
Meetings 

Comparative Medicine 

Medical research has always depend- 
ed heavily on animals as subjects for 
testing and evaluating new therapies. 
These usually have been normal, healthy 
animals in which the disease or abnor- 
mality to be studied was introduced 
experimentally. Although many human 
illnesses cannot be induced in animals, 
diseases are known to occur in animals 
which closely duplicate human illnesses. 
Some animal diseases have been used 
as models for research on these condi- 
tions. 

More such model disease systems are 
essential to study mechanisms under- 
lying the broad spectrum of human 
health problems. This need has prompt- 
ed the National Institute of General 
Medical Sciences to initiate a compara- 
tive medicine program. The goal of this 
program is to identify, study, and use 
selected animal diseases which resem- 
ble human disease processes. Discovery 
of appropriate models will enable study 
of the multiple causes of disease and 
strengthen research on clinical disease 
conditions by avoiding many of the 
severe restraints imposed on human 
clinical investigation. This program 
would also identify the best animal sys- 
tems for pharmacology-toxicology and 
drug research. 

As a first step in developing this 
program, the National Institute of Gen- 
eral Medical Sciences assembled a 
Workshop Conference of experts in the 
use of animal disease models for ad- 
vancing information on human health. 
The importance and potential of com- 
parative medicine had been suggested 
by earlier meetings held at Pennsyl- 
vania (1), New York (2), and Michi- 

gan (3). This meeting was to provide 
specific recommendations for the direc- 
tor and staff of NIGMS to consider in 
planning their program. 

The meeting was chaired by Rene 
Dubos of the Rockefeller University. 
Other participants 'were two physiolo- 
gists, two behavioral scientists, five phy- 
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sicians, two veterinarians, and one in- 
vestigator trained in both veterinary 
and human medicine, variously repre- 
senting medical schools, veterinary 
schools, departments of biology, and 
the NIH intramural program. 

The conference emphasized that al- 
though many diseases of animals close- 
ly resembled conditions seen in man, 
they were not exactly the same condi- 
tions scaled down in size or time. How- 
ever, the study of these diseases will 
be fruitful because they will reveal the 
underlying mechanisms and provide a 
clearer understanding about the related 
process in the human. To make com- 
parative medicine effective, an inter- 
disciplinary, interprofessional effort 
must be made with particular atten- 
tion paid to the influence of environ- 
ment on health, including behavior and 
social interaction. "A study of phe- 
nomena basic to the diseases of all 
species" was adopted by the conference 
as a 'broad definition of comparative 
medicine. 

The principal disciplines involved are 
pathology, physiology, psychology, 
anatomy, and pharmacology. Interac- 
tion of these basic disciplines and all 
of the medical professions is neces- 

sary for two reasons: first, to study 
the normal and the diseased states in 
various species in order to identify 
similarities and differences between 
them and the similar condition in the 
human; second, to investigate the multi- 
ple causes of disease. The conference 
members pointed out that very few dis- 
eases have a single cause even when 
the cause is a microorganism. It has 
already ibeen shown that infectious, de- 
generative, and neoplastic diseases can 
be influenced by such factors as tem- 
perature, environment, and social pres- 
sure. 

There is a hazard in the study and 
use of animal disease model systems. 
Many of these models, which have 
been the basis of research problems 

in the past, have eventually become 
projects devoted entirely to studying 
the model. The thrust of the compara- 
tive medicine program must 'be to study 
the mechanisms of diseases and not 
the models themselves. Basic to this 
concept is the fact that comparative 
medicine is an interdisciplinary science; 
medical research problems in animals 
must be approached from a compara- 
tive point of view, including compari- 
son to the human. Comparative medi- 
cine would also rekindle an interest in 
the natural science approach to biologi- 
cal problems in areas of research not 
yet clearly enough defined for the "re- 
duction analysis" approach. 

In training as well as research there 
is a need for greater exchange between 
medicine and veterinary medicine in 
order to bring the disease problems 
of the former and the research mate- 
rial of the latter into perspective. Both 
of these medical fields need to develop 
closer interchange between the clinical 
and the basic medical disciplines, espe- 
cially physiology, psychology, bio- 
chemistry, and pathology. Through this 
exchange a comparative medicine pro- 
gram can begin immediately by build- 
ing on the many animal colonies and 
animal programs which are already in 
existence, such as the regional primate 
research centers, zoological parks, vet- 
erinary clinics, and the animal colo- 
nies of medical schools. 

Potential for Comparative Medicine 

Comparative medicine will be most 
useful in areas of medical research 
where duplication of human disease in 
the laboratory is not possible either by 
transmitting it to laboratory animals 
or by altering the animals' physiology 
to create the same disease. The use- 
fulness of comparative medicine can 
be demonstrated by utilizing it in areas 
of medical research most urgently in 
need of development. Several such 
areas currently of program interest to 
NIGMS are pharmacology, toxicology, 
anesthesiology, genetics, behavioral sci- 
ence, and trauma. 

(In the field of pharmacology, the 
use of certain laboratory animals for 
specific tests has been popular for many 
years; however, it has recently been 
demonstrated that chemicals which are 
teratogenic in one species may be safe 
for another species. The effect of 
psychopharmacological drugs on one 
species may vary considerably from the 
reaction on another. The metabolism 

SCIENCE, VOL. 158 



Oxford _ 

A Dictionary of 
Genetics 
By ROBERT C. KING, Northwest- 
ern University 
Spring 1968 paper, prob. $3.50 

approx. 250 pp. 250 illus. 1 map 

Technology in 
Western Civilization 
Volume I: 

The Emergence of Modern Indus- 
trial Society-Earliest Times to 
1900 

Volume II: 
Technology in the Twentieth Cen- 
tury 

Edited by MELVIN KRANZBERG, 
Case Western Reserve University, 
and CARROLL W. PURSELL, JR., 
University of California, Santa Bar- 
bara 
Volume I 1967 816 pp. 200 illus. 

text edition $ 8.50 
Volume II 1967 800 pp. 200 illus. 

text edition $ 8.50 
boxed set, trade edition $27.50 

Population in 
Perspective 
Edited by LOUISE B. YOUNG, 
American Foundation for Continuing 
Education 
Spring 1968 approx. 400 pp. 

paper $4.95 
cloth $8.50 

The Molecular 
Biology of 
Development 
By JAMES BONNER, California In- 
stitute of Technology 
1965 185 pp. 18 figs. $3.50 

Invertebrate Zoology 
By PAUL A. MEGLITSCH, Drake 
University 
1967 990 pp. 400 illus. $11.00 

OXFORD W 

Oxford _ 

A Dictionary of 
Genetics 
By ROBERT C. KING, Northwest- 
ern University 
Spring 1968 paper, prob. $3.50 

approx. 250 pp. 250 illus. 1 map 

Technology in 
Western Civilization 
Volume I: 

The Emergence of Modern Indus- 
trial Society-Earliest Times to 
1900 

Volume II: 
Technology in the Twentieth Cen- 
tury 

Edited by MELVIN KRANZBERG, 
Case Western Reserve University, 
and CARROLL W. PURSELL, JR., 
University of California, Santa Bar- 
bara 
Volume I 1967 816 pp. 200 illus. 

text edition $ 8.50 
Volume II 1967 800 pp. 200 illus. 

text edition $ 8.50 
boxed set, trade edition $27.50 

Population in 
Perspective 
Edited by LOUISE B. YOUNG, 
American Foundation for Continuing 
Education 
Spring 1968 approx. 400 pp. 

paper $4.95 
cloth $8.50 

The Molecular 
Biology of 
Development 
By JAMES BONNER, California In- 
stitute of Technology 
1965 185 pp. 18 figs. $3.50 

Invertebrate Zoology 
By PAUL A. MEGLITSCH, Drake 
University 
1967 990 pp. 400 illus. $11.00 

OXFORD W 
UNIVERSITY W 

PRESS W 
200 Madison Avenue, 

New York, N.Y. 10016 

1222 

UNIVERSITY W 
PRESS W 

200 Madison Avenue, 
New York, N.Y. 10016 

1222 

of drugs varies from species to species. 
It has been clearly demonstrated, for 
example, that the baboon is superior 
to other primates except possibly the 
chimpanzee in the study of reproduc- 
tive problems. However, it may not be 
superior to the dog for cardiovascular 
research. The baboon is an animal in 
which epilepsy-like seizures may be 
readily created. It may also prove to 
be a most valuable animal for dental 
research. A study of this animal in 
depth by scientists of many disciplines 
has revealed valuable information in 
comparative medicine which will aid 
scientists in many fields. 

The study of anesthetic products on 
a comparative 'basis has just begun. 
There is a considerable variation of 
susceptibility among different species of 
animals to anesthetic products and 
methods of anesthetizing. These differ- 
ences can be useful in detecting dan- 
gerous side effects of anesthetic agents 
earlier, as in pharmacology research, 

As in man, degenerative diseases oc- 
cur in all species of animals as they 
grow older. Large numbers of aging 
animals are available in the popula- 
tion of companion animals-dogs, cats, 
and horses-which are kept by modern 
society until they are aged. Those in 
the clinics of veterinary colleges or 
other animal centers associated with 
large medical research programs will 
provide naturally occurring disease re- 
search models that could not be dupli- 
cated in a research laboratory. Many 
of these clinics will be able to accom- 
plish the detailed clinical diagnosis and 
study necessary to make this valuable 
research material available. 

Zoo animals offer an important op- 
portunity to study environmental health 
problems. Over a period of years, these 
animals develop physiological adapta- 
tions to their captive urban environ- 
ment, and may develop health prob- 
lems which are specifically initiated by 
the environment. 

The effect of social or behavioral 
stress on health can ,be evaluated in 
companion animals. Although psycho- 
therapy will not be possible for these 
animals, correction of the animals' 

problem by the administration of 
drugs, ,by hormonal changes, or by 
changes in the environment may be 
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netics, study of the large colonies of 
inbred laboratory animals and closely 
related animals such as dairy cattle pro- 
duced by artificial insemination pro- 
grams may provide valuable compara- 
tive leads as an important basis for 
human health research. Many of the 
inherited defects in the human such 
as cleft palate are already known to 
occur in animals. The coordinated ap- 
proach to comparative medicine as sug- 
gested by the conference may reveal 
and make available many new models 
of genetic defects. 

Trauma and injury are common 
among animals. Animals could con- 
tribute valuable information in the 

study of devices calculated to restore 
weight bearing and mobility in a very 
short time. The animals can be used 
to evaluate materials proposed for 
prosthetic replacement of tissue. They 
are valuable also in studies of tissue 
transplantation and other reparative 
efforts. 

Plans for the Development of 

Comparative Medicine 

The Workshop Conference concen- 
trated on consideration of institutions 
or disciplines having the greatest po- 
tential to contribute to comparative 
medicine, and discussed the way in 
which they could more effectively ad- 
vance medical research through com- 

parative medicine. 

Comparative Medicine in the 

Medical Center 

A program in comparative medicine 
is needed at university medical centers 
and could contribute greatly to their 
immediate and long-range research 

goals. Medical centers have certain ad- 

vantages as the major focus for at- 

tempts to develop such programs. First 
of all, they are already centers for 

ongoing research projects in human- 
oriented studies and at the same time 
employ animals of a wide variety in 
order to solve these problems. These 
medical centers contain groups of sci- 
entists with highly specialized abilities 
and knowledge, who could contribute 
to and profit by a comparative ap- 
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proach. Finally, their training programs 
would be of value to potential mem- 
bers of a comparative medicine group. 

For the most part, the medical center 
can contribute to a comparative med- 
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icine program by providing training 
opportunities, by stimulating active 
research in disease, and by encour- 

aging experienced scientists to partici- 
pate in this work. Opportunities al- 
ready are present for training in depth 
in various disciplines. What especially 
is lacking is the knowledge and the 
specific intent to see disease problems 
from a broad biological viewpoint. The 
goal of a comparative medicine pro- 
gram at a medical center thus would 
be to create an atmosphere that would 
stimulate interest in the study of a 
wide range of animals and plants. It 
would be a center of information in 
the field and would have the mission 
of extending knowledge both in breadth 
and depth. 

There is a strong tendency for re- 
search scientists at most medical cen- 
ters to penetrate more and more deep- 
ly toward molecular levels, with the re- 
sult that they tend increasingly to neg- 
lect study of the entire organism and 
the overall disease process itself. On 
the other hand, a broad-based program 
in comparative medicine in such an 
environment could be a valuable com- 
plement to this trend, and could pro- 
vide important new biological tools for 
the highly specialized scientists to use. 
Current in-depth studies by many 
medical scientists employ a wider range 
of comparative zoological material, but 
utilization of such material is often 
fortuitous rather than planned. 

Such a loss of perspective results in 
overlooking opportunities that could 
come from full exploitation of the di- 
verse possibilities provided in nature. 
Valuable insights can come from the 
entire biological spectrum. This does 
not exclude the molecular aspects of 
comparative medicine. The study of 
enzyme systems and fine structure 
should go hand in hand with the study 
of the whole animal. Specific recom- 
mendations include: 

1) Bringing knowledge of disease 
processes to the zoologist. Medical spe- 
cialists (pathologists, physiologists, mi- 
crobiologists, biochemists) could partic- 
ipate in the presentation of courses 
in disease problems at the under- 
graduate level. Areas in the scope of a 
pathologist would be of great interest 
to a zoologist in dealing with basic 
processes such as inflammation, cell de- 
generation and necrosis, wound heal- 
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nutritional deficiency conditions. 

2) Bringing zoologists and veteri- 
narians into established training pro- 
grams at university medical centers. 
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| Gone are the days of involved calculations, checking tables or figuring 
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to your spectrophotometer. Most B&L Spectrophotometers attach di- 
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down to three quick steps: 

,- |1. Set zero. 
.Z 2 2. Calibrate to a known standard. 

3. Read the unknown concentration directly. 
0- Simple ... Fast... Accurate! 

Z | The price is just $750 ... making this the first and only low cost unit that 

| automatically reads concentration directly for any solution obeying 

Beers law. We'll gladly send you a descriptive brochure (33-2215) or 
z why not let us show you? Write Bausch & Lomb, 20848 Bausch Street, 

2 
" 
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Fellowships could be made available 
for zoologists or veterinarians who 
would desire to enroll in the Ph.D. 

programs in pathology, biochemistry, 
physiology, and other fields. Support 
might be provided for those with Ph.D. 

degrees in zoology who desire to ob- 
tain specialty research training in medi- 
cal center programs. 

3) Providing long-term support for 

comparative medicine programs to be 

developed within medical centers. Pro- 

grams of this sort would of necessity 
be structured as appropriate to a par- 
ticular university or medical center. For 
the most part, this support would prob- 
ably require long-term commitment of 

salary support for a chair or professor- 
ship in comparative medicine, for the 
salaries of several additional faculty 
persons, and for the initial construc- 
tion of laboratory and animal facili- 
ties. 

One possibility is that such a pro- 
gram in comparative medicine could 
be placed administratively as a divi- 
sion within a department of pathology, 
and could be physically placed in the 
vivarium of the medical center. It is 
clear that the academic and research 
activities of the scientists in such a 

program would have to be distinguished 
from the service functions of the vi- 
varium. 

A conjoined title between disciplines 
such as pathology and zoology could 
be supported and might contribute to 
interaction between such groups. 

Comparative Medicine in the 

Veterinary College 

The vast wealth of clinical mate- 
rials constantly presented to veterinary 
medical clinics may well represent one 
of the greatest sources of available 
comparative medical research material. 

IThese animal models would provide 
new avenues for sophisticated research 

I not permitted on human beings. Ani- 
mal diseases of comparative interest 
are frequently conditions which occur 
sporadically and are not the subject of 

I great economic loss. Therefore, they 
have not 'been the subject of interest 
or research support by the agriculture 

I or animal production community. 
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Iobvious need to establish, at colleges of 
I veterinary medicine, research hospitals 

staffed by disciplinary trained scientists 
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who are sufficiently well supported that 
acquired and inherited animal diseases 
similar to those of man can be collect- 
ed and studied. The nature of many of 
these studies will require long-term 
handling, observation, and treatment of 
subject animals. Special holding facili- 
ties will be necessary at certain centers 
to allow for the long-term maintenance 
of genetic lines and specific mutant 
stocks. 

A potentially useful source of ani- 
mals seen at veterinary colleges and 
certain animal research facilities are 
the animals that age as companion ani- 
mals. They are especially valuable in 
chronic disease studies, in studies of 
the effect of environment, long-term 
medication, and social pressures. Spe- 
cific examples of aged animals are the 
dog, the cat, and, more recently, the 
horse, which are ordinarily kept until 
they live out their days rather than un- 
til they live out their principal useful- 
ness. 

Artificial insemination rings which 
keep valuable bulls until they are in 
their advanced years provide another 
source of aged animals. If these ani- 
mals can be studied in depth by re- 
search programs associated with large 
clinical programs, much significant and 
useful comparative medicine material 
will have been developed. 

The preservation of such experimen- 
tal models is of utmost importance 
so that veterinary medicine may make 
its maximum contribution to human 
health. It is expected that certain com- 
parative studies would be conducted in- 
depth at colleges of veterinary medi- 
cine; however, it is recognized that 
more scientists with interests in spe- 
cific diseases can be found in the many 
medical schools. An important role of 
the comparative medicine center at the 
veterinary college would be to make 
available to scientists throughout the 
country animals with specific model 
diseases. 

It is of utmost importance that a 
coordinated effort be made within the 
National Institutes of Health to de- 
velop a system for disseminating infor- 
mation concerning the availability of 
existing animal models. In addition to 
the establishment of centers at certain 
veterinary colleges in close cooperation 
with medical institutions, a number of 
other programs should be initiated: 
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nary clinics and on the needs for com- 
parative medicine material in medical 
schools. 

2) Fellowships (multidisciplinary) in 
comparative medicine designed to in- 
tegrate veterinary and human medical 
research programs and to apply com- 
parative methods to biomedical re- 
search programs. 

3) Publication of a compendium 
(by organ system) of existing animal 
models as to their nature, location, 
and present level of information per- 
taining to each topic. 

Role of Zoological Parks in 

Comparative Medicine 

Zoological parks traditionally have 
been devoted primarily to exhibiting 
animals to the public; scientific and 
educational efforts have been built 
around this core objective. Research 
for the most part has been restricted 
to activities that would least disturb 
this fundamental direction. Taxonomy, 
anatomy, and to some extent physiology 
and pathology are amenable to these 
restrictions. Little effort, however, has 
been made to learn of the diseases 
which affect zoo animals and to extrap- 
olate from this knowledge information 
this is of value to the science of medi- 
cine. 

Notable exceptions can be found in 
the United States at the Penrose Lab- 
oratory in Philadelphia, the San Diego 
Zoological Gardens, and the Oregon 
Zoology Center in Portland. The Wel- 
come Institute for Comparative Physi- 
ology and the Nuffield Institute for 
Comparative Medicine at the London 
Zoological Garden have 'begun not only 
to make use of this source of compara- 
tive material but also to use it for re- 
search on an experimental basis. 

The potential cannot be truly judged 
until much greater effort has been 
made to exploit the comparative medi- 
cal aspects of zoo animals both in cap- 
tivity and their natural habitat. The 
history of all fbiological research has 
taught us that the results of greatest 
significance are nearly always those 
which come as unexpected dividends. 
However, justification for funding agen- 
cies must be ibased on less ephemeral 
predictions. Fortunately, even limited 
efforts have yielded a considerable har- 

nary clinics and on the needs for com- 
parative medicine material in medical 
schools. 

2) Fellowships (multidisciplinary) in 
comparative medicine designed to in- 
tegrate veterinary and human medical 
research programs and to apply com- 
parative methods to biomedical re- 
search programs. 

3) Publication of a compendium 
(by organ system) of existing animal 
models as to their nature, location, 
and present level of information per- 
taining to each topic. 

Role of Zoological Parks in 

Comparative Medicine 

Zoological parks traditionally have 
been devoted primarily to exhibiting 
animals to the public; scientific and 
educational efforts have been built 
around this core objective. Research 
for the most part has been restricted 
to activities that would least disturb 
this fundamental direction. Taxonomy, 
anatomy, and to some extent physiology 
and pathology are amenable to these 
restrictions. Little effort, however, has 
been made to learn of the diseases 
which affect zoo animals and to extrap- 
olate from this knowledge information 
this is of value to the science of medi- 
cine. 

Notable exceptions can be found in 
the United States at the Penrose Lab- 
oratory in Philadelphia, the San Diego 
Zoological Gardens, and the Oregon 
Zoology Center in Portland. The Wel- 
come Institute for Comparative Physi- 
ology and the Nuffield Institute for 
Comparative Medicine at the London 
Zoological Garden have 'begun not only 
to make use of this source of compara- 
tive material but also to use it for re- 
search on an experimental basis. 

The potential cannot be truly judged 
until much greater effort has been 
made to exploit the comparative medi- 
cal aspects of zoo animals both in cap- 
tivity and their natural habitat. The 
history of all fbiological research has 
taught us that the results of greatest 
significance are nearly always those 
which come as unexpected dividends. 
However, justification for funding agen- 
cies must be ibased on less ephemeral 
predictions. Fortunately, even limited 
efforts have yielded a considerable har- 
vest from which we can point toward 
future possibilities. A few specific ex- 
amples are: 

1) Much valuable knowledge about 
the relationships of nutrition to ar- 
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The Image-Splitting Measuring Eyepiece 

Three hundred and twenty- 
1seven years ago, William 

purpos) Gascoigne of Yorkshire con- 
The imae s r structed a micrometer meas- 

to use. It has anuring device suitable for use 
pain the relatively crude opti- 

acal instruments of that day. 
~of the th0 /0e M ,Since 1639 many refine- 

ments have been made upon 
Gascoigne's achievement but these were refinements only. The first basic 
advance in microscope measurement technique occurred only recently- in 
1962 with the introduction of the Vickers-A.E.I Image-Splitting Measuring 
Eyepiece. The image splitting technique makes obsolete (for nearly all 
purposes) Gascoigne's family of filar micrometers and eyepiece graticules. 
The image splitter is much more accurate. It is faster and more convenient 
to use. It has an entirely unique capability for instantaneous, multiple com- 
parative measurements. v Nearly one thousand Vickers Image Splitters 
are now being used by your colleagues and competitors. Hereare just a few 
of the things it can do for you. 

? Measure with accuracies up to better than 0.1 micron (0.000004") 
? "Dial in" sizes so that objects anywhere in the microscope field can be 

checked for conformity - without measurement. 
? Make particle size analyses - without measurement. 
? Measure moving or vibrating objects. 
? Measure without the possibility of parallax error or errors due to micro- 

scope instability. 

If accurate and fast measurement techniques are essential in your work, 
please let us know. We will immediately send our descriptive brochure. 
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teriosclerosis has been gained by study- 
ing specimens at Philadelphia and 
London zoos. Extension of these and 
related studies are contributing to our 
basic knowledge of arterial disease. 

2) There has been a significant in- 
crease in the incidence of cancer in 
the animals of the Philadelphia Zoo 
during the past 30 years. This may 
have significance in relation to the pres- 
sure and pollution of urban environ- 
ment. Indeed, zoo animals are usually 
located in urban areas and share with 
man the hazards of air pollution and 
crowding. Behavioral and pathological 
studies may help clarify the effects of 
urbanization upon the human popula- 
tion. 

3) Metabolic bone diseases, especially 
of primates, have presented exciting 
and puzzling analogies with such hu- 
man disease as osteitis fibrosa cystica. 

4) Endothelial changes in parasitic 
infestation particularly by trypano- 
somes closely resemble those seen in 
man. 

Those zoos which have a university 
affiliation are especially worthy of sup- 
port because they are familiar with 
medical research methods and prob- 
lems and can be expected to work 
profitably with medical research insti- 
tutions. 

In order to encourage the develop- 
ment of research programs in zoos, the 
conference suggested the following ac- 
tivities: 

1) Organization and support of a 
series of seminars in comparative medi- 
cine based upon studies of zoo animals. 
These should be held in outstanding 
zoos. They should utilize participants 
from such disciplines as physiology, 
biochemistry, and ethology but should 
emphasize pertinence of the work to 
human health and disease. 

2) Establishment of a directory of zoo 
animals based upon identification of 
individual animals, up-to-date records 
of the environment, health, and age of 
each specimen. Careful postmortem 
study of each' animal is essential. 

3) Establishment of full-time research 
directors in zoos in close academic af- 
filiation with universities, medical 
schools, or schools of veterinary medi- 
cine. Individuals of accomplishment in 

comparative medicine should be sought 
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schools, or schools of veterinary medi- 
cine. Individuals of accomplishment in 

comparative medicine should be sought 
for such positions. These research di- 
rectors should be encouraged to con- 
tinue their own research programs, to 

develop training programs for young 
investigators and ancillary personnel, 
and to encourage visiting scientist pro- 
grams. 
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.metry and calculation of tristimulus color values; the 
broader range is recommended for the study of the 
photochemical effect of light on biological systems. 
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response, 8 full scale sensitivity ranges, direct reading 
in spectral intensity units, chopped beam optical system, 
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Role of Physiological Sciences in 

Comparative Medicine 

Animals show physiological and be- 
havioral adaptations or adjustments 
that make them uniquely suited to live 
in their particular environments. The 
comparative study of adaptations found 
within different species of animals with 
a continuum of varying degrees of 
stress makes it possible to define the 
physiological limits for such adapta- 
tions. 

The goals of the suggested program 
are to measure and define such adapta- 
tion in both character and degree in a 
variety of environments such as cold, 
the desert, high altitude, tropics, salt 
water, and fresh water. To study ani- 
mals in their natural environment is 
entirely idifferent from a study of the 
animals under laboratory conditions. 
No understanding of the true adap- 
tation of the animals can be gained 
unless one has observed first hand the 
extremes of the environment and the 
behavior and way of life of the ani- 
mal. There is a peculiar lack of under- 
standing of the value of field studies 
among most people in the health sci- 
ences. It is generally assumed that the 
same knowledge can be gained 'by 
bringing the animals to the laboratory. 
This is far from the truth. It is true 
that after the animals have been studied 
in the field, many problems can then 
be studied under more controlled con- 
ditions in the laboratory. In order to 
carry out these investigations the fol- 
lowing are needed: 

1) Well-established laboratories sit- 
uated in extremes of environments, 
that is, an arctic laboratory, or desert 
laboratory, or tropical laboratory, or 
high-altitude laboratory, preferably as- 
sociated with a university. These lab- 
oratories should have a permanent staff 
and should be well equipped. In addi- 
tion, there should 'be facilities for col- 
lecting animals and maintaining them 
under almost natural conditions. 

2) The second need is support of 
field stations and expeditionary efforts 
to conduct studies of animals found 
in particular environments where no 
well-established laboratory is present. 

3) In order to make it possible to 
choose the right locations for field 
studies, it is recommended that a sur- 
vey be made of available field stations 
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Get it in a flash 
Yes, that's exactly what you get with 
Precision's all new and highly versatile line 
of rotating thin-film evaporators! And, per- 
haps more important, high speed evaporation 
of solutions, even those with high boiling 
points or those containing heat-sensitive 
solutes. 

Starting with the basic unit, simply add a 
1,000 or 2,000 ml evaporating flask (standard 
24/40 joint)-then pick your preferred con- 
densing means-a spiral condenser, a Dewar 
Condenser, or a flask. And there's a con- 
trolled heating bath for the evaporating flask. 

There is a fixed speed model operating at 
120 rpm and a variable speed model, with a 
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tains high torque across its entire 30 to 250 
rpm range. All-glass-and-Teflon? evaporat- 
ing system assures you of contamination-free 
performance. No chance of contamination in 
the flask, either, as no O-Rings are used in 
the sealed system. 
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the conveniently added accessories will bd 
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With this advanced refrigerated 
system even a novice can main- 
tain the most delicate marine 
specimens through complete life 
cycles. The thermostatic tempera- 
ture control and recirculating 
water system assure a stable, 
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ment. Just add tap water and 
Lab-Line Synthetic Sea Salts. Can 
also be adapted for heated or 
fresh water tropical marine 
studies. 
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tween established environmental cen- 
ters or participation in field expedi- 
tions should ibe initiated. The expedi- 
tions and study at well-established field 
laboratories offer unique opportunities 
for training of younger participants. 
Trainees will be exposed to people who 
are used to working in the field and 
with first-hand knowledge of wild ani- 
mals. It is assumed that the groups 
investigating animals in the field will 
include scientists representing various 

disciplines such as (comparative) physi- 
ology and biochemistry, pathology, vet- 

erinary medicine, and human medicine. 
This will offer opportunities for train- 

ing of participants as well as for the 
trainees. 

Behavioral Sciences in 

Comparative Medicine 

The behavior of an organism as it 

adjusts to its environment plays an im- 

portant role in any study of health and 
disease. Often this role goes unre- 
marked because the omnipresence of 
behavior tends to make it all but in- 
visible; often, too, its role is ignored 
because the study of behavior appears 
not to have yielded a sufficient num- 
ber of useful laws. 

Although much is known about be- 
havior, in only a few species has the 
behavior of animals been studied in 

any detail. On the one hand, psycholo- 
gists have tended to concentrate their 
efforts on working out principles of 
learning in such laboratory animals as 
the rat and the pigeon (although more 
recently their efforts have been extend- 
ed to the primates). On the other hand,, 
the zoologists (including ethologists) 
have tended to concentrate their ef- 
forts on the naturally occurring be- 
havior of a variety of animals in nor- 
mal environments. Another difference 
may be seen in the psychologist's pre- 
dominant interest in the behavior of 
human beings-mostly in natural set- 
tings where controls are impossible or 
difficult to institute-while zoologists 
have limited their studies to infra- 
human organisms. 

It is no longer necessary to keep 
these two avenues of approach apart. 
A science of behavior should be de- 
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SpectrogardTM broadband safety goggles end 
the risk of wearing "the wrong pair" around 

dangerous light. For a single pair guards eyes 
against radiation bounce from a whole variety of 
lasers and other high-intensity light sources... 

including common lasers used in plants 
and labs today. 

Over a wide visible and invisible spectrum, 
Spectrogard goggles reject all wavelengths 

except a narrow bandpass - 0.55 to 0.60 micron. 
(See table.) This means no 'switching' of goggles 
for different light sources-a convenience that 
encourages good safety practice and assures 

proper protection against radiation- 
bounce hazard. 

Yet, though they afford exceptional protection, 
Spectrogard goggles are no darker than pale 
gold sunglasses-they permit sharp, normal 

viewing in ordinary light. 
Flexible, mask-type frame fits comfortably over 
regular eyeglasses. Each pair is supplied with 

warranty, calibration certificate, and hardwood 
storage case. Available for immediate shipment 

at $95 a pair (f.o.b. Sylmar, Calif.) with 
substantial reductions for quantity orders of 

10 or more. 
Practice eye safety the modern way: get 

Spectrogard goggles and make them mandatory 
wear near any hazardous light sources. 
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and behavioral scientists, a research 
training program should also be de- 
veloped. Study and training in behavior 
should be undertaken at centers where 
large numbers of animals are kept such 
as zoos, biological stations, veterinary 
colleges, and the vivariums of medical 
schools. 

A number of research studies might 
profit by a comparative approach. 
Among them would be the study of 
social groups and the effects of crowd- 
ing, the amount and kinds of stimula- 
tion required for normal or optimal 
development, and conversely the effects 
of deprivation. The role of parent- 
infant and peer-peer relationships upon 
social structure would relate closely to 
these more basic studies. In coopera- 
tion with the sciences ibasic to medi- 
cine, comparative studies of the bio- 
chemistry of memory and learning, and 
comparative studies of behavioral ge- 
netics are needed. 

The knowledge gained by these com- 
parative studies may have a direct ap- 
plication to man by revealing the basic 
mechanisms underlying antisocial be- 
havior, crime, delinquency, and devel- 

opment of the individual's potential. 

Summary 

Many scientists are conducting re- 
search on human diseases which can- 
not be transmitted readily to labo- 

ratory animals or duplicated in the 
laboratory. Information offered by ani- 
mal disease models should be compiled 
and made available to these scientists 
through the publication of extensive 
lists of animal disease models and an- 
notated bibliographies for specific con- 
ditions. 

Reports should be obtainable for an- 

swering certain specific needs in fields 
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Write for a complimentary copy of 
Bits-of-Digi. 
Fifty pages of well diagrammed, 
uncomplicated, valuable information 
explaining solid state digital logic. 
The 50-page manual Bits-of-Digi is an outgrowth 
of a continuing BRS program to introduce re- 
searchers to solid state, digital logic applications. 
For almost two years, BRS has been conducting 
3-day, complimentary, short courses for research- 
ers, introducing them to the simplicity of digital 
logic packages for event programming, recording, 
and analyzing data. Bits-of-Digi follows the same 
pattern as a sort of do-it-yourself introduction. 
Through illustration, narrative and diagrams, the 
reader can gain valuable comprehension of cir- 
cuit construction and a vocabulary of the "lan- 
guage". Bits-of-Digi approaches the subject from 
a non-engineer, researcher viewpoint. It is very 
basic. But, with a little diligence, a lot can be 
learned. What is an "AND GATE"-or a "FLIP 
FLOP"... how do you set up a "RING COUNTER" 
or an "INTER-EVENT TIME RECORDING" circuit? 
You'll learn how to read and draw logic diagrams. 
This manual will undoubtedly become a well-used 
reference tool whenever you're talking digital 
systems with engineers or researchers. 
If you'll drop us a line on your letterhead, we'll 
be happy to send along a copy of Bits-of-Digi 
with our compliments. We hope you'll find it 
useful and helpful. We ultimately hope you find 
the world of special-need digital logic program- 
ming so simple and so versatile you'll put BRS 
solid state digital equipment to work in your 
laboratory. 
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trained to study specific animal disease 
problems using the comparative method 
and emphasizing comparison to the hu- 
man. 

Another need is training through 
fellowships to provide interim post- 
doctoral training at medical research 
institutions for veterinarians, psycholo- 
gists, and zoologists, and to induce 
thorough study methods and laboratory 
procedures used in human medicine 
and duplicated in animal disease re- 
search. Such training would provide a 
better appreciation of animal diseases 
that are potentially important to hu- 
man health research, and how they 
might be adapted to human health re- 
search methods. 

Special fellowships should be made 
available for physicians to work in vet- 
erinary schools, zoological parks, or 
animal colonies to learn the clinical 
and pathological aspects of animal dis- 
ease. Behavioral scientists working in 
medical research programs would then 
become familiar with the impact of 
various behavioral problems on dis- 
eased conditions developing in ani- 
mals. 

Integrated programs in which the 
joint research efforts between those 
trained in animal disease and those 
trained in human medicine must be de- 

veloped. The appointment of full-time 

investigators using the comparative 
method to study animal disease mod- 
els is strongly recommended. Such 
joint research could take place between 
medical schools and zoological parks, 
between veterinary schools and medi- 
cal schools, or between any institutions 

conducting research in human health 
and having access to a large animal 

population, properly trained veterinary 
pathologists, and other animal health 
specialists. Many existing resources of 
animal disease material are not utilized 
to full capacity for contributing to com- 

parative medicine. 
Support for specific studies of the 

physiology of adaptation, the effects of 
environment on animal health, the in- 

terrelationship Ibetween diseases and 
the interrelationship between behavior 
and disease are also recommended. 

WILLIAM I. GAY 
National Institute of General Medical 
Sciences, National Institutes of Health, 
Bethesda, Maryland 20014 
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DISC 
ELECTROPHORESIS 

High resolution zone technique for 
separating a wide range of complex 
proteins, tissue extracts and plant 
tissue using polyacrylamide gel. The 
Shandon Disc Electrophoresis is con- 
venient, rapid, versatile and 100 times 
more sensitive than starch gel tech- 
niques. You can process eight tubes 
at once. Use of acrylic plastic wher- 
ever possible reduces danger of break- 
age to a minimum. The complete unit, 
except power supply, but including 
extra tube closures, etc., is priced 
at $225. Send for descriptive bulletin. 
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An extension of the disc electropho- 
resis unit, this apparatus removes the 
sample components as they separate 

\out and carries them through a tube 
into an ultraviolet analyzer head for 
further testing. The Shandon Prepara- 
tive Apparatus is easy to use, highly 
efficient and essentially trouble-free. 
Acrylic plastic is used wherever pos- 
sible to eliminate breakage. Price, 
excluding power supply: $505. For 
literature, write Shandon Scientific 
Company, Inc., 515 Broad Street, 
Sewickley, Pennsylvania 15143 
(Pittsburgh District). 
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