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ABSTRACT 
 

Background: P2X4 receptor (P2X4R), a purinoceptor expressed in activated spinal microglia, plays a key 
role in the pathogenesis of neuropathic pain. Spinal nerve injury induces up-regulation of P2X4R on activated 
microglia in the spinal cord, and blockade of this receptor can reduce neuropathic pain. The present study was 
undertaken to determine whether paroxetine, an inhibitor of P2X4R, could attenuate allodynia and 
hyperalgesia in chronic constriction injury (CCI) model of neuropathic pain when used preemptively or after 
the sciatic nerve injury. Methods: Male Wistar rats (150-200 g, n = 6) were divided into 3 different groups: 1- 
CCI vehicle-treated group, 2- Sham group, and 3- CCI paroxetine-treated group. Paroxetine (10 mg/kg, i.p.) 
was administered 1 h before surgery and continued daily until day 14. In other part of the study, paroxetine 
(10 mg/kg, i.p.) was administered at day 7 post injury and continued daily until day 14. von Frey filaments for 
mechanical allodynia and analgesia meter for thermal hyperalgesia were used to assay pain behavior. Results: 
In a preventive paradigm, paroxetine significantly attenuated both mechanical allodynia and thermal 
hyperalgesia (P<0.001). A significant decrease in pain behavior was seen with paroxetine on existing 
allodynia (P<0.001) and hyperalgesia (P<0.01) when initiated at day 7 post injury. Conclusion: It seems that 
paroxetine can attenuate pain behavior when administered before and also after sciatic nerve injury in CCI 
model of neuropathic pain. Iran. Biomed. J. 18 (2): 94-100, 2014 
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INTRODUCTION 
 

europathic pain, mainly due to metabolic 
disturbance, cancer, or viral infection is 
associated with lesion of the central or 

peripheral nervous system. Sensory deficits, which 
often manifest as allodynia (pain evoked by 
normally non-painful stimuli) and hyperalgesia (an 
increased response to painful stimuli), are key 
diagnostic criteria for the neuropathic pain in animal 
and human [1]. The mechanism underlying 
neuropathic pain is unclear, and it is often resistant 
to general analgesic, such as non-steroidal anti-
inflammatory drugs, opioids. However, some anti-
depressants have been most widely used in treating 
neuropathic pain [2, 3].  

Anti-depressants have been used for over 30 years 
to manage neuropathic pain, and there is now 

substantial evidence to support the use of anti-
depressant drugs in the treatment of several 
intractable pain states, including chronic headache, 
low back pain, rheumatoid arthritis, and 
fibromyalgia [4, 5]. Anti-depressants, which inhibit 
non-selectively the reuptake of serotonin (5-HT) and 
noradrenaline, have been most widely used drug in 
patients with diabetic neuropathy [6, 7] and 
postherpetic neuralgia [8, 9]. Among the selective 
serotonin reuptake inhibitors, paroxetine is more 
effective than fluoxetine and citalopram in reducing 
pain in these patients [10-12]. Interestingly, it was 
found that the anti-allodynic effect of paroxetine is 
independent of 5-HT receptor antagonists and was 
also observed in neuropathic pain animals in which 
5-HT was depleted in the spinal cord. These results 
suggest that the anti-allodynic effect of paroxetine 
may be mediated by inhibiting P2X4 receptors 
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(P2X4R) [13]. P2X4, a purinoceptor, belongs to a 
family of ligand-gated ion channels and are cation-
selective channels with almost equal permeability to 
Na+ and K+ and significant permeability to Ca2+ 
[14]. Recent evidence indicates that P2X4 might be 
a potential therapeutic target to treat neuropathic 
pain. It has been shown that activating P2X4 
receptors in activated microglia plays a key role in 
the pathogenesis of neuropathic pain. Spinal nerve 
injury induces up-regulation of P2X4R on activated 
microglia in the spinal cord, and spinal blockade of 
P2X4R produces significant anti-allodynic effects 
[15]. Among drug used in neuropathic pain, some of 
which such as minocycline is effective when only 
administered before injury [16, 17]. It has also been 
shown that anti-depressants (amitriptyline, 
mirtazapine, and citalopram) are not able to 
attenuate tactile neuropathic pain when used after 
injury [18]. In this regard, the present study 
evaluated the effect of paroxetine on development 
and maintenance of pain in chronic constriction 
injury (CCI) of the sciatic nerve in rats. We 
investigated whether chronic administration of 
paroxetine could attenuate allodynia and 
hyperalgesia when used pre-emptively and when the 
administration of drug started at day 7 after nerve 
injury.  

 
 

MATERIALS AND METHODS 
 

Animals. Male Wistar rats (150-200 g, n = 6) were 
used. The animals were housed with food and water 
available ad libitum, in a temperature-controlled 
environment, with a light-dark cycle of 12:12 h. 
They were allowed to habituate to the housing 
facilities for at least 1 week prior to surgery or 
behavioral testing. Behavioral studies were carried 
out in a quiet room between the hours 8:00 and 
12:00 AM. The experiments were performed 
according to the Ethical Guidelines of the 
International Association for the Study of Pain [19].  
 

Surgery. CCI model of neuropathic pain was used 
[20]. The surgical procedure was performed under 
ketamine anesthesia (60 mg/kg) and xylazine (10 
mg/kg). The left sciatic nerve was exposed, and 4 
loose chromic gut ligatures were placed around the 
nerve proximal to the trifurcation. The distance 
between two adjacent ligatures was 1 mm. The 
wound was irrigated with normal saline and closed 
in two layer with 4-0 silk (fascial plane) and surgical 
skin staples. In sham-operated group, rats underwent 

surgical procedure except for the ligation. All 
surgical procedures were carried out under normal 
sterile conditions and were performed by the same 
prson. 

 
Drug preparation. Paroxetine hydrochloride 

(Sigma, U.S.A) was dissolved in 5% DMSO. 
Ketamine hydrochloride and Xylazine hydrochloride 
(both from Sigma, USA) were used for anesthesia. 
All drugs were injected by the i.p. route. 
  

Drug administration. Animals were divided into 
two main groups: 1) pre-emptive and 2) post-injury 
group. Each main group was divided into three 
different subgroups: I) CCI vehicle-treated group, II) 
sham group, and III) CCI paroxetine-treated group. 
Vehicle was injected i.p. to CCI and sham-operated 
animals. In the pre-emptive study, paroxetine (10 
mg/kg) [21] was injected 1 h before surgery and 
continued daily until day 14 post surgery. In the 
post-injury group, paroxetine (10 mg/kg) was 
administered at day 7 post injury and continued 
daily until day 14. All behavioral tests were recorded 
on day 0 (control day) before surgery and on days 1, 
3, 5, 7, 10, and 14 post-nerve injury.  
 

Behavioral tests and experimental design. The 
sciatic nerve territory (mid-plantar hind paw) was 
tested for sensitivity to noxious and innocuous 
stimuli at several intervals following surgery up to 
14 days using standard behavioral assays done 
sequentially. Animals were acclimated to the testing 
chambers for 30 min prior to testing. Hyperalgesia 
and allodynia were evaluated in animals. The order 
of behavioral tests was therefore defined as follows: 
thermal hyperalgesia and mechanical allodynia. 
Animals were left for 30 min undisturbed between 
each assay. 
 

Thermal hyperalgesia. Thermal hyperalgesia was 
assessed by means of Hargreaves test [22]. The 
plantar surface of the paw was exposed to a beam of 
radiant heat through a transparent perspex surface 
(Ugo Basile, Comerio, Italy). The withdrawal 
latency was recorded with a cut-off time of 20 s to 
prevent tissue damage. The heat stimulation was 
repeated 5 times at 5-min intervals, and the average 
value of the withdrawal latency of five consecutive 
tests was recorded. 
  

Mechanical allodynia. Mechanical sensitivity to 
non-noxious stimuli was measured by applying a set 
of calibrated nylon monofilaments (Stoelting, USA). 
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The von Frey methodology was used to assess the 
sensitivity of the skin to tactile stimulation [23]. Von 
Frey filaments were calibrated to have a 
characteristic bending force when pressure was 
applied. Each rat was placed under a transparent 
plexiglass cage on an elevated metal screen surface 
with 1 cm mesh openings. Increasing strengths of 
von Frey filaments were applied sequentially to the 
plantar surface of the left hind paw of each animal. 
The minimum paw withdrawal threshold, defined as 
the minimum gram strength eliciting two sequential 
responses with 3-min intervals between them 
(withdrawal from pressure), was recorded for the left 
paw. The intensity of mechanical stimulation was 
increased from 2 to 60 g in a graded manner using 
successively greater diameter filaments until the 
hind paw was withdrawn. A paw withdrawal 
threshold decrease indicates that allodynia has 
developed. For successive tests, the placement of 
these stimuli was varied slightly from one trial to the 
next to avoid sensitization of the hind paw. 
 

Statistical analysis. Parametric data were analyzed 
for significance with analysis of variance (ANOVA), 
followed by post-hoc Tukey's test. Non-parametric 
data were analyzed with related samples followed by 
the Wilcoxon test. In all cases, data were shown as 
the mean ± SEM (standard error) and P<0.05 was 
considered significant. 

 
 

RESULTS 
 

All animals experienced normal weight gain over 
the course of the study. Thermal and mechanical  
stimuli were used over a 14-day time frame. 
  

Response to thermal hyperalgesia. In the pre-
emptive study, sham-treated rats did not exhibit pain 
behavior during the 14 days of the study compared 
to the control day. CCI vehicle-treated group 
showed thermal hyperalgesia (P<0.001) at the first 
day following CCI, which was sustained throughout 
the experimental period. In the CCI paroxetine-
treated group, paroxetine (10 mg/kg) attenuated 
thermal hyperalgesia during the period of study 
when compared to day 0. In comparison to CCI 
vehicle-treated group, paroxetine produced a 
significant decrease in pain behavior (P<0.001) (Fig. 
1A). In the post-injury study, CCI vehicle-treated 
group exhibited pain behavior during the 
experimental period (P<0.01) compared to day 0. 
Sham-operated animals did not show thermal 

hyperalgesia as compared to pre-surgery day. In CCI 
paroxetine-treated group, paroxetine (10 mg/kg) 
produced hyperalgesia at days 7 and 10 (P<0.01), 
but a decrease in pain behavior was seen at day 14 
(Fig. 1B). 
 

Response to mechanical allodynia. In the pre-
emptive study, all CCI vehicle-treated animals were 
strongly allodynic at the first day (post ligation) 
(P<0.05) compared to control day. This effect was 
sustained until the end of the study (P<0.001). On 
the contrary, sham-operated animals did not produce 
mechanical allodynia throughout the experimental 
period as compared to pre-surgery day. This effect 
was also seen in CCI paroxetine-treated group. 
Moreover, paroxetine (10 mg/kg) significantly 
attenuated tactile hypersensitivity when compared to 
CCI vehicle-treated group (P<0.001) (Fig. 1C). In 
the post-injury study, sham-treated rats did not 
exhibit pain behavior compared to control day. In 
the CCI vehicle-treated group, a significant 
difference in pain behavior (P<0.001) was seen at 
day 7 post injury compared to day 0. This effect was 
sustained until the end of study. In the CCI 
paroxetine-treated group, paroxetine (10 mg/kg) 
produced pain at day 7 (P<0.05) but not at days 10 
and 14 compared to pre-surgery day. An anti-
allodynic effect was also produced compared to the 
CCI vehicle-treated group during the study 
(P<0.001) (Fig. 1D). 

 
 

DISCUSSION 
 

In the present study, we evaluated the analgesic 
effects of paroxetine, an inhibitor of P2X4R in CCI 
model of neuropathic pain in rat. The analgesic 
effects of paroxetine were assessed in two ways: 
pre-emptive and post-injury studies. To date, 
research using models in rat has mainly focused on 
injury to a peripheral nerve, usually the sciatic or 
spinal nerve, to reliably produce behaviors sugges-
tive of neuropathic pain in humans [20].  

In our study, we found that paroxetine attenuated 
pain behavior when used before injury and also after 
inducing an injury to the peripheral nerves. Evidence 
accumulated from neuropathic pain models suggests 
that neuropathic pain might involve abnormal 
excitability of the nervous system. Notably, in 
primary sensory ganglia and in the dorsal horn of the 
spinal cord, multiple functional and anatomical 
alterations of neurons follow peripheral nerve injury 
[24].  Besides relevant changes in neurons, emerging  
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Fig. 1. The paw withdrawal latency and threshold in different treatment days. The latency of paw withdrawal (in 

second) in response to beam of radiant heat before and at several time points after injury (A) and three time points after 
surgery (B) in CCI vehicle-treated, sham operated and CCI paroxetine-treated group. Paw withdrawal threshold in 
response to Von Frey filaments before and several time points after injury (C) and three time points after surgery (D) in 
CCI vehicle-treated group, sham group and CCI paroxetine-group.  Paroxetine (10 mg/kg, I.P.) was injected. Data are 
presented as means ± S.E.M. of 6 rats in each group. Asterisks (*P<0.05, **P<0.01, and ***P<0.001) indicate a statistically 
significant difference when compared to day 0, and (+P<0.05, ++P<0.001, and +++P<0.001) when compared to CCI 
vehicle-treated group. 

 
 
 

lines of evidence have revealed that they also occur 
in glial cells, especially microglia [25].  

New roles for nucleotides as neurotransmitters and 
P2 purinoceptors were recognized [26]. Extracellular 
ATP is elevated in neuroinflammation in spinal cord 
injury and neuropathic pain and acts on purinergic 
receptors such as P2X7 or P2X4 [15]. P2X4 is the 
most abundant P2X receptor subtype present in the 
CNS. It is expressed in neurons of different brain 
regions and in microglia. Increased expression of 
P2X4 is observed in injured tissue after spinal cord 
injury, traumatic brain injury, and cerebral ischemia. 
Moreover, P2X4R are elevated in spinal cord 
microglia after peripheral nerve injury [27]. Neutral-
izing P2X4 activity prevents tactile allodynia, 
suggesting that P2X4R are involved in neuropathic 
pain [15].  

ATP, acting via P2 purinergic receptors, is a 
known mediator of inflammatory and neuropathic 
pain  . There is increasing evidence that the ATP-
gated P2X4R subtype is a locus through which 
activity of spinal microglia and peripheral macro-
phages instigate pain hypersensitivity caused by 
inflammation or by injury to a peripheral nerve [28]. 
There is abundant evidence that P2X4R expression 
in spinal microglia provides compelling evidence of 
their functional involvement in tactile allodynia. 
After peripheral nerve injury, expression of the 
P2X4R increases in microglia, but not in neurons or 
astrocytes, in the spinal dorsal horn ipsilateral to the 
nerve injury. This change in P2X4R expression in 
microglia can increase the pain hypersensitivity [29]. 
After peripheral nerve injury, microglia in the spinal 
cord become activated and show dramatic changes 
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in morphology and robust increases in the 
expression of microglia markers [30].  

Microglia in the dorsal horn of the spinal cord is 
increasingly recognized as being crucial in the 
pathogenesis of neuropathic pain after peripheral 
nerve injury [29]. In this situation, robust microglia 
cell proliferation occurs after sciatic nerve 
constriction, partial sciatic nerve ligation, or CCI 
models of neuropathic pain [30, 31]. Nerve injury 
results in dramatic up-regulation of the ATP P2X4R 
in spinal cord microglia [32], indicating that tonic 
activation of P2X4R in microglia is necessary for 
sustaining allodynia [15]. Moreover, it has been 
found that spinal administration of P2X4-stimulated 
microglia caused otherwise normal rats to develop 
allodynia. These data suggest that P2X4R activation 
in microglia is not only necessary but also is 
sufficient to cause tactile allodynia [26].  

It has been shown that activated P2X4R on 
microglia are also necessary to express and release 
brain-derived neurotrophic factor by microglia after 
peripheral nerve injury. Recent findings suggest that 
the release of brain-derived neurotrophic factor leads 
to enhancement of neuronal pain transmission [33, 
34]. Blocking P2X4R acutely reverse pain behavior 
after nerve injury, and suppressing this receptor 
expression attenuates pain hypersensitivity [15]. 
Therefore, microglia P2X4R are necessary for the 
ongoing expression of pain behavior after peripheral 
nerve injury. The above evidence indicates that 
P2X4 might be a potential therapeutic target to treat 
neuropathic pain. However, there is no antagonist to 
strongly inhibit P2X4R [15]. It has recently been 
shown that some anti-depressants and anti-
convulsants used clinically in patients with neuro-
pathic pain have inhibitory effects on P2X4R [13]. 
Among the drugs used, paroxetine has the most 
potent inhibitory effect on this receptor. Intrathecal 
administration of paroxetine, but not citalopram, 
produces an anti-allodynic effect on an animal 
model of neuropathic pain, which is correlated with 
the potency of inhibition of rat P2X4R [34]. 
Moreover, it has been shown that subcutaneous 
administration of paroxetine can decrease pain 
behavior in a rat model of neuropathic pain [35]. 
Another study has demonstrated that i.p. injection of 
paroxetine reduces mechanical hyperalgesia when 
used after nerve injury [21]. Reversal of these 
behavioral hypersensitivities associated with nerve 
injury by paroxetine is associated with its ability to 
inhibit P2X4R on the activated microglia at the 
lumbar spinal cord [13].  

 

Various studies have shown that some drugs are 
effective in reducing pain behavior in a preventive 
strategy but not in the existing pain paradigms [16, 
17]. It has been shown that acute administration of 
anti-depressants (Amitriptyline, Mirtazapine, and 
citalopram) after CCI model of nerve injury in rat is 
not effective in existing mechanical allodynia [18]. 
However, administration of duloxetine has been 
reported to attenuate mechanical allodynia in a rat 
model of neuropathic pain [36]. On the other hand, 
other study indicated that after nerve injury, thermal 
hyperalgesia was completely reversed by amitri-
ptyline and duloxetine [18]. It has been found that 
fluvoxamine produced a much weaker anti-allodynic 
effect than paroxetine, and as mentioned above, 
citalopram produced no anti-allodynic effect. 
However, these selective serotonin reuptake 
inhibitors (paroxetine, fluvoxamine, and citalopram) 
have similar inhibitory action on 5-HT transporters. 
These results indicate that the difference in the 
potency of inhibition on P2X4R may explain the 
difference in the clinical effectiveness of anti-
depressants in patients with neuropathy [3].  

Our data showed that paroxetine reduced pain 
behavior when administered preventively, which is 
consistent with the above mentioned studies. On the 
other hand, we found that paroxetine was able to 
decrease pain behavior in already existing pain in 
contrast to other studies in which some drugs had no 
effect on reduction of pain after injury [16-18]. 

In conclusion, it seems that paroxetine, an 
inhibitor of P2X4R on activated microglia, could 
significantly reverse mechanical allodynia and 
thermal hyperalgesia when used pre-emptively. In 
our study, we found that in the post-injury study, 
paroxetine was also able to attenuate mechanical 
allodynia during the experimental period, but there 
was a delay in decreasing thermal hyperalgesia (the 
effect that was seen at day 14 post surgery). 
Therefore, both the development and existing pain in 
a CCI model of neuropathic pain were reduced by 
paroxetine. According to the diversity of the 
mechanisms involved in the neuropathic pain, 
further evaluation is required to understand the exact 
mechanism of action of paroxetine in this condition. 
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