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inhibiting the activation of JNK and p38 MAPK  
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Abstract: This study is aimed to evaluate the locomotor recovery of spinal cord injury (SCI) rats who having been 
treated with electroacupuncture (EA) and the related molecular mechanism. SD male rats were constructed to SCI 
models and divided into 4 groups. SCI, SCI + EA: SCI models were treated with electrical acupuncture on Jiaji for 
30 min; SCI + ANI group: SCI rats were injected intraperitoneally with Anisomycin (0.1 mg/kg IP), and SCI + EA + 
ANI group: rats were simultaneously treated with electrical acupuncture on Jiaji and injected intraperitoneally with 
Anisomycin. BBB score and inclined plane test were used to observe the promotion of EA on the locomotor recovery 
of rats with SCI. The activation of astrocyte and microglia was assayed through determination of the levels of GFAP 
and Iba-1 respectively using western blotting and immunohistochemistry. The activation of JNK and p38 MAPK, and 
apoptosis were detected using western blotting through measuring the levels of p-JNK, JNK, p-c-Jun, c-Jun, p-p38, 
p38 and activated caspase 3, 9. After surgery 28 days, BBB score and angle of inclination of rats in SCI + EA group 
were evidently higher than that in SCI, SCI + ANI and SCI + EA + ANI group. In addition, SCI induced increased pro-
duction of GFAP, Iba-1 and activated caspase 3, 9 were significantly reduced by EA, and this improvement effect 
could be reversed by ANI, an agonist of JNK and p38 MAPK. In conclusion, EA can improve the locomotor recovery 
of spinal cord of SCI rats by inhibiting the activation of astrocytes and microglia, and apoptosis. JNK and p38 MAPK 
signaling pathways might play a vital in this process. 
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Introduction

Spinal cord injury (SCI) is a high-cost, low-inci-
dence neurological disability [1]. It occurs 
through various countries throughout the world 
with an annual incidence of 15 to 40 cases per 
million, with the causes of these injuries rang-
ing from motor vehicle accidents and commu-
nity violence to recreational activities [2]. It is 
damage to the thick bundle of nerves that runs 
from the brain to the lower back [3]. SCI result-
ing in permanent paralysis and loss of sensa-
tion may appear to many individuals as one of 
the most devastating experiences imaginable 
[4]. The evaluation and treatment of SCI contin-
ues to evolve, enhanced by new imaging modal-
ities [5]. 

Electroacupuncture (EA) was reported promote 
differentiation of mesenchymal stem cells, 

regeneration of nerve fibers and partial func-
tional recovery after SCI [6]. It could improve 
the survival and migration of neural stem cells 
(NSCs) transplanted in injured spinal cord as 
well as the potential mechanisms [7]. EA has 
been proven to contribute towards neurologic 
and functional recoveries in SCI [8]. Ding et al. 
reported EA could efficiently promote bone 
marrow mesenchymal stem cells (MSCs) sur-
vival and differentiation, axonal regeneration 
and finally, functional recovery in the transect-
ed spinal cord [9]. Acupuncture (AP) could 
relieve neuropathic pain (NP) by inhibiting Jun-
N-terminal kinase (JNK) activation in astrocytes 
after spinal cord injury (SCI) [10]. Bernateck et 
al. reported can relieve peripheral NP as well as 
acute or chronic inflammatory pain via inhibi-
tion of microglial activation and production of 
inflammatory mediators in animal models [11]. 
Therefore, we want to understand whether SCI, 
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which is similar to AP but not exactly the same 
with AP, promote locomotor recovery after SCI 
in rats by inhibiting the activation of JNK and 
p38 MAPK. 

In this study, we prepared the SCI models and 
treated them with EA, Anisomycin (ANI) and EA 
+ ANI, respectively. Then, the locomotor recov-
ery of rats after treated for different times was 
determined. Moreover, the protein expression 
levels of GFAP, Iba-1, JNK, p-JNK, c-Jun, p-c-Jun, 
p38 MAPK, p-p38 MAPK and activated cas-
pase 3, 9 in L4L5 spinal cord tissues were 
determined by western blot assay and/or 
immunohistochemistry. 

Materials and methods

Rat models of spinal cord injury

Adult male SD rats (230-270 g; Animal Center 
of Shandong University) with damage of T10 
segment were used for all experiments. The 
rats were maintained in a climate-controlled 
vivarium with a 12 h light-dark cycle with free 
access to food. Then, SCI models were con-
structed: SD rats were injected intraperitoneal-
ly with 100 mg/mL chloral hydrate (300 mg/kg) 
in the left 1 cm of abdomen midline. Rats were 
prostrate lied, fixed on the operating table and 
back wool was cut. Then, the back of rats was 
sterilized with iodophor and cut along spine 
spines. Vertebral plate and spine on T10 parts 
were removed. Spinal cord on T10 section was 
striked by NYU Blow device (Curtiss-Wright, 
Grimethorpe) with 60 g cm (10 g × 6 cm) to 
result in the SCI of T10 segment. 

Treatment for SCI rats models

SCI rat models were conducted Basso-Beaie-
Bresnehan scale (BBB) score and inclined 
plane test before and after surgery for 1, 7, 14, 
21 and 28 days. BBB is a 22-point scale (scores 
0-21) that systematically and logically follows 
recovery of hindlimb function from a score of 0, 
indicative of no observed hindlimb movements, 
to a score of 21, representative of a normal 
ambulating rodent. Inclined plane test was per-
formed by the method described previously 
[12]. In brief, animals were tested in two posi-
tions (right side or left side up) on the testing 
apparatus (i.e., a board covered with a rubber 
mat containing horizontal ridges spaced 3 mm 
apart). The maximum angle at which a rat could 

maintain its position for 5 s without falling was 
recorded for each position and averaged to 
obtain a single score for each animal. The abil-
ity to control and place the hindlimb precisely 
was tested on a horizontal grid as previously 
described [13]. Analysis was performed by 
counting the number of foot fall (mistake) in 
foot placing. Both animal’s forepaws and hind-
paw were dipped in red and blue dye (non toxic) 
and then walked across a narrow box (1 m long 
and 7 cm wide). The footprints were scanned, 
and digitized images were analyzed.

SCI rat models were randomly divided into 4 
groups: SCI group, SCI + EA group, SCI + ANI 
and SCI + EA + ANI group. There were 20 Rats 
in each group and each group was divided into 
3, 7, 14 and 28 d. For SCI + EA group, rats were 
treated with electrical acupuncture on Jiaji for 
30 min (Frequency of electric acupuncture was 
20 Hz) by G6805-1 multi-channel electric acu-
puncture therapeutic apparatus (Shanghai 
medical electronic instrument factory, China). 
For SCI + ANI group, SCI rat models were inject-
ed intraperitoneally with Anisomycin (0.1 mg/
kg IP) after the models were constructed 4 
days. For SCI + EA + ANI group, rats were simul-
taneously reacted with electrical acupuncture 
on Jiaji and injected intraperitoneally with 
Anisomycin (Sigma, St. Louis, MO, USA) after 
the models were constructed 4 days. 

Western blot analysis

The rats were executed after anesthetized by 
intraperitoneal injection of ethyl carbamate 
(2.5%, 1.5 g/kg). The L4-L5 segments of spinal 
cord were isolated immediately in ice bath. 
Total proteins were prepared from spinal cord 
tissues using radioimmunoprecipitation assay 
(RIPA) lysis buffer (Sigma, USA) supplemented 
with protease inhibitors. An equal amount (50 
μg) of cellular lysates was separated on 10% 
SDS-polyacrylamide gel electrophoresis (PAGE) 
minigels and transferred to nitrocellulose filter 
membranes (Hybond, Escondido, CA, USA). The 
membrane was blocked with Tris-buffered 
saline Tween-20 (TBST) containing 5% skimmed 
milk powder for 1 h at room temperature, fol-
lowed by incubation in TBST containing 5% BSA 
(Sigma, St. Louis, MO, USA) and primary anti-
bodies overnight at 4°C. Primary antibodies 
were detected using a peroxidase-coupled goat 
anti-rabbit secondary antibody (1:8000, ZSBio, 
Beijing, China) and EZ-ECL chemiluminescence 
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Detection kit for HRP (Biological Industries, 
Beit-Haemek, Israel). The following primary 
antibodies were used: rabbit GFAP (Cell 
Signaling Technology, Danvers, MA, USA), Iba-1, 
p-JNK, p-c-JUN, p-p38 MAPK, caspase 3, cas-
pase 9 and rabbit pAb β-Tubulin (Santa Cruz 
Biotechnology, Inc., Santa Cruz, CA, USA).

Immunohistochemistry

The rats were perfused with 150 ml of 37°C 
normal saline (NS), and fixed with 400 ml of 4% 
paraformaldehyde in 100 mM phosphate buf-
fer (4°C) under deep anesthesia by ethyl carba-
mate (2.5%, 1.5 g/kg, i.p.). After perfusion, the 
L4-L5 segments of spinal cord were removed 
immediately, post-fixed in 4% paraformalde-
hyde for 4 h at 4°C, and immersed from 10-30% 
sucrose solution for 24-48 h at 4°C for cryopro-
tection. Then, the tissues were sectioned at 40 

μm on a freezing microtome (Leica, Nussloch, 
Germany) under OTC (Miles Inc., Elkhart, IN) 
protection. After rinsed with 0.01 M PBS for 
three times, the sections were blocked with 
10% normal donkey serum in 0.01 M PBS with 
0.3% Triton-X-100 over night at 4°C, followed  
by incubation with mouse anti-Iba-1 (1:1000, 
ab15690, Abcam) and anti-GFAP (1:1000, 
ab10062, Abcam) primary antibody at 4°C for 
24 h. After washed with 0.01 M PBS for 3 times, 
the sections were incubated with fluorescein 
isothiocyanate (FITC)-conjugated donkey anti-
rat IgG (1:100, ab102181, Abcam) for 2 h at 
4°C. After washed with PBS in dark and mount-
ed with fluorescent mounting medium (0.01 M 
PBS: glycerinum, 1:1), the sections were exam-
ined under fluorescence microscope (Leica, 
Germany). Quantitative analysis of immunohis-
tochemical staining was performed using 
Image-Pro Plus 6.0 software, and the results 

Figure 1. Electricacupuncture promoted the recovery of motor function in rats. A: Schematic diagram of EA on rats; 
B and C: Basso-Beaie-Bresnehan (BBB) score and angle of inclination of motor function in rats in SCI, SCI + EA, SCI 
+ ANI and SCI + EA + ANI groups after surgery for 1, 7, 14, 21 and 28 days by BBB score method and inclined plane 
test, respectively. *P < 0.05 and **P < 0.01, compared with SCI group, BBB score and angle of inclination in SCI + EA 
and SCI + ANI had significant difference; ##P < 0.01, compared with sham group, BBB score and angle of inclination 
in SCI, SCI + EA, SCI + ANI and SCI + EA + ANI groups had significant difference; +P < 0.05, compared with SCI + EA 
group, BBB score and angle of inclination in SCI + EA + ANI group had significant difference.
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were expressed as IODtreatment/IODnormal. IOD: 
Integrated Optical Density. 

Statistical analysis

Data are presented as mean ± SD values. 
Comparisons between vehicle and acupunc-
ture-treated groups were made by unpaired 
Student’s t test. Multiple comparisons between 
groups were performed one-way ANOVA. Beha- 
vioral scores from BBB analysis and inclined 
plane tests were analyzed by repeated mea-
sures ANOVA (time vs treatment). Tukey’s mul-
tiple comparison was used as Post hoc analy-
sis. Statistical significance was accepted with P 
< 0.05. All statistical analyses were performed 
by using SPSS 18.0 (SPSS Science, Chicago, 
IL).

Results

Electroacupuncture promoted locomotor re-
covery of SCI rats 

To explore the effect of EA on SCI, we construct-
ed SCI rat models and evaluated the influence 
of EA on SCI rats. Schematic diagram of EA on 
rats was performed as shown in Figure 1A. 
BBB score was used to evaluate the behavior of 
rats in different groups before and after surgery 
7, 14, 21 and 28 days, and results were shown 
in Figure 1B. As shown, BBB score in SCI, SCI + 
EA, SCI + ANI and SCI + EA + ANI groups were 
almost the same after surgery 7 days. BBB 

score in SCI + EA group increased continuously 
with time increased from 7 to 28 days and the 
value was much higher than that in SCI, SCI + 
ANI and SCI + EA + ANI group. BBB score in SCI 
and SCI + EA + ANI group kept almost the same 
with each other with the increase of time. While 
BBB score in SCI + ANI group was always lower 
than that in SCI and SCI + EA + ANI group. To 
further verify the influence of EA on SCI, inclined 
plane test was also performed. The angle of 
inclination in SCI, SCI + EA, SCI + ANI and SCI + 
EA + ANI groups was determined after surgery 
7, 14, 21 and 28 days, respectively. The growth 
trend was similar to that of BBB score. Both 
BBB score and angle of inclination in SCI + ANI 
group were significantly lower than that in SCI 
group after surgery 28 days which indicated 
ANI increased the degree of SCI in rats (Figure 
1C). Compared with SCI + EA group, the resil-
ience of rat locomotor recovery in SCI + EA + 
ANI group was weakened.

Electroacupuncture inhibited the expression of 
GFAP and Iba-1

GFAP is an intermediate-filament protein ex- 
pressed abundantly and almost exclusively in 
astrocytes of the CNS [14]. Iba-1 is specifically 
expressed in microglia and plays an important 
role in the regulation of the function of microg-
lia [15]. In this study, the protein expression lev-
els of GFAP and Iba-1 in spinal cord tissue of 
lumbar vertebrae L4 and L5 were determined 
by western blotting and immunohistochemistry. 

Figure 2. Electricacupuncture restrained the high expression of GFAP and Iba-1 resulted by SCI. A: The protein 
expression of GFAP and Iba-1 in spinal cord tissue of lumbar vertebrae L4 and L5 by western blot assay. B: The 
densitometric analysis on western blot stripe of GFAP and Iba-1. ##P < 0.01, compared with sham group, GAFP level 
relative to β-Tubulin in SCI group had significant difference; *P < 0.05, compared with SCI group, GAFP level relative 
to β-Tubulin in SCI + EA group had significant difference; +P < 0.05, compared with SCI + ANI group, GAFP level rela-
tive to β-Tubulin in SCI + EA + ANI group had significant difference. 
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Western blot results showed GFAP level rela-
tive to β-Tubulin in SCI group increased signifi-
cantly compared with that in sham group (P < 
0.01). The value in SCI + EA group was evident-
ly lower than that in SCI group. GFAP level rela-
tive to β-Tubulin in SCI + ANI group increased 
markedly compared with that in SCI + EA group 
and also significantly higher than SCI group. 
Compared with GFAP level relative to β-Tubulin 
in SCI + ANI group, the value in SCI + EA + ANI 
group decreased markedly and was slightly 
higher than that in SCI + EA group. The protein 
expression level of Iba-1 in different groups 
and the comparison results kept almost the 
same with that of GFAP (Figure 2A and 2B). The 
result of immunohistochemistry matched the 
western-blot. Compared with the SCI group, the 
relative IOD of positive stained area and pro-
portion of positive stained cells for both GARP 

and Iba-1 were significantly reduced in EA group 
(Figure 3), which was reversed by the adminis-
tration of ANI, an agonist of JNK/p38 MAPK. 
ANI alone further promoted the increased posi-
tive stained area and cells for both GARP and 
Iba-1 in spinal cord of rats with SCI. These data 
suggesting that EA treatment could suppress 
SCI induced activation of astrocytes and 
microglia, which might be related to the inhibi-
tion of JNK and p38 MAPK signaling pathways. 

Electroacupuncture inhibited the activation of 
JNK and p38 MAPK

To test the speculation, the phosphorylation of 
c-Jun, c-Jun NH2-terminal kinase (JNK) and p38 
mitogen-activated protein kinase (MAPK) was 
determined using western blot assay. JNK 
belongs to the mitogen-activated protein kinase 

Figure 3. Electricacupuncture suppressed the activation of spinal cord microglia and astrocytes resulted by SCI. A: 
Immunohistochemistry of GFAP and Iba-1 in spinal cord tissue of lumbar vertebrae L4 and L5. B: Relative integrated 
optical density (IOD) value of positive staining region. C: Percentage of GFAP or Iba-1 positive stained cells (positive 
cell number/number of nuclei, nuclear staining for blue). ##P < 0.01, compared with sham group, GAFP level rela-
tive to β-Tubulin in SCI group had significant difference; *P < 0.05, compared with SCI group, GAFP level relative to 
β-Tubulin in SCI + EA group had significant difference; +P < 0.05, compared with SCI + ANI group, GAFP level relative 
to β-Tubulin in SCI + EA + ANI group had significant difference. 
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(MAPK) family [16], and plays important roles in 
cellular processes and stress [17]. P38 MAPK 
family member function in a cell context-specif-
ic and cell type-specific manner to integrate sig-
nals that affect proliferation, differentiation, 
survival and migration [18]. The phosphoryla-
tion levels of c-Jun, JNK and p38 were remark-
ably increased in SCI rats, which were alleviat-
ed by EA stimulation (Figure 4). ANI alone effec-
tively promoted the activation of JNK and p38, 
and could attenuate the inhibition effect of EA 
on JNK and p38 activation. 

Electroacupuncture inhibited the activation of 
caspase 3 and caspase 9

It was well documented that activated spinal 
glial cells release a variety of proinflammatory 
factors, and play an important role in apoptosis 

of neurons after SCI. After confirmation of the 
inhibition effect of EA on the activation of glial 
cells, we tried to investigate the effect of elec-
tric acupuncture on apoptosis in SCI. It is well 
known that three important pathways are 
involved in cell apoptosis, namely death recep-
tor pathway, mitochondrial pathway, and endo-
plasmic reticulum pathway. Among them, the 
mitochondrial pathway is the most important 
intracellular apoptotic signal cascade system, 
which is divided into caspase dependent and 
caspase independent pathways. Caspase pro-
tein, also known as apoptosis enzyme, is a 
class of aspartate dependent cysteine prote-
ase, which plays an important role in the regu-
lation of apoptosis. The irreversible open of 
mitochondrial permeability transition pore 
(MPTP), located between the outer and inner 
membranes of mitochondria induced by vari-

Figure 4. Electricacupuncture restrained the activation of JNK and p38 MAPK. A and D: Changes of Phosphorylation 
level in JNK, c-Jun and p38 by western blot assay. B, C and E: Quantitative analysis on the relative level of p-JNK/
JNK, p-c-Jun/c-Jun and p-p38/p38. ##P < 0.01, compared with sham group, p-JNK level relative to JNK in SCI group 
had significant difference; **P < 0.01, compared with SCI group, p-JNK level relative to JNK in SCI + EA group had 
significant difference; +P < 0.05, compared with SCI + ANI group, p-JNK level relative to JNK in SCI + EA + ANI group 
had significant difference. 
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ous unfavorable factors, leads to the release of 
cytochrome C (Cyt C) and apoptosis inducing 
factor from mitochondria into the cytoplasm. 
The binding of Cyt C and apoptotic protease 
activating facter-1 (APAF 1) leads to the activa-
tion of caspase-9. Activated caspase-9 acti-
vates other caspase, such as caspase-3, 7. 
Activation of caspase family proteins irrevers-
ibly initiates protein degradation and apopto-
sis. In this work, we found the activated cas-
pase-3 and caspase-9 levels in SCI group were 
markedly higher than that in normal group, indi-
cating that SCI induced apoptosis in spinal cord 
(Figure 5). EA treatment significantly reduced 
the increased levels of activated caspase-3, 9, 
suggesting EA could suppress SCI induced 
apoptosis. In addition, ANI treatment could 
effectively reverse the reducing effect of EA on 
activated caspase-3, 9 levels, suggesting JNK 
and p38 pathways might play a vital role in reg-
ulating apoptosis after SCI. Considering the 
increased number of glial cells, showed by 
immunohistochemistry, we speculated that SCI 
mainly induced neurons apoptosis in spinal 
cord. 

Discussion

SCI is a high-cost, low-incidence neurological 
disability. This condition has a significant 
impact on the individual, the family, health care 
service delivery systems, and society in general 
[19]. The spinal cord is the major conduit 

through which motor and sensory information 
travels between brain and body [20]. SCI can 
lead to paraplegia or quadriplegia. Although 
there are no fully restorative treatments for SCI, 
various rehabilitative, cellular and molecular 
therapies have been tested in animal models 
[21]. Anisomycin (ANI) is a protein synthesis 
inhibitor and could inhibit long-term memory 
formation. It produced decrements in long-term 
memory by raising free tyrosine levels and by 
the accumulation of catecholamines (CAs) [22]. 
Electroacupuncture have been shown is effec-
tive in relieving human pain sensation. It can 
promote the differentiation of mesenchymal 
stem cells, regeneration of nerve fibers and 
partial functional recovery after SCI [23]. EA 
was reported can improve the survival and 
migration of neural stem cells (NSCs) trans-
planted in injured spinal cord as well as the 
potential mechanisms [8]. However, the molec-
ular mechanism about the promotion of EA on 
the restoration of function in SCI is still 
unknown. 

In this study, SCI rat models were constructed 
and divided into 4 groups: SCI, SCI + EA, SCI + 
ANI and SCI + EA + ANI group. BBB score assay 
and inclined plane test were performed to 
observe the influence of EA on the restoration 
of locomotor recovery in rats before and after 
surgery for 1, 7, 14, 21 and 28 days. Results 
showed the BBB score after blown by the weight 
was decreased significantly compared with the 

Figure 5. Electricacupuncture restrained the high production of cleaved caspase 3 and cleaved caspase 3 resulted 
by SCI. A: The protein expression of cleaved caspase 3, 9 in spinal cord tissue of lumbar vertebrae L4 and L5 by 
western blot assay. B: The densitometric analysis on western blot stripe of cleaved caspase 3, 9. ##P < 0.01, com-
pared with sham group, p-p38 level relative to p38 in SCI group had significant difference; **P < 0.01, compared with 
SCI group, p-p38 level relative to p38 in SCI + EA group had significant difference; +P < 0.05, compared with SCI + 
ANI group, p-JNK level relative to JNK in SCI + EA + ANI group had significant difference. 
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sham group, which illustrated modeling was 
successful. During the recovery process of SCI, 
results of BBB score after surgery 28 days and 
inclined plane test after surgery 14 and 21 
days showed EA significantly (P < 0.05) promot-
ed the recovery of SCI in rats (P < 0.05). After 
surgery 28 days, BBB score and angle of incli-
nation in SCI + ANI group were significantly 
lower than those in SCI group, which indicated 
ANI ANI increased degree of spinal cord injury 
in rats increase the degree of SCI in rats. 
Compared with SCI + EA group, the recovery 
capability of locomotor function in rats in SCI + 
AE + ANI group was significantly weakened, 
which might indicate the activation of JNK and 
p38 MAPK would significantly hinder the pro-
motion of EA on the recovery of SCI. 

Following SCI, various cellular and molecular 
events occur that induce glial activation in the 
spinal dorsal horn, such as the ionic imbalanc-
es, neuroinflammation, alterations of cell cycle 
proteins, and the release of glutamate, proin-
flammatory cytokines, ATP, reactive oxygen 
species (ROS) and neurotrophic factors [24]. It 
is well documented that activated microglia 
and astrocytes in the spinal cord contribute to 
inflammatory Injury and neuron apoptosis 
through releasing a large amount of pro-inflam-
matory cytokines, and inhibition of the activa-
tion of spinal cord glial cells could effectively 
promote the functional recovery and relieve 
neuropathic pain after SCI [25, 26]. GFAP is the 
major protein constituent of glial intermediate 
filaments in differentiated fibrous and proto-
plasmic astrocytes of the central nervous sys-
tem [27]. The mutation of GFAP could result in 
the dysfunction of astrocytes [28]. In the verte-
brate central nervous system (CNS), astrocytes 
are the most abundant and functionally diverse 
glial cell population [29]. Astrocytes play very 
dynamic and interactive roles that are impor-
tant for the normal functioning of the central 
nervous system [30]. The decrease of GFAP 
after SCI rats treating with EA indicated EA 
could effectively restrain the excessive prolif-
eration of astrocytes. Ionized calcium-binding 
adapter molecule 1 (iba-1) is a novel calcium-
binding protein, and is specifically expressed in 
microglia in the brain [15]. It is involved in the 
Rac signalling pathway and the key molecule in 
microglial activation [31]. The decrease of Iba-1 
in SCI rats after treating with EA indicated EA 
could effectively restrain the activation of 
microglial. 

The inhibition effect of EA on the activation of 
microglia and astrocytes in spinal cord has 
been widely reported [32, 33], however the 
underlying mechanisms remain largely unkn- 
own. EA with different frequencies promotes 
the release of different kinds of neuropeptides 
[34, 35], which contribute to the presynaptic 
activation of opioid receptors on the primary 
afferent terminals. Presynaptic activation of 
opioid receptors leads to a direct reduction  
of Ca2+ conductance or indirect in K+ conduc-
tance, and in turn decreases release of trans-
mitters such as excitatory amino acids and SP 
[36, 37]. All the substance P (SP), ATP, CGRP 
and glutamate can activate microglia and 
astrocytes through binding to receptors, such 
as NMDA, AMPA/KA, NK-1, ATP, and CGRP 
receptors. Thus, one of mechanisms of EA sup-
pressing spinal glial activation might be to 
attenuate the release of some neurotransmit-
ters/neuromodulators from primary afferent 
terminals and spinal nociceptive neurons via 
inactivation of endogenous opioid systems 
[33]. Another important mechanism for the 
inhibitory effect of EA on spinal glia activation 
might be related to the opioid receptors on glial 
cells. EA mediated activation of glial opioid 
receptors may suppress the activation of glial 
cells via modulating intracellular signaling path-
way such as ERK/p38 MAPK cascades [38, 
39]. Doo C. Choi et al. demonstrated that acu-
puncture inhibited microglia activation after 
SCI in rats through suppressing ROS-induced 
p38MAPK and ERK activation in microglia [40]. 
Whereas, Jee Y. Lee et al. reported acupunc-
ture at Shuigou (GV26) and Yanglingquan 
(GB34) acupoints inhibited astrocyte activation 
through inactivation the JNK pathway in astro-
cytes at L4-L5 level of spinal cord after SCI in 
rats [26]. EA is a modified technique of acu-
puncture that utilizes electrical stimulation. The 
effect of EA on the activation of JNK and p38 
MAPK has not been determined. In this work, 
we found during the recovery process of SCI, 
the activated JNK and p38 MAPK signaling 
pathways were significantly inhibited by EA. 
Moreover, simulation of the activation of JNK/
p38 MAPK using JNK/p38 MAPK activator ANI 
significantly promoted the protein expression 
of GFAP and Iba-1, indicating that the JNK and 
p38 MAPK signaling pathways play an impor-
tant role in the activation of astrocytes and 
microglia. However, double labeling with Abs for 
p-p38MAPK or p-JNK and for cell-type specific 
markers (NeuN for Neurons, CC1 for oligoden-
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drocytes, Iba-1 for microglia, and GFAP for 
astrocytes) needed to be performed to identify 
the cell types expressing p-p38MAPK or p-JNK. 

p38 MAPKs are a conserved subfamily of 
MAPKs involved in the response to stress found 
in eukaryotic cells from yeast to mammals [41]. 
They played a central role in mediating cellular 
response to environmental stress, growth fac-
tors and cytokines [42]. p38 MAPK pathway 
signaling is known to participate in cell prolifer-
ation, apoptosis, and differentiation, in a man-
ner dependent on the cellular context [43]. 
Increases in the activated forms of ERK 1/2, 
p38 MAPK, and CREB are correlated with the 
expression of at-level mechanical allodynia fol-
lowing spinal cord injury [44]. JNKs are critical 
regulators of transcription [43]. The relative 
extent of JNK, p38, or ERK activation has been 
proposed to determine cell fate after injury 
[45]. p38 MAPK and JNK are preferentially acti-
vated by environmental stresses and are 
actively involved in various stress responses 
[46]. 

SCI is currently divided into primary and sec-
ondary injuries according to the disease pro-
gression and the occurrence mechanism. 
Primary injury is the instantaneous, irreversible 
physical damage injury of spinal cord caused by 
continuity destruction, fracture or dislocation 
of the spinal canal. The secondary injury is 
induced by a series of malignant biochemical 
reactions, including bleeding, edema, ischemia 
reperfusion, inflammatory reaction and active 
oxygen radicals, and is the main factor leading 
to neuronal death and loss of nerve function. 
The mechanism of secondary injury of SCI 
involves local microcirculation disturbance, 
nerve inflammation injury, reactive oxygen free 
radical damage, toxic action of excitatory amino 
acid, electrolyte imbalance and apoptosis of 
nerve cells. Among them, a series of immune 
inflammatory response induced nerve cell 
apoptosis is considered to be the key reason 
for secondary injury of spinal cord [47, 48]. 
Thus, inhibition of the apoptosis of spinal cord 
neurons may be the key to the successful treat-
ment for SCI. In this work, we evaluated the 
nerve cell apoptosis after SCI through determi-
nation the protein levels of cleaved caspase-3 
and 9. We found, the production of cleaved cas-
pase-3 and 9 was significantly increased after 
SCI, suggesting SCI promoted the spinal nerve 
cell apoptosis in rats. EA treatments remark-

ably attenuated the SCI induced apoptosis, 
which was reversed by the ANI administration. 
These data demonstrated that JNK and p38 
MAPK might be involved in the adverse effect 
of EA on SCI induced spinal cell apoptosis. 
However, more detailed researches need to be 
done to investigate the types of apoptotic cells, 
and the mechanisms underlying the inhibition 
effect of EA on apoptosis. 

The present study showed that EA could effec-
tively promote the recovery of SCI by inhibiting 
the activation of astrocytes and microglia in 
spinal cord through suppressing the activation 
of JNK and p38 MAPK signaling pathways. 
Moreover, EA also restrained SCI induced spi-
nal cell apoptosis. However, immunohisto-
chemical staining and immunofluorescence 
double labeling on spinal cord tissue were 
needed to further verify the results. 
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