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Abstract

Parkinson’s disease (PD) is a chronic neurodegenerative disease whose main pathological features are the degeneration of dopamine
neurons and deposition of α-synuclein in neurons. At present, the most important treatment strategy for PD is drugs, and one of the most
used drugs is levodopa. However, this therapy showsmany problems, such as tolerance and long-term effects, so other treatment strategies
need to be explored. As a traditional Chinese medicine treatment method with effective and few side effects, electroacupuncture is
considered a non-drug therapy. It serves as a novel, promising therapeutic approach for the treatment of PD. In this review, the application
and the effects of electroacupuncture on PD have been described. Besides, the underlyingmolecularmechanisms of electroacupuncture on
PD that contribute to protecting dopaminergic neurons and reducing α-synuclein levels have been illustrated, including ¬ anti-oxidant
stress response,  anti-neuroinflammatory response, ® up-regulation of neurotrophic factors and reduction of nerve cell apoptosis,
¯ down-regulation of endoplasmic reticulum stress and improvement of mitochondrial function, ° improvement of the function of
the ubiquitin-proteasome system, ± anti-excitatory toxicity response, ² activation of autophagy, and ³ modulation of gut microbiota.
Achieving a better understanding of the neuroprotective effects of electroacupuncture on PD will provide a theoretical basis and facilitate
the application of electroacupuncture on PD.
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1. Introduction
Parkinson’s disease (PD) is a neurodegenerative dis-

order that occurs in middle-aged and older people. Stud-
ies have shown that the prevalence and incidence of PD in-
crease with age [1]. The main clinical manifestations of
PD are motor symptoms such as tremors, muscle rigidity,
and bradykinesia. The main pathological features include
the degeneration of dopamine (DA) neurons and the de-
position of α-synuclein in neurons contributing to the for-
mation of Lewy bodies in the substantia nigra (SN). Previ-
ously, PD was predominantly believed to be sporadic and
not associated with genetic factors. However, recent ge-
netic studies involving PD families from diverse geographic
regions have provided substantial evidence supporting the
genetic basis of this disease. Notably, mutations in 6 spe-
cific genes [Alpha-synuclein (SNCA), Leucine-rich repeat
kinase 2 (LRRK2), Parkin RBR E3 ubiquitin protein ligase
(PRKN), Parkinsonism associated deglycase (DJ1), PTEN-
induced putative kinase 1 (PINK1), and ATPase cation
transporting 13A2 (ATP13A2)] have been unequivocally
linked to familial parkinsonism [2,3]. Furthermore, certain
variations in 3 genes (Microtubule-associated protein tau
(MAPT), LRRK2, and SNCA), as well as loss-of-function

mutations in glucosylceramidase beta (GBA), have been
extensively validated as susceptibility factors for PD [2].
Early-onset PD refers to the manifestation of PD symp-
toms before the age of 60. Early-onset PD can be fur-
ther classified into juvenile PD if symptoms emerge before
the age of 21 and young-onset PD if they appear between
the ages of 21 and 40 [4]. Levodopa-responsive juvenile
parkinsonism, meeting the diagnostic criteria for PD, is pri-
marily caused by mutations in genes PARK-PRKN, PARK-
PINK1, or PARK-DJ1 [5]. Kufor-Rekab syndrome repre-
sents a distinctive form of juvenile PD, characterized by an
autosomal recessive inheritance pattern and caused by mu-
tations in the ATP13A2 gene. The pathogenesis of Kufor-
Rekab syndrome involves the interplay between ATP13A2
and Mn+2 and Zn+2, mitochondrial bioenergetics, dys-
function in autophagy-lysosomal pathways, and synuclein
metabolism [4].

At present, drug therapy is the main way for the treat-
ment of PD. The most used drug is levodopa, which has
represented the standard way to treat PD. It is an effective
medical therapy for the symptomatic treatment of PD [6].
Nevertheless, long-term levodopa treatment is often related
to motor fluctuations, such as discontinuous drug delivery,
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short half-life, poor bioavailability, and narrow therapeutic
window [7]. These motor fluctuations have a serious im-
pact on the quality of life of PD patients [7]. In addition to
direct supplementation of exogenous DA precursors such as
levodopa, other kinds of drugs treat PD clinically: DA re-
ceptor agonists such as pramipexole, monoamine oxidase B
inhibitors (MAOBIs) such as selegiline, catechol-O-methyl
transferase inhibitors such as entacapone, anticholinergics
such as benztropine, and N-Methyl-D-aspartate (NMDA)
receptor antagonist such as amantadine [8–10]. How-
ever, although these treatments are initially effective, they
present many problems, such as low tolerance and long-
term effects. The management of PD has been transformed
by surgical treatments. There are several therapeutic op-
tions available for managing PD motor complications, in-
cluding deep brain stimulation (DBS), ablative or lesioning
procedures (pallidotomy, thalamotomy, subthalamotomy),
and dopaminergic medication infusion devices [11]. Typi-
cally, advanced treatment options are chosen based on fac-
tors such as the patient’s clinical characteristics, efficacy,
ease of use, and risks of therapy [11]. PD treatment can be
classified into early and advanced stages. Early PD refers
to the initial stages of the condition. At this stage, the
symptoms may not significantly impact daily activities. A
cross-sectional evaluation of 15 years of experience with a
large cohort suggests that the use of levodopa-sparing drugs
should be considered more confidently [12]. Additionally,
in appropriate clinical scenarios, combining substitution
therapy with other antiparkinsonian medications should be
considered tominimize levodopa dosage requirements [12].
Advanced PD refers to the later stages of the condition. Pa-
tients with advanced PDmay experience severe motor com-
plications and non-motor symptoms. Advanced PD treat-
ment options encompass levodopa–carbidopa intestinal gel,
continuous subcutaneous apomorphine infusion, DBS, ra-
diofrequency ablation, stereotactic radiosurgery, and mag-
netic resonance imaging (MRI)-guided focused ultrasound
[13]. Among the invasive treatments, DBS demonstrates
the most extensive evidence base, albeit carrying the high-
est individual per-patient risk [14]. However, currently,
no therapy can efficiently curb the progression of PD [15].
All the while, various attempts are made to improve drug
treatment for PD and avoid long-term complications. Good
nursing, rehabilitation, and psychological therapy can im-
prove symptoms to a certain extent, but the effect is limited.
Therefore, it is particularly important to choose other treat-
ment methods to slow down the progression of PD.

Acupuncture, used in China for over 2000 years, is
a therapeutic method to treat a wide range of chronic dis-
orders. It has become popular all over the world. Elec-
troacupuncture is a modification of manual acupuncture,
in which electrical stimulation is administered through
acupuncture needles. Compared with traditional man-
ual acupuncture, electroacupuncture has many advantages,
such as convenience, accuracy, objectivity, and repeatabil-

ity, making it more suitable for experimental research and
clinical application. The effectiveness of electroacupunc-
ture depends on the choice of parameters, including acu-
points, current intensity, stimulation frequency, single
treatment time, and treatment times. Accumulating evi-
dence indicates that electroacupuncture can be used to treat
various central nervous system diseases. The central ner-
vous system diseases include PD [16], stroke [17], pain
[18], post-traumatic stress disorder [19], spinal cord in-
jury [20], and major depressive disorder [21]. Accord-
ing to these studies, electroacupuncture is effective and
has few side effects for the treatment of various central
nervous system diseases. Specifically, electroacupunc-
ture has obvious advantages in the non-drug treatment
of PD [22]. Clinical studies have indicated that elec-
troacupuncture treatment at acupoints “Baihui” (GV20),
“Dazhui” (GV14), “Zusanli” (ST36), “Hegu” (LI4), and
“Yanglingquan” (GB34), “Taichong” (LR3), “Taixi” (KI3),
“Sanyinjiao” (SP6), “Weizhong” (BL40) [23] may signifi-
cantly enhance clinical symptoms reduction, alleviate drug
side-effects, delay disease progression as well as improve
life quality for patients with PD [24–26]. The pilot study
demonstrated that following electroacupuncture therapy,
movement sway was reduced by 31%, and ankle/hip sway
increased by 46% in the intervention group [23]. Clinical
ratings showed an overall improvement in mental, behav-
ioral, and mood functions as well as everyday activities and
motor skills (p < 0.01). Additionally, there was a signif-
icant decrease in fall status and rigidity (p < 0.02) [23].
The studies pointed out the positive effects of acupunc-
ture [27] and electroacupuncture [28] on improving mo-
tor symptoms in PD; however, the efficacy comparison be-
tween acupuncture and electroacupuncture needs to be fur-
ther studied. There is still a lack of systematic reviews on
electroacupuncture treatment for PD, and this is urgently
needed in the clinic. In this review, we will describe the ap-
plication and effects of electroacupuncture on PD. Besides,
the underlying molecular mechanisms that contribute to
protecting dopaminergic neurons and reducing α-synuclein
levels will be illustrated. Achieving a better understanding
of the neuroprotective effects of electroacupuncture on PD
will provide a theoretical basis and facilitate the applica-
tion of electroacupuncture on PD. In order to enhance com-
prehension of the acupoints, this review provides detailed
descriptions and visual representations of the acupoints in
Table 1 (Ref. [29–34]).

2. The Application and Effects of
Electroacupuncture on PD
2.1 The Application of Electroacupuncture to PD

Basic researches have shown that electroacupunc-
ture can effectively alleviate the motor dysfunction of PD
model animals via a variety of acupoint combinations, in-
cluding “Baihui” (GV20) and “Dazhui” (GV14) [35–37],
“Yanglingquan” (GB34) and “Taichong” (LR3) [38,39],
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Table 1. The descriptions and illustrations of the acupoints are mentioned in this review.
Acupoints Descriptions Illustrations References or Links

“Baihui” (GV20) GV20 is the acupoint at the top of the head. It
is located on the midline of the head in line with
the apex of the ears, and it centers on the crown
of the head.

https://www.akupunkturatkm.com/p
ost/akupunkturna-to%C4%8Dka-bai
hui-gv20-stotine-sre%C4%8Danj

“Dazhui” (GV14) GV14 is located on the posterior aspect of the
body, in the depression below the spinous pro-
cess of the seventh cervical vertebrae, approxi-
mately at the level of the shoulder.

https://musculoskeletalkey.com/g
v-14-da-zhui-big-vertebrae-central-r
eunion-point-2/

“Fengfu” (GV16) GV16 is located on the midline of the back of the
neck in depression immediately below the occip-
ital protuberance.

https://acumed.org/wp-content/uploa
ds/2018/12/PL_GoverningVessel.pdf

“Guanyuan” (CV4) CV4, the 4th meridian point of the conception
vessel (CV), is located on the lower abdomen,
at a point 3/5th down the ventral midline, which
means on the lower 3/5th of the ventral midline
connecting the umbilicus to the pubic tubercle.

https://www.peakmassager.com/c
v-4-acupuncture-point/

“Hegu” (LI4) LI4 is located on the dorsum of the hand, midway
between the 1st and 2nd metacarpal bones, ap-
proximately in the middle of the 2nd metacarpal
bone on the radial side.

[29]

“Quchi” (LI11) LI11 is at the lateral end of the transverse cubital
crease midway between LU 5 and the lateral epi-
condyle of the humerus.

https://www.peakmassager.com/l
i-11-acupuncture-point/

“Sanyinjiao” (SP6) SP6 is located medially 4-finger wide above the
ankle.

[30]

“Shangjuxu” (ST37) ST37 may be found 6 cun below ST 35, at 1 fin-
ger width lateral from the anterior border of the
tibia.

[31]

“Taichong” (LR3) LR3 is located on the dorsum of the foot, in the
depression distal to the junction of the 1st and 2nd
metatarsal bones.

https://acupuncturenepal.com/taichon
g-lr3.html
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Table 1. Continued.
Acupoints Descriptions Illustrations References or Links

“Taixi” (KI3) KI3 was located in the ankle area, at the midpoint be-
tween the prominence of the medial malleolus and the
calcaneal tendon.

https:
//acupuncturenepal.com/taixi
-ki3-nomenclature-locatio
n-function-indication.html

“Taiyang” (EX-HN 5) EX-HN 5 is located in the depression about 1 finger-
breadth posterior to the midpoint between the lateral
end of the eyebrow and the outer canthus.

https://www.medicofisiatra.c
om.br/post/ex-hn5-taiyang

“Weizhong” (BL40) BL40 is at the midpoint of the transverse crease of the
popliteal fossa.

[32]

“Yanglingquan” (GB34) GB34 is located in the depression anterior and inferior
to the fibula capitulum.

[33]

“Zusanli” (ST36) ST36 is located on the lateral surface of the leg, 3 cun
distal to the lower border of the patella, 1 finger-breadth
lateral to the anterior crest of the tibia, between the tib-
ialis anterior muscle and the tendon of the extensor dig-
itorum longus.

[34]

“Zusanli” (ST36) and “Sanyinjiao” (SP6) [40], “Fengfu”
(GV16) and “Taichong” (LR3) [41], “Baihui” (GV20) and
“Taiyang” (EX-HN 5) [42,43], “Hegu” (LI4) and “Tai-
chong” (LR3) [44], “Baihui” (GV20) and “Sanyinjiao”
(SP6) and “Taichong” (LR3) [45], “Fengfu” (GV16) and
“Taichong” (LR3) and “Guanyuan” (CV4) and “Zusanli”
(ST36) [46]. Specific electroacupuncture parameter set-
tings can refer to the current intensity as 1mA, 2mA, 3mA
step by step; each current intensity ismaintained for 10min-
utes; the stimulation frequency is 100Hz; each treatment
lasts 30 minutes; 6 treatments a week; the treatment lasts
for 4weeks [35–37]. These studies provide potential insight
into electroacupuncture in PD therapy. To better facilitate
the application of electroacupuncture on PD, the neuropro-
tective effects and the underlying molecular mechanisms
need to be illustrated.

2.2 The Effects of Electroacupuncture on PD

At present, the research on the effects and the under-
lying mechanisms of electroacupuncture in the treatment
of PD is based on PD animal models, mainly including the
neurotoxin 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP), 6-Hydroxydopamine (6-OHDA) and rotenone-
induced PD animal models. The PD models can simulate

the pathogenesis of PD causing PD dyskinesia and can be
used to assess the effectiveness of treatment strategies.
As shown below, accumulating evidence indicates that
electroacupuncture can rescue the main pathological
features of PD, including the degeneration of DA neurons
and the deposition of α-synuclein in neurons in the SN.

2.2.1 Protect DA Neurons

The degeneration of DA neurons, the reduction of DA
transmitter production, and the imbalance of DA transmit-
ters in the SN-striatum pathway is the main pathological
change of PD, which in turn leads to a series of move-
ments such as tremor, muscle rigidity, and slow move-
ment. A study published in Nature Medicine showed that
electroacupuncture on the sciatic nerve could induce the
production of DA in the adrenal medulla [47]. As DA
can cross the blood-brain barrier (BBB), electroacupunc-
ture can promote the production of DA to replenish the
brain. Besides, in a study using an MPTP-induced PD
mouse model, electroacupuncture at the 2 acupoints “Zu-
sanli” (ST36) and “Sanyinjiao” (SP6) with a frequency of
100 Hz could increase striatal tyrosine hydroxylase (TH)
level [40] and then alleviated the motor deficits of PDmice.
TH is an important enzyme in DA production, and its abun-
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dance reflects the increase in DA production. Another
study showed the subcutaneous injection of rotenone in-
duced a significant decrease in TH level in the SN of PD
model rats, while the electroacupuncture treatment at the
2 acupoints “Fengfu” (GV16) and “Taichong” (LR3) also
significantly increased TH level in PD rats [48]. Simi-
larly, in the PD model rats established by injection of 6-
OHDA into the left striatum, electroacupuncture treatment
at “Baihui” (GV20) and “Taiyang” (EX-HN 5) could also
increase the TH level in SN of PD rats [43]. Besides, in
another study using 6-OHDA injected into the left stria-
tum, both TH and DA transporters in the SN of PD rats
were significantly down-regulated, while electroacupunc-
ture at “Baihui” (GV20) and “Taiyang” (EX-HN 5) could
up-regulate the contents of TH and DA transporters in the
SN of PD rats [49]. In addition, electroacupuncture at “Bai-
hui” (GV20) and “Taiyang” (EX-HN 5) could also increase
the DA content in the striatum of 6-OHDA-induced PD rats
[42]. What’s more, electroacupuncture at “Yanglingquan”
(GB34) and “Taichong” (LR3) could reduce the degenera-
tion of DA neurons in MPTP-induced PDmice [39]. More-
over, electroacupuncture at “Fengfu” (GV16), “Taichong”
(LR3), and “Zusanli” (ST36) could increase the TH levels
in serum and SN by up-regulating the activity of glucagon-
like peptide-1 receptor (GLP-1R)/phosphatidylinositol 3-
kinase (PI3K)/protein kinase B (Akt) pathway and allevi-
ate the motor deficits of rotenone-induced PD mice [50].
Therefore, electroacupuncture can increase the content of
DA and protect DA neurons, thus exerting neuroprotective
effects on PD.

2.2.2 Reduce α-Synuclein Levels
Lewy bodies are another typical pathological change

of PD, andα-synuclein is themain component of it. The ab-
normal folding, aggregation, and diffusion of α-synuclein
play an important role in the pathogenesis of PD. In the
DA metabolism process, DA oxidation intermediates can
combine with α-synuclein to inhibit DA activity and selec-
tively cause α-synuclein fibril formation and fibril aggre-
gation. Then, abnormal aggregation of α-synuclein leads
to unbalanced DA anabolism, increased intracellular toxic
DA, and blocked DA vesicle transport. This forms a vi-
cious circle, which exacerbates the occurrence of cell death
and disease. A study showed that the expression of α-
synuclein in the SN of rotenone-induced PD model rats is
significantly increased, while electroacupuncture at the 2
acupoints “Fengfu” (GV16) and “Taichong” (LR3) signif-
icantly down-regulated α-synuclein in PD rats [48], sug-
gesting that electroacupuncture can alleviate motor deficits
in PD rats by down-regulating the level of α-synuclein. Be-
sides, another study revealed that early electroacupuncture
at “Quchi” (LI11) and “Shangjuxu” (ST37) could delay the
onset of rotenone-induced PD, which may be related to the
reduction of α-synuclein levels in SN and colon [51]. Thus,
electroacupuncture can reduce α-synuclein levels to exert
neuroprotective effects on PD.

3. Molecular Mechanisms Underlying the
Neuroprotective Effects of
Electroacupuncture on PD

As mentioned above, electroacupuncture can rescue
the main pathological features of PD, including the degen-
eration of DA neurons and the deposition of α-synuclein
in neurons in the SN. However, the underlying mecha-
nisms of the neuroprotective effects of electroacupuncture
on PD haven’t been well known. Next, we will illustrate
the molecular mechanisms underlying the neuroprotective
effects of electroacupuncture on PD.

3.1 Anti-Oxidant Stress Response
Oxidative stress can cause the degeneration and loss of

DA neurons and promote the apoptosis of DA neurons. It
plays an important role in promoting the development of PD
disease. Therefore, antioxidant therapy provides a new di-
rection for the treatment of PD to some extent. A study ex-
plored the effect of electroacupuncture on MPTP-induced
oxidation in mice. Researchers found that subacute admin-
istration of MPTP could enhance the oxidation of lipids and
proteins in the striatum and reduce the expression of en-
dogenous antioxidant enzymes such as superoxide dismu-
tase (SOD) and catalase. MPTP also reduced the expres-
sion of the anti-oxidant transcription factor, nuclear factor-
E2-related factor-2 (Nrf2), and Nrf2-regulated antioxidant
enzymes such as nicotinamide adenine dinucleotide phos-
phate quinone oxidoreductase-1 and heme oxygenase-1 in
the striatum and midbrain. In addition, Nrf2 also regulates
human placental alkaline phosphatase (hPAP). And they
also found that MPTP inhibited the expression of hPAP in
the striatum and midbrain. Electroacupuncture at the 2 acu-
points “Zusanli” (ST36) and “Sanyinjiao” (SP6) with a fre-
quency of 100 Hz for half an hour a day (1 mA for 10 min-
utes, 1.2 mA for 10 minutes, and 1.4 mA for 10 minutes)
could effectively reverse these changes caused by MPTP
[40], thereby improving the motor function of PD mice.
Another study constructed PD model rats by injecting 6-
OHDA into the medial tract of the right forebrain. Results
showed that neuronal nitric oxide synthase (nNOS) in the
dentate gyrus of PD rats was increased, and electroacupunc-
ture at “Hegu” (LI4) And “Taichong” (LR3) could down-
regulate the nNOS content in PD rats [44]. In addition,
electroacupuncture at the 3 acupoints “Baihui” (GV20),
“Sanyinjiao” (SP6), and “Taichong” (LR3) could also alle-
viate the pathological changes in rotenone-induced PD rats,
which might be related to the upregulation of SOD activity,
glutathione peroxidase (GSH-px) activity, and glutathione
(GSH) content, as well as down-regulation of malondialde-
hyde (MDA) content [45]. These results provide further ev-
idence to support that electroacupuncture produces a series
of antioxidant effects in PD.

3.2 Anti-Neuroinflammatory Response
In recent years, the role of neuroinflammation in PD

has attracted much attention. The degeneration and necro-
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sis of DA neurons are closely related to immune abnor-
malities. Neuroinflammation contributes to the onset and
progression of PD. It is of great significance to inhibit
neuroinflammation in the treatment of PD. In the MPTP-
induced PD mouse model, electroacupuncture at the 2 acu-
points “Zusanli” (ST36) and “Sanyinjiao” (SP6) with a fre-
quency of 100 Hz for half an hour a day could reduce
the microglia1 activation and astrocyte proliferation in the
striatum and midbrain [40], in turn, improved the motor
capacity of PD mice. Another study revealed that the
expression of glial fiber acidic protein (GFAP) and con-
nexin (Connexin 43, Cx43) in the striatum of 6-OHDA-
induced PD rats was significant ascending, electroacupunc-
ture at “Fengfu” (GV16) and “Taichong” (LR3) could sig-
nificantly down-regulate the GFAP and Cx43 contents in
PD rats [52]. In addition, in the PD rat model induced by
subcutaneous injection of rotenone, the expression level of
cyclooxygenase-2 (COX-2) in the SN of PD rats was sig-
nificantly increased. At the same time, electroacupuncture
at “Fengfu” (GV16) And “Taichong” (LR3) could signif-
icantly down-regulate the expression of COX-2 [53], indi-
cating that electroacupuncture can reduce the inflammatory
mediator in the SN of PD rats. Moreover, a study found
that the expression of phosphorylated extracellular regu-
lated protein kinases (p-ERK1/2), tumor necrosis factor
(TNF-α), and interleukin-1 beta (IL-1β) significantly in-
creased in rotenone-induced PD rats. After electroacupunc-
ture at the 2 acupoints “Fengfu” (GV16) and “Taichong”
(LR3), the p-ERK 1/2, TNF-α, and IL-1β protein expres-
sion levels were significantly down-regulated [54], suggest-
ing that the effect of electroacupuncture in the treatment of
PD rats may be related to the down-regulation of p-ERK
1/2, TNF-α, and IL-1β. Additionally, electroacupuncture
at “Fengfu” (GV16) and “Taichong”(LR3) could alleviate
the motor deficits of PD rats, which may be associated with
its functions in the down-regulation of the Toll-like recep-
tor 4 (TLR4)/nuclear factor kappa B (NF-κB) signaling, in-
hibiting microglial activation in the SN of PD rats [55]. Re-
cently, a study found that transient receptor potential V1
(TRPV1) and downstream molecules modulating neuroin-
flammation were up-regulated in PD mice and further re-
versed by electroacupuncture [56]. These studies show that
the mechanisms of electroacupuncture in the treatment of
PD are closely related to the anti-neuroinflammatory re-
sponse.

3.3 Up-Regulation of Neurotrophic Factors and Reduction
of Nerve Cell Apoptosis

Brain-derived neurotrophic factor (BDNF) and glial
cell line-derived neurotrophic factor (GDNF) is a type of
protein necessary for nerve cell survival and maintenance
of phenotype. They are potential DA neuron protective
factors, which protect catecholamine-containing cells from
toxic damage. As the important neurotrophic factors in the
SN-striatum system, the decline of BDNF and GDNF lev-

els plays a key role in the pathogenesis of PD [57]. Stud-
ies have shown [41] that in the rotenone-induced PD rats,
the mRNA expression of BDNF and GDNF in the SN re-
markably decreased, while electroacupuncture at “Fengfu”
(GV16) and “Taichong” (LR3) could up-regulate the ex-
pression of BDNF and GDNF in the SN, thereby improving
the abnormal behavior of PD rats. Another study showed
that [39], in the MPTP-induced PD mouse model, elec-
troacupuncture at “Yanglingquan” (GB34) and “Taichong”
(LR3) could activate protein kinase B (Akt) and BDNF
in SN, thereby playing the neuroprotective role and re-
ducing PD motor symptoms. Similarly, electroacupunc-
ture at “Baihui” (GV20) and “Taiyang” (EX-HN 5) could
also increase the expression of BDNF in the striatum and
SN of 6-OHDA-induced PD rats [42,43]. Moreover, an-
other study found that electroacupuncture at the 2 acu-
points “Fengfu” (GV16) and “Taichong” (LR3), or elec-
troacupuncture at the 4 acupoints “Fengfu” (GV16), “Tai-
chong” (LR3), “Guanyuan” (CV4) and “Zusanli” (ST36)
both could up-regulate the expression of GDNF and its re-
ceptor Ret in 6-OHDA-induced PD rats. Besides, elec-
troacupuncture at 4 acupoints causes higher GDNF content
than at the 2 acupoints [46]. The above studies have shown
that the increased content of neurotrophic factors partici-
pates in the effect of electroacupuncture in the treatment
of PD. In addition to the lack of neurotrophic factors, nerve
cell apoptosis may play an important role in the death of DA
neurons in the SN. Reducing neuronal apoptosis may alle-
viate the onset and progression of PD. A study using the ter-
minal deoxynucleotidyl transferase deoxyuridine triphos-
phate (dUTP) nick end labeling (TUNEL) method found
that electroacupuncture at “Baihui” (GV20) and “Taiyang”
(EX-HN 5) could reduce 6-OHDA-induced neuronal apop-
tosis in PD rats [42]. Another study using flow cytome-
try found that in 6-OHDA-induced PD model rats, elec-
troacupuncture at “Fengfu” (GV16) and “Taichong” (LR3)
could significantly reduce the apoptosis rate of neurons in
SN of PD rats [58].

3.4 Down-Regulation of Endoplasmic Reticulum Stress
and Improvement of Mitochondrial Function

Evidence has shown that endoplasmic reticulum stress
is involved in the pathogenesis of PD. A study demon-
strated that electroacupuncture at “Fengfu” (GV16) and
“Taichong” (LR3) could improve the motor function of PD
rats, which was probably related to the down-regulation
of the eukaryotic initiation factor 2alpha (eIF2α)- ac-
tivating transcription factor 4 (ATF4)-glucose regulator
protein-78/immunoglobulin heavy-chain-binding protein
(GRP78/Bip) signaling pathway [59]. Another study re-
vealed that electroacupuncture at “Fengfu” (GV16) and
“Taichong” (LR3) could alleviate the motor deficits of PD
rats, which is associated with the down-regulation of the
expression of activating transcription factor 6 (ATF6) and
transcription factor X box-binding protein 1 (XBP-1) in the
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SN of PD rats [60]. Besides, studies reveal that mitochon-
drial dysfunction actively contributes to the onset and pro-
gression of PD. Electroacupuncture could promote the re-
covery of mitochondrial structure and function and reduce
dopaminergic neuron damage in MPTP-induced PD mice
[61].

3.5 Improvement of the Function of the
Ubiquitin-Proteasome System

The ubiquitin-proteasome system (UPS) is an impor-
tant pathway for protein degradation in the body. The
pathogenic genes of familial PD are closely related to UPS,
and the UPS function of the SN in patients with sporadic
PD is also selectively damaged. The studies indicate that
UPS dysfunction plays an important role in the onset and
progression of PD. A study showed that ubiquitin, ubiq-
uitin C terminal hydrolase-L1 (UCH-L1), and ubiquitin-
activating enzyme-1 (UBE1) significantly decreased in
SN of rotenone-induced PD rats, which were reversed by
electroacupuncture treatment at the 2 acupoints “Fengfu”
(GV16) and “Taichong” (LR3) [48]. In another study,
the expression of 20s proteasome in the SN of rotenone-
induced PD rats also decreased, which was also reversed by
electroacupuncture treatment at “Fengfu” (GV16) and “Tai-
chong” (LR3) [62]. In addition, a similar study showed that
the expression of 26s proteasome decreased and the expres-
sion of NF-κB increased in the SN of rotenone-induced PD
rats, and electroacupuncture treatment at “Fengfu” (GV16)
and “Taichong” (LR3) reversed the alteration [63]. These
studies suggest that the therapeutic mechanisms of elec-
troacupuncture for PD may be related to the ubiquitin-
proteasome system.

3.6 Anti-Excitatory Toxicity Response

A decrease in DA transmitter is the main cause of PD
symptoms, but it is not the only neurotransmitter involved
in the pathogenesis of PD. Excitatory amino acids and their
receptors in the brain are also involved in the pathogene-
sis of PD, and their excitotoxicity is vital during PD pro-
gression. A study showed that the expression level of Cx43
protein and the content of excitatory amino acid glutamate
significantly increased in the striatum of 6-OHDA-induced
PD rats. Glutamate is a neurotoxic amino acid. When gluta-
matergic neurons release glutamate excessively, glutamate
exerts excitotoxic effects. Electroacupuncture at the 2 acu-
points “Fengfu” (GV16) and “Taichong” (LR3) could im-
prove the motor function of PD rats, which may be related
to the down-regulation of striatal Cx43 and glutamate levels
[64], suggesting electroacupuncture could reduce the exci-
totoxicity in PD.

3.7 Activation of Autophagy

Anumber of studies have revealed a strong association
between PD and autophagic defects. Enhancing autophagy
to remove impaired mitochondria and toxic protein aggre-

gation is a novel, promising therapeutic approach to treat-
ing PD. A study investigated the therapeutic mechanisms of
electroacupuncture treatment in PDmice, and they reported
that electroacupuncture at “Yanglingquan” (GB34) and
“Taichong” (LR3) improved motor deficits and enhanced
autophagy initiation (increased Beclin 1), autophagosome
biogenesis (increased Atg5, Atg7, Atg9A, Atg12, Atg16L,
Atg3, and LC3-II), autophagy flux/substrate degradation
(decreased p62), and mitophagy (increased PINK1 and
DJ1) in neurons of the SN, striatum, hippocampus, and
cortex in PD mice [65]. This study indicated that elec-
troacupuncture has exciting therapeutic potential in PD by
regulating neuronal autophagy.

3.8 Modulation of Gut Microbiota
PD is a chronic neurodegenerative disease involving

non-motor symptoms, of which gastrointestinal disorders
are the most common. Considering recent results, intesti-
nal dysfunction may be involved in the pathogenesis of PD.
In our previous study, we found that electroacupuncture at
“Baihui” (GV20) and “Zusanli” (ST36) was able to alle-
viate the motor deficits and partially rescue the significant
loss of dopaminergic neurons in the SN of MPTP-induced
PDmice. Moreover, electroacupuncture could significantly
reverse the decreased intestinal microbial alpha diversity
of PD mice. The abundance of Erysipelotrichaceae was
significantly increased in PD mice, and the alteration was
also reversed by electroacupuncture. In addition, the pro-
inflammatory cytokines IL-6 and TNF-αwere substantially
increased in the SN of PD mice, an effect that was re-
versed by electroacupuncture. Our study revealed that elec-
troacupuncture can alleviate motor deficits by modulating
gut microbiota and suppressing neuroinflammation in the
SN of PDmice, which provides new insights into the patho-
genesis and the treatment of PD [66].

4. Conclusions
To sum up, as a traditional Chinese medicine treat-

ment method with effective and few side effects, elec-
troacupuncture is considered a non-drug therapy and serves
as a novel, promising therapeutic approach for the treat-
ment of PD. Accumulating evidence indicates that elec-
troacupuncture can rescue the main pathological features
of PD, including the degeneration of DA neurons and the
deposition of α-synuclein in neurons in the SN. As shown
in Fig. 1, the underlying mechanisms of the neuroprotective
effects of electroacupuncture on PD include ¬ anti-oxidant
stress response,  anti-neuroinflammatory response, ® up-
regulation of neurotrophic factors and reduction of nerve
cell apoptosis, ¯ down-regulation of endoplasmic reticu-
lum stress and improvement of mitochondrial function, °

improvement of the function of the ubiquitin-proteasome
system, ± anti-excitatory toxicity response, ² activation of
autophagy, and ³ modulation of gut microbiota. Achiev-
ing a better understanding of the neuroprotective effects of
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Fig. 1. The underlyingmechanisms of the neuroprotective effects of electroacupuncture on PD. The underlying mechanisms include
¬ anti-oxidant stress response,  anti-neuroinflammatory response, ® up-regulation of neurotrophic factors and reduction of nerve
cell apoptosis, ¯ down-regulation of endoplasmic reticulum stress and improvement of mitochondrial function, ° improvement of the
function of the ubiquitin-proteasome system, ± anti-excitatory toxicity response, ² activation of autophagy, and ³ modulation of gut
microbiota. PD, Parkinson’s disease; DA, dopamine; SOD, superoxide dismutase; Nrf2, nuclear factor-E2-related factor-2; hPAP, human
placental alkaline phosphatase; GSH, glutathione; nNOS, neuronal nitric oxide synthase; MDA, malondialdehyde; BDNF, brain-derived
neurotrophic factor; GDNF, glial cell line-derived neurotrophic factor; UCH-L1, ubiquitin C terminal hydrolase-L1; UBE1, ubiquitin-
activating enzyme-1.

electroacupuncture on PD will provide a theoretical basis
and facilitate the application of electroacupuncture on PD.

However, the current research also has some short-
comings: ¬ The mechanisms of action of electroacupunc-
ture in the treatment of PD are extensive and scattered, and
the interaction between the molecular mechanisms cannot
be explained clearly.  The acupoints of electroacupunc-
ture in different studies are not unified, and the therapeu-
tic effects of different point combinations have not been
compared. ® The introduction or guidance on the appli-
cation of electroacupuncture on PD in the clinic is lacking.
Although clinical studies have shown that electroacupunc-
ture treatment at “Baihui” (GV20), “Dazhui” (GV14), “Zu-

sanli” (ST36), “Hegu” (LI4), and “Yanglingquan” (GB34),
“Taichong” (LR3), “Taixi” (KI3), “Sanyinjiao” (SP6),
“Weizhong” (BL40) [23] can effectively improve the clin-
ical symptoms, relieve side effects of drugs, delay the pro-
gression of the disease, and improve the life quality of PD
patients [24–26], clinical application of electroacupuncture
in human individuals with PD is still limited and that guide-
lines and definitive evidence about efficacy are still lacking.
¯ The data on mechanisms presented in the review are pri-
marily derived from animal studies. However, it should be
noted that there may be variations in acupuncture points be-
tween animals and humans, which could potentially result
in distinct effects and molecular changes. Therefore, cau-
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tion should be exercised when extrapolating these findings
to humans. ° PD is a chronic disorder, and as such, it is cru-
cial to investigate the long-term effects of electroacupunc-
ture in human individuals to accurately predict its thera-
peutic efficacy. However, it is worth noting that current
research in this area is limited, and long-term studies in-
volving human participants are currently lacking. Hence, it
is imperative that future research endeavors focus on eval-
uating the therapeutic effects of electroacupuncture for PD,
particularly in terms of long-term therapy. These future
investigations will provide valuable insights into the effi-
cacy, safety, and sustained benefits of electroacupuncture,
ultimately enhancing our understanding of its potential as
a treatment modality for PD. Taken together, the applica-
tion and underlying mechanisms of electroacupuncture in
the treatment of PD still need to be further studied.
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