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Abstract

Aim:  Mitochondria are dynamic organelles that are constantly undergoing fission and fusionag
The purpose of this study was to investigate the effect of eight weeks of moderate-inteﬂy
interval training on gene expression of indicators involved in mitochondrial fission and fil§ion
in the liver tissue of male Wistar rats. Methods: In an experimental study, 12 male rats withian
average weight of 180 + 20 g were purchased and included in the study. Then theysereiplaced
in two groups of moderate-intensity interval training (n=6) and control (n=6) m m of
simple random method. The moderate intensity interval training was performedIor 8 ﬂeks and
5 sessions per week. In the present study, rat liver tissue was used togimyes the genes
expression of MEN1, MFN2, OPA1, DRP1, FIS1, PGC-1o and OXR1 [Jfdpend@hsi-test and
Mann-Whitney were used to compare between groups. Data were alud using S
23 software at a significance level of p<0.05. Results: The resufs‘gd that 8 weeks of
moderate-intensity interval training did not cause significantgehanges M weight, genes
expression of MFN1, MFN2, OPA1, DRPI, FIS1, PGC- 1 dfandiOXRi, and OPAL/FIS 1 ratio in 1. Department ~ of  Exercise
the liver cells of male Wistar rats (p>0.05). Conclusionglt @0es not Semithat m. e-intensity Physiology, Faculty of Sport

interval training alters the processes of mitochondriglifiSion and fisSiOR in th€ liver cells of Sciences, Hakim Sabzevari
healthy male Wistar rats.
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Extended abstract

Background

In addition to their critical role in energy production, mitochondria can adapt in response to environmental and
intracellular changes such as nutrient availability, energy demand, ATP production, excessive stress, cellular damage,
and reactive oxygen species through processes including fission, fusion, biogenesis, and mitophagy. It has been proposed
that exercise enhances mitochondrial quantity via mitochondrial biogenesis and improves mitochondrial quality through
a combination of biogenesis, dynamics, and mitophagy. Previous studies have demonstrated that exercise induces
molecular and morphological adaptations in muscle mitochondria, however, the significance of liver cell mitochondria in
response to exercise should not be overlooked. The liver is crucial for regulating glucose and lipid metabolism, and liver
mitochondria are essential for providing the energy required for these biochemical processes. Understanding the pathways
of mitochondrial dynamics in liver cells and the alterations in mitochondrial fission and fusiqn resulting from moderate-
intensity interval training is crucial for promoting health and enhancing athletic perform “Bherefore, the purpose of
this study is to investigate the effect of eight weeks of moderate-intensity interval training @n gene expression of indicators
involved in mitochondrial fission and fusion in the liver tissue of male Wistar rats.

Materials and Methods

Experimental design and animals
The animal study protocol was approved by the Institutional Review Boa ari University (Protocol
Code: IR.-HSU.AEC.1401.017). The present study was an experimeiita igation employing a randomized design
with a control group. Twelve male Wistar rats were randomly assi C rol (n = 6) and moderate-
intensity interval training (n = 6). The intervention protocol fo of one week of adaptation to
the new environment and exercise, followed by eight weeks tion, and concluded with sacrifice.
For the moderate-intensity interval training group, the pro adaptation to the new environment
and exercise, eight weeks of moderate-intensity interval with sacrifice.

Determination of maximum speed of rats: Fg miliarization session, rats underwent a maximal
incremental treadmill test, beginning at a speed ’ ing by 5 m/min every three minutes until the
animals could no longer continue. The averagé g igved by the rats was then used to design the training
protocol.

Assessment of studied fa
manufacturer’s instructions.
kit. Gene expression levels
forward and reverse primers for each gene were employed for this procedure. The
calculate relative gene expression.

al RNA was extracted from 50 mg of liver tissue using Trizol reagent following the
A synthesis was carried out following the instructions provided in the cDNA synthesis
re quantified using real-time PCR. RealQ 2x Master Mix Green Dye, cDNA, and specific
2-8€T method was employed to

Statistical analysis

The independent t-test and the Mann-Whitney test were employed to compare differences between groups. Data analysis
was performed using SPSS version 23, with a significance level set at p < 0.05.

Results

The results indicated that eight weeks of moderate-intensity interval training did not lead to significant changes in the
expression levels of MFN1 (p=0.127), MFN2 (p=1.000), OPA1 (p=0.472), DRP1 (p=0.132), FIS1 (p=0.107), PGC-1a
(p=0.261), OXR1 (p=0.109), and in the OPA1/FIS1 ratio (p=0.194) in the liver cells of rats.

Discussion
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The findings of this study indicated that eight weeks of moderate-intensity interval training did not produce specific
alterations in the indices associated with the molecular pathways of mitochondrial dynamics. A review of the literature
revealed no studies examining the effects of moderate-intensity interval training on the genes expression of mitochondrial
fission and fusion in the liver cells of healthy rats, and most existing research has focused on skeletal and cardiac muscle,
patients, or elderly populations. Several factors might have contributed to the absence of changes in liver tissue
mitochondrial dynamics following moderate-intensity interval training in the current study. One possible factor is the
specific type of experimental model used. In the present study, the subjects were healthy, and it is likely that the processes
of mitochondrial fusion and fission were already balanced prior to the training protocol, therefore, moderate-intensity
training did not alter either the overall level of mitochondrial dynamics or the equilibrium between fusion and fission
processes. The second contributing factor is the type of tissue. Although liver mitochondria play an essential role in energy
production, during exercise blood flow is redirected toward active tissues such as skeletal and cardiac muscle, resulting
in reduced blood flow of the liver. It is likely that the greater involvement of skeletal and cardiac muscle mitochondria in
ATP production via oxidative phosphorylation has altered mitochondrial dynamics in these tissues. The third factor is
training intensity. It has been demonstrated that mitochondria, as dynamic organelles, adjust their morphology in response
to stress and energy demands through fission and fusion processes. Studies show that FIS1 e expression and MFN2
protein levels are greater after intense training than after moderate training. In the pres , the exercise intensity
was moderate, which may explain the absence of changes in mitochondrial dynamics withi i issue.

Article message

Eight weeks of moderate-intensity interval training appear to have no significanfieffect o
MFN2, OPA1, DRP1, FIS1, PGC-1a, and OXR1, as well as the OPA1/FIS1 rati
rats. Nevertheless, further studies are required to clarify the molec
moderate-intensity interval training.

ealthy male Wistar
chondria in response to

anisms of mi
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Table 1. Interval training program

s i s i s i ooy i o ke aix g D (093 i Jol i 205 GBSy,
Eighth Seventh Sixth Fifth Fourth Third Second First Exercise procedures
week week week week week week week week
6 6 6 6 6 6 6 6 ool Jlae Lo 0 b gl
Number of intervals Moderate
4 4 4 4 4 4 4 4 (48:85) gl y loj interval
Time of each interval
30 30 25 25
6 6 6 6
2 2 2 2
15 15 15 15
CdS 2 yoal <) ol 03 el
Reverse primer Forward primer Gene name
AAGCAAACAGGGCCAATGTC ATGGCTGCACTAAACAC MEN1
CAATGACCCACTGTGAGATGA GTGTGTCACTTCC MFN2
GTCTTCTGAACTGGGA GCTGTTGGAGGTGG OPA1
DRP1
FIS1
CCCACAGAGAACAG PGC-la
AAGGACCAGTGGTCAGTAAAG OXR1
ACAAGCCACAGGATTACAAGAA B-Actin
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Table 3. Level of genes expression related to mitochondrial fissio ! i nd training groups

5 libis! 815! [T
Standard deviation Variables
0.08 0 OPA1
1.15 Training
0.08 Control DRP1
7.39 Training
0.08 Control FIS1
0.47 Training
0.08 Control OXRI1
0.56 Training
0.08 Control OPA1/ FISI ratio
4.09 Training
JEZIRER oy 5 s ke
Intexpquartile range Groups Variables
Control MEFN1
Training
Control MFN2
Training
Control PGC-1a
Training

Copyright ©The authors Publisher: Azarbaijan Shahid Madani University




JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/10.22049/jahssp.2025.30593.1746

A8 S8l ()M gie (pbgy e pas ) Cul (Ses (3L Jalse
S 2l 42315 393 Lausgto s by sglts yyed 1 5yl aslllas
cot ghdiges ol adlas > sl oy Jio g9 Jelge copl 5
8 (S 0 o g plEd] (sloiy] B Yloinl g 2idg: ol i3y
Ol &5 Lawgio A b (03 5 W39 Jolate (o305 JSTg £94 ]
) 58S 5o s g plod] slasld Pl & 5 (648 500 2l
—8 NS ge s d ST .Caol €L g8 ole peogd (sl 03l yuss
(YY) Mt 6y 15 (551 slasiol 55 (6551 g5 sl 15 sl
Ik sl b by i cyed pbl (b 53 cnl 22 b
SIS 1 055 ol 5 Mo Gl B 5 ISl e e
By Sl Mas (g)aSgie puin (65 Yol (V0) Lo
b e el o] (g jshed 5ol S ATP W (sl
Gl (503 Gl Jole progu (ol 00 B oyl 55 (6,08 giue
Gk il Ly scSalul flgea b g,aiS gie 4 Cunl ons Ll
55 S5 SLOE g oyl s 4y a5 b eplidl g ot (Lol 8
aS ol s (Vo) oy o o855 kol () 50 (V) dims oo SIS
bwgio ©ad b ped dy G o Sl yed ) FIST (5 olo o)l
e 45 028 ol (1) Gl 5 ] So (imen
O sy Glall el bawgio ©AB b (g pe8
b ol dalllas (0 Dgd 0 (Sl dias (g a8 gl

by e pie sl M Slgie cnl g 39 bwgie g9 )
Ak A8 8l p (6 )aS gis

e 5 pleal cloanlh g 3,Slae y; Canl Smn ] 4 (4 ol
SIS 4L (658 gie

gl oyl (o 3 &S (g p (lgied OXRI pil> adllae 5>
DNA & 55k sl 92 5| Wl oo 5 39500 JUeb (6,45 5500 >
Cab L o pes o amd o U5 cpl D92 e g 1) AT (6 S gl
0lus AS Bl gl oyl L iolsl el Yieis] lawgio
5 ol ol ales 5SSt 51 clapanlSo w5 L5 oS ol

Copyright ©The authors

SE=Se(8)T S998T L g (S5 b ) (o)l (90,8 llllas (o, Sa g 550 Lo,

- -

b b (gl (pped e Cudn Sl gy pole G5 | an
PGS gie pledl g i 3 1550 lagadld o ol p bwgie
Ol adlllas ol ol 292 Yl 213 i gl e (slaboe s08 Bl
—uanli ) ol s bwgio b b (gl oy el dian Cuia a8 2D

Jufuw ool (5,08 g ber b yus ) WS sl

ol 05 513,90 > (o
B3 (V) (0 5 s3ke

slgbe » DRPL (:5gy  (lyowe ialf el buwgi
Oon Slyte & 3 Jbb 3l b (2l Shgwesd)
allas S 3 (VF) hlSan § 55 ad (SIS s (9 MFN2
b o)lid] Oypods d  toliiwl oy po3 atam VY 5155 a8 Wby ol
5 MEN2 (59 slyoe (ol o)k jl ()08 50 (b )l
5 st o e Sl kel o o bse > DRPI
by 2 ke G (pped Cad a5 8 ol (1) e
Cpped Bl ol ol aSgygbas o)y Wl sla e (6,8 gie
cely baugio S by oogh e b dusglio 1> YU s | ol
P9 oo (Al dlae (6)uS s > MEN2 (455 slgizes (33
s by tolitl ye5 g1 3 a8 wols ol (Y+) oS 4 P
2552wl glaae (ALEI A8 (glayb (6,08 giue (ol Lawsie
MEN2 o] olo oljen 0l yo3 695 ol 51 )3 &' p5bos 98 oo
G j e LialS FIST LuSep g i3l DRP1 5 OPAL
Tt g el b o ped &5 008 (o3 (VF) e 5 315 50
D9 e Al C8L (08 5e DRPT s MEN2 (sl ol )3 )0

Publisher: Azarbaijan Shahid Madani University



JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/10.22049/jahssp.2025.30593.1746

“wWo

e B3 (58S gien 550 45 3305 plits S 3gb lollne 5]
2 Olllas cpl iy ool @l (5158l bwgie s b eliwl
b a8 cul e pbul LB g Sl i (6,08 g (g9
Slalllas 1S bl 590 50 Lol (YO) W5)ls (g0b culled (555 (0 p05
w9l Sl yed 5l (VF) h8en 5 Sl ly ppen 53 sl ,2b
o slabge 3 A8 b (S 5o Fism ) Y ol b
0 g amn A Sde ) YU b b (ool Gl pad L3505 )y pllw
cel Gl yod 68 0pl &5 ol lis gl b pool aan > dwls
@ b 3lye o5 29800 PGC-10 gshaw 3 (5l gne juess
o PGC-1a 45" 030> slpids o, Siiag s ol pols dslllae
2 5 (A) &l DRPT o ol 5ok 51 1y (5)08 550 o
(V0) MENT o5 5 (pussis, I3l o 31 plosl a2l bl
pae el &S Lelse 51 (S Yiean! . uled o g s (Y8) MFN2
ool oyl adlllas )3 (6,08 gie pasnds g pledl gladi] 8y
Gl bawgio ad b (2l o p03 y3l 13 PGC-100 juus pas
ERK1/2 SIRT mTOR AMPK dlos jl ¢,55 sba s li
Pesl s Sl (flapusn > canl (s 35 INK
ool yols adlis ol Siangfy &5 (YV) A3l 15,5 (645
I (Beos Cudgiome ol (19,5 Biby Ca don )3 lesois
By gl gy 4 03] 55 o) S

el lawgio Gad b (ool (pyed aidd Culid aS Ay 0

OPA1 MFN2 MFN1 (glaj ol polie 55 (o)l sine

» OPAL/ FIS1 cuus ¢ OX -1a FIS1 .DRP1

K8Lo sLas
85,05 ‘_'j Sl ) ekl 285 P9 "J:{‘ OB N g

2020;11:226.
020-2429-9.

https://doi.org/10.1038/s41419-

2. Vezza T, Diaz-Pozo P, Canet F, de
Marafion AM, Abad-Jiménez Z, Garcia-Gargallo
C, et al. The Role of Mitochondrial Dynamic
Dysfunction in Age-Associated Type 2 Diabetes.

Copyright ©The authors

ey brwogio GAS b gl oy el dian Cuin 43U

b gilom (pyed a8 a0l L adlles S j5 058 Jlkd OXRI
SV S gy laige 1> dldis Caoyuw ST dod Ae Cus
(YY) 358 00 5 8l OXRI (459 (sloime ]38l cely Jlud

2 o slem G ST Sl GladisS & Cunl 0ad jasude
Ll p5 53 (6)48 gine s 3)3 DRPT (ko b (6,48 540 oS
155 Gl 5 S gn 3 Slac S sy Vi) el
Yiain yils adlllas ;5 a5 (8) Cal (5pnST Jlb cloiss
<8L (eS| Jlb sloaisS Mg
30 YL d> y bugio

©ab b (gl cpyed B 53 528
o3, DRPT o5 ole g
d9>9 CX‘ L: A2

D92 s (g bawgie b
O i Sl Pl gy

ooy &S b i bl b,y sl
Sl dliae (¢,08 g PGC-1a Ly

4 gioe BT Lo gie ©aB L (095 (32005 51 (V) (20
32005 gy |y 28 s LegiS )il s oo (slabee
Blaec b Wlgh o bawgie G b (gl opped &S W0l L
wo o9 Wl Jao sl sige 8 sl Jsho 3 PGC-1a ()l
it (o5 43 VY 3] adllas S 45 (YY) S 535 3955
ool Sl 4 Mie ol labge (o dlae o) 2
JyES 09,5 B 3 e (alpmo saige adllae cpl ) 08
Gered 9 Ghogliom e )5 cnyed c(Sloglie (pyed o35 (yed
Sl yo a5 0l (L5 ol 8,5 )18 19> £33 59y o)L (g
Pigw ollBl el lel bl ©jgoa 4 elanal
OWlSen 5 Iy 900 el ol o slagise ) (5)AS g
W5 g WS Sl O Splie gl (LGS ) (V1)
b b oogls oy S0 1) e e Slatge (oL
Lawgio ad b g0glts oy yed a8 0l LS ol W00 S Ly L gie
S oy amsn Uil 1y Lol a5 dlie ) PGC-1a ol

FOMERPEIC Y JUERE

Reference

1. Zhang L, Zhang Y, Chang X, Zhang X.
Imbalance in mitochondrial dynamics induced by
low PGC-1a expression contributes to hepatocyte
EMT and liver fibrosis. Cell Death Dis

Publisher: Azarbaijan Shahid Madani University



JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/10.22049/jahssp.2025.30593.1746

W o

10. Zhang Q, Lei Y-H, Zhou J-P, Hou Y-Y,
Wan Z, Wang H-L, et al. Role of PGC-1a in
Mitochondrial Quality Control in
Neurodegenerative Diseases. Neurochem Res
2019;44:2031-43.
https://doi.org/10.1007/s11064-019-02858-6.

11. Soriano FX, Liesa M, Bach D, Chan DC,
Palacin M, Zorzano A. Evidence for a
mitochondrial regulatory pathway defined by
peroxisome  proliferator-activated  receptor-
gamma coactivator-1 alpha, estrogen-related
receptor-alpha, and mitofusin 2. Diabetes
2006;55:1783-91. https://doi.org/10.2337/db05-
0509.

12. Ding M, Feng N, Tang D, Feng J, Li Z, Jia M,
et al. Melatonin prevents Drpl-mediated
mitochondrial fission in diabetic hearts through
SIRT1-PGCla  pathway. J Pineal Res
2018;65:¢12491.
https://doi.org/10.1111/jpi.12491.

13. Sui Y-B, Xiu J, Wei J-X, Pan P-P, Sua
H, Liu L. Shen Qi Li Xin formula impreve
chronic heart failure through ‘
mitochondrial fission and fusion via up
of PGC-la. J Physiol Sci 2021;
https://doi.org/10.1186/s12576-021-00816-y.

Kuzmin AA,
Functions

of React Is; From
Flies Biol
2021;9:71437

https://doi.org/10.

15. Svistunova D
Crabtree M, Yue WW, O
resistance 1  reguldtes  post-translational
modifications of peroxiredoxin 2 in the
cerebellum. Free Radic Biol Med 2019;130:151—
62.
https://doi.org/10.1016/j.freeradbiomed.2018.10.
447.

16. Drake JC, Wilson RJ, Yan Z. Molecular
mechanisms for mitochondrial adaptation to
exercise training in skeletal muscle. FASEB J

JN, Rembeza E,
r PL, et al. Oxidation

Copyright ©The authors

SE=Se(8)T S998T L g (S5 b ) (o)l (90,8 llllas (o, Sa g 550 Lo,

World J Mens Health 2022;40:399-411.
https://doi.org/10.5534/wjmh.210146.

3. Scott I, Youle RJ. Mitochondrial fission
and fusion. Essays Biochem 2010;47:85-98.
https://doi.org/10.1042/bse0470085.

4. Chen H, Detmer SA, Ewald AJ, Griffin
EE, Fraser SE, Chan DC. Mitofusins Mfnl and
Mfn2 coordinately regulate mitochondrial fusion

Cell Biol 003;160:189-200.
https://doi.org/10.108

5. affery JM,
Frey TG, and OPAl

mitochondrial
Cell 2009;20:3525—

mediate se

M, Verrigni D, Torraco A,
, Carrozzo R. Mitochondrial

olecular Mechanisms, Related
imary  Mitochondrial ~ Disorders and
Approaches.  Genes (Basel)

Yu R, Jin S-B, Lendahl U, Nistér M,
Zhao J. Human Fisl regulates mitochondrial
dynamics through inhibition of the fusion
achinery. EMBO J  2019;38:¢99748.
https://doi.org/10.15252/embj.201899748.

8. Dabrowska A, Venero JL, Iwasawa R,
Hankir M-K, Rahman S, Boobis A, et al. PGC-1a
controls mitochondrial biogenesis and dynamics
in lead-induced neurotoxicity. Aging (Albany
NY) 2015;7:629-47.
https://doi.org/10.18632/aging.100790.

9. Cid-Castro C, Moran J. Differential
ROS-Mediated Phosphorylation of Drpl in
Mitochondrial ~ Fragmentation Induced by
Distinct Cell Death Conditions in Cerebellar
Granule Neurons. Oxid Med Cell Longev
2021;2021:8832863.
https://doi.org/10.1155/2021/8832863.

Publisher: Azarbaijan Shahid Madani University



JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/10.22049/jahssp.2025.30593.1746

\WwWo

23. Zeng Z, Liang J, Wu L, Zhang H, Lv J,
Chen N. Exercise-Induced  Autophagy
Suppresses Sarcopenia Through Akt/mTOR and
Akt/FoxO3a Signal Pathways and AMPK-
Mediated Mitochondrial Quality Control. Front
Physiol 2020;11:583478.
https://doi.org/10.3389/fphys.2020.583478.

24, Zhao Y, Zhu Q, Song W, Gao B.
Exercise training and dietary restriction affect
PINK1/Parkin and Bnip3/Nix-mediated cardiac
mitophagy in mice. Gen Physiol Biophys
2018;37:657-66.

https://doi.org/10.4149/gpb 2018020.

25. Heinonen I, Kalliokoski KK,
Hannukainen JC, Duncker DJ, Nuutila P, Knuuti
J. Organ-specific physiological responses to
acute physical exercise and long-term training in
humans. Physiology (Bethesda, Md) 2014;29.
https://doi.org/10.1152/physiol.00067.2013.

26. Nasrallah CM, Horvath TL.
Mitochondrial dynamics in the central regulation
of metabolism. @Nat Rev  Endo

2014;10:650-8.
https://doi.org/10.1038/nrendo.2014.16

27. Chen W, Zhao H, Li Y. Mitocho
dynamics in health and disease: mechanisms a
potential targets. Signal T
2023;8:333.
01547-9.

electron transport
https://doi.org/10.1

29, Rabinowitz JD, béck S. Lactate: the
ugly duckling of energy/metabolism. Nat Metab
2020;2:566-71. https://doi.org/10.1038/s42255-
020-0243-4.

30. Takami M, Aoi W, Ando C, Kato Y,
Kobayashi Y, Kuwahata M. High—intensity
exercise training induces the oxidative
modification of malate dehydrogenase 2 in
skeletal muscles. Advances in Redox Research
2023;9:100076.

Copyright ©The authors

ey brwogio GAS b gl oy el dian Cuin 43U

2016;30:13-22.
276337.

https://doi.org/10.1096/1j.15-

17. Ebadi B, Damirchi A. Effect of exercise
training intensity on mitochondrial dynamics and
mitophagy in post myocardial infarction rats.
International Journal of Applied Exercise
Physiology 2018;7:46-53.

18. Veeranki S, Givvimani S, Kundu S,
Metreveli N, Pushpakumar S, Tyagi SC.
Moderate intensity e prevents diabetic

cardiomyopathy contractile
dysfunction through r itochondrial
function and in /db mice. J

;92:163-73.

-leg cycling matched for total
. Physiol 2017;595:2955-68.
://doi.org/10.1113/JP272570.

Simon B, Albacéte G, Féray A, et al. Moderate
intensity continuous versus high intensity interval
training: Metabolic responses of slow and fast
skeletal muscles in rat. PLoS One
23;18:0292225.
ttps://doi.org/10.1371/journal.pone.0292225.

21. Stevanovi¢c J, Beleza J, Coxito P,
Ascensao A, Magalhaes J. Physical exercise and
liver “fitness”: Role of mitochondrial function
and epigenetics-related mechanisms in non-
alcoholic fatty liver disease. Mol Metab
2020;32:1-14.
https://doi.org/10.1016/j.molmet.2019.11.015.

22. Zhou L, Mozaffaritabar S, Kolonics A,
Kawamura T, Koike A, Kéringer J, et al. Long-
term iron supplementation combined with
vitamin B6 enhances maximal oxygen uptake and
promotes skeletal muscle-specific mitochondrial
biogenesis in rats. Front Nutr 2023;10:1335187.
https://doi.org/10.3389/fnut.2023.1335187.

Publisher: Azarbaijan Shahid Madani University



jAH SS P http://jahssp.azaruniv.ac.ir/

http://dx.doi.org/10.22049/jahssp.2025.30593.1746

'f O SE-5(5)S SIS 355 8550500 90 st g0yl Sllllas ¢y Kad 5 51 olike,

31. Elliott NA, Volkert MR. Stress induction
and mitochondrial localization of Oxrl proteins
in yeast and humans. Mol Cell Biol
2004;24:3180-7.
https://doi.org/10.1128/MCB.24.8.3180-
3187.2004.

32. Scariot PPM, Manchado-Gobatto FB,
Van Ginkel PR, Prolla TA, Gobatto CA. Aerobic
training associated with am active lifestyle exerts
a protective effect agai idative damage in
hypothalamus and liver: The_involvement of
energy i Res  Bull
2021;175:116
https://doi.ong/10.

1016/j.brai .2021.07.01

tps://doi.org/10.1007/s00424-016-1867-9.

eiat F, Heiat M, Shojaeifard M.
Chapges in mitochondrial biogenesis and fatty
liver indicators in rat following continuous and
igh intensity interval training. J Sports Med
Phys Fitness 2021;61:1416-22.
https://doi.org/10.23736/S0022-4707.20.11693-

3s. Martin OJ, Lai L, Soundarapandian MM,
Leone TC, Zorzano A, Keller MP, et al. A role
for peroxisome proliferator-activated receptor y
coactivator-1 in the control of mitochondrial
dynamics during postnatal cardiac growth. Circ

Res 2014;114:626-36.
https://doi.org/10.1161/CIRCRESAHA.114.302
562.

36. Emery JM, Ortiz RM. Mitofusin 2: A
link between mitochondrial function and
substrate metabolism? Mitochondrion
2021;61:125-37.
https://doi.org/10.1016/j.mit0.2021.09.003.

Copyright ©The authors Publisher: Azarbaijan Shahid Madani University




