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INTRODUCTION
Neuropathic pain is a type of chronic pain caused by a lesion or disease  
of the somatosensory nervous system and represents a various pain  
syndromes of diverse etiologies. It is estimated that its prevalence in the 
general population may be as high as 7 to 8% accounting for 20 to 25% of  
individuals with chronic pain which is characterized by pain hypersen-
sitivities such as allodynia and hyperalgesia.1 Neuropathic pain disables 
the person, affects quality of life, and a potential cause for global burden.2 
Currently, available therapies for neuropathic pain provide symptomatic 
relief with poor response rate and often associated with resistance, and 
dose-limiting side effects.2,3 As a result, it is essential to develop novel 
therapeutic strategies in treating neuropathic pain.
The pharmacological management of neuropathic pain is further 
hampered due to the complexity and poor understanding of its  
pathophysiology. Owing to advances in neurobiology of pain,  
understanding of the cellular and molecular mechanism involved 
in neuropathic pain has markedly evolved. It is originally believed 
that neuropathic pain originates from and involves only sensory  
neuronal sensitization. Growing body of evidence indicates  
non-neuronal cells, such as immune cells in the periphery and 
glia cells in the CNS also contribute to neuropathic pain.4,5 Indeed, 
nerve injury induces a cascade of immune responses that involves  
activation of non-neuronal cells and neuro-immune communication.6 
Further, activated macrophages in the periphery and glial cells  

in the spinal cord release chemokines and pro-inflammatory  
cytokines, such as tumor necrosis factor (TNF)-α, interleukin (IL)-1β,  
and IL-6 resulting in the induction, development, and sustained 
maintenance of neuropathic pain state.6,7

The pathogenesis of neuropathic pain is strongly linked to free radical  
release, oxidative and nitrosative stress.8,9 Accumulating data suggests 
that nerve injury-induced alterations in mitochondrial bioenergetics  
increase reactive oxygen species (ROS) release with diminished antioxidant  
defense system in cells. Adding to this, oxidative stress and nitric oxide  
after nerve injury sensitively modulate various neurophysiological  
processes and sensory nociceptive receptors leading to neuropathic pain 
through sensitization of the nociceptive.10,11

Peroxisome proliferator-activated receptors (PPAR)-γ are a subfamily 
nuclear transcription factors that belongs to ligand activated nuclear  
receptor superfamily. Upon ligand activation, the PPAR:retinoid X  
receptor (PPAR/RXR) heterodimers bound to peroxisome proliferator 
response elements (PPREs) in the regulatory region of their target genes, 
and recruit specific co-factors, thereby modulate target genes.12 Indeed,  
PPAR-γ ligand binding to its receptors leads to transactivation and  
transrepression to exert their functions. Of note, PPAR-γ control glucose  
metabolism and inflammation and PPAR-γ agonists, such as rosiglitazone  
and pioglitazone, among others are widely used for their immunomodu-
lation and insulin-sensitization in the management of type-2 diabetes  
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ABSTRACT
Background: Neuropathic pain, a chronic debilitating painful condition, is 
frequently difficult to manage with the conventional analgesics. Emerging  
evidence indicates potential role of peroxisome proliferator-activated  
receptor (PPAR)-γ, a subfamily of nuclear receptors, in regulating inflamma-
tion and oxidative stress at transcription level. Therefore, we investigated 
whether activation of PPAR-γ attenuate established neuropathic pain and 
to delineate underlying mechanisms. Methods: Neuropathy was induced 
by chronic constriction injury of sciatic nerve in rats. Behavioral tests were  
performed to assess pain hypersensitivity and the markers of inflammation  
and nitroso-oxidative stress were estimated in sciatic nerve. Results: 
Chronic administration of pioglitazone (10 and 30 mg/kg, i.p.) for 2 weeks  
starting 14 days after nerve injury did not induce hypoalgesia in contralateral  
paws and had no effect on locomotor activity. However, pioglitazone  
significantly mitigated cold allodynia and thermal hyperalgesia in ipsilateral  
paws after nerve injury. In addition, pioglitazone reduced plasma extrava-
sation and pro-inflammatory cytokines, TNF-α and IL-1β, following nerve  
injury. These effects of pioglitazone are parallel with the significant reduction  
in lipid peroxidation, protein carbonyls, nitrite levels as well as marked 

improvement in GSH and activities of SOD, catalase in injured nerves.  
BADGE, a PPAR-γ antagonist (30 mg/kg, i.p.) reversed the effects of  
pioglitazone in chronic constriction injury (CCI) rats. Conclusion: Together,  
the present results demonstrate that activation of PPAR-γ receptor-depend-
ently exerted antiallodynic and antihyperalgesic effects through inhibition 
of inflammation and nitroso-oxidative stress in mononeuropathic rats and  
supporting a key role of PPAR-γ activation in extenuating existing neuropathic  
pain.
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30 mg/kg. All the rats were subjected to these two behavioral pain tests 
for assessment of thermal hyperalgesia and cold allodynia on day 0 before 
performing surgery and subsequently 2 h after vehicle or pioglitazone  
administration on the specified days. To evaluate the post-emptive  
effects of pioglitazone (10 or 30 mg/kg, i.p., once daily) on maintenance 
of neuropathic pain symptoms in CCI rats, treatment was initiated on  
day 14 after surgery and continued for two weeks. Further, in the  
antagonist studies, separate groups of CCI rats were administered 
BADGE alone (30 mg/kg, i.p.) or BADGE (30 mg/kg, i.p.) 30 min before 
pioglitazone (30 mg/kg, i.p., two weeks) administration. Sham-operated 
and nerve-injured control animals (CCI control) received equal volume 
of vehicle before the nociceptive stimulus. The response to behavioral  
nociceptive tests was assessed on days 0, 7, 14, 17, 21, 24 and 28 following  
surgery. 

Behavioral test paradigm
Assessment of cold allodynia
The withdrawal latency (sec) to non-noxious thermal stimulus when 
hind paws dipped in water bath maintained at 10 ± 0.5°C was recorded. 
Baseline paw withdrawal latency (PWL) to cold stimulation was assessed 
thrice giving 5 min intervals and averaged. A cut off time of 15 sec was 
maintained. A significant reduction in PWL indicates allodynia.17

Assessment of thermal hyperalgesia
The mean PWL (sec) to thermal stimulation was measured by dipping 
the paw in water bath maintained at 47 ± 0.5°C. The baseline PWL was 
assessed three times giving 5 min interval and averaged. A cut off time 
of 15 sec was maintained. The significant change in the PWLs from the 
basal responses was considered as hyperalgesia.18

Plasma extravasation
Evans blue dye (EB) intravenous (i.v., in the caudal tail vein) injection  
(75 mg/kg i.v.) was used to measure plasma extravasation. On day 28 
after surgery, rats were injected EB one hour after vehicle or pioglitazone 
treatment. Rats were sacrificed by cervical dislocation after one hour,  
and their ipsilateral and contralateral paws were removed. Plasma  
extravasion was determined as described by La Rana et al. with slight 
modifications. Both hind paws (ipsi- and contralateral) were divided 
separately into sections and extracted with 4 mL of formamide for 72 h  
and measured the absorbance at 550 nm. These values were obtained  
using a standard curve in order to determine the amount of EB dye in 
each sample and are indicated as µg EB/g tissue.19

Collection of sciatic nerve
After the behavioral tests on day 28, the animals were sacrificed via  
cervical dislocation. Ipsilateral sciatic nerve of each rat was collected for  
the assessment of markers of nitroso-oxidative stress and inflammation.  
The isolated sciatic nerve was weighed, homogenized in ice cold  
phosphate buffer pH 7.0 and divided in to two portions. One part of 
the homogenate was centrifuged for 15 min at 2000g to obtain the clear 
supernatant for the assessment of nitroso-oxidative stress markers and  
another part of homogenate was mixed 4 µL/mL protease inhibitor  
cocktail. These samples were centrifuged at 14,000g at 4°C for 15 min and 
the supernatant was used for assessment of pro-inflammatory cytokines. 

Assessment of pro-inflammatory cytokines
The supernatant of sciatic nerve homogenate was used for assessment 
of IL-1β and TNF-α level. Samples are estimated using the quantitative 
sandwich enzyme immunoassay according to manufacturer’s instruc-
tions (R&D systems, MN, USA). The cytokine level was determined by  

mellitus.12,13 Also, PPAR-γ activation regulates redox state, antioxidant 
defenses, and inflammation.13 Moreover, PPAR-γ activation has been  
shown to exert anti-inflammatory and neuroprotective effects in chronic  
pain, spinal cord injury, and neurodegenerative disorders.14,15 These 
properties of PPAR-γ strongly suggest that it could be a potential target  
for modulating neuropathic pain. Nevertheless, role of PPAR-γ activation  
in traumatic neuropathic pain is not fully known. 
Thus, the present study investigated whether PPAR-γ activation attenuates  
established neuropathic pain hypersensitivities following chronic  
constriction (CCI) injury and attempted to delineate the underlying 
mechanisms.

MATERIALS AND METHODS
Experimental animals
Wistar rats (160-200 g) of either sex were housed under standard  
conditions of light and dark cycle in the Central Animal House of I.S.F  
College of Pharmacy, Moga, India with food and water ad libitum.  
Animals were acclimatized to laboratory conditions before the behavioral  
tests. All experiments were carried between 08:00 and 16:00 hr. The  
experimental protocols were approved by the Institutional Animal  
Ethics Committee (CPPU/0508/PTMP-PCS/1008/7) and were carried 
out in accordance with the guidelines of the Indian National Science 
Academy for the use and care of experimental animals. Each animal 
was used for a single treatment and each group consisted of six to eight 
animals and they were placed in group of three in each polypropylene 
plastic cage after surgery with husk bedding.

Drugs and chemicals
Pioglitazone hydrochloride (Dr. Reddy’s Labs, India), BADGE  
(bisphenol A diglycidyl ether) (Sigma-Aldrich Corporation, India), and 
Evans blue (EB) were used in this study. Rat TNF-α and IL-1β ELISA 
kits (R&D systems, MN, USA) were used to quantify cytokines. Unless 
stated, all other chemicals and biochemical reagents of highest analytical 
quality were used. Pioglitazone for intraperitoneal (i.p.) administration 
was freshly prepared by suspending in one or two drops of Tween 80 in  
normal saline. BADGE was dissolved in ethanol and diluted with 1:20 
ethanol CMC (1.5% w/v in saline). The solutions were administered  
0.5 mL per 100 g rat. Evans blue was dissolved in normal saline. 

Chronic constriction injury (CCI) model of neuropathic 
pain
The unilateral mononeuropathy was produced according to the method 
described by Bennett and Xie.16 Briefly, the rats were anesthetized using  
thiopental sodium (30 mg/kg, i.p.) and blunt dissection through the  
biceps femoris muscle at the level of the middle of the left thigh was done 
to expose the common sciatic nerve. Approximately 7-mm of sciatic  
nerve proximal to the trifurcation was freed and the sciatic nerve was  
ligated four times with 1-mm intervals using 4-0 chromic gut. While  
tying the ligatures, great care was taken to avoid interrupting epineural 
blood flow. For sham surgery, the connective tissue was freed and sciatic 
nerve was not ligated. To prevent sepsis, all animals received gentamicin 
(5 mg/kg, i.p.) after surgery. In this post-emptive paradigm study, body  
weight and locomotor activity score using actophotometer were  
measured on day 0 before surgery and on days 14 and 28 after surgery.

Study design
All animals were acclimatized to lab environment for at least 2 hr before 
behavioral testing. The experimental protocol comprised of six groups, 
namely group I: sham control, group II: CCI control, group III: CCI + 
pioglitazone 10 mg/kg, group IV: CCI + pioglitazone 30 mg/kg, group V: 
CCI + BADGE 30 mg/kg, and group VI: CCI + BADGE + pioglitazone  
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comparing samples to the standard curve generated from the respective 
kits at 450 nm and are indicated as pg/mg wet weight of sciatic nerve.

Assessment of markers of oxidative stress
Lipid peroxidation was assessed colorimetrically by the method of  
Niehaus and Samuelson and indicated as nmol/g tissue.20 Protein carbonyls  
content was determined by a method described by Levine and indicated 
as µmole/g tissue.21 Reduced glutathione (GSH) level was assessed by a  
method described by Lou et al. and indicated as µmole/g tissue.22 Activities  
of catalase and superoxide dismutase (SOD) were measured by the 
methods of Aebi, and Misra and Fridovich, respectively and indicated as 
% activity of sham control.23,24 The nitrite concentration was measured by 
the Griess reaction and indicated as nmole/g tissue.25

Statistical analysis
The results are expressed as mean ± standard error of mean of n (number 
of animals studied) observations. The data were analyzed using one way  
analysis of variance followed by Tukey test for multiple comparisons.  
P-value less than 0.05 (typically ≤ 0.05) was considered statistically  
significant.

RESULTS
Chronic constriction injury and induction of neuropathy
The baseline paw withdrawal response of each rat in each test on day 0 
was quite consistent and exhibited no significant variance. All the rats 
showed normal body weight and general motor activity after surgery 
throughout the duration of the study (Data not shown). Throughout the 
observation period, the ipsi-and contralateral paw withdrawal responses 
to cold and thermal stimuli in sham-operated rats were unaltered from  
baseline values. The contralateral paw withdrawal responses in CCI  
control rats were not significantly different compared to sham-operated 
rats (Data not shown). Day 3 onwards, the ipsilateral PWLs of all the  
nerve-injured rats were significantly less than sham-operated rats  
indicating the development of neuropathic pain and attained steady  
state between days 14 and 28 after surgery indicating the maintenance 
of neuropathic pain state in a time-dependent manner (Figure 1 and 2). 

Effect of pioglitazone on cold allodynia and thermal 
hyperalgesia in CCI rats
Chronic systemic administration of pioglitazone (10 or 30 mg/kg) dose- 
and time-dependently reversed the established pain hypersensitivities, 
cold allodynia and thermal hyperalgesia, in the ipsilateral paws of CCI 
rats (Figure 1 and 2). To assess whether these antiallodynic and antihy-
peralgesic effects of pioglitazone were receptor dependant, rats received  
BADGE, a PPAR-γ antagonist, (30 mg/kg, i.p.) 30 min before pioglitazone  
administration for two weeks. BADGE alone was without any effect;  
however, the effects of pioglitazone (30 mg/kg) were significantly blocked  
by pre-administration of BADGE in nerve-injured rats on day 28  
(Figure 1 and 2). In all these treatment groups, pioglitazone with or  
without BADGE did not alter the contralateral PWLs in these behavioral 
tests as compared to CCI rats (data not shown). 

Effect of pioglitazone on plasma extravasation in CCI 
rats
Nerve injured rats showed increased vascular permeability as measured 
by increased Evans blue extravasation in ipsilateral paw as compared to  
sham-operated rats. However, there was no significant difference in  
Evans blue extravasation between contralateral paws of sham-operated 
and CCI rats. Administration of pioglitazone (10 or 30 mg/kg) during 
the maintenance of neuropathic state significantly and dose-dependently  
reduced the plasma extravasation in ipsilateral paw of nerve injured rats  
in comparison to that of CCI control rats (Figure 3). BADGE alone  
(30 mg/kg, i.p.) had no effect on capillary permeability in CCI rats. 
Administration of BADGE (30 mg/kg) before pioglitazone (30 mg/kg)  
treatment significantly reduced the effect of pioglitazone on plasma  
extravasation (Figure 3). On the other hand, pioglitazone had no effect 
on plasma extravasation in the contralateral paw of CCI rats at any dose 
as compared to CCI control rats (Figure 3).

Effect of pioglitazone on pro-inflammatory cytokines in 
CCI rats
The levels of TNF-α and IL-1β were significantly elevated in ipsilateral 
sciatic nerve of CCI rats as compared to that of sham-operated rats. 
In CCI rats, administration of pioglitazone (10 or 30 mg/kg) dose-
dependently and significantly abrogated the increased levels of TNF-α 

Figure 1: Effect of post-emptive pioglitazone on ipsilateral paw withdrawal 
latencies to cold stimuli in chronic constriction injury (CCI) rats.
PIO: Pioglitazone (10 or 30 mg/kg); B 30: BADGE 30 mg/kg. Values are mean ± 
SEM. *P < 0.05 vs Sham control; aP < 0.05 vs CCI control; bP < 0.05 vs PIO 10;  
cP < 0.05 vs PIO 30.

Figure 2: Effect of post-emptive pioglitazone on ipsilateral paw withdrawal 
latencies to thermal stimuli in chronic constriction injury (CCI) rats.
PIO: Pioglitazone (10 or 30 mg/kg); B 30: BADGE 30 mg/kg. Values are mean ± 
SEM. *P < 0.05 vs Sham control; aP < 0.05 vs CCI control; bP < 0.05 vs PIO 10;  
cP < 0.05 vs PIO 30.
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and IL-1β in injured sciatic nerve as compared CCI control rats. Though 
BADGE alone (30 mg/kg, i.p.) had no effect, but pretreatment of rats 
with BADGE (30 mg/kg) markedly reduced the effects of pioglitazone 
(30 mg/kg) on pro-inflammatory cytokines in the ipsilateral sciatic nerve 
of CCI rats (Table 1). 

Effect of pioglitazone on the markers of oxidative and 
nitrosative stress in CCI rats
Following sciatic nerve injury, there was a marked increase in levels of 
nitroso-oxidative stress markers accompanied by marked reduction in 
antioxidant defenses in comparison to sham-surgery (Table 2 and 3).  
Post-emptive pioglitazone (10 or 30 mg/kg) significantly and dose- 
dependently reduced nerve-injury-induced elevated levels of lipid  
peroxidation, protein carbonyls, and nitrite (Table 2), improved the 
depleted level of GSH, and restored diminished activities of SOD and  
catalase (Table 3) in comparison to that of CCI control rats. BADGE  
(30 mg/kg, i.p.) alone did not alter nitroso-oxidative stress markers, 
whereas pretreatment with BADGE significantly reduced pioglitazone-
mediated antioxidant effect (Tables 2 and 3). 

DISCUSSION
Neuropathic pain involves nociceptive processing and central sensitization 
in the sensory nervous system due to neuronal damage leading to pain 
hypersensitivity primarily manifested as allodynia and hyperalgesia. We 
observed that nerve-injured rats displayed time-dependent development 
and sustained maintenance of neuropathic pain state that persisted for 
days after the surgery. Post-emptive administration of pioglitazone, a  
PPAR-γ agonist, dose-dependently attenuated the established pain  
hypersentivities. Of note, more marked antinociceptive effect of pioglitazone  
was observed with the high dose. In addition to this, post-emptive  
pioglitazone had not altered basal responses to cold and thermal stimuli 
in contralateral paws indicating that the observed effects were not due 
to hypoalgesic effects of pioglitazone. Evidence exist that pioglitazone 
per se is not associated with any change in basal nociceptive responses as 
well as did not elicit hypoalgesic effects in naïve animals.26 Several studies  
emphasized effects of PPAR-γ agonists in modulating chronic pain,4  
diabetes,15 and chemotherapy-induced neuropathic pain.26,27 Recently, Li 
et al. demonstrated that intrathecal infusion of lentivirus encoding PPAR-γ 
attenuated neuropathic pain.28 Adding to this, pioglitazone readily cross 
blood-brain barrier and showed neuroprotection in the CNS.14,29 Further, 
in order to elucidate receptor dependent effects of pioglitazone, BADGE, 
a PPAR-γ antagonist was employed. In is observed that pre-treatment 
with BADGE blocked the beneficial antiallodynic and antihyperalgesic 
effects of pioglitazone. In addition, pioglitazone treatment had no effect 
on body weight gain and general motor activity during the entire study 
period suggesting that the antiallodynic and antihyperalgesic effects of  
pioglitazone were not due to any effect on developmental and behavioral 

Figure 3: Effect of post-emptive pioglitazone on plasma extravasation in 
chronic constriction injury (CCI) rats. 
PIO: Pioglitazone (10 or 30 mg/kg); B 30: BADGE 30 mg/kg. Values are mean ± 
SEM. *P < 0.05 vs Sham control; aP < 0.05 vs CCI control; bP < 0.05 vs PIO 10;  
cP < 0.05 vs PIO 30.

Table 1: Effect of post-emptive pioglitazone on tumor necrosis factor-α 
(TNF-α) and interleukin-1β (IL-1β) in chronic constriction injury (CCI) rats.

Group
TNF-α 

(pg/mg weight)
IL-1β

(pg/mg weight)

Sham control 77.8 ± 8.1 95.8 ± 9.9

CCI control 360.3 ± 28.3* 425.2 ± 25.6*

PIO 10 236.8 ± 17.3a 289.6 ± 24.2a

PIO 30 103.9 ± 12.4a,b 123.7 ± 17.4a,b

B 30 340.8 ± 20.5 439.8 ± 23.1

B 30 + PIO 30 333.5 ± 27.3c 412.3 ± 22.9c

PIO: Pioglitazone (10 or 30 mg/kg); B 30: BADGE 30 mg/kg. Values are mean 
± SEM. *p < 0.05 vs Sham control; ap < 0.05 vs CCI control; bp < 0.05 vs PIO 10;  
cp < 0.05 vs PIO 30.

Table 2: Effect of post-emptive pioglitazone on TBARS, protein  
carbonylation and nitrite levels in chronic constriction injury (CCI) rats.

Treatment
(mg/kg)

TBARS
(nmole/g tissue)

Protein 
carbonylation

(µmole/g tissue)

Nitrite
(nmole/g tissue)

Sham control 79.13 ± 14.76 1.27 ± 0.17 92.12 ± 11.27

CCI control 337.71 ± 25,23* 4.03 ± 0.35* 331.45 ± 24.68*

PIO 10 187.81 ± 11.38a 2.14 ± 0.19 a 195.57 ± 11.51a

PIO 30 101.35 ± 9.85a,b 1.50 ± 0.13a,b 137.89 ± 10.91a,b

B 30 319.67 ± 21.58 4.17 ± 0.48 313.54 ± 21.72

B 30 + PIO 30 302.71 ± 19.97c 3.98 ± 0.29 c 319.71 ± 18.79c

TBARS: Thiobarbituric acid reacting substances; PIO: Pioglitazone (10 or 30 mg/kg);  
B 30: BADGE 30 mg/kg. Values are mean ± SEM. *p < 0.05 vs Sham control;  
ap < 0.05 vs CCI control; bp < 0.05 vs PIO 10; cp < 0.05 vs PIO 30.

Table 3: Effect of pre-emptive pioglitazone on GSH, SOD, and catalase in 
chronic constriction injury (CCI) rats.

Treatment
(mg/kg)

GSH
(µmole/g 

tissue)

SOD
(% Sham 
control)

Catalase
(% Sham 
control)

Sham control 4.91 ± 0.37 100.02 ± 6.69 99.68 ± 9.17

CCI control 2.18 ± 0.18* 44.51 ± 4.24* 35.51 ± 3.11*

PIO 10 3.17 ± 0.16a 63.57 ± 5.01a 69.14 ± 5.17a

PIO 30 4.18 ± 0.31a,b 87.12 ± 6.85a,b 86.21 ± 6.89a,b

B 30 2.07 ± 0.21 42.61 ± 3.41 38.17 ± 3.44

B 30 + PIO 30 2.23 ± 0.18c 41.77 ± 3.73c 41.26 ± 3.87c

GSH: Reduced glutathione; SOD: Superoxide dismutase; PIO: Pioglitazone (10 or 
30 mg/kg); B 30: BADGE 30 mg/kg. Values are mean ± SEM. *p < 0.05 vs Sham 
control; ap < 0.05 vs CCI control; bp < 0.05 vs PIO 10; cp < 0.05 vs PIO 30.
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changes. These results strongly demonstrate a role of PPAR-γ activation  
in nociception and further emphasizing on its potential as effective  
modulator of neuropathic pain. 
Essentially, the lack of effective treatment for neuropathic pain is partly 
due to its complex and poorly understood molecular mechanisms and  
in part by therapeutic paradigms targeting on one specific intervention 
for pain relief.1,3 Therefore, we attempted to understand mechanisms  
involved in potential antinociceptive effects of pioglitazone. The  
estimation of plasma extravasation, which is an indicator of peripheral 
inflammation measured as leakage of Evans blue gives an account on 
increased perineuronal capillary permeability in the paws of injured  
nerve. Following nerve injury, afferent fibers releases neuroactive peptides,  
such as substance P and calcitonin-gene related peptide as well as  
inflammatory mediators, such as prostaglandins and nitric oxide at the  
peripheral site leads to increased vascular permeability and consequently  
leakage of plasma fluid.19 In the present study, pioglitazone reduced 
plasma extravasation in the paws ipsilateral, but not contralateral to 
nerve-injury. Importantly, BADGE blocked the anti-inflammatory effect 
of pioglitazone. The underlying mechanism of this beneficial effect of 
pioglitazone remains elusive with the present data. Compelling evidence  
indicates nerve injury induces infiltration and recruitment of inflammatory 
cells, such as mast cells, macrophages, and neutrophils at the site of nerve 
injury which evoke perineuronal inflammation.5-7]It is also supported by  
the fact that PPAR-γ are expressed on mast cell, macrophages and  
neutrophils30,31 and activation of PPAR-γ inhibits inflammatory cell  
infiltration.31,32 Thus, it is plausible that activation of PPAR-γ might result  
in reduced inflammatory cell infiltration and plasma leakage which  
abolished peripheral inflammation following nerve injury.
To elucidate other periphery mechanisms responsible for antinociceptive  
effects of PPAR-γ activation, we also estimated pro-inflammatory  
cytokines in the injured nerves. Accumulating data indicates that nerve 
injury causes the activation of macrophages, microglia and Schwann cells  
that augment the release of pro-inflammatory cytokines.7,33 Of particular  
note, pro-inflammatory cytokines directly excites sensory neurons, 
causes central sensitization and exaggerated pain states as well.34 Indeed,  
pro-inflammatory cytokines and their upstream and downstream signaling  
play a role in inflammation after nerve injury and critical for the devel-
opment and sustained maintenance of neuropathic pain state.7,34,35 The 
most striking finding of the study is that post-emptive administration 
of pioglitazone reduced TNF-α and IL-1β levels in injured nerves that 
parallels with attenuation of neuropathic pain hypersensitivities. Adding 
to this, antinociceptive effects of pioglitazone were reversed by BADGE  
revealing that PPAR-γ activation is essentially required for eliciting anti-
inflammatory effects in the periphery. It has been reported that PPAR-γ  
activation inhibits the infiltration, recruitment, and activation of  
neutrophils and macrophage and prevents the induction of NF-κB in the  
macrophages in an experimental model of arthritis.4 Also, PPAR-γ  
activation inhibits the expression of various inflammatory proteins such 
as inducible nitric oxide synthase, cyclooxygenase-2, chemokines, and  
pro-inflammatory cytokines, IL-1β and TNF-α, in particular.4,26,27  
Several studies reported ameliorative effects of PPAR-γ agonists against 
chronic inflammation in the periphery.4,26,36 In addition to this, periph-
erally released chemokines and cytokines dysregulates the blood-spinal 
cord permeability37 and evoke the influx of inflammatory mediators 
into spinal cord.6,37 Therefore, central mechanisms, particularly PPAR-γ 
mediated anti-inflammatory effects in spinal cord cannot be ignored. 
Though, we had not measured inflammation in the CNS following nerve  
injury, evidence exist that PPAR-γ activation reduces microglial  
activation and pro-inflammatory cytokines levels in dorsal root ganglion,  
brain and spinal cord, the important sites for pain processing.26,27,38  

Indeed, pioglitazone cross blood-brain barrier and showed protection in 
various CNS insults associated with inflammation.14,38 Thus, in line with 
recent findings in the spinal cord along with peripheral effects observed 
in the present study demonstrates that anti-inflammatory effects due 
to PPAR-γ activation strongly contributed to extenuation of behavioral 
pain hypersensitivity after nerve injury.
Compelling evidence indicates nitroso-oxidative stress play a crucial 
role in neuropathic pain. ROS and metabolites of free radicals-mediated 
lipid and protein oxidation are known to cause neuronal hypersensitivity 
following tissue injury.10,11 In addition, ROS and peroxynitrite mediate 
NF-κB activation and increases gene expression of pro-inflammatory 
cytokines and together cause central sensitization.39,40 Therefore, we also 
measured nitoso-oxidative stress markers to delineate mechanisms that 
would abrogate detrimental effects of free radicals. It is observed that  
pioglitazone reduced oxidative stress and nitrite level and improved  
antioxidant defenses in injured sciatic nerve. Several agents that modulate  
oxidative stress and scavenge free radicals showed protective effects and 
alleviated neuropathic state.9,41,42 Furthermore, activation of PPAR-γ 
caused neuroprotection by improving the antioxidant defense factors, 
such as GSH, SOD, catalase, and glutathione peroxidase.4,26,38 It has been  
reported that catalase and SOD gene promoters contain the PPRE  
indicating that they are directly regulated by PPAR-γ.43,44 Adding to this,  
agents that targeted activation of PPAR-γ resulted in activation of  
endogenous cellular antioxidant signaling pathways which include 
nuclear factor-erythroid 2-related factor (Nrf2) and hemeoxygenase-1 
(HO-1), inhibiting HMGB-1/RAGE, Rac1/ROS, and canonical Wing-
less-Int (Wnt)/β-catenin pathways, thereby increase in the antioxidant  
defense in neurons, DRGs, and spinal glial cells.13,27,45 Of note, the protective  
effects of pioglitazone were mitigated by PAPR-γ antagonist in ipsilateral, 
but not contralateral paws of mononeuropathic rats. Thus, these data 
and along with the results of the present study support the evidence that  
pharmacological activation of PPAR-γ is associated with inhibitory  
effect on nitroso-oxidative stress that contributes to amelioration of  
neuropathic pain due to nerve injury.

CONCLUSION
To conclude, in this work we show that post-emptive administration of 
pioglitazone reduced established pain hypersensitivity accompanied by 
mechanisms contributing to marked reduction in plasma extravasation, 
neuroinflammation and oxidative stress that were blocked by PPAR-γ 
antagonist. Together, our data strongly suggest that PPAR-γ activation  
exerted anti-inflammatory as well as antioxidant mechanisms in extenu-
ating neuropathic pain due to sciatic nerve injury. 
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