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9 9o : H AF3E m71& A (Parkinson’s disease) R~ REAS tjAto g 214 251 MitoQ A
7t Ho] 549 mEZRE o} 7ol nlXE S ilst=r HHo] gt mlE ARES {fE5H)

el C57BL/6 7 uteAE o2 B W 1-methyl-4-phenyl-1,2,3,6 tetrahydropyridine (MPTP)
25mg/kg?t 55 571 9IR} probenecid 250mg/kge ©]-8ske] F 23] 553 F 103] Fojstyict. ¥
Ate AEAGLE Eoste At Normal Conrol (NC), n=10), MPTP FoHHMPTP Control
(MO), n=10), MPTP ¢ + MitoQ £9HTHMPTP + MitoQ (MQ), n=10), MPTP Fo] + &FHct
(MPTP + Exercise (MME), n=10), MPTP o] + MitoQ Fo] + &5HTMPTP + MitoQ + Exercise
(MQE), n=10) & 5 Aoz Fgstelom, 25T 1A 5= AAsHAA Mito QT2 X4
o2 250 pmolZ2 E=]HA] 557 AFH st A2} Rotarod—testol /] MC o] HIs] Az Hh2
& 7% Aske] S EAnk. =t MC el vls) 2] fH@2 tyrosine hydroxylase®] 4~&2] 57}
oF Al FE 9 (a —synuclein) T2 45 ZAaAZTE 220 nEZE 2ol Ao Fax4d A%
%1 PGC-1a 2} 4tst 34Q1 Catalase T o] MC oo Hls] Az] HoA STl v EZEo} 75
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S Ao, HEAPE 2AARFQ Bel-29] Z719} Baxo] AAS £ A XA
20 74 S5 MitoQ A7 12 Ageld Lehte Heled 54 @
AlZlEd 23] Ao=2 YERyT

2 g

FAo] - mEIE ol A7 2E, PfolER, YAl FEE, rlEZEEO}

Abstract : We investigated the whether endurance exercise and MitoQ intake mediated
neuroprotection are associated with mitochondrial function in 1-methyl-4-phenyl-1,2,3,6
tetrahydropyridine(MPTP) -induced mice model of Parkinson’s disease. C57BL/6 male mice were
randomly assigned to five groups: Normal Conrol(NC, n=10), MPTP Control(MC, n=10), MPTP +
MitoQ(MQ, n=10), MPTP + Exercise(ME, n=10) and MPTP + MitoQ + Exercise(MQE, n=10).
Exercise intervention groups performed the treadmill exercise for Sdays/week for 5 weeks with gradual
increase of intensity. MitoQ intake groups consumed the MitoQ at a concentration of 250 zmol by
dissolving with water during experiment period. Our data demonstrated that ME and MQE group
restored MPTP-induced motor dysfunction. In addition, treatment groups(MQ, ME and MQE)
increased tyrosine hydroxylase levels, and suppressed the accumulation of a —synuclein levels.
Futhermore, treatment groups modulated the mitochondrial function such as upregulated mitochondrial
biogenesis, increased antioxidant enzyme, enhanced a anti—apoptotic protein(e.g., BCL2), and reduced
a pro—apoptotic protein(e.g., BAX). Taken together, these results suggested that endurance exercise
and MitoQ intake—mediated increase in mitochondrial function contributes to improvement of
aggravated dopaminergic neuronal, resulting in attenuation of motor function of Parkinson’s disease.

Keywords : Parkinson’s disease, endurance exercise, MitoQ, « —synuclein, mitochondria

1. M8 Z7HAZIH, nEZEERoe] ZHAE mils A
o] IS F7MFlE AR HiEI ItiH4].
T AR F4 o] SA(substantia nigra) Peroxisome  proliferator—activated ~ receptor
Bolo] guuld AAMEZI AFEEoe] UeERE= gamma coactivator—-1a (PGC-1a)2 HAx4d
AAEHY Aoz ZARigidity), T T-291 2 (transcriptional coactivator) 24 H|EZE
(Tremor), &% H(Bradykinesia), A4 E<H3 cejol AMdat tel WrojAA”lE 2 ATt
(Postural instabil 1ty) 59 &5A7t vepdth nEZEgote] 7|5g F7MIXIT Aad
[1]. A7k Egeddel] s H&stA 9reA med e dee PGC-1a 9 @47t
2] kAT SAY A =E"(a —synuclein) e, PGC-1a 9] $7t= ETARE9Y] 4
o] vl FZo] HiE QITi2]. L TAANA AAHoR Tapyl AFA L] 4
AR doA RS Al AAAY 72 & S7MXITAL Histe, wpgle A 279
oA Emiqld AZEO] {2 W AP T Zag a0z AASL ITH5].
oAstAgE, HAGGAEQ] AL mEZEote] 7] oFlE deke] Amior ofawt ped W
SOl ABIAEYAE GUs] AdEor T ol AMGEIL Qlont o mE opeket RAbg
ol AAFAME] 24 FIRH3] Al BED glon, 252 HARgo] gl W
nEZCgols AlZ W oxgl ATPE A How mIE Ags o E= Adsk=d &
Ak B ool EAMA A F9 J|HoeR TAolatl AAISEL lete]. A+ 52 Al
Tt A AL Q] RS A A A} BAEZE HIst X 75E 7 Al7lE AL
(programmed cell death)E FEA7Ith wER 2 HiEd glom, E5] mFle 3R] 257
Caoto] 7|5old2 Tatyl AFAIEe] AES T2 A Y S B9 FUin Hista
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o}
=24e] STt ARfAERAS A= &dt
ol wpyog Bysty gt}

SEmE ohet GArEH MAL BAAA)
a9 wEECel 71%g AMAIHI0L. 5

T

ol

] olEFMitoQ)= mEZEZol B gt
stA 2 dHx]ZH (Blood-brain barrier)@} 4l
7 Axetg Ay mEZEgot vy Fasith
ngZc=got ke gz Eoi7t MitoQE E¢Hd 4
glo] SAAAE PN A e MtEEER
tt §gHoz unEZc=dots HIIHIIL
MitoQ2] AHEe StARTEH nEZELolE
Host 7158 A7l AR Buskal )
om[12], o]t BHAA 252 AT 5+
+ A=A MitoQe] HH= E shtel 1t
£ WS HAAT | PHoR AT
Utk Az skx|gE obA 7z MitoQOll
gt mRIEAse] 57 i 71 oigt
T= BE5% AAolH, MitoQ HFH7F #I&
2ho] Aol e mx|A] greths AvE o
F= AAEDT oH13]. ®3 257 MitoQo]
23 A2)7F mxlE A mx]E BAAYESH
AT MRS Aol

ot 2 Ao 52 opglsdEet npes
ngs fidez 5% AFA4E7 MitoQo
AF7E = SN dntAREd dwd 3
oy ARAEZe] &FE3 PGC-le @A
e 9 AN EZAPES} - AYSZe] 5
7]%& (motor function)oll BlA= FdFE FHstL

R 1o 4y AN e

A4 £50 MioQ 437 MPTPE $=8 53]
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2. 4 8

21, HESE

2 AFA A8E AIFES AF 83y
C57BL/6 mF¢-~A(n=5005 iAoz 2x(23+
10), H5E@0~60%) L HAF7] 12432 3
oA ARESIRoH, A7 Bt FEEOE A
25 A2Purina FAR-5057)¢F B2 A% 2
Fotart. Ad AT YYAEFE Fodotes J

@(Normal Conrol (NC), n=10), MPTP &%
S(MPTP Control (MC), n=10), MPTP Fof +
MitoQ FAHGMPTP + MitoQ (MQ),
n=10), MPTP EFo + JFHFWMMPTP +
Exercise (MFE), n=10), MPTP &o] + MitoQ
Eod + EHFMPTP + MitoQ + Exercise
MQE), n=10) & 5 Hdez FAsigoer, &
= A ¥ dx= K dgdy 5248899
439 90 A A gtk

(KNSU-TACUC-2018-01).

2.2, niZl& Hat 0jRA W 9 285 Z2ES

e deE skl 9IS 25mg/kgd]
MPTP(Sigma aldrich)®} FHE7FA|91 Probenecid
(Sigma aldrich)E 250mg/kge F 23] 557+ &
108] E7 Fostct. 5579 MPTP Fof &
e e AT ES E =2 (8Lanes,
Daemyung Scientific Co, Korea)& ©]-&st 1
F7te] APd H-5&3(10min/day, 6m/min,
Tdays/week)& "I & mxlE B O 2F
%8 59& sto] Lau Fll4]e] AAT &5
n209E IAR 5T FPsiile, &% &

REZS (& DI 2t
3} gk,
Table 1. Treadmill exercise protocol
Exercise intensity time(min) frequency (per week)
Warm—up 6m/min 5
9m/min 10
Exercise 11m/min 30 5 times
15m/min 10
Cool-down 12m/min 5
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2.3. MitoQ M5 2

MitoQ+ Dr. Mike Murphy(University of
Cambridge, UK)E 5ol Al&&ol AME-S SF3e
o, MitoQ AFIYHE 2 = AHFe
Rodriguez—Cuenca 5[15]¢] APAFE 15t
o MitoQ7t &did =45 sacke PAHe=
AT MitoQ7h 848 %e] oz ol
s A & Qe AdEEe ARNee A
sk7] f18ll MitoQ9] F=+= 100 zmoloflA A&}
st WF WAHOR ZAYT, HEHOZ
250 pmolz A5t 7} Alo]A] 3~4ntEE
FA AREEhE AT 250mLA 3ol @ W
2 MitoQ =45 ZAISHA.

24 28 7l dM
Rota—rod(fiveonin acclerating retarod;
JD-A-07, Jeung do, Korea) EF=LS ©]8s
of 28 7o ¢¥dde dAkStRH. &
AL A 297 Rota-rod EF=E 9o 183F
A-eA1712 120% B9t 10rpm 22 AR H-S
S skalth 2 GAblA 300 F%F 10rpm
srz 59 Wolnl 28 selsigr). 2 @At
T & ol = WATE AP Aol %=
o oet&(70%)& ©l&ste] FHlE

577 &% MitoQ A5 ¥ Rompun(Hio]d
Fgol FASIAL Korea)@ Zoletil 50(Virbac,
France)& 2%al 50mg/kge &7 W FUAA
utf AlZth. Western blot analysisE 93 4
S (substantia nigra)= Z&ote] Ast A4
EAAN7)I -80C 9 A& Y%7|(Bio—Freezer,
Forma Science)ol 2A4A742] ¥ Hyoidch
(n=6, per group). Immunohistochemistry< 3}7]
o A¥E=Ee 2 1 FHAHAH=E 10mM
phosphate buffered saline(PBS)E 4& 5 F<
3t &, 0.IM PBS =% 4% paraformaldehyde
GRS 48 B TRAFS olF M 2AS
30% sucrose GHA 54 Ft HAAFIL
freezing microtome(Leica, Nussloch, Germany)
£ o]&dl 35m FAG d&5E FHE sttt
(n=4, per group).

2.6. Western blotting
Az Ha® 3L Protein  Extraction

Journal of the Korean Applied Science and Technology

Solution—-RIPA (ELPIS biothch, Korea)S ©]&
Sto] ohillae =%351931, Bradford[16]9Hef w
2 gEES Aepeledoh. A G0w)E
10-12% SDS—Polyacrylamide gelol 2F3lo] A
719% ¢ % polyvinylidene fluoride(PVDF)
membrane® 2 HAF A|F O 3% BSAE 53
blocking st&ict. & AdA AMGH 13} FAI=
Tyrosine hydroxylase(millipore, 1:1000); «
—synuclein(Santa cruz, 1:1000); PGC- a (Santa
cruz, 1:1000); Catalase(Santa cruz, 1:1000);
Bax(Santa cruz, 1:1000); Bcl-2(Santa cruz,
1:1000)2 4CoA 12A1ZF ¥WFSAIAY. t2d
TBS-T gHo= 1087 53] AlE & Ad-2ofA
22t A eHhorseradish  peroxidase—conjugated
goat  anti—rabbit, Invitrogen;  horseradish
peroxidase—conjugated goat anti—mouse, Santa
Cruz, 1:50000 ©]8&st] 902 &<t W-gA1%
t}. 2O 2 membrane® WBLR solution
(WBLUF0100; Millipore, USA)ell 1& &<+ &
Astar ojmlr] &4 Al2H(Molecular Imager
ChemiDoc XRS System, Bio—Rad, USA)S ©]&
S 2£75FA, Quantity One 1-D  Analysis
Software(Bio—Rad, USA)& o]&sto] o uf
A FE2 4SS

2.7. Immunohistochemistry

HAxA P2 AFHEFH(free  floating
method)& AHEstRomH, AThER2 10%9] x4
S A5t 10mM PBSE A&ESH & Ipitsls
2(H202)5 ]85t peroxidase A|7ASFITH
o] 10% Nomal Gogt Serum % 0.3%Triton
X-100& ol-gste] A4 60 Bt ¥vhg &
12F AR Tyrosine  hydroxylase(millipore,
1:200)& 4ColA 1241t 59t BREAIZ T o
9 & X322 PBSE A|H3T & Biotinylated goat
secondary antibody(Vector Laboratories,
Burlingame, CA, USA)E A-2o]A 247F Hh-g
A FAH, o]% avidin—biotin—peroxidase complex
(Vectastain—FElite ABC kit, Vector Laboratories)
£ ol-&sto] 303 §FSAIZ1AL diaminobenzidine
(DAB,Vector, USA)E o]gslo] HMAHTH o]
S gelatino® FHE &Sefolto] o AL &
# Az F o&E 70%, 80%, 90%, 100%%E ©]
|5to] H4A7]T, xylened ©]-&3lo] EHIIA|
7 PremountE AHgsto] g%t & gt dn|F
o= FHsHIch
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2.8. Immunofluorescence

7y o] | xZ& PRBSE AA3 ¥ antigen
retrieval IS ¢l 0.0IM Sodium Citrate
Buffere] Z2&-& Yol 90ColA 1A B9t ¥
AFTr. Z2Z& PRS2 A& & iEea
(H202)E2 %3 peroxidase AAsIATE 10%
Nomal Donky Serum ¥ 0.3% Triton X-100&
ol-gsto]  blocking?t & 1z A«
—synuclein(Santacruz, 1:1000)& 4°CoflA 124]
ZF 9t A A oY PBSE AESH & 2% <
E] Alexa Fluor 488 o]&3}o] 2417t WAt}

5082  2AE  EHolEe W ¥
VECTASHIELD Antifade Mounting Medium=
ol-gste] BASHATE. vRAEFe 2 Fluorescence
microscope(Leica  Microsystems, TCS  SP8,
Germany)& &l st

2.9, xjE Mz

425 22X SPSS Statistics 24.0 B4 =2
I3 ol8stglen 7k welsd it 7l F
A= Fa+tEFHARFMean+SD)E  AHESEY
o 7 A 2 W1 AolE Felshr] s o
AAFEA (One-wayANOVA)E  AAletg o,
e P fefet Aot e 4% BonferroniE
olgsta] ARF HFE AASIAH. BE HFY
A FoPES @=0.052 dAsHArt

3.1. X|7M 2511 MitoQ ME7I 257150
0| X|= g&k

&7 MitoQ A5
Brtslr] el Rotarod-test FAAME AAlst
(Fig D. L Ay Hd 7+ {27t apol7b yebed
©m(F[4,20]=8.377, p=.001), AFHF A
MC 2 NC et Blwsto] foJsHA Ha
SHHH(p=.001). o]t Ai= MPTPS| Foiz
el 57150l Hart vehd AdgdTer 4
2t A3E YERAoH17]. §td MESH MQE H&
oA FJHst= AFAA o 2 AR fASH &
57159 5718 YEHHMC vs ME (p=.008);
MC vs MQE (p=.002)). ©]= MPTPZ m}7l&

3 1% N oo
oo iR Sk 0

dghs fEt nhes Bdoq A7 *Fe
Tl =F 7159 AMHS Hugh Aol ARt
AE yEroHigl. 2 dAFeld  *EA
MitoQE HFAAT HAetold 57159 F
= WERARE MitoQ A5 g2 dFl e

Azl MCHE] Blsl S718k= A= EAA
B SAHCR foldt Abels uEhtA] st
drHor 29 530 MitoQo] & =
e Ao 257)%%e MAdste aa]l ¥
Hos At

400 - #h
% %
= 300 -
&
E
> 200 -
g
3 100 -
0 - : .
NC MC MQ ME MOQE

Fig. 1. The effects of endurance exercise and
MitoQ intake on motor balance and
coordination in the Parkinson’s disease
mice model. Latency time after
endurance exercise and MitoQ intake
(n=10 per group). Values are means=+
SD. ‘Significant difference  between
groups('p<.05, " p<01, " p<.001). NC:
normal control, MC: MPTP control,

MQ: MPTP injection + MitoQ
administration, ME: MPTP injection +
endurance exercise, MQE: MPTP

injection + MitoQ administration +
endurance exercise.

3.2, XM 21 MitoQ MF 7 =niolM
MAMZO| O|X|= FEF

o1E A2 o] 3 Hejo] oyl A
BAIEIE A4 HEHQl Eo] veh, 1
olg TuulfZFo] A4r 2575407 U
wth THE Zould AN A obn|lcit
9l L-trosine& L-dopaZ Zgste] wupyl &4
o] Tolste HLAFF TARA WS Ao
A THY 52 =oiyld ABA 2] 4§ et

L
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8 A BE(markenZ AHEE QUTH19]. &
el 253 MitoQ Al ot 5715
Fdol TH JAaer o] qle=A] Elstsrt.
B Aol Western blot T} Immunohisto-
chemistry A¥E 53] TH 84 Tjdo] =
< EA4% dikFig 2), A 1t FAHCE {9
ot zfol7} yreb o™ (F[4,25]1=11.394, p=.001),
AES 2 MC Hg2 NC Hetofl Hgf &
ot a7t e (p=.001). o= %A MC
Aol 57159 A7t vehd daE Sdr
At 9 MQ S (p=.004), ME o
(p=.003), MQE H(p=.005-2 MC Heto] H|
wste] {oeHA Frlsalthk(Fig 2B). ol &%
o] MPTPZ mfl& g fkgt akes 1l
o &4 BE TH a4 Udo] Z715 BHugh
ATet MitoQ AH= =4 H99] TH a4 &
A9 IV Ragh Aot dx|start20,21]
ANAHo R 57 MitoQ HF+= MPTPE <Igh
TH 2ol #AE 3Es] 57152 FHA
7l AR AQZtE

A

NC MC MQ ME MQE

TH D “’ .‘ I
B-actin b-.ﬁ 42kDa

MQ _ MQE

TH positive cells A

Journal of the Korean Applied Science and Technology

3.3. XM 251 MitoQ M7} LOAIFE2
CHHEE 220 0|X|l= B

HIAGARD G r2d dde] S42 &
gl AAze] AbES R webA F2
A2 ©de T4 Be AA= TS
dgte] Fo A WHo=R AAEIL AeH22].
HA FT MitoQ HFle Z=xtuly ABA e
Foe S/ olHE At dupAlREd
o S gEo] deA =lskitk(Fig
3A). I A¥ e 2 FAACE {o7h 2polvt
Uetton (F[4,251=149.142, p=.001), 4= A
PATL} FASHA MC Heto] NC Akt vl
sl BAHoE foR ZhE  enin
(p=.001, Fig 3B). ¥t MC Hebol H|s| MQ
A (p=.016), ME FeH(p=.001), MQE ¢
(p=.001)= relstAl #4sH3ek(Fig 3B). ol=|et
Avte A FERES gder A4
5 Tl GIAIREEE FAAaE Hagt dF
oF dx|stArH23]. oF7HA] MitoQ AF=E <l
sf dupAlEEHe] A dYdS o 4 ARt
coenzyme Q0% 22 HArSHAIS] HH7F U=t

2.3
B T

Rekk ET.3

B

o
(=1

(%o of control)
=S

NC MC MQ ME MQE

Fig. 2. The effects of endurance exercise and MitoQ intake on tyrosine hydroxylase (TH)
expression in the substantia nigra. A) Representative blot of western images for TH

(n=6 per group). B)

Quantification of TH

levels. C)  Representative

immunohistochemistry staining of TH (n=4 per group). Values are means*SD.

"Significant difference between groups('p<.05, " p<.01,

ETEY

p<.001). NC: normal control,

MC: MPTP control, MQ: MPTP injection + MitoQ administration, ME: MPTP
injection + endurance exercise, MQE: MPTP injection + MitoQ administration +

endurance exercise.
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o

a3

248 oAste Zow A7 o Fgdu

W, 474 53 MioQe] Al o o

AZRe] Fat EuEl AZAEE F7HIR
o AZEL ST b7

MitoQ®] 4ol o5t ata-2elo] 24 714

of TiEr @ s Aol 7 A7 I

2% Zow Az,

3.4, XM 257 MitoQ MFII PGC-1a
CHHE] fZ=0F MAMEZAEO D|Xj= g
nEFEgole] 7)gold2 mplEARte] £H
ez d=A St ARE Ml A3Ate]
oA mEZEeol EIHA 19 AVt UEhS
o, PINK, DJ1 ¥ Parkin5d Z& nEZEC
ofe] FQ3t 7leE Bt A= oxle
Aol IS fillol= Ao= d#A oH25]
A48 5 MitoQ2] AFH7E olHdt 7[He s
AL TAAZIEA] FEs] HeAA
AT HE oA REES nEZE ol &

Jo my oy

NC MC MQ ME MQE

a-synuclein

@)

a-synuclein

NC

Fig. 3. The effects of endurance exercise and MitoQ intake on «—synuclein expression in the
substantia nigra. A) Representative blot of western images for a—synuclein (n=6 per

A4 €53 MitoQ 477 MPTPR fid w712 Agh A9 et

S B e S 19kDa
p-actin [HND D SNND - d 42kDa

riot

)
i

Aol viAe 9F 7

gt Agste] mEZEgore] 2Ee S7HIA
HEZEEote] AEE FAARInAL HiEA
ATH26]. PGC-la+= vwEZEEORS] ARl
Al %S Ste PGC-1a 9] Hae ¥t
AR A4S 77, 2 el ot o
TS 2Eshs Jor HAEY IHS]
mebA 2EH MitoQ Aol e Al
g FAavt PGC-la 433 o] EA
selstelth(Fig 4A). 1 23 gk 3 FA o=
Frofgt 2]zt urehd o (F[4,251=44.88, p=.001),
MC Aol NC ekt vjwste] $AHCR &
ot 7 dERTH(p=.001, Fig 4B). HHH
MC At ®ls MQ HeH(p=.001), ME &
(p=.001), MQE HeH(p=.001)> FolotA 4
StAtH(Fig 4B). o= MRI&AS FERES o
R AT ee F9 PGC-la TRl &
7 Ragh A9t MitoQ AF=2 PGC-1a 9
S7Fe vehd Aot dA% s HE
TH27,28]. E3h WA iAo &
AL ASAEAE fEATE AR A
em], 58] PGC-lax MIEZEZor U it
o 345 25t UL E A7) WE

=

g

s
=

o-synuclein
(%o of control)
g 3

NC MC MQ ME MQE

MQ ME MQE

group). B) Quantification of @ —synuclein levels. C) Representative Immunofluorescence

staining of a-synuclein (n=4 per group).
difference between groups('p<.05, " p<.01,

Values are means+SD. *Significant
p<.001). NC: normal control, MC:

#k ok

MPTP control, MQ: MPTP injection + MitoQ administration, ME: MPTP injection +
endurance exercise, MQE: MPTP injection + MitoQ administration + endurance

exercise.
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el

of ¢ 5 MitoQ HF el TWE PGC-1a 9]
S7PF A Bae) mAle G =Rl
ol mEZEgoto] EAst= Catalase o
ghlstltt. I A3t ok 7+ FAHeR fogt
z2tol7F yEbRgt o™ (F[4,25]1=10.540,  p=.001),
MC 2 NC Hete] vlwsto] foJsHA A
St THp=.001, Fig 4C). I3 MC ol H]3|
MQ As(p=.02), ME AgH(p=.018), MQE At
(p=.004)= sl F7tskleh(Fig 4C). ol=igt
A= %, MitoQ 121 EPF e g &
TAFEY @A A PGC-1a 9] S71

2 AL AZEY, Catalase®] $718 5 &
Aatae] WS dAlste] AupHor mEZE
2ot 715= MRS Aoz AZHT &L
SuAleER did S22 AFAEY AFES
FEst7] mige] & Aol ARAZANE B4
gl 325 g1t AikFig 4D), TAFE
o] Z7HE Hl MC HeolA NC el H
of AZAFESA] TedQl B-cell lymphoma
2BCL2)O] 747 LRt (p=.001, Fig 4E), Al

IAMEE EZokE Al BCL2-associated
A B

NC MC MQ ME MQE .
PGC-1 - — 110kDa _ 3

o |— "2 E w
U8B

Catalase et P q 64kDa D%
” -4 3

s S

D E
NC MC MQ ME MQE

BCL2 ‘- o e - -‘ 29kDa

-~
-
BAX &.“! 0| 23kDa B

2
B

@
=]

(%o of control)
8

NC MC MQ ME MQE

dkk

Journal of the Korean Applied Science and Technology

XBAX)9] et S7H WETH(p=.001, Fig
4F). o]#3t A= MC oA S28 gupA|
Y gio]l AFHEAES S7M7IAL 2
HHor F7E FE AL Aer A
Zteleh, SpA|RE BCL29] 7% MC Ftho] Hlsf
MQ M (p=.001), ME Aek(p=.001), MQE 7
Hp=.0002 FesHAl F7IetAeH(Fig 4E),
BAXO] 79 MC el Hsi MQ H
(p=.002), ME HeH(p=.028), MQE Hot
(p=.002) FeJsHA HAastAAr(Fig 4F). °le
MPTP= <Ie+ F7He AAFAZANE 7132 *%F
¥ MitoQ AF= Qls et Zloez A=,
e FEREM AT 2F& F9 BCL2
o] F7tek BAXS] AA[29]€ Hiet Ao @
Zsttt. EeE MitoQ HFHE Sl AlxZAES
At AH211¢F dAsks S ASITh
ol FTHNELH, AFAHLF, MitoQ I3 &
FAAE= PGC-1a %} Catalase 52 S7HIA
nEZE0LS] 7lsa FHATIAL, ABAZANE
= YAlsk= Aoz yeylth

O

g B

Catalase
(% of control)
&

NC MC MQ ME

w F Bk

HhE *

BAX
(% of control)

o R :
. NC MC MQ ME MOQE NC MC MQ ME MOQE

Fig. 4. The effects of endurance exercise and MitoQ intake on a —synuclein expression and

apoptosis—related factors in the substantia nigra. A) Representative blot of western
images for PGC-1a and Catalase (n=6 per group). B—C) Quantification of PGC-1«a
and Catalase levels. D) Representative blot of western images for BCL2 and BAX.
B-C) Quantification of BCL2 and BAX levels. Values are means+SD. *Significant

difference between groups('p<.05, " p<01,

EXEY

p<.001). NC: normal control, MC:

MPTP control, MQ: MPTP injection + MitoQ administration, ME: MPTP injection +
endurance exercise, MQE: MPTP injection + MitoQ administration + endurance

exercise.
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