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Fig. 1. The effect of diazepam and flumazenil on the delay of the
development of tolerance to morphine antinociception in the
formalin-treated mice. Diazepam(A) at 1 mg/kg, s.c., 60 min before daily
morphine at 10 mg/kg, were administered in the formalin trated mice (A).
Flumazenil (1) at 2 mg/kg, Lp., was injected 15 min before diazepam
‘injection (B). The formalin (M)- and saline (O)-treated control group were
given saline insted of diazepam and glumazenil. Each point indicates the
mean* S.E. (n=10). *P<0.05, **P<0.01, compared with the corresponding
value on the lst day, #P<0.05, compared with the saline control on the
respective days.
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Fig2 Effects of Toki-syakuyaku-san (TJ-23) on morphine (Tmgkg) antinociception In
Mmotphine tolerant rats pretreated with 10mg/kg of morphine once dally for 4 days.
Morphine antinociception was estimated 1,5 or 10 days after last dose of repeated morphine.
Morphine antinociception ; %AUC (area under the analgesic curve for 120min after Tmgkg of
morphine) of the mean of AUC in morphine naive rats pretreated with H20. Difference from
H2O +Naive, *P<0.01. Difference from H20 + Morphine tolerant,™P<0.01,P<0.05.
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Fig.3 Effects of chronic morphine injection on methamphetamine-stimulated motor
activity. Saline was s.c. injected for 7 days([]. Morphine were s.c. injected for 3 days([4),5

days(E4) or 7 days(R). Doses of morphine were 40mg/kg/day{day 1 and 2), 80mg/ka/day(day 3

and 4), 120mgke/dav(day 5 and 6) and 160mg/keg/day(day 7). Three days or fourteen days after
last injection of chronic morphine, rats were challenged with methamphetamine 0.5mg/kg and

motor activity was measured for 1 hour. A : small and slow movements were measured by
ArimeX B : big and quick movements were measured by Animex OPEN FIELD : locomotion
was estimated by open field test. Motor activity {10-50 min) were expressed by the mtio to the

mean of motor activity during ! 0-50 min after methamphetamine in saline injected rats. Each bar
represents the mean+S.EM. of 5-6 animals. Difference from Sal s.c. for 7 days, “'P<0.01, *

P<0.05.
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Fig.4 Dose dependency in inhibitory effects of
Toki-syakuyaku-san (TJ-23) on morphine-induced
augmentation of methamphatamine-stimulated

motor activity,. Rats were treated with H20 for 7
days{day 1 ~day 7}, H2O+saline for 5 days(day 8 —day
12} and H2Ofor 4 days(dayl3 -~ day 16)([]); H20 for 7
days, H2ZO+morphine for 5days and H20 for 4

days([4); TJ-23 005gke for 7 days, TIJ-23
0.05g/keg+morphine for 5 days and T1-23 0.05z2/ke for 4
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days(B), TI-23 10gke for 7 days, TJ-23
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days(l). Five days after last morphine, rats were
challenged with methamphetamine A: small and slow
movements by Animex B: big and quick movements by

Animex. Difference from H2O+saline,*’P<0.01, *
P<0.05. Difference from H2O+morphine *¥<001, *

P<{.05.
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T AOREFEE L CIHE. &0, FEE. 82T, RU
B NS5, ThEhBEOREICL - THRO A M. FIZER
BRTEAZEOBRIILL DERFFEEZORETEREHEN L DITHHT
o=,

PIE. BRPROBEP GBIV AL AW ETIROE R ZRET A
FETDHA.

(3 BR)

D) BHEXFHER | BORAPOOERK. HREFRIEREE. £FRLBR.
HE. 198 74,

2) Twycross RG (TTHNFNER) © AT T L8HE ZEDHA,
NA /P97 13 .5—15. 1992

3) DJIEEER | BERIIEBIT L) VB TA O BORSE.
BaEk & BTG 1 89—92, 1986.

4) NJUSRER © 274 2 L EPIGEOERE. {EFF 29 (6)




19-21. 1995.
5) EE—5 | BABFORAMIT T AEIVE 2OM L & EIE,
B HHIHE., ERXRZEFDIRAE. . 1995. p.43—65.
6) FE—Im @ IV AORBIMHEOHERR., F—-I IV 77—
5 :85—88. 1995.
7 WE W BAZBBDREADGH. p47-84. PHEFEE. WE.
1994
8y AEFIN : NIAY —4 7 a—H—%Bn=EILL M FBERT
HIL L AEEREHEORR. TEEHIERR 1 9—14. 1991,
9) FFHH . fth : BERRAZRICH L CH.ORsREE 2 FIH L 7=E)
E ADFHREBIREE 7T ORR., XA 2029215
891 —896. 1994,




1-7 AV LFroRREERRST

B # @ =
BRI ERILE 2T E

ORI L U CHEEEIN- AR LF UNERBEERM =
a—aANY—OERFBICH LTERELE, WAL RI I LAHEX
NnNTWs D, UL, £OERABFIZOWTIIFRBELZAENREY, BE
LIEIAX U LVFUOMBESERBRFZHLMNNITAHEMNT, 1) A%
YL FUDHREBEEA Y, 2) BRIV OV TR EF R PilEIC
BIETAXZFVLFOFE 2, 3) AXx2 UFrOHEENRSEID
BIHAVYFA FEBFEOPREYBLU4) P —x 2 FA7 gy
BEIIBLIETAZT IV LT U OBEEERB~ 72 2ZHAVTRHNL, B
RHAMREE-DOTHRET S,

[£8 Fix]

43850 ICR Rt~ o7 2 (KEH 20 - 25g) #HVW-, 0.1IN /=
CVEREEHRIC K Y pH45— 48 TR LAX L7 MY b (STZ,
200 mg/kg) #ERHERIVEEGETHZLICIVERKLZERZ L, Xt
R IIBE (7 BRER) OHF2BELE, A ML RS R
CHODWREEEZRESE LT 2HMER L bOA2ERICHVW:-, Mk
18 400mg/dl LA OB ZBERFE & LCTHWE,

LR FRIFENR L tail-pinch 53 5 Vi formalin test % FV T EEAH
L7z,

[EBRER]
1) AXIVUF o OFEERELR
STZ #5 2 B EOHERFB~AICBITAZ 7 A~DAfTX K
InE TORH] (RICER) T~ R ICEFERICEMHB LT,
HERFBIZLASTHEERECETHED LN, AXFTLFUD 10 BX
O 30 mgkg PHEIEARKZSICLY, BB ABIUERKF~< 7 R
? tail-pinch BUSKEIIX, AEIZER L, ZOPRIT, A FTLF




VS 60 DRICERKIZEL, TO®, L, AFILFD 10
B L 30 mgkg PEEANKREIZLY, B~V RABIUERRF~
7 AR WT, HEEFEY tal-pinch XISOHHSBR T (Fig.
1A), AXVLFUoOoEHAR (30 mgkg) AEIZLY ., XEBEE< T X
iscl:wﬁ*‘iaﬁv 57;% kh‘éﬁﬁaﬁ]ﬂ% ﬁ%?ﬁt%@ﬁ%f fmnoﬁ_ﬂ
i_kﬂféﬁﬁﬁxﬁ% . X HR “?WZiu_lttf"-’ﬁ'ELiE-ﬁ'ﬁLTb i_a

AXLFy (10 BLT30 mekg) OEENREIT., X~
BT AHFN< ) SERBERHEESOSE 1 HEE X UE 2 fHOBUG
& LICAREKTEOICHIE U, EE, A% LF 2 30 mgkg D%
RIXABHEEAKBRERELATHEILKRTH L, A X VF (B0
mg/kg, 1i.p I FETm, BRA~ Y 2B AE 1 R LU 2 OIS
L LICHEBEICHEIL, —FH. AXFVVUF R T AEZRXP (0.1
nmol) HAWEY < FAFF 2 (1 nmol) OEEEARSIZL VBRI
NABERMEILZBHEL I OERFEY 7V AOWMBEIZBWTIITE
BRI HE L7z,

‘J.-[-'-}

= >
|
%'l:l:‘

#P<0.05
#P<0. 05

»
| I
1 l UjTI | B

30 60 90 120 min Saline 10 30 FNA _NTIBNTXNTB BNI
Time after Mexiletine Mexiletine  Mexiletine 30 mg/kg, 1.p.

mg/kg, 1.p.

.

|

[ncrease in tail-pinch latency (s)
LA
|e

Increase 1n tail-pinch latency (s)
i

L
o

Figure 1

A: Time course of the antinociceptive effects of mexiletine in diabetic (ciosed symbol) and
non-diabetic mice {open sumbol) mice. The antinociceptive effects of mexiletine (10 mg/kg,
i.p., triangle; 30 mg/kg, i.p., circle) were measured using the tail-pinch test . Each point
represents the mean with S.E. for 8 mice in each group. *P<0.05. B: Dose-response
relationship of the antinociceptive effect of mexiletine and blockade of the antinociceptive
effect of mexiletine by opioid receptor antagonist. The mice were tested 60 min after the
injection of mexiletine using the tail pinch test. Each column represents the mean with S.E.
for 7 - 10 mice in each group. *P<0.05 vs. The saline treated group.
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2)%%2742E$;@@#7xﬁxzpﬁ%uh;ﬁff#fv

PERF~ T AFTHEARAT A AMEXE~OR KRB ELY9 T RAF R
PEBEEOEZHGMPB LN, LL, AXIVF 2 10M D
S5OmMEKCI #EHE 10 AL » OAEIZ L Y 50mMKCLiZ L2807 2%
A PIFREOH IR Lt < 2o 7 (Fig. 2),

%

700 |

S

= n.s.

E 350 |

%

x T

0
High K - + - -+
Mexiletine - - + +

10°M

Figure 2
Effect of meciletine on K+-stimulated release of substance P-like immunoreactive
materials (SPLI) from shces of spinal cord from diabetic mice. Mexiletine was
given 10 min before the increase 1n the concentration of KCl and throughout the
perfusion with 50mM KCl. Each column represents the mean with S.E. of
results from 3-5 experiments. *P<0.05, n.s.: not significant.

3) AFLLFUORBENEDRIZBITAL A A FZEEOMS
FERIRE L UOSRREE~ 7 R ZEBIT 5 tatl-pinch FiZ X 0l L7291
BEERHIL, 31 FBEWT 2 IT=AMTHD TN -0 (NTD) B &
P 6 R BIRAT X IAAPNTHDT-~A"ry 15 3tMbrt Iy
(BNTX) ic XV EFEICIHIcNZ Fig. 1B), UL22L. upXBET - F
TR MTCH DB B-7HEYY B-FNA) . x ZBET 2 T=ATHS
JVET T4/ (nor-BNI) BL W & TBEEBIRA) T F I =X FTh
HHvIATy (NTB) 1T A X VF U OREBFEEHICH L TR ERE
Bz 2o,




4) IH B~ FAT7 4V BIZRIEITAF UV LFUOHE
XM ALERFVAOMBRIZETENDB-Z 2 NV T 4
fiii!iﬂfjﬁlﬁf%ﬁtg AX I VF L (B30 mglkg, ip.) 5 60 4
I, MBHEBIUERAY Y AOEBECIEWWTLEF - FA T

»f/E@ﬁﬁtctﬁm%ab Hivle (Fig. 3), BERE~ UV RIZHBITHM

AR K7 4 EOBEINICHTAHAAF T LF ORI, M

B R ICBITAFNICHATHRWVMERMBED LN, LML, BR

J/~ 7 R & XrEf

¥v TR BITEAFVLFUOOMRICIIEERER

D LRz,

Serum p-endorphin level (pg/50ml)

b

-

Non-diabetic mice Diabetic mice

Figure 3

Effect of mexiletine on serum f-endorphin levels in diabetic and non-diabetic
mice. Serum pP-endorphin level was measured 60 min after injection of mexiletine

(30 mg/kg, 1.p., hatched column). Each column represents the mean with S.E. of
results from 6-9 mice in each group. *P<0.05 vs. Saline-treated group (open

column).

[Z£]

AXVLFUIEBFROMERE —RRLBO VT XEIL Y O
TAE AP OWEBEMHE L O—EROLBE T T ABIIBITAY T X
BoAPBIORY < P REF U2 LIEEREBRHMOREZIR TS 2
EMRBOLNTZ LD, AXTVIUFUOMEERMERIC RS &
LING2ODFEREENS T ENTRBENS,

—F., AXVF U OREBFENRERAII—HF LA F&ZBELY

I LU E

FNAHIEBBEEN RS, T2, AFVLFUNT
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LFB-T AT 4 Y EZENXEAZEHIALMNE o7, Tseng
O 6D IIRMEBERNIZESE LTEZB-m A7 40 BB TOATF =0
77 ) DAL, A R SSEARMN L THEES
REprdTLtW0HTEAPHELTWA, LERST, AR LFT3-
T RNT 4y —AFF = r 77 ) —F A A F § SEE
DOHNEEA A A4 FEERZT LR SEESEOREELIc L v HEBE
ERZEHT LD L EZ BB,
AXVIFUEERERAICIYREGR 30 FICDFPREOL— 7 &R
TILENEEINTWS, LAaL, iR — 7 ik 5%
60 2256 0 FIZANT T THY, ZOWMEBOL— 7|23 T D F TOREH
ICEZRBEO N, ZORBOTHIL, AFTLFUOrRE@Eilsa
Rl E O RREE N LUTEEMHT 2O TR, B-m v FA7 4
—AFF =7y Vo —FEF AR S ZFEORNEEA A A
FHEREP N LIABERELEHE LT 2 LI VHREDRELT
TLEERRBEMITThBEEbRA,

[ STk ]
1. Dejgard, A.,Petersen, P. and Kastrup, J., Mexiletine for
treatment of chronic painful diabetic neuropathy, Lancet, i (1988)
9-11.
2. Kamel, J., Hitosugl, H., Kawashima, N., Aoki, T., Ohhashi, Y.
and Kasuya, Y., Antinociceptive effect of mexiletine in diabetic mice,
Res. Commn. Chem. Pathol. Pharmacol., 77 (1992) 245-248.
3. Kamei, J., Hitosugi, H. and Kasuya, Y., Effects of mexiletine on
formalin-induced nociceptive responses in mice, Res. Commn.
Chem. Pathol. Pharmacol., 80 (1992) 153-162.
4. Kamei, J., Saitoh, A. and Kasuya, Y., Involvement of 8;-opioid

receptors In the antinociceptive effects of mexiletine In mice,
Neurosci. Lett., 196 (1995) 169-172.

6. Suh, H.H. and Tseng, L.F., Delta but not mu-opioid receptors in
the spinal cord are involved in antinociception induced by PB-

endorphin given intracerebroventricularly in mice, J. Pharmacol.
Exp. Ther., 253 (1990) 981-986.

7. Tseng, L.F., Higgins, M.J., Hong, J.S., Hudson, P.M. and
Fujimoto, J.M., Release of immunoreactive Met-enkephalin from
the spinal cord by intraventricular p-endorphin bu not morphine in

anesthetized rats, Brain Res., 343 (1985) 60-69.



1 —8 TR EEPEEIC 0T A nexiletine OEhER

T, WSz, BRf

BB AT IURE R

(U

PRI Y.  IRARI A NPMEO T AR & L — R A X
5. FIRTEANEREIZ RIS (polyneuropathy) ODIERT. ZotaiprttOmREY
4 AMERROERIRE  RERE(EEF LRV L5 allodynia. shooting pain-—
o, BE. PPME ) MR TH D . BIE R SR > Fa— )LD
ATTHPMZHET S8, MUV BITITERECRBROERMIC ODIFE L ASERN, IF
R b < < 2 oMK, BECAE. MIGHED DBRICB B NS Z L &b 2y, 1R
FRLLIBES & R IR ch 205, UL Y U Cid. FMIASRE'Y I VI,
FERF a1 FREZSERRE. 7 F—AREENEER e PN oN T8, HiEkR
RT3, AR LF 40 Na channel blocker TV Kb lalkk. B
SR AR Na OFRAZIIHS 22 206, Dejeard DB SR X
SHEBCANTH S LS LD, LLE. DHRBWTLH, AietiaeH i
Hd LT SWMEPHRNTE Y, ABEDCONIRCIBT S, WNIEFESEN Y L ToonlE>
R E N TRNG®, '

1 R AX LT AN
Hiptte BB Y > TIEERA N L ATH Y., EFEOBEZKFXY, a2
Fa— AR 5, Bk, AHEREEE Y UTIER T 1 FilissEml & - ool
BHBNSNNRERIET S 22k -0, BREAEEE 25806 515, BEECiTT
B o TEW, e, MEIRMTHICERRT S0DC, FERERTSH - TH. Bt
& SHB/ANDERIIH L UL 2y, U9 I B12. 7V RF—AE MRS N iEN:
HRIE LTCOEE KD XIZi3minh s, i (1I753 0, HB7I MY
Fo BRI 7 U 2) W RERIERECE > ORI TH S, BEEeE
RIS ONT. EPHEIHFEEEEC LT, idvhnARE (BY U R0 BN
vY¥E ) 3. AR ORI E R © X 2355 C. Na-channel ZPHE L
B2 [FRERC R ORE L H$ 5% . L L. 2ve e I EHE S OB BHERK
WESHD . Zhohiidyhn ASEIRTORMEHE L il y TS~ 0 5412




Hont Tz,

) EhA DS OIERE A X UF 3. Vaughan Villiams SO TCIE. INTR Y
% Na-channel blocker CUEADIRAEEE DR iEBEAFTHROEBNE 25
fEHTH D, T2, D ERE: Ui xn. BHERIERBEELISN 1D T
BThbd, COLSZ it HAX D LF MRttt ae e O e
FEE U THERRISF SN E T,

113, HAEREA S h I I L 1. B AEREE D 3 » AL L TS
BEAZ2 148 _H7 A7 - 70X F—n—ROPECH 5. IEIRAOR
MR OAGRE R TEE LT, R AX D LT e TSRO SR Enen1 i
[c3 Gz, BRI X OFECH - . fFARFCIIRAZ M EINTND
M. R allodynia (i3, — SRS H L - IHEREIETH D, BXMOSTHPE, &
eI chE R LET.

£1 : 3 A R A EN R LT W PRR R E 2 1 PR B3 "B AY -
IR F—N—F W L BIAX T VF R
(g : 54110 %K. BURFHOETERSER - 1138 £F, HbA1c:8.8+1.6%)

M4y 300 mg/ H 7 ¥R

| B0 LLEDF 16/21 p<.0l 6/21
A

RIEOREA *+ n.c.
TR *+ n.c.
TRORMER. * n.c.
TR OIS * n.c.
R % *
CEOHAD * *

% . p<.0l #: p<.0D

2 Bt R ARENAGANR DR

ATERRIT1990F10A K O# 1 518, R TFRHMATFIRE L ¥ —. BiBERCEX
HERr Y —, ABRRY 2 1S mL. BRE. BMUWRYEREN1 » AL
L. BERSCER R L O SEEE R R mX NS, B8 UF Vv ORs
Akt 1 AROBRABENOOL, [RBE% Somgx30/H. 100egx3/H. 150agX3/H
FENTN2ARE e LTl L. e S XiZfTo . FHMEL. BE
R4 3HEY 1 OB O ERIEROEEERER 2 7 X DFFNM L. STH.
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o, POiiE. AE, BiltooBEEI . FREMEEROEBEERZ2IORTEE
NTHd.

K5 THRRE 1 BSLLEOdiEEhit 0 %% Fhl-720it, R2O3FHTHY. 12N
Rk 2 P APITH - Tehs, WInGHRIEED SNz -1z, . T 5L HA,
YA 2 & HEAPHER LIEREB) S Ncp - T2 Tz, IHMREEICE TN U 7-8E
(A8, W, CRERCOEELREI R - .

X2 FhBERIFERDNHRE (): 3%, p: TS IRVHIBGE (Bi#HR)
BEHEIER () HX 2E@RLIbdE 1BRee AF Eb p

TREFm(32) 7(21.9) 9(50.0) 6(68.8) 4 0 .0000
LU (36) 6(16.6) 6(33.3) 9(58.3) 15 0 .0000
i (28) 6(21.4) 4(35.7) 5(57.1) 11 1 .0001

#*3 N, R A AR RO R E ( ):BR% .
) (B58) FEBRE MR g PoUE A E

1M (150meg/H) 39 3(7.7) 7(25.6)  14(81.5) 15 0
HB2HA (300mg/H) 41 8(19.5) 11(46.3) 15(82.9) )
H3W (450mg/H) 42 9(21.4) 12(50.0) 15(85.7) 6 D
AR 52088 42 7(16.7) 15(52.4) 11(78.6) 0

RO BRI RREEIR S RT BN TtHD. Cobh T, BN oRET
P28, B3P SEBLIAD 1S EN TS, EBAX LT 150mg/HOE
HCiR EERER I 2 v s, (6] 300mg/ HELHZ 25 & T3G8 ) CLESHERESHEmML
s, I, RIORFESRTEED. BREMRCT LT, 26T Tag) LLED 50
%kl zoTNG,

3 BRI © it oA

Rt . BRAEO=KSIHED S 5BRLMENRERN DO TH - T, £
ZFELRIEERESL 1269, AR A AV A ARICES < HilBORER S Y 47— a
VETNCHEDS 7U—55 1+ HNOEIR. B F—IIACHESRO . [OOSR
e, B B SIEEEFEEE DK T 1 X SRRt ae s 3o x izd
HEZIONTNWS, A ARHREII- MR TH I, M LoEBIC X SiERD
HOFRI &R T, (AMEEOER L1bdliflES2 TRESHE . #R =8B Dl
EAEATRT & DI ¢ X SBRERNHIC A S, T S ¥ Ractt - BPERRYAA]
UL LT
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HREERICIE . SRR Z AR E ORI, G toEBiEd 2N
PRROBRE (SHhE. S9ELRY) | BEES (LA UA. DTAD, FaNkiz))
THd. BERMPBUWRERREIL,. Ilo o Fo—)LhiTEN e XICRET .
Y ha—)EEET S LITKDRET BPINH 5., REFHRYE X252, {CHEEDE
A S BRI X D4 O IR D S 4 U 20D (T4l PRMEE > LT
HINSEDTH - T, Na-channel #BHEH T SHTVHAIEDY B+ UG HAER
GRS S Lo LN <,

IMERESR M CIRMEOmER) & DRI HEHET 5 . AR | MEp
HOBY., BIPCERUSECSEIR LN Y —5F ¢ 2)ILO RN &
Wiz BAEEENH S, Lichi-> T, bR OGN RESREE L &S vl £
DOHEROBMBOFREARE 121D 5 318872 nitochondria BEOIFEY ZMIT B0
&5, A CORBCIL. HREREGRCAREE N L L - SHE@Zeitochondria tRNA
(Len)3243 DUERZBHIz. CORBIIMEFTERND2~3% L I NTNBEZ s, —
TR OB 2 2 L 12258ER D) i 6 S I OSFIEITHH & Mo Eiv' .,

4  RERNTEE

PR ATR I ENRAER A S, —cidicmhiEbhotwnwd, TLn) i
hyperesthsia, paresthesia, dysthesia. hyposthesiaX T ¥hd. BFEHORIHIZIL.
HE Tl 4 588G TH S allodynia M5BV, paresthesia ® [LUFN] i
BIRY LRI T, #R U AITIIRRSIRE RS L. BRCIDERRN AT 285
. BRI (LW LUNEID) 0OH30 GO RNEIT IRz < .
TEATRZ 5. MEADUEHL. BEIER L =il b - -85t b RoNh 3,
AEREIRODRBE R A O THEEIED S NN DIRYRTH S,

HXM. ERREOE ARG S8z 3 hEIS DL & Ay, BTER
IR X 3 5[V GERC BWT. WY R ST B 1200, visual analog
scale(VAS) DFRME. PV NAZE 0xcarbazepine(KIN-493) DHTHE 2 B CHGE
LTz, 100mm & VAS MV, [iEARZL] 20K, TMXSNEVIEAL Z100mSd L
15, VAS F25mabl | O sii#ih L 718G A2 E . el TR MMy 452, T
EfE: —H L. AtieEodE&oleEcslch - 1.

1 A VIHKGRRREA. PELROERYZ < . EReRESESMORA
X DEUTHWSHETE W, 15K, BRWIEEREORIEEL UGRS3
ARREMMELS . — B S RBOEIESIEERE < k50, I3 Fa—Ic ks
PR ONSC . BRFTAESRELIAERIOREABH S PS5 THHD . MEDR
R HEZXDE., shooting pain, allodynia TRWESINIT. ZRMAMEEE ik ]
REPES VD C. RTINS & U THETS S0 TN S 5.




BHD

BRBOMERGFROHERIIECIT. BBtk an S, B—aiENEC B 6 H
RIMEROREECZD 5N, Fnliliesick R T X oA THIC
6. TR X SNTERGONSR I3k S, BRBRMEEEFIIEE. hoTik
W EHEEEN LR NOD Y LT, BEINBS ThH - 708, BRI > b o—)ici
WL, EFEOEEEDT, EBAX D VF AT, ARIRERCAER U T RRIR ST
B Db - T, Sk, BRI p R S OMNIENE AR TH S LB RS,

BE -

1) AT SR, BRI« BARMTIAHEERE E OIRH B KHAME 4:101-
105,1993

2) Dejgard A et al: Mexiletine for treatment of chronic painful diabetic
neuropathy, Lancet (Jan 2/9):9-11,1988

3) £)IIHifth: EREPERRWIEAREREER N 4 A X 2 LI v OgERIC T, SR
#1 17:487-492,1989

4) Max MB, Culnane M, Schafer SC et al: Amytriptine releives diabetic neuropa-
thy pain in patients with normal or depressed mood, Neurclogy 37:583-096,

1987
5) Rull JA, Quibrera R, Gonzalez-Millan B et al: Symptomatic treatment of peri-

pheral diabetic neuropathy with carbamazepine (Tegretol):double-blind cross-
over study, Diabetologia 5:215-218,1369

6) Yamaguchi I et al: Electrophysiological action of mexiletine on isolated
rabit atria and canine ventricular muscle and Purkinje fibers, Cardiovascular
Res.13:288-296,1979

7) $AREE. REET : BRTEERIE OERIOEdT AR LUF I OR (CH

- BtR) . BSELIRK 41:2347-2351, 1992.

8) FHZEF. MET. SBEHE | MX-P DNOHRPHEFE TSR N 0K
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EF

KREREEFHTHERFEEZE

WA, R LW AEIcE--TEBIAMBETH o 2
B R W, LbL BAUADDREERRZ>T. WH& I
e AN AR EEEBERLXET Z2IELHEFERRWED R, %
Y iEEbd TEELW £TOoOEEHIEZ. EWHEHEZF
MRS L L TERY ETFSs N3 &ENIEECEL D -
7o REBEBHEHTRBAOEE. BHBEODERIERBIZOWTIT
B h £ F 7= W,

1. mH OHF

1R EZE R

E AR BOEZABTHI2IEERTERE #HEBAHKKEK
R ENRTWY B3, BARE RS T ECT MK MM BE
W@ T H 3., BEZTARBEAINEEXEERE LT Z0&
EHFHDBPERRAILCADTEINRDZ &, 44 30V ADBREE T B,

2)4 Vv S R D E

4 3N A ehrhbEOEKHM (all or none law) T € -
THERET 2, T OB, 4 oy 1INV XAEREIRHIBEDLPDOR
EBEMPMBEAEZREIRARTWZ. BMEULLEORE ©OFR & %
STV ERFHEDIPALTHDNRIE EHEBAMUADKE I B
o & — & & & %,

34 v 2N R D5 A

BEZ@&EA "N NVADOEAIZ ASEBMLCHBME:?LIL
T bh 3, ASHMITITEHEHMETCHMEEITIEREHR
W TH 3., FRBRICE FHABELIZHROEHEMRMEL B AH
MELDPDOBBEIARTWSE2HRERRDOT. T OHMERE
W L TEyEMEREEBRT I LEBMEEE » 2 52, # &
E B B i (compound action potential) & & HE h T W

) LI-L




Do
HREHREDORIEL L > T BEBAEMNNER 2TH 5,
ABMBEERREVWEBEARIEL, CHEHEEIWHIHEVEAICHAET 3,
4YHEWE~D 14 XX AT
REMNBACBEAERELRET. BHBARICAADLE
A NNV AR FITCEHB IR 2 —D10 2y ANEmE I N D,
FHERATEIHMREEBELE 6 BLELEagoXxhTW3. £ 0
2B EVEIZIR #HEVEBENBCIBEEMNONLCEKT 3 M4
M EELTWSE, LEd-T, BVEMEEE H &
EIEHMREOREEEHNEELZIRZR>TWSE. EBEODER*2 T
THBE S I -0 -V - VB RHZX A TWBZ E D
5, Zh e 288K U TELEEHK=2 -1 > (wide dyna-
mic range neuron : WDR neuron) ¥ M A T W\ 3,

SR EBMHHB S O NN Z2OBHEALTMH G IR
FEHEBALCBWT Y+ 7GR L >»T 2= 2 -
Y EBEITRIEBEEBE S COANRIGK ZHK=Za2-— O
yr O EVWEHERAELIITHEHECEE T 3, Z O BRE I
R—a—pBrHPEHCEALEEFHEIIBHLAANEID G
l ~3 BN TEAMEEEIENMIEZETEZT 3, — 8 &
ZELRBWT, FOoOF iR AMEENOE - A A& E2 L
T35 %2 & D% BH B,

0

l

EHBOHHESS - AflRELOTST 28805 b57T &b
A D 20 iE I BMEZH 32FEFEELTASSHRE 2 &
B L hAMDIWIEIYDBEMIDH Z2EKEELELTCH
HZEL R -0 BPETERH> L3N0 LERH
T A2 BB EINRTWD, chsFTBEFIHEKIIECET L,
Bl H &, H B H A KB (neospinothalamic pathway) &
ZiX. HEMEMHAKBE (paleospinothalamic pathway) &
i T W B,

) T MHEEMS A

FlHEXEBEHARKIBE 2P T AEFEBEHKBE (per-
iaqueductal graymatter) Wl 8 % (£ (midbrain re-
ticular formation) KH EZHE LT W3, h 5 & B
- 2 LN PP EHEAEODRERESAEBMIC N L T,

T E SENEHE TN B AFTERNELTOEHM

—— 50 S



Bl L FPRICcEEIN D20 E EBIELZ2HB 2 W
HOHINHEE L FT Lo T w3,
TIREHEZ~ D &EH

WK =2 —-—DrofMimEEBES LT
T WbHLbWBHTH 2. YFFEOMMIC
A28 N 3. 2 h 6 OfHKEKZECE
LTWwW 3, #HEEBEERBEHERLS > NN
2 TORRERBE®HRA NN ZAWL L > TR
R P EETH D

§)K i B H

Ko ExEZH->» TWDSIS ARMEAEEEEZ 2 ~5mnmd
RHED»PSER >TW3, RETRERHEHEDSLSZ 2T W 3
FEHEEERERET L R2HERBITI2HENBEHEBLEET 28 7
) ) v -2 3R NWEHTDHDH, O T DA 28N R
OMITEHRMEARVW. BEFERRBAA A LIDPDEERE R
B EIT HLHECHEIDAERERFRH LI I DODRBRERICASDL
TW2, #8BFBA »>»2727 I 2 AMEEULAECRRARILDD A
AL TwWw3, hosOBR RFRBELC L TEL DK
BEREOCALZLT, ZTORRIUDEBYE 2L wWwiFi SN
ODHRBECEEFRFRLIWIZISODEELNLEZ AHERBREBHIRZSE
— A K E B (primary somatosensory area:S1 ) & ¥
FTAHZH 5E _KHERBREEH (secondary somatosenso-
ry area:SII ) &M H b, X2 BWTIEKSIZiFEEH
Wi L2 BF L2 EHEMARPZELELT WS BB
it Bl & 1 T W B,

9 H O d e codineg
GERBERBLCLANINREEERES > NAR T~ F
btXh REWMHAZE S A4 I IAFER->TERE
i E A REER ET 2. RE DO # & L T: # {u. & /.
mE, EHALREMBDBDIT SN D o S5O0 2TANT
i B B DE ST B — iR v F OBl BE W . KB
RAOKHEEDP AT RTH %5, W Z A XHEKXKETCTHEH
O ZRHE (crude sensation) T B 2 L T W 3% & # % 5
h %,

* 2O F KN M B L K AN BN R R AR R

5K HEHE OB
b By . Al
1 ht & B
D H BT,
CE LERD

£ N B MY <
-
-y
it

3

J

(ST
-




Y

> & FE

Do

P IEREELEDEH
COMIaRREERNNEZ Z T S L

sity) oD HE SN OO E X IT#H
Rib U 8 @& T H 3,
B O Y (Sensory modality) # I — PR 1k

el

F

p—

Al

e

R OHE
g oMo U BRSPSy
(4

H?'
FhE

3

K )
T W
% 5

i

A

T &
=a i)

Do

X 7z,

& H
W o
Do

L 7= & O

iz
iz

a - F

&

5
L

AN
O b i
sk %
R E Y
H & &5
# #Hl T
D i A
o~ D

B X | T NSO RBY OO O
~

t

o+ 3

T & %,

<

o

e 31
;D R’

AT 5EMRBIFAELT

( Inten-
= % M

OBl E 6en 2M & & JX: R

= (1)  HE

R0 MBIZIERESD H

Woe REZFHARBEMROD

moo R, -
(decoding) T & 2 & I
D g EHH 1

H D IV H
EdH F X
M E L <
H T &

-

WIS

L
&

B R

I o

FA

h &7 %o

Lr

H 3L W TEBIZR X DK
5
-~

E K EFF

VI R D
> BH LT
n %, ¥ 7=
— K U T &
T EMHMEME
¥ — L T ¥ &
= A EHF

e YT E DN E — U H

= 5o

PR

X R MERE E UL THRIT N W B
X R BEEFEESCE T W LML,

BE O KNEWDH ODH — 2T BH B,

hr % 3

SRRV

H S FE E

g xR &

LT he EEULE R T
H g 3 N F2 T H
O M S %k preemptine analgesiad = 5,

(H 3
(M)
5. L
H = R
F S M
. G BV
2 e
A 1M
L &£ 5
*
LT
M7
T 5 &,
¥, &,
L& &

L 7= M3
B &
D Iz
£ b
5 e &

(4

B

W ik B 2
N - BN
H L,
LT W
— B W
N b A

I B & Ih

% < T &,
IR N

5 D 23 F
# T &,

7 S A~
H E Y
B & L.

3 m Y

> T. ¥
D EE X
iz, B’
& WAl

2 6N T

P CA (patient controlled analgesia) & if
tn ﬁ%?ﬁiﬁhkﬁl}f:

Nk

n T =&

J

nN=® 58 0O#HB¥X%M KK

HR EE2EXS5F T 2HBIKLZLTDH 3,
S AH WS R T W 3,

I

15 B
® 5 7

x =

H 2 B &
52 H &\ T

B 5 EY



2)Avd 4 FOoOEHERRE~DODES

r 30 BEHEASSEEME (WDZR neuron) @ #FE #
EE LT EHEITEASAS FPEHRESEL FO0OZFEI{E RS
Y., T ATUEBWITWIDROCEH =MWE L. BH L XN
T BPWTEBYRZEZ R T TH A H I BRIk

F -, THHITHAZALEHEL EEGTEREPEHS I2ERL
#geoeh NEHRAE BRBOZLFELLIERRBRBAZS
- T EHEBEEOCRIENITDR T W 3,

1)IEM — %, ¥ ®BHEX: DHrrHDPT WHEEROOE B2HK
W H Dz JEHR ZED, FF AN
b z2-4, W H, 1008

2)TE M — H: wBAHAOEHE HE. AKB 64:204-208,1989
3){E M — #: & F % H &% (nociceptor)..
Nano GIGA 3:11,1994
4)fe M — E: SR BOHARELS .
Nano GIGA 3:187,10994
b )4 — H &8 ~DEFE S5 A .Nano GIGA 3:359,1994

¥+ 7 A {5 # .Nano GIGA 3:531,1994
¥ b 7 X % & .Nano GIGA 3:743,1994
BEBFHESOHFMA LT - IEF.
Nano GIGA 3:743,1994

~
H BH B E
B R R

Q)fe ™ — : Tl E O HE e
Nano GIGA 3:1347,1994
10X M —H: REBHES xHFEOMNHE - # B [ 5B

Nano GIGA3:1347,198384
w — H: BRIEKE ~O F S .Nano GIGA 3:1499,1994
. MK E R EBE . Nano GIGA 3:1807,19484
o — H: % A D decoding.Nano GIGA 3:1963,1994
M — M, @B HRE: #¥ER3EHA,
HOB ¥ 24:882-895,1990

ot o ot o
E
|
2




