[ Downloaded from zanko.muk.ac.ir on 2026-05-19 ]

Yo=YV /1W9¢ jlgy /0Gws)S (Sib)y eole alSiily /933l) (Sib)y eolc alas

Pk ;T 2l G v sl Jadlis 9 09u> g0 4 O 34l Wil (93 Yo
(Original paper)

"o cmidl 753915 3958 (SIS roled TS 3 gm0 b 1 (! (B Hlike
Ol 018 5 el o5 05 5LaST 08Tl gl psle 5l slewl -

Ol bt (Ols S (S psle olails ¢ g gontils Dlidons 48 -

Ot 0l <01l (S p she oSl (tlitgy 0SSl ¢ i 5 5LeT 03 8 -

Ol kit s S (S p ke oSl camn by liios S, —F
borhanmansouri@yah00.com: 451K . ;57

( s

Cs G 5 slize Sl Ll 5 o 0T adoces 53 Joses laoduUT Olejon ) si 1BAD 9 din )
oz Alae ul 5 Con gyl 31 10 ey Sils g ge 553 5 0L T LOT (gljmee ol 4
il o AT ale 22T Cob ol glaastls 0,5 S5 4k g0 g il

Oljer o p Sy ok oslizul a2l3T Jdbo ale sue VA 51 andllas ol 3 2367595 9 Slgo
o g IS oinS b Chle oK Sl ale maT L s SUBET 5 56 e s AenSTT g la o5 ls
oLt 058 ol jen 4 o S350 5 opr LIS S 5 Sl 0B D30 eaisS e chile o
w3 8 oslinul S il yly 0ga3T Sl Calites glaos & 55l gme gl gy p gl ol o3lizal

Sl LT s gme gl Calibes laos S 55 U gamsd STy Latli 5 Kle bABL
LT oy 5T Sls imn Soglis il (slaos 8 53 SUBE Lastls (o SKike 5 Il 5 «(0.05<P)
Ol il Coly )& D350 5 0par Olojar gl &5 5l OLES mls ol izeen ((0.05>P)
Sl Clle il B ol Ss el ols i E3L 3 SUBE 5 5 sesdenS T g Lo e ls
(0.05<P) sl (g LT Lls ine

hs 53 0 B S35 5 0sa Olijen sl Dda ob S 3 cadlln S ulal ;1S S 4o

ABL sl (il Sl s 50K Lasls Ol SasSam Jluly o o7 sle

Al ol o 5L GUBS G sams s ST 5 1 Sl (SO 319



http://zanko.muk.ac.ir/article-1-196-en.html

[ Downloaded from zanko.muk.ac.ir on 2026-05-19 ]

Vi S)pais play

IS5 g 0y b T Loms 53 08 0y 238 (o
s & T Jasws 5 5 0315 Ag-HY el CL{%\»T
o s Al o e Ul Il 5 55 00
OV ) 538 o lass 305 e
S ool b ) Gl ST
SIS (BT b B 51 S e 5 5T I,
e a8 OT ams 43 5 OY) Wil Jsh ¢
Sl g gn agrlge 338 o Uy (ROS) §5S|
A5 o DA O e (aoe (Slo b UT L ot
2 St bl 5 ol kB 5 35 8+ ROS
OF) 3,505 1) 04 slalee 5 Sy, ONA o
SLOST ST O Lo dby s o s
54,0515 LROS Gl Clls  as 5T 8 5 s 5T
e 3O digh e LOT O pe SIS0 Sl
BROS 4155 sl O 53 3 50 Slagu 5T
S0 (SOD) b samss ST g 4 Ol oo
SiadnST, A 5 (POD) lanST, «(CAT)
A g 45 g ysbas L(V0) s4a5 oLl (LPO)
o H202 4 1) 027 &Slas 5T 4 20 56 gad
~ o ks T 502 4 1, H0; 3 065 5 S
Sl 5T opl o 53 ok 5wl ks (VF) U
Ls ale O 53 LG Olgie & o il 5 1dnS
S obsT 51OV ol & 15 eslizal 34
4o g g oo 8 OISL Oljen SIS (o) p
2O OL5T Gl 58 jais 7 o Ol
w8 515 anllle 3540 Olale gzl 5510ST (65
551AST el ead o b aalllae ol el
AT Ll s s 3l sl 2aT il s

S U

W 9y 9 3lge

Yo=YV /1W9¢ jlgy /0Gws)S (Sib)y eolc alSiily /9351) (Sib)y eolc alas

-

oo
S350 o 5 ey dlexr Sl o0,E O340
5 Olg Sl ey b s S ey il
ple (rls Subls (Sl glas 8
S Sl d 5SS 5 (Ko Sl s (S5 S
ol alas 953,58 (V) 355 0 03 5 IS 4 Laedu UT
I dTo\?;urﬁm’uon} Jlez>| «l)3 b !
3 s gl 5y ditee Oladlas . Conl 03 57 i
PO PR CH P OGRS L RSV
) s § g e Ogen GLT G55
YOy Jle s ol Kea 5 Mansouri <8 g, sb 4 oY
LIS 5 o, Ol sl Caw Gl b s
9 ksl GB350 ool 69y 2 ) s
3 e 0,8 Camew Oljee 457 315 0L WOT andllas
AL daly 5y Sllas pioman (F) ol 0ser
P Ssy lydgl (a}:;l::.? LS (63 o, Sl y5 gt
V) ol 43 5 O g Olale gilnST o 2l S,
Lot UT 5 b 5lsn sl Olojar 56 gy p Lol (0
03l o el SIS (655 5o O S (500
il ol 4B S I3 ey 3y 50 S g odiiad S
Sl glad ) blamgla oy S gl
O3 sl 0555l S Calosls Olis (ST il
>3 (DDT) &oss ol o 4 rr\:.g LS 6
(FalaST ol Rl el gy (35 S Rl
Gl 5 DNA 2.8 DNA oLS 5 LS|
Olides s Guomes (A) Culods 95559,
S sls Ol YV Jle s 0L 5 (6 e
T D8l (Bl T Al e o 8 D3 5L
Q) Clodd 1,5 (ple 53 0p O b agxlse 5o
ol 0,8 O3l & Culosls Ol Olalllas
ol Glalaos 55 0pa la0s L 1Sy sl

&Téuh:zﬁjéo%oﬁo‘}:od&g@gjé)b


http://zanko.muk.ac.ir/article-1-196-en.html

[ Downloaded from zanko.muk.ac.ir on 2026-05-19 ]

«e§ 283 013030 plojan WG VP

o) @ kSs ulsly 0e3T S Calie (slaes 8
A3 8 oslizul (VA 43w SPSS 153!

ST C Gdmi ol s S T )
LIS b0 5 Sy 0y 8 Ll 4o SlnST BT
3o RIS Lo )E D3SE S 5 05 S teser
AL) ) 45 6 3 dals Olgie 40y S K
o 6l 85,8 o 15 andlas 5yse (LRSS
oslizel 4 b-¢SS aibly obT BT I b el
o) Sl dised ez &S Sl L pl S
23 dsp 3 s o AT Gty (LT il
A3 8 eslizul

¥

nD
$ =

Yac”

D c(a};)%) ua}; J\Mji;LﬁﬂrQT)fof
T 0 g J.L\jlfj ojsi C_')bj};\; g,..:.wT Q\j:n C_')_gw
Gl e S P i 5 Gl ayse slayl ST sl
Operating characteristic ) Oles  aescin
Shre Ol il 1 aST T 51T e sty (CUNVES
Qc@g@sjaéécw\qbuéuoj;&
om 00 SIS Ssls Doy s g 8

:o&"-ca}:‘g- A{.\Jl;)ojaaﬁ)baf\.v g_,:.«uTumial:.a

¥
& =+Vn—= =17

Slhes aaiie glagote 0= 200 5500
L& pss g5 gl Hlis IS =Y (ol
o) Sl s (Ao A 53T OIS B = 02T 0
JS ool ol s e Sy GaleT £ b
v.lbu'\')\ AEb o wgas B oY Ye=AFe o Olale
ol or o Riule3T 53 (6,16 Ll a3 s ale oS
DUl Ol o3 Ve 038 5 53 Loy Ui L
anksd WY oslinal 5,50 23U ale Sl o
ASL

(Ol )= dgha) GB 56 oS0 50,8 Dly3 5L
s A O s Greper A GOl A
23 A8 gyl s OWIT oS e &S L5 51 55 (HOCl)
e 53 Al i3 ST Sl St llS ola e Iz
4 Mu\l? sla 2l .ub".sjf S i e A
e 3 enls JUsl Clig suSCiils o leT
PO ol ST Js 3 win & Sds 4 by ale
095 Jsb 43 dd ols L3 (o8 5l a3 3 g 2
¥) wdis LY «lisy edlE gl sl o8 5L
L (ale s 09 Ao s

Sl b eisS e Shle K Sl s ol o
CS S s LIS st Ll oS )i
dals 09 5 K g opa LIS 50,8 Oy 40 clale
Skl ol agalse o35y ¥ ooy & s
¥ o33 OLL 3 .3 S eslimal Lyl OCED 203
IS a5l ke WS S 4 Al sue
A ale (i T ol 0T 51 e 5 i il
s

V‘Jﬁ e Winterbourn s, 51 szl b
s 53 SBsamss STl g D)k 4l » SOD
el LS g O3t s p o515 sho 2 oL
G35 3 U 05T Sl sl s 238
Jsb 53 0555 A4Sy 4 25 S eslizal s 5 Aebi
Slp (7 @) As plowil (5,5 05100 a4l YFe 2
Ao eslamal syl Sy ) s ChlE
4l Bl ojlas Sl gulis gz kit oy (A
o O R N
Vo Sde a OT Gl ey 5 s @l OT 4 55830
dsb 53 0T ol Sulg 3 5 ks 8 4 Sl adds
Ol Dol Oy s ki3 8 513 e 56090 5o
93 50 gens 3 eS| g 5 UGS ola e ls CLle

VoYV /119y jlgy /0liws)S bl eole alSls /951y (bl eole alas


http://zanko.muk.ac.ir/article-1-196-en.html

[ Downloaded from zanko.muk.ac.ir on 2026-05-19 ]

v s)ais olay

| 9 oJJu’ C)\)SJSU €0 g cLle u:i"\:" cJM:.JT
Wi oy 8 5l e oB S3EL L egr (oS
Slsgme Oollasl Glyls 5o Hldde cpl 5 el ety
aS sls Ol b o) geemes (0.05>P) 5 ol
&"J&‘ C_,.GL aja CJ\)J};L B QL‘M )}«a':-
23 UGB 55U e s enST] g gla et Ls Ol 5
Chle Jnll ol Sy (l edd (2SS ale

(0.05<P) i sutalie ls _sine (ol

sl
SiL s ST (BT sla el (ke b
Caslods &1 Y Jgder s sl sl s
23 36 samesd Ao gy g 0 5T o gl el
9 oJ.S.? Q\)S‘,SU (0 g bl U’:i“:“‘ cMT C_J\J
09,8 I fhw o 8 Sdgb L oegr oS 5 S
33 bl s gae Oollstl Sy cal oy dals
b 31 0.05<P) s K sdslie i bile ks

Sl s SUBET T e il el S0

bl b o T 8L o U g0 d S g3 g § UGB  Slouus™! &T S el (WSlo Y Jyu

F value p value 0,8 D1H3 g+ o g o Dl y3 5l o5 als Sl ool
30 oy > S 5 5
VIvY ) v/eo /4 oSle
VPV “/A VAY A Slre Ol il
AN /¥ #G,> Sne C]a.u
By
A ¥ Y /oA oSl
v ¥ /0N Y Shre Ool ol
/Y4 A S5 gne pelaus

4 HaO2 53T GadSSsly s b alasly s SldenST)
v 5l Ol g 4 b 5Tl Al o O3S 5 ST
e 53 SIS ol S b lie 55 2o
S sl O adllas ol gl 00 Wil b
Sl 53 dali 09 S & S 0, 5 o por ) gl
3 W 3T Glajasle GIEH e ST
AU Ao i T Cob 5 56 semstnST] g
I o SB s 3ST g Slad 213
5 eS| WIS, 2alS 5 H202 0l
5 HO2 Ol ials el SULS Sl ool 53

Cleb ST 5 58 or B T 51 5,5 sl

Calides (b jlas s Sl gy o (610 40,5 ails sl 50T

(S5 domid § Zom
5 o Ol e 5l e (slaednUT
T LISl Wy 4 e LIS e 340
2 M EE Sl LIS, ol s LS
3 b (s Opper O WISy S
33 Dl ol Gl L g s eSS 5 gladul
0T 5 Sas 5 Olesl g A5 codij 352 50 O
T L;uvi;T WCandy opl Jlae 55 3505 JUs 4
B samgs LS5 5 SUBET l O SIS
AT g 5 UGS Glag 5T .(V-0) 3 8 oo Jlad

ST 28 o 53 ST Glags 5T 51 56 e

Yo=YV /1W9¢ jlgy /0Gws)S (Sib)y eolc alSiily /9351) (Sib)y eolc alas


http://zanko.muk.ac.ir/article-1-196-en.html

[ Downloaded from zanko.muk.ac.ir on 2026-05-19 ]

< 083 O30 plojen WG VIE

2 ST BT Glags 5T 2l Eslo s b1 IS
sbhatl Ssyb 4l dd OLpT slacsl
el 59l Cel o g A IST 457 515 oLis (YF) Ibrahim
3 3 somsd LSy g 5 SUGLST (slags 5T oSk
Sireen el els QBT sl o f
S Wsls olas (Yo) Rahuman 5 Govindasamy
5 S glajesls il Ceboo,a Slyigl
el il o LS ale 55 56 em s ST s g
Sls g gn agrlon S S Olg o Sldlas ol
2 Gld 5 STy aoee SlaeduUT L 65T
Olse 4 S8 ST (BT gl jesls b
Olje 53> Cosles 5 3405 ol en 4 sl rﬁg&»
Oper il Jolse 0 SISt (ST (sla oL
Ll 5 ey s 65 (ame otulT gy

il o aly T e gloacd 5 (S5

S8 g SIS
b gomdils Olidos €S Ly S5 ey
oy IRMUKREC1395/153 58 ol
- S G ol O i 5 e ol 03
Sy esle oSy (5558 5 Slidey Zislee sl
5 S5 b ol a5 b s, s Okes S

References

L odl gl Kb o sl Olse 4 UGS
Ok 53 0,8 D13 5L 5 0 g Lo 5 0t sl o 2
ks RIE Bk S ke sl
s 4l S U 5 56 e 3 denS T g
Lak o8 D3 U 5 0 sr L s ROS Wy 2l 31
LA 5 08 DL3SE Olejer sl e S1.(TY)
5 S0 Gl estls Ol LRIBl caw oge
Sy s 53uE el 3 U sems ST g
ol Sl o35 Hla gme 55, Fdsb Ha Gl
b DI e b S s 4 ST sy, e Jlex]
odalie 23S ale 2iT Sl s (gldisle
el oS
5 O S 5L daly s odae Slallae
0L T ShSt 5T sl e ls s Calises Sily3 5L
2B SGosbe ul oli plnil ale dax
S5k S sl ol (YY) 0L, K 5 Zhu Siladss
SlapsT oKle Jall Sol pusls 1S
@l Bhe 3 Sl LS e 5 UK
OLer s KM gols immad Coslodd r forl g
Col pasly LaSTes O3 & sl olas (YY)
AT Chl el UK BT clle a5l
Az a Celols (815 665 53 56 ganmss LS g

9 aja be};l.v )}.,é;- Sl )‘ Ji.:.b L‘f;-ﬁ B

1. Ates M, Demir V, Adiguzel R, Arslan Z. Bioaccumulation, subacute toxicity, and tissue
distribution of engineered titanium dioxide nanoparticles in goldfish (Carassius auratus).
J Nanomat http://dx.doi.org/10.1155/2013/460518

2. Mansouri B, Johari SA.Effects of short term exposure to sublethal concentrations of silver
nanoparticles on histopathology and ultrastructure of zebrafish (Danio rerio) gill. Iran J

Toxicol. 2016; 10:15-20.

3. Johari SA, Mansouri B, Dekani L, Asghari S.Bioconcentration of silver nanoparticles in
narrow-clawed crayfish (Astacus leptodactylus). Zanko J Med Sci. 2015; 16 (47): 26-32

[In Persian].

4. Mansouri B, Baramaki R, Ebrahimpour M. Acute toxicity bioassay of mercury and silver
on Capoeta fusca. Toxicol Ind Health 2012; 28(5): 393-398

VoYV /119y jlgy /0liws)S bl eole alSls /951y (bl eole alas


http://zanko.muk.ac.ir/article-1-196-en.html

[ Downloaded from zanko.muk.ac.ir on 2026-05-19 ]

Yo

S)pais play

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Linhua H, Zhenyu W, Baoshan X. Effect of sub-acute exposure to TiO2 nanoparticles on
oxidative stress and histopathological changes in Juvenile Carp (Cyprinus carpio). J
Environ Sci 2009; 21:1459-1466.

Lee BC, Kim KT, Cho JG, Lee JW, Ryu TK, Yoon JH, et al. Oxidative stress in juvenile
common carp (Cyprinus carpio) exposed to TiO> nanoparticles. Mol Cell Toxicol. 2012;
8: 357-366.

Rajakumar Govindasamy, Abdul Abdul Rahuman. Histopathological studies and
oxidative stress of synthesized silver nanoparticles in Mozambique tilapia (Oreochromis
mossambicus). J Environ Sci. 2012; DOI: 10.1016/S1001-0742(11)60845-0

Shi Y, Zhang JH, Jiang M, Zhu LH, Tan HQ, Lu B. Synergistic genotoxic-ity caused by
low concentration of titanium dioxide nanoparticles and p,p_-DDTin human hepatocytes.
Environ Mol Mutagen. 2010; 51: 192-204.

Mansouri B, Rahmani R, Johari SA, Azadi N. Combined effects of silver nanoparticles
and mercury on gill histopathology of zebrafih (Danio rerio). J Coast Life Med. 2016;
4(6): 930-934.

Yordanova T, Vasileva P, Karadjova I. Submicron silica spheres decorated with silver
nanoparticles as a new effective sorbent for inorganic mercury in surface waters. Analyst.
2014, 139, 1532

Katok KV, Whitby RLD, Fukuda T, Maekawa T, Bezverkhyy I, Mikhalovsky SV, et al.
Hyperstoichiometric interaction between silver and mercury at the anoscale. J Hazard
Mater. 2013; DOI: 10.1002/anie.201106776

Rau MA, Whitaker J, Freedman JH, Di Giulio RT. Differential susceptibility of fish and
rat liver cells to oxidative stress and cytotoxicity upon exposure to prooxidants.
Comparative Biochemistry and Physiology Part C: Toxicology & Pharmacology.
2004;137(4):335-42.

Leonard SS, Harris GK, Shi X. Metal-induced oxidative stress and signal
transduction. Free Radical Biol Med. 2004; 37: 1921-1942.

Jos A, Pichardo S, Prieto Al, Repetto G, Vazquez CM, Moreno |. Toxic cyanobacterial
cells containing microcystins induce oxidative stress in exposed tilapia fish (Oreochromis
sp.) under laboratory conditions. Aquat Toxicol. 2005; 72: 261-271.

Winston GW, Giulioz RTD. Prooxidant and Antioxidant in aquatic organisms. Aquat
Toxicol. 1991; 19: 137-161.

Kochhann D, Pavanato MA, Llesuy SF, Correa LM, Konzen Riffel AP, Loro VL, et al.
Bioaccumulation and oxidative stress parameters in silver catfish (Rhamdia quelen)
exposed to different thorium concentrations. Chemosphere. 2009; 77: 384-391.

Oliveira M, Pacheco M, Santos MA. Organ specific antioxidant responses in golden grey
mullet (Liza aurata) following a short-term exposure to phenanthrene. Sci Total Environ.
2008; 396: 70-78.

Bradford MM. A rapid and sensitive method for the quantitation of microgram quantities
of protein utilizing the principle of protein-dye binding. Anal Biochem. 1976 7;72(1-
2):248-54.

Fang YZ, Zheng RL. Theory and Application of Free Radical Biology. Science
Press Beijing. 2002: pp. 122-161.

Izadi F, Jafari M, Bahdoran H, Asgari A, Divsalar A, Salehi M. The Role of N-Acetyl
Cysteine on Reduction of Diazinon-Induced Oxidative Stress in Rat Liver and Kidney. J
Rafsanjan Univ Med Sci. 2014; 12 (11) :895-906

De Flora S, Bennicelli C, Camoirano A, Serra D, Romano M, Rossi GA, et al. In vivo
effects of Nacetylcysteine on glutathione metabolism and on the biotransformation of
carcinogenic and/or mutagenic compounds. Carcinogenesis. 1985; 6: 1735-45

Yo=YV /1W9¢ jlgy /0Gws)S (Sib)y eolc alSiily /9351) (Sib)y eolc alas


http://zanko.muk.ac.ir/article-1-196-en.html

[ Downloaded from zanko.muk.ac.ir on 2026-05-19 ]

g 0)3 O30 plojos WG V&

22.

23.

24,

25.

Zhu X, Zhou J, Cai Z. The toxicity and oxidative stress of TiO. nanoparticles in marine
abalone (Haliotis diversicolor supertexta). Mari Pollut Bull. 2011;63(5):334-8.

Kim KT, Klaine SJ, Cho J, Kim SH, Kim SD. Oxidative stress responses of Daphnia
magna exposed to TiO2 nanoparticles according to size fraction. Sci Total Environ.
2010;408(10):2268-72.

Ibrahim ATA. Effects of Mercury Chloride on Oxidative Stress Biomarkers of Some
Tissues of the African Catfish Clarias gariepinus (Burchell, 1822). J Veterinar Sci
Technol. 2015; 6: 242. doi:10.4172/2157-7579.1000242

Govindasamy R, Rahuman AAIl. Histopathological studies and oxidative stress of
synthesized silver nanoparticles in Mozambique tilapia (Oreochromis mossambicus). J
Environ Sci. 2012; 24: 1091-1098.

VoYV /119y jlgy /0liws)S bl eole alSls /951y (bl eole alas


http://zanko.muk.ac.ir/article-1-196-en.html

[ Downloaded from zanko.muk.ac.ir on 2026-05-19 ]

\'A' s)ais olay

Original paper ]

Effect of Silver Nanoparticles and Mercury on Stress Index of Laboratory
Fish

Mokhtar Fathi!, Borhan Mansouri?*, Namamali Azadi®, Behroz Davari*, Afshin Maleki*

1- Assistant Professor, Department of Animal Science, College of Agriculture, Payame Noor University, P.O.
Box 19395-3697, Tehran, Iran.

2- Student Research Committee, Kurdistan University of Medical Sciences, Sanandaj, Iran;
borhanmansouri@yahoo.com

3- Statistical Faculty, Health Department, Iran University of Medical Sciences, Tehran, Iran

4- Environmental Health Research Center, Kurdistan University of Medical Sciences, Sanandaj, Iran

Abstract

Backgrounds and Aim: The simultaneous presence of environmental contaminants in the
aquatic environment could be more different effects to separate them on fish and other
organisms. The aim of this study was to evaluate the simultaneous effects of mercury and
silver nanoparticles on the oxidative stress of laboratory fish gill tissue.

Material and Methods: In this study of 180 laboratory fish were used. To determine of
superoxide dismutase and catalase in the gills of fish, a non-lethal dose of mercuric chloride,
a non-lethal concentrations of silver nanoparticles, the composition of mercury chloride and
silver nanoparticles with control group were used. To evaluate for significant differences in
different groups one-way ANOVA was used.

Results: The levels of superoxide dismutase showed no significant difference in different
groups (p>0.05), while the levels of catalase in different groups was statistically significant
(p<0.0). The results showed that the simultaneous presence of mercury and silver
nanoparticles enhances the concentrations of superoxide dismutase and catalase index in the
gill of fish, but this increase was not significant differences (p>0.05).

Conclusion: According to this study, in the short term, simultaneous presence silver
nanoparticles with mercury in the aquatic environment can have a synergistic effect on the
catalase index in fish.

Keywords: Superoxide Dismutase, Catalase, Nano-toxicology, Fish
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