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Abstract:

Numerous data indicated a significance for the brain dopaminergic pathways in the behavioral effects of cocaine, however recent re-
search also demonstrated involvement of serotonin (5-HT) neurotransmission and particularly 5-HT g receptors in the reinforcing,
discriminative stimulus and sensitizing effects of cocaine. In order to substantiate a role of these receptors in incentive motivation for
cocaine, we used the extinction/reinstatement model to examine the effects of the 5-HT g receptor ligands on reinstatement of extin-
guished cocaine-seeking behavior and food-taking behavior. Rats trained to self-administer cocaine (0.5 mg/kg/infusion) subse-
quently underwent extinction procedures. They were then tested for the cocaine-primed or cocaine-associated cue-induced
reinstatement of extinguished cocaine-seeking behavior. Other groups of rats were trained to self-administer food (sweet milk), and
after extinction they were tested for the reinstatement of food-taking behavior induced by contingent food presentation. The 5-HT g
receptor antagonists SB 216641 (2.5-7.5 mg/kg) and GR 127935 (2.5-10 mg/kg) dose-dependently attenuated the cocaine
(10 mg/kg)- and cocaine-associated cue-induced reinstatement of cocaine-seeking behavior whereas they failed to alter reinstate-
ment of food-taking behavior. The 5-HTg receptor agonist CP 94253 (2.5 or 5 mg/kg) combined with a subthreshold priming dose
of cocaine (2.5 mg/kg) potentiated reinstatement of the drug seeking-behavior, but inhibited cocaine seeking induced by a submaxi-
mal dose (10 mg/kg) of cocaine or the cocaine-associated cue. Moreover, the 5-HT g receptor agonist attenuated reinstatement of
food-taking behavior. Facilitatory effect of CP 94253 on cocaine-seeking behavior and its inhibitory effect on food-taking behavior
were blocked by SB 216641, but its inhibitory effect on cocaine-seeking behavior remained unaffected by this 5-HTp receptor an-
tagonist. Our results indicate that tonic activation of 5-HTg receptors is involved in cocaine- and cue-induced reinstatement of
cocaine-seeking behavior and that the inhibitory effects of 5-HTp receptor antagonists on these phenomena are directly related to
motivational aspects of cocaine abuse. The facilitatory 5-HT g receptor-mediated effect of the 5-HTp receptor agonist on cocaine
seeking may be related to the earlier reported enhancement of the rewarding properties of cocaine, while its inhibitory effect on
cocaine-seeking behavior, unrelated to the 5-HT1p receptor activation, may result from a general reduction of motivation.
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Introduction lowing periods of abstinence [38, 41]. Incentive moti-
vation for cocaine can be modeled in animals by using
reinstatement procedures in which laboratory animals
are trained to self-administer drugs and then undergo
extinction training during which, in an operant ver-

sion of this procedure, lever presses result in saline

Cocaine is one of the best known and powerful addic-
tive substances and its abusers have a high rate of re-
lapse to drug-seeking and drug-taking behavior fol-
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delivery instead of cocaine. The reinstatement of ex-
tinguished lever responding as the operational meas-
ure of drug seeking has good face validity for with-
drawal and relapse, because noncontingent priming in-
jections of the drug or exposure to drug-paired cues or
to stress [15, 16, 37, 61] model the behavioral patterns
that lead to relapse in human drug addicts [9, 13, 15].

Cocaine inhibits dopamine (DA) reuptake by bind-
ing to the DA transporter [31] and elevates extracellu-
lar DA levels in the mesocorticolimbic system [33,
34, 67] which originates in the ventral tegmental area
(VTA) and terminates in the nucleus accumbens
(NAcc) and in the prefrontal cortex. However, co-
caine inhibits also the noradrenaline transporter and
serotonin (5-HT) transporter [31] and in this way en-
hances the extracellular norepinephrine and 5-HT lev-
els, respectively [36]. Therefore, the question arises
about the contribution of 5-HT to the behavioral ef-
fects of cocaine.

A number of studies have indicated that 5-HT plays
a role in the modulating effects of cocaine and other
psychostimulants [18, 40]. 5-HT fibers innervate both
the VTA and NAcc, the key structures of the reward
circuitry, and play a significant role in modulating the
feedback between the DA projections from the VTA
to the NAcc and y-aminobutyric acid (GABA) projec-
tions from the NAcc to the VTA [43, 68, 69].

Serotonergic neurotransmission is mediated by at
least 14 different receptor subtypes [23]. Recent find-
ings have indicated that 5-HT g receptors are strongly
expressed in the mesocorticolimbic system [7, 56],
which is particularly involved in the behavioral ef-
fects of cocaine. For example, 5-HT,y receptor acti-
vation increased the rewarding properties of this psy-
chostimulant in fixed [45, 51] and progressive ratio
schedules of self-administration [45] in rats. Consis-
tent with this, Cervo et al. [11] have found that 5-pro-
poxy-3-(1,2,3,6-tetrahydro-4-pyridinyl)-1H-pyrrolo-
[3,2-b]pyridine hydrochloride (CP 94253; a 5-HTg
receptor agonist) enhances cocaine-induced condi-
tioned place preference. Moreover, the stimulation of
5-HT,g receptors has also been found to increase re-
inforcing efficacy and discriminative signal of the
psychostimulant amphetamine [24, 39] and to en-
hance cocaine-induced behavioral sensitization and
cocaine discriminative cue [20-22, 50, 52, 53].

In contrast to the reinforcing, discriminative and
sensitizing effects of cocaine, there is only one report
suggesting an involvement of 5-HT ;g receptors in
cocaine-seeking behavior. Namely, Acosta et al. [1]

demonstrated that the 5-HT;g, o receptor agonist
5-methoxy-3-(1,2,3,6-tetrahydro-4-pyridyl)-1H-indo-
le (RU 24969) decreased cue- and cocaine-induced
reinstatement of cocaine-seeking behavior. The in-
hibitory effects of RU 24969 were reversed by the
5-HT,g receptor antagonist N-[4-methoxy-3-(4-me-
thyl-1-piperazinyl)phenyl]-2’-methyl-4’-(5-methyl-
[1,2,4]oxadiazol-3-yl)-1,1’-biphenyl-4-carboxamide
(GR 127935), supporting the hypothesis that the at-
tenuation of cocaine-seeking behavior was mediated
via 5-HT, g receptors.

In the present study we investigated the effects of
the selective 5-HT, g receptor antagonists N-[3-[3-(di-
methylamine)ethoxy]-4-methoxyphenyl]-2’-methyl-
4’-(5-methyl-1,2,4-oxadiazol-3-yl)-[ 1,1 ’-biphenyl]-4-
carboxamide hydrochloride (SB 216641) [48] and
GR 127935 [64], and the agonist CP 94253 [32] on
cocaine-primed and cocaine-associated cue-induced
reinstatement of extinguished cocaine-seeking behav-
ior in rats trained to self-administer cocaine. Addi-
tionally, we investigated the effects of the 5-HTp re-
ceptor ligands on the reinstatement of extinguished
food-taking behavior induced by food presentation in
rats trained to self-administer food.

Materials and Methods

Animals

Male Wistar rats (280-300 g) delivered by a licensed
breeder (T. Goérzkowska, Warszawa, Poland) were
housed individually in standard plastic rodent cages in
a colony room maintained at 20 £+ 1°C and at 40-50%
humidity under a 12-h light-dark cycle (lights on at
06:00). Animals had free access to food (Labofeed
pellets) and water during the 7-day habituation pe-
riod. Then, rats used in the cocaine self-administra-
tion and in the food self-administration procedures
were maintained on limited food intake (20 g/rat/day)
during initial training sessions (see below). All ex-
periments were conducted during the light phase of
the light-dark cycle (between 08:00-15:00) and were
carried out in accordance with the National Institutes
of Health Guide for the Care and Use of Laboratory
Animals and with approval of the Bioethics Commis-
sion as compliant with the Polish Law (21 August
1997). The animals were experimentally naive.
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Drugs

Cocaine hydrochloride (Sigma-Aldrich, USA), 5-pro-
poxy-3(1,2,3,6-tetrahydro-4-pyridinyl)-1H-pyrrolo-

[3,2-b]pyridine hydrochloride (CP 94253; Tocris, UK),
N-{3-[3-(dimethylamine)-ethoxy]-4-methoxyphenyl} -

2’-methyl-4’-(5-methyl-1,2,4-oxadiazol-3-yl)-(1,1°-bi-
phenyl)-4-carboxamide hydrochloride (SB 216641;
Tocris, UK) and N-[4-methoxy-3-(4-methyl-1-pipera-
zinyl)phenyl]-2’-methyl-4’-(5-methyl-[1,2,4]oxadia-
zol-3-yl)-1,1’-biphenyl-4-carboxamide (GR 127935;
Tocris, UK) were used. Cocaine was dissolved in ster-
ile 0.9% NaCl, CP 94253 and SB 216641 were dis-
solved in distilled water, and GR 127935 was sus-
pended in 20% B-cyclodextrin (Tocris, UK). Cocaine
was given either iv (0.1 ml/injection) or ip (1 ml/kg).
CP 94253 and SB 216641 were injected ip, while
GR 127935 was injected sc in a volume of 1 ml/kg.
CP 94253, SB 216641 and GR 127935 were adminis-
tered at 30, 45 and 60 min before behavioral scoring,
respectively. The doses of 5-HT;g receptor ligands
were chosen based upon their functional selectivity at
5-HT, g receptors [20, 50, 65, 66].

Cocaine self-administration and extinction

Food restricted rats (20 g/rat/day) were trained to
press the lever of standard operant conditioning
chambers (Med-Associates, St. Albans, GA, USA)
under a fixed ratio (FR) 5 schedule of food (con-
densed milk (1:1 v/v in distilled water; 0.1 ml)) rein-
forcement. Two days following lever-press training
and free access to food, the rats were chronically im-
planted with a silastic catheter in the external right
jugular vein, as described previously [17, 19]. Cathe-
ters were flushed every day with 0.1 ml of saline solu-
tion containing heparin (70 U/ml, Biochemie GmbH,
Austria) and 0.1 ml solution of cephazolin (10 mg/ml;
Biochemie GmbH, Austria). Catheter patency was
tested periodically with the ultrashort-acting barbitu-
rate anesthetic methohexital (10 mg/kg, iv; loss of
consciousness within 5 s). However, no problems
with catheter patency occurred.

After a 10-day recovery period, all animals were
again food restricted (20 g/rat/day) and trained to
lever press to FR 5 schedule of food reinforcement
over a 2-h session. Then, subjects began lever press-
ing for cocaine reinforcement during 2-h daily sessions
performed 6 days/week (maintenance). The house light
was illuminated throughout each session. Each com-
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pletion of five presses on the “active” lever complex
(FR 5 schedule) resulted in a 5-s infusion of cocaine
(0.5 mg/kg per 0.1 ml) and a 5-s presentation of
a stimulus complex (activation of the white stimulus
light directly above the “active” lever and the tone
generator, 2000 Hz; 15 dB above ambient noise lev-
els). The training dose of cocaine was selected based
upon prior experiments [17, 19]. Following each in-
jection, there was a 20-s time-out period during which
responding was recorded but had no programmed
consequences. Response on the “inactive” lever never
resulted in cocaine delivery. Training and mainte-
nance sessions occurred over a total of 16—18 days
during which subjects met acquisition criteria that re-
quired the number of reinforcements and active lever
presses over 6 consecutive maintenance sessions to
vary by only 10%; this criterion was selected based on
our prior experiments [17, 19]. The extinction proce-
dure started on the following day. During extinction
sessions subjects had 2-h daily training sessions with
no delivery of cocaine or the presentation of the con-
ditioned stimulus. Once they reached the extinction
criteria (a minimum of 10 extinction days with the re-
sponding on the active lever below 10% of the level
observed during maintenance during at least 3 con-
secutive days), rats were divided into separate groups
to run reinstatement experiments.

Cocaine-primed reinstatement of cocaine-
seeking behavior

After extinction training one group of animals (n = 7)
served as subjects to establish dose-response relation-
ship for reinstatement of cocaine-seeking behavior in-
duced by three priming doses of the drug (2.5, 5 and
10 mg/kg, ip). Five groups of rats (n = 7-8 rats/group)
were tested for reinstatement response induced by
combination of 5-HT,g receptor ligands and cocaine
(10 mg/kg, ip). Finally, two separate groups of ani-
mals (n = 7-8 rats/group) were tested for reinstate-
ment response induced by CP 94253 or by a combina-
tion of the 5-HT,p receptor agonist and subthreshold
dose (2.5 mg/kg, ip) of cocaine. During the reinstate-
ment tests (2-h sessions), active lever presses on the
FR 5 schedule resulted only in an intravenous injec-
tion of saline. Drug combinations were given in a ran-
domized order in three reinstatement tests that each
rat received, and test sessions were separated by at
least two to three extinction sessions.
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Cue-induced reinstatement of cocaine-seeking
behavior

After extinction training, four separate groups of ani-
mals (n = 6-8 rats/group) served as subjects for rein-
statement of cocaine-seeking behavior. They were
tested for reinstatement response induced by 5-HT;p
receptor ligands and the cue (tone + light previously
paired with cocaine self-administration) which was
presented during the reinstatement tests (2-h sessions)
contingently to active lever presses. During the rein-
statement tests, active lever presses on the FR 5
schedule resulted only in an intravenous injection of
saline, as described previously [17, 19]. Drug combi-
nations were given in a randomized order in three re-
instatement tests that each rat received, and test ses-
sions were separated by at least two to three extinc-
tion sessions.

Food self-administration and extinction

Food self-administration was conducted in a similar
manner to cocaine self-administration, as described
previously [17, 19]. Food-restricted rats (20 g/rat/day)
were trained to press the lever of standard operant
chambers (Med-Associates, St. Albans, GA, USA)
under a FR 5 schedule of reinforcement (each com-
pletion of a FR 5 schedule on the “active” lever re-
sulted in a delivery of the portion of sweetened con-
densed milk (1:1 v/v in distilled water; 0.1 ml)) in
daily 2-h sessions. Following each reward — which
was not connected with any cue — there was a 20-s
time-out period during which responding was re-
corded but had no programmed consequences. Re-
sponse on the “inactive” lever never resulted in food
delivery. Training and maintenance sessions occurred
over a total of 16—18 days during which subjects met
acquisition criteria that required the number of rein-
forcements and active lever presses over 6 consecu-
tive maintenance sessions to vary by only 10%. Once
stable rates of responding were established, the ex-
tinction procedure started on the following day. Dur-
ing extinction sessions subjects had 2-h daily training
sessions with no delivery of food. Once they reached
the extinction criteria (a minimum of 10 extinction
days with the responding on the active lever below
10% of the level observed during maintenance during
at least 3 consecutive days), rats were divided into
separate groups to run reinstatement experiments.

Reinstatement of food-taking behavior

After extinction training, four separate groups of ani-
mals (n = 6-8 rats/group) served as subjects for rein-
statement of food-taking behavior, as described previ-
ously [17, 19]. They were tested for response rein-
statement induced by 5-HT;g receptor ligands and
a contingent presentation of food. During the reinstate-
ment tests (2-h sessions) each completion of a FR 5
schedule on the “active” lever resulted in a delivery of
the portion of sweetened milk (0.1 ml). Following each
reward, there was a 20-s time-out period during which
responding was recorded but had no programmed con-
sequences. Response on the “inactive” lever never re-
sulted in food delivery. Drug combinations were given
in a randomized order in three reinstatement tests that
each rat received, and test sessions were separated by
at least two to three extinction sessions.

Statistical analyses

In reinstatement procedures of cocaine-seeking be-
havior or food-taking behavior, the number of re-
sponses on the active and inactive lever (including
time out responding) for each group pretreated with
several doses of cocaine or a 5-HT,g receptor ligand
in combination with cocaine, cocaine associated cue
or food was analyzed by separate one-way analyses of
variance (ANOVAs) for repeated measures and where
appropriate a post-hoc Dunnett’s test was used to
analyze differences between group means, while for
a group pretreated with a dose of CP 94253 (2.5 mg/kg)
a paired Student’s #-test was used.

In combination experiments with the antagonists
and the agonist of 5-HTg receptors on reinstatement
of cocaine-seeking behavior and food-taking behav-
ior, the number of responses on the active and inactive
lever (including time out responding) for each group
was analyzed by two-way ANOVAs and where appro-
priate a post-hoc Newman-Keuls’ test was used to
analyze differences between group means.

Results

Acquisition of cocaine self-administration

Rats showed stable lever responding during the last 6
self-administration maintenance sessions with an ac-
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quisition criterion requiring that the rate of active
lever presses varied by less than 10%. The animals had
self-administered 2238 injections of cocaine with the
daily mean cocaine intake between 11-19 mg/kg.

Cocaine-primed reinstatement of cocaine-
seeking behavior

After 10 days of extinction (during which the active
lever presses resulted in the iv delivery of saline with-
out the presentation of cocaine-associated cue) the
rats were tested for response reinstatement induced by
cocaine.

A dose-response relationship for reinstatement of
cocaine-seeking behavior induced by three priming
doses of cocaine (2.5, 5 and 10 mg/kg, ip) is shown in
Figure 1. Cocaine significantly altered the number of
active [F(3, 24) = 23.23, p < 0.001], but not inactive
[F(3, 24) = 1.34] lever presses. A significant effect
was observed following cocaine 5 or 10 mg/kg.

The effects of 5-HT g receptor ligands on cocaine
(10 mg/kg, ip)-primed reinstatement are shown in
Figure 2. SB 216641 (5-7.5 mg/kg) significantly al-
tered the number of active [F(3, 28) = 6.28, p < 0.01],
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Cocaine
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Fig. 2. Effects of the 5-HT,5 receptor antagonists SB 216641 (SB; left panel) and GR 127935 (GR; middle panel) and the agonist CP 94253 (CP;
right panel) on the reinstatement of cocaine-seeking behavior induced by cocaine (10 mg/kg, ip). Number of the active (black bars) and inactive
(white bars) lever presses following cocaine priming injections are shown for pretreatment with the corresponding vehicle (VEH), SB 216641
(5-7.5mg/kg), GR 127935 (5-10 mg/kg) or CP 94253 (2.5-5 mg/kg). The baseline corresponding extinction (EXT) responding is also presented.
Each bar represent the mean (+ SEM) of data from 7-8 rats. * p < 0.001 compared to EXT; * p < 0.05, *# p < 0.001 compared to VEH
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but not inactive [F(3, 28) = 1.27] lever presses. A sig-
nificant decrease was observed following SB 216641,
7.5 mg/kg (Fig. 2, left panel). GR 127935 (5-10 mg/kg)
significantly altered the number of active [F(3, 28) =
12.06, p < 0.001], but not inactive [F(3, 28) = 0.29]
lever presses. A significant decrease was observed
following GR 127935, 10 mg/kg (Fig. 2, middle panel).
CP 94253 (2.5-5 mg/kg) significantly altered the
number of active [F(3, 24) = 15.9, p < 0.001], but not
inactive [F(3, 24) = 0.74] lever presses. A significant
decrease was observed following CP 94253, 5 mg/kg
(Fig. 2, right panel).

The effects of combination of SB 216641 (5 mg/kg)
or GR 127935 (5 mg/kg) with CP 94253 (5 mg/kg) on
cocaine (10 mg/kg)-induced reinstatement of cocaine
seeking behavior are shown in Figure 3. A main effect
for a SB 216641 + CP 94253 treatment combination
was observed for active [F(1, 28) =27.57, p <0.001],
but not for inactive [F(1, 28) = 0.77] lever presses.
CP 94253 (5 mg/kg) produced a significant decrease
in the response reinstatement on active lever induced
by cocaine priming (p < 0.05). SB 216641 (5 mg/kg)
did not affect the decrease in active lever presses fol-
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Fig. 3. Combination studies with the 5-HT,g receptor antagonists
SB 216641 (SB) or GR 127935 (GR) injected before the 5-HT,g re-
ceptor agonist CP 94253 (CP) on the reinstatement of cocaine-
seeking behavior induced by cocaine 10 mg/kg, ip SB 216641
(5 mg/kg; left panel) or GR 127935 (5 mg/kg; right panel) was given
before CP 94253 (5 mg/kg). Number of the active (black bars) and in-
active (white bars) lever presses following cocaine priming are
shown for pretreatment with corresponding vehicle (VEH) + VEH,
VEH + CP, SB + CP, GR + CP. The baseline corresponding extinction
(EXT) responding for two different groups of rats is also presented.
Each bar represent the mean (= SEM) of data from 8 rats. * p < 0.01
compared to EXT: # p < 0.05, # p < 0.01 compared to VEH + VEH

lowing administration of CP 94253 (Fig. 3, left
panel). A main effect for a GR 127935 + CP 94253
treatment combination was observed for active
[F(1, 28) = 9.26, p < 0.001], but not for inactive
[F(1, 28) = 0.29] lever presses. CP 94253 (5 mg/kg)
produced a significant decrease in the response rein-
statement on active lever induced by cocaine priming
(p < 0.01). GR 127935 (5 mg/kg) did not affect the
decrease in active lever presses following administra-
tion of CP 94253 (Fig. 3, right panel).

The effects of CP 94253 administered under saline
extinction and effects of combination of 5-HT g re-
ceptor ligands and subthreshold dose (2.5 mg/kg, ip)
of cocaine are shown in Figure 4. Administration of
CP 94253 (2.5 mg/kg, ip) under saline extinction did
not produce reinstatement of cocaine-seeking behav-
ior (Fig. 4, left panel). A main effect for a treatment
combination was observed for active [F(1, 24) =9.57,
p < 0.01], but not for inactive [F(1, 24) = 0.0003]
lever presses. Cocaine (2.5 mg/kg, ip) did not produce
reinstatement of cocaine-seeking behavior, while pre-
treatment with CP 94253 (2.5 mg/kg, ip) in combina-
tion with cocaine (2.5 mg/kg, ip) produced a signifi-
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Fig. 4. Effect of the 5-HT,g receptor agonist CP 94253 (CP; 2.5 mg/kg)
alone (left panel) or in combination with subthreshold dose of co-
caine (2.5 mg/kg) on the reinstatement of cocaine-seeking behavior
and blockade of its potentiating action by the 5-HT,z receptor an-
tagonist SB 216641 (SB), 5 mg/kg (right panel). Number of the active
(black bars) and inactive (white bars) lever presses following co-
caine priming injections are shown for pretreatment with correspond-
ing vehicle (VEH) + VEH, VEH + CP, SB + CP. The baseline extinction
(EXT) responding is also presented. Each bar represent the mean
(+ SEM) of data from 7 rats. * p < 0.01 compared to EXT: ¥ p < 0.01
compared to VEH + VEH; " p < 0.01 compared to VEH + CP
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cant increase in active lever presses. SB 216641
(5 mg/kg) antagonized the increase in active lever
presses following administration of CP 94253 + co-
caine (Fig. 4, right panel).

Cue-induced reinstatement of cocaine-seeking
behavior

After 10 days of extinction (during which the active
lever presses resulted in the iv delivery of saline with-
out the presentation of cocaine-associated cue) the
rats were tested for response reinstatement induced by
the cue. During cue-induced reinstatement tests (Fig. 5),
rats responded more often on the active lever in rela-
tion to the inactive lever and to the extinction period.

The effects of 5-HT g receptor ligands on the cue-
induced reinstatement are shown in Figure SA. SB
216641 (2.5-5 mg/kg) significantly altered the
number of active [F(3, 20) = 13.26, p < 0.01], but not
inactive [F(3, 20) = 0.79] lever presses. A significant
decrease was observed following SB 216641, 5 mg/kg
(Fig. 5A, left panel). GR 127935 (2.5-5 mg/kg) sig-
nificantly altered the number of active [F(3, 24) =
11.6, p < 0.001], but not inactive [F(3, 24) = 0.37]
lever presses. A significant decrease was observed
following GR 127935, 5 mg/kg (Fig. 5A, middle
panel). CP 94253 (2.5-5 mg/kg) significantly altered
the number of active [F(3, 24) = 6.47, p < 0.01), but
not inactive [F(3, 24) = 0.72] lever presses. A signifi-
cant decrease was observed following CP 94253,
5 mg/kg (Fig. 5A, right panel).

The effects of combination of CP 94253 (5 mg/kg)
with SB 216641 (2.5 mg/kg) on cocaine-associated
cue-induced reinstatement of cocaine seeking behav-
ior are shown in Figure 5B. A main effect for a treat-
ment combination was observed for active [F(1, 28) =
21.4, p <0.001), but not for inactive [F(1, 28) = 0.48]
lever presses. CP 94253 produced a significant de-
crease in the response reinstatement on active lever
induced by the cocaine-associated cue (p < 0.01). SB
216641 did not affect the decrease in active lever
presses following administration of CP 94253 (5 mg/kg)
and presentation of the cue.

Acquisition of food self-administration

Rats showed stable lever responding during the last 6
self-administration maintenance sessions with an ac-
quisition criterion requiring that the rate of active
lever presses varied by less than 10%. Rats responded
significantly more frequently on the active lever than

on the inactive lever (p < 0.05), independently of food
self-administration test day.

Reinstatement of food-taking behavior

After 10 days of extinction the rats were tested for re-
sponse reinstatement induced by the contingent pres-
entation of food. During food-induced reinstatement
tests (Fig. 6) rats responded more often on the active
lever in relation to the inactive lever and to the extinc-
tion period.

The effects of 5-HT;g receptor ligands on rein-
statement of food-taking behavior are shown in Fig-
ure 6A. SB 216641 (5-7.5 mg/kg) significantly altered
the number of active [F(3, 20) =17.92, p <0.001], but
not inactive [F(3, 20) = 1.85] lever presses. However,
the individual dose groups of pretreatment with SB
216641 (5-7.5 mg/kg) in combination with food did
not indicate a significant alteration in the reinstate-
ment (Fig. 6A, left panel). GR 127935 (5-10 mg/kg)
significantly altered the number of active [F(3, 28) =
123.27, p < 0.001], but not inactive [F(3, 28) = 0.99]
lever presses. However, data from the individual dose
groups of pretreatment with GR 127935 (5-10 mg/kg)
in combination with food did not indicate a significant
alteration in the reinstatement (Fig. 6A, middle panel).
CP 94253 (5-7.5 mg/kg) significantly altered the
number of active [F(3, 20) = 15.65, p < 0.01], but not
inactive [F(3, 20) = 2.53] lever presses. A significant
decrease was observed following CP 94253, 7.5 mg/kg
(Fig. 6A, right panel).

Figure 6B shows the effects of combination of SB
216641 (7.5 mg/kg) with CP 94253 (7.5 mg/kg) on
food-induced reinstatement of food-taking behavior.
A main effect for a treatment combination was ob-
served for active [F(1, 20) = 6.45, p < 0.05], but not
for inactive [F(1, 20) = 0.004] lever presses. CP 94253
(7.5 mg/kg) produced a significant decrease in the re-
sponse reinstatement on active lever induced by food
(p <0.01). SB 216641 antagonized the decrease in ac-
tive lever presses following administration of CP 94253
and presentation of food (Fig. 6B).

Discussion

The results of the present study indicate for the first
time that the 5-HT receptor antagonists (SB 216641
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and GR 127935) significantly reduced or even almost
completely blocked cocaine-primed or cocaine-asso-
ciated cue-induced reinstatement of cocaine-seeking
behavior, respectively. Since these antagonists failed
to alter cocaine or food-maintained responding in the
self-administration procedures, locomotor activity [51]
or reinstatement of food-taking behavior (the present
study), their effects on cocaine-seeking seem to be un-
related to motor artifacts and specific for the inhibi-
tion of incentive motivation for an artificial reinforcer
(cocaine), but not for a natural reward. It is also note-
worthy that almost complete blockade of cocaine-asso-
ciated cue-induced reinstatement of cocaine-seeking
was produced by 1.5-2 times lower doses of the anta-
gonists than those necessary to inhibit cocaine-primed
cocaine-seeking behavior. Since the conditioned-cued
reinstatement models better simulate relapses in hu-
mans than the cocaine-primed reinstatement proce-
dures [13, 30], the stronger inhibitory effects of
SB 216641 and GR 127935 on cocaine-associated
cue-induced reinstatement indicate that the 5-HTp
receptor antagonists can be considered to be a poten-
tial therapeutic strategy for preventing relapse.

SB 216641 displays high affinity for 5-HT;g recep-
tors but its affinity at 5-HT;p and other examined
5-HT receptors is at least 25 times lower. This antago-
nist has been reported to be a selective partial agonist
of 5-HT,p receptors in the cloned high receptor ex-
pression systems [48], but it fails to demonstrate any
intrinsic activity in native tissues and functions as
a silent antagonist of these receptors [27, 48, 57].
GR 127935 has high affinity for 5-HT 5 and 5-HTp
receptors and in functional studies behaves as an
antagonist of those receptors [23, 46]. Specifically,
a number of papers have indicated that SB 216641 and
GR 127935 administered at doses of 2 or 3—4 mg/kg,
respectively, antagonized several behavioral or neuro-
chemical effects induced by 5-HT;y receptor agonists
[1,11, 12, 14, 25,27, 28, 45, 51].

In our experiments we found that the doses of the
5-HT, receptor antagonists which inhibited cocaine-
or cue-induced reinstatement of cocaine-seeking be-
havior were higher than those reported to be effective
in blocking 5-HT,p receptors. SB 216641 and GR
127935 were effective at doses of 5-7.5 mg/kg and
5-10 mg/kg, respectively, but not at lower doses. The
latter finding supports earlier results of Acosta et al.
[1] who reported that GR 127935 administered at
a low dose of 3 mg/kg was ineffective in affecting
cocaine-seeking behavior. It should be remembered,
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however, that the withdrawal from repeated treatment
with cocaine (sensitization, discrimination or self-ad-
ministration paradigms) induces up-regulation [49]
and functional supersensivity [42] of 5-HT,g recep-
tors. Consequently, in our experiments on animals
trained to self-administer cocaine and then exposed to
cocaine or the cue priming following a 10-day extinc-
tion, higher doses of SB 216641 and GR 127953 were
required to block 5-HT g receptors than those used in
cocaine-naive animals. Taken together, our results on
inhibitory effects of SB 216641 and GR 127935 on
cocaine-primed and cue-induced reinstatement of co-
caine seeking behavior suggest that both phenomena
depend on the tonic activation of 5-HT g receptors.
This conclusion, at least in the case of cocaine prim-
ing, is not unexpected, considering that the psy-
chostimulant inhibits 5-HT reuptake and increases the
extracellular 5-HT concentration [6].

Another finding of this paper shows the bi-direc-
tional effect of the selective 5-HT,g receptor agonist
CP 94253 [32] on the cocaine-primed reinstatement of
cocaine seeking behavior. This compound had inhibi-
tory or facilitatory influence depending on the prim-
ing dose (10 mg/kg or 2.5 mg/kg ip, respectively) of
the psychostimulant. Actually, CP 94253 at a dose of
5 mg/kg inhibited cocaine-seeking behavior induced
by the high-dose (10 mg/kg) psychostimulant chal-
lenge or by cocaine-associated cue. These effects were
unexpected since CP 94253 and other 5-HT,g recep-
tor agonists enhance rather than inhibit the discrimi-
native stimulus and reinforcing effects of cocaine [8,
20, 45, 51]. As the agonist reduced also reinstatement
of food-taking behavior (the present study), produced
satiety effect and reduced the frequency and duration
of feeding behavior [35], its inhibitory effect on the
cocaine-seeking behavior does not seem to be specific
but related to general inhibitory effect on motivation
for appetitive stimuli. It is, however, noteworthy that
the higher dose of CP 94253 (7.5 mg/kg) was required
to inhibit food-taking behavior than that (5 mg/kg)
able to reduce cocaine-seeking.

In contrast to the reinstatement of food-taking be-
havior, the inhibitory effect of CP 94253 on cocaine-
seeking behavior seems to be also unspecific in terms
of its receptor activity. In fact, whereas the CP 94253-
induced inhibition of reinstatement of food-taking be-
havior was blocked by SB 216641, the 5-HT g recep-
tor agonist-induced inhibition of cocaine-primed or
cue-induced reinstatement of cocaine-seeking behav-
ior was not affected by SB 216641 (5 or 2.5 mg/kg,



5-HT,p receptor ligands and cocaine-seeking behavior
Edmund Przegalinski et al.

respectively) and/or GR 127935 (5 mg/kg). However,
it cannot be excluded that these doses were ineffective
in blocking the 5-HT,y receptors, but either antago-
nist administered at 1.5-2 times higher doses inhib-
ited cocaine seeking behavior and therefore they
could not be used in combination with the inhibitory
dose of the 5-HT g receptor agonist. Nevertheless, the
dose of 5 mg/kg of SB 216641 was sufficient to block
the facilitatory effect of CP 94253 on the reinstate-
ment of cocaine seeking behavior (see below). Our
above observations differ from the results of Acosta et
al. [1] who found that GR 127935 (administered at
a dose of 3 mg/kg) blocked the inhibitory response of
the 5-HT g/ o receptor agonist RU 24969 on the rein-
statement of cocaine-seeking behavior induced by
10 mg/kg of cocaine or cocaine-associated cue, and
concluded that the stimulation 5-HT ;g receptors was
responsible for the inhibitory effects of RU 24969.
Since the dose of 10 mg/kg of cocaine may be
close to the ceiling effect for the reinstatement of
cocaine-seeking behavior, we also examined how
CP 94253 affected cocaine-seeking behavior after
the subthreshold priming dose (2.5 mg/kg) of the psy-
chostimulant. Thus, the combination of the dose of
CP 94253 (2.5 mg/kg), which per se did not induce
reinstatement of cocaine-seeking behavior, with the
subthreshold priming dose of cocaine, evoked the ef-
fect similar to that produced by higher doses of co-
caine (5-10 mg/kg) given alone. Moreover, we have
also found that the potentiating effect of the 5-HT g
receptor agonist was almost totally blocked by SB
216641. The latter observation shows that, in contrast
to the unspecific inhibitory effect of CP 94253 when
high priming cocaine dose (10 mg/kg) was given — the
potentiating activity of the 5-HT,g receptor agonist at
the subthreshold priming dose of the psychostimulant
depends on 5-HT g receptor stimulation. Importantly,
the potentiating effect of CP 94253 is supported by
earlier observations showing that the 5-HT g receptor
agonist enhances rewarding properties of cocaine [45,
51] and facilitates the effect of low doses of cocaine
in the conditioned place preference paradigm, with
the latter effect being antagonized by GR 127935 [11].
A large body of evidence indicates that DA plays
a role in cocaine-seeking behavior [5, 58, 60, 61, 63]
and that the NAcc shell is the brain structure involved
in this phenomenon [2—4, 59]. Furthermore, a number
of reports have indicated that 5-HT ;g receptors may
be regarded as modulators of the mesoaccumbal DA
system. Indeed, this system contains both 5-HTy re-

ceptor transcript and protein [7, 47]. These receptors
act not only as autoreceptors inhibiting 5-HT release
[29, 62], but also as inhibitory heteroreceptors present
on nerve terminals of different neurotransmitter path-
ways, including DA-ergic ones [54, 55]. Neverthe-
less, the results of the in vivo experiments indicate
that the stimulation of 5-HT; receptors indirectly, via
inhibition of GABA release, leads to an increase in
basal and cocaine-induced extracellular DA concen-
trations in the NAcc [26, 43, 44, 69]. The above
mechanism can be responsible for the potentiating ef-
fect of CP 94253 on the reinstatement of cocaine-
seeking behavior induced by a subthreshold priming
dose of the psychostimulant. At the same time, Cas-
tanon et al. [10] suggested that the blockade of
5-HT,g receptors increased GABA input in the VTA,
and, consequently reduced the output of DA in the
NAcc. In the light of the above suggestion, our results
showing the inhibitory effects of the 5-HT g receptor
antagonists (SB 216641 and GR 127935) on cocaine-
seeking behavior seem to be in conformity with the
hypothesis of Castanon et al. [10]. On the other hand,
the inhibitory effect of CP 94253 on the reinstatement
of cocaine-seeking behavior evoked by the high prim-
ing dose (10 mg/kg) of the psychostimulant cannot be
interpreted in terms of 5-HT g receptor — accumbal
DA interaction since the above behavioral effect of
the 5-HT,g receptor agonist seems to be unrelated to
activation of these receptors.

In conclusion, our findings indicate that the 5-HT g
receptor antagonists (SB 216641 and GR 127935) at-
tenuate reinstatement of cocaine seeking behavior,
while the agonist CP 94253 facilitates or inhibits this
phenomenon depending on the priming dose of the
psychostimulant (subthreshold or submaximal, re-
spectively). While the effect of the antagonists is di-
rectly related to motivational aspects of cocaine
abuse, the inhibitory effect of the agonist results from
a general decrease in motivation. On the other hand,
the facilitatory effect of CP 94253 may be due to the
enhancement of rewarding properties of cocaine in-
duced by the 5-HT g receptor agonist. Moreover, the
inhibitory effects of SB 216641 or GR 127935 and fa-
cilitatory effect of CP 94253 seem to be due to the
blockade or stimulation of 5-HTg receptors, respec-
tively, while the importance of the stimulation of
5-HT,p receptors for the inhibitory effect of CP 94253
remains an open question.

Pharmacological Reports, 2008, 60, 798-810 807



Acknowledgments:

This research was supported by the grant no. 2 PO5A 012 28 from
the Ministry of Science and Higher Education (Warszawa, Poland).
Expert technical assistance was provided by Ewa Nowak and
Karolina Wydra.

10.

11.

12.

808

References:

. Acosta JI, Boynton FA, Kirsher KF, Neisewander JL:

Stimulation of 5-HT g receptors decreases cocaine- and
sucrose-seeking behavior. Pharmacol Biochem Behav,
2005, 80, 297-307.

. Anderson SM, Bari AA, Pierce RC: Administration of

the Dj-like dopamine receptor antagonist SCH-23390
into the medial nucleus accumbens shell attenuates
cocaine priming-induced reinstatement of drug-seeking
behavior in rats. Psychopharmacology (Berl), 2003, 168,
132-138.

. Anderson SM, Pierce RC: Cocaine-induced alterations

in dopamine receptor signaling: implications for rein-
forcement and reinstatement. Pharmacol Ther, 2005,
106, 389—403.

. Bachtell RK, Whisler K, Karanian D, Self DW: Effects

of intra-nucleus accumbens shell administration of
dopamine agonists and antagonists on cocaine-taking
and cocaine-seeking behaviors in the rat. Psychopharma-
cology (Berl), 2005, 183, 41-53.

. Bossert JM, Ghitza UE, Lu L, Epstein DH: Neurobiol-

ogy of relapse to heroin and cocaine seeking: an update
and clinical implications. Eur J Pharmacol, 2005, 526,
36-50.

. Bradberry CW, Rubino SR: Phasic alterations in dopa-

mine and serotonin release in striatum and prefrontal
cortex in response to cocaine predictive cues in behaving
rhesus macaques. Neuropsychopharmacology, 2004, 29,
676-685.

. Bruinvels AT, Palacios JM, Hoyer D: Autoradiographic

characterisation and localisation of 5-HT|p compared
to 5-HTp binding sites in rat brain. Naunyn Schmiede-
bergs Arch Pharmacol, 1993, 347, 569-582.

. Callahan PM, Cunningham KA: Modulation of the dis-

criminative stimulus properties of cocaine: comparison
of the effects of fluoxetine with 5-HT and 5-HTg re-
ceptor agonists. Neuropharmacology, 1997, 36, 373-381.

. Carter BL, Tiffany ST: Meta-analysis of cue-reactivity in

addiction research. Addiction, 1999, 94, 327-340.
Castanon N, Scearce-Levie K, Lucas JJ, Rocha B,

Hen R: Modulation of the effects of cocaine by 5-HTp
receptors: a comparison of knockouts and antagonists.
Pharmacol Biochem Behav, 2000, 7, 559-566.

Cervo L, Rozio M, Ekalle-Soppo CB, Carnovali F,
Santangelo E, Samanin R: Stimulation of serotonin;g
receptors induces conditioned place aversion and facili-
tates cocaine place conditioning in rats. Psychopharma-
cology (Berl), 2002, 163, 142—-150.

Chaouloff F, Courvoisier H, Moisan MP: GR 127935
reduces basal locomotor activity and prevents

RU 24969-, but not d-amphetamine-induced hyperloco-

Pharmacological Reports, 2008, 60, 798-810

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

motion, in the Wistar-Kyoto Hyperactive (WKHA) rat.
Psychopharmacology (Berl), 1999, 141, 326-331.
Childress AR, Ehrman RN, Robbins SJ, McLelan AT,
O’Brien CP: Cue reactivity and cue reactivity interven-
tions in drug dependence. NIDA Res Monogr, 1993, 137,
73-95.

de Boer SF, Jaap MK: 5-HT 4 and 5-HTp receptor ago-
nists and agression: A pharmacological challenge of the
serotonin deficiency hypothesis. Eur J Pharmacol, 2005,
526, 125-139.

de Wit H, Stewart J: Reinstatement of cocaine-reinforced
responding in the rat. Psychopharmacology (Berl), 1981,
75, 134-143.

Erb S, Shaham Y, Stewart J: Stress reinstates cocaine-
seeking behavior after prolonged extinction and a drug-
free period. Psychopharmacology (Berl), 1996, 128,
408-412.

Filip M, Antkiewicz-Michaluk L, Zaniewska M, Fran-
kowska M, Gotda A, Vetulani J, Przegalinski E: Effects
of 1-methyl-1,2,3,4-tetrahydroisoquinoline on the behav-
ioral effects of cocaine in rats. J Physiol Pharmacol,
2007, 58, 625-639.

Filip M, Frankowska M, Zaniewska M, Gotda A,
Przegalinski E: The serotonergic system and its role in
cocaine addiction. Pharmacol Rep, 2005, 57, 685-700.
Filip M, Frankowska M, Zaniewska M, Gotda A,
Przegalinski E, Vetulani J: Diverse effects of GABA-
mimetic drugs on cocaine-evoked self-administration
and discriminative stimulus effects in rats. Psychophar-
macology (Berl), 2007, 192, 17-26.

Filip M, Nowak E, Papla I, Przegalinski E: Role of
5-hydroxytryptamine; g receptors and 5-hydroxytrypta-
mine uptake inhibition in the cocaine-evoked discrimina-
tive stimulus effects in rats. J Physiol Pharmacol, 2001,
52, 249-263.

Filip M, Papla I, Nowak E, Czepiel K, Przegalinski E:
Effects of 5-HTp receptors ligands, microinjected into
the ventral tegmental area on cocaine discrimination in
rats. Eur J Pharmacol, 2003, 459, 239-245.

Filip M, Papla I, Nowak E, Jungersmith K, Przegalinski
E: Effects of serotonin (5-HT);p receptors ligands,
microinjected into accumbens subregions, on cocaine
discrimination in rats. Naunyn Schmiedebergs Arch
Pharmacol, 2002, 366, 226-234.

Fink KB, Gothert M: 5-HT Receptor regulation of neuro-
transmitter release. Pharmacol Rev, 2007, 59, 360-417.
Fletcher PJ, Korth KM: RU-24969 disrupts d-amphet-
amine self-administration and responding for condi-
tioned reward via stimulation of 5-HTp receptors.
Behav Pharmacol, 1999, 10, 183—-193.

Gotembiowska K, Dziubina A: Inhibition of amino acid
release by 5-HT g receptor agonist in the rat prefrontal
cortex. Pol J Pharmacol, 2002, 54, 625-631.

Guan XM, McBride WIJ: Serotonin microinfusion into
the ventral tegmental area increases accumbens dopa-
mine release. Brain Res Bull, 1989, 23, 541-547.

Hagan JJ, Slade PD, Gaster L, Jeffrey P, Hatcher JP,
Middlemiss DN: Stimulation of 5-HTp receptors causes
hypothermia in the guinea pig. Eur J Pharmacol, 1997,
331, 169-174.



5-HT,p receptor ligands and cocaine-seeking behavior
Edmund Przegalinski et al.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Harrison AA, Parsons LH, Koob GF, Markou A: RU
24969, a 5-HT a/B agonist, elevates brain stimulation
reward thresholds: an effect reversed by GR 127935,

a 5-HTp/p antagonist. Psychopharmacology (Berl),
1999, 141, 242-250.

Hjorth S, Tao R: The putative 5-HT g receptor agonist
CP-93,129 suppresses rat hippocampal 5-HT release in
vivo: comparison with RU 24969. Eur J Pharmacol,
1991, 209, 249-252.

Jaffe JH, Cascella NG, Kumor KM, Sherer MA:
Cocaine-induced cocaine craving. Psychopharmacology
(Berl), 1989, 97, 59-64.

Koe BK: Molecular geometry of inhibitors of the uptake
of catecholamines and serotonin in synaptosomal prepa-
rations of rat brain. J Pharmacol Exp Ther, 1976, 199,
649-661.

Koe BK, Nielsen JA, Macor JE, Heym J: Biochemical
and behavioral studies of the 5-HT1p receptor agonist,
CP-94,253. Drug Dev Res, 1992, 26, 241-250.

Koob GF, Sanna PP, Bloom FE: Neuroscience of addic-
tion. Neuron, 1998, 21, 467-476.

Kuhar MJ, Ritz MC, Boja JW: The dopamine hypothesis
of the reinforcing properties of cocaine. Trends Neurosci,
1991, 14, 299-302.

Lee MD, Simansky KJ: CP-94,253: a selective seroton-
in1B (5-HTg) agonist that promotes satiety. Psycho-
pharmacology (Berl), 1997, 131, 264-270.

Li MY, Yan QS, Coffey LL, Reith ME: Extracellular do-
pamine, norepinephrine, and serotonin in the nucleus ac-
cumbens of freely moving rats during intracerebral dialy-
sis with cocaine and other monoamine uptake blockers.
J Neurochem, 1996, 66, 559-568.

Meil WM, See EE: Conditioned cued recovery of
responding following prolonged withdrawal from
self-administered cocaine in rats: an animal model of
relapse. Behav Pharmacol, 1996, 7, 754-763.
Mendelson JH, Mello NK: Management of cocaine
abuse and dependence. N Engl J Med, 1996, 334,
965-972.

Miranda F, Sandoval-Sanchez A, Cedillo LN, Jiménez
JC, Millan-Mejia P, Velazquez-Martinez DN: Modula-
tory role of 5-HT g receptors in the discriminative signal
of amphetamine in the conditioned taste aversion para-
digm. Pharmacol Rep, 2007, 59, 517-524.

Nowak P, Szczerbak G, Biedka I, Drosik M, Kostrzewa
RM, Brus R: Effect of ketanserin and amphetamine

on nigrostriatal neurotransmission and reactive oxygen
species in parkinsonian rats. In vivo microdialysis study.
J Physiol Pharmacol, 2006, 57, 583-597.

O’Brien CP: A range of research-based pharmacothera-
pies for addiction. Science, 1997, 278, 66—70.

O’Dell LE, Manzardo AM, Polis I, Stouffer DG,
Parsons LH: Biphasic alterations in serotonin-1B
(5-HT;B) receptor function during abstinence from
extended cocaine self-administration. J Neurochem,
2006, 99, 1363—1376.

O’Dell LE, Parsons LH: Serotonin;p receptors in the
ventral tegmental area modulate cocaine-induced in-
creases in nucleus accumbens dopamine levels. J Phar-
macol Exp Ther, 2004, 311, 711-719.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

56.

57.

58.

59.

Parsons LH, Koob GF, Weiss F: RU 24969, a 5-HTg/1a
receptor agonist, potentiates cocaine-induced increases
in nucleus accumbens dopamine. Synapse, 1999, 32,
132-135.

Parsons LH, Weiss F, Koob GF: Serotonin;p receptor
stimulation enhances cocaine reinforcement. J Neurosci,
1998, 18, 10078—10089.

Pauwels PJ: 5-HT 1B/D receptor antagonists. Gen Phar-
macol, 1997, 29, 293-303.

Pazos A, Palacios JM: Quantitative autoradiographic
mapping of serotonin receptors in the rat brain. I. Sero-
tonin-1 receptors. Brain Res, 1985, 346, 205-230.

Price GW, Burton MJ, Collin LJ, Duckworth M,

Gaster L, Gothert M, Jones BJ et al.: SB-216641 and
BRL-15572 — compounds to pharmacologically discri-
minate h5-HT g and h5-HTp receptors. Naunyn
Schmiedebergs Arch Pharmacol, 1997, 356, 321-320.
Przegalinski E, Czepiel K, Nowak E, Dlaboga D, Filip
M: Withdrawal from chronic cocaine up-regulates
5-HTp receptors in the rat brain. Neurosci Lett, 2003,
351, 169-172.

Przegalinski E, Filip M, Papla I, Siwanowicz J: Effect of
serotonin (5-HT)p receptor ligands on cocaine sensitiza-
tion in rats. Behav Pharmacol, 2001, 12, 109-116.
Przegalinski E, Gotda A, Frankowska M, Zaniewska M,
Filip M: Effects of serotonin 5-HTp receptor ligands on
the cocaine- and food-maintained self-administration in
rats. Eur J Pharmacol, 2007, 559, 165-172.

Przegalinski E, Papla I, Siwanowicz J, Filip M: Effects
of 5-HTp receptor ligands microinjected into the ventral
tegmental area on the locomotor and sensitizating effects
of cocaine in rats. Eur Neuropsychopharmacol, 2004, 14,
217-225.

Przegalinski E, Siwanowicz J, Papla I, Filip M: Effects
of 5-HTp receptor ligands, microinjected into the ac-
cumbal shell or core on the sensitization to cocaine in
rats. Eur Neuropsychopharmacol, 2002, 12, 387-396.
Sarhan H, Cloez-Tayarani I, Massot O, Fillion MP,
Fillion G: 5-HT1p receptors modulate release of [*H]do-
pamine from rat striatal synaptosomes. Naunyn Schmie-
debergs Arch Pharmacol, 1999, 359, 40—47.

. Sarhan H, Fillon G: Differential sensitivity of 5-HT g

auto and heteroreceptors. Naunyn Schmiedebergs Arch
Pharmacol, 1999, 360, 382-390.

Sari Y: SerotoninlB receptors: from protein to physio-
logical function and behavior. Neurosci Biobehav, 2004,
28, 565-582.

Schlicker E, Fink K, Molderings GJ, Price GW,
Duckworth M, Gaster L, Middlemiss DN et al.:

Effects of selective h5-HT g (SB-216641) and hS-HTp
(BRL-15572) receptor ligands on guinea-pig and human
5-HT auto- and heteroreceptors. Naunyn Schmiedebergs
Arch Pharmacol, 1997, 356, 321-327.

Schmidt HD, Anderson SM, Famous KR, Kumaresan V,
Pierce RC: Anatomy and pharmacology of cocaine
priming-induced reinstatement of drug seeking. Eur J
Pharmacol, 2005, 526, 65-76.

Schmidt HD, Pierce RC: Systemic administration of

a dopamine, but not a serotonin or norepinephrine,
transporter inhibitor reinstates cocaine seeking in the rat.
Behav Brain Res, 2006, 175, 189-194.

Pharmacological Reports, 2008, 60, 798-810 809



60.

61.

62.

63.

64.

65.

810

Self DW, Barnhart WJ, Lehman DA, Nestler EJ: Oppo-
site modulation of cocaine-seeking behavior by D1- and
D2-like dopamine receptor agonists. Science, 1996, 271,
1586-1589.

Shalev U, Grimm JW, Shaham Y: Neurobiology of re-
lapse to heroin and cocaine seeking: a review. Pharmacol
Rev, 2002, 54, 1-42.

Sharp T, Bramwell SR, Grahame-Smith DG: 5-HT
agonists reduce 5-hydroxytryptamine release in rat hip-
pocampus in vivo as determined by brain microdialysis.
Br J Pharmacol, 1989, 96, 283-290.

Spealman RD, Barrett-Larimore RL: Pharmacological
and environmental determinants of relapse to cocaine-
seeking behavior. Pharmacol Biochem Behav, 1999, 64,
327-336.

Starkey SJ, Skingle M: 5-HTp as well as 5-HT  auto-
receptors modulate 5-HT release in the guinea-pig dorsal
raphé nucleus. Neuropharmacology, 1994, 33, 393—402.
Tatarczynska E, Antkiewicz-Michaluk L, Ktodzinska A,
Stachowicz K, Chojnacka-Wdjcik E: Antidepressant-like
effect of the selective 5-HT g receptor agonist CP 94253:

Pharmacological Reports, 2008, 60, 798-810

66.

67.

68.

69.

a possible mechanism of action. Eur J Pharmacol, 2005,
23, 46-50.

Tatarczynska E, Ktodzinska A, Stachowicz K,
Chojnacka-Wojcik E: Effects of a selective 5-HT1p
agonist and antagonists in animal models of anxiety and
depression. Behav Pharmacol, 2004, 15, 523-534.

Wise RA: Neurobiology of addiction. Curr Opin Neuro-
biol, 1996, 6, 243-251.

Yan QS, Yan SE: Activation of 5-HTg/1p receptors in
the mesolimbic dopamine system increases dopamine
release from the nucleus accumbens: a microdialysis
study. Eur J Pharmacol, 2001, 418, 55-64.

Yan QS, Zheng SZ, Yan SE: Involvement of 5-HTp re-
ceptors within the ventral tegmental area in regulation of
mesolimbic dopaminergic neuronal activity via GABA
mechanisms: a study with dual-probe microdialysis.
Brain Res, 2004, 1021, 82-91.

Received:
November 12, 2008; in revised form: December 2, 2008.



	755	Review Œ GABAB receptors in drug addiction.
	Ma³gorzata Filip, Ma³gorzata Frankowska
	771	Review Œ Antiapoptotic action of lithium and valproate.
	Anna M. Bielecka, Ewa Obuchowicz

	783	Review Œ Experimental asthma in rats.
	Iwona Kucharewicz, Anna Bodzenta-£ukaszyk, W³odzimierz Buczko

	789	Review Œ Caffeine as a marker substrate for testing cytochrome P450 activity in human and rat.
	Marta Kot, W³adys³awa A. Daniel
	798	Effects of serotonin (5-HT)1B receptor ligands on cocaine-seeking behavior in rats.
	Edmund Przegaliñski, Anna Go³da, Ma³gorzata Filip

	811	Inhibition of neophobia-stimulated c-Fos expression in the dorsomedial part of the prefrontal cortex in rats pretreated with midazolam.
	Aleksandra Wis³owska-Stanek, Ma³gorzata Lehner, Anna Skórzewska, Andrzej Bidziñski, Danuta Turzyñska, Alicja Sobolewska, Piotr Maciejak, Janusz Szyndler, Adam P³a�nik

	817	Repeated co-treatment with fluoxetine and amantadine induces brain-derived neurotrophic factor gene expression in rats.
	Zofia Rogó¿, Gra¿yna Skuza, Beata Legutko

	827	Repeated administration of the dopaminergic agonist apomorphine: development of apomorphine aggressiveness and changes in the interaction between dopamine D2 receptors and G-proteins.
	Ruth Rudissaar, Jaanus Harro, Katrin Pruus, Ago Rinken, Lembit Allikmets

	834	Alterations in g-aminobutyric acidB receptor binding in the rat brain after reinstatement of cocaine-seeking behavior.
	Ma³gorzata Frankowska, Karolina Wydra, Agata Faron-Górecka, Magdalena Zaniewska, Maciej Kuœmider, Marta Dziedzicka-Wasylewska, Ma³gorzata Filip

	844	Olfactory bulbectomy and amitriptyline treatment influences mGlu receptors expression in the mouse brain hippocampus.
	Joanna M. Wieroñska, Beata Legutko, Dorota Dudys, Andrzej Pilc

	856	Detrimental effect of postnatal blockade of N-methyl-D-aspartate receptors on sensorimotor gating is reversed by neuroleptic drugs.
	Krzysztof Wêdzony, Katarzyna Fija³, Marzena Maækowiak, Agnieszka Chocyk

	865	Antidepressant treatments-induced modifications of glutamatergic transmission in rat frontal cortex.
	Bartosz Bobula, Grzegorz Hess

	872	Chronic treatment with fluoxetine and sertraline prevents forced swimming test-induced hypercontractility of rat detrusor muscle.
	Sirri Bilge, Ayhan Bozkurt, Duygu B. Bas, Elif Aksoz, Evren Savli, Fatih Ilkaya, Yuksel Kesim

	880	Effects of co-administration of fluoxetine or tianeptine with metyrapone on immobility time and plasma corticosterone concentration in rats subjected to the forced swim test.
	Zofia Rogó¿, Gra¿yna Skuza, Monika Leœkiewicz, Bogus³awa Budziszewska

	889	Effects of selective s receptor ligands on glucocorticoid receptor-mediated gene transcription in LMCAT cells.
	Gra¿yna Skuza, Zofia Rogó¿, Magdalena Szymañska, Bogus³awa Budziszewska

	896	Central interaction between physostigmine and histamine during yawning in rats.
	Esmaeal Tamaddonfard, Hamid Soraya, Nasrin Hamzeh-Gooshchi

	904	Pharmacological preconditioning of the brain: a possible interplay between opioid and calcitonin gene related peptide transduction systems.
	Ashish K. Rehni, Thakur G. Singh, Amteshwar S. Jaggi, Nirmal Singh

	914	Increased synphilin-1 expression in human elderly brains with substantia nigra Marinesco bodies.
	Anna Krygowska-Wajs, Tomasz Lenda, Dariusz Adamek, Marek Moska³a, Katarzyna Kuter, Jerzy Kunz, Maria „mia³owska, Krystyna Ossowska

	925	Effects of new antiepileptic drugs and progabide on the mitogen-induced proliferative activity of mouse splenocytes.
	Agnieszka Basta-Kaim, Bogus³awa Budziszewska, Monika Leœkiewicz, Marta Kubera, Grzegorz Jag³a, Wojciech Nowak, Stanis³aw J. Czuczwar, W³adys³aw Lasoñ

	933	Heme oxygenase (HO-1) is involved in the negative regulation of contact sensitivity reaction.
	Monika Majewska, Katarzyna Zaj¹c, Józef Dulak, Marian Szczepanik

	941	Adaptive vasoactive response to modulatory effects of endothelin-1 in spontaneously hypertensive rats.
	Soòa Èaèányiová, Frantiıek Kristek

	950	Characteristics of adrenaline-driven receptor-mediated signals in human microvessel-derived endothelial cells.
	Anna Wiktorowska-Owczarek, Magdalena Namieciñska, Ma³gorzata Bereziñska, Jerzy Z. Nowak

	957	Effect of selected antidepressant drugs on cytochrome P450 2B (CYP2B) in rat liver. An in vitro and in vivo study.
	Anna Haduch, Jacek Wójcikowski, W³adys³awa A. Daniel

	966	Identification of factors mediating the effect of the brain dopaminergic system on the expression of cytochrome P450 in the liver.
	Jacek Wójcikowski, W³adys³awa A. Daniel

	972	Limited applicability of 7-methoxy-4-trifluoromethylcoumarin as a CYP2C9-selective substrate.
	Pálma Porrogi, László Kóbori, Krisztina Kõhalmy, Judit Gulyás, László Vereczkey, Katalin Monostory


	SHORT COMMUNICATIONS
	980	Effect of cocaine on responsiveness of a1-adrenergic receptors in rat cerebral cortex: modulation by GABA-mimetic drugs.
	Krzysztof Wieczerzak, Tadeusz Witarski, Marta Kowalska, Dominika Nawrat, Adam Roman, Adam Bielawski, Irena Nalepa


	985	Interaction between tobacco smoke and alcohol in animal models.
	Ewa Florek, Wojciech Piekoszewski, Maksymilian Kulza, Tamar Szind¿ikaszwili, Ewa Gomó³ka, Marek Chuchracki, Anna Sêdziak



