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Abstract Sensitization and activation of the trigeminal
ganglia have been implicated in the pathology of migraine.
Satellite glial cells (SGCs), a specialized type of glial cells
that ensheathe trigeminal neurons, may be critical for pe-
ripheral nociceptive sensitization. Tetrandrine (TET), an
alkaloid extracted from a traditional Chinese herb, exerts
an inhibitory effect on glial activation in vitro and has been
used in various neurologic diseases. The current study in-
vestigated the effect of TET on nitroglycerin (NTG)-in-
duced trigeminal sensitization and examined potential sig-
naling pathways related to SGC activation in the model of
migraine. We measured trigeminal nociceptive thresholds
using electronic von Frey rigid tips before and after NTG
injection in control rats and rats pretreated with TET, while
expression and subcellular location of the inflammatory
mediators S100B and activated phosphorylation extracellu-
lar signal-regulated kinase (p-ERK) were measured using
real-time quantitative polymerase chain reaction, Western
blotting, and double immunofluorescence staining.
Pretreatment with TET caused a dose-dependent reversal
of the trigeminal nociceptive hypersensitivity induced by
NTG. In addition, TET pretreatment blocked the activation
of S100B and p-ERK in trigeminal ganglion SGCs of NTG-
treated rats. Reduced p-ERK activity can suppress the in-
flammation that leads to hyperexcitability of trigeminal
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ganglion neurons. Administration of TET may therefore
be a safe and effective therapeutic treatment for the
hyperalgesic symptoms of migraine.
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Abbreviations

SGCs  Satellite glial cells
TET Tetrandrine

NTG Nitroglycerin

NO Nitric oxide

ERK Extracellular signal-regulated kinase

p-ERK  Phosphorylation extracellular
signal-regulated kinase

MAPK  Mitogen-activated protein kinase

i.p. Intraperitoneal injection

s.C. Subcutaneous injection

LPS Lipopolysaccharide

Introduction

Migraine is a common and disabling neurological disorder
characterized by facial hyperalgesia and many other forms
of sensory hyperactivity. Many of the nociceptive events
that define the clinical symptoms of migraine may stem
from dysfunction in the trigeminal ganglia (Sanchez-Del-
Rio et al. 2006; Waeber and Moskowitz 2005). Although
the pathophysiology of migraine is not fully understood,
there is also considerable evidence that nitric oxide (NO)
is a key mediator in the development of migraine (Olesen
2008; Yin et al. 2007;Qin et al. 2012; Liang et al. 2017). As
an exogenous NO donor, nitroglycerin (NTG) can trigger a
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typical migraine attack (Bates et al. 2009; Varga et al.
2009), and NTG treatment is a well-established experimen-
tal model to explore the cellular and molecular mechanisms
of migraine (Kim et al. 2008; Tfelt-Hansen and Tfelt-
Hansen 2009). Indeed, NO participates in sensitization
and activation of the trigeminovascular system (Bellamy
et al. 2006; Liang et al. 2017) and increases the sensitivity
and excitability of trigeminal ganglion neurons and glial
cells (Freeman et al. 2008; Lin et al. 2008).

Within the trigeminal ganglion, neurons are completely
enveloped by specialized glial cells known as satellite glial
cells (SGCs) to form distinct functional units. These SGCs
appear to modulate neuronal excitability and nociceptive
transmission in the trigeminal ganglion (Dublin and Hanani
2007; Takeda et al. 2007). It is now known that SGCs are
essential for the peripheral sensitization responsible for the
allodynia and hyperalgesia often associated with migraine
(Capuano et al. 2009; Yarnitsky et al. 2003), but the precise
SGC signaling events that lead to neuronal hyperexcitability
in migraine have not been determined.

The inflammatory protein S100B is mainly expressed
and secreted by glial cells of the central nervous system
(CNS) and is involved in intracellular signaling pathways
common to multiple CNS diseases (Donato 2001; Foerch
et al. 2005). Recent studies demonstrated elevated S100B
expression during headache attacks (Teepker et al. 2009).
In rat migraine models, stimulation by capsaicin greatly
increases the expression of S100B in trigeminal SGCs
(Thalakoti et al. 2007), but the downstream signaling path-
ways through which S100B overexpression impacts mi-
graine development or symptom expression are still un-
clear. One possible mediator is extracellular signal-
regulated kinase (ERK), a member of the mitogen-
activated protein kinase family that can be modulated by
S100B in glial cells (Goncalves et al. 2000). It has been
reported that ERK activation is necessary for the produc-
tion of proinflammatory and pronociceptive mediators that
result in allodynia and hyperalgesia associated with periph-
eral sensitization (Zhuang et al. 2005). In sensory path-
ways, phosphorylation extracellular signal-regulated ki-
nase (p-ERK) is a specific marker of nociceptive activation
and is required for the generation and maintenance of both
inflammatory and neuropathic pain (Ji and Strichartz 2004,
Ji et al. 2009).

Drugs that influence glial cell function are a more recent
focus of migraine research and treatment (Bartley
2009).Tetrandrine (TET), a bis-benzylisoquinoline alkaloid
extracted from the root of the Chinese herb Stephania
tetrandra S. Moore, is traditionally used in China as an
anti-inflammatory, analgesic, and antipyretic herb (Yao
and Jiang 2002). In vitro research has shown that TET in-
hibits lipopolysaccharide-induced astrocyte and microglial
activation (Xue et al. 2008; Lin et al. 2008). In addition,
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TET has demonstrated neuroprotective effects in cerebral
ischemia and Alzheimer’s disease (Dong et al. 1997; He
et al. 2011). Using a rat model of NTG-induced migraine,
we have recently shown that TET may alleviate trigeminal
nociceptive hypersensitivity through TET-mediated sup-
pression of glial SI00B expression and subsequent down-
regulation of the p-ERK pathway, leading to attenuated pe-
ripheral sensitization of the trigeminal ganglia. Here, we
tested this hypothesis further in order to provide more ex-
perimental evidence that TET is a possible treatment option
for migraine patients.

Materials and Methods
Materials

The materials were the following: tetrandrine (C3gH4,06N,,
MW: 622.8, purity > 98%; Chengdu Mansite Pharmaceutical
Co., Ltd., Chengdu, China); TRIzol reagent (Invitrogen,
USA); ReverTra Ace-a-cDNA synthesis kit (TOYOBO,
Japan); SYBR® Premix Ex Taq™ II kit (Takara, Japan);
RIPA buffer (Beyotime Institute of Biotechnology, Jiangsu,
China); PVDF membranes (Bio-Rad, USA); anti-S100B anti-
body (Santa Cruz Company, CA, USA); anti-ERK antibody
(Santa Cruz Company, CA, USA); anti-p-ERK 1/2 antibody
(Santa Cruz Company, CA, USA); horseradish peroxidase
(HRP)-labeled goat anti-rabbit secondary antibody (Zhong
Shan Golden Bridge Bio., Beijing, China); goat serum
(Zhong Shan Golden Bridge Bio., Beijing, China); Texas
Red-conjugated Affinipure Goat Anti-Rabbit IgG (Cali-Bio,
USA); glial fibrillary acidic protein (GFAP) (GAS) mouse
mAb (Alexa Fluor® 488 Conjugate; Cell Signaling
Technology, USA).

Animals

Adult male Sprague Dawley rats weighing 200-250 g were
used in this study from the Experimental Animal Center of
Chongqing Medical University [Certificate No.
SCSK(YU)2012-0001; Chongqing, China]. Rats were
housed under standard laboratory conditions with a 12-h
light/dark cycle with ad libitum access to water and food in
the Animal Laboratory of the First Affiliated Hospital of
Chongqing Medical University (Certificate No.
SYXK(YU)2010-0002; Chongqging, China). All animal
studies were performed in accordance with the guidelines
of the Chinese Institutional Animal Use and Care
Committee, moreover approved by the Ethics Committee
of the Department of Medical Research, the First Affiliated
Hospital of Chongqing Medical University.
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Experimental Groups

Adult male Sprague Dawley rats were divided into four
treatment groups: group CONT, rats received an intraperi-
toneal (i.p.) injection of saline; group NTG, rats received a
subcutaneous (s.c.) injection of NTG (10 mg/kg) as previ-
ously described (Bates et al. 2009;Greco et al. 2005;
Tassorelli et al. 2007; Zhao et al. 2009); group TET
(10 mg/kg) + NTG, rats were injected i.p. with TET at a
dose of 10 mg/kg 30 min prior to s.c. injection of NTG
(10 mg/kg); group TET (50 mg/kg) + NTG rats received
an i.p. injection of TET (50 mg/kg) 30 min prior to an s.c.
injection of NTG (10 mg/kg). A TET dosage between 10
and 50 mg/kg was effective in rat models of other neuro-
logic diseases (Yin et al. 2007). Thus, in this study, we used
TET at a dosage of 10 and 50 mg/kg to explore the roles of
different dosages of TET in a nitroglycerine-induced migraine
model. Four hours after the NTG injections, the rats were
deeply anesthetized by chloral hydrate (0.4 g/kg i.p.) and then
sacrificed. The trigeminal ganglia were removed and proc-
essed for further real-time quantitative polymerase chain reac-
tion (RT-qPCR), Western blotting, or immunohistochemistry.

Behavioral Assays

Rats were acclimated to the testing apparatus for 60 min on
the day prior to testing and again immediately before deter-
mination of baseline nociceptive thresholds. To determine
the trigeminal nociceptive hypersensitivity, each group of
animals underwent nociceptive threshold, a testing apply-
ing the electronic von Frey rigid tips (IITC Inc. Life
Science, CA, USA) before and after NTG injection.
Stimuli were applied to the periorbital region on the middle,
right, and left side of the face over the rostral portion of the
eye as described by Qin et al., and it was automatically
recorded when the rats quickly retracted their head away
from the rigid tips of electronic von Frey monofilaments
immediately before and 30, 60, 90, 120, 180, and 240 min
after NTG injection (Qin et al. 2012, 2016; Oshinsky and
Gomonchareonsiri 2007; Wu et al. 2017). For each animal,
the nociceptive threshold is the average of three separate
determinations with at least a 2-min interval between each trial.

RNA Isolation and Real-Time Quantitative Polymerase
Chain Reaction

Four hours after NTG injection, the trigeminal ganglia were
immediately diced and used for the preparation of RNA ex-
tracts. Total RNA was isolated from ganglia tissue using
TRIzol reagent according to the manufacturer’s instructions.
First-strand cDNA synthesis was performed for each RNA
sample using the ReverTra Ace-a-cDNA synthesis kit. RT-
qPCR for S100B and glyceraldehyde 3-phosphate

dehydrogenase (GAPDH) (internal control) was performed
on a 7500 Real-Time PCR instrument (ABI Laboratories,
USA). Amplification of S100B and GAPDH fragments was
performed using the SYBR® Premix Ex Taq™ II kit. The
primer pairs used were S100B forward TTGCCCTC
ATTGATGTCTTC and reverse CATCTTCGTCCAGC
GTCTC, and GAPDH forward GCAAGTTCAACGGC
ACAG and reverse GCCAGTAGACTCCACGACAT.

The thermocycle protocol consisted of 30 s at 95 °C follow-
ed by 40 cycles at 95 °C for 5 s and 60 °C for 34 s. Data were
analyzed by ABI 7500 system software (ABI Laboratories,
USA). Expression of S100B mRNAs was normalized to
GAPDH expression. To evaluate real-time PCR efficiencies,
a 10-fold serially diluted cDNA was used for each amplicon
and the slope values given by the instrument were used in the
following formula: Efficiency =[10 x (1/slope)]. All primer
pairs had efficiencies of 100 = 10%. The comparative thresh-
old method against the expression level of GAPDH was used
for quantification. The data are expressed as the increase in
target mRNA expression normalized to GAPDH in treatment
groups compared to the untreated control group. Each exper-
iment was performed in triplicate.

Western Blotting

Four hours after NTG injection, the proteins of the trigeminal
ganglia were extracted using RIPA buffer. Total protein con-
centration was measured with BCA reagent. Samples were
denatured and separated by 8% (for S100B) SDS-
polyacrylamide gels and transferred to PVDF membranes.
The membranes were blocked in 5% skimmed milk in TBS
for 2 h at room temperature. Blocked membranes were incu-
bated overnight at 4 °C with primary anti-3-actin (mouse
monoclonal) antibody (1:1000; California Bioscience,
California, USA), rabbit anti-S100B (1:200; Santa Cruz
Company, CA, USA), rabbit anti-ERK (1:500; Santa Cruz
Company, CA, USA), and rabbit anti-p-ERK (1:500; Santa
Cruz Company, CA, USA) and then probed with a HRP-
labeled goat anti-rabbit secondary antibody (1:5000; Zhong
Shan Golden Bridge Bio., Beijing, China) for 1.5 h at 37 °C.
Protein bands were stained with BeyoECL Plus (Beyotime
Institute of Biotechnology, Jiangsu, China), then scanned
and analyzed using a gel imaging system (ChemiDoc XRS,
Bio-Rad, USA). For each treatment group, triplicate gels were
run and analyzed.

Double Immunofluorescence Staining

In order to demonstrate the subcellular distribution of
S100B, ERK, and p-ERK protein expression within the
trigeminal ganglia, we performed double immunofluores-
cence for GFAP/S100B, GFAP/ERK, or GFAP/p-ERK.
Four hours after NTG injection, tissues were removed after
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the rats were deeply anesthetized using 10% chloral hydrate
(4.0 mL/kg), embedded in OCT medium, and then rapidly
frozen for 1 min in isopentanes. Sections at 10 pm were cut
using a cryostat (CM1900, Leica, Germany) and mounted
on polylysine-coated glass slides. Slides were fixed in 4%
paraformaldehyde for 30 min, permeabilized with 0.1%
Triton X-100 for 10 min, quenched for endogenous perox-
idase activity in 0.3% hydrogen peroxide in methanol for
10 min, and then incubated in 10% goat serum for another
2 h. Slides were then incubated at 4 °C overnight with
rabbit polyclonal S100B antibody (1:75; Santa Cruz
Company, CA, USA), ERK (1:80; Santa Cruz Company,
CA, USA), and p-ERK (1:100; Santa Cruz Company, CA,
USA). The slides were then washed with PBS and incubat-
ed with Texas Red-conjugated Affinipure Goat Anti-Rabbit
IgG (1:100; Cali-Bio, USA) for 2 h at 37 °C. After washing
with 0.01 M PBS, the sections were incubated with GFAP
(GAS) Mouse mAb (Alexa Fluor® 488 Conjugate; 1:100;
Conjugate; Cell Signaling Technology, USA) overnight at
4 °C. Images were captured using a confocal laser-scanning
microscope (Leica LCS-SP2, Germany) and optical densi-
ties were obtained using Image-Pro Plus software (version
6.0 for Windows, USA).

Statistical Analysis

All data are presented as mean + standard error of the mean.
Statistical analysis was performed with ANOVA analysis,
followed by Dunnett’s tests for multiple comparisons using
SPSS 13.0 (SPSS Inc., IL, USA). Values of P< 0.05 and
P <0.001 were considered statistically significant.

Results

Effect of TET on NTG-Induced Trigeminal Nociceptive
Hypersensitivity

To evaluate NTG-induced changes in nociceptive behav-
iors, we examined the periorbital sensory threshold pres-
sure in response to calibrated electronic von Frey rigid tips
(Fig. 1). Subcutaneous injection of 10 mg/kg NTG signifi-
cantly reduced the nociceptive threshold 30 min after NTG
injection (P <0.001). Pain hypersensitivity peaked at
60 min after NTG injection (P <0.001) and subsided over
the following 2 h. Pretreatment with TET 30 min prior to
NTG significantly reversed (P < 0.05) the NTG-induced re-
duction in nociceptive threshold. Rats pretreated with TET
demonstrated significantly higher nociceptive thresholds
following NTG than rats injected with NTG alone.
Furthermore, the nociceptive thresholds recovered to base-
line in 4 h following NTG injection in rats pretreated with
10 and 50 mg/kg TET, and the nociceptive thresholds
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Fig. 1 Changes in mechanical response thresholds to von Frey
monofilaments at different time periods after administration of NTG in
each group. **P <0.001 vs. group CONT, *P <0.05 vs. group CONT,
#P<0.001 vs. group NTG, #P<0.05 vs. group NTG, n =10, mean +
standard deviation

without tetrandrine-treated groups just recovered to 6.25 g
in 4 h after NTG injection (Fig. 1). This normalization of
nociceptive threshold was maintained for the remainder of
the 4-h study period. These results demonstrate that NTG
injection leads to increased nociceptive responses, while
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Fig. 2 The mRNAs expression of S100B in the trigeminal ganglia of
rats. The level of SI00B mRNA in trigeminal ganglia was significantly
higher in group NTG than that in group CONT, and the increased level of
S100B induced by NTG was significantly reduced by pretreatment with
TET. **P<0.001 vs. group CONT, *P<0.05 vs. group CONT,
#P <0.001 vs. group NTG, *P<0.05 vs. group NTG, n =6, mean +
standard deviation



J Mol Neurosci (2018) 64:29-38

33

pretreatment with TET significantly (P <0.05) alleviates
NTG-induced trigeminal nociceptive hypersensitivity.

Effect of TET on NTG-Induced S100B mRNA Expression
in Trigeminal Ganglia

A significant increase in S100B expression, an indicator of
SGC activation, was detected in the trigeminal ganglia of rats
following NTG injection (group NTG) compared to the con-
trol group (Fig. 2, P <0.05). This NTG-induced activation of
S100B in the trigeminal ganglia was significantly reduced by
pretreatment with TET (P < 0.05 for group TET (10 mg/kg) +
NTG vs. group NTG, and P < 0.001 for group TET(50 mg/kg)
+ NTG vs. group NTG). Moreover, the baseline level of
S100B mRNA in the trigeminal ganglia was significantly low-
er in rats pretreated with 50 mg/kg TET than in the untreated
control group (P <0.001).
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Fig. 3 Protein expression of S100B in the trigeminal ganglia of rats.
Protein expression in the trigeminal ganglia was significantly increased
by injection of NTG compared to the control group. The elevated protein
level induced by NTG was statistically reduced by pretreatment with
TET. **P<0.001 vs. group CONT, *P<0.05 vs. group CONT,
#P <0.001 vs. group NTG, *P<0.05 vs. group NTG, n =6, mean +
standard deviation

Effect of TET on NTG-Induced S100B, ERK, and P-ERK
Protein Expression in Trigeminal Ganglia by Western Blot
Assay

A significant increase in S100B and p-ERK protein expres-
sion was observed in the trigeminal ganglia of NTG-treated
rats compared to untreated control rats (Figs. 3 and 4,
P <0.05 or P<0.001). The increase in S100B and p-ERK
protein expression induced by NTG was reduced signifi-
cantly in rats pretreated with TET (P <0.05 or P<0.001),
and the protein of ERK expression have no significant dif-
ference in all the groups. Indeed, the changes in protein
expression mirrored the changes in mRNA expression

(Fig. 2).
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Fig. 4 a, b Protein expression of ERK and p-ERK in the trigeminal
ganglia of rats. The protein of p-ERK expression in the trigeminal
ganglia was significantly increased by injection of NTG compared
to the control group. The elevated protein level induced by NTG
was statistically reduced by pretreatment with TET, and the protein
of ERK expression has no significant difference in all the groups. **P
<0.001 vs. group CONT, *P < 0.05 vs. group CONT, P <0.001 vs.
group NTG, *P<0.05 vs. group NTG, n =6, mean + standard
deviation
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Effect of TET on NTG-Induced S100B, ERK, and P-ERK
Expression in SGCs of Trigeminal Ganglia by Double
Immunofluorescence Staining

To characterize the cellular and subcellular distribution of
S100B within the trigeminal ganglia, we used double im-
munostaining to determine co-localization of S100B (red
fluorescence) with glial fibrillary acidic protein (GFAP,
green), a specific cytoskeletal marker of glial cells
(Fig. 5). S100B immunoreactivity was localized mainly
to the SGCs as evidenced by co-expression with GFAP
(yellow in merged images). Strong co-expression of
S100B and GFAP was observed following NTG injection
(Fig. 5b), while there were fewer S100B-positive SGCs in
TET-pretreated rats (Fig. 5c, d). Thus, TET can suppress
NTG-induced overexpression of S1I00B in SGCs of the
trigeminal ganglia. Staining for p-ERK and GFAP revealed
a uniform p-ERK-positive glial distribution with reduced
intensity in TET-treated rats (Fig. 6b—d). This reduced p-

Fig. 5 The location of S1I00B
and GFAP in the SGCs of
trigeminal ganglia was observed
by double immunofluorescence
staining in the different
experiment groups. Fluorescence
microscopy x100. The green
color is GFAP, which is a satellite
glial cells biomarker. SI00B
staining was shown as red color.
The expression of S100B was
decreased in the group CONT,
group TET (10 mg/kg), and group
TET (50 mg/kg) compared with
the group NTG. Scale bar =

150 pm (a group CONT; b group
NTG; ¢ group TET (10 mg/kg) +
NTG; d group TET (50 mg/kg) +
NTG), n=4
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ERK expression was also observed in morphologically
identified neurons, and the protein of ERK expression
has no significant difference in all the groups (Fig. 7a—d).

Discussion

Tetrandrine, an herb commonly used as an analgesic in
traditional Chinese medicine, alleviates the duration and
magnitude of trigeminal nerve hyperalgesia in a model of
NTG-induced migraine. Combined data from RT-qPCR,
Western blot, and immunostaining experiments demon-
strated that injection of NTG-activated S100B and p-ERK
in trigeminal ganglia and SGCs, and that pretreatment with
TET attenuated the effect, suggesting that activation of
proinflammatory S100B and downstream activation of
the p-ERK kinase cascade in the trigeminal ganglia are
critical for the NTG-induced hyperalgesic response. Thus,
factors that modulate trigeminal S100B expression and p-

5
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Fig. 6 The location of p-ERK

and GFAP in the SGCs of

trigeminal ganglia was observed

by double immunofluorescence

staining in the different A
experiment groups. Fluorescence

microscopy x100. The green

color is GFAP, which is a satellite

glial cells biomarker. p-ERK

staining was shown as red color.

The expression of p-ERK was

decreased in the group CONT,

group TET (10 mg/kg), and group

TET (50 mg/kg) compared with

the group NTG. Scale bar = B
150 pm (a group CONT; b group

NTG; ¢ group TET (10 mg/kg) +

NTG; d group TET (50 mg/kg) +

NTG), n=4

ERK signaling activation are potential therapeutic options
to treat migraine-associated hyperalgesia.

It is well established that SGCs contribute to the pathol-
ogy of migraine (Takeda et al. 2007; Capuano et al. 2009).
In this study, the expression of the glial marker protein
S100B was greatly enhanced in the trigeminal ganglia, spe-
cifically in SGCs, in response to NTG. The S100B protein
belongs to the S100 family of calcium-binding proteins
detectable in most glial cell types under basal conditions,
while neuronal expression is generally low or undetectable
(Marenholz et al. 2004). S100 proteins regulate cell prolif-
eration and differentiation and modulate the activity of ki-
nases, transcription factors, and cytoskeletal components in
a calcium-dependent manner (Donato 2001). Additionally,
S100B has been reported to modulate glial function and
activate intracellular signaling pathways involving
mitogen-activated protein (MAP) kinases (Marenholz
et al. 2004). The MAP kinases are important signal-
transducing enzymes that link the activation of cell surface
receptors to key regulatory events within the cell through a
series of reversible phosphorylation events (Qi and Elion

2005; Schramek 2002).We found activated p-ERK to be
upregulated in SGCs of trigeminal ganglia during NTG-
induced migraine and that the temporal pattern of activated
p-ERK expression was similar to that of S100B. These el-
evated ERK activation levels possibly mediate peripheral
sensitization by regulating the expression of cytokines and
other inflammatory factors (Ji 2004). The thereby resulting
inflammatory response could lead to the reduced activation
threshold and hyperexcitability of sensory neurons associ-
ated with migraine hyperalgesia (Liverman et al. 2009).
The traditional Chinese herb TET has been widely used
throughout Asia to treat a plethora of diseases associated with
inflammation and pain with high efficacy and limited side
effects. TET has also been used to treat diseases of the CNS
due to its neuroprotective and anti-inflammatory properties
(Dong et al. 1997; He et al. 2011). This study demonstrates
a novel beneficial property of TET, namely greatly decreased
duration and magnitude of hyperalgesia in the facial region of
migraine rats. To our knowledge, this is the first direct evi-
dence showing decreased sensitization of the trigeminal terri-
tory by TET in a model of NTG-induced migraine. These

@ Springer



36

J Mol Neurosci (2018) 64:29-38

Fig. 7 The location of ERK and

GFAP in the SGCs of trigeminal

ganglia was observed by double

immunofluorescence staining in

the different experiment groups. A
Fluorescence microscopy x100.

The green color is GFAP, which is

a satellite glial cells biomarker.

ERK staining was shown as red

color. The expression of ERK was

no significant difference in all the

groups. Scale bar =150 pum (a

group CONT; b group NTG; ¢

group TET (10 mg/kg) + NTG; d

group TET (50 mg/kg) + NTG), B
n=4

results may be relevant to patients suffering from facial
hyperalgesia related to peripheral sensitization, a common
clinical manifestation that occurs in a large proportion of
migraineurs (Sarlani and Greenspan 2003). Our results also
indicate that the dose-dependent effect of the analgesia is ac-
companied by decreased expression of SI00B in trigeminal
ganglion. In addition, we showed that pretreatment of TET
blocked the increased expression of S100B and activated p-
ERK mainly in trigeminal ganglia SGCs. Thus, it is very like-
ly that TET could prevent peripheral sensitization within the
trigeminal ganglia and might be a novel candidate for anti-
migraine agents.

In summary, within this study, we demonstrate that
stimulation of NTG leads to enhanced trigeminal nocicep-
tive hypersensitivity along with increased S100B and acti-
vated p-ERK levels in the trigeminal ganglia. We propose
that p-ERK signaling in SGCs, possibly induced by
S100B, contributes to peripheral sensitization within the
trigeminal ganglia. Finally, we provide evidence to suggest
that TET can reduce trigeminal nociceptive hypersensitiv-
ity and inhibit the S100B/p-ERK signaling pathway in
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SGCs that contributes to peripheral sensitization in the tri-
geminal ganglia. Therefore, tetrandrine may be an effective
therapeutic drug for migraine.
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