1P ) Jbo /¥ 05l / g Jw DOR: 20.1001.1.24234575.1401.9.3.1.6 oy T

L@_H(D g oale 4lao

oo yho <8l g (Oregano Vulgare) g ygl gl JoSo b &5 330 (g 99
(Cyprinus Carpi) g5 db 39 (S 9 90 b G Y gb o gowno

Tsaany dalgd YLl yaol T ga Suge (o) e 79 ABIS Ld a5 (5 sle | gacd ousa

*r.kazempoor@riau.ac.ir

Oloal Ol (0logs slatils ¢ (S saals saltils (LT slaggolan 5 extlags 058 )
Ol g (oo Mal ol T 8310 (a5 aal g« oulid cuwy 858 Y
Ol Oless S ol ul3T o3l liwa S ualy ¢ S ypala 89,8 -
Sl Bl godcal W31 o€l Jlasd )3 aals oMk 55 S —F

Ve o 8oy Ll Ver o alaye sl e sl

oNS>

Gl b Sde SYob Copsas S 68 Olabe sae by 58 sl ulel oo b 4di5 L3U e sk 4 addlas o
b S e (o slosty db (Bl 5 08 0 55 ) 58 Al WO st ol (el b el STy 4L
St gt 55 535\ e 4 o 3 818 035 551 il (ol 0 5 0l 0 ol NSRS TPA SRRV
5l o b ads TLos 8wl o b ads (C) Jxs 05,8 Jals bl i & 515 oS540 cls b San SY50
23 5 Sl ol sm 3 ¢S 5 U b Cnsmnen 5 S8 51 Gl sl e b ks T2 05 8 5 S5 50 L o s
25 258 S e 2 solid SOl bl g 5 S sl 53 S 1 ey Sl sl 5 A plasl 05057 OLL
LT2 s bas,le ol s 3p S5 5 Cledl G50 0ad STy 5ol : Jols TL Jlas s oad sdalin e jle o 2o ools Ol
s 3l T Gl s S8 Gl b s Sote g eaasiles s ol s S saalin TL e s 587 (5 5|
3 3015 Gl el (Glalis Gl 5 (S5 gl e 528 4 g b 68 Al g S 5l b Sapen s
Comtl 5 Sl Coanl Sl Slale 0350 Bus b Slagss 200> e VT ol SIS s Ol e slee]
33 Lot VT (ol b oy 51 (B0 (bl sl 15 5 59 (oslse 28 g o ) (3,008 ol el G 5 olulis

A8 o Sl

- Z -



U Wy PUPY TPPRE S0 g Ol )2 g 315 selke
» a5 slagsa (Benotti et al., 2009) coul oo olwliss PP V-PY

2 oeSepb bl L) asbsl clides el
Sl Vo0 b slel 5 ML slbailbaias
ol i Lol mals oyl et arey ik
(Grenni et al., 2013)

Obilin oolgils slacl 51 Origanum  vulgare 4o
3ol jo 00 lS b 4 a5 el (Lamiaceae)
Shayista et al., ) ssi o oolatul g)ls lgie @ lo)gis
sloolas 5 boulul 5l oolitul 41338 ass L (2013
oz 5l T e las Shoe s & p9niil o 2LS
GRIPBl g (el e 0 )Shee S0 ) 0 Sles Sgnte
Sl Al ety S bl
o olS 5 o wilel (Kazempoor et al., 2022)
ool oy Sgrae da s 5l bose a5 witen )l,3
Sty e slane b oozl 5 la sl e S daggsS
5 omrnke (Alagawany et al., 2020) slooss JoSis
slaaeul 5,5l 4g8 50 bt OlLS 5 50lA
Pl olal (Lol izl g 009 laadgiodls 5 Sgid
El ) ol JsyS1,l57 5 Jserd 005 slacn fsise
Gendy et al., 2015; Gutierrez-Grijalva et al.,
sSes 5 olE cpl cuie Sl Sllllas S b (2017
Sfles 5 (ghorl i« 29,50 jol8 0ng, LSl
Rafieepour et al., 2019; ) ;lal o los! sl
ol 5 (Abdel-Latif et al., 2020; Ozel et al., 2022
Lalyd o 1) ol (2B 0o 5 (omgns 02 (9,50 25
Bohme et al., 2014; Alagawany et al., ) i l;!
Ailes S 3,155 (2020

b oobole adss asbe Sl 00,08 Slllas 5929 L
GRSy 58 o5 b Slalllas (LS (sl
et sl e lagulal cnl il
3975 29l sleowle Bl b agzlse ohg Coagmonns
5o oolaiul oy90 sleal (Sogl 5 S 02 L Ll oyls
e s @lolid ol lroanVT L bl s
Gl lp Oyl Cead b g s 53 b LS
ool G952 5 Y bl 50 Casgenns I U )l
26 i b e Gl adlas (nl e alnbe

Sl $log)lo) Hsebg lerd glooai¥T ) Se olubis
Cudlye OVgame 5 war glaaScdl (Sbpals g
4 0590l Olazr ol 3 2l GlaptpsST o ((pard
Solor 4795 5 00l had (Fedle odes lasaags 5l (S
(Grabicova et al., 20208) cwl 05,5 Cd> o454 |,
Loy gyl sboomilondl oliowd sbooas¥T cpl 51 S
e o Gl boed glaclale o a5 colysl sloadslio
Il g oo plulil (adlarwss slo,eiS ;o o5iga) @j
od GBI 58 b Sl ) s a SoslT nl oshlacl
el alox 51 LT (Miller et al., 2018) .l
ke Ly aien b Sogll al (Byee jo Ban e
Slogrse )3 (g @z Jomdly g aiien 50,500 Lagls
Grabicova et al., 2020a; Grabicova ) «s,ls,55 »» 55!

.etal., 2020b
Qs 4 (NSAID) (sudgril s el ws (sla s
2l b slajsls o 5l o T aisn 5 Yo i
(Whitfield-Cargile et al., 2016) sl o oolitul )50
30 g 0,8 lagyle pl ol Brae 4 prie dliie oy
sl @lobiss 5l goaxs Gl s)lis sl
Madikizela ) cool atils 545 w5kl ;o NSAID
@ sl slagls 51 S S50 @nd Ncube, 2021
35S ToS s slap 353 Lo b a5 el NSAID oolgils
ObSggy g Linadlivg n (elSnlivg 3w )3
3 SYeb Pl Doe g m e i Sde a gilo cpl ol s
Gl Somgeme 51 NAVE Jlo o JBL w5555 e
(Wojcieszynska and Guzik, 2020) os ,ls,s5
oS50l e oo shol Sl 90 4 (0 )0 S0l
Addison et al., ) oo bas a5g,555 uSypl
ahas H0 a5 ol e e OB 5)ly 4 (2000
JU sl s Sl Ol laals
Sy b @y wls asal (295 L oolen el oo
Marco-Urrea et al., 2010; Wojcieszyfiska ) o5,
(a8l am s a4 Ko sew 5l @nd Guzik, 2020;
5o Soeelal ST g (b e sleel 5o 50

v



1Pt Sl /Y 0 )l /e JWw

o) oyl

4, 90 olele 4 2o 1ae (El-Hawarry et al., 2018)
9 PR ‘al:;u‘ uu\.u u)5 /() U""L““"l)" s\; 9 ‘\ ULCLM: )o )'5) )o
IRV 4

S 2 b agle
Joalygiws bl S 90l b Saa Vsl Congons
Y+ 59, 5 (OECD, 1984) o bl Y+ ¥ 6,y OECD
ailjg, 9, VF o 4 T3 3 T2 slacg,5 0 oylale (ygejl
S8 p8) S onb p3g S 53 e (ke Ve e 50 50
OmS9nb yog w85 13 (Olpl ol Sl sl
LSS ol 4 jhie o 2 Lo Ve o ol o 5l w
alyg, i 0,90 590 y0 g5l clale baas gl 0l oo a8lS]
oo Sl g onh il o3l ol b el LT 7V

RWARNER RN IO

bl glo o)

Wels Sy @ oale am Lo 2 5l ogesl slel o
Glop dged p 5 L S e oloul 51 g 00l wo SBolas
@l Alolidly s 331 cladiges i plal jie il
i Sz b ool I3 g Jebe jo ol Sens
S e ouls cots ladiged (gwlincdl slaasdlul
Olly 50l ST (Ve -V e) (ogmo slaaz ;o b L]
O Cubrs 4 tp cdS I8 B8l s w gilesh
Sl ) 5l 9 5 A 3, Soe 5l ealitl by yiog S
0 ol (35 o (slogs 2t 235 5 oS e L
Mohamed et ) o 5,155 cwlid ol ods 4555, 4
.(@l., 2020

el
FY 595 00 655 obebe e il pwliicon] o)y mls

yastins C"L"’ u;‘ sl 00 ool ul—“’ \ JS.MJ ) ‘U?A)‘
g il g Jlays ske il sl T1 4 C islalos o,

v

$9,l0 b Dae Yok agxlse cou 655 plale jo e

Woigy g 319

osesl >k

Cyprinus ) 55 ol YA+ 5l solatul b g0l oyl
Jsb (eSbe 5 pSOBEID (S35 wSike L (CArpio
S e 0nd gl obale b ell e il $IOE- 10
&5l g atin g0 S a4 Lialesl plasl e a0 Ul
G5l 0550 Jsb o wiad (6,055 (505 oo Ll b
Shez b (o 0j9 10 wlaly) 595 )0 e 9 pleals
4 sbeb 6,85l oy50 b 5l e ol 4ds )by
23lga sl E Lol SSEVY o 1S5 aw b e )
pae g wb opx b 4dw (C) Ji5 jles olo o)l
poe gl opz b adss Tl Jla « (S5l b agzlse
L o|).o..b d..:L: 0y L L 12 )Lo..u f u~55;’l4 L d‘é{"ﬁ‘
T3 jlesd 5 (mS9nl b agzlye 5 9550 Guilul JoSe
Ve Oow e ol puSg nli b agalos g a0l 0y b aydss
Pl bl S5l 052 9 Al o 215 @235 90 L 55,
WAY Sogo & )5 a5,z s3] Job o iad adss
ol CoS L gl g 0b bt bt s Sb el
oz ol Loy ead pgiew lapglssT O 7wl
T3 5 T2 laos )5 5o plale Yo 59, LG y0 0l (S0l
Solo b Do GYeb Congens Cod 5, VT Dol 4
5 C sloog,S )0 (smesd S Jlopo wid)S )15 Sy ,0
s ol T1

I 0255 ilweolol
SThe) ab ep> 2lE w3 93 b plele g3l cnl o
@i gl pulel sl opz 5 (oS g )b
S gl bl ¢ gl ol Guill (g5l 002 s sl ot
Pl ¥V Cand b (Glnl ld ols el Gosb &552)
Shss sy @l b » 50 Sl pSekS o 0



ver bl oS0 b 4 gl (w9

R e R

T3 4 Cons a8 o 1L T2 bjleg o bas ke

a5 55

Fdels T3 5 T2 (ol o 4o ondiosalivn adjle oy iy
ol & 0 G n DAl oSS el abgSly GelS

i)

(Jlo s €O T sla 10 (Jloi <L) € Jlagd il (Foox 2ladS5) a3l FF 335 59 (555 sleblo ko bl sunlich capual 1y 1 JSS
G980y ) dd (yus aligSTg 1 d8) T3 jlowg 10 (59,55 1 alis il «olpad! 1 8 jgudS 1055 0yl ¢yl aligSTlg tolw o,yliw) T2 Hlows iz
(ol s o el 59555185 0 )biw  F95  tolw o liw

Cooms 5 ool SIS casl NSAID oolgils 4y bgs e
sad Gl W3 sy olpl el nl slag)ls
oy 4 adlas cplyo (Stancova et al., 2017) <ol
15655 ole pie il el 1 8 ol il L iy 3

Sl 00l 4210y S gl (59,0 (B yee
il lye a4 3by o3 S8lyd 5 et Jes @ e
Badgujar et ) ssi co (8,20 balogons glgl o Gun
asllas 15 555 hals jie pulisionl o)y @l., 2015
GLEle s el uSaul a8 o olis Lol
5 DAl oS5 pud abigSly GolS alex Sl (anbons
Slpss Laly ol jo 0pboe e SBL 3 (GePp
5 NSAID slag)ls o,me 5o dle oo il suliioon]
Loabal, jo Lol el oo 5,155 o92ge luol jo yeiS

S A g ooy

4 0j9el ()l sloosile Bl o3isa H5eby (slaoanYl
Jos 2 SlapiaswsS o asme Canyy e JSido S
W05 ool Lame 4y ooliiul 1 s agyls ol 1y casl oals
MT JL‘?L;“ » 05)15 9 AJGA oégﬂ |) @T GLQWDS‘ 9
2 sty o Ul Lol (S e ol cwdls
4 e oS P g ok JEe (olAE 0y sl
Ssdice ol g Camsy ime gy pie Sl sl
291 sosile 3L aSST 55>4 L (Gomes et al., 2019)
Lol el 3925 05 bt gAe b T (loeiamussST o
SIS 5551 g (lid e Sl LS 0jel
wald elmosile Bl cnl 5l Ko oS olml gz i b5

f



1Pt Sl /Y 0 )l /e JWw

o) oyl

e 0 g 2LS el b osad adn lele o
oS U’““)‘)f S9>g0 ul...nb‘ o U?"S by ‘;5)‘.) S goumind
Lol alaly pl o (5055 et pols asdlae 5 col
el G20l 5o g8yl puilul (plidlre 28 3525
ooyl Jsb 55 535 ROS (555 (s 51 s 95 551 il
ey 8l ool boaglse 51 LSL sslans]
S 9l b Comgone il 4T ol Sl s &S50k les
Stancova et al., ) sgd oo guilacnsST Lo ywl sl cely
Sl oSles 25y el gl puilel ol lie
5! (Shourbela et al., 2021) 55,5 o olo o Slos]
SeeS | el Lial33 (Y2 YY) ], Sen 4 Sedeeq oo (som
3D Oeliegans] gg,ls 5l eolatwl 4z o (NO) o s
&S cpl Sl 05,8 (5,155 1, (NSAID slag,ls oolgils
wile ol sk 5l NO w5l i odg a5 cal ]
cel Wl ge i ROS Jsas b (Jld slaslss Sl
Abdel-Salam ) 54 plail 5 ,Slee jo Pzl g 8L ol
Solee S gl ojlas Jop! L o(et al, 2019
a4 b pl &S el NO 4 ROS odg 5 4s LB
P 09z Slin S San g o igge JWd SlS
op! (Leyva-Lopez et al., 2016) o sols cos 45,
e b ol zals Jle 5l plaSie ail e beazsl
ol asdlhae o Gyl Guilul b adss a0 (lele
wedien ity gon Sl o Wil w)p a5 wiil
2 oeSonb b azlse oulidoanl hslsal ulnedle
ol Lo Olaslice Lol wyls iy gw)yp 4 5L 5 G
Sodile S sgpie pae SISl 4 axg b oo IS jeb 4
Ll polae jlacsl (o e Slog>ge ;0 NSAID (slag,lo
Iy e Olylas 00 5uS OB pas doedl [0 Cawn ) ases (o
saals jshte 4 cuils aalgs ol eaas syl gl (slp
Sl Slogzge Cadw p y5ebes slaoanVT pl pae &l
slp @b)Bal, e 5 lelis (o Glapiuss]
A

ot slaghge 55 Shre el (D18 (llsese ple
OhiSes 5 Browne aslle o odsnsnl b oye oloy
A B (Ve 8)

50 ol sl o L3o slapailSe 3 4 aalsl jo
Sl O3S 28l 4 e o p o0 polo anlllas ;o i
oelplio 1y o ST U551 AY e sl Gules
ogame oS Bl cud b gljls a0 S e
ROS) (5msl Jb sloaist wdgi pln o 5 oo
Ogaly et al., 2015; Sedeeq et al., ) el 5 pdcaw!
Olie 3979 o5 0l polie 3l solaxwl  ogde (2021
ras slas o alfar glald o glasesl ob;
28 el st ool pln o 1) rae e
aS cool Jl> o ol (Islas-Flores et al., 2014) &S .
oyl sl eolaiwl asi o gslannST eyl sl
S Gl 00 oyl g 00l (5,055 o)L ol 51 i NSAID
5 alie cewille L Ken NSAID oolgls (slag,ls
Stancova et ) w,li5 o 56 SlaST ST sla, s
58,5 18 Jie sl @l 2017; Sedeeq et al., 2021
5 OPongml oaiS Lot (eje Cod slajed Byme )3
J=le 5o e NSAID oolgls 4 slae a5 SLsglSs
o ,Sles oo o (Tinca tinca) ' ale Y Su5; adsl
00,5 gulannST Loyl (Wl g SloST T slags
Stancova adllas ;o xen (Stancova et al., 2017)
Al T ole )0 eTonb b agzlse (V410) o Sen
00,5 g5lanST yiwl obml 4 e (Danio rerio)
slog,ls ol3T 8,8 5o (55w 5l (Stancova et al., 2015)
P NS (o 3 e~ S 5l oo e NSAID
e (pl &5 WIS 0 Sl G0 oae e
O b Comgene g SIS WS Gage S92 s095
Parepally et al., 2006; Mathias et al., ) 55,5 o lag,lo
(2018

oo ewlidiaw] Oluls pals ol mls o b ass
L agzlee jo ol 0l bl b oo adss lale jo

1 Tench
2 Zebrafish



vee il JoSo b 43 il (o g 9

R e e A o

Badgujar, P.C., Pawar, N.N., Chandratre,
G.A., Telang, A.G. and Sharma, A.K., 2015.
Fipronil induced oxidative stress in kidney and
brain of mice: protective effect of vitamin E
and vitamin C. Pesticide biochemistry and
physiology, 118, pp. 10-18.

Benotti, M.J., Trenholm, R.A., Vanderford,
B.J., Holady, J.C., Stanford, B.D. and
Snyder, S.A., 2009. Pharmaceuticals and
endocrine disrupting compounds in US
drinking water. Environmental Science &
Technology, 43(3), pp. 597-603.

Bohme, K., Barros-Velazquez, J., Calo-Mata,
P. and Aubourg, S.P., 2014. Antibacterial,
antiviral and antifungal activity of essential
oils: Mechanisms and applications.
Antimicrobial compounds, pp. 51-81.

Browne, K.D., lwata, A., Putt, M.E. and Smith,
D.H., 2006. Chronic ibuprofen administration
worsens  cognitive  outcome  following
traumatic brain injury in rats. Experimental
Neurology, 201(2), pp. 301-307.

El Gendy, AN., Leonardi, M., Mugnaini, L.,
Bertelloni, F., Ebani, V.V., Nardoni, S.,
Mancianti, F., Hendawy, S., Omer, E. and
Pistelli, L., 2015. Chemical composition and
antimicrobial activity of essential oil of wild
and cultivated Origanum syriacum plants
grown in Sinai, Egypt. Industrial Crops and
Products, 67, pp. 201-207.

Sre ol o ol Bl el s SlaS 5 cnl 4
Sl polie 13 Syl b dgzlye ol adlae ,o ol
655 okale e o cwlibean] luls 55, cel 58
ol el cel 8 el bl b adss a5 Jb o wo
OMSae 9 Vb aje a4y azgi b jo 00,5 luls
3 eolatwl dagyls Bim> 9w slahg, 5l eolatu
oS bl p0 5ysn6il 5 (sl esiR S50 sloJeSs
G9yo S o oslital Laoar¥T oyl 4y ooyl sl
el SlilS S plgie @ g8 5l Guilol g s o0 Slaias

Bgd 0 dnog Glale (l3e m]) )3 eslatul sl

Qb

Abdel-Latif, H.M., Abdel-Tawwab, M,
Khafaga, A.F. and Dawood, M.A., 2020.
Dietary oregano essential oil improved the
growth performance via enhancing the
intestinal morphometry and hepato-renal
functions of common carp (Cyprinus carpio
L.) fingerlings. Aquaculture, 526, 735432 P.

Abdel-Salam, O., Youness, E.R., Mohammed,
N.A., Abd El-Moneim, O.M. and Shaffie, N.,
2019. Citicoline protects against tramadol-
induced  oxidative stress and  organ
damage. Reactive ~ Oxygen  Species, 7(20),
pp.106-120.

Addison, R.S., Parker-Scott, S.L., Hooper,
W.D., Eadie, M.J. and Dickinson, R.G.,
2000. Effect of naproxen co-administration on
valproate disposition. Biopharmaceutics &
Drug Disposition, 21(6), pp.235-242.

Alagawany, M., Farag, M.R., Salah, A.S. and
Mahmoud, M.A., 2020. The role of oregano
herb and its derivatives as immunomodulators
in fish. Reviews in Aquaculture, 12(4), pp.
2481-2492.



1Pt Sl /Y 0 )l /e JWw

) ol T

El-Hawarry, W.N., Mohamed, R.A. and
Ibrahim, S.A., 2018. Collaborating effects of
rearing density and oregano oil
supplementation on growth, behavioral and
stress response of Nile tilapia (Oreochromis
niloticus). The Egyptian Journal of Aquatic

Research, 44(2), pp. 173-178.

Gomes, T.B., Junior, S.F.S., Saint’Pierre, T.D.,
Correia, F.V., Hauser-Davis, R.A. and
Saggioro, E.M., 2019. Sublethal psychotropic
pharmaceutical effects on the model organism
Danio rerio: oxidative stress and metal
dishomeostasis. Ecotoxicology and
Environmental Safety, 171, pp.781-789.

Grabicova, K., Grabic, R., Fedorova, G.,
Kolarova, J., Turek, J., Brooks, B.W. and
Randak, T, 2020a. Psychoactive
pharmaceuticals in aquatic systems: A
comparative assessment of environmental
monitoring approaches for water and fish.
Environmental Pollution, 261, 114150 P.

Grabicova, K., Grabic, R., Fedorova, G.,
Staniova, A.V., Bldha, M., Randak, T.,
Brooks, B.W. and Zlabek, V., 2020b. Water
reuse and aquaculture:  Pharmaceutical
bioaccumulation by fish during tertiary
treatment in a wastewater stabilization
pond. Environmental Pollution, 267, 115593 P.

Grenni, P., Patrolecco, L., Ademollo, N.,
Tolomei, A. and Caracciolo, A.B., 2013.
Degradation of gemfibrozil and naproxen in a
river water ecosystem. Microchemical Journal,
107, pp.158-164.

Islas-Flores, H., Gémez-Olivan, L.M., Galar-
Martinez, M., Garcia-Medina, S., Neri-
Cruz, N. and Dublan-Garcia, O., 2014.
Effect of ibuprofen exposure on blood, gill,

liver, and brain on common carp (Cyprinus
carpio) using oxidative stress
biomarkers. Environmental ~ Science  and
Pollution Research, 21(7), pp. 5157-5166.

Kazempoor, R., Alavinezhad, S.S., Pargari,
M.M., Shakeri, Y.S. and Haghighi, M.M.,
2022. A Review on the Application of
Phytogenics as Feed Additives for Aquatic
Animals. International Journal of Aquatic
Research, 2(2), pp. 46-78.

Leyva-L6pez, N., Nair, V. Bang, W.Y.
Cisneros-Zevallos, L. and Heredia, J.B.,
2016. Protective role of terpenes and
polyphenols from three species of Oregano
(Lippia graveolens, Lippia palmeri and
Hedeoma patens) on the suppression of
lipopolysaccharide-induced inflammation in
RAW 264.7 macrophage cells. Journal of
Ethnopharmacology, 187, pp. 302-312.

Madikizela, L.M. and Ncube, S., 2021.
Occurrence  and  ecotoxicological  risk
assessment of non-steroidal anti-inflammatory
drugs in South African aquatic environment:
What is known and the missing
information? Chemosphere, 280, 130688 P.

Marco-Urrea, E., Pérez-Trujillo, M., Blanquez,
P., Vicent, T. and Caminal, G., 2010.
Biodegradation of the analgesic naproxen by
Trametes versicolor and identification of
intermediates using HPLC-DAD-MS and
NMR. Bioresource Technology, 101(7), pp.
2159-2166.

Mathias, F.T., Fockink, D.H., Disner, G.R.,
Prodocimo, V., Ribas, J.L.C., Ramos, L.P.,
Cestari, M.M. and de Assis, H.C.S., 2018.
Effects of low concentrations of ibuprofen on



vee il JoSo b 43 il (o g 9

R e e A o

freshwater fish Rhamdia
quelen. Environmental Toxicology and
Pharmacology, 59, pp. 105-113.

Miller, T.H., Bury, N.R., Owen, S.F., MacRae,
J.l. and Barron, L.P., 2018. A review of the
pharmaceutical ~ exposome in  aquatic

fauna. Environmental Pollution, 239, 129-146.

Mohamed, AAR, Rahman, A.N.A,,
Mohammed, H.H., Ebraheim, L.L., Abo-
ElMaaty, A.M., Ali, S.A. and Elhady, W.M.,
2020. Neurobehavioral, apoptotic, and DNA
damaging effects of sub-chronic profenofos
exposure on the brain tissue of Cyprinus carpio
L.: Antagonistic role of Geranium essential
oil. Aquatic Toxicology, 224, p.105493.

OECD, 1984. Test No. 204: Fish, Prolonged
Toxicity Test: 14-Day Study, OECD
Guidelines for the Testing of Chemicals,
Section 2, OECD Publishing, Paris.
http://dx.doi.org/10.1787/9789264069985-¢n.

Ogaly, H.A., Khalaf, A.A., Ibrahim, M.A,,
Galal, M.K. and Abd-Elsalam, R.M., 2015.
Influence of green tea extract on oxidative
damage and apoptosis induced by deltamethrin
in rat brain. Neurotoxicology and
Teratology, 50, pp. 23-31.

Ozel, O.T., Cakmak, E., Gurkan, S.E., Coskun,
I. and Tiire, M., 2022. Evaluation of oregano
(Origanum vulgare) essential oil
supplementation on growth performance,
digestive enzymes, intestinal histomorphology
and gut microbiota of Black Sea salmon,
Salmo labrax. Annals of Animal Science, 22(2),
pp. 763-772.

Parepally, J.M.R., Mandula, H. and Smith,
Q.R., 2006. Brain uptake of nonsteroidal anti-
inflammatory drugs: ibuprofen, flurbiprofen,

and indomethacin. Pharmaceutical
Research, 23(5), pp. 873-881.

Rafieepour, A., Hajirezaee, S. and Rahimi, R.,
2019. Dietary oregano extract (Origanum
vulgare L.) enhances the antioxidant defence
in rainbow trout, Oncorhynchus mykiss against
toxicity induced by  organophosphorus
pesticide, diazinon. Toxin Reviews, 39(4), pp.
397-407

Sedeeq, B.1., Sarhat, E.R., Wadee, S.A., Sarhat,
T.R. and Abass, K.S., 2021. Effects of
indomethacin ~ Administration on  Some
Biochemical and brain histological Changes in
Male Rats. Indian Journal of Forensic
Medicine & Toxicology, 15(3), pp. 2127-2135.

Shayista, C., Zahoor, A.K. and Phalestine, S.,
2013. Medicinal importance of genus
Origanum: A review. Journal of
Pharmacognosy and Phytotherapy, 5(10), pp.
170-177.

Shourbela, R.M., El-Hawarry, W.N.,
Elfadadny, M.R. and Dawood, M.A., 2021.
Oregano essential oil enhanced the growth
performance, immunity, and antioxidative
status of Nile tilapia (Oreochromis niloticus)
reared under
systems. Aquaculture, 542, 736868 P.

Stancova, V., Plhalova, L., Tichy, F,
Doubkova, V., Marsalek, P., Hostovsky, M.
and Svobodova, Z., 2015. Oxidative stress
indices and histopathological effects of the
nonsteroidal antiinflammatory drug naproxen

intensive

in adult zebrafish (Danio rerio). Neuro
Endocrinology Letters, 36(Suppl 1), pp. 73-78.
Stancova, V., Plhalova, L., Blahova, J., Zivna,
D., Bartoskova, M., Siroka, Z., Marsalek, P.

A



1Pt Sl /Y 0 )l /e JWw

o) oyl

and Svobodova, Z., 2017. Effects of the
pharmaceutical ibuprofen,
diclofenac, and carbamazepine alone, and in
combination, on oxidative stress parameters in
early life stages of tench (Tinca
tinca). Veterinarni Medicina, 62(2), pp. 90-97.
Whitfield-Cargile, C.M.,  Cohen, N.D.,
Chapkin, R.S., Weeks, B.R., Davidson, L.A.,
Goldsby, J.S., Hunt, C.L., Steinmeyer, S.H.,
Menon, R., Suchodolski, J.S. and

contaminant’s

Jayaraman, A., 2016. The microbiota-derived
metabolite  indole  decreases = mucosal
inflammation and injury in a murine model of
NSAID enteropathy. Gut Microbes, 7(3), pp.
246-261.

Wojcieszynska, D. and Guzik, U., 2020.
Naproxen in the environment: its occurrence,
toxicity to nontarget organisms and
biodegradation. Applied Microbiology and
Biotechnology, 104(5), pp. v1849-1857.



Iranian of Ornamental Aquatics Vol. 9, No.3

Potential protective effect of Oregano vulgare on toxic effects of naproxen on brain of Koi fish
(Cyprinus carpio)

Alavinejad S.Sh.}; Kazempoor R.%"; Mehdipour M.2; Khajehrahimi A.*
*r.kazempoor@riau.ac.ir

1-Department of Aquatic Health and Diseases, Faculty of Veterinary Medicine, University of
Tehran, Tehran, Iran.

2-Department of Biology, Roudehen Branch, Islamic Azad University, Roudehen, Iran.
3-Department of Veterinary, Garmsar Branch, Islamic Azad University, Garmsar, Iran.
“Department of Marine Science and Technology, Islamic Azad University, North Tehran Branch,
North Tehran, Iran.

Abstract

This study was performed to evaluate the effect of feeding with Oregano Vulgare essential oil
supplementation on the brain tissue of Koi fish under long-term exposure to naproxen. For this
purpose, 135 Koi fish (Mean weight: 1.5 gr; Average length: 61 cm) were divided into three
groups with three replications. These fish were fed with two diets including a basic diet (BD) and an
essential oil diet (OED) for 30 days. They were then exposed to naproxen (NP) for 14 days.
Treatments included a control group (C): BD feeding, T1 group: BD feeding and NP toxicity, and
T2 group: OED feeding and NP toxicity. Brain tissue sampling was performed at the end of the
experiment. Tissue samples were examined after fixation in Bowen's solution and preparation of
histopathological slides. The most common complications in T1 treatment were gliosis, vacuolation,
necrosis, inflammation, and hyperemia. These complications were observed in T2 with a less
destructive effect than in T1. These results showed the positive effect of feeding with oregano
essential oil in reducing tissue damage exposed to NP toxicity in Koi fish. Due to the widespread
use of NP and the persistence of this drug in the surface waters of the world, it is important to
investigate the effects of this drug contaminant on non-target organisms. Therefore, it is necessary
to identify and introduce practical strategies to reduce the adverse effects and economic losses of
toxicities with these pollutants.
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