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The Effects of Environmental Enrichment on Improvement of Motor Function
in Parkinson’s Disease Animal Model
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Purpose: The purpose of this study was to identify the effect of Environmental Enrichment (EE) on improvement of motor
function in animal models of Parkinson’s Disease. Methods: Male C57BL6 mice weighing 25-30 g, at the age of 12 wks
were used in this study. The animals were injected MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridin, 20 mg/kg in saline,
i.p.) 4 times a day at every 2 hr, and raised in EE cage for 14 days. On day 14, after behavior test, all mice were sacri-
ficed for immunohistochemistry. All values were expressed as means= S.E.M. Statistical significance was evaluated
using a one way ANOVA followed by Sheffe test. Results: There was a significant difference between the experimen-
tal group and the control group in the behavior test. Also EE significantly reduced of TH positive cell loss in Substantia
nigra pars compacta as compared to the result of MPTP treatment. Conclusion: Based on these findings, it is reason-
able to assume that the environmental enrichment prevents dopaminergic neuronal loss and improves disarrangement
of motor function and behavioral disability induced by MPTP.

Key Words : Parkinson’s disease; MPTP; Environmental enrichment; Motor function
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a1 eHLee, Do, Kwak, & Oh, 1996).
0. 324 XU (Substantia nigra pars compacta,
SNpc)2 —7F¥l 273G 22 =uivle] 4Algt Ag o= <lsf
Z2(Nigro—striatal pathway)®] =371 A4
= Zefsto] Hal, A%, Ao EAH sk Aol &
Hojm By o2 R ¢ 24 mulld A AIES] 50—
T0%7t AFEEIQom AxA| =abyle] 80% ool iz
ZFefjoll A 5ol W E kAL 5hSitkKoh et al., 2003).
Fratiglioni, Paillard2} Winblad (2004)%= life style2] Al
7HA Q4 ARR]A, BAIA, SA1A g Bl ed 7)o A
O 5231 o7}k g0t ARl A 1= Ay d=sto]H
e k=t ol Hrkal sielch s At A
A= of7Eo] Jol® Qlef| w919 Ale|d arggto] 4
stoiTkar stglom of2fgt Axl= Ae]d aatoA] 7|15}
Hrh= AA| oA o] Fo A= BiRlate] #AIL 2, =
T, 35 5o ARA aclso] gAY Aol Gk mlA|
7] wholakal FthWon & Kim, 1995), wheba] ah71H
oA A7 A%l ZHeFAHE Assh] fleliile i,
A A4, EaR 5o 5341 te A7t E3kEofok
RHcHJudith, 2002). =W} T1EH) tigh 71e d4t=e
SHRRO] Y] 2l W ARt Wake] wAlof wet A
“HSung, Yang, & Choi, 2006), A}5]2] 2| 2|e} UAAE 9

E&7} -0 nX|= FaFol| et AHLim, Park, & Kim,
1997) 5ol olFoifl ot o] A U Akg] - 4l2)H
5 B3] 9o gieh A2 vl gk Aot

ofof] & Atk TIEH O] AA AT Sl dhgh
ok opel YRS Bote] Q= 71EAQ] 8E T
A 5 Q= BEE AT =H #71%74 22 AAA
Ql S/ge] Tt ope} wmabyl AZJA|E ARPE o) A2t
22 ARl 349 s4E Tt YA oEREE W
Fo] ZANEAR] 4] AE =Y 4= ¢l I Basita A
Zst5ict,

& A= Aoy Hwele S i Eul Al2E
Az os aasto] 1A, 5 ehal, EQHERE A 50l
S ISR AR S4S REARITAL Ee el
(Ovadia, Zhang, & Gash, 1995) 1-methyl—-4—phenyl—
1,2,3,6—tetrahydropyridin (MPTP)E AFollAl FAls1o
SRl SBRUS SUT T, A9 1R 078 3
Z 2731 ZHFsE AlA A SRS (1 =2E 4 9l 2 o 35

7 (Environmental Enrichment, EE)& #-85Fo] HQlkt}

q,

nZias S 2Ol 27Is

&hdoll ojxl= &t 177

2 A R 5ol gt A= ek

3 ° & EE= 37|17} £ cageolw ¢
HFA© 2 EE cage 2ol ARRIAIQ1 42485 =18l 9
3f 6-120t8] AE9] rato] standard laboratory cagel thH=
o W 5"7}"1] AEE 5 A&20 A2 & 4 e Atk

R B .

2, o,
o) 5452 W1 ol ol AT 4o

ztolut 414
A Al ohet et sl 71318 AR dEe

SFHPham, Winblad, Granholm, & Mohammed, 2002).
EE= &94], A4 28]l QA 5 Al 7HA] g9 o=
A Uhs 4= =l A WA, Eﬂwi vﬂiﬂr— Ofnl=

cage°ll WoiF= o] 7HA] F2ES0l(ll: SAIA, 552
AL, A4 tube, AT 5) AR HAY 55 o e 33t
= AFsH Bt ol AHIEY] s7ke He 2 e X
)AL v dshs SO R Lol s AF| o] 712 &t
£ S5 AXA £ Baumans, 2005). 7 HAe= S5
oL}, &o| 59 WEE FHAIATH, theft Ao At
= AR mM AZAQ] A5g & Wk ofy e} L £

Sk 25 52k A J"%(Hutchmson Ave
Woude, 2005). F WA, AF2A 5 %Vé‘_ A& st
g ok AoQl= AYrg Aol oish Al IS A oA AL

3] A AERRES G Edl= A 07 o] cage ol Ubk cage
Hep o] W& 0] 22 Fo AFE0] A FoeEn ArE
E1 B3 WS S AR @%’5;. 1 oA A7)

1,(1 1]71-2:1 KR /Kl-/'\}\]

mans, 2005). WPAHfo2 wpol opxf] AW Te|a SEw
E2 TRt o BokE 7 Sk ARkl Y S
B okt A =& 2] tidt 27)4E A=Al dekHu-

tchinson et al., 2005).

2|10 A Aol oshd w1 FE EolA EE 2

7go] AlA| BE 9 ALRA A2 A 5o A=E F7HIA ¢
A5d 9 Aol A, =R AZAE A/ heu—
rogenesis) Y A7 A8 YA (synaptogenesis)©] S7FsFATH
I 3l (Faherty, Raviie Shepherd, Herasimtschuk, &
Smeyne, 2005; Jadavji, Kolb, & Metz, 2006), &3t Al
AA gso] wAeke] ok, el /i 9 Eurlg 417
Aol Axprt
U= Ao BuEy QlthFaherty et al, 2005; Fisher et

AL (dopaminergic neuronal cell)?] APE
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al., 2004; Tillerson, Caudle, Reveron, & Miller, 2003).
Wb 2 Aol Aol T1e FEd e g
3 5 B 950l thek 87, AEIE - AleE 8 o
4ol 978 $EAA F 4 i BES} g B
S4E ABFORA 1 A3} ofefet B T
B9l 2571 B4 0 Ek A Aol o

P

JS

re
=l
IE

NAFRS W A% 25 g B O57-
BL/6 (%Ooy%g"ﬂ‘i} Korea) A +A TR ddeE
A A-7IME Eoto] LPARS B3 AL EA AFIeks
5 51l 2= 22-24°C |, FEE 60%7F FAIEH B 7]
(12~17H light/ 12417t dark)7F 28 == A3 2H5ol|A] AL
i

A FTEL T2 = AAt(vehicletstandard cage),

ZHMPTP+standard cage), Z12]11 AYHMPTP+Envi—
ronmental Enrichment cage) & U+=ic},

2. PD S22

PD animal model +2517] $3ll MPTP (20 mg/kg)&
2NZE AR BHE F 43], B Y Fofsiglon] A
MPTP tj4loll =22] vehicle (0.9% NaCl solution)S &
3} tHJackson—Lewis & Przedborski, 2007).

& AtollAs MPTP =7g0] ofet 9] =3t PD 22l
o 1 avtE Q‘ﬂs}ﬂ 9lsto] At AAdskalon
model®] FHE =] gt gl At it

& {Ho] Aol S 55to] ERRlskir

3. e

\ Behavior test \

D-1 DO D7 D14
MPTP (20 mg/kg, ip) inj. sacrifice
f 4 times a day

| Conditioning of EE |

Experimental group: MPTP+Environmental Enrich—
ment (n=25)

Control group: MPTP+Standard cage (n=25)

Normal group: Vehicle+Standard cage (n=25)

3ol A A7 AW AL, vehi-
cle FARE & 15U7F standard cageollA ARSSIAL
(n=25), 22 157t EE 3ol A 23717k AU,
MPTPE FFARste] mH1EHE Rt & 15297 standard
cageollAl ARSBF I (n=25), A&l EET2 15547 ER
2HoA A7k AUAL, MPTPS FASHo] 1SS
FUTEE, 15:U7F BE cagell A ARSSEHATHN=25),

4. S22 H(EE)
28228 IH(EE) cage= standard cage®r} ¢ & 57¢
9&(75><45><25 cm), EE cage Woll= ARSI EA o &
5 9le W £, 3, HE 2 AE 55 Ak g
ﬂr 58T 555 9190 running wheel, 1|11 E, H 8
T 5= Flol 74 FE o 9l A2 A(small house)©]
A= 29 2|3 o) 55 Aleshlen A&
S8 NZL o gk A& 7] S8l A2 Ay
of gt 4 wAIEHA L, $HA standard cage WolR=(30x15x
15 cm) =3 AbR o]€jofl= oHF A e AlFSHA] E8ttHPham
et al., 2002).

5. 238715 AL
1) HlE AAKParallel bar test)

1 m 2ol g % Bolli= cages 1L sE= B
B T2 & £oll SelEaL A sileH ol & 53] Al
51| sttt M 5] HAR= foot fault 42, & As 4 1
il Fae= A 7bed dele Ak éﬁo} it
2) 2t AAKPole test)

2719 v2lE 9= oMl g 5 o] A-ARR 4]
O] HIeh(2174: 8 mm, =°]: 55 cm) €Ol FaL AF|7FHE S
= W ewe ARk S7dskSint ek A7t ve Bieke of
& sl e A] EokAY weol A "ol - AT 60
Z(default value) 2 14t o F- 33 S5t HarakS
=48k chMatsuura, Kabuto, Makino, & Ogawa, 1997).
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6. HAXXISISIHM(Immunehistechemistry)
X a

nE AYEES MPTPS} vehicle FoI3H 3,
2 Aol A AR & 7o SRA o Y

AL Q5 2218 AFE ether® HIAIZ] & A5 2
o) WS wEAR F S B3] 50 mM QAL
% A9 (phosphate bufferedsaline, PBS)S HAIA

Y] AHES A ASH 5 4% paraformaldehyde (PFA) in
20 mM phosphate buffer (PB)Z & IGAIA F3ict, 1
3 W= &3 e 4% PFA in 20 mM PB 23 Hoj go}
A 4T oA 24-48A17F JHAIZ] & A& SF3iet AH
Y] AL 30% sucrose FMOE A 2-5U7F A7 &
Cryotome< ©]-8-5t0] AxA|L} 2 HOE xsl= &

FES 40 pm FAR A T AEE Alatgich
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ST} AxA o Eahild AZEAIEZ O] a4 HEE 2els)
7] flall A 221& AW PBS -§Holl A 1587 A1 £ 1%
H0y in PBSOIA 1527k RESAIZITE 12+ FAIZ= Tyro-
sine Hydroxylase (TH, 1:10,000, Santa—cruz, USA)E 3%
Triton X-100/50 mM PBS -&-<4] 3]4{5}0f £2] Ay} o
Al go] Aol Al 1241 o4 RESAIZAH.

29 50 mM PBS §4 02 5571 A| &2 A|2gt % o]
2P biotinylated anti-mouse immunoglobulin (Vec—
tor ABC, USA)& 1:2002-2 3]A{5t0] A-LoflA] 1A7F 52t
EEo] HRSAIZTE thA] 50 mM PBSZ A3 3 ARg3]7]
3042 Aol w]2] 1:200L.2 E7}3lolE avidine—biotin com—
plex (Vector ABC, USA)OIA 1A17F 53t BESAIZATE 2
HES-2 0.01% HPitelera=ef WAIA|Ql DAB (diaminoben—
zidineye B|A%H gollof Yol MAAIT] 3 thA] ghsiow
AlAsteq slide glassell 221 291 =717} ks wi7kA] Az
Azt

15 g5 3l 70-100%7HA19] ethanol S 2+ T
AR 5-104 AAJstion npA2to 2 xylenes 27

~

Table 1. Mean time of pole test (sec)

M=+SD F o} Post-hoc
Normal (n=13) 11+1.0
AMPTP (n=13) 23+50 9.547 .000* B
MPTP+EE (n=14) 1714 AB
*p<.05.

&hdoll ojxl= &t 179

1087t = DAl AH Aejste] 22& T3kt & per—
mount (Fisher SP15-500, USA)Z E-¢]3lo] Fstan]7
10083t A GAE S wmapy] AAEL] =5 AT

7. Xz 2M

HE AR i EEQAE AEsL
RS ol gote] ARt vl SLelal del Aold
& one-way ANOVAR 415t - sheffe AL H5313ct,

1. EE7t 88715 &l olxl= 52t
1) SiCH ZAL

gt 2L MPTP), AEHMPTP+EE)9] pole test
A} AF7F 55 em@] PoleS il vg71A] Yees=d 4
Y AR 22 AATS 11£1.0%, di2T 23+5.0% 1
23l A 17+ 1422 S0 hrat Aol
vlgl] = ulf JE o] A7to] T g o] FAHORE o35t
zto]7} 919lem(p=.00) ©]*= PD animal model®] -3-4to]
AgatA| ol FoFeS ougitt shH, AETS tiRto]
113l poled W=t Al AlZte] Wit 62 F& o &
OFA OF 26% Atk A B FAHOR

)
o
3 2ol7t AtcHp=.051), EFH AT Azl A9l
HE 01k 3ol7Hp=.180) LA 939kt o) A3

o] At} v]S3t 20 2 S EE QS-S Qu]dtHTable
1, Fig. 1)
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AT AT AR S AT RS 10 11E,
DR 174202, ATTL 13+ 0,522 epdth, tzt
& Aol visl Bt T2 F= B Aol AASR= ARE
o] Eolton] FAH R E {5t 20| E(p=,00) B} T
AT BT A= AlRto] tizwtof wlsl oF 42 %
2 Ejo] fof7t TAS(p=004) LT Aueat 44

o= Frelgt xto)7t §l9itkp=.426). & AEto] 4
4= QltHTable 2, Fig. 2).
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(2) & Z5 (Total footsteps)

ZF go] 14 Fot Balle QoA 2 T A5 ol ot
A2 Y7 JeHor A ASH
u 1A Ay 4 B9 2ok HeE vERl A
37+1.63], thEae 2
ek, ot el vlsl & A 527F oF 29.7% 145t
o] frofgt xfol& B Arh(p=.00). AT} th2te] 49 A
Hto] Bt 43] o W 452 WaE flolA Z9leH 5
AHOZE {35k 2ol 7} QI3 tHp=.03) (Table 3, Fig. 3).

(3)MZE(Success rate)
7k 10 ARV HA s H"ﬂ/\i h4e %

Table 2. Parallel bar pass time (sec)

M=£SD F o Post-hoc
Normal (n=13) 10+11 A
MPTP (n=13) 1720 12.549 .000* B
MPTP+EE (n=14) 13+£0.5 A
*p<.05.
Table 3. Number of total footsteps
M=+SD F o Post-hoc
Normal (n=13) 3716 C
MPTP (n=13) 26+18 21599 000 A
MPTP+EE (n=14) 30+£16 B
*p<.05.
Table 4. Rate of success in step
M=£SD F p Post-hoc
Normal (n=13) 96+0.5 C
MPTP (n=13) 89+14 31.795 .000* A
MPTP+EE (n=14) 93+05 B

*p<.05.

oy
ox
o
g'y
>

FE Sl mae BT Bk 2 29 3R 8

o] 96+ 0.5%, ko] 89+1.4%, Aol 93+0.5%
= eyt chpol B4l o) % o 22 382
MY FAOEE I3 Aok 913iekp=00), 2,
Bt ol s 4% o 2 HERE chehfel 91
Al stortp=00 st Aol 5 fore
Zjol7} Uhetthp=.002), Aol HARze) 4708 $uis
3 EH R Fslttal & 4= QltHTable 4, Fig, 4)_

_frsi‘

2. 222 SIF(EE)0| =ni2l MAMZE 250 0|xl=
=
MPTP A2]o] ofsf Z7 8l Aol A2 wuprl A7 A) =
9] AA Ao} BR7F o]of n] X &S =457 Yl A
9] ] 22o] TH antibody S ¢ HATH Bik= vt e,

201 ‘ I ‘
QS 15}
RZ3
[0
£ 1w0f
@
c sf
0
Normal MPTP MPTP+EE
Fig. 2. Results of Pass time in parallel bar.
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Fig. 3. Number of total foot steps.
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Fig. 4. Rate of success in total step.
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Fig. 5. MPTP-induced loss of dopamine in the striatum. A: Normal group; B: MPTP treated group; C: MPTP+EE treated group.

Fig. 6. MPTP-induced loss of dopaminergic neuronal cell in SNpc. A: Normal group; B: MPTP treated group; C: MPTP+EE treated group.

Table 5. Number of TH- immunoreactive neuronal cell in SN

M=£SD F e} Post-hoc
Normal (n=13) 100+6.4 B
MPTP (n=13) 595+58 15.285 .000* A
MPTP+EE (n=14) 89.6+45 B

*p<.05.

AZA|(Striatum) F-9] 23] A A} YArtol A9 TH
2 GAlE B2 ofe) muiilo] Helon gt e A
o v]E) W oko] AAE| QS-S ¢ 4 it} i AF L
O] 744 mappl Al o] oFo] tztol| His| H]aA] ;5]7.]] E}
WthFig. 5). 4, £4& TH-antibody= HS FX5}o]

L
d

TH- ¥H& AARES] 52 Alo] HAES] AE 2 100%
= BT o1 2 el S kel M8 T Ak

Z23-9] 7% ZupulA AFAIEL] 7} 5954 5.8%2 A
= HloH 41% B B FO E=uhl g AgAIE axdo] Ut
o] SAR e R o3 Ao] 7} I%ItHp=.00). T, A
T2 89,6+ 4.5%% tiztol| vl EabulAd AAAE A
ol freJ8HAl(p=.002) AL A =] A 1%
0] o] 7k e ot SAIA 0.2 f-ofshA] 97| uzol
(p=.400) H¥o] Lo o2 Bty & 5

* *

120

1l

Normal MPTP MPTP+EE

No. of TH-IR cell
(% of control)
5 8 8 8

ny
o
T

Fig. 7. Number of TH-IR neuronal cell in SNpc.

ItH(Table 5, Fig. 6, 7).

= 9
Aol A= MPTP (20 mg/kg)E AF A 2417 14+4
O & S}F 5 43], B4 W Fofsto] mapvld Al APE
S5351= 24 PD animal modelS: dstgict 1 Ax}
MPTPE AR T1559] vehicle?hS FoI8E AAto] vla)
41%2] a1 AZAEL Y] APEO| et on] Fa = o
730l AR T1E0) 7 Aol vl 1% a7t vt
Wil MPTPE Folgt 1ol vlsl Zubrl/d AlEA29] A

Lm r

mlo
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o] 31% A% 3As3ie} o|9F 22 Ante EE7F MPTP &
goll ofgt wuhRlAg AA|EZ ) APES AT =] A7 R
3 (neuroprotection)?] A7} 91-2-& sHelslgiTt,

0]+ Bezard 52003)°] C57BL/6 AFE 270Y 52t EE
3ol eEAIZ] 3 MPTP (420 mg/kg/day/2-h intervals,
Lp. inj. & 7Y F 57} inj )& AR tha 79 Sl 3A8A
A SANA S mapald ATA|E ] AbdS BAR A9 4
7} standard cage “155(26.6%)°1 HI3l EE 155(58.5%)2] 73
T o g2 Tulg AEARETE Aokl Ate) Axfel
T UAjH,

EE= AHS - Ae)2], &5} &5 123l 2k¢fe] 2o of

St 3-8 918l running wheel, A, |1IHE, UF E5,
& 59 o] 7| EAES FolE o w2 K| 7t Rl ot
Gt A= A B & AtollA MPTP Foi= QIgh 4
71| AWEohE HHE AR pole testE ot ST
A1} EE 3H74o] EululAd AN o) AP Q13 A o] &
715 AolE TANATE= AR Yesith olgt At
= BEQ] W& 372 3t = A o] ofmjiint ofujz 21 3tof]
FQ AEAL oot Azt o] ExEo] tist 2714
T G2 3olA AR gAEEo] F7FsHIAL 3 run—
ning wheelZ ©]-§3H APHA| ¢l -5-0] 2= o] A1A|2H50]
S7He Ankeiar Az

o= 8A14 &52] AH(stimulation)Z Z8Henforce—
ment)= EES] 7 7323t @ A (Rosenzweig, 2003)2HL 5}
= T dRoh 2 At Ao Ak tfzto] Bal ot
&t A=5 W2 EE 15014 5715 Boli7h A=
< & 4= St olek 2 A= 6-OHDAC o3f =4l
PD rat modell| A= EE oA A4 rat®] A 25715

o] BJEE|o] AR E ARGk A7t STtk At A
Tt AA|tcHJadavii et al., 2006).

%XH PD-‘Z] ZJK]— 9}§} ol ;z]g_x% XJ:L/H% ok% ol /\AXJ
R 5ol ot A9l Al mpdefe] SR of 4] ok
AAollA EE= 213490 A =S ofdA|ete thte]
281 ftof| et S5t E‘ﬂr o] A=24Q1 AR 9

N

[

£ 5= PD animal model& 43t & EEQ} 22 53¢
Q1 BA& Alste] AF19] 714l a5 FEAAFS
B4 T A3} AA| - AR Sl A= BE s
9Jgl Aot

H Ao A= Bt AF 25 g H= C57BL/6 4 AFHE
ke g AAkL(yehicle), RHMPTP), A#HMPTP+
EE) S & Wrglon] wel SukS Qfef dizxotal Agte] 2+

ZF MPTPE Foi8l3al A¥ S MPTPE Eofs)7] 79 A

7Y 3 F 14 Bt EEOIA] ARSBFAICE EE 35 0] &
7]—‘i ST} EuRld AIEANES] APE Aol gt ;45:374-—
AR Ak vt Ak
) 2t AAKpole test) A w2 dwtol| Hlsl = Hi

@54 Azto] © ol Eﬁw_ﬂ Fopt 2ol 9)
glom] AgT-e tzgo] ula) poled U] 24zd] Anwis
Azko] ZhAmhe S UERi ot folat Aol e

f%‘o% Jo}hﬁlﬂﬂlb l 2t to]

o] Tl’"] SHA T 3113}.

Fe ol A7 P 72% T Aa e Al vl
EH-’E:rL«] 23 7t A 5
Zto vlsf folskA 57 }0}‘1‘1‘4

4) H3E flolAe] HEEL thrato] Akl Hls) A
SE°] FYsHA Wakon ATt thxatol vl Aol
frolotA S71skT

5) SAloA 9] mulqlAg AIZAIE AR Rt At

of vl FofshA W ko] axddo] glglon] AT ti=

wof| H]al| ubald AlZA 29 Adlo] fofstA| HAE|S)

ot AL A8 EUE Fx |

2o ke =l e e R s L &

togenesis)?t THE th A}t RNAS] WIS qfgdk= -
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