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Electroacupuncture reduces oxidative stress response and 
improves secondary injury of intracerebral hemorrhage in 
rats by activating the peroxisome proliferator-activated 
receptor-γ/nuclear factor erythroid2-related factor 
2/γ-glutamylcysteine synthetase pathway
Weigang Luoa, Wei Bub, Hequn Chenb, Wanhu Liua, Xudong Luc, 
Guisong Zhanga, Cuicui Liua, Xiaohui Lia and Huiling Rena

Intracerebral hemorrhage (ICH) is a severe stroke 
subtype. Secondary injury is a key factor leading to 
neurological deficits after ICH. Electroacupuncture (EA) 
can improve the neurological function after ICH, however, 
its internal mechanism is still unclear. The aim of this 
study is to investigate whether EA could ameliorate 
secondary injury after ICH through antioxidative 
stress and its potential regulatory mechanism. A rat 
model of ICH was established by injecting autologous 
blood into striatum. After the intervention of EA and 
EA combined with peroxisome proliferator-activated 
receptor-γ (PPARγ) blocker, Zea-longa scores, modified 
neurological severity scores and open field tests were 
used to evaluate the neurological function of the rats. 
Flow cytometry detected tissue reactive oxygen species 
(ROS) levels. Tissue tumor necrosis factor-α (TNF-α) 
levels were analyzed by enzyme-linked immunosorbent 
assays. The protein expressions of PPAR γ, nuclear factor 
erythroid2-related factor 2 (Nrf2) and γ-glutamylcysteine 
synthetase (γ-GCS) were detected by Western blot. 
Immunohistochemistry was used to observe the 
activation of microglia. The demyelination degree of 
axon myelin was observed by transmission electron 
microscope. Compared with the model group, EA 

intervention improved neurological function, decreased 
ROS and TNF-α levels, increased the protein expression 
of PPARγ, Nrf2 and γ-GCS, and reduced the activation of 
microglia, it also alleviated axonal myelin sheath damage. 
In addition, the neuroprotective effect of EA was partially 
attenuated by PPARγ blocker. EA ameliorated the 
neurological function of secondary injury after ICH in rats, 
possibly by activating the PPARγ/Nrf2/γ-GCS signaling 
pathway, reducing microglia activation, and inhibiting 
oxidative stress, thus alleviating the extent of axonal 
demyelination plays a role.  NeuroReport 35: 499–508 
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Introduction
Intracerebral hemorrhage (ICH) is the most fatal form 
of acute stroke, with 17.9 million patients worldwide, 
accounting for 10–15% of all stroke patients [1]. Despite 
treatments such as surgical hematoma evacuation and 
blood pressure management, mortality from ICH remains 
as high as 68% [1]. ICH-induced injuries are classified 
into primary injuries and secondary injuries. The primary 
injury was related to the mass effect caused by initial 
hematoma, hematoma expansion and hydrocephalus. 
Secondary brain injury is caused by microglia activa-
tion, which drives inflammatory, oxidative and cytotoxic 
reactions that further lead to cell death and dysfunction 

[2]. After ICH, reactive oxygen species (ROS) act as 
mediators of demyelination and blood-brain barrier dis-
ruption, causing mitochondrial dysfunction, and may 
be involved in the development of early and late brain 
edema. A recent multicenter clinical trial confirmed that 
early hematoma removal after ICH does not effectively 
improve patient prognosis [3]. In addition to limited pro-
gress in the management of ICH patients, effective treat-
ment options are yet to be developed for the secondary 
brain injury of ICH.

Several studies have demonstrated that peroxisome  
proliferator-activated receptor-γ (PPARγ) can inhibit oxi-
dative stress [4,5]. PPARγ can regulate the activation and 
differentiation of immune cells, thereby regulating the 
secretion of inflammatory factors and reducing the produc-
tion of ROS [6]. PPARγ can also regulate the nuclear factor 
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erythroid2-related factor 2 (Nrf2)/antioxidant responsive 
element pathway, regulate downstream gene expression, 
and inhibit oxidative stress [6]. γ-glutamylcysteine syn-
thetase (γ-GCS), as a downstream product of Nrf2, is the 
rate-limiting enzyme of glutathione (GSH) biosynthesis 
and an important part of antioxidant activity [7].

More and more basic experiments have demonstrated 
that electroacupuncture (EA) can improve the neurologi-
cal deficits and brain damage of ICH, but the underlying 
mechanisms remain unclear and deserve further investi-
gation [8,9]. In this study, we investigated whether EA 
could attenuate the secondary brain injury induced by 
oxidative stress after ICH. To further explore the poten-
tial mechanism of neuroprotective effect of EA after ICH 
and provide a new target for the treatment of ICH.

Materials and methods
Animals
All animal experiments were approved by the 
Experimental Animal Ethics Committee of the Third 
Hospital of Hebei Medical University (Approval No.2022-
020-1). Male Sprague–Dawley rats (250–280 g) were pro-
vided by Vital River Laboratory Animal Technology Co., 
Ltd., Beijing, China. Food and water were provided ad 
libitum. Rats were housed under a 12-h light/dark cycle 
with room temperature, with the lights on and off at 7:00 
and 19:00, respectively. The temperature was 25 ± 2 °C 
and the humidity was 50 ± 5%.

Intracerebral hemorrhage model
A rat ICH model was constructed using intracerebral injec-
tion of autologous blood as described in a previous study 
[10]. Rats were anesthetized with intraperitoneal injection 
of sodium pentobarbital (45 mg/kg) and placed in a stereo-
taxic frame. After routine disinfection and incision, a dental 
drill is used to make a hole in the skull. Autologous blood 
(100 μl) was injected with a microsyringe into the striatum 
3.3 mm posterior to bregma, 3.1 mm lateral to the right side 
of the sagittal suture and 8 mm downward from the vertical 
skull surface. Then, the skull hole was sealed with bone 
wax, disinfected and sutured and the rat was removed from 
the stereotaxic frame. Rats in the sham group were injected 
with the same amount of normal saline, and other opera-
tions were the same as those in the ICH group.

Experimental design
The 40 rats were randomly divided into a sham group 
(n = 10) and model reserve group (n = 30). Among the 
30 rats, 27 rats were successfully modeled, and were 
further randomly divided into three groups: model 
group, EA group, and EA+blocker group. The EA 
group started EA intervention on the second day after 
ICH modeling. The Quchi acupoint is selected in 
the depression in front of the outer side of the elbow 
joint at the proximal end of the radius, and it is punc-
tured 4 mm in a straight line; The Zusanli acupoint is 
selected at the place about 5 mm below the head of the 
fibula at the outer lower part of the knee joint of the 
hind limb, and the point is pierced 7 mm. Rats were 
restrained in the supine position, routinely disinfected, 
acupunctured with sterile acupuncture needles, and 
twisted 90–180°; an SDZ-V EA therapy instrument 
was used for intervention. EA intervention parame-
ters: density wave, 100 Hz, current intensity 1–3 mA, 
stimulation intensity is suitable for slight shaking of rat 
limbs, 30 min each time, once a day, for seven consecu-
tive days. The EA+blocker group first received an intra-
peritoneal injection of T0070907 (2 mg/kg/day), and 
one hour after the injection, anesthesia and restraint 
were performed by intraperitoneal injection of sodium 
pentobarbital (45 mg/kg). The same EA intervention 
as the EA group was performed, with intraperitoneal 
injection and EA once a day for seven consecutive days. 
The sham group and the model group were given the 
same anesthesia restraint. The experimental proce-
dures are listed in Table 1.

Zea-longa scores
Neurological deficits in rats after ICH were assessed 
according to the Zea-longa score [11]. (1) no neurolog-
ical injury symptoms; (2) contralateral forepaws of the 
rats cannot stretch freely (mild neurological deficits); (3) 
show contralateral rotation during walking (moderate 
neurological deficit); (4) show contralateral falling during 
walking (severe neurological deficits); and (5) fail to walk 
spontaneously and show loss of consciousness. Rats were 
scored for neurological function after they woke up, and 
a score of 1–3 indicated that the model was successfully 
included in the follow-up study. Scores were repeated 7 
days after ICH.

Table 1  Experimental operation process

Period The first day The second day to the eighth day The ninth day

Sham Saline injection into striatum Anesthesia and restraint Neurologic score, open field test, and collection of 
brain tissue

Model Autologous blood injection into 
striatum

Anesthesia and restraint Neurologic score, open field test, and collection of 
brain tissue

EA Autologous blood injection into 
striatum

EA intervention for 30 min after anesthesia and restraint Neurologic score, open field test, and collection of 
brain tissue

EA+blocker Autologous blood injection into 
striatum

One hour after the injection of blocker, the rats were 
anesthetized and restrained and electroacupuncture 
intervention was performed for 30 min

Neurologic score, open field test, and collection of 
brain tissue
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Modified neurological severity scores
Neurological deficits were evaluated using the modified 
neurological severity scores (mNSS), consisting of tests 
on sensation, movement, balance and reflexes. Detailed 
operations of mNSS include: raising rat by the tail, plac-
ing rat on the floor, sensory tests, beam balance tests 
and reflexes absent and abnormal movements. Its score 
ranged from 0 to 18:0, no deficit; 1–6, mild deficit; 7–12, 
moderate deficit; and 13–18, severe deficit. Higher scores 
indicate worse neurological function [12]. A researcher 
who was unaware of the experimental grouping per-
formed mNSS at 1 and 7 days after ICH.

Open field test
Open field test (OFT) was used to assess spontaneous 
activity and exploratory behavior in rats. Record the rat’s 
movement distance, movement speed, and resting time 
within 15 min, and record the video synchronously. The 
experimental chamber (black, square, length × width 
× height = 100 cm × 100 cm × 40 cm) was divided into 
peripheral area and central area. The rat open field exper-
imental box was evenly divided into 16 square areas, the 
four squares in the middle were the central area, and the 
surrounding 12 squares were the peripheral areas. Camera 
system and animal behavior video analysis software 
VisuTrack (Shanghai Xinruan Information Technology 
Co., Ltd., Shanghai, China) were used to record and ana-
lyze the pontaneous activities of rats.

Reactive oxygen species detection
After deep anesthesia by sodium pentobarbital (45 mg/
kg i.p.), the cortex tissue around right ICH was extracted. 
The flow cytometry was used to determine the levels of 
intracellular ROS using Reactive Oxygen Species Assay 
Kit (S0033S, Beyotime Biotechnology, Shanghai, China) 
following the manufacturer’s instructions. The collected 
cells were suspended in 2',7'-dichlorodihydrofluorescein 
diacetate at a concentration of 10 µM/l, and incubated in 
a cell culture incubator at 37 °C for 20 min. Cells were 
washed three times with serum-free medium and ana-
lyzed by flow cytometry (Beckman, FC500).

Enzyme-linked immunosorbent assays
After deep anesthesia by sodium pentobarbital (45 mg/
kg i.p.), the cortex tissue around right ICH was extracted. 
Homogenates of cortical tissue around the injury site 
were taken, centrifuged (12 000 × g for 20 min at room 
temperature), and the supernatant obtained. Expression 
of tumor necrosis factor-α (TNF-α) was measured using 
the kits (SEA133Ra, Cloud-Clone, Wuhan, China).

Western blotting
After deep anesthesia by sodium pentobarbital (45 mg/
kg i.p.), the cortex tissue around right ICH was extracted. 
Homogenize the tissue samples in radio immunoprecipi-
tation assay buffer containing a protease inhibitor cocktail. 

Protein concentration was measured with a BCA Protein 
Assay Kit (No.23228, Thermo, Waltham, Massachusetts, 
USA). Proteins were separated by 10% SDS-Page elec-
trophoresis and transferred to polyvinylidene fluoride 
(PVDF) membranes, then PVDF membranes were 
blocked with 5% skimmed milk for 1 h, primary antibodies 
were added and incubated overnight in a 4 °C refrigera-
tor. The primary antibodies used were as follows: anti-
PPARγ (1:1000), anti-Nrf2 (1:4000), anti-γ-GCS(1:3000) 
and anti-β-Actin(1:1000). Membranes were washed and 
incubated with goat anti-rabbit antibody (1:3000) for 2 h 
at 37 °C. The proteins were visualized by chemilumines-
cence reagents (ECL, Amersham). Grayscale analysis of 
protein bands was performed using ImageJ, and β-Actin 
was used as a quantitative control.

Immunohistochemical staining
After the rats were anesthetized by sodium pentobarbital 
(45 mg/kg i.p.), the heart was perfused with 4% paraform-
aldehyde, and the brain tissue was extracted. Tissues were 
fixed with 4% paraformaldehyde, sectioned, deparaffin-
ized with xylene, and hydrated with ethanol. The brain 
tissue sections were placed in anti-Iba1 primary antibody 
(1:200) overnight at 4 °C, and washed three times with 
PBS. Biotin-labeled goat anti-rabbit Immunoglobulin G( 
(1:1000) secondary antibody was added to the sections 
and incubated at 37 °C for 30 min. Sections were then 
washed with PBS and incubated with avidin–peroxidase 
complex for 30 min before the immunocomplex was 
visualized using the chromogen 3,3-diaminobenzidine. 
After counterstaining with hematoxylin and dehydration, 
sections were cleared in xylene and covered with neu-
tral balsam. Take pictures under a light microscope. The 
regions of interest were the motor cortex on the right side 
of the sections, and the start of the sections used for cell 
counting was 3.30 mm behind bregma, with a spacing of 
4 μm. ImageJ software was used to detect the number 
of activated microglia and calculate the density of acti-
vated microglia across the image area, with analysis units 
of piece/mm2.

Transmission electron microscopy
After the rats were anesthetized by sodium pentobar-
bital (45 mg/kg i.p.), the heart was perfused with glut-
araldehyde fixative solution and the brain tissues were 
taken. The tissue of 1 mm×1 mm×3 mm taken from the 
cerebral cortex was fixed by immersing in 4% glutaralde-
hyde solution for more than 2–4 h. The tissues were then 
fixed with 1% osmium tetroxide for 2 h. Tissue samples 
were dehydrated with gradient acetone, then embedded, 
put into an oven for polymerization, stored at 37 °C for 
24 h, and then placed at 60 °C for 48 h. Afterwards, the 
sample was cut into ultrathin slices with a thickness of 
about 50 nm with an ultramicrotome, and double-stained 
with uranyl acetate and lead citrate. Finally, the morphol-
ogy and ultrastructure of the axons and myelin sheaths 
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of neurons were observed under a transmission electron 
microscope (JEOL JEM-1230). There are three rats in 
each group, and each rat has three photos, for a total of 36 
photos. The g-ratio is used to assess the extent of axonal 
demyelination and is calculated by dividing the axonal 
diameter by the diameter of the entire nerve fiber [13]. 
ImageJ software measures the maximum and minimum 
diameters, and then calculates the average of the two for 
analysis.

Statistical analysis
All data are presented as mean ± SD and analyzed using 
SPSS 25.0 software package (Chicago, Illinois, USA). 
Multigroup comparisons were performed with one-way 
analysis of variance. Multiple post hoc comparisons were 
then performed using the least significant difference test. 
Statistical significance was set at P < 0.05.

Results
Electroacupuncture improved neurological function in 
rats after intracerebral hemorrhage
The Zea-longa score [F(3,32) = 18.987, P < 0.001] and 
mHSS score [F(3,32) = 151.899, P < 0.001] of the model 
group were significantly higher than those of the sham 
group; Compared with the model group, the Zea-longa 
score and mHSS score of the EA group were significantly 
decreased; The Zea-longa score and mHSS score of the 
EA+blocker group were higher than those of the EA 
group (Fig. 1a, b). In the OFT, the total distance trave-
led [F(3,32) = 66.599, P < 0.001] and average velocity 
[F(3,32) = 66.908, P < 0.001] of the model group were 
significantly lower than those of the sham group, and the 
immobility time [F(3,32) = 20.987, P < 0.001] was signifi-
cantly higher than that of the sham group; Compared with 
the model group, the total distance traveled and average 
velocity of the EA group increased, and the immobility 
time decreased; The total distance traveled and average 
velocity of the EA+blocker group were lower than those 
of the EA group, and the immobility time was higher 
than that of the EA group (Fig. 1c–f).

Electroacupuncture inhibited oxidative stress after 
intracerebral hemorrhage in rats
The relative fluorescence intensity of ROS 
[F(3,8) = 128.068, P < 0.001] in the model group was sig-
nificantly higher than that in the sham group; compared 
with the model group, the relative fluorescence intensity 
of ROS in the EA group was significantly reduced; The 
relative fluorescence intensity of ROS in the EA+blocker 
group was higher than that in the EA group (Fig. 2a, b). 
The TNF-α level [F(3,8) = 21.536, P < 0.001] in the 
model group was significantly higher than that in the 
sham group; compared with the model group, the TNF-α 
level in the EA group was significantly reduced; the 
TNF-α level in the EA+blocker group was higher than 
that in the EA group (Fig. 2c).

Electroacupuncture increased the expressions 
of peroxisome proliferator-activated receptor-γ, 
nuclear factor erythroid2-related factor 2 and 
γ-glutamylcysteine synthetase in the perihematoma 
tissue after intracerebral hemorrhage in rats
Compared with the sham group, the contents of PPARγ 
[F(3,8) = 41.711, P < 0.001], Nrf2 [F(3,8) = 20.360, P 
< 0.001] and γ-GCS [F(3,8) = 33.926, P < 0.001] in the 
model group were significantly increased. The contents 
of PPARγ, Nrf2 and γ-GCS in the EA group were higher 
than those in the model group. Compared with the EA 
group, the PPARγ, Nrf2 and γ-GCS contents in the 
EA+blocker group were decreased (Fig. 3a–d).

Electroacupuncture inhibits microglial activation after 
intracerebral hemorrhage in rats
Compared with the sham group, the density of activated 
microglia [F(3,8) = 68.332, P < 0.001] in the perihemat-
oma tissue of the model group was significantly higher. 
EA had significantly inhibited the activated microglia in 
the perihematoma tissue compared to the model group. 
The density of activated microglia in the EA+PPARγ 
blocker group was higher than that in the EA group 
(Fig. 4a, b).

Electroacupuncture alleviated axonal demyelination 
injury after intracerebral hemorrhage in rats
The axons of neurons in the sham group had uniform 
and complete circular plaques. Myelin tightly wraps the 
axons. The myelin on the axons of the model group was 
significantly damaged, the structure of the myelin sheath 
was uneven, and there were breaks. Compared with the 
model group, the injured degree of axon myelin sheath in 
the EA group was lighter, with less breakage and uniform 
structure. Compared with the EA group, the number 
of axonal myelin sheath injury sites in the EA+blocker 
group was more, and the degree of injury became more 
serious (Fig. 5a). Compared with the sham group, the 
g-ratio of the model group [F(3,26) = 98.413, P < 0.001] 
was significantly lower. Compared with the model group, 
the g-ratio in the EA group was significantly increased. 
The g-ratio of the EA+blocker group was lower than that 
of the EA group (Fig. 5a, b).

Discussion
In clinical practice, acupuncture has been widely 
used in ICH patients and has been shown to signifi-
cantly improve patients’ levels of consciousness, limb 
motor function, and cognitive deficits, among others 
[14–16]. With the common progress of acupuncture and  
evidence-based medicine, the clinical and basic researches 
on the treatment of ICH by EA continue to emerge, and 
the interpretation of its mechanism is also constantly 
improving. EA can exert neuroprotective effect on 
brain injury after ICH through many ways, such as anti- 
inflammation, antioxidation, antiapoptosis and increasing 
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brain derived neurotrophic factor protein [17–19]. In this 
study, we found that EA could activate PPARγ/Nrf2/γ-
GCS signaling pathway, inhibit microglia activation, reduce 
ROS production, and accelerate ROS clearance, thus alle-
viating oxidative stress response and the extent of myelin 
sheath damage, improve neurological function after ICH.

Oxidative stress is an imbalance between ROS pro-
duction and the scavenging capacity of the antioxidant 

system. ROS accumulation after ICH plays an important 
role in secondary brain injury, resulting in lipid peroxi-
dation, protein oxidation, inhibition of mitochondrial 
activity, and increased cell and lysosomal membrane per-
meability, eventually the cell swells/ruptures [20]. The 
important sources of ROS after ICH are mitochondrial 
dysfunction, erythrocyte degradation products, excita-
tory glutamate, activated microglia and infiltrated neu-
trophil [21]. These processes lead to mitochondrial Ca2+ 

Fig. 1

Electroacupuncture improved neurological function in rats after intracerebral hemorrhage. (a) Analysis of Zea-longa scores for each group. (b) 
Analysis of mNSS scores for each group. (c) Open field trajectory diagram of rats in each group. (d, e and f) Analysis of the total distance traveled, 
average velocity and immobility time of rats in each group in the open field test. The results are presented as the mean ± SD of nine independent 
experiments. *P < 0.05; **P < 0.01; ****P < 0.0001. mNSS, modified neurological severity scores.
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overload after ICH, which reduces membrane potential 
and induces mitochondrial permeability transition pore 
opening. This destroys the mitochondrial respiratory 
chain and the oxidase nicotinamide adenine dinucleotide 
phosphate, resulting in the release of excess O

2
− [22]. 

The results showed that ROS significantly increased and 
neurological function deteriorated after ICH, suggesting 
that oxidative stress is involved in secondary brain injury 
after ICH. After EA intervention, ROS was significantly 

decreased and neurological function was significantly 
improved, indicating that EA could play an antioxidative 
stress role and improve neurological function after ICH.
Microglia are central nervous system resident immune 
cells that monitor the central nervous system environ-
ment under physiological conditions and are key factors 
in the initiation of oxidative stress in ICH [23]. After 
ICH, various cytotoxic substances in intracranial hemat-
omas activate microglia, and early microglia release large 

Fig. 2

Electroacupuncture inhibited oxidative stress and inflammatory responses after cerebral hemorrhage in rats. (a) Flow cytometry of rat tissue cells 
in each group. (b) Analysis of relative fluorescence intensity of ROS in each group. (c) Analysis of TNF-α levels in each group. The results are 
presented as the mean ± SD of three independent experiments. *P < 0.05;  ***P < 0.001; ****P < 0.0001. ROS, reactive oxygen species; TNF-α, 
tumor necrosis factor-α.
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amounts of pro-inflammatory mediators [2]. TNF-α 
released by microglia, as the most important inflam-
matory factor, causes endothelial cell necrosis, thereby 
destroying the blood-brain barrier. Chemokines aggra-
vate the infiltration and proliferation of neutrophils, caus-
ing apoptosis and necrosis of central neurons and glial 
cells, resulting in a large amount of ROS release, which 
is one of the main causes of secondary damage to brain 
tissue [24]. In stroke, over-activation of microglia leads 
to dysfunction of neuronal mitochondria, which in turn 
leads to autophagy, apoptosis or necrosis of neurons [25]. 
Therefore, inhibition of microglia activation is essential 
for recovery of neurological function after ICH. The 
immunohistochemistry showed that microglia activation 
decreased significantly after EA intervention. We consid-
ered that EA could inhibit microglia activation. Myelin 
sheaths are related to electrical signal transduction and 
nerve function [26,27]. Axonal demyelination is an 
important ultrastructural pathological change after ICH 

[28]. Under electron microscope, the degree of demy-
elination after EA intervention was less severe than that 
after ICH, indicating that EA can alleviate the damage of 
ICH to myelin.

As a multipotent regulator of antioxidant regulation, 
anti-inflammatory and microglia polarization, PPARγ 
has become a potential therapeutic target for stroke 
[29]. PPARγ can neutralize toxic substrates and reduce 
secondary damage by reducing oxidative stress and 
inflammation after ICH [30]. PPARγ can bind to PPARγ 
reaction element on Nrf2 promoter to promote its 
expression [31]. Nrf2 is a critical transcription factor 
for oxidative stress that binds to antioxidant response 
elements to promote cell survival and maintain redox 
homeostasis by regulating the expression of antioxidant 
enzymes such as catalase, GSH and SOD [32]. Under 
physiological conditions, Nrf2 is captured by Kelch 
like ECH associated protein 1 (Keap1) in cells and 

Fig. 3

Electroacupuncture increased the expressions of PPARγ, Nrf2 and γ-GCS in the perihematoma tissue after ICH in rats. (a) Western blotting method 
was used to detect the expression of PPARγ, Nrf2 and γ-GCS in the tissues around the hematoma after ICH. (b) The relative expression of Nrf2 
was quantified by normalizing it to β-actin. (c) The relative expression of γ-GCS was quantified by normalizing it to β-actin. (d)The relative expression 
of PPARγ was quantified by normalizing it to β-actin. The results are presented as the mean ± SD of three independent experiments. *P < 0.05; 
**P < 0.01; ***P < 0.001; ****P < 0.0001. γ-GCS, γ-glutamylcysteine synthetase; Nrf2, nuclear factor erythroid2-related factor 2; PPARγ, peroxi-
some proliferator-activated receptor-γ.
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subsequently ubiquitinated and degraded. However, 
when ROS increases, the affinity of Keap1 to Nrf2 
decreases, and Nrf2 is phosphorylated and translocated 
into the nucleus, triggering the transcription of antioxi-
dant enzyme genes [33]. γ-GCS, as an antioxidant pro-
tein downstream of this pathway, promotes increased 
GSH synthesis, enhances the scavenging capacity of 

ROS, and can also maintain the integrity of epithelial 
cells and protect them from oxidative damage, exerting 
antioxidant capacity [34].

To sum up, our results indicate that EA may play an antioxi-
dative role by activating PPARγ/Nrf2/γ-GCS signaling path-
way, inhibiting microglia activation, and alleviating myelin 

Fig. 4

Electroacupuncture inhibited the activation of microglia in perihematoma tissue. (a) Immunohistochemistry of microglia. (b) Analysis of microglia 
density in each group. The results are presented as the mean ± SD of three independent experiments. *P < 0.05;  ****P < 0.0001.
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Fig. 5

Electroacupuncture alleviated axonal demyelination injury after intracerebral hemorrhage in rats. (a) TEM of axonal myelin sheath in perihematoma 
tissue. (b) Analysis of g-ratio in each group. The results are presented as the mean ± SD of three independent experiments. ****P < 0.0001.
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injury, and then promote the repair of nerve function in rats. 
PPARγ blocker can attenuate the effect of EA, which further 
proves that EA may activate PPARγ/Nrf2/γ-GCS signaling 
pathway. The mechanisms of EA in treating brain injury 
include neuroinflammation, apoptosis and neurotrophic 
factors. Next, we will further explore other mechanisms by 
which EA improves neurological function in ICH rats.
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