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HE QI FE2 S G9Ioks BF old FHIEE o ART 4= olt olefet Eo> A
A F7H] FRE Ui 4= St shoks AR 55 physwlo pain)o]al thE s e 4] 5
% (pathological pain)o|t}, Ae]4] §5-2 &S Flol a3t "“ﬂ@ 7es Wit olEH ¢l
Ztolut g2 e O REE| AMAlofA] I A 02 Q13 A5 S1AI8HL 0] F TaA] AR KBTS}
+ W52 UEhA Fct v a2l 558 22]olut /\]ﬂO] éj Sof eh A wi=d], o]
= A HQl F5o] Ted] BHEE|o] LBl 212 oft, oo gho] 22lo|ut A7 9] &/dof| ofaf 1
*ﬁﬂ%%%%%ﬁl A17%%d 5% (neuropathic pain)o|e} F-2=1), °I~Z 7oL A ¢l ¥
S}E PRl Eu, F5ol thgt AZtoll A Adds] W sl dofit, f-efueh= ek SA |l
ARE, 25y o] QLS /O g 2ARR] 9- (Lanteri-Minet et al., 2005). 2AF A=
9] 31% ool WM S5 oL Lo, olF 20%= A 5= ek Z2low dejslct. o
2hA] QY] OF 6% e 5 AFAFITHAL 4= Q). o]t AHE Fo ulg- Ailskal A7t
57| whizoll 2R 4] A& ARG "ol Ity of7|ofxi= A7 ] /el ol = 417
WA B0 3 oF H 713de Yokl o] 5 feh 4= Gl Rl Tsl kel HAara) gk,

42
2~ 0
S

&A= vish T

Zs|
5 JAFH 0 Bl E20 0]07]7] Ok oFs)

o}20] 1 glols:
o

mE
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ARl 558 L7k= 385 (hyperalgesia)o] W
A=) tisiiAe A4l 558 HHshe @k % o] 4%- (allodynia)ol2t k=t 7H#2- B 7] (touch)
OF 2 7|AIAQ Z}JOHWOH%‘%*%‘} 71412 0] 2% (mechanical allodynia), <% A=+ £5] AJgH
W A=l sl Aol ol dES ¥ olds (cold allodynia)ol2t F-Et, ofefgt A5 59
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Fig. 1. Behavioral expression of neuropathic pain symptoms. In
terms of input—-output information processing, conventional
neuropathic pain (including hyperalgesia or allodynia) and
mirror image pain behaviors are represented unilaterally.
However, the crossedwithdrawal reflex is represented
contralaterally. In other words, input through the dorsal root
traverses across the midline of the spinal cord toward the
contralateral ventral horn.

T/ g FOf AAelA AR [Fig. 1ollA Aldo] 4
£ 22 =5t B0l o] 50| P2 F0 Ligf, 3}
ARE7ES: REeI WIRISHA| o], WhehaS Al=slH A= %
02 550] YEU= mirror image pain®] YERAT} (Seltzer et

al., 1990). 2+ Won 5 (2004} AR A] Q- 28 A9l S
o A% GE7E A=) FFAE ALt RIhEQ] 4% o=
AdEo] £448 & 55 350 UEU= crossed-
withdrawal reflex(@AFPASHANE H 51534, o|2]st A
= mj5o] Aapo) A A o]l et Halr | v 5
gk 4= it

AAHZA] 20 EAE 0 7 22)0|L} A7) Mb]\,} A

OO0 O O O01- O

of Sfaf] FHIEARE L e vl Thehc), olE
Al7gel dgtolu B0 ® QI3 55 ofQlol DHI” ﬂ%‘%oﬂ
O3t 5= (diabetic peripheral neuropathy), herpes virus®] 7
H T YELR= A4 B (postherpetic neuralgia), A172] &
Foluf Mg o= ey the] §elo &3] Ueues 55
(neuropathic back and leg pain), &2] 213§ ] ke QRA S} Al
A Aol 8] Adn Akl Qs WSk 9 5% (cancer—
related neuropathic pain) 5} 2| TRl 3 EHE UEdlc o]
23t 552 A7t FE0] SRR slofa A7 X Al oA AY

O

O

_|II

AR oA Ao Ao 8 MAEl = B35 B HAE F
3] 2743k 4= Qlc}. A AP 55 (spontaneous pain) A%
55| 5502 QIe|| APFA 0 2 Wk Sofguf= Sl Ao R
A SAE = QM. ok Aol el B e UERfi= oA
Fo=A 71A4 O]é‘ 2 Wl 72 7= FeIE (von Frey

filament)S 7131 =
A 7Rs3h, W o]A% (cold allodynia)S acetones 741342 ]
11099 “15lo] 23k 2 olrk
o SR T v WS AA|ES) B WER =
cellular markerg AM3k= 34\9& &3] immediate early gene
protein®] c—Fos?] ¥&o] ’141 57} (dorsal horn)ollA] 57kt
th 2hH 7154 A7 Dol PSS
(PET), 3444} (optical Hnagmg) 2L} 7IE FENE F
AR AIIMIES o5 S o= Qe [Fig. 2k= 394
(optical imaging) 7|%-& AR5 Al7o] &%l FEollA E5
off OJgk k| 280} FASLE QBlet 2hs o

HN

B. Control rat

]

—_

Fig. 2. Optical imaging of cortical activity in nerve—injured (A)
and control (B) rats.




t} (Boivie et al., 1989). ©JEHH, 259 dorsal columni} 2]
o AL R Ted A S22 medial lemniscal
system®| SAEE e F5- WAYSHA] ¢h=t} (Cook &
Browder, 1965). ZL&thl slo] S5 W7 A= 25 &4
AZIERAL sfefee B Fgo] HYsk= Al o), ol &
WAl A7 %O] HPAYs P |9 AR AR ]
A AR Fol7h= R #9420 3T (dorsal root)s Ak
o= 719] 501 TAYSIA| o=t (L et al., 2000),

A A9 e Foa WAZIARE, ol 40 uiz]
(white matter)it <= F5o] WYsHA| 4o, S|HA( gra
matter) = LS £Afo] 228 URIAA = Q)T (Vierck &
Light, 1999), =7} (brainstem)© ]t A4 (thalamug)2] £4F 9A]
So Y A S w7 F T Fa- WA 4= qlok
(Boivie, 2006).

2.3.1 &4 A

WEAVFo] /= AEE (euroma)o] B/3ETE, olufgt
A& O REE A0 AP Frgo) WAt @ Af=o]| o
8l B A o= IRl B0 ka4 Ql=d] (Devor, 2006),
olefgh eo] T5o0® E’?‘ﬂ% —’F Qb= Zlolet, o} SHsk=
Ao A 4170 A (ganglia) ol =axmh|AL:
tetrodotoxin (TTX)= F4s! % E2o| oAEtk= v} 9ok
(Lyu et al., 2000; Sukhotinsky et al., 2004), Z&JL} AL Al
7o) A RS AnksAU e efe auprt itk B
3% Qlo] (Eschenfelder et al., 2000; Li et al., 2000; Sheth et
al., 2002), o2 Fo] s,

232 ¥x427|

WAlgo] SAEE e SAYEA] ohal Hol Sl A
Z28717F 5 A7) Hthe oS Al A 4= Qi
o] uff W87 = WISk, AP S5 HERA| B,

o7lo] T5-0% HH 4 Al Alofth AR sl TR
ﬁo] S/ ] A AL ol Qi A Aol Al of=e
el 8719 W] S7181aL (Sato & Perd, 1991), tumor
necrosis factor—a (TNF-aol| theh Y17 71t} (Schafers
et al., 2003).

22 gopoll= T—type calcium—channel®] 555 427]
=t Hold 4= 9lr} & 501 T-type calcium—channel
blocker?! mibefradite 7}5Pd 71412 Ts5a e eSS

juis

12
i

oJA1E 4= Qlet (Dogrul et al., 2003),
o]

S ofH hajol|Ali= Al A 9] 28-S e F50]

A3k 4= S, ofudt FelY T WAl A >
(sympathetically maintained pain; SMP)o|2} F-2t}, SMP=

52 87171 ol eRse] tiel witEke At o]

2.]3“ O]HB‘]‘ 7]—§]-L— _J_/\]-E]Z] ok 14'0]— %]\ Al _Q]
87104 ottt (Campbell & Meyer 2006). ¥ 255 (cold
hyperalgesial> 2174W85/d 52 54 F sRh=Al, TRPAIC]
L TRPM8Y} -2 transduction®]] J—W 3]%= channel©| B84
O sk olefgt d/do] Vepd 4= 9t

SRR okl o} Q= AAl o) T +87]9) vizishe 3t
Sot wAPEE = 2l
TroH/\ﬁlﬂ,] Qﬁ} (nociceptor sensitization) E3F

voltage—gated sodium channel®] H3}e} TE 4= Ql=g o]
© 59| spike7} A= FlolA H& g o] SH,
sodium—channel®] 4349 4= = AR7} A,
generator potential®l] thgt §E-2 F21E Zlo|ct, o]
o, sodium—channel®] 7}l ke o1 4= = o Al
e T2 Yslekztl aapAolt), ol F =01, sodium-
channel QPASIA7]= 28-S Sl= carbamazepines 452
A=A A E o SEPA7 || ARE]7 | S

233 PAY 22NF U MH

£
=
%0

(dorsal root ganglion; DRG)IIA] transient receptor potential
receptor V1 (TRPVDS] mRNA2} thii 2o} diedo] Z7ishe] w)
£ Zo]c} (Fukuoka et al., 2000; Hudson et al., 20010), T3t 5}
Lo] Al7go] 4 F] Holols thE 4179 DRGOIA ¥ (cold)
Aol BEgshz AEAIES] 427t 78k (Djouhri et al.,
2004), cold—sensitive channel2 A7}=l= TRPA1S] HWdlo] &
7Felc} (Katsura et al., 2006), ©]2{3F AR Al7o] Ak 3ha}
of| ] 55 T3t 4= Q)= cold hyperalgesias AHE 4= = 7
oe}, ool /A L Hol k= DRGOMA= calcitonin
gene-related peptide (CGRP)oll thg mRNAZ} 57FsfaL,
brain—derived neurotrophic factor (BDNF)& H&sk= A 3£
$Ie S8 HFukuoka et al., 2001).
S1H SMPo A= H4ld AHzbal o kil ate] Ao akgol

|
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Fig. 3. Light micrographs of tyrosine hydroxylase (TH)-
immunostained L5 dorsal root ganglion (DRG) of normal rat (A)
and spinal nerve-ligated (B-D) rat at postoperative week 1. In
the DRG of spinal nerve-ligated rats, the number of TH-IR
fibers increased greatly, and many of them show varicosities
(B). Some DRG neurons (C, D) are wrapped by several layers
of TH-IR varicose fibers. Scale bars 100 um.

DRGOIA dofttt (Lee et al., 1998), Al7go] A= 44 Al
78] DRGOIA wgildAdi7t SAlske @Ado] vepdtt (Fig.
3. o= DRGE HISEEH Al AR w4l A)7E DRG =<4
FAEsIo] B2 WA 4= ks ZkE Gjnlgi, ofeiet
A2 53] il A HH $5 (SMP)el| AlArsH= Bz At
H, DRGOIA BFaEl= voltage—gated sodium—channel]|
o] 7] o] ol ofsel AHEd a5l ol| o3t
= & ek 7)o Hefeks AdE=e Nav 1.3, 17, 1.8, 1.9
7} k=, o Ad A717F 22> DRG AllFzof|Af i, 2
71919] At Zdoll Hofglt), of wf Nav 1.3¢ 1.7 TTX
45, Nav 1.89} 1.9+ TTXOl Witk Zalc), 55 A+
of 2l TTXE AAlAlel] Folslsle wf 44241 715ol= 4
e AR YL A 55 S 5 SRRl I
(hyperalgesia)ye #2412 4= It (Marcil et al., 2006). E3t ©]
= A= SO, TTX Wizt el Nav 1.37H0] SAte] &
3 DRGOIA o] 57151t (Black et al., 1999).
234 X
A 550 el TRE A= 550 7]
715} (central sensitization) EAo] W =S wkl
= AV (thalamug)o|uh T (cortex) et o 4>
| 50| e W 352 #40) 97} (dorsal horn)o|2}
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S5 WSk SR 2 SR homosynaptic
sensitization®]1!, THE SPL= heterosynaptic sensitization©]

o} (Magerl et al., 1998; Woolf et al., 1988). homosynaptic
sensitization> %7 A= (conditioning stimulus)¥ A} 2=
(test stimulus)o] W4 SRS} AP Ao] SUT S 2= A
ofufgit}, 55 Atk 2 AVl “windup ©l5
iJo| 7)o sidsl= 2o “windup ]2t 1414 C fiber
(T AHE Adsles 4 Arels W Rl s Al A=s)
H A 378 AEE] BEgo] A A= A ofngith
“windup’ = @714 FE2 sensitizationo|t}, HHH
heterosynaptic sensitization-& 271 A=} A} Ao A&t}
£ ) ARERE Eoles AS Yuflt) heterosynaptic
sensitization 2% (allodynia)E 2 Adst 4= Q). o714
OJAEO A, AR ARE Bl AR S0l o A AR
= A5l ofslol Foa YO7A| HHAIRE, C fibers Bl &
o] Qi= T5 AL AL ApollA] AlHA BE-S HOPAF] O A
Ugollis AB AT Aol B5-2 ek 4 QA =ik,

1o o5l Avto] 2J51H homosynaptic sensitization}
heterosynaptic sensitization®] AdHSA B30 7]0Igk}, o]
= 7HA TR @il AEHSA E5oll 7|ofekE Hlelles W
2 7o) Hofdt 4= QAE A7 F 7RAE GRS 4= Sl
glutamatet} substance P} 2= S-/d A1 =4] W&
7tk A2 854 S7HR Vs 4 Qlth AgolA
glutamate” | w4 = F50] Z7I81HA| E=t], o= A/dH o=
o] 7}A] metabotropic G protein—coupled receptore] 2J3) <
AEAL Qe o]t Aol yopioid receptor, GABA-B,
adenosine receptor 50| HofRIT}, 53| Ao SAJEH 4
opioid receptor”} ##]5] 7+48HA| El=t] (Kohno et al., 2005),
o|= QI8 glutamate®] =0 S7F6hH, 550 WAYEHA| Hck
ESE A7) AR substance PE WA H AS A7}
substance P& W&a}7| Al2tok= Bgke WA} (Noguchi et
al., 1994). mebA] o]2f3t substance P2| W& S7H= Qlal 24
S} MR S] Mzt SRk o] F5o] AleliA Al = 4= Sl

Aol ofgt AHA B8] S7ie AR sl 2o
2+ postsynaptic sensitization?} 7 long—term potention
(LTP) @42 & ¢ Qi) LTP= ¥ alufolA] AFa o8 s
o] AL, Aol Ate WAL QIrt substance PF - e
o|=7} W gl B0l ek, o]® lsf NMDA

glutamate—gated channelo] He]A| Ha1, o] €t




(Duggan, 1995; Yoshimura & Yonehara, 2006). Z-S- AMPA
receptors SolA % U 4= b=, ol et Aol 3ol
> SO Esl= LTPo|| 583k 7]of& sl Eet,
S A 87 o|€je]l AV AVAIEE A %
O WIS skt 8%k S Tttt Aol &4
W A 8A1Y] o] frask=d], ofet 24
(disinhibition)oll 2Jsfl ¥IHde] 57k 4= St} Kohno et al.,
2005). ©1710= LTPo} thE)= 7 924 LTD (long—term
depression)7} o8t 4= Ql=H], o]2fgk LTD= GABAZ A9
ZA5H= NMDA receptor’} 430} Uehd 4= glon
(Salter, 2006), A1d AlZE w7z U= LTD= Ql8) 55+
/d W3} (central sensitization)”} 0F712 =& i}, E3t o]}
tlEo] Al7o] /%M A1 GABAY interneuronc] A1E]
0 & 7k} (Moore et al,, 2002), o|2fgt GAIA A7 A2
A1 s OJA] Aol A e] F5 AR o] olsh= Al
D] o) At HakE ZefshA Fct
2.3.5. Growth factore| g

A7geAe A1} (growth factor)] RS HISFAIZICH
(Griffin, 2006). g4} ol 4] Mah= ujite} 7o) 4177]
Hj7} §lof 7l 22 A Lofutal, Wallerian degeneration®] &
ot £-919] Schwann cell, DRG, 22| 57} (dorsal horn)°i}4]
T dofudtt A] &Afo R Qlal] SAYE]A] o2 Ao A4
Al7go] Aulsle QG Sl Er, whebA] S/dA] ok Al
7go] Aufl= T oo NGF2] 4=520] J7FsA] k. o]
NGF&= SAA] o2 A Aol EA8le Trk-A 4871 v}
QIERRo =M NGF/F EAFEA] 82 A14¢] DRGE o551
o}, SAPEA] ok A1 9] DRGOIIM 571Hel NGF= BDNF2F 22
QAo Yok nlRIck, webA o] ARl F50] WY A
olofli= ARt Avgo] EARhrtar 3 4= Qlrt,
2.3.6 HHA 9 20
A7) Aol ofaf] WAieh= Soollis AR Fagth ofst
P4 9ok 555 AAsle W29 fell=871 (nociceptor)
o= W 8717} Wol EAst=dl, IL-18 IL-62F &
interleukin, TNFa, bradykinin, prostancids ‘5] 5-2] £4e]
R kS e 4 QIet (Opree & Kress, 2000,

A7) -2 U] WY Whg-S Ugith Al7o] &A=,

macrophage”} AE3| B, T cello] 843} Har, G5} o

N

o

S
=

it

Ir

¥ cytokine®] Wo] Z71EL) oS S9, cytokine®] 2E<!
IL-189] ¥¥&lo] Z715PH nerve growth factor (NGF)2] BHélo]
ufebA Z71sked), o] NGFE 434715 nslelo 558

HPYAIZ 4= 9)ct (Kanaan et al., 1998). TNFa F3F A5
Soe Utk AQloRA U2 S vholgk=t| o5 Al
Ulof] =QJahH 2Rg5o] S} (Wagner & Myers, 1996).
TNFe2| 2H-& A6l eRad ARIA A8 Thg5at 22 &
S 5ol A, dek F5o] WAYRE Flofl= obt maprt ¢l
T} (Sommer et al., 2001). TNFa= U2 Fol=87 014 B]Z4S
291 a5 Ao omu Foa WA 4 et (Sorkin et
al., 1997). DRG 4<tolMl= TNFoE 2|A1817) =% MAP kinase
2l p332] phosphorylation®] AFet|o] Ihg5te A= A| o]
2 ESE APIA A S s wjolih Apehe] | Atk Fgo] MY F
ofli= okl &7} gl

A7 4o R QIgt $50) el S5AAY] W7 IHE
S0 AL AT 4 Sl WxRo| M} TR A= F5R0)| A
= HAAT} 2SS 550 Aol HofakARE, fAlolk=
Oh=ths SA7E Sl Ku et al., 2006). 54173A0]
4] microgliar= macrophage ¢J2+e- =4, DRGof|A] WxZ0
2 A £40] Aojupd microglia”t 43Sk vl S22
O Algo] &4 1R Hehal, S5t A ek SRl
SEFAVA A HAAL} 552 et ol 3t 7] oA )
SHA] bk, ZLg At e me] ©Jshd (Inoue, 2006, Fig, 4),
Al7do] /=W microglia”t 23} El=, ofdfgh 2Hdets
P2X4 2 P2XT73} 72 ATP receptor?] &o| microglia®lA &
7YHA| Eliet, olefeh =87 1= YA Al AL AR A4
A2 (astrocytes)oll A SH] == ATPol| 2fsf 2gste]o] A2y
ZHe2 Z7M713L p38 MAP KinaseS EA4ISHA7, cytokine®|
U neurotrophic factor 5o W&A17 1] Ht}. microgliaolAl ¥
=% 015 messenger F19] A= 571 AIA|E0] S Al
A0} AR AlHAL} AT ARGBo] $2F AR S
HStAIE, ofof| ulet glutamate’d AW gl w2 SEAd
9] 24 (facilitation)®|, GABA/glycine’d Al o] w2
o}A2] 214 (g2}, disinhibition)7} LFERJA] L}, of2fet At
© A S Al = A 2 AVA oA 55 Y]
Ago] o S7FEA vhes g3 oaM o Atk Eoo 7
oA it

i
o
2

jA
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Fig. 4. Molecular and cellular alterations in the spinal dorsal horn
after nerve injury. Activated microglia after nerve injury increase
the expression of P2X4R (top). The P2X4R are activated by ATP,
which is presumably released from primary sensory neurons or
astrocytes and, in turn, cause a rise in the intracellular calcium
and activate p38MAPK, resulting in the release of bioactive
diffusible factors such as cytokines and neurotrophic factors,
including BDNF. The diffusible messengers released from the
microglia may then interact with excitatory and inhibitory synapses
of neighboring dorsal horn neurons and modify the excitability in
dorsal horn neurons. The facilitation of glutamatergic synaptic
transmission (lower left) or the suppression of GABA/glycinergic
inhibition (lower right) will be postulated. These effects, in turn,
lead to increasing transmission in pain signaling neurons (Inoue,
2006).

2.4 NZHZY S30| X/ Wt

oo o

AHEd Soe Amsl7] IRk o B 7HA] AhE|ae s
U 4= Sl ofefgt 7 ate]oll= obaA)| (opioids), -84
(antidepressants), @A (anticonvulsants), =4 E3EA|
(topical agents) 5-°] ¥/,

obAAl= w44 F% (acute pam)* Lfs=tol= et A
IRE 7HAAL QIARE W E52] shel neuropathic pains:
shel=tle e avtao]] St oRAAIR AREEAL 9l
oxycodone, tramadol, morphine 5 AAHEA 552 4
Skt ©71481 AkE VERle Ao® dPA Qlrt King,
2007).

B B9

l:m rlr rﬁ ol

A (tricyclic antidepressants):= norepin

ephrine?}t serotonin®| &5 Ash= oFzolt). ozt A
59| SFE=E= amitriptyline, desipramine, nortriptyline 5|
lom, 052
A7t Bk ol Ao® Hareal et (King, 2007).
R oFae, A9 Tt 55 et AvkE VA= &
SEAINE, oA 7] et tiofet Ej] AEHSA So= AR

diabetic neuropathy, postherpetic neuroalgia s

sh=d] aabziel 27} 2 4= 9Ir} (Fisenberg et al., 2007). ]
£ 591, gabapentin¥} pregabalin® a6 subunitS &3
voltage—gated calcium channel 88 24s|=t|] Hofsl= A
o2 AdHA =4, postherpetic neuralgia®} diabetic
neuropathy® ¢I9F 550 a7} Qlct, 53] gabapentin>
13leh=d| FDAY] 51 wottt,
Topiramate, lamotrigine, carbamazepine, oxcarbazepine 5.
diabetic neuropathy® ¢l3t 3ol AME-E7|%Z dhrf,
Carbamazepine- trigeminal neuralgias $8HA1713=0] AR
71% 81, oxcarbazepine} lamotrigine™= ©|5 9ot S oFE

o] = 4= olt (Wallace, 2007).

4T 320 2 A lidocaine patch+= postherpetic neuralgia
£ Ykl FDAS] 591 Wokom, diabetic neuropathy=
fsh=de B} Qs A= YA et Capsaicin =32 A]
+ postherpetic neuralgia®} diabetic neuropathy = $+&}sl=t]
D, A.Cl] éo]g Hl—g\b;].

o] OREE AT o= Almsk=t At §lo
L}, o= A 100% YA | 2= B D}( g, 2007), Y¥H&2.

postherpetic neuralgias

% o AL 9l ol Ael 417 O%—g 52 A A o
o 7)7)5 9] oF 0% ol B0 oF 30-50% A £
00 T e MRS Holx 9 BolciWallace

2007).

Alrde] 4ol w0 = akdshs A ARk sl Al
7318573 552 71l Hsto] 2 Qo] ol B
off W ARale] BreiA Sict. o7 l% 29| 8712 dA
K *J?é, ET ?% A4 ORG), 245 vIst $olM9]

o ol s, A4l

71 ok




wefsh) Safo], A5 et 4 Aeslel 9 Helek 911
W il 2ol 33 B3 U} DS 348 e

Soi 1
oo g} el owrxk% %0l
SHAT A5 558 AReks o] thol okEh ALt
2 5o ofe] 71 oRS 231510] ALSSHE Zlo] wrk a4
0|3l B} obgAlo] thRE 42 )9 7l o 7 AIZEC) whepa] 9o
& ofg] T59 ofea gt S5 AlRohs ek st
7] $12h 2 At speElo] WA 55 2Rk dre] A el
ofHfAjsor g ZlolH,
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