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Abstract 
Serotonin (5-HT) reuptake inhibitors are frequently used to treat neuropathic pain in humans. Sciatic nerve 
ligation in rats represents a predictive model to study molecules with a therapeutic potential in human 
neuropathic pain syndromes. In addition, it has been reported that in this model peripheral neuropathy is 
associated to a reduction of central 5-HT release. To evaluate the activity of paracetamol on mechanical 
allodynia induced by experimental nerve injury, the drug was orally given (10-1000 mg/kg) to rat subjected to 
sciatic nerve ligation. Moreover, in order to assess any relation between paracetamol activity and modulation of 
serotonergic system, the effects on 5-HT central release were also evaluated by microdialysis coupled with 
HPLC technique. Oral administration of paracetamol to nerve injured rats reversed mechanical allodynia 
yielding an ED50 of 120 mg/kg. Inhibition of allodynic response was independent from behavioural toxicity, as 
administration of paracetamol up to 1000 mg/kg did not alter motor performance assessed by rotarod test. 
Microdialysis confirmed that allodynic rats are characterised by a significant decrease in basal 5-HT cortical 
levels as compared to sham operated animals. Administration of paracetamol induced a significant dose-related 
increase of 5-HT release suggesting an involvement of the serotonergic system in the analgesic effect exerted by 
paracetamol. Moreover, pre-treatment with 10mg/kg metergoline, an antagonist of 5-HT receptors, but not with 
the opiate antagonist naloxone (1mg/kg), prevented antiallodynic effects and reduced the enhancement of 5-HT 
induced by paracetamol. These results suggest that, at least in these experimental conditions, paracetamol 
produces analgesia by potentiating 5-HT neurotransmission. 
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INTRODUCTION INTRODUCTION 
 Neuropathic pain resulting from peripheral 
nerve injury often leads to chronic and disabling 
conditions and frequently presents as ongoing 
spontaneous pain, allodynia and hyperalgesia. 
Because neuropathic pain is often refractory to 
treatment with conventional analgesics such as 
opiates and antiinflammatory drugs (Woolf et al., 
1999; McCleane, 2003), considerable research 
effort has been addressed to the development of 
new therapeutic approaches for its treatment. So 

far, anti-convulsant drugs, such as gabapentin 
and carbamazepine, emerged amongst the most 
commonly used pharmacological interventions 
(Hunter et al., 1997; Mellegers et al., 2001; 
Backonja, 2002; Backonja et al., 2003). 

 Neuropathic pain resulting from peripheral 
nerve injury often leads to chronic and disabling 
conditions and frequently presents as ongoing 
spontaneous pain, allodynia and hyperalgesia. 
Because neuropathic pain is often refractory to 
treatment with conventional analgesics such as 
opiates and antiinflammatory drugs (Woolf et al., 
1999; McCleane, 2003), considerable research 
effort has been addressed to the development of 
new therapeutic approaches for its treatment. So 

far, anti-convulsant drugs, such as gabapentin 
and carbamazepine, emerged amongst the most 
commonly used pharmacological interventions 
(Hunter et al., 1997; Mellegers et al., 2001; 
Backonja, 2002; Backonja et al., 2003). 
  
Antidepressant drugs have been shown to 
alleviate neuropathic pain in humans (McQuay et 
al., 1996; Mattia et al., 2003), but their 
mechanism of action is poorly understood. 
Antidepressants are relatively selective inhibitors 
of monoamine [e.g., norepinephrine and 5-
hydroxytryptamine (5-HT)] reuptake and thereby 
act to potentiate monoaminergic 
neurotransmission. Accordingly, their analgesic 
actions have been attributed to the activation of 
central norepinephrine and/or 5-HT systems.  
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Paracetamol is one of the most widely used 
analgesic drugs. Although the mechanism of 
paracetamol analgesic action remains still to be 
elucitated, modulation of the serotonergic system 
has been suggested on the basis of biochemical 
and behavioural studies (Bonnefont et al., 2003). 
In fact, paracetamol significantly increases 5-HT 
content in cortical and pontine areas (Pini et al., 
1996, 1997) and administration of antagonists of 
several 5-HT receptor subtypes abolishes the 
antinociceptive activity of paracetamol (Pelissier 
et al., 1996). In addition, pre-treatment with p-
chlorophenylalanine was shown to reduce the 
enhancement in brain 5-HT concentration and 
the reduction in the number of 5-HT2 receptors 
in cortical membranes induced by paracetamol. 
This down-regulation of 5-HT2 receptor in 
response to 5-HT release is considered a major 
step in the mechanism underlying analgesia 
produced by paracetamol (Pini et al., 1996). 
 
To clarify the role of central serotonergic system 
in paracetamol analgesic effect, we evaluated its 
antinociceptive properties in a rat model of 
neuropathic pain. Peripheral neuropathic pain 
induced in rats by placing tightly constrictive 
ligatures around the sciatic nerve (NL) mimic 
chronic pain states found in humans and 
represents a useful and predictive model to study 
analgesics with a potential in human chronic pain 
states. The post-operative behaviour of these rats 
indicates that allodynia (i.e. pain evoked by 
normally non painful stimuli), hyperalgesia (i.e. 
increased response to painful stimuli) and 
spontaneous pain are produced (Seltzer et al., 
1990; Bennett et al., 1988). 
 
A few studies have examined tissue content of 
monoamines in neuropathy models. It has been 
demonstrated that neuropathic rats are 
characterized by a reduced basal release of 5-HT 
from the ventrobasal thalamus (Goettl et al., 
2002). The present study was designed to 
investigate the antinociceptive effect of 
paracetamol in a neuropathy model and to 
determine the potential relationship between 
paracetamol antinociceptive activity and 
serotonergic neurotransmission. Analgesic 
efficacy was measured in rats subjected to sciatic 
nerve injury and cortical 5-HT levels were 
monitored by microdialysis technique. In order 
to further assess the role of 5-HT in paracetamol 
induced antinociception, neuropathic rats were 
pre-treated with metergoline to verify whether 
administration of this 5-HT receptor antagonist 
can modify the effects exerted by paracetamol. 

MATERIALS AND METHODS 

Animals 
Adult male rats (CD, Charles River, Italy), 
weighing 200-225 g for sciatic nerve ligation 
(NL) and 150-175 g for motor coordination, 
were used. All animal handling and experimental 
protocols were performed in compliance with 
those stipulated by the local ethics committee 
and were conducted in accordance with the 
ethical principles for pain-related animal 
research of the International Association for the 
Study of Pain (Zimmermann, 1983).  

Drugs 
S The following substances were used: 
paracetamol (Angelini Farmaceutici, ACRAF 
S.p.A.); naloxone and metergoline (Sigma Co., 
St. Louis, MO). Paracetamol was suspended in a 
0.5% methylcellulose aqueous solution for oral 
administration. Naloxone and metergoline were 
dissolved in sterile water for intraperitoneal and 
subcutaneous administration, respectively.  

Sciatic nerve ligation model 
Rats were anaesthetised with chloral hydrate 
(500 mg/kg i.p.). The sciatic nerve of the left 
hind paw was exposed at the level of the middle 
of the thigh by dissection through biceps femoris. 
The nerve was then freed of adhering tissue and 
three tight ligatures (vicryl 5.0) were tied around 
it with about 3 mm spacing. The desired degree 
of constriction produced a brief but marked 
twitch of the limb. Then, the muscle was 
reapproximated and the skin was sutured using 
vicryl 4.0. Rats subjected to sham surgery 
(SHAM; sciatic exposure without ligation) were 
used as control.  

Mechanical allodynia 
Each animal was placed in a chamber with a 
mesh metal floor covered by a plastic dome that 
enabled the animal to walk freely, but not to 
jump. The mechanical stimulus was then 
delivered in the mid-plantar skin of left hind paw 
using an electronic Von Frey apparatus (37400 
Dynamic Plantar Aesthesiometer; Ugo Basile, 
Italy). Such apparatus has the advantage over 
conventional Von Frey filaments in that it allows 
real time measurement of the paw withdrawal 
threshold and the results are shown digitally on a 
display screen. Moreover the limitations of 
variability in filament’s strength and multiple 
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stimulation of the paw for a single data point are 
overcome in this method. The cut-off was fixed 
at 50 g, while the increasing force rate (ramp 
duration) was settled at 20 sec. Mechanical 
allodynia thresholds were measured before (pre-
drug) and 0.5, 1, 2 and 4 h following drug 
administration.  

Microdialysis procedures 
Satellite groups of operated rats were used to 
perform 5-HT level measurements. Allodynic 
rats were anaesthetised with ketamine (75 mg/kg 
i.p.) and medetomidine (500 µg/kg i.p.), and 
placed in a Kopf stereotaxic frame. A guide 
cannula (CMA/11) was then implanted in the 
frontal cortex with the following coordinates: AP 
2.7 mm, L -1 mm, H -1.2 mm from the bregma. 
Briefly, twenty-four hours after surgery, each rat 
was placed in a plexiglas cage and a pre-
equilibrium Cuprophan CMA/11 microdialysis 
probe (3mm long, 0.24mm o.d.) was slowly 
lowered, via the guide cannula, into its frontal 
cortex. The flow rate was 1.3 µl/min. After 1 
hour equilibrating period, a total of ten dialysate 
samples, at 30 min interval each, were collected. 
Baseline was obtained from the mean of three 
samples taken before drug administration. The 
effect of paracetamol was expressed as area 
under the curve (AUC).  

5-HT level measurement 
The level of 5-HT in the dialysate samples was 
quantified according to the method of Kilts et al. 
(1981). The method involved a solvent delivery 
pump (Model LC-10AD, Shimadzu, Kyoto, 
Japan) used in conjunction with an 
electrochemical detector Coulochem II and a 
high performance analytical cell, both from ESA 
(Bedford, MA). The detector potential was 
maintained at 500 mV, the sensitivity range at 1 
µA and the filter at 10 s. A rheodyne (Model 
7725 I) with a 100 µl sample loop was used for 
sample injection. Chromatographic separations 
were performed using an 8 cm x 4.6 mm column 
packed with octadecylsilane (C18) on 
microparticulate (3 µm) silica gel (ESA, Bedford, 
MA). The mobile phase was a mixture of citrate 
0.1 M, Na2HPO4 75 mM, sodium octansulfonate 
0.75 mM and 11% methanol (v/v). After 
adjusting to pH 3.9 with NaOH 15 N, the mobile 
phase was filtered through a 0.22 µm Millipore 
filter and degassed under vacuum. All 
separations were performed isocratically at a 
flow-rate of 1.5 ml/min.  

Rotarod test 
The Rotarod test is an established method for 
evaluating motor impairment and ataxia. Prior to 
drug testing, rats performed two training trials 
per day for two days to walk against the motion 
of a rotating drum (Ugo Basile, Italy) with fixed 
speed (30 rpm) over 120 seconds (sec). During 
these trials, any rat that fell from the rod was 
immediately placed back on the rod. Repeated 
falls excluded an animal from continuing the 
training program. Rats were tested for rotarod 
performance 1 h after oral drug administration. 
Results represent the mean ± S.E.M. of latency 
to fall expressed as sec.  

Data analysis and statistics 

NL model 

Data were presented as mean±S.E.M. of 8 
animals per dose group. An analysis of variance 
(ANOVA) for repeated measures followed by 
Dunnett’s test for multiple comparisons was 
performed. Metergoline and naloxone 
antagonism results were analysed by ANOVA 
followed by Tukey’s test for multiple 
comparisons. 
 
The raw data of mechanical threshold were 
converted to a percentage of the maximal 
possible effect (%MPE). This index was defined 
according to the following formula: 

 
  post-dose PWT - pre-dose PWT 
%  MPE =       x 100 
  sham PWT - pre-dose PWT 
 
where MPE is maximal possible effect and PWT 
is paw withdrawal threshold. 
 
The obtained %MPE values were employed for 
the calculation of the ED50, defined as the dose 
producing 50% reversal of mechanical allodynia 
at 1 h after treatment. The ED50 value was 
obtained fitting the experimental data in 
conformity with the linear analysis according to 
the equation y=a+bx using the GraphPad Prism® 
3.0 software.  

5-HT level 

Data were presented as mean±S.E.M. of 5 
animals per dose group. Data were evaluated by 
ANOVA for repeated measures followed by 
Dunnett’s test for multiple comparisons or by 
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Tukey’s test. Changes in 5-HT levels were 
expressed as fmol/µl.  

Rotarod test 

Each treatment group was composed of 6 
animals. An ANOVA for repeated measures 
followed by Dunnett’s test for multiple 
comparisons was performed.  

RESULTS 

Effect of paracetamol on mechanical 
allodynia in NL rats 
Paracetamol was orally administered in the range 
of doses 10-1000 mg/kg after measurement of 
the basal allodynia value. In all the experiments 
performed, the mean baseline mechanical 
threshold of sham-operated animals (SHAM) 
was 37.8±3.23 g. In contrast, the mean 
mechanical threshold of sciatic nerve ligated rats 
(NL) resulted significantly lower (10.6±0.35 g; 
p<0.05) demonstrating that nerve injury induces 
consistent allodynia. 
 
Paracetamol induced a dose-dependent increase 
of mechanical thresholds with a significant 
(p<0.05) reduction of the allodynic response 
starting from 100 mg/kg and lasting up to 4 h 
following treatment (Fig. 1). Calculated ED50 
reversal value resulted 120 mg/kg.  
 
Table 1: Effect of paracetamol oral administration in rat 
rotarod test 

Group Dose (mg/kg) Time (sec) 

Vehicle  119.7±0.33 

100 120.0±0.01 

300 119.5±0.43 Paracetamol 

1000 120.0±0.27 

Test was performed 1 h after drug administration. Motor 
coordination impairment was evaluated by the ability of the 
animals to remain on the roller for 120 sec. Data are 
presented as mean ± SEM (n = 6 rats per group). 

Effect of paracetamol on motor 
performance 
To exclude any interference of behavioural 
toxicity in the antinociceptive activity of 
paracetamol, the drug was orally administered 
and the effect on motor coordination was 
assessed using the rotarod test in rats. As 

reported in table 1, paracetamol did not induce 
any significant effect on motor performance up 
to 1000 mg/kg. 

  
 

Figure 1: Effect on mechanical allodynia in the sciatic nerve 
ligated rat model following oral administration of 
paracetamol. Data are presented as mean ± SEM (n = 8 rats 
per group). *p<0.05 vs vehicle treated group. For the 
calculation of ED50, the raw data of pain threshold were 
converted to %MPE as described in data analysis and 
statistics and the ED50 values were obtained by the linear 
regression analysis. 

 
Figure 2: Effect of sciatic nerve ligation on 5-HT release 
(fmol/µl) from rat frontal cortex. Dialysate were collected at 
0.5 h intervals from animals subjected to either sciatic nerve 
ligation (NL) or sham surgery (SHAM) as described in 
Methods. Collections began 1 h after equilibrating period and 
were analysed by HPLC. The values represent mean 5-HT 
content ± SEM for each collection period (n = 5 rats per 
group). Inset: bars represent the AUC values for NL and 
SHAM calculated in the 5 h collection period. *p<0.05 vs 
SHAM animals. 

Effect of paracetamol on 5-HT 
cortical release 
In order to investigate the relationship between 
paracetamol antinociceptive activity and 
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serotonergic neurotransmission, changes in 
cortical 5-HT levels in rats subjected to sciatic 
nerve injury were measured by microdialysis 
technique. 
 
Allodynic rats were characterised by a 
significant 3.5-fold decrease in 5-HT cortical 
levels as compared to SHAM (p<0.05; Fig. 2). 
As shown, the reduced release in NL animals is 
maintained throughout the 5 h of the experiment 
with a significant reduction of about 30% in 
terms of 5-HT AUC (AUC NL=1.92±0.16 vs 
AUC SHAM=6.8±1.17, p<0.05). 
 
 

 
Figure 3: Effect of oral administration of paracetamol 
(PARA) on 5-HT release (fmol/µl) from frontal cortex of 
animals subjected to sciatic nerve ligation (NL). Dialysate 
were collected at 0.5 h intervals. Collections began 1 h after 
equilibrating period and were analysed by HPLC. Arrow 
indicates paracetamol administration, 1.5 h after collection 
start. The values represent mean 5-HT content ± SEM for 
each collection period (n = 5 rats per group). Inset: bars 
represent the AUC values calculated in the 5 h collection 
period. *p<0.05 vs vehicle treated group. 

 
As shown in figure 3, administration to NL rats 
of paracetamol at doses able to significantly 
reduce allodynic response induced a dose-related 
increase of 5-HT levels. Analysis of calculated 
AUCs demonstrated a statistically significant 5-
HT increase with respect to vehicle treated group 
(p<0.05) following 300 and 1000 mg/kg dose.  

Effects of metergoline and naloxone 
on paracetamol antiallodynic activity 
in NL rats 
In the attempt to further investigate the role of 
serotonergic transmission in paracetamol 
analgesia, parallel groups of NL rats were pre-
treated with 10 mg/kg sc metergoline (2 h before 
paracetamol 1000 mg/kg po) or 1 mg/kg ip 

naloxone (0.5 h before paracetamol 1000 mg/kg 
po). Mechanical thresholds were measured 
before the first treatment (metergoline or 
naloxone) and 0.5, 1, 2 and 4 h after the second 
treatment (paracetamol). As shown in figure 4, 
metergoline partially antagonized paracetamol 
antiallodynic effect inducing a statistically 
significant effect (p<0.05) as demonstrated by 
the change of the calculated AUC (see the inset 
in Fig. 4). On the contrary, pre-treatment with 
the opioid antagonist naloxone did not 
significantly affect antiallodynic activity of 
paracetamol (Fig. 4). 
 

 
Figure 4: Effect of metergoline (MET) or naloxone (NAL) 
pre-treatment on the antiallodynic activity of paracetamol 
(PARA) in the sciatic nerve ligated rat model. Paracetamol 
(1000 mg/kg) was orally administered 0.5 h after naloxone (1 
mg/kg, ip) or 2 h after metergoline (10 mg/kg, sc). Data are 
presented as mean ± SEM (n = 8 rats per group). Inset: bars 
represent the AUC values calculated in the 4 h period. 
*p<0.05 vs PARA 1000 mg/kg. 

 
In these experimental conditions, neither 
naloxone nor metergoline, given alone, affected 
mechanical allodynia threshold (data not shown).  

Effects of metergoline and naloxone 
on paracetamol-induced increase of 5-
HT release in NL rats 
As consequence of the results obtained on 
allodynic response, experiments to verify 
whether metergoline or naloxone can modulate 
paracetamol induced 5-HT cortical release were 
also performed. Extracellular levels of 5-HT 
were measured in the cerebral cortex by the 
microdialysis technique in NL rats given 
paracetamol (1000 mg/kg po) either 0.5 or 2 h 
following pre-treatment with naloxone (1 mg/kg 
ip) or metergoline (10 mg/kg sc), respectively. 
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The results are shown in figure 5. Metergoline, 
but not naloxone, was able to substantially 
reduce paracetamol-induced increase of 5-HT 
levels resulting in a statistically significant 
decrease as demonstrated by changes in the 
calculated AUC (see inset in Fig. 5). 
 

 
Figure 5: Effect of metergoline (MET) or naloxone (NAL) 
pre-treatment on the enhancement of 5-HT release exerted by 
paracetamol (PARA) in the sciatic nerve ligated rats. 
Dialysate were collected at 0.5 h intervals as described in 
Methods. Collections began 1 h after equilibrating period and 
were analysed by HPLC. Arrow indicates paracetamol (1000 
mg/kg) oral administration, 1.5 h after collection start. Pre-
treatment with naloxone (1 mg/kg, ip) or metergoline (10 
mg/kg, sc) was performed 0.5 h or 2 h before paracetamol 
administration. The values represent mean 5-HT content ± 
SEM for each collection period (n = 5 rats per group). Inset: 
bars represent the AUC values calculated in the 5 h collection 
period. *p<0.05 vs PARA 1000 mg/kg. 

In the same experimental conditions, neither 
naloxone nor metergoline, given alone, modified 
5-HT cortical release (data not shown).  

DISCUSSION 
Damage to nerves or disturbance in their normal 
functioning as consequence of viral infection, 
metabolic disorders or direct physical insult, 
such as postherpetic neuralgia and diabetic 
neuropathy, as well as neurological disorders 
including multiple sclerosis, is associated with a 
diverse range of chronic pain conditions. 
 
Sensory deficits often manifest as pain evoked 
by normally non-painful stimuli (allodynia) 
and/or increased response to painful stimuli 
(hyperalgesia) and represent key diagnostic 
criteria for neuropathic pain conditions in both 
animals and humans (Dworkin et al., 2003, 
Blackburn-Munro, 2004). Neuropathic pain in 
humans remains particularly difficult to treat 

with conventional analgesics such as non-
steroidal antiinflammatory drugs and opiates. 
 
Substantial evidence indicates that 
antidepressants alleviate pain in chronic pain 
patients (Onghena et al., 1992; McQuay et al., 
1996). Tricyclic antidepressants (TCAs), 
amitriptyline representing a prototype, which act 
by non-selective inhibition of 5-HT and 
noradrenaline reuptake have been most widely 
used in this regard (Sindrup et al., 2001). 
Administration of amitriptyline has been shown 
to reduce nociceptive behaviour in experimental 
models of persistent and neuropathic pain 
(Bomholt et al., 2005). There is only limited 
evidence that selective 5-HT reuptake inhibitors 
(SSRIs) exert analgesic effects in patients 
suffering of neuropathic pain (Sindrup et al., 
1992; Smith, 1998). However, preclinical studies 
have demonstrated that SSRIs reduce nociceptive 
behaviours in the formalin test and in nerve 
injured animals (Jett et al., 1997; Otsuka et al., 
2001). 
 
The role exerted by activation of the 5-HT 
system in the treatment of neuropathic pain is 
controversial. It has been reported that 
venlafaxine, a relatively selective 5-HT reuptake 
inhibitor, is able to relieve thermal hyperalgesia 
in models of mononeuropathy (Lang et al., 1996). 
On the other hand, it was shown that 
subcutaneous administration of fluoxetine, a 
selective 5-HT reuptake inhibitor, did not block 
mechanical allodynia or hyperalgesia in 
experimental neuropathy up to the dose of 30 
mg/kg. Indeed, it is difficult to explain 
inconsistencies due to the difference of agents, 
doses, administration route and animal models 
used. Nevertheless, the results obtained in the 
current investigation strongly support the 
conclusion that activation of 5-HT systems in the 
central nervous system substantially decreases 
neuropathic pain. 
 
In the current study, paracetamol was shown to 
be effective in an experimental model of 
neuropathic pain. Paracetamol antinociceptive 
activity was assessed in rats with a 
mononeuropathy induced by tight ligation of the 
sciatic nerve. This model is well-recognized as a 
useful method of allodynia, hyperalgesia and 
spontaneous pain (Bennett et al., 1988) 
resembling clinical characteristic symptoms 
observed in human neuropathic pain. 
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Oral administration of paracetamol (10-1000 
mg/kg) dose-dependently inhibited mechanical 
allodynia in nerve injured rats and this action 
was independent from behavioural toxicity as 
administration of paracetamol up to 1000 mg/kg 
did not alter motor performance. 
 
Inhibition of allodynic response by paracetamol 
resulted related to a modulation of serotonergic 
system since, as measured by microdialysis 
technique, antinociceptive dose-response activity 
paralleled a dose-related increase of 5-HT 
cortical levels. The analgesic effect of 
antidepressant agents and 5-HT have been shown 
to involve opioid system in the central nervous 
system (Yang et al., 1994; Sierralta et al., 1995). 
We found that, in our experimental conditions, 
naloxone did not block paracetamol-induced 
analgesia. In contrast, the 5-HT receptor 
antagonist metergoline (Fuxe et al., 1975) 
antagonised paracetamol-induced inhibition of 
mechanical allodynia in neuropathic rats. 
 
These results indicate that the antinociceptive 
effects of paracetamol are due to the activation 
of 5-HT receptors by released 5-HT. The 
essential role of injury-induced spinal 
sensitization in the development and 
maintenance of neuropathic pain has been well 
documented (Woolf, 1993; Coderre, 1993; 
Woolf et al., 1994). Experimental 
mononeuropathy produced by ligation of the 
sciatic nerve and subsequent spinal sensitization 
is characterized by ongoing pain, allodynia and 
hyperalgesia (Bennett et al., 1988; Seltzer et al., 
1990). 
 
A large body of evidence suggests that 
serotonergic neurons are involved in the 
modulation of nociception through descending 
and ascending projection systems. Descending 
serotonergic and noradrenergic pathways 
originating from within the rostral ventromedial 
medulla (RVM) and the dorsolateral 
pontomesencephalic tegumentum (DLPT) of the 
brainstem are known to modulate ascending 
spinal nociceptive transmission (Fields et al., 
1999; Martin et al., 1999; Millan, 2002). Support 
for a central site of antidepressant action via 
modulation of descending serotonergic and 
noradrenergic pathways has been obtained 
demonstrating attenuation of pain-like 
behaviours following intracerebroventricular 
injection of various antidepressants in the 
formalin test (Nayebi et al., 2001). Moreover, 
lesions of descending pathways prevent 

antinociceptive activity of antidepressants in 
response to natural and experimentally induced 
noxious stimuli (Ardid et al., 1995). In addition, 
Goettl et al. (2002) have recently demonstrated 
reduced basal 5-HT release from the ventrobasal 
thalamus of rats with neuropathic pain. Reduced 
5-HT release as results of neuropathy is 
suggested to decrease inhibitory input to spinal 
cord projection and thalamic relay neurons with 
the end effect to diminish antinociception or 
even facilitate these neurons, thus increasing 
pain perception (Eaton et al., 1989). 
 
The mechanism of action of parcetamol is still 
not clearly understood. Unlike opiates, 
paracetamol has no known endogenous high-
affinity binding sites. In addition, paracetamol 
does not share with non-steroidal 
antiinflammatory drugs (NSAIDs) the ability to 
inhibit peripheral cyclooxygenase (COX) 
activity. There is consistent evidence supporting 
the hypothesis of a central antinociceptive effect. 
Although various biochemical studies point to 
the inhibition of central COX-2 activity, the 
existence of a COX selectively susceptible to 
paracetamol (COX-3?) is an alternative 
hypothesis (Chandrasekharan et al., 2002). 
Modulation of serotonergic system has also been 
suggested on the basis of biochemical and 
behavioural studies supporting an indirect 
serotonergic effect. 
 
Following systemic administration, paracetamol 
crosses the blood-brain barrier (about 40% of the 
plasma concentration) and in a dose-dependent 
manner uniformly distributes throughout the 
central nervous system. Time-course of 
paracetamol antinociceptive effect is comparable 
to that of central concentrations (Courade et al., 
2001a). Moreover, paracetamol is able to exert 
antinociceptive effects also in experimental pain 
models sensitive only to central analgesics and it 
has been shown to induce antinociception 
following intracerebral or intrathecal 
administration. Several studies have 
demonstrated modulation of serotonergic 
metabolism by paracetamol and dose-dependent 
increase in tissue 5-HT concentrations in various 
brain structures. Injury to the serotonergic 
bulbospinal pathways (Tjolsen et al., 1991) and 
inhibition of 5-HT synthesis by p-
chlorophenylalanine (Pini et al., 1996) were 
shown to reduce paracetamol antinociceptive 
activity. However the mechanism underlying this 
interaction has still to be elucidated (Courade et 
al., 2001b). Paracetamol may stimulate the 

International Journal of Integrative Biology                        IJIB, 2007, Vol. 1, No. 3, 202
© IJIB, All rights reserved 

 



 Paracetamol reduces neuropathic pain-like behaviour in rats 

activity of descending 5-HT pathways that 
inhibit nociceptive signal transmission in the 
spinal cord. Evidence that spinally administered 
antagonists of several 5-HT receptor subtypes 
abolish the antinociceptive activity of 
paracetamol lends to support this possibility 
(Bonnefont  et al., 2003). 
 
Nevertheless, available data do not show a 
complete loss of the effect of paracetamol and, 
beside prostaglandin inhibition, the involvement 
of other systems in the regulation of paracetamol 
analgesia cannot be excluded (Flower et al., 
1972; Bjorkman et al., 1994; Bujalska et al., 
2001). 
 
The absence of marked affinity of paracetamol 
for 5-HT receptors suggests an indirect 
activation of serotonergic system (Raffa et al., 
1996). It has been suggested that 5-HT1A and 5-
HT2 receptors are involved in the modulation of 
antinociception exerted by central serotonergic 
system. 5-HT2 receptors are widely distributed in 
cortical areas (Leysen et al., 1990) and 
enhancement of 5-HT can induce down-
regulation of the 5-HT2 receptor subtype in a 
relatively short period of time (Darmani et al., 
1992; Pini et al., 1996). 5-HT2 receptors are 
primarily involved in pain transmission. Long-
term treatment with antidepressants that are used 
in clinical pain therapy appears to regulate the 5-
HT1 receptors and to down-regulate the 5-HT2 
receptors (Eide et al., 1993). The finding that 
acute administration of paracetamol decreases 
the number of cortical 5-HT2A receptors is 
consistent with an increase of 5-HT supraspinal 
concentrations and activation of descending 
inhibitory serotonergic pathways (Pini et al., 
1996; Srikiatkhachorn et al., 1999). 
 
In conclusion, we demonstrated that paracetamol 
reduces neuropathic pain-like behaviour in rats 
by potentiating 5-HT neurotransmission and 
reinforced the role of central serotonergic 
systems in nociceptive processing. The present 
study clearly suggest that, since neuropathic pain 
states are often refractory to treatment with 
conventional analgesics such as opioids and anti-
inflammatory drugs, further preclinical and 
clinical investigation are needed to explore the 
potential of paracetamol in neuropathic pain 
therapy.  
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