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The Chemical-Biological Coordination Center is  located on the Fihh Floor of 
the Americ an Council on Education Building at 1785 Ma ssachu sett s  Avenue, N. W., 
Washington, D. C. The mailing addre ss is Chemical-Biological Coordination Center, 
National Re search Council, 2101  Constitution Avenue, Washington 25, D. C. 
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INTRODUCTION 

Within recent years, scienti sts have become aware of the problem created by 
constandy increasing accumulations of re search data. Not only i s  it virtually impos­
sible to keep abrea st of signific ant contribution s to broad areas of science, but in even 
subsidiary fields of research, such a s  organic chemistry and pharmacology, the time 
and effort required to keep informed of all advances have become quite prohibitive. To 
the end of making this voluminou s output accessible, abstracting services have given 
admir able performance and continue to do so. There exi st s, however, a limitation when 
i t  comes to providing truly comprehen sive indice s. Because conventional indice s neces­
sarily are based largely on title s or, at best, brief summaries of p apers' content s, re­
search data within the body of the full texts are often not apparent. It i s  a common 
experience, in enen sive literature search, to discover pertinent and signific ant material 
a ssociated with an index entry seemingly little suggestive of that content of the refer­
ence. This is  not necessarily due to lack of vigilance in compiling the index, but more 
often to the diversity of a spects a single paper may have. For this reason alone, a cer­
tain segment of information relev ant and important to a lit erature search remain s ob scure 
or inaccessible. The centralized fragmentation of the contents of relatively contemporary 
literature into significant units of data to which reference can then be made by a rapid 
means has been considered not only possible but a real supplement to previously 
existing facilitie s. 

During World War II, the Office of Scientific Re search and Development sponsored 
work concerned with te sting chemicals for specific biological activitie s. These effort s 
finally were largely devoted to a ssembly and organization of data concerned with in sect 
and rodent control problems. As chairman of the Insect Control Committee of the OSRD, 
Dr. M. C. Winternitz, at the termination of the war, conceived the idea of e stabli shing a 
center which would include in its files data that might define the broad relation ship s of 
chemi cal structures and biological activitie s of every v ariety. As a su ccessor to the 
Insect Control Committee, the Chemical-Biological Coordination Center was e stabli shed 
on July 1, 1946 to explore this concept fully. Relevant dara of the publi shed literature, 
as well a s  that collected by the OSRD, were to be org anized according to a system which 
would allow them to become readily accessible to interested scienti st s. 

In addition, it was decided to sponsor a screening program which would permit 
the testing of numerous chemical s for v arious biological actions. It wa s hoped that this 
would lead to discovery of practical uses for substance s which might not otherwise be 
tested, as well as furni sh further in formation relating chemical structure to biological 
activity.  In regard to screening-type tests and the expansion of their use, the importance 
to scientists of ac cessibility of negative a s  well as positive results should be pointed 
out. For each compound found to have some particular positive effect, many are found, 
with the same test, to give negative, equivocal or insignificant results. Often, posses­
sing information of such negative data prevents duplication of effort with its associated 
expense. 

The Center is attempting the considerable task of organizing dara for the purposes 
described and is persisting in its efforts of stimulating and materially aiding screening 
of chemicals for biological effects. 

Copyright © National Academy of Sciences. All rights reserved.

The Chemical-Biological Coordination Center of the National Research Council
http://www.nap.edu/catalog.php?record_id=21521

http://www.nap.edu/catalog.php?record_id=21521


2 

Coincident with performing the basi c functions oudined above, the Center is 
willing at its present state of development to attempt answering appropriate questions. 
It is ezpected that this description of the Center will lead to some understanding of 
the type of information collected and the methods used in filing for reference and cor­
relation. There are no implications that the Center with i ts limited staff can be a 
bibliographic service, per se; questions, for example, which are broad in scope and 
require - for complete satisfaction - covering great sections of its files (beyond the 
actual punch c ard sorting) or con sider able library consultation should not be sub­
mitted. For such requests, interested persons and research laboratorie s have been 
invited on occa sion to visit the Center and to u se the master file for compiling the 
relevant information; this practice shall be continued. On the other h and, the staff of 
the Center is more than willing to make every suggestion possible to assist with such 
extensive searches. To clarify the scope of question s which the Center welcomes, 
general illustration s will be pre sented on a later page. It is urged that, in requesting 
information from the Center, c areful consideration be made of the section on pages 23 
and 24, which explain s in more detail the specificity and limitations that should be 
incorporated into a request . 
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TECHNIQUES 

To facilitate the collecting and correlation of information, Dr. Wintemitz suggested 
the development of comprehensive chemical and biological codes which would p ermit the 
transfer of this information into a punched card system ao that modem mechanical aids 
could be employed. Adopting this approach, it has been found convenient to utilize IBM 
punch c ard handling equipment. The information, obtained &om sources such as technical 
journals, reports &om screening agencies, etc., is coded by the use of letters, numbers 
an d combinations of both (see the descriptions of code systems on succeeding pages). 
These are translated into a form for mechanical handling by punching perforations, repre­
senting the appropriate combination of letters and numbers, into designated areas on the 
special c ards used in the machines. 

The machines are capable of segregating like cards from a heterogeneous group 
into individual pockets as a result of electrical contacts made through the punched holes 
in the catds. It may be pointed out that, while a single card of known punched character­
istics could be selected from among a large number of cards, this would not represen t a 
practical use of the machine. Th e real value of the machine method lies in making po .. 

sible the assembly of those catds (from a l arge group) which are related through a spe­
cific area or areas of the punched characteristics. 

When applied to a single column (i .e., a si agle piece of information such as •dosage 
&equenc:y•), a machine is capable of sorting up to 24,000 cards p er  hour. It is not diffi· 
cult to see that the machines relieve much of the repetitive physical effort required in 
indexing and sorting. On the other hand, it will be recognized that no more information 
than is on the cards collectively c an  be derived from them by a sorting device, however 
ingenious, and the success of the correlation of data depends on an intelligence in 
guidance of the machine and in coding. 

There is at the Center, then, a gro wing file of punched cards which c an  be searched 
mechanically for vari ables. Although a single criterion can be looked for, such as a 
te st organism or a m anner of administration, it is in the facility for search of combina­
tions of ideas that this method affords a major adv antage over conventional in dexing. 
Thus, all compounds tested for a specific: response &om a given organism or group of 
related organisms under any of the usual v ari able conditions o f testing can be selected 
from all other compounds not meeting those specifications. 

Although such m echanical tools can not conceiv ably substitute for the imaginative, 
inquiring scientist, they c an  greatly facilitate his efforts . Some of t he advantages of 
mechanical techniques may be summarized briefly : 

1. The rapid assembly o f information on a multiplici ty of ideas in comb�nation -
and to a degree of selectivity not matched by any existing method. 

2. A rese arch device for the te sting of scientific hypotheses. 

3. A me ans for seeking generalities from observations made by m any laboratory 
workers over a number of years and in m any research centers. 
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4. Ezpediting and facilitating correlation studies of chemical structure and 
biological response . Such studies may lead to fruitful predictions. 

S. Correlations between one type of biological activity or response and other 
biological events which may be seemingly unrelated at first glance. 

OBJECTIVES 

To further define the Center's activities, its broad objectives may be summarized 
as follows: 

1. Research into practical problems involved in assembling and making available 
infonnation on chemicals and their v aried effects on biological systems. 

2. The assembly and organization of infonnation concerning: 
(a) Structures of chemicals. 
(b) Responses of living org anisms or the functional units of organisms to 

chemi cals, including the effect of chemicals on pathological conditions. 
(c:) The fate, metabolic: or otherwise, of test chemicals introduced into a 

living system. 
(d) Mechanisms of drug action and infonnation leading to a better under­

standing of such action. 

3. (a) Service as a repository for infonnation on chemical constitution and bio­
logical activity, not only that in t he more widely known and readily 
available p eriodical literature, but data that for v arious reasons may be 
unpublished or inaccessible . 

(b) Answering, by means of the files, appropriate questions submitted by 
scientists. The staff is prepared to assist investigators in the use of 
the files, should they desire to visit the Center. 

4. Sponsoring of preliminary testing (•screening•) of compounds on a v ariety of 
plants, animals and microorganisms to detennine the biological effects of the 
compounds and making the resulting data available to interested scientists. 

ORGAHIZA T ION 

The Chemic:al·Biologic:al Coordination Center is responsible to the Executive Board 
of the National Research Council. The executive Committee of the Coordination Center, 
which advises on policy and financial matters, consists of Dr. J .  G. Horsfall, Connecti cut 
Agricultural Experiment Station, Chainnan; Dr. R. Keith Cannan, NRC Division of Medical 
Sciences; Dr. W. J. Sparks, NRC Division of Chemistry and Chemical Technology; Dr. Paul 
Weiss, NRC Division of Biology and Agriculture and Dr. Sanford V. L arkey, Welch Medi cal 
Library, Johns Hopkins University Medical School. 

Sponsors of the Center are the Dep arbnent of the Army, the Office of Naval Research 
and the Bureau of \fedic:ine and Surgery of the Department of the Navy, the Atomic: Energy 
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Commission, the National Cancer Institute, and, tluough the Committee on Growth of 
the NRC, the American Cancer Society. 

The professional resident staff is composed of chemists and biologists nained 
in the areas of knowledge mOst relevant to the Center's activities. In addition, non· 
resident qualified scientific and technical personnel are employed by the Center, gen­
erally on a pan-time basis, to abstract and code pertinent articles assigned by mail 
to them by resident staff members. The services of the NRC IBM tabulating unit are 
utilized. 

Two committees ezist for the purpose of studying further aspects of the Center's 
objectives. One of these was organized in July 1953, for the purpose of considering 
possible means of coding reactivities and physical properties of compounds, in addi· 
tion to their structures, which are coded at present. The members of this Chemical 
Reactivities Committee are: 

Dr. G. E. Hilbert, Director, Utilization Research Division, U.S.D.A. (Olairman) 
Dr. S. A. Hall, Entomology Research Branch, U.S.D.A. 
Dr. Karl F. Heumann, Director, Chemical-Biological Coordination Center 
Dr. James G. Horsfall, Director, Connecticut Agricultural Ezperiment Station 
Dr. Clyde W. Kearns, Department of Entomology, University of Illinois 
Dr. David F. Marsh, McNeil Laboratories, 2900 North 17th Street, Philadelphia, Pa. 
Dr. Samuel L. Meyer, Department of Botany, Florida Stare University 
Dr. Erich Mosettig, Assistant Chief, Laboratory of Chemistry, Department of 

Health, Education and Welfare, N.I.H. 
Dr. A. W. Weston, Abbott Laboratories, North Chicago, Illinois 
Dr. Bradley Whitman, Schering Corporation, 2 Broad Street, Bloomfield, N.J. 
Dr. J. J. Willaman, Head, Biological Division, Eastern Regional Research Lab­

oratory, Philadelphia, Pa. 
Dr. F. Y. Wiselogle, Research and Development Laboratories, E. R. Squibb & 

Son s 
Dr. Lauren A. Woods, Department of PhUDacology, University of Michigan Medi· 

cal School. 

Earlier in 1953, a committee met to study the mutual advantages and means of 
cooperative efforts between the Center and the laboratories of industries in recording 
the data from the immense amount of research being accomplished by industrial scien­
tists. The committee consists of: 

Dr. H. C. Hodge, University of Rochester (Chairman) 
Dr. E. J. de Beer, Wellcome Laboratories, Tuckahoe, New York 
Dr. S. A. Harris, Merck & Co., Inc., Rahway, New Jersey 
Dr. D. D. Irish, Dow Chemical Company, Midland, Michigan 
Dr. I. B. Johns, Central Research Labs., Monsanto Chemical Co. , Dayton Ohio 
Dr. J. H. Sterner, Eastman Kodak Co. , Rochester, New York 
Dr. J. A. Zapp, Haskell Laboratory, E. I. duPont de Nemours & Co. , Wilmington 

98, Delaware 
Dr. Karl F. Heumann, Chemical-Biological Coordination Center. 
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CHEMICAL-BIOLOGICAL COORDINATION CENTER STAFF 

Dr. Karl F. Heumann 

Dr. Harriet Geer-Head 
Research Associate 

Miss Lucy C. Lee 
Research Assistant 

Dr. G. Congdon Wood-Head 
Research Assoc:iate-Encomology 

Dr. George A. Livingston 

Director 

Chemistry Group 

Biology Group 

Research Associate-Plant Sciences 

Dr. Philip G. Seitner 
Research Associate-Physiology and Parasitology 

Dr. Isaac: D. Welt 
Research Associate-Pharmacology 

.. Mrs Ann Williams 
Research Assistant-Microbiology 

•Mr s. Margaret Davison 
Research Assistant-Physiology, Pharmacology 

•Resigned in 1954 

Miss Phyllis Wilkinson 
Secret.ry 

Miss Ruth Lang 
Technical Assistant 

Miss Aon J. Shimcboclc 
Typist 

Mrs. Adelia Palmer 
Secretary 

Mrs. Margaret K. Cumin 
Technical Assistant 

Mrs. Margaret L. J esien 
Secretary 

Miss Judy Rodman 
Secret.ry 

••Resigned, 1954, to continue as a non-resident staff member 

Screening Program Group 

Miss Estaleta Dale 
Research Assistut-Organic Chemistry 

Mrs. Chris Maslcaleris 
Technical Assistant 

Mrs. Lorraine Cicala 
Secretary 

Files 

Mrs. Dorothea Oemmer 

Mrs. Kathryn Oliphant 
Typist 

Mrs. Matilda Patterson 
Typist 

Miss Diana Burk 
Laboratory Assistant 

Mrs. Nancy \Velmon 
Typist 
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IBM Tabulating Group of the National Research Council 

Mr. Arthur V. Mickelson, Supervisor 
Mrs. Margaret M. Buer 
Mrs. Barbara Schantz 
Mr. Bnmo Slcenders 

Dr. Lloyd Ackerman 
Dr. Frances C. Beard 
Dr. Robert R. Berueffy 
Miss Jacqueline Chambers 
Mrs. Martha Gauch 
Mr. Charles Hill 
Dr. Leo Kaplan 

Non-resident Coding StaH, 1954 

Mrs. Beatrice Smeltzer 
Mrs. Myrtle Talbert 
Miss Dora Lee Wright 

Dr. Beatrice Kassell 
Dr. Oif ford S. Leonard 
Dr. Lois Love 
Nrs. Jacqueline Parton 
Dr. Carroll Smith 
Mrs. Charlotte Smith 
Dr. Sanford H. Stone 

THE ASSEMBLY AND ORGANIZATION OF CHEMICAL-BIOLOGICAL DATA 

Some of the difficulties inherent in reducing chemical and biological data to 
coded information are immediately apparent, though many of the problems are appre­
ciated only when the attempt is made to construct a code capable of satisfying all 
situations of testing and description. Of the two, chemical data present the less 
troublesome problem, being of a descriptive nature. Molecular formulas and structural 
groupings, even those of great complexity, lend themselves more or less readily to 
classification, though the intricacies of the Code would be multiplied by appending 
attempts to catalogue physical properties, types of chemical reactivities, and spatial 
relationships. 

Biological responses, on the other hand, allow themselves to be bound into a 
code only with eureme reluctance, due largely to the dynamic quality of life itself. 
Although mo• of the biological participants (e.g. , the test organism or tissue, a host 
organism, etc. ) and many of the conditions and methods of a chemical-biological test 
�an be reduced to code reaaonably well, the descriptions and interpretations of the 
actions themselves present problems that are often almo• insurmountable. Even if it 
were a mere matter of organizing types of actions and criteria of responses, the 
troubles would be not insignificant, but in addition, there are ezpressions of evaluation 
which are necessarily bent to interpretations amenable to the field of biological re­
search for which the tests are designed. 

Ideally, a file of activities of comp'ounds would be designed for levelling to the 
least common denominator the abilities of all the compounds to elicit biological re­
sponses, from the levels of inactivity to those of toxicity. Yben thresholds of the two 
euremes, inactivity and toxicity, are discovered, the coding involves a minimum of 
interpretation. It is when compounds exhibit biological activities between those ez­
tremes in a given test method that the data appear under the guises of interpretations 
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relative to standatds, to the unique use for which they were tested, to efficacies, all 
of which are in tum relative to each other. Thus, reducing response evaluations to a 
common coding level without editing must remain a vexing and never completely solved 
problem. 

It was recognized at its conception that a suitable code would necessarily have 
to be standardized by definitions and rul-es of use in order to assure a high degree of 
uniformity in coding. The biology code that has been developed is indebted, then, for 
its complexity, to attempts to satisfy the demands of all biological disciplines and, 
for its simplicity, to arbitrariness of definitions to bridge such discrepancies of con· 
cept as exist in different areas of reseatch. Nevertheless, the coder must still ezerdse 
a certain degree of judgment because of·the variety of way s in which biological data may 
be ezpressed. This makes it mandatoty for the coder to be a person with specialized 
training in the field in which he is coding, methodical in approach and sympathetic with 
the goals to be achieved; to a degree, the same trainin g qualifications are demanded for 
the reverse process of retrieving, assembling and interpreting data &om the code files. 

It is appropriate to point out that the published literature alone, not to speak of 
available, unpublished data, is so immense io the entire area of biology as to preclude 
any idea of completeness of coverage with the present staff and facilities. It bas been 
deemed both useful and feasible, however, to attempt thorough coverage of a limited, 
but representative list of selected journals. The Codes having reached advanced stages 
of development, with a considerable collection of data &om literature and screening in 
its files, and with increasing success in satisfying requests for information, the Center 
is proceeding with confidence to enlarge its scope of coverage. 

CODE SHEETS 

Information concerning each individual chemical is recorded on a separate filin g 
sheet designated as a code sheet. One such sheet is prepared for each chemical for 
which appropriate data appear in an article, screening report, government publication, 
etc., abstracted by the Center. 

On one side of this sheet is recorded the chemical information such as structure, 
formula, properties, source, etc., as well as the reference for the source of the data 
and the code number assigned to that compound by the Center. On the other side of 
the sheet are recorded the actual biological test method and conditions pminent to the 
test, as well as the biological effect . The facets of this information are restricted to 
given areas of the sheet; e.g., the host, the organ or enzyme system, the dose, each has 
its specified position. On this side of the code sheet are written or typed the salient 
details of the test, each in its assigned space associated with the spaces for symbols 
which will code that particular detail. (As used in the Center's Codes, a symbol i s  
defined as the nmnber or letter or combinations o f  numbers or letters, which represents 
a unit of information of the Code. E.g., in the Biology Code, OA6� is a symbol repre­
senting canary as a host, 8 represents subcutaneous iniection as a path of administration 
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and, in the Chemical Code, T72 de signates Cr+6.) The coder of the te st performs 
both operations of recording the written abstract, which is of necessity succinct as 
possible, and entering the symbols that translate the information into code. Com· 
pleted, then, a horizontal line of data on a code sheet consists of a written abstract 
paralleled by the same information in code . (Often, information unique to the test and 
for which no provision for coding is made is included in the written portion . )  The ad­
vantages of matching the coding of each detail of the test with that detail as a written 
abstract lie in the facility afforded for future reference and for checlcing the coder• s 
work against the original data source; the coding is always checked carefully by one 
or more persons before the information is allowed 10 be entered into the master file. 
Each code sheet used at the present time is de signed to accommodate four such lines 
of data (i .e ., four abstracts and their coded equivalents). 

Each chemical is assigned a unique serial number the first time it appears for 
coding. The numbers ate a ssigned on the basis of the elements present in the com· 
pound. Blocks of numbers are reserved (1) for compounds which contain only carbon 
and hydrogen; c arbon, hydrogen and halogen; carbon, hydrogen and sulfur, etc., (2) 
for compounds containing only carbon, hydrogen and ozygen, (3) for compounds contain­
ing only carbon, hydrogen, nitrogen and ozygen, etc. Thus, in selecting a group of hy­
drocarbons from the files, it is only necessary to consider the block of serial numbers 
which concern this group and not the entire file. Salts and solvates are assigned the 
same serial number as the parent compound plus two additional digits. Compounds 
containing an abnormal concentration of isotopes are also assigned the same serial 
number as the parent compound, plus two additional letters. The number is recorded 
on both the chemistry and biology sides of the code sheet. 

All code sheets are contained in a master file; there, the sheets are arranged by 
chemical serial numbers and all those for a given compound are assembled and held 
in a single folder. Therefore, it is possible, with very litde difficulty, to obtain the 
Center's available information, both biological and chemical, on any particul ar com­
pound without the use of machines. 

In addition to the code sheets, the master file contains for each chemical (for 
which there may be from one to many code sheets) a single chemistry sheet. This 
summarizes the chemical and physical information contained on the individual code 
sheers as well as the chemical code for the compound. 

As the code sheets are returned from the coders, they are given serial numbers. 
This sheet number is later punched on the IBM card along with the coded data. One 
purpose served by the number is that it helps to maintain a check on that sheet as it  
progresses through the various stages of preparation for the master file. To understand 
the second purpose, it must be remembered that the code sheets are deposited in the 
file according to the chemical serial number. Further, under any single chemical num• 
ber, all the sheets containing data on that chemical are arranged in order of the serial 
numbers of the code sheets. When consulting the master file for those code sheets 
corresponding to punched cards, the other purpose of the code sheet number will be 
recognized. In other words, since the punched c ard has the code sheet number as well 
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as the chemi cal number printed at the top, the exact sheet conesponding to the catd 
can be pulled with little difficulty .  It might be pointed out, ho wever, that once the 
sheets of a single article are separated and put into the file under the chemical num­
ber, it would be only theoretically possible to reassemble them into the original litera­
ture unit by the code sheet numbers and, for all practical purpose s, impossible. This 
is considered of litde importance to the purpo se of the file . 

SOURCES OF DATA 

The chemical-biological information coded and filed i s  derived from three ba sic  
sources. 

1. Data resulting from the screening program sponsored by the Center. 

2. Unpublished data, positive and negative, which are solicited from govern­
mental, industrial, univer sity, and other laboratories. 

3. Data from selected scientific p eriodicals and other published reports. 

From a survey of chemical-biological literature conducted by the staff of the 
Center, it ha s been estimated that it would be nece ss•y to scan 250 selected periodi­
cals (exclusive of tho se published in Slavic languages) to obtain 90" of the data that 
could be considered u seful and pertinent to the Center's objectives. Literature cover­
age has had to be restricted to a fraction of that number of periodicals, some 60 journals 
in English, selected on the basi s of their yield of data and their representation of im­
portant areas of research. A s  the only practical step in establishing a solid foundation 
for the files, the effort has been made to make complete coverage of those journals 
selected. For the present, the year 1946 ba s been selected as the significant date back 
to which the chosen journal s must be covered. As the facilities of the Center grow, it is 
expected that the task of ab stracting and coding the remaining journals will be assumed, 
as well as  the enension of the date, in order to include older literature. With regard 
to the latter, however, the Center feels that it is mo st practical to pla ce emphasis on 
inclusion of current work a s  e arly a s  possible. At the time of writing, the Center has 
about 1 35 ,000 code line s in its file s, containing chemical-biological information on 
about 5 3,000 chemicals. 

CHEMISTRY INDEX CARD FILES 

The Center m aintains three chemistty card files consisting of 311 x 5 11 index 
cards. One of these files has all the chemi cals filed by chemical serial number (C!3C 
number), the second, by molecular formula and the third, by Olemical Abstracts' name. 
Through the use of the two latter files, it is possible to locate the code sheets on any 
compound, even though the number a ssigned that compound by the Center is not known. 
A typi cal chemistty file card is illustrated on the following page . 
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1 1  

CBC No. 800,619-10 

1-Naphthalenemethylamine, N, N-bis(Z-chloroethyl) -, 
hydrochloride 

cxSN(CHzCHzCl)z · HCI 

Chemistry Index File Card 

THE CHEMISTRY CODE 

In the spring of 1945, Dr. C. Chester Stock, E:z:ecutive Secretary of the OSRD 
In sect Control Committee, was reque sted by that Committee to investigate the various 
sy stems which had been devised for the classification of chemicals in order to deter­
mine the possibility of their ad aptation for u se as a notational system which would 
facilitate the conelation of chemical structure with biological activity. He discovered 
that Dr. D. E. H. Frear and his associate s at Pennsylvania State College bad devised 
such a system in 1942 and had used it on keyaort cards for conelating the structure of 
several thousand chemicals with their in secticidal and fungicidal activity. The gen• 
eral principles of the Frear system served as a basis for the development of the organic 
chemical section of the pre sent National Re search Council (NRC) Chemical Code. The 
n ecessary modifications of and e:z:tensions to the Frear system, using keysort card s, 
to adapt it for use with punched card s he,ndled by m achines, were made by the Chemical 
Codification Subcommittee of the In sect Control Committee from the fall of 1945 to 
July 1946. The work was then continued by the Chemical Codification Panel of the 
Chemical-Biological Coordination Center.  The same individuals served on both groups 
under the chairmanship of Dr. Stock. In the summer of 1946, an Inorganic Chemistry 
Panel was appointed, under the chairmanship of Dr. John C.  Bailar, Jr ., to e:z:tend the 
NRC Chemi cal Code to include inorganic chemicals. 

The primary pwpose in developing the NRC Chemical Code was to anive at a 
method of representing chemical structures by linear symbols which could be tr ansfened 
to punched cards, thus allowing the use of machine methods to assist in the correlation 
of chemical structure with biological activity. Representation of the component parts 
of a compound without showing their cc.-nnections with one another was considered 
sufficiently definitive for such pwposes. A s  a result, the code for each compound is 
not unique and it is seldom possible to reconstruct the complete structure of a compound 
from the code symbols. 
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In 1948, a trial of the chemical code was conducted with about 3,000 compounds. 
As a result of this m achine trial, certain changes were made. The code w as published 
in 1950 and has not been changed since its publication, except for the addition of a few 
new groups. Over 50,000 compounds have now been coded and are available for sort­
ing purposes in the Center's files. 

To illustrate briefly the coiing of compounds, three examples are given below. 

Example 1 

2,4-Di chlorophenozy acetic acid 

Coded as: H42 . 1·H67. 1·L35.2·NYR. 1-�89. 1 (� • the letter 0). 

H42 • RC(:O)OH, R is alicyclic, aliphatic or H 

H67 • ROR 1, R is aromatic carbocyclic, R 1 is alicyclic or aliph atic. 

L 35 • RCl, R is aromatic carbocyclic. 

NYR • benzene ring (unfused). 

�89 • Ca chain saturated. 

Example 2 

2·Methyl·5-indolol 

Coded as: F5A. 1·GP 9. 1·H7 4. 1-N¥1. 1-�99. 1. 

F5A  • R-NH • ...__, 
GP9 • C..N ring with muimum unsaturation. 

H74 • ROH, R is aromatic monocarbo cyclic. 

NYI • benzene ring fused to a heterocyclic structure. 

f99- c,. 
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Example 3. 

Potassium dichromate 

Coded as: ROff. 1-T 72.2·U63.7 

RJ:>ff • K+1• 

T72 • er•6. 

U63 • (:0) or (-0-). 

Each code designation contains four numbers or letters. The first three describe 
the component group , the fourth design ates the number of times that group occurs in the 
compound or ion. The code design ations are listed in order of the first digit or letter, 
with the numbers preceding the letters. The first digit or letter divides the groups into 
broad categories, called families. For example, G-- denotes a CN ring , and H--, a 
noncyclic group containing oxygen. 

The examples given above show the general characteristics of the code .  Each 
functional group is coded as a unit. When a functional group occurs frequendy in com• 
pounds, it  is further subdivided according to the atoms to which it is att ached. In Ex· 
ample 1, the code for the carboxyl group not only shows the presence of a carboxylic 
acid, but also indicates the presence of an aliph atic or alicyclic acid. In fused rings, 
the carbocyclic and heterocyclic  portions are coded separately as shown in Example 2. 

The chemical code as well as an abbrevi ated molecular formula is punched, for 
each compound , on a card containing the serial number of the compound. In addition, 
the broad categories representing the first digit or letter in each code designation are 
separately punched in three columns as an aid in sorting. 

The layout of the chemistry punched card is shown below. 

a a a a a a : o a 
I J J 4 J I Jf 111111:11 

I 
22 22 2 2,2 2 

I 
Jl 3l Jlill FR3 

I 
4 44 4 4 4144zGS.f 

55 555 sis 5�Hr5 

�IU6 
Sf.RIAL 1: 

St:flllAL "'UWIER D 005( 
fllOT.IT£0- G"OUP D .... 
IIIOTAT£0- SUIIAL D II.U( 
Stllt££NING COMPOUNDS D NOH£ 

F===========================�� 
CHEMICAL CODE 

!JV7�--r---r--.r--.---.---,---,---,--�--�--�--� NUWIIf.ft 

' ' 9 9 ' g,g ' 

Chemistry Punched Cord 

0 
222222 � 

0 
llllll> a: 
444444 � 

l 
555555 � 
f--1- 0 
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Space for twelve code designations has been allotted on the card. When more 
than twelve different groups are present, this is indicated by a supplementary punch, 
and the remaining code designations are placed on a second card. Less than 1% of 
the compounds on file contain more than twelve groups and the average number is 5 . 3  
p er  compound. There are two additional specific punches, one to indicate the presence 
of a radioactive element, the other for an abnormal concentration of isotop�s. 

Copies of the Code are now av ailable at Sl . 50 postpaid. Those interested in 
acquiring a copy should direct their requests to the Publications Office, N ational 
Academy of Sciences, 2101  Constitution Avenue, W ashington 25, D. C. 

THE BIOLOGY CODE 

In April 1946, the Biological Codification Committee of the OSRD Insect Control 
Committee was organized, with Dr. McKeen C arrell as ch airman. It was the intent and 
purpose of this group to formul are a system for classifying and codifying fundamental 
biological activities of chemic al compounds in such a way as to permit the transfer of 
these data to punched cards which could then be manipulated mechanically by means of 
IBM equipment. After its lOth meeting in May 1947, i t  assumed identity of the Biologi· 
cal Codification Panel of the Chemical-Biological Coordination Center, the Center 
h aving been established in July of 1946. 

The career of the Code, as it progressed both in concept and form, is too complex 
and the contributing scientists too numerous to allow a complete description and appro· 
pri ate acknowledgment here. In 1946, thirteen subcommittees were organized, each to 
consider the coding problems of a special are a of biology. The recommendations from 
the subcommit tees and the varied experiences of the members of the Codification Panel 
led, by 1950, to the preliminary tri als of three or four basic coding patterns, none of 
which, by itself , appeared to satisfy entirely the dem ands of the Center's program. 

In the spring of 1950, Dr. R aimon Beard, who had attended the development of 
the project sin ce its 1946 inception, was invited to the Center for an intensive effort 
to establish a function al basis on which to construct a code. With the designs and 
trials of the previous years to serve as a guide, Dr. Beard and the staff built the frame­
work on which the present Code depends. 

As the structure of the Code grew, it w as inevit able that the comple:z:ities and 
diversities- inherent both in the Code and the m aterial to be coded- would demand 
an expl anatory key establishing consistent interpretations of the Code . The first Key 
to the Detailed Biological Code appeared in January 1952 New problems and their 
resolu tions gave rise to supplements and additions both to the Key and the Code and 
further editions were issued to incorporate these. In 1954, the Key is in its second 
mimeographed edition, the Code is in its 6th. 

It is not unreasonable or pessimisti c to anticipate that the Code can never be 
considered perfected and adaptable to every form of chemical-biological data. The 
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Center is convinced th at both the Code and its Key have reached stages that justify 
th eir being printed and early 19�� h as been tentatively set for their publication. 

The challenge in elaborating the Code stemmed from the need to provide at the 
same time qualities of elasticity and specificity. The Code was designed to permit 
correlations of biological re sponses to chemicals. It had to be able to embr ace the 
variabl es of biological testing, yet provide definitive code units which could be re­
lated to each other in all combinations. The solution seemed to lie in m aking the 
best possible compromise, the result being the present Code, in which any of the 
conditions of biological tests c an  ideally be related to any other of the conditions 
and to the biological actions of the chemicals involved. The degree of success 
a chieved in accomplishing this c an  best be demonstrated by using the Code and 
pun ched card files; illustrations in the form of questions appear on a later page. 
(See pages 20, 2 1  and 22). 

The code sheet h as been described above (pages 8, 9 and 10). Each line of 
data on the code she et, r epresenting a single chemical-biological observation, is 
placed on a separate card. In doing this, the information th at has been abstracted 
from the literature or other source and tr anslated into code is ag ain translated, this 
time into the language of special card perforations. The IBM card on which this coded 
information is punched is illustr ated below. 

.. . " .. .. r J I [ J 1.' : I I\. - .. .. 1(11111&\. .. UIIII(illl f&XOfiiOMT ..... ""' HII.OI'O& .. IP(CifiC '". ".Ul AttiOI "'"· Cllfllttl IMt:lT lfUIIM" UIIC-. "Ll " . ..  .. :J 
llCOfiiD&IIIIY C.H(IIIK:Al. HOlT ..... Sill( KC.OM-"' flltUl 

o 1 o 1 o 010 1 o o o o o o o o o o o o o o o � ��!1!1� 1 ��� � �� �� o I o I ����� ��. �u� ��=��!I.'J� I I o I o o o o o I o o o o o o;o o o o o o 
I I) 4) lfl It IIIJIJMII"I MltaliJJn'" IJaJt»JI»D • JJ aa•4 1 Q 411 4f •11 ••elltii1M�·" •'IJIFJr1Mt'"lrt•71 
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I 

2 2 2 2 2 212 2 2 22222222 
' 

3 3 3 33 313 3 3 33333333 
I 

4 4 4 4 4 41, 4 4 44444444 
I 

5 5 5 5 5 5t5 5 5 55555555 
� 
.. � 
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�! � u ... 
�� 

0 

111 FILE NO. FILE CHANGES COLOR STRIPE 111 111 
1 TAXONOMY 0[0 222 2 S'EC.,IC ACTION SALMON 
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3 3 3 • ....... , .. ., OftGAH Ol"f:[N 333 333 
, TISSUE VIOLET 
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55 5 
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• 
; i; 
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... 

. = - ...... .. .  
=�� i i 

- ;: 

HOST 

i: ! . . d � � 
± - , 
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� � . t 
� -n i 

:1 z 

v 'i � 
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.. ., 

: 
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' 
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' 
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I 
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• I e � L 
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111 
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>-

44 4 8 
...J 0 
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: . . .  . .  . . 
w w • j j ;:: 

! J ! ! ! 1:9 ! ! ! ! ! ! 9 ! ! ! ! ! ! 9! ! I ! ! I I ! ! ! ! ! I ! ! ! ! I ! ! ! 9 ! I ! ! ! ! ! ! ! ! ! I ! ! I I 9 II ! 9 II ! I ! I I I 9 1:1 I I I I I 
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Biology Punched Card 

The greater area of this card is divided into 80 columns which in tum are distrib­
uted among the 31 "fields• of biological information and four reference areas (chemical 
number, sheet number, line number, and file). The 31 fields of coding on the code sheets 
correspond respectiv ely to the fields on the IBM cards . The cod ing fields are li sted 
on the following page. 
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IBM Card 
Column No. Field 

1-8 
9 A 
10 B 
1 1  c 
12- 17 D 

18-25 E 
26 F 
27 G-1 
28 G-2 
29-3 1  H- 1 
32-34 H·2 
35·36 I 
37-42 J 
43 K 
44 L 
45-46 M 
47-48 N 
49 0 
5Q- 5 1  p 
5 2  Q 
5 3  R 

54  5-1  
55  5-2  
56  5-3 

57  T-1  
58-61 T-2 
62-64 T-3 
65-66 u 
67 v 
68 w 
69-70 X 
71 y 
72-77 
78-79 

80 

16 

Description of Information Coded in Each Field 

Serial number of chemical 
Physical state of compound; how applied 
Conditioning agent 
Solvent or vehicle 
Secondary Chemical. E .g ., compound with which test com• 

pound is compared: compound synergized, antagonized, by 
test compound. 

Test organism; tumor, pathological condition; taxonomy 
Sex and stage of development of test organism 
State of organism, organ or tissue 
Second state of organism, organ or tissue 
Primary organ system or structure 
Secondary organ system or structure 
Tissues, cells, fluids 
Host organism; test environment 
Sex and stage of development of host organism 
State of host organism, organ or tissue 
Dosage--concentration component 
Dosage--quantity component 
Do sage-frequency 
Dosage-duration; time component 
Size of inoculum or implant 
Time of treatment relative to time of inoculation or relative 

to time test is started 
Route of administration, inoculum or implant 
Route of administration, compound upressed in Field D 
Route of administration, test compound. Manner of 

administration 
Action-direction of 
Action-specific 
Action-general 
Action-duration of; persistence of residue 
Evaluation time 
Slope of dosage-response curve 
Criterion of response 
Summary of effectiveness 
Serial number of code sheet 
Area of code sheet from which the coded information was 

taken (code line number) 
Specifies from which IBM file a given card is derived 

It may be pointed out that the fields are arranged in a sequence (from Column 1 
at the enreme left to Column 80 at the enreme right) that allows the decoding or reading 
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of the abstract to form an intelligible whole when read from the code sheets or the 
punched card. The following example will illustrate this. From the written descrip­
tion of this test, the pieces of information are shown distributed to the appropriate 
coding fields, though the code symbols that correspond to the entries are not indicated. 

Example: A 3% aqueous solution of phenyl trimethyl ammonium iodide was 
applied to paper discs in the amount of 0 .2  ml per disc:. The disc: was then placed on 
Difc:o nutrient agar, inoculated with 3 x 10' Bacillus anthracis, in a P etri di sh. At the 
end of incubation for 24 bouts at 37 ° C, growth was inhibited for an area of 2.  5 mm be­
yond the disc: edge. Solutions at 1% and 0 .3% produced no detectable inhibition. 

Test Com�uod A c E I M 
P henyl tri· in water Bacillus Difc:o agar Test compound 
methyl ammoni· solution as anthracis as host to in concentration 
um iodide solvent as test the test of 3% 

organi sm organi sm 

0 p Q 5-3 T· 1 T·2 
Appli ed for 24 with 3 x 10' Applied in Decreased infestation 
continu- hours bacilli ino- one spot within the 
ously cul ared (on paper affected area 

disc: placed 
on agar} 

T·3 v X y 
Action is  Observed after By Code Scal e  i s  found to be 
bacterio- 24 hours No. 20 (Threshold low in effective-
static Concentration> ness. 

It will be noted th ar  the information given about the test above undergoes vari· 
ous degrees of translation in being coded: agar becomes a host; the disc: placement 
becomes an application in one spot; inhibited growth becomes decreased infestation; 
threshold bacteriostasis at 3% concentration (i. e., 2 . 5  mm inhibition} is not coded at 
all , as such, but an e:zpression of relative effectiveness of the compound is derived 
from one of the standard scales of effectivenes s  in Field Y of the Code. The above 
example does not illustrate the u ses of all fields, but it does provide some understand­
ing of the basic: principles that are followed. It is al so somewhat atypical in that the 
majority of l ines of .data do not require or permit the use of so many fields for their 
coding. 

During the early part of 195 1, the Center, in collaboration with its subcommittees 
and the Biological Codification P anel, undertook an extensive test of the Detailed 
Biological Code. More than fifty questions from such diverse fields as pharmacology, 
entomology, plant pathology, plant physiology and bacteriology were used to test the 
adequacy of the Code and the techniques which are involved �n the use of the IBM 
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m achines and punched cards. The test served to detect certain we aknesses, which 
h ave been corrected, and demonstrated the general work ability of the Code in all 
branches of science to which it has been applied. I t  was found that the most serious 
limitation on providing me aningful answers to questions was the lack of coded datL 
This discovety was not unexpected; i t  takes time ro assemble and organize the mass of 
data which f alls within the scope of the Center's interests. As the Cente• continues 
to accumulate punched cards 01 additional fields of science, the problem of insufficient 
data will gr adually be solved. Sin ce 195 1 ,  the files of coded data h ave grown from 
less than 10,000 punched cards to 1 35 ,000 and the result has been a correspondingly 
increased ability to obtain information of signific ance, especially in are as where the 
coding h as been more e nensive, such as entomology and pharmacology. 

USE OF T HE P UNC HE D  CARDS 

Since the code sheers are filed in order of the chemical numbers (CBC numbers), 
it is apparent that there is needed some efficient index to the chemical and biological 
inform ation they contain. The pun ched cards, just described, perform this service in 
searching for such information. The cards are prep ared and processed by standard 
19M m achines,  nam ely, punches, sorters, an interpreter, a reproducing punch and a 
collator. All operations are, at present, conducted by a group of si x machine operators 
and a supervisor. (See page 7. ) 

E ach of the chemistty punched cards contains the chemical's seri al number, its 
code, the chemical families and elements present, as shown on page 13 .  Two separate 
f iles are m aintain ed  of this punched inform ation, one in chemical number sequence and 
the other in sequence of the code design ations. The latter file, called the "rotated • 
file, requires the preparation of as many cards as there are code designations. The 
rotation is accomplished by shifting the code designations in the first field of one 
card to the second field of a second card, those of the second field to the third field, 
etc., and those in the last field of the first card to the fir st field of the second .  Conse­
quently, with each subsequent card , e ach code designation appears in tum in the first 
field on the left side ot a card. This first field is the one used as a filing sequence for 
the "rotated • file. For example, three cards are prepared for a compound coded as 
A42. l·NYR. 1·099. 1 with the following sequence of the code design ations: (card 1 )  
A42. l·NYR. l·099. 1 , (card 2 )  699. 1-A42. 1·NYR. 1 and (card 3 )  NYR. l·099. 1·A42. 1. 

The biology punched cards contain all the coded biological data for each test 
performed. Replicates of these cards are filed under each of the following major 
coding fields. 

1. Test organism 
2. Specific a ction 
3. Gen eral action 
4. Tissue 
5 .  Organ 
6. Secondary chemical 
7. Host 
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In each of the above seven files, the cards are organi zed primarily according to 
the sequence of code symbol s in that coding field. Specifically, using the first 
digits of the symbol, the sequence progresses from 0 through 9, followed by A through 
Z. The cards under each of these symbol s are arranged by sequence of the chemical 
numbers. 

In addition to the above files, a cumulative file of all cards for all compounds i s  
maintained i n  chemical number sequence. This  file i s  commonly referred to b y  the 
Center as the •biology serial fil e. • 

Some of the typical operations performed upon the punched cards by the machines 
will be explained at this point. The rel ationship of the operations in the ultim ate 
answering of question s will be shown later. 

Sorting has two general applications. The first and more obvious is that of 
arranging a file of punched card s  in a given sequence (for example, in ascending chem­
ical number order). The second is in selecting (searching for) a card with a given 
symbol , or a group of cards r:elated by having a given symbol in common, from a stack 
of cards or a file that is not in any order or not in such an order th• would allow a 
rapid hand selection of the desired cards to be made. Both IBM sorters, Types 075 and 
082 are available for the Center' s use. 

Collation refers essentially to a process of m erging or matching two sets of cards, 
but the col lator is used to perform additional functions; the mo st  important uses to the 
Center are: ( 1 )  c hecking the fil ing sequence in file s; (2) merging two or more separate 
groups of cards into one combined file; (3) selection of some desired combination of 
information on certain card s  without disturbing the original order of the remaining card 
file and (4) matching two or more groups o f  c ards for coincidence of a given character­
i stic. The matching operation is probably the mo st useful in answering questions. An 
answer that would justify the use of the col l ator in matching would be comprised of at 
least two •components, • ordinarily a chemical component vs. one or more biological 
components. Each of these may be selected by hand from one of the fil es and the 
matching operation then determines which of the cards, having the essential biology 
information punched on them, match the cards having the e ssential chemical punching. 
The matching occurs through any identical punching of the chemi cal numbers between 
chemi stry cards and biology cards. Example C, of the following section, may serve to 
illustrate and explain further the advantage of collation. 

Automatic reproduction of all or any part of the card may be accompli shed on the 
reproducing punch. Thi s, of course, permits establishing, at will , n ew or speciali zed 
files  from existing cards. The same m achine is used for the purpose of checking accur• 
acy of punching, as follows. The process of punching the inform ation on either biology 
c ards or chemistry cards i s  performed in duplicate. In other words, the card for the 
chemistry serial number file and that for the chemistry rotated fil e are each punched 
by different operators using the same information source. The same is true for two 
biology fil es, the test organism file and the biology serial (by chemistry number) file. 
The two chemi stry cards then are m atched by the reproducer for identity and accuracy 
of punching; if  a discrepancy between the suppo sedly identically punched cards occurs, 
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the machine stop s and points out the exact discrepancy. The accurate punching of 
the two biology c ards is verified in a like maMer. 

In addition, there i s  an electronic: statistical m achine (referred to as Typ e 10 1 )  
which suppl ements the sorter. The l atter i s  limited i n  function b y  being able to sort 
only in a single column of the punched c:ard. For certain large task s, the 10 1 i s  pre­
ferred because of its capacity to sort not only in a single column, but to sort sel ec­
tively in many columns simultaneously, which not only represents a greater efficiency 
than the sorting machine, but a greater flexibility of use. 

USE OF THE CE NTER•s F IL ES F OR ANSWERING QU E ST IONS 

Upon request, the data in the fil es of the Center are avail able to representatives 
of its sponsoring agencies, its screening agencies, and to scienti sts actively engaged 
in research reasonably related to the data of the type the Center c:oll ec:ts. The follow­
ing examples illustrate the use of the chemistry card files (see page 10), biology c:ode 
sheet files (page 9) and the punched c:ard files (page 18). Although the examples 
s elected to illustrate the operations which lead to an answer are rel atively simple 
ones, simil ar procedures are used in answering more complex questions. It should 
be emphasized th at there is  no fixed procedure in the m echanics of answering a given 
question, because the answer m ay often be approached in any one of a number of ways. 
Som etim es the approach i s  from the chemical aspect and sometimes from the biological. 
The result obtained in a given step in a procedure often determines the nature of the 
succeeding step. 

Chemic:ai·Biologi cal Questions 

A. What information i s  available for a specific: biological action of a single compound? 
E.g. ,  ,.Does adiphenine have local anesthetic activityr To answer this question, 

the chemical number assigned adiphenine is located in the chemistry name c:ard 
file. The c:ode sheets bearing this number are inspected and, if rel atively few are 
present, they are scanned. Up to this point, it may be noted that no machines would 
be u sed. If a large number of code sheets are in the file under that chemical number, 
ho wever, all punched cards bearing this number are selected, either manually or by 
m achine, from among those in question in the punched card file of biological action, viz. ,  
"local anesthetic• (General Action File) and •conduction block • (Speci fic Action 
File). (See pages 18 and 19 for a description of the l atter files. ) 

B.  What information is  avail able on the biological actions of a single compound? 
E. g. , ,.What are the biological actions of, or, what biological tests have been 

performed with, 2, 6·diaminopyridine r In this question, the serial number of the 
compound is first determined by consulting the chemistty card fil e. Following this, 
it i s  simply a matter of going to the c:ode sheet file and examining all the action s 
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o r  tests coded on sheets filed under that chemical number. No machines would 
ordinarily be involved. 

C. What inform •ion i s  avail able on a specific biological action of a series of com• 
pounds of similar aructure? 

E.g.,  "What derivatives of ethylenediamine have anti-spasmodic activityr 

Definition of the term •derivatives• i s  required before answering the question; if 
for example, tertiary diamines having at least one alkyl group on each nitrogen 
atom were the derivatives in question, the chemical code designations for such com· 
pounds would be F5 1 (�R ' ), F54 (RR' R' ' N where R R  R' ' are alicyclic or aliphatic), F 56 
(where RR'  R '  ' are heterocyclic and alicyclic or alipl.tic) and F57 (where R R'  R '  ' 
are aromatic carbocyclic and alicyclic or aliphatic). The punched cards bearing 
such code de signations are hand-selected from the rotated chemistry punched card 
files and m achine-sorted in the molecular formula columns for cards limited to 
compounds with two or more nitrogen atoms. Such cards are matched with all 
biology punched cards containing data on anti-spasmodic activity (biology punched 
cards bearing the code number for "anti• spasmodic• in the General Action F ile and 
"muscl e  contraction• in the Specific Action ·File), rejecting all cards on compounds 
tested for anti-spasmodic activity but found ineffective. To this  point, by reviewing 
the step s of the search so far described, it will be seen that the punched cards 
will have been reduced to those having (1 )  any or all chemi stty symbol s F5 1 ,  F54, 
F56 and F57, (2) two or more nitrogen atom s and (3) positive (4) anti-spasmodic 
activity. It remains to check these punched cards, by the �hemical number, with 
the chemistry card fil e to ascertain if any or all of them are derivatives of ethyl· 
enediami ne. In actually forming an answer, reference is finally made to the code 
sheets bearing the information. 

D. What information i s  avail able on the biological actions of a series of compounds of 
similar structure? 

E.g. ,  "What are the biological actions of compounds containing a benzene ring 
with one or more chlorine atoms attached and having an LD1 0 of > 50mgllcg for 

mammals and an LDs o of <5 mgllcg for insects r The first step necessary in 
searching the Center' s files for an answer is the removal from the Specific Action 
File of the punched cards filed under • acute toxicity • and "chronic toxiciry• and 
machine-sorting them for all cards dealing with insects; those cards are then com· 
bined with the cards under "insecticide• in the General Action File. From the re­
sulting group of cards, those indicating inactivity are eliminated and the remainder 
sorted for those showing a dosage of <5 mg/kg in Field N. This  process is 
repeated for mammals. The cards resulting from the two �erations are m arched 
with cards from the rotated chemistry punched card file representing compounds 
containing chlorine attached to an arom atic carbocyclic ring. It remain s then to 
check the cards, obtained by the preceding steps, with the chemistry c ard file for 
the occurrence of a benzene ring with chlorine(s) attached. The cards so segregated 
yield the chemical numbers of the compounds sought, i.e.,  the compounds s atis fying 
the specifications of the question. By reference to the question, it is seen that it 
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asks for the actions of com pounds having these specification s. Proceeding to the. 
code sheet file and ignoring tho se l ines of data describing m erely the acute toxicity 
and chroni c tozicity, the code sheets, filed under the chemical numbers found by 
the search, are examined for all biological actions. 

Many questions concerning structure and activity are encountered which, at first 
glance, seem to be quite different from the above four illustrations. Ho wever, clo ser 
in sp ection will di sclose th at they fall into one of the above categories. Thus, the 
question s "What catcinogenic compounds contain the c:libenz [ a,h] anthracene ring sy s· 
tem ? •  and "What tozicity data are avail able for a simple Mannich base such as CHs 
COCHaCHaN(CH,}a and its higher homologs? • are variants of Qu estion C. Question s 
such as "Have any beta substituted glutarimides been tested for biological activity? "  
an d  "What tertiary amines have been found to h ave local anesthetic but not skin irri· 
taring activity in rabbits? • are variants of Question D. lnfrequendy there occur ques­
tions which are purely chemical or biological in nature for which there may be som e 
information in the Center' s fil es, though the files are not designed to produce answers 
to such inquiries readily. Possible questions of thi s type might be exemplified by 
"What organisms have been employed in testing f�r a specific or general action? • and 
"Which compounds having a given specification po ssess another (either structural or 
physical property spe.cification)? • 

It is the ultimate purpose of the fil es to facilitate correlation, i. e. , deduction 
of generali zations governing the rel ationship between chemical structure and biological 
activity. After a deck of biology punched catds has been segregated in answering a 
question and grouped according to activity, the frequency of oceurtence of cerrain 
chemical groupings in each categoty can be tabulated from the rotated chemi stty 
punched cards. Plotting frequency against activity may allow inferences to be drawn 
concerning the probabilities of enhancement or suppression of action by a given su b­
stituent. The fil es may al so be used to confirm generali zations after th ey  have been 
deduced from sources of information other than the files of the Center as well as to de­
termine exceptions or substantiate suspected correlations which could prove helpful in 
a search for more potent compounds. 

A demonstration of the foregoing was attempted a few years ago when a scienti st 
• working in the field of antithyroid drugs posed a series of questions to the Center, 

covering chemical compounds that bad been te sted for their antithyroid effects. Ten of  
these question s were designed to select the most active of  those compounds that had 
been tested in rats and to determine al so which of these bad been tested on human 
beings. 

In summari zing an evaluation of the results, the scientist stated that the system 
of recording and handling data, as demon strated with the antithyroid compounds,  was 
u seful in indicating compounds which might logic ally be further tested in man. At th e 
same time, he pointed out that, essentially, the CBCC system pretends to litd e inter­
pretation; furthermore, since the field is comparatively small in the case of antithyroid 
compounds, a critical study of the publi shed p apers would for that rea son have been 
possible for a clinician desiring to enter that field and it would probably have given 
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better results. •Nevertheless, th e  results such as obtained here woul d be a good 
starting point for a newcom er in the field. The value of the CBCC sy stem grows as the 
quantity of publi shed data in a field increases • • • •  Perhaps some day we shall call it 
indispensabl e. • a  

Chemi cal  Questions  

In  assembling and organi zing chemical-biological data, the Center records the 
sources of supply of m any chemical s of interest to investigators, since a kno wl edge of  
such possible sources c an prove extrem ely useful. Consequently, the Center will attempt 
to provide answers to question s such as the following. 

1. What is the source of a certain chemical ? E.g. , "What is a possible sautee of 
s upply of homolysine? "  This question would be answered by coo sulting the code sheets 
filed under the serial number of homolysine and the various commercial catalogues on 
file. The use of the punched card file i s  not necessary in answering this typ e of 
que stion. 

2. From whom can a given series of compounds of defined structure be obtained ? 
E .g. ,  "What thiosemicarbazones are included in the Center's files and what are their 

possible sources ?"  Thi s would be answered by a combined use of the chemi stry punched 
c ards, the screening program files and the code sheet file. The chemical code designa­
tion covering thio semicarbazones is  820. The punched cards bearing this  code designa­
tion would be selected from the rotated chemistry punched card file and their serial num­
bers l i sted on the tabu lator.1  The sources of the screening compounds would be found 
in the screening program files and the sources of the remaining compounds would be 
sought in the code sheet file. 

Requirements Govern ing Submittal of Question s 

The Center will attempt to provide answers to submitted questions under the fol­
lo wing stipul ations. 

1 .  Requests for information in connection with l aboratory or literature investiga­
tions may be submitted by any scientist as sociated with an educational , industri al ,  
governmental,  o r  private (either profit-making o r  non-profit) research institution. 

2. The request mu st involve or be concerned with chemical-biological data or 
source s of chemical s needed in biologi cal investigations. It should be remembered 
that the Center does not prepare code sheet s from articl es concerned only with the 
synthesi s of compounds nor from artid es which report the results of biological studies 
in which chemical s  are not used. Furthermore, the Center does not abstract articles  or 

' Anderson , G. W. 1 st Sympos ium on Chemical-Biological Correlation , pp. 1 62-1 63, C BCC, 
NRC-NAS ( 1 95 1 ). 

1An auxiliary IBM machine of limited CBCC use. 
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portions  of articles which report biological data for ill-defined chemical s and mixtures. 
To warrant abstracting, the articles must describe the study of chemicals which are 
reasonably pure, even though their structure s may be unknown. 

3. No request should be m ade for a complete bibliography. This limitation is im­
po sed because the Center does not wish and is not in a po sition to compete with the 
services already provided by m any libraries. On the other hand, in doctnenung the 
answers which the Center provide s to the submitted questions, a limited number of lead­
ing references will generally be given. 

4. There mu st be sonte consideration given to the formul ating of the question, not 
only to make it as dear, conci se and free from ambiguity as possibl e, but to narrow and 
define the range of the search requested. The time necessary to pl an and execute a 
search for the answers to certain question s is sometimes underestim ated by person s un­
famili ar with the Center' s procedures and files. This m ay result from misapprehensions 
concerning functions of mechanical equipment as  used by the Center. It  may not be 
inappropriate to point out again that the idea of the Center is unique in the advantages of  
the filing system, in  a vety real sense only made practical by machine methods; the ac­
tual u se of the files i s  often more tim e-consuming than merely choosing an appropriate 
group of punched cards and inserting them into a machiae for an answer to a problem. 
Th e  examples given on an earlier p age provide some concept of the step s th at m ay ·be 
involved, but do not, perhaps, suggest the time that may be con sumed in studying the 
data of  the code sheets to which the search finally leads and in attempting to give help­
ful suggestions by the presentation of those data in an organized fashion. Although the 
Center quite obviously is anxious to make use of its fil es, since it is the purpose of 
their existence, the consideration given in preci sion of request i s  appreciated and i s  apt 
to lead to a more satisfying answer. To give a simple illustration, if the Center is  re­
quested to provide certain biological data on a given compound • and its derivatives• or 
" and its analogs, • it is  necessary that the questioner indicate the specific structure s on 
which h e  de sires inform ation. This  prec ludes an arbitrary deci sion by the Center as to 
which structures to include and exclude in the preparation of an answer. Similarly, a 
request for toxicity data should state, generally or specifi cally , the organi sm or organi sm s 
to be included in the search and the type of toxicological data desired. 

Answers to many questions can be given in correspondence. The answer will gen­
eral ly incl ude a brief statement summarizing the data contained in the Center' s files 
plus a li sting of the pertinent references. It is  believed that most investigators prefer 
to study the original literature themselves and make their own interpretation s of the 
data. If an an swer i s  too complex and voluminous to permit its typing an d  m ail ing, the 
submitter of  the question will be invited to visit the Center and m ak e  p erson al u se of  
the fil es with whatever assistance is  required of the Center's staff. Questions may 
al so be submitted by telep hone. 

The completeness of the answers which the Center can at present prov ide i s, of 
course, dependent on the number o f  journals whose contents have been abstracted and 
incorpo rated into the fil es and on the amount of data from unpublished or other sources 
which h ave been made availabl e. Th e Center' s  fil es do not, as yet, contain data which 
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were published before 1946 and they are, for the most part, limited to tho se 60 selected 
journal s and screening data described elsewhere (page 10). 

THE SCRE EN lNG PROGRAM 

The screening program sponsored by the Center has as its objective the bro ad pre­
liminary testing of compounds for their biological effects on a variety of microorganisms, 
pl ants, and animals. Thi s testing is  done in an endeavor to find uses, not only for new 
compounds, but also for compounds which have not been previously tested or which have 
been subj ected to a limited number of tests. The laboratories, designated as screening 
agenci es, which conduct the screening te st s  are all governmental , university or other 
non-profit laboratories. Complete description of  techniques used in conducting the 
tests are filed with the Center. 

Compounds for the screening program are solicited from industrial ,  governm ental , 
university, and other research l aboratories. Submittal forms are provided on which to 
record the structures, physical properties and approximate amounts avail able for dis­
tribution. At least two gram s of a compound shoti d be availabl e before it i s  offered for 
screening. Thi s information about avail able compounds is  sent in the form of accession 
l ists (one hundred compounds per month) to the screening agencies, which select the com· 
pounds they would like to test and indicate the minimum quantity needed. The requests 
from the screeners are totaled and the submitters are informed of the size of saflll le de­
sired for each compound. The sampl es are then sent to the Center for rebotding and 
di stribution. Compounds are sent to the screeners usually within three months from the 
time they are sel ected. Th e quantity of a compound offered by the submitter i s  ohen in· 
adequate to meet al l the requests and, in these cases, the samples are allocated by the 
Center. 

Results  of the tests are reported to the Center, generally, within six months from 
the time  the compounds are received by the screeners, unless there is  a special reason 
for del ay; the time required varies with different types of te sts. The Center routinely 
check s its fil es and requests data that have not been reported. 

Test data are reported to the submitters of the compounds concerned. Following 
this  and aher a suitable time l apse, establi shed as three months, these data are incor­
porated into the Center 's  punched card fil es and al so are publi shed bimonthly as the 
"Summary Tables of Biological Tests. • (See page 30. ) Th ese table s  present the 
seri al number, name, sttucture and source of the chemical s  and, in summarized form, 
the technique and the results of the te sts.  

Data obtained from the screening program may not be published or referred to in 
articl es for publication without the permission of the screening agency concerned. 
Wh en a compound appears to be of specific interest aher preliminary te sts, the Center 
as si sts in establ i shing contact between the submi tter and the screening agency. In 
tho se cases where practical u ses are found for the compounds submi tted, the Center 
do es not file  patent applications. 
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If a submitter should request that compounds be subjected to only a certain spe­
cific test, an attempt is made to arrange for this testing with the proper screening 
agency. This special testing i s  undertaken without entering the compounds on a gen­
eral accession list. Al so, if a screening agency is  interested in testing certain types 
of compounds, the Center, through the use of its files, will attempt to locate possible 
sources of these compounds. 

To date, the screening agencies have been notified of the availability of som e 
7500 compounds in 76 acces sion li sts. Approximately 25 ,000 test data have been re­
ported to the Center from the screening laboratories. As a result of this screening pro­
gram, a number of compounds have shown sufficient promise to warrant field testing or 
commercial production. Other compounds have shown promising results in the initial 
phase of te sting and are being further investigated for confirmation of their biological 
activity. 

LIST OF SCR E ENING AG E NCIES 

Current Screeni ng Agencies 

Analges ic  
U. S. Dep artment of Health, Educ ation and Welfare, National Institute of Arthritis 

and Metabolic Di seases, Bethesda, Maryl and. 

Androgen 
Worcester Foundation for Experimental Biology, Shrewsbury, Massachusetts. 

Anticonvul sant and Relaxant 
University of Rochester, School of Medicine and Dentistry, Rochester, New York. 

Bacteri c i de 
Chemical Corps, Biological L aboratories, Camp Detrick, Frederick, Maryland. 

Cancer Ch emotherapy 
Ch ester Beatty Re search Institute, Royal Cancer Ho spital, London, England. 
Georgeto wn University Medical School, Washington, D. C. 
Sloan-Kettering Institute for Cancer Research, New York, New York. 
U. S. Dep artment of Health, Educ •ion and Welfare, National Cancer In stitute, 

Bethesda, \faryl and. 
University of California, School of Medicine, Berkel ey, California. 
University of Southern California, School of Medicine, Los Angeles, California. 

Fung i c i de 
Connecticut Agricultural Exp eriment Station, New Haven, Connecticut. (Pl ant) 
National Re search Council , Prevention of Deterioration Center, Washington, 

D. C. (Materiel) 
Quartermaster Re search and Development Center, U. S. Army, Natick, Massa­

chusetts. (Materiel) 
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Fungic ide (Conti nued) 
U. S. Department of Agriculture, Marketing Research Division, Biological 

Sciences Branch, Orlando, FloridL (Citrus Fruit Decay) 
U. S. Dep artment of Health, Education and Welfare, National Microbiological In­

stitute, B ethesda, Maryland. (Mycosis) 
University of California, Citrus Experiment Station, Department of Plant P ath­

ology, Riverside, CalifomiL (Citrus Fruit Decay) 
University of Rhode Island, Agricultural Experiment Station, Kingston, Rhode 

Island. (Plant) 
Herbicide 

U. S. Department of Agriculture, Field Crops Research Branch, Beltsville, 
Maryl and. 

I n secti c ide 
Connecticut Agricultural Experiment Station, New Haven, Connecticut. 
Rothamsted Experimental Station, Harpenden, Herts, Engl and. 
Suffield Experimental Station, Suffield, Alberta, CanadL 
U. S. Dep artment of Agriculture, Entomology Research Branch, Orlando, FloridL 
U. S. Department of Health, Education and Welfare, Communicable Di sease Cen­

ter, Savannah, Georgia. 
University of Califomia, Citrus Experiment Station, Dep artment of Entomology, 

Riverside, CaliforniL 

I n sect Repel l ent 
U. S. Department of Agriculture, Entomology Research Branch, Orlando, Florida. 

Nematicide 
University of Rhode Island, Agricultural Exp eriment Station, Kingston, Rhode 

Island. 
Pl ant Growth Regul ator 

Chemical Corp s, Biological Laboratories, Camp Detrick, Frederick, Maryland. 
Pineapple Research Institute of Hawaii, Honolulu, T. H. 
U. S. Department of Agriculture, Horticultural Crop s Research Branch, Beltsville, 

Maryl and. 
Prevention of Dental Caries 

Tufts College Dental Scoool, Bo ston, Massachusetts. 
Protozoacide 

Indiana University Medical Center, Department of Microbiology, Indianapoli s, 
IndianL (Toxoplasma) 

U. S. Department of Health, Education and Welfare, National Microbiological 
Institute, Bethesda, Maryland. (Amebacide and Antimalarial) 

U. S. Department of Health, Education and Welfare, National Microbiological 
Institute, Memphi s, Tennessee. (Toxoplasma) 

R odenti c i de  
U.  S. Department of the Interior, Fish and Wildl ife Service, Wildlife Re search 

Laboratory, Denver, Colorado. 
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Rodent Repel l ent-Attractant 
U. S. Dep artment of the Interior, Fi sh and Wildlife Service, P atuxent Economic 

Investigation s Laboratory, Laurel , Maryl and. 
Schi stosom i as i s  

U .  S. Dep artment of  Health, Education an d  Welfare, National Microbiological In· 
stitute, Bethesda, Maryland. 

Sea Lamprey Larvae Toxi c ity 
U. S. Dep artment of the Interior, Fish and Wildlife Service, Great Lakes Fi shery 

Investigation s, Ann Arbor, Michigan. 
Snai I Control 

U. S. Department of Health, Education and Welfare, National Microbiological In· 
stitute, Bethesd a, Maryl and. . 

U. S. Naval Medical Research Unit No. 3, Cairo, Egypt. 
Toxicity 

Chemical Corp s, Medical L aboratories, Army Chemical Center, Maryland. 
Slo an-Kettering Institute for Cancer Research, New York, New York. 
University of California, School of Medicine, Berlcdey, CaliforniL 
University of Southern California, School of Medicine, Los Angeles, CaliforniL 

Vir ic ide 
Southern Research Institute, Virus Research Division, Birmingham, Al abam L 

(Animal) 
Washington University, St. Louis, Missouri. (Pl ant) 

Previous Screening Agencies, Currently Inactive 

Anti bacterial  and P! ant Growth Regul ator 
Michigan State College, L ansing, Michigan. 

Di spers ion of School s of Fi sh 
Hawaii Marine Laboratory, University of Hawaii, Honolulu, T. H. 

I n secticide 
U. S. Department of Agriculture, Entomology Re search Branch, Anaheim, 

Califomi L 
Nematic ide 

U. S. Departm ent of Agriculture, Central Florida Ezperim ent Station, Sanford, 
FloridL 

Treatment and Prevention of Di sea ses of Fresh Water Fi sh  
U. S.  Department of the Interior, Fi sh and Wildl ife Service, Kearneysville, West 

VirginiL 
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Tuberculosi s 
Henry Phipps In stitute, University of Pennsylvania, Phil adelphia, Pennsylvania. 

Trude au Laboratory, Trudeau, New York. 

PU BLICAT IONS 

A. Reviews 

The Center has published five reviews concerned with various structure-activity 

rel ationship s of chemicals. The se publications are designated as CBCC Review s  and 
w ere spon sored by the appropriate subcommittee of the Center. It has been decided to 
discontinue, at least for the present, preparation of futther reviews in order to devote 
more time to the Center' s  goal of collecting and assembling chemical-biological informa• 
tion. 

No. 1. The Mode of Action of Organic In secticides, by Robert L. Metcalf, Uni· 
versity of California Citru s Ezperiment Station. Offset. P ap er. 84 pp. ( 1948). S l .OO 
postpaid. 

No. 2. Monofluoroacetic Acid and Related Compounds, by Maynard Chenoweth, 
University of Michigan Medical School. Letter press. Paper. 42 pp. 134 references. 
( 1950). S0.50 postpaid. 

No. 3. Hi stamine Antagoni st s, by Frederick Leonard and Ch atles P. Huttrer, 

Warner In stitute of Therapeutic Research. Offset. P aper. 122 p p. 224 references. 
( 1950). S l . 50 po stp aid. 

No. 4. Th e  Bacterio static Activity of 3500 Organic Compounds for Mycobacterium 

Tuberculo si s Var. Hominis, by Guy P. Youmans, Anne S. Youm ans of Northwestern 
University Medical School and L eonard Doub of P arke, Davi s and Co. Offset. P ap er. 
7 13 pp. ( 1 953). S5 .00 po stp aid. 

No. 5. Rel ationship between Chemical Structure and Toxic Action on Rats, by 

J am es B. DeWitt, Ervin Bell ack, O arence W. Klingensmith, Ju stus C. Ward and R ay 
Treichl er, and Relation ship between Chemical Structure and Rat Repell ency, by Ervin 

B ell ack, J am es B. DeWitt and Ray Treichl er, U. S. Departm ent of the Interior, Fi sh and 
Wildlife Service, P atuxent Research Refuge, Laurel, Maryl and. Offset. P ap er. 156 
p p. ( 1953) Sl .  75 postpaid. 

B. Nationa l Research Counc i l  Chem i cal  Code 

A Method for Coding Chemical s for Correlation and Cl assification. Spiral . 
Offset. 98 pp. ( 1950). S l . 50 po stp aid. 

C. Summary Tabl es of B i ologica l Tests 

Data obt ained as a result of the screening program sponsored by the Center. I ssued 
bimonthly. Mimeographed. Subscri ption rates include po stage. 
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Volume 1. (2 numbers only) 1 2 1  pp. ( 1949). S l .OO. 

Volume 2. (6 numbers) 375 p p. and Index to Volume s 1·2 ( 1950). S 3 . 50. 
Volum e 3. (6 numbers) 372 pp. and Index ( 1 95 1 ). S3. 50. 

Volume 4. (6 numbers) 385 pp. and Index ( 195 2). S 3 . 50. 
Volume 5. (6 numbers) 4 13 pp. and Index ( 1 953). S4. 50. 
Volum e 6. (6 numbers) and In dex (Current). S4. 50. 
Indice s (Volum es 1· 2, Vol s.  3, 4, 5 and 6). S l . OO each. 
(Indices are arranged according to molecul ar fonnula and chemical name. ) Single 

numbers of Volumes 1 through 4 are S0. 50 each. Single numbers of Volumes 5 and 6 are 
S0.75 each. 

D. Sympos ium Vol ume 

First Sympo sium on Chemical-Biological Correl ation. P ap ers and di scussio n s  

presented b y  the Center in May 1950. (NAS-NRC P ublication No. 206. )  Offset. Pap er. 
4 15 pp. ( 1951). S4. 00 po stp aid. 

E. Mi scel l aneous Publ i cations (Di stributed fre e, upon request, while avail abl e.)  

1 .  In structions for Using So dium Fluoroacetate (Compound 1080) as a Rodent 
Po i son. CBCC Mammalogy Subcom mittee (in cooperation with the Fi sh and Wildlife Ser­
vice). Mimeograph ed. 1 1  pp. October 1948. 

2. Interim Recommendations for the Treannent of Fluoroacetate Poi soni ng. 
CBCC Physiology-Pharm acology Subcommittee. Mim eographed. 2 pp. April 1950. 

F. Pu b l i cation s descr ib ing  the Center. (Asteri sks indicate availability of  reprints, 
free upon request. ) 

1. The Ch emical-Biolo gical Coordin ation Center. Karl F. Heumann. News Re· 

port NAS.NRC, 2 (5 ) 67-69 ( 1 952). 

• 2. Th e Chemic al·Riological Coordin ation Center and Entomology. G. Congdon 
Wood. ] .  Ec on. Entomol. (In press) (August 1 954). 

3: Th e Ch emical- Biolo gical Coordination Center: An Experiment in Docum enta­

tion. Raimo n  L. Beard and Karl F. Heum ann. Science 1 1 6  (302 1 )  5 53·54 ( 1 952). 

•4. The Chemical-Biological Coordin ation Center of the National Research Coun· 
cil.  Harriet A. Geer. Th e Capital Ol emist 4. 146- 149 (May 1 954). 

5 .  Th e Ch emical- Biological Co ordination Center o f  the National Research 
Co un ci l .  H. W. Kaan. P ro c. of the 8th International Congres s of Entomo logy, 920·23 
( 1950). 

• 6. Chemical-3 iological Docum entation: A Ne w Approach. G. Co ngdon Wood. 

Am. Inst. Biol. Sc. Bull .  3 (5) 16- 18 (October 1 95 3). 

7. Chemical Score Card. Newswe ek, 40 ( 1 7), 109 (Oct. 27, 195 2). 
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8 .  Co ding and Sorting Chemical Compounds by Mean s  o f  Punched Cards. John A. 
Morgan and D. E. H. Frear. J.  Chern. Education 24, 58 ( 1947). 

9. Punched Card Pilot Pl ant. Industrial and Engineering Ol emistry. 45, p. 17 A 
(August 1953). 

10. Th e Us e of Punc hed Card Tec hniques in the Co ding of Inorganic Compo unds. 
John C. B ailar, Jr. , Karl F .  Heuman n and Edwi n  J. Seiferle, J. Chern. Education 25, 
142 ( 1948). 

• 1 1. The Work of the Chemical-Biological Coordination Center in Relation to Chern· 
otherapy in Veterinary Medicine. J .  R. M. Innes. J. Am er. Veterinary Med. Assoc. 1 1 6  
(874) 22-26 ( 1 950). 

Note: Requests for publication s for which a charge is m ade should be directed to 
the Publications Office, National Research Council , 2101 Constitution Avenue, Wash· 
ington 25,  D. C. Checks or money orders should be m ade payabl e to the Nation al 
Ac ademy of Sciences. Requests for the free copies which are availabl e, as indicated 

above, should be directed to the Chemical-Biological Coordination Center, N ational R e­
s earch Council , 2101  Constitution Avenue, Washington 25 ,  D. C. 
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I ndex and Explanation of Abbreviations 

Absuacts on code sh eets,  literature, 8-9 
Acces sion lists of Screening Program ,  25 
Arrangement of code sheets in Master File,  9 
A s sembly of data , 7 

Bibliographic service limitation, 2 ,  24 
B iological Codification Committee of the 

OSRD, 1 4  
Biological Codification Panel o f  the CBCC, 

1 4  
BioloeY Code, 1 4  (See also Cod•, B iology. ) 
Biology Serial File , 1 9  

Cards,  Chemisuy Inde:a:,  1 0  
punched, technique of, 3 

Biology, 1 5•1 7 
Fie lds of, 1 5 , 1 6  

Chemistry, 1 3  
columns of, 1 3 ,  1 5  
use of, 1 8  

Card File(s),  Chemistry lnde:a:, 1 0  
Chemical Abstract ' s  Name lnde:a:, 1 0  
Chemical Serial Num ber Inde:a: ,  1 0  
Molecular formula lnde:a:, 1 0  
Punched, 3 ,  1 8  

Biology, i'8:19 
Chemistry, 1 8  
growth and pre sent s ize of, 1 8  

C BCC ( • Chemical Biological Coordination 
Center). 

• cBc• Number (• Chemical Serial Number 
of the C BCC), 1 8  

Center, Chemical-Biological Coordination, 
Codification Panels of, 1 1 , 1 4  

E:a:ecutive Committee of, 4 
Indusuial Committee of, 5 
location of, i 
origin of, 1 ,  1 1 , 1 4  
publications de scribing, 3�31 
publications of, 2 9-30 

addressing of requests for, 31  
rela tionship to the NRC of,  4 

. 

Reviews , 29 
staff, 6 
subcommittees of, 1 4  

Checking, o f  coding, 9 
of filing sequency, 1 � 
of punching accuracy, 1 9-20 

Chemical Abstract's Name lnde:a: Card File, 1 0  
Chemical-Biological Coordination Center 

(CBCC). (See C•ntn. ) 
Chemical-Biological questions ;  20 
Chemical compounds, genera l, source s of, 23 

Chemical compounds for screening, sources 
of, 25 

Chemical Number ( • Chemical Serial Number) 
Chemical Reactivities Committee, 5 
Chemical Serial File 

(See Ch.,ical Snial Nu,ber. ) 
Chemical Serial Number, 9 

lnde:a: Card File by, 1 0  
Chemical Punched Card file by 

( • Chemical Serial F ile), 1 8  
Chemistry sheet i n  Ma ster File, 9 
Code , 3 

Biology, 7, .!! 
e:a:ample of use of, 1 7  
publication of, 1 5  
qualifications for, 7 ,  1 5  

Chemistry, 1 1  
e:a:amples of use of, 1 2•1 3 
price and s ource of, 1 4 ,  29 
publication of, 1 2  

designation, 1 3, (See also Cod• symbol 
and Symb ol. ) 

sheets , 8- 1 0  
biology side of, 8-9 
chemi stry side of, 8 
filing arrangement of, 9 
numbering of, 9 

sym bols , 8 (See also Symbol and Duigna• 
t ion. ) 

uiala of, 1 2 ,  1 4 ,  1 7 ,  22 
Coders, non-res ident, 5 ,  7 
Codification Com mittee of the OSRD ICC, Bio­

logical, 1 4  
Codification Panel o f  the CBCC, Biological ,  1 4  

Chemical, 1 1  
Codification Subcommittee o f  the ICC, Chemi· 

cal , 1 1  
Coding procedure, 8-1 0 
Collation of punched cards, 1 9  
Columns o n  punched cards , 1 3 ,  1 7  
Committee of the CBCC, Ch emical Reactivities ,  5 

E:a:ec utive, 4 
Industrial , 5 

of the OSRD, Insect Control Com mittee ,  1 
Biological Codification Committee of, 1 4  

Correla tion, 2 2  
Correspondence concerning question s, 2 4  

Data , line of, 9, 1 5  
organization of, 7 
sources of, 1 0  
from literature , selection of, 23-24 
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E:.:ec:utin Board of the NRC, 4 
Euc:uti ... e Committee of the CBC C, 4 

Fields of c:odiog, Biology, 1 5 ,  � 
Files . (See Cmd Files, Serial, and Rot4t•d. ) 

Screening Program, 25 
CBCC, use of,  20 

Frear system of c:hemic:al dassific:ation, 1 1  

IBM ( • International Business Mac:hioes). 
ICC ( • losec:t Control Committee). 
lodes Cards , Chemistry, 1 0  
Indexing o f  data , general, 1 
Industrial Committee of the CBCC, 5 
Inorganic: Chemistry Panel, 1 1  
lnsec:t Control Com mittee of the OSRD, 1 
International Busines s Mac: hioe s ,  staff, 1 

utilized by the CBCC, types of, 1 8  
applications of, 1 9-20 

Isotopes,  1 4 

Key to the Biology Code , 14 

Line of data, .2a, 15  
Literature, c:o ... erage, 8, 1 0  

s election and assigning b y  resident staff, 5 
selections, qualifications of, 2 3·24 

Mac:hioe methods , 3 
Machines , used by the Center, International 

Busines s, 1 8, 20, 23 
use of loteroauonal Busines s, 3 

Master File, of c:ode sheets , 9 
chemistry sheets in, 9 

Matc:hiog of puoc:hed c:ards, 1 9  
Merpog o f  punc:hed c:ards, 1 9  
Methods. (See Teclmifues. ) 
Miscellaneous publications of the CBCC, 30 
Molecular Formula Index Card File, 1 0  

Natiooal Res earch Couoc:il , 4 
Nepti"'e data, sipific:aoc:e of, 1 
NRC ( • National Research Couoc:il). 
Number, Chemical Serial,  9 

Code Sheet, 9 
• esc• < · Chemical Serial Num ber), 1 8  

Objec:tins of th e  CBCC, 4 ,  22 
Offic:e o f  Scientific: Research and De ... elopmeot, 

.L. 1 1 ,  14 
Organization of the CBCC, 4 
Organization of data, 7 
OSRD (• Offic:e of Scientific: Res earch and De• 

nlopmeot). 

Patents, 2 5  
Panel,  Biological Codification, of  the CBCC, 1 4  

Chemical Codification, of the CBCC, 1 1  
Publications, 29 
Puoc:hed c:ards. (See Cmds. ) 

3 3  

Questions , 2 ,  20 
c:hemic:al, examples of, procedure for 

answering, 2 3  
c:hemic:al·biolopc:al, examples o f ,  procedure 

for answering, 20.22 
procedure for handling, 20, 24 
spec:ific:atioos for submission of, 2 3·24 

Radioac:ti ... e compounds , 1 4  
Reac:ti ... ities Com mittee, Cbemic:al, 5 
Reproduction of punc:hed c:ards , 1 9  
R equirements for questions submitted, 2 3  
Re ... iews , CBCC, 2 9  
Rotated Chemistry Punc:hed Card File , 1 8  

Screening, Ageoc:ies, 25 
c:urrendy ac:ti ... e ,  li st of,  26-28 
inac:tin , list  of, 28-29 

Prosram, origin and purpose, 1 ,  25 
methods and policies , 25·26 
staff, 6 

Selection, of literature data, qualifications for, 
2 3·24 

of punc:hed c:ards , 1 ?  
Serial File , Biology, 1 9  

Chemical, 1 8  
Serial Num ber, Biology c:hemic:al, Punc:h Card 

File ( • Biology Serial File), 1 9  
Cbemic:al ( • Chemical Num ber), 9 

Index Card File, 1 0  
Puo c:hed Card File, 1 8  

Code Sheet, 9 
Ser...ic:es of the CBCC, 20·2 5.  (See also 

Scre ening Program. ) 
Soniog of punc:hed c:ards , 1 9  
Sourc:es ,  of c:hemic:als , general, 23 

for screening, 25 
of data, 10 

Sponsors of the CBCC, 4·5 
Staff of the CBCC, 6 
Subcommittee of the ICC, Cbemic:al Codific:a• 

tion ,  1 1  
Subcommittees of the CBCC, 1 4  
Sum mary Tables of Biological Tests 

Sponsored by the CBCC , 2 5 ,  29-30 
Symbol , Code ,  definition of, 8-9 
Symposium on Chemic:al·Biologic:al Corre la· 

tion, 3 0  

Table o f  Contents , iii 
Tec:boique of CBCC, ad .... otages of, 3 

(See also Q uest ions. ) 
Testa , sc:reeoiog, 1 ,  25 

types of, 26-29 (See Scr•"i"B Agenc;•s, 
list of. ) 

Trial of Code s .  (See Cod•, trials of. ) 

Use, of the Center's  files, 20 
of punc:hed c:ards , 1 8  
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