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PBS 

 PBS 

 PBS 

 PBS 

  

  

  

  

 آب گيري:( ج

و نمونه ها در ( مورد استفاده قرار گرفت 100و  90، 80به منظور آب گيري از نمونه ها، سري افزايشي اتانول )

 ساعت قرار داده شدند. 1هرکدام از اين الکل ها به مدت 

 ( خشک کردن:د

به دليل اينکه در مرحله ي قبل از پوشش دادن نمونه ها بوسيله ي طلا، نمونه بايد کاملا عاري از هرگونه رطوبت 

کمک دستگاه فريز دراير   ساعت به 2باشد، بلافاصله پس از انجام آبگيري به کمک اتانول، نمونه ها به مدت 

 خشک گرديدند.

 (Coating( پوشش دادن نمونه ها )ه

بلافاصله پس از خشک کردن نمونه ها توسط فريز دراير، نمونه ها به کمک نوارچسب کربن برروي پايه هاي 

 د. بوسيله ي فلز طلا پوشش داده شدن Sputter coater Pelco SC-6سربي قرار داده شده و سپس توسط دستگاه 

 ( مشاهده و عکسبرداريو

 مورد مطالعه و عکسبرداري قرار گرفتند KYKY-EM3200از نمونه ها بوسيله ي ميکروسکوپ الکتروني نگاره 

(Glauert ،1974 ؛Khoshnood  ،2011و همکاران) . 
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TEM

انجام کار مراحل فيکس و پست فيکس نمونه ها جهت مطالعه با ميکروسکوپ الکتروني گذاره مشابه با مراحل 

جهت ميکروسکوپ الکتروني نگاره بوده اما پس از مرحله ي پست فيکس، آماده سازي نمونه ها به روش زير ادامه 

 يافت:

، با اکسيد پروپيلن شستشو داده شده ( آبگيري شده%100% و 95% 75%، 50نمونه ها در سري افزايشي اتانول )

حجم  1به صورت زير قرار داده شدند:  حلال )اکسيدپروپيلن( -رزينو سپس در محلول  دقيقه( 30بار هر بار  2)

 1حجم رزين+ 3ساعت(،  4-3)به مدت  حلالحجم  1حجم رزين+ 2ساعت(،  1)به مدت  حلالحجم  1رزين+

 شب(. 1)به مدت  حلالحجم 

سپس نمونه ها در قالب هاي مخصوص توسط رزين قالب گيري شدند. پس از تهيه قالب ها، توسط 

نانومتر تهيه، بلافاصله توسط  500( ابتدا برش هاي اوليه با ضخامت Leica Ultracut UCTکروتوم )اولترامي

بلودومتيلن رنگ آميزي شده و پس از اطمينان از حضور بافت مورد نظر در برش، برش هاي نهايي با ضخامت 

ام گريد قرار داده شده و نانومتر تهيه گرديد. نمونه هاي برش خورده برروي صفحات ظريف مسي به ن 50حدود 

؛ Glauert ،1974) در نهايت توسط ميکروسکوپ الکتروني گذاره مورد مطالعه و عکسبرداري قرار گرفتند

Khoshnood  ،2011و همکاران) . 
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Baso-Lateral InvaginationsRERRough Endoplasmic 

Reticulum



110 
 

OOperculumEEyeCChromatophore

CF: Condition Factor



111 
 

Pavement Cell

 



112 
 



113 
 

GAGill ArchBCBuccal CavityPBPseudobranchHB

HemibranchFFilamentLLamellaeOOperculumPVC

Pavement CellRBCRed Blood CellPiPillar CellLa

LacunaICIonocyte

PBPseudobranchMCMocus CellGRGill Racker

mucosa

lamina propria



114 
 

muscularis mucosae

submucosa

serosa

oral cavitypharynx

goblet celltaste buds

enameldentinepulp

 

villi



115 
 

rectum

hepatocytes

Bile ducts

gall bladder

 



116 
 

HPHorny PadSEStratified EpitheliumCTConnective Tissue

PhPharynxPTBPharyngeal Tooth BudPTPharyngeal ToothD

DentinIEInner EpitheliumMCMocus CellPVC

Pavement CellTBTaste Bud



117 
 

PD



118 
 

MCMocus CellMiMicrovilliNNucleusFGFore GutHG

Hind GutLLiverMMesenterHLShepatic Lipid StorageHP

Hepatopancreas

SSinusoidBDBile DuctHAHepatic ArteryHP

HepatopancreasHLSHelatic Lipid Storage



119 
 

TFTyroid FollicleCECuboidal EpitheliumCColoide

Head Kidney

III



120 
 



121 
 

DTDistal TubulePTProximal TubuleNNeckCT

Collecting TubuleCDCollecting DuctHTHeamatopoitic 

Tissue



122 
 



123 
 

BSBowman’s SpaceGGlomerulusNNeckPT

Proximal TubuleDTDistal TubulHTHeamatopoitic Tissue



124 
 

*



EEyeCRChoroid reteLCLens Capsule

ProsencephalonMesencephalon

Rombencephalon



125 
 

telencephalonolfactory lobescerebral 

hemispheresdiencephalon

mesencephalonoptic lobestegmentum

metencephaloncerebellummyelencephalon

medulla oblongataspinal cord

Cerebrum

habenular ganglion

infundibulum

pituitary gland

optic tectumtegmentum

medulla oblongata

caudal

Mauthnerian system



126 
 

1a1b

2a2b

3a

3b4a

4b

IIIIVOlNOlfactory NerveILInferior Lobe



127 
 

CCapillaryNNucleusWMWhite MatterGMGrey Matter

GCGanglionic CellSGSpinal Ganglion



128 
 

OSOlfactory SacONOlfactory NerveOLOlfactory LobeOE

Olfactory EpitheliumCiCilliaUSUtriculus SpaceMMacula

Na
+

K
+

Ca
2+

Mg
2+

Cl
-

K
+

Na
+

Cl
-

Mg
2+



129 
 

0

1000

2000

3000

4000

5000

6000

Na K Ca Mg Cl

a

b
c

d d

380

400

420

440

460

480

500

D1 D2 D3 D4



130 
 

0

200

400

600

800

1000

1200

D1 D2 D3 D4

0

1000

2000

3000

4000

5000

6000

7000

8000

D1 D2 D3 D4



131 
 

0

20

40

60

80

100

120

140

160

D1 D2 D3 D4

0

50

100

150

200

250

D1 D2 D3 D4

NKA

NKA



132 
 

Na
+
, K

+
-ATPase

GAGill ArchFFilamentLLamellaeAAfferent 

arteryICIonocyteRBCRed Blood CellPBPseudobranch

±

±



133 
 

NKA

II

I



134 
 

Na
+
, K

+
-ATPase

II

I

PTProximal TubuleDTDistal TubuleCTCollective 

TubuleCDCollective Duct



135 
 

Na
+
, K

+
-ATPase

ICIonocyteBBladderUUreter

Na
+
, K

+
-ATPase

PTProximal TubuleDTDistal TubuleCD

Collecting DuctCTCollecting TubuleNNeck



136 
 

NKA

Na
+
, K

+
-ATPase

IIonocyteRRectumMCMocus Cell



137 
 



138 
 

GAGill ArchGRGill RackerFFilamentL

LamellaePVCPavement CellICIonocyteMiRMicroridgeAP

Apical Pit



139 
 

RBCRed Blood CellBVBlood VesselNNucleusEC

Endothelial CellLLacunaPVCPavement CellPC

Pillar Cell



140 
 

MiMicrovilliMMitochondriaNNucleusER

Endoplasmic ReticulumRERRough Endoplasmic ReticulumERV

Endoplasmic Reticulum VesiclesMIMembrane Invaginations

LC50

LC50

Probit 1.5ppm

 



141 
 

LC50Probit 1.5

LC50ppm

LC50ppmLC50LC50LC50

ppmppmppm

˚pH

LC50



142 
 

mmmg

 

mm

±±±±±±±

ppm±±±±±±±

ppm±±±±±±±

ppm±±±±±±±

mg

±±±±±±±

ppm±±±±±±±

ppm±±±±±±±

ppm±±±±±±±

P>0.05

 

0

1

2

3

4

5

6

7

8

1 2 3 4 5 6 7

)m
m
( 

B

C1

C2

C3



143 
 

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

1 2 3 4 5 6 7

)m
g
( 

B

C1

C2

C3

 



144 
 

 

CF: Condition Factor



145 
 

0

0.2

0.4

0.6

0.8

1

1.2

B C1 C2 C3

aa

a

a

BC1

C2C3

±±±±±±±

ppm±±±±±±±

ppm±±±±±±±

ppm±±±±±±±

 



146 
 



147 
 

Na
+
, K

+
-ATPase

Na
+
, K

+
-ATPase



148 
 

Na
+
, K

+
-ATPase

IIonocyteMCMocus Cell

 P <

±

±



149 
 

 P >

0

5

10

15

20

25

a

a

0

5

10

15

20

25

30

35

40

D1 D3 D5 D7

a

a

b
b

c

d

e

f



150 
 

0

2

4

6

8

10

12

14 aa

b
b



151 
 

Image Tools



152 
 

 

0

5

10

15

20

25

D1 D3 D5 D7

a

a

bb c
c

d

d

 

0

2

4

6

8

10

12

14

16

a

a

 



153 
 

0

2

4

6

8

10

12

14

a
a

b
b

 



154 
 

PVCPavement CellAPApica pitICIonocyte



155 
 

MMitochondria



156 
 



157 
 



158 
 



159 
 

 

 



160 
 

 

 

 



161 
 

 

 

 



162 
 

 

 



163 
 

 

 



164 
 

Na
+

K
+

Ca
2+

Mg
2+

Cl
-

Ca
2+

Cl
-

Mg
2+

K
+

Na
+

Ca
2+

Na
+

Cl
-

Mg
2+

K
+

Ca
2+

Cl
-

Na
+

K
+

Mg
2+



165 
 

C1

Na
+

K
+

Ca
2+

Mg
2+

Cl
-



166 
 

Na
+

K
+

Ca
2+

Mg
2+

Cl
-



167 
 

Na
+

K
+

Ca
2+

Mg
2+

Cl
-



168 
 

0

100

200

300

400

500

600

700

Na K Ca Mg Cl

B

C1

C2

C3

a

b

c
d

X
YYY

1

2 2 2

I I I I

*
**

*** ***

Na
+

K
+

Ca
2+

Mg
2+

Cl
-

B

C1C2

C3

C1



169 
 

LC50

LC50

Probit 1.5ppm

 

LC50 Probit 1.5

LC50ppm

LC50ppmLC50

±



170 
 

p>

3.3

3.35

3.4

3.45

3.5

3.55

)c
m
(

a

a

p>

0.24

0.245

0.25

0.255

0.26

0.265

0.27

0.275

)g
( 

aa

p>

˚pH



171 
 

LC50



172 
 

CF: Condition Factor

0.63

0.64

0.65

0.66

0.67

0.68 a

a

 



173 
 



174 
 



175 
 

±±

 
Na

+
, K

+
-ATPase



176 
 

RBCRed Blood CellFFilamentLLamellaeIC

IonocytePBPseudobranch

0

5

10

15

20

25

a

a

 

0

2

4

6

8

10

12 a
b

cc



177 
 

 



178 
 



179 
 



180 
 



181 
 



182 
 



183 
 

 



184 
 

Na
+

K
+

Ca
2+

Mg
2+

Cl
-

Ca
2+

Mg
2+

Cl
-

Na
+

K
+

K
+

Na
+

Cl
-

Mg
2+



185 
 

0

1000

2000

3000

4000

5000

6000

7000

Na K Ca Mg Cl

a

b
1 1

x
x

I I * *

Na
+

K
+

Ca
2+

Mg
2+

Cl
-



186 
 

 

*



187 
 

 



188 
 

Rutilus frisii kutum 

Ahelstrom

PleuronectiformesSakaiTeribolodon hakonensisFaustino

Ses breamLeisMatsubarichthys inusitatusAl 

HazzaaHusseinBarbus luteusRoje

PleuronectidaeJafariRutilus frisii kutum

Jafari

Jafari
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epidermisdermis

spongiosum or laxumcompactum

Integumentary system

Somejo

Somejo

Oreochromis niloticus

SinghBanerjeeClarias 

batrachusAwalAbdulBerraHumphrey

Kurtus gulliveri

Burggren

Varsamos

Hwang
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Varsamos

AldericeAysonKaneko

ShiraishiVarsamosBurggren

Varsamos

Hwang

HwangWalesTytler

VarsamosWalesTytler

Pleuronectes platessaShelbourneSardinops caerulea

 LaskerThreadgold

Chang

O. mossambicusAysonVan der Heijden

Plecoglossus altivelis

Hwang

Cyprinus carpioHwangC. harengus

WalesTytler
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D. labraxVarsamosb E. mordaxO’Connell

Paralichthys olivaceusHiroiO. mykissRomboughSalmo 

trutta CaspiusGhanizadeh KazerouniKhodabandeh

LoretzShenLeBlanc

Kryptolebias marmoratus 

  

FuVarsamosRombough

FlikVerbost

IsiagKarakisi

Laurent  Evans 
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Evans 

HarderHiroi 

 SchreiberVarsamos  Evans 

Harder

Harder

Scophthalmus maximus

Schreiber

WalleyeStizostedion vitreum

 

Micropterus dolomieuiOreochromis mossambicusFundulus heteroclitus
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VarsamosDicentrarchus labrax

Varsamosa.

A. sapidissima

Varsamos

Lacuna

HarderEvans

Evans 

Evans 

Pavement cellMitochondria Rich Cell: 

Chloride Cell: IonocyteEvans 

.

Harder
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Goss

McCormickShikanoFujioabVarsamusab

Chen

Evans  

Evans 

NaCl
-

Evans 

 Na
+
,K

+
-ATPase

Na
+
,K

+
-ATPase  

Nebel

Uchida  Shiraishi 

 Van Der Heijden  Watanabe  Seidelin 

 Marshall  Wilson  Laurent Varsamusab Evans 
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Evans 

Hypostomus plecostomusFernandes  Perna-Martines Acipenser 

persicusKhodabandeh

Uchida  Sasai  

 Sakamoto  Versamosa Chen 

K. 

bicoloratusHwangO. mossambicus (Li  O. 

mykissGonza´lezSalmo truttaRojo

P. olivaceusHiroiP. reticulateShikanoFujioF. 

heteroclitusKatohD. labraxVarsamosa

   

O. mykiss

González

LiO. mossambicus

 

Li  Paralichthys olivaceus
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HiroiD. labrax

Varsamos

a

 Na
+
, K

+
-ATPase

Varsamosa

Genten

Broussonet 

Roy

Bertin

King QuinnMunshi 

Pelster  

Randall Waser HeislerBridges

Quinn
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RoyHamidianAlboghobeish

SiluridaeIctaluridaeNotopteridaeCobitidaeAnguillidae

 Gymnarchus  Cobitis   Roy 

Lagodon 

rhomboidsDendy

WongChanAnguilla 

japonicaVarsamos

Dicentrarchus labraxVan der Heijden

Oreochromis mossambicus

LinChanos chanos

PelisMcCormickSalmo salar

Acipenser 

persicus

mucosa

lamina propria

muscularis mucosae
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submucosa

serosa

HosseinDutta

Blaxter  Luizi  

Hamlin Adriaens Zambonino InfanteCahuOrtiz-

DelgadoHolmbergZouitenSuiberto

S. maximusTytler

Seriola lalandi

Chen

GovoniSegnerSarasquete

DouglasRibeiroHamlin

SarasqueteRibeiroArellano

RhodesAndersonPajakDanguyPark

Kim
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Al Abdulhadi

SisClarkeWitcombHirjiFerraris

CataldiMorrisonWright

Ichtalurus punctatusSisChanos chanosFerraris

Seriola dumeriliGrau Oreochromis niloticus 

MorrisonWrightCaraciformesAnostomidaeAlbrecht

ClarkeWitcombVerigina

Zholdasova

Solea solea BoulhicGabaudanSolea senegalensisRibeiro

Limanda ferrugineaBaglole

Pseudosciaena croceaMaiAmphiprion melanopusGreen

McCormickAcipenser baeriiGisbert

Acipenser medirostrisGisbertDoroshovluciopercaSanderOstaszewska

Silurus glanisKozarićPetenia splendida

Alvarez–González

maximusScophthalmus Segner rhombus ScophthalmusHachero–

CruzadoParalichthys californicusGisberta

Sparus aurataSarasqueteDiplodus sargusOrtiz–Delgado

Pagrus pagrusDariasPagellus 

erythrinusMicaleDicentrarchus labraxGarcía - Hernández

Rachycentron canadumFaulkGadus 

morhuaMorrisonMelanogrammus aeglefinusHamlin
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DomeneghiniSarasquete

Na
+

Cl
-

Allen

Sarasquete   

 

Sparus auratusElbalAgulleiro

BagloleHirji

SisAmbassidae Unal

 C. tarichi 

Unal

Aphanius persicusMonsefiCyprinus carpio

Cyprinus carpio
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CyprinidaeLabridaeScaridaeCyprinodontidaePoecilidae

Genten

Plecoglossus altivelis Nakagawa Danio rerio

Wallace

Diaz

bOlsenDeplano

García-HernándezGisbert

BuddingtonDoroshov
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Gisbert

Zambonino – Infante

Zambonino – Infante

Genten

Allen

BuddingtonDiamond
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HossainDutta

BuddingtonDiamond

HossainDutta

Rust

Hoehne–ReitanKjørsvik

pH

Takashima

Hibiya

Hoehne–

ReitanKjørsvik

MorrisonHamlinHoehne-Reitan

KjørsvikOrtiz–DelgadoAmphiprion 

percula ÖnalMorrisonAlvarez - 

González
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SarasqueteGreen

McCormickGisbertaHoehne-Reitan

KjørsvikSantamaría RojasMicale

PeñabruneusEpinephelusKato

GisbertDoroshowOstaszewska

Kozarić

ductus cysticus

TakashimaHibiya

Hoehne-Reitan Kjørsvik 

TakashimaHibiyaPetcoff

Hoehne-Reitan 

Kjørsvik   

GentenKozarić

Vize
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Vize

Saxén

HowlandTytlerTytler

VizeHowland

Tytler

Tytler

Oncorhynchus ketaTakahashi

Lebistes reticulatesAgarwalJohnClupea harengus

TytlerDanio rarioDrummond
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Scophthalmus maximusTytler

Na
+
, K

+
-ATPase

Khodabandeh

Nebel

Dicentrarchus labrax

NebelAcipenser persicusKhodabandeh

Chionodraco hamatusMasini

Na
+

Cl
-

HCO3
-

HickmanTrumpDantzlerNa
+
, K

+
-ATPase

Dantzler

Dantzler

Na
+

Cl
-

BeyenbachFrömter

BeyenbachBeyenbachBaustianDantzlerBeyenbach

BeyenbachLiuPseudopleuronectes 

americanusSqualus acanthiasFundulus heteroclitus
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Na
+

Cl
-

Beyenbach

III

Hentschel

ElgerNa
+

Cl
-

PiII

BeyenbachElgerI

Elger

OttenBlaxter FernaldMiller

Gamble

FuimanBattyBlaxterFuimanRosenthal

HempelBlaxterStainesConferBladesO’BrienEggers

BreckGitterWrightO’BrienWanzenböckSchiemerBrowman

O’BrienaWalton 

BlaxterKawamura

Clupea harengusBlaxterJonesSandyBlaxter

Solea solea SandyBlaxterPagrus major Kawamura

Hippoglossus hippoglossus Kvenseth

SandyBlaxterJhons

JhonsFernaldSzamier

Ripps
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Kvenseth 

SandyBlaxterKvenseth 

Evans

FernaldPankhurst

PankhurstButlerPankhurstEagarPankhurstHilder

Shand

Easter

Fernald

MüllerWagnerJohnsEasterJohns

Lyall

Prosencephalon

MesencephalonRombencephalon

telencephalonolfactory lobescerebral 

hemispheresdiencephalon

mesencephalonoptic lobestegmentum
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metencephaloncerebellummyelencephalon

medulla oblongataspinal cord

Cerebrum

habenular 

ganglion

optic tectum

tegmentum

medulla oblongatacaudal

spinal cord

Y

Gage

Studnička

JohnstonHolmgrenKuhlenbeckMeader

NieuwenhuysabaBannisterButler

WullimannRinkWullimannMuellerMuellerWullimann

Wullimann
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Ferreiro-GalveWullimann  Rink Nieuwenhuys

LisneyCollin

Meek

NieuwenhuysSmeetsNew

NorthcuttHuber

falciformisCarcharhinusCoryphaena 

hippurus

Carcharhinidae

JohnsonNelsonGruber

MyrbergRitterGodknechtKotrschal

C. falciformisC. hippurus

Kotrschal

Bshary

BauchotNew

MeekNieuwenhuysNieuwenhuysSmeets

NewAlopias 
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superciliosusC. falciformis

Compagno

Northcutt 

BauchotBrandstaÈtterKotrschalRidetBauchota

DavisNorthcutt

NorthcuttDavisNieuwenhuys

VVIIX

Allis

JohnstonHerrickAriens Kappers  NorthcuttWebb  

Northcutt

Weiger

LC50

LC50

Probit 1.5ppmppmLC50
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LC50

CavasErgene-Gözükara

Lopez-Barea

Van Der Oost

Sunderam

LC50R. frisii kutum

Lakota

LC50

BatheLepomis macrochirus

NeškovicCyprinus carpio

HusseinOreochromis niloticus

Abdul-Farah pH
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GuptaYoung

R. frisii kutumAbdul-FarahDe MelPathiratne

TilakAyoola

HusseinOreochromis niloticus  وChrysichthys auratus 

PandeyChanna punctatusChandraHeteropneutes fossilis

AlvarezFuiman

AlvarezFuiman

 

sublethal

BeyerBolger 

Connoly

ShenoudaChrysichthys
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Alfred-Ockiya NjokuAhmed

SahaKing

HartMugil cephalusDiriTilapia guineensis

AboweiIlisha africana

Rutilus frisii kutumAcipenser persicus

Labeo rohita

BagenalTesch

Fagade

Fagade

WelcomeSiddique

FagadeDodzieWangilaArawomoOni

Alfred- Ockiya Chana chana 

HartMugil cephalus AboweiHart

AboweiDaviesClarotes lateceps

AlvarezFuiman

FatimaForsonStorferFreeman

RayburnHouckSessionsNieves- PuigdollerRowe

RymuszkaSrinivas
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Danio rerio

GörgeNagel

Wiegand

Vethaak

ICES

Malins

LindesjööThulin

PAHsPCBsDDT

Johnsonb

Heuvelvan den 

Malins

LindesjööThulin

Sinderman
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Au

Image Tools
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Gunkel

Streitdu Preez  van Vuren

PrasadSilvestre

Fisher-Scherl Oncorhynchus mykissNeskovic

Cyprinus carpioAlazemiGnathonemus 

pertersiiJayachandranPugazhendyLabeo rohita
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Yang

Roberts

MeissnerDiamandopoulos

VelisekCyprinus carpioCengiz

AlazemiCengiz

Cengiz

Velisek

 

Salmo salar

Nieves-PuigdollerSalmo salarWaring

MooreSalmo salarAlazemi

Alazemi

Paulino
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KhoshnoodKonarOlojoOlurin

Bingsheng

Au

MallatWood

BakerGardnerYevichGlobalTox

HemalathaBanerjee

WoodwardWoodwardHaensly

KhanKiceniukPrasadKhanPayne

LindesjooThulin 

Rhabdosargus sarba

Chattonella marinaTangAu

Au  

Evans
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McKimLien

Häkkinen

Coregonus lavaretusPAHUV

UV

Sayed

Claria gariepinus

±±
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Au

SindermannAu
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LlyodMcCartyDattaSinhaGosh

ChakrabartySenapati

Senapati

Anabas testudineus

Notopterus notopterus GhoshChakrabarty

A. testudineus 

BoseSenapati

Channa punctatus

Sinha

ChakrabartiChakrabartiSinha

Senapati

Hypophthalmichthys molitrixAthikesavan

Tuvikene
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Au

SindermannAuTuvikene

HealthHinton

HintonLaurenHintonHinton

VandenbergheGlobalToxBraunbeckKhoshnood

HealthHinton 

Health

PAHsPCBsDDTs

Pleuronectes vetulus

Pleuronectes americanusPAHsDDTs
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Schiewe

JohnsonMyers

Stehr

Ophiocephalus striatusBaisLpkhande

Salmo truttaBarbatula barbatulaPAHsGernhöfer

Cyprinus carpio

Oreochromis niloticusJiraungkoorskul

Oreochromis niloticusAbdel-WarithHeteropneustes fossilis

JoshiPoecilia sphenopsBurcu

GlusczakSeveri-AguiarSilva-

ZacarinCuric

gilthead sea bream

Xenopus laevis  
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Zaya 

Coturnix japonica

Hussein

Danio rarioYuanxiang

Lim

Au

MeyersHendricksGlobalTox

Myres

Myres

Au
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Gobiocypris 

rarus

YangOulmi

SchwaigerZaroogian

VTG

Fischer-Scherl

Oncorhynchus mykiss

Fisher-Scherl 

Cyprinus carpio

NeskovicCaquetaia kraussii Colossoma 

macropomumSegnini de Bravo
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minnowZha

Schwaiger

RoyBhattacharya

Channa punctatus

Oncorhynchus mykissFisher-Scherl  Cyprinus carpioNeskovic 

Yang

HickmanTrump

RollasonBrewer

Cyprinus carpio

Dhanapakiam  PremalathaCirhinus mrigalaPrashanth

Channa punctatusSastrySharmaCyprinus 

carpioKonar

Yang

Fisher-Scherl
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Abstract: 

To investigation of the toxic effects of atrazine on newly hatched larvae and releasing age fry of 

the Caspian Kutum, Rutilus frisii kutum, the 96h LC50 was determined as 18.53 ppm and 24.95 

ppm, respectively. Newly hatched larvae were exposed to three sublethal concentrations of 

atrazine (
1
/2LC50, 

1
/4LC50 and 

1
/8LC50) for 7 days. Different histopathological alterations were 

observed in fins and integument, gills, Kidney, digestive system, liver and the brain of the 

exposed larvae. Fry’s were exposed to one sublethal concentration of atrazine (
1
/2LC50) for four 

days, and like the larvae’s, many histopathological alterations were observed in fins and 

integument, gills, Kidney, digestive system, liver and the brain of the exposed fry’s, too. Also, 

measurements of the body ions: Na
+
, K

+
, Ca

2+
, Mg

2+
 and Cl

-
 in atrazine exposed larvae and fry’s 

compare to control groups showed that atrazine is changed the body ions composition. No 

significant differences were found in length growth rate, weight growth rate and the condition 

factor of the atrazine exposed larvae and fry. Immunohistochemical localization of the Na
+
, K

+
-

ATPase in integumentary and gill ionocytes, showed no differences in dispersion pattern of the 

ionocytes in atrazine exposed larvae and fry, compare to control group. Measuring the 

dimensions of the ionocytes and counting the ionocytes showed that atrazine is affecting on 

ionocytes by mild increasing in size and mild decreasing in number. Ultrastructural studies, using 

SEM and TEM, showed that atrazine have significant effects on cellular and subcellular 

properties. It caused necrosis in surface of the pavement cells in branchial epithelium, necrosis in 

endoplasmic reticulum of the ionocytes and changed the shape of the mitochondria in these cells. 

Results showed that sublethal concentrations of atrazine were very toxic to larvae and fry of the 

Rutilus frisii kutum, and at these levels can made some serious histopathological alterations in 

their tissues. Related to the severe histopathological alterations in osmoregulatory organs, like 

gill, kidney and digestive system, and the alterations in the body ion composition, it could be 

concluded that atrazine could interfere with the osmoregulation process of the Rutilus frisii kutum 

at the early stages of the life history.       

Keywords: 

Atrazine, Rutilus frisii kutum, Gill, Kidney, Digestive system, Brain, Body Ions 
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