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Abstract. Anxiety and depression have dramatic impact on human and

animal behaviors. We take an interdisciplinary approach and review the

existing experimental models of anxiety and depression in order to promote

further understanding of neurobiological aspects of anxiety and depression.
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INTRODUCTION

Stress plays the main role in pathogenesis of mental

disorders (McKinney 1984, Willner 1997). Anxiety and

depression are extremely common, dramatic and debili-

tating multifacetic disorders, and it is now becoming

clear that without knowledge of both clinical and bio-

logical aspects of anxiety and depression, it is impossi-

ble to offer effective treatment strategies for the patients

(Arborelius et al. 1999, Paterson et al. 2001, Willner

1997). According to McKinney (1984), we use animal

models as "experimental preparations developed in one

species for the purposes of studying phenomena occur-

ring in another species". Over the past decades, there has

been intensive study of a variety of neurobiological as-

pects of depression and anxiety (Nemeroff 2004, Raison

and Miller 2003). Mice and humans share more then

90% of their genes, and animal models seem to be a use-

ful tool in biomedical sciences, as evidenced by a nota-

ble increase in the number of active laboratories

working in the field (Belzung 1999, Borsini et al. 2002).

Furthermore, animal models are particularly of help in

situations when the impact of stress cannot be studied in

humans because of ethical and other like reasons. How-

ever, the choice of which biological correlates to study

is not easy, since problems with animal models of hu-

man psychic disorders include: (i) the difference be-

tween human’s and non-human’s nervous systems; (ii)

the difficulty in determining analogous behaviors

among species; and (iii) the need in extrapolation of re-

sults from animals to humans. Such problems most

likely reflect a significant difference in etiology and

complexity of anxious or depressive behaviors. In addi-

tion, it is important to know that the data derived from

animal models are of value only to the extend that the

models are valid, and that the level (severity) of the dis-

order evoked in animals may not be the level of human

disorder we want to model (Willner 1997). One of the

current challenges is therefore to utilize the best of both

clinical and neurobiological approaches to anxiety and

depression. Here we focus on a comprehensive and sys-

tematic approach to the existing neurobehavioral mark-

ers and experimental models of anxiety and depression.

GENERAL CONCEPTS IN THE
EXPERIMENTAL MODELING

Behavioral repertoire of animals has long been used

to detect effects on, and impact of, anxiety and depres-

sion (Arborelius et al. 1999, McKiney 1984, Paterson et

al. 2001). A number of models, based on animal emo-

tional reactivity, have been designed and proven to be

bidirectionally sensitive to stressful manipulations, in-

cluding those of anxiety and depression (Espejo 1997)

(Tables I and II). Many of these models have been suc-

cessfully used to test new anxiolytic or antidepressant

drugs and understand the underlying neural mecha-

nisms (Arborelius et al. 1999, Paterson et al. 2001,

Willner 1997) by simple, rapid and inexpensive ways of

evaluating an animal’s condition (Table III). Although a

substantial progress has been made in our understand-

ing which stressors may affect behavior and how, there

are several key questions in this field which still remain

open. Can we distinguish between animal anxiety and

depression? Do we have reliable neurobehavioral tools

to assess anxiety and depression in animals? Do we al-

ways provide correct interpretations of behavioral

changes seen in experiments? This paper reviews the

traditional animal models of, and discusses neur-

obehavioral approaches to, experimental anxiety and

depression.

Since classification of experimental animal anxiety

and depression is as difficult as classification of human

anxiety and depression spectrum disorders (Nemeroff

2004, Raison and Miller 2003), the main task is there-

fore to differentiate between common and specific

stress-related pathogenic mechanisms of the disorders

belonging to this spectrum. Animal anxiety and depres-

sion taxonomy can be based on the nature and type of

stressors employed (Tables I and II), with the contin-

uum of animal models used in experimental research

ranging from "basic" animal assays to sophisticated ho-

mologous models (Newport et al. 2002). The former are

based on animal behaviors that do not need to be similar

to human symptoms while the latter share some func-

tional similarity with human behavior. Depending on

the aim of research, one can use simple models that uti-

lize relatively primitive manipulations, complex models

which incorporate both neurobehavioral and behav-

ioral/cognitive aspects, or hybrid models that mechani-

cally combine two working simple models in one new

(Dere et al. 2002, Kalueff 2003, Sarter and Bruno 2002).

Experimental models of anxiety and depression can be

acute, sub-chronic or chronic (Willner 1997); inducing

(e.g., by drugs, targeted gene mutations, brain le-

sions/stimulation or stressful external factors) or mea-

suring pathology (in terms of behavioral and

physiological reactions); "state" or "trait"; and those
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based on unconditioned or conditioned stress responses

(King et al. 2002, Overall 2000). Wall and Messier

(2001) suggest that anxiety models can be based on: (i)

exploratory; (ii) social; (iii) defensive; (iv) nov-

elty-evoked; (v) conditioned (active/passive avoid-

ance); (vi) anhedonic behavior; and (vii) conditioned

fear-related behaviors. In addition, there are numerous

models of anxiety and depression based on prenatal and

neonatal manipulations, including acute and chronic ex-

posure to various stressors or different drugs (for a de-

Experimental models of anxiety and depression 441

Table I

Animal models in the study of anxiety and depression

I. Depression Acute 1) Pharmacologic Reserpine- or clonidine-induced (c)

2) Stress-evoked Porsolt test (forced swimming) behavioral despair task, tail sus-

pension test, inclined and vertical screen test (c-e, l), pinch-in-

duced catalepsy (m)

Chronic 3) Stress-evoked Learned helplessness (unsignalled inescapable shock)

Vogel/Gellert tests (p)

4) Social disruption Maternal or peer separation (c, u)

Social defeat, altered group hierarchy, reduced submissive be-

havior (c)

5) Chronic stress-evoked depression models (c), see also p. 7

6) Sensory models Olfactory bulbectomy (k)

Long-term ZnSO4-induced anosmia (s)

7) Anhedonic models Willner’s test (sucroze consumption)

Hedonic behavior suppression (q)

II. Anxiety Acute 1) Pharmacologic Convulsant/stimulant-induced anxiety (c)

2) Stress-evoked "Forced" single-factor (novelty) or multi-factor tests (e.g., novelty

and aversion): open field, elevated plus or zero-maze, light-dark

box, holeboard, inclined or vertical screen test (a-i, n, p), seed

seeking behavior in hamsters, shock-probe defensive burying,

etc. (t, q)

Free exploration paradigms (h, i)

3) Social models Social interaction (File’s) paradigm (c)

Chronic 4) Stress-evoked Learned anxiety (Geller conflict test) (p)

Chronic forced exposure to various acute stressors (c)

5) Social models Chronic social defeat test (c)

6) Prenatal stress-evoked “state” anxiety models (c, u)

7) Sensory models Short-term ZnSO4-induced anosmia (s)

Exposure to novel or predator odors,

Amputation of vibrissae (c, s)

8) Innate anxiety Selected “high-anxiety” strains (d, p)

III. Transitory models: initially anxiety then depression Anosmia-induced anxiety-depressive symptoms (s), partition so-

cial test (q)

IV. Combination models: anxiety and depression states to be measured simultaneously (c, q) **

V. Comorbidity models: allows to model anxiety or depression in comorbidity with other psychiatric illnesses (e.g., epi-

lepsy, addiction, etc.) (a, c, q-s)

** e.g., Porsolt’s swim and tail suspension depression tests are also sensitive to anxiolytics. References: (a) Kalueff et al.

2001; (b) Aguilar et al. 2002; (c) Kalueff 1999; (d) Moyaho et al. 1995; (e) Lapin 2000; (f) Andrade et al. 2003; (g) Kalueff

2002; (h) Belzung 1999; (i) Chapillon et al. 1999; (j) Salome et al. 2002; (k) Kelly et al. 1997; (l) Mayorga and Lucki 2001; (m)

Fundarro 1998; (n) Chen et al. 2003; (o) Bouwknecht et al. 2000; (p) Flint 2003; (q) Kalueff 2003; (r) Rezvani et al. 2002; (s)

Makarchuk and Kalueff 2000; (t) King et al. 2002; (u) Newport et al. 2002.



tailed review see Espejo 1997). Moreover, models of

anxiety and depression can be "natural", based on mea-

suring natural animal behaviors, or "artificial", utilizing

behaviors not normally seen in natural conditions (Ta-

bles I and II) (see also Kalueff 2003, King et al. 2002).

Natural animal models aim to reproduce behavioral and

pathological aspect of the disorder, to investigate the

neurobiological mechanisms that are not easily amend-

able to study in humans, and allow a reliable evaluation

of a number of external factors including pharmacologi-

cal agents (Overall 2000). Such ethologically based par-

adigms are more sensitive to stress compared to

"artificial" animal conditioned behavior models which

usually use strong and often painful stressors (Table

IV). Clearly, the stressfulness of the test has to be taken

into account when analyzing the behavior, as it may sig-

nificantly affect behavioral performance. Since extreme

stressors suppress general activity and result in non-spe-

cific alterations in animal performance (Sarter and

Bruno 2002), our paper will focus on the first, more suit-

able, group of models of anxiety and depression.

SOME METHODOLOGICAL ISSUES

Are animal anxiety and depression a good approxi-

mation of human disorders? Which tests can be good

models, and which particular subtypes of anxiety of de-

pression they model? These questions are relatively

rarely asked, but are fundamentally important. The use

of nearly all animal models has been extensively criti-

cized in the literature for several reasons. First, many

clinically important, especially cognitive-based, symp-

Table II

Summary of animal conditioned response-based models (Flint 2003)

Two way avoidance conditioning test “Shuttle box” Rate of acquisition response

Acoustic startle Contraction in response to loud noise

Foot shock induced freezing Contraction in response to conditioned stimuli

Fear-potentiated startle Contraction in response to loud noise in conjunction with loud noise

Geller (Geller-Seifnert) conflict test Frequency of conditioned response coincidental to an electrical shock

Vogel conflict test Frequency of conditioned licking coincidental to an electrical shock

Table III

Principal behavioral profiles in experimental models of anxiety and depression

Behavioral Indices Anxiety Depression

General locomotion + - *

Exploration - -

Self-grooming + (frequency) + (duration)

Immobility + (freezing) + (despair)**

Defecation, urination + ?

Aggression + +

Self-aggression 0 +

Transitions between behaviors + -

Risk assessment + or - *** -

Some other “specific” behaviors **** + 0

(+) increased; (-) decreased; (?) unclear or inconsistent effects; (0) no effects; *activated in the open field in olfactory

bulbectomy model of depression; **in Porsolt’s swim and tail suspension tests; ***depending on the model; **** e.g., seed

finding, shock-probe defensive burying, etc., see King et al. (2002) for details.
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Table IV

Major behavioral measures in experimental models of anxiety and depression

Tests Neurobehavioral Parameters Anxiety Depression Refs

Open field Defecations/urinations number and duration + -

(circular, square or rectangular Total distance traveled or squares crossed - +*

open lit arenas) Speed of movements + -

Distance in the inner area -

Number of squares crossed in the inner area - + (a-c)

Distance in the outer area - +

Self-grooming latency - -

Self-grooming duration + +?

Self-grooming frequency + **

Interrupted (aborted) or incorrect grooming (%) + +

Average duration of a single grooming -

Stretch Attend postures + -

Latency of the 1st and the 2nd visits to the central area + ?

Latency to leave the central area + ?

Open field with novel objects Approach latency + 0

Number of contacts - 0 (a)

Duration of exploration of the novel object - 0

Elevated plus maze Latency to leave the centre +

(plus- or zero-shaped maze) Total arms entries (4 paws criterion) + - (b-g)

Enclosed arms entries ?

Open arms entries (4 paws) and rears (2 paws) -

Time spent in the open arms -

Time spent in the enclosed arms +

Open arms entries (%) -

Time spent in the open arms (%) -

Head dips -

Defecations, urinations + +

Self-grooming latency + -

Self-grooming duration + +

Self-grooming frequency + -

Central platform crossings and time spent - ?

Hole board test Head dipping (hole poking) - ? (a-c)

(open field arena with latency + +

"exploratory" holes) number, duration - -

Defecations, urinations, total distance traveled/squares

crossed, distance/squares crossed in the inner area, dis-

tance in the outer area, self-grooming, rears

as in the

open field

as in the

open field

Light/dark box Light box entries number (4 paws criterion) - -

(two boxed interconnected with Light box time spent - - (c, g)

a sliding door) Light box rears number (2 paws criterion) - -

Duration of light box rears - -

Latency of the first rear and entry - -

Vertical activity in the light box (c) + ?

Urinations, defecations, grooming + ?
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toms of anxiety and depression can not be directly mod-

eled in animals. Second, behavioral measures are often

confounded and reflect changes in general activity, ex-

ploration and anxiety-depression levels (Belzung and

Griebel 2001, File 2001, Lapin 2000, Rodgers and Cole

1994). Third, we often see poor correlation between dif-

ferent behavioral measures taken in the same test, or the

same measures taken in several different tests (Kalueff

2003). For example, grooming and defecation can often

be seen as the only behaviors that change in the tests de-

signed to measure anxiety behaviors (Kalueff 2002,

Kalueff et al. 2001). Even the simplest task – distinguish-

ing between horizontal exploration and locomotion in the

open field, often mistakenly used synonymously in the

literature – still requires further elaboration (Choleris et

al. 2001). Thus, since it is difficult to interpret a subjec-

tive anxiety or depression levels based on a single be-

havioral measure, proper understanding of animal state

is only possible through assessment of interaction be-

tween behavioral and physiological variables in the

multivariate analysis (Catalayud and Belzung 2001).

Since various forms of psychopathologies in animals

and humans can be characterized as context-regulation

disorders, subjects may sometimes produce "normal"

behavior in inappropriate contexts. Thus, special analy-

sis of behavioral contexts may be needed in the field of

animal anxiety and depression. Finally, it should be

noted that animal emotional behavior is not just "plus"

or "minus", but has several dimensions including anxi-

ety, exploration, locomotion, risk assessment, general

arousal and coping (Salome et al. 2002). These dimen-

sions interact with each other as well as with cognitive

functions, giving a complex mosaic picture of behavior.

Therefore, the traditional quantitative behavioral meth-

ods (i.e., latency, frequency and duration parameters

and their spatial, temporal or sequential patterns) to

study animal stress are now combined with sophisti-

cated analysis of "not just the presence or absence of

these behaviors, but also whether or not the … acts, pos-

tures and gestures are fully developed in intensity, la-

Table IV (continued)

Tests Neurobehavioral Parameters Anxiety Depression Refs

Exploration of novel objects Number of approached and contacts - -

Duration of contacts - - (b, h)

Latency of the first approach/contact + +

Free exploratory paradigm Number of entries to the novel compartment - ?

Time spent in the novel environment - ? (i)

Latency to enter the novel compartment + ?

Stretch attention, rearing to the novel box - ?

Porsolt’s swim test Immobility latency (until first floating) ? -

(water tank) Immobility duration in the water tank ? + (b, j)

Swimming average speed and distance - -

Olfactory bulbectomy Behavioral hyperlocomotion in the open field - +

Aggression + (c, k)

Tail suspension test Immobility latency +? +

Immobility duration +? + (c, l)

"Tail-climbing" - -

Inclined screen retention test Time spent on the screen (falling latency) - -

Urinations, defecations + - (?) (c)

Pinch-induced catalepsy Duration of catalepsy +? +?

Required number of pinches +? +? (m)

Stress-induced hyperthermia The amplitude of hyperthermia + ?

The duration of hyperthermia + ? (n, o)

Hypo-neophagia Latency to start eating novel food + ? (p)

(+) activation; (-) inhibition of a behavioral pattern; (?) unclear effects; *olfactobulbectomy model; **different effects of

anxiety (shortened, reversed) and depression (prolonged, stereotypic). References as in Table I.
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tency and patterning" (Barrett and Miczek 2000).

Finally, because not all robust behavioral changes seen

in experiments represent meaningful parameters for as-

sessment of animal anxiety and depression, there is a

need for clear-cut measures resistant to experimental

conditions or apparatus design of particular laboratories

but showing reliable and predictable changes following

experimental manipulations affecting anxiety and de-

pression states (Table IV).

However, here appears a new cluster of issues. First,

can we possibly model different subtypes of anxiety and

depression? For example, distinct subtypes of anxiety

can be modeled in the same test, as suggested by Holmes

and Rodgers (2001) for the elevated plus maze (single

vs. repeated testing). Second, although depression and

anxiety are considered to be separate entities according

to current diagnostic classifications, in clinical practice

these two conditions often co-exist. "Ideal" modeling of

anxiety or depression in animals presumes that in order

to achieve better results we model either pathology sep-

arately. However, the important problem now is

whether animals may possibly have comorbidity of de-

pression and anxiety. Theoretically, there are no reasons

to rule out this possibility, and modeling comorbidity

may represent certain interest for the researchers. Rela-

tively few such studies have been conducted, and there

is a great need in developing specialized models which

will allow to assess comorbidity in animals. For exam-

ple, Wistar-Kyoto rats have been recently suggested as

an animal model of anxiety and depression based on

their frequent anxiety-like freezing and depressive-like

swim immobility (Tejani-Butt et al. 2003). Gass et al.

(2001) suggested that mice with targeted mutations of

gluco/mineralocorticoid receptors can also be the model

of anxiety and depression. Recently high-anxiety HAB

rats (Salome et al. 2002) have been suggested to be a re-

liable model of trait anxiety and depression. Thus far,

measuring comorbidity of anxiety and depression or

their comorbidity with other pathologies (e.g., addic-

tion, alcoholism, etc.) may present an important direc-

tion for future studies.

VALIDITY AND RELIABILITY
ASPECTS

The discussion focusing on different aspect of animal

models validity is crucial for experimental modeling of

anxiety and depression. Validation is usually defined as

the process by which the reliability and relevance of a

method are established for specific purposes. Reliability

is characterized by the reproducibility of a test within

and between laboratories and over time. Since numer-

ous differences exist between laboratories, good

reproducibility at least within the same laboratory has to

be established (Salome et al. 2002). As summarized in

Table V, three principal and some additional validity

Table V

Summary of validity of animal models of anxiety and depression

Validity Importance Brief description

Major

Face - Reflects phenomenological similarities (isomorphism) between the model and human pathol-

ogy to be modeled

Predictive + Based on ability to predict drugs or manipulations effective in animal models to be effective

in humans. May be limited to the drugs or manipulations it has been designed for

Construct ++ Based on similar theoretical rationale (homology) behind the pathology in animals and hu-

mans. May be limited to the extend of our knowledge of pathological mechanisms

Additional

Discriminant - Degree to which a test measures aspects of a phenomenon that are different from other as-

pects of the phenomenon that other tests assess

Convergent - Degree to which a test correlates with other tests to measure the same construct

Etiological - Degree of similarity of etiology of animal and human states

Genetical + Degree of similarity of the genes involved in anxiety or depression induced in a particular test

(-) not important; (+) important; (++) critically important
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criteria have been formulated and substantiated for ani-

mal models of anxiety and depression, including predic-

tive, construct, concurrent or convergent, discriminant,

etiological and face validity (Geyer and Markou 2000,

Sarter and Bruno 2002). In addition, genetical valida-

tion based on behavioral phenotyping approach, is be-

coming increasingly important (Flint 2003). A

"behavioral phenotype" refers to the specific and char-

acteristic behavioral repertoire exhibited by animals

with a specific genetic/chromosomal disorder (Flint

2003). However, the question whether certain behaviors

shall be a part of behavioral phenotype, is not clearly un-

derstood, especially since an association between be-

havior and syndrome, and between the syndrome and

the gene, is not always clear-cut and linear (Flint 2003).

On validity basis, animal models can be classified as:

(i) correlational – based on predictive validity; (ii) iso-

morphic – based on face validity; and (iii) homologous –

based on construct validity. In general, a model shall ful-

fill all 3 criteria in order to be good model (Bai et al. 2001,

Clement et al. 2002) which means to be correlational, iso-

morphic and homologous at the same time. However, this

situation is not seen in animal modeling very often. For

example, traditional models of depression, such as

Porsolt’s forced swim and the tail suspension tests, lack

face and construct validity but are extremely good at pre-

dictive validity (Bai et al. 2001). In general, despite the

fact that some animal models have poor construct and

predictive validity, and there is a disconnect between pre-

dictive validity and face validity (Overall 2000), con-

struct validity seems to be the most important for the

animal model of anxiety and depression.

CONCLUSIONS

As it was mentioned earlier, all animal models are

generally seen as an attempt to reproduce a human dis-

order in a laboratory animal (McKinney 1984). How-

ever, since the symptoms of psychiatric disorders are

often being revised and their pathogenesis revisited

(Borsini et al. 2002, Boyer 2000, Geyer and Marko

2001, Sarter and Bruno 2002), some caution is needed

before claiming or using an animal model of anxiety or

depression. With this in mind, we shall always remem-

ber that, as McKinney (2001) incredibly timely and

rightly noted, generating the perfect animal model does

not represent a separate goal of research, rather the

model and its constant evolution represents an integral

part of neuropsychobiology. Moreover, modeling pro-

ceeds most effectively when psychiatrists, who are ex-

perts in the phenomena in question, join forces with

neuroscientists, who know and understand available

modeling tools (Davidson et al. 2002). Today, with the

growing number of medical professionals being in-

volved in basic research, and neuroscientists involved in

clinically-oriented studies, an interdisciplinary view of

neurobiology of anxiety and depression, linking human

data to animal experimentation, is becoming extremely

important.

ACKNOWLEDGEMENT

The study was supported by research grants from

CIMO, Tampere University Hospital and the Academy

of Finland.

REFERENCES

Aguilar R, Gil L, Flint J, Gray JA, Dawson GR, Driscoll P,

Gimenez-Llort L, Escorihuela RM, Fernandez-Teruel

A, Tobena A (2002) Learned fear, emotional reactivity

and fear of heights: a factor analytic map from a large F2

intercross of Roman rat strains. Brain Res Bull 57:

17-26.

Andrade MM, Tome MF, Santiago ES, Lucia-Santos A, de

Andrade TG (2003) Longitudinal study of daily variation

of rats’ behavior in the elevated plus maze. Physiol Behav

78: 125-133.

Arborelius L, Owens MJ, Plotsky PM, Nemeroff CB (1999)

The role of corticotropin-releasing factor in depression

and anxiety disorders. J Endocrinol 160: 1-12.

Bai F, Li X, Clay M, Lindstrom T, Skolnick P (2001) Intra-

and interstrain differences in models of "behavioral de-

spair". Pharmacol Biochem Behav 70: 187-192.

Barrett JE, Miczek KA (2000) Behavioral techniques in pre-

clinical neuropsychopharmacology research. In:

Psychopharmacology, the Forth Generation of the Prog-

ress (Eds. F.E. Bloom and D.J. Kupfer). Raven Press, New

York, p. 103-123.

Belzung C (1999) Measuring rodent exploratory behavior. In:

Handbook of Molecular Genetics for Brain and Behavior

Research (Eds. W.E. Cruzio and T.T. Gerlai). Elsevier,

New York, p. 77-99.

Belzung C, Griebel G (2001) Measuring normal and patho-

logical anxiety-like behaviour in mice: a review. Behav

Brain Res 125: 141-149.

Borsini F, Podhorna J, Marazziti D (2002) Do animal models

of anxiety predict anxiolytic-like effects of antidepres-

sants? Psychopharmacol 163: 121-131.

Bouwknecht JA, Hijzen TH, van der Gugten J, Maes RA,

Olivier B (2000) Stress-induced hyperthermia in mice: ef-

446 A.V. Kalueff and P. Tuohimaa



fects of flesinoxan on heart rate and body temperature. Eur

J Pharmacol 400: 59-66.

Boyer P (2000) Do anxiety and depression have a common

pathophysiological mechanism? Acta Psychiatr Scand

Suppl 406: 24-29.

Calatayud F, Belzung C (2001) Emotional reactivity in mice,

a case of nongenetic heredity? Physiol Behav 74: 355-362.

Chapillon P, Manneche C, Belzung C, Caston J (1999) Rear-

ing environment enrichment in two inbred strains of mice:

1. Effect of emotional reactivity. Behav Genet 29: 41-46.

Chen SW, Xin Q, Kong WX, Min L, Li JF (2003) Anxiolyt-

ic-like effect of succinic acid in mice. Life Sci 73:

3257-3264.

Choleris E, Thomas AW, Kavaliers M, Prato FS (2001) A de-

tailed ethological analysis of the mouse open field test: ef-

fects of diazepam, chlordiazepoxide and an extremely low

frequently pulsed magnetic field. Neurosci Biobehav Revs

25: 235-260.

Clement EY, Calatayd F, Belzung C (2002) Genetic basis of

anxiety-like behaviour: a critical review. Brain Res Bull

57: 57-71.

Davidson RJ, Lewis DA, Alloy LB (2002) Neural and behav-

ioral substrates of mood and mood regulation. Biol Psychi-

atry 52: 478-502.

Dere E, Topic B, De Souza MA (2002) The graded anxiety

test: a novel test of murine unconditioned anxiety based on

the principles of the elevated plus-maze and light-dark test.

J Neurosci Meth 122: 65-73.

Espejo EF (1997) Structure of the mouse behaviour on the el-

evated plus-maze test of anxiety. Behav Brain Res 86:

105-112.

File SE (2001) Factors controlling measures of anxiety and

responses to novelty in the mouse. Behav Brain Res 125:

151-157.

Flint J (2003) Animal models of anxiety and their molecular

dissection. Sem Cell Devel Biol 14: 37-42.

Fundarro A (1998) Pinch-induced catalepsy in mice: a use-

ful model to investigate antidepressant or anxiolytic

drugs. Progr Neuropsychopharm Biol Psychiatry 22:

147-158.

Gass P, Reichardt HM, Strekalova T, Henn F, Tronche F

(2001) Mice with targeted mutations of glucocorticoid and

mineralocorticoid receptors: models for depression and

anxiety? Physiol Behav 73: 811-825.

Geyer M, Markou A (2001) Animal models in psychiatric dis-

orders In: Psychopharmacology, the Forth Generation of

the Progress (Eds. F.E. Bloom and D.J. Kupfer). Raven

Press, New York, p. 155-173.

Holmes A, Rodgers RJ (2001) Prior exposure to the elevated

plus-maze sensitizes mice to the acute behavioral effects

of fluoxetine and phenelzine. Eur J Pharmacol 459:

221-230.

Kalueff AV (1999) Problems of the Study of Stress-Related

Behavior (in Russian). KSF, Kiev, 99 p.

Kalueff AV, Makarchuk NE, Samohvalov VP, Deryagina

MA (2001) Urination and Behavior (in Russian). KSF,

Kiev, 134 p.

Kalueff AV (2002) Grooming and Stress (in Russian). Avix,

Moscow, 148 p.

Kalueff AV (2003) Today and tomorrow of anxiety research.

Stress Behav 8: 145-147.

Kelly JP, Wrynn AS, Leonard BE (1997) The olfactory

bulbectomized rat as a model of depression: an update.

Pharmacol Ther 74: 299-316.

King JA, Messenger T, Ferris CF (2002) Seed finding in

golden hamsters: a potential animal model for screening

anxiolytic drugs. Neuropsychobiol 45: 150-155.

Lapin IP (2000) Models of anxiety in mice: experimental ver-

ification and critical methodology. Exp Clin Pharm 63:

58-62.

Makarchuk NE, Kalueff AV (2000) Olfaction and Behavior

(in Russian). KSF, Kiev, 149 p.

Mayorga AJ, Lucki I (2001) Limitation on the use of

C57BL/6 mouse in the tail suspension test.

Psychopharmacol 155: 110-112.

McKinney WT (1984) Animal models of depression: an over-

view. Psychiatry 2: 77-96.

McKinney WT (2001) Overview of the past contributions in

animal models and their changing place in psychiatry. Sem

Clin Psychiatry 6: 68-78.

Moyaho A, Eguibar JR, Diaz JL (1995) Induced grooming

transitions and open field behavior differ in high- and

low-yawning sublines of Sprague-Dawley rats. Animal

Behav 50: 61-72.

Nemeroff CB (2004) Neurobiological consequences of child-

hood trauma. J Clin Psychiatry 65 (Suppl) 1: 18-28.

Newport DJ, Stowe ZN, Nemeroff CB (2002) Parental de-

pression: animal models of an adverse life event. Am J

Psychiatry 159: 1265-1283.

Overall KL (2000) Natural animal models of human psychia-

try conditions: assessment of mechanisms and validity.

Prog Neuropsychopharm Biol Psychiatry 24: 727-776.

Paterson A, Whitting PJ, Gray JA, Flint J, Dawson GR (2001)

Lack of consistent behavioural effects of Maudsley reac-

tive and non-reactive rats in a number of animal tests of

anxiety and activity. Psychopharmacol 154: 336-342.

Raison CL, Miller AH (2003) When not enough is too much:

the role of insufficient glucocorticoid signaling in the

pathophysiology of stress-related disorders. Am J Psychia-

try 160: 1554-1565.

Rezvani AH, Parsian A, Overstreet DH (2002) The

Fawn-Hooded (FH/Wjd) rat: a genetic animal model of

comorbid depression and alcoholism. Psychiatr Genet 12:

1-16.

Rodgers RJ, Cole JC (1994) The elevated plus maze: pharma-

cology, methodology and ethology. In: Ethological Phar-

macology (Eds. S.J. Cooper and C.A. Hendrie). John

Willey and Sons, New York, p. 56-67.

Experimental models of anxiety and depression 447



Salome N, Viltart O, Darnaudery M (2002) Reliability of high

and low anxiety-related behaviour: influence of laboratory

environment and multifactorial analysis. Behav Brain Res

136: 227-237.

Sarter M, Bruno JP (2002) Animal models in biological psy-

chiatry. In: Biological Psychiatry (Eds. H. D’haenen, J.A.

den Boer and P. Willner). John Willey and Sons, New

York, p, 47-79.

Tejani-Butt S, Kluczynski J, Pare WP (2003) Strain-dependent

modification of behavior following antidepressant treat-

ment. Prog Neuropsychopharm Biol Psychiatry 27: 7-14.

Wall PM, Messier C (2001) Methodological and conceptual

issues in the use of the elevated plus-maze as a psychologi-

cal measurement instrument of animal. Neurosci Biobehav

Revs 25: 275-286.

Willner P (1997) Validity, reliability and utility of chronic

mild stress model of depression: a 10-year review and

evaluation. Psychopharmacol 134: 319-329.

Received 22 December 2003, accepted 22 May 2004

448 A.V. Kalueff and P. Tuohimaa


