[ Downloaded from jair.gonbad.ac.ir on 2025-09-03 ]

SO b plo sl gy 4 i
Journal homepage: http//jair.gonbad.ac.ir
ISSN: 2423-6349
1Y Olxio (F o jlowi (Y 0,90

™

&23bd g Slaind ¢pgle &yl 39

99 WS oliits

Rutilus KUtum ) uaw sl oo Daeolbes” J&5 9 oo 38 Loyl 5 9 S 3T duglio
Ol o Ol 39 T8 g § 39 i SGL-39; 58 (NOrdmann, 1840

“;.@,5 o0 “)Lo..t}'l% o> ‘\QQT s f”dlg.).é.ug Al cex> “thl*c)% w0
Oyl e wgglS aS (wggls oS olRisls g@...Jo alis 9 (55,5LeS pole 0uSisls (M 09,5 !

oS

WakooligS Jaig o 33 (il GRSy Joani ilike SBCLLE 55T ouyp 4 pol> adliae
SLailssg, 3l plo dus YF (Guiznd (pl j5 .Cuwl 4315 » (RUtilus KUtUM) subw 2lo o Wge
dwo 0)5 ANIYO £ FAF/F 9 AV /YO £ ¥YVDY Sig cruSiloo b (ol yadile) 0957 yas g 09 s
el dus ko 4 5d 18 O pxe g id B ad ) b Bl (Siasdly dansS VY 50 (g i
WLl O 4 (i 0 p,F Lo +/B0 g /YYD VD wbld) Jooud cilido gcdalé v Joo
TS b oIl o (o liordion G aS Ll g ub a8 )5 (200 A8l Wy g 3l (yg Aiged .o
6° 0Pl 9 JS (InelSgigel (Jgii 95 TS AelS el 5,10 Sre sbay Jgoud a5 Ol (L
b cizzen (D<e[+8) o U gaund SuomnSTpygm 3 VUL (labeaS o1 j95) (38l 5 wusd]
(P<el+8) 397 s 59 10y 4ilE-095 (W30 30 Jgoud 0 )5 o +[B+ 90/ YV D (slo Lo )0 3555
U o 5 o yeS Cdalé (P>e/+0) Wbl 5,00 cime SMST bylos plu a5 b o
AV jloni g 98l 09,5 50 Lol (D<e/+8) by (381 09 10 pus (g0 30 Jpoud SV locdile
Ol (P<e/+8) clls 518 g YL gebauw 53 39y AilS39)) 3l 00l dpo (90 30 Jgaus 0,5 o
Cadlad (D<e/+B) 091 iy 2913 s 409y cpllgn 30 Jgoud 05 ko +/B slond 50 v 5954
Syl golod )3 53 ST (53 ¢ygllo 9 U goumnsd S y3 90 YL (IS (5l 9915 g9 <y LodoS’
waled 3 (P<e/+0) d91 s (5,10 %0 9l 4 39 b 4509 (pige 40 WBLY 09, 5 i lojl
GooligS b Jiig oo 50 (o il JblS 4y wilgi (o0 Jgoud 055 ror /B 3l eolisius! vy o0y &
IS S s alo (230

I e oo T Callad o olendian GASLY (bl S 1gualS sbaoll
S5

Wl £ o
Jeel iy

o azso U
1A el
IV F

40 Jgmo o g8
s os)f by Al Cox>
ale g s5pslaS pole ousiadls
AT gsls oS ol ¢ ke

Olpl wgsls

N
hojat.jafaryan@gmail.com

doddio | )

oleale J& g Joo (sl oslinul )90 5 Jslate sla b,
ol olallis b (Carneiro and Urbinati, 2001)
a8, plale codls g Ol cuaS 5 ke Sl o,
OS] g PH o zals (Sligel Ll (Jlie olgre
oz 1SS 5 JopeS e Bl g (Jobore
S Janagi pletle J& 5 Joor 51 (2U oyl (slooely
= PP \ POV (PG SWUURINLIVE P S SR LW Fpp- T
Mirghaed) oo jioli8l 1) Lo g )l 4 Sl g 00,5

Ji 5 Jom 5 olbwlr o alox | Gline Slilos
slaanlp 10 65500 5 @l slaanlp e 5l Lale
o oblee Gl ws ginepl sbhew 5 s
5 Ngdge aSll Glale lp vyl aie lsie
oz Sl § (S5slsn 08 05,18, Sl it Yoo |
Oleple Cwodls Coles ;o aS il ol o s ylale 10 1,
Rehman et al., 2017) sls salg> 13,36 oo |,

.(Barton, 2002
bale 55 oyl sl 4 Wi o canlial Ji5 5 Jo

Sl Se wed e ol aS sl o e g


http://jair.gonbad.ac.ir/article-1-909-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-09-03 ]

Felix Tennantetal., 2019) wiS' oo SaS jus Slog 50

(Calabrese et al., 2024 «t al., 2021
ool b S 5 (oD s sk ) Jsos
(Thymus vulgaris)  yiogl dex 5l (lalS &5 jo aS
Origanum ) 555, Yousefi et al, 2018)
« (Ocimum gratissimum) >, . (heracleoticum
Oliveria ) luwesS o) « (Carum copticum) Ls;
Se s0 <8l (Satureja L) o;,. ¢ (decumbens Vent
9y Saie SISl eole ol (Escobar et al., 2020)
WS 29,5 25 bl as (SlaSI T Pl
Escobar etal., ) o)ls o5 sl 5 sl 0 ¢ cws 9
wil o 5 (SS Lisee Lol syl eale opl (2020
S olere 4 Jgos l)...>| .(Aydin and Barbas, 2020)

oS Gl el a8 18 Azl 550 (xb Sl
o s UK (59, pasl o)lo 0,0 wb Cools g 4
0 S35,5,00 5 GABAA (sloosi ;S (reizmod 5 mmily 5
Jsass o5 250 el o Sy cnl 235 oo 556 B
2 st Gl g Gyl (el (sl Ol glan ;S
ol 5) (Guimardes et al., 2013) ol el ol i
Cix e ol @y 4 Jds 4 Yl Jood sk
S S1 T Gial33l 5 s 25Ty s SIS0,
] GRLS 4y i a8 el (o5l i 5 (s 3T ol
5 Lo abox 5l alizee slaJ9SUge5 Sle 4 geilannS]
Hoseini and Yousefi, 2019) ogi o ooysp
(Alagawany et al., 2021

5, Slas (59, (Gosra il Jwamiwom@b&b
Jelge plp 50 Caaglie 5 SlaraST ml colled s,
(Ictalurus punctatus) JUlS ale 4,5 ;0 156,lew
(R. quelen) ol 4,5 4 (Zheng et al, 2009)
e Y10 sleslaul .oyls (Bianchini et al., 2017)
Cyprinus ) ;5.5 (ale (gt Sel Jood Sd 2 )5
g 0,5 Cughs | SlowST Bl pieaw 0L (Carpio
oS (g Olge ple 4y Cod (65T (Sl (2)lse
el g 9ulanST o el oyl SN 5o Jgi3gl aiile
(Yousefi etal., 2018) ols lis 8L

ool55 Mirzargar et al.,, (2021) Ko gladdlas o
Sl 5 58 Jyosd oS ko B ) aslil a5 oS
S edd oyl alS a4 e oS el & Joo
oS Al eyl dyaizs el YL lacdale a5 I

Tort, <Parodi et al., 2014 <«and Ghelichpour, 2019

(2011
S ol 2l sl (e s o3 sla Sl 5o
Ll 8,5 18 a4zl 000 lale o & g o
3590 SBGDg, Cn ks 3l 2l o asuel T slga 3l esliul
Aydn and Barbas, 2020; Rodrigues ) a.ib o oslawl
4 olse ol (Branddo et al., 2021; Zahl et al., 2009
Gloguly (hals 5 (So5d slocew] 5l ol jslate
Oleale Codl b wigd oo ooliinl (o il 4y (So59lgn 523
slacdale sl eolazwl (Tondolo et al., 2013) &b sg.pe
o3l GEalS 1y oy llad Wlsi oo isuplT slge ol
Zeppenfeld ) 00,5 lale ;o oyiwl juolS 4 i g
.(Becker et al., 2012 Parodi et al., 2014 «t al., 2014
245 ol sblie Jels & ALS Slsa 3l eolin
el @y sy az g 050 2l Lol bl
Hoseini et al., ) <ol 23,5 |13 lLale |85 5 Joo> g
Souza et al., <«an and Simer, 2019 <2019
Rodrigues et al., «Aydmn and Barbas, 20202019
aS ol o,l¥ Toni et al., (2015) asdlae o (2023
=S58V 4 s (Lippia alba) sobw (s5eda (485,
(Jo3ssS g GRIED Gl Rl el Joib!
(Sparus aurata) ol ;o paw 2o jo (GLSY ¢ 35615
5 Jo aline jsbay ad aiels Yoz J85 5 Joo (b
L (Paralichthys orbignyanus) L, ,adé ool Jss
S ol , o (Aloysia gratissima) geday s,
1 &g 5,kel glss 5.5 (Ocimum gratissimum)
3leslawl (Benovit et al., 2012) ols ylis ;5415 xlaw
Azambujaetal., ) L. alba »lS sbeo,lac g o Lol
Zeppenfeld et al., ) (Aloysia triphylla) seJas « (2011
Salbego et al., ) (Candalia buxifolia) LJI;=S™ 4 . (2014
bl g eyl oS 4 e J&5 5 Jom (b (2015
.. (Rhamdia quelen) lo a5 ale 45,5 1o gilans]
390 socdale giluaigy ool Zasg a4 Cladly )
Ol U8 5 Jom wnlyp (b 1) (iopll olse 5l oolind
Slge cpl cdale Canlie Ol (@dly [0 o5lw oo bles
SLUS (59, G)logime e g Sude SIS Wl o
G a5 ol 4 azg oplply sl atsls bl il
8L el 5978 plole o) 5 Cuodl Lai> (sl Lo
ol 5o el GRalS g JE g e CulS Sge @


http://jair.gonbad.ac.ir/article-1-909-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-09-03 ]

o s B0 (520090 Doolig S g Jo 50 il (1S 1 Jgon 3l dunylie

A a8lol S o4y (id yo )8 o /B 4 ¢ /YYD
SlodusS 5,0 palae Ol diy (Sow awLS o)
g iSS ol5, 5L cily bawg cel ¥ i 4y Sldly
b Jaie (gyle) el aed obele iy
xS0 oleale (oles 5l Ja5 g Joo 5l (g alalidly
O3z 9 Syl osliiul b ges aBle wy)y 35k
s plsl (O ML) ol

L85 WS A o9 e ¥ Loy ises o
Cldiga al Jaie olasil as cole w3l slacdg,a
ik Jloyl oBaglosl @ g LS 0 ey a4 9>
of F gl axy0 ¥ slos jo el YT Goe 4 aaigel
B ek il olfiwd (49)0 e NAD ()0
ey il 42,85 O Do 4 B0 o xIPM Ca yus L0023 )5
Jol> slop o g s3luliz (G95 slasho sl o p ainds
W08 ale W slacigunl 4 e 5l oolazul b
Al b 38 58 Slasleil 5,5 los b g oo
«(Singer et al., 2002) wals (5 lagS ol 5 csle a> )0
S YBTgT olfiws bawgs olondon slo el )l o
oSy Jesdlygws b (e Mindray BS-200)
053] )k S5 b (55l slacaS Sl esliul b ol
Goy 4 S5 Gean Ol Ghome b elnl (Ol9)
sl ¥ FilanST SES by, 4 S5 o
4 (ASTY) 5lhauil 5 el SU Ll o (ALTY) 5l 0wl
4 (ALPY) jbland o JISIT (SinS omn 5, b,
J9355 5050 G295 & Owosedl oSS Silansil o,
Uhg, & Jeps,eS 9 ( Borges et al., 2004) * .,
030,88 hotiw CoS 5l colaiul b ppiivse ELISA
A (5 uSeslasl (Deane and Woo, 2003) Jg5.5,s5
“2y538 gy 3l eolital b 55 sl sl Slled ol
@St cdbd ol e @b 5l e
A Seslsl Micrococcus  lysodeikticus
.(Subramanian et al., 2007)

Ol pleordsSsed ooy Jai g Jom jlan g b3
VE £ Ol gl nSloo s 5 )18 i 0,90
oS hee YIT e £V v gl 53S0l 5 il ax o

4 Aspartate transaminase
> Alkaline phosphatase
% Bromocresol Green

3 1 (NO) 08T S i e 3 J5,515,5 9 Joors
S iy S | 4l LIS wly Lrels O
slocas b ols 13 5t cou 1, S8 el oyl
oS Sy YIUsE abkd jo 1) glapast ol (dbla>
3 Silwo >3 59, mu b (Oncorhynchus mykiss)

(Giannenas et al., 2012) sls sl58l Jlxse
3 Oyl ste 5 Rutilus kutum) oiw ale
@oladl g olie 55l Jds 4y a5 ablige )55 by
oolainl .38 8929 o1 (6,105 4 glotg axg5 )] YL
clis (ool wlgioe Jooud wiile (ol LS 5
Say ofg 4 W8 (pl Codls Lad g oyl 285 sl
4 azgi Lol ;iS5 SThe 4 o] Ja g Joo 5 o |
3 Jged gide Ol g o5 o)lby0 (S oledbl o4
Webo (ol ogad 4 Wee plaale JB g Je>
ol Cdld g eyl Glagly 5, yol> anlll
r¥lge Dok oligS slaJiiy Joor (b oS 5 ol 5l (56

3,00 55y (Setdly sladnsS L vd ole

o jigy g olge | ¥
2l 5 b okt LS o L 4o 0l i
ole (329,9,8 ;0 Wge oolo dae VT gio ploxil (6l o 0l
(29,98 b i) apios ole (325055 099 (b VY- Y
99 5l yesho YA dsiz ojlal L K865 155 Lawgs
B0 do 55l oyl j0 35 010 s g 09 AlSog,
w55 g o 4 eilge (339 9 IS Job s 3l
B b Jlezms 65315 9 yedhes ) S8 L (o e
oo 039 9 S sk eSilee ol 6 Sojlal @57+
5 sl FONY 2 OFD iy a4 95,0 ailog,
oy A g plo s ailBg, 9 6,5 AV /YO £ YY)
S310)S WVNIVO £ YAT/ 8 o o il $8/+ ) £ $IYY
oo syl » Jyod 25U (o p Hobite @
S VY jo ailBog, o 5l oad s (alee Tall e
b Al 3T 2 YO 5 O 2 V0 (gl (Sezdly
0SSty ansS 52 50 se (ale sas 9 (ST
OS) (Seidly S a Jols jloos 5o 20l (g5
IV (uald) ) Jsewd il sodile s g

' Biuret
2 Glucose oxidase
3 Alanine transaminase


http://jair.gonbad.ac.ir/article-1-909-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-09-03 ]

S wald 098 5l S )b pme jsb 4 Jseas
ke VEIB - £ VDY) 555 liee iy yieS (p<+/+D)
2 2T AYID £ 210 Uyt il oo 5
cideo 3 AT VEIT - & ) e) LIS el g (i Lo
o Ol i 52 50 Jsedd )5 oo 100 oy (2]
356 cow les jo awaall (68 (yolle sl cudlad lie

095 3l i )b b 4 Jged p )5 e # /YO
leﬁ.c IR ).ul; Cod )Lo.».: o Ll .(p<+/+0) Y Q2L
So wall 09,5 Sl e gl e job 4 JeeS o5
3 Bgems SenSlusw 5 mujord cdld (p<-/-0)
Sologre job 4 Jsed U Cov slajles slod
(P<-1+0) 09 3ol 09,5 31 i

Sl 5 55 IS oalslSsin 5 plabas cll
Golosxe sk Jgaud i 1o 05 (oo 1B 5 /YYD
VO e e Lol <1+ 0) Sy alis 09,5 5l st
P>/ 0) clla o924

2 oeesjeSes Yo E T (S sl colaa 1
s VIAe % /A pH 5 e il

losls yog Jloy ol s bl sla o bl (gl
Lo il )l 5502 oy 5 'Syl (03] Lawgs
-o0ls (39r Jlo i Wl g 05 (o2 098) 9031 b
ST 05T 51 solitd b lopaSileo oy (S M3 oo
s danglie NSl dind (03] 5 bl S il
O 0l (58 olail sla el b aislie (gl puioren
oy /A0 Glcebl mhaw (o ttest ael 5l ailsog, g0
53l 5l oolizal b (g Lol (glasall] oles s 4z 8
J53le s 5l esliil b Lo logas mesy g VY ases SPSS
b bl Yo VY aes LS|

Y

P08 e leedsn At @i ) Jga o
sl 00 0051 B9, AlZ3g, 3l edd S slrdigal
SIS lie a5 0ls (i 48yl iyl 5T b
55U o sl jo VB o3l cdlad g Jg55 555

oligS o Jis g Joo j0 Jgoud jdli i 09 yuid dils0g 5 ouds o (9 W go (395 oy (2 biondigus (5o yol )y o 1) Jgur

T3 T2 T1
(-/6+ mg/l) (-/vvo mg/ly

(-/vd mg/l)

V&I £ V/0-9
Y0 + - /VaP YAQ. % .JVe?
YoY. £ of.00 YelA

VE/Y. £ oy VEIVe £ o) C
YYIVO £ /AP YY/EO * - vaP

I+

Aeld £ V/0-° VYoo £ YD
AYID- * «[-d A0/0- * V/D-© VES[e e £ )0
YE/Q. o A-C
VV/eo 2 Ve R AYADe £ 402 YYD £ V0P
“Jfe? Ya/d. % /AP
IR
YEIEe £ VY2
(NZ RS ¥ VERLEE AR YRRIE S PRL I SN R I/

ol 09,5 ol
VES[e e £ Y[R mg/dl) ;545
VAo o £ O o8 mg/ml) Jg55,65

YYIO0 £ )/ 0
\WWADe £ -0
vars £ -nab
VO/F. £ )R
FO/A0 £ /Y0 @/ml) ;6genns ST g
YAg/ee 200/ @mol/ml) wanl ss oslle

(u/ml/min) ;95
@/ml) olelees cJlad

mg/ml) 5 pdolS gl
@/ml) ;Yels

(P12 0) aiboo Yo sire g Lol Bl 5929 Silo ayo, j 0 alice e By o

OlelaS odlad 5950 collad o5 J> 50 (p<+/+0)
s 0 lgemnd aSlpgw g S dedS el

) it s sl & g 5 o ol
P<+/-B) Y dald 05;

 Duncan test

pro lesdon lagasly b))l @l ¥ Jgaz o
00l 03,9 g 10y dil0g) 5l 0uds do (lrdigas o>
WJ9505,55 55 85 )l ookl s a5 ol wll ]
556 Co8 lajles oaled 5o wpaall 55 (glle 5 YL

Sy el 098 5l S gbgae jsb sl

"Shapiro-Wilk test
§ One-Way ANOVA


http://jair.gonbad.ac.ir/article-1-909-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-09-03 ]

GG 9 Jo 33 Jaond il i 3910y ailS39) 1 0 dmo (g0 (195 o (o3 bromiignt (S ol )y duns Lo :Y g

O oligS
T3 T2 Tl B
-/6+ mg/ly - I¥vo mg/l)y ¢-/vo mg/ly wali og5 ol
Voofoo Y/]00C a-/0- + V0.4 VYA/- o £ Y0 -0 VY. 000 (mg/dl) ;545
ARV RV T NY/ee ko d VWA/e - kYD VEQ/e e YR mg/ml) Jg5.5,65

Yy £ 5.0 Yoleo kgt YE/A. £ VD
VYYD £ - j02 VYefeo £ /.00 VYYD £ +j0-C
YV )2 YY)Y. £ oy.b YA¥e £ ) ©
YIVe £ /)P vieo = o8 Y.

$E/A0 + «vab SAIAD *+ -/VO? SAIS. £ ]2
VWAoo £ ¥ O \YY/0- £ F/0-0 VEV/eo £ LD

YY/Y £ o F0°
VVED. £ ojpd
14/40 % +/1od
AT
SYIF £ +JA-C
ARRVEREE B JER

/ml/miny ;935
/ml) el colles
mg/ml) Js' 58 gin|
@/mly ;Yils
/M) 56 gennd 0nSTpgm
@mmol/mly sul so ool

O¥se 5l i )lbgee ek ay anily 1B Jeeus
¥ee 0 e Codlad (P 0 )) gy 09l ailBog,
AN dlb)Lo..u 9 Sl 09; )..) 4.)[}&9) 9..) )‘ 0 [EVv-}
olis gyl cixe g Lol OB Jgas 5 Lo +/¥VO 4
alog, 5l e s g gy yo Lol (<2 D) ol
A Jsod 2l p oS onr 100 236 o a5 010 5
Sload o padee 5l s )l gxe ek 4y il
OledeoS Cdlad (P<e/2))  0g 09l ailBog,
Ol 5 3Bgonns 308t pow GBI o JS () 2lS gien
alog, 3l el do palge > paw O RSV
YYD 1Y sla Lo 5 aals 05,5 15T Coos 4 09 0
Sildgre ysb 4 isg Jged Sl p oS ee 2100

.(p<‘/‘ \) 05.3 ‘55)31‘5)'“’ dJL>.-Q3) u)AJsA )‘ JJYL)

200 - )
i Bojgmss Mogpls,m )
L a
150 | a
- L a
= 100 [
£ [ b
E -
so &
0
aals T3

ng/ml,

(P12 0) wibon Yo sime g bl Bl 5929 Slo s, 0 alise e By o

2 e eherdsn el anlie VS5 o
ool el o ai])] wlisg, 50 3l o A (3l
L oless 5 sald 0,5 55 SIS mhaw vl Caws 4 mls
Gl gylel B Jgos 1 o5 e +/YO
5 I¥V8) YL glacdale 1o Lol (p<e/+ D) cublis 052
lodd swe g (95 oy 50 (G 50 08 (ko 10
¥V 5l s ghle pae ek 4 39010y ailssg,
P 3 Joryss Sble (p<e/)) g 9,0l dilSoy,
b o a5 550 ailssg) 5l eud weo palye o>
4 W09 Jyous S p oS (oo 2 IVD Jlod g aald o9 S
351 3910 s 09 (pdlse S|yl (gl sme ysbo
alaog, 5l oads do palae [0 (blie jo (P<-/-0)
Sod e Sk 10 5 /YYD 5b Cou a5 sl

300 - ]
Blojsms Mogpls,m (<)
w0 | 2
1 a
b b
a a
I b b
100 |
0 %
asls T1 T2 T3
ilesl slalos


http://jair.gonbad.ac.ir/article-1-909-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-09-03 ]

VFe¥

40 o Bls,g,ms M ogpls m @
[ a
0 a b 2
N 3 a a
= a @
E 20 1
g L
) i
10 L
o
sals T1 T2 T3
‘sﬁel-")'-‘ sboles
%09 Bloygpms  Mogpls s )
- a a a a
30 L
L b
L b
. i b b
20 [
E
o L
10 [
ok
als T1 T2 T3
g‘%u)] c5L‘°)L°‘¢5
100 Elosygms Mogpls (9
a
a a
b
a b b b
- 50 1
£
-]
0
als T T2 K

byl sl e

U/ml,

U/mL,

nmol/ml,

150 - [dy5s  Magpls,m ()
a a
b b b
100 .:
50 .:
0
Al T1 T2
silesl sl jles
01 S Moy,
b = )9 995219 ()
a a a
15 1 a
I b
1 b b
s b
o L ﬂﬂﬂ]l
aals T1 T2 T3
‘S.L;ﬁLo)'T sl les
300 - i °a)s;.-’b M 55518 s (&)

s‘:‘ﬁL")"' slajles

(1t Jgoud il i 29 T s g 09y 4509 93 30 s (Blo (x50 (yat o (o2 brounibians (S (a3 L dunny o 1) JSLo
2T (65 (ygllo (6 33U g0mmnsd s 3390 (3 HYULS (o o JS (rdgulSgion! (o cpslalgaS’ (3 393 (T J9309 385 (@ 35315
AP<eloB) il o 410 Sxo (Lol BB 392 ,Kilu (ygsw 32 (G9 Alinio yul Bg o

Jsass 45 ols 5lis ol anllae gl bls | pen 5o
J& 5 Jem (b FeS (Bl 2)lse b s eole S
el osle ol wilise ,35 sbys ke ale salse
b sels 058 4 S 7S eyl slagal
mdeS dagd DoeolisS A 5 Joo Lalyh yo (28,518
odel Cews @ mls wlul 5 oed e Sy slo
2l 55 lle 5 B Jg5e 555 5515 Glsee 2528
Sl jo 50 Joes o8 oo <10+ 56 cos e 5o
Olee SRl Ll Grizped Jpoud Ak Cud Ji 5 Joor
Ol (i O 55 jUgemnd SenSThsm 5 2395
e 50 S GelelSgigeal 5 maisrd cOlelpeS Codled

S5 A g ey | ¥
e me Ol Ol 4 (eoliis syl e
@ a8 sgdowe ainlil lale o e OIS bl
Lol (gl 0,5 oo 51,8 ooliciasl 3,90 (glos S b
gy ool et LU o oLl gl g0l Cen
.(Ahmed and Sheikh, 2020) s ls lale cwlibcas


http://jair.gonbad.ac.ir/article-1-909-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-09-03 ]

VFo¥ by oF o,lols AV 0,90 (509,15 cwlils ploay s

(Uddin et al., 2018) sl ol

S Slie a5 0lo LaS 525 439 93 (o S A lie
ke VO 586 Cou jles 5wl 095 50 Jo55 555 9
9k 4 99,0l AilB0g; 5l oads do (pase j0 Joeud 05
59 el gy 9910 s B9, (palge 5l i (o)l S
05 e 0 2l g pl Ol SYL slaclale
SVl gl )3 99 pl0 s B0y, 5l 0ol do (olge
Lols 5l oib Yas! boglis ol el 8
looas¥T 5525 5 ol oS wiile cgliie Jaromocows
ghe 4 )0 g il ghe p Slge a5 asl
Lemos ¢ Hontelaetal., 1992) .ol 138,50 Jg5u5 555
(etal., 2023

Loablae jo Gloee iad S8 gesl Zuly (lals o
ST (Gl Gl 1) a5 oo ol prlee slagyjsily
Sl 50 yaS w,ls 092 Glylailiny o azsl 4y Cas
Sguge odiddlis Lo sleesls .(Kordon et al., 2019)
S92 Jyoss (o me 50 plole 095 0 (IS (el Cung
9 olelesS Cdld dgM ooy haw il L oS
@l dlio 0l pasiie mjgid slacellad (pizen
5 wasd Ol o5 ols Glas ailsog; 9 (g o
Solel WS g8 0 W36 &ils-09, 95 (nlge (395
5 e Ol gigenl g labeeS Cdlad Lol sy lo Sine
Ordge 5l s (g )lo g jsb 4 09l ilB0g; (aolge
Al elsslS sianl J5SUse dgM 55 35015 s ails-s,
ST ag) glagenly o 45 sl il loale o
ghe Gy g Jslge cnl ol cdlBs S15
9 ol ool Bl S loe 4 b 09t 0l B sla S5k
O 5 5deelSei! (Flajnik and Kasahara, 2010)
S wS e S5 plebeS s sileld
WS 0 Vo sigmsl 5 7S 1) 2l SlapannlSlg e
byl gelS sins] maw isl38l (Boshra et al., 2004)
Farag ) aes oo W)l 1) B slacwsad slass 5 o ,Sles
5 byt sl dshe w55 ln miord (Etal, 2021
el (69780 OlokieS w5 jowsS L (55l Jlud
Jyed 530 cov lajles o adl ioli8l colles
slass aalsdl s amil ogge o,Sles s 4 Yoo

YA

R Sllad Gl p o g ) (oo < ITVO 250 o
b eSicke IVO b Cov L 0 Bsand apuS]
asdlle paiz mbo cpl sl [0l cud Jeews
Sl slls (Bl sleoaisS Jigga 45 wiles,S sloriny
ates lole J&5 5 Jox lp 55568 SlannsT ]
Gressler et al., 2014; Salbego et al., 2014;)

Zeppenfeld et al., 2014; Salbego et al., 2015; Saccol
Mirzargar et al., «t al., 2017a; Saccol et al., 2017b

S5 Jsos 0,by0 ol b alie a5 (2022
Yk Do ay oyl (Lol 9090 Gloie 4S9 sS
ool ;o oyl jlhslezel BB Sl S plye @
(Sadoul and Geffroy, 2019) <ol ool aslil
o Sl S glye @ 58 565 (e
WS IR 4z 090 laale o ame slag sl
Wl oo azls g0 pl zohw yo Ol ol
w3k e sla Fogll 5 eyl sgzg asmslas
3 Joy 98 5 35 ol5 maw ualS (Uddin et al., 2018)
Gl 5 Ll (sl e S5l 4 Wl oo L2 le
Uddin et ) ses ,oee bacssae b ablia sy o\l oUlss
y97e el Iyl s (Parra et al., 2015 <l., 2018
S 3gd o0 JUb 55ulS 398 0ue-fdgnm g Vlgn
b g e Joiyss e Gl 4 el ol
S5l et OIS L ablie (sl Loy rulsSis o8
.(Banaee et al., 2019; Gagnon et al., 2006) s 5 .o
09,5 95 1 ;5 J93y95 9 5ol (e pol> GBSy
3 FeS Wog Jgerd 3l cod a5 aslllas 890 (lale
2 Jerss 9 S5 Olme (S g aall 098
gl S Jlewd 5o 09l wilBog, l ead wwo Ll
wleog) 5l ead apo plale )5 9 Jseud p5 (e +/0-
S Jyou 05 ke YYD 156 o Jlas )0 091 s
R YR S YC VT S “RIDN. SIS VIPL S PO SR W)
Sladon 0gd g0 bl o yiwl s ele G lgie
gl 2ol 4 Wlg oo Jses a5 wlesls olas
95 S5 gl 4t )3 5 a5 S5 Laale o
ds el (Son gl cal ans alS 1y o558
GRS 5 groal s 9,Skas S5e 5 Jyor Uy

lassbl b sl b b8 ls Koo oy a5 gl
(ol slodsho bowg aualy) 59nsSl (6lp B wigd oo onilig,
\AJ9.M) solel


http://jair.gonbad.ac.ir/article-1-909-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-09-03 ]

e S g lo (yyWlg0 GwoligS S g oo 50 il (B Jgand a3l du o

Sewd 4 @l b ogd o0 ASLD (052 gelinSTy
@ S 93 4 dinnly gl o T opl Elad ool
53 o3lle Sllad 35 s ale (e Lawgs Jyers
ool cel (el Foml slecdle o AW
ol el oSan YL slacdale o S W, guslaens]
(Liuetal., 2011 Keramati et al., 2010) wes zals
Celled i pogas )0 wlbsg) 50 G @S awlis
Jelse by Yol 55 Ssamsd ST g 5 VIS
ozl 5 phale cudles o8 cul Glogall e
Cod alie ol SlaptunwsST 0 1) gulonnST o ol
daaidl opl Lolul  (Shietal., 2022) aas oo 8 36
e S s 90 Ll ph )3 dies gale S5 5 o
O Olalllas b gl ol ool ailas oS codlo 5
s2beas 5 4 (Hyphessobrycon callistus) | =5 cols (55,
4 1,ls callae (Lophiosilurus alexandri) Js5, (o5
g 55l 0 sl JB 5 o o glaisS
Pan et al.,,) cowl aila e 5haudl seusl Y]
J% 9 Je> «oyizxen (Boaventura et al., 2021 2010
Laadly Bt ST sy (6,68 55 8 oole
Gei>5 4o (Dobsikova et al., 2009) cuils 58
a4 e Jeijel a5 ol 5,158 Yousefi et al., (2018)
ot Jsod b dnlio o il g0 glle o cixe il
B 38 G5 3 ) e Se oS s
Joime Gl & e Jsgsl s e SYsb
3 VB el 5 seaadl 6o polle S9lS (oS )sS
as oy 5,155 5.0 Hoseini (2022) .os Jaows b dus o
J5 5 Jom Ol 2 52 50 Jserd 05 koo Ol eolid
- e il el (Kbl ol 4S5 55 sl
SLSY g jhes Sl Ol L] lae 3T codles s

5 565000
Jgess 31 oolail ol Cows 4y gl (ol cgomo 5o
G o 0 p S et 100 5 +/¥YD ) YL slackale o
Slagealy Sl 5 eyl alS (55, hete DIt
SaeolsS slai 5 Jox (b s (ale (plge (o
S ek sl (Sl bvdnsS lawgs (aels ¥)
950 glachile s Jons)sS 5 SolS mhaw elS
odle .09y J& 5 Jo 3 ol oyl ralS sasms ol
Joess i 10 0,8 due +10+ b /YYD 5l oolaul ooyl »

¥4

5 3y ,Sle wiile a5 oaiSudy i la s lS
.(Saurabh and Sahoo, 2008) a.ib b 89,545

Collad Sl o Yol Jpous iilons 1 SL5I5S 5.1
Gzl siledls Jols a5 il e o] oS
sl Jsse 5 o) dapplnalSsiel wile (S15 ol
S5sS B Slag 5 5 s ;2S5 Gl g GlekeS
«Alagawany et al., 2021 «Khalil et al., 2020) .cl
¢ yol> gadod gleaisl b glas (Ibrahim et al., 2022
Dliios 55 Joard bamgs el (SOLS Sy 25 3k
Sedlad Al Bk sl oale il sladisS (59, (L3
el 035 IS 55 sl sien] zshe 5 eeisied
Hoseini and Yousefi, 2019 <Amer et al., 2018)
Wassif and <brahim et al., 2022 «Kong et al., 2021
O)Se 5 Li w)lge cpl ol jo .(Mohammed, 2022
SN o 4 Jgesd (0958 45 wials 3 LE (Y-YY)
3w el )l sxe ysb 4 Channa argus
o] 18, gaym oo Gl L 1) bl
Geb et 09000 (C4 5 C3 (93] 5 IGM) 159090
o> (g3l eSe Yousefi et al., (2024) )15
oo 3 Jees eSS npS e Vo bawg plis
055y YR ole jo ) (SlasT (8l @jp08 wilgs
S gl oS

39 guilannST ol 4y g0l axgi alitre Slalllas o
S led ol iyl 005 (533)58mS 55557 s L5
5 e lo S0lis plgie 4 jBgenns 9pnSTpgm o VB
ESFRPEEIC S EVK B Jy IR FE
B cdled e ol Buiss o (Liuetal., 2011)
aalh 09, 5l oS 4il>0,90 5o 5l e do (palge 5
Bilyd )0 635,08 &5 wesse plis ggdge nl g
2 hleale Sl conl (Sen lapleyo b ol (awoms
a3 8 3 o 5o 59k & guilannS o il tals
2 55 Bsensd anST g coled (Liu et al., 2011)
cos cimlesl slasles ool oo lale 0,5 50
g dall 09,5 Sl i 6yl se jsb & Joed U
ool 4 Sl Fenls G oaimo ylid Yl gl oyl
28 (oot M U g a1 pgan |5 Bl glanS]
Shietal.,) oS o i) 0T g slo JSG0l; 51850
Silas gl 4 aweddl g0 oelle cudles (2022


http://jair.gonbad.ac.ir/article-1-909-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-09-03 ]

VFo¥ by oF o,lols AV 0,90 (509,15 cwlils ploay s

Biochemical and physiological effect of
dietary supplements of ZnO nanoparticles on
common carp (Cyprinus carpio). International
Journal of Aguatic Biology, 7(1), pp.56-64.
https://doi.org/10.22034/ijab.v7i1.590

Becker, A.G., Parodi, T.V., Heldwein, C.G.,
Zeppenfeld, C.C., Heinzmann, B.M. and
Baldisserotto, B., 2012. Transportation of
silver catfish, Rhamdia quelen, in water with
eugenol and the essential oil of Lippia alba.
Fish Physiology and Biochemistry, 38,
pp.789-796. https://doi.org/10.1007/s10695-
011-9562-4

Benovit, S.C., Gressler, L.T., de Lima Silva, L.,
de Oliveira Garcia, L., Okamoto, M.H., dos
Santos Pedron, J., Sampaio, L.A., Rodrigues,
R.V., Heinzmann, B.M. and Baldisserotto, B.,
2012. Anesthesia and transport of Brazilian
flounder, Paralichthys orbignyanus, with
essential oils of Aloysia gratissima and
Ocimum gratissimum. Journal of the World
Agquaculture  Society,  43(6), p.896.
http://dx.doi.org/10.1111/j.1749-
7345.2012.00604.x

Boaventura, T.P., Souza, C.F., Ferreira, A.L.,
Favero, G.C., Baldissera, M.D., Heinzmann,
B.M., Baldisserotto, B. and Luz, R.K., 2021.
The use of Ocimum gratissimum L. essential
oil during the transport of Lophiosilurus
alexandri: Water quality, hematology, blood
biochemistry and oxidative stress.
Aquaculture, 531, p.735964.
http://dx.doi.org/10.1016/j.aquaculture.2020.
735964

Calabrese, S., Jonassen, T. M., Steigum, E.
Asnes, H. @., Imsland, A. K. D., Saude, C. S.,
... and Hoglund, E., 2024. Does sedation with
AQUI-S® mitigate transport stress and post
transport mortality in ballan wrasse (Labrus
bergylta e)?. Frontiers in Veterinary Science,
11, p. 1347062.
https://doi.org/10.3389/fvets.2024.1347062

Can, E. and SUMER, E., 2019. Anesthetic and
sedative efficacy of peppermint (Mentha
piperita) and  lavender  (Lavandula
angustifolia) essential oils in blue dolphin
cichlid (Cyrtocara moorii). Turkish Journal of
Veterinary & Animal Sciences, 43(3), pp.334-
341. http://dx.doi.org/10.3906/vet-1809-22

Carneiro, P., & Urbinati, E. C. (2001). Salt as a
stress response mitigator of matrinxa, Brycon
cephalus  (Glnther), during transport.
Agquaculture  Research, 32, 297-304.
https://doi.org/10.1046/].1365-
2109.2001.00558.x

Dobsikova, R., Svobodova, Z.V.A.F., Blahova,
J.V.AF.,Modra, H. and Velisek, J., 2009. The

Sorte & Celys lebeaS 5 muiend Cold Gl L
Vlotol byl opl 035 SaS 508 (palge (sml Cang
Olge JB g Joo g apo 5l (A6 eyl a5 Cur
Sl g a8ls> e (B9 9 5SS S e 4y b oLe
S i Olaass plol odel Cavody ol 51 Lol

Sl 5 23U ate Sl 5L sl (55950 (Byan

Dgd (6 S ol Jame

e ol |&
Gl 00 o158 B acin gl lawsd (59,90

EFERENCES

Ahmed, I. and Sheikh, Z.A., 2020. Comparative
study of hematological parameters of snow
trout Schizopyge plagiostomus and Schizopyge
niger inhabiting two different habitats. The
European Zoological Journal, 87(1), pp.12-19.
https://doi.org/10.1080/24750263.2019.1705
647

Alagawany, M., Farag, M.R., Abdelnour, S.A.
and Elnesr, S.S., 2021. A review on the
beneficial effect of thymol on health and
production of fish. Reviews in Aquaculture,
13(2), pp.632-641.
https://doi.org/10.1111/raq.12490

Amer, S.A., Metwally, A.E. and Ahmed, S.A.,
2018. The influence  of  dietary
supplementation of cinnamaldehyde and
thymol on the growth performance, immunity
and antioxidant status of monosex Nile tilapia
fingerlings (Oreochromis niloticus). The
Egyptian Journal of Aquatic Research, 44(3),
pp.251-256.
https://doi.org/10.1016/j.ejar.2018.07.004

Aydin, B. and Barbas, L.A.L., 2020. Sedative and
anesthetic properties of essential oils and their
active compounds in fish: A review.
Aquaculture, 520, p.734999.
https://doi.org/10.1016/j.aquaculture.2020.73
4999

Azambuja, C.R., Mattiazzi, J., Riffel, A.P.K,
Finamor, |.A., de Oliveira Garcia, L.,
Heldwein, C.G,, Heinzmann, B.M.,
Baldisserotto, B., Pavanato, M.A. and Llesuy,
S.F., 2011. Effect of the essential oil of Lippia
alba on oxidative stress parameters in silver
catfish (Rhamdia quelen) subjected to
transport. Aquaculture, 319(1-2), pp.156-161.
https://doi.org/10.1016/j.aquaculture.2011.06.
002

Banaee, M., Vaziriyan, M., Derikvandy, A.,
Haghi, B.N. and Mohiseni, M., 20109.


https://doi.org/10.1080/24750263.2019.1705647
https://doi.org/10.1080/24750263.2019.1705647
https://doi.org/10.1111/raq.12490
https://doi.org/10.1016/j.ejar.2018.07.004
https://doi.org/10.1016/j.aquaculture.2020.734999
https://doi.org/10.1016/j.aquaculture.2020.734999
https://doi.org/10.1016/j.aquaculture.2011.06.002
https://doi.org/10.1016/j.aquaculture.2011.06.002
https://doi.org/10.22034/ijab.v7i1.590
https://doi.org/10.1007/s10695-011-9562-4
https://doi.org/10.1007/s10695-011-9562-4
http://dx.doi.org/10.1111/j.1749-7345.2012.00604.x
http://dx.doi.org/10.1111/j.1749-7345.2012.00604.x
http://dx.doi.org/10.1016/j.aquaculture.2020.735964
http://dx.doi.org/10.1016/j.aquaculture.2020.735964
https://doi.org/10.3389/fvets.2024.1347062
http://dx.doi.org/10.3906/vet-1809-22
https://doi.org/10.1046/j.1365-2109.2001.00558.x
https://doi.org/10.1046/j.1365-2109.2001.00558.x
http://jair.gonbad.ac.ir/article-1-909-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-09-03 ]

e S Blo (i ge 0ol oS i g Jo 53wyl LS Jged il dunn Lo

45(6), pp.1061-1072.
https://doi.org/10.1111/are.12043

Guimaraes, A.G., Quintans, J.S. and Quintans-
Junior, L.J., 2013. Monoterpenes with
analgesic activity—a systematic review.
Phytotherapy research, 27(1), pp.1-15.
https://doi.org/10.1002/ptr.4686

Hontela, A., Rasmussen, J.B., Audet, C. and
Chevalier, G., 1992. Impaired cortisol stress
response in fish from environments polluted
by PAHs, PCBs, and mercury. Archives of
Environmental Contamination and toxicology,
22, pp.278-283.
https://doi.org/10.1007/BF00212086

Hoseini, S.M. and Yousefi, M., 2019. Beneficial
effects of thyme (Thymus vulgaris) extract on
oxytetracycline- induced stress response,
immunosuppression, oxidative stress and

enzymatic changes in rainbow trout
(Oncorhynchus mykiss). Agquaculture
nutrition, 25(2), pp.298-309.

https://doi.org/10.1111/anu.12853

Hoseini, S.M., 2022. The effect of adding thymol
to water on thyroid hormones, proteins and
plasma enzymes in common carp (Cyprinus
carpio). Journal of Utilization and Cultivation
of  Agquatics, 11 (1), pp.45-56.
https://doi.org/10.22069/japu.2022.19656.161
6

Hoseini, S.M., Taheri Mirghaed, A. and Yousefi,
M., 2019. Application of herbal anaesthetics
in aquaculture. Reviews in Aquaculture,
11(3), pp.550-564.
https://doi.org/10.1111/raq.12245

Ibrahim, D., Shahin, S.E., Algahtani, L.S.,
Hassan, Z., Althobaiti, F., Albogami, S.,
Soliman, M.M., El-Malt, R.M., Al-Harthi,
H.F., Algadri, N. and Elabbasy, M.T., 2022.
Exploring the interactive effects of thymol and
Thymoquinone: moving towards an enhanced
performance, gross margin, immunity and
Aeromonas sobria resistance of Nile tilapia
(Oreochromis niloticus). Animals, 12(21),
p.3034. https://doi.org/10.3390/ani12213034

Keramati, V., Jamili, S.H. and Ramin, M., 2010.
Effect of diazinon on catalase antioxidant
enzyme activity in liver tissue of Rutilus
rutilus. Journal of Fisheries and Aquatic
Science, 5(5), pp.368-376.
https://doi.org/10.3923/jfas.2010.368.376

Khalil, S.R., Zheng, C., Abou-Zeid, S.M., Farag,
M.R., Elsabbagh, H.S., Siddique, M.S.,
Azzam, M.M., Di Cerbo, A. and Elkhadrawey,
B.A., 2023. Modulatory effect of thymol on
the immune response and susceptibility to
Aeromonas hydrophila infection in Nile

)

effect of transport on biochemical and
haematological indices of common carp
(Cyprinus carpio L.). Czech Journal of
Animal  Science, 54(11), pp.510-518.
https://doi.org/10.17221/52/2009-CJAS
Escobar, A., Perez, M., Romanelli, G. and
Blustein, G., 2020. Thymol bioactivity: A
review focusing on practical applications.
Arabian Journal of Chemistry, 13(12),
pp.9243-9269.
https://doi.org/10.1016/j.arabjc.2020.11.009
Farag, M.R., Moselhy, A.A., El-Mleeh, A,
Aljuaydi, S.H., Ismail, T.A., Di Cerbo, A,
Crescenzo, G. and Abou-Zeid, S.M., 2021.
Quercetin alleviates the immunotoxic impact
mediated by oxidative stress and inflammation
induced by doxorubicin exposure in rats.
Antioxidants, 10(12), p.1906.
https://doi.org/10.3390/antiox10121906
Félix, L., Correia, R., Sequeira, R., Ribeiro, C.,
Monteiro, S., Antunes, L., ... & Valentim, A.
(2021). MS-222 and Propofol Sedation during
and after the Simulated Transport of Nile
tilapia (Oreochromis niloticus). Biology,
10(12), p. 1309.
https://doi.org/10.3390/biology10121309
Flajnik, M.F. and Kasahara, M., 2010. Origin and
evolution of the adaptive immune system:
genetic events and selective pressures. Nature
Reviews  Genetics, 11(1), pp.47-59.
https://doi.org/10.1038/nrg2703
Gagnon, A., Jumarie, C. and Hontela, A., 2006.
Effects of Cu on plasma cortisol and cortisol
secretion by adrenocortical cells of rainbow
trout  (Oncorhynchus mykiss).  Aquatic
toxicology, 78(1), pp.59-65.
https://doi.org/10.1016/j.aquatox.2006.02.004
Giannenas, I., Triantafillou, E., Stavrakakis, S.,
Margaroni, M., Mavridis, S., Steiner, T. and
Karagouni, E., 2012. Assessment of dietary
supplementation with carvacrol or thymol
containing feed additives on performance,
intestinal microbiota and antioxidant status of
rainbow trout (Oncorhynchus  mykiss).
Aquaculture, 350, pp.26-32.
https://doi.org/10.1016/j.aquaculture.2012.04.
027
Gressler, L.T., Riffel, A.P.K., Parodi, T.V.,
Saccol, E.M.H., Koakoski, G., da Costa, S.T.,
Pavanato, M.A., Heinzmann, B.M., Caron, B.,
Schmidt, D. and Llesuy, S.F., 2014. Silver
catfish ~ Rhamdia  quelen  immersion
anaesthesia with essential oil of Aloysia
triphylla  (L'Hérit) Britton or tricaine
methanesulfonate: effect on stress response
and antioxidant status. Aquaculture research,


https://doi.org/10.17221/52/2009-CJAS
https://doi.org/10.1016/j.arabjc.2020.11.009
https://doi.org/10.3390/antiox10121906
https://doi.org/10.3390/biology10121309
https://doi.org/10.1038/nrg2703
https://doi.org/10.1016/j.aquatox.2006.02.004
https://doi.org/10.1016/j.aquaculture.2012.04.027
https://doi.org/10.1016/j.aquaculture.2012.04.027
https://doi.org/10.1111/are.12043
https://doi.org/10.1002/ptr.4686
https://doi.org/10.1007/BF00212086
https://doi.org/10.1111/anu.12853
https://doi.org/10.22069/japu.2022.19656.1616
https://doi.org/10.22069/japu.2022.19656.1616
https://doi.org/10.1111/raq.12245
https://doi.org/10.3390/ani12213034
https://doi.org/10.3923/jfas.2010.368.376
http://jair.gonbad.ac.ir/article-1-909-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-09-03 ]

VFo¥ by oF o,lols AV 0,90 (509,15 cwlils ploay s

9(2), pp.27-34.
https://www.aquaculturesciences.ir/article_13
4592.html?lang=en

Mirzargar, S.S., Taheri Mirghaed, A., Hoseini,
S.M., Ghelichpour, M., Shahbazi, M. and
Yousefi, M., 2022. Biochemical responses of
common carp, Cyprinus carpio, to
transportation in plastic bags using thymol as
a sedative agent. Aquaculture Research, 53(1),
pp.191-198.
http://dx.doi.org/10.1111/are.15564

Pali¢, D., Herolt, D. M., Andreasen, C. B.,
Menzel, B. W., and Roth, J. A., 2006.
Anesthetic efficacy of tricaine
methanesulfonate, metomidate and eugenol:
effects on plasma cortisol concentration and
neutrophil function in fathead minnows
(Pimephales promelas Rafinesque, 1820).
Aquaculture, 254(1-4), pp. 675-685.

Pan, C.H., Chien, Y.H. and Wang, Y .J., 2010. The
antioxidant capacity response to hypoxia
stress during transportation of characins
(Hyphessobrycon callistus Boulenger) fed
diets  supplemented  with  carotenoids.
Aqguaculture Research, 41(7), pp.973-981.
https://doi.org/10.1111/j.1365-
2109.2009.02380.x

Parodi, T.V., Cunha, M.A., Becker, A.G,,
Zeppenfeld, C.C., Martins, D.I., Koakoski, G.,
Barcellos, L.G., Heinzmann, B.M. and
Baldisserotto, B., 2014. Anesthetic activity of
the essential oil of Aloysia triphylla and
effectiveness in reducing stress during
transport of albino and gray strains of silver
catfish, Rhamdia quelen. Fish Physiology and
Biochemistry, 40, pp.323-334.
https://doi.org/10.1007/s10695-013-9845-z

Parra, D., Reyes-Lopez, F.E. and Tort, L., 2015.
Mucosal immunity and B cells in teleosts:
effect of vaccination and stress. Frontiers in
immunology, 6, p.354.
https://doi.org/10.3389/fimmu.2015.00354

Rehman, S., Gora, A.H., Ahmad, I. and Rasool,
S.1., 2017. Stress in aquaculture hatcheries:
source, impact and mitigation. International
Journal of Current Microbiology and Applied
Sciences, 6(10), pp.3030-3045.
http://dx.doi.org/10.20546/ijcmas.2017.610.3
57

Rodrigues BrandNo, F., de Melo Souza, D.C., de
Alexandre SebastiNo, F., Maia Chaves, F.C.,
Ribeiro Bizzo, H., de Almeida O'Sullivan,
F.L. and Campos Chagas, E., 2022. Essential
oils as anaesthetics and sedatives in native
Brazilian fish, with a special emphasis on
Colossoma  macropomum: A review.
Aquaculture Research, 53(3), pp.767-781.

Yy

tilapia fish exposed to zinc oxide
nanoparticles. Aquatic Toxicology, 259,
p.106523.
https://doi.org/10.1016/j.aquatox.2023.10652
3

Kong, Y.D., Li, M., Xia, C.G., Zhao, J., Niu, X.T.,

Shan, X.F. and Wang, G.Q., 2021. The
optimum thymol requirement in diets of
Channa argus: effects on growth, antioxidant
capability, immune response and disease
resistance. Agquaculture Nutrition, 27(3),
pp.712-722.
https://doi.org/10.1111/anu.13217

Kordon, A.O., Karsi, A. and Pinchuk, L., 2018.

Innate immune responses in fish: antigen
presenting cells and professional phagocytes.
Turkish Journal of Fisheries and Aquatic
Sciences, 18(9), pp.1123-1139.
http://dx.doi.org/10.4194/1303-2712-
vig8 9 11

Lemos, L.S., Angarica, L.M., Hauser-Davis, R.A.

and Quinete, N., 2023. Cortisol as a stress
indicator in fish: sampling methods, analytical
techniques, and organic pollutant exposure
assessments.  International  Journal  of
Environmental Research and Public Health,
20(13), p.6237.
https://doi.org/10.3390/ijerph20136237

Li, M., Wu, X., Zou, J., Lai, Y., Zhang, J., Chen,

X., Niu, X., Kong, Y. and Wang, G., 2022.
Protective effects of thymol on deltamethrin-
induced toxicity of Channa argus in
association  with  the  NF-xB/Nrf2/p53
pathway. Agquaculture, 559, p.738429.
https://doi.org/10.1016/j.aquaculture.2022.73
8429

Liu, X.Q., Li, K.F., Du, J., Li, J. and Li, R., 2011.

Growth rate, catalase and superoxide
dismutase activities in rock carp (Procypris
rabaudi Tchang) exposed to supersaturated
total dissolved gas. Journal of Zhejiang
University Science B, 12, pp.909-914.
https://doi.org/10.1631/jzus.B1100071

Mirghaed, A.T. and Ghelichpour, M., 2019.

Effects of anesthesia and salt treatment on
stress responses, and immunological and
hydromineral characteristics of common carp
(Cyprinus carpio, Linnaeus, 1758) subjected
to transportation. Aquaculture, 501, pp.1-6.
https://doi.org/10.1016/j.aquaculture.2018.11.
008

Mirzargar, S. S., Taheri Mirghaed, A., Hoseini, S.

M., Ghelichpour, M., Shahnazi, M., and
Yousefi, M., 2021. Effects of adding Thymol
to water on hematological and immunological
parameters of common carp (Cyprinus carpio)
during transportation. Aquaculture Sciences,


https://doi.org/10.1016/j.aquatox.2023.106523
https://doi.org/10.1016/j.aquatox.2023.106523
https://doi.org/10.1111/anu.13217
http://dx.doi.org/10.4194/1303-2712-v18_9_11
http://dx.doi.org/10.4194/1303-2712-v18_9_11
https://doi.org/10.3390/ijerph20136237
https://doi.org/10.1016/j.aquaculture.2022.738429
https://doi.org/10.1016/j.aquaculture.2022.738429
https://doi.org/10.1631/jzus.B1100071
https://doi.org/10.1016/j.aquaculture.2018.11.008
https://doi.org/10.1016/j.aquaculture.2018.11.008
https://www.aquaculturesciences.ir/article_134592.html?lang=en
https://www.aquaculturesciences.ir/article_134592.html?lang=en
http://dx.doi.org/10.1111/are.15564
https://doi.org/10.1111/j.1365-2109.2009.02380.x
https://doi.org/10.1111/j.1365-2109.2009.02380.x
https://doi.org/10.1007/s10695-013-9845-z
https://doi.org/10.3389/fimmu.2015.00354
http://dx.doi.org/10.20546/ijcmas.2017.610.357
http://dx.doi.org/10.20546/ijcmas.2017.610.357
http://jair.gonbad.ac.ir/article-1-909-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-09-03 ]

e S Blo (i ge 0ol oS i g Jo 53wyl LS Jged il dunn Lo

Shi, Q., Xiong, X., Wen, Z., Qin, C., Li, R,
Zhang, Z., Gong, Q. and Wu, X., 2022. Cu/Zn
superoxide dismutase and catalase of Yangtze
sturgeon, Acipenser dabryanus: Molecular
cloning, tissue distribution and response to
fasting and refeeding. Fishes, 7(1), p.35.
https://doi.org/10.3390/fishes7010035

Souza, C.D.F., Baldissera, M.D., Baldisserotto,
B., Heinzmann, B.M., Martos-Sitcha, J.A. and
Mancera, J.M., 2019. Essential oils as stress-
reducing agents for fish aquaculture: a review.
Frontiers in  physiology, 10, p.785.
https://doi.org/10.3389/fphys.2019.00785

Tennant, L. A., Vaage, B. M., and Ward, D. L.,
2019. An evaluation of sedatives for use in
transport of juvenile endangered fishes in
plastic bags. Journal of Fish and Wildlife
Management, 10(2), pp. 532-543.
https://doi.org/10.3996/032019-JFWM-016

Tondolo, J.S.M., Amaral, L.D.P., Simdes, L.N.,
Garlet, Q.l.,, Schindler, B., Oliveira, T.M,,
Silva, B.F.D., Gomes, L.D.C., Baldisserotto,
B., Mallmann, C.A. and Heinzmann, B.M.,
2013. Anesthesia and transport of fat snook
Centropomus parallelus with the essential oil
of Nectandra megapotamica (Spreng.) Mez.
Neotropical Ichthyology, 11, pp.667-674.
https://doi.org/10.1590/S1679-
62252013000300020

Toni, C., Martos-Sitcha, J.A., Baldisserotto, B.,
Heinzmann, B.M., de Lima Silva, L.,
Martinez-Rodriguez, G. and Mancera, J.M.,
2015. Sedative effect of 2-phenoxyethanol and
essential oil of Lippia alba on stress response
in gilthead sea bream (Sparus aurata).
Research in veterinary science, 103, pp.20-27.
https://doi.org/10.1016/j.rvsc.2015.09.006

Tort, L., 2011. Stress and immune modulation in
fish.  Developmental &  Comparative
Immunology, 35(12), pp.1366-1375.
https://doi.org/10.1016/j.dci.2011.07.002

Wassif, .M. and Mohammed, R.S., 2022. Use of
Thyme and Thymol as Immunostimulant
Agents to control Experimental Aeromonas
hydrophyla Infection in Nile Tilapia
(Oreochromis niloticus). Zagazig Veterinary
Journal, 50(3), pp.241-254.
https://doi.org/10.21608/zvjz.2022.150326.11
85

Yousefi, M., Hoseini, S.M., Vatnikov, Y.A.,
Karamyan, A. and Kulikov, E.V., 2024.
Dietary Thymol Supplementation Promotes
Antioxidant Responses and Thermal Stress
Resistance in Rainbow Trout, Oncorhynchus
mykiss. Animals, 14(20), p.2988.
https://doi.org/10.3390/ani14202988

https://doi.org/10.1111/are.15650

Saccol, E.M., Londero, E.P., Bressan, C.A.,
Salbego, J., Gressler, L.T., Silva, L.V.,
Mourdo, R.H., Oliveira, R.B., Llesuy, S.F.,
Baldisserotto, B. and Pavanato, M.A., 2017a.
Oxidative and biochemical responses in
Brycon amazonicus anesthetized and sedated
with Myrcia sylvatica (G. Mey.) DC. and
Curcuma longa L. essential oils. Veterinary
anaesthesia and analgesia, 44(3), pp.555-566.
https://doi.org/10.1016/j.vaa.2016.08.005

Saccol, E.M., Toni, C., Pés, T.S., Ourique, G.M.,
Gressler, L.T., Silva, L.V., Mourao, R.H.,
Oliveira, R.B., Baldisserotto, B. and Pavanato,
M.A., 2017b. Anaesthetic and antioxidant
effects of Myrcia sylvatica (G. Mey.) DC. and
Curcuma longa L. essential oils on tambaqui
(Colossoma  macropomum).  Aquaculture
Research, 48(5), pp.2012-2031.
https://doi.org/10.1111/are.13034

Sadoul, B. and Geffroy, B., 2019. Measuring
cortisol, the major stress hormone in fishes.
Journal of Fish Biology, 94(4), pp.540-555.
https://doi.org/10.1111/jfb.13904

Sakamoto, T., Kozaka, T., Takahashi, A.,
Kawauchi, H., and Ando, M., 2001. Medaka
(Oryzias latipes) as a model for
hypoosmoregulation of euryhaline fishes.
Aquaculture,  193(3-4), pp. 347-354.
https://doi.org/10.1016/S0044-
8486(00)00471-3

Salbego, J., Becker, A.G., Gongalves, J.F.,
Menezes, C.C., Heldwein, C.G., Spanevello,
R.M., Loro, V.L., Schetinger, M.R.C,,
Morsch, V.M., Heinzmann, B.M. and
Baldisserotto, B., 2014. The essential oil from
Lippia alba induces biochemical stress in the
silver catfish (Rhamdia quelen) after
transportation.  Neotropical  Ichthyology,
12(4), pp.811-818.
https://doi.org/10.1590/1982-0224-20130178

Salbego, J., Becker, A.G., Parodi, T.V,
Zeppenfeld, C.C., Goncalves, J.F., Loro, V.L.,
Morsch, V.M., Schetinger, M.R.C., Maldaner,
G., Morel, A.F. and Baldisserotto, B., 2015.
Methanolic extract of Condalia buxifolia
added to transport water alters biochemical
parameters of the silver catfish Rhamdia
quelen.  Aquaculture, 437, pp.46-50.
https://doi.org/10.1016/j.aquaculture.2014.11.
022

Saurabh, S., & Sahoo, P. K. (2008). Lysozyme: an
important defence molecule of fish innate
immune system. Aquaculture research, 39(3),
223-239. https://doi.org/10.1111/j.1365-
2109.2007.01883.x


https://doi.org/10.1111/are.15650
https://doi.org/10.1016/j.vaa.2016.08.005
https://doi.org/10.1111/are.13034
https://doi.org/10.1111/jfb.13904
https://doi.org/10.1016/S0044-8486\(00\)00471-3
https://doi.org/10.1016/S0044-8486\(00\)00471-3
https://doi.org/10.1590/1982-0224-20130178
https://doi.org/10.1016/j.aquaculture.2014.11.022
https://doi.org/10.1016/j.aquaculture.2014.11.022
https://doi.org/10.1111/j.1365-2109.2007.01883.x
https://doi.org/10.1111/j.1365-2109.2007.01883.x
https://doi.org/10.3390/fishes7010035
https://doi.org/10.3389/fphys.2019.00785
https://doi.org/10.3996/032019-JFWM-016
https://doi.org/10.1590/S1679-62252013000300020
https://doi.org/10.1590/S1679-62252013000300020
https://doi.org/10.1016/j.rvsc.2015.09.006
https://doi.org/10.1016/j.dci.2011.07.002
https://doi.org/10.21608/zvjz.2022.150326.1185
https://doi.org/10.21608/zvjz.2022.150326.1185
https://doi.org/10.3390/ani14202988
http://jair.gonbad.ac.ir/article-1-909-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-09-03 ]

VFo¥ by oF o,lols AV 0,90 (509,15 cwlils ploay s

https://doi.org/10.1016/j.aquaculture.2009.06. Yousefi, M., Hoseini, S.M., Vatnikov, Y.A,,
019 Nikishov, A.A. and Kulikov, E.V., 2018.
Zeppenfeld, C.C., Toni, C., Becker, A.G., dos Thymol as a new anesthetic in common carp
Santos Miron, D., Parodi, T.V., Heinzmann, (Cyprinus carpio): Efficacy and physiological
B.M., Barcellos, L.J.G., Koakoski, G., da effects in comparison with eugenol.
Rosa, J.G.S., Loro, V.L. and da Cunha, M.A., Aquaculture, 495, pp.376-383.
2014. Physiological and  biochemical https://doi.org/10.1016/j.aquaculture.2018.06.

responses of silver catfish, Rhamdia quelen, 022
after transport in water with essential oil of Zahl, I.H., Kiessling, A., Samuelsen, O.B. and
Aloysia  triphylla  (L'Herit) Britton. Hansen, M.K., 2009. Anaesthesia of Atlantic
Agquaculture, 418, pp.101-107. cod (Gadus morhua)—effect of pre-
https://doi.org/10.1016/j.aquaculture.2013.10. anaesthetic sedation, and importance of body
013 weight, temperature and stress. Aquaculture,
295(1-2), pp.52-59.

:lioay olcew! og2s
sam Ble oir fsh b 5 (s —dsb dbly b G n o (S8 oy el oz ansl g Gloier ep el
wlis oole (slo gy 4 s (Qluuz sl 5 ol Gliwl) flas b, . Kis5 sla,gs ;o Katsuwonus pelamis (Linnaeus, 1758) lad...

AT DY NFY L ogglSasS olfislogs 8
Pourabbasali M., Jafaryan H., Adineh H., Patimar R., Farhangi M. Length frequency, length-weight relationship,
and length of sexual maturity of skipjack tuna (Katsuwonus pelamis (Linnaeus, 1758)) in artisanal gillnets in the

Oman Sea (Sistan and Baluchistan Province). Journal of Applied Ichthyological Research, University of Gonbad
Kavous. 2024, 12(4): 01-12.

¥



https://doi.org/10.1016/j.aquaculture.2018.06.022
https://doi.org/10.1016/j.aquaculture.2018.06.022
https://doi.org/10.1016/j.aquaculture.2009.06.019
https://doi.org/10.1016/j.aquaculture.2009.06.019
https://doi.org/10.1016/j.aquaculture.2013.10.013
https://doi.org/10.1016/j.aquaculture.2013.10.013
http://jair.gonbad.ac.ir/article-1-909-fa.html

[ Downloaded from jair.gonbad.ac.ir on 2025-09-03 ]

Journal of Applied Ichthyological Research Vol. 12, No 4, 01-12

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

Comparison of the Effect of Thymol on Stress Reduction during Short-Term Transport
of Caspian kutum (Rutilus kutum Nordmann, 1840) in the Shirud and Sardabrud Rivers

of Mazandaran Province

Pourabbasali M*., Jafaryan H*"., Adineh H!., Patimar R!., Farhangi M%.
! Fisheries Department, Faculty of agricultural and naural resource, Gonbad Kavous University, Gonbad Kavous, Iran.

Type:
Original Research Paper

Paper History:

Received: 01-12-2024
Accepted: 04-01- 2025

Corresponding author:

Jafaryan H. Fisheries Department,
Faculty of agricultural and naural
resource, Gonbad Kavous University,
Gonbad Kavous, Iran.

Email: hojat.jafaryan@gmail.com

Abstract

The present study investigates the effect of different concentrations of thymol on stress
reduction during the short-term transport of Caspian kutum (Rutilus kutum). In this
research, 24 broodfish were caught from the Shirud and Sardabrud Rivers
(Mazandaran) with an average weight of 321.51 + 25.910 grams and 384.06 + 75.911
grams during the spawning season. The fish were transported in 12 plastic bags with a
capacity of 50 liters, containing 15 liters of water and 35 liters of pure oxygen, at a
density of 2 fish per bag for three hours. Various concentrations of thymol (control,
0.25, 0.375, and 0.5 mg/L) were added to the water. Blood samples were taken from
the caudal vein, and serum biochemical indices were measured. The results indicated
that thymol significantly reduced glucose, cortisol, total immunoglobulin, and
malondialdehyde levels while increasing lysozyme, complement, catalase, and
superoxide dismutase levels (p<0.05). Additionally, glucose levels in the treatments
with 0.375 and 0.5 mg/L thymol in broodfish from the Sardabrud River were
significantly higher (p<0.05), while no significant differences were observed in other
treatments (p>0.05). Cortisol concentration also increased under high thymol
concentrations in broodfish from the Sardabrud River (p<0.05). However, in the control
group and the treatment with 0.25 mg/L thymol from the Shirud River, cortisol levels
were higher (p<0.05). Lysozyme levels were higher in the treatment with 0.5 mg/L
thymol in broodfish from the Sardabrud River (p<0.05). The activities of complement,
total immunoglobulin, catalase, superoxide dismutase, and malondialdehyde were
significantly higher in all experimental treatments and the control group in broodfish
from the Shirud River (p<0.05). Ultimately, it appears that using 0.5 mg/L thymol
during short-term transport could help reduce stress in white fish broodstock.
Keywords: Plastic bag, Serum biochemical indices, Enzyme activity, Total protein,
Glucose
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