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Summary

Tonic immobility (TT) is a phenomenon known as thanatosis or apparent death. The phenomenon can be
induced in many ways. It occurs, for example, in the presence of a hazard, as a result of coercion through an
unnatural body position or as a result of administration of certain medicines. TI is sometimes used in veterinary
practice to tame patients. The aim of the study was to determine the effect of tonic immobility induction on
selected physiological parameters in Oryctolagus cuniculus f. Domesticus rabbits. The study included 20 healthy
rabbits, patients of a veterinary clinic, divided into two groups of 10 individuals. In the study group, TI was
induced to conduct a standard clinical trial, while the control group were subjected to a standard clinical trial
without TI. Heart rate, respiratory rate, pupil diameter and blood glucose concentration were measured in all
animals. The measurements were performed three times: after the patient’s arrival at the clinic, after a detailed
clinical examination in a normal or tonic immobility position and 15 minutes after the end of the examination.
Additionally, the blood cortisol concentration was measured twice: on arrival at the clinic and at the end of the
clinical trial. The results of the experiment show that miniature rabbits feel less stress during tonic immobility
testing than rabbits in the standing position, and therefore this phenomenon should be used for taming animals.
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Tonic immobility (TT) is an innate behaviour charac-
terized by temporary inhibition of motor functions (20,
22). It is also referred to as akinesis, thanatosis, appar-
ent death and paralysis. This phenomenon is reversible
and its duration is individually variable and genetically
conditioned (8, 9). Studies carried out on various ani-
mal species (rats, domestic guinea pigs, rabbits) have
shown that TI lasts from a few seconds to a few hours
(4, 8, 25). There are several symptoms characteristic
of TI, such as stillness, unnatural body position, lack
of reaction to external stimuli, tachycardia/bradycardia
(9, 10), decrease in respiratory rate, decrease in body
temperature (16) and changes in EEG.

The TI reaction occurs in vertebrates (e.g. rabbits,
guinea pigs, mice, monkeys) and invertebrates (e.g.
beetles, crustaceans, hymenoptera) (3, 7, 14). In some
species (e.g. chickens, turtles, sharks) it is used in
research and diagnostic procedures (2, 23, 24), and is

induced by forcing a non-physiological position of the
body: lying on the back (5, 6, 15).

TI may be a defence response, and a similar mecha-
nism is induced in some young mammals while being
carried by their mothers (“mother’s grip”) (5, 6, 15). In
some species (cats, rabbits, ferrets), a kind of stillness
occurs as an element of sexual behaviour (5, 6, 15, 21).

Studies carried out on rabbits so far have shown that
animals in a state of severe stress, necessary for the
induction of TI, give the impression of being calm (9,
19). Stressful situations activate the sympathetic ner-
vous system, which is manifested by increased blood
pressure and tachycardia, dilation of muscular blood
vessels, constriction of the blood vessels in the digestive
system, bronchial dilatation, pupil dilation, increased
physical activity and renin production (1).

Many studies contain detailed descriptions of meth-
ods of inducing T in rabbits, the most popular of which
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is to lay the rabbit on its back. Since breeders, rabbit
owners and veterinarians believe that the TI procedure
can be highly stressogenic for animals, the aim of this
study was to determine how the induction of TI in rab-
bits by placing them in the dorsal position affects their
physiological parameters indicating their level of stress.

Material and methods

The study was conducted from June 2018 to May 2019.
It included 20 miniature rabbits (10 males and 10 females),
patients of the Small Mammals Department of the Faculty
of Veterinary Medicine in Lublin, weighing 600 g-2.5 kg
(1.5 kg), aged 3-84 months (26 months). The animals were
kept at home as companion animals. The rabbits were divided
into two groups: control group (5 females and 5 males) and
study group (5 females and 5 males). The control group of
10 rabbits were examined in a standing position. The study
group of 10 rabbits were examined after being placed in the
dorsal position to induce T1. Blood for biochemical and other
tests was taken from the marginal vein of the ear as part of the
clinical procedure. The study was conducted in accordance
with the EU Convention on the protection of animals used
for scientific purpose (Revised Directive 86/609/the EEC —
Directive of the European Parliament and of the Council on
the protection of animals used for scientific purposes).

The animals were clinically examined, and their blood
glucose and cortisol levels were determined. The first mea-
surement set (Stage 1) occurred after the owner entered the
office and included the following parameters: respiratory rate,
pulse rate, pupil size, and glucose and cortisol levels in the
venous blood. The rabbits were then subjected to a detailed
clinical examination, which lasted about 5 minutes, in the
standing or dorsal position (tonic immobility). The second
measurement set (Stage II) took place directly after the clini-
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cal trial, and included measurements of respiratory rate, pulse
rate, pupil size and blood glucose concentration. This was
followed by a 15-minute interval prior to the third measure-
ment set (Stage III), which included the determination of
respiratory rate, heart rate, pupil size and the glucose and
cortisol levels in the blood.

The pulse rate was measured with a MedAir PulseSense
VET Pulse Oximeter. The sensor was placed on the median
ear artery. The number of breaths was counted by observing
respiratory movements of the chest. The pupil diameter was
measured with a caliper.

Blood for biochemical tests was taken from the marginal
vein of the ear. Blood serum cortisol concentration was
determined by a Vcheck V200 analyzer using the VetExpert
Vcheck Cortisol diagnostic kit. It is used for quantitative
measurements of the concentration of cortisol in blood serum
by the fluorescence method.

Blood glucose testing was performed with a Contour Plus
One glucometer.

Statistical analysis. The results were compiled statistically
by calculating the arithmetic mean and standard deviation for
each parameter with the Statistica 13.1 EN program.

Results and discussion

Respiratory rate. In the control group, the respira-
tory rate during Stage I was 96-227/min. In Stage II,
this rose to 108-234/min. At the end of the clinical
trial, in Stage III, the rate was 108-228/min. (Fig. 1).
During the period between Stages I and 11, two animals
showed a decrease in respiratory rate of 8%, while the
remaining animals showed an increase of 17% on av-
erage (Fig. 2). In the study group, the respiratory rate
was 102-210/min. in Stage I, 66-186/min. in Stage II,
and 90-188/min. in the final measurement (Stage I1I)
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Fig. 1. Changes in respiratory rate in the study
and control groups in subsequent measurements
Explanations: SBI — respiratory rate in the study
group in measurement 1; CBI — respiratory rate in
the control group in measurement 1; SBII — respira-
tory rate in the study group in measurement 2; CBII
— respiratory rate in the control group in measure-
ment 2; SBIII — respiratory rate in the study group
in measurement 3; CBIII — respiratory rate in the
control group in measurement 3

Fig. 2. Percentage change in respiratory rate between initial measurement
and measurement during tonic immobility — I/II; between measurement
during tonic immobility and final measurement — II/III; between initial
measurement and final measurement — I/I11

Explanations: S — study group; C — control group; |1 — decrease in value; g —
increase in value
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Fig. 3. Changes in heart rate in rabbits in the
study and control groups in subsequent measu-
rements

Explanations: SHI — heart rate in the study group in
measurement 1; CHI — heart rate in the control gro-
up in measurement 1; SHII — heart rate in the study
group in measurement 2; CHII — heart rate in the
control group in measurement 2; SHIII — heart rate
in the study group in measurement 3; CHIII — heart
rate in the control group in measurement 3

Fig. 4. Percentage change in heart rate between initial measurement and
measurement during tonic immobility — I/II; between measurement during
tonic immobility and final measurement — II/III; between initial measure-
ment and final measurement — I/II1

Explanations: S — study group; C — control group; I — decrease in value; g —
increase in value

an average decrease in the heart rate of 9%, while 3 had
an average increase of 5% (Fig. 4). The heart rate in the
study group was 162-230/min. in Stage I, 140-89/min
during tonic immobility (Stage IT) and 108-201/min at

(Fig. 1). Comparison of the measurements taken at
the beginning and end of the observation shows that
the respiratory rate decreased by 7% in 9 subjects and
increased by 14% in 1 animal (Fig. 2).

Heart rate. The heart rate in the control group was
170-275/min in Stage I, 132-285/min in Stage II, and
150-278/min in Stage III, at the end of the clinical trial
(Fig. 3). At the end of the observation, 6 subjects had

the end of the clinical trial (Stage IIT) (Fig. 3). Between
the first and last measurements, the heart rate in all rab-
bits decreased on average by 12% (Fig. 4).

Pupil size. The pupil size in rabbits of the control
group was 0.5-0.8 cm in Stage [, 0.6-0.9 cm in Stage 11,
and 0.4-0.9 cm in Stage III, at the end of the clinical
trial (Fig. 5). In comparing pupil diameters at the be-
ginning and end of the study (Stages 1 and 3), it was
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Fig. 5. Changes in pupil size in rabbits in the study
and control groups in subsequent measurements
Explanations: SPI — pupil size in the study group in
measurement 1; CPI— pupil size in the control group
in measurement 1; SPII — pupil size in the study
group in measurement 2; CPII — pupil size in the
control group in measurement 2; SPIII — pupil size
in the study group in measurement 3; CPIII — pupil
size in the control group in measurement 3

Fig. 6. Percentage change in pupil diameter between initial measurement
and measurement during tonic immobility — I/II; between measurement
during tonic immobility and final measurement — II/III; between initial
measurement and final measurement — I/I11

Explanations: S — study group; C — control group; | — decrease in value; g —
increase in value
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Fig. 7. Changes in glucose concentration in rab-
bits in the study and control groups in subsequent
measurements

Explanations: SGI — glucose concentration in the
study group in measurement 1; CGI — glucose con-
centration in the control group in measurement 1;
SGII — glucose concentration in the study group in
measurement 2; CGII — glucose concentration in the
control group in measurement 2; SGIII — glucose
concentration in the study group in measurement 3;
CGIII — glucose concentration in the control group
in measurement 3
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mean diameter of pupils in the study group was 0.6-
-0.9 cm after the introduction of animals into the study,
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the end of the TI (Fig. 5). In comparing pupil diameters
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subjects and increased by 10% in 7 subjects (Fig. 8). In
the study group of rabbits, the average blood glucose
concentration was 83-143 mg/dl in Stage I, 94-140
mg/dl during tonic immobility and 93-131 mg/dl at the
end of the clinical trial (Fig. 7). In analysing the results
obtained in Stages I and III, it was found that glucose
concentration decreased during the observation period
by an average of 7% in 7 rabbits of the study group and
increased by an average of 16% in 3 rabbits (Fig. 8).
Blood serum cortisol concentration. The concentra-
tion of cortisol in the blood serum of the control group
animals was 3.6 pg/dl in Stage I and 1.51-7.62 pg/dl

subjects of the study
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Fig. 9. Changes in cortisol concentration in rab-
bits in the study and control groups in subsequent
measurements

Explanations: SCI — cortisol concentration in the
study group in measurement 1; CCI — cortisol con-
centration in the control group in measurement 1;
SCIII — cortisol concentration in the study group in
measurement 3; CCIII — cortisol concentration in the
control group in measurement 3

Fig. 10. Percentage change in cortisol con-
centration between initial measurement and
measurement during tonic immobility — I/II;
between measurement during tonic immobility
and final measurement — II/III; between initial
measurement and final measurement — I/I11
Explanations: S — study group; C — control group;
1 — decrease in value; g — increase in value.
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in Stage III, at the end of the observation (Fig. 9). In
all rabbits of this group, cortisol concentration in blood
increased by an average of 78% over the observation
period (Fig. 10). The mean cortisol concentration in
the rabbits of the study group was 1-2.9 pg/dl in Stage
I and 1-359 pg/dl in Stage 11, at the end of the clinical
trial (Fig. 9). In the study group, cortisol concentra-
tion decreased by an average of 20% in 6 rabbits and
increased by an average of 53% in 4 rabbits (Fig. 10).

Rabbits are becoming increasingly frequent patients
in veterinary clinics, where stress induction is relatively
easy. Staff in veterinary clinics and practices specialis-
ing in rabbit treatment should have knowledge of the
behaviour of these animals, and all the procedures to
which they are subjected should be as short as possible
and kept to the necessary minimum.

So far, except for one study by McBride, there have
been no observations of stress caused by T1. Therefore,
the harmfulness of the TI procedure for these animals
has not been proven (18).

It has been repeatedly stated that the heart rate and
heart rate measurements in rabbits are related to the way
in which tachycardia or bradycardia may be recorded in
these animals (9, 10). The development of bradycardia,
together with reduced respiratory rate and significant
pupil dilation, indicates stimulation of the sympathetic
nervous system during TT (13).

The main stress marker, serum cortisol concentration,
increased in all control group rabbits and only in 4 study
group animals. This indicates that corticoliberin (CRH)
and adrenocorticotropin (ACTH) are not produced dur-
ing T1, which means that lying on the back is not a stress
factor for most rabbits. A study by Giannico et al. (11)
showed that rabbits with a more active adrenal cortex
and higher serum cortisol concentration collapse in TI
more easily, which was the basis for the conclusion that
tonic immobility is an antagonistic reaction to stress (9).

Similarly, the glucose concentration in the control
group increased between the first and third measure-
ments, whereas a general decrease in serum concen-
tration was observed in the control group rabbits. In
rabbits, as in other animal species, hyperglycaemia can
be caused by stress. In a study by Harcourt-Brown, 58%
of rabbits showing signs of hyperglycaemia also had
elevated levels of this sugar (12). Although there are
no reports of the exact mechanism by which hypergly-
caemia develops, many authors confirm its occurrence
in animals exposed to pain or situations that may cause
stress, such as transport and some research procedures
(12, 17).

Our observations allowed us to conclude that those
of the rabbits admitted to the veterinary clinic which
underwent clinical examination in a standard position
were more stressed than the animals under TI. Tonic im-
mobility induced by inversion of the animal on its back
is a safe method of rabbit restraint, greatly facilitating
clinical examination and other diagnostic procedures
for veterinarians and minimising the risk of injury due
to improper taming methods.
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