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Tt shows that TREM regulates microglial and NLRP3

inflammasome activity via modulating the NF-xB signaling

Cs7BLI6) cfos, CGR, p-65, NLRPS,
Behavioral assessment  pathway. Furthermore, TREM1 was linked to CGRP and
Male ip Caspase-1,
Sunetal. (7) NTG induced Western blot -fos expression, contributing o central sensitization. These
20.30g 10mg/kg IL1, 1L18, GEAP, TREM-
Immunofluorescence | discoveries offer new insightsinto CM mechanisms,
BV2cells 1,NeuN, Tba

suggesting that targeting TREM1 may be a feasible
treatment option.
DI-3-n-butylphthalide (NBP) significantly reduced the

Severity of migraines in mice that were caused by NOG.
CGRP, cEOs, SOD, MDA,

Cs7BLIS] Light/dark test, Von Therapeutic results were achieved by lowering oxidative
ip ROS intensity, iNOS, IL6,
Livetal (55 | Male NTG induced freytest stress and neuroinflammation via activating the Nrf2
10mgkg IL-1p, TNE-q, Nif2, HO-1,
20308 Elevated plus maze signaling pathway, which in turn reduced nociceptive
NQol,

hypersensitivity and central sensitzation. As a result, NBP
shows promise as a migraine prevention treatment.

Behavior tests and
ip ROS, MDA, SOD, NrE2, . Wazhuya Decoction down-regulated PGK1 via MZF1,
immunofluorescence
10mg/kg HO1,NQOI, MZFL activating the NRF2 pathway.
assay

Xuetal (59) | Mice

“Their findings strongly suggests that AMPK plays a crucial

ATR,ADP
rolein central sensitzation of chronic migraine (CM),
AMPIL-1p, 114,116, ELISA
C57BLIG) Mice especially in cases of aberrant energy metabolism. AMPK
ip 1010, TNE-@ IFN-1, “The Luminex liquid
Luetal. (60) | Male activation reduces neuroinflammation in NTG-induced CM.
10mg/kg CGRP AMPK, PAMPK, | suspension chip assay
20.30g ‘mice via polarizing microgla in M2. AMPK activity

UHRFL, iNOS, Argl, bal, | Immunohistochemisiry

‘modulation may aid in treat
NEKB, P65, and GM-CSF

by targeting central
sensitzation processes
Inthe thalamus, ypothalamus, periaqueductl grey;

trigeminal ganglio, and trigeminocervical complex,

Behavioral test, von. respectivly, 529, 109,163, 152, and 419 differentially
AT, MRC complex-I,
CS7BLIG] Mice Frey flaments,ahot | expressed proteins were found using proteomics profling of
ip Fundel, Fisl, Mid49, OPAL
Xieetal. (61) | Male NTG induced plate,and alight-dark | the CM model. Signifcant alerationsin region-specifc
10mgkg PGCla, TEAM, CHOR,
21328 box, Light-aversive test, | brain ciruits indicated mitochondrialdysfunction n the
HSPI0, MDA
QPCR,ELISA, TEM, | thalamus. UA intervention had a modestatenuatin effect
on NTG-induced mitochondrial structural damage,
‘malfunction, and homeostatic dysregulation.
“Their findings demonstrated that rats subjected to NTG-
Fibrinogen,
induced chronic migraines exhibited decreased vestibular
“Taillift index,
SPF-grade Wistar function. After several injections of NTG, the fibrinogen
Zhangetal. ip Negative geotaxis, Behavioral tests
nats NTG induced levels rose. The rats used to study migraines showed no
&) 10mg/kg Airrighting reflex, ELISA
250-300g changes in mechanical hyperalgesia (cither worsening or

vestibular dysfunction
improving) or vestibular dysfunction (cithe

pro

ratings
« worsening) after defibrinogenation.

Overall,the esearch work found to be the expression of
PACAP and PACIR in TN was dlevated afer repeated
Behavioral test treatment of NTG to ras. In addition, via modifying NTG:

Male Immunofluroscence  induced synaptic plasticity via the ERK/CREB/BDNE
Zhang et ip PCREB, PACAR PACIR,

SDRats NTG induced saining pathway, PACAP6-38,a selective PACIR antagonist,
&) 10mg/kg ERK, BDNE cFos

210-235¢ Western blot reduced chronic cephalic allodynia and inhibited the

TEM augmentation of neuronal activity. Inhibiting PACAP/
PACIR could be a new therapeutic target for migraine based

on our findings.

The postauricular nitroglycerin injection is safer and more

effective than intraperitoneal injection for migraine.
Wistar rats
ip ‘modeling i rats. Postauricular nitroglycerin injection
Qietal.(53) | Male NTG induced - ABR Latency
10mg/kg damages rats hearing function more. The migraine model
2002508
rat caused by nitroglycerin postauricular injection may

represent a new cochlear migraine model.
‘When repeatedly stimulated at the GV16 acupoint, mice

with NTG

duced peripheral hypersensitvity and high
cFos expression;
TNC c-Fos expression can reduce hindlimb and face
coldallodynia
Kim etal. Cs7BLIG ip ‘mechanical and cold alodynia. DBV injectionsat GV16
NTG induced measurements in the Immunhistochemistry
© Male 10mgkg " activte alpha-2 adrenoceptors, not endogenous opioid
indpaws
" receptors.Based on this study, chemotherapetic
and facial region
acupuncture with Diluted Bee Venom at GV16 may help

‘migraine patients with peripheral discomfort.
“Their study demonstrated that RUT reduced oxidative sress

CS7BLIG mice

s.NewN, PTEN, | Behaviora tests and relieved migraine symptoms by blocking PGK1 activity
NTGinduced  ip
Xuetal (65) | Male NQO1 PGK1, SOD, MDA,
PCl2cellline | 10mgkg
Tweeks old and NRE2 Western blot Based on these results, RUT, a natural medicine, may be a

c

viabilty assay with PTEN and activating the Nrf2 antioxidant mechanism.

g00d choice for migraine treatment.

Shaoyao Gancao Decoction considerably inhibits the NGF/
TRPV1/COX-2 signaling pathwway; which i responsible for

central hyperalgesia migraine. This indicates that the
ip COX-2, PGE2, CGRR ERK, | Elisa,

Luoetal. (66) | SDrats NTG induced ‘molecular mech:
10mg/kg SRC, TRPVI HPCR, Western blot

ism by which SGD alleviates migraine

symptoms might be associated with the central hyperalgesia

neurotransmitter, which controls the pathophysiology of

migraine.

“Their investigation showed that epeated intranasal PACAP
treatments caused mechanical and thermal hyperalgesia like
NTG injections. The impact of PACAP on migaine attacks

involves PACI receptorinternalization and PKA and ERK
Von Frey filaments, and
SDrats
Zhangetal. ip c-Fos, CGRR, PACAR, hot plate tets,
Male NTG induced inhibiting PACAP-induced PACI receptor internlization
&) 10mg/kg PACI, PKA and ERK Immunofluorescence,
200-250g improves hyperalgesiain CM rats by restricting ERK
Western blot

signaling pathways. This i the fist research to shon that

signaling, PACAP-induced trigeminal vascular activation
requires further study to determine the process and uncover
additional targets that modulate PACI receptor

internalization with specificiy.

Perampanel inhibited PACAP expression i an i vitro research

PKC by inhibiting the cAMP/PKA/CREB pathvay.
sDrats Sopg/kgand PIC However, the mechanism by which perampanel affects the
Zhai etal ELISA
230-250g NTGinduced  100pg/kg PKA GAMP/PKA/CREB pathway is complex and uncertan. Studying
@) Western blot
Male perampanel CREB the protective benefit of perampanel gainst disases ke
PACAP ‘miggaine can shed light on the auses of nervous system

problems and aid n developing effectivetreatments

They demonstrate that PAR2 activation and IL-6 signaling

Mechanical
ICR mice can prime a NO donor through different methods. Targeting
hypersensitvity and
Masonetal. | PAR2KO mice 116 in people is currently being tested, but ts efficacy in
NTGinduced | 10yL/g 1 grimace assays
) Male and female ‘migraine has yet o be determined. This study, ogether with
Facial hypersensitvity
5-8wecks previous research, strongly suggests that PAR2 may be a
Mouse grimace scale
promising therapeutic target for migraine.
“The integrated approach combining harmacodynamics,
‘metabolomics, and network pharmacology to understand
the impact and mechanism of MXFD on migraine. Our
integrated analysis revealed two differentially expressed
SDrats ‘metabolites, 5-MIAA and DCA, and nine targets, including
ip cGr Immunohistochemistry
Geetal. (59) | Male NTG induced MAOB, MAOA, ADRB1, ADRB2, ADRB3, ADORA2A,
Tomgkg cios Behavioral tests
200+ 10g ADORAZB, DRDS, and HTR4. MXED' ffectiveness in
treating migraine s significantly impacted by these
‘metabolites and targets. This research provides useful data
for exploring the mechanisms behind MXFD' therapeutic
efects.
Neuronal damage: 118, 1L-1, and TNF-x protein
NLRP3 Lightidark test, Von | expressions; mRNA expressions of these proteins; Nerve
- s frey test, Hot plattest, | growth factor (NGF), Brain-derived neurotropic factor
0
NTG induced wip Orofacial formalin test, | (BDNF), and Neurotrophin-3 (NT3) expressions were
AFilippone | female and ip
migraine TNFa ELISA, dramatically decreased when treated with BAY-117082 at
atal. 27) male mice 10mg/kg
. model NGE Immunofiuorescence, | 5mg/kgand 10mg/kg. These report suggestng that it
5308
BDNE RI-qPCR, and significantly modulated Erk/CREB/AK! pathways and could
NT3 Histologicalanalysis | be considered novel stategy therapeatics for migraine
treatment.
Behavioral test W46 (3-amino-4-(3-hexylphenylamino)-4-
QRT-PCR oxobutylphosphonic acid) could aleviate chronic NTG
C57BL6/) mice ip SIPRI
Pan etal. (70) NTG induced Western blot induced hypersensitvity and reduce the expression of
225¢ 10mg/kg STAT3
Immunofluorescence | CGRE.pSTAT3 and c-fos in the Trigeminocerical complex
saining by blocking S1PRI actvity:
Elevation of nitric oxide which has been demonstrated to
qPCR, have a rolein the production of inflammation such as
Araletal. CRLR/CGRPRI Perls histochemistry, | MMP9 and CGRERI may regulate cellulariron traffc;
Neonatal mouse | GTNinduced | ~
e MMPY Immunofluorescence hence,diferent clls and mislocalzation ofiron within the
staining and ELISA. cell may contribute to migraine pathophysiology via diverse
‘molecular mechanisms.
'BONT/A suppressed the expression ofthe NLRP3 protein and
Behavioral tests
the provinflammatory cytokine IL-1f in the TNC produced by
11 Rota-rod test
NTG induced NTG, and it may regulate the actiity of microglia n the TNC.
Tingetal. | CS7BLIG mice i 1L Western blot
migraine through modulating CGRE It s posibl o interact with
on 2025¢ 1omgkg cGRe QRTPCR
model ‘microglia,which controls the rleas ofnflammatory factors
NLRP3 Immunofuorescence
but, BoNT/A therapy had no effect on LPS-induced pro-
saining
¢ inflammatory factor releas in astrogla.
cGr Hejie Zhitong prescription decreases the production of
Mice Substance P neurotransmiters linked with nociceptive transmission,
NTG induced ELISA
Wangetal | 2022g ip cex including as 5-HT, CGRE,and CCK, which may
migraine Immunohistochemical
) Rat " 10mg/kg SHT \ be connected 1o its overexpression of CBIR and
mode analysis
200-266 cox2 " downregulation of
CBIR cox2
Both NLRP3 and IL-1 inhibition alleviated hyperalgesia and
Sensory sensitivity
cFos decreased the increase in bomarkers such as p-ERK, ¢-Fos
Male C57BL/6 testing,
NTG induced cGRe N and CGR associated with central sensitzation of CM in the
mice ip Western blot,
Heetal.05) migraine PERK TNG. The NLRP3 inflammasome may bea target for
8-12weeks old 10mgkg QRT-PCRand
model NLRP3 controlling CM-associated pain, and inhibiting it may
18:258 Immunofuorescence
ip represent a noveltherapetic rationale and technique for
saining
migraine treatment.
Proinflammatory mediators such as COX-2, TNF-a, and
MMP9 play arolein the NO-mediated migraine
Male Sprague cox2 Western blot analysis
Kim etal. iv pathogenesis ascade. Further research into these
Dawley rats GIN TNFa and
) 10pg/ke inflammatory mediators in the various transcription factor
270-300g MuPY Immunohistochemistry

pathways may have pharmacological implications for new

‘migraine therapics

NLRP, Nod like receptor; IL-Interleukin; MMP, Matrix metalloproteinase; TNF, Tumor necrotic factor; BONF, Brain derived neurotropic factor; NO, Nitric oxide; RAGE, Receptor for
advanced glycation end product; COX, Cyclooxygenase; HMGB, High mobility group box; MAPK, Mitogen activated protein kinase; NFKB, Nuclear factor kappa B; TIMP, Tissue inhibitor of
metalloproteinase; ERK, Extracellula signal-regulated kinase; CGRR, Calcitonin gene related peptide; CCK, Cholecystokinin; 5-HT, Serotonin; Iba, Tonized calcium binding adaptor molecule;
ROS, Reactive oxygen species; TXNIP, Thioredoxin-interacting protein; TRPA, Transient receptor potential ankyrin; P2X4, P2X purinoceptor 4; P2X7R, P2X purinoceptor 7 receptor; SIPRI,
sphingosine-1-phosphate receptor 1; STAT, Signal transducer and activator of transcription; CXCLI, The chemokine (C-X-C motif) ligand 1; CCL2, chemokine (C-C motif) ligand 2 NGE,
Nerve growth factor; NT3, Neurotrophin-3; .p, Intraperitoneal; 5., Subcutaneous; i, intravenous; p.o, Per orals NG, Nitroglycerin; GTN, Glyceryl trinitrate; CCI, Chronic constriction
injury; LPS, Lipopolysaccharide; CSD, Cortical spreading depression.
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