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KAlo40Bi cAoBa: PE3IOME

rONoBHUIA MO30K, BiNnb, MirpeHb, kanbuu-  AKTyanbHiCTb. MirpeHb € XPOHIYHMM HEBPOIOTYHUM 3aXBOPIOBAHHAM, siKe 3HayHO
TOHIH-TeH CrOpigHEHWN NenTuh, MOHO-  3HMXKYE AKICTb XUTTA MaUEHTIB | € NPUYMHOID 3HAYHOI iHBanigu3auii. JlikyBaHHA MirpeHi
KNOHanbHi aHTUTINa, TpUnTaHu, renaHTn. € cknagHuMm i notpebye iHAMBIOyanbHOro nigxogy 4epes Pi3HOMAaHITHICTb KMiHIYHUX
NposiBiB Ta PE3NCTEHTHICTb A0 TpaguuinHoi Tepanii. OgHMM 3 KM4YOBMX acnekTiB
eTionaTtoreHesy MirpeHi € ponb nenTuay, NoB’si3aHOro 3 reHoM KanbuuToHiHy (CGRP),
O aKTUBHO AOCHIMAXYETbCA SK BaXKIUBUIN €NEeMEHT Yy MexaHi3Mi pO3BUTKY MirpeHi
Ta B TepaneBTUYHKX CTpaTerisx.
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© Maodkux @.B., 2024 cuctemn. LleHTpanbHuM dhaktopom y natoreHesi mirpeHi € nentug CGRP, skun

Bigirpae BaXnvBy posb y PO3LUMPEHHI KPOBOHOCHUX CyAMH Ta akTusauii 6omto. Ornsg
nokasas, LWO HOBI papMakonoriyHi cTparerii, 30KpeMa MOHOKMOHanbHi aHTuUTINa,
cnpsimoBaHi Ha CGRP abo moro peuentopu, € MNEPCNEKTUBHUMW Yy iKyBaHHi
MirpeHi. MNpoTAromM OCTaHHIX POKiB BiA3HAYa€TbCA 3HAYHWMA MPOrpec y 3acToCyBaHHi
MOHOKINOHANbHUX ~ @HTUTIN, TPUNTaHiB, aHTMAENPEecaHTiB, NPOTMENINENTUYHNX
3acobiB Ta renaHTiB Ans npodinakTvkM Ta NiKyBaHHA HanagiB MirpeHi, WO 3Ha4yHO
nokpaLlye KniHivHi pesynsrartu.

BucHoBKW. AkTyanbHicTb pocnimxkeHHss MexaHiamiB CGRP y natoreHesi MmirpeHi
06r'pyHTOBYETLCS HOBMMW MigxoAamMu OO dhapmakoTepanii, 30kpema BUKOPUCTaHHAM
MOHOKIOHAanNbHNX aHTUTIN Ta renaHTiB. Lli npenapatn nokasanu BMCOKWN Tepanes-
TUYHUIA eddeKT Yy NauieHTiB 3 PE3NCTEHTHOI Ta XPOHIYHO MirpeHH:o. NepcnekTusm
nodanblUMX OOCMiMKEeHb NONAralTb y MoAanbLIOMY BUBYEHHI MOMEKYNSpPHUX Mexa-
Hi3MiB Ta YOOCKOHamneHHi mikyBanbHUX CTpaTerin, CnpsIMOBaHWX Ha MNOKPaLLEHHS
AKOCTI XXUTTS NaLieHTIB.
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ABSTRACT

Background. Migraine is a chronic neurological disorder that significantly reduces
the quality of life of patients and is a major cause of disability. Treating migraines is
challenging and requires an individualized approach due to the variety of clinical
manifestations and resistance to traditional therapy. One of the key aspects of the
pathogenesis of migraine is the role of calcitonin gene-related peptide (CGRP),
which is actively studied as an essential element in the mechanism of migraine
development and in therapeutic strategies.

Purpose — to characterize the current understanding of the pathogenesis and
pharmacotherapeutic strategies in the treatment of migraine through the lens of
the signaling pathways of calcitonin gene-related peptide (CGRP).

Materials and methods. Publications were selected from the PubMed, Clinical Key
Elsevier, Cochrane Library databases, among others, which highlighted information
about the pathogenesis and pharmacotherapeutic strategies in the treatment
of migraine. The review was prepared following the key principles of the
PRISMA guidelines.

Results. The mechanism of migraine development is closely linked to the activation
of the trigeminovascular system and meningeal sensory system. A central factor in
the pathogenesis of migraine is the CGRP peptide, which plays a crucial role in
vasodilation and pain activation. The review showed that new pharmacological
strategies, particularly monoclonal antibodies targeting CGRP or its receptors, are
promising for the treatment of migraine. In recent years, significant progress has
been made in the use of monoclonal antibodies, triptans, antidepressants, antiepileptic
drugs, and gepants for the prevention and treatment of migraine attacks, significantly
improving clinical outcomes.

Conclusions. The relevance of studying the mechanisms of CGRP in the pathogenesis
of migraine is supported by new pharmacotherapeutic approaches, including the use
of monoclonal antibodies and gepants. These drugs have shown high therapeutic
efficacy in patients with resistant and chronic migraines. The prospects for further
research lie in further exploring molecular mechanisms and improving treatment
strategies aimed at enhancing the quality of life for patients.

Hladkykh FV. Modern pharmacotherapeutic strategies in the treatment of migraine: from the signaling pathways
of calcitonin gene-related peptide (CGRP) to novel therapeutic agents. Psychiatry, Neurology and Medical
Psychology. 2024;11(4(26)):447—-475. DOI: https://doi.org/10.26565/2312-5675-2024-26-10
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INTRODUCTION

Y BCbOMY CBITi Ha ronoBHui Ginb cTpaxaae 6rnmabko
40% HacenenHs, abo 3,1 mnpg niogen y 2021 p., i BiH
BXOOUTb OO TPiMKM HaWMOLUMPEHILWNX HEBPOMNOTiYHNX
3axBOPOBaHb Ans BinbLIOCTI BIKOBMX rpymn, NodvMHaloum
3 5 pokiB i 3anuwatoumnck y Tpinui nigepis go 80 pokis [1].
lonosHuin 6inb Hanpyrn (FBH) Ta mirpeHb € aBoma
HanbinbLL NOLWMPEHNMU NEPBUHHUMW BUOAMMW FONIOBHOMO
6onto. Xoua MixxHapogHa knacudikauis pos3nagis ronos-
Horo Gomo (ICHD-3 - International Classification of
Headache Disorders, 3-rd ed.) [2] oudepeHduitoe Li Buan
rofloBHOro 60mnt0 Ha OCHOBI KMNiHIYHMX XapaKTEepPUCTUK,
TpuBatoTb Aebatu woao ix nogidHocTi Ta BiaAMIHHOCTI [3].

XPOHiYHi HEBPOIOriYHi 3aXBOPKOBaHHA MOXYTb OyTW
NpUYMHOK akadeMiyHoi Ta/abo npodeciiHoi HeycniLl-
HOCTIi, @ TaKoX MOXYTb BMMIMHYTU Ha KOTHITUBHI pyHKLT [4].
HepasHi nitepaTypHi AOCNIAXEeHHS NoKasanu, Wo MirpeHb
Ta eninencis MoXyTb OyTW NOB'A3aHi 3i 3HWKEHHAM
NEBHUX HEWMPOMNCUXOMNOMYHUX YHKLIMA, L0 OXONMIoTb
yBary, naMm’aTb i coujianbHe nisHaHHSA [5].

MirpeHb € XpOHiIYHWUM, iHBanign3yynm, peumamByo-
YMM, CMagKOBWMM, HEMpPOBACKYNSIPHUM HEBPOSOTiYHUM
po3nagoM i3 napokcuamanbHUMK O3HaKamu Ta enizoguy-
HUMUW NpOsIBaMW, LLIO XapakTepusytoTbca baratogasHumm
HanagamMu rorioBHoOro 600, MoB’A3aHMMM 3 iHLLMMKW CUMIT-
TOMaMU HEBPONOTiYHOT ANCAYHKLIT, TAKUMU SIK Yy TNUBICTb
[0 pyxy, doTo- Ta poHobobisi, HyaoTa Ta GritoBaHHs [6, 7].

Worldwide, about 40% of the population, or 3.1 billion
people, suffered from headaches in 2021. Headaches
are among the top three most common neurological
disorders across most age groups, starting from the
age of 5 and remaining in the top three until the age
of 80 [1]. Tension-type headache (TTH) and migraine
are the two most prevalent primary types of headaches.
Although the International Classification of Headache
Disorders, 3rd edition (ICHD-3 — International Classifi-
cation of Headache Disorders, 3-rd ed.) [2], differen-
tiates these headache types based on clinical charac-
teristics, debates regarding their similarites and
differences persist [3].

Chronic neurological disorders can lead to academic
and/or professional underachievement and may also
affect cognitive functions [4]. Recent literature has
shown that migraine and epilepsy may be associated
with impairments in certain neuropsychological functions,
including attention, memory, and social cognition [5].

Migraine is a chronic, disabling, recurrent, hereditary,
neurovascular neurological disorder characterized
by paroxysmal symptoms and episodic manifestations.
It is marked by multifaceted headache attacks asso-
ciated with other symptoms of neurological dysfunction,
such as motion sensitivity, photophobia, phonophobia,
nausea, and vomiting [6, 7].
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3a paHummn enigemionoriyHmx gocnimpxkeHe (GBD —
Global Burden of Disease) rnobanbHa nowmpeHicTb
BH ouiHoeTbca B 26,8%, TO4i £AK MOLUMPEHICTb
MirpeHi ctaHoBuTb 15,2% y 3aranbHii nonynauii
(http://ghdx.healthdata.org/gbd-results-tool) [3]. MirpeHb
Oinbll nowmvpeHa cepen >KiHOK, i3 CMiBBIAHOLUEHHSAM
XiHOK oo vonosikie 3:1 (puc. 1) [8].

30

40 50

According to epidemiological studies (GBD -
Global Burden of Disease), the global prevalence
of TTH is estimated at 26.8%, while the prevalence
of migraine is 15.2% in the general population
(http://ghdx.healthdata.org/gbd-results-tool) [3]. Migraine
is more common among women, with a female-to-male
ratio of 3:1 (Fig. 1) [8].
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Puc. 1. mobanbHa cTaHgapTM3oBaHa 3a BiKOM MOLIMPEHICTb MirpeHi y YonoBikiB i >iHOK (aganToBaHo 3a [17])
Fig. 1. Age-standardized global prevalence of migraine in men and women (adapted from [17])

Haenaku, nowupeHicte TTI Ginbl piBHOMIPHO pPO3-
nopineHa i3 cniBBiOHOLIEHHAM XiHOK i 4YonoBikiB 1,2:1.
Lle MOXnnBo Bkasye Ha Te, WO ropMoOHarbHi hakTtopm
BigirpatoTb GinbLly ponb y MirpeHi, Hbxx 'y TTI [3]. MNpo no-
YyaTok MirpeHi npubnmaHo 75% ocib noigoMnsATb Yy Bili
0o 35 pokis [9]. MirpeHb Moxe noyatucs B 6yab-Skomy Billi,
ane 3asBuyai Ue BigbyBaeTbCsA B nepiog crateBoro Ao-
3piBaHHA Ta NigniTkoBoro BiKy, i pigko nicna 50 pokis [3].
[ns nopiBHAHHA, BiK NoYaTKy 3axBOPIOBAHHS B Linomy
Hvx4mn npu TTT, HixX npy mirpeHi (< 30 pokiB npotu > 30).
[NpoTe nowmpeHicTb Ak MirpeHi, Tak i TTI gocsarae niky
y Biui 35—39 pokiB, nicns Yoro nae 3HWxeHHs [3].

MeHw Hix y 50% ycix nauieHTiB 3 MirpeHHI0 BCTaHOB-
NEHO MNpaBWIbHUIA OiarHo3, a HegocTaTHA AiarHOCTUKa
Npu3BOAMTbL A0 HE3a40BONEHHst NoTpeb y nikyBaHHi [10].

Mpueeptae yeary nybnikauia Paungarttner J. Ta
cnieaBT. (2024 p.) [5], siki BU3HAYMNN MirpeHb SK norpaHny-
He 3axBOpPOBaHHS 3 eninencieto, agxe i MirpeHs, i eninen-
Cisl, € BOMa NapoKCM3ManbHUMN XPOHIYHUMU HEBPOSIO-
MYHUMM 3aXOBPIOBAHHAMM, MalOTb ChiNbHI naTodisiono-
MYHi WNAxu Ta 3HavyHe 30iraHHSA TaKMX XapakTepUCTUK,
K KINiHIYHI NpOosiBKN YM NpodinakTUYHe NikyBaHHA.

Lle moxe 3gatvca HesBUYaHUM, WO Micue MirpeHi
3HaxXoOMTLCA Ha MeXi eninencii, ane ue NiaTBEpAKYETbCA
YNCMNEHHVMM [OKa3amu, BKMYaluyM TOW akT, wWo iX
PO3pi3HEHHS YacTo € cknagHum [11].

[Ons obox posnagiB npuTamaHHa nosiBa aypw, sika
XapakTepuayeTbcad OBOPOTHMMU HEBPOMOMYHUMU CUMI-
ToMamun. bnunseko 20% ntogen 3 MIrpeHHo BigyyBaloTb
aypy. Aypa mirpeHi moxe TpmBaTtu Big 5 oo 60 XBUNKH,
BKIIOYAKOYM MEepeBaXHO 30pOBi  sBMLIA, napecTesii
abo TpyaHoOLli 3 MOBMEHHSAM, a B pigKiCHUX BMnagkax
MOXe BiabyBaTUCs MopylieHHss cTtoBbypa Mo3ky [12].
EninentnyHi aypu pJyxe pisHOMaHITHI | BMABNAOTb
LUMPOKNIA CMEKTP CUMMNTOMIB, SIKi MOXYTb NpPOSIBNATUCA
B YCiX OCHOBHMX CeHcax. 3a3Bmyal BOHM KOPOTKOYACHI,
Bif, KINbKOX CEKyHA A0 KifbKOX XBWMWH, OAHaK OrnucaHi
TakoX BMNagku «b6esnepepBHOi aypu» [5]. TUM He MeHLL,
iCHYHOTb AesiKi KNiHiYHi BigMiHHOCTI (Tabn. 1).

In contrast, the prevalence of TTH is more evenly
distributed, with a female-to-male ratio of 1.2:1, which
may indicate that hormonal factors play a greater role
in migraine than in TTH [3]. Approximately 75% of
individuals report the onset of migraine before the age
of 35 [9]. Migraine onset can occur at any age but
typically begins during puberty and adolescence and
rarely after the age of 50 [3]. Comparatively, the age
of onset is generally lower for TTH than for migraine
(< 30 years versus > 30). However, the prevalence of
both migraine and TTH peaks at the age of 35-39 years,
followed by a decline [3].

Less than 50% of all migraine patients receive
a correct diagnosis, and underdiagnosis leads to
unmet treatment needs [10].

Arecent publication by Paungarttner J. et al. (2024) [5]
highlights migraine as a borderline condition with
epilepsy, as both migraine and epilepsy are chronic
paroxysmal neurological disorders that share common
pathophysiological pathways and exhibit significant
overlap in characteristics such as clinical manifestations
and preventive treatments.

It may seem unusual for migraine to be considered
at the border of epilepsy, but this is supported by
numerous pieces of evidence, including the fact that
distinguishing between the two conditions is often c
hallenging [11].

Both disorders are characterized by the occurrence of
aura, which involves reversible neurological symptoms.
About 20% of individuals with migraine experience aura.
Aura Migraine aura can last from 5 to 60 minutes,
predominantly involving visual phenomena, paresthesia,
or speech difficulties, and in rare cases, brainstem
dysfunction [12]. Epileptic auras are highly diverse,
presenting a wide range of symptoms across all primary
senses. They are typically brief, lasting from a few
seconds to a few minutes, though cases of «continuous
aura» have also been described [5]. Nevertheless,
there are some clinical differences (Table 1).
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Ta6nuus 1. KniHiuHa xapakTepucTika 30poBoi aypu npu MirpeHi Ta eninencii [5]
Table 1. Clinical characteristics of visual aura in migraine and epilepsy [5]

Xapaktepuctuka . — . . .
Characteristic MirpeHb / Migraine Eninencis / Epilepsy
TpuBanictb >5x8B <5x8B
Duration > 5 minutes < 5 minutes
MosiBa cumnTomiB [MoBinbHO nporpecye PanTtoBui
Symptom onset Gradual progression Sudden

CynyTHi cumnTomMm
Associated symptoms

[onosHWI 6inb, HynoTa Ta 6roBaHHs, doTO- Ta hoHodobis
Headache, nausea, vomiting, photophobia, phonophobia

Cynomu, iHwi aypu
Seizures, other auras

Mone 3opy
Visual field

Centrifugal or centripetal spread

Moka3zaHo BigueHTpoBe abo JOLEHTPOBE MOLUMPEHHS

OBbmexyeTbCa 0gHMM NiBMoNemM
Limited to one hemifield

Hanag mirpeHi mae Tpu cpasu: nonepegHo (npoapo-
ManbeHy), ¢asy rornoBHoro Gon Ta MNOCTAPOMAarbHY;
KOXHa Mae YiTKi CUMNTOMW, SKi IHOAI Npn3BOAATb A0 iHBa-
nigHocTi. Brinsbko 20—-25% nauieHTiB 3 MiIrpEHHI0 MaloTb
yeTBepTy asy, sika HasuBaETbCA aypor (TPaH3UTOPHI
BOrHMLLEBI HeBponoriyHi cumntomu) [13]. MirpeHb 4acTo
MOXHa po3ni3HaTK 3a ii 30yaHMKamu, sKi Has3MBalTb
Tpyrepamu. HannowmpeHilummMmn npoBOKYOYUMU (PaKTo-
paMu € eMOLINHUA CTpecC, NOPYLUEHHS CHY Ta Xap4yoBi
daktopn. COH i CTpec € BaXIMBUMU TPUFEPHUMW daK-
TOpaMu y nauieHTiB 3 MiIrPEHHI0 3 aypoto, ToAi SIK hakTopu
HaBKOMULIHLOTO CepefoBULLA € BaXIUBUMWU Tpurep-
HUMK pakTopaMy Yy NauieHTiB 3 MIrpeHH0 6e3 aypw.
YCi BOHM € 3HaYyLLMMN TPUrepHUMmn oakTopamm y XiHOK,
CYTTEBO Bipi3HAIOYMCD Bif 4OnoBikis [6, 14, 15].

B ogHoMy 3 HanGinbLINX AOCNIMKEHb TpUrepiB MirpeHi
cepen 1027 nauieHTiB [15], onucaHi Tpurepn MirpeHi
B NOPSAKY 3MEHLLEHHS YyacToTy Brnuey [16] (Tabn. 2).

A migraine attack consists of three phases: the
prodromal phase, the headache phase, and the post-
dromal phase, each with distinct symptoms that can
sometimes lead to disability. About 20-25% of migraine
patients experience a fourth phase called aura (transient
focal neurological symptoms) [13].

Migraines are often identifiable by their triggers.
The most common provoking factors include emotional
stress, sleep disturbances, and dietary factors. Sleep
and stress are significant triggers for patients with mi-
graine with aura, while environmental factors are more
important triggers for patients with migraine without aura.
All these triggers are particularly significant for women,
with notable differences compared to men [6, 14, 15].

In one of the largest studies on migraine triggers
involving 1,027 patients [15], the triggers were described
and ranked by frequency (Table 2) [16].

Tabnuus 2. Tpurepu mirpeHi [15]
Table 2. Migraine triggers [15]

Tpurep Trigger %
Ctpec Stress 79,7
[opmoHun Hormones 65,1
Mponyck ixi/ronoa/ronogyBaHHs Skipping meals/hunger/fasting 57,3
3miHa norogmn Weather changes 53,2
[MopyLueHHs cHy Sleep disturbances 49,8
Mapdymmn abo 3anax Perfume or odors 43,7
Binb y wui Neck pain 38,4
CsiTtrno Light 38,1
Ankoronb Alcohol 37,8
KypiHHs Smoke 35,7
HapgMipHo TpuBanuii coH Excessively long sleep 32,0
Tenno Heat 30,3
Xap4yyBaHHS Diet 26,9
@i3nYHi HABaHTaXXEHHS Physical activities 22,1
CraTteBa aKTUBHICTb Sexual activity 5,2

Crparerii nikyBaHHSl, §IKi BKIMIOYalOTb KOperyBaHHs
cnocoby XUTTS, MOXYTb BU3HA4YaTUCH CMPUAHATIINBICTIO
nauieHTa 40 NEeBHMX TPUrepiB, xo4ya CTae€ BU3HAHUM,
WO [Aesiki o4eBUAHI TpuUrepu MOXyTb Hacnpasai OyTu
YaCTUHOI NoyaTKoBOl (ha3n Hanagy, asu nepegyyTTs
abo npogpomy [19]. BigmiHHOI0 purcoto NnikyBaHHSA MirpeHi
€ nigxogn, cnpsiMoBaHi Ha 3anobiraHHa ManbyTHIM
HanagaMm Ha OCHOBi Moaudikauii cnocoby xutTs,

Treatment strategies that include lifestyle adjust-
ments can be determined by the patient’s susceptibility
to specific triggers. However, it is increasingly recognized
that some apparent triggers may actually be part of the
early phase of a migraine attack, the anticipation or
prodrome phase [19].

A distinguishing feature of migraine treatment is the
focus on approaches aimed at preventing future attacks
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Wwob YHMKHYTU BU3Ha4YeHUXx TpurepiB abo dakTopis
CXUIbHOCTI, @ TakoX Ha npodinakTU4HMX nikax ans
3MEHLLIEHHS YaCTOTK Ta TAXKKOCTI Hanagis MirpeHi [20].

[o HeaaBbOoro Yacy NpodinakTUyHe nikyBaHHA MirpeHi
rpyHTYBanocs Ha npenapaTtax 3 pi3HUMK NnenoTpon-
HUMK edbekTamn, po3pobrneHrMK Ans iHWKWX MoKasaHb,
SIKi BUNAJKOBO BUSIBUNUCL [OCUTb €(EKTUBHUMMK Ansi
npocpinakTukm mirpeHi (To6to B-6nokartopu, npoTueninen-
TWUYHI NpenapaTtn, aHTUAENPECaHTN | aHTaroHICTU KanbLie-
BMX KaHaniB), xo4a BOHM 0OTsKeHi npobnemamu nepe-
HOCMMOCTI, WO NPWU3BOAWUTbL A0 HW3bKOI MPUXWUIBHOCTI
0o nikyBaHHs [18]. NpoTe 3Ha4yHWI Nporpec y po3KpUTTI
natocpisionorii HanagiB MirpeHi A03BONUB iAEHTUAIKY-
BaTM nepenbavyBaHi cneumdivHi MileHi Anst npodinak-
TUYHOIO MNiKyBaHHA MirpeHi, Taki SK CUrHanbHUN LINSX
nenTuay, NoB’si3aHoro 3 reHom KanbuuTtoHiHy (CGRP —
calcitonin gene-related peptide) [21, 22].

MeTta po6oTu — oOxapakTepusyBaTu Cy4vacHe YysiB-
NEeHHs Mpo eTionatoreHe3d Ta papmakoTepaneBTUYHI
cTparterii y nikyBaHHi MirpeHi Kpisb Npnamy poni curHanb-
HUX WNSAXiB NenTuay, NoB’S3aHOro 3 reHOM KarnbLUUTOHIHY
(CGRP - calcitonin gene-related peptide).

MATEPIAAU TA METOAU AOCAIAXXEHHSA

Mip6ip nybnikauin BukoHaHo 3a 6a3amun aaHnx PubMed
(https://pubmed.ncbi.nim.nih.gov/), Clinical Key Elsevier
(https://www.clinicalkey.com), Cochrane Library (https:/
www.cochranelibrary.com/), eBook Business Collection
(https://www.ebsco.com/) Tta Google Scholar (https:/
scholar.google.com/), y sikMXx BUCBIT/NOBaNUChb Bi4OMOCTI
npo eTionatoreHe3 Ta papmakoTepaneBTUYHI cTpaTerii
y nikyBaHHi MirpeHi. Ha nepwomy etani nposogunu
noLuyK niTepaTypHUX mxepen 3a KA4YOBUMW CrOBaMM:
MirpeHb, TpUrepu MirpeHi, TpureMiHoBacKynsipHa cuctema,
KanbUUTOHIH-reH acouinoBaHuin nentng CGRP, meHiHre-
anbHa CeHCopHa cucTema, MOHOKIOHarnbHi aHTutina (mAb),
TPUNTaHKU, NPOTUENINENTUYHI 3acobun, aHTMAENpPecaHTH,
renadTi, nacmigutaH. Ha papyromy etani BuBYanuce
pestome cTaTen Ta BUKNoYanuceb nybnikauii, ki He Bigno-
Biganu kputepiam gocnimpxkeHHs. Ha Tpetbomy eTani Bu-
BYanM MOBHi TEKCTU BigibpaHMx cTaTeln Ha BignoBigHICTb
KpUTEPIAM BKIIOYEHHS [0 ChucKa nitepaTypu Ta pene-
BaHTHICTb AocniaxeHb. Kputepiamu BknoveHHs nybnika-
uin go B1bipku, sika nignsirana KoHTeHT-aHani3y, bynu Taki:
1) BMCBITNEHHs Cy4acHUX BiJOMOCTEN LWoAo eTionatore-
He3y Ta apmakoTepaneBTWUYHi cTpaTerii y nikyBaHHi
MirpeHi; 2) BianoBigHIiCTb OCHiAXeHb KIOYOBMM 3acagam
[0Ka30BOi MeauuuHW; 3) BIOKPUTUIA JOCTYN OO MOBHO-
TekcToBoi cTatTi. Ornaa niaroTosneHo BiAnNoBigHO A0 KIto-
yoBux 3acap HactaHosBu PRISMA (Preferred Reporting
Items for Systematic reviews and Meta-Analyses) [23].

PE3YABTATU TA IX OBFOBOPEHHS

[MporpecyBaHHA MirpeHi NoB’si3aHO 3 LiMOK HU3KOK
hakTopiB pU3UKY, BKIOYAKYM HELOCTATHE Ta Heedpek-
TMBHE MNiKyBaHHs, 30KpemMa 4Yepe3 HeonTMMasibHe BUKO-
puUcTaHHsA nikiB 6e3 edekTUBHOI 3MiHM pekomeHaauin
Woao iX npusHadeHHsi. Lle cTBoptoe pusnk XpoHisadii
MirpeHi, Wo cTano nigrpyHTsiM nosieu y kBiTHI 2024 p.
pediHibii — ronoBHUI 6inNb «HeOOCTaTHLOIO BUKOPUC-
TaHHAY» nikiB [24]. TepMmiH «HeQOCTaTHE BUKOPUCTaHHS»
BKItOYAE, ane He obmexyeTbest: (1) HeedhekTMBHE BUKO-
pUCTaHHA BiANOBIOHWX i HeBiANOBIAHUX nikiB; (2) Heno-

by modifying lifestyle to avoid identified triggers or
predisposition factors, as well as preventive medications.
These approaches aim to reduce the frequency and
severity of migraine attacks [20].

Until recently, preventive migraine treatment relied on
drugs with various pleiotropic effects initially developed
for other indications, which were incidentally found to be
effective in preventing migraines (e.g., B-blockers, antiepi-
leptic drugs, antidepressants, and calcium channel antago-
nists). However, these treatments were often associated
with tolerability issues, leading to poor adherence [18].

Significant progress in understanding the pathophysio-
logy of migraine attacks has enabled the identification of
targeted mechanisms for preventive migraine treatment,
such as the calcitonin gene-related peptide (CGRP — calci-
tonin gene-related peptide) signaling pathway [21, 22].

Objective — to characterize modern perspectives on
the etiopathogenesis and pharmacotherapeutic strate-
gies for migraine treatment through the lens of the role
of the calcitonin gene-related peptide (CGRP — calcitonin
gene-related peptide) signaling pathways.

MATERIALS AND METHODS

The selection of publications was performed using
thedatabasesPubMed (https://pubmed.ncbi.nim.nih.gov/),
Clinical Key Elsevier (https://www.clinicalkey.com),
Cochrane Library (https://www.cochranelibrary.com/),
eBook Business Collection (https://www.ebsco.com/),
and Google Scholar (https://scholar.google.com/), which
provided information on the etiopathogenesis and phar-
macotherapeutic strategies in migraine treatment.
Atthefirststage, asearchforliterature sources was conduc-
ted using the following keywords: migraine, migraine trig-
gers, trigeminovascular system, calcitonin gene-related
peptide (CGRP), meningeal sensory system, monoclonal
antibodies (mADb), triptans, antiepileptic drugs, antidepres-
sants, gepants, lasmiditan. At the second stage, abstracts
of articles were studied, and publications that did not meet
the research criteria were excluded. At the third stage,
the full texts of the selected articles were examined for
inclusion in the reference list and the relevance of the
research. The inclusion criteria for publications selected
for content analysis were as follows: 1) coverage of current
information on the etiopathogenesis and pharmacothera-
peutic strategies in migraine treatment; 2) correspon-
dence of studies to the key principles of evidence-based
medicine; 3) open access to the full-text article. The review
was prepared in accordance with the key principles of the
PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guideline [23].

RESULTS AND DISCUSSION

The progression of migraine is associated with
a range of risk factors, including inadequate and ineffec-
tive treatment, particularly due to suboptimal use of
medications without effective adjustments to their pre-
scription recommendations. This creates a risk of
migraine chronification, which led to the introduction
in April 2024 of the term «medication underuse hea-
dache» [24]. The term «underuse» includes, but is not
limited to: (1) ineffective use of appropriate and inap-
propriate medications; (2) underutilization; (3) inappro-
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BUKOPWUCTaHHSA; (3) HeBiANOBIAHUA Yac BUKOPWUCTAHHS;
Ta (4) He3agoBoNeHICTb NauieHTa nikamu [24].

[ocnigkeHHs nokasanu, WO XPOHiyHi ronosHi 6Goni
noe’si3aHi 3i 3Ha4yHO OGiNbKM TArapeMm 3axBOpPHOBaHb,
36iNbLUEHHSAM NCUXIaTPUYHMX Ta IHLIMX CYMYTHIX 3axBo-
ptOBaHb, MiABULLEHUMU 3aranbHUMKM BUTpaTamMn Ta BU-
TpaTtamu Ha meaudHe 06CnyroByBaHHS, NMOPIBHSHO 3 pi3-
HUMK enizogu4yHMMK dhopmamm ronosHoro 6onto [25, 26].
Ha cborogHi BMABMEHO YUCFEHHi bakTopu pusmky, SKi
MOXHa KnacudikyBat Ha MogudikoBaHi Ta HE3MiHIOBaHi
npuunHU. HemoamaoikoBaHi hakTopy pU3nKy BKMOYaOTb
couianbHo-gemorpadidHi gaHi, Taki ik cTaTb, BiK i paca.
Hasnakun, mogudikoBaHi NPUYNUHN € OCHOBHUMW LinsiMn
ONsi BTPYYaHHs1 Ta OXOMJOKTL 0COBNMBOCTI Ta 4acToTy
ronnoBHOro Oonto, CnoXMBaHHA MEBHOI K Ta Hamnoi.,
OXMPIHHSA, BIACYTHICTb (i3U4HMX BnpaB, HeageKBaTHUN
pexvMm CHy Ta HagMmipHe BWKOPUCTaHHA nikiB Ans
HeBigKknaaHoi gonomoru [27, 28].

MirpeHb 3a3Buyan KnacuQikyloTb Ha eni3oguyHy
Ta XPOHIYHY — Ha OCHOBi 4acTOTW AHIB ronoBHoro Gomnto
Ha Micsub, NpU LUbOMY XPOHiYHa MirpeHb BU3HAYa€eTbCs
K HasBHiICTb 2 15 aHiB ronoBHoro 6ono Ha Micsub,
BiCIM 3 SIKMX MOBWHHI MaTW O3Haku MirpeHi [2, 29, 30].
O6uasi cdopmn MirpeHi € ayxe BUCHAXMMBMMU Ta
MOXYTb HEraTUBHO BMIIMHYTU Ha SIKICTb XWUTTS NaUiEHTIB,
npaues3faTHIiCTb Ta CIPUYUHUTY 3HAYHI NPSAMI 1 Henpsmi
€KOHOMIiYHi BuTpaTn [29, 31].

3actocyBaHHs NpPOMINakTUYHOro NikyBaHHA MOXe
3MEHLUUTU PU3MK MPOrpecyBaHHsA MIirpeHi LUMSIXOM 3MeH-
LUEHHs HanadiB MirpeHi Ta obMeXeHHs1 HeBiaknagHoro
BMKOPUCTaHHS nNikiB Ta 36inblUMTU 4acToTy nepexogy
nauieHTiB Big XpOHIYHOI MirpeHi 4o rocTpoi, ane 3aHenoko-
€HHS LWOoAo BiACYTHOCTI AOBrOCTPOKOBOI €deKTUBHOCTI
Ta NepeHOCMMOCTi 3BUYaHOI MirpeHi 4acTo NpmM3BoanTb
0O nepepuBaHHS NiKyBaHHS, OCOONMBO MpPU XPOHIiYHIl
dopmi [29]. YacToTa NnpunMHEHHS NiKyBaHHSA OLHIOETLCH
B 40,8% Ansa xpoHivHoi i 24,0% Ans roctpoi mirpeHi [32].
MeHwe 10% nauieHTiB i3 XPOHIYHOK MirpeHHIO MPUNUHS-
I0Tb NPUIAOM NpohiNnakTUYHMX NpenapaTiB Yepes3 nokpa-
LLEHHs, BinblicTb NPUNMHAIOTL NPUINOM Yepe3 Hedoc-
TaTHIO edekTnBHiCTb (roctpa ¢opma — 36,8-47,6%,
XpOHiyHa cpopma — 39,2-48,2%) i noraHy nepeHoCUMICTb
(roctpa opma — 34,8-49,0%; xpoHiuHa copma —
34,2-53,2%) [32].

OcTaHHIin KoHceHcyc €Bponerncbkoi deaepauii ro-
nosHoro 6Gonio (2020 p.) po3pi3HSE pPe3UCTEHTHY Ta
pedpakTepHy MirpeHi BigNOBIAHO A0 KiNbKOCTI NpoTu-
nokasaHb abo HeedeKTUBHOCTI nonepenHix npodinak-
TUYHMX KYPCIB i NOCNIAOBHMX MICAUIB i3 NpuHanMHi 8-ma
BMCHaXNMBMMM ronoBHUMn Gonsimu. Heeaada nikyBaHHsS
OrornoLyeTbcsi Micnsi agekeaTHoi cnpobu (Tobto age-
KBaTHa [03a Ta TpMBanicTb: 2 MicAui Ans nepopanbHUX
npoginakTn4HNx 3acobis, 3 Micsui Ans MOHOKMOHAaNbHMX
aHTuTin, cnpsmoBaHnx Ha CGRP, 6 wicauis ans
oHaboTyniHyTokcMHy A). Hanag € BUCHaXnuBuM,
SKLWO BWKMMKAE CEPNO3HI MOPYLUEHHS MOBCSAKOEHHO!
JiSANbHOCTI, He3BaXkaluuM Ha 3acTOCyBaHHSA afeKkBaTHOI
0031 cMMNTOMaTUYHMX nikis [33].

MirpeHb i TPUreMiHOBAckyAsipHa cucTema

Xoya TOYHI MPUYMHU MIrpeHi Bce e BMBYalOTbCS
Ta 06roBopOIOTLCH, 3a3BMYall BBaXaETbCs, LIO Le
HEpPBOBO-CYAMHHUI po3rnaj 3i CKMNagHOoK B3aEMOZIE
SIK HEBPOMOTiYHMX, TaK i CyauHHUX doakTopis [34].

Y 1979 p. Moskowitz M.A. Ta cnieaBT. [35] npea-
CTaBWMAM TPUreMiHOBaCKyNnspHy rinoTesy MirpeHi, 3Bep-

priate timing of use; and (4) patient dissatisfaction with
medications [24].

Studies have shown that chronic headaches are
associated with significantly greater disease burden,
increased psychiatric and other comorbid conditions, and
higher overall and healthcare costs compared to various
episodic forms of headache [25, 26]. Numerous risk
factors have been identified and can be classified into
modifiable and non-modifiable causes. Non-modifiable
risk factors include sociodemographic characteristics
such as gender, age, and race. Conversely, modifiable
causes, which are the primary targets for intervention,
include headache characteristics and frequency,
consumption of certain foods and beverages, obesity,
lack of physical activity, inadequate sleep patterns, and
overuse of acute medications [27, 28].

Migraine is typically classified into episodic and
chronic forms based on the frequency of headache days
per month, with chronic migraine defined as having = 15
headache days per month, eight of which must have
migraine features [2, 29, 30]. Both forms of migraine are
highly debilitating and can negatively impact patients’
quality of life, work capacity, and lead to significant
direct and indirect economic costs [29, 31].

The use of preventive treatment can reduce the risk
of migraine progression by decreasing migraine attacks
and limiting acute medication use, thereby increasing
the likelihood of transitioning patients from chronic to
episodic migraine. However, concerns about the lack
of long-term efficacy and tolerability of conventional
migraine treatments often lead to treatment discon-
tinuation, particularly in the chronic form [29]. Treatment
discontinuation rates are estimated at 40.8% for
chronic migraine and 24.0% for episodic migraine [32].
Less than 10% of patients with chronic migraine discon-
tinue preventive medications due to improvement;
most discontinue due to insufficient efficacy (episodic
form: 36.8-47.6%, chronic form: 39.2-48.2%) and
poor tolerability (episodic form: 34.8-49.0%, chronic
form: 34.2-53.2%) [32].

The latest consensus of the European Headache
Federation (2020) distinguishes between resistant
and refractory migraine based on the number of contra-
indications or inefficiencies of prior preventive courses
and consecutive months with at least 8 debilitating
headache days. Treatment failure is declared after
an adequate attempt (i.e., sufficient dose and duration:
2 months for oral preventive agents, 3 months for mono-
clonal antibodies targeting CGRP, 6 months for onabotu-
linumtoxinA). An attack is considered debilitating
if it causes severe impairment in daily activities
despite the use of an adequate dose of symptomatic
medications [33].

Migraine and the Trigeminovascular System
Although the exact causes of migraine are still being
studied and debated, it is generally considered a neuro-
vascular disorder involving a complex interaction
of both neurological and vascular factors [34].
In 1979, Moskowitz M.A. and colleagues [35]
introduced the trigeminovascular hypothesis of migraine,
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HYBLUM yBary Ha KI4OBY poOfb TpilvacToro Hepea Ta
MNOro akcoHamnbHWX MPOEKLiN, WO MICTATb Ba30aKTUBHI
HelponenTnauM, Ha OOOMOHKY MO3Ky Ta Ti KPOBOHOCHI
cyavHu. Mopgenb nigkpecnuna noTeHUinHYy BaXnuBiCTb
BMBINbHEHMX HeWponenTuaiB Ta ixHiX edekTiB nicns
akTuBaUil TpilyacToro Hepsa. IHHepBauid TpilvacToro
HepBa cTana KIo4YOBUM 3aranbHUM LLUASXOM ANs BUCXIA-
HOT iHiliauii ronoBHoro G6omn Ta OCHOBHUM LLIABNOHOM
05 HOBUX TepaneBTUYHMX HanpsaMmkis [36, 37].

BupiwanbHum ans rinotesan Gynu HOBi 3HAHHSI MPO
BaXXKNMMBICTb Ba30aKTUBHOI HEMPONENTUAHOI MeaiaTOpHOI
cybcTaHuii P, 3a sikoto nisHiwe niwnu aea we 6inbLw no-
TYXXHi Ba30aKTUBHI NenTuaun: nentua, NoB’a3aHni 3 reHoM
kanbuuToHiHY (CGRP — Calcitonin Gene-Related Peptide;
Tenep AoBedeHa TepaneBTUYHA MilleHb) i noninenTtua,
Wo akTtMeBye afeHinatumknasy rinogiza (PACAP -
Pituitary Adenylate Cyclase-Activating Peptide)) [36].

Ha cyanHHMI KOMMNOHEHT MirpeHi Bkasye nynbCytoummn
XapakTep rornosHoro 6010, 0gHaK Lisi TEopis 3anuLaeTbCst
CynepeYnunBoto, OCKINbKM Aesiki 4OCNIAHUKU po3rnsaaTb
CYOUWHHI 3MiHM ik eniheHoMeH. Xo4a GinbLicTb gocnia-
eHb 30CepeMXeHi Ha CyaNHOPO3LLNPIOBANbHUX areHTax,
NnoB’sAA3aHMX 3 MIFpPEHHI0, He cnig BUKMYaTU porb
Ba3oKOHCTpukTopiB [38]. Bynu cnocTepexeHHs, Lo
nnasMoBi piBHi eHaoTeniHy-1 (NOTY>XHOro Ba3OKOHCTPUK-
Topa) NiaBULLYBanNUCs Ha paHHiX cTagisgx Hanagy MirpeHi.
Ha kopucTb Takoi rinoTesn BUCTynae Ton ¢akT, LWo aHTa-
FOHiCT HecneuudivHoro peLenTopa eHooTeniHy 603eHTaH
NPUrHiYye HENWpPOreHHe 3arnaneHHsl, ane He 3BYXXEHHS
CYAVH, i He € ebeKTUBHUM ANns nikyBaHHA MirpeHi [39].

HaBnaku, HeBpomnoriyHa npupoga MirpeHi Kpawe
BuBYeHa. OCTaHHIM YacoMm Benuka yBara npuainsierbcs
rinotTanamycy, OCKiNbKu BiH Bigirpae Kno4yoBy posb
y GaraTtbox acnekTax LMpKagHWX pUTMIB MoauHK (LMK
HeCcnaHHA—COH, Temneparypa Tina, CNOXWBaHHA Xi Ta
ropMOHanbHi KONMBaHHA) i B MOCTIMHMX 3ycunnax nig-
TpumyBaTu roMeocTtas. OCKinbkU FOMOBHMIA MO30K MNpu
MirpeHi Hag3BMYanNHO YyTNMBUIA OO BiAXWUMEHb Big roMeo-
cTasy, 34aeTbCs 3p03yMiNnM, LLO HEWPOHM rinoTanamyca,
SIKi perymnoTb roMeocTas i uMpKaaHi LK1, € J)Kepenom
Jeskux npogpomis MirpeHi [40, 41]. Po3ymiHHS MexaHi3-
MiB, 3a [OOMOMOrol SIKMX HEeMpOoHM rinoTanamyca Ta
cToBOYpa MO3Ky MOXYTb BUKIMKATW FONIOBHMWI Binb, € KIto-
YOBUM AN po3pobKM Tepanii, sika MOXe «MepexonuTn»
ronoBHuWi Ginb nig 4ac npogpomarneHoi asm (To6To
[0 novaTKy Hanagy MirpeHi).

TpuremiHoBackynsipHa cuctema ckrnagaeTbes 3 nepu-
PepUYHNX aKCOHIB TPINYaACTOro raHrmis, siki iHHepBYylOTb
MO3KOBiI OOOMOHKM Ta BHYTPILUHbOYEPENHiI KPOBOHOCHI
CyaMHU Ha nepudpepii Ta cxoaATbCA B LEHTpi B Tpure-
MiHOLIlepBiKanbHOMY KOMMIIEKCI, L0 CKNaAaeTbCs 3 CNnH-
HOro TPIiNYacToro XBOCTOBOIO siApa Ta BEPXHLOrO LUWNA-
HOro BigAiny cnuHHOrO MO3Ky [42]. Henponu pgpyroro
nopsgky nigHiMaloTbCcA  Big TpuremiHouepBikanbHOro
KOMMMeKcy A0 TanamMOKOpPTUKanbHWX HeWpoHiB i pani
NPOEKTYIOTLCA A0 KMHYOBUX SiAEP MO3KY B MPOMiXKHOMY
MO3Ky Ta cToBOYypi Mo3ky [43].

Burstein R. Ta cnisaBT. [41] ccopmynioBanu «yHi-
TapHy rinotesy TpurepiB MirpeHi», 3rigHoO 3 siKoto rinoTa-
namiyHi HeMpoHu, AKi pearyloTb Ha 3MiHM Yy Qisionoriy-
HOMY Ta €MOLNHOMY rOMeocTasi, MOXYTb aKTMBYBaTu
MeHiHreanbHi HOLMUENTOpWU LWAsSiXOM 3MiHM 6anaHcy
MK MapacMMnaTMyHUM i CUMNaTUYHUM TOHYCOM Y MO3-
KOBMX OOOnoHkax y Oik mepeBaxaHHs napacumnartuy-
HOro TOHycy (puc. 2).

emphasizing the critical role of the trigeminal nerve
and its axonal projections containing vasoactive neuro-
peptides to the meninges and its blood vessels.
This model highlighted the potential importance of
neuropeptides released and their effects following
trigeminal nerve activation. Trigeminal nerve innervation
became a central common pathway for ascending
headache initiation and a fundamental framework for
new therapeutic directions [36, 37].

Central to the hypothesis were new insights into
the significance of the vasoactive neuropeptide mediator
substance P, followed by two even more potent
vasoactive peptides: calcitonin gene-related peptide
(CGRP — Calcitonin Gene-Related Peptide; now a proven
therapeutic target) and pituitary adenylate cyclase-
activating polypeptide (PACAP - Pituitary Adenylate
Cyclase-Activating Peptide) [36].

The vascular component of migraine is suggested
by the pulsating nature of the headache; however,
this theory remains controversial, as some resear-
chers consider vascular changes to be an epipheno-
menon. While most research has focused on vaso-
dilatory agents associated with migraine, the role of
vasoconstrictors should not be excluded [38]. Obser-
vations have noted that plasma levels of endothelin-1
(a potent vasoconstrictor) increase during the early
stages of a migraine attack. Supporting this hypothesis
is the fact that the non-selective endothelin receptor
antagonist bosentan suppresses neurogenic inflam-
mation but not vasoconstriction and is not effective
in treating migraines [39].

Conversely, the neurological nature of migraine is
better understood. Recently, significant attention has
been directed toward the hypothalamus due to its critical
role in many aspects of human circadian rhythms
(wake-sleep cycle, body temperature, food intake,
and hormonal fluctuations) and its ongoing efforts to
maintain homeostasis. Since the brain in migraine
sufferers is highly sensitive to deviations from homeo-
stasis, it seems plausible that hypothalamic neurons
regulating homeostasis and circadian cycles may be
the source of some migraine prodromes [40, 41].
Understanding the mechanisms by which hypothalamic
and brainstem neurons can trigger headaches is key to
developing therapies that can «intercept» headaches
during the prodromal phase (i.e., before the onset of
a migraine attack).

The trigeminovascular system consists of the peri-
pheral axons of the trigeminal ganglion, which inner-
vate the meninges and intracranial blood vessels
peripherally and converge centrally in the trigemino-
cervical complex. This complex comprises the spinal
trigeminal nucleus caudalis and the upper cervical
spinal cord [42]. Second-order neurons ascend from
the trigeminocervical complex to thalamocortical neu-
rons and further project to key brain nuclei in the
diencephalon and brainstem [43].

Burstein R. and colleagues formulated the «unified
hypothesis of migraine triggers,» according to which
hypothalamic neurons that respond to changes in
physiological and emotional homeostasis can activate
meningeal nociceptors by altering the balance bet-
ween parasympathetic and sympathetic tone in the
meninges toward a predominance of parasympathetic
tone (Fig. 2).
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Puc. 2. lNnotanamo-napacumnatuyHmi LWNAX akTuBaLil MeHiHreanbHMX HOLMLENTOPIB HEMPOHaMK,
SIKi perynioloTb roMeocTas, UMpkagHi putMu Ta BeretatuBHi doyHKUii (aganTtoBaHo 3a [40, 41])
Fig. 2. Hypothalamic-parasympathetic pathway of meningeal nociceptor activation
by neurons regulating homeostasis, circadian rhythms, and autonomic functions (adapted from [40, 41])

[inoTanamiyHi HEMpPOHW 34aTHi perynoBaTh akTuBa-
Lil0  MperaHrnioHapHUX napacMMnaTtUyYHUX HEeNpoHiB
(amB. puc. 2 No3HaYeHHs1 -1-) y BEPXHbOMY CIMHOBUAINb-
Homy aapi (nmat. nucleus salivatorius superior) Ta cum-
NaTUYHUX NPeraHrnioHapHUX HEWPOHIB y chniHarnbHOMY
iHTepmepionatepanbHoMy agpi  (nat. nucleus inter-
mediolateralis) [44, 45].

N.intermediolateralis € Baxnueum y npouecax, Takmx
K perynsiyis cepueBOro puUTMY, CYAWHHOIO TOHYCY
(Hanpuknag, nigBULIEHHS KPOB'SAHOrO TUCKY), TepMO-
perynsiii, NoToBMAINEHHS i 6araTto iHWWX NPOUECiB, Lo
KOHTPOSIOKTHLCA CUMNATUYHOK HEPBOBOI CUCTEMOLO.

N.salivatorius superior (auB. puc. 2 No3Ha4YeHHs -2-)
€ YactuHoto VIl napm 4yepenHux HepgiB (n. facialis), akun
TaKoX iHHepBYye MiMiYHi M’'s13n 0bnnyys. Lle sapo Bigirpae
BaXNMBY pPoOnb Yy (OYHKUIAX, MOB’A3aHUX i3 CeKpeuieto
CMWHWY, WO € HeobXiAHMM AN TPaBneHHs Ta NigTPMMaHHS
300pOB’st NopoxxHUHM poTa. N. salivatorius superior moxe
CTMMYTIOBATK BUBINbHEHHS (OMB. pUC. 2 NO3HAYEHHS -4-)
aueTUNXoniHy, Ba30aKTMBHOMO IHTECTUHANbBHOMO NenTuay
(VIP — vasoactive intestinal peptide) Ta okcmay asoty (NO)
3 MeHiHreanbHNX 3aKiHYeHb MOCTraHrnioHapHux napa-
CYMMATUYHNX  HEWPOHIB  KNMMHOMIAHEOIHHOrO  raHrnis
(nat. sphenopalatine ganglion) (amB. puc. 2 no3Hadka -3-),
WO MPW3BOAUTb A0 PO3LUMPEHHS BHYTPILUHbOYEPENHUX
KPOBOHOCHUX CyOWH, eKcTpaBasauii ©Oinka nnasmu
Ta JOKanbHOr0 BMBINIbHEHHSI 3ananbHWX  MOJEKyrT,
SKi 34aTHI akTUBYBaTU MEHiHreasnbHi HouuLEenTopw.

OCKinbkn MeHiHreanbHi KPOBOHOCHI CyAWHM LWiNbHO
iHHepBOBaHi NapacumMnaTMYHUMK BONTOKHaMK (OMB. puc. 2
nosHayeHHs -5-) 3 adpepeHTHOro By3na Faccepa (CUH. Tpin-
yacTun By3on — nart. ganglion trigeminale) Tpinyactoro
HepBa (V nmapa 4yepenHux HepBiB) (OMB. puc. 2 nosHa-
YeHHs -6-) To akTMBaLUis HeMpPOoHIB n. salivatorius superior
MOXe MOAyMoBaTV aKTUBHICTb LEHTPanbHUX TPUreMiHo-
BaCKYNAPHUX HEMPOHIB y CniHanbHOMY TpiyacToMy sapi
(nat. nucleus spinalis nervi trigemini) (aue. puc. 2
nosHayeHHs -7-) [46].

Hypothalamic neurons can regulate the activation
of preganglionic parasympathetic neurons (see Fig. 2,
marker -1-) in the superior salivatory nucleus (nucleus
salivatorius superior) and sympathetic preganglionic
neurons in the spinal intermediolateral nucleus (nucleus
intermediolateralis) [44, 45].

The nucleus intermediolateralis plays a crucial role
in processes such as heart rate regulation, vascular
tone control (e.g., increasing blood pressure), thermo-
regulation, sweating, and many other functions governed
by the sympathetic nervous system.

The nucleus salivatorius superior (see Fig. 2, mar-
ker -2-) is part of the VII cranial nerve (n. facialis), which
also innervates the facial mimetic muscles. This nucleus
plays a significant role in functions related to saliva
secretion, essential for digestion and maintaining oral
health. The nucleus salivatorius superior can stimulate
the release (see Fig. 2, marker -4-) of acetylcholine,
vasoactive intestinal peptide (VIP), and nitric oxide (NO)
from meningeal terminals of postganglionic para-
sympathetic neurons in the sphenopalatine ganglion
(ganglion sphenopalatinum) (see Fig. 2, marker -3-).
This leads to the dilation of intracranial blood vessels,
plasma protein extravasation, and local release of
inflammatory molecules capable of activating menin-
geal nociceptors.

Since meningeal blood vessels are densely inner-
vated by parasympathetic fibers (see Fig. 2, marker -5-)
originating from the Gasserian ganglion (syn. trigeminal
ganglion — ganglion trigeminale) of the trigeminal nerve
(cranial nerve V) (see Fig. 2, marker -6-), the activation
of neurons in the nucleus salivatorius superior can
modulate the activity of central trigeminovascular neurons
in the spinal trigeminal nucleus (nucleus spinalis nervi
trigemini) (see Fig. 2, marker -7-) [46].

In the meninges, the highest density of unmyelinated
small-diameter C-fibers and thinly myelinated Ad-fibers
(of trigeminal origin) is located in blood vessels. Expe-
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Y Mo3KoBUX 060MoHKax HanbinbLUa LWinbHICTb HEMie-
ninisoBaHnx C-BOMOKOH Manoro AiameTpy Ta TOHKOMIeni-
Hi30BaHUX aKCOHIB AJ-BOMOKOH (TPilNYaCcToro NOXOMKEHHS)
3HaxoAMTbCH B KPOBOHOCHUX CyAMHaXx. EkcnepMmeHTanbHi
OOCNIMKEHHsT Ha noasx nokasanu, Lo enekTpudHa
abo MexaHiyHa CTUMYnsUis BEMUKMX MEHIHreanbHUX
KPOBOHOCHWUX CyaMH MOB’si3aHa 3 ronoBHMM Gonem, Toai
SK y BigganeHux Bi4 CyavH AingHkax 4acTo Hi [47].

[eHapuTtun HenpoHiB g.trigeminale Ta nucleus mesen-
cephalicus nervi trigemini ngyte Bnepen i dopmyioTb
TP Benuki Trinkm — o4yHui HepB (n.ophthalmicus),
BepxHboLlenenHui HepsB (n.maxillaris) Ta HwXHbOLLE-
nenHuin Hepe (n.mandibularis).

PyxoBuin kopiHeLb TpildacToro Hepsa YTBOPEHUM
akcoHaMu HeWpoHiB pyxoBoro siapa — nucleus motorius
nervi trigemini, Aki NpoxoaaTb TpaH3MTOM 4epes g.trige-
minale i TiNbKN npunarawTb 40 HLOMO 3 NPUCEPEAHLOro
6oKy. PyxoBuii kopiHeLb ine HaBckocu Bnepes i Ha3oBHI
nig YyTNMBUM KOpPIHLEM, BXOOUTb 4O CKNady HWXKHbOLLe-
NEenHoro HepBa i pa3oM 3 HUM Yepe3 OBanbHWUIA OTBIp 3a-
nuwae NopoXHWHy Yyepena [48]. Takum YMHOM, TpindyacTum
HepB mae ABi 4ytnuei (n.ophthalmicus et n.maxillaris)
i ogHy 3miwaHy (n.mandibularis) rinku. Came Tomy nocu-
NeHUN KpaHianbHWIA NapacuMnaTU4HUI TOHYC Nig Yac Mi-
rpeHi NPOSIBNSETLCS CNbO30TEYELD Ta 3aKNafeHicTIo Hoca.

Cnig 3a3HaunTy, WO akTUBAaLis MeHiHreanbHUX HOLN-
LenTopiB, O4EBUAHO, YACTKOBO 3aNeXuTb Bi MOCUIEHHS
aKTMBHOCTI KnuHonigHebiHHOro raHrnis (sphenopalatine
ganglion), Tomy ©6nokaga KnuHonigHeGIHHOrO raHrnis
3abe3nevye 4acTtkoBe abo MOBHe mnonerieHHs 6Gonto
npw MirpeHi.

MeHiHreaAbHa CEHCOPHA CUCTEMA NPU MIrpeHi
KopTukanbHa nowmpeHa paenonsipusauis/oenpecis
(KMA) e knioyoBow natodisdionoriyHo nogieto, sika
NEeXWTb B OCHOBI 30pOBOI Ta CEHCOPHOI aypu Npu MirpeHi
Ta aKTUBY€E MeHiHrearnbHy CEHCOpHY cucTemy. Llewi npouec
nonsrae B MacuBHi KOHLEHTPUYHIN XBUNi genonapuaadii
HeMpOHiB Ta acTpornii, L0 CyNnpoOBOAXKYETLCA TUMYACOBUM
NPUrHIYEHHAM KOPTUKANbHOI CUHANTUYHOI aKTUBHOCTI,
i came BiH € ocHoBOtO ha3u aypwm [49]. KM TicHo noB’sizaHa
3 aKTMBALEI0 sIK KOPKOBUX, TaK i MEHIHreanbHUX CTPYKTYP,
WO npu3BOAUTL OO0 BUMBIMIbHEHHS Pi3HUX MediaTopis,
30aTHUXCNPUYMHATU MEHiIHreanbHy Houmuenuito. KN4 npo-
SIBMSIETLCS SIK HEMpOHAanbHa Ta rniansHa XBuUnsa genons-
pu3aii, Aska NoBinbHO NowmnpoeTbes (3—5 MM/XB) No Cipin
PEYOBMHI Ta CYyNnpOBOOXKYETLCA 3MiHaMU LiepebparnbHoro
KPOBOTOKY, iOHHMM AucbanaHcom Ta Bapiauismun eHepre-
TUYHOro MeTaboniamy Ta piBHiB HelipomegiaTopis [5].
AKTMBaUiA KOPTUKaNbHUX HEWPOHIB BWKNUKAE Big-
KpUTTS KaHany naHHekcuHy-1 Ta akTuBauito kacnasu-1,
Lo, B CBOK 4epry, Npu3BOAWUTb OO BUBINbHEHHS Ginka
HMGB1 (High Mobility Group Box 1) Ta iHTepnewkiHy
(IL)-1B. BogHo4ac BinbyBaeTbcs BUBINbHEHHSA AT, K+,
H+ i rmytamaTy 3 HemnpoHiB. Lli curHann nepepatoTbea
[0 acTpouuTiB, LLO aKTUBYIOTb TPAHCKPUNUINHUIA dakTop
NF-kB  (Nuclear Factor kappa-light-chain-enhancer
of activated B cells) i npu3BogaTe [0 nigBULLEHHS
perynsuii umknookcureHasn-2 (LIOM-2) ta ingyumbensHoi
NO-cuHTasm (iNOS). Y pesynerati uboro npoecy yTBo-
pIOIOTLCA  MPOCTarnaHAMHU Ta BUBINbHAETLCS  OKCUA
asoty (NO). KanbLieBa xBunsi, L0 NOLIMPIOETLCH B aCTpO-
uMTax, pasoM i3 BMBIIbHEHHSAM MPOCTaHOIAIB, CNpusie
3BY)KEHHIO KOPKOBUX CYAWH | 3HWXKEHHIO KWCHEBOrO
HanpyXeHHs1 B TkaHuHax. MexaHi3miB, BignoBiganbHUX

rimental studies in humans have shown that electrical
or mechanical stimulation of large meningeal blood
vessels is associated with headache, while stimulation
in areas distant from the vessels often is not [47].

The dendrites of the neurons in the g. trigeminale
and nucleus mesencephalicus nervi trigemini extend
forward, forming three major branches: the ophthalmic
nerve (n.ophthalmicus), the maxillary nerve (n.maxillaris),
and the mandibular nerve (n.mandibularis).

The motor root of the trigeminal nerve is formed
by the axons of neurons in the motor nucleus (nucleus
motorius nervi trigemini), which pass through the
g.trigeminale in transit, attaching only medially. The motor
root runs obliquely forward and outward beneath the
sensory root, joins the mandibular nerve, and together
with it exits the cranial cavity through the oval fora-
men [48]. Thus, the trigeminal nerve consists of
two sensory branches (n.ophthalmicus et n.maxillaris)
and one mixed branch (n. mandibularis). This explains
why enhanced cranial parasympathetic tone during
migraine manifests as tearing and nasal congestion.

It should be noted that the activation of meningeal
nociceptors is likely partially dependent on increased
activity of the sphenopalatine ganglion (ganglion spheno-
palatinum). Therefore, sphenopalatine ganglion blockade
provides partial or complete pain relief in migraines.

Meningeal Sensory System in Migraine

Cortical spreading depolarization/depression (CSD)
is a key pathophysiological event underlying the visual
and sensory aura in migraine, activating the meningeal
sensory system. This process involves a massive con-
centric wave of depolarization in neurons and astroglia,
accompanied by temporary suppression of cortical
synaptic activity, and serves as the basis for the aura
phase [49].

CSD is closely linked to the activation of both cortical
and meningeal structures, leading to the release of
various mediators capable of inducing meningeal noci-
ception. CSD manifests as a neuronal and glial depolar-
ization wave that slowly spreads (3—-5 mm/min) across
the gray matter, accompanied by changes in cerebral
blood flow, ionic imbalance, and variations in energy
metabolism and neurotransmitter levels [5].

Activation of cortical neurons causes the opening
of pannexin-1 channels and activation of caspase-1,
which, in turn, leads to the release of the HMGB1
(High Mobility Group Box 1) protein and interleukin (IL)-1p.
Simultaneously, ATP, K+, H+, and glutamate are released
from neurons. These signals are transmitted to
astrocytes, activating the transcription factor NF-«kB
(Nuclear Factor kappa-light-chain-enhancer of activated
B cells), resulting in upregulation of cyclooxygenase-2
(COX-2) and inducible NO synthase (iNOS). This process
produces prostaglandins and releases nitric oxide (NO).
The spreading calcium wave in astrocytes, along with
prostanoid release, contributes to cortical vasoconstric-
tion and decreased tissue oxygen tension. The mecha-
nisms responsible for these metabolic responses are
likely diverse, though the release of vasoconstrictive
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3a Ui MertaboniyHi Bignosigi, MMoBipHO, GaraTo, xo4a
BMBINbHEHHS CYAMHO3BYXYBalnbHUX MPOCTaHOIAIB, OTpU-
MaHux i3 LJOI, Ta iHWux elnkosaHoigHUX MeTaboniTiB
apaxifioHOBOI KACMOTK Bigirpae knoyoBy ponb [51].

Oani BinbyBaeTbcs akTuBauis obmexeHoi rnii, wWwo
NpU3BOAMTL [0 BUBINMbHEHHS MPOHOUMLIENTUBHUX Mefia-
TopiB y cybapaxHoiganbHui npoctip. Lle ctumynioe
aKkTuBaLilo cybaypanbHUX MeHiHreanbHUX IMyHHUX Krli-
TUH Ta ad)epPEHTHUX HEPBOBUX 3aKiHYEHb NENTOMEHIHre-
anbHUX CTPYKTYpP. AHTUOPOMHWUA aKCOHHWUIA pedriekc
BUKNMKAE BUBIMbHEHHS CEHCOPHUX HenponenTuais
3 KonaTeparbHUX HEPBOBMX BOMOKOH AyparnbHoi 060-
MOHKM, WO CMpUYMHSiE Balogunataudito Ta nigBuLLEHy
NPOHUKHICTb Kaninsapis uiei o6onoHku [50].

AKTMBaUig AypanbHUX IMYHHUX KMiTUH, WO CTUMYMIO-
I0TbCSl HOLMUEeNTOpaMu, BeAe A0 BMBINIbHEHHsI 3ananb-
HUX MefiaTopiB, WO, B CBOK Yepry, akTUBYHOTb i CEHCUOi-
ni3yloTb gypanbHi  HouuMuenTopu. 3aTtpumKka KhipeHcy
TKaHWHHUX MepfiaTopiB 3ananeHHs B cybapaxHoiganb-
HOMY MPOCTOPI, LU0 3aMoOBHEHMI NiKBOPOM, BiabyBaeTbLCS
Yepe3 OMoOKyBaHHS MepUBACKYNsSPHOrO MNpocTopy Ta
3HWXKEHHA rnimcpaTnyHoro notoky. Lle we 6Ginble
nigcvntoe 3anarnbHi Nnpouecu i ceHembinisauito 6onto.

B kiHUeBOMYy nigCyMKy, CMOBifibHEHa akTuBaLis
HouuMuenTopiB TBepaoi OOOMOHKM, WO MICTATb HEepBOBI
3aKiHYeHHs1 Nobnu3y cuHyciB TBEpAoi OOOMNOHKM, BiAdy
Ba€ETbCA 3a AOMNOMOroK MefiaTopiB, SKi BUBINbHATLCA
3 rpaHynsaLin naByTMHHOT 060MnoHKM. Lli megiaTtopu notim
nepexoasaTtb y nimdatuyHi cyauHu TBepAoi 0OO0mnoHKH,
crnpusitodM  noganbllii - akTuBauii Ta ceHcubGinisauii
AypanbHUX i MeHiHreanbHUX CTPYKTyp, L0 niaTpumye
npouec 3ananeHHs Ta 6inb [50].

CGRP - roAOBHMI HEPOMeEAiaTOop MirpeHi

Hesin’emHoto ocobnueicTio CGRP € Te, Wo BiH €
GaraTtoyHKLiOHaNnbHUM HEMPONENTUAOM 3 Pi3HUMU dhizio-
noriYyHUMU PyHKLISIMK, SIKi OXOMMIOKTE Maixe BCi cucTemMmn
opraHiB, 3okpema LIHC, nepudepunyHy HepBOBYy cuctemy,
eHTeparnbHy HEPBOBY CUCTEMY, iIMyHHY, CEPLIEBO-CYANHHY,
AuxanbHy Ta penpogykTnsHy cuctemu. CGRP € 37-amiHo-
kncnotHum nentugom 3 NH2-kiHueBuM AucynbdigHum
3B’A3koM i amigoBaHum COOH-kiHUeM, sikuii Byno Bia-
kputo y 1983 p. Y poanHi CGRP aBoma HaibinbL cno-
pigHeHumn nentugamu € a-CGRP i B-CGRP [52]. Ui asi
i3ocpopmm pi3HATLCA 3a nokanisadieto (puc. 3).

RAOPO OXOPYXOBOTD HEPBA
ﬂ>¢ Oculomolor nucleus
Trachlear nucleus

AOPO TROXNEAPHOMD HEPBA
(I napa)

TPIRYACTE ROPO
ﬁ}u Trigeminal nucleus
(motor)

e TPIASACTHA BY30N
', %, > Trigeminal ganglion

CMHANBHWAK FTAHITIA

o>f Dorsal root ganglion

prostanoids derived from COX and other eicosanoid
metabolites of arachidonic acid plays a key role [51].

This is followed by the activation of localized glia,
leading to the release of pronociceptive mediators into
the subarachnoid space. This stimulates the activation
of subdural meningeal immune cells and afferent nerve
endings in leptomeningeal structures. The antidromic
axonal reflex triggers the release of sensory neuro-
peptides from collateral nerve fibers in the dura mater,
causing vasodilation and increased permeability of
dural capillaries [50].

Activation of dural immune cells stimulated by noci-
ceptors results in the release of inflammatory mediators,
which, in turn, activate and sensitize dural nociceptors.
The delayed clearance of tissue inflammatory mediators
in the cerebrospinal fluid-filled subarachnoid space
occurs due to blockage of the perivascular space and
reduced glymphatic flow. This further exacerbates
inflammatory processes and pain sensitization.

Ultimately, the delayed activation of dura mater
nociceptors with nerve endings near the dural sinuses
occurs through mediators released from arachnoid
granulations. These mediators then enter the lymphatic
vessels of the dura mater, promoting further activation and
sensitization of dural and meningeal structures, thereby
sustaining the inflammatory process and pain [50].

CGRP - the Primary Neuromediator of Migraine

A fundamental characteristic of CGRP is its multi-
func-tionality as a neuropeptide with various physio-
logical roles spanning nearly all organ systems, inclu-
ding the central nervous system (CNS), peripheral
nervous system, enteric nervous system, immune
system, cardiovascular system, respiratory system, and
reproductive system.

CGRP is a 37-amino-acid peptide with an NH2-termi-
nal disulfide bond and an amidated COOH-terminal, first
discovered in 1983. Within the CGRP family, the two most
closely related peptides are a-CGRP and B-CGRP [52].
These two isoforms differ in their localization (Fig. 3).

a>f
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Duscdenum WnYHOK

OBAHAOURTHNANA
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TOBCTA
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Heum

Puc. 3. Ekcnpecis isodoopm CGRP B LieHTpanbHili Ta eHTepanbHili HepBOBKX cUCTEMax (aganToBaHo 3a [52])
Fig. 3. Expression of CGRP isoforms in the central and enteric nervous systems (adapted from [52])
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£k 3a3Ha4Yanocb, aKTMBOBaHI HOLMLIENTOPW BUBINbHS-
toTb CGRP i peyoBuHy P (Ta iHLWWi Ba30oakTUBHI Megiatopu)
3i CBOIX NepudpepunyHux akcoHie. Lli Hemponentuaun gitoTb
Ha CyauWHHI eHpoTenianbHi Ta rMagkoM’si30Bi KNITUHW,
cnpusitoun Basogmnaradii Ta nigBuLLEHHIO NPOHUKHOCTI Ka-
ninsipis, Npouec, BidOMUn ik HEMPOreHHe 3ananexHHs [53].

Edvinsson L. Ta cnisaBsT. y 2018 p. [54] nepwwvmn go-
Benu, wo CGRP nokanisyeTbcs pa3om i3 cybctaHuieto P
y ueHTpanbHii Hepsosi cuctemi (LUHC) Ta Tpinvyacto-
CYOVHHIN cucTteMi (y HepBOBO-CYAMHHUX 3’€4HAHHSAX)
i 3anponoHyBaB porile CGRP y MirpeHi, a Takox BaxnuBy
porb CGRP y BHyTpilUHbOYEpenHMX apTepiax i nianb-
HUX apTepionax. po3wmpeHHa cyauH. [lisHiwe ui x
pocnigHukn igeHTudpikysann CGRP gk Hemponentua,
LLIO BUBINbHAETLCA B SAPEMHIA BEHI Ha NOACLKIN Moaeni
MirpeHi. IxHi 3ycunna [OonoMornM NpUBEPHYTW yBeary
[0 [oKa3siB HepBOBOI reHepaLii mirpeHi [55].

Hemponentng CGRP wupoko ekcnpecyeTbes B nepu-
depuyHin Ta LHC. oa-isodpopma Herponentugy CGRP
CUIMbHO EKCMNpPEecyeTbCsi B COMaTOCEHCOPHUX nepude-
puuHux Hepsax i B UHC, Tomi sk isodopma B-CGRP
nepeBa)kHO EKCMPECYETLCS B PyXOBUX HEMPOHaX i B eHTe-
panbHin HepBoBii cuctemi [56]. Bce 6Ginble aokasis
wo CGRP y TpinvacTii CyanHHIA cucTeMi € OCHOBHUM
MefiaTopoM MirpeHi. IMyHOricTOXiMidHI AOCRIAXEHHS Mo-
kasanu, wo npubnusHo 50% HeNpoHiB TpuremiHanbHoro
raHrnito noguHyn ekcnpecytotb CGRP, maitke BUKNIOYHO
Ha TOHKMX, HeMieniHizoBaHMX HouuuenTuBHuX C-BOMOK-
Hax, Todi sk MieniHi3oBaHi A-BOMOKHa Ta rMnagkoM’si3oBi
KNiTUHWU CyAMH TBEpAoi MO3KOBOT OOOMOHKN EKCMNPECYHOTb
peuenTtop CGRP [57]. CGRP He € 6e3nocepeaHbo anbro-
FeHHUM, OCKiMbKM BHYTPILUHBOLLKIPHI iH’EKUii Herponen-
TMAY BUKNMKaOTL cnanax eputemMu, ane 6e3 6onto [58].

Huska gocnigxeHb nokasanu, wo piseHs CGRPy kposi,
OTPUMaHOI 3 APEMHOI BEHU Ntogen 3 MirpeHHIo, NiaBuLLy-
€TbCA Nig 4Yac Hanagy mirpeHi [58, 59]. MixxHacTynHi piBHi
CGRP y kpoBi nauieHTiB 3 MirpeHHI0 nigBuLLEHi, nopis-
HsIHO 3 ocobamu 6e3 MirpeHi. Kpim Toro, mixkHacTynHi piBHi
CGRP y ntogen 3 XpoHIYHOI MIFPEHHIO0 3HAYHO NiABULLEHI
NOPIBHAHO 3 TaKMMW y NALEHTIB 3 eNi304NYHOI MIFPEHHI0,
i 6yno mpunyLleHo, Wo Ui NigBWLLEHI MiKHAcTynHi piBHi
CGRP y niogen 3 MirpeHH0 MoxXyTb ByTn Giomapkepom,
SKUA gonomarae AiarHoCTyBaTh XPOHiYHY MirpeHsb [58].

JlikyBaHHs1 oHaboTynoTokcMHoM A npoTsarom 1 micsaus
3HWXKYyBano mixkHacTynHi piBHi CGRP y «kposi niogen
3 XPOHIYHOO MIFPEHHIO, SIKi pearyBanu Ha nikyBaHHS, ane
He y TUX, XTO He pearyBas [59, 61]. lHayKuUis MirpeHi iHdYy-
3ieto HiTporniuepuHy nigsuwye piseHb CGRP y spemHin
KpoBi [62]. CymaTtpunTtaH npurHidye BusinbHeHHs CGRP
i3 3aKiHYeHb TpiN4acToro HepBa, i B LbOMY OOCHiAXEeHHi
CNPUYMHUB NnaparnenbHe 3HWXKEHHS iIHTEHCMBHOCTI ronoBs-
Horo Gonto npu MmirpeHi Ta piBHiB CGRP y kposi [62].
B iHWoMy pocnigxeHHi Hanagu mirpeHi Gynu nos’si3aHi
3 nigsuweHnm pisHem CGRP y cnuHi, skuii 6nokysascsi
edeKTUBHMUM MiKyBaHHSM pu3atpuntaHom [63]. Y ubomy
[ocnigakeHHi nauieHTn 3 Ginblw BUCOKMM piBHeM CGRP
TakoX Mokasanu Kpally peakuilo Ha pusaTtpunTaH [63].
Y CYKYMHOCTI Ui AOCNIMKEHHs1 CBigyaTb MpPO BU3HAYHY
ponb CGRP y TpuremiHoBackynsipHii cuctemi Lwodo
natodoisionorii MirpeHi [58].

IHTepec no CGRP 3pic 3a ocTaHHi Kiflbka pokiB came
B pe3ynbrarti ycnixy Tepanii Ha ocHosi CGRP ansa npodi-
NakTUKK Ta nikyBaHHA MirpeHi. 3apa3 CGRP Bu3HaHo Bax-
nmBMM GaraTodyHKLiOHaNbHUM HEMPONENTMAOM, ane noro
noyaTkoBe BiAKPUTTS HE Mano HIYoro CnifnbHOro 3 uieto

As noted, activated nociceptors release CGRP and
substance P (as well as other vasoactive mediators)
from their peripheral axons. These neuropeptides act
on vascular endothelial and smooth muscle cells, promo-
ting vasodilation and increased capillary permeability —
a process known as neurogenic inflammation [53].

In 2018, Edvinsson L. et al. [54] were the first to
demonstrate that CGRP co-localizes with substance P
in the central nervous system (CNS) and trigemino-
vascular system (at neurovascular junctions). They propo-
sed a role for CGRP in migraine and its significant
function in the vasodilation of intracranial arteries and pial
arterioles. Subsequently, these researchers identified
CGRP as a neuropeptide released into the jugular vein
in a human migraine model. Their work helped highlight
the evidence for the neural origin of migraines [55].

CGRP is widely expressed in the peripheral and
central nervous systems. The a-isoform of CGRP is
strongly expressed in somatosensory peripheral nerves
and the CNS, whereas the B-isoform is predominantly
expressed in motor neurons and the enteric nervous
system [56]. Increasing evidence indicates that CGRP in
the trigeminovascular system is a primary mediator of
migraines. Immunohistochemical studies have shown
that approximately 50% of human trigeminal ganglion
neurons express CGRP, almost exclusively on thin,
unmyelinated nociceptive C-fibers, while myelinated
A-fibers and smooth muscle cells of the dura mater
vessels express CGRP receptors [57]. CGRP itself is not
directly algogenic, as intradermal injections of the
neuropeptide cause a flare of erythema but no pain [58].

Several studies have shown that CGRP levels in blood
drawn from the jugular vein of migraine patients increase
during migraine attacks [58, 59]. Interictal CGRP levels
are elevated in migraine patients compared to non-
migraine individuals. Additionally, interictal CGRP levels
in chronic migraine patients are significantly higher than
those in episodic migraine patients, suggesting that
elevated interictal CGRP levels may serve as a biomarker
for diagnosing chronic migraine [58].

Treatment with onabotulinumtoxinA for one month
reduced interictal CGRP levels in chronic migraine
patients who responded to treatment but not in non-r
esponders [59, 61]. Induction of migraine by nitroglycerin
infusion elevates CGRP levels in jugular blood [62].
Sumatriptan suppresses CGRP release from trigeminal
nerve endings and, in this study, caused a parallel
reduction in migraine headache intensity and blood CGRP
levels [62]. Another study found that migraine attacks
were associated with increased CGRP levels in saliva,
which were blocked by effective treatment with riza-
triptan [63]. In this study, patients with higher CGRP
levels also showed a better response to rizatriptan [63].
Collectively, these studies underscore the critical role
of CGRP in the trigeminovascular system concerning
migraine pathophysiology [58].

Interest in CGRP has surged in recent years due
to the success of CGRP-based therapies for preventing
and treating migraines. CGRP is now recognized as
an important multifunctional neuropeptide, though its
initial discovery was unrelated to this role. Instead, it
was identified as one of the first examples of RNA alter-
native processing. In the early 1980s, a new perspective
on gene regulation through alternative splicing and
polyadenylation of viral transcripts was discovered [52].
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dyHkuieto. Lsuawe 3a Bce, Le Oyno BUSIBNEHO SIK OAWH
i3 MepLuMx Npuknagis ansrepHaTMBHoro npouecuHry PHK.
Ha nouatky 1980-x pokiB OyB BigKpUTWUIA HOBUI Nornsig
Ha perynsiLito reHiB LUMsiXOM ansTePHATUBHOIO CNTANCUHTY
Ta noniageHinyBaHHS BipyCHUX TPaHCKPUNTIB [52].

HeBpoBsi nicnsi BigkpuTTsi Oyno BCTAHOBMEHO, LIO
CGRPeHamnoTy>HiLLMM CyaANHOPO3LINPIOBaNbHUMNENTH-
Oom [64]. Y MiKpoUMpKyNATOPHOMY PYyCri MOro aKTUBHICTb
NpuGnNM3HO yOecsaTepo BULLA, HIXK Y HAWMOTYXXHILLUWX Npo-
ctarnaHauHie, i B 10—100 pasiB BuULLA, HiX Y aLeTUnxoniHy
Ta cybeTtaHuii P [64]. Kpim Toro, BazogunaTtauis € 6inbLu
TpuBanow (40 6 roauH), HixX Ta, WO BUKINUKAETLCS iHLWN-
MUK Basogmnartaropamu [65]. IHgykoBaHa CGRP Ba3sogu-
naTauis cnocrtepiraeTbcs B LepebpanbHux, KOpoHapHMX
i HUPKOBUX cyauHax [66]. Takox cnocTepiraroTbCs NO3u-
TMBHI IHOTPOMHI Ta XPOHOTPONMHI peakuii cepusa [67, 68],
MOXIMBO, Yepe3 MNoTEH3I, CNPUYNHEHY NPSMUM BMW-
BOM Ha cepueBuMrn M'A3 | pednekTopHy cumnatuyHy
HepBOBY AiAnbHICTb [52, 67].

Cnig 3a3HaunTK, Wwo 3a binbuicTio kpuTepiieB CGRP €
KOMMEHCaTOpHUM NEeNTUAOM, SiKUWA pearye Ha natoqisio-
noriyHi npobnemu, Hamaral4Mcb BiQHOBUTU HOPMarlbHi
YHKLUIT cepLeBo-cyanHHoI cuctemu [52]. KomneHcaTopHa
ponb CGRP y nigTpyMLi CyaANHHOIO TOHYCY Y3roaxXyeTbca
3 BiHOCHO 406pUMK NpodinsMy 6e3nekn MOHOKNOHamMb-
HUX aHTUTIN, Wwo 6nokytoTe peuentop CGRP, i aHTaro-
HicTiB peuentopisB CGRP (renaHTis) [69, 70].

3aranbHONPUAHATMM  MicueM aii  nepudepudHoro
CGRP npu MirpeHi € Tpinyacta cyanHHa cuctema, Bkrova-
04N MO3KOBI OBGOSMOHKM, TpivacTuii By3on (nat. ganglion
trigeminale) Ta By3anu PaHB’e B340BX BONIOKOH TpiyacToro
HepBa [52, 71-74].

BBaxaeTbcs, Wwo HopmanbHi piBHi CGRP y LIHC Ta
nepudepryHin HepBOBIN CUCTEMI MOAYNIOTbL CEHCOPHI
curHanu. Konu ueHTtpanbHi abo nepudpepuyHi pisHi CGRP
nigBULLYIOTBCS, MOXNMBO, Y Bignosiab Ha curHanu LHC,
Taki sik noBToptoBaHi noaii KM, abo nepudepunyHi cur-
Hanu, Taki Sk 3MiHeHe TpuremiHoBackynsipHe MiKpooTo-
YEHHSl, MOXXE BUHUKHYTM nepudepuyHa Ta LeHTpanbHa
ceHcubinizauis, MOXnMBO, y NiacuNoBanbHiA NeTNi No3u-
TMBHOIO 3BOPOTHOIO 3B’SI3KY Ta CUrHaniB NpPsiMoro 3B’s13Ky
Mmixx LUJHC Ta nepudepunyHoto HepBOBOO cucTemoto. [ocu-
NeHHs curHanisauii NpM3BOAMTb A0 NiABULLEHOI YyTnn-
BOCTi [0 CEHCOpHWX MOoApasHMKIB, LIO MNPOSBMSETLCS
y BUIMsAi CBITNOOO0SA3HI Ta iHWWX CUMMNTOMIB MirpeHi, npu
ubomy Binb BMHMKAE, MOXINBO, SIK 3aXMCHa peakLisi, o6
CMOHyKaTn NI0ANHY 3MEHLLUUTU CEHCOPHY akTuaauito [52].

Moctynioetbesa, wo CGRP gie Ha 3 pisHi AinsHkn
Tpiyactoi cyamHHoi cuctemu. [licns akTuBauii ade-
PEHTHi BOMNOKHa TpindacToro Hepea BUBINbHAWTL CGRP
y TBepai Ta M’sikin Mo3koBux obonoHkax. [is CGRP
Ha KPOBOHOCHI CyAWHW, Pe3nOEHTHi IMYHHi KNiTWUHW, rmi-
anbHi KNiTHW LLBaHHa Ta BOMOKHa TpindacToro Hepsa
MOXE CMPUYMHUTU Basogunaralito Ta HelporeHHe 3ana-
NEHHS Ta NOTEHUINHO NPM3BECTM 40 NOAAMNbLUOMO BUBIMb-
HeHHs1 CGRP Ta nepudepunyHoi ceHcubinisauii. Y ran-
rmigsx CGRP moxe gisatu Ha caTeniTHy mio Ta Tina
HEMPOHHMX KNITUH, WO iHiLitoBaTV 3ananbHi neTni Tanepe-
XPpEecHy nepefady curHanis, siki MOXYTb CNpUATU BUBIMb-
HeHH0 CGRP i 30ymXeHHIO Tin HOLMLUENTUBHUX KMiTUH.
Y cniHanbHoMYy Tpintdactomy siapi CGRP mogynitoe rmyTa-
MaTepridHi curHanu, Wo MOXe MpUM3BECTU 00 akTusauii
HENPOHIB ApYroro Nopsiaky Ta UeHTpanbHoi ceHcnbiniza-
uii. Li HerpoHun gpyroro nopsiaky NPOEKTYHTbCS Y BULLI
LinsiHKM MO3KY, L0 NpU3BOAUTL A0 BiavyTTst 6onto [52].

Soon after its discovery, CGRP was identified as
the most potent vasodilatory peptide [64]. In the micro-
circulatory system, its activity is approximately 10 times
greater than the most potent prostaglandins and
10-100 times greater than acetylcholine and sub-
stance P [64]. Moreover, CGRP-induced vasodilation
lasts longer (up to 6 hours) than that induced by other
vasodilators [65]. CGRP-induced vasodilation is obser-
ved in cerebral, coronary, and renal vessels [66].
Positive inotropic and chronotropic heart responses
are also noted [67, 68], potentially due to hypotension
caused by its direct effect on cardiac muscle and reflex
sympathetic nervous activity [52, 67].

It is worth noting that by most criteria, CGRP is a com-
pensatory peptide responding to pathophysiological
challenges to restore normal cardiovascular function [52].
The compensatory role of CGRP in maintaining vascu-
lar tone aligns with the relatively favorable safety profiles
of monoclonal antibodies targeting CGRP receptors
and CGRP receptor antagonists (gepants) [69, 70].

The accepted site of action for peripheral CGRP in
migraine is the trigeminovascular system, including
the meninges, trigeminal ganglion (ganglion trige-
minale), and Ranvier nodes along the trigeminal nerve
fibers [562, 71-74].

Normal CGRP levels in the CNS and peripheral
nervous system are believed to modulate sensory
signaling. When central or peripheral CGRP levels rise,
potentially in response to CNS signals such as recurring
CSD events or peripheral signals like altered trige-
minovascular microenvironment, peripheral and central
sensitization may occur, potentially in an amplifying
positive feedback loop with direct communication
between the CNS and the peripheral nervous system.
Enhanced signaling leads to heightened sensitivity
to sensory stimuli, manifesting as photophobia and
other migraine symptoms, with pain potentially serving
as a protective response to encourage reduced sen-
sory activation [52].

It is hypothesized that CGRP acts on three different
sites within the trigeminovascular system. Upon activa-
tion, afferent trigeminal nerve fibers release CGRP into
the dura and pia mater. CGRP’s action on blood vessels,
resident immune cells, Schwann glial cells, and trige-
minal nerve fibers can cause vasodilation and neuro-
genic inflammation, potentially leading to further CGRP
release and peripheral sensitization. In the ganglia,
CGRP may act on satellite glia and neuronal cell bodies
to initiate inflammatory loops and cross-signaling, con-
tributing to CGRP release and excitation of noci-
ceptive cell bodies. In the spinal trigeminal nucleus,
CGRP modulates glutamatergic signaling, potentially
activating second-order neurons and causing central
sensitization. These second-order neurons project to
higher brain areas, resulting in the perception of pain [52].
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Cy4acHi cTparerii dppapmakoTepanii

Yy XBOPUX HO MIirpeHb

3 kiHua XIX cT. i3 3acTtocyBaHHAM eprotamiHy —
ankanoigy 3 rpmuba Claviceps purpurea (napasuTye Ha XuTi
Ta iHWNX 3NakoBMX POCMMHAX Ta YTBOPHE TEMHI, TBepai
CTPYKTYpPW, LLO HaragyloTb PiKKA — TOMY iX iHKOMU Hasu-
BalOTb MaTKOBMMMW piXKamu), Uina Hu3ka npenaparis
36araTunn apceHan 3acobiB Ans NpoginakTuku MirpeHi,
Hanpuknaa TPUUMKIIYHI aHTuaenpecaHTu, B-bnokatopw,
6Gnokatopy KanbLieBUX KaHaniB i NpPOTUCYAOMHI npe-
napatu. Ak nerko agoragatucsl, Tak 3BaHi «peno3unuiviHi
npenapatu» — Ue MOSeKynu, po3pobneHi Ans iHWnx
nokasaHb i BMNAAKoOBO igeHTUdIKOBaHI SK e€deKTUBHI
Ons npodpinakTMkm MirpeHi Ha OCHOBI MexaHiamiB Aii,
SKi He 3aBXaW NOBHICTO 3po3yMini. Kpim Toro, ui npena-
patu ans npodinakTukmM Mirperi, obTskeHi npobnemamm
NepeHOCUMOCTI (4epe3 BUCOKY NNENOTPONHICTb MilLleHeln)
i HM3bKO edEKTMBHICTIO (Yepe3 BiACYTHICTb cneumdiy-
HUX MeXaHi3miB Aji), YacTo pobnsaTe NiKkyBaHHSA NaLieHTIB
3 MirpeHHi0 cknagHuMm i Henepepnb6adysBaHum. [incHo,
penosnLioHyBaHHS MpoMinakTMYHMX npenaparTiB, SAKLO
BOHW He MpPOTUMOKa3aHi, 4YacTo MepeBaHTaXeHi Kinb-
Koma nobiyHumu edpektamu [75, 76].

JlikyBaHHs MirpeHi 3a3Bu4an noainsAwTe Ha ABa
OCHOBHi HanpsiMku: npodpinakTuyHe Ta ypreHtHe [77].
Ankanoign pixkis, npoTnbntoBoTHI 3acobu, onioigw, aro-
HICTW CEpOTOHIHY (TPUNTaHW), aHanbreTUKM Ta HecTepo-
ioHi npoTtm3ananeHi 3acobn (HM33) 6ynu knacudikoBaHi
sIK 3acobu nikyBaHHS rocTpoi MirpeHi. MNpenapatv Npotu
3anamMopoYeHHs (Bknovaroun riyHapuant), aHTn-CGRP
MOHOKIOHankeHi aHTuTina (mAb), npoTveninenTuyHi 3a-
cobu, aHTMaenpecaHTn Ta B-bnokatopu Oynu knacudi-
KoBaHi sik npodpinakTnyHi [78].

LLnpokomaclutabHe gocnigkeHHs papMakoTepanes-
TUYHUX CTpaTerin nikyBaHHA MirpeHi, sike BKrOYano
61 204 nauieHTn 3 giarHo3om MirpeHb [78], nokasano,
Wo HamnyacTiwe xsopuM npusHadanu HIM33 (56,3%),
Tpuntanu (44,1%) Ta aHanoretukn (28,9%). AHTugenpe-
caHTM Oynn HaWnoLMpeHilwnM npodinakTuyHMm 3aco-
6om (ix npusHadanu 17,9% ycix nauieHTiB, Ski OTpUMy-
Banu nikyBaHHs, i 58,7% Tux, XTO OTpUMyBaB npodi-
naktmyHe nikyBaHHa), a CGRP-mAb — HaimeHLe.
Y 13,4% Bunagkis nepwnm nikyBaHHsM G6ynu npodpinak-
TUYHI npenapatu: okpemo B 5,8% Bunagkie i pasom
3 HeBigknagHum nikyBaHHAM B 7,6%. [TaTin yacTuHi
XBOPUX, IKMUM crioyaTky 6yno npuaHavyeHo nuLle ypreHTHe
nikyBaHH4, ni3HiWe npu3HauYMnu npodinakTuyHe niky-
BaHHA (20,7%). B cepegHboMy Ha L0 3MiHYy 3Hagobu-
nocsa 29,4 mic. [1Bi TpeTuHM XBOpUX po3nodanu npodi-
NaKkTU4yHe niKyBaHHA Ha MepBUHHIN naHui (64,2%).
BigcoTok nauieHTiB, siki NporLwny fikyBaHHS y HeBporora,
3pocTaB i3 36iNblUEHHAM KilbKOCTi OTpMMaHux npodi-
naktuyHux npenaparis. MpoTte 28,8% nauieHTiB, SKUM
Bxe Oyno npusHadyeHo M'ATb i Oinblie pi3HMX npodi-
NaKTUYHUX Npouenyp, He NPOXOAUNN NiKyBaHHSA y HEBPO-
nora. MauieHTn 3 mirpeHHo manu B 1,2-2,2 pasy 6inbLuy
MOLUMPEHICTb CYMYTHIX 3axXBOPIOBaHb, HiXK 3aranbHa
nonynsauia 3 ypaxyBaHHsIM Biky Ta cTaTi [78].

Barato npenaparis, siki 3apa3 BUKOPUCTOBYHOTLCS AN
nikyBaHHS MirpeHi, 6ynv po3pobneHi Ansi nikyBaHHs! iHLLIMX
3aXBOPIOBaHb, ane BUSBUNUCS eEKTUBHUMMK ONs NiKy-
BaHHS MirpeHi, po3LUMpIoYM 3HaHHSA Npo xBopoby. 3 kpa-
LWMM pO3yMiHHSAM naTodisionorii mirpeHi 6ynn po3pob-
NeHi Ta NpPOJOBXYKTb pPo3pobnATMcA HOBI npenapaty
cneujianbHO ANS NiKyBaHHSA LbOro 3axBopoBaHHSA [79].

Modern Pharmacotherapy Strategies
in Migraine Patients

Since the late 19th century, starting with the use
of ergota — minean alkaloid derived from the fungus
Claviceps purpurea (which parasitizes rye and other
grains, forming dark, hard structures resembling horns,
hence the name «ergot») — numerous drugs have
enriched the arsenal of migraine prevention, including
tricyclic antidepressants, p-blockers, calcium channel
blockers, and anticonvulsants. As one might expect,
so-called «repurposed drugs» are molecules initially
developed for other indications but later identified
as effective for migraine prevention, often based on
mechanisms of action that are not always fully under-
stood. Additionally, these preventive migraine medi-
cations are often burdened by tolerability issues (due to
high pleiotropy of targets) and low efficacy (due to a lack
of specific mechanisms of action), making migraine
treatment complex and unpredictable. Indeed, repur-
posed preventive medications, when not contraindi-
cated, are frequently associated with multiple side
effects [75, 76].

Migraine treatment is typically divided into two main
approaches: preventive and acute [77]. Ergot alkaloids,
antiemetics, opioids, serotonin agonists (triptans),
analgesics, and nonsteroidal anti-inflammatory drugs
(NSAIDs) are classified as treatments for acute migraine.
Vertigo medications (including flunarizine), anti-CGRP
monoclonal antibodies (mAb), antiepileptic drugs,
antidepressants, and p-blockers are classified as
preventive [78].

A large-scale study of pharmacotherapeutic stra-
tegies for migraine treatment, which included 61,204 pa-
tients diagnosed with migraine [78], showed that
NSAIDs (56.3%), triptans (44.1%), and analgesics (28.9%)
were the most frequently prescribed treatments. Anti-
depressants were the most commonly prescribed
preventive medication (used in 17.9% of all treated
patients and 58.7% of those receiving preventive
treatment), while CGRP-mAbs were the least prescribed.
Preventive medications were initiated as first-line
treatment in 13.4% of cases: 5.8% as standalone therapy
and 7.6% in combination with acute treatments. One-fifth
of patients initially prescribed only acute treatments
were later switched to preventive treatments (20.7%),
with an average delay of 29.4 months.

Two-thirds of patients began preventive treatment
in primary care (64.2%). The percentage of patients
treated by a neurologist increased with the number of
prescribed preventive medications. However, 28.8%
of patients who had already received five or more
different preventive treatments had not seen a neurolo-
gist. Migraine patients exhibited a 1.2-2.2 times higher
prevalence of comorbidities compared to the general
population, adjusted for age and gender [78].

Many medications currently used to treat migraines
were initially developed for other conditions but have
proven effective for migraine management, thus expan-
ding knowledge about the disease. With a better
understanding of migraine pathophysiology, new drugs
have been and continue to be developed specifically
for this condition [79].

Kowacs P.A. et al. (2023) [79] summarized the current
pharmaceutical landscape of the main drugs used to
treat migraines (Fig. 4).
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Kowacs P.A. Ta cnigaBT. (2023 p.) [79] y3aranbHeHO
cyvyacHUn  dapMaueBTUYHUMI  naHgwadT  OCHOBHUX
npenapartis, O BUKOPWUCTOBYIOTLCS AN MNiKyBaHHSA
MirpeHi (puc. 4).
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Puc. 4. Henpodapmakonoris nikyBaHHs MirpeHi (agantoBaHo 3a [Kowacs PA])
Fig. 4. Neuropharmacology of migraine treatment (adapted from [Kowacs PA])

BignogigHo ao micii MixkHapogHoro ToBapucTea ronos-
Horo 6onto (IHS — International Headache Society) wono
noKpaLLeHHS NikyBaHHA MirpeHi B ycboMy CBITi «[1pakTuyHi
pekoMeHauii MixHapogHoro ToBapucTBa FONOBHOMO
bonto WoOo roctporo  apmMakonoriyHoOro  nikyBaHHS
MirpeHi» (Tabn. 3) 3ocepedXeHi Ha HagaHHI NPaKTUYHKX
pekomeHAauin wono dapMakonoriyHoro nikyBaHHSA Mir-
peHi. Yepes HenocTilnHy AOCTYMNHICTb NiKiB y Pi3HMX perio-
Hax 3eMHOI Kyni Ui pekomeHAauii noainawTbCcs Ha ABa
piBHi: onTumanbHU Ta 6asoBuin. OnTUManbHUI piBeHb
npu3HaYeHun Ana ymoB, Ae AOCTynHa BinbLictb Meauka-
MEHTO3HOro nikyBaHHs. OCHOBHUI pPiBEHb MPU3HAYeHUi
Ans Teputopin, Ae nikyBaHHA obmexeHe abo MoxHa pos-
paxoByBaTW nuLIe Ha npenapaTu, HaBeAeHi y Tunosomy
neperniky OCHOBHUX nikapcbkux 3acobis (EML) Bcecsit-
HbOI opraHi3auii oxopoHu 3gopos’st (BOOS3) [80, 81].

BignoBigHO [0 pekomeHaauii wWogo dapmakono-
rivHoro nikysaHHsA mirpeHi [80] y ntogen 3 MirpeHHo, ki
He pearyloTb Ha aHanbretukn abo HIM33, aki npunma-
I0TbCA Y BIANOBIAHWX A403aXx i Ha novaTky Hanagy, npo-
MOHYETCHA NepenTn Ha TpunTtaHu. Jlioasam 3 MirpeHHto, ki
nYLIe YacTKOBO pearyloTb Ha TPUNTaHW SK MOHomnpena-
paTtu, peKoMeHA0BaHO 3aCcTOCOBYBaTM KOMOiHaLilo nepo-
panbHoro cymatpuntaHy (50—-100 mr) i nepopanbHOro
HanpokceHy HaTtpito (550 mr). Kpim Toro, TpuntaH MoxHa
KoMbiHyBaTu 3 Byab-akum nepopansHum HIM33.

lenaHTM Ta nacmigutaH € BapiaHTOM niKyBaHHA
rocTporo Hanagy y nogew 3 MirpeHHio, Ans skux MOHO-
Tepania TpunTaHoMm abo kombiHOBaHa Tepania He edek-
TUBHI, NnLIE YacTKOBO edpeKkTBHI abo He NepeHoCcATLCS,
abo B ocib 3 npoTMnokasaHHAMY 4O TPUMTAHIB.

XBOpuM i3 Hanagamu, siki TpuBatoTb Binblue 72 roguH
(MirpeHo3HUIA cTaTyc), PEKOMEHA0BaHO BHYTPILLHLOM A30BE

According to the mission of the International
Headache Society (IHS) to improve migraine treatment
worldwide, the «Practical Guidelines of the International
Headache Society for Acute Pharmacological Treat-
ment of Migraine» (Table 3) focus on providing practical
recommendations for pharmacological migraine treat-
ment. Due to the inconsistent availability of medications
in different regions of the world, these recommendations
are divided into two levels: optimal and basic. The optimal
level is intended for areas where the majority of phar-
macological treatments are available, while the basic
level is for regions where treatment is limited or only
medications listed in the World Health Organiza-
tion’s (WHO) Essential Medicines List (EML) can be
relied upon [80, 81].

In accordance with the guidelines for pharmacolo-
gical treatment of migraine [80], for individuals with
migraines who do not respond to analgesics or NSAIDs
taken at appropriate doses and at the onset of the attack,
it is recommended to switch to triptans. For people with
migraines who only partially respond to ftriptans as
monotherapy, a combination of oral sumatriptan
(50-100 mg) and oral naproxen sodium (550 mg) is
recommended. Additionally, triptans can be combined
with any oral NSAID.

Gepants and lasmiditan are alternatives for the
treatment of acute attacks in individuals with migraines
for whom monotherapy with triptans or combination
therapy is ineffective, only partially effective, or not tole-
rated, or for those with contraindications to triptans.

For patients with attacks lasting longer than 72 hours
(migraine status), intramuscular NSAIDs or other forms
of NSAID administration, or subcutaneous sumatriptan,
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abo iHwi dhopmun BBeaeHHs HIM33 abo nigLkipHoro cyma-
TpuntaHy, abo nepopanbHo/iHTpaHa3anbHO Auriapoepro-

TamiHy (y kombiHaLis 3 npoTMGntoBOTHMMU 3acobamu) [80].

or oral/intranasal dihydroergotamine (in combination
with antiemetics) are recommended [80].

Tabnuus 3. MNMpenapatn, pekoMeHA0BaHI A5 YPreHTHOro MiKyBaHHS MirpeHi perioHanbHUMM Ta MKHapOAHUMY HacTaHOBaMW,
Ta iX HasiBHICTb Y TMNOBOMY nepeniky OCHOBHMX nikapcbkux 3acobis (EML — Model List of Essential Medicines)

BcecBiTHbOI opranisauii oxopoHu 3gopos’s (BOO3) 3a 2023 p. [80]

Table 3. Medications recommended for acute migraine treatment by regional and international guidelines,
and their availability in the World Health Organization’s (WHO) Model List of Essential Medicines (EML) for 2023 [80]

Bxoantb oo EML

Bxoantb oo EML

Jlikapcbkuin 3aci6 npuv MirpeHi npu iHWMX xBopobax LLinax 3acTocyBaHHA Ta 403U
Medication Included in EML Included in EML Recommended formulations and dose
for Migraine for Other Diseases
1 2 3 4
HMN33 / NSAIDs
AueTtuncaniyunosa kucrnorta Tak - MepopanbHo 500—-1000 mr
Acetylsalicylic Acid Yes Oral 500-1000 mg
OuknodeHak Hemae Hemae MepopanbHo 50 mr; 250 mr
Diclofenac No No Oral 50 mg; 250 mg
I6ynpodeH Tak - MepopanbHo 400-600 mr
Ibuprofen Yes Oral 400-600 mg
KetonpodeH Hemae Hemae MepopanbHo 75-150 mr
Ketoprofen No No Oral 75-150 mg
[exckeTonpodeH Hemae Hemae MNepopanbHo 12,5 mr
Dexketoprofen No No Oral 12,5 mg
Hanpokcen Hemae Hemae MepopanbHo 250 mr; 550 mr
Naproxen No No Oral 250 mg; 550 mg
TondeHamoBa kucrota Hemae Hemae MepopansHo 200 mMr
Tolfenamic Acid No No Oral 200 mg
Llenekokcn6 Hemae Hemae MepopansHo 400 mr
Celecoxib No No Oral 400 mg
Mapauetamon/auetamiHodeH Tak - MepopanbHo 1000 mr
Paracetamol/Acetaminophen Yes Oral 1000 mg
KombGiHoBaHi aHanbretTuku Hemae Hemae
Combined Analgesics No No

TPUMTAHMU | Triptans

AnmoTpunTtaH Hemae Hemae MepopanbHo 12,5 Mr
Almotriptan No No Oral 12,5 mg
Enetpuntan Hemae Hemae MepopanbHo 40 mr
Eletriptan No No Oral 40 mg
®dposaTpunTtaH Hemae Hemae MepopanbHo 2,5 Mr
Frovatriptan No No Oral 2,5 mg
HapatpuntaH Hemae Hemae MepopanbHo 2,5 mr
Naratriptan No No Oral 2,5 mg
PusatpunTtaH Hemae Hemae MepopanbHo 5i 10 mr
Rizatriptan No No Oral 5 and 10 mg
CymatpunTtaH Tak - MepopaneHo 50 mr; 100 wmr;
Sumatriptan Yes HaszanbHun cnpewt 10 i 20 mr
MigwkipHa iH’ekuis 3—6 mr
Oral 50 mg; 100 mg;
Nasal spray 10 and 20 mg;
Subcutaneous injection 3-6 mg
3onmitpunTtaH Hemae Hemae MepopanbHo 2,5 wr;
Zolmitriptan No No Cnpew gns Hoca 5 mr
Oral 2,5 mg;
Nasal spray 5 mg
Ornsag nitepatypu 461 Literature review
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MpopoBxeHHs Tabnuui 3
Continuation of the table 3

1 2 |

3 4

EPFOTAMIH TA NOXIAHI / Ergotamine and Derivatives

Eprotaminy Taptpar Hemae Hemae [MepopansHo 1 mr, cynosuTopii 2 Mr
Ergotamine Tartrate No No Oral 1 mg, Suppositories 2 mg
[urigpoeprotamiH Hemae Hemae HasanbHuii cnpen 0,725 mr
Dihydroergotamine No No BHyTpiwHbOM s130Ba iH’ekuis 0,5—1 mr
BHyTpiwHb0BEHHE BnMBaHHA 0,5—1 Mr
Nasal spray 0,725 mg,
Intramuscular injection 0,5-1 mg,
Intravenous infusion 0,5-1 mg
LOITAHU | DITANS
JlacmigitaH (cxBaneHo FDAy 2019 p.) | Hemae Hemae MepopansHo 50, 100 i 200 mr
Lasmiditan (FDA approved in 2019) No No Oral 50, 100, and 200 mg

FENAHTU (AHTAFOHICTU CGRP-PELIENTOPIB) / Gepants (CGRP Receptor Antagonists)

PumerenaHT Hemae Hemae Ona npuriomy BcepeauHy (Tabnetku, Lo
Rimegepant No No auecnepryoTbest) 75 mr
Oral 75 mg (dispersible tablets)
Y6porenaHT Hemae Hemae OpanbHuii 50; 100 mr
Ubrogepant No No Oral 50; 100 mg
3aBerenaHT Hemae Hemae Cnpew HazanbHuii 10 Mr
Zavegepant No No Nasal spray 10 mg

NPOTUBJTIOBOTHI 3ACOBM / Antiemetics

MeToknonpamig Hemae Tak MepopanbHo 10 mr
Metoclopramide No Yes Oral 10 mg
HdomnepunaoH Hemae Hemae MepopanbHo 10 mr
Domperidone No No Oral 10 mg
lMpoxnopnepa3svH Hemae Hemae MepopanbHo 10 mr
Prochlorperazine No No Oral 10 mg
XnoprnpomMasuH HeMae Hemae MepopansHo 50—-100 mr
Chlorpromazine No No Oral 50-100 mg
MpomeTasnH Hemae Hemae MepopanbHo 25 mr
Promethazine No No Oral 25 mg
Lponepugon HemMae Hemae BHyTpiWwHLOM'5130B0 2,5 Mr
Droperidol No No Intramuscular 2,5 mg
OHpaHceTpoH Hemae Tak MepopanbHo 8 mr
Ondansetron No Yes Oral 8 mg

Ona piten Ta nignitkiB pekoMeHOoBaHO 3aCTOCOBY-
BaTu napauertamon (15 mr/kr; makcumym 60 mr/kr Ha OeHb)
abo ibynpodeH (10 mr/kr; makcumym 30 Mr/kr Ha AeHb)
Ons NiKyBaHHSA rocTpyX HanadiB MirpeHi. Axwo ui npena-
patv He edeKTUBHI, TPUNTaHN MOXHa BMKOPWCTOBYBAaTU
K pyry niHito Tepanii. Cepep TpynTaHis nepesary HagawTb
pu3aTtpunTany (5 mr npu maci Tina < 40 kr, 10 Mr npu maci
Tina > 40 kr) abo Ha3zanbHOMY cnpeto cymaTtpunTany 10 wr,
OCKINbKM Lie HaWbinbL AOCHiAKEHI TPUNTaHW y NigniTKiB.
Y Bunagkax HygoOTM MOXHa [Ao4aTv  MeTOKIonpamia,.
abo GnoBoTa, abo Hamagw, WO NpuM3BOAATbL OO BTpaATU
npauesgarHocri [80, 81].

JlacmignTaH (eguHuin NpeacTaBHUK rPyny AWTaHIB) €
BMCOKOCENEKTVBHMM aroHiCTOM peLenTtopa CepoTOHIHY
(5-HT)1F, 9kuii npurHivye HemporeHHe 3ananeHHs B TBep-
[i MO3KOBI 060MOHLI Yepes 3HMKEHHS ekcnpecii c-Fos
(knmoHoBaHoro hakTopa TPaHCKPWNLii) y XBOCTOBOMY A4pi
TpiYacToro HepBea nicnsa CTUMYNAUIT raHrmis TpinyacToro
Hepea [82, 83]. Ha BigMiHy Big TpunTaHiB, fAKi € aroHic-
Tamn 5-HT1B, cnpuynHsAI0YN Ba3OKOHCTPUKLIO (3BYXKEHHS

In children and adolescents, it is recommended to use
paracetamol (15 mg/kg; maximum 60 mg/kg per day)
or ibuprofen (10 mg/kg; maximum 30 mg/kg per day)
for the treatment of acute migraine attacks. If these medi-
cations are ineffective, triptans may be used as second-
line therapy. Among triptans, rizatriptan (5 mg for body
weight < 40 kg, 10 mg for body weight > 40 kg) or nasal
spray sumatriptan 10 mg are preferred, as they are
the most studied triptans in adolescents. In cases of
nausea, metoclopramide may be added [80, 81].

Lasmiditan (the only representative of the ditan
group) is a highly selective serotonin (5-HT)1F receptor
agonist that inhibits neurogenic inflammation in the dura
mater by reducing c-Fos expression (cloned transcription
factor) in the caudal nucleus of the trigeminal nerve after
trigeminal ganglion stimulation [82, 83]. Unlike triptans,
which are 5-HT1B agonists causing vasoconstriction
(narrowing of blood vessels) and making them unsuitable
for people with vascular diseases and uncontrolled
hypertension (high blood pressure), lasmiditan’s selec-
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CyaouH) Ta pobnsum ix HenpuaaTHUMKU ANst N4en i3 cy-
OVHHUMM 3aXBOPIOBAHHSIMM T@ HEKOHTPONbLOBAHOLO rinep-
TEH3i€l0 (BUCOKMM apTepianbHUM TUCKOM), CENEKTUBHICTb
nacwmiguTaHy wopo 5-HT1F He Buknukae uboro cyauHo-
3BYXXyBarnbHOro epekTy, i TOMy BBaXaeTbCs, L0 BiH 6e3-
neyHun ons umx rpyn nadienTie [84]. Peuentopu 5-HT1F,
po3TalwoBaHi Ha nepudepii Ta NPecMHanTU4HO, NPUrHi-
yytoTb BuBiNbHeHHss CGRP [85]. Peuentopn 5-HT1F,
postawoBaHi B LIHC, AMOBipHO, 3aBaxatoTb LEeHTpanbHin
obpobui MirpeHi, ane ix akTuMBauis TakoX, NMOBIPHO,
€ NpUYMHOK nNobGiYHMX edekTiB, iHoai noB’aA3aHux i3
3acTocyBaHHsAM nacmigutany [82, 86, 87].

HesBaxkatoum Ha nporpec y fikyBaHHi ronosHoro 6onto,
Jeski nauieHTn 3 XPOHIYHOK MIFPEHHI0 He BigyyBaloTb
afekBaTHOro nonerweHHs 6onto Hi 3a 4onomorow yp-
FreHTHOro, Hi 3a npodinakTnyHoro nikyBaHHA [88].
Lle npu3BoguTe A0 GiNbLIOrO HaBaHTaXEHHS Ta 3HW-
KEHHS AKOCTI XUTTA UMX nauieHTiB. TepMiHN pe3ncTeHT-
Ha, pedpakTepHa Ta BaXXKOBWIIKOBHA MirpeHb BUKOpUC-
TOBYBanucsl sIk CUHOHIMW ANs BU3HAYEHHS LbOrO KOH-
KPETHOrO CTaHy — XpOHiYHa MirpeHb, sika He pearye
Ha gBa-4oTupu npodpinakTnyHi npenapatu (Tabn. 4) [6].

tivity for 5-HT1F does not cause this vasoconstrictor
effect and is considered safe for these patient groups [84].
5-HT1F receptors, located peripherally and presynapti-
cally, inhibit CGRP release [85]. 5-HT1F receptors in the
CNS likely interfere with central processing of migraine,
but their activation may also contribute to side effects
sometimes associated with asmiditan use [82, 86, 87].

Despite progress in headache treatment, some
patients with chronic migraine do not experience
adequate pain relief from either acute or preventive
treatment [88]. This leads to a greater burden and
reduced quality of life for these patients. The terms
«resistant», «refractory», and «difficult-to-treat» migraine
have been used as synonyms to define this specific
condition — chronic migraine that does not respond to
two to four preventive medications (Table 4) [6].

Ta6nuus 4. KoHceHcyc €Bponelicbkoi dheepadii ronosHoro 6onto
LLIOA0 BU3HA4YeHb PE3NCTEHTHOI Ta pedppakTepHoi XpoHivHoi mirpeHi (2020 p.) [89]
Table 4. Consensus of the European Headache Federation on the definitions of resistant and refractory chronic migraine (2020) [89]

Crika (pe3nCTeHTHa) XpoHiYHa MirpeHb
Resistant Chronic Migraine

PedbpakTepHa xpoHivyHa mirpeHb
Refractory Chronic Migraine

BcraHoBneHo pgiarHo3: MmirpeHb 6e3 aypu Ta/abo MirpeHb
3 aypoto Ta/abo XpoHi4yHa MirpeHb

Diagnosis: migraine without aura and/or migraine with aura
and/or chronic migraine

BcraHoBneHo pgiarHo3: MmirpeHb 6e3 aypu Ta/abo MirpeHb
3 aypoto Ta/abo XpoHi4yHa MirpeHb

Diagnosis: migraine without aura and/or migraine with aura
and/or chronic migraine

BucHaxnuBuii ronoBHWI Binb NpoTAroM npuvHanMHi 8 AHiB
Ha MicsiLb NPOTArOM NPUHaNMHI 3-X MicauiB

Disabling headache for at least 8 days per month for at least
3 months

BucHaxnueuin ronoBHMi Ginb NPOTAroM LOHaNMMeHLWe 8 AHiB
Ha MicsiLb NPOTSArOM LOHaMeHLwe 6 micsauiB

Disabling headache for at least 8 days per month for at least
6 months

TepaneBTMYHa HeBaada Ta/abo npoTunokasaHHst 4o 3-x Knacis
npenapartiB i3 BCTaHOBMEHWMW Aokasamu Ans npodinakTuku
MirpeHi, Npu3HadeHi y BignoBigHiv 4o3i Ta TpUBanocCTi
Therapeutic failure and/or contraindications to 3 classes of
medications with established evidence for migraine prevention,
prescribed at appropriate doses and durations

TepaneBTMYHa HeBAaya Ta/abo NPOTMNOKa3aHHS A0 BCiX knacis
npenaparis i3 BCTAHOBMEHVMMM AoKa3amMu Ans npodpinakTuku
MirpeHi, NpuM3HaveHi y BiAnoBiagHin Jo3i Ta TpuBanocTi
Therapeutic failure and/or contraindications to all classes of
medications with established evidence for migraine prevention,
prescribed at appropriate doses and durations

®apmakonorivHi rpynun nikapceknx 3acobis Ans BU3Ha-
YEeHHS1 pe3NCTEHTHOI Ta pedppakTepHOI XPOHIHHOI MirpeHi [89]:

1) aHTMAenpecaHT (amiTpMNTUNiH, BeHnadakcuH);

2) npoTueninenTuyHi 3acobu (Banenpoar, Tonipamar);

3) B-6nokaTtopu: (nponpaHomnor, METONPONOo, ateHo-
non, Tumonon);

4) 6bnokatopu KanbLieBux kaHanis (prnyHapusumH, LuH-
Hapu3suH);

5) npenapaTtu, wo Aitotb Ha wnsax CGRP (renaHTtu
(aHTaronictn CGRP-R): pumerenaHT, ybporenaHT, 3aBe-
renaHT; MOHOKMNOHanbHi aHTuTina (aHTM-CGRP mAbs /
CGRP-R mAbs): entuHesymab, epuHymab, dpemaHe-
3ymab, rankaHesymab);

6) iHriBITOp aHrioTEeH3UHNEPETBOPOIOYOIO hEPMEHTY
(nisvHonpun) abo 6nokaTtop peuenTopiB aHroTEH3NHY
(kaHOoecapTaH);

7) OHaboTyNOTOKCHH A;

8) iHWi dapmakonoriyHi npodinakTyHi MeToan niky-
BaHHSA MirpeHi 3 AoBefeHo edeKTUBHICTIO (Byab-Akuii
HOBWIA po3pobneHuin npenapar).

Ha cborogHi y nikyBaHHi MirpeHi ocobnusy yBary
npuBepTaloTb renaHTU — HU3bKOMOMEKYNAPHI aHTaroHicTH
peuentopis CGRP, pospobneHi Ans BUKOPUCTaHHA

Pharmacological groups of drugs for the definition
of resistant and refractory chronic migraine [89]:

1) fntidepressants (amitriptyline, venlafaxine);

2) fntiepileptic drugs (valproate, topiramate);

3) B-blockers (propranolol, metoprolol, atenolol, timolol);

4) calcium channel blockers (flunarizine, cinnarizine);

5) drugs acting on the CGRP pathway (Gepants
(CGRP-Rantagonists): brogepant, brogepant,zavegepant;
monoclonalantibodies (anti-CGRPmAbs/CGRP-RmADbs):
eptinezumab, erenumab, fremanezumab, galcanezumab);

6) angiotensin-converting enzyme inhibitor (lisinopril)
or angiotensin receptor blocker (candesartan);

7) onabotulinum toxin A;

8) other pharmacological preventive treatments for
migraine with proven efficacy (any newly developed drug).

Currently, gepants are attracting particular attention
in migraine treatment. These are low-molecular-weight
CGRP receptor antagonists developed for use in acute
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B YrpEHTHOMY NiKyBaHHi MirpeHi. Cnodatky 6yno po3pob-
MNEHO LWICTb renaHTiB ANs rOCTPOro 3acTOCyBaHHS MNpu
MirpeHi, aBa 3 HuUX Oynu NPUNUHEHi Yepe3 TOKCUYHICTb
ansa nediHkn [90, 91], oguH 4Yepes3 BIACYTHICTb nepo-
panbHOro 3acTtocyBaHHs [92] i oanH 3 KOMepUiNnHUX npu-
4uH [93]. YOporenaHT i pyumerenaHT npeacTaBnstoTb HOBE
MOKOMiHHA MepoparnbHUX renaHTiB, ski oTpMManu cxasa-
neHHs FDA pgnsa nikyBaHHA rocTpoi MirpeHi [94, 95]
nicna gocnigxeHo dasn 3: Achieve | [96] i Il [97]
ans ybporenaHty Ta gocnigxkenHs 301 [98], 302 [99]
i 303 [100] onsa pumerenaHTy. Yb6porenaHT 6yB cxBa-
neHun y gosax 50 i 100 mr, a pumerenaHT AOCTYMHUN
y OucneproBaHin (niodpinizoBaHin) gopmi B Ao3i 75 M.
lMonepeaHi AaHi TakoX NOKa3yloTb e(PEeKTUBHICTb Ha3arb-
HOro cnpeto 3aBerenaHT, HeopanbHoro renaHty [101].
Baxnueo, Lo renaHTu, He BUKINKaKOTb rONoBHOro 60nto
BHacnigok noninparmasii, Wo pobuTb iX KOPUCHMUM 3aco-
6oMm Ans nikyBaHHA Uboro ycknagHeHHs [102], i ix moxHa
npunmaTy Kinbkoma go3amu nig vyac Hanagy 3 XopoLnm
piBHem ycnixy [103]. Husbkuin npodine nobivyHmnx edek-
TiB renaHTiB € NpMBabnMBMM, OgHaK 3acnyroBye obepex-
HOCTi Ha nepwmnx gHAX BukopucTaHHs [104, 105].

OcTaHHi Kinbka pokiB cTanu 3axonntowunm i barato-
obiusoumMm vacom y cdepi MirpeHi 3aBasiku BnpoBaf-
XKEHHIO KiNlbKOX HOBMX NiKapCbkux 3acobiB y KNiHiYHY
NPaKTUKy Ta 3 iHWUMW TepaneBTUYHUMM LINsSMU, Takumm
SIK ryTamart, aminid, agpeHoMeayniH, OpeKkCUHU Ta noni-
nenTug, WO akTMByE afeHinatumknasy rinodisa, Hapasi
BCe B TepaneBTu4Homy nnaHi[106, 107]. Hosi meToau niky-
BaHHA LWIBWAOKO 3MIHUNW Napagurmy nikyBaHHS MirpeHi,
0co6MnMBO MOCTaBMBLUM Mif CYMHIB OUXOTOMIYHWUIA nogin
MiXK YPreHTHUMM Ta npodpinakTuiyHumu nikamm [105].

MepLwi cnHTE30BaHi renaHTy nokasann e@eKkTUBHICTb
npu rocTpux Hamnagax rornoBHoro Gomto MirpeHi [108].
OpHak icHyBana notpeba B cneuudiyHin npodinakTuui
4acToi  €eni3oguMYHOl  MIrpeHi Ta XPOHIYHOI  MirpeHi.
MpubnusHo B 2005 p. HeBenuka KomnaHisa Rinate
B KanidpopHii Bneplie Bupobuna MOHOKMOHamNbHI aHTK-
Tina, siki MoXxyTb GnokyBatn edpektn CGRP, nos’szaHi
3 MirpeHHto [109-111].

Mepesara nigxogy 3 BukopuctaHHsam CGRP-mAb no-
nsirae B TOMY;, LLIO BOHW MatoTb TpmBany Aito (> 25—-30 gHis)
Ta BUCOKY creuundiyvHicTb, WO A03BONSE 3AiMCHIOBATU
BMbipkoBe HauintoBaHHA. Tpy CGRP-mAb noBHicTio ry-
MaHi30BaHi, (enTuHe3ymab, dpemaHe3aymab i rankaHe-
3ymab), ogHaK BOHW HE MOXYTb PO3Pi3HUTU i30dhopMm
CGRP abo TkaHuHHe noxomkeHHs nentuay [112].
[ocTynHi AOKMiHIYHI AaHi ANS MOHOKMOHANbHUX aHTUTIM,
Takmx sk dpemaHe3ymab, nokasylTb 3B’S3yBaHHsI
3 CGRP i ameHLLyoTb 110ro dyHKLUioHanbHi Hacnigkn ans
curHanisauii CGRP [113]. Y KniHiYHMX go3ax BiH 3MeH-
Wwye MakcumanbeHy Bignoeigb Ha CGRP wnsaxom 38’a3y-
BaHHA 3 MenTuaoM i, TakMM 4uHoM, 3meHwye CGRP,
OOCTYNHWIA ANs 3B’A3yBaHHSA 3 NOCTCMHANTUYHUM peLen-
TopoM. HaTtoMmicTb epeHymab HauineHuid Ha cam peuen-
Top CGRP. e npenapaT € NOBHICTIO MOACLKMM MOHO-
KNoHaneHUM aHTUTINnoM Ao iMyHornobyniHy G2 (Ig G),
CKOHCTpynoBaHMM npoTh N-KIHUEBUX enemeHTiB ABOX
peuentopHux enemeHTiB CGRP: kanbuuTOHIHOBOIO
peuentopa (CLR) i nentngy 1, Wwo moamaoikye akTUBHICTb
peuentopa (RAMP1) [112]. Lii ABa KOMMNOHEHTU YTBOPIO-
toTb peuentop CGRP, i epeHymab 3B’s13yeTbcsl 3 o6oma
enemMeHTamu, wWo 3abesnedye BUCOKY CENEKTUBHICTb
woao uboro peuentopa. CGRP i aHTuTIina go peuen-
Topa CGRP MatloTb ronoBHy MeTy 3MEHLUUTU aKTUBHICTb
CGRP y naujieHTiB i, TakuM 4MHOM, 3anobirtm Hanagy

migraine treatment. Initially, six gepants were developed
for acute use in migraines, with two being discontinued
due to liver toxicity [90, 91], one due to the lack of oral
administration [92], and one for commercial reasons [93].
Ubrogepant and rimegepant represent a new generation
of oral gepants, approved by the FDA for the treatment
of acute migraine [94, 95], following Phase 3 studies:
Achieve | [96] and Il [97] for ubrogepant, and studies
301 [98], 302 [99], and 303 [100] for rimegepant.
Ubrogepant was approved in doses of 50 and 100 mg,
and rimegepant is available in a dispersible (lyophilized)
form in a 75 mg dose. Preliminary data also show the
effectiveness of the intranasal spray zavegepant,
a non-oral gepant [101]. Importantly, gepants do not
induce headache due to polypharmacy, making them
a useful tool in treating this complication [102], and they
can be taken in multiple doses during an attack with
a good success rate [103]. The low side effect profile
of gepants is attractive, although caution is advised
during the early days of use [104, 105].

In recent years, the field of migraine treatment has
been exciting and promising, thanks to the introduction
of several new drugs into clinical practice targeting
other therapeutic goals, such as glutamate, amylin,
adrenomedullin, orexins, and pituitary adenylate cyclase-
activating peptide, which are now all part of therapeutic
plans [106, 107]. These new treatment methods have
quickly changed the paradigm of migraine treatment,
especially challenging the dichotomy between acute and
preventive medications [105].

The first synthesized gepants demonstrated effective-
ness in acute migraine attacks [108]. However, there
was a need for specific prevention of frequent episodic
and chronic migraines. Around 2005, a small company,
Rinate in California, first produced monoclonal
antibodies that could block CGRP effects related to
migraines [109-111].

The advantage of the CGRP-mAb approach is that
they have a long duration of action (> 25-30 days)
and high specificity, allowing selective targeting.
Three CGRP-mAbs are fully humanized (eptinezumab,
fremanezumab, and galcanezumab), but they cannot
distinguish between CGRP isoforms or the tissue origin
of the peptide [112]. Preclinical data for monoclonal
antibodies, such as fremanezumab, show binding
to CGRP and reduce its functional consequences
for CGRP signaling [113]. In clinical doses, it reduces
the maximal response to CGRP by binding to the
peptide, thereby decreasing the CGRP available to
bind to the postsynaptic receptor. In contrast, erenumab
targets the CGRP receptor itself. This drug is a fully
human monoclonal antibody to immunoglobulin G2 (1gG),
constructed against the N-terminal elements of the
two CGRP receptor subunits: the calcitonin recep-
tor (CLR) and peptide 1, which modulates receptor
activity (RAMP1) [112]. These two components form
the CGRP receptor, and erenumab binds to both
elements, providing high selectivity for this receptor.
CGRP and anti-CGRP receptor antibodies aim to
reduce CGRP activity in patients, thus preventing
a migraine attack. All reported trials so far have confir-
med this hypothesis [108].

Four CGRP-mAbs have been approved by the FDA
for preventive migraine treatment [114-117], including
three targeting the CGRP ligand (fremanezumab,
galcanezumab, and eptinezumab) and one targeting
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MirpeHi. Yci BunpoOyBaHHs, Mpo siki noBigomnsnocs
Ha CcbOrofHi, nigTBepaunu uo rinotesy [108].

Yotmpn CGRP-mAb 6ynu cxBaneHi FDA pgns
npoginakTuyHoro nikyBaHHs MirpeHi [114-117], y Tomy
yuncni Tpy 3 HUX — HauineHi Ha niraHg CGRP (dpemaHesy-
mab, rankaHeaymab Ta entiHeaymab), Ta oavH — Hauine-
Huih Ha peuentop CGRP (epeHymab) [118]. CGRP-mAb
BBOAATb LUMSXOM NiALLKipHOT iH'ekuil (epeHymab, dpe-
mMaHe3ymab i rankaHesymab) abo BHYTPILLIHBOBEHHOT
iHpysii (enTuHe3ymab) womicsus (epuHymab i rankaHe-
3ymab) abo uwokBapTansHo (enTuHesymab); dpemaHe-
3ymab MoxHa BBOAUTM LIOMicsus abo LiokBapTanbHO
[114-117, 119]. CborogHi BXe noHaa 1 MMAH nauieHTiB
otpumann CGRP-mAb Ta 3acBigumnn noKpaleHHs
SAKOCTI XXUTTA 3aBAAKN LM HoBUM fikam [109, 120-122].

[aHi wogo dapmakokiHETMKKM, hapmakognHamikm
i edpexkTmBHOCTI renaHTiB (aHTaroHicTu CGRP-R) Ta moHo-
knoHanbHux aHTUTIN (aHTU-CGRP mAbs / CGRP-R mAbs)
y niKyBaHHi MirpeHi ysaranbHeHo y Tabnuui 5 T1a 6
BignosigHo [79].

the CGRP receptor (erenumab) [118]. CGRP-mAbs
are administered via subcutaneous injection (erenumab,
fremanezumab, and galcanezumab) or intravenous
infusion (eptinezumab) monthly (erenumab and galcane-
zumab) or quarterly (eptinezumab); fremanezumab can
be administered monthly or quarterly [114-117, 119].
To date, more than 1 million patients have received
CGRP-mAbs and reported improved quality of life thanks
to these new drugs [109, 120-122].

Data on the pharmacokinetics, pharmacodynamics,
and efficacy of gepants (CGRP-R antagonists) and mono-
clonal antibodies (anti-CGRP mAbs / CGRP-R mAbs)
in migraine treatment are summarized in Table 5 and 6,
respectively [79].

Tabnuusa 5. apmakonoriyHa xapakTepucTvka renaHTiB Npu NikyBaHHi MirpeHi (agantosaHo 3a [79, 123-135])
Table 5. Pharmacological characteristics of gepants in the treatment of migraine (adapted from [79, 123—135])

XapaktepucTuka PumerenaHT Y6porenaHT AtorenaHt 3aBerenaHT
Characteristic Rimegepant Ubrogepant Atogepant Zavegepant
1 2 3 4 )
[osyBaHs 75 Mr 50 wmr, 100 mr 10 mr, 30 mr, 60 mr 5 wmr, 10 mr, 20 mr
Dosage 75 mg 50 mg, 100 mg | 10 mg, 30 mg, 60 mg | 5 mg, 10 mg, 20 mg
LLinax BBeAeHHs nepoparnbHO | nepopanbHo nepoparbHO iHTpaHas3anbHo (cnpewm)
Route of Administration Oral Oral Oral Intranasal (spray)
Tmax (roamH) / Tmax (hours) 1,5 1,5 2,0 0,25
T1/2 (roamH) / T1/2 (hours) 11 5-7 11 6,55
TepaneBTUYHUI edEKT ANst MIrpeHi: 10% 16,6% - 5 wmr: 4,1%,
3HeboneHHs Yepes 2 roguHn 10 mr: 7%,
20 mr: 7,6%
Therapeutic effect for migraine: 10% 16,6% - 5mg: 4,1%,
pain relief within 2 hours 10 mg: 7%,
20 mg: 7,6%
NNT ans mirpeHi: 3HeGoneHHs1 Yepes 2 rogmHn 10 6 - 5 wmr: 24,3,
NNT for migraine: pain relief within 2 hours 10 mr: 10,
20 mr: 13
5 mg: 24,3,
10 mg: 10,
20 mg: 13
TepaneBTUYHUI edhekT 8% - 10 mr: 26,6%, -
Ans npodinakTukn mMirpeHi 250% 3HWKeHHS 30 mr: 29,7%,
eni3oauyHoi MirpeHi 60 mr: 31,8%
Therapeutic effect for migraine prevention: 10 mg: 26,6%,
250% reduction in episodic migraines 30 mg: 29,7%,
60 mg: 31,8%
NNT ans npocpinakTukm enisoguyHoi MirpeHi 12.5 - 10 mr: 3,7, -
NNT for episodic migraine prevention 30 mr: 3,3,
60 wmr: 3,1
10 mg: 3,7,
30 mg: 3,3,
60 mg: 3,1

lMpumimku:

Tmax — yac Ao AOCATHEHHS MakCMMarbHOi KOHLEHTpaLii npenapaTty B KPOBi.

T1/2 — nepiog HaniBpo3nagy npenapary, 4ac, 3a KU KOro KOHLEHTpaLis B opraHiaMi 3MeHLUYeTbCS BABIYi.

NNT (Number Needed to Treat) — kinbkiCTb NaLieHTiB, AkMX NOTPIOHO NiKyBaTK ANs AOCATHEHHS OQHOIO AOAATKOBOrO NO3UTUBHOIO
pesyneraty (Hanpuknag, 3He6oneHHst abo 3MEHLLEHHS eNi30aiB MirpeHi).

Notes:

Tmax — Time to reach maximum concentration of the drug in the blood.
T1/2 — Half-life of the drug, the time it takes for the drug concentration in the body to decrease by half.
NNT (Number Needed to Treat) — The number of patients that need to be treated to achieve one additional positive outcome

(e.g., pain relief or reduced migraine episodes).
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Ta6nuus 6. PapmakonoriyHa xapakTepucTka MOHOKIMoHarnbHux aHTuTin (aHTM-CGRP mAbs / CGRP-R mAbs)
npu nikyBaHHi MirpeHi (agantoBaHo 3a [79, 136-142])

Table 6. Pharmacological characteristics of monoclonal antibodies (anti-CGRP mAbs / CGRP-R mAbs)

in the treatment of migraine (adapted from [79, 136-142])

Eperymab [ankanesymab PpemaHesymabd EnTHe3ymab
Mpenapar (70 mr / 140 wr) (120 wmr) (225 mr / 675 wmr) (100 mr / 300 mr)
Medication Erenumab Galcanezumab Fremanezumab Eptinezumab
(70 mg / 140 mg) (120 mg) (225 mg / 675 mg) (100 mg / 300 mg)
Knac / Class 1gG2 1gG4 IgG2Aa 1gG1
l'ymanisauis MOBHICTIO MOBHICTIO MOBHICTIO reHeTU4HoO
Humanization rymaHizoBaHui rymaHioBaHui rymaHi3oBaHui rymaHisoBaHui
Fully humanized Fully humanized Fully humanized Genetically humanized
LLinsix BBeAEHHS n/w (NigLwKipHo) n/w (NigLwKipHo) n/w (nigLwKipHo) B/B (BHYTPILUHLOBEHHO)
Route of Administration Subcutaneous (s/c) | Subcutaneous (s/c) | Subcutaneous (s/c) | Intravenous (i.v.)
Tmax (roguHu) / Tmax (hours) 6 5 5 1-3
T1/2 (gHi) / T1/2 (days) =28 =27 =32 =27
3B’A3yBaHHs peuentop CGRP niraHn CGRP niraHg CGRP niraHa CGRP
Binding CGRP receptor CGRP ligand CGRP ligand CGRP ligand
TepaneBTU4HNI edekT
ONns enizoanyHol MirpeHi 10,5/ 19,1 23 19,8 /16,5 12,4/18,9
Therapeutic effect for episodic migraine
NNT ans €ni3on4HOT MirpeHi 95/5.2 43 5/6 8/53
NNT for episodic migraine
Bignosigb Ha nikyBaHHSA
. L o

Ans enizognyHoi mirpeHi (%) 8/8,6 12 96 _
Response to treatment
for episodic migraine (%)
TepaneBTU4HMI edekT
ONS XPOHIYHOI MirpeHi 17118 12,2 11,3/8,8 18,3/22,1
Therapeutic effect for chronic migraine
NNT A7 XpOHISHOI MirpeHi 58155 8,1 8.8/11,3 54/45
NNT for chronic migraine
Bignosigb Ha nikyBaHHS

H i H 1 (9
ONs XpOHiYHOI MirpeHi (%) 27143 0.4 15 _
Response to treatment
for chronic migraine (%)

lMpumimku:

Tmax — Yyac 40 JOCArHEHHS MakCUMarbHOI KOHLEeHTpaLii npenaparTy B KpOBi.

T1/2 — nepiog HaniBpo3nagy npenapary.

NNT (Number Needed to Treat) — kinbkicTb NaLieHTIB, kX NOTPIGHO NikyBaTW ANst AOCATHEHHS! OAHOr0 0AaTKOBOIO NO3UTUBHOIO

pesynbrary.
Notes:

Tmax — Time to reach maximum concentration of the drug in the blood.

T1/2 — Half-life of the drug.

NNT (Number Needed to Treat) — The number of patients that need to be treated to achieve one additional positive outcome.

BUCHOBKMH

JlikyBaHHS pe3ncTeHTHOI Ta pedpakTepHOi XPOHiy-
HOI MirpeHi BMMarae 3acTOCyBaHHSA LUMPOKOroO CrekTpa
dapmakonoriyHmx 3acobiB yepes HeaoCTaTHIO edhekTUB-
HICTb CTaHOapTHUX nigxopiB Ao Tepanii. [1o OCHOBHMX
Knacis npenapaTis  Andg  nNpodinakTMku  Hanexarb
aHTMaenpecaHT, nNpoTveninenTuyHi 3acobu, B-brnoka-
TOpu, GnokaTopu KanbUieBUX KaHamiB, a TakoXx npena-
paTw, Wo BnnueatoTb Ha cuctemy CGRP. Cepep ocTaHHix
0coOnMBO BUAINATLCA renaHTU Ta MOHOKMOHamNbHI
aHTuUTiNa. BukopucTaHHa umx 3acobiB [o3Bonsie Ao0-
CAITM 3HaYHWX pesynbraTiB Yy NiKyBaHHI  NauieHTiB,
y SKMX nonepegHi Metoau Tepanii He 4anu JOCTaTHLOI
edekTmBHOCTIi ab0 MatoTb NPOTMNOKa3aHHs. BuaHavyeHHA T
epaneBTMYHOI HeBaadi abo npoTunokasaHb OO0 TPbOX
Knacis npenapatiB € BaXnuBMM €eTarnoM Ans BCTaHOB-
NeHHs aiarHody pedppakTepHoi MirpeHi ta nnaHyBaHHS
NoAanbLLOro MiKyBaHHSI.

CONCLUSIONS

Treatment of resistant and refractory chronic mig-
raine requires the use of a broad spectrum of pharma-
cological agents due to the insufficient effectiveness
of standard therapeutic approaches. The main drug
classes for prevention include antidepressants, anti-
epileptic drugs, B-blockers, calcium channel blockers,
and drugs that affect the CGRP system. Among these,
gepants and monoclonal antibodies stand out. The use
of these drugs allows for significant results in the treat-
ment of patients in whom previous therapy methods
were ineffective or have contraindications. Identifying
therapeutic failure or contraindications to three classes
of medications is an important step in diagnosing
refractory migraine and planning further treatment.

Gepants, such as rimegepant and ubrogepant, have
shown high effectiveness in treating acute migraine
attacks by blocking CGRP receptors. These drugs are
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lenaHTn, Taki sk puMerenaHT i ybporenaHT, npo-
OEeMOHCTpyBanu BUCOKY eMeKTUBHICTb Mpu NikKyBaHHi
rocTpux HanagiB MirpeHi 3aeasiku 3gaTHOCTI GriokyBaTu
peuentopn CGRP. Ui npenapatv matwoTb nepopanbHy
dopmy BBeAEHHS i 3ab6e3nedvyoTb LWBUAKE AOCATHEHHS
MakcumanbHoOi KoHueHTpauii (Tmax = 1,5 rog) npu
TpuBanomy nepiogi Hanisposnagy (T1/2 = 11 rog ans
pumerenaHTy, 5-7 rog anst yGporenaHTy), WO crpusie
cTabincHoMy 3HeGonoBanbHOMY edekTy. KniHiuHi go-
CRigKeHHs NiATBEPAXYOTb e(EeKTUBHICTb puMerenaHTty
B 3HWXKEHHi iHTeHcMBHOCTI Goni, Wo pobuTb Koro
KOPUCHMM Npu KynipyBaHHi HanagiB mirpeHi. YoporenaHr,
SK | iHWI renaHTW, TakoX OEeMOHCTPYE 3HayHy edeKTuB-
HICTb Y 3MEHLUEHHi 4acToTW Hanagis, WO Big3Ha4YeHo
Y YNCMNEHHUX KNIHIYHUX BUNPOBYBaHHSIX.

MoHoOKMoHanbHi aHTUTINa, HauineHi Ha GnokyBaHHS
peuentopa CGRP abo camoro nentugy CGRP, siBnstoTb
coboto HOBY KaTeropito npenapartiB Ans npodinakTuku
mirpeHi. MNMpenapatu, Taki Sk epeHymab, dopemaHesymab,
rankaHeaymab ta entuHesymab, BnnvBaioTb Ha CGRP
abo oro peuenTopu, 3HUXKYHOYM aKTUBHICTb LibOro nen-
TMAY, SKUI € KNIYOBUM Yy NaToreHesi MirpeHi. Hanpwvknag,
epeHymab € aHTuTInoMm, wo 6rnokye cam peuentop CGRP,
i Mae nepiog HaniBposnagy 28 pfi6. IHwWi npenapaTtw,
Taki sk cppemaHesymab i rankaHeaymab, B3aemofiloTb
GesnocepeaHbo 3 nentugom. Bci ui npenapatn ge-
MOHCTPYIOTb TpuBany edeKTUBHICTb, WO [O03BOMSE
3HWXKYBATU 4YacTOTy HanagiB sk y MNauieHTiB i3 XPOHiy-
HOO, TaK i 3 €Ni30ANYHOI0 MIFPEHHIO.

CydyacHi nigxoauM [0 riKyBaHHS MirpeHi, 3okpema
3a [OMOMOroK renaHTiB i MOHOKNOHANbHUX aHTUTIN,
3HAYHO 3MIHIOIOTb KNACU4Hi YSABMEHHs nNpo Tepanito
LUbOro 3axBOpHOBaHHA. [enaHTW, Taki sk pumerenaHT
i ybporenaHT, ecbeKkTuBHI Ans 3HeOONEeHHs nig vac roct-
pux Hanafie MirpeHi 3aBgsiku 3g4aTHOCTi  GriokyBaTh
peuentopn CGRP, Togi SIKk MOHOKNOHanbHi aHTUTINa,
HauineHi Ha CGRP a6o 1oro peuentopu, 3abe3nevyoTb
TpuBany npodinakTuky. 3okpema, npenapaTtu, sik epeHy-
mab, dpemaHeaymab i enTuHeaymab, nokasanu BUCOKY
€(peKTMBHICTb Yy 3HWXEHHI YacTOTK Hanagis, Wo pobutb
iX BaxnmMBuMKM 3acobamMu ANS NauieHTIB i3 XPOHiYHOM
MirpeHHto. Lli iHHoBaUirHi Tepanii 003BONAOTL CYTTEBO
NOKPAaLUMTUN SIKICTb XUTTSA MNaLi€HTIB, 3MEHLUYYM Hera-
TUBHWIA BMNAMB MirpeHi Ha iX NOBCAKAEHHY AiANbHICTb.
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administered orally and achieve a rapid maximum
concentration (Tmax = 1.5 hours) with a long half-life
(T1/2 = 11 hours for rimegepant, 5-7 hours for
ubrogepant), contributing to a stable analgesic effect.
Clinical studies confirm the effectiveness of rimegepant
in reducing pain intensity, making it useful for relieving
migraine attacks. Ubrogepant, like other gepants, also
demonstrates significant efficacy in reducing attack
frequency, as noted in numerous clinical trials.

Monoclonal antibodies aimed at blocking the CGRP
receptor or the CGRP peptide itself represent a new
category of drugs for migraine prevention. Drugs such as
erenumab, fremanezumab, galcanezumab, and eptine-
zumab target CGRP or its receptors, reducing the activity
of this peptide, which plays a key role in the pathogenesis
of migraine. For example, erenumab is an antibody
that blocks the CGRP receptor itself, with a half-life
of 28 days. Other drugs, such as fremanezumab and
galcanezumab, interact directly with the peptide.
All these drugs demonstrate prolonged efficacy,
reducing attack frequency in both chronic and episodic
migraine patients.

Modern approaches to migraine treatment, parti-
cularly with gepants and monoclonal antibodies,
significantly change the traditional views on therapy for
this disease. Gepants, such as rimegepant and ubro-
gepant, are effective for pain relief during acute migraine
attacks due to their ability to block CGRP receptors,
while monoclonal antibodies targeting CGRP or its
receptors provide long-term prevention. Specifically,
drugs such as erenumab, fremanezumab, and eptine-
zumab have demonstrated high effectiveness in redu-
cing attack frequency, making them essential for patients
with chronic migraine. These innovative therapies
significantly improve patients’ quality of life by reducing
the negative impact of migraine on their daily activities.

REFERENCES

1. Steinmetz JD, Seeher K, Schiess N, Nichols E, Cao B, Servili C,
Cavallera V, Murray CJL et al. Global, regional, and national
burden of disorders affecting the nervous system, 1990-2021:
a systematic analysis of the Global Burden of Disease
Study 2021. The Lancet Neurology. 2024;23(4):344-81. DOI:
https://doi.org/10.1016/S1474-4422(24)00038-3

2. Headache Classification Committee of the International
Headache Society (IHS). The International Classification of
Headache Disorders, 3rd edition. Cephalalgia. 2018;38(1):1-211.
DOI: https://doi.org/10.1177/0333102417738202

3. Onan D, Younis S, Wellsgatnik WD, Farham F, Andruskevicius S,
Abashidze A, Jusupova A, Romanenko Y et al. Debate:
differences and similarities between tension-type headache
and migraine. The Journal of Headache and Pain. 2023;24(1):92.
DOI: https://doi.org/10.1186/s10194-023-01614-0

4. Operto FF, Scuoppo C, Padovano C, Vivenzio V, Belfiore G,
de Simone V, Pistola I, Rinaldi R, Diaspro G et al. Migraine and
epilepsy: Social cognition skills in pediatric population.
European Journal of Paediatric Neurology. 2022;37:68-74. DOI:
https://doi.org/10.1016/j.ejpn.2022.01.011

5. Paungarttner J, Quartana M, Patti L, Sklenarova B, Farham F,
Jiménez IH, Soylu MG, Vlad IM et al. Migraine — a borderland disease
to epilepsy: near it but not of it. The Journal of Headache and Pain.
2024;25(1):11. DOI: https://doi.org/10.1186/s10194-024-01719-0

Ornsp nitepatypu

467

Literature review


https://doi.org/10.1016/S1474-4422(24)00038-3
https://doi.org/10.1177/0333102417738202
https://doi.org/10.1186/s10194-023-01614-0
https://doi.org/10.1016/j.ejpn.2022.01.011
https://doi.org/10.1186/s10194-024-01719-0
https://doi.org/10.1016/S1474-4422(24)00038-3
https://doi.org/10.1177/0333102417738202
https://doi.org/10.1186/s10194-023-01614-0
https://doi.org/10.1016/j.ejpn.2022.01.011
https://doi.org/10.1186/s10194-024-01719-0

McuxiaTpis, HeBponoris Ta meanyHa ncmxonoris. 2024. T. 11. Ne 4(26). C. 447-475
Psychiatry, Neurology and Medical Psychology. 2024;11(4(26)):447-475

ISSN 2312-5675 (Print)
ISSN 2411-166X (Online)

6. Sevivas H., Fresco P. Treatment of resistant chronic migraine 6. Sevivas H, Fresco P. Treatment of resistant chronic migraine
with anti-CGRP monoclonal antibodies: a systematic review. with anti-CGRP monoclonal antibodies: a systematic review.
European Journal of Medical Research. 2022. Vol. 27, Ne 1. 86 p. European Journal of Medical Research. 2022;27(1):86. DOI:
DOI: https://doi.org/10.1186/s40001-022-00716-w https://doi.org/10.1186/s40001-022-007 16-w

7. Tuttolomondo A., Simonetta I. Molecular Research on Migraine: From 7. Tuttolomondo A, Simonetta I. Molecular Research on Migraine: From
Pathogenesisto Treatment. International JournalofMolecular Sciences. Pathogenesis to Treatment. International Journal of Molecular
2023. Vol. 24, Ne 10. 8681 p. DOI: https://doi.org/10.3390/ijms24 108681 Sciences. 2023;24(10):8681. DOI: https://doi.org/10.3390/ijms24108681

8. Ashina S., Mitsikostas D.D., Lee M.J., Yamani N., Wang S.J., 8. Ashina S, Mitsikostas DD, Lee MJ, Yamani N, Wang SJ,
Messina R., Ashina H., Buse D.C.,et al. Tension-type headache. Messina R, Ashina H, Buse DC et al. Tension-type
Nature Reviews Disease Primers. 2021. Vol. 7, Ne 1. 24 p. DOI: headache. Nature Reviews Disease Primers. 2021;7(1):4. DOI:
https://doi.org/10.1038/s41572-021-00257-2 https://doi.org/10.1038/s41572-021-00257-2

9. Ashina M., Katsarava Z., Do T.P., Buse D.C., Pozo-Rosich P., Ozge A., 9. Ashina M, Katsarava Z, Do TP, Buse DC, Pozo-Rosich P, Ozge A,
Krymchantowski A.V., Lebedeva E.R. et al. Migraine: epidemiology Krymchantowski AV, Lebedeva ER et al. Migraine: epidemiology
andsystemsofcare. TheLancet.2021.Vol.397,Ne10283.P.1485-1495. and systems of care. The Lancet. 2021;397(10283):1485-95. DOI:
DOI: https://doi.org/10.1016/S0140-6736(20)32160-7 https://doi.org/10.1016/S0140-6736(20)32160-7

10. Burch R.C., Loder S., Loder E., Smitherman T.A. The prevalence and 10. Burch RC, Loder S, Loder E, Smitherman TA. The prevalence and
burden of migraine and severe headache in the United States: updated burden of migraine and severe headache in the United States: updated
statistics from government health surveillance studies. Headache. statistics from government health surveillance studies. Headache.
2015. Vol. 55, Ne 1. P. 21-34. DOI: https://doi.org/10.1111/head.12482 2015;55(1):21-34. DOI: https://doi.org/10.1111/head. 12482

11. Andermann F. Migraine-epilepsy relationships. Epilepsy Research. 1987. 11. Andermann F. Migraine-epilepsy relationships. Epilepsy Research.
Vol. 1, Ne 4. P. 213-226. DOI: https://doi.org/10.1016/0920-1211(87)90028-3 1987;1(4):213-26. DOI: https://doi.org/10.1016/0920-1211(87)90028-3

12. Bigal M.E., Lipton R.B., Cohen J., Silberstein S.D. Epilepsy and 12. Bigal ME, Lipton RB, Cohen J, Silberstein SD. Epilepsy and
migraine. Epilepsy & Behavior. 2003. Vol. 4, Suppl 2. P. S13-S24. migraine.  Epilepsy & Behavior. 2003;4(2):S13-24. DOI:
DOI: https://doi.org/10.1016/j.yebeh.2003.07.003 https://doi.org/10.1016/j.yebeh.2003.07.003

13. Dodick D.W. Migraine. The Lancet. 2018. Vol. 391, Ne 10127. 13. Dodick DW. Migraine. The Lancet. 2018;391(10127):1315-30.
P. 1315-1330. DOI: https://doi.org/10.1016/S0140-6736(18)30478-1 DOI: https://doi.org/10.1016/S0140-6736(18)30478-1

14. Mollaoglu M. Trigger factors in migraine patients. Journal of  14. Mollaoglu M.  Trigger factors in migraine  patients.
Health Psychology. 2013. Vol. 18, Ne 7. P. 984-994. DOI: Journal of Health Psychology. 2013;18(7):984-94. DOI:
https://doi.org/10.1177/1359105312446773 https://doi.org/10.1177/1359105312446773

15. Kelman L. The triggers or precipitants of the acute migraine 15. Kelman L. The triggers or precipitants of the acute migraine
attack. Cephalalgia. 2007. Vol. 27, Ne 5. P. 394-402. DOI: attack. Cephalalgia. 2007;27(5):394-402. DOI:
https://doi.org/10.1111/j.1468-2982.2007.01303.x https://doi.org/10.1111/j.1468-2982.2007.01303.x

16. Kesserwani H. Migraine Triggers: An Overview of the Pharmacology, 16. Kesserwani H. Migraine Triggers: An Overview of the Pharmacology,
Biochemistry, Atmospherics, and Their Effects on Neural Networks. Cureus. Biochemistry, Atmospherics, and Their Effects on Neural Networks.
2021. Vol. 13, Ne 4. 14243 p. DOI: https://doi.org/10.7759/cureus.14243 Cureus. 2021;3(4):e14243. DOI: https://doi.org/10.7759/cureus.14243

17. GBD 2016 Disease and Injury Incidence and Prevalence Collaborators. 17. GBD 2016 Disease and Injury Incidence and Prevalence Collaborators.
Global, regional, and national incidence, prevalence, and years lived Global, regional, and national incidence, prevalence, and years
with disability for 328 diseases and injuries for 195 countries, lived with disability for 328 diseases and injuries for 195 countries,
1990-2016: a systematic analysis for the Global Burden of Disease 1990-2016: a systematic analysis for the Global Burden of
Study 2016. The Lancet. 2017. Vol. 390, Ne 10100. P. 1211-1259. Disease Study 2016. The Lancet. 2017;390(10100):1211-59. DOI:
DOI: https://doi.org/10.1016/S0140-6736(17)32154-2 https://doi.org/10.1016/S0140-6736(17)32154-2

18. Yuan D., Zhang Y., Li Q.,, Lv Y, Li X,, Yu Y,, Li W,, Tan G. Factors 18. Yuan D, Zhang Y, LiQ, LvY, Li X, Yu Y, Li W, Tan G. Factors Affecting
Affecting Preventive Treatment Outcomes for Patients With Newly Preventive Treatment Outcomes for Patients With Newly Diagnosed
Diagnosed Chronic Migraine and Their Compliance with Treatment Chronic Migraine and Their Compliance with Treatment
Recommendations in Chonggqing Province, China. Frontiers in Neurology. Recommendations in Chongging Province, China. Frontiers in Neurology.
2020. Vol. 11. 227 p. DOI: https://doi.org/10.3389/fneur.2020.00227 2020;11:227. DOI: https://doi.org/10.3389/fneur.2020.00227

19. Karsan N., Bose P., Newman J., Goadsby P.J. Are some patient- 19. Karsan N, Bose P, Newman J, Goadsby PJ. Are some patient-
perceived migraine triggers simply early manifestations of the attack? perceived migraine triggers simply early manifestations of
Journal of Neurology. 2021. Vol. 268, Ne5. P. 1885-1893. DOI: the attack? Journal of Neurology. 2021;268(5):1885-93. DOI:
https://doi.org/10.1007/s00415-020-10344-1 https://doi.org/10.1007/s00415-020-10344-1

20. Burch R. Preventive ~ Migraine  Treatment. Continuum 20. Burch R. Preventive ~ Migraine  Treatment. Continuum
(Minneapolis, Minnesota). 2021. Vol. 27, Ne 3. P. 613-632. DOI: (Minneapolis, Minnesota). 2021;27(3):613-32. DOI:
https://doi.org/10.1212/CON.0000000000000957 https://doi.org/10.1212/CON.0000000000000957

21. Silvestro M., lannone L.F., Orologio I., Tessitore A., Tedeschi G., 21. Silvestro M, lannone LF, Orologio |, Tessitore A, Tedeschi G, Geppetti P,
GeppettiP.,RussoA.Migraine Treatment: TowardsNewPharmacological Russo A. Migraine Treatment: Towards New Pharmacological Targets.
Targets. International Journal of Molecular Sciences. 2023. Vol. 24, International Journal of Molecular Sciences. 2023;24(15):12268.
Ne 15. 12268 p. DOI: https://doi.org/10.3390/ijms241512268 DOI: https://doi.org/10.3390/ijms24 1512268

22. Oy6exko O.E. KanbUMTOHWH-TeH-CBA3AHHBIN NenTua Npu MUMPeHU: 22. Dubenko OE. Calcitonin gene-related peptide in migraine:
naToreHeTU4eckuii akTop U TepaneBTUYeckas MulieHb (0630p). pathogenetic factor and therapeutic target (review). International
Mex0dyHapoOdHbIli  Hesponoaudeckuli  xypHan. 2018. Ne 2(96). Neurological Journal. 2018;2(96):38—44. (In Ukrainian). DOI:
C. 38-44.DOI: https://doi.org/10.22141/2224-0713.2.96.2018.130481 https://doi.org/10.22141/2224-0713.2.96.2018.130481

23. Page M.J., McKenzie J.E., Bossuyt P.M., Boutron I., Hoffmann T.C., 23. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC,
Mulrow C.D. et al. The PRISMA 2020 statement: an updated Mulrow CD et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ. 2021. Vol. 372. n71 p. guideline for reporting systematic reviews. BMJ. 2021;372:n71.
DOI: https://doi.org/10.1136/bmj.n71 DOI: https://doi.org/10.1136/bmj.n71

24. Rattanawong W., Rapoport A., Srikiatkhachorn A. Medication 24. Rattanawong W, Rapoport A, Srikiatkhachorn A. Medication
«underuse» headache. Cephalalgia. 2024. Vol. 44, Ne 4. DOI: «underuse» headache. Cephalalgia. 2024;44(4). DOI:
https://doi.org/10.1177/0333102424 1245658 https://doi.org/10.1177/0333102424 1245658

25. Adams A.M., Serrano D., Buse D.C., Reed M.L.,, Marske V., 25. Adams AM, Serrano D, Buse DC, Reed ML, Marske V,
Fanning K.M., Lipton R.B. The impact of chronic migraine: Fanning KM, Lipton RB. The impact of chronic migraine:
The Chronic Migraine Epidemiology and Outcomes (CaMEO) Study The Chronic Migraine Epidemiology and Outcomes (CaMEO)
methods and baseline results. Cephalalgia. 2015. Vol. 35, Ne 7. Study methods and baseline results. Cephalalgia. 2015;35(7):563-78.
P. 563-578. DOI: https://doi.org/10.1177/03331024 1455253 DOI: https://doi.org/10.1177/033310241455253

26. Negro A., Sciattella P., Rossi D., Guglielmetti M., Martelletti P., 26. Negro A, Sciattella P, Rossi D, Guglielmetti M, Martelletti P,
Mennini F.S. Cost of chronic and episodic migraine patients in Mennini FS. Cost of chronic and episodic migraine patients in
continuous treatment for two years in a tertiary level headache continuous treatment for two years in a tertiary level headache
centre. The Journal of Headache and Pain. 2019. Vol. 20, Ne 1. 120 p. centre. The Journal of Headache and Pain. 2019;20(1):120. DOI:
DOI: https://doi.org/10.1186/s10194-019-1068-y https://doi.org/10.1186/s10194-019-1068-y

27. May A., Schulte L.H. Chronic migraine: risk factors, mechanisms 27. May A, Schulte LH. Chronic migraine: risk factors, mechanisms
and treatment. Nature Reviews Neurology. 2016. Vol. 12, Ne 8. and treatment. Nature Reviews Neurology. 2016;12(8):455-64. DOI:
P. 455-464. DOI: https://doi.org/10.1038/nrneurol.2016.93 https://doi.org/10.1038/nrneurol.2016.93

28. LiptonR.B.,BuseD.C.,NahasS.J., Tietien G.E.,Martin V.T.,L6fE., BrevigT., 28. Lipton RB, Buse DC, Nahas SJ, Tietien GE, Martin VT, L6f E, Brevig T,
Cady R. et al. Risk factors for migraine disease progression: a narrative Cady R et al. Risk factors for migraine disease progression: a narrative
reviewforapatient-centered approach. Journal of Neurology. 2023.Vol. 270, review for a patient-centered approach. Journal of Neurology.
Ne 12. P. 5692-5710. DOI: https://doi.org/10.1007/s00415-023-11880-2 2023;270(12):5692—710. DOI: https://doi.org/10.1007/s00415-023-11880-2

Ornsag nitepatypu 468 Literature review


https://doi.org/10.1186/s40001-022-00716-w
https://doi.org/10.3390/ijms24108681
https://doi.org/10.1038/s41572-021-00257-2
https://doi.org/10.1016/S0140-6736(20)32160-7
https://doi.org/10.1111/head.12482
https://doi.org/10.1016/0920-1211(87)90028-3
https://doi.org/10.1016/j.yebeh.2003.07.003
https://doi.org/10.1016/S0140-6736(18)30478-1
https://doi.org/10.1177/1359105312446773
https://doi.org/10.1111/j.1468-2982.2007.01303.x
https://doi.org/10.7759/cureus.14243
https://doi.org/10.1016/S0140-6736(17)32154-2
https://doi.org/10.3389/fneur.2020.00227
https://doi.org/10.1007/s00415-020-10344-1
https://doi.org/10.1212/CON.0000000000000957
https://doi.org/10.3390/ijms241512268
https://doi.org/10.22141/2224-0713.2.96.2018.130481
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1177/03331024241245658
https://doi.org/10.1177/033310241455253
https://doi.org/10.1186/s10194-019-1068-y
https://doi.org/10.1038/nrneurol.2016.93
https://doi.org/10.1007/s00415-023-11880-2
https://doi.org/10.1186/s40001-022-00716-w
https://doi.org/10.3390/ijms24108681
https://doi.org/10.1038/s41572-021-00257-2
https://doi.org/10.1016/S0140-6736(20)32160-7
https://doi.org/10.1111/head.12482
https://doi.org/10.1016/0920-1211(87)90028-3
https://doi.org/10.1016/j.yebeh.2003.07.003
https://doi.org/10.1016/S0140-6736(18)30478-1
https://doi.org/10.1177/1359105312446773
https://doi.org/10.1111/j.1468-2982.2007.01303.x
https://doi.org/10.7759/cureus.14243
https://doi.org/10.1016/S0140-6736(17)32154-2
https://doi.org/10.3389/fneur.2020.00227
https://doi.org/10.1007/s00415-020-10344-1
https://doi.org/10.1212/CON.0000000000000957
https://doi.org/10.3390/ijms241512268
https://doi.org/10.22141/2224-0713.2.96.2018.130481
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1177/03331024241245658
https://doi.org/10.1177/033310241455253
https://doi.org/10.1186/s10194-019-1068-y
https://doi.org/10.1038/nrneurol.2016.93
https://doi.org/10.1007/s00415-023-11880-2

McuxiaTpis, HeBponoris Ta meanyHa ncmxonoris. 2024. T. 11. Ne 4(26). C. 447-475
Psychiatry, Neurology and Medical Psychology. 2024;11(4(26)):447-475

ISSN 2312-5675 (Print)
ISSN 2411-166X (Online)

29.

30.

Pozo-Rosich P., Carmo M., Mufiz A., Armada B., Moya-Alarcén C.,
Pascual J. Migraine treatment: quo vadis? Real-world data study
(2015-2022) in Spain. BMC Neurology. 2024. Vol. 24, Ne 1. 107 p.
DOI: https://doi.org/10.1186/s12883-024-03600-8

Katsarava Z., Buse D.C., Manack A.N., Lipton R.B. Defining the
differences between episodic migraine and chronic migraine.
Current Pain and Headache Reports. 2012. Vol. 16, Ne 1. P. 86-92.
DOI: https://doi.org/10.1007/s11916-011-0233-z

29.

30.

Pozo-Rosich P, Carmo M, Mufiz A, Armada B, Moya-Alarcén C,
Pascual J. Migraine treatment: quo vadis? Real-world data
study (2015-2022) in Spain. BMC Neurology. 2024;24(1):107. DOI:
https://doi.org/10.1186/s12883-024-03600-8

Katsarava Z, Buse DC, Manack AN, Lipton RB. Defining the
differences between episodic migraine and chronic migraine.
Current Pain and Headache Reports. 2012;16(1):86-92. DOI:
https://doi.org/10.1007/s11916-011-0233-z

31. Fernandez-FerroJ.,Ordas-BanderaC.,RejasJ.,Ferro-ReyB.,Gomez-LusS. 31. Fernandez-Ferro J, Ordas-Bandera C, Rejas J, Ferro-Rey B,
EE504 EkoHOMiYHWIA Tsirap MirpeHi B IcnaHii: 3aranbHOHaLiOHanbHWM Gomez-Lus S. EE504 The economic burden of migraine in Spain:
nigxia 4o BapTocTi XBOPOGM 3 EBPONENCHKOrO OISy OXOPOHW 300POB’S a nationwide approach to the cost of iliness from the 2020 European
2020 poky B lIcnanii. LliHyime 30opog’s. 2022. Vol. 25, Ne 12. Health Survey in Spain. Value your health. 2022;25(12):S154-5.
P. S154-S155. DOI: https://doi.org/10.1016/j.jval.2022.09.746 (In Ukrainian). DOI: https://doi.org/10.1016/j.jval.2022.09.746

32. Blumenfeld A.M., Bloudek L.M., Becker W.J., Buse D.C., Varon S.F., 32. Blumenfeld AM, Bloudek LM, Becker WJ, Buse DC, Varon SF,
Maglinte G.A. et al. Patterns of use and reasons for discontinuation Maglinte GA et al. Patterns of use and reasons for discontinuation
of prophylactic medications for episodic migraine and chronic of prophylactic medications for episodic migraine and chronic
migraine: results from the second international burden of migraine migraine: results from the second international burden of
study (IBMS-Il). Headache. 2013. Vol. 53, Ne 4. P. 644-655. DOI: migraine study (IBMS-Il). Headache. 2013;53(4):644-55. DOI:
https://doi.org/10.1111/head.12055 https://doi.org/10.1111/head.12055

33. Ornello R., Andreou A.P., De Matteis E., Jurgens T.P., Minen M.T., 33. Ornello R, Andreou AP, De Matteis E, Jirgens TP, Minen MT,
Sacco S. Resistant and refractory migraine: clinical presentation, Sacco S. Resistant and refractory migraine: clinical presentation,
pathophysiology, and management. EBioMedicine. 2024. Vol. 99. pathophysiology, and management. EBioMedicine. 2024;99:104943.
104943 p. DOI: https://doi.org/10.1016/j.ebiom.2023.104943 DOI: https://doi.org/10.1016/j.ebiom.2023.104943

34. CohenC.F.,RohJ., Lee S.H.,Park C.K., Berta T. Targeting Nociceptive 34. Cohen CF, Roh J, Lee SH, Park CK, Berta T. Targeting Nociceptive
Neurons and Transient Receptor Potential Channels for the Treatment Neurons and Transient Receptor Potential Channels for the Treatment
of Migraine. International Journal of Molecular Sciences. 2023. of Migraine. International Journal of Molecular Sciences.
Vol. 24, Ne 9. 7897 p. DOI: https://doi.org/10.3390/ijms24097897 2023;24(9):7897. DOI: https://doi.org/10.3390/ijms24097897

35. MoskowitzM.A.,ReinhardJ.F.Jr.,RomeroJ.,MelamedE.,PettiboneD.J. 35. Moskowitz MA, Reinhard JFJr, Romero J, Melamed E, Pettibone DJ.
Neurotransmitters and the fifth cranial nerve: is there a relation to Neurotransmitters and the fifth cranial nerve: is there a relation to
the headache phase of migraine? The Lancet. 1979. Vol. 2, Ne 8148. the headache phase of migraine? The Lancet. 1979;2(8148):883-5.
P. 883-885. DOI: https://doi.org/10.1016/s0140-6736(79)92692-8 DOI: https://doi.org/10.1016/s0140-6736(79)92692-8

36. Ashina M., Hansen J.M., Do T.P., Melo-Carrillo A., Burstein R., 36. Ashina M, Hansen JM, Do TP, Melo-Carrillo A, Burstein R,
Moskowitz M.A. Migraine and the trigeminovascular system - Moskowitz MA. Migraine and the trigeminovascular system -
40 years and counting. The Lancet Neurology. 2019. Vol. 18, Ne 8. 40 years and counting. The Lancet Neurology. 2019;18(8):795-804.
P. 795-804. DOI: https://doi.org/10.1016/S1474-4422(19)30185-1 DOI: https://doi.org/10.1016/S1474-4422(19)30185-1

37. Moskowitz M.A. The neurobiology of vascular head pain. Annals of Neurology. 37. MoskowitzMA.Theneurobiologyofvascularheadpain. AnnalsofNeurology.
1984. Vol. 16, Ne 2. P. 157—168. DOI: https://doi.org/10.1002/ana.410160202 1984;16(2):157—-68. DOI: https://doi.org/10.1002/ana.410160202

38. Mason B.N., Russo A.F. Vascular Contributions to Migraine: Time 38. Mason BN, Russo AF. Vascular Contributions to Migraine: Time
to Revisit? Frontiers in Cellular Neuroscience. 2018. Vol. 12. 233 p. to Revisit? Frontiers in Cellular Neuroscience. 2018;12:233. DOI:
DOI: https://doi.org/10.3389/fncel.2018.00233 https://doi.org/10.3389/fncel.2018.00233

39. MayA., Gijsman H.J., WallnéferA., Jones R., Diener H.C., Ferrari M.D. 39. May A, Gijsman HJ, Wallnéfer A, Jones R, Diener HC, Ferrari MD.
Endothelin antagonist bosentan blocks neurogenic inflammation, but Endothelin antagonist bosentan blocks neurogenic inflammation, but
is not effective in aborting migraine attacks. Pain. 1996. Vol. 67, is not effective in aborting migraine attacks. Pain. 1996;67(2-3):375—
Ne 2-3. P. 375-378. DOI: https://doi.org/10.1016/0304-3959(96)03137-5 8. DOI: https://doi.org/10.1016/0304-3959(96)03137-5

40. Burstein R., Noseda R., Borsook D. Migraine: multiple processes, 40. BursteinR,NosedaR,BorsookD.Migraine: multiple processes,complex
complexpathophysiology. Journalof Neuroscience.2015.Vol.35,Ne17. pathophysiology. Journal of Neuroscience. 2015;35(17):6619-29.
P.6619-6629. DOI: https://doi.org/10.1523/JNEUROSCI.0373-15.2015 DOI: https://doi.org/10.1523/JNEUROSCI.0373-15.2015

41. Burstein R., Jakubowski M. Unitary hypothesis for multiple triggers of ~ 41. Burstein R, Jakubowski M. Unitary hypothesis for multiple triggers of
the pain and strain of migraine. Journal of Comparative Neurology. the pain and strain of migraine. Journal of Comparative Neurology.
2005. Vol. 493, Ne 1. P. 9-14. DOI: https://doi.org/10.1002/cne.20688 2005;493(1):9—14. DOI: https://doi.org/10.1002/cne.20688

42. Puledda F., Silva E.M., Suwanlaong K., Goadsby P.J. Migraine: from 42. Puledda F, Silva EM, Suwanlaong K, Goadsby PJ. Migraine: from
pathophysiology to treatment. Journal of Neurology. 2023. Vol. 270, pathophysiology to treatment. Journal of Neurology. 2023;270(7):3654—
Ne 7. P. 3654-3666. DOI: https://doi.org/10.1007/s00415-023-11706-1 66. DOI: https://doi.org/10.1007/s00415-023-11706-1

43. Goadsby P.J., Holland P.R. An Update: Pathophysiology of 43. Goadsby PJ, Holland PR. An Update: Pathophysiology
Migraine. Neurologic Clinics. 2019. Vol. 37, Ne 4. P. 651-671. DOI: of Migraine. Neurologic Clinics. 2019;37(4):651-71. DOI:
https://doi.org/10.1016/j.ncl.2019.07.008 https://doi.org/10.1016/j.ncl.2019.07.008

44. Dampney R.A. The hypothalamus and autonomic regulation: 44. Dampney RA. The hypothalamus and autonomic regulation:
an overview. Central regulation of autonomic functions. New York: an overview. Central regulation of autonomic functions. New York:
Oxford University Press; 2011. P. 47-61. Oxford University Press; 2011:47-61.

45. Bear M.H., Reddy V., Bollu P.C. Neuroanatomy, Hypothalamus. 2022. 45. Bear MH, Reddy V, Bollu PC. Neuroanatomy, Hypothalamus. 2022.
In: StatPearls. Treasure Island (FL): StatPearls Publishing; 2025. In: StatPearls. Treasure Island (FL): StatPearls Publishing; 2025.

46. Akerman S., Holland P.R., Summ O., Lasalandra M.P., Goadsby P.J. 46. Akerman S, Holland PR, Summ O, Lasalandra MP, Goadsby PJ.
A translational in vivo model of trigeminal autonomic cephalalgias: A translational in vivo model of trigeminal autonomic cephalalgias:
therapeuticcharacterization. Brain.2012.Vol. 135, Pt.12.P.3664-3675. therapeutic characterization. Brain. 2012;135(12):3664-75. DOI:
DOI: https://doi.org/10.1093/brain/aws249 https://doi.org/10.1093/brain/aws249

47. Olesen J., Burstein R., Ashina M., Tfelt-Hansen P. The origin 47. Olesen J, Burstein R, Ashina M, Tfelt-Hansen P. The origin
of migraine pain: evidence for peripheral sensitization. of migraine pain: evidence for peripheral sensitization.
The Lancet Neurology. 2009. Vol. 8, Ne 7. P. 679-690. DOI: The Lancet Neurology. 2009;8(7):679-90. DOI:
https://doi.org/10.1016/S1474-4422(09)70090-0 https://doi.org/10.1016/S1474-4422(09)70090-0

48. ChenY,, Liu X., Xu S., Huang B. Anatomy of the Trigeminal Nerve and Its 48. ChenY, Liu X, Xu S, Huang B. Anatomy of the Trigeminal Nerve and
Clinical Significance Via Fusion of Computed Tomography and Magnetic Its Clinical Significance Via Fusion of Computed Tomography and
Resonance Imagery. Pain Physician. 2022. Vol. 25, Ne 2. P. E293—-E298. Magnetic Resonance Imagery. Pain Physician. 2022;25(2):E293-8.

49. Pietrobon D., Moskowitz M.A. Pathophysiology of migraine. 49. Pietrobon D, Moskowitz MA. Pathophysiology of migraine.
Annual Review of Physiology. 2013. Vol. 75. P. 365-391. DOI: Annual  Review of  Physiology. 2013;75:365-91. DOI:
https://doi.org/10.1146/annurev-physiol-030212-183717 https://doi.org/10.1146/annurev-physiol-030212-183717

50. Carneiro-Nascimento S., Levy D. Cortical spreading depression 50. Carneiro-Nascimento S, Levy D. Cortical spreading depression
and meningeal nociception. Neurobiology of Pain. 2022. Vol. 11. and meningeal nociception. Neurobiology of Pain. 2022;11:100091.
100091 p. DOI: https://doi.org/10.1016/j.ynpai.2022.100091 DOI: https://doi.org/10.1016/j.ynpai.2022.100091

51. Fordsmann J.C., Ko R.W.,, Choi H.B., Thomsen K., Witgen B.M., 51. Fordsmann JC, Ko RW, Choi HB, Thomsen K, Witgen BM,
Mathiesen C. et al. Increased 20-HETE synthesis explains Mathiesen C et al. Increased 20-HETE synthesis explains
reduced cerebral blood flow but not impaired neurovascular reduced cerebral blood flow but not impaired neurovascular
coupling after cortical spreading depression in rat cerebral cortex. coupling after cortical spreading depression in rat cerebral
Journal of Neuroscience. 2013. Vol. 33, Ne 6. P. 2562-2570. DOI: cortex. Journal of Neuroscience. 2013;33(6):2562-70. DOI:
https://doi.org/10.1523/JNEUROSCI.2308-12.2013 https://doi.org/10.1523/JNEUROSCI.2308-12.2013

Ornsag nitepatypu 469 Literature review


https://doi.org/10.1186/s12883-024-03600-8
https://doi.org/10.1007/s11916-011-0233-z
https://doi.org/10.1016/j.jval.2022.09.746
https://doi.org/10.1111/head.12055
https://doi.org/10.1016/j.ebiom.2023.104943
https://doi.org/10.3390/ijms24097897
http://J.F.Jr
https://doi.org/10.1016/s0140-6736(79)92692-8
https://doi.org/10.1016/S1474-4422(19)30185-1
https://doi.org/10.1002/ana.410160202
https://doi.org/10.3389/fncel.2018.00233
https://doi.org/10.1016/0304-3959(96)03137-5
https://doi.org/10.1523/JNEUROSCI.0373-15.2015
https://doi.org/10.1002/cne.20688
https://doi.org/10.1007/s00415-023-11706-1
https://doi.org/10.1016/j.ncl.2019.07.008
https://doi.org/10.1093/brain/aws249
https://doi.org/10.1016/S1474-4422(09)70090-0
https://doi.org/10.1146/annurev-physiol-030212-183717
https://doi.org/10.1016/j.ynpai.2022.100091
https://doi.org/10.1523/JNEUROSCI.2308-12.2013
https://doi.org/10.1186/s12883-024-03600-8
https://doi.org/10.1007/s11916-011-0233-z
https://doi.org/10.1016/j.jval.2022.09.746
https://doi.org/10.1111/head.12055
https://doi.org/10.1016/j.ebiom.2023.104943
https://doi.org/10.3390/ijms24097897
https://doi.org/10.1016/s0140-6736(79)92692-8
https://doi.org/10.1016/S1474-4422(19)30185-1
https://doi.org/10.1002/ana.410160202
https://doi.org/10.3389/fncel.2018.00233
https://doi.org/10.1016/0304-3959(96)03137-5
https://doi.org/10.1523/JNEUROSCI.0373-15.2015
https://doi.org/10.1002/cne.20688
https://doi.org/10.1007/s00415-023-11706-1
https://doi.org/10.1016/j.ncl.2019.07.008
https://doi.org/10.1093/brain/aws249
https://doi.org/10.1016/S1474-4422(09)70090-0
https://doi.org/10.1146/annurev-physiol-030212-183717
https://doi.org/10.1016/j.ynpai.2022.100091
https://doi.org/10.1523/JNEUROSCI.2308-12.2013

McuxiaTpis, HeBponoris Ta meanyHa ncmxonoris. 2024. T. 11. Ne 4(26). C. 447-475
Psychiatry, Neurology and Medical Psychology. 2024;11(4(26)):447-475

ISSN 2312-5675 (Print)
ISSN 2411-166X (Online)

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

RussoA.F.,Hay D.L. CGRP physiology, pharmacology, and therapeutic
targets: migraine and beyond. Physiological Reviews. 2023. Vol. 103,
Ne 2. P. 1565-1644. DOI: https://doi.org/10.1152/physrev.00059.2021
Levy D., Moskowitz M.A. Meningeal Mechanisms and the Migraine
Connection. Annual Review of Neuroscience. 2023. Vol. 46. P. 39-58.
DOI: https://doi.org/10.1146/annurev-neuro-080422-105509
Edvinsson L., Haanes K.A., Warfvinge K., Krause D.N. CGRP as the
target of new migraine therapies — successful translation from bench
to clinic. Nature Reviews Neurology. 2018. Vol. 14, Ne 6. P. 338-350.
DOI: https://doi.org/10.1038/s41582-018-0003-1

Kowacs P.A., Sampaio Rocha-Filho P.A., Peres M.F.P., Edvinsson L.
The history and rationale of the development of new drugs for
migraine treatment. Arquivos de Neuro-Psiquiatria. 2023.Vol.81,Ne 12.
P. 1084-1097. DOI: https://doi.org/10.1055/s-0043-1777723

Mapgkmx ®.B., CtenaHiok H.[.  BiHOOPOH: nepLunii  yKpaiHChKWiA
racTponpoTekTop — aroHicT BaHinoigHux peuentopis  (TRPV1).
®apmakonoeis ma nikapcbka mokcukoroais. 2016. Ne 4-5(50). C. 20-29.
URL: https://www.researchgate.net/publication/310075126_Vinboron_
first_Ukrainian_gastroprotector_-_agonist_vanilloid_receptor_ TRPV1
Eftekhari S., Salvatore C.A., Calamari A., Kane S.A., Tajti J.,
Edvinsson L. Differential distribution of calcitonin gene-related
peptide and its receptor components in the human trigeminal
ganglion. Neuroscience. 2010. Vol. 169, Ne 2. P. 683-696.
DOI: https://doi.org/10.1016/j.neuroscience.2010.05.016

lyengar S., Johnson K.W., Ossipov M.H., Aurora S.K. CGRP and
the Trigeminal System in Migraine. Headache. 2019. Vol. 59, Ne 5.
P. 659-681. DOI: https://doi.org/10.1111/head.13529
Cernuda-MorollénE., LarrosaD.,Ramén C., Vega J., Martinez-Camblor P,
Pascual J. Interictal increase of CGRP levels in peripheral blood as
a biomarker for chronic migraine. Neurology. 2013. Vol. 81, Ne 14.
P. 1191-1196. DOI: https://doi.org/10.1212/WNL.0b013e3182a6cb72
Cernuda-Morollén E., Martinez-Camblor P., Ramoén C., Larrosa D.,
Serrano-Pertierra E., Pascual J. CGRP and VIP levels as predictors of
efficacy of OnabotulinumtoxintypeAinchronicmigraine. Headache.2014.
Vol. 54, Ne 6. P. 987-995. DOI: https://doi.org/10.1111/head.12372
Cernuda-MorollonE.,RamonC.,Martinez-CamblorP., Serrano-PertierraE.,
Larrosa D., Pascual J. OnabotulinumtoxinA decreases interictal CGRP
plasma levels in patients with chronic migraine. Pain. 2015. Vol. 156, Ne 5.
P. 820-824. DOI: https://doi.org/10.1097/j.pain.0000000000000119
Juhasz G., Zsombok T., Jakab B., Nemeth J., Szolcsanyi J., Bagdy G.
Sumatriptan causes parallel decrease in plasma calcitonin gene-
related peptide (CGRP) concentration and migraine headache during
nitroglycerin induced migraine attack. Cephalalgia. 2005. Vol. 25, Ne 3.
P. 179-183. DOI: https://doi.org/10.1111/j.1468-2982.2005.00836.x
Cady R.K,, Vause C.V,, Ho T.W., Bigal M.E., Durham P.L. Elevated
saliva calcitonin gene-related peptide levels during acute migraine
predict therapeutic response to rizatriptan. Headache. 2009. Vol. 49,
Ne 9. P. 1258-1266. DOI: https://doi.org/10.1111/j.1526-4610.2009.01523.x
Brain S.D., Williams T.J., Tippins J.R., Morris H.R., Macintyre 1.
Calcitonin gene-related peptide is a potent vasodilator. Nature. 1985.
Vol. 313. P. 54-56. DOI: https://doi.org/10.1038/313054a0

Brain S.D., Tippins J.R., Morris H.R., Maclintyre |., Williams T.J.
Potent vasodilator activity of calcitonin gene-related peptide in human
skin. Journal of Investigative Dermatology. 1986. Vol. 87. P. 533-536.
DOI: https://doi.org/10.1111/1523-1747.ep12455620

Brain S.D., Grant A.D. Vascular actions of calcitonin gene-related
peptide and adrenomedullin. Physiological Reviews. 2004. Vol. 84.
P. 903-934. DOI: https://doi.org/10.1152/physrev.00037.2003

Ando K., Pegram B.L., Frohlich E.D. Hemodynamic effects of calcitonin
gene-related peptide in spontaneously hypertensive rats. American Journal
of Physiology: Integrative and Comparative Physiology. 1990. Vol. 258.
P. R425-R429. DOI: https://doi.org/10.1152/ajpregu.1990.258.2.R425
Gardiner S.M., Compton A.M., Kemp P.A., Bennett T., Bose C.,
Foulkes R., Hughes B. Antagonistic effect of human alpha-calcitonin
gene-related peptide (8-37) on regional hemodynamic actions of rat
islet amyloid polypeptide in conscious Long-Evans rats. Diabetes.
1991. Vol. 40. P. 948-951. DOI: https://doi.org/10.2337/diab.40.8.948
Edvinsson L., Haanes K.A., Warfvinge K., Krause D.N. CGRP as the
target of new migraine therapies — successful translation from bench
to clinic. Nature Reviews Neurology. 2018. Vol. 14. P. 338-350.
DOI: https://doi.org/10.1038/s41582-018-0003-1

Goadsby P.J., Dodick D.W., Ailani J., Trugman J.M., Finnegan M., LuK.,
Szegedi A. Safety, tolerability, and efficacy of orally administered
atogepantforthepreventionofepisodicmigraineinadults:adouble-blind,
randomised phase 2b/3 trial. The Lancet Neurology. 2020. Vol. 19.
P. 727-737. DOI: https://doi.org/10.1016/S1474-4422(20)30234-9
Goadsby P.J., Lipton R.B., Ferrari M.D. Migraine—current
understanding and treatment. The New England Journal of Medicine.
2002. Vol. 346. P. 257-270. DOI: https://doi.org/10.1056/NEJMra010917
Messlinger K. Migraine: where and how does the pain originate?
Experimental Brain Research. 2009. Vol. 196. P. 179-193. DOI:
https://doi.org/10.1007/s00221-009-1756-y

Edvinsson L., Haanes K.A., Warfvinge K. Does inflammation have
a role in migraine? Nature Reviews Neurology. 2019. Vol. 15.
P. 483-490. DOI: https://doi.org/10.1038/s41582-019-0216-y

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Russo AF, Hay DL. CGRP physiology, pharmacology, and therapeutic
targets: migraine and beyond. Physiological Reviews. 2023;103(2):1565—
644. DOI: https://doi.org/10.1152/physrev.00059.2021

Levy D, Moskowitz MA. Meningeal Mechanisms and the Migraine
Connection. Annual Review of Neuroscience. 2023;46:39-58. DOI:
https://doi.org/10.1146/annurev-neuro-080422-105509

Edvinsson L, Haanes KA, Warfvinge K, Krause DN. CGRP as the target
of new migraine therapies — successful translation from bench
to clinic. Nature Reviews — Neurology. 2018;14(6):338-50. DOI:
https://doi.org/10.1038/s41582-018-0003-1

Kowacs PA, Sampaio Rocha-Filho PA, Peres MFP, Edvinsson L.
The history and rationale of the development of new drugs for migraine
treatment. Arquivos de Neuro-Psiquiatria. 2023;81(12):1084-97.
DOI: https://doi.org/10.1055/s-0043-1777723

Hladkykh FV, Stepaniuk NG. Vinboron: the first Ukrainian gastro-
protector — a vanilloid receptor agonist (TRPV1). Pharmacology and
medicinal toxicology. 2016;4-5(50):20-9. (In Ukrainian).URL: https://
www.researchgate.net/publication/310075126_Vinboron_first_
Ukrainian_gastroprotector_-_agonist_vanilloid_receptor_ TRPV1
Eftekhari S, Salvatore CA, Calamari A, Kane SA, Tajti J,
Edvinsson L. Differential distribution of calcitonin gene-related
peptide and its receptor components in the human
trigeminal ganglion. Neuroscience. 2010;169(2):683-96. DOI:
https://doi.org/10.1016/j.neuroscience.2010.05.016

lyengar S, Johnson KW, Ossipov MH, Aurora SK. CGRP and
the Trigeminal System in Migraine. Headache. 2019;59(5):659-81.
DOI: https://doi.org/10.1111/head.13529

Cernuda-Morollén E, LarrosaD, Ramén C, Vega J, Martinez-Camblor P,
Pascual J. Interictal increase of CGRP levels in peripheral blood as
a biomarker for chronic migraine. Neurology. 2013;81(14):1191-6.
DOI: https://doi.org/10.1212/WNL.0b013e3182a6cb72
Cernuda-Morollén E, Martinez-Camblor P, Ramoén C, Larrosa D, Ser-
rano-Pertierra E, Pascual J. CGRP and VIP levels as predictors of
efficacy of Onabotulinumtoxin type A in chronic migraine. Headache.
2014;54(6):987-95. DOI: https://doi.org/10.1111/head.12372
Cernuda-MorollonE,RamoénC,Martinez-CamblorP, Serrano-PertierraE,
Larrosa D, Pascual J. OnabotulinumtoxinA decreases interictal CGRP
plasmalevelsin patients with chronic migraine. Pain.2015;156(5):820—4.
DOI: https://doi.org/10.1097/j.pain.0000000000000119

Juhasz G, Zsombok T, Jakab B, Nemeth J, Szolcsanyi J, Bagdy G.
Sumatriptan causes parallel decrease in plasma calcitonin gene-related
peptide (CGRP) concentration and migraine headache during
nitroglycerin induced migraine attack. Cephalalgia. 2005;25(3):179—
83. DOI: https://doi.org/10.1111/j.1468-2982.2005.00836.x

Cady RK, Vause CV, Ho TW, Bigal ME, Durham PL. Elevated saliva
calcitonin gene-related peptide levels during acute migraine predict
therapeutic response to rizatriptan. Headache. 2009;49(9):1258-66.
DOI: https://doi.org/10.1111/j.1526-4610.2009.01523.x

Brain SD, Williams TJ, Tippins JR, Morris HR, Maclintyre I. Calcitonin
gene-related peptide is a potent vasodilator. Nature. 1985;313:54-56.
DOI: https://doi.org/10.1038/313054a0

Brain SD, Tippins JR, Morris HR, Macintyre |, Wiliams TJ.
Potent vasodilator activity of calcitonin gene-related peptide in
human skin. Journal of Investigative Dermatology. 1986;87:533-6.
DOI: https://doi.org/10.1111/1523-1747.ep12455620

Brain SD, Grant AD. Vascular actions of calcitonin gene-related
peptide and adrenomedullin. Physiological Reviews. 2004;84:903—
34. DOI: https://doi.org/10.1152/physrev.00037.2003

Ando K, Pegram BL, Frohlich ED. Hemodynamic effects of calcitonin
gene-related peptide in spontaneously hypertensive rats. American
Journal of Physiology: Integrative and Comparative Physiology.
1990;258:R425-9. DOI: https://doi.org/10.1152/ajpregu.1990.258.2.R425
Gardiner SM, Compton AM, Kemp PA, Bennett T, Bose C, Foulkes R,
Hughes B. Antagonistic effect of human alpha-calcitonin gene-related
peptide (8-37) on regional hemodynamic actions of rat islet amyloid
polypeptide in conscious Long-Evans rats. Diabetes. 1991;40:948—
51. DOI: https://doi.org/10.2337/diab.40.8.948

Edvinsson L, Haanes KA, Warfvinge K, Krause DN. CGRP as the
target of new migraine therapies — successful translation from
bench to clinic. Nature Reviews Neurology. 2018;14:338-50. DOI:
https://doi.org/10.1038/s41582-018-0003-1

Goadsby PJ, Dodick DW, Ailani J, Trugman JM, Finnegan M, Lu K,
Szegedi A. Safety, tolerability, and efficacy of orally administered
atogepantforthepreventionofepisodicmigraineinadults:adouble-blind,
randomised phase 2b/3 trial. The Lancet Neurology. 2020;19:727-37.
DOI: https://doi.org/10.1016/S1474-4422(20)30234-9

Goadsby PJ, Lipton RB, Ferrari MD. Migraine—current understanding
and treatment. The New England Journal of Medicine. 2002;346:257—
70. DOI: https://doi.org/10.1056/NEJMra010917

Messlinger K. Migraine: where and how does the pain originate?
Experimental Brain Research. 2009;196:179-93. DOl:
https://doi.org/10.1007/s00221-009-1756-y

Edvinsson L, Haanes KA, Warfvinge K. Does inflammation have
a role in migraine? Nature Reviews Neurology. 2019;15:483-90.
DOI: https://doi.org/10.1038/s41582-019-0216-y

Ornsp nitepatypu

470

Literature review


https://doi.org/10.1152/physrev.00059.2021
https://doi.org/10.1146/annurev-neuro-080422-105509
https://doi.org/10.1038/s41582-018-0003-1
https://doi.org/10.1055/s-0043-1777723
https://www.researchgate.net/publication/310075126_Vinboron_first_Ukrainian_gastroprotector_-_agonist_vanilloid_receptor_TRPV1
https://www.researchgate.net/publication/310075126_Vinboron_first_Ukrainian_gastroprotector_-_agonist_vanilloid_receptor_TRPV1
https://doi.org/10.1016/j.neuroscience.2010.05.016
https://doi.org/10.1111/head.13529
https://doi.org/10.1212/WNL.0b013e3182a6cb72
https://doi.org/10.1111/head.12372
https://doi.org/10.1097/j.pain.0000000000000119
https://doi.org/10.1111/j.1468-2982.2005.00836.x
https://doi.org/10.1111/j.1526-4610.2009.01523.x
https://doi.org/10.1038/313054a0
https://doi.org/10.1111/1523-1747.ep12455620
https://doi.org/10.1152/physrev.00037.2003
https://doi.org/10.1152/ajpregu.1990.258.2.R425
https://doi.org/10.2337/diab.40.8.948
https://doi.org/10.1038/s41582-018-0003-1
https://doi.org/10.1016/S1474-4422(20)30234-9
https://doi.org/10.1056/NEJMra010917
https://doi.org/10.1007/s00221-009-1756-y
https://doi.org/10.1038/s41582-019-0216-y
https://doi.org/10.1152/physrev.00059.2021
https://doi.org/10.1146/annurev-neuro-080422-105509
https://doi.org/10.1038/s41582-018-0003-1
https://doi.org/10.1055/s-0043-1777723
https://www.researchgate.net/publication/310075126_Vinboron_first_Ukrainian_gastroprotector_-_agonist_vanilloid_receptor_TRPV1
https://www.researchgate.net/publication/310075126_Vinboron_first_Ukrainian_gastroprotector_-_agonist_vanilloid_receptor_TRPV1
https://www.researchgate.net/publication/310075126_Vinboron_first_Ukrainian_gastroprotector_-_agonist_vanilloid_receptor_TRPV1
https://doi.org/10.1016/j.neuroscience.2010.05.016
https://doi.org/10.1111/head.13529
https://doi.org/10.1212/WNL.0b013e3182a6cb72
https://doi.org/10.1111/head.12372
https://doi.org/10.1097/j.pain.0000000000000119
https://doi.org/10.1111/j.1468-2982.2005.00836.x
https://doi.org/10.1111/j.1526-4610.2009.01523.x
https://doi.org/10.1038/313054a0
https://doi.org/10.1111/1523-1747.ep12455620
https://doi.org/10.1152/physrev.00037.2003
https://doi.org/10.1152/ajpregu.1990.258.2.R425
https://doi.org/10.2337/diab.40.8.948
https://doi.org/10.1038/s41582-018-0003-1
https://doi.org/10.1016/S1474-4422(20)30234-9
https://doi.org/10.1056/NEJMra010917
https://doi.org/10.1007/s00221-009-1756-y
https://doi.org/10.1038/s41582-019-0216-y

McuxiaTpis, HeBponoris Ta meanyHa ncmxonoris. 2024. T. 11. Ne 4(26). C. 447-475
Psychiatry, Neurology and Medical Psychology. 2024;11(4(26)):447-475

ISSN 2312-5675 (Print)
ISSN 2411-166X (Online)

74.

75.

76.

77.

78.

79.

80.

Edvinsson J.C., Warfvinge K., Krause D.N., Blixt F.W., Sheykhzade M.,
Edvinsson L., Haanes K.A. C-fibers may modulate adjacent Ad-fibers
through axon-axon CGRP signaling at nodes of Ranvier in the
trigeminal system. The Journal of Headache and Pain. 2019. Vol. 20.
105 p. DOI: https://doi.org/10.1186/s10194-019-1055-3
LiptonR.B.,Bigal M.E., Diamond M., Freitag F., Reed M.L., Stewart W.F.
AMPP Advisory Group. Migraine prevalence, disease burden, and the
need for preventive therapy. Neurology. 2007. Vol. 68, Ne 5. P. 343—
349. DOI: https://doi.org/10.1212/01.wnl.0000252808.97649.21
Silvestro M., lannone L.F., Orologio ., Tessitore A., Tedeschi G., Geppetti P.,
Russo A. Migraine Treatment: Towards New Pharmacological Targets.
International Journal of Molecular Sciences. 2023. Vol. 24, Ne 15.
12268 p. DOI: https://doi.org/10.3390/ijms241512268

Castillo A.R., Zumbado M.Y. B., Wickes M.Y. Migrafia: tratamiento de
Crisis y Farmacoterapia Profilactica. Revista Médica Sinergia. 2020.
Vol. 5, Ne 1. 334 . DOI: https://doi.org/10.31434/rms.v5i1.334
Pozo-Rosich P., Carmo M., Mufiz A., Armada B., Moya-Alarcén C.,
Pascual J. Migraine treatment: quo vadis? Real-world data study
(2015-2022) in Spain. BMC Neurology. 2024. Vol. 24, Ne 1. 107 p.
DOI: https://doi.org/10.1186/s12883-024-03600-8

Kowacs P.A., Sampaio Rocha-Filho P.A., Peres M.F.P., Edvinsson L.
The history and rationale of the development of new drugs for
migraine treatment. Arquivos de Neuro-Psiquiatria. 2023.Vol.81,Ne 12.
P. 1084-1097. DOI: https://doi.org/10.1055/s-0043-1777723

Puledda F., Sacco S., Diener H.-C. International Headache Society
global practice recommendations for the acute pharmacological
treatment of migraine. Cephalalgia. 2024. Vol. 44, Ne 8. DOI:
https://doi.org/10.1177/0333102424 1252666

74.

75.

76.

77.

78.

79.

80.

Edvinsson JC, Warfvinge K, Krause DN, Blixt FW, Sheykhzade M,
Edvinsson L, Haanes KA. C-fibers may modulate adjacent Ad-fibers
through axon-axon CGRP signaling at nodes of Ranvier in the
trigeminal system. The Journal of Headache and Pain. 2019;20:105.
DOI: https://doi.org/10.1186/s10194-019-1055-3

Lipton RB, Bigal ME, Diamond M, Freitag F, Reed ML, Stewart WF.
AMPP Advisory Group. Migraine prevalence, disease burden, and
the need for preventive therapy. Neurology. 2007;68(5):343-9.
DOI: https://doi.org/10.1212/01.wnl.0000252808.97649.21

Silvestro M, lannone LF, Orologio |, Tessitore A, Tedeschi G, Geppetti P,
Russo A. Migraine Treatment: Towards New Pharmacological Targets.
International Journal of Molecular Sciences. 2023;24(15):12268.
DOI: https://doi.org/10.3390/ijms241512268

Castillo AR, Zumbado MYB, Wickes MY. Migraine: Crisis Treatment
and Prophylactic Pharmacotherapy. Sinergia Medical Journal.
2020;5(1):334. (In Spanish) DOI: https://doi.org/10.31434/rms.v5i1.334
Pozo-Rosich P, Carmo M, Mufiz A, Armada B, Moya-Alarcén C,
Pascual J. Migraine treatment: quo vadis? Real-world data
study (2015-2022) in Spain. BMC Neurology. 2024;24(1):107. DOI:
https://doi.org/10.1186/s12883-024-03600-8

Kowacs PA, Sampaio Rocha-Filho PA, Peres MFP, Edvinsson L.
The history and rationale of the development of new drugs for
migraine treatment. Arquivos de Neuro-Psiquiatria. 2023;81(12):1084—
97. DOI: https://doi.org/10.1055/s-0043-1777723

Puledda F, Sacco S, Diener H-C. International Headache
Society global practice recommendations for the acute
pharmacological treatment of migraine. Cephalalgia. 2024;44(8).
DOI: https://doi.org/10.1177/0333102424 1252666

81. World Health Organization. World Health Organization Model List of ~ 81. World Health Organization. World Health Organization Model List of
Essential Medicines. 2023. URL: https://www.who.int/publications/i/ Essential Medicines. 2023. URL: https://www.who.int/publications/i/
item/WHO-MHP-HPS-EML-2023.02 item/WHO-MHP-HPS-EML-2023.02

82. George N., Tepper S.J. Novel Migraine Treatments: A Review. 82. George N, Tepper SJ. Novel Migraine Treatments: A Review.
Journal of Oral and Facial Pain and Headache. 2023. Vol. 37, Ne 1. Journal of Oral and Facial Pain and Headache. 2023;37(1):25-32.
P. 25-32. DOI: https://doi.org/10.11607/ofph.3163 DOI: https://doi.org/10.11607/ofph.3163

83. NelsonD.L., Phebus L.A., Johnson K.W., Wainscott D.B., Cohen M.L., 83. Nelson DL, Phebus LA, Johnson KW, Wainscott DB, Cohen ML,
CalligaroD.O.,XuY.C.Preclinicalpharmacologicalprofileoftheselective Calligaro DO, Xu YC. Preclinical pharmacological profile of the selective
5-HT1F receptor agonist lasmiditan. Cephalalgia. 2010. Vol. 30, Ne 10. 5-HT1F receptor agonist lasmiditan. Cephalalgia. 2010;30(10):1159—
P. 1159-1169. DOI: https://doi.org/10.1177/0333102410370873 69. DOI: https://doi.org/10.1177/0333102410370873

84. Farkkila M., Diener H. C., Géraud G., Lainez M., Schoenen J., 84. Farkkilda M, Diener HC, Géraud G, Lainez M, Schoenen J,
Harner N., Pilgrim A., Reuter U. COL MIG-202 study group. Harner N, Pilgrim A, Reuter U. COL MIG-202 study group.
Efficacy and tolerability of lasmiditan, an oral 5-HT(1F) receptor Efficacy and tolerability of lasmiditan, an oral 5-HT(1F)
agonist, for the acute treatment of migraine: a phase 2 randomised, receptor agonist, for the acute treatment of migraine: a phase
placebo-controlled, parallel-group, dose-ranging study. 2 randomised, placebo-controlled, parallel-group, dose-ranging
The Lancet Neurology. 2012. Vol. 11, Ne 5. P. 405-413. DOI: study. The Lancet Neurology. 2012;1(5):405-13. DOI:
https://doi.org/10.1016/S1474-4422(12)70047-9 https://doi.org/10.1016/S1474-4422(12)70047-9

85. Vries T., Villalon C.M., MaassenVanDenBrink A. Pharmacological 85. Vries T, Villalon CM, MaassenVanDenBrink A. Pharmacological
treatment of migraine: CGRP and 5-HT beyond the triptans. treatment of migraine: CGRP and 5-HT beyond the triptans.
Pharmacology & Therapeutics. 2020. Vol. 211. 107528 p. DOI: Pharmacology & Therapeutics. 2020;211:107528. DOI:
https://doi.org/10.1016/j.pharmthera.2020.107528 https://doi.org/10.1016/j.pharmthera.2020.107528

86. Tepper S.J., Krege J.H., Lombard L., Asafu-Adjei J.K., Dowsett S.A., 86. TepperSJ, Krege JH, LombardL,Asafu-Adjei JK, Dowsett SA, Raskin J,
Raskin J., Buchanan A.S., Friedman D.I. Characterization of Dizziness Buchanan AS, Friedman DI. Characterization of Dizziness After
After Lasmiditan Usage: Findings From the SAMURAI and SPARTAN Lasmiditan Usage: Findings From the SAMURAI and SPARTAN
Acute Migraine Treatment Randomized Trials. Headache. 2019. Acute Migraine Treatment Randomized Trials. Headache.
Vol. 59, Ne 7. P. 1052—-1062. DOI: https://doi.org/10.1111/head.13544 2019;59(7):1052—62. DOI: https://doi.org/10.1111/head.13544

87. Tepper S.J., Vasudeva R., Krege J.H., Rathmann S.S., Doty E., 87. Tepper SJ, Vasudeva R, Krege JH, Rathmann SS, Doty E,
Vargas B.B., Magis D., Komori M. Evaluation of 2-Hour Vargas BB, Magis D, Komori M. Evaluation of 2-Hour
Post-Dose Efficacy of Lasmiditan for the Acute Treatment of Post-Dose Efficacy of Lasmiditan for the Acute Treatment
Difficult-to-Treat Migraine Attacks. Headache. 2020. Vol. 60, Ne 8. of Difficult-to-Treat Migraine Attacks. Headache. 2020;60(8):1601-15.
P. 1601-1615. DOI: https://doi.org/10.1111/head.13897 DOI: https://doi.org/10.1111/head.13897

88. Schulman E.A., Lake A.E.3rd, Goadsby P.J., Peterlin B.L., Siegel S.E., 88. Schulman EA, Lake AE3rd, Goadsby PJ, Peterlin BL, Siegel SE,
Markley H.G., Lipton R.B. Defining refractory migraine and refractory Markley HG, Lipton RB. Defining refractory migraine and refractory
chronic migraine: proposed criteria from the Refractory chronic migraine: proposed criteria from the Refractory
Headache Special Interest Section of the American Headache Headache Special Interest Section of the American
Society. Headache. 2008. Vol. 48, Ne 6. P. 778-782. DOI: Headache  Society. = Headache. 2008;48(6):778-82. DOI:
https://doi.org/10.1111/j.1526-4610.2008.01132.x https://doi.org/10.1111/j.1526-4610.2008.01132.x

89. Sacco S., Braschinsky M., Ducros A., Lampl C., Little P, 89. Sacco S, Braschinsky M, Ducros A, Lampl C, Little P,
van den Brink A.M. European headache federation consensus van den Brink AM. European headache federation consensus
on the definition of resistant and refractory migraine: Developed on the definition of resistant and refractory migraine: Developed
with the endorsement of the European Migraine & Headache with the endorsement of the European Migraine & Headache
Alliance (EMHA). The Journal of Headache and Pain. 2020. Vol. 21, Alliance (EMHA). The Journal of Headache and Pain. 2020;21:1:76.
Ne 1. 76 p. DOI: https://doi.org/10.1186/s10194-020-01130-5 DOI: https://doi.org/10.1186/s10194-020-01130-5

90. Ho T.W., Ferrari M.D., Dodick D.W., Galet V., Kost J., Fan X., et al. 90. Ho TW, Ferrari MD, Dodick DW, Galet V, Kost J, Fan X et al. Efficacy
Efficacy and tolerability of MK-0974 (telcagepant), a new oral and tolerability of MK-0974 (telcagepant), a new oral antagonist
antagonist of calcitonin gene-related peptide receptor, compared with of calcitonin gene-related peptide receptor, compared with
zolmitriptan for acute migraine: a randomised, placebo-controlled, zolmitriptan for acute migraine: a randomised, placebo-controlled,
parallel-treatment trial. The Lancet. 2008. Vol. 372, Ne 9656. parallel-treatment trial. The Lancet. 2008;372(9656):2115-23.
P. 2115-2123. DOI: https://doi.org/10.1016/S0140-6736(08)61626-8 DOI: https://doi.org/10.1016/S0140-6736(08)61626-8

91. HewittD.J.,AuroraS.K.,DodickD.W.,GoadsbyP.J.,GeY.J.,BachmanR., 91. Hewitt DJ, Aurora SK, Dodick DW, Goadsby PJ, Ge YJ, Bachman R et al.
et al. Randomized controlled trial of the CGRP receptor antagonist Randomized controlled trial of the CGRP receptor antagonist MK-3207
MK-3207 in the acute treatment of migraine. Cephalalgia. 2011. Vol. 31, in the acute treatment of migraine. Cephalalgia. 2011;31(6):712-22.
Ne 6. P. 712-722. DOI: https://doi.org/10.1177/0333102411398399 DOI: https://doi.org/10.1177/0333102411398399

92. Olesen J., Diener H.C., Husstedt I. W., Goadsby PJ., Hall D., Meier U., 92. Olesen J, Diener HC, Husstedt IW, Goadsby PJ, Hall D, Meier U et al.
et al. Calcitonin gene-related peptide receptor antagonist BIBN 4096 BS for Calcitonin gene-related peptide receptor antagonist BIBN 4096 BS for
the acute treatment of migraine. The New England Journal of Medicine. 2004. the acute treatment of migraine. The New England Journal of Medicine.
Vol. 350, Ne 11. P. 1104—1110. DOI: https://doi.org/10.1056/NEJMoa030505 2004;350(11):1104—10. DOI: https://doi.org/10.1056/NEJM0a030505

Ornsag nitepatypu 471 Literature review


https://doi.org/10.1186/s10194-019-1055-3
https://doi.org/10.1212/01.wnl.0000252808.97649.21
https://doi.org/10.3390/ijms241512268
https://doi.org/10.31434/rms.v5i1.334
https://doi.org/10.1186/s12883-024-03600-8
https://doi.org/10.1055/s-0043-1777723
https://doi.org/10.1177/03331024241252666
https://www.who.int/publications/i/item/WHO-MHP-HPS-EML-2023.02
https://www.who.int/publications/i/item/WHO-MHP-HPS-EML-2023.02
https://doi.org/10.11607/ofph.3163
https://doi.org/10.1177/0333102410370873
https://doi.org/10.1016/S1474-4422(12)70047-9
https://doi.org/10.1016/j.pharmthera.2020.107528
https://doi.org/10.1111/head.13544
https://doi.org/10.1111/head.13897
https://doi.org/10.1111/j.1526-4610.2008.01132.x
https://doi.org/10.1186/s10194-020-01130-5
https://doi.org/10.1016/S0140-6736(08)61626-8
https://doi.org/10.1177/0333102411398399
https://doi.org/10.1056/NEJMoa030505
https://doi.org/10.1186/s10194-019-1055-3
https://doi.org/10.1212/01.wnl.0000252808.97649.21
https://doi.org/10.3390/ijms241512268
https://doi.org/10.31434/rms.v5i1.334
https://doi.org/10.1186/s12883-024-03600-8
https://doi.org/10.1055/s-0043-1777723
https://doi.org/10.1177/03331024241252666
https://www.who.int/publications/i/item/WHO-MHP-HPS-EML-2023.02
https://www.who.int/publications/i/item/WHO-MHP-HPS-EML-2023.02
https://doi.org/10.11607/ofph.3163
https://doi.org/10.1177/0333102410370873
https://doi.org/10.1016/S1474-4422(12)70047-9
https://doi.org/10.1016/j.pharmthera.2020.107528
https://doi.org/10.1111/head.13544
https://doi.org/10.1111/head.13897
https://doi.org/10.1111/j.1526-4610.2008.01132.x
https://doi.org/10.1186/s10194-020-01130-5
https://doi.org/10.1016/S0140-6736(08)61626-8
https://doi.org/10.1177/0333102411398399
https://doi.org/10.1056/NEJMoa030505

McuxiaTpis, HeBponoris Ta meanyHa ncmxonoris. 2024. T. 11. Ne 4(26). C. 447-475
Psychiatry, Neurology and Medical Psychology. 2024;11(4(26)):447-475

ISSN 2312-5675 (Print)
ISSN 2411-166X (Online)

93. Diener H.C., Barbanti P., Dahlof C., Reuter U., Habeck J., Podhorna J.
Bl 44370 TA, an oral CGRP antagonist for the treatment of acute
migraineattacks:resultsfromaphasellstudy. Cephalalgia.2011.Vol.31,
Ne 5. P. 573-584. DOI: https://doi.org/10.1177/0333102410388435

94. Food and Drug Administration. Drug Approval Package: NURTEC
ODT. 2020. URL: https://www.accessdata.fda.gov/drugsatfda_docs/
nda/2020/2127280rig1s000TOC.cfm

95. Food and Drug Administration. FDA approves new treatment for
adults with migraine. 2019. URL: https://www.fda.gov/news-events/
press-announcements/fda-approves-new-treatment-adults-migraine

96. Dodick D.W., Lipton R.B., Ailani J., Lu K., Finnegan M., Trugman J.M.,
et al. Ubrogepant for the treatment of migraine. The New England
Journal of Medicine. 2019. Vol. 381, Ne 23. P. 2230-2241.
DOI: https://doi.org/10.1056/NEJMoa1813049

97. Lipton R.B., Dodick D.W., Ailani J., Lu K., Finnegan M., Szegedi A.,
et al. Effect of ubrogepant vs placebo on pain and the most
bothersome associated symptom in the acute treatment of migraine:
the ACHIEVE Il randomized clinical trial. JAMA. 2019. Vol. 322, Ne 19.
P. 1887-1898. DOI: https://doi.org/10.1001/jama.2019.16711

98. Lipton R.B., Coric V., Stock E., Stock D., Morris B., McCormack T.,
et al. Rimegepant 75 mg, an oral calcitonin gene-related peptide
antagonist, for the acute treatment of migraine: two phase 3,
double-blind, randomized, placebo-controlled trials. Cephalalgia.

99. Lipton R.B., Croop R., Stock E.G., Stock D.A., Morris B.A., Frost M., et al.
Rimegepant, an oral calcitonin gene-related peptide receptor antagonist,
for migraine. The New England Journal of Medicine. 2019. Vol. 381, Ne 2.
P. 142—149. DOI: https://doi.org/10.1056/NEJMoa1811090

100.Croop R., Goadsby P.J., Stock D.A., Conway C.M., Forshaw M.,

Stock E.G., et al. Efficacy, safety, and tolerability of rimegepant

orally disintegrating tablet for the acute treatment of

migraine: a randomised, phase 3, double-blind, placebo-controlled
trial. The Lancet. 2019. Vol. 394, Ne 10200. P. 737-745. DOI:
https://doi.org/10.1016/S0140-6736(19)31606-X

.Croop R., Madonia J., Stock D.A., Thiry A., Forshaw M., Murphy A.,

et al. Zavegepant nasal spray for the acute treatment of migraine:

a Phase 2/3 double-blind, randomized, placebo-controlled,

dose-ranging trial. Headache. 2022. Vol. 62, Ne 9. P. 1153-1163.

DOI: https://doi.org/10.1111/head.14389

102.Moreno-Ajona D., Villar-Martinez M.D., Goadsby P.J. New generation
gepants:  migraine acute and  preventive  medications.
Journal of Clinical Medicine. 2022. Vol. 11, Ne 6. 1656 p. DOI:
https://doi.org/10.3390/jcm 11061656

103.Hutchinson S., Dodick D.W., Treppendahl C., Bennett N.L., Yu S.Y,,
Guo H., et al. Ubrogepant for the acute treatment of migraine: pooled
efficacy, safety, and tolerability from the ACHIEVE | and ACHIEVE I
phase 3 randomized trials. Neurologic Therapy. 2021. Vol. 10, Ne 1.
P. 235-249. DOI: https://doi.org/10.1007/s40120-021-00234-7

104.Al-Hassany L., Goadsby P.J., Danser A.H.J., MaassenVanDenBrink A.
Calcitonin gene-related peptide-targeting drugs for migraine:
how pharmacology might inform treatment decisions.
The Lancet Neurology. 2022. Vol. 21, Ne 3. P. 284-294. DOI:
https://doi.org/10.1016/S1474-4422(21)00409-9

105.Puledda F., Silva E.M., Suwanlaong K., Goadsby P.J. Migraine: from
pathophysiologytotreatment. Journalof Neurology.2023.Vol.270,Ne7.
P. 3654-3666. DOI: https://doi.org/10.1007/s00415-023-11706-1

106.Moreno-Ajona D., Villar-Martinez M.D., Goadsby P.J. Targets for
migraine treatment: beyond calcitonin gene-related peptide.
Current Opinion in Neurology. 2021. Vol. 34, Ne 3. P. 363-372. DOI:
https://doi.org/10.1097/WC0O.0000000000000935

107.Garelja M.L., Hay D.L. A narrative review of the calcitonin peptide
family and associated receptors as migraine targets: Calcitonin
gene-related peptide and beyond. Headache. 2022. Vol. 62, Ne 9.
P. 1093-1104. DOI: https://doi.org/10.1111/head.14388

108.Edvinsson L. CGRP and migraine: from bench to bedside.
Revue Neurologique (Paris). 2021. Vol. 177, Ne 7. P. 785-790. DOI:
https://doi.org/10.1016/j.neurol.2021.06.003

109.Edvinsson L., Ho TW. CGRP receptor antagonism and
migraine. Neurotherapeutics. 2010. Vol. 7, Ne 2. P. 164-175. DOI:
https://doi.org/10.1016/j.nurt.2010.02.004

110.Edvinsson L., Nilsson E., Jansen-Olesen . Inhibitory effect of

BIBN4096BS, CGRP(8-37),a CGRP antibody and an RNA-Spiegelmer
on CGRP-induced vasodilatation in the perfused and non-perfused
rat middle cerebral artery. British Journal of Pharmacology. 2007.
Vol. 150, Ne 5. P. 633-640. DOI: https://doi.org/10.1038/sj.bjp.0707134
.Juhl L., Edvinsson L., Olesen J., Jansen-Olesen |. Effect of two
novel CGRP-binding compounds in a closed cranial window rat
model. European Journal of Pharmacology. 2007. Vol. 567, Ne 1-2.
P. 117-124. DOI: https://doi.org/10.1016/j.ejphar.2007.04.004

112. Schuster N.M., Rapoport A.M. Calcitonin Gene-Related Peptide-
Targeted Therapies for Migraine and Cluster Headache: A Review.
Clinical Neuropharmacology. 2017. Vol. 40, Ne 4. P. 169-174. DOI:
https://doi.org/10.1097/WNF.0000000000000227

10

=

1"

ry

93. Diener HC, Barbanti P, Dahlof C, Reuter U, Habeck J, Podhorna J.
Bl 44370 TA, an oral CGRP antagonist for the treatment of acute
migraine attacks: results from a phase Il study. Cephalalgia.
2011;31(5):573-84. DOI: https://doi.org/10.1177/0333102410388435

94. Food and Drug Administration. Drug Approval Package: NURTEC
ODT. 2020. URL: https://www.accessdata.fda.gov/drugsatfda_docs/
nda/2020/2127280rig1s000TOC.cfm

95. Food and Drug Administration. FDA approves new treatment for
adults with migraine. 2019. URL: https://www.fda.gov/news-events/
press-announcements/fda-approves-new-treatment-adults-migraine

96. Dodick DW, Lipton RB, Ailani J, Lu K, Finnegan M,
Trugman JM et al. Ubrogepant for the treatment of migraine.
The New England Journal of Medicine. 2019;381(23):2230-41. DOI:
https://doi.org/10.1056/NEJMoa1813049

97. Lipton RB, Dodick DW, Ailani J, Lu K, Finnegan M, Szegedi A et al.
Effect of ubrogepant vs placebo on pain and the most bothersome
associated symptom in the acute treatment of migraine: the ACHIEVE Il
randomized clinical trial. JAMA. 2019;322(19):1887-98. DOI:
https://doi.org/10.1001/jama.2019.167 11

98. Lipton RB, Coric V, Stock E, Stock D, Morris B, McCormack T et al.
Rimegepant 75 mg, an oral calcitonin gene-related peptide antagonist,
for the acute treatment of migraine: two phase 3, double-blind,
randomized, placebo-controlled trials. Cephalalgia.

99. Lipton RB, Croop R, Stock EG, Stock DA, Morris BA, Frost M et al.
Rimegepant, an oral calcitonin gene-related peptide receptor
antagonist, for migraine. The New England Journal of Medicine.
2019;381(2):142-9. DOI: https://doi.org/10.1056/NEJMoa1811090

100.Croop R, Goadsby PJ, Stock DA, Conway CM, Forshaw M,
Stock EG et al. Efficacy, safety, and tolerability of rimegepant
orally disintegrating tablet for the acute treatment of
migraine: a randomised, phase 3, double-blind,
placebo-controlled trial. The Lancet. 2019;394(10200):737—-45. DOI:
https://doi.org/10.1016/S0140-6736(19)31606-X

101.Croop R, Madonia J, Stock DA, Thiry A, Forshaw M, Murphy A
et al. Zavegepant nasal spray for the acute treatment of
migraine: a Phase 2/3 double-blind, randomized, placebo-
controlled, dose-ranging trial. Headache. 2022;62(9):1153-63. DOI:
https://doi.org/10.1111/head.14389

102.Moreno-Ajona D, Villar-Martinez MD, Goadsby PJ. New generation
gepants:  migraine acute and  preventive  medications.
Journal of  Clinical ~ Medicine. 2022;11(6):1656. DOI:
https://doi.org/10.3390/jcm 11061656

103.Hutchinson S, Dodick DW, Treppendahl C, Bennett NL, Yu SY, Guo H
et al. Ubrogepant for the acute treatment of migraine: pooled efficacy,
safety, and tolerability from the ACHIEVE | and ACHIEVE Il phase 3
randomized trials. Neurologic Therapy. 2021;10(1):235-49. DOI:
https://doi.org/10.1007/s40120-021-00234-7

104.Al-Hassany L, Goadsby PJ, Danser AHJ, MaassenVanDenBrink A.

Calcitonin  gene-related peptide-targeting drugs for migraine:
how pharmacology might inform treatment decisions.
The Lancet Neurology. 2022;21(3):284-94. DOI:

https://doi.org/10.1016/S1474-4422(21)00409-9

105.Puledda F, Silva EM, Suwanlaong K, Goadsby PJ. Migraine: from
pathophysiology to treatment. Journal of Neurology. 2023;270(7):3654—
66. DOI: https://doi.org/10.1007/s00415-023-11706-1

106.Moreno-Ajona D, Villar-Martinez MD, Goadsby PJ. Targets
for migraine treatment: beyond calcitonin gene-related peptide.
Current  Opinion in  Neurology. 2021;34(3):363-72. DOI:
https://doi.org/10.1097/WC0.0000000000000935

107.Garelja ML, Hay DL. A narrative review of the calcitonin peptide family
and associated receptors as migraine targets: Calcitonin gene-related
peptide and beyond. Headache. 2022;62(9):1093—-104. DOI:
https://doi.org/10.1111/head.14388

108.Edvinsson L. CGRP and migraine: from bench to bedside.
Revue  Neurologique (Paris). 2021;177(7):785-90. DOI:
https://doi.org/10.1016/j.neurol.2021.06.003

109.Edvinsson L, Ho TW. CGRP receptor antagonism and
migraine. Neurotherapeutics. 2010;7(2):164-75. DOI:
https://doi.org/10.1016/j.nurt.2010.02.004

110.Edvinsson L, Nilsson E, Jansen-Olesen |I. Inhibitory effect of
BIBN4096BS, CGRP(8-37),a CGRP antibody and an RNA-Spiegelmer
on CGRP-induced vasodilatation in the perfused and non-perfused
rat middle cerebral artery. British Journal of Pharmacology.
2007;150(5):633—40. DOI: https://doi.org/10.1038/sj.bjp.0707134

111.Juhl L, Edvinsson L, Olesen J, Jansen-Olesen |. Effect of two
novel CGRP-binding compounds in a closed cranial window rat
model. European Journal of Pharmacology. 2007;567(1-2):117-24.
DOI: https://doi.org/10.1016/j.ejphar.2007.04.004

112.Schuster NM, Rapoport AM. Calcitonin Gene-Related Peptide-
Targeted Therapies for Migraine and Cluster Headache:
A Review. Clinical Neuropharmacology. 2017;40(4):169-74. DOI:
https://doi.org/10.1097/WNF.0000000000000227

Ornsp nitepatypu

472

Literature review


https://doi.org/10.1177/0333102410388435
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2020/212728Orig1s000TOC.cfm
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2020/212728Orig1s000TOC.cfm
https://www.fda.gov/news-events/press-announcements/fda-approves-new-treatment-adults-migraine
https://www.fda.gov/news-events/press-announcements/fda-approves-new-treatment-adults-migraine
https://doi.org/10.1056/NEJMoa1813049
https://doi.org/10.1001/jama.2019.16711
https://doi.org/10.1056/NEJMoa1811090
https://doi.org/10.1016/S0140-6736(19)31606-X
https://doi.org/10.1111/head.14389
https://doi.org/10.3390/jcm11061656
https://doi.org/10.1007/s40120-021-00234-7
https://doi.org/10.1016/S1474-4422(21)00409-9
https://doi.org/10.1007/s00415-023-11706-1
https://doi.org/10.1097/WCO.0000000000000935
https://doi.org/10.1111/head.14388
https://doi.org/10.1016/j.neurol.2021.06.003
https://doi.org/10.1016/j.nurt.2010.02.004
https://doi.org/10.1038/sj.bjp.0707134
https://doi.org/10.1016/j.ejphar.2007.04.004
https://doi.org/10.1097/WNF.0000000000000227
https://doi.org/10.1177/0333102410388435
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2020/212728Orig1s000TOC.cfm
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2020/212728Orig1s000TOC.cfm
https://www.fda.gov/news-events/press-announcements/fda-approves-new-treatment-adults-migraine
https://www.fda.gov/news-events/press-announcements/fda-approves-new-treatment-adults-migraine
https://doi.org/10.1056/NEJMoa1813049
https://doi.org/10.1001/jama.2019.16711
https://doi.org/10.1056/NEJMoa1811090
https://doi.org/10.1016/S0140-6736(19)31606-X
https://doi.org/10.1111/head.14389
https://doi.org/10.3390/jcm11061656
https://doi.org/10.1007/s40120-021-00234-7
https://doi.org/10.1016/S1474-4422(21)00409-9
https://doi.org/10.1007/s00415-023-11706-1
https://doi.org/10.1097/WCO.0000000000000935
https://doi.org/10.1111/head.14388
https://doi.org/10.1016/j.neurol.2021.06.003
https://doi.org/10.1016/j.nurt.2010.02.004
https://doi.org/10.1038/sj.bjp.0707134
https://doi.org/10.1016/j.ejphar.2007.04.004
https://doi.org/10.1097/WNF.0000000000000227

McuxiaTpis, HeBponoris Ta meanyHa ncmxonoris. 2024. T. 11. Ne 4(26). C. 447-475
Psychiatry, Neurology and Medical Psychology. 2024;11(4(26)):447-475

ISSN 2312-5675 (Print)
ISSN 2411-166X (Online)

113.Bigal M.E., Edvinsson L., Rapoport A.M., Lipton R.B., Spierings E.L.,
Diener H.C., Burstein R., Loupe P.S. Safety, tolerability, and efficacy
of TEV-48125 for preventive treatment of chronic migraine:
a multicentre, randomised, double-blind, placebo-controlled, phase
2b study. The Lancet Neurology. 2015. Vol. 14, Ne 11. P. 1091-1100.
DOI: https://doi.org/10.1016/S1474-4422(15)00245-8

114. AJOVY (fremanezumab-vfrm) [prescribing information]. North Wales,
PA: Teva Pharmaceuticals USA, Inc.; 2022. URL: https://www.ajovyh-
cp.com/globalassets/ajovy/ajovy-pi.pdf

115. EMGALITY (galcanezumab-gnim)[prescribinginformation].Indianapolis,
IN: Eli Lilly and Company; 2021. URL: http://uspl.lilly.com/emgality/
emagality. html#pi

116. AIMOVIG (erenumab aooe) [prescribing information]. Thousand
Oaks, CA: Amgen Inc.; 2022. URL: https://www.pi.amgen.com/~/me-
dia/amgen/repositorysites/pi-amgen-com/aimovig/aimovig_pi_hcp_
english.ashx

117.VYEPTI (eptinezumab-jjmr) [prescribing information]. Bothell, WA:
Lundbeck Seattle BioPharmaceuticals, Inc.; 2020. URL: https://www.
accessdata.fda.gov/drugsatfda_docs/label/2020/761119s000Ibl.pdf

118.Dodick D.W. CGRP ligand and receptor monoclonal antibodies
for migraine prevention: Evidence review and clinical
implications. Cephalalgia. 2019. Vol. 39, Ne 3. P. 445-458. DOI:
https://doi.org/10.1177/03331024 18821662

119.Rhyne C., Cohen J.M., Seminerio M.J., Carr K., Krasenbaum L.J.
Burden of migraine with acute medication overuse or psychiatric
comorbidities and treatment with CGRP pathway-targeted monoclonal
antibodies: A review. Medicine (Baltimore). 2023. Vol. 102, Ne 23.
33874 p. DOI: https://doi.org/10.1097/MD.0000000000033874

120.Ashina M. Migraine. The New England Journal of Medicine. 2020.
Vol. 383, Ne 19. P. 1866—1876. DOI: https://doi.org/10.1056/NEJMra1915327

121.Ashina M., Goadsby P.J., Reuter U., Silberstein S., Dodick D.,
Rippon G.A., Klatt J., et al. Long-term safety and tolerability of
erenumab: Three-plus year results from a five-year open-label
extension study in episodic migraine. Cephalalgia. 2019. Vol. 39, Ne 11.
P. 1455-1464. DOI: https://doi.org/10.1177/0333102419854082

122.Charles A., Pozo-Rosich P. Targeting calcitonin gene-related peptide:
a new era in migraine therapy. The Lancet. 2019. Vol. 394, Ne 10210.
P. 1765-1774. DOI: https://doi.org/10.1016/S0140-6736(19)32504-8

123.Mulleners W.M., Kim B.K., Lainez M.J.A. Safety and efficacy
of galcanezumab in patients for whom previous migraine preventive
medication from two to four categories had failed (CONQUER):
a multicentre, randomised, double-blind, placebo-controlled,
phase 3b trial. The Lancet Neurology. 2020. Vol. 19, Ne 10.
P. 814-825. DOI: https://doi.org/10.1016/S1474-4422(20)30279-9

124. Dodick D.W., Doty E.G., Aurora S.K. Medication overuse in a subgroup
analysis of phase 3 placebo-controlled studies of galcanezumab in the
prevention of episodic and chronic migraine. Cephalalgia. 2021. Vol. 41,
Ne 3. P. 340-352. DOI: https://doi.org/10.1177/0333102420966658

125.Skljarevski V., Matharu M., Millen B.A., Ossipov M.H., Kim B.K.,
Yang J.Y. Efficacy and safety of galcanezumab for the prevention
of episodic migraine: Results of the EVOLVE-2 Phase 3 randomized
controlled clinical trial. Cephalalgia. 2018. Vol. 38, Ne 8. P. 1442-1454.
DOI: https://doi.org/10.1177/0333102418779543

126.Stauffer V.L., Dodick D.W., Zhang Q., Carter J.N., Ailani J., Conley R.R.
Evaluation of galcanezumab for the prevention of episodic migraine:
The EVOLVE-1randomizedclinicaltrial. JAMA Neurology.2018.Vol.75,
Ne 9. P. 1080-1088. DOI: https://doi.org/10.1001/jamaneurol.2018.1212

127.Dodick D.W., Goadsby P.J., Silberstein S.D. Safety and efficacy of
ALD403,anantibodytocalcitoningene-relatedpeptide,fortheprevention
of frequent episodic migraine: a randomised, double-blind, placebo-
controlled, exploratory phase 2trial. The LancetNeurology.2014.\Vol. 13,
Ne 11. P. 1100-1107. DOI: https://doi.org/10.1016/S1474-4422(14)70209-1

128.Dodick D.W., Silberstein S.D., Bigal M.E. Effect of fremanezumab
compared with placebo for prevention of episodic migraine:
Arandomized clinical trial. JAMA. 2018. Vol. 319, Ne 19. P. 1999-2008.
DOI: https://doi.org/10.1001/jama.2018.4853

129.Ferrari M.D., Diener H.C., Ning X. Fremanezumab versus placebo
for migraine prevention in patients with documented failure to up to four
migrainepreventivemedicationclasses(FOCUS):arandomised,double-
blind, placebo-controlled, phase 3b trial. The Lancet. 2019. Vol. 394,
Ne 10203. P. 1030-1040. DOI: https://doi.org/10.1016/S0140-6736(19)31606-X

130.Silberstein  S.D., Dodick D.W., Bigal M.E. Fremanezumab
for the preventive treatment of chronic migraine. The New
England Journal of Medicine. 2017. Vol. 377, Ne 22. P. 2113-2122.
DOI: https://doi.org/10.1056/NEJMoa1709038

131.Silberstein S.D., Cohen J.M., Seminerio M.J., Yang R., Ashina S.,
Katsarava Z. The impact of fremanezumab on medication overuse
in patients with chronic migraine: subgroup analysis of the HALO
CM study. The Journal of Headache and Pain. 2020. Vol. 21, Ne 1.
114 p. DOI: https://doi.org/10.1186/s10194-020-01173-8

132.Suzuki S., Suzuki K., Shiina T., Haruyama Y., Hirata K. Real-world
experience with monthly and quarterly dosing of fremanezumab for the
treatment of patients with migraine in Japan. Frontiers in Neurology. 2023.
Vol. 14. 1220285 p. DOI: https://doi.org/10.3389/fneur.2023.1220285

113.Bigal ME, Edvinsson L, Rapoport AM, Lipton RB, Spierings EL,
Diener HC, Burstein R, Loupe PS. Safety, tolerability, and efficacy
of TEV-48125 for preventive treatment of chronic migraine:
a multicentre, randomised, double-blind, placebo-controlled,
phase 2b study. The Lancet Neurology. 2015;14(11):1091-100. DOI:
https://doi.org/10.1016/S1474-4422(15)00245-8

114. AJOVY (fremanezumab-vfrm) [prescribing information]. North Wales,
PA: Teva Pharmaceuticals USA, Inc.; 2022. URL: https://www.ajovyh-
cp.com/globalassets/ajovy/ajovy-pi.pdf

115. EMGALITY (galcanezumab-gnim)[prescribinginformation].Indianapolis,
IN: Eli Lilly and Company; 2021. URL: http://uspl.lilly.com/emgality/
emgality.html#pi

116. AIMOVIG (erenumab aooe) [prescribing information]. Thousand
Oaks, CA: Amgen Inc.; 2022. URL: https://www.pi.amgen.com/~/me-
dia/amgen/repositorysites/pi-amgen-com/aimovig/aimovig_pi_hcp_
english.ashx

117.VYEPTI (eptinezumab-jjmr) [prescribing information]. Bothell, WA:
Lundbeck Seattle BioPharmaceuticals, Inc.; 2020. URL: https://www.
accessdata.fda.gov/drugsatfda_docs/label/2020/761119s000Ibl.pdf

118.Dodick DW. CGRP ligand and receptor monoclonal
antibodies for migraine prevention: Evidence review and clinical
implications. Cephalalgia. 2019;39(3):445-58. DOI:
https://doi.org/10.1177/03331024 18821662

119.Rhyne C, Cohen JM, Seminerio MJ, Carr K, Krasenbaum LJ.
Burden of migraine with acute medication overuse or psychiatric
comorbidities and treatment with CGRP pathway-targeted monoclonal
antibodies: A review. Medicine (Baltimore). 2023;102(23):e33874.
DOI: https://doi.org/10.1097/MD.0000000000033874

120.Ashina M. Migraine. The New England Journal of Medicine.
2020;383(19):1866-76. DOI: https://doi.org/10.1056/NEJMra1915327

121.Ashina M, Goadsby PJ, Reuter U, Silberstein S, Dodick D,
Rippon GA, Klatt J et al. Long-term safety and tolerability of erenumab:
Three-plus year results from a five-year open-label extension
study in episodic migraine. Cephalalgia. 2019;39(11):1455-64.
DOI: https://doi.org/10.1177/03331024 19854082

122.Charles A, Pozo-Rosich P. Targeting calcitonin gene-related peptide:
anew erain migraine therapy. The Lancet. 2019;394(10210):1765-74.
DOI: https://doi.org/10.1016/S0140-6736(19)32504-8

123.Mulleners WM, Kim BK, Lainez MJA. Safety and efficacy of
galcanezumab in patients for whom previous migraine preventive
medication from two to four categories had failed (CONQUER):
a multicentre, randomised, double-blind, placebo-controlled,
phase 3b trial. The Lancet Neurology. 2020;19(10):814-25.
DOI: https://doi.org/10.1016/S1474-4422(20)30279-9

124.Dodick DW, Doty EG, Aurora SK. Medication overuse in a subgroup
analysis of phase 3 placebo-controlled studies of galcanezumab
in the prevention of episodic and chronic migraine. Cephalalgia.
2021;41(3):340-52. DOI: https://doi.org/10.1177/0333102420966658

125.Skljarevski V, Matharu M, Millen BA, Ossipov MH, Kim BK, Yang JY.
Efficacy and safety of galcanezumab for the prevention of episodic
migraine: Results of the EVOLVE-2 Phase 3 randomized
controlled clinical trial. Cephalalgia. 2018;38(8):1442-54. DOI:
https://doi.org/10.1177/0333102418779543

126.Stauffer VL, Dodick DW, Zhang Q, Carter JN, Ailani J, Conley RR.
Evaluation of galcanezumab for the prevention of episodic migraine:
The EVOLVE-1 randomized clinical trial. JAMA Neurology.
2018;75(9):1080-8. DOI: https://doi.org/10.1001/jamaneurol.2018.1212

127.Dodick DW, Goadsby PJ, Silberstein SD. Safety and efficacy of ALD403,
an antibody to calcitonin gene-related peptide, for the prevention of
frequent episodic migraine: a randomised, double-blind, placebo-
controlled, exploratory phase 2 trial. The Lancet Neurology.
2014;13(11):1100-7. DOI: https://doi.org/10.1016/S1474-4422(14)70209-1

128.Dodick DW, Silberstein SD, Bigal ME. Effect of fremanezumab
compared with placebo for prevention of episodic migraine:
A randomized clinical trial. JAMA. 2018;319(19):1999-2008. DOI:
https://doi.org/10.1001/jama.2018.4853

129.Ferrari MD, Diener HC, Ning X. Fremanezumab versus placebo for
migraine prevention in patients with documented failure to up to four
migrainepreventivemedicationclasses(FOCUS):arandomised,double-
blind, placebo-controlled, phase 3b trial. The Lancet. 2019;394(10203):1030—
40. DOI: https://doi.org/10.1016/S0140-6736(19)31606-X

130.Silberstein  SD, Dodick DW, Bigal ME. Fremanezumab for
the preventive treatment of chronic migraine. The New
England Journal of Medicine. 2017;377(22):2113-22. DOI:
https://doi.org/10.1056/NEJMoa1709038

131.Silberstein SD, Cohen JM, Seminerio MJ, Yang R, Ashina S,
Katsarava Z. The impact of fremanezumab on medication overuse
in patients with chronic migraine: subgroup analysis of the HALO
CM study. The Journal of Headache and Pain. 2020;21(1):114.
DOI: https://doi.org/10.1186/s10194-020-01173-8

132.Suzuki S, Suzuki K, Shiina T, Haruyama Y, Hirata K. Real-world
experience with monthly and quarterly dosing of fremanezumab for the
treatment of patients with migraine in Japan. Frontiers in Neurology.
2023;14:1220285. DOI: https://doi.org/10.3389/fneur.2023.1220285

Ornsp nitepatypu

473

Literature review


https://doi.org/10.1016/S1474-4422(15)00245-8
https://www.ajovyhcp.com/globalassets/ajovy/ajovy-pi.pdf
https://www.ajovyhcp.com/globalassets/ajovy/ajovy-pi.pdf
http://uspl.lilly.com/emgality/emgality.html#pi
http://uspl.lilly.com/emgality/emgality.html#pi
https://www.pi.amgen.com/~/media/amgen/repositorysites/pi-amgen-com/aimovig/aimovig_pi_hcp_english.ashx
https://www.pi.amgen.com/~/media/amgen/repositorysites/pi-amgen-com/aimovig/aimovig_pi_hcp_english.ashx
https://www.pi.amgen.com/~/media/amgen/repositorysites/pi-amgen-com/aimovig/aimovig_pi_hcp_english.ashx
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/761119s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/761119s000lbl.pdf
https://doi.org/10.1177/0333102418821662
https://doi.org/10.1097/MD.0000000000033874
https://doi.org/10.1056/NEJMra1915327
https://doi.org/10.1177/0333102419854082
https://doi.org/10.1016/S0140-6736(19)32504-8
https://doi.org/10.1016/S1474-4422(20)30279-9
https://doi.org/10.1177/0333102420966658
https://doi.org/10.1177/0333102418779543
https://doi.org/10.1001/jamaneurol.2018.1212
https://doi.org/10.1016/S1474-4422(14)70209-1
https://doi.org/10.1001/jama.2018.4853
https://doi.org/10.1016/S0140-6736(19)31606-X
https://doi.org/10.1056/NEJMoa1709038
https://doi.org/10.1186/s10194-020-01173-8
https://doi.org/10.3389/fneur.2023.1220285
https://doi.org/10.1016/S1474-4422(15)00245-8
https://www.ajovyhcp.com/globalassets/ajovy/ajovy-pi.pdf
https://www.ajovyhcp.com/globalassets/ajovy/ajovy-pi.pdf
http://uspl.lilly.com/emgality/emgality.html#pi
http://uspl.lilly.com/emgality/emgality.html#pi
https://www.pi.amgen.com/~/media/amgen/repositorysites/pi-amgen-com/aimovig/aimovig_pi_hcp_english.ashx
https://www.pi.amgen.com/~/media/amgen/repositorysites/pi-amgen-com/aimovig/aimovig_pi_hcp_english.ashx
https://www.pi.amgen.com/~/media/amgen/repositorysites/pi-amgen-com/aimovig/aimovig_pi_hcp_english.ashx
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/761119s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/761119s000lbl.pdf
https://doi.org/10.1177/0333102418821662
https://doi.org/10.1097/MD.0000000000033874
https://doi.org/10.1056/NEJMra1915327
https://doi.org/10.1177/0333102419854082
https://doi.org/10.1016/S0140-6736(19)32504-8
https://doi.org/10.1016/S1474-4422(20)30279-9
https://doi.org/10.1177/0333102420966658
https://doi.org/10.1177/0333102418779543
https://doi.org/10.1001/jamaneurol.2018.1212
https://doi.org/10.1016/S1474-4422(14)70209-1
https://doi.org/10.1001/jama.2018.4853
https://doi.org/10.1016/S0140-6736(19)31606-X
https://doi.org/10.1056/NEJMoa1709038
https://doi.org/10.1186/s10194-020-01173-8
https://doi.org/10.3389/fneur.2023.1220285

McuxiaTpis, HeBponoris Ta meanyHa ncmxonoris. 2024. T. 11. Ne 4(26). C. 447-475
Psychiatry, Neurology and Medical Psychology. 2024;11(4(26)):447-475

ISSN 2312-5675 (Print)
ISSN 2411-166X (Online)

133.Ashina M., Saper J., Cady R. Eptinezumab in episodic migraine:
A randomized, double-blind, placebo-controlled study (PROMISE-1).
Cephalalgia. 2020. Vol. 40, Ne 3. P. 241-254. DOI:
https://doi.org/10.1177/0333102420905132

134.Ashina M., Lanteri-Minet M., Pozo-Rosich P. Safety and efficacy
of eptinezumab for migraine prevention in patients with two-to-four
previous preventive treatment failures (DELIVER): a multi-arm,
randomised, double-blind, placebo-controlled, phase 3b trial.
The Lancet Neurology. 2022. Vol. 21, Ne 7. P. 597-607. DOI:
https://doi.org/10.1016/S1474-4422(22)00185-5

135. Boinpally R., Shebley M., Trugman J.M. Atogepant: Mechanism of action,
clinical and translational science. Clinical and Translational Science.
2024. Vol. 17, Ne 1. 13707 p. DOI: https://doi.org/10.1111/cts.13707

136.Hu C., Zhang Y., Tan G. Advances in topiramate as prophylactic
treatment for migraine. Brain and Behavior. 2021. Vol. 11, Ne 10.
€2290 p. DOI: https://doi.org/10.1002/brb3.2290

137.Melhado E.M., Santos P.S.F., Kaup A.O. Consensus of the Brazilian
Headache Society (SBCe) for the prophylactic treatment of episodic
migraine: Part |. Arquivos de Neuro-Psiquiatria. 2022. Vol. 80, Ne 8.
P. 845-861. DOI: https://doi.org/10.1055/s-0042-1756441

138.Santos P.S.F., Melhado E.M., Kaup A.O. Consensus of the Brazilian
Headache Society (SBCe) for prophylactic treatment of episodic
migraine: Part Il. Arquivos de Neuro-Psiquiatria. 2022. Vol. 80, Ne 9.
P. 953-969. DOI: https://doi.org/10.1055/s-0042-1755320

139.YuanH., LauritsenC.G.,KaiserE.A., Silberstein S.D. CGRP monoclonal
antibodiesformigraine: Rationaleandprogress. BioDrugs.2017.Vol. 31,
Ne 6. P. 487-501. DOI: https://doi.org/10.1007/s40259-017-0250-5

140.Scheffler A., Messel O., Wurthmann S. Erenumab in highly
therapy-refractory migraine patients: First German real-world
evidence. The Journal of Headache and Pain. 2020. Vol. 21, Ne 1.
84 p. DOI: https://doi.org/10.1186/s10194-020-01151-0

141.Dodick D.W., Ashina M., Brandes J.L. ARISE: A Phase 3 randomized
trial of erenumab for episodic migraine. Cephalalgia. 2018. Vol. 38,
Ne 6. P. 1026—-1037. DOI: https://doi.org/10.1177/0333102418759786

142.Goadsby P.J., Reuter U., Hallstrém Y. A controlled trial of
erenumab  for episodic migraine. The New  England
Journal of Medicine. 2017. Vol. 377, Ne 22. P. 2123-2132. DOI:
https://doi.org/10.1056/NEJMoa1705848

HepcneK‘ruBM MOAQABbLUMX AOCAIAXEHD
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Prospects for further research

Further research into the mechanisms of migraine and the
role of CGRP is crucial for the development of new thera-
peutic approaches. Given the complex pathogenesis of
migraine, studying molecular mechanisms may lead to the
creation of more effective treatment methods. An important
direction is exploring the interaction of CGRP with other
neurotransmitters and developing drugs that block this peptide.
Additionally, research into the combined use of monoclonal
antibodies, triptans, and other drugs holds promise for improving
treatment outcomes. Studying resistance mechanisms to
therapy will also contribute to refining approaches for treating
chronic migraine.
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