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Abstract

Present study was carried out to assess effects of aflatoxin By on different rainbow trout tissues. In the present
study, 207 rainbow trout fingerlings with an average body weight of 9.67+0.2 g were reared for eight weeks
in three distinctive treatments (control group, 25 and 50 ppb aflatoxin B;). At the end of the trial, various
tissues of experimental groups were studied regarding probable histological alterations. Histological alterations
due to dietary aflatoxin Bi1 exposure including hyperplasia and lamellar necrosis in the gill, necrotic and
vascular changes in the brain along with inflammatory cell infiltration and necrotic changes in the intestinal
and pyloric region were evident. The severity of pathologies was more pronounced in those fish received 50
ppb aflatoxin Bi content in comparison to the group fed 25 ppb toxin contaminated diet.

Keyword: Mycotoxin, Histopathology, Diet, Contamination, Rainbow trout

Corresponding author: Ahmad Imani Email: a.imani@urmia.ac.ir



VO

ey V2 S M s Su3glgilgiann )50 o)

aile gy sloo Slos aibog Lo a5 il oo
2 b Sgng) Gy JEI g g (il o
Chamarthi et al., 2014; ) o ,ls coge a0 Lals
.(Abarghuei et al., 2016; Yancheva et al., 2016

b (A ls Wi oo Gital S8l Sl (oo
Lo o boaVl plo b pgen 3529 (andeled Sy
Mishra and Mohanty, 2008; ) o—sb syl Sus;
Jols aabss ol sla izl (Yancheva et al., 2016
1y 3955 @8 il s | pelail (g rom | pelais I8
Farkas et al., 2011; ) ai,lo ouge &y 1) sb-ou | udass
oL g 009, «yizxen (Vajargah et al., 2018
3 o Slge 3l ey b e (ol se 55 4155
il ol Ll o 3 b
& =, b a5 (Banerjee and Bhattacharya, 1995)
23l o oa VIl (Ads byl & ple e

G (Oncorhynchus mykiss) ;leS .55, V158
G5l g @y ) Sl mie o goladl aigS
Ol el sl (s 3l Ghosn bl 5 b o clie
Slalllas ax S .ol g 9pep! Slal gy &5
5 0kl 2 oS P pass 131 3550 5 ()l
Motallebi Moghanjouei, ) el ol (5,155 ;oS
2016; Khani et al., 2017; Imani et al., 2018;
Slallas J opl L (Mahmoudi Kia et al., 2019
2l sl p WS 56 5,90 40 (3905
00 30 Guizmed Caw L oals bl LS .55 YT 58
3 o slaingin s le bLAS
Santacroce et al., 2008; ) cuwl ouls 5,138 aie) oyl
.(Hooft et al., 2011; Al-Bairuty et al., 2013

2ol slo 6565 )0 e ST Jlaz>| &l i)
ooledl ol ol (laS” 5055, YT 58 ole alex
IS POVY PR S L NPT S I
Jantrarotai et al., 1990; Ellis et al., 2000; ) ..
Sle JUa & (Sahoo and Mukherjee, 2001 and 2002

OS5, Y138 aS coul ool ylis a8 )5 & g0

aodds

ISt S bl SThg 53 b S 33T 59
oS Cl Yoz gl 30 Gyane !l Awg )0 59
Sl sty LB ol—adl gl as by Wy o
(Matejova, 2017) o—sb an__sls ol B anis
=B paa—w 'y Sete (AFlAIOXINS) b S §]
i e slaaie b gi a5 i wn [l
&,9l,8 b Penicillum slaaisS >, 5 Aspergillus
S o dmes Sl g Laasls 0,58
;1 .(Boonyaratpalin et al., 2001; Hooft et al., 2011)
(AFB1) B1 oy ST ¢y ST Citlisrs glil Lo
Shob s <S5 (RSB 5 AN n S o
Chavez-Sanchez et al., 1994; ) s9s o AU o2l
o ol b 0 (e ol (Bennett and Klich, 2003
5138 losles oyllas e slo S sisSule (2 yiotes |
o3l e (FDA) LSS 1o T oamta YL (sl
sk g pls o WS 9I8T (Aggarwal et al., 2004)
39 Olg oml (235l 9 0b) Ce i ol g
‘@hioiz (S S (ol s 055
Slyeds 5 (Sl SIS (e a g Sl
Selgs slaany po Ll plsil,—w 5 sl ogllacl
Boonyaratpalin et al., 2001; Sahoo and ) ss—i o
.(Mukherjee, 2001; Gopinath et al., 2009
S Fsole (Sogll (oyme yo bl 585 )18
OSwe &S gl (8L (gl 5l (6 ks o Kilg5 o
s o 5o o Lol el oaitS s sl (gl o
G an] 8 s Copn Sy 1 g 05, Ssi L5 sla al]
(Yancheva et al., 2016) 5,3 ;56 sl So5ede 58
Sl ,Sles lsie 4 Syl 5 (oo L il Slasls
P 3 ol S By Gl )0 (S
Hedayati and Hassan Nataj ) ol z oo ooV
S5 93l gt sy sl ,Klis (] (Niazie, 2015
el ooy p Jold Consj lanzmo 5 &)lla5 jolate 4
g 009, pre (ol waS LS il el Gus



1vaAq UL..M)L Al a)LQ..(:: JY 0,99 ‘U‘ﬁ‘ (5’"“']9 c.:L.A 4\17;@ ‘U)L.MJ

VOV

e 4525 L) alold Al 5 calu el Sl
5P ez e o Ve el g 9o YV LS
25 A (o S5k IS FOD AL 3,
Anii 355 i (g d—ays 10 liee a5,

Boujard et al., 2000; Khani et al., 2017;) sio—%
09 Ol pl—w g o3k (IMani et al., 2018
Joloms ale g 4y 5335 51 i3 ool 3 50
9 (FoRedd SelS (e ) o S S s (5l
A U3 yo lale o eols gt b Ol b s
Shawi 4y Grd Voo 6yl oz 1) i Yoo 5
O lagly sloas an ol muje8 3P o 40 ashd YY
6w slie b as el plasl sals jlg slo ol
slale ;00 oly (hmd )0 9 WD A pew (5
s YO o> olie o b cuiy 4 axlllas s
oS W] (s O+ ppb
Oi9 e 1Y e 4 Slals (iulesl Gaw b aials
Ol e (sl 00l 4355 59, 50 Cugh s (b
HLSs dian g0 5o 035 5o pleale 5l 9590 slae
Do 4 52395 5k 2 5l Gl pleale a8
(Imani et al., 2018) woi o laé alad cel . V¥
il ool glod yzman O (&S Jalse (550503l
0,99 Jsb yo 28,5 plxil ailys) &j50 a PH 5 sl
S5 5l am 3 VWYY OT sles (nuSiloe (B9
PPM A/BEINY sl (y5emn STV/F-V/A Ll T pH
g dids py md PIVEY O l,m St s

LAxT je, P Lo Vo

QAJ‘;\.&« 9 w\»)'\_ 0 pr ol L)LY
0S5y YT U3 ale lms slie polaie cnl sl
SaS @ g angd (FFT2 0,5 00 ailol 8 6l )15) LS
o 200 ,8 Olew!l (ST UL ooy Sgheas wlow]
3,50 53 digel (59, Aspergillus flavus z 8 cous
o lale w.au..x_» 9 GL“'B Sl llas dﬂ.b oolan___wl
Farzaneh et al., 2012; ) ;)] ;o V& S D8] oun
— (S5l dges calize polae «(Khani et al., 2017

Wil ) @ ST 4 (ole 5T Sl
.(Santacroce et al., 2008)

ey 0 Vo) Jow o oK 9 Sah00 asllas
Plo sy oS P (rojo i g Sl DIl o
@liee glaplasl jo &l yuss a5 ol Las Labeo rohita
9o o> 590 b Coew il lioe loj g 590 4 dinsls
s Lot (oY 5 08 )3 (B0 5 (555,58 Sy
2 839, Sl g ey gLl g Cfie
A8 5l edg, blie o b 5 592lS slad o]
Dgy kg ol H0 odd cdslive Ol s

oS Coaly (nl 5 5 E—250 (nl Cuenl 4y 4z g L
oo Lol sles g asb, o alie glacdy cun | (S
Jilg Ji s Joo cawliol Lyl 5o g 00l (guiain,
b i adyl sloooles Sogll Jlazol opuiman .o ,S
sy s 4 el daalllas S o ls 392y v ()
ol lize ocdl 5 ) o S T s 3l
3 Ban 1) s ) oo Ha 4 (65950 LS S5, YT
2V oS Ml o Sl (o) sl Gl ol
SYIJR ol 039, 5 Jlr b i e il sla il
ool s @ ccul ] 6,008 3 ol 5 (S 55,
sloosles ;o oS 5sSole j5a> 4y x5 G938l 59,
S e lsics axdllae ol s elowl s o lié
Y153 mbe calies ol o |, o ol g 5
ol Jeal olilas i g 00,87 pasede (leS (55,
Sged Sobe Ol SThs> ) 1y e

LTI ETEA
b oSS, Y158 cale dazes anlad YoV olows
;‘).c )‘ L.fi’ )‘ Tg)f UrYE. Y LS""\""" 39 w.i}LA.A
9 45 Aol Gl b 50 @Bly (oo g (Blo Ghy9n
oy, sl8isls bl gy oBile;] 4 oniy &jgan
Lyl, &L ase SO o ol o b oole ol i
L 6,55k @ae b plabe .was |5l a&alk;]


https://www.ncbi.nlm.nih.gov/pubmed/?term=Sahoo%20PK%5BAuthor%5D&cauthor=true&cauthor_uid=11510129

VoY

ey V2 S M s Su3glgilgiann )50 o)

ol eolawl (Y < 0)

@\.25 Y

5059, ¢yie o il (ol i o] b
b ool 435 (LS .55, Y158 ol S yakey Wls;
Giales F BV IS 53 ST s iliee zolan
Slocawl (oS gomax 0 pizen .l 0o o0l
Lol oamlie hB Y ooz j0 5 il

a5 g wald 05,8 il (o lib cdly gy o
AN IS8 ) ola plas ] (Siedgiligin o as e
9B ) JS5) YO ppb cdale b e ST Lo 09,5
Sl asle il 46l slass o e C
2 09l otale 31 9,5 ool Sl s 03 0
ol oot (Bloz 5 9 (b ) 490 laass
soslive 8l slacol (ol (218) 03 3)J55 laais
) 00 ppb cdale b e ST e 09,8 5 o
(s G8) eyl Jolis g 009y jagads (E 5D )
i (o e 9 O3 BAsS Wad (6O e
Ot 2] 28l sgad o 58 5 (B9 T (S ol )
g (D) JS)

mas sdsle L) (rnb jie 28L (A LT) SO
o3 oo Hldd Aliws asiioe aws gl a5 Blad
PPD Cale b (S BT (2500 )0 leale (28,5 1,8
P Seisils pol s e B9 (F9F i Dliess VO
(C B Y o) ol s aal i 09,5 L auolin
oMbz | aligSly tolesl g S onl o iz
ot b a8 58 g (S (208) oo i o0be
2ol odaliis (ol 28) bagys,e a2 (28, (y
Y U ) 00 ppb cdale by ST islejl 09,5
L e duis 00le (o miaasl ¢ abisSly 55 (E 4 D
b 59,55 g (bed et 4 Sl by Dol
A0 oamlie Wl 5 e, 5 S8

Sl @l oy 4 A 0500 Glo e 4 ax gLy
S5 Sy90 Oliae 4 Sugh; (5998 b e 0 03438
A g GBS Fur NS wonsl Cwo 4y e
Sl YF Goe 4 b, el jo S50 slaas , & g0
2 Jole ladis ) a2 ,5 S Gb1 gles yo
SEIE JEN VNP N S TR SR
i, s 5 Sis b5 jsb a4 b aios (5,1
Gl ions Sl (658565 Slakad 4y oud Sl
(VY mMM) 2S>o5 de—iz ol b SUI 5l nasSls 00
Cldn S j0 onls ags slagls Cols jo 00,5 cola!
bl S 5 e olren 4 (0SS o 58
&S ol Kl a0 -V sloo el &l
P B P VST S HVE VN VN PP K e W
(Lovell, 2003) i plxil oaeg ¥ & g0 4y 5,

Sldllas slowl gl 5, £o ceBd S 5l
g W Dbl ale aslad ¥l o 5l SG3elsl g
lg; 9 039, e il Sl 5 LLaFadlS 5l e
3esg; poliie (ndy A ()l pai ges b )] S5 5k
Jlmas 035 5l (pladiged (g 5 3l Lol 02
C3 b (ol Y B VIO Job) asie 3l L8 e po
(Hooftetal.,, 2011) o azisls

Ledl (K35 gt oy Y
S (b8 pg po sl by, L Lndiged
Ml oS iy cpl 4 0azd)s 18 ol asdllas 550
Comdd el VY S0 4 (590 Jolome jo cdb sladiges
L o3lmBlicds o555l Ul o o 41 g 0
A plnil (65 B g bl b (Sael (JobsS
5 3L (g5l ool J>lye 5l es (Khani et al., 2017)
0950 O Cualied 4y (oablio ( S8l)L slaSol s
O s eSSl s By 4 g4 gs Sl
P95y S g Bl s WA (g 520,
Cr—ogi sl el ) T Sl S5 )8

OLen g Riba g, 5l wbboawl s ol



yvaa L’)L’Z.m.gl.'f Al o)Lo.».'l‘: Y 0,90 ‘O‘)‘l‘ ,“.g@md@‘om ot

(CyB JSi) YA PPD ke runs 55T Siloys 09,5 (A JSb) sl o 53 3laS 05y GYTU B odlo Linil Cdly e -) S5
Foo oled cyd b o 3981 cbrunS g3l (g 50l Sy o(E 9D JSi) 0 PPD il cyaans T Giloy0 09,8

(C 3B JSi) YO PPD Clilé (s T (Gilo 0 09,5 «(A) walis jlond 10 oS (5 VT35 (Blo jo <l y guaii =¥ S
Foo oo ©odyd b o951 oS 5ilod g ol Ky o(E 9D JS) B¢ PPD Clile pnS 5T Siloy 0,5



AININ

cep ) 2 S W s 555l g )58 (s

(B JSi) YO PPD ke (S T (Gilo y0 09,5 (A JSub) aalid jlous 50 yloS 0SSy YT U3 (Blo 003, Cdb pguad Y S5
Foo lod Cudyd b o599 koS glos (gm0l S5y ((C JSd) B+ PPD cdild puunsS 95 MET Sloyd 09,5

gep 2l 09,5 S eky Wlg) (o Ll 8L (o )
ALF IS5 ol s |y (Suslsilsimss 4 e S
F JS) YO ppb clale b S BT Lo 09,5 50
S92 Soyskey Wlgs slojp (o 1) 59,55 ol as e (B
3® OGS I cale 38, Vb b (S5 aniw 208)
(D 3Cf JS—2) 0+ ppb S T Lo 09,5
5 CF S0 ) e 28) oy s (63D 50
F JSE) wlgy nl ble slajpy wad 55 5 55,5
A sdwliwe (D

05, el odnlie BB (A ) S5 0 a5 johailen

@meui\'a ppb cdale L, wsy‘yﬁi )Lo...s 05; BN
w3 oo las 1) 059, sloyp (o) 59,55 5 w5 s
oS 03,5 10 45 el > o ol (B ¥ S
2 Sl sla sl 3950+ ppb Cle b o S
9 (Mt S8 a5 ol e 5 g 003, sl
JB (ol (2d8) Loyl sua s 55,85 (pioren

(B JSi) YO PPD cdile (s 9T iloys 05,5 (A JSi) sl jloud (3l (S (YT U358 (lo SO yaly Slg Bl o guai -F S
Foo orlod ey b (93950 rlenS gilod ol S5y (D 9 C Jsi) B+ PP cldalé (ons 53T Sloys 09,5



\yaa QLMAAJL Al G)Lo..i: YY o)sb 5‘)‘):1“ (5””'!9 éJLa.A AJ.m ‘u)L...;

AT\

092928 0398 Ll 50 (Lhalojl Cilisio Gloog 5 oS (150 YT U8 (dlo Sidal K 5leilgimad (f)lae dmlio =) Jgu

(PPb) g il

S 50T 0+ RWRENERT aals
+H+ ++ + 2l sl 6 e
+H+ + - (035:8) Bars (S o2
+++ + - Y g5l
4+ - - ¥ dads o 55
+++ ++ - ol
++ ++ - loass (a0 (Slox

WAl adle D clhugie dd)le KD el s le KD s le ey D

022922 098 Ll 50 (Lol Lilisie srog 5 oS (155 GYTU3E (Blo Jho S35l ghusd (2,158 dmmgliio -Y Jgum

(PPP) s cdale o]
S ST B ¢ S ST YO sl
++ tt - S B9 SR
+ ++ - S350y pol
++ + - S eSy slbaies
+++ + - o S ole ol il g aligSTly
+++ + - el
M + - S5 B 59,55

Wl adle ) tlaugie ddle KD (b ddle D s le g D

022922 0398 Sl 50 (Lhalojl cilisio Goog 5 oS (155 YT U8 (Blo 039) S 5el il g (5198 dunlio Y Jgur

(PPD) s il

BWRRNEPY S 93T YO aall
" + _ 039, by p B g 59,58
+++ + + 039, 1255 ;5 bl sla ok 3545
+++ + - Rin Mipee
s n _ g ] s 59,55

Ao Al it tlaugie dd jlo D (b dsle ) s le gy N

910399 Ll 3 (PhlejT iise Glaog S oS (155 GYTU3E (Bl S ok Wiy S 3ooily gimmd (B9 dumylio -F Jguir

(PPD) o clale |
S 5B O+ S T YO ol
e+ + - o3 6l ol (63D pen
+++ + - J3k o WMol 55 5 59,50

W asle it tlaugie ddjlo P (b A le i s le gy D



\OY

ey V2 S M s Su3glgilgiann )50 o)

b b lawgie slojes Ba)5 O 9o yo (Dllg plw
lo ;5 3l eSS ST W Dle v o &) (S 5]
Ol p3l 5 S5 65 Giiel iG> o8 eSSy $YIUE
sleasss (Stewart and Larson, 2002) < wl oo
Sglite Ly AFBy &y coulus [l 5l ale caliee
AFBL & Cod (oS 555, VT35 (ool 5 i
s>y oyl b .(Hendricks, 1994) el s Lo
o Vb slajes 5o s ale 45wl oo slaaiss
Jantrarotai and Lovell, 1990;) & ,.5 o 3 5t
.(Jantrarotai et al., 1990

O OS> g Lad Shee a S 305 55 50 5k
s al, Sl lgie a8 el ale wiile Slogzge
(o> aslllas ,o (Chamarthi et al., 2014) &S
o s 00le ;5 JigSTy olml 5 3o slogyg)sd ) 55,5
L Jlaz! Lo a4 wilgi co Olyuss (ol ol onnl s
aily by o SoiielsS ol galS
38 sieleyl opl jo uioxen (Chamarthi et al., 2014)
ad,le eSO+ ppb 5 YO clale b Lo 09,5 g0
asyle (00 ppb e jo a5 i ssalin jle S
0y ol et e )5 (S jsb 409y pagad
DNAase el 36 cos b sk 4 wn uileg S
o | £95 S5 35 59,55 (Cotran et al, 1994) as b
b Jobo (3095 S pe Jolds &5 00358 o0 Cgmine (Jslo
T le,gsl g 59,50 aBb o0 Sl o
e 45 2Bl oo 3Ll 08 g (o Slge (ighe (y97ren
S g 00t (5,405 g Jolaie b e 4y
oluls oo, (Proskuryakov et al, 2003) o5 o
Channa punctatus ale> ;I calbses Lol jae 80
Lo yadgils )| pgams pulas O 5o looais¥T jpax 51 2L
OGN 35 5 gew Y5isSTy 59,55 pzmen o]
(Mishra and Devi, 2014) aas oo olis |y edl

‘SQLA 4\_3; }AA ;»_91_) S_wL_M ]

o— 4 03gJ] (5laé b so—& 4 3a5 Rhamdia quelen
do (9,95 o5l | jo cais als ) O S g

S S a5 5 o ¥

IS Brmae el I plebl 5 4385
bogd oo B Gysnii] Cato a5 (Lol 5]
2 aS Gl pl 5l Sl saxin o 3155 b o
s LB o ooSee ipge—n Ol T sl ST
45 W505 3975 Ly S M o535 4 bay] slacetgslis
Wl rizmen 9 e 0p> oS a5 4 e
335 o0 0y slaanpo B Gl Jlis 4 g ale
.(Azimi et al., 2013)

0381 13 6 b aydis a5 ol las ol adliae
Goe 4y g YO Ppb clale jo oo Sl o
pol pulas izl CBb yo slacaw] cel 59, 7+ Sgame
9 #9 (SPhpee Sde 4 b (Slox gl ass o
5 Y )33l 5l SR AkS o o2
R e

S5 M8 S Wilosls i (gouxie Sllas
i Sb ekl col s g sl ol b el
ol Jroads g 03g) (Jlrb ugass adS oS alox
Oeze (Sahoo, 2000; Gallo et al., 2010) e
Gl 0305 HLid Yo ) Jlo o o), San g HOOFt aslllas
W) s Se b Jolly S oSles b ag2lge &5
5 Sslre slime Sl (oM pmle «oyz e 1550
Bgdice pleS (255, YT 3B ale y3 50 (sl jgag

sloads—w o (b e 31 6 e
O o 4 g ad)le cplcl il poliyl
5 Oie—eST ol ety Sl (Sl 5 ladleY
oo SV 0 g 4 sldS 56 ol b o Jled
Wigd 0% 4 jsle lears Jlail 4 e Wilgi oo
& e 3 09305 Jiska |y (e i plodl, s o5
Bilberg et al., 2010, ) 05 oo Soimsms (oS g
.(Al-Bairuty et al., 2013

a—. Stewart and Larson (2002) zls ! 5
eie 5 Sl Lo ol 3550 ST Sty UK
aiile (abe ;5 ol 5SS W] .l i ogs LG



1vaAq UL..M)L Al a)LQ..(:: JY 0,99 ‘U‘ﬁ‘ (5’"“']9 c.:L.A 4\17;@ ‘U)L.MJ

VOA

G155 099, lajp (o il g 039 blie 3L ol
Oddsl 039, Jkinl Jobo 5290 DI 1S (bl 0
peadgolio b aS ol aiziws 5)165 oK o (slo Jolu
S rSslr a0 5 2loje—s wnld ) ey
25530 ey LEdL 31 4 b e S sisSole 0959
& S oo DS 5 Sgilie 0] b ol (b o s
4 pgems (2l 999 59 pglti b s dglie Jope aalol o
5 ol plasl 5 Lo sl (558, ot 3] s o
(Fanetal., 2018) wgi oo aplas]

g Farabi g 48,8 & s o sl _iio dslllas ;o
SRFP 057 SelS @ S5 e Olsr slaole
sl ¢ goSi (o, Sletuwl Sy (s 4l o
S5 blis jseb (reizmen 5 LA g 0 (Snes
oL e2 g AMany .o ,8 gl w 4zl 0 X,
o e SEMT s 45 35S i iz oY+ 9)
Jedd g ST 0,8 oy Sl Cls g o 650
5055 308 4 b itn] Ky i 0 508 4 ()] K,
A5 10 cwgS 9o Dl 5l a ol oyh> yalh p
.35 oo Oreochromis niloticus

(Vo)) o), San 58N00 Lawsss 45 (glasiliae 4o
oo 9 Goy Vo e 4 @S olS e s VTIVO
e Sow @ ra)f}l._:fﬁ f)fg_sl‘*" YIO 9 VIVO sl 590)
«é ,5 b=l Labeo rohita ;o By cp S g1 (5,
pol asle Glylos o @litn slaplal jo uzen
S5 ol 5 05 28l 55,58 5 (S Be el
9 951550 Olasd ol 551,350 5 el Ot e
Lls (ol oaiS 5 0,55 5 45 sla g So35,5
397 w90 i Sammge—s ((nl 2 0gdle aB 03,
5 e 5 oS Legisl aile Glbpu iy wlalo
el sla ol 3585 5 iyl gloeis Ll JLa

Cda s (5B (gl g (emas Jobe 3 )0 Dl
) oS L 4 009l (238 002 b 0355 5l 0ms 5
@ Giolosl 0,90 Lialidl b aS 0g Jl> yo ol by oylacs
slglessS 5 lagygys o3l yo wad hals 59, 1T e
oo VY Saled jo b osalin (omae Jolow
LS s S oSy S5 congdl Slde 0l b aydss
S GO e e 55 9 o e g il
.(Baldissera et al., 2018)

033l s2le 30 (2138 0z (ST ST s 0
g 2B 0 sy0en bliS b Sl g
o odaliie Voo PPD 5 VO Jlas jo s sisl og e
3 = (Motallebi Moghanjouei, 2016)
o) en g Mahmoudi Kia lawgs a5 5,50 sasllas
o SOl 5 Goysn o515 ployen il 59, (Y)Y
ol 5Is0d 2 B1 eSS o b ol
e W plol GleS K55 (YIJB ale )18
SV ST )0 (—Sy95 Olole 09, slagy a5 W S
A 45 S BT B+ ppb gl L1360 b
50 a5 ald oo i Al cpl ol o5 o wisy
o513 Rl e SE oS SeS ysnisn! Ll o
e slaoal jpa Wil oo mhaw w2l )0 590
S e = P L IRYE e
Ol 4 yo b asllas jo a5 (69l90 aslin o o L 8L
20,5 oo e oLl

J—w o Huang g a8 5 &g o axdllas o
Cosl ol (S 5sSsle S a5 T-2 qus Il Y414
i laiige 9, 0090l STz b 4y dis g,k 5l el g
Litopenaeus vannamei e gSoo ;o a5 b as i
b deslio o T-2 pos s o0gll e 00 b ool aydis
Gl 0j9 el g BB b 4 el b jles
axdllas (pl )0 pised 09 Sggive 09 Sy Sy
55555 5 g |50 Jolds 950 035, 2l (g Ll s
Wgr Sgliie (A& 0y 50 e il @y i (L
Sl (2lde 0,2 T2 o clile (l3IL oS (5 )9k



V04

ey V2 S M s Su3glgilgiann )50 o)

oz sl 48 ez 5l (elge b cow bl 0
oz b adss loj Sae g (Sogll wad g 055
«(Stewart and Larson, 2002) ol e eag)l slaé
S 25 plyie Ulger pled sxager Olpe 4
aallas 3,50 ol b (a8 K5, Y15 sale dgzrlse
ol o Sl o) el ) Gy ST
R R I
@ 0y 50 p—w Zbale lBIL (L slacs 55
lacdly oyl i s T anlllas el il .cdly o
S MW 3525 (T (sl (it 55 s il o0
5 M p ol gors Slas g LI o o) O

A5l (B)e 5 65l 0o

aslllae )0 Cdzred Ol 00y, blre p) 0 las ST
S BT 1518 90 50 (Y VA) o, g Mwihia
e sl ole 5 0o S (0S5, GV ol n
e o syl S5 0 o5 oS wiile 2ulis
o a olole sl Fogl a0 K5, 0,5 6 onhw
S9y 2 8S (6,500 addllas o ol s S ST
Ls:b..c 0 > L;o}ﬂ (e b el Co S ilen
a5 alS g oS )0 SSglel g Ol o ge
Slods ljue a5 il 00l oz i .0 5 Lol

oS BT a5 00951 138 (sloo b agdas 5l s

References @Lu )

Abarghuei, S., Hedayati, A., Ghorbani, R., Kolangi, H., Bagheri, T. 2016. Histopathological effects of waterborne silver
nanoparticles and silver salt on the gills and liver of goldfish. International Journal of Environmental Science and
Technology 13(7), 1753-1760.

Aggarwal, B. B., Bhardwaj, A., Aggarwal, R. S., Seeram, N. P., Shishodia, S., Takada, Y. 2004. Role of resveratrol in
prevention and therapy of cancer: Preclinical and clinical studies’. Anticancer Research, 24(5A), 2783-2840.

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

Amany, M. K., Hala, M., Mohammad, M., Abdel-Wahab, M. 2009. Pathological studies on effects of aflatoxin on
Oreochromis niloticus with application of different trials of control. Egyptain Journal of Comparative Pathology and
Clinical Pathology 22(1) 175-193.

Azimi, J., Karimi Torshizi, M. A., Allameh, A., Ahari, H. 2013. Effects of adding of two commercial absorbent materials
and natural zeolite to the diets contaminated with aflatoxin B1 on broiler performance and their immune system. Iranian
Journal of Animal Science Research 4 (4), 292-297 (In Persian).

Baldissera, M. D., Souza, C. F., Zeppenfeld, C. C., Descovi, S. N., Moreira, K. L. S., da Rocha, M. I. U., Baldisserotto,
B. 2018. Aflatoxin Bi-contaminated diet disrupts the blood—brain barrier and affects fish behavior: involvement of
neurotransmitters in brain synaptosomes. Environmental toxicology and pharmacology, 60, 45-51.

Banerjee, S., Bhattacharya, S. 1995. Histopathological changes induced by chronic nonlethal levels of elsan, mercury,
and ammonia in the small intestine of Channa punctatus (Bloch). Ecotoxicology and Environmental Safety, 31, 62-68.

Bennett, J. W., and Klich, M. 2003. Mycotoxins. Clinical Microbiology Reviews, 16(3), 497-516.

Bilberg, K., Malte, H., Wang, T., Baatrup, E. 2010. Silver nanoparticles and silver nitrate cause respiratory stress in
eurasian perch (Perca fluviatilis). Aquatic Toxicology 96, 159-165.

Boonyaratpalin, M., Supamattaya, K., Verakunpiriya, V., Suprasert, D. 2001. Effects of aflatoxin B; on growth
performance, blood components, immune function and histopathological changes in black tiger shrimp (Penaeus
monodon Fabricius). Aquaculture Research 32(s1), 388-398.



1vaAq UL.M..)L Al O)Lmi} JY 0,99 su‘)ﬂ‘(;’““‘b c—’l‘-ﬂ‘\lmcu)LMg \5-

Boujard, T., Burel, C., Médale, F., Haylor, G., Moisan, A. 2000. Effect of past nutritional history and fasting on feed
intake and growth in rainbow trout Oncorhynchus mykiss. Aquatic Living Resources 13(3), 129-137.

Chamarthi, R. R., Bangeppagari, M., Gooty, J. M., Mandala, S., Tirado, J. O., Marigoudar, S. R. 2014. Histopathological
alterations in the gill, liver and brain of Cyprinus carpio on exposure to quinalphos. American Journal of Life
Sciences 2(4), 211-216.

Chavez-Sanchez, M. C., Palacios, C. M., Moreno, I. O., 1994. Pathological effects of feeding young Oreochromis
niloticus diets supplemented with different levels of aflatoxin B1. Aquaculture, 127(1), 49-60.

Cotran, R. S., Kumar, V., Robbins, S. L. 1994. Robbins pathologic basis of disease (No. RB 111. R623 1994).

Ellis, R. W., Clements, M., Tibbetts, A., Winfree, R. 2000. Reduction of the bioavailability of 20 ppm aflatoxin in trout
feed containing clay. Aquaculture 183(1), 179-188.

Fan, W., Lv, Y., Ren, S., Shao, M., Shen, T., Huang, K., Zhou, J., Yan, L., Song, S. 2018. Zearalenone (ZEA)-induced
intestinal inflammation is mediated by the NLRP3 inflammasome. Chemosphere 190, 272-279.

Farabi, S. M. V, Yousefian, M., Hajimoradloo, A. 2006. Aflatoxiosis in jevenile Huso huso fed a contaminated diet.
Journal of Applied Ichthyology 22(Suppl.), 234-234.

Farkas, J., Christian, P., Gallego-Urrea, J. A., Roos, N., Hassellov, M., Tollefsen, K. E., Thomas, K. V. 2011. Uptake and
effects of manufactured silver nanoparticles in rainbow trout (Oncorhynchus mykiss) gill cells. Aquatic
Toxicology, 101(1), 117-125.

Farzaneh, M., Shi, Z.Q., Ghassempour, A., Sedaghat, N., Ahmadzadeh, M., Mirabolfathy, M., Javan-Nikkhah, M. 2012.
Aflatoxin B, degradation by Bacillus subtilis UTBSP1 isolated from pistachio nuts of Iran. Food Control 23(1), 100-106.

Gallo, A., Masoero, F., Bertuzzi, T., Piva, G., Pietri, A. 2010. Effect of the inclusion of adsorbents on aflatoxin B
quantification in animal feedstuffs. Food Additives and Contaminant, 27(1), 54-63.

Gopinath, R., Paul Raj, R. 2009. Histological alterations in the hepatopancreas of Penaeus monodon Fabricius (1798)
given aflatoxin Bi-incorporated diets. Aquaculture Research 40, 1235-1242,

Hedayati, A., Hassan Nataj Niazie, E. 2015. Hematological changes of silver carp in response to diazinon
pesticide. Journal of Environmental Health Science and Engineering 13(1), 52.

Hendricks, J. D. 1994. Carcinogenicity of aflatoxins in nonmammalian organisms. In: Eaton, D.L., Groopman, J.D. (Eds.),
Toxicology of Aflatoxins: Human Health, Veterinary, and Agricultural Significance. Academic Press, San Diego pp.
103-136.

Hooft, J. M., Elmor, A. E. H. I., Encarnacéo, P., Bureau, D. P. 2011. Rainbow trout (Oncorhynchus mykiss) is extremely
sensitive to the feed-borne fusarium mycotoxin deoxynivalenol (DON). Aquaculture 311(1), 224-232.

Huang, Z., Wang, Y., Qiu, M., Sun, L., Deng, Y., Wang, X., Bi, S., Gooneratne, R., Zhao, J. 2019. Effects of T-2 toxin
on digestive enzyme activity, intestinal histopathology and growth in shrimp Litopenaeus vannamei. Scientific reports
9(1), 1-8.

Imani, A., Bani, M. S., Noori, F., Farzaneh, M., Moghanlou, K. S. 2018. The effect of bentonite and yeast cell wall along
with cinnamon oil on aflatoxicosis in rainbow trout (Oncorhynchus mykiss): Digestive enzymes, growth indices,
nutritional performance and proximate body composition. Aquaculture 476, 160-167.

Jantrarotai, W., Lovell, R. T. 1990. Subchronic toxicity of dietary aflatoxin B; to channel catfish. Journal Aquatic Animal
Health, 2, 248-254.

Jantrarotai, W., Lovell, R. T., Grizzle, J. M. 1990. Acute toxicity of dietary aflatoxin B; to channel catfish. Journal
Aquatic Animal Health 2, 237-247.

Khani, S., Sarvi moghanlou, K., Imani, A., Agh, N., Razi, M. 2017. The Protective Effect of Dietary Cinnamon Essential
Oil (Cinnamomum verum) Supplementation in Reducing the Toxicity of Aflatoxin B, to Rainbow Trout (Oncorhynchus
mykiss) Fingerlings, Journal of Fisheries 69(4), 481-495 (In Persian).

Lovell, R. T. 2003. Diet and Fish Husbandry. In: Halver, J.E., Hardy, R.W. (Eds.), Fish Nutrition, third ed. Academic
Press, San Diego pp. 703-754.



V7 ot ) @ eI M oo S55Isilgit (B)lse (om0

Mahmoudi Kia, Z., Imani, A., Sarvi Moghanloo, K., Razi, M. 2019. Effect of simultaneous rearing densities, Aflatoxin
B1 toxin and herb powder mixture on digestive physiology of rainbow trout. Iranian Journal of Fisheries 28(1), 107-117
(In Persian).

Matejova, 1. (2017). Impact of mycotoxins on aquaculture fish species: A review. Journal of the World Aquaculture
Society 48, 186-200.

Mishra, A., Devi, Y. 2014. Histopathological alterations in the brain (optic tectum) of the fresh water teleost Channa
punctatus in response to acute and subchronic exposure to the pesticide Chlorpyrifos. Acta histochemica 116(1), 176-181.

Mishra, A. K., Mohanty, B. 2008. Acute toxicity impacts of hexavalent chromium on behavior and histopathology of gill,
kidney and liver of the freshwater fish, Channa punctatus (Bloch). Environmental Toxicology and Pharmacology 26(2),
136-141.

Motallebi Moghanjouei, M., 2016. Study and evaluation of economical and wellbeing effects of aflatoxins in some Iranian
aquaculture. Research project of the Fisheries Sciences Research Institute of Iran. pp. 298 (In Persian).

Mwihia, E. W., Mbuthia, P. G., Eriksen, G. S., Gathumbi, J. K., Maina, J. G., Mutoloki, S., Lyche, J. L. 2018. Occurrence
and levels of aflatoxins in fish feeds and their potential effects on fish in Nyeri, Kenya. Toxins 10(12), 543.

Proskuryakov, S. Y., Konoplyannikov, A. G., Gabai, V. L. 2003. Necrosis: a specific form of programmed cell
death. Experimental cell research 283(1), 1-16.

Riba, 1., Blasco, J., Jiménez-Tenorio, N., de Canales, M. G., DelValls, T. A. 2005. Heavy metal bioavailability and effects:
Il. Histopathology-bioaccumulation relationships caused by mining activities in the Gulf of Cé&diz (SW,
Spain). Chemosphere 58(5), 671-682.

Sahoo, P. K. 2000. Histological distribution and ultrastructure of exocrine pancreas in Indian major carp (Labeo rohita
Ham.) and its alteration in aflatoxicosis. Bangladesh Journal of Fisheries Research 4(1), 1-6.

Sahoo, P. K., Mukherjee, S. C. 2002. Influence of high dietary a-tocopherol intakes on specific immune response,
nonspecific resistance factors and disease resistance of healthy and aflatoxin Bi-induced immunocompromised Indian
major carp, Labeo rohita (Hamilton). Aquaculture Nutrition 8(3), 159-167.

Sahoo, P. K., Mukherjee, S. C., Nayak, S. K., Dey, S. 2001. Acute and subchronic toxicity of aflatoxine B1 to rohum
Labeo rohita (Hamilton). Indian Journal of Experimental Biology 39, 453-458.

Santacroce, M. P., Conversano, M. C., Casalino, E., Lai, O., Zizzadoro, C., Centoducati, G., Crescenzo, G. 2008. Aflatoxins
in aquatic species: metabolism, toxicity and perspectives. Reviews in Fish Biology and Fisheries 18(1), 99-130.

Stewart, D., Larson E. 2002. Aflatoxicosis in wildlife. Information sheet 1582. Mississippi state univ. Extension service.
Cooperating with U.S. Dept. of Agriculture steyn ps (1995) Mycotoxins, general view. Chemistry and structure.
Toxicollett 82/83, 843 -851.

Vajargah, M. F., Mohamadi Yalsuyi, A., Hedayati, A., Faggio, C. 2018. Histopathological lesions and toxicity in common
carp (Cyprinus carpio L. 1758) induced by copper nanoparticles. Microscopy Research and Technique 81(7), 724-729.

Yancheva, V., Velcheva, I., Stoyanova, S., Georgieva, E. 2016. Histological biomarkers in fish as a tool in ecological risk
assessment and monitoring programs: a review. Applied Ecology and Environmental Research 14(1), 47-75.






