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ABSTRACT

Major depressive disorder is amental disorder which affect the mood of the person and also known as mood
disorder. It is a brain disorder which generates major disability. Its etiology and molecular mechanismis not fully
understood. However due to advances in the research in medical science various animal models are being used for
studying the disease at the physiological and molecular levels. Animal model is a living, non-human animals used
during the research and in the examination of various diseases of humans. For accomplishing better understanding
of the disease animal models have played an unprecedented role without any danger of harming a human being
during the process of research. Animal models are helping in research and may have an existing, induced disease or
injury that is analogous to a human condition. In this article various types of animal models used for studying
depression are reviewed. This article also highlights the validation criteria of many models used for studying
depression. Both the advantages and drawbacks concerned with the use of animal modelsin studying depression are
also evaluated in this article.
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INTRODUCTION

Major depressive disorder (MDD) (also known asichh depression, major depression, unipolar demess
or unipolar disorder; or as recurrent depressiamécase of repeated episodes) is a mental disatuieh effects
persons mood i.e. low mood and also known as masarder. It is a brain disorder which generatesomaj
disability. Its etiology and molecular mechanisrm@ fully understood. It is a leading cause ofdifity globally,
with lifetime prevalence as high as 20% [1]. Itnmltifactorial disorders that differ in symptomojognd most
possibly in etiology. Major depressive disorderaiglisabling state that badly affects a person'dlyamork or
school life, biological clock or circadian rhythmageneral health. Around 3.4% of people with malgpression
in the United States commit suicide, and up to &3%eople who commit suicide had depression orteramnood
disorder [2]. There are various symptoms of defwass/hich include depressed mood, mood swing, lafss
pleasure activities (anhedonia), inability to camtcate, lack of energy, disturbed sleep or appetéelings of
worthlessness or guilt, and suicidal ideation amiencies etc. [3].

Animal model is a living, non-human animals usedriythe research and in the examination of varitiseases of
humans, for the function of better consideratiothef disease without any danger of harming a hupeémy during
the process of research. Animal models are helpimgsearch and may have an existing, inbred arded disease
or injury that is analogous to a human conditiohe Tanimal selected generally meets a determinezhtatic
equivalency to humans, so as to react to diseaise cure in a way that is similar to human physiy as required.
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The use of animal models permit researchers argl etbrkers to study disease states in a ways whimhld be
difficult to get to in a human patient, using tsi@n the non-human animal that involve a level aimwhich has
some ethical issues.

There are several drugs, treatments available ikehor human diseases which have been produced time to
time with the use of animal models.

ANIMAL MODELS
There are three major kinds of animal models usmdtd study the mental illness especially depressio
Homologous, Isomorphic and predictive models.

Homologous modelslt has identical causes, symptoms and treatn&rhatives as would humans who have the
same disease.

Isomorphic modelslt contributes to the same symptoms and treatmentsg.

Predictive models:These ar@nalogous to a particular human disease. Stilkela@e constructive in separating and
making predictions about mechanisms of an onsedisgfase characteristics. When animals firmly extohly the
treatment characteristics of a disease. This proeed usually helpful when researchers do not ktt@worigin and
exact causes of a disease

Animal models of depression have a function toicapé some known aspects of depression in prefenadal

species (e.g. rodents). On this basis they carsba as an instrument for examining aspects of ¢lneabiology and
pathophysiology of depression. They can be useskpsrimental models for studying the mechanismctiba of

antidepressant drugs and as screening tests fealneg antidepressant activity. Antidepressant situgve slight or
no function in healthy individuals. The number afidated animal models for affective disordersrisag) and still
emerging.

Animal models offer a strong methodology for examgnthe disease problems and enlarge some therapies
Homologous models are very uncommon in the fieldefroscience. There are some isomorphic modelshverie
more universal, but they show analogous symptommmaAl models have got two main uses in the field of
neuroscience research, first is the developmenttesting of theory about neurological and Neuropiicic
disorders and second is the improvement of drugselevant therapies [4]. It has been demonstidtaidthese two
currently available models do not meet these tvgquirements. Animal models provide explanationstfos main
symptoms of depression, one is depressed and @hiess of attention or pleasure which is also knoas
anhedonia. There are some symptoms in animals wd@ohbe simply modeled, for example alteration dalyb
weight, psychomotor mental retardation and anhedomhile as other cannot. Thus one of the mostnéisse
disadvantages of animal models of depressions cdroes the unfeasibility to translate into verbalhbeior of
animal symptoms, suicidal ideation and tendencasdirfg of guilt, or worthlessness lack of concetidra and
appetite, mood swing, disturbed sleep etc. Hendmanmodels can only generate some characterisifcs
depression. [4,6-8]. A perfect animal model recands chances to know genetic, molecular and epigeaetors
that may lead to depression. Therefore, by usingn@nmodels, the basic molecular modifications ahd
fundamental association between genetic or enviesrah variations and depression can be studiedshmvould
meet the expense of a better future into patholufggiepression. Besides, animal models of depresmiervery
important for discovery of innovative therapies fioajor depressive disorder.

Another demerit of offered animal models for depi@s lies in the fact that they make use of normiale, while on
the other hand, depression most likely needs atigesiesceptibility in most cases.

A major idea in depression research is lack ofde#id animal models in animal models. Many corepggms of
depression e.g. depressed mood, feelings of weghéss, and suicidality cannot be easily considertaboratory
animals. Also, the lack of known depression susiitipf genes means that genetic causes of demmessinnot be
simulated in animals. As a result all the availabledels of depression rely on one of two fundamsngtion of
known antidepressants or responses to stress [F~@&je swim test has been very useful at expethiagefficacy
of antidepressant action and responses to stress.
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Validity are the main criteria for right to use @aral models .Validation criteria are the essentelugs that are
applicable to the evaluation of any animal moda are distinct by many ways. The problem in alhaadi models,
and especially models for psychiatric conditionsiclhare in part distinct through subjective expecis is to

describe clear criteria that allow stating the dia}i of the model. McKinney and Bunney 1969 praggbsome of
the least requirements more than 25 years ago Ti®dse should be considered for choosing and sejefdr an

animal model of depression, such requirementssafellaws.

(A) there is a ‘logical analogy’ to the human disorikeits expression or symptomatology (B) there tsehavioral

modification that can be revealed objectively thg behavioral modifications observed should benmsd by the
same treatment that are effective in humans andti®)model should be reproducible between invetstiga A

major problem in depression research is the shewagalidated models. Many of the symptoms of dsgion (e.g.
depressed mood, feelings of worthlessness, suigideannot easily be measured in laboratory arsmal

Flow chart of tests used in studying depression warious Animals Models

Validity types

» Face validity

» Construct Validity

» Predictive Validity

Various models in depression research

1) Acute stress :The learned helplessness model
2) Genetic model

The genetic model involves three processes

» HPA Transgenic (HPA stands for hypothalamic pétmyitaxis)
» 5-HT Transporter knockout (5-HT stands for serotdransporter)
» Tachykinin receptor knockout

Free Swin Test (FST

Tail suspension test (TST)

Olfactory Bulbectomy (OB)

Fear conditioning

Neonatal clomipramine administration

Selective breeding

Stress model (Three types of stress model)

» Chronic mild stress

» Social stress

» Early life stres

VALIDITY OF ANIMAL MODELS
Willner [6] refined McKinney and Bunney criteriadlland proposed many types of validity: face v&jidconstruct
validity and predictive validity.

(A) FACE VALIDITY : Face validity is a type of validity which is defid as the resemblance between the
behaviors modeled in the animal and the symptontdepfession. A model which parallels numerous sgmgtof
human depression is considered important. It isl vi@lown that animal models should contribute to
phenomenological resemblances isomorphism witththean pathology to be modeled. In other words wesesy
that it is phenomenological similarities betweer thehavior shown by the animal model and the pdstis
symptoms of the human condition [14].The face walidf animal model of depression is a determimatid the
models capability to replicate core symptoms ofdisease [5].

In using the face validity of animal models of degsion, anhedonia which is a loss of pleasureigctig a result
assumes an important position. Anhedonia is alsmst important symptom of psychosis. In case ahahimodels
drug promote reversal of anhedonia, while greatlyoeiraging, should be considered in relation to DISMriteria

for both depressive illness and schizophrenia.

Depression patient on average needs chronic deagntent so far pharmacotherapy is concerned; thaityaof
animal models is called into question by an acesponse to tricycle antidepressant treatment. Ghtoratment
effects may be linked with drug adaptive changesienrotransmitter receptor intervene symptoms,erathan
amplified drug level in plasma. Thus in comparigonchronic treatment effects, an acute responsmianimal
model may be opposite; orthogonal (it is a sensaap in the brain which has superimposed stimulasnep(for
instance place and quality), due to its side effeldte sedation which means the process of daagasitability.
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Apart from, how it responds, to acute antidepress@atment, to be valid an animal model if degmssnust
respond to chronic treatment. This test has berarg#y used to animal models of depression bigeineral, those
models to which the test has been applied haveegaissthough tolerance to antidepressant effeets leen
observed in some behavioral models.

(B) CONSTRUCT VALIDITY : This type of validity is wholly based on analogotheoretical rationale
(homology) So far the pathology in animals and hosrere concerned. A perfect model would need taniadogous
to the disorder it models so far its etiology, biemistry, symptomatology, and treatment are comckrihe

construct validity has been declared as the meat afiiteria to label a good animal model [15].

Measurement of this type of validity requires a panison of the casual pathology of the disease stat the
cellular and neurochemical mechanisms underlyirggrttodel. There is a dearth in literature about Hxogical

markers or neurochemical anomalies related withredegion that can be used to give a standard agafmish to

validate animal models [5]. Besides there is ditgis psychological factors used in the etiolodydepression, bad
childhood experiences, difficult life events, somersonality traits. Akiskal [16] declared that thesre some
biological factors like genetic influences and gedsity of physical illness and medications whittowd be also
considered. The best parts of animal models ofetsprn are dependent on response to stressotbebaitis a wide
array of animal models modeling other kinds of datin the etiology of depression. Some confrom@teehmade to
use the theoretical rationale of animal modelsamedimited by this lack of theoretical structutetee clinical level;

a number of general ideas are possible. Whereaasurement of theoretical rationale of animal modgls
depression is restricted by paucity, of theory,stauct validity can be studied at the level of dands — that is
whether the behavioral facts are correctly explhin€his approach is best understood by good exeertah

analysis of whether learned helplessness model seeise and exact term to enlighten the damagesocépe
learning that follow exposure to unavoidable elechock.

(C) PREDICTIVE VALIDITY

This type of validity is based on the capacity xpext drugs or successful treatment in animal nsotiebe strong
in human .The predictive validity of animal modelé depression is decided exclusively by their resgoto
different antidepressant drugs. A suitable testukhte responsive and precise. It should respondatoable
treatment of antidepressant plus electroconvulsiieck (ECS), and should be unsuccessful to respgond
unsuccessful agent.

A model with superior predictive validity shouldetiefore make best use of recognition of both trositives and
true negatives, but must reduce identification alsd positives and false negatives. Besides, pestdsponses
ought to occur at behaviorally fixed doses (ileose which do not usually interrupt behavior nandpmotor injury)

that are within or close to the clinical range, atduld be certain within a range of morphologicaissimilar

compounds. It has been observed that no animal Infedea 100% prediction rate, while as some mukifed

experimental paradigms have approached this |dymiedlictive capability.

There are some phases of the difficulties, liessoomuch with the preclinical model but with a ren of older
areas in the clinical literature where it is nobkm whether few drugs contain antidepressant &gtosi not. It is
usually approved that the most efficient treatmentlepressive disorders is electroconvulsive ine&CT) which
is the most important and advanced therapy fortthatment of neuropsychiatric disorders especiathajor
depressive disorder what we call depression. Auéition of electric current is passed through braimch is able
to control the process of neurotransmission in tunntrol neurotransmitter which is known as ECT.aapropriate
starting point to check out the validity of an aalrmodel must then able to show a positive resptmsecurring
electroconvulsive seizure (ECS). Letdown to resparoperly to ECS would sternly question the pridgécvalidity
of the animal model of depression research.

There are various models used in depression régeshich are in detail given below.

(1) Acute — stress The learned helplessness moderhis model can be explained as in which aninsaéxposed to
unpreventable footshock takes a longer time topesca fail to get away wholly, when subsequentlpased to
escapable foot shock antidepressants acutely decrescape latency and failures. It is totally dase the
observations that animal exposed to excess amdustress generally electric shocks are damagédéaiming to
escape shock, an effect that is not observed malaiexposed to equal or really identical, pattdrancontrollable
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shock. The self-protective effect of control seetmsresult from lower levels of fear, which raisesportant
questions about the relationship between depressidranxiety. It has been studied by Seligmendkpbsure to
uncontroballe stress gives the basis, in animalsinapeople, for learning that stress is hard to tdn
(helplessness).The leaned helplessness test caaebeas analogous to the forced swim test anduapension
tests, while the previous involves a series ofssge and antidepressant treatments, even thoughoeel a few
hours or days.

The main fault of all the tests is that they invbhort term stress applied to normal rodents wisictery different
from human depression in which a primary genetitination combines with stochastic and chronic ssrwinental
exposures to create long lasting behavioral pagyldn the same way, the capabilities of antidegaets to
generate a rapid response after single doses $e tiests make a distinction considerably with tle# predictable
need to use antidepressants chronically (weekstmprib get a clinical response in humans. It aBsmains
puzzling whether these tests are susceptible termmmoaminergic mechanisms of antidepressant acitith these
weaknesses, the forced swim, tail suspension, eartiéd helplessness tests are used, all too ofteautvremark,
to disagree that a genetic mutation or other erpartal treatment has generated a depression-idepregssant-like
effect in rodent animals.

(2) Genetic modelsThere ardarge number of genetic models has been recenbiygsed from time to time for
their possible meaning to depression. While the@cess is yet limited. The genetic model invollese processes.
(A) HPA transgenic.

(B) 5HT Transporter knockout.
(C) Tachykinin receptor knockout.

(A) HPA Transgenic (Hypothalamic pituitary axis)
The discharge of CRH corticotrophin releasing hamefrom the par-ventricular nucleus of the hypahals is run
by a glucorticoid receptor- mediated inhibitorydeack.

Finally, a number of a pattern or model has digdrlan animal’s glucocorticoid homeostasis, basetherHPA
axis derangement. In some models, animals aresttgarsistently with glucocorticoid. In others, gén mutant
mice express irregular levels of glucocorticoidetors in brain to stop the normal feedback inkubithat occurs.
These models reveal that anhedonia that is reversiith action of antidepressants treatment. Onather hand,
anomalies in the HPA axis are extremely unpredietabhuman depression, which means that, by meahdPA
axis defect to disagree for construct or face iglidhould clearly shield these choices and pdsfedpend on
superfluous validators.

(B) 5HT Transporter knockout

The serotonin reuptake transporter 5-HT is verydrtgnt in the inactivation and management of semetgic
neurotransmission and obstruction of serotoninsgrarter is the main target of tricyclic antidepeegs (TCA),
selective serotonin reuptake inhibitor (SSRI), sttle nor -epinephrine reuptake inhibitor (SNRIugs. The
seroternergic transporter, while not a model ofrdggion, may give hope to the adaptive mechanistaged with
the everlasting lack of serotonin reuptake. Theeesame new studies proposed that 5-HTT knock-acé shows
provincial differences from wild type mice in terro§ 5-HT1A receptor protein and mRNA expression ahhis
well-known to be strongly condensed in dorsal eapfypothalamus, amygdale, and septum, but impraved
hippocampus that are related with decreased fumadtisensitivity to the hypothalamic effects of théiT1A-
receptor agonist 8-Hydroxy-2- (di-n-propylamino}raééine (8-OH-DPAT).In the same way, 5-HT2A- recapt
density is also decreased in 5-HT1 knockout micery, the negative reaction of the 5-HT1A auteptor in 5-
HTT knockout mice is further enhanced by experiegdo stressful conditions.

(C) Tachykinin receptor knockout:

The NK1 receptor is expressed in brain regionseléhWith the control and management of depresdivesi$, stress,
anxiety. Mostly, antagonists at the NK1 receptovehbeen determined as a powerful antidepressant wlithh an
original mode of action. The NK1- receptor knockatite is not an animal model of depression. To serient,
these mice show signs of behavioral changes anasogathose shown by antidepressants in normal, imickiding
less immobility in the forced swim test and taispension test. NK1- receptor knockout mice alsoafestrated a
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loss of satisfying assets of morphine, in conceth wlecreased physical response to opiate withdrawe their
response to cocaine is unaffected, signifying th& may reproduce a more meticulous interactioth vaipid
system, relatively than a general effect on bragcimanisms.

(3) Force swim test(FST). The forced swim test initiated firstly by Porsettal. [17] and is most often used and
also known as Porsolt test. This test involvesipgith rat or a mouse in a tall cylinder of watemfrwhich it cannot
run away, so that it must swim or float to staywalilt is a behavioral test in which antidepressaktremely
increase the time an animal struggles in a chambeater; deficiency of struggling thought whichr@spond to a
state of depression. This is despair based.

(4) Tail suspension test(TST) This was given by Cryan et al. [18] and is recomdes to have larger sensitivity.
Treatment of antidepressants raises the time ohalsispend in active behaviors’. The tail suspensst is the
second most generally used test for depressiaheetically analogous to the FST. This test istfiequently
used in mice, because it is very not easy to apphats. It is a behavioral test in which antidegssnts extremely
raises the time an animal struggles when suspebgetiil, deficiency of struggling thought which sify a
situation of depression. So this also despair based

(5) Olfactory bulbectomy (OB): This is a behavioral test in which surgical lesiar chemicals of the olfactory
bulb cause behavioral modifications, some of witigh be reversed by the treatments of antidepressant

(6) Fear conditioning: Animal show fear like responses when exposedeawipusly neutral cues e.g. tone that has
been linked with an aversive stimulus e.g. shock.

(7) Neonatal clomipramine administration: When exposed to neonatal clomipramine, adult asirslabw a many
symptoms analogous to depression, including deedeesvard seeking, aggressiveness and sexual behByithe
application of antidepressants which can reversadieurs [19].

(8) Selective breeding:This model concentrates on individual differences in vulneigbito depression or
depression-like behavior.

There are some genetic factors and in additioh twuimerous studies have implicated environmentaifitations
together with stressful life events with the depeh@nt of affective disorders [20,21]. In experieno stress or to
traumatic life events which has a powerful impagttioe appearance of depression, signifying a daroageoper
stress-coping approaches in depressed patien3[230, depression is also considered as a sie&sged disorder,
and, as a result, several of the animal modelspfatsion are based on the exposure to differpestgf acute or
chronic stressors. On the other hand, till to detell agreement exists on the meaning of stresgreTare many
studies which interpret the existence of a strespanse, manifest in an abrupt boost of corticostgras a sign of
stress exposure. Likewise, appetitive and rewardihgations for instance sexual behavior and pheasi social
interaction bring out HPA axis responses that asagous in magnitude as extremely aversive sagnatiike social
defeat [24]. It should be noted that the physiatagresponse does not essentially implies a sfatass. Koolhaas
and other researchers satisfied on the opinion stratss should be measured as a cognitive setysitiVi
uncontrollability and/or uncertainty that is ex@med in a physiological and behavioral responserefbee, an
unpredictable situation should be characterizedhleyabsence of a defensive response, but unmanagsabbe
explained as a decreased recovery of the neurogndaeaction [24] In that feature the most impottenodels
which are known as stress models and are of thpest

Stress model (Three types of stress model)

(a) Chronic mild stress

(b) Social stress

(c) Early life stress

(a) Chronic mild stress Animal exposed repetitively to some unpredictaditesses cold, disruption of light dark
cycle footshock resistant etc. showed decreaseseigreference and sexual behavior; still thesgants have
been complex to duplicate, mainly mice. While clicostress has been implicated in the commencement o
psychiatric disorders, it should be kept in mihdt not all individuals exposed to rigorous stredls progress to
disease. In that sense, it is also pretty doulbitfal a lone genetic variant which is wholly respblesfor a specific
disorder. Hence, it is of great need to know theseeof individual differences and the consequentésference in
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susceptibility, with respect to disease developmkrs ampiclear that most important efforts slibbke directed
towards the amalgamation of genetic changes anitoemnvental variations in the same subject. Suchmptoof
gene-environment interactions is more possiblyeteeal the pathophysiological mechanisms of demessihere
are many studies which have already valuable thti®m by subjecting transgenic lines to chronicialogtress trials
[25]. These studies give further proof that disdadeed genetic alterations do not have to be gdatioal/beneficial
under normal conditions, but in amalgamation wititonic stress can either cause susceptibility silieace
towards the progression of depression-like pherestyp

(b) Social stressThis is a behavioral test in which animal is es@d to diverse type of social stress proximity to
dominant males, shows behavior anomalies whilehenother hand, such abnormalities have been coatgtido
replicate predominantly mice.

(c) Early life stress: This is a test in which animals detached fromrtmeothers at a young age show some
continuous behavioral and HPA axis anomaly as sdglbme of which can be reversed by the treatmént o
antidepressants or antipsychotics. This includetemal deprivation. The maternal deprivation modethe most
commonly accepted early life stress model.

CONCLUSION

Although there are many animal models of depressmyether with some that have predictive, face, @nstruct
validity within the same model. There are many fations which restrict their utility. It is notewby that all
animal models of depression have added to a bettderstanding of the neurobiology of the depressinm
recommend new pharmacological targets for treatmdatvever, the progress of a model that represerust
symptoms of depression and meet all criteria famahmodel validity should be given priority.
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