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Abstract: Objective: To study the therapeutic effect and possible mechanism of electroacupuncture on rats with
neuropathic pain (NP). Methods: A total of 30 Sprague Dawley rats were randomized into three groups, group A
(n=10), group B (n=10), and group C (n=10). In group A, a chronic constriction injury (CCI) model of NP was induced
by loosely making four ligations at the mid-thigh level of the right sciatic nerve of rats with 4-0 chromic catgut, and
electroacupuncture was used at day 1, day 4 and day 7 after surgery respectively as the treatment of NP. In group
B, the CCI model was also induced and no treatment was given. In group C, the same surgery was made without
tying the sciatic nerve. The thermal and mechanical pain thresholds of each rat before surgery and from day 1
to 7 after surgery were recorded and compared. The rats were sacrificed on day 8 after surgery and underwent
perfusion-fixation for the removal of spinal cord. Western blot was used to detect the expression of CX3CR1 protein
in the spinal cord. Enzyme-linked immunosorbent assay was used to measure the levels of tumor necrosis factor-α
(TNF-α), interleukin-1β (IL-1β) and interleukin 6 (IL-6) in the spinal cord. Results: In group A, mechanical withdrawal
thresholds (MWT) and paw withdrawal latency (PWL) of right hind paw on day 1-3 after surgery were significantly
lower than those before surgery (P<0.05); MWT and PWL were significantly higher on day 4-7 after surgery than
those on day 3 after surgery (P<0.05), but were still lower than the preoperative levels (P<0.05). In group B, MWT
and PWL of right hind paw on day 1-7 after surgery were significantly lower than those before surgery (P<0.05).
There were no significant differences in MWT and PWL of right hind paw between group A and group B on day 1-3
after surgery (P>0.05). MWT and PWL in group A were significantly higher than those in group B on day 4-7 after
surgery (P<0.05). Compared with the preoperative levels, there were no significant differences in MWT and PWL in
group C after surgery (P>0.05). Compared with those in group C, MWT and PWL of right hind paw in group A and
group B declined significantly after surgery (all P<0.05); In group A and group B, no significant differences were
found in MWT and PWL of left hind paw before and after surgery (all P>0.05). The expression of CX3CR1 protein
was significantly increased in group A and group B compared with that in group C (all P<0.05), and the expression
of CX3CR1 protein in group A was significantly lower than that in group B (P<0.05). The levels of TNF-α, IL-1β and
IL-6 in group A and group B were significantly higher compared with those in group C (P<0.05). The levels of TNF-α,
IL-1β and IL-6 in group A were significantly lower than those in group B (all P<0.05). Conclusion: The thermal and
mechanical pain thresholds of CCI rats decrease significantly. Electroacupuncture can significantly relieve pain and
increase pain threshold. The development of NP may be associated with the increase of the expression of CX3CR1
protein and the levels of inflammatory factors in the spinal cord, including TNF-α, IL-1β and IL-6. The mechanism of
electroacupuncture as a treatment for NP may be related to the reduction of the expression of CX3CR1 protein and
the levels of inflammatory factors.
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Introduction
Pain is an early warning signal when an organ
or tissue is injured [1]. The development of disease is often accompanied by pain, and
patients suffer greatly from the chronic pain,
physically and mentally. As a result, their quali-

ty of life has been significantly degraded. Neuropathic pain (NP) is a type of chronic pain
caused by a lesion or disease of the somatosensory system, and may be derived from the
direct damage or disorder of the peripheral and
central nervous system [2, 3]. Its complex
pathogenesis remains unclear. A previous study
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suggested that the pathogenesis of NP involved
the central and peripheral nervous system [4].
In recent years, central sensitization has been
studied in detail. When nerve tissue lesions
occur, glial cells are activated, and inflammatory factors such as IL-1 and IL-6 are produced,
which act on postsynaptic neurons, causing
central sensitization and eventually leading to
NP [5, 6]. According to a previous study, activated microglia played a major role in the development of NP in the early stage of nerve lesions,
and as it developed, astrocytes were also activated and participated in the development process [7]. Many studies have demonstrated that
the expression levels of microglia-specific
markers in the spinal cord increased when NP
occurred, including Toll-like receptors, P2X4
receptors, CCR2, CX3CR1 [8, 9]. Therefore,
cytokines and microglia have become the
potential targets for therapeutic intervention in
the treatment of NP.
Because of its complex pathogenesis, NP is
intractable, and drugs commonly used in its
treatment including tricyclic antidepressants,
antiepileptics, opioids and nonsteroidal antiinflammatory drugs [10, 11]. But drugs are
prone to cause adverse reactions. Moreover,
the use of opioids is likely to cause addiction
especially when the pain is intense. Therefore,
it is necessary to find other treatments [12].
Electroacupuncture is the combination of the
electrical nerve stimulation and the acupuncture of traditional Chinese medicine. It refers to
the application of micro-current, similar to
human bioelectricity, on filiform needle, which
delivers sustained, stable, continuous and controllable pulses to acupoints, with electrophysiological effects [13]. A previous study showed
that electroacupuncture had a therapeutic
effect on rats with spinal cord injury, and it
could promote the functional recovery of spinal
cord, reduce pain and was instrumental in the
treatment of acute spinal cord injury [14]. The
spinal cord is an important gateway for transmitting pain signals to the brain, and the spinal
dorsal horn can accept, transmit, and process
the nociceptive information [10]. We therefore
suspected that electroacupuncture could treat
NP. At present, there has been no study that
clearly demonstrated the therapeutic effect of
electroacupuncture on NP. Therefore, this study
mainly focused on the treatment of NP with
electroacupuncture, and has also discussed its
possible mechanism.
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Materials and methods
Subjects
This study had been consented by the Animal
Ethics Committee of Gansu Provincial Hospital.
A total of 30 male Sprague Dawley rats (180220 g body weight) were selected for the study.
Under a lighting regime with 12 hours of light
and 12 hours of dark per day, they were maintained in a quiet, sterile animal house where
the room temperature was kept at 22.0±0.5°C,
with free access to food and water [15]. The
rats should be housed in this environment for
at least 3 days before surgery. These rats were
randomized into three groups, group A (n=10),
group B (n=10), and group C (n=10). In group A,
a chronic constriction injury (CCI) model of NP
was induced and electroacupuncture was used
at day 1, day 4 and day 7 after surgery respectively as a treatment of NP. In group B, the CCI
model was also induced and no treatment was
given. In group C, the same surgery was conducted without tying the sciatic nerve.
Establishment of rat models with CCI
After intraperitoneal injection (4.0 mL/kg) of
10% chloral hydrate (Sinopharm Chemical
Reagent Co., Ltd.), the rat’s right hind limb was
prepared for ligation. After shaving and sterilization, an incision was made at its right hind
limb, and the muscles were separated by blunt
dissection to completely expose the sciatic
nerve. Then, four ligatures (4-0 chromic catgut)
were loosely tied at the mid-thigh level of the
sciatic nerve to induce a CCI model of NP (each
loop should be barely tight enough to slide on
the nerve). Penicillin powder was administered
postoperatively to prevent infection [16]. The
thermal and mechanical pain thresholds were
measured postoperatively to observe whether
the model was successfully induced. If the
model was not induced successfully, this rat
should be replaced by another new rat to prepare the model to ensure that there were 10
rats per group.
Establishment of rat models without CCI
After intraperitoneal injection (4.0 mL/kg) of
10% chloral hydrate, the rat’s right hind limb
was prepared for ligation. After shaving and
sterilization, an incision was made at the right
hind limb, and the muscles were separated by
blunt dissection to completely expose the sciatic nerve. Then the incision was sutured without the constriction of nerve. Penicillin powder
Int J Clin Exp Med 2019;12(7):8531-8539
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was administered postoperatively to prevent
infection.
Treatment
In group A, electroacupuncture was used at day
1, day 4 and day 7 after surgery respectively as
a treatment of NP. Before receiving treatment,
the rat was fixed on a wooden frame, with its
head and limbs free to move. After laying for 20
minutes, the acupuncture needles were inserted into the acupoints, “Weizhong Acupoint” and
“Huantiao Acupoint”, at the affected side of the
rat [14]. The multi-function electroacupuncture
treatment device was applied to give 2 Hz/100
Hz pulses for 30 minutes, the intensity of which
should be strong enough to cause the muscles
of the right hind limb shaking slightly, without
causing the rat shrieking (≤ 1 mA) [14, 17].
Spinal cord removal
All rats were sacrificed on day 8 after surgery
and underwent perfusion-fixation for the
removal of spinal cord. After intraperitoneal
injection (4.0 mL/kg) of 10% chloral hydrate,
the rat was properly fixed, shaved and sterilized. A cut was made parallel to ribs and perpendicular to the xiphoid so as to expose the
heart. After the heart was exposed, 200 mL of
4°C normal saline were perfused into the aorta.
The clearing of the liver and the clear liquid
flowing out from the auricula dextra were indicators of a good perfusion.
After the rat was sacrificed, its back side was
exposed and the skin was incised in the median line. Muscles at both sides of the thoracolumbar spine were bluntly separated to remove
the spine. The spine was then placed into the
ice-cold normal saline. A syringe was used to
eject the spinal cord from the caudal segment
of the spine. The spinal pia mater was then
removed and the spinal cord was frozen at80°C.
Measurements
Measurement of mechanical pain thresholds:
Von Frey test was conducted at the same time
every day. Before measurement, rats were
placed individually in small cages with a mesh
floor for at least 30 minutes. Then both hind
paws of a rat were assessed for mechanical
withdrawal thresholds (MWT) using Von Frey
filaments. Von Frey filaments of different forces
were used to stimulate the center of the underside of paw. Filaments were presented in order
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of increasing force until a paw withdrawal was
detected. MWT was defined as the least
strength causing quick paw withdrawal and
paw licking. MWT was measured for five times
at 10-second intervals to obtain the mean
value. The duration of each stimulation should
last no more than 5 seconds. The measurement was carried out with a set of Von Frey filaments that spanned a range of forces from 0.4
g to 15.0 g (0.4 g, 0.6 g, 1.0 g, 1.4 g, 2.0 g, 4.0
g, 6.0 g, 8.0 g, 10.0 g, 15.0 g). If MWT was still
higher than 4.0 g on day 3 after surgery, the
establishment of the model was judged as
failed. The lower the mechanical pain threshold, the more sensitive the rat was towards
mechanical pain stimulation, indicating that
the nerve was injured [18].
Measurement of thermal pain thresholds: The
measurement of thermal pain thresholds
should be conducted one hour after the measurement of MWT. Both hind paws of a rat were
assessed. The unrestrained rat was placed
individually in small enclosures with a glass
floor. A pain threshold detector was used to
shine lights on both of the rat’s hind paws to
measure the paw withdrawal latency (PWL).
PWL was measured for three times at 10-minute intervals to obtain the mean value. To prevent the radiant heat from damaging the rat’s
tissue, the cut-off time of the measurement
should be set at 20 seconds. If the pain threshold of the affected limb was significantly lower
than the preoperative pain threshold and the
threshold of the unaffected limbs, the establishment of the model was judged as successful. The lower the thermal pain threshold, the
more sensitive the rat was towards thermal
pain stimulation, indicating that the nerve was
injured [19].
Measurement of cytokines in spinal cord:
Enzyme-linked immunosorbent assay (ELISA)
was conducted to determine the levels of TNFα, IL-6 and IL-1β in the spinal cord. ELISA
reagent kit was bought from Shanghai Xin Yu
Biotech Co., Ltd. The measurement of cytokines in spinal cord was carried out according
to the manufacturer’s instructions.
Measurement of expression levels of CX3CR1
protein in spinal cord: Western blot (WB) was
used to determine the expression levels of
CX3CR1 protein in the spinal cord. The spinal
cord was weighed before being transferred into
the EP tube. The lysis buffer was then added
into the tube and the mixture was homogeInt J Clin Exp Med 2019;12(7):8531-8539
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Figure 1. Comparisons of MWT among three groups. The x-ordinate represents MWT in rats. The y-ordinate represents days of surgery, of which T0 represents before surgery, and T1-T7 represents day 1-7 after surgery respectively. Compared with group A at T0, ★P<0.05, ★★P<0.01, and ★★★P<0.001.
Compared with group A at T3, ◆P<0.05, ◆◆P<0.01, and ◆◆◆P<0.001.
Compared with group A, △P<0.05, △△P<0.01, and △△△P<0.001. Compared
with group B at T0, ☆P<0.05, ☆☆P<0.01, and ☆☆☆P<0.001. Compared with
group B, ●P<0.05, ●●P<0.01, and ●●●P<0.001. MWT, mechanical withdrawal
thresholds.

nized. Then the lysate was centrifuged. The
supernatant was the protein, which was transferred to another EP tube. All procedures were
completed in the ice bath. CX3CR1 antibody
(1.0 mg/mL, 1:1,000) was then added into the
EP tube according to the procedures of WB.
CX3CR1 antibody was bought from Abcam (UK).
Statistical analysis
SPSS 19.0 software was used for data analysis. Graphpad Prism 5 was used for graphing. Measurement data were
_ expressed as mean ± standard deviation ( x ± sd). Comparisons
between the two groups were based on independent t-test or repeated measures analysis
of variance (ANOVA). Bonferroni posttest was
used to compare the differences of measurement data between two groups at different
time points. Comparisons among the three
groups were based on ANOVA. The target bands
from WB were analyzed using Image J software
and the results were analyzed with oneway ANOVA. P<0.05 indicated statistical significance.
Results
General information
All included rats were free of infection after surgery, and their wound completely healed 7 days
after surgery. All rats were well developed during the perioperative period, with normal food
intake and no significant weight gain or loss.
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The CCI model rats exhibited
significant deformity at the
right hind paw 1 day after surgery (toes held together and
plantar-flexed and paw everted), and presented symptoms
like occasionally licking of hind
paw, fear of touching ground.
There was neither autotomy
behavior nor abnormality that
was observed in the left hind
paw. In group C, no abnormality was identified in both hind
paws.
Comparisons of MWT of right
hind paw among three groups

In group A, MWT on day 1-3
after surgery were significantly
lower than those before surgery (P=0.042,
F=15.345; P=0.003, F=20.345; P<0.001,
F=24.345); MWT on day 4-7 after surgery were
significantly higher than those on day 3 after surgery (P=0.038, F=14.392; P=0.024, F=
16.955; P=0.002, F=21.457; P<0.001, F=
26.467), but were still lower than the preoperative levels (P=0.028, F=16.245). In group B,
MWT on day 1-7 after surgery were significantly
lower than those before surgery (P<0.001,
F=27.345). There were no significant differences in MWT between group A and group B on day
1-3 after surgery (P=0.754, F=3.284). MWT in
group A were significantly higher than those in
group B on day 4-7 after surgery (P<0.001,
F=26.875). Compared with the preoperative
levels, there were no significant differences in
MWT in group C after surgery (P=3.675, F=
5.136). Compared with those in group C, MWT
of right hind paw in group A and group B
declined significantly after surgery (P<0.001,
F=27.376; P<0.001, F=25.975). See Figure 1.
Comparisons of PWL of right hind paw among
three groups
In group A, PWL on day 1-3 after surgery were
significantly lower than those before surgery
(P=0.045, F=13.367; P=0.004, F=19.356; P<
0.001, F=25.732); PWL were significantly higher on day 4-7 after surgery than those on day 3
after surgery (P=0.026, F=17.342; P=0.002,
F=22.012; P=0.002, F=20.421; P<0.001, F=
26.357), but were still lower than the preoperative levels (P=0.019, F=18.267). In group B,
Int J Clin Exp Med 2019;12(7):8531-8539
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Figure 2. Comparisons of PWL among three groups. The x-ordinate represents PWL in rats. The y-ordinate represents days of surgery, of which T0 represents before surgery, and T1-T7 represents day 1-7 after surgery respectively. Compared with group A at T0, ★P<0.05, ★★P<0.01, and ★★★P<0.001.
Compared with group A at T3, ◆P<0.05, ◆◆P<0.01, and ◆◆◆P<0.001.
Compared with group A, △P<0.05, △△P<0.01, and △△△P<0.001. Compared
with group B at T0, ☆P<0.05, ☆☆P<0.01, and ☆☆☆P<0.001. Compared with
group B, ●P<0.05, ●●P<0.01, and ●●●P<0.001. PWL, paw withdrawal latency.

group A were significantly higher than those in group B on day
4-7 after surgery (P<0.001, F=
25.686). Compared with the
preoperative levels, there were
no significant differences in
PWL in group C after surgery
(P=5.468, F=3.579). Compared with those in group C, PWL
of right hind paw in group A and
group B declined significantly after surgery (P<0.001, F=
5.688; P<0.001, F=27.478).
See Figure 2.
Comparisons of MWT of left
hind paw among three groups
No significant difference was
observed in the MWT of left
hind paw in group A and group
B compared with that in group C (P=0.687, F=3.865, P=
0.478, F=6.553). See Figure 3.
Comparisons of PWL of left
hind paw among three groups

Figure 3. Comparisons of MWT of left hind paw among three groups. The xordinate represents MWT in rats. The y-ordinate represents days of surgery,
of which T0 represents before surgery, and T1-T7 represents day 1-7 after
surgery respectively. MWT, mechanical withdrawal thresholds.

No significant difference was
observed in the PWL of left
hind paw in group A and group
B compared with that in group C (P=0.466, F=6.356, P=
0.723, F=3.854). See Figure 4.
Comparisons of levels of cytokines in spinal cord among
three groups

Figure 4. Comparisons of PWL of left hind paw among three groups. The xordinate represents PWL in rats. The y-ordinate represents days of surgery,
of which T0 represents before surgery, and T1-T7 represents day 1-7 after
surgery respectively. PWL, paw withdrawal latency.

PWL on day 1-7 after surgery were significantly
lower than that before surgery (P<0.001,
F=27.335). There were no significant differences in PWL between group A and group B on day
1-3 after surgery (P=0.568, F=4.675). PWL in
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groups

The levels of TNF-α, IL-1β and
IL-6 were significantly increased in group A and group B
compared with that in group C
(all P<0.05), and the levels of
TNF-α, IL-1β and IL-6 in group A
were significantly lower than
that in group B (all P<0.05).
See Table 1.
Comparisons of expression
levels of CX3CR1 protein
in spinal cord among three

The expression levels of CX3CR1 were significantly increased in group A and group B compared with that in group C (P=0.035, F=5.674;
Int J Clin Exp Med 2019;12(7):8531-8539
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Table 1. Comparisons of levels of cytokines in spinal cord among three groups
Group
TNF-α (pg/mL)
IL-1β (pg/mL)
IL-6 (pg/mL)

Group A
19.41±5.72★,☆☆
24.56±6.46★★,☆☆☆
19.45±5.63★,☆☆☆

Group B
27.24±5.19★★★
35.46±5.94★★★
32.72±5.17★★★

Group C
14.73±3.85
15.42±4.28
11.57±4.46

F
16.646
25.864
19.578

P
0.004
<0.001
0.002

Note: TNF-α: tumor necrosis factor alpha; IL-1β: interleukin 1 beta; IL-6: interleukin 6. Compared with group C, ★P<0.05,
★★
P<0.01, and ★★★P<0.001. Compared with group B, ☆☆P<0.01, ☆☆☆P<0.001.

Figure 5. Comparisons of expression levels of CX3CR1 protein in spinal cord among three groups. A. Comparisons of
CX3CR1 protein in spinal cord among three groups; B. Comparisons of gray values of CX3CR1 protein in spinal cord
among three groups. TNF-α: tumor necrosis factor alpha; IL-1β: interleukin 1 beta; IL-6: interleukin 6. Compared with
group C, ★P<0.05, and ★★★P<0.001. Compared with group B, ☆☆☆P<0.001.

P<0.001, F=26.533), and the expression levels
of CX3CR1 in group A were significantly lower
than that in group B (P<0.001, F=25.257). See
Figure 5.
Discussion
In recent years, a growing number of studies
have focused on NP, and models of NP are also
increasing, three of which commonly used are
chronic constriction injury of sciatic nerve (CCI)
model, spinal nerve ligation (SNL) model and
spared nerve nerve injury (SNI) model. CCI and
SNI models are relatively simple to prepare,
with low risks of death, disability, infection and
other complications in rats. The CCI model is
sensitive to thermal radiation as its thermal
pain threshold is significantly decreased. This
may be attributed to the fact that the CCI model
is formed by the ligation of gut suture, which
causes aseptic inflammation on the sciatic
nerve. That produces not only NP in rats, but
also inflammatory pain. This is also the case
with many patients as they suffer not only from
NP, but also from inflammatory pain due to
inflammation of the nerves. Therefore, the CCI
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model adopted in this study would closer to the
clinical scenario.
The pathogenesis of NP is complex and may be
caused by the activation of microglia producing
inflammatory cytokines. CX3CR1 is a chemokine receptor expressed primarily in spinal
microglia. CX3CR1-expressing microglia are
macrophages of the central nervous system
and can be distributed throughout the central
nervous system [20, 21]. A previous study
showed that the SNL model in rats could cause
the activation of spinal microglia, with the
expression of surface markers increased,
which indicated that the increase in the expression of CX3CR1 represented the activation and
proliferation of microglia [22]. The activation of
microglia can also increase the release of
inflammatory cytokines. Cytokines can be
divided into two types, anti-inflammatory cytokines and proinflammatory cytokines. According
to a previous study, proinflammatory cytokines
played an important role in the development of
pain [5]. Therefore, three of the most studied
proinflammatory cytokines related to pain were
included in the study. TNF-α is an inflammatory
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mediator in the peripheral and central nervous
system that can trigger the inflammatory cascade [23]. It has been demonstrated that intrathecal injection of TNF-α in rats could increase
pain and lead to mechanical and thermal allodynia [24]. IL-1β can release proteases such as
calmodulin and MMPs, increasing the excitability of neurons to cause pain hypersensitivity,
and resulting in a cascade reaction by inducing
the release of other inflammatory factors [25].
Normally, the spinal cord has low levels of IL-1β,
but its expression would significantly increase
following peripheral nerve injury [26]. A previous study demonstrated that IL-1β functioned
in two ways in NP, increasing the excitability of
neurons indirectly by activating the signaling
pathways of immune cells and directly by acting
on neurons to increase sodium or calcium ions
[26]. It has been proved that in NP model rats
injected with IL-1 receptor antagonist, the pain
response caused by nerve injury was significantly reduced [27]. The mechanism of IL-6 in
the development of NP remains unclear.
Studies have shown that IL-6 could cause pain
hypersensitivity through JAK/STAT3 signaling
pathway, but in some cases, it could produce
anti-inflammatory effects, regulate the activity
of microglia, and induce the expression of the
CX3CR1 [23, 28, 29]. Our results showed that
the levels of CX3CR1, TNF-α, IL-1β and IL-6 in
the spinal cord of rats after electroacupuncture
were significantly lower than those in the spinal
cord of untreated rats, and their pain thresholds also decreased, indicating that CX3CR1,
TNF-α, IL-1β and IL-6 in the spinal cord were
indeed related to the development and treatment of NP. The mechanism of electroacupuncture in the treatment of NP may be associated
with the reduction of activated microglia by lowering the expression of CX3CR1 in the spinal
cord and the decreased levels of TNF-α, IL-1β
and IL-6. However, the expression of CX3CR1 in
group A was still higher than that in group C.
This means that while electroacupuncture can
treat NP and ease pain by reducing the levels of
CX3CR1, TNF-α, IL-1β and IL-6, it cannot restore
their levels. This study also revealed that there
was no significant adverse reaction in rats after
electroacupuncture.
Our results showed that the CCI model was a
sound and ideal model of NP. On day 1 after
surgery, mechanical and thermal pain thresholds were reduced, and pain thresholds declined in a steady manner 5 days after surgery.
8537

On day 1-3 after surgery, pain thresholds in
group A were still decreasing, and there was no
significant difference between group A and
group B in pain thresholds, indicating that it
took a certain period of time and more than
one time of electroacupuncture to relieve the
pain. On day 4-7 after surgery, pain thresholds
in group A increased significantly, and was significantly higher than that in group B and group
C. This demonstrated that electroacupuncture
had significant effect on pain relief and could
effectively treat NP. However, pain thresholds
could not be restored to the preoperative levels, and the deformity of paw caused by the
ligation of sciatic nerve did not improved. This
suggested that the nerve injury was irreversible, and electroacupuncture could only relieve
the pain without reversing the damage. According to the results, there was no significant
change in pain thresholds in group C, indicating
that NP was caused directly by nerve damage
instead of skin and muscle damages. The
model in this study was based on the right hind
paw. Compared with that of right hind paw,
there was no significant change in the MWT and
PWL of left hind paw, which showed that the
nerve injury did not affect the contralateral
nerve through nerve or spinal cord conduction,
and did not cause mirror-image pain. This indicated that the nerve injury was unilateral and
nerve injury alone could not cause bilateral
pain.
This study revealed that electroacupuncture
could treat rats with NP with no significant
adverse reaction. But given to the great differences between human and rats, the model prepared using rats cannot completely simulate
the complexity of human diseases. Moreover, a
human disease is often complicated by a variety of diseases, which cannot be simulated by
the rat model. Therefore, more experiments are
required before applying the treatment to the
human body. Due to time limit, there are still
many shortcomings in this study. This study
only focused on the first 7 days after surgery,
while NP symptoms can last long enough for
even more than 10 years. Therefore, this study
only proved the effectiveness of electroacupuncture in the short term without giving results
of its long-term effect, which warrants more
experiments.
In conclusion, the CCI model is an ideal NP
model. In a CCI model, thermal and mechanical
Int J Clin Exp Med 2019;12(7):8531-8539

Therapeutic effect of electroacupuncture on rats with NP
pain thresholds significantly decline. Electroacupuncture can significantly relieve pain
and increase pain thresholds. The development
of NP may be associated with the increased
expression of CX3CR1 protein in the spinal
cord, which activates microglia and upregulates the expression of inflammatory cytokines
including TNF-α, IL-1β and IL-6. The mechanism
of electroacupuncture in the treatment of rats
with NP may be related to the reduction of
CX3CR1 protein expression and levels of inflammatory cytokines.
Acknowledgements

[5]

[6]

[7]

[8]

This article is supported by Gansu Health
Industry Research Program (GSWKY2017-52).
Disclosure of conflict of interest
None.
Address correspondence to: Shiqi Wen, Department
of Vascular Surgery, Gansu Provincial Hospital,
No.204 Donggang West Road, Lanzhou 730000,
Gansu Province, China. Tel: +86-0931-8281135;
Fax: +86-0931-8281135; E-mail: wenshiqi73@163.
com

[9]

[10]

References
[1]

[2]

[3]

[4]

Romundstad L, Breivik H, Roald H, Skolleborg
K, Romundstad PR and Stubhaug A. Chronic
pain and sensory changes after augmentation
mammoplasty: long term effects of preincisional administration of methylprednisolone.
Pain 2006; 124: 92-99.
Baron R, Maier C, Attal N, Binder A, Bouhassira
D, Cruccu G, Finnerup NB, Haanpää M, Hansson P, Hüllemann P, Jensen TS, Freynhagen R,
Kennedy JD, Magerl W, Mainka T, Reimer M,
Rice AS, Segerdahl M, Serra J, Sindrup S, Sommer C, Tölle T, Vollert J and Treede RD. Peripheral neuropathic pain: a mechanism-related
organizing principle based on sensory profiles.
Pain 2017; 158: 261-272.
Mah W, Lee SM, Lee J, Bae JY, Ju JS, Lee CJ,
Ahn DK and Bae YC. A role for the purinergic
receptor P2X3 in astrocytes in the mechanism
of craniofacial neuropathic pain. Sci Rep 2017;
7: 13627.
Guo JR, Wang H, Jin XJ, Jia DL, Zhou X and Tao
Q. Effect and mechanism of inhibition of PI3K/
Akt/mTOR signal pathway on chronic neuropathic pain and spinal microglia in a rat model
of chronic constriction injury. Oncotarget 2017;
8: 52923.

8538

[11]
[12]

[13]

[14]

[15]

Li QY, Xu HY and Yang HJ. Effect of proinflammatory factors TNF-α, IL-1β, IL-6 on neuropathic pain. Zhongguo Zhong Yao Za Zhi 2017; 42:
3709-3712.
Brazda V, Klusakova I, Hradilova SI and Dubovy
P. Dynamic response to peripheral nerve injury
detected by in situ hybridization of IL-6 and its
receptor mRNAs in the dorsal root ganglia is
not strictly correlated with signs of neuropathic
pain. Mol Pain 2013; 9: 42.
Zheng J, Zheng C, Cao H, Li J and Lian Q.
Curcumin down-regulates CX3CR1 expression
in spinal cord dorsal horn and DRG in neuropathic pain rats. Zhongguo Zhong Yao Za Zhi
2011; 36: 2552-2556.
Zhu W, Acosta C, MacNeil B, Cortes C, Intrater
H, Gong Y and Namaka M. Elevated expression
of fractalkine (CX3CL1) and fractalkine receptor (CX3CR1) in the dorsal root ganglia and spinal cord in experimental autoimmune encephalomyelitis: implications in multiple sclerosisinduced neuropathic pain. Biomed Res Int
2013; 2013: 480702.
Lindia JA, McGowan E, Jochnowitz N and Abbadie C. Induction of CX3CL1 expression in
astrocytes and CX3CR1 in microglia in the spinal cord of a rat model of neuropathic pain. J
Pain 2005; 6: 434-438.
Notartomaso S, Mascio G, Bernabucci M, Zappulla C, Scarselli P, Cannella M, Imbriglio T,
Gradini R, Battaglia G, Bruno V and Nicoletti F.
Analgesia induced by the epigenetic drug, Lacetylcarnitine, outlasts the end of treatment
in mouse models of chronic inflammatory and
neuropathic pain. Mol Pain 2017; 13:
1744806917697009.
An update on the drug treatment of neuropathic pain. Part 2: antiepileptics and other drugs.
Drug Ther Bull 2012; 50: 126-9.
Pexton T, Moeller-Bertram T, Schilling JM and
Wallace MS. Targeting voltage-gated calcium
channels for the treatment of neuropathic
pain: a review of drug development. Expert
Opin Investig Drugs 2011; 20: 1277-1284.
Li WJ, Li SM, Ding Y, He B, Keegan J, Dong H,
Ruan JW and Zeng YS. Electro-acupuncture upregulates CGRP expression after rat spinal
cord transection. Neurochem Int 2012; 61:
1397-1403.
Liu H, Yang K, Xin T, Wu W and Chen Y. Implanted electro-acupuncture electric stimulation improves outcome of stem cells’ transplantation
in spinal cord injury. Artif Cells Blood Substit
Immobil Biotechnol 2012; 40: 331-337.
Barragán-Iglesias P, Oidor-Chan VH, Loeza-Alcocer E, Pineda-Farias JB, Velazquez-Lagunas
I, Salinas-Abarca AB, Hong E, Sánchez-Mendoza A, Delgado-Lezama R, Price TJ and Granados-Soto V. Evaluation of the neonatal strepto-

Int J Clin Exp Med 2019;12(7):8531-8539

Therapeutic effect of electroacupuncture on rats with NP

[16]

[17]

[18]

[19]

[20]

[21]
[22]

[23]

zotocin model of diabetes in rats: evidence for
a model of neuropathic pain. Pharmacol Rep
2018; 70: 294-303.
Bura AS, Guegan T, Zamanillo D, Vela JM and
Maldonado R. Operant self-administration of a
sigma ligand improves nociceptive and emotional manifestations of neuropathic pain. Eur
J Pain 2013; 17: 832-43.
Boureau F, Sebille A, Willer JC, Bathien N and
Derouesne C. Effects of percutaneous heterosegmental electric stimulation (electro-acupuncture) on the nociceptive flexion reflex in
man. Ann Anesthesiol Fr 1978; 19: 422-426.
Zhao WX, Wang PF, Song HG and Sun N.
Diosgenin attenuates neuropathic pain in a rat
model of chronic constriction injury. Mol Med
Rep 2017; 16: 1559-1564.
Wang J, Qiao Y, Yang RS, Zhang CK, Wu HH,
Lin JJ, Zhang T, Chen T, Li YQ, Dong YL and
Li JL. The synergistic effect of treatment
with triptolide and MK-801 in the rat
neuropathic pain model. Mol Pain 2017; 13:
1744806917746564.
Lu B, Yao J, Lei WP, Xiao C and Sun JL. Role of
the CX3CR1/ERK5 pathway in spinal microglia
for the development of neuropathic pain.
Zhonghua Yi Xue Za Zhi 2013; 93: 1997-2000.
Clark AK and Malcangio M. Fractalkine/CX3CR1 signaling during neuropathic pain. Front
Cell Neurosci 2014; 8: 121.
Staniland AA, Clark AK, Wodarski R, Sasso O,
Maione F, D’Acquisto F and Malcangio M.
Reduced inflammatory and neuropathic pain
and decreased spinal microglial response in
fractalkine receptor (CX3CR1) knockout mice.
J Neurochem 2010; 114: 1143-1157.
Gopalsamy B, Farouk AAO, Mohamad TAST,
Sulaiman MR and Perimal EK. Antiallodynic
and antihyperalgesic activities of zerumbone
via the suppression of IL-1β, IL-6, and TNF-α in
a mouse model of neuropathic pain. J Pain Res
2017; 10: 2605-2619.

8539

[24] Huang PC, Tsai KL, Chen YW, Lin HT and Hung
CH. Exercise combined with ultrasound attenuates neuropathic pain in rats associated with
downregulation of IL-6 and TNF-α, but with upregulation of IL-10. Anesth Analg 2017; 124:
2038-2044.
[25] Laumet G, Zhou W, Dantzer R, Edralin JD, Huo
X, Budac DP, O’Connor JC, Lee AW, Heijnen CJ
and Kavelaars A. Upregulation of neuronal kynurenine 3-monooxygenase mediates depression-like behavior in a mouse model of neuropathic pain. Brain Behav Immun 2017; 66:
94-102.
[26] Wang X, Zhang G, Qiao Y, Feng C and Zhao X.
Crocetin attenuates spared nerve injury-induced neuropathic pain in mice. J Pharmacol
Sci 2017; 135: 141-147.
[27] Al-Mazidi S, Alotaibi M, Nedjadi T, Chaudhary
A, Alzoghaibi M and Djouhri L. Blocking of cytokines signalling attenuates evoked and spontaneous neuropathic pain behaviours in the
paclitaxel rat model of chemotherapy-induced
neuropathy. Eur J Pain 2018; 22: 810-821.
[28] Wei XH, Na XD, Liao GJ, Chen QY, Cui Y, Chen
FY, Li YY, Zang Y and Liu XG. The up-regulation
of IL-6 in DRG and spinal dorsal horn contributes to neuropathic pain following L5 ventral
root transection. Exp Neurol 2013; 241: 159168.
[29] Dubový P, Klusáková I, Svízenská I and Brázda
V. Satellite glial cells express IL-6 and corresponding signal-transducing receptors in the
dorsal root ganglia of rat neuropathic pain
model. Neuron Glia Biol 2010; 6: 73-83.

Int J Clin Exp Med 2019;12(7):8531-8539

