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Abstract: Migraine is a common neurological illness that causes a great burden on individuals and society. Many migraine patients
seek relief through complementary and alternative therapies, with Traditional Chinese medicine (TCM) often being their preferred
choice. Acupuncture, Chinese herbal medicine, and massage are important components of TCM, and are commonly used in clinical
treatment of migraine. This review aims to consolidate the current knowledge regarding the mechanisms of the three TCM
interventions for migraine: acupuncture, herbs, and massage, and how they relieve pain. However, the mechanisms underlying the
effectiveness of TCM therapies in treating migraine remain unclear. Therefore, we reviewed the research progress on acupuncture,
herbal medicine, and massage as TCM approaches for the treatment of migraine. We conducted a comprehensive search of CNKI,
PubMed, Web of Science, and Cochrane databases using keywords such as migraine, acupuncture, needle, herbs, herbal, prescription,
decoction, massage, Tuina, and TCM, covering the period from 2000 to 2023. The literature included in the review was selected based
on specified exclusion criteria. We discussed the mechanism of TCM therapies on migraine from the perspective of modern medicine,
focusing on changes in inflammatory factors, neurotransmitters, and other relevant biomarkers. TCM can relieve migraine by
decreasing neuropeptide levels, inhibiting inflammation, modulating neuronal sensitization, changing brain function and structure,
changing blood brain barrier permeability, regulating hormone levels, and relieving muscle tension. The purpose of this paper is to
provide a basis for improving the clinical strategies of TCM for the treatment of migraine.
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Introduction

Migraine is a recurrent brain disorder influenced by genetic and environmental factors.' It is characterized by unilateral
or bilateral pulsatile headache and is often accompanied by autonomic nervous system dysfunction, such as nausea,
vomiting, photophobia, and phonophobia. The latest International Classification of Headache Disorders (ICHD-3)
identifies over 250 different types of headaches, categorized into primary headaches, secondary headaches, neuropathies
and facial pains, and other headache types. Migraine is considered a major type of primary headache.” The prevalence of
migraine is approximately 1 billion cases worldwide, with 42 million years lived with disability.> Epidemiological studies
have shown that the prevalence of migraine is 14.9% in the United States* and 8.4-12.7% in Asia.’

According to the Global Burden of Disease study (2019), migraine is considered the second leading cause of
disabilities worldwide.® Although the mechanism of migraine remains unclear, it is known that genetic predisposition,
inflammatory processes, and central sensitization have a great influence on migraine.” Currently, the pathogenesis of
migraine mainly involves activation of trigeminovascular pain pathways,® which is believed to mediate the occurrence of
migraine through the release of neuropeptides, such as calcitonin gene-related peptide (CGRP), substance P, and pituitary
adenylate cyclase-activating polypeptide.”'® CGRP has a strong regulatory effect on vasodilation and secondary and
tertiary neurons and is widely expressed in peripheral and central neurons.'' The elevation of CGRP in patients with
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migraine is associated with a reduction in descending inhibitory mechanisms, which may contribute to migraine
susceptibility through the sensitization of multiple central nervous circuits.'? Additionally, these released neuropeptides
can also improve the activity of some signaling pathways, increase blood vessel permeability, plasma protein exudation,
sterile inflammation, and stimulate pain fiber afferent center, triggering migraine.'>'> Conversely, the activation of
trigeminovascular pain pathways® is closely related to inflammatory factors, including interleukin-1p (IL-1p), cycloox-
ygenase-2 (COX2), and prostaglandin E2 (PGE2).'*!”

Conventional therapies for migraine include acute medication, preventive medication, and nonpharmacological thera-
pies. The current medications include paracetamol, non-steroidal anti-inflammatory drugs, beta-blockers, anticonvulsants,
tricyclic antidepressants, and calcium channel blockers.'® These drugs are helpful, but because of their suboptimal efficacy,
adverse effects, and contraindications, these drugs do not fully meet the needs of patients with migraine.'® Currently, China
has formulated relatively mature guidelines for the diagnosis and treatment of migraine, recommending TCM treatment for
migraine.”” TCM is a systematic healthcare system developed from clinical experience based on a scientific model of
regulation. TCM therapy mainly includes acupuncture, herbs, and massage and has been implemented worldwide and
obtained sufficient evidence.>' In clinical trials, acupuncture is more effective and provides longer-lasting relief for
migraines compared to sham acupuncture and standard care.”*** Compared to a placebo, the extract MIG-99 from
Chinese herbal feverfew has also been demonstrated to reduce the frequency and severity of migraine attacks in multicenter
randomized controlled trials (RCTs).** Additionally, the massage group experienced a reduction in migraine attack
frequency and an improvement in sleep quality compared to the control group.?

With increasing scholarly interest in TCM treatments for migraine, several high-quality studies have emerged
exploring their mechanisms. Chen et al demonstrated that acupuncture influences peripheral and central sensitization
by modulating neuronal-sensitization-related mediators, potentially altering the abnormal functional activity and con-
nectivity of the descending pain modulatory system.?® The meta-analysis conducted by Sun et al indicates that true
acupuncture effectively increased the pain threshold and reduced hyperalgesia in migraine rats.>” Additionally, Chen et al
systematically summarized the potential applications of herbal medicines in ameliorating migraine through multiple
therapeutic targets and pathways.*® Previous studies on the mechanism of TCM in treating migraine have mostly focused
on a single treatment method, with acupuncture and herbs being the main treatment method, and research on massage-
related mechanisms is relatively rare. Based on RCTs and animal experiments of acupuncture, herbs, and massage
therapy for migraine, this research comprehensively discusses the mechanisms of the three main treatment methods of
TCM for migraine, making the research perspective more diversified and making up for the limitation of a single
perspective in previous studies. Meanwhile, the methods of research on the mechanism of the three treatment methods
can be mutually referenced providing valuable directions for future research.

In the theory of TCM, migraine belongs to the category “head wind”.>® The onset of migraine is often due to wind
pathogen invasion, deficiency of Qi and blood, damage to the meridians, and malnutrition of the brain.?® Treatments such
as acupuncture, herbs, or massage can help disperse wind and cold, replenish Qi and blood, unblock meridians, and
promote the flow of Qi and blood. Previous studies have also demonstrated that TCM can improve pain symptoms and
quality of life in patients with migraine.>' > However, the specific mechanism of acupuncture, herbs, and massage for
migraine has not been unified, involving the inhibition of the generation and release of nociceptive neurotransmitters,”
253435 deceleration of pain induced by inflammatory factors, such as interleukin and COX2,**>” and alterations in brain
function and structure or the permeability of the blood-brain barrier (BBB).***° To our knowledge, the exact mechanisms
of different types of TCM therapies for migraine have not been clarified. This article reviews mechanisms of the
aforementioned three types of TCM treatments for migraine by screening published literature. The aim is to provide
valuable insights for future research and support the advancement of TCM in the treatment of migraine.

Methodology

In this paper, the mechanisms of acupuncture, herbs, and massage in the treatment of migraine are discussed by
reviewing published Chinese and English literature from CNKI, PUBMED, Web of Science, and COCHRANE (2000—
2023). The keywords for searcher were migraine, acupuncture, needle, herbs, herbal, prescription, decoction, massage,
tuina, TCM. The articles that met the following criteria were included: a) the studies were written in Chinese or English;
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b) the studies focused on patients with migraine or involved basic research on migraine models; c) the patients or
migraine models received acupuncture, herbs or massage; and d) the studies evaluated the mechanism of acupuncture,
herbs or massage on migraine.

Result

Mechanisms of Acupuncture on Migraine

Acupuncture is widely used to manage migraine in China and Western countries.*’ Migraine is a good indication of
acupuncture, with unique advantages in efficacy, compliance, and safety.*' * The onset of migraine is related to the
production of CGRP and the occurrence of aseptic inflammation caused by pain stimulation. CGRP not only dilates
blood vessels but also increases vascular permeability and the secondary inflammatory response. In addition, inflamma-
tory factors can further activate the trigeminovascular system.'***>! The mechanisms of acupuncture to improve the pain
symptoms and quality of life in patients with migraine involve (Figure 1 and Table 1): 1) inhibiting CGRP neuropeptide
release; &4 ¢ 2) reducing the overexpression of inflammatory factors such as IL-1B, COX2 and PGE2;!6:4648 3
inhibiting central sensitization by modulating neurotrophic factors and neurotransmitters;*®*’ 4) changing the function

: 1
and structure of brain.>®%>

Inhibition Neuropeptides Release

Neuroinflammation plays a crucial role in the pathophysiology of migraine and is a potential underlying cause of the
condition.” Neuropeptides involved in trigeminal nerve activation, including CGRP and substance P, are thought to be
crucial in migraine development. CGRP is the most abundant neuropeptide in trigeminal sensory nerve stores.”>* CGRP
binds to receptors on endothelial cells and triggers the phosphokinase A-mediated cascade to activate endothelial nitric
oxide (NO) synthase and diffuses NO into the smooth muscle of adjacent blood vessels to dilate the blood vessels.”*>>
Systematic reviews involving migraine rats have provided evidence that acupuncture can alleviate neuroinflammation by
reducing the release of trigeminal nerve-activating neuropeptides.** A before-and-after clinical trial has shown that
acupuncture can decrease the release of NO, which is an intermediate substance in the vasomotor mechanism of CGRP.
Consequently, inhibiting CGRP can improve vascular smooth muscle overexpansion and relieve pain symptoms.*> A
previous animal experiment has demonstrated that electroacupuncture (EA) is an effective method to inhibit the
expression of CGRP. A pre-clinical study shows that EA reduces CGRP levels in the trigeminovascular system ascending
pathway, suggesting that EA relieves migraine pain by reducing CGRP levels.*® In addition, Zhang et al conducted a
single-blind, randomized controlled animal experiment that revealed EA can inhibit the release of CGRP in the peripheral
branches of the trigeminal nerve by activating type 1 cannabinoid (CB1) receptors, thereby preventing the internal flow
of pain signals.'®

Reduction of Inflammatory Factors

Previous experimental studies in rats have indicated that acupuncture can play a therapeutic role in treating migraine
through anti-inflammatory effects.**” Several studies involving rats have confirmed that acupuncture can alleviate
migraine by decreasing matrix metalloproteinase-2 (MMP-2) activity and affecting the CB1 receptor regulation of
inflammatory mediators, including inhibiting PGE2 release, decreasing IL-1B and COX2 protein levels in the trigeminal
ganglion, and alleviating neurogenic plasma protein extravasation of migraine.'®*’ In addition, the IL-13/COX2/PGE2
inflammatory pathway may be involved in the release of CGRP during trigeminovascular system activation in migraine,”
¢ and previous studies have shown that EA can inhibit the trigeminal ganglion IL-1B/COX2 inflammatory response
signal, reduce the synthesis and release of PGE2, and inhibit the release of CGRP in rat models of migraine.*® An animal
study has shown that the activation of microglia leads to the release of pro-inflammatory cytokines, such as IL-1f, tumor
necrosis factor-a (TNF-a), and IL-6, in nitroglycerin (NTG)-induced chronic migraine rats model, which are involved in
the inflammatory response and contribute to the initiation and maintenance of migraine.’” Zhou et al conducted an animal
experiment on EA for the inflammatory soup-induced migraine-like rats demonstrating that EA can reduce microglial
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Figure | The mechanisms of acupuncture, herbs, and massage in the treatment of migraine.

(I) Acupuncture inhibits CGRP by reducing NO release, activating CBI receptors, and lowering levels of inflammatory factors. Acupuncture can reduce BDNF and
Glutamate levels, change the interaction between the limbic regions and the autonomic nervous system, and improve the GMV of the cuneus. (2) Herbs can inhibit CGRP by
increasing cerebral blood flow, promoting glutamate metabolism, and increasing 5-HT level. Herbs can also inhibit neuroinflammation and inflammatory signaling pathways,
thereby reducing the expression of inflammatory factors. Herbs can reduce the permeability of the BBB by regulating MMP-9 and its competitive or non-competitive binding
with metabolic enzymes. (3) Massage can inhibit the pain signal transmission of the nerve fiber, reduce substance P, increase 5-HT contents, improve local blood flow,
accelerate the metabolism of pain-causing substances, reduce cortisol levels, and relieve muscle tension. Created with BioRender.com.

Abbreviations: BBB, Blood-brain barrier; BDNF, Brain-derived neurotrophic factor; CBI, Type | cannabinoid; CGRP, Calcitonin gene-related peptide; COX2,
Cyclooxygenase-2; FA, Ferulic acid; IL-1, Interleukin-1p3; MDRI, Multidrug resistance protein |; MMP-2, Matrix metalloproteinase-2; MMP-9, Matrix metalloproteinase-9;
NF-kB, Nuclear factor-kappa B; NGF, Nerve growth factor; NO, Nitric oxide; PGE2, Prostaglandin E2; P-gp, P—glycoprotein; TCM, Traditional Chinese Medicine; TMP,
Tetramethylpyrazine; TNF-a, Tumor necrosis factor-a; TRPVI, Transient receptor potential vanilloid |; 5-HT, 5-hydroxytryptamine.

activation and improve microglia-mediated inflammatory response by regulating Toll-like receptor 4/nuclear factor-kappa
B (NF-«B).*¢

Modulating Neuronal Sensitization

Central sensitization, which plays an important role in the development and progression of migraine, is defined as the
increased reactivity of nociceptive neurons in the central nervous system (CNS) to normal or subliminal afferent inputs.
Central sensitization occurs when the function of nociceptive pathway circuits is enhanced and leads to abnormal
sensitivity.”® Brain-derived neurotrophic factor (BDNF) is a key molecule essential for neural plasticity and development,

and is upregulated by inflammatory activation relevant factors.>”**
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Table | Summary of Clinical Application of Acupuncture in Treatment of Migraine

Intervention | Model | Method Mechanisms Migraine Model Methods Intervention | Comparison | Refs.
Types
Acupuncture Rats Animal |. Decreased levels of CGRP and inflammatory cytokines NA Dural cannula implantation EA Blank control | [36]
experiment | 2. Regulated TLR4/NF-kB to inhibit microglial activation and repeated inflammatory Sham EA
3. Reduced BDNF levels decoction injection
|. Decreased PGE?2 levels, as well as IL-1B and COX2 protein NA Unilateral electrical EA Minimal [15]
expression, and neurogenic plasma protein extravasation levels stimulation of the trigeminal acupuncture
2. Decreased MMP-2 activity and affected CBI receptors ganglion
3. Reduced the release of CGRP
I. Inhibited dural mast cells, macrophages, and serum NA Dural electrical stimulation EA Sham EA [24]
inflammatory factors
2. Inhibited hyperalgesia by alleviating inflammatory factors
|. Decreased serum PGE2 and CGRP concentrations, IL-13 NA Electrical stimulation of the EA EA plus [38]
mRNA and protein, NF-kB p65, NF-kB Ac-p65 and COX2 trigeminal ganglion EX527
protein expression (a SIRTI
inhibitor)
Rats Systematic I. Alleviated neurogenic inflammation and central nociceptive NA NTG-induced migraine rats Manual Blank control | [34]
review conduction via the regulation of meningeal vasodilation and acupuncture
inflammatory factors or EA
Human | Before- I. Reduced the levels of serum NO Migraine with | NA Acupuncture Healthy [35]
after study | 2. Reduced the release of CGRP aura and control
without aura
I. Decreased levels of glutamate Migraine NA Manual Healthy [45]
without aura acupuncture control
I. Increased FCs between AMYG and MFG, AMYG and INS, IPL | Migraine NA Manual Healthy [51]
and SFG, IPL and MFG, Hipp and SFG, Hipp and MFG, Hipp and | without aura acupuncture control
INS, and CG and SFG
2. Restored the pain processing function and regulates pain
perception
I. Modulated the abnormal function of the frontal gyrus, Migraine NA Acupuncture Blank control | [52]
temporal gyrus, precuneus, and cuneus in patients with migraine | without aura
2. Increased the GM volume of left cuneus
RCT I. Alleviated emotional disorders by modulating the frontal- Menstrual NA Manual Sham [53]
limbic regions migraine acupuncture acupuncture
without aura

Abbreviations: AMGY, Amygdala; BDNF, Brain-derived neurotrophic factor; CBI, Type | cannabinoid; CG, Cingulate gyrus; CGRP, Calcitonin gene-related peptide; COX2, Cyclooxygenase-2; EA, Electroacupuncture; FC, Functional
connectivity; GM, Gray matter; Hipp, Hippocampus; IL-1, Interleukin-1B; INS, Insular gyrus; IPL, Inferior parietal lobule; MFG, Middle frontal gyrus; MMP-2, Matrix metalloproteinase-2; NA, Not applicable; NF-kB, Nuclear factor-kappa

B; NO, Nitric oxide; NTG, nitroglycerine; PGE2, Prostaglandin E2; RCT, Randomized controlled trial; SFG, Superior frontal gyrus; SIRT |, Silent mating type information regulation 2 homolog-1; TLR4, Toll-like receptor 4.
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Studies have shown that EA can significantly reduce serum BDNF levels in rats with migraine.*® Glutamate is the
main excitatory neurotransmitter in the CNS, which is related to central sensitization. High levels of glutamate can lead
to excitatory toxicity of the nervous system, which disrupts normal neurotransmission and leads to neuronal damage or
death.®' Liu et al conducted a before-after study with 20 participants, revealing that glutamate levels were elevated in
blood samples of patients during and between attacks, and decreased after acupuncture treatment.** Acupuncture may
provide additional potential benefits in neuronal sensitization by modulating neurotrophic factors and neurotransmitters;
however, the evidence on how acupuncture affects neurotrophic factors and neurotransmitters is not clear.

Changing Brain Function and Structure

Neuroimaging has revealed that migraine is linked to alterations in both the structure and function of the brain. Numerous
observational studies have shown that patients with migraine have functional abnormalities in brain regions involving the
cingulate cortex,®® caudate nucleus,®® thalamus,®* and cerebellum.®® Especially, The limbic region (the cingulate cortex,
amygdala, and parahippocampal gyrus) is a pivotal area associated with brain function abnormalities in patients with
migraine, which are also believed to be involved in emotional, cognitive, and autonomic functions.®® The acupuncture
might modulate pain through a shift in the interaction of limbic regions with the autonomic nervous system in a before-
after neuroimaging study.>® In addition, an RCT involving 44 participants has shown that it can also regulate emotional
disorders by modulating the frontal-limbic regions and improving the symptoms of patients with migraine.”® Magnetic
resonance imaging (MRI) studies of patients with migraine consistently show a brain structural abnormality characterized
by decreased and increased gray matter volume (GMV).®® The current clinical neuroimaging studies support that the
occurrence of migraine is related to the frontal and parietal lobes, and the results show that untreated patients with
migraine have reduced GMV in the upper brain regions.®’*® Yang et al showed that the reduction in migraine days after
acupuncture was associated with the baseline GMV in the parietal and frontal gyri and cuneus in a before-after study
involving 41 patients with migraine. In addition, patients with more than 50% reduction in headache days showed a
longitudinal increase in GMV in the left cuneus.”!

Mechanisms of Chinese Herbs on Migraine

Previous studies have shown that several promising ingredients and herbal formulae have been identified that have
central and peripheral analgesic effects and can inhibit the transmission of nociceptive information, thereby playing an
anti-migraine role.®”’® A meta-analysis of RCTs of herbal medicine for migraine indicated that herbal medicine
significantly reduced migraine frequency, migraine days, migraine duration, migraine intensity and the consumption of
analgesics compared with placebo.”! The mechanism of Chinese herbs in treating migraine involves the following
aspects (Figure 1 and Table 2): 1) inhibiting the release and expression of CGRP neuropeptide;’> ’* 2) suppressing
inflammatory reactions such as inhibition of inflammatory factors and modulation of NF-kB and nerve growth factor
(NGF) signaling pathways;**’>7® 3) changing the permeability of BBB.>*"’

Inhibition Neuropeptides Release

There are large amounts of free amino acids in the CNS.”® These amino acids play a role as neurotransmitters in signal
transduction and participate in metabolic pathways.”” Among them, glutamate plays a key role in pain transmission,
central sensitization, and cortical spreading depression. A large body of clinical evidence has suggested that glutamate
and its receptors are involved in migraine pathophysiology.*® In addition, study also has shown that glutamate is closely
related to the release of CGRP.®! An animal study indicated that Dachuanxiong prescription could improve the metabolic
profile of trigeminocervical complex (TCC) in NTG-induced migraine rats, which could promote the metabolism of
glutamate in TCC, thereby inhibiting the production of CGRP and improving headache.”* Furthermore, the current
results revealed that Wuzhuyu decoction significantly prevented hyperalgesia in migraine rats by inhibiting the with-
drawal threshold reduction, increasing the level of Serotonin (5-HT), and decreasing the expression of CGRP.”> Wu et al
have shown that Chuanxiong and Cyperi can reduce the expression of CGRP and CGRP mRNA by increasing cerebral
blood flow in NTG-induced migraine rats.”* These above findings demonstrated that Chinese herbs could exert an
analgesic effect on migraine by adjusting the levels of neuropeptides.
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Table 2 Summary of Clinical Application of Herbs in Treatment of Migraine

Intervention | Model | Method Mechanisms Migraine | Model Methods Intervention Comparison | Refs.
Types
Herbs Rats Animal experiment I. Improved the metabolic profile of serum and TCC in NA NTG-induced Dachuanxiong Blank control | [63]
migraine rats, mainly involved in amino acid metabolism migraine rats prescription
(glutamate)
2. Increased the expressions of glutamine synthetase
I. Increased the levels of 5-HT NA Inflammatory soup- Wuzhuyu Blank control | [64]
2. Decreased the levels of CGRP induced chronic Decoction
migraine rats
I. Increased cerebral blood flow NA NTG-induced Chuanxiong Blank control | [65]
2. Decreased the expression of CGRP, and regulated the migraine rats Rhizoma and
release of CGRP Cyperi Rhizoma
3. Relieved neurogenic inflammation
|. Decreased the plasma CGRP and serum NO levels NA Glyceryl trinitrate Du Liang soft Blank control | [68]
2. Reduced NF-«xB p65 and pro-inflammatory cytokines, induced migraine rats | capsule
including IL-1B and COX-2 in the brainstem
|. Suppressed glutamate NA NTG-induced Chuanxiong and Blank control | [76]
2. Decreased BBB permeability and maintain its integrity migraine rats Gastrodia elata
through regulating MMP-9 in migraine rats
I. Increased the permeation rate across the BBB NA Blood-stasis migraine TMP and FA Blank control | [77]
model
Network I. Increased the expression level of 5-HT NA NTG-induced Yufeng Ningxin Blank control | [69]
pharmacology and 2. Reduced the expression of CGRP, NF-kB, c-fos and IL-1B migraine rats tablet
animal experiment 3. Inhibited NF-«kB and phospho-NF-«B levels
Rats Animal experiment |. Enhanced the 5-HT contents and declined NO contents | NA NTG-induced Shaoyao Gancao Blank control | [71]
2. Inhibited the NGF/TRPVI/COX-2 signaling pathway migraine rats Decoction

Abbreviations: BBB, Blood-brain barrier; CGRP, Calcitonin gene-related peptide; COX2, Cyclooxygenase-2; FA, Ferulic acid; IL-1p, Interleukin-1B; MMP-9, Matrix metalloproteinase-9; NA, Not applicable; NF-kB, Nuclear factor-kappa
B; NGF, Neurotrophic factor; NO, Nitric oxide; NTG, nitroglycerine; TCC, Trigeminocervical complex; TMP, Tetramethylpyrazine; TRPVI, Transient receptor potential vanillic acid subfamily protein | receptor; 5-HT, 5-

hydroxytryptamine.
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Suppression of Inflammatory Reactions

NF-kB and NGF are important signaling pathways involved in promoting migraine-related allodynia, and even main-
taining, exacerbating migraine. These findings imply that inhibiting a migraine attack might be efficient by blocking
these signaling pathways.*> NF-kB signaling pathway plays a major role in inflammatory reactions, which is triggered by
microbial products and pro-inflammatory cytokines such as TNF-a and IL-1. This activation causes the development of
inflammation and pain.®® Experiments on rats showed that Chuanxiong and Baizhi down-regulated the expression levels
of NF-kB, IL-1p and COX-2. Additionally, these substances were found to lower serum levels of NO and CGRP.”> The
network pharmacology and experimental verification research have also proved that one herb Gegen could inhibit
neuroinflammation by NF-kB in BV2 cells, and reduce the expression of NF-kB, c-fos and IL-1B.** NGF binding to
tyrosine receptor kinase receptors of sensory nociceptive neurons can evoke potent algogenic effects via multiple signal
transduction mechanisms impinging upon the P2X3 and transient receptor potential vanilloid 1 (TRPV1) channels.®* An
animal study revealed that Shaoyao Gancao decoction significantly inhibited the NGF/TRPV1/COX-2 signaling pathway,
which mediates central hyperalgesia in an NTG-induced migraine rat model.”® In conclusion, there is already a certain
amount of research supporting that Chinese herbs can alleviate migraine by regulating inflammatory reactions.

Changing the Permeability of BBB

The BBB plays a crucial role in maintaining normal neuronal function. It is responsible for the stability of the brain’s
internal environment and protects nervous tissue from potentially harmful substances by restricting the entry of certain
molecules into the CNS.*> The change of BBB permeability associated with neuroinflammation is important when
considering therapeutic strategies.*® There is accumulating evidence that migraine can increase BBB permeability in rats
by activating MMP-9.%#7 In clinical research, elevation of MMP-9, which is considered a typical marker suggestive of
BBB disorders, is observed in patients with migraine.*® Related animal experiment suggest that Chuanxiong and
Gastrodia elata may regulate MMP-9 to reduce the permeability and maintain the integrity of BBB in migraine rats.*
Moreover, previous animal experiment has shown that Gastrodin can improve the brain targeting index of
Tetramethylpyrazine (TMP) and Ferulic acid (FA) in blood—stasis migraine models, which are bioactive ingredients of
Ligusticum chuanging, indicating that gastroetin can improve the BBB permeability of TMP and FA.”” The specific
mechanism may be that the inhibitors of P—glycoprotein and multidrug resistance protein 1 can promote the transmem-
brane transport of gastrodin.® Gastrodin competes with TMP and FA for competitive or non—competitive binding of
metabolic enzymes, thereby reducing the permeability of the blood-brain barrier, slowing down the metabolism of TMP
and FA and increasing their residence time in vivo, allowing TMP and FA to rapidly reach the brain tissue to treat
migraine.”” Chinese herbs could be beneficial for the treatment of migraine by changing and regulating the BBB
permeability, which has been confirmed by the above experiments.

Mechanisms of Massage on Migraine

Migraine is often treated with medications, but some patients cannot tolerate them because of the drug’s toxicity and
adverse effects. Therefore, non-pharmacological management such as acupuncture and massage may be an alternative
treatment option. However, some patients fear the sensation of the needles passing through their skin. As a result,
massage is increasingly respected by migraine sufferers.>**° Massage, known as Tuina in China, is widely used to treat
migraine and is effective in alleviating the frequency, intensity, and duration of migraine attacks.”’** The diversity of
massage also provides targeted treatment for patients with migraine. Although there is limited literature on massage
therapy for migraine, researches have confirmed its effectiveness. An RCT involving 47 migraine participants has
highlighted that massage therapy improves the symptoms of migraine by reducing pain-related neurotransmitters and
relieving muscle tension.”> Studies in recent years have drawn some conclusions that its underlying mechanisms are
associated with (Figure 1 and Table 3): 1) altering the release of 5-HT, substance P, and cortisol;*> 2) relieving muscle

tension.”*?°
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Table 3 Summary of Clinical Application of Massage in Treatment of Migraine

preventing fibrosis, and improving blood and lymphatic circulation

in head

medical care

Intervention | Model | Method | Mechanisms Migraine Model Intervention Comparison | Refs.
Types Methods
Massage Human | RCT I. Inhibited the action of the nociceptive fibers Cervicogenic | NA Spinal manipulation therapy or | Mulligan [86]
2. Inhibited the pain pathway through the pain gate mechanism headache conventional massage therapy | mobilization
therapy
I. Reduced substance P and increased 5-HT contents Migraine NA Massage Blank control | [82]
2. Decreased the level of cortisol
I. Reduced muscle tension by breaking down subcutaneous adhesions, | Chronic pain | NA Classic massage Standard [9o1]

Abbreviations: NA, Not applicable; RCT, Randomized controlled trial; 5-HT, 5-hydroxytryptamine.
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Changing Release of Neurotransmitters and Hormones

A study has shown that patients with migraine have abnormal levels of neurotransmitters such as 5-HT and substance P.”®
5-HT can combine with receptors to play a role in the regulation of pain, and interact with a variety of neurotransmitters
in the CN'S to participate in migraine.’’ It has been discussed above that substance P is a neuropeptide that dilates blood
vessels and causes migraine. The two neurotransmitters are the pathological basis of migraine.'**® An RCT has shown
that massage can stimulate the nerve fiber through manipulation, inhibit pain signal transmission, and thereby achieve
analgesia in migraine patients.”* Studies have also found that massage can reduce substance P and increase 5-HT
contents, improve local blood flow, accelerate the metabolism of pain-causing substances, which can weaken pain signals
or achieve analgesia.”>* In addition, cortisol is a stress hormone that rises during the onset of a migraine and then
decreases when the headache goes away.”” A clinical trial found that massage can reduce cortisol levels in migraine
sufferers.”’

Relieving Muscle Tension

Migraine attacks have been classically divided into prodromal, aura, headache, and postdromal phases.'® A retrospective
study found that the symptom with the highest co-occurrence throughout all migraine phases was neck stiffness.'®!
Massage is a passive way of exercising muscles and relaxing the mind because it improves muscle endurance and
flexibility. Therefore, it is beneficial to relieve muscle tension, anxiety, and depression caused by migraine. Studies have
shown that massage can reduce muscle tension that leads to migraine by breaking down subcutaneous adhesions,
preventing fibrosis, and improving blood and lymphatic circulation.”**> Massage is a commonly used manual treatment
in TCM. A systematic review of manual therapy for migraine showed that manual therapy may be as effective as modern
drugs for the prevention of migraine. In addition, patients who received massage reported a 27-28% improvement in

migraine frequency compared to baseline.”?

Discussion

Summary

The present study is a comprehensive review of the mechanism of TCM in the treatment of migraine. Acupuncture,
herbs, and massage have different mechanisms but all of them are associated with the inhibition of neurotransmitters to
relieve migraine (Figure 2). Acupuncture can improve migraine symptoms by reducing the release of NO and activating
CBI1 receptor, downregulating the expression of CGRP in trigeminal ganglion, inhibiting the microglia and other
inflammatory factors, including IL-1p, COX2, and PGE2, reducing BDNF and glutamate levels to regulate central
sensitivities, and improving functional connectivity of brain areas and GMV. Herbs can alleviate migraine-related pain by
decreasing CGRP expression, inhibiting inflammatory factors and signaling pathways, including NF-kB and NGF, and
changing BBB permeability. Massage can achieve analgesia by reducing substance P and cortisol levels, increasing 5-HT
content, and relieving muscle tension.

Future Directions
Experts suggest that preventive treatment is advisable for individuals with migraine.'”* However, between 39.2% and
48.2% of patients with migraine stopped preventive medication because of inefficacy, while 34.2-53.2% discontinued it
because of side effects.!®® Preventive medication can cause dissatisfaction, discontinuation, and occurrence of medication
overuse headaches in some patients with migraine,'® which may encourage individuals to seek complementary and
alternative treatments for migraine.'>'> TCM, as a major component of complementary and alternative treatments, is
commonly used to treat migraine in China and other Western countries. Some patients, including those with contra-
indications or specific populations, such as pediatric and pregnant patients with chronic migraine, may prefer TCM.'%
Many studies have shown that TCM has good therapeutic effects in patients with migraine.”*'?”'% However, few
studies have investigated the action mechanism of TCM in the treatment of migraine. This study summarizes existing
articles on the mechanism of TCM in the treatment of migraine; however, the mechanism remains unclear. Studies
analyzing multiple omics data, such as proteomics, metabolomics, genomics, transcriptomics, lipidomics, immunomics,
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Figure 2 Mechanism of acupuncture, herbs, and massage to change release of neurotransmitters.

Acupuncture can inhibit the release of CGRP by reducing the release of NO and activating the CBI receptor. Herbs can reduce CGRP by promoting the metabolism of
glutamate in TCC, increasing the level of 5-HT, and increasing cerebral blood flow. Massage can reduce substance P, increase 5-HT contents, improve local blood flow, and
accelerate the metabolism of pain-causing neurotransmitters. Created with BioRender.com.

Abbreviations: CBI, Type | cannabinoid; CGRP, Calcitonin gene-related peptide; NF-kB, Nuclear factor-kappa B; NO, nitric oxide; 5-HT, 5-hydroxytryptamine.

and imaging omics, are needed to clarify the mechanisms of TCM treatment of migraine. With the development of
neuroimaging techniques, many studies have found that patients with migraine have abnormalities in brain structure and
function, and previous studies have confirmed that TCM can reverse these abnormalities. Therefore, functional MRI,
structural MRI, dynamic contrast-enhanced MRI, functional near-infrared spectroscopy, positron emission tomography,
electroencephalography, and magnetoencephalography should be performed to assess the effects of TCM on patients with
migraine.

Limitation

Despite the substantial advancements in understanding the mechanisms of migraine, several limitations remain. First,
Current animal experiments suffer from low quality and significant heterogeneity, primarily focusing on male rats. This
neglects sexual dimorphism and limits our understanding of gender-specific factors in migraines, which exhibit strong
gender differences. Consequently, this bias restricts the generalizability of the findings. Second, current animal studies
often use outdated techniques and lack advanced chemogenetic and optogenetic technologies to explore TCM’s effects on
migraine neural circuits. Research mainly focuses on neuroinflammation and neurotransmitters, while the interactions

between neurons and glial cells remain underexplored. Third, there is a lack of omics technologies (eg, genomics,
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proteomics) and advanced imaging techniques to thoroughly examine the mechanisms of TCM for migraine. These
approaches could offer deeper insights into the molecular and cellular processes, bridging traditional treatments with
modern science. Fourthly, most studies concentrate on migraine without aura, with limited exploration of other subtypes
such as migraine with aura, menstrually-related migraine, or chronic migraine. Future research should encompass a
broader range of migraine types to enhance the comprehensiveness and representativeness of the findings. Fifthly, many

C,'"% M with less attention paid to other critical brain regions such as the thalamus,

studies focus primarily on the TC
sensory cortex, and limbic system. More research is needed to explore the interactions of neurotransmitters and signaling
pathways among these brain regions and their role in the pathogenesis of migraine. Additionally, current research often
infers central mechanisms based on peripheral blood samples, which cannot directly reflect changes within the CNS. The
absence of effective non-invasive methods to assess CNS pathological changes hinders understanding of migraine’s

central mechanisms.

Conclusions

In conclusion, this review aims to provide a scientific and systematic evaluation of TCM in the management of migraine.
By integrating existing clinical and preclinical evidence, it offers a comprehensive discussion on the therapeutic efficacy
and potential mechanisms of TCM for migraine. Ultimately, it seeks to apply modern Chinese medicine theories and
scientific methods to further investigate the pathogenesis of migraine and offer more reliable evidence for its treatment
with Chinese medicine.

Abbreviations

BBB, Blood-brain barrier; BDNF, Brain-derived neurotrophic factor; CB1, Type 1 cannabinoid; CGRP, Calcitonin gene-
related peptide; CNS, central nervous system; COX2, Cyclooxygenase-2; EA, Electroacupuncture; FA, Ferulic acid;
GMV, Gray matter volume; IL-1pB, Interleukin-1B; MMP-2, Matrix metalloproteinase-2; MRI, Magnetic resonance
imaging; NF-xB, Nuclear factor-kappa B; NGF, Nerve growth factor; NO, Nitric oxide; PGE2, Prostaglandin E2;
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