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Abstract: The clinical management of depression presents significant challenges. While acupuncture has shown efficacy in alleviating
depressive symptoms, the underlying mechanisms through which it exerts its antidepressant effects remain incompletely understood.
Recent research has underscored the crucial role of glial cells in the pathophysiology of depression. This discovery opens a novel and
promising avenue for investigating the mechanisms underlying acupuncture’s antidepressant actions. Based on clinical evidence
supporting the use of acupuncture in treating depression, this article reviews recent studies on how acupuncture influences the glial cell
network. This is the first review of studies examining the effects of acupuncture on glial cells in depression. The review encompasses
several key aspects, including microglial polarization and associated inflammatory signaling pathways, the role of astrocytes in
maintaining metabolic homeostasis, the processes of oligodendrocyte differentiation and myelin repair, as well as the intricate
interactions among these three types of glial cells. However, this paper also has certain limitations, such as the majority of mechanistic
evidence deriving from animal models, and due to the heterogeneity of acupuncture protocols and the lack of human causal data.
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Introduction

Depression is a highly disabling mental disorder,' clinically characterised by low mood and anhedonia, often accompanied
by sleep disturbances and cognitive impairment,” severely affecting patients’ social functioning and quality of life.> The
pathogenesis of depression is complex, with no unified scientific consensus currently established. Most studies suggest
associations with neuroinflammation, immune dysregulation, neurotrophic factor deficiency, and myelin damage.*®
Antidepressants remain the mainstream treatment, yet many patients exhibit poor response to existing medications or
cannot tolerate their side effects, compelling the urgent need for more effective and safer intervention strategies. Meta-
analyses of multiple randomised controlled trials indicate that acupuncture exhibits holistic, multi-targeted regulatory
effects in treating depression, demonstrating significant efficacy’ with a low incidence of adverse reactions.® It represents
an effective complementary or alternative therapy,9 however, the specific cellular pathway networks and interaction
mechanisms through which it exerts its “holistic, multi-target” regulatory effects remain to be systematically elucidated.
Most studies suggest its effects relate to reducing neuroinflammation, regulating immune imbalances, and restoring
neurotrophic factors.'®'? Glial cells, the most abundant cells in the nervous system, participate in immune and inflamma-
tory responses, promote neurogenesis and synaptic plasticity, and maintain the neuronal microenvironment.'> Their
dysfunction directly leads to neuroinflammation, neurotrophic deficiency, and myelin damage. Recent studies indicate
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Figure | Current Status of Depression Onset and Treatment.

that glial cells represent a novel target for the antidepressant mechanism of acupuncture,'* as illustrated in Figure 1. Existing
research predominantly focuses on individual glial cell types, failing to adequately elucidate how acupuncture modulates the
dynamic interactive network comprising microglia, astrocytes, and oligodendrocytes. It is precisely this network that plays
a pivotal role in sustaining the pathological cycle of depression. This review does not examine acupuncture’s effects on
a single glial cell type in isolation, but rather emphasises its holistic regulation of the glial cell interaction network. The
onset and progression of depression stem from a vicious cycle formed between different glial cell types. Therefore,
elucidating how acupuncture disrupts this harmful network and restores beneficial interactions better captures its “multi-
target” therapeutic essence than studying its effects on individual cells. This represents a crucial advancement in under-
standing its integrated regulatory mechanisms. Although acupuncture treatment is associated with restored glial cell
function and alleviated depressive symptoms, much of the evidence primarily reveals strong correlations rather than
establishing clear causal sequences within clinical settings. Whether these mechanistic findings can be fully translated to
human pathological mechanisms remains to be elucidated in depth; consequently, caution is warranted when interpreting
direct causal relationships in clinical applications.

A systematic review of this field remains lacking. This paper therefore focuses on three glial cell types and their interactions,
summarising current research on acupuncture’s antidepressant effects through glial cell regulation. This provides a foundation for
deepening our understanding of the modern biological mechanisms underlying acupuncture’s antidepressant properties.

Search Strategy and Selection Criteria
This narrative review synthesises existing evidence linking acupuncture, depression, and glial cell regulation. To ensure
comprehensiveness and objectivity, a literature search was conducted across major databases, including PubMed, Web of
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Science, and CNKI, covering publications from January 2000 to November 2025. The search strategy employed keyword

combinations including ‘“acupuncture”, “depression”, “microglia®, “astrocytes”, “oligodendrocytes”, and
“neuroinflammation”.

Inclusion criteria were stratified by study type to encompass diverse dimensions of the review: (1) Clinical evidence:
High-quality studies, such as randomised controlled trials (RCTs) and meta-analyses, were selected to evaluate the
therapeutic efficacy and safety of acupuncture; (2) Mechanistic evidence: Preclinical studies—particularly those employ-
ing specific inhibitors or genetically modified animal models—were included to elucidate molecular mechanisms and
cellular interactions. The selection of specific signalling pathways (TLR4/NF-kB) and acupoints (GV20, ST36) was
based on their citation frequency in high-quality literature and the robustness of experimental data, ensuring a focus on

targets with the strongest scientific validation.

Clinical Application of Acupuncture in Treating Depression
Acupuncture is widely used in clinical practice to treat depression. Many randomized controlled trials and meta-analyses
have shown that it is effective. It can be used alone for mild to moderate depression, or together with other treatments for
more severe cases. By selecting specific acupoints, acupuncture helps regulate mental state and relieve depressive
symptoms. Its clinical efficacy is evidenced not only by improved scores on the Hamilton Depression Rating Scale
but also by the alleviation of common related symptoms such as insomnia and anxiety. Acupuncture is thought to work
by regulating neurotransmitters like serotonin and norepinephrine, and by reducing inflammation in the body.

These proven clinical effects provide a practical basis for further studying how acupuncture influences glial cells to
treat depression. Selected recent studies from 2024-2025 are listed in Table 1.

Glial Cells and the Pathogenesis of Depression

Microglia and Neuroinflammation

Neuroinflammation is an inflammatory reaction that happens in the central nervous system. It is mainly characterized by the
activation of microglia and the release of pro-inflammatory cytokines. This process is now considered a key mechanism in
depression. There is a two-way relationship between depression and neuroinflammation. On one hand, neuroinflammation

Table | Clinical Application of Acupuncture in the Treatment of Depression

Author/Year Document Type/ Intervention Plan Primary Outcome Measure Conclusions and Findings
Research Subject
Wang Dongli Clinical Observation / Acupuncture: Baihui (GV20), Indicators: HAMA, HAMD, This demonstrates the efficacy
et al'® /2025 30 Cases of Neurogenic | Yintang (GV29), Sanyinjiao urodynamic parameters. of integrated acupuncture and
Bladder with Anxiety (SPé), etc., once daily; Navel Results: Overall response rate | medication for comorbid
and Depression therapy: Shenque (CV8), once of 93.3%. Significant reduction affective disorders.
Following Spinal Cord daily; Continuous treatment for | in HAMA and HAMD scores
Injury 4 weeks. and residual urine volume, with
improvement in maximum
urinary flow rate.
Hao Moujia Meta-analysis / 52 Comprehensive analysis Indicators: HAMD score, Provides the highest level of
et al® /2025 randomized controlled indicates that the plan clinical non-response rate, evidence for acupuncture in
trials (RCTs), 5277 encompasses multiple 5-HT levels, adverse reactions. | treating depression.
patients with depressive | interventions, including Results: Acupuncture
disorders acupuncture and significantly improved HAMD
electroacupuncture. scores, reduced clinical non-
response rates, elevated 5-HT
levels, and demonstrated good
safety.

(Continued)
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Table 1 (Continued).

depression

Zhongwan (CV12)-Guanyuan
(CV4) and Hegu (LI4)-Taichong
(LR3) points using continuous
wave (2 Hz) at 3 sessions per
week, combined with
medication for 8 weeks.

Results: The
“electroacupuncture with gi
regulation + medication” group
demonstrated superior
outcomes compared to both the
“sham electroacupuncture +
medication” group and the
“medication alone” group in
improving depression, sleep,
quality of life, and reducing
medication dosage and side
effects.

Author/Year Document Type/ Intervention Plan Primary Outcome Measure | Conclusions and Findings
Research Subject
Gao Yuyan RCT / 75 patients with Electroacupuncture for Indicators: HAMD, NIHSS, hs- | The study revealed the
et al'® /2025 post-stroke depression Calming the Mind and Relieving | CRP, IL-6, Hcy. mechanisms by which acupoint
(PSD) Depression: Select points Results: Significant selection in the Heart Sutra
including Shenmen (HT7) and improvement in depressive demonstrates anti-
Neiguan (PC6). Apply sparse- symptoms and neurological inflammatory and
dense wave (2/20 Hz) once function, reduction in antidepressant effects.
daily for 8 consecutive weeks. inflammatory markers, with
superior efficacy compared to
the sham acupuncture group.
Liu Jingjing RCT / 119 patients with | Acupuncture: Baihui (GV20), Indicators: HAMD, NIHSS, NE, | This demonstrates the efficacy
etal'’ /2025 post-stroke depression Yintang (GV29), once every 5-HT levels. of acupuncture in treating
other day; combined with Results: Overall response rate: | depression and the advantages
Chinese herbal medicine; 96.67%. Demonstrated of integrating traditional
treatment duration: one superiority over the Chinese and Western medicine.
month. conventional Western medicine
group in improving depression
scores, neurological function,
and neurotransmitter levels.
Li H, Wu H, RCT / 60 patients with | Acupuncture: Zhaohai (KI6é), Indicators: PSQI, HAMD-17, ISl, | This study demonstrates the
Cui J'® 12025 chronic insomnia and Shenmen (HT7), etc.; combined | serum GABA. synergistic therapeutic effect of
mild depression with bamboo moxibustion on Results: Overall response rate combining acupuncture with
abdominal and Governor Vessel | was 96.7%. The treatment moxibustion for chronic
points, three times weekly for | group demonstrated superior insomnia complicated by mild
four consecutive weeks. efficacy compared to the depression.
acupuncture-only group in
reducing PSQI, HAMD-17, IS,
and FAI scores, as well as
increasing GABA levels.
Li Zhongxian Clinical Observation: 24 | Integrated Acupuncture: Indicators: PSQI, HAMD-17, The role of integrated therapy
et al'? /2025 Patients with Co- Needle Baihui (GV20) and fMRI, serum NE, CORT, etc. has been demonstrated at the
occurring Depression Neiguan (PC6); Apply Results: Significant improvement | levels of imaging and
and Insomnia moxibustion to Zhongwan in sleep and depression scores biochemistry.
(CV12) and Qihai (CV6); Retain | post-treatment, elevated serum
needles at Xinshu (BLI5). NE, decreased CORT, and
Administer treatment every enhanced functional connectivity
other day for 6 weeks. between the right locus coeruleus
and left inferior frontal gyrus.
Zhang Xi* RCT / 90 patients with | “Electroacupuncture for Qi Indicators: HAMD-17, PSQI, This demonstrates the
/2025 mild to moderate Regulation”: Apply at WHOQOL-BREF, SERS. synergistic effect of

acupuncture as
a complementary therapy.

(Continued)
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Table | (Continued).

Author/Year

Document Type/
Research Subject

Intervention Plan

Primary Outcome Measure

Conclusions and Findings

Xu Kun et al’
12024

Lu Jiajing
et al?' /2024

RCT / 64 patients with
mild to moderate
depression

RCT / 76 patients with
post-stroke depression
(PSD)

Electroacupuncture for
Regulating Qi and Relieving
Depression: Select points
including Baihui (GV20) and
Shenting (GV24). Connect
Baihui to Yintang with
electroacupuncture needles.
Apply continuous wave (2 Hz).
Administer 3 times weekly for
8 weeks.

Acupuncture Points: Shangxing
(GV23), Baihui (GV20),
Shenting (GV24), Fengchi
(GB20), Shuigu (GB8)

Indicators: HAMD-17, PHQ-9,
SAS, SF-36.

Results: The
electroacupuncture group
demonstrated significantly
greater improvement in
depressive and anxious
symptoms and quality of life
compared to the sham
acupuncture group.

Indicators: HAMD, MBI, 5-HT,
NE, gut microbiota.

Results: The acupuncture group
demonstrated superiority over

The antidepressant value of
acupuncture at points along the
Governor Vessel has been
confirmed.

Acupuncture may exert
antidepressant effects by
regulating the gut-brain axis.

Supplementary Points: Tai
Chong (LR3), He Gu (LI4), Qu
Chi (LIl I), Nei Guan (PCS6),
Yang Ling Quan (GB34), Zu San
Li (ST36), Tai Xi (KI3)

5 sessions per week, for 4
consecutive weeks.

the control group in reducing
HAMD scores, improving
activities of daily living, and
regulating neurotransmitters.

can cause depressive symptoms. It does this by increasing pro-inflammatory cytokines and activating the HPA axis (a key
stress response system). This affects neurotransmitter systems and disrupts normal brain chemical metabolism. As a result,
levels of serotonin (5-HT) decrease, and neurotoxic substances are produced. These changes eventually lead to symptoms
such as loss of pleasure and persistent low mood.?” On the other hand, depressive symptoms can also worsen inflammation.
This is closely related to microglial function.”> Under normal conditions, microglia are in a resting state (called M2), which
helps maintain balance in the central nervous system. However, chronic stress or signals from inflammation in the body can
activate microglia.* When activated, they switch from the M2 state to a pro-inflammatory state (M1). In this state,
microglia release more pro-inflammatory cytokines, which further increases neuroinflammation. At the same time, activated
microglia trigger a series of downstream effects. These involve the neuroendocrine system, monoamine neurotransmitters,
and oxidative stress pathways.”> They also suppress the birth of new neurons in important brain regions like the
hippocampus and prefrontal cortex, promote cell death, and disrupt synaptic plasticity.”® Together, these changes impair
normal brain function and mood regulation. Therefore, the shift of microglia from the M2 to the M1 state is a central

process through which neuroinflammation causes or worsens depression.

Astrocytes and Neurological Homeostatic Dysregulation
An imbalance in neurological homeostasis is a key pathological mechanism in depression. This includes problems in
synaptic, mitochondrial, and retinoid homeostasis.

Disruption of synaptic homeostasis can harm emotional and cognitive functions.?” Research on how this imbalance
leads to depressive symptoms is relatively clear, especially regarding monoamine neurotransmitters like serotonin
(5-HT), norepinephrine (NE), and dopamine (DA).**7° However, there is still limited evidence on the role of
GABAergic and glutamatergic systems.

Mitochondrial homeostasis imbalance contributes to depression by causing energy shortages in key brain regions.
This happens through problems in aerobic oxidation, mitochondrial formation, and autophagy.>’ How mitochondria
interact with other cell components such as the endoplasmic reticulum still needs more study.

Journal of Multidisciplinary Healthcare 2026:19 https: 5
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Otto LR et al found that depressed patients have significantly higher serum retinol levels compared to healthy
people.®? This suggests that disrupted retinol homeostasis also plays a role in depression. Retinol may affect mood by
influencing neurotransmitter balance in brain regions like the hippocampus, hypothalamus, and orbitofrontal cortex,>
though this area of research is still in early stages.

Astrocytes are the most common and largest type of glial cell in the nervous system. They perform many important
functions, including structural support, nutrient supply, ion balance regulation, blood-brain barrier maintenance, and
signal transmission. They also help start immune responses, release cytokines, repair nerve damage, and—most
importantly—maintain overall homeostatic balance in the brain.**

When astrocytes do not function properly, they can disrupt this balance and contribute to depression. For example:
Astrocytes normally remove glutamate from synapses using special transporters. If this process fails, glutamate builds up
and causes excitotoxicity, which damages synapses and neurons. Since this process is energy-dependent, impaired
transport further disrupts cellular energy metabolism.>> Astrocytes help release neurotrophic factors such as BDNF. If
this function is impaired, it affects the survival, development, and synaptic plasticity of neurons in areas like the
hippocampus and prefrontal cortex. This can lead to abnormal connections in brain networks.*® Malfunction of the
Cx43 gap junction protein in astrocytes disrupts communication between neurons and glial cells. This can cause
abnormal neurotransmitter activity and interfere with electrical signaling, making synaptic imbalance worse.’’
Astrocytes also supply energy to neurons through processes such as the lactate shuttle. If they cannot perform this
role, neurons may not get enough energy. Moreover, mitochondrial problems in astrocytes themselves can worsen the
brain’s energy crisis.”® Some studies also suggest that astrocyte dysfunction might affect mood through the retinoic acid
signaling pathway, though the exact mechanisms are still unclear.*

In summary, when astrocytes do not work correctly, they disrupt synaptic function, energy metabolism, and cell
signaling. Together, these effects contribute significantly to the development of depression.

Oligodendrocytes and Myelin Damage

Myelin helps regulate information transmission within neural circuits* and is involved in the development of depression.
Studies have shown that people with depression often have significant white matter damage and loss of myelin in the
brain.*' When myelin is damaged, it can reduce the efficiency of communication between different brain regions. This
may contribute to the development of mood disorders** and is considered a key neuropathological feature of depression.
Brain imaging studies also support this. They show that the white matter tracts connecting the prefrontal cortex to limbic
areas—such as the corpus callosum and anterior cingulate cortex—are often less intact in depressed patients.*® This
damage slows down neural signaling and disrupts coordination between brain regions.** As a result, the prefrontal cortex
has less control over the amygdala, which can lead to increased negative emotions. Based on these findings,
Hoogenboom WS et al suggested that specific white matter abnormalities may explain why some people experience long-
term, treatment-resistant depression. The study also noted that these structural differences can vary between men and
women.* Oligodendrocytes are the cells responsible for producing myelin and maintaining white matter integrity.*®
When oligodendrocytes do not function properly, it can lead to reduced myelin formation or even demyelination, as seen
in mouse studies.*”** In addition, chronic stress or neuroinflammation can prevent oligodendrocyte precursor cells
(OPCs) from maturing properly, which may worsen depression.** Given these findings, researchers such as Tan Hui have
suggested that antidepressant treatments may work in part by promoting myelin regeneration and improving white matter
integrity.’® For example, Adili A et al used phosphodiesterase 4 (PDE4) inhibitors to raise cAMP levels in the brain. This
treatment promoted the differentiation of oligodendrocyte progenitor cells and facilitated myelin repair.’' Together, this
evidence indicates that oligodendrocytes—through their role in myelin maintenance and repair—are importantly
involved in both the development and treatment of depression.

The relationship between the three types of glial cells and depression is summarized in Table 2.

Glial Cell Interactions and Vicious Cycles

Depression arises from interactions between microglia, astrocytes, and oligodendrocytes,’**

with the relationship
between microglia and astrocytes being particularly critical. When microglia are activated (M1), they release
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Table 2 The Role of Three Types of Glial Cells in Depression

Cell Type Primary Function Relationship with Depression Key Mechanisms Mediating
the Onset and Progression of
Depression

Microglia Maintain central nervous system stability Induces neuroinflammation, |. Phenotypic conversion;
exhibiting a bidirectional 2. Release of inflammatory
relationship with depression mediators;

3. Impairment of neural plasticity.

Astrocyte Maintains synaptic, energy, and neurotransmitter Induces multiple homeostatic |. Glutamate homeostasis
homeostasis while providing neurotrophic imbalances, leading to depression. disruption;
support. 2. Loss of neurotrophic support;

3. Inadequate energy support;
4. Signal transduction disorder.

Oligodendrocyte | Form and maintain myelin sheaths to ensure the Dysfunction and loss lead to myelin | |. Myelin synthesis is impaired;
integrity of white matter and the efficiency of damage and reduced white matter | 2. Nerve conduction is delayed;
nerve conduction. integrity.

inflammatory factors that are not only neurotoxic but also impair astrocytic glutamate uptake. This happens through
downregulation of the angiotensin II type 2 receptor (AT2), which can push astrocytes into a neurotoxic Al phenotype.>*
In turn, impaired astrocytes release fewer anti-inflammatory factors and more pro-inflammatory factors. This further
activates microglia and sustains neuroinflammation, creating a cycle of damage.” Both microglia and astrocytes also
harm oligodendrocytes. The inflammatory substances they release prevent OPCs from maturing properly and can cause
existing oligodendrocytes to die.”® As a result, myelin production decreases and white matter integrity is damaged.
Additionally, when astrocytes do not function normally, they fail to provide adequate metabolic and neurotrophic support
to oligodendrocytes, which worsens myelin damage.’’ Oligodendrocyte injury also affects microglia. Damage to
oligodendrocytes and breakdown of myelin produce substances that are detected by microglia. Together with iron
buildup caused by ferroportin 1 (FPN1) deficiency, this further activates microglia and increases neuroinflammation.>®
This creates a vicious cycle.

In summary, glial cell pathology in depression is a dynamic and interconnected process involving multiple cell types.
Figure 2 summarizes the roles of microglia, astrocytes, and oligodendrocytes in neuroinflammation, homeostatic
imbalance, and myelin damage. Because these three glial cell types play such important roles in depression, we next
examined how acupuncture can influence them to produce antidepressant effects. We found that acupuncture—based on
the holistic principles of Traditional Chinese Medicine—can intervene at multiple targets and shows considerable
potential as a treatment for depression.

Acupuncture Modulates Glial Cells for Antidepressant Effects

Suppression of Microglial Activation and Regulation of Neuroinflammation

One of the core mechanisms of acupuncture in antidepressant treatment is that acupuncture can regulate the phenotypic
transformation of microglia and their key signaling pathways, thereby achieving the effect of inhibiting neuroinflamma-
tion. Multiple studies have shown that electroacupuncture stimulation at acupoints such as Baihui (GV20), Dazhui
(GV14), Zusanli (ST36), Quchi (LI11), Shangxing (GV23), and Fengfu (GV16) can down-regulate pro-inflammatory
factors such as IL-1p, IL-18, TNF-a, and IL-6, and inhibit M 1-type transformation; at the same time, it can up-regulate
and increase anti-inflammatory factors such as Arg-1, IL-4, and IL-10, promote M2-type transformation, reverse
microglial activation, thereby reducing hippocampal neuroinflammation and repairing neuronal injury.”” ** However,
whether there are differences in the anti-inflammatory effects mediated by different acupoint combinations in terms of
onset efficiency, action intensity, or downstream signaling pathways has not been confirmed. In addition, acupuncture can
also inhibit the abnormal phagocytic activity of microglia (down-regulate the expression of MERTK and LAMP2), and
protect synaptic structure and neural network function.®**® For example, Li W et al found that electroacupuncture
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Figure 2 The Vicious Cycle of Glial Cells in Depression. The figure illustrates reciprocal interactions among microglia, astrocytes, and oligodendrocytes under inflammatory
conditions, forming a self-reinforcing cycle that contributes to neuroinflammation, impaired synaptic plasticity, and myelin loss. An upward arrow (1) indicates increased
activity or expression, while a downward arrow (|) denotes decreased activity or expression. A solid purple arrow represents specific intercellular interactions under
inflammatory conditions. An inhibitory arrow (<4—) indicates a directional suppressive effect on the indicated cellular processes or functions.

stimulation at GV20 and ST36 can down-regulate the expression of MERTK, a molecule related to phagocytic function,
and LAMP2, a lysosomal marker, thereby reducing the phagocytosis of PSD-95-positive synaptic structures, and
ultimately improving neural circuit function and emotional behavior.®”

The above phenotypic transformation is regulated by multiple signaling pathways, and acupuncture can regulate these
key signaling pathways. Acupuncture at GV20 and Yintang (GV29) can inhibit the classic inflammatory pathway TLR4/
MyD88/NF-kB, promote the expression of anti-inflammatory factors such as IL-10 and Arg-1.%® Stimulating acupoints of
the Liver Meridian such as Ququan (LR8) and Zhongfeng (LR4), as well as Yingu (KI10), can also inhibit the cGAS-
STING-NLRP3 pathway, down-regulate the expression of NLRP3 and Caspase-1,°""° thereby reducing the release of
pro-inflammatory factors such as IL-1p and IL-18, and alleviating pyroptosis. However, the study by Huang Wentao et al
pointed out that acupuncture at Baihui (GV20) and Yintang (GV29) can activate the IL-4-JAK1-STAT6 anti-
inflammatory pathway, promote the transformation of microglia to M2 type, and simultaneously inhibit pro-
inflammatory signals such as TNF/NF-kB/mTOR.”" Cao S pointed out that electroacupuncture stimulation at Zusanli
(ST36), Tianshu (ST25), and Taichong (LR3) can inhibit HMGBI1-mediated inflammatory reaction and pyroptosis
pathway (NLRP3/CASP-1/GSDMD), reduce the release of inflammatory factors, and improve synaptic plasticity.”” In
addition, in the sleep deprivation model, electroacupuncture can also regulate clock genes (Bmall/Clock), inhibit the
activation of NF-kB pathway, and reverse the M1 polarization of microglia.”* To sum up, acupuncture can inhibit
microglial activation by regulating multiple signaling pathways, improve neuroinflammation and promote the formation

8 https: Journal of Multidisciplinary Healthcare 2026:19



Cao et al

of anti-inflammatory microenvironment, thereby exerting antidepressant effect, which reveals the multi-target character-
istics of acupuncture, as shown in Figure 3.

It is worth noting that the regulatory effect of electroacupuncture is related to its stimulation parameters (such as
frequency, waveform, intensity) and the selection of acupoints.®® Zusanli (ST36), Baihui (GV20), and Yintang (GV29)
are high-frequency acupoints. Electroacupuncture with different frequencies may have different effects in the treatment
of Depression. However, there is currently no consensus on the optimal combination of electroacupuncture parameters
for different depression models. Systematically exploring the influence of parameters such as frequency and intensity on
glial cell transformation will be an important direction for future research on acupuncture for antidepressant therapy.

Restoring Astrocyte Function and Neuromicroenvironmental Homeostasis

Acupuncture promotes the secretion of multiple neurotrophic factors by astrocytes, such as brain-derived neurotrophic
factor (BDNF),”* fibroblast growth factor 2 (FGF2),” transforming growth factor-p (TGF-B),”® and glial cell-derived
neurotrophic factor (GDNF),'* thereby restoring their energy-supplying function and exerting antidepressant effects.
Scholars hold differing views on acupoint selection and underlying mechanisms. Yao Z noted that electroacupuncture
stimulation at Baihui (GV20) and Yintang (GV29) upregulates hippocampal FGF2 expression, enhances astrocyte
activity, and ameliorates depression-like behaviour in the chronic unpredictable mild stress (CUMS) model, indicating
the FGF2-astrocyte axis as a key mechanism in electroacupuncture’s antidepressant effects.”> Li P’s research indicates
that acupuncture at Shangxing (GV23) may influence neurotrophic factors in the nervous system by regulating gut
microbiota and metabolites,”” or directly modulate factors such as TGF-B to participate in the antidepressant process.”®

.............. >
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Figure 3 Acupuncture Modulates Neuroinflammation by Inhibiting Microglia Through Multiple Target Points. The figure illustrates the regulatory effects of acupuncture on
microglial activation and neuroinflammation, highlighting its role in promoting anti-inflammatory microglial polarization, reducing aberrant infllmmatory responses, and
preserving synaptic integrity through multi-target mechanisms.
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Building upon this, Wang Wei further indicated that multiple neurotrophic factors secreted by astrocytes can activate
downstream receptors such as TrkB/GFRa and signal pathways including CREB/MAPK, thereby mitigating neuronal
damage, promoting neuronal regeneration, and exerting antidepressant effects.”’

The function of astrocytes extends beyond providing nutritional support, playing a crucial role in maintaining the
homeostasis of the neuroinflammatory microenvironment. Acupuncture modulates astrocyte function through multiple
targets, restoring glutamate metabolic balance in depressive models and thereby reshaping the neuroinflammatory
microenvironment. Luo et al demonstrated that electroacupuncture stimulation at Tai Chong (LR3) and He Gu (LI4)
significantly reduced glutamate levels in the hippocampus and prefrontal cortex, while upregulating glutamine synthetase
(GS) and glutamate transporter (GLT-1/GLAST) expression within astrocytes, thereby mitigating excitotoxicity.*
Building upon this, Cai M and Lai LF discovered that electroacupuncture stimulation of Baihui (GV20), Yintang
(GV29), Dazhui (GV14) further regulates glutamate homeostasis and NMDA receptor subtype balance by increasing
NR2A and decreasing NR2B expression. This inhibits the CaMKII-Bax-caspase3 apoptotic pathway while promoting

Bcl-2 expression, thereby enhancing neuronal survival and synaptic plasticity.®'"*

To investigate its metabolomic
evidence, Xu Xuejiao et al discovered that acupuncture modulates metabolites such as L-glutamate and taurine,
influencing aminoacyl-tRNA biosynthesis and amino acid metabolic pathways to protect neurotransmission.®’
Furthermore, acupuncture can regulate astrocytic transformation via the ERK1/2-Cx43 pathway, suppressing Cx43
expression and restoring neuromicroenvironmental homeostasis.** Notably, acupuncture may exhibit distinct regional
specificity in modulating glial cells across different brain areas. For instance, Wu Zonglin et al demonstrated that
electroacupuncture at ST36 (Zusanli) and SP6 (Sanyinjiao) alleviates pain sensitisation and anxiety-like behaviour in
SNI-induced mice by regulating the dorsal raphe nucleus-basolateral amygdala neural circuit;* while Zhang C et al
indicated that electroacupuncture at Baihui (GV20) and Zusanli (ST36) effectively ameliorates neuroinflammatory
responses and synaptic structural damage in the hippocampus;*® Jiang Shuo et al demonstrated that electroacupuncture
at Hegu (LI4) and Taichong (LR3) aids in repairing morphological abnormalities and structural damage in hippocampal
astrocytes of chronic stress-induced depression model rats.®” Although these mechanisms support acupuncture’s role in
restoring neuroinflammatory homeostasis, its direct regulation of astrocytic ion balance and the specific effects of
different acupoints warrant further investigation.

The role of acupuncture in regulating astrocyte function to restore neuroinflammatory homeostasis is summarized in
Figure 4.

Promoting Oligodendrocyte Regeneration and Myelin Repair

Acupuncture exerts antidepressant effects by promoting oligodendrocyte proliferation and differentiation while inhibiting
apoptosis,®® thereby ameliorating myelin damage. Research indicates that electroacupuncture stimulation at Zusanli
(ST36) and Taixi (KI3) significantly promotes OPC proliferation and induces their differentiation into mature oligoden-
drocytes, via mechanisms involving upregulation of the Olig2 transcription factor and suppression of DNA-binding
inhibitor 2 (Id2) expression.*® Concurrently, electroacupuncture at ST36 and KI3 suppresses endoplasmic reticulum
stress and mitochondrial apoptosis pathways, safeguarding existing oligodendrocytes. This enhances myelin basic protein
(MBP) expression, ultimately promoting myelin repair and motor function recovery.”® Restored myelin integrity ensures
efficient neural signal transmission, thereby enhancing brain function and alleviating emotional distress.”’ Severe
depression is frequently accompanied by cognitive impairment. In a study investigating electroacupuncture intervention
for cognitive deficits in vascular dementia caused by myelin damage, Liu C noted that stimulating Baihui (GV20) and
and Shenting (GV24) may mitigate inflammation by inhibiting NF-«kB activation, thereby promoting OPC differentiation
and myelin repair. This improved learning and memory functions in rats with vascular dementia, suggesting electro-
acupuncture may enhance myelin regeneration by regulating the NF-xB signalling pathway, thus alleviating cognitive
impairment.”? Although the aforementioned studies were conducted in spinal cord injury demyelination models and
vascular dementia models, given the close association between oligodendrocyte dysfunction and impaired white matter
integrity in depression, coupled with acupuncture’s capacity to promote myelin regeneration, we propose that acupunc-
ture-targeted modulation of oligodendrocytes may offer novel therapeutic targets for depression treatment.
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Figure 4 Mechanism of Acupuncture in Regulating Astrocyte Function to Restore Microenvironmental Homeostasis. The figure illustrates the regulatory effects of
acupuncture on astrocyte function and neuromicroenvironmental homeostasis. Acupuncture enhances neurotrophic support, maintains glutamate metabolic balance, and

protects synaptic plasticity and neuronal survival through integrative, multi-target actions.

In summary, one important way acupuncture may help treat depression is by regulating oligodendrocytes and

promoting the repair of myelin. This process is illustrated in Figure 5.

Regulation of Glial Cell Interactions by Acupuncture

Acupuncture Modulation of Microglia-Astrocyte Interactions

The communication between microglia and astrocytes is very important in depression. These two types of cells work
together in a closely connected network, and their interaction affects both neuroinflammation and the balance of neural
function.”** When microglia become activated (M1), they release substances such as IL-1a, TNF, and Clq. These
signals can cause nearby astrocytes to change into a neurotoxic Al phenotype, which worsens inflammation and damages
neurons.” Acupuncture can help reduce this damaging cycle. It suppresses the overactivation of microglia and decreases
the release of pro-inflammatory factors. This prevents astrocytes from transitioning into the neurotoxic Al phenotype. At
the same time, acupuncture increases the expression of GLT-1, a glutamate transporter in astrocytes. This helps restore
normal glutamate levels and supports the release of anti-inflammatory factors.”®®” These changes also provide better
support to microglia, improving their function and strengthening protective interactions between the two cell types.
Overall, acupuncture helps relieve depression and protect the brain by regulating both microglia and astrocytes. It blocks
their harmful interactions while encouraging their beneficial cooperation. Targeting this microglia-astrocyte communica-
tion may be a specific and effective approach for acupuncture in treating depression. However, more research is needed
to understand how acupuncture promotes the shift of microglia to the M2 type and astrocytes to the A2 type.
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Figure 5 Mechanism of Acupuncture in Promoting Oligodendrocyte Regeneration and Myelin Repair. The figure illustrates the regulatory effects of acupuncture on
oligodendrocyte regeneration and myelin repair. By promoting OPC proliferation and differentiation while inhibiting apoptosis and inflammatory responses, acupuncture
contributes to restored myelin integrity and improved neural function.

So far, most studies have looked at microglia and astrocytes separately. There is still limited understanding of how
acupuncture affects the communication between them. Future research should focus more on how acupuncture regulates
these cellular interactions to produce antidepressant effects. This is expected to provide new insights and inform novel
treatment strategies for depression.

The way acupuncture regulates microglia-astrocyte interactions is summarized in Figure 6.

Potential Regulatory Effects of Acupuncture on Oligodendrocytes via the Glial

Network

Under disease conditions, astrocytes and microglia can harm OPCs. They do this by releasing inflammatory cytokines,
which reduce OPC survival and prevent them from maturing.”® Microglia also release exosomes that may influence
myelin regeneration through the Nrf2 signaling pathway in OPCs.”® Currently, there is limited evidence showing how
microglia and astrocytes directly control oligodendrocyte function. Oligodendrocytes are mostly seen as cells that react to
inflammation and injury. However, they may also help regulate their environment by releasing certain signals or
metabolites—though this needs more study.

So far, few studies have directly examined how acupuncture affects oligodendrocytes. It is also unclear whether
oligodendrocytes send feedback signals to other glial cells. Still, a key way acupuncture may help treat depression is by
shifting the glial network from a diseased state back to a healthy one.'® By calming overactive microglia and harmful
astrocytes, acupuncture can reduce their damaging effects on oligodendrocytes. At the same time, it encourages microglia
and astrocytes to take on helpful roles (such as M2 and A2), which increases the release of neurotrophic factors and
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antioxidants. This creates a healthier environment for OPCs to develop and produce myelin. In this way, acupuncture
indirectly supports oligodendrocyte function by first improving how microglia and astrocytes interact. This reflects the
holistic way acupuncture may work against depression. Future research should focus on whether acupuncture directly
affects signaling pathways in oligodendrocytes, and how these cells communicate with other glial cells. This will help us
better understand the full picture of how acupuncture helps repair myelin and improve mood.

The potential ways acupuncture may regulate oligodendrocytes are shown in Figure 7.

Acupuncture’s Holistic Regulation of Upstream Signaling Pathways

Acupuncture produces antidepressant effects by regulating common signaling pathways that influence all three types of
glial cells. These pathways include those involved in inflammation, neuroprotection, metabolism, stress response, and
epigenetic regulation. Reducing neuroinflammation is an important first step. Research shows that acupuncture can
inhibit several key inflammatory pathways, such as NF-kB, NLRP3/caspase-1/IL-1B, and TLR4/MyD88. For example, Li
M et al found that acupuncture lowers activity in the NF-kB pathway, which reduces the release of pro-inflammatory
factors like TNF-o and IL-1B in microglia.'®’ This also helps restore normal function in astrocytes and reduces
inflammation-related damage to oligodendrocytes.'® Chen Y et al further showed that acupuncture suppresses the
NLRP3 inflammasome pathway. This reduces pyroptosis (a type of inflammatory cell death) in microglia and decreases
their harmful effects on astrocytes and oligodendrocytes.'®*'** Acupuncture also affects the TLR4/MyD88 pathway,
which helps block NF-kB from entering the cell nucleus. This enhances the overall anti-inflammatory response.'®® In
addition to reducing inflammation, acupuncture supports nerve repair by activating neurotrophic and cell-protective
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Figure 7 Acupuncture indirectly regulates oligodendrocyte function by reshaping the glial microenvironment. The figure illustrates how acupuncture may indirectly regulate
oligodendrocyte function through modulation of the glial network. By suppressing pathological inflammatory interactions and promoting protective glial phenotypes,
acupuncture contributes to a microenvironment favorable for myelin regeneration.

pathways. A central pathway is BDNF-TrkB signaling. When this pathway is activated, it improves the ability of
astrocytes to support neurons.'**!%” It also triggers downstream signals such as PI3K/Akt and MAPK/ERK, which help
neurons survive, strengthen synapses, and assist oligodendrocytes in producing myelin.'®'*® Unlike the “inhibitory”
effect on inflammatory pathways, acupuncture “activates” these protective pathways. The two actions work together:
reducing inflammation creates a better environment for repair, while neurotrophic signals directly stimulate regeneration.
Acupuncture also helps glial cells better cope with stress. It activates the Nrf2/ARE pathway, which increases antioxidant
capacity in astrocytes and microglia.''” At the same time, it helps restore balance in cellular autophagy through the
mTOR pathway, improving mitochondrial function.''! These changes support glial cells by reducing oxidative stress and
improving energy use. Recent studies also suggest that acupuncture may produce long-term benefits through epigenetic
mechanisms. For instance, it can reduce HDAC activity and lower DNA methylation near the BDNF gene. This leads to
sustained increases in helpful substances such as BDNF, IL-10, and IGF-1.""? Such lasting changes in gene activity may
help explain why acupuncture can have prolonged antidepressant effects. However, most evidence so far comes from
animal or cell studies. More research is needed to confirm whether these epigenetic changes also occur in humans and
whether they contribute to long-term recovery from depression.

In summary, acupuncture works through multiple pathways—reducing inflammation, activating repair, supporting
metabolism, and influencing gene regulation—to relieve depressive symptoms. These combined actions are illustrated in
Figure 8.
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Summary and Outlook

Depression involves complex interactions between different types of glial cells and neurons. Acupuncture, an important
part of traditional Chinese medicine, follows the principle of “holistic care and personalized treatment”. This approach is
consistent with the modern medical view that depression should be treated by targeting multiple biological processes at
once. Acupuncture can affect various glial cells at the same time. The way these cells interact with each other helps
explain how acupuncture relieves depression. This paper has reviewed the key roles of microglia, astrocytes, and
oligodendrocytes in depression. It has also described how acupuncture influences these cells and their interactions to
produce antidepressant effects. These findings provide scientific support for the traditional Chinese medicine concept of
“selecting acupoints along meridians”, and suggest that these mechanisms can support personalized acupuncture
protocols tailored to glial cell phenotypes.

However, many questions remain. For example, we need more research on how different acupoint combinations,
different levels of acupuncture stimulation, and specific brain regions affect particular types of glial cells. Studying these
areas in the future could help us better understand how acupuncture works and improve its use in treating depression.
Concurrently, clinical trials have demonstrated that acupuncture alleviates depressive symptoms; however, the causal link
between its efficacy and glial cell regulation primarily stems from animal models. Direct evidence establishing glial
functional recovery as the specific cause of clinical improvement in humans remains insufficient. Future research should
employ neuroimaging techniques such as TSPO-PET and peripheral biomarkers to validate glial changes in humans;
investigate the differential effects of acupuncture parameters on distinct glial phenotypes; and optimise intervention
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timing to promote myelin repair. These approaches will advance the evidence base from correlation to causation,
ultimately refining clinical acupuncture treatment protocols.

To translate these broad goals into actionable science, two specific and interconnected dimensions warrant prioritized
investigation. First, the role of sex differences demands greater emphasis. Beyond the noted structural variances in white
matter, future studies must systematically evaluate whether acupuncture’s modulation of microglial polarization, astro-
cytic support, and oligodendrocyte maturation exhibits sexual dimorphism. Clarifying these potential differences is
essential for developing sex-informed, personalized treatment protocols. Second, the imperative for parameter standar-
dization requires concerted effort. While our review highlights that stimulation frequency, intensity, and waveform
influence outcomes, the field lacks a consensus on optimal parameters for targeting specific glial phenotypes.
Establishing robust, reproducible parameter-effect relationships through controlled preclinical studies is a fundamental
prerequisite for optimizing and standardizing clinical acupuncture protocols for depression.
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