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Abstract

Background & Aims: Now days, frying and heating the oils are used to prepare the
food in all over the world. During the heating, the oil decomposes continuously at high
temperatures in the presence of air and moisture, and oxidation, isomerization,
polymerization, and hydrolysis occur. Oxidized and heated oils contain oxidized
monomers, dimers, polymers, free radicals, hydroperoxidases and aldehydes. These
products have detrimental effects on human health and can cause harmful changes in
body organs. Free radicals and oxidative stress in heated oils influence the body's
energy sources such as mitochondria and genes involved in mitochondrial dynamics.
Mitochondrial dynamics factors include Opal protein (optic atrophy 1) and mitofusin 1
and 2 (Mfn-1 and 2), dynamin-related protein (Drp-1) and fusion protein 1 (Fisl).
Deviation towards fusion optimizes mitochondrial function and is useful in maintaining
long-term bioenergy capacity. Conversely, deviation toward division leads to the
removal of the damaged part of the mitochondria. Exercise has recently been recognized
as an effective way to increase mitochondrial function, and the role of exercise in
improving mitochondrial damage and oxidative stress in various diseases has been
reported. On the other hand, today, researchers are paying attention to sports
supplements to reduce the physiological damage caused by exercise such as oxidative
stress. One of these supplements is octopamine, which according to studies has
antioxidant properties and stimulates fat metabolism. The aim of this study was to
determine the aerobic training and octopamine on the gene expression of Drp-1 and
Mfn-1 and MDA concentration in liver of male rats fed with repeated heated oil.

Methods: In an experimental study, 25 adult male Wistar rats weighing an average of
300 to 350 g and aged 8 weeks were purchased. All the rats were kept in polycarbonate
cages (5 mice per cage) at 22 + 2 ° C, 55% humidity and under the light and dark cycle
for 12:12 hours without restriction on water and food. All the rats were randomly
divided into five groups, healthy control group (n=5), DFO group (n=5), aerobic
training + DFO group (n=5), octopamine + DFO group (n=5) and aerobic training +
octopamine + DFO group (n=5). Intraperitoneal injection of octopamine and Gavage of
repeated heated oil were done five times a week and every day, respectively. The
aerobic training protocol consisted of 4 weeks of aerobic training and 5 sessions per
week. The training session included 5 minutes of warm-up at 7 m / min and 5 minutes
of cooling at 5 m / min. The intensity of training started in the first week with 50%
VO2max and a speed of 16 m / min, and in the last week it reached 65% Vo2max and a
speed of 26 m / min. 48 hours after the last training session and 8 hours of fasting, all
the rats were anesthetized with chloroform and then sacrificed. Blood samples were
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taken directly from the liver by heparin-soaked syringe and the liver tissue was
immediately removed from the body and stored in a nitrogen tank at -80 ° C. Gene
expression of Drp-1 and Mfn-1 were measured by Real time-PCR and MDA
concentration was measured by ELISA test. One-way ANOVA and Tukey post hoc test
were used to analysis the data. The significant level was set at p<0.05.

Results: The results showed that consumption of repeated heated oil induced significant
decrease in gene expression of Drp-1 (P =0.001) and Mfn-1 (P =0.001) and non-
significant change in MDA (P =0.071) compared to healthy control group. Interaction
effect of aerobic training and octopamine caused the significant increase in gene
expression of Drp-1 (P =0.001) compared to all the groups except that healthy control
group and non-significant difference in Mfn-1 gene expression and MDA concentration
(P =0.008) in comparison with DFO group.

Conclusion: During the oil heating process, mitochondrial oxygen species reduce the
synthesis of new mitochondria and the mitochondrial network, and since this reduction
reduces antioxidant defense, it results in oxidative stress in the cell. MDA is one of the
final products of lipid peroxidation, which is considered as an indicator of oxidative
damage. At the end of 4 weeks of training protocol, the groups were not significantly
different from each other, but physiologically, a nonsignificant increase in MDA
indicates an increase in oxidative stress. And a significant decrease in Mfn-1 gene
expression indicates a decrease in cell strength to maintain mitochondria and the
integration process, which can act as a complementary defense process in the cell. In
this study, mitochondrial fusion proteins tended to increase statistically insignificantly,
possibly due to the increase in oxidative stress caused by consuming oil heated several
times in liver tissue. However, direct comparisons between the effects of reheated oil
consumption and mitochondrial dysfunction and the effect of aerobic exercise and
octopamine on the expression of variables in the present study in the liver are difficult
due to the lack of access to similar studies. Studies have shown that octopamine, with
properties similar to epinephrine, can selectively and strongly bind to 3 adrenoceptors
and increase lipolysis and fat metabolism in general. Fat loss is associated with a
decrease in oxidative stress and subsequent increase in Mfn-1 gene expression. Aerobic
exercise can also increase Mfnl gene expression by stimulating epinephrine, increasing
B3 adrenoceptor gene expression, increasing fat catabolism, and reducing fat-induced
oxidative stress, all of which interact physiologically to increase Mfn1 gene expression.
Therefore, the use of aerobic exercise and octopamine as a stimulant to reduce fat and
subsequently reduce ROS and maintain mitochondrial activity and homeostasis. In
addition, since the transcriptional regulation of mitochondrial dynamics correlates with
exercise intensity, there is likely to happen a positive interaction between consumption
of repeated heated oil and effects of exercise intensity and even exercise duration that
significantly increase Drp-1 gene expression compared to the DFO group. However, it
seems that more studies are needed.

Conflicts of interest: None
Funding: None

[ Downloaded from rjms.iums.ac.ir on 2026-07-03 ]

[ DOR: 20.1001.1.22287043.1400.28.12.31.7 ]

Cite this article as:

Kheirandish Pishkenari M, Farzanegi P, Moradi L. Effect of Aerobic Training and Octopamine on the Gene
Expression of Drp-1 and Mfn-1 and MDA Concentration in Liver of Male Rats Fed with Repeated Heated Oil.
Razi J Med Sci. 2022;28(12):346-355.

*This work is published under CC BY-NC-SA 3.0 licence.

YEA

http://tjms.iums.ac.ir VP il Y osled YA oy55 15il) 1aSabjs oglealan



https://dor.isc.ac/dor/20.1001.1.22287043.1400.28.12.31.7
https://rjms.iums.ac.ir/article-1-7375-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-07-03 ]

[ DOR: 20.1001.1.22287043.1400.28.12.31.7 ]

Coms &y Bl il (S sl e Do aily S
NS PP SRS SL ISR UL SRP- T-YJ A W I W
() 09 g0 ymie oyl (b ;05 5 (535!
JLsd c=>g40 (Reactive oxygen species-(ROS))
Mitochondrial )) - ,b 5l (6,05 ginn undi youds
fission proteins dynamin-related protein 1(Drp-
4 ,xie g 093 oo (Fission protein 1(Fisl)) 4 (1
b s j0S i (] 200,500 (6,0 g (0 o
5 S ATP g a)ls 6,8 ol Jouilsy
a—Jg (s i (Reactiveoxygen species-(ROS))
(V) 000,80 gl ST oyl Gl a5 0SS o
Optic - (Opal)) ol pleol slo yusig, Bi>
L (Mitofusins 1-(Mfn-1)) L (atrophy 1
zob—w Liuli—8l =40 Mitofusins  2-(Mfn-2))
S g (Reactive  oxygen  species-(ROS))

Mitochondrial )) ¢ (Fission protein 1(Fisl)) sl

fission proteins dynamin-related protein 1(Drp-1
(Reactive  oJg5 o Lg).uLa aS cwlools s
OV ol S oxygen species-(ROS)
] Slay 5T e 5 Sl T slag s
9 Do il ailed oo pae s 1) Job gilannS]
ey (ShaeSItl audlad (peg, ol &)l sles
&) Gd—d gemlienST g OF) s oy |
Malondialdehyde —) o—aull 55 oo a3 oo
SsignS Ty Ll S5 o | S, (MDA)
s ke ol a3ls plyie 4 o8 Col ]
Syl by, 5l eolatul (B)lee 51(VY) Sl oo

L) 60 Ssie lam oSl il (Sla oo
S0 gie pledl g s (rm JolsS 5 WS (oo JiSee
LS lags 0 giee Slaal cg; cnl s oo s |,
sile ol (6, gie o S o 5 4zl
Oly=e 4 T3l (0555 o dlad .(0F) 3550 05
wSld b yaSghe 0,8les (Bl 50 Fe (o2,
ol S9te )0 (8559 Sl i g Sl 0ad
Cool 00l (5138 alizee sl s lom ;0 ol 0SS gim
e (—)s 2 ed canlllae SG mls Gl . (V0)
ol gkl S g a2l Jols
eem gobs L b alS 5 elesl by

Yed

Oller 5 (1S (e (a3 Slje

doddo

OOl Sl 9 005 G 5l Ol sl 50 059 4]

49 MLNGA oolaiwl loe G}LM)OQLO] e g,
9 Kwgn g poldse jsbdn (89, i &)l (b
9 99bs0 425 Saagb; g lgo j5ma 0 YU les
59392 5 gl yorh gl peg il (G gmlag S|
03 &yl g oad wST sl g, (V) s 0 Fy
laa—aall § sl uSThg 00 3] Lo IS0,
(V) s 1yl g [ i SY game (ol 0
sl JSGal, (V) wigi adS ¢ oS jo pae Ol s
Sl Glayéy, 40 39240 gl o il g ol
) 6 0S ge aiile (0 50 (6550 adg b oo
SlaSolas! a6 oS i 0 o 18,50 Cos
g W (S92, lasbe i )3 SoeS Sk
ol sl JSssly adsi o653l pndsilie Jins
Sy Bl o (ol S g S (53limgiogn
2 55T (gl g 3 5| sl (55
Sbaasss adgi e 5 355 o0 Wd5i (5 S s
(Reactive oxygen species-(ROS)) )5St jiiSly
(B win lagg oS g 5 seilonnST ol
L sl ol ety a3l
9 Ol (IS wile (o5elgils slacen sy
» (Mitochondrial dynamics) (s,0:5 s 2bgs (¢
9 (fUSIOH) ‘BLCO‘ J}M 6&&5}3 B JOL&J wLw‘
plsol (YV) el oo cay o5 (fiSSI0N)
Optic  -(Opal)) iy Jol—i ol S
Mitofusins 1 and )) Y ¢V 558550 o (‘atrophy 1
4S oiwd ola ;I GTP &S el 2-(Mfn-1 and 2
Mitochondrial fission proteins dynamin-related))
Fission )) \ el 1S9, g (protein 1-(Drp-1
ol Ayl &S i pe—dtd o (protein  1(Fisl
S ;95 g SRl et o o
3, Slos pleol Caams 4y Bl yul 00 5 0 od S ]
S5 Cadyb Lad 50 g wled oo i |) (6,08 e



https://dor.isc.ac/dor/20.1001.1.22287043.1400.28.12.31.7
https://rjms.iums.ac.ir/article-1-7375-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-07-03 ]

[ DOR: 20.1001.1.22287043.1400.28.12.31.7 ]

w38 3 MDA clile g Mfn-1 Drp-1 o5 olo p owebliST 5 (c5lon 505 3G

Az 0 VYV £V gloo o (LB 2 )0 (hge O) Oly,S
5 elidy, a5 > o g do, B0 Cugb ) ol 5 Sile
e g ol [0 Codgasme jaom Gl VWY SO U
05)5 O 4y (Folal jsbay Lo, s Nl (5,005
(DFO, N=5) pgauns S 03,5 dn=F) pllos J yiS
DFO + yllST 09,5 «(n=F) DFO + ;y 103 09,5
s (N=F) DFO + 1 LUST+ oy 103 04,5 «(n=F)
Fls cale; bl e pod Alidee Jolye it
L ol adlas ol sloul @llgs b s S
2 5ye 5 Ul Ly b, (951 Blus ke,
35S L gyl oy oDl ol3T olKils eI aaS
& pll IRIAU.SARLREC.1399.029

I A end Ol b s 8 s Hekie &
A 59y Hlse 39, Do a (o, 5 SLdl (45,
al Els ol F il a0 Ve BV Ol b el
(s s &y SS U )0 Slge 4z B Yo 2 g
(LS 5 rmogs) (=g sLodysl 8 5 €50
o eyl o) O, ksl jo 0B jgabse 8, Sl
A srogamms (gadSlon leie da colaiwl g lais
4o gy o ain F ooe 4o () (S Ojee
35 ol g3 ol 03, 51 e 4 Laos (a5l
(2 oI X &8 1) (e LSTA Y pmol/kg ()
595 Gmta Do 4o V. el Jlaji by o Jo
b plosl e o L0 gaie ¥ a4 Slo
(V)

o, 6,5l jskaie 4 5 j/a0 L pad ST g
(el Shol 4slin €955 51 B (s3l9 (n ped 098
Sdmo 4 AM/MIN e o b 090 gl 4 aan SO
oS oMl (pped Gl aniSley ad s Y
s Ym/min Ce o b 0,5 0,5 aaBo O Joli g5len
s g OM/MIN C yw L 50,5 050 4230 O
2 OdmgS dibe )3 dnd> 0 g atia b Ll (5lse
12 el S gy 4B Y+ Soke 4y o5 53,
A 885 5 o VP Sy 9 07 VOomax b gl saian
Y7 as e yus 9 PO/ VOomax 4,51 gaian 1o g 5]
OF) o, aads 2o

ke 50315l ey el YA el (6 S digai
soole L Lo, colas o oliil celiw A g oy 03
Sl Al ol aind (SbE e g Ghsten 989505

http://rjms.iums.ac.ir

Yo

Obe g 4 .(17) 223 oo (LalS (6,055 $hro ponndl
Optic atrophy -(Opal)) 4 (Mitofusins 2-(Mfn-2))
O3l wingy ools plowil oy cllad as 29,5 o (1
Ol a5l 5o (pleol o 4y (2ol5-80) o5y ailly
(=259 Sdlad 09,5 50 el Gla g ol
Caomw oy pdd (oSl (nl 5 992 00,50 (6 S
i 50 B, b 5L (VF) 09 (5,08 gie plsl
2359 i 4S5 ol Ladal) o 55 solate
L by slageson ole ol b Gl Bl sosl!
3,18 059 dad oo |y o oS gie pleol U ppnds
Sl 1t 4 bgyye Y| g ol VA VY)
5 Sk g5 s lom Sl in el Dad s a5
@S az g b del gl S slacands
92510 oyl 2 (55559 Crped ST g0 ks Al
S 05 ey 3 ol 55T ol il B 515
o a2y L l) meblST JoSe 5 g j0 oms &)~
o 390 w7 redlie )3 Blly S e A
aS Cewl gl ormb jebay eblST .l ools 103
3,0 U 0l g smas (sodnas Jlasl alive (5,5l
S5 ol 9 Syl gl s, =3
b oo 1) ol 0, Shoe pasbliST ol 135,50
B3 (slo g ;99,0] (59,5 Jleb bl g a0 o 1,8
b= pdlio s pdond S0 28 5 (052 8L o
Lol oS o el ST i i .(08) ail o Ll
et 5 el iz 35 SlS o515
B man Gali8l L ojg el (V) 9Bl oo 35555555
7 leogd Cd g o Oyl )b sz slaiyes,
9 5:500emnS T o yinl 0dsi 1 (s5lee (yed Ao
5 =55 Sl s S L alal) o aslllae codgase
s o b slay; oo y— el bS]
Lol oS pten Jlow cnl 0 Gl (0 )0 (2,085 55
s Dp-1 Mifn-1 ()5 b 2 eeblST 5 (55l50 (2 03
09, L oad 4385 5 slae; oS 0 MDA il

oz boylo 3l onud &yl > L wes

PLT 1Y)
A5 5Ly po Vool (229 95 5| pol> gy
Vo G gpS YO BT 59 nSShe b @l jling
g;lg‘.kguwﬁb.‘é)éLbe) Sdod D d)lo.g)}m

VP il Y osled YA oy55 15il) 1aSabjs oglealan


https://dor.isc.ac/dor/20.1001.1.22287043.1400.28.12.31.7
https://rjms.iums.ac.ir/article-1-7375-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-07-03 ]

[ DOR: 20.1001.1.22287043.1400.28.12.31.7 ]

Oller 5 (1S (e (a3 Slje

55l Clasein =) Joda

Gene sla ) Kl s San R e
rGap 5'AAG TTC AAC GGC ACA GTCAAG G 5 CAT ACT CAGCACCAGCATCACC
3 3!
Mifnl 5'CTC CTG TAA TCT TGC CTG 3' 5'ATC GGA TCT TTT TTG TTT CAG C
3'
DRP-1 5' TGGATGTATTGATGGGAAGGGT3' 5' TTTCTGTTGGGCAGAGATGGGT 3'

p—w, VF a5 Microsoft Excel |38l ¢, 5l oola!

bassl

Drp-1 sla 5 slaosls o lasliwl Byl £ .Sl
DFO 04,5 (ol 5 sloog 5 .0 MDA ¢ Mfn-1
DFO 4 ;yool— LSk DFO ¢y 5 +DFO
RS PR WA U G PRES uJ)AJ'F‘J.A.AL:L\S"F

Slosl oyg051 5l eoliiwl L Drp-1 slasols cwyys o
oasline 09,5 g (6,1 Fe WS Ay g S
o951 b acal e U (Ferq=\VIVE, P<e/ev)) 0
Ly s JiiS 03, 45 0 it (S35 (oo
el LSHDFO «(P=+/++ V) oy ,—3+DFO
09— 35 g (P<+/++V\)DFO 4 P=+/--Y)
oy y—=3+tDFO 09, 5L oy poit pal o LSHDFO
DFO 4 (P=+/:¥%) -yl LSKDFO 4 (P=+/+\")
50 Lol taiylo ghle e WS (P=+/¢ - Y)
ool Gl (g)ls e WS 5 sloeg,S
O JS) P>-[-0)

So et g3l sl oslaiwl L o osls (cy s 5o
e Om MIn-1 05 0lo 50 610 (s SN 450
as>lio b .(Fera=FIVE, P<¢/c - A) o solin 09,5

JrS 09,5 4 i et (S5 (olisS (9051 L
DFO «(P=+/-Y¥) (p ,«5+DFO slog,5 L oJw
O (P=+/+1V+) DFO 4 (P=+/-1¥) ol iSh
99 4 90 §ind slwog )5 S0 Lol wo)ls (gile sime

AV JS) P>/ 0) wolws olis gyl gme OS]

WS a9 SO slgil ygo;] MDA L ala) o

P=e /YY) oo Lid 09,5 iy e 5,10 (=
(‘v Jiu}) (F\c,\f:Y/c\i

VEe il Y osled YA 095 5jl) 1Sibj egle alan

A

S Lags (S93 (pSWged D ) o 5l aS
g 0d 48,5 oS | eubiiaw jobas op Le 4 anaél
Cae L 4830 V0 Do an Ledl 2l pmeal gl
A slos 4o g 00l auiy yiile ag By o jeo Ve e
bgi 0S8l e D (655 ol 4z o
J=1s a0y g (PBS) ol olaws [8L
a0 A glos jo 90,5 lay Jlasl ol SSb
A (gl &S5 ol F sl

Mfn- g Drp-1 45 4o MDA chile ixiw
o3lasil 13l g, 5l eolazwl L MDA clalée ol 2
Losg oS céb Mfn-1 4 Drp-1 o5 oo o 65
youlp >k laml .ol sll Real time&PCR i,
£ 1t S5 o LS RNA s 5 b ol
a9 oSzl s cdl (LIl (38 ol
950 OCDNA i cp> 0u0,5 o cDNA
sl el MRNA Lo asges 5l ploS o 516, S
SIS o a5uus v 3] ¢ (Fermentas, USA) Oligo-dT
Fermentas, ) cDNA ;i cuS o) giws wgSae
o =2y o5 Ole=e a4 RGap 5 51 .o eolazwl (USA
O Glym S logad 3l ool slael  als colaiul
0,8 sllie 5 i y8) (55 A o diged 2 50 S
a9 J8B Jo,d 5l eolaiwl L bl asllas ol jo
a4 Jog_’).a Slasiiee o wbm 2_AACT u)ﬁ_.o
] 00 °$)9~‘ \ Jﬂ‘-\-? 5O o oolaz! (_ng).Q."))

szt Sl Sy 5,mld (gasl 5l iaslol s,
=y Stz 0 )5 osliul L osls Jls y & 598
S byl el 903 3l log 5 e Sibe gl
Joo pumni > 9 (One Way ANOVA) a9
ool (;9_’ (ra.a.ﬁ.l.) 05_4)1 )‘ Lm”f O ugLQ.a
< el Olvle plod sl o)l s w008
ey leslatwl b lawloes colad ol azd )8 Jlai o p
L 5 o yloges g o [>l Y asews SPSS 6Ll 1538l

http://rjms.iums.ac.ir



https://dor.isc.ac/dor/20.1001.1.22287043.1400.28.12.31.7
https://rjms.iums.ac.ir/article-1-7375-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-07-03 ]

[ DOR: 20.1001.1.22287043.1400.28.12.31.7 ]

S 3 MDA cbile g Mfn-1 Drp-1 o5 ols » oweblST 5 (c5lon 105 536

dilizes sloog,S > MDA ezl s Mfn-1 4 Drp-1 o5 ol 3t Glol £ 5Silko ¥ Jais

MDA Minl Drp-1 29,5
SD# ke SD# ke SD% . S5ke e
YISENY-Y YIAVYSRN -/ov5. NARIN [eveA o/« YA oy +DFO
BIADOTYD VO/AFAND AR -Iyvys [-+¥0 “[-YYA Wl J S
AZASAN RN \Y/OF V¥ -/+v¥ NARRY of+ e85 <[3vg Oyt oebSIDFO +
Y/AYAAL a/A /<A <[-5Y¥ [++¥vV ofe5Y oeeblsHDFO
<MV FINYAYYY R </+¥0) [eeeN ofeee DFO
0.03
0.03
_i 0.02
:').
3 o0.02
)
= o.01
&
= o0.01
0.00 %

DFO+ (43 05

Wl s

DFO DFO +:yols lisT DFO
o2 poi aol ST

SHDFO ¢y o #+DFO b Wl 58 09,5 > sime coglis ,S3Lts # 09,5 gy > DIP-1 15 ol ol yests i) Gl ol £ 0 Silo =) S50
23l o DFO g (yuobliSHDFO 5 s, DFO 05,5 b s yait ysobliSHDFO 05,8 Jolias ciglis oims b $ sl o DFO

(1) Mfnl 55 olo &l puis

0.7

0.6

0.5

0.4

0.3

o
N]

o
(-

o

£

EA &=

DFO+ 43 505

DFO DFO +(yols i1 DFO
F iy yo5+ ol ST

DFO «5,05+DFO (sl 59,5 L Wl J58 05,5 Joline coglds ,SL5 # 09,5 gty > MIN-1 55 ol s sl Gl ool Silio — ¥ IS5

= el B mae 5 Sl ped 2l ¢

(umol) MDA s

25

20

15

10

3l o DFO 4 ablish

095 @y p MDA 5 oy Ol Jslial Gl pult Sl —F JSW

Lo).o.%

S ’

h}_AS)QMDAK__E.Lc Mfl’lljDI‘p 1 Q)UL.\J J.ul_a w));A_: Lawjj 6‘).:).@[} GMLEA)O

http://rjms.iums.ac.ir

yov

VP el Y oyled YA oy G]ljuS.l.'l'.lH,ngl.l:n]:.n


https://dor.isc.ac/dor/20.1001.1.22287043.1400.28.12.31.7
https://rjms.iums.ac.ir/article-1-7375-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-07-03 ]

[ DOR: 20.1001.1.22287043.1400.28.12.31.7 ]

(YA) 0l S 09,8 b annlin yo
55 0l 45 w3 S Uy Lo oyl (5 aallla o
b 50 Lol gy Min-1 o6, 0 gie plio!
o=l 59 ol 9z g b ogh e S5 (S5l9e (n e
ol e ales (g S g pleol (ot adlllas
ol d=do s as s ils glal o)l cxe
Sz sy B pas 3 b el Loyl tal3dl
adlas 3 p .l oog S C8L yo s Oyl > L
3 Sl se 6,550 pas 9 (n S obsS D ol
il i plesl oo n )0 (e pos
ol ol plzs e ldl jo (gl asdlas . (VY )awil
Gt daler S ey Mf-2 s Mifn-1 255
S gin (2lgy (gl melal (TR) 0,50 (6 s
JoSo b alaly 55 (V) 0)ls (Sion (08 Sal
Ll b plojen 5 (ol 0 (o] e 5 eliS
Min- o5 ol so 1 ol (s Gl 5l o o5
=y L Lel asslas Lis DFO 05,5 4 cous 1
T JaSe 5 (55lg a5 Joles gl (il
an Sl ool flid 5 el lo yo 1y (o i lél
o9y Smae Sl G el ¢ alie b o
75U g 2l Plslgons &)l b i
& o sloyaiio ol » GeeblST 5 (S5l98 (o3
Slallae ag wyws pae Jdo ag 0SS o Lol
Ly ooy liST il ol Lt Slallas sl S e
9 Bl ekt Wl (o0 0085 I L Al Sl (S
9 5l 9 955 Jae B3 (gla g 50l 4 (558
A1) smsigs Gl |y oy st JS 55bay
oF cbleie g guilonST oyl (20l by o ialS
S3lg G2 yed il e ol pea M1 (5 Lo (2] 31
05 ol IRl o 8 (ol S8 b il e g
5 =07 et tB (tal3 3l B3 slo sy 55 0]
Esel gz Grals 5l ool gslausT il rals
el LT Jobes a5 sl oo M-l o5 oyl Lizal3l
oo Mfn-1 035 (Jbe )0 (i (Seiodsnsed Gl
o elBST g (S5l o ped 5l esliul 5, cnl 5!
GolS Ol e 5 oz 1alS sl (S Olsie
S90S gie (5 ilimgiogn g CJlud Lha> 9 ROS
Gl OhSen g 09, ST 0wy (o0 Sl 4 (5902
S S e el g ol WS (g0 (2 yo3 45 Al 00,5

VEe il Y osled YA 095 5jl) 1Sibj egle alan

yor

Oller 5 (1S (e (a3 Slje

Q)‘)_‘>- )1_3 S 6L“Q":’9) l_’ o =L>..\;u » LgLQC;)
slo lis ol> (g aslllas s ol als 5y oays
oo L e ge 0aud Oyl Jb iz 8, s
S =me e iali8l g Min-1 5 Drp-1 5 Lo Slo
sl pllw =08 09,5 L auglie ;.0 MDA
o8l eely ol 4 5 eS| JoSe 5 (55190
09,5 .3l DFO 04,5 L aslio o MDA s e
= iali8l 3 oslen pped + ellST+ DFO
Leog,S (gawd L awslio ,o Drp-1 o5 Lo, g,
O3 Ol I (Sme e Gialidl g @l J 508 09,5 s
L aslas ,o MDA jls eyl JualS g Mifn-1
u,u_m ‘6)~.\_.59...».4 Ls>l_>5.’ ools QLM.) ‘) DFO 05;
b Joy 2lynaSetwe 5 Jolow Joos o sote
b (x590) b oS sie sl Jsge Jobs ausles o
sl 4S50 50 0SS ged |y (b cdgilie g
9 0l l..\_‘> Lngggj‘-\—“S}“-’-" ..\_>‘5.’ ) G’b)djﬁm
Si> |, Pl )lao g 5y900 e o088 gie
SrdsgS (g, olo &yl il d b o (YY) WS
ool ) (2 (G S i e ge g gD
DNA PLsl bl jo 9 (YY) wigs oo guilons]
s 05tsr b ymS g a5l 5 iz (5 S e

gldo il S e zgo ol S ola s Sl
Sl sloul ol (6 amis s aalgs Gslhx,,mflks';ﬂ
IS MDA (Y0 YY) cul Jolow jo —islus]
e 38 b sl Ll s blas (508G b (g lobixs
o8l g eaims Lis MDA s sse e il
Loos ol Jobw oo 3 el S sa o ol
Olg—e du wilgs o aS Cewl plesl aiyl 8 g 6,005 g
(YY) oS Joe Jolow jo gloo oS 0] 3 S
Fas ool Ll (YVA) o)Ll 5 (g0l8 aslllas
MDA ulidl Cogo omsd &yl €5, B pas dlan

http://rjms.iums.ac.ir



https://dor.isc.ac/dor/20.1001.1.22287043.1400.28.12.31.7
https://rjms.iums.ac.ir/article-1-7375-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-07-03 ]

[ DOR: 20.1001.1.22287043.1400.28.12.31.7 ]

S S5 Lwsd 5 155 )5 bl Slom 5l alewg
Sloya8 g Sl il e uagh gzl e
83,8 oo

References

1. Romero A, Bastida S, Sanchez-Muniz FJ. Cyclic
fatty acids in sunflower oils during frying of frozen
foods with oil replenishment. Eur J Lipid Sci.
Technol. 2007;109(2):165-73.

2. El-Bohi K, Moustafa G. El sharkawi NI, Sabik
LME.Genotoxic effects of acrylamide in adult male
albino rats liver. J Am Sci. 2011;7(1):1097-108.

3. Farag RS, Abdel-Latif M, Basuny A, Hakeem B.
Effect of non-fried and fried oils of varied fatty acid
composition on rat organs. Agric Biol J N Am.
2010;1(4):501-9.

4. Krishnamurthy P, Wadhwani A. Antioxidant
enzymes and human health. Antioxidant enzyme:
InTech; 2012.

5. Thanan R, Oikawa S, Hiraku Y, Ohnishi S, Ma
N, Pinlaor S, et al. Oxidative stress and its significant
roles in neurodegenerative diseases and cancer. Int J
Mol Sci. 2015;16(1):193-217.

6. Bhatti JS, Bhatti GK, Reddy PH. Mitochondrial
dysfunction and oxidative stress in metabolic
disorders—A step towards mitochondria based
therapeutic strategies .Biochim. Biophys. Acta - Mol
Basis Dis. 2017;1863(5):1066-77.

7. Haroon S, Vermulst M. Linking mitochondrial
dynamics to mitochondrial protein quality control.
Curr Opin Genet Dev. 2016;38:68-74.

8. Van der Blieck AM, Shen Q, Kawajiri S.
Mechanisms of mitochondrial fission and fusion.
Cold Spring Harb. Perspect Biol. 2013;5(6):a011072.

9. Mollica MP, Raso GM, Cavaliere G, Trinchese
G, De Filippo C, Aceto S, et al. Butyrate regulates
liver mitochondrial function, efficiency, and
dynamics in insulin-resistant obese mice. Diabetes.
2017;66(5):1405-18.

10. Szabo A, Sumegi K, Fekete K, Hocsak E,
Debreceni B, Setalo Jr G, et al. Activation of
mitochondrial fusion provides a new treatment for
mitochondria-related diseases. Biochem Pharmacol.
2018;150:86-96.

11. Hara H, Araya J, Ito S, Kobayashi K, Takasaka
N, Yoshii Y, et al. Mitochondrial fragmentation in
cigarette smoke-induced bronchial epithelial cell
senescence. Am J Physiol Lung Cell Mol Physiol.
2013;305(10):L737-L46.

12. Choe E, Min D. Chemistry of deep-fat frying
oils. J Food Sci. 2007;72(5):R77-R86.

13. Ayala A, Mufloz MF, Argiielles S. Lipid
peroxidation: production, metabolism, and signaling
mechanisms of malondialdehyde and 4-hydroxy-2-

Yot

http://rjms.iums.ac.ir

w38 3 MDA clile g Mfn-1 Drp-1 o5 olo p owebliST 5 (c5lon 505 3G

Oy 5 68 (V) wles JuS 1) il alae o
A yoie Gled i aan VY aS wiles,S )l
So9—; ;o Mfn-2 g Mfn-1 Lo o el il

S 2015 b sl o (1)) 05 JlieS 5 ol sl
Syl b s gy, Yl DFO 09,5 50 Drp-1
B Ser637 05.,_“4)1.,)9.@.3 u,u.")Jl g0 00—
Drp-1 GTPase o Jlxd Ly a9 00 (5,055 gin
JL:.‘S g0 aS QT ‘AU S g YY) el 03U ;oo
D9 oo (20 g S il B g o
L 6,500 peilSo 0l b g (YY) ool @Bl (6 s
Oyl sl sz gy 5l (AU )l 0 S (S
alayl, o .cewl oals DRP-1 5 Lo ralS caels oasd
«DRP-1 (5 ol = 02305 9 GeeblST (o208 5L
b ol (g andllas b aslie gl anlllas a5 Sl
g 9 slwsiegs ;o 5500 sbay) Ol s a5 s
) oamd &)l Jb siz (589, Brae Sl p 5 oS e
2905 S (nl el Bl ools S5 2 55
99, paas a5 Lol 5l Ll ol gos Sy LB
3,8 (Ko (i Sus L (6,0 S g by
Ot o Jolas a5 0 1o 8925 3 Jleiz| (] (YY)
=l DSl g oams &l JL w85 B rae
odmol Llum (i GDdee (i g pola (g ped AL
2 Drp-1 5 s s e iol38l o a5 ail
Cewl 00y DFO 05; La MLQA

sl lae sl oolaiwl (6 arwgl @ azgi b Culys o
e Ol laeg, sl esliiul g o5 & w
= oS Ty ilso o e sl Sl i
a5 =8l ,0 PINK 4 FIST .OPA1 PGC-1a ROS
0dmd Oyl o fe, L onds adss s,
20,5 oo slpainy

el Eely puabLST L ol o (g5len (o ped (gl,2
Ol I (e e Rl 9 DIp-1 (5 oo s (e
A% MDA clale ¢ Mfn-1 3

S gy

L s Al 5l it 5l a8 5 1ol agi
(o= g 9bbioo (D)9 padgilio g (condgn Lial,S

VP il Y osled YA oy55 15il) 1aSabjs oglealan


https://dor.isc.ac/dor/20.1001.1.22287043.1400.28.12.31.7
https://rjms.iums.ac.ir/article-1-7375-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-07-03 ]

[ DOR: 20.1001.1.22287043.1400.28.12.31.7 ]

nonenal. Oxid Med Cell Longev. 2014;2014.

14. Heo JW, No MH, Park DH, Kang JH, Seo DY,
Han J, et al. Effects of exercise on obesity-induced
mitochondrial dysfunction in skeletal muscle. Korean
J Physiol Pharmacol. 2017;21(6):567-77.

15. Koo JH, Kang EB. Effects of treadmill exercise
on the regulatory mechanisms of mitochondrial
dynamics and oxidative stress in the brains of high-
fat diet fed rats. J Nutr Biochem. 2019;23(1):28.

16. Greene NP, Lee DE, Brown JL, Rosa ME,
Brown LA, Perry RA, et al. Mitochondrial quality
control, promoted by PGC-la, is dysregulated by
Western diet-induced obesity and partially restored
by moderate physical activity in mice. Physiol Rep.
2015;3(7):e12470.

17. Gusdon AM, Callio J, Distefano G, O'Doherty
RM, Goodpaster BH, Coen PM, et al. Exercise
increases mitochondrial complex I activity and DRP-
1 expression in the brains of aged mice.
Exp Gerontol. 2017;90:1-13.

18. Moore TM, Zhou Z, Cohn W, Norheim F, Lin
AJ, Kalajian N, et al. The impact of exercise on
mitochondrial dynamics and the role of Drp-1 in
exercise performance and training adaptations in
skeletal muscle. Mol Metab. 2019;21:51-67.

19. Beaumont RE, Cordery P, James LJ, Watson P.
Supplementation with a low-dose of octopamine does
not influence endurance cycling performance in
recreationally active men. J Sci Med Sport.
2017;20(10):952-6.

20. de Oliveira A, de Paula M, Comar J, Vilela V,
Peralta R, Bracht A. Adrenergic metabolic and
hemodynamic effects of octopamine in the liver. Int.
J Mol Sci. 2013;14(11):21858-72.

21. Picard M, Gentil BJ, McManus MJ, White K,
St. Louis K, Gartside SE, et al. Acute exercise
remodels mitochondrial membrane interactions in
mouse  skeletal muscle. J Appl Physiol.
2013;115(10):1562-71.

22. Igbal S, Hood DA. Oxidative stress-induced
mitochondrial fragmentation and movement in
skeletal muscle myoblasts. Am. J Physiol Cell
Physiol. 2014;306(12):C1176-C83.

23. Adam SK, Soelaiman IN, Umar NA, Mokhtar
N, Mohamed N, Jaarin K. Effects of repeatedly
heated palm oil on serum lipid profile, lipid
peroxidation and homocysteine levels in a post-
menopausal rat model. Mecgill J Med.
2008;11(2):145.

24. Mittler R. Oxidative stress, antioxidants and
stress tolerance. Int J Plant Sci. 2002;7(9):405-10.

25. Youn JY, Zhang J, Zhang Y, Chen H, Liu D,
Ping P, et al. Oxidative stress in atrial fibrillation: an
emerging role of NADPH oxidase. J Mol Cell
Cardiol. 2013;62:72-9.

26. Oboh G, Falade A, Ademiluyi A. Effect of
thermal oxidation on the physico-chemical
properties, malondialdehyde and carotenoid contents

Yoo

Oller 5 (1S (e (a3 Slje

of palm oil. Riv Ital Sostanze Grasse. 2014;91(1):59-
65.

27.Ono T, Isobe K, Nakada K, Hayashi J-I. Human
cells are protected from mitochondrial dysfunction by
complementation of DNA products in fused
mitochondria. Nat Genet. 2001;28(3):272.

28. Ghobadi S, Akhlaghi M, Mokhtari M,
Mohammadian F. The Effects of Heated Oils Used in
Fast Food Restaurants on Metabolic, Inflammatory
and Oxidative Stress Markers, Blood Pressure, and
Liver Histology in Sprague-Dawley Rats. Iran Red
Crescent Med J. 2018;20(2).

29. Perry CG, Lally J, Holloway GP, Heigenhauser
GlJ, Bonen A, Spriet LL. Repeated transient mRNA
bursts precede increases in transcriptional and
mitochondrial proteins during training in human
skeletal muscle. J Physiol. 2010;588(23):4795-810.

30. Axelrod CL, Fealy CE, Mulya A, Kirwan JP.
Exercise training remodels human skeletal muscle
mitochondrial fission and fusion machinery towards a
pro-elongation phenotype. Acta Physiol.
2019;225(4):e13216.

31. Konopka AR, Suer MK, Wolff CA, Harber MP.
Markers of human skeletal muscle mitochondrial
biogenesis and quality control: effects of age and
aerobic exercise training. J Gerontol A Biol Sci.
2013;69(4):371-8.

32. Narendra D, Tanaka A, Suen DF, Youle RJ.
Parkin is recruited selectively to impaired
mitochondria and promotes their autophagy. J Cell
Biol. 2008;183(5):795-803.


https://dor.isc.ac/dor/20.1001.1.22287043.1400.28.12.31.7
https://rjms.iums.ac.ir/article-1-7375-fa.html
http://www.tcpdf.org

