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Involvement of 5-HT; receptors in the nucleus accumbens in the
potentiation of cocaine-induced behaviours in the rat
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1 The present study investigated the central effects of the selective serotonin reuptake inhibitor
(SSRI) fluoxetine and the role of 5-hydroxytryptamines (5-HT5) receptors in the core of the nucleus
accumbens (NAc) on cocaine-induced behavioural changes in rats.

2 The 5-HTj; receptor antagonist ondansetron (1 or 10 ng) was microinjected bilaterally into the
core of the NAc 60 min prior to peripheral cocaine (15 mg kg~', i.p.) administration followed by the
assessment of locomotor activity, rearing activity and head bobs. Both doses of ondansetron
attenuated cocaine’s stimulatory effect on behaviours.

3 Fluoxetine (0.05 or 5 ug) microinjected bilaterally into the core of the NAc 30 min before
peripheral administration of cocaine produced dose-dependent biphasic effects on cocaine-induced
behaviours. Intra-NAc administration of 0.05 ug fluoxetine resulted in a potentiation of cocaine-
induced behaviours, while the higher dose of the SSRI (5 pg) attenuated the stimulant effect of
cocaine on behaviours.

4 To investigate a possible involvement of 5-HT; receptors in fluoxetine’s facilitatory action,
ondansetron (10 ng) was microinjected 30 min prior to fluoxetine (0.05 pg), which resulted in a
significant attenuation of the facilitatory effect of fluoxetine on cocaine-induced behaviours.

5 Thus, 5-HTj; receptors in the core of the NAc appear to mediate stimulatory effects on cocaine-
induced locomotor activity, rears and head bobs, whereas the attenuation of cocaine-induced
behaviours by fluoxetine at the higher dose, suggests the involvement of a different 5-HT receptor

subtype.
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Introduction

The behavioural characteristics of the psychomotor stimulant
cocaine include an increase of locomotor activity and
stereotypic behaviours at higher doses (Scheel-Kriiger et al.,
1977; for review see Johanson & Fischman, 1989). It is
believed that the dopaminergic nerve terminals in the NAc
with cell bodies located in the ventral tegmental area (VTA)
are crucially involved in cocaine’s stimulatory effect on
locomotor activity in rats (Kelly & Iversen, 1976; Delfs et
al., 1990; Kaddis er al., 1993; Neisewander et al., 1998).
Besides cocaine’s neurochemical effects on the dopaminergic
mesoaccumbens circuit (Bradberry & Roth, 1989; Carboni et
al., 1989; Chen & Reith, 1994), the psychomotor stimulant
also interacts with the serotoninergic neurotransmitter system
(for review see Cunningham et al., 1996), which may
contribute to its overall behavioural profile. Indeed, an
increasing number of behavioural studies suggest a mod-
ulatory role of S5-hydroxytryptamine (5-HT) on cocaine-
induced locomotor activity in rodents. For example, pre-
treatment with the 5-HT biosynthesis inhibitor p-chlorophe-
nylalanine enhanced the locomotor stimulatory properties of
cocaine in rats, indicating an inhibitory role of 5-HT (Scheel-
Kriiger et al., 1977, Herges & Taylor, 1999a). It has been
shown that this inhibitory effect of the serotoninergic
neurotransmitter system may be mediated by somatodendritic
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5-HT;a autoreceptors located in the dorsal raphe nucleus
(Herges & Taylor, 1999b). In contrast to the proposed
inhibitory role of 5-HT is our recent observation that
peripheral administration of the selective serotonin reuptake
inhibitor (SSRI) fluoxetine potentiated locomotor, rearing
and head bobbing activities elicited by cocaine in rats (Herges
& Taylor, 1998). In view of the observed inhibitory effect
mediated by serotoninergic dorsal raphe nucleus (Herges &
Taylor, 1999a,b), fluoxetine’s facilitatory action on cocaine-
induced motor behaviours may involve a different brain
region.

Neurochemical evidence indicates that fluoxetine adminis-
tered peripherally elicits an increase in extracellular 5-HT
levels in the NAc (Guan & McBride, 1988). A proposed
involvement of the serotoninergic nerve terminals in the NAc
in fluoxetine’s facilitatory effect on cocaine-induced beha-
viours poses the question of the 5-HT receptor subtype
mediating its stimulatory action. Ample behavioural, electro-
physiological and neurochemical data have accumulated
suggesting a stimulatory effect of 5-HT; receptors on the
dopaminergic activity in the mesoaccumbens system (Costall
et al., 1987; Hagan et al., 1987, 1990; Imperato & Angelucci,
1989; Sorensen et al., 1989; Jiang et al., 1990; Minabe et al.,
1991a,b; Rasmussen et al., 1991; Prisco et al., 1992; Volonté
et al., 1992; Pei et al., 1993; Mylecharane, 1996; Gillies et al.,
1996). For example, the selective 5-HT; receptor antagonist
ondansetron (Brittain ez al., 1987) administered into the NAc
and VTA, respectively attenuated locomotor activity induced
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by intra-NAc injection of amphetamine (Costall et al., 1987)
or peripheral administration of dexamphetamine in rats
(Gillies et al., 1996). An involvement of 5-HT; receptors in
cocaine’s behavioural profile is indicated by the reported
attenuation of cocaine-induced locomotor activity after
peripheral administration of the 5-HT; receptor antagonists
zacopride, ICS 205-930 and MDL 72222 in rodents (Reith,
1990; Svingos & Hitzemann, 1992), although preliminary
results obtained in our laboratory failed to indicate a
modulatory effect of ondansetron on the stimulant effect of
cocaine on locomotor activity as well as fluoxetine’s
facilitatory effect in rats (Taylor & Megalogenis, 1994).
Despite the lack of effect of peripherally administered
ondansetron, a role of 5-HT; receptors in cocaine’s
behavioural (Reith, 1990; Svingos & Hitzemann, 1992) and
neurochemical actions (McNeish etz al., 1993; Kankaanpéd et
al., 1996) is indicated by published reports, but the site of
action mediating the facilitatory effect of 5-HT; receptors on
cocaine’s behavioural responses still remains to be identified.

The rationale of the present study was to identify the site of
action mediating the previously observed facilitatory effect of
peripherally administered fluoxetine on cocaine-induced motor
behaviours in rats. Due to the strong implication of the NAc in
cocaine’s locomotor stimulatory effect (Kelly & Iversen, 1976;
Delfs et al., 1990; Kaddis ez al., 1993; Neisewander et al., 1998),
this dopaminergic brain region appeared to be a suitable target
site to investigate fluoxetine’s modulatory effect after micro-
injection into the NAc. In addition, the potential involvement
of 5-HT; receptors in cocaine’s as well as fluoxetine’s effects
was investigated by intra-NAc administration of ondansetron.
In view of the proposed regional differences between the core
and the shell of the NAc (Alheid & Heimer, 1988; Pontieri ez al.,
1995; McMahon & Cunningham, 1999), the present study
focussed on microinjections of 5-HT agents into the core of the
NAc to assess its relative role in the behavioural effects of
cocaine administered peripherally at a dose of 15 mg kg™
(Herges & Taylor, 1998).

Methods
Animals

The experiments were conducted under the guidelines of the
National Health and Medical Research Council of Australia
and were approved by the Victorian College of Pharmacy,
Monash University, Animal Ethics Committee.

Female Glaxo Wistar rats weighing 200-250 g were
obtained from the animal house of the Victorian College of
Pharmacy, Monash University. The animals were kept in a
12 h light/dark cycle (lights on 0600 h) in a temperature-
regulated (22-23°C) room with free access to standard
laboratory food (ARM pellets) and water, except during the
behavioural sessions. Prior to the surgery, animals were
housed in group cages of eight rats. Following implantation
of the central cannulae, the rats were kept in individual cages.

Stereotaxic surgical procedures

To induce anaesthesia, rats were injected i.p. with sodium
amylobarbitone (27-33.3 mg kg~") in combination with
either sodium methohexitone (16.7 mg kg~—') or thiopentone
sodium (62.5 mg kg='). The head of the rat was shaved
prior to being placed in a stereotaxic frame. An incision of
approximately 4 cm was made to expose the skull above
bregma. To enable bilateral microinjections into the core of

the NAc of the right and left brain hemisphere, twin guide
cannulae prepared from 23 gauge needles were aligned
above the NAc, using the coordinates 1.6 mm anterior to
bregma and+ 1.5 mm lateral to the midline according to
the stereotaxic atlas of Paxinos & Watson (1986) and held
in place by two stainless steel screws and dental acrylic
cement.

The guide cannulae were sealed by two stainless steel
stylets. The rats were injected with the penicillin ticarcillin
(15mg kg~ ', i.p.) for 3 consecutive days to prevent post-
operative infections. Following the surgery, the animals were
housed in individual cages for a 5 day recovery period prior
to the behavioural experiment.

Central and peripheral drug treatment

The central administration of ondansetron and fluoxetine was
into the core of the NAc. Ondansetron (O) or saline (S) were
microinjected into the NAc 30 min prior to fluoxetine (F) or
saline (S) followed by the peripheral administration of
cocaine (C) (15 mg kg™', i.p.) or saline (S) (i.p.) 30 min
later. The submaximal dose of 15mgkg~' cocaine is
approximately in the middle of the dose-response curve (5—
30 mg kg'), allowing an attenuation or potentiation to be
detected (Herges & Taylor, 1999b). For each treatment
group, 5-12 rats were used. The animals were gently
restrained, the stylets removed and replaced by two stainless
steel needles (NAc: ventral, 6.6 mm), connected by poly-
ethylene tubing to a CMA/100 microinjection pump
(Carnegie Medicin, Stockholm, Sweden). The microinjection
of fluoxetine (0.05 or 5 ug 0.5 ul=' 10 s™') or saline (0.5 pul
10 s=") was preceded 30 min earlier by intra-NAc adminis-
tration of saline (0.5 ul 10 s~'). The intra-NAc administra-
tion of ondansetron (1 or 10 ng 0.5 ul=' 10 s~') was followed
30 min later by microinjections of saline into the NAc (0.5 ul
10 s7"). Another group of animals received ondansetron
(10 ng 0.5ul7' 10s7") followed by fluoxetine (0.05 ug
0.5 ul=" 10 s7'). To allow the diffusion of the drugs, the
injection needle remained in place in the NAc for 3 min after
the microinjections. After removing the injection needles, the
guide cannulae were sealed with stylets, and the animals
returned to their home cage.

Behavioural testing
At the intermediate dose of 15 mg kg™' cocaine elicits a
complex behavioural pattern, consisting of increases in
rearing activity and forward locomotion, which is associated
with repetitive head bobbing activities (Herges & Taylor,
1998). The exploration of the environment appears to be the
motivational input for the manifestation of this behavioural
pattern and is clearly dissociated from stereotypic, oral
hyperkinesia, which is apparently devoid of an environmental
input (Le Moal & Simon, 1991). The manifestation of these
exploratory behaviours were assessed in accordance with the
previously employed methodology (Herges & Taylor, 1998).
The behavioural experiments were conducted between
0830 h and 1630 h in an isolated room under light
conditions. Locomotor activity was quantified using one
circular photobeam activity meter (diameter 67 cm, height
79 cm) equipped with six horizontal infrared photocell beams
located 3 cm above the wire grid floor and spaced
approximately 13 cm apart. All photobeam interruptions
were recorded by two counters (one for each bank of three
beams) and totalled for each behavioural session of 5 min
duration.
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All animals were habituated to the activity meter on the
days before the behavioural testing. During the treatment and
the time between the behavioural testing, the animals were
housed in their familiar home cage in the main laboratory.
The basal locomotor activity was quantified during each
5 min observation period 30 min (data not presented) and
10 min before cocaine administration, which allowed the
previously habituated animals to familiarize with the
environment and 10, 30 and 60 min after cocaine adminis-
tration. Each animal was tested individually. To quantify the
behaviours, the animal was placed in the centre of the wire
grid floor of the activity meter. After 5 min testing period,
the rat was replaced by the next one and the counters were
re-zeroed after noting the scores. The animal was immedi-
ately returned to its home cage located in the adjacent
laboratory. During the 5 min behavioural sessions 10, 30 and
60 min after cocaine administration, each rat was videotaped
using a Panasonic WV-BL 200 video camera centred 1.6 m
above the wire grid floor, connected to a Panasonic Super-
VHS FS 90 video cassette recorder located in the adjacent
laboratory. The behaviours rears (standing up on hind legs)
and head bobs (lateral and upward head movements) were
quantified from the videotape.

Histology

To determine the location of the injection needle, the animals
were anaesthetized and microinjected with dye (0.5 ul 10 s™')
at the completion of the behavioural experiments, as
previously described. The brains were removed and frozen
at —15°C. The location of dye within the right and left NAc
was determined by an observer unaware of the behavioural
results obtained. For behavioural data to be included, both
cannulae had to be placed within the core of the NAc. The
approximate injection site was determined by comparison of
the staining of the brain tissue slices to the appropriate plates
of the rat brain atlas by Paxinos & Watson (1986). The
location of the injection sites were between 6.5—7.5 ventral,
1.2-2.7 and 1.0—-2.2 anterior to bregma.

Drugs

The following drugs were used: ondansetron HCl (Glaxo
Wellcome, Melbourne, Australia), fluoxetine HCI (Eli Lilly,
Indianapolis, IN, USA), cocaine HCI (Glaxo Wellcome,
Melbourne, Australia), methohexitone sodium (Eli Lilly,
West Ryde, Australia), amylobarbitone sodium (Eli Lilly,
West Ryde, Australia), thiopentone sodium (May & Baker,
Melbourne, Australia) and ticarcillin sodium (SmithKline
Beecham, Melbourne, Australia). Cocaine HCI and fluoxetine
HCI were dissolved in saline 0.9% w v~'. A solution of
0.2 mg ml~' of ondansetron HCI in water for injection was
prepared and the appropriate dilutions were made to volume
with saline. Methohexitone sodium, amylobarbitone sodium,
thiopentone sodium and ticarcillin sodium were prepared in
water for injection.

Statistical analyses

The behavioural data were analysed at each time point
measured after cocaine administration (10, 30 and 60 min).
The effects of ondansetron on baseline behaviours were
analysed by the parametric ¢-test or the non-parametric
Mann—Whitney rank sum test (statistical data not pre-
sented). The effects of ondansetron and fluoxetine on cocaine-
induced behaviours and the effects of fluoxetine on baseline

behaviours were analysed by one-way analysis of variance
(ANOVA), which is represented in the result section by the
value of the calculated F-test and its degrees of freedom.
Data, which failed the assumption of a Gaussian distribution
was analysed by the non-parametric Kruskal—Wallis one-
way analysis of variance (ANOVA on ranks) and is
represented in the result section by the value of the calculated
H-test and its degrees of freedom. Following data analyses by
ANOVA and ANOVA on ranks, respectively pairwise
multiple comparison was carried out by Student—New-
man—Keuls test and Dunn’s test. The probability level of
the statistical analyses was 5%. The behavioural counts
presented in the graphs represent the mean+s.e.mean (for
clarity).

Results

Effects of ondansetron on cocaine-induced locomotor
activity, rears and head bobs

The locomotor activity, the number of rears and head bobs
of saline-treated animals were not altered by pretreatment
with ondansetron into the core of the NAc (Figure la—c). A
significant group effect for the locomotor activity (S-S-C, O
1 ng-S-C, 0 10 l’lg-S-C) at 10 [F(zy 29):4.16, P<0.05, n=8—
12] and 30 min [Fo 29=7.51, P<0.01; n=8-12] was
detected by ANOVA (Figure la). The stimulatory effect of
cocaine on locomotor activity was attenuated by intra-NAc
administration of ondansetron at both doses to a similar
extent, which reached statistical significance at 10 and 30 min
(Figure la).

ANOVA on ranks did not detect a significant group effect
(S-S-C, O 1 ng-S-C, O 10 ng-S-C) for the number of rears,
although pretreatment with ondansetron tended to reduce the
rearing activity of rats compared to cocaine-treated rats
(Figure 1b). The head bobbing activity of cocaine treated rats
was significantly altered by pretreatment with intra-NAc
administration of ondansetron with a significant group effect
(S-S-C, O 1 ng-S-C, O 10 ng-S-C) being detected by ANOVA
at 30 min (F,, 29=3.69, P<0.05; n=8-12) (Figure 1c). Both
doses of ondansetron reduced the head bobbing activity of
cocaine treated rats, which reached statistical significance for
10 ng ondansetron at 30 min (Figure 1c).

Effects of fluoxetine on cocaine-induced locomotor
activity, rears and head bobs

Following intra-NAc administration of fluoxetine, a signifi-
cant group effect (S-S-S, S-F 0.05 ug-S, S-F 5 ug-S) for the
basal locomotor activity was determined by ANOVA at
30 min [locomotor activity: F 17=5.23, P<0.05, n=5-7]
(Figure 2a). In addition, a significant group effect (S-S-S, S-F
0.05 ug-S, S-F 5 ug-S) for the number of head bobs was
revealed by ANOVA on ranks at 30 min [H)=6.36,
P<0.05, n=5-7] (Figure 2c). The lower dose of fluoxetine
(0.05 pug) did not alter baseline activities of saline treated
animals (Figure 2a-—c), while 5 ug fluoxetine tended to
decrease the spontaneous locomotor and head bobbing
activities of saline treated rats, which reached statistical
significance at 30 min (Figure 2a,c).

Fluoxetine had a biphasic dose-dependent effect on
cocaine’s stimulatory effect on behaviours. Following intra-
NACc administration of fluoxetine a significant group effect (S-
S-C, S-F 0.05 ug-C, S-F 5 ug-C) for the locomotor activity
was detected by ANOVA at 10 [F2 24=12.7, P<0.001,
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Figure 1 (a) Locomotor activity, (b) rears and (c) head bobs
induced by 15 mg kg~! cocaine (C) or saline (S) injected i.p. at time
0 in rats pretreated by intra-NAc administration of saline (S) 30 min
earlier and ondansetron (O) 1 or 10 ng or saline (S) 60 min earlier.
The values represent mean scores +s.e.mean (number of rats used for
each treatment group are shown in parentheses). *P <0.05 (Student—
Newman—Keuls test), O 1 ng-S-C and O 10 ng-S-C compared to
S-S-C.

n=6-12] and 30 min [F(2, 24=14.0, P<0.001, n=6-12]
(Figure 2a). Pretreatment with 0.05 pg fluoxetine into the
core of the NAc resulted in a significant potentiation of
cocaine-induced locomotor activity at 10 and 30 min (Figure
2a). In contrast, intra-NAc administration of fluoxetine at the
higher dose (5 ug) significantly attenuated the stimulant effect
of cocaine on locomotor activity at 10 and 30 min (Figure
2a).

This modulatory effect of intra-NAc administration of
fluoxetine on locomotor activity was similarly observed on

& —0—S-8-8 (7)

—0— S-F 0.05pg-S (5)
—— S-F 5pg-S (6)
—+—S-S-C(12)
—o—S-F 0.05pg-C (7)
—— S-F 5pg-C (6)

in

£ 1000+
800+ *
600+
400+

2001

Activity Counts/5 m

0] %
T T T

T
-10 10 30 60

Time (min)

451
40+
351
301
v 254
201
154
101
54
04 o—O—=0

T T

T
10 30 60

Time (min)

min

Rears/

140+
1204
1004
80+
60+
40
204

- *g .
10 30 60

Time (min)

*

Head Bobs/5 min

Figure 2 (a) Locomotor activity, (b) rears and (c) head bobs
induced by 15 mg kg~! cocaine (C) or saline (S) injected i.p. at time
0 in rats pretreated by intra-NAc administration of fluoxetine (F)
0.05 or 5 ug or saline (S) 30 min earlier and saline (S) 60 min earlier.
The values represent mean scores +s.e.mean (number of rats used for
each treatment are shown in parentheses). *P<0.05 (Student—
Newman—Keuls test, Dunn’s test), S-F 5 ug-S compared to S-S-S
and S-F 0.05 ug-C and S-F 5 pg-C compared to S-S-C.

the number of head bobs (Figure 2c). A significant group
effect (S-S-C, S-F 0.05 ug-C, S-F 5 ug-C) for the number of
head bobs was determined by ANOVA at 10 [F5, 24)=9.92,
P<0.001, n=6-12] and 30 min [F 24=5.60, P<0.05,
n=6-12] (Figure 2¢). An increase of cocaine-induced head
bobs was observed following intra-NAc administration of
fluoxetine at the lower dose (0.05 ug), which reached
statistical significance at 10 min (Figure 2c). In contrast,
5 ug fluoxetine reduced the head bobbing activity following
cocaine administration with a statistical significant difference
being detected at 30 min (Figure 2c). However, intra-NAc
administration of fluoxetine did not produce a statistically
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significant modulatory effect on cocaine-induced rearing
activity (Figure 2b).

Effect of ondansetron and fluoxetine on cocaine-induced
locomotor activity, rears and head bobs

The facilitatory effect of fluoxetine (0.05 ug) on cocaine-
induced locomotor activity was attenuated by intra-NAc
administration of ondansetron (Figure 3a). A significant
group effect (O 10 ng-S-C, S-F 0.05 ug-C, O 10 ng-F 0.05 pg-
C) for the locomotor activity was determined by ANOVA at
10 [F(z’ 24) = ]24, P<0001, n="7- 10] and 30 min [F(z’ 24)=
13.2, P<0.001, n=7-10] (Figure 3a). Intra-NAc adminis-
tration of ondansetron significantly attenuated the facilitatory
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Figure 3 (a) Locomotor activity, (b) rears and (c) head bobs
induced by 15 mg kg~" cocaine (C) or saline (S) injected i.p. at time
0 in rats pretreated by intra-NAc administration of fluoxetine (F)
0.05 pg or saline (S) 30 min earlier and ondansetron (O) 10 ng or
saline (S) 60 min earlier. The values represent mean scores +s.c.mean
(number of rats used for each treatment are shown in parentheses).
*P<0.05 (Student—Newman-—Keuls test), O 10 ng-F 0.05 pug-C
compared to S-F 0.05 ug-C.

effect of intra-NAc injection of fluoxetine (0.05 ug) on
cocaine-induced locomotor activity at 10 and 30 min (Figure
3a). The activity level in ondansetron and fluoxetine
pretreated rats was reduced to the locomotor activity counts
observed in the ondansetron-cocaine control group (Figure
3a).

Although the rearing activity in animals pretreated with
ondansetron and fluoxetine into the core of the NAc followed
by peripheral cocaine administration was reduced in compar-
ison to the facilitatory effect of fluoxetine on cocaine-induced
rearing activity, this did not reach statistical significance
(Figure 3b). A significant group effect (O 10 ng-S-C, S-F
0.05 pg-C, O 10 ng-F 0.05 ug-C) for the number of head
bobs was detected by ANOVA at 10 [F> ,4=28.98, P<0.01,
n=7-10] and 30 min [F, ,4=7.67, P<0.01, n=7-10] and
by ANOVA on ranks at 60 min [H,=6.06, P<0.05, n=7-
10] (Figure 3c). Ondansetron microinjected into the core of
the NAc produced a long-lasting reduction of the head
bobbing activity induced by fluoxetine and cocaine treatment
with statistical significant differences being detected at 10 and
30 min (Figure 3c). The number of head bobs observed in
this group was not different to the head bobbing activity in
cocaine treated rats pretreated with ondansetron (Figure 3c).

It should be noted, that the above described behavioural
changes were observed following administration of the 5-HT
agents into the core of the NAc and not adjacent brain
regions outside the NAc.

Discussion

The psychomotor stimulant cocaine produced marked
increases in exploratory behaviours consisting of forward
locomotion associated with head bobbing activities and
increases in rearing activities. This stimulatory effect of
cocaine on locomotor and head bobbing activities appears to
be facilitated by NAc 5-HT; receptors located in the core of
the NAc. In agreement with a facilitatory role of 5-HT;
receptors on locomotor activity induced by psychomotor
stimulants is the reported observation, that the increased
locomotion following intra-NAc administration of ampheta-
mine was antagonized by ondansetron, however, the 5-HTj3
receptor antagonist failed to reduce locomotor activity
elicited by peripherally administered amphetamine (Costall
et al., 1987). The reported failure of ondansetron on
amphetamine’s stimulatory properties on behaviours follow-
ing peripheral administration was attributed to its additional
interaction with the striatum (Costall et al., 1987), a
dopaminergic brain region which is associated with stereo-
typic behaviours elicited by psychomotor stimulants (Kelly ez
al., 1975; Delfs et al., 1990). In the present study, the ability
of ondansetron microinjected into the core of the NAc to
reduce locomotor and head bobbing activities elicited by
peripherally administered cocaine may suggest a preferential
involvement of this brain region in these exploratory
behaviours induced by cocaine. In agreement with this
suggestion is neurochemical evidence, demonstrating a great-
er effect of peripherally administered cocaine on extracellular
dopamine levels in the NAc compared to the striatum
(Carboni et al., 1989; Kankaanpdd et al., 1996).

Despite ondansetron’s pronounced inhibitory effects on
locomotor and head bobbing responses elicited by cocaine,
the 5-HT; receptor antagonist produced only a moderate
attenuation of the cocaine-induced rearing activity, an
exploratory behaviour that can be elicited by intra-NAc
administration of dopamine (Makanjuolo et al., 1980).
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However, the definite role of the NAc in being the primary
site of action in mediating rearing activity remains equivocal.
Following local administration of dopamine into the nerve
terminals of the mesoaccumbens system, Jackson et al. (1975)
did not report an increase in rearing activity in rats, but
observed continuous rearing in some animals treated with
intra-striatum injection of dopamine. An additional involve-
ment of the striatum in the mediation of this exploratory
behaviour would explain the only modest attenuation by
ondansetron as well as the limited modulatory effect of intra-
NAc injection of fluoxetine. Besides the potential involvement
of the striatum in cocaine’s rearing activity, stimulation of 5-
HT; receptors located in the cell body region of the
mesoaccumbens system has been implicated in mediating an
increase in rearing activity in rats, a stimulatory effect that
could be blocked by ondansetron (Gillies ef al., 1996). In
view of cocaine’ ability to increase extracellular 5-HT levels
in the VTA following peripheral administration (Chen &
Reith, 1994), the potential involvement of 5-HT; receptors
located in the cell body region of the mesoaccumbens system
may account for the modest modulatory effect of intra-NAc
injection of ondansetron and fluoxetine on cocaine-induced
rearing activity.

The underlying mechanism of the attenuated cocaine-
induced locomotor and head bobbing activities after
ondansetron pretreatment in the present study may be a
reduced release of dopamine in the NAc. As indicated in the
introduction, activation of 5-HT; receptors increases dopa-
minergic activity in the mesoaccumbens system. For example,
intraventricular administration of 2-methyl-5-HT increased
dopamine release in the NAc, a facilitatory effect which was
blocked by the 5-HTj; receptor antagonist granisetron (Jiang
et al., 1990). Furthermore, an involvement of 5-HTj3 receptors
in cocaine’s neurochemical action is indicated by the ability
of the 5-HTj3 receptor antagonists MDL 72222 (Kankaanpdi
et al., 1996) and zacopride (McNeish et al., 1993) to reduce
the increased extracellular dopamine levels in the NAc.

Contrary to the observed inhibitory effect of 5-HTj
receptor antagonists on cocaine-induced locomotor activity
(Reith, 1990; Svingos & Hitzemann, 1992; present study), is
an earlier study from our laboratory, showing no modulatory
effect of peripherally administered ondansetron on cocaine-
induced locomotor activity in rats (Taylor & Megalogenis,
1994). The differential results of the latter study and the study
by Reith (1990) may partly be explained by species differences
(rats versus mice). In addition, Reith (1990) used 25 mg kg '
cocaine, which may increase the sensitivity of the behavioural
experiment. However, the present study used the same dose
of cocaine and the same behavioural model, as had been
employed previously in our laboratory by Taylor &
Megalogenis (1994). The major methodological difference
between the two studies is the routes of administration
employed for ondansetron. In the previous study ondanse-
tron was administered peripherally (Taylor & Megalogenis,
1994) compared with central microinjection in the present
study. The reasons for the failure of peripherally adminis-
tered ondansetron to modulate cocaine-induced locomotor
activity are not clear. Ondansetron’s lack of effect is unlikely
to be attributable to an inefficacy of the doses employed
(0.03—-1.0 mg kg=') (Taylor & Megalogenis, 1994), since
similar doses of ondansetron (0.01-1.0 mg kg~") have been
shown to attenuate locomotor activity elicited by intra-NAc
administration of amphetamine (Costall er al, 1987).
However, it has been reported that peripheral administration
of ondansetron (0.1 mg kg~') failed to attenuate cocaine-
induced elevation of extracellular dopamine in the NAc

(Cervo et al., 1996). A possible explanation for the lack of
behavioural and neurochemical effects following peripheral
administration of ondansetron might be the recently
proposed involvement of 5-HT; receptors in the negative
serotoninergic feedback mechanism by the dorsal raphe
nucleus (Bagdy et al., 1998), although this speculation awaits
further experimental research.

The complexity of the underlying interaction between 5-HT
and dopamine is further confirmed by our interesting
observation, that intra-NAc injection of the SSRI fluoxetine
had dose-dependent biphasic effects on cocaine’s behavioural
responses. The potentiation of cocaine-induced locomotor
and head bobbing activities following microinjection of the
lower dose (0.05 pg) of fluoxetine into the core of the NAc,
which was blocked by ondansetron suggests that the core of
the NAc may mediate our previously reported facilitatory
effect of peripherally administered fluoxetine (Herges &
Taylor, 1998). One might speculate, that this facilitatory
effect of the SSRI on cocaine-induced behaviours is the result
of an increased release of dopamine in the NAc. Fluoxetine
has been shown to increase extracellular 5-HT levels in the
NAc (Guan & McBride, 1988), but failed to alter the
dopamine levels (Guan & McBride, 1988; Tanda er al., 1994,
Sakaue et al., 2000), although 5-HT applied into the NAc
increased the extracellular dopamine levels (Parsons &
Justice, 1993). This facilitatory effect of perfused 5-HT on
extracellular dopamine levels in the NAc was attenuated by
MDL 72222, a 5-HTj; receptor antagonist (Parsons & Justice,
1993), which is consistent with an increase of dopamine
release following 5-HT; receptor activation in rat forebrain
regions (Jiang et al., 1990; Chen et al, 1991). Hence,
stimulation of 5-HTj; receptors in the NAc, followed by an
increased dopamine release may account for fluoxetine’s
facilitatory properties on cocaine-induced locomotor and
head bobbing activities in rats, which is supported by the
antagonism of its facilitatory effect by ondansetron in the
present study. The lack of effect of fluoxetine on the
extracellular dopamine levels in the NAc (Guan & McBride,
1988; Tanda et al., 1994; Sakaue et al., 2000) is in agreement
with our behavioural observation, that the lower dose of the
SSRI did not increase the basal activity of saline treated
animals. The latter behavioural results may suggest, that
fluoxetine’s effect in the NAc depends on the dopaminergic
tone, which is presumably low in saline-treated rats. By
increasing the activity of dopaminergic neurones in the
mesoaccumbens system following peripheral administration
of cocaine, fluoxetine’s indirect facilitatory effect by activa-
tion of 5-HT; receptors becomes apparent, which is reflected
in its potentiation of the stimulatory action of cocaine.

Contrary to the facilitatory effect of 0.05 ug fluoxetine, the
higher dose (5 ug) of fluoxetine microinjected into the core of
the NAc inhibited cocaine-induced locomotor and head
bobbing activities. The effect of SSRIs on the extracellular
5-HT levels in forebrain regions has been suggested to reflect
a balance between 5-HT reuptake inhibition and a reduced 5-
HT release (Adell & Artigas, 1991; Rutter & Auerbach,
1993), resulting from 5-HT;, autoreceptor activation in the
midbrain raphe nuclei (Rutter & Auerbach, 1993). Since
fluoxetine was administered into the core of the NAc in the
present study, an involvement of the midbrain raphe nuclei in
a reduced 5-HT release may be excluded. However, an initial
increase of the extracellular 5-HT levels in the synaptic cleft
following intra-NAc administration of the higher dose of
fluoxetine may be expected to result in a stimulation of
presynaptic 5-HT;p autoreceptors, which has been associated
with a decreased release of 5-HT (Cerrito & Raiteri, 1979;
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Gothert & Weinheimer, 1979; Baumann & Waldmeier, 1981;
Mounsey et al., 1982; Gothert & Schlicker, 1983). Indeed, the
greatest increase of extracellular 5-HT in the rat forebrain
following peripheral administration of the SSRIs fluoxetine
and paroxetine was reported after concurrent blockade of 5-
HT;g and 5-HT;s autoreceptors by GRI127935 and
WAY 100635, respectively (Gobert et al., 1997; Sharp et al.,
1997). One might suggest, that the local administration of the
higher dose of fluoxetine shifts the equilibrium between 5-HT
reuptake inhibition and reduced 5-HT release (due to
activation of presynaptic 5-HT;g autoreceptors) toward
reduced extracellular 5-HT levels. Since 5-HT appears to
facilitate cocaine’s behavioural effects, as shown by the lower
dose of fluoxetine, a reduction of the serotoninergic tone in
the NAc may attenuate cocaine’s stimulant action on
locomotor activity.

Another possible explanation for the inhibitory effect of
the SSRI at the higher dose is the involvement of a
postsynaptic 5-HT receptor different from the 5-HT;
receptor. The 5-HT, receptors have been suggested to
mediate an inhibitory effect on dopamine-mediated locomo-
tor activity and behaviour (Green et al., 1981; 1983). The
non-selective 5-HT, receptor antagonists metergoline and
methysergide potentiated cocaine’s stimulant effect on
locomotor activity (Scheel-Kriiger er al., 1977; Herges &
Taylor, 1998), while the 5-HT,pc receptor antagonist SB
206553 and the 5-HT,5 receptor antagonist ketanserin had
dose-dependent opposing effects on cocaine-induced hyper-
activity (Herges & Taylor, 1998; McCreary & Cunningham,
1999). Although the non-selectivity of the 5-HT agents used
complicates the interpretation of the behavioural studies, they
are in agreement with the suggestion, that 5-HT, receptors
are involved in dopamine-mediated locomotor activity. In
recent years, the S5-HT,c receptor subtype has been
implicated in mediating an inhibitory role on the dopami-
nergic mesoaccumbens system (Lejeune et al., 1997; Spampi-
nato et al., 1997; De Deurwaerdére & Spampinato, 1999),
which may account for the potentiation of cocaine-induced
locomotor activity by methysergide (Herges & Taylor, 1998)
and SB 206553 (McCreary & Cunningham, 1999). Recent
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