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Abstract: The Chinese herbal medicine Tianma (Gastrodia elata) has been used for treating and preventing

primary headache over thousands of years, but the exact pharmacological mechanism of the main bioactive
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ingredient gastrodin remains unclear. In present study, the effects of gastrodin on calcitonin gene-related peptide
(CGRP) and phosphorylated extracellular signal-regulated kinasel/2 (pERK1/2) expression were observed in
rat trigeminal ganglion (TG) after in vitro organ culture to explore the underlying intracellular mechanism of
gastrodin on primary vascular-associated headache. CGRP-immunoreactivity (CGRP-ir) positive neurons count,
positive area, mean optical density and integrated optical density by means of immunohistochemistry stain were
compared at different concentrations of gastrodin, which was separately co-incubated with DMEM in SD rat
TG for 24 hours. Only at 5 or 10 mmol-L™" concentration, gastrodin demonstrated significantly concentration-
dependent reduction of CGRP-ir (+) expression and its action closed to 1.2 mmol-L™" sumatriptan succinate.
While at 2.5, 20, and 40 mmol-L™ concentration, gastrodin did not show remarkable effects on CGRP-ir (+)
expression. The optimal concentration of gastrodin (5 and 10 mmol-L™") similarly inhibited CGRP-mRNA
expression level separately compared with 1.2 mmol-L™" sumatriptan succinate and 10 pmol-L™" flunarizine
hydrochloride, which was quantitatively analyzed by real-time PCR (RT-PCR). pERKI1/2 level was examined
by Western blotting after co-cultured with optimal concentration of gastrodin and effective specific ERK1/2
pathway inhibitors PD98059, U0126. The result indicated that gastrodin significantly reduced pERK1/2 protein
actions similarly to ERK1/2 pathway specific blockade. It suggests ERK1/2 signaling transduction pathway
may be involved in gastrodin intracellular mechanism. This study indicates gastrodin (5 and 10 mmol-L™") can
remarkably reduce CGRP-ir (+) neuron, CGRP-mRNA and pERK1/2 expression level in cultured rat TG, with
its actions similar to the effective concentration of sumatriptan succinate, flunarizine hydrochloride and specific
ERK1/2 pathway blocker. The intracellular signaling transduction ERK1/2 pathway may be involved in the
gastrodin reducing CGRP up-regulation in rat TG after organ culture.
Key words: gastrodin; calcitonin gene-related peptide; ERK1/2; trigeminal ganglion; signal transduction
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Figure 1 Chemical structure of gastrodin
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et 7R CGRP-ir (+) #RAEBEE TG W HIZ T4l
MILTPARIL, BARIRE . DA Tk
W DR SRR (0 5 AERE L LI R ROIRE (1
CGRP-ir (+) #J5t, #4544 350 245 Horp
DRI (B 2). SCIONIMAGE B4 43 #T B,
RIBRFEAF 51 10 mmol-L™ K24 CGRP-ir(+) (¥ PCP
(%)« AOI (um?).MOD FlI 10D {1l T ¥4l =41 (34
HP<0.01), 5 1.2 mmol-L ™" B FARR&T % 41 41 43407 ;
i 2.5« 20 F1 40 mmol-L ™" #4341 3 %
5t (& Do
2 BHRE X BEN TG N CGRP-mRNA Fik7k
S oA 5

RT-PCR ﬁj\*ﬁ W ﬁ%%ﬁ: (5 AT 10 mInol'L_l)\ Figure 2 Immunohistochemistry stain indicates CGRP-ir (+)
})ﬁnfagéﬁ Efyjéf“iﬂ (1.2 mmol-L_l)\ ﬁ@ﬁﬁ%ﬂuﬁ (1() neuron expression alteration after co-incubation with different
ok ) 17115 TG 511 24 5, CORPmRNA 5 Soenitons of s, amtpin st by cmurn
ISP ER TR AL BB (P <0.01, K 3). (immunohistochemistry, paraffin section, x400). A: Fresh group;

3 BMRERHKEEWTGCH pERKl/ZEEI%J\iE"] B: Control group; C: Gastrodin (2.5 mmol-L™"); D: Gastrodin
=10 (5 mmol'L™); E: Gastrodin (10 mmol'L™"); F: Gastrodin
kid (20 mmol-L™"); G: Gastrodin (40 mmol-L™"); H: Sumatriptan
RIREH (5 A1 10 mmol- L"), U0126. PD98059 succinate (1.2 mmol-L ")

Table 1 CGRP-ir (+) neurons expression alteration in rat trigeminal ganglion which was determined by immunohistochemistry stain
and compared at different concentrations of gastrodin, sumatriptan succinate, control and fresh group after 24 h organ culture. n =5—28,
mean = SE. P < 0.01 vs control group. CGRP-ir (+): Calcitonin gene-related peptide immunoreactivity positive neuron; PCP: Posi-
tive cells percentage; AOI: Area of optic interest; MOD: Mean optical density; IOD: Integrated optical density

Group C/mmol-L™" PCP/% AOI/pm? MOD 10D
Control 80.655 + 0.786 191.286 +3.126 0.743 +0.012 141.482 +3.011
Fresh 36.003 + 0.899 99.195 +2.541 0.416+0.011 42.798 + 1.753
Gastrodin 2.5 76.453 + 4.001 110.04 + 3.332 0.697 + 0.008 90.509 + 1.396

5 45.154 +2.043" 64.497 +10.902" 0.394 +0.068"" 25.642 + 4.296"
10 43.672+1.918" 61.343 +8.631" 0.364 +0.059™" 22.668 +3.002"
20 73.518 +£3.027 110.701 + 7.656 0.742 +0.054 97.219 +2.026
40 80.732+3.178 126.765 = 11.058 0.742 = 0.059 100.631 + 11.266
Sumatriptan succinate 12 42.445+1.216" 124.556 + 3.636" 0.398 +0.009™ 69.125 £3.4117
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Figure 3 CGRP-mRNA relative expression compares with the
optimal concentrations of gastrodin, sumatriptan succinate and
flunarizine hydrochloride after 24 h organ culture determined
by RT-PCR. P < 0.01 vs control group. Gas;: Gastrodin
(5 mmol'L™"); Gas,: Gastrodin (10 mmol-L™"); Sul: Sumatriptan
succinate (1.2 mmol'L™"); Flu: Flunarizine hydrochloride (10
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Figure 4 pERKI1/2 protein relative expression alteration semi-
quantified by Western blotting after co-cultured with optimal
concentrations of gastrodin, specific ERK1/2 pathway inhibitors
PD98059, U0126 for 24 h which was compared with control
and fresh rat trigeminal ganglion. *P < 0.05, P < 0.01 ws
control group. Gas;: Gastrodin (5 mmol-L™"); Gas,: Gastrodin
(10 mmol-L™"); PD98059: 10 pmol-L™"; U0126: 10 pmol-L™"

Wit

EFNS 2006 F-4 H ) fi Sk I 2 PR 36 7 A9
B g5 me b, o 2 2 MR A S A SR BT S8 24 2 ok
JAAERAGTT B, 258 TRYUIRAERGE . p-32
ARBEL 77 ORG24 A G R A T IEL 8 D4 — £ iy 1 1
2500, 32 F AR R b A Sk BT 10 2 AR o AN
FUM A K B = SO e R R IR A, DA I 4H 2R
ALY BRIATR & T 1 A — L F0)5 FH 24 #h R ek
R 2 1, O BG 36 AIE TR BR B2 1 ¥ 7 0 T35 b S T

1) 2 BEAE F A 40 i AL o gge 0 e €0 45 SR 40 A
SR, —EWEVEE (5 M 10 mmol- L") KRR T HE
535 AR = AT N CGRP-ir (+) 410k (7]
SRR TR ), ] CGRP-mRNA H A K
(1) 5 J5E 5 T 1 St A R A R W A Y i LR RR
(5 A1 10 mmol-L™") B pERK1/2 & 17K T
PR, BT TR SRR ERK1/2 {55 i oG Bt AR
FI Raf-1 RCR; HZ RBRET (2.5, 20 FiT 40
mmol-L™") X} CGRP-ir (+) #1404l iy 3% W] 5%
Wi 03X R e 5 b 2 XA R B LA R AN ]
AR E T 24 S O AR L PN A [ PR R A T
A AN ) (R A 2 A O, LA TR R R 2 1 7 2
I LA T PR R .

BT IE O UE S = UM & B AR 972 )5, R 40
HF AL 1B (mitogen-activated protein kinase,
MAPK) R4+ ERKI1/2 Fl INK {55 Gl 451k,
TH T 4N Az N R B CGRP-mRNA FilE 13
B2 Bl MAPK {55 5 Sl |2 AR T B AN
Jio, Horb ERK1/2 il S8R . s, &
PED 7 LA RS540 M A M 540 70k, JE e
5T G- PRI ARG i A — R A R
RIS A0 SN TS, 7 AR B A AR R AR L Ak
Koo b W BS54 0N INK % 3 2
5 R ORI RS ¥ 9 0E S B A RN ) ERK R L&
/DAL HE ERK1 HTERK2 WAL, 43 BT 3 il 4y 42
144 kD, WA 90% (14 [RIJ5 2, 8 i i R A4 i 7%
fho BA= XML DMEM Wk %5, #1
i N B IR Z TR AT RN A A M A M
5 RSO A M R R T G-EE B AR, KK 1L
AN Ras. Raf. MEK 45 GBIk i (0l iy gk — 20
¥ ERKI1/2 AR, WS4k ERK1/2 4 i it
NN A%, R B 2 Jsg R 3 DR RN IR sz I 3 PR 2 ik 1),
1 CGRP-mRNA & [K 4 5% Fl 8 1 #H 3E7KF-, CGRP
BV Z R TR i 1 A S e R AR IR SR, CGRP
B KT B S SR R AR RS PR S . i
Bryi k259 CGRP ZAHEHLH telcagepant 7KK
P TIL S0 R R 6 S s R A (0 3 R iy e 2%, (HE
KIZHTIRIR.

B TR TR, I 2 R JRR S 1T 9561 41 e Ak
G5 BRI = XA G ERK1/2 {55 4 5l
PRI, W5 R pERK /2 £ (7K1, 3l ) 41
W NF-«B Ml AP-1 2555 A1~ CGRP-mRNA
RV (A RIE K, I TTIE 2 B v 055 T Sk Stk &
ERMZ AL H 1.



+ 1456 * 22724 4] Acta Pharmaceutica Sinica 2011, 46 (12): 1451-1456

References Eur J Neurol, 2006, 13: 560—572.

[1] Zhang Q, Yang YF, Yu GY. Effects of gastrodin injection on [11] Xu X, Lu YY, Bie XD. Protective effects of gastrodin on
blood pressure and vasoactive substances in treatment of old hypoxia-induced toxicity in primary cultures of rat cortical
patients with refractory hypertension: a randomized controlled neurons [J]. Planta Med, 2007, 73: 650-654.
trial [J]. J Chin Integ Med ("1 FH & 45 5 243R), 2008, 6: 695— [12] Luo GG, Lei L, Fan WIJ, et al. Intracellular signaling
699. transduction mechanism study on the modulation of calcitonin

[2] Luo J, Wu ZL, Wang HX. Pharmacokinetic study of gastrodin gene-related peptide after organ culture of rat trigeminal
injection [J]. Pharm J Chin PLA (MR % 252 2%4R), 2006, ganglion [J]. Chin J Clin Neurosci ("' [ Ilfi /K &5} 2),
22:391-393. 2010, 18: 113—118.

[3] Wang Q, Chen GS, Zeng S. Pharmacokinetics of gastrodin [13] Kuris A, Xu CB, Zhou MF, et al. Enhanced expression of
in rat plasma and CSF after in and iv [J]. Int J Pharm, 2007, CGRP in rat trigeminal ganglion neurons during cell and organ
341:20-25. culture [J]. Brain Res, 2007, 1173: 6—13.

[4] Wang Q, Chen GS, Zeng S. Distribution and metabolism of [14] Luo GG, Lei L, Fan WJ, et al. Intracellular mechanism on
gastrodin in rat brain [J]. J Pharm Biomed Anal, 2008, 46: the modulation of CGRP after organ culture of rat trigeminal
399—-404. ganglion [J]. Ann Neurol, 2009, 66: S4-S61.

[5]1 Yang J, Zhao ZH, Zong CH, et al. Neuroprotective effect of [15] Tajti J, Kuris A, Vecsei L, et al. Organ culture of the
gastrodin on rat with transient middle cerebral artery occlusion trigeminal ganglion induces enhanced expression of calcitonin
[J]. T Fourth Mil Med Univ (& DU % B K24 244R), 2008, 29: gene-related peptide via activation of extracellular signal-
295-298. regulated protein kinase 1/2 [J]. Cephalalgia, 2011, 31:

[6] Luo GG, Xu CB, Edvinsson L. Time-dependent up-regulation 3638-3649.
of mRNA for CGRP, PACAP and nociceptin in trigeminal [16] Luo GG, Cao YX, Xu CB, etal. ERK1/2 pathway involved in
ganglia during organ culture [C] // Symposium of the 7th the expression of ETj receptors of the culturing smooth muscle
European Headache Federation Congress. Rotterdam: the 7th cells of rat mesenteric artery [J]. Acta Pharm Sin (%%
European Headache Federation Congress, 2004: 175. ), 2006, 41: 257-262.

[7]1 Kristiansen KA, Edvinsson L. Neurogenic inflammation: a [17] Luo GG, Ma AQ, Xu CB, et al. Involvement of ERK1/2
study of rat trigeminal ganglion [J]. J Headache Pain, 2010, pathway in endothelin ET, and ETs receptor mediated
11: 485-495. contraction in isolated rat mesenteric artery [J].  Chin

[8] Yuan BB, Luo GG. The current research situation of Pharmacol Bull (' [H 25 B 2% 4, 2005, 21: 343—-347.
experimental animal models of migraine [J]. Med Recapit [18] Luo GG, Jamali R, Cao YX, et al. Vascular endothelin ET
(B2 4538), 2011, 17: 1447-1450. (B) receptor-mediated contraction requires phosphorylation

[9] Luo GG, Lei L, Lii SM, et al. Organ culture of rat trigeminal of ERK1/2 proteins [J]. Eur J Pharm, 2006, 538: 124-131.
ganglion is an ideal in vitro model for pathogenesis study and [19] Eftekhari S, Edvinsson L. Possible sites of action of the
therapeutic target exploration of primary vascular headache new calcitonin gene-related peptide receptor antagonists [J].
[J]. J Xi’an Jiaotong Univ (Med Sci) (75 %38 K24 274 Ther Adv Neurol Disord, 2010, 3: 369-378.

B 24hR), 2009, 30: 562—566. [20] Ho TW, Edvinsson L, Goadsby PJ. CGRP and its receptors

[10] Eversa S, Frab JA, Fresea A, et al. EFNS guideline on the provide new insights into migraine pathophysiology [J]. Nat

drug treatment of migraine — report of an EFNS task force [J].

Rev Neurol, 2010, 6: 573—582.



