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Comparative Physiological and Pharmacological Studies on

the Characteristics of Rabbits as Experimental Animals

Toshio Masaoka

Department of Veterinary Pharmacology
School of Veterinay Medicine

Azabu University

Summary

With the advancement of life science, today's animal
experiments conducted in the fields of veterinary medicine,
human medicine and pharmaceutical sciences greater demand
on strict standardization of the animals used.

Uniform standardization of animals as experimental materials
undoubtedly contributes to providing increased reliability

in results obtained.

At present, however, most animals used in experiments very
rarely satisfy such requirements; there are a few exceptions,
such as the mouse and rat. On scientific grounds, therefore,
the traits of all animals should be fully disclosed before
the animals are used in experiments. Unless this is done, the
animals will provide nothing but unstable and inaccurate infor-
mation and will jeopardize studies that requre strict relia-
bility such as, for example, the evaluation of the effects of
chemical compounds used in medicine and agriculture and of

safety factors involved in their use.
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When viewed from the above angle, despite then wide-spread
and traditional use in physiology, pharmacology, immunology and
toxicology, rabbits are not as yet genetically controlled nor
environmentally adapted. Rabbits are still a species not adequately
suited for experimental materials. In recent years, attempts at
standardization of experimental animals in foreign countries
have succeeded in producing a few genetically and environmentally
regularized lineages of rabbits. In Japan, genetic refinement of
rabbits has also considerably progressed.

The purpose of this study for the benefit of users of ex-
perimental animals in the field of veterinary medicine is to
compare by physiological and pharmacological approaches the uni-
formity of rabbits by strain, sex, age and environmental con-
dition for evaluating the traits and disclosing the character-

istics of rabbits as experimental materials.

Chapter 1. History of rabbits as experimental animals

1) This section compares the use of rabbits as experimental
animals in Japan and abroad.

2) This section compares the refinement of rabbits (inbred stand-
ardization as experimental animals) in Japan with that in for-
eign countries.

3) This section presents discussion on the usefulness of rabbits

as experimental materials and their future prospects of evolution.

Chapter 2. Comparative physiological study of strain rabbtis

Using colonies of advanced, inbred standardization, the
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physiological traits of this strain of rabbits were analyzed.
Rabbits of high inbreeding were chosen from the colonies main-
tained by Nippon Institute for Biological Science (NIBS)(Table 1).
In addition, commercial Japanese White (JW) and New Zealand

White (NZW) Cross-Breds (from unidentified colonies, abbreviated
as JW and NZW respectively) were also used for comparison with
JW-NIBS. Using these animals, the following parameters were ex-
amined: body weight, temperature, heart rate, respiratory rate,
electrocardiogram and blood pressure. Also examined were the
colonial uniformity of the phenotype of serum prealbuminesterase

and the presence or absence of atropinesterase.

Table 1. Rabbit colonies examined

Strain Features

JW-NIBS Reproduced in a closed colony since 1965.

JW-NIBS/Y  Inbred F20(99.5%) obtained in 1980.

NZW-NIBS Strain I introduced from Jackson Lab. in 1967
(coefficient of inbreeding 77%). F19 at present
(F11-F13 were used for biophysiological and blood
pressure experiments. F19 was used for serological
experiment).

Dutch-NIBS Strain ACCR(3) introduced from Jackson Lab. in 1968.
A male introduced with coefficient of inbreeding of
96% was mated with an F3 ACEP(3) female introduced
from Funabashi Animal Farm. The Viennese White (White
with recessive blue eyes) used was produced by back-

crossing of Fl1 female and male (ACCR(3)) obtained by
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the above mating. Presently the 17th generation
(F9 was used for biophysiological experiment and
F17 for serological experiment).

JW Breeding colony was unidentified (cross-bred).

NZW Breeding colony was unidentified (cross-bred)

1. For evaluation of the age-related physiological traits of
JW-NIBS, the physiological parameters (especially body weight,
temperature, heart rate, respiratory rate, electrocardiogram
and blood pressure) were measured from the age of 1 month to
5 years. The data are shown as follows:

i) The growth curve formed a plateau of 2.8 kg - 3.0 kg at
the age of 7 - 9 months in both males and females.

ii) The body temperature showed the level of 38" C after the

age of 3 weeks in both sexes.

iii ) The heart rate 1ncreased stablllty of 240—280/m1n after
the age of 8-9 weeks in both sexes.

iv) The respiratory rate exceeded 100/min in both sexes, dem-
onstrating the remarkable effect of immobilization.

v) The ECG patterns were predominated by the Rs type (approxi-

mately 90%). There were no marked differences in this ration

by age and sex.

v1) The mean systollc blood pressure was 121-146 mmHgz and the
mean diastolic blood pressure 77-91 mmHg in both sexes. The mean
blood pressure was 91-107 mmHg. However, the individual differ-
ences grew larger at approximately the age of three years (female

and male).
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The physiological characteristics of JW-NIBS are summa-
rized on the basis of the above finding as under:
a) The body weight froms a plateau at the age of 7 - 9 months.

b) The heart rate is stabilized»from the age of 2 months.

c) The respiratory rate is 1argelynsubjeé£ to the effect of
retention.
d) Fitness for ECG studies (due to easy interpretation of the

ECG pattern and frequent appearance of the same pattern).

2. Evaluation of the environment-related (including diet)
physiological differences in JW-NIBS rabbits indicated the
following:
i) The respiratory and heart rates demonstratedAno environ-
ment-related differences regardless of sex and age. The
values were, however, largely scattered under high -temperature
environment.
ii) The body temperature was affected by surrounding temper-
ature above 26'C. |

The above findings suggest that the thermal environment
suited for rabbits is below 25 C and that constant temperature
at 20 - 27°C with constant humidity during the experiment
as stipulated by JP seems to be the condition inappropriate

for a pyrogen test.

3. The following shows the physiological characteristics of
- NZW-NIBS rabbits.

i) The body weight reached 2.5-2.6 kg at the age of 6 months.
ii) The heart rate was 200-260/min from the age of 2 months to

8 months in both sexes.
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iii) The respiratory rate varied considerably in the range of
100-230/min in both sexes dépending on age and was largely
subject to the effect of immobilization.

iv) The body temperature was on the level of 39°C in the

ma jority regardless of sex.

v) The mean systolic and diastolic blood pressure tended to be

elevated with age in both sexes.

4. The strain differences in the physiological parameters in

JW-NIBS, NZW-NIBS. Dutch-NIBS and JW are shown in the following.

i) The body temperature in JW-NIBS was on the level of 38°C
in 660 (71.2%) and 39°C in 169 (18.2%) of 927 animals. This
indicates that JW-NIBS rabbits are better suited for a
pyrogen test than JW.

ii) The ECG patterns by the strain was typifiedAby an Rs type
in JW-NIBS (approximately 90%), NZW-NIBS (approximately 60%)
and JW (approximately 45%). In Dutch-NIBS, RS and rS types were
frequent (approximately 45% and 407 respectively).

iii) Tne most frequent appearance of the same pattern with
large R spikes in JW-NIBS facilitated interpretation of the
wave pattern. This indicates that JW-NIBS is best suited

for an ECG study.

iv) Dutch-NIBS was characterizea by a more prologation of the

relative myocardial excitation time than other strains.
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5. The following shows the homogeneity of various rabbit colonies
by the phenotype of prealbumin esterase and frequency of Atropin-
esterase.

1) Serum prealbumin esterase was divided into 6 phenotypes in
JW, 5 phenotypes in NZW, 4 phenotypes in JW-NIBS, 2 phenotypeé
in JW-NIBS/Y and a singie phenotype in NZW-NIBS as well as
Dutch-NIBS.

ii) Atropinesterase (AE) was detected in 22.7% and 90.0% of
.colony—unidentified JW and NZWrespectively. AE-possessions were
found in 10.1% of highly inbreeding rabbits, that is, JW-NIBS.
On the other hand, AE-positive rabbits were not found in the
sFrains of NZW-NIBS, Dutch-NIBS and inbred JW-NIBS/Y.

iii ) The AE-possession rate was either reduced or became negative
in the closed colony or strain rabbits, compared to
colony-unidentified rabbits. These animals were also more
homogenized in phenotype classification.

The above experiment results indicated that, compared
to rabbits (JW) that have been ordinarily used for experiments,
iineally standardized rabbits have a narrower fluctuation of
the physiological parameters and can be more advantageously
and efficiently used as experimental materials.

This chapter emphasized the importance of standardization
of rabbits in experiments with this animal species. Further-
more, the physiological characteristics of each rabbit strain
by sex and age were investigated. Genetic homogeneity of
experimental rabbits that are used at present in Japan was
analyzed from the phenotype of serum prealbumin esterase in

different rabbit colonies. The differences in the

204



AE—posse531on rate among the colonies were also 1nvest1gated

The results revealed that the closed colony and llneally
standardized groups have less AE-possessions and acquire more
genetic homogeneity. Tne importance of the effect of

environment (below 25°C thermally)was pointed out.
Chapter 3. Comparative pharmacological study of strain rabbits

Elucidation of the characteristics of strain rabbits
definitely increases the value of these animals as experi-
mental materials. Therefore, in order to further define
their characteristics, the uniformity by strain, sex and age
was studied by a pharmacological approach. This included
reevaluation of the anesthetic induction in JW-NIBS and
comparison of the blood pressure responses to autonomic
nervous agent by age and sex between JW-NIBS and NZW-NIBS.
Also included was evaluation of tie pharmacologlcal traits of

strain rabbits by determining the metabolism and re51dues

of an organophosphorous 1nsect1c1de, Rangado (2 chloro-1-

(2 4 d1chlorophenyl)v1nyl d1methy1 phosphate)

The results obtained are summarized as Below:

1. Induction of anesthesis

i) A pharmacological experiment of biological phenomena in
JW-NIBS including blood pressure indicated the suitableness
of urethane anesthesia, i.e., intravenous injection of 1800

mg/kg of urethane (30% solution) at the rate of 1 ml/min,
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as this method ensures relatively stable measurements in
experiments not longer than 2 hours.

ii) The variations of blood pressure, heart rate and respira-
tory rate demonstrated no sex and age differences in adult
JW-NIBS rabbits under urethane-induced anesthesia.

iii) The blood pressure variations in JW-NIBS and JW rabbits
under anesthesia with urethane did not present inbreeding

difference between them.

2. The age and sex differences in blood pressure response to
autonomic nerve drugs in. JW-NIBS

i) JW—NIBS rabbits showed the same response to epinephrine,
norepinephrine,isoproterenol, acetylcholine,

atropine and nistamine at any age (2, 4, 6, 8 and 12 months).
Thus no age-related difference was observed.

ii) The blood pressure response in JW-NIBS to epinephrine,
norepinephrine, isoproterenol, acetylcholine, atropine and

histamine showed no sex-related differences.

3. The age and sex differences in blood pressure response to
autonomic nerve drugs in NZW-NIBS

i) The above-mentioned autonomic nerve drugs induced the
same blood pressure responses at any age inNZW-NIBS. Thus

no age differences were noted.

ii) The blood pressure response to these autonomic nerve

drugs inNZW-NIBS also did not differ between males and females.
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4. Biological metabolism and residues

of Rangado

i) There was no significant difference in the rate of excretion
or the relative proportions of the metabolites.

ii) The concentration of Rangado in blood was 0.01-0.03ppm
during first three hours, but declined to below the limit of
detection (0.01ppm) at 6 hr.

iii ) Neithier Rangado nor its metabolites were detected from any
samples of organs or tissue. |

iv ) Rangado was not detected in the feces or the urine, but,
its metabolic products were as follows (% total “dose in the
urine and feces respectively given in parentheses): 1-(2,4-
dichlorophenyl) ethanol glucuronide (75% in the urine only),
desmethyl rangado (23, and 4% respectively) and 1-(2,4-
dichlorophenyl ) ethanol (0.8, and 0.97% respectively)

v) Approximately 95% of total dose was excreted during the

‘first 24hr. and the rest was excreted thoroughly by 72hr.

5. Biological reaction to drugs in AE-positive and AE-negative

rabbits

i) The respiratory response to atropine and'PHMB”( %ély[bigua;i

nide-1,5-diylhexamethylene hydrochloride)) diffefed between

AE-positive and AE-negative rabbits. However, no significant

difference was found in the PHMB-induced respiratory response.
The above experiment results indicafe that anesthesia

by intravenous injection of 1,800 mg/kg of urethane (30% solu-
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tion) ensureé measurement of relatively stable physiological
parameters and suggest the absence of age and sex differences

in reaction to the drugs in 2- to 12-month-old highly inbfééding
rabbits. Therefore, since the presence or absence of AE
influences the pharmacological effect depending on drugs

used, large variations in reaction may be predicted to occur

in rabbits from poorly refined colonies such as JW and NZW,
while there is less risk of reaction fluctuations in highly
refined colonies such as JW-NIBS and NZW-NIBS,

However, wheu viewed from the AE-poéitivéfate and the
phenotype of"bfééighﬁiﬁ‘é;téraéé;wfurthérr;efinéﬁéﬁtVié
considered necessary for JW-NIBS, Lineal standardization of
both AE-positive and :AE-negative rabbits and that of other
rabbits by homogenization of the—ﬁfééisﬁhin—eétéfasérbheno-
type would produce more lineally advanced rabbits fit for
specific purposes of experiments and contribute to results

of higher accuracy.
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Figure 15. Respiratory rate, heart rate and rectal temperature in
maleJW-NIBS rabbits of different ambits
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URINE ( 500 ml )

Add methanol ( 100 ml )
Filtration with suction using
glass fiber paper

Filtration
Extract with ether ( 200 ml )

| |

Ether Aqueous
Add 4% NacCl Acidify with HC1
solution ( 100 ml ) Extract with ether
' I ( 200 ml )
Ether Aqueous Ether

Extract with NaHCO

Dry with Na_SO solution ( 200 ml ?

Filtration and4
evaporation
Agqueous
Acidify with HC1
Neutral compounds Extract with ether
' ¢ 200 ‘ml )
Treatmant with BSTFA Ether
Dry with Na2S04
vV
GC-MS

Acid compounds

Mass Fragmentgraphy

Treatment with
diazomethane and
{/ BSTFA

GC-MS
Mass fragmentgraphy

Figure 72. Extraction method of the urine
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% change
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Figure 83, Effect of PHMB (0.1-0.5mg. i.v. ) on heart rate in rabbits.

Results are expressed as the mean * S.E.
e: Atropinesterase-positive rabbits.
o: Atropinesterase-negative rabbits.
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% change
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Effects of PHMB ( 0.1-1mg/kg, i.v. ) on respiratory rate
in rabbits. Results are expressed as the mean % S.E.

e: Atropinesterase-positive rabbits.

o: Atropinesterase-negative rabbits.

Figure 84-a,
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Blood Pressure of Inbred Strain NW-NIBS Rabbits

Table 3.
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