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Effects of Scolopendrid Water-Alcohol Extract Injection
Applied to the Acupuncture Point on the
Neuropathic Pain in Rats

Sam-ro Lee', Sung-chul Kim?, Sung-tae Koo?, Sung—nam Kim', Woo-]un Hwang',
Geon-mok Lee Nam-geun Cho Kyu-sang L1m

Dept. of Acupuncture & Moxibustion, Ophthalmology & Otolaryngology & Dermatology, College of Oriental Medicine,
Professzonal Graduate School of Oriental Medicine, Won-kwang University

Abstract

Objectives : In the present study, the effect of Scolopendrid Water-Alcohol Extract (SWAE)
applied to acupuncture point BL23 (Shinsu) on the neuropathic pain was examined. A common source
of persistent pain in humans is the neuropathic pain. Anti-convulsant drugs are used to treat the
neuropathic pain. In the oriental medicine, Scolopendrid was used for long time to treat convulsant
syndrome and back pain, etc.

Methods : On the bases of the Scolopendrid clinical application, the effect of SWAE applied to
the acupuncture point was tested in the rat model of neuropathic pain. Neuropathic pain was induced
by tight ligation of L5 spinal nerve. When rats developed pain behaviors, One hundred microliter of
SWAE was applied into the ipsilateral BL23 point at a dose of 10 mg/ml under enflurane anesthesia.
The foot withdraw latency of the hind limb was measured for an indicator of pain level after each
manipulation.

Results : SWAE injection increased the mechanical threshold of the foot in the rat model of
neuropathic pain significantly for the duration of 4h, suggesting a partial alleviation of pain. SWAE
applied to BL23 point produced a significant improvement of mechanical sensitivity of the foot lasting
for at least 4h. However, neither contralateral BL23 point, ST25 (Chonchu) point, nor LR3 (Taechung)
point produce as much increase of mechanical sensitivity as ipsilateral BL23 point. And, this increase of
mechanical sensitivity was dose-dependent. The improvement of mechanical threshold was interpreted
as an analgesic effect. In addition, the analgesic effect of Scolopendrid 4 mg/kg injection is equivalent
to that of gabapentin 50 mg/kg injection. The relations between SWAE-induced analgesia and
endogenous nitric oxide(NO), inducible NO synthase (iNOS)/neuronal NO synthase (nNOS) were also
examined. Results were turned out that both NO production and nNOS/iNOS protein expression which
are increased by nerve injury were suppressed by SWAE injection applied to BL23 point.

Conclusions : The data suggest 1) that SWAE produces a potent analgesic effect on the
neuropathic pain model in the rat and 2) that SWAE-induced analgesia modulate endogenous NO
through the suppression of nNOS/iNOS protein expression.

Kew words : Neuropathic pain, Scolopendrid, NO, BL23, Analgesia
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Fig. 2. Effect of injection of Scolopendrid Water-
Alcoho! Extract(SWAE) into the acupunc-
ture point on the mechanical sensitivity
of the foot in the rat model of neuropathic
pain. All animals were subjected to the
left L5 spinal nerve ligation. All animals
developed mechanical hypersensitivity on
the affected foot at 3 days after the surgery
as evidenced by a dramatic lowering of
the mechanical threshold when compared
to the preoperative value. After the injec-
tion of SWAE, foot withdrawal threshold
on the mechanical sensitivity was
measured at lh, Zh, 4h, 8h. Saline injected
group(SAL) was given a saline injection
and experimental group was given a
SWAE injection at the acupoints BL23.
Only injection applied with SWAE pro-
duced a significant improvement of me-
chanical sensitivity, lasting for about 4h.
However, injection applied with saline as
a vehicle into the same point did not
significantly affected mechanical sensiti-
vity. Asterisks( *) indicate the values that
are significantly different from the pre-in-
jection baseline value(Oh) (p<0.05) by the
one-way repeated measure Analysis of
Variance(ANOVA) followed by Dunnett’s
post-hoc test.

SCPD : Scolopendrid injected group
SAL : Saline injected group

- B3 -
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Fig. 3.

oh 1h 2h 4h 8h
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Effect of injection of Scolopendrid Wat-
er-Alcohol Extract{SWAE) into the acu-
puncture point at ipsilateral side or con-
tralateral side on the mechanical sensi-
tivity of the foot in the rat model of neuro-
pathic pain. All animals were subjected
to the left L5 spinal nerve ligation. All
animals developed mechanical hypersen-
sitivity on the affected foot at 3 days after
the surgery as evidenced by a dramatic
lowering of the mechanical threshold
when compared to the preoperative value.
After the injection of SWAE, foot withdra-
wal threshold on the mechanical sensiti-
vity were measured at 1h, Zh, 4h, 8h. Sali-
ne injected group(SAL) was given a saline
injection at the left acupoint BL.23 and
experimental group was given a SWAE
injection at the left or right acupoint BL23.
Injection applied with SWAE into ipsila-
teral BL23 point produced more powerful
improvement of mechanical sensitivity,
lasting for about 4h than contralateral
BL23 point produced a mild improvement.
However, injection applied with saline as
a vehicle into the same point did not
significantly affected mechanical sensiti-
vity. Asterisks(*) indicate the values that
are significantly different from the pre-in-
jection baseline value(Oh) (p<0.05) by the
one-way repeated measure Analysis of
Variance(ANOVA) followed by Dunnett’s
post-hoc test.

Lt-BL23 : Scolopendrid injected group at

Left-BL23(Shinsu)
Rt-BL23 : Scolopendrid injected group at
Right-BL.23(Shinsu)
SAL : Saline injected group at Left-
BL23(Shinsu)
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Fig. 4. Effect of injection of Scolopendrid Water
-Alcohol Extract(SWAE) into the 3 diffe-
rent acupuncture points on the mechani-
cal sensitivity of the foot in the rat model
of neuropathic pain. All animals were
subjected to the left L5 spinal nerve

ligation.

All animals developed mechani-

cal hypersensitivity on the affected foot
at 3 davs after the surgery as evidenced
by a dramatic lowering of the mechanical
threshold when compared to the preo-
perative value. After the injection of

SWAE,

foot withdrawal threshold on the

mechanical sensitivity were measured at

1h, 2h,

given a

4h, 8h. Experimental group was
SWAE injection at the acupoint

BL23 or ST25 point, or L.R3 point. injection

applied

with SWAE into ipsilateral BL23

point produced more powerful improve-
ment of mechanical sensitivity, lasting for
about 4h than ST25 point or LR3 point
produced a mild improvement. Asterisks

(*) indicate the values that are signifi-

cantly different from the pre-injection
baseline value(Oh) (p<0.05) by the one-
way repeated measure Analysis of Var-
iance(ANOVA) followed by Dunnett’s
post-hoc test.
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Scolopendrid injected group at
ipsilateral(Lt) BL23(Shinsu)
Scolopendrid injected group at
ipsilateral(Lt) ST25(Chonchu)
Scolopendrid injected group at
ipsilateral(Lt) LR3('I“aechung)
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B AYS AAstdc sun kg 5 o
249 BIHE Lolwy| fstel AAWEH ¥
Zo] fure FE wp O} FEE gelg)
of B2 BR 29 g IS FYstgch
ZQal ppe 0.01, 0.1, 1, 4 mghkgo] H =&

Mt gct. 3k ol EANE win kel B
ol 50 mgH Eof 7] 2o A FEE 4
mgkgo 2 A5, 4 mgkgS FYIIINE
o Yehts B3-S 100 %2 st Uz 5=
o] adtE AU AEFE 4 A3
2L Zol AEFHAZ Z=z] g7 YA
enflurane uhFA ol A FH-& Foch. FAL
FARSIIL Wt 3 4= AIZE FRF AAT A
o2 71AH AZol gk Fujukg HAE AA
sted 7141 ZFol it X9 WEkE AR
AtHFig. 5).
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Fig. 5. Dose dependent effect of Scolopendrid
Water-Alcohol Extract(SWAE) injection
into the acupuncture point on the
mechanical sensitivity of the foot in the
rat model of neuropathic pain. Analgesic
effects produced by graded doses of SWAE
on the mechanical sensitivity of the foot.
All animals were subjected to the left L5
spinal nerve ligation. All animals develop-
ed mechanical hypersensitivity on the
affected foot at 3 days after the surgery
as evidenced by a dramatic lowering of
the mechanical threshold when compared
to the preoperative value. Several doses
of SWAE(0.0lmg/kg, 0.1mgrkg, 1mglkg,
4mg/kg 100u8/200g rat) was injected into
the BL23 point. After the termination of
the treatment, behavioral test measuring
mechanical threshold was periodically
conducted.
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Fig. 6. Effect of repetitive injection of Scolopen-
drid Water-Alcohol Extract(SWAE) on the
mechanical sensitivity in the neuropathic
pain. All animals were subjected to the
left L5 spinal nerve ligation. All animals
developed mechanical hypersensitivity on
the affected foot at 3 days after the surgery
as evidenced by a dramatic lowering of
the mechanical threshold when compared
to the preoperative value. After the injec-
tion of SWAE, foot withdrawal threshold
on the mechanical sensitivity were mea-
sured at 1D, 2D, 3D, 4D. Saline injected
group (SAL) was given a saline injection
and experimental group was given a
SWAE injection at the acupoint BL23 1
time a day or 2 times a day with 12 hour
interval. SWAE injection applied 1 time
a day increased mechanical threshold at
1 day after injection. SWAE injection
applied 2 times a day increased mechani-
cal threshold for 3 days after injection.
Asterisks( *) indicate the values that are
significantly different from the pre-injec-
tion baseline value(0Oh) (p<0.05) by the

. one-way repeated measure Analysis of
Variance(ANOVA) followed by Dunnett’s
post-hoc test.

SAL : Saline injected group at ipsilateral

(Lt) BL23(Shinsu)

SCPD 1 Time : Scolopendrid injected
group at ipsilateral(It) BL23
(Shinsu) 1 Time a day

SCPD 2 Times : Scolopendrid injected
group at ipsilateral(ILt) BL23
(Shinsu) 2 times a day with 12
hour interval
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6. Gabapentinz} 239 £=3 dH|m

olN

L6 HpAAE 444 A A3
4 55 7ML e AETECNA R Y
9] ¥ AFE gabapentin?} H|WI}= AFEES
AAEA. AFHFTA 50l HF IF a3
£ Hlasts) -?—]5}01 ARTES Al 222 Y

ER Yol sun FIE F

3191, o2 & +& gabapenting 100 mgkg
o] F=2 B Wl FAE sdeH, UrA
& gabapentin 50 mgkgs £7 Ul FABIA
23t RS 10 mg/mle] F=2 A4
ol slAste] wfirol 100 e FASH
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Fig. 7. Effect of gabapentin and Scolopendrid
Water-Alcohol Extract(SWAE) injection
on the mechanical sensitivity in the
neuropathic pain. All animals were
subjected to the left L5 spinal nerve
ligation. All animals developed mechani-
cal hypersensitivity on the affected foot
at 3 days after the surgery as evidenced
by a dramatic lowering of the mechanical
threshold when compared to the preopera-
tive value. After the injection of drugs,
foot withdrawal threshold on the mechani-
cal sensitivity were measured at 2h, 4h,
8h, 1d. Gabapentin group(GBPT) was
administered at a dose of 50mg/kg or
100mg/kg by peritoneumn and Scolopen-
drid group(SCPD) was given an 4mg/kg
injection at the acupoint BL23. GBPT
group produced powerful improvement of
mechanical threshold, lasting for about
4h. SCPD group also produced a signifi-
cant increase in the mechanical threshold.
In addition, SCPD injection affected the
baseline value at the next day. Asterisks
(*) indicate the values that are significan-
tly different from the pre-injection base-
line value(Oh) (p<0.05) by the one-way
repeated measure Analysis of Variance
(ANOVA) followed by Dunnett’s post-hoc
test.

GBPT 50mg : Gabapentin 50 mg injected
group by peritoneum
GBPT 100mg : Gabapentin 100 mg in-
jected group by peritone-
um
SCPD 4mg : Scolopendrid 4mg injected
group at ipsilateral(Lt)
BL23(Shinsu)

APFE I AFE F= % 2EHY2E
FA 7] $31A enflurane uh3 e Al ok
S Fook A4S FASIR G F £ AT F
AAQF AT FHe2 JAF AFA s
Sme AAE AN AR AT g
gx9 wstes AHE. HAE 43 A
&, 2A1ZE, 4A17L, 8AIZE, 1Y ol AASHH T
FE £o] ¥ baseline gto]l vl FFE &
Z3l7] Y3t 14 39 71AH 2Tl dgt
A= g ZA3tAUr). gabapentin FolS 7
o JEEIATL FA T AAZTEE AL HA
o, £ ¥ th329 baseline g2 {3t
7 YA oottt sk A& 4 mekg
T2 29% &2 gabapentin 50 mgkgS &
Y2 FAste] g AFaTe} vt =2
NAH AZe] gt GAE FeAlAt. B
oFZl o A& gabapentindt= 2, AF 1¢
Zof 71A 3 AFol Atk Ax7 F A e
5+ ch(Fig. 7).
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. Effect of Scolopendrid Water-Alcohol
Extract(SWAE) injection on the
nitrite/nitrate levels of spinal cord in the
different experiment groups. NO(nitric
oxide) production on the spinal cord was
measured by Griess reaction assay
method as described in the Methods
section. Neuropathic group(NP) was not
performed any other treatment except for
enflurane anesthesia. SWAE injection
was applied one time every day for 2 days
on neuropathic rats of different group.
Control group(CON) were not applied any
other treatment. Data are expressed as
means+SEM. * p<0.05, compared with the
untreated control group. + p<0.05,
compared with the neuropathic control
group.

CON : untreated Control group

NP : untreated Neuropathic group

NP+SCPD : Scolopendrid treated Neu-
ropathic group

£ AAsA gL AFWFT T2 vls) {4
atA NO7t Zrastfiok(Fig. 8).

8. MAYWEM S22 ol INOS Tl
Zlof| cj$t Westem blot

Al

1

m
o T

L5 2% (ligation)st F=3+ 4
SN 55 AE mdolA win IS 2¢
Fob shTol @ WH FL 3UA Haold
iNOS (inducible NO synthase) Truizl-S HA

[¢]
&

st WaAA &40 9% iNOS R F

— 3O KD INOS

L

Relative Bxpressfon of INCS
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©

Fig. 9. Western blot (A) and densitometric (B)
analysis of iNOS(inducible NO synthase)
expression in the spinal cord samples from
the 3 groups. Neuropathic group(NP) was
not performed any other treatment except
for enflurane anesthesia. Scolopendrid
Water-Alcohol Extract(SWAE) injection
was applied one time every day for 2 days
on neuropathic rats. Control group(CON)
were not applied any other treatment. The
molecular weight of the protein band
corresponded well to that of iNOS. The
iNOS signal was enhanced in the sample
from the neuropathic rat when compared
with that from the untreated control group
and attenuated in the sample from
SWAE-treated neuropathic group(NP+
SCPD) when compared with that from the
neuropathic group. Each lane was loaded
with 60ug protein. Data are expressed as
mean+SEM. *** p<0.001, compared with
the untreated control group. +++ p<0.001,
compared with the neuropathic group.
CON : untreated Control group
NP : untreated Neuropathic group
NP+SCPD : Scolopendrid treated Ne-
uropathic group

7b ojns} ojol] ojah R GFAS FFE Lo}

w7 9% AL AP BE e L6
HEAAL AAslA AAWZo] fE8 $ &
- 7]_

2 8% wurekl A AAE Ao qifar o3
ARG 2 s}oﬂu} AA5ET A3%E 5
2 5 s B AR 5
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Westem blot

L5 H4=4174& Z% (igation)sto] fE=37F Al
AME4 55 48 2dolA gun ol 2¢
Zot 3pFo] ¥ WYy Fi 3LHA 2220l A
pNOS (neuronal NO synthase) T 2-& £4
gto] TEAA &4 9% nNOS a9 F

7t o Ee} ofof] gt R W] AFS Lot
By g AEE AYstAdch. e FE82
H5A RS At AFHFol =2 F
2 3tA il A AAH Ao gt HA
ARsA Bastad. FASEY A74E
9 AFYHS fFE Ol oFRE AX
E9] Mo nNOSE B48) & Zu}, 417

% 522 FA4EE vs] nNOS7H #2fst
A Z7p5tgon, wik kAL A5 AAHS
TES AA3HA ¢ AFWF FE =Y

nNOS7t f+2lstA 343t 3 ch(Fig.10).
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o] g #]X|d] Scolopendra subspinipes
mutilans L. Koch®]-& ¥ 1§ v gt &3] 7
M kigbo) U ool A A) 43 Scolopen-
dra sp.(A 4D #iE2 AT = REMESIL A
A dol7t 5~6+ H=E, M ¥ THS 3F
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Fig. 10. Western blot (A) and densitometric (B)
analysis of nNOS(neuronal NO syntha-
se) expression in the spinal cord samples
from the 3 groups. Neuropathic group
(NP) was not performed any other
treatment except for enflurane anesth-
esia. Scolopendrid Water-Alcohol Extr-
act(SWAE) injection was applied one
time every day for 2 days on neuropathic
rats. Control group(CON) were not
applied any other treatment. The
molecular weight of the protein band
corresponded well to that of nNOS. The
nNOS signal was enhanced in the sample
from the neuropathic rat when compared
with that from the untreated control
group and attenuated in the sample from
SWAE-treated neuropathic group(NP+
SCPD) when compared with that from
the neuropathic group. Each lane was
loaded with 30ug protein. Data are

" expressed as meantSEM. *** p<0.001,
compared with the untreated control
group. +++ p<0.001, compared with the
neuropathic group.

CON : untreated Control group

NP : untreated Neuropathic group

NP+SCPD : Scolopendrid treated Ne-
uropathic group

A, FEHE Psdoln AN} B RHE
T 7 gEoe 199 BRe] il 1 were
SRR OI-E—EP gl o8 A BED
‘_1:1_710)

- 59 -



Ol - ZAHHE B Y

BURL < HEAEAS > o] “BUAKTEE TRE
% HHECHAS R BHEE =07 o
g1 Hz2 JAHAF?. <KEMHE>ol=
ARERRE, BROE, AERENE, EEE
R, CEEERE 52 92dd? stgoh. <
KA > sune Mokl FEAENT, B
e FFERO| T, Ak MEBSUE, REHGE, &
fE3o| 1, IRSURS %7t 17] 2ol &-18%
B So= % Mm@, miE ne, ASKE Sl
g3, BEAL0] WA HEES RE
i SO me AN HREES ctadck
SAERET BEECS KRG, M, ASKE
So] vehg o 248, AEE L%k st
o] $87%th B3 BuRS EisILES Eso
2 2453 7 BHA, BIE REN S BA B
|, B FESI WA BIRESE RERE &
BRI AP <BEEbRFEg > o
BuRo ERO] Jro] A&sle] NI RS A2
Bigol gio] SAF TL 2R %3] Bt
ol Slo) B W AT 3k webA
NEL FFREEE), BREE, SRR, RIER
L, 2L Kb, DEBRE, FEMA S
A, ¥ Aoz BRI wohEe
AU T stk RS BRI B AR
B HHY AEY #e UI JoBE 53
BEe A% 4 ¥z sy

Banols #EIN AT FS5EH, £ his
tamine4] 23} §84 duFo] o] L'
oo s, FHAHE, Auil, oinjwil =
o] o] Y& Ao2 4FA Qlth E 6 -hydro-
xylysine®= S0} 313, histidine, arginine, or-
nithine, lysine, glycine, alanine, valine, leuci-
ne, phenylalanine, serine, taurine, glutamine
acid 59| ofu|:AtE Sof JIg™P. =4 £8

¢l Scolopendra morsitans Lo @9 ¢haz.e

Y2E - 01UR - ZH2

oD

oY

.
[

A719%0 A3 tZ3 22 57MAE Fid
ko RAE A 8% albuming ¥|% Aol
1, ER¥ a 1globulino|d, AA = a 2-globu-
lino] L, WAL y -globulinol®, chAAIE T
Qo) A9 At 2. & of QL fibrino-
geni EZo| Eo] YA &7l Wi SEHA
Fert’.

WURY 2482 D528 & HERIER
o] Ql&dl, MEEK-ES YA H iRiRo] 28
of ulste} VA, JNEERIATE BRI
o] BES AAATI=H FRI Aol gl
=, o] ¥ 79 ®minS gRERES FEF
g0l g3, LK (348, DS 1Y 1 g
%1, 399 9% 2+ §9% F pentylenetet-
razol (cardiazol), strychnine, pure nicotine2]
utg Ao st vehd ule-A0] F#of

of A&t 359 FEof 97t Hd
BiHE iRo] 2gE T EUAT,
A Ad dsiME st i’ 3
3} 5-3|==240kyl iR 47 kR FIEE
Zao] B¢ =38 AZgol I, KE,
9] carboxymethyl celluloseZ dojd W F9)
22U f5 lol E3] dXsA AR ARG o
A,
QutR o2 QAo FHA &3

3] ZFAdold Z2AG 0.03 g R B
ml 2|2 Fol §3AlAH 3 ml syringe 372
U § 189 14K AMgs9, 8 /g
1~3 ml¥y FUsto] AHgsted, 4529 3
SolE A8 E9of 1-3 m¥ FYT 5 ¢l
ol o /10 H =<l 100 & FYaA. °
3t A fEo £ AFolME 4 mghkgd] 5
TE Y s ARk a8, dAdelA

Rz B% URde] UL TYke AHgI

o

L.

o)

RIS E
1

©

Ko
=

- 60 -



BROA $RAHR0| MEREN HiEo] OlX= @

gloui B AR AFHFH 55
%%ma] Bolo] gl HEe BREL2YE
MEsT. HERTOR FEREAN Qoo @
2 KBSl BAY FIEETX)E Astam, o
AHo) A REREAES FA KBRS A
et et BREL2YE BRBEMES Hi
x2A, Al 2 BHET f@iiE 2 1519 gtz
RS WHEE RBEL BKE BET 8K
sk, BEFEIY TH: BEL BEER
o, IR, AMED, AETE WT, BHRe,
i, TER B, BE OKE B, A% R
55, 5, B Sold. RAEST250= EBH
gamel AZA, MBS @ 2 44 9
S AM-S BEEAM FRHE BN kt
(6B AMETE BERERoI HiAt SBrEA
Beds BIR B FEORT ER NS uEh s
S B Sold. KELROL EREIE
o FAZA, A 124 REMETHE 2D 9
BT At FHART ARFE BRI #iRe BT
BE, @EELC Y FR FRMRRE %E M
IR WICT R R M B RIS RIS TR W
Wi EESINE Solck
2 Ao AHEE AFEEA 5
o 7AA ola%e Ushj= F
Fig. 194 gty $2 2l AZ3¥Z
& FUA7|7] Qste] H4AlA A (igation)

29g $Esdtt £ 18, 5 L5 B447 2
4 07wz 9wz L5 A4S AR
o} o > ].

LT g

a=4x(sham operation) 22 =0
% A7, Ls W47 22 449E 92
< 714l A XF“’H e AA7F FsHA Has
AT, 7hg golg Wsrt Qe wet
A L a*mg auz a8 49970 e
A4E Yujdich
Fig. 20| 4= L6 A4S £4HA7 S04

o

1 A4S 53¢ D A AYEE
A obye) WERHE YolRFTEE
§ % 85 BREL2Y) U P FIZ 4
OB o] AU A
ol FUZ& L5 A% 2%l 93 748 7]
A AFo A AXE [ FTHIRL
U, A de £USE 798 #svt glgith
ojgigt 7iAF Aol digt JA Fod Bk
ofol AZHEE 5 dAA JFaHrt
Aee ovie
Fig. 39jM= L5 2
1 AFWEA 55 AT A 4Y
A B orlel ApEAE Yotuste A
% R R BF BR TU, Bk oF
Bol 35 BR 2UD 40940 B
& FUTOE el AR Fw, AINGS
ZU2e folg WAt gl s oFET L
A2l FYske R Bt $Eo| FYSHE ol
He e AF A7} Atk webd B2
43 FUske Aol B8 AT AFEAT U
& ojujgit
Fig. 4914 L5 H44042 &444 &
A AAE=A 229 7141 Q= A=
A g 9 AFAHA AP 9K
4e 2m QEA dotusich Al 18, & s
oyl ¥x BRELY) FUT, B
(8T25) +UZ, &5 K&EHLR3) =
Fol AT A, BRAAe 71AFH A=
digt A7k @ASHA Frtstd ey, Rigy K
FEo e 714" AT digt qA7F FA 3
o] Au|gh Adgol AUt wEbA geR oY
< 5 2A A FYUste Aol S &
A& onaty, A9 & FE £ =
=& dax BT Aol AYE AFEH
£ W3ste Ze® Hrh

- 61 -



ojatz (ZMB AT YE AN - HPE - O)US - =

~ Fig. 59 4% L5 H4AA-2 A 7A A
A AREFY TFE VAU AEFEA
A R el AFaNTL FEYEHUA
AR E Yol HYEE HASHET. A3WF
4 5ol st T2 R A =S
0.01, 0.1, 1, 4 mgkgs 2l F¢3}o 4
d 23 8%9 Fiol AT ¥R FHLS
S5 gzHoz A7WEY B2 VR
£ YehidT, Aadds FUFe foldt @
b gisich meld Al %g 3
o] ¥E SxHoz AFENT UL
ol it
Fig. 6oL L5 A48 447 $2A
NHWFY BFL T Yk ABER
A g obzle] e Folrt AFEN vjHE
FEE dotugdth Al IE, é LFoFRe &
£ E‘@ 13 -rd%, LR BE Fw 23
z & AAES 2YROR U
o An e aq 23obe B2 i 18] £
wHT 8E Bi 23 £l IFEAE 2
AEL ASKART &5 Bk A2dd9s £
T FA% WEst et wEh A R ofd
o] ¥ty Fo7l AFaNE o AL A&A
A& oJojdch

3954

¢

flo ;

o off
lo o

¥

7

¢

mlo

Al £39 Adel dwH A3
Na’channels, NMDA (N-methyl D-aspartate)

receptor complex, neurokinin-1 receptors, ad-

r
0.

renergic receptors, cholinergic channels S-oj
3 dFsol EEs AYPHT U1, MEL
CaZ 2234, NaZ2 XA, 43¢ NMDA
(N-methyl D-aspartate) 234 5& /Ngstz
Aen £3 FHAAYN Hx ol A=HL o
o AZHEFAE §F5Y Fad ¥y @A

A&Hel 4179 firingol7] Bl 4B FFH
£3¢ Amsted AgHE FBL AU Y

2oy

A7t gol AgEI Yok ARESFA FFol
Sutg ¥ Na'dl'de] w3 olpisirt A 7] =4l
A &4 Fof A4 F3E KT A Na'Hde)
543 AR W] Wik A7 o)y
& Wapt AZ¥E4 $53 BAY 14 74
Mool NPEE F7HA7EY Belsks Rer
arejA JAo®, gem AAE Na'gde 3
A7t A AW Z4 5ol antinociceptive F}
= yehygot®. £3 Ca¥d 2= 4AA
HzA 552 gstAng>.
--carbamazepine, phenytoin, felbamate Z2
FRAA7 NFEFH 55 AR A4S
£]o] gk0 o, gabapentin Ef& Y= FAEHA
24 AEEHReY e %
A AL B FENES
L k2 A o]&HI Yy o]e
2 of7tA] Bwdl waAA ek
dexl Ygg Amnd A73ES4
Ao 13, 23 Faww, wnz
wind-up AT T 49 WIE EHdith
ARARGEZDL olge AA FaT TS
Z=8)8ith. NMDA(N-methyl D-aspartate) 4§
Ao Y75 g Qe Mgel 98 22
AN AFZEE oW AMEYeE Ca¥ol
Sol2A Hid| o] Ca¥2 AZEUA o3 &
gozA 48 +Yste PKCE BAHA]
I, PLC2F NOS<2] A3 protooncogene?] vt
AS fA Itk a2 g8 NMDA +=&A17F &
HaEd f85g ALl Heae S/
. olEE d9e {4 FolA gabapentind
Ca®* 42| alpha(2)s Subunito] Z¥*ste]
Ade Adgtewn 530 I S
Ao NEEHE e Aoz Bk
H do] An AAHSAE FFol AT A
Eang U3sts Aoz guA

2]
ol

.!SE'.
2 op BN oo

olm rok
ol

=

T T C
e e

@ "
2

O.L_:lL

ol
olN
o
n

_BL'

k)

m{m

9l gaba-

- 62 -



AROIM RAZEH0| MIERENE MiE OIXE BE

pentin®] E et dRIR kol adtE B]J—lﬁ]"i";
B obdo] 3B ¥& Eo AFAE ¢
ZrgiAw, B4R °F¥ 4 mgkeo] gabapentin
50 mgkgol HAFsHe AE EAE Yehgige
o], © 20| gabapentino] A= {2 4= QUA
© 18] 3 FAF & oY baselineo] F71st=
HAe [T + AUHFig. 7). wir= 37
AA2AN AFEAI Spditte A 2 A7
oA AHEIYA AAH AAHFZAH E5 7
g3 ATANE Y= J2E Hop go
2 #ep AT Na'ddely Ca”Jdx e
ol Hd#e] BAE vl o] AFstoior
Ao g g€t

T3 B A= Ls H41%
EFE Fol FIANY AAEH
ol A wR okl AFEH A
A3 HoA F7HE NO (nitric oxide) ¥
NOS (NO synthase)7t oj® #A 7} =2 ¥
32t st ch

NO+= NOS (NO synthase)o] ¢}s}o] L-argi-
nine® X ¥ YA ==, NOS= @2 A3
A (physiological process)e] Z&o] 243 &

< 3t NOS9 o8 71A] isoformsZ-ofl
23t 3717, Z iNOS (inducible NO synthase),
nNOS (neuronal NO synthase), eNOS (endot-
helial NO synthase)”} Qlth. AZ XN ZojA=
e o&Foz Z4siEE AFYUNEY
nNOS7} @4 waE® glon, AATMEE
2 lipopolysaccharide (LPS), interferon-y , tu-
mor necrosis factor-¢ , interleukin 1-3 % Z¢
¥ cytokine 5ol oA Zrgol nHjYgEHoR
A4 E INOS, 281 aixjzto g2 g A)
ot Holu M FoA ZgoEzyoz 4t
TEEln gl A E eNOS7H 9t

27-29 % .
. L5 A7 4 A8 ABEEA 5

Zo] f=¥ ¥ Ho oA nNOS ¢ iNOS o
A ol Z7tE o] NO A4to] F71HH, ofg
g NO: w4 55olA SAst= §Z4x4
(hyperalgesia)°f] wj-¢ 2% &S st ot
%0 NOL: 1980d | 5E F53417349 AHEA
24 QAo o NO9| g4-2 NOSah=
a3t AT F o oJ&§th CNS9| 55 &
Ao Ao &g 238t NO didt g2
71550l &23A Qo
nNOSE gFo] HAstd &4 % ddo| &2
Z7kgtth. 959 F471 NO7F S7tE At
A& arginine®] oj&o} F7tE U= AET
olUgl NOS® A7 9wd o Nicotinamide
adenine dinucleotide phosphate (NADPH)-
diaphorase?] 4o} Z7 Elgicte 748 g
Tz NFE AASEA AH] £4EHe 1A
o =& gFo] wAstL Hs|+87] (noci-
ceptor)9| free nerve endinge] @A3le. ¢
Zo] AF" Foj= CfiberofA &2 A5+
A7urAo] A7ict ol#g ¥ AF,o A%
tde Y AAERY FFTELEREH glu-
tamate®} neurokininE& W&A|ZIF?. CNS
o A/ NOx= NMDA (N-methyl D-aspartate) 4=
SAet wHg A ek W4 Glutamate
of o5} NMDA +=8X7} &8 = F347%
AZY 2 Zeo] FU=o nNOSE &/ 35147
3 NO7H &2 =4 =4, NOe= £33 cGMPE
Z7}A#A guanylyl cyclaseS 4SAAH
non-NMDA <=§-A % NK-13 CGRP 484 ¢t
7o gelolE £44 9] Lo o3 TR Al
Wa A7 wAStH NMDA 84§ Apdst
T Qe A &4 Mg” blocko] AAHT. o
#4& E3te] NMDA £&F71 &43=d
Ca’o] NMDA 4§39 o]2528 F3 A=
W2 Eoje "tk nNOSE Ca*-calmodulin

j o
-
AN
fo.

ok

- 63 -



SEHOR, ANEWY Zgol2d 3 a9
calmodulin 917 F9jofjA gstdch B2 ¢
o] ZHgole 912 nNOSE F4istAA NO A
A& F7HIE 2 Aok o2 d nNOSe| &4d3t
= Zeolee Yt A= Al $
AZHALED &4 23 US B o,
AYG A& LEoj2FEE T3 ZEol29
FUE FEdte AUA A AH Y &5
g8 Atk 18Es AAYFE $F 2d2
A7dol &44HAA primary afferentofA 7
o A=l o3 A&AQ Aol /Ut
O AL + Y= vy gZwdolr). o
3 W= Al A AGE 7HesHA shd, S5
ZrZHcentral sensitization) ¥ 5Zra9l (hype-
ralgesia)} 2 WAL R ehdoh ool
NMDA (N-methyl D-aspartate) %37} hy-
peralgesia®} T&Ho| Q)i T3 NMDA &3
oF NO7} afl$ zgah eAlof Q71 o], ¥
o)Al hyperalgesiaE LA 7]= YA T of
NO7L Zo8 93g otx gt o deA
Urt.

iINOSE Ze H&Edez dd AolE7
of o) AIE PAMZoN wARH, e

oo NOSHTE 433 oS BT Aol
otk 542 ek 4 gl ool NOS A4
4 %+ NOS7E vi2 iNOSe|t}. INOS:= E3}
5742} (central sensitization)®} He ol
Z3HUt ool INOSE BYFE @
adjuvant #3 Y EEoll4 pendymal cell layer

9} central canal

ir.)

Z9o) 9= ependymal cell
o] processol Hz3t: Qoim B aEic?,
Ependymal cell 2 CNSoj 9l glial cell9]
Zog wWo 9 gZurgo B3t E2a
(hyperalgesia)E WAl 7| we 2z}
o NolEFAT Fe 7hgH NsALE

w Jl
to mn 2 pe

WEste Hauh Mol 2T Ak w2
L BARANG BE AL HeoA glial
cell 58 SHASA 7 ™, 240 glial ‘cello] A
AbolE71el, NMDA (N-methyl D-aspartate)
AHA), NO7t Wz =712 e, INOS9| 2d
2 22 ANBAN 2HEY Ine T=
@Zo] glod olgdt UXEL LxMut ohy
g CNSej & iNOSe] wae] 43 njd 4
9lt;. Central canal2 EXA e ¥HY=

serotonin®, SP*, glutamic acid decarboxy-
37)

ox

lase
calcitonin gene-related peptide®¥e} 7o oy
ARG EAES F4Ue s 22 FHIt
)&= Fo|t}. Ependymal cells

al A wrEE= S0 o8 BAsE &

, vasoactive intestinal polypeptidess),

T

>\'J

& central can-

iNOSE ArgF zAslc)

2 Axe Lb HALAAES 9ds] 23t
LA AAHFA 55 EEY AHpoA
NO, INOS, nNOS gl zlo] W@ g EA% 2
1}, o) Aol ATE AHET vpAtAR Hpo
A NO, iNOS, nNOS<9] ddo] #x3tA4 %7}t

= ZatE d9riFig. 8, Fig. 9, Fig. 10). o]
Ddlo) ek ok AL st F7HE Heo
NO, iNOS, nNOSo| 3t 0|59} ants
gt A, s oY AFE Aol AR
o] o5 Z7}g NO @ iNOS, nNOSE &
A ZAAHHFig. 8, Fig. 9, Fig. 10). A173
Z4 Bz A 42 NO 9 iNOS, nNOS-
17 0] & HA g5l —JEH T
—4 jated, o A=& 719t
= NO % iNOS, nNOS ©

19] Hhg ol %iﬂﬁ’i EP‘ 7 "‘7:‘“3%‘

rk) r{m

J% ob ofx otN ok _°,L' oX Ik

ok

- 64 -



A R0 SRIRREAO| MESIENE FRIECI DXl BB

L5 }4Al1A
% Ay g
o Al #RIR oFFL %Eﬂf& 7& a3tg Ut
ol ZH;! —zr?st}—

2R i%%‘ﬂ
7‘]’\"]’3‘:} ﬁﬁ*’"‘ k3l 9] :é;;}% i oFH 9
o HEste JAFATFE ey, iR

ok3 4 mgkgo] gabapentin 50 mg/kg°ﬂ 3
st BAE Ve 283 g e
AR Ao st =7tg NO, nNOS,
iNOSE YAA7lE= Aoz E°1EP

Ao Bt R A BS A¥AA 2
E5E ST iR A& 4%&22
Ao gagrhy, vy Aol A4 2

@9 EUTE v}UY 4 oetn AaHc
v.d B
A BRI ASABS SANA $uw 4
Z9%4 B3 2d2 Agstel s ool A
FENE AT 2% St L Hwe A
ct.

L 8% BREGL2) FUT 8 oFle 5
E gzgos a3 AFWEH F3
7Y% ASENRE Yehygic.

2. AAWF4H BEIA B oFUL ol
A Fdsts Aol HE A AF &
e vehyglon, AR A3 2%
@ B3 vehygich

3. A13WEY $Fo04 #ep ko) vy
=
—

5 =
PEERE HS 2A5¢ AKAA

4. BR@BL23) 290l FY4T 4 mgked
g ofzlo Br) LHE 203} gabapentin
50 mgkgol &ilof Pt NEgaNE

5. AAWEA B3OIH 8B oFYo] A

Lk mERRE &
BRI QPS °l

9.
10.

11.

- 65 -

- Hierste]. A Qe

. 7171]-1:1] AlvlE, o] A

dEiE At
Aol 213 Z7+€ NOg nNOS/ANOSE of
A F .

47484 33

-'\'-'«é

AFETI} Jee Selsslct.

=27, 1977 ; 5 1 20-7.
23, . BRSH o]
Toj v]XE A a7

N Ol{ﬂ o&
i
c:ﬁ o,
foh

ng. !&ML‘—J R c
B 2 3}13) 7). 1997 ; 12(2)

: 47-57.
&M A&

: greR sl w . 1997 ¢ 227,

. Kim SH, Chung JM. An experimental model

for peripheral neuropathy produced by
segmental spinal nerve ligation in the rat.
Pain. 1992 ; 50(3) : 355-63.

Ae, ALF. FAUAAL.

EI

Adk 1998 : 3919-23.

S %&Hc} 47 &AL 1993 : 2439,
223} ggAl 1991 : 665.
P ———
Bi>SHR4) 1977 @ 404-5.

e AokEl3]z]. 1975 ; 6 : 137.

Re



12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

oo, AAN, WS
A} 1976 : 13.
o}dql, ete, AR, =58, °o|9%F, A4
3. SreFd A8 A& ARAL 1990 : 4412,
et PEBUUARRERER. Jbx : PBiK
£t 1995 : 370-1.

AT, "ERESS. 1960 ; 6 : 39.

EE. EHTPEERER. 1992 ; 15(1) - 23.
HZE. 2EEEEWRIRFE B &R TIER.
1992 : 289,

B SRS, 1992 ; 15(1) : 25.
FRBABRE RE. SRB(). $£ouE
1991 : 371, 489, 667.

Waxman SG. The molecular pathophy-

. EZRATRE =T

siology of pain : abnormal expression of
sodium channel genes and its contributions
to hyperexcitability of primary sensory
neurons. Pain. 1999 ; Suppl 6 : S133-40.
Baker MD, Wood JN. Involvement of Na*
channels in pain pathways. Trends Phar-
macol Sci. 2001 ; 22(1) : 27-31.

Erichsen HK, Hao JX, Xu XJ, Black-
burn-Munro G. A comparison of the antino-

ciceptive effects of voltage-activated Na*

'channel blockers in two rat models of

neuropathic pain. Eur J Pharmacol. 2003
; 458(8) : 275-82.

. Dogrul A, Gardell 1R, Ossipov MH, Tulunay

FC, Lai J, Porreca F. Reversal of exper-
imental neuropathic pain by T-type calcium
channel blockers. Pain. 2003 ; 105(1-2) :
159-68.

. Nicholson B. Gabapentin use in neuropathic

217.

31.

32.

- 66 -

PE - OAS - IR

. Vincent SR. Nitric oxide :

A

pain syndromes. Acta Neurol Scand.:2000
3 101 : 359-71.°

. Gee ‘NS, Brown JP, Dissanayake*VUK;

Offord J, Thurlow R, Woodruff GN. The
Novel Anticonvulsant Drug, Gabapentin
(Neurontin), Binds to the alpha(2)5 Sub-
unit of a Calcium Channel. J Biol Chem.
1996 ; 271 : 5768-76.

Garthwaite J, Charles SL, Chess-Willams
R. Endothelium -derived relaxing factor
release on activation of NMDA receptors
suggests role as intracellular messenger in
the brain. Nature. 1988 ; 326 : 385-7.

a - radical
neurotransmitter in the ¢entral nervous
system. Progr Neurobiol. 1994 ; 42 : 129-60.

. Bredit DS, Snyder SH. Isolation of nitric

oxide synthase, a calmodulin-requiring en-
zyme. Proc Natl Acad Sci USA. 1990 ; 87
1 682-5.

. Wu J, Lin Q, Lu Y, Willis WD, Westlund

KN. Changes in nitric oxide synthase iso-
forms in the spinal cord of rat following
induction of chronic arthritis. Exp Brain
Res. 1998 ; 118 : 457-65.

Traub RdJ, Solobkin A, Meller ST, Gebhart
GF. Spina cord NADPH-diaphorase histo-
chemical staining but not nitric oxide syn-
thase immunoreactivity increase following
carrageenan-produced hindpaw inflamma-
tion in the rat. Brain Res. 19 ; 668 : 204-10.
Woolf CJ. Recent advances in the patho-
physiology of acute pain. Br J Anaesth. 1989
; 63 1 139-46.

. Garrison CJ, Dougherty PM, Kajander KC,



35.

BREA SRAFEE0| MIEHEN RE 0IXlE= R

Carlton SM. Staining of glial fibrillary acidic
protein (GFAP) on lumber spinal cord
increases following sciatic nerve constric-
tion injury. Brain Res. 1991 ; 565 : 1-7.

. Meller ST, Dykstra C, Grzynbycki D,

Murphy S, Gebhert GF. The possible role
of glia in nociceptive processing and
hyperalgesia in the spinal cord of the rat.
Neuropharmacology. 1994 ; 33 : 1471-8.

Lamotte CC, Johns DR, Lanerolle NC de.
Immunohistochemical evidences of indo-

lamine neurons in monkey spinal cord. J
Comp Neurol. 1982 ; 206 : 359-70.

36. Tessler A, Glazer E, Artymyshyn R, Murray

M, Goldberg ME. Recovery of substance P

in the cat spinal cord after unilateral

37.

39.

- 67 -

lumbosacral differentation. Brain Res. 1980
; 191 :.459-70.

Barber RP, Vaughn JE, Roberts E. The
cytoarchitecture of GABAergic neurons in
rat spinal cord. Brain Res. 1982 ; 238 :
305-28.

. LaMotte CC. Vasoactive intestinal polypep-

tide cerebrospinal fluid-contacting neurons
of the monkey and cat spinal central canal.
J Comp Neurol. 1987 ; 258 : 527-41.
Chung K, Lee WT, Carlton SM. The effect
of dorsal rhizotomy and spinal cord isolation
on calcitonin gene-related peptide-labeled
terminals in the rat lumbar dorsal horn.
Neurosci Lett. 1988 ; 90 : 27-32.



