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Diet-Control (HFD-CON; n=12), High Fat Diet-Treadmill Exercise (HFD-TE; n=12) 0.2 T-E3l¢th Egcd &5 F 5Y, 857 A3t
(5A1Z 5% 8 m/min, Th- 5% 11 m/min, =R 20%; 14 m/minm BAME 0%). EFEY 52 53 A% &8 U] n]EZCo} A
< western blot A3 F83)4 nEZEE o} 954 A uld s SRISIHT WA vEZSEol 3 AR Minl, Mn2 1
2|1 Opal &5 ND-CON &l Hlsl HFD-CON 152 @il wIdefo] SAHOE fosi had 202 Yepgrh kA5 HFD-CON
5l W HFD-TE 152 did ddwo] SAHCE foabA 7K 2102 Uyith =4 nlEZseol §3 ¥ AARKI Drplat
Fis]-& ND-CON el B3l HFD-CON Z1FellA ©hild ddsgo] F71=|3iARh HFD-CON 15l HlIs] HFD-TE &4 Thld b o]
ad Z10F Yepgth 2207 HRke A% IRoA nEZT ok §37 BEY| HIANAHOR FEHAN EYEY 52 5
olg|gh Wy o] /T E AR Uehgth A#HoR nEZCold] AFAo] AR e A} Y Ao AeEn:
metA EfEd 2530 22 AASES HTO R fREHE A% 75 Aate afHoR e 4 9l o= dAdErh

Abstract

Mitochondria that produce energy to keep the function of the heart normal play a very important role. Obesity is known to be indirectly
linked to various heart diseases. This study would check if the improvement of obesity through physical activities could improve the ab-
normal mitochondrial dynamics in cardiac muscles. For experimental animals, obesity was induced through a long-term high-fat diet (20
weeks). The groups were divided into ND-CON (n=7), HFD-CON (n=7), and HFD-TE (n=7) groups. Treadmill exercise was conducted 5
days a week, for 8 weeks. Regarding mitochondrial homeostasis in the cardiac muscles through treadmill exercise, mitochondrial dynam-
ics-related protein expression was checked, using a Western blot test. First, for factors related to mitochondrial fusion-related factors, in-
cluding Mfnl, Mfn2, and Opal, there was a statistically significant decrease in protein expression in the HFD-CON group than in the
ND-CON group. In contrast, there was a statistically significant increase in protein expression in the HFD-TE group than in the HFD-CON
group. In addition, as for mitochondrial fusion-related factors, including Drpl and Fisl, protein expression increased in the HFD-CON
group than in the ND-CON group while it decreased in the HFD-TE group than in the HFD-CON group. In conclusion, obesity abnormally
induces mitochondrial fusion and fission in the cardiac muscles; however, it turned out that this pathological phenomenon is improved by
treadmill exercise. As a result, it is judged that it affected the positive regulation of mitochondrial dynamics. Thus, it is judged that phys-
ical activities like treadmill exercise can effectively prevent the decreased heart function induced by obesity.
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HITRS e ) Y WA d5ES (a low-grade systemic
inflammatory state) 0= Boj=m, BTt R FEH A5 ded
A, AdiEs 28y ARY Bel 22 oA Eske] Ay
&S Z7PNZItkWellen & Hotamisligil 2005). oksted, AlA|g
T F50= Aol Heg APo] FHFHI, 1AAo] Yl H]
Tro = QI 4ksl ~EH e HAAASY o) 7hA9t vASH
2l oltjx7IRIe] AN APFAsHGY] DASE =] W
ol 25 tdiAMdASe] 8 AFAAR 14Ea QitkRajala &
Scherer, 2003; Xu et al., 2003).

AAASE TBAQ golz WHFINAAY, A% v,
N FABYEY FTL A ADE ANY 43I, A
B, R AT, 298 A48 52 Ee, g
Mol AgEBe WIEY APABOE UeiA AN,

2014). olgd AgAse] AFs F/AIE AEUAARE veh &
d, =3l *FEE 74 5ol delA AtHEHE, 2000 A
g FoA EHE ST FE A8E ke 7HeE A7)
= o2 FH Axo|m, sFo 108 ¥
o 35002]E] gAs Hrd FHIHE,
A&H o7 W Fo uA7F ask] W] A% 25 W |
EZcgopt AR 71%E fAskE Bl FF4Q 98-S gdst
I Yok MEZERoR= A QlhkskE Bl A2 ol|AE A
A= P4 AE 7]B0F adenosine triphosphate(ATP)S AJ43 3k
ok QIZHe) AelA mIEZERoR= & Al AE AFY oF 3
%e TR 75 2 7E 715 SJal w4 okge] ATPE A4
ShHall et al, 2014). webA Aol Ao Ajehy F4E
HnEZTgole] 75l WA Ado] glom, &4 AU
= AASRE o] AR 71%s FAshe Hl o Wi 24A
o|tiDelbridge et al, 2017). 3T AIMEE HITESHE
(terminally differentiated cel)Z £2] £5&= 3] Yol ZAH
(myocyte) iAol thgk &aFo] A|gH o]t Senyo et al., 2014). wh
ZhA A A Z2 AEEe A E V)T B FES A
3l F83¢ FRoltNakai et al.,, 2007).

nEZEFole A QI4kskE B3 ATP ks Z3ksio] Al
A 2 AA oA E 2Eshs 54 47|Ho R g 7l
Aol A AESHA Ak (biological oxidation)?] 7)%-S Hdeh=
ARl A f A7|Ho= deA Stk ol2d HEZEL}L
54 (mitochondrial dynamics)2 fusion (W]EZ=g|o} o]z}
oA & &7 fission (MEZEL ot ZAAE S WHESH
A z=chArcher et al,2013; Hall et al., 2014). R|EZ o}
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ARl 715 A - Fasi, A 43S o]F] HsiAe
nEZCeol PejH3 20 ohldEe] ¢y 9 AA Zdo] ¥
93t Zhan, et al, 2013). o8 AT T3 PEZ=ote] FE
H3lE sk A wildSo] A e, dynamin-related
protein 1 (DrpD), mitochondrial fission 1 (Fisl), mitochondrial
fission factor (MFF), mitochondrial dynamics 49 (MiD49), MiD51-2
nEZEegoke] fission @4 2% #AZE 2™, mitofusionl
(MFND, MPN2, optic atrophy protein 1 (OPADE m|EZTg]o}
fusionol] #dsk= A= <A QlIthArcher et al, 2013; Chen
and Chan 2009). ol48 A W ouA] thate] 3290 F-&
sk PEZCEohs A9 fusiond} fissione FHESIAA]
nEZ=gole] e 2 7)ol 2AF=d(Held & Houtkooper.
2015),

H A7l Yohd, B HIT 22 AA W ouA] thAb
Byl Qo] mEZEgote] st Husa IthRoy et
al, 2015). o|#g tiAMg ZHgke] W7ol mEZEE L] V)%
o]/H(mitochondria dysfunction)o] #fgtth= Zo|tiNaudi et al.,
2012; Reeve et al., 2008, Sanchez-Alvarez et al., 2013). < H|%kC.
2 Qg A, 7t 285224 nEZT ol fusiond} fissionS
sk whide] dido] AYHoRE 2HFA XatH, HEZE
golo] sy} F=5 3 reactive oxygen species (ROS) A4
o] Z7st Qled AsHAY HAel| AL BAsilon A
HIERA| S 7]5A st @4o] Ueht Qlad AFPE 23 T
A e Z7MAZITE AloltiDahimans et al., 2016; Tak et
al, 2014; Wang et al, 2015). webr] & A7 1A 2o H]
tho] f 58 APFES UPoE Esd £55 A 42
Aze] mEZELoL A4S ARlsk=t 1 o] Utk
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£ A7 Hoglw FEAEe993)e] 520s 82 S
gt AFFE> 8F Sprague Dawleydl 3 FHE
KOATECHO 27 Hokutol 24750] & wj7bx] Hojdtal S=A
SALE 2+2C, 5 50+5% HUF7] 12770004 AH53H
o} 24FEo] QS W vvke =3 9 AP EN=2002
077 AP s=ANM FAT TAPTASDI12492, SrstE:
20%, A% 60%, T 20%)E sustal AolFHt B2 A &
wotdlth Adsee Aol HladNormal Diet-Control; ND
-CON, n=7), 3A"4lo] HlwZthHigh Fat Diet-Control, HFD-CON,
n=7), 2AAJe] 5 thHigh Fat Diet-Treadmill Exercise; HFD-TE,
n=7) o= FEIIF AT AFPLE ALES o83l WA AP
b BRE 7 23] SAslo] Bergks ARSI
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EYcd 52 rodent Ed=(DI2-242, Daejong Instrument
Industry Co. Seoul, Korea) AHIE &3] HASIGTE aFF 0%
A 597 AP A3 FAE AANATHAAE 0%). A A-&&¢
< TR & B 52 5y, 85t AAET B &2 S
A Bl FE(FAA 5% 8 m/min, ThE 5% 11 m/min, vRAI2H
208 14 mminE AAETE B dFolx 283 &5 TERES
< Kim et al. (2003)0] AAS &5 Z2 TS FA31 AASIHT
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877 Ed=d &F0] BUI 4ARE Fof FEEYY £
21, 10mgkgrs B2 U AR vl & g9 B 27
JEln e E 2SI AF 23S A& g9
o) 5 2§ &(Abdominal aorta blood collection)S %8 AA|&ta
AAEZ7)E o]&3te] glucose, insulin A4S 93 AL He
stk el A S sAdel oFjste] EAsigith A
24 w2A AEste] dA|Ai gt B4 A7k -8
0C 9 AL Wa7lo R3St
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4. o|EEE=2of E2

nEZcglo} Eej= AlFo] AlEEe= AENBP2-29448, Novus
Biologicals, Littleton, CO, USAV& Trullate] A|Z2PAe] A|7lol| wt
2} Jstat Adz4 100mg 3 1 mLe] homogenizing buffer&
Yol 743} & 4Co)A 1087F 3,000 rpmez 94 BEgjslal 2
g AS5AE thA 4TolA 3087 12,000 rmpmez dA st
Aok FAEE 2 pellet < 1 mLe suspension buffers go] #

o] & o T 4T oA 1083F 12,000 rpmo = 4] Bk
A A|A Z thA] suspension buffer 1 mL& ¥l

S|
A-g AATAL G pellet-2 1 mLe] Complete Mitochondrial lysis
buffers o] 4TolA 308z =<1 & #e/¥ mitochondrial
extractS 4ColA 587 12000 rpmoz ARSI A=
(mitochondria fraction)S &%tk

5. Western blot

ZH)g W EZCcgo} 3298 Bradford meathodell weh & o
WS Asigok wade 0ueeF  SDS-Polyacrylamide
gel(7%, 10%)4 #71%9% % PVDF membrane (Amersham,
Arlington Heights, 1L, USA)C.2 ZolAl7]3, 3% BSAZ} 714 Ix
TBS-T &0 1AZHsQF A2o0A blocking A1 ¥, ZHzte] 1
2} gFA(Mfnl; sc-166644, Mfn2; sc-100560, Opal; sc-393296, Drpl;
sc-271583, Fisl, sc-376447, p-Actin, sc-47778 Santa Cruz)s}

1:1000 HIEE 3]438lo] 4TA (12417 o) ¥H-SAIATE Tha'd
TBS-T $2do= 1087t 33 Al & 14 Aol w3k 23
H|(Horseradish  peroxidase (HRP)-conjugated goat anti-rabbit;
invitrogen, 65612009} A2oA 1AZHE<E HESAIZL 3ol ThA|
TBS-T $do=z 1087 33 AlF%, WBLR solution(Western
Blotting Luminol Reagent SC-2048, Santacruz Biotechnology, USA)
o] membraneg ¥ 183k HAIEa Aojzl membranes ©|v]A]
4 AJ2El(Molecular Imager ChemiDoc XRS System, Bio-Rad,
USAE o] gstod 2783 3 Quantity One 1D Analysis Software
(Bio-Rad, USA)YE ©]-&3lo] THlA S AH=aiith.
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B AFoM dojzl BE AFE 9598 180 PSS B4 ==
OWE olgsle] v EAA(meantSHE A=t AF
HOMA-R J8]3 4% 2AojA nEZsgol 954 #d o
Ao} A 7t 2o F4& s LAAFEH(one way ANOVA&
Ak, e 2F frefgt Aozt & 79 Bonferroni WS ©
L3lo] ARE AZS AN o) BAF fFoleEe 0=052
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1) D|E2=2(0F 8% HHEO| B3}

Eed $%5o wE mEZcgol 3 #E < (Ml
M2 2 Opal)¢] Z3= Fgure. 19 A|A8IYLE HEZEE o} §
g A AAE BAEAE s Minle) A%, I2F el SA1A
o7 Fogk zo7t e AeE UehgthFu~19.301, 2=.001).
ANEAZS AN AT, ND-CON I8¢ H]3] HFD-CON 189
ol wdeke] EAHoR fofsiAl i HIAoH(p=00D),
HFD-CON 5ol wls] HFD-TE 152 ©id @] Zvleh
Ao YeERITHp=005). Mn22] 3¢, % 7ol BAHCE f9
3 o7t e ACZ YERFTHF755.620, 77.013). AFAES
2N Az} ND-CON 2§ Bl HFD-CON 15-& whild 2
Zo| 7haE9om(p=00), HFD-TE 285 whild wkdao] 7ha
H ZAo& JeRttHp=.005). HFD-CON 189 s} HFD-TE 1%
2 A dERgo] S Ao Z JERGTHp-00D. Opale] 7,
IF ol BAFCE FoF Ao} Se oz Yt
(Fox=21.033, p=00D. ARF7SS A% 23 ND-CON 1ol
Hl& HFD-CON 52wl didso] 7h4El 0w (p=00D),
HFD-CON 2ol ®Is| HFD-TE I§F-& whild wdafo] Zv)sh
Ao 2 VERFTHp=.00D.
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Figure 1, The effects of TE on the expression of mitochonarial fusion-related proteins in the cardiac muscle of the HFD-fed rats, Bonferroni
post hoc test after ANOVA, Values are presented as meanstSE, #Denotes statistical difference from the ND-CON ' group,
*Denotes statistical difference from the HFD-CON group (0¢.05).
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FsDe] A#= Fgure. 26 AA8IGITE mEZE ol g3 @4
UAE HAHEAGH A3, Drple] 79, IF bl BARCR f9
g Apol7t e ACE UePTHFox=36.785, p=.00D. ARSASS
A% A, ND-CON &) Hls| HFD-CON 152 T oy
o] 27159 om(p=001), HED-TE 185 il wheko] 27}
Ao = JeRTHp=015). HFD-CON 18] #ls] HFD-TE 18
Tl ko] 7hAad Zlo® UERFTHp00D. Fisle] 74,
IF ol AR fogt aelrt e AoE JEit
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Figure 2, The effects of TE on the expression of mitochondrial fission-related proteins in the cardic muscle of the HFD-fed rats, Bonferroni
post hoc test after ANOVA, Values are presented as meansSE, #Denotes statistical difference from the ND-CON group,

*Denotes statistical difference from the HFD-CON group (p¢.05).
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mMEZegols §93 BES sl Itz U
gejeka =3to] doju o= A AEY Y, A% 9 24
of B¢l Fgo|thvan der Bliek el al, 2013). 3}A%F B9k}
e AW F 9 AR S7LE RIEEEgeR ROS A F
7}, vEZEZol A oA Zelg EFete] A A 2 |
EFcgol 7159 B sl #do] iy HuHi 9tk
(Boudina & Abel, 2007). ¥ AFolNE= A7Izke] uA Aol 2
S R AgolA EYEY 50| mEZED oL e oW
e HASA ] tal] Golrgith WA wEZSEol §% &
& QIAQI Mfnl, Min2 783 Opal2 =5 ND-CON ZE<] HI3|
HFD-CON 152 ol wggo] SAHCE fofsiAl 74
Aoz Yehgdt} kA% HFD-CON 15l Hls) HFD-TE 1%
ohld ekl BAIZCE fosiAl UK ZoE JERTh
T3 v EFEgol g3 F& AARI Drpl# Fisl> ND-CON 1
ol vl HFD-CON &M dhild whdeko] Z7= A,
HFD-CON 18] Hla] HFD-TE 180)A thild wgko] 7449
ASE YeRith

mEZ=gol §3 T AR Mn29] oAl wvk Aeiol M
ETC E3kA19] 714 Aks) Al At 9 o A9 7ok #do] 9l
= R} oiBach el al, 2003). Liu et al(2014)= 405 59
AAMA S Ak AT Minl D M2 whlA $23=0] 20%
sk, Drpl 9 Fisle] ©@d 32 50% S7k8itka 2avt
ATk FE 2 AFe A% I55 ) wiEd 242 A
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o} vk #AE MedFol A Jheng et a012)2 PlEZE=Eo}
% @AMl M2, Opal) =2 W3} JJAT nEZ=
glo} ARG hlADpl 9 FisD) 428 fHFo f59 vk
uk-2( ob / ob ) ¥ TAA 0] = H|TF w20 HlE| 525t
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Teole] §3 FEes A mEZEHole] HY & £
(post-translational modifications)ol]l &g 4= Jom(Axelrod et
al, 2019), 125319 55 B3l A =T EFolA Minl
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