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PREFACE

FE

The purpose of this book is to make available to the research worker in medicine
and biology a collection of reference chemical, physiological, and hematological values
in commonly used experimental animals.

The book emphasizes the major factors which influence the establishing of normal

T or reference values. Factors including collection, processing, and storage of specimens,
AN methods and procedures, units of measurement, effects of drugs and toxicological agents,
r\‘,\ and effects of pathological conditions are discussed in detail. Clinical biochemical and
bo hematological data on 14 species of experimental animals are presented and compared
with those values reported in humans.
We hope this book will be a useful source of information on clinical laboratory
values in these experimental animals.
Philadelphia, Pennsylvania Brij M. Mitruka
Hanover, New Hampshire Howard M. Rawnsley
July, 1977
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~Section’' 1

Intmduétion

The main objective of this book is to present reliable and quality controlled data on
clinical biochemical and hematological values of & wide variety of normal experimental
animals used in biological and medical fesearch. A compendium of normal values on
several well-defined species and breeds of experimiental animals should be quite valuable
in’providing reference data of commonly used diagnostic tests in hématology and clinical
chemistry laboratories. Reference valués of norrhal laboratory animwls are useful in
clinical and biological investigations in which experimental animals are used to study
human diseases. The ranges of normal values for laboratory animals cah'provide criteria
for the selection of appropriate experimental animal species, not only for the study of
pathological conditions, but also for toxicological studies and for the understanding of
mechanisms of diseasé processes. ‘ s

Since a wide variety of experimental animals is currently used for medical research,
it is rather difficult to establish a rormal range of chemical constittients in blood, plasms,
serum, and other body fluids of all the animdl species. Normal vahies reported in the
literature for a given speciés of animal often range so widely that the clinical investigator
Has no valid assessment of 4 particular animal's physiological state. In addition, the
values reported are not comprehensive, and in most studies only a few unrelated ‘bio-
chefmical and hematological data on someé animal species have been ‘reported.

‘A number of factors contribute to the problems of the establishment and use of
normal vallies: '

1. Arbitrary choice of population—lack of ‘preselection and screening.
2. Lack of consideration of age, Sex, breed, strain, nutritional and physiological
status and environmental eonditions of the experimental animals.
3. Lack of consideration of physiofogical and analytical variation.-
. 4. Varying statistica: interpretation of data—a) assuthption of normal distribution of
values for the population, b) use of empirical limits to establish..normal range.

The data presented in this book have been collected with these criteria in mind.
Analytical variations were minimized by. using standard quality control methods, includ-
ing the use of replicate standard sera and analysis of the same specimen with differcnt
test methods at different time intervals. Physiological variations were considered by
defining and seclecting animal test populations. Different age groups, sexes and breeds of

1



2 Reference Values in Experimental Animals

animal species were used to determine the normal range of clinical biochemical and
hematological values. The nutritional and environmental status of the animals was kept
constant throughout these studies.

Standard methods of sample collection, storage, and preparation are described in
Section II, and the methods of biochemical determination used throughout these studies
-are described in Section III. To eliminate systematic errors and to improve the precision
and specificity of our methods, a broad-range concept of quality control was applied.
Items considered included standardization of tests, precision, specificity, recovery studies,
interlaboratory comparisons, and long-range stability of laboratory performance (Levey
and Jennings, 1950; Hoffman and Waid, 1963; Waid and Hoffman, 1955; Henry, 1959,
1974; Wirth and Thompson, 1965; Neumann, 1968; Martinek er al 1968; Corley, 1970;
Zieve, 1966; Caraway, 1971; Amador e al 1968; Moss ef a/ 1971). Most values presented
here are indicative of a mean value for the population available for testing. In general,
these mean values agree with those reported in the literature (Coffman, 1970; Coles,
1973; Jennings and Mulligan, 1953; Kanenko and Cornelius, 1970; Medway et al, 1969;
Laird, 1972; Altman and Dittmer, 1971, 1974; Burns and DeLannor, Jr., 1966; Albritton,
1952).

The currently held concept in human clinical medicine of applying two times the
standard deviation as the normal ranges for a given group of animals was applied because
the populations were carefully selected with regard to age, sex, breed, and nutritional
conditions of apimals showing good normal distribution curves (Section V). It has been
reported that qualitative values for a given animal from a given species are strongly
influenced by age (Laird and Fox, 1970), sex (Fox et al 1970; Laird et al, 1970), breed
(Coles, 1973), strain (Fox er al 1970; Laird et al 1970), environment (Roussel et al 1971),
and the physiological status of the animal (Laird and Fox, 1970; Fox et al 1970).

Although intraspecies physiological variation contributed to the range of biochemi-
cal and hematological values, it could be minimized by selecting genetically pure
populations of animals that are kept under constant environmental and nutritional condi-
tions. Interspecies physiological variations of the animals, on the other hand, show large
ranges of normal values because of inherent physiological differences. The physiological
and other biological characteristics of some animal species and man are compared in
Tables 1-3. These values may be useful in selecting an animal species as a model for the
study of human disease. The data may also be useful in choosing between laboratory tests
in experimental animals.

In human medicine the purpose of hematology and clinical chemistry laboratory
results is to aid the physician in making decisions in the diagnosis and treatment of
patients. A critical aspect of the use of laboratory data is their interpretation. Therefore
normal or reference values in various populations of subjects, or in pooled specimens
from representative populations, should be established by every laboratory, keeping in
view the many variable factors—analytical as well as biological.

Individual laboratory tests are subject to a number of variables, and the physician
and clinical investigator should be aware of this variability in his interpretation of any
changes which he may note. Physiological parameters may fluctuate considerably. Diur-
nal, annual, and postural variations in plasma constitutents of experimental animals (and
man) have been well documented.
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