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ABSTRACT

Depression is one of the most debilitating medical conditions in the world today, yet its etiologies remain imprecise, and current treatments are not 
wholly helpful. Depression is more than just a feeling of sadness. Depression can affect the daily routine of an individual disrupting work, play, and 
overall ability to concentrate. People with depression usually experience a lack of interest and enjoyment in daily activities, notable weight loss or 
gain, sleeplessness or excessive sleeping, lack of energy, inability to concentrate, feelings of worthlessness or shame, and recurrent thoughts of suicide 
(diagnostic and statistical manual-V). It is projected to be the second leading cause of disability worldwide by 2020. It is estimated that depression 
currently affects 350 million people from around the world. There are a number of drugs of different pharmacological classes being used in the 
treatment of clinical depression. Animal models are indispensable tools in the search to identify new antidepressant drugs and to provide insights 
into the neuropathology that underlies the idiopathic disease state of depression. Animal models of depression can be used for a variety of purposes, 
including use as a tool for investigating aspects of the neurobiology and pathophysiology of depression, as an experimental model for studying the 
mechanism of action of antidepressant drugs and for screening antidepressant activity. None of existing animal models currently fulfil the existing 
criteria for an ideal animal model, and therefore, demands an insight view of the existing models of depression. This article attempts to review the 
most widely used animal models and highlights their important features with respect to different pharmacological classes of antidepressant drugs.
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INTRODUCTION

Depression affects more than 20% of the world population, is currently 
the fourth leading cause of disability worldwide [1], and is projected to 
be the second leading cause of disability worldwide by the year 2020[2]. 
It can manifest as any of the symptoms described by the Diagnostic and 
Statistical Manual of Mental Disorder V (DSM 5) [3]. Depression can 
affect anyone and can lead to both mental and physical alterations in an 
individual. Mood changes such as sadness, hopelessness, feeling down, 
emptiness, irritability, withdrawal from daily activities, inability to gain 
pleasure, restless, and feeling of guilt or recurring thought of death 
can be experienced by a depressed individual. There are a few other 
changes such as alteration in sleep patterns, weight gain or loss, change 
in appetite, and inability to concentrate can also occur. It is estimated 
that depression currently affects 350 million people worldwide, and 
this number is increasing and for which little is known. It is estimated 
that approximately 1 trillion USD is spent on depression annually.

SYMPTOMS OF DEPRESSION

Depression, also known as major depressive disorder (MDD), is 
characterized as one or more depressive episodes without a history of 
manic, mixed, or hypomanic episodes. It can be expressed as emotional, 
physical, cognitive, or psychomotor symptoms. Emotional symptoms 
include loss of interest in daily activities, sadness, hallucinations, 
hopelessness, and feelings of guilt. Physical symptoms include weight 
loss or gain, appetite disturbance, sleep disturbances, pain, or GI and 
cardiovascular complications. Cognitive symptoms include problems 
concentrating, disturbance in remembering, indecisiveness, and 
confusion. Psychomotor symptoms include slowed movement, thought 
process, and slowed speech.

Depression may be a secondary disease due to conditions such as 
infection, for example, sexually transmitted disease, neurological 
disorders (epilepsy, pain, or Alzheimer’s disease), withdrawal for 

substance abuse or cancer. There is currently no definite known cause 
of depression, and most of the current etiology is based on various 
hypotheses. The biogenetic amine hypothesis is based on depression 
being caused by a decrease in brain levels of specific neurotransmitters 
such as norepinephrine, serotonin, and dopamine [4]. The postsynaptic 
change in receptor sensitivity studies the desensitization of receptors 
to norepinephrine or serotonin. The deregulation hypothesis is based 
on the failure of neurotransmitter systems as opposed to increase or 
decrease in activity. The serotonin-norepinephrine hypothesis is based 
on a proposed link between the two neurotransmitters, and both 
are involved in depression. The dopamine hypothesis suggests that 
the decrease in dopamine in the mesolimbic pathway is a cause for 
depression.

DIAGNOSIS OF DEPRESSION

Depression can be characterized by one or more of the criteria from 
the Diagnostic and Statistical Manual of Mental Disorder 5 (DSM-5). For 
a person to be diagnosed as being depressed, they should experience 
the symptoms for more than 2weeks and does not include symptoms 
brought on by another medical condition or medication. Table1 lists 
the DSM 5 criteria for MDD. Five (or more) of the following symptoms 
have been present during the same 2-week period and represent a 
change from the previous functioning; at least one of the symptoms is 
either (1) depressed mood or (2) loss of interest or pleasure.

TREATMENT OF DEPRESSION

Depression can be treated with pharmacological or nonpharmacological 
treatments. Cognitive therapy, behavioral therapy, interpersonal 
psychotherapy, electroconvulsive therapy, and bright light therapy 
comprise of nonpharmacological therapy and are only used in mild-
to-moderate severity as first-line treatment. The pharmacological 
treatment consists of various classes of medication such as selective 
reuptake inhibitors, serotonin/norepinephrine reuptake inhibitors, 
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aminoketone, triazolopyridines, tetracyclic, tricyclics, and monoamine 
oxidase inhibitors [5]. Each of these classes is associated with one 
or other side effect. Table  2 shows the side effects associated with 
different classes of antidepressants. There can be instances where 
nonpharmacological therapy is combined with pharmacological 
therapy such as the use of ECT with drug treatment for psychotically 
depressed individuals.

ANIMAL MODELS

Animal models have been used for years as a vital tool to screen 
products before they are deemed safe for humans. Animals are 
sometimes used in the screening of drugs, testing of vaccines and other 
biologically modified serum, and medical devices, mainly to determine 
the safety (pros and cons) of the medicinal product. For drugs and 
biologics, the focus of animal testing is on the drug’s nature, chemistry, 
and the effects (pharmacology) and on its potential damage to the body 
(toxicology) [6].

REQUIREMENT FOR AN IDEAL ANIMAL MODEL

It is proposed that the minimal requirements for an ideal animal 
model of depression include (a) be reasonably analogous to the human 
disorder in its symptomatology (face validity), (b) cause behavioral 
changes that can be monitored objectively, (c) produce changes that 
are reversed by the same treatment modalities that are effective in 
humans (predictive validity), and (d) should be reproducible between 
investigators. An ideal animal model of depression should fulfil the 
abovementioned criterion as much as possible [7].

ANIMAL MODELS OF DEPRESSION

Animal models of depression are widely used to screen antidepressants 
for different purposes such as a tool for investigating aspects of 
neurobiology and pathophysiology of depression, as experimental 
models for studying the mechanism of action of antidepressants and 
for screening antidepressant activity. Animal models of depression can 
be categorized into being behavioral, chemical, or genetic models.

BEHAVIORAL MODELS OF DEPRESSION

Forced swim test (FST)
The FST is one of the simplest and most commonly used animal models 
used in screening antidepressants. The FST would require a large 
cylinder (40 cm height by 18 cm diameter) [8], water, a thermometer, a 
stopwatch, a camera to record the procedure, the rats, and a laboratory 
which temperature can be adjusted. The FST is based on the premise 
that, when the rats are placed in an inescapable situation, they are 
forced to swim to keep their head above the level of water. The carrying 
out of the procedure entails the cylinder being filled with a specified 
amount of water and the temperature of the water set at 25°C (±2) [9]. 
The cylinder is deep enough as not allow the hind legs of the rats to 
touch the bottom of the cylinder and sufficient to not allow it to escape 
at the top. Results are taped and reviewed at a later time for which 
there are two ranks which are swimming and climbing (active) and 
immobilized (passively). Under normal condition, the rats give up 
and assume the passive phase, and when given an antidepressant, the 
time which it takes for the rats to go to the passive stage is prolonged. 
Antidepressants can, therefore, be seen to increase the active stage. The 
advantages of the FST are that it is sensitive to most antidepressants, 
it is easy to perform, and it is highly reproducible which allows for 
low cost and high amount of test to be carried out over a short time. 
Some of the drawbacks are that it is only sensitive to acute treatment, 
there is the risk of hypothermia, it is not specific to nonmonoamine 
antidepressants, and it is not specific to selective serotonin reuptake 
inhibitor (SSRIs). The major drawback of the FSH is that it is unreliable 
in the detection of the effects of SSRIs and false-positive results are 
induced by opiates and anti-histamines (Fig. 1).

MODIFIED FST

The modified FST is an upgraded version of the FST with a few changes 
in the procedure such as a change in the depth of the water in the 
cylinder to 30  cm from 15 to 18  cm and sampling behavior every 
5  seconds [10]. These minor adjustments allow for the investigator 
to easily distinguish between the active and passive states. The major 

Table 1: DSM‑V criteria for MDD

Depressed mood or a loss of interest or pleasure in daily activities for more than 2 weeks
Mood represents a change from the person’s baseline.
Impaired function: Social, occupational, educational.
Specific symptoms, at least 5 of these 9, present nearly every day

Depressed mood or irritable most of the day, nearly every day, as indicated by either subjective report (e.g., feels sad or empty) or observation 
made by others (e.g., appears tearful)
Decreased interest or pleasure in most activities, most of each day
Significant weight change (5%) or change in appetite
Change in sleep: Insomnia or hypersomnia
Change in activity: Psychomotor agitation or retardation
Fatigue or loss of energy
Guilt/worthlessness: Feelings of worthlessness or excessive or inappropriate guilt
Concentration: Diminished ability to think or concentrate, or more indecisiveness
Suicidality: Thoughts of death or suicide, or has suicide plan

MDD: Major depressive disorder

Table 2: Side effects associated with the different classes of antidepressants

Side effects SSRI TCA SNRIs NARI NaSSA MAOI RIMA
GI distress +++ 0/+ +++ 0/+ 0/+ +/++ +
Sexual disturbance +++ ++ +++ 0/+ 0 +/++ 0
Weight gain 0/+ ++ 0 0 +++ + 0
Dermatitis, rash 0/+ + 0 0/+ 0 0 0
CNS effects (sedation fatigue) +/+++ ++/+++ + + +++ +/++ +
Anticholinergic effects (dry mouth, tremor) + ++/+++ + + ++ ++ +
ECG changes (tachycardia) 0 ++ 0 0/+ 0 + 0
Orthostatic hypotension + ++ 0 + + ++ +
Hypertension 0 0 ++ + 0 ++ 0
SSRI: Selective serotonin reuptake inhibitor, TCA: Tricyclic antidepressant, NARI: Noradrenaline reuptake inhibitors, NaSSA: Noradrenaline specific serotonin reuptake 
inhibitors, MAOI: Monoamine oxidase inhibitor, RIMA: Reversible monoamine oxidase inhibitor, CNS: Central nervous system, ECG: Electrocardiography,  
SNRI: Serotonin -noradrenaline reuptake inhibitor
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advantage unlike its predecessor is now able to detect SSRIs. It still, 
however, has the drawback of the risk of hypothermia, its validity for 
nonmonoamine antidepressants is uncertain, and it is limited to its only 
sensitive for acute treatments. It has predictive validity and is easy to 
perform.

TAIL SUSPENSION TEST (TST)

The TST was developed as a rodent screening test for potential (human) 
antidepressant drugs. The materials need for this test is very simple 
(a metal rod, tape, and a camera to record the results and mice) and is 
easy to perform. The mice are suspended upside down from the metal 
rod and monitored. It is based on the assumption that when the mice 
are placed in an escapable situation (struck by the tail) they would try 
to escape. The subjects leave for 5 minutes as an observational period 
after which results are recorded [11]. The TST, such as the FSH, has two 
movements which are the thrashing about to escape (active) and no 
movement or attempt to escape (passive). The passive state is seen as 
the depressed phase, and the prolongation of the active phase can be 
achieved by the use of antidepressants [12]. The advantages of the TST 
are its sensitive to antidepressants, have predictive validity, has high 
reproducibility, is easy to perform, and allows for high throughput at a 
low cost. Its disadvantages are that it only sensitive to acute treatment, 
its validity for certain nonmonoamine antidepressants are uncertain, 
is not applicable in rats and applicable in only certain mouse strains 
(Fig. 2).

LEARNED HELPLESSNESS MODEL (LHM)

When placed into an uncontrolled stressed situation over time from 
where there is no escape subject exhibit a depressive state, this is the 
basis on which the LHM was formed [13]. The test is composed of a 
two-compartment box separated with the route to unelectrified side 
escape chamber closed. A  constant current of shocker delivering 60 
scrambled shocks (15  seconds duration, 0.8  mA every minute)  [14] 
through the steel grid floor. There are two types which are the 
inescapable shock treatment and the conditioned avoidance training. 
In the inescapable shock treatment, the experiment is repeated on day 
3 (48 hrs) [15]. In the conditioned avoidance training, the rodents learn 
to avoid unpleasant stimuli by performing the appropriate response to 
protect itself. However, there is a difference between rats and mice, the 
lever press method is applied to rats, and the shuttle box is used for 
mice. The subjects usually exhibit depressed states in one or several 
days with repeated exposure to the stimuli. This LHM subject can be 
selectively bred to a control group and offspring showing two traits 

with some showing LH and some resistant to LH [16]. The LHT has 
the advantages of predictive validity, including alterations in HPA axis 
activity and no false negatives. The disadvantages are that it is sensitive 
to some antidepressants, sensitive to acute treatment specificity is 
questionable, it requires very stress, it is time consuming, there are 
ethical restrictions, and it is difficult to replicate [17].

OLFACTORY BULBECTOMY

As the name implies, the olfactory bulbs are removed and the rats 
exposed to stressful situations. This experiment usually has a test and 
a controlled group. The olfactory system in rats is part of the limbic 
region amygdala and hippocampus forms a part of the emotional and 
memory of behavior. It is not only the removal of the olfactory bulb 
alone that is solely responsible for the behavioral changes but also 
causes a dysfunction in hippocampal-amygdala circuit which causes the 
behavioral changes [18]. This test is not only used alone but also is used 
in conjunction with other animal models such as open-field and passive 
avoidance test. The advantage of the olfactory bulbectomy is that it is 
specific for all antidepressants and has face validity. Its disadvantages 
are as follows: It is difficult to reproduce, some antidepressants show 
effects only after subchronic treatment, and the effects are variable for 
different antidepressants [19].

SOCIAL DEFEAT (SD)

SD is based on the principle that loss of rank of a previously dominant 
rat (or human) is associated with a loss of self-esteem, and a loss of 
self-esteem has been associated with depression. This test is carried 
out by introducing a highly aggressive experimental group to a resident 
group and both allowed to interact [20]. The intruder (experimental) 
group is rapidly investigated and defeated. The resident group usually 
is given the advantage of having a higher body weight, making them 
more likely to overcome the experimental group. After a few minutes 
of interaction, both groups are separated by a divider made of plastic 
with holes allowing for auditory, visual, and olfactory interaction for 
24 hrs [21]. This interaction is usually repeated to different resident 
groups, at the end of each, one group is dominant (resident) and one 
being subordinate (experimental). Two outcomes are tested in the 
experimental group which are reduced preference for a sweet solution 
(reward-based sucrose preference [RBSP] model) and social avoidance 
in the presence of an unfamiliar animal [19,22,23]. Changes in behavioral 
or psychological changes include decreased sexual behavior, increased 
anxiety, changes in circadian rhythm (sleep changes), alterations in 
body weight, and impaired immune function. This test is sensitive to 
chronic administration to antidepressant, and behavioral changes are 
usually long lasting. SD has constructed and predictive validity but is 
difficult to reproduce [24].

CHRONIC MILD STRESS (CMS)

CMS sometimes described as chronic unpredictable stress involves the 
use of a stress over a prolonged period of time [23]. The use of CMS is 
applicable since it develops a depressed state that gradually over time. 
The changes are both physical and emotional, and since it is difficult 
to properly access, emotional stress measurement is done through 
the RBSP  [25]. Repeated use of the same stress rats usually develops 
adaptations to cope, but the CMS uses stress in an unpredictable 
sequence. The usual depressed state can be reversed by the use of 
chronic antidepressant administration applied either during or after the 
stress period. This model has poor reproducibility, some groups have had 
consistently produced depressed rats, and others have not experienced 
the same reliability. The CMS model has good predictive validity 
(behavioral changes are reversed by chronic treatment with a wide 
variety of antidepressants) [25,26], face validity, and construct validity 
(CMS causes a generalized decrease in responsiveness to rewards, 
comparable to anhedonia, the core symptom of the melancholic subtype 
of MDD). It also provided insights into molecular alteration in depression. 
The disadvantages are that it is difficult to reproduce, is time consuming, 
requires a lot of workspace, and is labor intensive sounds good. 

cb

Fig. 1: (a-c) Different behaviors of an animal during forced swim test

a

Fig. 2: (a-c) Different postural movements during the tail 
suspension test

cba
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EARLY LIFE STRESS (ELS)

Exposure to stress at an early stage has been known to increase the 
risk of depression in individuals. Traumatic experiences (such as loss 
of a parent, childhood illness, family violence, deprivation of basic 
necessities, and any type of abuse) have repercussions in adulthood 
leading to psychiatric consequences. The ELS model [27] is based on 
the uses of stress at critical early points in the development of subject to 
cause phenotypic changes. There can be neurochemical, endocrine, and 
behavioral changes occurring due to the ELS model which predisposed 
individual to depressive illness. Construct validity of ELS models will 
depend on phenotyping of the animals.

MATERNAL SEPARATION (MS) MODEL

As mentioned above, the use of ELS can be used as a stress to initiate 
depression in an individual. MS is used as the means by which 
stress is applied to a subject. This usually entails the offspring being 
separated from their mother for 3.6 hrs during the first 2 postnatal 
weeks [18,28-30]. These individuals are allowed to develop under 
normal conditions, and at adulthood, phenotypic characteristics are 
evaluated. This model usually has good construct and predictive 
validity. The change due to the MS is usually analogous to depression, 
neurological changes, and allows for the model to be useful in 
detecting gene expression and mechanisms related to mood disorders 
[31,32]. It is also said to have face validity due to its ability to show 
parental depression and is done during the critical development of 
the offspring.

PRENATAL STRESS MODEL

Maternal stress can cause a number of altered neurological changes in 
offspring [33]. This test is unpredictable since not all the offsprings are 
affected and those that are affected occur in different ways. The use of 
noise disturbance during pregnancy can have outcomes such as anxiety 
and depression in offspring as well as alterations in HPA axis [34]. 
The MS model has construct and face validity, but it can sometimes be 
difficult to distinguish stress occurring prenatally and postnatal.

GENETIC ANIMAL (GM) MODELS

There are been links between genetic factors, and depression GM 
animals are currently being used in models for brain pathologies 
such as anxiety and depression [35]. Science has allowed for the 
manipulation of gene expression either by over-expressing or under-
expressing glucocorticoid receptors. By controlling, the expression of 
genes offspring can be hardwired as depressed and test carried out 
to further explore the mechanisms of depression  [36]. Adrenergic 
receptor knockout mice, glucocorticoid receptor heterozygous mice, 
and cAMP response element binding protein over expressed mice are 
some examples of genetically modified animals of depression.

CHEMICAL ANIMAL MODELS

Sucrose preference test (SPT)
Subjects are born with an innate preference for sweet food, the sucrose 
preference uses this innate preference, and those subjects with a 
decreased liking for it can be deemed as depressed. The SPT  [37] 
is used as in indicator of anhedonia (lack of interest in rewarding 
stimuli), which is present in some forms of affective disorder, including 
depression. Reduction in preference for sucrose in the SPT represents 
anhedonia, while the reduction can be reversed by the treatment with 
antidepressants [38]. The mice are presented with two tubes (one with 
water and the other with sucrose), and the amount used each day is 
measured and recorded.

Reserpine reversal
Reserpine irreversibly blocks the vesicular monoamine transporter 
which is responsible for the transport of intracellular neurotransmitters 
norepinephrine, serotonin, and dopamine. The reserpine model is based 
on the capability of antidepressants to reverse the inhibitory effects of 

reserpine on motility (catalepsy), body temperature (hypothermia), 
and ptosis (eye closure) antagonism in rats and mice [39-41]. The 
reversal of ptosis and hypothermia by pre-treatment with tricyclic 
antidepressant (TCA) and monoamine oxidase inhibitors is established 
and was the first clear demonstration of a difference in pharmacological 
activity between TCAs [42]. To identify compounds that enhance 
synaptic concentration of serotonin, the test detects elevated levels of 
serotonin by measuring the potency to further increase the behavioral 
syndrome induced by administration of 5-hydroxytryptamine receptor 
(5-HTP)  [43-45], which is the metabolic precursor of 5-HT. The test 
provides a rapid and accurate index of SSRI [13,46] potency in vivo. 
Animals with lower levels of 5-HT1A auto receptors are more resilient 
to repeated exposures of forced swim stress compared to animals with 
higher levels of auto receptors. The advantage of the reserpine reversal 
model is that it has good predictive validity.

AMPHETAMINE WITHDRAWAL

Exposure to methylphenidate (MPH) or cocaine in preadolescence 
affected behaviors in adult rats. MPH is a stimulant prescribed for the 
treatment of attention-deficit/hyperactivity disorder. Stimulant drugs 
can cause enduring behavioral adaptations, including altered drug 
sensitivity, in laboratory animals. Exposure to MPH in preadolescence 
can cause behavioral changes in adulthood, including finding cocaine 
less rewarding and demonstrating depressive-like symptoms [47]. 
Amphetamine withdrawal resulted in a prolonged (5  days) deficit 
in brain reward function as assessed by elevations in intracranial 
self-stimulation thresholds. Animals treated with a high dose of 
amphetamine (10 mg/kg/day) exhibited increased climbing behavior 
and decreased immobility 24 hrs after withdrawal; by the 48-hrs 
testing time point, this effect had dissipated [48]. In the mouse TST, 
both regimens of amphetamine pre-treatment induced increases in 
immobility scores, also indicative of “depressive-like” behavior.

RETINOIC ACID DERIVATIVES

Retinoic acid is a derivative from the metabolism of Vitamin A. Retinoic 
acid is used by the human body for growth and development. It acts by 
binding to retinoic acid receptors (RAR) and causes a conformational 
change in deoxyribonucleic acid. It is used both topically and orally to 
treat acne but carries the risk of depression, suicide, and psychosis [49]. 
Isotretinoin, a retinoic acid, currently being used to treat severe acne 
and has been associated with an increased risk for depression and 
suicide. Mice chronically treated with it shows an increase in the FST 
and TST passive phase, which can be seen to induce depression-like 
symptoms [18,50]. RARs which are numerous in the brain belong to 
the nuclear hormone receptor family of transcription factors, and the 
transcriptional consequences of isotretinoin exposure within limbic 
brain regions remain unexplored (Table 3).

CONCLUSION

Animal models have been able to show the greater predictive validity 
and have been used to demonstrate depression in animals. Although 
there is no single animal model that exists today to replicate all the 
aspects of depression, they show a great deal of importance in various 
aspects of the multifaceted disease depression. The most commonly 
used models are the FST and TST due to them being easy to perform 
and ease of collecting data for multiple test subjects over a short time 
period. Animal models vary from simple to very complex ones which 
require more time to carry out. Due to depression being complex, it 
is very difficult for anyone animal model to fully explore the disease 
as a whole. Apart from their use in the pharmaceutical industry, they 
can be used to explore new or existing areas of depression. Finally, 
while clinicians continue to refine novel experimental treatments 
for depression, basic scientists must complement their efforts 
by exploring the neurobiological mechanisms underlying those 
treatments; such translational approaches will further narrow the 
gap between human depression and the theoretical formulations of 
its mechanisms.
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