
 

Pharmacology Biochemistry and Behavior, Vol. 64, No. 3, pp. 541–548, 1999
© 1999 Elsevier Science Inc.

Printed in the USA. All rights reserved
0091-3057/99/$–see front matter

 

PII S0091-3057(99)00102-1

 

541

 

Dopaminergic and Opioidergic Mediations of 
Tricyclic Antidepressants in the Learned 

Helplessness Paradigm

 

A. BESSON,* A. M. PRIVAT,* A. ESCHALIER† AND J. FIALIP*

 

Equipe NPPUA (NeuroPsychoPharmacologie, Université d’Auvergne), 

 

*

 

Laboratoire de Pharmacologie,
Faculté de Pharmacie, 

 

†

 

Laboratoire de Pharmacologie Médicale Faculté de Médecine, 28,
place Henri-Dunant, BP 38, 63001 Clermont Ferrand Cedex 1, France

 

Received 25 June 1998; Revised 12 April 1999; Accepted 12 April 1999

 

BESSON, A., A. M. PRIVAT, A. ESCHALIER AND J. FIALIP.

 

Dopaminergic and opioidergic mediations of tricyclic
antidepressants in the learned helplessness paradigm.

 

 PHARMACOL BIOCHEM BEHAV 

 

64

 

(3) 541–548, 1999.—The roles
of dopaminergic and opioid neurotransmissions in the activity of three tricyclic antidepressants endowed with different
monoamine-reuptake properties [desipramine (DESI), imipramine (IMI), amineptine (AMN)] were examined using a be-
havioral model of depression in rats; the learned helplessness paradigm. In this model, exposure of rats to inescapable shocks
(day 1) produced a subsequent escape deficit in a shuttle box test (days 3, 4, and 5). The escape deficit was reversed by AMN,
DESI, and IMI administered twice daily for 5 days (16 and 32 mg/kg/day, 

 

p

 

 

 

,

 

 0.05, days 3, 4, and 5). In addition, AMN tended
to enhance the motor activity of rats during the intertrial intervals, but on the first shuttle-box test only (day 3: 

 

p

 

 

 

,

 

 0.05, con-
trol vs AMN). Haloperidol, a preferential D

 

2

 

 dopamine receptor antagonist, acutely injected IP (37.5 

 

m

 

g/kg), suppressed the
behavioral activity of DESI and IMI but not that of AMN. Naloxone, a preferential mu-opioid receptor antagonist, acutely
injected IP (0.5 mg/kg), suppressed the behavioral activity of IMI but not that of DESI and AMN. It is concluded that an in-
creased dopaminergic activity is a neurochemical effect common to the different tricyclic antidepressants (via a presynaptic
mechanism for AMN and a postsynaptic mechanism for DESI and IMI), whereas an increased mu-opioid neurotransmission
does not appear to be essential. © 1999 Elsevier Science Inc.

 

Antidepressants Haloperidol Dopamine Opioid Rat Learned helplessness

 

THE learned helplessness paradigm meets the different crite-
ria of validity (face, predictive, construct validities) to qualify
as a reliable animal model of depression [for review, see
(24,37,38,69)]. In this model, previous exposure of rats to an
uncontrollable aversive event induces a subsequent impair-
ment in the performance of an escape task (37,49,69). This be-
havioral alteration is reversed by the subchronic administra-
tion of various antidepressant drugs (8,20,43–45,56,57).
Hence, this model appears suitable to study the neurobiologi-
cal mechanisms of action of antidepressant drugs.

Preclinical studies have focused mainly on noradrenaline
and serotonin neurotransmissions in the mechanism of action
of antidepressants (6,12,19,26,31,51). However, there is in-
creasing evidence that the biochemical effects of these drugs
are much more complex, involving other neuromediators,

among which dopamine (DA) may play a crucial role. For in-
stance, in vivo binding experiments have indicated that re-
peated administration of amitriptyline, imipramine, and mi-
anserine increased the affinity of a specific D

 

2

 

 DA ligand in
the striatum and limbic forebrain and the density of D

 

2

 

 DA
receptors in the limbic region only (40). In addition, various
tricyclic antidepressants enhance DA release in the prefrontal
cortex and the striatum (9,27,64,65). Fluoxetine, a specific se-
rotonin reuptake inhibitor, also appears to interact with DA
systems, with effects depending on the administration sched-
ule and the brain area studied [see (27,40,64,65), for review].
Other microdialysis studies have shown that long-term admin-
istration of desipramine produced an increase in the ability of
amphetamine to release DA in the nucleus accumbens (NAC)
(47) as well as in the ventral tegmental area (VTA) (61),
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whereas short-term treatment did not (61). From a behavioral
point of view, long-term treatment with various antidepres-
sants increases the locomotor effects of indirect and direct
dopamine stimulant drugs, for example, amphetamine, apo-
morphine, and quinpirole, suggesting a supersensitivity of
postsynaptic D

 

2

 

 DA receptors induced by chronic antidepres-
sant treatments (13,39,50,59). In two animal models of depres-
sion, the forced swimming test and stress-induced anhedonia,
the effects of various antidepressants have been found to be
abolished by D

 

2

 

 DA receptor antagonists (11,52,70), while D

 

2

 

/
D

 

3

 

 DA receptor agonists presented antidepressant-like effects
(46,70).

An opioid mediation has also been suggested in the mech-
anism of action of antidepressant drugs. Few behavioral stud-
ies are available, but they support the hypothesis of an opioid
mediation in the thymoanaleptic properties of antidepres-
sants. Naloxone inhibits the effects of various tricyclic anti-
depressants in the forced swimming test, and the effect of
imipramine in learned helplessness (15,42). Binding and bio-
chemical studies are more controversial regarding the interac-
tion of antidepressants with opioid systems, depending on the
antidepressant treatment used and the brain area studied. For
instance, a decrease, an increase, and no change in opioid
binding by tricyclic antidepressants have all been reported
(2,23,29,60). Repeated administration of amitriptyline has
been found to enhance Met-enkephalin levels in the hypothal-
amus but not in the cerebral cortex , while amoxapine did not
affect its levels in either region (23). In another biochemical
study, acute or prolonged administration of IMI and single or
repeated electroconvulsive shocks (ECS) were found to in-
crease the levels of Met-enkephalin in the NAC, while only
ECS induced increased levels of Met-enkephalin in the VTA
(18). In addition, repeated IMI or ECS, but not their single
administration, increased mRNA coding for proenkephalin in
the NAC (18).

Interestingly, using the learned helplessness model in rats
we found that haloperidol, a preferential D

 

2

 

 DA receptor
antagonist, and naloxone, an opioid antagonist, produced an
escape deficit per se in rats not previously exposed to inescap-
able shocks, and that they both suppressed the antidepressant-
like effects of morphine (3,4).

These results raised the question of whether increased DA
and/or opioid neurotransmission can account for the reversal
of escape deficit by antidepressant drugs in the learned help-
lessness model. In the present study, we studied the activity of
amineptine (AMN), an antidepressant with DA-uptake inhib-
itory properties (7) and of two classical tricyclic antidepres-
sants, desipramine (DESI) (noradrenaline reuptake inhibi-
tion) and imipramine (IMI) (serotonin and noradrenaline
reuptake inhibition) (53,54), through their interaction with
haloperidol and naloxone.

 

METHOD

 

Animals

 

Male Wistar rats (Janvier, France) weighing 195–220 g on
the first day of the experiments were used. They were housed
six to eight per cage under standard laboratory conditions,
with free access to food and tap water. All the experiments
started 1 week after reception of the rats.

 

Apparatus and Experimental Procedure

 

The experimental procedure used below refers to the
method described by Martin et al. (43). The experimental pro-

tocol was approved by a local ethical committee and complied
with the guidelines for animal experimentation of the Na-
tional Institutes of Health (1985) and with the relevant French
legislation (1987 and 1988).

 

Shock pretraining. 

 

The rats were divided into two groups.
The first group (stressed, S) was exposed to unsignalled ines-
capable electric footshocks (IS) delivered through a stainless
steel grid floor (1 

 

3

 

 0.3 m) allowing simultaneous stimulation
of several rats. Randomized scrambled shocks (15 s duration,
0.8 mA, every min 

 

6

 

 15 s) were generated by an Apelex
model “LE 100-26” shocker connected to an Apelex “LI 10-
31S” random generator. Stressed rats subjected to the IS pro-
cedure were individually placed in a plexiglas chamber (20 

 

3

 

10 

 

3

 

 10 cm) on the electrified grid floor for 1 h. A second
group (nonstressed, NS) was placed for 1 h in the same condi-
tions, except that the shock generator was turned off. Pre-
training was performed on day 1, between 0800 and 1500 h.

 

Avoidance-escape training. 

 

Forty-eight hours after pretrain-
ing (i.e., day 3), all the rats were exposed to an avoidance-
escape task in automated two-way shuttle-boxes (OSYS-Orga
System) with black walls and an electrified grid floor. The rats
were placed singly in one of the four shuttle-boxes. A 5-min
environmental adaptation period was allowed before the be-
ginning of 30 trials (intertrial interval 

 

5

 

 24 s). For each trial, a
light signal came on for the first 3 s (conditioning signal), dur-
ing which time the rats were allowed to avoid the shock
(avoidance response). If no crossing occurred within this pe-
riod, an electric footshock (3-s duration, 0.8 mA) was deliv-
ered. A single crossing from the electrified compartment to
the other one made within this latter period was called an es-
cape response. If no escape response occurred, light and
shock were turned off, and there was an escape failure
(learned helplessness behavior). The shuttle-box test was re-
peated on days 4 and 5, but no period of adaptation was used.
Two parameters were recording in each shuttle-box session:
escape failures (EF

 

s

 

) and intertrial crossings (ITC

 

s

 

). ITC cor-
responds to the crossing of the rat from one compartment to
the other during the intertrial interval, and was considered as
a measure of unconditioned motor activity (20).

 

Drug Administration

Antidepressant treatments. 

 

The administration schedule used
refers to that described by Martin et al. (43). Only stressed rats
were injected with drugs according to the protocol of Martin
et al. (43) and to data appearing in the review of Thiebot et
al. (68). Unstressed rats received vehicle. Antidepressants
were injected repeatedly on 5 consecutive days. The first in-
jection was administered 4 h after the shock pretraining on
day 1, and then twice daily, in the morning (30 min before
the escape test) and the evening (1800 h, except on day 5).
Three doses were tested for each antidepressant (8, 16, and 32
mg/kg/day; 10 to 14 rats/dose) to determine the doses to be
used in the interaction studies. These doses did not induce
any signs of toxicity. The weight gain of treated rats was simi-
lar to that of untreated rats from day 1 to day 5, and there was
no death up to 10 days beyond the end of the experiment. The
first injection corresponded to the complete dose, and then
half the dose was given at each injection. Antidepressants
were injected intraperitoneally in a volume of 5 ml/kg of body
weight. Imipramine hydrochloride (Ciba-Geigy, Rueil-Mal-
maison, France) and desipramine hydrochloride (Ciba-Geigy,
Rueil-Malmaison, France) were dissolved in distilled water.
Amineptine hydrochloride (Servier, Neuilly sur Seine, France)
was dissolved in distilled water containing a few drops of dim-
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ethylsulfoxide [D.M.S.O. (0.0001%)]. Each drug was studied
separately.

 

Involvement of a dopaminergic mediation in the effects of
antidepressant treatments. 

 

In this series of experiments, we
chose a dose of antidepressant (32 mg/kg/day) that produced
a complete reversal of the escape deficit in stressed rats, and a
dose of haloperidol that did not induce an escape deficit by it-
self (37.5 

 

m

 

g/kg) (4). Haloperidol was administered intraperi-
toneally once a day, on days 3, 4, and 5, 15 min after the anti-
depressant and 15 min before the escape training.

Haloperidol (Janssen, Boulogne-Billancourt, France) was
dissolved in distilled water and injected in a volume of 2.5 ml/
kg of body weight.

Rats submitted to IS on day 1 were randomly divided into
eight groups, comprising one control group (S-C), three anti-
depressant-treated groups (DESI, IMI, and AMN), one group
given haloperidol alone (Hal), three groups given an acute
dose of haloperidol in addition to one of the subchronic anti-
depressant treatments (DESI

 

1

 

Hal, IMI

 

1

 

Hal, AMN

 

1

 

Hal).
Rats not submitted to IS on day 1 were injected with dis-

tilled water (NS-C). At least 10 rats per group were used.

 

Involvement of an opioid mediation in the effects of anti-
depressant treatments. 

 

In this series of experiments, we chose
a dose of antidepressant (32 mg/kg/day) that produced a com-

plete reversal of the escape deficit in stressed rats, and a dose
of naloxone that did not induce an escape deficit by itself (0.5
mg/kg) (3). Naloxone was administered intraperitoneally once
a day, on days 3, 4, and 5, 15 min after the antidepressant and
15 min before the escape training.

Naloxone hydrochloride (Sigma, L’Isle-d’Abeau, France)
was dissolved in distilled water and injected intraperitoneally
in a volume of 5 ml/kg of body weight.

Rats submitted to IS on day 1 were randomly divided into
eight groups,comprising one control group (S-C), three anti-
depressant-treated groups (DESI, IMI, and AMN), one group
given naloxone alone (Nal), three groups given an acute dose
of naloxone in addition to one of the subchronic antidepres-
sant treatment (DESI

 

1

 

Nal, IMI

 

1

 

Nal, AMN

 

1

 

Nal).
Rats not submitted to IS on day 1 were injected with dis-

tilled water (NS-C). At least 10 rats per group were used.

 

Statistical Analyses

 

The number of EF

 

s

 

 and ITC

 

s

 

 recorded over the 30 trials of
the shuttle-box test were expressed as mean 

 

6

 

 SEM.

 

Escape failure. 

 

In the first series of experiments the dose
effect of each antidepressant was evaluated by two-factor
analyses of variance (ANOVAs), the factors being “doses”

TABLE 1

 

EFFECT OF DESIPRAMINE (A), IMIPRAMINE (B), AND AMINEPTINE (C) ON THE ESCAPE
BEHAVIOR DURING THE THREE SHUTTLE-BOX SESSIONS

Mean Number of Escape Failures

Doses
(mg/kg/day, IP)

 

n

 

First Session Second Session Third Session

 

A No exposure to inescapable shocks
Controls 13 10.46 

 

6

 

 1.47 8.92 

 

6

 

 2.32 7.54 

 

6

 

 2.16
Exposure to inescapable shocks

Controls 12 18.33 

 

6

 

 2.50* 18.00 

 

6

 

 2.39* 18 .58 

 

6

 

 2.30*
Desipramine
8 13 14.85 

 

6

 

 1.50 18.23 

 

6

 

 1.93 20.85 

 

6

 

 2.70
16 10 11.36 

 

6

 

 3.50† 11.20 

 

6

 

 2.98 10.90 

 

6

 

 2.88†
32 14 11.36 

 

6

 

 1.67† 8.50 

 

6

 

 2.03† 6.43 

 

6

 

 1.46†
B No exposure to inescapable shocks

Controls 12 9.08 

 

6

 

 1.70 6.58 

 

6

 

 2.29 6.00 

 

6

 

 2.08
Exposure to inescapable shocks

Controls 12 21.17 

 

6

 

 1.73* 21.50 

 

6

 

 2.23* 21.58 

 

6

 

 1.85*
Imipramine
8 10 20.50 

 

6

 

 2.84 22.10 

 

6

 

 2.44 21.10 

 

6

 

 2.73
16 12 10.33 

 

6

 

 2.44† 10.83 

 

6

 

 2.20† 11.67 

 

6

 

 2.54†
32 13 9.85 

 

6

 

 1.82† 8.59 

 

6

 

 1.80† 6.92 

 

6

 

 2.08†
C No exposure to inescapable shocks

Controls 10 9.10 

 

6

 

 1.92 8.70 

 

6

 

 2.39 5.40 

 

6

 

 1.77
Exposure to inescapable shocks

Controls 12 19.00 

 

6

 

 2.88* 21.00 

 

6

 

 2.53* 20.50 

 

6

 

 2.61*
Amineptine
8 11 18.46 

 

6

 

 2.37 16.82 

 

6

 

 2.40 18.64 

 

6

 

 2.71
16 12 10.25 

 

6

 

 3.26† 10.42 

 

6

 

 3.53† 9.67 

 

6

 

 3.09†
32 12 11.00 

 

6

 

 2.84† 10.50 

 

6

 

 3.11† 10.83 

 

6

 

 3.01†

The drugs were administered intraperitoneally twice a day for 5 consecutive days, the first injec-
tion taking place 4 h after the inescapable shocks on day 1. Data are the mean (

 

6

 

SEM) escape fail-
ure number over the 30 trials of the shuttle box test.

*Indicates a significant difference between the control rats exposed to inescapable shocks and the
control rats not exposed to inescapable shocks.

†Indicates a significant difference between the treated group and the controls group exposed to
inescapable shocks (

 

p

 

 

 

,

 

 0.05; two-factor ANOVAs followed by PLSD Fisher’s tests).
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(between subject factor; five levels) and “daily shuttle-box
session” (within subject factor; three levels). Post hoc analy-
ses were carried out with the PLSD-Fischer’s test. For the in-
teraction studies, we were interested in assessing the influ-
ence of haloperidol or naloxone on the effects of each
antidepressant, but not in comparing the effect of one antide-
pressant drug with the others. Accordingly, statistical analy-
ses were performed individually for each antidepressant drug
by a one-factor ANOVA, followed by the PLSD-Fischer’s
test for the pairwise comparisons. In the interaction studies,
statistical analyses were performed on the last shuttle-box
session only (day 5).

 

Intertrial crossings. 

 

As a previous work (19) showed an in-
creased motor activity during intertrial intervals with dopa-
mine stimulant drugs, we compared the dose effect of AMN
with DESI and IMI on the number of ITC

 

s

 

 during the three
shuttle-box sessions. Because these data did not display a nor-
mal distribution, the results concerning ITC were analyzed by
a nonparametric test, the Kruskal–Wallis ANOVA on ranks,
followed by Dunnett’s test for multiple pairwise comparisons.

In all cases, the 0.05 level of significance was chosen.

 

RESULTS

 

Antidepressant Treatments (Tables 1 and 2)

 

Two-factor ANOVAs carried out on escape performance
exhibited by rats treated with the three antidepressants tested
revealed a significant “dose” effect, 

 

F

 

(4, 116) 

 

5

 

 6.754, 

 

F

 

(4,
108) 

 

5

 

 11.826, 

 

F

 

(4, 104) 

 

5

 

 4.161, for DESI, IMI, and AMN,
respectively, but no “daily session” effect, 

 

F

 

(2, 116) 

 

5

 

 0.875,

 

F

 

(2, 108) 

 

5

 

 0.679, 

 

F

 

(2, 104) 

 

5

 

 0,784, for DESI, IMI, and
AMN, respectively. As revealed by post hoc analyses, expo-
sure to IS significantly increased the number of escape failures
by itself during the three SB sessions (Table 1). IS-induced es-
cape deficit was reversed by the three antidepressants tested
in the same range of doses (16 and 32 mg/kg/day, 

 

p

 

 

 

,

 

 0.05)
(Table 1). This effect of antidepressant drugs was detected at
the first SB session.

The nonparametric analyses carried out on intertrial activ-
ity revealed that DESI and IMI did not change this parameter
in stressed rats whatever the shuttle-box session (data not

shown). Kruskall–Wallis analyses performed in rats treated
with AMN revealed a significant “dose” effect on the first
shuttle-box session only (

 

H

 

 

 

5

 

 12.238, 

 

p

 

 

 

,

 

 0.05). More pre-
cisely, the Dunnett’s pairwise comparisons revealed that the
number of ITC

 

s

 

 was significantly higher in rats treated with 16
and 32 mg/kg/day of AMN compared with stressed control
and nonstressed control rats (Table 1). The effects of AMN
on ITC

 

S

 

 gradually decreased approaching the level in the
nonstressed control group, but nonetheless remained ele-
vated relative to untreated stressed animals (Table 2).

 

Involvement of a Dopaminergic and/or an Opioid Mediation 
in the Effects of Antidepressant Treatments (Figs. 1 and 2)

 

Consistent with previous results, the present statistical
analyses showed a significant alteration of escape behavior in
stressed rats. This deleterious effect of IS was reversed by the
three antidepressants used (32 mg/kg/day of AMN, DESI,
IMI vs. S-C: 

 

p

 

 

 

,

 

 0.01). Haloperidol suppressed the effects of
DESI and AMI assessed in the last shuttle-box test (antide-
pressant vs. antidepressant-haloperidol: 

 

p

 

 

 

,

 

 0.01) but not that
of AMN (Fig. 1). Hal-induced reversal of DESI and IMI ef-
fects were more marked over the successive daily shuttle-box
tests. DESI vs. DESI-Hal: 12.64 

 

6

 

 2.60 vs. 19.31 

 

6

 

 2.06 (day
3) (

 

p

 

 

 

,

 

 0.05); 9.55 

 

6

 

 2.00 vs. 16.39 

 

6

 

 2.42 (day 4) (

 

p

 

 

 

,

 

 0.05);
9.00 

 

6

 

 2.43 vs. 18.92 

 

6

 

 2.24 (day 5) (

 

p

 

 

 

, 0.01). IMI vs. IMI-
Hal: 9.17 6 1.63 vs. 14.63 6 2.41 (day 3) (p , 0.05); 6.58 6
1.50 vs. 14.31 6 1.95 (day 4) (p , 0.05); 6.92 6 2.10 vs. 16.13 6
1.92 (day 5) (p , 0.01).

Naloxone suppressed the effect of IMI but not those of
DESI and AMN assessed on the last shuttle-box test (Fig. 2).
Nonetheless, Nal-induced reversal of IMI effect in stressed
rats was not statistically significant in the first two shuttle-box
tests. IMI vs. IMI-Nal: 7.00 6 1.16 vs. 12.21 6 2.56 (day 3)
(p , 0.05); 8.33 6 2.17 vs. 14.67 6 3.08 (day 4) (p , 0.05);
5.83 6 2.16 vs. 14.42 6 3.09 (day 5) (p , 0.05).

DISCUSSION

First, these results show that AMN, a tricyclic antidepres-
sant with DA reuptake blockade properties (7), reversed the
escape deficit observed in the learned helplessness model in

TABLE 2
EFFECT OF AMINEPTINE ON THE NUMBER OF INTERTRIAL CROSSINGS (ITCS)

DURING THE THREE SHUTTLE-BOX SESSIONS

Doses
(mg/kg/day, IP)

Mean Number of Intertrial Crossings

n First Session Second Session Third Session

No exposure to inescapable shocks
Controls 10 2.8 6 0.77 2.8 6 0.72 3 6 0.83

Exposure to inescapable shocks
Controls 12 1.67 6 0.57 0.75 6 0.25 0.58 6 0.26
Amineptine (mg/kg/day, IP)
8 11 1.36 6 0.62 1.09 6 0.72 1.36 6 0.51

16 12 8.92 6 2.31*† 4.58 6 1.67† 2.50 6 0.89
32 12 8.83 6 2.68*† 3.82 6 1.44 4.50 6 2.36†

Amineptine was administered as described in Table 1.
*p , 0.05 between the treated group and the controls group not exposed to inescapable

shocks.
†p , 0.05 between the treated group and the controls group exposed to inescapable

shocks (Kruskall–Wallis’ tests).
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FIG. 1. Effect of an acute dose of haloperidol (37.5 mg/kg, IP) on the escape performance in the shuttle box test (day 5) of stressed rats treated
with 32 mg/kg/day of an antidepressant. Stressed rats were rats exposed to inescapable shocks on day 1. Data are the mean (6SEM) escape fail-
ure number over the 30 trials of the shuttle box test. NS-C 5 control rats not exposed to inescapable shocks, S-C 5 control rats exposed to ines-
capable shocks, HAL 5 haloperidol. # indicates a significant difference from the S-C group (#p , 0.05, ##p , 0.01), * indicates a significant
difference between the antidepressant-treated rats given an acute injection of haloperidol and the group treated with the antidepressant alone
(*p , 0.05, **p , 0.01) (one-factor ANOVAs).

FIG. 2. Effect of an acute dose of naloxone (0.5 mg/kg, IP) on the escape performance in the shuttle-box test (day 5) of stressed rats treated
with 32 mg/kg/day of an antidepressant. Stressed rats were rats exposed to inescapable shocks on day 1. Data are the mean (6SEM) escape fail-
ure number over the 30 trials of the shuttle box test. NS-C 5 control rats not exposed to inescapable shocks, S-C 5 control rats exposed to ines-
capable shocks, NAL 5 naloxone. # indicates a significant difference from the S-C group (#p , 0.05, ##p , 0.01), * indicates a significant
difference between the antidepressant-treated rats given an acute injection of naloxone and the group treated with the antidepressant alone
(*p , 0.05, **p , 0.01) (one-factor ANOVAs).
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the same range of doses and following the same time course as
IMI and DESI, two classical tricyclic antidepressants en-
dowed with NA and mixed 5-HT/NA reuptake blockade
properties, respectively (53,54). IMI and DESI (16 and 32 mg/
kg/day) reversed the escape deficit without altering intertrial
activity, confirming a previous report by Geoffroy and Chris-
tensen (20) with tricyclic antidepressants and MAOIs. In rats
treated with 16 or 32 mg/kg/day of AMN a significant increase
in ITCs was observed during the first shuttle-box session com-
pared with control nonstressed rats and no-drug stressed rats
(Table 2). Thereafter, the intertrial activity of AMN-treated
rats decreased to become statistically nondifferent from the
score for control nonstressed rats, although still elevated com-
pared with untreated stressed rats. A concomitant increase in
escape performance and in ITCs was previously reported for
DA psychostimulant drugs, but no repeated shuttle-box test
was used (20), and for indirect and direct opioid receptors ag-
onists (enkephalinase inhibitors, Leu- and Met-enkephaline,
morphine) for which the stimulant effects on the two parame-
ters were maintained during the three shuttle box sessions
(3,66,67). Our previous work (3) showed that in rats treated
with an active dose of morphine, ITCs, and EFs were nega-
tively correlated and were both affected by haloperidol, sug-
gesting that the effects of morphine in the learned helpless-
ness procedure were related to a psychostimulant-like activity
produced by an increased DA transmission. In the present
work, the number of escape responses in rats treated with
AMN was stable for the same dose during the three shuttle-
box tests, while the number of ITCS decreased. Thus, an en-
hancement of locomotor activity cannot directly account for
the improvement of escape performance produced by AMN,
and the profile of action of AMN in the learned helplessness
model appears to be related more to that of other tricyclic an-
tidepressants than to that of amphetamine and opiates. This
suggests that AMN, but not DESI and IMI, possesses a pri-
mary stimulant effect upon psychomotor retardation that may
play a role in its antidepressant activity; the psychomotor
stimulant effect disappears, whereas the antidepressant effect
is maintained. This specific profile of AMN may explain its
short time of action in depressed patients (7 days) compared
with other tricyclic antidepressants (21 days) and its preferen-
tial efficacy in depression with anergy and inhibition (33).

Second, an acute dose of haloperidol though ineffective by
itself, administered 15 min before the shuttle-box test, pre-
vented the expression of the antidepressant-like effects of
DESI and IMI. Haloperidol binds to the D2 DA receptor and
the sigma-1 receptor with similar nanomolar affinities (35,55,62).
Both types of receptors are, therefore, implicated in the be-
havioral interaction between DESI or IMI and haloperidol in
the learned helplessness procedure. However, in the forced
swimming test (11,52), haloperidol antagonized the antiimmo-
bility produced by DESI, as did sulpiride, a specific D2 DA re-
ceptor antagonist, and fluphenazine, a neuroleptic compound
with no affinity for non DA binding sites (25,30,48). Hence, it
is very likely that the interaction between the two antidepres-
sants and haloperidol in the present learned helplessness pro-
cedure occurred through D2 DA receptors. The present re-
sults using the learned helplessness paradigm thus support
those obtained with the forced swimming test, indicating that
a DA mechanism is involved in the expression of the antide-
pressant-like effect of DESI and IMI. Because DESI and IMI
have no affinity for dopamine receptor sites or for DA-uptake
sites (21,53,63), the reversal of their behavioral effect by halo-
peridol cannot readily be explained by a direct interaction at
the receptor level, but may rather be an indirect increased re-

sponsiveness of postsynaptic D2 DA receptors. This interpre-
tation is suggested by behavioral and microdialysis studies
showing that repeated administration of DESI and IMI en-
hanced the response to DA receptor agonists administered
systemically or directly into the terminal regions of DA neu-
rons (39,50,59,61), and by themselves enhanced DA levels in
postsynaptic regions (27,65). In addition, antidepressants have
been found to increase DA release in the accumbens and the
prefrontal cortex (17). Also, repeated treatment with amitrip-
tyline and imipramine increased the affinity of D2 DA recep-
tors for a specific agonist in the striatum and the limbic fore-
brain, and increased the density of D2 DA receptors in the
latter, suggesting that repeated administration of these tricy-
clic compounds induced a functional D2 DA receptor upregu-
lation (40). However, it is possible that D2 DA receptors are
not solely involved, as recent works has shown that antide-
pressant drugs, IMI in particular, enhanced the responsive-
ness of D3 DA receptors, probably via an increase in the den-
sity of these receptors (41).

In contrast to the above results with DESI and IMI, halo-
peridol did not alter the antidepressant-like effects of AMN in
our experimental procedure. Consequently, the activity of
AMN in the learned helplessness paradigm appears not to be
mediated by a supersensitivity of D2 DA receptors. Given the
results of biochemical and binding studies indicating that
AMN enhanced DA release and inhibited DA uptake (1,10),
leading to higher extracellular levels of DA in postsynaptic ar-
eas (28), it is very likely that an increased DA output plays a
role in its behavioral effects in the learned helplessness proce-
dure but rather via a presynaptic mechanism and without in-
creasing the responsiveness of D2 DA receptors.

The interactions of antidepressant drugs with a subeffec-
tive dose (0.5 mg/kg) of naloxone were equivocal, depending
on the antidepressant drug tested. The low dose of the opiate
antagonist used in the present interaction study suggests that
it was relatively selective for the mu-receptor subtype. An
acute dose of naloxone did not change the behavioral activity
of DESI and AMN, whereas it significantly antagonized the
activity of IMI. The inability of naloxone to reverse the be-
havioral effect of DESI in our experimental procedure is at
variance with the reversal by naloxone of DESI-induced anti-
immobility in the forced swimming test in mice (15). This dis-
crepancy may be explained by the different dose of naloxone
(2 mg/kg vs. 0.5 mg/kg). The dose of 2 mg/kg of naloxone was
not tested in the present study because we previously ob-
served an intrinsic activity of naloxone at this dose in the
learned helplessness paradigm in rats (3). The different proto-
col of administration of DESI (acute vs. chronic) between the
two studies may also influence the results. We can also sug-
gest that the behavioral effects of antidepressant drugs re-
corded in the two experimental procedures are not identically
sensitive to the same neurochemical alterations. However, the
lack of interaction between nomifensine, a compound with
DA-uptake blockade properties, and naloxone in the forced
swimming test (15) was consistent with the present results
concerning the lack of interaction between AMN, another
DA-uptake blocker, and naloxone. The results of Martin et al.
(42), using the same experimental procedure as us, indicating
a suppression by naloxone of imipramine-induced reversal of
escape deficit in rats agree with our observation concerning
the interaction of imipramine with opioid ligands. Unfortu-
nately, these authors did not report the interaction of nalox-
one with other antidepressant drugs. A possible explanation
for the difference observed between IMI and DESI may lie in
the higher potency of IMI to block 5-HT uptake compared
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with DESI (53), because there is evidence of interrelation-
ships between the serotonin system and the mu-opioid system
(71). The present interaction of IMI with naloxone cannot
readily be accounted for by a direct interaction at opioid re-
ceptor levels because several binding studies have reported a
low affinity of tricyclic antidepressants for these sites (IC50 5
1025 to 1026 M) (2,5,29,58). In the light of previous results
(18), it is more likely brought about by increased levels of en-
dogenous Met-enkephalin in the mesolimbic system. Such an
effect of IMI on opioid neurotransmission might participate
in its effect on the DA system described above because it is
well established that mu-opioid neurons interact with DA
neurons (14,32,34), and that opioid compounds enhance cen-

tral dopaminergic activity (16,22,36). In any case, these find-
ings suggest that an enhancement of mu-opioid transmission
is not the main action of antidepressant treatments.

In conclusion, the present results show that daily adminis-
tration of AMN, like other antidepressant drugs, counteracts
the escape deficit induced by a session of inescapable shocks.
They suggest that an increased DA output plays a role in this
antidepressant effect of AMN, DESI, and IMI, but via a pre-
synaptic mechanism for AMN and a postsynaptic mechanism
for DESI and IMI, whereas an opioid mechanism is not a
common action of these drugs, and does not seem to be nec-
essary in the expression of their activity.
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