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. BWG of starry flounder, Platichthys stellatus exposed different levels

of BPA 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 mu|t|p|e range test_ ......................................... 14

SGR of starry flounder, Platichthys stellatus exposed different levels
of BPA 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 St - e, 15

HSI of starry flounder, Platichihys stellafus exposed different levels
of BPA 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. ........................................ 16

. RBC count of starry flounder, Plyatichifys stellatus exposed different

levels of BPA 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. - 18

Hemoglobin of starry flounder, Platichthys stellatus exposed different
levels of BPA 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. - 19
Calcium of starry flounder, Platichihys stellafus exposed different
levels of BPA 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. «« e 21

Fig. 7. Magnesium of starry flounder, Platichthys stellatus exposed different
levels of BPA 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. - 22

Fig. 8. Glucose of starry flounder, Platichihys stellatus exposed different
levels of BPA 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. -« 23

Fig. 9. Total protein of starry flounder, Plyatichthys stellatus exposed different
levels of BPA 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. == 24

Fig. 10. GOT of starry flounder, Platichihys stellatus exposed different levels
of BPA 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 FANQE tESL. e 25

Fig. 11. GPT of starry flounder, Platichifiys steflatus exposed different levels
of BPA 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 TOST, wroerrrrrrmr e 26



Fig. 12. SOD activity in gill of starry flounder, Platichihys stellatus exposed

Fig.

Fig.

Fig.

Fig.

13.

different levels of BPA 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. --28

SOD activity in intestine of starry flounder, Platichthys stellatus
exposed different levels of BPA 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.29

14. SOD activity in liver of starry flounder, Platichthys stellatus exposed

15.

16.

different levels of BPA 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. -- 30

CAT activity in qill of starry flounder, Platichthys stellatus exposed
different levels of BPA 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. -- 31

CAT activity in intestine of starry flounder, Platichthys stellatus
exposed different levels of BPA 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.32

Fig. 17. CAT activity in liver of starry flounder, Platichihys stellaius exposed

different levels of BPA 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
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Fig. 18.

Fig. 19.

Fig. 20.

Fig. 21.

Fig. 22.

days (P < 0.05) as determined by Tukey’s multiple range test. -- 33

IgM level in qill of starry flounder, Platichthys stellatus exposed
different levels of BPA 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. = 35

IgM level in intestine of starry flounder, Plyatichihys stellatus
exposed different levels of BPA 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.
36

IgM level in liver of starry flounder, Flatichthys stellatus exposed
different levels of BPA 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. - 37

Lysozyme activity in gill of starry flounder, Plaftichihys stellatus
exposed different levels of BPA 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.38

Lysozyme activity in intestine of starry flounder, Platichthys stellatus
exposed different levels of BPA 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.
39
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Fig. 25.

Fig. 26.

Fig. 27.

Fig. 28.

Lysozyme activity in liver of starry flounder, Platichthys stellatus
exposed different levels of BPA 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.40

Cortisol level in gill of starry flounder, Plyatichthys stellatus exposed
different levels of BPA 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. -- 42

Cortisol level in intestine of starry flounder, Platichihys stellatus
exposed different levels of BPA 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

Cortisol level in liver of starry flounder, Plyatichthys stellatus
exposed  different levels of BPA 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.
44

Heat Shock Protein 70 in qill of starry flounder, Platichthys stellatus

exposed different levels of BPA 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.
45
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steflatus exposed different levels of BPA for 10 and 20 days.
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Values are mean * S.D. Vertical bar denotes a standard error.
Values with a different superscript are significantly different from
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stellatus exposed different levels of BPA for 10 and 20 days.
Values are mean * S.D. Vertical bar denotes a standard error.
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Toxic effects of Blsphenol A on the antioxidant, immune responses and HSP70 in

starry flounder, Platichthys stellatus

Min Jae Kim

Department of Fish Pathology, Graduate School

Pukyung National University

Abstract

Bisphenol A (BPA) is a representative endocrine disruptor used in various industries
and is known to destroy the endocrine system of fish and cause developmental and
metabolic disorders. This study was conducted to investigate the effect of BPA on
growth performance, hematological parameters, antioxidant, stress and immune
response in starry flounder, Platichthys stellatus (mean weight, 386 + 6.8 g, mean
length, 148 + 0.6 cm). Starry flounder, Platichthys stellatus were exposed for 20
days with differen levels of Bispenol A ( 0, 100, 200, 400 and 800 ug/L).

Growth performances such as body weight gain (BWGQ), specific growth rate (SGR)
and hepatosomatic index (HSI) were significantly decreased by BPA exposure.
Hematological parameters such as red blood cell (RBC) count and hemoglobin were also
significantly decreased. In plasma inorganic components, calcium and magnesium were
significantly decreased by BPA exposure. In enzyme plasma components, glutamic oxalate
transaminase (GOT) and glutamic pyruvate transaminase (GPT) were significantly
increased. The superoxide dismutase activity (SOD), catalase activity (CAT) were
significantly decreased compared with control group. Immune response such as lysozyme
activity and IgM were also significantly decreased. Stress response such as cortisol and

heat shock protein 70 (HSP70) were significantly increased by BPA exposure.
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JAz2For dHA e WEH W TFEZ (Endocrine disrupting chemicals,

EDCs)= AW el EnAlel &a v s220 it ¢F, 23, A 28a
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SGH(Yu et al, 2023). o177t 4 =dd =EH7Y 242 2EHAE B H
A AE WelA B etE ROSE AAGL FAAS FASH7] sl o2 7HA
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peroxidase(GPx) ¢} Glutathione reductase(GR) 5©] o™ A 2rzRE 27
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EdAE Hrtels % AxZ AbEE 5 9tH(Akram et al, 2021).
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BF 84S MMAE WY 715 339 (Choi et al, 2021). ¢+ < Lysozyme
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Table 1. The chemical components

condition used in the experiments.

of seawater and experimental

Item Value
Temperature (C) 17 £ 1.0
pH 821 + 0.5
Salinity (%) 31.85 £ 06
Dissolved Oxygen (mg/L) 791 = 0.81
Chemical Oxygen Demand (mg/L) 1.34 + 0.65
Ammonia (ug/L) 101 + 1.1
Nitrite (ug/L) 98 + 06
Nitrate (ug/L) 10.81 + 1.24
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=439t Body weight gain (BWG), Specific growth rate (SGR),

Hepatosomatic index (HSDE =4 3 on =4 vl e ey 7o}

BWG(%) = 100 * (Final weight - Initial weight) / (Initial weight)
SGR(%) = 100 * (In(Final weight) - In(Initial weight)) / (Duration)
HSI(%) = 100 = (liver weght / total weight)
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< A 1318 FAIE ol &35t Agole mRpAWor Fy A
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AHsAE AFHT dHES ZA o]&3te] RBC count?} hemoglobin &%

RBC counti= Hendrick’s solution® & 400¥] 3]4] % hemo-cytometer
(Improved Neubauer, Germany)& ©|&3le] Fadn|do=z A4 5 o
Al B E #ete] AlAksESE T Hbes v 948 kit(Asan Pharm. Co.,

5

PSS Zu R omavlass 53882 #Zue OCPC
(o—cresolphthalein-complexon)®¥, "} 2Ul# 2 Xylidyl blue- I HS o] &3}
= Y48 kit (Asan Pharm. Co., Ltd)E o] &3ttt #7452 glucose,
total proteing =AsFon dFe GOD/POD WS, total proteine
Biuret & o] &3t 94738 kit (Asan Pharm. Co., Ltd)E °] &3ttt &
o g4a AL GOT9 GPTE A8 GOT, GPTE
Retiman-FrankelH & ©]-&3 178 kit (Asan Pharm. Co., Ltd)E A}
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BAS 9ElA 3 obrtv gl S A FH e Washing buffer(0.1M

KCI, pH 74)& o] g3t A H3}e

(0AM KCI, pH 74)¢ 1:10¢]

homogenizer (099CK4424, Glass—Col, Germany)Z ©]-&3}o] 233t}

T2 &45 10,000g, 4 TollA 303k

o] -80 TellA ®¥tatsit.

Aol wuld dus A5

=4

(Bio-rad laboratories GmbH, Munich, Germany)&

(1976) o2 =435

. A A s =4S Homogenizing buffer

H]

93] Bio-rad
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5 & A=ole Ha gl
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protein assay kit

o] 83} Bradford



4-1. Superoxide dismutase (SOD)

SOD #&Ae WST-19 3kddl sk 50% Inhibitor rate® =43t=

N\
ol

SOD Assay kit (Dojindo Molecular Technologies, Inc.)E ©]-&3}<]
sttt =4S 0.1Me PBSZ 5ul g4 & 37 TollAl 2083 w <
!

SOD w¥a A 9= 50% inhibitor rateE T3}°] unit/mg protein®
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4-2. Catalase (CAT)

CAT &AL OxiSelect™ CAT Assay Kit (Cell Biolabs. Inc.)& ©]&3}
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5. ¥guts &4

-

Z2# W IgM  (immunoglobulin M) F%%  enzyme-linked
immunosorbent assay (ELISA) A% kit (MyBioSource Inc. San Diego,
CA, USA)E AH&ste] SAsA igM Sol@dA17F =2 s o] = 96well
of XEEHAY BFAE 2o igM E4E Al AFAIZ v AHEE

Horseradish Peroxidase (HRP)S welloll #7}sto] A A 7]

v
__>|:41
o
L

U 23434 EAE 58 450nmolA FHE=E SHSA

Lysozyme &2 Fish LZM ELISA Kit (Catalog number: MBS099538;
MyBioSource; San Diego; USA)ES AFE-3te] =A 33t Lysozyme A
- Lysozyme Y W& &A 3 horseradish peroxidase (HRP) Hv] A 7
Z A 2"lS o] &3le] AE U Lysozyme &Y ¥3HS HAE3IALE ol F

Al
E4FE=AE T8l 450nmelA F3 =5 SA 38U
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6. Cortisol @ Heat Sock Protein 70

Cortisol &4 Al a4 WIEA 71+S o]&3t+= Fish Cortisol
ELISA Kit(Catalog number: MBS704055; MyBioSource; San Diego;
USA)E A&t A6t d9o=2 F” o & Ywell ZHOE
o] &3 Horseradish Peroxidase(HRP)E Yo WHSAIZ T o 7]A] A
¥ BAA A ¥rES TMB 7|d&Hom MAAA EFFEAE S

Heat Sock Protein 70 Fish Heat Shock Protein 70 (HSP70) ELISA
Kit (MYBioSource, Inc)Z w43ttt 7|Ee] xXg¥H HRP AFA

Chromogen Solution A, Chromogen Solution B, Stop Solutions A&

HES- A7l & E3 %2 450 nmollA S48t ng/mgo 2 %7135t
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=E 7130 10, 20 Aol Ak $A 24 Akl FAE
4 21442 SPSS (SPSS Ince, Chicago, IL, USA) &4 ZEI1WS o] &

st YEF I, ANOVA test® 2 A3} Tukey's multiple range testE
0
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1. 23

%% BPA =% W& Zx=v#le BWG, SGR % HSI= Fig. 1 - 3
of el BWGS 4% 10¥ A 800ug/L FE=olA folg 3
RSl om 209 Akell A 400 wg/L ©]/de] FXolA felst A7t
Uk SGRE 4% 109 A 800 pg/L s&=olA o3 FasE el
20 Abell A 400 pg/L oo FolA ok zHA7E vEbRTh HSIC
74910, 209 #9] 800 pg/Le] FZolA e Favt YER T
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Fig. 1. BWG of starry flounder, Plyatichthys stellatus exposed different
levels of BPA 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. 2. SGR of starry flounder, Plyatichthys Stellatus exposed different
levels of BPA 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. 3. HSI of starry flounder, Plyatichthys stellatus exposed different
levels of BPA 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. 4. RBC count of starry flounder, Plyatichthys Stellatus exposed
different levels of BPA 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. 5. Hemoglobin of starry flounder, Plyatichthys stellatus exposed
different levels of BPA for 10 and 20 days. Values are mean + S.D.
Vertical Dbar 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. 6. Calcium of starry flounder, Platichthys stellatus exposed
different levels of BPA for 10 and 20 days. Values are mean + S.D.
Vertical Dbar 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. 7. Magnesium of starry flounder, Platichthys stellatus exposed
different levels of BPA 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. Glucose of starry flounder, Plyatichthys stellatus exposed
different levels of BPA 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. 9. Total protein of starry flounder, Plyatichthys stellatus exposed
different levels of BPA for 10 and 20 days. Values are mean + S.D.
Vertical Dbar 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. 10. GOT of starry flounder, Plyatichthys Stellatus exposed different
levels of BPA 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. 11. GPT of starry flounder, Platichthys stellatus exposed different
levels of BPA 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. 12. SOD activity in gill of starry flounder, Plvatichthys stellatus
exposed different levels of BPA 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. 13. SOD activity in intestine of starry flounder, Platichthys stellatus
exposed different levels of BPA 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. 14. SOD activity in liver of starry flounder, Platichthys stellatus
exposed different levels of BPA 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. 15. CAT activity in gill of starry flounder,
exposed different levels of BPA for 10 and 20 days. Values are mean

S.D. Vertical bar denotes a standard error.
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Fig. 16. CAT activity in intestine of starry flounder, Platichthys stellatus
exposed different levels of BPA 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. 17. CAT activity in liver of starry flounder, Platichthys stellatus
exposed different levels of BPA 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. 18. 1gM level in gill of starry flounder, Plyatichthys Sstellatus
exposed different levels of BPA 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. 19. 1M level in intestine of starry flounder, Plvatichthys stellatus
exposed different levels of BPA 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.

_36_



257 mmm Oug/L ;
=3 100 ug /L Liver
I 200 ug /L
C—1400pg/L
. 20+ mmEE 800pug/L
= a
g ab a
— ab
o _T_ 2b ab
oy 15+ I
b
% T b be
E, T
T 10 - !
>
2
=
D
5
U - - S S
10 20
Days

Fig. 20. 1gM level in liver of starry flounder, Plyatichthys Stellatus
exposed different levels of BPA 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. Lysozyme activity in gill of starry flounder, Plyatichthys stellatus
exposed different levels of BPA 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. 22. Lysozyme activity in intestine of starry flounder, Platichthys
Steliatus exposed different levels of BPA 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. 23. Lysozyme activity in liver of starry flounder, Platichthys
Steliatus exposed different levels of BPA 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. Cortisol @ Heat Sock Protein 70

6-1. Cortisol

BPA°| =% Zxtig]e ofzine & aglam 7+ 2249 Cortisol X
= Fig. 24 - 260 JeERRATE opriv] Elar Fel 9] Cortisol 4%+
10 *F 800 wg/L, 204 Aboll Al 400 pg/Le] sEAA /93 S717F e}
Al koA 109 A} 400 we/L, 204 kel Al 200 pg/Le] sEolA] Fofgh
S7H7F dEbs

6-2. HSP70

BPAdl w==d A=vele] oprbmel & Zeja b x4 9] Cortisol G4
© Fig. 27 - 29¢] YeEbH AT of7ki] g s ke A 9] HSP70 31& 10
o el A 800 peg/L, 209 ol A 400 pg/Le] FEoA o3 F717F
ERar ol A 209 Aol Al 800 wg/Lol FEolA freld F7h7E UERY
=3

_4‘]_



€7 mmm Owg/L Gill

1 100pg/L
B 200 ug /L

s 1400 ug /L

£ B 800 g /L b

% 6 1 b b

E. ab ab :[

=) ab ab

___E__ ab I I

2, I a

— &l a

E

L.

©

i)

T 24

o]

(&

0 - - et -
10 20
Days

Fig. 24. Cortisol level in gill of starry flounder, Plvatichthys stellatus
exposed different levels of BPA 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. 25. Cortisol level in intestine of starry flounder, Platichthys
Stellatus exposed different levels of BPA 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. 26. Cortisol level in liver of starry flounder, Plyatichthys stellatus
exposed different levels of BPA 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. 27. Heat Shock Protein 70 in gill of starry flounder, Plyatichthys
Stellatus exposed different levels of BPA 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. 28. Heat Shock Protein 70 in intestine of starry flounder,
Plyatichthys stellatus exposed different levels of BPA 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. 29. Heat Shock Protein 70 in liver of starry flounder, Plyatichthys
Steliatus exposed different levels of BPA 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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UEbstth 2ol 4 E BPAE 548 skl kA GOTe<F GPTY] #
v 7F Sk AS &

2
Tl A WEbd mkel o] BPASE 22 W& H|uwhEE 2 ROSA

Al

8
e

0]
AN

oy
AE FA8E] Aol B2 MEo] FEFS vAe= Aow dEA dn
(Akram et al., 2021; Sharma et al., 2021). Sharma(2021)¢] <17+ BPA
=%o] ROS A4 34bst whg Alolo A B S oA ASAEY

2 #Foane wusk Yo oFele ROSE FHEg A4S WA 9
5t o] ¢l SOD, CATS #<& 3atsta a7t thHKim et al, 2020).

SOD+= #Hatshd & Z(02)0] #absha2(H00)= CATOl s == A
T (Yu & Kang, 2020). ©]¢F #Z°] SOD B CATS & iksiase
@4 At w4 A 1A gojol7] wiEel ol F EaE A {7
Aol Fpatstes e 28 =0l F49 F AT (Yu et al, 1994,
Halliwell, 1994). & A-olA= ol wats ##str] 918 SOD H
CATE 438ttt £ d5elA SOD % CATE eb7bwl, & zea %
Rl w=F V3ol AojAFs, FVF wobdsE foletA gadhe
A& GRAHA ol Irkstg Aol WEk= BPA S0 = s A4

st ol g3k 12449 wkgow ghaEth Akram. (202D)] ¢17o]
2w o] FollAl BPA =% ROSE BAS £3 AlA Ad #akst 34
& Fol waHeR Ax odu AF st (TBARSAAE S Zelista
ol @istasel udd RS PAITE Huvt v ® e 4

Tl Mt BPA HAOo® odd FEE SODE 44T & 9w, o 47

)

g AE Y e dEsHA e A REYaE A E] fek vhee

2 SOD#te] AstgttE Ru% ¢)tH(Sharma et al, 2021).
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F3l WEH o (Aguiar et al, 2023). ol X2EdHX ¥gS Hrtse @S
A3l cortisolF A= AR, HelrAY 754 WstE YEUE T
F7F 2 e {9 cortisolF R 9] UM BAH ~EY~
Bk olygl BPA =% 5 SAEE =59 % #do] HH(Minaz et al,
2022). tt& ATolA = BPARZEo] o7 4 cortisolTFAE F7F A
thal Bl 3Fdoh( Aluru et al, 2010, Hussein et al., 2021). ¥ - 3
BPAS] w=ZF¥ %7t ksl wheb cortisol FA17F froldtAl F7hat =,
o] BPA =% 3] A& ~Ef 27t HAs Ao Bt

il

>

Heat Shock Protein(HSP)2 2% W3l 54 52 w=% 5 tYd3st ~E

A2 9o B2HE AAE Wolstr] 98] FdEh(Lee et al, 2022). HSP

Coavd g AE SEds g o Fad 982 s, A48

AE &so] TaE™T HSP 94 w43 7M€ + Ath(Wali and

Balkhi., 2016). @3 ®AAS Fos= 2EHZE 82l 98 fi:d
HSP702 Wy ® duido] Agste] w4 &FalE T3 Hostes 9FS
gt TAe HAZxHS S8 374 AEHE QOoRREH AYXE BHII
CHGiffard and Yenari, 2004 , Yamashita et al, 2010). 874 =4 54
Aol dd kS Asfictal AlstEd A AlZAE 2 95 WSS

g ¢ oolom, PHAES FASI] g Wol WAYSFSE HSP0 A

=¥ tH(Choi et al 2023). WiHwH#F=4 5 stutQl BPAE 3134
2E# 2 gdlow® Agste] AstiEg sy AASIAEfAE {2
o, o2 &) A, @A RNA, DNAd &3S dozd = glth(Akram
et al, 2021). ©] #HAolAN FH=sHA APE TAHAALTROS)T FHAA
FRNS)O t-&3t7] 913 HSP707 22 o8] &i7F @3 fvh(Filice et
al, 2021, Choi et al 2023). ¥ SAtolA HSP709] X+ zF 7|0 A
BPAS ¥%7} FHoldeE fogh 7 ESA ol BPASAC <3|
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