[ Downloaded from zanko.muk.ac.ir on 2025-07-13]

OA-4Y /1PQIC jlgy /Bws)S (Sibs)y eole alGibils /955l (b)) eolc alss

98 dlo JwidT 99 CILS (999 9033990 b oo 0ligs 9939y i Sh9% Wl
(Danio rerio)

(Original paper)

T&AT roles (S g e i ¢ Grgan O y

Ol ot Ols S (S psle oSl ¢ g pomils Sliiond 4208 -
«A¥ OTIAVIY : LU 5 doorhanmansouri@yahoo.com : f.

Ol e it cOlins S o83 ¢ mlin 0dSCails (M 05,5 Skl -

Ol bt cOlws S (S o ke oKl (Bl 1 g oozl Jal o Dl 38 ¢ 5 ST Sl skl ¥

( ese)

1 s s sl S, ctliien (gla e 53 Dly3 5L Sl eslital Ay 4 5, Lig, DA § diae)
SIEE 350 53 (3 5dome DleMb! &S ol 31,3 5 o3 CILST 35U ol abls ol a4
Sa SIS 5 LIS U356 S0 o) e Pan cnl Be 5l Sl s e DL T 2 OT S
il o p&u LT Ll s s (Danio rerio) ¢ =, 8 le il b wlis T

S s ole S G SIS 5 SIS 350 s il gy Sl anllae ol )3 g g V9
o3lizal ((glacd o3le 6,85 8 436) dals 055 olem 4 2 53 08 e Yoo 50 Y O )
Sy i (6515 5 & ges Olale iisT 3L ¢ g SIS dwu‘J)yqu}‘jﬁ)})A)‘wké;
s 38— kS Slen ia) 4 53l o3lT I ey a4 g5 (2SS s 3L anlllae pln]
238 Do oY 5l )l e ()8 S SKon dhon gy 3 0k (55T

Sl L o el Comge S SIS 5 SIS O3 g6 oS sl Ol asdllas c;L; asy
ol ‘5})}? b uﬁ..:.:T b s MJ};T_’ L;.:)_,& T TP P ar.al aad u“T) Ods
03 Sl 4 atusly SIS O 5 5L Il g a5 JRET C8b 5o b el Ol cpimeen ol

el

‘J%::CJL{ LS-{jL db).} ol )l’u_‘ L;LA g_A:mTQ‘J':A axlae L.)i‘ ‘_g‘.k wlifl;; :6;@
6?);@[# 2T 3L 3 g b T Wil o Il 53 8 iomed Ll 039 Sy Sl
258 68 T 6l OB Slop gy 4 3150 ool ol 5L s en 4 LS sl

K S5 Pl il o 56 (AT (B T O 1055 5 1S gslmy

oA

OA-9Y /1PQIC )y /oGms)5 Sy eole slEiRils /4S5l (Sib)) eolc alas


https://zanko.muk.ac.ir/article-1-79-fa.html

[ Downloaded from zanko.muk.ac.ir on 2025-07-13]

S35 3 23 ] A oS Sl )le 5 B
T 5 5 Sl 4 51 .A-Y) 55 olal b
(ol ol jaiine j g SMae b Jshe 4 SIS
GBSl & i B gy T sl S
WIS 1 oo B ool 5 38 o0 OS] 13T
3 S Sapd s e i e e s el
(8) 558 o0 0daline SMae sladshu (559 5 0952
ST O3 56 alex 515 SIS 03 4L
5 S S, sl e 8 sk SIS
Sl 7S 53 bl Ol gl Sl) (S5
A e SV e 3 ) Sl (WS
5 omblie (LSUT s Ol 5 baodzasd (o K5,
2OV ) 35 8 s eslimel 2B gl e
S b YU L Cle 4 esle it
547 gord Sl 53 (oS g4y sa 5 YL lend
LT 5 JT et VT 2als (gl 2dblS 5
g bl ((VY) s, e L 4 5 O (cadas
IS SU L agrlsn 53 Oy 5 Sl sla Jobe (53,
Sl o se SIS Ol Siul5hl 457 ol 03l OLES
goldS

T VO A R

DNA L5 5 LS| (oxidative stress)
. S &
Sk 68 a5 It o ge Lulg 3 5 ms509,S
- ) osle u._:.‘ u,:.;.\,e\ @Jl’ )‘ V8 =VY) Cnl o
93 05871 55:08) placdsm 5 (S sn Fral 2l
ey 534S LT 5HLOA V) 35,5 o O s (aily

Ls\.ég_,..:.w"- E) C_,.w%)fib BE) DNA

LSJJJ.:CJL:{ dﬁ)(_ﬁ“ﬂf Ql)’}-’L’ Q‘;\ sy
(Codn 3L Olgm) il b Lo 5 0L T
SRy U"“L“‘J’j'\":'bgs“" Cwd > LS’U‘} Sldlas
2 s SR 5l G ol 48,5 D)o gl

e aslae o) 3o gl ‘.\_,Zli@ Wy Q‘i‘

OA-Y /1P jlgy /0Bws)S (Sib)y eole alEibils /953l (Sib)y eolc dlas

04

.

oo
bl 5SS oIl il a5 dzs (63050 63 5o 5L
Cab 53 3lge $6.0V) Lab e megl Ve B o LT
Slowils )8 ¢ Sl glas 8 5 Sl 51 s
s 5 Sij Dl g (S S o (ol
(Y) Lgb o 03, J8 4 bodoVT  sw oo
058 Y 5 Oldlas el Gy LT ulal
30T 55 a7 Oludl 3 uas OV guams sliss Olge
a Y0 Jl s sde OF Sl el oud oslanal 5l 50 b
ol by (F) Sl 4l 21530 Y0 A Sl s sde VPYA
A a g Al Clel G Laee )3 5l5a 5l ) gl
Olay b OMBL 5555 L oS Cnl oy ey o0
5 S James 4 0l (5515 5L DY guzmes I Jool>
or s ObRT ool o sl slage
Lal g 15 el W5 S50 b a3 Ol Ses
P 3 gl Lo slep s & By (F) S35
S g dalg ol Dl sl L,E 15 slse sl
o LT s laen 5 0L T (2o (555 2 315050
S 55 0L3T s 43 5 ciliE wals o
SIS Cals (bl ol 5 (0) ws dal 5 oSS
Caotl (glyls LgJ',:T Olsgmge p Slse ol Jlaz]
235 g6 Gl SIS gy g 55 sl (s0L 5
Ls 53 (STl Dls g sn a5 5 0k Dl s
oslizul I i oS Sl Blas ool 51 S (ST
Wty 0T 4 ol sl e 5 (go5 28
Sosps DB 5SS Ol 4 LIS 6
Comal 5 03y 0dj Slagrge s 5 Ol gl
ot B2 by bl 4 SIS LS 5 plasdse
ol a0 3L sy ee Hldae 31 a5l Ll L(F) Al
Heosd o (Bl ol 5 Coesae & e ¢

sl Solen 4 Ol5 s SIS 51 8L Sl sas


https://zanko.muk.ac.ir/article-1-79-fa.html

[ Downloaded from zanko.muk.ac.ir on 2025-07-13]

OA-4Y /1PQIC jlgy /Bws)S (Sibs)y eole alGibils /955l (b)) eolc alss

3 g ol YF SST i 3L Solallas plon]
I 4 bgas g domn 53 AT 3L o
J=lre b S s ed JEe Ay Ve s
(8B 5 05,5 Wl il Cslad (o T
b & gl bp 055, Son oins Ly o pos
S os o 035 5L g s 4 e S B0
sl oY (555 BB ¢ p S amie g5y b i
& S o« ool le.ary 3l ¢, Ll
G305 2 500 E38 Do il - S Sl
S S Lo s e 5 ag ol CiS LRV Y
DIXI 1uy55 4 3420 CX41 Jue Olympus ¢, 5
ks S s P oL ,5 553000
456 OY Jsb 5 adyl DY ki ok
AXIO i3 pp alay ol ag (DL slas o
awlio dals 0y § L g 5,8 o5l Vision Real 4.8
dsb 5 adsl Y B oSl alie 1y 438
Calis glackle 53 6558 b 456 LY
@b oSS bl BT G IS 0 s Sldst
SPSS 11 p 5 Sl esbizal b L osls LT .y 8 oslizul

C,&;QJ}.,&*' Adeud

ly adL
Al ST Cob 4 esyly slacanT 31 4ged L
2> IS Og s SL3SL L gl 53 658
why als g 8y .Sl odd G Y 5 gl S
A Sk Jole b ote ke 2T C5L gle
JsI5 e RIB 5 4l OLY ) O mee
Gl @b ol ABL (e (S pal er 0 gl
9 CJL? QbSJJU candllan Cﬁ‘ Bl odal Cwds
ol 00 Blr 5 0db meze B ol T
Ssm eslosl (5 e (DY el ca sl glawa,

AL (sl (bl mi5 B (S,

Sl e 5 SIS O SIS D3 5L O L5L
Olse 4 (Danio rerio) s 5,8 sils ale jiiT
Al de 65 S
Fe )R M9
0355 Jsl 5 9F Hle 55 6 558 Olabe b 5 51wy
4 e o (Bap (e S sl gle S
el ST K 55 win & Ske 4 Olale o8y le5T
el VY 6y 5 0p93 5 (2ol Lol en g2l Ve
AT Ll L 8l Cer i,
ol sles u:i’l':‘ Sde opl dsb yy il Lg)\v\.@.fj
404 a5 0L Y aliss Obale 5 ds wals Kot
Olale o gaie M L 0L 055 ey ) Ol
Gy oslizal 3550 OT w5 S 4k el ST
ol romen S8 5k 0553 (b 3 Dlale (5516
Slp aS oy gh o OT (el OlbjT
Mo Cele Y flus Sie 4 0T 1 ols3 )8
pyeks 8
0351 (Jedoim (sdro 55) (abals 55 51 anlllas
i lejT 5 Cotldg ouSKiils 5 VAP Sl 55 oS
o3 8 bt Ol S o&ssls S 055 (5055
ol 3 s eslimal abe sae VA I addlae ol s
S DS 5 SIS ) SU clle a5l e
NPT T S CERPR RO o ATIAR
(0355 glasd osle 48 8 13B) wals o5 & K
3 gl dr s o Sle L SIS S35l eslizal
Al gl QL‘Jﬁl ..\,194» PHE uLoliw.u S s )'\
o b abe s § eslinal ale 5ue 10 Hlas 8 s
53050 U ome 55 Sas A Sl byl eSS
Sl a3l epzia g5 0Lk 53 8 515 S S
o 8 ok Ao Solal S Syae 4 b sue ¥

OA-9Y /1WAIE )lgy 70Bws)S (,Sibh eolc olSibils /o551 (,Sibh eolc das


https://zanko.muk.ac.ir/article-1-79-fa.html

[ Downloaded from zanko.muk.ac.ir on 2025-07-13]

S s e Ol arllles ol Sl o s ) T
b o Ol SIS S 5 o5l S 55 ,a 5o
Ol SRl b S5k el 03y Ll 4wl
A T Ol claoee 53 pland ool LU
dsb 5 adsl WY Jlb )y il Sl e
e OOl &S sl ol (V Jgde) 4 gt Y

cnl 3 Wl og L 2lesT s psm slaos 8 o (sl

(p< /00) .5)‘.5.)"9.-) )

OA-94 /1WAIE jlgy /olws)5 (Sib)y eole alSiils /955l (A eolc alas

Sl gl oY Y AN s JgsSTs ol
2 T b G g sl 5 53 e Ul oo
O JS8) ol sy 5, 8 b T glacd,
g TS 0 b 08 Al ST s
o OLE (Blaz 5 OUd pete O rped ()50 Sl
@3 - b st Y oas 5 e,
Y (S w5 Y 55 el (65 s

Lo s 5 sl Jpl8 e 5l

@l il s (BL gl plgl ) IS0
SL356 L ool Say ke Cdlate 6558
,;tfwxzx)quudu@w,augs
SRR S OR 0 A ISP g W R R
28 YDt 30 8 Lt P
QM&Q{}QM@&ZA(MwoJJ?Z?SJZA
E ol D 3 s 1 pat Br claaty ol
Sl G (Say e F oY Sas
S (simle H o S Dbt
Sl la sk o3l il (J ST

m)}:dTK (B3 p2E

Al T 5o (Bl glacalT plgl iF Ko
O b eaba) Ja Cha Gl o558
2308 ke V1)) e (sla ke s IS
SRS WE o I K O SR PRI
S IR TR KN PSS WR R g
Sl 5 04d muze A (dals 0y 819 ¢ 2 )
D 5 a1 oepsl Br cbawsy W, 0us
(S e F oY Sas Eolol
J @y pab oL gl Jghe ojlul il oF

235


https://zanko.muk.ac.ir/article-1-79-fa.html

[ Downloaded from zanko.muk.ac.ir on 2025-07-13]

OA-4Y /1PQIC jlgy /Bws)S (Sibs)y eole alGibils /955l (b)) eolc alss

SIS 05 5 DL3SEL by s A0S b T 45 LY Jsb s adsl WY b Gl Bt ket Jgi

(os,Se) a0 56 Y Jsb (e, Se) ad sl (DY s ()::JJJCJ.?GL:A)C.M& osle g 5
SIS Sy et
o+ ¢ =1 |
SN IE=X) \E
¥ £ \F YV\E¥ ¥
FAEA YsEF Yoo
FY £ \F YWy \x
Sa S
TANE= \FxY \
VE Y WYY \E
2L =4 £
A=A W0 Yoo
fyYEv Yo Y Yoo
A0 L= aals oy S
p<-o p<-o N

(P=/ ¥V SFEYN) Ik 5 (=074 \) SFRF/A) b (o (ol simn o

cadlas opl 3 elel Ty mlS

Oud Blaz 5 O e Ogzpen (BL la T
3 (S cslomil (3N en el bz 1,
S8 Plo T C3L S ge Sl 5 1
9 )5l .l ol Slow | SIS D13 60 L agarl 4o s
S5 5o b o g opl 8 Wl asls b 0K
Jelss @ BT SOl mal s @ Wis o AT
el mmmen (YY) Wil Jases oo NT 5 )l
ST ol gl T Ol ol adllles ol
Olje Bl (2l 331 b oS (o) sba o Clale 4wl
5 () 0L 5 1, ol ol ol 2i b T
Ol &8 ails Ol 58 (YF) OLKar 5 (o) gaie
3 68 el T Sl gl e s

u\.ﬁ:b <* cble @ M‘j ojfi} Q\)J};L L: 4.@;-‘}0

7Y

S aomi g Som
3959 Jhal sl gans js 3lse g 1 eslanal Wy,
) ab; J.L'L.;.v b LS'T Lg\.h Ja::ua 2y J\}A};b U'Z-‘
i Slp pgr () Glapasle (S s el
o Ll b ST i allas 3 cge slapl
b poitens poled O gmen (bY@ riT 3L i
judﬁﬁm')uwﬁcéwljwrrﬁﬁc&T%m
Sl 4 0L 3T 53 Cods S3L S Ol 4 2Ol
Sl oo sy oz 5 55k g (Y1) Ll e
O 3T ol b 4 T S 5 55 LI5S
S laee b T L g5bss S e I

() Al jesin O3 60 dhax

OA-9Y /1WAIE )lgy 70Bws)S (,Sibh eolc olSibils /o551 (,Sibh eolc das


https://zanko.muk.ac.ir/article-1-79-fa.html

[ Downloaded from zanko.muk.ac.ir on 2025-07-13]

Oljoe 4™ s oo L5 adllan cpl 53 0deT oty s
LS obale gl S 5 eals la ool
O 3L 0 LIS (g S i SIS O340
S5 9 esb A g a ys Chle Ole 150
23 5 Sl odd i 03405 G T Ol (IS
g0 bl pl 2 5308 e ¥ee Ll
Lol ks a4t slaas, Sy
Sl Josdly siws ags (odd odalive SlacnT 4 4> 5
5 OIS 350 558 5l 6Kty 0 dlasly 53 ks
A e s 6L‘°O€)L~p{ 4 S Oy
ol SIS Ll s i la g el e o

238 oo ol 55 0L 5T Ko el gl

G108 9 KIS

Sl orap el Sl e ol 08 a5
b 43l (s Ol pdie o ST Sl 313
Obwsloy S35 5L s OLSL (SHle sy s
oSan ol el 03 HKes bl 4 paie Cin
Sl @S ) sl 6Kl
Al w ks S (S psle oKy g pmiils
Th B e S ol e el e e
wjp 238 o Sosl 5 S g endils Shash
Ciglan Lo 5 VWAVIA/YO G55 53 rasy ol sl
Obns S (S pske oSl (5557 b 5 Slidkons
el o3 el [VEPASS 15 8 o lai]

OA-Y /1P jlgy /0Bws)S (Sib)y eole alEibils /953l (Sib)y eolc dlas

Sl Jsbe o JLail 22l b e (sl otV
Sl A el My sladshe 5 gkl
DL B (S s IS e 5U DY
235k 5 Al ol 5 (S5 SIS w8 (s e
(Y0) 358 oo ple il L
Ghai, W, 0 Jla 5 0dd —
DT 23w 505 gl T sl 51w gl (WY
WY (’x‘:ﬁ.‘ ¢ aY I ol ys il e sl
(sl 30 s i 5 LT )5 el Dy 50 4 4 5L
PR w55y AT Lde mha EalST Cor s
S M mls 3 (YF) Lsd eitT (58 dsls
$las Al Y jsle gla Johe 25 2T
Sl Wgy cpl Sl 53l b aS 550 Jis 4 1y ey o
W) LT o s T Sl ys S, e
el 0313 O 35 anllas pl 31 e oy ol (YA
Ml o 2 30 8 et Shle s 8
5 SIS Ol cble il 5 Cl sl sl
o ) o e T eSS oy
adlas byl wals JUs w1y Sa,5 s
S wsls olas (YY) 0K 5 jele wlie
e oo T 5 b VT chle il
el odd Olale raT C8L s Sy i
72 OF) G 5 Gosae Olidsd mld romes
Eolo, 8 DlH3 6k YL sla Clale &5 55 sl Lige
Sl T S8b s (Soys e Sl sl

ST

&b

1- Gambogi J. Minerals Yearbook: Titanium. U.S. Geological Survey, Department of the

Interior. Washington. DC. 2006.


https://zanko.muk.ac.ir/article-1-79-fa.html

[ Downloaded from zanko.muk.ac.ir on 2025-07-13]

OA-4Y /1PQIC jlgy /Bws)S (Sibs)y eole alGibils /955l (b)) eolc alss

2- Ates M, Demir V, Adiguzel R, Arslan Z. Bioaccumulation, subacute toxicity, and tissue
distribution of engineered titanium dioxide nanoparticles in goldfish (Carassius
auratus). J Nanomater, 2010; http://dx.doi.org/10.1155/2013/460518

3- Woodrow Wilson Database. Nanotechnology consumer product inventory. 2014;
http://www.nanotechproject.org/cpi/about/analysis/

4- Handy RD, Shaw BJ. Toxic effects of nanoparticles and nanomaterials: implications for
public health, risk assessment and the public perception of nanotechnology. Health Risk
Soc 2007; 9:125-144

5-Nolan CV, Fowler SW, Tevssie JL. Cobalt speciation and bioavalibility in marine organisms.
Mari Ecol Ser 1992; 88: 105-116.

6- JoseHuertas M, Lopez-Maury L, Giner-Lamia J, Sdnchez-Riego AM, Florencio FJ. Metals
in Cyanobacteria: Analysis of the Copper, Nickel, Cobalt and Arsenic Homeostasis
Mechanisms. Life 2014, 4, 865-886

7- Cirla AM. Cobalt-related asthma: clinical and immunological aspects. Sci. Total Environ,
1994; 30:85-94.

8- Lison D, Lauwerys R, Demedts M, Nemery B. Experimental research into the pathogenesis
of cobalt/hard metal lung disease. Eur Respir J 1996; 9:1024-1028.

9. ATSDR. Public health assessments completed. Agency for Toxic Substances and Disease
Registry (ATSDR), Department of Health and Human Services (HHS). Notice. Fed.
Regist, 1999; 64:4422-4423.

10- Wang K, Xu JJ, Chen HY. A novel glucose biosensor based on the nanoscaled cobalt
phthalocyanine-glucose oxidase biocomposite. Biosens Bioelectron 2005; 20:1388—
1396.

11- Yang MH, Jiang JH, Yang YH, Chen XH, Shen GL, Yu RQ. Carbon nanotube/cobalt
hexacyanoferrate nanoparticlebiopolymer system for the fabrication of biosensors.
Biosens Bioelectron 2006; 21:1791-1797.

12- Losse S, Vos JG, Rau S. Catalytic hydrogen production at cobalt NPs centers. Coord Chem
Rev 2010; 254:2492-2504.

13- Fleury C, Petit A, Mwale F, Antoniou J, Zukor DJ, Tabrizian M, et al. Effect of cobalt and
chromium ions on human MG-63 osteoblasts in vitro: morphology, cytotoxicity, and
oxidative stress. Biomater 2006; 27:3351-60.

14- Jung JY, Roh KH, Jeong YJ, Kim SH, Lee EU, Seok M, et al. Estradiol protects PC12 cells
against CoClI2-induced apoptosis. Brain Res Bull 2008; 76:579-85.

15- Garouiel M, Fetoui H, Ayadi Makni F, Boudawara T, Zeghal N. Cobalt chloride induces
hepatotoxicity in adult rats and their suckling pups. Exp Toxicol Pathol, 2011; 63:9-15.

16- Horev-Azaria L, Kirkpatrick CJ, Korenstein R, Marche PN, Maimon O, Ponti J, et al.
Predictive toxicology of cobalt nanoparticles and ions: comparative in vitro study of
different cellular models using methods of knowledge discovery from data. Toxicol Sci,
2011; 22:489-501

17- Shukla D, Saxena S, Purushothaman J, Shrivastava K, Singh M, Shukla S, et al. Hypoxic
preconditioning with cobalt ameliorates hypobaric hypoxia induced pulmonary edema
in rat. Eur J Pharmacol, 2011; 656:101-9.

18- Borenstein X, Fiszman GL, Blidner A, Vanzulli Sl, Jasnis MA. Functional changes in
murine mammary cancer cells elicited by CoCl2-induced hypoxia. Nitric Oxide 2010;
23:234-41.

19- Fanta E, Rios FSS, Rom S, Vianna SCC, Freiberger S. Histopathology of the fish
Corydoras paleatus contaminated with sublethal levels of organophosphorus in water
and food. Ecotoxicol Environ Safe, 2003; 54:119 — 130

7¥

OA-9Y /1WAIE )lgy 70Bws)S (,Sibh eolc olSibils /o551 (,Sibh eolc das


http://www.nanotechproject.org/cpi/about/analysis/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Antoniou%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16488005
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zukor%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=16488005
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tabrizian%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16488005
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huk%20OL%5BAuthor%5D&cauthor=true&cauthor_uid=16488005
http://www.ncbi.nlm.nih.gov/pubmed/?term=Boudawara%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19819122
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zeghal%20N%5BAuthor%5D&cauthor=true&cauthor_uid=19819122
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shrivastava%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21296072
http://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21296072
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shukla%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21296072
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vanzulli%20SI%5BAuthor%5D&cauthor=true&cauthor_uid=20633694
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jasnis%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=20633694
https://zanko.muk.ac.ir/article-1-79-fa.html

[ Downloaded from zanko.muk.ac.ir on 2025-07-13]

OA-Y /1P jlgy /0Bws)S (Sib)y eole alEibils /953l (Sib)y eolc dlas

20- Evans DH, Piermarini PM, Choe KP. The multifunctional fish gill: dominant site of gas
exchange, osmoregulation, acid-base regulation, and excretion of nitrogenous waste. Physiol
Rev 2005; 85: 97-177

21- Govindasamy R, Rahuman AA. Histopathological studies and oxidative stress of
synthesized silver nanoparticles in Mozambique tilapia (Oreochromis mossambicus). J
Environ Sci 2014; in press.

22- Santos DMS, Melo MRS, Mendes DCS, Rocha IKBS, Silva JPL, Cantanhéde SM. et al.
Histological Changes in Gills of Two Fish Species as Indicators of Water Quality in
Jansen Lagoon (S&o Luis, Maranhdo State, Brazil). Int J Environ Res Public Health
2014; 11: 12927-12937

23- Oliveira RCA, Fanta E, Turcatti NM, Cardoso RJ, Carvalho CS. Lethal effects of inorganic
mercury on cells and tissue of Trichomycterus brasiliensis (Pisces, Siluroidei). Biol Cell
1996; 20:171-178.

24- 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 2015; In press.

25- Skidmore JF, Tovell PWA. Toxic effect of zinc sulphate on the gill of rainbow trout. Water
Res 1972; 6: 271-230

26- Winkaler EU, Silva AG, Galindo HC, Martinez CBR. Biomarcadores histologicos e
fisiolégicos para 0 monitoramento da saude de peixes de ribeirbes de Londrina, Estado
do Parana. Acta Scient Biol Sci 2001; 23: 507-514.

27- Fracério R, Verani NF, Espindola ELG, Rocha O, Rigolin-Sa O, Andrade CA. Alterations
on growth and gill morphology of danio rerio (pisces, ciprinidae) exposed to the toxic
sediments. Brazil Arc Biol Technol 2003; 46: 685-695.

28- Depledge MH. Conceptual paradigms in marine ecotoxicology. In Proceedings of the 12
TH Baltic Marine Biologists Symposium; Bjornstad, E., Hagerman, L., Jensen, K., Eds.;
Fredensborg, Olsen & Olsen: Helsingor, Denmark, 1992; pp. 47-52

70


https://zanko.muk.ac.ir/article-1-79-fa.html

[ Downloaded from zanko.muk.ac.ir on 2025-07-13]

OA-4Y /1PQIC jlgy /Bws)S (Sibs)y eole alGibils /955l (b)) eolc alss

[Original paper]

Effect of short term exposure to cobalt ion and nanoparticle on gill of
zebrafish (Danio rerio)

Borhan Mansouri!, Seyed Ali Johari?, Namamali Azadi®

1- Student Research Committee, Kurdistan University of Medical Sciences, Sanandaj, Iran.
E-mail: borhanmansouri@yahoo.com; Mobile: 09305319717

2- Assistant Professors, Department of Fisheries, Faculty of Natural Resources, University of
Kurdistan, Sanandaj, Iran.

3- Social Determinants of Health Research Center, Kurdistan University of Medical Sciences,
Sanandaj, Iran

Abstract

Background and Aim: The growing use of nanoparticles in different sections caused
environmental concerns. Cobalt nanoparticles as nanoparticles that limited information are
available about their effects of toxicity on aquatic organisms. Therefore, the aim of this
research was the effect of short term exposure to cobalt ion and nanoparticle on gill of
zebrafish (Danio rerio) under laboratory condition.

Material and Method: In this study, five concentration of Co nanoparticles and Co ions
non-lethal were used that the including 1, 10, 32, 100, and 200 mg/l with the control
group (no chemical). After 8 days exposure to Co nanoparticles and Co ions, the samples of
fish gill were taken. To study classical histology, after preparation of the samples with
haematoxylin - eosin staining, the slides were photographed by an optical microscope.

Results: The results of this study showed that the Co nanoparticles and Co ions caused
damages such as clubbing the head string, edema, Hyperplasia, fusion, and aneurysms in gills
of zebra fish. Also, levels of tissue damages in gill on the both of Co nano- and ions were dose-
dependent.

Conclusion: According to findings of this study, levels of damages caused in Co nanoparticles
were higher than the Co ions condition. Also, both of Co nano- and ions can cause serious
damages in zebra fish gill tissue and therefore should be prevented release of this material to
aquatic ecosystems.

Keywords: Nanoparticles, ions, Histopathology, Gill, Nanotoxicology, Zebrafish
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