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FOREWORD

It is well known that the understanding and
treatment of many human diseases has been
enhanced by the study of laboratory animals
in the past, and that the use of laboratory
animals continues to be of major importance in
medical research.

The current and growing use of animals in
research has made it imperative that the bene-
fits, conditions and limitations of such use be
widely understood. To aid in increasing and
disseminating information and understanding
of this important aspect of research, the Na-
tional Heart and Lung Institute (NHLI) spons-
ored a National Conference on Research Ani-
mals in Medicine.

I believe the Conference itself contributed a
better understanding, among the 1000 partici-
pants, of many techniques and results of the use
of animals and of some general features of
animal models, and I hope that this book will be
useful in bringing this information to the atten-
tion of an even wider audience.

I shall not attempt to summarize any of the

technical findings or identify any that appear to
be of major significance. One area that I do want
to mention, however may seem to be ‘“non-tech-
ncal”’—that dealing with animal care and wel-
fare. I think it is very important to keep in mind
the necessity of adequate care and humane
treatment, not only because of legal require-
ments, but equally because of two other con-
siderations: scientific validity and ethical con-
cern.

The Conference and this text are one example
of the continuing effort of NHLI to improve
medical care and to disseminate information to
the scientific community and to the public.

ot S

Theodore Cooper, M.D.
Director, National Heart and Lung Institute
National Institutes of Health
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PREFACE

“Man, unlike any other thing, organic or inor-
ganic in the universe, grows beyond his work,
walks up the stairs of his concepts, emerges
ahead of his accomplishments.”

John Steinbeck, The Grapes of Wrath

In medicine, animal research is a critical path
to accomplishment that permits us to grow
beyond our current limitations and leads us to
greater heights of knowledge and understanding
of human health and disease.

Biological research is entering a new era in
support of clinical medicine through greatly
improved instrumentation and participation
from the physical sciences. Along with this in-
creased capacity for performance, there is an
increased potential for well-defined and con-
trolled animal experiments that focus on clinical
problems. Critical emphasis must be placed on
animal experiments, and these must involve the
proper use and care of the laboratory animal.
Advances in treatment and prevention of human
disease are deeply rooted in animal research,
which has provided a rich background of knowl-
edge and insight. The developments of drugs
and devices, as well as in techniques of applica-
tion, are inseparably tied to in vivo studies. The
results of these efforts are clearly reflected in
those now living normal lives despite past dev-
astating illness.

This book provides an additional step toward
a better understanding of the role of animal
research in medicine. It describes over 100 scien-
tific investigations, the work of over 250 indi-
vidual scientists in a variety of fields and
includes the highly informative discussion en-
gendered by the presentation of these investi-
gations to the more than 1000 participants at
the National Conference on Research Animals
and Medicine, sponsored by the National Heart
and Lung Institute in Washington, D.C. January
28-30, 1972.

The principal objectives are to: (1) review
animal models simulating various cardiac, pul-
monary, and systemic diseases; (2) identify

pertinent physiological and biological data con-
cerning the use of large animal species (e.g.,
dog, calf, sheep, minipig and primate) in med-
ical research; (3) identify test-animal require-
ments for cardiopulmonary research and de-
velopment, such as the testing and evaluation
of circulatory or respiratory assist devices
and techniques; (4) review current surgical
techniques in animals (especially cardiovascular
surgery and organ transplantation), including
pre-operative care and preparation, techniques
of anesthesia, and immediate and chronic post-
operative care; (5) review some aspects of the
pharmacology of anesthetics, cardiac drugs, and
other agents in mammals (particularly rumi-
nants and carnivores) as well as the genetic
and biologic effects of irradiation on large
animals; (6) identify preventive and manage-
ment techniques for coping with common dis-
ease problems of research animals; (7) review
equipment and techniques for monitoring res-
piratory and cardiac functions, circulatory
dynamics, and other physiological alterations
in animals, and to compare the data thus ob-
tained with clinical data; and (8) provide a
brief overview of guidelines and welfare re-
quirements for care of research animals.

Scientific material addressed to these ob-
jectives is presented in 14 chapters. The first
provides an overview of the role of animal
research in clinical medicine; chapters IT and
11T describe animal models of cardiac and pulmo-
nary diseases, respectively, and chapter IV the
use of animal models in surgery and transplan-
tation. The next five chapters (V-X) describe
contributions of fundamental disciplines (hema-
tology, hemodynamics, physiology, pharmacol-
ogy, anatomy and pathology, and nuclear med-
icine and genetics) to animal research. Animal
diseases and animal resources are discussed in
chapters XI and XII, respectively; monitoring
techniques in chapter XIII. The final chapter is
addressed to physical and ethical problems of
animal care. Each chapter is more or less a
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vi PREFACE

single entity with numerous ties to other chap-
ters based on the discipline point of view being
pursued. Several key aspects of the text are
highlighted in the following paragraphs to per-
mit scope and content to be brought into quick
focus.

Animal models of acute myocardial infarction
and cardiogenic shock have been valuable in the
study of hemodynamics, myocardial metabolism
and treatment of acute conditions by drugs or
cardiac devices. However, these acute models
do not provide opportunities to study the natural
course of coronary atherosclerosis and its com-
plications. The development of chronic models
which will extend use of models to the study of
the natural course of disease in various animal
species and non-human primates is of prime
importance. Various types of cardiac models
using both closed and open chest techniques are
discussed.

The development and evaluation of models
of lung diseases, which is in an early phase,
offers a significant opportunity for better def-
inition and understanding of both normal and
diseased lung performance. At this stage, par-
ticular emphasis has been placed on correlating
clinical and physiologic aberrations with pulmo-
nary morphology. Some of the pulmonary model
studies have included attention to pulmonary
hypertension, hypoxic-induced bovine pulmo-
nary hypertension, pulmonary vascular disease
(including medial hypoplasia of the pulmonary
artery), acute respiratory insufficiency through
induced fluid overload, alteration and study of
the pulmonary micro-circulation and physiologic
preparations utilizing perfused isolated lung.
These studies as well as others may give insight
into respiratory disease and function; and lead
to better characterization and improved treat-
ment and prevention techniques for man.

In the area of surgery and transplantation
significant strides have been made in techniques
involving anesthesia, ventilation, anti-arrhyth-
mic regimes, implantation and post-operative
techniques for many animal species. The in-
formation covered points up both the similari-
ties and unique charcteristics of various animal
species; e.g., dog, cat, pig, sheep, and non-
human primates.

In animal research, the individual—and

sometimes unique—features of each species
must be taken into consideration. Four kinds
of hemostatic mechanisms operate in animal
species; blood coagulation, vaso-constriction,
platelet agglutination, and the cross-linking
reaction which occurs by means of the enzyme
called plasmatransglutaminase. It should be
noted that certain animals have only one of
these mechanisms, and in case the mechanism
fails, survival is not assured by any other com-
pensatory mechanism. In many species, all four
mechanisms operate and, although one may
function abnormally, hemostasis may still be
achieved. All four mechanisms function in man,
hence, man has some degree of freedom regard-
ing hemostasis. However, this increased free-
dom is associated with a greater probability of
complications from thrombosis, a factor in
finding suitable blood-compatible materials. It
should also be noted that the study of blood
groups in animals, despite their complexity, has
yielded practical as well as theoretical results of
immense value to the field. Further, animal
colonies with both normal and abnormal blood
systems provide significant opportunities to
study and explore thrombosis and hemostasis.

" The increased attention to prosthetic devices
and biomedical instrumentation for monitoring
has led to significant progress in defining and
better understanding animal hemodynamics and
extrapolating it to man. The information dis-
cussed deals with cardiovascular function in
ponies, chimpanzees, horses, calves, and dogs.
Although some of these species have not been
studied as extensively as the dog, their specific
physiological, pathological, genetic, and other
characteristics make them appropriate for spe-
cific types of research models.

The role of laboratory animals in pharma-
cological studies with potential application to
man has had a long history, and has raised many
questions. In brief, when utilizing laboratory
animals and extrapolating the data collected to
man, one must have reasonable assurance that
the drugs are handled and utilized in the species
under study as they would be in man ; otherwise,
serious questions may arise concerning the ap-
plicability of the animal studies. For example,
where there are marked differences in the tech-
niques of handling the drugs in one or in several
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species, the efficacy of the drugs come under
question. Any differences in technique or han-
dling procedures must be compensated for by
the development of relevant toxicity data, if
these drugs are considered for use in man. The
discussion identifies limitations and advantages
in utilizing numerous animal species in pharma-
cological investigations and the difficulty in ex-
trapolating animal results to man. Particular
attention is directed to the differences in meta-
bolic rates among animal species. Recognition
of these variations will strengthen the data base
in animal investigation when testing new phar-
macological agents intended for use in man.

The classic disciplines of anatomy and path-
ology continue to provide valuable information,
new approaches, and fresh insights into a num-
ber of diseases and important problems as-
sociated with various disease. Genetic and bi-
ological effects of radiation on large animals,
and how such models have served to provide
data relevant to man, are reviewed. In assess-
ing these effects of radiation, it is of overriding
importance that the quality of radiation, its
dose rate, and dose to the susceptible tissue be
carefully defined. Moreover, these data must be
viewed in the light of other available informa-
tion about the effects of radiation in man and
animal.

One cannot overemphasize the importance of
animal diseases in animals used in medical re-
search. Their effects can mask or modify the
course of other diseases being studied. Those
concerned with laboratory animal medicine fully
realize the import of specific animal diseases
and their possible pertubating effect upon the
principal studies being conducted in the animal.
Research studies involving unhealthy animals
not only have limited or no value, but can waste
both time and resources. The discussions in-
clude consideration of animal diseases that are
useful in medical research as well as those
which are detrimental when the animals are
used in research and in the formulation of spe-
cific types of animal models.

In discussions of animal resources, the princi-
pal attention is directed to coping with such
basic problems in the use of animals as their
highly variable and unknown genetic back-
ground, age, temperament, and disease status.

To some extent, it was felt that these problems,
as well as others, could be overcome through the
use of animals from more standardized colonies
in which baseline data pertaining to anatomy,
physiology, hematology, biochemistry, etc. for
specific sex, age, and other groups would be
available. Some investigators have been reluc-
tant to use the non-human primate because of
unavailability of properly conditioned animals,
inadequate knowledge of the primate, of meth-
ods for their maintenance and handling, of ap-
propriate equipment and of trained animal
technicians. Obviously, these problems have
made it difficult for small colonies to be main-
tained by single investigators for their own
study purposes. However, some of these prob-
lems are now being overcome through the pri-
mate research centers and institutional primate
resources that contribute to research economy
and conservation of animals. Further, it should
be noted that there exists a primate information
center which can provide normative data and
bibliographic services on primates and their use
in research.

Modern instrumentation and techniques of
application are making possible great strides in
the acquisition of information on anesthetized
and unanesthetized animals under acute and
chronic conditions. The topics discussed range
from engineering details of instrumentation
through new knowledge of -cardiovascular,
respiratory and other diseases derived by use
of new instrumentation. An important element
to note is that greater emphasis is being applied
to the importance of making measurements of
physiological variables in the unanesthetized
animal with all normal control mechanisms in-
tact. This is in contrast with the more tradi-
tional work on the anesthetized animal or
excised tissue preparations in the past. It is ap-
parent that the development and application of
atraumatic instrumentation will have a signif-
icant, conceivably revolutionary, impact on
disease diagnosis, monitoring and treatment.

Of vital importance to the field of animal re-
search are effective guidelines and legislation to
assure the proper treatment and welfare of
research animals. And, equally important, is
the interpretation, communication, and under-
standing of the various facets of these require-
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ments. The discussion is directed to the regula-
tions required by law, the recommendations in-
cluded in the NIH Guidelines, implementation
of these guidelines, and the practical considera-
tions in achieving improved laboratory investi-
gations. It is apparent from the discussions and
information presented by both the research in-
vestigator and those interested in animal wel-
fare that enormous strides have been made in

bringing into balance the various approaches
and philosophies concerning animal research.

I hope that the conference on research ani-
mals in medicine and this text will stimulate
new, imaginative, and creative efforts in this
field, and foster contacts and interactions be-
tween those who search for knowledge and
those who must use the results in the treatment
and prevention of disease.

Lowell T. Harmison, Ph.D., Editor
Special Assistant to The Director
National Heart and Lung Institute
National Institutes of Health
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