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ABSTRACT
The mechanism(s) of analgesic action of paracetamol (acetaminophen; N-acetyl-p-aminophenol) remains controversial.
Previous studies on rats suggested that the antinociceptive action of paracetamol might involve the central descending
inhibitory pain pathways recruiting both a serotoninergic and an opioidergic system. This study explores this issue in
mice using paroxetine, the most potent selective serotonin re-uptake inhibitor, and the nonselective opioid pure antagonist naloxone. Animals were divided into two main groups for two separate experiments, each subdivided into 3 subgroups. In both experiments; the first group served as control, the second group received paracetamol (200 mg/kg, i.p).
In one experiment, the third group received paroxetine (20 mg/kg p.o for 7 days) before paracetamol. In the other experiment, animals of the third group were pretreated with naloxone (5 mg/kg, i.p) 30 min before paracetamol. The antinociceptive effect of paracetamol was tested using the hot plate test. Paracetamol displayed a significant antinociceptive
activity that was augmented by pretreatment with paroxetine as was shown by maintenance of its effect beyond that
shown by paracetamol alone. On the other hand, pretreatment with naloxone abolished paracetamol’s antinociceptive
activity in the hot-plate test. These results extended the previous observation in rats that the antinociceptive effect of
paracetamol involved activation of a central descending pain inhibitory pathway with serotonin and opioidergic peptides being potential mediators recruited.
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1. Introduction
More than 100 years after its synthesis, the mechanism of
analgesic action of paracetamol (acetaminophen; N-acetyl-p-aminophenol) remains controversial. Postulated
mechanisms [1,2], including inhibition of cyclooxygenase isozymes, have been inadequate [3]. Its inhibitory
activity on the synthesis of prostaglandin is more evident
on cyclo-oxygenase 1 than on cyclooxygenase 2 [4], both
peripherally and within the CNS, even though the exact
antinociceptive mechanism of action of this drug is still
not completely clear [5]. Its biochemical properties, such
as its weak inhibitory activity on the synthesis of peripheral prostaglandins, its low plasma-protein binding, its
liposolubility and its ability to cross the blood-brain barrier suggest a central activity, which has been reported in
several studies both in animals [6] and in humans [7]. It
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has been postulated that this central effect might be
linked to the ability of paracetamol to inhibit central
cyclo-oxygenase [2,5]. On the other hand, it has been
demonstrated that tissue cyclooxygenase in rat brain homogenates is not inhibited in doses of paracetamol up to
100 mg/kg [8]. Thus, the inhibition of cyclo-oxygenase
may not be solely responsible for the central analgesic
effect of non steroidal anti-inflammatory drugs (NSAIDs)
[9].
There is evidence to suggest that the serotonergic system may play a role in the antinociceptive mechanism of
NSAIDs [10] and of paracetamol. There was considerable evidence supporting a role for 5-hydroxytryptamine (5-HT) in the modulation of nociceptive thresholds. Studies have shown that 5-HT plays an important
role in the descending inhibitory pathway of pain transmission from brainstem to the spinal cord. Descending
pain pathways originate in brainstem nuclei, the hypoPP
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thalamus and the cortex and interact with afferent fibers,
interneurons and projecting neurons in the dorsal horn of
the spinal cord. They are multiple and their stimulation
leads to inhibitory effects in most studies [11-13]. The
neurotransmitters involved in these descending controls
are serotonin, noradrenalin, dopamine and opioids [14].
5-Hydroxy-tryptamine, applied iontophoretically to dorsal horn neurons does reduce the nociceptive responses
of these neurons. [15] showed that the 5-HT3 receptor
antagonist, tropisetron, injected intrathecally, abolished
the antinociceptive effect of paracetamol in an inflammatory pain model in rats. Most of the authors reported
that 5-HT3-receptor activation had an antinociceptive
action [16-19], while few showed an involvement of
5-HT2 receptor subtype [20] or 5-HT1 [21].
It has been also proposed that other neurotransmitter
systems, including opioidergic pathways, may be involved in the central analgesic effect of this class of
drugs [22]. Raffa and co-workers [23] have discovered
that the analgesic effect of acetaminophen involves recruitment of endogenous opioid pathways that lead to
antinociceptive spinal-supraspinal “self-synergy”. They
also demonstrated a synergistic enhancement of acetaminophen’s antinociceptive action by spinal administration of phentolamine [24], implicating an interaction between descending endogenous opioid pathways and spinal sites. On the other hand, a recent clinical study on
human volunteers that naloxone did not inhibit paracetamol antinociception, suggesting no significant implication of the opioid system in paracetamol mechanism of action [25].
The study of the impact of modulating the serotonergic
and opioidergic systems on the analgesic activity of paracetamol, therefore, might throw some light on the
complex antinociceptive activity of this widely used drug.
Accordingly, we decided to conduct a study on both neurotransmitter systems, serotonergic and opioidergic, to
gain further insight into the mechanism of the analgesic
action of paracetamol.
The purpose of this study was twofold. Firstly, to
evaluate the impact of enhancing the central serotoninergic neurotransmission by the most potent selective serotonin reuptake inhibitor, paroxetine [26,27], on the antinociceptive effect of paracetamol in the hotplate test,
hence the clinically relevant potential drug interaction
between therapeutic doses of both paracetamol and this
selective serotonin reuptake inhibitor is highlighted.
Secondly, to find out whether naloxone, the opiate recaptors pure antagonist, was able to modify or prevent the
antinociceptive effect of paracetamol in the same analgesimetric test, thus ruling out the potential involvement of
endogenous opioid polypeptides in mediating the analgesic effect of this widely used medicine.
Copyright © 2013 SciRes.
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2. Materials and Methods
2.1. Animals
Adult albino mice weighing 25 - 30 g of either sex were
used in our study. They were purchased from the animal
facility of the pharmacology department, College of Pharmacy, King Abdul-Aziz University. The animals were
housed in cages kept under constant environmental and
nutritional conditions throughout the period of investigation. They were allowed a free access to water and
diet consisting of standard chow.

2.2. Drugs
Paracetamol was obtained from Sigma-Aldrich Company,
USA. Paroxetine hydrochloride was obtained from GlaxoSmithKline Company. Naloxone HCl was obtained from
Hikma Pharmaceuticals, Amman, Jordan. Drugs were
freshly prepared in aqueous solution in a concentration
adjusted so that the volume administered is 0.1 ml/10 g
animal weight.

2.3. Experimental Design and Treatment
Protocol
The animals were divided into two sets, dedicated each
for a separate experiment. Each set was subdivided into
three groups, consisting each of 10 mice.
2.3.1. Paroxetine Experiment
Animals in Group 1 (served as normal control) as well as
Group 2 were orally administered normal saline, at the
same volume of the drug, for one week. In Group 3, paroxetine was daily administered by oral gavage in a dose
of 20 mg/kg [28] (Takeuchi et al., 2010) for one week.
At the end of the experiment day (on Day 7), all the animals were subjected to the hotplate test to determine the
baseline withdrawal latency (see below). Thereafter, animals in Group 1 were intraperitoneally (i.p) injected with
normal saline, while in Group 2 and Group 3, animals
were i.p injected with paracetamol (200 mg/kg) [29] one
hour after receiving the last oral dose of normal saline or
paroxetine. Exactly after 15 min, the hotplate test was
started as described below.
2.3.2. Naloxone Experiment
On the experiment day, all the animals were subjected to
the hotplate test before receiving any treatment to determine the baseline withdrawal latency (see below). Thereafter, animals in Group 1 were i.p injected with normal
saline and served as control, while in Group 2, animals
were i.p injected with paracetamol (200 mg/kg). Animals
in Group 3 where pretreated with naloxone (5 mg/kg, i.p)
[30] 30 min before paracetamol injection. Exactly 15 min
PP
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after, the hotplate test was started.

2.4. Hot-Plate Test
The central antinociceptive activity of paracetamol was
evaluated by using a modified hot plate test following the
method of [31]. This test measures the complex response
to an acute, noninflammatory, nociceptive input and can
be considered a good model for studying central antinociceptive activity [32].
Animals were placed individually onto a hot plate with
temperature fixed at 55˚C ± 0.5˚C (Harvard Apparatus
Ltd., Kent, UK). Exposure to heat was continued till the
animal shows withdrawal response in the form of hind
paw licking, shaking or lifting or jumped off. To minimize tissue damage, a cut-off time (removing from the
plate) of 30 seconds was adopted. The withdrawal latency was defined as the time period between the moment when the animal was placed on the hot plate surface and the moment when the animal licked, shaked or
lifted any of its hind paws or jumped off to avoid thermal
pain. The baseline latency (pretreatment value) was determined just before paracetamol or saline injection. The
withdrawal latency was again determined at 15, 30, 45,
60, 75, 90, 105 and 120 min after. The prolongation in
the withdrawal latency was taken as an index for the
antinociceptive effect of paracetamol.

2.5. Data Analysis
All values in this study are expressed as mean ± standard
error of the mean (M ± SEM). Data were analyzed by

one-way analysis of variance (ANOVA). When variation
among groups was found significant, Tukey-Kramer
multiple comparisons test was carried out to compare between groups. Differences were considered significant
when p value was <0.05.

3. Results
3.1. Effect of Paroxetine
As shown in Figure 1, the normal (pretreatment) withdrawal latency of control mice was 13.25 ± 0.62 sec.
After saline injection, this value showed insignificant
variation along the whole experimental period. After
injection of paracetamol, the withdrawal latency was
gradually and significantly prolonged, starting 15 min
after injection, reaching a maximum of 26.63 ± 0.86
seconds after 90 min. However, it started to decline back
to reach 18.25 ± 0.77 sec. at the end of the evaluation
period (120 min).
In paroxetine-pretreated animals, the effect of paracetamol did not quantitatively differ from that in paracetamol-only treated group. However, at the time where
its effect started to fade in the paracetamol-only treated
group (105 min), the antinociceptive effect of paracetamol continued at the same level, achieving a value of
25.75 ± 1.11 sec. at the end of the test period. It could be
concluded that pretreatment with paroxetine potentiated
the antinociceptive effect of paracetamol during the late
phase of its action, leading to prolongation of its effect
for at least 30 min.

40

Control
Paracetamol

withdrawal latency (sec)

35

Paracetamol
+Paroxetine

30

25

*

*
*

20

*
*

*
*

*

*

*

*

@

*

@

*

*
*

*
15

10
0

15

30

45

60

75

90

105

120

Time after treatment (min)

Figure 1. Antinociceptive effect of a single dose of paracetamol (200 mg/kg, i.p) in normal mice and in mice pretreated with
paroxetine (20 mg/kg, p.o for 7 days). Values are represented as means ± S.E. of 8 - 10 separate experiments. *Significantly
different from respective control values at p < 0.05. @Significantly different from respective paracetamol values at p < 0.05.
Copyright © 2013 SciRes.

PP

Paroxetine Augments while Naloxone Abolishes the Analgesic
Effect of Paracetamol in Acute Nociceptive Pain in Mice

3.2. Effect of Naloxone
As shown in Figure 2, the normal (pretreatment) withdrawal latency of control mice was 8.88 ± 1.13 sec. After
saline injection, this value showed insignificant variation
along the whole experimental period. After injection of
paracetamol, the withdrawal latency was gradually and
significantly prolonged, starting 30 min after injection,
reaching a maximum of 23.13 ± 0.7 sec. after 75 min.
However, it started to decline back to reach 10.88 ± 1.37
sec. at the end of the evaluation period (120 min).
In naloxone-pretreated animals; the effect of paracetamol was reversed such that no antinociceptive effect
was observed at any of the evaluation time points.

4. Discussion
In the present investigation, the antinociceptive effect of
paracetamol against thermal pain was evident shortly
after i.p. injection, manifested as prolongation in the
withdrawal latency 15 - 30 min after injection. This effect reached a maximum after 75 - 90 min, thereafter
started to fade gradually. Paracetamol is often classified
in the group of aspirin like [33] or NSAIDs-like drugs
[34]. However, it does not share the same profile both in
terms of therapeutic activities and side effects. This
seems to be due, at least in part; to the inhibition of the
synthesis of PGs [35]. These marked differences suggest
that its mechanism of action may differ. In vitro, paracetamol weakly inhibits COX, compared to several
NSAIDs [36]. Clinical experiments have shown that
therapeutic doses of paracetamol failed to reduce 6-

401

keto-PGF1α urinary excretion [37] or PGE2 synovial
fluid levels [38,39] also demonstrated that paracetamol
weakly inhibits peripheral COX but has a more potent
effect on the centrally located enzymes. This limited inhibition of COX, especially of peripheral COX, led several authors to propose a central mechanism of action of
paracetamol [19,40]. Such a hypothesis is in line with the
ability of paracetamol to cross the blood brain barrier
both in rats [41] and humans [19], and with its efficacy
maintained in animal pain models after central administration [16] and in models devoid of any inflammation
and only sensitive to centrally acting drugs [42]. Some
neurobiochemical hypotheses have been proposed for
this centrally mediated effect since paracetamol reduces
behavior induced by intrathecally injected substance P or
N-methyl-D-aspartate (NMDA) [23]. Involvement of
endogenous opioids [30,33] and of another variant of
COX 1 (COX 3) located in the CNS as a crucial enzyme
inhibited by the drug [43]. An inhibitory effect of paracetamol on a COX1 variant (COX3) has been described
by Botting [44]. However, the author stated that this enzyme would be involved in the resolution of inflammation, i.e. in a late phase after carrageenan administration,
which excluded the involvement of such a mechanism in
the “rapid” antinociceptive effect of paracetamol observed here. Hence, systemically administered paracetamol acts differently from aspirin and NSAIDs and independently of peripheral PG synthesis and of any antiinflammatory effect.
There are already reports of the central actions of
paracetamol in a variety of pain models [22,33,45] or of
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Figure 2. Antinociceptive effect of a single dose of paracetamol (200 mg/kg, i.p) in normal mice and in mice pretreated with
naloxone (5 mg/kg, i.p 30 min before). Values are represented as means ± S.E. of 10 separate experiments. *Significantly different from respective control values at p < 0.05. @Significantly different from respective paracetamol values at p < 0.05.
Copyright © 2013 SciRes.

PP

402

Paroxetine Augments while Naloxone Abolishes the Analgesic
Effect of Paracetamol in Acute Nociceptive Pain in Mice

its actions at a spinal level [16,40,46]. These reports have
also linked the actions of paracetamol to a descending
5-HT pathway [16,40,45]. Control of analgesia is performed by the descending inhibitory pathways in the
central nervous system. The key part of this descending
system is the periaque-ductal grey area (PAG) which
receives inputs from different brain regions and is assumed to be a gate in control of nociception, especially in
the dorsal horn. PAG mainly stimulates the nucleus raphe
magnus (NRM) and some fibers in the spinal cord, which
form synaptic connections on dorsal horn interneurons.
5-HT is the major transmitter both at these synapses and
the pathway from the NRM to the substantia gelatinosa
of the dorsal horn25. Activation of this pathway inhibits
transmission specifically in nociceptive pathways [47].
The 5-HT3 receptors located in the dorsal horn of the rat
spinal cord have been shown to mediate an antinociceptive effect [16,48] demonstrated a spinal antinociceptive
action for paracetamol that was reversed by the 5-HT3
receptor antagonist, tropisetron. The augmentation of the
antinociceptive action of paracetamol in mice being
treated with paroxetine observed in this study may further highlights the involvement of 5-HT in this action
and gives further insight into this postulation. Several
authors have demonstrated a serotoninergic involvement
in the antinociceptive effect of paracetamol [11,16,21,
49-51].
Since the antidepressant mechanisms of SSRI drugs
are attributed to an increase in the amount and action of
serotonin in the synaptic gap due to its serotonin re-uptake inhibitory effect on the presynaptic site [27,28], extension of this effect to the descending serotoninergic
spinal pathways would be conceivable as a mechanism of
potentiation and/or prolongation of the analgesic effect of
paracetamol. Indeed, Duman and co-workers [31] demonstrated that the 5-HT3 receptors antagonist, ondansetron inhibits the antinociceptive effect of paroxetine,
while the 5-HT2 receptors antagonist ketanserin could not.
This finding suggests a contribution of 5-HT3 receptors
rather than 5-HT2 types, to the antinociceptive action of
paroxetine. In conclusion, both paracetamol and paroxetine antinociception implicate the descending inhibittory serotoninergic pathway in their effect, with 5-HT3
subtype being the receptor involved. Our results, thus,
would be compatible with a mechanistic scheme, which
involved a central site of action of paracetamol, with
algesia being devoid of a peripheral inflammatory component. The potential clinically relevant drug interaction
between this widely used analgesic and SSRIs might
warrant investigation on human volunteers.
In our study, the reversal of the antinociceptive action
of paracetamol in mice being treated with naloxone supports the involvement of endogenous opioids in this acCopyright © 2013 SciRes.

tion and gives further insight into this postulation. The
results of the present study confirm that opioidergic system was engaged in the mechanism of paracetamol action. This observation is in agreement with results obtained by [51] who also noted that the antinociceptive
effect of paracetamol was reversed by nonselective
opioid receptor antagonist naloxone in the hot-plate test
in rats. Some studies have indicated that some NSAIDs
exert a central opioid receptor-mediated effect [52], although the exact mechanism has not been fully elucidated. Indeed, indirect action on opioid receptors with
release of endorphins or enkephalins has already been
proposed for diclofenac [53] and ketorolac [54]. On the
other hand, our result is not in line with that of [26] who
observed that naloxone did not inhibit paracetamol antinociception, in human volunteers, suggesting no significant implication of the opioid system in paracetamol
mechanism of action. However, the authors attributed
this apparent lack of effect to a matter of the power of
their study, being carried out on only 12 healthy male
volunteers.
Possible interaction of paracetamol with naloxone binding sites has been investigated. Competition experiments
demonstrated that paracetamol, though with low affinity,
competes for [3H] naloxone binding sites [33]. This indicated that paracetamol might behave like morphine regarding not only its analgesic effect but also its action on
-receptors. The authors suggested a dose-related effect
in which paracetamol might bind directly to opioid recaptors only at high concentrations. It is, however, hard to
believe that paracetamol acts directly on opioidergic receptors since Pelissier [11] were unable to demonstrate
paracetamol affinity for these receptors in vitro. It may
be, therefore, suggested that paracetamol activates opioidergic system indirectly via still unknown mechanism or
mechanisms. In this regard, it has been suggested that
paracetamol indirectly activate opiate receptors that in
turn may increase 5-HT levels, at least in the cerebral
cortex and in the pons, thus provoking an analgesic effect
[46]. Indeed, in the mechanism of action of paracetamol,
a 5-HT-mediated antinociception is of interest because
central 5-HT activation potentiates the effect of opioids,
as observed in rats [54] and humans [55]. On the other
hand, it has been shown that naloxone blocks the increase in 5-HT levels in the brain induced by paracetamol [33]. These potentially regulatory and interactive
mechanisms between 5-HT and opioid transmission in
nociception are supported by the finding that the analgesic effect of paracetamol depends on an intact 5-HT neurotransmission and is antagonized by the opioid antagonist naloxone [33]. Noteworthy, morphine induces changes
in the serotoninergic system similar to those obtained
with paracetamol, which are also reversed by naloxone.
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Thus it may be hypothesized that paracetamol, in acting
on opiate receptors, may release 5-HT that provokes an
analgesic effect. This is supported by many findings
which indicate that 5-HT takes part in the complex nociceptive pathways and plays a pivotal role in antinociception. In conclusion, these data provide further evidence for a central antinociceptive effect of PARA antagonized by naloxone, which suggests that this activity
may involve the opioidergic pathways which in turn activate the serotonergic system.
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