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ABSTRACT

Stress undoubtedly has become an integral part of human life.
Stressful conditions have a derogative effect on normal
physiological functions leading to a variety of disease states. Many
of the most prevalent diseases of the modern era like
hypertension, diabetes, behavioral disorders, etc. have been
implicated as one of the many ill-effects of chronic stress.
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H : need to develop animal models of stress has always been realized.
DISM, Assistant Professor, Sri Sai An ideal model should be able to reproduce each of the aspects of
College of Pharmacy, Badhani, stress response and should be able to mimic the natural

Pathankot, Panjab, India progression of the disease. Unfortunately different models of

stress that have been used are able to evaluate some of the many
biochemical or physiological parameters that get altered as a
response to stress but are unable to fully mimic the patho-
physiological changes caused by stress.
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INTRODUCTION; Stress has become an integral part of
human life and organisms are constantly subjected to
stressful stimuli that affect numerous physiological
processes. Stressful events can activate the
Hypothalamo-Pituitary-Adrenal (HPA) axis ! and
increase the release of Corticotrophin Releasing
Hormone (CRH) from the hypothalamic paraventricular
nucleus, causing the secretion of Adrenocorticotropin
(ACTH) from anterior pituitary, which in turn
stimulates the secretion of glucocorticoids from the
adrenal cortex % 3. Glucocorticoids possess broad
spectrum of actions affecting expression and
regulation of genes throughout the body readying the
organism for changes in energy and metabolism
required for coping % °. Stress has been postulated to
be involved in the etiopathogenesis of a variety of
disease states including hypertension, coronary heart
disease gastric ulcers ’, diabetes 8 immuno-
suppression °, mental depression, memory loss *°, and
host of other diseases. The resultant disturbances may
vary depending upon type, intensity, and the duration

of a particular stressor and the strain\sex
differentiation of the subjects **.
Different animal models for stress have been

developed and used frequently to evaluate the anti-
stress activity of compounds of both natural and
synthetic origin. Research associated with stress has
focused on identification, quantification, and
characterization of the injured tissue for evaluation of
different therapeutic modalities and understanding the
mechanism of stress response. A requirement of all
studies on stress is an adequate and appropriate
animal model of stress. An ideal animal model should
be able to reproduce each of the aspects of stress
response and should be able to mimic the natural
progression of the disease.

However, none of the models available is able to
entirely reproduce stress response. Some models
reproduce physical stress and associated”
neuroendocrine changes '?, whereas others better
reproduce the psychological stress and associated
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behavioral changes **. Acute models do not reproduce
the neuroendocrine dysfunction whereas a chronic
model might be able to do so. Therefore, a correct
model should be used to evaluate specific aspects of

the stress response. Each model has inherent
limitations including lack of stability, lack of
predictability of tissue damage, and lack of

adjustability. And hence a literature survey of more
than 35 years (1970-2007) was conducted based on
the description of the models, potential utilization of
the models, and value of the models for testing of new
medical interventions for the management of stress.
The purpose of this review was to assess different
models of stress.

Different Types
of Stress (Based on
the Time Period of

Application of
Stressor)

Chronic Variable
Stress (Repeated
Application of
different types of
stressors of
Variable Intensity)

Chronic Stress
(Application of
Stressor for a Long
Period of Time)

Acute Stress (Single

Application of
Stressor)

Animal Models commonly used:

Physical stress models: Animal models of stress that
use physical stress can be subdivided into

Temperature fluctuation induced stress;
1. Immersion in cold water with no escape
2. Cold environment isolation

Immobilization induced stress;
e Electric foot shock induced stress
e Forced swimming induced stress
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Psychological stress models: Animal models of stress
that use psychological stress can be subdivided into:

e Neonatal isolation induced stress

e Predatory stress

e Day-night light change induced stress
e Noise induced stress.

Chronic unpredictable stress: Different stressors of
mild to moderate intensity are applied on variable
basis so as to prevent the emergence of adaptation or
resistance to one particular type of stressor. It involves
the use of both physical and psychological stress
models in a random way.

PHYSICAL STRESS MODELS:

Temperature fluctuation induced stress: Acute change
in temperature leads to stressful conditions by
activation of temperature regulatory centre in the
hypothalamus and subsequently HPA axis. It leads to
acute release of adrenocortical hormones in the blood
stream responsible for acute stressful response **. A
sharp decrease in temperature using either cold water
or freezer has been used frequently to induce acute
stress.

1. Immersion in Cold Water (ICW): In this method, the
rats are placed individually in a tank of cold water
(depth = 15.5 cm; temperature = 15-20°C) where
they either swim or remain in an upright position,
keeping their heads above water level ** 16, 17,18
This situation lasts for 15 minutes unless the rats
sink. In that event, rats are removed before the
cutoff time and are not included in the
experiments. For acute stress, rats are sacrificed 30
minutes after the stress exposure. For chronic
stress, animals are exposed to this stressor for 7-10
days. Rats are sacrificed 1 hr after the last stress
session. The major advantage of this type of
stressor is that acute stress can be achieved in a
relatively short period of time. However the major
drawback of this model is that the body adapts to
change in temperature on chronic exposure to low
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temperature and hence stress response gets highly
diminished *?°.

2. Cold environment isolation: In this method, rats are
individually kept in a freezer with a temperature
maintained at 4°C. The rats are kept for 15 minutes
once for acute stress and for 7-10 days to develop
chronic stress 2!. This sharp fall in temperature
leads to a sharp increase in the level of
adrenocorticoids as explained above culminating in
the development of stress response 2> *. Unlike the
ICW model, rats are prevented from drowning in
cold water hence it is relatively safe model
however it also suffers from same drawback of
development of resistance/adaptation on chronic
exposure.

Immobilization induced stress: Immobilization has
been used extensively as a stressor for the study of
stress-related biological, biochemical and physiological
responses in animals % ?* 2*. Immobilization can be
produced in two different ways. Animal can be either
kept immobilized in a semi cylindrical acrylic tube (4.5
cm diameter and 12 cm long) with proper holes in it for
air to pass 2°. Another way is to keep the animal with
its limbs stretched on a board and its limbs are
immobilized with adhesive tape. Movement of head is
restricted by keeping the head in a metal loop coiled
around the neck. The rats are kept immobilized in
either of the above two ways for 150 minutes once to
produce acute stress and for 7-10 days to produce
chronic stress 2°. The major advantage of using
immobilization as a model of stress is that it produces
an inescapable physical and mental stress to which
adaptation is seldom exhibited *>.

Electric foot shock induced stress: Electric foot shock
(EFS) of mild intensity has also been used as a stressor.
Rodents are very susceptible even to mild shock and
exhibit rapid stress response. Researchers have used
electric foot shock of varying degree to produce
stressful conditions and hence to evaluate adaptogenic
activity of various compounds. Stress by electric foot
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shock is given by placing the rats individually in a
chamber with an electrified floor. Rats receive
unavoidable electric foot shocks with an intensity of 3
mA, 200 ms of duration and a frequency of 1 per
second over a 5-min period. For acute stress response,
the rats are exposed once and sacrificed after 15
minutes of stress.

Chronic stress is also produced by repeating the same
treatment for 7-10 days and rats are sacrificed 1 h
after the last stress session *>. Some researchers have
modified the method in which rats are subjected to
inescapable electric foot shock for 60 minutes (0.15
mA shock, on a variable interval schedule with a mean
inter shock interval of 60 seconds) ?’. The biggest
advantage of this model is that it effectively produces
high degree of stress in the animal. The major
disadvantage of this model is the hazard of electric
shock causing death of the animal and special caution
that is required to perform this methodology.

Forced swimming induced stress: It is the tendency of
the living being to escape or avoid a noxious
stimuli/condition. If the animal is not able to escape
the stressful stimuli or it feels threatened, the animal
will show stress response. This principle is used for
developing forced swimming model for inducing stress
in laboratory animals. In order to produce swimming
induced stress, rats are made to swim in a cylinder
(30cm diameter and filled to a height of 20 cm with 15
cm of space above the head of the rat) for a single
session of 2 h duration for acute stress, or for one 2-h
session a day for five consecutive days for chronic
stress 2%

Some authors have used forced swimming in warm
(20°C) water for 3 minutes with the total session
lasting for 1h ?°. Although forced swimming induced
stress is a highly safe model, adaptation to chronic
swimming induced stress has been reported and inter-
strain differences between rats to forced swimming
behavior have also been documented *.
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PSYCHOLOGICAL STRESS MODELS:

Neonatal isolation stress: Early life events have
profound consequences on subsequent quality of life.
It has been shown that the early life stress of neonatal
isolation in rats has immediate and enduring neural
and behavioral effects *'. Such effects may reflect, in
part, stress-induced morphological changes in
hippocampus and other brain regions *2. In fact, the
hippocampus provides negative feedback regulation of
the hypothalamic-pituitary-adrenal (HPA) axis >* and
hence neonatal isolation induced stress can represent
the stress response that may lead to neuro-
degenration at an early stage of life.

This stress procedure is also useful in evaluating the
effect of stress on cognition and memory
development. In the neonatal isolation procedure, the
litter of the inbred strain is removed from the cage on
second day after the birth, weighed and placed
individually in an opaque plastic container (9 cm
diameter and 8 cm deep) with no bedding for 1 h
(between 09:00 and 12:00) in a heated (30°C),
humidity controlled chamber with white noise to mask
other pups’ calls.

The chamber has to be located in a room separate
from animal colony facility. Containers are placed 20-
30 cm apart. After 1 h period the litters are placed
back with their dams in home cage 3435 This isolation
procedure continues up to 8 days and hence it is used
to induce chronic stress only. Neonatal isolation stress
model has be used extensively to demonstrate the
effect of early lifetime stress on vulnerability to
addiction *°, and response to psychostimulants by
impairment of hippocampal-dependent context
induced fear in adult male rats.

Predatory stress: Direct encounter of an animal with
its natural predator is one of the most stressful and
anxiogenic event it can face and it leads to rapid
development of ‘flight or fight’ response *’. Exposure
of rodents to natural predators or to their odors may
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induce stress like states *%. Under such circumstances,
there is rapid sympathetic activation leading to rise in
the levels of adrenocorticoids in blood causing acute
stress response to develop. Direct encounter with a
predator has been effectively used to evaluate the
biochemical and physiological changes produced
during such stressful conditions *°. Predatory stress in
mice is induced by series of short exposures to natural
predator like cat “° or to any substance having the odor
of cat like the fecal pellets of cat **.

In one of the methods, mice are placed individually in
different cages and after four initial 20-min cage
habituation sessions each subject is submitted to two
randomly-assigned 20-min predator confrontation
sessions. Change in behavioral pattern such as
locomotion, shrieking like voices and endocrinological
changes after the stress exposure are observed *°.
Another free-exploration test ** was used consists of a
PVC box (30x20x20 cm) covered with Plexiglas and
subdivided into six equal square exploratory units,
which are all interconnected by small entries.

It could be divided in half lengthwise by closing three
temporary partitions. Approximately 20 h before cat
exposure, each subject is placed in one half of the
apparatus with the temporary partitions in place, in
order to be familiarized with it. The floor of this half
was covered with fresh sawdust and the animal is
given unlimited access to food and water. On the test
day, mice of each strain are randomly allocated to the
following four groups.

(a) Naive + clay: animals are exposed to both familiar
and novel compartments by removal of the temporary
partitions. The novel compartment contains three
modeling odor-free clay pellets.

(b) Naive + feces: animals are exposed to both familiar
and novel compartments. The novel compartment
contains three cat feces pellets.

(c) Exposed + clay: subjects are removed from the free-
exploration box and confronted individually with a cat
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during a 5-min session. The cat cage consists of a PVC
box (82x56x62 cm) subdivided into two
compartments, one containing the cat, the other the
mouse. Separation consists of a transparent PVC wall
with holes allowing the cat to reach the other side with
its paws. The mouse is then put back in the free-
exploration apparatus and is exposed 1 h later to both
familiar and novel compartments. The novel
compartment contains three modeling odor-free clay
pellets.

(d) Exposed + feces: same as previous group, but the
novel compartment contains three pellets of feces
from the cat used during exposure. The behavior of the
mouse is observed under red light for 5 min via a
closed circuit TV camera by an observer located in an
adjacent room.

The following parameters are recorded:
(a) Time spent in the novel compartment;
(b) Total unit entries and (c) total number of rearings.

The results are expressed as mean percentage of time
spent in the novel compartment, mean total number
of novel unit changes, and mean total number of
rearings. Marmosets (Callithrix penicillata) have also
been employed for induction of predatory stress in a
test battery known as Marmoset Predator
Confrontation Test (MPCT) *. This model compares
the behavioral response of experienced versus naive
adult black tufted-ear marmosets in confrontation with
a taxidermized wild-cat predator stimulus.

After four initial 20-min cage habituation sessions,
each subject is submitted to two randomly-assigned
20-min predator confrontation sessions. Confrontation
with the predator induces significant behavioral
changes; i.e., proximic avoidance and tsik-tsik alarm
call. Anti-stress drug administration, concomitant to
predator exposure, reverses the behavioral changes
observed *. Predator induced stress is an established
model to induce short term acute stress response but
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its major disadvantage is development of habituation
to predator exposure hence the use of this model for
inducing stress is justified for developing only acute
stress.

Day-night light change induced stress: Changes in the
circadian rhythm have profound effect on physical and
psychological well being of an individual *°. Laboratory
animals, when subjected to abrupt changes in day-
night light pattern, exhibit acute stress response 32.
Changes in circadian rhythms are regulated by pineal
gland through the secretion of melatonin *’. Melatonin
is released from the pineal gland in response to dark or
dim light where as its functional antagonist serotonin is
secreted in response to bright light. It is this serotonin-
melatonin cycle that is responsible for regulation of
sleep-awake state of the body ***°.

To induce stress, cages of rat or mice are kept under
bright light from 19:00 h over night (in the dark phase)
and cages are kept in dark room with no light from
12:00 h in the light phase for 180 minutes for 7-10 days
13 This method is suitable for inducing short term
stress response. Generation of stress can be evaluated
by measuring the biochemical parameters associated
with chronic stress response °°. The major
disadvantage of this model is that it can be effectively
used to generate short term stress response as on
repeated exposure to this type of stressor, the animal
adapts to the changed day-night light pattern. This
major drawback can be minimized by using this model
as a part of chronic unpredictable stress protocol.

Noise induced stress: Noise as a stressful stimulus is a
widely accepted fact. A large number of people are
exposed to potentially hazardous levels of noise levels
in daily modern life. Experimental studies have
demonstrated ultra structural modifications in rat
cardiomyocytes mainly in mitochondria due to noise
stress. These subcellular alterations are related to an
imbalance in calcium homeostasis, which is supposed
to be sustained by increased catecholamine
innervations >'. When noise exposure of any kind
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exceeds 90 dB, noise becomes a stressor 2. Noise
stress has a depletory effect on free radical scavenging
enzymes in the brain leading to moderate to severe
oxidative stress >> which can be a potential basis for
hearing loss >*. Noise stress in laboratory rats can be
produced by loudspeakers (15 W), driven by a white
noise generator (0-26 kHz), installed 30-cm above the
cage. Thus a noise level can be set at 100 dB or above
uniformly throughout the cage and can be monitored
by a sound level meter. Each animal to be treated is
exposed to noise stress for 4h/day for 15 days. Control
group rats are also kept in the above described cage
during the corresponding period of time, without noise
stimulation to avoid the influence of handling stress on
evaluation of effects due to noise exposure >> °°. The
effect of noise stress exposure can be determined by
estimating the brain biogenic amine level.

Chronic Variable (Unpredictable) Stress Models: The
major disadvantage of both physical stress models and
psychological stress models is the development of
adaptation /resistance on chronic exposure. The
changes in physiological and behavioral responses to
chronic stress can be related to the adaptation of the
HPA axis. When the same stressor is repeated, the HPA
response undergoes desensitization or become stable
as it has been reported that rodents repeatedly
exposed to restraint stress exhibited a habituated
corticosterone  response, when they were
subsequently challenged with an acute exposure to
restraint >” %,

On the other hand, the exposure to a multiple stress
paradigm  produced continued elevation in
corticosterone levels, when the animals were
subsequently subjected to acute restraint stress °’. It
has also been suggested that the adaptations of HPA
axis depend on type, duration and severity of the
stress regime % *. To prevent the development of
resistance, Chronic Unpredictable Stress (CUS) models
have been developed which involve the use of various
physical and psychological stressors in a
predetermined manner so that the animal is not able
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to adapt to the stressor. Adaptation to one type of
stressor has been effectively prevented by employing
various stressors such as immobilization stressor for 15
minutes followed by overnight sleep deprivation and
rotation of the cage at a predetermined speed
(horizontal shakes at high speed) for 50 minutes
followed by swim stress in water (20°C) of 4 minutes *°.

Wetting the saw dust bedding of the animal all day to
restrict movement followed by electric foot shock (ten
shocks of one second duration each, in an
unpredictable manner, at the intensity level of 0.4-1.8
mA) and stroboscopic light (for 13 h, 10 Hz) has also
been used as a part of CUS protocol Some
researchers have used exposure to predator odor
induced stress as a part of CUS protocol, in which mice
are placed in a novel cage containing cat litter soiled
with cat feces and urine ®'. Various authors have
modified the stress models in order to accommodate
them in their respective CUS protocol. Other additional
stressors that have been applied as a part of CUS
protocol are tail pinch with a clothes-pin placed 1 cm
distal from the base of the tail for 5 min, strong
illumination during predicted dark phase for 12 h,
movement restriction in a small cage (11 cm x16 cm x
7 cm) for 2 h 59, ether anaesthesia until loss of reflex
%2 and subcutaneous 0.9% saline injection.

Chronic variable stress models have been proven to be
more useful as they are devoid of the problem of
resistance in the animal species towards the commonly
used stressors and also have the advantage of the
development of effective and long-term stress
response. Thus CUS models are nowadays the
preferred models for generation of a stress response.

DISCUSSION: A wide variety of animal models for
inducing stress are available which can be used to
understand the pathogenesis of the disease and to
evaluate new treatment modalities. Animal models
have been instrumental in elucidating cellular and
extra cellular mechanisms causing stress related
pathological conditions. The exact mechanism of
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generation and progression of stress response is still
unknown. Models available for inducing stress suffer a
major drawback that they are not able to fully
reproduce stress related physiological and biochemical
changes simultaneously. Other major disadvantage of
most of the models of stress is development of
resistance on chronic application. As animal body has
the inherent property to adapt to adverse condition,
stress response to aversive stimuli diminishes with
time. One of the methods to prevent is to use chronic
unpredictable stress parameter which employs a
battery of stressful stimuli to induce inadaptable stress
response. Therefore the researcher can either choose
the model that will best reproduce the aspect of stress
under investigation or can switch over to multiple
stress model paradigms to avoid adaptation to one
type of stress.
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