[ Downloaded from jae.hormozgan.ac.ir on 2025-12-17 |

[ DOR: 20.1001.1.23222751.1394.4.4.1.5]

V=V AYAE () £ 0Ll i g aloms

3T golih pys alize

Journal homepage: http://jae hormozgan.ac.ir

035 S3lsiled 1o yialyl 52 (CUSOL) pus 51D GoaidS i SloCLE 5l

(Oncorhynchus mykiss) S sy YT J38

f o, . . *y P Y \ Vo,
L;»L.UDL;)W.\.A\:-‘ L;abs‘bm}JWgUJi‘MﬂS‘dbw‘@ﬁﬁM‘d)bqﬁm

dejb/.éj‘wjjb/.l:jam'bﬁ.bcb_ydj)}Lﬁfd.L(.if/J 45.9)4:'..3 n_;;‘

u’lfjfﬁb@ch;jjjwa&:‘b St Ls;u_; QM A s 4&)@.&‘ AJ;r

Sl o) ST oK Gl oy UK 5 g O Kkn g3 olKELT

55 et sl SIGT oK 03,5 gt dmly ONKAT 5 gz O Kn g3 oKL

oS

SN g VO [ YD [ AV soaniS cow slacdale Sl Sh vy p jolite 4 yol> iegh
Oncorhynchus mykiss ;LS .55, VIR e Soiedgilen loyal,l o 518 2 1 05 Lo
IR e Sllge (Byae )0 aan S Do 0 VAEY S90> (i xSl b badised 0l 5125 2
Yo boply JS e o V=MD PH ol 5 ilo am 0 VEEY (aulesl o0 (b o o sles w5
By B Gled (RBC) s 5 503 JoulS (5 (5ileds g S Olo ST ) 05
sl ss, L (MCHC MCH MCV) Jol5 o sl 5 mslSsen (WBC) suiw (slaJsulS
e Slilgu a5 ol ylas s sla el jIUT s 28,5 L5 (S 03l 5,90 salKiglejl Jglaze
5 J2959 MCHC MCH MCV oz Sgilon comslSgen aias JoulS 503 slaJolS (l5ee
Cawsige 5 Jedgisisl olime o b oSl S o ol 5 el 42l ()l ine Sl Capnnsi]
el S ileger Wlgi oo sl (nl (G5 Loy oS ol (i (raghy cnl Cules 50 050 I (e
23l ol glie ;5 e 518 092y (o) S

:allio g4

o does ;b
LTS ARSI
A/ EN D ol
A/ VYOt

S sbarls
LS S5, YIJ 53

I8 o

d—oddo

az )51 i Golad 30 Lo b s jsb 4y ploale Vb Cdlo e @y g 03l 929 (e dgy ol o ) (5518 Sl
Olyae J ol b Ll (Zhou and Gitschier, 1997) coul p3Y Jle (ol 5 ol sil> pudglbo sl o5 polis jo e 518
58 (Grosell etal., 2007; Mustafa et al., 2012) ol oo SL3! LT o ol o 5l i polie cB-lid o] &)l
«(Speisky et al., 2009) ,3ublS o5l mhaw ialS Joli com DI ol 0)ls lale Gg) p gyl piao SISl e
ol HlownST T sloge 3l b Jolss b g (Prousek, 2007) oiile (ygud (2iSly G,k 5l s slagyinsT Siol38l
Loy badl oo 50 5l S 50 slaiss gy, p lie ldizs Lawg odel caws 4 Sledb| (Isani et al., 2013)

h.)"—o.»_’.) as bl )LQ.IQ‘ (Y"V) Straus o QWLSA culie u‘..\.o.?u Xy L_éj)"—‘ 9 4.»4-».) )5)54 5@3?).7 =LL<;.‘>

m.h.gerami@gmail.com :Csq =l cay

.
s cJgtue 0diss


https://dor.isc.ac/dor/20.1001.1.23222751.1394.4.4.1.5
http://jae.hormozgan.ac.ir/article-1-162-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2025-12-17 |

[ DOR: 20.1001.1.23222751.1394.4.4.1.5]

ALY )Lé_g & O)La..:u 3 093 QL,J,Y LS“L‘; r}, 4_1» d@f‘ﬁ 0&:_;‘;

5 el (goy g Lau:.;:.j 9> n 9 AL 55 59> Juls Oreochromis niloticus ale 59, » (wo 5995k i
o 1y oital ladis; cadg Gledsho s e g cwlel Sledoho 39ai (GLSHINW g s ygil (SR P 9 (o5 0
u.cl.a oole Q"‘ as w‘ ools ul.m.‘ B uLa.l?.u.v ).)‘).1 )b YT J)ﬁ g_ébl'“ GLDUBL ‘S.»L....u u...w] \3)5.0 )J uLvJUa.o ools
w039, ;3 JouSTly JoSas g (blbe il ,o (Fope o5 il 4l sboass o (Foye 55 b pod Slox ool
28l 4y iz glacal (egr slad Gl L 5 S sl g 5l pseliinl 4 cunl S (8L o5 slo sk o5

(Al-Bairuty et al., 2013) ogi oo YT 33 oalo ;0 yglliwite a¥ clius ;o ;s b g jae

@35 plp 50 Wigd oo a2l @lie (950 (65,9laS laclay 5 Sed (Faio SMIL Sl o o5 (S Sl
oar¥T og)5 s a4 bl Sl 050 j0 (Jglite sloi)liS il gezs bl oo 5o 5 wibloo pglie ad
ol o Sligw (Castro-Gonzalez and Mendez-Armenta, 2008) <ol ouls (35155 (o) aolio a4 (S 318
SolB)l5 )0 (25 ) 5 A 8L (S UK Sl lsie 4 Bpae Gkl seie SlaodSl o jpas

OYA gl 5 cani)) s 5 oo ole s O (Sogll crgo v ole (2395

5 oml sl Ll cudsS 0pS o 18 Bran 3)50 e (s n 5 lads mlie G elle Slsie 4 (LT o5l
Sl el SEPLnlieSol g sl SeugliSaliess plas (25551 b eldld oz slaanl 0925 b g o)ls (VL Sy
(Talas and Gulhan, 2009; Ersoy and Celik, 2009, 2010) 05 c0 (B9,6 5 B8 slag lom 4 0l Jlas yals
5 7SS Slaz S 50 crws Gygo 4 aS Cl ol saisS S (Oncorhynchus mykiss) LS .55, Y158
Gl s oot Zasl 10555 1 (o 0 Sl g a8l (g n Lamme b (oYL ()5 5le 4s5 cnl ogh s 03le g0
Lo YT J53 oulids 5% sl ylly 555 2 gousie Slilllas ool ez S 50 (850 sloisS o yslie 552 aisS
o2y TN o 5 s Col 0l plndl Glazr Bl 1500 5 0l 5o Gl nlo 555 2 e Mg (ol s
Handy et al., 2011; Li et al., 2011; Isani et al., 2013; Khabbazi et \YVQ «)|,Kan ¢ yais goiaw, I YAA ( Slal 4
SloS VT35 ol s> loyiall 6o,y s H oo 3l 3450 4o oMbl b= ol b Ll (al., 2014a, 2014b
(CUSOy) o 58 b agzrlye ,o VT 38 (solo (olids (55 Lo sl )y 5o i (o2 B b gy ol (nlple ol

DS SR s

L9y g dlge

Ol ol8talesl 5850 ay JUl 5l ey 5 408 )5 VAEY S50 G55 el b (LS 05055, GYIU3E (oole 100 olaws
oo Sldfgw alizee glacdale b jlas Jloz 9 vali [lad G Jolis P%)‘?ﬂ VO yo Bolar job 4y ugsls S olKisls
oy ol 4l (6 eSS dan S Dok 4y i CosBae b ile jelaie 4y Ll ol oy L3 (LST Y o plaS y0)
5 e N0 L Loz e g o/ VO CAe b pgas Lot oo/ YVELAE b pgd Lo o/ VYO clale b gl Lo
Brown and ) o 4 YT 58 (sl e 18 (Saras cdale a0 B0 Lol oosisS cov glacdale ol Gl o) 5
Sialesl 0,90 (b yo O (sles 128,55 & yg0 Sialejl o,98 Jgb,o 2olie (Dalton, 1970; Herbert and Van Dyke, 1964
ialos] 55, cin b )0 g meedS Sl 2 e S YV Ll S S5 s V-AD OTPH )5 il as s ) P
Jole s b ol (o)l olasy Galel 0)90 (b 5o Ll plad 5 ooged JuiS 1) (alandisSoed bl yd jgaiall 2

.(Di Giulio and Hinton, 2008) ol Sogll calisee (slajes «jurie

aige syl b goo ales whad (ag) b (6 Nis S U5 yo5 Jslme by (BT 505 (s 5 Olesle 9eo 5l
S JpalS (S5 ke (RBC) a3 Joud8 IS led Jols (55 Sgllen sla el e i pdy ol
Oh9y 4 Cu,S giles (Nath-Herrick) G ol (gouisS 3.8, Jolore g )Lgis pY 5l oolainl b ogivwgan by, 4 (WBC)


https://dor.isc.ac/dor/20.1001.1.23222751.1394.4.4.1.5
http://jae.hormozgan.ac.ir/article-1-162-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2025-12-17 |

[ DOR: 20.1001.1.23222751.1394.4.4.1.5]

e 35 GodiiS Cou glachile U OSen 5 g5k

Decie and Lewis, ) aals (5.5 03lasl MCHC s MCH MCV (565 ganio s (os, 4 (uaalS 9ot i S gilong S
St 3l om0 s 9 k895« Jedigieil tamsid Jold wd lasdlS (3181 bled eizren (1991
Cd S Oyt S JoulS 5 S0 e do )8 a9 dis S5l 0aSy (55led b LennST L (50l ) g 95 b
&bl U1 5 SPSS 18 153l 5 Lawgs Sledbl ¢ s b ol b 5lUT guls cy 5l G COYAR (o) San g axlss)
38l 5l 5 b loged paoy Cgz 50l 3JUT (P0.05) as o O lebsl mhaw jo  Se5 cus 5 One-Way ANOVA

A sl YooV ST

Sde 4y Sglae glacdale (o o Slalguw a8, 5 (13 50 o lale bl 93 sleyell jo euds Sboul Ol s
Iy Gyl Fxe LS o sl b Ble ¢ Ldsig59%] § Commgisgn yiol b 3o 4y o] odal o Gwles 40 ) Jgo ;o catin S
09,5 A Comd |y (60920 s G WBC slayial )y ) Jaao a4y a5 L (P<0.05) wisls las cabises glacdale o
[AY0 sajes ;o MCHC s MCH (pizmen ols fLis |y Jo3 (e 9 69520 o SO RBC a5 Jl> j0 ails vl
ol i o 38 e 1V 590 0 Lol aizils gyl pxe ralS ald 09,5 4 coed i j0 0,5 Lo /o VD g /- YY
3OSk VD g YO e NVD 395 aw j0 aS 0g S (! 4 MCV )l Ol pesd ol sdalive wald 09 )5 4y Cod
S JedS Lo 55 aslel o .ol saslice dall 05,5 a4y cond Giuli8l i g0 005 Jo <[oYY 590 y0 g ralS (]
S 1y (5510 (gme ial33l o 89,393 olaws g o sme 0lS 590 [l 12 j0 bbiawgad olawy a5 ols las 5 b
Gl o8l Jdg ies olaws g yialS Conwsaid Slawd e Slalgas 590 (iuli8l L as JSo ol 4 a0 ls aall 09,5 4

O Jgoz)

s Jloms Byl £ Sl ol IS o s Sl 5 L2 F L agrlye 0 a5 055, 6V U3 g sloyialyy ) Jsor

-1\ mg/l +/-Yo mgl/l «/-YY mgl/l -/-\vo mg/l sals S eyl
SN Pf0E-/oY NAETIA IYOE-/Y SANE (10° mm®) RBC*
YEV/ - VEY/OF YYYEY/- 0 YAO/FYED - Y Y- AAYEYQ Y F/e YEY/A 10° mm®) WBC*
ADVIVAEYY/E- VYY/RPEE/VO VALY 5 VAF/ATEAAY  YAY/VE) /ST (10° pg) MCH*
FVSISFEYVND  VYIAYEEY Y VEY/PY VeY/ESEOAY Y ASIOEY/IAS (/) MCHC*
YAS/AYEY/FA VAB/YEB/AY Y5l FEFIYD VAVASEY/S  VAFAVES/ Y (/) MCV*
/YL Yy SIYE- )Y SINYENO OIS Y OIY £V (@/100ml) * i1l g0
VA YY NOE- 5 10k IYF FINE- Y YIYSE N (1) * e S gilon
SEIVYEN OV SV Y 15EEVN O VARYENN O VY5510 (/) * g
VY- OV VE) NAEING E= NAENG (1) Comgige
IS IOV VYLV /OY \lZ2 N \ARESVNS \ARETIIN (1) Jedsis)sll
\AViZ2 NG Y IESENOY AINAR ESTATA YY/EEEVNO YAYYEVN D (1) * Jadg g

(P<0.05) polia iy slo e sl Sl *

eSS 95w o 50 o5l 5 Gul B a8 s 10 e Camons gly 50 ol o] alizee (gla (5,155 50 o 8 L Coogons
roxs ol LBl jo gl slecdale (o S Sl (WWAA (Glhls 5 ceiw)) Sl oo, L3I &y 2d o
S 5 5o Oleogas o &l (Heath, 1995) 358 oo Gl 15 e 5 S ye Sl YU slocibals a5 > 0wl oo
3o e @3l o (Landis and Yu, 2004) &y o2 4 1) ol o Jlxal ele SO a5 w20 o 7y Sbe) 9> sldsle

& o) yzge nly el g (00 G5 (Ce Slen 5 erslSsan CIE Glree RBC shisd) s sl ol


https://dor.isc.ac/dor/20.1001.1.23222751.1394.4.4.1.5
http://jae.hormozgan.ac.ir/article-1-162-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2025-12-17 |

[ DOR: 20.1001.1.23222751.1394.4.4.1.5]

ALY )Lé_g & O)La..:u 3 093 QL,J,Y LS“L‘; r}, 4_1» d@f‘ﬁ 0&:_;‘;

Job 4wl 65,5 s RBC e a5 ols olis o Lol slasUT (Rogers et al., 2003) wiws oS oo Jale
AeST60 5 (02) yianST J&5 9 Joo a5 aiziisls )Ll (1998) Thomas and Egee .o,ls &glas ;500 jlows aw b (55l sine
4 Sl waly (95 308 S obe Sodg Sl g 5L g sl Cumdg 4 Slodazmn 9 sk sk 493 )3 (COY) ()5
;2 RBC slaws jo poss Yo 51 (S5 adly ;0 098 owtls lacusgams ccl Wlgi oo RBC slaws jo yials LJs peen
5o Wl ol (2al8 s a5 asly o oa¥T 51 (30 oyl (Byme 5o pleale il )3 5ey8 sla J5lS me (05>
50 Ll S pe 5l il Wilgs o 30,8 sla JgulS olaws zalS sosmlie arJl (Narain and Srivastava, 1989) sgi oo ;595
PH 5l (ysnd 9090 b LOpez (1995) lawgs (5,500 anlllas ,o (pizen (Kudirat-Adeyemo, 2007) asb oan¥T 5,20
Ol s 2l Bl (93 50,8 JoulS slans (28l sl (ole Wlgs oo 5 (93 (08 335 45 08 (Gl pgaedls Coems 50
el ol a1 el (S 45 550 oo GLSL IS 3T 535 53 e 5 (I 550 & Bk ) 4 RBC olje
2 e 055 a8 a3l audg Gl L g a3 5 i o YT U5 b s 38 51 ads 550 a4 oS il
o S e oy Rl e S8 Zdale oS PT 390 00 Jy il ansls ) ()15 S e plp jo i 38
Caromr 1 53 S gmls Lyl 3 a5 wuils lebl (2008) (], Ken o Giftgi .ol o0l 10,3 sloJsulS 56 Sl oo
LT 5 085 50,8 JselS sl Jlmo 5ol a8 (sla JpalS (005 055 (sl o gmudts (slacysgasmo s & o231
@ S oy 2 3)90 Slesd )0 Cu S gilen 5 mslSsen Glie aS ol lis @l S (e 93 (305 a4 2 9)lg |,
o 9 GRIB e S RBC (gzmen o Silen (i a5 Solis cnl b wogr )1y (sre ST hils wals o9 S
2o b b ey B b s i o alie gl sl 4131 1) (Ll e S sl pen (e 5 (R0l
e o(oslez o) oo 518 5l T oo <110 5 VL G lile 5 4 msoe ol pbil Ko st oyl
Olyass Logae (Singh, et al., 2008; Goel and Sharma, 1987, 1985) wl oo Luols o Seilen § melSsen (RBC
Ol 30 yud oS aizils Llebsl ((2010) Sirvastava 4 Singh .l RBC wlyess b bLs 1 o oy Seiled g oposlSgen
ot el 3053 503l U1 53 g gen o5 Ll 51 aBl a8 b J5elS SN 13 kS s 4 Wi rslSgen
JslS 5o o)l 5 (8L Wl e sl (28l Jlie plsie 4 0l 5B BT o Wisie 508 slaplS WD
5 e Sl as elge s S0 Ly (2008) 1, Sen o Banaee .yl , ogde .(Olodade and Ogini, 2010) il 3,3
55 sbm! oUlgs loasVT 51 5 Wgd o Seilod lime 10 ydd Eel Aiilgs oo wigd o jo,d Sld ol Slows L o3l
caentd 5o Wlgiee ol Gharte 5 wibise G2l 5 Ol 053 cu Sgilen il il | el 5o 8 laslS 5o
GouisS adgs slapluil ot axslu by Jsbo olme a5 wizils Lo (1985) Pant o Gill cpcmen ail jige (5 Lo
1y o Syilen il (el s lyin Sulig 0 ) s 13E o Silen Gliae et ) a8 slaglS
Ciprinus Carpio ;o o ;B L agzloe o bl oo Sglen als ol caws RBC il j0 s e
Tinca tinca ,o &, ¢ Anguilla rostrata (Gill et al., 1993) )5 pg.00lS ;13 (Dhanapakiam and Ramasamy, 2001)

el 00 5,155 (Shah, 2006)

M G L Gl e oSes S b laslon Sy S & 095 3 Syrse drhe slasdS sl
() J99z) el (Usdg 59 5 Comwgaid) it slo JoudS 51 £45 50 (o cime M| KLy ol (Banaee et al., 2008)
Ol Ve A) e g ReMyla ool s 32 3550 slojlod 5 LT Gal33l LS sis Glo 5l (IS e (rieo
Laly b g 08 oo Cusl oatVT L agzrlye ;0 1y 095 (o (ol s 025 50 )18 oyl i yo e a5 Sloj o8
2l b <ol ol 3l 055 (slophal o Shas y5 o 55 SES (335 duhos (slo S5l olans 13 Slsis 35500 15l
a5 sl sledsho (idgy 8L o 25 (2013) (e 5 Al-BaliTUL ol Sgie slacs Lo 5l (F p 4 M Sl Ly
Kosai .ais,S 5,155 me 38 L YT 58 olo ag>lge 4o |, (the Bowman’s space) ;oq0 (slad ,o o35 5 (Renal tubule)
Cel pme 38 2d 6,8 Lo ¥7 L Oreochromis niloticus ale sagzlae 55, V a5 auils ,lebl (2009) ., Sen 4
o oLt g, Fomly ol (b 9o 5l Camshd ST 65lS 2l 59,50 5 Jype0lS (55T Vagi sladly) 55


https://dor.isc.ac/dor/20.1001.1.23222751.1394.4.4.1.5
http://jae.hormozgan.ac.ir/article-1-162-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2025-12-17 |

[ DOR: 20.1001.1.23222751.1394.4.4.1.5]

e 35 GodiiS Cou glachile U OSen 5 g5k

VN w.@lf |) O u.....uj.a...[ o).._‘>¢ J.a‘g_vso O @ o0l J)‘5 u)m L.5°‘>L‘° 9 Cl O ‘5..0.“ W B ua.n.'
Gl 0 5,155 55 oylaisee 500 awg bl jo e 8L aglge ;o Cawgad ol ialS (Banaee et al., 2008)
4y (Mazon et al., 2002; Mishara and Srivastava, 1980; Dick and Dixton, 1985; Svobodova et al., 1994)

Jole b ablie JJo 4 wilgs oo Ll Lalidl cde #8ly 4o (Barnhoorn, 1996) cusl >, Jole 550wsS6 o Juds 5o
oMb kg igi g Judg el il cel lacigas ST aS wo S le (2008) o, g Banage .ol (Lwe 3B) >l
S o 5 Blangomn fpuized Cowl Cdsre Dl godimy lad oldl pl ol .aied oo (Neutrophilia) >

(Holland et al.,1997) wgis oo ool udg 5 Eel ads” Sl )b ausle coyals

Bl (omlid 593 slastally » )lone 3l e B soanaS s clale oS ols Gl 3ako cnl ggeme 5
JrS g onos jb a1 45 515 525 S 53 (CUSO4) (oo ST g0 a1 e 315 015 SlaS (5, VI3
Griffin and Mitchell, 2007, Isani et al., ) 55& o ooliiwl b 3SL slacssae Gl 15 5 Gyam sl 4o S
Lloyd, ) axies o 3 Coroms lime 40 ol Jolo g0 T (e o PH a5 ol ags BB a5 ol 53 ] (2013
Sebsl (1978) ,o Sprague ¢ Howarth .(1965; Mount, 1966; Howarth and Sprague, 1978; Yim and Kim, 2006
4oy (pl aS s S Ly (2006) Kim gYim .aes oo ialS |y e 38 Coos (5 PH j2 0 YU s5ew a5 ascils
e 3 el Sladgs Sl T (e I3 b oS S0 ol 0l oo LiE (63985 (Sl b Sl
bl J5 e b ptalesl ol @l ecnlnlis oo 20l8 S Sldsy 53y Azt o g oo piny L lawgs

Al o anb 350 el Dl S 1) 05 YV

=t

(Cyprinus carpio) Jseze ;5.5 ale slaalasl 55 50 o Slalgus poye 50 (8L il gaalllas AYAA o gllabss o ¢ ot
NV AN Slorio F o)l op)loz 5 Coad Jlo . S pals Oliios aloee

5,9y (BArbuS grypus) co,s ale cwlils o5 sloyiel )b aslllas NYAR Lo w00l) (5)lg5mm (o 00 S op zloce o @zl
TAV-YYF Slorio o o)lod caomty g S Jlo o S junals Slidios alore

L)")’"““‘ 4 GM:L: 9 by ¢ P9 Lgl.fza)...cbl; 2 C U"Al"ﬁ J...:b AYay -9 w.)‘} I R VOWE S ‘LS?)S‘ “p ‘).ﬂ\)}...» “p o gou> )
F o)t iin g Cuad Jlo . Sbiels Slidss a=e (Oncorhynchus mykiss) LS .55, @Y1 J38 lale a0 oles
IYY-YA. Olxio

5 69y Olgw (uwo Dllgw) i OB 51 S $iedglgiuee SIS gaddlas ATV LGB Slulu wp (gllale cp ety catw,
A=Y Sloas F o)lods (oo g olowy Jlo (Sijrels Slidod alore . Joore ;9.5 oole sliBl p (pgaedlS g lS-0gm Slalgu

Al-Bairuty, G.A., Shaw, B.J., Handy, R., Henry, T. 2013. Histopathological effects of waterborne copper
nanoparticles and copper sulphate on the organs of rainbow trout (Oncorhynchus mykiss). Aquatic
Toxicology. 126: 104-115.

Banaee, M., Mirvagefei, A.R., Rafei, G.R., Majazi Amiri, B. 2008. Effect of sub-lethal diazinon
concentration on blood plasma biochemistry. International Journal of Environmental Research. 2(2):
189- 198.

Barnhoorn, 1.E.J. 1996. Effects of manganese on the haematology of Oreochromis mossambicus and the
bioaccumulation of metals in Labeo umbratus. M.Sc. Thesis, Rand Afrikaans University. 68 p.

Brown, V.M., Dalton, R.A. 1970. The acute lethal toxicity to rainbow trout of mixtures of copper, phenol,
zinc and nickel. Journal of Fish Biology. 2(3): 211-216.

Castro-Gonzalez, M.l., Mendez-Armenta, M. 2008. Heavy metals: Implications associated to fish
consumption. Environmental Toxicology and Pharmacology. 26: 263-71.

Ciftci, N., Cicik, B., Erdem, C., Ay, O. 2008. Effects of lead concentration on sera parameters and
hematocrit levels in Anguilla anguilla (Linnaeus, 1758). Journal of Fisheries Sciences. 2(4): 616-622.

Decie, S.L.V., Lewis, S.M. 1991. Practical Hemotology. 7" edition. Churchill Livingstone,
London/Melbourne/New York. 629 P.


https://dor.isc.ac/dor/20.1001.1.23222751.1394.4.4.1.5
http://jae.hormozgan.ac.ir/article-1-162-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2025-12-17 |

[ DOR: 20.1001.1.23222751.1394.4.4.1.5]

WAL Hlgo of olas £ o9 QL:JJ LS“L“; £ dd>en ng‘_r“‘ o5l

Dhanapakiam, P., Ramasamy, V.K. 2001. Toxic effects of copper and zinc mixtures on some
haematological and biochemical parameters in common carp, Cyprinus carpio (L.). Journal of
Environmental Biology. 22(2): 105-111.

Di Giulio, R.T., Hinton, D.E. 2008. The Toxicology of Fishes. Taylor and Francis. 9: 319-884.

Dick, P.T., Dixon, D.G. 1985. Changes in circulating blood cell levels of rainbow trout, Salmo gairdneri
Richardson, following acute and chronic exposure to copper. Journal of Fish Biology. 26: 475-484.
Ersoy, B., Celik, M. 2009. Essential elements and contaminants in tissues of commercial pelagic fish
from the Eastern Mediterranean Sea. Journal of the Science of Food and Agriculture. 89: 1615-1621.
Ersoy, B., Celik, M. 2010. The essential and toxic elements in tissues of six commercial demersal fish

from Eastern Mediterranean Sea. Food and Chemical Toxicology. 48: 1377-1382.

Gill, T.S,, Leitner, G., Porta, S., Epple, A. 1993. Response of plasma cortisol to environmental cadmium
in the eel, Anguilla rostrata LeSueur. Comparative Biochemistry and Physiology. 104(3): 489-495.
Gill, T.S., Pant, J.C. 1985. Erythrocytic and leucocytic responses to cadmium poisoning in a freshwater

fish Puntius conchonius Ham. Environmental Research. 30: 327-337.

Goel, K.A., Sharma, S.D. 1987. Some haematological characteristics of Clarias batrachus under metallic
stress of arsenic. Comparative Physiology & Ecolog. 12: 63-66.

Goel, K.A., Gupta, K., Sharma, M.L. 1985. Haematological characteristic of Heteropneustes fossilis
under the stress of zinc. Indian Journal of Fisheries. 36: 186-188.

Griffin, B.R., Mitchell, A.J. 2007. Susceptibility of channel catfish, Ictalurus punctatus (Rafinesque), to
Edwardsiella ictaluri challenge following copper sulphate exposure. Journal of Fish Diseases. 30:
581-585.

Grosell, M., Blanchard, J., Brix, K.V., Gerdes, R. 2007. Physiology is pivotal for interactions between
salinity and acute copper toxicity to fish and invertebrates. Aquatic Toxicology. 84: 162-172.

Handy, R.D., Al-Bairuty, G., Al-Jubory, A., Ramsden, C.S, Boyle, D., Shaw, B.J., Henry, T.B. 2011.
Effects of manufactured nanomaterials on fishes: a target organ and body systems physiology
approach. Journal of Fish Biology. 79: 821-853.

Heath, A.G. 1995. Water pollution and fish physiology. CRC Press Inc. Florida, USA. 359 p.

Herbert, D.W.M., Van Dyke, J.M. 1964. The toxicity to fish to mixtures of poisons. Part Il. Copper-
ammonia and zinc-phenol mixtures. Annals of Applied Biology. 53:415-421.

Holland, M.M., Steven, M., Gallin, J.I. 1997. Disorders of Granulocytes and Monocytes. In: Fauci, A.S.
(eds.), Harrison’s Principles of Internal Medicine. New York, McGraw-Hill. 2800 P.

Howarth, R.S., Sprague, J.B. 1978. Copper lethality to rainbow trout in waters of various hardness and
pH. Water Research. 12: 455-462.

Isani, G., Letizia Falcioni, M., Barucca, G., Sekar, D., Andreani, G., Carpene, E., Falcioni, G. 2013.
Comparative toxicity of CuO nanoparticles and CuSO4 in rainbow trout. Ecotoxicology and
Environmental Safety. 97: 40-46.

Khabbazi, M., Harsij, M., Hedayati, S.A.A., Gholipoor, H., Gerami, M.H., Ghafari-Farsani, H. 2014a.
Effect of CuO nanoparticles on some hematological indices of rainbow trout oncorhynchus mykiss
and their potential toxicity. Nanomedicine Journal. 2(1): 67-73.

Khabbazi, M., Harsij, M., Hedayati, S.A.A., Gerami, M.H., Ghafari-Farsani, H. 2014b. Histopathology of
rainbow trout gills after exposure to copper. Iranian Journal of Ichthyology. 1(3): 191-196.

Kosai, P., Jiraungkoorskul, W., Thammasunthorn, T., Jiraungkoorskul, K. 2009. Reduction of copper-
induced histopathological alterations by calcium exposure in Nile Tilapia (Oreochromis niloticus).
Toxicology Mechanisms and Methods. 19: 461-467.

Kudirat Adeyemo, O. 2007. Haematological profile of Clarias gariepinus (Burchell, 1822) exposed to
lead. Turkish Journal of Fisheries and Aquatic Sciences. 7: 163-1609.

Kumar, V.G.S. 1983. Effect of heavy metal pollution on growth, carotenoid content and bacterial flora in
fish. Current Science. 81: 819-827.

Landis, W.G., Yu, M. 2004. Introduction to environmental toxicology. CRC Press. 509 p.

Li, Z., Velisek, J., Zlabek, V., Grabic, R., Machova, J., Kolarova, J., Li, P., Randak, T. 2011. Chronic
toxicity of verapamil on juvenile rainbow trout (Oncorhynchus mykiss): Effects on morphological
indices, hematological parameters and antioxidant responses. Journal of Hazardous Materials. 185(2-
3): 870-880.


https://dor.isc.ac/dor/20.1001.1.23222751.1394.4.4.1.5
http://jae.hormozgan.ac.ir/article-1-162-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2025-12-17 |

[ DOR: 20.1001.1.23222751.1394.4.4.1.5]

e 35 GodiiS Cou glachile U OSen 5 g5k

Lloyd, R. 1965. Factors that affect the tolerance of fish to heavy metal poisoning. Biological Problems in
Water Pollution, Third Seminar, 1962 U.S. Public Health Services Publicatio. No. 999-WP-25. pp.
181-187.

Lopez, N.C. 1995. Changes in the hematological characteristics of Oreochromis niloticus exposed to
sublethal levels of cadmium. Science Diliman. 7: 22-29.

Mazon, A.F., Monterio, E.A., Pinherio, G.H.D., Fernandes, M.N. 2002. Hematological and physiological
changes induced by short-term exposure to copper in the freshwater fish, Prochilodus scrofa. Brazilan
Journal of Biology. 62(4A): 621-631.

Mishara, S., Srivastava, A.K. 1980. The acute toxic effects of copper on the blood of a teleost.
Ecotoxicology and Environmental Safety. 4: 191-194.

Mount, D.I. 1966. The effect of total hardness and pH on acute toxicity of zinc to fish. Water, Air,
& Soil Pollution. 10: 49-56.

Mustafa, S.A., Davies, S.J., Jha, A.N. 2012. Determination of hypoxia and dietary copper mediated
sub-lethal  toxicity in carp, Cyprinus carpio, at different levels of biological organisation.
Chemosphere. 87: 413-422.

Narain, A.S., Srivastava, P.N. 1989. Anemia in the freshwater teleost, Heteropneustes fossilis, under the
stress of environmental pollution. Bulletin of Environmental Contamination and Toxicology. 43: 627-
634.

Prousek, J. 2007. Fenton chemistry in biology and medicine. Pure and Applied Chemistry. 79: 2325-
2338.

Remyla, S.R., Ramesh, M., Sajwan,K.S., Senthil Kumar, K. 2008. Influence of zinc on cadmium induced
haematological and biochemical responses in a freshwater teleost fish Catla catla. Fish
Physiology and Biochemistry. 34: 169-174.

Rogers, J.T., Richards, J.G. Wood, C.M. 2003. lonoregulatory disruption as the acute toxic mechanism
for lead in the rainbow trout. Aquatic Toxicolology. 64(2): 215-34.

Shah, S.L. 2006. Hematological parameters in tench Tinca tinca after short term exposure to lead. Journal
of Applied Toxicology. 26: 223-228.

Singh, D., Nath, K., Trivedi, S.P., Sharma, Y.K. 2008. Impact of copper on haematological profile of
freshwater fish, Channa punctatus. Journal of Environmental Biology. 29(2): 253-257.

Singh, N.N., Srivastava, A.K. 2010. Haematological parameters as bioindicators of insecticide exposure
in teleosts. Ecotoxicology. 19: 838-854

Speisky, H., Gémez, M., Burgos-Bravo, F., Lépez-Alarcon, C., Jullian, C., Olea-Azar, C., Aliaga, M.E.
2009. Generation of superoxide radicals by copper-glutathione complexes: redox-consequences
associated with their interaction with reduced glutathione. Bioorganic & Medicinal Chemistry. 17:
1803-1810.

Straus, D. 2003. The acute toxicity of copper to blue tilapia in dilutions of settled pond water.
Agquaculture. 219: 233-240.

Svobodova, Z., Vykusova, B., Machova, J. 1994. The effects of pollutants on selected haematological
and biochemical parameters in fish. In: Miller, R., Lloyd, R. (eds.), Sublethal and Chronic Effects of
Pollutants on Freshwater Fish. Fishing New Books, London. 384 P.

Talas, Z.S., Gulhan, M.F. 2009. Effects of various propolis concentrations on biochemical and
hematological parameters of rainbow trout (Oncorhynchus mykiss). Ecotoxicology and Environmental
Safety. 72: 1994-1998.

Thomas, S., Egee, S. 1998. Fish Red Blood Cells: Characteristics and Physiological Role of the
Membrane lon Transporters. Comparative Biochemistry and Physiology. 119A: 79-86.

Yim, J.H., Kim, S.D. 2006. Effects of hardness on acute toxicity of metal mixtures using Daphnia
magna. Journal of Hazardous Materials. 138: 16-21.

Zhou, B., Gitschier, J. 1997. HCTR1: A human gene for copper uptake identified by complementation in
yeast. Proceedings of the National Academy of Sciences of the United States of America. 94: 7481-
7486.

\/


https://dor.isc.ac/dor/20.1001.1.23222751.1394.4.4.1.5
http://jae.hormozgan.ac.ir/article-1-162-en.html
http://www.tcpdf.org

