:' frontiers Frontiers in Aging Neuroscience

@ Check for updates

OPEN ACCESS

EDITED BY
Michele D'Angelo,
University of L'Aquila, Italy

REVIEWED BY

Xin Geng,

First Affiliated Hospital of Kunming Medical
University, China

Saima Khatoon,

Jamia Hamdard University, India

Keiichi Nakahara,

Kumamoto University, Japan

*CORRESPONDENCE

Xiuye Sun
41292441@qqg.com

Ying Hai
haiying200311@163.com

RECEIVED 03 June 2025
ACCEPTED 14 July 2025
PUBLISHED 07 August 2025

CITATION

Zang Z, Yang F, Qu L, Ge M, Tong L, Xue L,
Sun X and Hai Y (2025) Acupuncture
modulates the microbiota-gut-brain axis: a
new strategy for Parkinson'’s disease
treatment.

Front. Aging Neurosci. 17:1640389.

doi: 10.3389/fnagi.2025.1640389

COPYRIGHT

© 2025 Zang, Yang, Qu, Ge, Tong, Xue, Sun
and Hai. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Aging Neuroscience

TYPE Review
PUBLISHED 07 August 2025
pol 10.3389/fnagi.2025.1640389

Acupuncture modulates the
microbiota-gut-brain axis: a new
strategy for Parkinson’s disease
treatment

Zimo Zang?, Fang Yang?, Liang Qu?, Minghui Ge?, Liang Tong?,
Lihui Xue?®, Xiuye Sun'* and Ying Hai?*

!Department of Rehabilitation, The Second Affiliated Hospital of Liaoning University of Traditional
Chinese Medicine, Shenyang, China, 2Department of Neurology, The Affiliated Hospital of Liaoning

University of Traditional Chinese Medicine, Shenyang, China, *Anshan Hospital of Traditional Chinese
Medicine, Anshan, China

Parkinson’s disease is a relatively common neurodegenerative disorder in clinical
practice, and its prevalence is increasing worldwide. It not only causes patients
to have movement disorders such as tremors and delayed initiation but also
makes them suffer from olfactory disorders, gastrointestinal disorders, insomnia
and other symptoms, which imposes a heavy burden on both patients and their
families. In recent years, some scholars believe that the gut-brain axis may
be the key to revealing the pathogenesis of Parkinson’s disease. The changes
in intestinal flora, or bacterial infections and oxidative stress, lead to abnormal
aggregation of alpha-synuclein and formation of neurotoxic Lewy bodies, which
are transmitted to the central nervous system via the vagus nerve, thus causing
Parkinson'’s disease. A large number of evidence-based studies have shown that
acupuncture is effective in treating motor disorders and non-motor symptoms
such as constipation, neuropsychiatric symptoms, and dysphagia symptoms in
Parkinson'’s disease, also this treatment is safe. However, its mechanism remains
unclear. Acupuncture may affect the gut-brain axis and treat PD by improving
intestinal flora imbalance, interfering with the expression of alpha-synuclein
protecting neurological function, reducing imflammation, and influencing glial
cells, etc. Therefore, the aim of this review is to elucidate the pathogenesis of PD
from the perspective of neural, immune, and metabolic signaling pathways of
the microbiota-gut-brain axis. In addition, this paper integrates the mechanism
of acupuncture treatment with the pathogenesis of PD for the first time and to
provide potential new strategies for its treatment.
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1 Introduction

Parkinson’s disease (PD) is the second most common neurodegenerative disease, mostly
seen in middle-aged and older adults. Currently, there are approximately 6 million PD patients
worldwide (Tolosa et al., 2021), with its incidence and prevalence continuing to increase
(Bosch-Barcel¢ et al., 2025). It has been estimated that by 2030, in China, this figure will be
more than doubled, reaching between 8.7 million and 9.3 million (Dorsey et al., 2007). PD
primarily affects patients’ motor function, with symptoms such as bradykinesia, resting tremor
and ankylosis, while in the early stages of PD, patients usually present symptoms (insomnia,
depression, and olfactory disturbances) (Shah et al., 2009), gastrointestinal (GI) dysfunction

01 frontiersin.org


https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fnagi.2025.1640389&domain=pdf&date_stamp=2025-08-07
https://www.frontiersin.org/articles/10.3389/fnagi.2025.1640389/full
https://www.frontiersin.org/articles/10.3389/fnagi.2025.1640389/full
https://www.frontiersin.org/articles/10.3389/fnagi.2025.1640389/full
https://www.frontiersin.org/articles/10.3389/fnagi.2025.1640389/full
mailto:41292441@qq.com
mailto:haiying200311@163.com
https://doi.org/10.3389/fnagi.2025.1640389
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/aging-neuroscience#editorial-board
https://www.frontiersin.org/journals/aging-neuroscience#editorial-board
https://doi.org/10.3389/fnagi.2025.1640389

Zang et al.

(nausea, abnormal salivation, constipation, prolonged intestinal transit
time, etc.) (Mulak and Bonaz, 2015) and other non-motor symptoms.

The main pathological features of PD include the loss of
dopaminergic neurons in the substantia nigra (SN) and the
abnormal aggregation of alpha-synuclein (a-syn). It has been
found out that the patients with PD often have long-term
gastrointestinal symptoms, such as constipation and intestinal
dysfunction, before the appearance of motor symptoms,
suggesting that the intestine may be one of the early pathological
starting points of PD (Mulak and Bonaz, 2015). Gastrointestinal
dysfunction results mainly from the changes of intestinal flora.
The gut-brain axis (GBA) is a bidirectional communication
system between the enteric nervous system (ENS) and the central
nervous system (CNS) of the brain through neural, endocrine, and
immune pathways that regulate multiple physiological functions.
Among them, gut mirobiota plays a key role in this interaction.
Alterations in gut flora may lead to abnormal aggregation of a-syn
(Wu J. et al., 2025). Abnormally aggregated a-syn spreads from
the ENS to the CNS through the vagus nerve (VN) and is
eventually transmitted to the SN, leading to the loss of
dopaminergic neurons and ultimately PD (Del Tredici and Braak,
2016). Therefore, scientists have proposed the hypothesis that PD
may cause changes in gastrointestinal function from the gut
microbiota and transfer to the CNS via the GBA.

At present, the treatment of PD mainly relies on the drugs that
increase dopamine concentrations or directly stimulate dopamine
receptors (Kalia and Lang, 2015). However, during the treatment
period, the drug often accelerates the degeneration of the substantia
nigra pars compacta (SNpc), resulting in a gradual weakening of the
drug’s efficacy and aggravating motor disorders and dystonia for the
patient (Lipski et al., 2011). Meanwhile, most PD patients have GI
symptoms such as gastroparesis and dysphagia, which further impede
drug absorption. Additionally, some of the anti-Parkinson’s disease
medications may exacerbate the GI symptoms in PD patients (Sung
et al,, 2014). Therefore, there is an urgent need to develop safer and
more effective solutions to the treatment of PD. As a kind of external
operation method based on the main principle of traditional Chinese
medicine, acupuncture activates the body’s inherent regulating ability
and exerts a multi-pathway, multi-target regulating effect (Wu Y. et al.,
2025). Moreover, a large number of evidence-based studies have shown
that acupuncture can significantly improve motor disorders and
non-motor symptoms such as constipation, neuropsychiatric, and
dysphagia in PD patients (Cao et al., 2020). As a supplementary and
alternative therapy, acupuncture has received increasing attention and
research (Jiang et al., 2018; Wen et al., 2021). In summary, this review
aims to clarify the pathogenesis of PD from the perspective of neural,
immune, and metabolic signaling pathways of the microbiota-gut-
brain axis. On this basis, this review discusses the integrative
application of acupuncture in the treatment of Parkinson’s disease and
its possible mechanisms, aiming to provide potential new strategies for
its treatment.

2 Altered gut-microbiota present in
PD patients

The intestines contain nearly 100 trillion microorganisms (Vilela
etal, 2024). Specifically, the microbiota includes bacteria, eukaryotes,
viruses, archaea, fungi and protozoa (Cox et al., 2013). The microbiota
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collectively encode more than 3.3 million non-redundant genes (more
than 150 times the number encoded by the human host genome), and
many microbial gene products have important implications for host
metabolism and health (Collins et al., 2012). Meta-analysis of the
intestinal microbiome in PD via 16S rRNA gene sequencing and
shotgun metagenomics showed that the abundance of Streptococcus,
Bifidobacterium, Lactobacillus, Akkermannia, and Desulfovibrio was
increased, whereas the abundance of Roseburia, Faecalibacterium,
Blautia, Lachnospira and Prevotella was decreased in PD patients (Nie
et al.,, 2022). Another meta-analysis of 21 controlled studies of PD
patients and normal subjects targeting the PD gut microbiome showed
that, compared to healthy controls, two phyla (Synergistetes and
Verrucomicrobia) and five families (Synergistaceae,
Verrucomicrobiaceae, Peptococcaceae., Clostridiales Incertae Sedis XII
and Porphyromonadaceae) and four genera (Eisenbergiella,
Akkermansia, Desulfurispora and Acidaminobacter) increased, while
one family (Lachnospiraceae) and two genera (Faecalibacterium and
Roseburia) decreased (Kleine Bardenhorst et al., 2023). Bai et al. (2024).
reported an increase in Bifidobacteriaceae, Ruminococcaceae,
Rikenellaceae,  Lactobacillaceae, =~ Verrucom  icrobiaceae  and
Christensenellaceae in patients with PD, whereas Prevotellaceae,
Lachnospiraceae, Erysipelotrichaceae and Faecalibacterium decreased.
Shen et al. (2021) also conducted a meta-analysis of PD patients and
healthy control studies of the gut microbiome of PD, which showed
that PD

Verrucomicrobiaceae and Christensenellaceae were elevated and

patient Bifidobacteriaceae, Ruminococcaceae,
Prevotellaceae, Faecalibacterium and Lachnospiraceae were decreased
compared to healthy controls. Romano et al. also reported a meta-
analysis of the PD gut microbiome involving 22 studies, which showed
that Lactobacillus, Akkermansia, Hungatella, and Bifidobacterium were
elevated in patients with PD, whereas Roseburia, Fusicatenibacter
Blautia, Anaerostipes (Trichosporonaceae) and Faecalibacterium
(Ruminococcaceae) were decreased in patients with PD (Romano et al.,
2021). By summarizing the above meta-analyses, it was found that
Verrucomicrobiaceae Akkermansia were increased and Roseburia,
Faecalibacterium and Prevotellaceae was decreased in patients with
PD. Zhu et al. (2022) also have summarized that most gut microbiota
of PD patients shown PD-related changes in the gut microbial
composition, including increases in the relative abundance of
Verrucomicrobiaceae and Akkermansia and decreases in Prevotellaceae
and Prevotella. These studies consistently report alterations in the gut
microbiome of PD patients (Please refer to Table 1 for details).

In addition, the gut microbiota can influence the ENS
homeostasis. The ENS is a large branch of the autonomic nervous
system. Known as the “second brain,” it is highly similar to the
CNS. The ENS consists of more than 100 million neurons and
more than 400 million enteric glial cells (EGCs) that coordinate
and regulate gastrointestinal functions (Dowling et al., 2022).
EGCs are a group of peripheral glial cells associated with the
somata and synapses of intestinal neurons, existing at all
extensions of the gastrointestinal tract. They play an important
role in the secretion and absorption of the intestinal epithelium
(Montalban-Rodriguez et al., 2024). Enterochromaffin cells (ECs)
and enteroendocrine cells (EECs) located in the intestinal
epithelium, make contact directly with approximately 4 trillion
gut microbes (Dicks, 2023). Thus, gut microbiota influence the
ENS homeostasis through the EECs. Secondly, the gut microbiota
maintains ENS homeostasis by regulating enteric neurons and the
EGCs. A recent study reported that gut microbiota was critical for
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TABLE 1 Changes in the intestinal microbiota.

Author Number of studies Increasing microbiota Decreasing microbiota

Nie et al. (2022) 11 items Streptococcus, Bifidobacterium, Lactobacillus, Roseburia, Faecalibacterium, Blautia,
Akkermannia, and Desulfovibrio Lachnospira and Prevotella

Kleine Bardenhorst et al. (2023) | 21 items two phyla (Synergistetes and Verrucomicrobia) and one family (Lachnospiraceae) and two genera
five families (Synergistaceae, Verrucomicrobiaceae, (Faecalibacterium and Roseburia)
Peptococcaceae., Clostridiales Incertae Sedis XII and
Porphyromonadaceae) and four genera
(Eisenbergiella, Akkermansia, Desulfurispora and
Acidaminobacter)

Bai et al. (2024) 14 items Bifidobacteriaceae, Ruminococcaceae, Rikenellaceae, | Prevotellaceae, Lachnospiraceae,
Lactobacillaceae, Verrucomicrobiaceae and Erysipelotrichaceae and Faecalibacterium
Christensenellaceae

Shen et al. (2021) 14 items Bifidobacteriaceae, Ruminococcaceae, Prevotellaceae, Faecalibacterium and
Verrucomicrobiaceae and Christensenellaceae Lachnospiraceae

Romano et al. (2021) 22 items Lactobacillus, Akkermansia, Hungatella, and Roseburia, Fusicatenibacter Blautia,
Bifidobacterium Anaerostipes (Trichosporonaceae) and

Faecalibacterium (Ruminococcaceae)

maintaining the integrity of the ENS by regulating enteric neuron
survival and promoting neurogenesis (Vicentini et al., 2021).
Kabouridis et al. (2015) found that the EGC is a continually
renewed homeostatic cell population in adult mice, whose
homeostasis and development are regulated by gut flora, which in
turn affects the ENS homeostasis.

Dysbiosis of gut microbiota has also been regarded as a trigger
of or contributor to PD. Yu et al. (2023) demonstrated that
dysbiosis of gut microbiota promoted neurobehavioral deficits
and oxidative stress responses in a rat model of PD. Changes in
intestinal flora can improve symptoms of PD. Wang et al. (2021)
confirmed that the brain dopa/dopamine levels of PD model mice
could be elevated by regulating the intestinal flora, thus achieving
the therapeutic purpose. In addition, the increased abundance of
Muribaculaceae,  Lactobacillaceae, — Lachnospiraceae, — and
Eggerthellaceae, as well as depletion of the abundance of
Aerococcaceae, and Staphylococcaceae can also lead to a reduction
in motor symptoms and alleviation of neuroinflammation in PD
mice (Cui et al., 2022). A clinical study demonstrated that fecal
microbiota transplantation (FMT) could significantly improve the
quality of life for PD patients by restoring their intestinal
ecosystem (Cheng et al., 2023). Numerous clinical studies have
shown that probiotics can improve the symptoms of constipation
(Hong et al,, 2022) and dyskinesia (Chu et al., 2023) in PD patients.

3 The role of gut-brain axis signaling
pathways in Parkinson’s disease

3.1 Metabolic signaling pathway-short
chain fatty acids

Short-chain fatty acids (SCFAs), such as butyrate, acetate, lactate,
and propionate, are mainly produced by dietary fiber through
fermentation in the colon by intestinal flora such as Bifidobacteria,
Lactobacillus and Trichoderma reesei, providing energy to epithelial
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cells (Cushing et al., 2015). They can directly cross the blood-brain
barrier (BBB), affecting on the CNS (Kalyanaraman et al., 2024). It is
currently known that PD patients have reduced levels and diversity of
gut flora producing SCFAs, especially propionate and butyrate
(Kalyanaraman et al., 2024). Serum SCFAs are altered, while reduced
serum propionic acid levels are correlated with motor symptoms,
cognitive performance, and non-depressive states in PD patients (Wu
et al., 2022). Moreover, the ability to produce SCFAs after fiber
fermentation in vitro fecal in PD patients declines compared to healthy
individuals (Baert et al., 2021).

SCFAs play an important role in maintaining homeostasis of the
GBA. First of all, SCFAs enhance the intestinal mucosal barrier. Huang
et al. used propionate to produce beneficial effects on the intestinal
epithelial barrier and improve locomotor function in mice with
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MTPT) induced PD
(Huang et al., 2021). Kelly et al. enhanced the tissue barrier function
through crosstalk between SCFAs and intestinal epithelial HIF (Kelly
et al., 2015). Moreover, SCFAs may further prevent bacteria and
bacterial products from entry into the systemic circulation by
enhancing the mucosal barrier. A recent experiment has shown that
butyrate reduces barrier disruption by decreasing the local
inflammatory response and also has a direct protective effect on
cytokine-mediated barrier disruption (Korsten et al., 2023). Secondly,
SCFAs also contribute to maintaining the integrity of BBB. Mei et al.
significantly enhanced BBB integrity in rhesus monkeys suffering
from intestinal dysbiosis by means of supplementation with SCFAs
(Chenghan et al,, 2025). Wang | et al. (2023) used inulin to enhance
intestinal mucosal integrity, causing an increase in SCFAs, which in
BBB
neuroinflammation in mice. SCFAs also contribute to attenuating

turn improved depressive behavior, integrity, and
neuroinflammation and affect microglia maturation (Erny et al,
2015). A recent experiment also demonstrated that the SCFAs
suppressed MPTP-induced neuroinflammation in PD mice, entered
the SNpc, and inhibited dopamine neurons, thereby alleviating
dyskinesia in PD mice (Hou et al., 2021a). Meanwhile, SCFAs also

reduce microglia and astrocyte activation (Soliman et al., 2013;
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Patnala et al., 2017), inhibit inflammatory responses induced by
lipopolysaccharides (LPS) (Wang et al, 2018) and reduce the
expression of pro-inflammatory factors such as IL-1p, IL-6, and others
(Soliman et al., 2012). Thirdly, SCFAs can reduce a-syn expression. A
recent study has shown that neuronal a-syn aggregation induces a
mitochondrial unfolded protein response (mitoUPR) in the gut,
leading to reduced levels of propionate. A short-chain fatty acid
propionate may prevent a-synuclein-induced neuronal death and
locomotor deficits through bidirectional regulation of the intestinal
and neuronal processes in a cryptic nematode model of PD (Wang
et al., 2024). Another study also showed that SCFAs reduced the
accumulation of a-syn in the colon and hippocampus of PD mice,
prevented dopaminergic cell death in the substantia nigra, and
improved motor and non-motor symptoms (Techaniyom et al., 2024).
Finally, SCFAs are also significantly associated with neurotransmitter
concentrations. The HDAC-inhibitory behavior of sodium butyrate
has been shown to exert beneficial effects on neurotoxicity-induced
rats by improving motor symptoms and increasing striatal dopamine
(Sharma et al., 2015). The HDAC inhibitory behavior of sodium
butyrate has been demonstrated to have beneficial effects on
neurotoxic-induced rats by improving motor symptoms and
increasing striatal dopamine (Paiva et al., 2017). Meanwhile, it has
been shown that the microbial metabolite SCFAs, especially butyrate,
which can be transported into the circulation, also increase brain
5-hydroxytryptamine concentration and exert neuroprotective effects
in mice (Sun et al., 2016).

Thus, there are beneficial effects of SCFAs on both the neurological
and immune systems of PD patients (Kalyanaraman et al., 2024).
SCFAs may improve PD symptoms by reinforcing the intestinal
mucosal barrier, further preventing the entry of bacteria and bacterial
products into the body’s circulation system, maintaining the integrity
of the BBB, attenuating neuro inflammation, influencing microglia
maturation, reducing the activation of microglia and astrocytes,
decreasing the expression of @-syn, and increasing the concentration
of neurotransmitters such as 5-HT.

3.2 Neural signaling pathway

3.2.1 Vagal transmission of alpha-synuclein

a-syn is a naturally derived protein that abundantly present in
healthy neuronal cells (Mahbub et al., 2024). Under normal state, the
tendency of a-syn aggregation is relatively low (Lashuel et al., 2013).
Abnormal aggregation of a-syn occurs in the gut due to disturbed gut
microbiota in PD patients (Goya et al., 2020; Fang et al., 2024). a-Syn
spreads between neurons like a prion virus, which leads to more
monomeric a-syn misfolding or over-modification. Then, it is
deposited in neurons to form Lewy bodies (LBs), resulting in
neurotoxicity (Bu et al., 2020). Braak et al. (2006) proposed a
hypothesis in 2003 that a-syn transmits through the VN and dorsal
motor nucleus of the vagus nerve (DMV) in the medulla oblongata
from the ENS to the CNS.

Firstly, gut microbiota can affect a-syn. A recent meta-analysis
revealed that mucin-degrading Akkermansia is increased and the
bacteria produced by short-chain fatty acid (SCFAs) are reduced in
PD. These changes in gut flora leads to increase intestinal permeability
and exposure of the intestinal plexus to toxins, such as LPS, which can
lead to aberrant @-syn aggregation (Hirayama and Ohno, 2021). Some
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gut microbiota themselves can also cause abnormal aggregation of
a-syn (Sampson et al., 2020). Subsequently, abnormally aggregated
a-syn can come into contact with the EGCs of neurons and ENS via
the EECs located in the intestinal epithelium and spread the a-syn
folding through neuro-foot junctions (Claudino Dos Santos et al.,
2023). Synaptic nucleoprotein pathology and EGC proliferation have
been found in the duodenum of patients with PD, and abnormal
aggregation of a-syn induces reactive EGC proliferation, which in
turn leads to the changes in ENS neurons (Emmi et al., 2023).
Secondly, the alterations in ENS neurons and EGCs themselves can
initiate a-syn misfolding (Montalban-Rodriguez et al., 2024). The ENS
may be one of the main sites of action for LBs in PD (Mirzaei
etal., 2021).

The vagus nerve is the longest and the most widely distributed
autonomic nerve, originating in the brainstem and traveling down
through the neck and into the chest and abdomen. It holds motor and
sensory information and provides neural innervation for multiple
systems. Containing approximately 80% afferent fibers and 20%
efferent fibers, the afferent nerves are responsible for transmitting
taste, visceral, and somatic sensations. Also, the efferent fibers are
involved in the regulation of gastrointestinal, cardiac, and pulmonary
functions (Han et al., 2022). In the gut, the VN afferent nerves
terminate in the muscularis propria and mucosa. In the muscularis
propria, vagal afferent nerves form intranodal endings and
intramuscular arrays. In contrast, some vagal endings synapses,
originating from the neurons, are connected to the enteric nervous
system (Fiilling et al., 2019). Moreover, the neurons of the ENS with
the EGC itself originate from the vagus nerve and sacral neural crest
(Natale et al., 2021). Thus, it is through the VN via the ENS that a-syn
diffuses to the CNS.

The animal experiments performed by Holmqvist et al. (2014)
demonstrated that a-syn folds misfold, deposit in the ENS and are
transported to the brain via the VN. Vagotomy has been proven to
reduce the risk of PD, further supporting the possibility that a-syn
may spread along the vagus nerve to the central nervous system
(Borghammer and Hamani, 2017). A systematic review of vagal
ultrasonography for patients with PD indicates that PD patients have
a certain degree of the VN atrophy (Abdelnaby et al., 2021). According
to the hypothesis proposed by Braak, the aggregated a-syn diffuses
from the ENS to the CNS via the vagus nerve, forming LBs and Lewy
synapses (Forno, 1987). He divided the pathologic staging of PD
disease into six stages (Braak et al., 2003). Firstly, the LBs are confined
to the medulla oblongata, with the IX/X dorsal motor nuclei. As the
condition gradually worsens, it affects the lower and upper brainstem
or initially involves the anterior medial temporal mesocortex and
eventually severely involves the brain, including neocortical areas.
This, in turn, damages the substantia nigra and even the neocortical
regions. The LBs of ENS can be taken as a pathophysiologic correlate
of gastrointestinal signs in patients with PD.

The VN stimulation can also alleviate the symptoms of PD. A
clinical trial conducted by Zhang et al. demonstrated that
transcutaneous auricular vagus nerve stimulation (taVNS) relieved
gait disturbances and remodeled sensory-motor integration in
patients with PD (Zhang et al., 2023). A recent animal study also
indicated that mild to moderate intensity vagus nerve stimulation
(VNS) had a significant effect on 6- OHDA administration and
exerted anti-inflammatory and neuroprotective effects on a rat model
of PD induced by 6- OHDA administration (Kin et al., 2021).
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3.2.2 Regulation of neurotransmitters

3.2.2.1 Dopamine

Dopamine (DA) is a central pathogenetic factor in PD, and its
deficiency leads to dysfunction of the substantia nigra-striatal
pathway, which in turn causes the motor symptoms of PD (Antonelli
and Strafella, 2014). DA is synthesized mainly in neuronal cells of
the brain and is largely dependent on Tyrosine, which is catalyzed
by Tyrosine Hydroxylase (TH) to produce Levodopa (L-DOPA).
Then, it is converted to DA by DOPA Decarboxylase (DDC).
Tyrosine is mainly derived from the liver, kidney or diet, with the
subsequent synthesis accomplished in the brain by tyrosine
hydroxylase (TH) and DDC (Wang et al., 2021). DA levels are
directly influenced by gut microbiota. The acetogens E. limosum
and B. producta can synthesize DA via O demethylation of 3MT
(Rich et al., 2022). For decades, L-dopa has been used to treat
symptoms caused by the depletion of endogenous DA in the brains
of patients with PD (Hauser, 2009). However, l-dopa can
be metabolized by the intestinal microbiota, thus affecting its
efficacy (Sandler et al., 1971). The presence of fecal commensal
enterococci in the gut microbiota of PD patients is associated with
increased I-dopa metabolism in the gut microbiota (Jameson and
Hsiao, 2019). Thus, gut microbiota can modulate L-dopa content in
humans, which affects its bioavailability, and thus affecting DA
content and improving PD symptoms.

3.2.2.2 Hydroxytryptamine

Hydroxytryptamine (5-HT), also known as serotonin, is an
important neurotransmitter in the CNS for regulating mood, sleep
and appetite (Pourhamzeh et al., 2022). A clinical trial indicated that
the decreased platelet 5-HT levels are associated with resting tremor
in PD, suggesting that 5-hydroxytryptaminergic disorders are
involved in resting tremor in PD (Wang J. Y. et al.,, 2023). The 5-HT
system originates from the nucleus of the middle suture and projects
to the BG (basal ganglia), including the SNpc and caudate nucleus
1992). In patients with PD, 5-HT
neurotransmission is decreased in the late stage of the disease due to

(Jacobs and Azmitia,
degeneration of dorsal nucleus of the middle suture (Jellinger, 2015).
It is evidenced that 5-HT plays an important role in modulating
mood, cognitive, and motor deficits in PD patients. As a precursor for
serotonin biosynthesis, tryptophan crosses the blood-brain barrier
and then getsmetabolized to serotonin in the nucleus accumbens
within the brainstem (Le Floc’h et al., 2011). It is now known that
serotonin synthesis occurs in ECs and ENS in the gastrointestinal
tract (Mawe and Hoffman, 2013), ECs and enteric neurons catalyze
the formation of 5-HT precursors from tryptophan via tryptophan
hydroxylase (TPH), which is subsequently decarboxylated to form
5-HT. It is present in the gastrointestinal tract in approximately 95%
of cases. TPH is divided into two isoforms, namely TPH1 and TPH2,
with TPH1 predominantly found in the EC and TPH2 expressed in
the CNS and enteric neurons (Sancho-Alonso et al., 2024). Previous
studies have shown that commensal bacteria (particularly spore-
forming bacteria of the mouse and human microbiota) promote
5-hydroxytryptamine biosynthesis in colonic EC through a
metabolite/cellular component-dependent mechanism (Yano et al.,
2015). Its effects have been discovered in sterile mice, which exhibit
impaired 5-HT production in the colon (but not in the small
intestine) and low blood 5-HT concentrations. While symbiotic
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microbiota can synthesize serotonin directly from luminal
tryptophan. Several bacteria belonging to Lactococcus, Lactobacillus,
Streptococcus, Escherichia coli and Klebsiella have been reported as
capable to produce serotonin by expressing tryptophan synthase (Gao
etal., 2020). It is confirmed that altering the microbiota can improve
the symptoms of 5-HT-related diseases. Also, 5-HT stimulates the
growth of Enterococcus faecalis, Escherichia coli, and Rhodococcus
erythropolis in cultures (Yano et al, 2015). Thus, bidirectional
regulation can occur between gut microbiota and 5-HT.

3.3 Immune signaling pathway

The gut microbiota influences brain function by maintaining
homeostasis of innate and adaptive immunity and by limiting acute
and chronic inflammation in the gut and CNS (Bostick et al., 2022).
This is due to the fact that PD patients have an altered gut. Through a
rat model of PD, Koutzoumis et al. (2020) discovered that antibiotics
reduced the diversity of the gut flora and the expression of
pro-inflammatory cytokines in the rat vegetative striatum, thus
reducing dopamine neuron loss and an improvement in motor
deficits. Due to the overgrowth of Enterobacteriaceae in the intestinal
tract, LPS titration is enhanced (Forsyth et al., 2011). In normal
mucosa, bacteria and other nodules are confined to the intestinal
lumen. However, in the gut of patients with PD, EGC is activated due
to bacterial infection, oxidative stress, etc. Also, a further release of
pro-inflammatory factors by EGC activation disrupts the ENS
homeostasis (Seguella et al., 2020), leading to increased intestinal
permeability and the formation of a “leaky gut” (Di Vincenzo et al.,
2024). Due to loss of intestinal epithelial membrane integrity after
leaky gut and entry of bacterial products (e.g., LPS) into the
circulation, pro-inflammatory factors in the blood increase and
activation of the peripheral immune system occurs (La Vitola et al.,
2021; Di Vincenzo et al., 2024). Previous meta-analyses have pointed
out that peripheral blood concentrations of pro-inflammatory
cytokines such as IL-6, TNF-q, IL-2, IL-10, IL-1f, and C-reactive
protein (CRP) are significantly elevated in patients with PD compared
with healthy individuals (Qin et al, 2016). EGC persistent
neuroinflammation increases the expression of misfolded a-synuclein
within the ENS, which spreads centrally (La Vitola et al., 2021; Di
Vincenzo et al., 2024).

Habitually up-regulationed pro-inflammatory cytokines enter the
brain by the blood-brain barrier, leading to activation of microglia
and astrocytes (Fernandez et al., 2019). Consequently, the BBB is
disrupted (Lan et al., 2022; Warren et al., 2024), which in turn results
in the opening of the CNS to peripheral vascular factors and immune
factors (Lau et al., 2024). Also, a-syn can cross the attenuated BBB
mediated by astrocytes, thus causing PD (Sheng et al., 2020). The
study suggests that patients with PD do have a BBB leakage
(Al-Bachari et al., 2020). An autopsy of patients with PD showed
diminished BBB integrity in the striatum of patients with PD, which
in turn led to SNpc dopamine loss (Gray and Woulfe, 2015). Microglia
are subjected to sustained inflammatory response stimulation,
formation of eosinophilic LBs in the cytoplasm due to abnormal levels
of a-syn aggregates in SpNc, and mitochondrial dysfunction in DA
neurons that leads to increased oxidative stress (OS), which triggers
apoptosis. Also, OS promotes a-syn aggregation as well, forming a
positive feedback loop (Lei et al., 2021).
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4 Acupuncture intervention strategies

4.1 Acupuncture is a peripheral
intervention therapy with potential for
Parkinson's treatment

The meta-analysis of acupuncture for the treatment of PD showed
that acupuncture holds promise for the treatment of PD (Xue et al,,
2024), with a high safety profile (Noh et al., 2017; Hou et al., 2021b).

First of all, acupuncture improves movement disorders in PD
patients. Lei et al. conducted a meta-analysis of clinical studies on the
treatment of motor symptoms in PD patients using acupuncture. The
article included 268 documents, involving 16 studies and a total of 462
PD patients. However, there was a high risk of bias in the
implementation of blinding. The study revealed that a certain dose
must be reached for acupuncture treatment to achieve better
therapeutic effects, but excessive acupuncture stimulation may cause
the body to develop a certain degree of tolerance (Lei et al., 2023).
Acupuncture of ST34 (Lianggiu), BL57 (Chengshan), HT3 (Shaohai),
HT7 (Shenmen), KI3 (Taixi), KI7 (Fuliu), and SP4 (Gongsun)
improved gait disorders and balance disorders in PD patients (Pereira
etal, 2021). It's a non-blinded study with a small sample size, and it is
limited to analyzing the acute effect of one acupuncture treatment.
Acupuncture combined with bee venom acupuncture improved
motor deficits, including postural instability, gait disturbance, and gait
speed in patients with PD compared with sham acupuncture (Cho
et al.,, 2018). According to the results of two studies as mentioned
above, acupuncture could significantly improve the motor functions
of PD patients, but there is no significant difference relative to the
comparison group.

Secondly, acupuncture can improve constipation symptoms in
PD patients. Zhao et al. searched the Cochrane Central Register of
Controlled Trials and multiple databases, including Embase and
PubMed, with 11 studies and 960 patients involved. Three of the
studies had a high risk of bias, but all of the studies were conducted
in China, posing a risk of regional bias. The results indicated that
acupuncture increased the number of spontaneous bowel
movements in PD patients, improved quality of life, increased rectal
resting pressure, and reduced the severity of chronic constipation
(Zhao etal,, 2024). Li Y. k. et al. (2023) reported that compared with
the sham acupuncture group, acupuncture treatment increased the
number of spontaneous bowel movements and had a more
sustained eflicacy. Another multicenter randomized controlled
study demonstrated that electroacupuncture of ST25 (Tianshu),
SP14 (Fujie), and ST37 (Shangjiuxu) points combined with
conventional medication could be effective in treating PDC (Li
K. etal, 2023). However, the follow-up period was not long enough
and the patients were not blinded in the study, which may affect the
test results.

Moreover, acupuncture may improve neuropsychiatric
symptoms in patients with PD. Tan et al. searched eight databases,
including PubMed, Embase, and CNKI, and included 28 studies
with a total of 2,148 participants after screening. Most studies had
a high risk of bias in the implementation of blinding, but all studies
had relatively complete data, which reduced the risk of attrition bias
and reporting bias. The results indicated that acupuncture may
improve symptoms of depression, anxiety, cognitive dysfunction,
impulse control disorders, and quality of life in patients with
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Parkinson’s disease in the short term (Tan et al., 2024). Mi et al.
(2024) searched eight databases, including PubMed, the Cochrane
Central Register of Controlled Trials, and CNKI, and ultimately
included 15 studies involving 957 participants. Among them, 11
RCTs had a high risk of bias in the implementation of blinding,
which may be related to the need for patients to report sleep
outcomes subjectively. The results indicated that acupuncture can
serve as an adjunctive treatment for sleep disorders shown in
Parkinson’s disease. A clinical trial conducted by Fan et al.
demonstrated that acupuncture of GV24 (Shenting), GV29
(Yintang), bilateral HT7 (Shenmen), bilateral SP6 (Sanyinjiao), and
four divine acupuncture needles for 8 weeks significantly improved
patients’ anxiety symptoms (Fan et al., 2022). Notably, this was the
first randomized clinical trial of the effectiveness of an acupuncture
treatment regimen targeted for anxiety in patients with
PD. However, the only drawback is that all the participants were
Chinese and there was probably some bias in using HAM-A score
of at least 14 as the standard for evaluating anxiety in PD. Yan et al.
conducted a clinical trial study on sleep quality of patients with PD,
with the result showing that acupuncture on the four divine
acupuncture needles, GV24 (Shenting), GV29 (Yintang), LI4
(Hegu), LR3 (Taichong), SP6 (Sanyinjiao), HT7 (Shenmen), ST36
(Zusanli). BL62 (BL62) and K16 (Zhaohai) significantly improved
patients’ sleep disorders and even their quality of life (Yan et al.,
2024). The test data were true and reliable while the outcome
measurements were comprehensive. However, the follow-up period
was limited to 4 weeks, and all the participants were Chinese.

Finally, acupuncture may also improve dysphagia in patients with
PD. Wu et al. searched seven databases, including PubMed, Cochrane
Library, and CNKI. Also, 10 RCTs with a total of 724 participants were
included. However, most of the studies had a high risk of bias in terms
of blinding, with all of the included studies conducted in China,
indicating a regional bias. The results showed that acupuncture not
only improved the swallowing function of PD patients, but also
improved their nutritional status and reduced the incidence of
pneumonia (Wu et al., 2023). A randomized controlled study showed
that conventional medication combined with acupuncture
significantly improved dysphagia symptoms and nutritional status in
patients with PD (Zeng et al., 2025). Fukuda et al. also confirmed that
acupuncture points ST36 (Zusanli), SP6 (Sanyinjiao), and LI4 (Hegu)
increased swallowing-related tongue pressure and improved dysphagia
in patients (Fukuda et al., 2016). According to the results of two
studies as mentioned above, acupuncture could significantly improve
the swallowing function of PD patients, but there is no significant
difference relative to the comparison group.

In conclusion, acupuncture has high efficacy in improving
non-motor symptoms such as constipation, neuropsychiatric
symptoms in PD patients, which is worthy of clinical promotion
(Please refer to Table 2 for details).

4.2 Acupuncture may exert an ameliorative
effect on Parkinson’s symptoms by
regulating the gut-brain axis

On the one hand, acupuncture can improve the imbalance of

intestinal flora. Through 16S rRNA sequence analysis, Jang JH et al.
observed that acupuncture changed the relative abundance of 18
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genera in PD mice, of which Butyricimonas, Holdemania,
Frisingicoccus, Gracilibacter, Phocea, and Aestuariispira showed
significant correlations with the improvement of various dysfunctions
and anxiety (Jang et al., 2020). Han et al. (2021) found out that
electroacupuncture may alleviate behavioral deficits by modulating
gut microbiota and suppress inflammation in a mouse model of
PD. Research has shown that acupuncture may increase the abundance
levels of Roseburia (Feng et al., 2025), Faecalibacterium (Bao et al.,
2022), and Prevotellaceae (Wang H. et al., 2023).

On the other hand, acupuncture can also regulate the
expression of a-syn. Firstly, acupuncture blocks intestinal
inflammation by inhibiting NLRP3 inflammasome activation (Guo
et al, 2024) and reduces o-syn expression through anti-
inflammatory and antioxidant activities (Deng et al., 2015).
Secondly, acupuncture can also promote the autophagic clearance
of a-syn (Zhang et al., 2024). Furthermore, acupuncture can
directly reduce the expression of a-syn in the SN (Yeo et al., 2020).
Finally, acupuncture can inhibit the apoptosis pathway, upregulate
endogenous brain-derived neurotrophic factor (BDNF), and
activate downstream PI3k/AKT to degrade a-syn (Lin et al., 2017).
In an MTPT-induced mouse model of PD, acupuncture stimulation
of GB34 and LR3 attenuated not only the decrease of tyrosine
hydroxylase in the SN but also the elevation of SN a-syn (Yeo et al.,
2020). In a mouse model of rotenone-induced PD,
electroacupuncture of ST25 (Tianshu), ST37 (Shangjuxu), LI11
(Quchi), and DU24 (Shenting) acupoints reduces the expression of
alpha-syn in the colon and substantia nigra, thereby delaying the
onset time of behavioral disorders in mice (Ma et al., 2021).

Acupuncture also exerts neuroprotective effects on PD. Firstly,
acupuncture can exert neuroprotective effects by increasing L-dopa and
5-HT levels (Nguyen et al, 2025). Secondly, acupuncture also
up-regulates a7-nicotinic acetylcholine receptors (a7nAChR) through
central cholinergic mechanisms, thus promoting the release of glial cell
line-derived neurotrophic factor (GDNF) by EGCs, Ultimately,
intestinal neurons are protected (Zhang et al, 2024). Finally,
acupuncture can also directly upregulate GDNF and BDNF in the SN
and striatum (Pak et al., 2020), thereby exerting a protective effect on
dopaminergic neurons. A recent meta-analysis pointed out the
protective effects of acupuncture on dopaminergic neurons in a rodent
model of PD (Ko et al., 2019). Earlier experiments have also illustrated
that acupuncture prevents 6-hydroxydopamine-induced neuronal
death in the nigrostriatal dopaminergic system in a rat model of PD
(Park et al., 2003).

In addition, acupuncture can improve neuroinflammation. Firstly,
acupuncture can reduce various pro-inflammatory factors such as
TNEF-a, IL-1f, and IL-6 while increasing the anti-inflammatory factor
IL-10 (Jeon et al., 2025). Secondly, acupuncture regulates the pathways
related to inflammatory responses. Experiments conducted Jeon et al.
have shown that acupuncture can inhibit the MAPK signaling
pathway (Jeon et al., 2025), thereby improving neuroinflammation.
Finally, acupuncture can regulate the function of immune cells such
as T lymphocytes (Kim et al., 2024). Tsai et al. found that acupuncture
of Baihui and Si Shencong improved neurological function and
reduced serum inflammation in ischemic stroke patients (Tsai et al.,
2024). A recent meta-analysis suggested that acupuncture reduced
inflammation by modulating cytokines (Lee and Kim, 2022).
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Finally, acupuncture can inhibit astrocyte proliferation and
microglia polarization (Li et al., 2025). Earlier experiments have
demonstrated that acupuncture of GB34 and LR3 inhibits
MPTP-induced microglia
responses in a PD model (Kang et al, 2007). Recently,

activation and inflammatory
Zou et al. have indicated that electroacupuncture also inhibits
microglial cell M1 polarization, which in turn alleviates PD
symptoms in the MTPT-induced mouse model of PD (Zou
et al., 2024).

In conclusion, acupuncture mainly affects the GBA by
improving intestinal flora dysbiosis, interfering with o-syn
expression, protecting neurological function, reducing
inflammation, and affecting glial cells, which in turn improves

PD (Xu et al., 2025) (Figure 1).

5 Conclusion and future direction

In summary, PD is a complex neurodegenerative disease that
involves dysregulation of multiple systems, including the nervous
system, endocrine system, and immune system. In recent years,
GBA has emerged as a new area of research, providing new
insights into the pathogenesis of PD. The preliminary evidence
has suggested that acupuncture, as a traditional Chinese medicine
therapy, has potential in treating dyskinesia and non-motor
symptoms of PD. It represents a promising clinical tool for the
treatment of PD, although the mechanism is still unclear.
Acupuncture may treat PD not only by modulating the gut
microbiota, neurotransmitters and the autonomic nervous system
but also by affecting glial cells acting on the GBA. However, there
are still many limitations and challenges at this stage. Current
meta-analyses have also pointed out that most studies face a high
risk of bias of blinding and regional differences. It is
recommended that high-quality, multi-center RCTs be conducted
in multiple regions around the world. In addition, acupuncture
treatment often relies on practitioners’ clinical experience and
lacks experimental data to validate its scientific basis and
feasibility, which makes it is necessary to establish standardized
acupuncture protocols as soon as possible. Despite the
demonstrated clinical efficacy of acupuncture in the treatment of
PD, there remains very limited research on the mechanism of
acupuncture in treating PD through GBA. In future studies,
basic science with clinical practice should be further combined
to explore the specific regulatory mechanisms of GBA
in PD, contributing feasible and effective methods to the
treatment of PD.
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TABLE 2 Clinical trial.

Study

Pereira et al. (2021)

Sample size

7

Design

Controlled crossover study

Acupoint

ST34 (Liangqiu), BL57
(Chengshan), HT3 (Shaohai),
HT?7 (Shenmen), K13 (Taixi),
KI7 (Fuliu), and SP4 (Gongsun)

Endpoints

Balance and gait parameters(gait
speed, gait cadence, support base
width,vertical trunk
oscillation,left-right, trunk

oscillation)

Effect size

Gait speed, SMD 0.66, 95% CI [-0.43,
1.74] gait cadence, SMD 0.97, 95%
CI [-0.16, 2.10] Support base width,
SMD 0.25, 95% CI [-0.80, 1.30]
Vertical trunk oscillation, SMD 0.66,
95% CI [-0.43, 1.75] Cleft-right,
trunk oscillation, SMD 0.78, 95% CI
[-0.32, 1.88]

Safety

No side effects of any

treatment were reported

Cho et al. (2018)

Active treatment group, n = 24
The sham treatment group, n = 24
The conventional treatment group,

n=15

A single center, double-
blind, three-armed

randomized controlled trial

bilateral GB20, LI11, GB34,
ST36, andLR3

Unified Parkinson’s Disease
Rating Scale (UPDRS) part IT

and part III score

Active treatment group vs. the sham
treatment group, SMD 0.12, 95% CI
[-0.45, 0.68] Active treatment group
vs. the conventional treatment group,
SMD 1.05, 95% CI [0.36, 1.74] The
sham treatment group vs. the
conventional treatment group, SMD

0.73, 95% CI [0.06, 1.40]

No serious adverse events
were noted during the study

period

LiY.J. etal. (2023)

Manual acupuncture, n = 39

Sham acupuncture groups, n = 39

A single center, single-blind,

randomized controlled trial

Sishenzhen (four acupoints,
consisting of GV21, GV19, and
next to GV20 1.5 cun bilateral),
GV24 (Shenting), GV29
(Yintang), ST25 (Tianshu), CV4
(Guanyuan), and ST37
(Shangjuxu)

complete spontaneous bowel

movements (CSBM) score

Posttreatment, SMD 0.86, 95% CI
[0.40, 1.33] Follow-up, SMD 0.73,
95% CI[0.27, 1.19]

No serious adverse events

LiK. etal. (2023)

Electroacupuncture group, n = 83

Waitlist control group, n = 83

Multi-centre, randomised,

assessor-blinded trial

Qianding (GV21) to Xuanlu
(GB5), Connect Qianshencong
(EX-HN1) to Xuanli (GB6),
Quchi (LI11), Hegu (LI4),
Yanglingquan (GB34), Zusanli
(ST36), Sanyinjiao (SP6), Taixi
(KI13) and Taichong (LR3),
Tianshu (ST25), Fujie (SP14),
Shangjuxu (ST37)

Unified Parkinson’s Disease

Rating Scale (UPDRS) score

SMD 1.02, 95% CI [0.70, 1.35]

The incidence of adverse
events was modest, and no
participant dropped out of the
study due to acupuncture-

related ill effects

Fan et al. (2022)

Real acupuncture, n = 32

Sham acupuncture, n = 32

A single center, double-
blind, randomized

controlled trial

GV 24 (shen ting), GV 29 (yin
tang), bilateral HT7 (shen
men), bilateral SP 6 (san yin
jiao), and Si Shen Zhen

Hamilton Anxiety Scale

(HAM-A) score

Posttreatment, SMD 0.12, 95% CI

[-0.37, 0.61] Follow-up Secondary
outcome, SMD 3.76, 95% CI [2.93,
4.59]

No serious adverse events

occurred.

(Continued)
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TABLE 2 (Continued)

Yan et al. (2024)

Sample size

Real acupuncture, n = 40

Sham acupuncture, n = 38

A single center, double-
blind, randomized

controlled trial

Acupoint

Si Shenzhen, ShenTing (GV24),
YinTang (GV29), HeGu (LI4),
TaiChong (LR3), SanYinJiao
(SP6), ShenMen (HT?7),
ZuSanLi (ST36), ShenMai
(BL62), and ZhaoHai (KI16)

Endpoints

Parkinson Disease Sleep Scale

(PDSS) score

Effect size

Posttreatment, SMD 1.18, 95% CI
[0.70, 1.66] Follow-up, SMD 1.21,
95% CI [0.72, 1.69]

No participants withdrew
from the study because of an

AE.

(Zeng et al. (2025))

Experimental group, n = 56
Control group, n = 56

A single center, randomized

controlled trial

Lianquan (CV 23),
Shanglianquan (depression
between the hyoid bone
and the lower border of the
mandible, Extra), and
Yifeng (TE 17), Fengchi
(GB 20), Wangu (GB 12),
Fengfu (GV 16), Yamen
(GV 15), and Neidaying
(depression of 1 inch below
the anterior margin of the

mandible, Extra).

Penetration-Aspiration Scale
(PAS)

PAS for paste, SMD 2.06, 95% CI
[1.60, 2.53] PAS for liquid, SMD
-0.02, 95% CI [-0.39, 0.35]

No participants withdrew
from the study because of an
AE.

Fukuda et al. (2016)

13

A prospective case series

study.

ST36, SP6 and LR3 in the legs;
LI4, LI11 in the arms; GB20 in
the neck; and BL18, BL23 in the
back(all bilateral)

pressure with which the tongue
grinds food against the frontal

palate in the oral cavity

SMD 0.46, 95% CI [-0.32, 1.24]

No adverse effects related to

the acupuncture.
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FIGURE 1
Acupuncture regulates Parkinson'’s disease through the gut-brain axis. Due to changes in the intestinal microbiota, and bacterial infections, leading to
the aggregated a-syn. Then they are transmitted to the CNS via the vagus nerve and form neurotoxic LBs in the brain, which lead to PD. EGCs
activation impairs the gut barrier and increases peripheral proinflammatory factors, activates microglia, opens the BBB, and then allows aggregated
a-syn to enter the brain. Changes in the gut microbiota may also lead to a reduction in SCFAs. Acupuncture mainly affects the gut-brain axis by
improving intestinal flora dysbiosis, interfering with a-syn expression, protecting neurological function, anti-inflammation, and affecting glial cells. This
figure was created by BioRender (www.biorender.com).
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