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The present study investigated inflammatory hypersen-
sitivity following compression of the trigeminal ganglion in
rats. Experiments were carried out on male Sprague-
Dawley rats weighing 250-260 g. Under anesthesia, rats
were mounted on a stereotaxic frame and injected with 8 pL.
of 4% agar solution through a stainless steel injector to
compress the trigeminal ganglion. In the control group, rats
underwent a sham operation without agar injection.
Injection sites were examined with a light micrograph after
compression of the trigeminal ganglion. Air-puff thresholds
(mechanical allodynia) were evaluated 3 days before
surgery and 3, 7, 10, 14, 17, 21, 24, 30, and 40 days after
surgery. Air-puff thresholds significantly decreased after
compression of the trigeminal ganglion. Mechanical allody-
nia was established within 3 days and remained strong over
24 days, returning to preoperative levels approximately 40
days following compression. After subcutaneous injection
of 5% formalin (50 pL) in the compression of the
trigeminal ganglion-treated rats, nociceptive scratching
behavior was recorded for 9 successive 5-min internals.
Injection of formalin into the vibrissa pad significantly
increased the number of scratches and duration of noxious
behavioral responses in sham-treated rats. Noxious
behavioral responses induced by subcutaneous formalin
administration were significantly potentiated in rats with
trigeminal ganglion compression. These findings suggest
that compression of the trigeminal ganglion enhanced
formalin-induced infla-mmatory pain in the orofacial area.
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AdsE 3 A H2AA 52 5, 6 e AHAl
e Ao E kgt Ay odE 52 AT
e AT 5 P9ukso] wAldlch(Bennett, 1993;
Kim et al., 1997; LaBuda et al., 2001)x 3k}, ok <

Aoz izt Ad Adse] RaEgled], AdsE
g Fof qkefsAA S el whF o E qhilsle] ks
frtel 55l dA} o] dEFol AL (Vos et
al., 1994; Imamura et al., 1997), o|23F 2Hd=al ==
< 55 A9 Huk olhel AFeE FAEE c-fos
o} 22 woul-$-S S7HIZTH(Vos et al., 1994; Vos
and Strassman, 1995). =3t 53k Agmulofx 7|4
Aol o|dEZ FAINIF vlEo] Al Aol gt
Fauke-S YeRHeH(Lim ef al., 2007y B1= Qlch,

A7 el geollA WAsle AIAYS 55
o] shtEA] Aol Fzshs qhiRsleld A7)7)
Fa2Fo] o T5o] vEMH, 55 H 27 A<E
At Al A== S Helvh olzidt W 55

e AEgoz oAgola F WAl A AR
Jez B Y9I ATe Bl fusls 4E

o (trigger zone)E 7HAiL Sl+= 54| AUrk(Kitt e al.,
2000; Devor et al., 2002a; Sindrup and Jensen, 2002).
obArkA AAIAES] Slele sHa] oeld

Ark, AHIZRE] slolx 23 5o qhibe
At Aoz deix] 9l=d(Jannetta, 1967), 3143 &
wlae), Fo F BN 71qe] A Pl relE

214 qhibst7 vk (Dandy, 1934; Gardner, 1962; Jannetta,
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1967; Love and Coakham, 2001; Devor et al., 2002b) L
215 =3} (demyelination)s oF7|dle] fdgict
(Devor et al., 2002b) 3L ke, 2t 2 A oAl
gem ARRIAE SRS 2 AR xE ARl RE
ool B% RS 248 WA Zagon,
a2 AR F5) Fslola wHel Wbl el
Uohs 2y % ek(Devor ef al., 2002a). L3l ARak
AR AA7F AR S 7374171 (Stender, 1954)
A AR E RS2 AAFHEE 22e] HxEm
7] Aol wrEm ARRRAIZIAS &A= Al
Zold FA4HolnE Haeht WakE ual Ao vie)
wrh(Beaver et al., 1965; Kerr and Miller, 1966; Beaver,
1967; Kerr, 1967)iL gkt olejgt Azte AR Aol
Aol olatazde] AR kA delew #E3t
the 2l AR A7 Ao, voprt A7 A o
A7 gL e Al glof wig Fegt dTs
et A dalErt
Sl Qs 5= FERIFIZ] S5k A==
32l 22+ formalin, mustard oil, CFA S°] 3}
t}(Cairns et al., 1998, 2002; Iwata et al., 1999; Zhou et
al., 1999). = F ofobd odof| formaling T3k v}
EM* T PSS W A7AEe] gy AREeke
535 97} who]th(Choi et al., 2003a, b, c). YHuFHo
2 formalin ¢ § Jele 55 A9 v 274k
3 Mg oE UrEM%Hl Z7M5-2 formalin ZH]
Aol ofgt dkgeli $7ukg-2 formlain®] oF7|3l=
Akl QA Hehbe 53] uee R A
olek. welA okabed ododolA formalin 9] F vheh}
= % 63_,41&]-— o]x].ql-%v?__ OﬂZ/H u]—/qunﬁ nt—ﬂ
2 o]8% 4 glrk. AT ATolA s s HE A7
& AR AGTEAA Sl £ formaline] 213}
olElE A4 5 A9 S uSs MR
H w7} Qch(LaBuda et al., 2001). L&} o}=7kA] AF
A7 FAllA v A5 ESe] Hxol e 9T
of At A7+ A9 gle AAelr.
olgigt A7 AFNE nHs) £ ol
W’ﬂiol o4 HhslE 954 al
vA 4 geke TS vietos AREEeY AR
FPE T o2 shialel AILEE sl of

S

RO

2 e Asdska st AdsEelds]e] <l
Aol #3757

3le] gEA s Telednt. AdlsES A Sprague-
DawleyA| J—A(250~260 grs AHSs } i, 75%—1’41%5_ X

oA rsh FEAlelA AYdEEE AlEet 2= A
ol *—“*}U% Ashodet.

A=A 73 A bt

AHFEE 5% halothane® & F¢ v sbHA A

HAaAg@dA1o| welE 2Askct. AEMIAAE s 9
3l 4 %2 agar Lol-S AeeldlA FUH(24 gauge)—
ARt 2S5 ARMIAA R Fskodd TS #H3e
FHE AR e AR ez 'tl"i
34mm, AFACEYE #HZ2H o7 35mm, sPHoEE
6.0 mmz A3t Y22 100 uL Hamilton A}
7lell 174" Ze]ojdal I(PE 50, Clay Adams, USA)
o 04730}/»\—7— 53k =(38°Crl wiE] oA AREs
et Agar SA@uL= 5= el /‘Vﬁl T8,
ZF%‘ Foll FHHE AAA. TR AAS
f% g AA TH °ﬂ i‘* U]’-r] 04—7—* /‘}9*5}931

JN
ol-n: it

9 .

7Z1zke] Aldo] Tl & AlE EEE5S 20 %9 urethane

= 5oz ek Foste] Zo| mFHRAEl ¥, 10%

buffered formalin?} heparino] Z3Hd A]G45 483}

o Td*‘?rﬂ?i‘“/}. 1‘2 ¥, #n)de o]&ste] agarZ Qlsh
1

Foom, ARxPAI7dA o]

10115%%1—*—1* S Aew AR

1

2
ol

1—6:]1:1]7:] BHL o8} =
x_] o7 ARE3ElT) o)) J]—FL}J] dlo] 7= 4 umo|
131, hematoxylin®} eosin®Z °§*—H ofod Jstslu|d o
1%@314.

b ARlekaL agar 82 F é}x ‘E%Eb‘%. Oﬁﬁ“&

testys ol-&3kgedl, AL = Xd °‘J+ F= F 3,
7, 10, 14, 17, 21, 24, 30, 400 77+ *ﬁﬂokoﬂﬂk o]
A% IS 95}, *E Heee 3 vl 5y E=)
2B Aol Hefsila AgsE ool 3RS
(air-puffsys e F UEE AR} Ak oz ok A
B2 FAcHAhn ef al., 2005b; Jung et al., 2006). A
g Ty A= HW oFomA] 0'6& F7k
A, APFES Ha 308 o4 Omi} A7}, AR
Al7go] Auljsle qlddel 7lelAlE od&E 10He] &
1A= (42 Feke A7, 1029 7&7%1 Yl g3k
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2l S 3]y AFe 5o AL dEe A
A A AFoz Ageh AT Al AL
pneumatic pump module(BH2 system, Harvard Apparatus,
USA)i zA3190t. 271252 25326 gauge, 10 cm)
< &3l FFEFEH 1om "Gl oA 90° =2 =
L3l A2 Azl E A molA 50 %ol4ke] uRe-S

Hol 72 Hrlsteleni(Yang er al, 2005; Jung et
al., 2006) 40 psi °|4e] AFolAE Hkgo] veR}A]
Gord AL FAsGeh. AAH2 FEE 40 psiols}
o] §tHellA = ofwdt 5 wbem HolA] ¥gkrh.

Fad 45 535 Ju-S

Formalin ¥H8-& Qb dellx] Falsiglon] o]d <17
oA AREE W} FAeAl aekiek(Choi er al,
2003a, b, c; Ahn et al., 2005a; Yang et al., 2007). =
= ARAAAS oMls) :L-"(n—IO)—‘/} AR 73S 9F
Hlsix]= oka F)at ARRIgE E (n=8)2& 14—r<>1 Al
apodeh. A=A AE o —.LfiL a5 AF FE 53
AAE o]dEo] Al#bE]e] of 24807kA] AEEE A&
WA o Sldek. whebd obHdede] formalin W~
A7 A S shikel & o]dEFe] 7P AlgE 149400
FeJ3k3ict. Formalin 985 35t7] 39 A 5% halo-
thane® 2. 5] B1AE olgelo] =132 formalin 73]
< Slste] Zelolal A(PEI0)E <k sk 2ol 4
Qlsle] mAsIYGL). Zrjodal T AFE g4z A
Hom, A I3} 22 Fol] AT FHE vl
FpEn Aok dde AHgdlel melel wse
oh. AR SellA] Adre] s wRE] SEl S5
dew de| BL woprolth 4% F AVEEE 74
Zb 5t 3152171 ehg-, Hamilton FAP]E o]»%}o% A]
2y #8 Ed] 5% formalin £<H 50 pL° Zal5k93
AgEE2 formalin 74 A FYg FHE =
HE debislon o 405 5 A% SAio
45873k 71533

1

LA

A4 34
B9 e AY Ane BA BAL dF 2FolA

LSD post-hoc testoll o8 WS4 A}5 ] AR S
I8 atsict. $AHel vl sl $AH felge) 37
e p<0.052 AASKIc BE A= i £ 3IF 2

ZHSEM)Z. FAT5F T}

of 2AAql WaHE A, FUH agars AL
o =] o
AE Shleka gl oS wglen, TR agar 7

EIRERE
Fe A AT A W 2 el ol 318
& Jpoleh. Aol S kgl e 48719
St aRSlolA T2 o) T, ofl B 9t Sl

o] Sl= IFE E3elsirt.
RIS ket APE Rl T e %
= RS 7}’3}33\% ol e s T2 39S+
3 © 2 Fig. 2o vehlgict. o= A
A= A J—v‘j‘f(na'l've groupllA+= 40 psi 3H3H <]
7R ThlE ol 3]EukgS wERiAl sk
of. AR uke ARISKL agars FYFHA] %2(sham
group) =T WS- oFF AA=E ShA] ¥ aFe] wb
S vl Hoks wf folgk Abe]E WA 4 gtk
a8y AARAI73AEE bRl aFolA= agars: TS
3 2 Hol| 37IA=5 7Febe Wil ] Fhe] ¢
A ZHske e AT 4 AT (P<0.05, Fig. 2A)
o] dE ‘T‘% 5 79 sl Srteleler,
S 2490A47HA] felsAl ASEH . 31 A %}
= TE F 40l 7= A I v FEeE 3
;:,4 1;]. /ll-z]./l 7:];44 oLH_jL.IQ: /ll-;‘(]-/l 7:]24£ ohal.g‘l_ H

H
HH A= o] E5 “a}ﬁ}‘%i'\“/‘r(P<O 05, Fig. 2B). %
,LQ "“‘7]Z]—‘1

NIya-2

o
A %k% TE F O79NE Fog e
F 240 ALEe), vl S A
A7) o] ofEel] BE o]AES WMAAAA
nl ARAAAS ghkEl 7S Zojx] ubEl o] A Eo|
A} sl BokS
o IS vepiA it
SE%E B gopmks s

Fig. 1. Light micrograph showing injected agar (*) in the middle of
the left trigeminal ganglion. The injected agar compressed the
trigeminal ganglion. No inflammatory reaction was observed in the
parenchyma around the injected agar. Scale bar, 100 pm.
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Fig. 2. Time course of changes in ipsilateral (A) and contralateral
(B) air-puff thresholds following compression of the trigeminal
ganglion (TG). Sham (n = 10) and naive (n = 10) animals did not
produce any significant responses to air-puff stimulation. Ipsilateral
air-puff thresholds were significantly lower in the animals with
trigeminal ganglion compression (n = 10) than the sham-operated
group. Compression of the trigeminal ganglion produced mechani-
cal allodynia within 3 days following surgery persisted until post-
operative day 24, and then recovered to the preoperative levels at
40 days following the compression. Decreased air-puff thresholds
contralateral to the compression of the trigeminal ganglion were
also observed. *¥P<0.05, sham vs. animals with trigeminal ganglion
compression.

53 AR gk AR 2504 5% formalin &
ol 50 uLe %3¢ 9= Il FARE ok formalin
of ofal “Yelve AdEEe] FF e B
th(Fig. 3,4,5). Formalin 845 33l eht= 55
Yokl Fv A9l Hlxe} A7ke Sk B3
tl. Formalin A & 5% 7407 =25 FH+ 34
T F 4507 WA A z2oelwe &
2F ¥FS-(0-10%, 1st phase)ys ¥HasE 4= 1Qlar, o]oiA]
vl %4549l o2} vk§(10-45%, 2nd p
g 4 Qldch(Fig. 3). AR ETe] 55Tl vl
]L ks ool %0}"4 ohe @ FS1H formalin
=5 55 A9nEs= A, A=A AE S
ou“'—}ﬂ %ﬂ‘i Ak ‘3}*—5 /EL I3t 253 vlas] =
ol 5% LML fefsAl 78I

oL

(Fig. 3). Formalin
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Fig. 3. Time course of orofacial formalin induced behavioral
responses. Subcutaneous injection of 5% formalin solution
(50 uL) produced scratching behavior responses in the rats with
compression of the trigeminal ganglion. Animals received 5 % for-
malin solution subcutaneously in the vibrissa pad at postoperative
day 14. Scratching behavior was recorded for 9 successive 5-min
intervals. The number of scratches was greater in the trigeminal
neuralgia (TN, n = 10) group than in the sham (n = 8) group.
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Fig. 4. Duration of scratching was recorded for 9 successive 5-min
intervals after orofacial formalin injection. The time of facial
grooming was greater in the TN (n = 10) group than in the sham (n

= 8) group.
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Fig. 5. Changes in first and second phases produced by orofacial
formalin in the rats with compression of the trigeminal ganglion.
Scratching behavior was recorded for 9 successive 5-min intervals.
The number of scratches and the duration of scratching were
greater in the TN (n = 10) group than in the sham (n = 8) group.
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S} olFol kS FE AYE Uehhi A7 W2
} AR AR b ARSI 2Bl wlal A
AR Pk 2Fold AR a5t ) o B A

=] gl
A vehdss vke} wlaste] B o] ARAIEA
gt 259 7fole formalinel o8 =3+ F&
gle] lxe} A7ke] BF o]ap ulSolA fosHAl 57t

skch(Fig. 5).

4
A

i

1l hal
o shizA Fo Wel aqlezt o 1
2] 2ol AsA qhute] Fodk Ao wu =gis
(Jannetta, 1967; Kitt et al., 2000; Love and Coakham,
2001). ol=lgk skt <lAw s, T, A
713 2 U S ohekel delel o8 vehd 4 8l
ow, o]2fgt fl’lel o3l AR o] WAlgE A
olm] gk Qb FhAollA] ®aElwl Qlck(Dandy, 1934;
Gardner, 1962). Holrh IS SxbSolA) o)At
HES olglo] ARAARE] AaAE Spke A
7kl A173E0] 243t (Lovely and Jannetta, 1997,
McLaughlin et al., 1999; Zakrzewska et al., 2005)=
Bae olgt AME sk Qlt oleke ofEA o
i AR E SAlollA ARRRALIZI o] ofwet dak A
S WA F gslem, A=R17 oA ofudl =
Ao ot 474 ERHA SkTH(Hilton e al.,
1994y Bate ARAIEE d]le] ARl N shitol
Aub e A oiele A wEl Foh =3
Adams(1989)= wlAlE o] AR E]e} HEd= A
= Az skl whE AR ARIE
54 Slale] =HA Xhbe FAs A= SRt Al
BEAE ol &sle = AR &4 Al 52
AN A AlZAIZS] ubEAQ]l ¢lEA Fhge] Al
73%ol| F238lh= ¥ 3 (Rappaport and Devor, 1994)2}
o A7 BAlEe] ARMIAAE 52 AT
oA AR TS rdsle x| WEHAs JER
tk(Devor et al., 20022y Pt ol23 AKS FH

AT olokal Gedolla] WS ARWE 5
Q

e

N

PR

Sha Qv whebd 9} 2 AT AAES Fwle] 2
= Devor 5(2002a)°] F33F Ax[A1736 hdqlel] 4k
A7 et AR B Hedoke s o 4
Art. £ Aol = AR AE S ghikel AdsE 31
ol AbRAlZ o] AulslE o YollA x&He] B

AREE T &

1l o 7
AL Hehigliel oF A
A AAARA A AT

AYE Atk AL A ae, 44

ok,
-0,

o,
WL
o =
z0 ¥2
=2
oli

ol

5 ol
P ok

22

Sold AAATS FERUS ¥ F AIAEE o
Fold oh FoT ATE T 4 %S Zeleh Az
B odTold AR qPiel B3 U g
AT o SsSS AR ol oldE
e 4% 5 lelite FreAA FAde o] R
A4 5% F 4ol olotsic. B ATl A

roh

bAoA o]dE FAH F7|A= (air-puff
stimulation)s 7}3sle] F8latglon], o|9} o] 75 =}
Folo] o AEL FAE YRS Be] oA AT
A olm] &A% u} Qrk(Ahn er al., 2004, 2005b; Yang
et al., 2005). F71A=0l ol o|HET= A= W
e AANF B30 B4 F S Aol ek
o) = 4 Qth(Vickers and Cousins, 2000a,b;
Jensen et al., 2001)= 25 sl & o &3 37}
o= BG4 et veb B71ATE qkHedofol
Al Von freys o|-&slod o]dE5& 71 wiol »lasie]
uel o4 gl AYETEY FolT BA gonld §
oe $1E ksl AT 4 ek Aol 9
g oiFold ARMIAAE ghig A AT o
2 ghel frelsiAl Zhagh vk, ofmgt A= sk &
]

E ATelre AR %
AEol &5 Fuk ozt WiSel = veltah(Aed &
, mirror-image pain). °©|2} o] =

Aol vepte At 52 A=A a4 g
£, Al A%, Al 173 7% (Attal er
., 1989; Seltzer et al., 1990; Kim and Chung, 1992)
g mHllofM= A 4 ot =3t FA 55 ub
& o] AT EoolA= A9ukeel st
AF(Vos et al., 1994; Imamura et al., 1997; Benoliel
et al., 2001} A7142]8k2 o1+ (Benoist et al., 1999;
Vos et al., 2000) 5 ©re] AgolA ofn] B =g
o9} o] FFAE Urhde 559 3 F shie
Hzlol| EAlsks 45 HE Az Al el o3l
veht= Aolelar F48F ¥ (Koltzenburg er al., 1999)
£ glor] Q4dzte] wilm A AT
HAxol 7]odglch= ®3l(Jacquin ef al., 1990; Panneton
et al., 191)= Slct. ZZo] ool w2w] AEAL o]
AL 24| Al7dolawAlE2} pro-inflammatory cytokine
Soll g3l op7|3lth= AHS ¥ (Milligan et al., 2003)
shaict. voprt <kelsiAl el v A =4H(Lim er al.,
2007y interleukin-1B2 = (Yang et al., 2005y #
&4} o]AFol| 4] pd4/42 mitogen-activated protein kina-
se(MAPK) 4A#] 32 p38 MAPK JAAE Lxfols
2 A=A slds A A oldEe] sl At

=~ JE’
-

22

(o3

N

ri

a

oo >



160 Gwi Y. Yang, Young H. Park, Min K. Lee, Sung K. Kim, Dong K. Ahn

Skl ol Aae Al

F2[R1734 gk o]_;_oﬂ Bl

& ALA ool 24 MAPK A2r} Fodl g
< ahn Qe AHLS AR BE zﬂxﬂvw el &
&)

o] A S5 Aol Hofdtrha d#A ¢
AL = o] o7k A= A7tEc
ATA Tov AT HANE H5E ke =

Ao| Faghd], & A7olAE formaling AR&sled A=k

A173A gt o]Fe] HFA WSS A 3krl. Formalin

o]l ]5k2 F%J% formalinol <3t 3$ul-s-

= AT 5 9o, 4 F formaline] 2 483

of Zgsle AAAHl gkl sl vehle dAMES

(Ist phasey} &5 "iHshe w49 WEt 54
Zlo]| o3l veh= o]xMES-(2nd phase) (Tjolsen et al.,

1992).2 bro] Asisich. olzlgh Uk 2 o]x} wk
o< A7|AEsEE el AdFolME A4 7 Al XA 4

7] Ax &so] formalinge T8I vl dxpkg=t
o|xpkg-o 7 o] Epri(Dickenson and Sullivan,

1987). ¢lgjet A= ok %5 Atold RAFE ohE
AT A= °1Z]§l-r/]-(Clavelou et al., 1989; Choi et

al., 2003a,b,c). & <A7ollA A=A E shidl o] %

14250l <=5} LU Oﬂoﬂiﬂ formalin El|~Eofl4] b5

= Y9 AR Est Skl As #ETE 5 9l

k. olF AT AL ABMKIARET] HFssAE

S n]RckE A Lo w Hol Fa glow Al

AT 553 9% T5A=e AsHAIL ¢ % Pi

oAl =, AAHS 55 95 S5XEY AsiAE

IARE, B

c

3
4
rf

ro
%)
2,
i

A Aellr] s, Sktelgel hA %“#
£4S Thsle] Yehde AAEE B3 AdE R4 A

i

ARk formalin HIAE+= 55895 S7MA32H, o]
23t 77t A5 RS FEEoE Al7o] AlAE
%17] el Yephdrh(Anderson et al., 2003) FAE
shodct. =3k AAHS 55 A5 55 H=ol o] 0}*
7135 o3k AdollA Anderson?} Rao(2001)= <kef
sHAl7del a3 qhit &4 F AE B4 57}5]
IL-62} nerve growth factor 7} S7Fstrh= AS
3]-3}'\-0—‘31 fr]zﬂ_q 5.44.57—/{]7394 u}A;{J oLuL/;:xL Uﬁloﬂ/ﬂ
AL o] " E s E7t9ul-e pro-inflammatory cytokine
o] wige] 7)o} o] 9lem(Okamoto ef al., 2001),
Wagnere} Myers(1996)= ZH=AIZ4WHZ F9I8F tumor
necrosis factor-alpha’} A173%4 55 s+ A
ghthe oA 5o mFeo] B uf ABRHE T3 A%
A B0l AE AS o] rhs AMIE IRk ¢
gt A5 AR 2 ool v & w AR
73A4E shisle] AR AR Bl A vk
o] FostA F7HE %1‘4{— s AR F
ole] ATANE Fifehd, & oi‘?fﬂl/ﬂ AT
FAFALZ3A oba o] Foll obell ZlsiAl ZIAIA A=
sl mlghgh wkeE Mol ]Xa]%i vehe 23t

formalinef] -‘%ﬂ r=se 954 5 iksol s

7kl Ae Ho] Foloh. 53] ARIAAS qhitel
o Yehe o|dETE AERIAEE dTsle AR
T% Kafﬁ 'T':"E UEHE- A o= ‘l" 9}]\% 7/‘101‘3}’ XEZ}' %D]’
ojAe] ANEL ARRIAAE 3§ t‘#ﬁH “J*%Oi‘di A=z
+ o5 Eulo] AAAIAE olslel 2wt 2] A&
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