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Background: Acupuncture has long been used for migraine treatment as it is convenient for use and has remarkable efficacy. The
acupuncture-based comprehensive treatment plan has been widely recognized for migraine prevention and treatment. However, the
mechanism underlying acupuncture efficacy in migraine treatment is not yet completely understood. Our goal is to systematically
analyze and evaluate this efficacy mechanism in migraine treatment-related basic research.

Methods: To retrieve animal experiments investigating the action mechanism of acupuncture in migraine treatment, We conducted
a literature search in major databases, the search period was the inception of each database to April 1, 2024. Literature was screened
and data were extracted independently based on predefined inclusion and exclusion criteria. The animal models, acupuncture points,
and acupuncture methods specified in the included studies were statistically analyzed and summarized. Furthermore, the potential
action mechanisms of acupuncture were discussed.

Results: In total, 20 animal experimental studies were included in the present analysis, and all of these studies used rats. In the order
of frequency of use, the migraine animal models employed in the searched studies were the dural stimulation model, the nitroglycerin
model, and the cortical spreading depression model. The primary acupuncture points selected were Fengchi (GB20) and Yanglingquan
(GB34), and electroacupuncture was the most frequently used acupuncture method. The action mechanism of acupuncture underlying
migraine treatment primarily involves regulating the descending pain modulatory system and inhibiting neurotransmitters such as
CGRP, SP, and 5-HT, as well as microglial cell activation. It also reduces the levels of inflammatory cytokines, thereby mitigating
neurogenic inflammation and improving central sensitization.

Conclusion: Acupuncture exerts its therapeutic effect on migraine by regulating neurotransmitter release, inhibiting inflammatory
responses, modulating central analgesic mechanisms, and suppressing glial cell activation. However, further in-depth exploration is
needed in the study of the mechanisms underlying acupuncture treatment for migraine.
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Introduction

According to the World Health Organization, migraine is the second leading cause of disabling neurological disorders
globally." It afflicts more than 100 million individuals in China,” thereby challenging public health and well-being
substantially. The onset age for migraine is primarily 25-39 years,? and the condition is characterized by high incidence
and disability rates. Individuals with migraine experience up to 3.7 days of work or productivity loss per week because of
disease episodes,*” which significantly diminishes their quality of life and causes substantial labor force losses. The
global economic burden ascribed to migraine can reach upward of tens of billions of dollars annually. In addition to the
direct burden of the disease itself, migraine can cause damage to cognitive and language functions and thus serve as
a risk factor for various health problems such as stroke, epilepsy, anxiety, and depression.’ Therefore, migraine

Journal of Pain Research 2025:18 473-487 473
Received: 25 November 2024 © 2025 An et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 7 January 2025
Published: 25 January 2025

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0009-0002-6084-0186
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

An et al

prevention and treatment have emerged as among the priority tasks in current medical research. At present, the
therapeutic armamentarium for migraine predominantly includes non-steroidal anti-inflammatory drugs, triptans, calci-
tonin gene-related peptide (CGRP) receptor antagonists, and highly selective 5-hydroxytryptamine (5-HT) 1F receptor
agonists such as ditans.”® Specific therapeutic agents targeting CGRP and its receptors have yielded promising clinical
trial results, thus offering new hope for migraine treatment. Nevertheless, desired therapeutic outcomes have not yet been
achieved for a subset of migraine patients in clinical practice.

Being a unique medical practice originating from China, knowledge about the application and benefits of acupuncture
has spread to over 140 countries and regions, where it has played a major role in protecting the health and well-being of
humanity at large and garnered extensive international recognition. Acupuncture has been proven to be effective against
migraine and offers advantages such as rapid onset of action, high safety profile, minimal adverse reactions, and low cost.
It is substantially beneficial to migraine patients experiencing inadequate pain relief even after using medications or are
unwilling to undergo pharmacological treatment.” Numerous clinical studies on acupuncture therapy for migraine have
been published in prestigious international journals. For instance, regarding sustained pain relief, Ling Zhao reported that
acupuncture exerts a lasting effect in terms of migraine prevention and treatment, thereby significantly outperforming
sham acupuncture and wait-list control groups in reducing the frequency of attacks, number of attack days, and severity
of attacks.'® Shabei Xu also confirmed the positive role of acupuncture in the prophylactic treatment of migraine.'!
Furthermore, Ying Li et al discovered that acupuncture is advantageous in the acute management of migraine as it exerts
superior analgesic effects when targeting acupoints along the Shaoyang meridian compared with non-meridian and non-
acupoint locations.'? As a non-pharmacological therapy, acupuncture has been included in eight guidelines issued by

813 which marks a new direction in

organizations such as the French Headache Society and the Italian Headache Society,
migraine treatment. Regarding mechanisms underlying acupuncture’s therapeutic effects on migraine, research has begun
to explore this area. These studies have suggested that acupuncture modulates neurotransmitters and inflammatory
factors, and alleviates pain sensitization to some extent, thereby improving migraine attacks. Systematic evaluation
and evidence-based support are lacking.

This article highlights the urgent application needs in migraine diagnosis and treatment, particularly focusing on the
challenge of elucidating complex mechanisms underpinning the substantial therapeutic effects of acupuncture in
improving migraine symptoms. By conducting a thorough literature review, we probed into the potential mechanisms
underlying acupuncture-induced analgesia. Given the substantial differences between humans and animals in acupoint
localization, acupuncture depth, and other factors, direct systematic evaluations are associated with marked heterogeneity
challenges. Animal experiments are evidently indispensable in acupuncture research. This research field is constantly
expanding in breadth and depth, transcending across diverse animal species. This field comprehensively validates the
diverse regulatory effects of acupuncture at multiple levels, spanning from behavioral manifestations and cellular
activities to molecular levels, and dives deep into the underlying mechanisms. These studies offer a solid foundation
for the scientific rationale of acupuncture therapy and unlock new avenues for optimizing migraine treatment strategies.

In this study, animal experiments were therefore used as the primary research approach, thus utilizing this precise and
controllable methodology to more instinctively uncover the intrinsic action mechanisms of acupuncture in migraine
treatment. The study findings contribute to improving our scientific understanding of the efficacy of acupuncture therapy.
Therefore, This study contributes to further exploring the efficacy mechanism of acupuncture in treating migraine and
provides directions for future research in this field.

Methods

This systematic review focused on animal experiments involving acupuncture intervention for migraine. The protocol
was registered on the International Prospective Register of Systematic Reviews (PROSPERO) with the registration
number CRD42024496359.

Search Strategy and Study Selection
The article rigorously adheres to the PRISMA statement'* in conducting an electronic literature search across the China
National Knowledge Infrastructure (CNKI), Wanfang Data, PubMed, Embase, Cochrane Library, and Web of Science
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databases. The search was limited to the period from the inception of each database up until April 1, 2024. The search
strategy employed a combination of subject headings and free-text terms. All search terms related to acupuncture were
grouped using the “OR” function, and, similarly, all search terms associated with migraine were grouped using the “OR”
function. Finally, the acupuncture-related and migraine-related search terms were combined using the “AND” function.

Example search terms include: “Migraine Disorders”, “Migraine”, “Migraines”, “Migraine Headache”, “electroacupunc-
ture”, “acupuncture”, among others.

Data Extraction

The retrieved research articles were imported into EndnoteX9 software for deduplication. Two independent researchers
then conducted back-to-back screening and data extraction of the literature. In cases of disagreement, a third-party
adjudicator was consulted for resolution. The literature screening process strictly adhered to the inclusion and exclusion
criteria, with cross-checking performed based on a predefined data extraction form. Specific inclusion and exclusion
criteria for the literature are detailed in Table 1.

Results

The 2445 articles yielded in the initial search were imported into the NoteExpress software. After duplicates were
removed, 633 articles remained. After the titles and abstracts were read, 96 articles were preliminarily selected for
conducting full-text assessment. Based on strict inclusion and exclusion criteria, a total of 20 articles were finally
included in the further analysis (Figure 1). All 20 articles were based on animal experiments. These experiments were
conducted using rats, and the migraine animal models employed were sequentially the dura mater stimulation model (14/
20), nitroglycerin model (5/20), and cortical spreading depression (CSD) model (1/20). The acupuncture points
prominently used were Fengchi (GB20) and Yanglingquan (GB34), and electroacupuncture (EA) was the most frequently
selected acupuncture method. The underlying action mechanisms can be categorized as follows: cortical spreading
depression theory, trigeminovascular theory, and neurogenic inflammation theory.

Animal Model of Migraine

Dural Irritation Model

The dural irritation model was most commonly used in the aforementioned experiments. This model is based on the
trigeminovascular theory, which posits that, upon stimulation, migraine-associated pain signals are primarily transmitted
from nociceptors located within intracranial and extracranial pain-sensitive tissues to the trigeminal nerve, and are
ultimately conveyed to the cortex, thus triggering pain perception. The dura mater serves as the main pain-sensitive tissue
within the intracranial space. In this space, numerous nerve endings from the ophthalmic branch of the trigeminal
ganglion (TRG)are densely distributed around blood vessels. During a migraine attack, blood vessels expand into the
dura mater, thus inducing inflammatory mediators and mechanical stress, which directly activate nociceptors and
communicate pain signals to the TRG.* Consequently, electrical or chemical stimulation methods can be used to
directly irritate the dura mater, thereby causing inflammation and inducing migraine attacks.’® Among these methods,
electrical stimulation is currently the most regularly used dural irritation model in acupuncture research.”’ In this
technique, the superior sagittal sinus region of the dura mater is electrically stimulated to evoke migraine-like responses.
On the other hand, chemical stimulation involves injecting an inflammatory soup,'® which typically comprises brady-
kinin, 5-HT (serotonin), histamine, and prostaglandin E2. When this soup is administered as continuous stimulation, it
can induce a chronic migraine model.’” The dura mater stimulation model offers the advantage of relatively low
requirements regarding experimental equipment, and the rats used as a model exhibited notable behavioral changes
while they were in a conscious state. However, the key drawbacks of this model lie in the complex surgical techniques
required, which necessitate a high operational skill level. This can effortlessly lead to dura mater damage, leading to
a relatively low success rate of modeling. Additionally, because of the shallow implantation of electrodes, they may fall
off due to the animals’ grooming behaviors and daily activities. Furthermore, a risk of indirect activation of other non-
nociceptive brain regions exists.
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Table | Basic Characteristics of the Included Literature

Model

Reference Migraine Types of Acupoint Sham Types of Outcome Potential Mechanism
Animal Model Laboratory Rats Acupoint Acupuncture | Measures

Liu ) 2022'® Nitroglycerin- Wistar Male Rats DU20, GB20, None Acupuncture Behavioral By upregulating the expression of opioid receptors,
induced migraine PCé, LR3 testing particularly OPRM, and concurrently downregulating the
model (bilateral) levels of inflammatory cytokines such as IL-18, IL-6, and TNF-

a, the inflammatory response is effectively suppressed.

Liu Y 2023'® Nitroglycerin- SD Male Rats GBS, GB34 Approximately | Acupuncture Mechanical pain | By inhibiting the expression of Cx43 in astrocytes within the
induced migraine (bilateral) 10 mm above threshold TNC, the secretion of the proinflammatory cytokine TNF-yis
model the iliac crest reduced, thereby exerting an anti-inflammatory and analgesic

effect.

Wang MM Nitroglycerin- Wistar Male Rats DU20, GB20, None Acupuncture Behavioral By suppressing the levels of factors such as CGRP, SP, IL-1f,

2018"7 induced migraine PCé, LR3 testing and TNF-q, the neuroinflammatory response is mitigated,
model (bilateral) thereby reducing neural inflammation.

Wang MM Nitroglycerin- Wistar Male Rats DU20, GB20, None Acupuncture Behavioral By inhibiting the expression of CGRP in the trigeminal spinal

2018'8 induced migraine PCé, LR3 testing nucleus caudalis and midbrain, and enhancing the expression
model (bilateral) of 5-HTIDR, an analgesic effect is elicited.

Qu Z 2020" Dural Chemical SD Male Rats GBS8 (bilateral) | None EA Mechanical pain | Within 60 seconds, there is a rapid reduction in C-fiber-
Stimulation Model threshold/ evoked WDR neuronal discharge in the TCC.

Behavioral
testing

Pei P 2022%° Dural SD Male Rats GB20 None EA Mechanical pain | Modulating the activation of microglia dependent on P2X7R in
Electrostimulation (bilateral) threshold the PAG region mediates the antagonism of central
Model sensitization.

Pei P 2016 Dural SD Male Rats GB20 (-) Approximately | EA Mechanical pain | By modulating the activation of microglia dependent on
Electrostimulation 10 mm above threshold P2X7R in the PAG region, neuroinflammation is reduced.
Model the iliac crest

Pei P 2019% Dural SD Male Rats GB20 Approximately | EA Mechanical pain | By inhibiting the expression of 5-HT7R within the descending
Electrostimulation (bilateral) 10 mm above threshold pain modulation system, central sensitization is ameliorated.
Model the iliac crest

Shi H 2010% Cortical SD Male Rats GB34, LR3 None EA NoneNone By suppressing the amplitude of CSD waves, the levels of
Stimulation Model (bilateral) CGRP and SP in serum are reduced.

Zhou P 2015%* Dural SD Male Rats GB20 None EA Mechanical pain | Facilitating the activation of MLCK in the middle meningeal
Electrostimulation (bilateral) threshold artery.
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Pei P 2017%°

Qu Z 2020*

Zhao L 2020%

Xu X 2019%8

Pei P 2022%°

Gao Z 2014°°

Liu L 2016°'

Liu L 202132

Zhao LP 2017%

Zhou M 20233

Dural
Electrostimulation
Model

Dural Chemical
Stimulation Model
Dural
Electrostimulation
Model

Dural
Electrostimulation
Model

Dural
Electrostimulation
Model
Nitroglycerin-
induced migraine
model

Dural
Electrostimulation
Model

Dural Chemical
Stimulation Model

Dural
Electrostimulation
Model

Dural Chemical
Stimulation Model

SD Male Rats

SD Male Rats

SD Male Rats

SD Male Rats

SD Male Rats

SD Male Rats

SD Male Rats

SD Male Rats

SD Male Rats

SD Male Rats

GB20
(bilateral)

GB20
(bilateral)
GB20
(bilateral)

GB20, GB34
(bilateral)

GB20
(bilateral)

SJ5, GB34
(bilateral)

GB20
(bilateral)

GB20, GB34,
SJ17, ST36
(bilateral)
GB20 (-)

GB20, GB34
(bilateral)

None

2mm outside
GB20
Approximately
10 mm above
the iliac crest
Approximately
10 mm above
the iliac crest
Approximately
10 mm above
the iliac crest
5mm lateral to

the acupoint

Approximately
10 mm above
the iliac crest
Non-acupoint

location

Approximately
10 mm above
the iliac crest
Approximately
10 mm above
the iliac crest

EA

EA

Acupuncture

EA

EA

EA

EA

Acupuncture

EA

EA

None

Mechanical pain
threshold
Mechanical pain
threshold

Mechanical pain
threshold

Mechanical pain
threshold

Behavioral
testing

Behavioral
testing

Mechanical pain
threshold

Mechanical pain
threshold

Mechanical pain
threshold

By downregulating the 5-HT7R receptor in the PAG region,
the subsequent release of CGRP, neuroinflammatory
response, and activation of the trigeminal vascular system are
inhibited.

Reducing the discharge frequency of neurons in the TCC.

By decreasing the levels of IL-1B, COX-2, IL-6, and TNFa in
serum, meningeal inflammation is alleviated.

By modulating vasoactive neurotransmitters, an analgesic
effect is achieved.

Inhibiting microglial activation and inflammatory cells and
receptors in the TNC (Trigeminal Nucleus Caudalis).

Restoring metabolic profiles and reversing the levels of
metabolites such as glutamate.

Modulating peripheral and central serotonergic mechanisms
to improve pain sensitivity.

Increasing the content of 5-HT7R and regulating PKA and
ERK /2 phosphorylation through cAMP.

Inhibiting the expression of CGRP in the trigeminal ganglion,
thereby modulating the ascending pathway of the trigeminal
vascular system.

Suppressing microglial activation and the subsequent increase
in inflammatory cytokines such as IL-1p, IL-6, and TNF-a
mediated by it, while activating the TLR4 and NF-kB
regulatory pathways.

Notes: SD Male Rats, Sprague Dawley Male Rats; DU20, Bai hui; GB20, Feng Chi; PC6, Yin Wei;LR3, Tai Chong; GB8,Shuai Gu; GB34, Yang Lingquan; SJ5,Wai Guan; SJ17, Yi Feng; ST36, Zu San Li.

Abbreviations: EA, Electroacupuncture; OPRM, opioid receptor mu; IL, interleukin; TNF-0, tumor necrosis factor alpha;Cx43, Connexin; TNC, Trigeminal Nucleus Caudalis; CGRP,calcitonin gene-related peptide; SPsubstance P; CSD,
cortical spreading depression; 5-HT, 5-hydroxytryptamine; PAG, periaqueductal gray; RVM, rostral ventromedial medulla; TNC, trigeminal nucleus caudalis; VPN, trigeminal caudal nucleus; TCC, trigeminal cervical complex; WDR, wide
dynamic range; COX-2, Cyclooxygenase-2.
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PubMed
(n=633)

Cochrane
(n=464)

Wed of science Embase
(n=179) (n=169)

CNKI WanFang
(n=75) (n=273)

Citations identified through
database searching
(n=1793)

Duplicates identified by Endnote
(n=1160)

Records after duplicates
removed
(n=633)

Records excluded(n=537):
abstracts, oral presentations, case
reports, reviews, letters to the
editor, study protocols, systematic
reviews, and meta-analysis

Records assessed for
eligibility

Records excluded(n=76):
human studies, animal studies that
exclusively focus on mechanism

(n=96)

exploration

Studies included in review
(n=20)

[ Included ] [ Eligibility ] [ Screening ] [Identiﬁcation]

Figure | Flowchart of the systematic review.

Nitroglycerin-Induced Migraine Model

The nitroglycerin model is a well-known animal model of migraine and is principally based on the vascular theory. Current
studies have confirmed that NO, produced by nitroglycerin, directly activates the second messenger cyclic guanosine
monophosphate and then leads to intracranial and extracranial vasodilation by controlling downstream signaling pathways.
This process activates nociceptive neurons, thereby triggering migraine attacks.*® This model is usually established using
intraperitoneal injections of nitroglycerin, although subcutaneous and intravenous injections can also be used for
modeling.*® The nitroglycerin model is simple to establish, has a low cost, and has minimal requirements for experimental
techniques and conditions. Furthermore, it demonstrates a high degree of similarity to human migraine symptoms, with
stable pathological states and wide applicability, which renders this model among the most commonly used migraine
models. However, nitroglycerin does not specifically target intracranial and extracranial vessels but rather affects the entire
vascular system. This may result in symptoms and pathological changes not necessarily related to migraine.

Cortical Spreading Depression Model

The CSD model is an animal model based on the CSD theory. Three commonly used methods for establishing this
model: electrical stimulation,*® chemical stimulation,*' and mechanical stimulation.** This model can effectively mimic
the pathogenesis of migraine aura symptoms, particularly cortical electrophysiological activities, with high stability and
reproducibility, and is associated with relatively low modeling costs. However, its key limitations lie in the fact that
animals are under anesthesia, which precludes the detection or observation of behavioral changes and the simulation of
the pain processing mechanisms in migraine. Moreover, the model imposes high requirements on recording equipment.

Acupuncture Acupoints

Acupuncture was mainly applied to the Fengchi (GB20) and Yanglingquan (GB34) acupoints in the aforementioned
experiments. According to traditional Chinese medicine theory, the principles of “where the meridian passes, its
therapeutic effects reach” and “where the acupoint is located, its therapeutic effects are manifested” direct the practice
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of acupuncture therapy for migraine, principally focusing on the selection of distal and local acupoints. Acupoints from
the Foot Shaoyang Gallbladder Meridian and the Foot Jueyin Liver Meridian are commonly selected for acupuncture
treatment. Taichong (LR3) and Yanglingquan (GB34) are the most frequently used distal acupoints. Locally, Fengchi
(GB20), Shuaigu (GBS), and Baihui (DU20) are predominantly targeted. In 2020, the China Association of Acupuncture-
Moxibustion released the documentation “Names and Locations of Commonly Used Acupoints in Experimental Animals
- Part 2: Rats”,*® which offers standardization for acupoint location in rats for acupuncture experiments. For instance,
Taichong (LR3) is located in the depression between the first and second metatarsal bones on the hindlimb dorsum, and
Yanglingquan (GB34) is located on the lateral side of the lower leg, that is, in the depression anterior and inferior to the
fibular head, approximately 3-mm superior and lateral to Zusanli (ST36). The reasons for selecting the aforementioned
acupoints are as follows: First, GB20 and GB34 are regularly employed in clinical practice for migraine treatment and
have produced definitive therapeutic effects. Acupuncture at these acupoints can inhibit CGRP, 5-HT, and c-fos
expression by modulating the endogenous analgesic system, thereby suppressing pain signal transmission.** Second,
GB20 shares similarities with its anatomical location and point-selection method in humans, which leads to a relatively
high degree of extrapolatability for experimental results. Furthermore, acupuncturing acupoints located on the lower
limbs and head of experimental rats facilitate their immobilization and the execution of acupuncture procedures.

Sham acupoints, which are usually non-acupoints and non-meridian locations, are selected as experimental controls.
For instance, a location approximately 10 mm above the iliac crest may serve as a control for GB20. The neuroanato-
mical basis for the relative specificity of acupoints has been verified.*> However, acupoint sensitization may potentially
influence the therapeutic effects of acupuncture, which needs to be explored further.

Acupuncture Method

In the aforementioned experiments, EA was frequently used as the key acupuncture method, with a current intensity of
0.5-1mA, primarily utilizing a sparse-dense wave pattern, often with frequencies of 2Hz/15Hz. As science and
technology have advanced, EA has been widely used in both clinical and basic acupuncture research. On one hand,
EA improves the stimulatory effects of conventional acupuncture, thereby allowing the intensity, frequency, and duration
of stimulation at the acupuncture site to be precisely controlled, thus ensuring the consistency and standardization of
experimental conditions. On the other hand, because of the effect of electrical current, EA differs from conventional
acupuncture in its stimulatory signal pathway. Notably, some of the aforementioned studies have not described the
specific parameters of the acupuncture method. As acupuncture techniques are being standardized, a unified set of
parameters for conventional acupuncture and EA will be established for experimental research, which would enhance the

comparability and reproducibility of future studies.

The Role of Acupuncture in Migraine

Cortical Spreading Depression

CSD refers to the stimulation-induced electrical inhibition zone generated in the cerebral cortex, which then spreads
extensively throughout that area, thus causing neurons and glial cells to be transiently depolarized. This process triggers
imbalances in ion channels and disruptions in neurotransmitter regulation and serves as the basis for migraine aura
symptoms and neurological dysfunctions. Furthermore, several studies have demonstrated that CSD can activate the
trigeminal-vascular system,*® thus inducing the release of neurotransmitters and vasoactive substances such as nitric
oxide, CGRP, and substance P (SP), which participate in migraine attack onset. Shi H et al*> locally applied KClI to the
cortex to induce CSD, thereby establishing a migraine rat model. Subsequently, they used EA to bilateral Yanglingquan
(GB34) and Taichong (LR3) acupoints for 30 min and observed changes in the CSD amplitude and plasma CGRP and SP
levels before and after EA. According to the results, EA significantly reduced the CSD amplitude, inhibited the duration
and propagation speed of the wave amplitude, and concurrently decreased the plasma CGRP and SP levels. These
findings hold major implications for elucidating the relationship between the time-effect and action mechanism of

acupuncture in migraine treatment (Figure 2).
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Figure 2 The mechanism of acupuncture through modulating cortical spreading depression. By Figdraw.
Notes: EA significantly reduced the CSD amplitude while also lowering the levels of CGRP and SP in the plasma.
Abbreviations: EA, electroacupuncture therapy; CSD, cortical spreading depression; CGRP, calcitonin gene-related peptide; SP, substance P.

Trigeminal-Vascular System

When the TRG and its fibers are stimulated, vasoactive neuropeptides such as CGRP and SP are released. These
neuropeptides, through a series of cascade reactions, promote vasodilatation, increase vascular permeability, and cause
plasma protein extravasation, thereby leading to sterile inflammation. This, in turn, activates nociceptive receptors
distributed around the dura mater and meningeal vessels. Pain signals are then transmitted to the central nervous system
via trigeminal nociceptive afferent fibers, thus inducing migraine attacks (Figure 3).*’

Primary Sensory Fibers

Noxious stimulus-induced pain signals are transmitted by the fiber terminals of primary sensory neurons. They then
synapse in the dorsal horn of the spinal cord. The signals later ascend through the anterolateral fasciculus of the spinal
cord to reach the brainstem and thalamus, finally projecting to the cerebral cortex where the pain sensation is perceived.
The unmyelinated C-fibers and thinly myelinated Ad-fibers act as primary sensory neuronal fibers, which are involved in
trigeminal nociceptive transmission. Serving as second-order neurons located in the dorsal horn of the spinal cord, wide
dynamic range (WDR) neurons receive input from these primary sensory fibers and are crucial players in pain initiation
and maintenance. Qu Z et al'® found that EA at Liigii (GB20) rapidly reduces the unmyelinated C-fiber-induced
discharge of WDR neurons in the trigeminal cervical complex (TCC) within 60s, thereby activating the diffuse noxious
inhibitory control system to exert an analgesic effect. When the same research team conducted electrophysiological
experiments on TCC cells in vitro, they found that EA reduces neuronal discharge in the TCC region, elevates the

mechanical pain threshold in the trigeminal periorbital area, and reverses abnormal cutaneous pain responses. The
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Figure 3 The mechanism of acupuncture in treating migraine. By Figdraw.

Notes: Acupuncture can inhibit the activation of microglia and astrocytes, as well as central inflammatory responses, and regulate central sensitization to exert an analgesic effect.
Abbreviations: PAG, periaqueductal gray; RVM, rostral ventromedial medulla; TNC, trigeminal nucleus caudalis; VPN, trigeminal caudal nucleus; TCC, trigeminal cervical
complex; WDR, wide dynamic range.

underlying mechanism may involve a reduction in the abnormal activation of thinly myelinated Ad-fibers, a decrease in

WDR neuron reactivity, and an improvement in pain sensitization.?®

Vasoactive Neuropeptides

SP, vasoactive intestinal polypeptide (VIP), CGRP, and pituitary adenylate cyclase-activating polypeptide (PACAP) are
currently identified vasoactive neuropeptides that exert potent vasodilatory effects, thus representing a major research
direction in mechanisms underlying migraine. By establishing a migraine rat model through repeated electrical stimula-

12 conducted multi-acupoint electroacupuncture experiments. They found that EA

tion of the dura mater, Xu X et a
reduces plasma CGRP, SP, VIP, and PACAP concentrations, thereby improving hyperalgesia and neurogenic
inflammation.

Being the most prevalent and potent vasodilatory neuropeptide, CGRP has a pivotal role in migraine pathophysiology.
It is predominantly distributed within the peripheral nervous system, including TRG, dorsal root ganglia, and nerve fibers
innervating meningeal vessels. Furthermore, the presence of CGRP in the central nervous system has been documented,
specifically in the TCC, hypothalamus, and PAG.*® Zhao LP et al reported that EA significantly reduces CGRP levels in
the TRG, trigeminal caudate nucleus, and ventro posteromedial nucleus of the thalamus in a migraine rat model.*® The
mechanism underlying this effect may be related to the activation of the MAPK signaling pathway. Similarly, Pei P and
Wang MM also confirmed that acupuncture can decrease the CGRP content in the peripheral blood of rat models of

: : 17,18,23,2
migraine. 7,18,23,25
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Neurotransmitter

The brainstem descending inhibitory/dissociative system originates from the periaqueductal gray (PAG), which contains
various neurotransmitters such as serotonin (5-HT), gamma-aminobutyric acid (y-GABA), enkephalins, and substance
P. Activation of neuronal activity within the ventrolateral region of the PAG sends descending projections to the rostral
ventromedial medulla (RVM) and further projects to the caudal trigeminal nucleus (TNC). This pathway inhibits/
facilitates the transmission of nociceptive information from the periphery and participates in the regulation of various
types of pain, including migraine (Figure 3).

5-Hydroxytryptamine

5-HT, a neurotransmitter widely distributed throughout the nervous system, has vasoconstrictive properties. Notably,
5-HT levels in central and peripheral systems exhibit distinct patterns during the migraine pathophysiological process.
During migraine attacks, 5-HT distribution in the central nervous system decreases, whereas its release in the periphery
increases. EA alleviates pain by elevating 5-HT concentrations in the rostral ventromedial medulla (RVM) and trigeminal
nucleus caudalis (TNC) regions.®! 5-HT exerts inhibitory or facilitatory effects on pain modulation by binding to
different receptors. For instance, 5-HT binding to 5-HT1B/1D receptors has an analgesic effect, whereas 5-HT binding
to 5-HT2B or 5-HT7 receptors located in meningeal vascular endothelial cells facilitates pain transmission. Wang MM
et al observed that acupuncture can increase 5-HT1DR expression in the spinal TNC and midbrain, thereby activating
5-HT to alleviate migraine attacks.'® Furthermore, studies have shown that when 5-HT acts on the 5-HT1DR receptor, it
can reduce the levels of calcitonin gene-related peptide (CGRP) in the trigeminal ganglion and trigeminal spinal tract
nucleus, thereby decreasing the incidence of migraine attacks. Based on the established finding that acupuncture
improves central sensitization through descending pain pathways, Pei P et al further uncovered that acupuncture inhibits
5-HT7R expression in the PAG, rostral medulla, and TNC in rat models of miglraine.zz’25 Liu L et al found that EA
significantly reduced 5-HT7R expression in the TNC and suggested that the ERK1/2 and PKA phosphorylation signaling
pathways are the mechanisms responsible for this effect.*?

Endogenous Opioid Peptides

Opioid receptors(OPRM), G-protein-coupled receptor family members, bind to agonists and activate GTP-binding
proteins, thereby regulating downstream target molecules. This process involves the activation of K+ influx, inhibition
of voltage-gated Ca2+ channels, mediation of extracellular signal transmission, induction of membrane potential
hyperpolarization, and blockade of neural impulse transmission, which ultimately results in an analgesic effect.
However, opioids are highly addictive, and their unreasonable use can cause medication-overuse headaches. Therefore,
they are unsuitable as first-line therapeutic agents for migraine. Being a safe alternative therapy, acupuncture may
potentiate the effects of opioids. By upregulating OPRM expression and downregulating the levels of inflammatory
cytokines such as interleukin (IL)-1B, IL-6, and tumor necrosis factor (TNF)-a, acupuncture inhibits inflammatory
responses and thus exerts an analgesic effect.'’

Neurogenic Inflammation

Glial Cell

Glial cells participate in migraine pathogenesis by inducing neurogenic inflammation and oxidative stress (Figure 4).*
Microglia, the primary immune cells of the central nervous system, transform into a macrophage-like structure after
activation and release inflammatory factors to eliminate pathogens and necrotic cells. However, excessive microglial
activation can affect neuronal activity by releasing neurotransmitters and inflammatory mediators. The microglia—neuron
interaction contributes to pain sensitization, thus playing a role in the occurrence of migraine.’® Microglial activation
involves several pathways, including the adenosinergic signaling pathway, Toll-like receptor signaling pathway, and
chemokine-chemokine receptor interactions.”’ To construct a migraine rat model, Pei P et al repeatedly electrically
stimulated the dura mater of rats.”’ They observed that microglia in the TNC were abnormally activated, along with
upregulated Ibal, IL-1p, and TNF-aexpression. EA at GB20 inhibited microglial activation and inflammatory factor
release, decreased mechanical pain thresholds, and alleviated central sensitization. These effects were validated using the
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Figure 4 The mechanism of acupuncture in treating migraine through modulating neurovascular inflammation. ByFlgdraw.

Notes: Acupuncture can inhibit the activation of microglia and astrocytes, as well as central inflammatory responses, and regulate central sensitization to exert an analgesic effect.
Abbreviations: PAG, periaqueductal gray; TNC, trigeminal nucleus caudalis; IL, interleukin; TNF, tumor necrosis factor; CSD, cortical spreading depression.

microglia inhibitor minocycline. The research team further revealed that EA can inhibit microglial activation in the PAG
region. Further investigation into EA mechanisms unveiled that migraine can upregulate P2X7R expression in microglia,
thereby participating in the regulation of inflammatory responses. EA acts as an antagonist, blocking P2X7R signaling
and elevating pain thresholds in migraine rat models.”® Additionally, Zhou M et al reported that EA can reduce
proinflammatory factors.** They also found that it can inhibit microglial activation and the mediated inflammatory

response through the TLR-4 receptor and its downstream inflammatory signaling pathway within the TLR family,
thereby applying an analgesic effect.

Astrocytes participate in processes such as blood-brain barrier regulation and neurotransmitter and ion metabolism,
thereby aiding in sustaining neuronal function and the stability of the central nervous system.’> Abnormal astrocyte
activation contributes to migraine pathogenesis and progression through mechanisms such as gap junction communica-
tion, synaptic glutamate, transporter proteins, and CSD. Connexins (Cx), the primary structural component of gap
junctions, facilitate the interconnection between astrocytes, with Cx43 being the predominant isoform of connexins.
Cx43 promotes the release of proinflammatory factors, including IL-1pB, IL-6, and TNF-a, from activated astrocytes.
These cytokines act on neurons, which leads to central sensitization. Liu Y et al observed that acupuncture inhibits Cx43

activation in astrocytes within the TNC region, thereby reducing the release of proinflammatory factors and exerting an
analgesic effect.'®
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Inflammatory Cytokines

Inflammatory factors are various cytokines involved in the inflammatory process. Of them, TNF and IL are pivotal
players in migraine pathophysiological processes. TNF-a, produced by macrophages, stimulates the release of prosta-
glandins and their compounds. Meanwhile, IL serves as a pain mediator in neurogenic inflammation, thus contributing to
thermal and pain hypersensitivity. Both TNF-a and IL activate neutrophils and participate in the cascade of inflammatory
responses in migraine. Serum TNF-q, IL-1f, and IL-6 levels were significantly elevated in the migraine rat models.'”*’
EA, on the other hand, reduces the release of inflammatory factors and inhibits pain sensitization transmission. Moreover,
EA reduces plasma COX-2 levels, thus elucidating the common link among inflammatory factors, COX-2, and CGRP in
migraine pathogenesis. This offers a theoretical basis for further exploration of the mechanisms underlying migraine and

the development of specific therapeutic agents.

Inflammatory Pathway

Nuclear transcription factor-kB (NF-kB) is a crucial fast-response transcription factor that mediates intracellular signal
transduction. It is involved in inflammation, immunity, and pain responses.”> NF-kB is pivotal for the neurogenic
inflammatory process of migraine. Pain stimuli activate the I-xB kinase complex, which results in IKB protein
phosphorylation. This enables the nuclear translocation of NF-kB (P50/P65), and in the nucleus, it binds to inflammatory
factor-associated gene loci. Subsequently, this cascade increases vascular permeability, allows for plasma albumin
extravasation, promotes tissue edema, and improves pain sensitivity, collectively contributing to neurogenic
inflammation.>*

Omics Mechanisms

Multi-omics research integrates biological information across multiple levels, including proteomics, genomics, transcrip-
tomics, and metabolomics, to drive the exploration of migraine pathogenesis and biomarkers, as well as the innovation of
personalized drug therapies. For instance, a large-scale genome-wide association study identified differentially expressed
genes enriched in both vascular and central nervous tissues, thus supporting the role of neurovascular theory.”> This
finding offers a novel perspective for exploring the pathophysiological mechanisms underlying migraine. Omics research
also has a pivotal role in migraine treatment, elucidating the action mechanisms of various drugs and aiding the
development of precision-based therapeutic strategies.’® However, omics research on acupuncture therapy for migraine
remains in its infancy. Differences have been noted in amino acid and lipid metabolism between migraine patients and
healthy subjects. Gao Z et al applied EA therapy at both acupoints and non-acupoints in a nitroglycerin-induced migraine
rat model.*® According to them, EA reduces plasma glutamate levels, whereas acupoint-specific EA restores the plasma
metabolome, reverses changes in glutamate and lipids, and reduces cortical neuronal hyperexcitability and central
sensitization, thus exerting an analgesic effect.

Conclusions and Future Perspectives

Internationally recognized high-quality clinical evidence has been gathered for acupuncture in the realm of pain relief.
Thus, it emerges as an effective alternative approach in addressing the so-called “New Opioid War. “Migraine, as the
most prevalent craniofacial pain disorder, is associated with the dire situation of inappropriate and excessive utilization of
acute analgesic medications. By activating descending pain inhibitory pathways and modulating neurotransmitter levels,
acupuncture therapy exerts its analgesic effects throughout the entire process of migraine occurrence and conduction. The
analgesic mechanisms of acupuncture in mitigating migraine at both peripheral and central levels majorly include
inhibition of abnormal activation of afferent nerves, modulation of ion channel expression, and alleviation of peripheral
sensitization It also includes regulating the release of vasoactive neuropeptides and neurotransmitters, inhibiting glial cell
activation, reducing the expression of inflammatory factors and pathways, and thus mitigating central sensitization.

As studies explore more about mechanisms underlying the therapeutic effects of acupuncture on migraine, current
investigations primarily focus on neuroinflammation and neurovascular aspects. The current research mechanisms still
possess certain limitations. For instance, in the CSD model, the rats are anesthetized, which prevents the detection or
observation of behavioral changes and the simulation of pain processing mechanisms associated with migraine.However,
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additional studies are warranted to determine whether the intricate interplay among various inflammatory mediators,
neurotransmitters, and cellular signaling molecules remains consistent. Moreover, with advancements in medical imaging
technology, functional magnetic resonance imaging has emerged as pivotal for unraveling the neural mechanisms
underlying the therapeutic effects of acupuncture on migraine. In future animal experiments, the mechanisms of
acupuncture’s actions at the cerebral level must be determined, specifically on various brain functional regions and
their associated neurotransmitters. In conclusion, modern neurobiological technologies must be used to study the intricate
network mechanisms of acupuncture in migraine treatment from multiple layers, targets, and dimensions.
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