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Effects of Electroacupuncture on the Regulation of
Chemokine Induced Spinal Activation of Microglia in the Rat
Model of Neuropathic Pain
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Objectives : Microglia play a crucial role in electroacupuncture (EA) analgesia on neuropathic pain. The role of chemokines in
producing analgesic effects of EA, however, is largely unknown. In the present study, we investigated the role of chemokines in
producing analgesic effects of EA in the neuropathic pain model. Methods : Sprague-Dawley rats were randomly assigned into
three groups (anesthetized group (ANE), non-acupoint EA group (NAP), and ST36 - GB34 EA group (ACU)). Neuropathic pain was
induced by tight ligation of L5 spinal nerve. Mechanical and thermal hypersensitivity of hind paw was tested. Western blot tests
and immunofluorescence assay for C-C motif chemokine ligand 2 (CCL2) levels and microglia activation were performed on spinal
cord L5/6. EA was treated once daily from the 3rd day after surgery for 5 days. Results : EA treatments applied to ST36 and GB34
significantly reduced both mechanical and thermal hypersensitivity after two and three times of treatment, respectively. While
CCL2 expression significantly increased in neuropathic rats, it was significantly reduced in the ACU. In addition, co-localization
of CCL2 and activated microglia significantly decreased in the ACU compared to those of ANE and NAP in the spinal cord L5/L6
dorsal horn. Conclusions : The present results suggest that EA applied to ST36 and GB34 modulates the reduction of CCL2 release
from the injured neurons and consequently decreases microglia activation in the spinal cord. Regulation of chemokine induced
spinal activation of microglia plays a key role in analgesic effects of EA in the rat model of neuropathic pain.
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gliacytes at the L4-511). Transient receptor potential vanilloid

Introduction

1 (TRPV1) has also been down regulated after EA treatment
13)

Neuropathic pain is defined as pain caused by a lesion or

in neuropathic pain models . Several studies have also

disease of the somatosensory nervous system1). Neuropathic

shown that EA activates somatostatin expression and glial cell

pain hinders with quality of life and is often poorly managed,

line-derived neurotrophic factor (GDNF) proteins both in

the reason being unclear mechanisms. Neuropathic pain can

spinal dorsal horn and dorsal root ganglion, thereby pro-

2)

be caused by central or peripheral injuries and the nature

ducing analgesic effect of EA14,15). However, the neurologic

and severity of neuropathic pain are relative to the injury.

mechanism on which the EA acts to alleviate the neuropathic

Chronic neuropathic pain caused by peripheral nerve is

pain is still largely unknown.

3)

often associated with hyperalgesia and allodynia . In the

To explore the underlying mechanism of EA analgesia, we

spinal cord, nerve injury induces the increase of excitatory

hypothesized that chemokine CCL2 might be downregulated

synaptic transmission like N-methyl D-aspartate (NMDA) and

resulting in reduction of microglia activation and thus plays

α-amino 3-hydroxy-5-methyl 4-isoxazolepropionic acid

an important role in EA analgesia in the neuropathic pain.

(AMPA) receptors and decreases the gamma-aminobutyric

The aim of present study is to investigate the effects of EA

acid (GABA) receptor and glycine receptor mediate inhibitory

on the modulation of chemokine expression and microglial

4-6)

synaptic transmission in dorsal horn neurons

. After the

activation in the spinal cord of neuropathic rats.

nerve injury, there is neuronal excitability due to activation
of excitatory glutamate receptors. These effected neurons release chemokines like C-C motif chemokine ligand 2 (CCL2)7).

Materials and Methods

8)

The CCL2 binds to its receptors CCR2 on microglial cells
leading to microglial activation. Recent evidences show that
microglia play an important role in the development and
9)

1. Experimental animals
Experiments were performed on 35 male Sprague Dawley

maintenance of neuropathic pain . After the nerve injury,

rats. Animals were acclimatized to standard laboratory con-

the microglia get activated in 3 days and helps in the

ditions i.e. reversed light dark cycle (12-hour dark and 12-

development of neuropathic pain. The activated microglia

hour light cycle). They were housed in groups of three and

release cytokines like Interlukin-1β (IL-1β) and Tumor

were given free access to food and water ab libitum. All

10)

Necrosis Factor (TNF-α) .

experimental procedures were performed according to the

Acupuncture is an important treatment technique of Asian

Animals (Scientific Procedures) Act 2008 (Korea) and com-

traditional medicine which involves insertion of needles into

piled with the recommendations of the National Institute of

certain points in the body. Electroacupuncture (EA) has been

Health’s Guide for the Care and Use of Laboratory Animals.

the recent choice of medicine as it has proven to be quite

The studies were approved by the Ethics Committee on

effective in treating patients suffering with various disorders

Animal Research of Pusan National University (PNU-2019-

particularly pain related diseases. Recent evidences showed

2370). All efforts were taken to minimize the number of

11)

that there is decreased activation of microglia

which helps

animals utilized.

in producing analgesic effects. The expression of BDNF has
significantly reduced after EA treatment and also the BDNF-

2. Experimental procedures

TrkB pathway has been downregulated12) after EA in neuro-

Twenty-one rats were randomly divided into three groups:

pathic pain rat model. EA stimulation also helps in the in-

the anesthetized group (ANE, n=7), group of EA applied to

hibition of p38 mitogen-activated protein kinase (MAPK) and

non-acupoint (NAP, n=7), group of EA applied to both of

extracellular signal-regulated kinase (ERK) activation in micro-

ST36 and GB34 points group (ACU, n=7). Fourteen animals
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were used to collect spinal cord samples of naïve (Naïve, n=5)
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5. Behavioral tests

and spinal nerve ligation model (SNL, n=9)) animals. After

Mechanical allodynia was assessed using a Dynamic

baseline measurement tests on day 0, the animals received

Plantar Anesthesiometer (Ugo Basile, Varese, Italy) by mea-

neuropathic surgery. From day 3, EA was given every day for

suring the latency to withdraw the hind paw from a graded

5 days. Prior to the EA treatment, daily baseline values of

force applied to the plantar surface of the effected hind paws

behavioral tests were taken. In each group, L5-6 spinal cord

using a Von Frey filament. The cutoff force was set at 50 g.

of the rats were removed to analyze CCL2 and microglia

Following acclimatization and ‘after cessation of exploratory

using western blot and immunofluorescence stain on day 8.

behavior, the operator placed the touch stimulator unit
under the animal’s paw, using the adjustable angled mirror

3. Neuropathic surgery (Spinal Nerve Ligation, SNL)

to position the filament below the target area of the paw.

Rats were anesthetized with isoflurane (3% induction, 1.5%

After pressing the “start” key, an electrodynamic actuator of

maintenance) mixed with N2O/O2, then the L5 spinal nerve

proprietary design lifted a straight metal filament, which

16)

was tightly ligated as described before . Briefly, a midline

touched the plantar surface and began to exert an increasing

skin incision was made on the back at the lower lumbar

upward force at a preset rate of application until a stop

region, the paraspinal muscles were retracted, and the left

signal (when the animal removed the paw) was attained. The

transverse process of the L5 vertebra was removed under the

paw withdrawal threshold was numerically shown in grams

dissection microscope. The left L5 spinal nerve was identified

on the digital screen.

and gently separated from the adjacent L4 spinal nerve; it

Thermal hyperalgesia was assessed by the method of

was then tightly ligated using 6-0 silk thread. The wound was

Hargreaves et al. (1988) by measuring the latency to withdraw

cleaned with saline, closed with wound clips, and rats were

the hind paw from a focused beam of radiant heat (thermal

returned to their cages after recovering from anesthesia.

intensity: infrared 3.0) applied to the plantar surface of the
effected limb, using a commercial apparatus (Ugo Basile,

4. EA Treatment

Varese, Italy). The cutoff time was set at 20 s. To measure

EA was administered for 30 minutes at 2Hz and 1mA with

rat hind paw thermal thresholds, each rat was placed in a

1 ms pulse width. In detail, EA was given under gaseous

clear plastic compartment of an eight-compartment box with

isoflurane anesthesia (3% induction and 1.5% maintenance).

a glass floor and allowed to acclimatize for 10∼20 min. A

Stainless steel acupuncture needles (0.25 mm diameter and

paw-flick response was elicited by a high intensity infrared

40mm long) were inserted at ST36 (Joksamli) and GB34

beam focused on the plantar surface of effected paws (Ugo

(Yangneungcheon), as they are known for their analgesic

Basile, Varese, Italy). The time that elapsed before reflex

17)

effect . The acupuncture needles were stimulated using a

removal of the hind paw from the beam (paw withdrawal

Pulse Master Multi-Channel Stimulator SYS-A 300 (World

latency, PWL) was monitored. PWL was defined as the mean

Precision Instruments, Inc., Berlin, Germany). EA was applied

of three measurements at inter stimulus interval of five

at two different points on the contralateral hind paw to the

minutes. Rats were trained for at least three days in order

surgery site. The first point was the Joksamli point (ST36)

for the variability between these trials to be approximately

which is located 5mm beneath the capitilum fibulae and

0.5 s.

posteriolateral to the knee joint and the second point was
the Yangneungcheon point (GB34) which is 5 mm superiolateral to ST36. In the non-acupoint group, the needles were
inserted on either side of the tail subcutaneously.

6. Western blot
The animals were euthanized under pentobarbital anesthesia
(intraperitoneal). Fresh samples of L4-L6 spinal cords were
extracted. The samples were excised for protein extraction.
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Proteins were prepared by homogenizing the samples in a

were washed with PBST and incubated with DAPI for 30min.

lysis buffer. The supernatants were collected into fresh tubes.

The samples were finally washed with PBST and mounted

The total protein concentrations were calculated using

with a vector shield. The CCL2 and microglia were identified

Bradford assay. 40 micrograms of protein extracts were sub-

using fluorescence microscope (Image M1, Axio, Zeiss, Ober-

jected to electrophoresis using Bio-Rad Mini PROTEAN Tetra

kochen, Germany). Later the microglial cells, CCL2 immuno-

System (USA) and transferred to nitrocellulose membrane.

reactive spots and merged cells were counted using i-solution

The membrane was blocked using 5%albumin in Tris-buffer

software (Image and Microscope Technology, Daejeon, Korea).

saline, 0.1% Tween 20(TBST), incubated with primary antibody: (CCL2 (Thermofischer, Waltham, Massachusetts, USA

8. Statistical analysis

#PA534505 1:500) in TBST with 3% albumin and incubated

The data of results are presented as mean±Standard Error

at 4℃ overnight. The membranes were washed with TBST

of Mean (SEM). Statistical significance of differences between

and incubated with secondary antibody (abcam, Eugene,

groups in behavioral tests were performed by two-way

Oregon, USA #ab205718 1:2000) in TBST with 3% albumin at

ANOVA followed by Bonferroni post hoc test. Statistical

room temperature for 1 1/2 hr. The membranes were again

difference of western blot and immunofluorescence stain to

washed with TBST. Immunoreactive bands were detected

compare SNL versus naïve animals was performed by t-test

using CCD imaging device (Image Quant LAS 4000, Fujifilm,

and that of ANE, NAP, and ACU were compared by one-way

Tokyo, Japan). The band intensities were analyzed using

ANOVA followed by Duncan’s post hoc test using Systat

Image J software (National Institutes of Health, Bethesda,

Sigma Plot Version 12.2. p-value (p＜0.05) were considered

Maryland,USA).

statistically significant.

7. Immunofluorescence staining
The animals were euthanized under pentobarbital intra-

Results

peritoneal anesthesia. Fresh samples of L4-L6 spinal cords
were extracted. The samples were sectioned using a cryostat

1. Effects of EA on mechanical allodynia and thermal

(CM3050S, Leica biosystems, Wetzlar, Germany) and were

hyperalgesia

stored at −80℃. The slides were selected and washed with

All the animals developed mechanical sensitivity from day

PBS solutions. Unnecessary antibodies were blocked using

3 after SNL surgery. The ANE animals remained to have low

CAS block (Invitogen-Molecular Probes, Inc., Camorilla, CA,

paw withdrawal thresholds (PWT) for 8 days. PWT were

USA) for 15 min. The slides were incubated with MCP-1

significantly improved in ACU group when compared to ANE

polyclonal antibody (Thermofischer, Waltham, Massachusetts,

and NAP animals from day 5 after SNL surgery. There is also

USA #PA5-34505) CCL2 marker at a dilution of 1:50 or

a significant difference in PWT between NAP and ANE groups

Iba-1monoclonal antibody (Thermofischer, Waltham, Massa-

(Fig. 1).

chusetts, USA #MA5-27726) microglial marker at a dilution

All the animals developed thermal sensitivity from day 3

of 1:200 and kept at 4℃ overnight. The samples were washed

after SNL surgery. The ANE and NAP animals remained to

with Phosphate buffered saline, 0.1% Tween 20 (PBST)

have low paw withdrawal latency (PWL) for 8 days. PWL were

solution and then incubated with Goat Anti-Rabbit IgG H&L

significantly improved in ACU group when compared to ANE

Alexa Fluor 594 (abcam, Eugene, Oregon, USA #ab150080) at

and NAP animals from day 6 after SNL surgery. There is no

a dilution of 1:500 and Goat Anti-Mouse IgG H&L Alexa Fluor

significant difference in PWL between NAP and ANE groups

488 (abcam, Eugene, Oregon, USA #ab150113) at a dilution

(Fig. 2).

of 1:500 respectively for 2hrs in a dark room. The samples
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Fig. 1. Effect of EA on mechanical allodynia.
EA was given once a day to the neuropathic pain models from
post-operative day 3 for five days. Mechanical allodynia was evaluated on neuropathic pain rat models. ANE, NAP and ACU group
animals developed pain behavior from 3rd day after the SNL
surgery. The EA treated animals slowly started to recover from
#
pain from day 5. *p＜0.05 ANE vs ACU. p＜0.05 NAP vs ACU.
$p＜0.05 ANE vs NAP. Each group is a mean of 7 animals.

ACUPUNCTURE

Fig. 2. Effect of EA on thermal hyperalgesia.
EA was given once a day to the neuropathic pain models from
post-operative day 3 for five days. Thermal hypersensitivity was
measured on neuropathic pain rat models. ANE, NAP and ACU
group animals developed pain behavior from 3rd day after the SNL
surgery. The EA treated animals slowly started to recover from
pain from day 6. There is statistically no significant difference
between ANE and NAP groups. *p＜0.05 ANE vs ACU. #p＜0.05
NAP vs ACU. Each group is a mean of 7 animals.

2. Effects of EA on CCL2 expression and microglia
activation

opioids though are being used as a line of treatment in

Based on western blot analysis, the concentration of CCL2

relieving pain, they are resulting in various other side effects.

was increased significantly in SNL animals when compared

Acupuncture is a form of ancient medicine where stainless

to naïve animals. According to immunofluorescence staining,

steel needles are inserted into the bodies. This type of

the CCL2 expression was significantly increased in SNL

treatment is gaining popularity all over the world due to its

animals compared to naïve animals. The microglial expres-

fewer side effects. EA has also created wonders in relieving

sion was also increased significantly in SNL animals com-

pain symptoms particularly in neuropathic pain disorders.

pared to naïve animals (Fig. 3).

Previous studies proved that reduced microglial activation

The expression of CCL2 in ACU animals has drastically

played a vital role in producing analgesic effects in EA

decreased when compared to both ANE and NAP animals.

treated animals. Microglia are the first cells to be activated

Correlating with the western blot results, the immunofluo-

and remain activated following nerve injury . The activated

rescence results showed a significantly decreased expression

microglial cells remain active for several weeks19,20). CCL2 are

of CCL2 in ACU animals compared to both ANE and NAP

present in small and medium sized spinal and DRG neurons .

animals. The expression of microglia was decreased in ACU

The role of chemokine CCL2 are still largely unknown. In our

animals with a statistical difference compared to ANE (Fig. 4).

present study we examined the relation between microglia

18)

21)

and chemokines in electro acupuncture treated neuropathic
pain models.

Discussion

Thus, in pain mechanism, after nerve injury the excited
7)

neurons release CCL2 which binds to its receptors CCR2 on

268

Neuropathic pain is most debilitating disorder and causing

microglial cells. The ATP released from the damaged neurons

inconvenience to the human lifestyle. The drugs like NSAID’S,

bind to its receptor P2X4 on microglial cells22-24). This helps
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Fig. 3. Expression of CCL2 and
microglia in Naïve and SNL animals.
(A) Western blot analysis of L5/6 ipsilateral spinal cord was performed
on day 8 after SNL surgery. CCL2
expression has been increased in
SNL animals compared to naïve animals. (B) The SNL animals showed
increased expression of CCL2 compared to naïve animals. Data are
presented as Mean±SEM of the
ratio of area of CCL2 to area of actin.
*indicates values that are significantly different from the Naïve group.
Immunofluorescence analysis of L5/
6 ipsilateral spinal cord was performed on day 8 after SNL surgery.
(C) CCL2 expression has been statistically increased in SNL animals
compared to naïve animals (a and
d). The activation of microglia (Iba-1;
microglial marker) was more evident
in the SNL animals when compared
to naïve animals (b and e). The merged cells were also increased in SNL
animals compared to Naïve animals
(c and f). (D) SNL group showed increased number of both microglial
cells and CCL2 expression with a statistical difference to the Naïve group.
Data are presented as MEAN±SEM
of number of Iba-1 positive cells (a),
number of CCL2 immunoreactive
spots (b), number of merged cells (c).
*indicates values that are significantly different from the Naïve group
(p＜0.05). Scale bar is 100 μm. Arrow
head indicates the co-localized cells.
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Fig. 4. Effect of EA on CCL2 expression and microglial activation in
neuropathic animals.
(A) Western blot analysis of L5/6 ipsilateral spinal cord was performed
on day 8 after SNL surgery. CCL2
expression has been decreased in
ACU animals compared to ANE
animals. (B) The ACU animals showed increased expression of TNFα
compared to ANE animals. Data are
presented as Mean±SEM of the
ratio of area of CCL2 to area of actin.
*indicates values that are significantly different from the ANE animals. Immunofluorescence analysis
of L5/6 ipsilateral spinal cord was
performed on day 8 after SNL surgery. (C) CCL2 expression in ANE (a),
NAP (d), ACU (g) groups. The activation of microglia (Iba-1; microglial
marker) was shown in ANE (b), NAP
(e), ACU (h) animals. The merged
cells were shown in ANE (c), NAP
(f), ACU (i) animals. (D) ACU animals
showed decreased number of both
microglial cells and TNFα expression with a statistical difference to
the ANE animals. Data are presented as MEAN±SEM of number
of Iba-1 positive cells (a), number
of CCL2 immunoreactive spots (b),
number of merged cells (c). * and
#
indicate values that are significantly different from the ANE and
NAP groups respectively (p＜0.05).
Scale bar is 100 μm. Arrow head
indicates the co-localized cells.
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in microglial activation. The activated microglia release

not as prominent as those elucidated by points on the

4)

meridians. Based on this result CCL2 and microglia are

like IL-1β and TNFα . These mechanisms further help in

interrelated and play a major role in producing analgesic

the development and maintenance of pain.

effects in electro acupuncture analgesia.

various mediators like BDNF , proinflammatory cytokines
10)

The results of this study show a significant difference

Previous studies have already proved that reduced micro-

between Naïve and SNL groups and also a notable difference

glial activation plays a major role in producing analgesic

between ANE and ACU groups. In the behavioral tests there

effects after EA treatment11). Based on our study, CCL2 ex-

are increased pain thresholds and latencies in all the three

pression has declined in EA treated group. Hence, we hypo-

groups after SNL surgery. The mechanical thresholds have

thesized that electro acupuncture helps in the reduction of

declined notably not only in ACU animals but also NAP

CCL2 expression which helps in reducing the microglial

animals when compared to ANE animals. There is also a

activation. This mechanism helps in producing the analgesic

significant difference between the NAP and ACU groups.

effects of electro acupuncture. Thus, chemokine CCL2 plays

PWL have reduced significantly in ACU animals when com-

a major role in producing analgesic effects in EA. The

pared to ANE and NAP animals. In thermal hyperalgesia tests,

expression of CCR2 and differentiation of activated micro-

there is no significant difference between ANE and NAP

glia in the total count of microglia would have further

animals. This shows that the animals have recovered from

enhanced the study. Further studies are needed to know

pain after EA treatment for 5 days.

more clear underlying mechanisms to understand the anal-

The expression of CCL2 has increased significantly in the

gesic effect of EA in neuropathic pain models. The role of

SNL group compared to the Naïve group in western blot

cytokines and its connection to chemokines and microglia

analysis. The western blot results showed that CCL2 expres-

can be further studied.

sion has decreased statistically in EA treated group compared
to both ANE and NAP groups. The expression of microglia
has increased remarkably in the SNL group compared to

Conclusion

Naïve animals and had a downfall in EA treated group
compared to ANE animals. The microglial expression has

Our data showed that repeated EA treatment resulted in

declined with a significant difference in NAP animals also

producing analgesic effects in neuropathic pain animal

compared to ANE animals. The immunofluorescence results

models. Our results suggest that EA applied to ST36 and GB34

suggest an increased expression of CCL2 in SNL animals

modulated the reduction of CCL2 release from the injured

compared to Naïve animals and decreased expression of

neurons and consequently decrease microglial activation in

CCL2 in ACU animals compared to ANE animals. There is

the spinal cord. Thus, regulation of chemokine induced

also a significant difference between the NAP and ACU group

spinal activation of microglia plays a key role in producing

animals. The co-localization of CCL2 and microglia have also

analgesic effects in EA treated neuropathic pain models.

seen steep increase in SNL animals when compared to naïve

However, further studies have to be done to understand the

animals. Interestingly, co-localization of CCL2 and microglia

clear mechanism of analgesic effect of electro acupuncture

have declined with a statistical difference not only in ACU

in neuropathic pain rat models.

animals but also in NAP animals compared to ANE animals.
This results are consistent with those obtained from mechanical allodynia tests. The decreased expression of CCL2 in
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