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Fig. 2. The result of particle size distribution analysis. - 23

Fig. 3. The images of MPs stained with Nile Red. a) Virgin MPs b) MPs
observed in gills dissolved in 10% KOH c¢) MPs observed in intestine
dissolved in 10% KOH d) MPs observed in liver dissolved in 10% KOH 25

Fig. 4. MPs accumulation in gills, intestine and liver of starry flounder,
Platichthys stellatus exposed to MPs for 10 and 20 days. Values with
different superscript are significantly different in 10 and 20 days (P <
0.05) as determined by Turkey's multiple range test. - 26

Fig. 5. Cd accumulation in gills, intestine and liver of starry flounder,
Platichthys stellatus exposed to Cd and MPs for 10 and 20 days. Values
with different superscript are significantly different in 10 and 20 days (P <
0.05) as determined by Turkey's multiple range test, = 28

Fig. 6. BWG of starry flounder, Platichthys stellatus exposed to Cd and
MPs for 10 and 20 days. Values are mean = S.D. Vertical bar denotes a
standard error. Values with a different superscript are significantly
different from others at 10 and 20 days (P < 0.05) as determined by
Tukey's multiple range test.

Fig. 7. SGR of starry flounder, Platichthys stellatus exposed to Cd and
MPs for 10 and 20 days. Values are mean = S.D. Vertical bar denotes a
standard error. Values with a different superscript are significantly
different from others at 10 and 20 days (P < 0.05) as determined by
Tukey's multiple range test.
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Fig. 8. HSI of starry flounder, Platichthys stellatus exposed to Cd and MPs
for 10 and 20 days. Values are mean *= S.D. Vertical bar denotes a
standard error. Values with a different superscript are significantly
different from others at 10 and 20 days (P < 0.05) as determined by
Tukey’s multiple range test.

Fig. 9. RBC count of starry flounder, Platichthys stellatus exposed to Cd
and MPs for 10 and 20 days. Values are mean *= S.D. Vertical bar
denotes a standard error. Values with a different superscript are
significantly different from others at 10 and 20 days (P < 0.05) as
determined by Tukey’s multlple range teSt. .................................... 35

Fig. 10. Hb of starry flounder, Platichthys stellatus exposed to Cd and
MPs for 10 and 20 days. Values are mean = S.D. Vertical bar denotes a
standard error. Values with a different superscript are significantly
different from others at 10 and 20 days (P < 0.05) as determined by
Tukey’s multiple range test.

Fig. 11. GOT of starry flounder, Platichthys stellatus exposed to Cd and
MPs for 10 and 20 days. Values are mean # S.D. Vertical bar denotes a
standard error. Values with a different superscript are significantly
different from others at 10 and 20 days (P < 0.05) as determined by
Tukey's multiple range test.

Fig. 12. GPT of starry flounder, Platichthys stellatus exposed to Cd and
MPs for 10 and 20 days. Values are mean = S.D. Vertical bar denotes a
standard error. Values with a different superscript are significantly
different from others at 10 and 20 days (P < 0.05) as determined by
Tukey’s multiple range test.



Fig. 13. ALP of starry flounder, Platichthys stellatus exposed to Cd and
MPs for 10 and 20 days. Values are mean = S.D. Vertical bar denotes a
standard error. Values with a different superscript are significantly
different from others at 10 and 20 days (P < 0.05) as determined by
Tukey’s multiple range test.

Fig. 14. Glucose of starry flounder, Platichthys stellatus exposed to Cd
and MPs for 10 and 20 days. Values are mean + S.D. Vertical bar
denotes a standard error. Values with a different superscript are
significantly different from others at 10 and 20 days (P < 0.05) as
determined by Tukey’s multiple range tegt, srerrrreerree 40

Fig. 15. TP of starry flounder, Platichthys stellatus exposed to Cd and MPs
for 10 and 20 days. Values are mean *= S.D. Vertical bar denotes a
standard error. Values with a different superscript are significantly
different from others at 10 and 20 days (P < 0.05) as determined by
Tukey's multiple range test.

Fig. 16. Calcium of starry flounder, Platichthys stellatus exposed to Cd
and MPs for 10 and 20 days. Values are mean + S.D. Vertical bar
denotes a standard error. Values with a different superscript are
significantly different from others at 10 and 20 days (P < 0.05) as
determined by Tukey’s multiple range test, s 49

Fig. 17. Magnesium of starry flounder, Platichthys stellatus exposed to Cd
and MPs for 10 and 20 days. Values are mean + S.D. Vertical bar
denotes a standard error. Values with a different superscript are
significantly different from others at 10 and 20 days (P < 0.05) as
determined by Tukey’s multiple range test, - 43

Fig. 18. SOD activity in gills, intestine and liver of starry flounder,
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Platichthys stellatus exposed to Cd and MPs for 10 and 20 days. Values
are mean * S.D. Vertical bar denotes a standard error. Values with a
different superscript are significantly different from others at 10 and 20
days (P < 0.05) as determined by Tukey's multiple range test.

Fig. 19. CAT activity in gills, intestine and liver of starry flounder,
Platichthys stellatus exposed to Cd and MPs for 10 and 20 days. Values
are mean = S.D. Vertical bar denotes a standard error. Values with a
different superscript are significantly different from others at 10 and 20
days (P < 0.05) as determined by Tukey's multiple range test.

Fig. 20. LZM activity in gills, intestine and liver of starry flounder,
Platichthys stellatus exposed to Cd and MPs for 10 and 20 days. Values
are mean = S.D. Vertical bar denotes a standard error. Values with a
different superscript are significantly different from others at 10 and 20
days (P < 0.05) as determined by Tukey's multiple range test.

Fig. 21. IgM level in gills, intestine and liver of starry flounder,
Platichthys stellatus exposed to Cd and MPs for 10 and 20 days. Values
are mean = S.D. Vertical bar denotes a standard error. Values with a
different superscript are significantly different from others at 10 and 20

days (P < 0.05) as determined by Tukey's multiple range test.
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The combined effects of cadmium and microplastic on blood physiology,

antioxidant and immune response in the starry flounder, Platichthys stellatus

Na Yeong Kwon

Department of Aquatic life medicine, The Graduate School,

Pukyong National University

Abstract

Microplastics (MPs; > 5mm) which widely spread in aquatic environment
have a large surface area, making it advantageous for adsorbing various
environmental pollutants including heavy metals. Cadmium (Cd) is a toxic
heavy metal used in a variety of industries and released into the aquatic
environment. In this study, accumulation, blood physiology, antioxidant and
immune response of Platichthys stellatus (length 14.884 + 0.88cm, weight
49288 + 844g) exposed to MPs and Cd for 10 and 20 days were analyzed.
The experimental concentrations were set at control, MPs 500xg/L (MPs-L),
MPs 1000pg/L (MPs-H), Cd 50ug/L, Cd-MPs combined exposure groups (Cd
50ug/L plus MPs-L and Cd 50pg/L plus MPs-H). The MPs accumulation in
gills, intestine and liver of P. stellatus were significantly increased in the
MPs-H and Cd 50pg/L plus MPs-H groups. The MPs accumulation profile
was in the order of intestine > gills > liver. The Cd accumulation in gills,
intestine and liver of P. stellatus were significantly increased in the Cd-MPs
combined exposure groups. The Cd accumulation profile was in the order of
liver > gills > intestine. Growth rate were mesured in Body weight gain
(BWG@G), Specific growth rate (SGR) and Hepatosomatic index (HSI). BWG and

SGR were significantly decreased in the Cd-MPs combined exposure groups
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and HSI was significantly increased in the Cd 50pg/L plus MPs-H groups. In
the blood physiology, red blood cell (RBC) count and hemoglobin (Hb) were
significantly decreased in the Cd-MPs combined exposure groups. Glutamic
oxaloacetic transaminase (GOT), Glutamic pyruvic transaminase (GPT),
Alkaline phosphatase (ALP), Glucose and magnesium were significantly
increased in the Cd-MPs combined exposure groups. While, total protein (TP)
and calcium were significantly decreased in the Cd-MPs combined exposure
groups. In the antioxidant response, superoxide dismutase (SOD) and catalase
(CAT) in gills, intestine and liver of P. stellatus were significantly increased in
the Cd-MPs combined exposure groups. In the immune response, lysozyme
(LZM) and immunoglobulin M (IgM) in gills, intestine and liver of P. stellatus
were significantly decreased in the Cd 50xg/L plus MPs-H groups. Our results
suggest that the toxicity of Cd-MPs combined exposure is higher than single
exposure, and that combined exposure may cause physiological changes and

immune decline.
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1. MASG2E AR

27 34-50ime] A} Polyethylene(PE) #(CAS number: 9002-88-4,
Sigma Aldrich)e] & 7ol AFEH QAT A ALE&H MPe Bt <

H

A weg, =7) a4 BEES Sobs] 99 Imge) MPE FAb A

—

2} ¥ v A (Scanning  electron microscopy, SEM)¥ Laser Diffraction

Particle Size Analyzer® 4] 3]t}

Cde % 99.9%¢] Cadmium chloride(CdCl2; analytical grade; 99.9%
purity, CAS number: 10108-64-2, Sigma Aldrich)E A}-&3tgth CdCI2
56 79 1Ld &A1 AA 5g/L %9 CdCI2 stock solutiong A 2tah
AT
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71 ¥%+ Control, MPs 500ug/L(MPs-L), MPs 1000ug/L(MPs-H), Cd 50
, Cd 50pg/L + MPs-L % Cd 50pg/L + MPs-Helth. mlg] 71=F 2}
t’]/‘ﬂ%a} 28-S 24X S HEEAIZ B o] FE &UIE WO 2¢
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Table 1. The chemical components of seawater and experimental condition
used in the experiments.

Item Value
Temperature (C) 1965 £ 0.5
pH 806 + 05
Salinity (%o) 31.63 + 0.8
Dissolved Oxygen (mg/L) 728 + 06
Chemical Oxygen Demand
1.27 = 0.07
(mg/L)
Ammonia (ug/L) 14.1 + 09
Nitrite (ug/L) 1.3 + 0.05
Nitrate (ug/L) 10.39 + 1.0
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k3ol ke AP ES AASHH. AsdS lum 279
Polycarbonate Track Etched(PCTE) Membrane filter(GVS, 47mm)el %I
T BEE S AHg = 2443 st AxsHATE A4S 98 Nile red
2 (CAS number: 7385-67-3, Sigma Aldrich)S acetone (HPLC grade,
Fisher ChemicalTM)ol &3A]# 50mg/Le Nile red stock solutione A
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micro. Co., Ltd)E ©o]&3te] ZHHSIAT. dA g7 gd5d Al &9
o] &3t ELAN 6600DRC ICP-MS(Perkin-Elmer)= w72l e} Cd
SAFS FASAT 24 U Cd SHF 95 ug/g=E BAISHS
ICP-MS %8 99° =2 ICP-multi-element standard solution VI (Merck)
S AHgste] AHAS A4S Cd S S 9@ Certified Reference
= WAl 24 Wy A AEE=E FASAT
CRMSe. = DOLT-3 (dogfish liver, The National Research Council of
Canada, Canada)E ©]-&3}%tH(Table 2).



Table 2. Detection limits and concentrations of cadmium found in certified
reference materials.

Item Value
Certified value (mg kg ) 19.4 + 0.6
Measured value (mg kg ) 188 + 0.9
Recovery (%) 97
Interday precision (RSD%) 3.2
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BWG(%) = 100 * (Final weight — Initial weight) / (Initial weight)
SGR(%) = 100 * (In(Final weight) — In(Initial weight)) / (Duration)
HSI(%) = 100 = (Weight of liver) / (Final body weight)
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ob7bm], & a3 =4S AT F A4 &5 AAFEPBS, 0.1M,
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o7 AHoHr SOD &AL Z3FEAE A&t 450nmol A 54 = 3
© ™ unit/mg protein .2 FEA]3FA T}

o

=

o
<

CAT &4-& OxiSelectTM Catalase Assay Kit(Cell biolabs, Inc.)E A&
st S48tk Faksta A9t U185+ quinonimine dye coupling AJ7d
T2 W kel ol e kst Sy o] vk CAT &4
2 B33 A 520nmolA AR oM, @9 = unit/mg proteinS Z EA]
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ofb7in], & zElx 7 2AS AFHS T PBS0.1M, pH 74)E ©] &3}
/‘1]7'96}0“/}. A gt 22 AZo FA9F PBSQ v &S 1:100] H&EE &+
% Teflon-glass homogenizer(099CK4424, Glass-Col, Germany)& A}-&

stol sAsieladrh #ANL 4TIA 2083 1,000g2 A4 F oo
Feds FEote] 24 A7EA -80TA H#stAth LZM €42 Fish
LZM ELISA Kit(Catalog number: MBS099538; MyBioSource; San Diego;
USA)9] wjFdo wat £4390 1 @9+= U/mg protein® & F A3t}
I[gM <2 Fish IgM ELISA Kit(Catalog number: MBS042385;
MyBioSource; San Diego; USA)9] wiw<dol] wel EM4391 @<= 1
g/mg proteinC & A3}
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9. 4 &4

B AT FARAL ZF sX=m=6)°] el 33 whE AP FxolA
10 Ak} 209 Apell 2zt 2nbe] o] AFolE AEdste] A5l dol
B 43 =4 4L SigmaPlot 12.0(Systat Software, Inc., USA)3}
SPSS/PC+ statistical package software version 20(SPSS Ince, Chicago,
IL, USA)E Al&3lo] 38ttt One-way ANOVAS} Turkey's multiple
range testE AR&3ste] F% F3ke] Fon|sk Aolrt YFHJAGY. A A
Wl o] e P<0.0GE AASNa BE HolHE Wi + RTUAR

FdsHA
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1. 23

1 mAEG2Y 54 24

MP¢] SEM ©]W] A= Fig. 1.0l YebWEh o= MP7F 798 RS 7HA
H MPe A =2717F 20pm v Rbel A 50m oG o ® vttt As 9
ngich = B Ay Jd %7 20pm ") 9E 20734pm, 34750um, 50um ©] A
o] 13.63%, 27.42%, 33.04% Z128]3l 259%%5 =}A|st= Ao =2 e
(Fig. 2).
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of -

SEM HV: 1.0 kV SEM MAG: 400 x MIRA3 TESCAN|  SEM HV: 1.0 KV SEM MAG: 2.50 kx |

Det: SE PKNU 200 ym PKNU

Fig. 1. Scanning electron microscopy (SEM) images of MPs particles which
were used in this study.
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Fig. 2. The result of particle size distribution analysis.
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&

z4 W MP &3

P.stellatus®] o}7vv], 7, 22]al groll A€ MPE d33An 4ol 73
H Jhdgt2 #9311, Nile red working solution® & & A

g mAoz JAEATH(Fig. 3). MP %7t S7hetol whe ojriv], &
g il Al MP 42 v& YEHoZ SR tHP < 0.05) (Fig.

4). Cde] =A== MP A fron gt dFS vAA asktth. 54 FFe
&> o7kl > 3 o yEyth obrtulel el A= MPO =
71 B A AFgE AE 27 WM (34750mm) Well A vhgFskAl EA)
ate Zlom uetEou, A e AddeR AE A7N(< 20m)7F #F
= ATt
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Fig. 3. The images of MPs stained with Nile Red. a) Virgin MPs b) MPs
observed in gills dissolved in 10% KOH ¢) MPs observed in intestine
dissolved in 10% KOH d) MPs observed in liver dissolved in 10% KOH
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Numbers of particles (particles/g)

100

. Ps 500 s/ (MPs-L)

[ MPs 1000 #8/L (MPs-H)

[ Cd 50451+ MPs-L
[ Cd 50e3 L+ MPs-H

o

o

Gills o

Numbers of particles (particles/g)

Days

Numbers of particles (particles/g)

- Ps 500 o L (MPs L)
1 WPs 1000 /L (MPs-H)
B Cd 50+ MPsL
1 Cd 80sgiL+ MPsH

o

. Ps 500 1L (MPs-L)
3 MPs 1000 22/L (MPsH)
[ Cd 5043/L+MPs-L
[ Cd 50ez L+ MPs-H

e

Intestine

e

Days

Liver

—ie

Days

Fig. 4. MPs accumulation in gills, intestine and liver of starry flounder,
Platichthys stellatus exposed to MPs for 10 and 20 days. Values with
different superscript are significantly different in 10 and 20 days (P < 0.05)
as determined by Turkey’'s multiple range test.

_2‘]_



3. 23 W Cd 4

P.stellatus®] o}7br], &, 183l kel 44 CdE ICP-MSE o] &3}¢]
A8tk MP 57 S7kgkel whet oprim, A Zrelan kel A e Cd =

< 7 THP < 0.05) (Flg. 5). 4 &2 1 > op7ie] > & &2
2 uetsth 109 2ol A9, Cd 50pg/L T-zFel mlel Cd 50ug/L +
MPs-L #3+e] o}7pm|(29%)9 Cd + MPs-H T-3te] o}7hm](60%),
(23%) 12131 7HET%)lA Cd FA o] fostA S7hstth 204 =9 4
9 Cd + MPs-H T3+¢] o}7bm(27%), #(27%) 12l 7H67%)9 A Cd

FH40] FolatA Frhssinh.

3|
A
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I Cd 500/l Gills
[ Cd 50w L+ MPs-L
[ Cd 50xg L+ MPs-H b

Cd concentration (ug/g)

Days

4 . Cd 50/l

[0 Cd 50k AL+ MPs-L

12 | B Cd 5041+ MPsH

Cd concentration {ug/g)

. Cd 505/
3 Cd 50451+ MPs-L
I Cd 50451+ MPsH

Cd concentration (ug/g)

Intestine

Liver

Days

Fig. 5. Cd accumulation in gills, intestine and liver of starry flounder,
Platichthys stellatus exposed to Cd and MPs for 10 and 20 days. Values
with different superscript are significantly different in 10 and 20 days (P <

0.05) as determined by Turkey's multiple range test.
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4. 42 E

Cde} MPel =Z4¥ P.stellatus® A% A3ZBWG, SGR, HSD+ Fig.
6-8. o et BWGE 10¥ =2 209 Aol Cd 50ug/L + MPs-L3}
Cd 50pg/L + MPs-H F-3Fell Al frolabAl HastthP < 0.05). SGRS 10
A 9} 209 =bol Cd 50pe/L + MPs-L3F Cd 50ug/L + MPs-H -7tol A4
Frolat Al AP THP < 0.05). HSIE= 109 =k} 209 Aol Cd 50ug/L +
MPs-H F-7Foll Al ] atA S7tst A vhHP < 0.05).
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50 - I Cortrol

] MPs 500 pglL (MPs-L)

B 11P5 1000 sa/L (MP5-H)

[ Cd 50sail

40 4 B Cd 50a/L+ MPsL

[ Cd 50¢g/L+ MPsH a

=

abab

30 4 T

20 A

Body weight gain (%)

20

Days

Fig. 6. BWG of starry flounder, Platichithys stellatus exposed to Cd and MPs
for 10 and 20 days. Values are mean * S.D. Vertical bar denotes a
standard error. Values with a different superscript are significantly different
from others at 10 and 20 days (P < 0.05) as determined by Tukey’s
multiple range test.
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| M Control

1 MPs 500 a9/l (MPs-L)

@ 11Ps 1000 29/l (MPs-H)

[ Cd 50l

B Cd 50xa/L+ MPs-L
3 3 4 I Cd50piL+ MPs-H
a
il a
% a
1
= I ab

ab
% T
2 a
5 a bc
o I d a3
=
ﬁ c
]
1
b
0 - - |-
10 20

Days

Fig. 7. SGR of starry flounder, Patichthys stellatus exposed to Cd and MPs
for 10 and 20 days. Values are mean £ S.D. Vertical bar denotes a
standard error. Values with a different superscript are significantly different
from others at 10 and 20 days (P < 0.05) as determined by Tukey’s
multiple range test.
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3.0

I Control
[ MPs 500 &5/l (MPs-L)
B MPs 1000 s/l (MPs-H)
95 4 [ Cd50zIL b
~ | @ Cd S0+ MPs-L
= @ Cd 50es/L+ MPs-H ab
‘;’ ab
% 20 a
= b a 3 I
o ab b T
s 15 ab
£
o a2 @l
[}
2
B 10 -
o
@
T
05 4
00 - = L
10 20
Days

Fig. 8. HSI of starry flounder, Patichthys stellatus exposed to Cd and MPs
for 10 and 20 days. Values are mean £ S.D. Vertical bar denotes a
standard error. Values with a different superscript are significantly different
from others at 10 and 20 days (P < 0.05) as determined by Tukey’s
multiple range test.

_27_



5. €9 &4

Cds} MPol| =%% P.stellatuse] &d3t2 2 H(RBC count, Hb)+= Fig.
9-10. o YeERAATE. RBC count® 109 o Cd 50pg/L. + MPs-H -7+
ol A FostAl FAaskar, 208 Akel Cd 50pg/L + MPs-L¥ Cd 50ug/L
+ MPs-H 3t Al #2l 8t/ A2tk < 0.05). Hb 10 2kl Cd
50ug/L + MPs-H -3Foll A o abAl ZaskaiaL, 20¢ =kl Cd 50ue/L +
MPs-L¥} Cd 50pg/L + MPs-H F-7Fell Al frel kAl A4S eHP < 0.05).

Cde} MPol :=%% P.stellatuse] 83 A4+ (GOT, GPT, ALP, Glucose,
TP, Calcium, Magnesium)= Fig. 11-17. o YyERAT. GOT= 109 A
o} 209 Aol Cd 50pg/L + MPs-H T3l Al foakAl F7katdvhP <
0.05). GPT+= 10¥€ Ak} 209 AFell Cd 50ug/L + MPs-H -7kl Al -2l st
A Z7FEAtHP < 0.05). ALPE 109 =k 209 #koll Cd 50pg/L +
MPs-L#} Cd 50pg/L + MPs-H F2Fell Al froshAl 7HastathP < 0.05).
Glucose:= 109 =}oll Cd 50pg/L + MPs-H 37kl A #-93tA S713ts
i1, 209 Abel MP 1000pg/L¥ Cd 50pg/L + MPs-H F3Fell A 2] 8]
Z7FE TP < 0.05). TP+ 10¢€ #Fell Cd 50pg/L + MPs-H F-ztell A
A #HAsA L, 209 Aol MP Cd 50ug/L + MPs-L3 Cd 50ug/L +
MPs-H T-3tell A #ol8tA S7Fskvh(P < 0.05). Calcium= 109 =Fs}
20 Aol Cd 50pg/L + MPs-H F-3boll A ol atAl A3t tHP < 0.05).
Magnesium< 109 =oll Cd 50ug/L + MPs—H T3Foll A f#-2l8tA 5713t
AL, 209 #ell Cd 50pg/L + MPs-L¥ Cd 50pg/L + MPs-H F-3tof A
rolstAl S7Fe A tHP < 0.05).
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250 ~

200 4

150 A

100

RBC count (x10*mm?)

a0 A

H Control

1 MPs500 ga/L (MP=-L)
B MPs 1000 goll (MPs-H)
[ Cd50xail

B Cd 50pg/L+ MPs-L
[ Cd 50pg/L+ MPs-H

aa
Iabab

10 20

Days

Fig. 9. RBC count of starry flounder, Patichthys stellatus exposed to Cd
and MPs for 10 and 20 days. Values are mean = S.D. Vertical bar denotes
a standard error. Values with a different superscript are significantly different

from others at 10 and 20 days (P < 0.05) as determined by Tukey’s
multiple range test.
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7| R Control
[ MPs500 sall (MPs-L)
@ MPs 1000 sa/l (MPs-H)
6 4 3 Cd50miL
@ Cd 50sail+ MPsL
[ Cd50sail+ MPs-H
= 57
= 3 a .
‘a a
= & I 2D ap I ab
= ab ab
3 Te
_O b b
o .
b1 3
E
-
2
4 o
[] | | [ | . | |
10 20
Days

Fig. 10. Hb of starry flounder, Platichitiys stellatus exposed to Cd and MPs
for 10 and 20 days. Values are mean £ S.D. Vertical bar denotes a
standard error. Values with a different superscript are significantly different
from others at 10 and 20 days (P < 0.05) as determined by Tukey’s
multiple range test.
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50 A

40
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20 A

GOT (Karmen/mL]}

10 A

I Cortrol

[ MPs 500 &/l (MPs-L)

B 11Ps 1000 /L (MPs-H)

[ Cd50ssil B
R Cd 50ss/L+ MPsL b

R Cd 504s/L+ MPsH

ab gz

Days

Fig. 11. GOT of starry flounder, Platichthys stellatus exposed to Cd and
MPs for 10 and 20 days. Values are mean * S.D. Vertical bar denotes

a standard error. Values with a different superscript are significantly
different from others at 10 and 20 days (P < 0.05) as determined by

Tukey’s multiple range test.
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A N Cortrol

[ MPs 500 sg/L (MPs-L)

B 11Ps 1000 25/L (MPs-H)

[ Cd 50ssiL

B Cd 50:s/L+ MPsL b
30 4 [ Cd 5041+ MPsH

20 4 ~Tmwl I n

GPT (Karmen/mL)

10

Days

Fig. 12. GPT of starry flounder, Platichthys stellatus exposed to Cd and
MPs for 10 and 20 days. Values are mean * S.D. Vertical bar denotes
a standard error. Values with a different superscript are significantly
different from others at 10 and 20 days (P < 0.05) as determined by

Tukey's multiple range test.
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25 I Cortrol

] MPs 500 pglL (MPs-L)
B 11P5 1000 sa/L (MP5-H)
[ Cd 50sail

20 { B Cd 50s/L+ MPsL
[ Cd 50¢g/L+ MPsH

a a

o

15 A
abap abab

ab
.

ALP (K-A)
(=
'_'
|_|
o
o

10 A

Days

Fig. 13. ALP of starry flounder, Platichthys stellatus exposed to Cd and
MPs for 10 and 20 days. Values are mean + S.D. Vertical bar denotes
a standard error. Values with a different superscript are significantly
different from others at 10 and 20 days (P < 0.05) as determined by
Tukey's multiple range test.
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120 1 HEE Control

] MPs500 /L (MPs-L)
B MPs 1000 &1L (MPs-H)

400 4 T3 casosiL

B CdS0sE/+ MPs-L

B Cd50ss/+ MPsH b

80 ab ab

60 4

Glucose (mg/dL)
=
H

40

20 4

10 20

Days

Fig. 14. Glucose of starry flounder, Platichthys stellatus exposed to Cd
and MPs for 10 and 20 days. Values are mean + S.D. Vertical bar
denotes a standard error. Values with a different superscript are
significantly different from others at 10 and 20 days (P < 0.05) as
determined by Tukey’s multiple range test.
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i N Cortrol

[ MPs 500 s/l (MPs-L)
B 11P5 1000 25/L (MP5-H)
[ Cd 50ssiL

5 | BN Cd50:s/L+ MPsL
I Cd 50s5/L+ MPsH

T
o
o
E 6- , T3
= 4 ab
g apabab ab T
o T1bp by
a 4
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0 | | Ll L1 [ 1
10 20
Days

Fig. 15. TP of starry flounder, Platichthys stellatus exposed to Cd and

MPs for 10 and 20 days. Values are mean + S.D. Vertical bar denotes

a standard error. Values with a different superscript are significantly

different from others at 10 and 20 days (P < 0.05) as determined by
Tukey's multiple range test.
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100 4 T3 cds0eiL
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Fig. 16. Calcium of starry flounder, Platichthys stellatus exposed to Cd
and MPs for 10 and 20 days. Values are mean + S.D. Vertical bar
denotes a standard error. Values with a different superscript are
significantly different from others at 10 and 20 days (P < 0.05) as

determined by Tukey’s multiple range test.
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7] R Control

[ WPs 500 sall (MPs-L)

B 11Ps 1000 s/l (MPsH)

] Cd S0uall

@ Cod S0saiL+ MPs-L b
[ Cd50saiL+ MPsH

[=2]
1

Magnesium (mg/dL)
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—w

R
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Fig. 17. Magnesium of starry flounder, Platichthys stellatus exposed to
Cd and MPs for 10 and 20 days. Values are mean = S.D. Vertical bar
denotes a standard error. Values with a different superscript are
significantly different from others at 10 and 20 days (P < 0.05) as
determined by Tukey’s multiple range test.
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6. &1r3 4

Cdet MPell x=%4 Pstellatus®] ob7bn], & 22 7hel A1 e] kst
$(SOD, CAT)E Fig. 18-19. o YERUStE SOD= 109 #ke] 49, Cd
50pg/L + MPs-L¥ Cd + MPs-H 7t9] 3} 7holl A F<f3tAl 5713k
th 209 2] A$, Cd 50pg/L + MPs-L 3te] &3 7+ Cd + MPs-H
Tre] ozt A aeal rel A frolshAl FTFsEATHP < 0.05). CAT+=
109 =] A%, Cd + MPs-H 73t & 8]a kel A fFolstA S 7ts)
Atk 209 2] A$- Cd 50pg/L + MPs-L3} Cd + MPs-H 7-3+¢] o}7}
w, & e i gkl A sk Al F7EsEATHEP < 0.05).

&3
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. Control Gills - Control Intestine
[0 1P 500 soll (MPS-) [ PS50 ol (HPSL)
50 | I 1P 1000 s s s | E P 00l 02

- [ Cd50mlL - [ G50l

B I G50k HPSL b £ B GOS0 s

g I Ci S0l WPsH a ] B Cf L HPsH b

-4 g

o o
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s H

E [4
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£ g’
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] E

S ]

] @ -
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0 o

Days Days

401 g cotl Liver

[ MFS 500 L (4PSL)
350 | I WS 1000 oL (HPs-H)

[ Cds0ml b bb
I Cd50mlL+ NFsL

300 { B CaSmiL+ HFSH

250

SOD activity (unittmg protein)
n
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Fig. 18. SOD activity in gills, intestine and liver of starry flounder,
Platichthys stellatus exposed to Cd and MPs for 10 and 20 days.
Values are mean + S.D. Vertical bar denotes a standard error. Values
with a different superscript are significantly different from others at 10

and 20 days (P < 0.05) as determined by Tukey’s multiple range test.
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W Conirol Gills . Contrel Intestine
[0 P 500 poll (MPs-) [ PS50 ol PS)

I P 1000 gL (WPs-H) I P 1000 s (WsH)

50 | =1 cdsomill <00 £ 030l
R Cd 50sgiL+ MPs-L M Cd50s/L+ MPsL b
I Ca S0slL+ HPsH b B G Sl WP H

20

CAT activity (unit/mg protein)
CAT activity (unit/mg protein)

Days Days

. Corirl i
[ MPs 500 gL (MPs-L) Liver
[ P 1000 g/l (MPs-H)
80 9 3 cosmiL

R Cd 50+ HPsL
[ Cd50uiL+ MPs-H

CAT activity (unit/mg protein)

Days

Fig. 19. CAT activity in gills, intestine and liver of starry flounder,
Platichthys stellatus exposed to Cd and MPs for 10 and 20 days.
Values are mean + S.D. Vertical bar denotes a standard error. Values
with a different superscript are significantly different from others at 10
and 20 days (P < 0.05) as determined by Tukey’s multiple range test.
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7.1 "k

Cdet MPell =¥ P.stellatus®] ©oF7kw, % Z1E]aL kel A e W vk
(LZM, IgM)< Fig. 20-21. o YepSth LZM2 109 =ke] 49

pg/L + MPs-H T3Fe] of7kv]) 2 123 bl Al fol8hAl 7HAstsitt. 20
A 2ol A$-, Cd 50pg/L + MPs-H T-7+e] of7tm], & z1e]ar 7oA
g&A FasIeHP < 0.05). IgMe 102 =9 A%, Cd 50ug/L +
MPs-H #7te] of7tn], & 12]ar kel Al fo]8hAl ZFaskdth. 209 219
8%, Cd 50ug/L + MPs-H T-3+e] o}zkw], & g]al kel A fofstA 7+
23FATHP < 0.05).
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121 control Gills 401 g cortrl Intestine
[0 1P 500 soll (MPS-) [0 WP 500 sl (HP3L)
I 1P 1000 salL (MPSH) 35 | I V1Ps 1000 sy (4PsH)
10 4 £ C50mIL [ Castll
I G50k HPSL R G50k HPs L
I Ci S0l WPsH 30 | B Ca SuolLr MPsH
15, aa,
8 ab ab

LZM activity (unitfmg protein)
LZM activity (unit/mg protein)

Days Days

. Cortrol i
[0 WP 500 salL (WPs-L) Liver
I VPS 1000 oL (MPSH)

10 | = Cas0aalL

I Ci 50kl - WPSL
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aaaa aa,

LZM activity (unit/mg protein)
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Fig. 20. LZM activity in gills, intestine and liver of starry flounder,
Platichthys stellatus exposed to Cd and MPs for 10 and 20 days.
Values are mean + S.D. Vertical bar denotes a standard error. Values
with a different superscript are significantly different from others at 10

and 20 days (P < 0.05) as determined by Tukey’s multiple range test.
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Fig. 21. IgM level in gills, intestine and liver of starry flounder,
Platichthys stellatus exposed to Cd and MPs for 10 and 20 days.
Values are mean + S.D. Vertical bar denotes a standard error. Values
with a different superscript are significantly different from others at 10
and 20 days (P < 0.05) as determined by Tukey’s multiple range test.
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Aol F23stH(Banaee et al, 2019). o]F9 AEFH AxEE LE9=2
= Adstal wEF AEE HUlste] $HAEHY ol AEE U7 ¢
sk vfo]lemtARA 9ES & ¢ Qth(Van der Oost and Vermeulen,
2003). 3 o7 MP %42 ®Ho] A& oA Fa% £A4A7F 2 5
o FFHoR olg It A A FFS " A = Jh(Lusher et
al., 2013). 2 2718 MPE o777 Heolz #zhsto] A3 HHstAu
MPE &3 t& f71Ae HdAE &3 gy =z AHAS & Jo=
FHkE =, 2 FHedEL] dFrEE S45HE 7|#Ho|th(Brandts et
al., 2018; Wang et al., 2020). A& E AFo| A P.stellatus®] MP =7
= & > op7tu > 3k o m TR TR R FUtelow, olYg A
= Aol 7HE B 4o MP7F A ES A dd A Edd wEW,
AdurH o g offFol od HAHE MPE Foll 7HE o] 53t (Abbasi et
al., 2018), Yu et al. (2023)= MPol Xx=% crucian carp(Carassius
carassius)®] ©o}7tw], & ae]al Fro A AF Bl Fk EAOR MP %3
o] =78t S-S yEWth. Kashiwada (2006)= MPol =% Japanese
medaka(Oryzias latipes)®] gl 7Fg @2 4ol MP F24o] ¥
op7tuj gt Ztel M= MP7F 2 EH AT Bastth vb7EA 2 Ding et
al. (2018)2 MPeol| ==% red tilapia(Oreochromis niloticus)®] 3+ H Tt}
Aol o B 2o AEdvtn Busith AHE MPE oF 93w
of 450l Fo x4 9 eH AdsE doA AN, st 2zt
FEE g e, 4 A8, Aed 2Ed: gl AHE 9 A

o
=
HE S 22 TAE 4o F U (Cole et al, 2015; Jabeen et al.,
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2018). © 4olrt, MP+= 55 &3 ob7tvlel A 7% stH, ofF A
ol f9€ MP+= 34 S8 1t 22 o

(Abbasi et al, 2018). Yin et al. (20182 MPe ==%
jacopever(Sebastes schlegell)®] o}7fn <} ol 4 € MPE ##3sto] &
T AdH BT oFY MP &4 ZA2dS dvehlida, 3ol §e o}
7Hl= 4 S edEd = 9% 49 Fa drds AAsEA
th Lu et al. (2016)> MPol =%% zebra fish(Danio rerio)®] Z2 9
MP Z7]e wel X5 X o] tr2a, 22 A7 MP7l &3
E Sl o degE g Ues Btk oe oA A or ze

271(< 20im)e] MP7h 8 B A7) Ashsh sl

o

(o

- S

= =
2 THWicklund et al., 1988). Cdx= FAAE
Aol diatLt v o] of 9] AE=FHo] dAstH wHo| AlES F3l T
2 Hdolxof AHAE AFE & dF(Levit et al, 2010). Cd= o

o

<
2 k3t 24 doldth(Liu et al, 2022). ATtz o F =2 Yo
HE Cd FH%FS Cd =& 559 =% Aol wet Zol7t yepd 4
tHWu et al, 2007). & A7-olA Pstellatus®] Cd F4& b > op7in|
dwom olYg At ol M B 4o Cd7t HAHE slow
Ak dwrA o g2 Cde ob7bvl, &, 3 A4, v 5 tiAd oz &5 4
Ao =2 % (Kumar and Singh, 2010), Cao et al. (2012)& Cdell =
Japanese flounder(Paralichthys olivaceus)® 7relA 7F4 =& Cd
FS Bt yebdth upx7A 2, Cirllo et al. (2012)2 Cdell =
gilthead bream(Sparus aurata)®] 7toll 4% Cd =7t 714 2ol

olAS yerdllth. T3 Yesilbudak and Erdem (2014)& Cdo| =4

30, Ay

i,
A o e e 2 v

AL

common carp(Cyprinus carpio)®t Nile Tilapia(Oreochromis niloticus)2)

_45_



ol A o7k Bt & Cd A4S Webilthal ®Bastih of /79 1ol
Cd7t =494 3 &8, 58, 7HAEe] A3

A 9 AL A WE T 3 A4
A THDangre et al., 2010). A7}, Al-Asg

O. niloticus®] ©}7pnloll Al7ke] A =
o] FEIH FAbE F3 ofF ofriv el FHE F
(Okocha and Adedeji, 2011). =3 F7]1E2 3 A3 CdE A HAHAST
o=2ZX offFe o Cd7F 42 4 o (Kumar and Singh, 2010), Wu
et al. (2007)& Cd =% 159 % hybrid tilapia(Oreochromis sp.)2 7ol
13891 o] 9] =2 F4E5S EASS UEHT

mﬂ

FAREER 3 I
B g3 3

F&etke= d e &S s, MP7F 4=
Aol yolx ¢ B a5& st 4= Y (Rochman et al, 2014).
Brennecke et al. (2016)2 T 535S @502 =3 5 ET MPS T+
&S 5 =23 dFedM o 52 55 w27 SAEHJLH, o] wtg
o2 MP7t Ta&e] wiAx d4Es & F AFS et & dTelA
P.stellatus®] ©o}7bv], & 28] 7o) Cd =42 109 =, 209 =2 =5
Cd 50pg/L +3¥ol W] Cd + MPs-H F7tell Al fo8kA S7hatgih. o
I8 2 AN gEs 8 e W Cd ol2Ert ofyEt CdE F&R
MP7}F ol AW & FHEozA Cdoll et =% W=7t =obxl7] W&ol
Cd &=5x=% 3t v& Cd-MP 5§ =& 7-3tolA Cd =71 2l
ol o=z didnt Lu et al. (2018)2 Cde} MPeol| ©@= % &3 W=
=% Drerio® ob7tn], & aelal oA Cd d5x=% TR 53
Tk A o =2 Cd7F SAHASS 2t Alttrh, Chen et al
(2022)2 CdeF MPol| @5 % B3 =% grass carp(Ctenopharyngodon
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idellus)l A Cd @=%=% F-3tel Hl&] Cd-MP &H3x=& F-3telA e Cd
ZH o] 80% o4 ZFrle Ao nuston, o]E Cd 4o MPe #

Aol ola BT+ des AAba,

o
o J AAdS e th(Taslima et al., 2022; Yin et al., 2018). &
AN Cdet MPe @5 P. stellatus®] 4745 TS v A A
ARk Cd-MPel 5352 o] 759 BWGS SGRE o stA %
W HSIE #ostAl S7HA . o8k 28 Adte Cd-MP H3=%0]
7ol ARE AdE 72 ¢ des HET vz R, A8 A
Al MP& 5% Egdx=F A A 743U 9IS HAE= o=
B 1% lth Chen et al. (2023)& Cd 10pg/L + MP 100pg/Lell E3tw-=4
largemouth bass(Micropterus salmoides)o~ A|7te] X|go w2} BWG
¢t SGRe] Ao, MPl F#d CdE ol #7F vl Weol] F5stel A%
Fel7b eSS Basglth 8 Jinhui et al. (2019)2 Cd-MPel %
Stw-Z % yellow seahorse(Hippocampus kuda)ol < SGRS] 93 HArEs
Elom, ol FALAZHd =FH oF{7F AA Vs FAE A
AAAUAE ABjete] dAbES =7 wWEeldtal RStk Liu et
al. (2011)2 Cdoll =Z% javeline goby(Synechogobius hasta)l~] HSIC|
frolgt F7Fe BRaslth Yin et al (2018) ®gk MPel x=%H
S.schlegelliXl Al HSI®] Folgt 715 H st o, o= Cdet MPY =
A WAl §18F ol 7 3he] mIARAS] diabR Qe AdelE WER
t}.

B>

>,

b
o

kv

FAEACN FHedEdol FAHAT ofF e A ewt T
=

of W Asd FHol FF vA A4 G| WMHE 42T F Aok



(Kim et al, 2021). wetx 37 2Ef 2o w23 JAqS BAsE AL
oo AulsA Aeiel 1S Hrbete H S eg Axolth(Witeska et
al., 2022). Cd¥& o9 €8 9 Ad+ A= Qg N, A F4 &
7h, i Ad 2 AxEE 48 52 4 gtk (Shahjahan et al, 2022).
&, MP= o c@AlZ F55o Ad kst Al Ao 2 d5 w®E
S& e th(Ma et al, 2020). 2 AFolA Cdel MPe d5x=%2 P
stellatus®] RBC count®} Hbell 4 &S v x=] %A% CAd-MP 5§ ==

< RBC count®t Hbe] ot HAE Fstsion, o= Cd-MP 53«
Zo] o7 WES YT F AS5S UEHdT A A w=d, Cd
9} MP X% A] RBC count®t Hb7l #4Ade= Aoz HIHAT
Al-Asgah et al. (2015)2 Cdol 54 =249 O.niloticusell~] RBC count<}
Hbel ol A4S Riustdth vlxkZkA =, Hamed et al. (20192 31§
Lo MPol =%% O.niloticus?l 4| RBC count$} Hbe] f9jgt #AAE H
det MP9] =Ao] AdT9 &84 ik A

=
y =
g guete] B U SEALTL F2AL F AL AN,

iy

of
o,
Q

o]thi(Mirghaed et al., 2017). Cd& olF< 7 A3 2 Ax

# A Fel g s (Liu et al, 2022), MP& A% tiAl, W o,
dof Fa, AFY 2 A FEd dEd @ dwde ves W

(Kim et al.,, 2021). o]& 3 3t

GOT¢ GPT %< 47 /2 #aHeE 2& F7M10HKim et al,
2021; Shahjahan et al., 2022). ¥ Aol A P. stellatuse] GOT¢} GPT=
Cdet MP d5=ZolA Wsrl #&HA FUAAT Cd-MP &3 =Zoll A
frolgh S/ #EEon, oj Cd-MP H3=Zeo] ol F< 1 7ls 9
As e F AJAFSEE, A e Ao wE=W | Banaee et al

T U=
twZ2% Ccarpiodld GOTe #ol3t F7[E B

rulo >

e}
(2019)& Cd-MPe] =

I
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of o3 Ao APt Wei et al. (2023)= Cd9‘r MP ©5:=SHT

ALPE= oz Qlakst M A 2 Alx AES 23S A A 34
of FaAQl ol Axure] &4 FdA g ALPY &S vt
(Sharma et al, 2014). wgtx ALP+= <9HH 9
Hlo] o mpA R ARE-ETHLee et al, 2023). &
E2 P. stellatus®l ALPel 93&FS v X% kA RE, Cd-MPol 53 =&
HAe wW ALP7F #oltAl F7tstl e, o= Cd-MP Eqi=Fo] o+
] T &S UEiY A8 A
2%, Banaee et al. (2019)2 Cd, MP ©5x=% % Cd-MPd HE§F==
H CecarpiodlX] ALPY F9l3t =712 Hason o= Cde MP7F A
2 Hakstel AEete] kst E4S fFEste] ol F U ALPE 7

4 4 S YEFUTE Wen et al. (2018)2 Cd9 MP @5=% 4 &
= S aequifasciatusoll <] ALPS] 2l FU1E H sty on o=

Cdst MPe] =700l offo] Aeed e & MA F A5 A4

s} Zl' 7].10: x]—oH 1:11 uqoﬂ (ﬂxﬂe OHI—?SL

=

Glucosew B4 d=4d =Fo sk o7 14 4 ZEHX: ARE
ArgH i (Javed and Usmani, 2015). €t o2 & $=X]= Glucose A4+
W22 ARG F@o] FAAEE ol F =, oF7F Cde MP 22 #
BAeAEAd wEHW A4 duUA F8E FF37] 93 Glucose
kel F7Hgto 2 H dro] F7skth(Naqash et al, 2020; Shahjahan et
al., 2022). ¥ AGolA Cd ©5=EL P. stellatus®] Glucoseo] 43S 1]

XA FJAR 1= MP @5 w=%3 Cd-MP &35S Glucose?
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Z FEg & JS UeEdg, A8 dqto] wE=, Banaee et al. (2019)
L Cd¢t MP &5 %% 2 Cd-MPel| Edx-=% Ccarpiodl A Glucose?]

1o,
k)
ro
olN
)
et
f
kl
o
2w
o
H
(0]

12 E38 Cdet MP7}F Glucose 344 3}

A2E Wald & Jd5= YEWT Al-Asgah et al
(2015)2 Cdoll =%% O.niloticusl 4l Glucose®] 23 F71S W3S
o™ Zhao et al. (2020)2 MPo| WA H o2 w=Z% D.reriodl ] Glucose
o] frojgt F7HE Bustath oled APAFEL Cdet MP7F ~E#H 2~

folow Agetn, el YA Palo APdAe FAAE fUY 5

TPE o 79 4% 334, pH 3, tirtaks &9k agla |9 vkg
= E3g Ay Ao Ao, FAF0AEH wEF A oFY
¥ FHE HHgHer BHAAF7| wie] #8833 A AxZE AMEEH
(Esmaeili, 2021). o177F Cd 28] MPe £ 4 d=4dd =&9d

o

TPY #93 g tehRon, o] Cd-MP Biwzol ofF
o wMd 4 34T HUT £ 9es Adat A9 a7 nam,

=]
MP¢ T35 E3dxE A TPE #A4sts 3o= HuE At} Banaee et

Wl Al-Asgah et al. (2015)2 Cdoll =%% O.niloticusol A TPe| %+
Busgomn  Lee et al (2023  MPl
bullhead(Pseudobagrus fulvidraco)l X TP¢ 93 7422 B st}
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oJeIF HYATES Cdsk MP7 o f AWM 548 Fste] v
G4 Ash, A B % s Folsh e SHRAE 20T £ 9e

& AT

Calcium 12|31 Magnesium¥} £ &% T/ 37424
AL Yt E A7 A xolth(Lee et al, 2023). Cd o] &L ol F o}7}1n]
ol AMETS Calcium T=eF dAste] Zg I FFE vAx
Calcium ATPase A, AZH#85, 18935 2 arfavgsds r
o] WS 2T = UH(lLee et al, 2022). o] FE= AWk o =
&3 Magnesiume ®jAdEgo=ZH4 7 U Magnesium TAE SFEH|,
MP E4 o2 <lé] Calcium®} Magnesiumol] T H o] 3AAo
o] d38FS m 2 4= 9JtH(Choi et al., 2023a; Lee et al, 2023). ¥
Cdet MPY @52 P, stellatus®] Calcium¥ Magnesiumd] &<
a XA FRAN, Cd-MPel 53 x=EF2  Calcium® #Fo3 S7ket
Magnesium®] #¢3 @45 F2s) o]
AW Calcium¥ Magnesium ©]< 44 A& 2 4+ ASS LE
ek A3 At =W, Lee et al. (2022)8 Cdell ==4
o] 4 Calcium® 28 #AE Histow, Lee et al. (2023)2 MPol
%% P. fulvidracool 4 Calcium® 93 ZHAaE ®Hasiih ol gk 4
FATEL Cdt MP =F°] Calcium &4 dols F2d 5+ d5S Al
Abglt), Kim et al. (2004)2 Cdell =% S schlegelliYl A Magnesium2]

o3 S7HE Hasoy, o]5 T Cd w=&°] oF9 AF 7|5 Hof

o
o

32t
o
o
rir
@
0
=
=y
Jz
et
e
e

A

P. olivaceus

Fe Cdet MP 22 g4 e d=ded w=E5W ROS #¢ Aoz <l
g At AE Y A7 frdE o] AF Aqksl, 22 E4F R AR AbsEk &

733 ge =4 o] GueE £
It

%o,
=
an
)
3
@
a.
@
@
o
—
0o
S
S
=
o
o
@
@
o
—

1 o
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[>

ge wdajziomn, SODeF CAT 2 4tst a4+ 34 =
2 38l ofF Al Fd AAdE ROSE A7) wfitel A<l of
ol 2t~ Eg s AxRE ALE¥tt(ghodaro and Akinloye, 2018; Souid
et al,, 2013). ROS+ SODe°ll 9ol HyO,= #3td & 3lom, H)Ox= CAT
of oaf thAtE o] H09 Ox& MO =M AStiEf 2w E ofFE
Ho gt (Wen et al, 2018). 2 <AgelA Cdet MPY “W5x=Ee P
stellatus®] SOD<} CATel| <&
SOD¢} CATE frelstAl F7HA]
kst WS SN A
et al. (2023)& Cd-MPell 531

o F7HE Haustdon oF

T

H) XA eEkAI T, Cd-MP 5§ =
o, o]z Cd-MP Hx=Fo] ofF<
= YEbdAT A& AFtel] wE™) Chen
¥ M.salmoides A1 SOD$} CAT<]

& Cdet MP =&& A3l &48 i
sto] kst aA4E G4 AlZ F dee UEHET Lee et al. (2022)2
Cdell =%% P. olivaceus® ©}7kn] 2 koAl SOD%F CAT® S7He B
133l Lee et al. (2023)& MPoll =% P. fulvidraco® ©o}t7t9], &
ZrollAl SOD<} CATS 93 S715 Bastit. ol 538 Cdet MP7}
79 ROS &4 @elom #g3towx o]Fo AFrEYAS HE £
dow, SODSF CATSF 22 3atst g9 B3-S F7HA A ks whs

’
& FEF 5 e e,

Ho

A AAE 718, veld s T g HAAE A doeRR
H #f71A5 Basts f714 Wl A
et al, 2012). o9 W AA= &
W) w o] AnkA ¢l ol F A7 A EE DL FHSegner et al., 2012). Cd
= o7 1Y ROSE S AEFoZN Ax Ul dF A sdd
AAE A= AEAL 2 ANd W] Wsts e doh(Park et al,

2020). MP+= Hom offe & &4 B dTS FEete] dFE &

E A om walldtors ofFe WY Ao 4FFgFS WA F A
(Kim et al., 2021). LZM< 34 dE4, dA So ==2=HAS o 24
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Fo AFo7 AN, 45D A, AEA el wet Ao
gebA 7] wiEel oo A WMol Fagh A Eolth(Saurabh and
Sahoo, 2008; Kim et al., 2021). ¥ 7oA Cd<t MPQ dE-ZFo P
stellatus®] LZMol| 43S w A=A ¢kkA| vk, Cd- MPoﬂ e Ee LZIMS
YA FaAFH oM, ol CA-MP E3wZo] W AA o £48 &
sl = 9lSS yERdt Mg dqto] wrEwW Banaee et al. (2019)2
Cd-MPoll B3 =% Ccarpiodl Xl LZMS #4425 Hiusdoen ols &
&l Cdet MP7F LZM 2742 arA #Hddo dig AddS AsAZ
4 AS AJAFSYE El-Boshy et al. (2014)2 Cdol ¥4 x=%% North
african catfish(Clarias gariepinus)°|~ LZM®] 23 #HAE R s
Zhou et al. (2022)2 MPol %% O. latipes®] ZtolA LZMe] f<3d #

Baskeh o]E 3 Cdet MP w=Fo] LZMS] 7]s& A7)
Jom, o Yozt W ditoel] that A A A

-~

il
N
;0

= %]_ Q_ ul /d-ﬁL
FEF= A7 WL

of AP AEH 5 didt Mg Ax=E AEEH(Choi et al., 2023c;

Mashoof and Michael, 2016). & <o x Cdet MPe ©WE=%2 P
stellatus®] IgMoll S v x| A] &gX|7k Cd-MP Eg =2 [gMS
oA Ao, o] Cd-MP EHFw=Fo] offFe] WY AAdHS o

Aste] WS ASIAIZE & AS5S AAFSTE Wang et al. (2019)2 Cdell
=29 goldfish(Carassius auratus)o|~| 1gMe] g H st on Choi
et al. (2023c)& MPol =%% C. carassiusol Al [gMe] #9Ae A=
H a3tk o]gd APATEL Cde MP7F o7 EZF W AE A
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2 g Cd FHL > op7tn > & o2 TR EA F4 AITE
woon, Cd 50ug/L 7-7tell Hl&ll Cd + MPs-H -3kl Al Cd =54 o]
sHAl s7rekd ok S (BWG, SGR, HSDC 4%, MP9 Cdel &5 =
ZodAE dFo] YErYA ZFAARF Cd-MPe] H3}=ZdA e s ¥
st Btk mpzAA R daskE AJ4 (RBC count, Hb)& Cd-MP9|
FrezelA Fofzel Aavt vewd. 8% AEe 4, GOT, GPT,
ALP, Glucose % MagnesiumS Cd-MP9] E3l-Zor Fo & =717}
el o, Glucosex MP 1000pg/L. F-7HoAM = FolHo=z 713t}
TP % Calciums Cd-MP2] Egw-ZFoA FolHel gzt vy, &
Absh REE (SOD, CAT)> Cd-MP] EaieZolA Fo4o= Frtslon,
wel whg (LZM, IgM)2 Cd-MPe| EF=ZFof A

f
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