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WFFERC R DML (Fn30) = BEANEEE OHER-LIME DGR, AR A~ OGR4 29
TENHD, T 9 LT RREMESR T O E) R Pm AR Th D, AWFZETIZT v b
Z FAV, BHEA T RS O AP RR RIS (2 36 1 2 = AP RRE M R HEZ D PKCy B L OV v 4
IUEBHRBERORENCOWTHR L, £EA0ORB M 2T 2 Z R EHShTHnLH
inkxR K733 2 (DA) #fR00 E 7 2 BSR4 D DA #hRIEE) O HI R I >V T
Rt & & 72,
WFIERR R OBEEE (F32) : Trigeminal nerve injury following oral surgery is known to elicit neuropathic
pain in the orofacial region. In this project, we studied two mechanisms of orofacial neuropathic pain in
rats. We analysed the role of protein kinase Cy and the possible contribution of astroglial glutamine
synthetase activity in the trigeminal spinal subnucleus caudalis to the experimentally-induced
neuropathic pain. We also investigated aspects of the mechanisms of the regulation of dopaminergic
activity in the nucleus accumbens, because painful events such as trigeminal nerve injury are known to
strongly affect the dopaminergic activity in this area.
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1. BFZEBHAA 4O 5
MR O RSCHMEDFE R, KFENDHD
B~ OISR 2K - THA RS

Do T O ITARRR R & MR, BRE
P BRI SR N I 2 MR MR I S v D,
AR IR PRI IR O 75 RN 1 38 R0 5B 4 g B [F
2 K AR TSN EE I LTV 5,
Z DIESE O FE BUAE % R UTRIRIE O ST
W27 F % BHIT, Bennett & Xie (1988) LA
B, ABMRAERE LT v bORBEEOKH
BIEOIKRT (=ROEITEZ 2T iRE) o

PR 3L A UIWT L7= 5 v b OFTE) & FiE
BHZER LFOREBIZ O W THERNZ ERT
X7, TORER, (1) #5FEH% 14, 30, 60 A
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FES, RIEMRED A FE & 5225 5 O]
W X DFFOSIT T b H L, TTX fif
PEE KL OGEMMMED NatBERAEMm L 9 %,
(3) 5% 14, 60 HHOMEMKTIE, [nsh
MOMPLHFHEO AT | YT 5 = AR
B MR (Vo) O==—u %, B3
HE ¥ L OVEHEA 11 OO BEAHORINELES F6 5O 23 W
THHLHEMT 5 Z & A2 @A LT 7= (Saito et
al., 2008),

—F, B/ 7 I VBUALEER 2R TE
MDA RIPEEIR R T 2 %6035 D, M
AETRIRIED [ =ERERRE 7 4 — 1 © WHO
DEJRMHEE L LT LD, 2ok
%, AT 7 X AR OBEREIK T A3 iR A
PRSI D FERE~BI > D FIREME 2 /R L T
b5, LovL, Z OIEMOREIKMEERIEMIZ
B D HAXARRE R OFEIBIEI H 22T, 3
%R K32 (DA) #hifko F7=
% PRI O A4 K% D DA FRRRIEEN L T A
& TRIEE OFEEOWTIICHIERSBED D
ZEMEHENT WS (Leknes & Tracey,
2008) , ESMIFZE 175 @ Cools 1% DA ffE#&
KD o ZHEE~DODATNETE=NH LT, £,
= (WFgEfEE) 61T Frrh U v
(NA) BUAZPHEFLEDFHEFE L 72 NA OEINC
£ 5 BREE~ORPITTEEZ T LT, T
NANALEE OFMEA DA BTN 2 2 & 28
L T W 5 (Tuinstra and Cools 2000;
Mizoguchi et al., 2008), F 7=, morphine ®{E
FARSREICRE9 2 — B OMZRIC BV T, Mk
O w ZFEEOIEVEIL, FRIEALO GABA #i
FEEREIX T 241 L C DA W7 % (et 3 5 mlREME
H s L7z (Aono et al., 2008; Saigusa et al.,
2008), ZDZ &b, HIAED NA £2iX
GABA %73, DA FH#RIEE) 2 L THRR
PSR RE O Esh) < [EEE)) ~2E%
Hx25Z &, oF0, I CHRITSNT
NA 5 L O GABA 723 NIRIWE O3 T il E &
L CIERAT D RREERE X LN D,
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Ve 38 L UM AL % 0 ek i B0 il SR A |2 FE R
ZX4C, BREATD OMRR KM OFEAE & Bl
Doy A T =X L& RFRALFER I L O
{EFRFEICL VRS2 E 2 HfE LT,

3. Mo Hik
ARAFIENZIIT BT X TOHEERIL, HAKRSE
WY ERZE S OKREOT, B3R
FREHZHE > TITVY, SEBRENMY) O B &k
OMEHE OIS D T,
PR EALE - EBRICIZT v M A& (S-D R
PE, #1200g) &\ 7=, Pentbarbital {2 X %
2 H R N C, Nomuraetal. (2002) F7-1%
Xuetal. (2008) D JFIEIZHEN T 5L H Y fsf UT
O THENO TR OIE 2>, IRE T

RONENZAT o7z, XHEEE LT, Tl
BEZIIRE THROBHOLEIT- T2
Sham fLERE % AV iz, —H O EER Tl d e
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Fitlh OMAH 2 R KU VIc Tl L&
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MR EER OB EZ M S BT, 43, 7,
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(1) 17EhESR : g {E KX, Open field |2
BT 5 BRATENCERF 237 < BNd D Fii )
OEE L7 Z & ik, WEHRR Y 7 21T
WA LA DB DR 2 1 & 7213 BV O
SR 5, AL Touch-Test Sensory
Evaluator, #% (FE4TEY) HIBIEHFER © 23
5 LT EEE TIT 9 . D & o ERE 23,
STREEL U BIRT LEZBAIT Mg &
DEREATEIGE ] & HIET D,

(2) BRAFLLER MR EERE £ 72136
FREEDOEIALZ pentbarbital (2 X 5 25 Rk %
ML, NLFER T T Ve & =Xtz ate
FEFEAFUT 23 L, EAIEE O/ Fosk A
DOWNE v T AT EmEEE L, Ve O A3
Bz LT, £ N AR O TENE
B Ol L 7= s & I L, Ve OFIIE
FEVERCE  Fsk LT,

(3) MMALF ISR - ARG ERE E 71Tk R
BEDO VT B~v—N—F T 554D
FHAEEL LT, ZOMRED=a2—n1
F2137 U TIEE OB M AEBE LT,

(4) MR bLFER . Z OFERTIE, iR
EHE 21T > TORVERZ VY, AEERRIR
RE T O ALEE D MIRIE B O R 2 B2 LT,

Pentbarbital {Z & 2 =& FELFTF » b
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T =a— V&A%, £ 1EMROEEY %
X, MERRERIE R R O S T TN BT S R
iToT2e A R =2 — U ~EE L7/
BT 1 — T~ N T BEIR 2 BEFT LRl
L7zffashigt o 7 7 2 %1%, HPLC-
ECD {ECE & L7z, 3EWIXEIRICTAME L
BHTIC X DI R TiEi e 5- 217\, £/ 7
S UMRIEEIOFREE & L CHIIESMNE T D NA,
DA EOZLEBIE LT, —HOERTIL,
T SRR E O M N F R & CaZt ik
ENZ O TSR B [BIIY L 7= M SR &
ke L TREt a7,
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O MR % 9 2 JRBE R DK T & AE R
@ PKCy O 8§ 0%, PKCy #1 il 3 o
chelerythrine % ION-CCI F#fi# 1~7HH £ T
BEFENE G- L2 & 2 A, W bIHA LR,
Z @ chelerythrine ZL{E Z H1 19" % & OO
LD Xl heotc, UbEDZ &b, IEHE
@ PKCy 1% ION f#Isk T DR PRI IR D7
BB Z ERIBE S LT,

(2) EVEHEER T X 2 BiiH B O i B
5T DR E XA =2 —n DS
BRI T 27 2 bw 7 U7 OFEE

RO FHRE— KW O A %t
KU T LR 8 S 7218 1kt ik £
TIVT v M ERWTRG Lz, {TEMENT RS
R, A ST A G ORI %3 % kb R
EVE, BB % S HE KV AEICIE T L=,
DX, XM HEZREMERZ (Vo) X
Vi L REZR=a—o  OEBN A
IEE~, TA M7 U T7TOTNVEI o ERkEE
% (GS) DI T & % methionine sulfoximine
(MSO) DB ~D TN KIE T30 R %
RPN RN L2, T ORE, Z o
EZR = a— 1 ORI 5 RS 1T
IMLTEBY, Zo#EiN%E MSO AL iXins L
oo UEDZ &0 D, BIEHEERET LVEY
2B DEEHORIT ISk 2 B O I, 7
2+ Z Y TIckDb Ve =a2—1u » DEEIC
LBl xR IENTWVWADAREMEN RIS
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(3) 7 v F o allylglycine #F 38 MIAEE K83
VlERETUHEIC BT D GABAA 7213 GABAg
SRR DOEE

GABA & RkBLESKD allylglycine (AG) &
Rl AB B ~ D REFRBE 5- 0N L 7= [RIERAL D K
N3 (DA) FEBEIZRTT D GABA AR
THA T OEGIZONWT, EFREFERR T
k& HV in vivo BESS/NERNTIEIC K BRETL
720 T DRER, AG DIEE~DREF 513,
[FIFNL D DA W 2 F &K TFRIIZH) 200% %
THIMEE7-, 20O AG OZF1EL GABAL S
SIRZIEY) (muscimol, bicuculline) 5228 %
ZAT o 720, GABAg &= A A 1E &) 3k

(baclofen) 12 & v #ifl & 47z, Z @ baclofen
O Hh B X, GABAg &= & & i bt

(saclofen) DUFHIC K > THE L (KA,
PLEDOFERN D, AG O JRIFHRETE G- H 75 %
L7 fl48Z2 D> DA EBEDTLHENE, FIERALD
GABAg S IR DIEMALIZ L - Tl = 5

ZEMIRESNI,

—8—L.-allylglycine 500 nmol
=O—Saclofen 10 nmol — Baclofen 5 nmol + L-allylglycine 500 nmol
240 -#-Baclofen 5 nmol + L-allylglycine 500 nmol
—>—Saclofen 10 nmol — L-allylglycine 500 nmol
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Time after allylglycine onset (min)
Effects of the infusion of 10 nmol 2-hydroxy-
saclofen on the baclofen (5 nmol)-induced reduction
in accumbal dopamine (DA) efflux derived from
allylglycine (500 nmol) infusion into the nucleus
accumbens.

(4) RUYEBEL R Dy ZHERT A=A K
@ SKF38393 DRI A~D JR T 5-03 5557
% Fifast DA BOHINIC T 5 Ca® DL

7 v b OREE~D Dy ZHEREEBHIEKD
SKF38393 (SKF) O @51 & % Rz D
R332 (DA) fith%, Ca? BrZ=iEting 254
B9 B DU INETIE TR L72, Ca®t D
DTN LE L, DA 1M~ 179 % 7]
REMEIRE 2 B D DT, Ca?Fr%E T T SKF AL
B®ICH BT DA % I % I & 3K o
oxymetazoline ¥ 7213 felypressin 23881 &+ %
MOV T HBBRHFE N ATz, S ~D SKF
DFH- (0.5 pg) TREBAZO DA XML 72
0, $EH4% 40~180 4y DRNEA Cal* BRFERENT
WTHAE L, Dy AERFEHEHK (SCH23390)
T L7 (K B), #EfED Ca &Rk L
SKF AL AT o T1-& 2 A, AULEH%D DA %
oxymetazoline ([X] C) % 7213 felypressin (X D)
Wb NS,

B.

-m- SKF38393 0.5 g
~0-SCH23390 0.1 pg + SKF38393 0.5 ug

<+ Ca?"-free Ringer solution — SKF38393 0.5 yg
—A-SCH23390 0.1 ug
~o-Saline 0.5 pl
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3

—o0—0—0— :
R e e e e § e
[ ]
160 -140 -120-100 -80 -60 -40 20 0 20 40 60 80 100 120 140 160 180
Time after intra-striatal injection (min)
Effects of co-administration of SCH23390 (0.1 pg, open diamond) on the striatal
dopamine (DA) efflux induced by intra-striatal injection of SKF38393 (0.5 pg, closed
square). The data expressed as the mean + S.E.M. of dopamine levels (pg)/20 min
sample (ordinate) and time (min) after the intra-striatal injection of SKF38393,
SCH23390, and saline (closed square, closed triangle and open circle, respectively:
abscissa). The data were corrected for the SKF38393-induced contamination, where
appropriate. SKF38393 0.5 pg, n = 8 (closed square); SCH23390 0.1 pg + SKF38393
0.5 ug, n =9 (open diamond); SKF38393 0.5 pg with Ca?-free Ringer solution, n =8
(open square); SCH23390 0.1 ug, n = 9 (closed triangle); saline 0.5 pl, n = 6 (open
circle). The asterisks represent the statistical comparison between SKF38393 0.5 ug
versus SCH23390 0.1 pg + SKF38393 0.5 pg which turned out to be statistically
significant (post hoc Scheffé's test: P<0.05)
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-m-Caifree Ringer solution — Oxymetazoline 0.1 ug + SKF38393 0.5 g
C ~-Ca®*-free Ringer solution — SKF38393 0.5 yg
~-Ca?*-free Ringer solution — Oxymetazoline 0.1 pg
- Cafree Ringer solution — Saline 0.5 pl

8 8 &8 8 38

DA pg / 20 min sample
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Effects of co-administration of oxymetazoline (0.1 ug, closed square) on the striatal
dopamine (DA) efflux induced by intra-striatal injection of SKF38393 (0.5 pg) which
was seen after the intra-striatal perfusion of Ca?'-free Ringer solution (open square).
The data expressed as the mean + S.E.M. of dopamine levels (pg)/20 min sample
(ordinate) and time (min) after the intra-striatal injection of SKF38393 (abscissa). The
opened bar above the abscissa indicates the period of the Ca®-free Ringer solution
perfusion that commenced 120 min before the intra-striatal injection of SKF38393.
The data were corrected for the SKF38393-induced contamination, where
appropriate. Oxymetazoline 0.1 pg + SKF38393 0.5 ug with Ca*-free Ringer solution,
n =5 (closed square); SKF38393 0.5 ug with Ca*-free Ringer solution, n = 8 (open
square); oxymetazoline 0.1 pg with Ca?'-free Ringer solution, n = 7 (open circle);
saline 0.5 pl with Ca?*-free Ringer solution, n = 8 (closed circle).

D -®-Ca*-free Ringer solution — Felypressin 15 plU + SKF38393 0.5 pg
~-Cafree Ringer solution — SKF38393 0.5 yg
~z=-Ca'"-free Ringer solution — Felypressin 15 piU

~#-Ca"-free Ringer solution — Saline 0.5 pl
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Effects of co-administration of felypressin (15 plU, closed square) on the striatal
dopamine (DA) efflux induced by intra-striatal injection of SKF38393 (0.5 pg) which
was seen after the intra-striatal perfusion of Ca?'-free Ringer solution (open square)
The data expressed as the mean + S.E.M. of dopamine levels (pg)/20 min sample
(ordinate) and time (min) after the intra-striatal injection of SKF38393 (abscissa). The
opened bar above the abscissa indicates the period of the Ca®-free Ringer solution
perfusion that commenced 120 min before the intra-striatal injection of SKF38393.
The data were corrected for the SKF38393-induced contamination, where
appropriate. Felypressin 15 plU + SKF38393 0.5 pg with Ca?*-free Ringer solution, n
= 8 (closed square); SKF38393 0.5 ug with Ca?'-free Ringer solution, n = 8 (open
square); felypressin 15 plU with Ca?'-free Ringer solution, n = 8 (open triangle); saline
0.5 l with Ca?-free Ringer solution, n = 8 (closed circle).
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THEIIN L 724k DA O M ~D AT o Mg
TBHZENRBENT,

(5) fAI4ekE D NA 3 XU DA H & IE Eh ] 4
BIFTD o KKV T 2 A4 T ORE|

o ZAMRD antagonist (phentolamine) X
X agonist (phenylephrine) % H W72 F5E0 &,
MIAAZ D NA MRS RIZOMT D o AKX
NA #iRIGEI 2, DA MRERIZOAT S o
SRR DAMRIEENZ, 2B amsiic
HRE 5 = & & Fx 1TFEf L C& 72 (Aono et

al., 2007; Tuinstra & Cools, 2000), o ZZ{AIC
j: (11(1: (),20)/] foc< &%) 2*i*ﬁ@ ﬁ‘{zt_ﬁ‘7
AT RE D NT B AAEZIZ oL T
%75, phentolamine & phenylephrine 1% o %%
Y7 % A T ~IEEIRANTIER T 272, NA
& DA RSBV HIE ~ DR Z KR 7 2 A4 7
DR OFAIZ SOV TEH L TR, 2
’C“‘é’ié*ﬁﬁ; i, AR D ap B IO o ZHRIE

[FEALD NA & DA i il 35 TR 72
j— HENZOWNT, 2D DOZFIE~RINIZ

YEH3 % antagonist & 7= (% agonist 73 R
FIR T v b ORILEEZ OIS NA I KU DA

KAFE TR AEFE L LC, in vivo brain
microdialysis {512 X W RREF L72, oy KR
W) (agonist @ methoxamine, antagonist @
prazosin) , o, 5 214 34 (agonist @ clonidine
F 7213 UK 14,304, antagonist > RX 821002)
VTS RIS R LT, BME 7213 0F
A LTI~ NS 71— 7 %4 LT
WOEHTIZ KV JRPTER R E- LT,

FOFER, methoxamine (24 pmol) DT
BeHORE, NA BICE(LITRD bhieno
72753 DA &3 L7z, & 7=, prazosin (6 nmol)
OFEFFEE T NA BIZHIN L 7= DI2xf L, DA
BT Lz (ME), —7, methoxamine @
DA BIZXIT 2205 H NA & DA RIZITRE
%ﬁiﬁb\ﬂﬂiw prazosin (6 pmol) O ffHIZ
AQURES \ZYHL L, prazosin (6 nmol) &
NA;’ﬂ#é@%iNA&DAi IR
% 5.z 72 A & O methoxamine (0.024 pmol)
ORI E v S (KF),

240 1 ~#- Vehicle
220 1 == Prazosin 6 pmol
200 ~i- Prazosin 6 pmol — Methoxamine 24 pmol
=y~ Methoxamine 24 pmol
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200 1 —4— Vehicle
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A 60 min-infusion of prazosin (6 pmol) followed by a 60 min-infusion of
methoxamine (24 pmol) failed to alter noradrenaline (NA; upper panel) level in the
nucleus accumbens (closed squares). Effects of a 60 min-infusion of prazosin
(6 pmol) on a 60 min-infusion of methoxamine (24 pmol -induced decrease in dopa-
mine (DA; lower panel) level in the nucleus accumbens (closed squares). The data
are expressed as the mean change in 20 min ohservation periods after onset of a
60 min-infusion of methoxamine (24 pmol). Vertical bars indicate SEM. The open
bar above the abscissa indicates the peried of prazosin perfusion that commenced
60 min before onset of methoxamine infusion. The filled bar indicates the peried of in-
fusion of methoxamine (60 min). The asterisks represent the statistical comparison per
time point between methoxamine 24 pmol versus prazosin 6 pmol + methoxamine
24 pmol which tumed out to be statistically significant for dopamine (post hoc
Scheffé's test: P=0.05).
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220 I ] =O~ Methoxamine 0.024 pmol
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Time after prazosin onset (min)

200 1 ~4- Vehicle
180 4 =0~ Methoxamine 0.024 pmol
- Mathoxamine 0.024 pmol
- 160 1 - Prazosin 6000 pmol
g {3~ Prazosin 6000 pmol
o 140 1
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Time after prazosin onset (min)

Effects of a 60 min-infusion of methoxamine (0.024 pmol) on a 60 min-infusion
of prazosin (6000 pmol)-induced increase in noradrenaline (NA: upper panel) and do-
pamine (DA; lower panel) level in the nucleus accumbens ( closed squares). The data
are expressed as the mean change in 20 min observation periods after onset of a
60 min-infusion of prazosin (6000 pmel). Vertical bars indicate SEM. The filled bar
above the abscissa indicates the period of methoxamine perfusion that commenced
60 min before onset of prazosin infusion. The open bar indicates the period of infusion
of prazosin (60 min). The asterisks represent the statistical comparison per time point
between prazosin 6000 pmol versus methoxamine 0.024 pmol + prazosin 6000 pmol
which tumed out to be statistically significant for noradrenaline (post hoc Scheffé's
test: P<0.05)
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@ Saigusa T, Aono Y, Uchida T, Takada K,
Verheij MMM, Koshikawa N, Cools A R. The a;-,
but not a,-, adrenoceptor in the nucleus
accumbens plays an inhibitory role upon the
accumbal noradrenaline and dopamine efflux of

freely moving rats. Eur J Pharmacol, 2012, 688:
35-41. #mih
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neurochemical evidence that newly synthesised
GABA activates GABAg, but not GABA,,
receptors on dopaminergic nerve endings in the
nucleus accumbens of freely moving rats.
Neuropharmacology, 2012, 62: 907-913. 5%
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Vc and C1/C2 is involved in trigeminal
neuropathic pain. J Dent Res. 2011, 90, 777-781.
e

@ Tsuboi Y, Iwata K, Dostrovsky JO, Chiang
CY, Sessle BJ, Hu JW. Modulation of astroglial
glutamine synthetase activity affects nociceptive
behaviour and central sensitization of medullary
dorsal horn nociceptive neurons in a rat model of
chronic pulpitis. Eur J Neurosci, 2011, 34,
292-302. EFH

(® Sekino R, Saigusa T, Aono Y, Uchida T,
Takada K, Oi Y, Koshikawa N, Cools AR.
Dopamine D;-like receptors play only a minor
role in the increase of striatal dopamine induced
by striatally applied SKF38393. Eur J Pharmacol,
2010, 648: 80-86. At A
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) Saigusa__T., Alpha-1-, but not
alpha-2—adrenoceptor in the nucleus accumbens
exerts an inhibitory control upon the accumbal
noradrenaline and dopamine efflux in freely

moving rats. June 7th, 2012, 28th The
International College of
Neuropsychopharmacology (CINP),

Stockholmsmaéssan, Stockholm, Sweden

(® Saigusa T., Simultaneous, but not separate
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