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Accepted: 07 Jan 2024 Introduction: Aging process with progressive decrease of cardiac function is due to
Keywords: ) the death of cardiac myocyte characterized by apoptosis. On the other hand,
Continuous exercise physical activity not only improves heart function, but also reduces the risk of heart
glz‘;ﬁtos's disease. Therefore, the aim of this study was to investigate the effect of 8 weeks of

continuous moderate exercise on BAX, P53, and caspase 3 gene expression in the
heart tissue of aged male rats.

Method: In this experimental study, 16 male Wistar rats with an average age of
19+2.25 months and weight of 350.02+20.12 grams were randomly divided into
two groups of moderate intensity continuous training (MT) and control (C). The
continuous aerobic exercise program (MICT) was performed for 8 weeks and five
sessions per week with an intensity of 60-75% of the maximum speed. Then, 48
hours after the last exercise session, heart tissue was removed under general
anesthesia. BAX, P53, and caspase 3 gene expression values were measured by real
time PCR method. Independent t statistical method was used in SPSS 21 software for
data analysis.

Results: The results showed that performing eight weeks of moderate-intensity
continuous training caused a significant decrease in the apoptotic indices of BAX
(P=0.012), P53 (P=0.015), and caspase 3 (P=0.002) in the heart tissue of elderly rats
compared to the control group.

Conclusion: It seems that regular aerobic exercises with moderate intensity can
significantly reduce the apoptosis index of heart tissue and the aging process.

elderly

Copyright © 2024 The Author(s); Published by Journal of North Khorasan University of Medical Sciences. This is an open access article, distributed under the
terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses /by-nc/4.0/) which permits others
to copy and redistribute material just in noncommercial usages, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.32592/nkums.16.2.45&domain=pdf
https://dx.doi.org/10.32592/nkums.16.2.45
https://dx.doi.org/10.32592/nkums.16.2.131
https://orcid.org/0000-0002-7225-3985
https://orcid.org/0000-0002-4065-379X
http://journal.nkums.ac.ir/article-1-2994-en.html

o o ool (K 3 ol oS oo

I S? I 1P bl <Y o lod 17 0490

S 9o ol LU (550l G5 Gl ¥ Tawgie Sl b (oghad Dby yod ain A il
KVON | W JC %
e Sl o 10 B e s

Olel et sledl Bime oKl cnlidlyy 5 (i pole oaSadls ¢ )5 (Sal5 508 09,5 (6555 (szmails’
Ol eyl e sl Gazme olSils ¢ amlids g,y g (o pole saSKails ¢ o359 (5ol 38 09,5 il ©
Bhzme olSiils (wlidyly, g sy pole 0aSisls ( Li)ye (S5l 09,5 Ll (ppd Kl i 30,35 1 ghomnd Ok g3

f.seify@yahoo.com : Jeosl . o)l sl ¢ Juas ) ¢ Lo
DOI: 10.32592/nkums.16.2.45

oS VEVON edl o gyl

Ssn Lateiin sl Bk 5l ool lacmses (pols Cews 5l abaulsy B 5 Slas oig, i (2 L 6 pm anldidendio VTNV iGind @b
Baw gl s o 2o o |y B8 sl Lo s aSL gd o B o Shae Segy Sl Lias oy el ( B)b

e Gl ige B COL Y Lls 3 P53 BAX (15 ol 2 bawsgio S b soslhs (203 atin A Sl sy 0l gl el 3l
KT VRNCON WIS o3 et

: bl

YO+ [ YEYAIVY 599 ola VARYIYD (s puilin b s 3155 51 5 caalymo g oo VP oty aalllan ol o 5518 gy o

29 S3lp S asliy ad e (C) SS9 (MT) oo ol b (goslss (2 yo3 09,5 99 40 (ol jsboay o5 sl
5o el FA Lol plosl 0us]58 & jgody s iSTa Go VO B F e al b atie (o dud> 0 5 atin A Baw 4 (MICT)

Real 5gys 8 Y5Luls s PE3 BAX ()5 ol poliio o ardlsyy l <l o JolS (c5pen 5] g st el el 055
b ool ools Julowigds 325 (5l ¥ a5es SPSS 15810 5 50 Jitaws t (s Lal g, 5l i (s uSozlaitime PCR

BAX si505] slagasls o me GialS cel bwgie o b soglad o je3 atin A plol a5 ols olis s :baisl
A S 09,8 4 S sl (sla ge B b o (P=4/- oY) YiLwlS g (P=+/-10) P53 (P=+/-1Y)

il jemal Glagasls (mals )3 wlgs e bwgie ad b (seglas (S3lsa Sl a3 plate plonil 45wy oo il & 16 S Az

[ Downloaded from journal.nkums.ac.ir on 2025-10-17 ]

sl atils oljes A (6 ym dl)d S g ol WS g I8

5 VilemslS 5 g5loJlad crge et 4 )08 55e 5l (555
el plgrear Yilewls iloJled colis 50 9 Lals (s
sml s B Glaes aen Siie Jab g ol
slad S oo S a5 Sboy o)l e jo Y] 09 e
o 35> WIS 4 (TRAIL-R2 5 TRAIL-RL .TNFRL) _Jsbo
S (TNF-0) T jgeg5 8L 5 po Jole «(IL-1B) L ) oS o) ]
Wgd oo b3lewlS (g5lu Jbd g Xigd co Jain ..g (FasL) Fas
339 psbas sl wnl s [F] azdl o Gl Jobo 5o les o 5
Wl &5 ol (St (55 SVpame (nl GSeRn g S 4
Ly sgaml a8 (G (nl & S oo JUB L e |, ok (225055
Bel-2 (55mml 5l o5 colon 5 BaX Si5um e 0F oiss)
o Bl Sl sk anin wowizes (0] sgie e
oeSen LP] ol 0T anl B b jes jSagS e b PB3 (g
5 Sl JUd 0335 DS 5 55l ey ok 4557 ety o P53

4olio
057 Ol (e eagygp el o0 Sles (2,05 ABL (6 w01
9 93lenaST oyl oledl 4 Sonlis (2l 5 (5enST B pae
oIl el B o Sles o Pl 090 et 6 len
S S 3l a5 oadse seilansT il 5 el o S i
A D el Boie 5 b slags)lon 5 m om S i
s jobody b Slacausie )3 az gl jo3 0 LalS oS o) o
5 B slaglen (Sloend)lS (LAl 3 Slee PBT o
Wlools i Slalllas a5 ol S 10 ol sl Jois ol ol
Oloz oS, S b avalie 0 dlaVe 550 S Gl Slacemges
O RO NI JUDRK JENNETCINC RV RN RCIMECIX SRWIRY
ol cloolys, elsl a5 ol oid Byme sage yes B
lg) (318 yano 53 Gl 51 45 [¥] w8 o 0l S3sll
L >)5 jees 5 BAX 5 (BCL2) B i) oolgls slael o

oo il o 5yke an I¥T axsl o 3lis) (S5 e sloonsi S

Copyright © 2024 The Author(s); Published by Journal of North Khorasan University of Medical Sciences. This is an open access article, distributed under the
terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses /by-nc/4.0/) which permits others
to copy and redistribute material just in noncommercial usages, provided the original work is properly cited.


https://dx.doi.org/10.32592/nkums.16.2.45
https://orcid.org/0000-0002-7225-3985
https://orcid.org/0000-0002-4065-379X
http://journal.nkums.ac.ir/article-1-2994-en.html

[ Downloaded from journal.nkums.ac.ir on 2025-10-17 ]

Olhes g Slae,

Lgie ©ad b (MICT) (coshs (5310 o yo3 ain A 56 )y
5 2l o P53 4 YiLalS BAX sisug] slopasls ol
FLFTIY

Glalzlas 095 @ g0 a5 sl ol 5 (229 g5 51 2l ool
sello lpme (Age ju VP iagh nl )3 .85 el S8
Yoo Sigodgamme gole Vo B VA i Sl b jlig ol 51 58
Jiie oBasls axly ol camass olfinlo;l 4 5 angs 5wt Sy
clage o dnnte gla ol s Billas yol> gl ol
oyleds 4 (ool Bime ofails | 4t wul L 5 (NIH)
3 e sliise sles b plxl IRUMAREC.1402.022
S Lo aslinl byl b cow Blad ool il g jred gla il
SIF il am,s YV BV sles g aielu VY Slids, 5 S0
OB aisr alfisle;l o laslisl 5138 05, b Sllg ol 5,lagSs
e oy O B I oy eoys Yo/0+ GO als s ys)
oy IV G PO Jad woys V b 430 aedS ooy FIO G F
oy VY abgaie oy VIV i cdo s /OO L2 /0 Ses
W B AFNE G JI5 5 aoys /YO gty 5 woys VY (oig s
o N a5 39amels s g0y iSWg) LT 5 (Mglkg
slogbge @lliglel bazmo b )55l latinsy o)50 S (b
295 2505 5 (C) JyS 0k 095 Y ey (Bl j5ba (ol e
A s (MT)

buogio b b (o9l ¢ pod JSIg

o g4 (V Jguz) Lawgie Db b (oaglss o ped SS90
W8 (el S b plge B 28l oo (all ade A sk o
el Gial38l (o p glaigSa Sl pad 1 (3L e sl 5 955,15 5L
e 5 ooyl SRl jslateay b ige den (g gl yo
4 el ibelinl acy o s (s sy vt b ]
aado Ve leyiae g adds 0 o Ve Sy b oatan S Soe
b ige essbolisl ands 3T 5 G csles FA s, o558
Sl B aias (S e B oanlid b oeesl o Jesie
S b oaslid Ggasl nl 95d (atiiie Joad i (55) (esd S p
S VL Joleo oy cda B0 Y )2 g 0l o0 9, 488 5 o Ve
S Sed olml gz b oo 555 G 0 e Ul
FURCHETSUR JSVN ICHRPURE { RESRCHSORN W VIR R 2 IRV P8
Foooga Fob b ilelidl Sl e ol aihe jo (el SSSop
i 42an U aS 0l £4,50 4880 V0 Soe 4y g Sy Sl as o

Do 4y g ey Cyu ST o )0 YO Sl 4y 00]38 O g0

Ty

9 73555 5 semsl anld gileJled b (s (ol )l 5550 S
Sre 3 @ el g WS (o0 GRS el e sbodsle mee
Oliae o o b a8 wlools olis Slallas gl [5] 95 oo Jolo
Wlgi oo a5 wloe SRl B Lo gz ey JSS & el
Ol 8IS 5 laslls’ PB3 wge (slas o Gial3él ey Yoo
Gl 5l i s B a5 wies e ol Wesls ol 5wl BCL2
a2 0)lgen o Stngsy ccnlpliy V] ol omp0] 4 Sl ats o>
Gl slag)lon 5 ssual 5l 6Kl calie laghy, JLis
5 locllad 15 3 glaans 5o aties gaielle b L je 8
Col 0391 (3559 0357 Olikme aBdle 9)50 S5l 2 (5359 (ye
Collad audr S, oS olyie o Ktagh 5l (S eosbenlys 1A
Al ot ssngl e Il case wile el FA L 355
iy yed plwl silosls lis wlalllas (S a8l Jl> o cnl 1) -
2 s9nsl alS czge Ylaisl pglie 5 bgie Sad b ob))
(VYY) oL 5 Sl 5T bl o 098 o calizes slacdly
Geagl LRalS Cel glgn e a5 Wsls Glis 03 adllae o

DT osi o s 2L o ¥ jlnlS ogasa,
bl 105 a8 5,5 ly 395 adllas 3 55 (VoY) Sy S
OLiS 5 S o usSns | jekasl il 5 sismal Glepley o))
D aS oo cdadlone 50T Jilio 5o cals 51 bl oy pos a5 ol
e ey phiie (o855 b @8 sla Wyl az S
Lo gy Aoy o pabe (0 Sy 3l Jol> Sigum]
Colld oS ik 5l Wlgioe (SB35 Solld &5 ame e i
o Jld 5l wile C g S g (3Luslil o ameii 0 P53 JoSUso
sgasl auld olml el 5 (VLwls) al2l 5 55T slajlls
@i A oS WS oo ohSKes g gbole cie; ol 5o VY] 09
Jolse 8 e S3b oloml el o) 55 51 38 50 ¢ 55 (2 o5
Y oas wols ol (Vo VF) ol Ken g oS DY] 598 oo sj9m0]
sl 5l Enie 551 ol 5 YLl (lie Lid Sy o5 i
BCL-2 [l coge Lol cans o jralS (5 lo e jsbas |, (BAX)

DVF] o sa 039, el @ Mo (slasbge 5
ands Sy a5 sl Las (Y418) oo 5 (SUN) oyl «opizman
# 0 BCL-2 5 sle etz Lials e i jluosilely codled
BCL- & BAX e 9 BAX 3 (6,55 Lol g oo 5353 51 e Sacls
calis 85, oMl slas Slee & fop o V0] o)l 2
el Ceoyd g aiS e olml guielles anld Sla STy Sl s
Ol b b e slagslows 5 Ol (65m 5l 65k 10 1) (Shsu g5
OMET ke 5 (S Al B 50 sl (R 4 4z L 1308 e ol 2
ABlie 5 Syms] e, Sl Sl )5 (s ped 0sSUsS (slaailse
wie) 5o L hagh (O Sgdae 5 oadplnil sla gl @S oo

yole imgh Bl diedle sbdiged [0 ob),9 Codlad alslan


http://journal.nkums.ac.ir/article-1-2994-en.html

[ Downloaded from journal.nkums.ac.ir on 2025-10-17 ]

1FeY lausli oY o louds V7 090 « Jlous Ll ys S pale oKL alxo

RB Mini 4, RNase-free ddH20 5l & pl 5 o ool 41,3 Tube
@i V5l g b eold loj ol 4 aids ) 4w aslsl Column
09y° Joloe 0 Geuy il VT o« RPM e s Laa 8o ¥ o
a0 =Yooy a5 og oddzlsaul sWRNA - Elution Tube
A (6, ol )8 sl

495 Thermo Scientific <5 % Joslljgws 5l CDNA s
3l 5 ookl b GusSine (pmgis, (RiSTy 28,5 plal S, el
e .28 5 &) g0 Criptas -RevertAid™M-MuLV Reverse trans
p Sl Voo (Ol sanlin 5l L il > digei CDNA ays
Random Hexamers g Soo </0 s g o aiilsy RNA
CDNA 3w £955 12 s yolp Oloes wdolS g (oS 953551
VY 02 B s 9 AT OlIGO joul s s S <10 (095 g0 00liiu]
o8 il az 10 £0 (slos @ g 0l adlal S @ 39290 O g Koo
S8 2w (s9, 48B0 Y Dok Ay e g 0D B 4280 O Do 4y
dNTP Mix ;| ¥ pl 4 5 Reaction Buffer ;| ¥ ul caw al> 0 j0.08,5
4, RevertAid RT ;I\ pl 4 RiboLock RNase Inhibitor 51 \ pl o
43,8 130l F le a0 PO gles )0 4B 0 gl as J3 oSy
Az 0 0 glod ;0 4BBY B Dol 4 oS P e D ABlS] g
az 0 FY glos jo aiBoFr Sae a5l am 28,5 15005 il
RT a3l oldl 15 51 jekateas 31 40 .25 13 o 5 ool
S8 ol il az 0=V los j0 430 B Cae 4y STy slacss
&3, 5 4 RT-PCR plosl (g1, saiseslel CDNA .o sols

Shalesl 0550 (slwog S 4; by o CONA ((1iSTy (g3lwatty 5l
PCR alis RT-PCR alxil Jgol 28,5 1,3 RT-PCR STy cos
3 Joere MasterMix sloas oS oglss cpl b we (Jsoxo
Jlast gles .ol oolazul (cpls LL) ()8 yule sgl> MasterMix
Syge Sl yerln Jlgs o9 oS le az 0 P lajely ase ol
yokiedy (uizren ol odl LI Y Jouz jo dslllas o oolaiul
5l ok sloog S (slp Yilwls' 5 PS3 BAX (slagyj ol (o2
AMPLQON <L) RealQ 2x Master mix Green Dye L gl
Real-time olSiws aels .o oslitwl cuS Jodljgiws Gubo (L]
5 el (glal> g0 o jg0n I 5al )28 ii8se s o5 4 PCR
olaws al38l 5 e b loges sanlive g olKiws codled plast 51
2 e85 30 AACH denbona b ibinysld 25 o 5 e asked

DAL as ssomn J 05 09,5 3 B2M 4 e Hlaione o5 obe

Losls Julowigas joui (ghg)

O3051 5l eolanl b laesls ands aojs ol laools Julowigay 25 (gl
2 o9 nped Pl myp Sl mizmes L atiie Shgg s
5 039 Om dbly np lp s B T il 5l Aty o i
SPSS Jl3dleyi 15 (g (S iy 0303l 3l 5] sl it

A ad Sl e e[ Dl S (gl gixe pdav s eolaul Y8 aseus

A

Sga e b o hge 35 anda o (L 0wl ploxil aids Y-

g 09 420 ao 0,5 el ol a0, S 4RSS b e VY B Y.

DY NP clas g yumis azin A o

MICT) Logio o b (oghas o pe3 JSTgp ) Jou

(aiuBd) Cudlad wuw (90 0) Cadled wul EEIT
0 5 Jsl
0 I pgd
Y- 0 Py
v 70 el
Yo v pesH)
Yo v- R
Y. Yo PCFT
Y. Yo PEENY

2 Gi59] Olpdi s pFeilail g cdl 5 pSaiges oy
e sl ige (i dnda oy ST 5 G el FA Gl o
Locnpdhly o oS skS 2 oS ke A0 550 b nelS 52y abowsas
Sogodr (aide 588 ST ©558) 0, TkS )T ks O 550
Sl tge b Sl g wad st Gelgedl Sy by Slao S
aloledl Aol SEE) JJQ; ‘_g)Lu‘» OlimJLe)T uLam.m ‘) ‘5)‘).700
SBomyn Slr 08 @IS Ve slod jo 5 0adn 8 mle oyl o
Geb B b 5 RNA sl ol o3 ole gdaw 5o JsSse
osite 0l (5152 28,5 ol W0l 5 L) o0l 512 US55
55 0950 B S8l o8 oo Tyl Sigl 0 oS 3l
sdsle 51 RNA zlscul gly alo e ol ol ools )3 10
el (RB Buffer) sacS 3 150 o5 b b Joko o)lgss &5, 51 Slow
Soais il 5l Jols (Jsbe gy diges 4 RB Buffer 5 Yo- pl
JE P N 0 VN I SRV
Slos j0 4885 O Do 4y g (043 00l 48l 3L 4y mercaptoethanol
Collection (yq,5 Filter Column casy al> 0 jo .0l ool 13 35U
5 & ools Jla! Filter Column & diges bl 5 8,5 1,3 Tube
5l am ol eyl 4i8e Y Sde 4 VFeer RPM o0 L
w9 S 4 Collection Tube 51 35, Jolowe ¢joni yiile
O sy ool o e g 28l JUl g0z ks il e
ol Jgbl a8 glaigai g 28,5 1,8 Collection Tube 9,0 Column
ey bog cdl Jsl RB Mini Column a4 g ool adlsl
Wash 51 0« -l way al> e )0 .0l 4y, g0 Collection Tube
Ol ol eaiy sl 4280 ) o 4 Ve - - RPM e L Buffer2
RPM ey b addo ¥ o a4y (s 9 0 IS0 )L Y al> e

Elution 5,5 RB Mini Column e .0l §eudy il VEo 0o


http://journal.nkums.ac.ir/article-1-2994-en.html

[ Downloaded from journal.nkums.ac.ir on 2025-10-17 ]

Olhes g Slae,

axdllas 3550 sl yasly JIs5 .V Joaer

Genes Primer Sequences Sizes (bp)
Bax Forward: 5°- CTGCAGAGGATGATTGCTGA -3’ 142
Reverse: 5°- GATCAGCTCGGGCACTTTAG -3’
P53 Reverse: 5’- GGCTCCGACTATACCACTATCC -3’ 110
Reverse: 5°- GAGTCTTCCAGCGTGATGATG -3’
Caspase 3 Forward: 5°- AGCTTGGAACGCGAAGAA -3’ 118
Reverse: 5’- GCTTCCATGGATAGTCTTTGTTTC-3’
B2m Forward: 5°- CGTGCTTGCCATTCAGAAA -3’ a4
Reverse: 5’-ATATACATCGGTCTCGGTGG -3°
@ Comd (G, e 2o Yo /AVE /e s sl Gl il . S0l L4y

Csls YYVVEY ojlaibial Gl 5 oSl b J5mS 05,5
(Y JS5) (P=+/+ 10 o t=F/1+ 1)

b (i 05,5 slobge B 2L 50 YiLlS (5 ol corizren
Comd &)1 st S AVVE [+ s lailewl Gl 5 oSl
Cosls (VPIYE + V) o il Gl sl 5 5uSilos b J iS5, 45
et 3 el cessay @l (¥ JS) (P=+/- - Y 5 t=Y/FYF)
Sbazls 5 0y jeie &S o i (Stwes ooy
ol dg2g (g loliae bL3,I Y3LwlS 4 P53 BAX (90|

(F Jsaz) (P<+/-0)

LY Jgaz )0 5855 090 ooy )S )0 le sbgise )
5 ol el sidle plme sla e 58 (g o pxe GralS cacly
aan Al e o g o5 Gl (J S 09,8 ye a5 cunl J

P=el0)) 0 ovalice
b sosls (aye3 09,5 53 BAX (ismsl (asls ol (o Oliee
A Cad Gyl g T VAUVYE [ s Il Gyl 5 . S0l
csls YVOYEN ojlabinl Gll g b b J S 095
L i 09,5 j0 dB ¢l P53 5 oLy ((P=+/+\Y 4 t=¥/VYY)

anlllas 5 )50 sloog 5 0 ol o slasiss 0js saslm 9 O9esloie gabw ¥ Jguer

() 03051 m (#55) 059931 S _

P-value : = - » 095
3 liliw] 1yl g paSilao 3 sl OBl 4203l g (uSilso

Feren TOIfEOVIFE TY-FEVVOY s

el YVV/f£. -0y YO IOXYVIEA 09I oy od

U5 09,5 o G loline a8 e 508 09,5 4 s loline jralSse

N
o
I

=
(&)
I

BAX(AACY)
3

m C
= MT

0.5
0.0+ |
C MT
Jys R

¥a

©) JyuS s MT) gaghs (52 505 (slog 550 BAX (5 oy g i N SIS
(0 il Bl it s Sile) P/ ) 7S b ey o5 09,5 oline oglisse


http://journal.nkums.ac.ir/article-1-2994-en.html

[ Downloaded from journal.nkums.ac.ir on 2025-10-17 ]

1FeY lausli oY o louds V7 090 « Jlous Ll ys S pale oKL alxo

t 3
1.5
m C
= MT
— 0
+~ 1.0 T
@)
<
<
N
N
o 05-
0.0- T
Js R
©) JyS 5 MT) (paglas ¢ 505 (sloog 5 50 PB3 5 by (oo e ¥ S0
(0 il Bl itk Sileo) (P14 Y ) S s o po 09,5 oline oglise
%
1.5
-1 m C
— = M
-
S 1.0 v
<
N
o
1%}
S
@ 0.54
@)
0.0- T
Js R
©) JysS 5 MT) (aghas 2 po5 (slog 5 5 Y5LaolS 5 ol (oo e ¥ SIS0
(sl Bl il - Slo) P=-/--Y) JrsS b ped 05,5 jloliae cglass
Sl slooasli 5 ()39 om bl wyp F Jgur
Caspas3 P53 BAX
<IYYY —o[ YA D RYWIUINE NP .
NIt NEYe Yy P e o2
oals plas as el b o ol 0gd oo Joko S g DNA ol )

S obb Dl D5 0055l B 5o L5 5s Codlad ol oas

D9l ge ymie (6,05 ghee alaalsly S5%ygs] (Sl s ;S s 2al38l
DNA (a2 455455 L 1 tobice 550 ¥ onlS ol shoty s mipon
Slaasin Vilewls a5 el cpl oaumolas as ols lis (g, 51 5o

OHlen 5 olo, Liuly e o D el se5g] 50 sl

Sad b eglas el atan A a5 oy las ol uegh b
B 2l YLl 5 BAX ()3 ol 0l5 1 (5l sime il Lasgie
Comd Gl cllllan ulul 5ojls widle 5 glioee sla sige
Sels ao i (il b L 3 (5,0 L BAX/BCL2
aS5aSS a5 ol Lo yo ¥5LelS 5 A 5Lenls akex 5l Siwsimly


http://journal.nkums.ac.ir/article-1-2994-en.html

[ Downloaded from journal.nkums.ac.ir on 2025-10-17 ]

Olhes g Slae,

sy ol wle SismslGter Jelse (22l L len ayed
Oen o gime iyl 35 5 BCL2 4 BAX s 5 BAX
Yoo 03,550ls sloisn ;5 S3len cnpd (g2 50 )5 e
APAFLy C pg Ssiw aile «Syg] Jolse iuls, (ials L
comizmed VY] canl oa ¥5LlS (5 ool e LialS g
ol s Gl 85,5 cudl 45 cuul ool ol el
S oghor BsmmmdnpnSlygn dlax jl igluSTas lags 5l
BV APCEANCUON BN CON WP ST TPY) IUUWDPUN -5 S SN
bl Gk 5l o5, codld aS el sal ol plas ( Bb
MN-) 5B gesdsnS g 5500 89! dox Sl olactisn
(ERK) Jskoz 5 b Lo 1o 5L alauly 005 NF-KB (SOD
Sads syt 9 (SIMUINS) W 1565 ps yunno JIGF/AKT s
Al i jeusl CandVl saiS el a5 (HSPs) )l

Ly¥l a2 o ol ) 59
olo Sl dme als Lol> ragh 5l edalcwsd mls 5l 5 (S
el ain Al ey sl ol slage 8 Cl PE3 o3
ol allle b gean Liuly cnl 53 Sy hawgie Sad b aglts
VY sl oS wisls lis 095 (mogh 0 (Y V)) o K g dialign
adllae ;o (Vo¥Y) o, en 5 55 ol LV o)l ardle ol e
B b b jlgp (s aan A ploul a5 o) aoe (pl 4 045
Oeieg o gme yials cel Bran henST SSlas as s £0 L
Sl Ive] sgs e b lagiee o P53 gunalle
T aS wis,S 5,155 ctegh 5o 505 (V- ))) o, s o (Zhengtang)
oealS 1) P53 codld s a4y aiinly Olynss o555 Codled alin
SUovge o8 Olac 10 (,mas g dadloe Ol Sl iass (0 g aes oo
O 5 (O Gols iagh b guesl o B,k 51 IYY] o ls e
oS 5 Ol el 4 W, doeS (pl 4 995 axllas o (YY)
Ol & Do lo e )3 PO (g ooy grlaws Gl sl
i 50 50 (VoY) L) Kes g (cod dn VAL 558 o ling
s bse i alac P53 5 ol jo (sl g Dlpuss oo
5 Sy [#] 20,8 GlS 1y eped ol aw JLis &4 5 alyme
JLss 4 P53 5 ol yo Jlo cime Ol s 99 55 (Y YA) o S
SAval wo s 555 1 e, je lawgie Sad b ped d%id du
Sl 4 g e 00l )5S Ol mls oy geal LYo alex
Sl Lol bYs 5l wadalnl slaegn 4 axg LS
el c2alS sl led 5l 3l sadolny) slaasls P53 yolie
5T oyl 2alS el gl iy a3 45 Cal 0 o0l )L

aipoy et o [VO] a5 o oy (SlagusSI il glbo (23, WL

A

b8 2l el slen o o3 5l 0l s (glasillas y3 (Y- YY)
Silgp Sluyed a5 Wols (lis aienSIol b sadipgone (sl ose
5,0 ¥ 3lusls” s BAX (555001 logasls (1als pr sylosixe b
alac jeugl Jmalf 4 o LKes 5 SleS mli (pumen [1a]
el o)Ll (eliinl (o3 (2 53 (e il re SlaAge 0 g0
o b el s e aan VY a5 0d ol las addlls cpl 4o
2 Gl loasls 1all cage )l jsba bugie
505 OIS 5 (6 )lpeks 5,28 [V S g0 (s SR Ig0 3,5 g0
sl asls joldl el jee (A5 a5 ol i 09> addllas ;o
oo 2l e Glagise i 2l o AjLuls s BAX (555l
s halS el (9l g (oaglas (o3 atim A plonil oS JI> 50
ol ol adlas @bt b geen a5 [VV] s o asls (ol
Sl aslllan 5l onsliasay b b clallas 51 55 gl o Jlall
aisls HLas (YY) ) en 5 (3 sl o 10 Cawgunonl
OiemSl aoy0 Ae B VO ad b (gilsn (oo 05 ol atan VY oS
2 Ukl 05 Ole GRIPl el b e jobar At (Srae
4 D9dise Gryed 098 50 (e 5 plme Slaghse (5 alae
A BYO Sud b oo, g 59, 6lsn ool aman VY (S ke
OF 90 2 Az g 5550 Gl corge ity (Bras (ieST a0
S 2o slagtse (B alae ol sie sengl 4 by
397 WS Crge Suled )0 Egdge (nl &5 9)l0 352y Jlexal (ol
oS ¢ Olah [a] sgs 5l e 3,k 5 j5mg] anl)d
oslie (p pod duda SO a5 wisls lis 093 axlllas o 55 (Y4V0)
BAX (23l czrge )l bt el ¥ 5 (ol slaige 5o
Sl (5359 5 Sool 5] SudliSns Gl enimoli o 05 oo
5 ooblS VY] sl oo (6,005 e S e w50 ST
BCL2 5 BAX 15 oyl oyt 1 cslasdllae o 5 (VYY) (Ko
Sloosilely collad ands S ) oy 45 e S, s B Sl
as wols plis g aiBls y jew gl ojlac Brae aia VY Gl w
4 BAX o 5 BAX (55 0l GRal8l el (25555 collad alag S
4 olgi e saeliumoa @l o B LYs Irvlas BCL2
Geizme 5 (Fobel gl i (Bl slaaised g5 wiile Lelss
o)Ll o icte iomins 0925 5 (S po3 SS90 385 (e Conndg
az Slasl ails 1wl 05 saedls ol jo Col (Sew aS 5,5
G psbar (o355 ulled Gl (AU jsual G SleemnSe
Tan 085 3508 3929 (50 (il sladns B s (atuie
Sl ol aieny nl )0 o a8 5l (S s Gl i e
Mg 4 a5 b oo Gl (GMae e glie ¢ L3559 Sllad o oS
0§ gl Conl wilgs o ROS ol caeS 045 oo y2ie ROS
IVPT 58 oo (51 pae Gy 51 Gurigius] @2 65 cnl 5 08

P Vol (g n Ol azg j55 0 (el &S coul oals ()58


http://journal.nkums.ac.ir/article-1-2994-en.html

[ Downloaded from journal.nkums.ac.ir on 2025-10-17 ]

1FeY lausli oY o louds V7 090 « Jlous Ll ys S pale oKL alxo

ROTRAEROH

S 25 S

S ye al8l Cesly (s Gl a8 sy o0 Sy A jsboay
SlagSsy ol aox I S5 S mlbe b i
(0l 0929 b 0gd o Sehgl o Y3kewlS P53 BaX Jio (s)5p e
S5 g) Sl il Caly lawgie Do b (saghtd oy pe
&1y s g9 nl (ablone Ol Sl ailas oS 0iS Sep | Sl
Y i slaiagh (J ol ol 5ma T Jlie jo o8 alae
Al o8 dae ) cblis Joles 5 JsSU90 slapunilSo b el
il azds |y 6 5l 20 S5

SRl

)l Baoe oKiils cole> b i b Jols allie )
Sy ol gzl o a8 Glhe (el Sl allie G ac g ol
35) Wyslier Joe 1) (Gloyud 5 S5 JlS wiles S (5 Sen
(IR.UMA REC.1402.022 : 3|

B Pyl
55 o1 lasl 5 blite a8 s allie ol Saies s

References

1. Kwak HB. Effects of aging and exercise training on apoptosis in
the heart. J Exerc Rehabil. 2013;9(2):212-9. DOI: 10.12965/
jer.130002 PMID: 24278863

2. Sedaghat M. Cardiac remodeling, apoptosis-related process (Bax,
Bcl-2), and their ratio (Bax/Bcl-2) in cardiomyocytes of diabetic
rats after combined exercise training and taurine
supplementation. Comp Clin Path. 2021;30(5):801-10. DOI:
10.1007/s00580-021-03275-4

3. AbadiN, Bashiri J. The effect of three-month aerobic training on
the expression of AIF and caspase-9 gene in male rat soleus
muscle. JABS. 2017;7(2):257-64. [ Link]

4. Huang M, Li ZX, Chen J, Chen L, Li YY. Extracts of Bauhinia
Championii Alleviate Acute Neuronal Injury After Ischemic
Reperfusion by Improving Endoplasmic Reticulum Stress-
Mediated Neuronal Apoptosis. Curr Med Sci. 2022;42(3):483-
90.DOI: 10.1007/s11596-022-2525-4 PMID: 35220494

5. Morawska-Kochman M, Smieszek A, Marcinkowska K, Marycz
KM, Nelke K, Zub K, et al. Expression of Apoptosis-Related
Biomarkers in Inflamed Nasal Sinus Epithelium of Patients with
Chronic Rhinosinusitis with Nasal Polyps (CRSwNP)—
Evaluation at mRNA and miRNA Levels. Biomedicines.
2022;10(6):1400. DOI: 10.3390/biomedicines10061400 PMID:
35740420

6. Seyedgomi F, Bashiri J, Gholami F. Effect of High Intensity
Endurance Training on p53 and Cytochrome-c Gene Expression
in Male Rat Soleus Muscle. armaghanj. 2017;22(5):608-22.
[Link]

7. Shahrabadi H, Haghighi AH, Askari R, Asadi-Shekaari M, Souza
DC, Gentil P. Effect of High-Intensity Interval Training on
Cardiac Apoptosis Markers in Methamphetamine-Dependent
Rats. Curr Issues Mol Biol. 2022;44(7):3030-8. DOI:
10.3390/cimb44070209 PMID: 35877433

8. Sadighi A, Abdi A, Azarbayjani MA, Barari A. Effect of aerobic
exercise on some factors of cardiac apoptosis in male rats.
KAUMS Journal (FEYZ). 2019;23(5):495-502. [ Link]

9. Javid Tabrizi N, Bashiri J, Narimani Rad M. Effect of 12 Weeks of
Treadmill Aerobic Training on Cytochrome ¢ and Caspase-9

oY

w2 ge clio SaB b g plate (o859 Sollad 45 Cuwl ok (3155
g il Bl Gk 5l cRlST el s
Ol oIl ez se (b5 Sedlad [ Lo o (s GlarusT il
5 sk (a1 5T 208 Gl 5 SlapesT T sl 3l o5
Silois Rl S GBS el Gl talS
il Yo 5l (o sz conlplo YV ] ogi e ol5T sla 00,

coils HUal g oo sl uiloeST il (ial33l (PB3 e

Jolse ol ot 5 gt oyl oo Jodoa PSS jolie
ml o g b Ar ] s b el n caeluSlas
2 @ Silsr el Sl yge oyl aslllas Sl sasleisa,
Slr Syt Sliisd o5 awe S a4 B Cdl sl
s Sl SIS s sl ety T Slallle j5 (5,5 g
B{PSICSYVISUURY U | PU L SOV | P IN V3 L | E P E St L g
Sl slagnSyy Cwl (Sen (Sh5yy Sl Jle sl ol
«MNSOD) 5 gomsinnSlngw 5500 p 395l alox 51 ok
5 IGFL/AKT s (ERK) 5LuS Jsloz )5 slaons .5 NFKB
oS ams SialEl o8 cdl o 1y (HSPS) e )S Ssi slaptis

35 o Gl 51 5L 5ems T ol sbroniiS pelats Canl S

gene Expression in Cardiac Muscle of Male Rats. Qom Univ Med
Sci].2017;11(6):1-9. [ Link]

10. Kogtiirk S, Kayatekin B, Resmi H, Agikgoz O, Kaynak C, Ozer E. The
apoptotic response to strenuous exercise of the gastrocnemius and
solues muscle fibers in rats. Eur J Appl Physiol. 2008;102(5):515-24.
DOI: 10.1007/s00421-007-0612-7 PMID: 18030491

11. Kianmehr P, Azarbayjani MA, Peeri M, Farzanegi P. The effects
of aerobic exercise training with octopamine supplementation on
cardiomyocyte apoptosis induced by deep-frying oil: The role of
caspase and procaspase 3. Clin Nutr ESPEN. 2022;49:529-35.
DOI: 10.1016/j.clnesp.2022.02.008 PMID: 35623862

12. Norouzi Kamareh MH, Zolfaghari MR, Ghaderi Pakdel F,
Tolouei Azar J. Effect of 12 weeks aerobic training and oral green
tea extract on cardiac caspase-3 expression in aged male rats.
Journal of Sport Biosciences. 2018;10(2):221-235. DOI:
10.22059/jsb.2018.245693.1220

13. Moradian F, Nazarali P, Alizadeh R. The effect of eight weeks of
endurance and resistance training on apoptotic indexes in young
men. Journal of Isfahan Medical School. 2018;36(489):845-52.
DOI: 10.22122 /jims.v36i489.10268

14. Qin L, Yao ZQ, Chang Q, Zhao YI, Liu NN, Zhu XS, et al.
Swimming attenuates inflammation, oxidative stress, and apoptosis
in a rat model of dextran sulfate sodium-induced chronic colitis.
Oncotarget. 2017;8(5):73917404. DOIL: 10.18632/oncotarget.
14080 PMID: 28030847

15. SunY, Cui D, Zhang Z, Zhang T, Shi J, Jin H, et al. Attenuated
oxidative stress following acute exhaustive swimming exercise was
accompanied with modified gene expression profiles of apoptosis
in the skeletal muscle of mice. Oxid Med Cell Longev.
2016;2016:8381242. DOI: 10.1155/2016/8381242 PMID:
27143996

16. Motiei Haghighi M, Soori R, Shabkhiz F, Choobine S.
Comparison of the effect of high intensity interval training and
moderate intensity continuous training on gene expression of I1-6
and Nf-Kb in lung tissue of old and young male rats. J llam Uni
Med Sci. 2019;27(5):54-64. DOI: 10.29252/sjimu.27.5.54

17. Jokar M, Sherafati MM, Salesi M. The effect of endurance exercise


https://doi.org/10.12965/jer.130002
https://doi.org/10.12965/jer.130002
https://pubmed.ncbi.nlm.nih.gov/24278863/
https://link.springer.com/article/10.1007/s00580-021-03275-4
https://link.springer.com/article/10.1007/s00580-021-03275-4
http://jabs.fums.ac.ir/browse.php?a_id=1143&sid=1&slc_lang=en
https://doi.org/10.1007/s11596-022-2525-4
https://pubmed.ncbi.nlm.nih.gov/35220494/
https://doi.org/10.3390%2Fbiomedicines10061400
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9220377/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9220377/
https://armaghanj.yums.ac.ir/browse.php?a_code=A-10-875-1&sid=1&slc_lang=en
https://doi.org/10.3390/cimb44070209
https://doi.org/10.3390/cimb44070209
https://pubmed.ncbi.nlm.nih.gov/35877433/
https://feyz.kaums.ac.ir/browse.php?a_id=3792&sid=1&slc_lang=en
https://journal.muq.ac.ir/article-1-869-en.html
https://doi.org/10.1007/s00421-007-0612-7
https://pubmed.ncbi.nlm.nih.gov/18030491/
https://doi.org/10.1016/j.clnesp.2022.02.008
https://pubmed.ncbi.nlm.nih.gov/35623862/
https://doi.org/10.22059/jsb.2018.245693.1220
https://doi.org/10.22059/jsb.2018.245693.1220
https://doi.org/10.22122/jims.v36i489.10268
https://doi.org/10.18632/oncotarget.14080
https://doi.org/10.18632/oncotarget.14080
https://pubmed.ncbi.nlm.nih.gov/28030847/
https://doi.org/10.1155/2016/8381242
https://pubmed.ncbi.nlm.nih.gov/27143996/
https://pubmed.ncbi.nlm.nih.gov/27143996/
http://dx.doi.org/10.29252/sjimu.27.5.54
http://journal.nkums.ac.ir/article-1-2994-en.html

[ Downloaded from journal.nkums.ac.ir on 2025-10-17 ]

Olhes g Slae,

18.

19.

20.

21.

22.

23.

24,

on the content of ampk and pgcla proteins in the left ventricular
heart tissue of rats with type 2 diabetes. ijdld. 2020;19(5):252-60.
[Link]

Shamsi B, Abedi B, Ramezani S. The effect of eight weeks of
resistance training with consumption of Tribulus terrestris extract
on antioxidant indices of hippocampal tissue in male rats exposed
to stanazol. JAHSSP. 2022;9(1):48-60. DOI: 10.22049 /jahssp.
2022.27659.1441

Rezaei SM, Abedi B, Elahi HF. The effect of an aerobic exercise
course on cardiac tissue apoptosis in adult male rats poisoned
with oxygenated water. ] Vessel Circ. 2021;2(4):201-8. DOI:
10.32598/JVC.2.4.97.1

Kwak HB, Song W, Lawler JM. Exercise training attenuates age-
induced elevation in Bax/Bcl-2 ratio, apoptosis, and remodeling in
the rat heart. FASEB J. 2006;20(6):791-3. DOIL: 10.1096/£.05-
5116fje PMID: 16459353

Ghajari H, Hosseini SA, Farsi S, Azarbaijani M. The effect of
interval and continuous training on some apoptotic markers in
the heart tissue of rats. Spo Phy Manag Invest. 2019;11(4):165-
74. [Link]

Oléh A, Németh BT, Métyas C, Horvéth EM, Hidi L, Birtalan E, et al.
Cardiac effects of acute exhaustive exercise in a rat model. Int ] Cardiol.
2015;182:258-66. DOI 10.1016/j.ijcard.2014.12.045 PMID: 255
85360

Kazemi A, Behpoor N, Hematfar A. The effect of 12 weeks of
green tea extract consumption on expression of bax and bcl-2
genes of old’rats’ heart tissue in response to acute exhaustive
exercise. Journal of Animal Biology. 2022;14(3):71-82. DOI:
10.22034/ascij.2022.1943959.1332

Soori R, Zare Shahneh M, Choubineh S, Ramezankhani A. Effect
of high-intensity interval training on expression of pro and anti-

oY

25.

26.

27.

28.

29.

30.

31.

apoptotic genes in myocard tissue of aged male C57BL/6 mice. ]
Spo A Exer Physio. 2018;11 (2):13-24. [Link]

Hooshmand MB, Gaeini AA, Eskandari M, Parseh S, Hojjati MM.
Twelve weeks of resistance training intervention on serum levels
of some apoptosis markers in elderly men.J. Torbat Uni Med Sci
2021;4(8):10-9. [ Link]

Janbozorgi M, Choobineh S. The effect of eight weeks of aerobic
exercise on the expression of senescence proteins pS3 and p16 in
pancreatic tissue of diabetic mice. JDM. 2022;22(1):45-54. [Link]
QiZ,He],SuY,He Q,LiuJ, YuL, et al. Physical exercise regulates
P53 activity targeting SCO2 and increases mitochondrial COX
biogenesis in cardiac muscle with age. PloS One.
2011;6(7):e21140. DOIL:  10.1371/journalpone.0021140
PMID: 21750704

Rakabdarkolaee MA, Barari A, Abdi A, Hasrak K. The Effect of
eight-week concurrent training on aerobic capacity and serum
level of p53 tumor suppressor protein in prostate cancer patients:
a clinical trial. JRUMS. 2018;17(8):731-44. [ Link]

Zarbaf R, Koushki Jahromi M, Daryanoosh F. The effects of
aerobic exercise in Sprague Dawley pregnant rats on BRCA1 and
P53 gene expression of adult offspring breast tissue. JSKUMS.
2018;20(5):13-24. [Link]

Folli F, Corradi D, Fanti P, Davalli A, Paez A, Giaccari A, et al. The
role of oxidative stress in the pathogenesis of type 2 diabetes mellitus
micro-and macrovascular complications: avenues for a mechanistic-
based therapeutic approach. Curr Diabetes Rev. 2011;7(5):313-24.
DOI: 10.2174/157339911797415585 PMID: 21838680
Khorram H, Ravasi A, Hedayati M, Samadi A, Gaeini A. Effect of
8 weeks of resistance training on oxidative stress in diabetic rats.
JSUMS. 2014;20(3):389-99. [Link]


https://journals.tums.ac.ir/ijdld/browse.php?a_id=5941&slc_lang=en&sid=1&printcase=1&hbnr=1&hmb=1
https://journals.tums.ac.ir/ijdld/browse.php?a_id=5941&slc_lang=en&sid=1&printcase=1&hbnr=1&hmb=1
http://jahssp.azaruniv.ac.ir/article_14381.html?lang=en
http://jahssp.azaruniv.ac.ir/article_14381.html?lang=en
http://dx.doi.org/10.32598/JVC.2.4.97.1
http://dx.doi.org/10.32598/JVC.2.4.97.1
https://doi.org/10.1096/fj.05-5116fje
https://doi.org/10.1096/fj.05-5116fje
https://pubmed.ncbi.nlm.nih.gov/16459353/
https://www.sportrc.ir/article_107717.html?lang=en
https://doi.org/10.1016/j.ijcard.2014.12.045
https://pubmed.ncbi.nlm.nih.gov/25585360/
https://pubmed.ncbi.nlm.nih.gov/25585360/
https://doi.org/10.22034/ascij.2022.1943959.1332
https://doi.org/10.22034/ascij.2022.1943959.1332
https://joeppa.sbu.ac.ir/article_98930.html?lang=en
https://jms.thums.ac.ir/browse.php?a_id=887&slc_lang=en&sid=1&printcase=1&hbnr=1&hmb=1
https://ijdld.tums.ac.ir/article-1-6123-en.html
https://doi.org/10.1371/journal.pone.0021140
https://pubmed.ncbi.nlm.nih.gov/21750704/
https://journal.rums.ac.ir/browse.php?a_id=4100&sid=1&slc_lang=en
https://www.sid.ir/paper/58058/en
https://doi.org/10.2174/157339911797415585
https://pubmed.ncbi.nlm.nih.gov/21838680/
https://jsums.medsab.ac.ir/article_352.html?lang=en
http://journal.nkums.ac.ir/article-1-2994-en.html
http://www.tcpdf.org

