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Hindlimb Muscle Atrophy of Rat Induced by Neuropathic Pain
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Purpose: The purpose of this study was to examine the effect of neuropathic pain by peripheral nerve injury on mass
and Type | and |l fiber cross-sectional areas on hindlimb muscles of the neuropathic pain model rat. Method: Adult male
Sprague-Dawley rats (body weight 200-220 g) were assigned to one of two groups: a neuropathic pain group (n=7) that
had a ligation of the left L5 spinal nerve, a control group (n=5), a naive rat without any procedures. Withdrawal threshold,
activity, body weight and food intake were measured daily. At 8 days after neuropathic pain, all rats were anesthetized
and the soleus and plantaris muscles were dissected from the both hindlimbs. Body weight, food intake, muscle weight
and Type | and Il fiber cross-sectional area of the dissected muscles were determined. Result: The neuropathic pain
group showed a significant decreases (p<.05) as compared with the control rats, in diet intake, body weight, muscle
weight and Type Il fiber cross-sectional area of the left (affected side) soleus and plantaris muscles, and the right (unaf-
fected side) muscle weight of plantaris and Type Il fiber cross-sectional area of the soleus muscle. Conclusion: The
hindlimb muscle atrophy occurs in both affected and unaffected side due to neuropathic pain by the peripheral nerve
injury. The hindlimb muscle atrophy of the affected side is more pronounced than that of the unaffected side.
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1. g7el HeH AAYZAY 220 uixog SAEOaHEC 7F7HA
AARNSA 52 T2AHA A3o 2 Q8] A 43S T Aol AAlA glofu 4 Aol B350l =AA
(spinal nerve root)|u} i 4173 A (dorsal root gangalion), A 9= ujekst A= i E 552 =7l o] A% allo-
dynia), E5A0l tisiA] Akt o A ¥HeE Bol
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WAt 32.1%7F B A7 HES 4 1™ (Schmad-
er, 2002; Ziegler, Gries, Spuler, & Lessmann, 1992), ©]
AL o7l APLA Q] AE F{spontaneous burning pain),
F47Hnumbness), AHAQ] 01A5-S T43C}H T3 i
A(herpes zoster infection) 2449 9-24%7} AlHEFL8
H3EHDworkin, Backonja, & Rowbotham, 2003; Schma—
der, 2002),

o] 9o = AIDS 219 30-50%7t A1EWFE BF& &
Agith ol ghlolgad X5 /4 FAgolU 718
o, vholA Fofl QJaiA UA} Az (primary sensory
neuron)] &4to] HMAEHN EFo] WAFTHLuciano,
Pardo, & McArthur, 2003; Schmader, 2002). 4173234
532 4B, B3] W] dApollA] vIshA A, =
ASt 558 T4 deAte] ato A AR TF
o] HuEn gl=d], ol HAMAR & kAR 719
3lth(Vielhaber & Portenoy, 2002).

ole} Zro] g2 FxHEo] AW 52 st
U A7 A7BHEAE TS A Eshe 83U AW
o| $1321(Finnerup, Johannesen, Sindrup, Bach, & Jensen,
2000, A17<d T 55 ol SA )=t Agte] Siot Al
AHFTY 55 TR &3] T52 Ao SlsiA F5A
AIE FsHA =22 718/d0] A, $50] THdFol7] o
Foll A7 Hgo] frEEaL o= I8 A A 4
A E 817] oH A FriLee & Choe, 1996).

AAY] SR Yot AlFRst AastH THTE TE
g F7HI7IL DS AStAIA s X1sEm
2 Aego] ZHAHHChoe, Ji, & Kim, 1995), 53 A8 £
AU ARt B¢ FET 955 e A5 719
Are 38 7Rl AlFEate] gt 2% Aljtel o)
AR 2952 IS8, IHRDHE, ZY94R o
2 gere] A3tz A 2JstHChoe et al., 2004). A5t
olgf FF2ol| $iFo| FHEES FTATA FHICh
SEEFA 7979 Rk FRol vt BFAstE 7Rt
ol ST 87|, SAS FuHd @ 2dde o
A gtego] 7rASHATHChoe, Park, & Koh, 1992; 1994),
ggelof st 250] I35 2H8o] gl I8l B3|
o & HR JEE don 2 iRl ZHFe] fEE
tHChoe et al., 1994).
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34 Z9] izl A 8AMIo|1(Long & Greco, 2000), &
g Ake] B2 AFHE AHAIZITHLee & Choe, 1996).
ozl REL A3 9 walA gal 3 A 2
SEAR 295S 25 (Bullock & Henze, 1999), Lee,
Cheo®} An (2006} FHH FF22 Qs 7H¢ 23
S8t child AR 9l 289 YFo| 5L 7143k 5 9
thal 3kt Kim (20052 A3 Fofl thzwtol 787k A
213t ko) 37%RHE AFBIES §t A H Sk 29
o] FEE S-S Husiglr.
o} Zo| AZRHEEA 5o gt SFAG e J+IH
2 2920] farE = 9l Ao yIEY A WS
& ARshe YRE2 AT 5= &
25l 2912 o] thaiAe A2 Balo] glom Ay
4 5502 IS0l FEY s AT HIE FUF e
2 A9 Fopr 7] o]z AAoit}, Daemen §(1998)°] £
TAEE 8o 2R BE WA S4F HES of%
3lo] 2197} 90 Zof| T &4 AEE SAFIH 2 FojlA
HIAAEALE 42 A 25 F 829 I9H0] 7HE At
Al veRtal 2-45 Aoof AZEARE7E Lofutr] o]
(Bodine-Fowler, Allsing, & Botte, 1996) -3+ 224173
S0 2 gt AlFHEAY B3Ol 3t 2HEE 2] o
poied
olo]| & Aol A= Kim¥} Chung (1992)2) & o] g3}
of Fo| Asas4174E 2AF T AW AAYFTAH FF 2
S o] g3l F SirtEjZof vlA|= GRS FEeRA} B
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ofl wjAskAc}, 2 Control, )2 AABFIoIH 55
#(Neuropathic Pain, NP A4S 55220 45}1
ARYFTE 5 :fLo]er o 25 APARYR

0 00

2E) sgA] FHulaa 232 BAISE,

2. g hy

200-220 g2] male Sprague—Dawley rat (Dachan Ex~
perimental Animal Co., Eumseong—gun, Korea)}& C<,
NPZO.Z o] CE& 5ute], NP2 100ke)E A9 oyt
o g ot NPollA 1ofels & Aol 3ujukg-aA|
(withdrawal threshold)7}F 42T Wob AF oA A s}
AL 2ntE)E ARHSA 55 2Y AR 2 3jueke9 A7}
AsHE|R] oFot Al 25t

T 2 5Y% S0l #8HHAERE; 22+2C, 5
45-55%) 12X17-Z BaL 12A1702 o1 A sttt §29 &
PALE (Samyang Co., Seoul, Korea)?} B2 nlSti2 9
% 97 Sk, el o8 HEL FRA W £ 7
o APARR At e Tk AR E o
U AF, A2 AT U DS AT SN g
At e AE oA dofl AFS ST S5
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Alstrt.
3. H3 wy
1) LBYSY &5 2 M
A3HSE 54 E317] 13 Kim¥ Chung (1992)9]
Wi ol gste] ABHSA $F BES Alsielth. NP

Foll pentobarbital sodiumS 50 mg/kg?) FOE 7k Y
FAE ulHAIZ] & B9 18, 243 E(lum-
bosacral)®] 9% wH-E FFHoR /sty I ¢S 83
HO Z8x HEahe 4% ok 05 cm HEE FLAFTH
o2 AE § 288 UF off2 H|n ) TEES F
ojujo] & Al 68 832 JEVIE LE3AFT. 2T @
o Z3loll A FE7IE RALHA AASIL & A4, 584
A7 YRE 123 5 5 AR 1 cc FA] 24E o5t
< $e8 G0 o8]

2 mm 7HAE F31 JEE Tt 22§ 1 Alo] 29

So] By 7 24 W2 E B

2) 3|mEr2 Yx|(Withdrawal threshold) ZAt
AR &4 & FEEES 7 o H = 3 FRAKChap—

lan, Bach, Pogrel, Chung, & Yaksh, 19942 £3}lo] AA}
3ot AE FEEFE 112, 0.5%0.5 cm) $E 2|
=gl o3 AHEX8X 24 cm)E B2 F, 73 w3l
2 AEHAE TS E 308 FU HASAIN F 7= d
BlilE (von Frey BetlE)7} RalE A127)8 o] gat J
} Afol2 HeHIEE 3 iuleto]| ZjsiHA e 29
oRE Absiglt). 3Rk dov|= A A=
1|9he o 2)(paw withdrawal threshold, PWT)2kxl A 2]
39k HX|= Ast AFHup—down testing para—
digm) (Dixon, 1980)2.2 ZA3}3ith
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JEs &
T A HEAE Y o7 @A ARE) cage (B
AR £9] AT EE AAT F ETE A5S 715HA
okl 7} o] 3 HollA BT S5 WSt B4
(activity) 1d, ExZ&F(grooming)2 274, HIE&F4
(inactivity)> 378& Foslo] 587t WA F4E S5t
HtHChung, 1975)
J—}’Qﬁk— 717k E< F7t 9”’“0}71] SHoln, HFE &
=971, 74]——'1"5;?_‘ ol PFE AT}, Tm EE B 2
01*‘15 PEL T2 F ‘THI—‘- 5 A (activity) o2 B}
i1,8s E}“E}EV} Al drt, B F3 A= 3
Z2 3t BEXA5(grooming) 22 B,
3ol 7Hks] ghot QEA] FAle £33 HES FE HY g
H)8= Al (inactivity) 2.2 A8t} 771 Hol= W5-S Al
712 7120]| oAt T o] WEA} 2k FF 1520t T

2 7231900 2 3 ohel 557 5 208 BSkct
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= B 3 AEol B 29 PEEST olgald
T970e) $S FoHL WS AKSle) F 2R 719 4l
% (interrater reliability)= Cohen’s kappa=92& UE}
Wit

5) ME &4
el oA F A3t A7k BE 9] AF-E rat digital

balance (Dae Jong Instrument Co., Seoul, Korea)Z |4

sto &7gakent



LEMF S0 oft LAYEY 8502 RUE F Hol2lZ A=

6) AlZ HFE 53

il 074 F FYT ARl A= AFFE S
g A ARRAY AHea @2 AmFAE ST
Zﬂ:’l 3 AR AN AAFBITL 2 AR TAIE MA AR
FE ARSI
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7) 28] X Y 2ASE

A& 3 8UA 74 2] 52 pentobarbital sodium
£ 50 mg/kg® 8F0E B W AR vHA $ 4E
sicteloll A 7ol 2a £4 23S ARl dAE 252
A geg AAsig e, AR dAzAE AFst
A Z2hd # microbalance (Mettler PE160, Columbus,
USAIA Z&2AE S48ttt

8) Type |, I| 2R ATHY =4

Choe $2004)9] @ollA AAJE Wifje] ot 2454
EiE Type [ Type [I2 7E3}7] 943 Myosin—ATPpase
ZA3BPIS AABIET, o] TERE-S AN (BH-2,
Olympus, Tokyo, Japan)—i Ho} o|F A Hol= 2f=
Type I, B ol 4= Type 12 BRI 484
9] S+HA-2 microscopic image analyzer (LECO 2001
Image Analysis System, Michigan, USA}E o|-&3}9] 100
o] wiestollA gt 50719 HR-E 733t Type |,
I —’L’év—J Y FAHA S ARSI

4. K12 B4
SPSS 111 Z2I& o831 BAlsisrt 7 2| A%
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AlEE Aot 28R AR A, Abe AR, B3, <
S2A|, Type I, II 444 UL B4 2EH2
UehQE, NP2t O 74 Aol t—testS ogat] &
Aatich A Al Aok 28 HA] A9 A% Bl paired
t-test2 ASSIAT ZE FAH 59 5L p< 05904
Agsigict.

ﬂilﬂ Fs AX] HAFET NPoA] 3Rk FR|(with—
drawal threshold)7} F& Ao 2 el k(Fig, 1) AA3E3A
5529 FollA 550l FLEHASE AT & Aol
Agndo] E}%“é——% AxskgTE,

1) HS

Q22O FZ2LNP AE AI2F Al AlF(preweight)
I 2584 A 7‘*9—] AS-(postweight)2 Table 13} 7t} 4
AR Al AFE F 2 Tl Abol7h YIAAL(t=0.662, p=
.523), eﬁﬁé_xﬂ A4 A2 NPzo] Catol] vl3) #2314
ZFe- o2 UERyttht=3,980, p=.0093).

C2) 2584 2 AFL 25991101 g0 2 A=
Al AIF 209.9+ 6,20 gofl vi] 23.82% F7F8RAL(t=4.572,
p=.001) NP 2544 219 A% 236.2+10.2 go] A
A Al AF 207.4+6.85 goll vl3l 13.88% vl &
7Vl gtht=3.178, p=.010)

201 Table 1. Body weight and total amount of diet in control (C)
18+ and neuropathic pain (NP) rats
= 16r . . Total diet
C P
% ul Group reweight (g)  Postweight (g) intake (q)
< ol o BSNLO= 6 nas) 20094620 25094101 15241010
£ ol —O— naive (n=5) NP (n=7) 2074+685 23624102  1288%8.9*
§ gl *Significant difference between C and NP group (p<.5).
o
2 of
= 4l Table 2. Total score of activity in control (C) and neuropathic pain
(NP) rats
2 L
Group Total activity (score)
0 1 1 1 1 i i i i
pe 1 2 3 4 5 6 7 C (n=5) 336.2+187
Time (days) NP (n=7) 352.7+4.78"

Fig. 1. Withdrawal threshold.

*Significant difference between C and NP group (p<.5).
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2) & M MFF Aol FA7} 86.1+18.3 mgE C9] 7iAbol A 117.2

T 20| & A8 AFE Table 13} Zo] CZ7} NP9 +11.8 mgell B3 F-2JatA 2gEom(t=3.305 p=.008) NP
F AR AFFL 47152421010 g, 198.8+89gC2 NP #9 £ 77 231.1+17.2 mge C7Y X2 7A
9] - Ab= AdFEHo| R-9JaHA| A9kTHE=4.329, p=.00D). 243.9+19.9 mgell B3} F-oJ5tA 22 AR yehgrt

(t=8.396, p=.007).

3 & B A BArZ A NP9 7kAbm) 2 £ 112.8£10.5 mg2 CT
£ 7] 7al7ke] & BE H Taple 29 o] Gz 9] 7RAbE) 2 2A 112.8+10.5 mgoll H]3] §-2Jst 2}ol7} ¢l
NPZo] £ B 27} Z4z} 336,24 18,7, 352.7+4.788 ALt=1.397, p=197) NP=£2] 2 FA 243.9+19.8 mg
NP9 & &5 47t Col via] oot ZAemZ NP & CF9] 3 74 273.8+10.8 mgell vI3) H-<jskA 2}
9] 3% w7t we A o7 Yepdrhi=2 275, p=.046) 4Tht=3.032, p=.013).
4) SRR 28 2 5) EaRHTA
% 2o 7Pel2a) SR 28 TAS 957 AYE o= = F9] 7P|k S22 Type I, T 244 Haas]

FEalel WTet Ak Fig, 29} ek, Bol4 NP 71

mlo

8| et Z3E Table 3, 49 2t

300 - Left (affected side) 300 - Right (unaffected side)
250 O G(n=5) T 250+ O C(n=5)
(=] (=]
m NP (n=7) B NP (n=7)
\E/ 200 - % 200 -
° ey
=y =]
g 150 | g 150 |-
2 * @
$ 100 Q 100}
>3 >
= =
50 50
0 ' : 0 . '
Soleus Plantaris Soleus Plantaris

Fig. 2. Muscle weight of the hindlimb muscles in the control (C) and neuropathic pain (NP) rats.
*Significant difference between C and NP group (p<.5).

Table 3. Fiber cross-sectional area (CSA) of the soleus muscle in control (C) and neuropathic pain (NP) rats

Left soleus (affected side) Right soleus (unaffected side)
Group Fiber CSA (um?, M£SD) Fiber CSA (um?, M£SD)
Type | Type Il Type | Type Il
C (n=5) 4,144.31+236.9 3,912.1+£269.2 4,4755+583.2 4,0009+716.4
NP (n=7) 3,002.7 +:1,004.6* 2,011.1£694.9* 3,866.0+631.8 3,199.51+409.8*

*Significant difference between C and NP group (p<.5).

Table 4. Fiber cross-sectional area (CSA) of the plantaris muscle in control (C) and neuropathic pain (NP) rats

Left plantaris (affected side) Right plantaris (unaffected side)
Group Fiber CSA (#m?, M+8D) Fiber CSA (um?, M+8D)
Type | Type Il Type | Type ll
C (n=5) 1,858.41£485.7 3.448.0+281.7 2,312.9:+507.72 2963514747
NP (n=7) 1,975.4+398.0 2326915426 2,370.3+7274 2,923.34+1,050.7

*Significant difference between C and NP group (p<.5).



YRNH 0] 2t MABEY SEC2 RUH F HO22 9E
6) 7IxtolZ

Ca#t NP9 &3 342&9) 7ixpa| Type I, IT 24
# FAGHAL Table 33 2t} C NPZolA 85 714
o]22] Type [ 44 ATH AL 742} 4,144, 3+ 236.9 pm”,
3,002.7£1,004.6 um*& NPF-0] Gl B3] 5-2]8tA] 2ok
31(t=2.497, p=.041) Type II 46 FHH AL C7I} NP
oAl Z+z} 3912,1+269.2 um?, 2,011.1+694.9 ym?2
NPo] Ctoll ul3] foatA &2 Aog vebgdrhi=
5.686, p=.001).

A% 7E2Y Type 1 24 DA G2k NP
ol 2z} 4,475.5+583.2 um?, 3,866.0+ 6318 ym’E
NPo| Ctoll ®i3j 22 S Yehllal(t=1.698, p=.120)
Type I 245 FDHAL CET NPZoA 282 4,000.9
+716.4 um?®, 3,199.5+409.8 ym’E NPZo| Czof Hl3|
frelslA AQkehi= 2,473, p=.033).
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o §

Ct NP9 &3t 4450 32 Type I, IT 24+
AL Table 49} Zt}, C23} NPZoA &3 7Rl
o] Type I 4% FHAAL CFo] 1,858.4+485.7 um’,
NP0} 1,975.4+ 398.0 ym?& jo]7} gl Ao vept
1(t=0.459, p=.656) Type II 4G FAGAHAL ol
3,448.0+ 2817 ym?, NPFo] 2,326.9+ 542.6 ym?E NP
o] Cxtof| vl3f} F-2JstA| A rht=4.521, p=.001).

A4 71029 Type I 46 FPHER C20] 2,312.9
+ 507,72 um?, NP7-0] 2,370.3+£727.4 ym*E F 2 7]
#}o]7} A UTht=.151, p=.883). Type I 24+ FH2
Co] 2,963,5+474.7 um?, NPZo] 2,923.3£1,050.7 um’E
T o bl o) 7} gl o2 VhERHTHE=.079, p=.9393).

= 9

£ Qe TRAFET gt A78HEE 550l FY
7Ha|E 228 FAIR Type [ IT 24F FdH o]
u] 2 G FE] Aol Al=Egled, A7 A3} NP
oA TERA B, 7HIET S S&FA|, 7FAE
Type I, I 45 F9HH, S22 Type [ 247 FDHA
o] Ctol wla FejstAl AGAL, A& A ZHELY 2
S2A419} 712k 9] Type IT 2444 Sh R o] Otol] H]s)
FoEHA A& Ao Yehd 787 AFHFTAY TS0
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Sttelel] 2950] FEERSE AT

ol2jgt Aih= & Aol A NPe] &5 B2 & A= A
ol st 22 Ao & Yoz 7U7ke] A
33 B3 9ol L 2952 TEoE g EE At}
FEEFH At B o & AgstiE Aoz AETh

NPZ9] E5o| Aahe 2 35 dhlete] 5502 Qs
FZol=t| Algte] Y11 T35S 23] 3l REAAE
7] el 2ot 48717 F FAE0] 55 3
25 et o RY AR SAY o dEATCH W
Tie Bgo] TAEQIT NPe] 850 At ECkE ol
+ AbapARdG e 2 HZ A o] FA1%(denervation)
of A7 9] FHER| QI ZBEA1 (tibial nerve)oll 2JsH Ajul
e 7R} H3 29 eEago] AstE 7] wE
ofafar AZEit,

7RRb) Tt £40) ZE A7 AshE & A A1
e Hohe] 52 7R} E339 2SFA R4
&HA st goks A8 A A2HChoe, 19915 1997; Choe
et al., 1992; 1994)} LR35t

o]9} Zro| T3 Al oot F AR LSFA 7 A
SHE A gA{sto] olsf Tty Ajste} T Hafd et
37t=lo] zE AeE HYEE 4 AUTHChoe et al., 1995),
5 TEe 289 SA9d) o 5 ThEe| Tt
3l Sof Fake WA HER FFolu BFA5h= ubig-
uiting 57HAH 9 BeEeE F7IA & dHE &
AL {8 FtKTaillandier et al., 1996). £, %43}
off o3t T5HTO a2 L] o]3lakgof) ofFt 34
ALy ol in AfEr, 85 Fo] Astd & Tyt
A9] 7kA ZZAZ0] RNA-DNA Hl&o] ZaEl= Azt AF
o] Q= Ae2 £44E 5= QUtHBajotto & Shimomura,

250 7R £ A7 AR S
e HAZ THFAR F4E 2 I A= Type I
e EEE7E =7 AR slow-twitch muscle
fiber)o|™ 2 =7t 22 A A off 2H-5k= WA Type
I HAfe= 5527 #E Sd-ffast—twitch muscle
fivenz F£2 =7t 28 7483 283 Adsher 285t
th= AMd(Ohira et al., 2002)9] HiF0] & o 31&2 5353
A wizol AFAWE okA] Kok Aol 2 A4t
Z g ol8ste] AFAHE skl A7) el A

Fat 4= Qlet.

N
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2 TN SH Y Type [T 244 FTHH 7134
=9 Type II T4F o] AstE|ict= A+ 2=
255l J3f Type I 24771 Type I 2450l Bls) ©f
2 HE 5ol Pk 202 dEA Qe A thEA
Type II 2430l thigh FaFo] & A= Yepyrt, ol=gt
EUzl= &5As) o9l aglo] 2gate-S AAlgth
[IAF] A5k Al Type I 4771 Type T 24l BIsH
o] 27 9% P=ths 97 ZFHHenriksson, 1990; Kim,
2005)8 EHIZ FdAdF Astol o3t Fakoletar Azigitt,
2 A+ 21 NP9 Ate AdFEoe] Askd AL $50]
182200 95l (Morley & Kraenzle, 1994), A1-8AM]
z#5to(Long & Greco, 2000) S AHsHAF7]
ol 2o, 7hbu|dd £330 FSFATE Aot
2 A7 Ae AT Fol dhEdte] 79 AR ¢
3717 HHASHEE o 7iAbm|Zat £3 29 ZS7A
FelsA A3k Ath= Kim (2005)2] A7 Aol A=)5H
o} 7970 AAEEAE FF0l dl e £429
L&A 7443 AL An (2004)9) HUE BU|Z Ao}
F At wE FYFFY FEo=2 Thild 3R] A
StEl= Aol o3t Aolgtar A%t E3 Kim (20052 %
FF AstE ZE5A7E At AE Aol dFA sl ohe

QAT $E02 Gu Bojago] AsET FHAY
jui

>

o

£ AFox] 59 SR TS S gkevt
XA Ast= 7te] FEjRe] 1AEH 282 ¢ ol
ZHo2RE UAUR] =TS TS 5 §A HAT
Aot AAFAIE 3l 28 W 224
Hog gk Aspt &8 W 282
ok o]t <= 9lrt,

Man, Hirashima, Moris®} Kawano (20002 H%4d3
A3t & ZElaA o gt Ay BARE0 & A|Hite)
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