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Abstract: Depression is a chronic, recurring and potentially life-threatening illness that affects up to 20% of the population
across the world. Despite its prevalence and considerable impact on human, little is known about its pathogenesis. One of the
major reasons is the restricted availability of validated animal models due to the absence of consensus on the pathology and
etiology of depression. Besides, some core symptoms such as depressed mood, feeling of worthlessness, and recurring
thoughts of death or suicide, are impossible to be modeled on laboratory animals. Currently, the criteria for identifying animal
models of depression rely on either of the 2 principles: actions of known antidepressants and responses to stress. This review
mainly focuses on the most widely used animal models of depression, including learned helplessness, chronic mild stress, and
social defeat paradigms. Also, the behavioral tests for screening antidepressants, such as forced swimming test and tail
suspension test, are also discussed. The advantages and major drawbacks of each model are evaluated. In prospective, new

techniques that will be beneficial for developing novel animal models or detecting depression are discussed.
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1 Introduction

1.1 Depression: an unmet medical need Depression is one
of the most serious mood disorders and affects up to 20% of
the global populationl!*!. The World Health Organization pre-
dicts that major depression will be the second leading cause
of global disability burden by 2020%. Besides, the depres-
sion-caused economic burden is estimated to be as high as
$83 billion per year in the United States®. Although great
development has been achieved since the first introduction
of pharmacological antidepressant (AD) medications in the
1950s, there are still many patients whose illness cannot be
alleviated by current ADs including tricyclic antidepressants
(TCAs), monoamine oxidase inhibitors (MAOIs) and selec-
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tive serotonin and/or norepinephrine reuptake inhibitors
(SSRIs and/or SNRIs). Moreover, for the case of response,
the mood improvement starts only after 3-6 weeks of AD
medication. These unmet medical needs require more efforts
in finding novel and efficacious strategies for depression
treatment.

1.2 The importance of modeling depression in animals De-
spite the prevalence of depression and its serious impacts,
studies on the pathogenesis of depression are still prelimi-
nary compared to those on the pathogenesis of other com-
mon chronic and potentially fatal multi-factorial conditions,
such as diabetes and Parkinson’s disease. The major ob-
stacle is the restricted availability of validated animal models.
Firstly, an ideal animal model offers an opportunity to under-
stand molecular, genetic and epigenetic factors that may lead
to depression. By using animal models, the underlying mo-

lecular alterations and the causal relationship between ge-
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netic or environmental alterations and depression can be
examined, which would afford a better insight into pathology
of depression. Since no “depression gene” has been identi-
fied to generate depressive symptoms in mice, stress still
remains a risk factor for depression'?. Secondly, improved
animal models of depression are indispensable for identify-
ing novel therapies for depression.

1.3 The criteria for the “ideal” model of depression Ideally,
an appropriate animal model of human depression should
fulfill the following criteria as much as possible: strong phe-
nomenological similarities and similar pathophysiology (face
validity), comparable etiology (construct validity), and com-
mon treatment (predictive validity)“®. Unfortunately, depres-
sion is a heterogeneous disorder™ and its many core symp-
toms (e.g., depressed mood, feeling of worthlessness, and
recurring thoughts of death or suicide) are hard to be mimiced
in laboratory animals. The question therefore remains whether
we can know a mouse is “depressed”. Actually, few models
of depression fully fit these validating criteria, and most mod-
els currently used rely on either actions of known antide-
pressants or responses to stress'?. Of note, it is not neces-
sary for an “ideal” animal model of depression to exhibit all
the abnormalities of depression-relevant behaviors, just like
that the patients do not manifest every possible symptom of
depression. In fact, anhedonia is the core symptom of de-
pression®! and most of the current models only mimic
anhedonia.

It should be noted that there is a difference between a
model and a test. A model can be defined as an organism
(non-human) or a particular state of an organism that repro-
duces aspects of human pathology, providing a certain de-
gree of predictive validity. A test, on the other hand, pro-
vides only an end-point behavioral or physiological measure
(read-out) designed to assess the effect of a genetic, phar-
macological or environmental manipulation!'?. In the present
review, the currently used animal models of depression are
summarized and the advantages and drawbacks of them are

discussed individually.
2 Animal models of depression

2.1 Learned helplessness Certain types of human depres-

sion are precipitated by stressful life events, and vulnerable
individuals experiencing these stressors may develop clini-
cal depression. In this aspect, stress can be used to induce
depression-like symptoms in rodent animals. One of the well-
validated animal models is learned helplessness, in which
the depressive-like state in animals is induced by uncontrol-
lable and unpredictable electrical foot-shock stress!!!-13],
Learned helplessness was first observed in the early 1960s
when Richard L. Solomon, a graduate student of Dr. Mowrer,
was testing whether or not the 2 processes of classical Pav-
lovian conditioning and instrumental learning were in prin-
ciple operationally separable and independent. He observed
that moderately-extended experience with uncontrollable trau-
matic events resulted in later unexpected behavioral changes.
Thereafter, Overmier and Seligman found that exposure to an
uncontrollable traumatic event for a total of 3-5 min distrib-
uted over the course of a couple of hours resulted in dra-
matic deficits in behavioral coping, associative learning, and
emotional expression, and they called these phenomena
“learned helplessness”. According to the protocols from
different laboratories, learned helplessness is induced in one
day or over several days of repeated exposure!'®. Among the
various methods of inescapable stress application, the well-
established one is the use of tail shock!!”!®), a triadic design
(escapable shock, yoked-inescapable shock, and restrained
control)! or foot shock in shuttle boxes*?!l, Helpless be-
havior is evaluated by analyzing the performance in an ac-
tive escape paradigm, such as the latency to press a lever or
cross a door"l. For this model, the differences between mice
and rats should be noted. The shuttle box paradigm is com-
monly applied in mice®Y, while in rats, the experiment incor-
porates lever press??. Animals with learned helplessness
show several neurovegetative changes that are reminiscent
of depression, such as altered rapid eye movement sleep???,
reduced body weight®!, diminished sexual behavior®, and
elevated levels of corticotrophin-releasing factor (CRF) and
corticosterone!®. By selectively breeding learned helpless
and non-learned helpless animals, 2 different lines of rats
could be established: rats that show congenital learned help-
lessness (cLH) and rats that show relative resistance to
learned helplessness (¢cNLH)™. The cLH rats show learned
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helplessness without experiencing uncontrollable shock and
they exhibit anhedonia and/or anergia under baseline
conditions. On the other hand, the cNLH rats are resistant to
the effects of inescapable shock!?”). The establishment of
cLH rats is a validation of the congenitally helpless strain,
and serves as a useful model to study the underlying mecha-
nisms of depression!®.

Currently, studies have indicated that repeated dosing
with ADs? or electroconvulsive seizure therapy (ECS)?!
reduces the latency to escape and decreases the number of
animals that show learned helplessness. The specificity of
this response appears to be very high and presently no com-
pound that is clinically effective has failed to reverse help-
lessnessP*Y. In contrast, a wide range of compounds
(including benzodiazepine anxiolytics, typical neuroleptic
chlorpromazine and psychostimulants, caffeine, am-
phetamine, phenobarbital and ethanol) are not effective in
ameliorating helplessness, suggesting that learned helpless-
ness has some predictive validity at least as a model of ADs
action®®). Furthermore, treatment with AD is also reported to
reduce various neurovegetative concomitants in these ani-
malsP!L.

One advantage of learned helplessness as a model is
that its symptoms are parallel to those of major depression,
and most of them can be reversed by multiple acute
(subchronic) treatment with AD (typically for 3-5 d)®2. In
addition, the cognitive (e.g., learning) and other behavioral
outcomes (e.g., neurovegetative abnormalities) seem to be
correlated, thus helping to understand the depressive symp-
tomatology in humans. These excellent face and predictive
validities make learned helplessness an interesting model to
explore the pathophysiology of depression’®®. Besides, this
model can also be generally used to measure the escape per-
formance of mice with different mutations, in which target
genes of depression may affect the vulnerability to develop a
depressive-like state?!33],

However, the major drawback of this model is that most
of the depression-like symptoms do not persist long enough
following cessation of the uncontrollable shock®.. In addition,
the paradigm may be carried out in different ways in varions

laboratories®®*. Furthermore, different strains have different

susceptibilities to learned helplessness after uncontrollable
shock. For example, Kyoto and Charles River Holtzmann lines
are the most susceptible to learned helplessness, and Harlan
Sprague—Dawley is the intermediate, while Lewis, Brown
Norway, Fischer F-344 and Sasco Holtzman are nearly resis-
tant to the effects of inescapable shock®). For mice, uncon-
trollable foot shock induces marked performance deficits only
in some strains (e.g., BALB/cByJ and C3H/HelJ), whereas in
other strains, the interference is the modest (e.g., C57BL/6J,
DBA/2J and CD-1) or entirely absent (e.g., A/J)B¢.

2.2 Chronic mild stress (CMS) As is known, repeated pre-
sentation of the same stressor usually leads to adaptation
which can, however, be excluded by presenting a variety of
stressors in an unpredictable sequence. Thus, the chronic
stress procedure was developed. CMS paradigms aim to
model a chronic depressive-like state that develops gradu-
ally over time in response to stress, and they can provide
more natural induction. The first CMS paradigm was intro-
duced by Katz and colleagues, which was further developed
by Willner®749, Tt provides the basis for most of the cur-
rently used paradigms. Initial protocols included 3 weeks of
exposure to electric shocks, immersion in cold water,
immobilization, reversal of the light/dark cycle and a variety
of other stressors®”. These series of stressors could cause
an increase in plasma corticosteroid level and a reduction in
sucrose preference™!’, which suggests that chronic stress
may cause anhedonia. However, this protocol has been rarely
used since the original series of publications?*”*84!“53] ' mainly
due to the raised serious ethical problems. The CMS model is
then developed in an attempt to achieve the same endpoints
as the chronic stress model, but in an ethically more accept-
able manner. This revised procedure involves relatively con-
tinuous exposure of rats?®**! or mice* to a variety of mild
stressors, such as periods of food and water deprivation,
small temperature reductions, changes of cage mates, and
other similar individually innocuous, but unpredictable,
manipulations. Over a period (usually 3 weeks) of chronic
exposure to mild stress, sucrose preference is gradually at-
tenuated (sucrose preference is calculated as the proportion
of sucrose consumption out of total consumption of liquid“®),

and the coat state is deteriorated (coat state is calculated as
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the sum of the scores of 7 areas of the body: head, neck,
back, belly, tail, forepaws, and hindpaws)“’.. According to
the studies in our lab and others’, these deficits can persist
for several weeks following the cessation of stressB+3%4],
Moreover, CMS causes the appearance of many other symp-
toms of depression, such as decreases in sexual, aggressive,
and investigative behaviors, and a decrease in locomotor
activity. In contrast, CMS does not induce the appearance of
an 'anxious' profile in 2 behavioral tests of anxiety: the el-
evated plus maze and the social interaction test, suggesting
that the behavioral changes are specific for depression+40,

The reduction in sucrose preference, as well as other
symptoms induced by CMS, can be gradually reversed by
chronic, but not acute treatment with a wide variety of ADs
including TCAs, SSRIs, SNRIs, MAOIs, atypical ADs such
as mianserin, buspirone and amisulpride, and ECSF*#,
Importantly, these ADs do not alter rewarded behavior in
non-stressed control animals. In addition, the time course of
the therapeutic improvement closely mirrors the clinical ac-
tion of these agents (usually 2-5 weeks). Conversely, a num-
ber of non-antidepressants are inactive in the CMS model, as
has been predicted.

The advantages of this model are its good predictive
validity (behavioral changes are reversed by chronic treat-
ment with a wide variety of ADs), face validity (almost all
demonstrable symptoms of depression have been reproduced),
and construct validity (CMS causes a generalized decrease
in responsiveness to rewards comparable to anhedonia, the
core symptom of depression)*’l. Therefore, the currently
available CMS model is probably the most valid and the most
widely used animal model of depression.

However, the CMS model has 2 major drawbacks. One is
the practical difficulty in carrying out CMS experiments, which
are labor intensive, demanding of space, and of long duration.
The other is that the procedure can be difficult to be estab-
lished in a new laboratory setting, and data can be hardly
replicated across laboratoriest %+,

2.3 Social defeat stress Although both paradigms men-
tioned above are capable of inducing long-lasting behavioral,
neuroendocrinal and neurobiological effects, they are of non-

social nature. Since the majority of stress stimuli in humans that

lead to psychopathological changes are of social naturet,
research on the consequences of social stress in experimen-
tal animal models is crucial. Social defeat stress paradigm is
the most frequently used model in rodents?'-**. Firstly, ex-
perimental male animals are introduced into the territory of
aggressive conspecific males. The intruders are rapidly
investigated, attacked and defeated by the residents. To en-
sure the desired outcome of the social conflict, residents
usually have a higher body weight and are familiarized with
fighting. They usually belong to a strain with a relatively
higher level of aggression®. After a few minutes of physical
interaction, residents and intruders are usually separated by
a plastic divider with holes, which allows visual, olfactory
and auditory contacts for the remainder of the 24-h period.
The experimental rodents are exposed to a different resident

aggressor each day for several daysP!->*

1. According to the
studies in our lab and others’, this procedure can induce
many behavioral changes compared to the control, such as
decreased social interaction'-** and anhedonial®®!, accom-
panied with physiological, neuroendocrinal and neurobio-
logical consequences of social stress. These changes are
interpreted as signs mimicking certain aspects of human de-
pression®™], Worthy of note, however, is that the long-last-
ing effects are observed only in single housed but not in
socially housed animals?®%,

Previous studies have proved that behavioral and phar-
macological tools in treating human depression are also ben-
eficial for reducing the behavioral, physiological, neuroen-
docrinal and neurobiological changes following defeat. Sleep
deprivation®”!, ADs such as clomipramine®, imipramine and
fluoxetine®'-4, as well as social interaction® can prevent many
of the consequences of social stress. For this aspect, the
social defeat stress is generally interpreted as a model of
human depression. In addition, this model gives another va-
lidity that only chronic but not acute AD administration can
reverse the social aversion®.

However, this model has 2 major disadvantages. One is
that a short period paradigm results more likely in the pheno-
type of anxiety!®”), since a previous report has indicated that
20 d of social stress is required to develop depression(¢!),

The other is that only male rodents can be used for this
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model, since female rats or mice do not fight each other in a
resident—intruder confrontation!®?!,

2.4 Other models Apart from the above 3 most widely used
models, still many types are being used, such as pharmaco-
logical tests and lesion model. Pharmacological screening
tests are older models based primarily on mechanistic inter-
actions between ADs and a range of other pharmacological
agents. Rarely used nowadays, the predictive validity of these
tests for ADs activity is poor®. For the lesion model, chemi-
cal or surgical lesions of the olfactory bulb could cause be-
havioral abnormalities, some of which could be reversed by
chronic but not acute AD medication. It is not clear, however,
how bulbectomy in animals actually relates to depression in
humans. It might simply result from a high intensity of chronic
stressor caused by chronic sensory deprivation!'®,

With the development of genetic approaches, mutant
strategies provide a particularly valuable approach to dis-
cover the potential targets of depression. Over the past few
years, several lines of mice have already been generated to
identify the roles of genes involved in depression, according
to one of the different theories: the monoamine, the
neurotrophin and the hypothalamus-pituitary-adrenal (HPA)
axis hypotheses!!?33:63-%] However, among the generated
mutant lines, only a few can be regarded as genetic depres-
sion models or as models of predisposition for a depressive
syndrome after stress exposure (e.g., 0,5 adrenergic receptor

knockout micel®

1, glucocorticoid receptor heterozygous micel>¥,
and cAMP response element-binding protein overexpressing
micel®). In addition, a mutant mouse line that presents hy-
peractivity or altered pain sensitivity may produce artefacts
in many subsequent test situations. So the mutant strategies
could not be widely used as animal models currently.
Recently, Gourley and colleagues have developed a new
animal model with chronic oral exposure to corticosterone
(CORT), a stress-associated adrenal hormone, inducing per-
sistent and long-lasting behaviors (including anhedonia and
helplessness). These effects can be reversed by chronic AD
medication!). Besides, prior CORT exposure also chroni-
cally influences molecular targets that are implicated in nega-
tive mood production, such as reduced adult hippocampal

neurogenesis!™, decreased expression of brain-derived neu-

rotrophic factor (BDNF) and phosphorylated cAMP re-
sponse element-binding protein (pCREB) in hippocampus!®.
Therefore, this model may provide a powerful tool for further
investigating the neurobiology of complex stress-associated
depressive symptoms that persist long after stress exposure
itself.

3 Behavioral tests on AD activity

3.1 Forced swimming test (FST) The FST, also known as
forced swim test, behavioral despair test or the Porsolt test,
was developed in 1977 by Posolt and colleagues in the ratl’!!
and subsequently in the mouse!’?. The FST has changed the
way of drug screening for ADs. Although it works in sub-
acute condition (30 min after drug injection), it does remain
highly reliable in predicting the therapeutic potential of the
tested compounds!. Presently, the FST is the most widely
used tool in depression research, more specifically as a screen
for ADs!'7, The test is based on the observation that ani-
mals develop an immobile posture in an inescapable cylinder
filled with water. After AD administration, the animals will
actively perform escape-directed behaviors with longer du-
ration than animals with vehicle treatment. The apparatus
and the typical procedures of FST for mice are totally differ-
ent from those for rats. For rats, the cylinder is 20 ¢cm in
diameter and 46 cm in height, and filled with water at the
depth of 30 cm. The water temperature is kept at (24+1) °C.
The original version of FST is unreliable in detecting the
effect of AD on SSRI. However, this drawback has been over-
come in modified FST, which has been demonstrated to re-
veal specific behavioral components of active behaviors,
namely swimming, which is more sensitive to SSRIs and se-
rotonin antagonists, and claming, which is sensitive to TCAsU*.
In rat FST, a pre-test of 15 min is needed, as rats usually dive
in the first exposure and need to be familiarized. For mice, the
cylinder in original is 10 cm in diameter and 20 cm in height,
with water at the depth of 6-10 cm. The water temperature is
keptat (21+1) °C. For mice FST, one exposure is sufficient to
generate a stable immobility readout that can be counter-
acted by acute pretreatment with ADs[™]. Recently, the modi-
fied FST for mice has been introduced. The cylinder size is

adjusted to 19 cm in diameter and 45 cm in height, with water
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depth modulated to 23 cm, which could facilitate the stable
immobility performancet®"-”. In the FST, subacute AD
(including SSRIs) administration decreases immobility, with
a corresponding increase in climbing or swimming behavior!”!
without altering locomotor activity in an open field test!!®"),
However, the psychostimulants, such as caffeine and am-
phetamine which increase the general activity, can also de-
crease immobility!’”), suggesting that the spontaneous loco-
motor activity can influence the immobility in the FST.
Therefore, an open field test is usually needed to control the
effects of drugs on locomotion.

Moreover, in this test, different strains of mice or rats
often show different basal responses!”®’!. DBA/2 mice, for
example, do not have an appropriate response and should
not be employed in FST. On the contrary, the immobility time
of ddY mice in 4-min testing is 200 s on average, which is the
highest among the reported™!. In addition, outbred strains
of mice are more responsive to ADs in the FST than the
inbred ones, but the inbred strains of mice can generally
reduce the variability of performance!”®. Anyway, background
strain is a crucial factor in drug discovery studies, because it
might influence the detection of ADs with varying pharma-
cological selectivity and mechanism(s)®”. For example,
among various strains, Swiss mice are the most sensitive to
the effect of serotonin (5-HT) and/or noradrenalin (NA), but
the use of DBA/2 inbred mice is limited, due to the absence
of antidepressant-like response in FST®!.

The advantages of FST are that it is low-costing and is a
fast and reliable tool to test potential AD activities with a
strong predictive validity. Besides, it is readily automated,
allowing rapid screening of large numbers of compounds!™.
The disadvantages of FST are that it has poor face and con-
struct validities. Besides, acute treatment with ADs is effec-
tive for FST, which, however, does not correspond to the
clinical time course of their action. On the other hand, the
poor construct validity is due to the acute and non-ecologi-
cally relevant stressor that produces immobility behaviort®!.
Nonetheless, the FST is still one of the most used testing
methods for screening ADs.

3.2 Tail suspension test (TST) The TST, which was first

introduced in 1985 to measure the potential effectiveness of

ADs®21 shares a common theoretical basis and behavioral
measure with the FST. In this procedure, tails of rodents
(mainly mice, although gerbils and rats are also used) are
suspended using adhesive tape to a horizontal bar for 6 min,
and the time of immobility is recorded. Typically, the sus-
pended rodents are immediately engaged in several agitation-
or escape-like behaviors, followed temporally by developing
an immobile posture!®!. If ADs at doses are given prior to the
test (usually 30-60 min prior to testing), the subjects will be
actively engaged in escape-directed behaviors for longer pe-
riods of time than after vehicle treatment, exhibiting a de-
crease in duration of immobility.

Like the FST, the advantages of this test are that it can
detect a broad spectrum of ADs irrespective of their underly-
ing mechanismst®, that its conduction is inexpensive, and
that it is methodologically unsophisticated and easily ame-
nable to automation. Thus, the use of TST has been sub-
stantially increased in recent years to assess AD-relevant
behaviors. Although TST and FST share a common theoreti-
cal basis, there are many differences between them, therefore
they could complement each other in some situations. For
example, TST avoids problems of hypothermia or motor dys-
function that could interfere with the performance in swim-
ming test, while FST could overcome the tail-climbing prob-
lem in TST®%%21, In addition, the sensitivity and the pattern of
dose-response to drugs are different between the 2 tests. For
instance, imipramine had a U-shaped dose-response func-
tion in FST while in TST, it has a linear pattern of activity
over the same dose range®®. Moreover, baseline immobility
can vary substantially between the 2 tests. For example, Swiss
mice exhibit 7 times less immobility in TST than in FST, while
C57BL/6 mice do not have such difference®. By using the 2
classic behavioral models, we can get more convincing data
to show whether the tested compounds have the predicted
effects. The other advantage of TST, compared to FST, is
that mice behave worse in water-based tasks, while they per-
form as well as rats on a large scale of dry-land tests(®S.

Similar to FST, one of the shortcomings of TST is that
AD takes effect quickly, which is in contrast with chronic
treatment with the same drugs in patients®!. Another disad-

vantage is that some commonly used inbred mouse strains,
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such as the C57BL/6, might be unsuitable for TST due to
their tendency to grasp with front paws and climb up to the
horizontal®”,

3.3 Other behavioral tests Besides FST and TST, there are
many other tests. Novelty-suppressed feeding (NSF) test is
a hyponeophagia-based behavioral test and provides an
anxiety-related measure that is sensitive to the effects of
chronic treatment with AD. The NSF also exhibits consider-
able potential as animal models for studying the neurobiol-
ogy of the AD response®. The NSF elicits competing
motivations: the drive to eat and the fear of venturing into
the center of a brightly lit arena. Chronic, but not acute treat-
ment with AD could significantly decrease the animal’s la-
tency to eat, while it does not affect the food intake of ani-
mals in their home cage®®. Furthermore, in the CMS paradigm,
the latency can be elevated by stress, while chronic treat-
ment with AD can reverse this effect. More interestingly, for
NSEF test, the latency is causally related to the adult hippoc-
ampal neurogenesis. Studies have shown that the localized
X-ray irradiation that would disrupt the hippocampal
neurogenesis can block the effect of ADs on the latency in
NSF test**87], The physical state of coat assay and the su-
crose preference test are usually used for analyzing the ef-
fect of drugs on depressive animals. Coat state assay has
been indicated as a good index of rat response to CMSI® 81,
as the coat state can be rapidly observed and the assay is
reproducible. Usually, the total coat score is calculated as
the sum of the scores of 7 different body parts: head, neck,
dorsal coat, ventral coat, tail, forepaws and the hind-paws.
For each body area, a score of 1 is assigned to animals whose
coat is well-groomed and 0 for an unkempt coat!*’). Chroni-
cally stressed animals exhibit a marked degradation of the
physical state of the coat, and this can be tentatively ex-
plained by a decrease in grooming activity. On the contrary,
treatment with ADs such as fluoxetine, can reverse the coat
state in depressive rats or mice. Reduced preference for sweet
solution in sucrose preference test represents a loss of
interest, fatigue and a loss of energy during depressive
episodes, while this reduction can be reversed by treatment
with ADs. The reduced sucrose preference has been used as

a measure of anhedonia in the animal models of CMS and

learned helplessness!?3%,
4 Future directions

Despite the difficulties in translating human affective
disorders into relevant tests in rodents, attempts have been
made to establish animal models of depression, or at least the
models with some core symptoms. The present review listed
the most widely used animal models of depression and be-
havioral tests for screening AD activity. Also, the advan-
tages and major drawbacks of them were discussed
individually. As mentioned above, all these models or tests
can induce anhedonia or identify the effect of ADs in rodents,
but the main limitation is that the pathophysiological changes
observed in these models might be the results of our manipu-
lation (e.g., stress or pharmacological treatment), rather than
the true manifestation of the depressive state of animals!'?.

Current progress in biology offers corporation of new
findings into animal models of depression. For example, the
development of transgenic and knockout strategies has in-
creased interest in murine depression modelst. Since de-
pression is a multi-genetic disease and the number of genes
potentially involved is large, it is not surprising that the inac-
tivation of one certain gene in mice cannot reflect all the
features of the human disorder. Strategies for improving ge-
netic modeling of depression-like syndromes in animals pos-
sibly require a simultaneous targeted dysregulation of sev-
eral genes involved in the pathogenesis of depression'?. In
the past few years, there has been considerable interest in
epigenetic modifications in the pathophysiology of depres-
sion and AD action. In this point, gene-environment interac-
tions should be taken into account when modeling depression
in animals. Indeed, studies have shown that although some
mutant lines (e.g., glucocorticoid receptor heterozygous mice**!
and cAMP response element binding protein overexpressing
mice!®) do not present depression-like symptoms under
baseline conditions, they are more ‘depressed’ following
environmental stress, like the learned helplessness proce-
dure or CMS. Additionally, more attention should be paid to
the sexual difference in behavior in future studies, since de-
pression is twice as common in women as in men, although

the vast majority of preclinical studies have been conducted
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in male animals'°l.
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