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NEUROLOGY.

Migren
— Antik Yunanca “hemikranos” (yarim bas) kokenli
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Fig. 2 | One-year prevalence of migraine. The 1-year (or active) prevalence in relation ¢ COCU kla rd dave ya §I | I d I"d d d ktif m ig ren %5

to age in people who fulfilled the lifetime prevalence criteria for migraine with aura

(at least two attacks) or without aura (at least five attacks) and who had had at least

one attack of migraine in the previous year. The 1-year prevalence steeply rises around
puberty, continues to rise up to two or three times higher in women in the reproductive
age range, and declines again after 45-50 years of age, notably in women. Peak prevalence
of active migraine is ~40 years of age with 35% of women and 15% of men affected. Active
migraine occurs in ~5% of young children and ~5% of the older people. Adapted from
REF*, CCBY 4.0.




Agri fizyolojisi

Injury/Tissue Damage
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Physiology of Nociceptor Activation.

* Nosisepsiyon: Agri algisi
Nosiseptor: Nosiseptif uyaranlari
algilayan 6zel duyu néronlari

* Nosiseptorler farkli uyaranlari
membran depolarizasyonuna
cevirerek voltaj kapili sodyum
kanallari aracihgiyla aksiyon
potansiyeline donlstlrur ve agri
sinyalini olusturur.

v Trigeminal sistemde agri iletimi
C ve AS lifleri araciligiyla
gerceklesirken, santral
sensitizasyon durumunda AR
lifleri de nosiseptif iletime
katilarak allodiniye neden
olabilir.



Agri duyarli yapilar ve

agrinin yansimasit
(primer afferent ve innervasyonlar)

*Bas agrisi, trigeminal ganglion ve C1-C3 kokenli primer
afferent nosiseptif noronlarin aktivasyonu ile iligkilidir
*Bu noronlar:

— Ekstrakraniyal ve intrakraniyal agriya duyarli yapilari
innerve eder

*Trigeminal sistem:

— Ozellikle V1-V2 — 6n bas ve yiiz

— Dura, ven0z sinusler, tentorium

— Meningeal ve serebral arterler

*Servikal sistem (C1-C3):

— Posterior fossa dura

— Vertebrobaziler sistem

— Ust boyun ve oksipital bolge

PAIN-SENSITIVE STRUCTURES AND PAIN REFERRAL
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Posterior head

Afferent nerves from
occipital region, ear,
and neck and from
dura of posterior fossa
and vertebrobasilar
arteries are carried by
dorsal roots of C1-3
spinal ganglia,
accounting for pain
referral to these sites.




Vaskuler teori

» 1980’lere kadar migrenin temel aciklamasi vasktler teoriydi
— Bas agrisi: damar dilatasyonu
— Aura: vazokonstriksiyon

* Bu gorusu destekleyen bulgular:
— Ergotamin (vazokonstriktor) migren tedavisinde etkilidir
— Nitrogliserin (vazodilator) bas agrisini tetikler
— Atak sirasinda eksternal karotis dallarinda genisleme gorular
— Intrakraniyal damarlarin uyarilmasi bas agrisi olusturur

* Ancak bu teori, migrenin tim mekanizmalarini aciklamakta yetersiz
kalmistir
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Hypothesis

NEUROTRANSMITTERS AND THE FIFTH
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Trigeminovaskuler teori

* Migren bas agrisi, trigeminal vaskiiler sistem
aktivasyonu ile ortaya ¢ikar

* TVS:
— Trigeminal ganglion ve Ust servikal
koklerden koken alan kicuk capli duyusal
noronlar
— Pia, dura, buylk serebral damarlar ve
venoz sinusleri innerve eder

» Aktivasyon sonrasi:
— Nosiseptif sinyal medulladaki trigeminal
niikleus kaudalise iletilir
— Burada ikinci noéronlara aktarilir

Agr kaynagi meningeal ve vaskiiler yapilar

Thalamus

Hypothalamus

Blood
Vessel

Caudal Medulla

FIGURE 2. Migraine pathophysiology. Au, auditory; M, motor cortices; S, sensory;
TCC, trigeminal cervical complex; TG, trigeminal ganglion; VC, visual cortex. 1: Pe-
ripheral afferents innervate the cranial vasculature and meninges contributing to pain
sensation. 2: Peripheral afferents including upper cervical afferents converge at the
TNC in the caudal medulla to form the TCC. 3: Second-order neuron nociceptive af-
ferents project to the thalamus. 4: Third-order thalamocortical| neurons project to
multiple cortical areas leading to migraine pain and associated symptoms (bidirec-
tional communication). The color version of this figure is available in the online
edition.
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FIGURE 2. Migraine pathophysiology. Au, auditory; M, motor cortices; S, sensory;
TCC, trigeminal cervical complex; TG, trigeminal ganglion; VC, visual cortex. 1: Pe-
ripheral afferents innervate the cranial vasculature and meninges contributing to pain
sensation. 2: Peripheral afferents including upper cervical afferents converge at the
TNC in the caudal medulla to form the TCC. 3: Second-order neuron nociceptive af-
ferents project to the thalamus. 4: Third-order thalamocortical neurons project to
multiple cortical areas leading to migraine pain and associated symptoms (bidirec-
tional communication). The color version of this figure is available in the online
edition.
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1. sira noronlar:

— Trigeminal sinir (6zellikle V1 dah) ve C1-C3

— Trigeminosevikal kompleks (TCC)’te birlesir
e 2. sira noronlar:

— TCC’den beyin sapi, hipotalamus, talamus ve bazal
ganglionlara projekte olur

— Kortikal alanlari (duyusal, bilissel, emosyonel) etkiler




Agri lletimi ve Modiilasyonu

* Trigeminal nidkleus kaudalis - talamus - somatosensoriyel korteks

—> Agrinin bilincli algilanmasi

* iInen moduilasyon sistemleri:
— Periaqueductal gray (PAG)
—> RVM (nucleus raphe magnus)
— Kortikal inhibitor yollar

* Ek projeksiyonlar:
— Subkortikal ve limbik yapilar

Duyusal hassasiyetler

_ (fotofobi, fonofobi), dikkat ve
duygu durumunda
degisiklikler, yorgunluk, bellek
ve biligsel aktivitelerde
degisiklik

Cortex

Mi1/Mz2

51

" 2. Sira néronlar: Agri, allodini,
fotofobi

V1V

Uyku-uyaniklik dongiisiinde
bozulma, esneme, yeme
istegi, susuzluk, politiri,
ensede rahatsizlik, bulanti

Fig. 3 | Anatomical substrates of migraine. The trigeminovascular pathway provides the anatomical and physiclogical
substrate for migraine headache. Au. auditory cortex; Ect, ectorhinal cortex; Ins, insular cortex; LP. lateral posterior thalamic
nucleus; M1, primary motor cortex; M2, secondary motor cortex; PAG, perlaqueductal grey: PB, parabrachial nucleus:

PtA, parietal association cortex; Pul. pulvinar: RS, retrosplenial cortex; 51, primary somatosensory cortex; 52, secondary
somatosensory cortex; SSN, superior salivatory nucleus; TCC, trigeminocervical complex; TG, trigeminal ganglion;

V1, primary visual cortex; V2, secondary visual cortex; YPM, ventral posteromedial nucleus, Adapted with permission

from REF ™, The Journal of Neuroscience, and from REF", Springer Nature Limited.




Beyin sapi- inen Agri modulasyonu

M - B, receptor and ECs

{ GABA (0 © 5-HT,5), receptor and triptan
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Migren agrisi sadece periferden gelen bir sinyal degil, beyin
sapl tarafindan aktif olarak modiile edilir

*vIPAG (ventrolateral periaqueductal gray) — agri kontrol
merkezi

*RVM (rostral ventromedial medulla) — “ON” ve “OFF” hucreleri
*TCC (trigeminocervical complex) — migren agrisinin islendigi
yer

RVM’de iki hiicre tipi var:
*ON hiicreleri - agniyi artirir
*OFF hiicreleri - agriyi baskilar

*GABA 1 — OFF hucreleri baskilanir — agri artar
*GABA | — OFF hucreleri aktif — agri azalir



Beyin sapi tutulumu- insan pet calismalar

Fig. 1 Comparison of acute migraine attack and
headache-free interval in nine patients with migraine with-
out aura. The activations during the attack are shown as
statistical parametric maps that show the areas of signifi-
cant rCBF increases (P < 0.001) in red superimposed on an
anatomical reference image derived from a T1-weighted
MR image. Numbers refer to the relative distance to the
ACPC-line (joining the anterior and posterior commis-
sures), which is situated at 0 mm. The anterior part of the
brain corresponds to the top of the image, the posterior
parts to the bottom. The left side of each image is the right
side of the brain. Significant increases in regional cerebral
blood flow were detected over several planes in the brain
stem slightly lateralized to the left, anterior to the aque-
duct and posterior to the cranial nerve nuclei in the peri-
aqueductal grey matter and midbrain reticular formation,
as well as in the infero antero-caudal part of the cingulate
gyrus (Brodmann area 25).

NATURE MEDICINE, VOLUME 1, NUMBER 7, JULY 1995 659



Migren patofizyolojisinde ndéropeptidler

L and limbic symptoms Thalamus: sensory

cognitive I
sensitivities,

symptoms allodynia, limbic
processing

gl
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CGRP PACAP

CGRP PACAP -
N/
Gl
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Amygdala: affective
pain processing and
emotional symptoms

Midbrain including PAG,
VTA: headache, nausea,
cognitive and behavioural

Hypothalamus: homeostatic
symptoms and autonomic symptoms
and interactions between
migraine and sleep, feeding
. PACAP
Pons including SSN, CGRP

and stress
parabrachial nucleus, LC:

pain, CAS, interactions with
arousal, sleep and feeding
Karsan, N.; Gosalia, H.;

Goadsby, P.J. Molecular Mechanisms
of Migraine: Nitric Oxide Synthase
and Neuropeptides. Int. J. Mol. Sci.
2023, 24, 11993.

Medulla including RVM,
NRM, TCC, spinal
trigeminal nuclei:

headache, allodynia, and
neck stiffness




CGRP

5-HT 1F agonists antagonists
3

Norojenik inflamasyon @\F

5-HT 1D

receptor

e Trigeminovaskuler sistem aktivasyonu -

noropeptid salinimi (CGRP, SP, PACAP )
e Mast hiicre degranulasyonu ve vazodilatasyon
gelisir

e Damar gecirgenligi artar - plazma protein

SP = Substance P

NO = Nitri

ekstravazasyonu Ao

e Lokosit infiltrasyonu ve inflamatuvar mediator — 1

Sa||n|m| Tigeriral_{Y SD O%‘ " \R—;};n nucleus caudalis
(@&9) “ oo Q?J |

CGRP antagonists

e Mikroglia aktivasyonu - santral inflamasyon [ f o
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5-HT 1B/1D E I\ ————
5-HT IF ()t 5.HT =
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Migren Atagi Fazlan

* Migren atagi 4 fazda gelisebilir:

* Tim hastalarda her faz gérilmez




Prodromal faz (Premonitor fazi)

* Migren agrisindan < 48-72 saat 6ncesine kadar baslayabilir
* Cocuklarda %67-85 (ebeveynler tarafindan farkedilir)

 Semptomlar: Yorgunluk, bulanti, esneme, fotofobi, fonofobi, ensede
gerginlik, bilissel semptomlar

* Calismalar migren agrisi 6ncesinde
hipotalamusun aktive oldugunu gostermistir.

* Hipotalamus: Nosiseptif isleme, uyku-
uyaniklik dongusu, beslenme, susuzluk,
otonom ve endokrin dizenlemeden sorumlu

Maniyar FH, et al. Brain. 2014;137:232-241.



Prodromal faz

iyl

the meninges

Intracranial vasodilation and local
release of inflammatory molecules

le in the meninges

Multiple afferents \‘ \ it g/: l "_.
carry parasympathetic BV gl CGRP A\
signals to the SSN i et PACAF'-:'IB/ e i
_—eLH I |
_——®BNST 'y
= L J »
——®pyN " Pir /,. r 4 i
PAG * /4 /s /
7 /S /
P i
Increased parasympathetic o r
tone activates meningeal 4 %3}“
Signals from the SSN nociceptors and the o’ 4

aclivate postganglionic
parasympathetic neurons
in the SPG, projecting to

trigeminovascular pathway

Fig. L—Activation of meningeal nociceptors by increased parasympathetic tone. BNST =bed nucleus of stria terminalis;
LH = lateral hypollla]amue PAG = periaqueductal gray; Pir = piriform cortex; PVN = paraventricular hypothalamic nucleus;
GP( = sph

SSN = superior salivatory nuclens; TCC = trigeminal cervical complex; TG = trigeminal

*Hipotalamus aktivasyonu

*Beyin sapi ¢ekirdekleri ile baglanti (LC, raphe, PAG)
*Homeostaz bozulmasi

*Parasempatik aktivite 1> - meningeal nosiseptor
aktivasyonu

*TNC’ye giden sinyallerin modiilasyonu

Sonug olarak

*Agri esigi diiser

*PACAP infizyonu, CGRP’ye kiyasla daha belirgin
prodromal semptomlara yol acarak migrenin erken
fazlariyla daha gucli bir iliski gostermektedir.”

%55-70 cocukta kraniyal otonomik bulgular
gorulebilir, %10-20si unilateral

Raieli V et al. J Child Neurol, 2015
Gelfand AA et al. Neurology, 2013



Aura (%30 hastada)

e Migren aurasi, kortekste yayilan yavas bir
depolarizasyon dalgasi ardindal néronal baskilanma
Kortikal yayilan depresyon (KYD)

* Yayilim hizi: 3-5 mm/dk (gorsel aura ile uyumlu)

e KYD sirasinda:
— llk hiperemi
— Ardindan oligemi / relatif hipoksi

* lyon degisiklikleri:
o P K* glutamat
o /N Ca’* girisi
* KYD, trigeminal sistemi aktive ederek bas agrisini
tetikleyebilir

* & Aura ile iligkili migreni aciklar, ancak aurasiz
migren igin yetersizdir

N
& plasma protein
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Kortikal yayilan depresyon ve sonuglari
e K* hizla normale doner, ancak membran potansiyelinin
diizelmesi yuksek enerji gerektirir
e O, tiketimi artar - kisa sureli hipoksi gelisir
* Hipoksi, kan akimindaki azalmadan degil; CSD
sonrasinda iyon dengesinin yeniden saglanmasi icin
gerekli olan O, kullanimindaki belirgin artistan
kaynaklanmaktadir.
e Noronal degisiklikler:
— Sisme, morfolojik bozulma
— Dendritik diken kaybi (15-20 dk’da diizelir)
— Sonrasinda vazokonstriksiyon ve kan akimi azalmasi

e KBB bozulur - plazma protein sizintisi

— Trigeminal sistem aktivasyonu

- Migren agrisi
e Preconditioning gelisir - noroproteksiyon ve artmis iskemik
tolerans

Aurasiz migrende, kortikal yayilan depresyonun, serebellum gibi
bilincli olarak algilanmayan depolarizasyon bdélgelerinde ortaya
cikabilecegi one sirilmektedir.

J. Clin. Invest. 119:16-19 (2009). doi:10.1172/JCI38051.



Aa Ab Ac Ad

. 4
\ b — ) .
; 5 ¥ Wi e A KYD, artmis ekstraselliiler K* ve glutamat
whe e \ | % iy S0 A M g . .
| A " Ay i "'Ii—ﬂ ” A L araciligi ile komsu néronlari depolarize
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Yayilimi sinirlayan mekanizmalar
*Astrositlerin:
e« K"alimi
* Glutamat temizligi
s KYD’nin baslamasini ve yayilmasini sinirlar
insanlarda, en diisiik astrosit/néron orani primer gorsel
kortekste bulunur
¢ Beyin eksitabilitesini artiran veya ekstraselltler K* ve
eksitator norotransmitterlerin tamponlanma kapasitesini
azaltan durumlar (genetik, cevresel, hormonal, ilaclar,
patolojik stiregler) = KYD’nin ortaya ¢ikmasini ve yayilmasini
kolaylastirir

:
ch as migraine, traumatic brain injury (TBI), focal ischaemia, ynapt
ion (AVM), negative
) ing away
in,a spreading ionis typically
h ical reglon. Not

P:

4
arta,image courtesy of 1. Tamim. Part b, image courtesy of | Hartings;
ale.b, Ar i adapted with permission fromref. 9.

Ayata, C., Hougaard, A., Schiff, S.J. et al. Tsunamis hiding in plain sight: spreading
depression in clinical neurology. Nat Rev Neurol 22, 251-266 (2026)



Kortikal yayilan depresyon—>meningeal
nosisepsiyon aktivasyonu
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KYD ve Olasi Noroprotektif Etkiler

* Migren hastalarinda, 6zellikle aurali olanlarda, zaman icinde bilissel
testlerdeki diststin migreni olmayan bireylere gore daha az oldugu
gosterilmistir (Kalaydjian A, 2007)

* Bu durum hem ataklari azaltabilir hem de bellegi koruyabilir

* KYD’ye bagl hipoksi akut bir risk olusturur, ancak uzun vadede:
— Kortikal devrelerde gliclenmeye yol acabilir

* KYD, kisa sureli iskemiye benzer sekilde bir 6n kosullama (preconditioning)
uyarisidir
— Iskemik toleransi artirir

* Bu etki; BDNF gibi norotrofik faktorlerin salinimi dahil olmak Gzere ¢ok
faktorli mekanizmalarla olusur



Migren bas agrisi

* Bas agrisi- 4-72 saat
* Tek tarafli zonklayici
* Fotofobi, fonofobi

e Bulanti, kusma

* Allodini Vesso
* Ense sertligi

* Kranial otonomik semptolar

* Bilissel semptomlar Caudai Medull



Trigeminovaskular yolak aktivasyonu
Meningeal- vaskiler norojenik inflamasyon
CGRP dahil néropeptidlerin salinimi
Periferik ve santral sensitizasyon

Sensory cortex '"1424 (dely

Thalamus 2,11,14,24 @

Trigeminocervical complex 124

Trigeminal ganglion ¢.11.1424.26 @
Meningeal nerves and vessels 112425 @




Sensitizasyon

* Sensitizasyon: Tekrarlayan aktivasyon sonrasi néronlarin artan
vanithhgi

* Periferik sensitizasyon:
— Primer afferent noronlarda
— Agri esiginde disus

* Santral sensitizasyon:
— Trigeminal nukleus kaudalis ve Gst merkezlerde
— Agrinin yayilmasi ve siddetlenmesi

» Sonuc olarak—> Allodini
e Uzamis ataklar
* Episodik migren - kronik migren dénusiimu




Peripheral sensitization

- Release of vasoactive Meningeal Activation of
@ mediators (CGRP,...) blood vessel _ nociceptive Corticl 3niNR
- Neurogenic inflammation fibers ica
2 neurons SENSITIZED CENTRAL NEURON
. (Thalamus)

SENSITIZED PERIPHERAL NEURON
(Trigeminal ganglion)

1s'NR
Threshold decreased and
magnitud increased Thobbing pain

@"x

extracephalic allodynia

CEPHALIC
CUTANEOUS 2ndNR
ALLODYNIA SENSITIZED CENTRAL NEURON

(Dorsal horn of spinal cord: Trigeminal espinal nucleus)
Central sensitization

TRIGEMINAL-CERVICAL COMPLEX

From caudal medulla of the brain stem,
i reach the spinal trigeminal nucleus caudalis
i as well as the upper cervical spinal cord (C1

i -C2)

cephalic allodynia

Afferences innervated by C1-C2

Minguez-Olaondo A, et al (2022) Cutaneous Allodynia in Migraine: A Narrative Review. Front. Neurol.



Migren- Postdrom

* %60-94 gorulur. Noropsikiyatrik, duyusal, GIS ve genel semptomlar

* Yorgunluk, ense sertligi

* Bu doneme dair calismalar daha az

* Premonitor fazdaki artmis noronal aktivite, postdromeda benzer mi?
* 16 migren vakasi, ng ile ataklar tetiklenmis

* Globale yakin hipoperflizyon

 Triptanlar postdroma etki etmiyor (altta yatan diensefalik ve beyin sapi
fonksiyonlarini etkilemiyor)

* Anksiyete ve depresyon gibi komorbiditeler, postdrom varligi/yoklugu ile
iliskili degil.



Postdrom belirtiler

Percent of Patients Who Percent of Attacks in Which Postdromal

Recalled Each Postdromal Symptoms Were Prospectively Reported
Nonheadache Feature Symptom at Baseline (n = 83) During the Electronic Diary Study (n = 425)
Tired/weary 75% 88%
Difficulty with concentration 67% 56%
Stiff neck 16% 42%
Light sensitive 13% 36%
Intolerant/irritable 22% 29%

Prodrom ve postdrom semptomlarin
Dizziness 10% 19%
_ ortismesi, bu suirecin atak boyunca

Yawning 15% 14%

devam ediyor olabilecegini; ancak bas
agrisi, bulanti ve aura tarafindan
it o sy maskelenebilecegini dusindirmektedir.

Thirst 13% 32%
Emotional 13% 24%
Difficulty with thoughts 15% 33%
Constipation 4% 7%
Frequent urination 7% 21%
Nausea/vomiting 6% 15%
Difficulty reading or writing 10% 7%
Difficulty with speech 5% 9%

Other 32% 44%



Postdrom- Migren

Figure 30. Reduction in rCBF in the postdrome phase compared to baseline at whole brain level and
following small volume correction. (Sagittal, coronal and axial sections). Figures show reduction in rCBF over
the superior temporal gyrus, middle temporal gyrus, superior frontal, medial frontal gyrus, Insula, precentral
gyrus, inferior frontal gyrus, inferior temporal gyrus, lingual gyrus, cingulate gyrus with peak reduction over

the Left precentral gyrus (P<0.001) at a whole brain analysis level. Small volume correction did not yield
additional areas. The colour bar on the right indicates the colour coding of the T-scores.

The Migraine Postdrome - A Clinical And Neuroimaging Study, Pyari Raghavan Bose (Student ID: K1469776) MBBS, MRCP(UK), MRCP(UK)(Neurology), CCT in Neurology



Agn Siddeti

Migren Ataginin Tipik Zaman Cizelgesi (Aurasiz)

1. PREMONITOR FAZ 2. BAS AGRISI FAZI 3. POSTDROM (GOZULME) FAZI
(Bas agrisindan énce (4-72 saat) (24 saate kadar)
48 saate kadar)

[} Yorgunluk

@ Konsantrasyon gigliigii
@D Duygudurum degisiklikleri
@ Esneme

>Q  Boyun sertligi

-@- Isik ve ses hassasiyeti
4 Sik idrara ¢ikma

@ Yeme istegi (craving)
E] Susuzluk hissi

@ Yorgunluk / halsizlik
& Konsantrasyon gligligii
Q “Beyin sisi”

(kognitif bulaniklik)

4 Devam eden duyusal
~\ hassasiyet

Zonklayici bas agnsi

Hareketle artan agn

@9 Duygudurum degisiklikleri

- Bulanti / kusma
KRANIAL OTONOM SEMPTOMLAR

<@ Konjonktival kizariklik
& Gozyasarmasi
/N Burun akintisi
@) VYiizde kizarma
&6 Terleme

e

Isik, ses ve koku hassasiyeti

v

Py - ! . ..
PREMONITOR FAZ BAS AGRISI FAZI POSTDROM (COZULME) FAZI
Bas agrisindan &nce 4-72 saat 24 saate kadar

48 saate kadar

Migren atagi, agri baglamadan saatler—giinler 6nce basglayan ve bas agrisi sonrasinda da
devam eden cok fazl bir siirectir.



Ornek vaka

9 yas erkek cocuk,
7 yasindan itibaren beyin sapi aruali migreni var
Zamanla aile atagi 2 glin dncesinden baslayacagini fark ediyor

Atak oncesi disinhibisyon, davranis degisiklikleri, hiperaktif,
nedensiz gilme ve aglama

Kardesini rahatsiz edici davranislar
2 giin sonrasinda 12 saat sliren bas agrisi,
1 saat sliren dengesiz yirime, ¢ift gorme

Bas a§r|5| gectikten sonra, solgun gorinimde, gozler sis,
kizarik, istahi azalmis, huysuz, uyumak istiyor, kardesine sirekli
uzak durmasi gerektigini séylliyor—> 12 saat siiriyor

Ataklar arasinda ¢ok sakin, mutlu bir cocuk ve davranissal
sorunum yok

"The usefulness of children’s drawings in the diagnosis of
headache." Pediatrics 109.3 (2002)

Premonitor semptomlar (48 saat
oncel)

— Davranigsal ve emosyonel
degisiklikler

— Kranial otonom bulgular
(postdromda)



Interiktal migren beyni

Between attacks, 7 patients exhibited altered cortical responses due
to heat-pain and luminous stimulations *’

+ Light / - Pain
Controls Patients with Migraine Controls

+ Light / + Pain
Patients with Migraine

Concomitant pain stimulation potentiated visual cortex
activation in patients with migraine

Activation of the visual cortex bilaterally was observed in
patients with migraine but not in controls

In a PET study using *O-labelled water, 7 patients exhibited altered cortical responses due to heat-pain and luminous stimulations between
migraine attacks, as compared to matched control subjects.

Adapted with permission from Boulloche N, et al. / Neurol Neurosurg Psychiatry. 2010;81:978-984. +

Yapisal Degisiklikler

J Gri madde:

— ACC, insula, frontal—parietal bolgeler,
bazal ganglion, serebellum

N Gri madde:

- Somatosensoriyel korteks

N Beyaz cevher lezyonlari

J Beyaz cevher butlnligi

(3 Olasi neden:

Tekrarlayan nosiseptif yik / iskemi
Ya da ataklarin sonucu

Fonksiyonel Degisiklikler
*Artmis duyusal yanitlar:
- Gorsel, isitsel, somatosensoriyel
* Nosiseptif islemleme

*Pons dizeyinde anormal agri modulasyonu

(= Klinik karsilik:
*Bozulmus habituasyon
*Azalmis agri kontroli



Migrende periferik ve santral mekanizmalar

peripheral mechanism

central mechanism

. increased tone
d  ascending pathways
\ inhibited - no migraine

external trigger evokes

activation of trigeminovascular
afferents which terminate

in the lower brainstem

. decreased tone
ascending pathways
excited - migraine

o

FIGURE 1 | Central vs. peripheral mechanism of migraine. The prevailing theories of migraine initiation include the existence of a peripheral trigger and/or central
nenvous system changes including oscillations in the sensitivity of descending pain modulatory pathways across the migraine cycle. Such changes in brainstem “tone’
are proposed to either prevent or allow an external trigger or basal brainstem activity from evoking activity changes in ascending pathways which are ultimately
responsible for the presence of a migraine event.

Mungoven et al.

Migrenin baslangicinda
primer afferent
aktivasyonu sart mi? =
Tartismali

Bulgular:

— Atak sirasinda juguler
kanda CGRP artisi=> Primer
afferent aktivasyonunu
destekler

Ancak:

— Bazi hastalarda santral
disinhibisyon / anormal
aktivasyon 6n planda
olabilir



Migren ve Genetik

3
, ; FHM 1 FHM 2 FHM 3
180 genetic variants
CACNA1A ATP1A2 SCN1A
vascular and 3 SNP including one SR\ il
neuronal cells/tissues located in CACNATA A N\ ‘
gene k/ Fod
" Na* | inhibit
ca? $ ::térr:ggon
FHM 4
\, PRRT2
—_—,
y:-{' O\
L1 /0g\
e = e e oY,
Migraine Migraine with Aura Familial Hemiplegic ~—_1 b
Migraine (FMH)
A7 NYTNYT N/ N

POLYGENIC MODEL
MULTIPLE VARIANTS
SMALL-EFFECT SIZE

MONOGENIC MODEL
GENETIC HETEROGENEITY
CLINICAL VARIABILITY




CGRP ekspresyonu

TRIGEMINOVASCULAR SYSTEM'#12

Peripheral components'* Central components'32

(outside the BBB) (inside the BBB)

CGRP-R complex'#

Cerebral cortex
Meningeal blood vessels

Thalamus

Trigeminal ganglion

Trigeminocervical complex
(comprises TNC)

CGRP receptors are found in several sites in the trigeminovascular system?*



Trigeminal Ganglion ve CGRP

3. CGRP antibodies/Gepants block
activities in the Trigeminal ganglion

GRP antagonists/antibodies )
inhibit pain transmission if CGRP antagonists block vaso-
they gain access dilation of cerebral vessels if
BBB is traversed

AT
X | TN

TN
S

Trigeminal ganglion

Mandibular branch 'Y Antibodies

O Gepants
2. CGRP antibodies/antagonists
may inhibit pain transmission

Fig. 2.—Schematic illustration of some of the intracranial sites where the novel CGRP antibodies, the CGRP receptor anti-
body, and gepants putatively have their main site of action: (i). The trigeminal ganglion with neurons and nerve fibers, satellite
glial cells, and blood vessels all have components of the CGRP system. (ii). Dura mater with the meningeal artery and its
branches. (iii). Extracranial structures lack blood-brain barrier, which allows these agents to interact with the CGRP signaling
at many sites. The central part of the trigeminovascular system, the trigeminal nucleus caudalis, and the spinal cord at C,; and

C; levels might also be modified by the antibodies and gepants; however, this would more likely be an indirect effect.

Kan-beyin bariyeri ve biiyiik molekiil yapisi nedeniyle
—>-> Anti-CGRP ve anti-CGRP reseptor antikorlari SSS’ye
anlaml ge¢gmez

v" Bu nedenle etki yeri buyiik olasilikla periferik
-CGRP baglanma bolgeleri trigeminal ganglionda
gosterilmistir.

- CLR/RAMP1 ile korelasyon

Evans blue calismalari:

— Trigeminal ganglion KBB ile korunmuyor



Pain
perception

CGRP release
Inflammatory loops
Cross-excitation
Activation of
1° neurons

ﬁ\/g_ ‘___)t

asg i " < i . \
Trigeminal ganglion neuron é/ .
Meninges & b trigeminal
nucleus

CGRP release CGRP release
Vasodilation Activation of 2° neurons
MNeurogenic inflammation Central sensitization
Peripheral sensitization
. ¢) RUSSO AND HAY

Figure 14. Calcitonin gene-related peptide (CGRP) in the trigeminovascular system. CGRP acts at 3 distinct regions within |
tem. Upon activation, afferent trigeminal fibers release CGRP in the dura and pia layers of the meninges. CGRP actions ¢
immune cells, glial Schwann cells, and trigeminal fibers can cause vasodilation and neurogenic inflammation and potenti
release and peripheral sensitization. Within the ganglia, CGRP can act on satellite glia and neural cell bodies to initiate infla
signaling that could further CGRP release and excitation of nociceptive cell bedies. In the spinal trigeminal nucleus, CGRP ma
nals that can lead to activation of second-order neurons and central sensitization. These second-order neurons project to hic
to pain perception. Image created with BioRender.com, with permission.

Pain Tactile allodynia

Central sensitization
(enhanced signaling?)

/ Nausea

CGRP CGRP

Peripheral sensitization
(meningeal signals?)

Normal CGRP Triggers High CGRP

Figure 15. Proposed roles of central and peripheral calcitonin gene-related peptide (CGRP) in migraine. Normal levels of CGRP in the central nervous
system (CNS) and peripheral nervous system (PNS) are proposed to modulate sensory inputs. When central or peripheral CGRP levels are elevated,

R u SS O & H ay’ 2 O 2 3 perhaps in response to CNS signals, such as repeated cortical spreading depression (CSD) events, or peripheral signals, such as an altered trigemino-
vascular microenvironment, peripheral and central sensitization can occur, possibly in a reinforcing loop of positive feedback and feedforward signals
between the PNS and CNS as indicated. The increased signaling leads to heightened sensitivity to sensory input that is manifested as photophobia
and other migraine symptoms, with pain occurring possibly as a protective response to drive the person to reduce sensory input.



Neuromodulation
by neuropeptides

More distant @
sites of action

Local sites
of action

OO
(&)
OOOOS (\' )
O (oY
\ ,  Local sites
e of action

Fast synaptic
transmission by
neurotransmitters

@ Neuropeptide

() Clear synaptic
vesicle

Neurotransmitter

£

'

G protein-coupled

| receptor

T

Ok

iy Ligand-gated
/A ion channel

. Transporter

Russo and Hay, 2023, Physiol Rev 103: 1565-1644

CGRP salinimi ¢ok guclu

*1 vezikul = 10* (10.000) CGRP
molekiilu

*1 néron saniyede = 103 vezikiil
salabilir

9

*Tek bir nérondan saniyede
milyonlarca CGRP salinir
*Anti-CGRP antikorlar:

X Tim CGRP’yi baglayamaz

v Ama miktari azaltir



Propranolol

Non-selektif beta-1 reseptor antagonisti

e 5-HT sentezinde degisiklik

e 5-HT reseptor antagonizmasi

e Locus coeruleus’ta noradrenerjik aktivite azalmasi
e Periaqueductal gri maddede GABA degisikligi

Topiramat

e Sodyum kanal blokaji

e GABA-A aktivasyonunu artirir

e L-tipi kalsiyum kanallarini inhibe eder
e Glutamat reseptorlerini inhibe eder
e Mekanizma net degildir

p— = =
Central/Trigemin
e R ¢

.
(e s
=0 __8_ g * o®
" i i \ / Topiramate upregulates GABA,
= . receptors, leading to increased
- i = inhibitory neurotransmission

Kalsiyum kanal blokerleri

e VVerapamil, nifedipin

Topiramate inhibits Ca?* ehannels, ‘, e e
thereby preventing the release of Sy
vasoactive neuropeptides /‘ N / e /
. —_ Vascular
il caea ¢ Neuropeptides(incl. CGRP) prevent ackeand C5D

[mm AMPA/Kainate %8 GABA
Collectively, by altering activation and sensitization of neurons,
thes i

e Damar diiz kasinda Ca kanallarini bloke eder
e Serotonerjik sistem Uzerinde etkili olabilir



Ergot Alkaloidleri

* Cocuklarda kullaniimaz

* Ergotamin ve dihidroergotamin (DHE), cavdar mantarindan elde edilen ilk
antimigren ilaclardir

* DHE, ergotaminin 9—-10 pozisyonunda hidrojenlenmis analogudur

* Etki mekanizmasi:
— Birden fazla 5-HT, reseptoriine agonisttir (5-HT:A, 1B, 1D, 1F)
— Ayrica 5-HT,, adrenerjik ve dopaminerjik reseptorleri etkiler Etkileri:
— Inflamatuvar néropeptid salinimini azaltir
— Arteriyel ve veno6z vazokonstriksiyon yapar (triptanlara benzer)

e Kisithhk:
— Bulanti ve kusmayi azaltmaz
— Bu nedenle genellikle antiemetik ile birlikte kullanilir



Triptanlar

5-HT:B / 5-HT:D / 5-HT;F reseptor agonistleridir
— Diger reseptorlere afiniteleri dustktir

Etki mekanizmasi:
— Presinaptik 5-HT:D ve 5-HTF aktivasyonu; 5-HT,A etkisi daha az
—> CGRP ve diger vazodilator peptidlerin salinimini inhibe eder

Bu etki:
- Intrakraniyal damar genislemesini 6nler
— Migren patofizyolojisini baskilar

Ayrica:
— 5-HT;B reseptor aktivasyonu
— Dogrudan vazokonstriksiyon olusturur

Ayrica 5-HT,B aracili dopamin salinimini azaltarak bulanti ve kusmayi da
hafifletir.

Trigeminal
nerve ending

zé iaig, I ) Triptan

Neuropeptide ()

L/

Constriction

5HT, [N
X
Dural blood vessel




5-HT+F - Ditanlar

* Lasmiditan, migrenin akut tedavisinde kullanilan yeni
bir selektif 5-HT F agonistidir

e 5-HT,F reseptorlerine, 5-HT:B ve 5-HT,D’ye gore
yaklasik 400 kat daha yiiksek afinite gosterir

* Bu reseptorler baslica trigeminal sinirlerde bulunur
— Trigeminal ganglion aktivasyonunu belirgin
sekilde inhibe eder

* Diger 5-HT reseptorlerine (6zellikle 5-HT:B/1D) disik
afinite gosterir

* Bu nedenle:
(? Vazokonstriksiyon ile iliskili yan etkiler daha
azdir
— Triptanlara gore daha guvenli olabilir

e Ozellikle:
— Iskemik kalp hastaligi
— Raynaud fenomeni
— Miyokard enfarktisi oykusi

O CGRP
@ Gepant
@ Triptan

O Ditan

:
&
2 w8

Muscle dilation

00 —
\ w ji CGRP receptor
@]
®
o

5-HT 5 4p receptor

J | 5-HT,g receptor
—

JI“IUImLAdennyI cyclase|




Botox

ABotox

b A
Botox, trigeminal sinir uclarinda noropeptid d
salinimini inhibe ederek periferik sensitizasyonu /
azaltir ve kronik migrende profilaktik etki i~

.
gosteri "5 -- '?e%gptor

Cleaved

protein



MiGREN PATOFIZYOLOJiSi - GUNCELLENMIi$ MODEL

1. PREMONITOR [ 2 AURAFAZI | 3. BAS AGRISI FAZI 4. POSTDROM FAZI
(DTO:’;“D:“::;?'“ (Dakikalar) (Saatler-3 giin) (Saatler-giinler)
« Yorgunluk Cortical spreading « Tek tarafl zonklayici agri « Halsizlik
» Esneme depression (CSD) + Bulanty, kusma + Konsantrasyon gilgligi
« Istah dedigikligi (%20-30 hastada) « Fotofobi, fonofobi « Kognitif yavaglama
« Boyun hassasiyeti « Koku hassasiyeti - Boyun sertligi
+ Duygudurum degigiklikleri L | - Fiziksel aktiviteyle artis
1. BASLANGIC: HIPOTALAMUS —b 2. BEYIN SAPI MODULASYONU
FEE
+ Homeostatik diizenleyici merkez —h - Inibitor ve fasilitator agn
+ Uyku-uyanikiik, istah, hormaniar, Ll maodiilasyon merkezleri
otonomik fonksiyon Rostral ventromedial - + Descending kentrol bozulur:
- Fonksiyonel géruntilemede atak PRRLEN (VM) - Inhibisyon azalir
ancesi aklivasyon artigt LSRR ~ Fasilitasyon artar
» Oreksin, dopamin, serotonin (noradrenerjik) - Trigeminovaskiler sistemi
istemierinde degisiklik 1
i legisikli i vtk { i “priming’ eder (duyarlilik)
{serotonerjik) 1
3. TRIGEMINOVASKULER AKTIVASYON 4. MERKEZI ILETIM VE ENTEGRASYON
KORTIKAL AG (PAIN MATRIX)
Stres, uykusaziuk s1/s2
{somatosensoriyel korteks)
Achi, harmanal dogrsklikler A yer, yidlet ritebGs
Parlak ik, yogun koku Insula
Havn degioidilderi || (Ao igsel algesi) J
Fiziksel efor, alkol vb, e
: ‘Atesior singulat korteks (ACC)
N j (Duygusal boyut, rahatsizik)
Prefrontal korteks
(Biligsel degerdendirme,
dikkat, karar verme)
| Gorsel korteks
(Fotofobi - 59 asin duyartik)
Trigeminaservikal kompleks (TCC) |

(Spinal trigeminal gekirdek - C1-C2)

v

LiMBIK SISTEM

» Dura ve kranial damar inputlan burada ‘
i ot ’ l————3| 5. SANTRALSENsiTIzasYON < Aiielis s, nokshoets
¥ J + TE, talamus v kortaksta nironsl g diser ‘_'_'f."i"i'f‘.':‘. ks ko
| IS ——————— e i g e ML HOROKIMYASAL MEDATORLER |
2 izl CGRP (en kritik mediatdr) |
Substance P 1
6. SONUG: MIGREN AGRISI VE ESLIK EDEN BELIRTILER
{ i
Agn Bzelliklert Eslik eden belirtiler Duygudurum ve kognisyon Otonomik belirtiler |= 1}
« Zonklayic:, tek tarafl « Bulants / kusma + liritabilite, anksiyete = Glde stlanoe ekt b e e
+ Orta-giddetii + Fotofobi, fonofobi + Konsantrasyon bozuklugu N iz £ BRI
+ Fizlksel aktiviteyle artan + Osmofobi, koku hassasiyeti + Yorgunluk
— Yikselen agn yollan
Kisaca: Migren; hipotalamustan baglayan, beyin sapi ile sistemin artmasi, = fnanmodBRered yolibn
i ve santral sensiti ile ortaya gikan bir "beyin aj hastahfids™. —=  Limbik / modulatsr baglantlar

—=3  Gori besleme - kroniklesme dongusi



Ozet

DURA -‘_‘- \ CGRP
A 7 U\ PAcar |
CORTEX 7 csp NN :I; | CORTEX _
N TRIGEMINOVASCULAR
SYSTEM \
TRIG O 1 NEUROPEPTIDES
CGRP, VIP, PACAP,
PERIPHERALANDCENTRAL | | NPY, SP, SST,
‘ ‘ SENSITIZATION | NOP, OXs
mwe \|/ THALAMUS | \ /
- \ i o | MIGRAINE |
SECOND-ORDER NEURONE THIRD-ORDER NEURONE
Migraine and neuropeptides

Tajti J, Szok D, Majlath Z, Tuka B, Csati A, Vécsei L. Migraine and neuropeptides. Neuropeptides. 2015



Dinlediginiz icin tesekkdirler




