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Effect of Decreased Locomotor Activity on Hindlimb Muscles in a Rat Model
of Parkinson’s Disease

Kim, Yongbum' - Choe, Myoung-Age?

'Student, Bredin Institute, Edmonton, AB, Canada

“Professor, College of Nursing, Seoul National University, Seoul, Korea

Purpose: The purpose of this study was to examine effects of decreased locomotor activity on mass, Type | and Il fiber
cross-sectional areas of ipsilateral and contralateral hindlimb muscles 21 days after establishing the Parkinson’s disease
rat model. Methods: The rat model was established by direct injection of 6-hydroxydopamine (6-OHDA, 50 ug) into the
left substantia nigra after stereotaxic surgery. Adult male Sprague-Dawley rats were assigned to one of two groups; the
Parkinson’s disease group (PD; n=17) and a sham group (S; n=8). Locomotor activity was assessed before and 21 days
after the experiment. At 22 days after establishing the rat model, all rats were anesthetized and soleus and plantaris mus-
cles were dissected from both ipsilateral and contralateral sides. The brain was dissected to identify dopaminergic neu-
ronal death of substantia nigra in the PD group. Results: The PD group at 21 days after establishing the Parkinson’s dis-
ease rat model showed significant decrease in locomotor activity compared with the S group. Weights and Type | and Il
fiber cross-sectional areas of the contralateral soleus muscle of the PD group were significantly lower than those of the S
group. Conclusion: Contralateral soleus muscle atrophy occurs 21 days after establishing the Parkinson’s disease rat

model.
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I DY Fol SHESHP} SICkl2o) olxls @3

AREAIAA O, -2, FHA) 52 RSt o7t FRkE
Aol g g X8 & rof| what Fdo] theFsltHJankovic,

2 71y 9] kst QS 5 5ol
71 gl 2]l SA4HKoh, 2003; Lee et al., 1997)0]gkaL &

Aol = =5 (bradykinesia),
o4 Al AA(resting tremo ) AR (rigidity), A9 E<HY
“J(postural instability) 212|321 X3 Zof(gait disorder) 5
o]th(Koh, 2003). Aol Zlgggof we} 2AES 0] 7

H31 gPFo] oA =P 2AQ WA =3)o] of ) K
3y golel AAESHE S A5 oA EAbA= Qo] &7
3 ZH4le] 712491 @2 A; ESolu thE AFY] EeE
drojok St (Lee, 2005). E3] H3l Zo|&2 QIgt Zd o] HE
7t =& Z0% HuE Al ¢l o (Johnell, Melton, Atkinson,
OFallon, & Kurland, 1992), XA E8FF0.2 2la) mhl<H
=2 B Ao YRS Wol AE3HBloem, Grimber—
gen, van Dijk, & Munneke, 2006).

o1& gt Aqte =Rl AZA Ol sl AEi]
o8 54S Uetle £82 o83 wIs sErdo] 7
A sk 15 AR 6-h;
6-OHDA)= °o]&3t W= w714y Bd FH(unilateral 6-
OHDA lesioned rat model of Parkinson's diseasel= T
21 31219} Zro] S5 A o7t UERL=T|| Z}A| &
1 o)A FALO| AR F o] o5 YEFHTHWhishaw,
Li, Whishaw, Gorny, & Metz, 2003). 3+ Metz, Tse, Baller—
mann, Smith®} Fouad (2005)= BE o<l 9 252
ool A p1&H ShAtel 72 ZR2 WA HES Ti= oFe] B
&Y (shuffling gait)o] YePTIL 3F3ict,

& w1EY 1Y F= 52 W S ol -5gelt
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et al., 2003) Miklyaeva 519952 ' H|= the]of go]
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o] 1L 53] ¥ N5 0 2 9] 342 t& ofHral skl
Whishaw 5(2003)& HS o710 2dl FolA =2 ¥H
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T A sk 7t
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Figure 1. Experimental design.
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1) BHE IRieY R
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oM 2ESHsITH HotziZof )Xz Fe

o] ZA1HHS W= T tyrosine hydroxylase (TH) He G
= Aldekglth, I8 EA| & 2R S Fof #AAS S5t
o 0.1M phosphate buffered saline (PBS, pH 7.4)E 100 uL
HFAA 8 W EYHYES AASH 3 4% paraformalde—
hydes 300 uL BFAIA HE 14t BF7 & =HE 4=
3t 4% paraformaldehyde®] 2A17F B<9F 148 & 30%
sucrose G0l 24417t 5t HolE & %=
o ML free—floating WHLZ ZA L cryomicrotomes
ol-g3l 40 um®| FAZ Fef o] 23 FE AMESHA
o} 0.05 M PBS §9] 3% H.0,7} 5017t &4 02 1087t
F7 % anti—TH (1:1,000; SantaCruz Biotechnology, Santa
Cruz, CA, USA) JAE 2004 1641t ol AgAZ] &
Vectastain Elite ABC kit (Vector Laboratories, Burlingame,
C A, Us A)E o]gg}q Hl—}dlg].oa =5

(ﬂwJ TH-HY A 6ks ﬂ:?% Aot WEE = Shit
g 5 ZE vlaste] 50% ol Aadt A¢-E WS L

el 2 g8t thHHudson et al., 1993),

1) AHS L AN &Y

T 23] U AIThol| HE 72 A|lFE rat digital balance
(hE7171, A2)E ol&ste] 745tk /\}EHH% 23]
Asgt ALEFAL AFstal E2 ARFAE ST ? A%
g AbR A A AFshL E-2 Abr FAE ““H/\ﬂ ARSI

2) BEs =1
BYPSFL2 & Ayt =& T 2149 open field activity

test(Lee et al., 1997)¢] Blo w2} S48ttt 7.6 X 7.6 cm
27} 237 91X 91 em polyvinyl chloride (PVC)EJr(open
fieldol F15 =52 5 F7F A4 e At Sl

=1+ 7153151,

3) Z=EHM L Z8%F

A1) vz} dof| pentobarbital sodium (50 mg/kg)S
A FAER Fofsto] migsiltt. & SrkeollA] 7HAkm]
W SIS AAste] AeAdez AAskae Az 4
AzAE A53] Zehfo] microbalance (Mettler PE160,
USA)olA FAE S sH3ict.
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4) Type |, || 2HRQ| SHHY =X
Choe 5(2004)2] Aol A AAJ= FHof whet 4+
£ Type I3} Typell2 -25}7] $13]l myosin—ATPase £4]

sheh& AAISHAIH.

Myosin—ATPase® GME Z8-FES F31ein]4(BH-2,
Olympus, Japan)2& Ho} o} FA Hol= 4= Type [,

g Hole= 2485 Type I 2538112 (Brooke & Kaiser,
1970), 2t Ao A 100819 wi& stofl dgHA
WellAl Type I, T A9 G3E JtH2S A5t tHLee
et al., 1990).
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Figure 2. TH-specific immunohistochemical staining in substantia nigra in unilateral 6-OHDA lesioned rats.

= Sirkar gelE 1011}3194 %%OM
Alzel 5 543 4 20 69,8+
82702 W Wi =20 1488+ 11,67} HltsH 57.8% f-2lstAl
DAast Ao & YeRLK1=29.498, p<.001) 8ule|7} wp7lsd w
g2 2= 9lct,

22 xlr"‘u TH %4 417

ESES

T 2o AR Al Al 2544 2 A AlF-2 Table 1
of AAIE ket Aok, ARAZL Al A LA A A
2 = 7hol Aol 7} Aiiht=—1.21, p=.248, t=0.16, p=.874).
PD9] 2847 214 A% 346.0+15.09 g= AFAIZF A] A
% 193.10%6.01 gol| B|3te] S-2l51A] 2715193 (1=—34.99,
p<.001), S| Z&HA A A5 344.3+£23.5 g& AFAIZ
Al A5 196.40+4.44 goll vlsl -5-2J5HA| 57F8FAeHt=—16.60,
p<.001).

2) B AMEYFE

T 29 A7 9] & AFRAHEES Table 204 H:
Hiel o] & 3t 7ol {23t Aot fl= ALR YEhkith
(t=—0.29, p=.779).

= o] :;1%494 TE A HYSE W9 padaiE 21

=

o A3} 30 H3YSF-2 Table 30 AJAH vhe} 2},

PD} S7-9] =9 e A HPLES F o kol o
gk Zpol7h §lSATht=-1.59, p=.135). PD29] =49 &=
e 219 Ao} 5-of HaghE2 43,5+ 33,653 = Sv42 90.7
+36.673]] Blaf f-o]skAl 23tTHt=-2.60, p=.022).
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Table 1. Preweight and Postweight between the Groups

Group PD (n=8) S (n=7) t P

Preweight (g) 193.1+6.01 196.4+4.44 -1.21 248

Postweight (g) 346.0+15.09  344.3+23.51 0.16 874
t -34.290 -16.600
o <.001 <.001

n=number of animals.
PD=Parkinson’s disease; S=sham.

Table 2. Total Dietary Intake between the Groups

Group PD (n=8) S (n=7) t P

Total dietintake (g) 457.7+1351  4605+£2353 -029 778

n=number of animals.
PD=Parkinson’s disease; S=sham.

Table 3. Locomotor Activity of Parkinson’s Disease (PD) and
Sham (S) Groups
Group PD (n=8) S (n=7) t p

Total
locomotor 0 day 1225+37.87 1634+37.10 -159 .135
activity 21days 435+3365 90.7£36.67 -260 .022

n=number of animals.
PD=Parkinson’s disease; S=sham.

3. BEESKs7t HrfzlZe| ZEFA0 oIX=FE
1) B Htti=(contralateral) RCt2l22| Z2E2A|
0] R RS Slohe] o] FAE Bl A3 Table
4ol AAE vie} e PDES] B RS 7] BAE
146.5%6.0 mgl 2 St2] 7HAtu|E 4| 167.3+20.59 mg
of vl3l 12.4% M Ak e (t=—2.58, p=.037) HH =t
& FAT e 7 o ol fo3 Ake)7t llek(t=0.41,

p=.686).
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Table 4. Muscle Weight of Hindlimb Muscles of Parkinson’s Disease (PD) and Sham (S) Groups

Group PD (n=8) S (n=7) t(p) p

Right (contralateral) side (mg) Soleus 146.5+6.00 167.3+£20.59 -2.58 037
Plantaris 335.4+15.70 339.1+£19.62 0.41 686

Left (ipsilateral) side (mg) Soleus 152.6+16.12 162.1£24.24 -0.91 381
Plantaris 343.6+20.72 330.4+23.32 -1.16 .266

n=number of animals.
PD=Parkinson’s disease; S=sham.

Table 5. Cross-Sectional Area of Hindlimb Muscles of Parkinson’s Disease (PD) and Sham (S) Groups

Group PD (n=8) S (n=7) t p
Right (contralateral) side (um?)  Soleus Type | 3980.5+564.26 4796.2+£1275.97 -5.55 <.001
Type Il 3375.3+255.64 4492.0+865.52 -3.05 024
Plantaris Type | 2428.0+£324.32 2542.1+251.81 -0.75 465
Type Il 4317.6+945.13 3749.4+484.83 1.43 176
Left (ipsilateral) side (um?) Soleus Type | 47148+£715.04 4970.7 £962.93 -0.59 565
Type Il 4252.6+630.83 4914.0+968.04 -1.59 136
Plantaris Type | 2396.6+356.70 2685.7+827.72 -0.85 413
Type Il 4154.1+714.82 3909.0+970.75 -0.56 584

n=number of animals.
PD=Parkinson’s disease; S=sham.

2) HH SZ(psilateral) FICt2l22 22| 2) ¥ SZX(psilateral) FCHEIZ2| Type |, | 2Me 2-HA
e Y S Slnele] FAE vlalek 23, Table (e S SlokE e Type I 1T A W4
4ol A|AE vre} o] W F5 7|2 AT s F < H|a3t A3}, Table 51| AlAH vl 2ol BH 55 71|
o Lol goet Aot gle A2 yehth(t=-0.91, p=.381; T FHLY Type [ T 2489 42 F 3 7t #9
t=—1.16, p=.266). & o7} gl A o= Uepttht=—0.59, p=.565; t=—1.59,
p=.136; t=—0.85, p=.413; t=—0.56, p=.584).
4. HHHSHS7L RCt2lZ2| Type |, 1| 287 &H
HHo|| 0|xl=Fe = 9
1) HH Biti=(contralateral) RCH2I22 Type |, I 24% 2 AolAE S wIE mEl FoflA miey fi 4
S SURTE 219 A 5 W WS 7)Y 25 A9
o] W RS SlnkEe) Type [ 1T 4f F994 Type [ IT 24 P o] gz l HloH Zhﬁ— ﬁgg L}e}
g e

_]
2 Table 501l AJA|E BF} 24t} PD-9] W v
Type I 244 STHA 3,980.5+564.26 um’= S7-9) 7% Agitt, o] gt E&e
o)t Type I 22415 ST A 4,796,.241,275.97 um®®]] 13} of lsle] f-oJ5HA 2 A

10
u
L
_T‘_
L
=l
_|>:
ji
oL
lo
g
=

B
17.0% 23l 29kaL(t=—5.55, p<.001), Type 11 A5 3 I} St 7ol Zpe)7} QiGlo R Hagsks Zisw L9ES A
A E 3375 3+ 955 64 um’E ST 7HHA| Type 1T & AFE Aolekar A7zt

9 A 4 492 04 865,52 um?ell H]8j 24,9% F-251A) PDollA Hajekgo] A A2 54 Tubyl AlA 27}
242 210 &2 YERITHt=-3.05, p=.024). £ Type [, 1T T Apdste] 7|48 9] woiqld AlEHEo] HATO A ]
A FEHAE sl Bl fofRt Aozt §ileht=—0.75, Aol A We7he ™ol AAE o] Yelhhs 2-5dolol

p=.465; t=1.43, p=.176). o5t Ao g AWETHChoe, 2003). o) w14 SRS
A E50] At Ath= A2 I (Dunnewold et al., 1998)2};
T UAsHGit TS HE mlrlsry i oA ohylsy gk
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4% (Lee et al., 1997)2} 65(Chaturvedi et al., 2003)
A3 5ol LAl daskicie 4

I i So] &5l 7E Dol

e AL AR 5417 0] AollA 80% o wAsl]

“H—E*O]E}(Mlklyaeva et al., 199). 714 22 HE= Al

- E A -FAH R R olojRuR 7| AT FHEE F

3 71 7155 ote AR o YR Reks HoA HE 54

of o] AY7IH W withSof 253 ol7t Yojib= A(Lee
She:| ]

& Park, 2008)& A 4= Qlet.

2 AtollA] A Ao m B HiSo] 5ol v
TAE S = AR BE ISy By f= 2
W RS ool AT vl ARl LA s 5o et
Uepdth= A AT AT Metz et al., 2005; Whishaw et al.,
2003)5 B2 2 A+-9] W= oI mdl Foja] W bt
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Lee, Joo, YongJ—} Huh (2004)= &=
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