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Voltage dependent calcium channel (VDCC), one of the
most important regulator of Ca’* concentration in neuron,
play an essential role in the central processing of nociceptive
information. The present study investigated the antinoci-
ceptive effects of L, T or N type VDCC blockers on the
formalin-induced orofacial inflammatory pain. Experiments
were carried out on adult male Sprague-Dawley rats
weighing 220-280 g. Anesthetized rats were individually
fixed on a stereotaxic frame and a polyethylene (PE) tube was
implanted for intracisternal injection. After 72 hours, 5%
formalin (50 pL) was applied subcutaneously to the vibrissa
pad and nociceptive scratching behavior was recorded for
nine successive 5 min intervals. VDCC blockers were
administered intracisternally 20 minutes prior to subcuta-
neous injection of formalin into the orofacial area. The
intracisternal administration of 350 or 700 pg of verapamil, a
blocker of L type VDCC, significantly decreased the number
of scratches and duration in the behavioral responses
produced by formalin injection. Intracisternal administra-
tion of 75 or 150 pg of mibefradil, a T type VDCC blocker, or
11 or 22 pg of cilnidipine, a N type VDCC blocker, also
produced significant suppression of the number of scratches
and duration of scratching in the first and second phase.
Neither intracisternal administration of all VDCC blockers
nor vehicle did not affect in motor dysfunction. The present
results suggest that central VDCCs play an important role in
orofacial nociceptive transmission and a targeted inhibition
of the VDCCs is a potentially important treatment approach
for inflammatory pain originating in the orofacial area.
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A3t 9|4 Z4 FZ(voltage dependent calcium
channels, VDCCs)= Zol2s A¥H oz 423 4 3l
= Azt grbide SF3A73A0= T, L, N, P/QLE]
3L R typed] whekdt T Zw BE7F SRR Miller,
1987). ol2fgt Ak oA g TEES S HlA
A3t == T typedt 52 Hdollx A3+ L, N,
P/Q 223 R type® & A 7 72 rolzIth(Gribkoff,
2006). GuHo® Zg FEE AE WE Zeeld Y
ZA15}0] A Z FH-(excitabilityys 24 & oz}l Al
Ay} 328 WE, 2% 55 5 o Alx 7
ol Holdlch(Levi et al., 1993; Himpens et al., 1995;
Zheng et al., 1998; Barclay et al., 2005).

At oY ok FEv AT T8 28]
ok oA Sledl L type 2 E20 7AF wH=As
A A5 Foted A W AlAIEY] A} s
7le| FE3= Ze 2o F2ch(Ahlijanian et al., 1990;
Hell et al., 1993). o|&{gt Aol EAIs= L type Z
S2e AZAGEA Y WEW ohe} Ca¥t 9E4 potas-
sium channel®} 72 o] Ade] 2AHo]| FPoisl= A(Xu
and Lipscombe, 2001; Lipscombe et al., 2004)22 4
A ek T type Zr 529 75w T2 AHAFF2A
Z (dorsal root ganglion)®] =717+ A7 A2 (peripheral
sensory neuronyl] ¢|x|sle] HFFZAIRAS] A7 -
e Ao Exn 5 Axel dolght(Carbone e dl,
1984; White et al., 1989)x. 4#4 Slct. ¥bd, N type
ZHr B2 A9 lamina [ 11 9o AEHow

o, rulo

Job ok
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o] gl AlZFHEEAS WEs AT EN {3
7t Aws 2Ash=d B4A]l J3E ekKerr e dl.,
1988; Gohil et al., 1994; Diaz and Dickenson, 1997).

AgdTolla 5 55 ASEES ol-&3ted At o=
A 2 52O TEA AL Basisich A 7
2 o=l L type Zr 52 #xkAlel diltiazem, nimodi-
pine $-= verapamile- 3 ¢ Siwleto® ¥ emig]S
Tt HAEE A4 5= EAIFTH(Malmberg
and Yaksh, 1994). =3} T type Z F2 A=hAal
mibefradite- A Zo® Foigh ohF 2l 9| whlslo]
T xawlel o3l Yehe 55 9= %7t
gl Az} A=A} WkS(first phase)?} ©]2} Hl-3-(second phase)
el T ek slret =AY g Q9
= Yele A7k 5= ojEF o ZIAA|ZeH(Cheng er
al., 2007). N type Z<5 &2 APHAIQl cilnidipine =3k
A 7 HE FsE Atols 22aRls 95k
yebs o]} E51Es(second phaseplA Ueht= 55
PSS ARl A7le e BTk (Murakami
et al., 2000). o|g ATAIANTZ Aol EAlsh= At
SEA T TRV 5 A=el FasHA A
= w3l F, At oA Aw FE A &5
= Aol FosHA AL Folete As Hal F
o} olelgh AR B uf ofebd ofodelld YEhE o
A o= FHt oA A 5=/ T8 A3
Ao o=zl ofely ofodell4] Hhsh= 54
5 A=el Aok oA Zw 52 gl Halke
H7l vl BA o

B Aol ool Felx Wlske 5 T
A Axel AEMIAAlR] EAshs L, T 223 N type®]
gt o2 e 52 g3 THslaAt AFsielct
= Slste] AdEE 3 FolA x=ElE ki I35t
| T3t 2S5 5= i Al vk, L otype A
3t oEA 24 B2 A5 verapamil, T type ZSH <
E4 24 52 2] mibefradil 2] N type A3t
o|lEA 24 B2 ARHIQl cilnidipined £dqzE F
ofgt & F5 A9uksel mlA= dFgE A7kt

12 ofrl md ofN 3O AL W

2 o M

2

o
N

A5ES Sprague-DawleyAl 71 2151(300~350 gy=
ARESFAaL, AEstar x| ofshd skl FEAlelA] Al
qsu8 AEel 55 AHfRel FHshd Assislct. &
Z3Eoska x|of skl teiehe] A sEdsle] &
Ao, ool e FEel Al A3} FFAT

A 77

b ARE FAL whe AR ol ebo] a3}
= R flslk] LM dgzE oes TR 313
om o] $loled AgPEEe| 4¥|dF=E 7HeE (catheter)
= Akele =5 AAISH(Yaksh and Rudy, 1976;
Ahn et al., 1998; Wang et al., 2002). 23522 ketamine
0.5 mlkgo & miHA]Zom vlFE F+= stereotaxic frame
(David kopf instruments, USA)S. 2 wWz|5 AAA|7]aL
oS Tl Sldk Eelol"aElsHPEL0YE ¥ Tz
W2 Absisict. ZEjoldalas s 92 wildof
24 AR A3 @17 (Densply, USAYS ARE5lo] o
2ol 1AL = T T2R7F Bob AYEEE 35

AlZiE

i

T T sl $lsked, 5% 2EWE] 50 uL
obd- Itz FRlsigict. x2S vslxdew
> (¢}

=

=

Tk, T A5 ok F91E F= A9HkS(scratching)
o L

=

o} 55 A7 AldiadTe] ubH (Abbott er al., 1995; Choi
et al., 2003 a,b; Raboisson and Dallel, 2004; Ahn et
al., 2005; Yang et al., 2010y wehs Z==elS 59
gk oh el ApEE o ol E FE 3laet o
23 g P95 e b AnlEle F AR 33
3k A&7 (durationys 5% whe|2 FESle] 45871 7]
23jo] ekstalgiet. i en ekl s WA
= 55 Y T AS e AAb ghasie]
- A9 Holx| gebrl oF 108 F4E R vehd
= ©|A4(bisphasic) FellE Relch(Tjolsen et al., 1992;
Abbott et al., 1995; Raboisson et al., 1995; Choi et al.,
2003 a,b; Raboisson and Dallel, 2004). webr] Z =zl
T AFFH 10070 Heh= 13F 9RS(first phase)?}
10504 Agdo] FAR= 45%87H4] el 23 Hbg-
(second phase)® T3t ¥ 71sod

At AETA FF = ALA &£

L type At 2|24 Z4r 52 AxhAlel verapamil (350
or 700 pg/raty?t T type F &4 Zw &2 Al
mibefradil (75 or 150 pg/rat) L2]3 N type A3t &&
A 747 52 2bAIQl cilnidipine (11 or 22 pg/ratys 4]
ek FejoRalas Fal axdexs Tkl E2
of&lallste] 825 aEsle] okl F AJEAleda 10 uL
= 7R Fekleh 2 o 0.9% ARl
A HAL, R Slodct. 22Ul 7Y 208 %l £
Az HE ok Fodsla =l 4l ol
i 55 e 457 Bk WSS
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A A 4w TE AIA 7 57150l v A= 94

AdsEe] 4avAqxE Foiil oFgo] 575l vl
Z|+= 43S rota-rod (Ugo Basile, Rota-rod 7700, Italy)
= ol-&3ted Hrsiodet. o] HrPE oFE Fof o]%
off FFAAL AlPEFe] ok FAo= qls vehdt
= 5582 Aoll(motor disturbance)ys T 4 =
uPH (Dunham and Miya, 1957, Rozas et al., 1997)22,
¥eukg] 3¢ T Jehls o 32 gtz F g9
Hhgoll mlAE ks AR gelsly] flste] 44
shAct. l6rpme] =2 3]A3}= rota-rodollA 180% ©]
A" =S Adees AR, A8H A
PEEo £¥d4z WE L type A =4 24 &
Z A9l verapamil (700 pg/rat)?t T type &3f <)<
A 2 B2 2RHAI9]l mibefradil (150 pg/rat) 12|32 N
type A3t A Zr 52 2=AIQl cilnidipine (22 pg/
ratys ZF7F A R]F)AL rota-rodellA] A&-5-Eo] A5k 4]
7 EAste] Hrksledrt.

FAEA

39 b A Ao FARAES vk 3] oA
< AZs] 8] dEAHEAH (ONE-WAY ANOVA)
bonferroni®] AR -4 (post-hoc analysisys AA|5FAE},
FAAQ] BaE -"r]%H FAA A FT p<0.05
2 AAslgle, BE Ade 37+ 3T 2A(SEME ¥
Alsloiet.

2 o

yEels ok IR Flsh ‘WOHXFLOH ofs) f
He Fe 539‘”*%0] 45’3‘ & ALEAIL, o] HEEL
0-10% =<l wmE2v =7+ P}E}l/]——— Az} HF3-(first
phase)?t 10-45% 5ot % ]L ol €A o7 Yehts o
2} 4F3-(second phase) 2 x|l yelylch 3 F
Qb Ilslol] xEwRlS Fisk] Yehe S5 =l
chekel Aok olBA e T2t viAe ke Ekls]
3] Zbzke] Aol o)&A T B2 xuhA|E AR XSk
Feue] HlaES AR Loype At o84 24
F& ARHAQ] verapamite: A R|FhaL T2 HIAEE
AJsle] vehd A3s Fig. 10 Yehile) dlzroes
AelAdaE axdexs Folshd 22l o #
= 55 kSl obr e wXA Eshodrt.
=3t L type A% =4 2 52 AxAe] verapamil
350 g Az ﬂx%zl SIske 745 =rdzlel] ofs]
frEsle dakedole rolet ks w|AA| Fsidct. o
2|3 verapamil 700 pgs -1—54 Az AANAGE 74T
FErEls ok Jsl] Folste] vehe 5ol
Al Ak aEge] Fe Sl el AtdskiAst Fe
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Fig. 1. Change in the number of scratches (A) and duration of
scratching (B) produced by orofacial formalin injection after intra-
cisternal administration of the vehicle (saline), 350 pg or 700 pg of
verapamil, an L type VDCC blocker. Pretreatment with 350 pg or
700 ng of verapamil significantly reduced both the number
scratches and duration of scratching in second phase, as compared
with the vehicle-treated group. There were 5 animals in each treat-
ment. *p <0.05, vehicle vs. drug-treated group.

5 AT Azbelle o=l W3kE mXA] EERdct.
a2t o]xpEEe] Afelle L type At oA A F
2 AehA9l verapamil 350 -2 700 ugs 414
Folah xEwke] F4low HEL*B e eoike = T= 4
Ao 7 FosAl ZHAIFEH(Fig. 1, p<0.05).

T type At o4 Zr 52 2%HA9] mibefradils-
ZxAgzR Fojalar x2wE] HAEES AX|sle] el
1 AR Fig 200 HERASIEE. tlzrto g AlAedaE
gz Fojoh Fawzgld o) Wlsle 5% 3
HEgol opbFEl ofde mIX|A| Feksict. 22y, T type
o} 0|24 Z4r B2 xxkAdlel mibefradil 75 pg 3
150 ugQ Lo dgq2R AAA Sole A rEURlE ot
W Il Flkole W vehbe Ak 55t o
2 5ol B v o o® ZHAsolvk(Fig. 2,
p<0.05).
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Fig. 2. Change in the number of scratches (A) and duration of
scratching (B) produced by orofacial formalin injection after intra-
cisternal administration of the vehicle (saline), 75 pg or 150 pg of
mibefradil, a T type VDCC blocker. Pretreatment with 75 pg or
150 pg of mibefradil reduced nociceptive behavioral responses in
the first and second phases, as compared with the vehicle-treated
group. There were 5 animals in each treatment. *p < 0.05, vehicle
vs. drug-treated group.

N type A3t oEA Z 52 =HAQl cilnidipines
Az AAXEIAL b R rEusls F

it 1/} bt Z2E Fig. 3ol veSlet. tlzro g A
AGTE AHAFERE Foigt 253} vl w, N
type 74‘” o)A Z+p 52 AwAel cilnidipines 11 =
< 2 pge £HdFEE AXA s A 2EEES
etz Flehois v vYehe 55uksolx] dxhikeat
ozkSS B frolstAl AR eHFig. 3, p<0.05).

Aok oA Zw BE AR 2EAEo] Adew
o] 571sel e vIAA ¥ vehde AA
sl sl & Adeld A v= T 2EAE]
FiEE F=e] At oA Zg T2 ARHE A<
22 T4k rota-rod e/l e # cad

rE

\

nJl

3kt BE okEe] =nol4 rota-rod %%7]%01] oprad
A= w1 ‘{%%Er)r(Table 1).
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Fig. 3. Change in the number of scratches (A) and duration of
scratching (B) produced by orofacial formalin injection after intra-
cisternal administration of the vehicle (saline), 11 pg or 22 pg of
cilnidipine, an N type VDCC blocker. Pretreatment with 11 pg or
22 pg of cilnidipine reduced nociceptive behavioral responses in
the first and second phases, as compared with the vehicle-treated
group. There were 5 animals in each treatment. *p < 0.05, vehicle
vs. drug-treated group.

Table 1. Effects of intracisternal administration of verapamil,
mibefradil or cilnidipine on motor performance

Time on rota-rod (sec)

Drugs

Baseline Drug administration
Vehicle (saline) 180+£0.0 180+ 0.0
Verapamil (750 pg) 180+£0.0 180+ 0.0
Mibefradil (150 pg) 180+0.0 180+0.0
Cilnidipine (22 pg) 180+0.0 180+0.0

The time course of motor performance (min) was evaluated with
arota-rod test after injection of VDCC blockers. The time course
of motor performance before VDCC blockers and the cut-off
time is 180 sec. Neither vehicle nor all VDCC blockers changed
the time course of motor performance. There were 6 animals in
each treatment.
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FE AckAlEe] zEwElE ohdy- Jslol| F
s 55 9Hbsel mAE e gl

T, N type s} 94 Z5 B2 AAE 27 424
T2 AAA G A x2dEls oY JsE
daks o Jee 55 oSl ARl
el Ast oY ZAF FE A a7l

ol kS w|AA| Rsdct. wEkA HsE oA #
T2 A= b FSlellA sk 45 B &=
of T8 A& F ke AME Bt

¥=ug] HAEE ohHcdold whsle 54 F5
= 37 e AE 2R od8H Jdek(Choi er dl.,
2003 a,b; Raboisson and Dallel, 2004). A&-5-&2] |3}
of xEuElE FQlele] fiE AT A5 Hkeol
o3l Yepbe 5 AR F AR yreiRch 2
2ag] 74 § S7 o2 vehdbe YAk ibe(first phase)
< xEwglo] 77t g-gAlel Agsle A=A gl
o5k AolaL o]ofr] el oA} uk-(second phase)-
oo Witk d5EEY WEH T4 el oS
vEbdch(Tjolsen et al., 1992; Abbott et al., 1995; Raboisson
et al., 1995; Raboisson and Dallel, 2004). 2 <7}
T ok IElE 2EEE FYSE Wl 102 ool
vepbe b kgt 102 o] FH 458K vER s
o2} Wke& “EPC.

At ofEY 2 T2 AAIEZ (neuron)s X33
oFgt AlXZollA Zg FEE 2k F83 J4¢E &
sl glow 53] felixlas Ax|sled] el 285
ghoka oA QIoh(Gribkoff, 2006). Aldedol4] =gt 2
Y g BEE 25 555 2SI AEe B
o] ¥ux|9lck(Sluka, 1998; Hatakeyama e al., 2001; Kim
et al., 2001; Barton et al., 2005; Choi et al., 2007). &
Algofl4] L type ) o124 25 =2 Al verapamil
< &¥derzE Fojsly xewe] Fglog wWAlshs 5
% Y = oEHoz AR o7t T
A= verapamits HAIH o2 FoIdigls o Z=wkg]
= B3RS 20-90% 737AI AT Adel dA519d
t}(Glirdal et al., 1992). L2} L type Z 52 =}th
A9l verapamits H4W 2 AA X stgs 73-¢ Swpet
o7 FQE reaEl = Faubsel JEks vlHA X
sk (Diaz and Dickenson., 1997). £3} L type 2
F& AHAIRl nifedipines 7H7IdE F5 3o 74
slo] AFA T WA AYEE AHgUE Fo
319s o 2525 vERA] B8drt(Sluka, 1998). =
g AR Foidl L type A5 52 JAlAle x=2E]
fr= Fnksel mlekat 335 vERiSIcH(Coderre and
Melzack, 1992; Malmberg and Yaksh, 1994). o]2i3} L
type Zm 5= JAAL] AF2EL] Aol L type Zm
T2 W $A|o] wE AolollA] 7]ols= AoE Mo
A, Zgof EAT= L type 2w S=ol v|sle] Akak

oy rfr

i)

o
ot L

X

Al de] EASE L type 2 T27F 5 H=ol U5
FasH g AR AZ=S T type ZHw & A
kA2l ethosuximide, trimethadione 2] mibefradil 5
= 57 32 addexE AA-A S8E o AAelAl
e raaels 3 Fo el WE FQisie] dhid
Foukgel el A=tk Barton er al., 2005).
o7} T type g 522 Walo] A=l =k A3 v}
G5 o] AFelM=E AAFH]] mhfol v
A=, A= i sk ASoigh kg AX|7F
oAl s 3elskdrh(Choi et al., 2007). °]zgk
ATFAIEE 2 dollA HAFE T type H; o4 #
T 52 A2HAQ] mibefradits: £¥olr2z A 514
+ 7F x2S ok Islol] FIEE o el
e A3k e oAk ke ArZl Azet
, oeb ool F5 Aol FesiA 283

= AL W Fok T type A T2 ARHAY] AFE
I 71A e 2= UAF FA A7 Ar(primary affenent nerve
fiber)e} HFAIZAAE Alolo] AHA F-E(synaptic effi-
ciencyys Ao 24 F52o] FA(sensitivity)oll o
glth(Ikeda et al., 2003; Heinke ef al., 2004) 2= )
o} N typed] Zw 52 =3 ohE At oA ZF &
253} 2o] F5A = T8 A ofn] Al A}
Alo|th(Altier et al., 2004; Snutch, 2005). N type Z<5 &
2 AR QARIZ] vheaE o8] Aol mR
dhulelel] ¥ewake]s Q1 A4 5o ik vkl

=3 77 52 Ag E Foidk N type Z 2 A
SHAIQl cilnidipineo] &1 F o] Siwkol] zEHElE FTe
24 f=3 535 s skl (Koganei er
al., 2009). °]21gF N type Z<5 B2 skl A4
A0 g -] FALele AR dEA old
(Mochida et al., 1998). ¥ IFolM= L & T type &
of oEA Zg BEE Aksiols o ok Fsl 2
2ol Folehole o sk E5= AIg A3t vt
AHAE N type A o4 Zr 52 A= #E
25 A

AzddellA HF oFA T FEUF 5T 2ol &
of g T B AddTE B35k A oot A
ob oEA e B2V AR S]]
= Apiele A7 B35S =45k rk(lkeda er al., 2003;
Fang er al., 2010). &3t A=FAI7AI] F5A17301= At
oA Zg 2] e Busioderl N type 52 L
type 2 52 AAAE H7lo g Fodh AR}AIZ o
EAskE AlAAze] AP 55 FofsA Az
(Ebersberger et al., 2004). 2 <7<l L, T Z&]i2 N
type 25 &5 ARbIAE 739 ok I3l 22
s Fskds w WA frolskl B Ak

o} of=gt A A A8 dvAdES oelA
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sk 55wl qlofA] AR Al EAlskE At
oEA ZHr BEIF FesH AESka Yok AME F
kL 9l

gz sletd s ol Lo el s 5271 nho
850 EAshs sAlZAIEl SISk Qltt(iang er
al., 1999y A At oA 25 B2 v/ e =
Aoz FesH 2H3beke As Hal Fo}. &3 N type
ZHr B2 gkAQl SNX-111S zewe]s 7824 A
at Mi T ol s eSS AAIEA
ub 355 (0.5 microg/kglA = 575N E et A
< E wH(Chen et al., 2005) #3t <]EA =
FA 7leel FesHA ASRlthe e gl Foh w
2l 55 HAx Avks $l3le] At oA ZF 5= A

S A e $EA el AU s
xl Aolslelo} deke A% o 4 gleh & ARl 2
e Tiﬂ—on A e e 9

0}04 AA18E rota-rod 2132 depressant activitys A&3sH
= de] o] gEofA & uhoR ofs Fof o]fo] F
FARAI} AAAEFe o FAoE Qs vEE E
32| Aol (motor disturbance)ys 2¢1sH 4= 2tH(Dunham
and Miya, 1957, Rozas et al., 1997). welt] A d4=
2 ol opgo] SFAZ AN 2Rgsled 1A 28 (sedation)
T el el Hul xEdEls Fskde
A9 T YESE HER o gle AR Mo
Ak, HZAE ABRIAES #3555 dSRTI=
ofzo] 5750l AT G A7l St rota-
rod Ag-& AAg ®wr} gro] Qlrf(Christensen er al.,
1999; Idanpaan-Heikkila and Guilbaud, 1999; Stirling et al.,
2005; Liang et al., 2007; Lee et al, 2008; Yang et al.,
2010). ¥ AgollA= L, T = N type ZF 5= At

AL Lx]oldzz AR 0}04 rota-rodZ 57|55 ﬁé
kgt Azt ofwlel afw mIA|A| ekoket. wheba] 2 A

ol AHEEE L, T 32 N type 24 52 AghAlE _%_E_’
Wl 4] ol Ay OP— o F5ol HA% AFAR
79.?}0}‘;]'—1— Ho Zr,

ZZoll= Zr B2 AAIE Aol AR ARESE
o 2 T 7P dHEAQ] o7F NERY Zs FE At
A2l ziconotide(A+E" Prialt*)e|c}. oF, oflo]=e] ¢J3t &
Z 32 AHA B 7R SRe] A4 WE ziconotide

Folalde il 3R] F5o] o R S 9
Z o 7 ZH3l3th(Schmidtko ef al., 2010). 3k Ak}
ANAHES 712l oA SkAJollA| ziconotides A4 WE F

<)
olsled

o?:, m]m

>
N

e
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