Revista Brasileira de Psiquiatria. 2013;35:5S112-S120
© 2013 Associacao Brasileira de Psiquiatria
doi:10.1590/1516-4446-2013-1098

UPDATE ARTICLE

Animal models as tools to study the pathophysiology of
depression

Helena M. Abelaira, Gislaine Z. Réus, Jodao Quevedo

Laboratory of Clinical Neurosciences, National Science and Technology Institute for Translational Medicine (INCT-TM), Center of Excellence
in Applied Neurosciences of Santa Catarina (NENASC), Graduate Program in Health Sciences, Health Sciences Unit, Universidade do
Extremo Sul Catarinense (UNESC), Criciuma, SC, Brazil.

The incidence of depressive iliness is high worldwide, and the inadequacy of currently available drug
treatments contributes to the significant health burden associated with depression. A basic
understanding of the underlying disease processes in depression is lacking; therefore, recreating
the disease in animal models is not possible. Popular current models of depression creatively merge
ethologically valid behavioral assays with the latest technological advances in molecular biology.
Within this context, this study aims to evaluate animal models of depression and determine which has
the best face, construct, and predictive validity. These models differ in the degree to which they
produce features that resemble a depressive-like state, and models that include stress exposure are
widely used. Paradigms that employ acute or sub-chronic stress exposure include learned
helplessness, the forced swimming test, the tail suspension test, maternal deprivation, chronic mild
stress, and sleep deprivation, to name but a few, all of which employ relatively short-term exposure to
inescapable or uncontrollable stress and can reliably detect antidepressant drug response.

Keywords: Face validity; construct validity; predictive validity; animals models; antidepres-
sants; depression

Introduction that may lead to depression.® By using animal models,
the underlying molecular alterations and the causal

Depression is a psychiatric disorder that has a poorly relationship between genetic or environmental alterations
understood neurobiology. Many patients do not respond and depression can be examined, which would afford a
to existing treatments. Much research has been under- better insight into the pathology of depression.® Some
taken, and its progress is coupled to the development of  criteria have been established for the validation of an
animal models of human disease. As in all clinical  animal model. These criteria are currently accepted and
conditions, the rapprochement between the disease and are presented in Table 2.
the corrective actions of drugs in laboratory animals is Based on these criteria for validity, many animal
essential for developing effective therapies. Criteria have models of depression have been and are being devel-
been established to define depressive mood disorders, oped, including those based on genetic engineering,
such as depressed mood and/or anhedonia, changes in  brain damage, and environmental manipulations. Table 3
appetite, sleep disturbances, fatigue, and so on. These
are presented in Table 1.

Animal models are important tools for investigating the ~ Table 1 Areas of impairment in depression and
etiology of depression, as well as progress in the  corresponding diagnostic criteria
development of effective therapeutic targets for its Area of

treatment. Although animal models greatly help our  impairment DSM-IV diagnostic criteria
understanding of psychiatric disorders, they do have Mood Depressed mood
some limitations. For example, animals cannot observe Motivation Markedly diminished interest or pleasure
feelings of sadness, guilt, or suicidal thoughts, symptoms Food Weight loss or gain or decrease or increase in
mainly limited to humans.? The major obstacle is the appetite
restricted availability of validated animal models. Firstly, Sleep Insomnia or hypersomnia
the ideal animal model should offer an opportunity to Motor Psychomotor retardation or agitation
understand molecular, genetic, and epigenetic factors Energy Fatigue or loss of energy
Self-esteem Feelings of worthlessness or excessive or

inappropriate guilt
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Animal models of depression

Table 2 Criteria for the validity of an animal model of depression

Criteria Manifestations

1. Face validity
2. Construct validity

Behavioral manifestations should be similar to symptoms observed in patients with depression.
The pathophysiological changes that occur in patients with depression, such as changes in the HPA axis,

hippocampal atrophy, and neurotransmitters must also occur in animals.

3. Predictive validity

Behavioral changes should be reversed by effective treatment (antidepressants and/or electroconvulsive therapy).

HPA = hypothalamic-pituitary-adrenal.

Table 3 Animal models of depression and its criteria of validity

Criteria
Model Face Construct Predictive
Forced swim and tail suspension tests - - +
Chronic stressors (chronic mild stress, social isolation and learned helplessness) + + +
Maternal deprivation + + +
Injuries (olfactory bulbectomy) + + +
Stimulation of the immune system (endotoxin and inflammatory cytokines) + + +

shows some existing models of depression and whether
they meet each of the criteria for validity presented in
Table 2.

The question therefore remains whether we can know if
a mouse is ‘“depressed”. In reality, few models of
depression fully fit these validating criteria, and most
models currently used rely on either the actions of known
antidepressants or responses to stress.* Notably, it is not
necessary for an “ideal” animal model of depression to
exhibit all of the abnormalities of depression-relevant
behaviors, just as the patients do not manifest every
possible symptom of depression. In fact, anhedonia is the
core symptom of depression* and most of the current
models only mimic anhedonia.

It should also 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 reproduces aspects of human pathology,
providing a certain degree of predictive validity. A test, on
the other hand, provides only an endpoint — a behavioral
or physiological measure (read-out) designed to assess
the effect of a genetic, pharmacological, or environmental
manipulation.® Thus, this work aims to study the animal
models of depression and determine which has the best
face, construct and predictive validity.

Animal models of depression: environmental
manipulations

Chronic mild stress

One of the major symptoms of depression in humans is
anhedonia, a reduction in interest or pleasure in daily
activities. Moreover, chronic mild stress (CMS) causes
many other symptoms of depression, such as decreases
in sexual, aggressive, and investigative behaviors, as well
as a decrease in locomotor activity.® Furthermore,
repeated presentation of the same stressor usually leads
to adaptation, which can, however, be excluded by
presenting a variety of stressors in an unpredictable

sequence. According to these characteristics, many
researchers use an animal model of CMS to study the
neurobiology of depression, as well as to elucidate new
therapeutic targets for treatment.

The first CMS paradigm was introduced by Katz et al.
This model provides the basis for most of the currently
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.® This series of stressors could
cause an increase in plasma corticosteroid levels and a
reduction in sucrose preference,® which suggests that
chronic stress may cause anhedonia.

In fact, rats subjected to different stressors (e.g., water
deprivation, food deprivation, exposure to cold tempera-
tures, isolation, etc.) over long periods (3 weeks—3
months) exhibited behavioral deficits, such as changes
in sleep and anhedonic behavior. With respect to
molecular parameters, which are related to the construct
validity of this animal model, changes were observed in
the hypothalamic-pituitary-adrenal  (HPA)  system.
Usually, animals subjected to a stress protocol exhibit
increased levels of corticosterone and an increase in
adrenal gland weight.” Changes in lipids and proteins, as
well as decreases in the activity of antioxidant enzymes
and increases in pro-inflammatory cytokines, were
observed in animals subjected to these experimental
protocols.®*°

In recent years, many researchers have focused on the
importance of neurotrophins, which are involved in
cellular plasticity. One of the most important neurotro-
phins is brain-derived neurotrophic factor (BDNF), which
is a target of prime importance in the neurobiology and
treatment of depression. In fact, it has been reported that
levels of this neurotrophin are decreased in serum and in
postmortem brain samples from patients with depression.
Moreover, antidepressants have shown a positive effect
on BDNF, increasing its expression.'® Reduced BDNF
levels, as well as attenuated neurogenesis, have been
found in the brains of animals exposed to a stress
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protocol.’’ However, the opposite results — i.e., an
increase in BDNF levels in stressed animals — have been
reported by other authors, suggesting the existence of a
compensatory mechanism in response to stress.’

Itis important to note that many of the changes found in
animals exposed to stress procedures and that serve as
criteria for face validation (such as anhedonia) and for
construct validation (such as changes in the HPA axis
and in neurotrophin levels) are reversed by various
classes of clinically effective antidepressants (e.g.,
fluoxetine and imipramine),'? demonstrating the predic-
tive validity of this animal model. However, the CMS
model has two major drawbacks. One is the practical
difficulty in carrying out CMS experiments, which are
labor-intensive, space demanding, and have long dura-
tion. The other is that the procedure itself can be difficult
to establish in a new laboratory setting, making replication
across laboratories challenging.'®

Learned helplessness

Certain types of human depression are precipitated by
stressful life events, and vulnerable individuals experien-
cing these stressors may develop clinical 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 a
depressive-like state is induced by uncontrollable and
unpredictable electrical foot-shock stress.'*

Following an uncontrollable and inescapable stress,
such as exposure to unavoidable electric shocks, the
animals develop a state of “helplessness” such that when
re-exposed to the same shocks, now with an easy escape
route, the animals will either display an increased escape
latency or completely fail to escape.’* Following one or
more sessions of inescapable shock, rats have been
shown to develop persistent changes including weight
loss, alterations in sleep patterns and HPA axis activity,
and a loss of spine synapses in the hippocampal
regions.?'®

Reduced weight, increased motor activity, reduced
libido, cognitive deficits, and changes in sleep have been
observed in helpless animals. In most cases, use of the
behavioral model of learned helplessness causes ani-
mals to present depressive-like behavior, as is observed
clinically in human patients.’® Therefore, this model
presents good face validity. In fact, animals subjected to
this model respond to tricyclic antidepressants, selective
serotonin reuptake inhibitors (SSRIs), monoamine oxi-
dase inhibitors, and electroconvulsive therapy.'’
Response to these antidepressant drugs was observed
between 2-3 days after initiation of treatment.

Neurobiological changes have also been observed
after induction of learned helplessness. Depletion of
norepinephrine and serotonin, as well as changes in the
NEp norepinephrine and 5-HT;g serotonin receptors in
the hippocampus, were reported. However, chronic
administration of antidepressants reversed the changes
in the NEB and 5-HT4g receptors. In addition, the HPA
axis appears to play an important role in this animal
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model. Indeed, an increase in the vulnerability to learned
helplessness has been observed in animals after
antagonism of the  glucocorticoid receptors.
Furthermore, high levels of glucocorticoids and homo-
cysteine — which are found in human patients with
depression — have been reported in rats in an animal
model of learned helplessness.'®

One advantage of learned helplessness as a model is
that its symptoms are parallel to those of major
depression, and most can be reversed by multiple acute
(subchronic) treatment with antidepressants (typically for
3-5 days).'® In addition, the cognitive (e.g., learning) and
other behavioral outcomes (e.g., neurovegetative
abnormalities) seem to be correlated, thus enhancing
our understanding of depressive symptoms in humans.
The excellent face and predictive validities of learned
helplessness make it an interesting model for exploration
of the pathophysiology of depression.'® Furthermore, the
model can also be generally used to measure the escape
performance of mice with different mutations, showing
which target genes for depression may affect vulnerability
to development of a depressive-like state. However, the
major drawback of this model is that most of its
depression-like symptoms do not persist long enough
following cessation of the uncontrollable shock stimu-
lus.'® In addition, different protocols are used in different
laboratories.

Maternal deprivation

Early adverse life experiences represent one of the major
risk factors for the development of mental disorders such
as major depression. The early postnatal period is
characterized by considerable plasticity of the developing
nervous system. As such, the early postnatal environ-
ment is critical in its capacity to influence adult behavior.
Preclinical studies have provided direct evidence that
early life stress leads to heightened responsiveness to
stress and alterations in the HPA system throughout the
lifespan.?® Among the paradigms used to study early
adverse life events, long maternal separation in rodents
mimics early life neglect/loss of parents in humans, and
has been presented as one of the most potent natural
stressors during development. Maternal separation was
developed to examine the consequences of early adverse
experiences on behavior and neurobiology, and this
model has been described as a model of vulnerability to
drug dependence, anxiety, stress-induced illness, and
depression.?"

In particular, maternal separation was proposed to
represent an important animal model for investigation of
the pathophysiology and treatment of major depression.
For example, treatment with antidepressants was able to
normalize anxiety-like behavior, endocrine stress
response, and preference for ethanol in adult male rats
subjected to maternal separation.

Corroborating these data, rats deprived of maternal
care showed depressive-like behavior in the forced
swimming test (FST), had increased levels of glucocorti-
coids, and a decrease in neurotrophins (e.g., BDNF and



neurotrophin-3 [NT-3]).2223 In contrast, treatment with
antidepressants in animals deprived of maternal care was
able to reverse depressive-type behaviors, promoting an
increase in neurotrophin levels and neurogenesis.?

Sleep deprivation

Sleep has important homeostatic functions, and sleep
deprivation is a stressor that has consequences for the
brain as well as for many body systems. Although sleep
deprivation is not yet a well-established model of
depression, many studies show that it alters important
pathways related to stress.

Increased levels of messenger RNA for interleukin-1p
(a pro-inflammatory cytokine) and for cortisol have been
shown in rodents after sleep deprivation. The procedure
of this study consisted of handling the animals gently to
prevent them from sleeping. Furthermore, 72 hours of
sleep deprivation in mice was induced using the platform
method, which is accomplished by placing the animal on
a platform submerged in water so that, when the animal
falls asleep, it falls into the water and must then climb
back onto the platform, thus forcing it to stay awake. This
study showed that after 72 hours of sleep deprivation,
there was an increase of oxidative stress in the
hippocampus. A decrease in cell proliferation has also
been observed after 96 hours of sleep deprivation.® Some
classical tests used to assess cognitive parameters in
animals, such as the inhibitory avoidance and water maze
tests, show deficits in learning and memory of rodents
subjected to sleep deprivation, as well as aggressive
behavior and hyperactivity.2*

Even though many studies using mice have shown
depressive-like behavior after sleep deprivation, it is
important to note that studies in patients with depression
have shown effects of antidepressants on selective slow-
wave sleep deprivation.?>?® The underlying mechanisms
are still unknown, however,?” and may be related to the
fact that the beneficial effects of sleep deprivation on
depressive-like behaviors require an astrocyte-dependent
signaling pathway.

Some neurotransmitters, such as dopamine and
serotonin, are altered following sleep deprivation, and
these alterations are associated with behavioral changes.
Sleep deprivation for short or long periods also altered
gene expression of several transcription factors and
genes that encode neurotransmitters and proteins
involved in metabolic processes and cellular plasticity.?®
Anhedonic behavior has been shown in rats subjected to
paradoxical sleep deprivation.?® Although the sleep
deprivation protocol still has its limitations as an animal
model of depression, it meets some of the criteria for a
valid animal model, such as good face and construct
validity.

Changing photoperiod

More recently, it was proposed that manipulation of the
light/dark cycle could characterize a new animal model of
depression.®® In this model, nocturnally active mice are

Animal models of depression

exposed to long periods of artificial light (22 hours per
day) for a period of 2 weeks. Exploring the interactions
between these mechanisms and mood changes in diurnal
animals may provide new insight into depression. Recent
studies demonstrate that diurnal Fat sand rats and Nile
grass rats show depression-like behavior when main-
tained under short-photoperiod (SP) conditions compared
with animals maintained under neutral photoperiod (NP)
conditions. Moreover, these behaviors were ameliorated
by treatment with bright light.®'

These animals also developed anhedonic behavior and
increased motor activity. Consistent with these behavioral
changes, increased levels of corticosterone and a
decrease in BDNF levels in the hippocampus were also
found, thus demonstrating face and construct validity.
However, the predictive validity of this model should be
examined, as treatment with the antidepressant imipra-
mine was only able to prevent some of these behavioral
and physiological changes.®* Diurnal mice develop
depressive-type behavior when subjected to experimen-
tal conditions with a decreasing photoperiod. Treatment
with the antidepressants bupropion and imipramine
reversed depressive behavior in these animals as shown
by the FST, but not anhedonic behavior.

Other studies using the dark phase of a 12:12 light/dark
cycle showed that rats exhibited depressive-like beha-
vior.®33% On the other hand, brief or long exposures to
light treatment have an antidepressant effect on the
FST.3334 Taken together, these studies reveal a relation-
ship between light control and depression.

Animal models of depression: injuries

Olfactory bulbectomy

Bilateral olfactory bulbectomy (OB) results in endocrine,
behavioral, immune system, and neurotransmitter
changes that mimic many of the symptoms seen in
human patients with major depression.*® The rat olfactory
system forms a part of the limbic region, which includes
the amygdala and hippocampus. These are responsible
for functions such as memory and emotion, and are
known to have altered morphology and activity in patients
with depression. After OB, there is a marked degenera-
tion of neurons in the olfactory bulb, but also in other
areas such as the hippocampus, cortex, amygdala, locus
ceruleus, and raphe nuclei. In all likelihood, these focal
brain changes lead to the dysfunction in serotonergic and
noradrenergic systems that is observed after bulbect-
omy.%¢

With regards to behavioral parameters in animals with
OB, there is an increase in cannibalism and exploratory
and locomotor behavior, as well as a decrease in sexual
activity and behavioral and cognitive anhedonic deficits.
Cellular level studies have also observed a reduction in
the number of synapses and dendritic arborization in the
hippocampal and cortical neurons. Furthermore, reduc-
tions were found in the concentrations of serotonin and
norepinephrine in the brains of rodents subjected to OB.%®
Changes in the immune system are quite evident in these
animals. Studies have also reported that many of these
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changes, both behavioral and cellular, are reversed by
several classes of antidepressants used in the clinic.’
With both behavioral changes and changes in neuro-
transmitters and in the immune system occurring after
OB, we can conclude that this may be a good animal
model of depression, since it has both face and construct
validity. Moreover, different classes of therapeutically
effective antidepressants reverse the behavioral and
molecular changes caused by OB, thus showing that this
model presents predictive validity.

Chronic, but not acute, administration of antidepres-
sants largely corrects most of the behavioral, endocrine,
immune, and neurotransmitter changes that occur follow-
ing bulbectomy. Thus, the olfactory bulbectomized rat is
not only a model for detecting antidepressant activity but
also one for exploring the inter-relationships between
these systems, which are also dysfunctional in patients
with major depression.®®

Animal models of depression: chemical
manipulations

Stimulation of the immune system

Recently, several studies have drawn special attention to
the role of the immune system in depression.
Immunologic abnormalities in depression have been
described for over two decades,®*® but it is still unclear
whether these abnormalities play a role in the pathogen-
esis of depression.

Cytokines are inflammatory mediators that interact with
pathways related with depression, including neurotrans-
mitter metabolism, neural plasticity, and neuroendocrine
functions. Depressed patients exhibit high levels of
proinflammatory mediators, such as interleukins (IL-1,
IL-2 and IL-6) and tumor necrosis factor (TNF). Moreover,
treatment with antidepressants has been shown to
decrease levels of IL-4 in patients with depression.
Table 4 lists the major cytokines and their respective
functions.’

Animal models of depression involving the immune
system have been the target of criticism, but the fact
remains that there is still great difficulty in understanding
the complexity of the communication between the
immune system and the brain. Nevertheless, a few
studies have addressed this issue." In rodents, the
administration of endotoxin, a cell wall component of
Gram-negative cells, led to behavioral changes similar to

Table 4 Cytokines implicated in depression and their main
functions

Cytokine Main functions

Interleukin-1 (IL-1)

Fever

HPA axis activation

Lymphocyte activation

Prostanoid synthesis

Endothelial activation

IL-6 synthesis

Inhibits production of TNF and IL-1
Stimulates B cells

Fever

Acute phase protein synthesis
T and B cell differentiation and
activation

Inflammation

Neutrophil chemotaxis

Inhibits inflammation

Inhibits production of IL-1, IL-6,
TNF and IFN-y

Fever

Endothelial activation
Neutrophil activation

Migration of dendritic cells to lymph
nodes

Induction of viral resistance
Natural killer cell activation
Macrophage activation
Macrophage activation

T cell differentiation

Interleukin-4 (IL-4)

Interleukin-6 (IL-6)

Interleukin-8 (IL-8)

Interleukin-10 (IL-10)

Tumor necrosis factor (TNF)

Interferon-o. (INF-o)

Interferon-y (INF-v)

those seen in humans, such as anhedonia and sleep
disorders, which are parameters of face validity.
Neuroendocrine changes, which help determine con-
struct validity, were also found. Treatment with the
antidepressants fluoxetine and desipramine®” reduced
anhedonia in these animals (Table 5).

Animal models of depression: genetically
modified animal models

Tryptophan hydroxylase (TPH) is the rate-limiting enzyme
in 5-HT biosynthesis. The discovery of a neuronal
isoform, TPH2, by Walther & Bader®® opened up a new
way to reliably map 5-HT neurons in the brain by means
of immunohistochemistry and in situ hybridization.
Results confirmed wide expression, including cell bodies
in DRN and MRN.3%° In fact, it is now established that
TPH2 is the predominant isoform in the rodent brain.*'42
However, early studies reported that TPH expression,

Table 5 Different animal models of depression and their effects on parameters of face and construct validity

Face validity Construct validity
Motor HPA Proinflammatory Hippocampal
Treatment Anhedonia activity Weight axis Neurotrophins cytokines volume
Chronic stress 1 - ! 7 ) 1 !
Maternal deprivation 1 - - 0 L1 1 !
Learned helplessness 1 0 ! 0 ) 1 -
Olfactory bulbectomy 1 0 ! - 1 1 !
Sleep deprivation 1 0 ! 1 L1 1 !

HPA = hypothalamic-pituitary-adrenal.
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turnover, and distribution in DRN are complex, in line with
the existence of different subpopulations of 5-HT neurons
in this area.*®> Changes in TPH2 gene and/or protein
expression in the brain have been reported in various
mood disorders and have been validated in animal
models.***6 TPH2 variants have also been extensively
reported to be associated with major depression.*”°
However, whether these changes might reflect alterations
in possible modulatory effects of other neurotransmitter
systems on 5-HT systems is still largely unknown. To
address this question directly, TPH2 mRNA expression
was measured in three different transgenic mouse models,
all related to pathological states of depression and anxiety,
but caused by mutations affecting different neurotransmit-
ter systems. One of the models is the 5-HT transporter-
deficient mouse (5- HTT7).5%5" By mediating 5-HT
reuptake in the nerve terminal (and other parts of the 5-
HT neuron), 5-HTT fine-tunes the magnitude and duration
of serotoninergic signaling,®>® which makes it the target
for many antidepressant drugs, including the SSRIs.>*
These animals exhibit major adaptive changes in 5-HT
neurotransmission when compared with their wild-type
controls. It has been shown that lack of 5-HTT depletes
5-HT and its metabolite 5-hydroxyindoleacetic acid by
60-80% in several brain areas, such as the brainstem,
striatum, hippocampus, and frontal cortex.%*>® Functional
desensitization of 5-HT1A, 5-HT1B autoreceptors has
been reported in the DRN of 5-HTT” mutants as a
consequence of high extracellular 5-HT levels in the vicinity
of the serotonergic cells in the DRN. However, in terms of
their target areas such as hippocampus and forebrain,
increased or unaltered expression of these receptors has
been reported.>>°® Autoradiographic labeling of 5-HT2A
receptors has also revealed a 30-40% reduction in the
density of these receptors in the cerebral cortex and lateral
striatum of 5-HTT”" animals in comparison with wild-type
mice.®” In addition, anxiolytic- and antidepressant-like
responses have been observed in 5-HTT” mice in
behavioral test paradigms such as the elevated plus maze,
tail suspension test (TST), and FST.%8%°

The second model consists of mice heterozygous for the
vesicular glutamate transporter 1 gene (VGLUT1*").%" As
the first of three vesicular glutamate transporters
(VGLUT1, VGLUT2 and VGLUT3),%2 VGLUT1 has been
shown to have a high level of expression in glutamatergic
neurons in the cerebral cortex.®® By concentrating
glutamate in synaptic vesicles, VGLUT1 mediates gluta-
mate release from synaptic terminals and facilitates
efficient glutamatergic transmission.®*®> Recent studies
have demonstrated that VGLUT1*~ mice exhibit deficient
glutamate transmission,®® depressive- like behavior and
neurochemical changes, which are related to depression
and anxiety.6”8 Aberrations in glutamate synthesis and its
dysregulation also appear to play a relevant role in major
depression.®® In keeping with this, recent postmortem
studies showing decreased cortical VGLUT1 in depressed
subjects’® together with clinical findings of an excitatory
inhibitory imbalance in the cortex of depressed
patients”""? suggest that decreased VGLUT1 levels may
have clinical implications.

Animal models of depression

Finally, mice with targeted disruption of the gene
encoding the cannabinoid 1 receptor (CB1R™)"® were
used as an additional model of mood disorders. The
endocannabinoid system is a major neuromodulatory
system that contributes to the control of emotional
behavior.”* Pharmacological and genetic blockade of
the CB1R induces a behavioral state analogous to
depression in experimental animals.”® Thus, CB1R™
mice exhibit depressive-like symptoms, such as reduced
responsiveness to reward stimuli’*”® and enhanced
anxiety levels and sensitivity to stress.””:”® Moreover,
the chronic absence of CB1R activity induces alterations
in 5-HT-dependent negative feedback. In particular,
enhanced extracellular 5-HT levels in the prefrontal
cortex decreased 5-HTT binding site density and caused
functional desensitization of the 5-HT1A autoreceptors.
Reduced 5-HT2C receptor expression in different brain
regions has also been described in these mutants.”® In
addition, according to Mato et al.,®® mice lacking CB1R
exert impaired post-synaptic serotonergic signaling,
suggesting that CB1R”" mice are useful models to reveal
more regarding the nature of cannabinoid/5-HT interac-
tions in mood disorders.

Although genetically modified animals can provide
good models of human diseases, mood disorders such
as depression are more difficult to represent, as these
disorders are associated with changes in several genes,
which are specific for each patient.

Predictive models of antidepressant activity

Forced swimming test

One of the tests most commonly used by researchers to
investigate new antidepressant drugs is the FST, first
described by Porsolt et al.8! This test was developed as
an animal model of depression that aimed to measure the
effects of antidepressant compounds in mice. In this test,
the animal is placed in a water-filled cylinder which it is
unable to exit. Initially, the animal will try to escape, but
eventually it adopts a posture of immobility, a passive
behavior characterized by the absence of movements
except for those necessary for the animal’'s snout to
remain above the water level (Figure 1A). The test for rats
consists of two swimming exposures. The first exposure
is for 15 minutes and the second is performed 24 hours
after the first, with an exposure period of 5 minutes. The
test for mice consists of a single 6-minute exposure, with
the first 2 minutes serving as a habituation period and the
last 4 minutes consisting of the test itself, which yields the
duration of immobility.

FST is easy to use, has very good reproducibility and is
used for the selection of new antidepressant drugs.
Various classes of antidepressants reduce immobility
time during the FST by increasing the swimming and/or
climbing time. With respect to anti-immobility, it is known
that drugs affecting noradrenergic neurotransmission
(e.g., imipramine) increase climbing behavior, whereas
drugs affecting serotonergic neurotransmission (e.g.,
fluoxetine, sertraline, paroxetine, citalopram) increase
swimming time.®? The swimming time is measured by the
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Figure 1 Schematic representation of mobility and immo-
bility in A) the forced swimming test and B) the talil
suspension test.

horizontal and vertical movements of the animals as they
try to scale the cylinder walls with their paws. The effects
of antidepressants on FST behavior are relatively
specific, since they do not increase spontaneous motor
activity, unlike psychostimulants such as amphetamine
and cocaine.®® Besides the effects of antidepressant
drugs, the FST can also be used to evaluate the type of
depressive behavior; for example, it has been demon-
strated that animals subjected to a protocol of maternal
deprivation exhibit increased immobility time in the FST.2®

Tail suspension test

Since its introduction almost 20 years ago, the TST has
become one of the most widely used models for
assessing antidepressant-like activity in mice. The test
is based on the fact that animals subjected to the short-
term, inescapable stress of being suspended by their tail
will develop an immobile posture.'® The FST is similar to
the TST, but differs in that it can be used on both rats and
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in mice, whereas the TST can only be undertaken on
mice. In the TST, the tails of the mice are attached and
suspended by an adhesive tape (Figure 1B). The time
spent immobile by the animal during a period of 6 minutes
is interpreted as a measure of depressive-like behavior.
Various antidepressant medications reverse this immobi-
lity and promote the occurrence of escape-related
behavior.

Importantly, both the TST and FST are considered
predictive models of antidepressant activity, not animal
models of depression. Accordingly, they lack face and
construct validity.

Conclusion

Although there are many animal models of depression,
including some that have predictive, face, and construct
validity within the same model, many limitations constrain
their utility. It is remarkable that all animal models of
depression have contributed to a better understanding of
the neurobiology of this disorder, and offer new pharma-
cological targets for treatment. However, the develop-
ment of a model that represents most symptoms of
depression and meets all criteria for animal model validity
would be ideal.
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