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| DBAKRFOREENT LT, BIERKEOAL, W% - REdEouELiio7, |
(A)AEBRRDOE TR, 13RV14ICHIETIHBIZIEITHRES * 2492,

1. BHEFRERMEOMNY 7Y = b

A7a =7 ME, BHEARESMBOBNZ BT b0 Thh, KEEOPEE T,
(1) & FeEgERIAE D> O OFFELREME (1PS) MO IL

FrixznEcle, IEIMIEAIELC O &3 DA 2 lila g H O CRBAE n] 22 Al oo E
FRACET, IBHIC, Falt, AR s SEREIC & MEEREHIIaA 5 F 4, £ Offaky
Sie, ARob~—H1—Tdh 5 KLFA FEHLHS bl i - & @\ 2 & 241 T 5 7N
L7z, #iT, 0CT3/4, SO0X2, KLF4, c-MYC @ 4 5T, BEcMYC 2V 3 BiET
Z N U CiPS MO N 232 72 (H AR R i mB R B 7Kk & 2 5, Rt itk
Jai 3t st eI L 3 K- CTHI 4 %, 4 IR TR 2 f[Em\ W3R Cdh o 72 (Toriumi et
al., 2015) . #f37 L7= iPS HflE RT-PCR 36 L U EHTIAIEIC L 0 IRMEpfii~ — b — %
FHLL, PRI T, SREOMMBII M LSS 2 & DR TE T, ARFZERLEIC
0, b NEL AR BRI 1PS AR O N & Z iUk < FAEEE A B 8 L Hiin
O R 7HIRR & 722 5 FREED VR STk,

(2) 5 v MRBREND DY = U AHBOD B - k5%

BRSO E LT o U Va3 IN L, T MCBMRRE Y > = U U HIfR o B -
BERICII LTz, T v MY Z BRI TR, T ORMMZ TN L, SIWRTEALTY
— T AR T &, WhER, BEEEENEL, RO bRy = U AENEEEE S & b
DRGNS 2 MBI B A BRI L, MBI D =2 U A A ST, B L7
faldE 7 v — A DMEM (2 10% 7 UG FifyE, 2 uM Forskolin, 10 g/ml hereglin B1,
FBLO50 ng/ml basic FGF Z RN L7-E5HAEHT 52 & C, MMUEERLATRETH Y, K
ROMZE TR THMEORRIZALIT/R2 <, F£725-100 & > /37 53 LUV GFAP HriRIZht:
o LT,

(3) & b iPS HHfEh> SRR ~D Lk E

BHEHRO S 9 ONE DM E LT o U Ao bk & 7 A iiac B L, iPS
AR & A EEEE S 2 FEZMENL LTz sk , RIS = U HIRRAEIC K 2 ERRIGH
EEZIGE, R AL Cra U U HMiiaz BEET 2 0808 H Y, BE~OREIIRE
VN FTEREATRE AR A IIR DN TN AT, 2 U O KEREEIINEECH D, +
2T, HESROHIREGE & ZREM A -0 iPS MIAIZTE R L, RIS & S LERE A FES
T L7~, Neurobasal medium & DMEM F/12 medium Z 2882 IRE L7552, B27, N2, A
v Z U, basic FGF 38 UVEGF f#7E T C iPS #lA (253G1) & 8 H [ijyilieksss S, MR
BRI CH D =2 — R A7 2T 2R LT, D=2 — B AT 2T 27 4 70X F
va—hLIET 4 v v a TSRS S L, vy MEESHELL, MRSAVE L, 4t
LT HIRE 2 ppR R fiin & LT, M EEIin O~ — 41— T& 5 Nestin, AP2 o B LN p75™
DIEBL 2 d R Gl TR LT & T A E R LTe, F7z2, M bifsE Uit seimia o
L VEE R TR T D218, BHAMINEHE L o = U LIRS 2 520 U7, ‘B 2R
WCHEERT 2 &, AT T VYU > Ly RS BEDAIK nodule 2588, > =27 L4
JUFFERTHI TR T 5 &, MRREEMIITME VWREEL oY 2 U UHiluE OB REIZ Ak
L, s Yuta Tl GFAP, S100 3 X W Myelin P2 ICBtEAZ R L7=, LEXY, B R
iPS M I IAR R EE A ~D I bEEZ /R L, £ ORISR I E Ml L O = 7
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JlZib 32 Z EdRE Nk,
(4) T B EIRRTE T L~ DRI AE

SR O JE T AR S 4 2 MRk SRR O FAEZBAE T 5 2 L b, REIBRET L
IZBWTCIHFZENETF 2 —T7 2 AL ZENAHTH L EEX NG, 2T, 1HMas—>
AZKBHREL0. 8mm, £ X Smm DHZEMT o — T AER L, b MBS, Ty hiav
iR E ENENT 2 — T B L, N TV RF 2 —7 L Lz, KB 4mm DT
BEFERRREIPRET BN, N T Uy NlF o —T 2B L, itk 2 HE CF=—T7
JRRWT B A 2 VBRI SRR AT U7, & MR EEaRRERE, 7~ b= U U fiiafhl
BEL HICHISR O AR S, FHCHTEE Ty 2 U Vil ~— I —Th D S-100 & > /37
PURDBGEN R 58O BTz, FIZFEMITIEE R b= RUTHIKRTHRMEZRL, &
~ 1iPS FHIAA S U7 A S S 2 U A~ & A b LT ATREME DS R ST, E T
D 7 N—T1Z 15 FIEOEIREABEOHEIC LY, Fa—T7 2 HWHITF 2 —7 %2 H
WRWEEL U SR OEHE N FUVMEAIZH o 72, & I 2 7R L= T = — 7 BENIC B W
T HARESIRRERE DS S = U U la R RERE L 0 & BN 3 e 3 DM A 5 v,
PLEOFEFIT L0, THRFEREIRE% ORIGHRRIEDBIFE & U CHIRUAE DA 20 & Al
AfE & LT iPS MIfa) b /0 LEFE U 7 ARRREE ifa s, o = U il L & HICH AR Th
5 AREMED R ST,
(5) H¥REAK % AW AR A RS E DR

AT T— DTN - 7238 & DML 7 )V — 7 T MEEMAEGE/K  (functional
water: FW, pH 2.7~3.0, AZWHEFRIRE 20 ppm, ER(LIEITENL 1, 100 mV LI E) & W 7-HF
TREHEE L, ~ U AR DM EIREDIRN S D Z L2 EX 1k, [L-1a IZ1F
AIGHEIBIRERN I B D &\ ) G ORI ZEERE SN TR Y, ZHulikS3x~ U A E
(CAZINCHIBR AR Z B L, 2 ZIC W Z2ER &85 2 & TR AEDZIZ oV T
L7z, = ORESR, W O BEE G- BB A K 20EtE S5 Z LB o7 -1 a
knockout mouse Z W TIRKEDEERZIT 72 L 2 A, ZOFMRIFMHERINTLZZ LD,
IL-1 o OAUGIERIRHERN R MEGE ST % BITEIZ FW O [L-1 a 0 WMEEN RO 531 A 1 =
A L%H52E LD DXL Flix OFLEA E 2 HWTIRET L T D, S%IE S HIZ BV 23]
Witk OFFEICK L CTED X D e KiF Ty, £z, BEMRICH LN U IV 2/EH S
VT8 OMBEAEICRTT 2R 2t L, X0 2R BEMREE FEORR 2 A<,
2. BE=-"XMRERBEEZRIDTAN=ALOERAT e =7 b

T SR AR O BT & D VT BIER A AT L, PR 1% D O FETE EA ik O R B O
E RS = AR O FERE 36 L OMERENI 2 (b & BLAVIZ Rl L 7=, T o8 514 7
H B2 W TRl RS SR fEIk O R R D[R I T R H 72 22> 72 (Teramoto
etal., 2013) sk, LU, Toflrhfetilitg, 14 B BIZBWT, FoflrhfREE <
BLAE IS Z 20 ds L OO M BN IE L7, £ 72, B4 T il O8N A BT
> LCEY, BB L Y AR ORI ENED LT, 51T,
calcitonin gene-related peptide (CGRP), isolectin B4 (IB4), peripherin BJW
transient receptor potential vanilloid 1 (TRPV1) BEMEMEEOEIES NI L CTuNz
Zenb, YWt OHA N EEMRR L, TEREIC S BEEERUIC b AR D R B A £ O I
INZEALTHZ LR BNITA o7 (Tsuboi et al., 2014) =k, IR&E FHAREHEER,
PRIHERIC B30, 7 a7 =7, Bds KO RaIBsNE U, (25 R R A7
IV U B{k extracellular signal-regulated kinase (ERK) FGMHEiERE = = — 2 5031
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MUz, 7, —FHTUWBALo LIPUS GEEE ) FRHIC X > THfR AN TtET 25 =
E b7 (Satoetal.,2016) k., X512, RS FHRREERTE ik L CTHEICR
FRIPEE DY VER(L ERK B PEIERE = = — v BN L7, £72, BEEN~D ERK U >
FRALBLEIR OB GIC LY, BEAEEZ OV L ERK BEPEERE = = — v > EdE o)
i, HEBE= = — 1 AEEh O INH] S L O O BF IR O A B S e, T ORER
D, “XRBEIC L > TH &I SNDORMHROBFHE L, “KRoa—a O
AR LBl &L 292 L R S 7. (Suzuki et al., 2013) %k, S 5HIZ, @4
MRERET VT v MEERLL, BETER Ol BERIIKIC L 0 FE S D = XiRE (TG) A
FRl D B 22 DWW T U R ERK Z 452 IS SR L, 18P E i IC K » CREEICH] &
L 2 XD BT RIEIC I 1T D RIEEHE O — i 2 M L=, fEfs s e, 1) &
Bl & Bl 5 TG MR MFLE L, BBk 2 5l & fd = U7z il 2 SChl3 25 TG AlAa L
BEfEE A & [FIRFIC AL L, BEERIC T 2R EEWMBEN TLE SN D, 2) BHRIES
Gl = U7zt 2 S fd 32 TG A BERE L 7ot o i 2 il 5 TG fAmIC/EA L,
BULZEVE A2 U4 A TREMEDS R S (Matsuura et al., 2013) sk, X512, HITHI =
L = S5 BT BE IS L C TG M2 8 BL 95 Toll-1ike Receptor 4 (TLR4)
DOFEEN AT Uiz, HEERDPFIET D &, HBEIC IV THSPT0 DA AN TTHEE L, TG |ZiE
I EREA KRB TG A 5 Heat shock protein 70 (HSP70) 23kt &S %, [FINE
2, H& XA 5 TG MIIEIZ VT, TLRE DGR TLHET 5, BafE%E XAl 3 5 TG Mg
5 S U7 HSP70 13 & % 2 Aid9- % TG AR R I L= TLR4 L 5S35 Z L2 LY flfin
OB L, EOREBRESEIET D ENRHLNE -7 (Ohara et al.,
2013) ., = XAPRRUINNIC L0 = XAREICEBE T 5 7 U TR BN L OS2 v
NI D—DL L THOLNTVD Cx43 OEBEIMLFHE SN, = XS EROIEEMEN
BN 2 AREME A R SNz (Kaji et al.2016) ., F7-. TFHEEEEZIC O
ERICHl & SN D BRI L UL, 16 ISRET A2~ 707 7 —U bk
H 45 Tumor necrosis factor alpha A3 0 EEER# S = X AR Hi AR o B M D HE N A
5452 L %R L7 (Batbold et al., 2017) sk, F£7=, RO 2 4 B4
WZEIWTERATIZ 331 5 mRNA 8BSV 2T L, Glial cell-derived neurotrophic factor
(GDNF) DOtz Lz, S HIZ, FoMEMRBETICRE LI~ 77 —U8
KOG ERD & i S 4v72 GDNF ;3B G I RS RIZHEBL T 5 GDNF L& 74 —Th
% GFRal EFEET 52 L2k, REZEMEOMESES L OHIWAESERRE O AN e
INDHZEEMH LT, 37205 TR EIALD GDNF > 7 F AR EED TUE ) il
RIERENE U TRESZFMEMROFEZET I LR Y, TR G% O
MR EZROBEMREZ -6 L TWAZ a2 R LTz, U EORRICLY, Tt
IR OARIERIEEIE DB & L T GDNF PEAE MM IEFICHEH TH D Z &R
Stz (Watanabe et al., J Orofacial Pain & Headache in press) s,

3. BE=XMREREARRIZBIT 2 PRAEEBEL LR/

Z v b BRI - AW, $ - 550 DFEED IR B O KM E ~O R FHEREALIC
JAEVEDN 8 2 IV DT DNT, RS 2T A& AW TN LTz, ETEg) - Ftl
DOFEKHNFN T 2 IS Z T, FRINENR MCA) (BT 2 B osEiiZfirE L T
W2, FERRUIHE - P BEEDIE - FIte L 0 BANCH 0, REMENERD Sz, NG
ITEMET DR S, REEICZ Uo7z, TEEF R H8E O WIS Z O drEs
N ABES Uk B (= A0 8efd) & F b7 o — A3 TR LZ &
Z A, RIS (S1) ERIOERIERE (G1) & ARk RE (D) ([ZH s
BN DT Hiviz, OGN ED, BRE (1C) ORF L-HEscH D —F, &

9




(Fe=k 2)

EANEE 131075
Oz HrEE S1311021

KISE THERAEEDR KD T\ Z &1, BIREETAD A N = A L% e L TV % mlRENE
Nd % (Nakamura et al., 2015,2016) sk, Z % 9 ZelpZefpo%ereiE, ERBHIIC
R DISETHIEARICERD bz (Horinuki et al., 2015, 2016) ., =2 T, Kk
AR OYIWT 21T 9 Z LIk » T, KN DLOERAN M 2R E2{To7-L 2
A, WRBICEL DB RENATEEICENT 2 Z 0N b RoTe, ZOREINE
bi%, REAEM D5GE B LK — 7 A TRBEE L ~LIZEIE T 525, JEH (F% 3
) 2T AR A G L e B CIE, RRREIC T AIRE O RIT 2 - H L EFF
e D ERHBLNE ST, LTeR o T, MBERGE LR TS I OMEIp K 771 7 nT 81
AR E LD Z BN E oo, ZORRIE, TR OBE R < &
HEECREER A SR ITIEERLTVS, TNHORREZE F 2 Tk, Tk
AR EE G OEIET 2 WM 2 E < 975 2 & TRMIMICH: < KINE TOMRIG
B O AR AL % B/ NRIZHN 2 5 AV D D DRFET 2 2Bk 21T > 1=, S T il
AR L, UIBRMER AR 2B L& 2 A, KIMEE T4E L 25 ESEO
BINET 2B OILRBIMZOND Z L 2R E DT, KINEZE O BEERKIL KN
B oMt = 2 —w N Ko THHANSHEE STV D, T RS O I ErIp 2 2
2 BB LR DIREIZ & 58 2 OFRTEE) 2 519 572 2 S b BEfEE 2 T in
vivo WAL T L e A A=T U T i T ol TORR, T REEEIENC X - T LA
O BERICICE T 5 = 2 —u BN, fitE = o —e TR bR L, BIE &
LCHfE= 2 —r  OIEBMEN LV BHEITTE L TWAH 2 ERRBO LN, ZILH D
il % D=2 —ua AAFENR LD L O ICHEEREHIRICORNB DO ZHBNIT 5720,
ATA AERIZBN T —Y RV EZ I VgEERHW L ——< o B IR — Lk
Ny F 7T o FEERWTE BITHEFZITo T, ZO/RER. BERE., RIEKRRE D&
BENTOREMRY T 7 ZAOHME IO\ BB LM 2= =2 — o O8I MET
T 5 KO 7R EIE O FFRAS . T R FE ARG K> TRENTHEHESIND Z LIRS
iz, IV OFERIL, BB RRE O BRI 2 RN R E AR a1 O R 28 b 23 %5 5- L T
HZEERRLTND, Fio, BRI ISE T D IR O 2 13T SR
JEET B ENLMFE L IR L7 BRI 2D OIS b B % 5 2 5 AREMEA R
B Xh7- (Fujita et al., 2017; Zama et al., 2017) >k,

<ENT-RERENRSTZH>

1) PdoE DMOABHIALEZ X > T S 7o b b igfEiiiE 2 v C 1PS Alfa 2 8t
SD I EITEEY Uiz, BISE U7- iPS MBI, AR BEHIAE 0> 7 S i e e A A X
D 3K TRARE, 4R T2 EEWVENZIRTH -7,

2) AR GS S OFAE AL, TRERT & Hi U OB RESRAOIC BISRESAIC B B D
B A FF O L 912722 Z L AVRENT, DR REAEERITE I AR OB EIZB W T,
SRESAHT B FERERI AR L C GDNF PEAERIR A OA AN R < IR & N7,

3) iPS FlfE A & AZIRFD L CHIWr PRI 55 Z LItk » T, EREFHE D)
FERER 2R P AE DIEE 2 R C & 7o, MRRFFAEICE - T KbV T R R D
TEEME L RHE S5 2 E RN o 72,

<BELRoE>
KB DOZEINT LT, MG HERE O (THFZEREA TV D28, Mlafsr = Bfg L7/ —
TOENREN L2 EITES T, iR E A A T2 R X5 21570 < 72 o T2,
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BRI A = KN T2 IRBER A~ E AT T E 2, 2030 2D DRSO v 205380 bz, £
2T, ZORHOr A ZHY RIT2DIZ, iPS MTEOBSREKEE, & DN ARG A LB
T Z LIS & o THRERADIREA X S Z & &2 A5 LI2H o 72 25T L7,

< B Sl 0 E RS R & R >

WHEE DHIDIZ B FEHED BATE M OWGEI N—T" T DREI —F v T " ToT, &
HIZ, EMIMICBIfET DRSS, 2EBICAIE 0 =7 FhEROS VRD Y
LAGIE 128 Z2, SFEEBIU4FERICIIFHHRES G2 B L O3 27wy
R AR —=RE TV, BRRRREEREIT T, Fio, BIEE CFRK 29 4F) 1IZiEAT
nYxl hOFELHE LT, EAPDL 24DEELHNT, R P T LAZBlE (4 =
M) U7e, [FIFRFIS, S3ERRGA & IR A AR F M A E BT SE O R — L— U2 T, WFERK
RONFEEITHTET, TORER, BERO72 VRO BFFEO S & 8 1E 72 TR O,
SDITIEFFRA R R Z—OFH L REAEOHE LT AT LB XD, £z, MFEREDIZ
ENED, A EDEBGECREINTEY (5ETORBRM IR 271 #), o7
FRRENE LN TWD EE XD, BEML, FRFEREOBOLLLT, AEMEICE
TEMFgE3E R, B LR ERRI LTREE 2 O bR T 0 v = 7 N OMFSERROFHE ChH
5o MIEREZEDOEREZIICYD, 70V 27 b A L AN— PP R S E AR 2
IR 2 2 IR D T A T UIFEE B L ORI [ S SRR A e SR A AR T 5 5
D3HRT,

<HE (BE=F) T EfERER & R >

INETIS, FEIZLICRE T ey NFEEOT URY T LR L, FORER R
REFRFBEIE A AR O ZRFERES B 3 L ONKBROR 7 Rt i i FeR D i S a3
ks L ONE BEEESR. AURIER R PR T PLE e AR B 2202, B s ERR
PRI L DN 252 1 C & 7o, AEEZE L GHIZSZ T 722, Wbt
HE D ISR TSN TVWD E, fHMliE= T T\ 5 GEMIE HP

(http://www2. dent. nihon—u. ac. jp/pharmacology/ LN
http://nusd-physiology. jp/) I SN TNDHDTEL L ESM),

<WFEHERK TRORE>

ATy x7 TR FIVIRIC U2 A TR E S 72 iPS il %2 7~ b OB T il
MRRICEAT 5 Z I8 D, iPSHIRARWIMICOTE > TRFNICEE D, ZoMians
B &5 GDNF (12 & » CTHIWr R OB EMEE S D Z E R LMNNI R o7, BT,
PR AE DS T 1T DAV T, B L& O R BRIIE D [R1E 23BLES S 4L, ARVEIC K- TG H
BEDOEIE L ED LD Z ERHMNI -T2, T, MRFEAEIC X 2T BIEORIE IR
MARRER T T, BEE ORI LY., [ISMEDRIEZSI &R 232 L 23FED
SV, BB D FAN L > THARAR R OMRERIE & Tl 5 Z E B L=, 2D
L o7, BMEROEENS, ZOFEOE F~DISHOTREMEN B FE R 2 N T X -
HLDOEEZOND, SRITEHITARIMIEEZ D, & N ORMHRBE~RIEZIEH LT
ERIRFEER 21TV, CTX AT ROV OERKISH Z B9,

<HBFFERER DEIKEIZH R >
AW ITAISAE 2 A7 U T it o A REZ B L7 n =27 P TH
505, PRERAR L WIS EERHEREORIE bletE Sz, Las L, AEMRICRE W TE
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%Lm@%%f®ﬁ?(ﬁ%®Lﬂm)ﬁﬁ SSNDLEONFEELTZZ D, A
RO FARBA LI B 53 2 AR HiZ TR ORRIAN VBT D &l S vz,
Z 2T, MPREAICEE T D AFgE kﬂﬁ \E$Wﬁ%5wm%%%ﬁmﬁwéﬁ%%%
OB T 2R b D TE 7o, Z ORGSR, MREFAR . — XIAREMRIC ST 5 A4
F b VRSO TRPV2 S REIZHEBLL . 2 B AFIK T, EEIRIRIEST 5 2 &
DN o], SHIZ, AFXF TV RN T =T X Mg EEBRICER T H S 41T
WA A AT A Z L2k ERRMEAL S Z ENHRkS Z L ERE LD,
@:&ﬁ%\ﬁbﬁ%%ﬁﬁ%bkﬂ%%%@@%@ﬁ«@m%kﬂﬁ 12, 2B 03K
MEOERT 5 2 L2k o T, X 0 BEREAYIC IE ISV REE TR AR A (R S8 5 = &
MTEDAREMEN RSN,

=

12 F—J—F(AZMRABZILRLTNDEEDODNLHLDZE8EB LIATREHL TS
LYo )

(1)  iPS ffHpa (2) A (3)  OJPEReE s
(4) {815 =Pk (5) g0k (6) _ Afjutss
(7) _ HloBHE (8) _ REMFE R

13 AREROKRE (MRBILFLIRIKET, RIPHLEL,)
LR VTDICREBLAERRISH ST HEDICF * T,
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Masamichi Shinoda
Dept Physiol, Nihon Univ Sch Dent, Tokyo, Japan

Orofacial neuropathic pain following peripheral nerve injury

Inferior alveolar nerve (IAN) injury induces persistent ectopic pain which spreads to a wide area in
the orofacial region, its exact mechanism remains unclear. Grooming behavior after capsaicin
injection into the whisker pad region was significantly increased after IAN transection and the
increase in the behavior was reversed by TRPV1 antagonist. The number of phosphorylated
extracellular signal-regulated kinase immunoreactive (IR) neurons in trigeminal spinal subnucleus
caudalis and upper cervical spinal cord following capsaicin injection into the whisker pad region
was significantly greater in 1AN-transected rats. The number of TRPV1-IR trigeminal ganglion
(TG) neurons innervating the whisker pad skin was also increased significantly after 1AN
transection. The present findings suggest that an increase in TRPV1 expression in TG neurons
innervating the whisker pad skin after AN transection may underlie the spreading of pain to the
adjacent whisker pad skin. Moreover, we investigated the involvement of nitric oxide (NO) in
relation to ectopic orofacial pain caused by IAN transection (IANX). We assessed the changes in
mechanical sensitivity of the whisker pad skin following IANX, neuronal nitric oxide synthase
(nNNOS) expression in the TG and the functional significance of NO in relation to the mechanical
allodynia following intra TG administration of a chemical precursor to NO and selective nNOS
inhibitors. IANX induced mechanical allodynia, which was diminished by intra-TG administration
of selective nNOS inhibitors. NO metabolites and nNOS immunoreactive neurons innervating
lower lip were also increased in the TG. Intra-TG administration of nNOS substrate induced the
mechanical allodynia. The present findings suggest that NO released from TG neurons regulates
the excitability of TG neurons innervating the whisker pad skin, and the enhancement of TG
neuronal excitability may underlie ectopic mechanical allodynia.
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0S-7
Strategy to evaluate neural plasticity in rat insular cortex

Masayuki Kobayashi

Department of Pharmacology, Nihon University School of Dentistry

Nociception is processed in the several regions in the cerebral cortex including the somatosensory,
cingulate, and insular cortices. We have elucidated the roles of the cerebral cortex in dental pain.
However, it is still an open issue how nerve injury modulates neural activities in the higher brain
including the insular cortex. This issue is critical to understand the mechanism of neuropathic pain,
which is induced by peripheral nerve injury and inflammation. In the present study, we focused on
the plastic changes of excitation in the insular cortex in the inferior alveolar nerve injury (1Al)
model. To evaluate the spatiotemporal profiles of excitation in the insular cortex, the precise
regions responding to the electrical stimulation of the maxillary and mandibular molar tooth pulps
were detected by the optical imaging technique with a voltage sensitive dye, which enables us to

visualize neural excitability in a macroscopic manner. We found that excitatory propagation in the
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insular cortex was expanded 1-2 weeks after IAl, however the expansion of excitation was
recovered to the control level 1 month after 1Al in adult rats. Interestingly, the young model
showed prolonged effect of the increment of excitation in the insular cortex; the expanded
excitatory propagation did not recovered in a month. These results suggest that 1Al induces
unrecovered changes in the higher brain especially in a young patient, and therefore, the treatment

to repair injured nerves is necessary to suppress the neuroplastic changes in the cerebral cortex
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Orthodontic force facilitates cortical responses to periodontal stimulation

Hiroko Nakamura'?, Eri Horinuki*®, Tetsuo Shirakawa?®, Noriaki Shimizu®, Noriaki Koshikawa®,

Masayuki Kobayashi®
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UDepartment of Pharmacology, ?Pedodontics, ®Orthodontics, Nihon University School of

Dentistry

Somatosensory information derived from the periodontal ligaments plays a critical role in
identifying the strength and direction of occlusal force. The orthodontic force needed to move a
tooth often causes uncomfortable sensations, including nociception around the tooth, and disturbs
somatosensory information processing. However, it has mostly remained unknown whether
orthodontic treatment modulates higher brain functions, especially cerebrocortical activity. To
address this issue, we first elucidated the cortical region involved in sensory processing from the
periodontal ligaments and then examined how orthodontic force changes neural activity in these
cortical regions. We performed in vivo optical imaging to identify the cortical responses evoked
by electrical stimulation of the maxillary and mandibular incisor and the 1st molar periodontal
ligaments in the rat. In naive rats, electrical stimulation of the mandibular periodontal ligaments
initially evoked neural excitation in the rostroventral part of the primary somatosensory cortex (S1),
the ventrocaudal part of the secondary somatosensory cortex (S2), and the insular oral region (IOR),
whereas maxillary periodontal ligaments elicited excitation only in S2/10R rostrodorsally adjacent
to the mandibular periodontal ligament-responding region. In contrast, both maximum responses
to mandibular and maxillary periodontal stimulation were observed in S1 and S2/IOR, and the two
responses nearly overlapped. One day after experimental tooth movement (maxillary molar
movement by Waldo's method), the maximum response to stimulation of the maxillary molar
periodontal ligament induced larger and broader excitation in S2/IOR, although the initial
responses were not affected. These findings suggest that experimental tooth movement modulates
cortico-cortical but not thalamocortical connections in the somatosensory cortex. From the
clinical viewpoints, the larger amplitude of cortical excitation may induce higher sensitivity to pain
responding to non-noxious stimuli, and enlargement of the responding area may reflect radiation

pain.
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D AR R R WA, 2 AR R O L AT S, 9 Ak
WP R IR, ¥ IAOKF I, ¥ A ARSI RN A - 700,
O AR B R 7 T e

(B8] wRAXTHIESN-EEAKBEEICHRREBEAENTIEINTWS, BRE, wEAM
BOBAICISRAARELHRFEELTEZON TV ABERBTHBIIBEH CERENSHRIT
=50, TOHEREIZIEFIENFESIO COREBEENSEFEIIRINAREGHBRENLELELE
AN TS,

AERRFRME P DR AR D B SR EIN L85 5L A5 BA#AZ (DFAT #AE) (X, S E5E
BEEZ NEREZ R CEDD, AMEICHWNTS YNNI EMEBRIEZF/EEL, DFAT HilaD i E
B AT R LT,

[Ai%] F344 SYPR TRRHEGBZERVEL-RICHEHABRSEZERL, XAEET
AHZET DRAT MIRZEERAZEL -, SYMERI AR EERFEAcEEEMRIE (G 2 =) x$# 3 =, x
FEE 1) ESFBICERIL, DFAT #iR8% PLGA [THBFELTI-EEREEL PLGA DA ERRHELI-XTHR
BEZXLT, microCTIRFICKARETOFEMRBHEBEEZRTAL -, T-BESBEZDOTE
BEREHL, £ 1 BEPRESIVCEOEROEEEBEERELZEBFOICEMEL=, 351,
HAAZF S 1z DFAT MIREZELER- V) a—ILEEHE S (PLGA) Oy IBEL TR AMBX
BERICFBHEL, Fo4E 5 BRICHITABEMB T OMEBEESRMEETL -,

[(#&R Imicro—CT [CKHBEMEBRMN D, BIEXTo-MEICIE, WHERNOEMEETHIL
5K, REMOFEMRBR AL OO, EERETOHER, BIES BROERBEOEHEBEE
EFXRBHELIVEEEREICEIMERZRLU . BBEMETNS, MBICSVWTIEAREREDORRE
CHEBBIUVEAVMNEDOERIZINA T, BELEEREBADIS—7 U EHOEANRHS
Niz, REREICHT2FE | BEEDPRBELIVEDBOFELAULE LIZIE, HBEIVERL
FEL- IR RNERINT -, F-BAAZEBINT- DFAT MEITXEBRESRICZHHRELTLS
(FH, —EDOMAEIFE LAV NEEFEBRRICEOONT-,

(#5:R)] AAEOBREMND DFAT HIRIIHEIEE, AV MNESLUHEBEOBEF{RET S2E
Mo EHBBEICERTHIZENTREINT,

PS-3
ENEREM N SRR MEZ BRI AHEDEEL

BETCR Y, BB XE Y, MAKE Y, MEE—8 Y, SARFE ", BiER" 7,
BENIAEARER Y7, FKEE D", REHR "

VAARKRFEFAERIBEFEE, "AARFEFHERERFEIEE, " ALKEER

MEEREZRMRBABEEZ ST, 'HAKXRZANERMZNBYERRZR, " AX

REEFEOAENBFZEE, "ARAKRFEEHREHEEIEZE, "BARFEFHREAEE
DA

(EEREMADERVETEONSRBRENMRERABETHEFRAMARICELT,
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ZMLREF DI ML IEIFHRE A TR NS EF AR E N R E L=, 763k, BRAMEIAHIR
DFRHICIFZTF—EZRAVEHELENTHNTLSA, AVSERNEBEHIZDOLNTO
HEMEREHIITHON TGN, 22T, AMETIE, BLDISTF—EEETERRNEEIT
Ly, BondiEaERERFHIRa S GRRIE) #HRETL 1=,

[HHBIUAEIRZMABREER ORNARICT EREEYELTRIESNDENMEIRHF
(10 |IK) BB SADRIBEZFTARERICEAL-. ThoDEEEZ 0. 01, 0.02, 0.1
BEUV0.5W/v) OS5 F—+ (Collagenase from Clostridium histolyticum, C6885-1G,
Sigma—Aldrich)i&F&T, pH 7.4 BLU 37TCEHTIZT | BFFELELT=, 100 um DEJLRALL
—7+— (100 ¢« m Nylon Cell Strainer, 352360, BD Falcon) ZRAULNTj&E1A#IZ 700 rpm [ZT
1 HEEEZR DA BEZITLY, =R E LSO ARBHMRE 2Z 73 X0CBEL, RABEL
f=o 7T BRIZCTSRAOEREL TEFEEELL, KERE 3 HEIZ, Countess™ (Invitrogen) % F
WTHR MBI MARZZEETRIL 1= (PO) . 2D, 5 BEIZHAL, FMARICRERICHERSE
stAILT=(P1, P2),P0, P1, P2 COMRBBMZELLERRETSHLET, a5 FT—ERENBRSE
SRR D R RICRIFT EEE R,

[(ERPIUELEIPO DR MEISIAMAEZRIE, 0. 02%TEIELI=BIZ(E, 0. 1%D 1~1.5 fF,
0.01 BLU0.5 %D 2~3 {&ETHoT=. 1=, P2 DR LAERFHREZILRE UL 0. 02%THIELT=
BE(ZIX, 0. 1% 2~3 1%, 0.01 BKV 0.5%D 3~6 {EThHo1=,

(#ERIAAELE RN, 0.02 %257 F—EHERT | BREWLELIZES, PO, PL XU P2 DL
THIZEWTEH, RLZDBRMEIEFHMARENSFONDIIENRESIN-DT, ENEEIFAL
SRCAREAMAEDBEEEIZIX 0. 02%DATT F—ERENEFRELEZOND,

PS-4
Satellite-glial activation by CGRP-phenotypic change in tongue neuropathy

Ayano Katagiri¥, Hiroto Saito?, Masamichi Shinoda”, Akira Toyofuku®, Koichi Iwata®

Y Department of Physiology and ? Prosthodontics, Nihon University School of Dentistry,
%) Department of Psychosomatic Dentistry, Tokyo Medical and Dental University Graduate School

Satellite glial cell (SGC) activation and associated phosphorylation of extracellular signal regulated
kinase (ERK) in the trigeminal ganglion (TG) are known to be involved in trigeminal neuropathic
pain associated with trigeminal nerve injury. However, the involvement of these molecules in
orofacial neuropathic pain mechanisms is still unknown. Phosphorylation of ERK in lingual
nerve crush (LNC) rats was observed in SGCs. In order to evaluate the role of neuron-SGC
interactions in tongue neuropathic pain, calcitonin gene related peptide (CGRP)-immunoreactive
(IR) neurons, phosphorylated ERK (pERK)-IR SGCs and glial fibrillary acidic protein (GFAP)-IR
SGCs in the TG were studied in LNC rats.

The number of CGRP-IR TG neurons and TG neurons encircled with pERK-IR SGCs or GFAP-IR
SGCs was significantly larger at day 3 after LNC than for sham or naive rats. Percentage of
medium and large CGRP-IR TG neurons was higher in LNC rats compared with naive or sham rats.
Following CGRP receptor blocker CGRP8-37 or mitogen-activated protein kinase/ERK kinase 1
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inhibitor PD98059 administration into the TG for 3 days after LNC, the number of CGRP-IR
neurons and neurons encircled with pERK-IR SGCs or GFAP-IR SGCs, activated SGCs, was
decreased. The decreased nociceptive thresholds to mechanical and heat stimulation to the tongue
were also significantly recovered.

The present findings suggest that CGRP released from TG neurons activates SGCs through ERK
phosphorylation resulting in the enhancement of TG neuronal excitability. The phenotypic
switching of large myelinated afferent TG neurons expressing CGRP may account for neuropathic
pain behavior.

PS-5
OEEEREOEICLYRET SREERLLIUVEBRDEXIZHNT S nclurs OREE

AEI, FEEAR, SHE—
BAXZFHEFEEFEE

[B#I]

RAEBBRICHEEITBACEAVN\IHER S ILASUBIZBARTHSD nG1uRs A, RIEOHBZESIC
ERL-EEEREREICEETDHIENELMNIEIN, nGluRs F2—YhEL=FHFAEED
FEZBEELEHABERAESTHOA TS, £z, RIETIXEMEEOMIEELIZ nGluR5
DEENFERSIN, EHBEOEIEICHLEET AN RSN TS, LHALESS, nGluRs
NDEEERHIVEMBOXKE EBEADESICIERBELERNEZ, KAE TIE nGluRs 4
—7ybél, OFEEEESICHKEL-EHEEERLEMBORT BEAN=-XLD—iHizE
B3 A EEBMILT=,

[iE]

F344 Zi#MSYEOOAEAD 5 mm DEPHLIIZ SCC-158 (1.0 x 10° cells/30 [J1 with PBS) %
FEALEMBERZEETILOVEDERZITL, BEEREDHE 26, BENGERKEENSEME
FTCOEABLIVREREREEZT oM. BHERETILIVLZAL, BBEEEAND Rodent
pincher ZRAUN-HMRBZEEZ ki R ITREZ KO T-, £f=, Glutamate assay kit ZFHLY
IEREEETIILOVNDEERED T VAU BEEDAEEIT oz, BIT, &\ SCC-158 #i
BBIZH1T5 mGruRs $HAUME pERK FEEEHLLIIEBERERKZIEIZH TS nGluRs, PGPI. 5 HELU
Ki-67 REEEET o, EEDOERGESVICREL-EEERRBAD nGluRs DEEZHANS
=8, BHEEETILSVIDOEEREICREERTEHEAL nGluR5 antagonist THD
MTEP (10 mM, 2.5 [(J1/h) DFGEMEREZEITVHE 26, BEMNGEEEENSEBHIEET
DEHEIVCERERES IUERMTIR 0T %8 REBEEDBIEEITo1-,

[#ER]

BEE R E~D SCC-158 SEAICKYIEE DE BRIIERE KU 2 IETE ORI x5 5 k8¢
REBRECETNEOONT-, E5IZ, BEEOEKICKYKRBEOY ILEAZVBEEDRELE
MAED SN, EHIEE LU R AR LT nCluRs SBEEMNTEELTULV =, FRAE~D MTEP O
Bk EICKYEEDEKESUIC kR FREEDETAIIHFHSh T,

[(fERPLUEE]
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UED#ERELY, OREEEBREICREL-EBICEYFIRSNOIEMBER BRI nGlurRs NEE
FHIEMNTRESNT=, F=, BEDIEXRIZE nGluRs ARBE T HIEMNTEENT=,

PS-6
Mechanosensitive C-fiber afferents in rat skin was excited and sensitized to mechanical
stimulation by monocyte chemoattractant protein-1 (MCP-1)

Asako Kubo, Masamichi Shinoda, Koichi lwata
Department of Physiology, Nihon University School of Dentistry

Involvement of a chemokine, MCP-1, has been demonstrated in the mechanical hyperalgesia
after peripheral nerve injury or inflammation. Increase of calcium influx in cultured dorsal root
ganglion (DRG) neurons and IB4 (+) neuron mediated decrease in nocifensive mechanical
withdrawal threshold by MCP-1 (Bogen et al., 2009) have been reported so far. However, there has
been no study about the effects of MCP-1 on the peripheral afferent terminals. The present study
aimed to examine the effect of MCP-1 on the responses of the mechanosensitive C-afferents using
in vitro single fiber recordings from skin-saphenous nerve preparations excised from euthanized
rats. Effects of MCP-1 were examined with respect to sensitivity to o, B-methylene ATP (metATP),
which is considered to be an indicator of 1B4 (+) neurons. A total of 53 cutaneous C-fiber afferents
were recorded. Thirty minutes application of MCP-1 100 ng/ml (n = 18) to the receptive field
elicited excitation in 50% of recorded fibers in MCP-1 group, whereas 11% in PBS group (p < 0.01,
Fisher’s exact probability test). MCP-1 significantly increased the response magnitude to
mechanical stimulation in metATP insensitive fibers (p < 0.01, repeated measured ANOVA), but
not in metATP sensitive fibers. To investigate the cellular mechanisms we examined mechanical
sensitization by MCP-1 in cultured DRG neurons by measuring mechanically activated currents
using patch clamp method, but could not observe increase of the currents. These results may
suggest a possibility that some cells other than neurons are necessary for sensitization by MCP-1.

In summary, the present results demonstrated MCP-1 excites and sensitizes to mechanical
stimulation mechanosensitive C-fiber afferents in the rat skin, but did not support an involvement
of IB4 (+) afferents in MCP-1 effects.

PS-7
TIOABARETIVICE T 58RI OBMBEEIZNT S CXCR4 DS

RIGFH, BEMR, SHEHFE—
BAKRZFEFAREEFHE

(B8] —ARICEMEE X (XFEADEETITIELNMONTLDD, BEREAHDELDHI(E
THTHD. EELDKREETHS Pgingivalis (P. g) DREERFELTHEEEHS Fimbriae
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NELNTEY, REMBICRITT AT EAANVZBEARD—DOTHAS CXCR4 [T Fimbriae H
BRI AHIEICKYREHY MM OO OBEEINGITHIENRESN TS, AAETIE, H
WADERDIEREEIY P g OBEBICKIERARETILIVREERKL, ERARIZKSER
B DEH Xt F D CXCRY DEEIERETLT-,

[#1%1&A3E]IC57BLI6 ¥R (Tw, &) D EBEFEZFAEERE 5-0 $BRICTHEL P. g %
f&7E (Pg. ) , £ LEFE AR IREAIBEPRIC Complete Freund’s adjuvant (CFA) %
§IL1= (CFA ) . RBEFTICTLEFE ZAEIBEAIEAICEERIEEZ 5 2, Kk & 5RIE
FREBEMITATE Lz, 512, Pg. BICXULLFEE ZFEEBIEAIERSRC CXCR4 A%
EHERESL (100 ug/day), HEHFIHIC T 5k RETBEEDEILEEHFT L=,

[(#ER]1Pg. BICHULVTLIEE = EIuEREI8E P~ ORI Z x5 5k 8 R STRREICE b (X
Ronighof=hY, CFA BBV TR SFIBRENEEICIE T LIz Pg. BEICHWTLEEEZ
It ER IR A ER A~ D CXCR4 AN EMRIREICLY, WER 2, 4 HRIZHE K5
ENEEIZETLE,

(FERIEEALXLETIICENT, ERBREEDREIZLS CXCRE ENLIE=2 T FILD¥WRE
HEORBICEELTNAIENTESINT=,

PS-8
REMEEIZHIT5 MeCP2 D5

A =AY, BE ERY, g HX', SH £-7
VBEAKXFEFE/NRERPEE, P HAKSEEF AR

[ B #9]MeCP2 [, DNA D AFILIEENT= CpG B ICHEE LEGFRIREZRTH L TLNDZ /DT
HY, X EBELICHEETDHVECP2 BEFDEARLEICL T Rett FEIEBEMNSIZTHIINS
ENBALMIZIEOTULND, Rett FEIEEEIL, BEAEIK, TADA, RAMSIT, FEDEREE)
(THLHENE), EELGHER/NG—2, EREE, BEMREESTLEEHHEL, 1 A~1B55FA
[TTADRERLEHODN TS Rett EERBEETEREFRHICHTIRZHEAETLTL
HERESNTLED, FLLVEEBEIWELZFHATHS. TS TAMETIE, ERICKYRIET
AEREABICK TS, =X HFEOMABAD MeCP2 DZR B DLTHREILT=,
[(RMREAZEIEEFFHETIZT6BED Mecp2 NTARIEMETD X (hetero) B LU C57BL/6]
HERMIOR(wWild) DEFEEICEETIAART /UM CFA) FFHL, ERXRETIVEERL
= ZEFREFTICT, BRBEATO—TFANEAND BRI x93k 8 & 5T BFE (HIWT) 242
BEIIZEHBIL =, &=, HOMLOHFITHREZ (FO)ZFITHREL, CFAES# 3 BRICE XM
EDFGIEHEMRIZETSD MeCP2 DHIRELZ REMRBILZMIEFTLIz, S5IT, =X HEE
HIZHEITD MeCP2 RN DF EEBMEIT o=, ZLT, ZXMHREHD G BHEMBIZEITS
BOREBERNBEZBETDIAMAFYUoRILBZHIRD Transient receptor potential
vanilloid 1(TRPV1) DFIRELZREMRBILFEMIZETLI,

[(#ERB LU ER]hetero D HAWT [ wild LLEEEL, BEIZE D o1z, £f=, wild TIX CFADE
SESTE HHWT AMETRLT=AY, hetero TIX CFA OFEEH#E HINT IZEENRSNEMoT=,
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IHIT, =X MIREITH LT wild TIE CFA JE 51, FGEET™ MeCP2 & HIREEE KT MeCP2 &
DINEMNELITEMLT=A, hetero Tl CFA ;E 542K D MeCP2 (BRI DEMMNEDH SN
Hhotz, £z, TRPV1 D REHBILFHEBRITICE VT, wild TIE CFA FESFIZEKY, FG B
TRPV1 B& MRS D EMAZEH SN T=DIZXFL T, hetero TIXELMNEHLNEM 1=,
LED#EREMNS, = RBREIZE LT MeCP2 [CE->THIFFF SN D TRPV1 HVF O X iE M 2E
HBBOREICEAEL TSI ENREEINT-,

PS-9
SyMEBETILIE B R T

WIBEE Y, BEEK?, XAJE?, ENEHgD, gEFE—?
VEAREEPBORN NS EEEEENEENE, VEBRPHEE

[(EIOARRERERHTIIBEEERNZFZEAELNIELZL, LML, FDADZXLIEF
BATHD. SEhhbhnlk, MHERZOREEERINFICHTLIIOFE)DZENZDNT
BETLT=,

(#%-AEISVMRER T LEERE (SCO) MlEERANWTERIVNETIILEER LIz, MEBE(E
PBS Zi%tELT-, BEHEDEBFMNELDERERELT hematoxylin—eosin (HE) B F1To7=, Kl
BT T ERIGERLIZERETIC, BEERICEBRIES LURRBZESARRBIZET
Sk EEERED BT EIT oz, £z, & SCC MAZIZHLINT Endothelin A (ET-A) receptor M
FEZRERBIEFEIIZIT o=, IBIZ, SCCEFERIZHVTEA ET-A receptor antagonist
Ff=lE u-opioid receptor antagonist DFFEHIREZEITLY, X RFIBFEEDOEZILDOERZE
T21=.SCC HEBHBLIUMRBBEO =X MZEHRNIZH TS opioid receptor DFEH LU
E% western-blot JAICTEEZ T2z, £z, FIZHITSH B -endorphin Z ELISAEICTEEL
T=o

[(#ER]FOHBFEHEILELTIE, SCC #HfEE, BIFNICEEDIEXREROHT-, TR
(Zxf9 Bkt R STRAMEIL SCC RS LIURELICELIEALNGEIST=HY, BEMRIEIZ
¥ Skt R STRAME D Z L (L, SCC EB TIX A LLLEL 6 B B LIF X B EDIE T A
BHdNt=, HBE SCC #AEIZH LT Endothelin A (ET-A) receptor MIFEMNERSINI=, ET-A
receptor antagonist El=l& ¢ —opioid receptor antagonist M¥FHAIIZSIZKY SCC #EFE
%6 BEICEWT, $@ERGFBENEEICIETL -, SCC EEHR LU BRELDICT =X MiE
EIRIZE TS 1 —opioid receptor DHERIEMIZZED SNEM ST,
(#ERmITDVNERBETIVICKYETER 6 BB LUBRICHEBRIBEEETEZRD. —A, ET-A
receptor antagonist Ff=l& ¢ —opioid receptor antagonist DEFFHAAIZEIZ LY, KR
SHEENEEICETL, LEDERLY, SEOMMEEERBOIMSIZIEL ET-A receptor
FfzlE 1 -opioid receptor ZMHLIzI T FILOEENREINT,

PS-10
HEEY LEARTENT S =1 — 0> OBRIBISH T IEE
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BERT, BHEMK SHE—
BAXZFHEFREEFEE

BERBREBIZIAICHITANEBEEDHRIEZHLMNCTEE=0IZ, 2 BO=ZRU Y ILIZRFHDEE
ETEFANTLREZINEL, —AROYPILAEEELYERBEHAOHRERHICEET S5=21—
AVDRERITROEHFELHZ LIz, FILOOESPICHKEL-ERERBAITO—T KV EER
BESZ -, BETIEYILAREUEHTETO—TBEMN3LCTHS 45-47°CIZER T 5 (T1 #]
), RAVEIRLEEITAERENISIT 0.2-0.8°CLFL (T2 #R), YILACDEELLER
HUSHLIRIZRAVZ BB IEHMEL T 1 —ANEZ N5, HILICCOREEZITHE S,
TIHEDEENSWNMEEEEEIIMLL, RICHERIXEMRL . IIBEERER, YILREEELY
RERITHOBE——2—OVEHZERERL- —EBD=2—0OV [ T1 & T2 ODmMADEEZEL
[ZIEELED, ZLO=Z2a—AVIE T FRIE T2 DEELN—ADEREEILIZOAEE L=, C
DFERMNSINOD =2 —O  OFEE FEBEMMICRIBEGLICMA SN REEZI—FLTWVADT
(37K, TL & T2 DEIDHT M EEREEILEZRETIDICERBISHELIz/NF—2FRTEA D
Motz £z T2 HiEDOZ2—OVFHOLEEBEE, YILORIV L O RIGEREFEEL T
LN zo 1EEDH L TR BIE R DIER ATV BRI ZRELIZESA, BFIBIIEE T H=2
—OVIZEAEHINHICRBELTEETRAEA DM of=, ChODERIZEAES I EFH =2
—A DFEEHBRBFRREICHS TAMNMNIEEELORBICEELRREEZR-LTLS
CEERIELTLND,
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PS-11
BERED RKIEIL Toll-1ike Receptor4DEEENLTCEDREEREEZFE TS

KEHER Y, ERARK?Y, g@EFE—?
VAARKPEPEREFLEEENEELEE, "EHEPEE

WX ELDE, WREEITCTHKERNCEDRATRIET SEHIICEBTHIELNHHIMN, £
DAN=XLIFHASHTIEEL, EFE, = X2 E (T6) #R2IZHKIRT S Toll-like receptor
(TLR) AEB SN TULSH, ZOHBHBICEL TIXFBEL AN ZLEINTINS, T TR
BT, EHERICE>THICEISEISNIEMEERBEEICHLT 16 MEIZHKIRTS TLR4
DERENZHMBATHIILEEEHMNELZ,SD REHSYFOW DER THEE—BHEZEHS
H, Complete Freund’ s adjuvant (CFA) Z¥#B 5 U{REL - CFAEEMETHERETIILZ/ERILT-,
WHAERINLUER 21 BEET, £AIESEICE TS LUBEMRIBIZxt I 5EEE 5>
A REBEFREL-HER, CFA NER 9 BREICAWTHEELBIEDIE TEMEAL, -
EHMAIERIZ FluoroGold (FG) 5.0 ul #&E5L-%&, L ER 3 BETRIETILIVLEE
FRETEL, EFXET 5 16 #MAIZH T3 TLR4 HEIB IOV TREMBFMFEZHEOTERL
T=. AR FAER, 28D T6HEIZE LT TLRA HRIEMNEOHONT-, S5, HHRETILSVE
D T6CNIZTLRA 7RI =X (LPS-RS) # 3 HREF I SL, E~NDAS I UHEHRIHIZx TS
BEERE|0iA S RETRRIE D E L ZfEHT L1z, CFA 2 54 LPS-RS D= X #HBEHI ANDFHFIRE(Z
KUY, BEOERE I UVHEBRRIZX 3 HEEEF oA H RETBEDETIEIFEEIN-, TDE, T
SMEIER~ D FG 251, TLR4 DAREME) VR THS HSP70 ZAZHME (Alexa Fluor 594) 12T
AL CEBEICRELFER, 3 BBIZZM HSPT0 F4EMEA 16 NIZERHLNT-, T
f=, HSP70 E1=IX TLR4 DUH VR THS LPS DEFEIRE(ZKY, 5% 3 HEIZHUVTEEERSI-
A REBEEOEERETEHERL, 512, FIZFCZ\B 5L, 16 #ifAIZH+5 TRPVI FIF
(DWW TCRIEMBEFEMIZEET L, 1=, FIZ TRPVI 7UAI =AM (SB366791) & 5L, 30
NTEDE~NDERBKIZ T HEEHE0ADREFEDEILEEH LIz, TEXBE T 5/ME
D TG HMABIZHULNT, Z<D TRPV1 BE M ZEERDT=, £, AD SB366791 £ 5(ZKY, FED
BRI 23t HEEER S| 03A S R STRRE DB T AN HNHI S T=,

ULDOERMND, mEERRAER Hsp70 [THEEMARBICRIEL, 16 MiAICEHRMEINTIE,

WHEZE X EL TS TG HIRAN SN Db IN DI EITKY FEEREL TS TG #AZD TLR4
LIEAL, BEXELTLS TC HIlBOBEEEMEHRIN-DDEEZ DN, £, Ml HEES &
VEZ_EXERT S 16 HEOEFEICKY, miERICXkD 16 MEDEEHIEEEEHICEMAR
N_EXERELTWSEDREEEXRRICLESTIEEZAON, IND 2 DDAN=X LA EHE
REOFODEMEEEERREEMEBEO—HEE-TWWSLDLHERINT,
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PS-12
B I F B SN SRR B R E O PR R AR BT

R Y, BKRTY, BEARK, MAREXRNY, EHE—
VBAKXFEFAEEFEE, TENRTEE IHE

(MR B EERCREEEEICKYRIBHICIEMHRIARET &, BEEMBIELIT THEPE
4B R EEREFETHEHICERTHENHHD, TOMEEEICEALTIXIARRAL R
MEBLEREINTND, ZETAMETIE, KAHRICL>TEIFTRIShIEHBEREEHREIEICH
(THHIREED— IR BT 5B MELT -, (MBI RUAEISD REEESYE (Tw) ZRUE
INILEA—ILF R L (50 mg/kg) DEERERNEE (i.p.) ICK>TERMELI-R, BRAIKHZER
BIHORBHEBRNICBEBZHREALI-, TORKAHAICEIRH (10 mA, 200 ps, 30
min/day) 525 EICKYBIRMGEESIERILTRHBETIILEEE L RETILIVEDK
NERBZEEZ, RERSREEZZEAICEREL = 251V IILSVRB T TETLIVMD
BRI EEFE—BAREEADTHAIUBREL, REMEETEHEHOELETERLIz, 51,
FHEIRE 14 HEICZX HEEHERIZATO Astrocyte DEHIKREEZ REMBABILFEHIZ A7
HLlf=,

Fi, EETANOYAFAIZEWTT LASVEREITOWEOREFR TV IILIZO A B RS
HEMICAET S MSO(methionine sulfoximine) ZUARIHRIZHEHHIZSL, TOEXEZXHAAN
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Plenary Lecture

Morphological basis for processing of craniofacial sensory information

Yong Chul Bae
Department of Anatomy and Neurobiology, School of Dentistry, Kyungpook National Univ. Daegu
700-412, KOREA.

Neurons communicate with each other at the synapse. So, elucidation of central connectivity of

specific craniofacial primary sensory afferents at the 1St relay nuclei of the brainstem may help us
understand how the specific craniofacial sensory information is processed.

In this presentation, | will talk about our recent findings providing morphological basis for
processing of craniofacial heat, cold and taste sensation in the 1% relay nuclei of the brain stem.
Types of axons and neurons conveying each specific sensation are different, suggesting that each
specific craniofacial sensation is conveyed via specific subsets of neurons. In addition, central
connectivities of the axons conveying specific sensation are different, suggesting they are
processed in distinct manners in the 1* relay nucleus. In addition, we found that central boutons of
trigeminal primary sensory neurons were GlyRa3-immunopositive/gephyrin-immunonegative
(indicating homomeric GlyR), whereas GlyRa3/gephyrin immunoreactivity (indicating heteromeric
GlyR) was observed in dendrites. Immunoreactivity for GlyRa3 was localized at non-synaptic sites
in the boutons of primary afferents, and at subsynaptic sites in dendrites. These findings suggest
that trigeminal primary afferent boutons receive presynaptic modulation via homomeric,
extrasynaptic GlyRa3, and that different subtypes of GlyR may be involved in pre- and

postsynaptic inhibition.
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Oxytocin alleviates orofacial mechanical hypersensitivity following infraorbital nerve injury

Asako Kubo, Masamichi Shinoda, Koichi Iwata

Department of Physiology, Nihon University School of Dentistry

Oxytocin (OT) is a nine amino acid neuropeptide, which is synthesized in the hypothalamus and
released into the bloodstream via pituitary gland. Recently, it has been reported that OT could
modulate nociception and its underlying mechanism has not been elucidated. In this study, we
examined the effect of OT on trigeminal neuropathic pain associated with partial ligation of the
infraorbital nerve (IoN-PNL) in rats. The head-withdrawal threshold to mechanical stimulation
(MHWT) of the maxillary whisker pad skin on the side ipsilateral to loN-PNL was measured using
von Frey filaments. OT (1 mM, 0.5 ul) was directly administrated to the trigeminal ganglion (TG)
once after MHWT measurement on day 6 or 7 when MHWT significantly decreased. The
significant recovery of MHWT was observed at 2 and 5 hrs after the OT administration compared
with that of vehicle (PBS), while OT administration to sham rats did not show any significant
changes in MHWTs. We also examined the effect of OT on the excitability of TG neurons acutely
isolated from IoN-PNL rats. Ten uM of OT was applied to the culture medium 2-6 hrs before
whole-cell patch-clamp recording. The resting membrane potentials of OT-treated TG neurons were
significantly decreased. Threshold currents in OT-treated neurons for spike generation during
current injection were also significantly greater than that of PBS. Present findings suggest that OT
could be at least partially effective on the suppression of hyperexcitability of TG neurons and exert

analgesia on orofacial neuropathic pain.
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Strategy to suppress cortical neural plastic changes induced by nerve transection

Department of Pharmacology, Nihon University School of Dentistry

Masayuki Kobayashi

Nociception is processed in the several regions of the cerebral cortex including the
somatosensory and insular cortices (IC). We first elucidated the roles of the cerebral cortex in
dental pain by an optical imaging technique with a voltage sensitive dye, and visualized neural
excitability in a macroscopic manner. Electrical stimulation of the mandibular or maxillary tooth
pulps evoked neural excitation in the rostral IC, and the most part of the evoked regions was
overlapped. This suggests that a part of IC neurons process both the mandibular and maxillary tooth
pain. Indeed, extracellular single unit recording confirmed that not a few neurons in the rostral IC
respond to both the mandibular and maxillary tooth pulp stimuli.

Next, we focused on the mechanisms of hypersensitivity of the IC induced by transection of the
inferior alveolar nerve (IAN), and found that excitatory propagation in the 1C was expanded 1-2
weeks after 1Al, and the expanded excitatory propagation did not recovered within a month. In
vitro whole-cell recording from layers 11/111 pyramidal neurons revealed an increment of excitatory
inputs from layer IV in IAN models. These results suggest that IAl may induce unrecovered
changes in the higher brain, and therefore, the treatment to repair injured nerves is necessary to
suppress the neuroplastic changes in the cerebral cortex.

Transplantation of neural crest cells into the deficit of the IAN is a principal idea to rescue the
hypersensitivity of the IC by IAN transection. We hypothesized that shorter recovery period
induced less neuroplastic changes in the IC. We found that, in comparison to Schwann cells and
fibroblasts, transplantation of the neural crest cells differentiated from human iPS cells showed the
best recovery of the IC responses in IAN-transection model rats.

In this symposium, | will summarize the data described above and show our future research

direction.
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2 XFRhEBEMEERAL=5Y MERRIRICEE T H=1—O DRk

BEREEY, MERLTF Y, £FFH O BIIERD MMEZD

VAR KR S, 2 A AR R IE

[EM)EEEXIETHAHNVEAEE2 TS5 —ATLIELIEREDOEELNE#THLZ MDA
W BRIFINFET, BEMEZHERERAVAZIARICKY, L THEOBEEEHEE R
LE-ROREIEREOEAENIBEY, MBICABLBENREDOLNDILDOD, BF T
BB D RENELDEEHALHAIZLT=(Nakamura et al., 2014 in J Comp Neurol.) , LHL
AL, IRENMENARICEREM -1 —OY, FIE=2—A AEDLIITFHTLHDAIZD
WTIEFBATH S, €T, 2 A FRIEBEBIRERA N ALY VLA A—D T E 2 — OV B
T, RERHEL-BFOSREE A 23 EO=a—OVIEEERE L,

[7FZ]V LAV MEET T, GABA £ =2 —0O2 ZHAARHL 1= VGAT-Venus 5D AEEI L T8
FIE I EBZRALBEE Lz, BEHN 1 mORESIOEREZE KBS AIERO FKINEAR
ALEBAICH L, ) /SRS D 2 X FMEREMEZRANT, GABAEZ1—0OV D0 hE
RERLT=. TD&, WL LIETRED Oregon Green 488 BAPTA-1 8L, WEHICER XK
1TV, IGEERHELT-. 20 EOHREFHMEL, —2—O 21 TRIICBENEITo1=,
[(ER-BERISRETAIHNIS 394 EOHEEMH—1—0>, 58 HOMFHME=1—O DIEEH
ZieiRLTz, 13 EDEEM =2 —OUAIEEL, 36%(37/103) LZED A2, 21% M THEDHIZ,
43% M L TRITEEL=, 1=, 20 EOHMHEME=1—0OUMIEEL, 35% (7/20) A LFHDAHIZ,
35% M TEEDHAHIZ, 30% N LTI EL, -, MHAREFLLRLT BEM=-2—0AVT
FEERF CTLETHRMHACHITIRIEDEBLAENBIE TS ENRBOLNT-, ChoDIeh
HHEHRIHICICE T ZEREEMIMO_1—O D—ERF, ETFHEVNTNICEEETHIEN
TEINf-, A ChOSORRITMAT, #EEZSETILO FTREEMBEUISVMNIEITS
ISEEICDVWTIRRDFETH D,
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BRI KFEERFMRZ AV -ERRBICY SHlRE RO R REE

FOEM Y, AIHFEE Y, HAKIE Y, BECERY, ETEZY, BiF 31", BIIEXE Y,
FAHEL, EFE F—, AH R
VHARZARZEREZMRHNEZERICAORERZSE, " BAKRFEFZAERIBESSE
EE,

VERZERZEFHER ORNARERRE, "HAKRFEFHBEINFE 11 BE,
"HAKRZFEZE,  BAKRZEFIEEHRFLE M BRE,

VBB K AR O AR B P

[BEM]EAEARIE ME (EERERE) NoEET5— 02 ERFELTHERINILELKE
THd. TOLREMRRBIIHL T, MERBMIICIHMIEARDOAIREMEE R T 510
2, KRARICEVWTYIRBEREAZTREERARET LVERAVTRFLE-OTHRETS %,
[#HELVHEICSTBLIGIHIE YV R (8iBHER) D LRE_FAEDERNEIC5-058RICTREE
TV, TORERKRETIVEERL, -, REOTVR BEE) KBREDEHIOME
RB¥MREZECEHMEMREIRERL, TRORRICHLELGHMBLGLLIFETEE-BESY
T MR EEMAZ7AMEER B OMBBEZEEEDIZ AV THIICZEEE T, B
®IBBOYYRE AN EREELEEICR 5 L=, R, RERZPBSOAZEIRELT-
Bell-, MifaE5R&L, 3, 5RICYAVOCTIREZTL, BRET O FEHERABRO®EE S
FEOE—HELMMENSE=AERMMEETEEDEREL CEABEEREL-, M
[ZHEFAEABEDBAEEZDHIFEIZIE, Wilcoxon signed-rank test Z4TLY, P<0.05%HE &LT=,
S5(2, MBS BOEBENT T MFEL, AR -IADUEEEANEE
FHIETHEE T o7

[((ERBLVERIES1IBEZICDITIZHE SN MR (LR IO FE Z Aa OS2 B e
[CERmSN =, T, YAVACTHEN S, MBEH T LBEFE_HAEOEDES LWEDIRIC

AR RASIEDEE BT RINNRESN-DIZHL, REBRFOEDRITEIRRI/SEDEEER
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AN, EFHEEEN D, MRBTE, F—HESIVEZHEOREE N EE
BICBVWTHRRICETESRIARESN -, ERFEOEESICIE, FZEAEEOEDHE

REDISEEDEEENBEEINT, CNOoDERENLERBETIIAELTEE T RINAHIH

SNf=TENTHENT=,

[(#ERI L LR D, WEARICEVT, MERFHEZECEREERREOKREAEE %
BREELTEMTHDERE SN,

PS-2

Sy EiERA#aZE AL V-t R B E £ O®RE

BAKIEY, REAXEH? HOESR Y, ABRSH D B 17, BIEXRY, HHE07,
EBF—°, ABEHRO

VARKRZRZIREEARHEZERCAORNENE, Y AARPREDERHEPE D
B Y AAKRFEPIMEIZE || BE, VAAKRFEFD, Y EARKREEPMEREEESE
I EEE,

REE 2N mp e

[EMIBRAETHATOSEANEFHIL, KENLEERIES, LEEOERIBISEGHES
nTWS, LALiaE, FMERFHERZAVHFLOVEBERENEHAON, TORREENEIRF
SNTLD, R TR SIRIL-EMAIL, BREMICRS LT HIETY—IEES
KU BMEBENZL DR LSRR (DFAT #iiE) &75%, DFAT MifaIMEHEMERLE
ERADIENLEEEFRUTEE~DAERAMRELTERIZEEZALON TS, §E, DFAT
MRS IEIC LA EABEED R ERET 512012, SVrERABRBRIBETILZANT
REILIZDTHRET S,

(M EFRISYRE TN S, BEROBICTIREREZRIRL, XAEEFLAMITIZE
T, DFAT#lRa% 57-, GCHIZE Ascaffold (RFLE 80%-PLGA) Z1B{KLL, ChITIBIER 1R
L7-DFATHIfa % BFEL 1=, RIC, SYb EBEE—RRETOEAZYIRARIBL, BEEHLUEA
UNEEHIRE, MEEERELEREBEL - BHELEW Sy E R BRELL EESEE
DIRREFME, ERSLUBEZRDOEE, Y/IOCTEEEBERY I7MERAWTHERLT-,
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BHELGBEOEBCDONT, AR U-IADURE, THUREBETUVEBFRIICFTML
f=o

[(BREBRITA/OCTETANL, RRFDHERFABEOEMARIL, MEIEICENTERDI
DDREEET, MRAGETEIERGEEETEOMEIZE 1=, HHEBEE, MERIBLLBIZE
WTHEBEOK2ETH 1=, £, MHBFMIZITEEE, tAVNE, BLUEREOBEN
HEmEINt-, KT BRGNS, HIREIS—T UIRHEDEANBLEL-EAVNEE LU
HERICFEOHLNT-,

(#55m]DFAT IR Z BB LI EARZBIET ST, HAMEBOBENRESEHIIENRES
na,

PS-3

AMPA receptor phosphorylation in V¢ nociceptive neurons is involved in dry tongue pain

Yuka Nakaya, Masamichi Shinoda, Koichi lwata

Department of Physiology, Nihon University School of Dentistry

Although dry mouth patients suffer from tongue pain, underlying mechanisms are still unknown.
We intended to elucidate the mechanisms underlying tongue pain associated with dry mouth to
develop the appropriate treatment for tongue pain patients. Head-withdrawal threshold (HWT) to
mechanical but not heat stimulation of the tongue significantly decreased, and the mechanical but
not heat responses of V¢ nociceptive neurons were significantly enhanced on day 7 compared with
sham rats. The number of pERK-immunoreactive (IR) cells in the V¢ significantly increased
compared with sham rats on day 7 after tongue dry. The decrement of the mechanical HWT and the
increase in the number of pERK-IR cells were reversed following successive intrathecal (i.t.)
administration of MEKZ1 inhibitor PD98059. The enhanced neuronal activity was also significantly
suppressed following i.t. administration of PD98059. The number of pAMPA- IR cells in the V¢
significantly increased compared with sham rats on day 7 after tongue dry. The increased number
of pAMPA-IR cells was return to the pretreatment level after successive i.t. administration of
PD98059.

These findings suggest that AMPA Receptor phosphorylation in V¢ nociceptive neurons via ERK

phosphorylation is involved in mechanical tongue pain associated with dry mouth.
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EXBEHICHE TS MeCP2 Z9rL1= TRPVL AR ERIT R EM TEE BRREICEEF TS

SARZE D, EERE D, B)IEX?, mEE—"Y
VEAKRFEPEEEPHEE, VNR R PR

[BHI] AFILAE CpG #&E R /30 2 (MeCP2) BIZFDEALERICL>TEIFRITNLHL YK
ERBEREFICHONITEWERELT, BALEGHBEESLUVHBRREBRELENASH TN
%, MeCP2 [&, EIC=Za—OVIZHIBEL, AFIVIE CpG EERAMVEIVERF) TLyH—R A
AVENLTHERT 2EEHIFHIRFTHAHEEZAONTIVD, LI, LYMERBEETERE
RIS T HRZHEMNMETLTODEVSITRELZINTLDA, LV RAETHBIITHATHS,
F 1=, transient receptor potential vanillold 1 (TRPV1) (&, BERZAAHICEELREERS-
FTIENHBNTLNS, £Z T, MeCP2 =X #ifEHT (TG) —a—AVIZHITH TRPVL Fr
IWOFKBRRAGHICEESELTNDEWIRREILT, ARRICEVTEERIAALT D a/\Uk
(CFA) OEFICKIYEDREMETILEERL, EORBRZHECRERBHRBIEICHT S
MeCP2 & TRPV1 DER&RIZ DL THREILT =,
HERELUVA K] 6 BED Mecp2 ATORIEME (Mecp2™) 9 RE LU C57BLI6I T4 B i
(wild) YSDRADEEICCFAZEFHLERETIILEEEL, BRHATO—JT#AVE~DOHF
IS Sk RGIEME (HHWT) 2 BMICEHAILTz, S5I1C, CFAESH#% 3 BBICZTG IS
E1T5 MeCP2 5LV TRPVL D FEBRE bz R BB RIZAETL -, £L T, CFAESRIC
TRPV1 51 ZET#H S SB36679 ZiR 5L, #ERHIC HHWT ZRIEL 1=,
fBERELUVBTIWild TORIZEWNT, £SERIBKEIHL-TVRELEL CFA ZiE51LT-
TR TIE HHWT A EICE T LTz, Tz, Mecp2” RO RATIE, BVERZHMNEBLTEY,
wild KUEH HHWT BNBEEIZES, S5 CFA JESTITES HHWT IZEEA TR NEHh o1,

CFA X5 3 BB D wild YO RICEWTEEBIBKE IS LTI RELELT MeCP2 £
KU TRPVL Gt #I A REICHEMLTz, — 7, CFA 5T L1= Mecp2 I RIZHIT5
MeCP2 & U TRPVL [GHEMAAIE wild TORKYUBLFEITEA -z, IHIC, CFAZS#% 3 A
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H® wild 9 RIZHLVT SB36679 % 5.1 CFA I 5I2&5 HHWT OB ELZIE T2 HIEI L=,
LLEDZEMNDS, MeCP2 DHRIRLTILMNTC —a—AVIZH T2 TRPVI RIBHRALSIZCEEEL TS
AREMEM RSN,
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TNBS BRERBERBHAIEICH T 5= A{EHMN p38 0V BRIEDHEE

AT ¥, EEKRE D FHEBR Y, sEE—?
VARFEPHERIREEE | B, VEEPEE

[BM)EEERICE VT, FICHREMEEALZVIEIIDHLT, EORFEEFADIEENELET
%o LD, ZEDANZALIZEALTE+RICHENGESNTESY, REALSNTIFAL KBf
RTIE, ABICHRENLGETIEZREITILHS, BRREBBESISECIREFTRYDE
2,4,6-trinitorobennzenne sulfonic acid (TNBS)ZFL\T, TNBS FREHFEEABREET LY
DAZEEL, BREREBABREISNT D= XM (TG) —a—0aVIZEITS
Mitogen-activated Protein Kinase D —2T#5 p38 DU ERIL D& ENZBHLNITHEE BRI
&L=,
[#E B LV AEICS7/BLE EEME<D X (7 BEF)DEHEEIZ TNBS(10mg/ml), FEf=IE vehicle & 1
FrEIZML, FREREAMRBETT IV VAEZERL-, TNBSLER 3 BB LY, XHEE
(Isoflurane) FIZT, BRBETO—TZHAWNTEEICRFIEZEMR, KBk STEME
(Head-withdrawal threshold: HWT) Z#ZBBIIZRIELT =, E6I2, HoMLHEFICHEITHEN —
H—THHIILAAT—LR(FG) 5L, TNBS L& 5 HRICEHRMEY TIZT 4%
paraformaldehyde AWV TEREIER, TG ZHHEL, 15 um D FEVIFEERLT-, TD &,
FG #3234 p38 ISt & S U VB 1E p38 BE & R4 TG —a—R #M D Lk ZREMBFEFH
[ZfEHTLT=,
[(BRBLUEE]ITNBS LE% 5 HE KU 15 H BETEAND BRI X9 50k 8E R 5 B HF (&
BEIZEMELI-. TNBSLE 5 B#R, p38 G HERS TG —a—0O U HIZERITEBDHONLEHI D
f=h, UDBRIE p38 BB ERS TG —a—0O HIFAECE MLz, LEDITEMNS, FE TNBS
WEFDHIEITKH>TERS TG Za—aAVIZHE VT p38 A UEEIEL, Chod TG Za—aY
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THBAET R ICREEL =B (S 9 iR 1E R satellite cell DA

FERE Y EEEEY AHK D sEE—Y
VARKFEFHMERPEE, TERERESE [ BE

[BMIERROBRZICHE VD THEBEREZFRALIBEDZL, BEEBEEELICKRHBREEFRZD
HBENE, ZTOOHBEEMBERHBEOBIALADEENHEHEEZLNTINDL, §#
HMIITBHETHD, 0FE, ZXAHRE (TG) NDEME satellite cell NEEEEEE D EEEFH
FEICE 5T AIEn eI, SRR RICK>TEIEFRIIN D OEEmFEIEMEER satellite
cell "5 T BAIEEMENEZEZONTIND, T, SAEESRICHEAEL-KRHREICXT S TG AE
P8 satellite cell DFEBNERET LIz, [FELFEREFTICTSD REEMESYE (TW) DOSERETHE
L ER(Z Complete Freund’s adjuvant (CFA) ##&5L1-#&, ZEIRIBEAOES) (1Hz, 30 min/day)
ZAT0N, SERAETRET LS VMR 1=, SERRET CFA 12 5%, SEEE A LURHHALE~D
FERIBICx I 5k R ST BMEZ B R MITAIELT-. CFA B 5#%3BBY—EJ37/—% AL,
SHESSIURHHELAMOEEREREREZAL, £, HodrLOFTIEN —H—
FIZERISESIL, BETRST TG —a—0 2 BB D satellite cell 5ETE glial fibrillary acidic protein
(GFAP) RIRZFRIREL, satellite cell DEMELZ REMBLFRIICEET LIz, =512, GFAP R
SE TH S Fluorocitrate (FC) & 3 HfE TG AR 5L, REAETE S VR AR HH B &R~ D ERIBHI =%t
¥ HRERFEMEZEBBITRIEL =,

[(BREIVER]GREH CFA B 5&, SREHSIURFHHELEADERIHIT T 588K
SRAEIIERICIET L. CFAR5#%38E, HEMELMOERRERTEENLFL,
BRI ST TG —2—02 FBE O satellite cell DFHALNRBHONT =, Ff=, FC D TG NIFEIC
FOTHEICHBERFBEDETAMGISNIz, ULEDHERND, SEEHDORIEIZL>TEIE
HIan Tz satellite cell DFHAL DR IRES TG 2 —O DFEMEZTESE, KREHDHEWRE
RBBMA R LI-FIREMEA R SN T,
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Spatiotemporal profiles of nociceptive information processing in the cerebral cortex of a

model of inferior alveolar nerve injury

Hiroko Nakamura, Tetsuo Shirakawa, Noriaki Koshikawa, Masayuki Kobayashi
Department of Phamacology, Nihon University School of Dentistry

Nociception is finally processed in the cerebral cortex including the somatosensory (SS),
cingulate, and insular cortices (IC). The SS is topographically organized and plays a role in
discriminating the peripheral region that receives sensory stimuli. However, it is still an open issue
how the nociception of the molar tooth pulp is processed in the SS. This issue is critical to
understand the mechanism of tooth pain, because patients with tooth pain often claim that they
cannot identify the diseased tooth. To examine the precise regions responding to the electrical
stimulation of the maxillary and mandibular tooth pulp, we performed the optical imaging with a
voltage-sensitive dye. Electrical stimulation of the molar tooth pulp evoked neural excitation in the
rostroventral part of the SS adjacent to the tongue region, and the ventral part of the SS around the
middle cerebral artery. The former and later SS regions are considered to be SI and SII/IC
respectively. The spatial pattern of excitation evoked by upper molar pulp stimulation was changed
in SII/IC of a model of inferior alveolar nerve (IAN) injury: the excitation area corresponding to
the upper molar pulp stimulation was expanded. This expansion of excitation in the SI1I/IC was
recovered within 30 days after IAN transection in an adult model. However, in a neonatal model of
IAN transection, the expansion of excitation evoked by upper molar pulp stimulation did not
recovered to the control level, suggesting that IAN transection in a young age induces irreversible

plastic changes in the SII/IC.
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WEXY RigEZE>Y KABEY 2HEE Y
VAARAKFERZGEEAER E2ERSAORERZS S
IAARKZEZEFIFFHEE A A KL E PR A LT AT A (KRR E R P

[BM)E4E, ESEERETEREEK (acid electrolyzed functional water; FW) DE&ERAICEET 5%
LDBEDGEIN TS, LHL, FW OEMZFMHEES SV ZDERAKFICET|mEILRS
nTHY, INoOBRAIFSSLLERIEAZETI L TRERARELGS>TND, CRETOH
TICkY, HalE, EHERABICENT FW BEET YA 1D OBBENLREFTETo1z&
Z%, EMMPRIN (extracellular matrix metalloproteinase inducer) M4 ihiEi&EmEELT-,
EMMPRIN [Z#iRa5EBE 57 AZE23R (matrix metalloprotease ; MMP) %89 HEF&ELTH
BNTLDA, TOHEEDFFMIIMBBAIN TGN, 22T, HAE, FW IZKYEFEEIND
EMMPRIN D#EEICDWNTHRETT HIEEBRIELT -,
[HiR]ErORR T L REHRFEHRIEHAE (HSC3, Ca9-22) I1ZxLT, FW (pH 2.7, E&LETE
fi 1,100mV LlL, #EEENIEREE 30 ppm, ZHEF) 2ThTh 30 HEERASET
ZMD#, PBS T 3 [E#%:%L, RPMI 1640 (Invitrogen) Z3&A0L, 1, 3,6, 12 BEEEEL-. D
® TNAETNOBE LB IUMRBMERZEYIL, ELISA (AICKY EMMPRIN RIREZ
ELTz, B#IC FW TUIEL-MAEE RPMI 1640 #HiN#k, 05,1, 3,6 BREEELz, TDE,
RNA ZHHL, cDNA Z{E&#%(Z Real-Time PCR [Z&Y EMMPRIN & FHRBELELL -,
[#R]IHSC3 KU Ca9-22 OMMMABIZHLT FW EA% 1 BEITEELESO
EMMPRIN B EDHEEGBMMNAONT-, —7A, MRBHERICENTIE, FW ERETIK
EMMPRIN QB ELBDHAHSNT-, EMMPRIN & FDERRICHELHEE LM o1,
[ER]OREERMIEICENT FW IZKYFEBINE YA IV EY A AU TL—ITEY
FREIZBRITLI=ECS, EMMPRIN ARIIEREINDEN DM of-, AARDRER, FW (FE
EFRFEBREZEHTIC, EELEFDADO EMMPRIN $ibEHEICHEEL, #I(C, MER
@® EMMPRIN ERFFEITEDLIz, COIEF, HERNICEEINT- EMMPRIN A FW @
ERICKYHRMN D EINT-F-DEEZOND, R IE, IL-1o ITDVTHRBRDEREITLY,
HMENICEEINT IL-1a ASFW FIBICIEC TR S MSh DI LERRLTVS, 5%
(X, 5Lz MBEEDAD=X L5 EMMPRIN, IL-1a DEMEBEEIZDWNTERLIZLE
EZTW5,
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—aFUITEB IL-8 ORBIZHTS LPS OFER

KEFREFY AR # 7Lt=mn > EEF— > ZHEE Y

VARKRZRZIRELAEHEZERCAOBRMENT, " AAKRERENRELENERE,
IRARFEF IR ERFER R E L IHERFAR BF‘EI,“)EIZU(?Eﬁ ERIEF R,
VAR KPP IR S AT TR AT AR B SR

[BER]EL, RAGKREDEIELBAREAFDO—DOTHS, —aAFU(EF2/ DB O HTREM
RINTLEIREATHY, ZaF FIBTHREINDIELTFOMBMENTICL->T, ORRFFELR
fEHIRE¥K (OSCC) [Z#I1T5 interleukin-8 (IL-8) MFEMBASMELH>TIND, HE X (FHEE KRR
BORBREICKIVECIRERKEETHY, FILIRMEICHRET S Lipopolysaccharide (LPS) [
IL-8 HEDEEZFEL, REFEESIED, TIT, HARBFICET2EDZELRIHTS
1=, 0SCC Z=aF>& LPS TRIBFIZHIHL IL-8 EEEDELICOVNTHEEILIz, TDHER,
FRICRLTZaFU L LPS OHRIBIE, ZaF BRI, IL-8 DAVNIRBREE LU
BEFREENFEICHD L.

[BM]=0F> & LPS OHFIBIZKY IL-8 EEIHHINDIBRRDAN=XLIZDNTHEEIT S
ZEFHBELE,

[HHBELVAHE]OSCC &LT Ca9-22 MiKAZEFAL V=, IL-8 DAV/INIFKBEELSUIT ACh FEAE
E[E ELISA JRICKYRIELT, MRADREIL P. gingivalis BB LPS ZRAL =,

[#5R]1Ca9-22 ® LPS BMFHMICELY, —aF U BEIRIRELLELTH 2 80D ACh Zi#&HLT-,
—7A,ACh [ZKDEMFIHT IL-8 RIR=(FEEInEh o1,

[FER]1EELUNOMIEN ACh ZHMBICERLIZSIE@HEEIAFBROEFENASNLEST
LV %, F1=, ACh [ LPS RIBIZLYiEMILEIND NFkB ML= T FILGEEZEETSHIED
H|ESN TS, LEDIEMNDFE AL, LPS FIEIZE->T OSCC AT ACh W&ERISHh, Hlkast
ANBEENT-DBIZ, ZaF2 & nAChR ZHTERE T HEITKY, IL-8 EEEMNEADTHELDA
N=XLEBELI. KARDFER, LPS BRI ACh EELZFEL-CLEIDOAREEERE
TE2EDTHofz. SERSBITANZALDERAEFHAT-LNEEZTIVS,
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AR LR EARkiC BT =aF i2k? IL-8 EAFEAI=XA

‘%m@H%ﬁ&ﬁ@%”@%b4“”kaﬁﬁzmlﬁﬁﬁemlﬁﬁmﬁﬁ>
GRS LR R 1Ry B, 2 AR S A 4 I
AT R AT v S S R R AT SR B0, Y B A K Bl R SR R

g SEAIF S T AR AR 5 A Y

RIS, kR % 2RO EE RGN - D — D Th D, =aF L NIF D[Sy O Cheb
FESNTWDIT THY, =aF R CHEINLER T OMRIIENTICE->T, AR L
R AIaAER (OSCC) (28175 interleukin-8 (IL-8) DFEEMNIHSNE/R->TWND, LLEDLH 7
YA HS%, OSCC ITBITD=aF U IThD IL-8 EAFEDL I T VR ERIE O % H
e,

Ca9-22 #HMZ nicotinic acetylcholine receptor (NAChR) 475 E I THH
a-bungarotoxin 33X NF-«xB [HEFHK THS TPCK THIMLEEL, =T THRIFLL 72 5E,
NAChR BX N NF-«B 03B 5- 922 L3N L7057, NF-kB fEA A G T IL-8 Eis 1
O 5’- FEFNERGEIE A HE S, pGL4-basic vector ~ subcloning L reporter plasmid Té 2% wt
BLOY NF-«B #EETLAE R ESET-ERIK (AxB) Z1ERLTZ, vector Z T AT 2/ ay
UTc il = F AFAE T ETIIEAFAE T CENE VR, Vo7 =T =87 vkA
EATOTRER, wt Tl T =7 — IS INLIZDITK L, AkB T IN TR S 41727
o, LEDTZLND, =aF 28D NF-«B OFEMALDS IL-8 PEAF HITHD THETHDLHT
ERBNEI ST,

=aFUNED NF-kB {EMELOREEZ BT 5720, CaMK T BLE S Z W TRESLIZE
25, CaMK T BHEHIT IL-8 PEAZA RIS E T2 E03MbNE/eo72, £2T, CaMK T
I L72 NF-xB p65 Y7 2=v OV B{b ARG 579, Ca9-22 iz CaMK I [H
EACHMLFEL, =aF o CHIELZFE R, CaMK 1T [HESR I > T, NF-«B p65 7 =vh
DY BAL DRI F SN,

ABFROFERND, =2F D nAChR ~DFfEEN Ca®" O AZFHHL, CaMK T OFf
A& NF-xB p65 $7 2=v "DV R{bESIZIL, IL-8 OFEAEZFHEL CNDHIENIHL
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mEpolo, =aF RIS LD IL-8 PEAF T, HERZIICOE LIk A B OFE R L
STWDHEZERLNI,

PS-11

HERARICERL-HEEESEEEEICNT S CXCR4 OBEE

RIS Y, HEKR D, SAER Y, EDHL D, EHEZ Y, £HEF— Y, sHE—?
VARKFEPHERHRERENEE, VEBPHEE

[BM)EE, REURETIIREADEHRT S0, WEBTIEREIETLTLSIZED
MOHLTEANREELLZL, CORRD—DELT, WERDKEERETHS P. gingivalis (P.g.)
DRBERFELTHSTWSHMEERD (Fimbriae) AREMBICHEIRIT 25 ENAUZBHED
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Involvement of phosphorylated Extracellular Signal-regulated Kinase in ascending projection

of trigeminal subnucleus caudalis to thalamus and pons in rats

Hiroto Saito™?, Ayano Katagiri", Nobuhito Gionhaku?, Koichi lwata®
UDepartment of Physiology and 2Complete Denture Prosthodontics,

Nihon University School of Dentistry

There are nociceptive signal pathways from orofacial area to thalamus and pons. At thalamus, one
is Lateral spinothalamic tract project into ventral posteromedial thalamic nucleus (VPM) ascending
to somatosensory area, another is anterior spinothalamic tract project into central medial thalamic
nucleus (CM) ascending to limbic cortex. Limbic cortex also receive nociceptive signal from
orofacial area via parabrachial nucleus (PBN). However, anatomical characteristics in projection
neurons are still unknown. Thus we studied involvement of phosphorylated Extracellular
Signal-regulated Kinase (pERK), one of Mitogen-activated Protein Kinase, and Neurokinin 1
receptor (NK1) in projection neurons by using double-labeled method.

The retrograde tracer fluorogold (FG) injection was delivered into the right side VPM, CM and
PBN. Seven days later, capsaicin was injected into left (ipsilateral) upper lip intradermally.
NKZ1-immunoreactive (IR) neurons and C-fiber stimulation-evoked pERK-IR neurons were
observed at trigeminal interpolaris/caudalis (Vi/\V/c) transition region and superficial laminae of
trigeminal subnucleus caudalis/upper cervical spinal cord (Vc/C1). FG-labeled neurons to VPM or
CM were observed at the other side of FG injection, especially at Vi/Vc. On the other hand
FG-labeled neurons to PBN were observed bilaterally. Most of pERK-IR projection neurons had
NKZ1 expression. Percentage of pERK- and NK1-IR neurons (FG+pERK+NK1/FG) were observed
at middle V¢ in projection neurons to VPM and at middle VVc and C1 in projection neurons to PBN,
however there is no significant differences in projection neurons to CM. There were 8.6% of
pERK- and NK1-IR VPN projection neurons, 5.3% of pERK- and NK1-IR CM projection neurons
and 15.3% of pERK- and NK1-IR PBN projection neurons at middle Vc. These data revealed that

the majority of C-fiber stimulation-evoked MAPK signal ascend via interneurons.
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Oxytocin alleviates orofacial mechanical hypersensitivity associated with infraorbital nerve
injury via vasopressin-1A receptors of the rat trigeminal ganglia

Asako Kubo, Masamichi Shinoda,Koichi Iwata

Department of Physiology, Nihon University School of Dentistry

Oxytocin (OXT) is a neuropeptide hormone synthesized and secreted by hypothalamic neurons, and has
been reported to play a significant role in pain modulation. However, the mechanisms underlying
OXT’s antinociceptive effect on neuropathic pain are not fully understood. In the present study, we
examined the peripheral effect of OXT on mechanical hypersensitivity induced by partial ligation of the
infraorbital nerve (PNL) in rats. Mechanical hypersensitivity in the whisker pad skin following PNL
was attenuated by the direct administration of OXT into the trigeminal ganglion (TG). The proportion
of vasopressin-1A receptor (V1A-R)-immunoreactive (IR), but not OXT-receptor-IR, neurons
significantly increased among TG neurons innervating the whisker pad skin after PNL. In a
patch-clamp recording from TG neurons isolated from PNL rats, the resting membrane potential (RMP)
of OXT-treated neurons was significantly decreased, and the current thresholds of OXT-treated neurons
for spike generation (rheobases) were significantly greater than those of vehicle-treated neurons.
Additionally, OXT increased voltage-gated K+(Kv) channel currents in PNL animals. Furthermore,
intra-TG administration of a selective V1A-R antagonist reversed the OXT-induced alleviation of
mechanical hypersensitivity, and co-application of the antagonist opposed OXT’s effects on the RMP,
rheobase, and K+current. These findings suggest that OXT is effective at suppressing TG neuronal
hyperexcitability following nerve injury, likely by modulation of Kv channels via V1A-R. This
signaling mechanism represents a potential therapeutic target for the treatment of orofacial neuropathic
pain.12
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Pathophysiological mechanisms and a pharmacological approach to regulate hyperexcitation of
the insular cortex induced by injury of the inferior alveolar nerve transection

Masayuki Kobayashi

Department of Pharmacology,Nihon University School of Dentistry

Transection of theinferior alveolar nerve (IANX) induceschronic neuropathic pain in the maxillary
region. Nociceptive information of the orofacial region converges into the somatosensory and insular
cortices (SC/IC), and therefore, the unbalanced sensory inputs caused by IANXmay cause neuroplastic
changes. We demonstratedthat excitatory propagation in SC/IC was facilitated 1-2 weeks after IANX.
In addition, the number of both excitatory and GABAergic neurons responding to molar pulp
stimulation was increased, and the responses of excitatory neurons were prolonged. In IAN-transected
rats, the number of both excitatory and inhibitory neurons responding to molar pulp stimulation
increased and the duration of calcium responses increased in excitatory neurons, though the amplitude
of calcium responses increased in inhibitory neuron. In vitroslice experiment revealed that inhibitory
postsynaptic inputs to layers 1I/111 pyramidal neurons (Pyr) were decreased in IANX models. These
results suggest that IAN transection induces unrecovered changes in the cerebral cortex by changing the
local circuits, which may be an underlying mechanism of referred pain. An agonist of p, but not 6 or «,
opioid receptor depressed IPSCs in fast-spiking GABAergic neuron (FS)->FS, but not FS>Pyr
connections, which results in the suppression of excitation of IC. This finding suggests a possibility of
prevention of orofacial neuropathic pain by popioid receptor agonists.13

134



(Fe=k 2)

EANEE 131075

JOCIORNES S1311021

Os-7

Spatiotemporal profiles of excitation inducedby masseter muscle spindlesstimulationin rat
cerebral cortex

Satoshi Fujita1), Mari Kanekoz), Hiroko Nakamurasyand Masayuki Kobayashiz)

nDepartment of Pharmacology, NihonUniversity School of Dentistry, 2)Department of Orthodontics,
NihonUniversity School of Dentistry, 3) Department of Pediatric Dentistry, Nihon University School of
Dentistry

[Purpose] The masseter nerve conveys proprioceptive information from muscle spindles in the masseter.
Previous studies suggest that proprioceptive information originating in the muscle spindles is processed
in the cerebral cortex. However, the locations and temporal properties of the cortical regions responding
to stimulation of masseter muscle spindles in the rat are unclear. The present study aimed to identify the
regions that process proprioception of muscle spindles in the masseter using in vivo optical imaging
with a voltage-sensitive dye in rats under urethane anesthesia.

[Materials & Methods] Rats were anesthetized with urethane (1.5 g/kg). After a craniotomy to image
the surface of the left insular and surrounding cortices, a voltage-sensitive dye, RH1691 (1 mg/ml), was
applied for 1 hour. Changes in RH1691 fluorescence were measured using the CCD camera system.
The responses to jaw opening and electrical stimulation of the masseter nerve were recorded.

[Results & Conclusion] Jaw opening that was produced by mechanically pulling down the mandible
evoked an optical response in two cortical regions: the most rostroventral part of the primary
somatosensory cortex (S1) and the border between the ventral part of the secondary somatosensory
cortex (S2) and the insular oral region (IOR). The kinetics of the optical signal, including the latency,
amplitude, rise time, decay time, and half duration, in the S1 region were comparable to those in the
S2/10R region. Electrical stimulation of masseter nerve initially excited the rostral part of the S2/IOR
region, which was an adjacent region of initial response to jaw opening. Compared to the area
responding to jaw opening, the region responding to electrical stimulation of masseter nerve expanded
rostrally in a maximum response. These findings suggest that proprioception of the masseter is
processed in S1 and S2/I0OR. Other sensory information, such as nociception, may be processed in a
region that is located in the rostral part of S2/IOR.14
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52, FFILT v MOt LOFAPPLESRTH HFluorocitrate (FC) Z3H BTGNS L, BB B L O
FFE 455~ D JE R 3 2 2Rk i S R 1B A 7% H IS JIE L7,

(RS 53 L OB ER] SABIEICEA 542, BAPHHETIS K OMKHHAR 24 58~ JE I %3~ 2 Wit S BB 13
BEACIK T L7z, CPA% 5% 3 HE, BARIEIE S OB E KGR EEE N EH L, WHEHTC= 2 —a
A Dsatellite cel IOTEMEALDZRD Siviz, F72, FCOTCHNFEIT L - Tkl S S BE DAL N o3
DHBIZALNTZ, U EORERENSG, SHREHIORIEIC L > T & BT o/zsatellite cel IOTEMHEALANIL
TG = = — 1 o OIFEWEZ TUE S, AR IEIAE L7z & D ATREMEDS R S 7z, 15
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TNBSH ¥ & PYR T BT AE (569~ 2 = XA EiNp38D U o iRfb D% &l
AP FELe), MEHHER, HEEE S, MHEHERL, SH3E—)
v A AT R B T [ SR, o B ARK 7l il AR B R e

[E]
BRI W T, FICHENEER RN S0 b o T, FOERMEFRADBENFET D, LrL, £
DATI = AL LTI SRR e S TE LT, REF OGN TRV, RUFFETIE, Mikicasd
MR b 29 2 &7 <, WA 5| & 2 99&R B B W E 2,4,6-trinitorobennzenne sulfonic
acid (TNBS)% fi\ C, TNBS#H% HAVE RIABIIETT L~ A2 {ER L, 5ER R IBECRE I35
5D =XAERE (TG) = =—n IZE1) 5 Mitogen-activated Protein Kinase®—-2>T& 5p38D 1 iz
IbOEENZH LN T 52 &2 BRE L,

[#ELE L O E]
C57/BL6MENE~ 7 A (T3 ) O 5 IZTNBS(10mg/ml), & 7= (vehicleZ 1RFHSAG L, & EVE LIRSS
JEET N~ AZER L7, TNBSALE®3H B L0, EHKE: Isoflurane) TIZ T, BVl v —7 % H
WCESICEL 2 00 2., YRR 3 B i (Head-withdrawal threshold: HWT) % #% H#ICHlE L=, &
52, HOEMLDTFICHITE RN L —Y—ThHb 74 T— L K (FG) &5 L, TNBSALESH %I
LRI T 12 T4% paraformaldehyde s W CHEVEEEH, TGZHMMH L, 15 pmDOEREGI A ZFR L
7zo D%, FGIEkp38ittis LY U Wefbp38Gtt T TG = = — 1 D2k & Stk b
W gt U7z

[#ERBLOBE
TNBSALE®%SH H LV 15H H £ TEH~OBRIHI 53 2 JEbE S ST IRF I3 A I B L7, TNBSALES
H1#%, p38tEEHHTG= o — o VB ZBITERD HivZen o> 7228, U VB bp3SEHItE HHHTG= =
— o CEITA IS L T,
UEDZ Lnd, HETNBSLET 2 Z LICE > THERRATG=2— 1 2B\ Tp38 U kL, Z
NHDOTG=2—n AEENTTET 5 2 LIC L - CHRICAYER IR FIET D TR R S L7, 16
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7 v MEREET VICET D EEBEYRESEE . = Y oS
HNAEZ L, EHEMER, KE, RKEKL ), KEEZy, AHFE—)
0 HARK B A B PR B, ) B ARl 7 A PR s e

5] D R R e EOBRIERDIE LA LRI ERZ N, LI L, ZORAT=X A
ERATH D, AllElbivboiud, WIHE RO RMEELRE NSN3 3 2 Endothelind B 5- 12>V TRt L
77

(b1 - 5Bl 7 v MHSkRR- EEE (SCC) Milaz AWCEET v METVEER L, xtBREEE LT
PBSZ #:ff L 7=, MEEOHMERFMZLDEIE L L Thematoxylin-eosin(HE) e (4 %17~ 7=, HKIZX 4%
B2 7% U 7= R IS, SRR 24350 (SR 6 L OB & - 2 & IR 35 1 2 RksBE R i O fig it
ZAT o 1=, 552 SCCHINUIZ 35\ » TEndothelin A (ET-A) receptor D 1FAE Z kL B T - T2, E 51T,
SCCHEFEREIZH5\ T ~ET-A receptor antagonist & 7= (3 1 -opioid receptor antagonist® £ffe 5% 5- 2171,
HEIBE S BRAE D 2 DFRNT 24T > 7=, SCCHEREREFS K Uk B o0 = AP IZ 31T % 1 -opioid
receptor DIFIE % AL ZACHRB L, & 52 = X% Eh u -opioid receptor % > /X7 B DAL %
western-blot/A (2 CER L7z, F£72, SCCERERER L O AED T+ @ B -endorphinzis L OY, ET-A
receptor antagonist D FFFE#E 5-12 L W B -endorphin® &3 2895 /&2 ELISAIEIC CTERE L=,

[R5 3R] & oMMk TR & LTix, SCCHal®, RIFAYICIEEG DO R ZFR 0Tz, H DB %7
% WRRE SO B X SCCHERRRE 33 K ORI IS B LI A S V72 D o T A%, BRI b3~ 2 alE S A
EDZEANIZ, SCCHEFERETIIXIIREE & ik L6 A H LAREEERIE DR T 233 Z 0 1L U, 11 BIZAE
REMEOIK T 2B 7, §5#ESCCHAIZ BV TET-A receptor O fF7E A RS S 417z, ET-A receptor
antagonist = 72 1% 1 -opioid receptor antagonist D FFfEAY#E 5-1Z & U SCCHEA#T%6, 14H HIZd\W\ T, HEER
FEMENARICTIRT L7, SCCHAEREIS L U RRE & &1 = SCHRREINIZ IS8T % 1 -opioid receptor DA
B HEINERE D bz o T-, TSRS B -endorphind Bl XSCCEEFET6, 14H HIZB W TAHREIZIML,
ET-A receptor antagonist® £ 5-12 £ 0 B -endorphind H/11 2 Hsfi| L 7=,

(K] UL EofERE Y, HEOYIIREIELTR O IZIXET-A receptords L U u -opioid receptord < 27
TN aIr LT =it i = 2 — o OBEMZMH L T\ D Z emme s, 17
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= X ARRARITAC & D = AR T T ST D = SRR ET N R SR A O 4
INRBET, EHER, EHSE—

H AR K 5 b 0 A B R

TEAY) = SRR 138 < B9 X 5 7 IR N R0 C, REEORRR B EOITEMN N H—L7ed, Bl
{ETrigeminal root entry zone (TREZ) OBREIZ LV RBIET H EEZX LN TWAHA, FEMARIREIIARIZH S
TRV, ZHVE TIZ BB OIS X 5 = X T 7 L& VT < OBFERA THhIi T
D0, FEERO =XIRIR L TR D NS EXMRIFET L E LTHY TH D L IFEWEV, 4lF
BA T =SAPRET & TREZ & O OMR AN EB AN X, FEREO =X L 7B E 7 L OfE
AR T, S BITFTET /VITIAET 2 B Fh B s T 2P2XeZ Bk L~ m 77—

D 2 RET L,

(D595 SDHEMEZ ~ b (Tili) OEETEBICERIMMO R & i TH T ABEFHA L, = X4ApfkEi & TREZ
& DORIOMRERZ [l Lz, JE J—Lfﬁ Dﬁfé% (TR, s DOV 2 N 2 kaBE S BRI 4 0% B AL
E LTz, 2, HOUOORMBICHITH N L —Y—(FG) &5 L7=0b, FiHkl4H BIZ =Xk
Bi(TG) = L7z, TGIZRIT D FGF‘*%]aPZXa Z AR K ONbal(macrophage marker) 5 i
BOEAZ PR RN LTz, & BIT, A~ DP2XeSe A RFEHUIEE 512 I 2 BRI 2 x4
% TRIRE R S BRI D 25 b % b L7,

%*S'EJ JEE#% 148 B, DEE~OBEMORITIT 33 2 JEbE R BB I3 A SR T Lz, #ds L ORIl

TR 2 RBESCI B I BIX R S e o 7o, R EBMAITGIZE W T, FGIEMRP2Xs= BIRG TG
= 2 — 1 U X QNbal BPEHIARE S A IS Lz, & 512, HEE~DP2XeSZ BRI E 512 X
n }j—:Lﬁé DR T?‘%HLE BESC BRE O T XA E ISR S iz,

am) = SCMRREEIC & 0 IAET 2 AR O MR m Y, AR RHAP2XZ ARG MHETC = = —

SIVE 'S SHN UTGP‘?macrophageiﬁI@i%‘jJDZ’)) BT 5 rlaeEnrS vz, 18
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CXCR4 7"V iZPorphyromonasgingivalisiZ & - CTiEE & 5 ~ 7 A i 8 95 OO = & e i i I
WZB59 %

FUEF5FNy, MEHHER), $aARZERSy, LMLy, EEE .2y, EEH )y, AHE—2)

) A AR P B TS MG, 2 B A K Pl 7 A B i e

B JE 9 Vo SRR DR & A E ORI A D 23, WMAZ D TICEIT T 2, LnL, REEAR<E
TT20NIAHATH DL, AETIEI~vI 07 7 —VIZRET L7 EDA 541K : CXC chemokine
receptor 4 (CXCR4) |23 H L, Porphyromonas gingivalis (P.g.) (2 X » CT&EE S5 thERICB W T,
CXCR4 ZA 9 % 3 7 F IAREDS o JE AR O BB 71 £ D & 9 12B5-3 2 et Lz,

FEBRIZIRT i, KEMEDCETBLI6 ~ ¥ X Z& Vo, A5 L7858 ) PRIZ5-0 #85% & 5 %5 (ligation :
L) LP.g. Z#EME(P.g-L A&E), E7i3AM LS HEBRERNICR YT 7ar br—L e LT
Complete freund’s adjuvant (CFA) % 1E5F U7z, ¥BRIFE T CAAI - SHES — F s Jqal g P LB ORI 2 5- 2.,
WEE S B BEIE 2 7% B AOICHNE LU7e, Z OfE R, CFA ALE|ISham & bl U CA BB E U BB AN T
L7273, Sham &P.g.-L ALERE & ORI ZEITRD DL o7, & HITP.g.-L AE%, A1 RS —Hh
JEARI B P I CXCRA I FnfufA 2 difoe s G- U, BRI 33 2 Wl S S BAE D2 b & gt L7z, & Dl
2, CXCR4 Wfnfuik ok 5-%2 A BTSN BIES GBI T Lz, £ 2T, sk 5%
2 A BTSRRI 217 9 & & bIZ, BIRBIEOHFEIE ST 5 — (b =R (NO) DA REZH
E LTz, ZOfER, CXCR4 HfnfiiA# 5:%2 H HIZCXCR4 Bk~ 27 v 7 7 — U8 ENO DFEABENAE
BICHIN L=, &IZ,NO OFEE TH B L-arginine Znaive ~ 7 A DO FFARICE RS L, vehicle &5
& Hel: U CHBBE U BIE DR T 232 B 2 IS 2 et L 76 2R, L-arginine ¢ 5-120.5~1 KRFfEIZ bk
BN BEI A EIIR T L,

UEORERKEY, ~ 7 AEEARICENT, @WEMECRE L~ e 7 7 —2ICB1F5,Pg. I2XD
CXCR4Y 7 VDL, NO Ok ZBLET 5 Z & T, hAROEFEETICE S35 Z EARER
7219
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W AR B U 7 i R T AR IE oD HR XA R AR i B
PEMRET Ry, 15 /KEE Ty, BHHER), DR ESIHNY, A H3E—)
0 AARK M5 b BHMRAT 258 WA, o H AR 7 AR B

(W72 B 1] EERE-CHEB ETELC & 0 S IR MR A RIE T2 &, BEm MR 721 C 7 < <ot R AR 1
B A RS DIERNCE BT D 2 LD DD, T OFRIEICE DA L IR S8 %<
FRENTND, £ 2 CARIFSEE, BIHRIC LK - Tl & 2 S 2 sl iR EIE I 31T 2 HHXEERE o
—In AT 5 Z LA BEBE Lz, [BPBHROUFIE] SDREENET » B (Tw) DA RIS 4 #5783 2 B
RPN I TRIBRI T C AR EEAR 2 F A\ LT, & D&M I3 KU (10 mA, 200 ps, 30 min/day) % 5-2. 5 Z &
2 XV BIAEE B & Z L ORRET V(MMC)ZERL L 72, RIET VT v b ORI ~ERIEE 5 %,
WRIRE S G RAIE A A% H I REER L 7o, RINEBRAAH 14 H BIZ2% A Y 7 VT VI FCET VT > R ORI
LB R~ YA R L, KA EE B OE ARk LT, S HIT, XA
Bl B A% N C D Astrocyte D TE IR RE 2 0 ARk L PR IEAT L 7=, E 72, TEMEAstrocyte ND 7 L4 X A
Pl 35 2 5 LA L2 B2 4 5 MSO(methionine sulfoximine) - ZE§H 1214 H EFRGe i G- L, % DEEZ 7=,

S ] Wfh O JERERRAINE Z6f 3 2 WKBE S 4 B i1,  ShamBEIZ bl L CMMCREICB W C3H BN DA
BTN AR LTz, E72, 148 M ORI O YESA S-S AiTEENE, Sham#fIZ b L TMMCEEIC
BWTEGZ 2B THEREMEZ R LT, 215 OELIIMSOD R 512 L 0 il < i, [F14H
HIZ, MMCHEIZ 380 C = AR BE IR AZ AU HAZ (Ve) T O F & 7e Astrocyte D FE BN AR BTz, [B
LZR O] DLEDZ & X0, B ORI E RN X o T, B ISR A iK% O i 0O 37 i
BRRIEST D Z ENBA LN o7z, £72, MMCEEOVCIZIW TAstrocyte DR B R 50, 6
IZMSO D¢ 517 L 0 Wil i i & OV R T M DI N Z o 72 2 & b, AR ET VT
MZIUWTELE S 5 MR BB E IS IRVl T Bl 5 Astrocyte X N2 D 7 v & I VB RAS B 59
5 AREMEA R &2, 20
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Activation of TRPV1 and TRPAL via peripheral mGluR5signaling contributes to thermal and
mechanical hypersensitivity

Kuniya Hondaz1,2),Masamichi Shinodaz), Koichi Iwataz)

nDepartment of Physiology,2)Department of Oral and Maxillofacial Surgery, Nihon University School
ofDentistry

Peripheral tissue inflammation or injury causes glutamate release from nociceptive axons, keratinocytes
and Schwann cells, resulting in thermal hypersensitivity. However, the detailed molecular mechanisms
underlying glutamate-induced thermal hypersensitivity are unknown. The aim of this study was to
clarify the involvement of peripheral transient receptorpotential (TRP) glutamate-induced pain
hypersensitivity.

The amount of glutamate in the facial tissue was significantly increased 3 days after facial CFA
injection. The head-withdrawal reflex threshold to heat, cold or mechanical stimulation were
significantly decreased on day 7 after continuous glutamate or metabotropic glutamate receptor 5
(mGIuRS5) agonist (CHPG) injection into the facial skin compared to vehicle-injected rats, and the
decreased head-withdrawal reflex threshold was significantly recovered by mGIuR5 antagonist MTEP,
TRPAL antagonist HC-inhibitor administration into the facial skin. TRPV1 and TRPAL were expressed
in mGIluR5-immunoreactive (IR) trigeminal ganglion (TG) neurons innervating the facial skin, and
MGIUR5-IR neurons expressed PKC(1. PKC[ phosphorylation in TG was significantly enhanced
following glutamate injection into the facial skin. Moreover, neuronal activity of TG neurons was
significantly increased following facial glutamate treatment.

The present findings suggest that activation of TRPAL and/or TRPV1 through mGIuR5 signaling via
PKC[IJis involved in facial thermal and mechanical hypersensitivity.21
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B R R % 5 B R R R BE SR eI 2 O T MR O AT REE

FErE, WERAEE, SAAKIE), BT Ay, HEN&Zs, Sy, B KRRY,
s, HEFH—e, ANHEHEHD

» HARRZ RS PR Fe R o 2 B0 F 0 R RM 05 B8, o H AR K St 230 o R G I e

o) AR 5 K2R 22 o R AR IESE, o B AN K2 R ) 25 1 TRk,

5 HARKF M58, o B ARKFH TR PR TR MR, o5 PReR Tt 7 O e 7 e

[ B )3T, HE IR E) S 725 77— 27 2 ER T & L THER SN DI RIEMNIRBTH D,
Z 9 LI RIEMER BT x LT, MEEREHIANIC X 2 MBRTEIE O TRENE 2 MiGt9 5 72012, ABFZEIcEB
T U AREERARFRERERET V2 AV TR Lo THRET 5,

[F4 8k L OJ5iE] Co7BL/GHENM:~ 7 A (8 Hn) o LZAS —FIth O AEIZS-0/R I TR ZITV, ~
U AWERET NN LT, F7-, [FRO~ 7 Z(@HE) KIRE OB i) D LR 25 g 3
WM 2R L, FrooERIC LB M E 72D & TH e - B S W72, AR AiE 27 B s
Ttk B M O AN EAZE R FEDI & O CHERI AR 217\, A5 2R 123 A H O~ o A ZE I 3T U0 o AL
ST G- Uz, *HPREEIE, [RIEBICPBSO a2 $eh L-fE L Lz, Mifa 5441, 3, 5HIZ~A 7 aCTHx
WEATO, MERZT o725 W E O G % & O 75— F DR 2> 5 55 = F iz DR £ ¢4 B0
fElk & U TR E A HIE L7, M 30T DAk &= DA EZOHEIZIE, Wilcoxon signed-rank test
ATV, PO.0SEAE & Lo, 610, M5 %OREEZ X770 8L L, ~~bhFv o -
T AT Y m TR ARl A 4T o 7

[RE 538 L OB ER] £ 5 1R R4 (2 Dl CHERR S AU 72 MR I A4S 2530 0 25 — FI s r O3 kol AN Bl E S
oo FTlo, ~A 7 aCTHIEN D, SHREETIE R5EEE — Fig OU MR E L O OAR IZ IR R 4/5F2 Ot
BRINABEE ST DI L, FEEREEOUT DR IL AR & 1/5FE O di il B I AMBLEE S e, MRk 72
B D, FEEETIE, Bt X O FIl Ot R0t 1238 W) TR & TR SN 22 &
A2y, EBRBEO R FRICIX, 5 HET DR ORI E OABRE O RGN B S, Zib D8
3 O TR I3 B e Al B RN 3 I S 2 & AVRIB ST,

[FEim] DL EOFERNG, WERIZIWT, MR 2 & Tod S E i O #2523 o J8 28 DR HR L
ELTHEMTLS LRz, 22
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7 v MR HIAE 2 B\ 7o R AR

PR KRB, FKH K, HFOoEdy, s, BiEHh, BIEERRR, #Frail,

VElE T —s, ARHER

0 A AR R e A F0 R o 7 BB F R R0 B, o) F AR 30 ol AR 7 28 T i JEe,

5 A AR R M F R PR TR, o H AR, 5 B A K o7 o R AT 56 LR,

6) B2 1B K 1 e i i S e

[ B BIEIT T2l EISNEFFATIL KR 7B R8O, AR O/ 5 KBICHEIS R 5TV D,
UL Lirde, MIEERSMIaZ W28 LOEAERERR A DI, ZOREMENSHIfF STV D, KT
AR 2> D BRI U 7- IRIARIRRIE, ARIIZHMET 5 2 & TH— 225k L 0% biE 1 2 b SRk
NENG M (DFATAHIIE) & 725, DFATHIRIZMAE T AENEM e E2 M2 5 2 L0 b2 RE R EE~DIR
BRI E LTAERREEEZLONT WD, 4El, DFATHIRERAEIC X 5 i JEHLE AR o /TR rE 2 a4
LIz, 7 v MEEMEKIEET LV E RO TR LIZO THRET 5,

[BrELE L] 7 v FETRENI NG, BESRALERIC CIEMIIa 28R L, KRR ZLAMITS> 2 & T,
DFATHENE 2157, GCHIFZE M scaffold (KFL=R80%-PLGA) Z AL L. ZHICHIFE# 1AKIS L 7-DFATHE
faZz#&FE L7z, WIC, T v N ESE AW O ERN Z OB RBEL . e R L O 2 o NE A HIBR .
AR LB Lo, B LW T v M ESTIRREE U7z, SRR A ORI 2 FIaT. B1%
BILOBMEEBEOEE, ~4 7 aCTEEGEMERK Y 7 & AW T Lz, B4 % oREHZ SV,
~v MR e F DY T Y A TR RIS R L 72,

[FER & EBLR] ~A 7 aCTHENT G, FEBRFE O AR JE A OBEAAIX, 238 IC IV TR D35y D2F2
FEE T, R4 CIXIER 2R B THOALEICE - 7o, BRI, %38 & 4RIV TRIBREDK2
G Chote, Fio, MMFEMIITHEME, B2 M, BLOWRKOFAENBLZ SN, L<ZTY
VYD AR 2 T — 7 UBHEOHBANEAE L' A v NEB X O IR DT,

[F&5m | DFATHIIE 2 8 FE L /- IR 2 Bl 2 2 & CL W AMMB O T AENMEE S5 Z LRI SR D,
23
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& 1E 7 0B far L g AR AR R o3 2 R BB AR I D IS B A R S 5
WEFER . TEARMEY, IREZ

by B AR Mo B IE A, o H AR RSB o e

[BEM] BEREICLDHEOBEINIHE D AL, BIEREFICE ORBENFZ D RNREETH DN,
ZD AT = XL DWTHEIRBAR RN L, Fox 13T FHINEZ W TIFZE T, FIE/1ZAfM L TLH
A AR - D RN B RRISE S BRI R T2 Z L 2 6c L, Lo, FBIESIC X
ST, KRIE BRI X OMRAII L~V CTHE U D A LII AR CTH D, £ 2 TRIFE T
T b BEASEE 2 O TR MR Oinvivo L T A s f A=V T EATY, ARSI
X925 KM EATRRHIBR D JSBEVEIZ O W TRRETT 2 & & biC, BIENZAR LT V#mE HW T,
FGIEIINZ & 2 RIN BB SR Tk B~ D 528 & f L7z,

(] RIEBRTIE, BUEM: & IR MR 2 XR3 2720, IfilE= 2 —1 iCVenusZ HEL S &
72VGAT-Venus7 ~ ~ & L 7=, Closed coil spring (Tomy#t:8) (2 XV EEEAEE— Mt & B2t
%@m L, H#IZ50 gDEIE ) 2 Aff L7 BT VEW 2 FR U Tc, BREE 2 EAK0.5mpBIAR L, E5HHA

AR 0D SR BR B 597 2 R BB AR B 46 KON 12 OGB-488 & SR-1014 Fifif L, %A
J[ivilk F O TFHASEHEAREO BSOS T b e A A=V T hATo02, Fi2,
1EF A % O AR 69~ 2 I E OB b 2 HHREE & Hhi U, & DRz gt L7z,

(K5 R] BIENAMLAZROET VEM CTIE, SHHREE S Ml U C RBAE o s AR MR U S8 2 B 4
B LOWHIEMRIEOEIS N & HITHM L, 2O KBRS IZH R Uiz, £ 7o kHIREE & ik L C,

N PR R AR TR B S D R O EI S AN B IS HE N L T,
(B2 L O] DL EORERN S, FFHANE TBIEE L CWE R IE N ARTIZ K D KINECE A REE) O
JUELE, B MRS OIS EARRSHAL OTE BV EEAL OBHEE M INT 5 Z L IT K - TA U L Al mie &
Nz, EHITHEIENARIC KL - T, BRBERIIZ R 5 KRR EMRRISE O RTEMIC RN E T, 2R
BRPERT D ENWLNE T, 24
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B AR BRI 2 2 R B B AR B B 45 L ONES REL 0D s 2 A
ST FH ., HEEM, JEAMEE) . IREZ

by B AR Mo B IE A, o H AR RS

[BE8] Frx i, WREOBXALIC L D2ERERPEEEETE S LOBRE TR INDZ &, &6
(ZHEIE T 3 B AR BT IRE D KM B 2 35 1T D ARG N AT T RBICOWTH G L T&E 2, L,
AR O MEARAIIL I X9 D KM DISE DWW TIARH IR SR, £ 2 TARIFETIE, 7 v hok
TH A P AR B A AORIT & 5 2 C ORI E T, T A U 2 ARG Eh o0 IRp 22 [ O ReME 25, S KUK & B )i
L R LTz,

[FUBHS L OVHE] FEBRIZIZSDZ » b (6 - 8lln) ZfEH L=, o L& kR IS CAM RS ek
IR AR 2R U, (R o S IS AE SR 2 8 S AT T EE LTe, AMEEE 2B L, AR s IO
SRR B S, BEMES YA ERHLI691 2 A L CRUE R & Juth Lo, RO MBORIIL,
R SIS EE LR A BR T — X — THES| LT T o 7o, R OBBRII I 395 KM
EAPRIEENE, ERBEAMBIICCCD A A 7 2 H5# L7 it o A7 A2 HWTRigk Lz, & 612, BV
b (25mglkg) 7 v MEEBICE FIES U, BRI SR T 2 I8 B D22 B 6 M2 LT,
(K533 L OB L] B3 kAR O FESRITMI T 6h - 2 RIMBCE OIS, IR EF I L OV 2
'E (S2/IOR) 2, —J5 ERAFM I3 2860 1L, —RIEMERGEER (S1) [ZISENRRO b, £
WZAHRE U CRESFNIC X 26 L 0 5 RMOS2ITISEN T Hivle, F oM oR e LT, fliK
TR HISEN A DI, ZOREITERGIFMAZIERTHICONTAHEICHE K L, bHIT,
interstimulus interval % ZE59~ % (Z->h Cpaired-pulse ratio IZH K L7z, MZ T, T b RE FEEICX
2 TS2/IORDIGZEME N FEINTIA Lz, T b ORERIT, BB BRI & ik L TSLiZ L K&
RIGEEBIEE T2 L, SOIREZHEHROMIEITIIS2IORNIEL B35 2 L 2R+ 5, 25
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Orexin facilitates GABAergic inhibitory synaptic transmission in the rat insular cortex

Midori Usui1,2), Eiko Yokotai,2), Yoshiyuki Oi1), Masayuki Kobayashiz)

nDepartment of Anesthesiology,2)Department of Pharmacology, Nihon University School ofDentistry

[Purpose] The orexin is a peptide regulating wakefulness and appetite. Recent studies have
demonstrated suppressive effects of orexin on nociception. The insular cortex (IC) is an important
region to process nociception, and IC expresses both orexinergic receptor 1 (OX1) and 2 (OX2) and
receives dense orexinergic inputs. Therefore, orexin possibly regulates IC activities, which may
contribute to suppress nociception. However, it remains unknown how cortical orexinergic receptors
modulate synaptic transmission.

[ Material & method] In the present study, we performed paired whole-cell patch-clamp recordings
from fast-spiking cells (FS) and pyramidal cells (Pyr) in IC, and examined the effects of orexinergic
ligands on unitary inhibitory postsynaptic currents (ulPSCs) in from FS to Pyr connections.

[Result & conclusion] Application of 100 nM orexin A or orexin B enhanced the amplitude of ulPSCs
in from FS to Pyr connections without changing paired-pulse ratio. On the other hand, application of 1
uM [Alal 1, D-Leul5]-orexin B, a selective OX2agonist, did not enhance the amplitude of ulPSCs.
OX1 has more preference to bind to orexin A rather than to orexin B, whereas OX2 comparably binds
to orexin A and orexin B. Therefore, next, we examined the effects of OX1 and OX2 selective
antagonists on the orexin-induced facilitation of ulPSCs to examine which orexinergic receptors play a
major role in facilitating ulPSCs. Pre-application of SB334867, an OX1 antagonist diminished the
orexin A/B-induced facilitation of ulPSCs. However, Pre-application of TCS-OX2-29, an OX2
antagonist, had little effect on the orexin A-induced facilitation of ulPSCs. These results suggest that
OX1 is more likely to contribute facilitation of ulPSCs, and this facilitation of inhibitory transmission
in IC may reduce IC excitation. As a result, orexin may suppress nociception.
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Plenary Lecture 1 -KSFeHenGHF-

Recent findings on the ultrastructural basis for the processing of orofacial sensory information
Yong Chul Bae

Department of Anatomy and Neurobiology, School of Dentistry, Kyungpook National University

I would like to present, in this seminar, our recent ultrastructural findings on the processing of
craniofacial sensory information. Recently, we found that 1) P2X3 is also expressed in the brainstem
astrocytes, preferentially in their fine processes as well as in primary nociceptive neurons, 2) the
number of P2X3-positive fine astrocytic processes and the expression of P2X3 ins these processes are
increased significantly in CCI-ION rats, compared to control rats, and 3) administration of MPEP, a
specific mGIuRS5 antagonist, alleviated the mechanical allodynia and abolished the increase in P2X3
expression in fine astrocytic processes caused by CCI-ION. These findings reveal preferential
expression of P2X3 in the fine astrocytic processes in the brainstem, propose a novel role of P2X3 in the
fine astrocytic process in the mechanism of craniofacial neuropathic pain

Parvalbumin (PV), calretinin (CR), calbindin D-28k (CB), stage specific embryonic antigen-4 (SSEA4),
and phosphorylated neurofilament 200 (pNF200) have been commonly used as markers for primary
afferent neurons which are associated with large myelinated fibers. We examined type of fiber in which
they are expressed by EM immunohistochemistry. PV, CR, CB and SSEA4 were expressed in small as
well as in large myelinated fibers, but rarely in unmyelinated fibers, suggesting that they are expressed
in both nociceptive and mechanoreceptive neurons, and can be used as specific markers for primary
sensory neurons with myelinated fibers. However, pNF200 were expressed in all types of fibers,
suggesting that NF200 is not a specific marker for primary afferent neurons with myelinated fibers.
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Plenary Lecture 1II

Sex differences in the response to lacrimal gland excision-induced dry eye

lan D. Meng

Center for Excellecnce in the Neurosciences, University of New England, USA

Dry eye disease (DED), caused by insufficient production or quality of tears, leads to persistent corneal
pain and altered properties of corneal afferent neurons. The prevalence of DED is 1.5-2 times greater in
women than men, yet a direct comparison of dry eye symptoms in male and female animal models of
dry eye has never been performed. Using lacrimal gland excision to produce dry eye in male and female
mice, tear levels, corneal epithelial cell damage, nerve morphology, ATF3 expression in the trigeminal
ganglion, and corneal sensitivity was examined. Several sex differences were found in the response to
dry eye. In female mice, lacrimal gland excision produced greater damage to the cornea, including
increased corneal epithelial cell apoptosis, when compared to male mice. Consistent with this finding,
female mice with dry eye also demonstrated greater nociceptive responses compared to males. However,
comparable increases in ATF3 expression was found in the trigeminal ganglion of both the male and
female animals. Examination of corneal nerves after LGE revealed a similar reduction in the subbasal
nerve and in nerve terminal density in male and female mice. Preliminary data indicates that at least
some of the sex differences may be due to a greater capacity of male mice to better compensate for the
loss of lacrimal gland secretions. Overall, these results indicate a sex-specific difference in response to
aqueous tear deficiency produced by lacrimal gland excision, with female animals displaying greater
corneal epithelial cell damage and nociception.

154



(Fe=k 2)

EANEE 131075
Oz HrEE S1311021

Oral Session

0s-1

bt NPSHIA 2RI L 7o R AR AR

FifEthe, DM Lse, [fESs), BEHMERKs), A HE—s), B)IFEKAR, ASHHERY

OB VPR b S 1 AR SR, o) H AR S B R S B IR A,

o) H AR RGP A AR BRI, o B AR P PR PR NGEE, 5 B AR T 870

R RHR G 2B DR ECHEE Ty =2 U SRR G5 2 L s B LT KRR
HAECBT Y20 VHEBEOGIMERRE SN TS, LvL, a2V Hila S5 20 TEs
TRARRSHERR DEREL & KBS NAMETHY . HED Y 2 U VHIBMBICIIRBA RN H 5, £, 2T
AR TR SR IC SRS %, £ 2 CEREMEEIIL CH HiPSHIRRIZAE B L, iPSHIfE)S O FFE S -4k
PREEMRG 2 ARAH AR RAREH I S 2 2 & CRORHRE D [BI1E & iR A~ M2 MG L7 D Tl
HT 5,

Bajpai > O HiEZ A L, B NPSHIIE(253G1) Z ARG ~FFE Uz, 58 X7 e Cramp i m
i~ — 71 —@p75nTR, Nestin, 35 L NAP2-a3B5tE, ESHlild~ — 5 — DSSEA-4ANZETH 7=, £ L T,
THEEHEYESD Z » b O T HAERRRIC R 4 mmO RIBERAAER L, 2 Z ISR EEMIAL 2 R Fl U 7o 22 v
REHMAT LIBMEREIT o7, 2 ba—/L Tk, 7 bOv o U U Mlilads I OB ERE SRR 2
Wz, B, B~ ORERORITIT 3 2 JEE RS B fE 2 8% B ICHIE L, Bi14 8 BIZfHAEH
RERREWE) R DS R LIRS 21T o T2, T OFER, B3 H BICHRIEMIBER T T B~
R e 2 YRR S BB MK T U, BAi14 B B OFRE CHIKNERICHIR O FA 2B 72, ik
LA RE O R P AT Clix, B R by R U 78 X OS-100812 Lo filin 2 B 7=,
Flo, =a—n 7 7 A P00 MERRHERO T, MREEIIRRERE & 2 b e — VB L ICHEE AT R
277,

LR G, b MPSHIIEA GF5E L 72 RS IR AR C AR L. 815 L 7o RAEHR O sz i
EEFEL, EEERORIEICAHTH S L Eh,

155



(Fe=k 2)

EANEE 131075

Oz HrEE S1311021

0sSs-2

B I &7 L~ 7 R E 1T D & HlEds C Dalarmingy 1 O3 BLZE AL

TRIBIRRAC, JREFIE

H AR 5 Bl 7003 R e

AlarminZy 1%, FIROBEICEE L T, BEZBME LEERIELFRET 57201, MlgsMcBEDE)
M= fEREHIR I 2 0 B D HBE 2 5 D . HMGBL1CIL-lo/2 EN BT\ 5, £ 2 C, Bz EAICk
K9~ 2 fAEsEIZ Halarmin 2B 5-92 O Tl 720 & 35 2 I ZEIZ 881 Dalarmin DEEREIZ DWW THRFT
L2 & & LT,

ZAVE TOMIT, MEZEET VB DR HGEHaIZHB T 2 E I OWTHRE LT 2 A, i~ A7 1
7'V T HIROIREZA L, ZHUCRERE L T FlEas 12381 HHMGBLG MR 3 N4~ 2 2 & 3o
720 T HIEIC 31T D HMGBLES MM O BN I Td v | SRR PR ST Of5 . Z1ZCD68
D~ ma 77— ThDH I ENHLNE R ST,

% Z T, FH LWHMGBLGEMIE OB NBS B il & A B Liggtd o2 L& Lie, —FH, 2
A7 VAT~ A7 a7 ) THEOIEEMHEIF E LTHONED, 2 /A7) o BREICK DT
DOHMGBLG MR D2 DWW TIRET L 72,

EEMEET T, FOREBIRZ 300 IFEE T2 2 & THMESEET L~ U A2 {ERL U7, #EER & fRhR L
e, RIGxa#EE L, iiitkl, 3. 5. 7THHIZ, #EWMEEZITV, & Ml2 fig i U7z,

RT T 4 U B X OO A & ER L HTHMGBLE A X OBilbal Pk & F\ Coag kAL 2 L 2 fig
Braito, BBtEfiatkz o> b Lz, 273427 U U 3ERG5EECIIHMGBLE X ONbal BG4l ia Sl
FEHBCHM L, #EE%5H B Tl EBHE, JEia, JERME Rty —2 2R L, £72, &
PR Y OFER, HMGBLEG MR IXCD68iEZ /R L, ~2/ a7 7 —YThDH Z E -7z, Z Ok
RapE 2, WERATH, MB. 3E%ICI /A 27U (50mglkg) ZMEMENEE L. RIERICIMEZEL %
VERL L 72, 175 B B PIEIZ 381 2 HMGBL K ONbal i Db 2 822 L=, T DfE%R, I /W
A7V IR GRECIHER LT, MR & b B3 A B L,

YL EORERN G MlEIZ 3T 2HMGBLIs L WlbalfstEfilaiL, MEMZSA B4 e —2 & LT 5%
ZhFh YAV REICL DA 7 a7 ) T OIEEIR TSV, BIERRESE B ICED T
HZENHONETRoTz, ZOZ LI, MEERICER Lo~ A 7 a7 ) 7 Halarmingé LTt &z
HMGBl1Z &/ L, MIgICERT 2 /e 2 R85 2 O TH Y | M CTHIBRGEV, 5513, H gl 2E
HL7ZHMGBlIGE~ 7 a7 7 —V LN O~ A 7 a7 U7 & OBES, MFEZEORLE & JgicsiT 5
HMGB1EG MM O SEFE LLFIBR DS RSL T 2 0372 E D SIZOWT E BICHT 21T T & tu\ LEZ
TWD, EFPOEFNIED XD R RERTOPERFT L TNEZWVWEEZ TV,

156



(Fe=k 2)

EANEE 131075

JOCIORNES S1311021

0S-3

Peripheral glial cell line-derived neurotrophic factor facilitates the functional recovery of
mechanical nociception following inferior alveolar nerve transection

Masamichi Shinoda,Masahiro Watanabe, Koichi lwata

Department of Physiology, Nihon University School of Dentistry

Inferior alveolar nerve (IAN) injury which sporadically occurs as a complication of orofacial surgery
can induce various sensory disturbances including the disturbance of pain sensation in the orofacial
regions. Though it was reported that glial cell line-derived neurotrophic factor (GDNF) delivery to the
injury site augmented morphological axonal regeneration following peripheral nerve injury, the effect
of GDNF on functional axonal regeneration is unclear. In this study, we examined the involvement of
peripheral GDNF application in the functional recovery of facial mechanical nociception following IAN
transection (IANX). Nociceptive mechanical sensitivity of the facial skin was lost over the 5 days
following IANX and was recovered by day 13. GDNF was expressed in infiltrating inflammatory cells
such as macrophages and neutrophils, and GDNF expression was enhanced in the AN injured region.
GDNF family receptor alpha 1 was expressed in small- and medium-sized trigeminal ganglion neurons
following IANX. Continuous GDNF administration to the injury site enhanced axonal regeneration of
IAN and recovery of nociceptive mechanical sensitivity of the facial skin. GDNF neutralization using a
neutralizing antibody at the injury site inhibited the recovery of nociceptive mechanical sensitivity of
the facial skin after IANX. GDNF signaling at the IANX site accelerates the functional recovery of
mechanical nociception of the facial skin following IANX. Therefore, GDNF application at the IANX
site may be an attractive therapeutic target for the functional disturbance of pain sensation of the facial
skin following IANX.
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Enhancement of responses to upper molar stimulation in somatosensory and insular cortices of
inferior alveolar nerve-transected rat.

Satoshi Fujita, Kiyofumi Yamamoto, Masayuki Kobayashi

Department of Pharmacology, Nihon University School of Dentistry

Nociception is processed in the several regions in the cerebral cortex including the somatosensory,
cingulate, and insular cortices.We previously elucidated that the area between secondary somatosensory
and insular cortices (S2/10R) play a role in nociceptive information processing of dental pulps.
However, it is not fully understood whether and how the neural activity in these cortices is changed by
nerve injury which could be causes of ectopic pain. To address this question, we observed neural
activity during nociceptive information processing in inferior alveolar nerve transection (IANX) rats
using optical imaging with voltage-sensitive dye and calcium imaging by a two-photon microscopy.
Since the dental pulp principally contains Ad and C fibers that transmit nociceptive information, we
observed responses to dental pulp stimulation. Optical imaging at macroscopic level revealed that
excitatory propagation in S2/IOR was expanded in 1-2 weeks after IANX. In Caz2+imaging at cellular
level, the number of both excitatory and inhibitory neurons responding to maxillary molar pulp
stimulation increased in IANX rats. The calcium responses increased in both types of neurons, and the
duration of calcium responses increased in excitatory neurons. Whole-cell patch-clamp recording in
slice preparation revealed that inhibitory postsynaptic inputs to pyramidal neurons were decreased in
IANX rats. These results suggest that IANX induces enhancement of neural activity during nociceptive
information processing in S2/IOR, and plastic changes of the local circuits might contribute to the
enhancement.
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N ARREETIZ 31T D p-opioid receptorZE BLUZZALIZR D Hiv7e o7z, SCCHIfRiEFE®, ElMkH OET-1%
¥ X UB-endorphin g |3 A BTN L7z, F£7=, ET-A receptor antagonist® T #% 5-12 & ¥ B-endorphin: d
HNS I S vz,

[F5Fm] W 3 T MR O ML, FIH S ld 2> 5 Endothelins 7L 241 L THUH &
A1 % B-endorphinZ> (595 Z & AR STz,
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Effect of Diquafosal Sodium ophthalmic administration on ophthalmalgia under dry eye
condition

Shiori Sugawara 1, 2), Ayano Katagiris), Lou Mikuzuki 1, 2), Hiroto Saitoz), Koichi Iwata 2)
nDepartment of Psychosomatic Dentistry, Tokyo Medical and Dental University Graduate School,
2)Department of Physiology, Nihon University School of Dentistry, 3)Department of Oral Physiology,
Osaka University Graduate School of Dentistry

Dry syndrome including dry eye (DE), dry mouse, dry nose and dry skin is caused by exocrine glands
dysfunction. The cornea is innervated by the first branch of trigeminal nerve and the density of C-fibers
innervating cornea is the highest in the human body. DE is known to cause ophthalmalgia as well as
unpleasantness in the eye. Recently, P2Y2 agonist diquafosol sodium (Diquas ®) is selected for the
treatment of DE. Diquafosol accelerates moisture and mucin secretion from conjunctival epithelium and
goblet cells. However, it’s still unknown whether the tear secretion by diquafosol prevent
ophthalmalgia.

Three percent diquafosol (10ul 6times/day) was applied for 4 weeks on the exorbital gland-removed
rats (DE rats). In diquafosol treated-DE rats, reduced tear volume was significantly recovered and the
number of eye blinks elicited by hypertonic saline (2.5 M) application was suppressed compared with
control group. The number of phosphorylated extracellular signal-regulated kinase-immunoreactive
cells in trigeminal subnucleus caudalis was significantly smaller in the diquafosol-treated group
compared with control group.

These data suggest that diquafosol application to the DE is a possible treatment to prevent
ophthalmalgia via acceleration of tear secretion in DE patients.

(Acknowledgements: Keio Univ. Sch. Med Prof. Kazuo Tsubota and SANTEN Co.)
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LTz, B ClETriton X-10008 LR . GFPIZIFIE 52 2T K L 7= D% L GFP-pplL-1aiX Triton
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A, BNIZRTE L TOWGFPpplIL-1alTIEIEHK Lz, 51T, H5& EiEHR OGFP-pplL-10D 73 WAZ D
WTHRER L2 & 2 A, MRS X0 D TR Tl d 2 23GFP-pplL-1aD MR AR~ D K 2358 8 B
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Regeneration of medullary neuronal circuits following inferior alveolar nerve transection

Tatsuro Suzukiz), Masahiro Kondo2), Hidekazu Nagashimas), Naoyuki Suganos), Shuichi Satos), Koichi
lwataz)

1) Division of Applied Oral Science, 2) Department of Physiology, 3) Department of Periodontology,
Nihon University School of Dentistry

During dental treatment, an accidental nerve injury in the trigeminal nerve sometimes causes severe
persistent pain in patients. However, the relationship between the symptom and regeneration process of
neural circuits following the axonal injury is largely unknown.

To clarify this, we developed an inferior aleveolar nerve transection (IANX) model in mice. IANX
induced a significant increase in head-withdrawal threshold to noxious stimuli. The hypoalgesia
persisted for 1 month after IANX, although it was partially recovered. The axotomy led to decrease of
IB4-binding and CGRP immunoreactivity (IR) in trigeminal ganglion (TG) and within trigeminal
subnucleus caudalis (\Vc). At 2 weeks after IANX, the reduction of IB4-binding and CGRP-IR in TG
was recovered to the control level, however IB4-binding within V¢ did not. A retrograde tracer,
Fluorogold (FG) injected was transferred to a subset of 1B4-binding or CGRP-IR TG cells at 2 weeks
after IANX. Three days following IANX, decreased activation of ERK to noxious stimuli was observed
in VVc. Two weeks after IANX, the noxious mechanical or heat stimuli induced-ERK activation was
restored to the control level, but the distribution pattern of noxious mechanical dependent
ERK-activated neurons was changed in \Vc.

The present findings suggest the possibility that sustained reduction of 1B4-biniding in TG central axon
results in impaired activation of secondary neurons in the medulla after pinch stimulation, thereby
lasting of sensory dysfunction associated with nerve injury.
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Orexin facilitates GABAergic IPSCs by activation of postsynaptic PKC signaling cascade in the
rat insular cortex

Midori Usuiz,2), Yoshiyuki Oi2, Masayuki Kobayashiz)

nDepartment of Pharmacology and 2)Anesthesiology, Nihon University School of Dentistry

Many roles of orexinergic system have been established such as regulating wakefulness, appetite, and
nociception. Recent studies reported orexinergic inputs to the insular cortex (IC), which plays a critical
role in processing nociception, and expresses both orexinergic receptor 1 (OX1) and 2 (OX2). We have
previously examined how orexinergic receptors modulate synaptic transmission using a paired
whole-cell patch-clamp recording technique from fast-spiking cells (FS) and pyramidal cells (Pyr) in IC.
We found that both orexin A and orexin B enhance the amplitude of unitary inhibitory postsynaptic
currents (UIPSCs) in FS->Pyr connections principally via OX1 without changing the paired-pulse ratio
and failure rate. However, intracellular mechanisms of the orexinergic facilitation of ulPSCs via OX1
are still unclear. First, we performed laser photolysis of DPNI-GABA, which releases GABA by
application of 405 nm laser to confirm that the orexin A-induced facilitation of ulPSC is mediated via
postsynaptic GABAA receptors. As a result, puff application of 100 nM orexin A enhanced the
amplitude of laser-evoked GABA IPSCs recorded from Pyr cells. Second, we performed paired
whole-cell patch-clamp recordings to examine whether the second messengers in the downstream of Gq
protein-coupled OX1 are included in the orexinergic facilitation of ulPSCs. Both pre application of 1
UM staurosporine, a selective protein kinase C (PKC) inhibitor, and pre application of 15 uM 2ABP, a
selective inositol trisphosphate (IP3) inhibitor, diminished the orexin A-induced facilitation of ulPSCs.
Moreover, intracellular application of 10 mM BAPTA, a fast Caz+ chelator, to postsynaptic Pyr cells,
diminished the orexin A-induced facilitation of ulPSCs. These results suggest that the orexinergic
facilitation of inhibitory transmission is mediated by postsynaptic GABAA receptor phosphorylation via
activation of PKC signaling cascade.
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Cholinergic inputs to cortical cholinergic neurons facilitate disinhibition of excitatory neurons in
the rat cerebral cortex

Keisuke Kanekoi,2), Sachie Matsumuras), Yoshiyuki Oi2), Masayuki Kobayashiz)

nDepartment of Pharmacology, 2)Department of Anesthesiology, and 3)Department of Pediatric
Dentistry, Nihon University School of Dentistry, Japan

Recent studies have demonstrated that the cerebral cortex involves cholinergic interneurons in addition
to projections of cholinergic inputs from the basal forebrain (BF). Cholinergic interneurons are
vasoactive intestinal peptide (VIP)-positive and are distributed in layers 2/3 with a bipolar morphology.
There is a report that these neurons do not exert direct postsynaptic response in neighboring neurons,
but indirectly induce an increase in spontaneous EPSCs in adjacent pyramidal neurons and regulate
local cortical function. Cortical VIP-positive interneurons are activated by cholinergic projection from
BF, and project to the dendrites of somatostatin (SST)-positive neurons and parvalbumin (PV)-positive
neurons, each of which inhibit adjacent pyramidal neurons. As a result, cholinergic inputs from BF
disinhibit excitatory neurons by exerting VIP-positive neuron-induced suppression of SST/PV-positive
neurons. However, less is known about the cellular mechanisms of neuromodulation by cholinergic
interneurons in the cerebral cortex. Here, we performed whole-cell recording from cholinergic
interneurons co-expressing VGAT-Venus and ChAT-tdTomato and other subtypes of neurons in the
insular cortex (IC), and analyzed their morphology, electrophysiological membrane properties,
postsynaptic responses, and cross-correlation. Cholinergic interneurons principally distributed in layers
2/3 and display double bouquet morphology. All of them were Venus-positive, suggesting that cortical
cholinergic neurons are also GABAergic. These cholinergic neurons activated were depolarized and
their inter event interval of miniature EPSCs was decreased by carbachol, suggesting that cholinergic
inputs from the BF facilitate cholinergic interneuronal activities. We also found that cholinergic
interneurons had gap-junctions among the same subtype of neurons, and the activation of these neurons
increases the synchrony of spike firing, suggesting that these cholinergic interneurons are coordinately
working on inhibition of GABAergic neurons. Moreover, cholinergic interneurons induced inhibitory
postsynaptic currents in neighboring GABAergic interneurons, which were diminished by atropine,
suggesting that co-released acetylcholine plays a role in facilitation of inhibition. These findings
suggest that cholinergic neurons are likely to play a role in disinhibition of the activities of pyramidal
neurons, which may be involved in the mechanisms for cholinergic inputs-induced excitation of cortical
activities.
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Regulatory mechanisms of cortico-cortical information processing by leptin

Shota Murayamazt,2), Masayuki Kobayashiz)

nDepartment of Pharmacology, and 2Department of Endodontics, Nihon University School of
Dentistry, Japan

Leptin, a 16 kDa protein hormone, is produced in the adipocytes and plays a pivotal role in regulation
of energy balance by controlling appetite and metabolism. Leptin receptors are widely distributed in the
brain, especially in the hypothalamus, hippocampus and neocortex. The insular cortex (IC) processes
gustatory and visceral information, which functionally correlate to feeding behavior. However, it is still
an open issue how leptin modulates synaptic transmission in the IC and other cortical areas. To
elucidate the functional roles of leptin in cortical information processing, we recorded excitatory
propagation by an optical imaging technique using in vivo preparations. In control, electrical
stimulation of gustatory cortex, a part of the I1C, induced the rostrocaudally expanded excitation along
the rhinal fissure. Application of leptin from the cortical surface effectively suppressed the amplitude
and area of excitatory propagation in the 1C. Paired whole-cell patch-clamp recordings from layer V
pyramidal and fast spiking (FS) cells were performed using rat IC slice preparations to explore the
mechanisms of leptin-induced suppression of excitatory propagation in the IC. Unitary excitatory
postsynaptic currents (UEPSCs) and inhibitory postsynaptic currents (ulPSCs) were recorded from
pyramidal=>FS and FS—>pyramidal cell connections, respectively. In pyramidal=>FS cell connections,
bath application of leptin suppressed uEPSCs in amplitude. In contrast, leptin facilitates the amplitude
of ulPSCs in FS—>pyramidal cell connections in a dose-dependent manner. A coefficient of variation
(CV) analysis suggests that presynaptic mechanism is involved in the effects of leptin on uEPSCs and
ulPSCs. These results suggest that leptin reciprocally modulated uEPSCs and ulPSCs via presynaptic
mechanisms, and as a whole, leptin suppresses neural excitability in the IC. Leptin-induced suppression
of excitation may contribute the refinement of cortico-cortical information processing of gustation.
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Context-dependent gustatory neuronal activity in the insular cortex

Risako Kato1), Mie Kajiwaraz), Masayuki Kobayashiz)

nDepartment of Pharmacology and 2)Anesthesiology, Nihon University School of Dentistry

Insular cortex (IC) is a brain structure responsible for the perception of taste. y-aminobutyric acid
(GABA)ergic inhibition has been reported to modify taste responses in IC. However, it is unknown how
inhibitory neurons work on GABAergic and excitatory pyramidal neurons which responded to gustatory
stimulation in vivo. To elucidate the role of inhibitory neurons in the process of gustatory input, we
performed extracellular unit recording from rat insular cortical neurons during a cue-guided
lever-manipulation task in which saccharin solution was provided as a reward. We classified neurons
with high spontaneous firing frequency (> 5 Hz) with bursting as HFB neurons (n = 26), and those with
low spontaneous firing frequency (< 10 Hz) and without bursting were classified as non-HFB neurons
(n = 461). Most HFB neurons have shorter spike width than non-HFB neurons. These firing characters
suggest that HFB and non-HFB neurons are likely to be inhibitory fast-spiking (FS) neurons and
excitatory neurons, respectively. During the reward-waiting period, 62% of HFB neurons increased
their firing frequency, whereas only 3% of HFB neurons decreased the firing. In the facilitative cases,
44% and 38% of HFB neurons were decreased and increased their firing frequency during the
taste-intake period. In the unchanged cases, 56% and 11% of HFB neurons were suppressed and
facilitated during the taste-intake period. On the other hand, only 31 % of non-HFB neurons changed
their firing frequency during the reward-waiting period, and more than two thirds of non-HFB neurons
did not show significant change in the firing frequency. Seventy % of unchanged non-HFB neurons
during reward-waiting stage did not changed their firing frequencies during taste-intake stage, either. In
contrast, more than one third of the non-HFB neurons changing their firing frequency during the
reward-waiting period increased firing rate during the taste-intake period. Thus, HFB neurons, putative
FS neurons, are likely to be more sensitive to the context-dependent process than non-HFB neurons,
putative excitatory neurons, and the activities of HFB neurons may strongly regulate adjacent the
non-HFB neuronal activities.
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