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ABSTRACT

Background and Aim: Arsenic (As) compounds are environmental toxicants which are
among human carcinogens. Sodium arsenite exposure leads to its accumulation in the liver
resulting in liver disorders. The aim of this study was to investigate the protective effect of
curcumin, as an antioxidant, on the liver tissue in the mice exposed to sodium arsenite.
Material and Methods: Thirty NMRI mice with mean body weight of 31+2 g. were
randomly divided into 5 groups: control, scheme (receiving DMSO),curcumin (15mg/kg/day),
sodium arsenite (5mg/kg/day) and sodium arsenite+curcumin groups. Every group consisted
of 6 mice. The exposure was by intraperitoneal injections and carried out for 5 weeks. Then
the mice were killed and the liver tissue was removed and weighed. Histopathological and
stereological analyses were performed and the incidence of hepatocyte cells apoptosis (by the
TUNEL method) was determined. Data were analyzed using one way ANOVA, and the
differences among mean values were considered significant at P<0.05.

Results: A significant increase in the mean relative weight of liver, total volume of sinusoids,
bile ductules (p<0.001) and total number of hepatocytes (p<0.03) and a significant decrease in
the total volume of the central veins (p<0.001), the mean volume of the hepatocytes (p<0.04)
and their nuclei (p<0.001) were observed in sodium arsenite group compared to those in
control and scheme groups. Histopathological examination also  revealed
parenchymal disorganization, inflammatory cell infiltration, necrosis of hepatocytes and
destruction of reticulin fiber scaffold in the mice liver treated with sodium arsenite. Most of
sodium arsenite-induced liver damage improved in the sodium arsenite + curcumin group to
the same extent as control group (p<0.05).

Conclusion: Treatment with curcumin reduced liver damage induced by sodium arsenite.
Keywords: Curcumin, Liver, Mouse, Sodium arsenite, Stereology.

Received: Oct 31, 2015  Accepted: Dec 21, 2016


http://www.ncbi.nlm.nih.gov/pubmed/2735410
http://dx.doi.org/10.22102/22.1.93
http://sjku.muk.ac.ir/article-1-2965-en.html

[ Downloaded from siku.muk.ac.ir on 2025-07-12 ]

[ DOI: 10.22102/22.1.93]

QW-104 /109G Cuiigas)) 9 333)0)8 /7 @93 § Cunyy )93 / Olws)S5 (Sibjy eole alSiils (alc alas

b owd Jled NMRI 815 slagige WS il 5 (mogS 395 GBS 5l (w5
S 3T ot

r‘g‘.gt:)y'gs;bb' 1 g Lrel:.é)@ @wmﬂc‘eéb’ O g (e Moo
s-shariatzadeh@araku.aC.ir « sAF-YFIVFF 4 1ol alie(U s gume Lol g0) Ol STl eSSyl ol8liils ¢ wlid i 5 owlid 3L skl )
B a5 g ol g0) O s O s ;

O STl STl ol plid ot 5 oulid 3L skl LY

Ol STl STl ol ¢ 2 555 shor Cans 3 Al i IS Y

oo b agrlge 8,8 o 15 Ll (Sla0 s S s 53 oS s o e (S, T OLS 5 1R 9 die
G 0158 4 a8 58S Bl S g canlllan S Cotas s r (5 DY) 5 US55 OT ez Cor g ST
5 ST it b ool ple slo 5 50 S 3L s OIS | ST

w52 N=9) 65 80 4 dslas b o 8 FIEY G55 o Kbe LNMRI SI5 5 e o ¥ 5l s g9 (990
oS5 + )T e 5 OMG/KG/AAY) )T ot cOoMPIkg/daY) (587,58 (DM SOeis” i)
A3 035 5 ol LOT S 5 S b Sn e 23 8 plowil acin 8 ke 4y 5 Flho 53 Gry 5 Doy gt lod b S
S5 G b ) S 5ln Slad sl 55 5T 55 5 Olsoe a5 6555 s el 605 5 st Sla oy g ST 5L
s sime P<e /0000 53 s Kle glis 5 a3 8 lows 46 LSS iyl 5IUT iy L beesls .3 8 515 bl 3,50 (6
s § b s

Slad g slta «(P</00)) (65l i (5l men o ok 35 550 o (S (o 033 xS0 3 Sl3ine a3
5 (P<F) Gl Jsbo pomm (P70 ) (655 0 s om0k 55 ol gne 28T 5 (P</¥) o gila
Slaomsp b odalie 0b 5 IS 68 4 i ST ke 055 53 (P<0)) Consla Jobe s o
) )l Ol o8 55 b 5l 55,50 ol Slad sl L) (ST kil a3 (KO3 5 st
ek 03,5 53 ez prber Jaw g ods Wl (S SlacnT ST sl 0L 1y Cot)T e b (5lad slaise AS
.(P<~/~O)¢éb_:wdﬁfajfbpw;);+wﬂ

25 gr ST s Lo 5 0l W1 (GUST T it o 0 (o0 55555 b )l 16 g 400

rsm e S 555 S oy T s (65 52 el S S AMST Olads”

/N Vi ds A v ol 4Dl AF/A/A: s J g5


http://dx.doi.org/10.22102/22.1.93
http://sjku.muk.ac.ir/article-1-2965-en.html

[ Downloaded from siku.muk.ac.ir on 2025-07-12 ]

[ DOI: 10.22102/22.1.93]

e IBA ) oy qIE

Jom 3 (Al @by L8 8 Oledl Ao 5 oS Sgie
295 3l Ulsie & gMe mlio 53 S 5 ol Sl
Jlasl 1 los 28 b asS558 (V)s 55 o o3lizul
15 ST ST el A4S DS ks 1) 65 5
w3 55 ST s S 4o Sals ST (Sl e
2 G s e SlaceT 5 das e 0L s
(D5 o 50 15 4S5 0355 cordnedl ) slapld

2 A g s (bl 1) (Sn e S5 S
o rage 3 3)5e 95 Ll kS Jlesl J S50 Coa i
oslizal OT (gs)ls ol by Gy S 0T S
@15 =Y 5 ol O SIS BT 31 =Y Jals 555 e
Jgms &S ol NF-KB Lalse lge 55 eSS
S T bl 3 Sl g Sladanly I s 555
0is b 65 5 ROS [ 5l oS5 55
S o S 5 T 5035 6 S sl iy 2515
Jo T ST (ST e W Ll s
SV 5 Vb3St o ¢ Sl s 05568
Gladde 55 s G S5y eSS (s 5
Sopsh ol 03ls Ol 64S o 0FLE L ou
de 5l A e (I AL GgéuWTJ‘dL‘
s Q) (TAA) wsblys (ODJSBI () e) T
sl 0ds (VY)(CCI4) o S b IS s yos

5 S a3 ST SUST Gy g L
T S ) 5 VTl b 0Ll 035 515 (5 me 53
OS5 L e agrlsn ad)le (S pla Ol 4 S
adlas cpl 5l Cods 1 Ol ods )8 (ST
A48 ST (BT 6 0l (S5 S S gms
L g ok W e il 5o oyl ST Sl bl
st ks Wl slage ST LS o)l o
s &b Sl AS BL o sbubl Ol
Ol oMoty 5 A arnlon 5 (5,8 05101 0SS5 40 50 2l

400

Sl G paie 6 ab sk 4(ArSENIC) oS )T
O o1 Al s 5 358 0 3L Ty ga oSl ys oS
astls Ll 05w, 8 Olge 4 Ol e Sladss Ml
Canb )3 5y 4 oS ST OLS 5 .(V) Sl o
5 GIUS L g sl b I Lyls s
A ) s 4y (S, Gl )1 (S s
ez p3 0 51 i Oseboe 4S5 i oSyl 58 o0
S dzed ¢Sy T (VU olie b agalge s 5 me ys
03,5 T GaelsT OT 5 b 5l bas agarlge ol
2 ekl glaas e G b 51 55 s 03 JT sla e
4 Canb 3 6 )T (Y )il o ¢ axio Gbla (gl 5a
J.se.s)\.a.sf-)w)\jlf)@mr}éc&{:ﬂf)idg.iw
o 4 ST e il pie)T OLS 5 Obe
0 A ol ST (e GBI
ot by Sl 303 28 ) s 5 03y ST
)T (Flags o 03, L8 4 &S, T o O
53 5 0dd Ol 3,18 oSans 3 bl ST 4 Sdae
Sy o @F 05 S Gkl il sl
WS 55 0T pazs b &Sy (5 e 03 30 6501 3
AV 0) el ol jos Jlous 5 3158 olaws ey e cadS”
OS5 emd e (sl adsl s el 0Ll 55 S
5 )l DS 5 ) ol (S plie pn 5 (ST
3 S OS2 ey 0l et
(F)3,05 3 4m 5 AS 3L s S, T Lol

oS 0k Judsp o b eSS K s
SNse 055 b Ik 6 5wy el 5 b
b asrsy) JSAeys 8 LY bt & Wb o b
‘_;J;;..ZT 2 0T SLS 5 5wy Vdas oo Jﬁ.:.:
S5 eslizal 3y 50 Jlo Oll5a (gl fw b 5 slT
Olgen alo G5 53 (Fw sk 4 oS5 il 88
i et S Ll (9l o Dloed 5 S s

11099 Cuiligas)) § 023)9)8 /7 @93 § Caumy 2)93 / olws)S (Sib)y eole 2lGilily (olc alos


http://dx.doi.org/10.22102/22.1.93
http://sjku.muk.ac.ir/article-1-2965-en.html

[ Downloaded from siku.muk.ac.ir on 2025-07-12 ]

[ DOI: 10.22102/22.1.93]

90 asl) Crayil ¢ )e sans saw

4 (P S5 Sy gy onl 53028 8 13 eslizad
Sy o AT 53 bl )
095 V0 50 Calbd b gla iy 55 &S5 ol
s1¢5, Heidenhain's Azan 5, Ley
S0 3 Gz A LS 4 by SaSsm dloets
Uy Gl 3l 5 ol §5aTESS) slap¥ 555 Slakis
I Jsep 5 oslinad b g 238 g by e
tlos gl o & S Sl e Shifinkage
Immersion is, « < > 53 0T o b by b3 8
Cawd 4 A4S a0 Al e 5y ele] S w
OF V)T

TS Gl e andls s

Volume density) s> ails awles (gl
Olympus)  Ju oSy S 51 A4S gl
s oslizd Olysia il e 5 5 nl5 cole (B41TE
i ol 68w ey sl L
5ke b 4 (Systematic Random sampling)
Sheslizal b S5 Ke 0 sl 51 dos Oldas Vo)
s 5 3 5 esp 2y Sl YO sy
Loy by S8L g s Blowsla ez
5 b8 s dady sy ol U 3L bty (555 0
Oldas dad 53 S Cd 5 pds AS dunloes (691 o0 (S)lome
S Lo e S s, LB S (ol s la
Aol (024 Preference)"-u" Sl s Olie
R 5 blmsla Lo S 3,55 blE i ren 4
e 3,8 JJW(Z?=1Pstructure) A4S sl
Seslial Ll eSS e e andls

. . —_ 2?:1 Pstructure .
C;.ll.g;‘): 5 e 4-;-~\>v-ﬁ Vy——dyﬁ

Y1 Preference
03,8 bty 4 il 516G 2w bss e JS o
(Vstructure S R “\*{ Jf T 02 T ALl >
(VN0 ds 635 5mes™ Viiver X Vi structure)
ST Bl s S sla glad g sl e

AS I SS ) Gl Sty Il ST s

A58 S

IR 0092
Bb s S e Tl ol plal gl
G 55 5 ol Olpl sl gt 5 NMRISS
Nt Yoles) sylbbal Ll s s STl o isls Sy
5 Sl Sl VY Il 2 e 555 3 St
Sde a1 5 OT w337 o s 5 (oLl Cela VY
e A S Lo b )l g wia Y
L oos oS (79) 0y 8 0 4 (Bslar 5k ba b
e (e 5558 P> 01522 ) DMSO L jles o
eS8 5 e sS oS e ST ik (ot )T
b oS 055 5 oyl e b e e S s
Slio J51 Gop 5 Do oy S i 4 5
s 5 pll 55, Y0 e 4y S lu¥F oy Al L
b b (sl ealizal 550 535 4308 Slalllas 4 5 |
Slr 5530 A3 eSS 5 p?a'r‘a ST ks
Sl pFAS L fF e 10 s S S
S 05 bbss Sl 0y33 OLY 3l ey (KT
5o LT A8 Cab 5 s 1 Joles Lo s 5 Ll
4 0T o o 0038 i 0T (o 5 ikl 0
Oz g, Lol (IMMErsion) sl sdb e s,
NBF ,5L&s s atin ¢ e 4 & 58 g il
<& (neutral  buffered formaldehyde)
IUR 5, Lug (s o AS 5l e (VP
dnloen sbileds 50 51875 5 Dlaked 5 A sl ola b
St gos Sulg )3 (VPN F ey Bl S5~
S s ekd 5l Jsene oy, Gb (L
035 WD 50 b b ot L L s 8 JB
S 0550 0 Cabs b slapY s e LOT
3550 S 3 g 5 st 5 S, 58T

1094 Cuiigas)) 9 333)0)8 /7 @03 § Cuny )93 / oliws)S ¢ Sibjy eole alSiils ¢ alc alas


http://dx.doi.org/10.22102/22.1.93
http://sjku.muk.ac.ir/article-1-2965-en.html

[ Downloaded from siku.muk.ac.ir on 2025-07-12 ]

[ DOI: 10.22102/22.1.93]

e (3Bs PB wyy 9¢

b Vyy = 4/370 X Ll a5 3
S b Cansla clie b azwn S 0 ojlll Ly 0T 55 a8
OVl dn oLz b s
Y L;}:&T&)
(Roch In citu b o5 bl oSS plowl g
s, cell death detection kit, Fluorescein,)
el U SESS il e85 15 eslicd
wods ba b plonil olijle S8 (golgiy IS5,
a5 B Zalsed b slagp bl sl ol s
S35 stue,s bl S s 5 s ashls bl s
o 13 8 grzas PBS (ph =f/v) ,s 5 s
YV BTN gles 53 aids Y IO Sk w S ablis
VoY) Kl 58 e dw s 31,8 Sl a3
ALY se b Ve Tric-HED s e 0 85 S
Sdats i ol e pl 51 e o3 S 4SSl (PH: V/F
315 Sl a3 ¥V sl 5 oosb e $SBUI s el 6
5 T Jslme Jold )2y bylous b (SOO6 )3
4 e b 22s PBS L 2T 5 5 4 S00 (Sb
03 azds Vo Sdew Laaﬁ{ WJolw atun 6‘}:AT&5_§.;) sk
T S S W DRI P ARG
Vo Sdew) PBS 5 b sai (6 500ms I uy i 4SS
sl i 3L Jploms o3 6 Sl oolied b (aids
255238 Do NS YN () s @) Jy S
035doue 53 ety 385 Ky Sn Loy Y olg
55 5en Ol 5 A ol eSe T 5 s )5
s 3 s ) 2 8 e BOT 2 sk
e A el ol Cie S Ol g 4 e
Sl Olse 4 Olslp il bl e
ot ol 435 )5 i s 5 250 ke J RS
Sl b sl oy 5 ol Ol s Ok 5 e 5kt

IS s 3l e sla Glad e slias aralwe 1

Unbiased | it o paiee o 5 S
A eslizal 2S5 L o&ws 5 COUNtiNg frame
b ssST5l b oSy Sn S oslinel L &S S s ol
asb 4 G55 10 gl s e LS5
CLdshe a5 Ol L Olde (goluw las
bt LS ol J5ls s 48 8 )15 o sl
fomme 5338 5 oled 350 S elad 42 s
G A by 4SSl s sk V0 VA s

n
i=1 @ =
Nv =—5—— Jups A 8 sl
hop, pidy, or o A

ol s & Ui dnlwe DO aw il (gode atuils
e e I L e DY 0))
Sadls L a3 S 5,5 blE g sams (Bizg P) s
Do Soled 0T 55 o8 i 5 eyl () (st
il s ke 3 b mbe (@) f) 558
=3 Jol e (oade anils dle S day L
(N(total)=NvxV (total s o b by e A JS
Cows 4 baw gl S sl b VOlume of liver))
OF0) LT

G35 3 e2aal b 0T a5 S $loa o (e
LFUS S

G50 30T mes Lol eme ale Gl
o3lizal Bl o saies o 5 5 (NUClEBEOT) ) 5100S 5
ssba Ve LS5 b eI L iy ) s s
Gy Sr bug 55,5 10 i, )l dslas
P e - LI U PP e
(Motic images  «Sse i3l o5 by 0T cn
Al Gl &S Doy ol 4 S L;J.fglx\ 2000)
Sl s Comgla Glid b ans S e il Sl o
Méubbmffjlcwﬁp-&:@
plovl Callis g 53 55 L, S oIl s g S5l

11099 Cuiligas)) § 023)9)8 /7 @93 § Caumy 2)93 / olws)S (Sib)y eole 2lGilily (olc alos


http://dx.doi.org/10.22102/22.1.93
http://sjku.muk.ac.ir/article-1-2965-en.html

[ Downloaded from siku.muk.ac.ir on 2025-07-12 ]

[ DOI: 10.22102/22.1.93]

QY aslj Crayd ¢)e sans saw

Sl s (CoY JS2) 505 Hls (me Ol e ol 455 5b
3 om S 555 + syl e 1S Loy, S S
65 e BB slad sk STl 55 nn S SS
BsD-Y A-y |K2) 55 a0

S 055 Shse 05

Sles S o o ‘(pf) AS O35 5 s O3 oo
53 Ll L(P>e/ed) sl olas (gols gme oDl Calises
25 (S 055 104 055 p5 V) AS o O3 S0k
Gl bes Sl v Ced )T e 05 8
O Jser) (P<e/e)) di sdalie (6515 sxe
g e R
£ (MM?) g 5

mbe bl 055 55 adisssie oSl
5 JB RIS 09 8 50 e S ot )T
ook b Olegan (6)les 03,8 3 5 (P<e/ee) sls ol
e 038 4 S Ol pl eSS 5 SatT
Aoy JS 05 8 de 4 5 sl Ol ralST )T
cJSJfV» J_.il.:n BERT-BIE WL VRS, (P<a/vvy)
oo 8 o 03 Sl 3L e s bl gla
(YJgu) (P>e/00) i sdaline g )les

Slres 5 648 0L -5 odby g s (S 5S 0 Los e
H(MM°) 5l i

Sl 53 655 ks e ORla 3 6,13 e ialS
05,5 L amlio 5> )T s b (led (la 3m LS
Jg,s,;dt;u,s.(P<~/~~\).\,:°.\;_>¢.:»,d,-S
A3l e S ST 09 8 53 il 5
¢:4—“)T¢i~‘»~°};“€¢1m56}§f~‘iu¢-?=>)‘-’g~
(Bile (sl in sl oms o (3,0 51 (P<2/001) 550
Laos, S b S ST w05 8 s dUiCt)
et o3 8 53 5 (P<e/en)) sls ol )3l
JrS 05,8 dm o sl ol Olsen oS5 55 ST

«S‘J—?uﬁ‘s;-{f-*ﬁuv-»ﬁmﬁsrng..\:.ﬂ)

pll ST L8k 4 bge sl i 5 Ladise

KCTZRVIRW)
ST ) 5 V8 Je PSS i3l p 5 a5 Jol (slaesls
&l s s Oneway ANOVA ) & Lo b s
Calis 5 D38 LI b bes s 4 3,0 S

Ai b S L s ls e P<H/00 clm)m&:i't,a

el

ST OS5 P8 st D s

old (65155 SladsDul 3 AS” wlid b Slalllas
Calises slaoy , S s HeidenhainsAzan :s,
jjﬁjouw;\,@pcﬂ;ﬂﬂﬁ.\#S;l;ow
5 g5 g Ll ST sl o (el g a5
Sl 0l (6557 po oy s I s ol ad sl - Lis
5 d5S glaey S 5 aS ol sl (B-Y JS2)
S a8 55 5 A DY JS8) 5 g ok Sl a8, S
s g 03,5 Ll S 5S ol e ) ST
Aol b g US55 ek Ly 8 (8L bl
Sy old (5501685 slad Nl (C -y )
S Sl (i 5 S s Ol o8 5l 55 oSS
53 (B ) sl o 0Lt i )T 058 )5,
Cmi)ls 5SS 5 xS Glmoy ;S 55 4 S I
(D -y JSK8) i s olis U8 E5L s (b S5,
5 iy T o L Sl jan 5 b oS 35
o S G5 Gl i i 0k lad eSS
G sn eSO SS 5350 8 e ok
(Foy JSK8) 55 0 AST S yls (5Ll

BB SSSS ol s 4 ST 3L )3 ST Ol U5
5= 6855 a0l slad s (65 TS5 ol o
2l s sy edalin |6 5n 85, 4030 slad sl
Sl s S Glad s STl 55 6T 5 (ST b o)

0 )T e b (g)led Gl ge Sl (0 A4S

1094 Cuiigas)) 9 333)0)8 /7 @03 § Cuny )93 / oliws)S ¢ Sibjy eole alSiils ¢ alc alas


http://dx.doi.org/10.22102/22.1.93
http://sjku.muk.ac.ir/article-1-2965-en.html

[ Downloaded from siku.muk.ac.ir on 2025-07-12 ]

[ DOI: 10.22102/22.1.93 ]

e 3Bs B wyy QA

(Y i) 510 0L (6 e soles Lres, S 53 GAS OL,5 5 Jbys 4y S5l e

J55 05,8 oS il bl (Atediasolis oo Calibes glaoy S 55 A il S5 Ko O Gl iy 3 (o sSus Sen slas =\ JSCa
05,8 534S T3 aco Ly Sl (C (01K 555 o0 otalin a5l 59 85 5 08 ali S5 0T 53 48 et)T it 0 8 55 48" 3L (B
Ans e 0LE 1y U705 8 55 48 o ls (D (scale bar:S0umo o7 syleobls 5:aTe55,) a8 558 5 ST et Ol sen (gles
(O8) ol 35 m 55 BB > el Slad sl a5 S Sl g 5 i O3 et T o Ll 05,5 248 SiL(E ()
SCAlE ¢S, 5Ty (D) 315 J 87 05,5 4 &S0 bl o5 nsSHsS 5 ST ko L Olojon 5lad 03 8 55 A8 ik (F
.(bar:100pm

ek 03 S B U8 05 S esnsolis ¢ go Caliims slaoy 8 U8  Z3k 0> st g 5 JU 55T, oy Sk ST o Y S
53 S 3L ST Glad e B e I8 (B S e J 287 0l 4 msad S8 (D a5 Lol per St )T ks 05 S(C o )T
SCA ¢ s Sn b (Sla i) L5 g 0okss 2T 6505 4 0o Sl ko 5 (555 0) DLt 53 5w &5 4y e 2 0 3y Sen by 5 (6500555

(bar:100pm

119G Calgss)) § (333)0)8 /7 @93 § Cunyy )9y / OLws)S ¢ Sibjy eole alSiils (ol alas


http://dx.doi.org/10.22102/22.1.93
http://sjku.muk.ac.ir/article-1-2965-en.html

[ Downloaded from siku.muk.ac.ir on 2025-07-12 ]

[ DOI: 10.22102/22.1.93]

99 aslj Craayd ¢ )e sans saw

H(m®) oo s Jsb s o7 3 S ln Jho o (6 1+ 7) o la slad gl sl
Rl e 5 IS 0,8 o )T e b o lad (sla e ST 3L 5 (X Vo) ol slad gl sltes

.L_>pL,iJES)wliJulS(_;.\}Uw;);+¢.n;.»)Tr.i..\.~a};);udjbd\;\dﬁ.(k'/ﬂ‘)>1:QL§J‘_;)\>L;'M
ajjfjb(P<'/"b)Cﬁ_.n}}'l?hd}l_wwW}(R'/'f)w}:gﬁd)@r»fzﬁébjzg}i‘.%..ﬂ)d):;fo};
O_:‘G}}ﬂ;,:ﬂ;);"‘\;:;M)Tﬁu\.wl{é-u)\.o.;ﬁ}‘}?)J}w‘)éj‘}&ﬂgubjfﬁuﬁww)TﬁM

AF Jsdor) oy J 587 05,8 do a4y 5 il 21530 s el )L

L sl 31 o 550 Y0 e G (sloas 8 53 c(0 055 87 V0 0/ 059087 (o 035 5 (0,8 ST 8535 0 sm 055 S0ln sl =) sk

sl emeans £5do ) pou yslie.\oMY/KG/aY) (e s, 8 5 GMPIKG/dAY) ot ST e

AS o O #0353 ol Obl 3 e 035 ke s adsl 055 oSk B
835 8 V0148 555) (05 S e s e
(o
O/0FE NV VAVt /1 YOV \EY AV FAYOEY/YE Jzs
B/FFE /P VA0 /A Y2 ¥ovaEY /YR ¥oYEY /AN DMSO
ot vy P Y0k Y2 VY VAEY AV ¥ /YALY /552 ST b
O/ASE /YFR Yoy 102 FE/5YEY 2 ety R
NAE AR V/agE V2 FE/YPEY PR ¥y /ovEY /162 oS08

AP /08) il o Ko S s e o5l (6l ctltn (glas o ST L (gla Sl #

o s ¢ XN L. . . .
ot Ll 3l oy 500 e Caliben slnes ;8 55 f(MNTY) (g g 3L 5 Lok 5 st clas 5on edS7 e 5800 o =Y J g

Azl e means £8do pou sl Vomglkg/day) . 87,55 5 (emg/kglday) <o ;T

G gm AL e L8 5] g e oo 5 lp oo AS o Loy 8
14/49:1 /57 55/75£4/8% avi/» YEoF/va? WBY/FYEVY /1 Jus
Yoy e v /fAEa0? 499/AQEOAN YD VFEA/YOEYVY/OYE DMSO
VA/BOEY /¥ WAFAEY YD L ATEE NI VRV /A0 VE/ - FE ST oot
ATV VERVEY VY Ve /MDY 992 1¥aa/) Yy e ST ook

oS08
VAV /Y A e AOF/ VAPV VOA/FAEYY Y 5easS 55

AP 00) sl o KoaS 0 i s me Sl (g1l cCtlien (slas o ST L (gla Silo

1094 Cuiigas)) 9 333)0)8 /7 @03 § Cuny )93 / oliws)S ¢ Sibjy eole alSiils ¢ alc alas


http://dx.doi.org/10.22102/22.1.93
http://sjku.muk.ac.ir/article-1-2965-en.html

e ABLES ) L) oo

Sasd 3 s 550 YD ige Calibes glaes S s ‘(mms) SAS 0L 2 5 ol she Sl e (U s o8 (S e Loy e Sols e Y J g
sk emeans £8do son pslie . VoMYKY/AAY) (eSS 5 OMYIKG/ARY) )T ot

GAS %0 5 e Ssl e Sl e o2 JEo s heos o S35 mdo o2 oy 8
v/t pf 14/F5£1/A8° v/ fE4 Y WA/ fALES s
ALY o VAV /942 AY/EL5/0Y2 WA/AEEY Y/ 42 DMSO
/v rER YABYEY/ 0 AIFAED/A? \YY/YEEa VP L ke
FvoE Va2 YY/YVEY/TAR AP/AFLS /0P VAR/FSEV/\AR # Sl e

oS08
LALEWaate VA/AVEY FF2 AS/\OEY + /047 WEOTENF/E e sSHsS

[ Downloaded from siku.muk.ac.ir on 2025-07-12 ]

[ DOI: 10.22102/22.1.93]

AP<700) sl KuSs & ol ime ol g1l e ilitn (slas o a8 L (sl SSle

3 535 ¥0 e ikt 5lnos, 8 55 (M) 0T din 5 o ln o o 16 1+ o lin a5l 31485 Ko alin ¥t

sl means £5do ) you yslie.\oMP/KG/daY) eS8 5 GMEIKG/AAY) ot )T ot b slas

lA =
S gla CAT F
FAF/FYETY/AV BVFU/AFEYAY/YF VYL PV J s
FYV/ANEYA/YE OYYY/FYEYV4/F7 V/VEE Y2 DMSO
oty
rag/orEey/\° £05+ AALE4/0 0] VAL P T s
FEASYEYY/ 22 OFYBNVALTAY Y Vv e el o
BV LTS NVED 0145/45r4. oV VALY eSS
oS08

AP 00) il o Koo 0 i s e gl (61,15 cCtlin (slas o oS b (gla Solo

11099 Cuiligas)) § 023)9)8 /7 @93 § Caumy 2)93 / olws)S (Sib)y eole 2lGilily (olc alos


http://dx.doi.org/10.22102/22.1.93
http://sjku.muk.ac.ir/article-1-2965-en.html

[ Downloaded from siku.muk.ac.ir on 2025-07-12 ]

[ DOI: 10.22102/22.1.93]

lol  a3l) Caeapd (e sans suw

ST YU Glajss b agrlpe g 55 Sy O )
Ssb Rl S S 4 i 8 e Gl
CEl Cade G el a4 edd sbul Cuslie Cid> s
el s T 4 Jeos .l AS O s ala 1 O
INVIVO Lo ;548 Sl ol 25 (2l L s e
S eSS, T YU lasss o,me o> sladshe 53
GLOJ d i Ol Ll 5 oo ST ol 0 0>
Proliferating 5 D1 U Joo ol ;25 a4 by e
s &S s 1, cell nuclear antigen (PCNA)
S Oz Sl L WG promes ST W)
GL0J 43 It o go UST lad s 0,3 slaunl B
03 (DXl 2 Ol sl 53 &5 548 Jsh A,
Sigunl sbdsbe o5 lus slini g2y ol axllls
AST D8l 3 Lo la ladshe Sl 21530 L ol e
2 S8 Wl ST s b o e (la s
2yl i Oladllas 4 5L Lol il Cllas ol
) Ulsea 5 s g Al s ol )
3phe i OT 4 Lddggm 055 S AS Lol
O O PR I - S RO QPR PR,
o Sl adlas ol s s el T
Gl fse A8 Sl s slhe ol 5 LSy s
Piers Das Neves wlbs ;5 .55 cot )T ot s 8
Glolb o slas gLl 5 Yo F Jle s oL
Golrme 5 Gsisme LIS Ll (SSla
AST LBl 53 S bl el b el e 6 jhe
Ol & ST e b0l Jleg o
(e B Goles oy &S L Ve mg/kg/b.w
Ol ol aalllas 534Sl 4 a5 L L(YF)Al sdalin
odalie Lokl o) g oo (31 5 o giln J s om
Bl 5l oo gy WS 55 g o)1 903 Oz (B0 51 5 A
> 2l & 38 s Ol Il 35 e sl

e RBP4 e Llg e Comsla e e

bl OG5 (1350 O sl tp o s ol LS
Axe (p gor b Oy gl 50 (5 03 (2l by 5 Sl o e
bl 5 ol O ST il e Calises Y
5 s S oS Slapp s SIS 4 1) e DS
S5 ol b ST aS (S k0T e oS5
ols Lade (08) 3,8 o jl5 el 5 me 3 o
ST SLS 5 Ks 5 ST L agrlpe & Sl
D Bl Ok 5 A8 s ST (Sl o e
ol (Sl ompls Gldsle T
3 35N @l il sl S
QY350 0 s 535 50)S iman 5 A4S 59 b
059 s sme Al 3l eals 0L 55 anlllas oyl el amilir
ks ) s o= (o giln Lo shos ols 5 UST o
(S o s e ol gme Al 5 6ok ol
23 Sl Jho e e 5 Comgila Job o
oy Sty T s b (6 les sla s

Lo Hled (Sla pige ST (oo 05 53 Llo e ol 3
s 3l edal Cs 4y s b G5 55 CyT ke
b AS o Oy ol (VWYY YY) ol Solalllas
sl aie e LSl 1 (6l (Sn S La
08, ol s ST o s I N
Sl Il am s Llg e aemen (V)AL
Jobo o andlas pl 53 3L S sila sladshe
F o Sopern s 0 Sl Ceegls
ool LOT slaw Ll S8l (gyls gne uki baw sla
oW mla 5l (STl amas ol oo 4l 20530 (65l sns
o Ayl el S Nl uS
dlge oS Sl S G Ly, s b
L) aSlar il Ol o S5 adsl ol e olias ol
AEELT Dbl 3 )T ot pos 0k 25

b ol 5 il (M)l ol o (S (Glayge 55 L

1094 Cuiigas)) 9 333)0)8 /7 @03 § Cuny )93 / oliws)S ¢ Sibjy eole alSiils ¢ alc alas


http://dx.doi.org/10.22102/22.1.93
http://sjku.muk.ac.ir/article-1-2965-en.html

[ Downloaded from siku.muk.ac.ir on 2025-07-12 ]

[ DOI: 10.22102/22.1.93]

e IBBA ) Ly Yop

oo Sl pl 53 Ll e @Sy T 5 ol Sy T
A ROS s 5 (s 0y 05 S Ol
3 35S O ey b S5 J b iS5 Sl
Sl g5 sl mhe g gy
3T &b 5 s e ROS 5u(ATP) Jske
OrldenST (b bl Elb slols (Jg5 5
by ST o AS(I) b e KT
ST ool S sl 5 358 5 55 AY(V)
SL b S STl S K5 g Sl 33 8
GSH whws 5 gy ookl slaog S 4 02
(YOS Jlasl Jshor 1) 555 o S

Skl Glaw 3T Cld Sl godate Slids
T il ST VT (AST) Sl il
Job 8 LE (ALP) blewe JIT (ALT)
(ACP) Sblicsanl 5 5L5s,das DLSY Gl jauil
5T ELOST BT Cllab alS iman 5 LSy
el mhe MIE s T s
ARULT Sl AT 53 1 Ol
SIS Sy e L el
sl S5 S La o 5T.F 59 5)F5YY 5YA 5 ) los 87
) s (STple s T3 o dien glacdpn
b T ol Sdld 5o (Gl (alaly LS (0 J S
> Sles > el o po O e plin 3 i ol s
) b 5laT il 5 Sdled 5 5l gme ol 5ldd dal s Ol
L5 o ST 5 me 53 Sblg> 55 (ALT 5 AST
bl (sl Obe 5l b 5T ol Jlazl St e o,
S A3 A8 Ly LOT e (BIPIL 5 e ol
35108 el 5 (S Ca ) siasilis S
KNVl b sila o

Sot s S sS S sls Ol adlle oyl il
Glaise 48T ol 5o )T e Sl (6 Ol
S Slallas Al O,A;,;mﬁ;ﬂﬂﬁ.u oS b s

S olabse A8 3L 3 Al (Y9358 Wiy s
parts per billion:ppb) Caliss slajss Lo 2 5o
5 bamsla 5580 sy ST (e 100 o
badgle nl 55,5 5 (SAS sz 153 s s glus!
Sl adlls ol s Kos 5l (Y0Y9)s S edalin
oy T el 055 53> Comsla Jo was =
oSsn e OT o5 4 s RNA g Jss wtns g
okas Ol atea = Soswn e b Jgh j5 .l
23l OT &b mlae s DNA (g g 655 L |
¢S e LOT 3 a5 (S adjle Ll obad s
03 u® O3 @ o3Il 55 Lk 55 Sl Jpeme Sl gy
Lo je s e s ated Sl o i Lol
ol andlls 5y anan = SalS ol sl il
Gbdsle Spke S s alS Clea Lly .
A8k O8I 5 o gl o 53 2alS Sy (S
s s s RNA s s boses e ol 52
ProSde 4 ST ke L s ale arl 5. (YF 5YV)01
Sols e D ge i e 8 e V Ol @ S
2 hed 5 05 el KIS 5 a5 5 4 (S s
2 asT i il 6o 4 (NS ale U7 L
en > 5 G Bl sls Sk Sl Sals

A3l g LOT ds on 2alS”
SrmenS 55l o n OT L5 6Kt )T 8 pandlSe
Al s Jlm ol b Sl odid jaseiie JulS 5 b 4 545
NS G s ST el A e
Sl (YLl o ot oo ol 3ol 3 1y )T
goe RIF L e ol Gladshe e
— oS Sl APl b)) ol e S sl
sdalin ST b ool sla g p e 3 (TNFaL &
3550 oledl s Lo 5 o S gule ol sl 0
(YA s 25 6SKan)T (GAST Cgomnys 5 M5 A4S )3

Gl OLS 5 ol Colual I (S g0 K5 (S g

11099 Cuiligas)) § 023)9)8 /7 @93 § Caumy 2)93 / olws)S (Sib)y eole 2lGilily (olc alos


http://dx.doi.org/10.22102/22.1.93
http://sjku.muk.ac.ir/article-1-2965-en.html

[ Downloaded from siku.muk.ac.ir on 2025-07-12 ]

[ DOI: 10.22102/22.1.93]

1ol a3l) Caaapd (e sans suw

W) ¢Sy T 51 50 551hnST T 5o 55 S
ST (S J sk 1 ol 4y S, T Uil 4 5 S o
G alS 55 Wlg oo L8 ol L dFY¥Y)US s
AL e oSt T

GBIty ol G b Sl Ll e eSO ol Al
ClS (ouS sl U SlanSTT ST 05 ol 58l el 5T
4S5 Sl ds ol 5 (ST DS 5 03 S
S bl ¢S )T 5 86 e il sl

S 5 4o
b Sl e 5 (3L T Sl e S 5S
slgtia plply sy 35 ST (BL Gl bl 50
23St Ol 4 oS (aio Gl 3 (ST sl 815 03 e
e GME w5y 5 Wl ST o e
6 Al ekl Gl iS58 sl S s

A3l (68 o S AL Ol T

LSRRI o)
Ciglee 51ty o p3Y 35y alie O iy 5 e gt
56l 5 Easl Cisles o) 0L 45 p o
ST o&ils i G Sl oStsloT o s

LS 5 Ca S0 oS 055 (Sl Sl 5550 5
ol e mls b 3l s 5 438 el (ST
e sS 958 4 Sl 0kl odaline Dlalllas S 55
055 AT 5 ige O 055 Sl 3l oo OT Sz
o S ST mhe s (PAST
Sl SHb pe SA (el iy S s
CLSHNLST BT Ol 813 5 sildnST o 2l
Ol kS S gy Gmoman 5 (YA¥) s 5T 8 5 e 5T
55555 Slosen ey s gLl gz (S5 5L st
23 Sk S 5 (M) s b s 50 5 adse
Sk Ll Ol s a5 AL ol en JU g 3L 5
b s (KT LS5 5 30 () b0 55,5 5
Bsh e S

At g5 ) 53 6 sl S Sl eSS
(B-osS sty &S5 slaos £ 5525 .ol ROS
S 05S 33 S e Glaes S imen 5 diketONe)
S 0T bwg 5T IS, Ol e s
b oS S igls AT (s
@SS 5T olgdlis ( BlansT 5T s Fis
osls s OT &SG5S (BT 5 &SKiSs s ST
J8 (S Sl les Gk Sl eSO ash
@125 Sl 3T Ol SRl (ST 5lunST ol
sS e S il s ST F OLS S eS
S o bl T Rl 3 ) AST (AS e
g 5 ST Opmdin §l olex G b Sl imes
O plSinS 55 Ayl p 6 Olgie 4 0T o)lhal
Y )das o Jolis 1) oS )T 51 80 S o
oo glas bl Coeled eSS0 L Sles
OseldoeS Ty ded 51 5 00,80 L 55 1) o il
el e 513k SLOYSYOLS o (6,8
W ol I 31 6K )T (6AS Ce 288 s &S

4 ol a8 558 a5 S0 55 8

1094 Cuiigas)) 9 333)0)8 /7 @03 § Cuny )93 / oliws)S ¢ Sibjy eole alSiils ¢ alc alas


http://dx.doi.org/10.22102/22.1.93
http://sjku.muk.ac.ir/article-1-2965-en.html

[ Downloaded from siku.muk.ac.ir on 2025-07-12 ]

[ DOI: 10.22102/22.1.93]

WA YR AT O PYS

Reference

1- Liu JWaalkes M. Liver isatarget of arsenic carcinogenesis. Toxicol Sci 2008;105:24-32.
2- Kumar R and Banerjee TK. Study of sodium arsenite induced biochemical changes on
certain biomolecules of the freshwater catfish Clarias batrachus. Neotropical Ichthyology
2012; 10:451-459.

3-Aliyu M, lbrahim S, Inuwa HM, Sdllau AB, Abbas O, Aimola Al, et a. Ameliorative
effects of acacia honey against sodium arsenite-induced oxidative stress in some viscera of
male wistar albino rats. Biochemistry Research International 2013; 2013:1-5.

4- Grund, S. C., Hanusch, K., & Wolf, H. U. Arsenic and arsenic compounds. Ullmann's
Encyclopedia of Industrial Chemistry 2008.

5-Sarker RSJ, Ahsan N, Akhand AZ. Sodium arsenite induced systemic organ damage and
changes in various blood parameters in mice. Dhaka Univ J Pharm Sci 2012; 11: 169-172.
6-Owumi SE, Odunola OA, Gbadegesin MA, Nulah LK.Protective effect of Juglans nigra
on sodium arsenite-induced toxicity in rats. Phcog Res 2013; 5: 183-8.

7-Rivera-Espinoza Y and Muriel P. Pharmacological actions of curcumin in liver diseases or
damage. Liver International 2009;29: 1457-1466.

8-Kumar A, Dora J and Singh A. A review on spice of life Curcuma Longa
(Turmeric).|JABPT 2011,;2:372-379.

9-Shapiro H, Ashkenzai M, Weizman N, Shahmurov M, Aeed H and Bruck R. Curcumin
ameliorates acute thioacetamide-induced hepatotoxicity. Journal of Gastroenterology and
Hepatology 2006;21: 358-366.

10-Messner D, Sivam G, Kowdley KV.Curcumin reduces the toxic effects of iron loading in
rat liver epithelial cells. Liver Int 2009;29: 63-73.

11-Nanji AA, Jokelainen K, Tipoe GL, Rahemtulla A, Thomas P, & Dannenberg AJ.
Curcumin prevents acohol-induced liver disease in rats by inhibiting the expression of NF-
kB-dependent genes. American Journal of Physiology-Gastrointestinal and Liver Physiology,
2003;284:G321-G327.

12-Reyes-Gordillo K, Segovia J, Shibayama M, Tsutsumi V, Vergara P, Moreno MG, et al.
Curcumin prevents and reverses cirrhosis induced by bile duct obstruction or CCl4 in rats:
role of TGF-p modulation and oxidative stress. Fundamental & clinical pharmacology 2008;
22: 417-427.

13-El-Demerdash FM, Y ousef MI, Radwan FM. Ameliorating effect of curcumin on sodium
arsenite-induced oxidative damage and lipid peroxidation in different rat organs. Food Chem
Toxicol 2009;47:249-54.

14-Karbalay-Doust S and Noorafshan A. Stereological study of the effects of nandrolone
decanoate on the mouse liver. Micron 2009 27; 40:471-5.

15-Soleimani Mehranjani M, Noorafshan A, Momeni HR, Abnos MH, Mahmoodi M.
Anvari. Stereological study of the effects of vitamin E on testis structure in rats treated with
paranonylphenol. Asian J Androl 2009;11: 508-516.

16-Abdollahi M, Salehnia M, Salehpour S. Vitrification does not increase the incidence of
apoptosis and caspase 3/7 activity in human ovarian tissues. Modares Journa of Medical
Sciences: Pathobiology, 2014; 16:47-58.

11099 Cuiligas)) § 023)9)8 /7 @93 § Caumy 2)93 / olws)S (Sib)y eole 2lGilily (olc alos


http://dx.doi.org/10.22102/22.1.93
http://sjku.muk.ac.ir/article-1-2965-en.html

[ Downloaded from siku.muk.ac.ir on 2025-07-12 ]

[ DOI: 10.22102/22.1.93]

100 23)) Crxaapb ¢le sans saw

17-French Ch J, Spees JL, Zaman AKMT, Taatjes DT, and Sobel BE. The magnitude and
temporal dependence of apoptosis early after myocardia ischemia with or without
reperfusion. FASEB J2009;23: 1177-1185.

18-Conn M. The unfolded protein response and cellular stress. In: Methods in enzymology.
Part A volume 489.1% ed. Elsevier Inc, 2011.p. 42.

19- Gaim K, Gebru G, Abba S. The effect of arsenic on liver tissue of experimental animals
(fishes and mice) - a review article. International Journal of Scientific and Research
Publications 2015; 5:1-9.

20-Garcia-Nifilo WR, Pedraza-Chaverri J. Protective effect of curcumin against heavy metals-
induced liver damage. Food and Chemical Toxicology 2014; 69 : 182-201.

21- Pineda J, Herrera A, Antonio MT.Comparison between hepatic and renal effects in
rats treated with arsenic and/or antioxidants during gestation and lactation. Journal of
Trace Elementsin Medicine and Biology 2013;27:236-241.

22-Bashir S ,Sharma Y ,Irshad M ,Nag TC ,Tiwari M ,Kabra M ,and et al.Arsenic induced
apoptosis inrat liver following repeated 60 days exposure. Toxicology 2006; 63: 217-70.
23-Pires Das Neves P, Carvaho F, Carvalho M, Fernandez E, Soares E, Bastos M, and et al.
Protective activity of hesperidin and lipoic acid against sodium arsenite acute toxicity in mice.
Toxicologic Pathology 2004; 32:527-535.

24-Noorafshan A, Esmail-Zadeh B, Bahmanpour S, Poost-Pasand A. Early stereological
changes in liver of Sprague-Dawley rats after streptozotocin injection. Indian Journal of
Gastroenterology 2005; 24:104-107.

25-Isam K, Hague A, Karim R, Fgol A, Hossan E, Sadam KA, et a.Dose-response
relationship between arsenic exposure and the serum enzymes for liver function tests in the
individuals exposed to arsenic. Environmental Health 2001;10:1-11.

26-Ferzand R, Gadahi JA, Saleha and Qurban Ali Q. Histological and hematological
disturbance caused by arsenic toxicity in mice model.Pakistan Journal of Biological Sciences
2008;11: 1405-1413.

27-Vijaya Kumar J, Cynthia Sailgja M, Praveena M and K, Jayantha Rao. Impact of sodium
arsenate on pancreas, blood glucose and tissues glycogen levels in albino rat. Indian Journal
of Applied Research 2014;4: 467-469.

28-Liu J, Liu Y, Goyer RA, Achanzar W, and Waakes MP. Metallothionein-I/I1 nullmice are
more sensitive than wild-type mice to the hepatotoxic and nephrotoxic effects of chronic oral
or injected inorganic arsenicals. Toxicol Sci 2000; 55, 460-7.

29-Yousef MI, El-Demerdash FM, Radwan FM. Sodium arsenite induced biochemical
perturbationsin rats: ameliorating effect of curcumin. Food Chem Toxicol 2008;46:3506-11.
30-Muthumani M. Tetrahydrocurcumin potentially attenuates arsenic induced oxidative
hepatic dysfunction in rats. J Clin Toxicol 2013;3:1-10.

31-Reddy VB, M Sasikala P, Karthik A, Sudheer SD, Murthy LN. Protective role of curcumin
against arsenic trioxide toxicity during gestation and lactational periods. Global Veterinaria
2012;9: 270-276.

32-Liu J, Chen H, Miller DS, Saavedra JE, Keefer LK, Johnson DR, et a. Over expression of
glutathione S-transferase 1l and multidrug resistance transport proteins is associated with
acquired tolerance to inorganic arsenic. Mol Pharmacol 2001; 60:302-3009.

1094 Cuiigas)) 9 333)0)8 /7 @03 § Cuny )93 / oliws)S ¢ Sibjy eole alSiils ¢ alc alas


http://dx.doi.org/10.22102/22.1.93
http://sjku.muk.ac.ir/article-1-2965-en.html

[ Downloaded from siku.muk.ac.ir on 2025-07-12 ]

[ DOI: 10.22102/22.1.93]

B B yp ol

33-Liu J, Benbrahim-Talaal, Qian X, Yu L, XieY, Boos J, et a. Further studies on aberrant
gene expression associated with arsenic-induced malignant transformation in rat liver
TRL1215. Toxicol Appl Pharmacol 2006; 216:407-415.

11099 Cuiligas)) § 023)9)8 /7 @93 § Caumy 2)93 / olws)S (Sib)y eole 2lGilily (olc alos


http://dx.doi.org/10.22102/22.1.93
http://sjku.muk.ac.ir/article-1-2965-en.html
http://www.tcpdf.org

