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BESSON, A., A. M. PRIVAT, A. ESCHALIER AND 1J. FIALIP. Reversal of learned helplessness by morphine in rats:
Involvement of a dopamine mediation. PHARMACOL BIOCHEM BEHAYV 60(2) 519-525, 1998.—The aim of this study
was to examine the role of dopamine neurotransmission in the effects of morphine in the learned helplessness paradigm in
rats, a generally recognized model of depression. In this model, rats first exposed to inescapable shocks (stressed rats) exhib-
ited an escape deficit in a subsequent shuttle-box test performed 48 h later for 3 consecutive days. The numbers of escape fail-
ures and intertrial crossings (motor activity during each intertrial interval) were recorded. Morphine was injected twice daily
for 5 days (6 mg/kg/day, SC), and haloperidol, a preferential D,-dopamine receptor antagonist, was injected IP 15 min before
each shuttle-box session. At the highest dose tested (150 pg/kg) haloperidol mimicked the behavioral deficit produced by in-
escapable shocks. A 37.5 pg/kg dose of haloperidol, which was ineffective by itself, reversed the morphine-induced improve-
ment of escape behavior in previously stressed rats and the morphine-induced increase in intertrial activity in both stressed
and nonstressed animals. These results support roles (a) for a dysregulation of dopaminergic neuronal activity in the expres-
sion of escape deficit subsequent to an inescapable aversive situation, and (b) for a dopaminergic mediation in the effects of

morphine in the learned helplessness paradigm. © 1998 Elsevier Science Inc.
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IN the last decades, the learned-helplessness paradigm has
elicited a great deal of interest as an animal model of depres-
sion. In this model, exposure of rodents to an uncontrollable
aversive event results in several behavioral alterations includ-
ing impairments in the learning of a subsequent active escape
response, the so-called “learned helplessness” behavior
(32,39,40,50), and reduced responsiveness to rewards (52),
which are reminiscent of the feeling of distress and the loss of
pleasure expressed in depressive patients (3,49). The validity
of this animal model is supported by the efficacy of various
antidepressants to reverse the observed behavioral alterations
(9,33,34). These considerations, together with accumulating
evidence that stressful events can help to precipitate depres-
sion (5,24), emphasize the relevance of the learned-helpless-
ness paradigm to study the neurochemical basis underlying
the behavioral impairments induced by stress in rodents,
which are similar to some human depressive symptoms.

Anatomical investigations have shown the presence of
both dopamine (DA) and opioid systems in brain areas in-
volved in the control of motivational and emotional processes
(2,13,14,41), suggesting their involvement in affective disor-
ders (2,6,10,15,17,48), and in response to stressful events
(1,8,12,23,29). Although the role of dopamine and opiates in
clinical depression is debated [see (15,17,48) for review], pre-
clinical studies using animal models of depression related to
stress point to a decreased activity of these systems of neu-
rotransmission, at least in the expression of certain symptoms,
such as anhedonia and feeling of helplessness (7,12,25,40,
42,46,50,51). Moreover, both anatomical and functional inter-
actions exist between the dopamine and opioid systems in the
brain; mu-opioid receptors are located on both presynaptic
DA neurons and GABAergic interneurons in the ventral teg-
mental area (VTA) and the substantia nigra (SN) (14,30).
Stimulation of mu-opioid receptors increases DA release and
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DA turnover, and the firing of DA neurons in the SN and
VTA (14,18,30). From a behavioral standpoint, the rewarding
and locomotor effects of morphine are related to DA neu-
ronal activity (26,31,44). Other findings suggest that stress-
induced release of endogenous opioids cause an excitation of
mesocorticolimbic dopamine neurons. For instance, naloxone
or naltrexone antagonized or prevented the increased dopam-
ine metabolism induced by footshocks (22,37) or immobiliza-
tion (11). Recently, using the learned-helplessness model in
the rat, we demonstrated that morphine both reversed the es-
cape deficit induced by footshocks and increased intertrial
crossing in helpless rats (7). We therefore undertook to deter-
mine whether the antidepressant-like effect of morphine in
this model also involved a dopamine mediation. For this pur-
pose we studied whether blockade of dopamine receptors by
haloperidol, a preferential D,-DA receptor antagonist, al-
tered the behavioral effects of morphine, a prototypic mu-opi-
oid receptor agonist, in the learned-helplessness paradigm in
the rat.

METHODS
Animals

Male Wistar rats (centre d’élevage, Janvier, France) were
used, weighing 190 to 230 g at the beginning of the experi-
ments. They were housed six per cage under standard labora-
tory conditions, with free access to food and water. All the ex-
periments took place 1 week after the reception of animals.

Apparatus and Procedure

The experimental procedure used below refers to the
method described by Martin et al. (33). The experimental pro-
tocol was approved by a local ethical committee and complies
with the guidelines for animal experimentation of the N.I.H.
(1985) and with French legislation (decrees of 20/10/87 and
19/04/88).

Shock pretraining. The rats were divided into two groups.
The first group, stressed (S), was exposed to unsignaled, ines-
capable electric footshocks delivered through a stainless grid
floor (1 m X 0.3 m), allowing simultaneous stimulation of sev-
eral rats. Randomized, scrambled shocks (15-s duration, 0.8
mA, every minute *= 15 s) were generated by an Apelex
model “LE 100-26” shocker connected to an Apelex “LI 10-
31S” random generator. Stressed animals subjected to ines-
capable shocks were individually placed in Plexiglas chambers
(20 X 10 X 10 cm) onto the electrified grid floor for 1 h. A
second group, nonstressed (NS), was placed for 1 h in the
same conditions except that the shock generator was turned
off. Pretraining was performed on day 1, between 0800 to
1500 h.

Avoidance—escape training. Forty-eight hours after pre-
training, all the animals were exposed to an avoidance—escape
task in automated two-way shuttle-boxes (OSYS-OrgaSys-
tem) with black walls and an electrified grid floor. Each shut-
tle-box was divided into two equal-size compartments by a
stainless steel partition with a gate that provided access from
one compartment to the other. Rats were placed one in each
shuttle-box. A 5-min adaptation period was allowed before
beginning a series of 30 trials, 24 s apart. In each trial, a light
signal came on for the first 3 s (conditioning signal) during
which rats were allowed to avoid shock (avoidance response).
If no crossing occurred within this period, an electric foot-
shock (3 s duration, 0.8 mA) was delivered. A single crossing
from the electrified compartment to the other within this lat-
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ter period was considered as an escape response. If no escape
response occurred, light and shock were discontinued, and an
escape failure was recorded. Two parameters were counted:
escape failures (EFs) and intertrial crossings (ITCs). The
number of EFs was considered as an index of the helpless be-
havior. ITC is related to the number of crossings in the inter-
val between two trials and could be considered as a measure
of a “nonspecific” motor activity (i.e., a motor activity other
than the desired escape response) (16). The avoidance—escape
session was repeated on days 4 and 5, but no period of adapta-
tion was allowed.

Drug Administration

Two sets of experiments were performed.

Influence of different doses of haloperidol on escape behav-
ior. This series of experiments was performed to determine
the dose of haloperidol to be used in further interaction studies.

Rats submitted to inescapable shocks (S) or not (NS) on
day 1 were divided in the same manner, as follows (8 to 12
rats/group): (a) control rats received water (S-C and NS-C
groups); and (b) six other groups received haloperidol at three
different doses: 37.5 wg/kg (NS-H37.5 and S-H37.5); 75 pg/kg
(NS-H75 and S-H75); 150 pg/kg (NS-H150 and S-H150). All
the haloperidol-treated groups received the drug acutely 15
min before each shuttle-box session on days 3, 4, and 5.

Morphine X haloperidol interaction. A second series of ex-
periments was performed to determine whether the effects of
morphine in the learned-helplessness paradigm (7) were de-
pendent on a dopamine receptor activation. We also studied
the interaction between haloperidol, a preferential D,-DA re-
ceptor antagonist, and morphine, a mu-opioid agonist, on
both EF and ITC.

Rats submitted to inescapable shocks (S) or not (NS) on
day 1 were divided in the same manner as follows (8 to 12 rats/
group): (a) control rats received water (S-C and NS-C
groups); (b) two groups received 6 mg/kg/day of morphine (S-M
and NS-M groups). The first dose was injected 4 h after the
session of inescapable shocks (S-M) on day 1, and then twice
daily (4 mg/kg/day in the morning, and 2 mg/kg/day in the
evening) on 4 consecutive days. The morning injections on
days 3, 4, and 5 were given 30 min before the shuttle-box ses-
sion. The dose of 6 mg/kg/day was chosen because previous
experiments had shown that 4 to 8 mg/kg/day of morphine
completely reversed escape failures induced by inescapable
shocks (7); and (c) two other groups were treated with the
morphine-haloperidol combination: NS-M-H and S-M-H
groups. The 37.5 pg/kg dose of haloperidol was used because
it was ineffective by itself in our procedure. Haloperidol was
acutely injected in the morning on days 3, 4, and 5, 15 min af-
ter morphine injection and 15 min before the shuttle-box test.

Morphine hydrochloride (Coopération Pharmaceutique
Francaise, Melun, France) was dissolved in saline and injected
subcutaneously (SC) in a volume of 1 ml/kg. Haloperidol
(Janssen-Cilag, Boulogne-Billancourt, France) was dissolved
in saline and injected intraperitoneally (IP) in a volume of 2.5
ml/kg. Control rats were injected IP with water.

Statistical Analysis

The number of EFs and ITCs recorded over the 30 trials of
each shuttle-box session were expressed as mean = SEM for
each session.

The statistical analyses concerning the EFs were per-
formed by two-way analyses of variance with repeated mea-
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sures (RM-ANOVAs). The design comprised two grouping
factors (“stress” and “treatment”), and one dependent variable
(EF) that was measured three times (days 3, 4, 5). Once the
fully factorial RM-ANOVA was estimated, a post hoc Bonfer-
roni test for multiple pairwise comparisons was performed.

Because the individual data concerning ITCs in the second
set of experiments did not follow a normal distribution, these
data were analyzed by a nonparametric test, the Kruskal—
Wallis ANOVA on ranks, followed by the Dunnett test for
multiple pairwise comparisons. We used Spearman’s rank cor-
relation to detect any possible association between the two
parameters (ITC and EF) in NS-M, S-M, NS-MH, and S-MH
groups, the scores obtained during the three shuttle-box tests
being pooled for each type of treatment.

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

RESULTS

Effects of Haloperidol in the Learned Helplessness
Model (Fig. 1)

The overall RM-ANOVA revealed a significant effect of
the factors “stress,” F(1, 68) = 15.47, p < 0.05, and “treat-
ment,” F(3, 68) = 5.46, p < 0.05, as well as a slight but signifi-
cant “stress” X treatment interaction, F(3, 68) = 2.84, p =
0.044. More precisely, as shown in Fig. 1, the multiple pairwise
comparisons revealed a significant impairment of escape re-
sponse in nonstressed rats injected acutely with 75 or 150 pg/
kg of haloperidol, 15 min before the shuttle-box session (NS-
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H75 vs. NS-C and NS-H150 vs. NS-C: p < 0.05), whereas no
dose of haloperidol induced any significant change in the es-
cape behavior in previously stressed rats. The multiple pair-
wise comparisons showed that exposure of nontreated rats to
IS significantly impaired their escape response in a subse-
quent escape task compared with their nonstressed counter-
parts, whatever the day of the shuttle-box session (S-C vs. NS-
C: p < 0.05, days 3, 4, 5). Interestingly, the “within-subject”
analysis did not reveal any significant influence of the re-
peated measures on factors “stress” and “treatment.”

Effects of Haloperidol on Responses to Morphine in the
Learned Helplessness Paradigm (Fig. 2).

Escape behavior (Fig. 2A). The overall RM-ANOVA re-
vealed a significant effect of the factors “stress,” F(1, 83) =
36.62, p < 0.05, and “treatment,” F(3, 83) = 5.43, p < 0.05, but
no interaction between these two factors, F(3, 83) = 2.43,p >
0.05. Moreover, the “within-subject” analysis revealed that
the effect of stress varied with the repetition of the escape ses-
sions in a nonlinear way (multivariate repeated-measures
analysis for “repeated measures X stress”) F(2, 82) = 4.06,p <
0.05. This may be because the number of EFs tended to de-
crease between the first and the third shuttle-box sessions in
the NS-C group while it tended to increase in the S-C group.
The multiple pairwise comparisons showed that exposure of
the rats to IS significantly impaired their escape response dur-
ing the three subsequent shuttle-box sessions (S-C vs. NS-C: p <
0.05, days, 3, 4, 5). Subchronic injections of morphine (4 mg/
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FIG. 1. Influence of haloperidol on escape behavior in the learned-helplessness paradigm. Data are the mean escape failure number (= SEM)
during the 30 trials of the three daily shuttle-box sessions, on days, 3, 4, and 5, after exposure to inescapable shocks (S-groups) or not (NS-
groups). Haloperidol (37.5 wg/kg; 75 pg/kg) was administered intraperitoneally 15 min before each shuttle-box session in both S-groups and NS-
groups. #: Indicates that mean escape failure number of (S) control rats injected with saline statistically differs from (NS)-control rats (#p < 0.05,
#itp < 0.01, ###p < 0.001). *:Indicates that the escape response of (NS) haloperidol-treated groups statistically differs from the (NS) control

group (*p < 0.05; **p < 0.01, **#p < 0.001).
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kg, am., and 2 mg/kg, p.m. for 5 days) reversed IS-induced es-
cape deficit during all three shuttle-box sessions. Although
nonstressed rats treated with this regimen of morphine per-
formed better than their control counterparts (NS-C), this dif-
ference did not reach a statistical level of significance (Fig.
2A). Interestingly, an acute dose of haloperidol (37.5 pg/kg),
although ineffective by itself, significantly and completely an-
tagonized the response to morphine in previously stressed rats
(Fig. 2A). However, haloperidol did not impair the escape re-
sponse of nonstressed rats treated with morphine (Fig. 2A).

Day 3

30 307
25 251

204

mean escape failure number / 30 tnals
o
mean escape failure number / 30 trials
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Intertrial crossings (ITC) (Fig. 2B). The Kruskal-Wallis
ANOVA on ranks indicated out that a subchronic administra-
tion of morphine (6 mg/kg/day X 5 days) induced a significantly
increased number of ITCs in both NS and S groups. This ef-
fect of morphine on ITC was enhanced on reexposure to the
shuttle-box test in both NS-M and S-M groups. At the dose
used in the present experiments, haloperidol did not alter in-
tertrial activity in either NS or S rats. When an acute injection
of haloperidol was given 15 min before the shuttle-box ses-
sions in morphine-treated rats, the mean value of ITC de-
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NS: rats not submitted to inescapable shocks on day 1

S: rats submitted to inescapable shocks on day 1

FIG. 2. Influence of haloperidol on escape response of morphine-treated rats (A) and on
intertrial crossings (ITC) (B) in the learned-helplessness paradigm. Data are the mean escape
failure number and ITC number (= SEM) during the 30 trials of the three shuttle-box sessions
(days 3, 4, 5) after exposure to inescapable shocks (S) or not (NS). Both (NS) and (S) rats were
treated with either saline (controls), morphine (6 mg/kg/day) or morphine (6 mg/kg/day)-halo-
peridol (37.5 pg/kg) combination. Morphine was injected subcutaneously during 5 consecutive
days, the first injection taking place 4 h after inescapable shocks pretraining or restraint on day
1, and then twice daily (4 mg/kg in the morning and 2 mg/kg in the afternoon). For the mor-
phine-haloperidol treatment, haloperidol (37.5 pg/kg) was injected intraperitoneally only in
the morning on days 3, 4, and 5, 15 min after morphine and 15 min before the shuttle-box test.
*:Indicates that (NS) rats treated with morphine alone or (S) rats treated with morphine alone
statistically differ from their respective control groups (*p < 0.05). #:Indicates that (NS) rats
treated with morphine-haloperidol combination statistically differ from the (NS) morphine-
treated group or that (S) rats treated with morphine—haloperidol combination statistically dif-
fer from the (S) morphine-treated group (#p < 0.05).
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clined whatever the level of stress, and with a more pro-
nounced inhibition of the effect of morphine during the last
shuttle-box session (Fig. 2B). Despite the three- to eightfold
drop in mean ITC values in NS-MH and S-MH groups com-
pared with NS-M and S-M groups, respectively, during the 3
days of shuttle-box test these differences were statistically sig-
nificant on the last day only.

Relationship between EF and ITC. Spearman’s correlation
on ranks indicated a significant negative correlation between
these two parameters in S-M and S-MH rats (S-M: r =
—0.490, p = 0.015; S-MH: r = —0.394, p = 0.021), with the
number of EFs decreasing while the number of ITCs in-
creased in these two groups. A negative correlation was also
found for the NS-MH rats (r = —0.488, p = 0.004), but no sig-
nificant correlation between the two parameters was found
for the NS-M rats (r = 0.016, p = 0.937), this last group dis-
playing no significant improvement in escape behavior com-
pared with the NS-C group (Fig. 2A).

DISCUSSION

Several points emerged from the data reported here: (a)
acute injections of haloperidol impaired the escape behavior
of nonstressed rats dose dependently (Fig. 1). (b) In contrast,
6 mg/kg/day of morphine significantly improved the escape
behavior of previously stressed rats (Fig. 2A), and signifi-
cantly increased the number of ITCs in both NS and S rats
(Fig. 2B). (c) A dose of haloperidol, although ineffective by itself
(37.5 pg/kg, IP), completely suppressed morphine-induced re-
versal of EF in stressed rats (Fig. 2A), and altered morphine-
induced increase in ITCs in both NS and S rats (Fig. 2B).

Few investigators have recorded intertrial activity (ITCs)
during the shuttle-box test. However, Geoffroy and Chris-
tensen (16) have suggested that intertrial activity is an indica-
tion of “nonspecific motor activity” (or spontaneous motor
activity) and they showed the usefulness of measuring it to as-
sess a possible contribution of psychostimulant effects of
drugs in the learned-helplessness paradigm. On this basis, we
found it helpful to count ITCs in parallel with the EFs to de-
tect whether a change in locomotor activity might participate
in the behavioral interaction between morphine and haloperi-
dol studied here.

Nonstressed rats receiving 75 or 150 pg/kg of haloperidol
displayed a significant increase in EFs, so that their escape be-
havior became similar to stressed rats injected with vehicle.
These results support previous reports indicating the induc-
tion of an escape deficit in nonstressed mice given 75 pg/kg of
haloperidol 30 min before a shuttle-box test (4) and in non-
stressed rats given 20 mg/kg of haloperidol 24 h before a shut-
tle-box test (40). Likewise, haloperidol (0.3 mg/kg, IP) in-
creased the duration of immobility in the forced swimming
test (FST) in mice (25). In this first series of experiments we
did not report the effects of haloperidol on ITCs because of
the low number of ITCs performed by rats in the NS-C group.
A similar inhibition of mesolimbic DA activity may underly
the behavioral effects of haloperidol and uncontrollable stress
in the learned-helplessness paradigm as both of them have
been shown to interact with this system [see (12), for review].
Haloperidol is largely considered as a preferential D,-DA re-
ceptor antagonist. However, it binds to other types of recep-
tors; in addition to its high D,-DA receptor blocking potency,
haloperidol is a putative sigma-1 ligand, displaying similar na-
nomolar affinity for both sites (28, 43, 45). Hence, both sigma
receptor blockade and D,-DA receptor blockade may be in-
volved in the behavioral effect of haloperidol in the learned-
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helplessness model, mainly because both types of receptors
were found in brain areas associated with the control of mem-
ory, emotion, and motor activity (13, 20, 35, 47). To elucidate
the contribution of D,-DA receptor site in this effect of halo-
peridol, we would need to study the effects of sulpiride, a se-
lective D,-DA receptor antagonist devoid of affinity for sigma
sites (20, 38). In any case, changes in DA neurotransmission
may be a final pathway to the effects of haloperidol because
some experimental evidence supports the view that sigma re-
ceptors regulate dopaminergic function in nigrostriatal, meso-
cortical, and mesolimbic areas (21, 47). On the other hand, it
is very unlikely that D;-DA- and 5 HT,, serotonergic-recep-
tor subtypes were involved in this effect of haloperidol be-
cause Matsubara et al. (36) reported the absence of occupa-
tion of these sites with acute intraperitoneal doses of
haloperidol up to 0.5 mg/kg in in vivo assays. In addition, in
vitro receptor binding and in vivo receptor occupancy assays
clearly demonstrated that haloperidol has about 20 and 14
times more affinity to D,-DA receptors than 5 HT,,-seroton-
ergic receptors and «;-adrenergic receptors, respectively, and
its affinity for D;- and D;-DA receptor subtypes is 200 and 20
times lower than for D,-DA sites, respectively (43).
Interestingly, naloxone, a selective opioid antagonist, dis-
played the same activity profile as haloperidol in our model
(7), i.e., both drugs mimicked the behavioral deficit induced
by an uncontrollable stress despite their divergent receptor
binding affinities. Therefore, a dysregulation of both dopam-
inergic and opioid neurotransmission is likely to contribute to
the expression of stress-induced escape deficit. Moreover,
biochemical studies have indicated a regulation of dopamine
neurotransmission by endogenous opioid release in response
to stressful event [see the introductory paragraphs; (11, 22, 37)].
As shown in Fig 2, morphine (6 mg/kg/day, SC) suppressed
the inescapable shock-induced escape deficit and stimulated
intertrial activity in both nonstressed and stressed groups as
previously seen (7). Morphine-induced reversal of escape fail-
ures was completely suppressed by haloperidol by the first
shuttle-box session (Fig. 2A), whereas morphine-induced in-
creased intertrial activity was significantly antagonized by ha-
loperidol during the third shuttle-box session only (Fig. 2B).
The lack of a significant antagonization of morphine-induced
stimulation of intertrial activity during the first two shuttle-
box sessions was probably due to the wide interindividual
variability of ITC values within the different treated groups.
Consequently, increasing the number of rats per group would
probably produce a statistically significant difference. An in-
terindividual variability of ITC values has previously been
reported with morphine (7) and D,-DA agonists (16). This
behavioral antagonism cannot be ascribed to a direct competi-
tion at opioid receptor sites; haloperidol shows no affinity for
mu, delta, and kappa opioid receptors, and a high affinity for
the sigma receptor (43) for which morphine has negligible af-
finity (27). It is more likely that blockade of postsynaptic D,-
DA receptor sites by haloperidol prevents morphine indi-
rectly enhancing postsynaptic DA neurotransmission, proba-
bly via the stimulation of mu-opioid receptors located on DA
neuron terminals. These results indicate that both a mu-opi-
oid mediation and a D,-DA mediation are necessary for the
expression of morphine activity in the learned-helplessness
paradigm. However, a role for a sigma mediation in the be-
havioral interaction between morphine and haloperidol can-
not be completely ruled out, as no information is available
about a possible indirect functional interaction of morphine
with sigma transmission. Additional studies with the selective
D,-DA receptor antagonist, sulpiride, would be helpful to de-
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lineate the respective roles of DA and sigma mediation in the
suppression of morphine effects by haloperidol in the learned-
helplessness paradigm. Anyway, this study shows that opioid
and DA neurotransmissions act concomitantly in the learned
helplessness model that involves motivational, emotional, and
motor components (19, 33, 50).

We emphasize the statistical correlation between the im-
provement of escape behavior and the increased intertrial ac-
tivity in S-M rats. In addition, the suppression by haloperidol
of morphine-induced reversal of EF in stressed rats was signif-
icantly correlated with the suppression of morphine-induced
enhancement of intertrial activity. A reversal of escape deficit
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along with an increased intertrial activity was observed with
various D,-DA receptor agonists and was attributed to their
psychostimulant properties, whereas well-known antidepres-
sant drugs do not alter intertrial activity (16). Together, these
data demonstrate that the behavioral interaction between
morphine and haloperidol in the learned-helplessness para-
digm results from the suppression of morphine-induced hy-
perlocomotor activity through a dopaminergic mechanism.
Thus, the effects of morphine in the learned-helplessness par-
adigm may be related to its psychostimulant-like activity pro-
duced by an indirect DA stimulation rather than a pure anti-
depressant profile.
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