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Abstract: Background: Neuropathic pain is a form of chronic pain that arises from functional changes in the pain sensory 
system after peripheral nerve injury. It is manifested by spontaneous pain, hyperalgesia and allodynia. Calcitonin gene 
related peptide (CGRP) is 37 amino acid neuropeptide that is widely distributed in the central and peripheral nervous 
system and is involved in processing of nociceptive information. Evidences from human and animal studies whether 
estrogen is pro or antinociceptive is inconsistent. Transcutaneous electric nerve stimulation (TENS) is a non 
pharmacologic therapy for pain used to produce analgesia in inflammatory conditions. Aim of the present work was 
assessment of pain and spinal cord levels of CGRP and interleukin-6 (IL-6) in a model of neuropathic pain induced in 
female rats by chronic constriction injury (CCI) of sciatic nerve. The possible modulation of neuropathic pain by estradiol 
and TENS was also assessed in ovariectomized rats with CCI of sciatic nerve. Material & Methods: The study was 
carried out on 48 adult female rats divided into six groups (8 rats/each). Group 1: sham operated rats, group II: CCI of 
sciatic nerve in gonadally intact female rats, group III: ovariectomized (OVX) rats, group IV: OVX+CCI, group V: 
OVX+CCI/17  estradiol, group VI: OVX+ CCI/TENS. All ovariectomized rats were included in the study 3 weeks after 
ovariectomy for depletion of circulating estrogen. Exogenous estrogen was given to ovarietomized rats of group V as 
6g/kg body weight (b.wt.) per day subcutaneous for 3 weeks starting on the same day of CCI-surgery (day 0). TENS was 
delivered to OVX+CCI rats (group VI) starting from day 0 and continued for 3 weeks on alternate days under light ether 
anaesthesia. Pain behavior was assessed by pin prick test. Mechanical hyperalgesia was defined as increased hindpaw 
withdrawal frequencies percent (PWF%) to mechanical stimuli. The assessment began on the day of CCI surgery (day 0) 
before the operation (pre-operative, baseline data) and followed up weekly on post-CCI days 8, 14 and 21 (post operative 
assessment). Ovariectomized rats that were not subjected to CCI (group III) followed the same schedule for assessment of 
PWF%. At the end of the experiment, rats were sacrificed, lumbar spinal cord was dissected and used for later assessment 
of mRNA expression of calcitonin gene-related peptide (CGRP) using an Reverse transcriptase –Polymerase chain 
reaction (RT-PCR) method. Also levels of CGRP and IL-6 in the spinal cord were assessed by Enzyme Immunoassay Kits.  
Results: The expression of CGRP in the spinal cord tissue, levels of CGRP and IL-6 were significantly higher in lumbar 
spinal cord after CCI, OVX or OVX+CCI compared with sham operated rats. After estrogen or TENS therapy, a 
significant decrease of expression of CGRP, levels of CGRP and IL-6 were found compared with untreated (OVX+CCI) 
group. However, the values of CGRP and IL-6 after treatment were still above control level. Rats in group II (CCT of 
sciatic nerve in gonadally intact female rats) had significant increase of PWF% on post-CCI days 8, 14 and 21. Group III: 
OVX rats had significant increase of PWF% on day 0 and post-CCI days 8,14 and 21 versus sham operated rats. Group IV 
(OVX+CCI) showed significant increase of PWF% on days 8, 14 and 21 post-CCI compared to baseline. These values 
were significantly higher than those of sham operated rats. PWF% in group IV (OVX+CCI) tended to be higher at all the 
time points of post-CCI follow up than corresponding values in group II (CCI in gonadally intact females) and the 
difference was statistically significant on day 14. Group V (OVX+CCI/17  estradiol) showed significant decrease of 
PWF% starting from day 8 and continued on days 14 and 21 post-CCI versus baseline, but remained significantly higher 
than sham operated rats. Group VI: OVX+CCI/TENS showed significant decrease of PWF% on post-CCI days 8, 14 and 
21 compared with baseline, but remained significantly higher than sham operated controls. No statistically significant 
differences in PWF% were found between estradiol and TENS treated groups on post CCI days 8, 14 and 21. Conclusion: 
increased spinal cord levels of CGRP and IL-6 could be involved in the mechanism of mechanical hyperalgesia after CCI 
surgery of sciatic nerve and ovariectomy. Administration of estradiol or TENS significantly attenuated the development of 
hyperalgesia in (OVX+CCI) group, possibly by decreasing spinal cord levels of CGRP and IL-6. The findings suggested 
that TENS can be considered as alternative to hormonal therapy for neuropathic pain in ovariectomized rats.  
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1. Introduction 

Neuropathic pain is a form of chronic pain that 
arises from functional changes in the pain sensory 
system after peripheral nerve injury.(1) It is manifested 
by spontaneous pain, hyperalgesia (exaggerated 
responses to noxious stimuli) and allodynia (painful 
stimulation to innocuous stimuli).(1) Evidence suggests 
that nerve injury or disease-elicited inflammatory and 
immune responses in injured nerves contribute to the 
initiation and maintenance of neuropathic pain.(2) The 
production of proinflammatory cytokines, neurotrophic 
factors and other pain mediators by invading 
macrophages and other inflammatory cells possibly 
plays important roles in peripheral mechanisms of 
neuropathic pain.(3) Additionally, pain related 
neuropeptides including substance P (SP) and 
calcitonin gene related peptide (CGRP), normally 
contained in intact axons are released by degenerating 
ones. Both peptides play important roles in 
inflammation and immunity.(4) Thus, injured nerves are 
an ideal milieu for neuroimmune interactions, that 
contribute to the initiation and maintenance of 
neuropathic pain.(4) The pathophysiology of peripheral 
nerve injury-induced neuropathic pain disorders can be 
investigated using the chronic constriction injury (CCI) 
model of Bennett and Xie.(5) 

CGRP is a 37 amino acid neuropeptide that is 
distributed widely throughout the central and 
peripheral nervous system, including the peripheral and 
central circuits of primary sensory neurons, as well as 
motor neurons in the spinal cord.(6) CGRP has been 
implicated in the processing of nociceptive information 
in the spinal cord, where it is found in the terminals of 
unmyelinated (C) and thinly myelinated (A) afferent 
fibers.(7) CGRP can enhance the release of glutamate 
and aspartate in the spinal cord, CGRP may produce its 
effect on pain transmission and modulation through 
interactions with SP and excitatory amino acids. 
Alternatively, CGRP may be involved in pain 
transmission independently of SP or excitatory amino 
acids. It has been reported that CGRP itself produces a 
depolarization.(8) 

The neuropathic pain is managed by 
pharmacological and non pharmacological 
intervention, however, this pain syndrome can not be 
controlled with conventional analgesic.(1) 

Estrogen is known to influence multiple functions 
in brain tissue, including neuronal development, 
plasticity and survival, neurotransmitter and 
neuropeptide synthesis and neurotransmitter 
receptors.(9) There are recent studies on the effects of 
estradiol on the spinal cord and on the peripheral 
nervous system.(10) Animal experiments(11) as well as 
observations in humans(12) have shown that 
somatosensory perception and pain sensitivity are 
influenced by estrogen, but little is known about the 

underlying mechanisms. In the rat and mouse, both 
estrogen receptors  (ER) and ER have been shown 
to be expressed in dorsal horn of adult spinal cord, in 
laminae I and II, an area involved in receiving and 
processing of nociceptive information.(13) However, the 
evidence from both human and animal studies whether 
estrogen is pro-or anti-nociceptive is inconsistent.(14) 

Transcutaneous electrical nerve stimulation 
(TENS) is a commonly utilized non pharmacological 
treatment for pain (15). TENS was initially reported for 
pain relief by Wall & Sweet in 1967(16) and was based 
on the mechanisms described in the gate control theory 
for pain. Data show that TENS activates opioid 
receptors spinally and supraspinally to reduce 
hyperalgesia associated with inflammation.(17)

 In the 
spinal cord, a complicated neurochemistry involves 
activation of acetylcholinergic and serotonergic 
receptors by TENS to reduce hyperalgesia.(18) 

Therefore the aim of the present work was 
assessment of pain behavior and spinal cord levels of 
CGRP and interleukin-6 (IL-6) in animal model of 
neuropathic pain in female rats and also to assess the 
possible effects of estrogen and TENS therapy on 
neuropathic pain in ovariectomized rats with CCI. 
 
2. Material and Methods 

The study was carried out on 48 adult female 
albino rats weighing between 200-250 grams. They 
were housed in cages under standard laboratory 
conditions. Food and water were provided ad libitum. 
All protocols followed in this study were approved by 
the Ethics Committee of Experimental Animals, 
Faculty of Medicine, Alexandria University. Six 
groups were studied (8 rats/ group). They were:  

- Group (I): Sham operated. 
- Group (II): CCI of sciatic nerve in gonadally intact 

cycling female rats. 
- Group (III): Ovariectomized (OVX) group. 

Ovariectomized females were included in the study 
3 weeks after ovariectomy operation. This time lag 
after ovariectomy is required to deplete circulating 
estrogen.(19) 

- Group (IV): OVX+CCI group  
Ovariectomized females were operated upon for 
CCI of sciatic nerve after 3 weeks from 
ovariectomy operation. 

- Group (V): OVX + CCI/17-  estradiol (E2). 
This group received 17- estradiol replacement 
therapy (Sigma, st. Louis Mo) in a dose of 6g/kg 
b.wt./day(20) subcutaneously dissolved in corn oil 
starting on the same day of CCI surgery till the end 
of the experiment (3 weeks). The sham operated 
rats received the corn oil vehicle. 

- Group (VI): OVX+CCI/TENS  
TENS therapy was started on the same day of CCI 
surgery while the rats were still under anaesthesia. 
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I-Surgical procedures  
1-Chronic constriction injury (CCI) surgery of 
sciatic nerve 

Rats were deeply anaesthetized with sodium 
pentobarbital (50 mg/kg b.wt.) via intraperitoneal 
injection. The surgery procedure was first described by 
Bennett & Xie.(5) The left sciatic nerve was exposed 
high on the thigh, near the trochanter and proximal to 
its trifurcation, approximately 7mm of the common 
sciatic nerve was freed from adhering tissue. Four 
chromic gut sutures (4/0) were loosely tied around the 
nerve at intervals of approximately 1mm, and ligatures 
were tied loosely enough, so that on visual inspection, 
blood flow was not obstructed. The surgical incision 
was sutured in layers. Prophylactic antibiotics were 
used to prevent infection. 
2-Ovariectomy 

Ovariectomies were performed under sodium 
pentobarbital anaesthesia via bilateral incision in the 
dorsal flank. The fallopian tubes were ligated with 3/0 
silk sutures below the ovaries which were then 
removed.(21)  

Sham operated rats were subjected to anaesthesia, 
the ovaries were exposed but not removed. Also, the 
sciatic nerve was dissected exposed but not ligated. 
 
II-Assessment of pain behavior 
Pin prick test 

Nerve injured rats were routinely tested for the 
presence of pain-like behaviours prior to, and from 1 
week after surgery according to the previously 
described methods.(22) During testing, the rats were 
placed in specialized cages with a metal mesh floor 
allowing access to the planter surface of the injured 
hindpaw. The animals were allowed to habituate for 15 
minutes prior to initiation of behavioral testing. The 
pin prick test was done by pressing the planter surface 
of the hindpaw with the point of safety pin, at an 
intensity sufficient to produce a reflex withdrawal 
response in normal unoperated animal, but without skin 
penetration.(23) 

The schedule of assessment was: baseline 
(preoperative), taken before CCI-sciatic surgery on the 
same day of the operation (day 0), followed by weekly 
assessment of PWF% on days 8, 14 and 21 post-CCI 
surgery. Ovariectomized rats without CCI surgery were 
included in the study 3 weeks after ovariectomy and 
examined for PWF% using the same schedule used for 
other rats with CCI surgery. 

Mechanical stimuli were given ten times applied 
to the injured hindpaw through the wire mesh floor. 
The stimuli were administered at intervals of three to 
four seconds. The occurrence of paw withdrawal in 
each of these ten trials was expressed as percent 
withdrawal frequency [(number of paw 
withdrawals/number of trials) X 100]. Avoidance 

responses such as lifting, shaking or licking the paw, 
and running away were regarded as positive 
responses.(24,25) The procedure was repeated, 3 times 
during each examination and the average was recorded. 
Mechanical hyperalgesia was defined as exaggerated or 
increased paw withdrawal frequencies (PWF%) of the 
injured hindpaw relative to the control.(23) 

Rats that exhibited motor deficiency after CCI 
surgery (Such as paw dragging or limping) or those 
which failed to develop mechanical hyperalgesia were 
excluded from further testing. 
 
III-Transcutaneous electric nerve stimulation 
(TENS) 

TENS was applied to rats after CCI surgery of 
sciatic nerve through self adhesive surface electrodes 
using the every way E 704 SD timer TENS (the 
manufacturer is Everyway, Medical Instruments Co., 
Ltd Taipei, Taiwan). The device delivers symmetrical 
biphasic square pulses. It was adjusted on burst mode. 
Bursts occur twice every second. Pulse width was 60 
s and amplitude 30 mA. The frequency was fixed at 
100 HZ which is intermediate between low and high 
frequencies. The timer was adjusted to 15 minutes per 
setting. TENS was delivered under light ether 
anaethesia starting from the day of CCI surgery and 
continued on alternate days (3 times/week) for the total 
duration of the experiment (3 weeks). Electrodes were 
placed ipsilateral on the same side of sciatic injury. 
One electrode was placed on the paraspinal 
musculature of lumbar area on the skin innervated by 
dorsal rami of spinal nerves L1 through L6. The L1 
through L6 segments of the spinal cord include 
segments that innervate the affected rat hindpaw. The 
second electrode was on the hindpaw.( 25) 

At the end of the experiment, rats were sacrificed 
and lumbar spinal cord was dissected and prepared for 
further analysis of CGRP and IL-6 levels. 
 
IV-Biochemical tests 

The spinal cord tissue was divided into 3 
portions: one for detection of CGRP expression 
mRNA, the second part was for determination of 
CGRP level and lastly for determination of IL-6 levels.  
1- Detection of CGRP expression mRNA by reverse 
transcriptase polymerase chain reaction (RT-PCR) 
(26) 

About 30 mg of spinal cord tissues were stored at 
–80°C in lysis buffer containing guanidium thiocyanate 
and β-mercaptoethanol for RNA extraction. 

 
RNA extraction 

Total RNA was extracted and purified from 
homogenized spinal cord tissue using the ‘‘RNeasy 
Fibrious tissue mini kit’’ (Qiagen, Hilden, Germany) 
including the DNA digestion step. The concentration of 
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extracted RNA was measured spectrophotometrically 
at 260 nm. 
RT-PCR 

For amplification of the targets, reverse 
transcription and PCR were run in two separate steps. 
Briefly, equal amounts of total RNA (6 μg) were heat 
denatured and reverse transcribed by incubation at 
42°C for 90 min with 12.5 U avian myeloblastosis 
virus reverse transcriptase (AMV) (Promega Corp., 
Madison, WI, 

USA), 20 U ribonuclease inhibitor RNAsin 
(Promega Corp.), 200 nM deoxy nucleoside 5'-
triphosphate mixture, and 1 nM oligo-dT primer in a 
final volume of 30 μL of 1× avian myeloblastosis virus 
reverse transcriptase buffer. The reactions were 
terminated by heating at 97°C for 5 min and cooling on 
ice. The cDNA samples were amplified in 50 μL of 1× 
PCR buffer in the presence of 2.5 U Taq DNA 
polymerase (Promega Corp.), 200 nM deoxy-
nucleoside 5'-triphosphate mixture, and the appropriate 
primer pairs (1 nM of each primer. These sets of 
primers of CGRP were designed from GenBank 
(accession No. G35510 and 691379, respectively):  
Forward primer 5'-
TCCAAACTGGTCACACCTCACT-3',  
Reverse primer 5'-
CAGCTTTGGTGACAGCATCTCT-3'. 

PCR consisted of a first denaturing cycle at 97°C 
for 5 min, followed by a variable number of cycles of 
amplification defined by denaturation at 96°C for 1.5 
min, annealing for 1.5 min, and extension at 72°C for 3 
min. A final extension cycle of 72°C for 15 min was 
included. Annealing temperature was adjusted to 55°C 
(26). 
Agarose gel electrophoresis 

All PCR products were electrophoresed on 2% 
agarose stained with ethidium bromide and visualized 
with a UV transilluminator. 
 
Semi-quantitative determination of PCR products 

Semi-quantitation was performed using a gel 
documentation system (BioDO, Analyser) supplied by 
Biometra. According to the following amplification 
procedure, relative expression of each gene was 
calculated following the formula (26) 

R = Densitometrical units of each 
gene/Densitometrical units of β-actin 

β-actin primers were designed from GenBank 
(accession No. J00691). 
2-Determination of CGRP level in lumbar spinal 
cord: 

The rest of the tissue was weighed and was then 
homogenized with a glass-glass homogenizer in 10 
mM phosphate buffer saline (PBS) (pH 7). The 
homogenates were centrifuged for 10 minutes at 
10,000 g and the supernatants were mixed with bovine 
serum albumin (BSA) 0.1% immediately.(27) The 

supernatant was used to assess the level of CGRP by 
Enzyme Immunoassay kit(28) (Phoenix 
Pharmaceuticals, INC.)  
3-Determination of interleukin-6 (IL-6) 

The spinal cord tissue was well-rinsed in PBS and 
then homogenized in a 200-μl lysis/extraction reagent 
(Sigma-Aldrich). The samples were centrifuged at 
14,000 rpm for 10 min at 4°C, and then the 
supernatants were assayed for IL-6, using rat IL-6 
ELISA provided by Bender Med System, INC (BMS 
625 rat IL-6). The kit is an enzyme linked 
immunosorbent assay for quantitative detection of rat 
IL-6 in tissues(29). The total protein concentration in all 
samples was measured using the Lowry method (30) . 
Levels of spinal cord tissue IL-6 were expressed in 
pg/mg protein. 
 
Statistical Methods 

After data entry and careful meticulous revision 
the file was transferred to SPSS format (Statistical 
Padcage for Social Sciences) version 10 and the 
following tests were performed: descriptive analysis 
(meanSD), analysis of the variance (ANOVA) and 
least significant difference for post-hoc comparison 
among different studied groups at the same time. The 
Mann-Whitney U test was used to compare between 
pre-operative (baseline) and post-operative data in each 
of the studied groups. The F test was used to compare 
the biochemical parameters among the studied groups. 
A level of P<0.05 was defined as statistically 
significant. 
 
3. Results 
I. Pain behavior test 

Paw withdrawal frequency percent (PWF%) 
(Tables I & II and Figures 1&2). 

Group II (CCI surgery of sciatic nerve in 
gonadally intact females) had significant increase of 
PWF% on post-CCI days 8, 14 and 21 compared with 
baseline as well as compared with sham operated rats. 
Group III (OVX) rats had significantly higher values of 
PWF% compared with sham operated rats on day 0 and 
on post-CCI days. Values of PWF% became 
significantly increased in group III (OVX) rats 
compared with baseline on post-CCI day 14. Group IV 
(OVX + CCI) showed significant increase of PWF% 
values on days 8, 14 and 21 compared with (day 0) 
baseline data. All the values of PWF% assessed in 
OVX + CCI group were significantly higher than those 
of sham operated rats. Values of PWF% tended to be 
higher on post CCI days 8, 14 and 21 than 
corresponding values of PWF% in group II and the 
difference was statistically significant on day 14. 
Group V: OVX + CCI/17  estradiol showed 
significant decrease of PWF% starting from day 8 post-
CCI versus baseline data and continued on days 14 and 
21 to be significantly decreased compared with 
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baseline. Values of PWF% in group V: OVX+CCI/17 
 estradiol became significantly lower than those of 
untreated group IV (OVX + CCI) on days 14 and 21 
post-CCI, but remained significantly higher than sham 
operated controls. In group VI: TENS therapy resulted 
in significant decrease of PWF% on post-CCI days 8, 
14 and 21 versus baseline. Values of PWF% were 
significantly lower in group VI than values in untreated 
group IV (OVX + CCI) on post-CCI days 14 and 21, 
but remained significantly higher than controls. No 
statistically significant differences in PWF% were 
found between TENS and estradiol treated groups on 
post-CCI days 8, 14 and 21.  
II.   Result of biochemical tests  
CGRP gene expression in lumbar spinal cord 
(Figure 3, Table III) 

Gene expressions of CGRP were evaluated using 
RT-PCR and agarose gel electrophoresis (Figure 3 a, b, 
c,d). As shown in Table III, the expression of CGRP 
increased significantly in the group II CCI , group III 
OVX  and group IV OVX + CCI  than the sham 
operated control group. After estradiol therapy (group 
V) and TENS (group VI), CGRP expression was 
shown to be significantly reduced in the spinal cord 
compared to the groups II and III, however they still 
showed higher expression than the controls, Table III 
(F= 16.52, P=0.001*) .  

CGRP and IL-6 Levels in lumbar spinal cord 
(Table IV) 

Mean values of CGRP were significantly higher 
in lumbar spinal cord in group II (CCI) and in group III 
(OVX) rats as compared with sham operated rats. In 
group VI (OVX+CCI), the mean value of CGRP was 
significantly higher compared with sham operated rats 
and as compared with either (CCI) or (OVX) groups 
alone. After estradiol or TENS therapy, values of 
CGRP were significantly lower in groups V, V1 
respectively as compared to untreated group IV. 
However, the values of CGRP after treatment in groups 
V and V1 were still significantly higher than sham 
operated control rats group I, Table IV (F = 195.8, P = 
0.0001*). 

Mean values of IL-6 were significantly higher in 
lumbar spinal cord in groups II (CCI) and III (OVX) 
rats as compared to group I (sham operated). In group 
VI (OVX + CCI), the mean value of IL-6 was 
significantly higher compared with sham operated rats 
and as compared with either (CCI) group II or (OVX) 
group III alone. After estradiol or TENS therapy values 
of IL-6 were significantly lower in groups  V and V1 
respectively as compared to untreated group IV. 
However the value of IL-6 after treatment were still 
significantly higher in groups V and VI compared with 
sham operated control rats, Table IV (F = 85.62, P = 
0.0001*).

 
Table I: Comparison of paw withdrawal frequency percent (PWF%) between baseline pre-operative and post-operative 

values on days 8, 14 and 21 in each of the studied groups. 

Studied groups Pre-operative 
Post-operative (post-CCI sciatic surgery) 

Day 8 Day 14 Day 21 
Group 1( sham operated) 

X SD 
U 
p 

 
25.05.3 

 
26.35.2 

0.50 
0.321 

 
25.05.3 

0.01 
0.500 

 
23.85.2 

0.46 
0.321 

Group II (CCI) 

X SD 
U 
p 

 
25.05.3 

 
57.54.6 

13.1 
0.000 

 
68.83.5 

19.51 
0.000 

 
72.54.6 

19.14 
0.000 

Group III (OVX) 

X SD 
U 
p 

 
61.36.4 

 

 
63.85.2 

0.80 
0.203 

 
67.57.1 

1.83 
0.043 

 
71.36.4 

3.13 
0.004 

Group IV (OVX + CCI) 

X SD 
U 
p 

 
65.05.3 

 
76.35.2 

4.3 
0.000 

 
81.36.4 

5.55 
0.000 

 
90.05.3 

9.43 
0.000 

Group V (OVX + CCI/E2) 

X SD 
U 
p 

 
63.85.2 

 
53.85.2 

3.85 
0.001 

 
51.36.4 

4.29 
0.000 

 
42.54.6 

8.68 
0.000 

Group VI (OVX +CCI/TENS) 

X SD 
U 
p 

 
705.3 

 
56.35.2 

5.22 
0.000 

 
47.54.6 

9.07 
0.000 

 
40.07.6 

9.16 
0.000 

p <0.05 was defined as statistically significant          
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Table II: Comparison of paw withdrawal frequency percent (PWF%) in the six studied groups in the same time interval 
either pre-operative or post-operative on days 8, 14 and 21. 

Studied groups Pre-operative 
Post-operative (post-CCI sciatic surgery) 
Day 8 Day 14 Day 21 

Group 1( sham operated) 

X SD 25.05.3a 26.35.2a 25.05.3a 23.85.2a 
Group II (CCI) 

X SD 25.05.3a 57.54.6b 68.83.5b 72.54.6b 
Group III (OVX) 

X SD 61.36.4b 63.85.2b 67.57.1b 71.36.4b 
Group IV (OVX + CCI) 

X SD 65.05.3b 76.35.2b 81.36.4c 90.05.3b 
Group V (OVX + CCI/E2) 

X SD 63.85.2b 53.85.2b 51.36.4b 42.54.6c 
Group VI (OVX +CCI/TENS) 

X SD 705.3b 56.35.2b 47.54.6b 40.07.6c 
F 
p 

215.3 
0.00001* 

209.88 
0.00001* 

154.8 
0.0001* 

165.25 
0.0001* 

Same letters has no significant difference. 
 
Table III: Calcitonin gene related peptide (CGRP) gene expression in the spinal cord among the studied experimental 

groups 
Parameter 
CGRP EXPRESSION 

Group I 
Sham 

operated 

Group II 
CCI 

Group III 
OVX 

Group IV 
OVX + CCI 

Group V 
OVX + 
CCI/E2 

Group VI 
OVX + 

CCI/TENS 
Number 
Mean 
SD 

8 
1.46a   
0.19 

8 
6.78b   
0.26 

8 
6.16b  
0.15 

8 
6.78b   
0.26 

8 
2.38c   
0.16 

8 
3.91c   
0.21 

F 
p 

16.52 
0.001* 

The same small letters indicate that there was no significant difference, while the different letters indicate that there was 
a significant difference.  
 
Table IV: Comparison of spinal cord levels of calcitonin gene related peptide (CGRP) and interlekin-6 (IL-6) among 

the studied groups. 

Parameter 
studied 

Group I 
Sham 

operated 

Group II 
CCI 

Group III 
OVX 

Group IV 
OVX + CCI 

Group V 
OVX + 
CCI/E2 

Group VI 
OVX + 

CCI/TENS 

F 
(p) 

CGRP  
(ng/gm) 
MeanSD 

 
 
29.12.9a 

 
 
78.63.6b 

 
 
53.94.7c 

 
 
109.610.0d 

 
 
59.64.0c 

 
 
49.35.0c 

 
195.8 
0.00001* 

IL-6  
(pg/mg protein) 
MeanSD 

 
 
54.72.6a 

 
 
140.16.3b 

 
 
106.410.8c 

 
 
197.77.5d 

 
 
93.16.4c 

 
 
90.77.1c 

 
85.62 
0.0001* 

Same letters has no significant difference. 
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Figure 3a. Agarose gel electrophoresis profile showing 
PCR products of CGRP gene (210 bp).  
Lane 1,2,4,5,6: Group III OVX; Lane 3: Group I 
control; M: DNA size marker 50 – 1000 bp 

 
Figure 3b. Agarose gel electrophoresis profiles 
showing PCR products of CGRP gene (210 bp). Lane 
1,2,4,5,6: Group IV OVX + CCI; Lane 3: Group I 
control; M: DNA size marker 50 – 1000 bp 

 
 
 
Figure 3c. Agarose gel electrophoresis profiles 
showing PCR products of CGRP gene (210 bp). Lane 
1:Group IV OVX + CCI; Lane 2: Group VI: OVX + 
CCI/TENS; M: DNA size marker 50 – 1000 bp 

 
 
Figure 3d. Agarose gel electrophoresis profiles 
showing PCR products of CGRP gene (210 bp). Lane 
1-7 : Group V OVX + CCI/E2; M: DNA size marker 
50 – 1000 bp 
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Fig. (1): Mean values of paw withdrawal frequency 
percent (PWF%) on pre-operative (day 0) and post-
operative days 8,14 and 21 for group I: sham, group II: 
chronic constriction injury of sciatic nerve (CCI 
surgery), group III: ovariectomy OVX) and group IV: 
OVX+CCI. 
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Fig. (2): Mean values of paw withdrawal frequency 
percent (PWF%) on pre-operative (day 0) and post-
operative days 8,14 and 21 for group I: sham, group 
IV: ovariectomy and chronic constriction injury of 
sciatic nerve (OVX+CCI), group V: OVX+CCI/17  
estradiol (E2), group VI: OVX+CCI/TENS. 
 
 

Lane: 1       2          M         3           4 5       6 

Lane: 1       2           M      3     4     5         6 

Lane:              1       M          2 

Lane: 1       2 3          M       4         5         6          7 



Journal of American Science 2012;8(6)                                                     http://www.americanscience.org  

http://www.americanscience.org                                                                 editor@americanscience.org 152

4. Discussion 
Neuropathic pain is defined as pain initiated or 

caused by a primary lesion or dysfunction in the 
nervous system.(1) A thorough understanding of the 
mechanisms and modulatory factors underlying 
neuropathic pain associated with peripheral nerve 
injury is imperative for the development of effective 
treatment strategies.(1) The effects of gender on 
nociceptive processing has received attention 
recently.(14) 

The present work was conducted to determine 
whether CGRP and IL-6 levels in lumbar spinal cord 
are involved in CCI-induced neuropathic pain of sciatic 
nerve in ovariectomized female rats compared to 
gonadally intact female rats and the possible 
modulation of this pain behavior by exogenous 
estrogen or TENS therapy. 

In the present work CCI of sciatic nerve produced 
a significant increase of PWF% as a sign of mechanical 
hyperalgesia on post CCI follow up days 8,14 and 21 
in ovariectomized rats (OVX+CCI) group IV and in 
gonadally intact rats group II compared with sham 
operated rats. 

CCI of rat sciatic nerve is a widely used model in 
inducing chronic neuropathic pain similar to the 
clinical features of human causalgia and reflex 
sympathetic dystrophy.(1,31) CCI surgery was shown to 
induce significant mechanical and thermal 
hyperalgesia.(1,31) The behavioral signs of pain 
observed in rats with CCI of sciatic nerve in the present 
work were similar to those reported in other 
studies.(1,31) 

It was hypothesized that mechanical hyperalgesia 
develop as a result of two events: the first is associated 
with an injury discharge that is evoked early in the 
injured afferents.(32,33) The second is associated with 
spontaneous ectopic discharge that is developed late in 
the nearby uninjured nociceptive afferents as a result of 
degeneration of injured afferents that may take several 
days to develop.(31,32) This ectopic discharge result in 
sensitization of central neurons in the spinal cord as 
well as peripheral sensitization of uninjured receptor 
terminals, leading to later part or delayed phase of 
hyperalgesia.(32,33) 

The synaptic and cellular mechanisms of pain-
related central sensitization in the spinal cord are not 
fully understood yet (34). CGRP has been identified as 
an important molecule in spinal nociceptive processing 
and the ensuring behavioral responses.(35) It plays a 
pro-nociceptive role after peripheral nerve injury upon 
its release from primary afferent neurons in preclinical 
models of neuropathic pain(36). CGRP sensitizes the 
responses of dorsal horn neurons to innocuous and 
noxious peripheral stimulation(37) and to intraspinally 
administered excitatory amino acids.(38) 

Current results showed that the expression of 
CGRP increased significantly in the group II CCI, 

group III OVX and group IV OVX + CCI than the 
control group. Bird et al. (34) found that CGRP 
increased neuronal excitability and facilitated synaptic 
transmission at the level of substania gelatinosa (SG) 
neurons of dorsal horn of spinal cord of arthritic rat 
pain model compared to control rats. The facilitation of 
synaptic transmission involved endogenously activated 
CGRP receptors expressed in dorsal horn of spinal cord 
including SG neurons (34). The enhanced CGRP 
receptor function may involve a change in the coupling 
to downstream effector systems such as kinases and ion 
channels as well as increased receptor expression or 
affinity (39). Jang et al.(40) found that intraplanter 
injection of CGRP1 receptor antagonist (CGRP8-37) in 
the affected hindpaw immediately before L5 spinal 
nerve ligation (L5 SNL), delayed the onset of lesion 
induced mechanical hyperalgesia. Moreover, the 
administration of CGRP receptor antagonist after L5 
SNL significantly attenuated mechanical hyperalgesia. 
These findings suggest a role for CGRP in the 
induction ad maintenance phases of pain induced by L5 
SNL. Similarly, intrathecal administration of CGRP 
receptor antagonist alleviated mechanical and thermal 
allodynia induced in rats by spinal cord hemisection 
suggesting that CGRP may play a role in chronic 
central neuropathic pain.(41) Another study showed that 
spinal nerve ligation (SNL) surgery induced an 
increase in expression of CGRP and neuropeptide Y 
(NPY) of the spinal cord injured neurons. The 
maladaptive changes in CGRP and NPY expression in 
the spinal cord may be mediated by the bioactivity of 
5-hydroxytryptamine (5-HT)/5-HT2A receptors in 
neuropathic pain and the blockade of 5-HT2A 
receptors could reverse the evoked upregulation of 
both CGRP and NPY in the spinal cord contributing to 
the inhibition of neuropathic pain (42) 

In a previous study, Parkitna et al. (43) found 
significant increase of CGRP in lumbar spinal cord, 3 
and 14 days after CCI surgery of sciatic nerve and 
suggested that increased CGRP levels contributed to 
induction and maintenance phases of neuropathic pain 
after sciatic injury. Similarly, in the present study 
CGRP was increased in lumbar spinal cord 21 days 
after CCI in gonadally intact female rats versus sham 
operated rats. These findings are consistent with other 
studies(44,45) . 

Hirose et al. (44) reported that after peripheral 
nerve injury, the expression of  CGRP in dorsal root 
ganglion (DRG) neurons is induced by mechanical 
allodynia. These results indicate that a subpopulation 
of DRG neurons express CGRP in response to 
peripheral nerve injury in the spinal dorsal horn. The 
increase in CGRP in the deep laminae may affect the 
excitability of postsynaptic neurons, and may have a 
role in neuronal plasticity following peripheral nerve 
injury. Considering the previous reports and current 
study, the up regulation of CGRP in the spinal cord in 



Journal of American Science 2012;8(6)                                                     http://www.americanscience.org  

http://www.americanscience.org                                                                 editor@americanscience.org 153

this current model seems to be correlated with pain-
related behavior. These finding demonstrated the 
importance of centrally released neurotransmitters such 
as CGRP from intact nerves in the pathogenesis of 
neuropathic pain.(44,45) 

Other results (46) also confirm the increase of 
CGRP expression after peripheral nerve injury, which 
subsequently decreased in a transgenic mouse model 
where nuclear factor kappa B (NF-κB) was selectively 
inhibited. This reduction of CGRP expression 
correlated with pain behavior and inflammation after 
peripheral nerve injury. This suggests that CGRP 
expression in neuropathic pain might be mediated via 
NF-kB. (46)  

IL-6 belongs to the hematopoietic 
cytokine/growth factor family, which plays important 
roles in mediating immune and inflammatory 
responses.(47) In the present work, level of IL-6 in 
lumbar spinal cord was significantly increased after 
CCI surgery in gonadally intact (group II) and in 
ovariectomized rats (OVX+CCI) group IV compared 
with sham operated rats. The present findings suggest 
that IL-6 could be involved together with CGRP in the 
pathogenesis of neuropathic pain after CCI of sciatic 
nerve. Our findings are consistent with those of other 
investigators that IL-6 was upregulated in lumbar 
spinal cord and increased incrementally overtime in 
nerve injured rats and was implicated in the 
development of neuropathic pain in these rats.(48-50) It 
was reported that partial sciatic nerve ligation 
increased IL-6 expression and shifted it from small to 
medium and large size damaged DRG neurons.  
Increased Prostaglandin E2 (PGE2) in injured DRG 
neurons is a novel mechanism that might probably 
facilitate the de novo synthesis of pain-related 
cytokines such as IL-6 which contributes to the 
neuropathic pain (49). It was found that intrathecal 
administration of IL-6 antibodies attenuated the 
development of mechanical hyperalgesia induced by 
L5 spinal nerve transection in rats.(51) 

Considerable evidence indicates sex-related 
differences in pain responses and in the effectiveness 
of various analgesic agents. Though the mechanisms 
underlying these effects remain unclear, the influence 
of gonadal hormones on nociceptive processing 
represents one plausible pathway thereby such sex 
differences could emerge.(14) 

In the present work, group III OVX rats had 
significantly higher PWF% which is a sign of 
mechanical hyperalgesia compared with sham operated 
rats on post CCI days  8,14 and 21. In group IV 
(OVX+CCI) values of PWF% tended to be higher at all 
time points examined than corresponding values in 
group II (CCI in gonadally intact female rats) but the 
difference was statistically significant on day 14 post 
CCI. These findings suggest that lack of estrogen 
potentiated mechanical hyperalgesia induced by CCI 

surgery of sciatic nerve. Estrogen treated rats (group V: 
OVX+ CCI/17  estradiol) had significantly lower 
PWF% on days 14 and 21 post CCI compared with 
untreated rats (group IV: OVX+CCI), thus estrogen 
therapy significantly attenuated the developing 
mechanical hyperalgesia after sciatic injury. 

Our findings are consistent with Sanoja & 
Cervero(52). They found that mechanical hyperalgesia 
developed 3-4 weeks after ovariectomy. When 
estrogen therapy was started by the 5th week after 
ovariectomy, significant attenuation of mechanical 
hyperalgesia occurred by the 6th week, however, 
thermal hyperalgesia was less responsive. Shir et al. (53) 
observed that rats kept on soy diet rich in 
phytoestrogens were less likely to develop tactile 
allodynia and mechanical hyperalgesia after spinal 
nerve ligation, however, the effect was less evident on 
thermal hyperalgesia. Tall et al. (54) on the other hand, 
found that male sex hormone suppressed the 
development of thermal hyperalgesia after CCI of 
sciatic nerve in gonadally intact male rats compared 
with castrated males. However, they did not find 
differences as regard touch evoked allodynia after CCI 
between gonadally intact male and female rats and 
ovariectomized female or castrated male. Their 
findings showed that male and female rats exhibited 
discordant thermal hyperalgesic response after CCI but 
the expression of mechanical allodynia was less 
variable among genders. This could be explained by 
the fact that mechanical allodynia and thermal 
hyperalgesia are mechanistically distinct using 2 
different pathways: A fibers for touch evoked 
allodynia and C-fibers for the thermal, and that 
nociceptive input is differentially modulated by sex 
steroids(54). Ito et al. (20) found that the effect of 
estrogen therapy to suppress thermal hyperalgesia was 
dependent on the timing of its administration. Estrogen 
therapy given late by the week 15 after ovariectomy 
was less effective to alleviate thermal hyperalgesia due 
to downregulation of estrogen receptors in the spinal 
cord shortly after ovariectomy. 

The mechanisms of action by which estrogen 
modulate neuropathic pain remained largely 
unanswered, there appears to be a contribution from 
both central and peripheral components (55). 
Peripherally, within the dorsal root ganglia, estrogen 
activates non genomic, genomic and paracrine 
regulatory pathways. These functional changes affect 
the activity of various pain effectors and result 
additionally in survival and regeneration of spinal 
neurons (56). Centrally, estrogen triggers neurochemical 
changes that modulate pain responses. For instance, 
estradiol influences opioid neurotransmission through 
the mu opoid receptor (57). Estrogen also modulates 
GABA ergic neurons.(58) 

Since CGRP was reported to enhance nocicpetive 
transmission at the spinal cord level (34), the effect of 
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estrogen on spinal cord CGRP expression and levels 
were determined in the current work. We found that 
both CGRP expression and levels were significantly 
higher in groups II (CCI) and III (OVX) rats and IV 
(OVX+CCI) compared to sham operated rats and its 
expression and levels were decreased by estrogen 
therapy compared with its level in the spinal cord in 
untreated rats. Our findings suggest that estrogen 
modulation of mechanical hyperalgesia could be 
through modulation of spinal cord level of CGRP. 

Previous studies either support or contradict the 
possible modulation of CGRP by sex steroids (59-61). 
CGRP was detected in medial preoptic area (MPOA) 
of rats and was shown to be 25 folds more abundant in 
female than male rats in this area. MPOA is implicated 
in sex specific function and behavior in rats (59). It was 
found that neither ovariectomy nor estrogen therapy 
affected CGRP level in MPOA in rats, however, it 
could be modulated by male gonadectomy(59,60). In the 
peripheral nervous system, CGRP is found mainly in 
small neurons of DRG of lumbar spinal cord and was 
found to be significantly lower in female than male rats 

(61). The expression of CGRP in DRG small neurons 
was enhanced by ovariectomy and was shown to be 
down- regulated by estrogen,(61) which is consistent 
with our findings. On the other hand, Noguchi et al. (62) 
found that ovariectomy had no effect on CGRP level in 
DRG or lumbar spinal cord. Moreover, 17- estradiol 
did not affect the level of CGRP in the spinal cord in 
ovariectomized rats. 

Other mechanism by which estrogen can affect or 
modulate neuropathic pain could be through 
modulation of immune functions (63). Estrogen 
receptors  and  are found on organs of immune 
system.(64) Activation of each receptor differentially 
contributes to granulocyte-induced inflammation, T-
lymphocyte proliferation, suppression of NK cell 
cytotoxicity and B-lymphocyte suppression (64). 

In the present work, level of IL-6 was increased 
in lumbar spinal cord after ovariectomy in group III 
and after CCI in ovariectomized rats in group IV 
(OVX+CCI) relative to sham operated rats. It was 
decreased after estrogen therapy in group V 
(OVX+CCI/17- estradiol) relative to untreated group 
(OVX+CCI), but was still higher than control level 
(group I). Also PWF% was decreased by estrogen 
therapy. Our findings suggest that estrogen possibly 
attenuated mechanical hyperalgesia through decreased 
IL-6 level in lumbar spinal cord, thus suppressing the 
inflammatory reactions contributing to neuropathic 
pain. In consistence with our findings, previous studies 

(65,66), reported that estrogen suppressed brain 
inflammatory reaction by blocking macrophage 
activation and subsequent cytokine release. 

Considerable interrelationship between CGRP 
and IL-6 suggest their importance in the pathogenesis 
of neuropathic pain (67, 68). Following sciatic nerve 

ligation, increased CGRP level in injured nerve trunk 
was involved in the upregulation of IL-6 in invading 
macrophages and the abnormal reaction to pain stimuli 

(67). Perineural injection of CGRP antagonist (CGRP 8-
37), not only attenuated thermal hyperalgesia but also 
reduced IL-6 in injured nerves, suggesting a strong link 
between CGRP, IL-6 and thermal hyperalgesia (67). In 
vitro, in cell culture derived from injured nerves, 
CGRP induced IL-6 release in a concentration 
dependent effect.(67) On the other hand, Opree & 
Kress(68) reported that cytokines such as IL-6, IL-1B 
and tumor necrosis factor  (TNF) were involved in 
the development of heat hyperalgesia in isolated skin 
flap from rat hindpaw through evoked release of CGRP 
from nociceptive afferents. 

TENS is a non invasive treatment used in 
physiotherapy practice to promote analgesia in acute 
and chronic inflammatory conditions.(25) The 
mechanism of analgesia induced by TENS are not well 
defined, and the literature on the subject remains 
controversial.(25) 

In the present study, TENS therapy resulted in 
significant decrease of PWF% on post CCI days 14 and 
21 associated with significant reduction of expression 
of CGRP and decrease in levels of CGRP and IL-6 in 
lumbar spinal cord compared to untreated group 
(OVX+CCI). Our findings suggest that TENS possibly 
attenuated mechanical hyperalgesia through decreased 
levels of IL-6 and CGRP in lumbar spinal cord. 

The present findings are consistent with Somers 
et al.(25)

  showing that TENS delivered from the same 
day of CCI of sciatic nerve was effective to attenuate 
thermal and mechanical hyperalgesia relative to 
untreated rats with CCI. Other results are also 
consistent with the present study (69), which suggests 
that the anti hyperalgesic effect of TENS may be partly 
mediated via inhibition of inflammation as evidenced 
by alteration of IL-6 levels. Thus, Repeated TENS may 
be useful for treating chronic pain clinically. Other 
studies attributed the anti hyperalgesic effects of TENS 
therapy to release of endogenous opioids(70) or to 
reduction of the level of excitatory amino acids 
aspartate and glutamate in dorsal horn of spinal 
cord.(71) 
 
Conclusion 

Increased spinal cord CGRP and IL-6 could be 
involved in the mechanism of mechanical hyperalgesia 
after CCI of sciatic nerve and ovariectomy. 
Administration of estradiol or TENS significantly 
attenuated hyperalgesia in ovariectomized rats after 
CCI surgery, possibly by decreasing spinal cord levels 
of CGRP and IL-6. The findings suggested that TENS 
could be considered as an alternative to hormonal 
therapy for CCI-induced neuropathic pain in 
ovariectomized rats. 
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