
Lang et al. 
European Journal of Medical Research          (2024) 29:532  
https://doi.org/10.1186/s40001-024-02131-9

RESEARCH

Electroacupuncture alleviated post‑stroke 
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Abstract 

Background  Post-stroke cognitive impairment (PSCI) severely reduces quality of life of patients with stroke. This 
study aimed to assess the effects of electroacupuncture (EA) on PSCI and the role of the mTOR/NLRP3-mediated 
autophagy-inflammatory pathway in this process.

Methods  The rat focal cerebral ischemia model was established using middle cerebral artery occlusion (MCAO). 
Following successful induction of the model, EA was applied to the bilateral Fengchi, Fengfu, and Dazhui acupoints, 
and brain tissue samples were collected on day 15. Cognitive function was assessed using the Morris water maze 
test. Cerebral infarct volume was quantified by Triphenyltetrazolium chloride (TTC) staining. Hematoxylin–eosin 
and TUNEL staining were performed to evaluate pathological changes and apoptosis rates. Apoptosis-, inflammation-, 
and autophagy-related biomarkers were measured, and autophagosomes were visualized using transmission electron 
microscopy.

Results  MCAO rats exhibited slower weight gain, reduced mobility, increased infarct size, pathological damage, 
and apoptosis, confirming successful establishment of the MCAO rat model. Following EA treatment, MCAO rats dis-
played faster weight gain, improved mobility, and shorter escape latency. EA also reduced the area of cerebral infarc-
tion and alleviated pathological damage and apoptosis in MCAO rats. Furthermore, EA downregulated IL-1β, IL-18, 
NLRP3, and LC3 II/LC3 I expression and upregulated p62, mTOR, and Beclin-1 expression in MCAO rats. EA treatment 
also decreased the number of autophagosomes in these rats.

Conclusions  EA effectively mitigates post-stroke cognitive impairment by reducing apoptosis, inflammation, 
and autophagy through the regulation of the mTOR/NLRP3-mediated autophagy-inflammatory pathway, offering 
valuable therapeutic insights for stroke rehabilitation.
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Background
Stroke is a common cerebrovascular disease character-
ized by multiple complex pathophysiological mecha-
nisms [1]. Post-stroke cognitive impairment (PSCI) 
is a significant complication for stroke survivors, with 
research demonstrating that the morbidity of PSCI in 
young patients with stroke is 62.33% [2]. PSCI affects 
various cognitive domains, including language, atten-
tion, executive function, memory, praxis, and number 
processing, severely affecting patients’ quality of life 
[3]. Current Western medicines such as cholinesterase 
inhibitors and memantine nootropics, are often inef-
fective and costly for managing PSCI [4]. Acupuncture 
demonstrates effectiveness in treating post-stroke cog-
nitive dysfunction, and several clinical studies indicate 
that combining acupuncture and cognitive rehabili-
tation further improves PSCI compared to that of the 
cognitive rehabilitation alone [5]. However, the role and 
mechanism of electroacupuncture (EA) in improving 
PSCI remain unclear.

Despite the high morbidity associated with cognitive 
impairment worldwide, no gold standard approach to 
cognitive rehabilitation has been established. EA, a tra-
ditional Chinese medicine therapy, has been used to 
treat Alzheimer’s disease and stroke to prevent cognitive 
impairment [6]. EA encompasses a range of interventions 
that operate through somatosensory autonomic reflexes 
[7]. Liu et al. demonstrated that EA stimulates immune-
related neural pathways, and that adjusting the site, 
intensity, and duration of treatment can result in different 
effects on the inflammatory response and survival status 
of mice, this suggests that stimulating different acupoints 
activates distinct autonomic pathways [8]. Additionally, 
the selection of acupoints determines the efficacy of EA 
therapy, with combined acupoint therapy generally prov-
ing more effective than single acupoint therapy [9, 10]. 
Previous studies have demonstrated that EA performed 
on Baihui (GV 20), Sishencong (EX-HN1), Fengchi (GB 
20), and Shenting (GV 24), when combined with com-
puter-based cognitive rehabilitation, can restore cogni-
tive function of patients with mild cognitive impairment 
[11]. Furthermore, EA stimulation at Shangxing (GV23) 
and Fengfu (GV16) improves cognitive impairment in 
rats by inhibiting oxidative stress and neuroinflamma-
tion [12]. Furthermore, EA stimulation at Baihui (DU 
20) and Dazhui (DU 14) ameliorates cognitive deficits in 
rats with Alzheimer’s disease by regulating GABAergic 
interneurons [13]. Fengchi (GB 20), Fengfu (GV16), and 
Dazhui (DU 14) have been identified as commonly used 
acupoints for treating ischemic stroke [14]. However, the 
effects of EA stimulation at these points on PSCI remain 
unclear. Additionally, the overall effectiveness of EA is 
still debated. Therefore, further research is needed to 

explore the underlying mechanisms of EA’s role in treat-
ing cognitive dysfunction.

Neuronal death resulting from cerebral ischemia is a 
key factor in the mortality and disability rates of stroke. 
EA has been shown to inhibit neuronal apoptosis in 
ischemic stroke [15, 16]. Another study demonstrated 
that EA ameliorates neuronal injury in cerebral ischemia 
by regulating NLRP3 [17]. Additionally, previous stud-
ies have reported that EA inhibits neuronal autophagy 
to promote neuronal repair [18]. Autophagy is closely 
associated with anti-apoptotic and anti-inflammatory 
pathways, and the activation of inflammatory vesicles 
by NLRP3 and the inflammatory response can be sup-
pressed by autophagy through mTOR pathway activation 
[19–21]. However, the role of the mTOR-NLRP3-medi-
ated autophagy-inflammatory pathway in the EA treat-
ment of PSCI has not been explored.

Based on previous research, EA interventions were per-
formed on rats with focal cerebral ischemia in this study. 
Although previous studies have identified effective acu-
points for cognitive impairment, this study specifically 
focuses on the combination of Fengchi (GB 20), Fengfu 
(GV 16), and Dazhi (DU 14) for PSCI treatment, offer-
ing new guideline for acupoint selection in EA therapy. 
This study evaluated the efficacy of EA on mobility, cer-
ebral infarct size, pathological tissue damage, apoptosis, 
inflammation, and autophagy in rats, providing evidence 
for PSCI treatment. Additionally, the role of the mTOR/
NLRP3-mediated autophagy-inflammation pathway 
in EA treatment of PSCI was investigated, offering new 
insights into the underlying biological processes.

Methods
Middle cerebral artery occlusion (MCAO) rat model 
establishment and treatment
Twenty specific pathogen-free healthy Sprague Daw-
ley rats (male, 250 ± 20  g) were obtained from Beijing 
Vital River Laboratories (Beijing, China). This study was 
approved by the Ethics Committee of Xiamen Univer-
sity (XMULAC20220034-23). The present study followed 
international, national, and/or institutional guidelines for 
humane animal treatment and complied with relevant 
legislation. Rats were raised in a room at 23 ± 2  °C with 
60 ± 10% humidity and a 12-h light/dark cycle and were 
given a standard rodent diet. Rats were randomly divided 
into four groups. (i) For the Sham group (n = 5), an inci-
sion was made at the same location as in the MCAO 
group, and the common, external, internal carotid arter-
ies were separated without blockage. The incision was 
then sterilized and sutured; (ii) For the MCAO group 
(n = 5), the left middle cerebral artery of rats was blocked, 
and this was followed by 2-h reperfusion as performed 
in previous studies [22]; (iii) For the MCAO + sham EA 
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group (n = 5), the left middle cerebral artery of rats was 
blocked, and this was followed by 2-h reperfusion. The 
EA therapeutic apparatus (HANS-200, Nanjing Jisheng 
Medical) was used to stimulate the tail root at the end of 
the proximal trunk of rats [23]. The parameter settings 
of the EA therapeutic apparatus were consistent with 
those in MCAO + EA group; (iv) For the MCAO + EA 
group (n = 5), the left middle cerebral artery of rats was 
blocked, and this was followed by 2-h reperfusion. The 
rats were raised for 10 days for wound healing before EA 
treatment. Rats were subjected to bilateral EA stimula-
tion at four acupoints that included Bilateral Fengchi (GB 
20) located 3 mm lateral to the midpoint of a line join-
ing the two ears at the back of the head, Fengfu (GV 16) 
located in the dorsal depression of occipitoatlantal joint 
behind the crest of occipital bone, and Dazhui (GV 14) 
located between the 7th cervical vertebra and the 1st 
thoracic vertebra at the median back. These acupoints 
were selected based on previous research [14, 24]. Two 
needles (diameter: 0.3 mm, length: 25 mm) were inserted 
approximately 2–3  mm depth into the acupoints. The 
intervention parameters were set to 20  Hz continuous 
wave and 1 mA. Treatment was performed once daily for 
30  min for a total of 14 days. The body weights of rats 
were measured on days 7 and 14 after treatment.

Assessment of neurological deficits
The Zea-Longa neurobehavioral score [25] was assessed 
on days 7 and 14 after treatment.

Morris water maze experiment
The water maze was performed on day 14 after treat-
ment. The rats were placed in the water at four ran-
domly selected starting positions (east, west, south, and 
north) and facing the wall of the pool. The spent time 
of rats from starting position to underwater platform 
was recorded. Rats that spent > 60  s were guided to the 
underwater platform. Rats were allowed to remain on the 
platform for 10  s. Rats were then dried under a 150 W 
incandescent lamp for 5 min and placed back in the cage. 
Rats were trained 4 times each day for 20 min each time 
over five consecutive days. The escape latency, platform 
crossing time, searching distance, and time spent in tar-
get were recorded.

Triphenyltetrazolium chloride (TTC) staining
Rats were anesthetized with 5% isoflurane, perfused, and 
fixed with saline and paraformaldehyde (P0099, Beyo-
time). The brains were removed by severing the heads on 
ice. Fresh brain tissue was chilled at -20℃ for 20 min and 
then cut into five thin slices with a razor blade. Subse-
quently, the brain tissue was stained with 2,3,5-TTC solu-
tion (G3005, Solarbio). The infarcted areas were stained 

white, while the non-infarcted areas were stained red. 
The stained brain sections were imaged, and the infarct 
volume of each sample was calculated using the Image 
Pro Plus software.

Hematoxylin–eosin (HE) staining
Hippocampal neuron tissues in brains were isolated from 
rats. The brain tissues were fixed with 4% paraformalde-
hyde solution and routinely dehydrated to obtain paraf-
fin sections. The sections were stained with hematoxylin 
solution (C0105S, Beyotime), and fractionated with 1% 
hydrochloric acid alcohol. Then, sections were treated 
with 0.6% ammonia and stained with 0.5% eosin solu-
tion. Finally, sections were observed under a microscope 
(BX53, Olympus).

TUNEL staining
Paraffin-embedded tissue sections were routinely 
dewaxed, rinsed twice with PBS (C0221A, Beyotime), 
and incubated in a proteinase K working solution (ST532, 
Beyotime) for 15 min at 37℃. TdT enzyme reaction solu-
tion (50 µL, C1086, Beyotime) was added to each sam-
ple, and coverslips were wetted at 37℃ for 60 min. After 
washing with PBS, cell nuclei were stained with DAPI. 
Finally, the sections were sealed and imaged using a Leica 
fluorescence microscope (DM2500, Leica). Ten high-
magnification fields were randomly selected for imaging 
and counting.

Enzyme‑linked immunosorbent assay (ELISA)
Interleukin (IL)-1β and IL-18 levels in serum of rats were 
tested using ELISA kits (Mlbio, China) according to 
manufacturer’s instructions. A microplate reader (Wuxi 
Hiwell Diatek Instruments Co., Ltd, China) was used to 
measure the absorbance at 450 nm.

RT‑qPCR
Total RNA from brain tissues was extracted using TRIzol 
reagent (Invitrogen, CA, USA). RT-qPCR was performed 
as previously described [26]. Primers are listed in Table 1.

Western blot
Brain tissue (100 mg) was added to tissue lysate (P0013B, 
Beyotime) and homogenized. The supernatant was then 
centrifuged to obtain the total protein. Protein concen-
tration was determined using the BCA kit (P0012S, Bey-
otime). Proteins were separated in 12% polyacrylamide 
gel by electrophoresis and transferred to PVDF mem-
branes (FFP24, Beyotime). The membranes were blocked 
with 5% skimmed milk (P0216, Beyotime) for 1  h and 
washed with TBST (ST677, Beyotime). Primary antibod-
ies against Bax (1:1,000; ab32503, Abcam), Bcl-2 (1:1,000; 
#AF6139, Affinity, CA, USA), caspase-1 (1:1,000; 
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ab207802, Abcam), cleaved caspase-3 (1:1,000; #AF7022, 
Affinity, CA, USA), NLRP3 (1:1,000; ab263899, Abcam), 
LC3 (1:1,000; #12,741, CST, MA, USA), p62 (1:1,000; 
#39,749, CST, MA, USA), mTor (1:1,000; ab32028, 
Abcam), Beclin-1 (1:1,000; ab210498, Abcam), and 
β-actin (1:1,000; ab8227, Abcam) were incubated with 
membranes at 4 °C overnight. The membranes were then 
incubated with a secondary antibody (1:3,000; ab205718, 
Abcam) for 1 h at room temperature. The optical density 
values of the protein bands were analyzed using Quanti-
tyOne (BioRad, CA., USA).

Transmission electron microscopy
Rats were anesthetized, and the brains were severed. 
The ischemic brain tissue was separated on ice, rinsed 
with pre-chilled saline, removed, and aspirated before 
being quickly placed in light-proof glutaraldehyde solu-
tion (30,092,436, Sinopharm). The tissue was washed 
twice with double-distilled water, dehydrated step by 
step in acetone (10,000,418, Sinopharm), permeabilized, 
embedded, trimmed, and sectioned to a thickness of 
60 nm using an ultra-thin sectioning machine. The sec-
tions were then stained with lead citrate (39,476,466, 
Sinopharm) and uranyl acetate. Neuronal structures 
were observed by transmission electron microscopy and 
imaged. Autophagosomes in brain tissue were observed 
in 10 randomly selected fields.

Statistical analyses
Statistical analysis was performed using SPSS 27.0 
(IBM, IL, USA). Data are presented as mean ± standard 
deviation and were tested for normality using the Sha-
piro-Wilks test, while Levene’s test was used to assess 
homogeneity of variance. One-way ANOVA and t-test 
were applied to compare differences between groups. 

P < 0.05 was considered statistically significant. Each 
experiment was repeated three times.

Results
EA treatment increased body weight and improved 
mobility in MCAO rats
The effects of EA on body weight and mobility in 
MCAO rats were assessed. The results demonstrated 
that the body weight of MCAO rats increased slowly 
compared to that of the Sham group on day 7 and 14 
(Fig.  1A). Rats in the EA treatment group exhibited 
faster weight gain compared to that of the model group 
(p < 0.01). The Zea Longa neurobehavioral scores were 
higher in the model group compared to that of the 
Sham group but decreased after 14  days of EA treat-
ment (p < 0.01, Fig. 1B). Additionally, the Morris water 
maze experiment revealed that the MCAO group had 
longer to evade, with greater latency and searching dis-
tance than that of the Sham group (p < 0.01), both of 
which were reduced in the MCAO + EA group (p < 0.01, 
Fig.  1C and D). Similarly, platform crossing frequency 
and time spent in target zone were notably lower in the 
MCAO group compared to those of the Sham group, 
but both improved after EA treatment (p < 0.05, Fig. 1E 
and F).

EA treatment reduced cerebral infarct size in MCAO rats
The cerebral infarct volumes of MCAO rats were evalu-
ated after EA treatment. Results revealed that, com-
pared to that of the Sham group, the cerebral infarct 
volume was increased in the MCAO group, and was 
significantly reduced by EA treatment (p < 0.01, Fig. 2).

EA treatment alleviated the pathological tissue damage 
and apoptosis in MCAO rats
The effect of EA treatment on pathological tissue dam-
age in MCAO rats was evaluated. MCAO rats exhibited 
an increase in vacuolated degenerative necrotic cells in 
glial cells of brain tissues compared to that of the Sham 
group (Fig.  3A). EA treatment reduced both the num-
ber and severity of vacuolated necrotic cells in MCAO 
rats. Moreover, TUNEL staining revealed increased 
apoptotic cells in MCAO rats compared to that in 
sham rats (p < 0.01, Fig. 3B). EA treatment significantly 
reduced the number of apoptotic cells in MCAO rats 
(p < 0.01). Additionally, Bcl-2 and caspase families are 
critical regulators of apoptosis in ischemic stroke [27]. 
Western blotting results indicated that the expression 
of Bax, caspase-1, and cleaved caspase-3 was upregu-
lated in MCAO rats, while Bcl-2 expression was down-
regulated (p < 0.01, Fig.  3C). However, EA treatment 
reversed this phenomenon (p < 0.05, p < 0.01).

Table 1  Primer sequences for RT-qPCR

Gene Primer sequence

GAPDH Forward 5′-GGA GAT TAC TGC CCT GGC TCC TA-3′
Reverse 5′-GAC TCA TCG TAC TCC TGC TTG CTG-3′

mTOR Forward 5′-GCT TAT CAA GCA AGC GAC ATC TCA-3′
Reverse 5′-TCC ACT GGA AGC ACA GAC CAA G-3′

Beclin-1 Forward 5′-GAA ACT GGA CAC GAG CTT CAA GA-3′
Reverse 5′-ACC ATC CTG GCG AGT TTC AAT A-3′

NLRP3 Forward 5′-CCA TCG GCA AGA CCA AGA-3′
Reverse 5′-ACA GGC TCA GAA TGC TCA TC-3′

Caspase-1 Forward 5′-TCA CCT CTT TCA CCA TCT CC-3′
Reverse 5′-TCT​TTC​TGA​CAG​ACG​GAT​ATGCT-3′
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EA treatment inhibited inflammation and autophagy 
in MCAO rats
The effects of EA on inflammation and autophagy 
were explored in MCAO rats. As presented in Fig. 4A, 
the levels of pro-inflammatory cytokines (IL-1β and 
IL-18) were significantly increased in MCAO rats com-
pared to levels in the Sham group, and these increases 
were reversed by EA treatment (p < 0.01). RT-qPCR 

confirmed that NLRP3 (an immune-inflammatory tar-
get) levels were higher in MCAO rats than that in con-
trols, and EA treatment decreased NLRP3 expression 
in MCAO rats (p < 0.01, Fig.  4B). Previous research 
has reported that EA inhibits neuronal autophagy to 
repair neuronal damage by activating the expression 
of mTOR and Beclin-1 (autophagy-related proteins) 
[28]. Consistently, the results revealed that mTOR 

Fig. 1  EA treatment increased body weight and improved mobility in MCAO rats. A Body weight of rats. B Zea longa neurobehavioral scores were 
assessed on day 7 and 14 after treatment. C–E Escape latency, searching distance, the times of platform crossing, and time spent in target were 
measured using water maze experiment. **p < 0.01 compared to Sham group. #p < 0.05 and ##p < 0.01 compared to MCAO + Sham EA

Fig. 2  EA treatment reduced cerebral infarct size in MCAO rats. TTC staining was used to assess the cerebral infarct volume. **p < 0.01 compared 
to Sham group. ##p < 0.01 compared to the MCAO + Sham EA group
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and Beclin-1 mRNA expression declined in MCAO 
rats compared to that of the Sham group, and this was 
reversed by EA treatment (p < 0.01). Western blotting 
demonstrated that EA decreased NLRP3 and LC3 II/
LC3 I levels while increasing p62, mTOR, and Bec-
lin-1 levels in MCAO rats (p < 0.01, Fig.  4C), further 
confirming the mitigative effects of EA on inflamma-
tion and autophagy. Additionally, transmission elec-
tron microscopy indicated that compared to the Sham 
group, the nuclei of brain tissue were consolidated, the 
cytoplasm was unevenly distributed or vacuolated, and 
autophagosomes were significantly increased in MCAO 
rats. These changes were reversed following EA treat-
ment ((p < 0.01, Fig. 4D).

Discussion
PSCI is a common and persistent complication in 
patients with stroke that often leads to disability [29, 30]. 
Cognitive impairments in areas such as memory, spatial 
structure, calculation, attention, and orientation often 
occur after a stroke [31]. Research has shown that EA 
can alleviate post-stroke cognitive dysfunction result-
ing from ischemic stroke [23]. However, the underlying 
mechanism of EA in treating PSCI remains unclear. This 
study demonstrated that EA alleviates PSCI through the 
mTOR-NLRP3 autophagy-inflammation pathway based 
on an MCAO rat model.

EA significantly improves mobility of rats with 
ischemic injury, and previous studies have demonstrated 

Fig. 3  EA treatment alleviated the pathological tissue damage and apoptosis in MCAO rats. A HE staining revealed the histopathological damage 
of brains (Scale bar = 50 μm). B Detection of tissue apoptosis using a TUNEL assay kit (Scale bar = 50 μm). C Western blotting was used to assess 
the expression of Bax, Bcl-2, caspase-1, and cleaved caspase-3 in rats. **p < 0.01 compared to the Sham group. #p < 0.05 and ##p < 0.01 compared 
to the MCAO + Sham EA group
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that Fengchi (GB 20), Fengfu (GV 16), and Dazhui (GV 
14) are effective acupoints for EA treatment of ischemic 
stroke [32–34]. In this study, these combined acu-
points: bilateral Fengchi (GB 20), Fengfu (GV 16), and 
Dazhui (GV 14) were used for EA treatment. The results 
indicated that MCAO rats exhibited increased body 
weight, reduced Zea Longa neurobehavioral scores, and 
decreased cerebral infarct volume after EA treatment, 
suggesting that EA treatment can alleviate the pathologi-
cal damage and improve mobility impairment in MCAO 
rats. These findings are consistent with the previous 
study reported by Liu et al. [35].

During the development of ischemic stroke, excessive 
apoptosis contributes to impaired cognitive nerve func-
tion, ultimately leading to PSCI [36]. Previous studies 

have demonstrated that the neuronal apoptosis rate of 
MCAO rats was significantly higher than that in Sham 
group, with increased expression of pro-apoptotic pro-
teins and decreased expression of anti-apoptotic pro-
teins [37]. Consistently, our results demonstrated that 
Bax, caspase-1, and cleaved caspase-3 were upregulated 
in the brain tissues of MCAO rats, while Bcl-2 expres-
sion was downregulated. These changes were reversed by 
EA, suggesting that EA may inhibit apoptosis to improve 
learning memory impairment of rats. Neuronal apoptosis 
is induced by inflammatory mediators released by neu-
roinflammation [38]. Hou et  al. demonstrated that drug 
treatment decreased the elevated levels of inflammatory 
cytokine and inflammasome-related protein in MCAO 
rats [39]. Similarly, we observed that EA treatment 

Fig. 4  EA treatment alleviated inflammation and autophagy in MCAO rats. A ELISA measured levels of pro-inflammatory cytokines (IL-1β and IL-18) 
in rats. B RT-qPCR detected NLRP3, mTOR, and Beclin-1 levels. C Western blotting detected NLRP3, LC3 II/LC3 I, p62, mTOR, and Beclin-1 levels. 
D Transmission electron microscopy observed the number of autophagosomes in brain tissue cells (Scale bar = 1 μm). **p < 0.01 compared 
to the Sham group. ##p < 0.01 compared to the MCAO + Sham EA group



Page 8 of 10Lang et al. European Journal of Medical Research          (2024) 29:532 

downregulated the elevated levels of NLRP3, IL-1β, and 
IL-18 induced by MCAO. Moreover, basal autophagy is 
responsible for clearing and recycling intracellular com-
ponents, while the induction of microglial protective 
autophagy may phagocytose apoptotic debris to prevent 
neuronal damage and inflammation. However, exces-
sive autophagy may lead to abnormal self-digestion and 
degradation of critical cellular components, accelerating 
cell death [40]. Research has demonstrated that BAG3 
overexpression can promote autophagy and inhibit apop-
tosis, thereby alleviating cerebral ischemic injury [41]. 
However, another study reported that bilobalide reduced 
autophagy levels in MCAO rats, enhancing self-repair 
after ischemic stroke [42]. In this study, EA treatment 
downregulated the LC3 II/LC3 I and autophagosome and 
upregulated the expression of p62, mTOR, and Beclin-1 
in MCAO rats. These findings suggest that the repair of 
neuronal cells is promoted through the regulation of the 
apoptotic process in conjunction with the autophagic 
network system.

This study has several limitations. First, the sample size 
of animals used for research was limited. Second, this 
study assessed the effect of EA on PSCI without compar-
ing its therapeutic efficacy of EA to that of the other com-
mon therapies. Furthermore, signaling pathways do not 
act in isolation; they also interact with each other. There-
fore, exploring the horizontal interactions between sign-
aling pathways may be a promising research direction for 
the future. Overall, this study offers a new insights into 
the pathological mechanisms of PSCI and identifies novel 
targets for its treatment. Additionally, this study presents 
a non-drug treatment approach for the clinical manage-
ment of PSCI, avoiding the side effects and adverse reac-
tions associated with pharmaceuticals. The combined 
acupoint therapy using bilateral Fengchi, Fengfu, and 
Dazhui provides a novel strategy for EA treatment of 
PSCI.

Conclusion
This study demonstrated that EA treatment improved 
the mobility of MCAO rats, reduced cerebral infarct size, 
and mitigated pathological tissue damage. Moreover, EA 
alleviated MCAO-induced apoptosis, inflammation, and 
autophagy. Additionally, the mTOR/NLRP3 autophagy-
inflammation pathway mediates the effect of EA in treat-
ing PSCI. In summary, EA alleviates PSCI by activating 
the mTOR pathway to inhibit NLRP3 activation. These 
findings may provide novel molecular targets and direc-
tions for the treatment of PSCI.
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