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ABSTRACT

Cerebral ischemia is a leading cause of disability and death worldwide. This study aims to investigate the
neuroprotective effects of acupuncture on rats with middle cerebral artery occlusion (MCAO) and elucidate the
underlying mechanisms involving the nuclear factor kappa-B (NF-kB) pathway and the NOD-, LRR-, and pyrin
domain-containing protein 3 (NLRP3) inflammasome. Acupuncture at specific acupoints, i.e., GV26, GV20, and
ST36, was administered to MCAO rats. Infarct volume was measured by TTC (2,3,5-triphenyl-tetrazolium
chloride solution) staining. Protein expression levels of NF-kB pathway components and inflammatory markers
were determined by western blot and enzyme-linked immunosorbent assay. Terminal deoxynucleotidyl trans-
ferase dUTP nick end labeling and hematoxylin-eosin staining were performed to evaluate apoptosis and his-
topathologic changes. Acupuncture significantly improved neurological function and reduced infarct volume in
MCAO rats, as evidenced by decreased TTC staining areas. Meanwhile, acupuncture reduced NF-xB pathway,
NLRP3 inflammasome and pro-inflammatory cytokines. Compared with the MCAO group, apoptotic cells were
significantly reduced in the acupuncture group, which attenuated the histopathological changes induced by
cerebral ischemia, including neuronal cell damage and tissue disorganization. However, application of phorbol
12-myristate 13-acetate partially reversed the beneficial effects of acupuncture, suggesting that the NF-xB
pathway plays a key role in mediating the neuroprotective effects of acupuncture. Acupuncture exerts significant
neuroprotective effects in MCAO rats, possibly through inhibition of the NF-xB pathway and NLRP3 inflam-
masome activation. These findings provide insight into the mechanisms of acupuncture in the treatment of
ischemic stroke and support its potential therapeutic application.

1. Introduction

(Ajoolabady et al., 2021). Currently, rapid thrombolytic therapy to
restore blood flow is the mainstay of treatment (Gauberti et al., 2021),

Ischemic stroke (IS) is a leading cause of adult mortality and
disability worldwide (Zhu et al.,, 2022). It occurs when a sudden
blockage in the cerebral vasculature leads to tissue ischemia and hyp-
oxia, initiating a complex cascade of biochemical and molecular path-
ological changes including cell apoptosis, inflammatory response, and
blood-brain barrier disruption, ultimately resulting in brain tissue
damage and neurological dysfunction (Mendelson and Prabhakaran,
2021). Despite reductions in stroke mortality rates due to advances in
medical technology, stroke survivors often suffer from functional dis-
abilities that affect mobility, sensation, speech, cognition, and swal-
lowing, significantly reducing the quality of life and placing a
substantial burden on healthcare resources and family budgets
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but due to the limited therapeutic window and contraindications to
thrombolysis, only a minority of patients are eligible. Even reperfusion
during IS can sometimes exacerbate brain dysfunction and structural
damage, leading to cerebral ischemia-reperfusion injury (Wang et al.,
2022). Therefore, identifying effective treatments to mitigate ischemic
brain damage and promote neurological recovery remains a focus of
medical research.

In recent years, with a deeper understanding of the pathophysiology
of stroke, various potential therapeutic strategies have been proposed
and investigated, including traditional Chinese medicine treatments
(Zhu et al.,, 2021), neuroprotective agents (Safouris et al., 2021),
revascularization procedures (Markus and Michel, 2022), and
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rehabilitative therapies (O’Dell, 2023). Among these strategies,
acupuncture, as a traditional Chinese medical approach, has received
widespread attention for its unique therapeutic effects and minimal side
effects, especially in recent years (Qin et al., 2022; Zhang et al., 2021).
Studies such as those by Cao et al. have highlighted the potential syn-
ergistic intervention of acupuncture in inflammatory signaling path-
ways, laying a foundation for exploring the various molecular
mechanisms by which acupuncture promotes neurological recovery
(Cao et al., 2021); Liu et al. found that scalp acupuncture could alleviate
patients’ speech processing and motor coordination (Liu et al., 2021a).
These studies provide theoretical support for acupuncture’s ability to
stimulate specific acupoints, regulate the body’s qi and blood circula-
tion, improve local blood flow, reduce inflammation, and promote nerve
cell repair and regeneration. Thus, acupuncture may serve as an effec-
tive adjunct therapy to help stroke patients regain neurological function.

In acupuncture research for cerebral ischemia, acupoints such as
GV26 (Renzhong), GV20 (Baihui), and ST36 (Zusanli) are commonly
used (Zhang et al., 2022a). These acupoints are selected based on
traditional Chinese meridian theory and modern anatomical knowledge,
with the aim of treating cerebral ischemia through regulatory effects on
the nervous and vascular systems. For example, stimulation of GV26 on
the face is believed in Chinese medicine to awaken the spirit and restore
consciousness; GV20 on the top of the head can calm the wind, clear the
head and eyes, and awaken the brain; ST36 on the leg is believed to
benefit qi, strengthen the spleen and stomach, and fortify tendons and
bones (Li et al., 2022a; Yang et al., 2022). By applying acupuncture to
these points, a comprehensive regulation of the patient’s physiological
state can be achieved, promoting recovery after cerebral ischemia.

Despite the widespread clinical use of acupuncture in stroke reha-
bilitation, the exact mechanisms of its effects are not fully understood.
With advances in molecular biology and neuroscience, an increasing
number of studies have begun to explore the biological basis of acu-
puncture’s therapeutic effects on cerebral ischemia. Research suggests
that acupuncture may act through various mechanisms, including
inhibiting neuronal apoptosis, reducing the release of inflammatory
factors, improving cerebral blood flow, and enhancing antioxidant ca-
pacity (Liu et al.,, 2021b). Among these, modulation of the NF-«kB
pathway and NLRP3 inflammasome play important roles in acupuncture
treatment (Tang et al., 2022; Guo et al., 2021). NF-xB is a critical
transcription factor involved in the regulation of inflammation and cell
apoptosis, and the NLRP3 inflammasome is a multiprotein complex
involved in inflammatory responses and cell death (Li et al., 2021a). By
inhibiting the activation of these pathways, acupuncture may alleviate
the inflammatory damage and cell death caused by cerebral ischemia,
thereby protecting neural tissue and promoting functional recovery.

In conclusion, as a potential therapeutic approach, acupuncture has
significant clinical value for the rehabilitation of IS. However, to fully
realize its therapeutic potential, further basic and clinical research is
needed to elucidate its mechanisms of action, optimize treatment pro-
tocols, and evaluate its long-term effects and safety. Through these
studies, we can better understand the role of acupuncture in stroke re-
covery and provide more effective and safer treatment options for
patients.

2. Materials and methods
2.1. MCAO model construction

A total of 45 SPF female Sprague-Dawley rats, aged 6-8 weeks old
(weighing 120-130 g), were purchased from Sipeifu (Beijing) Biotech-
nology Co., Ltd. (license number: SCXK (Jing) 2019-0010). After 1 week
of acclimatization, rats were housed in polystyrene cages under a 12-
hour light-dark cycle at 22°C and 60 % humidity. Standard chow and
water were provided ad libitum. The 45 rats were randomly divided into
five groups (n = 9 each): Sham, MCAO model, MCAO-+acupuncture,
MCAO+acupuncture+phorbol 12-myristate 13-acetate (PMA, Sigma-
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Aldrich, MO, USA), and MCAO+acupuncture+dimethyl sulfoxide
(DMSO), and PMA acts as an activator of the NF-kB pathway (Kim et al.,
2023). Thirty-six randomly selected rats underwent MCAO modeling.
After isoflurane gas anesthesia, the rats were placed in the supine po-
sition and restrained, the skin was disinfected with iodophor, and a
longitudinal incision made in the anterior neck to expose and separate
the right common, external, and internal carotid arteries. The external
carotid artery was ligated, and the common and internal carotid arteries
were temporarily ligated with silk thread. A 45° oblique incision was
made at the bifurcation of the external carotid artery, and a filament was
inserted from the external carotid artery to the intracranial segment of
the internal carotid artery, stopping when the black line of the thread
reached the bifurcation. The filament was secured, and the vascular
clamp was removed. After layered suturing of the incision, the filament
was withdrawn to the external carotid artery after 90 minutes of oc-
clusion for ischemia followed by reperfusion. After modeling, the rats
were housed individually for observation. The sham-operated group
underwent arterial transection without ligation or filament insertion.
After surgery, the animals were placed in a 22°C environment for re-
covery on normal chow. Beginning on the first day after modeling,
acupuncture interventions were performed daily at GV26, GV20, and
ST36 for 30 minutes each for six consecutive days (Fig. 1). Sixty minutes
before the first acupuncture session, the MCAO+acupuncture+PMA
group received an intravenous injection of phorbol 12-myristate
13-acetate (PMA; 200 pg/kg; MeilunBio, Dalian, China) and the
MCAO+acupuncture+DMSO group received an intravenous injection of
DMSO (MeilunBio; same volume as PMA), and all groups received
continuous acupuncture intervention for 6 days. Normal animal care
was maintained throughout the intervention period. The study was
approved by the Animal Ethics Committee of Fujian Anburui Biotech-
nology Co., LTD (approval number: IACUC FJABR 2023026007).

2.2. Zea-Longa neurological deficit scoring

Zea-Longa neurological deficit scores were performed on day one
and day six after modeling. Scoring criteria: 0 for no neurological deficit;
1 for inability to fully extend the forepaw of the paralyzed side; 2 for
circling to the paralyzed side while walking; 3 for falling to the para-
lyzed side while walking; 4 for inability to walk spontaneously and loss
of consciousness; 5 for death. A score of 1 or higher indicated successful
modeling; if a score of 5 was achieved, dissection revealed subarachnoid
hemorrhage or absence of neurological deficit symptoms (score 0),
which was considered MCAO modeling failure.

2.3. Animal tissue collection

Samples were collected from the rats after the procedure (the day of
the procedure was counted as day 0). All rats were euthanized with 3 %
pentobarbital sodium injection (200 mg/kg) on the sixth day after
housing, and brain tissues were collected in a sterile environment.
Whole brain tissues (n=3) were collected for 2,3,5-
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Fig. 1. Photographic documentation of the acupuncture intervention process in
MCAO-modeled rats.
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triphenyltetrazolium chloride (TTC; Sigma-Aldrich) staining to observe
subcortical infarct areas; ischemic side brain tissues (n = 3) were used
for subsequent Western blot and enzyme-linked immunosorbent assay
(ELISA) analysis; ischemic side brain tissues (n = 3) were fixed in 4 %
paraformaldehyde. Dehydrated samples were embedded in paraffin
using a KH-BL embedding machine and sectioned (4 pm) for subsequent
terminal deoxynucleotidyl transferase dUTP nick-end labeling (TUNEL)
staining and hematoxylin-eosin (HE) staining.

2.4. TTC staining

The collected brain tissues were placed in 4°C PBS solution for
5 minutes, then frozen at —20°C for 20 minutes for subsequent
sectioning. The tissues were then cut into five 2 mm sections and incu-
bated in 2 % TTC solution (dissolved in phosphate buffered saline (PBS);
Gibco, Thermo Fisher Scientific, Waltham, MA, USA) at 37°C in a dark
water bath for 30 minutes, washed with PBS solution for 3-5 minutes,
and then photographed for observation. After staining, non-infarcted
areas of the brain were red, while infarcted tissues were white. Brain
infarct areas were analyzed using ImageJ software.

2.5. Western blot analysis

Total protein from ischemic side brain tissues was extracted using
RIPA lysis buffer (MeilunBio), and protein concentration was deter-
mined using the BCA protein assay kit (MeilunBio). The samples were
then electrophoresed on SDS-PAGE and transferred to PVDF membranes
(MeilunBio). The membranes were blocked with skim milk powder (BBI
CO, LTD, Shanghai, China) and incubated with specific antibodies,
including p-p65 (1:2000, AF2006, Affinity Biosciences, Cincinnati, OH,
USA), p65 (1:4000, 10745-1-AP, Proteintech, Wuhan, China), p-IKBx
(1:2000, AF2002, Affinity Biosciences), IKBa (1:5000, 10268-1-AP,
Proteintech), NLRP3 (1:2000, A00034-2, Boster Bio, Pleasanton, CA,
USA), ASC (1:2000, bs-6741R, Bioss, Beijing, China), Caspase-1
(1:10000, 22915-1-AP, Proteintech), GAPDH (1:40000, 60004-1-Ig,
Proteintech), and goat anti-rabbit HRP-conjugated secondary antibody
(1:10000, SA00001-2, Proteintech). Protein signals were visualized
using an ECL chromogenic kit (MeilunBio) and quantitated using ImageJ
software.

2.6. ELISA analysis

Tissues were washed with precooled PBS, minced, and homogenized
on ice in a homogenizer. The process included sonication and repeated
freeze-thawing. The homogenate was then centrifuged at 5000 xg for
5-10 minutes at 4°C, and the supernatant was collected for analysis.
ELISA kits for interleukin (IL)-1p, IL-18, IL-6, and TNF-a from Jiangsu
Meimian Industrial Co., Ltd (Jiangsu, China) were used for detection.
Samples and standards were incubated according to the kit instructions,
followed by incubation with detection antibodies and substrates at 37°C
in the dark for 15 minutes. Finally, absorbance values were read at a
wavelength of 450 nm using an enzyme-linked immunosorbent assay
reader (Multiscan MK3, Thermo Fisher Scientific) to calculate
concentrations.

2.7. TUNEL staining

TUNEL apoptosis detection kits (Beyotime, Shanghai, China) were
used to label and detect DNA fragmentation indicative of apoptosis in
brain tissue. Briefly, fixed brain tissue sections were first incubated with
proteinase K at 37°C for 30 minutes, followed by three PBS washes. The
TUNEL reaction was then performed according to the kit instructions.
After staining, the sections were observed under a fluorescence micro-
scope (Olympus Corporation, Tokyo, Japan), and TUNEL-positive cells
were counted to assess the degree of apoptosis.
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2.8. HE staining

Hematoxylin-eosin solution (Beyotime) were used for HE staining.
Fixed, dehydrated, cleared, and paraffin-embedded brain tissue sections
were first stained with hematoxylin to stain nuclei, followed by eosin to
stain cytoplasm and extracellular matrix. The post-stained sections were
observed and photographed under an optical microscope (Leica Micro-
systems, Wetzlar, Germany) to assess tissue structural changes after
ischemic brain injury. Comparison of HE staining results between
different groups allows direct assessment of the protective effects of
acupuncture intervention on ischemic brain injury.

2.9. Data analysis

Data are expressed as mean =+ standard deviation. GraphPad Prism
9.0 software was used for statistical analysis. Differences between
groups were determined by one-way ANOVA followed by and Tukey’s
post hoc test. A p-value < 0.05 was considered statistically significant.

3. Results
3.1. Acupuncture treatment ameliorates cerebral infarction in MCAO rats

On the first and sixth days after modeling, all rats underwent Zea-
Longa neurological deficit scoring to evaluate the effect of acupunc-
ture on MCAO rats. The results showed that Sham rats exhibited normal
behavior with a score of 0, while the scores of rats in the MCAO model
group increased (all >1) on days 1 and 6, indicating successful estab-
lishment of the MCAO model. After 6 consecutive days of acupuncture
intervention at GV26, GV20 and ST36 acupoints, there was a significant
recovery of neurological function in MCAO rats. However, administra-
tion of PMA significantly reversed the ameliorative effect of acupuncture
on MCAO rats (Fig. 2A). TTC staining revealed that the infarct size was
significantly increased in MCAO model rats (22.97 &+ 2.12, P < 0.001)
compared to Sham rats (2.26 + 0.93), further confirming the success of
MCAO modeling. After 6 days of acupuncture intervention, infarct size
was significantly reduced in MCAO rats (7.47 + 1.94, P < 0.001). DMSO
did not significantly interfere with the effects of acupuncture (7.59
+ 2.67, P > 0.05), but administration of PMA partially counteracted the
reduction in infarct size by acupuncture in MCAO rats (20.73 + 1.98,
P < 0.001), almost restoring it to MCAO levels (Fig. 2B, C). These results
suggest that the ameliorative effects of acupuncture on MCAO rats may
involve the NF-kB pathway.

3.2. Acupuncture treatment inhibits NF-xB signaling and inflammasome
activation

To confirm the role of NF-kB in the improvement of MCAO rats by
acupuncture, we performed Western blot analysis on rat brain tissue. We
observed that the phosphorylation levels of the key proteins p65 and
IKBa in the NF-xB pathway were significantly increased in MCAO rats
compared with the Sham group, indicating that ischemic brain injury
activated the NF-kB pathway. Additionally, we observed significant in-
creases in inflammasome-related proteins such as NLRP3, ASC, and
Caspase-1 in MCAO rats, further confirming ischemia-induced inflam-
matory responses. After acupuncture treatment, these protein levels
decreased significantly, indicating effective inhibition of the NF-xB
pathway and NLRP3 inflammasome activation, thereby attenuating
inflammation. However, with the addition of PMA to the acupuncture
treatment group, the protective effects of acupuncture were markedly
counteracted, with reversed trends in reduced phosphorylation levels of
p65, IKBa, and decreased levels of NLRP3, ASC, and Caspase-1 proteins
(Fig. 3). This result further confirms the central role of the NF-xB
signaling pathway in mediating the anti-inflammatory effects of
acupuncture treatment, as well as the activation of inflammasomes by
NF-xB signaling.
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Fig. 2. Acupuncture Treatment Improves Cerebral Infarction in MCAO Rats. A. Zea-Longa neurological deficit scoring assessing the clinical features improvement of
MCAO rats by acupuncture treatment (n = 6). B-C. TTC staining analysis of the ischemic injury in the brain of MCAO rats treated with acupuncture and the effect of
PMA on acupuncture treatment (n = 3). All data are shown as means+SD. *P < 0.05, * **P < 0.001.
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Fig. 3. Acupuncture Treatment Inhibits NF-kB Signaling and Activation of Inflammasomes. Western blot analysis of the effect of acupuncture treatment on the levels
of p-p65, p65, p-IKBa, IKBa, NLRP3, ASC, and Caspase-1 proteins in the brain tissue of MCAO rats and the effect of PMA on acupuncture treatment (n = 3). All data
are shown as means+SD. *P < 0.05, **P < 0.01, ***P < 0.001.

3.3. Acupuncture treatment reduces secretion of pro-inflammatory factors (41.15 £ 0.95), IL-6 (42.39 + 2.44), and TNF-a (64.45 + 0.49) were
significantly upregulated in MCAO rat brain tissue (P < 0.0001), indi-
ELISA analysis of brain tissue homogenates showed that compared cating markers of inflammation and neural damage. Activation of

with Sham rats (5.97 + 0.40, 9.71 + 0.32, 14.49 + 0.79, 20.78 + 0.40), inflammasomes further promoted the maturation and secretion of IL-1§
the levels of inflammatory factors such as IL-1p (24.88 + 2.14), IL-18 and IL-18, exacerbating the inflammatory response. After acupuncture
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treatment, we observed a significant reduction in these pro-
inflammatory factors (P < 0.0001), suggesting that acupuncture effec-
tively attenuation the inflammatory response. This mitigation may be
due to acupuncture reducting the activation of the NF-kB pathway,
thereby inhibiting inflammasomes and reducing the release of pro-
inflammatory factors. However, when PMA was added, the reduction
effect of acupuncture on pro-inflammatory factors was reversed (Fig. 4),
indicating that PMA reactivated the NF-xB pathway and counteracted
the anti-inflammatory effect of acupuncture.

3.4. Acupuncture treatment alleviates MCAO-induced apoptosis in brain
tissue

Activation of the NLRP3 inflammasome promotes the production of
inflammatory cytokines and cell apoptosis and interacts with the NF-xB
pathway to drive the inflammatory response. Therefore, we performed
TUNEL analysis on rat brain tissue to explore the mechanisms by which
acupuncture ameliorates MCAOQ rats. The results showed that in the
sham group, the TUNEL assay revealed few or no apoptotic cells,
reflecting a healthy state of brain tissue. However, the MCAO group
showed a significant number of TUNEL-positive neurons in the hippo-
campus and cortex, indicating DNA fragmentation, a direct evidence of
cell apoptosis, and reflecting widespread neuronal death due to
ischemia. The acupuncture treatment group showed a significant
reduction in the number of apoptotic cells, indicating a potential pro-
tective role of acupuncture in alleviating cell apoptosis. In the acu-
puncture+PMA group, due to the activating effect of PMA, the reduction
in apoptosis was inhibited or reversed compared with acupuncture
treatment alone (Fig. 5), suggesting that activation of the NF-xB
pathway may interfere with the protective effect of acupuncture. The
results of the acupuncture+DMSO group were similar to those of the
acupuncture treatment group.

3.5. Acupuncture treatment protects neuronal cells from MCAO-induced
damage

After sectioning and HE staining of rat brain tissue, we observed that
in the sham group, HE staining showed normal brain tissue structure
with neurons neatly arranged, regular cell morphology, clear nuclei, and
uniform staining, indicating of healthy neural tissue characteristics. In
contrast, the MCAO group showed typical pathological changes of
ischemic brain injury, including disorganized arrangement of neurons,
reduced cell volume, concentrated or fragmented nuclei in areas CA3
and CAl, and loose and edematous intercellular spaces with large
numbers of inflammatory cells infiltrating the cortex-clear signs of cell
damage and death. Compared with MCAO, post-acupuncture treatment
showed less neuronal cell damage, more ordered cell arrangement, more
normal cell morphology, less nuclear pyknosis, and mild interstitial
edema, suggesting that acupuncture may protect neurons from ischemic
damage. However, with the addition of PMA, which activates the NF-xB
pathway, further deterioration in cell structure was observed compared
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Fig. 5. Acupuncture Treatment Alleviates MCAO-Induced Apoptosis in Brain
Tissue. TUNEL analysis of the effect of acupuncture treatment on the apoptosis
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with acupuncture treatment alone, with some neuronal nuclei pyknosis
in area CA3 and a large number of inflammatory cells infiltrating the
cortex, confirming increased cell damage and attenuated protective ef-
fects of acupuncture. The results of the acupuncture+DMSO group as a
drug carrier control were similar to those of the acupuncture treatment
group (Fig. 6).

4. Discussion

Current therapeutic approaches such as thrombolysis and mechani-
cal thrombectomy are effective in the acute phase, but still face limita-
tions such as a narrow therapeutic window and limited restricted patient
eligibility for IS. Against this background, we believe that traditional
acupuncture therapy, as an adjunctive therapy in the prognosis of IS or
IS because of its unique mechanism, low cost, and acceptability.
Acupuncture has been shown to improve neural functions, promote
blood reperfusion, and alleviate neuronal cell damage by stimulating

X
—
IS
2 x
? o
=
X
—
]
<<
=
X
o
Al
o X
3
©
c
=1
o
=1
3]
< X
(@]
Al
—~ | <
» =
c o x
~ -:) -—
o] 5 \
< B \ \\ \
O 2 \ \ \
= 2 i <
3 o
<< -
@]
[0}
=
o X
+ ,
2 \
“g \ \\ \\
g X
g -—
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rats and the effect of PMA on acupuncture treatment (n = 3).

375

IBRO Neuroscience Reports 18 (2025) 370-377

specific acupoints (Hu et al., 2023). Therefore, exploring the application
of acupuncture in the recovery of IS, especially its neuroprotective ef-
fects, holds great promise for expanding treatment strategies and
improving patient prognosis.

In our study, acupuncture intervention at Renzhong, Baihui and
Zusanli acupoints significantly improved behavioral functions and
reduced cerebral infarct volume in MCAO rats. The selection of these
points is based on traditional acupuncture theory, which postulates their
ability to harmonize cerebral qi and blood, improve local circulation,
and facilitate the recovery of neuronal function (Li et al., 2022b; Liu
et al., 2022). Specifically, we used Zea-Longa scores to quantify neuro-
logical deficits, and the results showed that the scores in the
acupuncture-treated rats were lower than the model group, indicating
the potential efficacy of acupuncture in improving neurological func-
tions. Concurrently, TTC staining further confirmed the significant
reduction in infarct areas, which was consistent with the behavioral
improvements. From the perspective of potential mechanisms, modern
medical research suggests that acupuncture may exert its effects in
several ways: first, by increasing local blood flow and improving blood
supply to ischemic areas, thereby mitigating cerebral ischemic injury
(Zhang et al., 2022b); secondly, by modulating neurotransmitter and
hormone levels in the body, such as increasing cerebral serotonin and
endorphins, which are crucial for pain relief and mood improvement
and are associated with neuronal cell repair and regeneration (Lee et al.,
2019); and finally, functional MRI has shown that acupuncture can alter
activity in specific brain areas, regulating neural network functions and
thus positively affecting recovery from post-stroke brain dysfunction (Li
et al., 2021b). Thus, the potential role of acupuncture may go beyond
this, and brain-related disorders may or may not be treated with
acupuncture methods, including but not limited to the acupoints used in
this study.

Previous research has confirmed that the NF-kB pathway is activated
in ischemia and reperfusion injury, promoting the expression of various
inflammatory cytokines and adhesion molecules, and exacerbating
neuronal injury and death (Dong et al., 2022). Our study found that the
phosphorylation levels of the key proteins p65 and IkBa in the NF-xB
pathway were significantly decreased after acupuncture, indicating
effective inhibition of NF-kB activation. Consistent with previous
studies, our research showed that acupuncture reduced the expression of
inflammasome-related proteins such as NLRP3, ASC, and Caspase-1,
which are central to attenuating inflammasome activation (Cai et al.,
2022). These results suggest that acupuncture may alleviate the in-
flammatory response after stroke and protect neurons from further
damage by inhibiting the NF-xB pathway and inflammasome activation.
Levels of the pro-inflammatory factors IL-1p, IL-18, IL-6, and TNF-a
support the above notion and are key mediators in the stroke-induced
inflammatory response (Lyu et al., 2022). We observed a significant
increase in these factors in the brain homogenates of MCAO rats and a
significant decrease after acupuncture treatment, directly reflecting the
attenuation of inflammatory responses, likely due to the regulatory ef-
fect of acupuncture on the NF-kB pathway and inflammasome activity.
Additionally, activation of the NLRP3 inflammasome can lead to
maturation and release of inflammatory factors such as IL-1p and IL-18,
exacerbating inflammatory damage (Xu and Nunez, 2023). Therefore,
the reduction of NLRP3 inflammasome-related protein expression by
acupuncture may also be a mechanism for reducing the secretion of
pro-inflammatory factors. Together, these actions reduce the overall
level of the inflammatory response, providing a more favorable envi-
ronment for brain tissue repair after stroke.

In our study, we observed a significant decrease in the number of
apoptotic cells in the brain tissue of acupuncture-treated rats compared
with MCAO rats. This result suggests that acupuncture may alleviate
ischemic brain tissue damage and improve neural function by inhibiting
cell apoptosis pathways. In addition, acupuncture reduced the produc-
tion of inflammatory factors, which may also attenuate apoptosis
signaling (Wang et al., 2023). Notably, apoptosis involves various
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signaling pathways and molecular mechanisms (Li et al., 2022c), sug-
gesting that acupuncture may affect cell apoptosis through multiple
pathways (Ji et al., 2018). In addition, acupuncture may improve local
blood flow, providing a better survival environment for neurons cells
(Chen et al., 2022). These findings provide further scientific evidence for
the role of acupuncture in brain protection after stroke or other brain
diseases and suggest that acupuncture may exert therapeutic effects
through comprehensive regulation of multiple signaling pathways.
Similar to previous studies, we found that acupuncture treatment
significantly ameliorated MCAO-induced neuronal damage, including
reducing the reduction of nuclear condensation, fragmentation, and cell
volume shrinkage, associated with apoptosis (Liu et al., 2021c). After
acupuncture treatment, the brain tissue structure of rats more closely
resembled normal, with more orderly cell arrangement and more typical
cell morphology, indicating that acupuncture could improve the overall
brain tissue conditions by promoting cell and tissue repair. This effect on
pathological changes could be attributed to acupuncture’s attenuation
of inflammatory responses and reduction of cell damage, thereby alle-
viating pathological tissue changes. Notably, PMA, as an activator of the
NF-kB pathway, reversed the ameliorative effect of acupuncture in
MCAO rats, demonstrating that acupuncture may act by inhibiting the
NF-kB pathway. However, the role of PMA is not limited to this; it may
also affect cellular function and inflammatory regulation by activating
other signaling pathways such as protein kinase C (PKC) (Lu et al.,
2021). This suggests that the efficacy of acupuncture may involve the
interaction of multiple pathways and that the therapeutic response may
vary according to individual differences. In summary, the ameliorative
effects of acupuncture on the pathological changes in brain tissue of
MCAO model rats might result from its comprehensive regulation of
various signaling pathways and biological processes, among which in-
hibition of the NF-kB pathway and inflammasome activity may be key
mechanisms. These effects collectively act to reduce cell and tissue
damage, promote tissue repair and functional recovery, and thereby
improve the pathological condition of brain tissue.

This study still has limitations. First, although the rat MCAO model
has some similarities with human IS, there are differences between an-
imal models and human pathophysiological conditions, and the model
results may not fully represent the effects in humans. Second, the
mechanism of action of acupuncture is complex and diverse, and this
study mainly focused on the regulation of the NF-kB pathway and
inflammasomes, but acupuncture may also involve other signaling
pathways and biological effects, which require further research to
comprehensively elucidate its mechanisms. In addition, the optimal
parameters for acupuncture treatment (such as acupoint selection,
stimulation intensity, frequency, and duration) are not yet clear, and
different treatment regimens may significantly affect therapeutic out-
comes. Finally, this study focused primarily on the effects of acupunc-
ture on inflammation and cell apoptosis, whereas stroke recovery is a
multifaceted process involving neural regeneration, vascular recon-
struction, and functional remodeling, among others. Future research
should more comprehensively evaluate the effects of acupuncture on
these aspects.

5. Conclusion

This study confirmed the potential therapeutic efficacy of acupunc-
ture in improving the outcome of IS through experiments in the MCAO
rat model, especially in reducing cerebral infarct volume, suppressing
inflammatory response, decreasing cell apoptosis, and ameliorating
pathological changes in brain tissue. The effects of acupuncture treat-
ment are closely related to its regulation of the NF-kB pathway and
inflammasomes, revealing the potential of acupuncture as a compre-
hensive treatment modality in stroke recovery. Future work should focus
on optimizing acupuncture schedules, delving into mechanisms of ac-
tion, expanding clinical research, and evaluating long-term effects to
better apply this traditional treatment modality in modern medical
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practice for IS and provide more effective and safer treatment options for
patients.
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