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Effects of Exercise on Affected and Unaffected Hindlimb Muscles in Rats with
Neuropathic Pain Induced by Unilateral Peripheral Nerve Injury

Choe, Myoung-Ae' - An, Gyeong Ju?
'Professor, College of Nursing, Seoul National University, Seoul
?Professor, Department of Nursing, Cheongju University, Cheongju, Korea

Purpose: The purpose of this study was to examine the effects of exercise on muscle weight and Type | and Il fiber
cross-sectional area of affected and unaffected hindlimb muscles in rats with neuropathic pain induced by unilateral periph-
eral nerve injury. Methods: Neuropathic pain was induced by ligation and cutting of the left L5 spinal nerve. Adult male
Sprague-Dawley rats were randomly assigned to one of two groups: The Pain+Exercise (PE) group (n=21) and the Sham+
Exercise (SE) group (n=20). All rats had 28 sessions of treadmill exercise at grade 10 for 30 minutes, twice/day at 10 m/min
for 14 days. Body weight, food intake and activity were measured every day. At 15 days all rats were anesthetized and
soleus, plantaris and gastrocnemius muscles were dissected. Muscle weight and Type |, Il fiber cross-sectional area of
the dissected muscles were measured. Results: The PE group showed significant increases (p<.05), as compared to
the SE group for body weight and total diet intake, muscle weight of the unaffected soleus and plantaris, and in Type |
and Il fiber cross-sectional area of unaffected three muscles and affected plantaris. Conclusion: Exercise for 14 days
attenuates unaffected soleus, plantaris and gastrocnemius muscle atrophy in neuropathic pain model.
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Table 1. Body Weight and Total Diet Intake of Pain+Exercise and
Sham+Exercise Rats

Pain+exercise Sham-+exercise

(n=21) (n=20) t(p)
Mean+SD Mean=+SD
Preweight (g) 230.6+5.39 228.8+4.56 1.15 (.254)
Postweight (g) 297.3+11.08 2853+828  3.89(<.001)
Total dietintake (g)  293.7+15.92  270.1+14.17  4.99 (<.001)

b
0%
2
ro
o
M

(preweight)?t TS84 217 2] Al F(postweight) Table 1
oAl K Biel o] AR AJZF A1) AlF2 7 o 7ol 413t
2ol 7k 3det, 5AA A A5 PaintExercisew 297.3
+11.08 g© =2 Sham+Exercisex2] 285.3+:8.28 goll H|3|
FOJoHA B Ao ' Y th=3.89, p<.001).

2. 3 MY

T 0] F AFRAF] S Table 19 AlAIE vk} o] Pain+
Exercise*¥} Sham+Exercisext?] & Al8AZ| ko 7+z}
293.7£15.92 g, 270.1+14.17 g© 2 Paint+Exerciser-2] &
A2 3EFo] Sham+Exercisewol vl 3-2l50A wWtch
(t=4.99, p<.001).

149719 285 H 4= PaintExercisewtS 39.4+1.87
(mean 2.7%0.13), Sham+Exercise>%] 7-%- 37.8+£3.31
(mean 2.7%0,23)= UER S Sham+Exercisew©| Pain+
Exercisetoll H8}| F-oJ51A| Z5wo] W& A= Yepgt
(t=2.04, p=.049) (Table 2).

4. &= 7

F 28] 5 FAE Hlagt 237} Table 3] AAE o] St

1497H] &5 A a7E gRlsty] @l PaintExercise
7} Sham+Exerciset?] &5 FAE v]wgt 231} Paint
Exercisewt®] &%) 7HAb]E £A4) 77.8+£23.55 mge
Sham+Exercisew*9] 134,1+19.31 mgell ¥]3] F-2l5tA] &
Ao 2 YERGEOH(t=8.38, p<.001), Paint+Exercisex2] 2+
Z 88 A 1,068,2+£127.42 mg Sham+Exercisew2]
1,718.4+148.99 mgoll B3l f-2JakA] 29 thi=14.98, p<.00D).
PaintExercisev2] Ad5($-5) HlE 77| 1,625.8+140.82
mg< Sham+Exerciser2] 1,738.1£99.80 mgol B3| 42
oA A2 A o' e THt=2.95, p=.005).

Table 2. Total Activity Score of Pain+Exercise and Sham+Exer-
cise Rats

Pain+exercise Sham-+exercise

(n=21) (n=20) t(p)
Mean=+SD Mean=+SD
Total activity score 37.8+3.31 39.4+1.87 2.04 (.049)
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Table 3. Muscle Weight of Pain+Exercise and Sham+Exercise
Rats

Pain+exercise Sham-+exercise
(n=21) (n=20) t(p)
Mean+SD Mean£SD
Soleus (mg)
Left 77.8+23.55 134.1+19.31 8.38 (<.001)
Right 137.1+£14.25 134.3+13.01 0.65 (.520)
t (o) 9.83 (<.001) 0.06 (.947)
Plantaris (mg)
Left 328.3+31.33 307.5+38.21 1.90 (.064)
Right 325.2+28.49 328.7+101.52 0.14(.883)
t (o) 0.59 (.561) 0.89 (.383)
Gastrocnemius (mg)
Left 1,0682+127.42 1,7184+14899  14.98 (<.001)
Right 1,625.84+140.82 1,738.1+£99.80 2.95 (.005)
t (o) 15.13 (<.001) 0.75 (.457)

Pain+Exercisew?] &% &5 FAE vlwg 23 4=
7P| 28 3 137.1414.25 mg $= 7] 2 5
A 77.8+23.55 mgell v §-9JsHA ZTht=9.83, p<.001).
AAE vjEL 28 57 1,625.8+140.82 mge 3= Bt
5 F7 1,068.2+127.42 mgol ]3| 25k & ALSE ot
ERTHE=15.13, p<.001).
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Figure 10 = 9] A5} 25 7iAbnl, 4L 9 )R
o] ko] AAE o] AL, 7 o) 2HFE A Table
4ollA H= Biel Zth PaintExercisew? Sham+Exercise
9] 35 7 Type 1 247 S99 4S vlugh Ay}
Pain+Exercisext®] 2,549.4+871.59 um’2 Sham+Exer—
cisext?] 5,057.4+479.52 um®o|| vlal| FJ5HA 22 Ao &
LR THE=8.65, p<.001). &5 7FH1IE Type I 24 2
HHZA A% Pain+Exercise?] 1,458.0%203.06 um?®]|
|3 Sham+Exercise=2] 4,024.5+401.18 um*7} ]34
Z A o2 UePTHt=19.07, p<.001). 25 HE Type [ T4
f A vwet Ay} Paint Exerciset2] 4,239.0+
812.72 uym’= Sham+Exercisexw?] 6,246.4+1074.35 um’
of w3l F-o]akA| 2HLaL(t=5.01, p<.001), ¥ HlE< Type 1T
A FPH A% PaintExercisett 2] 5,671.7+834.33
um’= Sham+Exercisew®] 7,086.9+291.29 um*®] B3] <]
3P AR o & YERITHt=3.08, p=.006). 1 HAZ

bl £HE vlEe] Type I, 11 249 FoHAL T

-y, T T,
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Figure 1. Cross-section of the hindlimb muscles in Pain+Exercise
and Sham+Exercise rats. The first line is the affected soleus (left),
plantaris (middle) and gastrocnemius muscle (right) in Pain+Exer-
cise rats. The second line is the unaffected soleus (left), plantaris
(middle) and gastrocnemius muscle (right) in Pain+Exercise rats.
The third line is the affected soleus (left), plantaris (middle) and gas-
trocnemius muscle (right) in Sham+Exercise rats. The fourth line is
the unaffected soleus (left), plantaris (middle) and gastrocnemius
muscle (right) in Sham+Exercise rats. Dark=Type | muscle fiber,
light=Type Il muscle fiber (Myosin ATPase straining, 100 ).

o 7ol 25t &pol 7k Gigiet,

Pain+Exercisew?| & 245 JoHdS SSHE vl
g Azt 7FAa] L] Type I 43 FEHA2 815 2,549 4+
871.59 um*0] A 4,419.8+449.95 um’o| 8|3l &
AFQkAL(t=6.61, p<.001), 7FAHA|Z Type IT T4 ST
33 1,458.04203.06 um’0| A4Z 4,307.4%519.69 um’]|
ulel] §-0J5HA| A2 A 0.8 UERITHt=21.88, p<.001). Pain+
Exercisew®] Z2* Type | AR JdHde g3t J4
= 7ol -9t Aol 7} giglout, A Type I 41§ F
WAL 812 3 746,1+610,42 um*S BAZ 3,314.7+404.08
um’ell B8l fFoshA 2 Ao R Yerstth(t=2.42, p=.036). H]
E1o] Aol Type I A5 ATH oA 5 4,239.0+
812.72 um’ 2tk AAFE 6,120.6+1,213.26 um’7F 52514 71
1(t=4.41, p=.001), Type II 24+ JFHAE &= 56717
+834.33 um®] H]8] HAZ 6,287.5+559.16 um’7} 525}
Al 2 AL & YePTht=2.34, p=.041).
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Table 4. Cross-Sectional Area of the Hindlimb Muscles in Pain+Exercise and Sham-+Exercise Rats

I
og
2
ro
]

Pain+exercise (n=21)

Sham+exercise (n=20)

t(p)

Mean+SD Mean+SD
Soleus (um?) Type | Left 2,549.4+871.59 5,057.4+479.52 8.65 (<.001)
Right 4,419.8+449.95 4,863.5+924.50 1.44 (.164)
t(p) 6.61(<.001) 0.71(.491)
Type Il Left 1,458.0+203.06 4,024.5+401.18 19.07 (<.001)
Right 4,307.4+519.69 3,930.7+699.34 1.45 (.160)
t(p) 21.88 (<.001) 0.34 (.735)
Plantaris («m?) Type | Left 2,7735+301.23 2,742.0+£589.87 .15 (.875)
Right 2,811.1+628.26 2,436.8+502.34 1.58(.128)
t(p) 0.17 (.865) 1.59 (.140)
Type I Left 3,746.1+610.42 3,696.3+339.62 24 (.809)
Right 3,314.7+404.08 3,503.3+564.90 91 (.372)
t(p) 2.42 (.036) 1.11(.289)
Gastrocnemius (um?) Type | Left 4,239.0+812.72 6,246.4+1,074.35 5.01 (<.001)
Right 6,120.6+1,213.26 6,984.2+1,195.31 1.71(.100)
t(p) 4.41(.001) 1.40(.189)
Type I Left 5,671.7+834.33 7,086.9+1,291.29 3.08 (.006)
Right 6,287.5+559.16 6,984.2+1,195.31 1.76 (.093)
t(p) 2.34(.041) 0.20 (.843)
W A} SR A4S Thell fof_t Akl 7E glSict, W=t o] Choe?t An (2009)2] A74HEA EZmdofA
A7to] AR FFEFO 2 LERT Vehiclet 243.87 g, DHEA
= 9 - 232.52 goll Hlsf F-oJstHA| F7He A & 4= Sk whebA

A3} PaintExer—
cisew- Sham+Exerc1se—_rL°ﬂ H]OH Xﬂzﬂ ARG
FrofslA WAL BES FolsHA| AR A o= Ukt
ol9} Ze A= PaintExercisen?] AFHSAH F5S
7HAAL Qlo] 58 FA o] AstE|o] BEiol Eojs A
olm AFWFA 5 ZHolA EEAsH T UEhdth= Choe
5(2008)9] AP Aol A BFe]xl At 5Lt Aafole}, Paint
Exercisex?] &%0| A3t AL 3= dhijeto] 2202 o]
3l Z2ol= © ARte] il F55 2a3sl7| flsf FEAA
£ 337 dlzell Bago] A Aol Ad 717t 5 750l
Tolr Qe 25 s e uyl Feje S o A5A
Fom U =BG & 5 UAATHChoe et al., 2008).
2 Aol PaintExercisew©] Sham+Exercisewol H
3 SALRAHFC] S A AdE 25°] 317](hunger)
£ Z7MA 4188 F7FAZIt= Blunbell¥} King (200009
AFANE EE & o 1497 AZE 255 AR Paint
Exercisew ¥ Sham+Exercisex?] AR F %] Paint
Exercisew 293.72 g, Sham+Exercisew 270,18 g2 L€}
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Ol= Al FERIAE ¢ A brain—derived neu—
rotrophlc factor (BDNF)2] mRNAZ} Z4=¢} 84 &&
He= Ay o] itk B 15k tHHutchinson, Gomez—
Pinilla, Crowe, Ying, & Basso, 2004), wehA] & o1Lo]| A
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NIZZAEAL 2= (apoptotic susceptibility)©] S7FH okl
Tt & A7 &) WA sie S AlZAkE
A7 A Q19do] olxict, AddY dtol oJshH 5] Mn—
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