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INTRODUCTION

Currently, depression is one of the most prevalent psy-
chiatric diseases, and it comes with a complex and het-
erogeneous pathology. This devastating mental illness is 
behaviourally characterized by various symptoms, including 
depressed mood, irritability, low self-esteem, and feeling of 
hopelessness, feelings of worthlessness and guilt, as well 
as a decreased ability to concentrate and to think. Other 
hallmarks of depression are decreased or increased appetite, 
weight loss or weight gain, insomnia or hypersomnia, low 
energy, fatigue, or increased agitation and decreased interest 
in pleasurable stimuli (e.g. sex, food, social interactions). 
The most dangerous symptoms of depression are recur-
rent thoughts of death and suicide [22]. This disease also 
worsens, or even initiates other somatic illnesses, such as 
cardiovascular [21,9,23], endocrine diseases [27] and cancer 
[18].

The most widespread accepted theory regarding depres-
sion is that of the “Monoamine Hypothesis of Depression” 
[6,36]. This theory establishes that the main reason for 
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depression coming about is a deficit in the monoamine neu-
rotransmitters (noradrenaline and serotonin) in the central 
nervous system. The mechanism of action of most known 
antidepressants reveals the correctness of this theory, as 
drugs that increase the levels of these monoamines in the 
brain are efficacious in the treatment of depression. It should 
be noted, however, that several other systems are also impli-
cated in the mechanisms underlying the positive effect of 
antidepressants in treatment of depression. In spite of being 
clinically effective, most current antidepressant drugs have 
some imperfections, among these are slow onset and severe 
side effects [25]. Therefore, the search continues for more 
promising antidepressant drugs, as well as for better tools 
for conducting such types of experiments.

Various stressors (particularly, chronic stressors) increase 
the risk of developing affective disorders in humans. A 
crucial import into the onset of depression are the alterations 
in the hypothalamic-pituitary-adrenal (HPA) axis which are 
activated by acute and chronic stress. As a result of exces-
sive activation of the HPA axis, the level of glucocorticoids 
in the human system is increased. This causes a cascade 
of effects, as a sustained elevation of glucocorticoids may 
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damage the hippocampal neurons (particularly the CA3 
pyramidal neurons) and decrease the expression of brain-
derived neurotrophic factor (BDNF) [11,12]. Additional 
reasons for depression coming about are abnormalities in 
the neural circuitry underlying the normal mood.

Epidemiologic data show that about 40%-50% of the risk 
of depression is genetic, hence, depression can be consid-
ered to be a highly heritable disorder [9]. Unfortunately, the 
specific genes that confer this risk have still not been found. 
Yet, vulnerability to depression is only partly genetic. Envi-
ronmental triggers are also very important etiologic factors. 
Chronic stress, emotional trauma and viral infections may 
increase vulnerability to depression. Accordingly, depres-
sion in most people is activated by interactions between 
a genetic predisposition and certain encountered environ-
mental factors.

GENERAL CONSIDERATIONS

The modelling of depression in animals is invaluable, and 
the perfect animal model can enable a better understanding 
of the molecular, genetic and epigenetic factors that may 
evoke depression. Through the use of animal models, we 
gain an opportunity to generate a better insight into underly-
ing of depression. Moreover, animal models of depression 
are very useful in discovering new antidepressant medi-
cations.There are a lot of difficulties in translating human 
mental illnesses into relevant tests utilizing rodents. Depres-
sion is a heterogeneous disorder, and a full psychiatric 
syndrome of this illness cannot be mimicked in laboratory 
animals. Indeed, some symptoms of depression are likely 
to be purely human features (e.g. low self-esteem, guilt and 
suicidality). Other symptoms, however, such as helpless-
ness, anhedonia and behavioural despair, can be easily rep-
licated and measured in rodents. To evaluate animal models 
of depression we employ three main criteria: face validity, 
construct validity and predictive validity.

Face validity is a consideration of the appropriateness 
of test or model as a source of data on the compound under 
investigation. It is understood as a similarity of depression 
model within the animal subject to the ethology, psychopa-
thology, symptomatology and treatment of the depression 
disorder in humans, it is measure of external similarity, a 
kind of analogy. The term construct validity is utilized for 
the assessment of the empirical and theoretical parallels 
between the modelled features in animal test subjects and 
depression in humans, so it is a way of understanding the 
internal similarity concerning the structure of depression, 
a kind of homology. The last criterion, predictive validity, 
refers to the usefulness of the test as employed with animal 
subjects, in predicting future performance within humans. 
It describes how good the predictions of how the model in 
regard to the effectiveness of the researched medications 
in human subjects will be. Adequate and effective animal 
models of human depression should fulfill these criteria as 
much as possible. 

All available animal models of depression are based on 
two principles: the actions of known antidepressants or the 
responses to stress [41].

Preclinical animal tests and models are aimed at deter-
mining the direction of drug action. In such work, the dif-
ference between test and model should be noticed. Tests are 
based on the interactions of potential antidepressants with 
the tool substances (they are, in fact, behavioural assays for 
the effects of antidepressants on specific neurotransmitters), 
and are characterized by simplicity of procedure rules and 
short duration. In contrast, animal models simulate some 
aspects of depression. A model, hence, can be defined as 
a particular state of a non-human organism which mimics 
some features of human pathology. It provides a certain 
degree of predictive validity. Animal models of depression 
are distinguished by greater complexity and longer duration 
than are tests [13,42].

ANIMAL TESTS BASED ON THE INTERACTION 
BETWEEN POTENTIAL ANTIDEPRESSANTS AND 
REFERENCE SUBSTANCES

Amphetamine potentiation
Amphetamine potentiation is a classic antidepressant 

screening test [10]. Indeed, a lot of the effects of amphet-
amine action (excessive locomotor activity, hypothermia, 
lower body weight and increase in avoidance reaction) are 
potentiated by antidepressants. These effects are probably 
based on the fact that antidepressants impair the metabolism 
of amphetamine in the liver. As a result, the level of amphet-
amine concentration in brain is increased (pharmacokinetic 
interaction) [8]. Other data show that all of antidepressants, 
apart from mianserin, increase the maximal response to 
amphetamine (pharmacodynamic interaction) [7]. These 
dates suggest the utility of the amphetamine potentiation 
test as a screening test. 

Unfortunately, this test is non-specific, sometimes it gives 
either false negative or false positive results. What is more, 
newer antidepressants (e.g. mianserin, trazodone) which 
are structurally dissimilar to tricyclics, do not potentiate 
the effects of amphetamine action, while other drugs that 
are not antidepressants also can potentiate this action [41].

Reversal of reserpine action

This is one of the first tests that have been employed 
in research on antidepressant-like drugs. Administration 
of reserpine induces ptosis, catalepsy and hypothermia in 
rodents. Catalepsy and hypothermia, in turn, can be reversed 
by compounds which have antidepressant-like activity, 
among these, the tricyclics and the monoamine oxide inhib-
itors [6]. However, many new antidepressant drugs (e.g. 
mianserin, trazodone) do not alter the action of reserpine. 
In addition, there is also a lot of false positive results seen 
in this test. Nonetheless, this test sometimes is used, but 
normally only in connection with other tests and models. 
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ANIMAL MODELS BASED ON RESPONSE TO STRESS

Acute stress models – Predictive models  
of antidepressant activity

Forced swimming test
The forced swimming test (FST) was developed by 

Porsolt [29-32] so as to examine the antidepressant activity 
of drugs. FTS is one of the most widely used tests of anti-
depressant action. Although it works in a subacute condi-
tion (30 minutes after drug administration), this test has 
strong reliability in predicting the therapeutic potential of 
investigated compounds. In FST, mice or rats are placed 
into an inescapable cylinder filled with water (Figure 1). 
In this situation, animals try to leave the cylinder but they 
cannot escape, so they are eventually induced to displaying 
a characteristic behaviour of immobility. The test is based 
on the observation of an immobile posture that is common 
to rodents. The duration of this immobility in rodents that 
have been tested after administration of a drug with antide-
pressant activity is shorter than that seen in a control group.  
In this test, both groups of drugs, classical as well as atypical 
antidepressants, are active [30,31].

The Porsolt test has a lot of advantages. Among these are 
relative simplicity, low costs and the fact that it is a fast and 
reliable tool for researching potential antidepressant activity 
(as it has strong predictive validity). This test has a wide 
range of applications, it is even used as a quick pre-screening 
test [26]. Unfortunately, the test has poor face and construct 
validities. Moreover, FST may give false positive results for 
compounds which increase the general activity (psycho-
stimulants such as caffeine and amphetamine). To verify this, 
the locomotor activity test is usually employed to control 
the impact of the investigated compounds on locomotion. 

Figure 1. Schematic representation of mobility and immobility  
in the forced swimming test [1]

Tail suspension test
The tail suspension test (TST) was introduced by Steru 

[39] so as to research the potential antidepressant activity 
of new drugs. This test is based on a theoretical conception 
that is similar to the conception which is used in the forced 
swimming test. In this procedure, animals are suspended by 
their tails (using adhesive tape) to a horizontal bar (Figure 2). 

 
Figure 2. Schematic representation of mobility and immobility  
in the tail suspension test [1]

At first, the rodents immediately engage in escape-like 
behaviours, but then, the fact the induced unavoidable 
and inescapable stress will develop in them, an immobile 
posture. The test is performed for the duration of six minutes, 
and the time of immobility is recorded. Clinically effective 
antidepressants reduce the duration of immobility [42].

One of the advantages of this test is that it can detect a 
broad spectrum of antidepressants. TST is also inexpensive 
and unsophisticated. Similarly to FST, one of the drawbacks 
of TST is the fact that in this test, the acute effect of anti-
depressant action is measured, which is in contrast with the 
chronic treatment with the same drug in patients. 

Chronic stress models – environmental manipulations

Learned helplessness

A well-validated animal model is that of learned helpless-
ness (LH). In this test, animals develop a state of “helpless-
ness” after an exposure to uncontrollable and unescapable 
stress. Such a depressive-like state in rodents is induced by 
unpredictable electrical foot-shock stress. After this kind of 
conditioning, animals are re-exposed to the same shock (but 
in a different situation when escape is possible) and they 
still display either increased escape latency or the complete 
failure to escape [39].

Learned helplessness is induced by several sessions of 
inescapable shock. Such kinds of uncontrolled, traumatic 
events result in behavioural and neurovegetative trans-
formations, and the animals develop persistent changes 
reminiscent of depression, among these, alteration in sleep 
patterns, reduced body weight, diminished sexual behaviour 
and alteration in the HPA axis [35].

As of the present, research has indicated that repeated 
administration of antidepressants decreases the number of 
animals that show learned helplessness. Moreover, it reduces 
the latency to escape. In addition, treatment with antidepres-
sants appears to reduce various neurovegetative changes 
[22].

The main advantages of learned helplessness as a model 
of depression are its very strong face and predictive validi-
ties. This model is considered to be very useful in under-
standing the depressive symptomatology and pathophysiol-
ogy of depression in humans.
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Chronic mild stress

Chronic mild stress (CMS) is one of the chronic stress 
models which was first developed and described by Katz 
[15]. This model is based on repeated applications of uncon-
trollable and unpredictable stress that is interrelated with a 
quantifiable assay of depression-like behaviour. 

The CMS paradigm is composed of relatively continu-
ous exposure of rodents to a wide range of mild stressors. 
Among these are: minute temperature reductions, changes of 
cage mates, periods of food and water deprivations, abrupt 
circadian disruptions and other harmless, but unpredictable 
manipulations. After an appropriate time period (between 
1 and 7 weeks, usually 3 weeks) of exposure to chronic 
mild stress, certain characteristic changes are observable 
in the test rodents’ behaviour. The most obvious of these 
is a reduction in sucrose preference (“sucrose preference is 
calculated as the proportion of sucrose consumption out of 
total consumption of liquid”) [34]. Indeed, sucrose intake 
is the most commonly used assay for evaluating the impact 
of CMS in the motivation of rodents towards consuming a 
dilute solution of sucrose. Moreover, with CMS, the coat 
state of laboratory animals deteriorates (“coat state is calcu-
lated as the sum of the scores areas of the body: head, neck, 
back, belly, tail, fore-paws, and hind-paws”) [38]. 

Furthermore, CMS is characterized by its remarkable 
ability to produce a set of behavioural alternations with 
strong face validity for depression (decreases in sexual, 
exploratory and locomotor activities and decreased aggres-
sive behaviour). Chronic treatment with antidepressants 
(including selective serotonin reuptake inhibitors - SSRI, 
tricyclic antidepressants, serotonin norepinephrine reuptake 
inhibitors - SNRI, and atypical antidepressants) gradu-
ally reverse the reduction in sucrose preference and other 
symptoms induced by CMS [23].

The advantages of this model are its strong face validity 
(the behavioural manifestations are similar to the symptoms 
observed in patients with depression), its construct validity 
(CMS induces the same pathophysiological changes that 
occur in patients with depression, such as changes in HPA 
axis and hippocampal atrophy) and its predictive validity 
(behavioural changes are reversed by chronic treatment 
with antidepressants) [24]. Unfortunately, the CMS model 
has certain disadvantages. It is more expensive than are the 
other models, and it is difficult to carry out (demanding of 
space, necessitating extended duration, and intensive labor).

The modification of this paradigm is the chronic unpre-
dictable stress model (CUS). In this model, stronger stress 
factors are utilized. Among these are electric shock, immer-
sion in cold water, pain caused by tail pressure and immo-
bilization. After three weeks of such stimulations, rodent 
behaviour is changed. This is seen in a lowered intake of 
sucrose, a decreased ability to learn, apathy, decreased loco-
motor activity and prolonged duration of motionless in FST. 
Herein, the administration of antidepressants prevents the 
occurrence of behavioural changes during the experiment, 
but do not reverse already existing changes. This model is 
consider to be one of the best models for understanding the 
effects of depression [28]. 

Social defeat stress

Although both paradigms mentioned above (LH and CMS 
models) induce long-lasting behavioural, neurobiological 
and neuroendocrinal alternations, they are of non-social 
nature. Stressors used in these models are physical, while 
depression in humans is caused by the majority of stress 
stimuli that are of social nature [19,4]. Hence, investiga-
tion of the effects of social stress in experimental animal 
models is crucial.

The social defeat stress model is based on social and 
physical interactions between two or more subjects. In 
this model, social conflict is created between male animals 
(female rats or mice do not fight each other in resident-
intruder alteration) [17]. At first, experimental male rodents 
(intruders) are placed within the territory of aggressive con-
specific males (residents). The residents’ response is imme-
diate, the intruders are investigated, attacked and defeated 
by them [13]. After a few minutes of physical interaction, 
the intruders are separated from the residents and then are 
influenced by the psychological stress of prolonged “sensory 
contact” (visual, olfactory and auditory contacts) lasting 24 
hours. That situation is repeated for several days. 

The experimental animals in the social defeat stress 
paradigm display reduced social interaction (social avoid-
ance) [16], anhedonia (decreased sucrose preference and 
sexual activity), decreased exploratory and locomotor activi-
ties coupled with physiological, neuroendocrinal and neuro-
biological consequences of social stress) [2]. Most of these 
symptoms (especially social avoidance and anhedonia) are 
long-lasting and can be reversed by chronic, but not acute 
antidepressant drug administration [3,14]. The social defeat 
stress model is supposed to induce a depressive-like state 
which may be more relevant to human depression, in com-
parison with models that utilize acute or severe stressors. 
Taking under consideration this aspect, the social defeat 
stress paradigm is generally interpreted as a superior model 
of human depression. The main disadvantage of this model 
is the fact that it is very time-absorbing (it requires 20 days 
of social stress to develop depression). A further drawback 
is that only male rodents can be used for this model. 

Figure 3. The social defeat model is based on resident-intruder 
confrontation [40]

CONCLUSION

Although there are many animal models of depression, 
there are also a lot of caveats and limitations that constrain 
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their usefulness. It is known that translating human affec-
tive disorders into relevant tests utilizing rodents is prob-
lematic. Nonetheless, scientists still attempt to establish an 
ideal animal model of depression that displays strong face, 
construct and predictive validity.

This paper provides a description of the most widely used 
animal models of depression currently utilized in evaluating 
anti-depressives and in understanding the depressive state. 
Moreover, it presents a discussion of the advantages and 
drawbacks of each model. As revealed, the more rapid and 
acute antidepressant-responsive assays, such as the FST and 
TST, are useful tools which allow the quick and economical 
detection of compounds with potential antidepressant-like 
activity in which the mechanism of action is similar to the 
older known drugs. The identification of novel antidepres-
sant mechanisms is made possible by using models that can 
recreate critical processes operative in depression. Since 
critical processes are still not deeply known, models that 
employ stress exposure, time-dependent induction and treat-
ment response are the most appropriate in exploring the 
mechanisms underlying depression and its treatment.
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