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Abstract:

Background: Cardiac apoptosisplays an important role in myocardial diseases. Current
evidence suggests that exercise training may modify some apoptosis-related signaling in
myocardium. This study aimedto investigate the effect of aerobic training on cardiac Bax,
Bcl2 and caspase-3 inmale rats.

Materials and Methods: In this experimental study, Sixteen Wistar male rats 10 weeks old
with 299.74+19.32 g weight were randomly classified into control and training groups.
Training groups have performed an aerobic running program (at 10-18 m/min, 10-40
min/day, and 5 days/week) on a motor-driven treadmill for six weeks.Forty eight hours after
the last training session, rats were sacrificed; hearts were excised and immediately frozen in
liquid nitrogen and stored at -80 °C.Bax, Bcl2 and caspase3 protein expression were
evaluated by ELISA and western blot. Data were analyzed using Independent t-test and
ANCOVA at P<0.05.

Result: The results showed that six weeks aerobic training significantly decreased heart Bax
in rats (P=0.045). Also heart Bcl2 (P=0.003) and caspase-3 (P=0.040) were significantly
increased in comparison to the training group.

Conclusion: Moderate-intensity aerobic exercise seems to modify some factors affecting the
apoptosis of the heart tissue of male rats.

Keywords: Exercise training, Cardiac disease, Caspase3, Bax, Bcl2

*Corresponding Author:

Email: a.abdi58@gmail.com

Tel: 0098 911 3001 960

Fax: 0098 114 321 7009 Conflict of Interests: No

Feyz, Journal of Kashan University of Medical Sciences, December, 2019; Vol. 23, No5, Pages 495-502

Please cite this article as:Sadighi A, Abdi A, Azarbayjani AA, Barari AR. Effect of aerobic exercise on some factors of cardiac apoptosis
in male rats.Feyz2019; 23(5): 495-502.

40



https://feyz.kaums.ac.ir/article-1-3792-en.html

[ Downloaded from feyz.kaums.ac.ir on 2026-02-01 ]

Pl e slaghige ol S8l s el slagadld (A s g (5198 Gy S

*
fd)‘ﬁ Lo ke ‘r‘.é"ﬁ.‘-:)g (e daze ¢ *6-‘1‘ o ‘\«;5-1-’*’ Je2e

1AM

ol e (53355 Dy o3 45 el OF 51 (Sl 3l dal g yls ol (slagsslon 53 e G (8 55l 10 9 Al

2 83 e Sl g ol aalllas 3 Gua a5 Sbeow 5, 0 45 1) Sl 4 b Sloopls Gl 5 F

Al S gl e g W s ¥-5Luls 5 Bel2 Bax

o Bolai Hsbay o 8 YAUVERVPY 055 b slaines Sl 5 ol oo Jisn 035l o 20 addllas ol 53 TBB95 § Sgw

23 ada Ve wids 5o e VI VA) (53l gn cn e aeli g ks RS ey o el Wes S A e o 03 9 SRS 09 S 2

5 ablsp B CBL LA HLS W bae o s T Al o BT 51 e Sl FA sl plowil Joes 5 sy 15 (ka5 a5 g2 595

S b ol dhas Y- lulS 6, Se5lul 5 Bel2 Bax s p ol ad g1 A sl j3 5 3 055, Jgkue 53 Aol

Lad 05031 P<o/00 g ls me gelaw ;5 ANCOVA 5 Jizes t 55031 51 oslially Laosls 02 ploml S0 funy 5 1Y

Bel2 sl cpizman (P=1/0¥0) ad (5 il Bax zohw 53 (g)lsine falS Esl (55108 Sl pod sls 0L Ll 1l

13 0L (gl sma Il sy 03 09 8 (P=2/00%) ¥—3Luls 5 (P=2/00v)

Seobse B S Smal p S Jelse Fp hAS Cel LIS e b S L (5l el A A 1S dou

23d gl oo

Bel2 5 Bax o luls (i (s5lem (2359 205 ST SS9

FA0-01Y Slowis A (55 5 ;3T 0 6 led (g 5 Sy 093 (b g5 —oke wslole 3

Bel2 elgls glasl slas il lesls 0L oladlas
Bel2 wlgls Saplas glasl fals L g)mal b
Bax Bcl2 e il $osus) e sborusd s
2 e s el s S 5 (Bcl-2-Like Protein4)
S Cl Gismplad Siisp Bel2 asbe 5sel s
Fobo Sp s 3 1 (M Jshe osn ) Ol I
Gos o s p S Bax aS - s S e cliblon
i GRIP oS Ol Saal (b soks I 4 s
Sl s sl W o ¢y Yseme Bel2 4 Bax
b &S Col s Bax V] 5,8 o 05 eslizul 3,50 il
Sl 3 S 3503 Sl 1) Sam el Bel2 Jes 05 5 s
S X ,lge | shrinkage gals fols oS dle o sl b
(P I Al K s 4 s al dsbe
Sl Blebbing  slewdy  lie slbadsb sl
DNA cleavage 0sSashkiaski (glaws Condensation
G5l e gl ¢S5, oS I 5
S db 55 dghe 55001 plaxt & Jshe 4525 5 Lpsssm )
ol G S o 558 Sl S e Bax S sbay il
S sl SRl skal, 5o Bel2 s Shes oS gh5e o
oSan a4 Klesls 0L b fags cie [Y] cwl

G GLE 5 s 0T 558515 5 5,8 s S b 4 Bax

Y45

wdls oS b I8 oW 5 ool 5y Cenl S
olgle 51 a8 Gib Sl pamde jsbe wly ol Al
Jols &S 554 s Js B- cell Lymphoma 2 (Bel2)
- 03l g Blieys 5 cl S slie wlgls i s
a5 auls Hetrosideh olews,é  Homodimerise
g S plid by Saplgie Sl gl du, e

T

ST alzils (o T dlenT s>y o oo ing S5slas md 295 G55 (Soomiils .)
Oyl e JoT  solhusl

ago Vsl ST oliils ¢ o Ay T azly (s isg (S5sles b 09,5 Jbsbkiul ¥
Olpl JoT

3>y o ohisg pole 9 (F2Cuw 5 0SS (obig STglgied 09,5 Skl W
Ol 0l s cgolhanl ST 0Kl (555 p0 O o5

ago Vsl ST 28l (o dilcn T azly (o isg STodss jud 29,5 Juiils F
Olpl o JoT

s axinggl g3l *

29,5 cshoT AT a>ly coluwl ST 2l JoT Olinw s 2l 33jlo linsl
09 ST md

CLIEFPIV. -9 sgnagips ERR RO KV RPN ]
a.abdi5S8@gmail.com s SxigyII caumy

TFAA/S/1Y sgaled dingssy AnG IFAV/) - /PO sclap Ayl


https://feyz.kaums.ac.ir/article-1-3792-en.html

[ Downloaded from feyz.kaums.ac.ir on 2026-02-01 ]

w55l 5 e

by 5595 9 lge

Ly ol aar o 028 5 51 S ol
Sllg 5l cler 4 bgp glacwlw 4 425 L Sl &
OS5 A plonl (Kl sl F glapte b3 bl )
AL Ol 5K 55 ot o (gl slesal
BBl s, o ragn S b0l Sl cwleds Sl
3 Olgm Odile okiy OBl (2l (S 4 g0d ) Ay 5 ok ploxil
b Osailom b3l b 5l g plOl Sy, sl 2!
~ain Vv 5 gl e hge e VP sl S esliul J 1S o 8
Sl 31 0 8 YRAUVEENAFY 055 5:8le 5 5l s 315 b s
oKty Jadlo sy (omlid) il oE2le3T 4 5 4 55y
0 Sl e Sl Lad i oy Kip ek
Sl ks IS Sl Sy G s b F glees £
b a gldy, s ol 5 Sl am s YYEV/E Lo
o Sllg led 35 Aoy 00/FEF Cogb, 5 Clu \YAY
F 3l m g3l kizdls 33T ow s Sige 03y sIAE 5 O
RS o S Y 4 Bolas gy 4 ol&iylesl Jamea b skl 55,
Al s (s A) o2 05 5 (s A)
RS S

Sde & Dbl pled (s o sl S S
by Las sl 008,05 oy b plonil oo b wia
35 Fo 0N Sy b ONgs 5 5, ol and O Juls plil
Wby o aids A-Vr Odesy 5 dw)d e ood  adds
O B P PSRN v 1 [ | [ PR - W IO R WL | P
@Wids V0 Sdeas V0 I/MIN S yu b S win s 4S5 sba
wha H3 adds Yo Sdeay 5 )V IV/MIN S pu b pso PET T
el aia 55 s Yo ety VF-\0 M/MIN by b p g
Loy aa 3 adds Y0 odesy VY10 m/min cs m b
Lot e oy aids ¥ Odeay WV-IA m/min_ cs
S Sl g aids Tr Sdea 5 \V-IA M/MIN sy
Yo ada a sl gl s en g a3 59, 0 Sk
25 plwl Y0 M/MIN b pus b 83 855 5 05 Sp 8 4ids
4 4 p0) (Fge S e 5l Ddgs sl S K o shien
3 dsl Slade 53 45 ) o by S ealinal (013 8,155 o5l 0
g 2 ezl sy S e o 3 b 5 S
2l 53 (S 53 D3 sl pen 4 Lige D aih 5l
(AL Ol b LS I OIS cale ) s 4 Sl
[IY] A5 eslinl 5 g S o 51 Laits

0 o jles Y 0,53 [VFAA| (g3 5 3T | b asbiolags

b 51 (C gy S e L) 551 Jolss plo Sala) o
GRS Swl el asds A8 g L G
5 Rl il Bax o5y, 55 ml ot < b Bel2
2 [X] spbe s uS s Ui Sl b cxp
Caspasese olbajbwls iludld )3 55500 slply ol
doho il g 50 ol wdd Lulyen Yo3lals foo
Slrsy dlisa olsen O KSayn il [FO] Kigd e
Bl sbley s el B SR Gl b
s s el b S gleans 53 dmes OT b ks
WBE N F s erem Ol e 3,5 Sl 5550
S 45 i god Ol g O Ky 5l em obinl 53 V] el
AF cmp Ll el TA L 55 b ads
Sldllas S &S sl Jl 55 opl [$0] 598 S0l s
€‘3|J.A 5 huge oud b a5, Ol e ‘al:.dl Llesls OLAS
2 b At LSl s saal A o Yl
s ol ¥l OLE O Ken 5 (g LI ul, ol
A3 K S g Sisml S eSan SR s 3l
S XS 5,05 0LKes 5 O o pizman [A] Cowl 03 g
DNA 04 anadanlss 2alS oo golitul op o aia id
3 Sl S ] ssde Bax 55 n 5 C oy S s b,
3 Gosnl Sloply SRl (il el 45 g Ol
D S S Slgdy 5 B e S | Sl Wl
ol b V] b il T Bl 5o A 1 el
Lsls Ol O)Sen 5 STU coddaiS oy bl NS » Jl-
(AIF) sauSWI Jole s Ol om olsime Soglis 45
5 = dbas 5 4-3Luls 5 Apoptosis induction factor
s Wi A Sl e s S el g 03,8 cp el slaey S S
@B 4 el [N el sy 05 s sy gl
Sl 4 a2 g b s (S Al T s Laadl Al
5 ks Tl (gl 5 Sl sla)ls 5 (s5lm Sl e
23 el OMas SE g Sk Ol e Ok SYb
Llg o a5 il U LA S S b ol
Clllas 4 g bl o a1 O Kayy a0
S5 05 0k e SVl my Gepl 4 b oeddpll
Jolse oSon Ole (o & Mok nl 5o nlaby cles sal
Wy Sy 5 sbbs B el slaanis s S5
Bax 5 651 e s SRk ol Sde L Cwledd

S s ol e o B 5o 8 alas Y- 5Luls  Bel2

fav


https://feyz.kaums.ac.ir/article-1-3792-en.html

[ Downloaded from feyz.kaums.ac.ir on 2026-02-01 ]

Yo lwlS (68 o510

S b oS 3l ekl ¥ 5lalS 5T Sl i
LY Slals s ploul akijle oS 4 gleial, ulul » Abcam
S O Jlodsup 5 oS 53 sz i 2 AU
YAD zgo dsb 53 o8 sl 03 8 )58 WL ilu, 5 b J puas
255 5 sl OY0 zoe dgb b (555 5 2500 450Kl e sil
LI o5 0l g s g ol&oms fa 5 45 S o pble
‘54‘-‘7 Joboos

Ogo5l 51 eslsy  guuaiws sl Amos LI
Sl JEs T 03050 51 5 Wesls 039l s gl Khsms ml
S sl el S s gl sl el S g o
BMI (6 )y slagasle 0905l g 5 Jb sobl iy
oSle amlio gl 5 (a3t Osesl 51 S8 5 VO2max
ol 534 p3Y A3 o3lizal ANCOVA 0551 51 o 5 o
Calodd Oly Kbt jlae Ol ol e 4 Lesls &S
L3 plowl V8 il SPSS (bl Lzl 51 eslizully amlows

A A:ijf,]éi): P<v/v0 \AL)_,.A)'T &5)"&‘“&"“)

b

5 s 038 53 Y-kwlS 5 Bel2 Bax ol i
1Y elad Jgda 53 (651n el wds i3 5 e J RS
Oy &5 s OLE Laadly bose i @ls ool
A5 alas (P=+/++¥) BCL2 5 (P=2/+Y0) BAX 55,
Solsgma IB g S o Sa s wia 7 IS 4 o,
Ol s 45 3l DL gl cioman (Y 5} o5l ls ged) Cdls
wha f5 5l ey 028 098 53 (B e YL
ol 235 S )lsgme I RS 098 4 ol 5108 e
YokelS WL JEs 45 ol 0L SN 0wy (P=2/0f)
Yookl JK5) codls Sl B-actin Ll 4 Cad o 03 05
(F o led Hlsged

3 26KD
s B 'h 42KD
s O
Sl i (B ahae Yo5Lals O 0 ps S - ol IS
s JRS e S

YaA

f)b&wﬁ E) dig_..\.,p

S S YY)

s 4 Olg 035 gl phad 5 A ) A
o 4ol g A o 35 L Ol g O 51 L 5 4B A
A s 53 s sl dobms b sdgcmd 5 s3lalir
A Dy 53 e 5 kb a3l JUST e 0353 4 5 kel
A (60K S eIl Olag b sl S e 4 s
el 0355

Yoo lAd Jae o) a4 g o oA S e
Cele V Sde y3 g ALl Kgad a9, RIPA 3L )5 S
IKA T 10 Basic Jus) ;L5508 51 esliimll ba ged Sbaw
b ylsws PMSF L Y01/ cond & RIPA 513 4 Sels (ST
¥ 5 aids Yo Ol IPMAY v e 03 b O prilons g oo L
VPt S S 4 UL e S 5y Sl o) S Sl a
Chle e g OF 1 g S /0 5 Ad i g o
S s K3 s S S 3 s
Bax ; Bcl2 jiow

oS 5l ealimall 1591 3,4 Bax g Bel2 b Ol
S Jedlysws @ gl e Gl o sate
sy Lol S plox] GWT 5 ZellBio) szl
53 0S50 N 5 Y e Bax s Bel2 gl (oS00l
By e
S O fy

oBan 3 ol palie (SN Oy 0 o3l plal 5l
Golwld daz ;3 VY SDS- PAGE aul s 81 & J5 by
PVDF Jels & J5 GlagrSsn ool do o 5 day S
SNF el Sdety KN gl 5o LS 5 A Jams
@b13847) adyl ol sl ;o b K B w3
395 55 5 38 Ll oS sl ax s Jler 5o Abcam oS 2
2l b BB 5 s esls paed TBST Jglows b 5baw cppo
ST cele & ey Abcam oS L3 (ab97051) 4 gt
9 b ekiliy BCL S L ol do o opl 51 s
A5 LM e A3 b Gl Wl esliall
LIS (555 4 oSIn b AT 5 Ad el plind Koy sl
IS Sl 5 ad 4S04 86 ool T 0lgs 5 oAb 3lS
4 IMAGE J wlp bawg 5 4s plb 5585005 ohd 5 58

A (5 0 gin]s codal Cows

0 o)l YT 0,55 [V¥AA| 55 5 ,3T | Hasd asbola s


https://feyz.kaums.ac.ir/article-1-3792-en.html

[ Downloaded from feyz.kaums.ac.ir on 2026-02-01 ]

@:y}idha};)b&ﬂ)}f LSLAJ:J&ZAMJ@}JJA Jﬁj;d&"}f};d));u}‘viﬁb_\ aJL«.ﬁd]J‘?

PsSemP S 0 f JiS e f NP
(n=A) (n=A)
YOAFVENY/VA YAV/EYV/AA 0903
JYVE FEANYENS/04 YYO/O EYY/EY 03051 m (5 839
ey ey B350, P
YY /AT VE A A=V 03031 S
AV YYS/PFEYOIAY YEeEV/V Ry (FaSle)
e e 3505, P
OY/OAEY/VA FYIAVEY /YO 09050 s
IR ¢ FOINFEY/TA FY/EVEON/F 09030 i *BMI (Kg/m2)
ARN% oevE” PsS0ssP
YY/YYEV/ Y Y EFY/AS 0903
e ATV Y/ /A o503l VOZmax
e’ e PS50 P
\Y/PPEA/ Y Ve /RYENY/A RS
e ASEX/YF 44:£0/Y) 03031 (mg.dD) 48
ey YAS B350, P
ey VY7V /A Vo JAREY/YO (0431 ) BCL2 (ng/ml)
/e¥0 \/YAL /54 Y/Y$E /AL (09051 ) BAX (ng/ml)
ey VIAAFE VA YVEL/F] (051 ~) BAX/ BCL2
AR ¢ \/ea0t Y \ (ST 1 /¥ 5halS ond a2dls) Y= 5 LulS

3 S05y0 Sl # (G ey sasls (Body Mass Index) BMI

AVA
AR

*
VAR
VAR
AVEI-
Vv o
/a0
/A :
Js oS

&

¥ bl STy s I

LSLAUA‘}A LS‘L; Ao T‘—)l:.wls C}la.w C)b.::x:: -y D)LQ-\-::J )\b}..u
S 3RS e S
RS 0 S b sl

SHlop s wia S a8 sl OWE fagh mls

5 0ad Bel2 (65 5T0d 55 5 Slaiine Sl sl el
Sols e ssba 55 Bax/ Bel2 el s Bax 5 5 owowen
0L Oen 5 528 ol Jhag b Lwlyes 3L alS
Sasme Gl el melial op e s Cla &S Ay
oeeees [WY] 3L rals Bax ol oud b b b5 Bel2
Jsba Gl s &S Ws S 0L 0L, 5 Ham O
Y FO-*1 5 1N ) Bcl2) ‘553:.;‘,.;1“4-& 05 Obe syl s

s Li 2,058 [VF] sss 0 Bax) gsuml oS n Ol a8

¥aq

Y0 o

Y/ee 4

V0 *

BAX (ng.ml)

\ e

(V"L

Ve

Jdrs s
s s alas BAX 55 5 o sl S ) osled s e
o 3RS es S sla

JRS 05 S b ol
0 -
\F
=V
E yy ]
Q0 y, |
£ 9
N A
d v
8 1]
f
v
Y |
y

dAs R
b o8 alae BCL2 (55 5 o sl i =Y ojled s 5ai
ol 3RS 0 8 sla
JAS e Sl ol

0 o jle [YY 0,53 [VFAA| g3 5 3T | b asbiolags


https://feyz.kaums.ac.ir/article-1-3792-en.html

[ Downloaded from feyz.kaums.ac.ir on 2026-02-01 ]

ikl ludld 5 a5 L8 g pdided S L
Oals 0L gl el Bel2 4 Bax cond [V] &S V.:E.J
s b Bel2 & athe pbosSse Sl el
» 0 plralr 5 S e gdmsn Bax il iy
ol 5 kS e 4 Bax sp,5 A5 e cllbue ()8 s
Sl slaslial Sl Slasply pass ol © s S g
O, %en 5 Kwak mls ool b bl yon [0] 35508 (msimly
ol 2815 ol 35,5 Ol el 45 Wsls OLE gk s
o Liu sgmpenlly Vo] 5580 o ol s Bel2 4 Bax
Sl e el el aia & 45 dsls 0L OIKes
sl ASul OMas s Bel2 4 Bax cad [l pae
Jo s sl o ol s [N] spde al e
Sl mop 2u50 b Grmer g (e pH ke (DD
P R sl K 5l sk @l e ople
25 03 WLSer 5 (B g Y5Lals DL S Lls e
Ssime Sl el alital el ay93 o 45 dsls OLS
[YY] st wom O & e gla e 53 F5kulS Ol
Ol o859 Cadlad S Wals 0L 53 O,Kea 5 Li peioeenn
S glaise die 3 Yokl Cld Gl b1y Ggu sl
dns o 0L llas ST 5 ol VY] dns o il 5 pa
MN] B shls 25555 gacdld dbise ¥-5Luls Ol oS
Ol O, Ken 5 Seo il o [Y7] ,udd O3 b o [YOLYFAY
Can Caln Sl ey P gl Yo 5LulS g s e ST s
Solsisne Do SRS 5 cp e 058 S gl 03 p
on &S A S 5,18 OLKes 5 Kim (ppiman [VV] il
St 5l e Y3balS 855 Oy 3 IS 5 op S slaey S
[YP] a0 2y golagme sl O1> Bls (55,5 e ika
Sl s iz 5 ol Gl AT Y5Luls IS
St g Y= 5lulS 45 0 03ls OLE S r 855 1) S5
4L S sl s Gob VYLl Oasdl
TINF-00 2l 31 b 5 (s e 53 A= 5LalS 0030 (gl
OB Y5lwlS e [0] s5d 0 JWS (2 e 3 p e
SKE sl g S 2 5L Al sadbae Db o ) e
b s B opl gl ol (559 2 ASG galas Sl
sl ple gl cml Kas (3555 Ol o3 5 Y508
SKE 5 (A W G B0 A ks S 5 Sk
ANE oo 2050 S50 S [A] A3k 55,00 sle)lsale slad sh
don 53 Y3klS Ol 5 Sodlad 55 RalS sy s il S
Cobe ASadz JalS gamd Sl (Ses o355 o2

f)b&wﬁ E) dig_..\.,p

015 5,15 535 S3Ip S wha b 4S5l DL 35 01, K
@l sl 53 Bl Bax sl fals el
Bax (msn 93 csrse sliesy plely [A] spde
b (P S laanlp aw s g5 S8 Bel2,
K5 33 ;553 Gl Bel2 geslgls glasl .auS
S Jole pooplpls [AF] S e J RS 1) Ssupl syl
G 1) b pd WSAL L s Bel2 4 Bax cod b oo
Sl 3 [1FN0] das o Bgw Ssapld b Sseal Cuw
Npn sl Sl GbS e 5 Golee belse om (b
o) SSPFL 5 (S5 n i elaiss 3 o)l gen Ll i
S IS dacamige ol 51 (S &S 3,5 0 0 il
e 2 AU L 85 el sy el asl e
Sp 5l A8 Ssl N Smal lp p ke Jele
oSan RIF el i (3555 <l [WV] sl Jske
S w4 1y Bel2 4 Bax cud 5 eud b alas Bel2
$lr a3l i V0] Masp i (555 s L
A B s Sl bl Ol e il O3
Oy sAS Ol O S RISl calead
b I ekl Kb el Gl
Hsp70) bl Sed by, W Y50 5SS
S5 s GhSt G cdl i3 (Hsp9o Hsp72
S B b S Slesels SR o,
ATP & ol ol LJUS I3l 5 i b 5o
Goldld pl pedle L abuS s glis 5 ald Sl
RS e gL 358 ChB M o Bax s
S ol (A (S fr et e S S S apd
ot SinY e (5,8 g kS o Wyl gm ] s OB ol
2 A5 SLuS s 3 Golem Rl S s Ssal S
aib e Bel2 eslgls slas! dem 31 sl b cpl adyl Jol e
B kS e 5 Shos faghy opl 53 Ay o 4y [VA]
W 2pe SRnl Gl Sl e Olsse Bel2 sk
Sl lee Gl s 53 ()RS gn B o Sodes um
el Rl 4 e 45 ASL e a5t 0955 4 C py S s
ATP 551 Mg sl Jedly cnl cmlodd (5,48 g2 sL2S
S e ] cl Gos e Foe S bis
5> ROS s b S glacdld € py S s g5lula,
o V0] ls B B Smal Al s lags,uS s
d5S (Bel2 4 Bax cod) siaas 5 50 sbodsn
) Jsw sl s Myonuclei glaws s> sbadsbe K> LS

0 o)l YT 0,55 [V¥AA| 55 5 ,3T | Hasd asbola s


https://feyz.kaums.ac.ir/article-1-3792-en.html

[ Downloaded from feyz.kaums.ac.ir on 2026-02-01 ]

OSsn el GRIB Sl edulB ghlse s aus
e el Bax gismel outis s s ekd Bel2 50 s
Bax/ BeL2 cund s, ooy S o eomes .2udls (gl
Gl 5 55l Ol SRS 5 (5500 b 8 3l jralS
$3lsa s dBs 4 b ipe CI8 3L s Wl lad b sli

5L oS esls 0L SRIB1 ¥ Luls Ol sl il e

Al o dime) ol 3 G (s p

S1ou8 g KU
s LM 5 BN S Al b G
5> 3 IRPNU.REC.1397.033 45 b ;5 ply o315 K5,
ol dleal asly ol sl3T o Kiils 3 g5 e, B
N s Glasa g S5 D iy 5 gy A plox]

s e el A a

References:

[1] Lee SD, Kuo WW, Wu CH, Lin YM, Lin JA,
Lu MC, et al. Effects of short-and long-term
hypobaric hypoxia on Bcl2 family in rat heart. Int J
Cardiol 2006; 108(3): 376-84.

[2] Mooren F, Voélker K. Molecular and cellular
exercise physiology: Human Kinetics IL; 2005.

[3] Peterson JM, Bryner RW, Sindler A, Frisbee JC,
Alway SE. Mitochondrial apoptotic signaling is
elevated in cardiac but not skeletal muscle in the
obese Zucker rat and is reduced with aerobic
exercise. J Appl Physiol 2008; 105(6): 1934-43.

[4] Favaloro B, Allocati N, Graziano V, Di Ilio C,
De Laurenzi V. Role of apoptosis in disease. Aging
(Albany NY) 2012; 4(5): 330.

[5] 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.

[6] Phaneuf S, Leeuwenburgh C. Apoptosis and
exercise. Med Sci Sports Exerc 2001; 33(3): 393-6.
[7]Cury-Boaventura MF, Levada-Pires AC, Folador
A, Gorjao R, Alba-Loureiro TC, Hirabara SM, et al.
Effects of exercise on leukocyte death: prevention
by hydrolyzed whey protein enriched with
glutamine dipeptide. Eur J Appl Physiol 2008;
103(3): 289.

[8] Jafari A, Pourrazi H, Nikookheslat S, Baradaran
B. Effect of exercise training on Bcl-2 and bax gene
expression in the rat heart. Gene Cell Tissue 2015;
2(4).

[9] McMillan EM, Graham DA, Rush JW,
Quadrilatero J. Decreased DNA fragmentation and
apoptotic signaling in soleus muscle of hypertensive

0 o jles Y 0,53 [VFAA| (g3 5 3T | b asbiolags

Smac e SlB s (F5luls o8 oS )lee) XIAP
sy il ol omen [4] asb azils (XIAP oS L)
e 03,505 L Lewdly IL-6 5 TNF-0 Sl o 5,05

ol @S g mle o Gl se Gk S Y5kl
o bCesgdoe I [YV] sad Yolals 058 5 L
N YSlS Ol s 5 F30 Jalse S0l e 2l
YU Jb ayzs Jdse [L-6 y TNF-0 Smac XIAP .3
Ol Sl 5l s S Jalse ol S0l s sl e
S et 090 dsb romen s Gl g opl 5s Y5kl
Ak sl Aibp 2l g slacys e Ko

Sl s (B3, Sl 51 S0 L85 ) sl o

A 555 (S s

& 5 oS
A Wl DL sl ey mls S sbe

rats following 6 weeks of treadmill training. J Appl
Physiol 2012; 113(7): 1048-57.

[10] Kwak H-B. Effects of aging and exercise
training on apoptosis in the heart. J Exerc Rehabil
2013; 9(2): 212.

[11] Siu PM, Bryner RW, Martyn JK, Alway SE.
Apoptotic adaptations from exercise training in
skeletal and cardiac muscles. FASEB J 2004,
18(10): 1150-2.

[12] Seo H, Park CH, Choi S, Kim W, Jeon BD,
Ryu S. Effects of voluntary exercise on apoptosis
and cortisol after chronic restraint stress in mice. J
Exerc Nutrition Biochem 2016; 20(3): 16.

[13] Ghajari H, Hosseini SA, Farsi S. The Effect of
Endurance Training Along with Cadmium
Consumption on Bcl-2 and Bax Gene Expressions
in Heart Tissue of Rats. Ann Mil Health Sci Res
2019; 17(1).

[14] Ham O, Lee SY, Lee CY, Park JH, Lee J, Seo
H-H, et al. let-7b suppresses apoptosis and
autophagy of human mesenchymal stem cells
transplanted into ischemia/reperfusion injured heart
7by targeting caspase-3. Stem Cell Res Ther 2015;
6(1): 147.

[15] Kazior Z, Willis SJ, Moberg M, Apr6 W,
Calbet JA, Holmberg HC, et al. Endurance exercise
enhances the effect of strength training on muscle
fiber size and protein expression of Akt and mTOR.
PL0S One 2016; 11(2): e0149082.

[16] Marzetti E, Calvani R, Bernabei R,
Leeuwenburgh C. Apoptosis in skeletal myocytes: a
potential target for interventions against sarcopenia
and physical frailty—a mini-review. Gerontology
2012; 58(2): 99-106.


https://feyz.kaums.ac.ir/article-1-3792-en.html

[ Downloaded from feyz.kaums.ac.ir on 2026-02-01 ]

[17] Fagard R. Exercise is good for your blood
pressure: effects of endurance training and
resistance training. Clin Exp Pharmacol Physiol
2006; 33(9): 853-6.

[18] Soberanes S, Panduri V, Mutlu GM, Ghio A,
Bundinger GS, Kamp DW. p53 mediates particulate
matter—induced alveolar epithelial cell
mitochondria-regulated apoptosis. Am J Respir Crit
Care Med 2006; 174(11): 1229-38.

[19] Oh YS, Kwon HY, Jeong SJ, Park KY, Kim
SY, Lee HJ, et al. Sojucktang induces apoptosis via
loss of mitochondrial membrane potential and
caspase-3 activation in KLE human endometrial
cancer cells. Chinese Sci Bull 2009; 54(23): 4387-
92.

[20] Razavi Majd Z, Matin Homaee H, Azarbayjani
M, Farzanegi P. Effects of Concurrent Regular
Aerobic Training and Garlic Extract on Cardiac
Tissue Apoptosis Markers in Aged Rats with
Chronic Kidney Disease. JMP 2017; 2(62): 46-54.
[in Persian]

[21] Liu W, He W, Li H. Exhaustive training
increases uncoupling protein 2 expression and
decreases Bcl-2/Bax ratio in rat skeletal muscle.
Oxid Med Cell Longev 2013; 2013.

[22] Kazemi A, Mirzazadeh E. The Effect of

oY

f)b&wﬁ E) dig_..\.,p

Endurance Training on Tumor Tissue Levels of
Caspase-3 and Caspase-9 in Mice with Breast
Cancer. 1JBD 2018; 11(3): 32. [in Persian]

[23] Li F, Shi W, Zhao EY, Geng X, Li X, Peng C,
et al. Enhanced apoptosis from early physical
exercise rehabilitation following ischemic stroke. J
Neurosci Res 2017; 95(4): 1017-24.

[24] Akbari M, Moradi L, Abbassi Daloii A. The
effect of endurance training and Ziziphus jujube
extract consumption on apoptosis of cardiac tissue
in male Wistar rats. Feyz 2018; 22(6): 547-54. [in
Persian]

[25] Shokri S, Aitken RJ, Abdolvahhabi M,
Abolhasani F, Ghasemi FM, Kashani I, et al.
Exercise and supraphysiological dose of nandrolone
deconoate increase apoptosis in spermatogenic
cells. Basic Clin Pharmacol Toxicol 2010; 106(4):
324-30.

[26] Kim KB, Kim YA, Park JJ. Effects of 8-week
Exercise on Bcl-2, Bax, Caspase-8, Caspase-3 and
HSP70 in Mouse Gastrocnemius Muscle. J Life Sci
2010; 20(9): 1409-14.

[27] Alway SE, Siu PM. Nuclear apoptosis
contributes to sarcopenia. Exerc Sport Sci Rev
2008; 36(2): 51.

0 o)l YT 0,55 [V¥AA| 55 5 ,3T | Hasd asbola s


https://feyz.kaums.ac.ir/article-1-3792-en.html
http://www.tcpdf.org

