[ Downloaded from jair.gonbad.ac.ir on 2026-01-29 ]

[ DOI: 10.22034/jair.12.3.51 |

SO (ol plo oyl 4wl

Journal homepage: http:/jair.gonbad.ac.ir
ISSN: 2423-6349

A=Y Olxio (F o ylows (1Y 0449

52908 5 Slidad pale O 4l39
99 WS oliits

SYTU B by adgl o150 50 woF g0 (mal S ol 59 95 p s 905 Og0i9d Wb

(Oncorhynchus mykiss) ¢stes™ w5

ezl el Jgm) MPdlmrle aamaliae gl asbld
Olpl (85 (85 b &bis 9 (55,58 pole ol8isls e e g S 0uSiiils M 0515\

IRV

2 @NE 0z g (g ST )0 S g (90,98 hlisko Zoliw jIG (ou )y Sub b axlllao o
A el eSSy YT (plo sy adgl Jolpe 30 (weSge (Sl oAl (B p g <l
Ol 5 Jld 0% oy B o gy 5,Y (o JolS Gy B 00 ez 055 4l yo duw 53 (Sl
Jole Clale dw 50 Folojl cal> po 1 50 0 planil (Blodzm 0 ,5) S90S (339 U Jd ik
Y0 (S g (9309 8L) walls 09,5 of o &y (od 53 0,5 (o +[+Q g o/+F o[+F) (aansS g il
39 830,5 a8LSI 1AL 4y pguw Al 3o 30 9 0T 41 cp90 3 Jol U210 30 sS993 ,5 ploxil 1S
A4S 010 (LS s 8,5 158 (s p2 9590 weT 90 (el LSl (B 1 g sl pow Al po e
g oa] GBS el Caws 4 AAISY EVFY Ll d slews 5o Swilojl ol iwe o2 5YL
AP<e/+8) 315 (yLid 395 31 (g 10 xo gLl L jlan 9L b duuss Lo 35 3 9 50 9 (e 9095 gk | < JS
PO £ ¢[8) (dgrglSganl (i ((Fid o 32 0 )5 no YIoA £ +/VA) (pui ol imo oyt bl
23S i A ke 5 (e 2 059,50 VA o [oY) @595 (ylme 9 (Pdowd 32 o8
ol GBSl (B g sl o )0y Cadio Ol T 4 2 (S g (390598 « ol axlllan (b

el 03055 (yLaS (555 (ST U3 (oploazm

o0z S a L sy (3 aS (5SS ) YT 3B Sy 3 13090 5alS (5Ll

Wl £o
Jeel iy

el azsw U
EA RS R0 RO IR
SYFIYY

4 Jghamo oims g5
s 05; ﬁ]dl,a@l} A...?LQJL.\...C
‘M)M 9 O saSlisle

b @lie 5 (55,5liS pole olSiils
ol 5 5T

ahajimoradloo@yah00.com: .|



http://dx.doi.org/10.22034/jair.12.3.51
http://jair.gonbad.ac.ir/article-1-869-en.html

[ Downloaded from jair.gonbad.ac.ir on 2026-01-29 ]

[ DOI: 10.22034/jair.12.3.51 |

1€ 1 )lgd W dyLadds 1P 2)93 «5)RSRT @oke

58,5 1,8 (Eales, 1979 ¢l a5 « Alinezhad et al., 2020)
oIl Sl ()15 ag 8 Slagigeygn (e 50 (L
W sy g i b ol pes Lol o beailass, culale
5 b gelie ((Dlae ol il aneS alws 4 (ole (5,5l
Kang and Chang, 2004) ssi o0 g, Sdslio cud)b
tLandines et al., 2010 ‘Walpita et al., 2007
6,185,506 S sl oals 3,135 .(Abdollahpour et al., 2018
3,90 Acipenser ruthenus ol oale o (S i (90,92
W pelS 65 JoydS Glaygsh g 285 E ow)
@l 5 8,5 518 Glalojl 0590 55505 5 emsell (S (g
% 039 PIS 2 pS ke 1 Sl 45 ol las ol
039 PRS2 pS ke ) sledd 4 S 1) Dliee 0 YL
Abdollahpour et ) ceol osls Hlas 395 51 aall 09,5 5 o
5 9ali 05,5 0 Swilesl as s Ko o555 s @l 2019
Veslesd basalie o 0 Gjg e 0kS p eSS ke Ve
Acipenser ruthenus als ,o 5% (39 p,59kS 2 p )5 o
Abdollahpour et al.,) cél  ialS s2>s LB job a4
lacbale ) sslitul coul oad )15 2Ll (2018
Clarias ) oaig)ol, soloas,S slag,¥ 1o (1uSs, 0 Sglate
S les o Saibosl ao,s s le sime glas(batrachus
L .(Ambulkar et al., 2016) cuolas ol 09,5 g (S g
@l arng Gl Gadgns slapgeye Sl 4 4y
2,08 oo 53U el g sl woys 5 05 (55950 Olole
Jold a5 3,15 0929 bagyge,50 (625 )0 53 (o9t slaghs,
3lg axblioe iluygabse g (Shom noad (Bl (G5
adsl ol o VIJ5 ole Vb Slibs @ ars b S0
Oloj e g o8 SlS )3 (S 9 25 (90590 5l oalitul ¢ JalSS
ol sl arlis 5 sl wo s Sgn o Wilgi o ligS
@ OS5y 032092 Al et b Gebod Gl Calpl 008
Y5 ol 5 5)Y 055 » (Shs> 5 s9abst 90
ol gloasls (S g sl o ol il LS 0K,

IR JES

W sigy g lgn| Y

doodo | )

L olale o514 pietes 51 oS 655, Y158 ol

@Y wo)s g wdbioe Sl (h9n sl Vb eolatdl 4]
Azevedo) ol sols plaisl o3 a1, bl odes oylime 5
Vb al, Cepw @ axg b ocaS ol o g (et al, 2004
@lolis (i3l 5 5 laome bl b o g5 sl Coaslie
o1 el al3Hl crge 928 blis 551 58 ale ol e
3 58 BB odSes 5l (Harsij et al., 2019) el oo
oS abbige (SN adgl al> e )0 59 (2l cnl 90
Sl olyed as 1, YL Slal g 00y WS Wl als e ol o
Planas and ¢l Ja 4 Hajibeglou and Sudagar, 2018)
4 e &S glagds, sl eslitul oplpls (Cunha, 1998
A 4 900 dpdhos polie slag)Y w5 DL tals
aS aSS opl 4 axgi L (Kazemi and Agh, 2012) o,y 0
LT 51 ooliil wiss oo 83 L 5 o5ulspbio s o s Loy 050
ol @l sjle oo pay Bl (Shhes slaals 0y 61,
090098 U5 g (030,90 b lers Coui sla oale a5 wad o0
Sl o Gl By sl Gl plo g adlas gloailasly
250 plnl QL 5l J3 Seeyse lSL 1)
A, S o lais 4 (gauSg 0 (s yge e (Piferrer, 2001)
& Alinezhad et al., 2020) oS oo Jose Ll Loy o
90,92 wl (Brown and Kim, 1995 {Lam, 1994 <3| Ja
a5 )3 W doys 5 (emd)Ss J5S ) 6 pSedn b a
tContrera et al., 2016) wil o Joo ol il o
09,5 dw a5 aad o lid Sliass (Schnitzler et al., 2016
S5 5 OeS9d) BSe Sosesse Aozl Sge 50
@ e wlgiee Loy yinl 5 ol Gseyee (Onig o
J& 4 Alinezhad et al., 2020) wgds plo o) 9 & Sguge
5 (T3) g ,misns (5,5 (Lam, 1994 Higgs et al., 1982 <!
Ol Sgate 9 9,Y 9y Sy )0 (Lo ads b (Ta) S g5
Sloads olulls ole alize slaaiss slapss o &
Kobuke et al., 1987 ¢;| Ja « Alinezhad et al., 2020)
(052,90 3> 5l i pees (Jl>= ol b (Tagawa et al., 1987

Sls Ddlae 5 baglyinl avgy b, » e 36


http://dx.doi.org/10.22034/jair.12.3.51
http://jair.gonbad.ac.ir/article-1-869-en.html

[ Downloaded from jair.gonbad.ac.ir on 2026-01-29 ]

[ DOI: 10.22034/jair.12.3.51 |

e GYTU58 ) adgl Joly0 30 (w990 (Loml B AS LS (B 31 9 sl 1 (osS'9 i (19098

w1 (shalojl 09,5 ¥ Jolis al>yo (]
(0,55 28L 53 S 555 (30,98 B55 Eed) Sald
RSk oY chile (pyme 0 Ol Gkl ladiges -
8,5 1B (S g5 il
P pShe F Chle (2yme 10 T Gkl laaiges Y
i85 1B S g Sl
P eSke e Sy po Ol bl eaiges T
(29l pgo 4l 5o

Oloy b o i (slag,¥ al o 51 ilejl pgo al> 1
eSS el (Ve 5o, BA 5o, 5D Jld 4l
RV SR TR SO K O FARIPPY ESJOSN PPS{WISUERY
S 9325 09292 el o (nl )3 09 LS YL LS 5o
@ (gee) Gloy So o (Ve 59, BY 3s, 5D ailys) &5 4
P2 50 w2l 4 naSg 5 G098l Sl a5 ALl O
Alang et al., ) aids Y+ Sow 4 6399,9 o b, «og
3,5 5 ol oy s 5 A cibgie (2020
D9 B slajlos aalol o LiulesTog SV Juolis al> o
(3555 EBLyS (eanS 955 H90y9% 4595 ) Sl
Sl @b sl al> e cnl jo a5 gl al> e sl sladiges )
B eSS Sl e S oY Cdile Bpme o
i 5
1 Gk sl se ol 5o a8 sl alo o sl slaaises =Y
JR eSeys Sl pop Sk 0P 2lale opee o
iz
<l Gk sl se al jo a8 ol alo o sl slaaised Y
R oeSons S pop S e R Zhale oyee o
TR
oY Bl e o Jsl doge o a5 ladises -
> o (nl )3 g Wog 48,5 18 (S gy i oS e
eSSk 1Y Chle Siee o Ol o)k 5l g
ofef cdale pase jo gl a0 a5 pladises -0
> o (nl )3 9 2o 48,5 13 (enSg S i oS (e

SelSS oy jhal> e ¥ 59, FO v 4 B ()
(Bloaz 5 9, wodjpizr 059) QoS 3, VI3 (olo
032098 Oliee &5 &5 (ol & i b (alejl cnl jo ol plox]
o 3l eilog o ol Galo3T 0,90 (o 5o (St S o5
2 A0 685955 21 Ol s S esliial OF (23 25
slod 09 )18 plale )l Cuzr Sl e gl aids
ST oonls HOrbia U-10) Jtoous yiege 5 bawgs ol
1609 Jow yimS! 6 ol Jlozus ofiws b Jolowe
Jaw Je> B o&Kws L ol pH § TECPEL DO
A 6 Se5lwl ebro.PHT-3140
I 02 9 O 30 S g1 (33038 319285

e 5 o6 b gey9e Glpl S50 Sy
4 4 o ,S oolawl (sodium levothyroxing) :y.wS's .59l
NL Rl bpSeSee Ve sl (08 209 (08 & )50
5 05 509 9 0dmsS ole Lawgd 45 35y Sy 0 5 (e
oY oe Glacdale (o oad oolel ygeye0 0008 = Ol o
WHO,) 23,5 )5 oolictsl 90 s o5 oo o /+Q g 2[4
Syez 51 2lie 0 > as (sl (Akbari et al., 201522019
O35 e olal wlsld o5,5) QLSS5 YIS el
doys 00F Joli o> sliowd cuS 5 b sl
Pl 08 000 VO-Y (o5 oy 2o 0 VV-V0 el gy
o, V-V0 g Casby asye 0-1) S as e Y
2 5553 slacble o ol eolal (30550 Jslre 05 Haud
@ 0z AL 6l 188 59, 2 eS8 0p2 0 Tk S
o3liisl (a8 9 25 (30598 Johowe (139 38] (g o aall 09,8
(Garg, 2007) o
(00 jpminy o2%5) iz Lol J3l 4l o

V55550 ol i U edjeter 035 51 talesT Jsl al> e
oaeY e vl o cpl (g5l 0,33 ST .08 T aloxil (V 54, U
B B T e I R e
Ogesgp > pe cpl po a8 S I8 IS T L el
Oley 3 haid (V 59, BV 59, 5D ailye) &jge (oS g5
302l & S 955 5931 5l g s S LSl Ol 4 o
Alang etal.,) aids ¥+ Soe 4y (699,9 ol Gl «ag 2

v


http://dx.doi.org/10.22034/jair.12.3.51
http://jair.gonbad.ac.ir/article-1-869-en.html

[ Downloaded from jair.gonbad.ac.ir on 2026-01-29 ]

[ DOI: 10.22034/jair.12.3.51 |

1€ 1 )lgd W dyLadds 1P 2)93 «5)RSRT @oke

3 pg alo o )3 a5 pgs 5 Jol al> e valds sladiges —F
2 A eSS p S e o0 oy o 3 )b
RS LN AT
e > 2l Biyb il pss g ol alye &5 ladiges Y
g Wog 4S5 i) g eSS 05 (e o/ T il
P e [V e (oyme po 138 5 b Al e cnl po
28,5 18 e SelS 5o il S g S
e o 2l Gk 5l pge 5 Jol dye a5 pladiges -A
g Wog 4S8 ) p eSS )5 e o/ 7 cale
PGk 07 e (oyme 3 a8 Gyb sl al> e cnl o
i8S R eSS p d )3 eSS
e 3 2l Gkl ess 5 Jgl al> e a5 leaised -4
g Wy a18F 18 i) S 08 e /08 2lale
Pk o/ cdale (5ime 0 13 Bk sl Al e 0l o
i8S R eSS p d )3 eSS
Silojl sy (oL
(Y +V) ol ,Ken 5 Qinghui g, 4 Saibejl sy
10 Ao
sl oo 58 = (0,99 lal 5o (oalodsm sl —
0390 sles! yo (dloagm slaxi) xVee
w0 ol sas s S e il
5 Subramanian g, _wlel » LesSse (5y5lae>
Bl sae Ve jlas 09,5 o 5lal plsl (Y00 V) ) Sen
0953 alBlaz &j90 4 g ol ()10 paiges (oLl Oj50 4
elden ¥ OIS gy o 23,5 5 ikl Ly 4
PR GRUIRVAPTIPIIVISS SN O R LV L PR e
b 4S5l by aledzn g al ools IS cows Loy
lod ;0 akBs Ve Dide a0 (gl e ugSge o0 S
&l g ol feuiy il g V00 jeo b ol F il ax 0
lp B asS Jite cwow VO CodgSn 4 (09,
Odnslgigel o S (e n mierd Sulled (6 pSojlul
A 5558 50 dasme eolaiwl ley U g 0,5 18 colaswl 40
wliglesl plxl 51 L8 as 6l ol 5 il ax o
abgiye ol Gyl Sl e ¥ 50 00jcn slaaiges

e Sk 8 Chle 2y o Ol i)k 5l
8518 S g5
e Gl pime o Jgl e o oS sladiges -8
> o cpl )3 9 Widgy 48,5 18 (S g 2 oS (e
eSSk 1 chle Biee o 0T o)k 5l 5
(b azm) g alo yo
30 Blo azm sae Vool ol (g5l 0,053 (ST
g9 al>y0) al> o (nl 0 09 ISV L a5 50 s 52
g b BLIN I8 0> & (eaSTg S (90)90 (L 4055
WA 295 (i (39 w3 F 2P L g )LSs Ceelu ¥ o Loy Y
(Taylor et al., 2006) ssai
PS5 ) 090> (555 b Jlad 035 al> e 51 ool pouw al> 5
05,5 Vo Lolis al> 1ol il aslol (F0 35,5 ¥+ 55, 5D
g b sl Lo anlsl jo  ioles]
(3,55 Z8lyS S g5 (190,90 AigS ) Sl
e 50 pgs al>pe 50 (Jgl dl> e sald sladiges -
M3 Sl Bk ) oS syd 2l p e She Y il
oY oy 0 18 bl pgw al>pe 0 g Wog a8 S
i8S 18138 0 59k )0 il S g5 05 (e
e 50 pgs dl>pe 50 (Jol alo e vald sladiges Y
IRl Bk 5l i p Sy oS oo o108 clale
P e 3158 Gosb jl pg al> e 5 g Wog a8 S
i85 13138 0 5ol )8 il g S g 05 (e
e )0 pgd A pe 50 (Jyl al> e vald sladiges ¥
28,5 )18 ol Gayb 5l GeSspd S ke /07 il
P ke o1+ (om0 0138 G )b 5l pouw al> 5o 50 g idg:
i85 13138 0 S olS )0 i) g S g s
ey a0 y0 45 pgo g Jgl al>yo sald sladiges -F
P R oS p S e 1Y om0 13 B )b
8518138 p S elS
3 pg Al e ;3 a5 pg3 5 Jol al> e alt slaaiges -0
P R oS oS e 0P orme o lie B )b
8513138 p S elS


http://dx.doi.org/10.22034/jair.12.3.51
http://jair.gonbad.ac.ir/article-1-869-en.html

[ Downloaded from jair.gonbad.ac.ir on 2026-01-29 ]

[ DOI: 10.22034/jair.12.3.51 |

e GYTU58 ) adgl Joly0 30 (w990 (Loml B AS LS (B 31 9 sl 1 (osS'9 i (19098

Syl o ploazy Swiboil as s b Sl alis )
Dol 09,5 5 S 55 30098 SLsled (i 5SSl S
O 0o g S uzes (P<4/-0) W5 cdalise
P<-1-0) 0 oanlie pgw g psd o5l Al o slojlas
ol s QAPY £ AP 4 L |0 sl aoys oYL
0,8 s AV e 2 VYE) vals 09,5 jo sl woyo
Jolis o5 (LS 055, Y133 (ploazn ,o el sloyyasl
Sdlad g esSee lalSgisel (usSee Jole eFgn
oaiS il o gloled adS aS ol (LiS g (usS 90 w5
035 & S |y (Sl 51 VL Gl S90S 90092
JS e e oYL P+ /2 0) 38,9l Caws 4 vl
D05 Sud aald 098 )3 S 9 1 jlesS )3 maerd g
slasles (w3 w95 9 JS eS9n e lo LIV Jou2)
D9l pgar 9 pgd Al>pe GeaSg S geyem eariSEdl
sl (o)
03092 Slaless G 50 1) )l gime D5l 55 () 29lS o]
Oliee (Yl g (P02 0) ol (Las 9ol 09,5 5 (S'g 5
23,5 DR ALl 50 50 sl e
DoldS o g pgd Jl Al slajle G S Gizes
P<+1+0) ol osmlive (ydeslS sl e jo (gl Sme

ol plas sg 1 gylo g

4230 ¥V Do 4y ol F il a0 F sles o 5 wials sLs
So 8 s Sl e 0 0k il @AY 0
b sy 80 gyl
099y 4 w295 me ! Lieeiw (Subramanian etal., 2007)
Al plouil yiegidg nSol ol 5l oolaiwl by g oo syguS
IS ol gsl8 siganl (5 550 5lasl (Subramanian et al., 2007)
Jsle o559 9 (V32Y) Anderson 4 Siwicki s,
20,8 el (YAQY) o o g LOWKY (g, 4y 3us (wsS g0
Wools Juloxs 3 43525
clale Sl Sy b elas NS ik o 53 il
e g o8 e oY glacdale Lols gl dus 45 (S 3
TSEIRVINE SUNEARWERU SHNNES NN
One-) as, by il ly 50UT 51 oalina b laosls Julos
mhos ;3 LSD 050 L bauSiles anulia 5 (Way ANOVA
s plol SPSS22 1581 a5 5l eslil L /0 Jlaz!
sy
oy ol el eyss Jsb e ol GAS slayill
ST sles i) o 0,5 oo 4 E IFF Jobons (5051 1 Sies
S VIV £ /FF OIpH 5ol 5 il as )0 VY £ - /FY
Bloam (Sl gyl 9 (Suilojl (o) 2

& oolawl &9

072 90T 1 S g i (90598 (199381 b oS (1555 YT U358 (Sonl (Lo yssTl g (Swilojl wuoys (Hlro Bl ol £) (uKileo 1) Jguar

‘S{L'xé
J5 od5eslS sigenl w395 Sollad 95 5o Joloe (nutigp S ilejl sy e ool J>1pe
@/dh Mg/mly (mg/ml)

ML N & VIVA £ /-YC WERS q¥/- - + yvsd sl sals
NI \IEY £ /. $0C V/OF + - /yy0e Qp/pY + v sabe 3

YV £ 0P A RTA ISERI RN Y sl al> e
YA E o [of0C V£ £ o/ bC VYR i QY/FY £ yvabe v

YD E [oXC V/EY £ ./ vbe VIES £ o[\ E0C QE/5Y + y/yyed f

AL AR RN VOY £ «yye a8/« & \Jy50C o oaloaz al> 1o
SIYEE .)xC VYD £ - /- vbe VIO * -/\0PC By + v/E.PC 2

SI¥A £ o[o¥PC VoY + YD VISY £ o\ YD qy/aq £ 112 v

JEY £ /- AP INER VIFA £ )P AA/+ - \)YsD A 055 al> o
<e0 £ /.92 V/Ae £ o/.¥2 Y/oAE VAR QA/EY £ /¥y q

AP<e/oB) W ylo Hlo S BB S5uSy b S piliio il Bg o b ygiw 2 0 ol A1yl gvoslos


http://dx.doi.org/10.22034/jair.12.3.51
http://jair.gonbad.ac.ir/article-1-869-en.html

[ Downloaded from jair.gonbad.ac.ir on 2026-01-29 ]

[ DOI: 10.22034/jair.12.3.51 |

1€ 1 )lgd W dyLadds 1P 2)93 «5)RSRT @oke

wls g ol )8 o, 0,90 (LADEO rohita) gag, ol
eiSap 5 &l e Dglds el Cawd 4 jg0
Cbls 3525 GdeslS @ (aesll e g gl (JS
sanlie (g ls cre glss yogal] xS b alal, o Lol
P9 5 sbless el s U5 g n s S
oS aal gz BB bl sl 098 4 cod
o eSS i pS e Vo lesd 5o 0T e YL
sleble b glale 4085 uimed el caws 4 olde
ol el (ol oz 0 SelS n e S e Ve 5 0
SFT ol g Seglie Glale 5 00us )5 b 558 oo
Aeromonas) Mdg,os  wlgegsl  6SL w
Oz o2 (8ah00, 2003) wisls 39,0 595 51 (hydrophila
Osoyee (6 I8, 50 o, Ke ¢ Abdollahpour
IR ein g sl oSl s, 2 ) GeeSTg S
Bl pilse p 1) Sy Sl addllas cpl jo ks
S50 39, VWe Loy Sow 4o Acipenser ruthenus
e reelS (5 JayedS slayiSs 5 wisls 3 iales]
5 2855 )18 Ghaleil 9,50 3515 5 (el (U5 (etis
PS5 oSk 1 e o ols i Jolo b
2 eS eV b 4 S | gl 523Vl o 03
Sl ools lis 993 51 wald 09,5 5 e (39 55
Slagos mlis S sk 4, .(Abdollahpour et al., 2019)
slaggeyge (Bin g phliling )0 &5 was o las
Lametal.,) asles oo slal |y (5locposl (il (gaSgys
oS ol las o o Sen g Lam adlas gols (2005
L obspe slag) ol Oliee 2 @adens slagge)se
Iy 2l ,o (Ragl TCRAC dkaros JIgLC) o
as,S GliE g ails ol 4 ,3L (Danio rerio)
ol s e 6 GaSenS lange)en
sloyse,se 56 (Lam et al., 2005) coul anslds
B aloxr Sl pel glagal hawi p gudgys
3 355wgS 1 (Hodkinson et al., 2009) T slacowgad
, (De-Vito et al, 2011) oSeole gjluls,
iz g olalllas lale ;s bl oays,§ Ll o) ity
anlllas ol jo a8 Ll 5o ks 0g2g aie cpl 4o (Sl
Sy 4 Gl o atlh p S eS Gsesee ]
SYIJ53 ploaz 5 nsll (039 Al yo 4 0 5 agy
on S5 Sher 5 Sosabet Sipe 4GS (5,

S5z g x| F
el 035 5 S5y 556 5l ol @l el
@l o5 adepe LSS, VI elaz
23 ey (o e sl S jo 0l (LS (6 Fiogtla
Sloo) 2 b Geiod ol gl ol eaaline 4 ojlads jlas
(Acipenser ruthenus) o ol jo oud plxl
Oreochromis niloticus (Abdollahpour et al., 2022)
Heraedi ) Brachydanio rerio 4 (Khalil et al., 2011)
Acipenser ool o .ol calle 5o (et al, 2018
V ok g dald 69,5 0 (Suilejl we s ruthenus
Vo sles bamalie 5o o (s S0k R S ke
ol stz ss R ok 4 G (s eSS 2 S ke
50 adllas o .(Abdollahpour et al., 2018) <L
g, ¥ 0 S g Gglaie slacdale 5 esletu
bl as s (syle sixe wglas Clarias batrachus
calawald 09 9GS slajles om
oS cewl ,§3 LB S ! (Ambulkar et al., 2016)
03 5 4y (LT llps ool (enS9 53 30
L el 5San ;50 Olalllas bl )0 (3udos pl )0 00l
b bl A5 sy e slaghy, 4 4z
Manzon ¢Jones et al., 2017) ol Oglato S g
3 eolamwl 4 cewl sals 3,155 (and Manzon, 2017
Y b G ) et job 4 (385955 Slaige )90
= o ol Ol 25 A e Cel (Sl (ole
Glom Bpan doel (0 yol cpl Yzl aS 04l (6, linls
ol 5l eslial s iplply ailics ogeysn o>
RloyY e 5 G5 18 ple ohig 4 o,
sgamal L5 e S e 5o ol Ly 0,5 bl
Oly> bl Canl (Seon 45705 (oo 518 (190 98 Sl g
w23 )13 5l o 1) Ggeysm @80 5 peddplie sl

(Castillo et al., 2015)
omz 5 2y GeeS oy g Sl adlas cnl o
ot Sy 4 e oS 55, VI3 b (i
Ol Pgeal 5 9 5d oS 90 Jokone (g p ylo Sne g
Sah00 adlas b sllas o Lol adlas .codl ol

=l sla,eS n ) g dans s B aS bl e


http://dx.doi.org/10.22034/jair.12.3.51
http://jair.gonbad.ac.ir/article-1-869-en.html

[ Downloaded from jair.gonbad.ac.ir on 2026-01-29 ]

[ DOI: 10.22034/jair.12.3.51 |

e GYTU38 ) adgl Joly0 30 (w990 Lomsl BASLS (B 31 9 sl 1 (oS'9 i (190398

Akbari P., Fereidouni M.S., Akhlaghi M. 2015. The
effect of levothyroxine sodium hormone on
percentage of hatching survival rate, and the early
growth stage of rainbow trout (Oncorhynchus
mykiss). Animal Research Journal (Iranian
Biology Journal). 28(2): 146-153.

Alang A.N., Hassan Z., Christianus A., Zulperi Z.
2020. Effect of thyroxine hormone towards
growth and survival of climbing perch (Anabas
testudineus, Bloch) larvae. Journal of
Environmental Biology. 41: 1230-1238.

Alinezhad S., Abdollahpour H., Jafari N., Falahatkar
B. 2020. Effects of thyroxine immersion on
Sterlet sturgeon (Acipenser ruthenus) embryos
and larvae: variations in thyroid hormone levels
during development. Aquaculture. 519: 734745.

Ambulkar R.S., Chaturvedi C.S., Gupta S., Krishna
G., Chadha N.K., Sanap B., Pandey A.K. 2016.
Supplementation of thyroxine and vitamin C for
enhanced growth and survival in early larval
stages of Clarias batrachus (Linnaeus,
1758). Journal  of Experimental Zoology,
India. 19(2): 815-8109.

Azevedo P.A., Leeson S., Cho C.Y., Bureau D.P.
2004. Growth and feed utilization of large size
rainbow trout (Oncorhynchus mykiss) and
Atlantic salmon (Salmo salar) reared in
freshwater: diet and species effects, and responses
over time. Aquaculture nutrition. 10(6): 401-411.

Castillo S., Bollfrass K., Mendoza R., Fontenot Q.,
Lazo J.P., Aguilera C., Ferrara A. 2015.
Stimulatory effect of thyroid hormones improves
larval development and reproductive performance
in alligator gar (Atractosteus spatula) and spotted
gar (Lepisosteus oculatus). Aquaculture
Research. 46(9): 2079-2091.

Contrera Y.M.B., Eugénio R.M.C., Damasceno D.Z.,
Bombardelli R.A., Tsuzuki M.Y. 2016. The effect
of triiodothyronine on survival, growth and
metamorphosis ~ of  yellowtai  clownfish
Amphiprion clarkii (Bennett 1830) larvae. J.
Appl. Ichthyol. 32: 960-962.

De-Vito P., Incerpi S., Pedersen J.Z., Luly P., Davis
F.B., Davis P.J. 2011. Thyroid hormones as
modulators of immune activities at the cellular
level. Thyroid. 21(8): 879-890.

Garg S. K. 2007. Effect of oral administration of I-
thyroxine (T4) on growth performance,
digestibility, and nutrient retention in Channa
punctatus (Bloch) and Heteropneustes fossilis
(Bloch). Fish Physiology and Biochemistry. 33:
347-358.

Hajibeglou A., Sudagar M. 2018. Effect of light
intensity on hatching rate, survival and growth in
rainbow trout (Oncorhynchus mykiss) alevin.
JAD. 12(2): 37-48.

VIR (ale po akej (nl po Slllas )5 13
2l ol b sl 09050l Gl S0 b (LS 0,
30,5 5o iy 55 ol 50y ammlis T L, Jol>
2 S sbogesse SlSh el Slides
adl ol a8 Sl s plale s (el et
o990 Sl L akaly o (eSS Sldllae il
slos ol slayehl » a9 oeeS s
OS5, YIUB ole ;o ol piaw 0 1550
lggessn (nl 3es 38 p3ille B opdy Oj9o
20,8 e

Loy 5 sSn ol wes e i aslllae (nl b
e chle ps ohy ) GeaSerd Ogeys ol
slopasls (Fp g i Cote S G » S e
Gl Ol S p el alls esSge (el
sl (a3l g (ol s Comdg 3900 S (09098
Gl a8 sged oolital (LS .55, YIJE (ale
shee s 5 e S iS pln 5o ale Cuglie
580 s 39 pl b 0ged Salgs Sl S8
ol Caxdy 2 GeeSopS H9e98 6O el
Lol cnl 3 i Slllae el piliae (oals
RET

SN Slasde |

] 005 U“’)‘)f ulfw 5.’ hws.: LY

REFERENCES

Abdollahpour H., Falahatkar B., Efatpanah 1.,
Meknatkhah B. 2022. The effect of thyroxine
injection on the growth performance and blood
parts of Sterlet sturgeon females (Acipenser
ruthenus). Aquaculture Development Journal.
16(1): 67-84.

Abdollahpour H., Falahatkar B., Efatpanah 1.,
Meknatkhah B., Van Der Kraak G. 2018.
Influence of thyroxine on spawning performance
and larval development of Sterlet sturgeon
Acipenser ruthenus. Aquaculture. 497: 134-139.

Abdollahpour H., Falahatkar B., Efatpanah 1.,
Meknatkhah B., Van Der Kraak G. 20109.
Hormonal and physiological changes in Sterlet
sturgeon Acipenser ruthenus treated with
thyroxine. Aquaculture. 507: 293-300.


http://dx.doi.org/10.22034/jair.12.3.51
http://jair.gonbad.ac.ir/article-1-869-en.html

[ Downloaded from jair.gonbad.ac.ir on 2026-01-29 ]

[ DOI: 10.22034/jair.12.3.51 |

1€ 1 )lgd W dyLadds 1P 2)93 «5)RSRT @oke

basal  vertebrate. Molecular and  Cellular
Endocrinology. 459: 28-42.

Piferrer F. 2001. Endocrine sex control strategies for
the feminization of teleost fish. Aquaculture. 197:
229-281

Qinghui A., Kangsen M., Wenbing Z., Wei X,
Beiping T., Chunxiao Z., Huitao L. 2007. Effects
of exogenous enzymes (phytase, non-starch
polysaccharide enzyme) in diets on growth, feed
utilization, nitrogen and phosphorus excretion of
Japanese seabass, Lateolabrax japonicas. Journal
of Comparative Biochemistry and Physiology.
147: 502-508.

Sahoo P.K. 2003. Immunostimulating effect of
triiodothyronine:  dietary administration  of
triiodothyronine in rohu (Labeo rohita) enhances
immunity and resistance to  Aeromonas
hydrophila infection. Journal ~ of  Applied
Ichthyology. 19(2): 118-122.

Schnitzler J.G., Frederich B., Dussenne M., Klaren
P.H., Silvestre F., Das K. 2016. Triclosan
exposure results in alterations of thyroid hormone
status and retarded earl development and
metamorphosis in Cyprinodon variegatus. Aquat.
Toxicol. 181: 1-10.

Siwicki A.K., Anderson D.P. 1993. Nonspecific
defense mechanisms assay in fish: Il. Potential
killing activity of neutrophils and macrophages,
lysozyme activity in serum and organs and total
immunoglobulin level in serum. Fish Disease
Diagnosis and Prevention Methods Olsztyn,
Poland. 1993: 105-120.

Subramanian S., MacKinnon S.L., Ross N.W. 2007.
A comparative study on innate immune
parameters in the epidermal mucus of various fish
species. Comparative Biochemistry and
Physiology Part B: Biochemistry and Molecular
Biology. 148(3): 256-263.

Taylor J.F., North B.P., Porter M.J.R., Bromage
N.R., Migaud H. 2006. Photoperiod can be used
to enhance growth and improve feeding
efficiency in  farmed rainbow  trout,
Oncorhynchus mykiss. Agquaculture. 256(1-4):
216-234.

Walpita C., Geyten S., Rurangwa E. Darras V. 2007.
The effect of 3,5,3'-triiodothyronine
supplementation on zebrafish (Danio rerio)
embryonic development and expression of
iodothyronine deiodinases and thyroid hormone
receptors. General and Comparative
Endocrinology. 152: 206-214.

World Health Organization. 2019. Levothyroxine

sodium (Levothyroxinum natricum). The
International Pharmacopoeia.

Harsij M., Adineh H., Maleknejad R., Jafaryan H.,
Asadi M. 2019. The use of live mealworm
(Tenebrio molitor) in diet of rainbow trout
(Oncorhynchus mykiss): effect on growth
performance and survival, nutritional efficiency,
carcass compositions and intestinal digestive
enzymes. Journal of Fisheries Science and
Technology. 8(3): 137-143.

Heraedi A., Prayitno S.B., Yuniarti T. 2018. The
effect of different thyroxine hormone (T4)
concentration on the growth, survival, and
pigment development of pink zebra fish larvae
(Brachydanio reiro). Omni-Akuatika. 14(2):21-
28.

Hodkinson C.F., Simpson E.E., Beattie J.H.,
O'Connor J.M., Campbell D.J., Strain J.J.,
Wallace J.M. 2009. Preliminary evidence of
immune function modulation by thyroid
hormones in healthy men and women aged 55-70
years. Journal of Endocrinology. 202: 55-63.

Jones R.A., Cohn W.B., Wilkes A.A., MacKenzie
D.S. 2017. Negative feedback regulation of
thyrotropin subunits and pituitary deiodinases in
red drum, Sciaenops ocellatus. General and
Comparative Endocrinology. 240: 19-26.

Kang D.Y., Chang Y.J. 2004. Effects of maternal
injection of 3, 5, 3'-triiodo-I-thyronine (T3 on
growth of newborn offspring of rockfish
(Sebastes schlegeli). Aquaculture. 234: 641-655.

Kazemi E., Agh N. 2012. The effect of feeding
rainbow trout (Oncorhynchus myksis) larvae with
Artemia urmiana enriched with herbal oils on
resistance to temperature stress, salinity and lack
of oxygen. Journal of Marine Science and
Technology. 11(3): 42-51.

Khalil N.A., Allah HM.M.K., Mousa M.A. 2011.
The effect of maternal thyroxine injection on
growth, survival and development of the digestive
system of Nile tilapia, Oreochromis niloticus,
larvae. Advances in Bioscience and
Biotechnology. 2(5): 320-329.

Lam S.H., Sin Y.M., Gong Z., Lam T.J. 2005. Effects
of thyroid hormone on the development of
immune system in zebrafish. General and
Comparative Endocrinology. 142: 325-335.

Landines M.A., Sanabria A.l., Senhorini J.A,,
Urbinati E.C. 2010. The influence of
trilodothyronine (T3) on the early development of
piracanjuba (Brycon orbignyanus). Fish Physiol.
Biochem. 36: 1291-1296.

Lowry O.H., Rosebrough N.J., Farr A.L., Randall
R.J. 1951. Protein measurement with the Folin
phenol reagent. Journal of biological chemistry.
193(1): 265-275.

Manzon R.G., Manzon L.A. 2017. Lamprey
metamorphosis: thyroid hormone signaling in a


http://dx.doi.org/10.22034/jair.12.3.51
http://jair.gonbad.ac.ir/article-1-869-en.html

[ Downloaded from jair.gonbad.ac.ir on 2026-01-29 ]

[ DOI: 10.22034/jair.12.3.51 |

e GYTU38 ) adgl Joly0 30 (w990 Lomsl BASLS (B 31 9 sl 1 (oS'9 i (190398

:dlioay sbciw! o g2
Y158 0y adsl (olye 55 (osS90 (ol Slaasls (5 ol p (oS 558 30592 2 SRz o) SLS g ol 2l oyl
A=Y NY AFF L ugalfacs olRasls g0 )5 bl ol sla tagsy 4 25 .(Oncorhynchus mykiss) LS .5,
Kiapour F., Hajimoradlou A., Ghorbani R., Hajibeglou A. The effect of thyroxine hormone on the survival and

some safety indicators in the early stages of growth of rainbow trout (Oncorhynchus mykiss). Journal of Applied
Ichthyological Research, University of Gonbad Kavous. 2025, 12(3): 01-12.

Yv



http://dx.doi.org/10.22034/jair.12.3.51
http://jair.gonbad.ac.ir/article-1-869-en.html

[ Downloaded from jair.gonbad.ac.ir on 2026-01-29 ]

[ DOI: 10.22034/jair.12.3.51 |

Journal of Applied Ichthyological Research Vol. 12, No 3, 01-12

Print ISSN: 2423-6349
Journal homepage: http://jair.gonbad.ac.ir

The effect of thyroxine hormone on the survival and some safety indicators in the early
stages of growth of rainbow trout (Oncorhynchus mykiss)

Kiapour F1., Hajimoradlou A™., Ghorbani R*., Hajibeglou Al.
! Fisheries Department, Faculty of Fisheries and Environmental, Gorgan University of Agricultural Sciences and

Natural Resources, Gorgan, Iran.

Type:
Original Research Paper

Paper History:

Received: 25-08-2023
Accepted: 12-09- 2023

Corresponding author:

Hajimoradlou A Fisheries
Department, Faculty of Fisheries and
Environmental, Gorgan University
of Agricultural Sciences and Natural
Resources, Gorgan, lran.

Email: ahajimoradlou@yahoo.com

Abstract
This study was conducted with the aim of investigating the effect of different levels of
thyroxine hormone in rearing water and diet on survival and some mucus immunity
indicators in the early stages of growth of rainbow trout. The experiment was carried
out in three stages: hatched eggs until complete hatching, hatched larvae until active
feeding, and active feeding until weighing about 1 gram of fry fish. In each stage, the
experiment was performed in three concentrations of thyroxine solution (0.03, 0.06 and
0.09 mg/L) along with the control group (without thyroxine hormone) with 3
repetitions. Thyroxine was added to water in the first and second stages and to food in
the third stage. At the end of the third stage, survival and some mucus safety indicators
were investigated. The results showed that the highest survival rate was obtained in the
treatment 9 with 98.67 + 1.33. The immune indices of total protein, immunoglobulin
and lysozyme showed a significant difference compared to other treatments (p<0.05).
The highest amount of protein (2.08 + 0.18 mg/ml), immunoglobulin level (0.65 + 0.09
g/dL) and lysozyme level (1.90 + 0.02 pg/ml) were recorded in the treatment.9.
According to the present study, thyroxine hormone has led to positive effects on
survival percentage and some safety indicators in rainbow trout fry.
Keywords: Thyroxine hormone, Rainbow trout, Survival, Immune indicators.
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