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Chronic Blockade of Neurotensin Receptors 
Strongly Reduces Sensitized, but Not Acute, 
Behavioral Response to D-amphetamine
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Hélène Scarna, Ph.D., and Anne Bérod, Ph.D.

 

This study investigated the effect of a chronic blockade of 
neurotensin (NT) receptors on the sensitized behavioral 
response to amphetamine using a nonpeptide NT receptor 
antagonist, SR 48692. Rats received four injections of 
D-amphetamine (0.5 or 1 mg/kg, IP) every other day (day 1, 
3, 5 and 7) and were then challenged with the same dose of 
amphetamine after a 6-day withdrawal (day 14) to establish 
the presence of locomotor sensitization. Daily 
administration of SR 48692 (1 mg/kg, IP) throughout the 
amphetamine regimen (day 1 to day 14) almost completely 
blocked the sensitized locomotor response to amphetamine 
without affecting stereotyped behaviors (experiment 1). The 
decreased amphetamine-induced sensitization in 
chronically SR 48692-treated rats did not appear to result 
from an influence on basal locomotor activity, as chronic 
SR 48692 treatment did not modify the spontaneous 

locomotor activity developed in response to mild stresses 
(experiment 2). Moreover, we showed that chronic 
pretreatment with SR 48692 (1 mg/kg, 14 daily IP 
injections) had no effect on the locomotor activation induced 
by a single IP administration of amphetamine (experiment 
3). These data suggest that a sustained blockade of NT 
receptors considerably reduces the sensitized behavioral 
response to amphetamine without altering the acute effect of 
this psychostimulant or the locomotor activation induced by 
a mild stress. This ability of SR 48692 to specifically reduce 
the behavioral sensitization to amphetamine suggests that 
NT receptor antagonists could have potential clinical utility 
in the treatment of some psychiatric disorders.
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Repeated intermittent administration of psychostimu-
lants, such as amphetamine and cocaine, leads to a pro-

gressive enhancement of their behavioral stimulant ef-
fects, as well as a long-lasting hyperreactivity in response
to environmental or pharmacological challenges (Antel-
man et al. 1980; Kalivas and Stewart 1991). This phe-
nomenon, termed behavioral sensitization, is considered
as a useful animal model for drug-induced psychosis
and drug craving in humans (Robinson and Becker
1986; Robinson and Berridge 1993; Lieberman et al.
1997; Laruelle 2000).

The mesoaccumbens dopaminergic (DA) system,
which originates within the ventral tegmental area
(VTA) and projects to the nucleus accumbens (NAC),
plays an important role in the behavioral sensitization
to psychostimulants. Thus, repeated injections of am-
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phetamine into the VTA produce sensitized locomotor
responses to systemic injections of amphetamine, co-
caine and morphine. In contrast, although amphet-
amine produces locomotor stimulation upon acute in-
jection into the NAC, repeated intra-NAC injections do
not lead to sensitization (Kalivas and Weber 1988; Vez-
ina and Stewart 1990; Hooks et al. 1992; Cador et al.
1995). Other studies have established that the mecha-
nisms leading to the induction of sensitization require
the action of DA, somatodendritically released by am-
phetamine, on D1 receptors in the VTA whereas DA re-
lease in the NAC appears as the prime event for the ex-
pression of behavioral sensitization (Vezina 1993, 1996;
Pierce and Kalivas 1997a).

However, recent studies support the view that the
neural underpinnings of behavioral sensitization impli-
cate additional limbic areas and neurotransmitters such
as the medial prefrontal cortex (mPFC) and its glutamater-
gic components (Wolf 1998; Cador et al. 1999) or the
ventral pallidum and its GABAergic components (Pierce
and Kalivas 1997a). Likewise, several lines of evidence
suggest that neurotensin (NT), a neuropeptide closely
associated with DA systems, could play a role in stimu-
lant-induced sensitization. Indeed, NT has been shown
to co-exist with DA in a subset of mesencephalic neu-
rons that project to the NAC and mPFC (Hökfelt et al.
1984; Kalivas and Miller 1984; Seroogy et al. 1987;
Studler et al. 1988; Bayer et al. 1991) and to be co-
released with DA following psychostimulant adminis-
tration (During et al. 1992; Hertel et al. 1996). Moreover,
the injection of NT into the VTA produces psychostimu-
lant-like behavioral and neurochemical activation ef-
fects such as increased locomotor activity and rearing
(Kalivas et al. 1983; Cador et al. 1985) and enhanced ex-
tracellular levels of DA in the NAC (Kalivas and Duffy
1990; Laitinen et al. 1990; Sotty et al. 1998). Interestingly,
repeated injection of NT into the VTA leads to a behav-
ioral and neurochemical sensitization (Kalivas and Tay-
lor 1985; Elliott and Nemeroff 1986; Kalivas and Duffy
1990). Finally, cross-sensitization between NT and psy-
chostimulants has been observed. Indeed, repeated acti-
vation of NT receptors in rats sensitizes to the stimulant
effect of amphetamine (Rompré 1997) and reciprocally,
rats which develop enhanced locomotor response to the
specific DA uptake inhibitor GBR 12783 are also sensi-
tized to the stimulant motor effect of [D-Trp 

 

11

 

] NT, a NT
agonist (Boulay et al. 1996).

Recently, several studies using a selective NT recep-
tor antagonist, SR 48692 (Gully et al. 1993) provided evi-
dence for the involvement of endogenous NT in the be-
havioral activating effects of cocaine (Horger et al. 1994;
Betancur et al. 1998) and amphetamine (Rompré and
Perron 2000). These studies however suggest that
SR 48692 may differentially alter psychostimulant be-
havioral effects according to its administration schedule.
Chronic preexposure to SR 48692 delayed the develop-

ment of cocaine sensitization in rats, whereas its admin-
istration only prior to each cocaine or amphetamine in-
jection respectively did not affect (Horger et al. 1994) or
only slightly reduced behavioral sensitization (Rompré
and Perron 2000). The purpose of the present study was
thus to examine whether chronic blockade of NT recep-
tors with SR 48692 could lead to a lasting attenuation of
the sensitization phenomenon to amphetamine.

 

MATERIALS AND METHODS

Animals

 

Male Sprague-Dawley (OFA strain) rats (Iffa-Credo,
France) weighing 200 to 220 g were housed four per
cage in a temperature (22

 

�

 

C) controlled environment un-
der a 12:12-h light/dark cycle (light from 6:00 

 

A

 

.

 

M

 

. to
6:00 

 

P

 

.

 

M

 

.), with ad libitum access to food and water. Rats
were allowed to habituate one week to the animal room
prior to their use. The experiments were performed be-
tween 11:00 

 

A

 

.

 

M

 

. and 5:00 

 

P

 

.

 

M

 

. All procedures were done
in accordance with the European Community Council
Directives for the care and the use of laboratory animals.

 

Drugs

 

D-amphetamine sulfate obtained from Sigma was dis-
solved in a saline solution (NaCl 0.9%) and injected IP
(1 ml/kg) at the dose of 0.5 or 1 mg/kg. The NT antago-
nist, SR 48692 (Sanofi-Synthélabo, Montpellier, France)
was suspended with Tween 80 in saline, and injected IP
(1 ml/kg) at the dose of 0.1 or 1 mg/kg.

Control rats were injected with saline and vehicle
(saline with 1% Tween 80).

 

Behavioral Measurements

 

Motor activity was monitored in Plexiglas cages (area:
26 

 

�

 

 41 cm; height: 20 cm) equipped with an array of
four parallel horizontal infra-red beams (two at the
front and two at the back) positioned 4 cm above the
floor to measure horizontal activity. The activity cages
were linked to a computer, which recorded photocell
beam breaks. Locomotion was estimated by determina-
tion of successive breaks at the front and at the back
and vice versa (crossovers). The number of crossovers
was continuously recorded and cumulated over 10-min
intervals.

To assess the qualitative features of the behavioral
response to 1 mg/kg amphetamine, animals were rated
for 30 s beginning 4 min after injection and at successive
10 min intervals for up to 2 h. Earphones provided a
tone signal which indicated the beginning and ending
of the rating period. An investigator unaware of the
drug treatment measured the time the animal engaged
in focused stereotypies (repetitive head and limb move-
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ments, sniffing or oral stereotypies). The chronometer
was started after the animal exhibited a stereotyped be-
havior for 2 to 3 s in the absence of locomotor activity.
Data are presented as the percentage of time the animal
displayed the specific stereotyped response during the
observation period.

 

Experimental Design

 

One week before experiments, rats were first exposed
to the activity cages without any injection and their
locomotor response to novelty recorded. Animals
were then homogeneously assigned to different ex-
perimental groups depending on their responsive-
ness to novelty so that mean spontaneous locomotion
for all the groups did not differ significantly. Such
distribution minimizes differences between the ex-
perimental groups in their response to amphetamine
since it has been previously shown that the locomo-
tor response to novelty is a good predictor of the mo-
tor effects of psychostimulants (Piazza et al. 1989;
Hooks et al. 1991).

 

Experiment 1: Effect of a Daily Treatment with
SR 48692 on Behavioral Sensitization to Amphetamine
(0.5 and 1 mg/kg).

 

Rats were sensitized by four admin-
istrations of amphetamine (0.5 or 1 mg/kg), one injection
every other day (days 1, 3, 5 and 7) and then challenged
with the same dose of amphetamine after six days of
drug withdrawal (day 14). These rats also received
SR 48692 (0.1 or 1 mg/kg) or vehicle once daily from day
1 to day 14. For each experiment, control rats were in-
jected with both saline (five injections on days 1, 3, 5, 7
and 14) and vehicle (once daily for 14 days). So, three
treatment groups were formed: SR 48692 

 

�

 

 Amph (n 

 

�

 

16 per experiment), Vehicle 

 

�

 

 Amph (n 

 

�

 

 16 per experi-
ment) and Vehicle 

 

�

 

 Saline (n 

 

�

 

 8 per experiment).
Motor activity was recorded on days 1, 7 and 14. Af-

ter a 2-h habituation period in the activity cages, ani-
mals were injected with SR 48692 or vehicle followed 30
min later by the administration of amphetamine or sa-
line. Following injections, each rat was immediately re-
turned to its activity cage. Locomotor activity and ste-
reotypies were measured during 2 h after amphetamine
or saline injection. On days 3 and 5, drugs were admin-
istered in the home cage.

To examine whether chronic blockade of NT recep-
tors could modify on a long-term basis the sensitized lo-
comotor response to 1 mg/kg amphetamine, chronic
treatment with SR 48692 (1 mg/kg) was prolonged from
day 14 to day 21 and a second challenge of the same
dose of psychostimulant was administered on day 21. In
this case, motor activity was recorded as previously de-
scribed but only during one hour because rat brains
were removed for an independent histological study.

 

Experiment 2: Effect of a Daily Treatment with
SR 48692 on Basal Locomotor Activity.

 

To assess the
effect of repeated exposure to SR 48692 (1 mg/kg) on
basal locomotor activity, rats received fourteen IP daily
injections of SR 48692 (n 

 

�

 

 8) or vehicle (n 

 

�

 

 8). On day
14, the animals were tested for novelty- and IP injec-
tion-induced locomotor activation. Activity counts
were recorded for 2 h following the placement of rats in
the activity test cage (novel environment), then for 30
min following the last SR 48692 or vehicle injection and
for an additional 2 h following a saline challenge.

 

Experiment 3: Effect of a Daily Treatment with
SR 48692 on Locomotor Response to Acute Amphet-
amine.

 

Rats were daily preexposed to SR 48692 (1
mg/kg) or vehicle for 14 days. The animals were tested
the fourteenth day as described in Experiment 1. After a
2-h habituation period in the activity cages, animals re-
ceived the last SR 48692 or vehicle injection followed 30
min later by one administration of amphetamine or sa-
line, and locomotor activity was monitored for 2 h.
Three treatment groups were formed: SR 48692 

 

�

 

Amph (n 

 

�

 

 16), Vehicle 

 

�

 

Amph (n 

 

�

 

 16) and Vehicle 

 

�

 

Saline (n 

 

�

 

 8).

 

Statistical Analysis

 

Locomotor activity data (crossovers) were subjected to
2-way analysis of variance (ANOVA) with one between-
subject factor (Treatment) and one within-subject factor
(Time). In addition, whenever main factor effects were
found, post hoc comparisons were made using the Stu-
dent-Newman-Keuls test. In cases in which only two
groups were compared a Student’s 

 

t

 

-test was used: differ-
ences between experimental groups were assessed using
an unpaired test and differences between days using a
paired test.

 

RESULTS

Experiment 1: Effect of a daily treatment with SR 48692 
on behavioral sensitization to amphetamine

 

Figure 1 shows the effects of SR 48692 (1 mg/kg) on lo-
comotor activity induced by amphetamine administra-
tion at the dose of 0.5 mg/kg (top panels) or 1 mg/kg
(bottom panels). The time course of locomotor re-
sponses as well as total crossovers made over the 2 h
following the first amphetamine injection (day 1) or the
amphetamine challenge performed after a 6-day with-
drawal (day 14) are respectively shown in the left and
the right panels.

A

 

MPHETAMINE

 

 0.5 

 

MG

 

/

 

KG

 

. The initial injection of am-
phetamine 0.5 mg/kg (day 1) produced a small, non-
significant increase in locomotion indicating that this is
a threshold dose for the induction of locomotor activity.
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This activity was not modified by one preinjection of
SR 48692 (F

 

2,35

 

 

 

�

 

 2.40, n.s.) (Figure 1, upper left panel).
Likewise, on day 7, amphetamine slightly raised loco-
motion, and treatment with SR 48692 had no significant
effect on this locomotor response [crossovers/2h: 35 

 

�

 

9 in Vehicle 

 

�

 

 Saline group; 94 

 

�

 

 17 in Vehicle 

 

�

 

 Amph
group and 67 

 

�

 

 11 in SR 48692 

 

�

 

 Amph group; treat-
ment, F

 

2,35

 

 

 

�

 

 2.72, n.s.].
In contrast, challenge administration of 0.5 mg/kg

amphetamine on day 14 significantly increased locomo-
tion in Vehicle 

 

�

 

 Amph group (Day 1: 74 

 

�

 

 11 cross-
overs/2h versus Day 14: 128 

 

�

 

 25; 

 

p

 

 

 

�

 

 .01). This in-
crease between days 1 and 14 represents the expression
of amphetamine-induced locomotor sensitization.
Daily injection of SR 48692 from day 1 to day 14 pre-
vented this sensitization phenomenon since the loco-
motor response to amphetamine of SR 48692 

 

�

 

 Amph

group remained unchanged between days 1 and 14
(Day 1: 68 

 

�

 

 12 crossovers/2h ; Day 14: 68 

 

�

 

 13). On
day 14 (Figure 1, right panels) the overall ANOVA indi-
cated a significant main treatment effect (F

 

2,35

 

 

 

�

 

 4.58,

 

p

 

 

 

�

 

 .05) and post hoc analyses revealed that Vehicle 

 

�

 

Amph group showed a significantly greater locomotor
response compared with SR 48692 

 

�

 

 Amph (

 

p

 

 

 

�

 

 .05)
and Vehicle 

 

�

 

 Saline groups (

 

p

 

 

 

�

 

 .05).
A

 

MPHETAMINE

 

 1 

 

MG

 

/

 

KG

 

. This experiment was per-
formed to examine whether SR 48692 treatment could
affect the locomotor response to a higher dose of am-
phetamine. On day 1 (Figure 1, lower left panel), the
first injection of amphetamine 1 mg/kg induced a marked
elevation in locomotion when compared with saline-treated
rats and again acute treatment with SR 48692 did not
significantly modify the amphetamine-induced locomo-
tion. The ANOVA indicated a main treatment effect (F

 

2,37

 

 

 

�

Figure 1. Experiment 1. Effect of
SR 48692 (1 mg/kg, IP) on the loco-
motor responses to amphetamine at
the dose of 0.5 mg/kg, IP (top pan-
els) or 1 mg/kg, IP (bottom panels).
The data represent the mean
(�SEM) locomotor activity scores
(crossovers), summed across 10-min
intervals, for the 120 min following
the first (Day 1, left panels) and the
last (Day 14, right panels) amphet-
amine injections in animals daily
treated with vehicle or SR 48692 for
14 days. The insets give the mean
(�SEM) total crossovers scored over
the 2-h post-injection period.
Repeated amphetamine administra-
tion induced an increase in locomo-
tion between days 1 and 14 (p � .01
for 0.5 mg/kg and p � .001 for 1
mg/kg), indicating the appearance
of behavioral sensitization in Vehi-
cle � Amph groups. One injection of
SR 48692 performed 30 min before
the first amphetamine administra-
tion did not affect the locomotion
elicited by the psychostimulant (day
1), but repeated injections of
SR 48692 decreased the sensitized
response to amphetamine (day 14)
(ANOVA, p � .05). *p � .05 com-
pared with Vehicle � Amph group,
#p � .05, # #p � .01, # # #p � .001 com-
pared with Vehicle � Saline group,
(Newman-Keuls post hoc test).
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12.29, p � .0001). Post hoc multiple comparisons re-
vealed that Vehicle � Amph and SR 48692 � Amph
groups were significantly different from the Vehicle �
Saline group (p � .0001 and p � .01, respectively).
Again, on day 7, amphetamine significantly increased
locomotor activity but SR 48692 had no effect on this be-
havioral response [crossovers/2h: 11 � 4 in Vehicle �
Saline group; 128 � 21 in Vehicle � Amph group;
99 � 20 in SR 48692 � Amph group]. The ANOVA indi-
cated a main treatment effect (F2,37 � 6.3, p � .01) and
post hoc analysis revealed that Vehicle � Amph and
SR 48692 � Amph groups were significantly different
from the Vehicle � Saline group (p � .01).

Challenge administration of 1 mg/kg amphetamine
on day 14 elicited a pronounced behavioral sensitiza-
tion in the Vehicle � Amph group (Day 1: 133 � 17
crossovers/2h versus Day 14: 224 � 26; p � .001). As
previously observed with the dose of amphetamine 0.5
mg/kg, the sensitized locomotor response was mark-
edly reduced in chronically SR 48692-treated animals.
On day 14 (Figure 1, right panel) the overall ANOVA
indicated a significant main treatment effect
(F2,37 � 13.36, p � .0001) and post hoc analysis revealed
that each group was significantly different from the two
others (Vehicle � Saline/Vehicle � Amph, p � .0001;
Vehicle � Saline/SR 48692 � Amph, p � .01; Vehicle �
Amph/SR 48692 � Amph, p � .05).

In order to ascertain that the decrease in overall loco-
motor activity observed in SR 48692 � Amph rats was
not due to an enhanced level of stereotyped behaviors,
we measured the time the animals spent engaged in fo-
cused stereotypies. As shown in Figure 2, no difference

was observed for stereotypies between vehicle- and
SR 48692-treated rats challenged with amphetamine.

A second amphetamine challenge (1 mg/kg) was
performed on day 21 after continuing daily SR 48692
treatment, and locomotor activity was recorded during
one hour following the amphetamine injection. To pro-
vide an overview of the SR 48692 effects on behavioral
sensitization, all the data of experiment 1 are shown in
Figure 3 as cumulative crossovers during the first hour
of monitoring after the amphetamine challenge. The be-
havioral sensitization was still observed on day 21 in
Vehicle � Amph group and the SR 48692 significantly
decreased the sensitized response to amphetamine in
SR 48692 � Amph group with the same order of magni-
tude as on day 14 (Figure 3). This suggests that a
chronic SR 48692 treatment can maintain on a long-
term basis a reduced amphetamine-sensitization.

A last experiment showed that blockade of NT re-
ceptors with a lower dose of SR 48692 (0.1 mg/kg) nei-
ther affected the acute locomotor response to amphet-
amine (day 1) nor the behavioral sensitization (day 14)
to this psychostimulant (Table 1).

Experiment 2: Effect of a Daily Treatment with 
SR 48692 on Basal Locomotor Activity

As can be seen in Figure 4, after the animals were intro-
duced in the activity cages, they developed spontaneous
locomotor activity, corresponding to the exploration of
the novel environment during the first 40 min. Chronic
treatment with SR 48692 (1 mg/kg) neither altered the

Figure 2. Experiment 1. Effect of a daily treatment with SR 48692 (1 mg/kg, IP) during 14 days on the stereotyped behav-
iors observed in rat sensitized by repeated administration of amphetamine 1 mg/kg, IP. Data are shown as means � SEM
and represent the percentage of time animals spent engaged in stereotyped behaviors (repetitive head and limb movements
or oral behaviors). Bar graphs represent the stereotyped response scored over a 2-h post-injection period. Repeated SR 48692
administration did not affect the stereotyped response to the 1mg/kg amphetamine challenge (day 14). # # #p � .001 com-
pared with Vehicle � Saline group, using ANOVA followed by Newman-Keuls test.
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behavioral response to novelty (F1,14 � 0.10, n.s.) nor the
slight increase of locomotion induced by vehicle (F1,14 �
1.21, n.s.) and saline (F1,14 � 0.06, n.s.) injections, sug-
gesting that the effect of the NT receptor antagonist on
the sensitized locomotor response to amphetamine does
not depend on a general impairment of motor behavior.

Experiment 3: Effect of a Daily Treatment with 
SR 48692 on Locomotor Response to Acute 
Amphetamine

To check whether chronic blockade of NT receptors
could attenuate the locomotor response to an acute am-
phetamine exposure, SR 48692 (1 mg/kg) was given
once daily for 14 days before a single injection of am-
phetamine (performed 30 min after the last SR 48692 ad-
ministration). Figure 5 represents the locomotor activity
during 2h of recording of the three pretreated groups
following the injection of a single dose of amphetamine
(1mg/kg) or saline. The same amphetamine-induced in-
crease in locomotor activity was observed in the vehicle-
and SR 48692-pretreated groups compared with the con-
trol group (F2,37 � 6.65, p � .01). Post hoc two-by-two
comparisons indicated that there was a significant dif-
ference between the amphetamine treated groups and
the saline treated group (p � .01). This suggests that
chronic treatment with SR 48692 does not modulate the
acute locomotor response to amphetamine.

DISCUSSION

Our results demonstrate that chronic blockade of NT
receptors strongly attenuates the sensitized locomotor
response to amphetamine. Indeed, daily injection of the

NT receptor antagonist, SR 48692, throughout the am-
phetamine regimen almost completely blocks the sensi-
tized locomotor response to this drug, an effect that
persists at least as long as the SR 48692 administration
is maintained. Importantly, this decrease in behavioral
response occurs without any change in the time spent
in stereotyped behaviors. These data argue against the
possibility that SR 48692 could reduce the locomotor
sensitization simply by a qualitative shift in behavior
from hyperlocomotion to focused stereotypies. It is
worth noting that the effects of SR 48692 on sensitized
locomotor response to amphetamine are produced by
doses somewhat higher than those which acutely an-
tagonize the effects of exogenous NT in mice and rats
(Poncelet et al. 1994; Steinberg et al. 1995), suggesting
that such behavioral changes require a higher level of
NT receptor blockade. Interestingly, repeated adminis-
tration of SR 48692 does not impair rat locomotor activ-
ity in response to a mild stress (novelty or needle jab)
and to a single injection of amphetamine indicating a
specific action of this treatment on the enhanced loco-
motor response of animals sensitized to amphetamine.

These results are in line with previous studies sup-
porting the hypothesis that endogenous NT could play
a permissive role in the behavioral response to psycho-
stimulants (Horger et al. 1994; Betancur et al. 1998;
Rompré and Perron 2000) but, more importantly, they
show that a sustained blockade of NT receptors can
specifically restrain, on a long-term basis, the behav-
ioral sensitization. This raises the question whether
SR 48692 acts all along the process or specifically dur-
ing the initiation or during the expression phase of this
phenomenon. Although Rompré and Perron (2000) re-
cently suggested that endogenous NT could play a role

Figure 3. Experiment 1. Effect of SR 48692 (1 mg/kg, IP) on the locomotor response to amphetamine (1 mg/kg, IP) on each
of the four test days (days 1, 7, 14 and 21). Data are derived from the same groups of rats as those in Figure 1. In this case,
they represent mean (� SEM) of cumulative crossovers only during 60 min of monitoring after amphetamine injections, to
compare days 1, 7 and 14 with day 21. In vehicle � Amph group, behavioral sensitization was observed on days 14 and 21.
SR 48692 significantly reduced this behavioral sensitization on days 14 and 21. *p � .05 compared with Vehicle � Amph
group; # p � .05, # #p � .01, # # #p � .001 compared with day 1 of the same experimental group.
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in the initiation of amphetamine sensitization, their
study requires to be extended using chronic treatments
and/or higher doses of SR 48692.

The mechanisms responsible for the effect of chronic
SR 48692 on behavioral sensitization are currently un-
known. However, according to the pharmacological
properties of NT receptors and their localization in the
brain, several potential targets for SR 48692 can be pro-
posed. Two types of functionally relevant NT receptors
(for review see Vincent et al. 1999) have been identified
and cloned from rodent and human brains, and shown
to belong to the family of seven transmembrane do-
mains G-protein-coupled receptors (Tanaka et al. 1990;
Vita et al. 1993; Chalon et al. 1996; Mazella et al. 1996).
The subtype 1 (NT1) shows a high affinity for NT
(Kd�0.1-0.3 nM) whereas the subtype 2 (NT2) shows a
lower affinity for the peptide (Kd�2-4 nM) and is sensi-
tive to levocabastine, a histamine antagonist. The third
NT receptor (NT3) which has only recently been cloned
is a single transmembrane domain receptor and could
be involved in intracellular trafficking (Mazella et al.
1998). In vitro binding studies from various species
brain tissue revealed that SR 48692 can bind to both NT1
and NT2, but with a much lower affinity for the latter
(Gully et al. 1993) and displays no affinity for NT3 (Ma-
zella et al. 1998). Acute systemic administration of
SR 48692 reverses the turning behavior induced by in-
trastriatal injection of NT in mice (Poncelet et al. 1994)

and controlateral circling induced by intra-VTA injec-
tion of NT in rats (Steinberg et al. 1994). However,
SR 48692, even over a wide dose range (0.5–4 mg/kg),
fails to antagonize NT-induced analgesia in mice and
rats, an effect mediated by NT2 receptors (Dubuc et al.
1994, 1999). Thus, in the absence of NT2 selective antag-
onists and in view of the pharmacological profile of
SR 48692, it can be tentatively suggested that the coun-
teractive effect of SR 48692 on behavioral sensitization to
amphetamine likely involves blockade of NT1 receptors.

NT1 receptor and its endogenous ligand are present
in several key structures of the neuronal circuitry in-
volved in the behavioral response to psychostimulants
such as the VTA, the NAC, the ventral pallidum, and
the mPFC (Jennes et al. 1982; Zahm and Heimer 1988;
Febvret et al. 1991; Woulfe and Beaudet 1992; Nicot et
al. 1994; Alexander and Leeman 1998), where NT exerts
different effects on behavior and DA release, depend-
ing on its injection site. Indeed, NT microinjection into
the VTA has been reported to increase locomotion as
well as DA release in the NAC (see Introduction). Con-
versely, NT microinjection into the NAC decreases the
behavioral responses induced by DA agonists, such as
amphetamine, cocaine or apomorphine (Ervin et al.
1981; Ford and Marsden 1990; Robledo et al. 1993). Both
of these NT-induced behavioral effects were reversed
by systemic acute injection of SR 48692 (Steinberg et al.
1994) suggesting that NT receptors in the VTA and the
NAC could be possible brain sites of SR 48692 action.

Given the importance of the DA mesolimbic system in
the mediation of behavioral sensitization and the numer-
ous interactions between DA and NT systems, we can
postulate that the SR 48692 effect shown in our study is
related to its ability to affect several aspects of DA neu-
rons functioning. We previously reported that SR 48692
administration for two weeks, at the dose of 1 mg/kg,
produced a drastic reduction in the basal extracellular
levels of DA in the NAC (Azzi et al. 1998). Moreover, re-
peated systemic injection of SR 48692 was shown to in-
duce a time-dependent decrease in the number of spon-
taneously active DA cells in the VTA (Santucci et al.

Table 1. Experiment 1. Effect of SR 48692 (0.1 mg/kg, IP) on 
the Behavioral Sensitization to Amphetamine (1 mg/kg, IP)

Experimental groups Day 1 Day 7 Day 14

Vehicle + Saline 26 ± 6 22 ± 3 39 ± 8
Vehicle + Amph 107 ± 11 166 ± 21 217 ± 20
SR 48692 + Amph 114 ± 19 199 ± 39 217 ± 48

Data are mean (± SEM) total crossovers/2h. In Vehicle + Amph and
SR 48692 + Amph groups, the behavioral sensitization phenomenon is
expressed by a similar increase in locomotor response to amphetamine
across days (ANOVA, p � 0.001). Thus SR 48692, at 0.1 mg/kg, neither
affected the acute locomotor response to amphetamine (day 1) nor the
behavioral sensitization (day 14) to this psychostimulant.

Figure 4. Experiment 2. Effect of a daily
treatment with SR 48692 (1 mg/kg, IP) dur-
ing 14 days on basal locomotor activity. Val-
ues are expressed as means � SEM and
represent the time course of locomotion fol-
lowing i) the placement of rats in a novel
environment (0–120 min), ii) the last IP injec-
tion of vehicle or SR 48692 (first arrow, 120–
150 min) and iii) an IP injection of saline (sec-
ond arrow, 150–270 min). Repeated SR 48692
pretreatment did not influence locomotor
response to these mild stresses.
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1997). These effects of SR 48692 on DA systems were not
found after acute administration (Steinberg et al. 1994)
and appeared only after prolonged treatment (Santucci
et al. 1997; Azzi et al. 1998). Together, these data indicate
that SR 48692 per se, when administered chronically, at-
tenuates the DA mesolimbic activity, an effect that may
somehow counteract those produced by repeated ad-
ministration of psychostimulants. This hypothesis ex-
plaining attenuation of amphetamine-sensitization by
NT antagonist remains to be tested and an important is-
sue to examine is the effect of chronic NT antagonists on
amphetamine-induced DA changes in the NAC.

Finally, recent studies emphasized the importance of
the role played by calcium and calcium-mediated sec-
ond messengers systems specifically in the behavioral
and neurochemical sensitization to psychostimulants.
Microinjection of calcium channel antagonists into the
NAC dose-dependently impaired behavioral sensitiza-
tion to cocaine without altering the acute locomotor re-
sponse to this psychostimulant (Pierce et al. 1998). Simi-
larly, other experiments revealed that the sensitized DA
release in the NAC induced by amphetamine is cal-
cium-dependent and can be attenuated by a selective
calmodulin-dependent protein kinase II inhibitor,
whereas DA release induced by a single dose of am-
phetamine is calcium-independent (Carboni et al. 1989;
Warburton et al. 1996; Pierce and Kalivas 1997b; Kantor
et al. 1999). Thus, one may hypothesize that blockade of
NT receptors alters the behavioral sensitized response
to amphetamine by acting on the calcium-dependent
portion of the DA response to amphetamine. This
would be consistent with the observation that NT ro-
bustly increases intracellular calcium concentrations in
various cell types (for review see Vincent 1995), and in
particular in DA neurons from the ventral mesencepha-
lon (Legault and Trudeau 2000).

In conclusion, we showed that a sustained blockade
of NT receptors specifically reduces the sensitized be-
havioral effect of amphetamine, suggesting that endog-
enous NT participates in behavioral events produced
by repeated amphetamine exposure. The same treat-
ment did not affect the locomotor response to a single
injection of amphetamine or a mild stress. These results
support the proposal that peptides may play an impor-
tant role when the nervous system is highly challenged
by drugs or afflicted by diseases and, that peptide an-
tagonists, in acting only on disturbed systems with in-
creased peptide release, should direct to the develop-
ment of new therapeutic strategies (Hökfelt et al. 2000).
Indeed, the behavioral sensitization to amphetamine is
not only seen in rodents, but also in humans where it
can lead to psychotic episodes (Lieberman et al. 1997).
The ability of SR 48692 to lessen the behavioral sensiti-
zation to amphetamine suggests that NT receptor an-
tagonists could have potential clinical utility in the
treatment of some psychiatric disorders.
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