@ Journal of Utilization and Cultivation of Aquatics

Gorgan University of Agricultural
Sciences and Natural Resources

Online ISSN: 2345-427X
Print ISSN: 2345-4288

Dose- and size-dependent effects of polystyrene microplastic on
antioxidant and immune genes of gold fish (Carasius auratus)

Azim Liaghi', Hadise Kashiri™?, Ainaz Shirangi®, Mohammad Gholizadeh®,

Safura Abarghouyi®

1. Dept. of Fisheries and Aquatic Ecology, Faculty of Fisheries and Environmental Sciences, Gorgan University of Agricultural
Sciences and Natural Resources, Gorgan, Iran. E-mail: azimliagi@gmail.com

2. Corresponding Author, Dept. of Fisheries and Aquatic Ecology, Faculty of Fisheries and Environmental Sciences, Gorgan
University of Agricultural Sciences and Natural Resources, Gorgan, Iran. E-mail: hadiskashiri@gmail.com

3. Dept. of Biology, Faculty of Basic Sciences, Gonbad Kavus University, Gonbad, Iran. E-mail: ainazshirangi@gmail.com

4. Dept. of Fisheries, Faculty of Agriculture and Natural Resources, Gonbad Kavus University, Gonbad, Iran.
E-mail: gholizade_mohammad@yahoo.com

5. Dept. of Fisheries and Aquatic Ecology, Faculty of Fisheries and Environmental Sciences, Gorgan University of Agricultural
Sciences and Natural Resources, Gorgan, Iran. E-mail: s.abarghouei@gmail.com

Article Info

ABSTRACT

Article type:
Full Length Research Paper

Article history:

Received: 05.28.2022
Revised: 05.12.2022
Accepted: 06.15.2022

Keywords:

Gene expression,

Gold fish (Carasius auratus),
Pollustion,

Polystyrene microplastic

Nowadays, plastic pollution is regarded as one of the most threatening
environmental pollution. In this regard, microplastics may enter the food web
and produce some negative impacts in aquatics. The goal of the present study
was to study effects of polystyrene microplastic on antioxidant and immune
genes expressions in gold fish (Carasius aurata). For this, polystyrene
microplastic was synthetized via suspension and emulsion polymerization
method in two sizes of 0.25 and 8 um. The fish were exposed to the
microplastic with sizes of 0.25 and 8 um and concentrations of 0.05, 0.5 and
5 mg/L during 28 days under 6 treatments. Based on the results, polystyrene
microplastic induced gene expression of SOD, CAT and HSP70 that were
dependent on the microplastic concentration and size. Smaller size of
microplastic showed higher induction effect on the studied genes expressions
so that in most cases, the highest level in the same concentrations was
ohserved in the treatments exposed to 0.25 um microplastic. With increase in
microplastic concentration from 0.05 to 5 mg/L, a similar decreasing-
increasing trend was observed in the investigated genes expressions but the
CAT gene reaction was slightly different. Overall, more studies seem
necessary to understand polystyrene microplastic effects on aquatics and its
potential mechanisms. With respect to the results from the present study
indicating the changes in antioxidant and immune genes expressions under
microplastic exposure, establishing some strategies seem to be obligatory to
manage the effluents entered to the aquatic ecosystems and prevent more
microplastics increase in the environment. Totally, based on the results, it
could be said that polystyrene microplastic as a pollutant can induce the
antioxidant and immune system of gold fish.

Cite this article: Liaghi, Azim, Kashiri, Hadise, Shirangi, Ainaz, Gholizadeh, Mohammad, Abarghouyi,
Safura. 2023. Dose- and size-dependent effects of polystyrene microplastic on antioxidant
and immune genes of gold fish (Carasius auratus). Journal of Utilization and Cultivation of
Aquatics, 11 (4), 109-121.

ONOS © The Author(s). DOI: 10.22069/japu.2022.20742.1722

Publisher: Gorgan University of Agricultural Sciences and Natural Resources

AR


mailto:hadiskashiri@gmail.com
mailto:ainazshirangi@gmail.com
mailto:gholizade_mohammad@yahoo.com
mailto:s.abarghouei@gmail.com

YYE0-£YYX 1 Wi LU

YFEO-EYAM 1yl LLE Ol (%395 9 (5319 520 e 42yl

%f&,v‘bkjﬁkﬁs

o P bl b :..i.g.u)g”&,o odals g 0 jluil 4 dlg a!}!
(Carasius auratus) M ! )5 Blo (w0sl g oS | ST By 9

- . L. (e Y Z. on o7 Y N R Voo y
°&ﬁﬁ“)ﬁteb‘)g;b-wc§ﬁd)‘*;“ ‘S”nSQJ?c@gmkﬁ

‘)\J.’.‘ ‘ngf ‘QK; Lf’?“h CL.A 9 6}'})\.:5 6}.}& AK...’ZJ'} Wy .]a?m 9 CJM.:.JJ oSSl ‘QLLJ;T 6_)\)/..1:].@.3 9 .L:J).T c}jf .

azimliagi@gmail.com :4.UL/,

‘Q@Jf ‘.;-?.b CLA K 6)')}[.—’15 r_,.l.& AK.;J.) s ) .]a?u 9 QM Sl AQl.iJ.aT 6)“)’.’)@ 9 .o\."J_,.'v‘ ajjf Ld}:.«-«.ﬁ eJ}.w,v‘)J .

hadiskashiri@gmail.com :«ULl, .0 .l 08 S

ainazshirangi@gmail.com :aslLl, .0l 1 (S ¢ w3 slS 1S olK2ils carly p ke 0aSTiils (mlidim 05 S
gholizade_mohammad@yah00.com :asLL1, .0l 5l S ¢ w55l S ol8iils  abo e 5 (55558 eaSCiils (LS TR

Ul}i‘ ‘Qg; cd@; gf’“b cL.a 9 LS))JL:“S r)l.f« a@\: s ) Ja.ou 9 ;’)’L,; oAl ‘QL’”J‘T szbjf’J@'.’ 9 .L:‘J_,: a}‘)f

s.abarghouei@gmail.com :4.LLI,

.0

oS>

e SleMb!

i et G ST Stk Sl S (Saedly (ST sl

Sel 5 edd ol 4K 3l el (S LS5 S (o s (53 s
S o S b S Ghasn Lpd Obpl e e S S s
e L s el 5 Glst BT g0l Ol nlel s Sl S
Gk 3l Opbkel s St Ko sk (28 8 bl (Carasius auratus)
05 Olals s a4y ey Ko Ay /Y0 o3I g3 5y aded 5 Saedsel O o5 s
J;”Jﬁcjf&fo 900 /00 lackle 5 ey S A 50 /Y0 lasilil Ll 1 LI
Sl O bl by Sty Son el bl s e 555 YA b Sl S
St s Koo 0300 5 e 4 wxly 8 42 HSP70 5 CAT SOD (slaors ol sl
35 QLIS (s 2550 05 Ol 5o VL Ll I Sy s S 5SS o3Il a5
Lol agrlsn slaslas 5o alin glacble 3 mhaw 0 VL 55050 5 A 52 S s
0L +/00 5l Sy S chale Jilpl bodd sdalin ey Seo +/Y0 Sxwdl s S
S a5 sdalie addlas 350 A0S Ol 3 Sl 2alS wlie W5y i e S e

Sl Ol 018 e bl @ S LAy ensss o Sslite 558 CAT 0 s,y 4l

Wl g g

i = ke oS i

AF RV VARY :CJLQ')J @JU

VEN/2Y/YY :U:""'lﬂv’ @)U
AR ARVEA VAR Zjﬁ.:\g: @JU

(S glaodly

(S

W5 ok

Carasius ) b L8
«(auratus

Ol Sty S

K


mailto:hadiskashiri@gmail.com
mailto:ainazshirangi@gmail.com
mailto:gholizade_mohammad@yahoo.com
mailto:s.abarghouei@gmail.com

Eel ooV G lge 4 Ll5 oo 5ol laaslisl 53 s o plind L Sawdl s S

pi b Wb b el Slns| sl s S 3

cbale g a)la_,l a 4.._....a|5 L3O |ygeo ‘@P)J‘ WAoo ‘°°‘}L?l§ ‘)l_..ni ‘Ls'if‘_"“’ AL (6 S cpudic ‘éju bl
djb):"’jef’ @f;u.(Carasius auratus) @)Ua u,.:l)lf sths wl 9 @‘A.....Slw.u" sleoy » L.))i’.t;"'“’lgsli Sy g,
AREEAR A a(f) AR ‘AJL')J/'L)“J})"}
DOI: 10.22069/japu.2022.20742.1722

@ S OB Sy © OB (b i 5 (559l psle olSadls 120

NC

"



V€Y Gl € D)Lo.a.:} AANIYH 4‘_,‘3‘)4‘ &)9)19‘5)‘3)4.0)« A gt

OS] 458 Gl 5 W o Dol &S al 5
el & e Dlaale 05 5 31 (ROS) Jlas
53 Sobew & Ml Ol 5 el e solS]
SlenST T U5 e (00) 350 L a0
LSl s b 05500 sbolast ST fels
L S Wil (CAT) 3YGIS5 (SOD) 5 sanss
OV Ll Olale codl L= 55 e sl
4 ROS Lus o Wsa CAT 5 SOD
Glos S sl Olge 4 jaens gbaod b
s T adsl, s ednS lablews
OY) Lpd o as S
g g a4 Scopl o b, gy,
23 e s e — S n e gl B el
Cn 53 (S35 Dbl (gl o @25 05 e
3 SMeSI AT Glagely Sty S 30
el by als s Olale 5o 05 a3 o 2l
Gl ll s Laolae ) a0 ol Eash o
Si3 O » Opbelhy Sredlys S il
5 el 3 eS| BT lagaly siS las sds
Olgs « (Carassius auratus) Sb .l,l8 4,8
wstls gy e oliden Slalllas 53 lin s

A

99, 9 3190
S B C i WA P P TS K Y P W
oS YAV L e 055 | (Carassius auratus)
o Al s o848 514 elasls 2 s
5 SIS pske o1 (s sl o w5 4
oy Ol b Olale L Jize 08 5 anb mle
ek lld booas Sl ke il
L (eSS A lesT s 3 axia ¥ Slen
Db s ol gl Sl el L olale e ) b

et e Slopatls BaE el S, 3

Ny

Ao

St ) S Sty (S5 il
Ssh g Ogeres L3 55 ey L;uuf;)ﬂ
LSl Sler K5 s b BlS bl
oo 4S 03 O sades Y05 Oy YV JL s
S VS R PN PN P E
Gladase 4 odis)ly Saadhy Oluls (V) 553 o
Slakad o A5l 0 e SN gb Saslea 5l
“ S Lpd S e 051 5SS Sl
Sladas pl pd e awS Saady S ol
wrld sebs eV Olse 4 & SoS
odd olie i sl ol w4 cnl (SKe cbileds
e (YD) sl wsls obnl o e Sl
SNer LSzl s S S el 0T Sl Slalllas
Jols o35y & sdr slacea] sbwl Cel oo
Sld e 04 S sy slas g 02, S S
il sl pl 5 Olale 53 oy 3l
Cl L (8) us Sele olss (Y
Aoy s e Grae el ((0) L3S slag

Lpd Olabe 53 ()
Wl e Slagesinl Ol & LoVl
P SSdng Sl St an 4
5050k 53 md po st il 53 His S Sl e
Ssd Sotis g Oer bols g Fn
Jle 5 Jpeme Glagal Olgsa S~
sl atlis ba Sogl dlax 3l Jae la w2l
53 ok slawl Ol sl oy ool 1Y)
55 HSPTO o550 onss s ol MRNA oL
Spmae Sidasd slapel cals Ll
A dibe Jase delisl i blis o
e S 2 el el S i ot PIRTRN]
PO BCON [P oo P O KW (]

2 Q) K s Lol 0 ok s Slas!



Oy 9 B palic [ e KoMl ySen L g 051051 &y diuanly 1,51

laosl il 5 L lale b 55, YA e 4 5 4 S 3
L axlge Ol b Sadl s S il
ok OS5 aw Oled 58) w2550 slasles
L agxrlse ) 05,8 PS-MP 050 el il 02
2o Ske /00 Shle s ey Se /YO PS-MP
Fes S IO PSMP L agarlsn ¥ 05 8 2
boagrlse ¥ oS i) pp S v/ Bl
2 pSke 0 Zhle s ey Se /Yo PS-MP
53 o35 A PS-MP & wgrlpe it 055 2
aoagmlye 0 058 i) n e Sk t/r0 il
A p S ke /0 Sl 3 e S A PS-MP
Chle s s S APS-MP @ agxlse ey S 5
Sheslind b Obale «ulgs 53 A oS e 0
RNA #lmal ) laeay 5 osm o S IS 5o
Aol Jes 4 (ol i Olale o3y, 3L
s Al s gl Ol b ladige

NS NI g W8
105 by )2 9 CONA sl RNA £ sl
Jsplp oS oslial L esp; slasises RNA
gl sz pe Jaal) s ulul  (INVitrogen)
DNA i~ ¢l (GeneAll) DNase | 3 ..
CodS 5 CanS e Sl g S eslitad SGa 55
Thermo Fisher ) 1550 Sl eslinal b s S
V8T U5 L5915 (Scientific, 2000c
53 ok 2l Saul RNA (Bio-Rad, USA) .. ,»
S 3l es S 8 oS Sl as s —Ar gles

RevertAid First Strand cDNA Synthethis
sslizl CDNA =l > (Thermo Fisher)

RNA Sl 65550 ¥ S5 oskegnty 2
Oligo dT Silel )y o ) 5 ol ol 5
o b (a3 558) DEPC Ol 5 (3 585
e Vol s oAy &y S VY Ll
ooalS 3l e A el 3 (ag3s 0) ol S sl
OX ads S 8) sl Jbom sy b

Y

A3 eon s Ol S Ste b O
LPH 5 Lo iyl 058t aogr pls 235 0
5 (25 Water Checker U-10) - 515 o&aws
(OLJI Wagtech) e olSaws L 5o of osew
soe O3Sl s S (S0l
PH ol 3 mle wrps MEN Ly () 0 S Lo

S S e YEARE/A i 5 VBV
S opkeldy Sl b pkal b Saadly g Ko
oSl 53 53 ElaS 5 Seed gl OAS o5 ks 2k
s Tahami 2y, Gb ey S /A 5 2/YO
55 (V8) OLKes 5 Shohani 5 (\v) o, Kea

V/NE /Y

A ey O s sl 5 pske oSiasy
& e 43 d S S pSTH 3 04 05 seddy
238 sl ples 5 s liSSit e iSSLSI i
1Y) bSly b ke B ooliecn
(£33 2o V=V IS Jwss b ((Sos deos
Sl b ki O eSOl
Yo o3l A S5 Voer—o0r TPM s 5 wslal
L ols g sl 51 O5nS] Gl g 4k
O pliwl ool Sl a3 40 (o5 oo oits 51 ey
Slol (aids ¥o) Saeal 4 5 Gloas &0 @
5 Sl bl Gl A B 00 eg el STy S
055530 L edd e slag il L culg e

O8O B 651K, B sl s
slcble LCs s Lshuwa bl 2 b
ss50 (PS-MP) 0 kil L Sadly s Son s
oble o ot (03 23S JF
55 A e S des Yorn B Ye0) 3 al VU
IR CAREICI IR | SO SN ST
ol 2 Sl S pl 6l 2 gl glachle
bl e bme 3 Ol L slachle
Slada 53 oy50 CidS 3l (V0 E) W S
osba Obale (AL Lils Ll

(Alo ankad T O35 ja) lads O3bke j dolas



YEe ) ylimn € o5lowd VY 2593 ¢l 3T (W95 9 (51090 300 Al gl

Ol ypea BACtn 05 5 s, ge sla Sl 3T esls
olg s (0 dsdr) Al Sl b, O
StepOne Real Time PCR, ) Real Time PCR
DSl i Sy e a4 (ABI
Gl g s deeS| s GBDS (oo Oy o 2 12

s S V) RiboLock RNase Inhibitor

5 (Ve S Ve 2l S Y) ANTP (Y U/l
3,5 V) RevertAid M-MuLV RT
38 (Bl s £Y 53 e 5 o2y (T Ul
Sde o ol S Sl am s Ve cell ) Sl

GKiL_{ CL.A )\ sy L: &;9')5 J‘J’B 4.5.“..;) 0

ANCBI GenBank) b= addlas 53 gasl 5  SloamS| 31 605 Oly oy p 55 o3lizul 3,50 sla 5T Jg

s IS

S5

o5

XM_019111527

F- TGAGCTGTCGGAAGCCATCAAG
RTTGGTTCCCACATGCAGCAATCC

F AGACGACACCCATCGCTGTTCG

| RSO RE WLy SV

NEI$S
GQ376154 R AAGGTCCCAGTTGCCCTCATCG 2
F GGCAGAAGGTGACAAATGCA ) _
Ve Sl Sad o
JIN544930 R TGGGCTCGTTGATGTTCTCA GO D IR
F ACTGCACAGCCAAGAGAGTTCA
LSl
AB039726 R GTTATTAAAGCGGCCGATATGC ok
= sy AACE2- Jue 5l tlaesls Jow § 4 jpw

A Rl R E P INE P B
dl b L 5 QA 5 VOV (1800 N EQY )
ATy em™ s Ol Sy g Ol b 3 05
aid= C=C L Lo 3 4 \TWV 5 1YAO (YAY)
iS el (SSley,l -CHp  (Ssbes)|
Py ) IS2) sy het o5 S 5SSl
5 Ol b Sty Sn steSUuol FTIR ol
Opbial L Sly3 SEM pad ail o s oyl
el 0l 03ls LY IS5 s

EHT=1000kV WD= 9mm Mag= 10.00 KX

Signal A= SE1

Institute of Color Science & Technology

3o OS5 Oly 3l sl sy slassls o)
b by sbeesls ks as eslied e
slaeslll 5 baadale) v a5 e sbajlas
A ol SPSS 5 aslil L (PS-MP ke
ST ey S e sl aglie 5 s gl
P<e/r0 it ool S0y s 5 8,5 il
a8 S 5 s bey S o sl e Sl Ol 4 5

WY

o 5
Signal A = SE1

Mag= 10.00 KX
Institute of Color Science & Technology

..u:....n,:.a})i,»/\, v/Y0 ejl.ﬁ‘\.g;;bs ek Hlis %jgb}afbﬁb";& Ql)SSEM ﬁ_,.a.?—\ Jg.ﬁ':

¢



Oy 9 B palic [ e KoMl ySen L g 051051 &y diuanly 1,51

SOD 05 0l Ulsee S omby oo 250 Al
55 A S PSMP 2 0 S e /o Sl s
@I g 53 A odalin (g 5 2550 314
5 Gies See +/Y0) 5SS o3l L PS-MP
glckle ;3 SOD 0 Ol ©os G oW

(Y USE) sls 0L alie

C. aurata o>, sl ;5 SOD 05 Ol &l s

ol osls QLY K8 s PS-MP L Lok, 5
53 SOD 05 0 @l & e PS-MP
Fohm 02 S A S esp oy glled el
Loanolas 3 ol sdalin Ol CE_N el 55l g

dLﬁ)Lo.:; B .(P<'/'°> S )l)dl.:u Jals

SOD
VY
\ T
b | ! .
oA _ b b b [ b
s a 4
/¥
oY
C T1 T2 T3 T4 T5 T6

¢ il by Sty Ko b 9,5b 9,5 55 C.auratus esy, b 55 (SOD) 50 goms ST g 35 Ol O s =Y IS
fjf‘_;._.a /0 Shale g ey K /Y0 o3 PS-MP (T2 g,:_.l,gr,fd\._.e o chale g ey K 0/Y0 o510 PS-MP 1 wals C
‘,:_J,gf,?‘_;.,a 00 chale 5 ey S A ojlkil PS-MP (T4 g,-._Jﬁrlfd\,,o chald g ey S +/Y0 o3Il PS-MP T3 ( 2J

Sy e,:gﬁf,f‘_;.,ao chale g ey S A o3Il PS-MP :T6 sﬁﬁr;&;\ta /0 chale g ey S Aol PS-MP (TS

B g gy 3550 Soog S /00 i 3 s dan gl ek OLE s ges Ot B U1 53 Sslite el S S

Al Ly 2 pfgw 0L /00 3l 0l b
3y Ubgas sl S 03 S LS saslis
(sop oy oIl e alie s (P<0.05)
5 6 L@ 3 s ey S v/Yo PS-MP
sy OLis alie gslackle ;s CAT 0 ol Ol

<)

ARL

Ok 2 PS-MP iz slaclale 5 Laojlul S

¥ UKs 5 Coaurata oy, o> CAT 0F s
05 3 edd sdalie Ol ks ol sl enls LA
ol s chle woatels als b awslis ;5 CAT
glachle s ol hlsr sn Sty S
i Lyl s 2550 o301 55 0 sl il
Sty S bl LalS L S a4 os



YEe ) ylimn € o5lowd VY 2593 ¢l 3T (W95 9 (51090 300 Al gl

CAT

s
¥
Y
c 1 T2

Sadl5 S b il agxlse les 4 bgpe oy S
Asmon 0 s A Sk 0 bl
B LHSPT0 05 ol Sty s S clale
Bl = Al s A e Sk 0L e
L otalie anllas 550 o501 3 a5l el

(8 452

HSP70

T1 T2 T3 T4 T5 T6

Mo

\
C

T3 T4 T5 T6

O bl s Sawds g S0 b 25k, 53 Coauratus osy, <3b 53 (SOD) U gomas S s 05 Ol Ol puits -F K3

o35, sl HSP70 0F b 0L s

el ek esls Ol ¢ s s Cloauratus
Sel Dpllh Sady S @l il
sbsles el o HSP70 05 s Ol !5l
olBl S oS aals b oaslie 5 e s
Slsgme T6 5 TL slajles 5 4 L3 odd sdalin

ol w03 05 Ol Ol VL (P70 0) 500

O bl s SawMs g Ko b 29,5k, 53 Coauratus osy, <3k 53 (SOD) U gemgs oS s 05 Sla Ol s -8 K3

"1



Oy 9 B palic [ e KoMl ySen L g 051051 &y diuanly 1,51

Sy Sn 5SS b Wzl 5
Aol Gohe e 4l 00 Db oy
S0 SF e e Al amD 55 5 0l Jghw Sl
KU e 4 () el el gk
FasSee VSl 508 el b o laSaidl s S
Claoslll & Cud G5 e e i Yl
2 0k pl W mes (TE) 5 YL
sdalis (+/00PPM) oy 3550 SBE o So0l
Smer S olllas (S 3 oS e
(YY) oLa 5 Wang «(Y+) oLa 5 Yu
el sl sl 5158 55 (Yo) 0L, 5 Liu
Sl s Ko ol glaclale ) o e LLS )
55 bl spd e glas] s IS | S FLEUVIR
b bl e8I T s VL e
GRS Sy o il 53 e i (V) 3,5 0 B
@/o ppm b sl Ll L SOD OF Ok e
(0 ppm) clale o VL ;3 MRNA Ak [P
boaslio 3 on 5L« sls OLES hlBl S
235 Foml (o5 eon 2o DB G St
St Ol e Sl 8 CAT 05 L bl
Eriocheir sinensis > awdls Ko b aglse
Sl s Gol oy 53 (V) Sl ol 5158
bgye OF omd Olo o e 5 o3Il 4wl
Il bl b osas ol s A sdalis
CAT 05 0y gho ies S A b Sidlys Koo
0 oph ool Olad LialS W) syl LI s o
s Wang Loy iy adles o8 clJ-
4, P dabryanus ;s CAT o35 (YY) LK
Sy s Koo a5, Sn 05 +/0 slaeslll b agrlse
sy Ol Cilse Ll b cow glae s,
olie 681 eld sdalie Dl S
5> CAT 05 0l gl 00 SVL e L2l

o e SBE V6 b e Sl s

Yy

e LotV Ol 0 LbSaudly s

ool QLS Wy Mg o ab S a1 55 age
Loy ol Gb ol s el S
sy pde ) Wpd g se O 2l S
3 ol 3 Sty oo oSy 3o (slagn 5
Ll Obabe 5 oS5 alex 3 0L
535 0d 53 basagYl g ol Sl Ll cely
sb el el sl lass s b A AY)
a5 Sen (18l Cilisea slal il sladls
08) ol o glulid osia 3y Olale
sduals O plial a8 wals ol (8) 0L 5 Lu
x5 L (Danio rerio) s =, 8 b bw g ol
;> CAT ;5 SOD sla.s! i 6%_“,).;1 o
ool W sl Wl e ale ol 4S5 i
23 ge® g sl ST ol (@3l 53 358 slS]
el S ST T (sl 5T 05 0L 5 ol
52 (VY ) e ) Oplind o b oagrlpe S s
Semis Soo D s o 03 s
L asie Paramisgurnus dabryanus <5
Ol w53 Sleds ol Wilg e el &S
5 oSl el G (ST T sla0s
» () 338 St sl e s3ledln
05 Ol gl 20531 (YY) Busom L. 5 (glaslas
Sl 5 b oagrlge 55 5,555 2l > SOD
ol Gragn g Sl el 55158 O plial
53 Olbale o3y, il 55 SOD 0 o Ol o
Aald ol baalie 55 pw 3550 slasled pled
Silse Soke 3 LRl cpl &S sl ol 5l
Wil ol odalie l53l (P<4/40) 55 s sae
aly opl 3 sy Saadls S o3l 5 il o
S 25 6V LW PS-MP 58 55 o510

sl iyl S F el sl ol SOD o}



V€Y Gl € D)Lo.a.:} AANIYH 4‘_,‘3‘)4‘ &)9)19‘5)‘3)4.0)« A gt

W5 a0k S st 53 5 eS| ST
SOD s of 5 e 45 ok ROS (VL Ol 50
(Y)Wl o S5l331 H0p & OF Los g
Osmer ol Ssdoglagtsn O
dasilis olastl 5 ke als HSPT0
tboedisn e 53 5 (F0) 03 Ik o il 55 2
CS A 2Sew 5 e g b ke Jil
SE R WS N I RE I ST
Sl 5, Sen b 2skisy s 0Lzl s HSPT0
ook ol e (Y X)) Wles s 5018
05 Ole sl & e Ol b Sadly s S
50 Ll e el salie Oly il53l .5 HSP70
Joe 03 s St ol djals
(V) ooy i 5550 O oIl b5 S50 0
53 HSP70 s i U ke Ylesl
botsn o wmbel (S S5l 685
2 el (s ped 5 olzil (o))
SO Oampr 3o Sty See oIl A o
A S NPy SMeeS1 5
Srow WA sl I s Sadl s S

Koy Orees Ll oles HSP70

e)"..h" S)9e
05 Oy s
HSP70 MRNA 0l a3 s sdalie Sl
duuﬁ}ﬂ Cwli Y W (=L>u‘ Sldlas U”JL'“‘J"
Ju‘y& L@GJ\.‘J“YI ;LL:;:A 6&% DL duJ,l'.w‘

I 55 dom
3301 Sy ol Jrass mls wd) o )
O plial b Sadl 5 S L CLauratus agsl s «
Lol Gins S +/T0) 5SS 031l s w35y

SMHeeSI ST S0 o Ol o 3 S5 35

A

bug @S oo peon s (0 pPM)
chle b oaly Ol uxs 5o (Y1) 0L 5 Choi
<5 ;5 CAT 5 SOD  (slads oL s
b« 48 s,18 Cyprinodon variegatus
chle nipl L bye 0F Ok ghe O
Yor ML U caloie glap b s Sty s Koo
53 CAT 05 0l & 55 Jb= 55 ol Cil Jials
odeln 5 S b Lol agrlse Ol
3 oRlBl eSS el L Sadl s S
sHsieh Lo g Ko iass 5 ol olid jials
ST e okl g LB S (V) Ol Kes
S0l s See o ohill Sadls S 0
Litopenaeus Vannamei ,» CAT , SOD
b oddplonil oy > s el b 2158
53 CAT 05 ol 5 sl s (YY) Busom
Cils glachls 3 0 bl Saadl 56 L agarl 5
Sl 5b oS I 5o s sdalie dals b avlis 5
4 aly SOD 05 ol W el ol L
chle s Ol e o YL S pia Wb bl
s s alis b os S 5158 /) mo/l
A wes ol 5o el plsil sla ey Sl Jol>
ERSISMEPne <58 & Yzl & N
Skl e S S bl
A2l NS ST T s b e sl
gl o3 S8 5 S Sldllae w3l el cpl S
S oA 0 i Ml 4w
CAT 5 SOD &5 olo 3 el sdalin glacssls
% 53 SOD 8w g el Ol Ol
O5asded kSl 5 ST AT e 00T IS
H.0, s e el SSwee SOD YL ks
3:5 53 b CAT pl el 5 wes
3555 oS AL W OF & Vel b cpl (YA)

il el lawl 55 sl 0w & PS-MPs



Oy 9 B palic [ e KoMl ySen L g 051051 &y diuanly 1,51

o) sl Slaedle 5 LT aSaadl 5 e
SlaelS Tl wr o sy JBiny (555,0 SLJ
S st Sl 5 se Slallas 5l eslanal b 2ie
J aa YV ) ol ol anils o ae ol s
ﬁwﬁbﬂjkjlyu@bg@jb
Sl 5 M1 AT a0 B 8 13 s
Wt O bl Sy Se b ks o
@ s bl Cople S el
St RIS A s o sl sS]
A ogr Gl s B 3 Sl s S

.J\M)L;ﬂ

1.Plastics-the Fact. 2021. An Analysis of
European Plastics Production, Demand and
Waste Data. https://plasticseurope. org/
knowledge-hub/plastics-the-facts-2021/.

2.Romano, N., Renukdas, N., Fischer, H.,
Shrivastava, J., Baruah, K., Egnew, N.,
and Sinha, A.K. 2020. Differential
modulation of oxidative stress, antioxidant
defense, histomorphology, ion-regulation
and growth marker gene expression in
goldfish (Carassius auratus) following
exposure to different dose of virgin
microplastics. Comparative Biochemistry
and Physiology Part C: Toxicology and
Pharmacology. 238: 108862.

3.Karami, A., Romano, N., Galloway,
T., and Hamzah, H. 2016. Virgin
microplastics cause toxicity and modulate
the impacts of phenanthrene on biomarker
responses in African catfish (Clarias
gariepinus). Environmental Research.
151: 58-70.

4.Lu, Y., Zhang, Y., Deng, Y., Jiang, W.,
Zhao, Y., Geng, J., Ding, L., and Ren, H.
2016. Response to Comment on “Uptake
and  Accumulation of Polystyrene
Microplastics in Zebrafish (Danio rerio)
and Toxic  Effects in  Liver.”
Environmental Science and Technology.
50: 4054-4060.

4

Ll o s ol Seins 355 o sasl s

35S 3 Saadls e o3l 5 chile e

Sdle (b eds ol laags claly nl 53
S

Rl Sap Ky bl e 0Ll LSy S

e ol il lee ol s

5 bebl a5l Gl Lls s ol
Ol |y SLSG 4y slge opl ogline (glae Il
ol & Oy pn 63k Julse el 03l
(sl dob 5 g S ale) o plonil lalllae
laoa ¥ o 5 Sl chle 5 ojlul gy
AL OIS gl s s 0 S e 450

5.Romano, N., Ashikin, M., Teh, J.C.,
Syukri, F., and Karami, A. 2018. Effects
of pristine polyvinyl chloride fragments
on whole body histology and protease
activity in  silver barb Barbodes
gonionotus fry. Environmental Pollution.
237:1106-1111.

6.De S4, L.C., Luis, L.G., and Guilhermino,
L. 2015. Effects of microplastics on
juveniles of the common goby
(Pomatoschistus  microps): Confusion
with prey, reduction of the predatory
performance and efficiency and possible
influence of developmental conditions.
Environmental Pollution. 196: 359-362.

7.Lakhotia, S.C., and Prasanth, K.V.
2002. Tissue and development specific
induction and turnover of hsp70
transcripts from 87A and 87C loci after
heat shock and during recovery in
Drosophila melanogaster. Journal of
Experimental Biology. 205: 345-358.

8.Bierkens, J.G.E.A. 2000. Applications
and pitfalls of stress-proteins in
biomonitoring. Toxicology. 153: 61-72.

9.Kim, J.H., Rhee, JS., Lee, 1J.S.,
Dahms, H.U., Lee, J., Han, K.N,
and Lee, J.S. 2010. Effect of cadmium
exposure on expression of antioxidant
gene transcripts in the river pufferfish,


https://plasticseurope.org/knowledge-hub/plastics-the-facts-2021/
https://plasticseurope.org/knowledge-hub/plastics-the-facts-2021/

AEX um) & a)h».fs I 8,9 culg').'i &)sﬁgd)‘aﬁb)« Ag‘)m

Takifugu obscurus (Tetraodontiformes).
Comparative Biochemistry and Physiology
Part C. 152: 473-479.

10.Sheikhzadeh, N., Tayefi-Nasrabadi, H.,
Oushani, A.K., and Enferadi, M.H.N.
2012. Effects of aematococcus pluvialis
supplementation on antioxidant system
and metabolism in rainbow trout
(Oncorhynchus mykiss).Fish Physiology
and Biochemistry. 38: 413-419.

11.Martinez-Alvarez, R.M., Morales, A.E.,
and Sanz, A. 2005. Antioxidant
Defenses in Fish: Biotic and Abiotic
Factors. Reviews in Fish Biology and
Fisheries. 15: 75-88.

12.Rangasamy, B., Hemalatha, D.,
Shobana, C., Nataraj, B., and Ramesh,
M. 2018. Developmental toxicity
and biological responses of zebrafish
(Danio  rerio) exposed to anti-
inflammatory drug ketoprofen.
Chemosphere. 213: 423-433.

13.Tahami, S.V., Pourmahdian, S.,
Hadavand, B.S., Azizi, Z.S., and
Tehranchi, M.M. 2016. Thermal tuning
the reversible optical band gap of
self-assembled  polystyrene  photonic
crystals. Photonics and Nanostructures-
Fundamentals and Applications.
22: 40e45.

14.Shohani, N., Pourmahdian, S., and
Shirkavand  Hadavand, B. 2017.
Response surface methodology for
design of porous hollow sphere thermal
insulator. Management Science and
Engineering. 1: 012073.

15.Besseling, E., Wang, B., Lirling, M.,
and Koelmans, A.A. 2014. Nanoplastics
affects growth of S. obliquus and
reproduction of D. magna.
Environmental Science and Technology.
48: 20. 12336e12343.

16.Baulch, S., and Perry, C. 2014.
Evaluating the impacts of marine debris
on cetaceans. Marine Pollution Bulletin.
80: 1-2. 210-221.

17.Cole, M., Lindeque, P., Fileman, E.,
Halsband, C., and Galloway, T.S. 2015.
The impact of polystyrene microplastics
on feeding, function and fecundity in the
marine copepod Calanus helgolandicus.
Environmental Science and Technology.
49: 2. 1130-1137.

K

18.Van Pomeren, M., Brun, N.R,
Peijnenburg, W.J.G.M., and Vijver,
M.G. 2017. Exploring uptake and

biodistribution of polystyrene (nano)
particles in zebrafish embryos at
different developmental stages. Aquatic
Toxicology. 190: 40-45.

19.Cunningham, E.M., Kiriakoulakis, K.,
Dick, J.T.A., Kregting, L., Schuchert, P.,
and Sigwart, J.D. 2020. Driven by
speculation, not by impact-the effects of
plastic on fish species. Journal of Fish
Biology. 96: 6. 1294-1297.

20.Yu, P., Liu, Z., Wu, D., Chen, M., Lv,
W., and Zhao, Y. 2018. Accumulation of
polystyrene microplastics in juvenile
Eriocheir sinensis and oxidative stress
effects in the liver. Aquatic Toxicology.
200: 28-36.

21.Wang, W., Gao, H., Jin, S., Li, R., and
Na, G. 2019. The -ecotoxicological
effects of microplastics on aquatic food
web, from primary producer to human:
A review. Ecotoxicology  and
Environmental Safety. 173: 110-117.

22.Wang, W., Jian, S., Zhang, S., Wang,
D.W.J., Gao, M., Sheng, J., and Hong,
Y. 2022. Enrichment of polystyrene
microplastics  induces histological
damage, oxidative stress, Keapl-Nrf2
signaling pathway-related gene expression
in loach juveniles (Paramisgurnus
dabryanus). Ecotoxicology and
Environmental Safety. 237: 113540.

23.Busom, 1.B. 2022. Short term effects of
nanoparticles in fish. Doctoral Thesis.
Institute  of  Biotechnology and
Biomedicine, 240p.

24.Guerrera, M.C., Aragona, M., Porcino,
C., Fazio, F., Laura, R., Levanti, M.,
Montalbano, G., Germana, G., Abbate,
F., and Germana, A. 2021. Micro and
Nano Plastics Distribution in Fish as
Model Organisms:  Histopathology,
Blood Response and Bioaccumulation
in Different Organs. Applied Sciences.
11: 5768.

25.Liu, Z., Yu, P., Cai, M., Wu, D., Zhang,
M., Chen, M., and Zhao, Y. 2019.
Effects of Microplastics on the Innate
Immunity and Intestinal Microflora of
Juvenile Eriocheir Sinensis. Science of
the Total Environment. 685: 836-846.


https://www.sciencedirect.com/journal/ecotoxicology-and-environmental-safety
https://www.sciencedirect.com/journal/ecotoxicology-and-environmental-safety

Oy 9 B palic [ e KoMl ySen L g 051051 &y diuanly 1,51

26.Choi, J.S., Jung, Y.J., Hong, N.H.,
Hong, S.H., and Park, JW. 2018.
Toxicological effects of irregularly
shaped and spherical microplastics in a
marine teleost, the sheepshead minnow
(Cyprinodon  variegatus). Marine
Pollution Bulletin. 18: 129. 231-240.

27.Hsieh, S.L., Wu, Y.C., Xu, R.Q., Chen,
Y.T., Chen, C.W., Singhania, R.R., and
Dong, C.D. 2021. Effect of polyethylene
microplastics on oxidative stress and
histopathology damages in Litopenaeus
vanname.  Environmental  Pollution.
288: 117800.

28.Ghelichpour, M., Taheri Mirghaed, A.,
Hoseinifar, S.H., Khalili, M., Yousefi,
M., Van Doan, H., and Perez-Jimenez,
A. 2019. Expression of immune,
antioxidant and stress related genes in
different organs of common carp
exposed to indoxacarb.  Aquatic
Toxicology. 208: 208-216.

29.Halliwell, B., and Gutteridge, J. 2015.
Oxidative stress and redox regulation:
adaptation, damage, repair, senescence,
and death. Free Radicals in Biology and
Medicine. 3: 199-283.

30.Mukhopadhyay, 1., Nazir, A., Mahmood,
K., Saxena, D.K., Das, M., Khanna,
S.K., and Chowdhuri, D.K. 2002.
Toxicity of argemone oil: Effect on
hsp70 expression and tissue damage in
transgenic  Drosophila melanogaster
(hsp70 lac Z) Bg’. Cell Biology and
Toxicology. 18: 1-11.

31.Kim, W.S., Park, K., Kim, J.K., and
Kwak, I.S. 2016. Expression of the heat
shock protein 70 gene and external
developmental traits of two Bivalvia
species, Crassostrea gigas and Mytilus

A

galloprovincialis, under aquaculture
environments.  Korean Journal of
Ecology and Environment. 49: 1. 22e30.

32.Fadare, O.0., Wan, B., Guo, L.H., Xin,
Y., Qin, W., and Yang, Y. 2019. Humic
acid alleviates the toxicity of
polystyrene nanoplastic particles to
Daphnia magna. Environmental
Science: Nano Journal. 6: 5. 1466e1477.

33.Waisberg, M., Joseph, P., Hale, B., and
Beyersmann, D. 2003. Molecular and
cellular  mechanisms of cadmium.
Toxicology. 192: 95-117.

34.Kohler, H.R., Knodler, C., and Zanger,
M. 1999. Divergent kinetics of HSP70
induction in Onniscus asellus (Isopoda)
in response to four environmentally
relevant organic chemicals (B[a]P,
PCB52,-HCH, PCP): Suitability and
limits of a biomarker. Archives of
Environmental ~ Contamination  and
Toxicology. 36: 179-185.

35.Lewis, S., Donkin, M.E., and Depledge,
M.H. 2001. Hsp70 expression in
Enteromorpha intestinalis (Chlorophyta)
exposed to environmental stressors.
Aquatic Toxicology. 51: 3. 277-291.

36.Pang, M., Wang, Y. Tang, Y,
Dai, J.,, Tong, J., and lJin, G. 2021.
Transcriptome sequencing and
metabolite analysis reveal the toxic
effects of nanoplastics on tilapia after
exposure to polystyrene. Environmental
Pollution. 277: 116860.

37.Zhao, J., Rao, B.Q., Guo, X.M., and
Gao, J.Y. 2021. Effects of microplastics
on embryo hatching and intestinal
accumulation in larval zebrafish Danio
rerio. Huan Jing Ke Xue. 42: 485-491.






