by another. However legit i
mate these "al iases" may be, they make for confusion. To cite three from a l ist 
that would fill a fair-sized book : The anesthetic "cyclopropane" has also been called 
"tr imethylene" ; the systematic name of "methyla l , " or " fo rmal , " is "dimethoxy-
methane"; and "hyoscine" is a synonym of "scopolamine," the optically inactive 
variety of which is also called "atroscine." Most of the pharmaceutical reference 
works mentioned above l ist both the pharmacological and chemical names of these 
dual-name substances. 

A somewhat similar plural i ty of nomenclature also exists in the field of path
ology, in view of the fact that most diseases have at least two names : the eponymic 
name—i.e., that of the physician or bacteriologist who first described the condition 
or isolated the etiological agent involved—and the descriptive name. Not infre
quently, a disease may even have several descriptive names. "Hodgkin's disease," 
for example, the French and German equivalents of which are maladie de Hodgkin 
and Hodgkins Krankheit, is also known as "infectious granuloma," "malignant 
granuloma," "malignant lymphoma," "lymphosarcoma," and "pseudoleukemia." In 
French medical texts, i t may be referred to as lymphogranulomas se maligne, granu-
lomatose maligne, or adénie éosinophilique prurigène, and in German i t can also be 
called Pseudoleukamie, malignes Granulom, or Lymphogranulomatose. The blame 
for this terminological confusion, or at least for what strikes the lay translator as 
such, cannot in a l l fairness be laid at the door of those who compile medical dic
tionaries, some of whom—like Pierre Lépine of the Pasteur Institute—are eminent 
medical men, as they understandably and rightly wish to avoid being charged wi th 
the sin of omission and consequently feel that they should include a l l known names 
(however obsolete or obsolescent). A desirable approach to this problem is to call 
the disease by the name under which it is listed in Engl ish reference works on path
ology or in such general medical references as the "Merck Manual of Diagnosis and 
Therapy." 

A number of pathological conditions in Engl ish have retained the original 
French, German, or other foreign name. Thus, the form of epilepsy in which there 
are severe convulsions and loss of consciousness is known in Engl ish as grand mal; 
the mild form, in which vertiginous or other sensations take the place of convul-
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sions, is called petit mal. Such designations should not be translated. A rather 
curious condition, to cite an example from German, is Witzelsucht, also known as 
such in Engl ish. This is the designation for a psychopathological condition marked 
by the making of poor jokes and puns and the tell ing of pointless stories, at which 
the patient is himself intensely amused. 

As in Engl ish, a number of medical terms in both German and French have a 
chameleonlike quality; their meaning changes with the context. Thus, Blase can 
refer to "bladder," "vesicle," or "bl ister , " depending on whether the context sug
gests anatomy, embryology, or pathology. Kreuzung means "hybr id izat ion" in biol
ogy and "decussation" or "ch iasma" in neurology. In surgery, Schnitt is an " inc i 
sion," but in histology i t is a "section" or a "s l ide." When used in an anatomical 
sense, Zàpfchen means "uvu la , " but in pharmacology it means "suppository." In 
the one field of anatomy alone certain terms w i l l have different Engl ish equivalents, 
depending on the part of the body involved. Kammer denotes both the "ventr ic le" 
of the heart or brain and the "chamber" of the eye. Bein is generally " l eg , " a l 
though i t frequently refers to "bone," especially in combining forms. In derma
tology, Lederhaut is the German word for the "cor ium," or "true sk in , " but in 
ophthalmology it refers to the "sclerotic coat" of the eye. A n example from Ger
man which has two almost antithetical meanings is Herzschlag. In physiology, it 
means "heartbeat," but in pathology it refers to "cardioplegia," or paralysis of the 
heart—obviously a difference not to be taken lightly. 

The term Beschwerden, which is frequently used in German clinical case his
tories, w i l l only occasionally be correctly translatable as "complaints." In most i n 
stances it has the weight of what an Engl ish medical writer would call "subjective 
symptoms" or just "symptoms." And no matter how difficult or annoying a German 
text may be to decipher, Halsweh is nothing more than a "sore throat" and should 
not be rendered as "pa in in the neck." 

French medical terminology also contains a number of terms which do double 
or even triple duty. Ampoule is an "ampoule" to the pharmacist or laboratory 
technician; but to the pathologist it is a "b l i s ter " or a "vesicle." Loupe is a "mag
ni fy ing glass" in the field of optics; in pathology it denotes a "sebaceous cyst" or 
"atheroma." In pharmacology, pilon is a "pestle" or "s tamper" ; in orthopedics, 
i t is the French term for an "art i f ic ia l leg." In a chemical text tampon is the 
equivalent of "buffer," but in therapeutics it means "pledget," " tampon," or "swab." 
F ina l ly , tourniquet is the term for the instrument used for the compression of a 
blood vessel, and as such i t has the same meaning in Engl ish. As a pathological 
condition, however, it is one of the French names for what we call "Gerl ier 's disease" 
or "endemic paralytic vertigo." A general French expression which is widely used 
in case-history descriptions is au niveau de, as in the phrase : " L e malade avait une 
inflammation au niveau des articulations." This should not be translated l i teral ly 
as an "inflammation at the level of the joints," but simply as an "inflammation of 
the joints." 

In the preface to his "Dict ionary of New Medical Terms," first published at the 
turn of the century, George M . Gould wrote: 

Our modern language of medicine is unique in that it is made up of the un
changed and undigested materials and relics used or contributed during its entire 
history. The persisting substratum is La t in , upon which has been placed a mass of 
pseudo-Greek words not physiologically created nor grown by natural philologie 
methods, but springing Minerva-l ike from the brains of thousands of modern J u p i -
ters. These largely bear the marks of their parentage in characteristics that do not, 
or should not, beget a spontaneous pride of lineage. 

Gould then says: 
F rom a highly variegated medievalism that has, indeed, never ended, we have 

taken over another unassimilable conglomerate, and superadded are thousands of 
dissimilar terms derived from modern chemistry, biology, bacteriology, and many 
other sciences. . . . The result is before us : a huge and unassimilated philologie mass, 
many times greater than i t should be, the despair of medical students and of makers 
of dictionaries. 

And Gould might have added, especially of translators, who must grapple wi th 
this "philologie mass" twice: first in the foreign language and then in Engl ish. 
R. J . E . Scott in the preface to the first edition of this dictionary, suggested that 
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"scientists, when about to assume the role of parents of new words, should, when
ever necessary, seek the aid of the man with a knowledge of Greek, rather than 
undergo (without the help of a specialist) the pangs of etymologic labor, wi th the 
resulting b ir th of a l inguistic monstrosity." 

This, therefore, is the problem we have inherited. The key to its solution— 
for those called upon to decipher foreign biochemical, pharmacological, and medical 
texts—lies in the fact that about a th i rd of the medical terminology in German and 
well over half the medical vocabulary in French is of Greek or La t in derivation, 
this percentage being much higher for the strictly scientific element. There was a 
time, not so long ago, when the study of La t in , i f not also of Greek, was a prerequisite 
for the study of medicine. Today this is no longer universally the case, but some 
fami l iar i ty with these two far from dead languages w i l l obviously simplify the task 
of acquiring a basic biochemical, pharmacological, and medical vocabulary, not 
merely in Engl ish but also in German and especially in French. But, to quote from 
Lloyd W. Daly's "Fundamentals of Medical Etymology" (part of the "Amer ican 
Il lustrated Medical Dict ionary" ) , "since i t no longer seems economical to learn to 
read the two languages for this purpose, some short cut to the necessary informa
tion is needed, and again experience has shown that certain fundamentals of vocab
ulary and linguistic principle can easily be mastered and are of great assistance." 

Such a short cut is offered in the analytical word lists included in most medical 
dictionaries today. One of the most complete lists of La t in and Greek prefixes, 
suffixes, and combining forms entering into the composition of modern Engl ish med
ical terminology w i l l be found in the "Fundamentals of Medical Etymology." 

Table III is based on various source references, chiefly "Webster's New Interna
tional Dict ionary," 2nd éd., G. & C. Merr iam Co., Springfield, Mass., 1953; "Amer ican 
Illustrated Medical Dict ionary" ; "Gould's Medical Dict ionary" ; E . Veil lon, "Medical 
Dict ionary", Hans Huber, Bern, 1950; "Dict ionnaire Polyglotte des Termes Médi-
i»caux"; and others (see list of medical reference works cited). The de
rivative Greek or La t in words themselves are not given following each 
entry, although their pertinent Eng l ish meaning or meanings are provided, and in 
some cases this is followed by an appropriate explanation of how the prefix or 
suffix is generally used in biochemical and medical terms. F ina l l y , an example is 
given to i l lustrate use of the combining form in both a German and a French 
compound derivative. 

In view of the fact that there is as yet no agreement on the use of the German 
consonants c, k, and ζ in the spelling of many foreign terms of Greek and La t in 
origin, many prefixes, combining forms, and suffixes normally written with c in Eng 
l ish and French are frequently written with k or ζ in German. Thus, Antibioticum 
is written with either c or k and Leukocytose can be written with either ζ or c. Gen
erally speaking, Swiss and Austr ian journals prefer the La t in c, in both the singular 
and the p lu ra l ; German journals tend to favor the k. In Table III, however, these 
alternative spellings have not been entered. For German medical words of Greek 
or La t in origin written with a k or z, therefore, the pertinent prefix, combining 
form, or suffix w i l l be found spelled wi th c. Many of the more obvious medical pre
fixes and combining forms, such as "pharmaco-," "psycho-," "sanguino-," "musculo-," 
and "pulmo-," have not been listed. 

Many related terms are derived from both the La t in and the Greek word for a 
given concept. Thus, cancérigène comes from the La t in word for cancer and 
carcinomateux from the Greek word for cancer; Ovogenese comes from the La t in 
word for egg and Oogenese from the Greek word for egg. 

Conclusion 

When he undertook to prepare this paper, the author developed what in retro
spect he would diagnose as a mild case of mental onychophagia, not because of any 
latent lalophobia when addressing a select audience, but rather because of a con
genital condition of periodic logagraphia and chronic ergophobia—a serious syn
drome, and one which reflects the highly infectious nature of the subject matter. 
What is meant is that when first faced wi th the prospect of having to work out this 
paper he was mentally bit ing his fingernails (onychophagia), not because of any 
extreme dislike for public speaking (lalophobia), but because of a periodic inabi l i ty 
to express ideas in wr i t ing (logagraphia) and a morbid dread of work (ergophobia). 
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However, i f he has succeeded in assembling material that may be of some help in 
translat ing or abstracting French and German medical texts, he w i l l derive con
siderable comfort from the fact that the above syndrome, serious as i t is, may yet 
allow a favorable prognosis. 
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Table II. Major Categories and Types of Therapeutic Agents and Their French 
and German Equivalents 

This list does not include categories of therapeutic agents which are used in the 
treatment of a specific disease (antisyphilitics, antimalarials, antitetanics, etc.), or 
those belonging to a family of chemotherapeutic agents (barbiturates, arsenicals, 
sulfa drugs, etc.). Fo r reasons of space, German compound words ending in -mittel 
(agents) are here abbreviated to -m., and the noun Mittel, to M . 

Abortifacients 
Absorbents or 

absorbefacients 
Activators 

Adjuvants 

Adrenolytics 

Alteratives 

Analeptics 

Analgesics 

Anaphrodisiacs 

Anesthetics 

Angiotonics 

Anhidrotics or 
antihidrotics 

Anodynes 
Antacids 
Antalgics or 

Antalgesics 
Antemetics 
Antibiotics 
Anticatalysts 

Anticoagulants 

Anticonvulsants 

Antidiarrheals 

Antidiuretics 

Antidotes 

Antiferments 
Antigens 
An t ( i ) helminthics 

Antihemolytics 

Antihemorrhagics 

Antihistaminics 

Antiparasit ics 

Antiphlogistics 

abortif s ; Abtreibungsm. 
absorbants, résorbants ; 

Absorbentia, Resorbentia 
substances d'action; 

Aktionsstoffe 
ad 'uvants ; Adjuventen, 

Hi l fsm. 
andrénolytiques ; 

adrenolytische M . 
modificateurs ; umstimmende 

M. 
analeptiques ; Analeptica 

analgésiques ; Analgetica, 
Schmerzstillungsm. 

anaphrodisiaques ; 
Anaphrodisiaca, 
geschlechtsvermindernde M . 

anesthésiques ; Anaesthetica, 
Betaubungsm. 

angiotoniques ; 
Blutdruckerhôhende M . 

anhidrotiques ; Anthidrotica 

calmants; Linderungsm. 
antiacides; sâurebindende M . 
antalgiques ; Antalgica, 

Schmerzstillungsm. 
antiémétiques ; Antemetica 
antibiotiques ; Antibiotica 
anticatalysateurs ; 

Antikatalysatoren 
anticoagulants ; 

Ant iko agulantien 
anticonvulsifs, anticon

v u l s a n t s ; krampflosende M . 
Spasmolytica 

antidiarrhéiques ; 
Antidiarrhoica 

antidiurétiques ; 
Antidiuret ica 

antidotes; Antidoten, Gegenm., 
Gegengifte 

antiferments ; An t i f ermente 
antigènes; Antigène 
antihelmintiques, anthel-

mintiques; Wurmm., A n -
thelminthica 

a-^tihémolytiques ; 
antihemolytische M . 

antihémorragiques ; 
blutstillende M . 

antihistaminiques ; 
Antihistamine, 
Antihistaminstoife 

antiparasitaires ; 
Ant iparasi t ica 

antiphlogistiques ; 
Antiphlogistica 

causing abortion 
promoting absorption 

rendering another substance 
active 

assisting other remedies 

inhibit ing action of adrenergic 
nerves 

re-establishing healthy 
functions 

stimulating central nervous 
system 

relieving pain 

repressing sexual desire 

causing insensibility 

increasing vascular tension 

checking sweat secretion 

relieving pain 
counteracting acidity 
relieving pain 

relieving nausea, vomiting 
destroying bacteria 
retarding catalyzer action 

delaying blood coagulation 

acting against convulsions 

counteracting diarrhea 

checking ur inary secretion 

counteracting a poison 

preventing fermentation 
incit ing antibody formation 
destroying worms 

preventing hemolysis 

stopping hemorrhage 

counteracting histaminic 
action 

destroying parasites 

reducing inflammation or 
fever 
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Antiprurit ics 

Antipyretics 

Antiseptics 

Antispasmodics 

Antisudorifics 

Antithermics 
Antitoxins 

Antitussives 
Antivenoms or 

antivenins 
Aperients 

Aperitives 

Aphrodisiacs 
Arcana 
Aromatics 

Astringents 

Bactericides 
Bacteriolytics 

Bacteriostatics 

Bechics 

Bronchodilators 

Cardiotonics 

Carminatives 

Catalytics 

Cathartics 
Caustics 

Cholagogues 
Choleretics 

Contraceptives 

Convulsants 
Cordials 
Cosmetics 

Decongestives 

Demulcents 

Deodorants 
Depilatories 
Depressants 

ADVANCES IN CHEMISTRY SERIES 

antiprurigineux, ant iprur i -
tiques; jucklindernde or 
juckstillende M . 

antipyrétiques ; Fieberm., 
Antipyret ica 

antiseptiques, stérilisants ; 
Antiseptica 

antispasmodiques ; Spas-
molytica, krampflosende M . 

antisudoraux; 
schweisslindernde M . 

antithermiques ; Antithermica 
antitoxiques, contrepoisons ; 

antitoxische M . 
See "Bechics" 
antivenimeux, antivénéneux ; 

Gegengifte 
purgatifs légers; 

erôffnende M . 
apéritifs; Aper i t iva, 

appetitanregende M . 
aphrodisiaques; Aphrodisiaca 
arcanes; Geheimm. 
aromatiques; Aromatica, 

aromatische M . 
astringents ; Adstringentia 

bactéricides; bakterizide M . 
bactériolytiques ; 

bakteriolytische M . 
bactériostatiques ; 

bakteriostatische M . 
béchiques; Hustenm. 
bronchodilatateurs ; 

Luftwegeerweiternde M . 
cardiotoniques, tonicar

diaques ; Cardiotonîca, 
Herzm. 

carminati fs; Carminativa, 
Blâhungsm., windtreibende 
M . 

catalysateurs, catalyseurs ; 
Katalysatoren, 
Kontaktstofïe 

cathartiques ; Kathart ica 
caustiques; Atzm. 

cholagogues; Cholagoga 
cholérétiques ; gallentreibende 

or gallensekretions-
fôrdernde M . 

anticonceptionnels ; 
konzeptionsverhutende M . 

convulsifs; krampferregende M. 
cordiaux; herzstârkende M . 
cosmétiques; Hautm. 

décongestionnants ; blutand-
rangverhindernde M. , 
schleimhautabschwellende M . 

adoucissants; mildernde or 
erweichende M. , 
Linderungsm. 

désodorisants : Desodorantia 
dépilateurs ; Enthaarungsm. 
dépresseurs ; depressorische 

or herabstimmende M . 

relieving itching 

reducing fever 

inhibit ing bacteria and 
preventing putrefaction 

relieving spasms or 
convulsions 

checking excessive sweating 

cooling agents 
counteracting toxins 

counteracting snake venom 

mild purgatives 

stimulating appetite 

exciting sexual impulse 
secret medicines, or nostrums 
stimulants with spicy odor 

causing contraction and 
arresting discharges 

destroying bacteria 
dissolving bacteria 

arresting bacteria growth 
or multiplication 

cough remedies 
expanding lung air passages 

strengthening heart action 

relieving flatulence 

causing catalysis 

causing purgation 
corroding, burning, destroying 

l iv ing tissue 
stimulating bile flow 
See "Cholagogues" 

preventing conception 

causing convulsions 
stimulating heart action 
beautifying agents 

reducing congestion 

soothing irr i tat ion or abraded 
surfaces 

removing offensive odors 
removing hair 
diminishing functional 

activity 

 P
ub

lic
at

io
n 

D
at

e:
 J

an
ua

ry
 1

, 1
95

6 
| d

oi
: 1

0.
10

21
/b

a-
19

56
-0

01
6.

ch
01

4

In A Key to PHARMACEUTICAL AND MEDICINAL CHEMISTRY LITERATURE; 
Advances in Chemistry; American Chemical Society: Washington, DC, 1956. 



FISCHBACH—FRENCH AND GERMAN TERMINOLOGY 
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dérivatifs, révulsifs; 
ableitende M . 

Desensitizers 

Desiccants 

Detergents 
Diaphoretics 

Digestives or 
digestants 

Disinfectants 

Ecbolics 

Emetics 

Emmenagogues 
Emollients 

Emulgents 
Epilators 
Epispastics 
Errhines 
Escharotics 
Excipients 

Excitants 

Expectorants 

Febrifuges 

Fixatives 

Fungicides 

Galactagogues 

Germicides 

Hematopoietics 

Hemostatics 

Hydragogues 

Hypertensors 

Hypnagogues 

Hypnotics 

Hypotensors 

Inhalants 
Inhf itors 

Insecticides 
Irr itants 

producing derivation or with
drawing blood from seat of 
disease 

depriving of sensation désensibilisants ; 
Desensibilisierungsm. 

dessicatif s ; Desikationsm., 
Austrocknungsm., 
austrocknende M . 

détersifs; Detergentia 
diaphorétiques ; Diaphoretica, 

Schwitzm., schweisstrei-
bende M . 

digestifs; verdauungs-
fordernde M . 

désinfectants; Desinfektionsm. freeing from infection 

promoting dryness 

cleansing agent 
stimulating perspiration 

stimulating digestion 

ecboliques ; Wehenm. producing uterine contrac
tions 

causing vomiting émétiques, vomiti fs; 
Emetica, Brechm. 

emmenagogues; Emmenagoga stimulating menstrual flow 
emollients; mildernde or 

erweichende M . 
émulgents; emulgierende M . 
épilatoires ; Enthaarungsm. 
épispastiques ; Hautreizm. 
sternutatoires ; Niesm. 

excipients; formgebende M . 

excitants ; Reizm. 

expectorants ; Expektorantien 

fébrifuges; Febri fuga, 
Fieberm. 

fixateurs; Fixateure, 
Fixierungsm. 

fongicides; fungicide M . 

galactagogues ; Galactagoga, 
Lactagoga 

germicides; keimtotende M . 

softening, soothing agents 
stimulating bile/urine flow 
removing hair 
blistering agents 
promoting nasal discharge 
See "Caust ics " 
conferring suitable prescrip

tion consistency when added 
producing functional or 

cerebral excitation 
stimulating expulsion of 

mucus, etc., by spitt ing 

reducing fever 

fixing agents used in histo
logic or pathologic speci
men preparation 

destroying fungi 

increasing milk secretion 

destroying germs 

hématopoïétiques ; blutbildende promoting formation of blood 
or hâmatopoetische M . 

hémostatiques, hémostyp-
tiques; Hâmostyptica 

hydragogues; Hydragoga 

hypertenseurs ; blut-
druckerhôhende M . 

hypnagogues ; Hypnagoga, 
einschlâfernde M . 

hypnotiques, somnifères, 
narcotiques ; Schlaf m., 
Betâubungsm. 

hypotenseurs ; blutdruck-
senkende M . 

inhalants ; Inhalationsm. 
inhibiteurs ; Hemmstoff e 

insecticides; insektizide M . 
i r r i tants ; Reizm. 

arresting flow of blood 

producing watery discharge, 
especially from the bowels 

increasing blood pressure 

inducing sleep or drowsiness 

inducing sleep 

lowering blood pressure 

medicines to be inhaled 
suppressing or restraining an 

action 
destroying insects 
inducing irr i tat ion 
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Keratolyses 

Lactifuges 

Laxatives 

Lenitives 

Miotics or 
myotics 

Mydriat ics 

Narcotics 

Nervines or 
nerve tonics 

Obtundents 
Oxytocics 

Pall iatives 
Panaceas 
Parasiticides 
Parasympath (ic) o-

mimetics 

Parturifacients 

Patent medicines 

Pectorals 

Prophylactics 

Ptarmics 
Ptyalogogues 
Purgatives 
Pyretogens or 

pyrogenics 

Refrigerants 

Remedies 
Resolvents 

Restoratives 

Revulsives or 
révulsants 

Roborants 

Rubefacients 

Salivants 

Sedatives 

Sialagogues 

ADVANCES IN CHEMISTRY SERIES 

producing keratolysis kératolytiques ; 
keratolytische M . 

produits anti laiteux; 
Milchabsonderung 
vermindernde M . 

laxatifs, purgat i fs ; Laxative, 
Laxierm., Abfuhrm. 

lénitifs, calmants, sédatifs; 
Linderungsm. 

myotiques; Myotica, 
pupillenverengernde M . 

mydriatiques ; Mydriat ica, 
pupillenerweiternde M . 

narcotiques, stupéfiants ; 
Narcotica, Rauschgifte, 
Betaubungsm. 

nervins, sédatifs; Nervenm. 

oxytociques, ecboliques; 
Ocytocica, Wehenm. 

pal l iat i fs ; Pal l iat ivm. 
panacées; Al lhei lm. 
parasiticides; parasiticide M . 
parasympathicomimétiques, 

vagomimétiques ; parasym-
pathikomimetische M. , para-
sympathikuserregende M . 

agents provoquant la par tur i 
t ion; Entbindungsm. 

spécialités pharmaceutiques ; 
Patentmedizine 

calmants la toux; 
hustenstillende M . 

préventifs, prophylactiques; 
Vorbeugungsm., Prâven-
tivm., Schutzm. 

ptyalogogues ; Ptyalagoga 
purgati fs ; Abfuhrm. 
pyrétogènes, pyrogènes ; 

fiebertreibende or 
fiebererregende M. 

réfrigérants ; Ref rigerantien, 
abkuhlende M . 

remèdes; Hei lm. 
résolutifs, résolvants ; 

Resolventien, Lôsungsm. 

reconstituants ; 
Wiederherstellungsm. 

révulsifs; ableitende M . 

roboratifs, fortif iants; 
roborierende M . 

rubéfiants; hautrotende M . 

salivants ; speicheltreibende 
M. , Salivantia 

sédatifs; Beruhigungsm., 
Nervenm. 

sialagogues; Sialagoga 

checking milk secretion 

loosening the bowels 

demulcent, mildly cathartic 
agents 

causing pupi l contraction 

dilating the pupil 

producing sleep or stupor 

al laying nervous excitement 

See "Demulcents" 
hastening childbirth 

affording relief, but not cure 
cure-alls 
destroying parasites 
producing effect resembling 

stimulation of parasympa
thetic nerves 

inducing or faci l i tat ing 
childbirth 

drugs protected by patent 

cough or chest disease remedies 

tending to ward off disease 

See " E r r h i n e s " 
See "Sialogogues" 
causing bowel evacuation 
inducing fever 

relieving fever, thirst 

curing or preventing disease 
promoting resolution or dis

sipation of pathological 
growth 

promoting return to health or 
consciousness 

causing revulsion, or drawing 
of blood from one part of 
the body to another 

conferring strength 

reddening the skin 

provoking saliva 

al laying excitement/activity 

promoting salivary flow 
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Somnifacients 
Soporifics 
Specifics 

Spermatopoietics 

Spirocheticides 

Sternutatories 
Stimulants 

Stomachics 
Styptics 

Sudorifics 

Surrogates 

Sympathicolytics 

Sympath(ic)o-
mimetics 

Teniacides 
Teniafuges 
Tonics 

Topical agents 

Vaccines 

Vasoconstrictors 

Vasodilators 

Vehicles 
Vermicides 

Vermifuges 

Vesicants 

Viru( l i ) c ides 
Vomitants, -ives 
Vulneraries 

somnifères ; Schlafm. 
spécifiques, Specifica 

spermatopoïétiques ; 
samenbildende M . 

spirocheticides ; 
spirochâticide M . 

stimulants, excitants; 
Stimulantien, Reizm. 

stomachiques ; Magenm. 
styptiques ; Styptica, 

blutstillende M . 
sudorifiques ; Schwitzm., 

schweisstreibende M . 
succédanés; Ersatzm., 

Surrogate 
sympathicolytiques ; 

sympathikolytische M . 
sympathicomimétiques ; 

sympathikomimetische M . 

ténicides; Bandwurmm. 
ténifuges; Bandwurmm. 
toniques; Tonica, 

tonisierende M . 
topiques; Topica 

vaccins; Vakzine, Impfstoffe 

vasoconstricteurs ; 
Vasokonstriktoren, 
gefâssverengernde M . 

vasodilatateurs ; Vasodilata-
toren, gefàsserweiternde M . 

véhicules; Vehikel 
vermicides; Vermicida 

vermifuges; Wurmm., 
Vermifuga 

vesicants ; Vesicatoria, 
Vesicantia, blasenziehende 
M . 

virulicides; virustôtende M . 

vulnéraires; wunden-
heilende M . 

See "Soporif ics" 
inducing profound sleep 
medicines that have distinct 

curative influence on a par
ticular disease 

promoting semen secretion 

destroying spirochetes 

See " E r r h i n e s " 
causing stimulation 

promoting stomach activity 
arresting hemorrhage by 

astringent action 
promoting sweating 

substances used as substitutes 

inhibit ing autonomic nerve 
impulse transmission 

producing effect resembling 
that caused by stimulation 
of sympathetic nervous sys
tem 

destroying tapeworms 
expelling tapeworms 
restoring normal tone 

medicines for local external 
application 

substances used for preventive 
inoculation 

causing blood vessel con
striction 

causing blood vessel dilation 

excipients 
destroying intestinal animal 

parasites 
expelling worms or intestinal 

animal parasites 
causing blisters 

destroying viruses 
See "Emet i cs " 
healing wounds 

Table III. Latin and Greek Prefixes, Combining Forms, and Suffixes Used in 
French and German Biochemical and Medical Terms' 

1. General Prefixes 

a- negative ap- See ad-
ab- away from, down ap(o)- away ; from, detached, off 
ac- See ad- as- See ad-
ad- to, at, toward at- See ad-
af- See ad- bi- two, twice 
ag- See ad- cat (a ) - down, negative 
amphi- both, doubly circum- around 
an- See a- co- See con-
an(a ) - positive, up, through 

against, counter 
col- See con-

ant ( i ) -
positive, up, through 
against, counter com- See con-

ante- before con- with, together 
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104 ADVANCES IN CHEMISTRY SERIES 

contra- against, c o u n t e r medi- middle 
cor- See con- meso- middle 
de- down from mon(o)- single, only, sole 
di- two non- nine 
di- See dia- ob-, oc- against, toward 
dia- through, apart para- through, beside, near, a l -
d i (s ) - apart, away from so denoting abnormal-
e- out from ity 
ec- out of pent (a)- five 
ef- See ex- per- through 
em- See en- peri- around, near 
en- in , on poly- much, many 
endo- inside post- after, behind in time or 
ep(i)- above, over, upon, after, place 

in addition pre- before in time or place 
eso- inside pro- before in time or place 
ex- out of re- back, again 
exo- outside retro- backwards 
extra- outside of, beyond semi- half 
hemi- half sept- seven 
heno- one sub-, suf-, under, below 
hept- seven sup-
hex- six super- above, beyond, extreme 
i l - in , on, negative syn-, sy-, with, together 
im- in , on, negative syl-, sym-
in- in , on, negative tele- at a distance, far off 
in f ra beneath tetr- four 
inter- among t r i - three 
intra- inside un ( i ) - one, single 
i r - in , on, negative 

II. Specific Prefixes and Combining Forms'' 

acou- G hear acoumétrie, Akust ik 
acr- G extremity, peak acrocéphalie, Akrozyanose 
actin- G ray, radius actinomycète, Aktinotherapie 
aden- G gland adénopathie, Adenom 
adip- L fat adipeux, Adiposurie 
alb- L white albuginé, Alburnosen 
al l - G other, different allélomorphe, Allergen 
amyl- G starch amylacé, Amylose 
andr- G man androgène, Andrologie 
angi- G vessel angiologie, Angiom 
ankyl- G crooked, looped ankyloglosse, Ankylostomiasis 
arachn- G spider arachnodactylie, Arachnit is 
arch- G beginning, origin archencéphale, archenteral 
arthr- G joint arthrose, Arthropathie 
art icul- L joint articulation, artikulâr 
âsthe- See esthe- Asthesiometer 
aur- L ear auriste, Aur ipunktur 
auto- G self autoséroréaction, Autotransfusion 
aux- G increase auxoflore, Auxokardie 

ba- G go, walk, stand dysbasie, Abasie 
balneo- L bath balnéologie, Balneotherapie 
bary- G heavy, difficult barytron, Baryphonie 
bio- G life biotype, Biopsie 
blast- G bud, child, a growing blastoderme, Blastophthorie 

thing in its early stages 
blephar- G eyelid blépharospasme, Blepharostat 
brachi- G arm brachiotomie, Brachialneuralgie 
brachy- G short brachycéphale, Brachyphalangie 
brady- G slow bradycardie, Bradykinesie 
brom- G stench bromoménorrhée, Bromidrosis 
bronch(o)- G windpipe bronchorrhée, Bronchektase 

cac- G bad, abnormal cacophonie, Kachexie 
cale- L stone calculeux, ka lk ig 
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calc- L 
calor- L 
canc(r ) - L 
capit- L 
caps- L 
carcin- G 
cardi (o )- G 
cary- G 
cat- G 
cata-
caud- L 
cav- L 
c(a)ec- L 
cel- G 
cell- L 
c(o)en- G 
cephal- G 
cer- L o r G 
chancr-
cheil- G 
cheiro- G 
chir (o ) -
chlor- G 
chol- G 
chondr- G 
chro- G 
chron- G 
c i l i - L 
cine- G 
-cis- L 
clino- G 
coel(i)o- G 
colp- G 
copr- G 
cor-^ G 
cortic- L 
cost- L 
creat- G 
cr in- G 
crur- L 
cry- G 
crypt- G 
cune- L 
cut- L 
cyan- G 
cyst- G 
cyt- G 

dacry- G 
dactyl- G 
dendr- G 
dent- L 
derm(at )- G 
dermo-
desm- G 
dextr- L 
didym- G 
digit- L 
diplo- G 
dors- L 
dur- L 
dynam- G 
dys- G 

heel 
heat 
crab, cancer 
head 
container 
crab, cancer 
heart 
kernel, nucleus 
down, negative 
See cat
ta i l 
hollow 
blind 
hollow 
room, cell 
common 
head 
wax 
See cancr-
lip 
hand 
See cheiro-
green 
bile 
cartilage 
color 
time 
eyelid, eyelash 
move 
cut, k i l l 
bend, incline, lie down 
belly 
vagina 
dung 
image, pupi l 
bark, r ind 
rib 
meat, flesh 
distinguish, separate off 
shin, leg 
cold 
hide, conceal 
wedge 
skin 
blue 
bladder 
cell 

tear 
finger, toe 
tree 
tooth 
skin 
See derm-
band, ligament 
right 
twin, testis 
finger, toe 
double 
back 
hard 
force, power 
bad, difficult, faulty, 

defective, painful 

calcanéoplantaire, Calcaneuswinkel 
calorimètre, kalorisch 
cancérigène, kankroid 
capiteux, Decapitator 
encapsulé, Kapsel 
carcinomateux, Karzinose 
cardiotonique, kardiovaskulâr 
caryocinétique, Caryotheca 
catélectrotonus, Kathode 
catabolisme, katatonisch 
caudocéphalique, kaudal 
cavicole, kavernos 
cécité, Caecopexie 
céloscope, Coelophlebitis 
cellulite, zellenfôrmig 
cénesthésie, Coenobia 
céphalalgie, Kephalhâmatom 
cérome, Zerate 
chancroïde, for Gm. cf. " s chankr - " 
chéilite, Cheiloplastik 
cheiro-pompholyx, Cheirospasmus 
chiragre, Chiromegalie 
chlorose, Chlorom 
cholérèse, Cholangiographie 
chondrite, Chondriomiten 
chromatopsie, Chromosom 
chronique, Chronaxie 
ciliogénèse ; Ciliotomie, Zi l iarnerv 
cinésithérapie, Dyskinesie 
abscision, Exzision 
clinocéphalie, klinostatisch 
coelomique, Côliotomie 
colpite, Kolpokleisis 
coproculture, koprophag 
corémorphose, Koretomie 
cortico-surrénale, kortikospinal 
costo-vertébral, kostoklavikular 
créatotoxisme, Kreatoxikon 
endrocrinose, endokrin 
crural , Krural index 
cryoscopie, Krymotherapie 
cryptorchidie, Krypten 
cunéiforme, Cuneohysterektomie 
cutisation, subkutan 
cyanophil, zyanotisch 
cystite, Zystoskop 
cytotoxine, Zytolysin 

dacryocystite, Dakryorrhoe 
dactylite, Daktylogramm 
dendritique, Dendrit 
dentifrice, Dentikel 
dermatite, Dermatologe 
dermopathie, Dermographie 
desmopathie, Desmobakterien 
dextrogyre, Dextrokardie 
didyme, Epididymis 
digitation, Digital is 
dinlocoque, Diplobazillus 
dorsoventral, dorsal 
duril lon, Induration 
dynamomètre, dynamisch 
dyscrasie, Dysmenorrhoe 

ect-
enter(o)-
erg-

Q out, outside 
G intestine 
G work, deed 

ectoderme, ektopisch 
entérocèle, Enterokolitis 
ergographe, Ergometer 

 P
ub

lic
at

io
n 

D
at

e:
 J

an
ua

ry
 1

, 1
95

6 
| d

oi
: 1

0.
10

21
/b

a-
19

56
-0

01
6.

ch
01

4

In A Key to PHARMACEUTICAL AND MEDICINAL CHEMISTRY LITERATURE; 
Advances in Chemistry; American Chemical Society: Washington, DC, 1956. 



106 ADVANCES IN CHEMISTRY SERIES 

erythr- G red érythropsie, Erythrozytose 
esthe- G perceive, feel esthésodique, for Gm. cf. "âsth-" 
eu- G good, normal eupeptique, Eutokie 

fasci- L band fascicule, Faszie 
febr- L fever fébrifuge, febri l 
flav- L yellow flavisme, Flavoprotein 
front- L forehead, front front, nasofrontal 
fund-, fus- L pour infusion, Perfusion 

galact- G milk galactagogues, Galaktosurie 
gam- G marriage, reproductive gamètes, agamisch 

union 
gastr- G stomach gastrogène, Gastroileitis 
gelât- L freeze, congeal gélatinisation, gelatines 
gem- L twin, double gémellaire, gemmipar 
gen- G produce, originate génétique, Genodermatose 
genio- G chin génioplastie, Geniospasmus 
gest- L bear, carry gestation, Gestose 
gloss- G tongue glossite, Glossektomie 
glott- G tongue, language épiglotte, glottisch 
gluc- G sweet glucose, Glukoproteid 
g lyc (y ) - See gluc- glycogénie, Glykogeusie 
gnath- G Jaw gnathoschisis, Brachygnathie 
gno- G know, discern barognosie, Diagnose 
grad- L walk retrograde, digit igrad 
grav- L heavy gravide, Pr imigravida 
gyn- G woman, wife gynandrie, Gynàkologe 

hâm(at)- See hem- Hâmolyse, hàmatopoietisch 
haplo- G simple, single haploïde, Haplobakterien 
hapt- G touch haptophobie, Haptotaxis 
helc- G sore, ulcer helcologie, Helkoplastik 
hem (at)- G blood hémangiectasie, hématogène 
hemo- See hem- hémothérapie, for Gm. cf. "ham- " 
hepat- G liver hépatogène, hepatophlebitis 
hered- L heir hérédocellulaire, Herodotaxie 
hetero- G different, opposite hétérotropie, Heterovakzin 
hist- G web, tissue histologie, Histophysiologie 
hom(o)- G common, same homogène, homolateral 
horm- G impetus, impulse hormonal, Hormon 
hydat- G water hydatide, Hydatidenschwirren 
hydr- See hydat- hydriatrie, Hydrarthrose 
hyper- G above, excess, extreme, hyperpnée, Hypertonie 

abnormality in amount, 
size, quality, etc. 

hypno- G sleep hyonolepsie, Hypnose 
hypo- G i m d e r , below, diminution hypohydrose, Hypocalcamie 

as to degree, amount, 
quality, etc. 

hyster- G womb, uterus hystérocèle, Hysteriographie 

iatr- G physician iatrophysicien, Iatrochemiker 
id i - G o w n idiotrope, Idioplasma 
i le (o ) . L l°wer abdomen, intestines, ileite, Ileostomie 

ileum 
i l i (o)- See ileo- iliothoracopage, Iliadelphus 
insul- L island insuline, Insulom 
i r id (o ) - G rainbow, colored circle, iridocèle, Iridodialyse 

ref. to ir is 
iso- G equal, like isochrome, Isocytolysin 
ischi- G n r D> haunch ischiocèle, Ischialgie 

jact- L throw jactation, Jactatio 
ject- See jact- injection, Dejektion 
jejun- L empty, ref. to jejunum jéjunite, Jejunostomie 
jo(u)nct- L yoke, join conjonctivite, Conjunctiva 
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kary-
kata-
kerat- G 
kine-

labi- L 
lact- L 
la l - G 
lapar- G 
laryng- G 
later- L 
lepto- G 
leuc- G 
lien ( ο ) - L 
l ig - L 
l ingu- L 
l ip- G 
l i th (o ) - G 
log- G 
l (o)umb- L 
lute- L 
lys- G 
lymph- L 

macr(o)- G 

mal- L 
malac- G 
mamm- L 
mast- G 
mega- G 
melan(o)- G 
men- G 
mening- G 
ment- L 
meta- G 

metr- G 
micro- G 
mimet- G 

mne- G 
morph(o)- G 
mot- L 
myel(o)- G 

myo- G 
myx- G 

narc(o ) - G 
necro- G 
neo- G 
nephr- G 
neu(v)r- G 
nod- L 
nos- G 

oc(k)ul- L 
oede- G 
odont(o)- G 
oie- L 
olig(o)- G 
omphal- G 
onc(o)- G 
onych(o)- G 
oo- G 
opht(h)alm- G 

See cary-
See cat-
horn 
See cine-
lip 
milk 
talk, speech, babble 
flank 
windpipe 
side 
thin, narrow, weak 
white 
spleen 
tie, bind 
tongue 
fat 
stone 
speak, word 
loin 
yellow 
loose, dissolve 
water, ref. to lymph 

glands 

long, large (often ab
normally so) 

bad, abnormal 
soft 
breast 
breast 
great, large 
black 
month 
membrane 
mind 
denoting transition, 

change 
womb 
small 
imitation 

remember 
form, shape 
move 
marrow, ref. to brain or 

spinal cord 
muscle 
mucus 

stupor 
dead body 
new, young, recent 
kidney 
nerve 
knot 
disease 

eye 
swell 
tooth 
oil 
few or lack of 
navel 
tumor 
claw, nai l 
egg 
eye 

karyogamie, Karyolyse 
Kataphorese 
kératite, Keratom 
kinesthésie, Kinâsthesie 

labiographe, Labiologie 
galactocèle, Lactobiose 
lalophobie, Laloplegie 
laparoscopic, Laparotomie 
laryngologiste, Laryngozentese 
latéroflexion, Laterognathie 
leptoproscopie, leptosom 
leucémique, Leukocyt 
liénographie, Lienomalcie 
ligamenteux, L igatur 
linguocclusion, sublingual 
lipoblaste, Lipacidamie 
lithectomie, Hepatolith 
logasthénie, Logoklonie 
lombaire, sacrolumbal 
lutéine, Luteohormon 
lysines, Lyse 
lymphocytose, Lymphangitis 

macrocyte, Makrogamet 

malformation, Ma la r ia 
malacoplasie, Malakoplakie 
mamillaire, mammotrop 
mastopathie, Mastoptose 
mégastrie, Mégalomanie 
mélanosarcome, Melanodermie 
ménopause, Menarche 
méningite, meningovascular 
mentalité, Mentalsuggestion 
métastase, Metabolismus 

met rite, Metrektomie 
micro-organisme, Mikrospore 
sympathicomimétique, 

parasympathikomimetisch 
dysmnésie, Anamnese 
morphogénèse, morphotisch 
motricité, Motorik 
myélopoïèse, Myelocytose 

myoclonique, Myokard 
myxome, Myxorrhoe 

narcolepsie, Narkotismus 
nécropsie, Nekrose 
néoplasme, Neophilismus 
néphralgie, nephritisch 
névralgique, Neurasthénie 
nodosité, nodôs 
nosophobie, nosotrop 

oculocardique, okulâr 
oedème, ôdematôs 
odontogène, Odontoklast 
oleothorax, Oleinat 
oligodynamique, Oligophrenie 
omphalite, Omphalektomie 
oncologie, onkolytisch 
onychoïde, Onychophagist 
ooohorite, Oospore 
ophtalmoscope, Ophthalmoplastik 
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or- L mouth 
orchi- G testicle 
ortho- G straight, right, normal 
oss- L bone 
ost(eo)- G bone 
ot(o)- G ear 
ov- L egg 
oxy- G sharp, quick or sour 

pachy- G thicken 
pan- G al l , every, universal 
par ( t ) - L bear, give bir th 
path(o)- G that which one undergoes. path(o)-

sickness 
pe(a)d- G child 
pell- L skin, hide 
peps(t )- G digest 
phac(o)_ G lentil , lens 
phag- G eat 
phak- See phac-
phi l - G like, have affinity for 
phleb- G vein 
phleg- G heat, inflammation 
phos- G light 
phot- See phos-
pht (h ) i - G decay, waste away 
phyl (o ) - G ti ibe, k ind 
phylac (x ) - G guard 
phys(o)- G air 
p i l - L hair 
plas- G mold, shape 
platy- G broad, flat 
pleur- G rib, side 
pne- G breathing 
pneum(at)- G breath, a ir 
pneumo(n)- G lung 
pod- G foot 
p (o)unct- L prick, pierce 
proct- G anus 
prosopo- G face 
pseud- G false, spurious 
puber- L adult 
vur- L pus 
pyel(o)- G trough, basin, pyel(o)-

ref. to pelvis 
pyi- G door, orifice 
pyo- G pus 
pyr (o ) - G fire, heat 

rachi- G spine 
radi- L ray 
ren- L kidney 
ret- L net 
rh in (o ) . G nose 
rub ( r ) - L red 

sarc- G flesh 
schankr- See chancr-
schis(z)- G split 
scler- G hard 
sens- L perceive, feel 
sep- G rot, decay, putr id 
sial- G saliva 
sin- L cavity 
sit- G food 
somat- G body 
somn- L sleep 
sphen- G wedge 

peroral, oral 
orchiocèle, Orchiodynie 
orthopédie, Orthodontie 
ossification, Ossikulektomie 
ostéo-arthrite, Osteokarzinom 
otite, Otoblennorrhoe 
ovalbumine, Ovariocentese 
oxyopie, Oxytocicum 

pachychéilie, Pachyblepharon 
panartérite, Panplegie 
parturiente, Nul l ipara 
pathogénèse, pathologisch 

pédiatre, Pâdatrophie 
pellicule, pellagres 
pepsinogène, Dyspepsie 
phacosclérose, Phakoskop 
phagocyte, phagedânisch 
phakitis, Phakolyse 
philonéisme, Basophilie 
phléborragie, Phlebektasie 
phlegmasie, Phlegmone 
phosphène, Phosphor 
photobiologie, Photobakterie 
phtisique, Phthisiotherapie 
phylogénique, Phylogenie 
anaphylactique, Phylaxis 
physométrie, Physocephalus 
épilatoire, pilomotorisch 
néoplasme, Plastizitàt 
platypodie, Platykranie 
pleurosome, Pleurothotonus 
dyspnée, Pneograph 
pneumatoscope, Pneumatometrie 
pneumobacille, Pneumonozentese 
podalgie, Podobromidrose 
ponction, Renipunktur 
proctectomie, Proktocele 
prosopoplégie, Prosopospasmus 
pseudomyxome, Pseudomyopie 
puberté, Pubertât 
purulent, Suppuration 
pyélectase, Pyelographie 

pyléphlébite, Pylorus 
pyogène, Pyorrhoe 
pyrogène, Pyrosis 

rachicentèse, Rachianâsthesie 
radiologie, radioaktiv 
réniforme, Renographie 
réticulome, Reticulocyt 
rhinoplastie, Rhinophyma 
rubéole, rubrospinal 

sarcolyse, Sarkoblast 
Schankrôswerden 
schistccyte, Schizogonie 
sclérite, Sklerodermie 
sensoriel, Sensomotilitât 
septicémie, Septokopyâmie 
sialome, Sialodochitis 
sinus, Sinuspunktion 
sitiomanie, Sitiophobie 
somatique, somatotrop 
somnifère, Somnolenz 
sphénocéphalien, sphenoid 
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sphygm- G puise, pulsation 

spirat- L breathe 
splen- G spleen 
spor_ G seed 
squam- L scale 
stear- G fat 
steat- See stear-
sten- G narrow, compressed 
ster- G solid 
sterc- L dung 
sthen- G strength 
strep (h)- G twist 

tachy- G speed, swift 
tel- G end 
ten(o)- G ref. to a tendon 
thel- G teat, nipple 
therm- G heat 
thi - G sulfur 
thorac- G chest 
thromb- G lump, clot 
thym- G spirit 
thyr- G shied, rel. to thyroid 
toc- G childbirth 
tox- G poison 
trache- G windpipe 
trachel- G neck 
traumat- G wound 
tr ich- G hair 
trop- G turn, react 
troph- G nurture 
typhl- G blind 

ulo- G rel. to the gums 

vas- L vessel 
vesic- L bladder 
vit- L life 

xanth- G yellow, blond 

zo(o)- G life, animal 
zyg- G yoke, union 
zym- G ferment 

sphygmocardiogramme, 
Sphygmotonometer 

respiratoire, Inspiration 
mégalosplénie, Splenopexie 
sporulation, Sporozoose 
desquamation, squamôs 
stéarrhée, Stearin 
stéatopygie, Steatitis 
stenothorax, Stenostomie 
astéréognosie, stereognostisch 
stercorémie, Stercobilin 
asthénie, sthenisch 
streptobacille, Strephopodie 

tachycardie, Tachypnoe 
télencéphale, Teleangitis 
ténodèse, Tenontodynie 
thélite, Thelorrhagie 
thermochimie, Thermâsthesie 
thiochrome, Thiourea 
thoracopage, Thorakoschisis 
thrombopathie, Thrombose 
thymogène, Hyperthymie 
thyréopexie, Thyreoiditis 
oxytocique, Dystokie 
toxicose, Toxikodermie 
trachéophonie, Tracheopyosis 
trachelhématome, Trachelismus 
traumatopnée, Traumatologie 
hypertrichose, Trichit is 
tropomètre, Tropismus 
trophopathie, trophisch 
typhlolexie, Typhlologie 

ulotomie, Ulorrhagie 

vasectomie, Vasalgie 
vésiculite, prostaticovesical 
vitalisme, Vitalitât 

xanthopsie, Xanthodermie 

zoogénique, Zoonose 
zygomatique, Zygapophyse 
enzyme, zymogen 

III. Specific Suffixes0 

-agogue(-gum) 
-agra(-e) 
-algie 
-aphie 

-cele 

-centese 
-cid(e) 
-clasie(-s) 
-clast 

-ectomie 
-e(â)mie 

-dynie 

-eurynter 

G leading, inducing 
G attack, seizure 
G pain 
G touch 

G tumor, hernia, 
protrusion 

G puncture 
L cut, k i l l 
G breaking down 
G instrument for breaking 

G CT't °ut, excision 
G blood, denotes a condi

t i o n of the blood or 
sn ingredient in blood 

G pain 

G dilate 

cholagogue, Emmenagogum 
pellagre, Podagra 
thélalgie, Rheumatalgie 
oxyaphie, Amblyaphie 

myelocele, Kolpocele 

paracentèse, Enterozentese 
bactéricide, fungicid 
cytoclasie, Mucoclasis 
crânioclaste, Myeloclast 

hystérectomie, Appendektomie 
anémie, Toxâmie 

protodynie, Pododynie 

metreurynter, Hystereurynter 
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-ferent 
-fuge(-a) 

-genese 
-gramm(e) 

-graph (i)e 

-ite, -itis 

-logie 

-lyse 

-malacie 
-manie 
-megalie 

-mer(e) 
-metre (-ter) 

-mycet(e) 

-od(e) 
-odynie 
-oid(e) 
-om(e) 
-op (s)ie 

-page(-gus) 
-pathie 

-penie 
-pepsie 
-pexie 
-phag(i)e 
-pher (i)e 
-phil(e) 
-phobie 

-phonie 
-phren(ie) 
-phyll(e) 
-phyt(e) 
-plastie(-ik) 
-plegie 
-plexie 
-po(i)ese 
-pore (-us) 

-rr (h)ag(ie) 

- r r (h)aph(ie) 
-rrhexie, -xis 
-rrhée(-ôe) 

-scop (ie) 
-sclerose 
-som(e) 
-stase 
-stomie 

L bear, carry 
L flee, expel 

G production 
G write, record 

G write, record 

G denoting inflammation 

G discourse, treatise upon 
or science of 

G loosening, dissolving, sep
aration into constituent 
parts 

G soft, abnormal softness 
G mental aberration 
G great, large (ab

normally so) 
G part 
G measure, instrument for 

measuring 
G fungus 

G form 
G pain, distress 
G form, similar in shape, etc. 
G tumor 
G see, pert, to eye or vision 

G fix, make fast 
G a condition of disease, also 

a method of cure 
G lack, deficiency 
G digest 
G fixation 
G eat 
G bear, support 
G affinity for 
G dread, morbid or 

exaggerated fear 
G sound 
G mind 
G leaf 
G beget, produce 
G to form 
G stroke, paralysis 

See -plegie 
G make, produce 
G opening, passage 

G break, burst, hemorrhage 
or excessive discharge 

G suture 
G break, burst 
G flow, excessive discharge 

or excretion 

G look at, observe 
G hardening 
G body 
G make stand, stop, inhibit 
G surgical operation in 

which an artificial op
ening or passage is 
formed 

efferent, afferent 
vermifuge, Febri fuga 

lactogénèse, Gamogenese 
encéphalogramme, 

Eiekt i okardiogramm 
sphygmographe, Splenographie 

thyroïdite, Myelit is 

sitiologie, Somatologie 

autolysis, Glykolyse 

myomalacie, Encephalomalacie 
mythomanie, Trichomanie 
splénomégalie, Gastromegalie 

monomère, polymer 
hématimètre, Myotonometer 

schizomycète, Blastomycet 

plasmode, Nematod 
ostéodynie, Glossodynie 
fongoïde, typhoid 
sarcome, Myxadenom 
myopie, Xanthopsie 

thoracopage, Sternopagus 
hépatopathie, Kardiopathie 

érythropénie, Thrombopenie 
dyspepsie, Autopepsie 
orchidopexie, Typhlopexie 
aérophagie, Bacteriophage 
périphère, Peripherie 
neutrophile, eosinophil 
ergophobie, Gynàkophobie 

bronchophonie, Aphonie 
hébéphrénie, schizophren 
xanthophylle, Chlorophyll 
zygophyte, Anaerophyt 
proctoplastie, Rhinoplastik 
hémiplégie, Paraplégie 
apoplexie, Kataplexie 
chylopoïèse, Hâmatopoese 
myelopore, Blastoporus 

hémorragie, Metrorrhagie 

myorraphie, Orchidorrhaphie 
amylorrhexie, Angiorrhexis 
diarrhée, Galaktorrhoe 

thoracoscope, Sphygmoskopie 
cardiosclérose, Arteriosklerose 
chromosome, Autosom 
hémostase, Cytostase 
caecostomie, Typhlostomie 
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-taxie(-s) 
-tomie 
-trop (e) 
-troph(e) 

G 
G 

See Prefixes 
See Prefixes 

arrangement 
cut, an incision 

ataxie, Epistaxis 
ténotomie, Trachéotomie 

-ulus, -ula, -ulum, 
-ola, -ion, -elluSj 
-illus, -leus 

-urie G urine, abnormalities of 
the urine or of urination 

diminutives 

albuminurie, Hàmaturie 

° In view of the fact that there is as yet no agreement on the use of the German consonants c, k, and ζ 
i n the spel l ing of many fore ign terms of Greek and L a t i n or ig in , many prefixes, combining forms, and 
suffixes normal ly wr i t t en w i t h c are frequently also wr i t t en w i t h k or ζ i n German. These a l ternat ive 
spell ings have not been separately listed. 

b Some of the forms listed here occasionally appear as suffixes as well . 

c Some of the forms listed here occasionally appear as prefixes and combining forms as wel l . 

RECEIVED November 5, 1954. 
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Literature of the Chemical Periphery— 
Embalming 

HAROLD OATFIELD 

Chemical Research Department, Chas. Pfizer and Co., Inc., Brooklyn, Ν. Y. 

The literature of embalming has been virtually unknown to and 
hence ignored and unexplored by the scientific public. With 
the intent to make accessible and extend contiguously that 
frontier of knowledge, an introduction to the literature of em
balming is presented, together with a short historical sketch. 
Comprehensive monographs, specialty items, and books pub
lished since 1930 are given particular attention. Tables show 
embalming schools currently operating, trade associations in 
the field, and some fluid companies maintaining research labora
tories. A check list of embalming periodicals is provided, with 
a few indications of library holdings. A chronological bibliog
raphy of embalming literature includes subsections on encyclo
pedia articles and Egyptology. 

The re is a saying that even a shy man can be eloquent in his own field. However, 
the author is not an embalmer—nor even one of Dostoievsky's "These L i v ing Dead" 
or Gogol's "Dead Souls." One can scarcely mention embalming without eliciting a 
smile from one's hearers—whether this stems from embarrassment, true humor, or 
a gr im determination to be Pollyanna in the face of death. Because of this attitude, 
i t seems well to tell at the outset a few lighter incidents within the history of em
balming before plunging into the pa l l of its literature. Among predecessor chemists 
interested in this art may be mentioned Kolbe of the classical syntheses, Jerome 
Alexander, and H a r r y Deuell. 

"Wha t a dry skeleton," says Peacock (U0), " i s the history of Rome, told by one 
who believes nothing that the Romans believed." The Egyptians, Assyrians, and 
Hindus at one stage in their history preserved their dead with beeswax and then 
wi th honey, while the ancient Hebrews used aloes and spices for the same purpose. 

Alexander the Great, for instance, was embalmed with honey (6). One school of 
thought has i t that this was just to keep things sweet unti l he could be brought home, 
as was the case wi th Agesipolis, the Spartan leader. In any event, i t was a sticky 
proposition. Embalming or mummification to preserve the body indefinitely has 
been applied to kings, religious leaders, and great public figures in a l l ages. K i n g 
Canute, the pioneer i n wave mechanics, was embalmed (and lasted a good 740 years, 
too), as were successive Br i t i sh rulers, such as Wi l l i am the Conqueror, and his 
Queen Mat i lda, Edward I, Henry I, Charles I, to mention a few firsts. Members of 
other ru l ing houses have been treated similarly. This included the Russian czars, 
who were interred in the walls of the Kreml in . A former employee of the Soviet 
Central Secretariat said that when the Bolsheviks first came into control in 1918, 
a group of them rushed into the Kreml in and opened several royal tombs, wi th the 
idea of making a mocking show. The th ird sepulcher unsealed was that of Ivan 
Groznyï (Ivan the Terrible or Ivan I V ) . He looked so fierce st i l l , in his excellent 
state of preservation, that he unnerved the group, and they silently closed the lids, 
restored the bodies to their resting places, and slunk away. Whether any change 
was made later is not known. One is bound to be curious about the wonderful job 
of embalming done on Lenin. It was fa i r ly common knowledge at the time of Lenin's 
death that his body was so badly ravaged by disease that i t had to be disposed of 
quickly, and a dead double found to serve for the populace. Nevertheless, the em-
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balming job done on the stand-in (or lie-in, i f you prefer) is reputedly a very fine 
one (2). 

Rumor has also asserted that a fresh stand-in was substituted about 1934. 
Whitehead has remarked " I f men cannot live on bread alone, st i l l less can they do 
so on disinfectants (54)." 

Numerous popes, cardinals, and church prelates have been accorded lasting 
embalmment. Cardinal Richelieu (17) is an instance. There is a whole order 
of Capuchin monks i n Sici ly, the dead members of which have been preserved by 
desiccation in the grottoes of a cave near Palermo. Among the U . S. Presidents, the 
case of Abraham Lincoln is most interesting in that eye-witness accounts (8) of 
the opening of his coffin in 1901 at Springfield, 111., differ as to the quality of the 
state of preservation obtaining. Credence goes to the man who reported i t as 
greenish in color and exhibiting skin slip. 

Everyone is, no doubt, also fami l iar wi th Hunter 's account (25) of how the 
Egypt ian rai lroad ran the first 10 years of its existence, using mummies as fuel to 
generate its steam. Mark Twain i n "Innocents Abroad" quotes the engineer as 
saying to the fireman, "These common folk don't burn worth a damn. Send me a 
K i n g ! " Hunter tells, too, of the importation of mummies into the United States 
purely to supply l inen rags to make paper. This was before the advent of chemical 
wood pulp. Here McCurdy quotes Donnelly (16) \ "Quantities of these weird yet 
interesting corpses (Egypt ian mummies) have been appropriated for fuel by the 
Arabs, while whole shiploads have been converted into manure by the avaricious 
Engl ishmen for the growing of turnips . " In medieval times, and carried well down 
through the 19th century, mummy dust was considered a potent drug for internal 
consumption for whatever ailed you. 

Whereas the Egypt ian and Abyssinians went in for embalming of two different 
types, the people of Uganda, who are communicably adjacent to the south, preserve 
only the lower jaw bone of a king, and his umbilical stump, wrapped in decorated 
bark cloth, believing that the ghost of a dead man adheres to the lower jaw bone, and 
the ghost of his double to his navel string. Each king, however, must have a 
separate tomb, because otherwise there would be quarrels of precedence and protocol 
among the ghosts (UU)* In this connection passing reference may be made to a 
discussion by Cabanes (7), on the relation of the umbilicus to intelligence. 

Introduction to Literature on Embalming 

This paper with its bibliography provides an introduction to the literature of 
embalming, and related funeral matters. It does not purport to be a complete 
record—i.e., exhaustive of al l such l iterature—but rather to offer a convenient point 
of debarkation to anyone interested in studying a part icular phase of the art, or 
science, or its history (which parallels that of the human race). It does not describe 
the process or processes of embalming, or the nature of the chemicals so employed, 
except incidentally,. Reference to taxidermie art has been kept to a minimum. 

The first comprehensive bibliography of embalming was that of McCurdy (31) 
published in 1896, which comprises the second 40-page part of his doctoral disserta
tion. John Townsend had published a part ia l catalog of books and journal refer
ences on this subject in 1887, and there was a compilation in the Surgeon General's 
first "Cata log . " too. The second comprehensive bibliography on embalming is that 
of Ε. H . McClel land (SO), SL mimeographed report (edition of 100 copies only) 
issued to the National Association of Colleges of Mortuary Science, Inc., May 31, 
1949, which, in turn, distributed copies of the report to its member schools. It 
has become a scarce item. 

The McClel land bibliography includes classified lists of books in certain related 
funerary fields not deemed pertinent to this paper, such as : 

Account ing and other business methods ( for funera l directors) 
Appa r en t death and premature bur i a l 
Brasses, memor ia l 
B u r i a l 
Catacombs 
Cemeteries 
Consolat ion 
Cremat ion 
Death 

 P
ub

lic
at

io
n 

D
at

e:
 J

an
ua

ry
 1

, 1
95

6 
| d

oi
: 1

0.
10

21
/b

a-
19

56
-0

01
6.

ch
01

5

In A Key to PHARMACEUTICAL AND MEDICINAL CHEMISTRY LITERATURE; 
Advances in Chemistry; American Chemical Society: Washington, DC, 1956. 



114 ADVANCES IN CHEMISTRY SERIES 

Death masks 
Ep i t aphs and inscr ipt ions 
Exhumat i on and re interment 
F u n e r a l rites, ceremonies, and customs 
F u n e r a l sermons and addresses 
F u n e r a l services and obsequies 
Identif ication of the dead 
Megal i ths and cromlechs 
Monuments, sepulchral 
Monuments and cemeteries, mi l i ta ry 
Mor tua ry laws 
Mound bur ia l 
Mummies 
Obituaries 
Sarcophagi 
Tombs 
U m bur i a l 
Miscellaneous 

Casket manufacture 
F lower arrangement 
Formaldehyde 
Incense, etc. 

Historical Discussion 

Embalming, as defined by Carruth (9), is the art and science of disinfecting, 
preserving, and beautifying the dead human body for funeral purposes. A dis
tinction in meaning has been made between embalmment and embalming. E m 
balmment refers to old-style preservation of human remains involving physical 
removal of the internal organs of the body, soaking and packing the cavities with 
chemicals, followed by natural or induced dehydration. Embalming refers only to 
the modern method of preservation through arterial injection of chemicals. The 
custom of embalming is said to have originated on the legendary island of At lant is 
among its sun-worshipping people, and to have spread from there to the Guanches 
in the Canary Islands, to Egypt, Mesopotamia, and other inhabited parts of the 
world. It has been practiced in Peru, Mexico, among North American Indians from 
F lor ida to Oregon, and elsewhere. Therefore, i t seems l ikely that embalming may 
have developed independently and spontaneously in separate parts of the world, and 
usually where climatic conditions helped to abet the early practitioners. A l l peoples 
honor their dead. The idea of preservation of the body after death probably arose 
in connection wi th religious beliefs. Certainly, i t did among the Egyptians, who 
had strict religious rites and believed in the immortality of the soul. The priestcraft 
officiated. Gradually, a separation of priestly and surgico-physician's function oc
curred. 

The practice of embalming became the professional prerogative of physicians, 
part icularly in Egypt, and i t may have been the first medical specialty wi th separate 
t ra in ing requirements and standards. Hambly (2U) has reported what may well 
be another possible first for the Egyptians. He describes examples of humor in 
animal drawings made about 1100 B.C. for relaxation by Egypt ian artists employed 
in a cemetery at Thebes to decorate tombs. It is st i l l the legal prerogative of 
physicians in the various La t in American countries. A solitary exception exists at 
present in Monterrey, Mexico, where a graduate of an American embalming school 
has been granted the right to practice embalming by the local medical society. 
Changes in the laws w i l l undoubtedly occur as conditions warrant. 

Ancient embalming or mummification was essentially desiccation. Thus, the 
Egyptians didn't have to do too good a job, on account of their climate. Those 
Egypt ian mummies, which have been transported to the Br i t i sh Museum in London, 
are deteriorating faster than those stored anywhere else in the world, owing to the 
damp Engl ish climate. It was not unt i l after Harvey's discovery of the circulation 
of the blood about 1600 that arter ia l injection was tried. Frederick Ruysch is con
jectured to have first practiced arterial preservation in embalming specimens for the 
medical school in Amsterdam between 1665 and 1717, but a precise date cannot be 
deduced. Ruysch was noted for his method of injecting blood vessels, and he also 
demonstrated the lymphatic valves. Ruysch's collection of mummies was suf
ficiently famous in his day to attract two visits from Czar Peter the Great, and 
eventually that monarch purchased the collection and transported i t to Russia. 
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Baas (U) says, "Ruysch advanced anatomy by the formation of anatomical col
lections, one of which was brought into Russia by Peter the Great at an expense of 
about $75,000. The Russian transporters of the collection, however, drank the 
alcohol in which the collections were preserved and a portion of it was ruined." 
The collection also inspired the Ital ian philosopher and poet, Leopardi, to write the 
"Dialogue between Frederick Ruysch and His Mummies" (29), which opens with one 
of his finest lyrics, "The Chorus of the Dead in the Laboratory." 

The Scotch surgeon Wi l l i am Hunter is usually recognized as the first to embalm 
arterial ly. H is surgeon brother, John Hunter, also carried out extensive experi
ments of this nature. Several specimens of their handiwork were on exhibition in 
the Hunter ian Museum of the Royal College of Surgeons in London, unti l a Naz i 
bomb destroyed the wing in 1941. One of the most famous of these specimens was 
that of Mrs . V a n Butchell . Mar t in V a n Butchell was a pupi l and friend of John 
Hunter. He is sometimes alluded to as a quack, but considering the medical educa
tion of that time he had about as good a one as the next fellow, and probably his 
ethics matched, too. Now, V a n Butchell was married to a beautiful lady who was 
his delight. Sad to relate, she died at the early age of 36 "of empyema of the left 
lung . " V a n Butchell turned to his mentor, John Hunter, for assistance, and a 
thorough embalming job was performed upon her, using Venice turpentine, Vermil
lion, etc. V a n Butchell himself participated in the operation as well as the anato
mist, W i l l i am Cruikshank. V a n Butchell then brought home his embalmed wife, 
dressed her in her finest frock, and sat her in the parlor to keep him company of an 
evening. The news leaked out and the force of curiosity being what i t is, V a n 
Butchell had to arrange a vis i t ing hour schedule for the neighbors and members of 
the vulgar crowd interested in this scientific curiosity. The notice he issued, st i l l 
preserved, reads: 

V a n Butchell (not wi l l ing to be unpleasantly circumstanced, and wishing to 
convince some good minds they have been misinformed) acquaints the Curious, no 
stranger can see his embalmed wife, unless (by a friend personally) introduced to 
himself, any day, between nine and one, Sundays excepted. 

Signed - Mar t i n V a n Butchell 

This took place about the time of Washington's first inauguration. Time 
healed the loss, and V a n Butchell relegated Mrs . V a n Butchell to a closet; then he 
took a second wife. This lady, like the one in the immortal Thurber cartoon (51), 
did not object to having a constant reminder of her predecessor about. A f ter V a n 
Butchell died, his son made arrangements wi th the Board of Curators, and so the 
embalmed body found its way to the Royal College of Surgeons. Cobbe's account 
of her appearance 82 years later, quoted by Dobson (15), reports there remained 
no trace of that once great inherent beauty except a remarkably fine set of teeth, 
and he regards the over-all state as less than that of innocuous desuetude. A 
mounted parrot had been placed between her feet in the museum, and unfavorable 
comparison was made as to state of preservation and appearance of the two. 
Cobbe ends by saying that the mummy should be burned. A n d so it was in 1941, in 
voluntari ly. 

John Sheldon, a surgeon contemporary of the Hunters, also performed by a 
different process a historic embalming upon a female patient (some say his wife) 
who died of tuberculosis. He kept his mummy in his bed chamber for a decade or 
so, and frequently demonstrated the persisting flexibility of her arms and the 
elasticity of her bosom, to visitors. Time showed that the Hunters ' process gave 
longer lasting esthetic results, though both specimens perished in the same bomb
ing. 

In addition to arterial injection, the body cavity is also treated in embalming. 
Mendelsohn (38) from his historical researches reports that Gabriel Clauderius 
was the first to record an attempt at chemical cavity embalming. In 1769 he used 
a solution of ammonium chloride and «alts of tartar (potassium carbonate) for 
injection into thoracic and abdominal cavities. 

Anatomical experiments continued. Many embalming processes were developed, 
and the inventors jealously guarded their secrets. The nineteenth century saw 
a peak of interest in this art. Among the more famous practitioners in that period 
were Falcony, Gannal, Marquez, Wickersheimer, and Vyvodtsev. This last named 
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Russian was so enthusiastic about his method, which employed an aqueous solution 
containing thymol, glycerol, and alcohol, that he persuaded the Russian government 
to send him on a tour of Germany, England, America, and Scotland, lecturing on 
its advantages. He made quite an impression in Philadelphia and again in E d i n 
burgh. He also introduced the use of a pump to force fluid into the arteries. 
Gannal's and Wickersheimer's celebrated preserving fluids contained arsenous acid 
among other ingredients. The U . S. Government purchased Wickersheimer's for
mula for a fancy sum. Both McCurdy and Mendelsohn devoted a section in their 
treatises to the nature of the embalming fluids of these earlier investigators. A long 
wi th this growth of interest and experimentation went an increase in publication 
which reached a peak in the 19th century. 

The effectiveness of the process of that day is indicated in the case of Leopardi, 
Italy's greatest poet after Dante, who died in Naples in 1837. His devoted friend 
Ranier i went to extreme pains to have his body embalmed (39), including bribing the 
police and clergy in order to retain the body in the first place. Fo r his troubles he 
was shortly thereafter accused of having murdered Leopardi, when the customs 
police stopped the carriage to inspect the coffin. They found two incisions in the 
body, made by the doctor and the embalmer. The necessary certificates were pro
duced to acquit Ranier i . Leopardi was buried first at the church of San Vitale in 
the crypt. The coffin was opened seven years later by Ranier i for 2 hours, when 
the grave was moved up a level. Leopardi's tomb was declared a national monument 
by the Ital ian government in 1897. In 1900 they moved the tomb to a th i rd new 
site in the same church, and opened the coffin again. " I t was then discovered 
that i t had rotted, that the l id had fallen in, and that the bones which had mouldered 
were mingled with the rotting wood. It was impossible even to find the skull . Of 
the mortal remains of Leopardi nothing distinguishable was left." In 1939 the cas
ket containing the l ittle that is left of the poet's bones was transferred to the cliff 
above Mergell ina close to the tomb of V i r g i l . As a note on the effectiveness of 
present day expert arterial embalming, the recycling of pauper buria l grounds has 
in some cases had to be extended beyond the former 25-year period. 

Modern Era 

The modern era begins wi th Thomas Holmes of Brooklyn, Ν. Y., who developed 
a successful technique in connection with shipping home the bodies of soldiers 
ki l led in the C iv i l W a r battles. He obtained a patent in 1861 for an embalming in 
jection device which was operated by a self-contained hand pump. 

A celebrated embalming, the record of which is well detailed (11, 12, Jfl), is 
that of Cardinal Donnet, done in 1872. This eminent prelate was also a member 
of the French Senate for many years, and a figure of national prominence. He is 
one of the few churchmen who has held this c iv i l office. He rall ied the French people 
during the Franco-Prussian War , and was instrumental in keeping up morale during 
the siege of Par is . On his death, his clerical associates realized that thousands of 
his countrymen would wish to pay their last respects, so they sent to the Académie 
de Médecin for advice and aid, and an outstanding surgeon was dispatched to 
Bordeaux to perform the embalming. On completion of the process, the body was 
placed on exhibition upon a catafalque in the cathedral. A t the end of the th i rd 
day i t was discovered that a dark spot of necrosis about the size of a dime had de
veloped on one temple. This was touched up with magnesia before people were 
admitted the next morning to view the body. A t the end of the fifth day the black 
spot had put in a reappearance and grown to the size of a silver dollar. More 
magnesia was applied. A t the end of the sixth day resort had to be made to house 
paint. Fo r seven days the fa i thful streamed by to pay homage, and then the last 
rites and interment were performed. 

Despite the officiating surgeon's qualifications and fami l iar i ty with substances 
capable of preserving a corpse, he was unacquainted with either of the pump de
vices mentioned which were developed in Russia and America to aid dissemination 
of embalming fluid. The fluid i n this case was allowed to flow in by force of gravity, 
following drainage removal of the blood, and then it was further dispersed through 
the arter ia l tree and body by kneading and massage. Think of the foot-pounds of 
pressure used! B y the time this squeezing or squeegee manipulative process had 
been applied from stem to stern, one intercrural strategic part had become quite 
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turgid and assumed a grossly erectile character. The organ proved so refrac
tory on further manipulation that it had to be slit alt itudinally in order to release 
the pent-up fluid under pressure. Sic transit. . . 

The date 1878 has been arb i t rar i ly selected for the beginning of the modern era 
of embalming literature because i t marked the publication of Renouard's book, 
"The Undertaker's M a n u a l " (42). The rapid spread in this country of arterial 
embalming generally stemmed from his activity. Johnson (27) has given a brief 
biography of Renouard as follows : 

Auguste Renouard (1839-1912) was born in New Orleans, L a . He attended 
and graduated from St. Xavier 's College and McDowell 's Medical College (now St. 
Louis University) at St. Louis, Mo. Fol lowing the outbreak of the C i v i l W a r he 
joined the Confederate forces as a surgeon, and for a time was attached to the staff 
of Gen. J . Ε. B. Stuart. A f ter the war, Dr . Renouard returned to St. Louis, where 
he practiced pharmacy. Subsequently he practiced medicine in Chicago, later losing 
everything in the great fire of 1871. He then went to Denver, Colo., where he prac
ticed medicine for a time. Later he associated himself wi th an undertaking and 
furniture concern, which was commissioned to send the bodies of early settlers back 
to their homes in various parts of the United States. H is knowledge of chemistry 
and anatomy enabled h im to compound fluids similar to those employed for the 
preservation of anatomical material he formerly used in medical college. The 
condition of the bodies shipped from Denver to a l l parts of the United States was 
such as to excite the curiosity of the receiving undertakers. They communicated 
with Renouard, and the more progressive made pilgrimages to Denver to^ receive 
their early instructions in the first school of embalming in America, established in 
1874. This school was situated in the rear of the undertaking establishment. The 
early students were taken on private cases as assistants, where they were instructed 
in practical embalming. 

Renouard's fame as an instructor spread over the country and his services as 
such were demanded in the east, where he conducted clinics of embalming instruction 
in most of the larger cities. He became interested in improving embalming chemi
cals and instruments, and formulated many embalming fluids and disinfectants. He 
became author of the first textbook on embalming and funeral directing, in 1876, 
entitled "The Undertaker's Manua l . " A second edition was published in 1881. In 
1887 he opened the United States College of Embalming in New York City, regarded 
as the first permanent school of instruction i n the field. In 1900 he merged his 
school with that established by his son, Charles A . Renouard, in 1894. The merged 
interests were continued under the title of Renouard Tra in ing School for Embalmers, 
which flourishes today under the able directorship of Renouard. (Charles Renouard 
died in Ju l y 1953.) The profession owes much to Auguste Renouard for his many 
contributions to its progress, for his teachings, research, and wri t ing. 

Auguste Renouard received many honors from his students and graduates dur
ing his lifetime. The last tribute is in the form of a monument in Greenwood Ceme
tery, Brooklyn, Ν. Y., erected by funeral directors and embalmers of the United 
States and Canada. 

Renouard established the first embalming school in the United States in Denver 
in 1874. H is prowess was widely heralded, and he was invited to give clinics 
to undertakers in a l l the principal eastern cities. He presently started a 
school of embalming in New York C i ty ; this school continued to operate up to 1953 
under his son, Charles Renouard, who died on Ju l y 12, 1953. 

The literature of embalming is not clear-cut or well organized permitt ing of an 
orderly discussion of handbooks, monographs, serials, abstract journals, patents, 
theses, trade literature, pamphlets, and ephemera. There is no "Handbuch" i n 
this field, although an embalming fluid house publishes the "Expand ing Encyclopedia 
of Mortuary Pract ice" (10) in loose-leaf form. This house organ made its first 
appearance on June 1, 1923. A complete set is a great rar i ty . " E S C O Reference 
Manual of Supplies" (19) is a sine qua non for the practitioner. This manual was 
first published in 1934 and has never been revised. The Undertakers Supply Co. 
has a highly useful catalog (52). Thus, the mortician of 1954 may employ an 
electromagnetic vibrator for mechanical massage to induce dissemination of fluid, 
instead of relying upon hand manipulation. 
Survey of the Art 

Some of the better books may be mentioned that give a survey of the whole 
art, including much history of embalming. McCurdy 's "Embalming and Embalming 
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F l u i d s " (31) is fine for historical material up to 1895, and i t has an invaluable 
bibliography. It is st i l l used as a reference standard by the U . S. Patent Office. 
Johnson (27) published in Casket and Sunny side an excellent history of the art 
and science of embalming, which was reprinted as a 24-page pamphlet. Many em
balming schools have used this work to orient their students. It also contains an 
excellent bibliography. Mendelsohn's book, "Embalming F l u i d s " (38), written by a 
chemist with understanding, is factual and debunking when necessary. In addition 
to treating the chemical aspects, it provides a "digest of jurisdictional regulations 
governing the composition and potency of embalming fluids in the preparation of 
bodies for burial and transportation," a "digest of American patents for embalming 
preparations and processes from 1856 to 1939," miscellaneous useful supplementary 
tables of data, and a bibliography. 

Mendelsohn published a series of splendid historical essays (20, 33-36) in 1946 
and another on cremation (37) in 1951. 

Eckels (18), after tracing historical development, gives an introduction to 
modern embalming, including discussion of anatomical details, technique, instru
ments, and equipment, a section on treatment of special nonpathogenic cases, a 
section tabulating pathogenic diseases with their special characteristics, and a 
reference compend of classified questions and answers for students dealing wi th 
anatomy, bacteriology, pathology, chemistry, embalming, funeral management and 
direction, mortuary law, accounting, psychology and sociology, and funeral service 
terminology. The reference compend has also been published separately. It con
cludes wi th a chapter on shipping rules, giving a l l state regulations covering trans
portation of dead bodies, which has been reprinted from the "Amer ican Blue Book" 
(American Funera l Directors). Despite this wealth of information, it is a bar
barously written book. 

Table I. Some Colleges, Schools, and Training Centers for Embalming 

Amer i can Academy of E m b a l m i n g and Mor tuary Research, Inc., 1974 Broadway, New Y o r k 23, Ν. Y . 
(owned by P i t t sburgh Institute of Mor tuary Science). 

Amer i c an School of Cemetery Admin i s t r a t i on , Inc., 3339 Forbes St., P i t t sburgh 13, P a . 
A t l a n t a College of Mor tuary Science, 3 Chestnut St., N .W. , A t l a n t a , Ga . (colored only) . 
Boston School of Ana tomy and Emba lm ing , 169 Massachusetts Ave., Boston, Mass. 
Ca l i f o rn i a College of Mor tua ry Science, 1920 Marengo St., Los Angeles 33, Ca l i f . 
Canad ian School of Emba lm ing , 100 College St., Toronto 2, Ont. (App ly for in format ion concerning 

courses, fees, etc., to Ass is tant Dean, B a n t i n g Institute.) 
C i n c i n n a t i College of Emba lm ing , 3202 Read ing Road, C inc inna t i 29, Ohio (founded 1882). 
College of Mor tuary Science. See St. Lou is College of Mor tuary Science. 
Commonweal th College of Science, 102 Drew St., Houston, Tex. ( formerly L a n d i g College of Mor tuary 

Science) . 
Da l las Institute of Mor tuary Science, 3906 W o r t h St., Dal las , Tex. (sponsored by Mor t i c i an Supply Co. ) . 
Ecke ls College of Mor tua ry Science, 231 N o r t h 16th St., Ph i lade lph ia 2, P a . (sponsored by H . S. 

Ecke ls & Co.) 
J o h n A . Gupton School of Mor tuary Science, 2507 West E n d Ave., Nashv i l l e 5, Tenn. 
Ind iana School of Mor tuary Science, 1201 N o r t h Cap i to l Ave. , Indianapol is , Ind. 
Iowa State Un ivers i ty , Iowa Ci ty , Iowa (new curr i cu lum i n mortuary science). 
Kansas C i t y College of Mor tuary Science, Inc., 738-40 Wash ington B lvd . , Kansas C i ty , K a n . 
Kentucky School of Emba lm ing , 1102 South 2nd St., Louisv i l l e , K y . 
L a n d i g College of Mor tuary Science. See Commonweal th College of Science. 
Lou i s i ana State College of Mor tuary Science, 2126 South C la iborn Ave., New Orleans 13, L a . 
M c A l l i s t e r School of Emba lm ing , 305 East 47th St., New Y o r k 17, Ν. Y . 
N e w E n g l a n d Institute of Anatomy, San i ta ry Science, and Emba lm ing , 236 Hunt ing t on Ave. , Boston, 

Mass. (sponsored by Dodge Chemica l Co., also called New E n g l a n d Inst i tute of Mor tua ry Science) 
New Y o r k School of E m b a l m i n g and Restorat ive A r t , Inc., 1295 Madison Ave. , New Yo rk , Ν. Y . 
P i t t sburgh Institute of Mor tuary Science, 3337 Forbes St., P i t t sburgh 13, P a . 
Postgraduate Institute of Restorative A r t , Chicago, 111. 
San Franc isco College of Mor tuary Science, 1450 Post St., San Franc isco 9, Cal i f . School of Mor tuary 

Admin i s t r a t i on and School of E m b a l m i n g Admin i s t r a t i on , 1170 hours each. 
S immons School of E m b a l m i n g and Mor tuary Science, 2201 South Sa l ina St., Syracuse, Ν. Y . 
Southwest School of Mor tua ry Science, 3001 Commerce St., Dal las 1, Tex. 
St. Lou is College of Mor tuary Science, 4937 Forest P a r k B lvd . , St. Lou is 8, Mo . 
Temple Un ive rs i t y Communi ty College, Ecke ls C u r r i c u l u m i n Mor tuary Science, Ph i lade lph ia , P a . 
Un i ve r s i t y of Minnesota , School of Mor tua ry Science, 4051 A l d r i c h Ave. , N . , Minneapol is 14, M i n n . 
Wayne Un ive rs i t y School of Mor tua ry Science, 2817 Grand B l vd . , East , Detro i t , M i c h . 
Wiscons in Institute of Mor tuary Science, 1205 N o r t h V a n Buren St., Mi lwaukee 2, W i s . 
Worsham College of Mor tuary Science, 620 South Wolcot t Ave. , Chicago, 111. 
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It was Samuel Butler, the author of "The Way of A l l F lesh , " who first pointed 
out that Wordsworth did not explain the nature of the difference to him, now that 
Lucy was planted. He then championed the view that Wordsworth welcomed Lucy's 
death as a release from an irksome engagement, i f indeed he had not murdered her. 

Training and Schooling 

Embalming is a craft trade learned by apprenticeship, rather than a science. 
Embalmers are in large measure empiricists, taking the solutions devised by the 
chemists of the fluid houses, and applying them to their work, without knowledge 
of the constituents or of the chemistry involved. 

Today, there are about 25 schools of embalming and mortuary science operating 
in the United States (Table I ) . McCurdy (31) lists seven in 1895. A t least four of 
these currently operating schools are affiliated wi th universities—namely, Wayne 
Universi ty College of Mortuary Science, the School of Mortuary Science of the 
Universi ty of Minnesota at Minneapolis, which is a professional school like the 
School of Pharmacy and now offers a degree (associate in mortuary science) on 
successful completion of its 2-year curriculum (it also offers refresher courses) ; 
Iowa State University 's New Curr iculum in Mortuary Science, and Temple U n i 
versity Community College, the Eckels Curr iculum in Mortuary Science. Table II 
lists some firms maintaining research staffs. 

Table II. Some Firms in Funeral Industry Maintaining Research Staffs 
Β and G Chemica l Co., St. P a u l , M i n n . 
Century Chemica l Co., Columbus, Ohio 
Champion Co., 400 Ha r r i s on St., Springf ie ld, Ohio 
Dodge Chemica l Co., 656 Beacon St., Boston, Mass. 
H . S. Ecke ls & Co., Ph i lade lph ia , P a . 
Emba lmers ' Supply Co., Westport , Conn. 
Eur eka F l u i d Works , San Franc isco , Ca l i f . 
F r i g i d Co., Chicago, 111. 
Gold Crest Chemical Corp. , P .O. Box 1352, Wi lm ing ton , Del . 
Hizone Products, Wi lmette , 111. 
M a x Huncke and Co., B rook l yn , Ν. Y . 
Hyd ro l Chemica l Co., 4424-30 Marke t St., Ph i lade lph ia 4, P a . 
L . H . Ke l logg Chemica l Co., St. P a u l , M i n n . 
G. H . M iche l Co., Cleveland, Ohio 
Mor t i c i ans ' Supply Co., 409 N o r t h Zangs St., Dal las , Tex. 
Roya l Bond, Inc., 305 South Seventh St., St . Lou is , Mo . 
Under takers ' Supply Co., 331-9 South Peo r i a St., Chicago 7, 111. 

New York is one of the few remaining states which licenses as embalmers men 
who have served apprenticeships but have had no formal training. Many schools 
of mortuary science require 1 or more years of college before admission. A high 
school diploma is a prerequisite in al l . The legal requirements set by the 48 states 
to be met for licensure vary considerably, ranging from 1 to 3 years of apprentice
ship, and the preparation of from 20 to 50 bodies. The latest tabulation of these 
data appears annually in the November 15 issue of the Southern Funeral Director. 

In contrast, McCurdy states that in 1895 only three states—Alabama, Missouri , 
and Pennsylvania—had enacted laws regulating the embalming business and prac
titioners. 

To prevent an impression that embalming is entirely static and inert, a 1954 
Industrial and Engineering Chemistry report by Sanders, "A f t e r You're Gone" 
(45), outlines briefly some research by present-day mortuary chemists, part icular ly 
those at the Univers i ty of Minnesota. Pervier is quoted: 

We have been engaged in embalming research because of the dearth of l i tera
ture on the subject, lack of teaching material, plain curiosity, and economics. 

That is concise and frank. 

Current Literature 

The books and monographs in this field may be followed in the usual way v ia 
the reviews (they are not reviewed in the U . S. Quarterly Book L i s t ) , Books in Pr int , 
the Cumulative Book Index, the L ibrary of Congress and Armed Forces Medical 
L ibrary Catalogs, etc., but not necessarily with success. Nor do the mortuary 
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jurisprudence books a l l turn up in the collections of distinguished law libraries. 
It is a matter of persistent searching. The best source of information on new 
books on embalming and related matters is the trade journals. 

Table III. National Trade Associations and Research Institutes 
Amer ican Associat ion of Colleges of Mor tua ry Science. 
A m e r i c a n Cemetery Assoc iat ion. 
A m e r i c a n Institute of F u n e r a l Directors. 
Associated Fune ra l Directors Service, 5708 McPherson St., St. Louis 12, Mo . (One member to a c i ty . 

F o r sh ipp ing service purposes, somewhat lik«e Amer i can F lor i s ts Assoc.) 
Casket Manufacturers of Amer i ca . 
Conference of Fune ra l Service E x a m i n i n g Boards of the U . S. ( A n n u a l ) . P r i m a r i l y concerned w i t h 

Na t i ona l Board Examina t i on for L i cens ing . (Composed of 3 members each f r om Na t i ona l 
Assoc iat ion of Colleges of Mor tua ry Science, Amer i can Assoc iat ion of Colleges of Mor tua ry Science, 
and Na t i ona l Counc i l on Mor tua ry Educat ion. ) 

Cremat ion Associat ion of Amer i ca . 
E m b a l m i n g Chemica l Manufac turers Assoc iat ion, Inc., 369 Lex ing ton Ave. , New Yo rk , Ν. Y . (Or

ganized 1952, and wo rk ing on a code agreement of pr inciples of business practice.) 
Federated F u n e r a l Directors of Amer i ca . 
F u n e r a l Directors and Embalmers Assoc iat ion. 
Inst i tute for Mor tuary Research, 39 Massachusetts Ave. , Detro i t 3, M i c h , (formed i n 1930 by Na t i ona l 

F u n e r a l Directors Assoc. Became inact ive i n early 1949.) 
Jew i sh F u n e r a l Directors of Amer i ca , 2009 N o r t h Broad St., Ph i lade lph ia 22, P a . 
Na t i ona l Assoc iat ion of Colleges of Mor tua ry Science (propose to have a nat iona l board examinat ion ) . 
N a t i o n a l Cemetery Associat ion. 
N a t i o n a l Concrete B u r i a l V a u l t Assoc iat ion. 
N a t i o n a l Counc i l on Mor tua ry Educat ion . 
N a t i o n a l Foundat ion of F u n e r a l Service, 1616 Cent ra l Ave. , Evanston , 111. (sponsored by Na t i ona l Se

lected Mor t i c i ans . Operates a school of management.) 
N a t i o n a l Fune ra l Directors Associat ion, 135 West Wel ls St., Mi lwaukee 3, W i s . (founded 1882.) 
N a t i o n a l Negro F u n e r a l Directors Assoc iat ion, 220 A u b u r n Ave., P i t t sburgh 6, P a . (founded 1938 and 

former ly called Progressive Negro F u n e r a l Directors Assoc.) 
N a t i o n a l Selected Mort i c ians , Inc., 1616 Cent ra l Ave. , Evanston , 111. (founded 1917.) 
Order of the Golden Rule (Mainta ins ethical standards i n advertising.) 
W i l be r t Manufacturers Assoc iat ion. 

The embalming periodicals on this l ist seldom publish original work; they are 
essentially trade association journals (Table V I ) . They do, however, have an 
occasional practical article, and such bits as the late Charles Renouard's question 
and answer column. Fo r instance, the August 1954 issue of Casket and Sunnyside 
has a timely article by F . C. Coleman on the newest problem of embalmers, the 
radioactive isotope, alongside material on "Funera l Service in South Amer ica , " and 
"Modernization of the Winnipeg Mortuary . " Some other items from its table of 
contents may be i l luminat ing: 

Psychology in Action, E . A . Mar t in 
Restoration Clinic, E . C. Johnson 
The Courts' View of Funera l Service and Its Problems 
Mortuary News 
The funeral director today must have available a Geiger counter and a lead-

lined chamber in which to store radioactive bodies in the interest of self-preserva
tion. No sterile technique and rubber gloves w i l l suffice to protect h im from radia
tion. Groups of embalmers i n Texas and Chicago have complained that they were 
getting more than their share of radioactive bodies to treat. A suggested pro
cedure for performing autopsies on radioactive cadavers has been described lately 
by Cowing and DeAmicis (13). 

The list of journals contains six house organs. McCurdy listed 10 specialty 
journals in 1895, including the Furniture and Upholsterer9s Journal of London, 
and three which were strictly medical science—e.g., Lancet. In addition to these 
journals, 20 to 30 mimeographed monthly news bulletin services are issued by the 
various state funeral directors societies. Those of New Jersey and F lor ida are 
more substantial. Other reputable scientific journals, especially in pathology, oc
casionally contain articles pertaining to embalming. None is offered for comment 
here. They can be traced by consulting: 

1. The Index Catalog of the Surgeon General's Office, l s t -4 th Series inclusive 
(1883-1940) 

2. Quarterly Cumulative Index Medicus 
3. Chemical Abstracts 
4. Current List of Medical Literature (the last an indifferent source) 
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There is talk of creating a really scientific journal in this field to be called the 
Journal of Mortuary Science. In line wi th the scientific practice which has given 
us journals called Blood, Condor, Isis, and Auk, the possibility of Corpus may be 
suggested. There has not been need for a specialized abstract journal or index i n 
this field. Patent literature is included in Chemical Abstracts; here i t is con
venient to start with Mendelsohn's patent survey. 

Another book of importance is that of Gebhart (22) on funeral costs. A new, 
accurate, up-to-date edition would be welcomed. 

A f t e r assimilating the historical art and gaining a clearer concept of practical 
embalming from the books cited, a chemist might read a study by Schleichter on 
the combining activity of formaldehyde wi th tissues (46). 

Table I V provides a breakdown of books published since 1930. This should be 
followed by Slocum (47) and Spriggs (48), with perusal of the books by Calloway, 
Garden, Renouard, or Johnson for further special pointers (see Table I V ) . Next, 
the books on restorative art should be examined. Of these, Adair 's book (1) is 
the newest and is written in a breezy, nontechnical style. The Curry book (14), 
which deals w i th facial reconstruction and fingerprinting the dead, has some special 
merits. 

Table IV. Classified List- of Monographs on Embalming and Related Funerary Phenomena 
(Publ ished since 1930) 

A N A T O M Y AND DISSECTION 

Apf lbach, C. W. , " C r e a t i n g a Better Relat ionship between the Medica l and Mor tua ry Pro fess ions , " 
Na t i ona l Selected Mor t i c i ans , Chicago, 1935. Repr inted f rom Proc . 18th annua l convention, 
N a t i o n a l Selected Mor t i c ians , Toronto, Canada, 1935. 

Dhonau, C. O., and Nunnamaker , A . J . , " A n a t o m y and Histo logy for Emba lme r s , " Dhonau-Nunna-
maker Ser., V o l . 1, Casket, N e w York , 1935 ; rev. ed. by Dhonau, B r i t t , and Nunnamaker , 1955. 

Nunnamaker , A . J . , and Dhonau, C. O., "D issec t ing Guide for Embalmers , Out l ine of Gross Structures 
of the H u m a n Body , " Embalmers Book Co., C inc inna t i , 1931. 

Saphir , Otto, "Autopsy , Diagnosis , and Techn ic , " 2nd ed., Hoeber, New York , 1946. 
Spr iggs, A . O., " P l a s t i c Surgery , " 4th ed., Champion , Springf ie ld, Ohio, 1946. 

BACTERIOLOGY 

Wickne r and T rayna , "Bacter io logy and Hygiene for the Embalmer 1 , " 1935. 
CHEMISTRY 

Deuel, H . J . , "Textbook of Chemistry for Students of E m b a l m i n g , " 2nd ed., Master Press, Ho l lywood, 
1935. 

McFa te , R. P. , " O u t l i n e of Chemistry , Inc lud ing Inorganic, Organic , and Phys io log ica l Chemist ry and 
Special Notes on Dis in fect ion, Dis infectants , Fumiga t i on , and E m b a l m i n g F l u i d s , " 3rd ed., Edwards 
Brothers, A n n Arbo r , M i ch . , 1944. 

Perv ier , N . C , "Textbook of Chemistry for Emba lmers , " Burgess, Minneapol is , 1940. 
Schleichter, G. M . , "S tudy of the Comb in ing Ac t i v i t y of Formaldehyde w i t h T issues, " thesis, Un i v e r s i t y 

of C inc inna t i , 1939. 
E M B A L M I N G 

Cal laway, C. F . , "Textbook of Mor tuary Pract ice . Patho log ica l Condi t ion of and E m b a l m i n g Treat
ments for over 150 Diseases, A r ranged A lphabet i ca l l y for Easy Reference," Under takers Supp ly 
Co., Chicago, 1943. 

Carder, F . S., 2606 West Ave., Newpor t News, V a . , " S tudy Guide for Apprent ice Embalmers and 
F u n e r a l D i rec to rs , " 1948. 

Dhonau, C. O., " M a n u a l of Case A n a l y s i s , " E m b a l m i n g Book Co., C inc inna t i , 1935 (1st ed., 1928). 
Johnson, E . C , Worsham College, Chicago, " M a n u a l of E m b a l m i n g Treatment , " 1947. 
Land i g , R. V . , and Garton, W . M . , Houston, " Q u i z Compend on Mor tua ry Science, " 1947. 
Renouard, C. Α., and Knox , "Emba lme r s ' A i d and Guide , " Casket, N e w Y o r k , 1947. 
Slocum, Ray , "P re - emba lming Considerat ions, " Dodge, Boston, 1945. 
Spr iggs, A . O., " A r t and Science of E m b a l m i n g , " 4th ed., Champion Co., Springf ie ld, Ohio, 1946. 

F U N E R A L DIRECTION AND M A N A G E M E N T 

Apflbach, C. W . See anatomy and dissection. 
Dhonau, C. O., and Nunnamaker , Α., "Persona l i t i es i n F u n e r a l Management , " Dhonau-Nunnamaker 

Ser., V o l . 4, E m b a l m i n g Book Co., C inc inna t i , Ohio, 1929. 
F r a n z , A . H . , " F u n e r a l D i rec t ion and Management , " F l o r i da State Board of F u n e r a l Directors and 

Embalmers , Jacksonv i l l e , 1937. 
H o l l , S., " W h a t Becomes of U s ? " Dorrance, N e w Yo rk , 1943. 
Hopton , F . H . , J r . , Glenshaw, Pa . , " E t h i c a l F u n e r a l , " 1946. 
Kr ieger , W . M . , "Successful F u n e r a l Service Management , " P r en t i c e -Ha l l , N e w Y o r k , 1951. 
Land i g , R. V . , " Q u i z Compend for F u n e r a l D i r ec to rs , " Houston, Tex., 1948. 
M a r t i n , Ε. Α., "Psycho logy of F u n e r a l Serv ice , " 3rd ed., Grand Junc t i on , Colo., 1952. 
Po ison, C. J . , B r i t t a i n , R. P., and Marsha l l , T . K. , "D i sposa l of the Dead , " E n g l i s h Un i v e r s i t y Press , 

London, 1953. H i s t o r i ca l review of E n g l i s h practices. 
W i l s o n , A . T., and Levy, H . , " B u r i a l Re fo rm and F u n e r a l Costs , " Ox ford Un i ve r s i t y Press, London, 

1938. 
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L A W 

Dews, R P., Nashv i l l e , Term., " M o r t u a r y L A W , " 1947. 
Fel lows, Α., " L a w of B u r i a l , " 2nd ed., Hadden, Best & Co., London, 1952. 
Gonzales, Vance , and He lpern , " L e g a l Medic ine and Toxicology, " 2nd ed., Appleton-Century , N e w Y o r k , 

1954. 
Greenhood, " M o r t u a r y L a w and Settlement of Es ta tes , " 1939. 
Jackson , P . E . , " L a w of Cadavers and of B u r i a l and B u r i a l P laces , " P rent i ce -Ha l l , N e w Y o r k , 1936. 
Qu inn , Seabury, "Sy l labus of Mor tuary Jur i sprudence , " Clement Wi l l i ams , Kansas C i ty , K a n . , 1933. 
Street, A . L . H . , "Street 's Mor tuary Jur i sprudence , " Kates-Boylston Publ icat ions, N e w Y o r k , 1948. 
Tay lor , A . S., " P r i n c i p l e s and Pract i ce of Medica l Jur i sprudence , " ed. by Sydney Smi th , revision of 

legal aspect by W . G. H . Cook and chemical aspect by C. P . Stewart, 10th ed., V o l . 2, Church i l l , 
London , 1948. 

Watk ins , E . S., " L a w of Bur ia l s and B u r i a l Grounds , " Whi te Swan Press, Br i s to l , 1948. 
Wi lder , Η. H . , and Wentwor th , B . , " Pe r sona l Identif ication Methods for L i v i n g or Dead , " Cook, 

Chicago, 1932. 
MORTUARY DIRECTORIES 

Amer i can Fune ra l Director, New Yo rk , " A m e r i c a n Blue Bock , " 1954-55. 
L i n e F u r n i t u r e Mercant i l e Agency, " C r e d i t Reference Book , " N e w Y o r k . Publ ished semiannua l l y ; 

gives r a t ing and value, etc., for firms, l isted geographical ly by state and city. 
PASTORAL AID 

Blackwood, A . W. , " T h e Funera l , a Source Book for M in i s t e r s , " Presbyter ian Board, London, 1942. 
I r ion , P . E . , " T h e F u n e r a l and the Mourners , Pas tora l Care of the Bereaved, " Ab ingdon Press, N a s h 

vil le, Tenn. , 1954. 
Wa l l i s , C. L . , " T h e F u n e r a l Encyclopedia, a Book of Suggested Sermons and Sc r i p tu ra l C i ta t i ons , " 

Ha rpe r , N e w Y o r k , 1953. 
RESTORATIVE ART 

Ada i r , Μ. Α., "Technique of Restorative A r t , " 2nd éd., W . C. B r o w n , Dubuque, Iowa, 1951. 
Cur r y , G. P., 236 Hunt ing t on Ave., Boston, Mass., "Textbook of F a c i a l Reconstruct ion w i t h a Study 

of the Cur r y System of F i n g e r p r i n t i n g the Dead , " 1947. 
Dhonau, C , and Prager', G., " M a n u a l of Restorative A r t , " Dhonau-Nunnamaker Ser., V o l . 6, E m 

balming Book Co., C inc inna t i , 1932. 
Johnson, D. S., Chicago, " M a n u a l of Restorat ive A r t , " 1948. 
Mayer , J . S., "Restorat ive A r t , " 2nd ed., Westbrook Pub l i sh ing Co., Ph i lade lphia , 1946. E m b a l m i n g 

ar t , plast ic surgery techniques. 
Spr iggs , A . O., "Restorat ive A r t , " i n " P l a s t i c Surgery , " 3rd ed., Champion , Springf ie ld, Ohio , 1946. 

TOXICOLOGY 

Robertson, W . G. Α., " A i d s to Forensic Medic ine and Toxicology, " 12th éd., J . Ruffel, Bai l l iere , L o n 
don, 1949. 

Winte rs , E . J . , "Chemis t r y and Toxicology for the Emba lme r , " P . Lewis & Co., N e w Y o r k , 1939. 

Proceeding into the funeral aspects, Apflbach (3) and Krieger (28) are sug
gested. The book by Mar t in (32), now in its th ird edition, is exceptional. 

W i th respect to legal problems, any of the books in that section of Table I V 
may be recommended. Perhaps those of Street (49), Fellows (for Br i t i sh regula
tions), or Jackson (26) provide the widest range. Jackson has been a stand-by for 
many years. Street provides a valuable cross index. 

One comment on the legal side not given in these books is a law among the 
Egyptians that bodies of male dead should be delivered at once into the hands of 
the embalmer, but those of females should wait 3 days in order to avoid the pos
sibil ity of unseemly experiments. Apparently, heat dissipates more slowly in 
Egypt. 

When criminal considerations arise, attention must also be given to toxicology. 
Winters (55) and Gonzales, Vance, and Helpern (23) are suggested, as well as 
Witthaus (56). Some of the books on medical jurisprudence also have chapters 
which are applicable—e.g., Robertson (43) or Taylor (50). 

In this area occasional references appear in the Medical Legal Journal (Ν. Y . ) , 
which ceased publication in 1933. A Br i t i sh counterpart by the same title is st i l l 
current, and contains an Abstract section. There is also a German journal, 
Sammlung von Vergiftungs-falien, which is concerned wi th this phase of necropsy. 
I t is sometimes said that the banning of the use of arsenic was a lethal blow from 
which embalming has never really recovered. Chemists of the fluid houses do not 
agree. They consider the incorporation of wetting agents in fluids a major ad
vance, improving penetration of the fluid through the tissues. The use of wetting 
agents would be incompatible with an arsenical fluid. 

F o r any who are worried about mental health, there is a study by F i sh (21). 
Among the many useful manuals of the United States W a r Department is one 

published in 1919 in Philadelphia entitled "Laboratory Methods of the U . S. A r m y , " 
which devotes some attention to embalming. 
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In the pastoral aid subgroup of books Wall is 's "The Funera l Encyclopedia" 
(53) is not an encyclopedia in the usual sense, but a collection of sermons appro
priate to many final occasions. The Westminster Press of Philadelphia specializes 
in this class of works. This is the same Wal l is who has a recent best-seller on 
"Ep i taphs . " 

In a section entitled Modern View of (Permanent) Embalming, McCurdy (31) 
says : 

Instead of pageants, characteristic of the dwellers of the Nile, the erection of 
pyramids, the carving of magnificent sarcophagi within the Catacombs of Thebes, 
at Rome, at Naples, Syracuse, Palermo, or at Athens, or in secret caverns in the 
mountain's fastness, our modern sepulchral vanity manifests itself in choice epi
taphs and monuments, family vaults, or is more sensibly contented with the in 
cinerated remains of the departed as preserved i n the urn, instead of in desiccated 
forms and bitumenized disguises of death. 

Furthermore the aesthetic character of a l l Christ ian nations and people would 
protest against the continuance of so extraordinary, i f not barbarous, a practice, 
which made death more hideous to the vision, more repulsive to the sensibilities of a 
refined and devout soul, than it could possibly be made by the supremest super
stition. 

Stevenson Smith used to conclude his lectures on the 18th century philosophers— 
Bishop Berkeley, Hume, and others—by saying that i f you wished to meet one 
face to face, i t was st i l l possible because Jeremy Bentham, who taught at the U n i 
versity College, London, left instructions that his body was to be embalmed and kept 
at the university. This was done, and the remarkable man kept in view there as a 
reminder to his students and disciples for 50 years or so unt i l one day his head fel l 
off, whereupon he was summarily relegated to a closet. This body is st i l l pre
served and can be confronted at the university. It w i l l not be exhibited again, 
however, unt i l the buildings are restored from wartime destruction. 

Table V. Bibliography of Embalming Literature 
M a n y items recorded here which were first located v i a secondary sources remain wi thout veri f ica

t ion of the usual b ibl iographic data. H a l f a loaf is undoubtedly better than none. A n apologetic 
word is consequently offered for lapses i n dates, places, publishers, etc., and an inv i ta t ion issued to 
erstwhile bloodhounds. I t is necessary to go beyond the standard compendia and catalogs of the great 
l ibrar ies. In the second edition of Garr ison-Morton the term " e m b a l m i n g " does not appear. It is 
l ikewise miss ing f rom Sarton's bibl iography i n his "Gu ide to the H is to ry of Science. " 

B O O K S 

I. C L A S S I C 

A . Anc i en t and Mediaeval Times (to 1500 A.D. ) 

(1) August ine ( Sa in t ) , " D e Diversis X I I , " Sermon 120. Inveighs against the custom of embalming 
as a pagan practice. 

(2) Bible (The ) , Genesis, Chap. 50, Commentary. Verse 2. " A n d Joseph commanded his servants 
the physicians to embalm his father Jacob : and the physicians embalmed Israe l . " Verse 3. 
" A n d 40 days were fulfi l led for h im ; for so are fulfi l led the days of those wh ich are em
balmed ; and the Egypt ians mourned for h i m threescore and ten days . . . " Verse 26. 
" S o Joseph died, being an hundred and ten years old ; and they embalmed h i m and he was 
put i n a coffin i n E g y p t . " Luke , Chap. X I I , Verse 2, Chap. X X I I , Verse 1. J o h n , Chap. 
X I X , Verses 39-41. 

(3) Cicero, Tuscul . D isp . i . 
(4) Cornel ius Nepos, " T h e L ives of Great Leaders , " X V I I , Agesi laus, Chap . V I I I , p. 85 (notes p. 

341), Harpers , N e w Y o r k , 1852. Notes and explanat ion by Chas. A n t h o n . Reports honey 
was employed to conserve the corpse of Agesipol is I dur ing its conveyance to Spar ta for 
bur ia l . 

(5) Diodorus of S ic i l y (Diodorus S icu lus ) , " H i s o r y , " t Book I, pp. 81, 91, etc. Carey t rans la t ion . 
(6) Herodotus, " H i s t o r y (of the people of the O r i e n t ) , " D i a l and Tudor Presses, New Yo rk , 1928. 

Book I, p. 54, Methods of the Pers ians. Book II, pp . 108-10, Euterpe ( E g y p t ) . Book III, 
pp . 154-5, 160-1, Tha l i a (E th iop ia , India , Greeks ) . T r . by George Rawl inson and edited 
by Manue l Komroff . 

(7) Josephus, "Ant iqu i ta tes J u d a i c u m , " 14, 7, New Yo rk , Leav i t t and A l l e n , 1854. F lav ius Jose-
phus, Works , t r . by W i l l i a m W h i s t i n . 

(8) L u c i a n , " D e L u c t u (of M o u r n i n g ) " i n " T h e Works of L u c i a n of Samosata , " V o l . 3, pp . 212-18, 
Clarendon Press, Oxford, 1905. T r . by H . W . and F . G. Fowler . 

(9) P lato , Phaedo xx i x . 
(10) P lu t a r ch , " P a r a l l e l L i v e s , " De carn ian Esu . , p. 1219. V I I Sap. Conv., x v i i «éd., Didot , p. 188. 

Opera., Tom II, pp. 159, 996. 
(11) Stat ius, Si lv. , vol . 3, pp . 2, 117. Aff irms that the body of A lexander the Great was embalmed 

w i t h honey. 
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(12) Strabo, "Geography , " vol. x v i , Judaea, chap. 2, p. 45. " I n the Gadaris also, there is a lake 
of noxious water. I f beasts d r ink i t , they lose the i r ha i r , hoofs, and horns. A t the place 
called Taricheae, the lake supplies the best fish for cur ing . On its banks grow trees which 
bear a f ru i t l ike the apple. The Egypt ians use the asphalt for embalming the bodies of 
the dead." Bohn's Classical L i b r a r y , Bohn , London, 1857. T r . by H . C. Hami l t on . 

(13) Taci tus, " A n n a l s , " vol . x v i , p. 6. Nero 's wi fe was embalmed "accord ing to the manner of 
foreign k i n g s . " 

(14) Ta lmud, " B a b a - B a t h r a , " Soncino Press, London, 1935. II. 25b, 28i. III. 50b. V I . 101a. Size, 
shape, and construction of graves ; arrangement i n a grotto or cemetery. Baby lon ian T a l 
mud, t r . into Eng l i sh under editorship of R. Eps te in . Fu l l e r detai l may be found i n Der 
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(245) F ro th ingham, Ο. B . , "D i sposa l of Our Dead , " V o l . 2 of Sermons, D . G. F ranc i s , New Yo rk , 1874. 
(246) Fune ra l Fol l ies, 1870. 
(247) Gaddi , P. , " S u l l e injezione piro-metal l icho melle cav i ta ossea del l 'oparato udit ivo nell 'uomo ed i n 

a l cun i a n i m a l i , " Modena, 1862. 
(248) Ganna l , J . N . , " ( D e u x lettres sur) de nouveaux procédés d'embaumement et de momi f i cat ion , " 

Pt*ris, 1837. 
(249) Ganna l , J . N . (1791-1852), " H i s t o i r e des embaumements et delà preparat ion des pièces d'anatomie 

normale, d'anatomie pathologique et d'histoire naturel le , su iv i de procédés nouveaux, " F e r r a , 
Pa r i s , 1838 ; 2nd éd., Pa r i s , 1841. 

(250) Ganna l , J . N . , " H i s t o r y of E m b a l m i n g and of Preparat ions i n Anatomy, Pathology and N a t u r a l 
H is tory , Inc lud ing an Account of a New Process for E m b a l m i n g , " t r . by R. H a r l a n , w i th 
notes and additions, J . Dobson, Ph i lade lph ia , 1840. 

(251) Ganna l , J . N . , " L e t t r e adressée à messieurs les membres du conseil de salubrité au sujet de la 
translat ion des cendres de l 'Empereur Napoléon, et de l ' exhumation des victimes de ju i l l e t , " 
Pa r i s , 1840. 

(252) Ganna l , J . N . , Le t t re à M . Docteur Pasquier , Embaumeur du Duc d'Orléans, Pa r i s , 1842 ; Le t t re 
adressée à l ' ins t i tu t (académie royale des sciences) sur 1 question des embaumements, Pa r i s , 
1843 ; Le t t re aux medicins sur l a question des embaumements, Pa r i s , 1845 ; Le t t re à M. 
Caventon, Pa r i s , 1845 ; Réponse à l a lettre adressée par Vasseur à M . V igno lo à l 'occasion de 
l 'embaumement de M g r . l'archevêque de Pa r i s , Pa r i s , 1863 ; (Les embaumements) Sceaux 
(n.d.) ; Le t t re à M . le docteur Roche, president de l'Académie de medicine, Pa r i s , 1846; 
Let t re à M . Or f i la , président de l a commission dite des embaumements, etc. (Sur son liquide 
d'embaumement), Pa r i s (n.d.). 

(253) Ganna l , J . N . , "Mémoire sur l a conservation des matières," F e r r a , Pa r i s , 1836. 
(254) Ganna l , J . N . , "No t i c e sur les embaumements," Pa r i s , 1839. 
(255) Ganna l , J . N . , "Procédés Ganna l mis à l a portée de tout le monde. Embaumement appliqué 

à l a conservation indéfiné et sans mut i l a t i on des oiseaux, quadrupèdes, etc. ," 3rd éd., Pa r i s , 
1840. 

(256) Ganna l , J . N . , "Quelques réflexions sur les embaumements, faits authentiques de conservation 
durab le , " Pa r i s , 1842. 

(257) Geimaud ainé, "Embaumements pa r le procédé-Gannal," Poi t iers , 1842. 
(258) Gervais, C. J . , "Des embaumements sous l a rappor t historique, scientifique, et re l i g i eux , " L y o n , 

1845. 
(259) Giné y Partagas, J . , " D e l empleo del acido fénico en los embalsamientos humanos , " Barcelona, 

1864. 
(260) Gor in i , P . "Nuovo methoda per l a conservazione dei cadaver i , " Mi lano , 1848. 
(261) H i l l e r , College of Emba lm ing and Necrosurgery, Canton, Ohio, "Tex tbook , " 1919. 
(262) Hirschf ie ld , M . L . , "Des injections cap i l l a i r es , " thesis, Pa r i s , 1848. 
(263) J a m i n , Α., "Nouveau traité élémentaire d'anatomie descr ipt ive, " Pa r i s , 1853. 
(264) Ka lazdy , Mor i z , " D i s s , de balsamisar ione, " V indobona, 1847. 
(265) Kopp , "Denkwuerd igke i ten ind . aerzt l . P r a x i s , " T . I., F rank f o r t , 1830. 
(266) Lachouchie, A . E . , "Traité d'hydrotomie ou des injections d'eau continués dans les recherches 

anatomiques," Pa r i s , 1853. 
(267) Lambe l , "Descr ipt ions of a N e w Method for Preserv ing Ana tom i ca l Specimens Developed by 

Prof . B r u n e t t i , " 1868. (Kharkhov? ) 
(268) Langer , "Conserv ierung der L e i chen , " Wiener Med. Wochenschr., Nos . 13/14 (1873). 
(269) Laskowsky , "Procédé de conserv. des cadavres et des prepar. anatomiques," Geneva, 1878. 
(270) Lepr i cur , "Recherche sur l a conservatione temporaire des cadavres au point de vue des 

t ravaux de dissection et l a medicine opératoire," Pa r i s , 1873. 
(271) Lete l l i er , "Conservat ion de corps , " Pa r i s , 1843. 
(272) Lorenz , Johann , "Disser ta t io de po l l inc tura cadaverum," V indobona, 1837. 
(273) Magnus, Ju l ius , "Das Einbalsamieren der Le ichen i n alteri und neuen Zeit. E i n Be i t rag zur 

Geschichte der M e d i c i n , " G. Westermann, Braunschweig , 1839. 
(274) Mar j o l i n , J . N . , " M a n u e l de l ' anatomie , " Pa r i s , 1843. 
(275) M a r t i n , P . L . , " D i e P r a x i s der Naturgesch. Tax idermie , oder die Lehre vom Konserv i ren der 

Th iere , " 1876. 
(276) Massé, Jules , " P e t i t traité des embaumements par in ject ions, " Pa r i s , 1853. 
(277) Mayor , Math ias , " E s s a i sur ΓAnthropo-taxidermie ou sur l ' app l i cat ion à l'espèce huma in des 

pr inc ip les de l ' empai l lage , " Pa r i s , 1838. 
(278) Memoranda I l lustrat ive of Egyp t i an Tombs, no publ isher, 1822. A l so remarks on mummies. 
(279) Neichel , C , " D e po l l inctura cadaverum humanorum jux ta antiquos et récentes," thesis, Pes t in i , 

1821. (May be same as Carolus, N . ?) 
(280) O rph i l a et Leseuer, "Traité des exhumations jur id iques , " Pa r i s , 1831. 
(281) Owen, ed., "Essays and Observations of J o h n H u n t e r , " V o l . 1, pp . 399-402. On embalming. 
(282) Pe l l egr in i , Giuseppe, "De l i a artifiçiale riduzione a Solidità Lap idea , e.g., Inal terabi l i ta deli 

A n i m a l i , " V . Ba t e l l i e figli, F i renze , 1835. 
(283) Peters, H . , " E i n Versuch Le ichen zu anatomischen Studien zu conserv i ren , " Schmid u . F a h r -

buecher, Le ipz i g , 1871. 103 pp . - f cx l ix . 
(284) Poiseui l le , J . L . M . , " R a p p o r t sur divers modes d'embaumement présentés par Dupré, Ganna l , 

et Sucquet," Baillière, Par i s , 1847. 24 pp., 8 vol. Also in Bull. acad. Méd., Pa r i s , 1847, 12°. 
(285) Pougeois, Chanoine Et ienne, " L e card ina l Donnet . " 
(286) Procès J a u r a n d contre B r u , Mémoire expl icat i f , C l e rmont -Fer rand , 1855. 
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de l 'acad. royale de médecin pere médicin ord ina i r de l'Hôtel roya l des inva l ides , " Pa r i s , 1834. 
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h ig . pub. de l a Acad , de cien med., V o l . II, p. 257, Habana , 1873. 
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1843. 
(295) Se l igmann, Leopold, " D a s Einba lsamieren der Le i chen , " Diss . W ien , 1843. 
(296) Smi th , H . , " The Ganna l Process , " London, 1840. 
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vols. 
(298) Struve, I. V . , "Conce rn ing Use of Organ ic Compounds i n the Wickershe imer Process , " Protocol 
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(2C9) Sucquet, J . P., " D e l 'embaumement chez les anciens et chez les modernes et des conservations 
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(300) Sucquet, J . P., "De l a conservation des traités du visage dans l 'embaumement," Pa r i s , 1862. 
(301) Sucquet, J . P. , "Mémoire sur l 'assainissement des amphithéâtres d'anatomie et de l a morgue de 

Par i s et sur un nouveau mode d'embaumement," Pa r i s , 1844. 
(302) Sucquet, J . P., Rapport sur divers modes d'embaumement, Pa r i s , 1847. 
(303) Sulema-Samui l lo , Effect of thymol on fermentat ion, P h . D . dissertat ion, Peterburg, 1872. No t 

s t r i c t l y an embalming reference. 
(304) Swan, J . , "Account of a New Method o s M a k i n g Anatomica l P repara t i ons , " London, no date. 
(305) Swan, J . , " A New Method of M a k i n g Ana tomica l Preparat ions, Pa r t i cu l a r l y Those Re la t ing 

to the Nervous Sys tem, " 3rd ed., London, 1833. 
(306) T ranch ina , G., " B e r i - h t ueber die am 18 Maerz 1835 i n Haupt -M i l i t ae r -Hosp i ta l della T r i n i t a 
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(307) Var io t , "L ' anthropop las t i e ga lvanique, " P a r i s , 1890. 
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(309) Very , J . , "No t i ce sur les embaumements. Procédés de M . Ganna l . Brevet d ' invent ion, con

cédé a M . Dutfoy et Cie. a St. Petersbourg, Impr. de Terzuolo, P a r i s , 1839. 

E . Ar t i c les i n Encyclopedias and Dict ionar ies 

(310) Buchvinder , "D isecac ion de los cadaver is , " i n E n c i c l . med.- farm. Barce lona, V o l . 1, pp. 68-70, 
1877. 

(311) D ic t ionna i re Encyclopédique des Sciences Médicales, Pa r i s , 1833. V o l . 33, 1st series. A r t i c l e , 
Embaumement. 

(312) Encyclopedia B r i t t an i ca , 9th éd., 1878. V o l . V I I I , p. 158, Emba lm ing . V o l . X V I I , p. 20, 
Mummy . 

(313) Encyc lopedia Metropo l i tana (or Un i v e r sa l D ic t ionary of Knowledge) , London , 1845. V o l . 22, 
pp. 328 38, gives ancient and modern accounts of embalming ; describes the places of deposit 
and methods of embalming. 

(314) E n g l i s h Cyclopaedia, A r t s and Sciences, V o l . 5, pp. 825-7, London, 1867. Describes methods of 
treatment of bodies and bandages. Discusses embalming of an ima l bodies. 

(315) Jeanne l , J . , "Nouve l l e d ict ionnaire de med. et ch i r . p ra t ique , " V o l . 12, pp. 601-11, " D e l 'em
baumement," Par i s , 1870. 

(316) K h a n , " E m b a l m i n g , Introduct ion to L ibrar i es of Med ica l Science," p. 153, 1858. 
(317) Murât, "D i c t i onna i r e en 30 Vo lumes , " V o l . X I , p. 299, A r t d 'Embaumement, Pa r i s , 1839. 
(318) Murât, "Embaumement , D ic t ionnai re Med ic ine , " Bechet, éditeur-libraire de l'Académie Royale 

de medicine de Par i s , 1823. 
(319) Pe l le t in , "D i c t i onna i r e des sciences," V o l . II, Pa r i s , 1806. 
(320) Pe l le t in fils, Adelon, A l iber t , etc., "D i c t i onna i r e des sciences m«d. en 60 vo l . , " V o l . 11, pp . 

505-28, Embaumement, Par i s , 1815. 
(321) Tardieu, Α., "D i c t i onna i r e d'hygiène publique et de salubrité," Par i s , 1862. 

III. M O D E R N E R A 
Α. 1878-1929 

(322) A d a m i , J . G., "Char les Whi te of Manchester (1728-1813)," L iverpoo l , 1922. 
(323) A labama State Board of Hea l th , Montgomery, 1910. Rules governing t ransportat ion of bodies 

of deceased persons i n A labama. Adopted by the State Board of Hea l th , A p r i l 22, 1910. 
(324) Alexander, J . , " E m b a l m i n g and Its Medical and Lega l Aspects , " New Yo rk , 1931. (Read before 

Soc. Med. Jur isprudence of Ν. Y . Academy, M a y 12, 1930). Repr inted f rom Med. Times 
and Long Island Med. Soc., May, June , J u l y , 1931. 12 pp. 

(325) A l l a i n , "Conservat ion par le Formo l , Toxicologie du F o r m o l , " thesis, Montpe l l i e r , 1901-02. 
(326) Ba l l , W . W., "E l ementary and Prac t i ca l Treatise on Chemical Emba lm ing , w i th Two Anatomica l 

Charts , (etc.)," Springf ie ld, Ohio, 1881. 
(327) B a l l , W . W., "Progress ive E m b a l m i n g Science, " Springf ie ld, Ohio, 1895. I l lustrated w i t h new 

methods of embalming surgery, embalming necroscopia, embalming bacteriology, embalm
ing chemistry ; and a brief history of diseases end ing i n death. 164 pp. figures. 

(328) Barnes, C. L . , " A r t and Science of E m b a l m i n g , " Trade Per iod ica l Co., Chicago, 9th ed., 1905. 
4th ed., 1898. (1896 ed. South Bend, Ind. ) . 

 P
ub

lic
at

io
n 

D
at

e:
 J

an
ua

ry
 1

, 1
95

6 
| d

oi
: 1

0.
10

21
/b

a-
19

56
-0

01
6.

ch
01

5

In A Key to PHARMACEUTICAL AND MEDICINAL CHEMISTRY LITERATURE; 
Advances in Chemistry; American Chemical Society: Washington, DC, 1956. 



132 ADVANCES IN CHEMISTRY SERIES 

(329) Barnes, C. L . , Poughkeepsie, Ν. Y . , " A t l a s of the A r t e r i a l and Venous Sys tem, " 1905, 263 pp . 
55 col . p i . Contains prac t i ca l and comprehensive treatise on modern embalming, together 
w i t h a descript ion of operations upon arteries and veins. 

(330) Barnes, C. L . , "Contag ious and Infectious Diseases. Dis infectants and D i s in f ec t i on , " Trade 
Per iod ica l Co., Chicago, 1903. 
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W . P . Hohenschmit , Indianapol is , 1896. I l lustrated w i t h 60 engravings. 500 pp. 

(332) Barnes , T . B . , "Compends on Anatomy, San i ta ry Science, and E m b a l m i n g , " Rev. ed., Trade 
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(334) Bauweus, " Inhumat i on et c remat ion . " 
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(336) Berg , C. W. , "Confessions of an Unde r take r , " McCo rm i ck -A rms t r ong Press, W i ch i t a , K a n . , 
1920. 114 pp. 
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(340) Campan i , Dar io , " N u o v o Processo d i imbalsamazione," P i sa , 1889. 7 pp . 
(341) Casket Co., N e w Yo rk , "One Hundred E m b a l m i n g Questions Answered , " 1934. 
(342) Chappert, J . M . V . H . (1901- ), " D e l ' embaumement; un embaumement célèbre à Bordeaux ; 

conservation des cadavres, B ib l i og raph ie , " Samie fils frères, Bordeaux, 1926. 75 pp. No . 75. 
Thesis, Bordeaux, 1926. 

(343) C larke , C. H . , 1878- , " P r a c t i c a l E m b a l m i n g ; a Rec i tat ion of A c t u a l Experiences of the 
Author ' and Hundreds of the Most E x p e r t Embalmers of the W o r l d , " C. H . Clarke , C i n 
c innat i , Ohio, 1917. 302 pp . I l lus. 

(344) C la rke , J . H . , C i n c i n n a t i , " A n s w e r s to Questions Presented i n the Lectures of C l a rk ' s C i n 
c innat i College of Emba lming , and to Accompany 4th and En larged Ed i t i on of Textbook 
and Compend, " 1902. 31 pp. 

(345) C la rke , J . H . , " Answe r s to Questions. Quiz Compend for the Students of C larke 's School of 
E m b a l m i n g , " J . H . C larke , C inc inna t i , Ohio, 1897. 

(346) C larke , J . H . , "C l a rke ' s Compend and Textbook on E n b a l m i n g , " C i n c i n n a t i , 1902. 136 pp. 
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Meetings, Conventions, etc.," C la rke Chem. Works , Springf ie ld, Ohio, 1885. 142 pp. 
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(481) Embalmers Supply Co., Westport , Conn. , " N e w E m b a l m i n g Guide , " Pa r t s 1 and 2, 1942. 
(482) Fel lows, Α., "The L a w of B u r i a l , " 2nd ed., Hadden, Best and Co., London, 1952. 
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(483) F r a n z , A . H . , " F u n e r a l D i rec t ion and Management , " F l o r i d a State Boa rd of F u n e r a l Directors , 
Jacksonv i l l e , 1947, 227 pp. 

(484) Gonzales, Vance , and He lpern , " L e g a l Medic ine and Toxicology," App le ton Century, Ν . Y . , 1944. 
(485) Greenhood, " M o r t u a r y L a w and Settlement of Es ta tes , " 1939. 
(486) H i l l , Τ. Α., " A p p r a i s a l and Abs t rac t of Ava i l ab l e L i t e ra ture on the Occupat ion of the Unde r 

t ake r , " Na t i ona l Occupat ion Conference, N e w Yo rk , 1936. 8 pp . 
(487) Hopton, F . E . , J r . , "The E t h i c a l F u n e r a l , " Glenshaw, Pa . , 1946. 
(488) Huber , O. C , " O u t l i n e of Hyg iene and Some of the More Common Diseases," Worsham College 

of Emba lm ing , Chicago, 111., 1933. 229 pp . 
(489) Ind iana State Board of Embalmers and F u n e r a l Directors , Indianapol is . D i rec tory of l icensed 

embalmers and funera l directors effective M a y 7, 1941, 1941. 
(490) Jackson, P . E . , " L a w of Cadavers , " 2nd ed., P rent i ce -Ha l l , N e w Y o r k , 1950. 
(491) Johnson, D. S., " M a n u a l of Restorative A r t , " Chicago, 111., 1948. E m b a l m i n g manua l , 59 1. 

mimeo. 
(492) Johnson, E . C , " M a n u a l of E m b a l m i n g Treatment , " Worsham College of Emba lm ing , Chicago, 

111., 1947. 
(493) Kansas State Board of Emba lm ing , Topeka, L i s t of licensed embalmers, 1941? 
(494) Kr ieger , W . M . , "Successful F u n e r a l Service Management , " P rent i ce -Ha l l , N e w Y o r k , 1951, 
(495) Land i g , R. V . , " Q u i z Compend for Fune ra l D i rec tors , " the author, Houston, Tex., 1948. 
(496) L a n d i g , R. V . , and Garton, W . M . , " Q u i z Compend on Mor tuary Science," Houston, Tex., 1948, 
(497) L e Ponc in , N . F . R., "De l 'embaumement," thesis, Bordeaux, France , 1951. 91 pp. 
(498) L indqu is t , M . C , " P l a n s for F u n e r a l Homes ; E levat ion F l oo r P l ans , Salesroom Layouts and 

A n a l y t i c a l Discuss ions, " K rehb i e l Co., C i n c i n n a t i , Ohio, 1931. 40 pp. 
(499) McFa te , R. P. , "Ou t l i n e of Chemistry , Inc lud ing Inorganic , Organ ic and Phys io log ica l Chemistry 

and Special Notes on Dis infect ion, Dis infectants, Fumiga t i on , and E m b a l m i n g F l u i d s , " 
3rd ed., Edwards Brothers, A n n Arbo r , 1944. 

(500) Manaugh , F . Α., L a g u n a Beach, " T h i r t y Thousand Adventures ; an In fo rma l Disclosure o f 
Observations and Experiences i n Research i n the F u n e r a l Indus t ry , " 1934. 329 pp. 

(501) M a r t i n , Ε. Α., Grand Junc t i on , Colo., "Psychology of Fune ra l Serv ice , " 1st ed. 1945. 3rd ed. 
1953. 300 pp. 

(502) May , A . J . , " E m b a l m i n g " (poem), i n " A Basket of F ragments , " pp. 150-2, P y r a m i d Press, 
N e w Y o r k , 1939. 

(503) Mayer , J . S., "Restorat ive A r t , " 3rd ed. 1951, Westbrook Pub. , Phi lade lphia , Pa . , 2nd ed. 1943. 
566 drawings , 430 pp. Includes embalming ar t , p last ic surgery techniques. B ib l i og raphy , 
p. 423. 

(504) Mendelsohn, S., " E m b a l m i n g F lu ids , The i r H i s to r i ca l Development and Formula t i on , f r om the 
Standpoint of the Chemica l Aspects of the Scientif ic A r t of Preserv ing H u m a n Rema ins , " 
Chemica l Pub l i sh ing Co., N e w Y o r k , 1940. 

(505) M e r r i l l , C. D. , " M o r t u a r y Science," Boston, 1946. 23 pp. Voca t i ona l and professional mono
graphs, No . 67. 

(506) Metropo l i tan F u n e r a l Directors Assoc iat ion, " D i a r y and Yearbook, " 1933. 
(507) Minnesota State Board of Hea l th , St. P a u l , D i rec tory of embalmers and funera l directors 

ho ld ing the license of the Minnesota State Board of Hea l th , inc lud ing laws and regulat ions 
re lat ing to embalming and funera l d irect ing, 1947. 

(507A) Myers, James, J r . , Cooperative Fune ra l Associat ions. Pamphlet . Cooperative League of 
the U .S .A . , Ν. Y . , 1946. 

(508) Nunnamaker , A . J . , and Dhonau, C. O., "D issec t ing Guide for Embalmers ; an Out l ine of the 
Gross Structures of the H u m a n Body , " Embalmers Book Co., C inc inna t i , Ohio, 1931. 
214 pp. 26 cm. 

(509) Perv ier , N . C , "Textbook of Chemistry for Emba lmers , " Burgess, Minneapol is , M i n n . , 1940. 
(510) Poison, C. J . , B r i t t a i n , R. P., and Marsha l l , T . K. , "D i sposa l of the Dead , " E n g l i s h Un ive rs i t y 

Press, London , 1953. 
(511) Qu inn , Seabury, "Sy l l abus of Mor tua ry Jur i sprudence , " Clement W i l l i a m s , Kansas C i t y , K a n . , 

1933. 128 pp . 
(512) Renouard, C. Α., and Knox , " E m b a l m e r s ' A i d and Guide , " Casket, N e w Y o r k , 1947. 
(513) Saphir , "Au topsy , Diagnosis and Techn ic , " 2nd ed., Hoeber, New Yo rk , 1946 (1st ed. 1937). 
(514) Sleichter, G. M . , " A Study of the Combin ing Ac t i v i t y of Formaldehyde w i t h T issues, " thesis, 

Un ive rs i t y of C inc inna t i , 1939. 
(515) Slocum, Ray, "P re -emba lming Considerat ions, " Dodge, Boston, Mass., Mimeo. pamphlet . 
(516) Spr iggs , A . O., " C h a m p i o n Textbook on E m b a l m i n g and Ana tomy for Emba lmers , " Champion 

Co., Springf ie ld, Ohio, 1946. 1st ed. 1933, 4th ed. 1946. Cover t i t le reads: A r t and Science 
of Emba lm ing . 

(517) Spr iggs , A . O., " P l a s t i c Surge ry , " 4th ed., Champion , Springf ie ld, Ohio, 1946. 
(518) Street, A . L . H . , "Street 's Mor tua ry Jur i sp rudence , " Kates-Boylston Publ icat ions, N e w Y o r k , 

1948. 
(519) Strub, C. G., " Q u i z Compend on Mor tua r y Science," Roya l Bond Co., 1st p r i n t i n g 1946; 6th 

p r i n t i n g 1948. 203 pp . 
(520) Wa tk ins , E . S., " L a w of Bur ia l s and B u r i a l Grounds , " Wh i t e Swan Press, Br i s t o l , 1948. 
(521) Wi lder , H . H . , and Wentwor th , B . , " P e r sona l Identif ication Methods fo r L i v i n g or Dead , " Cook, 

Chicago, 111., 1932. 
(522) Wi l son , (S i r ) A . T., and Levy, H . , " B u r i a l Re fo rm and F u n e r a l Costs , " Ox fo rd , London , 

1938. 248 pp . 
(523) Win te rs , E . J . , "Chemis t ry and Toxicology for the Emba lme r , " P . Lewis & Co., N e w Y o r k , 

1939 
I V . J O U R N A L R E F E R E N C E S 

A . 17th Century 
(524) Clauder, G., M isc . Acad. Natl. Curios., 8, 512 (1689/90) No r imb . 2 decuria, De balsamatione 

cadaverum, et iam majorum, sine evisceratione nonnul la . 

 P
ub

lic
at

io
n 

D
at

e:
 J

an
ua

ry
 1

, 1
95

6 
| d

oi
: 1

0.
10

21
/b

a-
19

56
-0

01
6.

ch
01

5

In A Key to PHARMACEUTICAL AND MEDICINAL CHEMISTRY LITERATURE; 
Advances in Chemistry; American Chemical Society: Washington, DC, 1956. 



OATFIELD—EMBALMING LITERATURE 137 

B . 18th Century 
(525) de B i l s , L „ J. méd., chir., pharm. ( P a r i s ) , 53, 31-7 (1780). Manière de embaumer les cadavres. 
(526) Blumenbach, J . F. , Phil. Trans., 1794, 177-95. "Observat ions on Some E g y p t i a n Mummies Opened 

i n L o n d o n . " 1 l ine d raw ing " H o r u s . " 
(527) Greenhi l l , Theo., Phil. Trans. Royal Soc, 24, 1101-8, 2109 (1705). A n abstract of a book, 

"Nekpokhae i s , " or the ar t of embalming, (p. 1101 follows p. 2077.) 
(528) Monro , Α., Med. Essays Obs. Soc. ( E d i n b u r g h ) , 1, 94-111 (1733). " O n the a r t of in ject ing the 

vessels of an ima l s . " 3, 107-33 (1735). " O n the method of p r epar ing and preserv ing the 
parts of an ima l bodies for anatomical purposes. " i 

(529) Rouelle, Mém. acad. sci. (1750). "Concours expérimentai des methods d'embaumement lavant 
l'académie nationale de médecine." " A n c h o r asserts that the nitrmmy cloth he had seen was 
made of cot ton. " Hist. acad. roy. sci. ( P a r i s ) , 123-50 (1754). " S u r les embaumements des 
égyptiens. P remie r mémoire dans lequel on fa i t vo i r que les fondamens de l 'ar t des embau
mements égyptiens sont en part ie contenus dans l a descript ion qu'en a donné Hérodote et on 
l 'on détermine quelles sont les matières qu'on employoit dans ces embaumements. " Rec. 
period obs. med. chir. et pharm., 4, 299-304 (1756). "Précis des embaumements." 

(530) Rougères, Mareschal de, J. Méd. chir. pharm. (Paris), 26, 466-9 (1767). " L e t t r e contenant 
quelques observations sur les effets de la momie . " 

(531) Sevelinges, De, J. med. chir., pharm. <Paxis) 2, 224-7 (1759). "Observat ions sur les enlets 
de l a momie d 'Egypte . " 

(532) V i c q d 'Azyre, Hist. soc. roy. med., 1779. " S u r les corpes déposés dans les cavagu de 
Cordeliers de Toulouse." 

C. 1800-1929 

(533) A m . Med. Assoc., Queries and M i n o r Notes, J. Am. Med. Assoc., 89, 811 (1927). E m b a l m i n g . 

D . 1930 + 

(534) A lexander ; J. Med. Times ( Ν . Y . ) , 59, 184, 217, 251 (1931). Cu l tu ra l med ic ine ; embalming 
and its medical and legal aspects. 

(535) A r a , P., Bull. Intern. Assoc. Med. Mus., 1934, No . 13, p . 36. A process of embalming. 
(536) Ashley-Montagu, M . F. , Am. J. Phys. Anthropol., 20 (15), 95-101 (1935). Restorat ion of 

an E g y p t i a n mummif ied foot. 
(537) Batson, Ο. V . , Ann. Otol. Rhinol. & Laryngol., 45 ( I ) , 58-9 (1936). P r e p a r i n g cadavera 

for1 endoscopy. 
(538) Batson, Ο. V . , Arch. Ophthalmol. 16 (4 ) , 657-8 (1936). P repara t i on of orbits of cadavers 

for dissection and operation. 
(539) Batson, Ο. V . , Science, 60, 336-7 (1924). Cadavera w i t h flexible jo ints . 
(540) Boudet, J . J . , Hist, méd., 6, 35-41 (February 1951). H i s to r i ca l study of physicians and em

balmers. 
(541) Bouquet, H . , Progr. med., 70, 347-50 ( Aug . 24, 1942). Famous T r i a l i n regard to embalming 

100 years ago. 
(542) Boyd, L . G., and Boyd, W . C , Am. J. Phys. Anthropol., 25, 433-4 (1939). Blood group re

actions of preserved bone and muscle. 
(543) Candela, P . B. , Ibid., 25, 214 (1939). Blood group tests. 
(544) C igno l i , F . , Rev. Col. farm. nac. (Rosario), 16, 102-6 (1949). L a santo sudario de T u r i n . 
(545) Crawford , R. B . , Hospitals, 20, N o . 10, 54-6 (1946). Hospi ta ls , mort ic ians, and pathologists 

develop a work ing agreement. 
(546) Dawson, W . R., J. Egyptian Archaeol., 17 (1931). 
(547) Dobson, J . , J. Hist. Med., 8, 431-41 (1953). E ighteenth century experiments i n embalming. 
(548) F ischel , Walter , Ciba Z. (Base l ) , 4, No . 43, 1502-4 (1937). 3 pp. , i l lus . Konserv ie rung und 

einbalsamierung von t ieren. 
(549) Gettler, A . O., and F r eun th , Henry C , Am. J. Clin. Pathol., 10, 603-16 (1940). Carbon monox

ide content of blood under various conditions. 
(550) G i l lman , J . , Am. J. Phys. Anthropol., 18, 363-9 (1934). Restorat ion of mummif ied tissue. 
(551) Haabestad, Ε. H . , Embalmers Monthly, 61, No . 7, 15 (1947). Relat ionship between dis infect ion, 

firmness, and preservation. Is the embalmed body disinfected and ster i le? 
(552) Hemneter, Ernest , Ciba Symposia, 1, 323-32 (1940). E m b a l m i n g i n ancient Egyp t . I l lus. 
(553) L ea r , G. S., Practitioner, 161, 94-100 (August 1948). Emba lm ing and cremat ing. 
(554) Meade, G. M . , and Steenken, W. , J r . , Am. Rev. Tuberc, 59, 429-37 (1949). V i a b i l i t y of 

tubercle bacilli i n embalmed human lung tissue. 
(555) Mendelsohn, S., Mfg. Chemist, 23, 191-3 (May 1952). Emba lm ing fluids. 
(556) Mendelsohn, S., Ciba Symposia, 11, No . 8, 1318-48 (1951). Evo lu t i on of cremation c u l t ; 

development of modern cremation. B ib l iography. 
(557) M i l l e r , J . Α., Anat. Record, 97, 421 (1947). E m b a l m i n g of fetuses and in fants through 

superior sag i t ta l anus. 
(558) Montero Rodriquez, Α., Casa med. Madrid., 2 epoca 1947, N o . 74, pp . 1-5. Embalsamamientos 

y enterramientos de los àntiquos guanches. 
(559) Nicolaeff, L . , Anthropologie, 40, 77-92 (1930). Quelques données au sujet des méthodes 

d'excérébration employees pa r les Egypt iens anciens. 
(560) Ohio Med. J., 30, 167-70 (1934). Relat ionship of autopsy surgeon and embalmer. 
(561) Olzscha, Κ., " K l i o , " Beiheft 40, n.f .hft . 27, pp . v i i - v i i i . Interpretat ion der A g r a m e r M u m i e n -

binde. Dieter ich, Le ipz i g , 1939. 
(562) P a u l , F r i t z , Ciba Z. (Base l ) , 4, 1473-9, 1481-6, 1488-96, 1499-1501 (1937). B ib l iography-

pp. 1495—6, 1501. Die Leichenconservierung. 
(563) P i e t r i , Ann. méd. légale criminol. police sci., 10, 578-81 (1930). Method for preservation and 

embalming of corpses by penetrat ion of ant iput re fy ing gases into organism wi thout i n 
troduct ion of l iquid, i n blood vessels. I n Deternitas method, corpse is placed on a l inen 

 P
ub

lic
at

io
n 

D
at

e:
 J

an
ua

ry
 1

, 1
95

6 
| d

oi
: 1

0.
10

21
/b

a-
19

56
-0

01
6.

ch
01

5

In A Key to PHARMACEUTICAL AND MEDICINAL CHEMISTRY LITERATURE; 
Advances in Chemistry; American Chemical Society: Washington, DC, 1956. 



138 ADVANCES IN CHEMISTRY SERIES 

mattress wh ich contains 5 kg . of sawdust w i th 500 grams each of vegetable charcoal, 
K M n 0 4 , camphor, and naphthalene, and which has been spr ink led w i th 2.5 l i ters of a 
mixture of equal parts of thymol, formal in , alcohol, and benzoic acid. The coffin is then 
hermetical ly sealed. No t only is putrefact ion prevented, but i f i t has reached an 
advanced stage, after 3 days a l l signs of putrefact ion have disappeared and the corpse 
recovers its normal postmortem appearance. 

(564) P i g a , Α., Semana, med. espan., 7, 251, 288, 318, 344 (1944). P t . 2. A lgunos datos sobre 
tecnicos y procedimientos de cpnservacion temporal de cadaveras. 

(565) P u h r , L . Orvosi Hetilap, 76, 149 (1932). E m b a l m i n g . 
(566) Rose, G. W. , and B ickne l l , A . K. , A n t i b i o t i c s & .Chemotherapy, 3, (9 ) , 896-8 (1953). I n v i t ro 

effect of antibiot ics on cultures isolated f rom unembalmed body. 
(567) Rushel l , E . R., and Thienes, C. H . , Proc. Soc. Exptl. Biol., 30, 23 (1932). Es t imat i on of ethanol 

i n embalmed b ra in . 
(568) Sanchez Guisande, G., Rev. med. leg. y jurisp. med., 6, 32-43 (1942). E m b a l m i n g formulas. 
(569) Sanders, H . J . , Ind. Eng. Chem., 46, 11 A , 13A (February 1954). " A f t e r You ' re Gone ; Chemistry 

Invading M o r t u a r y . " B r i e f review of current research i n the field, directory and process, 
especially work of N . C. Perv ier and F . L . Hansen, Un ivers i t y of Minnesota, for M i n n . 
State Board of Hea l th . 

(570) Schultze, O. T., Arch. Pathol., 9, 1220 (1930). L a w of the dead human body. 
(571) Tanner de Abreu , H . , Brasil méd., 44, 1312-14 (1930). Embalsamamiento. 
(572) Tecoz, H . F . , Praxis, 33, 358, 373, 398 (1944). A r t de conserver les corps. 
(573) Trenel , Bull. soc. franc hist, méd., 26, 324 (1932). 
(573A) Wa l l i s , C. L. , Sat. Eve. Post, 226, No . 42, 44-5, 178, 180-2 ( A p r i l 17, 1954). " T h e i r Las t 

Words H a d a P u n c h . " 
(574) Weed, L . Α., and Baggenstross, A . H . , Proc. Staff Meetings Mayo Clinic, 27, 124 (March 26, 

1952) ( repr inted i n What's Neiv). Persistence of pathogenic organisms i n embalmed tissues. 
(575) Weed, L . Α., and Baggenstross, A . H . , Am. J. Clin. Pathol,, 21, 1114-20 (December 1951). 

Isolation of pathogens f rom tissues of embalmed human bodies. 
(576) Whi te , T. M . , and Sandrof, E . , New Yorker, 18, 44 (Nov. 7, 1942). T . H . Holmes, the F i r s t 

Embalmer . 
Habenstein, R. W., and Lamers , W . M . , " H i s t o r y of Amer i can Fune ra l D i r e c t i n g , " Bul f in Print!-

ers, Mi lwaukee, 1955. P a r t 1. E a r l y (pagan) mortuary behavior. P a r t 2. Rise of Amer i can 
funeral under tak ing . P a r t 3. Organizat ion of modern funeral service. B ib l iography w i th 
each chapter. Append ix I. Graves registrat ion services and re turn of wa r dead program 
of U . S. A r m e d Forces. Append ix II. Pas t presidents of Na t i ona l F u n e r a l Directors 
Associat ion, Na t i ona l Negro F u n e r a l Directors Associat ion, Jew ish Fune ra l Directors of 
Amer i ca , Inc., and Na t i ona l Selected Mor t i c ians . Append ix III. Conference accredited 
colleges. Append ix I V . Fune ra l service journals. Append ix V . Comprehensive table of 
book contents. Index. 

Table VI. Check List of Periodicals and Serials of Embalming, Cremation, 
and Mortuary Science 

(Symbols for l ibrary holdings correspond to those of the Union L is t of Serials. 
Abbreviations D C L , etc., refer to libraries where publications are available. As
terisk indicates house organ. Titles in capital letters are being published currently.) 

(1) AMERICAN ACADEMY NEWS. A m . Academy of Emba lm ing and Mor tuary Research, New 
Yo rk . Student publ icat ion. 

(2) American Art in Stone. Boston, Mass. 1900-March 1937. 
Absorbed by ART IN BRONZE AND STONE, M a r c h 1937. 

(3) AMERICAN BLUE BOOK OF FUNERAL DIRECTORS. 1st (1932/33) + b iennial . 
D L C 4th (1938/39) 

6th (1942/43) 
11th (latest) (1952/53) 

(4) AMERICAN CEMETERY. A m . Cemetery Associat ion, Kates-Boylston Publ icat ions, N e w Yo rk , 
Ν. Υ. v. 1, 1929 + M . 

(5) AMERICAN FUNERAL DIRECTOR. South Bend, I n d . ; Grand Rapids , M i c h . ; N e w Y o r k . 
Current ly published by Kates-Boylston Publ icat ions, 607 F i f t h Ave., New Yo rk , Ν . Y . 
Publ ished 1879-1919 as Western Undertaker O C L 55 + 
v. 1,1879 + M . D L C 41- (49 ) , (62-63) 
M n U 56, (60-62) M i G r (45-48) 
N N (29) - (40, 50-57) + P P 52 + 

(6) AMERICAN SELECTED FUNERAL DIRECTORS. Selected Directories, Inc., 120 L iber ty 
St., New Yo rk , Ν. Y . 1932 -

(7) ASSOCIATION OF AMERICAN CEMETERY SUPERINTENDENTS PROCEEDINGS, v. 1, 
1887 + 
B.U.A. MONTHLY (Bul le t in of the Undertakers Assoc ia t ion ) . See NATIONAL FUNERAL 

DIRECTOR. 
BULLETIN DE LA SOCIÉTÉ POUR PROPAGATION DE L'INCINERATION. See 

SOCIÉTÉ FOUR PROPAGATION DE L'INCINERATION BULL. 
BULLETIN OF THE CASKET MANUFACTURERS' ASSOCIATION OF AMERICA. See 

CASKET MANUFACTURERS' ASSOCIATION OF AMERICA BULL. 
(8) CALIFORNIA BOARD OF FUNERAL DIRECTORS AND EMBALMERS. Sacramento, Cal i f . 

Report and Directory of funeral directors and embalmers holding certificates under the 
F . D . and E . A c t of the state of Ca l i f o rn ia . 1931 + b iennia l . 

(9) CANADIAN CEMETERY SERVICE AND MEMORIAL CRAFTSMAN. James O 'Hogan and 
Co., 60 F r o n t St., Toronto 1, Canada. Toronto b i -m. 1930 +. 
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(10) CANADIAN FUNERAL SERVICE. James O 'Hogan, J r . , ed., 60 F r o n t St., Toronto 1, Canada. 
v. 1, 1923 + M . N N 19, 1941 + 

(11) The Casket, Rochester, Ν . Y . (devoted to higher education of funeral directors and embalmers.) 
Un i t ed w i th Sunnyside J a n u a r y 1925 to f o rm Casket and Sunnyside. 1-49, M a y 1876-D 1924. 
D L C 29-49 (1904-24) N R 11-16 
D P 49 OO (29-30) 
N N 1-38 

(12) CASKET AND SUNNYSIDE. Cremat ion Associat ion of Amer i ca , v. 1, 1870 + M , 487 Broad 
way, New Y o r k 13, Ν. Y . 1-54, 1870-D 1924 as Sunnyside. v. 5-18 omitted i n number ing , 
and no vols, were numbered 50-54. D S G 4, 19-24 
19 (1899) as ns. v. 19 M n U (59-62, 66) 
D L C 39-46, 48 + N B u G (63-64) 
D P 55 + N N (4) , 19 - (33) - (59 - (64) + 

(13) Casket Manufacturers Association of America, Bulletin, C inc inna t i , v. 62 (1918), v. 70-71 
published 1920. 

(14) Cemetery Beautiful, Chicago, v. 1-3, No . 8, J u l y 1917-July 1919. 
(15) COLORED MORTICIANS BULLETIN. A t l a n t a College, A t l an ta , Ga . M . 
(16) Columbarium, Philadelphia. Month ly magazine designed to educate people to adopt proper 
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Canadian Casket 
(The) Embalmer 
(The) National Undertaker 
Our Paper 
Progression. Rochester, Ν. Y . 
Shadyside 
(The) Shroud. Chicago and Ν. Υ . v. 1, N o . 1, 1880-85?/ / ed., R i c h a r d McGowan . 
(The) Shroud. Chicago and Ν. Y . v. 1, No . 1, 1880-85? / / ed., R i c h a r d McGowan . 

Ν. Y . , 1871, ed., Hen ry E . Taylor . ( F i r s t trade paper i n field.) Changed t i t le 1872 to Sunnyside. 
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Antibiotic Literature File for Chemists 

MARGARET OHRMUND 

The Lilly Research Laboratories, Indianapolis, Ind. 

A simple punch-card file has been established to make the cur
rent antibiotic literature useful to research personnel engaged 
in isolation and identification of antibiotics. The coding out
line is practical and adapted to the needs of people using the 
file. A similar file should be useful with the literature of other 
substances which are not easily classified by the conventional 
chemical coding system. 

V a r i o u s methods are currently available for comparison of new with known anti
biotics. Comparison on the basis of antibacterial spectrum lacks specificity. The 
results of physicochemical tests on the antibiotic samples can be compared, but such 
a procedure is expensive and not adapted to a large number of samples. Compari
son of paper chromatography results is probably the most routinely used method of 
identification. While this method is generally satisfactory, it too is not foolproof be
cause of the influence of various factors on the location of zones. The fact that 
actual samples of the known antibiotics must be obtained for comparison is its chief 
l imitation. 

The antibiotic l iterature file described in this paper is an attempt to make the 
scientific literature useful as a tool for comparison of antibiotics, supplementing the 
methods mentioned above. Such a file does not permit final identification, but it 
helps to narrow down the number of closely related substances. One of its chief 
advantages is the opportunity for comparison when actual samples are not available. 

The establishment of the file was justified by the continuing importance of anti
biotic research, the great number of antibiotics reported, and the potential preven
tion of unnecessary laboratory work. 

The file was originally set up as a name file to supplement Baron's "Handbook of 
Antibiot ics" (1). This system was adequate as a collection of information, but, as 
the file grew, i t became too time-consuming to read each card in order to compare 
properties listed with those of laboratory substances. The punched-card system was 
started so that antibiotics with specific groups of properties could be separated for 
comparison. Machine-sorted cards were adopted because the equipment was readily 
available, and the number of punches desired was greater than could be handled on 
an edge-punched card, using a simple direct code. 

Coding Outline 

The coding outline finally adopted (Table I) was worked out after much con
sultation with members of the biochemical and microbiological research departments. 
The primary consideration was usefulness for comparison purposes; many sections 
of the outline look peculiar when examined from a taxonomic or medical viewpoint. 
Undoubtedly many people w i l l disagree w!th this arrangement, even for comparison, 
but agreement is not necessary for use, as long as the user knows what is included 
in the various sections. 

The procedure for dealing with the antibiotic salts was one of the most difficult 
problems in organizing the physicochemical part of the outline. The free form was 
selected in order to have the broadest and most consistent basis for comparison, even 
though the free form is not often used for biological testing. A simple salt is re
corded only when no chemical information can be found for the free form. However, 
it was undesirable to have sulfates, for example, coinciding with antibiotics con
taining organic sulfur when the cards were searched, or to have salts coinciding with 
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144 ADVANCES IN CHEMISTRY SERIES 

neutral substances. Therefore exceptions were made as noted in the sections on ele
ments and chemical nature. 

Table I. Coding Outline 

Physicochemical Data 
Notes 

Crystal l ine substance is considered pure. Sub
stance is reported as crystal l ine i f any salts 
are crystal l ine. Noncrysta l l ine substance is 
considered pure i f reported pure or 50% + 
pure. 

In columns 7-9, code N o . 12 means that ana l 
ysis figures for element are given but No . 
of atoms is not given. 

Outline Code No. 
No. Co l . 0-5 
, Chemical pur i t y Col . 6 

A . Pure 11 
1. Crysta l l ine 1 

B . Impure 12 

. Elements (No. of atoms) 
A . Carbon Col . 7 

1. 0-10 1 
2. 10-15 2 
3. 15-20 3 
4. 20-25 4 
5. 25-30 5 
6. 30-35 6 
7. 35-40 7 
8. 40+ 8 
9. Percentages 12 

B . Oxygen Co l . 8 
1. 0-8 1 
2. 8-15 2 
3. 15+ 3 
4. Percentages 12 

C. N i t rogen Col . 9 
1. 0-5 1 
2. 5-10 2 
3. 10-15 3 
4. 15+ 4 
5. Percentages 12 

D. Other Co l . 10 
1. Su l fur 0 
2. Chlor ine 1 
3. Bromine 2 
4. Iodine 3 
5. Miscellaneous 4 

. Molecular weight Co l . 11 
A . 0-100 0 
B . 100-200 1 
C. 200-300 2 
D. 300-400 3 
E . 400-500 4 
F . 500-600 5 
G. 600-700 6 
H . 700-800 7 
I. 800-900 8 
J . 900-1000 9 
K . 1000+ 11 

Col . 12 

. Melting., po int 0 C. 
A . 0-50 0 
B . 50-100 1 
C. 100-150 2 
D . 150-200 3 
E . 200-250 4 
F . 250-300 5 
G. 300 + 6 

. Opt i ca l rotat ion 
A . Water Col . 14 

1. Posi t ive 11 
2. Negative 12 

B . A lcohol Co l . 15 
1. Posi t ive 11 
2. Negative 12 

C. Chloroform Co l . 16 
1. Posi t ive 11 

2. Negat ive 12 

Elements not punched when ant ibiot ic is re
ported i n form of salt conta in ing them. 

Exper imenta l , not theoretical, values reported. 

B lank . 

Me l t ing points of salts not punched unless 
ant ibiot ic is reported i n salt form only. 
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Physicochemical Data 
Code No. Notes 
Col . 17 A l l max ima reported under a l l conditions. 

0 
1 
2 
3 
4 
5 
6 

Outline 
V I . Opt ica l spectrum 

A . 200-220 
B . 220-230 
C. 230-240 
D. 240-250 
E . 250-260 
F . 260-270 
G. 270-280 
H . 280-290 7 
I. 290-300 8 
J . 300-320 9 
K . 320-340 Co l . 18 0 
L . 340-360 1 
M . 360-380 2 
N . 380-400 3 
O. 400-450 4 
P . 450-500 5 
Q. 500-550 6 
R. 550-600 7 
S. 600-700 8 
T. 700+ 9 

V I I . In f rared spectrum Co l . 18 12 

V I I I . Chemical nature Col . 19 
A . Ac id i c 0 

1. Mono-acid, pK a <^5.0 
2. Mono-acid, pK a *>5 .0 
3. Polyacidic 

B . Basic 4 
1. Mono-base, pK a <"9 .0 5 
2. Mono-base, pK a ^>9.0 6 
3. Polybasic 

C. Neu t ra l 8 
D. Amphoter ic 9 

I X . Color Col . 20 
A . Whi te or colorless 0 
B . V io le t 1 
C. Ye l low 2 
D. Orange 3 
E . Red 4 
F . Other 5 

X . Solubi l i ty Co l . 21 
A . Water-soluble 0 
B . Organic solvent-soluble 4 

1. Water-miscible 5 
2. Wateri-immiscible 8 

Col . 22 

X I . Stabi l i ty Col . 23 
A . A c i d stable 0 

1. Room temp. 1 
2. Heat (10 m i n . at 70°) 2 

B . A l k a l i stable 4 
1. Room temp. 5 
2. Heat (10 m i n . at 70°) 6 

C. Thermostable (10 m i n . at 70°) 8 
Stabi l i ty data given, but not i n any 
of above terms 12 

Punch indicates that in format ion is g iven i n 
articles cited on master card . 

To be interpreted as " sa l t of a c i d " when salt 
f o rm of antibiot ic is coded. 

To be interpreted as " sa l t of base" when salt 
form of antibiot ic is coded. 

Color of crystals is coded, i f c rys ta l l ine ; i f not, 
color of powder1, etc. I f no color is given 
for free form, color of a simple salt such as 
sodium salt is coded. When salt f o rm of 
ant ib iot ic is coded, color of that salt is 
coded. Color of h ighly colored salts (hel ian-
thates, diazo salts, reineckates, salts w i th 
sulfonic ac id dyes) is never coded. When 
ant ibiot ic has been described as yellow-
orange, orange-red, etc., second-named color 
is coded—e.g., orange for yellow-orange, red 
for orange-red. 

Solubi l i ty of free form only is coded. I f salt 
f o rm of ant ibiot ic is coded, solubi l i ty of that 
salt is coded. Col . 21, 0 does not include 
solubil i ty i n acid or a lk. H 2 0 . Col . 21, 5 
includes methanol, ethanol, propanol , ace
tone, dioxane, and acetic acid. A l l p lant 
products, inc luding fungus mycel ia, are coded 
under Col . 21, 8 regardless of solvent used. 
A n extract ing solvent is coded i n its proper 
solubil i ty group, even i f antibiot ic is not 
soluble i n solvent under standard conditions. 

B lank 

Any pH<^7.0 

Any p H > 7 . 0 

Used when p H conditions are not g iven. 

Antibiot ics which re ta in 75% of the i r act iv i ty 
after exposure to stated conditions are con
sidered stable. Stabi l i ty of free f o rm is coded, 
even i f there is a more stable salt. I f salt 
f o rm of ant ibiot ic is coded, stabi l i ty of that 
salt is coded. 
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146 ADVANCES IN CHEMISTRY SERIES 

Table I Continued 
Physicochemical Data 

Outline Code No. Notes 
X I I . Qual i tat ive tests 

A . Mol isch Col . 24 0 
B . Reducing test 1 
C. Seliwanoff 2 
D. Tollens orc inol 3 
E . B iure t 4 
F . N i n h y d r i n 5 
G. Sakaguchi 6 
H . Xanthoprote ic 7 
I. E h r l i c h 8 
J . F e r r i c chloride 9 
K . Fol in-Ciocal teu Col . 25 0 
L . Periodate 1 
M . Iodoform 2 
N . Schiff 3 
O. Permanganate 4 
P. Bromine i n C C 1 4 5 
Q. L i ebermann-Burchard 6 
R. Fluorescein 7 
S. L iebermann's nitroso 8 
T. Ma l to l Col . 26 0 
U . E lson-Morgan 1 
V . Hydroxamic acid 2 

X I I I . Chemical structure Col . 27 
A . Polypeptide 0 
B. Polysaccharide 3 
C. Quinone 6 
Structure completely known 12 

Col . 28 

X I V . Degradation products Col . 29 12 

X V . Inact ivat ing agents Co l . 30 
A . Serum 1 
B . Other 2 

Col . 31-44 

Outline Code No. 
Source of Ant ib io t i c 

I. Actinomycetes Col . 45 
A . Streptomyces 1 
B. Nocard ia 2 
C. Micromonospora 3 

II. Bacter ia Col . 46 0 
III. Other fung i 5 
I V . A lgae Col . 47 0 

V . L ichens 5 
V I . A n i m a l Col . 48 0 

V I I . H i gher plants 1 

In v i t ro spectrum 
I. G r a m positive Col . 49 

A . Cocci 0 
B . Other g ram positive 1 
C. Quanti tat ive data 11 
D. N o quantitat ive data 12 

II. G r a m negative Col . 50 
A . Nonindicat ive of g ram 

negative act iv i ty 0 
B . Indicative of gram-negative 

act iv i ty ' 5 
C. Quant i tat ive data 11 
D. N o quantitat ive data 12 

Includes Benedict, Feh l ing , Tollens si lver m i r 
ror. Qual . tests coded only when reported— 
e.g., peptide ant ibiot ic is not coded for biuret 
test i f that test is not reported i n art icle. 

B l ank 

Coded when par t i a l structure known . This 
column not coded when complete chemical 
structure is known . 

Includes complete or par t ia l inact ivat ion or 
reversal. Refers to chemical compounds only, 
not to operations performed on antibiot ic 
(such as hydrogénation), or to factors con
nected w i th stabi l i ty (such as exposure to 
moist a i r ) . 

B lank 

Notes 
In v i tro spectrum 

Pure antibiot ic : quanti ty required for com
plete antibiotics must fa l l below coding 
l im i t for each group in order to be coded. 

Impure antibiotics : Groups coded according 
to author's statement of act iv i ty , regard
less of whether quant i ty required is below 
coding l imi t . 

Quant i tat ive d a t a : Quantities g iven i n γ/ml. 
or units wh ich can be converted to y/ml. 

N o quantitat ive data : Reports of act iv i ty i n 
terms which cannot be converted to γ/ml. 
Groups coded according to author 's state
ment of act iv i ty , for both pure and i m 
pure antibiot ics. 

Coding l i m i t : 10 γ/ml. for complete inh ib i t i on . 

Coding l i m i t : 25 γ/ml. for complete inh ib i t ion . 

Includes Escherichia, Aerobacter, Pseudomonas, 
Proteus, Salmonella, Shigella, Bodenheimer's 
bacillus, and V i b r i o species. 

Biological Data, in vitro 

 P
ub

lic
at

io
n 

D
at

e:
 J

an
ua

ry
 1

, 1
95

6 
| d

oi
: 1

0.
10

21
/b

a-
19

56
-0

01
6.

ch
01

6

In A Key to PHARMACEUTICAL AND MEDICINAL CHEMISTRY LITERATURE; 
Advances in Chemistry; American Chemical Society: Washington, DC, 1956. 



OHRMUND—ANTIBIOTIC LITERATURE FILE FOR CHEMISTS 147 

Biological Data, in vitro 
Outline Code No. 

III. Mycobacter ia Co l . 51 
A . Pathogenic for man 0 
B . Other 1 
C. Quant i tat ive data 11 
D. N o quantitat ive data 12 

I V . F u n g i Col . 52 
A . Other fung i 0 
B . Medical ly interest ing 4 

C. Quant i tat ive data 11 
D. N o quantitat ive data 12 

V . Parasites Co l . 53 
A . Amebae 1 
B . Spirochetes 2 
C. Hemofiagellates 3 
D. Tr ichomonads 4 
E . Cil iates 5 

F . He lminths 6 

Col . 54 

Col . 55 

Outline Code No. 
Route of adminis t rat ion of ant ibiot ic 

1. Ora l Col . 56 11 
2. Parentera l 12 
3. Topica l Co l . 57 11 

In vivo spectrum 

I. G r a m positive Co l . 56 
A . Cocci 0 
B . Other g ram positive 1 

II. G ram negative Col . 57 
A . Nonindicat ive of gram-nega

tive act iv i ty 0 
B . Indicative of gram-negative 

act iv i ty 5 

III. Mycobacter ia Col . 58 
A . Pathogenic for man 0 
B . Other 1 

IV . F u n g i Col . 59 
A . Other fung i 0 
B . Medical ly interest ing 4 

V . Parasites 
A . Protozoa 

1. Amebae Col . 60 0 
2. Spirochetes 1 
3. Hemofiagellates 4 
4. Trichomonads 7 
5. Plasmodium Co l . 61 0 
6. Toxoplasma 1 
7. Anaplasma 4 
8. Cil iates 5 
9. Coccidia 8 

B . He lminths Co l . 62 
1. Nematoda 1 
2. Trematoda 4 
3. Cestoda 7 

V I . Tumor Col . 63 12 

V I I . Arthropods Col . 64 
A . Insecta 0 
B . A rachn ida 1 

A n t i v i r a l spectrum ( in vivo and/or 
in v i tro) 

I. Dermotropic Col . 65 0 
II. Neurotrop ic 5 

III. V iscerotropic Col . 66 0 
I V . Pneumotropic 5 

Notes 
Coding l i m i t : γ/ml. f rom complete inh ib i t i on . 

Coding l i m i t : 25 γ/ml. for complete inh ib i t i on . 
Includes fung i causing coccidiomycosis, histo

plasmosis, blastomycosis, cryptococcosis, ac
tinomycosis, and moni l iasis . 

N o coding l im i t . Groups coded according to 
author's statement of act iv i ty . 

B lank 

B lank 

Notes 
Appl i es to entire i n vivo spectrum—e.g., i f 

antibiot ic is effective oral ly against any 
group i t is coded under Col . 56, 11. 

In vivo spectrum 

N o coding l im i t . Groups coded according to 
author's statement of act iv i ty . In v ivo 
includes in ovo. 

A n t i v i r a l spectrum. 
N o coding l im i t . Groups coded according 

to author 's statement of act iv i ty . 

Biological Data, in vivo 

American Chemical Society 
Library 
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Outline 
V . Pant rop ic 
/I. M ic rob ia l 

A . Bacter ia 
B . Actinomycetes 

V I I . Rickettsia 
VI I I . P l an t 

Nontherapeut ic uses 
I. Growth promotion 

Table I Continued 

Biological Data, in vivo 
Code No. 
Col . 67 0 

6 
6 

Co l . 68 11 
12 

Col . 69 12 
0 

Notes 

Includes food preservation, fermentat ion uses, 
ra t repellent, insecticides, spermat ic idal 
act iv i ty . 

Col . 70 

Col . 71 

Tox ic i ty 
I. Ora l Co l . 72 

A . LD50= 0-500 mg./kg. 1 
B . LZ>5 O = 500 mg./kg.+ 2 
C. Delayed tox ic i ty 3 
D. Other data 4 

II. Intravenous Col . 73 
A . LD5Q = 0-50 mg./kg. 1 
B . LDm = 50 mg./kg.+ 2 
C. Delayed tox ic i ty 3 
D. Other data 4 

III. Intraper i toneal Co l . 74 
A . LD50 = 0-5Ù mg./kg. 1 
B . L£>5 0 = 50 mg./kg.+ 2 
C. Delayed toxic i ty 3 
D. Other data 4 

I V . Subcutaneous Co l . 75 
A . LDm= 0-200 mg./kg. 1 
B . LD50 = 200 mg./kg.+ 2 
C. Delayed tox ic i ty 3 
D . Other data 4 

V . Other data Col . 76 
A . Other routes of admin is t ra

t ion 0 
B . " N o n t o x i c " no data 3 
C. " T o x i c " no data 4 
D. Topica l appl icat ion 5 
E . Red blood cell hemolysis 6 

and/or blood dyscrasias 
F . Phytotox ic i ty 7 

Col . 77-80 

B lank . 

B lank . 

Tox ic i ty . 
Delayed toxic i ty (3 under Col . 72-75) . Death 

72 hours or more fol lowing single inject ion. 
Other data (4 under Col . 72-75) . Includes 

chronic tox ic i ty by route used, antibiot ic 
stated to be " t o x i c " or " n o n t o x i c " by route 
used, LDm values on animals other than 
mice by route used, expressions of tox ic i ty 
i n terms other than LD^ values by route 
used. 

Da ta given, irrespective of whether antibiot ic 
is toxic or nontoxic, to plants. 

B lank . 

The coding outline makes use of positive results only; negative results are not 
coded or reported on the master card. Because the file was established as a guide 
to the appropriate literature references, not as a substitute for them, i t was felt 
that the person really interested in information on an antibiotic would consult the 
original references. Negative results would be found in these references. The em
phasis on positive results is an obvious l imitation when, for example, the effective
ness of an antibiotic against a group of microorganisms is disputed. The group w i l l 
be coded i f one positive literature reference is found, although there may be several 
negative references. Here again, referral to the original reference w i l l usually re
veal the other side of the picture. Information is not evaluated when it is put into 
the file. It is simply recorded as given by the author, and evaluation is left to the 
user of the file. A more crit ical system would encounter the usual differences of 
opinion, demand more time, and require personnel with a greater degree of scientific 
t ra in ing than was warranted. 

Establishment of a quantitative basis of comparison for biological in vitro data 
was undoubtedly the most difficult part of the coding outline development. As no 
two authors agree on a definition of "act iv i ty , " some standard was absolutely neces
sary in order to compare the antibiotic activities. The system used is recorded with 
the " i n vitro spectrum" section of the" coding outline. The coding l imits are very 
liberal because of the decision that it was better to err on the side of inclusiveness 
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than of exclusiveness. More generous conditions were allowed for impure antibiotics 
because further purification might bring the activity within the significant range. 

The practical character of the coding outline is most apparent in the groupings 
found in the gram-negative and fungi sections. The division into groups indicative 
and nonindicative of gram-negative activity was made on the basis of the characteris
tic pattern of sensitivity of the organisms toward known antibiotics. Indicative 
gram negatives are those organisms not sensitive to antibiotics which are predomi
nantly or solely effective against gram-positive organisms—for example, E. coli is 
not sensitive to penicill in. Organisms have been put in the nonindicative gram-
negative group either because they are frequently sensitive to antibiotics which are 
predominantly effective against gram-positive organisms, or because they are not 
tested often enough to determine their "indicativeness." The sensitivity of Neisseria 
gonorrhoeae to penicil l in is a practical example of the nonindicative group. This 
activity does not serve to characterize penicil l in as an antibiotic effective against 
gram-negative organisms. The fungi considered medically interesting in this out
line. However, a real effort is made to record cl inical effectiveness against mycobac-
sonnel. Complete agreement w i l l never be reached on any such outline, but agree
ment is not necessary for use i f the groupings are adequately defined. 

As no attempt was made to cover the clinical l iterature adequately, the distinc
tion between in vivo activity in animals and in man is not made in the coding out
line. However, a real effort is made to record cl inical effectiveness against 
mycobacteria, fungi, parasites, and tumors on the master card. 

IBM Card and Code Arrangement 

The standard 7% X 3^4 inch, 80-column I B M card (No. 5081) is used, wi th no 
special pr int ing. As shown in the coding outline, a simple, direct code which utilizes 
the numbers available in each of the 80 columns is used. Twelve punches are avail
able in each column when the numbers 0 to 9 and the overpunches 11 and 12 are used. 
Twelve is the upper punch in the blank section of the card; 11 is below it. 

/ l l l l III I I I I l l l l I I II 
I I III l l l l II I 

o o o o o o o o o | | o | o O O | | | | | O | | | | | U o o o o o ' j o o o o u o c o o o O|||||||OOO||||||OOD|||O l oooooo |oooo 
1 ? 3 « S 6 ' 8 ") 10 it ι: '? ·4 15 it i' U 19 Γ0 ?l ." ?! ?4 25 ?6 ?) Γ5 29 30 31 Ώ V> M 15 36 « 18 39 «0 41 1? 43 44 4b 4f, 4? «8 49 50 51 5/ 53 54 55 56 5' 38 59 % 6i 6? 63 64 65 66 5; 88 6 3 70 >i )} '3 M 75 76 77 78 79 81 

n i l ι l l l l l l 111 : v | | | | > i | | | | i ι ι | π ι ι ι ι ι ι ι ι ι ι ι i | i · | | i | i In |i | i | | | i 11 ι ι ι ι 11 l l l l . i m 

2 2 2 2 2 2 | | | | | 2 | 2 ? 2 | | | | 2 2 | | | | 2 2 2 | 2 2 2 2 2 2 2 2 2 2 2 2 2 2 | 2 2 2 2 2 2 2 | 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 | | | | 2 2 2 2 ? 

3 3 3 3 3 3 | | | | | 3 | 3 3 3 | | | | 3 3 3 | | 3 | 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 1 3 3 3 3 3 3 3 | 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 11111 3 3 3 3 

4 4 4 4 4 ^ | 4 B | | 4 | 4 4 4 | | | | | 4 | | | 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 M 4 4 4 4 4 4 4 4 4 | | 4 4 4 4 4 | | | | 4 4 4 4 4 4 4 4 4 | | | | | 4 4 4 4 

5 5 5 5 5 5 | 5 5 5 | 5 | 5 5 5 | | | | | 5 | | | 5 5 5 5 5 5 5 5 5 S 5 5 5 5 5 5 5 5 5 5 | | 5 5 | 5 5 | 5 5 5 | 5 5 5 | 5 5 5 | | | 5 5 5 5 5 5 5 5 | 5 5 5 5 

6 6 6 6 6 6 | 6 6 6 | 6 | 6 6 6 | | | 6 6 6 | | | 6 | G 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 S 6 6 6 6 6 6 6 6 | 6 6 6 6 6 6 6 6 6 6 6 6 6 | 6 6 6 6 6 6 6 6 | 6 6 6 6 

7 7 7 7 7 7 | 7 7 7 | 7 7-7 7 7 | | | / 7 7 / | | 7 7 7 7 7 7 7'7 M 7 7 M 7 7 M M 7 7 7 7 7 7 7 Ï 7 7 7 7 M | 7 | 7 7 7 7 7 7 7 7 7 7 7 7 7 | 7 7 7 7 

8 8 8 8 8 8 | 8 8 8 | 8 8 8 8 8 | | | 8 | d | | | 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 3 8 8 | 8 8 8 8 8 8 8 8 d 8 8 8 8 8 8 8 8 8 8 

9 9 9 9 9 9 9 9 9 9 | 9 9 9 9 9 | | | 9 9 9 9 | 9 3 9 9 9 9 9 9 9 9 9 9 Θ 3 9 9 9 9 9 9 9 9 9 9 9 9 9 3 Π 9 9 9 9 9 9 9 9 9 9 9 9 9 | 9 9 9 9 9 9 9 9 Ϊ ) 9 Θ 9 9 
I 2 3 4 b C : β 9 10 1112 13 14 tt υε :7 :3 in 70 >ι »? 21 '4 25 <6 >' 28 1C il )Γ ).' VI 15 ib H 18 19 «0 41 42 43 «4 45 46 47 48 49 50 51 52 53 54 55 56 5 7 58 M W 61 U 63 * ic. 66 6: 58 69 7P 7i r 73 14 75 76 71 78 79 W 

Figure 1. Standard IBM card 

The possibilities for expansion of the code are indicated both in the coding out
line and in the card reproduction (Figure 1). A l l numbers currently being used are 
punched; the unpunched areas show the space available for expansion. It is, of 
course, very difficult to predict just where expansion w i l l be needed. A n effort has 
been made to leave columns free in strategic places, and to leave space wi thin columns 
where further subdivision may become desirable. 

Master Card 
Definite information and references supporting the groups punched on the 

I B M card are contained on the master cards (Figures 2 to 6), which are related to 
the proper I B M card through the corresponding file number. Each card is a 
different color for quick location in the files. The "Biological Da ta—in v ivo" master 
card is not needed for a great many antibiotics. 
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150 ADVANCES IN CHEMISTRY SERIES 

III 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0 0 0 0 0 ο η ο ο ο ο υ ο ο o 0 0 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 ' 1 1 ! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 

2 2 2 | 2 2 2 ? | 2 2 2 2 2 2 2 2 2 2 2 2 277277 2 2 1 ? 2 7 22 2 27 7 777 2 2 

3 3 3 3 3 3 3 3 3 3 3 3 1 3 3 3 3 3 i S 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 Π 3 3 3 3 j 

4 4 4 4 | 4 | 4 4 4 4 4 4 4 4 4 4 4 I 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 ^ 4 4 4 

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 1 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

6 6 6 6 6 6 6 6 6 6 6 6 0 6 6 6 | b b b G 6 6 6 8 6 6 G 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 

Π 7 7 7 7 7 7 ? 7 7 7 M 7 7 7 J / 7 7 7 7 7 7 7 11111 l l l l l l l l l i 7 / 

8 8 8 8 S 8 S 8 8 6 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 Β B 8 8 6 8 8 8 8 8 8 8 S 8 6 

9 9 9 9 9 S 3 9 i 9 9 9 *J 9 
ι ? ι « ι ·. « is υ· υ. κ 

3 9 9 9 9 9 9 5 9 9 9 9 9 9 9 3 9 1 9 9 9 0 9 9 9 9 9 3 9 9 

Il I 
ο ο G ο Ι 2 ο ο ο ο ο ο ο ο O|G ο ο ο ο υ : ο ο ο ο ο ο c ο ί ο ο ο ο 
| l ι 1 | l 1 1 1 1 1 1 1 I 1 I | l 1 1 1 1 1 I 1 1 1 » 1 1 1 1 1 1 1 1 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 1 2 2 2 2 2 2 

3 3 3 3 3 3 3 3 1 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 | 4 4 4 4 4 4 4 4 4 4 4 | 1 | 4 4 4 4 4 4 

5 5 5 5 5 5 5 1 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 S 6 6 6 b 6 6 6 6 6 6 6 6 6 6 6 6 6 

1 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 ? 7 7 7 7 7 7 7 7 7 7 7 7 7 7 1 7 

8 8 8 8 8 3 8 8 8 8 8 8 8 8 8 8 8 8 8 8 ' 8 8 3 8 8 8 8 8 8 8 8 8 8 8 8 8 

3 3 9 9 3 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 3 9 9 9 9 9 9 9 9 9 5 9 9 

Figure 2. IBM card 

Name: P u r o m y c i n 

"Do n o t punch where b l a n k s o c c u r . 

ANTIBIOTICS F I L E 
I.Β.M. P u n c h i n g Code 

F i l e Ho. 24 

C Ο 

_ 2 L - j \o 

Optical Optical Chemical Color Solu- Sta- Qualttativ 
Rotation Spectrum Nature bility bil ity Tests 

27 28 

Degradation Inacti-
Products vating 

+ - MycoUfijngiPara-
IN VITRO s , t e s 

59 60 61 62 ,65 66 67 68 . Coding Equivalents! 

P.O.I.V.I.P. S.COther 
Toxicity 

Figure 3. Punching code sheet 
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OHRMUND—ANTIBIOTIC LITERATURE FILE FOR CHEMISTS 151 

ANTIBIOTICS FILE 
PHYSICOCHEMICAL DATA 

CRYSTALS: Crystilli2ed in the form of Tarions acid salts and as the free base. Porter, J.H. antibiotics & chemotherapy 2:409-10, 1952. 

Waller, C.W. J . Am. ohem. soc. 75:2025, 1953. 

MELTING POINT υ °c > 175.5-177* (uncorrected) Porter. J .H. Antibiotics & chemotherapy 2:409-10. 1952. 

OPTICAL ROTATION: 

CHLOROFORM 

OPTICAL SPECTfl 

ruRE A diacidic base. 

Waller, C.W. J . Am. chem. soc. 75:2025, 1953. 

Waller, C.W. J . Am. chem. soc. 75:2025, 1953. 

Porter, J.N. Antibiotics i. chemotherapy 2:409-10. 1952. 

Waller, C.W. J . Am. chem. soc. 75:2025, 1953. 

Porter, J . H . Antibiotics cher.ot >rapy 2:409-10. V352. . 

TESTS AND REACTIO 

CHEMICAL STRUCTURE AND Group analyses s=ow tne presence of one amino group ('Van 
DEGRADATION PRODUCTS Slyke), one methox.-l group, two N-methyl groups, and fiv° 

active hydrogens. Infrared band indicates a carbonyl group. Degradation produotsi 
6-dimethylamino purine, O-methyl-L-tyrosi^, 3-3-aminoribose. 
(2) D-3-aminoribose identified by comps-.rison with a synthetic sample. This is the 
first known 3-amino sugar and first known aminopentose to exist in a natural source. 
(3) Derivatives: crystalline "aoinonucleoside", 6-dimethylamino-9-(3'-*mino-f>-P-
ribofuranosylj-purine. A variety of amino acids such as L-phenylalanine, L-tyrosine, 
L-lysine, L-tryptophan, L-leucine, β-alanine, glycine and p-methoxy-L-phenylaianyl-
glycine were coupled with the "aminonucleoside* to give analog* of puromycin. 
J4) Total synthesis of puromycin from D-xylose. 
{5)Structure : 6-dimethylaminû-9-(3'-(p-methoxy-L-phenylalanylamino}-f -D-ribo-
fuxanosylj-purine. ^ 
(6) Structure: 

Waller, C.W. J . Am. chem. soc. 75:2<>25, 19'J3. 
'2>Baker, 3.Π. Ibid., 75:3064-5, 1953. 
3JBaker, B.3. TÇÏÏ., 76:2β3'3, 195-1. 
4{'Baker, 3.ft. 'Told"., 76:4014-45, 1954. 
5)3aker, 3.H. IbsTracts, ACS 126th meeting, Sept. 12-17, 

1954, c. 13N. 
(6) Hutchings, B.h. Ibid., ο. 13*. 
(7) Baker, B.fi. J . org7"chem. 19:631-37, *33-45, 645-60, 

1700-85, 1786-92, 1793-1901, 1954. 

CHa • o -
OGla 

(7) Synthetic studies. I. Synthesis of 6-dimethylaminopurine, an hydrolytlc fragment, 
II. The position of glycosldation on the 6-dimethylaminopurine moiety. III.Synthesis 
of 3-aiflino-D-ribose. IV. Glucosyl derivatives of 6-dimethylaminopurine. 
V. 6-dimethylamino-9-(2,acetafnino-g-D-glueopyranoeyl)-purine. VI. Analogs of 
6-dime thylaminopurine. 

. INACTIVATING AGENTS. Activity destroyed by acid hydrolysis. 
(2) Activity reduced by adenine sulfate i f given to animals in considerably larger 
amounts than the antibiotic. 
(3) Various substituted purines reverse the activity of puromycin and an amino-
nucleoside analog (2484L) against Trypanosoma equlperdurn in vivq. 

Waller, C.W. J . Am. ohem. soc. 7512025, 1953. 
'.2)Agosin, M. Antibiotics A chemotherapy 4:624-32, 1954. 
(3)Hewitt, 3.1. Antibiotics A chemotnerapv 4:1222-27, 1954. 

BARON KAREL PRODUCT FILE __X ABSTRACT FILE 

Figure 4. Master card for physicochemical data 
Upper. Front 
Lower. Reverse 
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152 ADVANCES IN CHEMISTRY SERIES 

NAME Puromyclm ANTIBIOTICS F I L E FILE NO 24 

DATA BIOLOGICAL DATA - λν VITRO REFERENCES 

SOURCE Streptomvces albp-nigcr. n. sp. Hesseltine, C.W. Mycologia 46j16-23, 1954. 

Ο 
a: 

GRAM POSITIVE 

COCCI Staphylococcus sap., 8. Sarcina lutea. 2 γ/ηΐ. {-HC1) 

OTHER Bacillus spp., 5-β γ/ml. (-KC1) 

Porter, J.N. Antibiotics & chemotherapy 2t409-10, 1952. 

Ο 
a: 

GRAM NEGATIVE 
NON-INDICATIVE Klebsiella pneumoniae. 5 γ/al. (-AC1) 

Porter, J . » . Antibiotics 4 chemotherapy 21409-10, 1952. 

Ο 
a: 

MYCOBACTERIA 
PATHOGENIC FOR MAN 

OTHER 

Ο 
a: 

OTHER 

MEDICAL INTEREST 

Ο 
a: 

PARASITES T r v p a n o s o m a o r u z i , 2 5 y/mi, (2 ) A C t ; r i tv of "aminonucleoside" afiainst 
Trypanosoma équiperai» was increased 3-4 fold over that of puronwnin Itaelf. 
13) Tetrahymena pyrlformis. 

Hewitt, R.T. A*, J . trop. med. & hvg. 2!254-66, 1953. 
(2) Baker, B.R. J . An. chem. soc. 76:2038, 1954. 
(3) Bortle, L. Antibiotics annual, 1954-55 

Ο 

ORAL LD..o(M ĈEI ^ 678 mg/kg. 
(2)U)eo(guinea pigs) - 520 mg/kg. 

NAME Puromyclm 
Hewitt, R.I. Am. j . trop. med. 4 hvg. 2:254-^6, 1953. 

(2)Tavlor, D . J . J . Am. chem. soc. 76:4497, 1954. 

Ο 

INTRAVENOUS LDso (MICE) = 360 mg/kg. 
, Eviienoe of kidney damage after repeated administration of 25-100 mg/kg. 

parenterally to rats for frcm 1-4 weeks. 

Hewitt, R.I. Am. j . trop. med. 4 hyg. 2:254-66, 1953. 

Ο 

INTRAPERITONEAL LDso (MICE! 520 mg/kg. 
' 2)LD60(guinea pigs) - 287 mg/kg. 

Hewitt, R.I. Am. j . trop. med. 4 hyg. 2:254-Λ6, 1953. 
(2)Antibiotics annual, 1954-55 

Ο SUBCUTANEOUS LDso (MICE) = Ο 

OTHER LDS0(guinea pigs) - 202 mg/kg., i.m. Antibiotics annual, 1954-55 

MISCELLANEOUS: Possible mode of action* somewhat inhibits in vitro the overall 
carbohydrate metabolism of T. eouiperdum. Its aminonueleosTde (an active com
ponent) inhibits primarily The 0 2 consumption and pyruvate production. Effect 
of adenine sulfate indicates that the ki l l ing mechanism involves purine metabolism 
rather than carbohydrate metabolism. 

(2)Sufigested that the antibiotic is an antimetabolite of adenine and/or i t s 
analogs, and affects T. eouiperdum by interfering with purine metabolism and the 
synthesis sf nucleic acids or nucleoproteins. 

Agosin, M. Antibioties & chemotherapy 4:624-32, 1954. 
{2)Hewitt, R.I. Antibiotics 4 chemotherapy 4:1222-27, 1954. 

BARON : KAREL PRODUCT F I L E A B S T R A C T FILE 

Figure 5. Master card for biological data in vitro 
Upper. Front 
Lower. Reverse 
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OHRMUND—ANTIBIOTIC LITERATURE FILE FOR CHEMISTS 153 

ANTIBIOTICS FILE 
BIOLOGICAL DATA - /V ui 

ROUTE oral, parenteral Heeitt, R.I, ^m. ). trop, med. t t ?:254-*S, 1953. 

PATHOGENIC FOR MAN: 

MEDICAL INTEREST: 

equiperdum in mice and rabbits, orally and parenterally. 
T. crazi in mice, orally and parenterally. ^Toxoplasma gondii in mice, 
oraTÎTTprolongation of l i f e ) . (3)Endamoeba histolvtTcîTin guinea pigs, 5.40 
rag. free base/kg. body weight. ' 

TUMOR Appreciable actirity found against a glioblastoma cultirated in the 
embryo and a mammary adeaocarclnoma of the C3H mouse. (2)"Aminon'ieleoside" 
highly effectire against transplanted mammary adenocarcinoma of C3H mouse, <i 
more actiTe than puromycin i tse l f . 

Hewitt, R.I, Am. J . trop. med. & hvg. 2:254-*6, 1053. 
[2) Evles, D. . Antibiotics & chemot'herarv 4:649-52, 1954. 
[3) Taylor. D.J. J . Am. ehem. soc. 75:449 7, 1954. 

DERMOTROPIC 

NEUROTROPIC 

VISCEROTROPIC 

PNEUMOTROPIC 

Figure 6. Master card for biological data in vivo 
Upper. Front 
Lower. Reverse 
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154 ADVANCES IN CHEMISTRY SERIES 

No attempt has been made to make the file a complete source of l iterature refer
ences on each antibiotic. The most recent data are entered when the antibiotic is 
first recorded. A f ter that, references for a specific property are recorded only when 
they contain new information or corrections of previous data. T l r s procedure is 
modified for biological data, in that only one set of figures, usually that given when 
the antibiotic is first reported, is recorded for the quantitative in vitro spectrum. It 
would be impossible to record the different effective levels reported by various in 
vestigators. Some representative organisms in the groups inhibited are listed, but 
the original article must be consulted to obtain the complete spectrum. Only one 
reference is necessary in order to establish activity against a coding group. Subse
quent references showing activity against the same group are not recorded, even 
though they contain information on different species within the group. This fact is 
part icularly important in the in vivo and antiv iral spectrum sections. The organ
isms and viruses listed in the various coding groups are not necessarily the only 
ones susceptible in each group. In actual practice, l ist ing of in vivo and antiv iral 
activity is complete for l ittle known antibiotics, but less adequate for the better 
known ones. The basis for this procedure is the fact that the primary purpose of 
the coding system is chemical comparison. No attempt has been made to give com
plete biological data but merely an idea of groups against which activity has been 
found. 

The names " B a r o n " and " K a r e l " on the master cards refer to Baron's handbook 
(1) and Kare l and Roach's dictionary (2). The names are checked when information 
on the antibiotic can be found in these handbooks. The product and abstract file 
terms are checked when these sources contain information on the antibiotic. Both 
files are maintained by the l ibrary staff. The product file gives information on trade
mark and dosage form. The abstract file contains abstracts of articles of medical 
interest and thus constitutes a valuble source of clinical information. 

Reproductions of the I B M card, punching code sheet, and master cards for 
puromycin are found in Figures 2 to 6. 

Method of Use 

Many combinations of information may be obtained from this coding system, 
The specificity of information desired determines how many times the cards must be 
run through the electric sorter. Fo r example, i f the antibiotics active in vitro 
against gram-positive organisms only are desired, the gram-positive cards obtained 
w i l l need a second run to search for gram negatives, mycobacteria, fungi, and para
sites. The remaining cards w i l l then be the gram positives only. 

The user, of course, must modify his questions to suit the framework of the code 
—for example, the code has no category for antibiotics effective against plant bac
terial diseases in vivo. However, because an article on this subject usually con
tains information on phytotoxicity, the user can find these antibiotics by searching 
for phytotoxicity and then for the bacterial group in which he is interested—e.g., 
nonindicative gram-negative i f he is looking for Xanthomonas. This example also 
illustrates the principle of searching for the most specific property first, in order to 
reduce the number of cards obtained. If nonindicative gram negatives are searched 
for first, relatively few of the many cards obtained w i l l contain information on 
phytotoxicity. The user who wants information on a specific antibiotic goes directly 
to the master card file, which is arranged alphabetically. 

Discussion 

The antibiotic l iterature file is most useful for chemical and limited biological 
data on little known antibiotics. Information on a well-known antibiotic, such as 
penicil l in, may be found to better advantage in more complete sources. The primary 
emphasis of this file is chemical, but because chemical information is often not avai l
able, a limited basis for biological comparison is also provided. The file is useful also 
to answer questions concerning the names of new antibiotics and of antibiotic-pro
ducing Streptomyces species which have been described since the publication of 
Waksman's book (3). 

The user must be aware of the file's l imited bibliography and the many important 
items i t does not contain, such as clinical data, extraction procedures, and informa-
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tion on synergism and resistance. Some of this information can be obtained by read
ing the references cited. 

The file is obviously limited by the adequacy of the literature coverage, and in 
this respect it is subject to a l l the frailties of human literature searching. The fine 
facilities of the L i l l y research l ibrary and the excellent cooperation of its staff have 
been of invaluable assistance in making the file as inclusive as possible. 

Expansion of the scope of the file may become desirable. Inclusion of labora
tory data is an example of a possible expansion. If each laboratory worker reported 
and coded the results of his own work, this would provide a much better basis of com
parison of new with known antibiotics. However, the advantages of such expansion 
might not warrant the additional time and effort required. 

This particular file could be organized in many different ways. If master cards 
were not wanted, a more complex code could be worked out, so that the literature 
references for the various groups punched could be coded directly on the I B M 
card. Edge-punched cards, with appropriate coding, could be used as master cards. 

The file described is an example of an approach to literature coverage which 
may be equally useful in other fields of pharmaceutical and medicinal l iterature. 
Groups of substances that cannot be adequately described in terms of chemical struc
ture lend themselves to this type of coding system. The field of plant products and, 
more specifically, of alkaloids is an example of such a group. 

Suggestions for establishing a coded file are the usual ones. Work with the 
material long enough to become famil iar with it before attempting to start a coding 
system. Keep the code as simple as possible. A l low room for expansion. If the 
file is to be used by other people, work with them in its organization in order to be 
sure it contains the information they want. Make a t r ia l run before arranging the 
code in final form in order to be certain the information wanted can be extracted. 
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Toxicology of Industrial Chemicals 

R. E. MAIZELL and R. C. PARSIL 

Olin Mathieson Chemical Corp., Niagara Falls and New York, Ν. Y. 

Important books, journals, and other sources of information on 
industrial toxicology are discussed, as well as test methods 
commonly reported in the literature, standards for expressing de
gree of toxicity, and some factors to be considered in evalua
tion of test results. The subject is approached from the point 
of view of the literature chemist rather than of the professional 
toxicologist, who usually makes the final decision on the test 
methods to be used in each particular case. Extensive labora
tory experimentation is necessary to verify and supplement any 
available literature. 

The earlier writers in industrial toxicology were concerned with highly volatile sub
stances such as solvents, with heavy metals such as lead, and with obviously poison
ous gases. The books by Henderson (17), Lehmann and F l u r y (19), and Hamilton 
(15) are examples. 

W i th the development of insecticides, food additives, and related applications of 
industr ial chemicals, interest in toxicology has greatly increased. It has also come 
to be recognized that the toxicology of many chemicals may be of a more insidious 
nature than previously suspected. The field has become complex and now calls on 
the services of such specialists as physicians, biochemists, biologists, statisticians, 
and toxicologists. A complete test program for a single chemical may cost $20,000 
or even more. Use of the currently available literature can save considerable time 
and effort in the planning, design, and interpretation of tests. 

Current Journals 

Industrial and Engineering Chemistry has a regular column on toxicology by 
H . H . Schrenk of the Industrial Hygiene Foundation at Pittsburgh. The Industrial 
Hygiene Digest, published by the Industrial Hygiene Foundation, is an excellent ab
stracting journal which covers the entire field. The ΑΜΑ Archives of Industrial 
Health contains original research as well as abstracts from other journals. The 
Current List of Medical Literature published by the Armed Forces Medical L ib ra ry 
and Chemical Abstracts are other sources of information on current journal articles. 

Other journals of interest include: Archives of Dermatology and Syphilology, 
Industrial Medicine and Surgery, Journal of the American Medical Association, 
Journal of the American Pharmaceutical Association, Journal of Pharmacology and 
Experimental Therapeutics, Journal of Tropical Medicine, Pharmacological Reviews, 
and Summary Tables of Biological Tests. 

Fo r literature searches going back into the early literature, the literature chem
ist can use standard sources such as Chemical Abstracts, Quarterly Cumulative In-
dex Medicus, Current List of Medical Literature, and the Index-Catalogue of the 
Surgeon General's Library. The U . S. Public Health Service has just issued a valu
able index of selected toxicological l iterature for 1909 to 1953 (26). 

Books Π Hll 

In certain fields, there is a quantity of toxicological book literature. A s would 
be expected, the literature on the toxicity of solvents is extensive. A recent book 
by Browning (6) provides an excellent summary covering also many chemicals not 
thought of pr imar i ly as solvents. 

156 
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Toxicity l iterature on pesticides is also extensive. Fo r guides to, and sum
maries of, available information the following books are part icularly recommended: 
Brown (5); "Official Publ icat ion," Association of Economic Poisons Control Offi
cials (2); Barnes (3); and Mar t in (21). 

Sollmann (24) f although he deals mainly wi th pharmaceuticals, has numerous 
references to the toxicology of chemicals which are also used in industry. Von 
Oettingen's recent book (27) presents a discussion of medical techniques for the 
management of industrial and other kinds of poisoning. This is information not 
easily located in other sources. 

Hamilton and Hardy (16) have written an excellent up-to-date book on the 
toxicology of heavy metals and other substances which have long been of toxicological 
interest. Other recent authors of books of a more general nature include E lk ins 
(12) , Sax (23), Fa i rha l l (13), Patty (22), and Jacobs (18). 

Other Sources of Information 

Data sheets on the toxicology and safe handling of individual chemicals are pub
lished by the National Safety Council, American Petroleum Institute, and the Manu
facturing Chemists' Association. 

A recent publication of the state of Cal i fornia (7) is the best summary of avai l 
able information on the toxic effects of chemicals on fish and other water life. Tests 
with aquatic life are, of course, not ordinari ly related to the probable effects on 
humans. 

Numerous toxicity studies have been conducted wi th chemicals used by the 
Armed Services, such as rocket propellants. Much of this research is summarized in 
reports issued from the A r m y Chemical Center and is frequently made available to 
the general public. Toxicity information as it relates to shipping is presented in the 
regulations of the Interstate Commerce Commission (8). 

The " A i r Pollution Abatement M a n u a l " issued by the Manufacturing Chemists' 
Association offers the most reliable information on this aspect of toxicology. 

Fo r any specific chemical, the trade catalog of the manufacturer w i l l usually 
contain some toxicity information. 

In the event that the information desired is not in the published literature, the 
literature chemist has access to such specialized sources of information as the Manu
facturing Chemists' Association, the U . S. Public Health Service, the National 
Safety Council, the Industrial Hygiene Foundation, and the Chemical-Biological Co
ordination Center of the National Research Council. Many trade and professional 
associations have toxicity committees which can supply additional information. 

The prediction of the probable toxicity of a chemical by reference to the known 
toxicity of a compound of similar structure is a complex and r isky business best left 
to specialists in this aspect of toxicity. Toxicity can vary more unpredictably and 
more sharply than physical properties even in a closely related series of compounds. 
However, some general guides w i l l be found in the introduction to FairhalPs book 
(13) and in Patty's book (22). 
Toxicity Test Methods Commonly Used in the Literature 

In order to interpret properly toxicity data reported in the literature, i t is 
necessary to understand the fundamentals of the various test methods. Some of the 
most important methods are described here as they are commonly used in the l i tera
ture. The comments here are mere description and not recommendations to practice. 
The actual choice of the test method to be used in any particular case should be 
made by a professional toxicologist. 

Tests are described as acute, subacute, or chronic depending on the nature and 
duration of the test. Test methods include oral ingestion, inhalation, skin penetra
tion, skin i rr i tat ion, sensitization, and intravenous and intraperitoneal injec
tion. While a l l test methods may be used, emphasis is usually placed on the test or 
tests relevant to the method of manufacture, the intended end use, and the probable 
routes of entry into the human system. 

Oral Administration. Data on toxicity by oral administration are most fre
quently available in the literature. This is usually the first phase of testing, which 
is done to establish the relative toxicity of the chemical. Administrat ion may be by 
stomach tube or by addition to the animal's food and water. Natural ly , the former 
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route brings quicker results. Toxicity is designated as LD-o, which means the lethal 
dose to 50% of the test animals; this is reported in mill igrams per kilogram of body 
weight. The LD^ is a figure chosen arbi trar i ly because it is the median or average 
figure. When toxicities were originally reported, the "toxic point" was chosen to 
be the dosage at which no animals died (LD0). This was later changed to the dosage 
which kil led a l l the animals (LD10o). To arrive at a figure with a minimum factor of 
error and a figure that would hold individual variations to a minimum, the LD™ was 
adopted. The proposal of this standard in 1927 brought a considerable impetus to 
research on toxicity 

The animals most frequently used are rats and mice. Rats are cheap, fertile, 
healthy, and standardized, but it is much less expensive to use mice ; in i t ia l cost and 
the caretaking cost are less. They are, however, more difficult to handle because of 
their small size. The degree of sensitivity or response to a chemical natural ly varies 
wi th the animal. A n accurate picture can be obtained by usine; two or three species— 
for example, the toxicologist may do prel iminary work with rats, then dogs, and 
finally monkeys. 

The selection of the number and kind of animals to be used requires considerable 
sk i l l . Typically, the animals selected for testing are young, healthy, and paired for 
ascertaining sex differences. 

The material is usually administered to animals which have been without food 
for 24 hours and it is best given as an aqueous or edible oil solution or suspension. 
This is not always possible, so alcohol as a solvent is permissible i f it does not exceed 
25% (15% is preferable). The animals ordinarily have adequate l iv ing quarters 
such as individual cages, a ir conditioning, and proper food and water. F i r s t the LD0 

and L D i o o dosages are determined. Next a minimum of four groups of animals con
sisting of a minimum of five animals each, and preferably ten, should receive single 
doses vary ing between the LD0 and LD^Q. More than ten animals in the group does 
not add significantly to the accuracy of the determination, as most physiological re
actions have a 10% deviation in accuracy. Af ter the animals have received their 
dosage, they are observed for one week. Animals that die are examined for gross 
pathology. The results are tabulated and plotted on semilogarithmic paper, with the 
per cent mortality on the abscissa and the dosage in mil l igrams per kilogram of body 
weight on the ordinate (logarithmic scale so that a relatively straight line is ob
tained). The dose k i l l ing 50% of the animals is the LDm of the compound. 

The National Safety Council uses the following table as a guide in extrapolating 
animal data to humans (9). 

Dosage Range Probable Le tha l 
Ra t i ng of LD70 D o s e f o r 7 0 - K g . M a n 

(Corrected by safety factor) 

Dangerously toxic 1 mg . or less/kg. A taste 
Seriously toxic 1 to 50 mg./kg. A teaspoonful or 4 m l . 
H i g h l y toxic 50 to 500 mg./kg. A n ounce, 28 grams 
Moderately tox ic 0.5 to 5 g./kg. A p int 
S l ight ly toxic 5 to 15 g./kg. A quart 
Ex t reme ly low acute tox ic i ty 15 g. and upward More than a quart 

"Range finding" LD50, while less accurate than the method described above, is 
helpful in estimating the relative toxicity of a chemical. Groups of five rats receive 
three or four dosage levels in a series differing by a factor of two. The range find
ing LDw is then calculated. 

The comparative rel iabil ity of the approximate lethal dose and the method of 
maximum likelihood are discussed in a paper by Diechmann (10). 

Inhalation. If the means of poisoning by industrial chemicals is to be consid
ered in importance, toxicity by inhalation would be foremost. This is the easiest 
and most dangerous type of poisoning. It can be rapid, severe, and acute, whereas 
oral poisoning is usually slow, mild, and sometimes chronic. Fumes from liquids, 
and dusts from solids and gases can enter the lungs and be absorbed quickly into the 
blood stream. Control of contamination of the air is difficult. Dust, fumes, and gas 
continually escape into the air when chemicals are being manufactured and used. 

Inhalation toxicity may be in the form of i rr i tat ion, asphyxiation, damage to 
central and peripheral nerve centers, or destruction of the elements of the blood. 
Many of the common industrial chemicals when present in the air in high concen-
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trations w i l l cause one or more symptoms. The majority of the well-known indus
t r ia l chemicals have been thoroughly enough investigated to provide adequate safety 
measures. Threshold l imit values have been established for many industrial chem
icals by the Committee on Threshold Limits of the United States Public Health 
Service. Values established by this committee are designed to protect the health and 
comfort of the worker. Values that would not necessarily impair the health but 
do cause discomfort of the worker are sometimes reduced to a figure that w i l l give 
freedom from irr i tat ion. Foulger in a recent publication (14) and others caution 
that threshold l imits can be taken only as a very general guide. Such l imits are not 
precise scientific figures, owing to shortcomings of analytical methods and differ
ences in working conditions and individual respiratory rates. 

In a recent publication of the Bureau of Mines (25), the 1953 threshold l imit 
values are given together with the variations adopted by the various states; 1955 
values are also now available (1) for some 165 compounds. The threshold l imit 
value is usually expressed as M A C or maximum allowable concentration (for an 8-
hour working day) in terms of parts per mill ion. Annual revisions of these values 
seem to be following a trend to more conservative or lower values as human experi
ences increase. 

The Committee on Threshold L imi ts bases its values on data accumulated from 
animal inhalation toxicity studies and industrial experience. A safety factor of 10 
is used to allow for differences in response between man and animal. When indus
t r i a l experience is not available, animal data and the experience of occupational hy-
gienists must be used in order to ensure protection of the workers. If data are rela
tively scarce, a larger safety factor is used and this can be as high as 100, depending 
upon the possibility of engineering control and on analytical methods sensitive 
enough to determine the amount of the chemical present. 

Toxicity testing on inhalation can follow the minimum standards as outlined by 
the National Safety Council. Six rats of Sherman strain, male albino, 90 to 120 
grams in weight, 5 to 6 weeks of age, are used. They are subjected to saturated 
vapor at room temperature. If two, three, or four of the six die after 5 minutes, 
the hazard is serious; i f two, three, or four die after 15, 30, or 60 minutes, the hazard 
is definite; i f two, three, cr four die after 2 to 4 hours, moderate; and pfter 8 h~urs, 
slight. Compounds which are more toxic than " s l i gh t " are given additional study. 

Skin Penetration. Acute skin penetration can be determined accurately by fol
lowing the method as outlined by Draize (11), which involves using a sleeve to 
hold the chemical in place on the bared skin of groups of rabbits. 

Skin Irritation. Skin i rr i tat ion studies are done by using extremely sensitive 
skin on the belly of albino rabbits. A method has also been outlined by Draize (11), 

Sensitization. Sensitization work is more complicated. The animals, usually 
guinea pigs, are injected intracutaneously every other day unt i l a total of ten i n 
jections have been given. Two weeks after the last sensitizing injection another in 
jection is given and the animals are observed for reactions. Tests on human sub
jects are sometimes done. 

Eye Irritation. For eye irr i tat ion studies the rabbit is used. The chemical, 
undiluted or diluted in a harmless vehicle, is introduced into the rabbit's eye. It is 
examined then and again after 24 hours. Damage is determined and the chem
ical is scored. 

Injection. Intraperitoneal and intravenous administration are important in 
drug work, but accidental entry by these routes is improbable in an industrial situ
ation. Intraperitoneal studies are valuable in studying manifestations of toxicity 
where relatively slow absorption is desirable or permissible. 

Acute toxicity tests usually are designed to get quick positive or negative re
sults as evidenced by death. Subacute tests are 2- to 4-month tests, during which 
time there is more opportunity to study such factors as metabolism, growth rate, 
blood, and ferti l ity. Chronic toxicity tests usually extend for 1 to 2 years and are 
designed to show up unfavorable effects which might not appear in the shorter tests 
and are used part icularly with proposed food additives. 

Interpreting Toxicity Test Results 

The complexities of the proper extrapolation of toxicity test results to man are 
well presented by Barnes (4), He urges that more attention be paid to the sub-
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acute tests and in particular to biochemical studies of the effect on metabolism. Other 
factors and tests are relatively less meaningful. 

It is impossible to predict the exact reaction in man from animal data. Never
theless, the majority of substances which are toxic to rodents are toxic to man, and 
vice versa. Furthermore, small animal testing does give indication as to the type 
of toxic action which the chemical produces. A safety factor of at least 10 is ap
plied to animal test results, as man is considered more sensitive to chemicals. For 
chemicals to be used in foods or where some experimental data are lacking, safety 
factors up to 100 may be used. 

In addition to cr i ter ia developed by the Committee on Threshold L imits of the 
U . S. Public Health Service and by the National Safety Council, other criteria for 
rat ing toxicity have been developed by the Interstate Commerce Commission in 
Campbell's Tariff (8); by the Underwriter 's Laboratories; and in regulations issued 
under the Federal Insecticide, Fungicide, and Rodenticide Act (1U). Fa i rha l l (13), 
Foulger (1U), and "Guide to Safety in the Chemical Laboratory" (20) give good 
general discussions on the value and interpretation of toxicity tests. 

Conclusions 

In looking at any article describing data on toxicity, the following are some 
criteria to be considered. 

How was the chemical administered? Toxicity of a chemical may vary, de
pending on the route of administration and the number and kind of test animals. 

Was the test for acute or chronic toxicity? Very often a chemical may not be 
toxic on an in i t ia l dose, but may have accumulative chronic effects when testing is 
conducted over a long period of time. 

What solvent was used in the test? In the case of oral ingestion the use of 
excessive quantities of a solvent which is itself toxic may affect the final results. 

Was a pure or commercial product used? The commercial grade of a chemical 
w i l l often contain impurities which w i l l affect the final result. Toxicity may vary 
from batch to batch. Thus, the use of a pure chemical in the test does not have the 
value i t usually has in physical and chemical testing. The test should be run on the 
product as i t w i l l be manufactured or sold in commerce. 

What are the other basic properties of the chemical? Its vapor pressure, odor 
threshold, and solubility may a l l affect the final results. Volati le substances are 
usually more of a hazard, everything else being equal. A compound with a high 
odor threshold may give adequate warning before the safe l imit is passed. Solu
bi l i ty in body water and fats may be so high that absorption through the skin may 
be part icular ly dangerous. 
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Literature Searches for Uses of 
New Botanical Drugs 

E. F. WOODWARD 

S. B. Penick & Co., New York, Ν. Y. 

About 900 plant species are used in the American drug trade. 
Many officially recognized drugs of plant origin have resulted 
from exploration of remedies that formed the basis of ancient 
folklore, and traditional remedies and country cures may even
tually prove to have a basis in fact. The literature sources re
ferring to medicinal drugs suffer by comparison with the well 
organized compendia of chemistry and other scientific fields 
associated with medicine. Over 500 periodicals deal with 
pharmacognosy alone. Diversity in botanical character, geo
graphic origin, and medical use makes difficult the systematic 
classification of plant drugs and plant sources of drugs, and 
complicates the search for new botanical drugs. 

Ρerhaps an i l luminating subtitle for this discussion would be : "How to F ind 
Another Rauwolfia." 

It may be well to review the process by which Rauwolfia came to be of such in 
terest in recent months, when i t is a drug that has been known and used in India 
for years. The roots of the plant Rauwolfia serpentina have been recognized in India 
as a medicine from ancient times. Its alleged therapeutic effects varied from an
tidotal properties against bites of poisonous reptiles and stings of insects, to a cure 
for dysentery, and as a febrifuge and abortifacient. 

For years research workers in India have been systematically reviewing their 
Materia Medica—the drugs used for so long by Indian physicians. It was a well 
organized approach; the details are well documented in the many excellent papers 
published on Rauwolfia. 

Where did they start? To answer that question would require certain knowledge 
of the genesis of the ideas in the minds of those workers, ideas of where to look 
and what to investigate. 

They did look in their own back yards. The flora of the Indian peninsula is 
r ich, as one might expect in a country two thirds the size of the United States, wi th 
a variety of climates, soils, and latitudes. Kashmir in the north is not unlike 
Switzerland, and the Malabar Coast is like the coast of proverbial South Sea Isles. 
Between lies the Sind Desert, not unlike the Sahara, and in the jungles of Assam 
some of the heaviest rainfal ls in the world occur. 

Rauwolfia is mentioned in the Charak (1000 to 800 B.C.) , one of the old books of 
Hindu medicine. As long ago as 1690 it was used in Europe, and the "Herbar ium 
Alboineuse" of 1741 states that " i t is invaluable in anxiety states." It is also said 
that the late Mahatma Ghandi drank Rauwolfia serpentina tea nightly because of 
its calming effect. 

In later years the drug attained prominence as a remedy for insomnia, hypochon
dria, and insanity. Its hypnotic and sedative action is not mentioned in the ancient 
writ ings, although the drug appears to have been known for some time to the 
poorer classes in Bihar , in Northern India, who made use of the hypnotic properties 
of this drug in putt ing children to sleep. 

The drug is now official in the Br i t i sh Pharmacopoeial Codex and the Indian 
Pharmacopoeial list. 

The first mention of its possible use in treating high blood pressure was in India 
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in 1931, and the earliest published report of American clinical work appeared in 
February 1952. 

Difficulties of Search for Drugs 

Some sources—for example, the "Pharmacographica Indica"—have to do specifi
cally with Indian medicinal plants; other references, such as Hooker's " F l o r a of 
Br i t i sh India," are more general in their scope. But there seldom are clear sign
posts which point to possible modern uses of these drugs, and sometimes the modern 
use is not too closely related. One difficulty lies in the paucity of accurate infor
mation available as to the former use of the drugs. 

Another difficulty lies in indefinite or inaccurate descriptions or diagnosis of 
diseases. For example, i f cancer did exist 1000 years ago, how was it diagnosed? 
What type of cancer was it, or was the tumor nonmalignant? In the instances of 
reported cures for syphilis, was the pr imary case cured or was the secondary stage 
unrecognized—and the tert iary subsequently called another different disease? 

These examples are but a few of the many which could be mentioned. Very few 
ancient remedies were listed as specifics. Most had multitudinous uses, and most 
concoctions and prescriptions were of the "shotgun" type. 

The sources of information about new botanical drug uses, unfortunately, have 
no general category of title. 

Books have been published covering the flora of most civilized and many un
civilized areas—for example, there is a " F l o r a of the Eastern United States and 
Canada," of the Eastern United States, of New York State, of New York City, and 
of Staten Island. Each serves some function and has a definite value. Some 
are nicely annotated, such as the " F l o r a of West Tropical A f r i c a " written by 
Hutchinson and Dalziel (1U) and currently being received and brought up to date 
by a team of botanists working at Kew Gardens, near London. These annotations 
frequently refer to the medicinal or poisonous character of the plants, or to their 
economic value as food or timber. 

Poisons 

But most such publications give no information as to the usefulness of the plants. 
So we come to references which contain the words "Use fu l P lan ts " in their t i t les— 
or words of similar connotation, such as "Use fu l Plants of the W o r l d " by Chute 
(5), or "P lantas Usual de Venezuela" by Pitt ier (21). While the word "use fu l " 
is a clue, so is the word "poisonous." Most drugs are poisons, though most poisons 
are not suitable for use as drugs. Two references by way of example are "Poisonous 
Plants of New South Wales" (13) and "Stock Poisoning Plants of the Range" (32). 

Many modern drugs had their first use as ipoisons^Strophanthus and curare for 
hunting wi ld animals; Physostigma beans in tr iba l ordeals; Oleander, SL famous 
medieval poison of the Borgias. And there are many other examples. 

These poisonous plants could lead us to review and then to expand our knowledge 
of the families of poisonous plants. 

However, not a l l families of plants fa l l into recognizable, popularly known cate
gories. There are exceptions: The Cruciferae or mustard family are noted 
weeds. The Salicaceae or willow family provide many beautiful shade trees. The 
Soloniceae or nightshades are r ich in poisonous, and frequently medicinally useful, 
alkaloids. The Dioscoreacere or yams are r ich in steroids. The Apocynaceae are 
noted for their latexes and poisonous glycosides. 

Such characteristics as these might suggest a starting point for seeking plants of 
potential medicinal value. The plan would be based on a systematic review of 
certain carefully selected plant families. 

More than one attempt has been made to classify plants, part icularly drug plants, 
on an artif icial basis. 

The matter of morphology—leading to a study of barks or leaves or roots, as a 
group—is not part icularly rewarding. It is little more than a tool for identification. 

The systematizing of plants on the basis of their constituents is a relatively new 
approach to pharmacognosy but an old interest of plant chemists. Many related 
plants do have related constituents. Take the Solonaceae family as an example. 
Most poisonous solonaceous drugs share many alkaloids in common—scopolamine, 
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for example. But there are cases which point up the falsity of such relationships. 
Fo r example, anethol is a constituent of anise oil from Illieium verum of the 
magnolia family and of Pimpinella anisum of the Umbelliferae or parsley family, 
two very widely separated families. Caffeine is found in coffee of the Rubiaceae, 
in tea of the Theaceae, and in Ko la of the Sterculiaceae—three quite unrelated 
families. 

These occurrences of the same or related constituents in different plants or plant 
families can frequently be put to good use. Rut in is a good example. 

The original source for commercial supplies of rut in was buckwheat, Fagopyrun 
esculentum. The yields were not too good. The product was not entirely satis
factory and the crude was expensive. A literature search for a l l possible sources 
of rut in soon suggested that the flower buds of Sophora japonica might be a good 
source. This proved to be very happily correct. 

Rut in takes its name from rue, an herb of the Rutaceae. Yet the first commercial 
supplies came from buckwheat of the Polygonaceae and the eventual commercial 
source was Sophora of the Leguminosae. These three families of plants are quite 
unrelated, botanically speaking. 

Today much is known about many of the genera and species of plants and some 
2000 new species of plants are being discovered every year. Most of these new 
plants are reported from the st i l l uncivilized areas of the world, such as the Central 
Amazon basin, the lesser known (botanically) islands of the Pacific, such as New 
Guinea, and the far reaches of Siberia and Mongolia. 

To extract, analyze, test, and evaluate a l l these potential materials is more than 
a lifetime's work for many men. 

To look for medicinal plants as such—plants usable in whole or extract f o rm— 
is far from the end result desired. Many plants yet to be named and tested can 
be expected to yield chemicals as yet unknown and active principles which could be 
modified to creat new medicinal substances. 

Alkaloids 

Consider the groups of alkaloids, about which little is known. Yohimbine and 
certain Rauwolfia alkaloids are related, and not at a l l well understood. These two, 
and their related alkaloids, are by no means the only examples of the fields where 
our knowledge is lacking. 

Considering the number of known valuable medicinal plants and their derivatives, 
and the number of still-to-be-discovered plants and active principles, the surface 
has been well scratched and picked over, but the fertile field remains to be tilled. 

There may st i l l be much to be learned from ancient medicine. Psychosomatics 
is a relatively new science. Mental diseases having organic or structural relation
ships, and the medicaments of possible use in these sciences are just beginning to 
be reviewed, considered, and investigated. 

Mescal or Peyote produces hallucinations i n technicolor. Here is a tool at least 
for investigational purposes. Certain steroids have a definite relation to fatigue. 
Fatigue borders on mental breakdown and neuroses. A number of medicinals 
have been used in former days in the treatment of mental illness—Rauwolfia, valer
ian, sumbul, lupulin, and viburnum. Is i t not reasonable to inquire into the mech
anisms by which some of these drugs act, especially now that certain of them have 
proved to be of value ? 

Anthropology and Theology 

To return closer to the subject, there are other branches of science and the arts 
which might give valuable leads—for example, anthropology and theology. 

As for anthropology, here we could study primitive tribes and their practices. 
Previously mentioned were primitive ordeals, tr ibal customs, and the druigs of the 
medicine man. 

Perhaps typical of the reviews of folk medicine was the work done by Natal ia 
Ossadtscha-Janta on folk medicine of the Ukraine. A translation of her work was 
sponsored by the New York Botanical Garden. The original research was con
ducted among the peasants. Her work has not yet been evaluated. Possibly there 
are many valuable leads contained in her thesis; the only difficulty would be in 
obtaining samples of the drugs from Russia for study. 
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Aga in in recent years, some attention has been focused on Egypt. This serves 
to remind us of the findings made when the Ebers papyrus was deciphered and 
published. In this ancient document reference was made to certain diseases such 
as cardiac ailments and many drugs, including Styrax and castor oil. This one 
example serves to show us how far back we may look. 

In our own country some knowledge of herbs was taken from the Indians. A 
fine book on this topic was written by the late G. L. Wittrock (35). 

Another source of much knowledge and wisdom is the Bible. Probably the best 
and most recent work on the drug plants and other plants of the Bible is that of 
Moldenke (18). 

Theology leads to interesting studies. In this regard missionaries should not 
be overlooked. Many are ful ly qualified physicians; i f an example is required, 
none better than Albert Schweitzer need be mentioned. Missionaries come to know 
their people and are trusted. 

Early References to Medicinals 

One of the earliest references to ipecac was by Samuel Purchas in his "P i l g r imes" 
(23). Purchas wrote rather extensive accounts of his travels, but his descriptions 
of the drug and its uses were not too lucid. He said ipecac was used for the 
"bloudie fluxe." More definite information about ipecac is given by Guilelonus 
Piso in "H is to r i a Natural is Br is l iae, " published in Amsterdam in 1648, As an in
dication of how interest grew—the first quantities of ipecac went to Europe in 
1672. 

Opium is such an ancient drug that its early beginnings are not definitely known, 
but it was used as early as the third century B.C. and was described by Theophrastus 
in 1483 (31). 

As for aloes, there are references to this popular laxative by Dioscorides in 
1518 (6) and by Claudius Galen in 1525 (7). 

Most of these works are on early general science, natural sciences, or explorations. 
It is doubtful i f a l l such works have ever been thoroughly reviewed in recent years. 
It would be a monumental task to review even a section of them. A l l the same, 
they are occasionally very useful. 

Recent Publications 

Probably one of the most fertile fields for these literature searches is recent 
publications. A list of "Serials Pertaining to Pharmacognosy and Pharmacology" 
was prepared by George M . Hocking in 1944, when he was chief pharmacognosist 
of S. B. Penick & Co. The serials pertaining to pharmacognosy then numbered 
over 500. Since that time some new publications have appeared, such as Economic 
Botany, and some have disappeared. Most of the changes have taken place in 
foreign publications. 

From a regular reading of these journals a number of ideas can be gleaned. 
Frequently the original idea is to be taken from a l ist of plants studied for some 
particular aspect, such as the work being carried on in Austra l ia . A research 
team is systematically collecting a l l possible Austra l ian plants and testing them for 
cardiac glycosides. Work is being done by the United States Department of A g r i 
culture, Eastern Regional Research Laboratories, in Philadelphia to screen plants 
for steroids. Much more work of this type could be done, probably to advantage, 
provided the objectives were both reasonably and clearly defined to avoid a wi ld-
goose chase. The difficulties of delineating an intelligently planned program are 
many, but the work to be done is none the less important and it holds reasonable 
promise of reward. 

The chemical literature is particularly helpful as a source of leads when the 
problem is to isolate, identify, and correlate active plant principles. A wealth of 
information can be gleaned from Beilstein, Chemical Abstracts, and Biological 
Abstracts. Another standard reference on the chemical constituents of many 
plants is Klein's "Handbuch der Pflanzen Analysen," and specialized works are 
Henry's "A lka lo ids " and the "Glucosides" by Armstrong. 

To uncover these valuable plant constituents requires the concerted efforts of the 
botanist, the chemist, the microbiologist, the pharmacologist, and the clinician. 
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Therefore, to obtain an idea of the usefulness of a plant or of its constituents, a 
careful watch of a wide variety of scientific literature is necessary. 

Starting a Literature Search 

A literature search for new botanical drug uses could be commenced from one 
of several points. 

There is that fund of knowledge to be investigated in related but sometimes 
somewhat remote publishings, such as annotated floras, reports of expeditions, 
books on economic botany, and accounts of ancient tr ibal customs. There the ob
ject would be to find plants having some reported use or action, which suggests 
usefulness to modern medical practice. 

A second starting point would be a systematic investigation of certain groups 
of plants having a natural or geographic or artificially chosen relationship. 

F ina l l y there are many recent publications on experimental pharmacology. 
Here the lead is taken from the reported action of the drug itself. The problem 
then is to find a reliable source of the specific drug, or to locate supplies of an 
allied drug having the same or similar constituents. Such searches are in the 
province of pharmacognosy and its many ramifications. 

These particular literature searches present many unique problems, especially 
when the literature is not as well organized as i t is for law, chemistry, or physics. 

The diversity of works cited here amplifies the magnitude of the problem. 
The references cited are by no means meant to be exhaustive. If the list were 
inclusive, even to a modest degree, it should include almost every book ever pub
lished on economic botany, exploration, plant chemistry and pharmacology, and 
hundreds of other fields as well. 

A Selection of Typical References 

(1) Austral ian Phytochemical Survey, Part I, Bu l l . 241, Part II, Bu l l . 268, Com
monwealth Scientific and Industrial Research Organization, Melbourne, 1952. 

(2) Bentley, Robert, and Trimen, Henry, "Medicinal Plants, " London, 1880. 4 vols. 
(3) Bil je, Nase Ljekovito, "Izdala Jugofarmacija," 1935. 
(4) Callcott, Mar ia , " A Scripture Herbal , " London, 1842. 
(5) Clute, W. N., "Useful Plants of the Wor ld , " 1932. 
(6) Dioscorides, Pendanios, "De Materia Medica Venetis," 1518. 
(7) Galen, Claudius, "Opera Omnia," Venetis, 1525. 
(8) Githens, Thomas S., " D r u g Plants of A f r i ca , " University of Pennsylvania 

Press, Philadelphia, 1948. 
(9) Grieve, M. , " A Modern Herbal , " London, 1931. 2 vols. 

(10) Hare, Rusby, and Caspari, "Nat ional Standard Dispensatory," 1905. 
(11) Hoehne, "Plantas, Substances, Vegetais Toxicos e Medicinales," 1939. 
(12) Hooper, David, "Use fu l Plants and Drugs of Iran-Iraq," 1937. 
(13) Hurst, Evelyn, "Poisonous Plants of New South Wales," 1942. 
(14) Hutchinson and Dalziel, "Flora of West Tropical A f r i c a , " Vols. I and II, 

1927/1936. 
(15) Hutchinson and Dalziel, "Useful Plants of West Tropical A f r i ca , " 1948. 
(16) Kerharo, J., and Bouquet, Α., "Plantes Medicinales et Toxiques de la Cote 

d'Ivoire-Haute Vo l ta , " 1950. 
(17) Martinez, Maximo, "Plantas Medicinales de Mexico," 1944. 
(18) Moldenke, H . N., and Moldenke, A . L., "P lants of the Bible, " Chronica Botanica, 

Waltham, Mass., 1952. 
(19) Perez Arbelaez, Enrique, "Botanica Columbiana Elemental ," Bogotá, 1942. 
(20) "Pharmacognosy of Indian Roots and Rhizomes," Drug Bu l l . 1, India House, 

London, 1952. 
(21) Pitt ier, H. , "Plantas Usual de Venezuela," 1926. 
(22) Pitt ier, H. , "Suplimento a las Plantas Usual de Venezuela," 1939. 
(23) Purchas, Samuel, "P i lgr imes, " London, 1625-26. 
(24) Read, Β. E. , "Chinese Medicinal Plants," Peking, 1936. 
(25) Reynolds, G. W., "Aloes of South A f r i ca , " South Afr ica , 1952. 
(26) Roys, R. L,, "Ethno Botany of the Maya , " Tulane University, Baton Rouge, 

La. , 1931. 
(27) Standley, Paul , "Flora of Yucatan," 1930. 
(28) Steyermark, J. S., "Contributions to the F lora of Venezuela," Vo l . 28, No. 2, 

Chicago Natura l History Museum, 1953. 
(29) Stuart, G. Α., "Chinese Materia Medica," Peiping, 1939. 
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(30) Taylor, G., "Revision of F lora of West Tropical A f r i ca , " Vo l . 1, No. 3, Br i t i sh 
Museum of Natura l History, London, 1953. 

(31) Theophrastus, Eresios, "De Histor ia ut de Causis Libros ut Latino Legeremus," 
Taris in, 1483. 

(32) U . S. Department of Agriculture, "Stock Poisoning Plants of the Range." 
(33) Verdoon, Frans, ed., "P lants and Plant Science in Lat in America, " Chronica 

Botanica, 1945. 
(34) Webb, L. J., "Guide to the Medicinal and Poisonous Plants of Queensland," 

Melbourne, 1948. 
(35) Wittrock, G. L., and Μ. Α., "Medicines from Plants , " J. Ν. Y. Botan. Garden, 

(March 1942). 
RECEIVED November 5, 1954. 
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Pyrogens 

ARTHUR BERGER, GILBERT D. ELENBOGEN, and LEONARD G. GINGER 

Scientific Division, Baxter Laboratories, Inc., Morton Grove, Ill. 

Pyrogens, which may contaminate improperly prepared drugs 
and cause fever on injection, are formed by certain micro
organisms as they grow. These febrile agents are among the 
most physiologically active substances known, as even sub-
microgram quantities can cause pronounced fever and blood 
and adrenal changes as well as other effects. The isolation 
and chemistry of purified pyrogens, the methods used in their 
prevention, removal, and destruction, and physical, chemical, 
and biologic test methods are reviewed. An extensive bib
liography on biologic and clinical studies is included. 

Parenteral administration of improperly prepared sterile nutrients or medicaments 
sometimes produces a febrile response in man and in certain other animals. The 
agents causing this reaction, which are known as "pyrogens," have been shown to 
be metabolic products of microorganisms. Whenever pharmaceuticals are to be 
injected, these thermogenic agents pose an important medical problem. 

Pyrogen-producing bacteria are ubiquitous; many are air-borne and require 
only trace amounts of essential elements for growth. 

Most of these fever-producing substances are active even in submicrogram quan
tities; therefore, relatively little bacterial contamination may be sufficient to render 
a drug pyrogenic. 

Although ordinary steam sterilization destroys pyrogen-producing bacteria, 
pyrogens are relatively heat-stable and not notably affected by sterilization. 

The constancy of this problem and its importance in medicine have led to a 
miscellany of publications; in a l l , over a thousand papers (300) dealing wi th pyro
gens have appeared. The excellent review of Bennett and Beeson (59) emphasizes 
part icularly the physiological and medical problems associated wi th pyrogens. 
This paper deals mainly with the following aspects of the field : 

Isolation and chemistry of purified pyrogens. 
Prevention, removal, and destruction of pyrogens. 
Physical , chemical, and biological test methods. 

The fact that ordinary distilled water can produce a febrile response when 
administered intravenously has been known since 1865, when it was reported by 
Bi l l ro th (78). In 1876, Burdon-Sanderson (108) first used the term "pyrogen" to 
refer to a fever-producing substance which he isolated from putrid meat. These 
and other investigators (69, 107, 280, 567, 625) noted many examples of injection 
fever. B y the early part of the twentieth century, such misnomers as "protein 
fever" (7J>7), "salt fever" (109, 110, 704), and "Salvarsan fever" (70k) had come 
into use. A number of papers appeared in 1911-12 contributing to the evidence 
that such terms were improper and that actually bacterial contamination was re
sponsible for the pyrogenic activity of many parenterals. 

Dur ing this period, Wechselmann (769, 770) showed that Salvarsan fever was 
caused by bacteria in the water used in preparing the solutions, Bendix and Berg-
mann (53) and Samelson (631) noted that contamination was the cause of salt 
fever,, and Mul ler (520) obtained bacterial counts on several samples of distilled 
water. In a series of carefully controlled experiments, Hor t and Penfold (37U-380) 
proved that bacterial contamination of water was the basic cause of injection fevers. 
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They also showed that solutions may be free of microorganisms but st i l l be pyro-
genic, and that "the contaminating principle in such water or saline . . . is a heat-
stable . . . molecule incapable of removal by ordinary methods of filtration" (376). 

These investigations and other confirmatory reports (427, 518, 519, 572, 611) 
were apparently ignored by many workers (27, 111, 150, 613, 745) in the field unt i l 
the classic work of Seibert and coworkers (93, 652-657) first reported in 1923. The 
latter investigators carefully eliminated other possible factors one by one and proved 
conclusively that a l l of the injection fevers had a common etiology—a microbiological 
source. Seibert isolated pyrogenic organisms from contaminated solutions, showed 
stabil ity of the pyrogen to heat, and first suggested the use of the rabbit as an assay 
animal for its detection. 
Isolation and Chemistry 

The earliest reported work on the isolation of a fever-producing substance from 
bacteria was that of Roussy (624) in 1889, who separated crude pyrogens from 
gram-negative organisms. This was closely followed by the work of Kanthack 
(411), who demonstrated the presence of fever-producing substances in several m i 
crobial species. Several years later, Centanni (125, 126), working wi th bacterial 
cells, isolated an improved pyrexic product by water extraction, alcohol precipita
tion, and dialysis. It was Centanni who first demonstrated the nonprotein nature 
of pyrogens. In the early part of the twentieth century, other workers (543, 651) 
reported the isolation of fever-producing substances. In 1915, Jona (408) described 
the preparation of nonprotein, heat-stable, thermogenic substances from both B. coli 
communis and E. typhosa. Injection of these materials into rabbits in 4γ quantities 
elicited a febrile response of 3° F . 

These and other studies on bacterial pyrogens, many of which closely paralleled 
isolation studies on vaccines, antigens (79, 251, 510, 511), and toxins have provided 
important data concerning these fever-producers. The early and recent work shows 
that, regardless of source, pyrogens have similar physical properties. They are 
filterable, macromolecular solids, dispersable in water, and insoluble in the common 
organic solvents. Molecular weights have been reported ranging from a low of 
15,000 to a high of 4,000,000 (481, 616, 645, 782). 

Sources and Isolation Procedures. Wi th in the past several years, a number of 
investigators have separated highly purified pyrogens of a polysaccharide nature 
from bacterial sources—either cells or culture broths. In either case, the pyrogen 
represents but a small portion of the total starting material, and isolation pro
cedures entail the removal of growth media and cellular debris, including such 
extraneous constituents as proteins, peptides, amino acids, nucleic acids., unbound 
lipide, and salts. Various procedures have been employed for the removal of these 
nonessential components, leading to highly pyrogenic preparations. Table I l ists 
some of the techniques that have been employed in their isolation and the major non
essential constituents removed. The preparation of "pure pyrogens" always in 
volves the use of a combination of these procedures. 

Table I. Procedures Used in Isolation of Pyrogens 
Technique Constituents Removed Reference 

a. Mechanica l cell rupture (512, 774) 
b. Salt-alcohol f ract ionat ion Prote in , nucleic acid, unbound l ipide (392, 510, 512, 566, 668) 
c. A lcohol f ract ionat ion Prote in , nucleic acid, unbound l ipide (351, 392, 512, 566, 668, 724, 

772, 786, 787) 
d. Acetone f ract ionat ion Prote in , nucleic acid, unbound l ipide (192, 724, 772, 774) 
e. Tr ichloroacet ic acid Pro te in , nucleic acid (392) 

prec ip i tat ion 
f. Acet ic ac id prec ip i tat ion Pro te in , nucleic acid (192, 616) 
g. 88-95% phenol extract ion Pro te in , nucleic ac id (166, 192, 566, 618, 724) 
h. 50% phenol extract ion Pro te in , nucleic ac id (772, 786, 787) 
i . Diethylene glycol extract ion Prote in , nucleic ac id (79) 
j . T r yp t i c digestion Pro te in (299, 351, 535, 724) 
k. Dia lys is A m i n o acids, peptides, salts, low (166, 299, 351, 392, 535, 618, 

mol. wt . substances 668, 724) 
1. Sevag deproteinization Pro te in (618, 724) 
m. Ul t racentr i fugat ion Nucle ic acids (787) 

Table II records various organisms from which pyrogens have been isolated, the 
process used in their isolation, and certain analytical data. The letters used in 
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Table II to indicate the process employed correspond to the letters employed in 
Table I under "Technique." As highly purified pyrogens have been shown to be 
largely polysaccharide in composition, increasing reducing sugar and decreasing 
nitrogen values serve as criteria for evaluating comparative purity of preparations 
from a single species. It is thus possible to compare the effectiveness of various 
techniques as applied to a specific organism. 

Table II. Pyrogens Isolated from Various Organisms 

N, Reducing 
Microbial Source Process11 % Sugar, % Reference 

Studied by 
several investigators 

B. subtilis d, k, 1, g 1.4 56.0 (618) 
j , k 4.4 23.9 (299) 

E. coli j , k 7.6 9.3 (299) 
c, k, e 1.7 63-65 (392) 
h, c, m 0.97 76.0 (787) 

E. typhosa b, c, k, 1 (510) 
b, c, k, 1 7.0 13.4 (512) 
g, b, c 3.4 — (566) 
b, g, c, k 1.5 30.0 (166) 
d, f, k, g 0 C — (616) 
d, k, 1, g 2.9 46.0& (618) 
j , k 6.7 5.1 (299) 

Proteus vulgaris d, f, k, g 0 C (616) 
d, f — — (190) 
j , k 8.0 9.6 (299) 

Pseudomonas aeruginosa c, k (125, 126) 
a — — (77h) 
d, f, k, g 0 C — (616) 
d, k, 1, g 8.0 40.8* (618) 
j , k 6.93 14.2 (535) 

S. marcescens b, c, k, 1 3.84 (668) 
b, c, k, j 2.0 64.0 (351) 
d, k, 1, g 0.7 68.0 (618) 
j , k 7.0 11.9 (299) 
c, g, j , k — — (72k) 

Shigella paradysenteriae d, k, i 6.79 35.5 (79) 
h, c — — (786) 

Studied by 
one investigator 

B. ent. breslau h, c 
B. fluorescens h, c 
Diplococcus pneumoniae c, k 
Erysipelococci c, k 
Lact. aerogenes h, c 
S. abortus equi h, c 
Staphylococci c, k 

1.4- 1.6 
2.5- 3.5 

2.3 
1.5-2.0 

65-70 

55-60 

(786) 
(786) 

(125, 126) 
(125, 126) 

(786) 
(786) 

(125, 126) 

a See Table I. 
b P a r t of reducing sugar due to nucleic acids. 
c N i t rogen by sodium fusion. 

Table III lists some of the bacteria, molds, and viruses, and a yeast which have 
been found to be pyrogen producers. These organisms were not fractionated, but 
kil led suspensions or filtrates were tested for the presence of pyrogens. 

Chemical Composition. Several purified pyrogens together with the pertinent 
analytical data concerning them are presented in Table IV. Inspection of the table 
indicates that pyrogens are pr imar i ly polysaccharides, since after hydrolysis the 
amount of reducing sugar expressed as glucose ranges from 55 to 76%. The 
polysaccharide portion is a complex one, as paper chromatography has shown the 
presence of three or more sugars in the hydrolyzates from each pyrogen. Glucos
amine and possibly glucose are common to a l l of the preparations, but certain other 
sugars seem to be present in some pyrogens but not others. 
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Table III. Some Pyrogen-Producing Organisms 
Microbial Source Reference 

Bac te r i a 0 

Gram-negative organisms 
Achromobacter candicans (169) 
Achromobacter lacticum (169) 
Achromobacter pinnatum (169) 
Achromobacter punctatum (169) 
Achromobacter refractans (169) 
Achromobacter solitarium (169) 
Achromobacter tiogense (169) 
Achromobacter W 14 Β (169) 
Achromobacter W 14 C (169) 
Achromobacter 2 W S (169) 
Aerobacter cloacae (590) 
E. formica (169) 
E. freundii (590) 
Neisseria intracellularis (169) 
Pseudomonas ovalis (590) 
Pseudomonas scissa (169) 
Pseudomonas uteae (169) 
Proteus morgani (814) 
S. kilenes (814) 
Vibrio comma (169) 
Vibrio metchnikovi (411) 

Gram-posit ive bac i l l i 
B. cereus (590) 
B. mycoides (814) 
B. tumescens (590) 
Diphtheroids (590) 
M. tetragena (814) 

Gram-posit ive cocci 
Micrococcus candidus (590) 
Micrococcus epidermidis (590) 
M. flavus (590) 
M. subflavescens (590) 
Streptococcus equinus (590) 
S. faecalis (590) 
S. liquefaciens (590) 
S. pyrogenes (169) 
Staphylococcus aero genes (590) 
S. albus (590) 
S. epidermidis (590) 

Molds 
Alternaria tenuis (342) 
Aspergillus Sp-A-1 (429) 
Aspergillus flavus (342) 
Aspergillus niger (342) 
Aspergillus ochraceous (342) 
Aspergillus oryzae (342) 
Aspergillus versicolor (342) 
Blakeslea trispora (342) 
Cephalothecium roseum (342) 
Curvularia lunata (342) 
Fusarium (unknown species) (342) 
Fusarium roseum (342) 
Gliomastix convoluta (342) 
Gliocladium roseum (342) 
Pénicillium (unknown species) (342) 
Stachybotrys atra (342) 
Torulopsis rosea berl. (429) 
Trichoderma viride (342) 

Viruses 
Enders -A 
Influenza 
Lee-B 
Mel . A 
Swine influenza 
Mump 

Yeast 
Saccharomyces (411, 429) 

« A m o n g the bacteria, the gram-negative organisms are the most pyrogenic, the gram-posit ive 
baci l l i less pyrogenic, and the gram-posit ive cocci the least pyrogenic. 

(279) 
(05, 67, 753, 755) 

(279) 
(279) 
(279) 
(753) 

 P
ub

lic
at

io
n 

D
at

e:
 J

an
ua

ry
 1

, 1
95

6 
| d

oi
: 1

0.
10

21
/b

a-
19

56
-0

01
6.

ch
01

9

In A Key to PHARMACEUTICAL AND MEDICINAL CHEMISTRY LITERATURE; 
Advances in Chemistry; American Chemical Society: Washington, DC, 1956. 



172 ADVANCES IN CHEMISTRY SERIES 

Table IV. Analysis and Activity of Several Purified Pyrogens 

Bacterial Source 
S. marcescens, 

broth 

S. marcescens, 
cells 

E. coli, broth 

E. coli, cells 

S. abortus equi, 
cells 

Ent. breslau, 
cells 

Reducing Sugars after 
Hydrolysis 

% as Sugars 
glucose found 

65-70 Aldohexose, 
glucosamine, 
methylpentose 

68 Glucosamine 
and other 
sugars 

63-65 Glucose, 
glucosamine, 
galactose 

76 Glucose, 
glucosamine, 
galactose, 
rhamnose, 
xylose, 
desoxypentose 

55-60 Glucose, 
galactose, 
rhamnose, 
mannose, 
glucosamine, 
desoxypentose 

65-70 

Lipide, Phosphorus 
% 
16 

21-28 

% 
1.1 

0.4 

1.41 

2.08 

2.2 

Nitrogen, 
% 
2.2 

0.7 

1.9 

0.97 

1.5-2.0 

1.4-1.6 

Minimum 
Pyrogenic 

Dosea, 
y/Kg. 
0.005 

0.005 

0.002 

References 
(U, 352, 

hlO, 668) 

(618) 

(392) 

(469, 783, 
787) 

— (786) 

— (786) 

a M i n i m u m intravenous dosage i n rabbit e l ic i t ing fever greater than 1° F . 

The second largest component is a t ightly bound lipide fraction constituting 
between 13 and 28% of the various pyrogens. A l l attempts to remove the bound 
lipide completely have resulted in a complete loss of pyretic activity. 

The phosphorus content varies from 0.4 to 3.1%. The phosphorus is probably 
present in the form of phosphate and may serve as a l ink between lipide and carbo
hydrate. 

The nitrogen content of these "purified pyrogens" ranges from 0.7 to 2.2%. 
The character of the nitrogenous components has not been completely resolved. 
The status of the problem, based on the analytical results obtained on the most ex
tensively studied products listed in Table IV, is as follows: 

1. A l l investigators agree that hexosamine is present; however,, this com
ponent does not account for a l l of the nitrogen. 

2. A l l the products are reported to be free of nucleic acids. 
3. Westphal and coworkers (787) have indicated that approximately one half 

of the nonhexosamine nitrogen in their E. coli preparation is associated wi th the 
lipide fraction. 

4. There is a difference in reports relating to the presence of proteins, pep
tides, or amino acids in these preparations. Westphal and coworkers report that 
their E. coli pyrogen is completely free of these components without, however, in 
dicating the tests used in obtaining such results. Shear's polysaccharide (S. mar
cescens) gave positive amino acid color tests (352) and also showed amino acid 
spots on chromatography of the hydrolyzate (602). Amino acid spots have also 
been found by Ikawa and coworkers (392) on chromatograms of hydrolyzates o f 
their E. coli preparation. 

Pyrogens are now commonly referred to as bacterial polysaccharides, but they 
contain, in addition to the carbohydrate moiety, some lipide, phosphorus, and pos
sibly peptide. Addit ional studies on purification, characterization, and comparison 
of pyrogens from various sources are essential to determine the l imit ing composi
tion for pyrogenic activity and to determine what, i f any, chemical differences exist. 
Although some such studies have already been conducted on pyrogenic lipopolysac-
charides (392-396, 4SI, 603), it is impossible to evaluate their contribution to the 
above problem because of the absence of pyrogenicity data on the fractions obtained. 

Chemical Modifications. Wi th in the past few years, several workers have pre
pared chemical derivatives of pyrogenic complexes. These include esters (412, 618), 
ethers (618), iodinated compounds (659), and diazo derivatives (36). It is note
worthy that the esters and ethers were reported to be nonpyrogenic (412, 618). 
Work on acetylated pyrogens in the authors' laboratory indicates that reduction 
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in pyrogenicity is dependent upon the degree of acetyiation (36). These chemical 
derivatives may offer some clues as to the groups essential for pyretic activity, and 
provide some insight into the structure of pyrogens. 

Prevention, Removal, and Destruction 

Because pyrogen-producing microorganisms are air-borne, they can contaminate 
parenterals readily during any of the preparative steps. Three essentials must be 
fulfilled i f contamination is to be prevented. 

1. R ig id cleanliness in a l l operations. 
2. A source of nonpyrogenic water (120, 164, 194, 234, 305, 389, 457, 533, 573, 

592-594, 657, 680, 699, 731, 732, 762-765, 769, 770). 
3. Rapidity of operation, part icularly in conducting sterilization immediately 

after bottling (101, 3?'4, 375, 73k, 821). 

Even i f these three essentials are strictly observed, pyrogenic preparations may 
st i l l result. This is attributed by most investigators (99, 160, 164, 172, 175, 311, 
454, 612, 733, 737, 742, 791) to fever-producing contaminants in the chemicals and 
medicaments used in making up the parenterals; others contend (74, 101, 197, 221, 
225) that the chemicals and medicaments are not involved. In 1942, Co Tu i and 
Wr ight (175) claimed that 14% of the glucose, 7% of the saline, and 22% of the 
sodium citrate solutions which they prepared from nonpyrogenic water, but did not 
otherwise treat for pyrogen removal, were pyretic. In order to prevent such reac
tions, adsorption is routinely used by industry today. This method and many others 
for removing or destroying pyrogens have been studied, including heat, storage, 
enzymic action, additives, chemical treatment, and ultrafi ltration. 

Heat. Attempts to prepare nonpyrogenic solutions by the use of heat have 
received much attention, though the stability of pyrogens to heat is well documented 
(29, 127, 280, 375, 406, 408, 567, 590, 652, 769, 770). Hort and Penfold (374) in 
1911 demonstrated that neither autoclaving nor boiling was effective for destroying 
the fever-producing agent, while Seibert (652) noted that pyrogens resisted al l but 
"long, drastic heating." Banks (29), who made an extensive study of the effects 
of heat on the pyrexic agent, found that sterilization at a pressure of 20 pounds per 
square inch for 5 hours at p H 8.2 or for 2 hours at p H 3.8 successfully destroyed 
the thermogenic substance in solutions. Welch and coworkers (775) found that a 
temperature of 250° C. for 30 minutes was required to destroy a dried pyrogen 
from Pseudomonas. A patent (384) claims complete removal of pyrogens from 
amino acid solutions by autoclaving under nitrogen for 3 hours at 120° and a steam 
pressure of 15 pounds per square inch. Unfortunately, many parenteral solutions 
darken under extended heat treatment, and most of the specialized heating methods 
required for removal of pyrogens from solutions are commercially impractical be
cause of either darkening or the time involved. Solid materials which are very 
stable to heat, such as sodium chloride, glassware, and syringes (687, 775), may be 
made pyrogen-free by heating at an elevated temperature. 

Storage. Several investigators (100, 101, 160, 225, 348, 620, 687) have noted 
that on standing some pyrogenic solutions become nonpyrogenic. There is con
siderable variation in reports concerning the time required for loss of the pyretic 
activity. Some solutions apparently lose activity in several weeks, while data are 
on record for a solution that was st i l l pyrogenic after 3 years (348). Some of this 
variabi l i ty may be associated with the "pass-or- fai l " type of animal test employed. 
Attention has been drawn to this variabi l i ty (527). The storage process has no 
practical application at present, as it is slow and unpredictable. 

Enzymic Action. A United States patent (583) claims the destruction of pyro
gens in protein hydrolyzates by the action of amylases over a period of several weeks. 
Inspection of the patent data shows that after treatment the solutions have less 
febrile activity than the starting materials, but the products in many cases would 
st i l l be termed pyrogenic by U.S.P. standards. Rodney and Welcke (619) found 
that taka-diastase did not have any influence on several purified pyrogens, while 
Nesset and coworkers (535) reported that the pyrogenicity of Pseudomonas cells 
was unchanged by treatment with a number of different diastases. 

Action of Additives. Polyvinylpyrrolidone ( PVP ) , (291), Chlor-Trimeton (31, 
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71, 275, 546, 682), Antist ine (7), and PyriLenzamir.e (260) have been reported to 
decrease the pyrexic activity when added to solutions. It is claimed that a vaccine 
which was pyrogenic in water was nonpyrogenic when dispersed in 5 to 15% poly
vinylpyrrolidone. Thus, one would expect that polyvinylpyrrolidone itself would 
not be pyrogenic; this is not always the case. A recent publication (682) notes 
that addition of 10 mg. of Chlor-Trimeton to 500 ml. of blood effects a marked de
crease in the number of pyrogenic transfusion reactions. While neither polyvinyl
pyrrolidone nor the antihistamines have any l ikely application for the common nu
tr i t ional parenterals, both these and other additives may have certain special uses 
i f their value is substantiated by future work. 

Chemical Treatment. Destruction or attempted destruction of pyrogens has 
included chemical treatments involving acids (36, 76, 16U, 166, 218, 655, 708), alka
lies (36, 164, 166, 373, 559, 708), halogens (100, 453, 70S), quinones (109, 710), re
ducing agents (708), and oxidizing agents (116, 132, 375, 490, 708, 718). 

A C I D S A N D A L K A L I E S . While both an acidic and an alkaline environment ap
pear to be detrimental to the fever-producing substance, l ittle practical use is made 
of this treatment for pyrogen destruction. Various acidic treatments have been 
used: Co Tu i and coworkers (164, 166) boiled solutions 0.5 hour with O.liV hydro
chloric acid, Bharucha (76) used 0.012V hydrochloric acid, and a Hungarian 
patent (218) employs heating with cyclic or heterocyclic acids. It has been noted 
that heating pyrogenic solutions with O.liV sodium hydroxide (164, 166) completely 
depyrogenizes them. A patent (373, 559) claims that heparin solutions are made 
pyrogen-free without loss of activity by treatment with a lkal i at p H 12 to 14 for 18 
hours at 37°. In the authors' laboratory (36) room temperature treatment above 
p H 10 or heating in acidic environments rapidly destroyed a pyrogen from a 
Pseudomonas species. 

H A L O G E N S . Attempts to destroy the fever-producing agent by treatment with 
chlorine (100), bromine (708), or iodine (459, 708) have proved unsuccessful. This 
is perhaps accounted for by the fact that the lipide portion of several pyrogens is 
apparently unsaturated and can add halogen without affecting the pyrexic activity. 
Treatment of a pyrogen from 5. marcescens with tagged iodine (660) yielded an 
addition product with a stable iodine linkage. Iodination studies on a pyrogen 
from a Pseudomonas species (36) produced an iodo derivative with pyrogenic ac
t iv i ty approximating the original. 

Q U I N O N E S . Suzuki (709, 710) reported that a number of quinones were ex
tremely effective for eliminating the pyrogenicity of glucose solutions. Further, 
study on the practicality of this approach is necessary. 

R E D U C I N G A G E N T S . Pyrogenic dextrose solutions have been treated with the 
following reducing agents (708) : zinc and hydrochloric acid, zinc and sodium hy
droxide., stannous chloride, sodium bisulfite, zinc powder, t in and hydrochloric acid, 
potassium ferrocyanide, and magnesium and ammonium hydroxide. Suzuki con
cludes that these reducing treatments are not effective for destroying or removing 
the thermogenic factor. 

O X I D I Z I N G A G E N T S . Oxidizing agents appear to be effective for destroying 
pyrogens; many have been examined, including acidic, alkaline, and neutral per
manganate (708), dichromate (708), nitr ic acid (708), selenium dioxide (708), hy
pochlorite (132), and hydrogen peroxide (116, 375, 490, 718). Of these, hydrogen 
peroxide, which can be completely removed without the introduction of any new 
ions, has been most widely studied. In 1911, Hort and Penfold (375) found that 
E. typhosa and Ps. aeruginosa cells lost their fever-producing effects when washed 
with dilute peroxide. Taub and Har t (718) and Menczel (490) were able to pre
pare nonpyrogenic solutions of saline and saline-dextrose by boiling for 1 hour 
with 0.1% hydrogen peroxide. Because hydrogen peroxide has possible applicabil
ity to saline, dextrose, protein hydrolyzate, and other parenteral solutions, it ap
pears worthy of further study. 

Ultraf i l tration and Adsorptive Techniques. The most important methods of 
removing pyrogens make use of ultrafi ltration and adsorptive techniques. A wide 
variety of substances for adsorbing or filtering out pyrexic materials have been 
studied, including alumina (708), aluminum powder (164), asbestos (76, 112, 164, 
167, 168, 172, 173, 175, 270, 477, 599, 688, 736, 739, 775, 795, 831), bentonite 
(708), carbons (73, 76, 100, 101, 114, 132, 164, 218, 219, 289, 290, 356, 382, 385, 448, 
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458, 490, 559, 568, 708-710, 718, 733, 735), cellulose and oxidized cellulose (708, 
738), collodion (408), filters (bacterial and others) (100, 101, 112, 164, 167, 168, 
173, 270, 406, 477, 599, 688, 718, 736, 739, 795, 831), glass (100, 101), hydrox
ides of aluminum, copper, and iron (458), ion exchange resins (347, 356, 606, 688, 
708), kaolin (164, 734, 795), kieselguhr (708), and starch (708). Only asbestos and 
the carbons appear to have general applicability for this purpose. Co Tui 's (167, 
168, 173) pioneering work on the use of asbestos for the removal of pyrogens has 
been followed by many other publications indicating that asbestos may be used for 
removing the fever-producing materials from almost any parenteral solution. As
bestos has been used on solutions of dextrose (167, 173, 175), inul in (172, 270), pen
ic i l l in (599, 739, 775), plasma (112, 477. 599, 688), protein hydrolyzates (831), sa
line (173, 175, 736), and serum (688) in addition to water alone (168, 173). Be
cause asbestos does not have as great a capacity as many activated carbons (99, 831), 
most commercial usage probably favors the carbons*, though such depyrogenizing 
techniques are trade secrets. Carbons have been used in the treatment of water 
alone (100, 101, 382, 448, 735) as well as for solutions of dextrose (718, 735), inul in 
(270), varied pharmaceuticals (73, 76, 100, 101, 132, 289, 290, 568), saline (718, 
735), and streptomycin (385). Acid-treated carbons (290, 735) appear to be most 
widely used, but a l l carbons have as a disadvantage the difficulty of removing col
loidal traces from the treated solution. This difficulty is part icularly pronounced 
with protein hydrolyzates (36). Carbons cannot be used where the adsorption of 
the medicaments or chemicals in the parenterals is pronounced, but, as only small 
quantities are usually required for pyrogen removal, carbon is applicable to most 
solutions. 

Tests for Pyrogens 

Physical and Chemical Tests. The U . S. Pharmacopoeia (580) and Br i t i sh 
Pharmacopoeia (102) contain animal assay methods for parenterals in which the 
temperature response in rabbits under standardized conditions is used to classify 
solutions as pyrogenic or nonpyrogenic. Since the cost and time involved in the 
animal assays are considerable, more rapid and simple tests would be desirable. 
A number of workers have reported physical and chemical tests for pyrogens aimed 
at rapidly separating the definitely nonpyrogenic solutions from those that are sus
pect. A l l of these tests are actually assays indicative of contamination rather than 
true methods of determining the fever-producing substance. Nevertheless, i f 
proved acceptable, such tests could cut down the number of solutions requiring 
animal assay to a small percentage. 

B A C T E R I A L M E A S U R E M E N T S . The belief that a bacterial measurement could be 
correlated with febrile response has been proved false. A test showing the ab
sence of live bacteria in a parenteral, while certainly necessary, cannot be trusted 
to rule out conclusively the presence of pyrogens, as many sterile solutions are 
st i l l pyrogenic. Hort and Penfold (375), Seibert (652), Rademaker (592), and Pro-
bey and Pi t tman (590) have al l pointed out that a bacterial count of the water 
w i l l not indicate the quantity of fever-producing substance which is present. While 
autoclaving readily destroys bacteria, it is relatively innocuous to most pyrogens, 
and thus measurement of microorganisms in parenterals cannot be used to prove 
the absence of febrile agents. 

E L E C T R I C A L CONDUCTIV ITY . Measurement of the electrical conductivity has been 
suggested as a pyrogen test for water (164)· As any ionic substance influences 
the electrical conductivity, this test has the obvious difficulty of having many inter
ferences ; therefore, it is not utilized at present. 

U L T R A V I O L E T ABSORPT ION AT 2 6 5 0 A . Measurement of the ultraviolet absorption 
at a wave length of 2 6 5 0 A . has been proposed as a means of detecting pyrogens. 
Hat ta and coworkers (356) found that, in general, pyrogenic solutions absorb more 
strongly at this wave length than nonpyrogenic ones. However, they report that 
many solutions which gave a positive test were not pyrexia-producing in rabbits, 
while some solutions on which a negative test was obtained were found to be pyro
genic. Nucleic acids (131) absorb strongly at the wave length used in this test 
and it is l ikely that actually the constituent cellular nucleic acids are being meas
ured. In the authors' laboratory (36), a purified pyrogen from a Pseudomonas 
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species containing no nucleic acids failed to exhibit an ultraviolet peak at 2650 Α., 
while the nucleic acids separated in the purification did absorb strongly. 

C H E M I C A L A N D COLOR T E S T S . Several chemical and color tests for pyrogens 
have been suggested. The Carter permanganate test for distilled water has been 
examined by several investigators (120, 164, 568, 731). In this test, which is a 
modification of the U.S.P. test for oxidizable substances, 100 ml. of the sample is 
boiled with 10 ml. of sulfuric acid and 0.1 ml. of 0.05iV permanganate solution. I f 
the solution remains colored after boiling, presumably pyrogens are not present. 
As the test procedure does not discriminate between oxidizable substances, it can
not be used where other organic materials are present. 

Menczel (490) has offered a color test for pyrogens which is a modification of 
FeigPs (254) ferric chloride-potassium ferricyanide reaction for hydrogen peroxide. 
According to the test procedure, 100 ml . of solution plus 10 drops of a reagent 
made by combining equal quantities 0.4% ferric chloride solution and 0.8% potas
sium ferricyanide produce a blue color or tint i f pyrogens are present. The color 
is apparently given by readily oxidizable substances, but dextrose does not inter
fere i f the color is examined within 10 minutes. Menczel does not report the 
range of pyretic activity corresponding to a positive or negative reaction, but as 
this test is apparently applicable to many common parenteral solutions, i t appears 
to warrant further study. 

Several Japanese investigators (429, 708-710, 742) have reported the use of 
tetrabromophenolphthalein ethyl ester ( TBP ) for the determination of pyrogens. 
Uraguchi (742) and Suzuki (708) claim a correlation between the tetrabromo
phenolphthalein ethyl ester color test and febrile tests in animals. The same reagent 
has been used for the microdetermination of proteins (255, 398, 399) in amounts 
as small as 0.1 γ, so i t appears that what is actually being measured in this color 
test is small quantities of proteinaceous material in the contaminated solutions. 

Several other color tests have also been applied to pyrogenic materials. These 
include the following protein or carbohydrate tests: biuret (353, 543, 663, 668), 
Mil lon (353), ninhydrin (353), xanthoproteic (353), Fehl ing (356), Benedict 
(353), and Molisch (101, 164, 204, 353, 663, 668). The latter test has shown the 
most promise and probably warrants more examination, as the active factor is 
largely carbohydrate in nature. The purified polysaccharide from S. marcescens 
gives a color reaction with toluidine blue, just as heparin does (517). Determina
tions of total nitrogen (653), volatile nitrogen (592), and phosphorus (133) have 
also been employed, but without any successful correlation with pyrogenicity. 

While the physical and chemical tests are not specific for the fever-producing 
factor, certain cellular constituents w i l l always be present in a contaminated solu
tion i f they have not been removed by prior treatment. Thus, any procedure used 
to measure cellular constituents in small enough concentration may find applicabil
i ty as a screening test, provided that no interference is given by the solution 
tested. Further study of purified pyrogens may reveal specific properties on which 
determinations of the true pyrogenic factor may be based. 

U.S.P. Pyrogen Test. The increasing use of parenteral therapy in its many 
forms during the past several decades has drawn particular attention to the prob
lem of subtle pyrogenic contamination in parenteral products and the possibility of 
thermal reactions following the administration of such products to humans. To 
avoid inadvertent fever, an official test procedure, which sets minimal standards 
for product acceptability, has been adopted. 

The fundamental researches of Wechselmann (769, 770), Hort and Penfold 
(374-380), Jona (408), Penfold and Robertson (572), Seibert and coworkers 
(93, 652-657), Rademaker (592-594), Banks (29), Co Tu i and coworkers (164-
175), Walter (762-765), and Nelson (533) led to the first U.S.P. collaborative 
study on pyrogens. This study, which was described by McClosky and others (473), 
resulted in the official procedure which first appeared in the 12th revision of the 
U . S. Pharmacopoeia (579). The test involves injection of the parenteral sub
stance into the marginal ear vein of the rabbit under specified conditions and rectal 
measurement of temperature. Essentially the same test appears in U . S. Pharma
copoeia X I V (580). The latter issue contains almost 100 individual monographs on 
official injections that must meet the requirements of the pyrogen test. 
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A miscellany of limitations and requirements are specified in the official test. 
Most of these are based on well established fact; a few are not. 

T E S T A N I M A L . Bacterial pyrogens are stated to elicit temperature rises in 
men, dogs, and rabbits, but not in mice, rats, guinea pigs, or chicks (725). How
ever, in addition to rabbits, Weger (772) observed a response in mice and horses. 
Adoption of the rabbit as the standard animal in the U.S.P. test was based largely 
on the studies of Co Tu i and Schrift (169), who reported the rabbit to be three 
times less sensitive than human beings. The rabbit logically was chosen over the 
dog because it is smaller, less costly, and more sensitive. Use of the test over 
many years has demonstrated excellent agreement between clinical and laboratory 
data and has established the rel iabil i ty of the rabbit. Recent studies by Dare and 
Mogey (193) indicate the sensitivity of the rabbit can range from one th i rd to 
seven times that of man, depending upon the manner in which the test is con
ducted. 

Hort and Penfold (376) found that the guinea pig wi l l respond to pyrogens, 
but not rel iably; however, Alexander and others (5) have shown that the guinea 
pig is sensitive to a pyrogen from a Pseudomonas species and might be satisfactory 
for use in a standardized pyrogen test. Economic advantages would result from 
the use of this smaller animal, but its acceptance for the test demands additional 
experimental work to establish responsiveness to various pyrogens and to correlate 
such responsiveness with clinical data. 

R A B B I T S E L E C T I O N . The official test states that the rabbits must be healthy, 
must be maintained on a uniform diet for 1 week, and must show no weight loss. 
Ott (560) and Tennent and Ott (725) have shown that test sensitivity is improved 
by a prel iminary selection made on the basis of similarity in normal temperature 
and body weight, followed by a second selection for individual sensitivity on the basis 
of the slope of the dose-response relation and stability of the base line. 

S E X OF A N I M A L S . N O limitation is made in the U.S.P. test on rabbit sex. Ten
nent and Ott (726) used only male rabbits in evolving a quantitative assay pro
cedure. Dare (192) found that when males are used exclusively, the dosage-
response curves are higher. He (191) also tried equal numbers of male and female 
rabbits in a mixed colony but did not analyze for differences. Most other investi
gators have used v i rg in does exclusively. On the basis of present knowledge 
(319), the most consistent results would be expected from the use of rabbits of a 
single sex to avoid emotional st imuli that might disturb the labile rabbit thermo
regulatory system. 

H O U S I N G , F E E D I N G , A N D E M O T I O N A L F A C T O R S . The first U.S.P. collaborative 
study reported by McClosky (473), and the work by Welch and others (774), estab
lished the official conditions for housing test animals at constant temperature and 
humidity, in individual cages, and relatively free from excitement. Official condi
tions also stipulate that food should be withheld beginning 1 hour before the first 
temperature reading and during the entire test. The in i t ia l fasting period may 
not be sufficient (222). Kobayashi (426) has reported that rabbit temperature is 
notably affected by food, and requires between 1 and 1.5 hours for stabilization 
after init iation of fasting. Body temperature is reported to decline an average 
of 0.5° C. during the first 60 to 90 minutes after removal from the cage (505). 
Grant (319) has made part icular issue of emotional factors and their effect upon the 
test results; hormonal l inks may be involved. 

R A B B I T S I Z E . The official test specifies a minimal weight of 1500 grams for the 
test rabbits. No upper l imit is provided. Smith (687) recommends that rabbits 
he discarded when their weight reaches 4000 grams. Probey and Pi t tman (590) 
reported that rabbits weighing 2000 to 3500 grams gave much more uniform re
sults than smaller animals. Tennent and Ott (725) have shown that below 2000 
grams, animal sensitivity is lower, slope of the dose-response relation is less steep, 
and the individual variation is larger than above this weight. The most practical 
range appears to be 2000 to 4000 grams. 

N O R M A L T E M P E R A T U R E . The official specifications provides for use of rabbits in 
the temperature range of 38.9-39.8°. The average normal temperature of the 
rabbit was reported by Freund (281) to be 38.6-39.6°, by Bock (85) to be 38.6-39.9% 
by Moore (507) to be 39.4°, by Frothingham and Minot (284) to be 39.9°, by Seibert 
(655) to be 39.05°, by Kobayashi (426) to be 39.26°, and by Dorche (223) to be 
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38.9-39.7°. Under the test conditions employed in the first U.S.P. collaborative 
study (473), 85% of the normal rabbit temperature readings fell between 38.9° 
and 39.7°. It was demonstrated by Molitor and others (505) that animals with 
low normal temperatures generally respond to the injection of a pyrogenic sub
stance wi th a higher rise in temperature than rabbits wi th high normal tempera
tures. Thus, test sensitivity could be improved by using animals on the low side 
of the normal range. Hort and Penfold (375) and Probey and Pi t tman (590) 
have shown that pyrogen-free saline induces a depression in the normal rabbit 
temperature. Subtle masking of pyrogenicity of borderline medicaments dis
persed in saline could result because of the competitive effects. The true "base
l ine" temperature of such animals has been stated to be the hypothermic level ob
served in the pyrogen-f ree saline control (590). 

R E S T R A I N T . N O U.S.P. recommendation exists. W i th the use of automatic 
temperature-recording equipment, it has become common practice to secure the 
test animals in stanchions during temperature measurement. Molitor and others 
(505) employed moderate restraint and observed rectal rabbit temperatures approxi
mately 0.2° to 0.3° C. lower than those encountered when stanchions were not used. 
Similar ly , Tennent and Ott (725) employed a box confining the rabbit closely but 
not uncomfortably and reported temperatures about 0.5° C. lower. Dare (190) 
has shown that when the degree of restraint is minimal, the response is maximal. 
Dare and Mogey (193) have presented convincing evidence to show that the extent 
of restraint can alter sensitivity of the rabbit to measure threshold pyrogenicity, 
so that the rabbit w i l l appear to be one third to seven times as sensitive as the 
human to pyrogens. Grant (319) has observed that with frequent use, many 
rabbits can be trained to tolerate mild restraint without disturbance of thermo
regulation. For practical conduct of the official test, specific recommendations 
concerning the degree of restraint are needed. 

T E M P E R A T U R E M E A S U R E M E N T . The U.S.P. requires the use of a cl inical rectal 
thermometer or other measuring device inserted beyond the internal sphincter. 
Molitor and others (505) and Kuna and others (443) have observed that insertion 
of the rectal thermometer is l ikely to cause a rise in rabbit temperature reaching 
a peak in 60 to 90 seconds and returning to normal in 10 to 30 minutes. In the 
interest of economy, many pharmaceutical firms have abandoned the slow, time-
consuming, and costly method of taking temperatures with fragile, glass-stemmed 
thermometers., and have turned to thermocouples or resistance thermometers with 
automatic recording equipment instead. It is l ikely that the human error is sub
stantially decreased and that the lessening of emotional stimuli by the absence of 
handling serves to improve the quality of the test. Studies on automatic recording 
devices (223, 687, 725) indicate that thermocouples or resistance thermometers 
should be inserted to a depth of 7.5 to 10 cm. for reproducible results; official speci
fications would be improved by inclusion of this range. 

P R E T E S T . U.S.P. specifications require that four rectal temperatures be taken 
at 2-hour intervals, 1 to 3 days before use, such temperatures to fa l l in the normal 
range. Animals which have not been used for more than 2 weeks are subject to 
the same pretest. It has commonly been observed that fluctuations in rabbit 
temperature associated with handling and excitement become less pronounced as 
the animals become more accustomed to the procedure. Under conditions of auto
matic recording with restraint, additional conditioning is indicated. Tennent and 
Ott (725) have described a mock test procedure in which the number of animals 
rejected seldom exceeds 10%. It would be desirable to adopt a pretest that more 
nearly approximates the actual conditions used in the pyrogen test rather than 
the somewhat unrelated pretest now used. 

V O L U M E OF I N J E C T I O N . B y a comparison of thermal effects in humans and 
rabbits, Co Tu i and Schrift (169) concluded that to test intravenous solutions for 
human use, 50 to 100 ml. per kg. of the parenteral material must be given to rab
bits. Lees and Levvy (448) used a dose of only 20 ml. per rabbit, Welch and others 
(774) reported an injection volume of 10 ml. per kg., the first U.S.P. collaborative 
study (473) involved the use of 3 ml . per kg., and Yokoe and others (815) found 
that 10 ml. per kg. gives more accurate results than 2.5 or 5.0 ml. per kg. The 
official test specifies an injection volume of 10 ml. per kg. The slope of the line 
relating temperature rise to the logarithm of the dose has been claimed to be very 
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shallow, so that small changes in dose have little effect on the level of the response 
(687). It has been suggested that the volume of solution used in the test animal 
should be related to the volume per kilogram of body weight of the material used 
in the clinic. 

T E M P E R A T U R E OF F L U I D S . The official test specifies that the product to be tested 
should be warmed to approximately 37° C. However, Smith (687) is satisfied that 
the injection of 25 ml. of distilled water at room temperature has no noticeable 
effect on the recorded temperature of the rabbit. Engelund and Terp (242) i n 
jected solutions in the temperature range of 18° to 37° C ; identical results were 
obtained at the extremes of this range. It appears that the injection of fluids 
from room temperature to 37° should be acceptable. 

F R E Q U E N C Y OF U S E . The official test specifies that rabbits must have a rest 
period of not less than 48 hours. There is no published information on the develop
ment of tolerance in animals repeatedly receiving subfebrile amounts of pyrogenic 
materials. However, a great deal of information is available correlating rabbit 
response with repeated administration of pyrogenic doses. The conclusions differ 
considerably. Wiley and Todd (794), Weger (772), and Milulaszek and others 
(502) found no change in the response of rabbits used repeatedly. Stewart (698) 
observed an increase in sensitivity in female rabbits injected daily for 6 days, fol
lowed by a decrease. Molitor and others (505) reported a small decline in re
sponse "associated with handling and excitement" which decreased "w i th animal 
conditioning." The first U . S . P . collaborative study (473) and investigations by 
Beeson (45, 46), Grant (319), Tennent and Ott (725, 726), Dare (190), Ogasawara 
(547), Kobayashi and others (428), and Fuj i take (285) have shown that rabbits 
become refractory very rapidly. Peak refractoriness is probably attained in 7 to 10 
days (725) and original responsiveness is regained slowly. Rest periods of 3 weeks 
(725) to longer periods (190, 547) including 8 months (190) have been reported to 
be necessary. Present knowledge indicates that the official rest period of 2 days 
may be satisfactory i f the test animals do not become febrile (355); however, i f a 
parenteral product is adjudged pyrogenic, the animals used in the test probably 
should rest for 2 to 3 weeks. Further study is required on the length of time. 

A substantial amount of research has failed to elucidate the mechanism of the 
tolerance phenomenon. Perry (575) and others (45, 147, 279, 509, 537, 753, 774) 
have studied circulating antibodies, a number of investigations (46, 509) have in 
volved the functional capacity of the reticuloendothelial system, interaction of the 
pyrogen with some plasma component has been investigated (142, 246-250, 317, 
320-322, 324, 327, 328, 452, 453) and a miscellany of other studies (312, 324, 575) 
have also been conducted. 

L I M I T A T I O N S . Comparatively l ittle attention has been devoted to the problems 
involved in testing parenteral substances capable of masking pyrogenicity. The 
present test l imits rabbits to single usage for allergenic substances. Various other 
medicaments such as calcium gluconate, procaine, sodium citrate, strophanthin, 
chlorpromazine, and certain hypnotics and anesthetics (36, 135, 136, 193, 226, 358, 
791, 827) have been observed to lower rabbit body temperature, inhibit the febrile 
response, or in some manner mask the test result. False results may be obtained 
when such substances are present. 

T E S T I N T E R P R E T A T I O N . The official test states that the test is positive i f two 
or three animals show an individual rise in temperature of 0.6° or more above 
normal. If only one does or i f the sum of the rises for all three exceeds 1.4°, the 
test is repeated using five rabbits. It is positive i f two of the five show rises of 
0.6° or more above normal. Some of the variabi l i ty in the test may be associated 
with the "pass-or- fai l " interpretation given to it. Strongly pyrogenic solutions are 
readily detected, but subtle contamination may result in the administration of doses 
at or near the rabbit's pyrogenic threshold. Attention has been directed to the 
variabi l i ty in response (527) which complicates the problem of unequivocally plac
ing the borderline parenteral product in the pyrogenic or nonpyrogenic category. 
When a retest is demanded by the present specifications, only the retest animals 
are employed in appraising the result. It would seem more logical to use a l l of 
the animals. 
Q U A N T I T A T I O N . N O specification exists, but efforts have been made to place 
the pyrogen test on a quantitative basis (134, 199, 505, 560, 561, 726). Tennent 
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and Ott (725) in particular have accumulated much detailed information to estab
lish the concept that the pyrogenic response is a linear function of the logarithm 
of the dose. Conversely, Dawson and Todd (199) after a careful attempt to quan-
titate the pyrogen test by calculating correlation coefficients for a number of meas
urement pairs, concluded that temperature response in the rabbit is not an ac
curate method for quantitative assay. 

Further study of such problems as rabbit sensitivity and selection, effect of 
restraint, and the tolerance phenomenon and its mechanism would be expedited by 
the availabil ity of a pr imary pyrogenic standard (381, 526, 575). Difficulty exists 
in choosing a representative standard, as pyrogens are elaborated by a number of 
bacteria. Much is yet to be learned about the test, but the adoption of a pyrogenic 
standard and its use in several well-integrated, collaborative studies should eliminate 
many of the problems and result in a test of a more quantitative nature. The E x 
pert Committee on Biological Standardization of the World Health Organization 
has initiated a prel iminary study involving Shear's polysaccharide (S. marcescens) 
and a preparation from Proteus vulgaris to determine whether either of these could 
serve as a pyrogenic standard. 

Other Biologic Tests. Studies on experimental animals indicate that, in addi
tion to a direct action on certain target organs, small doses of pyrogens are capable 
of stimulating the pituitary-adrenal axis (420, 577). Endocrine effects have been 
observed in man and laboratory animals (200, 312, 430, 541, 782, 799). Some of 
these responses have been investigated as a means of detecting pyrogens. 

C H A N G E S I N W H I T E BLOOD C E L L C O U N T . Marked hematologic changes are ob
served upon injection of pyrogens into animals (56, 61, 86, 89, 92, 97, 130, 141, 165, 
169, 174, 199, 200, 203, 205, 211, 222, 250-252, 367, 386, 421, 455, 464, 493, 494, 
504, 510, 512, 550, 551, 590, 615, 685, 693, 694, 721, 776, 789, 799, 816, 828). 
The typical response is an in i t ia l sharp decline in the white blood cell count (a 
leucopenia) followed by a pronounced increase (a leucocytosis). The leucopenia 
usually occurs within 1 hour after injection, usually with white blood cell decreases 
of 50% or more. The leucocytosis occurs in 3 to 24 hours wi th three- to fivefold in 
creases in the white blood cell count. Various workers have recommended that the 
leucopenia (130) or leucocytosis (816) rather than temperature change be used as 
a test for pyrogens. Other investigators (59, 92, 97), however, did not find leucocy-
tic changes as reliable a guide as temperature elevation. 

While this method holds some promise as a test for pyrogens, additional work, 
including standardization of animals and methods, would be required before this 
test could attain U.S.P. status. Some of the following problems would have to be 
overcome : 

1. The decline in the white cell count is so sharp that the minimum is easily 
missed unless frequent samples are taken. 

2. The onset and duration of the leucocytosis are variable, requiring numerous 
samples to avoid inconsistent results. 

3. The choice of test animal demands further study. The rabbit, dog, and 
cat have a l l been used, leading to the following conclusions : The rabbit, which has 
been used most frequently, exhibits considerable fluctuation in its normal white 
blood cell count (222). The dog, which has a more stable white blood cell count 
baseline, does not show as great a response to pyrogens as does the rabbit (171). 
The cat appears to have a reliable baseline and responds well to small doses of pyro
gens (36 799). Insufficient work has been done on this animal to date. 

SECRETORY A N D E X C R E T O R Y C H A N G E S . Decrease in adrenal cholesterol (541) and 
lipide (541), and increase in uropepsinogen excretion (788), have been observed 
after the injection of pyrogens. The relatively high doses required to elicit these 
responses render them impractical for routine pyrogen testing. The uniform 
difficulty associated with the foregoing measurements is their lack of specificity. 
Some of the responses can be elicited by nonpyrogenic substances. It has also been 
reported that white blood cell changes do not correlate wi th temperature changes 
(199). Furthermore, the blood changes have not been studied as comprehensively 
as the febrile response, and the association between such responses in experimental 
animals and clinical acceptability of a parenteral product is not clearly established. 
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Biologic and Clinical Studies 

Although this review is pr imar i ly concerned with those aspects of the pyrogen 
problem (isolation, chemical nature, removal, destruction, detection, and quanti
tation) of immediate concern to those who produce or are engaged in the use of 
parenteral products, attention is also directed to the voluminous literature dealing 
wi th fundamental physiologic studies on pyrogens. In referring to this extensive 
literature, much of the work involving "nonspecific, foreign protein reactions" is 
deliberately omitted because of the conviction that it is v ir tual ly impossible to dupli
cate many of such materials ; hence, such information is not of practical significance. 
Most of the studies cited are concerned wi th reasonably well characterized vaccines 
or pyrogenic polysaccharide fractionation products of varying degrees of purity. 

Fever is the commonly recognized physiologic response following administration 
of a pyrogen. Attention has been directed in the discussion of the U.S.P. pyrogen 
test and other biologic test methods to characteristic changes in the white blood cell 
count, to the tolerance phenomenon, and to changes in the biochemical status of the 
adrenal gland. A miscellany of additional studies on white blood cells and other 
hematologic changes have been conducted (30, 32, 46, 58, 62, 64, 66, 70, 75, 98, 
170, 192, 193, 199, 201, 202, 206, 212, 224, 244, 246-249, 256, 274, 283, 308, 315, 
317, 319, 320, 322, 411, 413, 414, 423, 426, 439, 442, 456, 482,483, 485, 487, 489, 503, 
511, 512, 517, 549, 554, 597, 617, 644, 658, 669, 748, 752, 778, 782, 792, 793, 796, 797). 
The pituitary-adrenal axis is probably involved in the response to pyrogens, either 
v ia a generalized " a l a r m " reaction or because of a more direct effect. Studies have 
involved this system as well as other endocrine glands (162, 200, 215, 216, 312, 430, 
503, 541, 582, 597, 713, 714, 782, 784, 799, 805). A number of fundamental re
searches have been concerned with cellular and tissue changes (328, 360, 446, 522, 
523, 587, 636, 641, 700, 702, 801, 804, 805), cardiovascular changes (9, 10, 39, 86-88, 
206, 207, 449, 450, 483, 584, 721, 771, 804), metabolic effects (162, 335, 438-441, 
496, 571, 644), renal and ur inary effects (137, 161, 365, 412, 487, 635, 715, 789), res
piratory changes (233, 318, 323, 325, 326, 336, 571, 596, 799, 802), mechanism (18, 33, 
47, 57, 65, 86, 129, 140, 141, 200, 207, 279, 296, 312, 317, 320, 322-325, 335, 354, 415, 
461, 462, 542, 575, 585, 595, 596, 600, 601, 649, 689, 691, 694, 697, 701, 757, 777, 789, 
818), gastrointestinal changes (82, 170, 478, 497, 530, 532, 558), and other physiologi
cal and biochemical alterations (54, 55, 75, 141, 147, 148, 198, 243, 247, 253, 315, 330-
332, 335, 358, 397, 425, 471, 472, 596, 670, 755-757, 767, 773, 799). Microbiologic 
researches have elucidated the many sources of pyrogens listed above in the dis
cussion of isolation and chemistry. In addition, a number of investigations have 
dealt w i th the effect of pyrogens on infectious organisms both in vitro and in the 
animal body (301-303, 604, 621, 686). The influence of pyrogens on immunologic re
lationships has been a part icular ly active field (16, 19, 23, 25, 45, 48, 51, 57, 60, 62, 
75, 77, 80, 81, 86, 90, 91, 94, 105, 106, 124, 127, 142, 147, 180-183,195, 196, 203, 2089 209, 
212, 220, 229, 231, 232, 245, 248, 251, 256-258, 272, 279, 292, 294, 312, 339, 341, 357, 
369, 401, 407, 409, 416, 445, 467, 482, 509-511, 513, 514, 516, 537, 547, 551-554, 556, 
565, 627, 628, 639, 672-678, 686, 695, 703, 706, 712, 716, 743, 746, 785, 790, 808, 817, 
819, 822, 823, 825, 826). Tumorlytic action of pyrogens in laboratory animals is 
well documented. Hemorrhage and necrosis in animal tumors have been demon
strated with a number of crude vaccines as well as wi th highly purified pyrogenic 
polysaccharide complexes (8, 10, 11, 14-17, 38-44, 94, 103, 119, 180-183, 214, 217, 
228-230, 265, 286, 292, 293, 313, 339, 351-353, 390, 391, 401, 402, 410, 446, 474, 524, 
β07, 660-669, 672, 676, 677, 689, 760, 772, 780, 790, 819, 820, 822, 823, 825, 826). 
Recently, the possibility of effecting regeneration in the central nervous system with 
pyrogens aroused a great deal of research activity. A number of studies in experi
mental animals have demonstrated some structural regeneration but questionable 
functional regeneration following severance of nerve fibers in the central nervous 
system (2, 28, 128, 143-145, 277, 307, 370, 444, 463, 476, 647-649, 701, 798, 800, 803). 
Although pyrogens in the extremely low dosage required to produce a febrile re
sponse are apparently innocuous, a number of reports describe pathologic changes in 
laboratory animals (6,11, 30, 43, 63, 81, 115, 170,180-183,201,214, 216, 256, 258, 
273, 286,313, 339, 349, 391, 430, 439, 449,467, 483, 492,498,508,509, 514, 548, 555, 
582, 677, 689, 729, 730, T43; 757, 780, 820, 824). Excessive dosage or impurities 
may be contributory factors. 
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With the wide spectrum of physiologic activities associated with pyrogens, it is 
not surprising to find that they have had equally wide therapeutic application. It 
has been reported that they are effective in allergies (22, 26, 34, 259, 262-264, 266, 
314, 337, 340, 368, 404, 423, 475, 479, 589, 597, 598, 632, 639, 646, 681, 712, 759, 761, 
766, 768, 809-811, 830), dematoses (22, 138, 149, 185, 213, 259, 334, 388, 417, 418, 475, 
479, 622, 633, 679, 705, 740), certain ophthalmologic conditions (20, 113, 146, 186, 
298, 437, 538, 539, 569, 574, 751, 779), arthritis and rheumatism (122, 178, 179, 269, 
500, 501, 525, 581, 638, 650, 696, 707, 717, 740, 758), infectious diseases (1, 4, 51, 68, 
72, 117, 118, 137, 184, 213, 271. 276, 278, 287, 329, 338, 363, 364, 371. 383, ln3, 416, 
419, 424, 434, 436, 4U7, 470, A99, 509, *21. w . 5?6. r01. 621. 626: 633. 636, 643, 
671, 695, 696, 717, 722, 723, 728, 740, 744, 807, 829), cardiovascular diseases, particu
larly malignant hypertension (12, 52, 83, 95, 121, 189, 309, 310, 403, 486, 488, 562-564, 
690, 719, 720, 812, 813), gastrointestinal involvements (3, 200, 306, 387, 531, 557, 
588, 633, 634, 642, 806), psychotic conditions, especially neurosyphilis (13, 21, 26, 
29, 213, 227, 251, 252, 262, 288, 297, 304, 364, 386, 4SI, 432, 466, 480, 49^, 536, 570, 
586, 609, 614, 633, 683, 684, 699, 727, 749, 771, 781), central rervous system involve
ments, such as severed spinal cords, paralyses, and spasticities (4, 21, 26, 28, 29, 68, 
104, 118, 138, 177, 213, 278, 282, 288, 386, 403, 405, 423, 468, 484, 521, 591, 605, 610, 
621, 633, 643, 692, 740, 750, 781, 803), neoplastic diseases (24, 35, 84, 103, 139, 151-
159, 163, 176, 187, 188, 214, 235-240, 267, 268, 333, 343-346, 350, 360-362, 372, 406, 
451, 459, 460, 465, 528, 529, 545, 607, 608, 629, 630, 637, 659, 660, 71.1, 760). and 
other disorders (37, 49, 123, 316, 359, 414, 435, 491). Undesirable or toxic effects 
have been associated with pyrogen therapy by so ..e investigators (1, 50, 96, 366, 433, 
544, 707, 771). Much work still remains to assess properly the value of pyrogens in 
our therapeutic armamentorium. 

A number of review articles and symposia, which cover particular phases of the 
chemical, biological, and therapeutic aspects of pyrogens, are available (59, 104, 123, 
210, 241, 261, 295, 400, 422, 506, 529, 534, 540, 578, 614, 623, 640, 740, 741, 781, 811). 
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Using the Literature on the 
Stability of Pharmaceutical Ingredients 

RUDOLPH H. BLYTHE and MILDRED SHOWALTER ZIRKLE 

Smith, Kline & French Laboratories, 1530 Spring Garden St., Philadelphia, Pa. 

Pharmaceutical manufacturers have become increasingly aware 
of the need for early introduction of their products to the 
physician. One development problem is the stability of the 
product, and one way of speeding the solution of this problem 
is use of the literature. 

IN ew formulations constitute one of the great challenges to the pharmaceutical 
manufacturer, for problems aris ing in the development of new drugs must be solved 
quickly. This urgency stems from the need to provide the physician with new drugs 
at the earliest moment and to maintain an advantageous position in a highly com
petitive field. One of the hurdles that bar the way to prompt introduction of a drug 
is product stability, which has become increasingly difficult to achieve as products 
have become more complex. 

When several therapeutically active drugs are combined in one preparation— 
e.g., aspirin-phenacetin-caffeine, v itamin B i 2 - in t r ins i c factor—the stability problems 
are multiplied because the medicaments may react chemically with each other or in 
directly affect the stability of other ingredients. Even when there is only one 
active ingredient, it is rarely possible to prepare a stable product by simply dissolving 
the drug in a solvent. 

How Literature Can Help 

The aim here is to describe the use of the literature as an aid to solving stability 
problems—the type of data available and where and how it may be found. In de
veloping a new formula, fu l l util ization of published information helps reduce ex
perimental work on stability. 

Suppose, for example, one is given the problem of developing an oral l iquid 
mult ivitamin preparation. The skeleton formula might be something like that 
shown in Table I. 

The finished preparation must ensure uniform dosage and optimal absorption 
of the active ingredients, be acceptable to the patient and physician, and remain 
stable for a shelf life of 2 to 3 years. In developing a suitable formulation for these 
drugs, some of the problems are selection of solvents and solubilizers to dissolve a l l 
components, buffers to regulate p H , antioxidants, preservatives to prevent bacterial 
and mold growth, sweetening and coloring agents, and aromatics. Each ingredient 
should itself remain stable, and not cause decomposition of the active ingredients or 
interfere with their therapeutic efficacy. In short, stability is associated with every 
stage of development. 

Stabil ity problems may arise from a number of causes, which may be chemical, 
physical, or biological in nature (Table I I ) . 

Table Skeleton Multivitamin Formula 
Ascorbic ac id 
Th iamine HC1 or mononitrate 
N iac inamide 
Ribof lavin 
V i t a m i n B 1 2 

Pyr idox ine 
Vehicle to make 

75.0 mg . 
2.5 mg . 

20.0 mg . 
2.0 mg. 

5 γ 
0.5 mg. 

15.0 cc. (daily dose) 

198 

 P
ub

lic
at

io
n 

D
at

e:
 J

an
ua

ry
 1

, 1
95

6 
| d

oi
: 1

0.
10

21
/b

a-
19

56
-0

01
6.

ch
02

0

In A Key to PHARMACEUTICAL AND MEDICINAL CHEMISTRY LITERATURE; 
Advances in Chemistry; American Chemical Society: Washington, DC, 1956. 



BLYTHE and ZIRKLE—STABILITY OF PHARMACEUTICAL INGREDIENTS 199 

Table II. Causes of Drug Instability 
Chemical Physical Biological 

Oxidat ion Insolubil i ty Bacter al and 
Reduct ion Separat ion i u n g i contaminat ion 
Hydrolys is Loss or ga in i n Insect contaminat ion 
p H change moisture content 
Double decomposition Change i n physical state 
Racemizat ion 

The best approach to work on product stability is first to review the pertinent 
literature cn the behavior of each ingredient. One of the compounds in the tentative 
formula of Table I, ascorbic acid, may be taken as an example. The stability prob
lem he-e is decomposition caused by oxidation. This decomposition is accelerated by 
the presence of atmospheric oxygen, light, heat, and traces of copper, iron, and 
manganese. In reviewing the literature, then, one should look for any information 
on retarding or preventing the oxidation of ascorbic acid—effect of solvents, p H , 
temperature, different kinds of light, other compounds, etc. 

In approaching this problem, at least three literature sources should be con
sidered: technical data from the manufacturer, journals, and patents. If the com
pound, like ascorbic acid, can be obtained from a bulk manufacturer, technical data 
from the manufacturer may be especially valuable, as they may not be available else
where. These three sources of stability information may be supplemented by other 
sources (Table III ) . 

Tabla M l . Sources of Pharmaceutical Information 
1. Journa ls and bulletins 

Journal of the American Pharmaceutical Association 
Journal of Pharmacy and Pharmacology 
Drug and Cosmetic Industry 
Pharmaceutical Journal 

2. Patents 
3. Books 

Pharmaceut ica l chemistry and pharmacy texts 
"Remington 's Pract ice of P h a r m a c y " 
" U . S. Dispensatory " 
" M e r c k Index" 
" N e w and Nonofficial Remedies" 
Official pharmacopoeias 
"Mar t inda le ' s E x t r a Pharmacopoe ia " 

4. Pamphlets and reports 
Government reports 

5. Technical in format ion available f rom industr ia l firms 
6. Trade association scientific papers 

Proceedings of the American Drug Manufacturers Association 
7. Theses 
8. Personal communications 

What is the best way to search these sources? The reference tools most useful 
in this particular stability problem are Chemical Abstracts, Current List of Medical 
Literature, and patent abstract services. Additional ones appear in Table IV. 

Table IV. Reference Guides to Pharmaceutical Literature 
1. Chemical Abstracts (1907- ) 
2. Quarterly Cumulative Index Medicus (Q.C.I.M.) (1927- ) 
3. Current List of Medical Literature (1942- ) 
4. Jou rna l indexes 
5. Indexes to books 
6. Patent abstract services 

Chemical Abstracts 

Chemical Abstracts is the most comprehensive indexing and abstracting service, 
and by far the most useful for literature searches on pharmaceutical problems. Its 
abstract section on "Pharmaceuticals, Cosmetics, and Perfumes" is most pertinent. 
In the past few years, there has been greater specificity in the indexing of pharma
ceutical articles in the subject indexes of Chemical Abstracts. Usual ly only general 
entries are made under such headings as "Stab i l i ty , " "Pharmaceuticals/' etc.; articles 
on the stability of specific compounds are indexed under the compound—as "V i t am in 
C, stability of." 
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Headings are generally terms or names in most common usage in this country; 
for this reason, subject headings—especially drug names—may change through the 
years. Less frequently used terms or names are included as cross references. Gen
eric names are used in preference to trade names, although, i f a trade name is much 
more famil iar, articles may be indexed under the trade name. Chemical compounds 
are named and entered alphabetically; organic compounds are usually entered under 
the "parent compound," the names of the substituent radicals following alphabeti
cally. In the case of ascorbic acid one needs only to look under "V i t am in C, " but 
in many instances it may be necessary to look under three headings to locate the 
entries on a specific compound—the chemical name, the generic name, and the trade 
name. 

To locate references pertinent to the stability of ascorbic acid one would search 
Chemical Abstracts under "V i t am in C . " The subheading "stabi l i ty of" or variations 
of this should be checked first. Other subheadings to be carefully checked are "oxida
tion of," "effect of," and "antioxidants for." It is worth while to skim other sub
headings and their modifying phrases under "V i t am in C " for references indirectly 
related—for example, "compounds compatible w i th , " "pharmaceuticals contg.," and 
"poly-vitamin soin, contg." appear in one annual index. Other pertinent references 
may be found under the main headings "Pharmaceuticals," "Oxidat ion, " "An t i ox i 
dants," and "Reaction Kinet ics. " 

Index headings pertinent to oxidation and other causes of instability are shown 
in Table V . These headings or variations of them are especially helpful when 
searching Chemical Abstracts but are, of course, applicable to other indexes. It is 
also worth while to check the type compound (alkaloid, amine, ketone, etc.) as well 
as the type preparation (tablet, ointment, lotion, etc.) under study. Obviously, 
such general headings are of most value i f nothing can be found under the specific 
compound in question. 

Table V. Index Headings Pertinent to Stability Problems 
Stabi l i ty 
React ion Kinet ics , "Ra t e of K i n e t i c s " under "So lut ion , K i n e t i c s " 
Oxidat ion, Ant iox idants 
Reduction, Ox id i z ing Agents 
Hydrolys is , Heat of Hydrolys is , L ipo lys is , Ionizat ion 
Racemizat ion 
Double Decomposit ion, Degradation, React iv i ty , Decomposit ion, 

" E x c h a n g e " under " B a s e s " 
Hydrogen-Ion Concentrat ion, Ac id i t y , A l ka l i n i t y , Isoelectric Po int , 

Ac id-Base E q u i l i b r i u m 
Solubi l i ty, Prec ip i ta t ion , Solubi l i ty Product , Solutions 
Separat ion, " S e p a r a t i o n " under "Emu ls i ons , M i s c i b i l i t y " 
Water , Absorpt ion , Humid i t y , Vapor i za t i on , Evapora t i on 
Temperature, Heat , Freez ing , Re fr igerat ion 
L i gh t , " I n f r a r e d " and " U l t r a v i o l e t " under " L i g h t " 
Radiat ion, Ul t rasonics 
Ster i l i zat ion, Bacter ic ida l Ac t i on or Bacteriostat ic Ac t i on , F u n g i 

cides and Fungis ta ts , " P r e s e r va t i on " under "Pharmaceu t i ca l s " 

Current List of Medical Literature 

To locate articles too recent to be indexed in Chemical Abstracts, one can ex
amine the subject indexes of Current List of Medical Literature. This l ist is pub
lished monthly by the Armed Forces Medical L ibrary and indexes articles of medical 
interest, but does not abstract articles. Its chief value is the fact that it is pub
lished monthly, as contrasted wi th the annual indexes to Chemical Abstracts. Cumu
lative indexes are published semiannually in June and December. Chemicals and 
drugs are usually indexed under their most common function or action, unless the 
compound is in wide usage. In that case, the drug or chemical name is a main 
heading. For example, articles on actinomycin are indexed under "Ant ib iot ics , " 
whereas articles on streptomycin are indexed under "Streptomycin." As in Chemical 
Abstracts, generic names are given preference to trade names. The modifying 
phrases in Current List are usually more general than those in Chemical Abstracts. 

In searching Current List, time is gained by l imit ing the search to indexes issued 
since the last Chemical Abstracts subject index. Many of the references indexed 
under "V i t am in C " which seem pertinent to ascorbic acid stability are in journals 
that may not be readily available. Abstracts of those articles are usually published 
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in Chemical Abstracts, as they are of chemical as well as medical interest. A f ter 
selecting subject headings that seem pertinent and noting the authors of the refer
ences in Current List, the author indexes in the current year's issues of Chemical 
Abstracts w i l l give the location of the abstract. The date of the issue containing 
the abstract roughly corresponds wi th the date of the l ist ing in Current List. 

Because of the abundance of pharmaceutical data included in the Journal of the 
American Pharmaceutical Association (Scientific Edition), Journal of Pharmacy and 
Pharmacology, and Drug and Cosmetic Industry, it is a good idea to check recent 
issues. The abstracts sections of the two latter journals cover pharmaceutical 
articles, often foreign, which may contain helpful information. 

Information on Patents 

Recent patents can be covered best by using a patent abstract service. A l 
though some journals—for example, Drug & Cosmetic Industry—list by title recent 
patent issues of pharmaceutical interest, no journal other than Chemical Abstracts 
indexes and abstracts patents of this type. Services, such as Invention, Inc., w i l l 
prepare weekly abstracts of United States, Br i t i sh , and/or Canadian patents in 
specified fields of interest within 2 to 3 weeks of patent issue. Research Information 
Service prepares abstracts of German patent applications. In general, United 
States, Br i t i sh , Canadian, and German patents are the most helpful in studying phar
maceutical problems. 

This company finds that the best way to handle patent data of potential help in 
stability problems is to make reference cards as the patents and patent abstracts 
are read. For example, i f a patent describes an antioxidant for stabilizing ascorbic 
acid, cards are made to file under ascorbic acid and pharmaceutical stability. Refer
ence cards from patents, brochures, technical data sheets, abstracts and proceedings 
of scientific meetings, some unpublished data, and about 200 journals, both foreign 
and domestic, are compiled by technical personnel in the Literature Department. 
Such screening by literature specialists is a part ia l solution to the ever-growing prob
lem of keeping abreast of scientific developments. 

When studying the stability of ascorbic acid, Literature Department reference 
cards are checked and thereby the several named sources covered at once. A s the 
literature specialists prepare file cards only on information likely to be of interest 
to the company, these files are only supplemental to the published indexing services. 

Other Sources 

There are other indexing guides besides those shown in Table IV, both foreign 
and domestic, but none is known which covers only pharmacy. Pharmaceutical 
Abstracts, published from 1935 to 1947 by the American Pharmaceuticul Associa
tion, was discontinued because such a high percentage of the articles abstracted were 
also covered in Chemical Abstracts. For those who wish to find listings of indexing 
and abstracting services, volumes such as "Guide to Reference Books" by Constance 
M . Winchell , published in 1951 by the American L ib rary Association, are available. 

Ways to Improve Pharmaceutical Literature 

Although many published reports may be found on the stability of ascorbic acid, 
few or no data are available on some other stability problems—because information 
is not indexed adequately from a pharmaceutical viewpoint or because such informa
tion has not been published. To overcome this situation, there is a need for more 
publications in better form, and more effective index systems to cover these publica
tions. 

To this end, certain improvements are essential to increase the value of the 
literature on stability and other pharmaceutical subjects. 

More Data on Stabil ity. Publication of more data on basic stabil ity studies by 
those engaged in research and development is desirable, especially in industry. Per
haps 75 to 8 5 % of such papers represent investigations carried on in academic in 
stitutions, although industrial grants support much of the work. That few publi
cations of this type come from the pharmaceutical industries may perhaps be at
tributed to their understandable unwillingness to reveal aspects of the development 
of their products to competitors. Obviously, no company is going to describe how 
al l of the problems in developing a complex product were overcome, and i t is not even 
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desirable from a literature viewpoint. Instead, it is desirable to publish more data 
on the stability of each ingredient in simple systems. Such publications might in 
clude the nature of reaction, rate of reaction, and factors and compounds affecting 
the reaction. 

There is also a need for more publications on methods and conditions of stability 
testing, and comparisons of breakdown at exaggerated test conditions and "no rma l " 
conditions. 

Better Presentation of Data. In preparing material for publication, special 
attention should be given to clear, concise presentation of experimental details. 
Such a minute detail as the source of an ingredient may alter the stability of a 
preparation. Moreover, the terse economy of charts and graphs makes it possible to 
interpret data more readily. 

Descriptive Titles. Authors should select titles that describe the article, elim
inating generalities where possible. A l l too often titles such as "Ascorbic A c i d " 
make it necessary to refer to the original article to determine the scope of the paper. 
Index headings are often chosen from the information in the title of an art ic le— 
so the more specific the title, the more specific the headings. 

Better Indexing. Indexing of material should be adequate from a pharma
ceutical viewpoint. One of the major reasons the literature on stability is so little 
used is that it is often difficult to find. Indexer s must be made aware of the needs 
of academic and industrial investigators, so that better indexing of pharmaceutical 
data can be accomplished. Following are suggested ways of improving the index
ing of journals and indexing services: 

Data pertinent to stability should be indexed under the heading "s tab i l i ty " when
ever possible. For example, an article on the deterioration of ascorbic acid solutions 
was indexed in Chemical Abstracts under "V i t am in C, deterioration of soins.," but 
not cross-indexed under "V i t am in C, stability, loss of." 

More emphasis on the use of the word "S tab i l i t y " as a main heading would be 
valuable in certain kinds of searching. For example, in making a literature search 
recently to find comparisons of drug breakdown under normal and exaggerated stor
age conditions, the searcher had no specific compounds in mind, but wanted only to 
learn whether any generalizations could be made by type of preparations or type of 
compound. Because most information on stability was indexed under specific com
pounds, it was impractical to do anything but a superficial search. 

Pharmaceutical information included in articles in which the primary interest is 
in another field should be indexed. Such information cannot be located in a l itera
ture search unless it is indexed under the pharmaceutical aspect as well as headings 
related to the main aspect of the article. For instance, an article on the pharma
cology of a new drug which includes compatibility and stability data should be in
dexed under "compatibil it ies" and "stabi l i ty of" as well as "pharmacology of." 

The Special Libraries Association has already recognized that existing services 
are not adequate from a pharmaceutical viewpoint. To help meet this deficiency it is 
planning to publish a weekly abstract bulletin, giving particular attention to such 
items as formulations and stability, especially when they appear in articles de
voted to other basic interests. Articles from about 200 journals of medical, chem
ical, and pharmaceutical interest w i l l be abstracted. It has not yet been decided 
whether the bulletin w i l l be indexed. 

Dissertations. Dissertations are a source of information not ful ly utilized. 
Although complete theses have not been available generally, scientific papers based 
on work carried out as part of graduate pharmacy programs are frequently pub
lished in the Journal of the American Pharmaceutical Association. However, to 
ensure the widest use of dissertations, a central l ist ing of all titles and abstracts, 
and copies available for use, is desirable. 

"Doctoral Dissertations Accepted by American Universit ies," published annually, 
contains a l ist ing of titles, but apparently does not include dissertations from phar
macy schools and colleges. Dissertation Abstracts hss been created recently to pub
lish periodically abstracts of doctoral dissertations, title listings, and title and author 
indexes. Copies of the dissertations are available from University Microfilms, Ann 
Arbor, Mich. Since participation of the universities granting degrees is voluntary, 
cooperation is essential i f a l l dissertations are to be available. Hopefully, pharmacy 
schools and colleges w i l l cooperate, so that theses including information on stability 
of medicinal agents and other pharmaceutical problems may be freely available. 
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Another possible reference is "Facult ies, Publications, and Doctoral Theses in 
Chemistry and Chemical Engineering at United States Universit ies," printed by 
the Special Publications Department of the A M E R I C A N C H E M I C A L SOCIETY. Only 
one issue, the 1953 edition, has been published to date, and frequency of publication 
has not been established. Current publications and interests of professors are 
listed under the name of the faculty member, which in turn is found under the 
alphabetical list of colleges and universities granting doctoral degrees in chemistry 
and chemical engineering. One wi l l find it most useful i f he knows that work is 
being done in a given field in a certain university or by a given professor. 

Translations. The translation of foreign publications is often a deterrent in a 
literature review. To reduce the cost of translations, the Special Libraries Asso
ciation has set up a pool to make available translations of articles from al l lan
guages, except Russian, at a nominal fee. This S L A Translations Pool is seeking 
translations of scientific articles from government agencies, technical societies, uni
versities, and industries. The National Science Foundation has recently established 
a center for holding and photoduplicating scientific translations, with special em
phasis on Russian. In Great Br i ta in , the Asl ib "Index of Translations in the Br i t i sh 
Commonwealth" serves the same purpose. Further information on these two domes
tic translation pools may be obtained by wr i t ing : 

A crit ical review of the literature on each ingredient is of great value in solving 
pharmaceutical formulation problems. 

The most useful l iterature tool is Chemical Abstracts, because of its compre
hensive coverage of patents, as well as pharmaceutical, chemical, pharmacological, 
and medical journals. 

A literature scientist who combines famil iar i ty with the literature with ex
perience in pharmaceutical work can make the search more productive because of 
his understanding of the relatively obscure titles under which pertinent information 
is indexed and his knowledge of journals in which the stability information is in 
cluded as a minor interest, and which would otherwise escape indexing. 

The laboratory scientist needs to enlarge the literature by reporting more data 
derived from basic stability studies. Including the word "s tab i l i ty " in the title 
would make it more likely to be found in "index services" such as Chemical Abstracts. 

Emphasis on the word "s tab i l i ty " both as a main heading and subheading in 
indexing is desirable. 

. Because theses from pharmacy schools supply much useful information, they 
should be submitted to Dissertation Abstracts to make them generally available. 

S L A Translat ions Pool 
J o h n Crerar L i b r a r y 
86 Eas t Rando lph St. 
Chicago 1, 111. 

Scientific Trans la t ion Center 
Science Div is ion 
L i b ra r y of Congress 
Washington, D. C. 

Conclusions 

RECEIVED November 5, 1954. 
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Instrumentation Applied to the 
Biological Sciences 

MICHAEL KNIAZUK 

Merck Institute for Therapeutic Research, Rahway, N. J. 

Techniques of indirect measurement, made possible by the 
vacuum tube, have led to many refinements and innovations in 
methods of measuring physiological responses in the living or
ganism. These improvements have resulted not from the in
vention of new instruments, but through their application to 
measurement of biological phenomena. The older direct meth
ods of measurement, which required relatively simple equip
ment, not infrequently produced disturbing influences on the 
organ systems involved, and were slow in response and limited 
in sensitivity. The newer procedures overcome many of these 
limitations, but with a sacrifice of simplicity. Development 
of newer techniques has required close cooperation between 
the biologist and the instrumentation specialist. The tying 
together of two widely separated fields of activity is a further 
complication in the problem of exchange of scientific informa
tion. 

Scientific progress in practically every field of investigation is directly traceable to 
the development and use of a wide variety of measuring instruments. The field of 
biology is no exception, yet the need for cooperation and better exchange of informa
tion is probably most acute between the sciences of instrumentation and biology. 

Biology and instrumentation represent two highly skilled but seemingly unre
lated fields. Biology, as defined, means the science of life or l iv ing organisms. In
strumentation, as used here, means the development and application of measuring 
devices which respond quantitatively to some physical property of a situation and 
give an output which depends on this property. 

Although one field deals with the animate, the other with the inanimate, their 
dependence is evident i f we analyze one of the simplest measurements that can be 
performed—counting a total number. In this instance, the object whose property is 
being measured is treated as a discrete entity, as when the hematologist counts red 
or white cells. The microscope and the graduated slide are instruments that per
mit him to make this measurement. More recently, a television eye and a high speed 
counter have replaced the technician, performing the operation in a matter of seconds. 
Sometimes the physical property is continuous, like changes in body temperature, 
blood flow, and blood pressure, bioelectric potentials produced by the brain, heart, 
and many other organs. 

When man first started to examine the mechanism of life, he had to school him
self along the lines of phénoménologie inductive approach, as he did not know what 
factors were involved or how to measure them. Lord Kelvin's famous words aptly 
describe the situation at that t ime: One's knowledge of a subject is of a poor kind 
indeed, unless one knows how to measure quantitatively the factors involved. 

The consequence of this now famous statement is evident when we examine the 
rapid progress that was made in biology immediately following the introduction of 
biochemistry with its science of quantitative measurements. Today more is known 
about complicated chemical structures and chemical reactions within the body than 
about relatively simple physical processes. 

On the first consideration it would appear that simple physical processes as
sociated with animate matter would lend themselves readily to measurement. In-
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deed, as far back as 1600, Harvey, the father of circulatory physiology, started mak
ing systematic measurements in an attempt to correlate biological phenomena with 
physical laws. He was the first to demonstrate the circulation of blood, yet today, 300 
years later, there is st i l l no completely satisfactory method for measuring the blood 
flow in the intact l iv ing system. This research has lagged because in some instances 
it has been difficult to define the exact physical magnitudes involved, while in others 
the available principles or methods of measurement could not be applied without 
seriously influencing the system or the phenomenon itself. 

Instrumentation as a Science 

For a long time it was the responsibility of the scientist to develop and construct 
his own equipment, relying usually on the ski l l and ingenuity of a glassblower or a 
machinist. Today the ever-increasing emphasis on greater speed and sensitivity 
calls for more advanced physical methods of measurement, and the investigator, a l 
though a specialist in the phenomenon he wishes to measure, frequently cannot hope 
to attain the same degree of proficiency in building his measuring equipment, and 
even i f he were proficient in the mechanical, electrical, and optical principles that 
enter into the design of an efficient instrument, he could not take the time from his 
research to devote to instrumentation. 

Condon drew attention to this point in a speech before the Instrument Society 
of America when he said, " P r i o r to this century an analysis of the experimentalist's 
activity might have shown that the bulk of his time was spent in getting ideas and 
in analyzing the data of his subsequent experiments, while a minimum of time was 
spent in the construction of instruments. In the present period, too often the 
scientific situation is such that the bulk of his time has to be spent in devising and 
constructing his instruments." 

If the investigator of today devotes any appreciable amount of time to instru
ments, he quickly realizes that he is actually dividing his efforts between two sciences, 
his own and instrumentation. This growing appreciation of instrumentation as a 
distinct science has taken place only within the last decade, and has come through 
the realization that the problems met in designing various kinds of instruments 
have a great deal in common. Recognition of this fact is exemplified by the forma
tion of the Instrument Society of America, and the establishment at the National 
Bureau of Standards of a division of basic instrumentation devoted to the study of 
the basic problems of instrumentation (including mechanical, optical, electrical, and 
electronic) in al l the physical sciences. 

To the uninitiated it would seem that the instruments used are so various as not 
to have much in common. I f this were so, there would be no general basis to the 
science of instrumentation. That it is not so is evident from the fact that two in 
struments, designed, built, and used for entirely unrelated purposes, w i l l operate on 
exactly the same basic principle. For example, both the biologist and the engineer 
make use of the thermocouple for the measurement of temperature : one to measure 
body temperature, the other to measure furnace temperature. The instruments 
used are different in appearance but the principle employed is the same—namely, 
that two dissimilar metals, suitably joined, w i l l generate a voltage that can be re
lated to temperature. 

Although the principle may be the same, the application w i l l dictate how it shall 
be used. If the problem called for temperature measurements of venous blood, it 
would be necessary to make the sensing element very small, perhaps mount i t inside a 
fine hypodermic needle. On the other hand, the engineer's concern may not be so 
much wi th the shape and size of the element, but rather with whether the metàls 
withstand the temperature they may encounter. To develop either element re
quires a knowledge of both the principles of temperature measurement and the man
ner in which they are to be used. 

This example also serves to il lustrate a logical approach to analyzing many of 
our complex instruments. Usual ly only one part of the instrument has any bear
ing on the phenomena being measured and that is the sensing element, such as the 
thermocouple in the above example. The design of the intermediate and usually 
the greater and more complex part of the instrument, such as the amplifier, voltage 
stabilizers, and îeference potentials, depends solely on the output of the sensing ele
ment, not at al l on the physical quantity to be measured, and wi l l be the same no 
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matter in what branch of science i t is to be applied. The last part of the instrument 
depends only on the use to be made of the data the instrument provides, such as in 
indicating, recording, or controlling. 

The sensing element, or transducer, usually determines the usefulness of the 
instrument, and performs the function of translating one physical property into an
other. In measurements, the attempt is made to effect the translation so that it is 
evident to the sense of sight, which has the greatest sensitivity and resolving power. 
Fo r example, although we can sense heat or cold, we can detect small difference in 
temperature only by observing the change in length of a mercury column in a ther
mometer. In the case of the thermocouple we perform an indirect measurement ; the 
temperature change is first translated into a voltage, then magnified, and finally 
transformed into a suitable form for observation. 

Electronics 

Of late the emphasis has been more on transducers whose output is related to 
some electrical property such as voltage, resistance, capacity, or inductance. This 
permits the bulk of the instrument to be placed at some distance from the transducer, 
and through the use of electronics it is possible to attain almost any degree of speed 
and sensitivity commensurate with the transducer, and to perform such operations 
as multiplication, integration, differentiation, and many others. 

Electronics has also made i t possible to apply many of the discoveries that 
were made long ago but remained in a state of academic interest. For example, in 
1880 the brothers Curie observed that when certain crystals were subjected to pres
sure or tension electric charges were developed on definite crystal surfaces. The 
piezoelectric effect is now used in microphones, accelerometers, pressure gages, and 
vibration pickups. Electronics has also stimulated study of other materials, and 
today the same effect can be induced in certain types of ceramics that do not ex
hibit this phenomenon naturally. 

In biology, the fact that a principle of measurement is available does not guar
antee that the measurement can be performed on a l iv ing system. 

The problem of measuring blood flow, which was mentioned earlier, is exceed
ingly important whenever studies are undertaken on circulation, circulatory diseases, 
or the effect of drugs on circulation. There are many principles available for the 
measurement of l iquid flow in pipes and tubes. Without exception, al l of these 
have been applied and new ones have been devised by workers in the field. How
ever, every method used so far has certain inherent disadvantages and the choice 
depends more or less on the problem at hand and the liberties one can take with the 
system being measured. Thus, i f the vessel is accessible and can be cut, the blood 
can be by-passed through a flowmeter, such as a rotameter, and the flow read directly. 
There are also methods for measuring flow in the intact vessel; the first one was 
devised by Rein in Germany. The measurement is effected by placing two fine 
thermocouples on the vessel about 1 cm. apart and heating the vessel slightly in 
proximity to one thermocouple. Movement of the blood wi l l produce a temperature 
gradient across the two points which can be related to the rate of flow. 

However, none of these methods can be used to measure instantaneous flow, 
since the response time is slow. To measure pulsating flow an electromagnetic flow
meter is generally used. Actual ly the instrument measures the velocity of flow in a 
short length of tubing of fixed diameter inserted in the vessel, and the readings are 
then translated into flow. The principle itself is rather unique. Two small, non-
polarizable electrodes are mounted diametrically opposite each other in the tubing. 
A strong magnetic field is made to traverse the tube, and as the blood moves through 
this field a minute voltage is generated in that cross-sectional segment of blood that 
is perpendicular to the magnetic field. The resultant voltage is then amplified and 
recorded. 

More recently a method was developed at the National Bureau of Standards for 
measuring the flow of liquids in pipes by measuring the difference in the velocity of 
propagation of ultrasonic sound with, and against, the direction of flow. It has 
been suggested that this technique may be used for measuring blood flow. If it can 
be applied, the method may have some added advantages, but like the others, it is 
basically a velocity measurement and spontaneous changes in vessel diameter ruin 
the quantitative accuracy. So far there is no direct physical method which does not 
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require a surgical procedure, or which w i l l permit repeated readings to be made in 
any size of vessel, in any part of the body under normal conditions. 

Special Applications 

Frequently, neither the biologist nor the instrumentation specialist has a well 
defined notion of the underlying factors of the phenomena which are amenable to 
measurement. A n i l lustration is a sequence of developments that took place in the 
author's laboratory. 

Dur ing the course of work on vitamins the question arose, whether the lack of a 
specific vitamin would inhibit the ability of an animal to perform a prescribed task. 
The rat was the animal of choice and the task was swimming, as i t was possible to 
elicit a fa ir degree of cooperation from the animal without recourse to any secondary 
stimuli. The first measurement was merely of the length of time the animal could 
swim with a given fixed weight. In such a procedure, the end point is difficult to de
fine because the rats are clever, and as they attempt to rest or swim under water one 
may overestimate their ability and inadvertently lose valuable animals. To over
come these difficulties and provide greater versatil ity in application and reading, an 
apparatus was built that resembled a heavy-duty balance. The animal was sus
pended from one arm of this balance in a special harness, and the other arm sup
ported a mechanism which automatically adjusted a counterweight depending on the 
animal's efforts. A continuous record of the weight changes was made during the 
course of the experiment. The results were encouraging, especially as it was pos
sible to rate the individual animals on the basis of their gradually diminishing effort, 
eliminating the need for continuing the experiment to complete exhaustion. How
ever, the system had a great deal of inertia and it was felt that a better insight 
would be had into the manner in which the animal behaved i f rapid changes in 
effort could be sensed, as lack of coord-nation might bear some relation to the onset 
of fatigue. 

At about that time efforts were diverted to a seemingly unrelated problem—viz., 
development of a rapid-reading device for an analytical balance. Although differ
ing in application, the problem was basically the same—namely, measuring sudden 
changes in weight, taking into account the effect of inertia on the deflection of the 
balance. To satisfy every possible set of circumstances, it became evident that it 
was necessary to solve the differential equation decribing the motion of a balance. 
To be practical, this calculation had to be performed as soon as the balance gave 
any indication of motion, so that the information could be transmitted to the indica
tor or controller. This was finally accomplished by designing a suitable electronic 
analog computer. 

Wi th this new technique, an instrument could be designed which would not only 
determine the total energy expended by the swimming animal, but also follow the 
effort associated with each individual swimming stroke. 

In biological instrumentation examples such as the above are the rule rather 
than the exception. However, instrumentation can also serve in many other capaci
ties, not the least of which is relieving the investigator of routine chores, thereby 
allowing him more time for designing new experiments and testing new theories. 
The biologist is dealing with an exceedingly complex system and unt i l he can account 
for al l the variables and constants that he now must approximate, he is working 
with averages necessitating numerous observations. Even at this early stage of 
development, scientific instruments have much to offer in terms of automatic features, 
reliabil ity, and reproducibility as contrasted to the errors inherent in human observa
tion. 

Obviously the situation can be solved only through cooperative effort. How
ever, such cooperative effort is impeded not only by the normal restraints of time, 
money, and availability, but also by lack of understanding between the workers in 
the various fields and indeed by the lack of contact between them. A t the present 
time, as with al l new ventures, we are going through a period of adjustment. The 
situation is somewhat chaotic, part icularly in the difficulty of finding a l l the latest 
information on new measuring techniques. 

Publication 

Today only one journal in the United States is devoted solely to the field of in 
strumentation, and thp funds available to it from affiliated societies are wholly in -

 P
ub

lic
at

io
n 

D
at

e:
 J

an
ua

ry
 1

, 1
95

6 
| d

oi
: 1

0.
10

21
/b

a-
19

56
-0

01
6.

ch
02

1

In A Key to PHARMACEUTICAL AND MEDICINAL CHEMISTRY LITERATURE; 
Advances in Chemistry; American Chemical Society: Washington, DC, 1956. 



208 ADVANCES IN CHEMISTRY SERIES 

commensurate with the activity in the field. However, certain journals such as the 
Review of Scientific Instruments and the Journal of Laboratory and Clinical Medicine 
are devoting sections to methods, techniques, and physical instruments for the 
biologist. Much valuable scientific information is being disseminated through publi
cations, bulletins, and house organs of manufacturers; they contain bibliographies, 
special hints and unusual uses, and other guides of value in the application of the 
instrument to special problems. On the other hand, reports of physicists, electronic 
specialists, and other nonbiologists who have been interested in the application of 
their findings to biology are scattered throughout the literature in various branches 
of physics, electronics, and biology. In an effort to provide a common meeting 
ground for the exchange of just such information, the Institute of Radio Engineers 
recently formed a professional group on medical electronics and at present this group 
is providing the only organized activity of its k ind in this v i ta l field. 

Biophysics 

To bridge the gap between physics and biology, a new science is gradually coming 
into its own—biophysics. A t the present time this science does not have an estab
lished domain nor a generally accepted curriculum of prescribed education, because 
physics borders on practically every field of biological specialization. The biophysi-
cist may be expected to be better versed in instrumentation, but it is no more his in 
tent to devise his own instruments than it would be for a biochemist or a physical 
chemist. However, i f the science of biophysics can find expression through its own 
journal, i t may provide a more logical central repository for information on in
strumentation than any other branch of biology. 

Communication Problem 

A t the moment, there is perhaps no real solution available and al l that one can 
do is to explore the nature and the magnitude of the communications problem. This 
problem is vast, and of a somewhat different nature than that of communications 
within a single science or specialty. More technical bulletins, papers, journals, etc., 
are not an adequate solution. A f ter a l l , communication is dependent, in the last 
analysis, on the interest of the recipient and on his abil i ty to understand. The 
biologist interested in blood flow, for example, has no interest in , nor understanding 
of, the necessary instrumentation and has neither time nor inclination to read in 
strumentation journals, nor would they help him much i f he did, as the language 
and approach are quite foreign to his field. 

The problem of communication between the biologist and the instrumentation 
worker is one of increasing importance and growing priority. Lack of means of 
bringing al l the scattered information together w i l l defeat the ultimate purpose of 
scientific wr i t ing, as was so well put by MacDonald, who said, " B y the interchange 
of information today's work can begin where yesterday's ended; one need not do 
again today what was well done yesterday." 

RECEIVED November 5, 1954. 
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Abstract and Index Services in the 
Pharmaceutical Field 

WINIFRED SEWELL, ANNE McCANN, and IRENE KELLY 

Library, Squibb Institute for Medical Research, E. R. Squibb & Sons, 
Division of Olin Mathieson Chemical Corp., New Brunswick, N. J. 

Existing abstract services of great importance to the pharma
ceutical industry are Chemical Abstracts and the Current L 
of Medical Literature. Both save many hours that would 
otherwise have to be spent by an individual organization, but 
there is room for improvement in the length of time between 
the appearance of the journal and the appearance of abstracts or 
titles from it, coverage of periodicals of interest to the phar
maceutical industry and of pharmaceutical aspects of the 
articles indexed or abstracted, indexing of items of pharma
ceutical importance, and the time required for indexing in the 
individual library. British Abstracts of Medical Science 
Chemisches Zentralblatt, and Quarterly Cumulative Index 
Medicus are also helpful. 

In the highly competitive pharmaceutical field awareness of al l published work is 
essential. L ibrar ians need to be able to provide their clients with chemical, phar
macological, toxicological, or clinical publications on any drug as soon as they appear 
and at any subsequent time. To meet this need a great many libraries in pharma
ceutical companies and colleges of pharmacy provide one or more special services. 
They may circulate tables of contents, prepare and distribute abstracts, or maintain 
an index of current periodical articles. Yet each kind of service is available from 
one or more of the existing publications which index and abstract pharmaceutical 
material. Why, then, do individual l ibraries find i t necessary to go into the expen
sive business of duplicating or supplementing work that is being done elsewhere? 
What do the existing publications lack? To answer that question is the purpose 
of this paper. 

Services which compile information from published sources may be grouped 
broadly into "news" and "reference" types. The news type would include com
pilations that keep the individual scientist informed of current developments with
out special concern for his being able to locate the information when i t is needed 
later—for instance, F-D-C Reports and Drug Trade News. The reference type 
would be defined as publications that systematically provide for finding information 
retrospectively. If it appears promptly enough, the reference type of publication 
may also be a source of news for the scientist. 

There are a number of lists which include both broad and specialized abstract
ing and indexing services of pharmaceutical interest (3-8, 12). They should pro
vide a basis for extensive studies. It has been necessary to l imit the present paper 
to currently published reference services useful in broad areas of the pharmaceutical 
field. 

List of Services Studied 
Biological Abstracts (BA), Union of American Biological Societies, Philadelphia, 

1 9 2 6 to date. Monthly. Annua l subscription, $ 5 0 . 
British Abstracts of Medical Sciences (BAMS), London, January 1 9 5 4 to date. 

Monthly. Annual subscription, $ 3 0 . 
Chemical Abstracts (CA), A M E R I C A N C H E M I C A L SOCIETY, Easton, Pa., 1 9 0 7 to date. 

Semimonthly. Annua l subscription, $ 1 5 to members of the Society, $ 6 0 to 
nonmembers ( 1 9 5 5 ) . New rates w i l l be in effect in 1956 . 
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210 ADVANCES IN CHEMISTRY SERIES 

Chemisches Zentralblatt (CZ), Akademie Ver lag, Ber l in , and Ver lag Chemie, Wein-
heim, 1830 to date. Weekly. Annual subscription, $76. 

Current List of Medical Literature (CLML), Armed Forces Medical L ibrary , Wash
ington, D. C , 1941 to date. Monthly. Annua l subscription, $12. 

Excerpta Medica (EM), Amsterdam, 1947 to date. Monthly. Published in 16 sec
tions. Annual subscription, $260; price per section varies, $10 to $45 a year. 

Quarterly Cumulative Index Medicus (QCIM), American Medical Association, Chi 
cago, 1927 to date. Cumulative volume published semiannually. Annual sub
scription, $20. 

Since the discontinuation of the Squibb Abstract Bulletin in 1952, the Squibb 
L ibrary staff has been examining other publications to see whether they can replace 
the bulletin or i f supplementary l ibrary indexing or abstracting is required. Con
sequently the studies here reported have been made over a 2-year period and 
are not always strictly comparable. In general, the following points have been in 
vestigated for each publication: (1) interval between publication of the original 
article and its appearance in the abstracting or indexing service; (2) interval be
tween publication of the original article and its coverage by the indexes of the 
service; (3) coverage of periodicals of interest in the pharmaceutical field; (4) 
coverage of individual articles of interest in the pharmaceutical field; and (5) ade
quacy or inadequacy of the indexing from the pharmaceutical point of view. 

For many parts of this study a basic list of 16 journals has been used. Br i t i sh , 
French, German, and American journals were selected and the variety of subject 
fields represented is believed to be typical of the basic interests of the pharmaceutical 
research scientist and clinical worker. 

Pharmacology (4) Journal of Pharmacology and Experimental Therapeutics; 
Journal of Pharmacy and Pharmacology ; Archives inter
nationales de pharmacodynamic et de thérapie; Archiv 
fur experimentelle Pathologie und Pharmakologie 

Biochemistry (2) Journal of Biological Chemistry; Comptes rendus des 
séances de la société de biologie 

General science (1) Science 
Medical science (1) American Journal of the Medical Sciences 
Clinical medicine Journal of the American Medical Association; American 

( including Journal of Medicine; Archives of Internal Medicine; 
specialties) (8) American Journal of Obstetrics and Gynecology ; Presse 

médicale; Deutsche medizinische Wochenschrift; Schwei-
zerische medizinische Wochenschrift; British Medical 
Journal 

Interval between Publication and Abstracting 

In this discussion the date on the journal is used for original articles rather 
than the actual date of issuance. The resulting time lags between pr imary publica
tion and abstracting or indexing may Le somewhat large, but they cancel out in 
comparisons. 

Current List of Medical Literature is more prompt with respect to subject in 
dexing than any other publication being considered. Not only is an article indexed 
by subject and author in the same monthly issue in which it is listed, but a cumu
lated subject and author index appears semiannually. The July-December 1953 
issue was received in the Squibb l ibrary early in June 1954, and the January-June 
1954 index was received early in September. In the Ju ly 1954 issue (received Ju ly 
1, 1954), 40 (3%) of the journals indexed were dated less than 3 months previously, 
16% less than 4 months previously, and 48% less than 6 months before. Of the 
journals indexed, 211 (18%) were dated December 1953. 

A check of the 16 selected journals shows that the Ju ly 1954 issue of Current List 
of Medical Literature covered A p r i l issues for the British Medical Journal, Journal 
of the American Medical Association, and Archives of Internal Medicine. March 
issues of a l l of the other seven English-language journals were indexed, except for 
the Journal of Biological Chemistry (February 1954). The dates of the five foreign-
language journals included are: Presse médicale, January 9-February 20, 1954; 
Schweizerische medizinische Wochenschrift, January 2-30, 1954; Deutsche medi
zinische Wochenschrift, January 15, 1954; Archives internationales de pharmaco
dynamic et de thérapie, October 15, 1953; and Comptes rendus de la société de biolo-
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gie, August-October 1953. Archiv fur experimentelle Pathologie und Pharmakologie 
was not represented. In short, 9 of 16 important journals were dated less than 4 
months previously. 

The July-December 1951 Quarterly, Cumulative Index Medicus was not re
ceived unti l August 10, 1953. Of the selected journals checked (American Journal 
of the Medical Sciences, Journal of Pharmacology, Journal of the American Medical 
Association, Journal of Biological Chemistry, and Science), November 1951 issues of 
a l l were indexed by author and subject and even the December 29 Journal of the 
American Medical Association was included. The time lag between appearance of 
journal and of indexing in these instances was 19 to 20 months. 

The proposed monthly subject index to Chemical Abstracts would immeasur
ably improve the reference usefulness of this very valuable publication. A survey 
of the coverage of the selected journals in 1951 revealed that abstracts of articles 
from January 1951 journals appeared fa i r ly promptly for the Journal of Biological 
Chemistry (mostly by May 25 and al l by September 25) ; Journal of Pharmacology 
( Ap r i l 25 and May 25) ; Journal of Pharmacy and Pharmacology (June 10) ; 
Archives internationales de pharmacodynamic (mostly May 10, and 17 of 18 by 
August 10) ; and Science (February 25 to June 10). Some papers from Archiv fur 
experimentelle Pathologie und Pharmakologie appeared in the October 25 Chemical 
Abstracts; Comptes rendus de la société de biologie had 31 of 60 papers abstracted 
between Ju ly 10 and November 10; American Journal of the Medical Sciences had 
7 of 12 papers abstracted in the November 10 issue; and 3 of 10 papers from the 
Archives of Internal Medicine were abstracted in the June 10 issue. A t the time of 
this work, the 1952 indexes were not available, although a subsequent check in some 
cases produced no added references. The other selected journals were so spottily 
covered that dates of abstracting would have little significance. 

A count of every fourth column of the Ju ly 10, 1954, Chemical Abstracts (re
ceived Ju ly 28) showed 358 abstracts from 1954 journals and 346 from 1953 or earlier. 
Though this suggests an average interval between publication of article and of ab
stract of about 7 months, the "Organic Chemistry" section contained in the columns 
checked only one abstract of a 1954 paper, whereas there were 8 abstracts dated 
before 1953 and 31 for 1953. In the Ju ly 10, 1954, issue substantially a l l organic 
chemistry patents abstracted had been published between May and August 1953; 
there were four foreign-language patents from 1952. Among the 1952 abstracts 
was one on degradation of Aureomycin from the Journal of the American Chemical 
Society (Chem. Abs., 48, 7594a). It seems a shame that the l ibrar ian may have to 
wait unt i l the fa l l of 1955 before locating it in the Chemical Abstracts subject index. 
The 1952 subject index was received in September 1953 and only half of the 1953 
subject index had issued by August 1, 1954. This means that at present from 8 or 9 
to 20 or 21 months must be added to the time lag for abstract issuance to obtain a 
figure for time between appearance of a journal and of the subject index covering 
abstracts from it. Author indexes appear in each issue of Chemical Abstracts and 
their annual cumulation is fa i r ly prompt. 

Biological Abstracts was found in an excellent survey done at Johns Hopkins 
(2) to have, for United States journals, an average interval between publication of 
article and publication of abstracts of 0.66 year with a range from 0.36 to 0.95 year 
for "author-abstracted" journals and an average interval of 0.9 year with a range 
from 0.63 to 1.66 years for "non-author-abstracted" periodicals. These figures agree 
closely with the study of lags between dates of journals on the selected l ist and pub
lication of abstracts in Biological Abstracts. Though the surveyors seem reason
ably well satisfied with this record, i t is not fast enough for pharmaceutical l ibraries, 
part icularly since the latest subject index, for 1950, was received in September 1953. 
Here 33 to 45 months must be added to the article-abstract interval to obtain time 
between article publication and indexing in Biological Alstracts. Monthly and an
nual author indexes are being received promptly. 

Intervals between article and abstract or indexing publication for Excerpta 
Medica vary with the different sections. It is sometimes difficult to determine when 
a given article was abstracted, because one cannot be sure in which section or sec
tions i t has been included. The American Journal of the Medical Sciences and 
Journal of Pharmacology for Ju ly 1951 have been checked in al l sections; for the 23 
abstracts located 18 appeared in the first half of 1952, mostly in A p r i l or May ; one 
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appeared in July , two in August, and one in December of 1952, and one in May of 
1953. This suggests a time lag of from 9 to 12 months, occasionally ranging to a l 
most 2 years. The A p r i l 1954 issue of the new Section X V I (Cancer) abstracted 
only four articles for 1954 against 248 for 1953 and 26 for 1952. Though the month 
of the periodicals abstracted was not indicated, the issue number was given. The 
highest percentages of 1953 journals were from issues numbered 3 or 4, a fact which 
indicates that many March and A p r i l journals were covered. 

Subject indexes for 8 of the 15 sections published throughout 1953 had been 
received before Ju ly 1954; one of the others had been indexed through June 1953; 
four through December 1952; Section III (Endocrinology) through December 1951; 
and Section II (Physiology, Biochemistry, and Pharmacology) through June 1951. 
Time lag between journal publication and indexing might therefore be anywhere 
from 9 months to 5 years, with the average interval probably closer to a year. 
Author indexes are published monthly. 

Chemisches Zentralblatt appears to restrict its coverage closely to chemical 
journals, so that abstracts of articles from many of the periodicals on the selected 
list were found lare ly or not at al l . Of 20 articles from the February 1953 Journal 
of Biological Chemistry checked through the June 23, 1954, author index, five ap
peared in September, seven in November, three in December 1953, one in January 
1954, and four not at al l . The "Pharmaz ie " and "Pharmakologie" sections of the 
June 23, 1954, issue carried only one abstract from a 1954 journal (February) , 38 
from 1953 (of which 18 were published in September and October), 24 from 1952, and 
one from 1951. The first th ird of the "Prâparative organische Chemie (Natur-
stoffe)" section, however, contains six 1954 abstracts along with fourteen from 1953 
and seven published earlier. This indicates an average lag of 9 or 10 months be
tween journal and abstract publication. The most recent subject index received in 
the Squibb l ibrary is for 1951; the second half arrived in February 1954. The over
al l indexing lag is therefoie considerably greater than for Chemical Abstracts. 
Though each issue includes an author index, the cumulative author index for 1953 
was not received unti l Ju ly 15, 1954. 

The new British Abstracts of Medical Sciences was started in January 1954, with 
a considerable interval between primary article and abstract publication. Of the 996 
items in the Ju ly 1954 issue (received August 5), 754 were from 1953 periodicals, 203 
from 1954, and 39 from 1952. Though month of issue was not given, it is obvious 
that a large portion of this material is more than 7 months old when received. As no 
indexes have appeared, coverage of specific issues of journals could not be checked. 

Coverage of Periodicals of Pharmaceutical Interest 

To study coverage of journals of pharmaceutical interest available lists of 
periodicals indexed or abstracted were checked against "Un ion L is t of Periodicals 
in Pharmaceutical L ibrar i es " (11)- Twenty-three of the 25 industrial l ibraries 
whose holdings are listed are in the United States and the other two are in Canada. 
Though the list is natural ly weighted in favor of English-language and North 
American journals and colleges of pharmacy are not represented, it is a working 
guide to journals actually being used in the pharmaceutical field. A l l periodicals 
known not to be current were eliminated and every fifth page of the "Un i on L i s t " 
was checked against the fol lowing: 

L is t of Periodicals Abstracted by Chemical Abstracts wi th Key to L ibrary Fi les 
and Other Information (Chemical Abstracts, Columbus, Ohio, 1951) [Also 
published with 1951 indexes]. 

Journals Abstracted in Biological Abstracts. Biological Abstracts, 28, i i i - x x i x 
(May 1954). 

L is t of Journals Indexed. Current List of Medical Literature, Cumulated Sub
ject and Author Indexes, 24, i - x i i (July-December 1953). 

L is t of Journals Indexed. Quarterly Cumulative Index Medians, 51, 65-78 
(January-June 1952). 

United Nations, Wor ld Health Organization and Education, Scientific and 
Cultura l Organization. Wor ld Medical Periodicals (Paris, W H O and 
U N E S C O , 1953) [Checked for items covered in Excerpta Medica only]. 
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Table I. Overlapping of Journal Coverage by Abstracting and Indexing Publications 
Numbers in columns indicate the number of journals indexed i n the publ icat ion at the top of the column 

and i n a l l other publications which have the same number i n the same cross column. 

Only 1 service 

(43) 

CA QCIM CLML EM Total 

2 services 
(38) 

services 
(20) 

24 
2 
2 
4 

24 
2 
2 
4 
1 
2 
2 
1 

4 services 
(26) 

D services 
(39) 

1 
2 
5 

16 

39 

142 

1 
2 

5 

2 

39 

16 
2 

80 

5 
16 
2 

2 
5 

16 
2 

82 

N o t covered i n any l ist checked 

1 
2 
5 

16 
2 

39 

166 

58 

224 

Of the 224 current journals on the 38 pages of "Un ion L i s t " checked, 39 were 
included in al l five of the above lists, 26 in four, 20 in three, 38 in two, 43 in one, 
and 58 in none. A breakdown by individual services is given in Table I. The 58 
periodicals not on any of the services' lists are classified as follows : 

Miscellaneous county medical society South Amer i can journals (2 med
or medical c l inic journals 11 ical and 2 pharmacy) 4 

Nat iona l , state, or regional phar Infrequently issued society proceed
macy journals 10 ings 2 

House organs 6 Regional hospital journals 1 
Current scientific news organs 4 Pharmaceut ica l education journals 1 
Abst rac t ing journals 4 Chemical journals 1 
Veter inary journals 4 Miscellaneous journals 10 

The miscellaneous 10 were business, statistical, or l ibrary journals which one 
would not expect to find. In spite of the fact that these 58 journals could not be 
claimed to represent g lar ing omissions, we al l know isolated cases of the appearance 
of important papers in obscure journals. 

Coverage of Individual Articles 

A l l signed articles from the tables of contents of medical and medical science 
periodicals checked were included in the Current List of Medical Literature. The 
nonphysiological items from Science were, of course, omitted. The Current List of 
Medical Literature also includes obituaries and some editorial, legislative, and or
ganizational material. No letters or abstracts of meeting papers were found. 

Quarterly Cumulative Index Medicus also included a l l signed articles from the 
medical journals checked (July 1951 issues of American Journal of the Medical 
Sciences and Journal of Pharmacology and Ju ly 7, 1951, Journal of the American 
Medical Association). The only special sections covered, however, were obituaries 
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and the more important announcements from the American Medical Association 
Councils. The inclusion of signed articles from the Ju ly 6, 1951, and November 30, 
1951, issues of Science was selective. A veterinary article on treatment of dairy 
cattle with cortisone and A C T H was not there. Neither were items from the "Com
ments and Communications" section, although some of them had physiological im
plications. No abstracts of meeting papers were found. The basis for selection by 
the Quarterly Cumulative Index Medicus of items from the July 1951 Journal of 
Biological Chemistry is hard to trace. Generally physiological articles were in
cluded and those on syntheses of chemicals were not, even though the syntheses 
were biological. But why was an article on the metabolism of hypoxanthine desoxy-
riboside in animal tissues left out when one on the metabolism of Furac in by in
cubation with mammalian tissues was taken? Twenty-one of 49 articles in this 
issue were indexed. 

Excerpta Medica appears to have rather complete coverage of medical and 
pharmacological journals. The herculean task of checking al l author indexes cf 
every section up to date was accomplished for two journals, the Journal of Phar
macology and American Journal of the Medical Sciences, both for Ju ly 1951. Three 
of the 26 papers were not found, two from the Journal of Pharmacology (on lactones 
in treatment of experimental trypanosomiasis a~d the metabolism of labeled salicylic 
acid), and one from the American Journal of the Medical Sciences (on a diagnostic 
pu'monary artery pulse pressure counter). 

Chemisches Zentralblatt was checked through June 23, 1954, for inclusion of 
articles in 1953 issues of a few journals. The propjrt ion of articles found to those 
checked was: February 1953, Journal of Biological Chemistry, 16 of 20; January 2, 
1953, Science, none (an abstract from a later issue was noticed) ; January 1, 1953, 
Archives internationales de pharmacodynamic, 5 of 21; Volume 217, No. 1 (1953) of 
Archiv fur experimentelle Pathologie und Pharmakologie, one of 1.0; and January 
1953 Journal of Pharmacology, none. In three cases, although the articles being 
checked did not appear, a similar one by the same author but from another journal 
had been indexed. 

When the 16 journals on the selected list were checked against the Chemical 
Abstracts index, it was found that, like the other services, it does not include refer
ences to abstracts of meeting papers. Otherwise al l papers from the January 1951 
issues of English-language pharmacology and biochemistry journals were in the 
1951 index. The only omission from Archives internationales de pharmacodynamic 
was a paper titled "Autonomic innervation of the udder in sheep and cows," scarcely 
something one would expect to find in Chemical Abstracts. Volume 212 of Archiv 
fur experimentelle Pathologie und Pharmakologie for late 1950 and early 1951 was 
more spottily covered; and about half the papers in the January 1951 Comptes rendus 
de la société de biologie were abstracted. Six of 11 papers from the January 5, 
1951, Science were found. Those omitted were in the fields of botany, biology, geol
ogy, and radiology. For the January American Journal of the Medical Sciences 7 of 
12 articles were abstracted. A study on coexistence of cirrhosis of the liver and 
glomerulonephritis was omitted, while papers on liver biopsy and localized paroxysmal 
hyperhidrosis were included. 

Though al l the clinical medicine journals on the selected list are on the " L i s t of 
Periodicals Abstracted in Chemical Abstracts," only two of the January 1951 issues 
from this group were represented in the 1951 Chemical Abstracts index. Of 11 
papers in the January 5, 1951, Deutsche medizinische Wochenschrift, a single one 
(on tetany and the gonads) was noted. For the Archives of Internal Medicine the 
pattern of selection for the three papers found was hard to detect. Papers ab
stracted included those on diagnostic and therapeutic use of radioactive iodine, while 
one of the seven omitted was on diabetes precipitated by drugs. A review on gastric 
changes in pernicious anemia was published in two parts; the section subheaded 
"Physiology" was indexed, but that on "Pathology" was not. Nor were the omis
sions from the six other clinical journals readily explainable. In the British Medical 
Journal an article entitled "Investigation of the Properties of Isopropyl Chloride" 
was not indexed. Similar ly, "Raised Blood Pyruvic Ac id Level in Diabetic Acido
s is " was not included, though "Effect of Implantation of Tablets of Insulin on 
Normal and Alloxan-Diabetic Rabbits" by the same authors in Lancet [260, 143-6 
(1951)] was abstracted A p r i l 10, 1951. " O r a l Use of Cortisone Acetate," by E . W. 
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Boland and Ν. E . Headley [J. Am. Med. Assoc., 145, 8-11 (Jan. 6, 1951)] was not 
abstracted, though Boland's review article on cortisone and A C T H published in 
California Medicine [72, 405-14 (1950)] was included. Among American Journal of 
Obstetrics and Gynecology papers disregarded were studies of the vasomotor prop
erties of Methergine; hyperestrogenism and its therapy; postspinal anesthesia head
aches; and radioactive iodine for hyperthyroidism. 

The survey of Biological Abstracts directed by Bentley Glass of Johns Hopkins 
(2) indicates that its record for complete coverage of the journals included is poor, 
even though the articles are in the biological field. Percentages of articles not ab
stracted during the period 1947 to 1949 from some journals of pharmaceutical in 
terest are: Archives of Biochemistry, 13.9%; Circulation (Volumes 1 and 2), 7% ; 
Journal of Investigative Dermatology, 69.1%; and Comptes rendus de la société de 
biologie, 69.1%. The surveyors point out that in some cases errors in the index may 
have led to the belief that an article was not abstracted when i t actually was, an 
observation which would apply equally to studies of other works. As they state, 
however, " an error in the index that prevents a searcher from finding the abstract 
of an article is essentially equivalent to the failure to abstract i t . " 

In the present study, which was done before the Hopkins survey became avail
able, selection of articles from January 1949 journals for Biological Abstracts was 
compared with that for the Squibb Abstract Bulletin. Most of the papers covered 
by the latter were also covered by Biological Abstracts. Seven of eight articles 
from the Journal of Pharmacy and Pharmacology which were included in the 
Squibb Abstract Bulletin, however, were not found in the 1949 Biological Abstracts 
index. Similar ly , three articles from the Journal of Pharmacology, three from the 
Journal of the American Medical Association, two from the British Medical Journal, 
three from Archives internationales de pharmacodynamic, and one each from Science 
and Journal of Biological Chemistry were omitted by Biological Abstracts but in
cluded in the Squibb Abstract Bulletin, an average of about 10 items having been 
checked for each journal. 

Adequacy or Inadequacy of Indexing 

As would be expected, the emphasis of the Current List of Medical Literature 
in its indexing does not always coincide with the point of view of a pharmaceutical 
house. Sorre time ago 40 articles were checked for indexing in Volume 21 cf the 
Current List of Medical Literature (January-June 1952). Although there have 
been changes and improvement since then, the general practices discussed here ap
pear to remain the same and should be kept in mind when using the earlier indexes. 
Some examples from the Volume 21 index are therefore used. In recent indexes 
items on therapy of tuberculosis with streptomycin are al l under both "Tuberculosis" 
and "Streptomycin," an improvement over earlier indexes, in which one must check 
both places for complete coverage. 

The Current List of Medical Literature indexes from the article itself rather 
than from the title. Because emphasis is placed on diseases and pathologic condi
tions, a drug that may appear to be relatively unimportant in an article is not always 
indexed. Though the insulin heading is used in the Volume 21 index, two papers 
were not found under it. They discuss the citric acid cycle in tissues of normal and 
diabetic rats and of alloxan-diabetic rats treated with insulin (21, 38358), and the 
effect of insulin hypoglycemia on alimentary hyperglycemia (21, 38364). A n article 
(21, 38324) on the synthesis of radioactive fatty acids in vitro and its hormonal 
control is under "Hormones, effects," " F a t t y acids, metabolism," and "L iver , metab
ol ism" only, although the specific hormones, insulin, anterior pituitary growth hor
mone, and cortisone are a l l of pharmaceutical interest. 

Inconvenience and occasional errors are caused by the frequent use of class 
headings for drugs rather than specific ones. A n article (21, 37949) on the use of 
N-allylnormorphine (nalorphine) in methadone poisoning was under "Morphine, 
therapeutic use in methadon poisoning" without mention of nalorphine. Two other 
articles on nalorphine in Volume 21 were under "Morphine, derivatives." In Volume 
24 (July-December 1953) nalorphine is more properly indexed under "Morphine, 
antagonists," but there are no cross references from "Normorphine, iV-al ly l - , " " A l l y l -
normorphine," "Nalorphine, " or 'W-Al ly lnormorphine." 
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Throughout the index more cross references would be he'pful. The Volume 
24 index, for instance, carries a cross reference from "Testosterone" to "Androgens" ; 
but, although articles on methylandrostenediol are found under "Androgens," there 
are no cross references from "Methylandrostenediol," "Androstenediol, methyl-," or 
any of 17 trade and generic names for the drug. 

The chemist may wonder at the consistent une of "Coumar in " as a synonym for 
"D icumaro l " [3,3'-methyleneb.s (4-hydrcxyccumarin) 1. It also seems a little in
consistent to index isonicotinic acid hydrazide under "Nicot inic acid isomers" but to 
put nicotinaldehyde thiosemicarbazone under "Tniosemicaibazones" wi th subhead
ings f ; r "/3-pyridire aldehyde" or "nicotinaldehyde" interspersed among various sub
divisions covering other thiosemicarbazones. There are no cross references from 
nicotinaldehyde or its parent. Incidentally, u ider nicotinic acid isomers, the sub
heading "therapy, tuberculosis" is frequently used without mentioning the hydrazide, 
although it seems likely that the hydrazide was used in a l l cases. 

Like the Current List of Medical Literature, the Quarterly Cumulative Index 
Medicus indexes under diseases and pathologic conditions. But the difficulties in 
using its index are different. The Quarterly Cumulative Index Medicus uses cross 
references liberally, to the po :nt whe_e they interfere considerably with rapid refer
ence work. In order to have a complete list of the Banthine references for J u l y -
December 1951, one must check under eight separate headings, such as "Col i t is , 
ulcerative," "Peptic ulcer, therapy," and "Herpes zoster," totaling about 14 columns 
of fine print. For this effort, one comes up with 23 references. In the case of " S k i n , 
diseases," only ore reference was found in the 3V 2 columns referred to. The diffi
culty of repeating a citation under every heading to which it applies is obvious, but 
some sort of numerical reference for each item might save the user unnecessary 
effort. 

Drug indexing is less specific in Quarterly Cumulative Index Medicus than in the 
Current List of Medical Literature. Whereas the Current List has a separate head
ing for Banthine, in Quarterly Cumulative Index Medicus curarizing agents, hypo
tensive drugs, and antibacterials as well as Banthine are intermixed under the head
ing "Ammonium compounds, quaternary ammonium compounds." The Current List 
of Medical Literature separates this conglomeration by using "see also" references 
from "Ammonium compounds" to "Antiseptics, quaternary ammonium" and to "Tet-
raethylammonium." No mention is made of the heading "Muscle relaxants," how
ever, where hexamethonium compounds are found. Nor can they be found by check
ing "Hexamethonium." There is a cross reference to "Muscle relaxants" from 
"Methonium compounds." 

In checking the Quarterly Cumulative Index Medicus the following omission of 
a secondary drug was discovered and it was subsequently found not to have been 
brought out in other services either. One of the cross references from "Methanthe-
l ine " (Banthine) is to "Sweat glands, diseases," where one article mentioning Ban
thine is cited. A user would not recognize the article indexed there, "pranta l 
(quaternary ammonium compound) in treatment of hyperhidrosis" [Nelson, L. M. , 
J. Invest. Dermatol., 17, 207 -8 (October 1951) ] as one which also contains informa
tion on Banthine. Yet not only had two patients treated with Pranta l been previ
ously treated wi th Banthine, but four who failed to respond to Pranta l were given 
Banthine, two being relieved. The same article is in Volume 21 of Current List of 
Medical Literature, where a cross reference from "Banth ine " to "Parasympatho
ly t ics " is used and i t appears under the subhead "therapeutic use, hyperhidrosis, 
pranta l , " again without mention of Banthine. It also appears in the January 
1953 Excerpta Medica, Section X I I I (item 107) , in which a four-line abstract merely 
mentions number of patients, dosage, and side effects for Pranta l , and states that 
results were uncertain; it was indexed under "Hyperhidros is " but not under either 
drug, though "Banth ine " occurs as a heading in this index. It was not found in the 
1951-53 author indexes to Chemical Abstracts, nor in the 1951 author index to 
Chemisches Zentralblatt. Biological Abstracts has no subject index for that period. 

The subject index to Chemical Abstracts is extremely useful, as a chemical ap
proach pinpoints an individual drug in a way in which the indexes discussed thus far 
do not. A l l of 12 articles from the Journal of Pharmacology, Journal of Pharmacy 
and Pharmacology, and Journal of Biological Chemistry examined are adequately 
indexed by drug. Fo r an article on pharmacology of analgesics i n rats, Chemical 
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Abstracts uses seven specific drug entries, though not the general heading "Analge
sics." Because it has entries for the disease treated as well as for the drug used 
in therapeutic articles, it is unfortunate that there are so comparatively few such 
articles. Though Chemical Abstracts cross references were found to be good, there 
w e e none for methylandrostenediol from "Androgens" or any generic or trade name 
known to the two headings used in the 1952 subject index, "Androstenediol, methyl-" 
and "5-Androstene-3p, 170-diol, 17a-methyl-". 

Biological Abstracts lies somewhat closer than Chemical Abstracts to the medical 
indexes in its approach to drugs. A n article on three new antihistaminic thenyl de
rivatives of β-dimethylaminoethylpyridine (Biol. Abs., 23, 15127), for instance, was 
indexed under "Histamine, antagonists, thenyl-ethylenediamine derivatives as , " 
but not under "Thenyl , etc." or under such likely entries as "Pyr id ine, derivatives" 
or "Ethylenediamine, derivatives," although the last two headings were used for 
ether items. A curious inconsistency in Biological Abstracts' cross references is its 
placing of an article which in the title refers to 2-methyl-l,4-naphthoquinone (Biol. 
Abs., 23, 15162) under "V i t amin K 3 " rather than with the other one under "Naphtho
quinone, 1,4-, 2-methyl-," to which there is a "see also" reference from the former 
heading. For an article which discussed the use of Benadryl in four cases of nausea 
and vomiting due to streptomycin (Biol. Abs., 23, 15055) in which Ant is t in was 
subsequently substituted with effectiveness in one of the cases, no mention was made 
of the use of Ant i s t in either in the abstract or in the indexing. This article was not 
indexed under "Histamine, antagonists," but merely under "Diphenhydramine" 
(Benadryl) and "Streptomycin." One cannot complain of Biological Abstracts' 
disease indexing. Of the three headings in the 1950 index under "Hetrazan, in 
treatment of filariasis," a l l are under "F i l a r i a s i s . " Though only one has the sub
heading "therapy with Hetrazan," the other two are subheaded "therapy with pipera-
zine compounds." 

Chemisches Zentralblatt has a great many headings under trade names of drugs 
as well as under their common names. There is no heading in the 1951 subject i n 
dex under " F i l a r i a s i s " or "F i l a r i c s i s , " although the entry under "He t razan " indi
cates that there are two papers on its use in the treatment of filariasis. Trade and 
common names are listed under such headings as "Arzne imi t te l " and "Droge," as well 
as directly. In its subject index, Chemisches Zentralblatt does not often index under 
the chemical name, relying instead on the formula index to bring out specific chem
icals. 

For Excerpta Medica only four section indexes for 1953 and one for 1951 were 
studied. Those for 1953 approach "catch-word" indexing more closely than any 
of the other indexes examined. For an article which was indexed under " P A S , in 
tolerance" in Section X V (Tuberculosis and Pulmonary Diseases), an extra heading 
"Intolerance to P A S " seems useless to anyone famil iar with systematic indexes, as 
it is the only "Intolerance" entry used. One would find an article on the isopropyl 
hydrazide of isonicotinic acid only through the use of imagination and possibly a 
bit of free association, because the heading under which it is placed, "Isopropyl acid 
hydrazide," happens to follow alphabetically a cross reference from "Isonicotinic 
acid hydrazide" to " I N H . " 

Inconsistency between sections is to be anticipated. In Section X V (Tuberculo
sis and Pulmonary Diseases), such headings as "Bronch ia l , " "Pulmonary, " etc., 
stand alone in the main alphabet without further explanation, a practice which 
would not be possible in other sections. The only general observations on cross 
references possible are that there is no consistency between sections and there are 
not enough. 

It was painful ly easy to find omissions of drug entries. A paper on effects of 
streptomycin, P A S , and T B 6 on blood coagulation (Excerpta Medica, XV, 6, 2144) 
appears under both "Blood, coagulation" and "Coagulat ion" but not under any of 
the individual drugs. In Section V I (Internal Medicine) there is a heading under 
"Diseases, Besnier-Boeck, treatment wi th streptomycin-PAS." Under "Streptomy
c i n " a corresponding citation is found, but not under " P A S . " In Section X I (Oto-, 
Rhino-, Laryngology) there is a heading "Ot i t is media, dipenicil l in treatment," but 
the article is not under "Pen i c i l l i n " and no "D ipen i c i l l i n " entry was found. 

Different articles on the same drug were found under different headings in Sec
tion X I I (Ophthalmology) where both "Compound F " and "Hydrocortisone" are 
used with no cross references to show they are the same. Entr ies and their sub-
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divisions are frequently so broad that al l must be looked up to ensure a complete 
search. Cross references under "Streptomycin, and I N H , " "Streptomycin, and 
P A S , " and " I N H , streptomycin and P A S " in Section X V al l say "see also under 
Combined therapy." Under "Combined" there are five references with no mention 
of the specific drugs. A heading "Chemotherapy" has only the subheadings " i n t b " 
and " i n tb, general" for the 15 citations given. 

In contrast, the late-appearing index for Section II of Excerpta Medica (Physi
ology, Biochemistry, and Pharmacology) is excellent. There are individual entries 
for drugs under their chemical names, using Chemical Abstracts practices, or with 
cross references from the chemical name to the trade or generic name used. Papers 
are indexed both by drugs used and by their physiologic or pharmacologic effects. 

Discussion 

Though many of these observations are random and some counts undoubtedly 
atypical, the study has made it possible to change impressions from subjective to 
objective ones. 

Current List of Medical Literature is the most prompt of a l l , both because of its 
3- to 4-month lag in coverage of important English-language journals in the field and 
because of its monthly subject indexes. Considering their promptness, these indexes 
are very well done. But their lumping together of groups of drugs and occasional 
inconsistencies in nomenclature make them difficult and time-consuming to use. 
They do not index a l l articles under the drugs used. Only about two fifths of the 
current journals received in pharmaceutical l ibraries are covered, and certain kinds 
of articles such as abstracts of meeting papers are omitted. 

Quarterly Cumulative Index Medicus has a minimum time lag at present of 19 
to 20 months between publication of an article and receipt of its index. Though its 
coverage of the medical journals on its periodical list is thorough, i t includes only a 
little more than a third of the journals received by pharmaceutical l ibraries, and it 
omits most items other than signed scientific articles. Defects in its index are: 
Cross reference is made from a drug to general headings, where perhaps only one 
pertinent entry wi l l be found in several columns; drugs are collected into even 
broader classes than those in the Current List of Medical Literature; and individual 
drugs used in a study are sometimes not indexed at a l l . 

Chemical Abstracts is fa i r ly prompt with respect to abstract publication, though 
not consistently so. Its average article-abstract lag for important English-language 
journals is about 5 months. Its record of inclusion on its periodical l ist of two 
thirds of the current journals from the "Un i on L is t of Periodicals in Pharmaceutical 
L ibrar i es " means very little because relatively few therapeutic items are abstracted, 
even though they appear in listed journals. Its subject index is most complete and 
easiest and quickest to use of a l l those studied, but its relatively late appearance is 
regrettable. 

Chemisches Zentralblatt is an excellent abstracting publication, but use is 
hampered by the very late appearance of its index. Its point of view is least clinical 
of the publications studied. The time lag between publication of an article and of 
its abstract varies greatly, but may average about a year. Its index seems accurate 
and systematic, the formula index supplying information on specific drugs. But 
it does not index disease therapy. 

Excerpta Medica is most difficult to use as a single reference work because of 
its issuance in sections. The article-abstract interval is perhaps 9 or 10 months, 
but the subject indexes for half of the sections appear promptly. The prompt-
appearing indexes are least reliable of a l l those studied, while the one for Section 
II, which appears late, is excellent. The service covers only a little more than a 
th ird of the periodicals received in pharmaceutical l ibraries and does not cover a l l 
medical science items in them. 

Biological Abstracts has an average time lag of 0.66 to 0.9 year between article 
and abstract publication, and its index appears later than that of any other service 
studied. Specific drugs are frequently lumped into groups in the index and are 
sometimes not indexed at a l l . It includes on its periodical list about two fifths of the 
periodicals currently received in pharmaceutical l ibraries, but the actual inclusion of 
articles from these journals is very inconsistent. 
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British Abstracts of Medical Sciences is so new that i t has issued no index or l ist 
of periodicals covered. The only study made was for time lag between journal and 
abstract publication. It is unfortunate that it has started with an article-abstract 
interval of considerably more than 7 months. 

Other studies to fill out the picture might examine the pharmaceutical emphasis 
of individual abstracts in the publications here investigated as well as services in 
special subject fields. 

Conclusions 
The authors are impressed by the frequent excellence of the services studied for 

the purposes for which they are intended. However, no single service is adequate 
for reference work in a pharmaceutical l ibrary, and even a combination of al l of them 
is not sufficient. 

Inadequacies. Even the best of them is far from prompt enough in its indexing 
to provide answers to many of the questions which are received daily. A maximum 
of 2 weeks is necessary between appearance of article and of index in order to avoid 
supplementary work in individual l ibraries. 

In order to have a reasonable coverage of a l l journals of interest a l l services 
should be checked, and even then there wi l l be omissions. 

No single service lists most of the important pharmaceutical papers. Chemical 
Abstracts, Chemisches Zentralblatt, Biological Abstracts, and to a lesser extent 
Excerpta Medica omit some important pharmaceutical papers occurring in journals 
they are listed as abstracting. 

Many peripheral items of interest are not listed by any of the services studied. 
The most important class is the abstracts of meeting papers, where important new 
work is apt to appear. 

The grouping together of drugs by class makes use of the medical and biological 
indexes time-consuming, but the chemical indexes, which list drugs individually, 
cover comparatively few therapeutic articles. 

The combined use of a l l services does not ensure finding al l important published 
information on a drug. Though some of the omissions cited are minor, the fact that 
so many were found readily indicates the probability of many more. 

What can be done about these inadequacies? For some time possible answers 
have been studied (1, 9, 10). It is hoped that this study w i l l stimulate interest in 
establishing a pharmaceutical service or making an existing service more adequate 
to the pharmaceutical field. In the meantime, a recognition of their advantages and 
limitations should increase efficient use of the existing services. 
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Aids to Progress in Research 

JANE F. CLARK 

Patent Department, Abbott Laboratories, North Chicago, Ill. 

A questionnaire survey by a particular company indicates the 
need for up-to-date methods of abstracting and distributing 
patents and patent literature. A valuable procedure is pre
sented for setting up a patent abstract file to aid the research 
chemist and to keep abreast with current United States and 
foreign patents. 

T h e future of patent research presents itself as an important factor in the growth 
of every technical corporation, and as such, it has been the topic of several excellent 
literature articles in recent years. 

Bakalar (1) states: "The corporate or house patent department is a service 
uni t . . . . The patent department is obligated to perform the following tasks : to stimu
late research and accelerate development programs as by predigested patent surveys 
and by the segregation of usable know-how in patents ; to post management, in timely 
fashion, on competitive efforts and trends based on subject information." 

F r a n k l (3) indicates that " i t should, therefore, be one of the functions of a com
pany's patent department to develop for the research department a quick but thor
ough orientation in the rapidly changing patent situation by acting, so to speak, as a 
commentator on the daily news as offered by the Patent Office." 

Krase (k) related in a recent article that "regular reading of new patents is an
other important factor in stimulating the flow of new ideas in research groups. . . . 
Appropriate classes of these patents should be ordered and made available by the 
organization, and research chemists should be encouraged to read these with the 
same diligence that is devoted to current chemical periodicals. By faithful atten
tion to this branch of chemical l iterature a practical knowledge of developments by 
competing companies can be acquired." 

Timeliness 

Clearly, the stress is on timely commentaries. Previous experience of prede
cessors and supervisors of this author has shown that within a research, develop
ment, and production group, while located within several city blocks of each other 
and al l served by the same house distribution system, patents reached the last name 
on their circulation lists sometimes six months to a year after leaving the corporate 
patent office. The percentage of loss was proportionally increased by the length of 
time required to complete the circulation, and the need of recalling the patent for 
special demands was fraught with delay and troubles, often necessitating the pur
chase of additional copies or costly photostats. New personnel added to circulation 
lists increased the circulation time required, and it was difficult to bring new per
sonnel up to date in any field. 

In addition to problems thus faced by the corporate patent department, the prob
lems arising for the chemist were further mult iplying. The importance of follow
ing patent material for its news value was lost, for, faced wi th the need of keeping 
up with their own and other interests, many research personnel subscribed to patents 
cataloged by the former system within this department under 20 or more categories. 
A system can in no way compensate for the valuable time spent by the chemist and 
management in reading or even attempting to read the volume of material routed 
to them. 

221 
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Reading Tests or Survey 

Results of adult reading tests given personnel, in connection with reading im
provement courses being conducted under company sponsorship, showed that the 
over-all reading speed average (before training) was less than 300 words per min
ute, more like 275 words per minute. A random check of ten patents recently ab
stracted by this service showed the patent to average 2236 words while the corre
sponding abstract contained 108 words. A l lowing approximately 10 to 15 minutes 
maximum time for preparing the original abstract, and 5 to 10 minutes for the copy 
work by clerical help, the chemist's expensive time is left open for creative research 
and the less valuable time of clerical help carried the burden which was multiplied 
100 times as each single abstract served its purpose. Thus, the "reluctance which 
many chemists show to study patents" as described by F r a n k l (3) in his article 
grew, and the need for a new system was given emphasis. 

Company Dissemination of Patent Material 
To put a new system into effect, letters were sent to several pharmaceutical and 

allied firms inquir ing about their experiences in dissemination of patent material. 
The response was most grati fying. 

Almost every concern seemed to be interested in this problem. Of the dozen 
companies whose responses have been completely studied, and who agreed to allow 
this author to use their opinions and cite their procedures at w i l l in this presenta
tion, only two subscribe to extramural patent abstracting services, and in each case 
the material thus obtained is carried to some extent by their own l ibrary information 
bulletins. 

The publication of an information or abstract bulletin, however, seemed to be 
unanimous. In several cases, particularly where the technical l ibrary staff handles 
both the literature and patent material, the regular bulletin may contain data cover
ing new accessions by the l ibrary in both bound and periodical form, as well as cur
rent literature references and new patents, and may not differentiate between the 
listings of literature and patent references under broad subjects of interest to per
sonnel concerned. The publication dates of the majority seemed to be weekly, 
with special supplementary lists issued monthly i n some cases. In one case where 
no bulletin is published, weekly memos concerning eight to ten patents keep the 
president and key technical personnel abreast of happenings in fields important to 
the growth of their interests. In one case, the abstracts for the United States 
patents are circulated as copied from the Gazette weekly as the patents are ordered, 
and telephone requests are taken to be filled when the desired patent is received. 

Because the literature emphasized the value of patents in relation to reflections 
of competitive efforts, it was surprising to find that two firms either definitely stated 
that they did not cover patents other than United States, or failed to mention or 
show any reference to foreign issuance. Contrary to this, this organization sub
scribes to ten foreign periodicals or services covering foreign listings, wi th special 
attention to specifications even though not yet available in Austra l ia and South 
A f r i ca . As such items appear they have a special l ist ing, by country, at the end 
of the weekly Patent Abstracts under the heading Foreign Applications Pending. 

As hoped, several suggestions were received for the improvement of this com
pany's publication as a result of the correspondence. Several sources suggested the 
use of perforated paper, card stock, or individual slips which could be sent for sep
aration by the chemist himself, or separated by l ibrary or patent department clerical 
help and only items of specific interest distributed to interested personnel. This 
suggestion as yet has not been followed by this group, but another one, that of clearer 
divisions of the subject groupings and the setting forth of the patent numbers, has 
improved the appearance and usefulness of this publication. 

Questionnaire 

In the company's original letter a question was included with regard to the value 
of such a project from a cost standpoint and in personnel satisfaction. In almost 
every case, special comment was made by those directing this type of work as to the 
value, not so much resulting from an extensive time-cost analysis, but from the 
enthusiastic response, the development of interest with education on patent use, and 
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the cheap source of information, especially during the interim between the publica^ 
t ion of the corporate Patent Abstracts and such standard sources as Chemical Ab
stracts. Coupled wi th these comments came such remarks as "files used a l l of the 
t ime" and "feel that publication is regularly studied," which further encouraged the 
setting up of the present system. Encouraged by the fact that only one company 
replying felt that such a program was inadvisable for it , and that even this company 
found some type of a system specifically suited to each and every branch or division 
widely scattered throughout the United States, the following program was 
established. 

Wi th reference to some of the responses received, Mathys (5) can be quoted in 
support of this system : " It is seldom necessary or even desirable for anyone looking 
for technical information to read the claims at a l l , " while, "the title ; this is not very 
instructive and although sometimes used in libraries for classification purposes, i t is 
wholly unsuitable for that purpose." 

Suggested Program 
Each periodical is entered in receipt by the order clerk and is quickly checked 

for possible items of interest which are called to the attention of the chief patent at
torney or one of his legal assistants. Items on this l ist are marked as order, P A , A , 
or C. The periodical is then returned to the order clerk, who proceeds w i th 
the order from her source. Items marked P A are for Patent Abstracts, without 
order. Pink number cards are made for these for the number file, and the white 
subject cards are used to prepare the next Patent Abstracts issue using the 
title with inventor, assignee, etc. If others feel the necessity of seeing such items, 
they may be ordered at their request, and standard white number (order) cards are 
prepared. 

Items bearing an A designation are given white subject cards only, and as such 
go directly into the 3 Κ 5 subject card file to be used i n the future in event of a 
search. These are usually foreign items of which the United States, Br i t i sh , and 
Canadian patents are already on file, or subjects which at present are not being fol
lowed in a definite program within the laboratories, but are under extensive work by 
competing manufacturers or may come into use at a later date in the opinion of 
attorneys. 

The C cards are reserved only for foreign pending applications not yet avai l
able, and are kept in a separate file on the desk of the order clerk, who watches for 
these numbers i n subsequent "Open to Public Inspection" listings. Such card ar
rangement, once prepared, is infinite. Often i t is of advantage to cul l out a l l cards 
on a subject which is of interest only to a few. By the use of a bibliographic type of 
arrangement, three to six carbon copies may be made by an unskilled typist and 
a selected subject list is given to specific personnel for their laboratory files. This 
part icularly pertains to material such as covered by the A cards. This system pro
vides an opportunity to reach a l l pertinent subject matter and at the same time to 
publish effectively al l items of general interest, with essentially the same techniques, 
enabling the staff to publish specific lists for definite purposes wi th a minimum 
amount of effort. 

Ordered Items 
As the ordered items are received, they are first sent to the abstractor, where 

they receive the subject headings and the abstract card is typed. Based on previous 
experience with subject headings, and faced wi th the possibility of employing per
sonnel without technical background for such a position, the company's pharma
ceutical interest is emphasized and the "p r imary " subject headings are in the utility 
category whenever possible. A t this point the idea followed is that expressed by 
Bennett (2) : " I t is not unusual for any specification to be classified under five or 
more headings." 

The primary headings are typed in red, five spaces from the upper left-hand 
corner of the first line of the 3 Κ 5 subject card, and also on the upper right-hand 
corner of the patent itself. The first l ist ing is the subject under which the 3 Κ 5 
subject card with the full abstract is found, and also the subject of the vertical file 
wherein the patent remains whenever not in use. Also, on the first line at the upper 
right-hand corner of the subject card is the country of issuance and the patent 
number. 
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Classification 
The second line, at the outer left-hand margin of the card, bears the secondary 

subject heading. This point has been of greatest value in this work for present 
and future search efforts. This secondary subject is in almost al l instances chemi
cal, adapted from the company's very simplified Beilstein system. Wi th in this 
system this organization does not follow the proper Beilstein idea of last possible 
place, but tries to establish the most important place. Also*, no differentiation is 
made between aliphatic and aromatic as in the ketones, since from the pharma
ceutical point of view they are received in the same manner. Large groups—such 
as the amines—are broken down into primary, secondary, tertiary, and quaternary, 
but the halides are grouped as such. 

On the third line of the card, five spaces in , the title of the patent appears in 
capital letters. This title is followed directly by the abstract in parentheses. To 
obtain this abstract, attention is called to the section of the patent known as the 
specifications. Frequently, key sentences are copied verbatim. Often the chemical 
formula is depicted and the R substituents listed. Where possible, synthesis meth
ods are suggested and any relationship between trade-marked compounds or com
monly used compounds is pointed out. The existence of charts or tables is men
tioned and in the case of patents dealing wi th apparatus the number of pages con
taining drawings is cited. 

A t the end of each abstract, two lines down and even with the left-hand margin, 
appear the country of issuance and the patent number. Directly below this is 
(are) the inventor(s) . In the center of the card, on the same line as the patent 
number, appears the assignee, and below that the date of granting. 

Cross references are brought out to the left-hand margin under the inventor (s). 
Cross reference cards follow the same form, omitting the fu l l abstract and putting 
in its place in parentheses (See also, pr imary heading). 

Completed cards are attached to the patent and are sent to the chief patent 
attorney, who regards this as an opportunity to see a l l incoming patents and to 
l imit the scope of abstracts selected for publication. Those cards set aside at this 
point are filed directly in the subject card file, and do not appear in the Patent 
Abstracts publication. This procedure allows the chief patent attorney to tai lor 
the publication to suit the needs of the research staff and their most current i n 
terests, without interference with the scope of the card index and serves as a means 
for preventing the publication from becoming needlessly voluminous. The cards 
are then returned to the general clerical worker who makes the important cross-
reference cards and puts a l l subject cards into the box marked " for P A . " 

Patent Bulletins 
Weekly Patent Abstracts bulletins are prepared from the cards within this 

box. The cards are arranged alphabetically in large subject groupings: anti
biotics., enzymes, etc. F rom this arrangement, the stencil for a current circulation 
of 175 to 180 subscribers is prepared. 

When the stencil has been proofread, the cards are placed in the box to be filed. 
The subject files into which these cards are put form the backbone of this system. 

Other authors often have cited the value of such files, and as Bennett (2) states, 
"the hardest and possibly most common type of investigation that a searcher makes 
is a subject-matter search." Schaler (6) indicates that such "search procedure in 
a specialized industry can be simplified and shortened immeasurably by use of a 
highly flexible subject index system . . . and accumulated cards . . . form a series 
of continuous searches on the class subjects," while "routine abstracting and index
ing keeps these collections constantly up to date." 

Filing Rules 
Aga in accepting the fact that for nontechnical personnel a strict ly chemical 

filing system would be hopeless, the cards are filed according to the following rules : 
1. Alphabetically according to primary subject. 2. Alphabetically within 

the pr imary heading by secondary heading, leaving cards wi th no secondary head
ing to come first. 3. Alphabetically by country of issuance under these headings, 
wi th the exception that the United States patents come first. 4. Numerical ly 
under the country, with application numbers preceding patent numbers, and the 
highest numbers being at the end. 
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Operation of System 
The value of the system, at present about one year old, is becoming clearer 

every day. A recent request for a Belgian patent was checked subjeetwise and the 
corresponding Br i t i sh equivalent was found already to be in the company's pos
session, thus satisfying the reader as to a point of interest. Another day, a reader 
wished to know i f there were any patents of a part icular corporation available on 
compounds related to a certain well-known pharmaceutical compound. A knowl
edge of the chemical formula of the pharmaceutical compound was a l l that was 
necessary to locate a South A f r i can patent available in the files under hypnotics, 
cross-referenced under anesthetics and anticonvulsants., a l l bearing the secondary 
subject "alcohols" and entitled "unsaturated tert iary carbinols and their esters and 
lower a lky l ethers, etc." by the specific corporation, together wi th the date of issue 
of the patent. 

Owing to the demand, two lists are now issued by this method. Irregularly, the 
weekly abstract bears the bold face heading Apparatus and Special Techniques 
Issue. A s befitting a pharmaceutical house in general, and Abbott Laboratories i n 
particular, this l ist contains nothing but items pertaining to transfusion apparatus, 
containers for medicinals, the preparation of capsules, ampoules, etc. This l ist 
does not circulate as widely, having only 65 to 70 subscribers on its distribution 
list, but it has also received enthusiastic response and effectively separates the two 
largest fields of interest—the preparation of medicinals and their marketable as
pects. 

Statistics 

The regular l ist has a circulation of 175 to 180, and the apparatus l ist has a 
following of 65 to 70. Of the 24 issues published during 1953, the average number 
of pages was 13.5; the average number of patents cited was 45.5; from 6 to 25 
different people responded to a single l ist indicating the desire and need to see from 
9 to 71 specific items. Many subscribers say that they often find the answer to 
their immediate needs within the abstract itself, and that they save specific ab
stracts in personal files for future requests or reference. 

Future Prospects 

Future evaluation of this problem of the dissemination of patent information 
w i l l doubtless lead to new approaches as the establishment of this program and 
the correspondence leading thereto has already proved for this organization. 
Specific problems arise in each and every field of endeavor. In the fast developing 
field of scientific l iterature, to say nothing of the increasing volume of patents is
sued, a panacea is unlikely to be developed very quickly and certainly not without 
the efforts of many and the failures of a few. 

These efforts have improved the immediate position and have alleviated to 
some extent a pressing need, felt by valuable scientific personnel, to carry the 
burden of increased demands upon their time. Present and future uses of such a 
versatile system, capable in many ways of being carried on by semiskilled personnel, 
while serving the needs of a variety of technical personnel, can scarcely be fath
omed, but efforts made toward improvement w i l l doubtless prove their worth. 
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Pharmaceutical Patents in Foreign Countries 

LEONARD J. ROBBINS 

Langner, Parry, Card & Langner, New York, Ν. Y. 

Practices in foreign patent offices with respect to pharma
ceutical inventions are compared with those of the United 
States Patent Office. This paper reviews the various com
plex factors affecting pharmaceutical patents with details for 
drafting of foreign specifications and claims to secure full 
protection for pharmaceutical inventions. 

There is not likely to be disagreement with the general proposition that the financial 
health of a pharmaceutical manufacturer in these competitive days depends largely 
on efficient research, which results in the creation of new inventions, and their 
protection by United States patents. Successful research is costly and often can be 
adequately sustained only by an increase in production and sales, so that pharma
ceutical manufacturers are turning more and more to foreign markets as a supple
ment to their basic United States markets, and in some instances are making products 
specifically intended for foreign requirements. The various needs in foreign coun
tries for United States products and know-how are so great that there is l ittle doubt 
this trend w i l l continue and grow. In spite of the uneasy political situation, dollars 
are usually made available for pharmaceutical purchases. Foreign patents to pro
tect activities abroad are therefore becoming of increasing importance to the 
United States pharmaceutical manufacturer. 

Pharmaceutical Research and Foreign Patents 

Three principal reasons for obtaining foreign patents are as assurance of the 
prima facie r ight to maintain imports, as a source of revenue from licensees, and as 
protection for manufacture by subsidiaries or affiliated companies. 

Problems, and often difficult ones, also begin when foreign patent applications 
are contemplated. Any invention which is not patented in a foreign country can 
be used freely by foreign competitors. Also, a l l United States inventions cannot be 
protected in al l foreign countries. The practical solution must lie between these 
extremes. The United States pharmaceutical manufacturer who is active abroad 
should therefore have a definite foreign patent policy for consideration and evalua
tion of inventions, so that those of importance can be protected abroad in an orderly 
manner—if, where, and when desired. 

Publication and Use, and Timing of Foreign Filing 

Executives in charge of a company's foreign patent policy, even though not 
responsible for detailed handling, should have some acquaintance with essential 
differences between United States and foreign patent laws and regulations, and 
also the international arrangements which a United States applicant can use. 
Inventors and clinical investigators in the pharmaceutical field are usually anxious 
to publish their results as soon as possible, and sales managers are eager to ship 
new products to their distributors. But such publication and use may automatically 
destroy the possibility of securing val id foreign patents. There are many sad 
examples of rushing into print in haste, and repenting at leisure. 

F i r s t and foremost, no publication or commercial use should take place before 
the United States patent application is filed; although harmless under the United 
States patent law for one year, this in general is not so in any other important 
country except Canada. Secondly, after the United States application has been 
filed, decisions concerning foreign filing, when to release publication, and when to 
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permit use must be made at appropriate times i f fu l l benefits are to be secured in 
the foreign field. 

The International Convention, which permits the benefit of the United States 
filing date to be claimed in a foreign country within one year, irrespective of any 
intervening publication or use, is of course a vast help—and most important coun
tries are members of the International Convention. (This is one of the few inter
national treaties which has survived two wars and is universally applauded as a 
sensible arrangement.) There is also the Buenos Aires Convention, having similar 
pr ior i ty provisions, to which the United States and a number of La t in American 
countries belong, and which is of use in those not belonging to the International 
Convention. In addition, the Interdominion Arrangement among the Br i t i sh 
group enables a Canadian filing date to be claimed within one year in India and 
Pakistan, which are not yet members of the International Convention. However, a 
few important countries, mostly in La t in America—such as Argentina and Chi le— 
are entirely outside these mutually protective arrangements. It is true that some 
of these permit patents of confirmation, whereby a patent can be obtained corre
sponding to an issued patent in another country, irrespective of any publication, pro
vided there has been no use within the country. However, in view of the wide
spread international distribution of pharmaceuticals, it may not be safe to wait for 
a patent of confirmation. 

The United States pharmaceutical manufacturer is almost always in a serious 
dilemma when considering foreign filing and balancing costs against potential ad
vantages. It may take several years after the filing date of a United States patent 
application to test a new product. Should foreign filing be delayed unt i l i t is cer
ta in the product is valuable? Even i f there is no publication or use, such delay may 
be dangerous, since, in view of competitive research, others may in the meantime 
have obtained dominating foreign patents. It is certainly safer to file wi thin the 
prior i ty year in convention countries, and as promptly as possible in the nonconven-
tion countries; once foreign filing has actually been effected, any subsequent publi
cation and use can have no harmful effect. 

A given situation must be judged on its merits; the important thing is to be 
aware of the essential foreign provisions, so that any fai lure to obtain foreign pro
tection w i l l be deliberate and not an unwelcome surprise. 

Where to File Foreign Patent Applications 

If a decision has been made to file abroad corresponding to a United States 
patent application, and no bars exist through prior publication or use, the next 
question is—where? 

There are no easy answers. For an invention relating to a pr int ing press, for 
example, or the beneficiation of a special ore, there may be only one or two foreign 
countries which would be sources of either profit or infringement. However, a 
different situation exists with respect to pharmaceutical inventions, since manu
facture may take place, not only in the major countries, but also in small or semi-
industrialized countries where populations are increasing and the governments are 
interested in public health. If the invention relates to an improvement in a known 
process, or a new product having only specialized uses, no foreign filing at a l l may 
be warranted, or only in a few selected countries where manufacturing licensees may 
be operating. But i f no foreign patents are obtained on an important new product— 
such as a new antibiotic—it could be copied by competitors in numerous countries 
for both their own domestic market and export to other consumer countries. Apar t 
from the loss of revenue to the United States patentee, uncontrolled foreign com
petition can flood world markets wi th material of poor quality. 

Fo r any new pharmaceutical product with important potentialities, the pr in
cipal sources of foreign competition should be plugged with patents. As a practical 
matter, this means England and most of the European countries, Canada and cer
tain La t in American countries, Japan, Austra l ia , South A f r i ca , and India—ignor
ing the countries behind the Iron Curta in. 

It is hardly a headline item that European manufacturers are developing world
wide markets, and are building up foreign patent positions. In particular, the 
German pharmaceutical industry is becoming very active abroad, especially in the 
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Near East and F a r East, and is also beginning to regain some of its prewar influ
ence in La t in America. 

The United States manufacturer, thus faced with numerous problems of prob
able and possible competition abroad, can only apply the rule of reason when se
lecting foreign countries in which to file patent applications for a pharmaceutical in 
vention, plus a certain amount of gambling instinct. Assuming that convention 
prior i ty is being claimed where possible, so that the decision is made less than a 
year from the United States filing date, it is usually far too soon to evaluate the 
true importance of the invention. If the product is good, infringers w i l l look for 
loopholes; i f i t is unsuccessful, the whole foreign patent program may be useless. 

Three other factors must also be considered in selecting individual countries and 
determining the use and value of foreign patents : the type of protection possible— 
i.e., whether product and/or process claims are obtainable, the working provisions 
in foreign patent laws, and whether patents w i l l prevent importation of products. 

Product and Process Claims 

The United States patent system permits independent product claims for new 
pharmaceutical products, not l imited to the process of manufacture. Apar t from a 
few notable exceptions, this is not the case at the present time in numerous foreign 
countries, where the nature of the patent protection granted to pharmaceutical i n 
ventions is the subject of much debate and reappraisal. Extremely conflicting 
viewpoints have not yet been resolved as regards the basic problem—are the in 
terests of the public best served by a broad monopoly in the product, or by a limited 
monopoly restricted to the product as made by the process actually disclosed? 

There is a considerable amount of history involved in this situation, and it is 
probably simpler to start in the middle and review European ideas, part icular ly i n 
the highly industrialized countries. 

The l imitation of protection for chemical products in general, as well as phar
maceutical products in particular, to process claims, is essentially a continental 
European conception, and is tied up with social th inking in the nineteenth century 
during the industrial revolution. It became a matter of practically unassailable 
dogma that i f the public is to receive the benefit of new chemical or pharmaceutical 
products at a reasonable price and in amounts sufficient to meet the demand, this 
could be accomplished only by restricting the inventor to his process, so that others 
would be encouraged to invent new and improved processes which make the product 
cheaper and available in greater quantity. Probably there was also the fear that 
wi th so many closely adjacent countries, product claims would enable the manu
facturer in one country to obtain effective control of the entire European market. 
Switzerland was so fearful of foreign domination that i t adopted the excessively 
strict requirement that one patent could cover the process of making only one 
specific chemical or pharmaceutical product—which has actually resulted in the 
proliferation of Swiss patents and much benefit to Swiss patent lawyers. However, 
Switzerland is an exception, and other European countries permit broad process 
claims when the product is new. These European ideas regarding the desirability 
of process l imitation for pharmaceutical inventions were transplanted many years 
ago to numerous other regions and part icularly to certain La t in American and F a r 
Eastern countries. 

The Br i t i sh viewpoint of the nineteenth century was different and product 
claims were then permitted. However, the process l imitation was introducd in 
1919, largely as a result of numerous broad product claims for dyestuffs obtained 
by German inventors before World War I and the fear of domination of the Br i t i sh 
industry by German interests. Some of the major Br i t i sh colonies followed suit ; 
some did not. Af ter 30 years, there has now been another about face. In the new 
1949 Br i t i sh Patent Act, independent product claims are again permitted. 

This somewhat unexpected but logical change in Br i t i sh practice has had a pro
found effect in European patent circles. In many countries now permitting only 
process claims, the desirability of independent product claims in patents for new phar
maceutical products is being most carefully considered on the ground that in view 
of present conditions and the enormous expansion of the chemical and pharmaceutical 
industries, l imitation to process protection may be outmoded and actually harmful . 
The number of new compounds that can be created is so great, the spur of com-
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petition is so strong, and the eost of research is so large that no manufacturer 
rests on his oars after placing a new product on the market, and wi l l himself con
tinue to work on improved methods of production. F rom the viewpoint of the 
public interest and the commercial util ization of a new product, al l the novelty and 
advantages actually reside in the product itself, and it is immaterial whether the 
product is produced by an entirely new reaction or by a conventional reaction. If 
the reaction process itself is new, this in turn promotes research to utilize i t in the 
production of other new products. It can be argued vigorously that in countries in 
which patent office practice holds that uti l ization of a known process to produce a 
new product is obvious, research is actually stifled. The public benefits from the 
product and not from the process. 

It is of interest and significance that in June 1954 at the Brussels Congress 
of the International Association for the Protection of Industrial Property (the 
unofficial organization for study and consideration of revisions to the International 
Convention) a resolution was adopted recommending the introduction of a new article 
binding each country to admit the patentability of chemical products, subject to cer
tain reservations. 

This l iberal tendency in Europe is simultaneously being matched in certain 
other countries by an extremely antagonistic attitude toward pharmaceutical patents 
in general. In Italy, no pharmaceutical patents whatever have been granted for 
some ten years. The Ital ian Patent Office interprets the patent law as excluding 
even process protection. As a result numerous appeals have been filed. The Ap 
peal Commission has compromised to the extent that process protection is admitted 
i f i t is proved that other processes exist for making the product. However, the 
Italian Supreme Court has held that the whole prohibition is unconstitutional. 
Apparently, a solution can be found only i f the Ital ian patent law is amended. In 
France, the grant of a l l pharmaceutical patents has been held up for many years. 
Two opposing factions have been debating whether any protection should be granted 
for pharmaceutical inventions. In the meantime the French Patent Office has re
quired a declaration from al l applicants in pharmaceutical cases that protection 
resides entirely in the process and not in the product. Recently (in 1955) a special 
examining board was created, but is apparently inactive and a number of pharma
ceutical patents have at last been granted. 

Why should Italy and France adopt such a viewpoint which is so contrary to 
that of other technically developed countries? Pr incipal ly this is a result of the 
war. In Italy, the pharmaceutical industry was so badly damaged and disor
ganized that it was sl ipping backward in the competitive postwar race. There is 
no doubt that the Ital ian pharmaceutical industry itself exerted political pressure 
and was directly responsible for the patent situation; it was wi l l ing to forego any 
patent protection of its own, provided it could copy United States and other phar
maceutical inventions for domestic and export markets. A t the present time, Ital ian 
research is growing, and the attitude toward patents has become somewhat less 
antagonistic; however, the situation (in 1955) as regards grant of pharmaceutical 
patents is st i l l entirely obscure. This is a specialized instance of the impact of eco
nomics on patent law, involving the belief that the grant of pharmaceutical patents to 
foreigners would actually destroy or retard the domestic industry. In France, the 
situation was not entirely comparable or the attitude so drastic, but it is true that 
a considerable section of the French pharmaceutical industry considered its inter
ests might best be served without any patent protection but with freedom to pirate 
foreign inventions. It is encouraging that a less radical viewpoint now appears to 
be gaining the day. 

If countries like Italy and France suffer from such fears, it is understandable 
that other less developed countries, or those in a precarious economic condition, 
have also placed difficulties in the way of foreigners wishing to obtain pharmaceutical 
patents. Wi th in the past few years, several La t in American countries, start ing 
with Argent ina and now including Braz i l and Mexico—which in any event do not per
mit independent pharmaceutical product claims—have begun imposing drastic l imita
tions on broad process claims. The Mexican Patent Office even insists they must 
be l imited to the preparation of specific compounds using specific reaction condi
tions. A typical statement in many Mexican Official Actions now reads: "General 
processes of synthesis of chemical products are not patentable in accordance w i th 
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Artic le 6 of the Patent Law. However, patents may be applied for covering the 
preparation of the specific chemical products in the original application which are 
capable of industrial exploitation." 

It is difficult to predict how a l l this w i l l develop in the next few years ; the only 
hope is that the line of division between the opposed viewpoints w i l l not grow deeper. 

Working and Compulsory Licensing 

The patent laws of practically a l l the major foreign countries state that an in
vention should be worked usually within three years from the date of grant. By 
"work ing " i t is meant carrying out the invention defined in the claims of the patent, 
within the foreign country, to an extent sufficient to meet the fu l l requirements of 
the public at a reasonable price—that is, for a pharmaceutical product, i t should be 
manufactured within the country and not imported. The foreign working pro
visions constitute a further great distinction between United States and foreign 
practice. The theory is that an unused monopoly is not in the public interest, and 
in effect hangs like a club over industry for the life of the patent and hinders further 
development. This, of course, is a debatable proposition. However, as a practical 
matter, the penalty for nonworking is not too serious. In a few relatively minor 
countries, a patent may actually be subjected to attack by third parties or in 
validated by the patent office or courts for nonworking, but in the important con
vention countries, the preferred remedy for nonworking is "compulsory l i 
censing." This term has been widely misunderstood and to a considerable 
extent is not as compulsory as i t sounds. Very few compulsory licenses are actually 
granted in convention countries for patents in most fields, though the situation is 
somewhat stricter for pharmaceutical inventions. To obtain a compulsory license, 
a third party must file a petition to establish that he is able to supply the public de
mand at a reasonable price by manufacture within the country. The patent office, 
after fu l l consideration of a l l the facts, including objections by the patentee, has dis
cretion to determine whether or not a compulsory license should be granted and i f so, 
what royalties should be awarded to the patentee. In actual practice, a potential 
licensee usually approaches the patentee for a voluntary license, and i t is only in the 
event that an amicable settlement cannot be reached, that compulsory license pro
ceedings are begun. The normal period for working for most countries begins three 
years from the date of grant of the patent. However, in England, and in a number 
of Br i t i sh dominions and possessions, where a pharmaceutical invention is involved, 
a third party can petition for a license immediately the patent is granted. 

The rule of reason also applies to compulsory licensing. If a pharmaceutical 
product is not successful, no one is l ikely to ask for a license. However, i f the 
product is of major importance, the United States owner of foreign patents must be 
prepared to face the fact that i f he does not manufacture abroad, he may have to 
share the market with foreign manufacturers, subject to royalty payments. 

Importation of Products 
A very important question for United States pharmaceutical manufacturers, 

both offensively and defensively, is—do foreign pharmaceutical patents prohibit 
importation of the product? It can be stated categorically that in Europe and in 
practically a l l important countries outside La t in America, they do, and in general 
process claims are regarded as inherently including the immediate product thereof. 
The burden of proof as to whether the product is actually made by the claimed 
process is in general either on the infringer or the patentee, depending on whether 
the product is new or old. However, in a large number of countries in La t in 
America, it is considered that process claims do not cover the product, and since 
product claims are not permitted, it follows that process claims cannot be used to 
stop importation of the product. In the absence of much patent l it igation in these 
countries, to some extent this is a matter of opinion, and consequently there is a 
strong tendency to settle important disputes by negotiation. 

Patents for Mixtures 
The protection of mixtures, as distinguished from products of a chemical reac

tion, is difficult, to say the least—that is, where known ingredients having pharma-
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ceutical properties are mixed with other known ingredients which in themselves 
may be pharmaceuticals or carriers or extenders. Should the public be prevented 
from buying and mixing ordinary and well-known compounds? If not, what can 
be regarded as patentable in a mixture? What is not patentable is probably best 
expressed in the Br i t i sh patent law as follows : " I f i t appears to the comptroller 
in the case of any application for a patent that i t claims as an invention a substance 
capable of being used as food or medicine which is a mixture of known ingredients 
possessing only the aggregate of the known properties of the ingredients, or that it 
claims as an invention the process producing such a substance by mere mixture, he 
may refuse the application." In general, a l l the important countries having a strict 
examination use this criterion, some more stringently than others. A n unexpected 
effect, beyond the aggregate of the known properties, requires synergism, involving 
some form of interaction of the ingredients in the mixture as distinguished from 
ordinary chemical reaction. The synergistic effects may be of widely different types 
—such as unexpected preservative or antiseptic properties, reduction of toxic effects, 
etc. There is probably a general tightening up in most patent offices in regard to 
mixtures ; because some synergism between active compounds is more or less normal, 
examiners are looking for exceptional or unexpected synergism. 

Patents for Antibiotics 

The protection of antibiotics constitutes a new and specialized branch of patent 
practice. In general, a l l basic antibiotic patents are similar in form, and inherently 
involve fermenting a specified organism in a nutrient medium. This sounds straight
forward enough. Actual ly i t is not, and patent practice is becoming involved in 
semantics. In the first place it is very rare that the identifying structural formula 
for a new antibiotic can be worked out by the time a patent application is ready to 
be filed; therefore the product is defined by name, which is nothing more than saying 
it is the product of fermenting the specified organism. The novelty then resides in 
discovering and using an organism, since fermentation techniques in themselves are 
old and conventional. Invention defined as discovery is treading on dangerous 
ground. It is probable that patents in countries permitt ing product claims are 
stronger than those having only process claims. The products can usually be de
fined precisely by their infrared spectra, although, in a few countries, examiners 
have tentatively proposed that antibiotics are actually natural products and may be 
found in nature in an appropriate environment. The situation is further compli
cated by the fact that the organisms themselves seem to be becoming elusive as gen
erations multiply, and susceptible to very wide variations in morphological charac
teristics. 

U n t i l now basic antibiotic patents have been granted in very broad form in 
most countries throughout the world. However, some second thoughts seem to be 
in the air. In Braz i l , the patent office has exploded a bomb in the form of a 
standard official action objecting to antibiotic process claims, which contains the 
following statements: 

Since there is nothing new in the procedure for preparing the new antibiotic, 
and the applicant merely selected among the usual culture media the ones which are 
most suitable to the object in view, we are forced to the conclusion that the only 
characteristic feature of the process is the use of a certain strain of mold. 

In the circumstances, the grant of a patent on this application would give the 
applicant a monopoly for the use of this species of mold in fermentation processes 
and consequently for the product (antibiotic) formed by the metabolism of a l i v ing 
creature belonging to the vegetable kingdom. 

Al though one can admit that the said antibiotic may in future be prepared by 
synthetic or other means, the fact remains that in this application what is claimed 
is the exclusive use—for this purpose—of a certain species of mold, which mold, a l 
though isolated and described by the applicant, is not the latter's invention since i t 
pre-exists in nature. 

We hold that this application should be rejected, since what is claimed is the 
exclusive use of a l iv ing thing belonging to the vegetable kingdom for the purpose 
stated, by means of a process which follows the known and usual general rules 
which are habitually observed in the production of antibiotics. 

Many Braz i l ian pharmaceutical cases w i l l be taken to appeal; however, i t is im
possible to predict how the appeals w i l l be decided, and Braz i l may have the dubious 
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distinction of being the first country to refuse antibiotic patents on alleged tech
nological grounds—as distinguished from Italy and France where the present or 
past refusal is more on political or economic grounds. 

Patents for the recovery of antibiotics from fermentation mashes and their 
purification by special techniques, which are of the greatest practical importance, 
are in a different category and encounter only the normal hazards of examination. 

Selection of Countries 

In the l ight of the above discussion, the following main factors should be con
sidered when selecting foreign countries in which to obtain patents for pharma
ceutical inventions: 

The nature and potential importance of the invention, and whether in the ab
sence of foreign patents copying would be a temptation for competitors. 

Whether product or process claims could be obtained in a given country; whether 
such claims would be broad or limited ; and whether they would provide protection 
against importation. 

Whether the nature of the invention is such that i t would only be used in a few 
countries, or would have a potential market throughout the world. 

Whether the foreign patents would be used by existing or prospective licensees 
or affiliates, or would be intended pr imar i ly to protect export markets—bearing in 
mind the attitude toward pharmaceutical patents in the part icular country and 
also the ultimate possibility that others might apply for compulsory licenses in the 
absence of domestic manufacture. 

Form of Foreign Specification and Claims 

Having decided on the filing of foreign patent applications, the next problem is 
to obtain the best possible patents in each country. The specifications of United 
States patent applications relating to pharmaceutical inventions are often not ful ly 
satisfactory in numerous foreign countries; this is something that United States 
patent attorneys should remember when dealing wi th inventions which may be filed 
abroad. 

Product claims can be obtained under United States pratice, and i n many 
instances the inventive subject matter, according to the viewpoint of the United 
States patent office, does not reside in using new reactants in a known process, but 
in the product itself. It is customary for a United States pharmaceutical specifica
tion to be casual and brief in its description and examples for preparing a new 
product by an old process, and sometimes it may even state that the method of prep
aration is obvious. However, in those foreign countries which do not permit 
product claims, only process claims can be obtained and these must be substantiated 
by adequate description and examples. Therefore, a plea is made that a l l United 
States pharmaceutical specifications which may also be filed abroad be prepared 
ini t ia l ly with ful l description of the process and representative examples; this may 
be surplusage according to United States practice, but it does no harm. Unneces
sary description could, i f necessary, be deleted or condensed during prosecution in 
the United States Patent Office. 

The ideal specification for a pharmaceutical invention should include the fol
lowing portions and then wi l l be suitable for filing abroad, whether the part icular 
country permits product claims or only process claims : 

The introduction should refer to the generic name and nature of the product. 
A n y problems heretofore existing in the same general field should be men

tioned, and the purpose of the invention in relation to elimination of such problems. 
A clear definition of the product should be given, preferably by a structural 

formula ; i t should also be indicated whether or not the product is believed to be new. 
A general statement should then be given of the method or alternative methods 

for making the product, indicating whether or not the process is believed to be new, 
is an improvement in a known process, or is a known process using new reactants. 

The pharmaceutical and other identifying properties of the product should be 
set out, i f i t is new, wi th any appropriate chemical or cl inical or other test data. 

Specific examples of the process of preparation of the product should then be 
given, in sufficient number to i l lustrate the general formula. 

On this basis, i t should be possible to get the best out of the invention, whatever 
the individual practice in a given country. The statement as to novelty may have 

 P
ub

lic
at

io
n 

D
at

e:
 J

an
ua

ry
 1

, 1
95

6 
| d

oi
: 1

0.
10

21
/b

a-
19

56
-0

01
6.

ch
02

4

In A Key to PHARMACEUTICAL AND MEDICINAL CHEMISTRY LITERATURE; 
Advances in Chemistry; American Chemical Society: Washington, DC, 1956. 



2B4 ADVANCES IN CHEMISTRY SERIES 

to be altered during prosecution, according to the prior art which is discovered. 
In a l l countries process claims should always be filed, even i f the practice also a l 
lows product claims. If the product is later proved to be known, the process claims 
may st i l l sustain validity. 

It should also be kept in mind that a number of United States applications can 
often be advantageously combined into a single specification for many foreign coun
tries. This may actually provide better and broader protection than a series of in 
dividual applications. The essential requirement for combining is that the subject 
matter should be susceptible to coverage by dominating claims. Also i f the Inter
national Convention is to be claimed in countries permitt ing multiple priority, a l l 
the United States filing dates must be within a year of each other. 

What Can Be Protected 

The simplest type of pharmaceutical invention to claim is a single specific new 
compound. This can be ful ly defined verbally or by formula, and its preparation 
clearly exemplified. However, such cases are somewhat rare. More usually a new 
series of compounds is produced having a class formula. Whether or not a par
t icular country permits product or only process claims, the problem is to define the 
range of the variables in the class formula. I f there are substituents, such as a lky l 
or ary l groups, the number of carbon atoms or some other appropriate identification 
for the beginning and end of the range should be given, and specific examples should 
il lustrate compounds throughout the range. In a well-known leading case in 
England, a general formula was proved to cover some millions of possible com
pounds, whereas only two compounds were specifically described. The Br i t i sh 
courts held the claims were "covetous" and the patent was declared inval id. 

In some countries a new series of compounds is considered as a chemical inven
tion with the pharmaceutical properties incidental. However, most countries re
quire the pharmaceutical properties to be given in some detail, which is difficult at 
the early stage of development, in view of the time necessary for satisfactory c l in
ical tests. Therefore, from the viewpoint of val idity and obtaining strong pharma
ceutical patents, it is probably better to l imi t the claims to new compounds for which 
the beneficial pharmaceutical properties have been positively demonstrated. I f new 
compounds in a series are later found to have similar properties, these can usually 
be protected in patents of addition, for which no maintenance taxes are payable. 

In England and most of the Br i t i sh Dominions, the patent office examination 
covers only novelty and form. However, in the strict European countries—such as 
Germany, Holland, and Sweden—it is necessary to establish not only novelty, but 
also "inventive height" and "advance in the ar t . " The former can be considered as 
nonobviousness to an expert, and the latter as general ut i l i ty. There is not much 
difficulty wi th a new product prepared by a new process. I f the new product is 
merely the result of putt ing different reactants in a known process, there is trouble. 
This is called an "analogy process" and the patent w i l l not be granted unless the 
new product has exceptional and unforeseen properties. 

It would be very desirable for more pharmaceutical manufacturers to support 
the activities of the International Patent and Trademark Association, which is the 
new name for the United States group of the International Association for the Pro
tection of Industrial Property ( A I PP I ) . In 1956, the congress of A I P P I w i l l be 
held for the first time in the United States, which w i l l provide a unique opportunity 
to acquaint the foreign delegates with the United States viewpoints concerning 
patents^ and trade-marks in relationship to international trade, and in part icular the 
desirability of a more uniform practice in convention countries concerning pharma
ceutical patents and the protection afforded thereby. It is probable that observers 
w i l l be sent to this congress from a number of La t in American countries which are 
not members of the International Convention; i t is to be hoped that such observers 
w i l l be welcomed and a vigorous effort made to persuade them of the numerous ad
vantages of jo ining the International Convention. 
RECEIVED November 5, 1954. 
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Pharmaceutical Trade-Marks 
in Foreign Countries 

STEPHEN P. LADAS 

Langner, Parry, Card & Langner, New York, Ν. Y. 

Pharmaceutical trade-marks function as symbols and essential 
lines of scientific research and progress of medical science. 
Protection laws for trade-mark rights in foreign countries and 
United States against infringement, misappropriation, and pi 
racy are discussed. International conventions contain valuable 
stipulations to harmonize conflicts of law to protect the right
ful owner. Transformation of trade-marks into generic names 
are to be avoided. 

Trade -marks for pharmaceutical products are not different in nature from trade
marks for any other products—food products, electrical products, machinery, raw-
materials, and the like. They are adopted and used by manufacturers or dealers in 
pharmaceutical products to identify their products and distinguish them from those 
manufactured and sold by others. 

Because of this identifying and distinguishing nature, a specific trade-mark 
creates certain expectations in the mind of the consumer. He assumes that : 

The article bearing the trade-mark is exactly like every other article bearing 
such mark. 

The article bearing the trade-mark always comes from the same manufacturer 
or from someone under his control. 

The article is of standard quality or is fit for some part icular purpose. 
The article has certain qualities or includes certain ingredients. 
It is on the fulfillment of these expectations that the maintenance and val idity of 

the trade-mark and its protection against infringement and imitation rests. 
Justice Frankfurter has well summarized the value of trade-marks in a decision 

of 1942: 

The protection of trade-marks is the law's recognition of the psychological 
function of symbols. If i t is true that we live by symbols, it is no less true that we 
purchase goods by them. A trade-mark is a merchandising shortcut which induces a 
purchaser to select what he wants, or what he has been led to believe he wants. The 
owner of a mark exploits this human propensity by making every effort to impreg
nate the atmosphere of the market w i th the drawing power of a congenial symbol. 

A good trade-mark, which serves to identify and distinguish and functions as a 
symbol, is a thing of great value. It may become the most important element of a 
business. 

This is part icularly true with respect to trade-marks for pharmaceutical prod
ucts when the chemical titles of the products are such that, by reason of the diffi
culty of remembering them, pronouncing them, or wr i t ing them, they are unsuit
able for practical uses. In such cases, a short, easily pronounced, easily written, and 
easily remembered trade-mark is what the physician, the druggist, and the customer 
w i l l almost raise to the stature of the name of the product. 

This may give a tremendous advantage to the owner of a trade-mark applied 
to a part icular drug or drug product. But in a free society, this advantage is not 
improper, because it enables competition to br ing out a similar or superior product 
under a different mark and leads to a lowering of prices and improvement of qual
ity. That is why Justice Holmes could remark that "free competition is worth 
more to society than it costs." 

235 

 P
ub

lic
at

io
n 

D
at

e:
 J

an
ua

ry
 1

, 1
95

6 
| d

oi
: 1

0.
10

21
/b

a-
19

56
-0

01
6.

ch
02

5

In A Key to PHARMACEUTICAL AND MEDICINAL CHEMISTRY LITERATURE; 
Advances in Chemistry; American Chemical Society: Washington, DC, 1956. 



236 ADVANCES IN CHEMISTRY SERIES 

Economics of Such Trade-Marks in International Field 

The economic values which trade-marks for pharmaceutical products represent 
are even more important in the international market. In the domestic market, the 
professional and nonprofessional purchasing public has additional ways by which i t 
may exercise its choice for a particular manufacturer's product—knowledge of the 
high standards of a manufacturer by reputation, newspaper, magazine, or radio 
advertising; community experience; personal associations; and the like. In the 
foreign markets, trade-marks are the only means of creating and maintaining good
wi l l . 

Postwar international restrictions affecting other trades have been less severe in 
the export commerce of drugs and pharmaceutical products in general. Because 
of their importance to public health, and the major role they play as an essential al ly 
of scientific research and in the progress and util ization of medical science, these 
products may be imported more freely into foreign countries, or import licenses and 
foreign exchange for them are more readily given. 

Trade-marks for pharmaceutical products become increasingly international. 
In connection wi th other products, there are certain arguments against standardiza
tion, part icularly for big manufacturers on a decentralized pattern of operations. 
The fact that one and the same name may have different associations in different 
countries, the pitfalls presented by foreign language, the necessity to adjust slightly 
the composition of some products to suit national taste, historical developments of 
preference for particular brands—al l these factors may cause manufacturers of 
other products to avoid uniformity of brand names for a l l countries. 

W i th trade-marks for pharmaceutical products generally, the position is differ
ent. These soon find their way into the day-to-day nomenclature of medicine and 
pharmacy al l over the world. They must of necessity represent a standard of com
position and uniformity of quality. They are part of the entire identification pro
gram of a chemical or pharmaceutical manufacturer. They are regularly adver
tised in internationally circulated publicity media. 

Another significant international angle of these trade-marks is that formula
tion, processing, and packaging in foreign countries by authorized licensees are be
coming more and more the accepted pattern. It has now been accepted generally 
that the significance of a trade-mark as a guarantee of quality to the consumer de
pends not so much on the complete manufacture of the product in the factory where 
it was originally created as on the control and guarantee of the standard and 
quality of the product as placed on the market. The owners of pharmaceutical trade
marks find it profitable to retain the ownership of valuable trade-marks in their own 
hands, but to grant controlled licenses for the use of their marks by foreign manu
facturers. 

Bases of Protection in Foreign Countries 
In this country, the concept of a trade-mark r ight as being derived from use has 

been so long with us and is so basic to our thinking that it is with great difficulty that 
we can accept the view that one may acquire trade-mark rights by registration only 
and without prior use. And yet this is the law in nearly a l l foreign countries, in 
cluding Br i t i sh countries. Anyone may there register a trade-mark and acquire a 
statutory monopoly in it, regardless of whether he has used i t before. In Br i t i sh 
countries, a bona fide intention to use the mark after registration is a l l that is re
quired. 

However, there is no protection for unregistered trade-marks in foreign coun
tries, as there is under our common law. Basically, the owner of an unregistered 
trade-mark in the United States may obtain from the courts the same protection as 
the owner of a registered trade-mark. In foreign countries, this is not so. Even in 
Br i t i sh countries, an unregistered mark is protected only by the so-called passing-off 
action, the principle of which is definitely different from this country's common law 
protection. In some countries, part icularly in Europe, protection is under the law 
of unfair competition, but the kind of proof required is much more onerous than 
under United States law. In La t in American countries and some other countries, 
an unregistered mark is not protected against infringement. 

Much more serious is the difference of the law of foreign countries from this 
country on the question of the position of a prior user of a mark as against a prior 
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applicant or registrant for such mark. In Br i t i sh countries and a number of c iv i l 
law countries, a prior user can contest the registration of a subsequent party for the 
same or a similar mark. But in a number of countries, the prior user cannot over
come someone who applies subsequently for registration or at most can prevail under 
definite limitations. 

The net result of a l l this is that American manufacturers or dealers in phar
maceutical products must protect their trade-marks by registration in foreign coun
tries i f they want to prevent pirat ical misappropriation or infringement. 

Stipulations of International Conventions 

For many years past, i t was realized that international trade and investment 
is inconceivable without adequate international protection of trade-marks, and wi th
out a harmonization of the laws of the various countries on certain important aspects. 

The best results in this connection were accomplished through two international 
acts: The International Convention for the Protection of Industrial Property, and 
the General Inter-American Convention for Trade-Mark and Commercial Protection. 

The first was originally concluded in 1883 and has been revised successively, 
last in London in 1934. A new revision is scheduled for 1955. This convention con
tains the following principal stipulations on trade-marks: 

It provides for "national treatment" of trade-marks of nationals of the con
tract ing parties. This means that foreigners enjoy in each contracting country the 
same rights and protection that their law affords to their own nationals, no discrim
ination whatsoever being allowed and no reciprocity being required. 

A n applicant for a trade-mark in his home country enjoys a right of pr ior i ty of 
six months for filing in foreign countries. 

A trade-mark registered in a person's own country must be admitted to regis
tration in the other countries, subject to certain exceptions, notwithstanding any 
difference in the law with respect to registrabil ity. 

The owner of a trade-mark well known in the foreign country may cancel the 
registration of the same or an infr inging mark and suppress the use of such mark 
in the other countries within a period of three years or without l imit of time i f the 
subsequent party's registration was obtained by fraud. 

Trade-marks may not be forfeited on account of nonuse in a contracting country 
except after a reasonable time and provided that the owner cannot explain nonuser 
for reasons beyond his control. 

A trade name, as distinguished from a trade-mark, is protected regardless of 
registration. 

False indications of origin are prohibited. 
A l l countries are required to suppress acts of unfair competition. 

Fo r some years now, international law experts of various countries have agreed 
on amendments and improvements of the International Convention, and i t is hoped 
that the following additional points of international legislation w i l l be settled. 

A period of grace of six months w i l l be granted for renewing a registration 
after its expiration. 

The owner of a mark may register and use in a foreign country with equal r ight 
a local translation of his mark. 

Unauthorized registrations by an agent or representative of the owner of a 
mark shall inure to the latter's benefit. 

Assignment of foreign trade-marks without the good w i l l may be permitted. 
Licensing of trade-marks w i l l be freely permitted. 
Marks of great reputation w i l l be protected against their use even on dissimilar 

products. 
The General Inter-American Convention of 1929 is the latest of a series of Pan 

American conventions on the subject of trade-marks. Many of its provisions are 
analogous to those of the International Convention. In addition, however, it pro
vides for the protection of the first user against an infr inging applicant or regis
trant at any time or even by showing, in the absence of pr ior use in the foreign coun
try, that the applicant or registrant had knowledge of the prior owner's right. It 
also stipulates that unauthorized registration of a trade-mark by an agent or repre
sentative of the owner inures to the benefit of the latter and must be transferred to 
the owner. 
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The only bad thing is that this Inter-American Convention has been ratified by 
ten American republics only and the other eleven are not party to it. 

On the contrary, the International Convention for the Protection of Industrial 
Property has been ratified and is in effect among 47 countries, which include prac
tically the whole of Europe (and its colonies) (outside Soviet Russia ) , most of the 
Br i t i sh Commonwealth, Japan, and six American Republics: Braz i l , Cuba, Domini
can Republic, Ha i t i , Mexico, and the United States. 

Piracy and Infringement 

Trade-marks for pharmaceutical products, like any other marks, are exposed 
to piracy and infringement. 

P i racy is the misappropriation of a trade-mark with the pirate's knowledge of 
the prior ownership and use of such trade-mark by its true proprietor. This is par
t icular ly true of pharmaceutical marks in foreign countries, and is explained by the 
fact that so many of them are new and adopted for new products. It is a particular 
feature of the American picture that the manufacturer of a new drug or drug product 
is natural ly led to announce it, and with i t the trade-mark identifying it, to the 
American market by publicity in national American magazines. This is natural , 
because the manufacturer thinks pr imar i ly of the American market of 165,000,000 
people. 

What happens, however, is that American national magazines have an inter
national circulation and distribution and the announcement of the new product and its 
trade-mark is made quickly known to many in foreign countries. Pirates w i l l then 
rush to apply for registration of such trade-mark in their name. Their aim is t o 
hold up the foreign manufacturer and demand tribute for the use of the trade-mark, 
or at the very least to obtain exclusive distribution rights in their part icular country. 

Many American manufacturers had sad experiences with such happenings in 
recent years. The only protection against this is to place oneself in the position 
where there would be a legal basis for succeeding against such pirates. In countries 
where prior user gives title to the trade-mark, the owner of a trade-mark for phar
maceutical products must establish technical user in such countries. On the other 
hand, where ownership in a trade-mark is acquired only by registration, the trade
mark owner must apply for registration without delay. 

Infringement of trade-marks for pharmaceutical products is a permanent prob
lem. As Dean Wigmore said: "The fact is, no commercial business grows into 
healthy largeness without becoming soon the vict im of the business parasite . . . 
who attacks and seeks to absorb the unearned benefit of the other man's labor and 
money." 

Every successful trade-mark is exposed to the danger of imitation and infringe
ment. The only way to protect such a trade-mark is to object against and attack 
every imitation. There are two philosophies one can choose about it. One is to be 
very cautious and attack only imitations against which one may have good as
surance of success. The result then w i l l be that the owner w i l l lose very few cases 
but at the same time w i l l finish by having a narrow scope of protection for his trade
mark. The other philosophy is to be daring and sensitive about imitations and 
attack any imitation of one's trade-mark which comes close to it. The net result 
of this w i l l be that one may lose many cases but he w i l l finish by getting a broad 
boundary line round his trade-mark and a large scope of protection for it. 

Unfair Competition Problems 

Here is a subject for which there is international consciousness but not always 
adequate law and procedure. The International Convention for the Protection of 
Industrial Property gave an international definition to the concept in 1925 after some 
preliminary work of the Economic Committee of the League of Nations. It calls 
unfair competition "any act of competition contrary to honest usages in industrial or 
commercial transactions." Honesty, then, in the conduct of businesses competing 
in the market place is what we are after. In the United States we go to the equity 
courts for relief in unfair competition cases and a great judge has said that "the 
invocation of equity rests more vital ly upon the unfairness rather than actual mar
ket competition between the parties." 
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The concept of unfair competition grew and developed essentially to meet unfair 
conduct in business competition outside the more or less fixed technical boundaries 
of the specialized laws of industrial property rights. It expanded from small be
ginnings to a broader scope to keep pace with the protean transformations of f raud 
or acts which strike the ordinary, right-minded person as unfair, unsportsmanlike, 
and immoral. And so the law of unfair competition gradually has been conceived, 
not as a separate compartment of the law of industrial property of fixed or narrow 
boundaries, but rather as the all-inclusive basic concept of which the specialized 
laws on trade-marks, trade names, geographical indications of origin, mismarking, 
etc., are but species of a genus. Correctly then a great judge in the United States, 
Justice Oliver Wendell Holmes, said that : "The word 'property' as applied to trade
marks . . . is an unanalyzed expression of certain secondary consequences of the 
pr imary fact that the law makes some rudimentary requirements of good f a i t h " 
(Dupont vs. Masland, 244 U . S. 100, 102). 

Adequate protection against unfair competition involves two things: a broad 
concept of unfair competition with the emphasis on the unfairness rather than on the 
competition part of the term, and effective remedies against it. How far have the 
various countries in the world given effect to these two requirements? A most 
varied condition of law exists today: 

A number of countries have no law on unfair competition at a l l , either by 
statute or by court decisions, or have a most rudimentary law applicable only to 
situations of pure fraud. 

A number of countries have enacted legislation, but such legislation is directed 
to certain limited specific acts of unfair competition, such as false advertising, i n 
terference with contracts with employees, fraudulent disparagement, fraudulent 
acts of confusion with the name of another, misuse of business secrets, and the like, 
but without an all-inclusive prohibition of acts contrary to honest practices. 

A number of countries have a special statute of unfair competition with a broad 
prohibition and also a specific enumeration of specific acts of unfair competition. 

Last ly, other countries have no legislation but have developed a fu l l body of un
fa ir competition law by judicial construction of a general provision of the civ i l code 
or of general principles of common law. 

W i th respect to remedies, there is equal divergence. In some countries, penal 
action only is provided, which is difficult of application as it involves an inquiry into 
the existence of an element of fraud. In others the remedy is an ordinary civ i l 
action which is usually a long drawn out and costly proceeding from which busi
nessmen are usually deterred. In few countries is a speedy remedy such as pre
l iminary injunction provided, which can bring about, by an in i t ia l judicial pro
nouncement and subsequent negotiations between the parties, a quick discontinuance 
of the objectionable practices. In very few countries a recourse is also available to a 
special Committee on Competition of a general trade organization which permits an 
opinion to be given in advance of judicial recourse and which may suffice to bring 
an end to unfair practices. 

Part icular attention may be given to the General Inter-American Convention 
for Trade-Mark and Commercial Protection signed by the American republics in 
Washington in 1929 which contains in Chapter IV a code of international legislation 
on the subject. This chapter of the convention has been incorporated in the law of 
the United States through the provisions of Section 44 [subsections (h) and (i ) ] of 
the Lanham Trade-Marks Act of 1946. 

Generic or Nonproprietary Names 

A general rule of law in al l countries is that no trade-mark rights may be ob
tained or claimed in respect to generic names or names which describe the genus or 
kind of products and which shall be common to the trade. To allow such generic 
names to be monopolized would be an intolerable condition of things. Fo r pharma
ceutical products two problems in this connection require particular attention : 

F i rs t , unscrupulous persons, in noncommon law countries particularly, attempt 
to register generic names so as to prevent legitimate manufacturers and traders 
from using them in connection with pharmaceutical products. It is true that in 
many cases the claim by such persons may be defeated but i t takes a court action to 
do this i f they obtain registration. But in many cases where new generic or non-
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proprietary names are adopted by pharmaceutical manufacturers for newly i n 
vented or formulated products, the foreign patent office or courts may not admit 
that such a name is generic in their country since it may not have been actually 
used by the trade in that country. This has led respectable and leading manufac
turers in the United States to register in foreign countries the generic names used 
in conjunction with their marks, not for the purpose of monopolizing such names but 
in order to prevent pirates from attempting to register to the determent of the 
legitimate trade. However, this action arouses the suspicion of competitors and 
confusion and conflict ensues. 

To show how bad the situation is, the following list of pharmaceutical generic 
or descriptive words was filed for registration in foreign countries in 1953 alone and 
which American manufacturers or associations in this country, such as The Pro
prietary Association, or American Pharmaceutical Manufacturers' Association, Inc., 
had to oppose: 

Cortisone Isonizid 
Penici l l in Codeine 
Intrarectal Hospital 
Histamine Testosterone 
Chlorophyll in Acetopyrine 
Chlorophyll Penici l ina 
Calcium Amphetamine 
Antacid Streptomycin 
Salicymide Carbomycin 
A n t i Microbe Progesterone 
Hydrolysate Β 12 
Vegetable Compound Infantile Medicine Therapy 
V i tamin Pediatrics 
Chloro V i tamin Dragées Medical 
Amino Ac id B-Complex 
Aminophyll ine Pepsin 
Vaccine Solvent Hematinic Lime 
V i tamin Drops Powdered 
Hydrochlorophyl Glycol 
Phenothiazine Antibiotic 
Dig i ta l in 

How to solve this problem is a real puzzle. 
Related to this problem is another—the activity of the Wor ld Health Organiza

tion on nonproprietary names. On the basis of resolutions and rules of procedure 
adopted by its Executive Board and recommendations of a Committee of Experts 
consisting of medical men, it proceeded two years ago to designate certain names as 
nonproprietary names for which no trade-mark rights could be claimed. These 
were communicated to the member states. 

As the impact of this work began to be felt, severe crit icism was voiced. It was 
claimed that W H O , through this program, tended to destroy legitimate trade-mark 
rights by adopting and publicizing certain names as generic names when they were 
really private trade-marks or confusingly similar to such marks. No adequate sys
tem of consultation and hearing of interested parties was practised. 

As a result of this crit icism, the whole program was re-examined at the Sixth 
World Assembly in Geneva in May 1953, and new rules of procedure were adopted 
entitled "Procedure for the Selection of Recommended International Nonproprietary 
Names for Drugs Moving in International Commerce." 

Under these new rules, proposals for nonprietary names w i l l be submitted 
directly to the Director-General of World Health Organization. These w i l l be 
referred to the Subcommittee on Nonproprietary Names of the Expert Advisory 
Panel on the International Pharmacopoeia. This subcommittee w i l l consider the 
names proposed for a particular substance and w i l l make its recommendations to the 
Secretariat. Then notice of this recommendation is to be published in the Chronicle 
of the World Health Organization and sent by letter to the member states, to the 
pharmacopoeial commissions, and other bodies designated by the states. A six-
month period is allowed for filing of comments on or objections to the proposed 
names. A n y firm or individual interested may file such. When a formal objection 
has been filed, W H O may either reconsider the proposed name or use its good offices 
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to attempt to obtain withdrawal of the objection. While a formal objection exists 
on record, a name w i l l not be selected by W H O as a "recommended international non
proprietary name." 

Thus, while W H O does not make trade-mark searches when i t publishes a pro
posed name, the provision for formal objection safeguards rights in previously 
adopted trade-marks. Thus, the whole program now has a voluntary character and 
avoids the impairment or destruction of valuable trade-mark rights. 

The use on a world-wide basis of a single common or generic name for a drug 
is highly desirable. It must be sought in a manner which does not conflict w i th 
existing trade-marks. Hence, those who claim such rights must be heard. 

On the other hand, this may assist pr imar i ly against "p i rates" who attempt to 
register as trade-marks words which are obviously and admittedly generic or de
scriptive. The work of W H O may assist in this respect. 

But ultimately the problem involves national action in each state. In view 
of its voluntary character, the procedure of W H O may not succeed. Perhaps the 
solution is through an appropriate stipulation in the International Convention for 
the Protection of Industrial Property establishing a procedure that w i l l be binding 
on al l member countries. 

Transformation of Pharmaceutical Trade-Marks into Generic Names 

A very important problem which arises with respect to pharmaceutical trade
marks used in connection wi th a patented product or process is what happens to 
such marks when the patent expires. The present doctrine of our U . S. courts 
is that the expiration of a patent is only of some evidential value in determining 
whether or not the name of the article made under the patent has become descriptive. 

In Br i t i sh countries under the law prior to 1938 the law was settled that when 
an article has been originally manufactured under a patent, the name by which the 
article was known by the public when the patent was in force became open to the 
public immediately on the expiration of the patent. 

The trade-mark law was changed in Great Br i t a in in 1938 and subsequently 
in most of the Br i t i sh Commonwealth, and the previous severity of the rule was 
moderated. The law there now is that the registration of such a mark remains ef
fective in any case for a period of two years after the patent has lapsed and there
after continues in force unless it is proved that the mark is the only practicable 
name or description of the article or substance. This change of the law concerns 
only registered trade-marks. W i th respect to unregistered trade-marks, the law 
is as it was prior to 1938. This emphasizes from one further point of view the great 
usefulness of registration of pharmaceutical trade-marks in Br i t i sh countries. 

Under the Br i t i sh rule, both the old and the new, the position is the same not 
only when the product is made under a patent, but also when the trade-mark has 
been established as the only name or description of the article or substance in 
question. 

For this reason, in Br i t i sh countries as in our country, the manufacturer of a 
new product bearing a new trade-mark must also create and give to the public 
a generic name for the product or substance so that i t may always be possible to 
show that the trade-mark is not the only practicable name or description of the 
article or substance in question. 

In civ i l law countries—such as Germany, France, Italy, etc.—there is no similar 
doctrine. The expiration of a patent has no influence whatsoever on the val idity of 
a trade-mark with respect to a product made under the patent. Therefore, there is no 
legal necessity for the owner of such a trade-mark to devise and use a generic name 
for the product in question independently of the trade-mark itself. European phar
maceutical manufacturers consider i t commercially inadvisable to use such a generic 
name because i t enables competitors to come out with a similar product under a 
different mark but using the same generic word. 

The legal position in this respect in civi l law countries is tied up with the much 
readier acceptance in these countries of factual monopolies and their allergic re
action against our common law and statutory theory of freedom of competition and 
unlawfulness of restraints of trade. 

Relating to the same problem is the general legal theory of the transformation 
of a trade-mark into a generic term. Under French, Swiss, German, and Ital ian 
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law, and generally in other c iv i l law countries, a trade-mark most rarely and ex
ceptionally falls into the public domain no matter how far such mark may actually 
become the name of the product in the eyes of the general public. In France par
t icularly, a trade-mark never falls in the public domain, regardless of whether the 
owner has tolerated its use by others. Only an affirmative act on his part dedicating 
the mark to the public w i l l cause the loss of the trade-mark. In Switzerland and 
Germany the courts insist on complete transformation of a mark to a generic name 
to the extent where the memory of the trade-mark as a trade-mark has completely 
vanished. Even though no current technical name exists for the product in ques
tion and the mark is the only possible designation for it, the courts impose on the 
interested persons or competitors the duty to create themselves another name which 
w i l l not infringe the trade-mark. 

Therefore, registered trade-marks are much more valuable rights in c iv i l law 
countries than in the United States or Br i t i sh countries in the sense that once prop
erty i n a trade-mark has been acquired by registration i t is extremely difficult for 
such a trade-mark to be lost, unless the owner is determined to abandon i t and does 
affirmatively proceed to do so. 

Notwithstanding this, however, the wise practice is to use even in foreign coun
tries a generic name in conjunction with pharmaceutical trade-marks because the 
scope of protection of such a trade-mark w i l l then be much broader and its protec
tion against imitations much more secure. 
Licensing Arrangements 

Perhaps at no time in the past has the licensing by American pharmaceutical 
manufacturers of qualified firms in foreign countries to formulate, process, package 
in dosage form, or to effect complete manufacture and use the trade-marks of the 
American manufacturers been so active as in recent years. In this respect the 
largest program of international cooperation and joint venture in the broad sense 
is being observed. The causes, of course, are many—import restrictions, foreign 
exchange difficulties, a desire to reduce costs and prices for foreign markets, or plain 
cooperative undertakings for mutual benefits. Sometimes the American manufac
turer exports the drug or drug product in bulk and has the foreign connection pack
age the article in dosage form. Sometimes he exports the main ingredient and relies 
on the foreign firm, under his control, to obtain the supplementary ingredients lo
cally. Sometimes the foreign firm having first class laboratories of its own makes 
the entire product. 

In a l l these cases, the arrangements provide that the marketed products wi l l be 
labeled and sold under the American manufacturer's trade-marks. This is an emi
nently sound requirement on the part of the American manufacturer. Because 
once he has given to the foreign firm his know-how, formulas, specifications, and 
technical instructions, the only way by which he can hold on to the foreign good w i l l 
is to require that the product be marketed under his mark. Then, i f the arrange
ment should for any reason be terminated or cancelled, the American manufacturer 
w i l l continue to own his trade-mark and export the product from the United States 
or make arrangements wi th another firm, at the same time benefiting from the 
enlarged good w i l l appurtenant to the trade-mark developed for his benefit by the 
foreign licensee. 

However, license arrangements under the law of some countries involve delicate 
points and may entail serious risks for the trade-mark and accordingly should be 
very carefully prepared. Part icular ly , the law is not uniform as to the per
missibil ity of licensing of trade-marks or makes specific requirements for its validity. 

The various countries in the world may in this connection be classified into 
various groups: 

Countries where a trade-mark may be licensed only through the procedure of 
the so-called registered user. These are most of the Br i t i sh countries today. 

Countries in which a trade-mark license must be recorded in the Patent Office. 
Countries in which a trade-mark license is unlawful and may invalidate the 

trade-mark. 
Countries in which a license, though generally not lawful, may nevertheless be 

tolerated under specific conditions and terms. 
Countries i n which a trade-mark license is entirely lawful and is not subject 

to any conditions or requirements. 
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In any case, under any license arrangement, care must be taken to avoid any 
deception of the public as to the origin or as to the person who is in the last resort 
responsible for the standard and quality of the products as placed on the market. 
Therefore, truthful and complete marking and labeling are essential for the preser
vation of the trade-marks on pharmaceutical products and the safeguarding of the 
valuable good wi l l attached to them. 

The American manufacturers who are anxious to create and maintain a foreign 
market for their products are probably more ful ly aware of the necessity of follow
ing a policy which is in complete accord with the common good. They are guided 
not only by a feeling of social responsibility but also by a self-enlightened interest in 
controlling strictly the standards of quality and uniformity of the products sold in 
foreign countries under their trade-marks. In the last resort a trade-mark is the 
natural offspring of the buyer's market, and the ultimate verdict of the consumer 
who chooses carefully and decides freely. This verdict is crushing and final against 
the producer who fails in his responsibility to the public. 

KECEIVED Augus t 16, 1954. 
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Archives of Biochemistry and Biophysics 

26, 215 
Archives of Dermatology and Syphiiogy 
Archives of Industrial Hygiene and 

Occupational Medicine 66 
Archives of Internal Medicine . . . . 210, 211, 214 
Argen t ina , patents 228, 230 
A r m e d Forces Medica l L i b r a r y . . . . 4, 44, 156, 

200, 210 
Aromat .cs 100, 198 
A r m y Chemica l Center 156 
Arsan i l i c acid 25 
ARSENIC 122 

assay 25 
A r t , pharmaceut ica l advert is ing 84, 85 
Ar te reno l 35 
A r t h r i t i s 61, 62, 182 
Asbestos 174, 175 
ASCORBIC ACID 54, 198, 199, 201 

oxidation 199 
Aspergillus 171 
Asphyx ia t i on 158 
A s p i r i n 4, 35, 38,198 
A S S A Y S 

animals for 177 
pyrogenic · 175 

Associacion A rgen t ina de Anestesia 4 
Associated Prescription Panel Service . . 88, 89 
Associat ion of Anaesthetists of Great 

B r i t a i n & Ireland 4 
Associat ion of Economic Poisons 

Contro l Officials 157 
Astr ingents 100 
At rop ine 80 
Atrosc ine 95 
Auneomycin 211 
Aus t ra l i a , patents 228 
Automat ion 207 

Β 12 240 
Β. cereus * · 171 
Β. coli communis 169 
B. ent. breslau 170, 172 
B. fluorescens 170 
B. mycoides 171 
B. subtilis 170 
B. tumescens · 171 
Bac i t r ac in · · y · .34 
BACTERIA 170, 198, 199 

pyrogen-producing 168,171 
Bacter ia l filters 175 
Bacter ia l measurement 175 
Bactericides 100 
Bacteriology 42, 162 
Bacteriolyt ics 100 
Bacteriostat ics 24, 100 
P * L (B r i t i sh Ant i -Lewis i t e ) 35 
Banthine 216 
Barbiturates 24, 29, 36 
B-complex 240 
Bcchlcs 100 
Beilstein Handbook 75, 80, 165 
Belladonna 3 
Benadry l 54, 217 
Benedict test 176 
Bentonite 174 
B'ble, drug plants i n 165 
Bile, cattle 13 
Biochemistry 212 
Biological Ab tracts 4,66,165,209,211,212, 

213, 215, 216, 217, 218, ?19 
Biology 204, 214 

Biophysics 208 
Bismuth 29 
Biure t test 176 
Blakeslea trispora 171 
BLOOD 158, 159, 214 

cell count 180, 204 
coagulation 99, 217 
flow 204, 205, 206, 208 
pressure 86, 162, 204, 214 
temperature 205 

BOOKS 
medical 95 
pharmaceut ica l 47, 98 
tox ic i ty data 156, 157 

Botanica l drugs 162 
B O T A N Y 214 

economic 162 
B r a n d names. See Names. 
B ra z i l , patents 230, 232 
British Abstracts 66 
British Abstracts of Medical Sciences 209, 

212, 219 
British Journal of Anaesthesia 4 
British Journal of Industrial Medicine . . 66 
British Journal of Pharmacology 66 
British Journal of Radiology 26 
B r i t i s h Medical Associat ion 43 
British Medical Bulletin 26 
British Medical Journal 42, 43, 66, 210, 

214, 215 
B r i t i s h Patent Ac t , 1949 229 
B r i t i s h patents 228, 229, 231 
British Pharmacopeal Codex 162 
British Pharmacopoeia 175 
B r i t i s h Pharmacopeia Commission 39 
Bromine 174 
Bronchodilators 100 
Buckwheat 164 
Buenos A i res Convention 228 
Buffers 198 
Bulletin of American College of Surgeons . . 43 
Bulletin de l'association française 

pour l'étude du cancer 26 
Bulletin of Combined Trade-Mark Bureau . . 40 
Bulletin of Mental Health 42 
Bulletin de la société de chimie biologique . . 28 
Bulletin de la société chimique de France . . 26 
Business in format ion 87 
Business News Report 89 
Butène, 3-ter£-amino-l,l-(2-thienyl)-1- . . . . 9 

Cabalamin, cyano-
Caffeine 164, 
CALC IUM 43, 54, 

chloride 
compounds 28, 
ions · 

California Medicine 
Camphor 
Canada, patents 227, 
Canadian Journal of Chemistry 
Cancer 23, 44, 86, 163, 
Cancer Current Literature 
Cancer Medical Association Journal 
Cancer Research 26, 
CARBOHYDRATE 172, 

tests 
Carbomycin 
CARBON 

activated 
ingestion 

Carbons 174, 
Carcinogenic substances 
Carc inolyt ic agents 57 
Cardiac ailments 
Cardiac glycosides 
Cardiotonics 
Cardiovascular changes 
Cardiovascular diseases 
Carminat ives 
Car ter permanganate test 
Castor o i l 
Catalyt ics 
Γ thart ics 
Cattle, cortisone treatment 
Caustics 
Cellophane 
Cel lular changes 
Cel lular constituents 

35 
198 
240 

28 
, 29 

28 
215 

28 
228 

26 
212 

44 
66 

, 60 
176 
176 
240 

175 
28 

175 
44 

, 58 
165 
165 
100 
181 
182 
100 
176 
165 
100 
100 
214 
100 

38 
181 
176 
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•Cellulose 175 
Census of Business, 1948 89 
Census of Manufacturers 87, 89 
Census of Population 88, 90 
Cephalothecium roseum 171 
CHAULMOOGRA .O IL 28 

fract ions, benzyl esters 29 
Chemical Abstracts 4, 22, 28, 29, 30, 44, 

45, 65, 66, 76, 120, 121, 156, 165, 199, 200, 201, 
203, 209, 211, 212, 214, 216, 217, 218, 219, 

. 223 
Cumulat ive Fo rmu la Index 79 
Formu la Indexes 76, 77 

Chemical-Bio logical Coordinat ion Center . . 75, 
80, 157 

Chemical Economics Handbook 90 
Chemical and Engineering News 64 
Chemical Facts and Figures 90 
Chemical Market Report 90 
Chemical and Rubber Industry Report 90 
Chemica l Society 4 
Chem'ca l structure notat ion 73 
Chemisches Zentralblatt . . 4 , 210, 212, 214, 216, 

217, 218, 219 
Chemotherapeutants 29 
Chemotherapy 42 
Chicks, test animals 177 
Chile, patents 228 
Chloro V i t a m i n Dragées 240 
CHLOROPHYLL 240 

hydro- 240 
Chlorophyl l in 240 
Chlor -Tr imeton 173, 174 
Cholagogues 100 
Choleretics 100 
Chlor ine 174 
Cholesterol 12, 14, 16, 28, 180 
Chromatography 143 
Chronicle of World Health Organization . . 40, 

240 
Ciba Reports 86 
Cibascope 86 
Cinnamic ac id 28 
Circulation 43, 215 
CIRCULATION 

effect of drugs on 206 
study of 23, 43, 205, 206 

Circulation Research 43 
Cirrhos is 214 
Citrate , sodium 173, 179 
C i t r i c ac id 215 
Cla ims, patent 229, 230 
Classif ication systems 31, 51, 65, 143, 224 
Clinical Symposia 84 
Cl i radon-C iba 5 
Coagulat ion 217 
Cocaine 3, 80 
Cod liver! o i l 28 
Codeine 9, 240 
Codexes 48 
CODING 59 

antibiot ics 143 
diseases 54 
journa l t it les 67 
systems 51, 64, 143 
toxic i ty data 64 

Coffee 164 
Col i t is , ulcerative 216 
Collodion 175 
Color tests 176 
Color ing agents 198 
Committee on Pharmacomedica l Nonser ia l 

Industr ia l Publ icat ions 48 
Committee on Threshold L i m i t s 159, 160 
Combined Trade-Mark Bureau 32, 36 
Communicable Disease Summary 88 
Compound F 217 
Compound S 16, 18 
Comptes rendus de la société Ίβ ΜοΙοα*" 

26, 210, 211, 214 
Consumpt ion stat ist ics 88 
Containers 225 
CONTAMINATION 199 

bacterial 168, 199 
Contraceptives 100 
Convulsants 100 
Copnip 48 
COPPER 28, 29, 199 

compounds 28 
hydroxide 175 

Coramine *.·±ι ···_·? · · 2: 

Cordials 
Cort ica l hormones 
CORTICOSTERONE 

dehydro-
l l -dehydro-17-hydroxy-
desoxy-
17-hydroxy-

CORTISONE . . 12, 13, 18, 53, 60, 61, 62, 214, 

dl-
hydro- 12, 16, 18, 60, 
synthesis 

Cortisone acetate 
Cosmetics 
Coumar in 35, 
Counc i l on Pharmacy and Chemistry . . 34, 39, 

Cre ra r L i b r a r y 44, 
Cumaro l , cyclo-
Curare 
Curar ine 
Cura r i z i ng agents 
Curcum dye 
Current List of Medical Literature .. 4, 22. 

44, 66, 120, 156, 199, 200, 210, 212, 213, 
216, 

index ing system 
Current Literature on Venereal Diseases .. 
Current Population Reports ... 
Current Researches in Anesthesia and 

Analgesia 
Curvularia lunata 
Cyc l ic acids 
Cycl ine, oxytetra-
Cytochemisitry 

100 
16 
16 
18 
12 
16 
12 

215, 
240 

18 
217 

18 
214 
100 
216 

, 40, 
44 

203 
35 

163 
80 

216 
29 

25, 
215, 
218 
215 

44 
, 90 

4 
171 
174 
39 
42 

2 ^ , . sw^aUg lasds . . . 

American Chemicaf Society 
Library 

1155 15th St., It.W. 
Washington. D. C. 20038 

Death, statist ics 88 
Decomposit ion, drug 202 
Decongestives 100 
DEMEROL 4, 5, 9 

synthesis 4 
Demulcents 100 
Deodorants 100 
Depilatories 100 
Depressants 100 
De Re Medica 84 
Dermat i t i s 25, 51, 159, 216 
Dermatology 156, 215 
Dermatoses 182 
Desensitizers 101 
Desiccants 101 
Desoxycholic acid 13 
Desoxyribcside, hypoxanth in · 101 
Detergents 98 
Deutsche medizinische Wochenschrift 210, 214 
DEXTROSE 175, 176 

solutions 174 
DIABETES 24, 43, 55, 214, 215 

handbook 84 
DIAGNOSIS 163 

isotopes i n 23 
Diagnost ic terminology, standardizat ion . . . 52 
Diaphoret ics 101 
Diastases 173 
Dichromate 174 
Dict ionaries / 98, 131 
Dicumaro l 54, 216 
Diet, inst ruct ion sheets 84 
Dietetic foods 24 
Digestives 101 
D i g H a l i n 240 
Dimercapro l 35 
Dioscoreaceae 163 
Diosgenin 14, 17 
Dioxane, benzo- 60 
D ipen i c i l l i n 217 
Diphtheroids 171 
Diplococcus pneumonise 170 
DISEASES 215, 216 

circulatory 206 
classification 52 
communicable 88 
diagnosis 163 
foreign nomenclature 101 
infectious 182 
menta l 164 
sk in 216 
statist ics on 88 

216 
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See also specific disease. 
Dis infectants 1 0 1 
Dispensatories · · · · 48 
Dissertation Abstracts 2 ° 2 , ^JJ^ 
Dissertat ions 2 0 2 » 2«*} 
Diuret ics 53, 54 
Dogs, test animals 158, 17/ 
Doklady Akademii Nauk, S.S.S.R 2 6 
Dolophine 5 
Dosage, lethal 1 5 ° 
Dromoran 6, 54 
Drug and Cosmetic Industry 199, 201 
DRUG 

breakdown 2 0 2 

effects, coding 56, 58 
identi f ication 47 
instabi l i ty 199 
metabolism 2 3 
nomenclature. See Nomenclature. 
product ion, statistics 87 
stores 89 

Drug Information Sources 48 
Drug Topics 88, 90 
Drug Topics Red Book 88, 90 
Drug Trade News 90, 209 
Drugs, botanical 162 
Dun 's Stat is t ica l Review 90 
Dysentery 162 

E. coli 170, 172 
E. formica 171 
E. freundii I'l 
E. typhosa 169, 170, 174 
Ebesals 29 
Ecbol ics 101 
Economic Almanac 90 
Economic Botany 165 
Economic Committee of League of 

Nat ions 238 
ECONOMICS 87, 228, 236 

toxicological research 156 
value of fore ign patents 229, 230 

E lec t r i ca l conductivity 175 
Electronics 206, 207 
E M B A L M I N G 112 

bibliographies 113, 123 
fluids 118, 122 
schools 118 

Emba lmment 114 
Emet ics 101 
Emmenagogues 101 
Emol l ients 101 
Emulgents · 101 
Ende r s -A v i rus 171 
ENDOCRINE 

effects 180 
glands 181 

Endocr inology 212 
Ene rgy ut i l i za t ion 207 
Eng l and , patents 228, 231, 234 
Enzymes 23, 173 
Ephedr ine 7 
Epiandrosterone 18 
Ep i l a to rs 101 
Ep i l epsy 86 
Ep inephr ine * . . . 7, 35 
1-Epinephrine 35 
Epispast ics ... 101 
Equipment , measur ing 205 
ERGOSTEROL 14, 15, 29 

D 15 
E r g o t 87 
Er rh ines 101 
Erysipelococci 170 
Escharot ics . . . .· 101 
Esomid 86 
Ester , tetrabromophenolphthalein e thy l 

( T B P ) 176 
E t h e r 3 
Ethers , d iphenyl 30 
Ethical Drug Audit 90 
Etiocholenate, methyl-3 oc-acetoxy-A 9 ( 1 1>- 18 
Excerpta Medica . . 4, 44, 66, 210, 211, 212, 213 

214, 216, 217, 218, 219 
Exc ip i en ts 101 
Exc i tan ts 101 
Expec torants 101 

E x p e r t Committee on Bio log ica l 
Standardizat ion 180 

EXPORTS 89, 231, 233, 236, 242 
patent protect ion 227, 231 

Eye i r r i t a t i on , tests 159 

F.D.C. Reports, Drugs and Cosmetics . . 90, 209 
Facts and Comparisons 49, 88, 90 
Fagopyrun esculentum 164 
Fat i gue 164, 207 
F a t t y acids, radioactive 215 
Febri fuges 101, 162 
Federal Food, D r u g , and Cosmetic A c t . . . . 35 
Federa l Insecticide, Fung ic ide and 

Rodenticide A c t 160 
Federal Reserve Bulletin 91 
Feh l ing test 176 
F e i g l test 176 
Fermentat ion 232 
Fe r t i l i t y 159 
Fever 168, 181 
F i l a r i as i s · 217 
F i lms , pharmaceut ica l 84 
F i l t e rs 175 
Fixat ives 101 
F l o r a , books on 163 
Flowmeter 2 ° 6 
Fo l i c acid derivatives 54 
Food, toxic additives 157, 160 
Foreign Commerce Weekly 91 
Foreign Commerce Yearbook 91 
FOREIGN LANGUAGE 

dictionaries > 95, 98 
l i terature 94 
patents 2 2 7 

Fore ign trade. See Trade. 
Fore i gn trade-marks 235 
F o r m a l 96 
Formaldehyde 1 21 
Formates 2 8 
F o r m u l a indexes. See Indexes. 
Formular ies 48 
Formula t i on 202, 231, 232, 236, 242 
Fortschritte auf dem Gebiete 

der Roentgenstrahlen 26 
France , patents 230 
F r ench dictionaries 98 
F rench Patent Office 230 
F u n g i 149, 199 
Fungic ides · 101, 160 
F u r a c i n 214 
Fusarium 171 

Galactagogues 101 
Galactose I 7 2 

Gamabufota l in 14 
Gases, toxicology 15» 
Gastr ic changes · · · 214 
Gastro intest inal changes 181, 182 
General In te r -Amer i can Convent ion for 

Trade-Mark and Commerc ia l 
Protect ion 237, 238, 239 

Generic names. See Names. 
Geology 214 
German dictionaries 98 
Germany, patents 228, 234 
Glass 175 
Glassware 1'3 
Gliocladium roseum 171 
Gliomastix convulta 171 
Glomerulonephrit is 214 
Gluconate, ca lc ium 179 
Glucosamine 170, 172 
GLUCOSE 170, 172 

solutions 173, 174 
Glucosides 165 
Glukhormet 43 
Glycol 240 
Glycosides 163, 165 
GOLD 23 

radioactive salt, aur ic taurocholate 
T226 29 

salts 28, 29 
therapy 22, 28, 43 

Gonads 214 
Gram-negâtive act iv i ty 149 
Granuloma 95 
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Graphs g£ 
Growth rate 
Guanid ine derivative · · · 4«5 
Guinea pigs, test animals 159, 17/ 
Gynecology 43 

H 
Hal luc inat ions J64 
Halogens, pyrogen destruction by 174 
Handbook of Ant ib io t ics · · 143 
H a n d l i n g chemicals, hazards 64, 157 
Hash i sh 3 

Hayes Druggists Directory and Com
mercial Reference Book 91 

Headaches 215 
Hea l th Organ iza t ion 38 
Hear t disease 86 
Hear t research 43 
Heat , pyrogen destruction by 173 
Hecogenin 14 
Hemat in i c l ime 240 
Hemat in ics 54 
Hematologic changes 180, 181 
Hematology 204 
Hematopoietics 101 
Hemlock 3 
Hemoglobin 80 
Hemorrhage 181 
Hemostatics 101 
H e p a r i n 174, 176 
Herbs 165 
Herpes zoster 216 
Het razan 217 
Hexamethonium compounds 216 
Hexosamine 172 
H I S T A M I N E 43, 217, 240 

antagonists 217 
His t id ine 54 
Histochemistry 42 
Hodgk in ' s disease 95 
Hodgman Handbook of Chemistry 

and Phys ics 78 
Hoechst-10720 5 
Hol land, patents 234 
Hormone dosage 85 
Hormones 12, 16, 43, 53, 62, 215 
Horse, test an ima l 177 
House organs 84, 87, 208, 213 
Hydragogues 101 
Hydrochlor ic ac id 174 
Hydrocort isone. See Cortisone. 
Hydrogen peroxide 174, 176 
Hydroxy la t ion , C - l l 16 
Hygiene. See Industr ia l hygiene. 
Hyosc ine 95 
Hyoscyamus 3 
Hyperestrogenism 215 
Hyperg lycemia 215 
Hyperhidros is 214, 216 
Hypertens ion 85, 86, 182 
Hypertensors 101 
Hyper thyro id i sm 215 
Hypnagogues 101 
HYPNOTICS 3, 24, 101, 179, 225 

act ion 36, 162 
Hypochlor i te 174 
Hypochondr ia 162 
Hypotensive drugs 101, 216 

Illieium verum 164 
Immunologic relat ionships 181 
IMPORTS 89 

patent protect ion . 227,231 
Indane, 1,1-spirocyclohexyl- ( ? ) -amino-

3-dimethylamino- 9 
Index-Catalogue of Surgeon General's 

Library 156 
Index headings 200, 215 
Index Medicus 66 
Index Medicus Danicus 44 
Index services 209 
INDEXES 

f o rmula 76, 79 
generic name 48 
medical l i terature 44 
r i n g 78 
therapeutic 48 
t ime l ag 211 

INDEXING 
Chemical Abstracts' practice 199 
Current List of Medical Literature's 

pract ice 215 
drugs 52 
formulas ' J 
improvements i n · 20<2 
medical l i terature 43, 50, 215 
pharmaceut ica l l i terature 209 
promptness 210 
systems 59, 201 
tox ic i ty data 64 

Index ing Research Pro ject 42 
India , patents 228 
Industr ia l chemicals, toxicology 156 
Industrial and Engineering Chemistry 156 
Industr ia l hygiene 44, 64, 156, 159 
Industrial Hygiene Digest 44, 66, 156 
Industr ia l Hyg iene Foundat ion 44, 65, 156, 157 
Industrial Medicine and Surgery 156 
Infectious diseases 182 
Influenza v irus 171 
I N H 218 
Inhalants 101 
Inhalat ion tox ic i ty 158, 159 
Inhibitors 101 
Inject ion fever 168 
Innervat ion 214 
Insani ty 162 
Insect contaminat ion 199 
Insecticides 101, 160 
Insomnia 162 
Inst i tute of Radio Engineers 208 
Instrument design 205 
Instrument Society of A m e r i c a 205 
Instrumentat ion 204, 205 
Insu l in 24, 43, 214, 215 
Interdominion Ar rangement 228 
Internat ional Anesthesia Research Society 4 
Internat ional Associat ion for Protect ion of 

Industr ia l Proper ty ( A I P P I ) . . . . 2 3 0 , 2 3 4 
Internat ional Convent ion for Protect ion of 

Industr ia l P roper ty . . 228 , 234, 237, 238, 241 
Internat ional Patent and Trademark 

Associat ion 234 
Interstate Commerce Commission 157, 160 
In t r ins ic factor 198 
Inu l in 175 
IODINE 174 

radioactive 23, 174, 214, 215 
Ion exchange resins 175 
Ipecac 165 
IRON 199 

compounds, ferr ic chloride 28, 176 
compounds, ferrous sulfate 35 
hydroxide 175 

I r r i tants 101, 158, 159 
Isomorphinan, N-methy l - 6 
ISONIAZID 24, 43 

derivatives 43 
ISONICOTINIC ACID 24 

hydrazide 216 
isopropyl hydrazide * 217 

Isonicotinic hydrazide 24 
Isonicot inic isoniaz id 24 
Isoniz id 240 
Isopropyl chloride 214 
ISOTOPES 21 

bibliographies 27 
hand l ing of 25 

I ta l ian Patent Office 230 
I taly, patents 230 

J a p a n , patents · · · · 228 
Japanese Planned Parenthood Quarterly . 42 
Journal of American Chemical Society 22, 26, 44 
Journal of American Medical 

Association 26, 33, 43, 66, 84, 156, 210, 211 
213, 215 

Journal of American Pharmaceutical 
Association 156, 199, 201, 202 

Journal of Bacteriology 42 
Journal Belge de Radiologie 26 
Journal of Biological Chemistry 

. . 26, 42, 66, 210, 211, 212, 214, 215, 216 
Journal of Cellular and Comparative 

Physiology 26 
Journal of Chemical Physics 26 
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Journal of Chemical Society 26 
Journal of Clinical Endocrinology and 

Metabolism 26 
Journal of Comparative and Physiological 

Psychology 42 
Journal of Histochemistry and 

Cytochemistry 42 
Journal of Investigative Dermatology .215, 216 
Journal of Laboratory and 

Clinical Medicine 26, 208 
Journal of National Cancer Institute . . . . 26 
Journal of Pharmacy and 

Pharmacology . .199, 201, 210, 211, 215, 216 
Journal of Pharmacology and Experimental 

Therapeutics 26, 156, 210, 211, 213, 214, 215 
216 

Journal of Physical Chemistry 26 
Journal de Radiologie et d'Electrologîe 26 
Journal of Tropical Medicine 156 
Journa l s . See Periodicals. 

Κ 
K a o l i n 175 
Kerato lyt ics 102 
Ketone, methyl v iny l 18 
Ketot lgogenin, 11- 14 
Kiese lguhr 175 
Ko l a 164 

L 
Labe l ing 243 
Lact. aerogenes 170 
Lact i fuges 102 
Lactones 214 
Lancet 66, 214 
Lange Handbook of Chemistry 78 
L a n h a m Trade-Marks A c t of 1946 239 
L-EitO'XGS . . . · . , . . • « · . , · . • . · · · · · · · 163 
L a t . n Amer i can ' patents 228, 229, 230, 234 
Laudanum · · 3 
Laxat ives 102, 165 
L D (lethal dose) 158 
League of Nat ions 38 
Lederle Bulletin 84 
Lee-B virus 171 
Leguminosae 164 
Lenit ives >. 102 
Leprosy 60 
Leucocytosis 180 
Leucopenia 180 
Leukemia 44 
Leukemia Abstracts 4 4 

Levarterenol 36 
L i b r a r y resources 47 
Lilly Digest 91 
L i n e formula notat ion 73 
LIPIDE 180 

unbound 169, 172 
L ip iodo l 23 
Lipopolysaccharides, pyrogenic 172 
L i v e r 214, 215 
L u p u l i n 164 

M 
M. flavus 171 
M. subflavescens 171 
M. tetragenw 171 
M A C (max imum allowable concentration) 159 
Machine sort ing 50, 62, 143 
Magnes ium bromide, ethoxyacetylene 18 
Magnes ium hydroxide 174 
Magno l ia 164 
M a l a r i a 38 
Mandragora 3 
M A N G A N E S E 199 

salts 28 
Mannose 172 
Manufac turers ' technical data 83, 199 
Manu fac tu r ing Chemists ' Associat ion . . 90, 157 
Marke t research 87 
Mart indale 's E x t r a Pharmacopeia 199 
Measur ing equipment 204, 205 
Meat, p u t r i d 168 
Medica l electronics 208 
Medical Marketing 91 
Medica l terms, t rans lat ion of 108 
Meetings, reports on scientific 86, 199, 201, 213 

214, 218, 219 

Me l . A v irus J][l 
Menta l diseases 164 
Menta l health 4 2 

Meperidine „ 4 
Merck Index 49, 80, 95, 199 
Merck Manual 84, 95 
Mescal 164 
Metabolic effects 181 
Metabol ism 42, 159, 160, 214, 215, 232 
Metabolism 42 
Metadine *> 
Metals, toxicology 156, 157 
Methacry l iodide 18 
Methadon 5, 36, 215 
Methane, dimethoxy- 95 
M-thanes, d iphenyl 30 
Me ihantheline 216 
Methergine 215 
M E T H O N I U M COMPOUNDS 216 

hexa- 216 
Methy la l 95 
Methylene, t r i - 95 
Metopon · · · 4 
Mex ican Patent Office 230 
Mexico, patents 230 
Mica rd i a 146 
Mice, test animals 158, 177 
Micrococcus candidus 171 
Micrococcus epidermidis 171 
Micromonospora 146 
MICROORGANISMS 

pyrogen-producing 171 
in steroid hydroxylat ion 17 

Mi lbank Memor ia l F u n d 43 
M i l k production 25 
Mi l l on test 176 
Minerva Anesthesiologica 4 
Miot ics 102 
Mississippi Valley Medical Journal 26 
Mixtures , patent protection 231 
Modern Drug Encyclopedia 48, 88, 91 
Modern Drugs 48 
Modern Medicine Topics 91 
MOLDS 170, 198, 232 

pyrogen-producing 171 
Mol isch test 176 
Monkeys, test animals 158 
Monthly Labor Review 89, 91 
Monthly Retail Trade Report 89, 91 
Monthly Vital Statistics Report 88, 91 
Monthly Wholesale Trade Report 91 
Moody's Services 91 
1>fforb'dity and. Mortality 88, 91 
Morph inan , N-methy l - 6 
MORPHINE 3, 4, 5, 80 

antagonists 215 
sulfate 6 
synthesis 6, 8 

Morta l i ty , statistics 88 
Mor tuary science 112 
Mul t i v i t am in preparat ion 198 
Mummif icat ion 114 
M u m p virus 171 
Muscle relaxants 216 
Mycobacter ia l 4 ^ 
Mydr iat ics 102 

Ν 
215 Na lorph ine 

N A M E S 
antibiotics 232 
brand 34, 38, 236 
drug 34, 44, 80 
generic 34, 35, 39, 48, 200, 216, 217, 218, 233 

239, 240, 241, 242 
generic internat ional 239, 240, 241 
index ing 215, 216, 217, 218 
internat ional 240, 241 
nonpropr ie tary 32, 34, 38, 39, 80, 95, 239, 240 
nonpropr ietary internat ional 41, 239, 240, 241 
propr ie tary 32, 34, 44, 96 
selection 40, 41, 241 
trade 34, 88, 200, 216, 217, 218, 237, 239 
t r i v i a l 38, 80 

Naphthalene hydrochloride, 1,4-bis-
diethylaminomethyl- 9 

Naphthoquinone, 2-methyl-l ,4- 217 
Narcot ics 3, 4, 73, 102 
Na t i ona l Associat ion for Prevent ion 

of Tuberculosis 44 
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Nat i ona l Bureau of Standards 205, 206 
Na t i ona l Conference on Nomenclature 

and Disease 52 
National Formulary 34 
Nat i ona l Industr ia l Conference Board 90 
National Prescription Audit 91 
National Prescription Survey 88 
Nat i ona l Research Counci l 75, 80, 157 
N a t i o n a l Safety Counc i l 64, 70, 157, 158, 159, 160 
Na t i ona l Science Foundat ion 203 
Nature 26 
Nacurwissenschaften 26 
Nausea 99, 217 
Necrosis 181 
Neisseria intracellularis 171 
Nembuta l , radioactive · · 24 
Neo-Synephrine 40 
Neoplast ic diseases 182 
Nerve sections 3 
Nerv ines 102 
NERVOUS SYSTEM 

centra l 96, 158, 181, 182 
regeneration 181 

Neuroses 164 
Neurosyphi l is 182 
New England Journal of Medicine . . . . 26, 66 
New and Nonofficial Remedies 34, 95, t 199 
N e w Y o r k Academy of Sciences 4 
N iac inamide 198 
Nicloltinamide 53 
NICOTINIC ACID 53 

isomers 216 
Nightshade 3, 163 
N i n h y d r i n test 176 
N i sen t i l 5 
N . t r i c acid 174 
NITROGEN 170, 172 

mustard 57, 58 
tests 176 

Nocard ia 146 
NOMENCLATURE 94 

antituberculous compounds 31 
drug 32, 34, 38, 52 
foreign language 38, 94, 235 
isomers 35 
medical 52 
systems 51 

Nonpropr i e ta ry names. See Names. 
Norepinephr ine 36 
Normorphine , iV-a l ly l - 215 
Notat ion , chemical 73 
Nuclear Medicine 22 
Nuclear Science Abstracts 22,25 
Nucle ic acids 169, 172, 175, 176 
Nucleonics 21, 22, 25, 26 
N u t r i t i o n instruct ion sheets 84 
N u l l 9 6 5 

Ο 
Obituaries 213 
Obstetrics 4, 5, 43 
Obtundents 102 
Occupat ional hygiene. See Industr ia l hygiene. 
Office of Technica l Services 22 
Oil, Paint, and Drug Reporter 92 
Oils. See specific o i l . 
Oleander 163 
Ophthalmology 84, 182 
Op ium 3, 165 
Ora l ingestion, toxic i ty 157, 158 
Osterreichische Gesellschaft fur 

Anaesthesiologie 4 
Ot i t i s media 217 
Ox id i z ing agents, pyrogen destruction by . . 174 
Oxygen, 199 
Oxygenation, C - l l 16 
Oxytocics 102 

Ρ 
Packag ing 236, 242 
P a i n 3 
Pak i s tan , patents 228 
Pal l iat ives 102 
Panaceas 102 
Pancreat ic enzyme 28 
Paralyses 182 
Parasites 149 
Parasi t ic ides 102 
Parasympatholyt ics 216 

Parasympathomimet ics 102 
Parathyro id , radioactive damage 23 
Parenterals 168 
Parsley 164 
Partur i fac ients 1?2 
P A S 217, 218 
P A T E N T 

abstract services 201, 222, 224 
appl icat ions, foreign 228 
claims 229, 230, 233 
of confirmation 228, 229 
law, foreign 227, 229, 231 
medicines 102 
specifications 233 

PATENTS 199, 201, 211, 221, 227 
antibiot ics . . 232, 233 
compusory l icensing 231 
exp i ra t ion 241, 242 
foreign 240 
internat ional protection 237 
pharmaceut ical 230 
protection 234 
protect ion for mixtures 231, 232. 

Pectorals 1 L2 
Pediatr ics 240 
Pen ic i l ina 240 
PENICILLIN 34, 60, 61, 62, 87, 149, 154, 

175, 217, 240 
G 24, 25 
salts 34 

Pénicillium 171 
Pentadiene, ethoxy- 18 
PENTOSE 

desoxy- 172 
methyl- 172 

Pentothal , radioactive 24 
Peps in 240 
Pept ic ulcer 216 
Peptides 169, 172 
Periodica Medica 42, 45· 
PERIODICALS 

abstract coverage 212, 213 
analgesia 4= 
anesthesia 4 
embalming · · 138 
improvement of 45, 201, 202, 209 
lists 4, 26, 66, 89, 156, 165, 199, 209 

212 
market in format ion 89' 
medical 26, 42, 84, 212, 213 
pharmaceut ical 47, 199, 210, 213 
pharmacognosy 165 
radioactive isotopes 26· 
toxicology 66, 156 
veter inary 213, 214 
See also House organs. 

Permanganate solution 176 
Permanganates 174 
Pesticides, toxicology 156, 157 
Peyote 164 
Pharmaceutical Abstracts 201 
Pharmaceut ica l companies, statistics 89 
Pharmaceutical Index 92: 
Pharmaceutical Journal 199 
Pharmacognosy . 163 
Pharmacographica Indica 163 
Pharmacological Reviews 156 
Pharmacopeia 95, 98 
Pharmacopoeias, l ists 48, 199 
Phenacet in 198 
Phenanthrene derivatives 5 
Phenanthrene, cyclopentanoperhydro- 12 
Phenanthrol ines 5 
Phenol 28 
Phenylazole, p-amino-, derivatives of . . . . 30 
Phenylephr ine 40 
Phenylhydramine, d i - 217 
Pheoehromocytoma '60 
PHOSPHORUS 172 

tests 176 
Phyl l ine , amino- 240 
Physiology 212 
Physostigma beans 163 
Phytotox ic i ty 154 
Pimpinella anisum 164 
P ine oi l preparat ion 43 
PIPERAZINE 

compounds 217 
l ,4 -d i (2 -pyrazy l ) - 9 
4-phenyl-, derivative of 4 

P i tu i t a ry , anter ior 43, 215 
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P i tu i tary -adrena l axis 180, 181 
P L A N T S 

medic inal 162 
poisonous 163 

P L A S M A 175, 179 
volume extender 56 

P lu ton ium 73 
Poisons. See Toxicology. 
Po lamidon 
Polygonaceae 164 
Polysaccharide complexes 169, 170, 181 
Polysaccharides 172, 176, 181 
Poppy 3 
Populat ion, census 88 
Potass ium ferr icyanide 176 
Potass ium ferrocyanide 174 
P r a n t a l 216 
Pregnane, 3, l l ,30-triketo-21-hydroxy- 13 
Prescr ip t ion statist ics 88, 91 
Preservatives 198, 232 
Presse médicale 210 
Prices, prescr ipt ion 88 
P r i v i n e 33 
P r i o r i t y , patent 229 
Proca ine 35, 179 
Proceedings of American Drug Manu

facturer's Association 199 
Proceedings of Society for Experimental 

Biology and Medicine 26 
Process claims 229, 230 
PRODUCT 

claims 229, 230 
l i terature 85 
stabi l i ty 198 

Product ion statistics, drugs 87 
PROGESTERONE 16, 17, 18, 240 

17-hydroxy- 17 
11-keto- 18 

Promazine , chlor- 179 
Promizo le 30 
PROPANE 

1-amino-l-phthal idyl- 7 
cyclo 95 

Propel lants, rocket 157 
Prophylact ics 102 
Propr i e ta ry Associat ion 240 
Propr i e ta ry drugs, constituents 43 
Propr i e ta ry names. See Names. 
Prostate cancer 23 
PROTEIN 

fever 168 
hydrolyzates 173, 175 

PROTEINS 28, 168, 169, 172, 181 
microdeterminat ion 176 

Proteus morgani 171 
Proteus vulgaris 170, 180 
Pseudomonws 170, 171, 173, 174, 175, 177 
Psychosomatics 164 
Psychot ic conditions 182 
Ptartaiics 102 
Ptyalogogues 102 
Public Health Reports 66, 88 
PUBLICATIONS 

patent s i tuat ion 227 
t ime lag 210 

Publ ishers, medical 43 
Punched ca rd systems 50, 64, 143 
Purgat ives 102 
Pu r in e metabolism 152 
P u r o m y c i n 151 
Py ramidon 4, 9 
Pyrazo l id ine, 3,5-dioxo-, derivatives of . . 9 
Pyrazo l id ine, l-phenyl-3,5-dioxo- 9 
Pyretogens 102 
Pyr ibenzamine 174 
PYRIDINE 

derivatives 217 
β-dimethylaminoethyl-, thenyl 

derivat ive of 217 
Pyr idox ine 198 
P Y R I N E 

aceto- 240 
amino- 61, 62 

PYROGENS 168 
acetylated 172 
analysis of 170, 172 
bib l iography 182 
chemical tests for 176 
complex derivatives 172 
destruction 173 
diazo derivatives 172 

ester derivatives 172 
ether derivatives 172 
iodinated 172 
mechanism of 181 
physiologic studies 181 
review articles on 182 
standard for 180 
tests for 175, 176, 177, 178, 179, 180 
therapeutic appl icat ions 182 

Pyrol l idone, po lyv iny l - ( P V P ) 173, 174 
Py ruv i c acid 214 

Quarterly Cumulative Index Medicus . . . . 4, 
43, 44, 45, 120, 156, 210, 211, 212, 213, 214, 

216, 218 
Quarterly Reviews 4 
Quinine 28 
Quinone, benzo- 18 
QUINONES 174 

pyrogen destruction by 174 

Rabbits, test animals 159, 169, 175, 176, 
177, 178 

RADIATION 
damage 25 
hazards 22, 25, 64, 120 

Radioact ive substances, tox ic i ty 73 
Radioact iv i ty 21, 120 
Radiobiology, b ib l iography 22 
Radioiodine 23 
Radioisotopes 21 
Radiologic Medica 26 
Radiology 22, 214 
Radiology 22, 26 
Radioterapia, Radiobiologia e Fisica 

Medica 26 
Rad ium 22, 23, 73 
Radium Therapy 22 
Rare earth compounds 28 
Rats , test animals 158, 159, 160 
Rauwolfia 162, 164 
Reading tests 222 
Red blood cells 204 
Reducing agents, pyrogen destruction by . . 174 
Refr igerants 102 
Registrat ion, trade-marks 32, 34, 38 
Regi t ine 86 
Remedies 102 
Remington 's Pract i ce of Pharmacy 199 
Rena l effects 181 
Rept i le venom, antidote 162 
Research institutes, mortuary 120 
Research Society 88, 91 
Reserpine 80 
Resolvents 102 
Respiratory changes 181 
Restoratives 102 
Reticuloendothelial system 179 
Review of Scientific Instruments 208 
Revista argentina de anestesia y 

analgesia ; · · · : ^ 
Revista brasileria de anestesiologia 4 
Revulsives 102 
Rhamnose 172 
Rheumat ic fever 53 
Rheumat ism 182 
Rickets 29 
Ricinoleate, sodium 28 
R I S A 23 
Roborants 102 
Rodenticides 160 
Roentgenology. See X - ray . 
Rotameter 206 
Rubefacients 102 
Rubiaceae 164 
Rue 164 
R u t i n 164 

S. abortus equi 170, 172 
S. albus 171 
iS. epidermidis 171 
S. faecalis 171 
S. kUenes 171 
S. liquefaciens 171 
S. marcescens 170, 172, 174, 176, 180 
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S. pyro genes J - J l 
Saccharomyces 
Safety 160 
Sales, prescr ipt ions » ° 
Sales Management Survey of Buying Power 92 
Salicylates 4 
SALICYLIC ACID 214 

p-ammo- 4 ύ 

Sal icymide 240 
Sal ine solutions 173, 178 
Sal ivants 1 ° 2 

Salt fever 168 
Salvarsan fever 168 
Sapogenins 14 
Sarmentogenin : 13 
Scandinav ian Pharmacopoeia l Counc i l . . . 39 
Scientif ic Trans la t ion Center 203 
Schmerz Narkose-Anaesthesie 4 
SCHOOLS 

embalming 118 
pharmacy ; · · 202 

Schweizerische medizinische Wochenschrift. 210 
Science 26, 210, 211, 213, 214, 215 
Scope 84 
Scopolamine 95, 163 
SEARCHING 

botanical drug uses 162, 166 
mechanical systems 50, 64, 143 

Sedatives 36, 102 
SELENIUM 

dioxide 174 
residues 25 
sulfide 25 

Selsun 25 
SEMICARBAZONE 

p-aminobenzaldehyde thio- , phtha loy l 
derivative of 30 

nicotinaldehyde thio- 216 
β-pyridine aldehyde thio- 216 
thio- 43 

Semicarbazones, thio- , benzenoid derivatives 
of 29 

Sensit izat ion tests 159 
Serials. See Periodicals. 
Serums 36, 175 
Shear's polysaccharide 180 
Shigella paradysenteriae 170 
Sh ipp ing chemicals, hazards 64, 157 
Ships, medical faci l i t ies 86 
Sialogogues 102 
Sisal wastes 14 
S K I N 

care 86 
i r r i t a t i on 159, 160 

Slides, medical 85 
Société Française d'Anesthésie 

et d'Analgésie 4 
Società I ta l iana d i Anestesiologica 4 
SODIUM 

bisulfite 174 
chloride 173 
hydroxide 174 

Solganol B-oleum 29 
Solonaceae 163 
Solubilizers 198 
SOLVENTS 44, 198, 199 

toxicology 156, 160 
Somnifacients 103 
Sophora 164 
Soporifics 103 
South A f r i c a , patents 228 
Spasmolyt ic substances 44 
Spastic i t ies 182 
Specia l L ib ra r i e s Associat ion 47, 88, 92, 202, 203 
Specifications, patent 233, 234 
Spectrum 84 
Spermatopoietics 103 
Sphylococci 170 
Spirocheticides 103 
Spleen, ingest ion 28 
Squibb Abstract Bulletin 210, 215 
Stabi l i ty 198, 200, 201, 202, 203 
Stachybotrys atra 171 
Standard Nomenclature of Disease and 

Operations 51, 52 
Standardizat ion, tox ic i ty tests 64 
Staphylococcus aerogenes 171 
a+ 1-Starch 175 
Statistical Bulletin of Metropolitan Life 

Insurance Co g g 92 

Stat is t ica l data 87» J J 
Stéarate, ethyl £° 
Sterculiaceae J J J 
Ster i l i zat ion 
Sternutatories ΥΟ'ΝΛΟ'ΪΛΆ IR? 
STEROIDS 12, 163, 164 165 

11-keto 14» 15 
11-oxygenated Ι Δ> £° 

Sterols ^ 
St igmasterol * J 
Stimulants lOd 
Stomachics ι υ < 5 

STORAGE 
drugs 
pyrogen destruction by 

Strahlentherapie 26 
Streptococcus equinus 171 
Streptomyces 146, 152, 154 
Streptomycin 29, 34, 43, 60, 175, 200, 215, 217, 

218, 240 
Strophanth in · · 179 
Strophanthus 13, 163 
Strychnine 80 
Styptics 103 
Styrax 165 
Subcommittee on Internat ional N o n 

propr ie tary Names 36, 38, 40 
Sucary l 24 
Sudorifics 103 
Sugars 170, 172 
SULFIDES 

diphenyl 30 
heterocyclic 30 

Sulfonamide therapy 85 
Sulfonamides 44 
Sulfone, d iamino diphenyl 28, 60 
SULFONES 29 

heterocyclic 30 
Sulfoxides, heterocyclic 30 
Sumbul 164 
Summaries of Tariff Information 89, 91 
Summary Tables of Biological Tests 156 
Suprarena l extracts 43 
Surrogates 103 
Surgery, Gynecology, and Obstetrics 43 
Survey of Buying Power 89 
Survey of Current Business 89 
Sweat 96, 216 
Sweden, patents 234 
Sweetening agents 24, 198 
Swine influenza v i rus 171 
Switzer land, patents 229 
S y m p a t h o l y t i c s 103 
Sympathomimetics 44, 103 
Synergist ic effects 232 
Syntha l in 43 
SYNTHESIS 214 

amidon 5 
analgesics 5 
cortisone 18 
demerol 5 
iV-methylmorphinan 6 
morphine 7 
C- l l -oxygenated steroids 12 
patentabi l i ty 230 
radioactive fat ty acids 215 
steroids 12 

Synthetic organic chemicals 87, 92 
Syphi l i s 156, 163 
Syringes 173 

Tabula t ing equipment 64 
Takadiastase 173 
Tann ins 28 
Tax idermy 112 
T B , 217 
Tea 164 
Temperature measurement 178, 205 
Teniacides 103 
Teniafuges 103 
Terminology 94 
Ter ramyc in 39, 53 
Test animals . See specific an ima l . 
Test methods, tox ic i ty studies 157 
Tests. See specific test. 
Testosterone 216, 240 
Tetany 214 
Theaceae 164 
Theology 165 
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Therapeutic agents · 49, 95 
Thermocouple 178, 205, 20b 
Thermometer 17», ZUb 
T h e s e s 199, 202, 203 
Th iamine hydrochloride 198 
Th iamine mononitrate 19° 
Thiaz ine, pheno- 240 
Threshold l imits · · 159 
Thyro id , radioactive treatment 23, 215 
Thyronine , tr i iodo- 25 
Thyrox ine ~5 
Tibione 
T I N 174 

compounds, stannous chloride 174 
Tissue changes 181 
Toluidine blue 176 
Tonics 10 f 
Top ica l agents 1 U d 

Toruiopsis rosea berl 171 
Tox ic effects, reduction of 232 
Tox ic po int 158 
TOXICITY 

data 64, 65, 66, 160 
lethal dosage 158 
predict ion of 157, 160 
rat ings 70, 158 
registry 71 
saiety factor 159, 160 
standards 158, 159 
test interpretat ion 159, 160, 179 
test methods 157, 175 
threshold l imi ts 159 

Toxicology 122, 156, 163 
Tox ins 169 
Tracers, radioactive . . . 2 1 , 25, 27, 174, 214, 215 
TRADE · 89, 227, 228, 235 

associations 87, 120, 157, 199, 239 
catalog, toxicology 157 
journals. See House organs. 

TRADE-MARKS 32, 34, 234, 235, 240, 243 
B r i t i s h law 241, 242 
destruction of 240, 241 
devising 32 
drug 38 
exp i ra t ion 241, 242 
fore ign 235, 236 
generxc name reg istrat ion 239, 240 
in f r ingement 238 
internat ional protection 237 
law 241 
legislat ion 239 
l icensing 236, 237, 242, 243 
loss of 242 
nonpropr ie tary name reg istrat ion . . . . 240 
p i racy 238 
p r i o r use 236, 237 
registrat ion . . 32, 33, 236, 237, 238, 240, 241 

242 
searches 241 
t rans lat ion 237 
un f a i r competit ion 238, 239 
unregistered 236, 241 

Trade names. See Names. 
Transducer 206 
TRANSLATION 94 

pools 203 
trade-marks 237 

Trichoderma virde 171 
Trypanosomiasis 214 
TUBERCULOSIS . 24, 28, 38, 43, 44, 215, 217, 218 

chemotherapy 28, 216 
Tuberculosis Index and Abstracts of 

Current Literature 44 
Tuberculostats 28 
Tumor ly t i c act ion 181 
TUMORS 149, 181 

radioactive treatment 23 

United Nations Educational, Scientific, and 
Cultural Organizations 42, 212 

U . S. ATOMIC ENERGY COMMISSION 22 
publications 26, 27 

U . S. Bureau of Mines 159 
U .S . Department of Agr i cu l ture 165 
U .S . Department of Commerce . 89, 90, 91, 92 
U .S . Department of Hea l th 91, 92 
U .S . Department of Labor 91 
U .S . Dispensatory 199 
U.S. Exports of Merchandise 89 
U.S. Imports of Merchandise 89 
U.S . Na t i ona l Bureau of Standards 205, 206 
U .S . Patent Office 221 
U .S . patents 227, 229, 233 
U.S. Pharmacopeia (U.S.P. ) 34, 39, 95, 175, 176 
U . S . P . pyrogen test 176, 177, 178, 179 
U.S. Production and Sales 87 
U.S . Pub l i c Hea l th Service 39, 44, 156, 

157, 159, 160 
U .S . Tar i f f Commission 87,89 
Unlisted Drugs 47, 88, 92 
U r i n a r y effects 181 
Uropepsinogen excretion 180 

Vacc ine solvent 240 
Vaccines 36, 103, 169, 174, 181 
Va l e r i an 164 
Vasoconstr ictors 44, 103 
Vasodi lators 103 
Vasomotor properties 215 
Venereal diseases 44 
Vermicides 103 
Vermifuges 103 
Vesicants 103 
Vibrio 171 
V i b u r n u m 164 
Viruc ides 103 
VIRUSES 170 

pyrogen-producing 171 
Vital Notes on Medical Periodicals 43 
Vital Statistics of United States 88, 93 
V I T A M I N 28, 43, 53, 54, 198, 207, 240 

B 1 2 35, 198 
C 198, 199, 200 
deficiency 207 
drops 240 
K 3 217 

Vomi tants 103 
Vulnerar ies 103 

W 
Walnu t leaves, extract of 43 
W A T E R 175 

disti l led 168, 176, 179 
pol lut ion 157 

Welch Medical L i b r a r y 42 
What's New 84 
Whi te blood cells 180, 181, 204 
Wiswesser notat ion 65, 73, 74 
W i s t a r Institute of Ana tomy and 

Biology 43 
W o r l d Hea l th Assembly 39 
Wor ld Hea l th Organiza t ion ( W H O ) 

33, 36, 38, 39, 44, 180, 212, 240, 241 
World Medical Periodicals 42, 45 

X - r a y radiat ion 22, 23, 26 
X-ray Technician 26 
Xanthoprote ic test 176 
Xylose 172 

u 
Ulcers 216 
U l t ra f i l t ra t i on , pyrogen destruction by . . 174 
Ul t rav io le t absorpt ion 175, 176 
Umbelliferae 164 
Underwr i t e r ' s Laborator ies 160 
U n i o n of Amer i can Bio log ica l Societies . 209 
Union List of Periodicals in 

Pharmaceutical Libraries 48 
Un i t ed Nat ions 38 
United Nations Bulletin of Narcotics . . . . 4 

Yams 163 
Y E A S T 14, 170 

pyrogen-producing 171 
Yoh imbine 164 

Zeitschrift fur anorganische Chemie . . . . 26 
Zeitschrift fur Naturforschung 26 
Zentralblatter 44 
Z inc 174 
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