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Abstract: In recent years, acupuncture has shown good therapeutic efficacy in treating neurodegenerative diseases, 
including Alzheimer’s disease, Parkinson’s disease, amyotrophic lateral sclerosis, and multiple sclerosis. Studies 
have demonstrated that acupuncture alleviates symptoms primarily by suppressing neuroinflammation, enhancing 
autophagy, improving synaptic plasticity, and optimizing mitochondrial function. As molecular research advances, 
the underlying mechanisms of acupuncture in these conditions have become increasingly clear. This review sum-
marizes recent progress in understanding the efficacy and molecular mechanisms of acupuncture in neurodegen-
erative diseases, providing a theoretical support for its clinical application.
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Introduction

Neurodegenerative diseases are a heteroge-
neous group of neurological disorders charac-
terized by the pathologic accumulation of in- 
soluble filamentous aggregates derived from 
normally soluble proteins, leading to the pro-
gressive loss of neurons in the central ner- 
vous system (CNS). These diseases include 
Alzheimer’s disease (AD), Parkinson’s disease 
(PD), Amyotrophic lateral sclerosis (ALS), and 
Multiple sclerosis (MS), adversely affecting the 
lives of millions of people worldwide [1, 2]. 
Although current pharmacological treatments 
can alleviate some symptoms, their therapeutic 
effects are limited and often accompanied by 
severe side effects [3-5]. Therefore, exploring 
safe and effective nonpharmacological thera-
peutic approaches is of utmost importance.

Acupuncture, a traditional Chinese medical te- 
chnique with a history of over 2000 years, has 
been widely used for treating various diseases 
[6]. It stimulates reflexes and activates periph-
eral nerves, which transmit sensory signals to 
the CNS, thereby modulating physiological pro-

cesses [7]. Previous studies have demonstrat-
ed that acupuncture can regulate neurotrans-
mitter levels, reduce inflammation, modulate 
oxidative stress, and maintain blood-brain bar-
rier (BBB) integrity [8, 9]. Numerous clinical 
studies have reported its therapeutic efficacy  
in treating AD, PD, ALS, and MS, although the 
underlying mechanisms remain unclear [10, 
11]. This review summarizes recent advances 
in mechanistic research on acupuncture for 
neurodegenerative diseases, providing new in- 
sight for their prevention and treatment.

Alzheimer’s disease

AD is characterized by the accumulation of 
amyloid-β (Aβ) plaques and neurofibrillary tan-
gles, as well as neuroinflammation, oxidative 
stress, and cholinergic neuron dysfunction [12]. 
Its primary clinical features include progressive 
cognitive decline and behavioral anomalies [13, 
14], which impose a substantial socioecono- 
mic burden on healthcare systems worldwide 
[15]. While antibody drugs have shown poten-
tial to slow disease progression, their long-term 
efficacy and safety remain uncertain [16, 17]. 
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Acupuncture offers a safe and promising alter-
native, with demonstrated benefits in improv-
ing cognitive function of AD patients [18],  
particularly when used in combination with 
donepezil [19, 20]. Clinical evidence indicates 
that acupuncture exhibits a remarkable thera-
peutic effect on patients with mild to moderate 
AD [18, 21]. Nevertheless, its precise mecha-
nisms of action require further exploration.

Regulation of neuroinflammation

Neuroinflammation plays a pivotal role in the 
pathologic progression of AD. Excessive activa-
tion of microglia and astrocytes leads to the 
release of pro-inflammatory cytokines (e.g., 
interleukin (IL)-1β, IL-6, and tumor necrosis 
factor-α (TNF-α)), inducing neuronal damage 
and resulting in cognitive dysfunction [22, 23]. 
Previous evidence has demonstrated that acu-
puncture at acupoints such as Baihui in AD 
model rats can inhibit the activation of microg-
lia and astrocytes, promote M2 polarization of 
microglia, and exert anti-inflammatory effects 
by upregulating IL-4 and IL-10 while downregu-
lating TNF-α, IL-1β, and IL-6 levels [24], as sum-
marized in Table 1. Sphingosine-1-phosphate 
receptor 1 (S1PR1), expressed in astrocytes, 
microglia, and oligodendrocytes, serves as a 
key biomarker of neuroinflammation [25, 26]. 
Electroacupuncture at Baihui and Sishencong 
significantly improved cognitive and memory 
performance in transgenic (APP/PS1) mouse 
model of AD with reduced S1PR1 expression 
[27]. Moreover, NLRP3 inflammasome, pre-
dominantly expressed in microglia, is a cru- 
cial mediator of neuroinflammation [28, 29]. 
Electroacupuncture at Zusanli was found to 
suppress hippocampal microglial activation by 
inhibiting NLRP3 inflammasome signaling, the- 
reby alleviating motor and cognitive impair-
ments in 5 × FAD mice [30]. Electroacupunc- 
ture has also been shown to mitigate neuroin-
flammation and improve AD-related cognitive 
deficits by modulating key inflammatory signal-
ing pathways, including TLR4/NF-κB/NLRP3 
[31], JAK2/STAT3 [32], and TLR4/MyD88 [33] 
(Figure 1).

Regulation of autophagy function

Autophagy serves as a fundamental cellular 
process responsible for the degradation of 
damaged organelles, misfolded proteins, and 
metabolic waste [34]. The pathologic progres-

sion of AD is closely linked to autophagy dys-
function, which can result in the abnormal 
accumulation of Aβ and Tau proteins [35, 36]. 
Evidence suggests that activating autophagy 
can alleviate cognitive deficits and reduce  
amyloid burden in AD models [37]. The adenos-
ine monophosphate-activated protein kinase/
mammalian target of rapamycin (AMPK/mTOR) 
pathway plays a crucial role in regulating 
autophagy [38]. Guo et al. reported that elec-
troacupuncture at Baihui and Shenshu im- 
proved cognitive function in AD mice by modu-
lating the AMPK/mTOR signaling pathway [39]. 
This modulation led to increased autophagic 
activity and Aβ clearance, as evidenced by  
elevated levels of LC3-II, a key marker of 
autophagosomes.

Additionally, transcription factor EB (TFEB),  
a central regulator of autophagy, coordinates 
autophagosome formation and lysosomal bio-
genesis [40, 41]. Electroacupuncture stimu- 
lation at the Baihui and Yongquan acupoints 
was shown to upregulate nuclear TFEB expres-
sion, thereby enhancing lysosomal function 
and reducing Aβ deposition [42]. Similarly, elec-
troacupuncture at Shenting and Benshen pro-
moted TFEB nuclear translocation via suppres-
sion of the AKT-ERK-mTORC1 axis, thereby 
enhancing autophagic flux [43].

Modulation of synaptic plasticity

Synaptic plasticity refers to the activity-depen-
dent modulation of synaptic strength, which is 
fundamental to learning and memory process-
es [44]. Impairments in synaptic plasticity are 
recognized as a vital pathogenic factor and hall-
mark feature of AD [44, 45]. Previous reports 
have shown that electroacupuncture stimula-
tion at Baihui and Shenshu can enhance syn- 
aptic transmission and mitigate AD-induced 
memory deficits [46]. Synaptophysin (SYN), 
postsynaptic density protein 95 (PSD-95), and 
growth-associated protein 43 (GAP-43) are key 
proteins involved in synaptic plasticity, playing 
critical roles in learning and memory [47]. 
Electroacupuncture has been shown to upregu-
late SYN expression in the hippocampus of AD 
mice, thereby increasing synaptic vesicle num-
bers [48]. It also enhances synaptic transmis-
sion efficiency by elevating PSD-95 expression 
[49, 50]. Additionally, acupuncture can promote 
synaptic structural remodeling by upregulating 
GAP-43 expression [51], thereby mitigating 
AD-associated cognitive impairment.
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Table 1. Mechanisms of acupuncture in treating neurodegenerative diseases in animal experimentss
Animal 
model

Time 
(year) Acupoints Result Signal pathway References

AD 
model

2024 Baihui, Shenshu Cognitive function↑, The neuron count↑, Aβ↓, LC3-II/LC3-I↑, ATG5↑, 
ATG7↑, p-AMPKα↑, p-AMPKβ1↑, p-mTOR↓, p-p70S6K↓

AMPK/mTOR↑ [39]

2024 Baihui, Yongquan Cognitive function↑, Aβ42↑, p-CTSD↑, TFEB↑, LAMP1 - [42]
2024 Baihui, Shenshu Cognitive function↑, GSK-3β↑, GAP-43↓ - [51]
2023 Baihui, Shenting Cognitive function↑, TGF-β1↓, Iba1↓, JAK2, STAT3↓, IFN-γ↓ JAK2/STAT3 [32]
2023 Zusanli Cognitive function↑, Iba1↓, NLRP3↓, IL-1β↓, IL-18↓, Aβ↓ [30]
2022 Baihui, Dachangshu, Zusanli Cognitive function↑, The number of Nissl bodies↑, TLR4↓, NF-kB p65↓, 

NLRP3↓, IL-1β↓, TNF-α↓
TLR4/NF-kB/NLRP3↓ [31]

2021 Baihui Cognitive function↑, Stat6↑, IL-4↑, 10↑, IL-6I↓, L-1β↓, TNF-α↓, Iba1↓, 
GFAP↓, p65

NF-κB↓ [24]

2021 Baihui, Yintang, Shuigou Cognitive function↑, TLR4↓, MyD88↓, NF-kB↓, iNOS↓, Iba1↓ TLR4/MyD88↓ [33]
2021 Baihui, Dazhui, Shenshu SYN↑, PSD-95↑ - [49]
2019 Baihui, Dazhui, Shenshu Cognitive function↑, SOCS3↑, JAK2↓, STAT3↓ JAK2/STAT3↓ [32]
2019 Baihui, Dazhui, Shenshu Cognitive function↑, SYN↑, PSD-95↑, p-AMPK↓, p-eEF2↓, p-eEF2K↓ AMPK/eEF2K/eEF2↓ [48]

PD 
model

2024 Fengfu, Taichong, Zusanli Exercise function↑, TH↑, SIRT3↑, α-syn↓, NLRP3↓, GSDMD↓ SIRT3/NLRP3/GSDMD [74]
2024 Taichong, Hegu, Baihui, Fengchi, 

Fengfu, Zusanli
Exercise function↑, TH↑, DA↑, α-syn↓ IRE1/XBP1↑ [75]

2024 Fengfu, Taichong, Zusanli Exercise function↑, TH↑, SIRT3↑, PINK1↑, Parkin↑, α-syn↓ SIRT3/PINK1/Parkin↑ [80]
2024 Baihui, Quchi, Zusanli Exercise function↑, GSH-Px↑, SOD↑, MDA↓, ROS↓, Nrf2↓ - [84]
2024 Fengfu, Taichong, Zusanli Exercise function↑, TH↑, BDNF↑, DAT↑, GDNF↑, NLRP3↓, IL-1β↓ - [93]
2023 Tian Shu Exercise function↑, TH↑ - [94]
2023 Yanglingquan, Kunlun Exercise function↑, TH↑, BDNF↑, pERK/ERK↑ BDNF/ERK↑ [76]
2022 Fengfu, Taichong, Zusanli Exercise function↑, TH↑, GLP-1R↑, p-PI3K↑, p-Akt↑ GLP-1R/p-PI3K/p-Akt↑ [73]
2022 Yanglingquan Exercise function↑, TH↑ - [86]

ALS 
model

2024 The Jiaji points at L1-L2 and L5-L6 
of the lumbar region

Exercise function↑, Survival time↑, The number of Nissl bodies↑, Iba-
1↓, TLR4↓, NF-κB↓, TNF-α↓

TLR4/NF-κB↓ [112]

2023 Zusanli, Yanglingquan Exercise function↑, The neuronal count↑, TDP-43↓, PPIA↓, NF-κB↓ PPIA/NF-κB↓ [111]
2021 Zusanli, Quchi Exercise function↑, SOD1↑, GSH-Px↑, Bcl-2↑, IBax↓ - [113]

MS 
model

2020 Baihui, Zhiyang MBP↑, Axl↑, Iba-1↑, Olig2↑, Myelin debris↓ - [125]
2020 Dazhui, Shenshu, Zusanli body weight↑, Neurological functional scoring↓, Extent of demyelin-

ation↓, p-p38MAPK↓
- [124]

2019 Dazhui, Shenshu, Zusanli Neurological functional scoring↓, TNF-α↓, COX-2↓, Iba-1↓ - [123]
Note: ↑ represents promotion and enhancement, while ↓ represents inhibition and reduction.



Acupuncture in neurodegenerative diseases

3706 Am J Transl Res 2025;17(5):3703-3717

Figure 1. Mechanism of acupuncture in the treatment of Alzheimer’s disease.

Neurotransmitters are essential mediators of 
synaptic transmission [52]. In AD, the levels  
of monoamine neurotransmitters, such as 5- 
hydroxytryptamine (5-HT), noradrenaline (NA), 
and dopamine (DA), are significantly reduced 
[53, 54]. Acupuncture has been shown to sig-
nificantly improve memory function in demen-
tia models by modulating these neurotransmit-
ter levels [55]. Moreover, the loss of cholinergic 
neurons and reduced acetylcholine (ACh) levels 
are major contributor to cognitive decline in AD 
[56, 57]. Acupuncture may enhance ACh levels 
by promoting its synthesis and inhibiting acetyl-
cholinesterase (AChE) activity, thereby improv-
ing memory in AD rats [58].

Protection of the blood-brain barrier

BBB dysfunction is an early event in the patho-
genesis of AD, occurring even before the 
appearance of hallmark pathologic changes 
and clinical symptoms [59, 60]. BBBB disrup-
tion impairs bidirectional molecular transport, 
compromising cerebral nutrient supply while 
obstructing Aβ efflux. Simultaneously, incre- 
ased permeability allows infiltration of plas- 
ma-derived proteins, microbial pathogens, and 

peripheral immune cell diapedisis, all of which 
contribute to the exacerbation of neuroinflam-
matory pathogenesis [61-63]. Studies have 
shown that acupuncture at Baihui, Yintang, and 
Zusanli can regulate gut microbiota to reduce 
levels of TNF-α and IL-1β, thereby preventing 
harmful substances from crossing the BBB, 
preserving BBB integrity and preventing further 
aggravation of neuroinflammation [64, 65]. 
Additionally, electroacupuncture at Baihui and 
Yintang has been reported to enhance the 
effectiveness of Donepezil in improving learn-
ing and memory abilities in AD mice, potentially 
by modulating the expression of MMP-9, LRP-1, 
P-glycoprotein, and Claudin-5 mRNAs, and by 
reinforcing Donepezil’s role in transporting Aβ 
across the BBB [66].

In short, acupuncture significantly alleviates 
neuroinflammation by suppressing excessive 
activation of microglia and astrocytes by regu-
lating inflammation-related signaling pathways 
like TLR4/NF-κB/NLRP3. It enhances autopha-
gic function and facilitates the clearance of  
Aβ by regulating autophagy-related signaling 
pathways, and improves cognitive function by 
enhancing synaptic plasticity and preserving 
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BBB integrity. Targeting molecules that regu- 
late these pathology-related pathways of AD 
may offer promising therapeutic strategies for 
the prevention and treatment of AD.

Parkinson’s disease

PD is clinically characterized by bradykinesia, 
muscular rigidity, resting tremor, and postural 
instability [67]. Although its exact pathogenic 
mechanism remains incompletely understood, 
factors such as mitochondrial dysfunction, oxi-
dative stress, protein misfolding, and neuroin-
flammation are widely regarded as major con-
tributors to disease onset and progression. The 
hallmark pathologic feature of PD is the pro-
gressive degeneration and loss of dopaminer-
gic neurons in the substantia nigra [68]. In 
recent years, numerous clinical studies have 
indicated that acupuncture significantly allevi-
ates both motor and non-motor symptoms in 
PD patients. A prospective randomized con-
trolled trial revealed that after three weeks of 
electroacupuncture treatment, the gait func-
tion of PD patients improved significantly [69]. 
In addition, acupuncture has been shown to 
mitigate the neuropsychiatric symptoms (e.g., 
depression and anxiety), enhance cognitive 
function and improve the quality of life [10]. 

Notably, acupuncture has demonstrated sus-
tained efficacy in improving sleep quality in PD 
patients [70]. Acupuncture therapy has also 
yielded remarkable effects in improving gas- 
trointestinal symptoms commonly associated 
with PD, such as constipation [71]. Accumulat- 
ing preclinical studies have begun to elucidate 
the potential mechanisms of acupuncture in 
the treatment of PD, indicating its ability to 
modulate multiple pathways involved in dis-
ease progression.

Protection of dopaminergic neurons

The hallmark pathological feature of PD is the 
progressive loss of dopaminergic neurons in 
the substantia nigra and the reduction of dopa-
mine (DA) levels [67]. Tyrosine hydroxylase (TH) 
serves as a marker for dopaminergic neurons 
[72]. Research has revealed that acupuncture 
at Fengfu, Taichong, and Zusanli in PD model 
rats can mitigate neuronal injury by upregulat-
ing TH expression [73] and reducing alpha-
synuclein (α-syn) aggregation [74, 75]. Fur- 
thermore, acupuncture can activate the BDNF/
ERK signaling pathway, promote neurogenesis, 
and enhance neuronal survival [76] (Figure 2). 
Additionally, acupuncture at Yanglingquan has 
been shown to improve motor function in PD 

Figure 2. Mechanism of acupuncture in the treatment of Parkinson’s disease.
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model mice by modulating hypothalamic neural 
circuit [77].

Improvement of mitochondrial function

Mitochondrial dysfunction is a key contributor 
to pathogenesis of PD [78]. Acupuncture has 
demonstrated notable efficacy in improving 
mitochondrial function by enhancing oxidative 
phosphorylation and regulating mitochondrial 
protein expression, thereby reducing oxida- 
tive stress-induced neuronal damage [79]. 
Mitophagy, the selective degradation of dam-
aged mitochondria, is essential for mitochon-
drial quality control. Studies have shown that 
acupuncture at Fengfu, Taichong, and Zusanli 
acupoints activates the SIRT3/PINK1/Parkin 
signaling pathway, thereby promoting mito- 
phagy, reducing α-synuclein (α-syn) aggrega-
tion, and protecting neuronal integrity [80]. 
Additionally, acupuncture improves mitochon-
drial quality by activating he SIRT1/AMPK sig-
naling pathway, which facilitates the clearance 
of dysfunctional mitochondria and mitigates 
mitochondrial dysfunction [81].

Regulation of oxidative stress and neuroin-
flammation

Oxidative stress plays a pivotal role in the 
pathogenesis of PD, where excessive reactive 
oxygen species (ROS) and free radicals can 
induce neuronal damage [82, 83]. Acupunctu- 
re modulates the antioxidant system, thereby 
reducing oxidative stress and protecting dopa-
minergic neurons [84]. Research has demon-
strated that acupuncture at Yanglingquan in- 
creased the activity of superoxide dismutase 
(SOD) and catalase (CAT), which in turn allevi-
ates oxidative stress-induced damage [85,  
86]. Electroacupuncture at Baihui, Quchi, and 
Zusanli acupoints has been shown to reduce 
lipid peroxidation, increase the activity of SOD 
and glutathione peroxidase (GSH-Px), and help 
maintain a balance in oxidative stress within 
the brain [84]. In addition to mitigating oxida-
tive stress, acupuncture also effectively modu-
lates neuroinflammation. In PD model rats, 
stimulation of Fengfu and Taichong acupoints 
regulates the TLR4/NF-κB signaling pathway, 
inhibits the sustained activation of microglia, 
decreases pro-inflammatory cytokines (TNF-α 
and IL-6), and reduces α-syn aggregation, ulti-
mately attenuating neuroinflammation-mediat-
ed neuronal damage [87].

Regulation of the brain-gut axis

The brain-gut axis has recently emerged as a 
critical player in the onset of PD [88]. Dysbiosis 
of the gut microbiota is closely associated with 
the occurrence and progression of PD, with the 
brain-gut axis mediating bidirectional commu-
nication via neural, immune, and endocrine 
systems [89]. Notably, gastrointestinal symp-
toms (e.g., constipation) in PD patients often 
precede neurodegenerative alterations, sug-
gesting that gut abnormalities may serve as 
early indicators of PD [90]. Acupuncture exhib-
its distinctive regulatory functions on the brain-
gut axis [91, 92]. For example, electroacupunc-
ture at Fengfu, Taichong, and Zusanli reduces 
intestinal goblet cell loss and inflammatory in- 
filtration, upregulates the expression of brain-
derived neurotrophic factor (BDNF), and en- 
hances the motor function of PD mice [93]. 
Similarly, electroacupuncture at Tianshu allevi-
ates gut microbiota dysbiosis and intestinal 
inflammation, not only ameliorating intestinal 
symptoms but also possibly slowing PD pro-
gression [94].

In summary, acupuncture demonstrates multi-
faceted therapeutic potential in PD treatment. 
It not only protects dopaminergic neurons, 
enhances mitochondrial function, and miti-
gates oxidative stress and neuroinflammation, 
but also ameliorates motor and non-motor 
symptoms via brain-gut axis modulation. Ne- 
vertheless, further clinical studies are needed 
to evaluate acupuncture’s long-term efficacy 
and its systemic effects on PD symptoms.

Amyotrophic lateral sclerosis

Amyotrophic lateral sclerosis (ALS) is a neuro-
degenerative disorder primarily characterized 
by progressive degeneration of both upper and 
lower motor neurons, resulting in muscle weak-
ness, atrophy, and impaired speech, swallow-
ing, and respiratory functions [95]. ALS patients 
often present non-motor symptoms including 
depression, anxiety, and cognitive impairment, 
yet these symptoms are frequently overlooked 
in clinical assessments [96]. As the disease 
progresses, patients experience significant de- 
clines in daily functioning, communication abili-
ties, and self-care capacity, severely impacting 
the quality of life and imposing a substantial 
psychological and economic burden on the 
family [97]. The pathogenesis of ALS is com-
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plex, involving the interactions among genetic 
mutations, mitochondrial dysfunction, neuroin-
flammation, and oxidative stress [98, 99]. 
Current therapeutic options remain limited, 
focusing primarily on symptom management 
and quality-of-life improvement. The two main 
drugs include riluzole and edaravone [100, 
101], demonstrating modest efficacy and are 
frequently associated with adverse effects su- 
ch as vomiting, diarrhea and dizziness [101, 
102]. Growing evidence suggests acupuncture 
may serve as an alternative therapy in the tre- 
atment of ALS. Clinical studies report potential 
benefits in symptom relief and quality-of-life 
enhancement [103-105]. For example, a 55- 
year-old female ALS patient experienced signi- 
ficant improvement in muscle strength and 
quality of life after 16 weeks of acupuncture 
treatment [104]. Another 51-year-old male 
patient demonstrated obvious improvement in 
ALS functional scores, particularly in speech 
and respiratory functions, after 8 months of 
combined electroacupuncture and TCM treat-
ment [106]. A randomized controlled trial fur-
ther revealed that two weeks of acupuncture 
combined with rehabilitation therapy signifi-
cantly improved clinical symptoms in ALS 
patients while reducing inflammatory marker 
levels [107]. These findings suggest acupunc-
ture’s therapeutic mechanisms may involve 
neuromodulation, anti-inflammatory effects, 
and improved microcirculation.

Alleviation of neuroinflammation

Animal experiments have indicated that acu-
puncture improves motor function in ALS mo- 
del mice by modulating neuroinflammatory 
responses [108, 109]. For example, acupunc-
ture at Baihui, Tianzhu, and Tianshu enhanced 
motor performance in ALS mice, accompanied 
by reduced serum levels of MCP-1 and TNF-α, 
downregulated cortical expression of Iba-1, 
HMGB1, and RhoA proteins, and decreased 
TDP-43 positive cell rate, suggesting that acu-
puncture may alleviate neuroinflammation by 
influencing the HMGB1/RhoA signaling path-
way [110]. Additionally, stimulation of Yang- 
lingquan and Zusanli acupoints reduced neuro-
inflammation and improved motor function in 
ALS mice through the PPIA/NF-κB signaling 
pathway [111]. Early electroacupuncture inter-
vention at Jiaji acupoints postponed disease 
onset and extended survival in ALS mice, pos-

sibly through TLR4/NF-κB pathway inhibition, 
microglia activation suppression, inflammatory 
cytokine reduction, and motor neuron protec-
tion [112].

Antioxidant stress and neuroprotective effects

Acupuncture exerts neuroprotective effects in 
ALS models through antioxidant and anti-apop-
totic mechanisms. For instance, acupuncture 
at Zusanli and Quchi enhances antioxidant 
enzyme activity, reduced Bax protein expres-
sion, and upregulated Bcl-2 levels, thereby sig-
nificantly improving body weight and motor 
function in ALS model mice [113]. In the ALS 
mouse model, electroacupuncture improved 
the sciatic functional index (SFI), muscle atro-
phy, muscle structure, and acetylcholinester-
ase (AChE) expression. These effects facilitate 
the repair and regeneration of neuromuscular 
junctions (NMJs) [114].

The mechanisms underlying acupuncture in  
the treatment of ALS include inhibiting neuro- 
inflammation, counteracting oxidative stress, 
reducing neuronal cell loss, and enhancing 
motor function, thereby delaying disease pro-
gression. Nevertheless, its long-term efficacy 
still requires further validation in both basic 
experiments and clinical studies.

Multiple sclerosis

Multiple sclerosis (MS) is a chronic immune-
mediated neurodegenerative disease charac-
terized by demyelinating lesions in the central 
nervous system, with both genetic and environ-
mental contributions to its pathogenesis [115]. 
The disease typically manifests as motor, sen-
sory, and cognitive impairments that seriously 
affect their quality of life [116]. Current main-
stream therapies (immunomodulators and im- 
munosuppressants) demonstrate limited effi-
cacy and carry risks of complications such as 
an increased risk of infection [117]. Growing 
evidence supports acupuncture as a valuable 
adjunct therapy for MS management. A system-
atic review confirmed acupuncture’s efficacy in 
reducing fatigue and improving quality of life 
[118]. Acupuncture treatment can also allevi-
ate pain, gait disorders, and bladder dysfunc-
tion in MS patients, and even reduce disease 
relapses [119, 120]. For example, in a study by 
Karpatkin et al., they reported significantly 
improved upper limb strength in MS patients 
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after 4-weeks of acupuncture treatment [121]. 
Another study revealed that after acupuncture 
at Liangqiu, Weizhong, and Chengshan acu-
points, the T25FW gait test performance was 
improved significantly, suggesting that acu-
puncture might be an effective therapy for gait 
disorders in MS patients [122].

Animal studies have shown that acupuncture  
at Dazhui, Zusanli, and Shenshu in mice with 
autoimmune encephalomyelitis significantly re- 
duced the expression of p-p38MAPK in the 
brain tissues, decreased the levels of COX-2 
and IBA-1 in the spinal cord, and attenuated 
demyelination severity in mice with multiple 
sclerosis (MS) [123, 124]. Another investiga-
tion on demyelination mouse model indicated 
that electroacupuncture at Baihui and Zhiyang 
acupoints could upregulate the expression of 
myelin basic protein (MBP), Iba-1, and tyrosine 
kinase (Axl) receptor in the first five days, ac- 
celerate the clearance of myelin debris, and 
facilitate myelin regeneration and repair; on 
day 10, these indicators gradually declined and 
returned to normal levels by day 21 [125].

These findings reveal acupuncture’s bidirec-
tional immunomodulatory capacity. When a 
considerable amount of myelin debris is gener-
ated, acupuncture can regulate the immune 
system, activate microglia to exert a phagocytic 
role, expedite the clearance of myelin debris, 
and facilitate myelin regeneration. When in- 
flammatory infiltration aggravates, acupunctu- 
re can also inhibit the excessive activation of 
microglia and modulate the immune balance. 
In conclusion, the candidate mechanisms of 
acupuncture in the treatment of MS include 
immune regulation, attenuation of inflammato-
ry responses, and promotion of myelin regen-
eration and repair. Nevertheless, more experi-
mental research is requisite to further validate 
its specific mechanisms of action.

Acupuncture for other neurodegenerative 
diseases

Beyond the previously discussed disorders, evi-
dence suggests potential therapeutic applica-
tions of acupuncture for other neurodegenera-
tive conditions including Huntington’s disease 
(HD), frontotemporal dementia (FTD), multiple 
system atrophy (MSA), and spinal muscular 
atrophy (SMA). While these diseases exhibit 
distinct pathophysiologic mechanisms and clin-

ical presentations, acupuncture has been pro-
posed as a therapeutic option for neurodegen-
erative diseases such as HD, FTD, MSA, SMA. 
Mechanisms are speculated to involve modula-
tion of neurotransmitter systems, neuroinflam-
mation, and neuroprotection. Acupuncture may 
influence neurotransmitter release, such as 
dopamine in HD, which could alleviate motor 
symptoms, or serotonin and norepinephrine in 
FTD, possibly addressing behavioral and cog- 
nitive disturbances. Additionally, acupuncture 
may promote neuroplasticity, enhance cerebral 
circulation, and reduce oxidative stress, which 
are important factors in slowing disease pro-
gression and improving neuronal function 
[126].

However, despite these promising theoretical 
mechanisms, there is insufficient clinical and 
basic research to conclusively support acu-
puncture as an effective treatment for these 
diseases. Current studies have been limited in 
sample size, methodological rigor, and clinical 
application. High-quality, large-scale clinical tri-
als are necessary to provide robust evidence 
regarding the efficacy and safety of acupunc-
ture in the treatment of HD, FTD, MSA, and 
SMA. Further research will help determine the 
precise mechanisms of acupuncture and its 
potential as an adjunctive therapy in these 
challenging neurodegenerative conditions.

Discussion

Acupuncture has emerged as a promising com-
plementary therapy for AD, PD, ALS, and MS. 
Recent studies reveals that the acupuncture 
exerts its therapeutic effects through multi-
modal mechanisms, including regulating ne- 
uroinflammation, oxidative stress, autophagy, 
synaptic plasticity, the brain-gut axis, and pro-
tecting the blood-brain barrier. Acupuncture 
exhibits remarkable multi-target regulatory 
capabilities, ameliorating patients’ cognitive 
and motor functions as well as non-motor 
symptoms through diverse signaling pathways. 
In AD, acupuncture mainly improves cogni- 
tive function by regulating neuroinflammation, 
autophagy, synaptic plasticity, and safeguard-
ing the blood-brain barrier; in PD, acupuncture 
improves motor and non-motor symptoms by 
protecting dopaminergic neurons, regulating 
mitochondrial function, counteracting oxidative 
stress, and modulating the brain-gut axis; in 
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the treatment of ALS, acupuncture protects 
motor neurons by anti-inflammation and anti-
oxidative stress, alleviating symptoms; in MS, 
acupuncture reduces demyelination and im- 
proves clinical manifestations through anti-
inflammation and immunomodulation.

Across these neurodegenerative conditions, 
acupuncture demonstrates four fundamental 
neuroprotective mechanisms. First, acupunc-
ture helps reduce excessive microglial activa-
tion, inhibit the release of pro-inflammatory fac-
tors like TNF-α and IL-1β, and minimize neur- 
onal damage. Second, acupuncture can allevi-
ate neuronal damage by regulating the oxida-
tive stress response, a mechanism that is par-
ticularly significant in PD and ALS. Third, the 
neuroprotective role of acupuncture in various 
neurodegenerative diseases is manifested as 
promoting neuronal survival, increasing neuro-
trophic factors (such as BDNF), and enhancing 
neuronal function, all of which are of vital 
importance for the treatment of AD, PD, ALS, 
and MS. Additionally, in the treatment of AD 
and PD, acupuncture improves motor and cog-
nitive functions by regulating the balance of 
neurotransmitters (such as dopamine and 
acetylcholine).

Significant progress has been made in resear- 
ch of acupuncture for neurodegenerative dis-
eases; however, there remain several challeng-
es. One such challenge is the multi-target 
mechanism of acupuncture, which adds to its 
complexity of. For instance, acupuncture at 
Baihui can modulate both the IL-4/Stat6 and 
NF-κB pathways to mitigate neuroinflammation 
in AD [24], and regulating oxidative stress to 
protect dopaminergic neurons in PD [84]. 
Acupuncture at Zusanli plays a role in the treat-
ment of AD, PD, ALS by alleviating neuroinflam-
mation, regulating oxidative stress and enhanc-
ing mitochondrial autophagy through TLR4/
NF-κB/NLRP3 [31], SIRT3/PINK1/Parkin [80], 
PPIA/NF-κB [111], and other signaling path-
ways. The mechanisms to identify the key regu-
latory pathways within these mechanisms still 
require further investigation.

Future studies should prioritize molecular 
mechanisms of acupuncture in regulating in- 
flammation, oxidative stress, autophagy and 
synaptic plasticity, and clarify the interactions 
between each signaling pathway and acupunc-
ture therapy. This will be conducive to clarifying 

its application potential in diverse diseases.  
By incorporating multi-omics techniques (such 
as genomics, proteomics and metabolomics, 
single-cell sequencing, and spatial transcrip-
tomics), electrophysiological methods (such as 
patch clamp technique) and imaging technolo-
gies (such as PET-MRI), the multi-level regula-
tory mechanisms of acupuncture on the ner-
vous system can be further disclosed, facili- 
tating the individualized and precise develop-
ment of acupuncture treatment. Conducting 
large-scale, multi-center, randomized, controll- 
ed, and double-blind clinical trials will be help-
ful in assessing the long-term therapeutic effi-
cacy of acupuncture in AD, PD, ALS and MS. In 
summary, acupuncture, as a significant adjunc-
tive therapeutic approach for neurodegenera-
tive diseases, holds the potential to modulate 
multiple pathological mechanisms. Future in-
depth investigations are anticipated to offer 
more compelling evidence-based support for 
acupuncture treatment, and promote clinical 
use.

Disclosure of conflict of interest

None.

Address correspondence to: Hong Zhang, School  
of Acupuncture and Tuina School, Chengdu Uni- 
versity of Traditional Chinese Medicine, No. 1166 
Liutai Avenue, Wenjiang District, Chengdu 611137, 
Sichuan, China. E-mail: freoiter@outlook.com

References

[1] Wilson DM 3rd, Cookson MR, Van Den Bosch 
L, Zetterberg H, Holtzman DM and Dewachter 
I. Hallmarks of neurodegenerative diseases. 
Cell 2023; 186: 693-714.

[2] Zhu F, Yin S, Ma T, Li L, Li S, Liu J, Wang Y, Mao 
S and Wu J. An overview of systematic reviews 
of acupuncture for neurodegenerative dis-
ease. Asian J Psychiatr 2024; 91: 103882.

[3] Toader C, Dobrin N, Brehar FM, Popa C, Co-
vache-Busuioc RA, Glavan LA, Costin HP, Bratu 
BG, Corlatescu AD, Popa AA and Ciurea AV. 
From recognition to remedy: the significance of 
biomarkers in neurodegenerative disease pa-
thology. Int J Mol Sci 2023; 24: 16119.

[4] Cummings J, Lanctot K, Grossberg G and Bal-
lard C. Progress in pharmacologic manage-
ment of neuropsychiatric syndromes in neuro-
degenerative disorders: a review. JAMA Neurol 
2024; 81: 645-653.

[5] Gadhave DG, Sugandhi VV, Jha SK, Nangare 
SN, Gupta G, Singh SK, Dua K, Cho H, Hansbro 

mailto:2000012@tongji.edu.cn


Acupuncture in neurodegenerative diseases

3712 Am J Transl Res 2025;17(5):3703-3717

PM and Paudel KR. Neurodegenerative disor-
ders: mechanisms of degeneration and thera-
peutic approaches with their clinical relevance. 
Ageing Res Rev 2024; 99: 102357.

[6] Longhurst JC. Defining meridians: a modern 
basis of understanding. J Acupunct Meridian 
Stud 2010; 3: 67-74.

[7] Lu L, Zhang Y, Tang X, Ge S, Wen H, Zeng J, 
Wang L, Zeng Z, Rada G, Ávila C, Vergara C, 
Tang Y, Zhang P, Chen R, Dong Y, Wei X, Luo W, 
Wang L, Guyatt G, Tang C and Xu N. Evidence 
on acupuncture therapies is underused in clin-
ical practice and health policy. BMJ 2022; 376: 
e067475.

[8] Miao C, Li X and Zhang Y. Effect of acupunc-
ture on BDNF signaling pathways in several 
nervous system diseases. Front Neurol 2023; 
14: 1248348.

[9] Zhang B, Shi H, Cao S, Xie L, Ren P, Wang J and 
Shi B. Revealing the magic of acupuncture 
based on biological mechanisms: a literature 
review. Biosci Trends 2022; 16: 73-90.

[10] Tan W, Xie F, Zhou J, Pan Z, Liao M and Zhuang 
L. Efficacy and safety of acupuncture therapy 
for neuropsychiatric symptoms among pa-
tients with Parkinson’s disease: a systematic 
review and meta-analysis. Clin Rehabil 2024; 
38: 1044-1062.

[11] Wang XS, Li JJ, Wang YS, Yu CC, He C, Huang 
ZS, Jiang T, Hao Q and Kong LH. Acupuncture 
and related therapies for the cognitive function 
of Alzheimer’s disease: a network meta-analy-
sis. Iran J Public Health 2021; 50: 2411-2426.

[12] Butterfield DA and Halliwell B. Oxidative stress, 
dysfunctional glucose metabolism and Al-
zheimer disease. Nat Rev Neurosci 2019; 20: 
148-160.

[13] Scheltens P, De Strooper B, Kivipelto M, Hol-
stege H, Chételat G, Teunissen CE, Cummings 
J and van der Flier WM. Alzheimer’s disease. 
Lancet 2021; 397: 1577-1590.

[14] Mecca AP and van Dyck CH. Alzheimer’s & De-
mentia: the journal of the Alzheimer’s associa-
tion. Alzheimers Dement 2021; 17: 316-317.

[15] Nandi A, Counts N, Chen S, Seligman B, Tor-
torice D, Vigo D and Bloom DE. Global and re-
gional projections of the economic burden of 
Alzheimer’s disease and related dementias 
from 2019 to 2050: a value of statistical  
life approach. EClinicalMedicine 2022; 51: 
101580.

[16] Alves F, Kalinowski P and Ayton S. Accelerated 
brain volume loss caused by anti-β-amyloid 
drugs: a systematic review and meta-analysis. 
Neurology 2023; 100: e2114-e2124.

[17] Morris R, Luboff H, Jose RP, Eckhoff K, Bu K, 
Pham M, Rohlsen-Neal D and Cheng F. Brady-
cardia due to donepezil in adults: systematic 
analysis of FDA adverse event reporting sys-
tem. J Alzheimers Dis 2021; 81: 297-307.

[18] Jia Y, Zhang X, Yu J, Han J, Yu T, Shi J, Zhao L 
and Nie K. Acupuncture for patients with mild 
to moderate Alzheimer’s disease: a random-
ized controlled trial. BMC Complement Altern 
Med 2017; 17: 556.

[19] Kong X, Ma Z, Tang R, Wang X, Wei K, Yang G, 
Yang Y, Zhao Y, Zhang D, Xie C, Wang G and Ma 
X. Efficacy of acupuncture in patients with mild 
Alzheimer’s disease and its impact on gut mi-
crobiota: study protocol for a randomized sh-
am-controlled trial. Front Med (Lausanne) 
2023; 10: 1014113.

[20] Peng W, Zhou J, Xu M, Feng Q, Bin L and Liu Z. 
The effect of electroacupuncture combined 
with donepezil on cognitive function in Al-
zheimer’s disease patients: study protocol for 
a randomized controlled trial. Trials 2017; 18: 
301.

[21] Diao ZY, Wang F, Zhou SH, Zhang WT and Han 
XL. Clinical observation on 44 cases of acu-
puncture in adjunctive treatment of mild and 
moderate Alzheimer’s disease with kidney de-
ficiency and marrow reduction syndrome. Jour-
nal of Gansu University of Chinese Medicine 
2023; 40: 78-83.

[22] Wu ZG, Huang YJ, Wang TY, Deng CY, Xu ZR 
and Tang CZ. Effect of acupuncture on neuro-
inflammation in animal models of Alzheimer’s 
disease: a preclinical systematic review and 
meta-analysis. Front Aging Neurosci 2023; 15: 
1110087.

[23] Mata-Martínez E, Díaz-Muñoz M and Vázquez-
Cuevas FG. Glial cells and brain diseases: in-
flammasomes as relevant pathological enti-
ties. Front Cell Neurosci 2022; 16: 929529.

[24] Xie L, Liu Y, Zhang N, Li C, Sandhu AF, Williams 
G 3rd, Shen Y, Li H, Wu Q and Yu S. Electroacu-
puncture improves M2 microglia polarization 
and glia anti-inflammation of hippocampus in 
Alzheimer’s disease. Front Neurosci 2021; 15: 
689629.

[25] Bravo GÁ, Cedeño RR, Casadevall MP and 
Ramió-Torrentà L. Sphingosine-1-phosphate 
(S1P) and S1P signaling pathway modulators, 
from current insights to future perspectives. 
Cells 2022; 11: 2058.

[26] Liu H, Luo Z, Gu J, Jiang H, Joshi S, Shoghi KI, 
Zhou Y, Gropler RJ, Benzinger TLS and Tu Z.  
In vivo characterization of four 18F-labeled 
S1PR1 tracers for neuroinflammation. Mol Im-
aging Biol 2020; 22: 1362-1369.

[27] Wang L, Bi L, Qiu Y, Huang G, Ye P, Liu Y, Li A, 
Yang X, Shen P, Wang J, Zeng Q, Zhang H, Li S 
and Jin H. Effectiveness of electro-acupunc-
ture for cognitive improvement on Alzheimer’s 
disease quantified via PET imaging of sphingo-
sine-1-phosphate receptor 1. Alzheimers De-
ment 2024; 20: 8331-8345.

[28] Pennisi M, Crupi R, Di Paola R, Ontario ML, 
Bella R, Calabrese EJ, Crea R, Cuzzocrea S and 



Acupuncture in neurodegenerative diseases

3713 Am J Transl Res 2025;17(5):3703-3717

Calabrese V. Inflammasomes, hormesis, and 
antioxidants in neuroinflammation: role of 
NRLP3 in Alzheimer disease. J Neurosci Res 
2017; 95: 1360-1372.

[29] Yao J, Li Y, Liu X, Liang W, Li Y, Wu L, Wang Z 
and Song W. FUBP3 mediates the amyloid-β-
induced neuronal NLRP3 expression. Neural 
Regen Res 2025; 20: 2068-2083.

[30] Ni H, Ren J, Wang Q, Li X, Wu Y, Liu D and Wang 
J. Electroacupuncture at ST 36 ameliorates 
cognitive impairment and beta-amyloid pathol-
ogy by inhibiting NLRP3 inflammasome activa-
tion in an Alzheimer’s disease animal model. 
Heliyon 2023; 9: e16755.

[31] Liao DM, Pang F, Zhou M, Li Y, Yang YH, Guo X 
and Tang CL. Effect of electroacupuncture on 
cognitive impairment in APP/PS1 mice based 
on TLR4/NF-κB/NLRP3 pathway. Zhen Ci Yan 
Jiu 2022; 47: 565-572.

[32] Liu J, Du YJ, Zhou QL and Sun GJ. Acupuncture 
plus moxibustion intervention improves learn-
ing-memory ability by suppressing hippocam-
pal JAK2/STAT3 signaling in Alzheimer’s rats. 
Zhen Ci Yan Jiu 2019; 44: 79-84.

[33] Lu M, Ding N, Wang X, Cao J, Jiang J, Gao Y and 
Li Z. Electro-acupuncture therapy to improve 
spatial learning and memory in APPswe/PS-
1dE9 transgenic mice through the inhibition of 
the TLR4/MyD88 signaling pathway. Journal of 
Traditional Chinese Medical Sciences 2019; 6: 
184-192.

[34] Pollack SJ, Dakkak D, Guo T, Chennell G, Go-
mez-Suaga P, Noble W, Jimenez-Sanchez M 
and Hanger DP. Truncated tau interferes with 
the autophagy and endolysosomal pathway 
and results in lipid accumulation. Cell Mol Life 
Sci 2024; 81: 304.

[35] Tran M and Reddy PH. Defective autophagy 
and mitophagy in aging and Alzheimer’s dis-
ease. Front Neurosci 2021; 14: 612757.

[36] Xu L, Wu X, Zhao S, Hu H, Wang S, Zhang Y, 
Chen J, Zhang X, Zhao Y, Ma R, Huang F and 
Shi L. Harnessing nanochaperone-mediated 
autophagy for selective clearance of pathogen-
ic Tau protein in Alzheimer’s disease. Adv Ma-
ter 2024; 36: e2313869.

[37] Luo R, Su LY, Li G, Yang J, Liu Q, Yang LX, Zhang 
DF, Zhou H, Xu M, Fan Y, Li J and Yao YG. Activa-
tion of PPARA-mediated autophagy reduces 
Alzheimer disease-like pathology and cognitive 
decline in a murine model. Autophagy 2020; 
16: 52-69.

[38] Wang R and Hu W. Asprosin promotes β-cell 
apoptosis by inhibiting the autophagy of β-cell 
via AMPK-mTOR pathway. J Cell Physiol 2021; 
236: 215-221.

[39] Wan W, Wang Y, Li L, Ma C, Wang Y and You F. 
Electroacupuncture improves learning and 
memory abilities via activating AMPK/mTOR-

induced autophagy in APP/PS1 mice. Biochem 
Genet 2024; 62: 2540-2552.

[40] Sardiello M, Palmieri M, di Ronza A, Medina 
DL, Valenza M, Gennarino VA, Di Malta C, Don-
audy F, Embrione V, Polishchuk RS, Banfi S, 
Parenti G, Cattaneo E and Ballabio A. A gene 
network regulating lysosomal biogenesis and 
function. Science 2009; 325: 473-477.

[41] Settembre C, Di Malta C, Polito VA, Garcia 
Arencibia M, Vetrini F, Erdin S, Erdin SU, Huynh 
T, Medina D, Colella P, Sardiello M, Rubinsztein 
DC and Ballabio A. TFEB links autophagy to ly-
sosomal biogenesis. Science 2011; 332: 
1429-1433.

[42] Chen H, Yang X, Gao Y, Jiang H, Guo M, Zhou Y, 
Li C, Tan Y, Zhang Y and Xue W. Electroacu-
puncture ameliorates cognitive impairment in 
APP/PS1 mouse by modulating TFEB levels  
to relieve ALP dysfunction. Brain Res 2024; 
1823: 148683.

[43] Zheng X, Lin W, Jiang Y, Lu K, Wei W, Huo Q, Cui 
S, Yang X, Li M, Xu N, Tang C and Song JX. Elec-
troacupuncture ameliorates beta-amyloid pa-
thology and cognitive impairment in Alzheimer 
disease via a novel mechanism involving acti-
vation of TFEB (transcription factor EB). Au-
tophagy 2021; 17: 3833-3847.

[44] Peineau S, Rabiant K, Pierrefiche O and Potier 
B. Synaptic plasticity modulation by circulating 
peptides and metaplasticity: involvement in Al-
zheimer’s disease. Pharmacol Res 2018; 130: 
385-401.

[45] Zhang Y, Zhang J, Wang Y and Yao J. Global 
trends and prospects about synaptic plasticity 
in Alzheimer’s disease: a bibliometric analysis. 
Front Aging Neurosci 2023; 15: 1234719.

[46] Li W, Kong LH, Wang H, Shen F, Wang YW, Zhou 
H and Sun G. High-frequency electroacupunc-
ture evidently reinforces hippocampal synaptic 
transmission in Alzheimer’s disease rats. Neu-
ral Regen Res 2016; 11: 801-806.

[47] Franzmeier N, Dehsarvi A, Steward A, Biel D, 
Dewenter A, Roemer SN, Wagner F, Groß M, 
Brendel M, Moscoso A, Arunachalam P, Blen-
now K, Zetterberg H, Ewers M and Schöll M. 
Elevated CSF GAP-43 is associated with accel-
erated tau accumulation and spread in Al-
zheimer’s disease. Nat Commun 2024; 15: 
202.

[48] Dong W, Yang W, Li F, Guo W, Qian C, Wang F, Li 
C, Lin L and Lin R. Electroacupuncture im-
proves synaptic function in SAMP8 mice prob-
ably via inhibition of the AMPK/eEF2K/eEF2 
signaling pathway. Evid Based Complement 
Alternat Med 2019; 2019: 8260815.

[49] Hong MM, Zhao E, Chen LM, Guo WQ, Zhang 
JY, Lin L, Wang F and Dong WG. Effects of early 
electroacupuncture on expressions of synap-
sin and PSD-95 in cortex and hippocampus of 



Acupuncture in neurodegenerative diseases

3714 Am J Transl Res 2025;17(5):3703-3717

SAMP8 mice. Chinese Journal of Information 
on TCM 2021; 28: 49-53.

[50] Yu CC, Wang XF, Wang J, Li C, Xiao J, Wang XS, 
Han R, Wang SQ, Lin YF, Kong LH and Du YJ. 
Electroacupuncture alleviates memory deficits 
in APP/PS1 mice by targeting serotonergic 
neurons in dorsal raphe nucleus. Curr Med Sci 
2024; 44: 987-1000.

[51] Wang Y, Kong L, Li W, Zhang K, Shen F, Wang Y, 
Zhou H and Sun G. Effects and mechanisms of 
different frequencies of electroacupuncture 
for learning and memory ability of Alzheimer’s 
rats. Zhongguo Zhen Jiu 2017; 37: 629-636.

[52] Roy J, Tsui KC, Ng J, Fung ML and Lim LW. Reg-
ulation of melatonin and neurotransmission in 
Alzheimer’s disease. Int J Mol Sci 2021; 22: 
6841.

[53] Tripathi S and Mazumder PM. Neuroprotective 
efficacy of apple cider vinegar on zinc-high fat 
diet-induced mono amine oxidase alteration in 
murine model of AD. J Am Nutr Assoc 2022; 
41: 658-667.

[54] Plini ERG, O’Hanlon E, Boyle R, Sibilia F, Rikhye 
G, Kenney J, Whelan R, Melnychuk MC, Robert-
son IH and Dockree PM. Examining the role of 
the noradrenergic locus coeruleus for predict-
ing attention and brain maintenance in healthy 
old age and disease: an mri structural study for 
the Alzheimer’s disease neuroimaging initia-
tive. Cells 2021; 10: 1829.

[55] Zhang HZ, Liang YL, Zhang XJ, Zhang C, Sun 
YH, Zhang XJ, Xu XK, Jia RG and Wang XG. Ef-
fect of electroacupuncture intervention at dif-
ferent time-points of post-modeling on hippo-
campal monoamine neurotransmitter levels in 
mice with vascular dementia. Zhen Ci Yan Jiu 
2014; 39: 142-147.

[56] Li XT. Alzheimer’s disease therapy based on 
acetylcholinesterase inhibitor/blocker effects 
on voltage-gated potassium channels. Metab 
Brain Dis 2022; 37: 581-587.

[57] Zhang H, Wang Y, Wang Y, Li X, Wang S and 
Wang Z. Recent advance on carbamate-based 
cholinesterase inhibitors as potential multi-
functional agents against Alzheimer’s disease. 
Eur J Med Chem 2022; 240: 114606.

[58] Wang LS and Zhou LS. Effects of electroacu-
puncture treatment for AD model rats in the 
content of Ach, ChAT and AchE. Journal of Clin-
ical Acupuncture and Moxibustion 2009; 25: 
40-42, 54.

[59] Erickson MA and Banks WA. Blood-brain barri-
er dysfunction as a cause and consequence of 
Alzheimer’s disease. J Cereb Blood Flow Metab 
2013; 33: 1500-1513.

[60] Yamazaki Y and Kanekiyo T. Blood-brain barri-
er dysfunction and the pathogenesis of Al-
zheimer’s disease. Int J Mol Sci 2017; 18: 
1965.

[61] Nehra G, Bauer B and Hartz AMS. Blood-brain 
barrier leakage in Alzheimer’s disease: from 
discovery to clinical relevance. Pharmacol Ther 
2022; 234: 108119.

[62] Parker A, Fonseca S and Carding SR. Gut mi-
crobes and metabolites as modulators of 
blood-brain barrier integrity and brain health. 
Gut Microbes 2020; 11: 135-157.

[63] Sweeney MD, Sagare AP and Zlokovic BV. 
Blood-brain barrier breakdown in Alzheimer’s 
disease and other neurodegenerative disor-
ders. Nat Rev Neurol 2018; 14: 133-150.

[64] Zhang Y, Ding N, Hao X, Zhao J, Zhao Y, Li Y and 
Li Z. Manual acupuncture benignly regulates 
blood-brain barrier disruption and reduces li-
popolysaccharide loading and systemic inflam-
mation, possibly by adjusting the gut microbio-
ta. Front Aging Neurosci 2022; 14: 1018371.

[65] Zhang Y, Hao X, Ding N, Sun RQ, Zhao J, Zhao 
YL, Li YR and Li ZG. Exploring the effect of 
“Tongdu Qishen” acupuncture on blood-brain 
barrier structure and LPS in APP/PS1 mice 
based on gut flora. Modernization of Tradition-
al Chinese Medicine and Materia Medica-
World Science and Technology 2023; 25: 
2382-2389.

[66] Yang ZX, Tang CL, Li XH, Zhu ZW, Qiu L, An HY, 
Wu MJ and Yang YH. Effect of electroacupunc-
ture combined with Donepezil on learning-
memory ability and expression of hippocampal 
β-amyloid clearance-related genes in SAMP8 
mice. Zhen Ci Yan Jiu 2020; 45: 281-286.

[67] Qian H, Kang X, Hu J, Zhang D, Liang Z, Meng 
F, Zhang X, Xue Y, Maimon R, Dowdy SF, De-
varaj NK, Zhou Z, Mobley WC, Cleveland DW 
and Fu XD. Reversing a model of Parkinson’s 
disease with in situ converted nigral neurons. 
Nature 2020; 582: 550-556.

[68] Simon DK, Tanner CM and Brundin P. Parkin-
son disease epidemiology, pathology, genetics, 
and pathophysiology. Clin Geriatr Med 2020; 
36: 1-12.

[69] Lei H, Toosizadeh N, Schwenk M, Sherman S, 
Karp S, Sternberg E and Najafi B. A pilot clini-
cal trial to objectively assess the efficacy of 
electroacupuncture on gait in patients with 
Parkinson’s disease using body worn sensors. 
PLoS One 2016; 11: e0155613.

[70] Yan M, Fan J, Liu X, Li Y, Wang Y, Tan W, Chen Y, 
He J and Zhuang L. Acupuncture and sleep 
quality among patients with parkinson dis-
ease: a randomized clinical trial. JAMA Netw 
Open 2024; 7: e2417862.

[71] Li YJ, Leong II, Fan JQ, Yan MY, Liu X, Lu WJ, 
Chen YY, Tan WQ, Wang YT and Zhuang LX. Ef-
ficacy of acupuncture for the treatment of Par-
kinson’s disease-related constipation (PDC): a 
randomized controlled trial. Front Neurosci 
2023; 17: 1126080.



Acupuncture in neurodegenerative diseases

3715 Am J Transl Res 2025;17(5):3703-3717

[72] Jin M, Matsumoto S, Ayaki T, Yamakado H, Ta-
guchi T, Togawa N, Konno A, Hirai H, Nakajima 
H, Komai S, Ishida R, Chiba S, Takahashi R, 
Takao T and Hirotsune S. DOPAnization of tyro-
sine in α-synuclein by tyrosine hydroxylase 
leads to the formation of oligomers. Nat Com-
mun 2022; 13: 6880.

[73] Li HZ, Qi L, Zhang XL, Chen XL, Guo L, Guo SQ 
and Ma J. Effect of electroacupuncture on GLP-
1R/PI3K/Akt protein pathway in mice with Par-
kinson’s disease. Zhen Ci Yan Jiu 2022; 47: 
27-32.

[74] Wang Y, Wang YC and Ma J. Effects of elec-
troacupuncture on Sirt3/NLRP3/GSDMD sig-
naling pathway in the substantia nigra of mid-
brain of rats with Parkinson’s disease. Zhen Ci 
Yan Jiu 2024; 49: 384-390.

[75] Wang Z, Kou M, Deng Q, Yu H, Mei J, Gao J, Fu 
W and Ning B. Acupuncture activates IRE1/
XBP1 endoplasmic reticulum stress pathway in 
Parkinson’s disease model rats. Behav Brain 
Res 2024; 462: 114871.

[76] Lee Y, Lee H, Bae CH, Seo JE, Kim HY, Koo S 
and Kim S. Electroacupuncture at GB34 mod-
ulates neurogenesis and BDNF-ERK signaling 
in a mouse model of Parkinson’s disease. J 
Tradit Complement Med 2023; 13: 263-269.

[77] Oh JY, Lee H, Jang SY, Kim H, Park G, Serikov A, 
Jang JH, Kim J, Yang S, Sa M, Lee SE, Han YE, 
Hwang TY, Jung SJ, Kim HY, Lee SE, Oh SJ, Kim 
J, Kim J, Kim J, McHugh TJ, Lee CJ, Nam MH 
and Park HJ. Central role of hypothalamic cir-
cuits for acupuncture’s anti-parkinsonian ef-
fects. Adv Sci (Weinh) 2024; 11: e2403245.

[78] He T, Lin X, Su A, Zhang Y, Xing Z, Mi L, Wei T, Li 
Z and Wu W. Mitochondrial dysfunction-target-
ing therapeutics of natural products in Parkin-
son’s disease. Front Pharmacol 2023; 14: 
1117337.

[79] Cai WB, Yang L, Yan XN, Yu ZL, Yang L and Lyo 
EL. Effect of electro-acupuncture at scalp-acu-
points on motor function and oxidative stress 
in mice with Parkinson’s disease. Journal of 
Guangzhou University of Traditional Chinese 
Medicine 2017; 34: 204-209.

[80] Zhang GJ, Wang Y, Li JL, Ma J and Wang YC. 
Effects of electroacupuncture on mitophagy 
mediated by SIRT3/PINK1/Parkin pathway in 
Parkinson’s disease mice. Zhen Ci Yan Jiu 
2024; 49: 221-230.

[81] Geng X, Zou Y, Huang T, Li S, Pang A and Yu H. 
Electroacupuncture improves neuronal dam-
age and mitochondrial dysfunction through the 
TRPC1 and SIRT1/AMPK signaling pathways to 
alleviate Parkinson’s disease in mice. J Mol 
Neurosci 2024; 74: 5.

[82] Lin Z, Ying C, Si X, Xue N, Liu Y, Zheng R, Chen 
Y, Pu J and Zhang B. NOX4 exacerbates Parkin-
son’s disease pathology by promoting neuro-

nal ferroptosis and neuroinflammation. Neural 
Regen Res 2025; 20: 2038-2052.

[83] Chang KH and Chen CM. The role of oxidative 
stress in Parkinson’s disease. Antioxidants 
(Basel) 2020; 9: 597.

[84] Liu F, Liu ZB, Ma X, Wang Q and Wang Y. Effect 
of electroacupuncture on brain-gut oxidative 
stress in Parkinson’s disease mice. Zhen Ci 
Yan Jiu 2024; 49: 256-264.

[85] Lee Y, Choi G, Jeon H, Kim D, Ryu S, Koo S, Ha 
KT and Kim S. Acupuncture stimulation at 
GB34 suppresses 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine-induced oxidative stress in 
the striatum of mice. J Physiol Sci 2018; 68: 
455-462.

[86] Zuo T, Xie M, Yan M, Zhang Z, Tian T, Zhu Y, 
Wang L and Sun Y. In situ analysis of acupunc-
ture protecting dopaminergic neurons from 
lipid peroxidative damage in mice of Parkin-
son’s disease. Cell Prolif 2022; 55: e13213.

[87] Qi L, Wang Y, Li YN, Guo L and Ma J. Electroacu-
puncture improves behavioral activities by sup-
pressing neuroinflammation and TLR4/NF-κB 
signaling in substantia nigra of midbrain in 
Parkinson’s disease rats. Zhen Ci Yan Jiu 
2021; 46: 929-934.

[88] Zhang W, Ye Y, Song J, Sang T, Xia T, Xie L, Qiu 
X, Zeng Q and Luo X. Research progress of mi-
crobiota-gut-brain axis in Parkinson’s disease. 
J Integr Neurosci 2023; 22: 157.

[89] Dogra N, Mani RJ and Katare DP. The gut-brain 
axis: two ways signaling in Parkinson’s dis-
ease. Cell Mol Neurobiol 2022; 42: 315-332.

[90] Moustafa SA, Mohamed S, Dawood A, Azar J, 
Elmorsy E, Rizk NAM and Salama M. Gut brain 
axis: an insight into microbiota role in Parkin-
son’s disease. Metab Brain Dis 2021; 36: 
1545-1557.

[91] Jang JH, Yeom MJ, Ahn S, Oh JY, Ji S, Kim TH 
and Park HJ. Acupuncture inhibits neuroin-
flammation and gut microbial dysbiosis in a 
mouse model of Parkinson’s disease. Brain 
Behav Immun 2020; 89: 641-655.

[92] Yu J, Min D, Bai Y, Qu L, Zou T and Wang S. 
Electroacupuncture alleviates Parkinson dis-
ease and regulates the expression of brain-gut 
peptides. Exp Anim 2020; 69: 448-460.

[93] Guo L, Hu H, Jiang N, Yang H, Sun X, Xia H, Ma 
J and Liu H. Electroacupuncture blocked motor 
dysfunction and gut barrier damage by modu-
lating intestinal NLRP3 inflammasome in 
MPTP-induced Parkinson’s disease mice. Heli-
yon 2024; 10: e30819.

[94] Hu XM, Song LZ, Zhang ZZ, Ruan X, Li HC, Yu Z 
and Huang L. Electroacupuncture at ST25 cor-
rected gut microbial dysbiosis and SNpc lipid 
peroxidation in Parkinson’s disease rats. Front 
Microbiol 2024; 15: 1358525.



Acupuncture in neurodegenerative diseases

3716 Am J Transl Res 2025;17(5):3703-3717

[95] Vidovic M, Müschen LH, Brakemeier S, Ma-
chetanz G, Naumann M and Castro-Gomez S. 
Current state and future directions in the diag-
nosis of amyotrophic lateral sclerosis. Cells 
2023; 12: 736.

[96] Caga J, Devenney E, Huynh W, Zoing MC, 
Ahmed RM and Kiernan MC. Illness cognitions 
in ALS: new insights into clinical management 
of behavioural symptoms. Front Neurol 2021; 
12: 740693.

[97] Alonso JP, Ini N, Villarejo A, Belizán M and 
Roberti J. Amyotrophic lateral sclerosis in Ar-
gentina: unveiling the burden of treatment 
through patient and caregiver perspectives. 
Disabil Rehabil 2025; 47: 1828-1835.

[98] Zhou W and Xu R. Current insights in the mo-
lecular genetic pathogenesis of amyotrophic 
lateral sclerosis. Front Neurosci 2023; 17: 
1189470.

[99] Jiang S and Xu R. The current potential patho-
genesis of amyotrophic lateral sclerosis. Mol 
Neurobiol 2025; 62: 221-232.

[100] Zhao T, Guo J, Song Y, Chen H, Sun M, Chen L, 
Geng H, Pei L and Sun J. A bibliometric analy-
sis of research trends of acupuncture therapy 
in the treatment of migraine from 2000 to 
2020. J Pain Res 2021; 14: 1399-1414.

[101] Jaiswal MK. Riluzole and edaravone: a tale of 
two amyotrophic lateral sclerosis drugs. Med 
Res Rev 2019; 39: 733-748.

[102] Xu X, Shen D, Gao Y, Zhou Q, Ni Y, Meng H, Shi 
H, Le W, Chen S and Chen S. A perspective on 
therapies for amyotrophic lateral sclerosis: can 
disease progression be curbed? Transl Neuro-
degener 2021; 10: 29.

[103] Wen Y, Zhu JY, Kou JY and Sun YZ. Electroacu-
puncture at Jiaji (EX-B2) points combined with 
moxibustion for 17 cases of amyotrophic later-
al sclerosis. Zhongguo Zhen Jiu 2018; 38: 
613-615.

[104] Sudhakaran P. Amyotrophic lateral sclerosis: 
an acupuncture approach. Med Acupunct 
2017; 29: 260-268.

[105] Wang T, Yang X, Du R, Zheng S and Cui H. Acu-
puncture in the treatment of amyotrophic lat-
eral sclerosis: a research progress in clinical 
trials. Altern Ther Health Med 2023; 29: 114-
118.

[106] Zou X, Shi Y, Zhang T, Huang A, Cui H and Wang 
T. Electroacupuncture combined with Chinese 
Herbal Medicine, Qidong Huoluo Granule, for 
amyotrophic lateral sclerosis: an 8-month case 
report. Altern Ther Health Med 2024; AT10994.

[107] Cai FF, Ding Y, Fan DL, Zang Y, Liu SM and  
Zhao Y. Clinical effect of acupuncture com-
bined with exercise on amyotrophic lateral 
sclerosis. World Journal of Integrated Tradition-
al and Western Medicine 2023; 18: 137-141.

[108] Yang EJ, Jiang JH, Lee SM, Hwang HS, Lee MS 
and Choi SM. Electroacupuncture reduces 
neuroinflammatory responses in symptomatic 
amyotrophic lateral sclerosis model. J Neuro-
immunol 2010; 223: 84-91.

[109] He YH, Li XF and Fu T. Effects of acupuncture 
on the expression of IBA-1 and TNF-α in the 
brain and spinal cord in mice with smyotrophic 
lateral sclerosis disease. Shaanxi Journal of 
Traditional Chinese Medicine 2020; 41: 292-
296.

[110] Lu YR, Liu JY and Guo J. Effects of early elec-
troacupuncture intervention on TDP-43 and 
HMGB1/RhoA signaling pathway in cerebral 
cortex of mice with amyotrophic lateral sclero-
sis model. J Rehabil Med 2024; 39: 312-319.

[111] Liu JY, Lu YR, Guo J, Li H, Wang Y, Zhao YQ, Li J 
and Wang Q. Effect of electroacupuncture in-
tervention on the spinal cord PPIA/NF-κB  
signaling pathway in mice with amyotrophic lat-
eral sclerosis. Zhen Ci Yan Jiu 2023; 48: 1009-
1016.

[112] Wang SL, Sun YZ, Yu TY, Zhao GR and Sun Y. 
Early electroacupuncture intervention delays 
progression of disease in mice with amyo-
trophic lateral sclerosis by down-regulating 
TLR4/NF-κB signaling. Zhen Ci Yan Jiu 2023; 
48: 287-293.

[113] Sun L, Han MJ, Li N, Liu J and Qiao HF.  
Effects of electroacupuncture intervention on 
SOD1,GSH-Px and Bax,Bcl2 expression in spi-
nal cord of SOD1 G93A transgenic mice. Glob-
al Traditional Chinese Medicine 2021; 14: 
1932-1937.

[114] Liu J, Zhao W, Guo J, Kang K, Li H, Yang X, Li J, 
Wang Q and Qiao H. Electroacupuncture allevi-
ates motor dysfunction by regulating neuro-
muscular junction disruption and neuronal de-
generation in SOD1G93A mice. Brain Res Bull 
2024; 216: 111036.

[115] Filippi M, Bar-Or A, Piehl F, Preziosa P, Solari A, 
Vukusic S and Rocca MA. Multiple sclerosis. 
Nat Rev Dis Primers 2018; 4: 43.

[116] Brownlee WJ, Hardy TA, Fazekas F and Miller 
DH. Diagnosis of multiple sclerosis: progress 
and challenges. Lancet 2017; 389: 1336-
1346.

[117] Comi G, Dalla Costa G, Stankoff B, Hartung HP, 
Soelberg Sørensen P, Vermersch P and Leo-
cani L. Assessing disease progression and 
treatment response in progressive multiple 
sclerosis. Nat Rev Neurol 2024; 20: 573-586.

[118] Haider S, Fatmi W, Shoaib N, Sajjad M and Za-
hid M. Assessment of acupuncture’s effective-
ness in mitigating fatigue among patients af-
flicted with multiple sclerosis: a systematic 
review and meta-analysis. Complement Ther 
Clin Pract 2024; 57: 101902.



Acupuncture in neurodegenerative diseases

3717 Am J Transl Res 2025;17(5):3703-3717

[119] Khodaie F, Abbasi N, Kazemi Motlagh AH, Zhao 
B and Naser Moghadasi A. Acupuncture for 
multiple sclerosis: a literature review. Mult 
Scler Relat Disord 2022; 60: 103715.

[120] Wang C, Chen Z, Wang L, Ma X, Xing Y, Li A, 
Zhang F and Zhang T. Relapsing-remitting mul-
tiple sclerosis at remission stage treated with 
acupuncture:a randomized controlled trial. 
Zhongguo Zhen Jiu 2017; 37: 576-580.

[121] Karpatkin H, Siminovich-Blok B, Rachwani J, 
Langer Z and Winsor S. Effect of acupuncture 
on sensorimotor function and mobility in pa-
tients with multiple sclerosis: a pilot study. J 
Integr Complement Med 2023; 29: 42-49.

[122] Criado MB, Santos MJ, Machado J, Gonçalves 
AM and Greten HJ. Effects of acupuncture on 
gait of patients with multiple sclerosis. J Altern 
Complement Med 2017; 23: 852-857. 

[123] Wang YY, Dong S, Sun FH, Chang L and Zang P. 
Effects of acupuncture on the levels of IBA-1, 
COX-2 in spinal cord and serum TNF-α in ex-
perimental autoimmune encephalomyelitis 
mice. Chinese Journal of Information on Tradi-
tional Chinese Medicine 2019; 26: 49-53.

[124] Song FY, Xin QL, Zhao DJ, Li Q and Wang YH. 
Effect of acupuncture on the level of p-
p38MAPK in EAE mice. Modernization of Tradi-
tional Chinese Medicine and Materia Medica-
World Science and Technology 2020; 22: 
2080-2086.

[125] Kang Z, Zou ZF, Sun JX, Zhu KY, Jiang JW, Wu 
GC and Wang J. Electroacupuncture promotes 
regeneration and repair of myelin sheath of 
corpus callosum in demyelination mice. Zhen 
Ci Yan Jiu 2020; 45: 1-7.

[126] Li P, Huang W, Chen Y, Aslam MS, Cheng W, 
Huang Y, Chen W, Huang Y, Wu X, Yan Y, Shen 
J, Tong T, Huang S and Meng X. Acupuncture 
alleviates CUMS-induced depression-like be-
haviors by restoring prefrontal cortex neuro-
plasticity. Neural Plast 2023; 2023: 1474841.


