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Abstract

This study was conducted to investigate relation toxical to a organism
stress in endocrine disrupting chemical (EDCs), establishment of the basis
physiological biomarker and indirectly Bio assessment in environmental
pollution. Results of acute toxicity of LCsy decreased in TBT>BPA>BaP>NP
order. When exposed olive flounder to EDCs such as TBT, BaP, NP and
BPA, body weight was significantly low compared to the control counter part.
The growth rate and cell binding rate of hepatocytes were low when treated
with  high concentration of 24-D and BPA  (10°M). During testing for
chronic toxicity, both catalase(CAT) and superoxide dismutase (SOD)
activities were low in the samples: exposed to EDCs compared to the control
liver tissue. However, CAT and SOD activities were high in primary
hepatocyte samples compared to the control. High values were observed for
GOT and GPT during chronic toxicity and hepatocyte testing. ELISA results
indicated high Vtg synthesis in the serum of olive flounder when treated with
low concentration of BaP, NP and combination of TBT+NP+BPA. Estrogen
concentration at 10 °M, BPA at 10°M and 24-D at 10°M were able to
express the highest amount of Vtg in primary hepatocyte culture. HSP70
mRNA expression was high both in vivo and vitro when exposed to EDCs.
In this result, it can be disrupting operation in endocrine, disrupting of
defence faculty with a stress also destroy physiological defence ability by

EDCs.
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glutamate—-oxaloacetate transaminase(GOT)<} glutamate—pryuvate transaminase(GPT)

ofv]wy] HolfisE Hol Y@l £Aow 53 GOTE Hol ¥ s

1

7 2
gtk 24 Ul olE mah AAA APl ARF xFgW BEsb o

v @H Fol FEuo] 1 ¥R ¥l Hrh GOTE el
Gdogase 94don Ausitd §8% AED o §EE Rkoln

Aspartate Ho|TEAE AFEA TA2E ZAo] &4 JUS W £IAZE FEHHY

ddel GOTS GPTw A E4ARS AR7F He FoF aihot
(Racicot et al., 1975; Vedel et al., 1998).

b, 2 ATl bgE WiEH ue seh=d & Ba)P, BPA, 24-D,
71FAEFES AFEStel 2 Sa S HotetaA Falekglar, Wik

%
W A8E s EDCsr A AEdZS 48S fusest: S5 98

1



of AFS FPsIA . w3 YolrtA = ol FEH U E

-1 O "o

=

379 Biomarker249] 7|%5& sHst=d gujzt vt



1. In bivwe2] 241 Ol Dlaj=a] AlE

A

1-1. 54

O_u
g
oL
i

i)

Aol AFFAAde A8 et g e
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ok = A3
g5 752 &R ALS
Mgl 353 48 JhAE ARESRSith EDCs2 @A Sl tributyltin

(TBT), benzo(a)pyrene (BaP), nonylphenol (NP) 2 bisphenol A (BPA)7}
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2o wX+= WEEXAEE (median lethal concentration, LCs0)Z 42 Rand

(1995)] el whe} SAskgict. 2t Adad 747 20vke] & =88ke] HA45
Adeyg fasiglon, ARGl b2 Ak AHAE FQAskgl. A9
T F2E 211£0.3C, 9 31.1~31.8%, pHiE 7.87~7.94 % §EAA
= 5.89~6.14 mg/L ME frAlakith
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EDCs® <&z TBT, NP, BaP @ BPAd] ©% T B3 Bz FASAA
oA Yeld 96A17F WEEXALEE (96 hr-LCs) el 10%(high con.)®t 5%(low
con.)7} ®|%=% Table 13} Zo] AAsle] A7|7H62Y) T2 AP AAsa 1

5 1697 7F A¥ o] AAsl4 (EDCs—free sea water)?o] FHEHA 3to] 3
5 AFS dAsta dxe 7S FHelol EAAEER AFESET Adole] A7
= AH 175423 cm 2 AASTHF 712469 g (n=37)°|4}. AV FF F

[N}
[a—
—
I+
o
w
3
o2

& 31.1~31.8%, pHe 7.87~794 % &4+ 589~6.14 mg/L

Table 1. Cocentration of EDCs

Groups Concentrations

Control

NP-low conc. NP 7ppb

NP-high conc. NP 14ppb

TBT-low conc. TBT 0.8ppb

TBT-high conc. TBT 1.6ppb

Bap-low conc. BaP 1.25ppb

Bap-high conc. BaP 2.5ppb

NP + TBT-1low conc. NP 7ppb + TBT 0.8ppb

NP + TBT-high conc. NP 14ppb + TBT 1.6ppb

NP + BPA + TBT-1low conc. NP 7ppb + BPA 55ppb + TBT 0.8ppb
NP + BPA + TBT-high conc. NP 14ppb + BPA 110ppb + TBT 1.6ppb




2. ECHZIME si2F

#7 & buffer(Table 2% Solution 1)
2 oF 1087 AFFAHE~8 ml/min). ©] ¥ Collagenase(0.3 mg/ml; Sigma)
2 A8 4H(0.98 mg/ml; Sigma)S ¥33 #AFE bufferd] oF 2087+H5~8
ml/min), 2 mM EDTAE H7}ste] Ca® 2@ Mg A7 #FL buffere] oF
1057+ 7b7 pRednh. #F F 132 100 ml vlo]FAe] Yol Ca’free #5F
€ buffer(Table. 29| Solution IE 33] A& 3 F 50 mle] #FF& buffertol
A HAEIHY R A BARAAH Y. BAbE THAIEE pipeto® O E7 oAl
Fol AAE (700 rpm, 3)E 33 WHEShe] A AEAE o] 9le] (A E A
3, dAE, Axe] gH B AT 5)S AU

HAEE FAeE AP 250 ml T/C Z&2 A (Falcon)ol 2x10°71E Wof )

l

k&tith. wjekeli= Table 29 Solution I¢ 0.2 uM bovine insulin(Sigma,
USA), streptomycin(100 geg/ml), penicillin (70 pg/ml) 2 NaHCO; (23 mM)E 7}
gk Leibovitz's L-15 medium (GIBCO. Inc)& ©]&-3t3ith E (Sigma, USA), BPA (Aldrich
Chem. Com. Inc) @ 24-D (Dr. Ethrenstofer GmbH)+& 95% olet2= &3]3 5 3}
Fake] APAEl g Fol 10 °M~10 °Me] =& Hrbste] 2E& sk



Table 2. Chemical composition of medium related to cell culture

Solution I

Leibovitz's L-15 medium

Penicillin
Streptomycin
Insulin

Hepes
Distilled water

10.1g

69.9mg

99.96mg

1.66ml

2.38g

Adjust to 1000ml

Solution II

NaCl

KCl1
MgSO,7H,0
KH,PO,
NaHCO,

Hepes
Distilled water

43.75ml

8.75 ml

5.0ml

2.5ml

28.8ml

1.19¢

Adjust to 500ml

Solution III

NaCl

KCl1

KH,PO,
NaHCO,

EDTA

Hepes
Distilled water

8.75ml

1.75 ml

0.5ml

5.75ml

Iml

0.238¢g

Adjust to 100ml




3. fal B4 By

In vivo®l AFeNAe Az Ea A= Ry HFE AE5H
superoxide dismutase (SOD) % catalase (CAT)&E 4 &S 4390 7+
e F 41 ge 09% Naclell 33 A3 & o5 KCl& 1.17% A A7k 100

mM phosphate buffer (pH 7.4)& #7}sto] 23t AlAY. d23d Algas o
A2 (1,000 rpm, 15 min, 4T)ol o3 A% B JHAES AASAT. 3, in
vitro Ao A9 Fibkst EaAE WS EANA trypsin-EDTARE A 2] ste] wj

i

JEelr wito 2 RE AEE wol W F YRS FHe] Wol 4T, 1000
pmel A 587 YA FE ¥ PBSE 33 A#H3 tg KCl (1.17%)<S &3 10
H 742 #7ete] #238 aich. 2289 149 #

2
=

mM phosphate buffer (p

Aol "W AE FoAS YJAETE (13,000 rpm, 20 min, 4T)3 T AF=HS FH )
FAhHoF AR TH(Fig. 1 ; Taso et al., 1985). @A &S [owery et al.

(1951)¢] W we} &4 tHFig. 2).
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Liver or cultured hepatocytes

Adding 100mM
Phosphate buffer(pH7.4) 4ml

Homogenizing

!

Centrifugal seperation(4C, 1,000 rpm, 5min)

¢ vortexing

Upper phase

!

Centrifugal seperation(4C, 13,000 rpm, 20min)

Y

Upper phase

!

Sample for protein assay

Fig. 1. Extraction of protein.
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Sample for protein assay BSA standard soln.
(100ul) (100ul )

Adding 5ml of diluted dye reagent

,

Incubation at room temperature
(5min)

'

Measuring O.D. ;_;,, of sample

Fig. 2. Procedures for protein assay by Lowery method.
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SOD+= Marklund and Marklund(1974)¢] ®el w2t S48kl vh(Fig. 3). =,
50 mM phosphate buffer (pH 824) 87 mlell AX #AAS 9o & 03 mle 3 mM
pyrogallol &S H7}sle] spectrophotometerE ©]-& 550 nmoll A =4 &t}
a8l ZAEA 199+ 183 vk F 9] pyrogallold] 2F3E 50% < A5}

= 240 oz A AT AAEFH ve sl o 2H=E AE

Activity units/mL

Activity of SOD =

(unit/min - mg protein) mg protein/mL of reaction mixture

Standard
Adding 2.61ml (50mM phosphate buffer pHS8.24)

'

Zero Base

'

Adding 90ul of 3mM Pyrogallol

'

Measuring O.D. ;_s55, of sample

Fig. 3. Procedures for measurment of SOD activity.
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CATZA =9 Nelson and Kiesow(1972)¢] el ¢lste] FA &t
(Fig. 4). &, H:0.5 7122 A}-83}] spectrophotometerol] €& 240 nm 3}l

A Hy07F &= o] 7

A A240/min X dilution factor

Activity of catalase
43.6% Xmg protein/mL of reaction mixture

(unit/min - mg protein)
(x1 & Ao of HaO2)

Adding desired volume of sample(20 ul of PMS)

l Adding 1 ml
(6 mM phosphate buffer pH7.0)

Adjusting total volume to 2 ml

!

Adding 2 ul of H,0,(30%)

'

Measuring O.D. ,_,,, of sample

Fig. 4. Procedures for measurment of catalase activity.
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4. Glutamie pyruvic trasminase(GPT) 9 Glutamic oxalacetic  transminase(@IT) 549

Kit(ob Ao, @58 st

op

Reitman-Frankel™ (1957)°] ¢J8] ZA¥ ¢

gt %, WAA A 1 BF P W FIAL )5S G Sstol

gy2He GPTS A%

B

GPT 3 GOT&4el ARgstlth. GPT % GOT =
L-alanine®} a-ketoglutaric acid, GOT®] 7§ L-aspartic acid®} a-ketoglutaric
acidZ 7122 AMg3le] 37ColA 3087 wheAZ o] A EE pyruvic acid’d
dZ+g] A slel A 24-dinitrophenyl hydrizine®} 2F-8-3F¢] A% = hydrazine9

Mg A Fstel B 505 nml A FYEE P,

_15_



5. Enzyme-Linked Immumosorbent Assavi(FELISANE O|=¢F Ve B4

In vivo g deFH JAHS Ad3 T coating bufferz 10008] 3] 4]
3lo] o] = 96well ELISA plate(Nunc, polysorb, USA)el 100 ul® EF3}a 4T
ANA 16A1ZF FHA AT v 5ol F el v AAsH7] 918t 0.2% BSA7F X%
wo] 9l blocking buffer 200 ulE 2zt welloll ®F38ko] 4ToA 2417 A A543
= s
(4., 2003)= sample dilution buffer(PBS containing 0.05% Tween 20, 0.2%

ofj

NS AAsL PBSE 33 AH $ WX Vtge] monoclonal anti body

BSA)Z 10'~10722 343ste] 7+ wellol 100 ul® #Fai AolA 402%
b WHSAIATE WEE T S de AAstE PBSE 33 A#H3a Goat
anti-mouse horseradish peroxidase conjugate Ig GE conjugate bufferel] 1000w}
2 3MAI7)aL 100 ul® BEF8le] A2oA 40859k wEAZ v PBSE 33
Al = 8}

9k A 2 = ABTS(2-2"-azino-bis[3-ethylbenthiazoline-6-sulfonic acid])& <

AbEsl o 4087 A7l 3 405 nmot reference 492 nmoll A optical
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B, Sodimm Dodecyl Sulfate-Polyacrylamide Gel Electro-phoresis(SIE-FAGE)S

o|2E VTG Bi

SDS-PAGE+ VTGO ¢d g2l ¢1dl Laemmli (1970)2] WS ]

o
ol
-
32

o} wjFE M EZS Collagenase-trypsin®  *g]ste] vl Z o}~ npgbo
AEE ol Wl F AR E FHol Ro} 4T, 1000 rpmol A 587t A4
% Tri-Reagent (Sigma)2 %7} % homogenizerE AR&3lo] 4TolA 23}
AA ABR AMEEAY. APHE ABEE 75% 59 polyacrylamide gelell

Bio-Rad A}%] Mini Protein ¥ Power PAC 300(protein electrophoresis

il
Jr
i

iz
o

system)& AH&3te] 250V 55 mAE 4AIZF FFe] MR oR HUdEs A
Al A719 %S 3 & Coomassie gel staining solution(0.136% coomassie
brilliant blue R-250, 45% methanol % 10% acetic acid)el I & gelS o]
40% F<oF 9435}, gel destaining solution(7.5% methanol, 7.5% acetic acid)®ll
A gele ¥ band® background’t AHAE A=z GdMd = o7}z
shacking3} . &4 ¥ gel> AFS A2 & gel dryerg AMEste] 71z A7
5 BHstgt. Ado] ALgHE A 2ELS Sigma Chemical Co. (USA)9 Bio Rad
Abel AlEe Abgstlew, Al AleF B T wre] Hd7|gE A k2 Table 3,
49} 54 YER L tH(Sambrook et al., 1983).
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Table 3. Compositions of reagents related to SDS-polyacrylamide gel

Solution Component
30% acrylamide Bisacrylamide lg
Stock solution Acrylamide 20 g
Distilled water Adjust to 100 ml

Whatman paper No.l1. Filtration
Store in a dark bottle at 4C

1.0M Tris/HCl1 Trizma base 12.1g
(pH 6.8) Distilled water Adjust to 100 ml
1.5M Tris/HC1 Trizma base 36.3g
(pH 8.8) Distilled water 200 ml
10% SDS SDS(sodium dodecyl sulfate) 10 g

Distilled water Adjust to 100 ml
10% APS Ammonium persulfate(APS) 0.1g

Distilled water 1 ml
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Table 4. Compositions of buffers related to SDS-PAGE

Solution Component
Trizma base 15.1g
5X TGS Glycine 94g
pH 8.3 10%SDS 50ml
Distilled water Adjust to 1000ml1
1M Tris/HCl, pH6.8(60mM) 0.6ml
50% glycerol(25%) 5 ml
X
,‘r)’uff:flple 10%SDS (2%) 2ml
B-mercaptoethanol (14.4mM) 0.5ml
1% bromophenol blue(0.1%) 1ml
Distilled water 0.9ml
Coomassie Coomassie Brilliant Blue R-250 g
Gel staining Methanol 450ml
solution Glacial acetic acid(CH,COOH) 100ml
Distilled water 450ml
Coomassie gel Methanol 300ml
destaining Glacial acetic acid 100m1
solution Distilled water 600m1

Table 5. Regents for preparaing gel for SDS-PAGE

Seperating Gel 7.5% Stacking Gel 5%
30% Acrylamide 2,500ul 30% Acrylamide 1,000ul
1.5M Tris/HCl(pH 8.8) 2,500ul 1.5M Tris/HCl(pH 8.8) 750ul
10% SDS 100ul 10% SDS 60ul
10% APS 100ul 10% APS 60ul
TEMED 10ul TEMED 10ul
Distilled water 4,790ul Distilled water 4,120ul
Total volume 10ml Total volume 6ml
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T. RT-PCRE 0| =%t HSPTO mkNA 54

Aol ttxza& 23 2389 100 mM phosphate bufferoll /] & E *]1}o] A
2 FE8te] 12000 rmpmeolA  LSAEHSAT T, wigHE AEE

Collagenase-trypsin® | g]slo] wjtZetxa nfgd o2 R e AXE wo] W &
AAEEE FH Rol 4T, 1000 rpmollA 587 dAEE 3 Tri-Reagent
(Sigma)S #7I3t & homogenizerE Al&35te] 4TCoA T3t Aot 23}
¥ AlZo chloroformS 7}slar ISl 587 AXE 5 4ToA 14,000
pmlE 57 AR T A=ANS A2 tubeo] &4 T isopropanolS ¥
o] RNAZS HAAAY. Hd¥ RNAoA total RNAE tissue RNA Prep Mate
Kit(5, Bioneer)& Ab&stel FE3lth. 54 total RNAE= 70Tl Rts}
o] Ado] Algatgon, cDNAFA Kitel ImProm-I ™ Reverse Transcriptase
Kit A3800(F, PROMEGA)& ol&3te] cDNAE 3HAdskadth. 4% cDNAE
Tag DNA Polymerase in Storage buffer B kit(5, PROMEGA)S AF&3to] &
Z3A . cDNAE ZZA17]7] 9Y3ste] cDNA 2 ul, 10xPCR buffer 5 ul,
MgCly(25mM) 3 ul, ANTP(10mM) 1lul, primer (sense) 1 ul(50 pmol), antisense
1 ul(50 pmol), Tag DNA polymerase 0.5 ul ¥ Nuclease-Free Water 36.5 ul&
&3tsle] 94Tl A 5E7F  predenaturation AlAFE T 94TolA  1E3E
denaturation, 55Coll A 1%3tF annealing, 72ColA 287t extension A2 = 30
3] Sk, o] § 72TCelA 5&3 ©f WwEAIHT VIG 9 HSP-70 mRNAS

3 oligonucleotide primers A Ztslo] A FE51G 2, FANZE AFE3H7] ¢
3 jactin mRNAS A &3 tH(Table. 3). PCRZ %% AFEL2 100 bp DNA

ladderZ size marker® A}-&3Fed 1% agarose’} A 7FE gelo lodingsle] 1x
TAE buffersto]l /] 100VZE 20~25837F A7|9 53 & 0.002% ethidium bromide
of 1087+ 27F5 7t UV transilluminatordtell 4 AR S &t i, o]u] A

A4 2 a3 (Labworks 4.5)< ©]83le] mRNAQ & YFS sl
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Table 6. oligonucleotide of primers for heat shock protein-70 mRNA , 5 -actin mRNA.

RNA species Expected size Primer sequence

5-GCCAACAGGGAGAAGATGAC-3

f -actin mRNA 520bp 5-ACGTCGCACTTCATGATGC-3

) 5-GVACATTCTCAGACTTGTCWCC-3
HSP-70 mRNA 627bp 5-CATCAATGAACCAACTGCTGC-3

bp: base pairs
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8. BAHAME

ZF Ao A AolW g W& Fe 93 FEE SPSS-EA4 w7 A9
93 ANOVAE 2213} Duncan’s multiple range test® 7435t}

_22_



m. 2 3

1. In vivo2| 34 o Py sSAAH
11 SUSYUHN AL peRlAbs s

TBT, BaP, NP ¥ BPA°| 96A1 7 =53 {x9 w2 As = (LCs)E Fig. 5
of et B8 21.1TCA TBT, BaP, NP 2 BPA¢] t3d yx %o
o] LCse &= 747+ 16, 250, 1,100 2 140 ppb& UFERYLE,

10000 -

1000 -

100 -
X '
1
BT BaP NP BPA

Fig. 5. Effect of median lethal concentration(96 hr-LC,)) of
TBT, BaP, NP and BPA in olive flounder.

Median lethal concentration (ppb)
(96 hr-LC,))
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1-2. BESyUH A H=est

96 hr-LCsy 3t 5%l th<3stE= TBT, BaP, NP @ BPAo| =20z X
= dEol vEe] TBTS NP @& ol e ougdA v ASAES Bt
(Fig. 6). BaP T@sFolA e tz=7+2 Hol7l glglew, TBT+NP &3+

TBT+NP+BPA B@7olxt & 43¢ dehigdon feld ol gl 2

HA

o2 YERSTHP>0.05). Fig. 79X+ TBT, BaP, NP % BPA°| 3o 9

= PR

(@)}

hr-LCs0®l 10% §=ol zt2b =& o)X YA = thax+ol vste] TBT, BaP, NP
o] @5 =9 TBT+NP % TBT+ NP+BPA 53 sEFolAs 5 frofd
S ATdde HEHATHP<0.05).

200

150

100

Body weight (g)

50

Control TBT BaP NP TBT+NP TBT+NP+BPA

0.8ppb 1.25ppb 7ppb  0.8ppb+7ppb 0.8ppb+7ppb+55ppb

Fig. 6. Effect of TBT, BaP, NP and BPA treatment of body weight of

measured 62 days after 96 hr-LC,, 5% concentration administration to
olive flounder.
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200

150

100

Body weight (g)

50

Control TBT BaP NP TBT+NP TBT+NP+BPA

1.6ppb 2.5ppb 14ppb 1.6ppb+ 14ppb 1.6ppb+ 14ppb + 110ppb

Fig. 7. Effect of TBT, BaP, NP and BPA treatment of body weight of
measured 62 day after 96 hr-LC,, 10% concentration administration to
olive flounder.
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2. EDCe2| HIlo| OHE WH2F ZhM|EES| Wt

Zuimi g AEe] v AT A atel mE AEAE = Fig. 8, 9 % 100 uE
B

Fig. 8. Morphology of oliver flounder hepatocyte cultured for 1 hours (A), 24 hours
(B), 48 hours (C) and treated with E, after 48 hours (D)(microscope, X200).
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Fig. 9. Morphology of oliver flounder hepatocyte cultured for treated with 2,4-D
105M(A) ,10-°M (B), 107 M(C) and 108 M (D) after 48 hours(microscope, X200).

Fig. 10. Morphology of oliver flounder hepatocyte cultured for treated with BPA
105M (A) ,10°M (B), 107 M (C) and 108 M(D) after 48 hours(microscope, X200).

_27_



3. Phal=SA AIS ol 7RA|E Eciufo] YUojMe] Epcee] =3

EDCs9 Fofe] w2 ¥xe 7+x2 F SOD &4& 548 £ ZA¥E Fig.
117 2o txzAe] &4 BE EDCs9 Fo] agdlA EF gadgded, 575
7b =& AFlA SOD &A4de] dS HAsdith 53 NP+TBT ilex %
NP+BPA+TBT atsikelA 7p¢ & SOD &4 Asle ¥ 5 dded, 744
2.43+0.15 unit/mg protein, 2.87t0.20 unit/mg protein®Z wZ1F(4.01+0.19

unit/mg protein)oll ®]ske] wi-9- Fojxp7F F A HAE HERA A

4.5 -
3.5
2.5
1.5 -

0.5

SOD(unit/mg protein/min)

C TBT BaP NP TBT+NP TBT+NP+BPA
L H L H L H L H L H

Concentrations(M)

Fig. 11. Effect of various concentration of TBT, BaP, NP and BPA on the
activity SOD in Liver tissue of olive flounder(L;Low con., H:High con.).
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EDCs®] Fofol]l we {dxe] kx4 5 CAT A4S valste] da= Fig. 129
2tk SODO A9 mpR A2 BE A TolA CATEAdo] Ao, o
5 aEET 32 BT A a2 Aol AA Ast HAY 2 FolAME

g Folxe] Ak 9 =T 49 7
22.92+1.38 pmol/min/mg protein, 18.20£2.09 wmol/min/mg protein® WZT2] CAT
24 (46.92+2.10 pmol/min/ml protein)ell B]3] ¢~ =& CAT &4 ANE HEMA
tHP<0.05).

oX
o
T
fu
=
=
X2
rie
4
D

60 -

50

40

30 4

20 -

10 -

CAT(nmol/mg protein/min)

C TBT BaP NP TBT+NP TBT+NP+BPA
L H L H L H L H L H

Concentrations(M)

Fig. 12. Effect of various concentration of TBT, BaP, NP and BPA on the
activity CAT in Liver tissue of olive flounder(L:Low con., H:High con.).
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AL wjgelel el SODe] B4 WskE

mN'

Fsl A7 Fig. 139 JeEhyiQdeh &
g4 9] 1 unite 1879 WS- F o] pyrogallold] AF3E 50% Asl= &4

A
o] %o A3sgith BPAS A, SODO| &4e thzTrol ulate], 10 °~10 M7

Zrbebe ARS JEIQOU Bet 24-D Foj oA Solah ato]7} 9= Ao 1}
B THP<0.05).
70 -
E 60
E
£ 50-
- |
= 40
£ 30
g 20 -
S 10-
wn
0 _

C E, BPA 2,4-D
106 105 10- 107 10 105 10 107 10

Concentrations(M)
Fig. 13. Effect of various concentration of BPA, 2,4-D on the
activity SOD in hepatocyte cultures of olive flounder .
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Folo| Aol CATe &4 Wsls w3t A3 Fig 149 2ok 24 &
Ao @eje 1E3re]l 1 mge @de] whgato] A2 Hx0xE nmolzE o
BRI CATS #4<S B, 9 BPA A3 2 24-D 10°M FoJollA] thzTol H]
o] =& S HEATHP<0.05).

L
)
kel
=

o

0,
2
e
ol

(x10%)

—
L O N
| | |

CAT(nmol/mg protein/min)
=N

C E, BPA 2,4-D
10 105 10 107 10 105 10 107 10

Concentrations(M)

Fig. 14. Effect of various concentration of BPA, 2,4-D on the
activity CAT in hepatocyte cultures of olive flounder .
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3-2. Glutamic pyruvic transminase(GPT) 2 Glutamic oxalacetic transminase(GOT) 3}

e}
ANEEAS g5 =

s

B
1=

b

FAAIZl |dRl9] 7telA GPT ¥ GOTE Wt
A3 Fig. 15, 163 2tk GPTE 2ol Hlste] g oA A Jeya
EDCs ©% Fo4-9 sk oA =4 yepun. =3 5% Foolrs 1
FE BT AFZolA =A deyth GOT 94 GPTS #4138k 235 vehy
Ao, NP9 aLskolA Solxowm =4 Yetth(P<0.05).

sk, v FHAIEE o] &ste] BPA B 24-DO] H7bel wE zh=Adel digh 4
W= Fig. 17, 189} 2tk 21 A3, GPTY S4 %% tixT o Hste]l BPA 10°
24-D 10° % 24-D*M< §94S Yepglont 9o A7ze A9 Azt
MM tixT¢ vlustds W EAuE #Foldol fle Aoz yeillt GOT=
thzo Hlake] E, 10 °M, BPA 10°M, BPA 10 M, 24-D 10°M, 24-D 10°M
2 24-D Mol A EA UERtHP<0.05).

i)

)
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2.5

S 24
- p—
s

= 1.5
g

= 1+
<
=
-’

= 0.5
A
&)

0 -

C TBT BaP NP TBT+NP  TBT+NP+BPA
L H L H L H L H L H
Concentrations(M)

Fig. 15. Effect of various concentration of TBT, BaP, NP and BPA on the
induction GPT in Liver tissue of olive flounder(L;Low con., H:High con.) .

GOT(karmen unit)

C TBT BaP NP TBT+NP TBT+NP+BPA
L H L H L H L H L H

Concentrations(M)

Fig. 16. Effect of various concentration of TBT, BaP, NP and BPA on the
induction GOT in Liver tissue of olive flounder(L;Low con., H:High con.).
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130 -

125 4

GPT(karmen unit)

100

95 -

Fig. 17.
induction GPT in hepatocyte cultures of olive flounder.

185
180
175
170
165
160
155

GOT(karmen unit)

150
145
140

Fig. 18

120

115 4

110 -

105

C E, BPA 2,4-D
10-¢ 105 10-6 1077 10-5 10-5 10-¢ 107 10-8

Concentrations(M)
Effect of various concentration of BPA, 2,4-D on the

C E, BPA 2,4-D
10-¢ 1|0'5 10-¢ 107 1(|)'8 1|0'5 10-¢ 107 l(l)'8

Concentrations(M)

. Effect of various concentration of BPA, 2,4-D on the

induction GOT in hepatocyte cultures of olive flounder.
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3-3. RHd=A3e A €] ELISAE ©]-&3F VIG &

EDCs®] wHd5AdA T e Vig §%FS s A= Fig. 199 2t
Vtg ST e BaPo Aw koA 7 =& e vl NP AsE,
TBT+NP 5379 As=oAe & gs etk v, TBTO] A - i1
%, BaP, NP9| g% 9 E§9 A - g o= wlg v gho] vEpth
gy FREAJA gz ()l Hlste] BE A Vig el fFelstA &

JEpsk

1.5

0.5

ELISA value OD (405/492nm)

C c TBT BaP NP TBT+NP  TBT+NP+BPA
-) ¢ L H L H L H L H L H

Concentrations

Fig. 19. Result of antibody level in serum during the immunization.
Level of VTG antibody in serum is expressed as ELISA value at 1:1,000 dilution
using the VTG antigen(L:LOW con., H:HIGH con.).
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3-4. THAIE 2o wigel e SDS-PAGEE ©|-&3 VIG &4 W3t

E:2 10°M~10"Me] F=7t 54 F
7= Fig. 209 2ok wjgde] B8 Foi F
BA e gAdge] wjkd S 3 gate] AAset. 1 A3, VTG MEE B, 55
Zobol wpel F7kstel 10°Mel A HAmAE viebgh W, 10°Me FEolA
938 QA=) A FHAE ARE U .

B 10, 10™ 2 10°Mel A ZHzE 0.08, 0.14 2 0269 Fx= et

fr 1o

i
&
£
0,
=
lo
ool
ot
H
i
=
2 H

lo

(Fig. 21).

M 0 10% 107 106 10°

E, concentrations (M)

Fig . 20. Effect of various concentration of E, in the oliver flounder
hepatocyte culture on the induction of VTG (arrow).
M: molecular weight(MW) maker. CBB stain.
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0.3
>
N
% 0.2
=
%]
=
=
=
B 0.1
=)
,
0 108 107 10°¢ 105

E, concentrations (M)

Fig. 21. Effect of various concentration of E,on VTG production
in primary cultures of oliver flounder hepatocyte (p<0.05).
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BPAS] SDS-PAGE®] A3}, BPAS #H7lel gleiME 10°M 2 10 Mo &%=
oA Vtge] W=7} UebA @&gkot, 10 Mol A kst Al Vige] Wi=7F vebyt
om 10°MelA 23 dAHS = Vigi=7F YeEbgth(Fig. 22). 3 E.9F BPA
10°MS Aol @ 5ol Vig &40 4s 2 JA=ES JehgA oka
E; Fo¢ 543 FAE Jedo. £33, 24-D SDS-PAGE®] Z 3,
24-D9] H7bel ol 10°Me] Awmel H7bel slojMt Vigel F4ol u
Elwtond, axth 2 107, 10° 2 10°M9] FRoAE 238 Vige He
A8 et A &UrhFig. 23). 283 Ey 10 M3 24-D 10 'ME £ H7}
g AT E Vig Fdol AekA dErsth

ot
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MW
(kDa) i

200—F

‘ VTG
w

ey

97.4—%, .
— W

E, 0 10% 0 0 0 0 10°
BPA 0 0 10%® 107 10° 105 10

16—

Concentrations (M)

Fig. 22. Effects of BPA concentration on the induction VT G(arrow)
in the oliver flounder hepatocyte cultures.
M: molecular weight(MW) maker. CBB stain.
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E, 0 106 0 0 0 0 10°

24D 0 0 108 107 106 105 10
Concentrations (M)

Fig. 23. Effect of 2,4-D concentration on the induction VT G(arrow)
in the oliver flounder hepatocyte cultures.
M: molecular weight(MW) maker. CBB stain.
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5. RT-PCR% ©]&3% HSP 70 mRNA %3

TBT, NP, BaP ¥ BPA¢ "= m: B3 Tol & 71xZ oA HSP 70

mRNA 2&S AN A3 Fig 249 2ok FAtx< factin mRNA(5G20

bp)

I} HSP 70 mRNA(627 bp)e] @3 L2 &2lsAit}. fiactin mRNAZF @& &

Qe W GETF gaetsel vstel BaP A - iE FilME HSP 70
mRNAS| @de] glo 9% Aol® vhehiA @kgkoul, TBT+NP %ol

A - alE

%=, TBT+NP+BPA9] A% F3FellA HSP 70 mRNAS] 9|t F71&

Bt} o]eld HSP 709] mRNAS] wa e F7le BaPE A|9d = 29
TN Vige &4 F7Fe fARE A &S YeR At (Fig. 19, Fig. 24).

HSP70 »

Relative HSP 70/ 3-actin mRNA Expression(%)

C TBT BaP NP TBT+NP TBT+NP+BPA
L H L H H L H L H

450 -
400
350
300
250 -
200 -
150
100 -

50

C TBT BaP NP TBT+NP  TBT+NP+BPA
L H L H H L H L H
Concentrations(M)

Fig. 24. Effect of various concentration of TBT, BaP, NP and BPA on the expression
of HSP70 in the oliver flounder Liver tissue (L;Low con., H:High con.).

_41_



jus)
==

& M E] EDCsE =% §F 48A17to] A 33k 2] HSP 70 mRNA®] &3
e Fig. 259 UeElQlth. HSP 70 mRNAS gd54S dx+2 Aesn 2E
oA W=7t 333tk HSP 70 mRNA/f-actin mRNA2] H| S EA]3)
7, BPAS] EEFOA FE7F AT et S7MEeE S dEhddlen,
24-De W R % EAHoR 7hadtrh olyd A= Vige FAA =<
wH E et e 23R Vigrh A EA &8 BPACA 7 =4 YEwoH(Fig. 22,
Fig. 25). 24-Dell QoA = Vigel F4%¥ =2 10 MelME nldg#ow v
HSP 70 mRNA®¢] 2&o] velgon 10°Mel Vg BI&4 sxodMe =4 u
B}, Vigel HSP 709 @& o] Aits = A3E Yetd lth(Fig. 23, Fig. 25).

A
2|

C E, BPA BPA BPA 24-D 24-D 24-D
10-¢ 10-5 106 107 10-5 10-¢ 107

Beta-actin P

==
wn
-]
2
<>
v

S
=
S 140
w
3
E120
w4
=
% 100
E 39
£
§ 60
=
e 40
-9
7]
: I I l
]
2
= 0
o)
& BPA 2,4-D
106 105 10-6 107 105 10-6 107
(I | [
Concentrations(M)

Fig. 25. Effect of various concentration of on the expression of HSP 70
in the oliver flounder hepatocyte cultures.
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S2 9 e EAsks A = FA4 3 2215 Tl AA el A

GEol At SR AR A4ES UEhlEA, 47 BaEA e Aus

o
gotate AL w9 Fa% FAE F 5 ds Aot ole T ol BHA
of HFA Asp#go] Hie Xow gl Y AA sES U=
EDCs® frafidel digh 1= At A48 o= 2, A ne 94 &
2= 93 Biomarkere] #go] A3 Algolgtal oJAZT B AFoaE A
AA <l EDCse] A W 285 5%
= og Hol B7] Wil A= WRHIAIE wdste] Fof WA gt
2= Aow L4e#x EDCs? in vitro 2 in vivo SAA T 3 dgow H
9 Y E2Ee) o] biomarkerE =74 ste] A W ~EH A9

o] mpoto] FAHFE FiL ATE AlWstA
G, ZAIPAE wf el A vERG Al S2bF wEAA QoA sk
o] BPAS 24-DE Aed oA txatd E8 ol nlste] A2 &3,
Alazel Kz gl A A g v Eete] AXxEEI 2E AEEHAA WHEtE e
Wtk 24-De Alxdol] &S 7bete] AEZRFEH ofbn| =4k giAES W
A7 Ao & HI(Cheney and Swinehart, 1984)% 12 Ut} whepa] E A of A
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=
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g Al Aoy AlEE el A A A (endogenous scavengers)E -
2

gomyy 24 U AEE REHE 4§

tlo

3lal 9le] oxygen free radicals
ah=dl, Wl A7AIl SOD % CAT7F @444 487l Aol Al
gt FAEZ A3 A ZIt(Forman and Fridovich, 1973; Wendel and Feuerstein,
1981). ®3H, T5% ol =l o kst B4 Do Wit &
212 ¢lth(Livingstone et al., 1992; Chen et al., 2000; Zikic et al., 2001). ©] &
dakst B4 G AAWY 2EY: v B #AVE e dew oy
A gtk B AeA og 71#] EDCsE @5 EE 53wE3  in vivod AE
of Ao 9o AFrarel FASHA FxA e wolAlAdlomA A& A
(scvemger enzymes)e] /o] djzxTro] Hlste] E3JF FojFo aFmdA 7+
E=2 SOD 24 AsE & & AUtk =3, CATS 42 &

=& CAT &4 AslE vehda Aok 53] 224 T2 SOD

[e]
o
2 P oae] ol wel AA FAsEd o2 A 24 AaE

2ol 71dsko]l Ak Ak Wi oAl o] A o] e m <le)
SOD % CAT7F S7b8 A3tz A0, ofxd d7]e] Ax dests 4
Yol Mot F74 s AFPeMe ditd AdE UetddY o8 3§ SOD
2R CATO S7kek #a9) ol 2F-4<l gtz dol] st drjxons =,
in vitrool A= 418t ase) AA A FIFE Fske] wojrlzte] ZEsiAl H A
g oin vivod] 1A HAEAES 28l st se] GAANE A& O
oF AA Wl Wer|Hew HgetA ko] YA 2 AsE 2dE A=
ke

Aee] WEHIAS uedste] Fof WA GFIFdFS mA= Adoem I
EDCs® A7l Vtge Ar&stth Vtge E9F A &S st EDCsell ol s
ngsol 2o gAl o Fol A FAHO EDCs =l uldh AEshA AFZEA
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AL E 3t (Sumpter and Jobling, 1995; Toppari et al, 1995). &3k 9]¢l
=] 9%k AH Vig e A A AZIERE oiYE AT Vig S
AT & o] AT EN A AHE WEu A 753 EDCso S #d
371 9t AEs Ax 2 AFEHO gh(Flouriot et al., 1996; Pakdel et al.,
1997; Kramer et al, 1993). d*|¢] HMEE wjste] zH72te] v =z Folg
E»¢F BPA 3 24-Dell 9|3t Vige]l &4 2 &8l tigh g3Fs ##sta o=
EQz falle=s HAcE ddste] AA e e A7) ojw

FEFS m A el E AFETE B Ao A3 4 1= E,
10°Mel A= Vig@adol 438 7H28te] 0109 22 e, 181 B2

(¢

Ak e T v BE A4 RE AT 9l Vigel Fol #
Sl e £AE UHHATHPO®). ool @ An mel, WAe] A WY

& o] 8% Vigd FAolE B 10°MAFIE 713 Ags Aoz oA &

O

28 dARE o] &5 BPAZF Vig@Adol vAE d&S FAEE A3 BPA
10° Mol Fxold Vigel 4ol vebgal 10° Mol A& Er 10° Mo H7ha 3t
A9 FAHg X5 Uehfe], BPAY Fx ojEH o7 Vigigel F7tE Ao
2 vehygrh mebd Jdxol e BPAE Tk gEHOE Vigs FA4s)
371 Vigdd & =T el gt
24-De] Vig@aol mAe 98& 2AE 23 24D EHA AL AFE
EE @00 wEolE Bot #4F #48S YEhiAw, nbmdde 28

zZtgo] A =EE Ao E Kl (Cheney et al, 1997)5 31 JEd 2 AFoAE=

H

Vg 10° MEE9] Exg A7k Aol vl folshA we Fxe)1l a0
th 10° M) 24-DE wsom Hukeh Agael A fadel olFol Aok ey
AEkolds Vigel @S Al ol FofAA Eokor, ol K& H7behA
W YzEd Fow Aole VEiA itk webd 24-Do) A8 Byt f
AREE g5 ZEARE VigdAdol slolAd= B0 F&A9ke] 283 A= tE A
oz weta. ol Anse WERMaAEAY TR Frd w Fgol
28 FgAY Ay ® e ey i

=
o5 Eukg Ayt AAHEY, e UEH adede] T4 MAYUES Fot



o] g3 e grte AL & Ane sk A, in vivod Bell A <]
ELISA?] EAo] 93 Vige] A#EA Ayor= A A< negatived
g zel ve] RETFA Vige BdIFS FAT 5 AN

Az Aas= FANEF BaP, NP 2 TBT+NP7} =
AN Vig T2 EDCs Aol oaf Ads=E E, Aot 22
Vtg o] fresE 3oz ddsn, TBTY A9+ E FAE <] gl A
o7 HuwojA o] & AFelA yEd TBTO Foli= FHAAME Uerd

F e N1EA Y & AT AAEL

rlo
N
lle}
T
o
=
32
o
i

HSPE= 2Eg 2o od H7Fg A4 &4o25H AX W F
, ZEH 2 Sk AEE] AL st sk, 3 57]e] Al 4
T3tE Aoz gl g (Hector 5, 1997). o] @l a L A3
AqELIE T oy @i {FreA
Ao zEg 2z gt Ao oaiAE Artdvka W we FF
2Ef 2~ @A olgt B8 7= o (Lindquist., 1986; Schlesinger., 1990). ¢
7R o] ~E# 2o ts] BEstE HSPE 5 HSP700] 7H8 @2 W8S Hol:=
HSPE Alxo] ZzE#HA7E Folxs wf & & ool AXuelx
(Marx, 1983), =3t AN*X S R3I3 12 (Laudry %, 1982), =3+
HAd 28t AEY AEHS T/ AATE BEFEE g8A dor(Li
et al, 1982), FASH W b3t 2R @909 wFo o) FA W W
o712t dgtow fFREATuE dHA Utk dAZA HEl utRsE 454
2 ul g n Agtete] whulEo]l Ak nk AFE 7]
o] ¢tAgslel Fx4 WEE T oty chaperoneso ® WrolEo]x]al gt
(Maytin,, 1995). ol&#jgt HellA £ AFolrE Vigel vz vk ofye}
EDCs®| XA W ~E# 2~ A8AEE Aoz giofstaz ~E#H 2~ o
A& FASAT. WA EDCse @ EE 53 Fojo] osiAx dnkAl
273 g Ag ol HSP 70 mRNAS] Wdo] F718S el 5 g
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Vtge] Aol Z712 790l HSP 70 mRNA @& ko] 7t4sls oz e
=g

33 in vitro Al g4 HSP 70 mRNAS IS HEZTE AYstay e
A oA Mert 2389 em HSP 70 mRNA/factin mRNA 2] ¥ BPAS]
RETFAA X7t A we F7hE s S el e, 24-De v
2 rroEHor fasdrt ey oled Al ¥EHe Vige FA I
HSP 70 mRNA®9 Zd =S wH|#st= 2o Vgt 34 HE sEodAE
HSP 70 mRNA®] & ek 7H4star, Vige A &o] #H2skd HSP 70 mRNA
o M FL Frtets Aoz Yehyt) ol g AnEe A XA 9 EDCs W
Txe EDCs7F &A1 4
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WEEA wmdEde] od 54 % WEn adgs BhE A% 24 3
WEH A wAEA ofF YEA AL g I 2AS BF WA

1. EDCsell =Z% {x9 96A7F vrEX A% (96 hr-LCyx) S H7He S 54
Az= 2z 16, 250, 1,000 9 140 ppbo®  BUMEHA L, A=A

TBT>BPA>NP>BaPe] A& ®o] 2tk TBT, BaP, NP 4 BPAC] =%
o] gXx= EDCs THER $&7F 255 g Hlgte] ASAHTe] |4

Al we AaE HERHIT

2. AES] 2ol B F ool 4A EDCsel wE F gz b b
2407k kR A EE Axe] Woled FAstel mgrle] TR o] AgA
THABAIZE o] Fol = wE o] syt M X o] o] BPAS) i
2791 BPA 10°M, 24-D 10°M oA @A 38 ads &

3. EDCs¢ w=Zd 93t 7txz29 wHojaxeloZA A7 & (scavenger
enzymes)2] Ao WA FIgFES Huwdte EW NP+TBT IF%
NP+BPA+TBT skl 7M¢ =2 SOD &4 AleE Yl
Catalase(CAT)«] 44 & NP+BPA+TBT #5%=¢ NP+BPA+TBT ils% 7 ZT 7
< CAT &7 Asts vebllar lk (A E ko] Aol 23t Z&el4 SOD
o] &4 W3S WEF A= BPA 10 °~10 "M7HA S7kehs o] vebska, CAT
AWslE B, o BPA A77F 2 24-D 10°M Aol e 3442 ehigich

j&

4. EDCs® @5 HEx= 53 Fojo g A9 tllA  GPT, GOTE Mg
A= GPT, GOT B fAE A3ks Uetligl=d EDCs W5 Fo5-9] aL
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FETA A eI 53 FolFoAE sk Hup AwEoA =A U
Efbstet v 1HA3Ee] EDCs x%ﬂ(BPA 24-D)ell m& Aol digk AxE
gtelgt A3= GPTE BPA 10° 24-D 10° 2 24-D *MolA f2)4 A ek
wth GOTE E; 10 °M, BPA 10°M, BPA 10 M, 24-D 10°M, 24-D 10°M 2

2,4-D Mol A=A el
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Vtg B F2 4 BaPo Aw oA 7 =& e eI NP As®
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LHERSE
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24-D 10°® M9 H7FFllA Vitg@Adol o
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