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Introduction: Oxidative stress-induced renal injuries are intensified following
myocardial infarction (MI) which are associated with a change in Nox4 expression
rate. On the other hand, physical training has beneficial effects on renal structure
and function. In this study, the effects of aerobic training on serum Nox4 and renal
oxidative stress markers were investigated following M.

Methods: Twenty-four male Wistar rats were randomly divided into three groups
(n=8) of Healthy Control, MI Control, and MI Training. Eight weeks of treadmill
running training (with an inclination of 0°) at moderate intensity (initiated with 15
min/session running speed at 10 m/min intensity in the first week and progressed to
25 min/session running speed at 30 m/min intensity in the last week) was conducted
following MI induction by injections of Isoproterenol (100 mg/kg.day) on two
consecutive days. Nox4 Serum level was measured using the flow cytometry
method, while renal MDA, carbonylated protein (CP), and 8-OHdG levels were
measured via spectrophotometry and colorimetry. The data were analyzed by one-
way ANOVA.

Results: While MI induction remarkably increased serum Nox4 as well as renal
MDA, CP, and 8-OHdG levels compared to the Healthy Control group, physical
training in the MI Training group significantly decreased the amount of these
indices (except for CP, P=0.056) compared to Healthy Control group (p=0.001).
However, all indices including serum Nox4 (p=0.029) and renal MDA (p=0.001),
CP (p=0.001), and 8-OHdG (p=0.019) levels in the MI Training group, despite a
dramatic improvement following physical training were still higher than Healthy
Control group.

Conclusion: MI can increase serum Nox4 levels and cause renal oxidative stress.
However, aerobic training could not fully ameliorate these hazardous effects of Ml,
despite the significant reversal of this trend. It seems that there is a need to identify
the best effective training protocols in this field in addition to eliminating the
limitations of this study.
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Extended Abstract

Introduction

Cardiovascular diseases and acute or chronic renal damage
cause mutual risk for each other (1) and in the case of heart
or kidney disorder, the interaction of the two organs worsens
the existing conditions (2). Also, following a myocardial
infarction (MI), a decrease in cardiac output causes a
decrease in the function of peripheral organs, including the
kidney (3), and as a result, acute and chronic renal damage
increases (4). In addition, MI patients are generally
transferred too quickly to the catheterization unit and injected
with contrast media, which worsens the renal complications
of MI due to the rapid toxic effects of these agents on the
kidneys (5). Therefore, the occurrence of renal damage in Ml
patients is quite expected and common (6). In kidney disease
(KD), several factors are released into the bloodstream that
can induce a series of changes in the heart, leading to a wide
variety of clinical situations called cardiorenal syndrome
(CRS). Reactive oxygen species (ROS) play an important
role in the signaling and progression of systemic
inflammatory conditions, as observed in KD (7). Oxidative
stress-induced renal injuries are intensified following MI
which are associated with a change in NADPH oxidase 4
(Nox4) expression rate. Nox4 is expressed at high levels in
kidney tubular cells, and at lower levels in endothelial cells,
cardiomyocytes, and other cell types under physiological
conditions (14). On the other hand, physical training has
beneficial effects on renal structure and function. But so far,
the effect of aerobic training on the amount of circulating
Nox4 and other indices related to renal oxidative damage has
not been investigated directly in rats with an MI-induced
model.

Methods

Twenty-four male Wistar rats were randomly divided into
three groups (n=8) of Healthy Control, MI Control, and MI
Training. Eight weeks of treadmill running training (with an
inclination of 0°) at moderate intensity (initiated with 15
min/session running speed at 10 m/min intensity in the first
week and progressed to 25 min/session running speed at 30
m/min intensity in the last week) was conducted following
MI induction by injections of Isoproterenol (100 mg/kg.day)
on two consecutive days. Nox4 Serum level was measured
using the flow cytometry method, while renal MDA,
carbonylated protein (CP), and 8-OHdG levels were
measured via spectrophotometry and colorimetry. The data
were analyzed by one-way ANOVA.

Results

While MI induction significantly increased serum Nox4 as
well as renal MDA, CP, and 8-OHdG levels compared to the
Healthy Control group, physical training in the MI Training

group significantly decreased the amount of these indices
(except for CP, P=0.056) compared to Healthy Control group
(p=0.001). However, all indices including serum Nox4
(p=0.029) and renal MDA (p=0.001), CP (p=0.001), and 8-
OHdG (p=0.019) levels in the MI Training group, despite a
dramatic improvement following physical training were still
higher than Healthy Control group.

Conclusion

MI can increase serum Nox4 levels and cause renal oxidative
stress. However, aerobic training could not fully ameliorate
these hazardous effects of MI, despite the significant reversal
of this trend. It seems that there is a need to identify the best
effective training protocols in this field in addition to
eliminating the limitations of this study.

Acknowledgments: We appreciate the cooperation of dear
professors and all those who helped us in this research.

Ethical Considerations
Compliance with ethical guidelines: The present study was
conducted following ethical principles.

Funding: The research was done without using financial resources.

Authors’ contribution: Every author contributes to the research
equally.

Conflict of interest: No conflict of interest is declared.
Acknowledgments: Thanks to all people help us to conduct the
research.


https://onlinelibrary.wiley.com/doi/abs/10.1097/01.mlg.0000154747.63561.52

90 S g0 p g NOX4 5Iio g 4l cialuS| v il S AL 2 (5 319D (59 poi O il
o &S Jow

T laake (I3 o255 0T g gt jlx T ET g (0 4y Yy 31528 gl

Shiva.ghadirzad2@gmail.com :asbl] .yl sl ¢33 55 ¢ oMol Sl31 olSKl> ¢33 55 Sy ¢ S Ca 3 09)5.)

po0zesh@iaut.ac.ir el . )|yl 5o 5 ¢ oMol 33T oKl ¢ 15 S5l ¢ S Canr )5 09,5 ( Jgfumme bliangs ¥
bashiri.jabbar@gmail.com :4sbL1, . 1yl ¢y oMol 3151 o181 ¢ 5 dlg ¢ S Ca 5 095 Y

k.azali@azaruniv.ac.ir :asbbl, .yl pl 5 55 (ylbydl Se dued oKl (il g iy pole 83K b y9 pole 09,5 ¥

ouuS> Al wleYb!
ol et b 45 5,5 e 05 bS] eyl 86 coalS slacu] (M) LB &5 Ly 5 tdedde g, Wlie g4

e 5l i ol 3 )b als 3 Slee g Hls Lo it lydl S jed (ge I Canl o] o NOX4
A5 oy MI Gl 48" Lol Consl slaasls 5 pyw NOX4 ey (sjlsn
S g J 84S S o Jols (N=A) 09,5 s & (33kai bty 5 (ol 9o VF 1bdg s gy /AN EELS &)U
A s 395 93 53 (MYKG.AAY Vo) Jgisignsnl 305 lawgs (ol S Gl )|y 505 uass ppes TV &Y
VO e b b 55 yie Ve 5 a5 8)F plonl )5 Jls g5y Lot i b (Hho cud L) isd cped atin VT IWi00 nd G0
99y 4 ppw NOX4 Jlade ey 31 &iin j> aids Yo oo g 4ddd 3 50 YO & oJg &in > aidbs VNN 2, LS! & ,b
plsl (2SS, g (il by, 4 4lS OHAGA 5 (CP) alis,s' gy MDA Jlido (g tegiiusgls
5 o 4l S5 il g Julos b ool ¢ <5

80OHIG 5 CP MDA (yien 5 ppw NOX4 jliio jloline (yil33) cow M i) &S sy sl o §lguns’
P Basld cpl e (15 yiaS cams (g2y08 4w 095 53 (3305 Ll Lol s J S ol 09)5 &) Cnus S bl o]
NOX4 Jols asls Jloz o ylade (b opl L(P=e/+ V) as S 4o 05,5 45 cows (P=+/-05) CP Sjlst npei
0955 4l (P=+/-32) BOHAG 4 (P=+/++\) CP (P=+/-+\) MDA yizen 4 (P=+/-Y2) pyu ‘JM—AM:;

D9 J5S Wl 09)5 5l ik o joi [ peNaniey Sguke 292 L) (2 ped S

s (JB ol b 2gd 4lS 50 luST ol 5oy 5 p e NOXA 58] s Wl oo M (g 55 a0
2485ty o Jaias 95 MIclpsli ol ol @) a0 )38 g ol Lasdlo BB (357 ogSlan 3529 b slsn
ol 3 e ey S dSigy oyt s 4 Sl ol s slacydgize @) pegdle o] liios
ol (B Ao

NOX4 jlsis g adS bS] oyl sloasls p (c5len omyed sl ou,S (oyltale JI5T 5 sl oo iy 4y (sdude (550 Dond ¢ youd 3518 5wl

NOYAUVE(Y) F N L g (s pole oyl &S Jho o slasbge p s
DOI: https://doi.org/10.22059/jsh.2022.333340.1495

B dun s © sy A g (o539 pole BASLNY oyl a5 ol 1yl



https://orcid.org/0000-0001-8912-4744
https://orcid.org/0000-0001-8056-8293
https://orcid.org/0000-0002-4565-7052
https://orcid.org/0000-0002-6134-1912
mailto:Shiva.ghadirzad2@gmail.com
doi:https://doi.org/10.22059/jsb.2022.333340.1495
https://orcid.org/0000-0001-8912-4744�
https://orcid.org/0000-0001-8056-8293�
https://orcid.org/0000-0002-4565-7052�
https://orcid.org/0000-0002-6134-1912�

W) jaly spgaw &)laid cpa0,lgz 8,90 (o9 (oimsj pole "

AodRo
bl M3 55 loj )3 9 (V) 8,036 sl Jlite jlas sloul Jale alS” pyea b sl slacal g (Bgye — (b (slacs,low
s 8 oig s (5l on (M) (o8 & (g 5o mipan (V) 29500 5290 baald Sl s plil 3 (S g5elS
ol 2209380 () 85 o 1 45 (poje 50l slacgul (ulily 5 (7) 29 45T alox I Sgely sloplil 5 Shes tals
s LIy Udsay o 05,5 e )5 ol Bale o3 cod g oad odly JWl ysmel i 5 itk &) gy bt M ey logas
ol jop alpls dgde wb Sty BadS 5 5 &S | 36 5)lge (B) oSy dlge cpl @y (b oo b
Ul oS dlos 5 Jole cydis (534S slacsylom 5 Uncamol 15 o 5) el Jghita g s 3y50 Sals M1 lylons > c550lS
poriin )3 Jlo gl 2595 (CRS)" 50uls= (B pg)aius & powse (il g5ite (slacumdpe (6 S 2l s Wl 0 (500S]
St ey (NOY s S0y b Wlgiso g Se 0361 (NOX) jlisuS] NADPH 5l Lawwgs JISosl, y5ue1 CRF

(V) ol (592lS 3000 325 (oSm] sl | iz i Jgtame 45 amd ST o 15 oS

52l e <5 ol oyl 55 Lol dA) St g5TmnST ool Lol ol (NOXNOXS) b jlisaST NADPH 55 45 5>
ol 45 53 NOX1 5 NOX2 NOX4 Jals NOX cglise p gl duw il () 3515 ol e 55 418" (sl Joboo iS5
o 42 g Cal &S )3 35250 238951 (s NOXA o) oo aiey Lol ccunsl 438,55 plosl (283 dnliio g Wiy (V) 2950
oo 3 Ll (1) 3o 5,5 a8 Jougs sla ok 5> el NOXA L(1+) 15 oo 4l (RENOX) (550l8" L] pb 4 il L
NOX4 ol oyt So5gdgesd bulyd 53 (V) d9d00 €8l a8 Jlde 4 55" JgyeslS Jujile (sloJslo alox I o Jobe
cgd 4 NOXA 5 ySlae (Sif Sl Jb cpl b (V) wlo 31 (45 4 S35) JujSon g sladsbe > (Bg
it 55 035 Vgl 5 (1Y) Sloen ol oS (ymal il 5 9 eod yoxin e Mg 9 (Bgpe wlidicn, > (i)
@ (ol oign (I P ) (aSgen Wile Cundg cptiz LL(VY) Cul oads odalie (ilan 4 sxigd e NOXA (S
ol e Gl &y TOFR s’ Sgpubory Jolse 5 (390 oamlio oo oS )5 M1 o) Cledl (M1 dlats Lnls
udly b po So3deily Candy (paz 4 NOXA el b plo Gl Cliios (35 ) oeizmed (VF) Wsd e 2o NOXA
Lo o (2 ey 9 oo ool I3l s NOXA 1331 48 595 00y sl o yiasl 4305 slivo 1 g ol 005
335 (S35 g et bl el g (ST oyl b 4l 8L & 3,50 ogiS il Lasgs 03,y slagul Sad g 09300
(15) 15 655l SxaSa] Slols j) g NOXA 185 55 ai 51 48 sl olb &S o (sloybon 1> i 5 (10)
(V) 225 oanlie (68 sy SS9 L 150> (o )3 S Jls >

u\/ya}u LS)'E")‘J"‘ '.) &S (\i) KWW J.Jb|9> L5]9L’° W»] gyoee) uB).».wJ ) fl?u])w DNA 9 LQ’LS’P ‘Libuﬁ.:9): 4 WT d”)‘L’

L Myocardial infarction

2 Catheterization

3 contrast media

4-cardiorenal syndrome- Cardiorenal Syndrome
5 Nitric Oxide

6 Peroxynitrite

7-Renal Oxidase (RENOX)

8 Glomerular Mesangial cells

% Renal filtration

10- Profibrotic

11 Transforming Growth Factor Beta


https://www.google.com.hk/search?newwindow=1&q=Peroxynitrite&spell=1&sa=X&ved=2ahUKEwin_eb64vz0AhUUP30KHYKlDkAQkeECKAB6BAgLEC4
https://www.google.com.hk/search?newwindow=1&q=glomerular+mesangial+cells&spell=1&sa=X&ved=2ahUKEwiorNTR5Pz0AhUxMX0KHeOjC7YQkeECKAB6BAgCEC4
https://en.wikipedia.org/wiki/Transforming_growth_factor_beta
https://en.wikipedia.org/wiki/Transforming_growth_factor_beta

19 sold 42K Juo alpmo slobg0 oy NOXA | laio g £dS pitylunST L pi] slo,asls 4 5ilsn 5o pad Slpdl

ol e g o5 (5185 5o B-OHUG! Jia (st canl (st HE DNA 5 lasged iy 5 i il
o 48" ¢l 8-OHAG JMdo L'”SU ‘Jl> L‘).).‘ L. (Y~) cwl DNA 9.&)‘.&.\4.\45‘ ml ol C.Lz..: u»l.i:u" 4 »i > oS
uwl)ﬁ‘ d..slf Sl WT 5 L&»uﬁusf 9&;‘,\“»5] w..j )ial,w) u‘}&‘b ),u (CP) Yc\L::y)s L)ﬁi’?)’ L;Lbosjf ol 0l N Ml
Y"L:jy)f w.i;”J clale C)?‘{U 4Jl> L‘).)J b .(Y\) AJ)J')lJ.ib: MDA s5b L;J.....J C)?ﬁ*""\ﬂ“—{l)i QY}«M D Cunsd 9 ..\AJL’L;Q
sl 0225 (b5l (B A8 1 (BB 50ulS (odalST oyl (g SO lgiea,

P lals” ,» NOX4 LBg Lids 5l L55l> dg>g0 M"?‘“’ Wl @A lsl L...w als” 5 NOX4 BeDd A o joi 4 Cyoud
ool 4 bgyya (slapasls l eMol cus b Glojon MI lilows 53 pjus NOXA e gy 45 dusy o saiy 5 (VW) St 8
il anily clelegl cpl &8, 50 (0L Hlows Cuonl adS” cdly iulus]

35 gl Slisy5 b sises el 3 5 (YY) Sl 8 855 Clto I8 Il 9 (6905 ol Sy (s b g

S Sloyes ;56 L g (VF) MI g o (05 &S laasls Gaals (YY) MI ko plhlen cor oo 8355 (sjlils
S @yl B &S 5l ey sler Ol yes 4S5l b Jg wonl 0 sl (YO) ohlow o) (o 8 (Solol gy p ey
53,5 NOXA sy s oty (s3lym Sy yod i ST Ll calazdls (FV-YR YY) s 5 (V) 45 (539 o 0 (i
).uL dy90 3O Le(u Cowl 00 33 Ml Lg’l.ajl J.Lo Lglibuuyo 2 d}alf ‘_;L»)LAS‘ pw.»] ey Joy).o Lglibu»l.w ):L.» L ol).ub U9>
D9y e o9l (pyed p3U (Ve) s MLl (slaige B 0 NOX4A ol g (8 8355 (giluil 0 (silsn oyl
859 Sk p eglie g silor (pyed x3U (YY) MI jls claige Cl8 5nS] Jd sladisS zolaw ¢ MDA 3 NOX4
labse” o o)y 9 ayed 5 g (YY) MI Gilaie (slajige > 5lBgd aliae yluS] oyl glajasls o iy
b olyen oo NOX4 jlaie pr (silsn myed b ooy o jb 4 oy o jlaies ol 48,5 plosil s gy (V) Ml
cnl )3 gy i plos] jlodine) g 4md Cuwd & adS )3 MI G S6 )lge 2 (3lam 1 pe5 5B 51 ibio CleMbl Sl

Al dige

g3 wlisig y

oo V¥ 13 2l IRTABRIZU.REC.1399.054 &ulis b jy 5 olKiils 5M5] &aS bawgs o] USSgy &5 ()28 3uos ) 5o
&Joa‘.&.&—agiig.)‘j] o yiaod b el 52 00 g dw dlasd 4 a8 p T YV UV e g b glaian V& jlig Ol 5 olio yige
oy 3L sty BB e () 25 (S5, psle oSl (S5 jeels B Bl 55 (55hhe 5 Sl sl IV B
e Slagbse i (JHS wllo 0g)S ) b 5 45 e 32505 s S s (S ol ol ((abctn) 05,8
AR 590 0> O Ojs SIS 2y eSS ke Ve 93 b U Songnl (Bliegy Bup cos Jige jgy 93 (b e VF el
s B35 4iSs S8 5 plls S8 (slaos S i A5 (VF) 42838 clllo b o J5i5mgil o5 5 3oy 99 28 S
339,k Y 5 58 518 sl T Cled (izmed g sy ok (29, dumlie Bk S Sap 20T g A5 IS
JOUICREY IR

1. 8-hydroxy-2' -deoxyguanosine (8-OHdG) or 8-oxo-7,8-dihydro-2' -deoxyguanosine (8-oxodG)
2 Cabonylated proteins

3 Carbonylated Proteine

4Ventricular Arrhythmias



1) jaly spguw &)laid cpa0,lgz 8,90 (o9 (oimsj pole re

3,8 gm0 (giS )l 590 U olitedy (B sl 35T Clad Y oo

oMy U39, SUSY Cyllad oS ol clled 0
. I . . °9
(o 22 0,5 50) (3 2 Mol 2o19) (53 2 (Mol 59)
JAME--RVIP YYFINO Y5 YARIYY £\8)Y- ol Jps
JARE-RYAN YASINY 18- Y YYFIO 2 18I0) S J S
/¥ PRI soofe o) QS;MP

P10y Jolis wglis

g Al O Jald) dtin S b o559 JSSg ply 4 g (05 s ol (2 pe5 (slmog,S 2l slaige asll o
5 b aids Vo Sde 4 Jol duds 93 53 olyo sla yige jelatepay ad Lsl (4885 5 me)e GO ey b )5 e g9,
Loy oy olyen dopd O Cad b Ll duds 43 0 a5 W0 S culled 4y £g5u oy (gdm duds A > i8S J1E IS e s
ploul V8 celo Jlgs aan D 59, 0 a5 b jlel atin A Sdo 4 (pyed dobip uaw 3,5 ploul 48> g0 Ve b O Caeyu
oAb 9d j guylidy (gdn sladian 1> .C8)S ploul dlds VO Gde 4y aldd 2 o Vo G o b Jol dan g3 0 g .8 S
s Sy 48B3 Yoy Cullad ko 9 483D 1D 2o YO & (g5lon o yed ok (3] i 93 50 aS0) b s o3l il 38l oy ped o
b 020 2w 9 (255 )5 4iBd B e ped duda p2 53 cnl pog LAY o) Slo ol a0 > O (e 895 slel U il 1 Jeed 5
(\“Q) A.Aﬁ)ffl?ﬁ)l &3.) D yo V- GO sy

Alae 8590 (b yed a0l Sl Y Jgs>

phie e id b ke pee ped ol ol
YOOOOYD Y. Yo 00 A0 N Ne B)e (RS, je) e
Y. A Yo Yo ' Y. VO VO \e. (48,85) B
0 I\ I\ I\ 0 I\ I\ I\ 0 (o,0) s

O Bged SAD i g Gherco (V0 MOIKG) cn bl 5 (V00 MOIKG) (oS L (olioeo slagsbye alblie L 5l
o aeldl 9 b S et 5l o PBS GuF 3 ow S Cll g S 5)9]@.} NOX4 lsde S Sojlul dlﬂ asd
23 Osan sk (SR30 Model Ps 80) )3U5gen Lauwgs o b ks 3y PBS 12l Vo — & U315 55 5SS colabad )
b5 Gloj b oled B ypaw (g 9 <85 15 0e v oy b ddBy 0 St 4y o oy Josds il 5 2l (emslwgus el
A desxie —Ae glod jd

3 odlizal b (g (ool ool Jlade BABICUSL (s (pgmlionsTyy pa3ls Glsicas (MDA) sadliies opglle jlado

S b Joadlygiwd 3o o (MDA, Biodiagnostic, Cat Number: MD 2529) (yo colo oig cuS bwy (oxwdSS) b,
(YF) A (5 puS03lul yegil OYY Cads 40 55 olKiwd lawgy o il



(55855l b (e oyl 3 36 EBLOBLS] lagesy g olysar (CP) digS ofgn el
oy i odlatel b asl jiSly g ,S Glitie b (6 pSejlil pshae Jidgps (o0 F o ¥ sole I eslatul b ¢ ((oxiwcab)
(V) 18 Glo owSem p)S e p J9egl came g A (550501 (22%103 L/mol/em) yiesls YV- ol 5 DPNH

(PH=VI¥) 5 52 Jgoon B0 CBle by 5 3 2l Sl @ 55 1ol o3t 445 3, 8-OHAG sk (5,50l
Fele SO G 9 U0 outy yle dd Cgw)y U dldy Ve Gdo 4 amBd )0 jod Arr 30 sladiged L oAb 3Ujsen
9 e |, SDS yNaCl 5 1 Jye koo 10+ (PHEA) i il 5d 3 Jsnisen Ve EDTA 1y Jyaieo Ve csgo b
5 0 agSl (el e p)S9Sue Voo ) K jlumig n b ogmadis 82 0F (glos 13 485 Ve e &y bgline (a3 4Bl a0 >
Jeelonl 5 py99,0S (g (golue (slapms b DNA aslsl 5 s 031> &ylys  yoguudur dp> A0 (glod ;> ddds Vo Sdo 0 g
JBs j0 el 90 Gde ) wgemdis =Y+ (glod )3 DNA s .05 a8l £,89,18 0,l5d s 5 M (g5lolis (251241 1) K
2 Jsodes </V) EDTA L olped (i) 3 Jgodeo Vo) Guays 8L 315 50 0)Lgd DNA dslsl j3 .0 03 Coguy o pd Vo Joili]
INVItrogen, ) PL S5 p,55,5ue 0 5 PHEFIA L (1) 5 Jgahe V) liul pri ol sl Som b 3o PHEA L (2
B s 5SSl g 4550 YV (slod (5 cels G e 4 bgle s a8lsl DNA sladises I 4ilg,Sie ¥0 & (CA, USA
&> iy Jgacdee Vo dPH=A) 2 Jgoideo Do ClBle b i B iy Sio iy g 90 Sl laadglSys 4 DNA
w655 ogaadio &3 YV clod 3 celo S e 4 bglsto 0)bgd 0 a3l adiged 4 jBlaund (WJISIT dsly +/8 5 o juie 2,8
clo 1Y) e lawgs 8-OHAG jlade (s (sl 2598l98 (sladigal Cules 53 (FA) g atuasls 598l 4 aaslSes b s
yogsl ¥0+ b (5 g il e S el YVY ol b ojlo ¢80 Jodljgiws 3k 9 CSB-E101400 (yn guljeS 8 i
(T Bas eolawl

Laadd Ve Gdo 4 o g (Ol‘,ﬂ @).\Ji LXw) NOX4 Lg:lguui L addd Ve Gdo a lanl 331 51 Gy e g3 diges
PBS b gidgcand Jb dw | e diges e 2d 4980l (olodl guyil] LeSow) " blugsgnl L onsaSo5es &gl (ool ool
() 05 (63505188 yiogiamgld olSiwd Lawgs odeluwsdy pyws ;> NOXE JoSUgo colas ;5 s (giluolds pywr g 605 Jouts 5l
Sl Gigy
4l S5 uibyly Jdoo 5l laesls 29,8 e duslie (gl caldl (3 (g gyl O}A}i SoS & odhy b mje5 Sbj) 5l w

(09 9ol b5 4 diam) Jglo joun b g (S5 omiini 905 5l oalial b Laodly asldl )3 ()] s Jloline ygun 4> 45 5 ol
D55 ot 3o y3 20 (gyle] lisalol pdans 13 VY d5us SPSSjale 5 U la gl pled .50 duwlie

gy sbasl
ol 0as ST Jodo )0 5L loj yd lahge b g B (59

JLiS ol Loy 5 (s 9 B (59 Y Jgua

B ol O™ 039 09,5
(%) (%) ’
R Yo VA YV/AA S Wle
VAY £ /vy AARTEY S YN ¢ Jus” axs
VAN £ VY YYAY. 28 F ooy S

L Dinitrophenylhydrazine
2 Congogated Antibody
3 Isothiosyanate- Isothiocyanate


https://www.google.com/search?sxsrf=AOaemvKKzJ9C3hnoPqCEJ04WV3wnqyognA:1640370011449&q=Dinitrophenylhydrazine&spell=1&sa=X&ved=2ahUKEwjW6NO-hv30AhWuQ_EDHajfC0oQkeECKAB6BAgCEC4
https://www.google.com/search?sxsrf=AOaemvKk1-SXPOaeONjz7kiAf3iBX6rpbA:1640381171396&q=Isothiocyanate&spell=1&sa=X&ved=2ahUKEwiViZGIsP30AhWJSfEDHZxMCtMQkeECKAB6BAgBEC4

IPe) by oy &)lod o0, Loz 8,90 o2 sy (s pyle ry

MDA jliie o (F2, 21=¥A/VA P=+/++Y) pow NOX4 jlaie 25,5 w0 duslio dy50 10 4al, S5 Luibyly Juloo zols
ol als (F2, 21=3YV/20 P=+/++1) OHAG 4 (F2, 21=¥0/¥A P=+/+Y) dig S uSgp (F2, 21=V2V/VE P=+/ V)
(F =) Gl JSKE) 5yl 3555 oy )5 e 10 (5)lolize (glacsgles 4" sl

sl old K Jio g S50 3 o NOXA Jlaie ) JS5
(P<0/06)Jﬁsm5Jﬂ&Wbs;4{M)‘DUM ugw)ga‘.:‘-w T,a@

slo o5 S Jio sl Bge 415 MDA o Y JS5
(P<0/00) Jﬁsm,d’“ﬁ.‘w 59;44%)‘.)[2&9 ugw )§al.1|.~ f 9%

1A #Poafa.y
\ld FP_Lj..y
VE
5
£ v
2
o
=4
a \-
o
£ .
[=]
E
o
[
IS ol Jr=S s e A

slo ol & Jbo g 590 S CP Lo Y S5
(P<’/’0)J%WQJ)§§¢JMDS;MM;‘bu&ougw)galg.l‘w.-r9*‘“



sl ol B Jto (5l yog0 45 BOHAG I .F JS5
(P<e/+) J S S 9 J S oIl 09,5 &y Capnads ylline oglis5 ,SSbkos i1 g

8-OHUG 5 CP MDA yimen 5 pyo NOXA o sloline ol s3l como MI (lall (F=) (oln JS05) 15 ol o i

O e (Al a8 G (el s 09,5 53 (pped el Lol il J5S wllo 09)5 & G ()lge dan 3 P=/-0)) a8
Jo ol b (lse dan 33 PE+/o21) 15 S &S 06,8 4 csnss ((P=+/+05) CP sy 3lgs G 3 P=+/+1) b sl
okidliig S oy (P=+/++Y) CP (P=+/++)) MDA cpisad 5 (P=+/+Y4) pyw NOX4 ols asls s o s
ol 09)5 ) il w2 joi e yed A (peNeia SlyS S92 b) (08 wSs 09,5 )3 &S (P=+/-14) BOHAG 4 (P=-/--))

Gyl MalS” USG90 0l Pl 31 g b 2 43S BT cinn il )3 (08 S (092 50 D99 L S o (s 48 3y S
Lol o5

S5 4% g S
ausdS Oladss ) MLl o (A8 NOX4 jlade (]38l b oS ud ppww NOX4 50]38] caww MI oS 0l lis Lo &8L oy eken
e join M yled (slasbge 53 pyw NOXA ials yr (silgn (pyei ez 55 2929 b Jl ool b 2yl Slyon (FY 1)
IS5 65lgh el & 405 lgismd 4izn (ol 9 05 o (Sl 48 352 93,55 aiS p S5 9,5 b oo s & JalS s ]
Ol Cpped £95 9 Gl e dlex 1 yed Aol e (o)Ked b e Ll Lol gy Hlgael (6,500 Ml ).ul.; G Ll 0,5

sl &inj ol ) (S Cpped 4 bgrpe Slja i (lulid @ jlo & Cdl s e B &

Jles! Jdoay 5 (W) 255 00 oyl o Blo i (sl Jolu 9 s S ( JLligul sla Jslo dacuwodS gziwl ,> NOX4
Solow i > NOXA (5158 pioman 0Bl ol Wg 55 (6,500 lacdly jl (g5 (23,5 NOX4 o5 conl 3L 55 e
MI 5 5 oy ol (FF) ol 00 oo o SaSn] 4S5 (ald (olo)l 53, Uid g c(sg2 Sgrmd 5oSuly 5T il
dovg aliseo (slaliie 5 ss 53,5 ;5 NOX4 Liulssl Jlaas! dajbge ;5 joShe Jolss cpl dad jop Lgy 338,5 s Jusay
NOX4 585 Lo youn 45ty o yaids o oy 0Bl bigypo S &y wilg5 oo Laidd eppu0 NOX4 5338l 3L ol by e3>
Al odiy] i (ol ol o oty Bl o 45 > NOXA (55 jade i b g (08 (93,5



1) jaly spguw &)laid cpa0,lgz 8,90 (o9 (oimsj pole rF

4 gy )3 o 9 MI o (slaigo 1o ailS sl & bpyo (slojadld ol b olyon gy NOXA Jlido 3,90 ) (938
Jage Gl fogs > 4 g) M ks slaige <l 3 (V) oen 5SSl 0l Jobs (0 oy SleMl (505
oW e 3l e i opl jlade 48" 0558 sdalie |y 5ST Jld sladisS polaw s MDA jlide (ials  NOX4 4oy
Mals aiSis Hlas Gl )3 Cledl g cdalusT Loyl (22l plgicas |y gy cpl Gl o] W38)5 355 4 (wsSae Ly, «slsn
LS oo SV LSS ek 4 50 ol B89 )0 My oo Hlaidy 45T W00 S
B 5l cblas caa > MI Célio pyw NOX4 yiol38l sl b ¥F) cunl 50 (Bgye sasSclasle Sl olyl> NOX4

Oopd 3l e NOXA oy a8 5l 9 (FY) oy S5 )0 D390 B9ys oDl dgue Judody Ll puizmen .Cuwl 03> g9y d9250
o] 05 samline QT oaals (g5lm

4 a2 L (F0) o)l ladlre (18 55 B 4 eje b Jreod S B (et i 0 il Gl )b 5 NOX4
09,5 laybge ) pyw NOXA [l33l s oo jlaiay caiSiw jlod QB )3 (9o (S g d929 (iomen 9 <515 5L i34l
M1 o p s NOXA 38l a 51 sl 03,8 o (ol o5 9 Glunyorsd 9t 5 350251 Gialidl Can 3 o8 4o
& iz gty bl b abie Gl ol Tog3) o 305 Gl38l | 550051 o loadlS 5 i silo cytr slocdly s 53 s
S 08 S sloog)S )3 Lol o] )3 iy (slo s el o (ilocdlid cplply ASLS o sk Gusly S (slias
ol 42315 2929 NOXA s (38l & (st Sl 550 oo S o Comdy plos 9100 b oo o5 s o iy ]S
ol 015 o3nlia oy NOXA Jlsio 5 o 59, 456,455, oyl

oI L NOXA Jg (F7) a3l 55 (o (ola)l jlodine] Slgi oo (i oS )05 2929 55 (S93) Ui o Jlesn! MIS (e

SIS sl oty O Wlgcgn @ M 31 oy NOXA ol 331 > Sy (ol iy (FY) 3550 58 )L 18IS s g gles]
SIS dlics o (FA) M Cdlat Ll 15 (sils conpes 3] o g LS (ilS Jiboay o8 sl MI Blate (5 ,Lid
Sl Cnyed b MIE Gl b shge (193 )Lid 3ao5 cul 3 (g2 Lol WS (o a8 65 1y (3lsm Cpe J) e 0093 82,5 NOX4
)3 3929 5 (S )i jop il MII ey (riomen 2395 o0 Slaiudey J dinej el )3 st sl p plol bl (6ol
o2 MII Gy NOXA (l38 s 6 cnl s (YY) 29000 (193 5La3 oS e (Bgye glusl Jial33l L NOX4 Jy ()
2 Siler et I g s Jlis prals Jlenl (185 e 3 L g asl ME Gdlaie 98 )Li8 alS el o 5 Silgiee
S0 diojls dliws ) 555 1B Lol 29 o dns 355 (6ilon myed § me pyoo NOXA Lials ((FA) MI Cdlate Lol

Jy.uwa :\..15 LSL‘”J}L" 5 3‘)05)5 u_wL..SI u*’):*"l L;Lo‘ oo C)lﬁ‘."@ NOX4 d}l.wJL:é u*”‘)s' Cuw (pSed | W?f‘
(0+) sl 003 2l B 0 1 5 1 ppaiien ] coosi S uap ol 5 05 ol pasius Ll 50 MI Claie Laylys )5 5 (9)
55 b Ll 2,5 el 1y b8 3 11 g 1 i T (cloossnS s ol 9 (55 0 3585 ik o s 51 (ol

& 4S5 Ylazsl (silgn e | o5 92,5 NOXA Jliio jinlS o 2950 s (DY) 900 ((J905lS (sloS g0
g1 dals Iauuwgdg dlax jl g Jsho ol s 1l (glias

L Geng
2 Podocytes are specialized epithelial cells that cover the outer surfaces of glomerular capillaries



u“i‘)SI J.ﬁL» u;])JL.: Y-S )l)ﬁ L;‘yy MT uo):w 5 ‘) LZM\»K Jolyua NOX4 .)9» &S ..\Jla.))f D)Lw] (\\”) ul.e.a;u L;>)J
&S )3 NOXA Lials Ygano g 8 (5 Sols M Coluia Jopg Jlain] cslaamal 51 ol atilgion M1 Jl s p e NOX4
(OF) 398 m (5500 Slapioamr g S ;s NOX2 g NOX4 slams 51 (125 Yzl 5 5 o sl ool JSio

o2 5505 9 jord emsl ok ©yles 5 pled iS5 igesily S8 eyinS aw (19,5 e 5 NOX4 (yizeen
o2 SeaSu] 4iSes 5 5 olo)l (S53Lidy 550y s9rmd 9 Suly il ile gilaw ir > NOXA iliél o cusl 455
NOX4 )58l Jlais) da bgo 13 js5he olgs dod 5oy 89 0528,5 b Lot MI s 51 e ol (Y sl 05 smlie
3l by S 4 Wlgi_sod Laid qod pyus NOXA Ltl33l a5 5 s e ol ) g3y ciliseo (claliio 51 ppus
seal o.\&ﬁ;ﬂ«.ﬂj sl s jl eolaiwl b g p e NOX4 538D Lico Oy o.@fl Sladss gly oS Sy oo YA o
ol 9 st owyp sl b Sl Sleiin lgi e wa adS Bl > ids NOX4A gy jlade us b g adS 5l s o
Al dige

2 MI b Ylaasl a8 0l o] Sl Wlgio 1ls (cjlsn i 5 oo MI s claose oy NOXA i oS ot Lol
Oizzen 22 Jlgdeal (6,500 OMIAe 15 & b g Cans 15 Bl BB Ml (3lam nye5 1 50 8 52,5 NOXA o
3L 5l len nped Sl 6P SYsk (Slej 8y93 4 el slaige b e polie 4 ppw NOXA jlade LIS slal (sl o2 L3
(o dlox l pped doly bz (6)ws b NN 5 Cuwl 00,50 s digy O ygods dyg0 cpl )0 pyed JSTgp opl oo LS
Anlgd 3908 Judrey g diwn 554563 a3 j9She 3)lge plod (Sl pa 4 8l Cund 15 e @B A Gl (e g5 g
D9 ol d dle) (ol 3 (S oy 4 bgrye Slir (g lolid

09 b el ) ol ke s (sl oab Jlnd JS5 4 NOXA (0551 a8ly cllabd & bgapo oo j503 &85 S ol 20959
o 3B b ) (36 slasoly uli8) oo & gy 55 50,5 NOXA Luljdl o5 el 5 4l o3 ol 4 o
(OF) ol 05 0305 Lialed Y S5 3 45 el La o it Jshes £5 4 (yrizzans NOXA S35l 50 ko i

2 E9e By ol slglen > NOXA Jobo e g ouiScbablne sla il 3 Jdd (glojame o) ol
S e 5 ke ogill Sl 385 i)l & b Sl o Cud os 1) ke sty () oliSn 5 el (320
Gl (Bgye B i o LA D 03ed 5 b sl () Al ©)goa MI Célio bylys s NOX4
sl Lasls sicty MDA Jols ilaS] oyl jasls dw j» laie & 15 edalis lbal S0 Lise
4l <8l )3 DNA (oo:luST jadls glsiea; OHAG Jlude 5 oSy plalusT (asls plyisar (CP) dbis)S (s n «sued)
plles JS 4y G (glaline glis joim dlogl aus o Jloliae 1alST gy 2925 L (3l (203 | g Lol Bl GRIBIMI
ooyl BT g (oS g Sl g aaldS 4y (g8 (SBL S5 g (B okigy bl Jleinl (ol &S Sl ey Jlo 2 490 (S
GilS” Jlte (sl FY) a5k olyon el ool 5 Jobo (6585 SgaS L2l b Wlgice 45 Canl 00 als a5 il 3 L]
2B JS 53 298 e a8 il MDA (I3l & cyog JgueS 5 )b (il b Slgion (OF) My 548 95 ol
S Bl 3 beyuiSgie LS Gl 4 Slgce (B S JLid 4 4S8l > (o luST eyl GRS 5 (o859 (o pe
sl ige &S 55 (gilon pped j e 15 Lol L(OF) s sales st 5115l cla JIGol) Hlade e ialS cow a8 3gi 03l o
oyt 45 sl 0t olya oaisluS Loyt oy 0 L a5 sl 0305 (g9 (ladl] Cammidg S 5 55 St ials MI s



IPe) ol pgw &)lod oo, Loz 8,90 4 ofsg (sims s pole re

POl s slaaidl b vt & Wb MI 6 (oS o] ol o ool ol gl o5k 51 Sl e
@bl Ol 4 wlg e 8 dSw Jlida alds <l o ialuST oyl SRl g (859 eyed 8B S0 )l Slaen
(0F) 15 algs LT 5111 ela JBGal, jlate ade jalS G 45 39 0313 Cas (i 1 3 L 6,08 g

(%) 2o LinlS MI Lyl )3 oanlie b5 sioxe 5,5 (soSomm) ol 5] Lyop 418 oislaST> £163 misms 1S Ygano
Sle Gilor Gy 925 sl MI Claite a8 cél o ialuST oyl (ials p (g5lon e 180 &S 298 0 youad ol ol
S o st ) ($9ulS B poydins o Bigy (9,5 1S g MI Bl (godlS (slacd I (555l

5yl ygme G (S5 sl 9 BalS 5> Jsloyyd (ST S sladisS alg Soyo0 50 o sloosi S g Il i 51

il s B 3 o laoniyS ol il g 3 1l s Bl 52eS i 5 (Soliows i 098 0 Vlaza] ]y (00)

slobge &S )5 OHAG 5 aligy )" (g MDA ials cules )3 g (5mST Jlb sladisS ags Jials ) cusl (Sae (V)
3k > sl el <o MI e

«S3ls s 9 ML g 5 iy 69485 9 (6 3o sloyad Ll (g pSojlail pas sl (g)lons Slacudgione s (0l

2 o 25 NOXA Jlaisl (15 3 S 355 (slayne s ple g 098 (925 10 d9290 NOXA 355 Liie (s pae

S Lial3E] o 150 MI 6lal] a8 1 o0l Lt Lol catls M (glall Loy a8 il ol ool e (6, S

) S5y il ey B ssbar &Sl b slsn e 9 398 4 €l > ST oyl claasls b olyan oy NOX4

Olsje e bolid & 5l k] Cliis ) dwye ity K08 Byby Jol jgbey jein St ol Jy 0 esSas
el (Bl Glomen dines cnl )3 Se (S yed S SSSg

S g oGS

References

1. Dong Z, Gong K, Huang D, Zhu W, Sun W, Zhang Y, et al. Myocardial infarction accelerates glomerular
injury and microalbuminuria in diabetic rats via local hemodynamics and immunity. International journal
of cardiology. 2015;179:397-408.

2. Vavalle JP, van Diepen S, Clare RM, Hochman JS, Weaver WD, Mehta RH, et al. Renal failure in
patients with ST-segment elevation acute myocardial infarction treated with primary percutaneous
coronary intervention: Predictors, clinical and angiographic features, and outcomes. American heart
journal. 2016;173:57-66.

3. Parikh CR, Coca SG, Wang Y, Masoudi FA, Krumholz HM. Long-term prognosis of acute kidney injury
after acute myocardial infarction. Archives of internal medicine. 2008;168(9):987-95.

4. van Dokkum RP, Eijkelkamp WB, Kluppel AC, Henning RH, van Goor H, Citgez M, et al. Myocardial
infarction enhances progressive renal damage in an experimental model for cardio-renal interaction.
Journal of the American Society of Nephrology. 2004;15(12):3103-10.

5. Liu YH, Liu Y, Tan N, Chen J-y, Chen J, Chen S-h, et al. Predictive value of GRACE risk scores for
contrast-induced acute Kidney injury in patients with ST-segment elevation myocardial infarction before
undergoing primary percutaneous coronary intervention. International urology and nephrology.
2014;46(2):417-26.


https://www.sciencedirect.com/science/article/abs/pii/S0167527314021755
https://www.sciencedirect.com/science/article/abs/pii/S0167527314021755
https://www.sciencedirect.com/science/article/abs/pii/S0167527314021755
https://www.sciencedirect.com/science/article/abs/pii/S0002870315006821
https://www.sciencedirect.com/science/article/abs/pii/S0002870315006821
https://www.sciencedirect.com/science/article/abs/pii/S0002870315006821
https://www.sciencedirect.com/science/article/abs/pii/S0002870315006821
https://jamanetwork.com/journals/jamainternalmedicine/article-abstract/414205
https://jamanetwork.com/journals/jamainternalmedicine/article-abstract/414205
https://jasn.asnjournals.org/content/15/12/3103
https://jasn.asnjournals.org/content/15/12/3103
https://jasn.asnjournals.org/content/15/12/3103
https://pubmed.ncbi.nlm.nih.gov/24265037/
https://pubmed.ncbi.nlm.nih.gov/24265037/
https://pubmed.ncbi.nlm.nih.gov/24265037/
https://pubmed.ncbi.nlm.nih.gov/24265037/

ry sold 42K Juo alpmo slobg0 oy NOXA | laio g £dS pitylunST L pi] slo,asls 4 5ilsn 5o pad Slpdl

6. Kaltsas E, Chalikias G, Tziakas D. The incidence and the prognostic impact of acute kidney injury in
acute myocardial infarction patients: current preventive strategies. Cardiovascular drugs and therapy.
2018;32(1):81-98.

7. Caio-Silva W, da Silva Dias D, Junho CVC, Panico K, Neres-Santos RS, Pelegrino MT, et al.
Characterization of the Oxidative Stress in Renal Ischemia/Reperfusion-Induced Cardiorenal Syndrome
Type 3. BioMed Research International. 2020;2020.

8. Gorin Y, Cavaglieri RC, Khazim K, Lee D-Y, Bruno F, Thakur S, et al. Targeting NADPH oxidase with
a novel dual Nox1/Nox4 inhibitor attenuates renal pathology in type 1 diabetes. American Journal of
Physiology-Renal Physiology. 2015;308(11):F1276-F87.

9. Li MS, Adesina SE, Ellis CL, Gooch JL, Hoover RS, Williams CR. NADPH oxidase-2 mediates zinc
deficiency-induced oxidative stress and kidney damage. American Journal of Physiology-Cell
Physiology. 2017;312(1):C47-C55.

10.Geiszt M, Kopp JB, Varnai P, Leto TL. Identification of renox, an NAD (P) H oxidase in kidney.
Proceedings of the National Academy of Sciences. 2000;97(14):8010-4.

11.Bedard K, Krause K-H. The NOX family of ROS-generating NADPH oxidases: physiology and
pathophysiology. Physiological reviews. 2007;87(1):245-313.

12.Babelova A, Avaniadi D, Jung O, Fork C, Beckmann J, Kosowski J, et al. Role of Nox4 in murine models
of kidney disease. Free radical biology & medicine. 2012;53(4):842-53.

13.Rajaram RD, Dissard R, Jaquet V, de Seigneux S. Potential benefits and harms of NADPH oxidase type 4
in the kidneys and cardiovascular system. Nephrology Dialysis Transplantation. 2018;34(4):567-76.

14.Cucoranu I, Clempus R, Dikalova A, Phelan PJ, Ariyan S, Dikalov S, et al. NAD(P)H oxidase 4 mediates
transforming growth factor-betal-induced differentiation of cardiac fibroblasts into myofibroblasts.
Circulation research. 2005;97(9):900-7.

15.Ghartavol MM, Gholizadeh-Ghaleh Aziz S, Babaei G, Hossein Farjah G, Hassan Khadem Ansari M. The
protective impact of betaine on the tissue structure and renal function in isoproterenol-induced myocardial
infarction in rat. Molecular Genetics & Genomic Medicine. 2019;7(4):e00579.

16.Santos CX, Hafstad AD, Beretta M, Zhang M, Molenaar C, Kopec J, et al. Targeted redox inhibition of
protein phosphatase 1 by Nox4 regulates elF2a-mediated stress signaling. The EMBO journal.
2016;35(3):319-34.

17.Braunersreuther V, Montecucco F, Asrih M, Pelli G, Galan K, Frias M, et al. Role of NADPH oxidase
isoforms NOX1, NOX2 and NOX4 in myocardial ischemia/reperfusion injury. Journal of molecular and
cellular cardiology. 2013;64:99-107.

18.Wallert M, Ziegler M, Wang X, Maluenda A, Xu X, Yap ML, et al. a-Tocopherol preserves cardiac
function by reducing oxidative stress and inflammation in ischemia/reperfusion injury. Redox biology.
2019;26:101292.

19.1ghodaro O, Akinloye O. First line defence antioxidants-superoxide dismutase (SOD), catalase (CAT) and
glutathione peroxidase (GPX): Their fundamental role in the entire antioxidant defence grid. Alexandria
Journal of Medicine. 2018;54(4):287-93.

20.Goli F, Nasri H. Association of 8-hydroxy-2’-deoxyguanosine with various demographic and biochemical
parameter in a group of hemodialysis patients. Journal of Preventive Epidemiology. 2020;5(1):e06-¢.

21.Colombo G, Reggiani F, Angelini C, Finazzi S, Astori E, Garavaglia ML, et al. Plasma Protein Carbonyls
as Biomarkers of Oxidative Stress in Chronic Kidney Disease, Dialysis, and Transplantation. Oxidative
medicine and cellular longevity. 2020;2020.

22.Xing Y, Yang S-D, Wang M-M, Feng Y-S, Dong F, Zhang F. The beneficial role of exercise training for
myocardial infarction treatment in elderly. Frontiers in physiology. 2020;11:270.

23.Trachsel LD, David LP, Gayda M, Henri C, Hayami D, Thorin-Trescases N, et al. The impact of
high-intensity interval training on ventricular remodeling in patients with a recent acute myocardial
infarction—A randomized training intervention pilot study. Clinical cardiology. 2019;42(12):1222-31.

24.Dadashzadeh A, Poozesh Jadidi R. Effect of HIIT and curcumin consumption on serum troponin | and
creatine kinase levels in isopretrenol-treated male mice %J Journal of Applied Health Studies in Sport
Physiology. 2021;8(1):44-53.


https://pubmed.ncbi.nlm.nih.gov/29349645/
https://pubmed.ncbi.nlm.nih.gov/29349645/
https://pubmed.ncbi.nlm.nih.gov/29349645/
https://pubmed.ncbi.nlm.nih.gov/33102574/
https://pubmed.ncbi.nlm.nih.gov/33102574/
https://pubmed.ncbi.nlm.nih.gov/33102574/
https://pubmed.ncbi.nlm.nih.gov/25656366/
https://pubmed.ncbi.nlm.nih.gov/25656366/
https://pubmed.ncbi.nlm.nih.gov/25656366/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5283897/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5283897/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5283897/
https://pubmed.ncbi.nlm.nih.gov/10869423/
https://pubmed.ncbi.nlm.nih.gov/10869423/
https://pubmed.ncbi.nlm.nih.gov/17237347/
https://pubmed.ncbi.nlm.nih.gov/17237347/
https://pubmed.ncbi.nlm.nih.gov/22749956/
https://pubmed.ncbi.nlm.nih.gov/22749956/
https://archive-ouverte.unige.ch/unige:115495
https://archive-ouverte.unige.ch/unige:115495
https://pubmed.ncbi.nlm.nih.gov/16179589/
https://pubmed.ncbi.nlm.nih.gov/16179589/
https://pubmed.ncbi.nlm.nih.gov/16179589/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6465653/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6465653/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6465653/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4741303/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4741303/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4741303/
https://pubmed.ncbi.nlm.nih.gov/24051369/
https://pubmed.ncbi.nlm.nih.gov/24051369/
https://pubmed.ncbi.nlm.nih.gov/24051369/
https://pubmed.ncbi.nlm.nih.gov/31419755/
https://pubmed.ncbi.nlm.nih.gov/31419755/
https://pubmed.ncbi.nlm.nih.gov/31419755/
https://www.sciencedirect.com/science/article/pii/S2090506817301550
https://www.sciencedirect.com/science/article/pii/S2090506817301550
https://www.sciencedirect.com/science/article/pii/S2090506817301550
https://jprevepi.com/Article/jpe-9121
https://jprevepi.com/Article/jpe-9121
https://www.hindawi.com/journals/omcl/2020/2975256/
https://www.hindawi.com/journals/omcl/2020/2975256/
https://www.hindawi.com/journals/omcl/2020/2975256/
https://www.frontiersin.org/articles/10.3389/fphys.2020.00270/full
https://www.frontiersin.org/articles/10.3389/fphys.2020.00270/full
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6906981/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6906981/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6906981/
http://jahssp.azaruniv.ac.ir/article_14244.html?lang=en
http://jahssp.azaruniv.ac.ir/article_14244.html?lang=en
http://jahssp.azaruniv.ac.ir/article_14244.html?lang=en

1) jaly oy &)lais o, loz 8,90 (o fyg (mss pole rA

25.Jayo-Montoya JA, Maldonado-Martin S, Aispuru GR, Gorostegi-Anduaga |, Gallardo-Lobo R, Matajira-
Chia T, et al. Low-Volume High-Intensity Aerobic Interval Training Is an Efficient Method to Improve
Cardiorespiratory Fitness After Myocardial Infarction: PILOT STUDY FROM THE INTERFARCT
PROJECT. Journal of cardiopulmonary rehabilitation and prevention. 2020;40(1):48-54.

26.Wu F, Li Z, Cai M, Xi Y, Xu Z, Zhang Z, et al. Aerobic exercise alleviates oxidative stress-induced
apoptosis in kidneys of myocardial infarction mice by inhibiting ALCAT1 and activating FNDC5/Irisin
signaling pathway. Free Radical Biology and Medicine. 2020;158:171-80.

27.Batista DF, Polegato BF, Da Silva RC, Claro RT, Azevedo PS, Fernandes AA, et al. Impact of Modality
and Intensity of Early Exercise Training on Ventricular Remodeling after Myocardial Infarction.
Oxidative Medicine and Cellular Longevity. 2020;2020.

28.Guo Y, Chen J, Qiu H. Novel mechanisms of exercise-induced cardioprotective factors in myocardial
infarction. Frontiers in physiology. 2020;11:199.

29.Moieni A, Hosseini SA. Effect of Resistance Training Combined with Curcumin Supplementation on
Expression of Regulatory Genes Related to Myocardial Remodeling in Obese Rats. Journal of Applied
Health Studies in Sport Physiology. 2020;7(2):45-52.

30.Souza LM, Okoshi MP, Gomes MJ, Gatto M, Rodrigues EA, Pontes TH, et al. Effects of Late Aerobic
Exercise on Cardiac Remodeling of Rats with Small-Sized Myocardial Infarction. Arquivos brasileiros de
cardiologia. 2021;116(4):784-92.

31.Geng YW, Lin QQ, Wang XY, Li RM, Tian ZJ. Effects of aerobic interval training on myocardial
oxidative stress and inflammation in rats with myocardial infarction and its mechanism. Chinese journal
of applied physiology. 2021;37(4):439-44.

32.Gomes MJ, Pagan LU, Lima AR, Reyes DR, Martinez PF, Damatto FC, et al. Effects of aerobic and
resistance exercise on cardiac remodelling and skeletal muscle oxidative stress of infarcted rats. Journal
of Cellular and Molecular Medicine. 2020;24(9):5352.

33.Qin R, Murakoshi N, Xu D, Tajiri K, Feng D, Stujanna EN, et al. Exercise training reduces ventricular
arrhythmias through restoring calcium handling and sympathetic tone in myocardial infarction mice.
Physiological Reports. 2019;7(4).

34.Pouzesh Jadidi G, Seifi-Skishahr F, Bolboli L, Azali Alamdari K, Pourrahim Ghouroghch A. Effect of
high intensity interval training and curcumin supplementation on left ventriclular miR-133 and miR-1
gene expression levels in isoproterenol induced myocardial infarction rat model %J Journal of Practical
Studies of Biosciences in Sport. 2021:sep 13.

35.Tofighi A, Ebrahimi Kalan A, Jamali Qarakhanlou B. The effect of resveratrol supplementation and
aerobic training on cardiac tissue alteration of rats with acute myocardial infarction. Iranian Journal of
Physiology and Pharmacology. 2018;1(4):221-11.

36.Khafaga AF, Noreldin AE, Taha AEJJotb. The adaptogenic anti-ageing potential of resveratrol against
heat stress-mediated liver injury in aged rats: Role of HSP70 and NF-kB signalling. 2019;83:8-21.

37.Randjelovic P, Veljkovic S, Stojiljkovic N, Velickovic L, Sokolovic D, Stoiljkovic M, et al. Protective
Effect of Selenium on Gentamicin-Induced Oxidative Stress and Nephrotoxicity in Rats. 2012;35(2):141-
8.

38.Kim J, Shon E, Kim C-S, Kim JSJEDR. Renal Podocyte Injury in a Rat Model of Type 2 Diabetes Is
Prevented by Metformin. 2012;2012.

39.Gholinezhad M, Aliarab A, Abbaszadeh-Goudarzi G, Yousefnia-Pasha Y, Samadaian N, Rasolpour-
Roshan K, et al. Nitric oxide, 8-hydroxydeoxyguanosine, and total antioxidant capacity in human seminal
plasma of infertile men and their relationship with sperm parameters. Clinical and experimental
reproductive medicine. 2020;47(1):54.

40.Zhang W-K, Zhang LJJoHMU. Correlation of SOD-Mn gene polymorphism with renal function and
oxidative injury in patients with diabetic nephropathy. 2018;24(14):13-7.

41.Mongue-Din H, Patel AS, Looi YH, Grieve DJ, Anilkumar N, Sirker A, et al. NADPH Oxidase-4 Driven
Cardiac Macrophage Polarization Protects Against Myocardial Infarction-Induced Remodeling. JACC
Basic Transl Sci. 2017;2(6):688-98.


https://pubmed.ncbi.nlm.nih.gov/31693643/
https://pubmed.ncbi.nlm.nih.gov/31693643/
https://pubmed.ncbi.nlm.nih.gov/31693643/
https://pubmed.ncbi.nlm.nih.gov/31693643/
https://pubmed.ncbi.nlm.nih.gov/32726688/
https://pubmed.ncbi.nlm.nih.gov/32726688/
https://pubmed.ncbi.nlm.nih.gov/32726688/
https://europepmc.org/article/pmc/7387991
https://europepmc.org/article/pmc/7387991
https://europepmc.org/article/pmc/7387991
https://www.frontiersin.org/articles/10.3389/fphys.2020.00199/full
https://www.frontiersin.org/articles/10.3389/fphys.2020.00199/full
http://jahssp.azaruniv.ac.ir/article_14154.html?lang=en
http://jahssp.azaruniv.ac.ir/article_14154.html?lang=en
http://jahssp.azaruniv.ac.ir/article_14154.html?lang=en
https://europepmc.org/article/pmc/pmc8121407
https://europepmc.org/article/pmc/pmc8121407
https://europepmc.org/article/pmc/pmc8121407
https://pubmed.ncbi.nlm.nih.gov/34374267/
https://pubmed.ncbi.nlm.nih.gov/34374267/
https://pubmed.ncbi.nlm.nih.gov/34374267/
https://pubmed.ncbi.nlm.nih.gov/32239667/
https://pubmed.ncbi.nlm.nih.gov/32239667/
https://pubmed.ncbi.nlm.nih.gov/32239667/
https://pubmed.ncbi.nlm.nih.gov/30806037/
https://pubmed.ncbi.nlm.nih.gov/30806037/
https://pubmed.ncbi.nlm.nih.gov/30806037/
https://jpsbs.birjand.ac.ir/article_1802.html?lang=en
https://jpsbs.birjand.ac.ir/article_1802.html?lang=en
https://jpsbs.birjand.ac.ir/article_1802.html?lang=en
https://jpsbs.birjand.ac.ir/article_1802.html?lang=en
http://ijpp.phypha.ir/article-1-273-en.html
http://ijpp.phypha.ir/article-1-273-en.html
http://ijpp.phypha.ir/article-1-273-en.html
https://pubmed.ncbi.nlm.nih.gov/31331528/
https://pubmed.ncbi.nlm.nih.gov/31331528/
https://pubmed.ncbi.nlm.nih.gov/22091876/
https://pubmed.ncbi.nlm.nih.gov/22091876/
https://pubmed.ncbi.nlm.nih.gov/22091876/
https://pubmed.ncbi.nlm.nih.gov/23056035/
https://pubmed.ncbi.nlm.nih.gov/23056035/
https://pubmed.ncbi.nlm.nih.gov/32079054/
https://pubmed.ncbi.nlm.nih.gov/32079054/
https://pubmed.ncbi.nlm.nih.gov/32079054/
https://pubmed.ncbi.nlm.nih.gov/32079054/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Correlation+of+SOD-Mn+gene+polymorphism+with+renal+function+and+oxidative+injury+in+patients+with+diabetic+nephropathy&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Correlation+of+SOD-Mn+gene+polymorphism+with+renal+function+and+oxidative+injury+in+patients+with+diabetic+nephropathy&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5803556/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5803556/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5803556/

re sold 42K Juo alpmo slobg0 oy NOXA | laio g £dS pitylunST L pi] slo,asls 4 5ilsn 5o pad Slpdl

42.Wen Z, Mai Z, Zhu X, Chen Y, Geng D, Wang JJRf. Comparison of renal impairment post-myocardial
infarction with reduced and preserved left ventricular function in rats with normal renal function.
2020;42(1):358-68.

43.Chen F, Haigh S, Barman SA, Fulton D. From form to function: the role of Nox4 in the cardiovascular
system. Frontiers in physiology. 2012;3:412.

44.Morawietz H. c. Cardiovascular protection by Nox4. Cardiovascular research 114.3 (2018): 353-355.

45.Zhang M, Brewer AC, Schroder K, Santos CXC, Grieve DJ, Wang M, et al. NADPH oxidase-4 mediates
protection against chronic load-induced stress in mouse hearts by enhancing angiogenesis. Proceedings of
the National Academy of Sciences. 2010;107(42):18121-6.

46.Richards AM, Nicholls MG, Troughton Richard W, Lainchbury John G, Elliott J, Frampton C, et al.
Antecedent hypertension and heart failure after myocardial infarction. Journal of the American College of
Cardiology. 2002;39(7):1182-8.

47.Ray R, Murdoch CE, Wang M, Santos CX, Zhang M, Alom-Ruiz S, et al. Endothelial Nox4 NADPH
oxidase enhances vasodilatation and reduces blood pressure in vivo. 2011;31(6):1368-76.

48.Kargarfard M, Rouzbehani R, Basati FJljopm. Effects of exercise rehabilitation on blood pressure of
patients after myocardial infarction. 2010;1(2):124.

49.Gonzalez-Vicente A, Saikumar JH, Massey KJ, Hong NJ, Dominici FP, Carretero OA, et al. Angiotensin
Il stimulates superoxide production by nitric_oxide synthase in thick ascending limbs. Physiological
reports. 2016;4(4):e12697.

50.Nio Y, Matsubara H, Murasawa S, Kanasaki M, Inada M. Regulation of gene transcription of angiotensin
11 receptor subtypes in myocardial infarction. J Clin Invest. 1995;95(1):46-54.

51.Che G, Gao H, Hu Q, Xie H, Zhang Y. Angiotensin Il promotes podocyte injury by activating Arf6-
Erk1/2-Nox4 signaling pathway. PLoS ONE. 2020;15(3).

52.Nlandu Khodo S, Dizin E, Sossauer G, Szanto |, Martin PY, Feraille E, et al. NADPH-oxidase 4 protects
against kidney fibrosis during chronic renal injury. Journal of the American Society of Nephrology :
JASN. 2012;23(12):1967-76.

53.Wright RS, Reeder GS, Herzog CA, Albright RC, Williams BA, Dvorak DL, et al. Acute myocardial
infarction and renal dysfunction: a high-risk combination. 2002;137(7):563-70.

54.Aydin C, Ince E, Koparan S, Cangul IT, Naziroglu M, Ak F. Protective effects of long term dietary
restriction on swimming exercise-induced oxidative stress in the liver, heart and kidney of rat.
2007;25(2):129-37.

55.Ranjbar K, Nazem F, Sabrinezhad R, Nazari AJlhj. Aerobic training and L-arginine supplement
attenuates myocardial infarction-induced kidney and liver injury in rats via reduced oxidative stress.
2018;70(4):538-43.

56.Najafi H, Changizi Ashtiyani S, Sayedzadeh SA, Mohamadi Yarijani Z, Fakhri S. Therapeutic effects of
curcumin on the functional disturbances and oxidative stress induced by renal ischemia/reperfusion in
rats. Avicenna journal of phytomedicine. 2015;5(6):576-86.

57.Fatahi B, Habibian MJPR. Effect of Aerobic Exercise on Renal Angiotensin-11 and Angiotensin Type 1
Receptor Levels in Administered Rats with Nano Zinc Oxide. 2018;21(1):29-34.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7241450/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7241450/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7241450/
https://www.frontiersin.org/articles/10.3389/fphys.2012.00412/full
https://www.frontiersin.org/articles/10.3389/fphys.2012.00412/full
https://pubmed.ncbi.nlm.nih.gov/29324982/
https://www.pnas.org/doi/abs/10.1073/pnas.1009700107
https://www.pnas.org/doi/abs/10.1073/pnas.1009700107
https://www.pnas.org/doi/abs/10.1073/pnas.1009700107
https://pubmed.ncbi.nlm.nih.gov/11923044/
https://pubmed.ncbi.nlm.nih.gov/11923044/
https://pubmed.ncbi.nlm.nih.gov/11923044/
https://pubmed.ncbi.nlm.nih.gov/21415386/
https://pubmed.ncbi.nlm.nih.gov/21415386/
https://pubmed.ncbi.nlm.nih.gov/21566773/
https://pubmed.ncbi.nlm.nih.gov/21566773/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4759044/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4759044/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4759044/
https://pubmed.ncbi.nlm.nih.gov/7814645/
https://pubmed.ncbi.nlm.nih.gov/7814645/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0229747
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0229747
https://pubmed.ncbi.nlm.nih.gov/23100220/
https://pubmed.ncbi.nlm.nih.gov/23100220/
https://pubmed.ncbi.nlm.nih.gov/23100220/
https://pubmed.ncbi.nlm.nih.gov/12353943/
https://pubmed.ncbi.nlm.nih.gov/12353943/
https://pubmed.ncbi.nlm.nih.gov/16143963/
https://pubmed.ncbi.nlm.nih.gov/16143963/
https://pubmed.ncbi.nlm.nih.gov/16143963/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6116575/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6116575/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6116575/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4678503/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4678503/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4678503/
https://www.sid.ir/paper/386483/en
https://www.sid.ir/paper/386483/en

