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Abstract This paper evaluates the validity, reliabilitgionable, and animal models of depression are in-
and utility of the chronic mild stress (CMS) model of delispensible research tools. Second, the efficacy of anti-
pression. In the CMS model, rats or mice are exposeddepressants requires chronic treatment over a period of
guentially, over a period of weeks, to a variety of mildeeks. This means that if animal models are to be used
stressors, and the measure most commonly used to ttacktudy antidepressant actions over a clinically relevant
the effects is a decrease in consumption of a palatdiiiee scale, the behavioural symptoms induced in the
sweet solution. The model has good predictive validityodel must persist for a period of weeks.
(behavioural changes are reversed by chronic treatmenin addition to their role in the discovery of new and
with a wide variety of antidepressants), face validity (amproved antidepressants, animal models of depression
most all demonstrable symptoms of depression hae in principle useful for a variety of other purposes, in-
been demonstrated), and construct validity (CMS caushgding the provision of insights into the neurobiology
a generalized decrease in responsiveness to rewaads, pathophysiology of depression. However, this im-
comparable to anhedonia, the core symptom of the nmbses a further requirement: the data derived from ani-
ancholic subtype of major depressive disorder). Overatial models are likely to be of value only to the extent
the CMS procedure appears to be at least as valid asthay the models are valid. The procedures for validating
other animal model of depression. The procedure doasimal models of psychiatric disorders have been dis-
however, have two major drawbacks. One is the practicaksed in detail elsewhere (Willner 1984, 1990); they in-
difficulty of carrying out CMS experiments, which arelude consideration of predictive validity (which con-
labour intensive, demanding of space, and of long ducarns primarily the correspondence between drug actions
tion. The other is that, while the procedure operates ra@ti-the model and in the clinic), face validity (phenome-
ably in many laboratories, it can be difficult to establishplogical similarities between the model and the dis-
for reasons which remain unclear. However, once estabder), and construct validity (a sound theoretical ratio-
lished, the CMS model can be used to study problemede). Some desirable features in an animal model of de-
that are extremely difficult to address by other means. pression are that the model should respond appropriately
to antidepressant drugs; should employ realistic inducing

Key words Animal model of depression conditions; and should model a core symptom of the
Chronic mild stress - Predictive validity - Face validity disorder. While several of the available models have a
Construct validity - Reliability - Rt reasonable pharmacological profile, with relatively few

false positives and false negatives, very few models per-

form well against all three sets of validating criteria, and

Introduction even fewer include the additional feature of chronicity
(Willner 1984, 1990).

Research into the mechanisms underlying antidepressant

drug action must engage with two critical issues. First

antidepressant drugs are largely devoid of mood-elevEte chronic mild stress model

ing effects in normal individuals. This means that the rel-

evance of studies carried out in normal animals is quésrainst this background, we set out some years ago to
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subtype of major depressive disorder in the diagnosgignstruct validity
system prevailing at that time, DSM-III, and is again the

core symptom of melancholia in the current diagnostig,e theoretical rationale for the CMS model is that this
system, DSM-IV (American Psychiatric Associationcedure simulates anhedonia, a loss of responsiveness
1994). Anhedonia is defined as “tpe decreased capa Yoleasant events, which is a core symptom of depres-
to experience pleasure of any sort” (Fawcett et al. 198ghn and the defining feature of melancholia (American
and we aimed to model it by inducing a decrease in f&sychiatric Association 1994). This rationale rests on
sponsiveness to rewards. ) ) . two assumptions, that sucrose drinking is a valid mea-

. The starting point for this project was a series of Studjre of sensitivity to reward, and that CMS causes a gen-
ies by Katz and colleagues, published in the early 19808yjized decrease in reward sensitivity, rather than a spe-
in which rats were exposed sequentially to a variety Qfic effect on responses to sweet tastes.

severe stressors. In most of these studies, the effects number of alternative accounts of the decrease in

stress were assessed by changes in open field behavigiiiose drinking have been explored. Decreases in su-

which were reversed specifically by chronic treatmegt,ge drinking cannot be explained by nonspecific

with antidepressant drugs, but not by ”On'amidepr%ﬁ;’anges in fluid consumption (e.g. decreased thirst),

sants (e.g. Katz and Hersh 1981; Katz et al. 198lagfyce” the intake of plain water is unaffected by CMS
Katz and Baldrighi 1982). However, in one study, it WaRiyscat and Willner 1992), and the effects of CMS are
observed that animals exposed to the chronic stressgt&sn, in both single-bottle tests and in two-bottle (su-

gime failed to increase their fluid consumption whegtose-water) preference tests (Willner et al. 1987: Mus-

saccharin or sucrose were added to their drinking waigf; et al. 1988; Sampson et al. 1991; Pucilowski et al.

and it was postulated that this might reflect a decrease §b3: ayensu et al. 1995; D’Aquila et al. 1997). The cal-

the hedonic impact of the sweetener (Katz 1982). TRige content of the sucrose also appears to be unimpor-
hypothesis was supported by the demonstration by Ani$nt. since

man and colleagues that uncontrollable footshock can_. . . ) : .
lead to impairments of behaviour maintained by bra Similar effects are seen in animals consuming calorie-
stimulation reward (Zacharko et al. 1983, 1984). In d&&€ saccharin solutions (Willner et al. 1987; Ayensu et
veloping the chronic mild stress (CMS) procedure, Vi 1995); , L .
made two changes to the procedure described by K%TZDecrea_lses in sucrose drinking can be seen in both
and colleagues: the severity of the stressors employ@@d-deprived and non-deprived animals (Muscat and
was greatly reduced, and hedonic measures were m er 1992); o .
the primary focus of the model. The designation of te D€creases in sucrose drinking have been reported in
procedure as chronic mild stress indicates (i) that the\?&d'es in which the CMS procedure excluded periods of
havioural changes induced by CMS may be obser @gd and water deprivation (Griffiths et al. 1992; Muscat
over a period of several weeks of continuous administ@ild Willner 1992; Cheeta et al. 1994; Dauge et al. 1996;
tion; that is, habituation either does not occur, or occupd1adia 1996; Bertrand et al. 1997; Valverde et al. 1997);
to only a limited extent; and (i) that the individuaf: Food intake is not decreased by CMS; in relation to
stressors used do not include any of the severely stre point, it is important to add that there is evidence
elements used by Katz and colleagues (e.g. intense gt despite the fact that food intake is unchanged or
shock; cold water immersion; 48 h food/water deprivEYen increased by CMS, the rewarding properties of
tion) Joodincuced place preference sonditoning (Papp et al.
In a typical experiment, rats (Willner et al. 1987#00d-Inauce . N
1992) or mice (Monleon et al. 1994) are exposed sequéfi9l; Muscat et al. 1992; Willner et al. 1994) and (i) the
tially to a variety of mild stressors (e.g. overnight illum@ccelération of eating that is usually seen with very
nation; periods of food and/or water deprivation: cag¥/€et diets (Sampson et al. 1992); and
tilt; change of cage mate), which change every few hogrs! N€ effects of CMS are concentration dependent: de-
over a period of weeks or months. The effectiveness§ases are seen only when with dilute (calorie-poor) su-
this procedure is usually monitored by tracking, over rgl0S€ solutions, but not with concentrated (calorie-rich)
peated tests, a decrease in the consumption of andRiptions (Willner et al. 1991).
preference for a palatable weak (1-2%) sucrose soluti®his last point merits further discussion, since it relates
As described below, other behavioural endpoints haaso to the previous point, that CMS decreases food re-
also been studied, including brain stimulation rewaward but does not decrease food consumption. Sucrose
threshold and place preference conditioning, as well adraking, in rodents, shows an inverted-U-shaped con-
variety of measures not directly related to reward senséntration-intake curve, with maximal intake at interme-
tivity. CMS-induced behavioural deficits may be mairdiate concentrations. The reasons for the decrease in in-
tained for several months; however, normal behaviourtéa&ke at higher concentrations remain uncertain, but an
restored, during continued application of CMS, bgversive component can be excluded (Muscat et al.
chronic treatment with tricyclic or atypical antideprest991). On the ascending limb of the concentration-intake
sants. This paper reviews the current status of the CMfBve, where CMS decreases sucrose drinking, intake is
model, in respect of its validity, reliability, and utility.  monotonically related to preference (Muscat et al. 1991);
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however, on the descending limb of the concentration-Foerbes et al. 1996), while derived from the original pub-
take curve, where CMS does not decrease sucrose driitiation in this area (Willner et al. 1987), differs from the
ing, intake is dissociated from preference: as concenfpascedure used by all other laboratories currently work-
tion increases, intake decreases, but higher concentratingswith the CMS model.
are always preferred in a choice test (Muscat et al. 1991)It should also be noted that, if weight loss does occur
Three conclusions can be drawn from this analysis: firag a consequence of CMS, then the greater its extent, the
that intake measures provide a measure of reward urlderer the chance of observing a significant decrease in su-
some conditions but not under others; second, that icisse intake per g of body weight. However, it would be
necessary to evaluate whether the conditions are approwvarranted to infer from a lack of significance in the su-
priate, in order to draw valid inferences; and third, thatose/g measure that CMS had failed to decrease hedonic
CMS experiments do use appropriate conditions (dilutesponsiveness. This may be illustrated by considering the
sucrose solutions) under which changes in intake amplication of a similar logic to the clinical situation. De-
monotonically related to changes in reward. pression is associated both with decreased hedonic re-
Two recent studies, from the same laboratory, hasjgonsiveness and with changes in body weight. The for-
raised the possibility that changes in sucrose intake nmagr may be relatively small, and the latter, relatively
be artefacts related to loss of body weight (Matthewslatge. For example, two studies using the Fawcett-Clark
al. 1995; Forbes et al. 1996) This idea was advancedRieasure Capacity Scale reported a loss of hedonic re-
the basis of the observation that CMS decreased bothsponsiveness of 6% and 16% in two groups of diagnosti-
crose intake and body weight, but had no effect oncally heterogeneous depressed patients (Fawcett et al.
composite measure of sucrose intake per g of bat383). Some individuals lose weight when depressed
weight. However, this observation is not confirmed wwhile others gain weight, the direction of change being
studies from eight other laboratories, where the propopnsistent across episodes (Stunkard and Rush 1974); in
tional decrease in sucrose intake, in animals exposedntiividuals who lose weight, the mean weight loss is
CMS, was much larger than the decrease in body weigithund 5 kg, or approximately 7% of body weight; the
leading to significant decreases in the derivative meaaximum weight loss can be as much as 20% (Casper et
sure, sucrose intake per g of body weight (Willner et al. 1985; Stunkard et al. 1990). Putting together these ob-
1996, where data from five laboratories are summarizedyvations, it would not be surprising to calculate from
Charkrabarti et al. 1996; Hatcher et al. 1996; Valverdeaddihical data that hedonic capacity per kg of body weight
al. 1997). A study in six mouse strains also reported thas unaltered in depression. However, it would be thor-
there was no relationship between the effects of CMS aughly misleading to infer from this finding that the de-
consumption of a palatable diet and changes in bqahessed patients were not anhedonic. The relative measure
weight (Griffiths et al. 1992). The results reported by thes meaning only if changes in hedonic responsiveness
Aberdeen group differ in a number of other respease secondary to changes in body weight, which is not
from those observed in other laboratories: for exampfmrmally the case either in depression or in the CMS
in contrast to the decreases in sucrose/saccharin prafesdel. Indeed, there is evidence that decreases in body
ence observed by others (e.g. Willner et al. 1987; Ayenseight can actually mask the true extent of the CMS-in-
et al. 1995; D’Aquila et al. 1997), in Aberdeen, decreasiisced decrease in sucrose intake, which in some circum-
in sucrose intake are not accompanied by decreasestamces are smallest among animals that lose the most
sucrose preference (Matthews et al. 1995; Forbes etwadight (D’Aquila et al. 1997). Another important dissoci-
1996). The most important discrepancy, however, is tlaion between these two measures is that chronic antide-
the CMS procedure used by the Aberdeen group causesegsant treatment normalizes sucrose intake, but does not
massive (>20%) loss of body weight (Matthews et akverse CMS-induced weight loss (Willner et al. 1987).
1995; Forbes et al. 1996), more than twice as large aA further finding reported by the Aberdeen group
that observed elsewhere (0—10% in eight other laborafigtatthews et al. 1995; Forbes et al. 1996) was that su-
ries: Charkrabarti et al. 1996; Hatcher et al. 1996; Wittrose intake was decreased in a group of animals ex-
ner et al. 1996; Valverde et al. 1997). This accounts foysed only to the food/water deprivation elements of the
the discrepant negative findings of the Aberdeen groGMS procedure. Again, this conclusion is at variance
using the derivative measure of sucrose intake per gwath data from three previous studies demonstrating that
body weight. This difference in the magnitude of the efucrose intake is unaffected by a 20% weight reduction
fects of CMS on body weight, in turn, arises because thireught about by food deprivation and regular daily
CMS procedure used in Aberdeen (Matthews et al. 198%eal-feeding (Willner et al. 1991, 1996; Muscat and
Forbes et al. 1996) includes considerably longer peridfdiner 1992). These discrepancies may reflect a differ-
of both food and water deprivation than the proceduresce between the effects of meal-feeding and those of
used elsewhere. Long periods of food and water deprigacasional unpredictable prolonged periods of depriva-
tion were used in the original version of the CMS proceen: the latter procedure is presumably more stressful.
dure (Willner et al. 1987) but were subsequently r&he fact that sucrose intake is normal in meal-fed ani-
moved, precisely in order to avoid the complicatiomsals, despite extreme loss of body weight, suggests that
raised by extensive weight loss. In this important respdogdonic changes may result from certain stressful dieting
the procedure used in Aberdeen (Matthews et al. 1998)cedures, rather than from weight loss per se. It is also
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possible that in some circumstances, extensive weigldce conditioning, the effect of CMS is independent of
loss might indeed result in a secondary loss of hedofood intake on the conditioning trials, which further ar-
responsiveness. It is known that severely restrictive digtees against an involvement of nutritional factors in
are likely to cause symptoms of depression when bdtigse effects (Papp et al. 1991, 1992; Muscat et al. 1992;
weight loss exceeds around 10% of normal (Keys 195@&lverde et al. 1997).
Stunkard and Rush 1974); additionally, high rates of ma-To summarize, CMS causes a decrease in responsive-
jor depression are typically reported in patients withress to rewards in a variety of different behavioural para-
primary diagnosis of anorexia nervosa (Herzog 198figms (consumption of sweet diets; place conditioning
Piran et al. 1985; Laessle et al. 1987), and such depreigh a variety of natural and drug rewards; brain stimula-
sions may resolve with effective treatment for weigkibn reward threshold). While each of these behavioural
loss (Herpetz-Dahlman and Remschmidt 1989). Howeshanges is susceptible of a variety of interpretations, the
er, in all of these cases, it is impossible to separate thast parsimonious account is that CMS causes a gener-
influence of weight loss per se from that of the attendaized decrease in sensitivity to rewards (anhedonia). The
stress. The possibility that certain dieting proceduresly serious challenge to this view arises from inferences
may provide a simple means of inducing anhedonia mdrawn from the very extensive weight loss observed by
its investigation. In particular, it would be of interest tthe Aberdeen group (Matthews et al. 1995; Forbes et al.
know whether the decreased sucrose intake associd@@6), which is not replicated in data from many other
with extensive food and water deprivation (Forbes et Eboratories, where decreases in sucrose drinking are ap-
1996; Hatcher et al. 1996) is reversed by chronic trep&rent either in the absence of decreases in body weight,
ment with antidepressant drugs. Returning to the CM8 after taking changes in body weight into account
procedure, it is clear that the effects of CMS cannot @&harkrabarti et al. 1996; Hatcher et al. 1996; Willner et
attributed simply to the food and/or water deprivation ed}. 1996; Valverde et al. 1997: see also Griffiths et al.
ements of the CMS procedure. This is because antiii692).
pressant-reversible effects on sucrose intake have been
reported in studies using procedures in which there are
no differences in food and/or water deprivation betweEace validity
the CMS and control groups (Griffiths et al. 1992; Mus-
cat and Willner 1992, expts 6-9; Cheeta et al. 1994; addition to decreasing responsiveness to rewards,
Dauge et al. 1996; Smadja 1996; Bertrand et al. 19€MS also causes the appearance of many other symp-
Valverde et al. 1997). Whatever the explanation of tthmms of major depressive disorder. Behavioural changes
effects reported by Forbes et al. (1996) and Hatcher efralanimals exposed to CMS include decreases in sexual
(1996), it does not apply to these studies. (D’'Aquila et al. 1994), aggressive (D’Aquila et al.
While anhedonia appears the most likely explanati@894), and investigative (A. Barr, personal communica-
of CMS-induced decreases in sucrose/saccharin intakéipit) behaviours, and decreases in locomotor activity.
is clear from the above discussion that this conclusibhese are seen during the dark phase of the light-dark
cannot be drawn conclusively at present. However, thyle, which is the rat's active period (Gorka et al.
conclusion that CMS induces anhedonia is not based £996); EEG measures of active waking are also de-
clusively on data from experiments measuring responsesased during the dark phase (Cheeta et al. 1997). In
to sweet tastes. Rather, this conclusion is based on ammtrast, CMS did not cause the appearance of an “anx-
vergent evidence from a variety of very different behaisus” profile in two animal models of anxiety, the elevat-
ioural tests. In particular, deficits are apparent in rewagd plus-maze and the social interaction test (D’Aquila et
paradigms that do not depend on consummatory behalv-1994), suggesting that the behavioural changes are
iour. For example, CMS causes an increase in the thregecific for depression. Animals exposed to CMS show
old current required to support intracranial self-stimulan advanced phase shift of diurnal rhythms (Gorka et al.
tion (brain stimulation reward) at electrodes implanted 1996), diurnal variation, with symptoms worst at the
the ventral tegmental area of the midbrain (Moreau et stiart of the dark (active) phase (D’Aquila et al. 1997),
1992, 1993, 1994a, b, 1995. As in the case of sucroseaind a variety of sleep disorders characteristic of depres-
take measures, the question has been raised whethesithre including decreased rapid eye movement (REM)
effects of CMS on brain stimulation reward threshokleep latency, an increased number of REM sleep epi-
might be related to loss of body weight (Forbes et abdes, and more fragmented sleep patterns (Moreau et al.
1996); and as in the case of sucrose intake measut885; Cheeta et al. 1996). They also gain weight more
their independence from body weight changes has bstwly, leading to a relative loss of body weight (Muscat
demonstrated (Willner et al. 1996). In addition to thesad Willner 1992; Willner et al. 1996), and show signs
effects on brain stimulation reward, CMS also attenuatafsincreased activity in the hypothalamus-pituitary-adre-
or abolishes the ability to associate rewards with a digl (HPA) axis, including adrenal hypertrophy (Muscat
tinctive environment (place conditioning). The latter eénd Willner 1992) and corticosterone hypersecretion
fect has been demonstrated with a variety of differgtyensu et al. 1995). Abnormalities have also been de-
natural or drug reinforcers, but does not extend to aveseted in the immune system, including an increase in se-
sive place conditioning; in the case of food-inducedm complement (Ayensu et al. 1995), decreases in thy-
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Table 1 Symptom profile of

the CMS mode Depression CMS
A. DSM-IV major depressive episode
Duration
At least 2 weeks Effects of CMS persist for up to 3 months
Core symptoms
aThe left side of the tabl Depressed mood N/A
e left side of the table Markedly diminished interest/pleasure  Decreases in sexual and investigative behaviours

shows the symptoms required
for a DSM-IV diagnosis oA
major depressive episode aad Other symptoms

decreased responses to rewards

major depressive episode with Significant weight loss Weight loss typically around 5%
melancholic features; the right [nSomnia or hypersomnia _ Disrupted sleep patterns
side of the table shows corre- Psychomotor agitation or retardation Decreased locomotor activity
sponding behavioural changes Fatigue or loss of energy ) Decreased “active waking” in EEG
in rats exposed to CMS. Diag- Feelings of Wo_rthless_r;ess or excessive N/A

i i : or inappropriate guilt
o e fine Ot laose Diminished abilty o think or (Not tested)
one core symptom: diagnods concentrate or indecisiveness
requires the core symptom and Recurrent thoughts of death or suicide N/A

three or more other symptoms. .

N/A, not applicable: this ?s B. DSM-IV melancholia

shown where the DSM-IV Core symptom

symptoms can only be known Loss of pleasure or lack of reactivity Generalized decreased in responses to rewards
through the patient’s verbal re-  to pleasurable stimuli

port. As the table refers specifi- gther symptoms

cally to DSM-1V, it excludes  pjstinct quality of depressed mood N/A

other characteristic features of pepression worst in morning Effects worst at start of dark phase

depression that have also been Early morning awakening Phase advance of diurnal rhythm of locomotor activity
reported in the CMS model,  psychomotor agitation or retardation Decreased locomotor activity

such as endocrine changes andgignificant anorexia or weight loss Weight loss typically around 5%

decreased REM sleep latency. gycessive or inappropriate guilt N/A

See text for referencas

mus weight, natural killer cell activity and reactivity tahe clinical time course of antidepressant action; a sec-
T-cell mitogens (Kubera et al. 1994, 1995), and an iond parallel with the clinic is that antidepressants act
crease in acute phase proteins that was reversedspgcifically in animals exposed to CMS, but do not alter
chronic antidepressant treatment (Sluzewska et al. 1996yarded behaviour in nonstressed control animals.
Taken together with the generalized decrease in re-Studies have been conducted in the CMS model with a
sponsiveness to rewards, these parallels to the symptande range of antidepressant and non-antidepressant
of depression, and in particular, to melancholia, are beatlpents, in addition to a number of putative novel antide-
extensive and comprehensive (Table 1). Indeed, it is pressants. Ineffective agents in the CMS model include
guable that the only symptoms of depression that haydordiazepoxide (Muscat et al. 1992}amphetamine
not been demonstrated in animals exposed to CMS @app et al. 1996), and the neuroleptics chlorprothixene,
those uniquely human symptoms that are only accessidoperidol (Papp et al. 1996) and risperidone (Moreau
to verbal enquiry (Willner 1991). There is certainly roorhi997); none of these drugs are effective as antidepressants.
in some cases for debate as to the extent to which theAlse ineffective was the alpha-2 antagonist ethoxy-
haviours observable in rats correspond to the cliniddhzoxan (Cheeta 1995), which appears to be ineffective
symptoms: for example, psychomotor retardation is fas an antidepressant in the clinic, at least as monotherapy
more complex than a simple decrease in locomotor activ-unipolar depression (W. Potter, personal communica-
ity. Nevertheless, it is worth pointing out that, accordirtgpn). Drugs shown to be effective in reversing CMS-
to the diagnostic rules summarized in the legend to Tallduced anhedonia include the tricyclics imipramine, desi-
1, a rat exposed to CMS could, in principle, legitimatefyramine and amitriptyline (Willner et al. 1987; Muscat et
attract a DSM-IV diagnosis of either major depressiat 1990; Papp et al. 1996; Sluzewska and Szczawinska
disorder or major depressive disorder with melancholi®96a; Valverde et al. 1997), the SSRIs fluoxetine, fluvox-
features. (Whether in practice one would actually wishamine and citalopram (Muscat et al. 1992; Przegalinski et
make this diagnosis is another question!) al. 1995; Marona-Lewicka and Nichols 1996; Sluzewska
and Szczawinska 1996a, b), the specific NA reuptake in-
hibitor maprotiline (Muscat et al. 1992), the monoamine
Predictive validity oxidase inhibitors moclobemide (Moreau et al. 1993)
and brofaromine (Papp et al. 1996), and the atypical anti-
The reversal of CMS-induced anhedonia typically rdepressant mianserin (Cheeta et al. 1994; Moreau et al.
quires 3—4 weeks of treatment, which closely resembl394a). In all of these studies, antidepressants were ef-




324

fective at low to moderate doses (e.g. tricyclic dosemble 2 Pharmacological profile of the CMS mog

of 5-10 mg/kg per day), and the full antidepressant Te-
sponse required, typically, 3-5 weeks of treatment. Other

less conventional, but clinically effective, antidepressantge
that are also effective in the CMS model include the anti-
manic agents lithium (Sluzewska and Szczawinska 1996a)
and carbamazepine (Sluzewsaka and Nowakowska 1994),
and the 5-HT1A partial agonist buspirone (Przegalinski et
al. 1995; Papp et al. 1996). Additionally, activity in the
CMS model has been reported for the corticosterone syn-
thesis inhibitor ketoconazole (Sluzewska and Nowa-
kowska 1994), which has been reported to have clinical

Hits Misses

Tricyclics Anxiolytic
Imipramine Chlordiazepoxide
Desipramine
Amitriptyline Neuroleptics

Haloperidol

SSRIs Chlorprothixene
Fluoxetine Risperidone
Fluvoxamine
Citalopram Psychostimulant

NA uptake inhibitor

Amphetamine

antidepressant activity in a recent open study (Thakore Maprotiline Opioid
and Dinan 1995). Finally, electroconvulsive shock (ECS) Morphine
has also been shown to restore normal responsiveness to MAO-A inhibitors
reward in animals exposed to CMS, and unlike all of the '\B"r%?:;gfnrmge
drug effects listed above, this response was present after a ,
single week of treatment (Moreau et al. 1995). Atﬁ}ﬁﬁ's erin
In addition to these clear and appropriate positive and )
negative responses, there are also a number of question- 5HBT1A agonist
able findings. For example, morphine was effective early uspirone _
in treatment at a low dose (1 mg/kg), but the effects were Electroconvulsive shock
not sustained (Smadja et al. 1995), and no activity weigbable Corticosterone synthesis _
seen at a higher dose (an escalating regime rising from inhibitor 5HT;, agonist
Ketoconazole Ipsapirone

10 to 90 mg/kg) (Papp et al. 1996); morphine has not
been shown to be an effective antidepressant in properly
conducted clinical trials, but was widely used for this

purpose in the early part of this century (Willner 1985).

Anti-manic agents
Lithium
Carbamazepine

Alpha-2 antagonist
Ethoxyidazoxan

Both mepyramine, an antihistamine, and atropine, an ﬂ§s'ble An,\t,'lg's)t,?g‘rmﬁe (None)
ticholinergic, showed antidepressant-like activity, and T

would appear to be false positives; however, it is not en- A”ﬂggg'i'rr]':rg'c

tirely clear that these drugs would not show clinical anti-

depressant activity if formally tested, and in the case &#5¢ (None) (None)

atropine, the argument that this drug might be antiderpe taple shows the results obtained in the CMS model with

pressant is quite compelling (Papp et al. 1996). Finaliytarmacological agents for which clinical data are available; ex-

unlike buspirone, the more specific 5HTpartial agonist perimental compounds tested in the model are not included. “Hits”

ipsapirone was inactive in the CMS model; and this m&§ compounds that normalize behaviour in CMS-exposed ani-
. . . s; “misses” are compounds that fail to do so. “True” are com-

represent a false negative response (Przegalinski ef,@lings that are correctly classified; “false” are compounds that

1995). However, while ipsapirone has clear anxiolytige incorrectly classified (none so far identified). References are

activity (Cutler et al. 1994), there are as yet no publishgen in the tex:

studies claiming that ipsapirone is effective in major de-

pressive disorder. Indeed, another giipartial agonist, s for d4rug development that could be used with a fair

gepirone, has been reported to be an effective antldepﬁ%%-ree of confidence

sant in non-melancholic patients, but to be ineffective in ’

melancholia, of which anhedonia is the core symptom

(Amsterdam 1992). From these data, ipsapirone woReliability

not be predicted to reverse anhedonia.

To summarize, a wide variety of antidepressant drugguch of the literature on the CMS model derives from
as well as ECS, are active in increasing responsivenesgdadk carried out in the laboratory in which the procedure
rewards in animals exposed to CMS (but not in contmiginated, and this raises the question of the extent to
animals), and the time course of the therapeutic improvehich the effects of CMS are replicable elsewhere. In
ments closely mirrors the clinical action of these agentact, while there have been relatively few full-length
Conversely, a number of non-antidepressants are inacfivblications from other laboratories, in recent years the
in the CMS model, as predicted. There are a few drugslS procedure has been quite widely adopted: some of
that appear to behave in an inappropriate manner, the laboratories that have successfully established the
some of these apparent failures may reflect inadequagiescedure are listed in Table 3.
in the clinical literature. At present, there are no un- It has also become apparent that in addition to the lab-
equivocal discrepancies between the model and the clioiatories listed in Table 3, there are also a number of lab-
(Table 2). This suggests that the CMS model providesratories in which the effects of CMS are less reliable, in
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Table 3 Utilization of the

CMS procedur:: Prinicipal Location Straif Reference

investigator

Anismart Ottawa, Canada C57BL/6J mice Griffiths et al. (1992)

De Vrye Cologne, Germany Wistar Smith et al. (1996)

Di Chiare Cagliari, Italy Sprague-Dawley  G. Di Chiara, personal communication

Hagars.d Harlow, UK Lister hooded Birmingham et al. (1995a,b)

. Moreas Basel, Switzerland Wistar Moreau et al. (1992, 1993, 1994)

2Except where stated, experi- Njchols West Lafayette, USA  Sprague-Dawley ~ Marona-Lewicka and Nichols (1996)
ments were conducted inrats  Qyerstreet  Chapel Hill, USA Flinders sensitive  Pucilowski et al. (1993); Ayensu et al.
bReferences are illustrative, not (1995)
exhaustive . Pap Krakow, Poland Wistar Papp and Moryl (1994, 1996)
¢ These workers have provided Phillipse Vancouver, Canada Sprague-Dawley  A. Barr, personal communication
Commentaries on this review  Reijcr.d Aberdeen, UK Lister hooded Matthews et al. (1995); Forbes et al.
d The dispute between the Ab- (1996)
erdeen/Harlow groups and oth- Roques Paris, France Long-Evans Bertrand et al. (1997); Valverde et al.
er laboratories concerns the in- (1997)
terpretation of CMS-induced  gyjser Nashville, USA Wistar Charkrabarti et al. (1996)
decreases in sucrose drinking, sjyzewska Lublin, Poland Wistar Sluzewska and Szczawinska (1996a,b)

rather than their reliabilii 7

the sense that the behavioural changes (e.g. decreas@<dewton, D’Aquila and Willner, unpublished data); in
sucrose drinking) are observed more sporadically, light of this problem, we now use a 2% sucrose solution in
tween or within experiments. Results of this type haWdstars, which produces more stable patterns of intake.
been observed in the laboratories of J. Hagan, whdré\Ne have recently reported that there is diurnal varia-
CMS usually decreases but under some circumstantes in sensitivity to CMS, at least in Wistar rats, which,
increases sucrose intake (Hatcher et al. 1996), C.K. Nighder our current procedures, show little or no response
sen (Copenhagen: personal communication), where theCMS when tested during the light phase of the light-
procedure reliably decreases sucrose intake in mice dantk cycle, but show typical decreases in sucrose con-
is less reliable in rats, and M.-H. Thiebot (Paris: persosaimption and preference when tested at the start of the
communication). Somewhat disconcertingly, following dark phase (D’Aquila et al. 1997).
move from London to Swansea in 1993, the CMS prode-The duration of single housing prior to the start of a
dure has worked rather erratically in our own laboratoi@MS experiment may be important, with better results
in addition to the typical long-lasting decrease in sucrasleserved (informally) with a longer duration of single
intake, we have also observed rapid habituation to thelefusing (M. Papp, personal communication). This factor
fect of CMS, some experiments have been ineffectiamuld influence the intensity of social interaction occur-
and we have sometimes seen increases in sucrose intakg.during CMS, which has been reported to be an im-
Despite several attempts to understand the sources ofpibieant element of the CMS procedure (Muscat and Will-
variability we have observed, this problem remains curer 1992).
rently unresolved. However, there are a number of clues: In some experiments, weight loss may be a confound
t masks the extent of CMS effects on sucrose intake.
have observed negative correlations between sucrose
take and body weight in animals subjected to CMS: the
feater the weight loss, the smaller the suppression of
licrose intake (D’Aquila et al. 1997).
. The possibility that different behavioural endpoints
%g. sucrose intake versus intracranial self-stimulation

1. While the effectiveness of the CMS procedure d \
not appear to be confined to a particular strain of rat (
Table 3), it has been shown that sensitivity to CMS v
ies between strains (Griffiths et al. 1992; Pucilowski
al. 1993); therefore, a procedure effective in one str
might be only marginally effective in another.

2. Our geographical move coincided with an unavoidal

%]ria%ismir? i;ﬁg:mil s,::)ppcl;\jrs' Jg%ﬁ:;ggfig rsesntémci estigation. Indeed, in some experiments we have seen
y ' npairments of place conditioning in animals that, by

may also exist petween_ rats of the same strain from at stage of the experiment, had habituated to the effect
ferent suppliers; such differences could arise either fr CMS on sucrose intake (D'Aquila and Willner, un-
genetic drift or from differences in rearing procedures. : q ’

U lished data).

g(l)\jlg fna}sﬁf b(es'tirrimro"\i/gg bsu?r?cllreeg’siltwheth%ﬁg\(/:g\r/aelrl]ifrsé 5 MS procedures differ in their details from laboratory
intensityg P y 9 laboratory, largely in relation to convenience and lo-

3. We have observed both strain and supplier differen itics. However, while some standardization of the pro-

eshold) may differ in their sensitivity to CMS merits

in sensitivity to sucrose (see also Lush 1989): the 1% a;[u(rj?stri?]aﬁi Sbﬁ tﬁgsllg?)?)lr?a{t c:n:rseir?rv?/h?c% ?ﬁg'oﬂg cga:jcssers
crose concentration that we have routinely used in PV i gl. blv f th h it d t P

Lister hooded rats is only marginally preferred to water R erates retiably from those where it does not.

some batches of Wistar rats, leading to unstable pattémgiew of these uncertainties, it is not possible to state at
of consumption in repeated tests, even in control animalesent what are the necessary and sufficient features of
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the CMS procedure. However, there are some data irflidn addition to these studies of novel antidepressants,
cating that the effect of variety within the CMS schedutee CMS model has also been used to investigate the
is simply to prevent or delay habituation, which can omechanism of action of conventional antidepressants.
cur rapidly when a single stressor is presented repeatéldigse studies have established that sensitization of
(Griffiths et al. 1992; Muscat et al. 1992). Some studiBs/D; receptors in the nucleus accumbens, following
have reported that reliable effects can be obtained wgtironic antidepressant treatment, acts as a final common
small sets of stressors (see Muscat et al. 1992): for pathway for the anti-anhedonic actions of antidepressant
ample, one laboratory has reported a series of studiedrings, irrespective of their primary mechanism of action
Long-Evans rats using a combination of only thrdesviewed in Willner 1995b).

stressors, pairing, wet bedding and underfloor heatifdg, To the extent that the CMS procedure is valid as a
each applied at night only, twice weekly (Smadja et ahodel of depression, studies of the neurobiological sub-
1995; Dauge et al. 1996; Smadja 1996; Bertrand et sifates underlying the effects of CMS can provide in-
1997; Valverde et al. 1997). In relation to the dispute d&ghts into the pathophysiology of depression. For exam-
cussed above concerning the significance of food demmie, CMS causes antidepressant-reversible changes in the
vation within the overall CMS schedule, it should be ndtinding properties of a number of neuroreceptor systems,
ed that this procedure uses no food deprivation, otliecluding decreases in ,[D; receptors in the nucleus
than the deprivation applied equally to CMS and contratcumbens and increases in cortical beta-adrenergic and
animals prior to each sucrose intake test. 5HT, receptors. CMS also increased cortical 5KTe-

As with many other behavioural procedures, laboratoeptor binding, but this effect was not reversed by chron-
ries wishing to establish the CMS procedure should notantidepressant treatment (Papp et al. 1994a, b; re-
assume that their experiments will work optimally at theewed in Willner and Papp 1997). A number of studies
first attempt. However, the CMS procedure does operhteve reported post-mortem changes in neurotransmitter
reliably in a large number of independent laboratoriaad metabolite levels (e.g. Willner et al. 1991); more in-
(Table 3). Presumably, the factors responsible for vaeresting are recent studies using microdialysis to mea-
ability of outcome will become clearer in due course. sure transmitter release in vivo. Initial results from this

technique, in animals exposed to CMS, include decreas-
es in DA release in nucleus accumbens (G. Di Chiara,
Utility personal communication) and prefrontal cortex (Smadja
1996), and a failure to respond to social stimulation with
n increase of met-enkephalin release in the nucleus ac-
mbens (Dauge et al. 1996).
'I':inally, it is important not to overlook the possibility

It is beyond the scope of this paper to review in detg
studies that have used the CMS procedure as an inng

gative tool. (Some of this material is reviewed in Willnq . ; ; >
. . t extrapolations from an animal model might increase
and Papp 1997.) However, examples will be given |H§ight into the nature of the disorder modelled. For ex-

four types of investigation, in order to illustrate some pQ- ; e .
tential applications. mple, we have confirmed predictions, derived from the

effects of CMS in an operant paradigm (Cheeta 1995),
1. A major function of animal models of depression is that the induction of a depressed mood in human volun-
antidepressant drug discovery. Drugs that appear antigers would increase cravings for chocolate (Willner et
pressant-like in the CSM procedure include the DA agal- 1997) and cigarettes (Willner and Jones 1996). A sec-
nist pramipexole, which is currently in phase 3 clinicahd example arises from the fact that the very existence
trials (Willner et al. 1994) and the COMT inhibitor tolof the CMS model implies that a relationship between
capone (Moreau et al. 1994b); the 5HBgonist BIMT chronic mild stress and anhedonia should exist in de-
17 (D’'Aquila, Monleon et al., reported in Willner 1995apressed patients. As predicted, melancholic (anhedonic)
and the 5HT releaser MMAI (Marona-Lewicka and Nipatients scored significantly higher in their subjective
chols 1996); and a variety of ligands acting as antagmrceptions of the severity of the minor stresses encoun-
nists at different loci on the NMDA receptor completered in their daily lives, relative to both non-depressed
(Papp and Moryl 1994, 1996). Ineffective agents includentrols and non-melancholic patients (Willner et al.
the enkephalinase inhibitor RB-101 (Smadja et al. 1998)90). Both of these findings are discussed further in the
and the CCK-B antagonist PD-134,308 (Smadja 1998Juthor's Response to the accompanying Commentaries.
A particular application of a chronic model of depression

is to investigate potential means of shortening the onset

latency of antidepressant action. In the CMS model, £onclusions

celeration of the onset of antidepresant action was

achieved by co-administration, with a tricyclic or am the 10 years since its first appearance (Willner et al.
SSRI, of either lithium or pindolol, both of which ard987), the CMS procedure has been extensively investi-
claimed to show the same action in the clinic (Sluzewsfiated, with encouraging results. In particular, consider-
and Szczawinska 1996a, b). Rapid onset has also balgle efforts have been made to evaluate the validity of
observed with the strychnine-insensitive-glycine-sitee procedure as a model of depression. This review has
partial agonist ACPC (Papp and Moryl 1996). summarized data pertinent to the performance of the
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CMS model on the three dimensions of predictive validrharkrabarti A, Rossby SP, Manier DH, Perrin C, Onaivi ES, Sul-
ty, face validity and construct validity, and inter alia, has ser F (1996) Molecular correlates of a chronic mild stress

o ._ model of depression. Soc Neurosci Abstr 22: 2060
addressed criticisms of the model where they have dheeta S (1995) A model of depression: assessment of the validity

en, particularly in relation to some aspects of construct of the chronic mild stress procedure. PhD thesis, University of
validity. A conservative conclusion of this review is that Wales
the CMS model appears to be at least as sound as ta S, Broekkamp C, Willner P (1994) Stereospecific reversal

: f f stress-induced anhedonia by mianserin and its (+)-enanti-
other animal model of depression, and better than most. o Psychopharmacology 116: 523-528

However, the procedure is not without problems. FOl€neeta S, Ruigt G, van Proosdij J, Willner P (1997) Changes in
most among these is the practical difficulty of carrying sleep architecture following chronic mild stress. Biol Psychia-

out CMS experiments, which are labour intensive, de- try 41:419-427

manding of space, and of long duration. (On the otHfeftler NR, Keppel Hesselink JM, Sramek JJ (1994) A phase II
! multicenter dose-finding, efficacy and safety trial of ipsapirone

hand, the chronicity of the model also represents one ofi, oypatients with generalized anxiety disorder. Prog Neuro-
its major strengths, and was an important design Objec-Psychopharmacol Biol Psychiatry 18: 447-463 o
tive.) Another significant drawback is that the procedubdAquila P, Brain PF, Wiliner P (1994) Effects of chronic mild

iffi ish i _ stress in behavioural tests relevant to anxiety and depression.
can be difficult to establish in a new laboratory, for rea Physiol Behay 56: 861867

sons that .n.eed to be understood, but Currently_ are 'Epldquila P, Newton J, Willner P (1997) Diurnal variation in the
However, it is abundantly clear that once established, aseffect of chronic mild stress on sucrose intake and preference.
is now the case in many laboratories, the CMS model Physiol Behav 62: 421-426 _
can be used to study problems that are extremely diﬁiiu(%gsg)BE;t;?”sdsEéfsgn?r(:llgeﬁ’lzglllé”:aelézg;uaﬁ gﬂn(l:(ésr?glune: BP
P i X u v - ine i
cult to address by other means. Although the mltl.al ' the nucleusyaccumbens of rats submitted to a chronic unpre-
SearCh th_”_“s procedure has_ been concerned primarilygictable mild stress regimen. Behav Pharmacol 7 [Suppl 1]: 24
with the validity of the model, it is to be hoped that theawcett J, Clark DC, Scheftner WA, Gibbons RD (1983) Assess-
next decade will focus increasingly on exploiting the po- ing anhedonia in psychiatric patients. The pleasure scale. Arch

; in imati Gen Psychiatry 40: 79-84
tential of the CMS model, in its application to the StucLyorbes NF, Stewart CA, Matthews K, Reid IC (1996) Chronic

of depression and antidepressant drug action. mild stress and sucrose consumption: validity as a model of
depression. Physiol Behav 60: 1481-1484
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