
Abstract. Objective: We investigated the effect of pre-treat-
ment with ondansetron or CP 93129 (a 5-HT1B agonist) on
the antinociceptive activity of paracetamol and the changes
in central 5-HT3 receptors induced by paracetamol alone or
co-administered with ondansetron.
Materials and Subjects: Male Wistar rats (eight per group)
were injected with ondansetron (2 and 4 mg/kg s.c.) or CP
93129 (0.5, 1 and 2 mg/kg s.c.) 15 min before paracetamol
(400 mg/kg, i.p.).
Methods: Pain threshold was evaluated in the hot-plate or in
the paw pressure test 30 min after the last treatment. 5-HT3

receptor binding capacity was measured in the frontal cortex,
temporal-parietal cortex and midbrain by means of radioli-
gand binding technique. Statistical analysis was done using
ANOVA followed by Student-Newman-Keuls test and 2 X 2
factorial analysis when appropriate.
Results: Pre-treatment with ondansetron, at doses of 2 and 
4 mg/kg, did not affect the antinociceptive activity of parac-
etamol in the hot-plate test and in the paw pressure test.
Paracetamol did not change the characteristics of 5-HT3

receptors in all the areas investigated. Ondansetron (4 mg/kg
s.c) per se significantly increased the 5-HT3 receptor number
in the areas used, the effect not being modified by co-admin-
istration with paracetamol. On the other hand, CP 93129 
(2 mg/kg s.c.) significantly prevented the effect of paraceta-
mol in both algesimetric tests used.
Conclusions: Our data indicate that 5-HT1B but not 5-HT3

receptors are involved in the antinociceptive effect of parac-
etamol in our experimental conditions.

Keywords: Paracetamol – Antinociception – 5-HT1B and 
5-HT3 receptors – Ondansetron – CP 93129 – Brain

Introduction

Many reports indicate that paracetamol exerts its antinoci-
ceptive activity acting not only peripherally, but also within
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the central nervous system (CNS) both at spinal and
supraspinal level [1–3]. It has been suggested that a number
of neurotransmitter systems may be involved in the central
analgesic activity of paracetamol; in particular serotonin 
(5-HT) pathways seem to play a pivotal role in the central
mechanism of action of this drug [4–6]. In our previous
works we have demonstrated the importance of the central
serotonergic system in the antinociceptive effect of paraceta-
mol which matches an increase in the serotonin levels and a
decrease in the number of 5-HT2 receptors in the cerebral
cortex of the rat [6].

Indeed, multiple serotonin subtypes have been identified
within the central nervous system and 5-HT1, 5-HT2 and 
5-HT3 receptors are now thought to be involved in the 5-HT-
mediated antinociceptive mechanism [7]. There are conflict-
ing findings concerning the relationship between the
antinociceptive effects of 5-HT to specific subtypes of 5-HT
receptors; recently it has been suggested that 5-HT2 and 
5-HT3 receptors mediate antinociception to chemical stimuli
in the spinal cord [8]. Some reports indicate that, at spinal
level, 5-HT3 receptors have an important role in the analgesic
effect of paracetamol [9]. 5-HT3 receptors are concentrated
in the dorsal horn of the spinal cord [10], but are present also
in some CNS areas, chiefly in the hippocampus, limbic and
cortical areas [11].

5-HT1B receptors have been recently proposed to be
involved in the antinociceptive action of some drugs. It has
been reported that 5-HT1B receptors are predominantly locat-
ed on nerve terminals [12] where they regulate neurotrans-
mitter release. Activation of 5-HT1B autoreceptors on sero-
tonergic terminals resulted in inhibition of serotonin release
from hippocampus and frontal cortex in rats [13]. It has also
been shown that 5-HT1B receptors work as heteroreceptors to
inhibit the release of other neurotransmitters (glutamate,
GABA and acetylcholine) [14]. 5-HT1B receptors are present
in the dorsal root ganglia, spinal cord and trigeminal nucleus
[15], but also in many CNS regions, including the frontal 
cortex [16].

Therefore, in the light of the findings that 5-HT3 recep-
tors might be involved in the mechanism of the antinocicep-
tive action of paracetamol at spinal level, and that they are
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present also in higher brain centres, we decided to evaluate
the role of these serotonergic receptors at supraspinal level as
well. This we did by studying the influence of the pre-treat-
ment with ondansetron, a specific antagonist of 5-HT3 recep-
tors, on the antinociceptive effect of paracetamol, evaluated
by means of the hot-plate and of the paw pressure tests.

Moreover, since it has been shown that 5-HT1B receptor
antagonists increased basal levels of serotonin while their
activation decreased serotonin levels [17], we decided to test
the influence of CP 93129, a 5HT1B receptor agonist, on the
antinociception exerted by paracetamol on the two above
mentioned tests.

To exclude the 5-HT3 receptors’ involvement in the
antinociceptive effect of paracetamol from a biochemical
point of view, we investigated the capability of paracetamol
to bind to or to modify the characteristics of 5-HT3 receptors
in three brain areas. Moreover, we studied the influence of
pre-treatment with ondansetron on the possible changes
induced by paracetamol in the characteristics of brain 5-HT3

receptors.

Materials and methods

Animals

Male Wistar rats weighing 180–200 g were housed in Plexiglas® cages
in groups of three in controlled conditions (free access to food and
water; 12-h dark/light cycle; temperature, 22 ± 1°C; humidity, 60%).
The ethical guidelines for investigation of experimental pain in con-
scious animals were followed, and procedures were carried out accord-
ing EEC ethical regulations for animal research (EEC Council 86/609;
D.L. 27/01/1982, No. 116).

Drug treatment

The rats were randomly divided into groups of eight animals each.
Ondansetron, dissolved in saline, at dosages of 2 and 4 mg/kg s.c.

or saline were injected 15 min before paracetamol (400 mg/kg i.p.) (dis-
solved in vehicle, which consisted of 12.5% of 1,2-propanediol in ster-
ile saline) or vehicle and the animals were subjected to the hot-plate test
or to paw pressure test 30 min later. This dose of paracetamol was sched-
uled as being effective in our experimental conditions on the basis of
dose-response experiments in the test performed in our laboratory under
identical experimental conditions [6]; the used doses of ondansetron
have been selected in the range of those proved to be effective in pre-
venting the antinociceptive activity of acetylsalicylic acid [18].

CP 93129 or saline was injected at the doses of 0.5, 1 and 2 mg/kg
s.c. 15 min before paracetamol or vehicle; the rats were subject to the
above described behavioural tests following the same experimental
schedule.

Control experiments showed no significant difference in response
to saline and 12.5% of 1,2-propanediol in the concentration used, so the
data have been pooled. Control rats, paracetamol-, ondansetron- 
(4 mg/kg) and ondansetron plus paracetamol-treated rats were anaes-
thetized and decapitated immediately after the hot-plate test; their
brains were removed and areas dissected and stored at –80°C until
required for assay.

Hot-plate test

The hot-plate consisted of an electrically-heated surface (Socrel DS-35,
Ugo Basile, Comerio, VA, Italy) kept at a constant temperature of 54 ±

0.4°C. The latencies for paw licking or jumping were recorded for each
animal. The analgesic efficacy of the drug was evaluated as a percent-
age of the maximum possible effect (% MPE), according to the formu-
la (TL–BL)/(45–BL) ¥ 100, where TL = Test Latency, BL = Baseline
Latency, 45 = cut-off time, in seconds.

Paw pressure test

The rats were submitted to the paw pressure test previously described by
Randall and Selitto [19]. Nociceptive threshold, expressed in grams,
was measured with an algesimeter (Apelex tipe; tip diameter of probe 
1 mm) from Ugo Basile (Comerio, VA, Italy), applying increasing pres-
sure (15 g per sec) in the left paw of rats until the paw withdrawal was
obtained after a sort of struggle. Results were expressed as a percentage
of the maximum possible effect (% MPE), according to the formula
(TL–BL)/(750–BL) ¥ 100, where TL = Test Latency (in grams), BL =
Baseline Latency (in grams), cut-off value: 750 g.

Binding assay

The characteristics of 5-HT3 binding sites were evaluated according to
Kilpatrick and co-workers [20] with minor modifications, using six
concentrations of [3H]GR65630 (0.1–4 nM; specific activity: 
80 Ci/mmol). Frontal cortex, temporal-parietal cortex and midbrain
were homogenized in 10 ml of HEPES buffer (50 mM, pH 7.4, 4°C)
(Ultra Turrax, 15 sec) and centrifuged for 10 min at 48000 ¥ g in a
Beckman centrifuge at 4°C. The supernatant was discharged, the pellet
was resuspended and, after homogenisation in the same buffer, cen-
trifuged again.

Aliquots of the membrane suspension were used for saturation stud-
ies. Non specific binding was determined by metoclopramide (50 mM).
The mixture of membranes, paracetamol and HEPES or metoclo-
pramide was incubated at 37°C for 30 min and the assay was stopped by
filtration under reduced pressure through GF/B filters, which had been
pre-soaked in 0.1% polyethyleneimine and rinsed with 5 ¥ 3 ml of
HEPES at room temperature. Filters were transferred into plastic vials
containing 6 ml of Packard Optiluor. The vials were stored overnight at
room temperature before being counted.

Competition binding experiments used 10 concentrations between
0.1 nM and 100 mM unlabelled paracetamol to displace binding of 1 nM
[3H]GR65630. Binding assay was then performed according to the
above method.

Drugs

Paracetamol, metoclopramide and HEPES were purchased from Sigma-
Aldrich Srl (Milan, Italy); ondansetron was kindly provided by Glaxo
Ltd (Verona, Italy); CP 93129 was purchased by Tocris Cookson Ltd.
(Bristol, Great Britain); [3H]GR65630 (specific activity, 80 Ci/mmol)
was from Du Pont NEN (Milan, Italy).

Data analysis

The results of binding experiments were analysed according to the
method of Rosenthal. The equilibrium dissociation constant (kD) and the
maximum number of binding sites (Bmax,) were evaluated individually
for each sample with six concentrations of labelled drug using the
regression analysis; binding parameters were calculated from the plot
[21].

The data obtained from the hot-plate and paw pression tests and
from binding experiments were expressed as means ± SEM and corre-
lated by using one-way analysis of variance (ANOVA) followed, when
F-value was significant, by the Student-Newman-Keuls test in case that
the effects of ondansetron or CP 93129 and paracetamol were evaluat-
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ed separately. A two-way analysis of variance was used to analyse the
effect of ondansetron or CP 93129 pre-treatment, paracetamol treatment
and their interaction, followed by 2 ¥ 2 factorial analysis by means of
orthogonal comparisons. The level of significance was set at 0.05.

Results

Behavioural experiments

Paracetamol (400 mg/kg) significantly increased the %MPE
values in the hot-plate test, as expected. At the dose of 
4 mg/kg, ondansetron alone slightly but not significantly
increased %MPE values (Fig. 1), while, at the doses of 2 and
4 mg/kg, it only slightly reduced the antinociceptive effect of
paracetamol in a non-significant manner. ANOVA showed
significance (p = 0.001) and the Student-Newman-Keuls test
demonstrated that paracetamol- and ondansetron (2 and 
4 mg/kg) plus paracetamol-values were significantly differ-
ent from control values but not from each other. The interac-
tion test showed no significance [F(l–42) = 2.06; p > 0.05
and F(l–42) = 2.43; p > 0.05 for ondansetron 2 and 4 mg/kg,
respectively]. The effect of ondansetron was not dose-depen-
dent as the increase in %MPE values provoked by paraceta-
mol was reduced in a similar manner by the two doses
(–17.1% and –18.5%, respectively).

Paracetamol (400 mg/kg) showed significant antinoci-
ceptive effect in the paw pressure test as well (Fig. 2).
Ondansetron (at any dose used) did not affect the paw pres-
sure test since the control values were no different from 
those of the treated rats and it did not antagonise the anal-
gesic effect of paracetamol. ANOVA showed significance 
(p = 0.002) and the Student-Newman-Keuls test indicated
that ondansetron (at any dose) plus paracetamol-values were
no different from paracetamol ones; interaction test showed
no significance [F(l–42) = 0.04; p 0.05 and F(l–42) = 0.01;
p > 0.05 for ondansetron 2 and 4 mg/kg, respectively].

CP 93129, at the dose of 2 mg/kg, significantly prevent-
ed the analgesic effect of paracetamol in the hot-plate test
(Fig. 3). ANOVA showed significance (p = 0.001): the Stu-
dent-Newman-Keuls test indicated that CP 93129 (2 mg/kg)
plus paracetamol-values were different from paracetamol
ones; [interaction test: F(1–56) = 4.24; p < 0.05] while the
lower doses were ineffective in inducing a antagonistic effect
[F(l–56) = 0.86; p > 0.05 and F(l–56) = 0.04; p > 0.05 for
0.5 and 1 mg/kg, respectively].

CP 93129 (2 mg/kg) significantly antagonised the
antinociceptive effect of paracetamol also in the paw pres-
sure test (Fig. 4) [ANOVA: p = 0.001; interaction test:
F(l–56) = 8.7; p < 0.01], while the lower doses were com-
pletely inactive since the values of CP 93129 (0.5 and 
1 mg/kg) plus paracetamol were significantly higher than
control values and similar to those of paracetamol alone
[F(l–56) = 0.08; p > 0.05 and F(l–56) = 0.01; p > 0.05 for
0.5 and 1 mg/kg, respectively].

Receptor binding studies

In the three areas considered (frontal cortex, temporal-pari-
etal cortex and midbrain) paracetamol was not able to modi-
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Fig. 1. Influence of ondansetron (ONDA, 2 or 4 mg/kg s.c.) pre-treat-
ment on the antinociceptive action of paracetamol (PARA, 400 mg/kg
i.p.) in the hot-plate test. Paracetamol was administered 15 min after
ONDA and the rats were tested 30 min later. Each histogram represents
the percentage of the maximum possible effect (%MPE); values were
expressed as means ± SEM for eight rats for each group. SAL = saline
VEH = vehicle consisting in 12,5% of 1,2 propanediol in sterile saline.
*p < 0.05 vs control values (ANOVA followed by Student-Newman-
Keuls test).

Fig. 2. Influence of ondansetron (ONDA, 2 or 4 mg/kg s.c.) pre-treat-
ment on the antinociceptive action of paracetamol (PARA, 400 mg/kg
i.p.) in the paw pressure test. PARA was administered 15 min after
ONDA and the rats were tested 30 min later. Each histogram represents
the percentage of the maximum possible effect (%MPE); values were
expressed as means ± SEM for eight rats for each group. SAL = saline
VEH = vehicle consisting in 12,5% of 1,2 propanediol in sterile saline.
*p < 0.05 vs control values (ANOVA followed by Student-Newman-
Keuls test).

fy either the maximum number (Bmax) or the affinity constant
(kD) of 5-HT3 receptors. Treatment with ondansetron 
(4 mg/kg i.p.) significantly increased the number of 5-HT3

receptors in the three areas studied while ondansetron +
paracetamol values were no different from those obtained
with ondansetron alone (ANOVA: p = 0.001 for the three
areas investigated). The affinity constant remained un-
affected by any of the treatments (ANOVA: p = 0.997, 
p = 0.131 and p = 0.991 for frontal cortex, temporal-parietal
cortex and midbrain, respectively) (Table 1).

Factorial analysis showed no interaction between
ondansetron and paracetamol treatment in the frontal cortex
[F(l–28) = 1.31, p > 0.05], the temporal-parietal cortex



[F(l–28) = 3.47, p > 0.05] or the midbrain [F(l–28) = 0.12,
p > 0.05].

Finally, paracetamol did not bind to 5-HT3 binding sites.
Competition experiments demonstrated that, at doses rang-
ing between 10–9 and 10–4 M, paracetamol was not able to dis-
place, in vitro, the binding of 1 nM [3H]GR65630 in the three
areas studied.

Discussion

The present results confirm that paracetamol (400 mg/kg) is
able to induce an antinociceptive activity in the two algesi-
metric tests, the hot-plate test and the paw pressure test, in the
rat, significantly increasing the %MPE values. The analgesic
effect of paracetamol has been obtained after systemic
administration in animals using a variety of behavioural tests
chiefly in models devoid of inflammation, and similar results
have been obtained in humans [22]. A spinal site of action has
been suggested by many authors for the analgesic effect of
paracetamol [4, 23, 24]. Moreover, the involvement of the
central serotonergic system in the analgesia induced by non-
opioid analgesics has been demonstrated [3], but the detailed
mechanism by which serotonin acts, together with the exact
nature of the receptor subtypes involved, has not yet been elu-
cidated [25–27].

It has been suggested that serotonin modulates the
response to noxious stimuli either at spinal or supraspinal
levels: serotonin and serotonin agonists, injected both
peripherally and in discrete brain areas, raise the nociceptive
threshold, while serotonin receptor blockers attenuate anal-
gesia at spinal and supraspinal levels [28, 29].

Some authors claim the involvement of spinal 5-HT3

receptors in the antinociceptive effect of paracetamol [5, 9],
suggesting an indirect action, since paracetamol does not
bind to 5-HT3 receptors. Our results confirm that paraceta-
mol does not bind to 5-HT3 receptors even at supraspinal lev-
el. On the other hand, our data demonstrate that, at supra-
spinal level, these receptors are not involved in the antinoci-
ceptive effect of paracetamol, in our conditions, as evaluated
by means of the hot-plate and the paw pressure tests.
Ondansetron alone increases the number of 5-HT3 receptors;
this effect was not modified by the treatment with paraceta-
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Fig. 3. Influence of CP 93129 (CP, 0,5, 1 or 2 mg/kg s.c.) pre-treatment
on the antinociceptive action of paracetamol (PARA, 400 mg/kg i.p.) in
the hot-plate test. PARA was administered 15 min after CP 93129 and
the rats were tested 30 min later. Each histogram represents the per-
centage of the maximum possible effect (%MPE); values were
expressed as means ± SEM for eight rats for each group. SAL = saline
VEH = vehicle consisting in 12,5% of 1,2 propanediol in sterile saline.
*p < 0.05 vs control values; *p < 0.05 vs SAL + PARA values (ANO-
VA followed by Student-Newman-Keuls test).

Fig. 4. Influence of CP 93129 (CP, 0,5, 1 or 2 mg/kg s.c.) pre-treatment
on the antinociceptive action of paracetamol (PARA, 400 mg/kg i.p.) in
the paw pressure test. PARA was administered 15 min after CP 93129
and the rats were tested 30 min later. Each histogram represents the per-
centage of the maximum possible effect (%MPE); values were
expressed as means ± SEM for eight rats for each group. SAL = saline
VEH = vehicle consisting in 12,5% of 1,2 propanediol in sterile saline.
*p < 0.05 vs control values; *p < 0.05 vs SAL + PARA values (ANO-
VA followed by Student-Newman-Keuls test).

Table 1. Influence of ondansetron on the effect of paracetamol on [3H]GR65630 binding evaluations in the frontal and temporal-parietal cortex and
midbrain of the rat.

Treatment Frontal  cortex Temporal-parietal cortex Midbrain

Bmax kD Bmax kD Bmax kD

(fmol/mg prot) (nM) (fmol/mg prot) (nM) (fmol/mg prot) (nM)

SAL + VEH 175.33 ± 20.22 1.68 ± 0.31 198.58 ± 14.41 1.61 ± 0.13 164.85 ± 11.30 1.26 ± 0.07
SAL + PARA 151.95 ± 8.42 1.62 ± 0.10 152.51 ± 9.54 1.41 ± 0.18 135.18 ± 9.68 1.28 ± 0.17
ONDA + VEH 291.27 ± 16.78* 1.87 ± 0.44 271.60 ± 21.42* 1.97 ± 0.24 265.02 ± 17.88* 1.33 ± 0.21
ONDA + PARA 308.71 ± 22.34* 1.73 ± 0.23 295.7 ± 23.23* 1.51 ± 0.12 244.20 ± 12.28* 1.31 ± 0.19

Ondansetron (ONDA, 4 mg/kg, s.c.) or saline (SAL) were administered 15 min before paracetamol (PARA, 400 mg/kg, i.p.) or vehicle (VEH, con-
sisting in 12,5% of 1,2 propanediol in sterile saline) treatment. Rats were killed immediately after the hot-plate test (30 min after the last treatment)
and the brain areas were weighed and frozen at –80°C until assayed. Each value represents the mean ± SEM of 8 separate experiments and were
derived from Rosenthal plot. Bmax = maximum binding capacity: kD = equilibrium dissociation constant. *p < 0.05 vs control values (ANOVA fol-
lowed by Student-Newman-Keuls test).



mol, thus indicating that these two drugs do not display an
interactive effect. In particular, paracetamol fails to affect the
characteristics of 5-HT3 receptors even in coadministration,
as shown by the results of the interaction tests. This interest-
ing effect of ondansetron on the number of 5-HT3 receptors
may be partially explained by the role of these receptors in
the modulation of 5-HT release and by the involvement also
of other neurotransmitters [30]. On the other hand, it is well
known that the number of serotonin receptors is down- or up-
regulated by the serotonin levels and by the interaction with
5-HT agonists and antagonists, respectively, after acute expo-
sure and even in a relatively short period of time [31]. Indeed,
the block of 5-HT3 receptors by ondansetron may induce an
up-regulation of these receptor subtype which allows para-
cetamol to exert its antinociceptive effect.

These results contribute to the body of conflicting evi-
dence concerning the role of the 5-HT3 receptor subtypes in
the nociceptive activity of paracetamol [32]. The antinoci-
ceptive effect of paracetamol may be mediated by different
serotonin receptor subtypes at spinal and supraspinal levels.
This is suggested a) by the results obtained by some authors
indicating that the activity of paracetamol is prevented by 
5-HT3 receptor antagonist tropisetron, when intrathecally
(i. t.) injected [5] and b) by findings obtained in our laborato-
ry showing that the antinociceptive effect of paracetamol, in
the hot-plate test, is coupled to an increase in serotonin lev-
els and a decrease in the number of 5-HT2 receptors in the
cerebral cortex and in the pons [6]. Thus, in some brain areas,
the effect of paracetamol seems to be indirectly mediated
through an increase in the serotonin levels regulated by 
5-HT2 receptors. As already mentioned, paracetamol does
not act directly on serotonin receptors, as competition bind-
ing studies have demonstrated that it is not able to bind to 
5-HT1A, 5-HT2 and 5-HT3 receptors [33].

A possible explanation of the lack of antagonistic effect of
ondansetron on the behavioural profile may be afforded by
the heterogeneity observed between 5-HT3 receptor antago-
nists, as suggested by Bardin and co-workers [34–35]: they
show that the antagonism exerted by tropisetron and
granisetron against the i.t. 5-HT antinociceptive effect differs
in potency. Moreover, Courade and co-workers [27] demon-
strate that tropisetron, but not granisetron inhibits the effect of
acetaminophen in a mechanical pain test. On the other hand,
in the present work we report that ondansetron per se does not
induce any intrinsic effect in the two pain tests used, thus
behaving like tropisetron in a mechanical pain test [35].
Indeed, tropisetron has been shown to be not very selective for
5-HT3 receptors, as it binds also to other types of receptors
(e.g. GABAA). On the contrary, ondansetron and granisetron
have little or no affinity for 5-HT1A and 5-HT2 receptors, a1

and b1 adrenoceptors, muscarinic, nicotinic, dopaminergic
and H1 or GABAA receptors in rat cerebral cortex and vagus
nerve [36]. Therefore, the antagonistic effect on the analgesic
activity of paracetamol induced by the less selective 5-HT3

receptor antagonist tropisetron may be explained by its inter-
action with other types of receptor, while the more selective
antagonists fail to produce any specific effect. The binding
results obtained in the cortical areas and in the midbrain indi-
cate that ondansetron produces the same effects in different
areas involved in the serotonin-mediated pathways of the pain
modulatory system. In fact, it has been suggested that the cor-

tical areas are the end-point of the nociceptive system where
the noxious information is perceived and processed [37, 38],
while, in the midbrain, serotonin neurons, which project to the
spinal cord and other brain regions (chiefly the limbic and
cortical areas), are located.

It must also be borne in mind that these results have been
obtained using different behavioural tests (mechanical and
chemical pain) and routes of administration of drugs. The
importance of the type of pain test employed has been under-
lined [39, 40]; in the hot-plate test, the antinociceptive effect is
largely mediated by supraspinal mechanisms [41] and even the
paw pressure test can involve supraspinal structures [42]. The
lack of the antagonistic effect of ondansetron on the antinoci-
ception exerted by paracetamol in a thermal pain model is con-
firmed by using a mechanical pain model, the paw pressure
test, thus suggesting that the negative results obtained by
ondansetron treatment did not depend on the hot-plate test.

The diversity of effects exerted by paracetamol on noci-
ception at spinal and supraspinal levels, reported in the liter-
ature, may be due to a different density of serotonin receptors
subtypes [40]. Our results, however, are consistent with those
obtained, at spinal level, by Courade and co-workers [27]
using granisetron as 5-HT3 antagonist, thus indicating that,
also at supraspinal level, 5-HT3 receptors do not seem to be
involved in paracetamol-induced antinociception, as evaluat-
ed by means of two different pain models.

Moreover, we demonstrate that the 5-HT1B receptor agonist
CP 93129 can antagonise the effect of paracetamol in the two
pain tests used. This result is in keeping with that of Roca-
Vinardell and co-workers who showed an antagonist effect of
CP93129 on the antinociceptive activity of paracetamol in the
hot-plate test in mice [43]. CP 93129 is a specific 5-HT1B

receptor agonist, with 150 fold higher activity for 5-HT1B ver-
sus other 5-HT1, and 5-HT2 binding sites [44]. It is also
claimed to lack substantial affinity for dopamine, noradrena-
line or opioid receptors [45]. The 5-HT1B receptors present in
the CNS of rodents seem to be autoreceptors associated with a
decrease in transmitter release [46]; when stimulated, these
receptors exert a negative feedback control of serotonin [17].
We suggest that this decrease in 5-HT levels exerted by CP
93129 may counteract the increase of serotonin levels induced
by paracetamol preventing its antinociceptive effect.

These data add further evidence that serotonin is involved
in the central effect of paracetamol via a complex net of
receptor subtypes.

In conclusion, we suggest that the purported increase in
5-HT levels induced by paracetamol at a central level medi-
ates an activation of 5-HT receptor subtypes, depending on
the discrete brain areas investigated and on the region of the
5-HT inhibitory system taken into account. Finally, the role
of 5-HT1B, 5-HT2 and 5-HT3 receptors in the 5-HT-induced
nociception still remains to be fully clarified as does the
nature of the molecular mechanisms involved in the relation-
ship involving paracetamol, serotonin and nociception.

References

[l] Brune K, Menzel-Soglowek S, Zeilhofer HU. New evidence for
additional (central) site of action of antipyretic analgesics. In: Jur-
na I, Brune K, editors. Progress in pharmacology and clinical
pharmacology. Stuttgart: Gustav Fischer, 1993: 41–50.

Vol. 52, 2003 Paracetamol and central 5-HT receptors 351



[2] McCormack N. Non-steroidal anti-inflammatory drugs and spinal
nociceptive processing. Pain 1994; 59: 9–43.

[3] Björkman R. Central antinociceptive effects of non-steroidal anti-
inflammatory drugs and paracetamol. Acta Anaesthesiol Scand
1995: 39, Suppl 103: 7–43.

[4] Tjølsen A, Lund A, Hole K. Antinociceptive effect of paracetamol
in rats is partly dependent on spinal serotonergic system. Eur J
Pharmacol 1991; 193: 193–201.

[5] Pellissier T, Alloui A, Paeile C, Eschalier A. Evidence on central
antinociceptive effect of paracetamol involving spinal 5-HT3

receptors. Neuroreport 1995; 6: 983–93.
[6] Pini LA, Sandrini M, Vitale G. The antinociceptive action of

paracetamol is associated with changes in the serotonergic system
in the rat brain. Eur J Pharmacol 1996; 308: 31–40.

[7] Sufka KJ, Schomburg FM, Giordano J. Receptor mediation of 
5-HT-induced inflammation and nociception in rats. Pharmacol
Biochem Behav 1992; 41: 53–6.

[8] Sasaki M, Ishizaki K, Obata H, Goto F. Effect of 5-HT2 and 5-HT3

receptors on the modulation of nociceptive transmission in rat
spinal cord according to the formalin test. Eur J Pharmacol 2001;
424: 45–52.

[9] Pelissier T, Alloui A, Caussade F, Dubray A, Cloarec A, Lavarenne
J et al. Paracetamol exerts a spinal antinociceptive effect involving
an indirect interaction with 5-hydroxytryptamine3 receptors: in
vivo and in vitro evidence. J Pharmacol Exp Ther 1996; 287: 8–14.

[10] Glaum SR, Proudfit HK, Anderson EG. 5-HT3 receptors modulate
spinal nociceptive reflexes. Brain Res 1990; 510: 12–6.

[11] Laporte AM, Kudd EJ, Verge D, Gozlan H, Hamon M. Autoradi-
ographic mapping of central 5-HT3 receptors. In: Hamon M, edi-
tor. Central and peripheral 5-HT3 receptors. London: Academic
Press, 1992: 157–87.

[12] Sari Y, Miquel MC, Brisorgueil MY, Ruiz G, Doucet E, Hamon M
et al. Cellular and subcellular localization of 5-hydrohytrypta-
mine1B receptors in the rat central nervous system: immunocyto-
chemical, autoradiographic and lesion studies. Neuroscience
1999; 88: 899–915.

[13] Martin KF, Hannon S, Phillips I, Heal DJ. Opposing roles for 
5-HT1B and 5-HT3 receptors in the control of 5-HT release in rat
hippocampus in vivo. Br J Pharmacol 1992; 106: 139–42.

[14] Yan Q-S, Yan S-E. Serotonin-1B receptor-mediated inhibition of
[3H]GABA release from rat ventral tegmental area. J Neurochern
2001; 79: 914–22.

[15] Pauwels PJ. 5-HT1B/D receptor antagonists. Gen Pharmacol 1997;
29: 293–303.

[16] Aït Amara D, Segu L, Buhot M-C. Region-specific decrease in 
5-HT1A and 5-HT1B binding sites after intra-ippocampal ibotenic
acid injection in the rat, Neurosci Lett 2001; 310: 25–8.

[17] Maura G, Thellung S, Andrioli GC, Ruelle A, Raiteri M. Release-
regulating serotonin 5-HT1D autoreceptors in human cerebral cor-
tex. J Neurochem 1993; 60: 1179–82.

[18] Sandrini M, Vitale G, Pini LA. Central antinociceptive activity of
acetylsalicylic acid is modulated by brain serotonin receptor sub-
types Pharmacology 2002; 65: 193–7.

[19] Randall LO, Selitto JJ. A method for measurement of analgesic activ-
ity in inflamed tissue. Arch Int Pharmacodyn 1957; 61: 409–17.

[20] Kilpatrick GJ, Jones BJ, Tyers MB. Binding of the 5-HT3 ligand,
[3H]GR65630, to rat area postrema, vagus nerve and in the brains
of several species. Eur J Pharmacol 1989; 159: 157–64.

[21] Rosenthal H. A graphic method for the determination and presen-
tation of binding parameters in a complex system. Anal Biochem
1967; 20: 520–32.

[22] Nielsen JC, Bjerring P, Arendt-Nielsen P, Petterson KJ. Analgesic
efficacy of immediate and sustained release paracetamol and plas-
ma concentration of paracetamol. Double blind, placebo-con-
trolled evaluation using painful laser stimulation. Eur J Clin Phar-
macol 1992; 42(3): 261–4.

[23] Malmberg AB, Yaksh TL. Antinociceptive actions of spinal anti-
inflammatory agents on the formalin test in the rat. J Pharmacol
Exp Ther 1992; 263: 136–46.

[24] Brune K. Spinal effects of antipyretics. Drugs 1994; 47: 21–7.

[25] Richardson BP. Serotonin and nociception. Ann NY Acad Sci
1990; 600: 511–20.

[26] Millan MJ. The role of descending noradrenergic and serotonergic
pathways in the modulation of nociception: focus on receptor mul-
tiplicity. In: Dickerson AH, Besson JM, editors. The pharmacolo-
gy of pain. vol. 130. Heidelberg: Springer, 1997: 385–446.

[27] Courade JP, Chassaing C, Bardin L, Alloui A, Eschalier A. 5-HT
receptor subtypes involved in the spinal antinociceptive effect of
acetaminophen in rats. Eur J Pharmacol 2001; 432: 1–7.

[28] Crisp T, Stafinsky JL, Spanos U, Uram SM, Perni VC, Donepudi HB.
Analgesic effects of serotonin and receptor-selective serotonin ago-
nists in the rat spinal cord. Gen Pharmacol 1991; 22: 247–51.

[29] Besson JM. La complexité des aspects physiopharmacologiques
de la douleur. Drugs 1997; 53, Suppl 2: 1–9.

[30] Millan MJ. Descending control of pain. Trends in Neurobiology
2002; 66: 355–474.

[31] Darmani NA, Martin BR, Glennon RA. Behavioral evidence for
differential adaptation after the serotonergic system for acute and
chronic treatment with (±)-1-(2,5-deimeoty-4-iodophenyl)-
2-aminopropane (DOI) or ketanserin. J Pharmacol Exp Ther 1992;
262: 692–8.

[32] Peng YB, Lin Q, Willis WD. The role of 5-HT3 receptors in peri-
aqueductal grayinduced inhibition of nociceptive dorsal horn neu-
rons in rats. J Pharmacol Exp Ther 1996; 276: 116–24.

[33] Raffa RB, Codd EE. Lack of binding of acetaminophen to 5-HT
receptor or uptake site (or eleven other binding/uptake assays).
Life Sci 1996; 59(2): 33–40.

[34] Bardin L, Juordan D, Alloui A, Lavarenne J, Eschalier A. Differ-
ential influence of two 5-HT3 receptor antagonists on spinal sero-
tonin-induced analgesia in rats. Brain Res 1997a; 765: 267–72.

[35] Bardin L, Lavarenne J, Eschalier A. Serotonin receptor subtypes
involved in the spinal antinociceptive effect of 5-HT in rats. Pain
2000; 86: 11–8.

[36] Ito H, Akuzawa S, Tsutsumi R, Kiso T, Kamato T, Nishida A et al.
Comparative study of the affinities of the 5-HT3 receptor antago-
nists YM060, YM114 (KAE-393), granisetron and ondansetron in
rat vagus nerve and cerebral cortex. Neuropharmacol 1995; 34(6):
631–7.

[37] Monconduit L, Bourgeais L, Bernard JF, Le Bars D, Villanueva L.
Ventromedial thalamic neurons convey nociceptive signals from
the whole body surface to the dorsolateral neocortex. J Neurosci
1999; 19: 9063–72.

[38] Kharkevich DA, Churukanov VV. Pharmacological regulation of
descending cortical control of the nociceptive processing. Eur J
Pharmacol 1999; 375: 121–31.

[39] Bardin L, Bardin M, Lavarenne J, Eschalier A. Effect of intrathe-
cal serotonin on nociception in rats: influence of the pain test used.
Exp Brain Res 1997b; 113: 81–7.

[40] Green GM, Scarth J, Dickenson A. An excitatory role for 5-HT in
spinal inflammatory nociceptive transmission; state-dependent
actions via dorsal horn 5-HT3 receptors in anaesthetized rat. Pain
2000; 89: 81–8.

[41] Hunskaar S, Berge O-G, Hole K. A modified hot-plate test sensi-
tive to mild analgesics. Behav Brain Res 1986; 21: 101–8.

[42] Le Bars D, Gozariu M. Cadden SW. Animal models of nocicep-
tion. Pharmacol Rev 2001; 53: 597–652.

[43] Roca-Vinardell A, Ortega A, Gibert-Rahola J, Mico JA. The role of
5.HT1A/b autoreceptors in the antinociceptive effect of systemic
administration of acetaminophen. Anesthesiology 2003; 98: 741–7.

[44] Chopin P, Moret C, Briley M. Neuropharmacology of-5-hydro-
hytryptamine1B/D receptor ligands. Pharmacol Ther 1994; 62:
385–405.

[45] Macor JE, Burkhart CA, Heym JH, Ives JL, Lebel LA, Newman
ME et al. 3-(1,2,5,6-tetrahydropyridil-4-yl) pyrrololo [3,2-b]:
pyridil-5-one a more potent and selective serotonin (5-HTI B) ago-
nist and rotationally restricted phenolic analogue of 5-methoxy-
3-(1,2,5,6-tetrahydropyridil-4-yl) indole. J Med Chem 1990; 33:
2087–93.

[46] Saxena PR. Serotonin receptors: functional responses and thera-
peutic relevance. Pharmacol Ther 1995; 66: 339–68.

352 M. Sandrini et al. Inflamm. res.


