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Abstract:

Several clinical data indicate that depression is frequently comorbid with psychostimulant (cocaine, amphetamines) addiction. This

short review summarizes preclinical results and observations showing how reward processes are modified in animal models of de-

pression, and which depression-like effects are induced in experimental animals withdrawn from chronic treatment with

psychostimulants.

Key words:

depression, drug addiction, comorbidity, psychostimulants, preclinical studies

Epidemiological and clinical data indicate a high

comorbidity between depression and drug addiction.

The comorbidity varies by the type of abused drugs,

the rates of major depressive disorder (MDD) reach-

ing 54% in opioid-dependent, 38% in alcohol-

dependent, and 32% in psychostimulant-dependent

patients compared with only 7% in the whole popula-

tion [30]. However, other authors reported that, for

example, cocaine dependence and MDD are highly

comorbid among treatment-seeking cocaine-users and

are estimated to be as high as 60% [48].

As far as the neurobiology of such comorbidity is

concerned, different mechanisms may be involved de-

pending on the temporal course of its development.

Depression followed by drug abuse may reflect an at-

tempt to self-medicate a depression state, while drug

abuse followed by depression may result from an

early exposure to chronic drugs of abuse, which leads

to neurobiological changes increasing the risk of

depression [58].

From the preclinical point of view it is clear that the

rewarding activities of psychostimulant drugs are modi-

fied in experimental models of depression and that

depression-like effects are observed in animals with-

drawn from chronic treatment with psychostimulants.

The most frequently used experimental model of

depression for studying the comorbidity between de-

pression and psychostimulant drugs is olfactory-

bulbectomy (OBX) of rats. In that model several ef-

fects resembling symptoms of depression, including

a decreased sucrose preference and sexual behavior

(anhedonia-like behaviors), enhanced locomotor re-

sponses to stress (agitation-like behavior), cognitive

impairments, disruptions in sleep and circadian
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rhythms, an elevated corticosterone level, immune

dysfunction and others were observed [26]. Moreover,

such OBX-induced effects were antagonized by

chronic, but not acute, administration of a number of

antidepressant drugs (for review see [29]). However,

it should be noted that in some experiments the

OBX-induced anhedonia (shown as an increase in the

intracranial self-stimulation threshold) was a short-

lasting effect, not amenable to investigation of the re-

sponses to pharmacological interventions [53].

Using the above-described model, Holmes et al.

[26] demonstrated that OBX rats acquired intravenous

self-administration of a very low dose (0.012 mg/kg/

infusion) of amphetamine sooner than sham-operated

controls. Those authors also found that stable self-

administration of a low dose (0.1 mg/kg/infusion) of

the psychostimulant was markedly enhanced in OBX

rats. They regarded their results as a support to the hy-

pothesis that enhanced addictive properties of am-

phetamine may stem from such neurochemical effects

as the increased dopamine D2 receptor sensitivity in-

duced by OBX [35] and that was demonstrated in de-

pressive patients [57]. At the same time, on the basis

of the literature data showing that OBX rats exhibited

deficits in the acquisition of a variety of operant tasks,

Holmes et al. [26] excluded the possibility that en-

hanced acquisition of amphetamine self-administra-

tion was due to better learning capacity.

Similar results were recently reported by Kucerova

et al. [31], who studied intravenous methamphetamine

self-administration in OBX rats. Actually, they found

increases in low-dose (0.08 mg/kg/infusion) metham-

phetamine intake in OBX rats, that effect being demon-

strated in animals chronically (14 days) pretreated with

saline or methamphetamine. Moreover, they also

showed that such chronic intermittent pretreatment

with methamphetamine decreased the drug intake dur-

ing self-administration (considered as a proof of behav-

ioral sensitization and suggesting higher rewarding

properties of methamphetamine) in sham-operated, but

not OBX, rats; in the latter case, however, a tendency

to attenuate methamphetamine intake was also ob-

served. Importantly a considerably more potent co-

caine- or cue-induced reinstatement of cocaine seeking

behavior was demonstrated in OBX rats compared to

sham-operated controls, either group being extin-

guished from cocaine self-administration [21].

Effects of OBX on the rewarding activity of cocaine

were also studied in a model of cocaine-induced condi-

tioned place preference by Calcagnetti et al. [12]. The

latter authors found that olfactory bulbectomy, but not

zinc sulfate-induced anosmia, disrupted the expres-

sion of the place preference, since OBX rats spent

much less time in a cocaine-paired environment than

did sham-operated animals. They excluded the possi-

bility that the above-reported effect of OBX was due

to impaired memory, since the interoceptive cue

strength of cocaine in stimulus discrimination experi-

ments was not attenuated, as could be expected, in the

case of memory impairment. On the other hand, those

authors suggested that the generally accepted OBX-

induced anhedonia prevented the rewarding effects of

cocaine.

A sensitization phenomenon is an important para-

digm which models some aspects of drug addiction.

Although – as mentioned above – OBX does not in-

duce visible sensitization to methamphetamine self-

administration [31], sensitization to the cocaine-

induced locomotor hyperactivity in OBX rats has

been reported. Thus, Slattery et al. [53] demonstrated

that OBX rats exhibited a significantly more pro-

nounced locomotor hyperactivity upon a challenge

with cocaine given following the withdrawal (17

days) from repeatedly (7 days) cocaine-treated ani-

mals compared to sham-operated controls. An in-

creased cocaine-induced locomotor hyperactivity was

also observed by Chambers et al. [14] although the

latter authors did not conduct their experiment using

a classic paradigm for sensitization. They found that

OBX rats treated repeatedly (7 days) with cocaine dis-

played hyperactivity during 7 daily sessions, as did

similarly treated sham-operated animals, although

a loss of incremental increases in hyperlocomotion

was observed in OBX rats. Chambers et al. [14] also

demonstrated that – in contrast to temporary anosmic

animals – OBX rats exhibited an augmented sponta-

neous locomotor activity in a novel environment.

Those authors also suggested that this effect enhanced

some aspects of the vulnerability to addiction.

Another experimental model for studying of the

comorbidity between depression and addiction in-

volves rats selectively bred for depression-like pheno-

types. These animals (SwLo rats) display a low activ-

ity in the forced swim test model of depression and

show a dysfunction of dopamine mesolimbic signal-

ing. Importantly, they also self-administer excessive

amounts of amphetamine or cocaine according to an

oral consumption paradigm as compared to SwHi rats

bred for a high activity in the forced swim test [59].

Since in context of drug addiction voluntary oral drug
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self-administration has some serious limitations, op-

erant behavioral studies into some aspects of intrave-

nous self-administration of psychostimulants were

undertaken in the same laboratory [33] in which the

fixed ratio, progressive ratio, extinction and reinstate-

ment responding to cocaine or amphetamine were ex-

amined in SwLo and SwHi rats. In contrast to the oral

consumption paradigm, it was shown that SwLo rats

responded less readily to either cocaine or ampheta-

mine than did SwHi rats in several experiments, espe-

cially in the progressive ratio and the reinstatement

tests [33].

Summing up, all the above-cited results concerning

modifications of reward processes in the animal mod-

els of depression are not coherent. For example, the

findings that show an increase in the rewarding activ-

ity assessed in a self-administration paradigm [21, 26,

31] and in the hypersensitivity to the locomotor ef-

fects [14, 53] of psychostimulants in OBX rats sup-

port the self-medication hypothesis of comorbidity

between depression and drug addiction. On the other

hand, those showing rather attenuation of the rein-

forcing effects of psychostimulants in conditioned

place preference model in OBX rats [12] and in self-

administration tasks in SwLo rats [33] are not in line

with the above hypothesis. Therefore, further studies

are necessary to validate the model of comorbid de-

pression and drug addiction.

At the same time, it has been well established that

withdrawal from high and/or extended doses of psy-

chostimulants in humans evokes several symptoms

that resemble those associated with MDD. Moreover,

a large number of below described preclinical behav-

ioral and other studies indicate that the core symp-

toms of depression (depressed mood, anhedonia) can

be reproduced in experimental animals upon psy-

chostimulant withdrawal (for review see [5, 6, 40]).

For example, it has been shown that upon amphet-

amine withdrawal rats exhibited distinct increases in

immobility in the forced swim test, while mice dis-

played an increased immobility in the tail suspension

test, these tasks being used as paradigms for measur-

ing not only antidepressant activity, but also depres-

sive symptoms in rodents [16]. During cocaine with-

drawal some dysphoric states (at least partly equiva-

lent to depressed mood in humans) have manifested

themselves as high-frequency ultrasonic vocalization

[15], a paradoxical response to a conditioned place

preference/avoidance procedure [19] or decreased

grooming [51]. Moreover, a kind of dysphoric state

has been demonstrated in drug discrimination model.

Actually, during amphetamine withdrawal rats mim-

icked the effect of a low dose of haloperidol, and the

dysphoria after a low dose of the neuroleptic has been

demonstrated in humans [54].

Several results obtained with experimental animals

have also shown that psychostimulant withdrawal pro-

duces anhedonia, demonstrated by an intracranial self-

stimulation (ICSS) procedure, an instrumental re-

sponse to sweet solutions or sexual behavior. In fact,

using the ICSS paradigm, amphetamine or cocaine

withdrawal induces a significant elevation of reward

thresholds (an increase in the current intensity or fre-

quency of an electric stimulus, required to maintain re-

sponding) interpreted as an ICSS deficit and a dimin-

ished hedonic capacity [34, 38, 39]. Importantly,

a comparable degree of such anhedonia has been found

in rats that self-administer or receive passive injections

of a psychostimulant. Rats trained instrumentally for

a sucrose solution intake on the progressive ratio

schedule of reinforcement exhibited a reduced motiva-

tion to receive the rewarding stimulus during ampheta-

mine withdrawal [7]. Similarly, upon cocaine with-

drawal, rats were shown to attenuate responding on the

fixed-ratio schedule for a sweetened drinking solution,

that effect being reversed by readministration of the

psychostimulant [13]. At the same time, cocaine with-

drawal either decreased or increased the drug-seeking

behavior, being a time-dependent effect and reflecting

a decreased or an increased interest in obtaining co-

caine reward [52, 56]. As far as a sexual behavior is

concerned, sexually experienced male rats exhibited

a reduced interest in sexually receptive females during

amphetamine withdrawal [4].

Other symptoms of MDD, such as changes in the

eating behavior and sleep pattern, were also demon-

strated in animals upon psychostimulant withdrawal.

In fact, like in depressive patients, hyperphagia and

a preference for carbohydrates were shown after ter-

mination of the chronic treatment with psychostimu-

lants [3]. In line with depressive-like changes, in-

creased sleeping time and REM sleep density, were

also reported during amphetamine and/or cocaine

withdrawal [18, 55].

A diminished locomotor activity [25], occasionally

combined with catalepsy [37], and enhanced reversal

learning in the Morris water maze task [49], either ef-

fect resembling psychomotor retardation and cogni-

tive deficits in MDD, respectively, were also observed

in animals withdrawn from chronic psychostimulant

administration.
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One of the symptoms of cocaine and – less fre-

quently – amphetamine withdrawal is an increased

level of anxiety. It was found in a number of experi-

mental models such as ultrasonic vocalization [15],

a fear-potentiated startle response [23], conditioned

avoidance [22], the elevated plus maze model [41],

defensive burying [8] and others. Since the increased

level of anxiety occurs in MDD, the above data indi-

cate that anxiogenic effect psychostimulant with-

drawal may be regarded as model of depression.

Besides the above-described behavioral effects of

psychostimulant withdrawal, there are also several

neurochemical, endocrinological and other effects re-

sembling those found in depressive patients. Changes

in norepinephrine (e.g., an increased norepinephrine

transporter binding, desensitization of a2-adrenoce-

ptors) [9, 11] and serotonin (5HT) (an altered 5-HT2A
and 5-HT1B receptor sensitivity, functional down-

regulation of 5-HT3 receptors, decrease in extracellular

5-HT concentration) [10, 17, 42, 46] neurotransmission

induced during amphetamine or cocaine withdrawal

are similar to those demonstrated in MDD [1, 24]. The

reduced functioning of the mesolimbic dopamine sys-

tem has also been shown to be responsible for depres-

sion in humans [20, 32] and has been demonstrated (a

reduced extracellular level of dopamine, a decreased

D1 receptor binding and an increased D2 receptor bind-

ing, a decreased dopamine transporter binding) in ex-

perimental animals upon psychostimulant withdrawal

from either contingent or non-contingent psychostimu-

lant administration [28, 36, 43].

A dysfunction of the HPA axis manifesting itself as

an elevated level of cortisol, a decreased dexametha-

sone-mediated negative feedback and an increased

cerebrospinal level of corticotrophin releasing factor

(CRF), has been demonstrated in depressive patients

[27, 45]. At the same time, elevated levels of cortico-

sterone and ACTH were shown after cessation of

chronic cocaine or amphetamine treatment [50, 60].

Moreover, cocaine withdrawal has been reported to

increase CRF level in limbic brain nuclei [47], the lat-

ter effect being in line with the hypothesized role of

the peptide in depression [2].

Another link between psychostimulant withdrawal

and depression is based on a series of observations

which indicate that locomotor deficits and anhedonia

occurring after termination of the chronic administra-

tion of cocaine or amphetamine are attenuated by dif-

ferent antidepressant drugs (for review see [44]).

The above-discussed results of preclinical studies

indicate that construct, face, etiological and predictive

validities of the psychostimulant withdrawal model of

depression may be useful to better understanding the

nature of comorbidity between drug addiction and de-

pression.
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