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Abstract
Oxidative stress is the core problem in improving secondary spinal cord injury (SCI). To investigate the effect of electro-
acupuncture with different frequencies on neuroinflammation, oxidative stress injury, as well as related signaling pathways,
male Sprague-Dawley (SD) rats were induced using operation for model SCI and then treated with electrical stimulation at low
frequency (2 mA, 0.2 Hz), medium frequency (2 mA, 50 Hz), and high frequency (2 mA, 100 Hz), respectively. Here, we first
demonstrated that the JNK/p66Shc signal pathway promoted ROS generation and inhibited the anti-oxidation effect of FoxO3a to
induce oxidative stress damage after SCI and the mechanism of electro-acupuncture in anti-oxidative stress. Electro-acupuncture
facilitated functional recovery after SCI and improved the apoptosis of neurons. Furthermore, p38MAPK-mediated microglia
activation and inflammatory reaction and JNK/p66Shc-mediated ROS generation and oxidative stress damage were both atten-
uated by electro-acupuncture. However, the inhibitory effect of electro-acupuncture on p38MAPK was enslaved to the acupunc-
ture frequency, but the ROS generation and phosphorylation of p66Shc were effectively inhibited by electro-acupuncture.
Therefore, the activation of JNK/p66Shc promoted the ROS-induced oxidative stress damage after SCI, and inhibiting the
phosphorylation of p66Shc-mediated oxidative stress was the key target of electro-acupuncture to facilitate functional recovery
SCI, but not p38MAPK.
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Introduction

Spinal cord injury (SCI) is a serious traumatic disease, with a
two-step process involving primary injury subsequently
followed by secondary injury. Primary injury usually occurs
as a result of mechanical injury and acute necrosis, whereas
secondary injury occurs due to oxidative stress reaction, in-
flammatory reaction, calcium mobilization, and a series of
pathophysiological processes (Ambrozaitis et al. 2006). SCI
is characterized by apoptotic or necrotic events; however, the
predominant causes of such events are mediated by oxidative
stress (Jia et al. 2012; Hall 1993). Therefore, reducing oxida-
tive stress becomes the key to the treatment and rehabilitation
of SCI.

Acupuncture has a long history of clinical application in
East Asia and is widely used to treat various neurological
diseases including Parkinson’s disease, Alzheimer’s disease,
and movement disorders (Park et al. 2003). In traditional
Chinese medicine theory, the function of acupuncture is relat-
ed to the functional specificity of insertion of needles at spe-
cific acupoints on the body (Diehl et al. 1997; Chuang et al.
2007). Recent clinical studies have shown that manual
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acupuncture or electro-acupuncture (EAe) has a therapeutic
benefit on the central nervous system (CNS) (Donoyama
and Ohkoshi 2012). Regardless of the method, the needle
inserted into the acupoint will produce special physical stim-
ulation to facilitate homeostasis. Furthermore, some studies
have demonstrated that the acupuncture-mediated neuropro-
tection is related to the regulation of p38MAPK signaling
pathway and the expression of pro-inflammatory cytokines/
mediators and pro nerve growth factor (NGF) (Choi et al.
2010a; Choi et al. 2010b; Choi et al. 2011), which are in-
volved in neuronal cell apoptosis and neuronal injury (Doo
et al. 2010; Hwang et al. 2010; Kim et al. 2009).

On the basis of the traditional acupuncture, the protective effect
of EAe is generated by changing parameters of the electrical
stimulation, including strength of output impulse and frequency,
which are an important factor to influence and change EAe re-
sponse and its mechanism (Xiang et al. 2014; Chen et al. 2016).
However, studies on the treatment of SCI using EAe are limited,
and it is not clear whether EAe has the same mechanism as
acupuncture in improving functional recovery after spinal cord
injury. In the present study, the effect of EAe with different fre-
quencies on functional recovery after SCI was investigated by
examining neuroinflammation, oxidative stress injury, as well as
related signaling pathways.

Materials and Methods

Spinal Cord Injury

Male SD rats (250 ± 10 g) were anesthetized with 1% pento-
barbital (10 mg/kg), and a laminectomy was performed at the
T9-T11 level to expose the beneath spinal cord without
disrupting the dura. The spinous processes of T8 and T12
were then clamped to stabilize the spine, and the exposed
dorsal surface of the spinal cord was subjected to weight-
drop injury using a weight (15 g) dropped at a height of
2.5 cm onto the spinal cord within 2 min for induction of
conducive SCI, as described previously (Yang et al. 2015).
For the sham-operated control rats, the rats underwent a T10
laminectomy without weight-drop injury.

All surgical interventions and postoperative animal care
were performed in accordance with the Guidelines and
Policies for the Care and Use of Laboratory Animals provided
by the Academy of Medical Science of Sichuan Provincial
People’s Hospital of China, with an associated permit number
(2018-4331).

Electro-Acupuncture Treatment and Selection of
Neuroprotective Acupoints after Injury

After 12~24 h of injury, disposable sterile acupuncture
needles (0.3 mm × 13 mm) (Huatuo Medical Instrument

Company, Suzhou) were used to backward oblique insertion
into the Dazhui (GV14) and forward oblique insertion into the
vital gate (GV4) both at a depth of 20 mm. The two acupoints
were stimulated by HANS-200 electric stimulator (Han Shi,
Nanjing) for 30 min, respectively, with three different fre-
quencies of continuous pulse current: low frequency (2 mA,
0.2 Hz), medium frequency (2 mA, 50 Hz), and high frequen-
cy (2 mA, 100 Hz). Then, electro-acupuncture was applied to
rats once a day for a week. Rats subjected to spinal injury but
without any electro-acupuncture treatment were treated as a
control. In another control experiment, a simulation treatment
with a toothpick at each acupoint was also performed in sham-
operated and control rats as previously described (Choi et al.
2010a).

Behavioral Tests

Examination of functional deficits after injury was conducted
at 1, 3, and 7 days after spinal cord injury. The recovery of
hindlimb locomotor function was evaluated using the open-
field Basso-Beattie-Bresnahan (BBB) scoring system as pre-
viously described (Choi et al. 2010a). In brief, rats were placed
on a flat surface with a diameter of 1 m and observed for
3 min. Two trained investigators, who were blind as to the
experimental conditions, simultaneously evaluated animal be-
havior. A score of 0 represents no observed hindlimb move-
ments, and a score of 21 represents normal gait.

Histopathological and Immunohistochemical
Analyses

Rats were anesthetized with pentobarbital sodium and then
perfused via cardiac puncture initially with 0.01 mM PBS
(pH = 7.4, 37 °C), followed by 4% (w/v) paraformaldehyde
in 0.1 M PBS (pH = 7.4, 4 °C). A 20 mm section centered at
the lesion site of the spinal cord was dissected out and then cut
into serial coronal or longitudinal sections (5 μm thickness)
for HE and immunohistochemical staining. The sections of
the spinal cord were stained with H&E prior to catching under
a light microscope to assess the histopathology. Another sec-
tion of the spinal cord was processed for immunohistochem-
istry with antibodies against caspase-3 (#9662, Cell Signaling
Technology) to quantitatively analyze the apoptotic nerve
cells with Image-Pro Plus 6.0 software (Media Cybernetics,
USA). All procedures were performed following the previous
description (Yang et al. 2015).

Immunofluorescence Double Labeling

Serial coronal sections of the spinal cord (5 μm thickness)
were permeated with 0.3% Triton X-100 and 10% goat serum
in 0.01 M PBS for 30 min, and incubated with monoclonal
anti-Iba1 antibody (ab5076, Abcam) and anti-p-p38 antibody
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(#9216, Cell Signaling Technology) at 4 °C overnight, and
then incubated with fluorescein-conjugated goat anti-rabbit
antibody (Vector Laboratories, Burlingame) and Texas-red-
conjugated goat anti-mouse antibody (Vector Laboratories,
Burlingame) for 1 h in the next day. Nuclei were labeled with
DAPI. Image Proplus 6.0 was used to analyze the area of
microglia and the proportion of activated and resting microg-
lia by counting the number of cells with processes longer/
shorter than the soma diameter in six image areas from every
sample.

Determination of Anti-Oxidation System in the Spinal
Cord

The homogenate of the spinal cord was prepared using
ice-cold Tris-HCl buffer (50 mM, pH 7.4) at 4 °C and
Ultra-Turrax T 25 basic homogenizer (IKA-Werke
GmbH & Co., Staufen, Germany). The supernatant
was isolated from homogenate after centrifuged at
800×g for 15 min, for further use in various biochemi-
cal studies. The bioactivity of malondialdehyde (MDA)
was detected by the thiobarbituric acid method (TBA);
the activity of superoxide dismutase (SOD) was deter-
mined by the xanthine oxidase method and the activity
of non-enzymatic anti-oxidant glutathione peroxidase
(GSH-Px) by the dithiodinitrobenzoic acid method
(DTNB), respectively, with a commercial biochemical
kits (Nanjing Built Biology, Nanjing, China) according
to the manufacturer’s instruction.

Reactive Oxygen Species Detection in the Spinal Cord

The levels of reactive oxygen species (ROS) generated were
determined as described by YANG et al. (Yang et al. 2015).
Briefly, 50 μL freshly prepared homogenate of the spinal cord
was mixed with 4.85 mL potassium phosphate buffer
(100 mmol/L, pH = 7.4) and incubated with 2 ′ ,7 ′-
dichlorofluorescin diacetate (DCFH-DA) in methanol (with
a final concentration of 5 μmol/L) for 15 min at 37 °C. The
dye-loaded samples were centrifuged at 12,500×g for 10 min
at 4 °C. The pellet was mixed on a vortex at 0 °C in 5 mL of
100 mmol/L phosphate buffer (pH = 7.4) and incubated again
for 60 min at 37 °C. Fluorescence was measured by fluores-
cence spectrophotometry (AquaMate 8000 UV-Vis
Spectrophotometer) at wavelengths of 488 nm for excitation
and 525 nm for emission. The cuvette holder was maintained
at 37 °C. ROS were quantified from a dichlorofluorescin stan-
dard curve in methanol.

Western Blot

Homogenates (50 μg) of the spinal cord were used in western
blot analysis and conducted as described by Choi et al. (Choi

et al. 2010a). Briefly, the proteins were separated on 12%
SDS-PAGE and transferred into nitrocellulose membranes.
The membranes were blocked with 5% non-fat milk for 1 h
at room temperature, followed by incubation with antibodies
against β-tubulin (1:1000, Sigma St. Louis, MO), p38MAPK
(1:1000, Cell Signaling Technology), phospho-p38MAPK
(1:1000, Cell Signaling Technology), phospho-SAPK/JNK,
NF-κB phospho-p65, phospho-Shc, and phospho-FoxO3a at
4 °C overnight. Protein expression levels were visualized
using the enhanced chemiluminescence detection system
(Beyotime, Shanghai, China), and the band intensities were
measured using ImageJ software, version 1.41 (NIH,
Bethesda, MD, USA).

Statistical Analysis

All data are summarized as mean ± standard deviation (SD)
with at least three independent replicates. Statistical analysis
was conducted by using one-way analysis of variance
(ANOVA) followed by LSD post-hoc analysis or independent
samples t-test using the scientific statistic software SPSS ver-
sion 20.0 (SPSS Inc., Chicago, IL, USA). P < 0.05 was con-
sidered statistically significant.

Results

Electro-Acupuncture Improved Functional Recovery
After SCI

Neuronal necrosis, neuroglial cell proliferation, andmicroglial
neuronophagia were observed in SCI rats, while EAe treat-
ment inhibited the proliferation of neuroglial cells and im-
proved the neuronal necrosis and neuronophagia, especially
in EAe-M treatment group (Fig. 1a). Caspase-3 activation
occurred at an early stage of neuronal apoptosis after SCI
(Citron et al. 2000), and the expression of caspase-3 played
a leading role in apoptosis. Caspase-3 was highly expressed in
the cytoplasm of nerve cells in the injured spinal cord
(Fig. 2b), but the expression of caspase-3 was significantly
reduced by EAe-L (P < 0.01) and EAe-M (P < 0.05)
(Fig. 2c), suggesting that electro-acupuncture could improve
neuronal apoptosis.

Furthermore, the BBB scale was measured to deter-
mine whether the effect of electro-acupuncture elevated
locomotor recovery in this study. As presented in
Fig. 1d, the BBB score is observably suppressed at
the first day and slowly rebounded within the following
week after SCI. However, EAe treatment significantly
increased the BBB score, and the locomotor recovery
was improved with the time of EAe treatment.
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Fig. 1 Electro-acupuncture improved functional recovery after SCI. a
Electro-acupuncture reduced neuroglial cell proliferation and
neuronophagia in the injured spinal cord. Normal neuron is indicated
with the black arrow. Neuronal necrosis with karyopyknosis is
indicated with the blue arrow. Neuroglial cells is indicated with the
green red arrow. Neuronophagia characterized by neuroglial

phagocytosis of necrotic neurons is indicated with the green arrow. b
Immunohistochemical staining of caspase-3 in injured spinal cord. c
Electro-acupuncture reduced the apoptosis of nerve cells. d Electro-
acupuncture elevated BBB score after SCI. Data are shown as the
means ± SD (n = 6). *P < 0.05, **P < 0.01, and ***P < 0.001, as
determined by ANOVA one-way analysis

Fig. 2 Electro-acupuncture
inhibited inflammatory cytokines
expression after SCI. a The
mRNA expression of
inflammatory cytokines TNF-α,
IL-6, and IL-1β in the spinal cord
was assessed with qRT-PCR. b
The protein expression of NF-κB
p65, phosphorylation-p65 (p-
p65), and p-p65/p65 in the spinal
cord. Data are shown as the
means ± SD (n = 6). *P < 0.05,
**P < 0.01, and ***P < 0.001, as
determined by ANOVA one-way
analysis
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Electro-Acupuncture Inhibited Inflammatory
Cytokines Expression and Activation of p38MAPK
After SCI

The inflammatory cytokines TNF-α, IL-6, and IL-1β released
by activated microglia played an important role in promoting
the secondary injury of SCI (Yune et al. 2007). The inflam-
matory cytokines TNF-α, IL-6, and IL-1β were downregulat-
ed after EAe treatment, but only EAe-M treatment could sig-
nificantly decrease the expression of TNF-α, IL-6, and IL-1β
at the same time (Fig. 2a). Previous reports showed that inhi-
bition of nuclear factor-κB (NF-κB) activation can improve
spinal cord injury-induced neuroinflammation and behavior
outcomes (Rafati et al. 2008; Jiang et al. 2014), and NF-κB
p65 activation (phosphorylation-p65/p65 rise) is involved in
the secondary damage of SCI (Samy et al. 2016). The expres-
sion of p-p65 was increased in SCI rats, and it was decreased
by EAe treatment, but there was no difference in the expres-
sion level of p-p65/p65 between control and SCI rats (Fig. 2b),
suggesting that NF-κB was not activated on the 7th day after
SCI and the secondary injury of SCI may not be mediated by
NF-κB activation.

Interestingly, the protein expression level of p-p38/p38 in
the mitogen-activated protein kinase (MAPK) signal pathway
was significantly upregulated in SCI rats, compared with con-
trol rats (Fig. 3a). The inflammatory response in microglia is
mediated by the activation of p38MAPK (Bhat et al. 1998),
and neuronal apoptosis is also related to the activated
p38MAPK in microglia after SCI (Yune et al. 2007).
Activated microglia, characterized by marked cellular hyper-
trophy and area expansion, was observed in the injured spinal
cord by immunofluorescence staining for Iba1 (Fig. 3b, d),
and the activated microglia was found to be positive for p-
p38 MAPK, but the resting microglia was not positive for p-
p38MAPK (Fig. 3c), which indicated that microglial activa-
tion after SCI was mediated by the activation of p38MAPK.
By determining the area and proportion of activated microglia,
we found that EAe-M treatment could significantly downreg-
ulate the protein expression of p-p38/p38 (Fig. 3a) and inhibit
the activation of microglia (Fig. 3c, d), but there was no dif-
ference in the level of p-p38/p38 expression and microglia
activation after EAe-L and EAe-H treatments. Therefore,
mod e r a t e EAe s t imu l a t i o n c o u l d i n h i b i t t h e
neuroinflammatory response and neuronal apoptosis mediated
by p38MAPK activation in SCI rats.

Electro-Acupuncture Improved the Oxidative Stress of
SCI

The increased formation of reactive oxygen species (ROS)
and the consequent oxidative stress are important inducers of
neuronal apoptosis and dysfunction after SCI (Jia et al. 2012;
Wang et al. 2015). Levels of ROS generation were measured

spectrofluorimetrically (Fig. 4a); the increased ROS genera-
tion after SCI was significantly inhibited in the EAe-L and
EAe-M groups (Fig. 4b). The ROS scavengers of SOD and
GSH-Px were decreased in the SCI group, but we found that
the levels of SOD and GSH-Px were enhanced by electro-
acupuncture, especially that the EAe-M treatment could sig-
nificantly increase those activities of ROS scavengers, com-
pared with SCI group (Fig. 4c, d). Lipid peroxidation is one of
the most damaging mechanisms of cellular damage of ROS in
SCI, and malondialdehyde (MDA), as one of the end products
of lipid peroxidation, may be causally involved in the patho-
physiological effects associated with oxidative stress in SCI
(Hamann and Shi 2009). There was a high level of MDA in
the SCI group compared with the control group, but treatment
with electro-acupuncture significantly reduced the level of
MAD (Fig. 4e). Those data suggested that electro-
acupuncture has the potential to improve the oxidative stress
injure after SCI.

Electro-Acupuncture Inhibited JNK/p66Shc-Mediated
Oxidative Stress Damage

The activation of JNK/p66Shc signaling pathway can
promote the production of ROS (Almeida et al. 2011),
but it is not clear whether the activation of JNK/p66Shc

is related to the oxidative stress reaction after SCI.
There was no difference in the protein expression of
p66Shc between the SCI group and control group.
However, the activation level of p-p66Shc/p66Shc was
also significantly enhanced after SCI compared with
the control group (Fig. 5a), indicating that the activation
of p66Shc may be rela ted to ROS generat ion.
Furthermore, the treatment of electro-acupuncture signif-
icantly inhibited the phosphorylation level of p66Shc and
the activation level of p-p66Shc/p66Shc, especially in the
EAe-M group.

Forkhead transcription factor (FoxO3a) protects cells from
oxidative stress damage (Kops et al. 2002), while JNK-p66Shc

can inhibit the activity of phosphorylation FoxO3a to promote
oxidative stress (Nemoto and Finkel 2002). The increase ac-
tivation of JNK and decrease activation of FoxO3a were also
observed after SCI (Fig. 5b, c); thus, p66Shc , activated by JNK
was involved in oxidative stress damage after SCI through
promoting the production of ROS and inhibiting the anti-
oxidation effect by FoxO3a. Moreover, the treatment of
electro-acupuncture decreased the expression of p-p54 and
increased the expression of FoxO3a, but there was no differ-
ence in the activations level of JNK and FoxO3a between SCI
group and EAe treatment group. Therefore, inhibiting p66Shc

activation-mediated ROS generation might be the critical
mechanism of electro-acupuncture in improving oxidative
stress damage.
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Discussion

Oxidative stress damage and anti-oxidant therapy after SCI
have been considered to be the central part of improving the
secondary injury of SCI (Jia et al. 2012). The spinal cord is
characterized with abundant unsaturated fatty acids and active
oxidative metabolism, but it is easy to cause accumulation of
oxidative metabolons and excessive consumption of anti-
oxidants for the deficient anti-oxidant capacity and limited
regeneration ability of neurons in the spinal cord (Hamann
and Shi 2009; Hamann et al. 2008). Therefore, these features
exacerbate SCI-mediated oxidative stress damage, resulting
the activation of microglia and astrocytes and the release of
inflammatory cytokines and TNF-α (Park et al. 2004), and
consequently cause neuron cell death.

Mitochondrial dysfunction is an important factor leading to
neuron cell death after SCI, which is obviously directly related
to the unbalance of Ca2 homeostasis destroyed by oxidative
stress (Springer et al. 2010). p66Shc is a protein product of an

mRNA isoform of SHC1 gene that has a pro-oxidant and pro-
apoptotic activity, and Jun N-terminal kinase (JNK)-mediated
phosphorylation of p66Shc has been implicated as a key regu-
latory step preceding mitochondrial translocation, ROS pro-
duction, and apoptosis (Khalid et al. 2016). Moreover, acti-
vated p66Shc regulates the expression of caspase-3 by induc-
ing cytochrome c-mediated cascade apoptosis (Orsini et al.
2004). In our study, we first demonstrated that JNK-
dependent activated p66Shc promoted ROS generation after
SCI and lead to oxidative stress damage. The phosphorylated
protein expression and activation level of JNK/p66Shc signal
pathway were significant increased after SCI, and the phos-
phorylation expression of FoxO3 inhibited by p66Shc was also
decreased in SCI rats. Furthermore, the decrease of ROS gen-
eration after EAe treatment was consistent with the decrease
of phosphorylation p66Shc expression. Therefore, JNK/p66Shc

activation contributed to ROS generation and oxidative stress
damage after SCI.

Activation of p38MAPK signaling pathway plays a key
role in microglia activation and inflammatory responses in
primary and secondary injury induced by SCI (Choi et al.
2012), due to the ascendancy of P38MAPK on cell prolifera-
tion, differentiation, inflammation, and apoptosis (Lawrence
et al. 2008). Moreover, p38MAPK-mediated microglia acti-
vation and inflammatory response further promote the degra-
dation of IκB-α to activate NF-κB (Gantke et al. 2012) and
induce NOS generation to promote oxidative stress in astro-
cytes and macrophages (Song et al. 2013), which jointly am-
plify the inflammatory response and aggravate the secondary
injury of SCI. The application of EAe for the treatment of SCI

Fig. 4 Electro-acupuncture improved the oxidative stress of SCI. a
Detection of intracellular ROS level by DCFH-DA probe. b Compared
ROS production of the spinal cord. c Compared SOD activity of the
spinal cord. d Compared GSH-Px activity of the spinal cord. e

Compared MDA activity of the spinal cord. Data are shown as the
means ± SD (n = 6). *P < 0.05, **P < 0.01, and ***P < 0.001, as
determined by ANOVA one-way analysis

�Fig. 3 Electro-acupuncture inhibited p38MAPK activation in microglia
after SCI. a The protein expression of p38MAPK, phosphorylation-p38
(p-p38), and p-p38/p38 in the spinal cord. b Representative
immunofluorescence staining for Iba1 and p-p38MAPK to discriminate
the relationship between Iba1-positive microglia and p38MAPK
activation in the spinal cord. Iba1 in red, p-p38MAPK in green, and
DAPI in blue. c Activated Iba1-positive microglia was positive for p-
p38MAPK (white arrows), and resting Iba1-positive microglia was
negative for p-p38MAPK (yellow arrows). d The area of Iba1-positive
microglia. e The proportion of resting and activated microglia. Data are
shown as the means ± SD (n = 6). *P < 0.05, **P < 0.01, and
***P < 0.001, as determined by ANOVA one-way analysis
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has shown positive results in the alleviation of patient suffer-
ing (Wong et al. 2003). Some reports showed that acupuncture
treatment can inhibit the apoptotic cell death of neurons and
oligodendrocytes (Choi et al. 2010a) and attenuated the acti-
vation of p38MAPK (Yune et al. 2007) to facilitate functional
recovery after SCI. Our results indicated that the different
intensity EAe treatment with low frequency (2 mA, 0.2 Hz),
medium frequency (2 mA, 50 Hz), and high frequency (2 mA,
100 Hz) for 7 days effectively improved the BBB score after
SCI. However, microglia activation, apoptosis, inflammation,
and the activation of p38MAPK and NF-κB were not
completely reversed by EAe stimulation with low frequency
and high frequency except for medium-frequency EAe.
Therefore, appropriate EAe stimulation could benefit the in-
hibition of p38MAPK-mediated secondary injury of SCI.

On the view of traditional medicine theories, acupuncture
can restore the harmonious balance of the body through reg-
ulating the flow of the energy (or Qi) of the body. However,
these phenomena cannot be explained or proven scientifically
at present. In our study, we found that the neuroprotective
effect of acupuncture is likely mediated in part by altering

the activation state of JNK/p66Shc and p38MAPK signal path-
ways to inhibit oxidative stress, microglial activation, and in-
flammatory responses after SCI, although the exact mecha-
nisms underlying alteration of signal activation state by acu-
puncture are not fully understood. It has been known that the
inflammatory processes and subsequent secondary effects of
SCI are related to the excessive release of adenosine, which
play a vital role in regulating JNK and MAPK activation
(Genovese et al. 2009; Nantwi 2013). Although we did not
examine the effects of acupuncture on above-mentioned
mechanisms, we believe that these factors may be one of the
targets for acupuncture-mediated action mechanisms.
Therefore, further study for elucidating the mechanisms un-
derlying acupuncture-mediated inhibition of oxidative stress
and inflammation after SCI is required.

In conclusion, the activated JNK/p66Shc signal pathway
contributed to the oxidative stress damage after SCI by pro-
moting ROS generation and inhibiting the anti-oxidation ef-
fect of FoxO3a. However, EAe treatment inhibited the p66Shc-
mediated ROS generation to improve oxidative stress damage
after SCI. Furthermore, EAe could also improve the

Fig. 5 Electro-acupuncture
inhibited JNK/p66Shc-mediated
oxidative stress injure. a The
protein expression of p66Shc,
phosphorylation-p66Shc (p-
p66Shc), and p-p66Shc/p66Shc. b
The protein expression of JNK
p54, phosphorylation-p54 (p-
p54), and p-p54/p54. c The
protein expression of FoxO3a,
phosphorylation-FoxO3a (p-
FoxO3a), and p-FoxO3a/
FoxO3a. Data are shown as the
means ± SD (n = 6). *P < 0.05,
**P < 0.01, and ***P < 0.001, as
determined by ANOVA one-way
analysis
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p38MAPK-mediated microglia activation and inflammatory
reaction, but the inhibitory effect of acupuncture on
p38MAPK was enslaved to the acupuncture frequency, and
only the appropriate stimulation frequency can effectively in-
hibit the activity on p38MAPK. Therefore, the improvement
of EAe on functional recovery after SCI mainly depended on
inhibiting p66Shc-mediated oxidative stress injury.
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