[ Downloaded from jssu.ssu.ac.ir on 2026-04-30 |

[ DOI: 10.18502/ssu.v30i7.10747 ]

ALEATES A QEC-IPRRY 7R Y O3 (Bgo dgls (S pale oA iy (oole alo

VF V- YIYA: o iy o )b 1P+ 140 et 0 yloudd ¢ o 0590

gl gl i B Lo 3T s i9y 3 5590

oV . Loy e doxo “dlim‘ aobld

1 ke clamST bS5 (3l b cassil e 5 ol hamST 0d SlaS 5 Jold SlogaSIas £ gimmp tdoddo
390 wge (SlanST SOl gBo piw codled pals ¢ laanST OloS 5 o ialidl oS o cdadlre guslonnST ol
Cogtd Jlae jo 9 g lom j9 5 Lplal oSl o PLST sloul jo guslonsT ol i 00,5 oo guila—uST ol
S ali i gycpl 5l el oals ools las calizee Sldlae [0 bas lom (Sl 5 (6 pNien jo SlanSTos gBs i
ol 009y 4SS ladans o (goumio Ol g4050 dinles Sbjyl 1) elonST o yinl Cansg s 4y wileny a5 (5 e
5ol ooy Slale G815l o cd )l sl (s yassld B9y 4 Jab slaaisS g olil slaJSusly (6 eSesla]
SOt 0 s b aid e sl Gl 59 et 5 e OlenST 0 slag 3T Cdlad (nnd o J5SU505 Lo (rolaST Y ame
55 (0 5B Eom 3,90 lagby, cnl 51 S ya Slatudgazte 5 Llze (55950 dalllan cnl ;0 0Bl oo by, cnl 050

P9y 5l anlllas s (sl b sl oyl (ad sla SiLas 05l 0aS Agusie Jelse g lacudgaome 4y az s b 16y At
5 5 5995 oo Slering ;LS 5o slacusgasme p adde gl cnl 2 ogdle 3,5 blusl gl jondd ) g 05903 ool cenlie
39 oolitul g5lanST il (o)l sl Blisee sla ), ]

laud SolasSTy S logu ¢ylonST b cguilanST il 1 goadS sdojlg

Sy pole olSils it sede Ao guilamnS T oyl i 2Ll G ey » (890 e is ekl ol (gl
FAF-0 Y (V)Y AFN 05 Boao apd

Ol s Gy (S iy pole oIS (Kb gl g 8255515 ( Ry LojT pole 09 8-
Ol s Gy (Sl 3y poke DI ¢ Sl gl pmy 23S ¢ AEle )T o (59Ud 5 pole Sligios 35 o -V
YIFPUIADAS: iy 35 daKhShidMa@sums.ac.ir : K9 Sl Ca = AV VI ) £ 105805 £(J gk d3iumns 93)3


http://dx.doi.org/10.18502/ssu.v30i7.10747
https://jssu.ssu.ac.ir/article-1-5737-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-04-30 |

[ DOI: 10.18502/ssu.v30i7.10747 ]

oyKen g bl aabld -

oaly lis goasie Sldllhe Jlie ,o .losls 1,8 ol 0,40
Sl Bl Jols o SlaaSTos pigw Cogds a5 wloads
0s5belE YL Glge s dSTpaw  lauST as
O55belS aiile ! slaglonnST s g lasTy,
a5 sl by, 9929 g,0nl 51 OVV-13) aidl co Fige las Lo
ailes (5,158 9 cpend |y 0y gulanST dayl ol 8o a4y ailens
Oleyd g Syt Dbl 0wt LMl g Dyspe SO
Ll o0l Jos OL...S‘ Sl Oy Aol 0 g LDL;)LQ%.}
ailoads slpriy arsds gleans o sooxie sloasli
S 20,185 5 oY las lustial hls bl (5 Lis ax 5
sloaiss o oyl Gl o], peiins (g Sojlos! axiue
9 Syl slo,Silas SIS L g g ST Jlad
Slule SlouaS 5T o6 b )b pad (Y +) (6 agimsld
bocd  GemlanST OV¥game g Soslal (YY) o
LSLQM}.‘.T Cdled pnd (TY) SilSs sloanw] 5 b yusiy

s 9 (VS8 g, cnl (Byre & (590 dalllas (ol 5o

S Fagiamgld

T 5 ey S

aaall ga oelle
Sbws 93! ;|~ oz

Jeb S50

su ST LDL

o S S
s } e b

4Bl i e

il 551 :|_ .
Seals's
S

SIS 5T

sle ol

wle o
Ladly
U
&l

sl

NF-KB

Nrf2

Tt Jub sle 455

]_ [PRSULE pETTIF g

My Je sl oo slazsSly 5 ae Jelse

Cyae (595 5 OS] Jlb gladisS g ol sla SIS0,
slassl (F,F) bag)ls (VY) 65,5l poows Ngd 0
Jelse 51 PV porinagll aisle o Sl3l 5 () 4351500,
s3laenST oyl Sl g ST Gl oo, oy are
O oyl STy o rized Jlab gladisS aril
SiiwdnSI St GlaSloilS slampl el
A 9l e 3925 4 jloS sl 5 lacs NADPH
il gle 5o Jols SlaSlas gl s
(i olgs o lapmsT 0 § B C A (paoliyg 5056518
SlaST ws sl 5 (F) plawsSl s slaos
ST esliolS Bgepmd
5 03 5 O3S Jb sleaisS 5 Sl sla IS0,
J cloaiss 5 ol3T sl ISl sy il () 0 oo

Y QS| 53 g

S i Ul 2l 5 g Sl 03955 5 5eeS]
ooyl e wrss ol ile i e o SlaSTas
ool G el hass lided 005 o0 silags]
) GolS OV 0) Gy slog)lon dbml jo gilans)
(10) byl s «(VF) Colis (V) By - 5 (1Y) oS
L, (AVE) comdgilie SN 5 (V) oS )b gyl

DY gazs
s

(6 7 i e o7 oo 6

Pl bl
Slast 1

:I- ool -

1Fe) poe0 ctd 05lods ¢ o 0590

O3 (9o dugely (Sloyd = (Sl lods g (S pale oIS alo


http://dx.doi.org/10.18502/ssu.v30i7.10747
https://jssu.ssu.ac.ir/article-1-5737-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-04-30 |

[ DOI: 10.18502/ssu.v30i7.10747 ]

sl wile Joko ool (s sln s ptegiensld
s (V) aSeie Lad 630358 lie ((YRY)
sloenST Gyl (b)) g d(FY) ponedS” Jokos et lin
Jbs slaaisT (s o il gl 00,5 oo ooliul 525 (F),¥Y)
20,8 g0 ool Ctjsld slacg I (6 Tegisld by, 4
DLl (g3 (yatas y55589 15 9060 Jolis wliwlgo wlinin
5 (DAF-DA) Sl (65 (yisyslésins] co (DCFH-DA)
5| DAF-FM DA) liulssls o sinel Lo B ginsl
Sl 00,S jsbay a5 e Cogols slacg oy
ol 45 elSin wigd e oolinal ST sla JISol, anseis
b 09,0 laslil Jags igh o Lo gl i Loy
Lae 5l S9a Jlyes 5 Comyslpd SLaS 5 5 0ol 1y ue
S oo ool |, DAF-FM L DAF-2 DCFH  JeLs
5 OieSt JUb ooy S by SLaS 5 cnl gam LS|
LS 09d (oo S yald SlaS 5 JSAS 4 e (395
oz 5l (YY) baawg,oyl 5 «(VP) laawsSd (YY)
glnST ol 2l Sz o5 wis o> laJobe
5 esH o DCFH 3l w8 o )8 oolatul 5)se
Dihydro rodamine ) \YY - elsg,s,008 (58 g cawsSd
,o  (Hyroethidine; HE) poslsas ¢ GHR123
3 DHR123 555 o osliiul 12558 00 L (slacamssS)
2 Jdns jsbay a5 Cwl b e S psliee Sl
WY Cslog) o (laST 5l g 9 iS00 3585 (Jolow (slas
50 g o ol Lae 5l 345 B e Cowg,els (RN0123)
C11-BOD IPY® % (1) Wl oo oz lags oS siee
Ju sloaiss b)) sl &5 Cul Cwgs (02 oo kS
Sl )0 068 oo oolain] LS 5 icawsSd jo 5sT
a5 0,00 097y LluST 4 wles il g Jlail SO oole (5l
5 oxdoeST STy b JenS 5000 O3] sl SIS0l Loy
4 azgi by 0gdice s a jo,8 5l T il jgld i g
o LileS! E¥gams 5 C11-BODIPY581/591 oS!
Cll- e it o ¥ 50 5l ot a0

iz |y oS 1ué 4 oausnS BODIPY581/591

1F) jo0 om0 )Ly o w090

9o 10| (o ] i Lo S5

L j0 89390 (sode gt (Somina b lal anlllas oyl yo

51 sd(https://www.ncbi.nlm.nih.gov)  NCBI

Jolo a5 w05 A gslans oyl Gl sla g,
ST b slaaieS g ol3T sla Gl puiinns (5 oS0 jlasi!
pb cudyb (6, Sojlail (g egimsld by, A 95 9
NVaame gpSojlail u Slule G;lq:,_...flb_:;ﬂ
3Oy g ‘QL&.M.Sl KVER Ql..\i...\Sl ASL“M}';T Codled s
2 G 2Bl ge ST S gl b L e oy e
s g 6yem0 Ve YVY B YNY Jlo on Sl ojb
Ll Sy QT 2 A Gg8 oy, 5l Soye b sy
S5 g S (hgaste Jalge s pSoslal (g o5 S aiged

Aab)f g_)l.’?L..a‘ Sgo 0 d.a_'>‘.)).» J.Lu Sjyg0 U’“"}) ‘5....114
925 IS (o il o iliceo (5 (9 (o) 22

2lizes sl yigy Cawl ool ooly las v JSE [ aSSli>
O% il 5 Slale )0 gilanST oyl 5 Solal sl
Oz 9 GpSoilal 0got pw)p 4 delsl j5 AT 5 ls 34

35&"5‘0 e\b‘\)f LQQT ‘_gl.QW.bj\.\:u 9 A.:}B Ll )
Srogiwgld hg) 4 Jld sladiss (5 pmSejlusl-)

5 oSt o1 Gl o), e 5 (o5 s pSejlul

geilaST ol o G500 L slatsy 5l G5
GoaisS (pl olisS jee dad 4 azg b (Jloipl b adlioe
B S (Sigden Glapiuns jo lagl s pSeslail (Jlad
LSS ol e oo, Sus, 85U .l oduzen
Syse rbuczng) 5 w5 gty il i yr (e b
Sk ciS 4y kel La:L'j 3l eolaiwl Lol wilaxs 3 118 solaul
S G egisld (VF) Canl 0als dgamme (509 Lulyd
ok Cagp i b oS Sl Jsko () sl )l 0 o8
slacigic 5 (VW) bplbyw cdyin 2Ll 5 parseis &
Shenl 09l WS eSS (VA sl aile (o g

O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v30i7.10747
https://jssu.ssu.ac.ir/article-1-5737-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-04-30 |

[ DOI: 10.18502/ssu.v30i7.10747 ]

oyKen g bl aabld -

ol m3ign 3 i 1y aataS) SLS Silae
MusFn Gl sop)l5 Gln 2o kel ) basls
oSt 5l Al WY g (5 S oslail pgs Coje i
1 oyl Sesul Sl oS el ol o sSges Sk
by ogm @ (FF) lacdl 5 (F)) om Slole sladiges
5 DYgame nl (Syre ay sl )0 anl e mal 8 oS anie
Sgd go aiBls o] b slao IS 51 S

52 s Btntl i ST Y guazen V-

Ao 5l o GlaST ol Jgame Gion
S92y wibee gilanSl ol pSeslal sla s,
Aol aile gldl ye Gz laanul jo alFgs slanisy
by glanaS] lacen] @ 1) lagl (Sigansl]
sloowl ialaSTy, cul ooges xinwe O3] sla iS50l
Sl G 4 yoie oly] sla SIS0l awgs bl e o>
5255 0gS DY gaze aldsi g Algd Sason Jowe jo w0z
5 JEb-Y- wSgue-t sl 00,5
a5 s SVgame (nl o Jghie 5IF2 laglins 5!
NS oo SR emin 9pe glanST il (S5l sl
(FY-F¥)

sl g5 elle V-1-Y

Sl JsS050 90 b Lo JolsIT 5 o JUsIT coaallisag e
sbul () (oo Jyame g osls 2Sly S et )bss
Sl M 5 ool b (s e I B, 4 45 WS e
30 6 pSoilal Sl (5 S oslasl olisS log (oS i ]
b9y Ol oloes Sl cesbin (62030585 g (o alide Dlale
1o lblasgame Ll Ubs, cnl o9z cul b (FF) ol
ot bl e Syl Sl 45! alez 5] A2k
oS ams STy (sl 5 (g sk atpal ol danid
Sy Seboe oSl gy yo JEI sl 4 e
500 S (5,505l sl YL sles 5o asallsoryglle
Lo e oo 4 50,8 aLal L aS b, ol
Olpss (2ol sS Olej (0505 Gz 9 GiglyS (oS g e

B gy ol S Cadgaze 0gad 6,5l ()] ady ]

1F) jo0 om0 )Ly o w090

slojlul b sladole 13 wsn Olie Gilodslee ln
ool laiapmsglsil 5 5 laasgine dciomsid aiile Caliss
ool i 50 gy cpl 5l eolaiul (YO) ogad
Pl o a5 cwl gl 3 slcusgame slhls guslas]
sgg)ls WS 8 arg o5 Wb @l e
obiyls JuSow wilgioe laadgigde 5 (Sleyosend
Ao 3925 S Hledo ) bosls jeundi g ams ualS 1) pgyaul
w5z b g |y sy GleS] wlgige laglacs]
aS ool oas ools lis iz e o Jld sledsisS
|, DCFH wilsie FE2+ 5 aa whls colapaitsy
&y DCFH DA 53g ceslic 5, ol 5 amiSapns]
e slosili o ks 515 JL slaisf (s 5ol
S5 sle Codguze poogdle (TF) Cowl adF 15w
)l (S 5 Jsho 50 T balé 4 g pold e conds
SLogn o 4 SeS L gl wir Cwglie slapiw
) Geed 0 W8 o0 Fl s Jske 1 Cisold
G55 s il By Gl glacssSI I DCF 75,5
9 Croliagain] ¢y ] (ol jeb a lag )l (YF) ol oo
W (929,10 Wiz Caeglie Sl Sl g (3909
tls 58 gl oy 55me] 5, b el oS 5
o a5 Cal ead eols plad ol oegdle (YY) anil
ol 53 31 i slacdly 5 S 55 51 85 slosts,
3 2en 45 b wlgioe 1 Ledly slaslul wisST o
s ) (T 0 ool U515 il jgls Ui i
Ol )3 sle CogSel pd ST S ladsS et
(VA 5lbogen 5553k 50 sl uyial A ool
(F+) 55U olge (goms SIS )y iz 5 o(YA) Zobs
ol 00 oolazwl
LJgs0 9,50 (o busT WY gao (5 S0 jI0l-Y
DNA 5 la p55g  dood (ioluST SV same (5,050l
idlos gt il (bl et et sla s,
slenST il (a3l lgieds DY gaze (nl (5 xS0l

O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v30i7.10747
https://jssu.ssu.ac.ir/article-1-5737-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-04-30 |

[ DOI: 10.18502/ssu.v30i7.10747 ]

o‘).o.b L as w‘ m}/ 9 Qb;so ..L.Jy )...l ..\.....u‘ &uj..\...ubi
(FO 00,5 b, Siganisl )l

S5 55 (omun! (st ST Y guazr Y Y

Sl (23 n 238lsS sSHA g (1S uSTA
oleS ‘_SJT sl suls] jlas asb o DNA olls)
B u...,|555.u5|—/\ (_grfo)Lb‘ (()~) JJ]‘SA Sg=>-gdy DNA
GC- ol G sla s, & 3 5 0095 o3l slodisas
O il 5 dBY) asboops xSl Lo K51 & HPLC MS
g_;b,v‘ U’H"" 6‘)-’ Jj..am 30 U"‘ 6)..50)1441 brf‘sa lbl.’)u‘
il 9 pads Gl bl Gz s g glaST o il
B o15509,8 Gl gealsst slagilen Ol
oIB L b e slagylon ple g Gl ol (B9
9 ULM.J 6)91&.7 (&\,()Y) Cnl u)f )‘)5 solazwl Syg0 (yw
Sl OYgaze adg Jals ol lediges sexlys 8
9] sloiznd 55 5L 5l 5 tigmd B5lo ol b
il on ol sladiges ;o Jpazme 9 (nl s pTosll bl
5 oleszr clp ool 5 ezly nd dsed SO 55 3l
A Gl sl Jlade Lo a4 el SLS 5 cpl (6505l
Sl Galglee 5 555 Bl 5 eislsS 5]
iz 6l 50 uilgS guST-A e Lol ol Jlgis o] 580
PSP VA Lugie jobas 5 3elsS gusSHA 51 iy plp
(a\) el 00 u.u.u 6)&» )J pJLw .5‘)5| BN f-‘J‘_J“-“ 5o
i g 1 o LS Y guamo Y-Y

039 (59558 9 OS] Jlad sladisS il Sua Loty
0325 SmlaST . 0sS oo Joe olgo ol caiSSL lgie 4 g
Sl sl oy GeeedhenS g0l tenn Sl
et 5 395 gl AS g gl i il slaaul
eS| OLS y awg bipen lsle slewd Olnss
shlo leopsisn ulasT e ioxw bl o 0aisS
2 Ol b g B Gl 4 g Sl (S3slen ol
WY game Slgl o oleonds 5l cpl pogde .ol LS|

Sladiges g 50l (93 sladiges jo Loyl g puSoslail 1Sl 4

1F) jo0 om0 )Ly o w090

9o 10| (o ] i Lo S5

ol sl iliee sla by, G55 b ogd so wdillsosslle
Logle Gsless b5y 4 aillsspsll (speol
High Performance Liquid ;HPLC) YL I8
b Libielygle slosle ST S 4, 3 (Chromatography
wWibior 23,5 g pliebl BB o by, plo 5l uilesld
(YO 57)

JUSL-Y— S g o Y)Y
boad gie Jpamme Oy 4 9 Soiglsisel SloSisS
5 &8 SlSglesyS gy @ Guilee by o VY
Gas chromatography mass)  e,> sl
(FY) sl 505l LB (spectroscopy ;GC-MS
Shol g Lawdly jo JWb-Y- Sy 00 o cxe iol38l
LL3 1 5wl oLl 4y s lgileg, <a5,T 4 e ol Lo
Sl 00 olgiinn g Cawl ous oolo ylid (6 lews ol b QT
S5 ol Slld Gl pledl mhe pSojlul a5

F2 sl luwg gl ¥-1-Y

GRSt Gl s SYsame 20 laplivg g5l
b Sogardhlonl GuiSly 5l a8 cul 0z slaa
b 5 ol Lid slasrlsind o (5euST Jlb sloss S
o) e oS Sl 5l aigh e oy Sl5T 6,8 4 lajlidsand
I8 Sl w5y 0 Serse (r e pl cow olS
T CRPEOCS S V5 N PURRCH P PSR TN PP 251 K'Y JESU g
BB 5 o8 Gromis wiloe o 5o Lol sy Gl S
3,ls GC-MS, HPLC 4 5L F2 slagylingpmgnl slexel
Al by, (nl slacasgame I pSojll obj an e
4z Sl el (28 oo 55 (swlgigen] SSESS 008
or el gy b oS psmeen o o] b
Lylys )0 (6 ,mSojlal g, slacasgame pogdle .ol oo

GaleST o3l Jsame olyie 4 F20000 kg 5 ol

O3 (9ot (Sloyd = (Sl ©lods g (S pale oGS alo


http://dx.doi.org/10.18502/ssu.v30i7.10747
https://jssu.ssu.ac.ir/article-1-5737-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-04-30 |

[ DOI: 10.18502/ssu.v30i7.10747 ]

oyKen g bl aabld -

Slp s Ly ) Ll b sleolKisle;l el o as
sladiges 5 oad vl (o Bgn (Gl e (i
20,5 slgyae spSojlil I BE JeS jebar (Sidlsn
Ogeliis wes gy al>pe Gl o Sl (S oS ollas
bulyd 5 Cuyis Hea> )0 oS Cudl digei 13 35290 595
Ol 525 Ll by, am0 0 &) g n elgynes g (sl
ool T glize il S e &y o] 51 eolizasl Lol wed
5yta9; gz b o o8 Sl g a3l slagtis n ol
ool el Sl S plaier e s (00) Sl
WSl (as e odip o sl lo )3 gilanns]
3,50 55 sl S oleger Olste 4 T 908 Lol e oas
K(\ 2 RUWHIRVRSY
(AOPP) Uy 3 438 yidony oS Y guanat Y- ¥
Sl wiile ()5 groaiSanST b oty iy
O ST 4 e Wgd oo slml Ll (b oS g S 5n
9 O399 lS S g gty JESle 50 09290 (2595
Wty bS] Vgame &5 29do0 (njemielSiss
(Advance oxidative protein product ;AOPP) .55,
sl yisy SeS @ Gl o |y AOPP mhaws g oo 00usls
55 6 Soihl el IS 5 il 5l eolitd b o (eSS,
oy, b oS Col (polaiBl s S logn o (nj9 ol
Sebee SRSl (s (e b wile eles Lo
b o Sl g geilasT oyl S Sy AOPP

aile alois lon , o v 5 Sl oud w3l lags low
Slas o 5 590Kl 5T« Soottmmns 59,0500 ((goygl «obs
o b s g selS o)lse b om0 9 (Bl
(BV) wb oo P &S 3o (2Ll

susoumST LDL $-¥—_¥

5 (Oxidized LDL; oxLDL) sosa..s! LDL
2 d9zse ondsS haslind boanel slaacul ulus]
20,80 olml (LDL) 5 S8z L slagsigng
51oeolaiwl (OA) ol TRl T romw i, ol
cle 4 gl oyl Slgw olse 4 OXLDL

1F) jo0 om0 )Ly o w090

SialeST S game (g Sojlail 4y olazel Koo LY 3 il
Al sl oo glannST il S lage plsie 4 oty n
&5 3 rSoilail anlp (o ol Sas b ptigy GaluS]
5 oSl pam 5 ol (Kb S5 aiged glos 4y a5 wes
Y gams (5 pSoilil 000 3100 (S 555 5 3 slapg
Lo cwl s Sloj Sile S lyie 4 egn GleS]
Sl sl g VU coolaisl 5 Conles b slal,
(g yed Sudgasme s 4y isd (g pSoill (g ndy S5
oSgn leST Vg (polaidl Ojgo 4 &5 olahs,
Sy olsie 4 byl gmSeslul 5,5 WS (g,Sosll
(OF) ol 35050 3528 555100anST ool 1S Loy

oo n Juig,s )-Y-Y

Ot il Lo desS Ol sxSesl
Cdgn SSs Cl by oo LS | i
5 leonzt) (LSt 5 sl pgmelials sy
@loog,S Ay coge gy 5 oyl i oddon
5 s Lond oS5 s @ S Jlosar cnl g oo JeigeS
Ygamo plo gpSojlul b awslio 0 Coje slls b
5 o o b beEen dheS Ole el LS
olBl b g o Sl sl yi0g,8 Slags e )0 iz
1y ool cp iy HPLC 5 151 Glagy, b
Jig,S s W)l bainsisn i S Sl slaal)l
Jeidg i 60 b udge)S 095 (glugiive Goyb 5l lagyetis
JSes 4 (Dinitrophenyl hydrazine; DNPH) 5l o.e
Cusl ol o (DNP) (551,000 Juidg s 0 Jluly Jpame
caeis BB (s egidy il alozsl hs, niz b oaS
e Feobaisl GaSaSs L ol Glsie orizes ol
M ey Jpdl asle DNPows dl“’é*)lééj »
(OF) 0503 5,503l HPLC § onisgtunngigonl

0239y 9y Y-Y-Y

SBbee G oRbST Jgame (g nie Y
Slhs, & (Seislem slodisas 10 (njg iy 6ol

35 35 (omyr i il L olyon 55 L ol IS 5os,

O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v30i7.10747
https://jssu.ssu.ac.ir/article-1-5737-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-04-30 |

[ DOI: 10.18502/ssu.v30i7.10747 ]

ol eapinl 5l wxiles i el 4 0z ol Ll
a ZILS Ll e b zals e a5 ol ond 7 las 40558
Sl oz gl g3l ol 0S50 (oSl 55 (rosel
5 Lo uzen o PH Oluss & ACB g, odle 4 .(PY)
3 ezge 3l (nl g Sl el diged 6)ISS 0L
P 5> il aiged T 005 o 518 &y (res T Jlail oo b
25 ezie g bz Wb 1) pre aSol b oogd plonl cell Y
slogab il » e ulsel by, cpiz dpsl
(FF) cal ool asye b 0 IMA s olas
Oewligls Y-y
op i (Reduced Glutathion; GSH) Ll s3G5
Sl a5l St (g0t 65 9 Joke (B9 n mE Jod
GSH ol Salight aunl g it opunadS aral
g Cl G ool SlauSTas elbs w3l Jisu
anSTyy bl s Sl 5lslS il SaS L
03bslS 4 (1Sly ol po 955 5 90,5 o0 ST @ s pue
Loy uw GSSG o850 fhos (GSSG) ws)
GSH 4 Tsaxe NADPH o L g 5LSss, oeslisls
5 0 odunST 4y 00l Lol 55lelS Cond 098 o0 o
Spbise odliiul (Jolo o i lgrear el Jobo
ol Ygo oo 00gaze 10 pb e 0 GSH clale (P0)
Gl Vgo5,Se 03game 1o o] alewdl clile aSJl> o
R Ol & (ptass & (o s 4 (55olS s (PF)
oolaiwl Cudgasme (pl ojle (SKws i pu S 39 00be
IR 205 0550 st (sl asls Glgiea 1) o )
s GSH e 2alS oo Slilllae o Jl> ol b el 03l
L oolyen Soigleily Lulps LI, GSSG 4 GSH s
5 GSH (5,iSojlail il o daiye guilopeST oyinl
Cordy 3l ga3li plyie 4|y 055 0 ol cows 3 GSSG
Sl Gl bon @ln LI axls Gy oo bk ials]
ols alize slo g, (FV,FA) Coul ool a3 S L o
(FF) olosing xSl 5o T L HPLC «(£9) (oo 1 (o,

)o GSH (5)-‘5°)“-b‘ (5‘)" (V’) (5'0)} W u...'a 9

1F) jo0 om0 )Ly o w090

9251 (o il oo sl b9
oS cpolaisl LT 5l b c¥pane  iSaal
sloig, 5l odel Cawods mls yo B 4 lagob Ll
G il opdle ol a3 T L8 Ll 55 gl
8,5 5o b 5 el glaeSheS” JSis 5 OXLDL
sl 55 Wajliy,Sle 45 OXLDL wim ildl 0gi
il OF) WS oo oo | ol i 5 05T S
S aShy Cewl glonnST o il Sl G s &5 OXLDL
Slolee 5o o] (soiedgmw sl p3Y g Cand 15 155 ko Jole
298 bl (b
(IMA) coSunss] 1 30 A8l yuki yogul] O- Y-
B plpiear a5 Cosl i s BOllR resd]
o oSS S e g ) SladsNse Sl ik
Jed claaisS 5,05 go aSslys (O) &S oo ot g
sl sl @Sl Sl sbml carge (S|
oSl Sl e il ek Gegdl obml 5 egd]
oyl wgh e (Ischemia Modified Albumin;IMA)
oy 4 abauly Sl 4 Jlail gly el SUly Sl i
LS &y CppaselT Jlasl LialesT L oS was oo 2alS |, cLs
5 s B (Albumin Cobalt Binding ;ACB)
5 et o ysba [ IMA ke (5, Gl sl (655051
CILS @ gl Jlasl cud b alS Glie s Sl L
FDA) 550l 55 5 188 plojles (F+) wiS oo (6,505
3,8 500 oSl (alolits sl (529, Slse @ | IMA
S ol QT S Goxdlie, waled Ll L(FY) o5 B
APl golw Al s (8 oSl olasl IMA
3oy 2l 53lapnST ol b olyen Luylyd yo o] asdly
5 Sre B9e Solew onpmd ol sy Jemel (s
Sl oo IMA (o0 pelas 5 9950 0035 525 yaal3lT (55len
555 8 esliinl 3550 guilannST Guytul Sle S Ol
o IMA 5l solatul jo slacusgame 929 ol L .(V7,2Y)
5l 00y0 5 ke geilanST oyl (asls Sy plgie
ceasell sl sleil 1 ogMle a5 canl ou ol (LiS alax
Bl a5 cal LS Jlasl oy Ko oKile g0 (ol

O3 (9ot (Sloyd = (Sl ©lods g (S pale oGS alo


http://dx.doi.org/10.18502/ssu.v30i7.10747
https://jssu.ssu.ac.ir/article-1-5737-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-04-30 |

[ DOI: 10.18502/ssu.v30i7.10747 ]

oyKen g bl aabld -

Ol (T g ¢yl sl 5T cudlad hoxiw —F

5 ST 5elS Jolis oSt gy lampl Jib

ol iz sl lon syl ) 5L ST S 2
5 Cadius sokiie a4 Lol o9l jlee 5 el sal el
ot dlgiin 5iliaST il b L ye slocan] ooy
S92 B sbssbon 5o JlanSTske YL o ool
sals lis (VO) ,euldT g (VF) Cpore 592, solawdl (YY)
asnSTy sheo 5 00 s 00iiS wpanST (clodisS el 00
aile Glest polatsl SVpame oy 4 e
Lo lon 5 (5o Wlgion oole (nl Wgd oo (239 ,59,1S
Lol gl 5 9565 18 oolital 550 S Jlogey Su s
oS Sl ool b (V8) el Sinlen jlonnS]y shes
4 anly olaisl gla S logn mhaw (asis ¢lp (e
oS sl 5 oo lis ol 5 el 5L 350 HeaSTy shes
clale (oplpegdle .l g) 4 gy Cosgamae b lagyT 5l eolaul
Aol e el o5 (Sidlon Gladises jo S legn (nl
eS| el S eSS Ty lag] 3B (oSl
h Seoslasl 4 iS5 GeiiliSgma luST ST
O g plis 8 odee (Ko il nl S (e U
4 e ST niliS b (Al il oo ST 9w
31 SBE gt sl 098 oo geilacnST o il (ol
aile «(Bgye (o8 5 65l Slasslen yo jlannsT il
(S35 OIS rere o) el ilen (B 2l b
VY) cnl oad ool lid cubs 4 S5 L,;..Jo &) ko
OsUslS oSl Gsbsls GBI lgenas 30T y5m
OISt 08 Sl 3T (e il i 5:365lS 5 LS50,
3 el mls lasSTly sloespl B, RSO g
2o slamil b ojlen om abl, o8 Gl ol
slae 3! ot ygo b 45Tl ool las 3l Slallas

L olop] colled aal3dl b 2alS puimes 5 laeST 0o

gy opl b el odal Cavsas ailes,S b3l 1, olas]

YA 315 0529 L3l 90 g9 ol wiile bas Lo (> 2

1F) jo0 om0 )Ly o w090

bl ol 485 15 ooliul 5,00 Suelsn slodiges
Jolye 5 o paiges Jsbo 53 <55 5 SialeST & GSH a5
S enTolr sl 3 arg il e Gl (5 So3las
L lacdl (09,5 demie 005 Sjpe (Sols> iz £95
L oolS il azys -As sles 15 5SS 5 mbe (39
Ol Grfmee S8l glaaises b Lewdly (50 S gl
(P wlay oo Pl 1) o565 5 GaleSTesl (S

Ly ole-Y

Nuclear Factor -erythroid related factor-)Nrf-2
s kol oaiiS o lal g iy, S S oS (2
DS 1, 03 Y0+ 51 o oo o ol GlanaSTas il
Kelch-) Keapl ;p.x5g, b eedbgiow ,o NIf-2 oS o
sl uSLws  (likeECH-associating protein 1
abasly & O Gy g b aisSan b 4T WS
slog,S o> Keapl wSoo Joted 1, psilsyn
sam 5 bS] 4 A el olansl st
solatl S S plaie 45 col wlas laglaps]
35 9 O3 SS9 05 (o0 Joe geSlannST o il
w4 o) JEl g 5 &S e o] 1) NIf-2 (S
wile gy 5l slegaza I suagig) N2 095 o
VU5eST oo g sl 5liglS lhanils -8 (et
M Figegn (o )3 (GlarSTas b polie g5l> oS
e 5 Jeke glis U NMf-2 (pluly aes oo ial3dl 1)
o OB L ol bl ol alaly 5T Sl laasisS
w2 odle 4y b oo LS 95150 SYNST L iz en
NP2 alauly 0 1) SlanSTos slaes T 05 ole bl
NF-kB Nrf2 & 5 (YY) aws e il
saisS Wee slae il wwgis, (Nuclear factor-kB)
(IKK) LS Tic oms oo sialidl | bl 5 oS L
S olse a g vsie NF-KB (os Jlé 51 sl
GBeaS e 5 Dol ws Sl s s slaeslss
(YY) ol oo slgezy Cyclooxygenase

O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v30i7.10747
https://jssu.ssu.ac.ir/article-1-5737-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-04-30 |

[ DOI: 10.18502/ssu.v30i7.10747 ]

Cupric reducing ) - 5 (FRAP; capacity of plasma
ovs, il e (CUPRAC; antioxidant capacity
Jleel Cangs O g Cangs o> sloisw 559, CUPRAC
4 Trolox last as 5l TAC o505kl jo 00,5 o
a4 TAC jluie g ogd o oolawl o jlailinl x>y lsic
Oy, diges 55 (M) 03,5 o (5,155 TroloxX Jolee & j50
A0 BLTAC gySejluil plin o] (S35 5 «sysleez
e 45 £090 93 (y9> daised (5 5laez ;0 Wigh aid S
8 azg 9550 sl 1) aies TAC b)) 5o 6 59w
OS5 gl o sladske a5l cnl gl ol
Ol 45 aten a3l slapias 5 Jolxe SlaSlas
Py g Londly & oldogys 5 s> sladsbe Sl gl cus
Sl el p g Ladly (pn ol pgs iS5 1y S92
sols 13 s PH 5 b1 sles 4o diged ey (jlulos
F9¥s0 0j9 b slaglaeasT as (S llyd (nl )0 3580
wlp pezes wes bl € Gaebyy wiile o8
Jletl s adss e el cudld e cel adansd
Joine (230l o Lewdly conlpl 09d oo Jub sladiss
Sl s el GlanSTas SluS 5 edly o Laa> g,
S 0l SlanSTas osill cullad Wb slisl ws
3o s hle il a5 cul cald atine gl 48 S
o hais oS s oo ey ax S el SlanSTas i
Lls jo 9wl awsls 1) cools ol Sog,e Ll
GOl Jlie jo sl wdla 1) cools Gl (S0
Ethylene diamine tetra acetic ) swl ol |y5- el
S L g cwl Sadlae ke S (acid ;EDTA
b bes s ol Lis a4 bl oel  Sausadls
b, 4 EDTA il swyme Ll a4 (Jbo ol booyls
G 55 Cams 3,h St TAC 6,505l al8iyls]
ool EDTA 5,50 18 ogas 4 pie Gills G slisl 0o
dof o sl ws e lewdly sslans sloalg) o
sob & Ay 51 g sl ot e Ay gad b ceilizg
selsen el g oot Lagle vl i EDTA w585 5y LS

1F) jo0 om0 )Ly o w090

92l oyl i 59 )

(TAC) ilosmST 5T o s ) i —
Total)  SlsSt sl a6 cudl 5,505kl
sl sy, pyJslase I @ntioxidant capacity ;TAC
owidly Jolis Sl Slule 5o guilanesT (ol (2L
Gl wilige ol 5l sl mle oSl 5500 @le
Se ol S by &5 oaisSanaST ool Jgo 4 iy pus
wgige 4l gl o] TAC s5i e (25 Sijslse wlo
as Elgl vgzg bdo a4 Slule ol SlasSTas cosls
5 (e 5 Gmasske « Sl Lios,s slaplaes]
(gt s g Loadgis 5 S yg8sl dwmsl (5,855 65) 199 2
OBl aSslsl 5l (V) el aslisl oluS s ple
9 Ol ogzy Iime Dygo 4 SlaS 5 nl aes (g 5Sojlul
Los olles ol oSy ol e Yl opdlea
Slp b (23Sl (29, TAC )y s97g risSLl
SrSoilal .l Hu Slule b SlaSlas cools oLl
Sy Bpan RS e oy solaie 93 4 Ygans TAC
2 TAC Sless cwyp s o0 Slole TAC 5 olae oolo
Oleyd 5o (20 w3y Sl eslinnl Jlisar b s 5le Ll
G $lp Al slats) (A0) 3 pdyoe ploxl (5 le
JEl 09,5 g0 4 2STs g5 elal 5 aS 505 395 TAC
Jsl 4 (Hydrogen atom transfer; HAT) (359,000 ol
ot (Single electron transfer; SET) g x5 S5
P oSt as SO olls HAT la g, aisd oo
S oo g S ol g nee ol b bl la SIS, B
Oxygen ;ORAC) (5t JGol, SlasSlas ous b
SlhawSlas sl 9 (Radical Absorbance Capacity
Total reactive;TRAP) s JGol, gjlal pls a
HAT sle s, o25Jsglae ;i (antioxidant potential
Crocin sy, 35,5 o pll ol sla gl o a5 aiil oo
Cos a5 00,5 o wgwse HAT sl ig, ;I bleaching
Slagby, ol plml BB Cesgs gz 5 Cmgs ST Ll
oz 5l blaST 0o SauSlel cud b Lull » SET

Feric reducing) ;al ols bl jo gl SUlg ol

O3 (9ot (Sloyd = (Sl ©lods g (S pale oGS alo


http://dx.doi.org/10.18502/ssu.v30i7.10747
https://jssu.ssu.ac.ir/article-1-5737-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-04-30 |

[ DOI: 10.18502/ssu.v30i7.10747 ]

oyKen g bl aabld -

bolslas clale 5 lads o Slae 38,5 a5 o gl y
Sl ladiges 098 co ooliiwl 1 aiels YT sladiges
2 SBse ysb a5 oad ek il Wl yslaez I e
SrSoslal 5l LB osd (6,laeS o 5 ile ax 0 F o sles
£ wiged bl S 51 Soygl sl i 4z 2 ik Gl
5o JBlas Wb bdiges o (GYsb (g5luomd g 090 oo
SySojlal plia 10 g 0gd dezeie ol T il a0 -Ve sles
Crocin = b5, ,0 (A)) Qigdh wgd o5 sla> b ladiges
3,50 5o Job ) &5 (2leadsBs)lS 5 (g ke DI€aching
Oezps WS obml JHW sy a0l eolatul
3,05 i FRAP (g oslil 550 zge Jsb 30 (529 )5k
slaaiges a4 ol e oS aue bl Sole (FY)
Sl ez g pleyer Sl Gl g s Sl 950
s S5 50 Oezge lalanST as slate L oldles
o b igyse et 4 TAC (gp5ojlail slacy e (So3slse
3..3‘»\.......5‘ du).....ul ‘SDL)))‘ L.s‘)" TAC )‘ oolazl S99
3 o5l 50 Baes acusgame (nl 0 s j glbcussime
Jie Gl &l byl mls s 5 Slllhe b
pilie Lady TAC 5 2li¢ w25, o o 2l (o)
S 2le a5y b 5l oo JyuS SlS Lals o9
bis Ll nl J5S g ol e Jeloe 5 (S
Lylys o g cal pd el Soe oliyS Oladllase
@l w3y S gy Lewdly TAC (2al381 5 oas ] 08

oole (] (B30 5 e ilin 51 Jol DLaS 5 51 (GBU einne
sbdsse o2 Gl 2 2l w3 Sl g o 2l
F90 Cadgdss Al Lewdly jo 09290 (louSTas o )b L
TAC s e slo g, 5l Jol> zls a5 cal oy
IS e &dly yo wleols plas Kuss L ams bl
ST 0 SlaS 5 5l ol 09,8 TAC o slabs,
OlaST 0o slaes T S i ogdleds A o (5 5ol |,

et sl oo ple g SI58 L sssas Jlas! sla pusis

1F) jo0 om0 )Ly o w090

Oya8 ghls SO ol EDTA L aslie jo 05d 0
ol Jb ol b sl (6208 SlonSTg s 5SS widlis
G, Ve pals el Ol i 5l oolawl a5 cwl suiis oslo
e Sezeh gy b nSojlal sl s TAC
Lol ansla sladl (e 5 diges (onlply 35800
Sy 15 Jrs S lag San 5| oslinal 45 il 357y
S o5 ol 5l wliee ety @ sloeslel
@S S 6pFslr (Sdden dises ;o laglansT wl
e 5 by, BB sbes o e ile a5 el ools ylis
ygm Sl Loy 3 (5 7S selgan 5 S, s e
I3 56 e [ TAC Gla g, 5 )k Wlsi oo 5ul5e
Syge wls (A ysb 4y 0ad jlgen ladiges gycnl 5l wo
Blp dges ;0 TAC (5, 50jlail ax 51 .05,.5 1,5 oolaz!
3,50 dpaised (nl (cozlind 5 ool pglaer Jdo
sl a4y e wily o 0b ) Jlge wo)ls 18 g0l ax g
oo s Sooll wish byl Cawpl mls
A desl (@lr b Ol 5 e Sh g2y (JLSog
Sl Glp AV wsl e Gl TAC mls 5 168
DAY eisid el wile (35 la (s
aiged Sorbyyle (nlpby codd A GdsislSgigal 5 Grmge
L oasbioe aiged @yslaez 5l pm ! Ao S
Slr )l 3925 Gilwo p33 sles 990 )0 Bl (>
A g ol S ile az o -V Gles ae Y sb (5 IS
A4 ax 31 ol ol slpiny 9oy ol F ile 4
LAY sl powln of )5 le az 0 -Ar sl o, 0
sl Al S Lol pslaer Sole 4wy
Sy Jeel bocwl TAC b)) lp aned;)|
cllsd 5 G5 S5 elSall Byo ol aleard
Sole 5 alS o Ses Cundg 4 g Sl dl Sl
scisac 5 bads o Slae &dly jo 0 s Ky o2 sl
p S ds ol oaiiS hgase Jelge 5l (g )ly0l oiws
Sldises 5l Jgore jobay 05 105 o Sl SlaSTas ol
ax 51 weds o oolizwl TAC 5 ,505l0l gy s

O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v30i7.10747
https://jssu.ssu.ac.ir/article-1-5737-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-04-30 |

[ DOI: 10.18502/ssu.v30i7.10747 ]

Sldlae paiz 0 (AY) dges Bk sslolST il
saxie sla,S Lo 5l ooliiul 3,8 Silatians o505 lllle
yoal 3l e 50 pudl 5o gulanlST il i gels las cge
5 el sla e (b Slgs (ol 5 LS
OXY-(A-AF) cal onis ools olas aad YS!
L 5 WI zolaw GSH) bla> oyes 3,8 LSCORE
ol oped Gl (GleSTas cadll g (g 8sSe
9 GSSG/GSH ccs deusdly ol3T 5 JS™ asall soy9lle)
gulanS asls (A1) 548 o dmle (5,],01 F2-1SOPS
o,y anti-oxidant  capacity(OXY)  &,a L
(Reactive oxygen metabolite) ROM ;| ( SloSlas
—oals 5l esdee aale (JW 5eST slaca)nlie)
55T ol sy 2 (ST e laisn jsboay el
solitl VA 8555 olilew Ll g aolb y (g0 ol Lo o
Gl 1S legn 5l eolatwl st o (+-AY) Cnl oulds
5 O aalllae Baa laly b glannST ol (o)
Lalyd o1 )0 kb (il Condg jl pasls 5 wigd >k
sl e

or PB4 0gSh pleS @l I ) Qe
.AMSGA R GARIA LY Sl dlie dds u»)li
Sl (So

2,105 0925 128l Ho (o ,las

925 IS oyl hmiw sl g
lrools asiul g .05 o Ll D TAC (5,505l jo puiine
‘) (5“" 09 ULLILE.A )o R ..LJBJ ‘53‘..\.....“5 lows wﬁ).’a
et Hladl jo ales 5 5 g0 (sl Ol ST 4 le ced
(AY) ol

5 ooyl Sl alad g 5l Sl ashe Sl S

o e aal adls 1y a3 sla Shy Wl pasis )
@ope oS 5 ool 5Solail il gl (5 puSejlul
3l geee 5 @335 SRSl by, 3975 w5 S g (S,
eolio S5 ke anteis a5l ig) o0 sled 4 e (S s
by asl @STokn 5 asis (33 sl wb
3 gilannST ol S oslail sl asls bls )l g lew
2 o% bk Glst Cansy oLl Hekie 4 o Slule
sl lae aldlas o iz e 9 $)lem Wil b Ll s
oS b I3 slge slaplannST as man (ou) Coz
335 oo el G GlaraSTas Sundy Sépin b (B pan
Soet 1) (Fedls 9l oo (Gdia Slge oS Coddly (nl o) e
G il b g 5l Jole (glrosls s )0 caiice
o e slaiss o Seslal aile golalST !
sl Sl bl e regimgld sl osliinl b (55 sla sl
lop ! Gioriw (Jd sloaisS 5l A6 Sl e
TAC pSolail 5 dembaluST cumdy S8 j0 250
gl 48,5 S0 )3 bt cnl S s b Gl G Slle
ool b))l SBhe, G pSew & Sl oad sleriey.

bl 50 sl SOl i sl eslaul b plgs oo 1 guslaensST]

1-Farkhondeh T, Mehrpour O, Forouzanfar F,
Roshanravan B, Samarghandian S. Oxidative Stress
and Mitochondrial Dysfunction in Organophosphate

Pesticide-Induced Neurotoxicity and its

1Fe) poe0 ctd 05lods ¢ o 0590

Amelioration: A Review. Environ Sci Pollut Res Int
2020; 27(20): 24799-814.
2-Takhshid MA, Tavasuli AR, Heidary Y, Keshavarz M,

Kargar H. Protective Effect of Vitamins E and C on

O3 (9ot (Sloyd = (Sl ©lods g (S pale oGS alo


http://dx.doi.org/10.18502/ssu.v30i7.10747
https://jssu.ssu.ac.ir/article-1-5737-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-04-30 |

[ DOI: 10.18502/ssu.v30i7.10747 ]

ooyKen g bl anbld -

Endosulfan-Induced Reproductive Toxicity in Male
Rats. Iran J Medical Sci 2012; 37(3): 173-80.

3-Donato MT, Tolosa L. High-Content Screening for
the Detection of Drug-Induced Oxidative Stress in
Liver Cells. Antioxidants 2021; 10(1): 106.

4-Mahmoodazdeh A, Shafiee SM, Sisakht M, Khoshdel
Z, Takhshid MA. Adrenomedullin Protects Rat
Dorsal Root Ganglion Neurons  Against
Doxorubicin-Induced Toxicity by Ameliorating
Oxidative Stress. Iran J Basic Med Sci 2020; 23(9):
1197-206.

5-Najafi M, Fardid R, Takhshid MA, Mosleh-Shirazi
MA, Rezaeyan AH, Salajegheh A. Radiation-
Induced Oxidative Stress at Out-Of-Field Lung
Tissues after Pelvis Irradiation in Rats. Cell J 2016;
18(3): 340-5.

6-Saberzadeh J, Omrani M, Takhshid MA. Protective
Effects of Nimodipine and Lithium against
Aluminum-Induced Cell Death and Oxidative Stress
in PC12 Cells. Iran J Basic Med Sci 2016; 19(11):
1251-57.

7-Saberzadeh J, Arabsolghar R, Takhshid MA. Alpha
synuclein protein is involved in Aluminum-induced
cell death and oxidative stress in PC12 cells. Brain
Res 2016; 1635: 153-60.

8-Hajam YA, Rani R, Ganie SY, Sheikh TA, Javaid D,
Qadri SS, et al. Oxidative Stress in Human
Pathology and Aging: Molecular Mechanisms and
Perspectives. Cells 2022; 11(3): 522.

9-lrato P, Santovito G. Enzymatic and Non-Enzymatic
Molecules with Antioxidant Function. Antioxidants

(Basel) 2021; 10(4): 579.

1F) jo0 om0 5Ly o o 090

10-Victoni T, Barreto E, Lagente V, Carvalho VF.
Oxidative Imbalance as a Crucial Factor in
Inflammatory Lung Diseases: Could Antioxidant
Treatment Constitute a New Therapeutic Strategy?
Oxid Med Cell Longev 2021; 2021: 6646923.

11-Coppolino G, Leonardi G, Andreucci M, Bolignano
D. Oxidative Stress and Kidney Function: A Brief
Update. Curr Pharm Des 2018; 24(40): 4794-9.

12-Delli Bovi AP, Marciano F, Mandato C, Siano MA,
Savoia M, Vajro P. Oxidative Stress in Non-Alcoholic
Fatty Liver Disease. An Updated Mini Review. Front
Med 2021; 8: 1-14

13-Kattoor AJ, Pothineni NVK, Palagiri D, Mehta JL.
Oxidative Stress in Atherosclerosis. Curr Atheroscler
Rep 2017; 19(11): 42.

14-Luc K, Schramm-Luc A, Guzik TJ, Mikolajczyk TP.
Oxidative Stress and Inflammatory Markers in
Prediabetes and Diabetes. J Physiol Pharmacol 2019;
70(6).

15-Jelic MD, Mandic AD, Maricic SM, Srdjenovic BU.
Oxidative Stress and Its Role in Cancer. J Cancer Res
Ther 2021; 17(1): 22-8.

16-Keshavarzi F, Rastegar M, Vessal M, Rafiei Dehbidi
G, Khorsand M, Ganjkarimi AH, et al. Serum
Ischemia Modified Albumin is a Possible New
Marker of Oxidative Stress in Phenylketonuria.
Metab Brain Dis 2018; 33(3): 675-80.

17- Arulselvan P, Fard MT, Tan WS, Gothai S, Fakurazi
S, Norhaizan ME, et al. Role of Antioxidants and
Natural Products in Inflammation. Oxid Med Cell
Longev 2016; 2016: 5276130.

18- Varela-Lopez A, Navarro-Hortal MD, Giampieri F,
Bullon P, Battino M, Quiles JL. Nutraceuticals in
Periodontal Health: A Systematic Review on the Role
of Vitamins in Periodontal Health Maintenance.

Molecules 2018; 23(5): 1226.

O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v30i7.10747
https://jssu.ssu.ac.ir/article-1-5737-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-04-30 |

[ DOI: 10.18502/ssu.v30i7.10747 ]

19-Poljsak B, Milisav I. The Role of Antioxidants in
Cancer, Friends or Foes? Curr Pharm Des 2018;
24(44): 5234-44.

20-Abo M, Weerapana E. Chemical Probes for Redox
Signaling and Oxidative Stress. Antioxid Redox
Signal 2019; 30(10): 1369-86.

21-Munteanu 1G, Apetrei C. Analytical Methods Used
in Determining Antioxidant Activity: A Review. Int J
Mol Sci 2021; 22(7): 3380.

22-Frijhoff J, Winyard PG, Zarkovic N, Davies SS,
Stocker R, Cheng D, et al. Clinical Relevance of
Biomarkers of Oxidative Stress. Antioxid Redox
Signal 2015; 23(14): 1144-70.

23-Salminen LE, Paul RH. Oxidative Stress and
Genetic Markers of Suboptimal Antioxidant Defense
in the Aging Brain: A Theoretical Review. Rev
Neurosci 2014; 25(6): 805-19.

24-Lin HY, Yang YL, Wang PW, Wang FS, Huang
YH. The Emerging Role of MicroRNAs in NAFLD:
Highlight of MicroRNA-29a in Modulating
Oxidative Stress, Inflammation, and Beyond. Cells
2020; 9(4): 1041.

25-Bellezza 1, Giambanco I, Minelli A, Donato R.
Nrf2-Keapl Signaling in Oxidative and Reductive
Stress. Biochim Biophys Acta Mol Cell Res 2018;
1865(5): 721-33.

26-Zhang Y, Dai M, Yuan Z. Methods for the
Detection of Reactive Oxygen Species. Analytical
Methods 2018; 10(38): 4625-38.

27-Ai T, Tabe Y, Takemura H, Kimura K, Takahashi T,
Yang H, et al. Novel Flowcytometry-Based Approach

of Malignant Cell Detection in Body Fluids Using

1F) jo0 om0 )Ly o w090

9251 (o il oo sl b9
an Automated Hematology Analyzer. PLoS One
2018; 13(2): €0190886.

28-Nkambule BB, Davison GM, Ipp H. The Evaluation
of Platelet Function in HIV Infected, Asymptomatic
Treatment-Naive Individuals Using Flow Cytometry.
Thromb Res 2015; 135(6):1131-9.

29-Alizadeh Zarei M, Rafiei Dehbidi G, Takhshid MA.
Combination of NDRG2 Overexpression, X-Ray
Radiation and Docetaxel Enhances Apoptosis and
Inhibits Invasiveness Properties of Lncap Cells. Urol
Oncol 2020; 38(11): 849¢1- €9.

30-Pirouzfar M, Amiri F, Dianatpour M, Takhshid MA.
CRISPR/Cas9-Mediated ~ Knockout of MLL5
Enhances Apoptotic Effect of Cisplatin in Hela Cells
in Vitro. EXCLI J 2020; 19: 170-82.

31-Zangeneh AR, Takhshid MA, Ranjbaran R,
Maleknia M, Meshkibaf MH. Diverse Effect of
Vitamin C and N-Acetylcysteine on Aluminum-
Induced Eryptosis. Biochem Res Int 2021; 2021:
6670656.

32-Winterbourn CC. The Challenges of Using
Fluorescent Probes to Detect and Quantify Specific
Reactive Oxygen Species in Living Cells. Biochim
Biophys Acta 2014; 1840(2): 730-8.

33-Masselli E, Pozzi G, Vaccarezza M, Mirandola P,
Galli D, Vitale M, et al. ROS in Platelet Biology:
Functional Aspects and Methodological Insights. Int
J Mol Sci 2020; 21(14): 4866.

34-Iranpak F, Saberzadeh J, Vessal M, Takhshid MA.
Sodium Valproate Ameliorates Aluminum-Induced
Oxidative Stress and Apoptosis of PC12 Cells. Iran J
Basic Med Sci 2019; 22(11): 1353-58.

O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v30i7.10747
https://jssu.ssu.ac.ir/article-1-5737-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-04-30 ]

[ DOI: 10.18502/ssu.v30i7.10747 ]

ooyKen g bl anbld -

35-Lyamzaev KG, Sumbatyan NV, Nesterenko AM,
Kholina EG, Voskoboynikova N, Steinhoff H-J, et al.
Mitoclox: A Novel  Mitochondria-Targeted
Fluorescent Probe for Tracing Lipid Peroxidation.
Oxid Med Cell Longev 2019; 2019: 9710208.

36-Marrocco |, Altieri F, Peluso I. Measurement and
Clinical Significance of Biomarkers of Oxidative
Stress in Humans. Oxid Med Cell Longev 2017;
2017: 6501046.

37-Massimi |, Guerriero R, Lotti LV, Lulli V,
Borgognone A, Romani F, et al. Aspirin Influences
Megakaryocytic Gene Expression Leading to Up
Regulation of Multidrug Resistance Protein- 4 in
Human Platelets. British J Clinical Pharmacol 2014;
78(6): 1343-53.

38-0kano K, Kimura K, Tanaka Y, Tsuchiya K, Akiba
T, Nitta K .Direct Measurement of Reactive Oxygen
Species in  Leukocytes During Hemodialysis
Therapy. Int J Clin Exp Med 2015; 8(11): 20959-64.

39-Restaino RM, Deo SH, Parrish AR, Fadel PJ, Padilla
J. Increased Monocyte-Derived Reactive Oxygen
Species in Type 2 Diabetes: Role of Endoplasmic
Reticulum Stress. Exp Physiol 2017; 102(2): 139-53.

40-Kermanizadeh A, Jantzen K, Brown DM, Moller P,
Loft S. A Flow Cytometry-based Method for the
Screening of  Nanomaterial-induced Reactive
Oxygen  Species Production in  Leukocytes
Subpopulations in Whole Blood. Basic Clin
Pharmacol Toxicol. 2018; 122(1):149-56.

41-Bigagli E, Lodovici M. Circulating Oxidative Stress
Biomarkers in Clinical Studies on Type 2 Diabetes
and its Complications. Oxid Med Cell Longev 2019;
2019: 5953685.

1F) jo0 om0 5Ly o o 090

42-1to F, Sono Y, Ito T. Measurement and Clinical
Significance of Lipid Peroxidation as a Biomarker
of Oxidative Stress: Oxidative Stress in Diabetes,
Atherosclerosis, and Chronic  Inflammation.
Antioxidants 2019; 8(3): 72.

43-Aguilar Diaz De Leon J, Borges CR. Evaluation of
Oxidative Stress in Biological Samples Using the
Thiobarbituric Acid Reactive Substances Assay. J
Vis Exp 2020; 159.

44-Tsikas D. Assessment of Lipid Peroxidation by
Measuring Malondialdehyde (MDA) and Relatives
in Biological Samples: Analytical and Biological
Challenges. Anal Biochem 2017; 524: 13-30.

45-Mas-Bargues C, Escriva C, Dromant M, Borras C,
Vifia J. Lipid Peroxidation as Measured by
Chromatographic Determination of
Malondialdehyde. Human Plasma Reference Values
in Health and Disease. Arch Biochem Biophys 2021;
709: 108941.

46-Moselhy HF, Reid RG, Yousef S, Boyle SP. A
Specific, Accurate, and Sensitive Measure of Total
Plasma Malondialdehyde by HPLC. J Lipid Res
2013; 54(3): 852-8.

47-Chevolleau S, Noguer-Meireles M-H, Jouanin |,
Naud N, Pierre F, Gueraud F, et al. Development and
Validation of an Ultra-High Performance Liquid
Chromatography-Electrospray ~ Tandem Mass
Spectrometry Method Using Selective Derivatisation,
for the Quantification of Two Reactive Aldehydes
Produced by Lipid Peroxidation, HNE (4-Hydroxy-2
(E)-Nonenal) and HHE (4-Hydroxy-2 (E)-Hexenal)
In Faecal Water. J Chromatogr B Analyt Technol
Biomed Life Sci 2018; 1083: 171-9.

O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v30i7.10747
https://jssu.ssu.ac.ir/article-1-5737-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-04-30 |

[ DOI: 10.18502/ssu.v30i7.10747 ]

48-Luczaj W, Gindzienska-Sieskiewicz E, Jarocka-
Karpowicz I, Andrisic L ,Sierakowski S, Zarkovic N,
et al. The Onset of Lipid Peroxidation in
Rheumatoid Arthritis: Consequences and
Monitoring. Free Radic Res 2016; 50(3): 304-13.

49-Jadoon S, Malik A. A Comprehensive Review
Article on Isoprostanes as Biological Markers.
Biochem Pharmacol (Los Angel) 2018; 7(2): 1-8.

50-Chao MR, Evans MD, Hu CW, Ji Y, Moller P,
Rossner P, et al. Biomarkers of Nucleic Acid
Oxidation - A Summary State-Of-The-Art. Redox
Biol 2021; 42: 101872.

51-Chiorcea-Paquim Am. 8-Oxoguanine and 8-
Oxodeoxyguanosine Biomarkers of Oxidative DNA
Damage: A Review on HPLC-ECD Determination.
Molecules 2022; 27(5): 1620.

52-Poulsen HE, Nadal LL, Broedbaek K, Nielsen PE,
Weimann A. Detection and Interpretation of 8-
Oxodg and 8-Oxogua in Urine, Plasma and
Cerebrospinal Fluid. Biochim Biophys Acta 2014;
1840(2): 801-8.

53-Garcia-Garcia A Rodriguez-Rocha H,
Madayiputhiya N, Pappa A, | Panayiotidis M, Franco
R. Biomarkers of Protein Oxidation in Human
Disease. Curr Mol Med 2012; 12(6): 681-97.

54-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. Oxid Med Cell Longev 2020; 2020:
2975256.

55-Campolo N, Issoglio FM, Estrin DA, Bartesaghi S,

Radi R. 3-Nitrotyrosine and Related Derivatives in

1F) jo0 om0 )Ly o w090

9251 (o il oo sl b9
Proteins: Precursors, Radical Intermediates and
Impact in Function. Essays Biochem 2020; 64(1):
111-33.

56-Bandookwala M, Sengupta P. 3-Nitrotyrosine: A
Versatile Oxidative Stress Biomarker for Major
Neurodegenerative Diseases. Int J Neurosc 2020;
130(10): 1047-62.

57-Gryszczynska B, Formanowicz D, Budzyn M,
Wanic-Kossowska M, Pawliczak E, Formanowicz P,
et al. Advanced Oxidation Protein Products and
Carbonylated Proteins as Biomarkers of Oxidative
Stress in  Selected  Atherosclerosis-Mediated
Diseases. BioMed Res Int 2017; 2017: 4975264.

58-1tabe H, Kato R, Sawada N, Obama T, Yamamoto
M. The Significance of Oxidized Low-Density
Lipoprotein in Body Fluids as a Marker Related to
Diseased Conditions. Curr Med Chem 2019; 26(9):
1576-93.

59-Rabbani G, Ahn SN. Structure, Enzymatic
Activities, Glycation and Therapeutic Potential of
Human Serum Albumin: A Natural Cargo. Int J Biol
Macromol 2019; 123: 979-90.

60-Takhshid M, Kojuri J, Tabei S, Tavasouli A,
Heidary S, Tabandeh M. Early Diagnosis of Acute
Coronary Syndrome with Sensitive Troponin | and
Ischemia Modified Albumin. Iranian Cardiovascular
Res J 2010; 144-51.

61-Shevtsova A, Gordiienko |, Tkachenko V, Ushakova
G. Ischemia-Modified Albumin: Origins and
Clinical Implications. Dis Markers 2021; 2021:
9945424,

62-Setoodeh S, Khorsand M, Takhshid MA. The

Effects of Iron Overload, Insulin Resistance and

O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v30i7.10747
https://jssu.ssu.ac.ir/article-1-5737-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-04-30 ]

[ DOI: 10.18502/ssu.v30i7.10747 ]

ooyKen g bl anbld -

Oxidative Stress on Metabolic Disorders in Patients
with B-Thalassemia Major. J Diabetes & Metab
Disorders 2020; 19(2): 767-74.

63-Oran I, Oran B. Ischemia-Modified Albumin as a
Marker of Acute Coronary Syndrome: The Case for
Revising the Concept of “N-Terminal Modification”
to “Fatty Acid Occupation” of Albumin. Dis Markers
2017; 2017: 5692583.

64-Kaplan M, Yuksel M, Ates I, Kilic ZMY, Kilic H,
Kuzu UB, et al. Is Ischemia Modified Albumin a
Disease Activity Marker for Inflammatory Bowel
Diseases? J Gastroenterol Hepatol 2016; 31(6): 1120-5.

65-Adeoye O, Olawumi J, Opeyemi A, Christiania O.
Review on the Role of Glutathione on Oxidative
Stress and Infertility. JBRA Assist Reprod. 2018;
22(1): 61-6.

66-Zitka O, Skalickova S, Gumulec J, Masarik M,
Adam V, Hubalek J, et al. Redox Status Expressed as
GSH:GSSG Ratio as a Marker for Oxidative Stress
in Paediatric Tumour Patients. Oncol Lett 2012;
4(6): 1247-53.

67-Sanchez-Rodriguez  MA, Mendoza-Nunez VM.
Oxidative Stress Indexes for Diagnosis of Health or
Disease in Humans. Oxid Med Cell Longev 2019;
2019: 4128152.

68-Zangeneh AR, Takhshid MA, Ranjbaran R,
Maleknia M, Meshkibaf MH. Diverse Effect of
Vitamin C and N-Acetylcysteine on Aluminum-
Induced Eryptosis. Biochem Res Inter 2021; 2021:
6670656.

69-Tipple TE, Rogers LK. Methods for the
Determination of Plasma or Tissue Glutathione
Levels. Methods Mol Biol 2012; 889: 315-24.

70-Ma Q, Man X, Xu CY, Huo J, Qi C, Shi Q, et al.

Simultaneous Determination of Three Endogenous

1F) jo0 om0 5Ly o o 090

Chiral Thiol Compounds in Serum from Humans at
Normal and Stress States Using Ultrahigh-
Performance Liquid Chromatography Coupled to
Quadrupole-Orbitrap  High  Resolution  Mass
Spectrometry. J Chromatogr a 2021; 1642: 462028.

71-Tonelli C, Chio IIC, Tuveson DA. Transcriptional
Regulation by Nrf2. Antioxid Redox Signal 2018;
29(17): 1727-45.

72-Mitchell S, Vargas J, Hoffmann A. Signaling Via the
Nfkappab System. Wiley Interdiscip Rev Syst Biol
Med 2016; 8(3): 227-41.

73-Ndrepepa G. Myeloperoxidase - A Bridge Linking
Inflammation  and  Oxidative  Stress  with
Cardiovascular Disease. Clin Chim Acta 2019; 493:
36-51.

74-Singh S, Verma SK, Kumar S, Ahmad MK, Nischal
A, Singh SK, et al. Evaluation of Oxidative Stress and
Antioxidant Status in Chronic Obstructive Pulmonary
Disease. Scand J Immunol 2017; 85(2): 130-7.

75-Pravalika K, Sarmah D, Kaur H, Wanve M, Saraf J,
Kalia K, et al. Myeloperoxidase and Neurological
Disorder: A Crosstalk. ACS Chem Neurosci 2018;
9(3): 421-30.

76-Song Y, Liao J, Zha C, Wang B, Liu CC.
Simultaneous Determination of 3-Chlorotyrosine and
3-Nitrotyrosine in Human Plasma by Direct Analysis
in Real Time-Tandem Mass Spectrometry. Acta
Pharm Sin B 2015; 5(5): 482-6.

77-Furuhashi M. New Insights into Purine Metabolism
In  Metabolic Diseases: Role Of Xanthine
Oxidoreductase Activity. Am J Physiol Endocrinol
Metab 2020; 319(5): E827-E34.

78- Tabatabaei-Malazy O, Khodaeian M, Bitarafan F,
Larijani B, Amoli MM. Polymorphisms of Antioxidant

Genes as a Target for Diabetes Management.

O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v30i7.10747
https://jssu.ssu.ac.ir/article-1-5737-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-04-30 |

[ DOI: 10.18502/ssu.v30i7.10747 ]

International J Molecular and Cellular Medicine 2017;
6(3): 135-47.

79-Mironczuk-Chodakowska 1, Witkowska AM, Zujko
ME. Nonenzymatic Exogenous and Endogenous
Antioxidants. Adv Med Sci 2018; 63(1): 68-78

80-Gupta S, Finelli R, Agarwal A, Henkel R. Total
Antioxidant Capacity—Relevance, Methods and
Clinical Implications. Andrologia 2021; 53(2):
e13624 .

81-lalongo C. Preanalytic of Total Antioxidant
Capacity Assays Performed in Serum, Plasma, Urine
and Saliva. Clin Biochem 2017; 50(6): 356-63.

82-Fraga CG, Oteiza PI, Galleano M. In Vitro
Measurements and Interpretation of Total
Antioxidant Capacity. Biochimica et Biophysica Acta
(BBA)-General Subjects 2014; 1840(2): 931-4.

83-Pinchuk I, Shoval H, Dotan Y, Lichtenberg D.
Evaluation of Antioxidants: Scope, Limitations and
Relevance of Assays. Chemistry and physics of lipids
2012; 165(6): 638-47.

84-Liu T, Zhong S, Liao X, Chen J, He T, Lai S, etal. A
Meta-Analysis of Oxidative Stress Markers in
Depression. PLoS One 2015; 10(10): e0138904.

85-Black CN, Bot M, Scheffer PG, Cuijpers P, Penninx
BW. Is Depression Associated with Increased Oxidative
Stress? A Systematic Review and Meta-Analysis.
Psychoneuroendocrinology 2015; 51: 164-75.

86-Tabatabaei-Malazy O, Ardeshirlarijani E, Namazi N,
Nikfar S, Jalili RB, Larijani B. Dietary Antioxidative
Supplements and Diabetic  Retinopathy; A
Systematic Review. J Diabetes Metab Disord 2019;
18(2): 705-16.

1F) jo0 om0 )Ly o w090

9251 (o il oo sl b9

87-Zabel M, Nackenoff A, Kirsch WM, Harrison FE,
Perry G, Schrag M. Markers of Oxidative Damage to
Lipids, Nucleic Acids and Proteins and Antioxidant
Enzymes Activities in Alzheimer's Disease Brain: A
Meta-Analysis in Human Pathological Specimens.
Free Radic Biol Med 2018; 115: 351-60.

88-Fontana J, Zima M, Vetvicka V. Biological Markers
of Oxidative Stress in Cardiovascular Diseases: after
so Many Studies, What do We Know? Immunol
Invest 2018; 47(8): 823-43.

89-Quintana-Villamandos B, Paz6-Sayds L, Gonzélez
del Pozo |, Rodriguez-Rodriguez P, Bellén JM,
Pedraz-Prieto A, et al. OXY-SCORE: A New
Perspective for Left Ventricular Hypertrophy
Diagnosis. Ther Adv Chronic Dis 2020; 11:
2040622320936417.

90-Dalan R, Goh LL, Tang X, Chew DE, Boehm B.
Total Oxidative Index is Associated with Glycated
Hemoglobin, Low-Grade Inflammation, and Non-
HDL Cholesterol in Type 2 Diabetes. Diabetes 2018;
67(Supplement_1): 419.

91- Atanasovska E, Petrusevska M ,Zendelovska D,
Spasovska K, Stevanovikj M, Kasapinova K, et al.
Vitamin D Levels and Oxidative Stress Markers in
Patients Hospitalized with COVID-19. Redox Rep
2021; 26(1): 184-9.

92-Zendelovska D, Atanasovska E, Petrushevska M,
Spasovska K, Stevanovikj M ,Demiri I, et al.
Evaluation of Oxidative Stress Markers in
Hospitalized Patients with Moderate and Severe

COVID-19. Rom J Intern Med 2021; 59(4): 375-83.

O3 (9ot (Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v30i7.10747
https://jssu.ssu.ac.ir/article-1-5737-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-04-30 ]

[ DOI: 10.18502/ssu.v30i7.10747 ]

Journal of Shahid Sadoughi University of Medical Sciences Received: 11 May 2022
Vol 30| Nov 7 | Oct 2022 Accepted: 19 Jun 2022

A Review of Laboratory Methods for Measuring Oxidative Stress
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Introduction: Antioxidant defense system, including enzymatic and non-enzymatic antioxidants, protects
cells from oxidative damage by neutralizing oxidant compounds. Increasing the production of oxidant
species and decrease activity of antioxidant system causes oxidative stress. The role of oxidative stress in the
pathogenesis of human diseases and strengthening of human antioxidant defense system in preventing and
ameliorating of diseases have been shown in numerous studies. Therefore, identifying reliable oxidative
stress markers for evaluating the beneficial effects of antioxidants in human diseases has been the focus of
many studies over the past decades. Measuring free radicals and active species by flow cytometry,
determining the total antioxidant capacity of body fluids, measuring the oxidation products of
macromolecules, determining the activity of antioxidant enzymes, and changing the expression of genes
related to the antioxidant system are among these methods. This review discussed the major advantages and
limitations of these methods.

Conclusion: Due to limitations and potential confounding factors of the current markers of oxidative stress,
an appropriate experimental protocol should be used for each study and caution should be taken in the

interpretation of results. Furthermore, more than one method should be used to overcome the limitations of
each marker.
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