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The effect of Goshuyuto, Japanese herbal medicine, on migraine induced by
cortical spreading depression.
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We investigated the effectiveness and mechanism of action of Goshuyuto for
migraine using the rat model of cortical spreading depression (CSD). Rats were administered chow
containing 3% Goshuyuto or normal chow for 4 weeks. CSD was induced by application of 1 M KCI onto
the pial surface, and behavioral testing, electrophysiological recordings and immunohistochemical
staining were performed.

The total duration of immobility, a migraine-related nocifensive behavior, was significantly

suppressed by Goshuyuto. There was no difference in the frequency of CSD induced by 1M KCI between

the Goshuyuto and vehicle groups. Goshuyuto significantly reduced c-Fos expression in the trigeminal
nucleus caudalis and uEper cervical cord (“trigeminal cervical complex™), and locus coeruleus.

These results suggest that Goshuyuto may alleviate the migraine headache, not by reducing the

occurrence of CSD, but by suppressing neuronal activation in the trigeminal cervical complex and the
locus coeruleus.



CSD
4 Sprague-Dawley
3%
4
vehicle
Csb
4
1
300 ym
1%
DC potential 2
3
4 1
M KCI
Immobilization Exploration

CSD 2

Fos PERK
C1-Cc2 TG
RVM
+
0.05
Student’ s t-test

test

1

Cortical Spreading Depression, CSD

B

Ca

CSD

Electrode 2—\\ 'l—Eleﬂwde 1 —_—

o A(/ﬁ{‘:;;\ ERONA Lﬂm\‘*ﬂ—m
<z, 5 i 'y ﬂﬁ!:‘;!!i Electrocorticogram
S - b ‘
I e
Electrode 2 ) |mmv
1 CSD
3
2
IM KCI CSD
2 CSD
IM KC1 20pl
30
Face grooming
1 2
C_
Ve
LC PAG
c-Fos PERK
5 1507 =3 vehicle K2

Mann-Whitney

B Goshuyuto

1st 2nd 3rd 4th

weeks

g

Food intake (g)

w0
o
L




CSD

CSD

CSD

Immobilization

KCI
Exploration
KCI

Face grooming

NaCl KCI
Immobilization
Exploration
Face grooming

Vc Ci1-C2
Ve
LC c-Fos
c-Fos
TG PERK
TG PERK
CSD
3%
CSD
c-Fos

4004

-~ vehicle X 3
-+ Goshuyuto
300
C
£
S 200
KCI i
2 CSD a
1004
R N
NaCI weeks
60
NaCl B4
I
£
H =
I’d
[=]
7]
o
S 201
o
2
a & ©
£ o4
KO o‘?\)
b ©
12 BS
' (@) 1500-
Ve, C1-C2 c-Fos Hi £ 1000-
& z
c-Fos 3
T E ] ﬁ
C1-C2 = g
c-Fos lj}ﬁ vahllcle Goshllxvuto
(b) = 1500
E 0.0087
c-Fos » % 1000
¢ 17l
PAG RWM T 3 500
2
vehicle Goshuyuto
ik © gzoo-
.-é: 150
g 100
;% g 50
S 3,
‘93 - veh'icla Goshluyulo
30 E6 ,
W vehicle
mm Goshuyuto ;*
* n*
*% n n
204 n
*
*%x ]

-
o
L

Mean number of c-Fos IR cells/section

l}.“..l

N

Il

S &+ O O N O O N S O O O O O
B 0 S0P S P00 S

Distance from the obex (pm)

Ve

C1-C2
Immobi lization
CSD



RB7 ipsilateral contralateral ipsilatral + contralateral

CSD é 19 10 1§ 00204
. 0.0733 00557

CSD - ’ i - -

7 = i .

CSD - . I |- = .

CSD H vehicle Goshuyuto vehicle Goshuyuto vehicle Goshuyuto
pain matrix
8 Pain matrix
pain matrix
PAG
9 10 PAG LC
CSD
PAG MRI
PAG 11 12 CSD Transient
receptor potential vanilloid type 1 (TRPV1)
13
TRPV1 TRPV1
14 PAG TRPV1
15
TG
PAG RWM LC TG
LC c-Fos
TG PERK PAG RWM c-Fos
LC
Vic c-Fos 16, 17, 18

LC

LC

Kurauchi Y et al.(2019) Propranolol prevents cerebral blood flow changes and pain-
related behaviors in migraine model mice. Biochem Biophys Res Commun. 508(2):445-450.

Toyama M et al.(2017) Trigeminal nervous system sensitization by infraorbital
nerve injury enhances responses in a migraine model. Cephalalgia 37(14):1317-1328.

Odaguchi H et al.(2006) The efficacy of goshuyuto, a typical Kampo (Japanese herbal
medicine) formula, in preventing episodes of headache. Curr Med Res Opin 22(8):1587-
1597.

Noseda R et al.(2011) Cortical projections of functionally identified thalamic
trigeminovascular neurons: implications for migraine headache and its associated
symptoms. J Neurosci. 31(40):14204-17.

Zhang X et al.(2011) Activation of central trigeminovascular neurons by cortical
spreading depression. Ann Neurol.69(5):855-865.

Ayata C et al.(2006) Suppression of cortical spreading depression in migraine
prophylaxis. Ann Neurol 59(4):652-661.

Iba C et al.(2022) Effect of Goreisan, a Japanese Traditional Medicine, on Cortical
Spreading Depolarization in Mice. Int J Mol Sci 23(22):13803.

Lee MJ et al.(2019) Increased connectivity of pain matrix in chronic migraine: a
resting-state functional MRl stury. J Headache Pain. 20(1):29.

Jones AK et al.(2003) Pain mechanisms and their disorders. Br Med Bull. 65: 83-93.

Moulton EA et al.(2008) Interictal dysfunction of a brainstem descending modulatory
center in migraine patients. PLos One. 3(11):e3799.

Weiller C et al.(1995) Brain stem activation in spontaneous human migraine attacks.
Nat Med. 1(7):658-660.

Welch KM et al.(2001) Periaqueductal gray matter dysfunction in migraine: cause or
the burden of illness? Headache. 41(7):629-637.



Iwashita T et al.(2013) Activation of extracellular signal-related kinase in the
trigeminal ganglion following both treatment of the dura mater with capsaicin and
cortical spreading depression. Neurosci Res. 77(1-2):110-119.

Iwaoka E et al.(2016) Evodiamine suppresses capsaicin-induced thermal hyperalgesia
through activation and subsequent desensitization of the transient receptor potential
V1 channels. J Nat Med. 70(1):1-7.

Palazzo E et al.(2008) Role of TRPV1 receptors in descending modulation of pain. Mol
Cell Endocrinol. 1:S79-83.

Greco R et al. (2015) Effects of peripheral FAAH blockade on NTG-induced
hyperalgesia--evaluation of URB937 in an animal model of migraine. Cephalalgia
35(12):1065-1076.

Greco R, Demartini C, Zanaboni AM, Tumelero E, Reggiani A, Misto A et al. (2020)
FAAH inhibition as a preventive treatment for migraine: A pre-clinical study. Neurobiol
Dis 134:104624.

Vila-Pueyo M, Strother LC, Kefel M, Goadsby PJ, Holland PR (2019) Divergent influences
of the locus coeruleus on migraine pathophysiology. Pain 160(2):385-394.



48

2020

(Kudo Chiho)




