[ Downloaded from ornamentalaquatics.ir on 2026-01-29 ]

[ DOR: 20.1001.1.24234575.1397.5.4.2.1]

1YY Sl /¥ 0 slods / oy Sl o) oyl

S39 55T 99 § Jwo 1gis s (Danio rerio) g 3 355 Hb
RERCIERT B APSREPRIPNS:
*m_darvishi_m71@yahoo.com
Olo) QES e S hasae 5 oMk suSiils (8 S (a5 (s5,0LES ke o251 -

oWwS>

ol s o35 JI5 LS Oos e 53 b eoa0k oml SIS w5 Sl car 4 w5 S b
(i i o 1 b ) Wl e claesm s s DLy b ale ol 805 3l (ol D5 S s
o 5> ey VT Sl aalllan 4y o7 ol ke (630580 555l 03, okl e 5 din 65K (S5 5 Sy
S I BT 5 ml sl (Jraad 55 o QU501 Sz Jan ol S5l okl b (3L 5 (sla s 2 2500 0 3z 50 055
5 b oS s DT (5305508 555 Slalllan s due a5l eslisal Ly (pm dlin ul o) 8.8 S50 pi5 o

S S g sy i Sl Sy Jiles o b5 ead 53 s Sy w

S 5T ¢ il € Jad 55 4559558 555 s dia s 505 2l S50 Sl

Yy


https://dor.isc.ac/dor/20.1001.1.24234575.1397.5.4.2.1
https://ornamentalaquatics.ir/article-1-182-en.html

[ Downloaded from ornamentalaquatics.ir on 2026-01-29 ]

[ DOR: 20.1001.1.24234575.1397.5.4.2.1]

«eeslgis4 (Danio rerio) (g% 595 (Blo S0 9 (90
G585 Pl (Sislem b S 4odio

SzsS 4355, (Danio rerio) ole oL b 5,555 ol
sodlgls a4 Glae ot Ol Syl sla ale
ailhie g Cypriniformes «wl, ;I Cyprinidae
25 Wlgi e ()t a8 sl 0o )5ST Cgimme oolo 5 Ll
(Mayden et al., 2007) wb 5,9, 3 5 laeS olKisle;]
b g e gl el winl osle 5 5 e
5 Salr S shls eole uwm bl s LB
RTINS S ININ SR VE KT SO SRS
5o 4wl ss>9L (Spence et al., 2008) ol S Sgo
Vgoro bl co 35l Lad & jgods in ($ 3,058 Cand
O 5 Jieodss atin ;o LSy boske aliule)] Lyl s o
ole Gl WS o adsi i b g Swss Yoo b
VY by 6l @y Gtz dang 5 S255 6585
sgdle .(Detrich et al., 1999) v, o iz Esb s olo
QS o Al o2 50 ohlaibig s a5 Jl o ol
g 005wy ol o Sl ) 68 b sl
PH oL 1o b ple cpl Wigd (5,5 cwms aily o oya
)0 YA B YY o oles oogasme 5 VIO B FIA Gpm
AT bl g L ahly) wuS e (S o5 sle
S Sl a8 o5 cul Gl 65,8 ol
Foyd sblie o Ghs 4 Zul jo cul (Sae bl s o
ol plas g g sla Ty bl » 09t Ol ol
gl (Ses5 9188 (59,95 9 b sl el @Blgy0 aiS os
2 Sl S L8 Gl Grimen g 0gde 23l O
(Gerlai and Nagahama, 2000) ol oo oLz, 55 il

oo s8] plgieas (555595 (2o 5l ool
Sl 5 (Sosslasd (S VL cals oo a
aip g Sggew Cuzr @ Gezed 5 Ll b 65595 ol
SIF JelS 05 uytwd 50 Vb (6555l bl 6)leS
o) 5l Gl o Selgase woly G TCws )
ol b b 97y 5 ol b ale ool
S5 5 (SD gy eewlidilany Slaiod Jige LS 50 ol
Eisen, 1996; ) ol ooy hows Cgumme g Jow 4355S0 4
Cerda et al., 1998; Gerlai et al., 2000; Dooley and

oo glgil b axlge Slas L oojlpen o slapiamsS]
5005 o2 4 |y eS| Joles ailyd oo a5 wius axlge
ooV =51 . aiygl dee @ cuilon o] Canyo o Shee
Oluls g atsls ) oy Slaszge o )3 () o2 Oy
oole @l olul p anles oo ool baplasl o 1, alise
crge Sldgrge o oan¥l pl slacdile Ll
syl Olew (Bl Olas (8L slacaw]
P S Gy eddy (o)) (Se) ol
Radhakrishnan and ) o5 o il glaasss
Hemalatha, 2010; Joseph and Raj, 2011; Sassi et
Gl Siles Hleea olgiee Ot ol 5l & @l., 2013
Sgad oolaiul oai¥l 0szg  cw,p ekiteds s

ol ©ae g was (Olivera Ribeiro et al., 2002)
Oglite anlllaes e asS 5 oyloy wlale b cow laguly
50 5 oleowdisn olss (Heath, 1995) col
PN TR RCE PO 251 RV KERCH JOUET U R RV
dg>g0 40 15 s olge ouiiS v OISl 550 y0 (0L
Iwama et al., 1998; ) wias 1,85 L ,Lasl o s g0
033 slaJshu adgl Gun a5 Sl 5l .(Rose et al., 2006
SRl ojlgen a0l plisys Dl Laas>
Sl o))l oo 5)lg Glacauw!l g s b aS o,ls 594
Iy o) Dlgt auo i p3ule g ol yidn o cpl wo
B9yt G SOl Caew 4 odiy 39z ge WISy Senp
9 09 oo ALl SUB G (lgieas 2l DNA ]
Slge yo i el &S wiwn @“LQQT «SenS gigi5 lge
Singh et al., ) wsd co (S5 Oledbl cules o 5 (Ss)
it b g otile] JeSIge plaw 5l lpeis onl (2014
(oo ploortion golaw )3 SlpdS cud Fa 2l ol
s Anwg plenasS] g Comez gzge colliws dl,
&y p oSy 5 Sl 4 az g LLOYAY suninz)
4390 5 )0 0j9 el SIS Fe) Sldlas (Sl
oau ¥ elgl Ol 31 s JLooay (pdame g Cowl 423,51 )3
Lol & 1) lagy T lil aslen b aib oo Jow Sblga> 5

vY


https://dor.isc.ac/dor/20.1001.1.24234575.1397.5.4.2.1
https://ornamentalaquatics.ir/article-1-182-en.html

[ Downloaded from ornamentalaquatics.ir on 2026-01-29 ]

[ DOR: 20.1001.1.24234575.1397.5.4.2.1]

IRY Sl /F 0 slos / piis JUu

o) oyl

gy 055, Yo 0,59 Sy 5l (V4)Y) 5 5 Chang
sdalie 1) (5,5,b hals GISLg san¥T b (55,55 ale
O9 g glowdl gl (Lol 1) 1alS (nl g 03ged
SLS ssendarml Cudld Sl o 4 ol
OHlen 5 YU sadllas jo aisls cos STy alewga
e 5 G758 ple Sae SYsb 18,5 18 (V- F)
ghe ¥ czse (PBDES) I Jid 6o siesnl
Sl 9 SeesS 0y GRalS g Lewdly iz slog0 592
e b badpe SB0T (omsly) Geizmes (oolS a3,
039398 Ol 0¥ 90 alil g al 55059 vl
5 WI (5955l 50035 CYP192 (slagys ol e Jgol 2ol
G &S bl cdly el gz bl jsbar sl
4 Ogfmyies b gadgiel e o CYPI9
0 olp cdile als a5 28l s ol oe wdbioe Jgaol il
PBDE 5> ,5 Jsiolyiwl o)y zals Wlgi_o CYP19
4 ddly niiskg 0 sisisy & 2l s wled 4z s |
osle o piselug cdale jmals ol Jeol wl cdale
e 2 5 Jpolial oml il ams Wy
o5 4185 a5 1o Wl 5t slaons S
gl (o Rled 50 (oot GRS (o (sladg
Sk ey boalaly o eole il sloyld) 5 g
Liley and Stacey, 1983; Devlin and ) oS .
iz ags sl o YNl (Nagahama, 2002
Ak 415l ()9l Ceye p B bl Sae
ol el (o LoDy oz audg il clale (o Ol s
sl 2 ke Ol alaz sl alise slopesilSe
b Lo po oo yof Sl i b 5Bleg ] judas SCa5g0udg i
Fenske and Segner, ) asb abl o5 5,65 5b sloaal>
2004; Uchida et al., 2004; Mills and
L alie logas conb o loay¥T (Chichester, 2005
B g0 93 58 50 4 A o Jos lapygayen S
9l and oan ¥l slge LS 0 gl n (e
Slysa S iz 05 il 05 @l esle iz o
b 5555 2l anlse Jlad 4 00,5 sy 0aiS Sy o0
V) st TBOEF L (55 J15 (oyme 50 5l
Sy ekl s gme Gl {oland sl (WSt
Gl ke 5 i g0 e s Ledly sl
Yo

Zon, 2000; Spitsbergen and Kent, 2003;
Jb o odgl (Goldsmith, 2004; Hill et al., 2005
bS5 5 ol ,e (1481) ()l Kes 4 Streisinger
Bl ok nled 5 el b dlse 5 olerd
Wisged B)IIF (S5 Jae o Oy 1) 6508
o Shee b3, cam Joe cnl 5l eolital b g0l @lalllas
Chang et) oS 5 528500 (oga¥lieed j5700 ;o lhoalss
«@l., 2013; Yu et al.,, 2014; Teng et al., 2018
Slawsl sl 5 (Dong et al., 2018) ol slopinsmw

Lol 4185 & 50 (Qiu et al., 2018)

SLo3 Ol 5 Joe muail)l pleiea 655585 (2L
Jroodgi s o o

oS Sl (5950 0lg, niskug SIS (lhlse e )
Fm il 0B Gty Bk Sl 1) S a,

el & insly Jool il @elais 4 (anibs joboay (ijekug
L oole Luiz oS 0 (BERay W 59 il (g005,,5
Bowman et al., 2002; Lange et al., 2003; ) <.l
@ alwly oiekug slagys ol (Davis et al., 2008

Marin and ) aib o Cb 95 5 owix (S, dl> o
Matozzo, 2004; Kobayashi et al., 2005; Henry et
X,08 o Sl pysslug poas sleslyg, o (@l., 2009

a5 sl cod 1) ey (IS cuibge wiily e
Gl g SO A 0 osislng (Zhang et al., 2008)
Vsoro 5 d98 0 o boske 0 a5 codl Sess oobe

ilosd Olge jpa> 50 Ll ot Glo oy Lawgs Wilgs i
sloos Ol (BDC) (5550l 52,09,0 398 oaisS i 55
Loy 15 Wlgiisn oisolizs alazs) oy (Sems 53 Joo
F9ge LS (lgreay Wl oo D90 (nl 5o a5 290 Wl
Marin and ) sgi soliw! o5 ywl Slge Lasis Cgaa
Matozzo, 2004; Thomas et al., 2007; Ankley et
oeiekog bl 5 o.@l, 2008; Park et al., 2010
WWhogas (alrerd Slge (Sgrtul Culld Sl plgreas
Hutchinson et ) aib o o) W Gl ol § ol
SS90 5l o Gl 5okl sl a5 l., 2005
(Segner, 2009) 54 0 ool RT- PCR 4 ELISA


https://dor.isc.ac/dor/20.1001.1.24234575.1397.5.4.2.1
https://ornamentalaquatics.ir/article-1-182-en.html

[ Downloaded from ornamentalaquatics.ir on 2026-01-29 ]

[ DOR: 20.1001.1.24234575.1397.5.4.2.1]

eeeylgisd (Danio rerio) s 92 3¢5 2b

S0 g (g0

Wlgi oo 45 Wiz jp Wigd oo oy oad b slajlis S
bogwsad wile Ko gladsbe glyl 5l ol b
5 baddsnigl e cuwle (i NK (b Jsls
s o TNF Lol i $gd odg cnae o gl
lisisn bl il a5 el el sla ske
5 asile ko elits Jlasl 53 ones jobas boJsSsa ol
Sl s (sl Slagul pln 5095 slasle (32 O
St slaJslS S o) pis S5z JLds 4 5 00
slo i Lol casl el jo o] Lol (ads a5 05l o gl
=y (AOKi et al., 2008) w5 o ) o2 5,50 (Sl
S0 ogh ad S s s eV Gl Gldlas [0 (555
s S0 Shoe (Y 0 V) ) S0 9 AKShata gasllas
2 oSl bzl 5 6555 2l o el
g el als wgd oo cdl Sawela] O jo a5 Slacdale
Seiw; T b agzlge 51w (65950 SlacnS g lo STas
» BPF) F Liwy 3 BPS) S iy ol 56 o
Ol ool )13 3l s 4 e 653,65 ale slacnix
ke V) oml glacdile o S el 4 bge lag)
adJlbe (Qiu et al., 2018) awsl aisls ol e 4 L]
3 e DAL 5 658 ol o weliVeds e DI
ool &S sl las 1) ob,asSgie aepl o Sles 5 jSle
b bdw glopy oSles o0 P 4 e Conl Ko
9 XU yozen (Yang et al., 2016) sgs sl 5 3359501
A -Jibn b1y 65,55 (Bl agzlye S (V0T o Sen
Gl 4 bape oy Ole G g oy B U8
IL L 1b .Mx TNFa .CC-chemokin ale>;l !
Slge ol b agzlee 56 cow TNFa 5 IFNg (10
ole azg BB pals Woged cvalin |, cduScu,md
&85 Bl p iz a5 o TNFa 5 il-8 dl-1b sl
2 omez b agzlse 5l Gy oole iz 08 0118 imen
Sl owimoglis (YY) lei.o.s'a 9 Chen saxdlas

e oy ol Slss e 50 ki (g gt
Ol (R0 rizpes 5 Sos Lasgie wlgi hals HPG
Ol @S (nl ggeme oo I8 0 L g Cuddes
5 P 4 e Wil o Colys o TBOEF &S vas
Lee ) o9l 5,555 (ple )3 Jous dnmgi 5 Jrondgi o Slos
(etal., 2018
33 a5 W S samliss (Y4VA) Jlo 4o ol Ken 5 TENG
25 Ao B Sy sl J53bsSsikeo bpma 58 53,5
gobs 5 Bl L3 Sl Sl 5 Cen 5L
slogialesl 5300 (55555 (Ble p0 syl (3090
c>se stz S BB jsba JailisSsiio a5 058 wnl JySUsa
5 olwss o cypl9a hsdllb hsd3b dhr Lo G
,» ERa oy ¢ aan o cyp3cl cypl9a star
Ohen 5 LIl 3o mls (izeen 05800 50l (g lee
Microcystis aeruginosa 45 aes o slis (Y+1A)
Ly eske 65585 ale 090 a8 oSkee Wl o
—oopYlsed oo & bgipe Slap) (omgiyy 3 LS
sals cel g aao s (HPGL) oS -olS - 8s0n

Dgr glieadsr o il

SLOJ ol 58 oo musilS)l plged 655565 (2o
!

o cdadlre (sl Sl (Sjele b oo S g5k (el
os] el (LB lingen g Jobss ol g acssae il
VA PR W ¢ I PN [UC TS JOV-SCTP UCIN K O
(Sl JolSS b slees, o 185 )18 cle 4 b oo
51| Y ON] RPCUWEURER S Py N S SN B PR L SUE] P S0
e A5 93 5l g (e (2B e )3 30 0o Pt
5 Jsege el ol 005 LS55 Jsbo 5 908 sionl
(il g miord (oS ileleS) (polaisl (asu 4
Biller- ) coul oo LSias (bpmslS giasl) colaisl, e o
alawlsas oledl &wl (Takahashi and Urbinati, 2014
2 ol (ol by Sl ot i & ABbo0 Sl
55 TNF-alfa (Whyte, 2007) cul sl
il ot SloinS g Sl IL-L g (geg 00iiS55 S5
st gl alos b5 il & gl o oljes (5l
Ly odese ,9bas a5 (Scapigliati et al., 2011)
\f2


https://dor.isc.ac/dor/20.1001.1.24234575.1397.5.4.2.1
https://ornamentalaquatics.ir/article-1-182-en.html

[ Downloaded from ornamentalaquatics.ir on 2026-01-29 ]

[ DOR: 20.1001.1.24234575.1397.5.4.2.1]

IRY Sl /F 0 slos / piis JUu

o) oyl

Jia et al,, 2011; Wang and ) aisb acisls S 2l
(Y\?) ol,5ea ¢ Zheng adllas 4o (Gallagher, 2013
Slaess 0 glanST conl zals ade 1) YBIS ol58l
AnST g YU s a5 i 0ges lgie
oialydl las wils ROS a5l s B> a0 508 bgeun
Oeals 4 i gl o a5 85l 0ez g guilanlST] ]
Zhengetal., ) sgs logs 3l o0 o b g oo 3] codlad
ol sl 51 (V7)) oK 5 Zhang (2016
alllae ;5 poedls WIS azlse S omyp Sln 65085
oY o 1, VB ol il g ws,S solil e
Bgeuns ST paw cdlid aS Jise 0 wanlie b
S8 Blo Slaimiz aazlee g 48,5 13 5 cod
ROS clilé 4y anly Lialidl 45 s 55 BPF 5 BPS
; iNOS ; NO ulg 5 LPO SOD TAOC ol

Qiuetal., 2018) ui g5lasT o il ol
55 99750 sl (ol I a3l Glgiea (T slyims
G5s5 sbale 5.5 15 canl sudosliiul lagasls )|
52 S 0 eal¥gle flie alitl a4 poxie 05 (Byme o
OgeolaanSTy mdaw ioldl caimoylis a5 ol 5 i
osks ;0 wdal¥sile mhaw ;o (5 lo cxe Jiul38l a5 >0
5 01 o5 ole g VB cldld galS ooes .ais sasline
slagy ol by ol et Olee 14
ST pg lannSTn eblS Gl (ol (9Ll
YLK Lo mels 5 eole iz 5o Keapl o jbgewso
Ol 558,551,356 cou 5 GST 4 GSH cdlas 58l
5 o>, Keapl g nrf2 gstr gpxla slegy ole

38 iS4l (Chen et al., 2017) o soaliv
ol Ll sl sais ek e i by STy
6'-“‘-‘5“’-’ L .]49.:).4@ Sl uiM oole 9 ).: o o L‘bugLﬂu
Vahter et al., 2007; ) ol ol SOpge s

.(Abdelouahab et al., 2008; Grotto et al., 2010
G850 g 658 el sl Shy 4 axg b
oo VT &l 3l Sldllas (gl Jote pnslS ] olsicay aiS oyl
el (SlanST ol g Jreads (oulid dml Cunsg p
sloaiss o 4 dilg e 55,55 ple ,o sdwliawsa
Yy

S0 Ol 3o Joo pudB )l pleds 55,95 2l

| KUUW 4 ] |
Sl sl Vsemo  olerdsn ol 0 Sl
3 ol oSl (Jobo St 50 ) (Sledlbl wilgs o
S5 ilogn Glped Wl g WS sbnl el S5,
obable cdles ol sl Slawe Slallhe o Lulus
S dlwd UT @LM};.) LELQ;)LA&».J ul..uo B ..)9,«..: oolazwl
WS o Wl ) g e i glannST il b ddally o
A.:)..fc;n )‘)3 oéLﬁ.L‘J.w‘é)jA gM)Jaw u)UaJ ) gA.LC‘
ST BT slae 5T oliee (6 u5e5l0l (Safari, 2016)
Sl 2l bl 5l S olsiedr Galise Slallas s
as’ (Varo et al., 2009; Jin et al., 2010) s04 yossVT
P S A Nlg e (g n 5 (S e 5o 2b)l o
IRVCINE X g AU PPN | S 9 Suieler s Dl 5
s LGS, (ST S USS A e gdlognST Coen
Loy o1 sla JGol, adgs (Winzer et al, 2001) o5 5
5 Jobo ShSInl g 3 it @ e pgew
Saulsbury et al., ) sgi o slie slood ygumlonnsTy,
2 odS slags T 5l (GPOXS) lajlowSly (gsbolS
Jlie o s bglas gl loreas ¢ SlowST BT e
Jo et al., 2008) suls oo Joe guilocnST (slo w yiul
S FURCOE IR SURN DN RVOC 1 T B PN ORI PR
wezgonll (Liu et al., 2010) sgs Wl cigae b o)l
o S8 Bl slog¥ o 0 Gl o a2 g JB Lals
SIS g S 0000l a5 b elly aglse
wibige ol ol amb 5 Sl sl gl jo 8 s
asdllas 1o (5,5,65 ol 5l eolal (Dong et al., 2018)
eS| o s Gl plB VA7) LlSes 5 6500
NS L aglye 5o 1 plale oS j0 VB 5 sbgenss
hlagy crl Ole 2olS G g adsl slajs) 5o poaesls
@ ST Bl Glaps 5l Gl saimslis a5 ol las
ooyl bl (n g 5l S pleea S Sl
alfgs Zwl opl (Hansen et al., 2006) wib oo oo

455 4 wlgioe sa ¥l (pyme o (S 18 lejoae


https://dor.isc.ac/dor/20.1001.1.24234575.1397.5.4.2.1
https://ornamentalaquatics.ir/article-1-182-en.html

[ Downloaded from ornamentalaquatics.ir on 2026-01-29 ]

[ DOR: 20.1001.1.24234575.1397.5.4.2.1]

eeeylgisd (Danio rerio) s 92 3¢5 2b

S0 g (g0

Biller- Takahashi, J.D. and Urbinati, E.C.,
2014. Fish Immunology. The modification
and manipulation of the innate immune
system: Brazilian studies. Anais da
Academia Brasileira de Ciencias, 83,
1484- 1506.

Bowman, C.J., Kroll, K.J., Gross, T.G. and
Denslow, N.D., 2002. Estradiol-induced
geneexpression in  largemouth  bass
(Micropterus salmoides). Molecular and
Cellular Endocrinology, 196, 67-77.

Cerda, J., Conrad, M., Markl, J., Brand,
M. and Herrmann, H., 1998. Zebrafish
vimentin:  molecular  characterisation,
assembly properties and developmental
expression. European Journal of Cell
Biology, 77, 175-187.

Chen, Q.L., Sun, Y.L., Liu, ZH. and Li,
Y.W., 2017. Sex-dependent effects of
subacute mercuric chloride exposure on
histology, antioxidant status and immune-
related gene expression in the liver of adult
zebrafish (Danio
rerio). Chemosphere, 188, 1-9.

Chang, J., Liu, S., Zhou, S., Wang, M. and
Zhu, G., 2013. Effects of butachlor on
reproduction and hormone levels in adult
zebrafish (Danio rerio). Experimental and
Toxicologic Pathology, 65, 205-209.

Davis, L.K., Pierce, A.L., Hiramatsu, N.,
Sullivan, C.V., Hirano, T. and Grau,
E.G., 2008. Gender-specific expression of
multiple  estrogen receptors, growth
hormonereceptors, insulin-like  growth
factors and Vtgellogenins, and effects of
17  Dbeta-estradiol in the male

30 9 990 03l prexd b0 e 4 S jebas Loy oL
)1)3 obl.fz.';..ulg)gﬁ S) 9 g,)_. ‘ts““"l""*'w“) Sladlas
DS

&b

J3 S (559l 4t oole 3B ATAY (b oo

ey S lsie 4 oifalag o MRNA (L 5

ALk Acipenser persicus il alewl o

e VEY L oo o i oy (6387 dl,

S5 ol IVAD Lle (ulus g .8 L e

$b ol sy Jae  «Danio  rerio)

A0 o Y olads i ol Ao 55lsSenS

Syl G919 9. ygpldn) & (Gl ) (g0

3 1y ol pilge Loyial sla mol AFAS LG

Tk 05 ol e )0 peesls WIS L aralse

A0 -YOF -AR b anlis . ey

Abdelouahab, N., Mergler, D., Takser, L.,
Vanier, C., St-Jean, M., Baldwin, M.,
Spear, P.A. and Chan, H.M., 2008. Gender
differences in the effects of organochlorines,
mercury, and lead on thyroid hormone levels
in lakeside communities of Quebec (Canada).
Environmental Research, 107, 380-392.

Ankley, G.T., Miller, D.H., Jensen, K.M.,
Villeneuve, D.L. and Martinovic, D., 2008.
Relationship of plasma sex steroid
concentrations in female fathead minnows to
reproductive success and population status.
Aguatic Toxicology, 88, 69-74.

Aoki, T., Takano, T., Santos, M.D., Kondo, H.,
and Hirono, 1., 2008. Molecular innate
immunity in teleost fish: review and future
prespectives. Fisheries for global welfare and
environment, memorial book of the 5th world
fisheries congress, pp. 263-276.

YA


https://dor.isc.ac/dor/20.1001.1.24234575.1397.5.4.2.1
https://ornamentalaquatics.ir/article-1-182-en.html

[ Downloaded from ornamentalaquatics.ir on 2026-01-29 ]

[ DOR: 20.1001.1.24234575.1397.5.4.2.1]

IRY Sl /F 0 slos / piis JUu

o) oyl

tilapia ~ (Oreochromis  mossambicus).
GenERal and Comparative Endocrinology,
156, 544-551.

Detrich, W.H., Westerfield, M. and Zon,
L.l., editors.,, 1999. The zebrafish:
biology. Methods in cell biology, pp. 59-
60.

Devlin, R.H. and Nagahama, Y., 2002. Sex
determination and sex differentiation in
fish: an overview of genetic, physiological,
and environmental influences.
Aquaculture, 208, 191-364.

Dong, X., Zhang, Z., Meng, S., Pan, C,,
Yang, M., Wu, X. and Xu, H., 2018.
Parental exposure to bisphenol A and its
analogs influences zebrafish offspring
immunity. Science of the Total
Environment, 610, 291-297.

Dooley, K. and Zon, L.I., 2000. Zebrafish: a
model system for the study of human
disease. Current Opinion in Genetics and
Development, 10, 252-256.

Eisen, J.S., 1996. Zebrafish make a big
splash. Cell, 87, 969-977.

Fenske, M. and Segner, H., 2004.
Aromatase modulation alters gonadal
differentiation in developing zebrafish
(Danio rerio). Agquatic Toxicology, 67,
105-126.

Gerlai, R., Lahav, M., Guo, S. and
Rosenthal, A., 2000. Drinks like a fish:
zebra fish (Danio rerio) as a behavior
genetic model to study alcohol
effects. Pharmacology Biochemistry and
Behavior, 67, 773-782.

Goldsmith, P., 2004. Zebrafish as a
pharmacological tool: the how, why, and

¥4

when. Current Opinion in Pharmacology,
4, 504-512.

Grotto, D., Valentini, J., Fillion, M., Passos,
C.J.S., Garcia, S.C., Mergler, D. and
Barbosa, F., 2010. Mercury exposure and
oxidative stress in communities of the
Brazilian Amazon. Science of the Total
Environment, 408, 806-811.

Gruss, H.J., 1996. Molecular, structural, and
biological of the tumor necrosis factor
ligand superfamily. International Journal
of Clinical and Laboratory Research, 26,
143-159.

Hansen, B.H., Romma, S., Garmo, S.A.,
Olsvik, P.A. and Andersen, R.A., 2006.
Antioxidative stress proteins and their gene
expression in brown trout
(Salmo trutta) from three rivers with
different heavy metal levels. Comparative
Biochemistry and Physiology, 143, 263-
274.

Heath, A.G., 1995. Water pollution and fish
physiology. 2nd ed. CRC. Boca Raton, FL,
USA. 245 P.

Henry, T.B., McPherson, J.T., Rogers,
E.D., Heah, T.P., Hawkins, S.A., Layton,
A.C. and Sayler, G.S., 2009. Changes in
the relative expression pattern of multiple
Vtgellogenin genes in adult male and
larval zebrafish exposed to exogenous
estrogens. Comparative Biochemistry and
Physiology Part A: Molecular and
Integrative Physiology, 154, 119-126.

Hill, A.J., Teraoka, H., Heideman, W. and
Peterson, R.E., 2005. Zebrafish as a
model  vertebrate  for  investigating


https://dor.isc.ac/dor/20.1001.1.24234575.1397.5.4.2.1
https://ornamentalaquatics.ir/article-1-182-en.html

[ Downloaded from ornamentalaquatics.ir on 2026-01-29 ]

[ DOR: 20.1001.1.24234575.1397.5.4.2.1]

eeeylgisd (Danio rerio) s 92 3¢5 2b

S0 g (g0

chemical toxicity. Toxicological Sciences,
86, 6-19.

Hutchinson, T., Ankley, G.T., Segner, H.
and Tyler, C.R., 2005. Screening and
testing for endocrine disruption in fish—
biomarkers as “signposts” not “traffic
lights” in risk assessment. Environmental
Health Perspectives, 114, 106-114.

Iwama, G.K., Thomas, P.T., Forsyth, R.B.
and Vijaian, M.M., 1998. Heat shock
protein expression in fish. Reviews in Fish
Biology and Fisheries, 8, 35-56.

Jia, X., Zhang, H. and Liu, X., 2011. Low
levels of admium exposure induce DNA
damage and oxidative stress in liver of
Oujiang colored carp (Cyprinus carpio)
var color. Fish  Physiology and
Biochemistry, 37, 97-103.

Jin, Y., Zhang, X., Shu, L., Chen, L., Sun,
L., Qian, H., Liu, W. and Fu, Zh., 2010.
Oxidative stress response and gene
expression with atrazine exposure in adult
female zebrafish (Danio rerio).
Chemosphere, 78, 846-852.

Jo, P.G., Choi, Y.K. and Choi, Ch.Y., 2008.
Cloning and mRNA expression of
antioxidant enzymes in the Pacific oyster,
Crassostrea gigas in response to cadmium
exposure. Comparative Biochemistry and
Physiology, 147, 460-469.

Joseph, B. and Raj, S.J., 2011. Impact of
pesticide toxicity on selected biomarkers in
fishes. International Journal of Zeological
Research, 7, 212-220.

Kobayashi, K., Tamotsu, S., Yasuda, K.
and Oishi, T., 2005. Vtgellogenin immune
histochemistry in the exposed to 17b-

estradiol and p-nonyl phenol liver the testis
of the medaka Oryzias latipes. Zoological
Science, 22.

Lange, 1.G., Hartel, A., Meyer, H.H., 2003.
Evolution of oestrogen functions in verte-
brates.  The Journal of  Steroid
Biochemistry and Molecular Biology, 83:
219-226.

Lee, J., Park, N.Y., Kho, Y., Ji, K., 2018.
Effects of 4-Hydroxyphenyl 4-
Isoprooxyphenylsulfone (BPSIP) Exposure
on Reproduction and Endocrine System of
Zebrafish. Environmental Science &
Technology, 52: 1506- 1513.

Liley, N.R., Stacey, N.E., 1983. Hormones,
pheromones, and reproductive behavior in
fish. Fish Physiology, 9: 1-63.

Liu, G., Ke, M., Fan, X., Zhang, M., Zhu,
Y., Lu, T., Qian, H., 2018. Reproductive
and endocrine-disrupting  toxicity  of
Microcystis  aeruginosa in  female
zebrafish. Chemosphere, 192: 289-296.

Liu, H.P., Chen, F.Y., Gopalakrishnan, S.,
Qiao, K., Bo, J.,, Wang, K.J., 2010.
Antioxidant enzymes from the crab Scylla
paramamosain:  gene  cloning  and
gene/protein expression profiles against
LPS challenge. Fish Shellfish Immunol,
28: 862-871.

Marin, M.G., Matozzo, V., 2004.
Vtgellogenin induction as a biomarkerof
exposure to estrogenic compounds in
aquatic environments. Marine Pollution
Bulletin, 48: 435-439.

Mills, L., Chichester, C., 2005. Review of
evidence: are endocrine-disrupting
chemicals in the aquatic environment

Y.


https://dor.isc.ac/dor/20.1001.1.24234575.1397.5.4.2.1
https://ornamentalaquatics.ir/article-1-182-en.html

[ Downloaded from ornamentalaquatics.ir on 2026-01-29 ]

[ DOR: 20.1001.1.24234575.1397.5.4.2.1]

IRY Sl /F 0 slos / piis JUu

o) oyl

impacting fish populations? Science of the
Total Environment, 343: 1-34.

Oliveira Ribeiro, C.A., Belger, L., Pelletier,
E. and Rouleau, C., 2002.
Histopathological evidence of inorganic
mercury and methylmercury toxicity in
Arctic  charr  (Salvelinus  alpines).
Environmental Research, 90, 217-225.

Park, C.B., Aoki, J., Lee, J.S., Nagae, M.,
Lee, Y.D., Sakakura, Y., Hagiwara, A.
and Soyano, K., 2010. The effects of 17p-
estradiol on  various  reproductive
parameters in the hermaphrodite fish
Kryptolebias marmoratus. Aquatic
Toxicology, 96, 273-279.

Qiu, W., Shao, H., Lei, P., Zheng, C., Qiu,
C., Yang, M. and Zheng, Y., 2018.
Immunotoxicity of bisphenol S and F are
similar to that of bisphenol A during
zebrafish early
development. Chemosphere, 194, 1-8.

Radhakrishnan, M.V. and Hemalatha, S.,
2010. Sublethal toxic effects of cadmium
chloride to liver of fresh water fish
(Channa striatus). American- Eurasian
Journal of Toxicological Sciences, 2, 54-
56.

Rose, W.L., Nisbet, R.M., Green, P.G,
Norris, S., Fan, T., Smith, E.H., Cherr,
G.N. and Anderson, S.L., 2006. Using an
integrated approach to link biomarker
responses and physiological stress to
growth impairment of cadmium-exposed
larval topsmelt. Aquatic Toxicology, 80,
298-308.

Safari, R., 2016. Toxic effects of Cadmium
on antioxidant defense systems and lipid

¥\

peroxidation in  Acipenser  persicus
(Borodin, 1897). International Journal of
Aquatic Biology, 3, 425-432.

Sassi, A., Darias, M.J., Said, K,
Messaoudi, I. and Gisbert, E., 2013.
Cadmium exposure affects the expression
of genes involved in skeletogenesis and
stress response in gilthead sea bream
larvae. Fish Physiology and Biochemistry,
39, 649-659.

Saulsbury, M.D., Heyliger, S.O., Wang, K.
and Johnson, D.J., 2009. Chlorpyrifos
induces oxidative stress in oligodendrocyte
progenitor cells. Toxicology, 259, 1-9.

Scapigliati, G., Buonocore, F., Bird, S.,
Zou, J., Pelegrian, P. and Falasca, C.,
2011. Phylogeny of cytokines: molecular
cloning and expression analysis of sea bass
Dicentrarchus labrax interleukin-1 beta.
Fish and Shellfish Immunology, 11, 711-
726.

Segner, H., 2009. Zebrafish (Danio rerio) as
a model organism for investigating
endocrine disruption. Comparative
Biochemistry and Physiology Part C:
Toxicology and Pharmacology, 149, 187-
195.

Singh, P., Singh, L.N., Kumar, S. and
Gupta, R., 2014. Developmental
Genotoxicology and genotoxicity testing
guidelines: an overview on erythromycin
genotoxicity. Indian Journal of Research in
Pharmacy and Biotechnology, 2, 1348.

Spence, R., Gerlach, G., Lawrence, C. and
Smith, C., 2008. The behavior and
ecology of the Zebra fish, Danio rerio.
Biological Reviews, 83, 13-34.


http://www.ncbi.nlm.nih.gov/pubmed?term=Sassi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23053610
http://www.ncbi.nlm.nih.gov/pubmed?term=Darias%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=23053610
http://www.ncbi.nlm.nih.gov/pubmed?term=Said%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23053610
http://www.ncbi.nlm.nih.gov/pubmed?term=Messaoudi%20I%5BAuthor%5D&cauthor=true&cauthor_uid=23053610
http://www.ncbi.nlm.nih.gov/pubmed?term=Gisbert%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23053610
http://www.ncbi.nlm.nih.gov/pubmed/23053610
https://dor.isc.ac/dor/20.1001.1.24234575.1397.5.4.2.1
https://ornamentalaquatics.ir/article-1-182-en.html

[ Downloaded from ornamentalaquatics.ir on 2026-01-29 ]

[ DOR: 20.1001.1.24234575.1397.5.4.2.1]

eeeylgisd (Danio rerio) s 92 3¢5 2b

S0 g (g0

Spitsbergen, J.M. and Kent, M.L., 2003.
The state of the art of the zebrafish model
for toxicology and toxicopathology
research—advantages and current
limitations. Toxicologic Pathology, 31,
62-87.

Streisinger, G., Walker, C., Dower, N.,
Knauber, D. and Singer, F., 1981.
Production of clones of homozygous
diploid zebra  fish (Brachydanio
rerio). Nature, 291 (5813), 293.

Teng, M., Qi, S., Zhu, W., Wang, Y.,
Wang, D., Dong, K. and Wang, C., 2018.
Effects of the bioconcentration and
parental transfer of environmentally
relevant concentrations of difenoconazole
on endocrine disruption in zebrafish
(Danio rerio). Environmental Pollution,
233, 208-217.

Thomas, P., Tubbs, C., Berg, H. and
Dressing, G., 2007. Sex steroid hormone
receptors in fish ovaries. In The Fish
Oocyte, pp. 203-223.

Uchida, D., Yamashita, M., Kitano, T. and
Iguchi, T., 2004. An aromatase inhibitor
or high water temp ERa ture induce oocyte
apoptosis and depletion of P450 aromatase
acti Vtgy in the gonads of genetic female
zebrafish during sex-reversal. Comparative
Biochemistry and Physiology Part A:
Molecular & Integrative Physiology, 137,
11-20.

Vahter, M., Akesson, A., Lid en, C.
Ceccatelli, S. and Berglund, M., 2007.
Gender differences in the disposition and
toxicity of metals. Environmental
Ressearch, 104, 85-95.

Varo, I., Serrano, R., Pitarch, E., Amat, F.,
Lopez, F.J. and Navarro, J.C., 2009.
Bioaccumulation of chlorpyrifos through
an experimental food chain: study of
protein hsp70 as biomarker of sublethal
stress in fish. Archive Environmental
Contamianant Toxicology, 42, 229-235.

Wang, L. and Gallagher, E.P., 2013. Role
of Nrf2 antioxidant defense in mitigating
cadmium-induced oxidative stress in the
olfactory system of zebrafish. Toxicology
and Applied Pharmacology, 266(2), 177-
186.

Whyte, S.K., 2007. The innate immune
response of finfish-a review of current
knowledge. Fish and Shellfish
Immunology, 23, 1127-1151.

Winzer, K., Winston, G.W., Becker, W.,
Van Noorden, C.J. and Koehler, A,
2001. Sex-related responses to oxidative
stress in primary cultured hepatocytes of
European flounder (Platichthys flesus L.).
Aquatic Toxicology, 52, 143-155.

Xu, H., Yang, M., Qiu, W., Pan, C. and
Wu, M., 2013. The impact of
endocrine-disrupting chemicals on
oxidative stress and innate immune
response in zebrafish
embryos. Environmental Toxicology and
Chemistry, 32, 1793-1799.

Yang, Y., Qi, S., Wang, D., Wang, K., Zhu,
L., Chai, T. and Wang, C., 2016. Toxic
effects of thifluzamide on zebrafish (Danio
rerio). Journal of Hazardous
Materials, 307, 127-136.

Yu, L., Liu, C.,, Chen, Q. and Zhou, B.,
2014. Endocrine disruption and

¥y


http://www.sciencedirect.com/science/article/pii/S0041008X12004838#%21
http://www.sciencedirect.com/science/article/pii/S0041008X12004838#%21
http://www.sciencedirect.com/science/journal/0041008X
http://www.sciencedirect.com/science/journal/0041008X
https://dor.isc.ac/dor/20.1001.1.24234575.1397.5.4.2.1
https://ornamentalaquatics.ir/article-1-182-en.html

[ Downloaded from ornamentalaquatics.ir on 2026-01-29 ]

[ DOR: 20.1001.1.24234575.1397.5.4.2.1]

IRY Sl /F 0 slos / piis JUu

o) oyl

reproduction impairment in zebrafish after
long-term exposure to DE-71.
Environmental Toxicology and Chemistry,
33, 1354-1362.

Zhang, X., Hecker, M., Park, J., Tompsett,

Y

A.R., Newsted, J., Nakayama, K., Jones,
P.D., Newsted, J.L., Au, D.W.T., Kong,
R.Y.C., Wu, RS.S. and Giesy, J.P.,
2008. Real-time PCR array to study effects
of chemicals on the hypothalamic-
pituitary-gonadal axis of the Japanese
medaka. Aquatic Toxicology, 88, 173-182.

Zhang, Q.F., Li, Y.W., Liu, Z.H. and Chen,

Q.L., 2016. Exposure to mercuric chloride
induces developmental damage, oxidative
stress and immunotoxicity in zebrafish
embryos-larvae. Aquatic Toxicology, 181,
76-85.

Zheng, J.L., Yuan, S.S., Wu, C.W. and Lv,

Z.M., 2016. Acute exposure to waterborne
cadmium induced oxidative stress and
immunotoxicity in the brain, ovary and
liver of zebrafish (Danio rerio). Aquatic
Toxicology, 180, 36-44.


https://dor.isc.ac/dor/20.1001.1.24234575.1397.5.4.2.1
https://ornamentalaquatics.ir/article-1-182-en.html

[ Downloaded from ornamentalaquatics.ir on 2026-01-29 ]

[ DOR: 20.1001.1.24234575.1397.5.4.2.1]

Journal of Ornamental Aquatics Vol. 5, No.4

Zebrafish (Danio rerio) As a genotoxicology model

Darvishi M.}"; Safari R.

" m_darvishi_m71@yahoo.com

1- Faculty of Fisheries and Environmental Sciences, Gorgan University of Agricultural Sciences
and Natural Resources, Gorgan, Iran

Abstract

Zebrafish as a model in geno toxicology The easiness and low cost of maintenance, high fertility,
complete availability of genome sequencing, convenient manipulation, homologation of many
genes of zebra fish with mammals and the presence of mutant strains of this fish has changed this
species to a popular fish in biology, medical and genetic research. Geno toxicology is a science that
studies the effects of pollutants on the genome level of organisms. Many studies have been done
using this model to evaluate reproductive performance, immune systems and antioxidants at the
genome level. This paper reviews the use of this model fish in aquatic geno toxicology studies,
which can be considered in human medical issues.
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