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ABSTRACT

e[S eIt e s o) a5 Chronic Kidney Disease (CKD) is characterized by progressive and irreversible
loss of renal function. One of the complications of this disease is muscle wasting and atrophy. The aim

Received: 13 May 2021 of this study was to determine the effect of exercise training on CKD-induced muscle apoptosis in rats.
Accepted: 27 Aug 2021 o SUESSERERUEGEEE In the present developmental study, 30 rats were selected and divided into 3

groups: disease training, disease control and healthy controls. Induction of CKD was through primary
and final 1.3 resection of one kidney and complete resection of the other kidney. The training program
consisted of eight weeks of continuous running training with an intensity of 45-55% VO,max. After re-
moval of EDL muscle, protein level and Bcl-2 and Bax gene expression were measured by immunohisto-
chemistry and real-time PCR, respectively.

[{EEMTE Induction of CKD caused a significant increase in protein level and gene expression of Bax and
Bax/Bcl-2 and a significant decrease in Bcl-2 compared to the healthy control group (P<0.001). Also sig-
nificant decrease was funded in the expression of genes and proteins Bax and Bax/Bcl-2 (P<0.001) and

Available Online: 01 Oct 2021

Keywords: a significant increase was funded in protein Bcl-2 (P<0.001), without significant changes in the gene
Chronic kidney expression of Bcl-2 (P=0.935) in disease training compared to the disease control.

disease, Apoptosis, [T The results of the present study support the anti-apoptotic effect of exercise on muscle tis-
Continuous aerobic : sue of CKD patients; therefore, it is recommended that clinical research be conducted in this regard for
training © exercise recommendations for these patients.
N ]
* Corresponding Author:

Mahmood Jafari

Address: Department of Exercise Physiology, Faculty of Sport Sciences, Kharazmi University, Tehran, Iran.
Tel: +98 (912) 2855805
E-Mail: mahmoud.jafari30@yahoo.com



https://orcid.org/0000-0003-1943-598X
https://orcid.org/0000-0003-4495-5688
https://orcid.org/0000-0002-3859-513X
https://doi.org/10.32598/JSMJ.20.4.2475
https://doi.org/10.32598/JSMJ.20.4.2475
https://doi.org/10.32598/JSMJ.20.4.2475
https://cROSsmark.cROSsref.org/dialog/?doi=10.32598/JSMJ.20.4.2475
http://jsmj.ajums.ac.ir/?lang=en
http://jsmj.ajums.ac.ir/?lang=en

F oylods. Yo 0y90. YFee (4LT g 0

D g o o (S Hige > (AS j5a] 10 Phe Jolse 12 (595 050 (ot yU W 51

O i )3 g5lg Ol pod
Yl I ¢ Y odaine glofr ¢ (s han g0

Ol el 5 o503l oISl o o3 59 pole uSils o o5 59 (55lga 528 09,5 )

'y : VPee Gt VY sl 3 2 6

LR WFer 5900 o0 i bndy G5
‘ Voo ypood el 6

P9 3l (S 45 99 o0 pateiten 4S5 Shas CutS py HB ol g 0 pdiy (538 (e 31 L (CKD) 45" (ya30 il i EEEFTENS,

..33,\@|)M

poas J S ollos 9 J S o 02 ya7 o095 ¥ s g i el e Shge puo Ve ol (lhmnsgs 3udiocs o IEITITEETY,
Ooyed dzam A ol o a7 daliys 095 1S58 4" JolS cutls 33 9 S Sy ool g bt VY yzisls s 3,1 5) CKD slal) s
b 35 43 Bax g Bel-2 )5 ()l g (5at59 3 gelaws (EDL aliae 52808 31 31 yuag 392 VO, MaX sz ys BO-FO St s oghts (ys99

A odgzeiw real-time PCR 5 cordigiugdyiesl sl g,
05; A Cond Bcl-2 » )‘é‘sl.l.a L;&‘Ss Bax/Bcl-2 9 Bax )] L’)L‘.'.)j Criig Z‘."ﬂ“ )‘é‘sl.l.a J‘t’.‘}é‘ g0 CKD le.a.“

o sine il g (P< +/+ 1) Bax/Bel-2 5 BaX gy 5 035 ool 30 6 sine L20lS Cpaioman (P<+/+ + 1) ad plls J 8 Lo jlganls
Ol ol oy 09,5 &y Cord 3 03 Jlows 09,5 3(P=+/AYD) BCl-2 15 s 3 o sz 4 (y503 (P< o/ + + V) BCl-2 yut5g s «$9lS poie (6 Lows
gty iy iS00 Calas CKD Loy (Dlise il jo (2559 Sl o3 (3500000 5 51 ol Guios qulss IFELERE (el el 5t

g ol (o 0l sl o259 Slarogi Sl ogeas- il o sially o oS 295 oo gl sjlse
end B 240581 b el s CKD 5 Dlae ¥ dodis

99 2lmleg (ol o 30 Sy 9. ) 32t (20T 052859
J olaae s el s o 3l o5 g3hapnnST o 2l [0]
@z bIF] cusloat azslity dlae Julow o 99 5T Lol
bS] oyl g el (sl gS KD s alS’ LS s
S5alS Ohlose 55 (Dle (39 5Tk Ll | 3 a8 s oo Sl53
35kee P ) wlgige ToienS] Jlab glotisS o
4 g .auly Gily3 NADpH Oxidase (l38l g g ,uuS giue
51,5558 31k 51 9 L3logil (sl o (10,5 Jlab by ol 5o
e (89514 e MURF-1 5 ) 59 51 FOXO (g5l
Orlingale g 2l S 52e 550051 s 2 (rizeon [V] 052

2. Reactive oxygen species

B g oigpian 558 m 3l b alS Gege bl
CKD (gl jllis 1] 09 g0 (ot 45 o Sloe s
Qe umlS l.> Yyo..:.o FLIIN &&A)B‘ Pyl g 4o
3 ysb 42 S bost I V] el elyam g oIS sl 20
Oy o5 3 s s andl ol pos 2l e MLiae o
S lowz 5 Shos 20lS wg0 JIs Dae 8y 5T cde 4y
SialS w8l o BT Y £g5 byl j0 i (8955 ol &5
9ol gal 5iled S pos by (Do ©)a3 falS g Cllad
I f] o o puiians ala,

1. Chronic Kidney Disease (CKD)

(S yh2z Sgeswo

159329 399928 095 (059 ol oSS ¢ a3 a3 olStils o)) 1 SIS

+AA QYY) YADOA - b soydli
mahmoud.jafari30@yahoo.com :asGL |,



http://jsmj.ajums.ac.ir/

aS o)l 0525 (5550 (o) ASlaw ma il > o
L S (5,85l CKD asile ol s o cDlae By 5T 5
oogi ad> 1o acaddge 5l S Sl cpl baws oS,
559 b ye3 5l ealaiwl b CKD 4y Mes ) los 4o (SDlae
Hlae 0ogs zals LYo 31 S0 [0V F] el el s 4y
oalizl [V Al ol Dae il 40 590401 2al338 CKD o
G195 (523le Wl o0 gl ARl (sl (Sloys slagsty, 5
adls CKD o) lo o (GMae 0395 oL b Jaa> o oyl
el 32 359 Sl Lol sl 4y &5 o l 0g2g L il
oz yLis a5 Cowl ool PL"" ‘5:)La.c <dl o )32.”;‘1)4)334
] gl Gl 49 o

S 5l 80000 pol> idg% wabanaS Cdllae 4 4¢3 b
Si99] S aSlS (iee 2Ly (ooshi3 (S3lm (52 a3 530 &S
aslllas 5 )90 556lS (roj0 Silont b (2l e Gl alae o
REX e

@i vf’s)

s plowl 905l )b L &Syl (lannsgs gl 5

Vg wad gy iy ol 5 (ple Gige e Y
Sy 30D oS 358" ol § S35 o e o5 jlonr 09,8
w5 ilolis] atin g0 g Coalis azan ¥ 38 4 CKD slaff
Slogmid > ladge (haghy Job 1l SET (2 yed 090
SO 4 lidy) a3z wad (6)laeSS Jlis by S
Loy B Cugby g 0I5 il 4> 0 VY Lases (gloo 5 VY2 Y
S edy Oyge a4 alime lahse 4055 a8 i8S Sl o

o ey 18 ey dr 4z g s (olipenr G o s Ji
Lo lge ol plonil  Sigens dal) ¢ g & j9e0 42 1S 12
[l g a5 gloj b wias sols 1,8 CO2 Sl J5bs 4o
s 1T g il 00,91 g s abiio 5| s 0,5 S
Slio S35 &0 4 n Pl 9 (eliS gloes (SBsgen Slse
sl abe Lol oSl (gl B35 5l a3 oyl &
Olga> 41 9 0 (Bgals 3BT (i, gl w39 ol )3 (oot
skt 5l 398 (ot JolS sl 41 45 0 03l o)
@ laas 00id 5 5laiad i ol 3614 Sllgs Lol
g D 03l 5 i il ¥ (o 85 Slad 4 (s Caons
9 &5 b hp b (Fgdend Ml (i Jore Ay L
J&kﬁj%w.&o@”w@jh}@u)om
JouS” Al 50 ol 3l any 0 )5 (oS 51 oyl g
S g ol o)l wsselS slewld g ool Skl )2 wsslS

3. Linea alba

Foylods. Yo 0590 . VFee b g 0

el ST Jlab sladiss ol ,aS,3b ISl alae
Jskos (s (2200 9 (5,85 550 51 € g Sgtms (i ;]
Bcl-2 ol g Bak ¢ Bax _iul38l cely yuizron o9 o
oaisS ;S Bel-2 oolgils (glayaiia s oyl 50 g oo
it (§3lslS el 5 6505 520 51 C g Sgns (s S
oo Silens b iS00 SRS ) (605 ge (s p3358
S (8 il Logases el plas s Bel-2 pbaw (59ulS
O3l (6535 gina 51 C g g (g3l a0 g iy oo
el Bax (alidl .09 oo JUd (3Ll on g 05 o0 iy
o anlys 1 Lol (g 5luJlad Calgdyd 5 4 3Ll (0 Jlad

LVeAL ols salgs 2al5311, gml g, a5

I lgin (B Cudlad a5 wisST ()l (peifizes
s Rl 9 BaX i9mmlobemy oeon ROl Gy
C g S g s3ls o1 Jloo azmzipo 9 Bol-2 (giemalas
Gl Y LlS (sl Jlad g 09 4 SLaslS o Jlad il
Sl Syl sin; (lS g palits 4y sk ol (nl oS a0
hel8 Cedlad Gl CBlaie 9 BaX (g (2alS L (559
T 9 (I3 oo 90 Sl ilgi o0 ¥ a2 Lol 9 4 55T
L8V +] 542 DNA s aakad aakad g 395001 gl

S9ete slp S350 (Sl Sl So Wi oo (Slaydhs g
Olinmas 25 9 L i (3359 45 28 )5 ()15 () Ses
Shbem 5 1y (JoreslS ol iled (e 9 S5 00 2015, C
5010 oyl ] CBlaie 45 028 o )38 CKD 4y Do
DAY sl aie CKD Lo (sl il oo 9 Ml oo 20lS
Gl OMSCse (a8l (o5 ye il yod a5 Bl ylis STeS
9 Bax [ Bcl-2 cunid (pizron g sl oy 3l GL a5
sblas 35 easmsylid a5 s o (2al5 1) A sl pdans
[a] col glyomo slosge 8 alie p o5 y9 Codlad

Al alae 55791 CKD azgs S (glo S5 3l (S
asle il 55 30T 50 Cal Ko puns Gyrdiz sl
Rl g 0gdge olzml INK' (gils Jlad Lawsgi 457 (g yrun
oS Sl j90m] o Jlad slaasld 5l (S P-INK plas
9 05" aly yaud BelxL g BAD ;o0 1, a5l yiud (sbliy wilgs oo
5] 5 45 09 )52 izl cmagig) s ke rizeen
Tl co asdly als” o o Soy collad b a5 05 o jiais
951 o> 0 Lentinn wy5S 5 I sona] SadliSems
a5 Y] 545 0 osalie oyl lows 9 CKD il jo  Dliae
I, UPS Jled in ¢ pro-apoptotic Sl wilgs oo
ol L g AKT prae (3l Jlad b (S Collad ams grndgs
DVE] ams 2als T, gm0 T wilgs oo DNA _SusST),

O s 5 (5l Soliy pod 35 g (o1l oo (5 y090 0 (IS isaa] 13 5o Jolg 3t (oS (p030 (ot (S Ty SKab g (5 pize 3g0m0

YAY



http://jsmj.ajums.ac.ir/

¥ oylods. Yo 0y90.1Fee Qbig){»

D uoles dy go e S b B sbolas b 4y aluie .
Bel- (satign e stboondginngisol (g S fhog;See
Ol (leosdgiusdgisol (o) p Coz o3 S3U (320 52
9y & (sorligtunpgiges] SEST b QL] BaX gy
ool Bax 5 Bel-2 ozl gob il §f oolizd b 5 "yiagl
Real Time b, 3l 55 Bax s MRNA Bcl-2  jioxins gy 0

& eslazl PCR

osly Jelos el galy) )l Jelosgarss

Sl oo zelans g ol ool Sof omiinl (g3l 9 a8, bSG

S3le s 5l oals Judoeigds jors cagz ol 4zd 5 Jlas @ P<e/+ 0
A ool V¥ aseus SPSS

sl

1o o pite cales a5 ol (lts Slgg el (yg0] gl
ol oy g Geizen (P>[00) witus Jloy @595
O S shne lis oS ol LS gl (gl gl daguil
(P>/+0) 505 3929 3ahin (glmog,S ;o I yuste (il lg
}‘ ¢ Bobis ‘_ngoj)f e 03 gy 52 gSLbﬂ-*-"“-" duglis G‘ﬁ
0 o) ks oS 0 solitul 4,beSy il Julo cys0]
sl 00 81| oY 0 Loy Jga

S Y o Jpi2) 4o by s s

9 Bax ()5 ole 9 nn gl 0 il sine Solis 45 ol

Gtz (sloog,S 1o BCl-2 &y BaxX cuuud (yizre ¢ Bel-2

93] 5 oglis Jowa s pliie s (P< </ + V) cutls 3939

Sl o o lads Jgo 10 o)l gl a5 ol solitd (So5  ompdins
S PRV

(W7}

.

et el crgn CKD (glall a5 ol ol Lo 5o g
> Bax .ol o hge (Dlae cdly o Bax 259y 5 o

ol o ad andls; 45 il 5 VU pyucSy A o]
A o Cdly ogatte (b b wingy oad 3,50 a5 LS
SrSolr lp 4lS Bybogs 58 (2 p Y S Sl gl o
4 48 ol Bl pawSs . o oolaiul Jlozl (655,059 5
9 4 Cuwgy g dlac g ol ol )8 955 (gl 40 (o0 )E ol
loasl ) s dudey dliusgey o0l S, b g (i Z Ly Ao
Cisie §) 6 Seler el o sheas JSI L o)ligd vy
oh 4 (Dlaeiygs Syge 4 45 ab oolil (lgilins
Ol esmd ool g a3l ams il 10 08 5255 o
G5l g calii 090 aian ¥ 3l aey .o cols JUal i 4y
o e nl 0w Ll (i pgs Al ye (gem (o
9 001 (gm0 Cusly 4lS” e (3lusolal g (Siggen 5
(92l lonld 5 T BLb ()7 4s50lS S 00,5 0 L
Oigm 9 SIK & b alesdl 4l 5l 4l Ggye s o]
Olzalol jf dn ad (092555 JalS & jgu0 4 4S9 0 i
oaila Bl 39,0 9 &3 (2 o G Joee 0958 S0
00 iz oo duy 5l g g 0 Jiiie oS5 31 4090
Oedgilin «Zighe 3l 6 pSelr (sl b Jeaeas JSIIL 2l
el shom 4y 5 Lozl jo b 3,55 (et &y 4,
Sy i poT S0 b o0l JUEH ()05 (i s (g ¢ s
ST (sl SS9 (2503 L )83 5 (sl 0,90 azim 99 5]
Sl Sl yod Djgo 4y (229 Dy poS il G )3
adF Las o e hige VO,MaxX duoys BO-FO wal b aglss
sl 0 ) 0 lons Jgdz 40 1 pod JST gy Sy 45 0l

Sllgas ¢y p03 Al oy ).>T 3w el FA dag 503l

Olse> (st 5| EDL alide cdly i gy s 5 Jiiks olitlojl 4y
3ol ooly S8 woys Ve pdleyd Jolore jo 9wl las
S5 ool b layl 8l (8 (o 31 59, B (30 (e
94543 EDL alae 2l 5l ala 5 IUR Jpol cule g 5t
S gannd Sl ol 5l oolasiasl ) 5lusly Jo1 ye ploxsl b
il B gluoslel 5 (LY &5y el Yoo v oo
(oo agsby AT+ Jao ()90 pgig e olSiss 3f aalinul
S (sordigihsigey] Clalllae S yiog e O Culind 4

4. Envision
Orres JSSoy oY Jgso
Y- ¥ 4 5 ai» O wan f wan ¥ ain ¥ @i ) di» asly u¥o
W \\% i i g 1 1) 1) 48,85 p 4o g
3 3 \ ] \ EESY) cud
. 5 ¥ T v 1 D e aid oles
2 2 A A £y ™3 I f- o Cilus
Y A A A Y Y Y A Ao dliss Sain il )

O s 5 (5lh Soliy po3 35 g (o1l oo (S y90 0 (IS isaa] 23 o Jolg 3t (oS (1030 (ot (S 51y SKab g (5 pixa 3g0me



http://jsmj.ajums.ac.ir/

Foylods. Yo 0590 . VFee b g 0

)9

GBS slwog S 3 BaX 9 B2 (raig s 9 MMA (lje (589,8 (rs duslie ¥ Jgur

Sreddl oot (ke
g Mrna 89,5
Bax/Bcl-2 Bcl-2 Bax Bax/Bcl-2 Bcl-2 Bax
<[5ak- /55 YUEYEY/ ¥ YV DAY NIE N <I¥EE VY SRR o J 28
YIVoE VY ATARESTNG SNFEEY/ Y MAAESN! [NAE/NY ARE-JIRY Sow JyzS’
MYFE-/\Y YY/EYEY/YA ¥V 5[ <A AJARE ie s DALE T ¢ AL Slows (yppe5
<+f+s) <+f+e <+f+ e <+l+ey <+f+s) <+fee P
S e e
Hrlb o

4 e sloige EDL aliae 10 BaX 5u9 9 05 Oler p40lS
Sy po3 Aldlae 4535 (65 e (o 50 (2l by -4 CKD
i oo 9 43S (o0 65 5lr BAX (rainn 9 0 ol 5 (o9
seal sl 5l Yiasol (g59mm T sty Jale cnl 2ol L
2585 SKen 5 o7 de sloasily w0 a5 555l
ilS e Sy Codlad aldlao aS wis )5 I58 lid b
oS [Ve] 0t CKD Juo slogbge S il jo Bax (\lo
Olaie 4y Bax ytals 5 plaie (g3lan Sy pod il saimo Lis

ol (39592 s Jale S

5 S5 Jelse 3l Koo (S Bel-2 odlgils Koo B,k

o (Sl i Jsbos o 5 iy 1945 izt s S51a5s]
55955310t (Jolow S5 (sla JuSw J 55|, Bel-2 [ Y]
Jols 00is paliyy Syo palali 0 (ot GRS gyl
S g 43 BC-2 a5y o prdans polo a0 [YY] 5l
Gz gl g A oduziw Bel-2 oolgils- 5l g59% 9 T0s Juale
OeSax 9 005 Ol Gl rge CKD (glall a5 ol Lt Le
slacptisn Wb len slagtye (Hlae cdl o Bel-2
Joles alex> I calizes (sl s 51 PROSurvival- Bcl-2
w55 o |y sgml BH3-0Nly 5 Jld slagsetiyyy By
(LaoAMSUuLo) BH3—On|y 6“&.‘3““33)% Oyaiorod AMS‘SA
PROSurvival gl yisey b oy jab a5 ol 5o 58
31311, BH3-0nly 60isS Jlab (sl yatig s g S 3,0 L3 |
Jawgs Bak g Bax ol Jlad 55 ogiluw s Jow 4o ais
a5 b IYF] Wed o J 25 PROSIVVal Bel-2 (sl sy

il o (clabady (i &S el (g550T sty Jalgs |
ST ge (Spdedes Sl L g o)l el SlliSew
ok Sye 55 C pg)Soinw ol (2l L Jolas 0
Bax a5 wis,S i )liF il Sew g wa,S DAY ojls 2
9 Ggelizyos oo Jold &5 Spe JUuSow S & gy 0
Lg)b.'}l.u)m.i.’{«j.;)lgé ol 635 go J‘;‘b‘ slas z°
T9> 9 Sealnid S e S o il 2 ogdle 99 o0
Sy g 4 Jgjoiew 5l Bax JUind &y poeie diy Jole S
aS 853,555 Loyl Cpaioead 098 oo FL5.12 (sla Jolos 4o
51Bax gab olTL g Bax 4o (g lisle yuuss sl 5 jo I oo
olpie 4l of Jld g0y 9 09800 (J9jgem Canly S
RS oo jos JISl (ol oS ge alid (289 S
a5 838,551 oliiiod (0 5 o Ko 9 JLVA] 0iS
Sy ge &y il 59221 KUK 3 (559700 255 BaX
halzdl 1, CKD (a5 5 o) o g dome (595, [V o
35 e il subod gl bas [¥+] w5 ol Bax
Ole Gl Jedo @ plgisn |y pil> Baiod o Bax il
alo> I CKD 5 )lge cde 4y Yloxo] a5 ol cons Bax 5
cde 4y g ol ol o Jol, 5 Slocd! (sl ysiSTs 2l
I ] el sus slowl CKD 5l b (s0ulS 8,Sloe talS
ooy 5 el slo )9Sl ol yol> Buion yo andl
el ol Gains glacudgamae 345 als g uSojluil o5
w290 (o5l (S3lgr (o5 aldlae oS ol (i s (B)b

S srind (y903] gl Y Jgd>

Bax/Bcl-2 Bcl-2 MRNA Bax MRNA Bcl-2 orign Bax (9 W 8,5
< ofosy < ofee < ofee) < ofosy < ofesy 58 sloss IS e
< ofery AR ofeed o[oSA < ofeny 0o slows JyS Wl
< ofeey -laya < ofee) < ofeey < ofoey RS pow S s
e
Py N ST

O s 5 (5l Soliy pod 35 g (o1l oo (5 y090 0 (IS isaa] 13 5o Jolg 3t (oS (p030 (ot (S Ty SKab g (5 pize 3g0m0

YA#



http://jsmj.ajums.ac.ir/

F oylods. Yo 0y90. YFee (4LT g 0

siin O 316 Wl oo a5 [YACYA] ol 39001 shail ol Jalge |
b fasye Jolge (2805 9 (ol (sl 9 05 (sl g5 alo
rge Yoiol 5 03,5 (6T 5lr (Dlae Jolos 3l ok S e

395 CKD llows 0 Miae Julos Ltals

(S5 Aot

5 Bax il CKD (gl a5 ols ot ol 3uios glii
s 10 90T Kl ialil crge Wilgs s BCl-2 als
S cudly sogts (silan Sl yes Koo By ) ogd SMlac
&S5l EDL aliae 5 CKD (glall 5 a6 Bax / Bck-2 ol
Dhiae 0355 Lair g0 jataas] KialliSus s b Yozl g 05
RS g okalewndy zul 4 dzg5 b .09 CKD 4y Mo )l los 58
b g (Dlae il j5unT 3l 6nSolr 1o (59 Syl oo
Jel5 51 5 sl> (sl (29l (2B loyd (193U Sl 4y 2 g8
Oladod a5 09 g0 Slpiudoy s 3929 CKD Loy SMae
Sl nlin (o359 iz ya3 dpogs g 4l pgliie 4y eunyl Ll
39 ool CKD o oy
I olbae
iRl GBI Jpel il S95m

aily Jyol ol p pil> Gios o 121 Jole ples

SNy oKy Jigh )0 I dieS Al g (Sl

(IR.SSRI.REC.1400.1008 : M u8) 0y cule,y o559 pole g
Jb o>

09,5 55 ol osiusgs (6558 dllu jl pasu pol> Budos
OIS (s2))lg> olRals (359 pole 0uSails (359 S5el92328

ol
OB a3 < i

st 9 B t(shatae Gl o6y Ogeme isilupgide
(8 Sz Sgazme diligl (63l s 9 (6 )Ll g S Sty olod

&ls 90 )ad

5 gilie Lo e cl F g el il

)%l_w SS—>

U Sistinlad Joo S olyie 4 B2 (g (15 4
Phae Jelos J¥ 3 (5o 1) BA2 (g 5 055 ol talS
» ﬂ.; U‘)K"A 9 &.i;ab &?‘5 LI K} gs‘}l“‘ )ﬂxl l.: -‘G.JJA
Q0,8 i)l essls ploxil CKD Jaw slacs, (g9, 45 cigs
Bcl-2 g iul;8l Bax gy CKD (lacs, ISl dlae s 45
b Sf31 ¥ SlelS” (g3hslely o ks 0l 45 Ay go SRS
[¥O] g g0 (e Jobos j52002] 5 (6,0 20 51 C pog,S sems
ey Slated Lo guiod guls b Kigs Kily aiios gulis a5
P8 S I3t Gl 45 8ls (i pllo (30 gl (aizred
ot oanlis ¢y yo3 o o,  Dlae el o Bl-2 ¢ty
S Olgie 4 BCh-2 (g (2l (a3 il esimaglis a5
Lo 8 53 Kok g 2 el Jboo slis 13 H5e Jalge 5]
Bl-2 alfil s g3 sine S s3lpp Sliypai & o S A
e g aoee (5905, L1 <] cols CKD ay Mo slacss, 45 1o
2 BO2 ulidl s Sliyye ke sphiia bt 5
a5 [Y] Wo)s 355 CKD a4y Stie (glacs, slacmgod, 5

WS 0 Colax Lo Badons glaandly | Oladod oyl gl

hel (2o 5l (Ko (i o,SLae tals 5 (Dlae by 3]
Oblesz 0l 3 (S5 CoieS ol &y e a5 sl CKD
e 0 b asjle o abae Jubos [V Fo VF] 09 0
3023 g0 bl 1) ol )lew S coanS” a8 sl CKD 4y Mlie
Joloe 5 5o [V0] ams o Sals3l ) oyl yrage o ay D o
(Phas <l o ssunT GlH CKD o (Mlas Byl Lol
(o518 Jolss il o gl 5550 4] 4 g |y
L 50 &l g0 Jolge ol Car sl 3500 T s 5 S50
ax STk Lt ol 3o gl [Y o] wily e Jobo S pely
Bax/) Bcl-2 &y Bax ¢yuiigy Comus iul38l g0 CKD (Ll
Bax/ (2alS curge Conlys (o859 Sliy yo3 (g 13900 (Bel-2
SIS G 5 2 098 S o 09,5 4y Cus Bel-2
F9r09l5 gl ik (2l L plate (o85)9 Sy ya &S o S
a5 b VY] 04 oo CKD 4o guilannST Loyl (alS g
55%08) SadliSems (g3l g gedlacans] oyl (e L3 &
Sl 5 silen iy pes ol Ylass! a5 i g o0 [TV
Sligyal gilapaSlas il bl 4 ol G o 5%y
BaX Comu o o) g iy yoi a5 ol LS 55 SleS iy 25359
30 o)Kep g ame 595, ] ams o S2alS |, 45" 0/ Bel-2
5o Bax/Bcl-2 als «sjlen ol pod cdlase poline gubis
s aSTY < T o S 5,158 CKD 4y Mie (slacs ) (slocmsgso |5
s Slyen Lo Guios slaazily b i oyl

Bcl-2 4 Bax oy Jolai 010,95 o 41 45 Casl 0dds jasuice

LYY] &S 6 puSsl> Johos S po 5l il oo Bax/Bel-2 tals
BCl-2 gedaws ol 2 330 Jolge 5l (5o (o559 Sl o3 Bl
S olyis 4 Bax rals g S las Jole s ipge olyie &

O s 5 (5lh Soliy po3 35 g (o1l oo (S y90 0 (IS isaa] 23 o Jolg 3t (oS (1030 (ot (S 51y SKab g (5 pixa 3g0me



http://jsmj.ajums.ac.ir/

Jundishapur

Scientific Medical Journal

References

[1] Ketteler M, Block GA, Evenepoel P, Fukagawa M, Herzog CA,
McCann L, et al. Executive summary of the 2017 KDIGO Chron-
ic Kidney Disease-Mineral and Bone Disorder (CKD-MBD)
guideline update: What’s changed and why it matters. Kid-
ney Int. 2017; 92(1):26-36. [DOI:10.1016/j.kint.2017.04.006]
[PMID]

[2] Kalambay J, Zaman R, Zaman M. Atypical Hemolytic ure-
mic syndrome presenting as pre-eclampsia in a 24-year-old
woman with chronic kidney disease: Pathogenesis and genet-
ics. Cureus. 2018; 10(9):e3358. [DOI:10.7759/cureus.3358]
[PMID] [PMCID]

[3] Cheema BSB, O’Sullivan AJ, Chan M, Patwardhan A, Kelly J,
Gillin A, et al. Progressive resistance training during hemo-
dialysis: Rationale and method of a randomized-controlled
trial. Hemodial Int. 2006; 10(3):303-10. [DOI:10.1111/j.1542-
4758.2006.00112.x] [PMID]

[4] Johansen KL, Shubert T, Doyle J, Soher B, Sakkas GK, Kent-
Braun JA. Muscle atrophy in patients receiving hemodialysis:
Effects on muscle strength, muscle quality, and physical func-
tion. Kidney Int. 2003; 63(1):291-7. [DOI:10.1046/j.1523-
1755.2003.00704.x] [PMID]

[5] MclIntyre CW, Selby NM, Sigrist M, Pearce LE, Mercer TH, Naish
PF. Patients receiving maintenance dialysis have more severe
functionally significant skeletal muscle wasting than patients
with dialysis-independent chronic kidney disease. Nephrol
Dial Transplant. 2006; 21(8):2210-6. [DOI:10.1093/ndt/gfl064]
[PMID]

[6] Jafari M, Ghalavand A, Rajabi H, Khaledi N, Motamedi P. [A re-
view of the effect of exercise training on neuromuscular junc-
tion in throughout life: A logical analysis of animal experimen-
tal studies (Persian)]. Razi J Med Sci. 2021; 28(3):37-47. http://
rjms.iums.ac.ir/article-1-6316-en.html

[7] Gao Y, Ordas R, Klein JD, Price SR. Regulation of caspase-3
activity by insulin in skeletal muscle cells involves both PI3-
kinase and MEK-1/2. J Appl Physiol. 2008; 105(6):1772-8.
[DOI:10.1152/japplphysiol.90636.2008] [PMID] [PMCID]

[8] Powers SK, Kavazis AN, McClung JM. Oxidative stress and
disuse muscle atrophy. J Appl Physiol. 2007; 102(6):2389-97.
[DOI:10.1152/japplphysiol.01202.2006] [PMID]

[9] Kwak HB, Song W, Lawler JM. Exercise training attenuates age-
induced elevation in Bax/Bcl-2 ratio, apoptosis, and remode-
ling in the rat heart. FASEB J. 2006; 20(6):791-3. [DOI:10.1096/
fj.05-5116fje] [PMID]

[10] Chen KC, Peng CC, Hsieh CL, Peng RY. Exercise ameliorates
renal cell apoptosis in chronic kidney disease by intervening in
the intrinsic and the extrinsic apoptotic pathways in a rat mod-
el. Evid Based Complement Alternat Med. 2013; 2013:368450.
[DOI:10.1155/2013/368450] [PMID] [PMCID]

[11] Van Craenenbroeck AH, Van Craenenbroeck EM, Kouidi E,
Vrints CJ, Couttenye MM, Conraads VM. Vascular effects of ex-
ercise training in CKD: Current evidence and pathophysiologi-
cal mechanisms. Clin J Am Soc Nephrol. 2014; 9(7):1305-18.
[DOI:10.2215/CIN.13031213] [PMID] [PMCID]

Oct, Nov 2021. Volume 20. Number 4

[12] Pechter U, Ots M, Mesikepp S, Zilmer K, Kullissaar T, Vi-
halemm T, et al. Beneficial effects of water-based exercise in
patients with chronic kidney disease. Int J Rehabil Res. 2003;
26(2):153-6. [DOI:10.1097/00004356-200306000-00013]
[PMID]

[13] De Moraes WMAM, de Souza PRM, da Paixdo NA, de Sousa
LGO, Ribeiro DA, Marshall AG, et al. Aerobic exercise train-
ing rescues protein quality control disruption on white skel-
etal muscle induced by chronic kidney disease in rats. J Cell
Mol Med. 2018; 22(3):1452-63. [DOI:10.1111/jcmm.13374]
[PMID] [PMCID]

[14] Watson EL, Viana JL, Wimbury D, Martin N, Greening NJ, Bar-
ratt J, et al. The effect of resistance exercise on inflammatory
and myogenic markers in patients with chronic kidney disease.
Front Physiol. 2017; 8:541. [DOI:10.3389/fphys.2017.00541]
[PMID] [PMCID]

[15] Wang B, Zhang C, Zhang A, Cai H, Price SR, Wang XH. Mi-
croRNA-23a and microRNA-27a mimic exercise by ameliorat-
ing CKD-induced muscle atrophy. J Am Soc Nephrol. 2017;
28(9):2631-40. [DOI:10.1681/ASN.2016111213]

[16] Wang XH, Du J, Klein JD, Bailey JL, Mitch WE. Exercise amelio-
rates chronic kidney disease-induced defects in muscle protein
metabolism and progenitor cell function. Kidney Int. 2009;
76(7):751-9. [DOI:10.1038/ki.2009.260] [PMID] [PMCID]

[17] Wang TS, Coppens |, Saorin A, Brady NR, Hamacher-Brady A.
Endolysosomal targeting of mitochondria is integral to BAX-
mediated mitochondrial permeabilization during apoptosis
signaling. Dev Cell. 2020; 53(6):627-45.E7. [DOI:10.1016/].
devcel.2020.05.014] [PMID] [PMCID]

[18] Gross A, Jockel J, Wei MC, Korsmeyer SJ. Enforced dimeri-
zation of BAX results in its translocation, mitochondrial dys-
function and apoptosis. EMBO J. 1998; 17(14):3878-85.
[DOI:10.1093/emboj/17.14.3878] [PMID] [PMCID]

[19] Lee YS, Kalimuthu K, Park YS, Luo X, Choudry MHA, Bartlett
DL, et al. BAX-dependent mitochondrial pathway mediates the
crosstalk between ferroptosis and apoptosis. Apoptosis. 2020;
25(9-10):625-31. [DOI:10.1007/s10495-020-01627-z] [PMID]
[PMCID]

[20] Razavimajd Z, Homaee HM, Azarbayjani MA, Farzanegi P. The
effect of regular aerobic exercise with garlic extract on heart
apoptosis regulatory factors in chronic kidney disease. Iran J
Diabetes Obes. 2017; 9(1-2):62-8. http://ijdo.ssu.ac.ir/article-
1-342-en.html

[21] Yang P, Xiao Y, Luo X, Zhao Y, Zhao L, Wang Y, et al. Inflam-
matory stress promotes the development of obesity-related
chronic kidney disease via CD36 in mice. J Lipid Res. 2017;
58(7):1417-27. [DOI:10.1194/Ir.M076216] [PMID] [PMCID]

[22] Singh R, Letai A, Sarosiek K. Regulation of apoptosis in health
and disease: The balancing act of BCL-2 family proteins. Nat
Rev Mol Cell Biol. 2019; 20(3):175-93. [DOI:10.1038/s41580-
018-0089-8] [PMID] [PMCID]

[23] Ashkenazi A, Fairbrother WJ, Leverson JD, Souers AJ. From
basic apoptosis discoveries to advanced selective BCL-2
family inhibitors. Nat Rev Drug Discov. 2017; 16(4):273-84.
[DOI:10.1038/nrd.2016.253] [PMID]

Jafari M, et al. Chronic Kidney Disease Induction Upon Affective Factors on Muscle Apoptosis. JSMJ. 2021; 20(4):382-389

388



https://doi.org/10.1016/j.kint.2017.04.006
https://www.ncbi.nlm.nih.gov/pubmed/28646995
https://doi.org/10.7759/cureus.3358
https://www.ncbi.nlm.nih.gov/pubmed/30510868
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6257492
https://doi.org/10.1111/j.1542-4758.2006.00112.x
https://doi.org/10.1111/j.1542-4758.2006.00112.x
https://www.ncbi.nlm.nih.gov/pubmed/16805893
https://doi.org/10.1046/j.1523-1755.2003.00704.x
https://doi.org/10.1046/j.1523-1755.2003.00704.x
https://www.ncbi.nlm.nih.gov/pubmed/12472795
https://doi.org/10.1093/ndt/gfl064
https://www.ncbi.nlm.nih.gov/pubmed/16504974
http://rjms.iums.ac.ir/article-1-6316-en.html
http://rjms.iums.ac.ir/article-1-6316-en.html
https://doi.org/10.1152/japplphysiol.90636.2008
https://www.ncbi.nlm.nih.gov/pubmed/18832759
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2612467
https://doi.org/10.1152/japplphysiol.01202.2006
https://www.ncbi.nlm.nih.gov/pubmed/17289908
https://doi.org/10.1096/fj.05-5116fje
https://doi.org/10.1096/fj.05-5116fje
https://www.ncbi.nlm.nih.gov/pubmed/16459353
https://doi.org/10.1155/2013/368450
https://www.ncbi.nlm.nih.gov/pubmed/24106522
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3782870
https://doi.org/10.2215/CJN.13031213
https://www.ncbi.nlm.nih.gov/pubmed/24832091
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4078973
https://doi.org/10.1097/00004356-200306000-00013
https://www.ncbi.nlm.nih.gov/pubmed/12799612
https://doi.org/10.1111/jcmm.13374
https://www.ncbi.nlm.nih.gov/pubmed/29265674
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5824409
https://doi.org/10.3389/fphys.2017.00541
https://www.ncbi.nlm.nih.gov/pubmed/28804461
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5532513
https://doi.org/10.1681/ASN.2016111213
https://doi.org/10.1038/ki.2009.260
https://www.ncbi.nlm.nih.gov/pubmed/19641484
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3835682
https://doi.org/10.1016/j.devcel.2020.05.014
https://doi.org/10.1016/j.devcel.2020.05.014
https://www.ncbi.nlm.nih.gov/pubmed/32504557
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7433306
https://doi.org/10.1093/emboj/17.14.3878
https://www.ncbi.nlm.nih.gov/pubmed/9670005
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1170723
https://doi.org/10.1007/s10495-020-01627-z
https://www.ncbi.nlm.nih.gov/pubmed/32737652
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7529973
http://ijdo.ssu.ac.ir/article-1-342-en.html
http://ijdo.ssu.ac.ir/article-1-342-en.html
https://doi.org/10.1194/jlr.M076216
https://www.ncbi.nlm.nih.gov/pubmed/28536108
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5496038
https://doi.org/10.1038/s41580-018-0089-8
https://doi.org/10.1038/s41580-018-0089-8
https://www.ncbi.nlm.nih.gov/pubmed/30655609
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7325303
https://doi.org/10.1038/nrd.2016.253
https://www.ncbi.nlm.nih.gov/pubmed/28209992

Jundishapur

Scientific Medical Journal

[24] Pihdn Ph, Carreras-Sureda A, Hetz C. BCL-2 family: Integrating
stress responses at the ER to control cell demise. Cell Death Dif-
fer. 2017; 24(9):1478-87. [DOI:10.1038/cdd.2017.82] [PMID]
[PMCID]

[25] Wang DT, Lu L, Shi Y, Geng ZB, Yin Y, Wang M, et al. Supple-
mentation of ketoacids contributes to the up-regulation of
the Wnt7a/Akt/p70S6K pathway and the down-regulation of
apoptotic and ubiquitin-proteasome systems in the muscle
of 5/6 nephrectomised rats. Br J Nutr. 2014; 111(9):1536-48.
[DOI:10.1017/50007114513004091] [PMID]

[26] Bataille S, Chauveau Ph, Fouque D, Aparicio M, Koppe L.
Myostatin and muscle atrophy during chronic kidney disease.
Nephrol Dial Transplant. 2021; 36(11):1986-93. [DOI:10.1093/
ndt/gfaa129] [PMID]

[27] Wan F, Zhong G, Ning Zh, Liao J, Yu W, Wang C, et al. Long-
term exposure to copper induces autophagy and apoptosis
through oxidative stress in rat kidneys. Ecotoxicol Environ
Saf. 2020; 190:110158. [DOI:10.1016/j.ecoenv.2019.110158]
[PMID]

[28] Moradi A, Hosseini SA, Nikbakht M. Anti-apoptotic effects
of interval and continued training and crocin on the muscle
tissue of the rats with type Il diabetes induced by a high-fat
diet. J Nutr Fasting Health. 2019; 7(3):130-7. [DOI:10.22038/
JNFH.2019.39346.1186]

[29] Park SS, Park HS, Jeong H, Kwak HB, No MH, Heo JW, et al.
Treadmill exercise ameliorates chemotherapy-induced mus-
cle weakness and central fatigue by enhancing mitochon-
drial function and inhibiting apoptosis. Int Neurourol J. 2019;
23(Suppl 1):532-9. [DOI:10.5213/inj.1938046.023] [PMID]
[PMCID]

Jafari M, et al. Chronic Kidney Disease Induction Upon Affective Factors on Muscle Apoptosis. JSMJ. 2021; 20(4):382-389



https://doi.org/10.1038/cdd.2017.82
https://www.ncbi.nlm.nih.gov/pubmed/28622296
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5563989
https://doi.org/10.1017/S0007114513004091
https://www.ncbi.nlm.nih.gov/pubmed/24502851
https://doi.org/10.1093/ndt/gfaa129
https://doi.org/10.1093/ndt/gfaa129
https://www.ncbi.nlm.nih.gov/pubmed/32974666
https://doi.org/10.1016/j.ecoenv.2019.110158
https://www.ncbi.nlm.nih.gov/pubmed/31918257
https://jnfh.mums.ac.ir/article_13261.html
https://jnfh.mums.ac.ir/article_13261.html
https://doi.org/10.5213/inj.1938046.023
https://www.ncbi.nlm.nih.gov/pubmed/30832465
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6433210

