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Effects of a single bout of exercise and treadmill exercise on mitochondrial
function and mitophagy in rat cardiac muscles
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Abstract

The purpose of this study was to investigate the effects of a single bout of exercise and treadmill exercise on mitochondrial function and mi-
tophagy in rat cardic muscles. Groups were divided into a sedentary control group, an acute endurance exercise group, and a chronic endur-
ance exercise group, and the AEE group was divided into immediately after (AEE_Oh), 1 hour after (AEE_1h), 2 hours after (AEE_2h), and
3 hours after (AEE_3h). The aspect of the manifestation of mitochondrial function-related proteins at each hour differed; however, the phe-
nomenon could be found in which the manifestation of related proteins increased as time passed. As for changes in mitophagy, at AEE_Oh,
AEE_1h, and AEE_2h through a one-time exercise, the variables of Parkin and BNIP3 increased at AEE_Ih, compared to the CEE group that
conducted the exercise for eight weeks; however, they decreased at AEE_2h, so there was a tendency of a statistically significant decrease
compared to the CEE group. However, in the variables of SQSTM1/p62, Optineurin, and PINK1, there were no statistical differences at AEE_2h
and in the CEE group. Also, in the mitochondrial function-related variables, compared to AEE_Oh and AEE_lh, there were significant in-
creases at AEE 2h and in the CEE group while there were no statistical differences at AEE_2h and in the CEE group. Furthermore, H&E
staining was conducted by the continuous coronal section of the left ventricle region to check morphological changes in the fibers of the
myocardium. There were no big changes in each group, and it was found that a single bout of exercise would not cause any structural change
in the myocardium. Also, as a result of the immunohistochemical experiment conducted to check the TUNEL-positive cells of the myocardium,
there were no statistically significant differences, and consequently, it turned out that there were big changes in the myocardium with aa sin-
gle bout of exercise. Through the results of this study, it could be found that a single bout of exercise would not cause excessive structural
change or apoptosis of the myocardium, and the phenomenon of mitophagy induced by the exercise had a positive impact on the improvement
of mitochondrial function.
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et SEASA(RE 2242C, 5 50+5%, HYF7] 1247
A ARtk AR7IRE BRF AolFH FREAHE A jlo]
FF3dtE J-S sedentary control group (CON, n=10), acute
endurance exercise group (AEE, n=40), chronic endurance exercise
group (CEE, n=10)°.& &3}5ich

2. 25Uy

Efcd %52 rodent EFE=(DI2-242, Dagjong Instrument
Industry Co. Seoul, Korea) 8HIE AR83I%ich WA AEE JF&
T ArE wiAs 54 S5 AAEE 1%E IAAT
137 A #$-E4A(10 min/day, 5~10 m/min, 5 days/week)S A
A 3 B 2Fl AALE 1%Z 1AAR T 608 Fet
2m/min £52 AABIATHI0EL 2HE, AE Ato] 5& F2).
5ol BUA &5 A% 1M7L 3ARE 24Xzt 242 10meE
3AetE AEE 1500 388 &5 HHS Lee et al (2016)¢]
AFeM AXG &5 TEIRE E3i9oH, AE 34
WS Ogura et al. 01D A5 Fastlth CEE 152 &
107k} E wigstion, EHEY 252 BAEE 0%=2 1A
o] 137 A ALFA0 min/day, 5-10 m/min, 5 daysiweek)



S AN A HSEDS B F B £FL 7 59, 850
AN ANEE %2 1A Fol 5
AASFTNSEAS 5% 8 mimin, T 5% 11 mimin, o}x|e}
0% 14 mimin), o] AT BEH £F TRESE Kim et
Q030] AT FH% 25 Z2IBL Fse] AANET:

el

JEEE LN
A

L=
2=

APEES Aozl A Ao 9 FE8& Y
(chamben)& o]g3le CO2ol4tsigt)7t~E F9lst] HdssE
o] F-ol4] o] BFo] HolH FEF S0~T0%= S7HA ¢
e =tk AeA As A¥eks sEFT 9 67
29 22 western blot AFEo=2 &8sty YmA| 4rigle
HAZZSE 07 FEaith AH 22 mEA HEs
of AAEL e Felste] B4 A7RA] 80T AL WE
(Bio-Freezer, Forma Science, USA)el X 3#a}5ith

4. D|EEE2(of Z2

A A% 229 nEFE=gol Eel=  Mitochondria
Extraction KitUMGENEX Corporation, San Diego, CA, USA)S 7w
st AzAA] Aol wet APt A= 100mg F 1
mLe] homogenizing bufferE 2o &3} $, 4CoA 1081t
3,000 pmeZ AN Eejsta Eeld ASHE T 4TA 08
ZF 12,000 pmeE A4 EEsidth d4lEe] F pellet & 1 mL
©] suspension bufferg o] & 4o & T ©Al 4TA 10%
ZF 12,000 pmeE A4 BEsigith olF AFAE AA F B
suspension buffer 1 mL& Wil 2 &lo] & & 4Tl 1087t
12,000 pme= ARG st Jsds AL -2 pellet 1
mL2] Complete Mitochondrial lysis bufferS o} 4Col|A 3087t
=91 & Bg]¥ mitochondrial extractZ 4C oA 587k 12,000 rpm
o2 AR st ZAmitochondria fraction)S ATk

5. Western blot

ZZkol oA dojRl nEZCg]olel Aol F chilld
< Bradford meathodell whe} AFsiGich lde o=
SDS-Polyacrylamide  gel(7%, 10%)°14  #7]¥% %  PVDF
membrane (Amersham, Arlington Heights, IL, USA)S.2 Ho]A]7]
3, 3% BSAZ} #H7ME Ix TBS-T f402 1A7HsSH A 200A
blocking A7l $, Z}7+e] 1af dA|e} 4Tl (12417 o)) ®k3-
ANFAT. HESRA FE FAOEQSTMYp62,  Optineurin,  Parkin,
PINK1, BNIP3, LC3B), mlEZ=gol 7% #d A (COX IV,
PHBI, Pyruvate Dehydrogenase, SDHA, Citrate synthase), 18]l
£ Z83i9th o TBS-T ¢2dos 1087t 33 Ay < 7
7ol 12} Aol §Hgah= 22F dAlof ALollA 1ARFERE WhE-A
1 Zo tA TBS-T Fdo=z 10837 33 A4%, WBLR
solution(Western Blotting Luminol Reagent SC-2048, Santacruz

Biotechnology, USA)ell membraned ¥il 187F @Asty Aojzl
membraneS ©]u]A] 4 A|2El(Molecular Imager ChemiDoc XRS
System, Bio-Rad, USA)& o]-&3ld 2708 3 Quantity One 1D
Analysis Software(Bio-Rad, USA)E ]85} whil kS 4-&3}9it).

6, Hematoxyline & Eosin Staining

A A Wel FEiEHE WEkE gjlsbr] ffste] A F
£ A& A8 k] Hematoxylin and Eosin(H&F) Staining&
18akch 2498 Y8 2&d 222 OCT (O.CT® Compound,
Sakura Fineteck, USA)E +& $ u}2A A9 Isopentane (JUNSE],
2013A2137N)ell A F 4 o] 742 -80° C o R#siSich
WA (Leica, CMI850, )& ARE3td 10ume] FAZ A%
4 AHS A)zste] Microscope Slideo] H-2sigich 228 Hat
3k Microscope slideS H&E G412 $J3] Mayer’'s hematoxyline &
H(Dako, CS700)0ll 1047 FMeta, 52+ Fofl 1087 FAISH
t}. Bluing Buffer (Dako,CS702)0l 5&3F HAAA 71A
325 & 583 Al 3 Eosin (Dako,CS70D)el 283t wk-g-3)
o} Hematoxylin#} Eosinel ®HSAIZI %2 AHE @
(Dehydration) 217171 <18l 80%, 90%, 100% ethanol 1, 11,11l
30z, Xylene : Ethanol (1:1) &<fof] 307+ 19, =2 #&s &
3 37198 FH(Clearing A& 100% Xylene 1,11, 10}
30z 3WS Azl & Cover Glassell permountE ©]-&-3fe] 8-

ATk

do

N

¢

o=
—=
o =

-
b2 N8 R

Of
-

7. TUNEL assay

A 5% W AlE9] apoptosisE E01sE] 3k Ao g
TUNEL(teminal deoxynucleotidyl transferase mediated dUTP-biotin
nick end labeling¥< ©]-&31th. TUNELS Roche Ak] In Situ
Cell Death Detaction, POD kitE o]-83lx E44z= AZFA]
Manualel w2} AT AZAPES Aee Ar|7(d400)o A
=)= apoptotic bodye] 72 HFsITh

8, Aj=R2| I WL

B AFolA Ao ZE AEE 958 180 PSS 5A =2
I8E ol gdl] 7l& EAA(mean+SE)E 4= Aotk Ao
o e FELHRJAE 71| Apo] AR HFS ILAFEA(One
way ANOVAE AAsha, g 7+ fod a7l & 4%
Bonferroni WS o]83l AR AFE SIS ol FAH
FFEe 0=002 A

. g1z}
1. A0 HE A Zix}
AR 2 ) Feieta sk gelel] skl A4 i

= 231 Eg=d 230| 7 AEZ=0M D|IE2E=20t 7 [s2t 0|ETK|of| 0= P& 415



e A& AW 3le] HEE dAe AR eH Fg 19 A4
319tk CON A&, AEE0, AFE]l, AEE2, AEE3 ¢+ 9 CEE Hgh
= & Wk YehA odgtor, mEbA 1314 &5 AR
o] FxA<l HalE dog|x Ptk st
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Fig 2. Representative images of the TUNEL positive cells in the
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