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Abstract: Objective: To investigate the neuroprotective effects of acupuncture at the “Baihui” and “Xuanli” acu-
points on rats with intracerebral hemorrhage (ICH). Methods: An ICH rat model was established. For the 3-MA
group, the autophagy inhibitor 3-MA (400 nM) was injected into the lateral ventricle 15 min before ICH induction.
Histopathologic changes were observed, and expressions of autophagy-related proteins and inflammatory cytokines
in hippocampal tissues were measured. Additionally, neuronal apoptosis, oxidative stress markers, and PI3K/AKT
pathway-related protein expression were assessed. Results: Compared to the sham group, the model group exhib-
ited increased levels of Beclin-1, ATG5, and pro-inflammatory cytokines in the hippocampus, along with enhanced
neuronal apoptosis and oxidative stress, as well as downregulated phosphorylation of PI3K and AKT. Compared to
the model group, the acupuncture group showed further upregulation of Beclin-1 and ATG5, reduced levels of pro-
inflammatory cytokines, alleviated neuronal apoptosis and oxidative stress, and increased phosphorylation of PI3K
and AKT. Compared to the acupuncture group, the 3-MA group displayed loss of hippocampal structural integrity,
decreased expression of Beclin-1 and ATG5, elevated pro-inflammatory cytokine levels, exacerbated apoptosis and
oxidative stress, and suppressed PI3K signaling activity. In contrast to the 3-MA group, the 3-MA + acupuncture
group, the rapamycin group, and the rapamycin + acupuncture group all demonstrated protective effects, including
attenuated neuronal injury. Conclusion: Acupuncture at the “Baihui” and “Xuanli” acupoints significantly alleviated
inflammation, apoptosis, and oxidative stress in the hippocampal tissue of ICH rats. This effect was associated with
concurrent upregulation of autophagy markers (Beclin-1, ATG5) and activation of the PI3K/AKT signaling pathway.
However, given the pleiotropic actions of the pharmacological agents used, the precise mechanistic relationship
between PI3K/AKT signaling and autophagy remains correlative. Our findings suggest that functional autophagy
is essential for acupuncture’s neuroprotective effects, and that its therapeutic benefit may arise from coordinated
modulation of the PI3K/AKT/mTOR/autophagy network rather than a simple linear cascade.
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Introduction strokes, and is associated with high disability

and mortality rates [1, 2]. Neuronal injury after

Intracerebral hemorrhage (ICH) is a severe
acute non-traumatic bleeding within the brain.
The prevalence of ICH has increased in re-
cent years, accounting for 18.8%-47.6% of all

ICH is primarily caused by hematoma occupa-
tion and secondary ischemia. Although surgical
hematoma evacuation is the preferred method
to achieve hemostasis and relieve intracranial
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pressure, early surgical hematoma evacuation
does not consistently improve clinical out-
comes. Therefore, elucidating the internal
pathogenesis of ICH and identifying effective
therapeutic strategies are essential for reduc-
ing its morbidity and mortality.

Traditional Chinese medicine (TCM) believes
that ICH belongs to the category of “stroke”
based on its etiology, pathogenesis, and clini-
cal manifestations. It is manifested mainly as
sudden loss of consciousness, facial deviation,
tongue rigidity, and hemiplegia or partial paraly-
sis. Acupuncture is one of the main therapies
for treating stroke in TCM. Baihui (DU20), locat-
ed at the vertex of the head, is the meeting
point of all yang meridians and a principal acu-
point of apoplexy, with effects of uplifting yang
and restoring consciousness. Xuanli (GB6), lo-
cated at the intersection of the anterior oblique
line of parietal and temporal, is commonly used
to improve facial motor dysfunction, motor
aphasia, and peripheral facial paralysis [3].

Studies have shown that a series of cellular bio-
logical processes such as immune inflamma-
tion, apoptosis activation, and oxidative stress
in surrounding tissues are critical contributors
to secondary brain injury after ICH [4, 5]. Au-
tophagy has been shown to be activated in peri-
hematoma tissue as early as 6 h after ICH,
peaking at 24-72 h, declining after day 3, and
exhibiting marked aggregation of autophagic
vesicles in neurons by day 7 [6]. The activa-
tion of autophagy is considered a self-protec-
tive mechanism of cells to eliminate damaged
organelles and harmful cytoplasmic compo-
nents [7]. The PIBK/AKT signaling pathway can
regulate various biological processes, including
macrophage autophagy and inflammatory sup-
pression, and plays a key regulatory role in
autophagy [8, 9]. Mammalian Beclin-1 inter-
acts with PIBK/AKT to promote PI3K synthesis,
thereby promoting lipid membrane extension,
cargo recruitment, and autophagosome matu-
ration [10, 11]. In addition, inflammation repre-
sents a fundamental response of brain tissue
to stimulation. Following ICH, multiple stimuli
activate inflammatory cells, promoting their
release of inflammatory mediators, among
which TNF-a can induce brain edema and par-
ticipate in ICH progression [12].

Although acupuncture at Baihui or Baihui-
penetrating-Qubin has been reported to allevi-
ate brain injury after ICH through anti-inflam-
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matory and anti-apoptotic mechanisms, the
optimal acupoint combination for regulating
the PIBK/AKT/autophagy axis remains unclear.
Xuanli, located along the Gallbladder Meridian
and adjacent to Baihui, is a key acupoint for
treating post-stroke motor dysfunction, facial
paralysis, and cognitive impairment-symptoms
commonly observed in ICH patients. The pene-
trating needling technique from Baihui to Xuanli
simultaneously stimulates the Governor Vessel
(Du Mai) and Gallbladder Meridian, which is
clinically preferred for severe stroke syndromes.
However, its effects have rarely been investi-
gated in preclinical ICH models. Moreover, whe-
ther this acupuncture paradigm exerts specific
regulatory effects on the PI3K/AKT/autophagy
signaling cascade, and whether its neuropro-
tective efficacy depends on functional autopha-
gy, have not been systematically addressed.

Therefore, this study specifically aims to: (1)
determine whether Baihui-penetrating-Xuanli
acupuncture improves neurological outcomes
in rat model of ICH; (2) investigate its effects on
inflammation, apoptosis, oxidative stress, and
the PI3BK/AKT/autophagy pathway; and (3) eval-
uate whether its therapeutic effects are depen-
dent on autophagy using pharmacologic modu-
lators (3-MA and rapamycin). Our findings may
provide support for this clinically relevant acu-
puncture protocol and clarify the role of autoph-
agy in its neuroprotective effects.

Materials and methods
Reagents

The Beclin-1 antibody (rabbit monoclonal, Cat.
No. 00080987, 1:1500), ATG5 antibody (rabbit
polyclonal, Cat. No. 10008350, 1:1000), AKT
antibody (serine/threonine kinase, rabbit mo-
noclonal, Cat. No. 34d5362/4, 1:1000), p-AKT
antibody (Cat. No. 3600001545, 1:800), PI3K
antibody (Cat. No. M14JL5P, 1:1000), p-PI3K
antibody (Cat. No. 3K58815, 1:500), IL-1 anti-
body (Cat. No. 66009-1-Ig, Chengdu Zhengneng
Biotechnology Co., LTD., 1:2000) and B-actin
(Wuhan Sanying Biotechnology Co., LTD., Cat.
No. 10029187, 1:3000) were utilized in this stu-
dy. Additionally, Horseradish peroxidase (HRP)-
conjugated secondary antibody (goat anti-rab-
bit IgG; Wuhan Sanying Biotechnology Co., LTD.,
Cat. No. 20001286/20001272, 1:3000) was
employed. The autophagy agonist rapamycin
(Cat. No. HY-10219) was purchased from Med-
ChemExpress (MCE) Reagent Company.

Am J Transl Res 2026;18(3):1945-1958



Baihui-Xuanli acupuncture alleviates ICH injury by autophagy and PISK/AKT

Main instruments

The main instruments used in this study includ-
ed a three-dimensional brain injection instru-
ment (Rivold, H1829401-002), an ultrapure
water machine (Sichuan Youpu, UPT-1-10T), a
tissue embedding system (Wuhan Junjie, JB-
P5), a tissue microtome (Leica, Germany, LEIC-
ARM22445), a slide scanning instrument (Ape-
riodLV1, Leica, Germany), an ultramicro spec-
trophotometer (Beijing Kaiao Technology Deve-
lopment Co., Ltd., K5800), a vertical electro-
phoresis instrument (Wicks Technology (Beijing)
Co., Ltd., WIX-EP300), a protein transfer mem-
brane system (Beijing Wicks, WIX-EP300), a
chemiluminescent detector (Azure, C300, USA),
a horizontal decolorizing shaker (Qilimbel ins-
trument in Haimen City), and an adjustable mix-
ing instrument (Dalong Xingchuang Laboratory
Instruments (Beijing) Co., Ltd., D1008). Dispos-
able acupuncture needles (Huatuo brand, mo-
del: 0.25 mm x 40 mm) were used for acupunc-
ture treatment.

Animals

Twenty-three SPF-grade healthy male Sprague-
Dawley (SD) rats, aged 8-12weeks, weighing
300-310 g, were purchased from Beijing Hua-
fukang Biotechnology Co., Ltd. (Certificate No.:
SCXK[Bing]2019-0008). All rats were raised in
an SPF environment with a temperature of
20-26°C and a humidity of 40%-70%°C, under
a standard light-dark cycle, with free access to
food and water. To minimize animal suffering
during and after surgery, perioperative analge-
sia was administered by subcutaneous injec-
tion of buprenorphine (0.05 mg/kg) immedi-
ately after ICH induction and every 12 h for the
first 24 h if needed. Rats were kept on a warm-
ing pad until fully recovered from anesthesia,
provided with soft food and easy access to
water, and monitored twice daily for signs of
distress (e.g., lethargy, inability to reach food/
water, > 20% body weight loss). Rats showing
severe neurological deficits or moribund status
were humanely euthanized according to pre-
defined humane endpoints approved by the
ethics committee. At the end of the experiment,
rats were euthanized by intraperitoneal injec-
tion of an overdose of sodium pentobarbital
(150 mg/kg). Death was confirmed by the ab-
sence of spontaneous breathing for more than
1 minute, loss of a corneal reflex, and cessa-
tion of heartbeat as assessed by palpation. All
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experimental procedures were approved by
the Scientific Research Ethics Committee of
Ningxia Hui Autonomous Region Hospital of
Traditional Chinese Medicine (approval num-
ber: 2022-69).

Experimental design

A total of 23 rats were used in this study, with 3
randomly assigned to the sham group and the
remaining 20 subjected to ICH modeling. Of
these, 18 rats (90.0%) met the inclusion crite-
ria for successful model establishment (de-
fined as presence of hematoma in the caudate
nucleus confirmed by gross inspection or histol-
ogy, and baseline neurological deficit score > 2
at 24 h post-surgery). The overall mortality rate
was 10.0% (2/20), with one death each in the
model group and the 3-MA group. The 18 suc-
cessfully modeled rats were randomly divided
into six groups: model group, acupuncture gr-
oup, 3-MA group, 3-MA + acupuncture group,
rapamycin group, and rapamycin + acupunc-
ture group.

Sham operation group: Only surgical proce-
dures were performed without other interven-
tion. Model group: The ICH model was estab-
lished according to the rat stereotaxic atlas
[13] and the modified autologous blood injec-
tion method [14]. The rats were anesthetized
and fixed on a stereotaxic instrument using ear
rods, with the skull adjusted to the horizontal
level. A longitudinal incision of about 2 cm was
made along the midline of the rat head, the
periosteum was removed using 3% hydrogen
peroxide solution, and the bregma and lamb-
da were fully exposed. Subsequently, ICH was
induced by injecting arterial blood into the cau-
date nucleus. After injection, the needle was
retained in place for 10 minutes followed by
layered wound closure. Model + acupuncture
group: On the basis of ICH modeling, acupunc-
ture intervention (Baihui and Xuanli on the
affected side, penetration depth: 1.5 cm) was
initiated on the second day after operation.
Baihui and Xuanli points on the affected side
were selected according to the Atlas of Acu-
points of Experimental Animals [15]. The depth
of the needle insertion was 0.8 inches. The
needle was manually twisted for 5 min and
retained for 30 min. 3-MA group: The autopha-
gy inhibitor 3-MA (400 nM) was injected into
the lateral ventricle 15 min before ICH induc-
tion. 3-MA + acupuncture group: In addition to
3-MA treatment, rats received the same acu-
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Table 1. Sequences of primers for RT-gPCR

bation with antibodies against

Gene Upstream primer (5’-3’)

Downstream primer (5’-3’)

Beclin-1, ATG5, IL-1B, and TNF-

Beclin-1 ~ ATGAGGGCGACAGTGAACAG CTGGATCAGCCTCTCCTCCT

o overnight at 4°C. After wash-
ing with PBS, sections were

ATG5 CACCCCTGAAATGGCATTATCC ~ TGGACAGTGTAGAAGGTCCTTT incubated with secondary anti-
TNF-t GTGATCGGTCCCAACAAGGA  CTTGGTGGTTTGCTACGACG bodies at room temperature.
IL1B ACAGAACATAAGCCAACAAG ~ ACACAGGACAGGTATAGATTC Immunoreactivity was visual-

B-actin CCAATTGAACACGGCATTG

ACGCAGCTCATTGTAGAA

ized using a DAB chromogenic

puncture intervention as that of the acupunc-
ture group. Rapamycin group: Rapamycin (0.8
ng) was injected into lateral ventricle 15 min
before ICH induction. Rapamycin + acupunc-
ture group: Acupuncture intervention consis-
tent with the acupuncture group was applied on
the basis of rapamycin pretreatment.

Pathologic histology staining

H&E staining: After brain tissue collection, sam-
ples were immediately fixed in 4% paraformal-
dehyde for 24 h, followed by dehydration, paraf-
fin embedding, and sectioning in sequence.
Sections were stained with hematoxylin solu-
tion for 10 min, then rinsed under running
water for 3 min. Differentiation was performed
using 1% hydrochloric acid-ethanol for 30 s, fol-
lowed by rinsing with running water for 1 min-
ute. Sections were then counterstained with
eosin solution for 1 min, rinsed with running
water for 1 minute, and then rinsed twice with
95% ethanol (3 s each), dehydrated with 100%
ethanol three times (2 min each), and cleared
sequentially in xylene | for 10 min and xylene ||
for 5 min. After natural drying, the slices were
sealed with neutral gum and images were
collected.

Nissl staining: After deparaffinization, the sec-
tions were rinsed with distilled water and then
incubated with Nissl staining solution at 50-
60°C for 20-40 min, followed by gentle rinsing
with distilled water. Then, 95% ethanol was
used for rapid differentiation, followed by dehy-
dration with absolute ethanol and clearing with
xylene. Finally, sections were mounted with
neutral gum for microscopic observation.

Immunohistochemical staining: Paraffin sec-
tions were dewaxed and rehydrated, then sub-
jected to antigen retrieval in 0.1 mol/L citric
acid solution. After antigen retrieval, sections
were washed with PBS three times to remove
endogenous enzyme. Sections were blocked
with blocking solution for 1 h, followed by incu-
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solution. Sections were then

dehydrated through gradient
ethanol, cleared with xylene, mounted with
neutral gum, and examined under a light
microscope.

RT-gPCR

Total RNA was extracted from brain tissues
using TRIzol regent, and RNA concentration and
purity were assessed spectrophotometrically.
Reverse transcription was performed using a
cDNA kit (Cat. No. RRO37A, Takara Bio, Japan)
with total RNA (1 pg) under the following condi-
tions: 42°C for 60 min and 70°C for 5 min. The
synthesized cDNA was stored at 4°C until fur-
ther use. All experiments were repeated 3
times, with B-actin as internal reference, and
the relative fold change of mRNA expression
was calculated using 222°t method. Genes and
primers were synthesized by Shaanxi Qingke
Biotechnology Co., Ltd., and primer sequences
are shown in Table 1.

ELISA

IL-1B and TNF-a levels were quantified using
commercial ELISA kits (MultiSciences Biotech
Co., Ltd., China). All procedures were performed
strictly according to the instructions of the
reagent kit. Absorbance was measured at 450
nm using a microplate reader, and cytokine
concentrations were calculated based on the
corresponding standard curves.

Western blotting

Brain tissues were lysed under the protection
of liquid nitrogen and centrifuged at 12,000 r/
min for 15 min at 4°C. The supernatants were
collected, and protein concentrations were de-
termined using the BCA method. Equal amounts
of protein were separated by 10% SDS-PAGE
and transferred onto polyvinylidene difluoride
(PVDF) membranes. After blocking, membranes
were incubated with primary antibodies over-
night at 4°C, followed by incubation with corre-
sponding secondary antibodies at room tem-
perature. Protein bands were visualized using
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Figure 1. H&E staining of hippocampal neurons in rats. (a) sham group (b) model group (c) acupuncture group (d)
3-MA group (e) 3-MA + acupuncture group (f) rapamycin group (g) rapamycin + acupuncture group. Scale bars: 100
um (low magnification) and 20 um (high magnification). YP < 0.05, compared to the sham group; ?P < 0.05, com-
pared to the model group; P < 0.05, compared to the acupuncture group; P < 0.05, compared to the 3-MA group.

an enhanced chemiluminescence (ECL) detec-
tion kit and imaged with a chemiluminescent
detector (Azure C300, USA). Band intensities
were quantified using Imagel) software (NIH,
USA). For each target protein, the optical den-
sity of the band was normalized to that of
B-actin in the same sample to correct for load-
ing variations. The relative expression level was
expressed as the ratio of target protein/B-actin.

Statistical analysis

All statistical analyses were reviewed and veri-
fied by a biostatistician. Data from at least
three independent experiments were present-
ed as mean + SD. Normality and homogeneity
of variances were confirmed prior to parametric
testing. Comparisons between the two groups
were analyzed using the t-test. For the compari-
son of multiple groups, one-way ANOVA fol-
lowed by Tukey’s post hoc test was applied. A p
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value of < 0.05 indicated statistical signifi-
cance.

Results

Acupuncture treatment alleviated inflamma-
tory injury in hippocampal neurons of rats

As shown in Figure 1, hippocampal neurons in
the sham group exhibited normal morphology,
showing round or oval with regular arrange-
ment. No inflammatory cell infiltration or mi-
croglial accumulation was observed in the hip-
pocampus. However, the model groups demon-
strated marked inflammatory cell infiltration
and evident neuronal swelling, accompanied by
disordered cellular arrangement.

Compared to the model group, the acupuncture
group showed alleviated inflammatory cell infil-
tration and neuronal swelling. Neuronal mor-
phology was relatively preserved.

Am J Transl Res 2026;18(3):1945-1958
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In contrast, the 3-MA group exhibited increased
microglial cell accumulation, severe cellular
disorganization, and prominent nuclear mem-
brane damage when compared to the acupunc-
ture group.

Compared to the 3-MA group, the 3-MA + acu-
puncture group, rapamycin group and rapamy-
cin + acupuncture group demonstrated varying
degrees of attenuation of inflammatory cell
infiltration and alleviation of neuronal injury,
along with regular cell arrangement.

Acupuncture treatment enhanced hippocam-
pal neuronal integrity in rats

As shown in Figure 2, Nissl bodies in the brain
tissues of rats in the sham group were clearly
visible without significant reduction or disap-
pearance. However, in the model group, the
number of Nissl bodies significantly decreased,
accompanied by neuronal shrinkage, nuclear
condensation, and deeply stained cytoplasm.

Compared to the model group, Nissl bodies
were notably preserved, appearing dense and
with regularly arranged morphology in the acu-
puncture group. In contrast, Nissl bodies in the
hippocampus of rats in the 3-MA group were
markedly reduced or absent. Compared to the
3-MA group, the 3-MA + acupuncture group
showed partial restoration of Nissl bodies. In
the rapamycin group and rapamycin + acupunc-
ture group, Nissl bodies were clearly visible and
increased in number.

Acupuncture treatment enhanced autophagy
and attenuated the inflammatory response in
hippocampal neurons of rats

As shown in Figure 3A, strong positive expres-
sion of ATG5, Beclin-1, IL-1B3, and TNF-a was
observed in the hippocampus of rats in model
group. Compared to the model group, the posi-
tive expression of ATG5 and Beclin-1 was fur-
ther enhanced in the acupuncture group, while
the positive signals of IL-1f and TNF-a were
weakened. In the 3-MA group, hippocampal tis-
sue structure was severely disrupted, and im-
munoreactive signals were markedly reduced.
Compared to the model group, 3-MA treatment
significantly reduced the expression levels of
Beclin-1 and ATGb5, indicating effective sup-
pression of autophagy. In contrast, the 3-MA +
acupuncture group, rapamycin group, and ra-
pamycin + acupuncture group showed partial
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restoration or enhancement of ATG5 and Be-
clin-1 expression, together with attenuation of
IL-1B8 and TNF-a immunoreactivity.

Consistent with the immunohistochemical find-
ings, the mRNA expression (Figure 3B-E) and
secretion levels (Figure 3F-I) of Beclin-1, ATG5,
IL-1B, and TNF-a were significantly increased
in the model group. Compared to the model
group, acupuncture further increased the lev-
els of Beclin-1 and ATG5 expression, while
reducing IL-18 and TNF-a levels. In contrast,
compared to the model group, the 3-MA group
demonstrated decreased Beclin-1 and ATG5
levels, along with elevated IL-1B and TNF-a.
Furthermore, compared to the 3-MA group, the
3-MA + acupuncture group, the rapamycin gr-
oup, and the rapamycin + acupuncture group
all exhibited increased Beclin-1 and ATG5 lev-
els, accompanied by reduced IL-13 and TNF-c.
These results were further supported by west-
ern blot analysis (Figure 3J-M).

Acupuncture treatment attenuated apoptosis
in the hippocampus of rats

To evaluate hippocampal apoptosis, TUNEL
staining was performed. The results revealed
that the model group exhibited a higher num-
ber of TUNEL-positive cells (Figure 4A), elevat-
ed expression of cleaved caspase-3 (Figure
4B), upregulated pro-apoptotic factor Bax (Fi-
gure 4C), and downregulated anti-apoptotic
factor Bcl-2 (Figure 4D). Compared to the the
model group, the acupuncture group showed a
marked reduction in apoptotic activity. Con-
versely, the 3-MA group displayed an increase
in both apoptotic cell counts and pro-apoptotic
protein expression compared to the acupunc-
ture group. However, when compared to the
3-MA group, the 3-MA + acupuncture, rapamy-
cin, and rapamycin + acupuncture groups all
demonstrated attenuated apoptosis.

Our analysis showed that the Bcl-2/Bax ratio
was significantly reduced in the model group,
consistent with enhanced apoptotic signaling.
In the acupuncture group, the Bcl-2/Bax ratio
was markedly increased, reflecting suppressed
apoptosis. Conversely, the 3-MA group exhibit-
ed a further decline in the Bcl-2/Bax ratio rela-
tive to the acupuncture group, whereas the
3-MA + acupuncture, rapamycin, and rapamy-
cin + acupuncture groups all showed an elevat-
ed Bcl-2/Bax ratio (Figure 4E).

Am J Transl Res 2026;18(3):1945-1958



Baihui-Xuanli acupuncture alleviates ICH injury by autophagy and PI3K/AKT

150

-
o
?

4)

o

=]
1
-

>

4)
3)

Surviving neurons
(cells/mm?)

abcde f g

Figure 2. Nissl staining of hippocampal neurons in rats. Representative images and quantification of surviving neurons (cells/mm?2). (a) sham group (b) model group
(c) acupuncture group (d) 3-MA group (e) 3-MA + acupuncture group (f) rapamycin group (g) rapamycin + acupuncture group. Scale bars: 100 um (low magnification)
and 20 um (high magnification). P < 0.05, compared tothe sham group; ?P < 0.05, compared to the model group; P < 0.05, compared to the acupuncture group;
4P < 0.05, compared to the 3-MA group.
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Figure 3. The levels of Beclin-1, ATG5, IL-13 and TNF-« in rat hippocampus and serum. A. Immunohistochemical staining images of autophagy related molecules in
hippocampus. Scale bars = 100 um. B-E. The mRNA expression of Beclin, ATG5, IL-1 and TNF-« in rat hippocampus. F-Il. Secretion levels of Beclin, ATG5, IL-13 and
TNF-oc in rat serum. J-M. Protein expression of Beclin-1, ATG5, and IL-1f3 in the hippocampus. (a) sham group (b) model group (c) acupuncture group (d) 3-MA group
(e) 3-MA + acupuncture group (f) rapamycin group (g) rapamycin + acupuncture group. YP < 0.05, compared to the sham group; ?P < 0.05, compared to the model
group; ¥P < 0.05, compared to the acupuncture group; ¥P < 0.05, compared to the 3-MA group.
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Figure 4. Apoptosis levels in rat hippocampus. A. TUNEL apoptosis staining. B. The protein expression of cleaved
caspase-3. C, D. mRNA expression of Bax and Bcl-2. E. The ratio of Bcl-2/Bax: (a) sham group (b) model group (c)
acupuncture group (d) 3-MA group (e) 3-MA + acupuncture group (f) rapamycin group (g) rapamycin + acupuncture
group. YP < 0.05, compared to the sham group; ?P < 0.05, compared to the model group; P < 0.05, compared to
the acupuncture group; ¥P < 0.05, compared to the 3-MA group.

Acupuncture treatment alleviated oxidative
stress in the hippocampus of rats

During the course of ICH, the accumulation of
blood-derived components within the brain
parenchyma triggers a cascade of oxidative
stress-related reactions. In the model group,
the enzymatic activities of superoxide dis-
mutase (SOD), catalase (CAT), and glutathione
peroxidase (GSH-PX) were markedly reduced,
accompanied by elevated levels of hydrogen
peroxide (H,0,) and malondialdehyde (MDA),
indicating pronounced oxidative stress in the
hippocampus.

Compared to the model group, the acupuncture
group showed enhanced antioxidant activity,
evidenced by enhanced SOD, CAT, and GSH-PX
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activities, along with reduced concentrations
of H,0, and MDA. In contrast, the 3-MA group
displayed further decreases in SOD, CAT, and
GSH-PX activities and elevated H,0, (Figure
5A-D) and MDA levels (Figure 5E). Furthermore,
compared to the 3-MA group, the 3-MA + acu-
puncture group, rapamycin group, and rapamy-
cin + acupuncture groups all demonstrated
improved antioxidant capacity and reduced oxi-
dative stress.

Acupuncture treatment activated the PI3K-AKT
pathway in the hippocampus of rats

As shown in Figure 6A-E, phosphorylation lev-
els of PI3K and AKT proteins were significantly
reduced in the hippocampus of rats in the
model group. Compared to the model group,
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Figure 5. Oxidative stress levels in rat hippocampus. A. Superoxide dismutase (SOD) activity. B. Catalase (CAT)
activity. C. Glutathione peroxidase (GSH-PX) activity. D. Hydrogen peroxide (H,0,) levels. E. Malondialdehyde (MDA)
content. (a) sham group (b) model group (c) acupuncture group (d) 3-MA group (e) 3-MA + acupuncture group (f)
rapamycin group (g) rapamycin + acupuncture group. PP < 0.05, compared to the sham group; 2P < 0.05, compared

to the model group;

acupuncture significantly increased the ex-
pression of p-AKT and p-PI3K proteins. These
changes occurred in parallel with upregulation
of autophagy markers.

Compared to the acupuncture group, the phos-
phorylation levels of AKT and PI3K proteins
were reduced in the 3-MA group; In addition,
compared to the 3-MA group, the 3-MA + acu-
puncture group, rapamycin group, and rapamy-
cin + acupuncture group all showed notable
increases in p-AKT and p-PI3K levels (Figure
6A-E).

Discussion

It has reported that acupuncture and moxibus-
tion can attenuate neuronal necrosis and delay
neuronal damage in experimental models [16].
Acupuncture therapy, as an important thera-
peutic modality of TCM, has been widely used
in clinical treatment of various post-ICH sequel-
ae, and its efficacy has been widely recognized
[17]. From the perspective of TCM theory, ICH is
categorized as “stroke” with core pathogenesis
characterized by disruption of gi and blood flow,
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3P < 0.05, compared to the acupuncture group; ¥P < 0.05, compared to the3-MA group.

obstruction of cerebral vessels, or extravasa-
tion of blood beyond the vessels.

The “Baihui” acupoint is regarded as the “meet-
ing point of all yang meridians” capable of lift-
ing yang qi, restoring consciousness, and open-
ing the orifices. The “Xuanli” acupoint is located
in the temporal region, and is thought to regu-
late qi along the Shaoyang meridian and har-
monize qgi and blood. Stimulation of these two
acupoints is traditionally considered to pro-
mote “unblocking of brain meridians, restora-
tion of consciousness, and regulation of gi and
blood”. From a modern medicine perspective,
these acupoints are located in regions corre-
sponding to cerebral areas supplied by major
intracranial arteries. Acupuncture stimulation
may improve local cerebral blood flow and re-
gulate cerebrovascular tone and vasodilation
functions, providing a favorable microenviron-
ment for PI3BK/AKT pathway activation and
autophagy regulation [18, 19]. This “meridian-
anatomical-molecular” multi-level interaction
highlights the unique value of exploring acu-
puncture mechanisms guided by TCM theory.
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Figure 6. Expression levels of autophagy and PI3K pathway proteins in rat hippocampus. A-E. Phosphorylation levels
of PI3K and AKT. (a) sham group (b) model group (c) acupuncture group (d) 3-MA group (e) 3-MA + acupuncture
group (f) rapamycin group (g) rapamycin + acupuncture group. YP < 0.05, compared to the sham group; ?P < 0.05,
compared to the model group; ¥P < 0.05, compared to the acupuncture group; P < 0.05, compared to the 3-MA

group.

However, the effectiveness and mechanism of
acupuncture in treating ICH remain to be fur-
ther elucidated. Previous studies had reported
that acupuncture at the “Baihui” and “Qubin”
can effectively inhibit M1 polarization of microg-
lia, which is beneficial for alleviating ICH-in-
duced brain tissue injury [20, 21]. Liu Hao et al.
showed that acupuncture intervention signifi-
cantly downregulated IL-13 expression in brain
tissue of ICH rats, which was associated with
improved neurological deficit scores and en-
hanced neurological recovery [22]. In addition
to its anti-inflammatory effects, evidence sug-
gests that modulation of autophagy-related
protein expression may also contribute to neu-
roprotection after ICH. Autophagy is a self-deg-
radation process to maintain cellular homeo-
stasis. Following ICH, autophagy is initiated
and participates in endogenous neuroprotec-
tive responses by eliminating damaged organ-
elles [23]. Consistent with this notion, previous
studies had shown that acupuncture can upreg-
ulate Beclin-1 expression in the brain tissue
of ICH rats [24]. While autophagy is generally
considered neuroprotective in the early phase
after ICH, its role is highly context-dependent.
Excessive or dysregulated autophagy may con-
tribute to autophagic cell death under severe
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stress. In the present study, all assessments
were performed at 72 h post-ICH, a time win-
dow widely reported as the peak of adaptive
autophagy. The observation that 3-MA (which
reduced Beclin-1 and ATG5) exacerbated brain
injury and inflammation, whereas rapamycin
(an autophagy inducer) mimicked acupunc-
ture’s benefits, supports the notion that moder-
ate upregulation of autophagy at this stage is
protective. However, the net impact of autopha-
gy depends on its intensity, duration, and cel-
lular context-factors that warrant further in-
vestigation.

We evaluated the effects of acupuncture on
multiple pathologic processes following ICH by
measuring inflammatory cytokines, autophagy-
related proteins, neuronal apoptosis, and oxi-
dative stress. Compared to the model group,
rats receiving acupuncture at “Baihui” pene-
trating toward “Xuanli” exhibited reduced levels
of IL-1B and TNF-«, decreased neuronal apop-
tosis, and attenuated oxidative stress. Con-
currently, the expression of Beclin-1 and ATG5
was upregulated in the acupuncture group.
Pharmacological modulation further revealed
that 3-MA not only suppressed Beclin-1 and
ATG5 expression but also exacerbated inflam-
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mation, apoptosis, and oxidative damage,
whereas rapamycin produced effects similar
to those of acupuncture. These findings sug-
gest a close association between enhanced
autophagic activity and the mitigation of neuro-
inflammation, apoptosis, and oxidative stress
following ICH. While a direct causal relationship
cannot be established due to the pleiotropic
actions of the pharmacologic agents used, the
data collectively indicate that functional au-
tophagy - marked by elevated Beclin-1 and
ATG5 - coincides with broad neuroprotective
effects, including downregulation of IL-13 and
TNF-a, suppression of apoptotic pathways, and
restoration of redox balance. Thus, acupunc-
ture at “Baihui”-“Xuanli” appears to confer pro-
tection against ICH-induced secondary brain
injury through a multifaceted modulation of
these interconnected pathologic processes.

Recent studies have reported that acupuncture
may exert neuroprotective effects by modulat-
ing the PIBK/AKT signaling pathway [25, 26].
Studies have shown that acupuncture can mod-
ulate this pathway through two mechanisms.
First, acupoint specificity: the “Baihui” acupoint
is a key acupoint on the Governor Vessel, which
is closely connected with brain function, where-
as “Xuanli” acupoint belongs to the Gallbladder
Meridian of the Foot-Shaoyang, participating in
the circulation of Shaoyang meridian qi circula-
tion. Given the anatomic and meridian connec-
tions between the Governor Vessel and Gallb-
ladder Meridian in the head region, penetrating
acupuncture between Baihui and Xuanli may
enhance central regulatory effects through syn-
ergistic effects [27]. Second, neuro-humoral
regulation: acupuncture may stimulate periph-
eral nerves in the scalp, transmit signals thr-
ough the spinal cord to the central nervous
system, activate endogenous neuroprotective
mechanisms such as the release of brain-de-
rived neurotrophic factor, thereby activating the
PISK/AKT pathway [28]. In this study, acupunc-
ture at Baihui-penetrating-Xuanli was associat-
ed with concurrent upregulation of phosphory-
lated PI3K/AKT and autophagy-related markers
(Beclin-1, ATGb5), alongside reduced inflamma-
tion and improved histologic outcomes. How-
ever, it is important to acknowledge that the
relationship between PI3K/AKT activation and
autophagy induction in this context remains
correlative rather than causally established.
Notably, the pharmacologic agents (3-MA and
rapamycin) used are not selective modulators
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of autophagy. 3-MA inhibits both Class | and
Class Il PI3K, thereby potentially suppressing
AKT phosphorylation, while rapamycin acts pri-
marily on mTOR, which may trigger feedback
activation of upstream kinases, including AKT.
Therefore, the observed effects of these agents
cannot be interpreted as selective validation of
a linear ‘PI3K/AKT — autophagy’ cascade.
Instead, our data suggest that the therapeutic
efficacy of acupuncture may depend on a coor-
dinated modulation of the broader PI3K/AKT/
mTOR/autophagy network, where multiple no-
des are simultaneously influenced. The obser-
vation that 3-MA attenuated both the neuropro-
tective effects and the molecular signatures
of acupuncture, whereas rapamycin mimicked
them, supports the notion that functional au-
tophagic activity is required for the full thera-
peutic benefit of acupuncture, even though
the precise upstream regulators remain in-
completely defined. Future studies employing
genetic models (e.g., ATG5 knockout) or more
specific pathway inhibitors would help dissect
the individual contributions of each pathway
component.

Conclusion

Acupuncture at Baihui-penetrating-Xuanli ex-
erts significant neuroprotective effects in a rat
model of ICH, as evidenced by improved neuro-
logical function, reduced neuroinflammation
(decreased IL-1B and TNF-« levels), and enhan-
ced expression of autophagy-related proteins
Beclin-1 and ATG5. These protective effects are
accompanied by activation of the PI3BK/AKT sig-
naling pathway, although the precise mechanis-
tic interplay among these components remains
correlative rather than causally defined. Criti-
cally, the attenuation of acupuncture-induced
effects by autophagy inhibitor 3-MA and their
replication by autophagy activator rapamycin
underscore the functional importance of intact
autophagic activity in mediating its therapeutic
outcomes. Despite limitations related to phar-
macologic specificity and the absence of direct
assessment of mTOR/p-mTOR data preclude
definitive pathway mapping, our findings pro-
vide compelling evidence that Baihui-penetra-
ting-Xuanli acupuncture may protect against
ICH-induced brain injury through coordinated
modulation of inflammation and autophagy
within a broader PI3K/AKT/mTOR signaling con-
text. This work not only supports the clinical
application of this specific acupuncture proto-
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col but also lays a foundation for future studies
employing more precise molecular tools to dis-
sect the complex pathways underlying acu-
puncture’s neuroprotective actions.
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