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The present study investigated the role of ERK in the
onset of mechanical and cold allodynia in a rat model of
compression of the trigeminal ganglion by examining changes
in the air-puff thresholds and number of scratches following
the intracisternal injection of PD98059, a MEK inhibitor.
Male Sprague Dawley rats weighing between 250 and 260 g
were used. Under anesthesia, the rats were mounted onto a
stereotaxic frame and received 4% agar (10 pl) solution to
compress the trigeminal ganglion. In the control group, the
animals were given a sham operation without the application
of agar. Changes in behavior were examined at 3 days
before and at 3, 7, 10, 14, 17, 21, 24, 30, and 40 days after
surgery. Compression of the trigeminal ganglion significantly
decreased the air-puff thresholds. Mechanical allodynia was
established within 3 days and persisted over postoperative
day 24. To evaluate cold allodynia, nociceptive scratching
behavior was monitored after acetone application on the
vibrissa pad of the rats. Compression of the trigeminal
ganglion was found to produce significant cold allodynia,
which persisted for more than 40 days after surgery. On
postoperative day 14, the intracisternal administration of
1 pg or 10 pg of PD98059 in the rat model significantly
decreased the air-puff thresholds on both the ipsilateral and
contralateral side. The intracisternal administration of 10 ug
of PD98059 also significantly alleviated the cold allodynia,
compared with the vehicle-treated group. These results
suggest that central ERK plays an important role in the
development of mechanical and cold allodynia in rats with
compression of the trigeminal ganglion and that a targeted
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blockade of this pathway is a potential future treatment
strategy for trigeminal neuralgia-like nociception.
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Mitogen-activated protein kinases (MAPKs)= Al7341| 2
of| A AlZzALA | sl QlAlStaARA AlE T
chekgt 37slel Hkgsle] A4St o5 d4= extra-
cellular signal-regulated kinase (ERK1/2), p38 MAPK,
c-Jun N-terminal kinase (JNK), 22|32 ERKS5Z F-c}
(Widmann et al., 1999). | &4 % ERKI1Z} ERK2+
o AR AFIAIE o] Fol- i A7 E<2] MEKI
7 MEK2E &3l 72t Ak Avy 34 A8t
3h), MEK @JA|41e] PD98059 = U012601 23] 3
JA|5)7] wifoll ERKIZ ERK2E FH3lo] AREslA] ¢
(i et al., 2009). ERKE A Z 9] 54 7 5o 53
JR)n Z4Fe) A DA AZAE Sl Faspl 2
S3kctar A QJar(Ji et al., 2009; Zhuang et al., 2005),
2= AARIAM FAE S 22 AlsAel of YA &
ofsh=Alol] gt 7= aiA] A= glek(Impey e
al, 1999; Ji and Woolf, 2001; Ji et al., 2003; Widmann
et al., 1999). 53] ¥=wa] 2 siro]Aly} e FA4
frall A= HA7dollA ERK QJASHE o7]shH, o]
gk dAe Sl e A=le] Qlot(i er al., 1999;
Karim et al., 2001).
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£} Aol Sla) sl o] Bl thak FlAe o}
B Wl QA ek, AdEAel W Ak
Aol FashA 2Regkrkar A Qlrk(Hains and Waxman,
2006; Ji and Suter, 2007; Tsuda et al., 2005; Terayama et
al., 2008). o|2|3 AL =2 B AAHEAS HFAHAE
Bk ohel A7 mAlEel ERK 5ol Ha®El ZAn(d,
2004, review)24] MEK 2JAIAZ o2z PD98059% 2+
FRo R Fsh ARl gl oplsle AAE o)d
Eo] 7haEth(Zhuang et al., 20055= AHE o 4 o

FHE Sl Wlshs 55 A=AHel= 554 MAPK
7327} T8 2Rk od=A et AdEEe] Sl

= IS W' 2ERls Felsh AR At
7l 5 w|SaalollA <lAlskE ERKI12E -3 A7
A 25 oAl S/ Zch(Huang et al., 2000). =3
A4z 93 PD98059= ehdu]Fol IL-1B5 T35t

A (Yang et al., 2005) 3+&}51A173-S A A5t (Lim et al.,

Ho

2007) frdElE ZAIA o 5 ekl AAlsI. ol
23k A3 A= 549 MAPK 74271 ook Fglo]
A ARETA 5 23k felxlEe] A=yl 5
S35 #Zgete Ae gt

A7 82 A7 o] Al 7 W S okt
oA s vk 5 SFTe A A} LEL“

3l AAlRE BES 43} H T dqollA] ARAIAA oF
o] AgsEolr] A& 55 AR sl
H, 53¢kl AR EET rARRE FeElE el
D‘r(Ahn et al., 2009). £ A= A <dFolld 4N
/ll-;'(]_/l 7&5 E—_.d——_l_;l__t'lnlg 0]3‘3}0:1 -?_ﬁ,_ﬂ ERK73 E7]— /\]—;'(]_
A7 qhile] o)l Yeh e EZubge] ojul kS 3}
TAE dotruzal st o] & fdte] ARMIZAE gF
aksle] vepbe 3RSl wiek A #3 opAlE A
of whe WAlTol Uigt 55 9SSl HstE A5
Z1AA o) dE W Wx}Fo &gt o] dE-& sl MEK
AA|AQl PD98059E A¥dFEE T the oA Fol
B R S i

dENE 4 2y
AYFE

A5 T Sprague-DawleyZdl 313 (250~260 )=
ARESIAAAL, 12417 F/oF 357] 5l et 2=et 55
=5 FAsPA 3 AkEs AHrERe] FEkc A
TolA A s st A2s AdsEsl

215)9] 5elg Aglen, gAlo] gt FEAH] B E
FAT7E5) feld AL FrORch mE WL
SAjsl HoARE Fejsle] et

A

Ol

ARA7 & EE

413552 ketamine(100 mg/ml)=} xylazine(20 mg/ml)
4 =3 v AS 25 el Fo4(0.5 mlkg)ste] RS
 AASAARAA W2l ARt RS of
—}'3}7] Slste] AddiedTellA akded Wbl (Ahn er al., 2009)

22 agar (4%)F APMIAR Felsiglct. e 28
Tyﬂ»‘— x]/ﬂ—,‘iol _,,}_ J/]_/\lﬁ_?ﬂ-_4 2461-7(-] _i—rﬂ E_
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S1el wEgk =(38°Cpll Il Al ARgSlsiet. Agar &
(10 pLye 1020 Z2A4 A3 FIsHA, 108 Fol
YT AT, U A D AN
S E =2eigln et Y% v
agar 5} Z%Wr*é = Aekeiolct.
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7143 A=l A o] 252 H7}

ZIAA oldEe ke = A 3% = F 3,7
10, 14, 17, 21, 24, 30, 400‘01] ztzt efesisint. AdE
5L BEuidl Zalar] Alxlo 7hz) Hald)e) i, ARzl A
the ohoddo]l ¥V A= (air-puffsys W 4 UES o
2 Al FoAchAhn er al, 2005b; Jung et al., 2006;
Ahn et al., 2009). H7}5 53517 Aol Ads=s 4L
300 ol A 3ol Fsle] sz °4i54 10
344 IR (42 Boke] ALAIZE, 1022 7H4)S FA

= “645301 w5 3|9 AT 59 344

ol A= R ulf oAFo] veRbe AR 73l
—‘—7]7<}:L Al71e] x| s A8l 371Ab= Al71e
7k pneumatic pump module (BH2 system, Harvard
Apparatus, USA)Z 2431913, 94326 gauge, 10 cm)
= ARgsk] I HEHE 1em oAl 3ol 90° A=E
Ag3pdnt. 1A= A= A 71EH wH(Yang er
al., 2005; Jung et al., 2006)2F 7ro] 77ke] FEol|A| &

1A= Agsls vl Al=s A5l tiste] 50% ol
o] M35 Mol A2 vepliglen, ARl 5 40
psiolske] il E ofudt 55 HR= Wolx] sk

-

O:

YA o g o] 25 Bt

WxlZol gt o] AE-S 7] $15le] opHlES Ak}
Aol Aufste aisgelo] A g2iglet Lim e al, 2007)
71 FAE] Aol A7 FES HHAI7)7] Slsle]
’6‘} ZehiE] ARlol 308 o)Ak T, 100 uLe] oFA
ES 21 gauge TAIE Algsle] 53 H99 5=
FA5-slell AAsAet. oE A8 F 1202 7 FEo
Hex F95 FAY HEE 35E zx4 J5to] =

ol egh o]dEe] AFe 7Fsiadct. of w, k- o

O.u_, O&EL r'_l
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sle] ¥91% Fv SAZE AL ek At Wa

) EEe] Bl WA 4

= A 343 7= F 3, 7, 10, 14, 17, 21, 24, 30, 404
1+

A A &

A7 qhibe g AdE a2 o|HES YERISle
w5 F 149 ol 7P AR velve Ade A2
sct. whebAd Lx}ﬂ%'@ shatell o8l vehds o] el
Al MEK JAA] &35 Agsly] flsle] 14940 4
A4ZE MEK HAAIE T35ttt MEK dAAIE 5
57l flste] Algl 3 Aol A¥E+5 pentobarbital
sodium (40 mg/kg, i.p.)2-2 w3 o HA G AA
of MElE 243 & AMAFxE g FYs] Hgk
Zeoll’al FH(PE10YS AMYSIATHADn et al., 2005a.c,
2007; Choi et al., 2003a, b; Yaksh and Rudy, 1976). <~
=2 FAT 95 dNE Al SRR E 25E
A nE|H5e] 55 =EA1A}. 27-gauge TAV]
5 AREsled well 2R “4" sk Y B AN
3 = A=Az J_7<4/l]7j\1”)r ZFoluke] oh2 & JEl% SR
ofgllol] $IATF=E- FAE Aol Flog uAA|7| X2}
€ dRoz fxF ARl FEe A

5 oAsP] Ssle] B AR ol 7= = 72
*lﬂio} 3143 FE2 ERKIZ WS A7 $l5)o]
MEK4 JAAlel PD98059 (1 or 10 pg/10 plyS A3

Fskdct. MEK AAIAl 54 %, 10, 30, 60, 120,

180, 360 LE]aL 24 A7HAlol| o]AE-S ekl
PD98059% CalbiochemAFE5E 7913k 70% DMSO
o} 30% A3l EaliAIZITh. =TS PD980592] £-uil
(vehicle)3l 70% DMSO2} 30% Al3%5 Fisled 7}
shoict.

fu

A 4

9] uks Ay Azte] A A2 o el LSD
post-hoc testel] &g+ HHEZA }EJ AR S o]ds
At EAAel wlaE H 3 A freldel 35 e
p <0.05% AAslgch. »E 7&% A7t + 357 2AH(SEM)
= TL/(]O]’»}\D]'-
2 1

ARAZAA Pk el ZAH A5 o WAl
ofa] o]E-2 oplalateh. 1A Aol wiRt o] 4%
e AAAARE QP 553 qeiEe] qhlielA
Folol e FAATE Asjel eple AREEe
skeg el epglon, ola Hehl 3]

A=) Al71E Fig. 1A “ehloiet. AxA1734E sbt
g AT T30l IR GA7L s A<
A9l o)dEE oplsiol ot obrE AAE A @2
F(naive group) 5-= 4RI uhE ARSI agars: T4
A ¢k BlZ&7-(sham grouppellA&= o]=Igk Wk A
& alsdet ““7]/“}:"01] oielk x| F ARMIZA qF
1k S 7Rl 7 Al 2AE03(6.3 £ 1.5 psi, p<
0.05) 24%A77k4] ﬂ—. e RS 9A] e
ol: 4001;;]]0]] 2l z{y%. _Cl?l_/k]r]. .i :@]J;Ll;]oﬁ;]_ /l]-;z].
Al73AE qhikeh AgTollA op7d o] E-2 withZFollA
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Fig. 1. Time course in the ipsilateral (A) and contralateral (B) air-
puff thresholds after compression of the trigeminal ganglion. In the
naive (n = 11) and sham-operated (n = 11) animals, air-puff thresh-
olds did not differ from the pre-treatment values. In the rats treated
with compression of the trigeminal ganglion (n = 11), mechanical
allodynia was established within 3-7 days following surgery.
Mechanical allodynia persisted until postoperative days 24 and
returned to preoperative levels at 40 days following a compression
of the trigeminal ganglion. Compression of the trigeminal ganglion
also produced decrease in air-puff thresholds contralateral to the
compression. *P <0.05, the sham vs. the compression of the
trigeminal ganglion groups.
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Fig. 2. Changes in the cumulative number of scratches following
application of 100 pl of acetone on the skin. In the compression of
the trigeminal ganglion group, cold stimulation increased face-
grooming behavior compared with the sham-treated group. There
were 11 animals in each treatment. *P <0.05, the sham vs. the
compression of the trigeminal ganglion groups.

= A=Y} (17.0+2.6 psi, p<0.05, Fig. 1B). i}
SollA Ash= o] AE- 550l vehtbe olAEd
ARHAl A=k} 31 5E et

AAAIAAE shikel AgEEolA oRlE 100 uL% %
3o okl I)Holl HASN Yehbe 559 E«’—%M
= I3 25 Fig. 200 eRiSlc Wrlsol o8 U
ke oldES W7k flske] oplES qk Afoﬂ
AslaL, ojofx] vehds FAY EAEE P9l s

_I_zOJ:/’

T2 2435l LA}, ol FE X AE olr] & 1E
oy} R2FME = A oHES 14_9.—3 ;q]g/} H]
saje] 2 o FEe| Lol folgh ﬁw et

2 okolel, et} ARRRAIZALS kel AgFolla] o)A
ES Agehd 55 A9k Wt sk Soket
e (p <0.05). BAIFol o3k o152 % 3% F el
o 40%e] AvhE Al A&Ee S 29 D}
Fig. 33} 401]/H" AR gkl o4 of7|EE 7]
A A= YAl o8 faEE o] dEel MEK o
AAQ]l PD9805Y7E A= dES Hrlsle] vepiglct.
axldazid Y% &9l (vehicleys A=MI74A bt &
Uehls 714" o)A Eo] o}fel odFFe wu|xx] Ealgd
oh 22} 1pg 3 10 pge] F=2 PDI805IE 7]
3P EZ=oj4] whlEls o]AE Bul olug) HlgZolA]
Uehbe o]d%s ol 2HA1Ziek(p <0.001, Fig.
3). AR shit & Aol ofdh EE SIS S
(vehicle)o]vt 1 uge] PD98059s A dg=z F15pd
F=9] P9kl ks mAA] Fapdeh. 2=y 10 pg
o FER PDIS0SIE AddFmE FUsRl WAFol
e fresle oS FolsA A
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Fig. 3. Effects of intracisternal injection of PD98059, a MEK
inhibitor, on mechanical allodynia (A) and mirror-image mechani-
cal allodynia (B) in rats treated with compression of the trigeminal
ganglion. The vehicle (70% DMSO and 30% sterile saline) did not
affect mechanical allodynia in rats treated with the compression of
the trigeminal ganglion. Intracisternal pretreatment with 1 or 10 pg
of PD98059 significantly reduced mechanical allodynia ipsilateral
and contralateral to the compression of trigeminal ganglion. There
were 8 animals in each treatment. *p < 0.05 vs. vehicle-treated group.
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m& o] Vehdths RS xo] Fglom] ARAIZAA gkt
off ofsl vpehts o]% %f 23591422 $9]3 MEK ¢
AAQl PD98059E FJ3 o 5lAl Abgk=] e}, o]eiet
7= A7 shifell osl] g odEel T4
ERK7} Z-83HA] 2H-8-5h+ ERK 525 Acksh= whyol
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Fig. 4. Effects of intracisternal injection of PD98059 on cold allo-
dynia in rats treated with the compression of the trigeminal gan-
glion. Neither the vehicle (70% DMSO and 30% sterile saline) nor
1 pug of PD98059 affected cold allodynia in rats treated with the
compression of the trigeminal ganglion. However, intracisternal
pretreatment with 10 pg of PD98059 significantly reduced cold all-
odynia. There were 8 animals in each treatment. *p < 0.05 vs. vehi-
cle-treated group.

A AR A 48 MRS S8
s e gelo] Heh AAAAELS S AlaA| ekt
Uﬂ o= TEshs e (trigger zoney’} EAS= 54
& Heplish BEshe P S el sl €
Ajeke], mle) B2 ukalA] ohe Aololzhe WHEd)
= A=5shd AH77F sEeRsE %o—g A E1"/‘r(K1tt
et al., 2000; Devor et al., 2002; Sindrup and Jensen, 2002).
QAR ARA7E2] 7Aool sl wEke] ezl
npzb @A AL 7FeAel e el T ARMIA e
o Al ZhslAl ghite] 7HE Fegh whEedcle
Z X u=]Qlc)(Jannetta, 1967; Kitt et al., 2000; Love and
Coakham 2001). oJ2fgk qhi <lel] $iA/3 Hadd &
ol o3l vehd - glom] Fofolut HAIAH]] Aol 9
EH/HE whAgickar dedA Qlch(Dandy, 1934; Gardner, 1962).
AER ke o] &sle] A7 el ZkliAlE shit
+ AlAz AR Fo] FFAgkch(Lovely and Jannetta,
1997, McLaughlin et al., 1999; Zakrzewska et al., 2005)
= X332 ulFo] E wl gkl ot 4RI TS 7
A S Qo
2 AR S shibsle] AdlsEollA B5 A9k
< HoF= AF(Ahn ef al, 2009y ¥ 15l A7kA] A
HAAES 78 F 9= A ZEudll owx nly)
A<l ¢tk Ahn _«(2009)_/] Aol 4] AAAIZAA S ohilks
W A o]A%T B3 S WRT 4 gdglon]
olw] e o]dE2 AMIZE A 8AIR] carbamazepine
o o3l frelahAl A=A, oleidt Ad= RIS
oﬁhﬂ_}g e /gsé%.%g] o‘l.u‘joﬂoﬂoﬂﬂ ;q/’- o] /ll;‘(]./l]ﬂi‘q.
fARE SRSk S Sloke Ae HallErh
2 AgollM= AR Hele] 3P (Hu and Xing 1998;

w

Song et al., 1999; Zhang et al., 1999)%} U]—*”V]i At
AL sk AAA o 4ES fkkiche AL

of o, ASHL FAH ol BF B ohe M;
3439 Z7hw @ o] Fgst £ ATl
ioﬂf VA Aelh ATl Sla) ek ke o458

AREEA 559 BEA S ol g 473
£ 5% A9 meloldx wl ol Yok 495 2
FAl7dol 5, 6 S7] AFAZS sk H o7 ohitbehd
145 238k AEEY B39 SHCIEES 54
o] - (Bennett, 1993; Kim et al., 1997, LaBuda et
al., 2001)E] 3L, efebHed o4 qkelelilz-S nhdR o7
hitslolx= o] AE-S obr|(Imamura ef al., 1997; Lim et
al., 2007; Vos et al., 1994)g}c}.

B o Fo|AE A7 A-S ghalale]
= A¥EE s ol8sl] $54 ERK A&7} o
Aol vIAE d3= 2T MAPKE AlE 5149
chekel el ukgskar AlEZ AlsHLAN] QoA Fo
Gl gsle Qb a4EH, ofF IA4 vk
ERK12+ A2 54 % 34, 31 22|l Az Ao
A5 o] = Aoz deIx Uchli er al, 2009;
Zhuang et al., 2005). 2 B2 A7olA TFAEAIA
AAe) FaAE 2ATe] 55 A S 43 9
ket (Impey et al., 1999; Ji and woolf, 2001; Ji et al.,
2003; Widmann et al., 1999y AFdo] H g}, 3
A ERKAZE7} A7l o8l el AHS 55
o] wdel T8 e AMY B AlddTE
ot FHska Sk wx AlEd T AFA7elA
ERK1/27} 4d3k=]9132(Chen et al., 2003; Ciruela et al.,
2003; Ma and Quirion, 2002), 5H#| )8 H4A174-S 7é
A5 A4 A9 ATl B43 9 ERKE
7HA AARAIZE Wslgl o, &3t © ERKe 3
7F W& F9)% MEK A4 (PD98059)l] «l 3l el siAl
)= cH(Zhuang et al., 2005). =3k 27k Wz 5
Qe MAPK ofAE B4A47A% 52 Aeadel ul
Aispitel slal vehbs 7144 £ 24l Higt o
A5& sk dAISIAT(Jin et al., 2003;0bata et al.,
2004; Tsuda et al., 2004; Zhuang et al., 2005).

Tkl Jedolals S5 Amel ERK/L Foldiehn
el ik, AFPERe] 9 9% ¥z yauelS F9
sp AR 247kl = n|Z248o)4 ERK 1/29] o]
A7} S7kE|9l 2w (Huang et al., 2000), AFxFA174d ol A
MAPK tiAPd 27} s-7go] vehde &3t Wl=l= CGRP
fA=kel BiAdo] ek (Durham er al, 20035 Bt
ofeb dqoxm T4 ERK7Z} fralial=oll gk Ju

}

dl

o

4TS A

L

= Axsled F98H Holgels AS Fsla gk
=3t orelel = 7“%}04 Uehte W=l didd o
A% o] Axloldzz 93 MEK %Al#13] PDY80S9

o 28 525 7u;4 Jth(Lim et al., 2007). L&}



80 Min K. Lee, Jeong H. Yoon, Min K. Park, Gwi Y. Yang, Kyung A. Won, Yoon-Yub Park, and Dong K. Ahn

A AATES 7T+ e Y 5E 2
o] §l7] whRol A FaFal ol %ol A
ERK 427} v]3% o33l shalis whsidl it A9 gl
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axd4-2E F938F ERK 125 A= MEK 2JA|All|

o3l frelshAl 2k = sleks A tﬂfﬂfu} wa}a] o]
23l ATAHE B3] AxAIAAL qhilsle] ub= o]
A% el F34 ERKZE7) T35 2Hdivhes A
o

AV E SEREl ool glel A< o

=4 = =20 o|AES ofr|slgia
F2 Fofdt MEKAIAIQl PD98059= AHHI7ZEAS
Hhalel vehte olAlEw el AAlskale. ol
FAshe $24 ERK lAAS e A44AE o)
Mo Asepr] 13 M2y Ases AXE 4 9l
+ A el

Vel ANE FFeNAS W, AR ghael o)
-
A

>

2 Eﬁl ofN [
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#Atel =

o] = 20084 AF-(wgHsr|EF )] Aoz 3t
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