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Abstract

Background and purpose: Sodium arsenite (SA) is recognized as a common mineral
contaminant in drinking water, significantly affecting the cardiovascular, neuroendocrine, urinary, and
digestive systems. Naringenin (NG) is a flavonoid with antioxidant and anti-inflammatory properties that
can prevent liver damage caused by various factors. This study was conducted to examine the protective
role of NG against SA-induced hepatotoxicity in mice.

Materials and methods: In this experimental study, 28 mice were allocated into four groups:
() Control, (II) NG (50 mg/kg), (II) SA (40 mg/L), and (IV) SA+NG. NG and SA were administered
orally for five weeks. Histological changes, hepatic enzyme levels (ALT and AST), oxidative stress
markers (SOD, CAT, and MDA), and inflammatory biomarkers (Nrf2 and NF-kB) were assessed using
biochemical and histological methods. The data were then analyzed using one-way ANOVA and Tukey’s
post hoc test in SPSS software.

Results: SA caused histological damage, characterized by a significant increase in the infiltration
of inflammatory cells and the accumulation of red blood cells (P< 0.001). It also significantly elevated
alanine transaminase (ALT) and aspartate aminotransferase (AST) levels (P<0.05). Moreover, SA
significantly upregulated nuclear factor kappa B (NF-kB) expression and downregulated nuclear factor-
erythroid-2 related factor 2 (Nrf2) expression. NGreduced ALT and AST activity levels, reversed
histological alterations and antioxidant capacity. Furthermore, NG enhanced catalase activity levels,
superoxide dismutase (SOD) activity, and Nrf2 expression.

Conclusion: SA induces hepatotoxicity by increasing oxidative stress and inflammatory responses.
The administration of NG effectively mitigated the harmful effects of the imbalance of oxidative stress and

antioxidant pathways and the histopathological changes observed in SA-intoxicated mice.

Keywords: naringenin, sodiumarsenite, hepatotoxicity, oxidative stress, inflammation

J Mazandaran Univ Med Sci 2025; 35 (244): 15-26 (Persian).

Corresponding Author: Yousef Asadi-Fard - Department of Anatomy, School of Medicine, Arak University of Medical Sciences,
Arak, Iran. (E-mail: usef.fard@yahoo.com)

15


https://jmums.mazums.ac.ir/article-1-21693-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-10 ]

ops—3jls (— S ib)y ey—Lc ol Bl alas

(10-P9)  1CelE Pl Cuigaas)l PICIC ojlads @2y § (W )03

paaw Cuiaw | jl bl 5arS cwl ja (uiainl pikslas ol 5w p

3T 0 s
" 3,8 (oml Cawgs
‘”ts""" b
¥ S 3w 3> Olslulie)
2 3uS>
S s s o 4 lis Sa BT OT 3 gl s 0 ¥T &S 0 i 4 (SA) s T 2300 9 il
055 L A 5336 G (NG) ot 363,503 (2018 5 (153l e S 505,55 ¢ B8 (I Slapions 1 ot 5 6
Coda b andlas opl S (6,8 glo Calibes Julse 51 56 (1S T 1 il 5 oo 45T Sl gl w5 1S 5T
RS S O OING (D) eJ,=8 (1) 03,8 slgmr 4y Sosm g o YA (g5 aadllan ) 3 ilayb) 9 Slge
0315 DUy 4 4z O s 43 SA NG ik 0 SANG (IV) 5 () 53 0,5 Ja ) SA (D) o ¢ 5 58
B3l olan g sLa by 5l eslizal L (N2, NF-KB) gl sla SiLii 5 (MDA, SOD, CAT) 4515
s s Tukey's 5 4 beSG ANOVA (glads e 5T 5 SPSS N ple b beosls s b5l
725 SIS e 5 e Slad sk 358 53 (g 5 BB el 1 G b 51 AST S5l T Lol SA il
(P <t /+0) L (AST) Il 5 T S5kl 5 (ALT) SUaaT il 5 o6 VT slag 5T law 2l 31 5 (P < /e 0Y)
2l Eals 1 (NM2) Wiyl bdas 0 Y eSOl g sls il 31 1) B LIS (glazea 54856 Ol (g5l sne 55k 4 SA
L SlwS 5T S by 3L Ol NG sls ialS |, AST 5 ALT @af_ﬂ A5 ol gme ysb 4 NG
213 Gl N2 0L 5 56 s> dnST o GYBST Cb - ghons i es 5 e sSSe
5L NG o0 s ol s, 3l nST el a1 3L (6AS e sl sl SA g bl
éhj}ﬂ))b&i@u\.&l.&a é}ﬂjhwC)\ﬁ:ﬁjd‘whst_g};‘w‘duwdswC&w C)‘j‘ 6_}3'}

Ll 1S ol (ST T it Sy T it 56 2534 sl 0519

Email: usef.fard@yahoo.com K oS ¢phael aly  AECIS o Sk ST 358 s dunl gy iglamne ge
) STl Sl (S e sl ¢ S go 5 (S i 500

Ol (STl ST (S sle olSits ¢ Sy oSl o s 27 g 5ke 03 ¢ 25 g sle Slisleal Y

Ol Slal 3laal sl st (S o sle o1 ¢ (S STl ¢ e 25 p sl 055 ¢ s 125 ke 55| (B )1 (g geils ¥

Ol Sl 3ol 5 als sk (S psle okl ¢ Sy 0aSils ¢ 125 p ke 03 5 slaal ¥

VEYNYYY D VEY/NN ool g gl ol 0 AR ATVAVICE AR

11€0 1€ Caiingaas)) PICIE ayladd (@aly g ¢ 2)0s ohdjls Sy eole slGiS)s alas 1%


https://jmums.mazums.ac.ir/article-1-21693-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-10 ]

ul)Sem g jpal g i

oA s 4 S, TL T ol B w8
(52125 e Ol S, T e e 53 OT (gl
Lot (ol el 5 Ol B3 55 1 o (o silie
Sladllas (1) U wll las Shas 51 & 5
PR 33 e e S 1 A4S a els B sz
35Sl oS T i Ll 5 r ST
5525l (Mo LSOl v s Sl gila
3 b S T S 1Sy j3 a8 Slald i
ol Jool N VIVO 5 &S, T om0 3 6,8 )1 3
wEld o s 55 S s lap IS
e gl s Aas e OLES Sl dal gl ilodis
3 (ROS) 0381 Jlub st S pslike 5 sb 4 Ll 55 n
Eel il 5 0 S US55 15 (NO) ST &S5 25
ST S0 o |y e S5 gt I s
5 Sla i 4 e 5 A8 sLam| DNA T
.(\F)Md&f)ijjq’bn@ S WLl
aile 25 S (5l s Ll 55 o ROS 51 Le
2556 3 (MAPK) 5 s o 5 0 s Jlab 5LS™ (59
4S uS Il 1 (NM2) Y oS5 b Lo 0 B2 (glacus
OO dia s 5150w Glad T 3 55 95,8
i 15 s s ) 15 0 ST 2 e 53 5,5 )1 3
IL-6 TNF-a -1 dsle olgdl Jsalse Ol 5 03 S
Ol ay ot a8 aas 15 U o 1, IL-12
Sl el gl m N2 .09)3 55 oo (56 51 5 e
o el 5V ST il Sl 0 S
O NM2 b (oole Ll b Lo (Wl Sl
O3 55 o @ laS oDy st 55 Keapl Low i s
(oL SLaeS s 5, mn 53 (6,5 )15 ) oy
O NM2 L5 aas oo jlal 5o lu NIf2 51 Keapl
00 Il | Cos a5 g ol Jame anes
Glaiss g 5 Law 5T glwdlb a2 JLs!
SNl 3 055U 58 (NGO HMOXL Asle 1350
Sl (1) 45 0 (GSH) 0 4515 48 4 (GST)

Ul 5 oo N2 e (g 5Ludlad 457 Wilosls OLaS sdaze

4o 2o

o 130 51 s 5 s 5 5T
bosler claals )15 anw 5 5 108 4 053155, 505 Js 4
ol 3 S8l e slasl dme slac b
o 2SCaT cabnd dd 5 55 4 ool S, T clao YT
0555 gomw Jd5 40 0= P35 0 Z8L s S5 380 4
S5 0l e 4 ST Sl plam 55 0T VL
S ol 33 1y s 1SS GeelaT OT 50T
35 ST &8 o&in Ol 03 5 sl La ) 428"
43 el (sl JS5 51 015 g0 0 5 o0 Ty Lame
O i ol 38 i s dome ST 5 Sl )T
S s T OT i 5 onch wlin (S5, ]T
el (SA) s oy T ol oS 5 5 S (s
sloul O Calides Slacsl jo 1) soldST| sl &7
i 58 NI o BB AS o545 48
el Sl 5 il PP s )3 silaS)
sl 5T L oS, Tl oS )T 51 (50
LS (o e 1) (Jsber (S 03 87 JHIG (658 e
ool L 5 gr 03le pl o530 J ko ol Ll
LS o Rl oS e glady T3 5o 1) Slid (sls
A5 50,5 A8y e plie S il San S
Crm 4SS Wlesls OLias Olalas () AS” e 1 (6550
S 53 (5d O grlilenST el 5 ST il
Sl 3l Wl s e g e adaly L8 54 S
La 0T BSLST Lol b (ROS) 05081 Jla slaas 8
S 3 gl eS| el i A1 8
T ¢SS 5 gladul s Lo La sy,
T e g3 S Vb (68515 W e
o U gtelaT O s JT 6 oS, T (oYL
sy (S gy SO o aler 51 o (gl e
5l (et Sl oDy 55 e e 5 ST
ol e (Ol i e 55 0 Slas)ley
IV Eel il o &K, T (6 m0 53 (6,5 513
(0355 gy 5 4S8 alas 5108y 5 Shas

v 11€0 1€ Cuiligaan)) PICIC d)Lasd «@aiy § (b 2)9s

ohsjls (3} eole alGibily alas


https://jmums.mazums.ac.ir/article-1-21693-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-10 ]

o3 Cuiwy T ) B0 535 QT )y pxiaiyG (Bélas SIS Gy

SA 05,5 (9 3y 5,70 Sode 4 (uwelsT
Do G lBT ST s 2 30 8 e Fr (LK)
554 SA SNGSA +NG oy 5 (V)i osls 59,10
Saie OT 53SA s STk 55 5,0 e 40l jan
3 om 3556 8 G855 J e e 53 NG
035 5 (00 MY/K) elST L s o 50y g2 0 AT
A § 15 ol Sy s sge (0 MO/kg)
S ol 3 5 OT I iy 5 a2l 5 ST L3l
33 51T Gl STl i S S5 b g ld
S O55 G055 8 0,535 § sluamyn Yo e
5 okd 3l o G gy Sl s 5 (555T per U8

.Q;erjg-ialfdﬂbde-):\“ st sbes o

A st i
NG 5SA Sl Sl gy 5 5 (oolid 3L ot 6
Vo oWl by Gl YF ode 4 ladisad (AS (555
33 Gl 5 5505 3l e s S Ay
D Cualied by ablas o1t IS5 3 eslizul b b1l
L ks (55T 025581 5 ke ilen L pa s So
e85 L sl blie 358 (b5l suST T
s oy 06 AS T Ol g S5l (sl Ve
L ol S8l slaal (oS o 5 a2 o) -
3045 Ol e bl g L o551 (235 La]
V(ab) Dkl cBy 0 oS5 5 el slad b
i 03l LaoT an (W) ¥ U (Jow 20) ¥ o(Cads)
s S Sl eslial Ly g 5y S gl oSe
DP26 ps 95 4 74> Olympus BX43 (Japan)

N L a5 8

ST SALT ol s

Sl fise Sl p o Srai 503 G, Y0 Sl ey
i g ol (65T OLays 5 J 58 les 5
Gk ol e lS jleslinal LALT 5 AST # law
A el ( BiOreX) o LSS 5 Jasdl g

s () das fals 1) (S Calies sl s slaw
L o (S T Sl oS OIS 5T (glag s
Oaas 2alS 1 oSy T (o me 53 6,8 515 L
oS Az (AL SLS 551 o g 08 clads 5 g2
Cliblos Calies ie Joolse ol 53 LaOLS 1 5
SLS 0 534S UNG) izt )b S 959D g S
Lile il 09513 5 (S5 S sm ol 0 b on 3L
chonS g0 (58T o claided 2l O be 5l
S Syt s et 3 ol a1 5,
NG 45 das oo OLaS dal g (1Y-10) 3505 OldnST| 5T
(YH) sl INVILro 5Vivo 5 SheST 5T Cdles ol 5l
5T yian S 5 0SeisT 3103 5 o3l & 45
e Ol Al g aS SLS 5 sleld Ol Sl
O B0 alllan ol ol (65,00 dins 2alS 1, 0T
Gk Sl s 53 SA I ib gdS uwT 5 NG

b9, 9 sl
NMRI 3155 3L 530 YA ¢ g o5 addllas ol 55
jnp_?\« LYO o 0isLsasia AL # i ys
o (S ple oails Uy 51 bl S e
1kl Lol i G Lo ge A 4 lsal ) pla
S oy 00 b ol a8 leT
A OEYY clas yael VY ol S,Ls/, 8
s cpl s 6,lugSS lesT Jsb 4o 31 8 sl
SN 5 I Sl S0 53 VP Il o
Gillan 033 cpl o plowil ST (S ke J&sls
o ke oils Sl g G 408 (sl Jaall ) g2 L
(IRARAKMU.AEC.1403.005) <"l S &5
Sl 4 Bl jsba adllle (sla b ge 5 8 ol
Ol i Jalbiog, 8 1n a8 il i 0 S
ST Lol en) dlw Jls 28 0y, 8 sy
NG oy, S 3,5 Cblys o,y YO Sods 4 (SbalaT
STL el an) p S8 e, 8 e 00 &8 (LK)

11€01€ Cailngaas)) PISIC o)lash «@aiy § (w 2)9s

ohjls (Sb)y eole slEibS)s dlas A


https://jmums.mazums.ac.ir/article-1-21693-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-10 ]

ul)Sem g jpal g i

Gl F Glwan 3 fr gasbts gl s 8 e
s el casli YO

b oo s GAPDH 1 oslizul bl o Ol

(Sl sl y ik Lo REST 3l i 3l oslizal L Laesl

Nrf2 (F): CAGCATAGAGCAGGACATGGAG:
GAACAGCGGTAGTATCAGCCAG: Nrf2 (R) ¢

ol n dsb
1-vbp NF-kB (F): GCT GCC AAAG AAGG ACAC

GACA :NF-kB (R), GGCAG GCTATTGCTCATCA
CAG:¢

ool dsb
y\bp GAPDH (F): CATCACTG CCAC CCAG

AAGA CTG: ATGCCAGTGAGCTTCCCGTTCAG
:GAPDH (R):

Ll eslawl PCR 6‘jbp oy ﬂ‘ﬂ d}b

oleT Jlowsr
3 skae Ol il 2 5 80ke o goo 45 Lol polas
LT el S b a0 s iale3T Sl
Lle Calibes (Lo eSS 1 aslizal L Waosls coleMb|
plzsil I ey 5 (ANOVA) one-way 30T bl
550 s3T5l a ol (Tukey’stest) Tukey & e 3T
Lo &S )l O (slaosls b 815 ot 54 ot
S gme ela a0y g0 5T adS” s Kruskal-Wallis o ss 3T

.u«:éj?ﬁﬁpo/..\ gP<s /vy P<a/0d

sl
SIS st

NG 5= 05,5 53 48 Sl sla b ol
2 kdls oacb alb (0 8 S e 8 L b)
35805 s BB R4 e SA o Jlis
53 (RBCS) 50 3 slad 5l pazs 5 el slad sl
LNG oS 5 (P< /o)) s 58 05 8 L awslie
535 28l izman sRBC pazs 2alS 4 zis SA
A2SA S o058 b aulia 55 Jledl slad e

(\ a)La.:in}«A-T) (P< '/'a)

S O ol ebenST oy )
il S e ¢S (MDA ea T 650 JLs

el b Ol STy 2l d pamme 5 5515
Sl 05,5 U5 gan I e MDA (5,5 05100 5l
G5 el Lo )3 Ve b g p 3l A5 S 00 S
G531+ S GV s e S 5 Sl JS
S5 el e 93 ¢ p0) o 4 e A 5 5 Sl
AN-DULANO] 035 31 31 s o5 S Lol &Sl 5 1S
Al gt Sl aads Ve Ode 40XV 5504l 95 4 gl
L e g0 mon dyb 03 g o 05 B
Cows o 5de . (6,8 051l 2o g6 5 Sl 1 03lizul

Aib s g NMONMY a1y LMDA Sl 0ueT

CAT ,SOD L;Lw/wu,z'/'cjé.wd:‘e;;,
L CAT 5SOD (slailduST =T 5,801l
Jordlys2ws b g Zellbio =575 oS 51 sslinal
ST (Sl S 5l s (6 S 051 (11l ST
6= 0T am s aadls 1) edbojsfpen LS 5L
(S dm s 5 Lol dsys Y e sl Sl 5 S
Laids Yo Soay 55 5lal Al o8 b 05 00 s
530 B mle 40338 o 55 SLagxIF e e
e 4 5 L1 DTNB 5 Sl 05)dp oo (53
Ol s s 350 JolST 285 6 s 4,30 4> 10

.L.La.bl;:-}ufbf’\\’ Cjﬂ Jj‘bjbdjj"‘—)"\"

(Real time PCR) <53 il pouls (1o puzmij 123570
S 5 eslitul U dS clail 5 RNA fuz
3 s S 7l el Qiagen L i s uJ 55 RNeasy
«(€DNA) JoSa DNA i (gl 7 0 7| szl RNA
i eslecwl Qiagen &S5 Jasdl ) gws wlwl
DEPC ;';T «DNA JoL_2PCR i ST5 by I
¢S 4Reverse sForward gl ul
F0 3l eslacwl LRT-PCR .5, Master Mix (Qiagen)

5380 b 00 gl o 3l § Sl a5 40 s

9 11€0 1€ Cuiligaan)) PICIC d)Lasd «@aiy § (b 2)9s

ohsjls (3} eole alGibily alas


https://jmums.mazums.ac.ir/article-1-21693-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-10 ]

o iy i1 B0 25 Cuwl )s paiains Bslas OIS

Ly 28 0y 8 4 S ST ST (gl S Lo
53 L0l 5T sl (ol ) sba (P</00)

SA 05,5 51 YL 55 J6 55ba SAHNG o5 8
(P</00) L g

250

*
200
150 #
100
) '
o
SA

Control NG SA+NG

AST (UIL)

*

200
= 150 #
2
=
= 100

) '

o
Control NG SA SA+NG

Cadibee glaos, S 55 ALT S AST lachle ¥ ojled g
osls Ll (N = F) Jlaas Ol ol £ 5.5l O g s s 030
0,8 09,8 L aglin sl P < o/e0 i P < /o0 i Lok

as e Ol 1y H) SA 05 8 5 ()

NGa}J_?):ngbu_;m Sgles MDA 5546 s

05,5 Wl ol LBl g s U 28705 8 4 o
b amslin 55 1, MDA Ol 55 g5 b il 5ISA
Ol ¢ Jliza sbay (P< v/ 0 1) sls 0lis J 87 05 8
O s g5 JB b SATNG o5 £ 45 MDA
53 el ol (P /ed) Sl 2alSSA 6y, §

Llodds oals OLas ¥ OJLQ-«:;' P

RT-PCR
OLERT- PCR 3l odaT Cws a5 oS (glaesls

2 813 me D3l (RS 05 5 Ll 53 8 5l
s odalia NG oy 8 55 NF-kB 5 N2 slads Ol
NF-kB Ol )3 g 55 J=lb 2ol 531 SA 05,5 s
Oy (P< /o0 )) i sdaliie J =8 05,8 4 o
O S g5 6 5 sba SAHNG 05 £ 43 NF-kB

25
dedkek

g 2
=]
<
w
':-I.S
32
£
b
z *HHt
- 0.5

oL NN uim l

Control NG AS ASHNG

22 S Gl Sl 65 S Sn S 1) 0slad 9
&lyls (Control) J =S 65,8 4l 3,50 glon oy, S
(SA) b ST 03,8 (ol ok (ST (550 51yt
el dsl ZLsl Jols oS dms on 0L |y (o s Sl ks
(Congestion) ola=| 4 (Inflammatory cell infiltration)
S SAING) s i) T 5 iy 5 05,8 b
Frox gl HEE (5T, ns oo OLES 1)y Jaw 520
osls Sl (N =F) Hlas Ol ol £ 5 Kle &y s 4 Laosls
Lasls P <o/eV#HEP <o) FFF P <a/ed s * ol

..u.h:snQW\)(#)SAoj;)(%)J):foj;waun

LS sls o 5T
AST (ot yo o )3 g 5 J6 2l 3ISA 05 8
038 55 .(P<+/+0) Lsls 5l J 28 4 Ces ALT
Lug g5 JBsb 4 AST (s v mlaw SA +NG
NG SA +NGos,S ;5 (P<+/+0) ol L2l NG
055 Lanlia ;3 1) oo ALT o g 55 L6 ) sbay

(Y ol gas) (P<+/+0) 315 (28l SA 5T s

T lbenST ol (sl S Lo
NG.,, S ,5sCAT ,SOD Slap =T s
WLl Ol |y g BB Rl 31 S e s 8 4 s
23 st B 2alS SA ST o 0p 8 Jlis )

11€0 1€ Caiingaas)) PICIE ayladd «@aly g ¢ 2)0s

ohsjls (Sb)y ol slEibs)s dlas Po


https://jmums.mazums.ac.ir/article-1-21693-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-10 ]

ullSass g juysl gy

305 T O s Jbw DNA 5 a5 5 o]
Sy T aS s o 0L sl glaasl (Y).LS
) s 4S50 e O sl ST Sy JT 5
ol 1 Glamms Ol g a5 (gnd O sanl STy 201531
SMD@CJ@LGJ)JP@&;JBJQ":;‘V\:M{‘

()AL Jsles 53 s OISt =T 5 a5y

o
n

HH*

)
o w

in

*
- J -
0
SA S.

Fold Change of Nrf2

Control NG 3/ A+NG
*kk
8
2,
6
-
S5
o
24
= *H#
=
S 3
=
<2
" l
1
L

Control NG SA SA+NG
O s 4o Laosls (Calises 6LM)J.?J: 05 Ol it osled pgual
P< /0% Wlodd o3l Jioled (N =F) Hlns Ol il £ S5l
L oawlan Lasla P <oV #HP <00 # P < o/en) 255

‘Méwou‘\.;‘)(#)sp\a};}(%)dﬁfa};

Ol s 4y ,2eie SA S 505 Ll 5l andllas

SIS ol 5 g (M5 ST6 2l 31 sl
leﬁéﬁsum,;ﬁﬁ.gﬁ@.\;ﬁ
Iy AS 0jsces S sl (g uwT SA &5 Wl o5 S
PR W P P I B PV P L3
S a0 S 5158 0L 5 Singh cwlin 4 b
L Sl 55 BB sk 4 ST wnSTis 5
LS 1S SGPT SGOT abesr I oo
Jus 53 NG a5l OLis aslllae ol gl (M) s o
S S Elslous 1 glyls SA I 5L 6AS e
Iy olgdl SA aS” ulesls Olias A8 Sladss .ol

W}&f@@j)\}T&bd&waéﬁg&iﬁ

Ol Jolie 53 .(P<o/0)) sl 2alS'SA oy, S
(L LS SA 05,8 )3 g 55 BB sk NIT2
V) ol 5131 SAHNG 0,8 3 1S Sl s

(F ol s gua) (P<

100

90
E 80 -
& 7 !
e
B 60
=
50
E *xf
= 40 T
kk
!;_ 30
< 20
10
0
Control NG SA SA+NG
9
80 T
=70 I
.E 60 *
£ #
o8 30
£ ok
=3 A
a 30
2
10
0
Control NG SA SA+NG
8
T ki
-]
L6
e
&
o * ki
£,
£
£ 3
< 5
=2
- T 1
N B
0
Control NG SA SA+NG

3y L;Lho);): LM_)L.L..«S_ ‘LSUT}MDA C}Lﬂ!f’é)l&ﬁ)ﬁ’aﬂs
Sl (N =F) lae Ol il £ . K0le Sy goo 44 s 5l canlllas
P <N FFEP N FEP K0 Kledd el
500 U8 05,8 U i Laslas P < v/e) ## P < /o0

s e 0l 1y, #) SA s £

2 33NG hbloes Ol S g s ol anllas s
AT S o g S 53 SA I 3k T
sy Sl 5 51anST Sla Syl s o b
P55 LING 8 55 0L adlllas ol gulss s
S TS S5 ssba s SIS ST
35 55,8 5,5 .08 o 6,8 sl la i ge 53 SA
Wl o 3T Il Wy b ST o e

Pl 11€0 1€ Cuiligaan)) PICIC d)Lasd «@aiy § (b 2)9s

ohsjls (3} eole alGibily alas


https://jmums.mazums.ac.ir/article-1-21693-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-10 ]

o3 Cuiwy T ) B0 535 QT )y pxiaiyG (Bélas SIS Gy

ALT SAST o glacble 2alS s j5o0
Ol (A8 Slidiss s edalive SA 05 5 4 S
sLid 4 g 0313 I3 15, MDA law SA 45 Lol
asdllan 55 (YL ) o ] AST S50 o bapssssd
MDA mha 53 g 5 J6 2l 31 SA 55 Jab
ial> 0L 1y 557 4 Lo CAT 5SOD o 2alS”
33 st 55 S8 28l SA SNG O jar 3 5o L Lol
SA 05,5 4 Cmnd (MDA) (s O sl ST,
CAT 7ok 28l ING (pl yo5dle b odalin
55 5,5 o SA wy £ 4 S0 SOD
EeLSA 45 Wilesls il 15 sdaze lallas
3Lkl 4 s T 5 ST Glad gl oy B
) 03 S5 S s SlaaBl (135 e LS
WS Cowlam g JB s S aub ) Sldalin o andlle
s o | ST 0 ) 5 s Ll 5 NG 2
P2l ot 3 sy gz 5 B 55b 4 SA 05 8
St 5T 5 oot 5T M SI BT s 53
Loyl 5 53 gl ol b dilie ) liate 4y (I gl ey
Gla 5T el ol s (59,0 (K55 2 5
5GSH-Px 5SOD (CAT u—ile Sl 15T
AU Cou GSH dsle s 5T 8 05,01 glaonts ;S
i Gl ol e Ls Ol e 4y 5 4,8 (0 )3
S3OLLE (FOL g5 r 03liul 31 nST o 2l o
e 2STy sl ol oS o a5 N2 oo
Lyl b ys (Nl Jbw el S 5 S|
=Sy s 53 Keapl 55 4o N2 (553 5 5
sodd Jlad L cdzad 515T a8 SWOT 50358 o Juaze

il ol s dl Gl b s s w2 () @
L— Keapl ~—o! 5— b 5INM2 (il .S
Az 5 godd lu> Keapl INM2 O seud ) sand
3a.x_.':'J_2;La4:_.MA4_3a.x_5 Jlee Nl’f2.:j.&6a Jlee
Sk oS b lone Cos (sla 05 Ol il 3l sl
&\3)"...« éuﬁ};'\— D) g_';;"\‘:‘“ﬂa_s:’:‘— LSL“V{};T o 5l
Solwdled ol 31 a8 Sl odionls OLES (F)5 45 o0

Sl Colg 53 4573 55 e L) O sl STy 40
SING camfllan sl 53 . 013 b so (6 S T
slawl SINF-kB 0Ly 2als g N2 oL ol 31 5 b
55 68 S A4S s el el

A s HAST (T ol b o5 DS 5
NG . wles S a3 5 4 15 (90b wr55 led!
2433l Ol ge 403 28 5 bar oS (65 0S| ST
20Tl bl ay 5555 r ealinal Ol b
Llsd Olalllas I (gl sl ol bl i LD
Jole o8 Wlosls 15 aSTh 5,50 1) NG Calies S5
3 N A5 (G e A5 (ST (ST ol
OLas 0, 531 (Jle Ol g a4y Gl blows 5231
oS e V0 553 LING (STh 55 25 oS ool
sy el ds 5 SIS 5T Sl p S ks
Nl o3ls (2alST1HLPS 51 56 (gdS oo
dL-6 dL-1B Al oLgdl Jool g a8l ys b OT
O s iU L 0oy 5 es TNF-0 3 MCP-1
e ;S iy ialS g 5 B 55k 4 LPS o5 8
S F 0LKes 5 Hernandez-Aquino ! o sdle
@:Jhi__wébﬂ_m 03,5 59dus LNG a5 55 S
5 g5la ST e il INK-Smad3 Smad3- TGFp
1y 355 &S b Sl 03,8 Hlga |y Sl
5 DLl U ol addllas gl (1) das o OLES
ING 4S8 ai odaline anllas ol 45 5,05 Sl san
=T ool LSA I b gl S S Je
Sldlas ;3NGods )1 5 el Ao 5 SIS
e NG 4 s o 0L ool sl 8 5l LS
53 0T &l 31 alin 15 SA 5 il (glS T ol
Aas Sials guS Caew sladde sl

S Lo T (o e I3 2SA I
A PVl 0 S Litws o5 4 ALT 5 AST asle
DSALT AST o gla Cbale caalllas o) s
Al 55 JB sb 4 S 4 i SA 6y 8
(S 4S oS ko0 INGS oa il sy 4l

11€01€ Caiingaas)) PISIC )lash «@ady § G 2)gs

ohsjls (S0 eole slEibs)s dlas PP


https://jmums.mazums.ac.ir/article-1-21693-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-10 ]

ul)Sem g jpal g i

55 ST ST ol 55 UNG S das oo OLES asdlas
La 5 se 55 SA I 36 S T 5l 6530 b @
oAb Gl 5 e Dlads S e 6,8 s

e 33550 gnlad ks 1) 5 ey

SISl

g Gl b il Sl saslls
p;sﬂ)é;xv}mtiw;é,,u)ou:z,aq,w
33l a1 lacans ol 05 plonil FPAA = b o sl
oS o ST (03 305 () allan ) L oS

References

1. Mishra S, Dwivedi S, Gupta A, Tiwari RK.
Evaluating the efficacy and feasibility of post
harvest methods for arsenic removal fromrice
grain and reduction of arsenic induced cancer
risk from rice-based diet. S Sci Total Environ
2023; 874: 162443 PMID: 36858216.

2. Abdul KSM, Jayasinghe SS, Chandana EP,

Jayasumana C, De Silva PMC. Arsenic and
human health effects: A review. Environ
Toxicol Pharmacol 2015; 40(3):828-846
PMID: 26476885.

3. Barral-Fraga L, Barral MT, MacNeill KL,

Martifid-Prieto D, Morin S, Rodriguez-
Castro MC, et al. Biotic and abiotic factors
influencing arsenic biogeochemistry and
toxicity in fluvial ecosystems: a review. J
Environ Res Public Health 2020; 17(7):
2331 PMID: 32235625.

4. Ivy N, Mukherjee T, BhattacharyaS, Ghosh A,

Sharma P. Arsenic contamination in
groundwater and food chain with mitigation
options in Bengal delta with special reference
to Bangladesh. Environ Geochem Health
2023; 45(5): 1261-1287 PMID: 35841495.

5. LiS, Ding Y, Niu Q, Xu S, Pang L, Ma R, et

al. Lutein has a protective effect on

S ESES eign b 2003 sl s 5o Lo 5NIF2
Cbble gild ST o inl Calites sladde 5o US
il 31 G b Sl e )L Gl andlae ol 53 (FOAS s
T Sl 5T o 2ol 531 sl N2 05 0L

ke O gl kST RS 555 (SIS
sl 2olss 4 5 Lyl o)L SA I LB slS
J—lse 5 OIS 5T 5l oslinul (guS
2L S8 5 50 (551l L5 g0 LS 0 iS o o

o e IS sk 4 AALSA O jae b Las e 2l 50

hepatotoxicity induced by arsenic via Nrf2
signaling. Biomed Res Int 2015; 2015(1):
315205 PMID: 258153009.

6. Sarkar M, Chaudhuri GR, Chattopadhyay A,
Biswas NM. Effect of sodium arsenite on
spermatogenesis, plasma gonadotrophins
and testosterone in rats. Asian J Androl
2003; 5(1): 27-31 PMID: 12646999.

7. Droge W. Free radicals in the physiological
control of cell function. Physiol Rev 2002
PMID: 117736009.

8. Chen CJ, Hsueh YM, Lai MS, Shyu MP,
Chen SY, Wu MM, etal. Increased
prevalence of hypertension and long-term
arsenic exposure. Hypertension 1995; 25(1):
53-60 PMID: 7843753.

9. Chen QY, DesMarais T, Costa M. Metals
and mechanisms of carcinogenesis. Annu
Rev Pharmacol Toxicol 2019;59(1):537-554
PMID: 30625284.

10. Liu J, Waalkes MP. Liver is a target of
arsenic carcinogenesis. Toxicol Sci 2008;
105(1): 24-32 PMID: 18566022.

11. Zhang F, Wang X, Qiu X, Wang J, Fang
H, Wang Z, et al. The protective effect of

Esculentoside A on experimental acute

PR 11€0 1€ Cuiligaan)) PICIC d)Lasd «@aiy § (b 2)9s

ohsjls (3} eole alGibily alas


https://jmums.mazums.ac.ir/article-1-21693-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-10 ]

o3 Cuiwyl ) B0 5395 QT )y paiaiyG (Bélas S|

12.

13.

14.

15.

16.

17.

18.

liver injury in mice. PloS One 2014;9(11):
€113107 PMID: 25405982

Singh N, Baby D, Rajguru JP, Patil PB,
Thakkannavar SS, Pujari VB. Inflammation
and cancer. Ann Afr Med 2019; 18(3): 121-
126 PMID: 31417011.

Peng L, Hu C, Zhang C, Lu Y, Man S, Ma
L. Anti-cancer activity of Conyza blinii
saponin  against cervical carcinoma
MAPK/TGF-B/Nrf2
pathways. J Ethnopharmacol 2020; 251:
112503 PMID: 31891798.

Afolabi OK, Wusu AD, Ogunrinola OO,
Abam EO, Babayemi DO, Dosumu OA, et

al. Arsenic-induced dyslipidemia in male

through signaling

albino rats: comparison between trivalent
and pentavalent inorganic arsenic in
drinking water. BMC Pharmacol Toxicol
2015; 16:1-15 PMID: 26044777.

Lau A, Whitman SA, Jaramillo MC,
Zhang DD. Arsenic- mediated activation
of the Nrf2- Keapl antioxidant pathway. J
Biochem Mol Toxicol 2013;27(2):99-105
PMID: 23188707.

Hirotsu Y, Katsuoka F, Funayama R,
Nagashima T, Nishida Y, Nakayama K, et
al. Nrf2-MafG heterodimers contribute
globally to antioxidant and metabolic
networks. Nucleic Acids Res 2012;
40(20): 10228-10239 PMID: 22965115.
Liu D, Duan X, Dong D, Bai C, Li X, Sun
G, et al. Activation of the Nrf2 pathway by
inorganic arsenic in human hepatocytes
and the role of transcriptional repressor
Bachl. Oxid Med Cell Longev 2013;
2013(1): 984546 PMID: 23738048.

Kudoh K, Uchinami H, Yoshioka M, Seki
E, Yamamoto Y. Nrf2 activation protects

the liver from ischemia/reperfusion injury

19.

20.

21.

22.

23.

24.

in mice. Ann Surg 2014; 260(1):118-127
PMID: 24368646.

Qiu M, Wei W, Zhang J, Wang H, Bai Y,
Guo DA. A scientometric study to a
critical review on promising anticancer
and neuroprotective compounds: Citrus
flavonoids. Antioxidants 2023;12(3):669-
692 PMID: 36978916.

Han X, Parker TL. Antiinflammatory
activity of cinnamon  (Cinnamomum
zeylanicum) bark essential oil in a human
skin disease model. Phytother Res 2017;
31(7): 1034-1038 PMID: 28444928,
Mehranfard N, Ghasemi M, Rajabian A,
Ansari L. Protective potential of
naringenin and its nanoformulations in
redox mechanisms of injury and disease.
Heliyon 2023; 9(12): 22820 PMID:
38058425.

Elhemiely AA, Yahia R, Gad AM.
Naringenin alleviate reproductive toxicity
evoked by lead acetate via attenuation of
sperm profile and biochemical alterations
Involvement  of
TGFB/AKT/mTOR pathway. J Biochem
Mol Toxicol 2023; 37(6): e23335 PMID:
36807407.

Jain A, Yadav A, Bozhkov A, Padalko V,

in male Wistar rat:

Flora S. Therapeutic efficacy of silymarin
and naringenin in reducing arsenic-induced
hepatic damage in young rats. Ecotoxicol
Environ Saf 2011; 74(4): 607-614 PMID:
20719385.

Jin B, Li H, Zhang H, Yang J, Ma W, LV
M, et al. Effects of carnosic acid on
arsenic-induced liver injury in mice: A
comparative transcriptomics analysis. J
Trace Elem Med Biol 2022; 71:126953
PMID: 35202923.

11€0 1€ Cailngaas)) PICIC o)lash «@aiy § (w0 2)gs

Ohjls Sy eole oGRS dlas pIc


https://jmums.mazums.ac.ir/article-1-21693-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-10 ]

uliSam g jpysl gy

25.

26.

27.

28.

29.

30.

31.

Mohammadian M, Mianabadi M, Zargari
M, Karimpour A, Khalafi M, Amiri FT.
Effects of olive oil supplementation on
sodium arsenate-induced hepatotoxicity in
mice. Int J Prev Med 2018; 9(1):59-66
PMID: 30079156.

Zhou X, Speer RM, Volk L, Hudson LG,
Liu KJ. Arsenic co-carcinogenesis:
Inhibition of DNA repair and interaction
with zinc finger proteins. Semin Cancer
Biol 2021 PMID: 33984503.

Ayala A, Mufioz MF, Arguelles S. Lipid
peroxidation: production, metabolism, and
signaling mechanisms of malondialdehyde
and 4- hydroxy- 2- nonenal. Oxid Med
Cell Longev 2014; 2014(1): 360438
PMID: 24999379.

Barai M, Ahsan N, Paul N, Hossain K,
Rashid MA, Kato M, et al. Amelioration
of arsenic-induced toxic effects in mice by
dietary supplementation of Syzygium
cumini leaf extract. Nagoya J Med Sci
2017; 79(2): 167-177 PMID: 28626252.
Singh MK, Dwivedi S, Yadav SS, Sharma
P, Khattri S. Arsenic-induced hepatic
toxicity and its attenuation by fruit extract
of Emblica officinalis (amla) in mice.
Indian J Clin Biochem 2014; 29: 29-37
PMID: 24478546.

Gencer S, Giir C, Tleritiirk M, Kiigiikler S,
Akaras N, Simsek H, et al. The ameliorative
effect of carvacrol on  sodium
arsenite- induced hepatotoxicity in rats:
Possible role of Nrf2/HO- 1,
RAGE/NLRP3, Bax/Bcl- 2/Caspase- 3, and
Beclin- 1 pathways. J Biochem Mol Toxicol
2024; 38(10): e23863 PMID: 39318027.
Singh S, Sharma A, Monga V, Bhatia R.
Compendium of naringenin: Potential

sources, analytical aspects, chemistry,

32.

33.

34.

35.

36.

37.

nutraceutical potentials and
pharmacological profile. Crit Rev Food Sci
Nutr 2023; 63(27): 8868-8899 PMID:
35357240.

Ji M, Deng Z, Rong X, Li R, You Z, Guo
X, et al. Naringenin prevents oxidative
stress and inflammation in LPS-induced
liver injury through the regulation of
LncRNA-mRNA in male mice. Molecules
2022; 28(1): 198-213 PMID: 36615393.
Hernandez-Aquino E, Quezada-Ramirez
MA, Silva-Olivares A, Casas-Grajales S,
Ramos-Tovar E, Flores-Beltrdn RE, et al.
Naringenin attenuates the progression of
liver fibrosis via inactivation of hepatic
stellate cells and profibrogenic pathways.
Eur J Pharmacol 2019; 865: 172730
PMID: 31618621.

Duan X, Xu G, Li J, Yan N, Li X, Liu X,
et al. Arsenic induces continuous
inflammation and regulates
Th1/Th2/Th17/Treg balance in liver and
kidney in vivo. Mediators Inflamm 2022;
2022(1): 8414047 PMID: 35210942
Santra A, Maiti A, Das S, Lahiri S,
Charkaborty SK, Guha Mazumder DN, et
al. Hepatic damage caused by chronic
arsenic toxicity in experimental animals. J
Toxicol Clin Toxicol 2000; 38(4): 395-405
PMID: 10930056.

Jalilzadeh-Amin G

Histopathological changes and antioxidant

Nozohour Y,

enzymes status in oxidative stress
induction using Sodium arsenite in rats. J
Appl Biotech Rep 2019;6(1):40-44.

Mallikarjuna K, Shanmugam K, Nishanth
K, Wu MC, Hou CW, Kuo CH, et al.
Alcohol-induced deterioration in primary
antioxidant and  glutathione  family

enzymes reversed by exercise training in

L)

11€0 1€ Cuiligaan)) PICIC d)Lasd «@aiy § (b 2)9s

ohsjls (3} eole alGibily alas


https://jmums.mazums.ac.ir/article-1-21693-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-10 ]

o3 Cuiwyl ) B0 5395 QT )y paiaiyG (Bélas S|

38.

the liver of old rats. Alcohol 2010; 44(6):
523-529 PMID: 20705416.
Tang W, Jiang YF, Ponnusamy M, Diallo
M. Role of Nrf2 in chronic liver disease.
World J Gastroenterol 2014; 20(36): 13079-
13087 PMID: 25278702.

39. Zhang Y-KJ, Wu KC, Klaassen CD. Genetic

activation of Nrf2 protects against fasting-

40.

induced oxidative stress in livers of mice. PloS
One 2013;8(3): 59122 PMID: 23527105.

Klaassen CD, Reisman SA. Nrf2 the rescue:
effects of the antioxidative/electrophilic
response on the liver. Toxicol Appl
Pharmacol 2010; 244(1): 57-65 PMID:

20122946.

11€01€ Cailngaas)) PISIC o)lash «@aiy § (w0 2)9s

ohjls (Sb)y eole slEibS)s dlas 2%


https://jmums.mazums.ac.ir/article-1-21693-en.html
http://www.tcpdf.org

