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Srnale|tEX|  HE Y He

A8

A3} 4 FF S-F-Tineuropathic pain syndrome)
< 4 559 stz Tx A7t 2o
E4E BekE o BAEA "ok daHez Al
3B TF FFTE 7 BAENAM B
el F4o2e ALA EF(spontancous pain),
ol Fallodynia; FFHLRE F5E Yo7A
e TG AT thEl 3ol wAHYE @
8, B S(hyperalgesia; FFHORE §5E o

2 e FHE A3 dal 5ol 4o
ve 84 F°l Atk
A F5E HAgtere Yubyoz ofuiA

7t F2 AHEAYT oA AR 53
of YA ZtetA T B8 wjFo Ao
o HEHQ RALozE Ffo] AAE F 3
€ AAY d¥svlx st #u), Fdasn
ol BH o] wrt zelm AAAY Awold
&doz fasEe AN FSde ¥
B oz E3THAmer & Meyerson, 1988). 1]
B2 A7RHEd §% 537e £% A%
2keld A8 AgHolgtn & & Uk FEL
AHEE AFME vt 02 morphined] 2%
TAAAY DAL e &3 HolMe Fa
& =0ll(Suiciak & Advokar, 1989), °]&% AlAE
A BAel QlojMel A7AHeEd FHoIM B
¥ ofHA 4B AFA Zio) HHEdn
& 4 Atk o] WEe AAYYY 59 A8
o &% & HIo] 8TEHA HAUL donidine
B 2L arEFHE AAUAC T3 AEF
AHgo] dojdtie 2L & dEix e ARl
TH(Nabeshima, Matsuno, Sugimoto, & Kameyama,
1987). 2FARt olg2 AF et Ao 2
2288 Fubdlth(Yasuoka & Yaksh, 1983). 18]
B2 oA olzdddy HEE YEoE

- Ty —

Fojald gdzoz g4 Fusld "ok
olZig A Wil HMzdE B By
22 Fosieie A7t Rgs=o] gt ol
dslad, oMo Be A7 &t o=
’d E %A (adrenergic agonisn)?} olHA|e] AE 2}
& FAANGn §} o] EHY, amphetamine
o|\} desipramine> FEF FE SAAA
morphine®] Mg 28§ FZAIZITHForrest, Brown,
Brown, Defalque, Gold, Gorden, James, Katz, Mahler,
Schroff, & Teutsch, 1977, Gorden, Heller, Gear, &
Levine, 1993; Levine, Gordon, Smith, & McBryde,
1986). EF a-ol=dddY 47 AFAQY
clonidine® ©lHA % P Fq3H & F A
% AIE F2A|ZICHGorden, Heller, & Levine,
1992; Rostaing, Bonnet, Levron, Vodinh, Pluskwa, &
Saada, 1991; Vercauteren, Lauwers, Meert, De Hert,
& Adriaensen, 1990).

Levy F{levy, Leiphart, & Dills, 1994)2 clonidine
Al conidine®} o] @, EFAlolA|T <kt o}
€ tdzanidine AMEEHEH, 25 AAHA
% ZYZE Benneud} Xie(1988)0] FE g
Atg8ted H4 Ayl olHA|Q) morphine®} @
+olEH YA FAQY tizanidineE FU A7
AE Agol doldtte A& Rausiich =3
Yaksh “&(Yaksh, Pogrel, lee, & Chaplan, 1995)&
Kim% Chung(1992)¢] 2d-& AHE3le] mh3rlx]
g 3:]‘?‘ 76‘2}"'“"“ ay, @2 :5.%1'“ %‘ 0}%7-“ Q-F
TS FUS 23, A9 &40 YR 27
o] 2 Btactile allodynia)e] @, A2t olHA )
daie 4stsle W, o B¥A 9 ol¥A
Fgol daxMe Wt dvke AE BN
123
B9 oy JF B arol=dgUA &
B717F 71dste ulE dotEr]l A Gear®
(Gear, Gordon, Heller, & Levine, 1995} M]3 A
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OlbHE / AlZgRlY SE2| ZMO| UACM ol dRlAt OtEHe] YEAE

g9 grot=dddA 2 PAlantagonis)?
yohimbine g F&Ho| FAF v FEF FF
& 34de BAOA morphined FAY F ¥
Qate AE Fgo X AAE dold A,
yohimbine AtAlE 2F AH7F GIRAAIRY, morphine
o] 2% 2kgo] yohimbineo] oj3} FNES B/
gk ol AFPEe o587 EFAY
cdonidineo] & ¥ F¥ 2ddA olHAle A
2 Zgg FAAMNIYGE olH dFEBemard,

Hommeril, Passuti, & Pinaud, 1991; Carabine,
Milligan, Mulholland, & Moore, 1992; De Kock,
Crochet, Morimont, & Scholtes,  1993; Delaunay,

Leppert, Dechaubry, Levron, Liu, & Bonnet, 1993
Flacke, Bloor, Flacke, Wong, Dazza, Stead, & Laks,
1987; Hamilton, 1992; Mogensen, Eliasen, Ejlersen,
Vegger, Nielsen, & Kehler, 1992; Motsch, Graber, &
Ludwig, 1990)2He AdHETh

aYBE arot=dddyd HFAL
4oz @ FFo B morphined]
271 Bl e WHH(Gorden et al,
1992; Rostaing et al, 1991; et al,
1990), arot='g@A BEAQ yohimbine HAl
morphine®] % 9A AHE FIAUTE E3
7} UckGear et al, 1995). HEAe A=At 2
& a3E Yok AL d4AT. 2y o=
Zo|E gol=dgdy oFBo] oluAls} 43
Fgate A AR A 2ok oY@ EAE
#dst7] s 2 droMe Y 4% F
712 FE(erot=digdY EFA 2 AFAE
BE ALg8le, o|F 2Eo] & ATAECl MY
3 TERANA &4 2d(lee, Won, Baik, Lee, &
Moon, 20000014 ©Ee 2% FF A EHE
Uellerte gotimat @t U ar-ob=d)
g4 ool BF AME dehlle FAl o
HAS Yo woPrid olHA %ES AY

279
98

Vercauteren

AL naloxone2. 2 AR F AE Aok w
A naloxone®] APAMX]o] BE a.-ol=d @V
I%A 2 Ao ANE dolRm, o]E B3
A7HAAY §5E 2Pshked oA oi=dle
A olEA FEHE=IE DotEnzt
et

K

el &8 29 MR

AYEE2E AF 150-200 giele] #F 60
nl2l & AHEEITh HA halothane2 2 FHE v}
HA7] & o] HPe @& A3 povidone
iodine &3} isopropyl alcohol 2 AE8lH Tt #F
g ANG & A4 F oA Al FE
AL Zol HIZAZNA tibial nerves} common
peroneal nerve ¥ sural nerve S BT X microforcep
o 4 24 9 ¥@Pog ¥H FYAIN ©

S common peroneal nerves= ‘@53l tibial nerve
9} sural nerver= ®U|ZA FollA 60 AR AF
& & oAl e M2 FdaHHlee e al,
2000). ANE F9E kanamycing ¥Hdn 1%
§ Bt 5EG F ohg 4 Solitth

&8 39 o

ARHeY FEd BY ¥ FAe FER
#£3 o Aol FH A 7 F 2F
77 BEE

Aed 55E APl fstd 9oile B
BE AHgEIen], A2 20 £ 2 TelA
olAg® flol Aoz @ F& 4Asz 2
£ AE ¥ SEL ASANY F HF 5
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BHEAEIBIE A MB 2 M2

B 508E B9 &8l AIME &Y &
Awd £Ee AL Uk

28 Al=Zo] et A 3)ut-B(withdrawal response)
S B2 Y8 AY FES UoE H el &
A A F AEE AU Lee $(2000)
of 95t ojF TRAZo| &4d FEAA o
%ol dojue Féolke Ao EERZ W
25 9ot} ZIAH o]AFL 19nte}e] FEA
von Frey filamentE 8mN9| oM 2 2HFH L
2 Fgopof 74zt 1084 AFet, de] At
€9 ALE Ao WEEE BASAT 2%
A%e 22v12)9] FEOIA acetoned FH ol 5
¥ 4oz 77 sHY FAPIE o8, F4R
WRgo slste] Hubge ALE A o5
&€ A8E it

SEER

neuropathic pain & ¥ 2FYH He ¢ 48
AALE AAEIgh MR g @Rl EE &
2o FAatgod, £Me FAHoz A9ty
o olmj AMg3 EE ThEFH At clonidine
(200ug/kg), yohimbine(2mg/kg), naloxone(Smglkg) +
clonidine, naloxone + yohimbine, saline. %¥E-& F
4 o 15E F A ol R spontaneous
pain, mechanical allodynia, cold allodynia® ZAISHAA
T} naloxone-2 clonidine®} yohimbine 3] SEZ 0|
#hos FU8G. 2 el 39 % AnE
g 297 4 A8k o

< 51

Rtz EY

Ay Age YTt EFA e EA8
g} EZe] wdd @I B Sigma Stat
2.0(Jandel)Z ©] 83} Friedman Repeated Measures

Analysis of Variance on Ranks 3 Dunnett®] A3
& B8 EMsiitt Zt 8o Adhe Wilcoxon
Signed Rank tescE F3 A3l

4 %

ARy S8 W

tibial nerve®} sural nerve7} £41E EEEL 7|
AH o|A%, &% oAF, ALY FF T AA
g4 5% 3 2E Jehldd. 2d 1ade
D2xAZo] &8 FEAA Jepd J1AA of
A%5E & 7 et AAES APrele &
of A9 gl FEo] A& &AstA HE H
b 71AE AFe dig §Fo| TR &
F 4YADAHFE v Z1AH S daf A
A B3¢ A¥dte A& ¢ F Utk 3¥
A HEME
ANOVA on RanksE A% & Dunnetr®] Multiple
comparisn® S8 A3 £EAPo S
W8l 4% 90 Fevl 37he AE U
etk

18 1BE acetoned TR FRofd 7S
B Jehles &% ¢35 E9Fn ok 18
oA B £ Sle uie} #o] TERAZ] &44€
ZF 19AOHRE 2xoldFo] HAsH Azt
ZUteted 4% 4LADI M AAT &
= o]FEE vehdde A€ ¢ 5 Uk

Aol AHF slEjAAl e FHAME
F5o| HAste ALy BFE 18 109 A
slof stk 2ol B F e vl o] B2
Al7Ze] &9 3 Az A Fgol Frisit
14YADI4)e] AT ALE FFo] Yepude A
< ¢ F Uk

Friedman  Repeated  Measures
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Olefet / cla@geld S8 TEM QUNA Ot=adelA et oAl 4EX8

A. Spontanouse Pain
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B. Mechanical Allodynia
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sH=Melat gk M8 W M

Ol=dideld oHEel &8 N Za A
OREN| oHiinol ASBEE

ol=addA G4BT oluA FE FIAE
& dolHy] 3] ol FEE FTE B
A% &RE vlug dzde 28 20 AAE
o] 9t} arol=dEHUA AEAQ conidined
Bl F4std, FAAPreo] vlef 717AF o]
2 Eo] 7FAa&F tHWilcoxon Signed Rank test, p<.05,
n=19, I 24). 2PN EEME FE FY
Axe foui AE Jepdoh vbEdl -0
caddA ZPAQ yohimbined B7dol]l F93t
W 7|AA o|AFo] ¢35A] 4%, FAHL
E2E foulstx] kg ¥ ozt 238 F
AgE A%E Jehldthp>.05, 28 24). °}
HA A QA naloxoned APIFUSIL arot=
dgddA ESAQ clonidined FYSHH clonidine
9 Fleog Zag 7|AH o|dFo] JHEHe
AL BAYL & UAAThAY 24 27 2A¢0A
‘# FAE naloxoned AFAX A3} clonidined
ZQ% A7} clonidineTHe F 3 790l v
FAHcR fou|g art EAshe A U
W cH(Wilcoxon Signed Rank test, p<.05). A&
Aoz YAAsE FYT ASMe FUHo
U FYF] dohE AP dehA] $skthp>.05).

2@ 2Bole 2% oA B #R ot=dEd
A kg aHst AAlE gledl, donidined
FAskA 2% o|AFo] FHI| H2dHc
(Wilcoxon Signed Rank test, p<.05, n=22, 1§
2B). naloxone® AMH A8l clonidined Y3}
& wiNal+Clo) clonidine®] F¢Yo2 <% &%
olAge] ¢t} ZAHUCE ¥ 2BolA
‘# EAlE naloxoned APAA XTI clonidined
798 A7} clonidineTHe FUZ Aol v]s]
FAHoR Reonl A7t EAge RAE U

Ak Wilcoxon Signed Rank test, p<.05). 23|
naloxone& AFAAM A3} clonidined FY3H =
A3 B F9 M BHoe 2% ojAFe] &
28 tHWilcoxon Signed Rank test, p<.09).
yohimbine?Hg FU3FA L} naloxoned AFH A x| &}
i yohimbined FU5tA-E W(Nal+Yoholl & Eot
& ¥y} gldden, AdeE FUE Atel=
2 o]A5e] Wale FAFA Ut

Add g3 vl oE A 2 209
A Utk donidined FUEE ALH FF
o] ZAdte AL AU FAHoR #9
n}3lR] & YT Wilcoxon Signed Rank test, p>.05,
0=19). naloxone® AMH XA &3 conidined F
ABIA clonidine?] FYLE AF FF A4 H
A7t gAEATt. 2y 20004 # EAE
naloxoneZ AFAA A8 clonidined FYF B¢
(Nal+Clo)7} clonidine¥Hg U7 7ol 8|3}
$Ad0z folnig A7 EAsE Ae e
WA ThWilcoxon Signed Rank test, p<.09).
& FAE 2 FFo| Frtste Aol
Aev SAHCR fonsiAle ¥UTHp>05).
8tA| %, naloxone& APHA A3} yohimbineE T
AL e yohimbined] A7} HAE o] A
WA 3o fonla Ziske AE #EY
4 9 thWilcoxon Signed Rank test, p<.05, LY
20. 2¥ 2094 HEMe FE FYRF 4
Fo feuigt AE dEhlid, ‘# BEAe
naloxone & A}A A X831 yohimbined FUT -5
(Nal+Yoh)7} yohimbine¥HS 1% 7ol Hl3l
FARCR fouig At EAte A& Ye
Atk Wilcoxon Signed Rank rtest, p<.05). Aj2}l4|<d
FE FUY ASodle 2ALdH 559 Wyt &
A5z et

olgigt AAE 89 HYE arct=elddX

A5AQ donidined B7 FY3HS w AAH

yohimbine
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OfbHEt / MZEEelY &8 LEM UA0M Ol=dILEIALL OlEHA2| MBAE

A. Spontanouse Pain

15 e
2 : OPre |
g | |
3 107 # B Post |
o4 .
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€ 5.
3
E I
S ‘
(a8 0+ - s I o
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B. Mechanical Allodynia
100 |

80

Response Rate (%)
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C. Cold Allodynia
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al

TRYE[EX  YE H He

2l BFol #AAHHoH, arotzdigdy 2
@Al yohimbined FYH FFol Flehe
7380 Utk o}HA Z A naloxoned ©E
ol=addA] FBo ARE JAHAIIE Aol
A} a2lEz ojg e B Fld o7
Aol BEE F sl vie} o] ol=Hgd
A 83 ofHAy AEL HAMAY FUAF A¢
A7ARYAY T8 2Aded oM FEFE
e Aoz AzEr

= 9

2] 4oz A% AR TEL2
A7) B A=R nFEAE FHolw, ofH
v £ BAAA AFAE AHgsitigE
Aggct ol FF FFTo] YA
w7 BE 89 Afede 2 71Ae]
oy & g oy aNAEA 78 FF
o Afole 2 71de BEs] A ojdch
T3 FZo &3l Wi oMz mERIAA
#d 52 oA 23| ofaf A}
st A 8 FE2 2%A Est
th o] BA W] MEHo2 FF9 Al
of AMEE|o] oluA <kEo] AAHEN FE
o] 2o AlzEo] gt} oAE &Y lacono
(lacono, Boswell, & Neumann, 1994)c] 2]3lH Wi
¢l olHA 29 3Rl morphineo] 4172
A 55E dAANE AT, 2 AR
Z3ltte B35 9ItHAmer & Meyerson, 1988).
B8l TF A, ¥H], FIAR #2 7344
o] FHIE7|= ¥

clonidines} 72 ol=g|ddd AFAHE F

3 A7AHed F8el dAE £ AR
(Nabeshima et al, 1987), ©o|A 94| € 453

=

flo - oy Ho m3

Mo X

=]

=

<]

Ze Rzrgol g & Uk wEtA arol=
ggdd 87 AFHe oA 87 BT
AgE A Foddte AR 2 WL 53
o€ TECE Ro¥ o gdHoZ uEHF
£ Aoz dAd e 238 5
WAdhe £9oE B A7FAEY kYol A
Zx]o] $ChEisenach, D'Angelo, Taylor, & Hood,
1994).

arot=dddy F87] AsAS ofA
€71 ASAE A T, 9@ 7y
(additive) A7 BO® 4 ©f & A7} Vel
e, o1& AsA FIKsynergistic effectyz} Fic}
ol B ¥ FUHE wEuz FUY
2ot g4 o @2 4¥o2x FYW JNEF F
82 9od & Utk HAEFES AHEE olHE
AFATE dA A FAddiAe BF2A
AlAbsHE ¥i7t At

2 d7eMe olzdgddyd GEI ofHA
GES B Flsld 1 EAE BN
e, arot=dddA $87] AFAe AW
24 589 gsld v BAHIYAIRY DY
Ae 282 42 AR Uyt olHE e
ol=gdd #4847 AgAY FF oA A
olfA #4871 ZygA AP AHAE HHEH
At ole VFHAALE Bl ol=ddYA oFE
1} ol B Alojel AA5AEe] dojdue
A& AAteE Zelt) ol2idt A donidinedh
2 grol=dddy ETAE olHAlY FA
of FogtozN ofHAe FF Ayt FH
the H.il(Roerig, 1995; Meert & De Kock, 1994)9}
&%t

2 dAfoME GBS B FY8 5HE 4
HEgked, AdAC FRlE GBS gaed
oflel AF4E, ol H4 A9le #8718
243844 & Uk FYF GEolgtz HHA

p

h
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OluiEr / t1BYRlY S82 ZH0 UMM Of=2ildBlAe} ot Ae] ABAS

ol FUF AT Y FE FUTF AL A
2 s AHE Jed £ U oj8HHW
morphine& ¥ duol] FUg A M7 shiol
FA% AL FH(Yeung & Rudy, 1980)2} ©v}$-2
(Roerig, O'Brien, Fujimoto, & Wilcox, 1984; Wigdor
& Wilcox, 1987; He & Lee, 1997014 ¥ F¢| ¥
Ao e A AFE JEpAAS wetd
2 @FAM AR FEBo] H7 T 2L
TUE FHolM FEapgo] doigeAl oW
HBGE R FzFgo] doigeAe
Hat7l FEAY, olei@ FEaABo| HyFEd
A dojg & loke & AlABhe A7t 3l
t} o]& Eo] Hylden® Wilcox(1983)0l] ©}3}9,
noradrenaline & 34 73ehfol FY3IHE o
Fol A morphine® AFHOE FF AL ]
o Agdte Aoz, ol=dddd +487] Ad
A Q1 phentolamine-®& morphine¥ | 2 Z3=h)|
of FY4skd HAd% AF Ao FAld FUF
morphine Alol9] 353 3 3go] dojubAl ¥
SITHWigdor & Wilcox, 1987).

ole{gt AMHE olHAY eotEdEUY ¥
B9 A3Fge] 5 FEAM dojvalzke
A& MARED YA, 2 1AL obF Wt
ot 2R olflA F871% arot=dEdA
F871e AT FH9| superficial laminaeo] T
Z]8=tl(Arvidsson,  Riedl,  Chakrabarti,  Lee,
Nakano, Dado, Loh, Law, Wessendorf, & Elde, 1995;
Nicholas, Hokfelt, & Pieribone, 1996), &j7]ol|A] o}
Ul A olz#ddAd 8o g HEo] Yo
ve Aoz Jzdr

EF erol=dddN £E7] AEAEAY
clonidine® TZo|ME 284 4 9t ol EHY,
clonidine & neuropathic pain $x}e] 3] ¥-o T¥3}
H A% AEFE Jehd F UcKDavis, Treede,
Raja, Meyer, & Campbell, 1991). 28]} H2e] &

Aol 215 clonidinee] FAvIHAZ L% 4
U, FF B ot TReME vlolzad
dAQ! imidazoline 8710 HE&E 5 Q7] HE
of ol2ig AHE dsrle 44 ¥t

FH oldA F£8719 ootz FE
718 AFE AsAdE A2y KA EdE 4
EPACKRuffolo, Nichols, Stadel, & Hieble, 1991; Law
& Loh, 1992). He Aol 2ahd olHA &
719 erot=dEEdAd 8719 @Age
phospholipasse C2] BEE F7MAZcKSmart &
Lambert, 1996; Cotecchia, Kobilka, Daniel, Nolan,
Lapetina, Caron, Lefkowitz, & Regan, 1990). o}2{%t
282 22} A ZHEAKsecond messenger)l cAMP,
inositol  1,4,5-trisphosphate, diacylglycerol2]
AXY F=E W37 3, o8 AFH AzA
@A cAMP-dependent  protein  kinase (PKA)S}
Protein kinase C (PKQ)®} Z-2 protein kinase®] &
& Ak ole oAl AASKphosphorylation)
€ B8 MES O proein® BFE ZAUPC
O] Weidt Roerig(1998)8] 7ol &J31H PKA
Brhe PKCO o] ofHAS} arol=dddl
A 87 Alole] 434 XA ZeE
AZE}. 238A T ol 7A & ofHA 48719
arot=dgdd #4719 Azde 7L ¥
B2)2] & FHo] Wl tfo] ofHAS oj=
glgddle] MaAdd A7 fARHEE 2R
o] AA Felo wet M2 & Art yeie
Fx glenz £ AAY 43AL ML o
#3427 gt

AR Leyy F19940] &lahd ootz
A4 A5AQ  tizanidined HEF(hyperalgesia) 3}
neuropathic pain®] 2ZHg ol FE H|FFHQ 7]
Hg Merog A AR Heup 22 F
e % Adde GgE vAA
2 Azteoh 23R g,olzddds $47

calcium,

o)L-
e Ao

-39 -



Shnale|SEX]  ME I Mo

fFdle BF% dAd S¥Hez A8k A
2ok g2t arol=d Ry £47] AFAlE
olHA B YeAHoz FaALiA AW
2 T8E ZA¥3 A F Sle ddez
e F ok olHF 2t tEo & ¢
TE B3 oA #8718 arol=HEYN F
B710lM e FAAHA ANsHE Aol FHHD,
58 1 71doi zawcke] 2 LA A
%e nPUAA FE T8 ALz ot=d
g 4B oM UES AYY MEE 2
Aeto] vidE £ g A2 Alrdoh

A58
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Interaction between adrenergic and opioid systems

in modulation of neuropathic pain
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Neuropathic pain which is a chronic pain state can be produced by injury of peripheral
nerves or tissues. Traditionally, opioids have been used to alleviate pain but have not been
effective in treating neuropathic pain. A series of studies were conducted in order to elucidate
whether adrenergic agents can inhibit neuropathic pain and are related to opioid system, and
how adrenergic system and opioid system interact. Mechanical allodynia, cold allodynia, and
spontaneous pain were developed gradually after injury to the tibial and sural nerves, peaking at
14 days postoperatively. Intraperitoneally injected clonidine, an @ 2-adrenergic agonist, inhibited
mechanical allodynia and cold allodynia. Pretreated naloxone, an opioid antagonist, reversed the
effects of clonidine. Yohimbine, an @2-adrenergic antagonist, rather tended to increase
neuropathic pain. Pretreated naloxone tended to reverse the effects of yohimbine. The results
suggest that alpha-2 adrenergic receprors interact with opioid receptors in the modulation of

neuropathic pain.

- 43 -





