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H] A M5 A (Bisphenol A; BPA)= 27119 HlE=112]7} o
271 ofsff AA=e] e sher=EdEE 19509 ol %
ZZ7IRY|o]E (PC; polycarbonate)q' of ZA] 2] F
gz da #o] & EAoltt
(Staples et al. 1998; Burridge 2003; Kitamura et al. 2005).

o etre AxE

Abstract: Bisphenol A (BPA), a representative endocrine disrupting chemicals, has
adverse effects on growth, development and reproduction in aquatic organisms. The
object of this study was to investigate the modulation of antioxidant enzyme-coding
genes using quantitative real time RT-PCR (qRT-PCR), enzyme activity and total pro-
tein content, to understand oxidative stress responses after exposure to BPA for 48 h
in brackish water flea Diaphanosoma celebensis. The BPA (3 mg L") significantly upre-
gulated the expression of Cu/Zn-SOD, Mn-SOD, and catalase (CAT) mRNA. Three GST
isoforms (GST-kappa, GST-mu, and GST-theta) mRNA levels significantly increased
at the rate of 0.12mg L™ of BPA. In particular, GST-mu showed the highest expression
level, indicating its key role in antioxidant response to BPA. SOD activity was induced
with a concentration-dependent manner, and total protein contents was reduced.
These findings indicate that BPA can induce oxidative stress in this species, and these
antioxidants may be involved in cellular protection against BPA exposure. This study
will provide a better understanding of molecular mode of action of BPA toxicity in aqua-
tic organisms.
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o] ZAlF2|9t PCE R EXEY ARl Stk
BPA= THSt B=E &l sidel =571 wwel
oA AEH 02 HEE It (Kang et al. 2007;
Oehlmann et al. 2009). 53], PCO| £°]30= BPAE B
oF HIGtEoll A o Wol| §EH Tt B b Qlrt(Sajiki
and Yonekubo 2003).

BPA= Aol A o ~E 273} FALSHA 2H-8-5Fo of A~

o
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ERAl 84 (estrogen receptors; ERs) of Aglst= AL
2 g9A glom, o]2 <l BPAE F=°lu QIZHe] A|
U2 80l A] AAFA ol Y BEH|A Q] 7|5 9 A&7 o] AF
NE E & AUTH(Hejmej et al. 2011). A5 E°], freshwater
snail Marisa cornuarietiss ©]-8-3F Ao A= BPA A 2]
ofl Al Zof/d 3t T‘ﬂ@(super feminization syndrome)o
EFE.O ™ (Oehlmann et al. 2000), §<4t S5 Daphnia
magna= ©1-87t Ao A% BPAE A 2|5t Aelwtol A Hj
oto] LA, Fefo] S FESHH moltingS A AAIZ]
o G2 A Qo (Mu et al. 2005; Hwang 2006). H5-5&
Al o7t FAFE o183 HolA= BPAE AT
7 Aol A B ZA (VTG; vitellogenin) 2] g0l &
7ot 5 WaHIA 9] wRto] T QT (Nomura et al.
2006; Mandich et al. 2007).

Z| o2 d+52 F9fl BPAZF A=A Wl Fd=
A AR EYAE FEdtthE Aol B AT (Kabuto
et al. 2003; Ke et al. 2013; Eid et al. 2015). BPA®] 9]¢+ At
StAEF A 2 71342 ot 2ok A = fdd
BPAT= A1/ &aof s thiate & Al24f &4-Q1 UDP-
glucuronosyltransferase (UGT)ll &]5f <]F = vjEE] 7]
712 eIl BPA-glucuronide= HEHE T} (Yokota et al.
1999). oluff A W] BPA ¥ BPA glucuronidet= %2t
BolA2 gk OHYIE AT 2ol HEA (free
oxygen)°1 ;ﬂ 1}?: A , Z] 74}?_ gke o a/a]-/\: @H
AF4E (superoxide free anion radical, O,-') 2.2 ZSHEH

ol FA AAH BT A Ul AFAE A
£ 33t} (Hassan et al. 2012; Dutta and Paul 2018). A|A
P WYIATL AZ W TRARIL DAY, 7
0 A 5L A A w3, D, ol AR £2 2
e 4 °1D}(Barzﬂa1 and Yamamoto 2004; Nunomura et al.
2006; Pinto et al. 2018).

ojg|t ASFAEH AT Eo7] i BE2 TRt
GAEst o] AAE WA AL Superoxide dismutase
(SOD)= superoxide anione H,0,% H2HA|7]11 HE
H H,0,= WA catalase (I8t A R &4, CAT)
of ols FiHor =ido] A2 b4t 28 HehH
o} (Bindhumol et al. 2003). T3+ 78t 2544 & 7}
21 9= BPAE FE HlEAZ]7] 915 glutathione
S-transferase (GST) 7} BPA®} glutathione (GSH)= 2%
AA A R =20 HlE-2 -§ol5HA et (Strange et al.
2001). |23t et Ga= AEA Woll FAdE o Akt

)
ﬁ
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q AEAAE ST 4 e D3, Alks, 2
S T 2 2Ed 2o o5 o5 9 A T
g gdo] Histets Ao m dHA Qlof 4t AE
HAE BRlotE Bl A ERE AFEE T QTh(Valavanidis

Daphnia magna 2 S %F rotifer
Brachionus koreanus= 01]/\‘1 BPAC] 9]} AtshA
AEYATF YE= 10151992 L (Kim et al. 2017;
Park et al. 2018b), 5% A 217l Al BPAOﬂ ofell 5=
A5 AEd| 0] T B 420 AT A7E Ao
e

7154 2 W52 Diaphanosoma celebensis=
Z}5 (euryhaline crustacean)©|™, Si|F AYERA Q] 12} AH]
k2 woAgoA Fac S Rty k3 A
24 wjoro] -Bolst, ABA} Bl (4-5%), A
2] (parthenogenesis)= o= 5 YEEAHATLE FIgt &2
g Q=240 FH-E 72 2L 9tk (Marcial and Hagiwara
2007). < 7= Iz T LeEF D. celebensisS] A
AHA| B4 A2 B E SOD, catalase, GST 5 AN §4
of thet 2t HRE SFESII T (Kim et al. 2018). ETF
FE5 25 D. celebensis® A ©l= EPAFQ' aAio &
Az 2 gAjo] ASH AE | A ol 2AH 4 9188
It v QT (Bae et al. 2018).

2 AFollM= BPAZE S A=l mlA= Ateha] &
EfA JFE doti 7] 5l 7|54t EHE D, celebensis

£ BPAY =EAIX] & 6 FO] it a4 A (GST-
kappa, GST-theta, GST-mu, Mn-SOD, CuZn-SOD, CAT)S]
a4 W5l Sop §49) BAE, 181 & Tl glekol
H2kE EA6HTh 2 A= BPATL sifE el wAl=
WehA 2EE2 wSe] g BAES olsfshed] =

o] g Zoltt.

et al. 2006). §5A4T EH =
= 535 Ag
Z1& &elst

294

Z oy

R

o

b=l

1 A=

= Aol A %E AHERY 7154 =¥ S (Diapha-
nosoma celebensis ) Sl Ftslr e (KIOST) ofw-$-
HATREE 2 ‘:!0} grdiety EAHE gl
A S s Ae ARESHAT: Bl gl 18-Sl
(Instant Ocean, Aquariumsystems, Sarrebourg, France)%
F5o] =9 F 02um ZEHZE 23 15psu?] T8
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A|zsHATk 7144t 285 AbaE flste] 22 25+
1°C, ¥571% 12L:12D (light:dark) 2 32591, & 1%

=252 Chlorella vulgarisE 1.0 X 10°~3.0 X 10° cells mL
]Ei nfj ol .J_:LS]_ q_

Jg _I

2. =ENY

BPA (Sigma-Aldrich, MO, USA) & X gt L E AJof
2 molecular gradeE AH8-5F3IT} BPA stock solution<>
dimethylsulfoxide (DMSO, Sigma-Aldrich, MO, USA) ]|
30mgmL ' = A Z5t S M, working solution DMSO

] 0.12, 0.6, 3mgmL™' 9] s & 3]A]5to] AHgoHGiTh
DMSO09] #F v =40 UEA] 9= 2o s 4
Z0.01%5 9A| FE5 Ao} (Barbosa et al. 2003).
D. celebensis®] neonate (<24 h)E 3Y7F vjFoto] 4d
S Aol ALtk kst 54 R AEE 9
3l 2007t €] 7]44T EH S-S 200 mL2] BPAS-H (0.12,
0.6, 3mg L") °]| 48417+ A 2|53 Tt. Superoxide dismutase
(SoD) o] &} F Tl e =4S 9lofl 400mtE] 9
714 BH S-S 400 mL2] BPA-EH (0.6, 3mg L")l 48
AIZE A 2fstgint. A2 25 500mL H]o|AE ARg-Sl X1
Potgor, &7 FSF Bole $55HA &3ttt BPA
o] 2F A2 FEv dHAAS T 8 24413t Ly
(5715 mgL™) & ETE ofAA} FkolA] A4 s
(unpublished data).

Table 1. Primers used in this study

3. RNA =% 9! cDNA &%

BAPY & & iz W Ay
reagent (Thermo Fisher Scientific Inc., Ambion, MA, USA)
S olgsto] AZAS] o] et & RNAS F55}

At FE3 = RNAE 1% agarose gel electrophoresis

9] sample‘~ Trizol

9} MaestroNano Spectrophotometer (Maestrogen Inc.,
Hsinchu, Taiwan)= ©]-8oto] A U &5 =48 514t
cDNA®J2 ReverTra Ace qPCR RT Master Mix (Toyobo
Co, Osaka, Japan) & AH&-510] Az Ate] o] what 219
SHATE TF5HA] & RNA 500 ng= ©]-8-519], total volume
2 20uLZ 5to] (DNAS /g5t ch

4, Quantitative real time reverse transcription -
polymerase chain reaction (QRT-PCR)

qRT-PCR-> KAPA SYBR FAST (Kapa Biosystems Inc.,
MA, USA)E °l-§5to] AlzAte] {H o whet aysketet.
GST-kappa, GST-theta, GST-mu, Mn SOD, CuZn SOD, CAT
o] fH7e] FE-S Iol AHSH primer seto]] THIF HE
= Table 1°] YEFH AT qRT-PCR ¥F32= ¢
(Z} 10 pmol), cDNA (500ng), 1231 premix (S pL)= L3t
ot XE 852 10uLE A X5H3ieh PCRO] ¥R 271
2 95°C 342, 95°C 10X, 54°C 30X, 72°C 3025 403] HH=:
SFAAL, SolAQl HE-gAtE o] #ele flsto] Hhg-o] £of
melting curve ¥-8-& 65°COlA 95°C7HA] 5%29 0.5°CH
=] X351tk qRT PCR CFX96 real-time PCR system

Sl primer set

Primer sequences (5'-3')

Amplicon size (bp)

Gene GenBank Accession No.
CuzZn-SOD MG948607
Mn-SOD MG948606
GST-Mu MG948609
GST-kappa MG948610
GST-theta MG958608
Catalase MG948612
18S AF144210.1

F: GCAACATTGTGGCCGACGAG

R: GGCCCACAACCGAATCAGA 90
F: GAAGGTGAACTGATGACTGC 26
R: GTTTTGTTATAGCCCAGCC

F: TGTTGGACATTCACAGCACTC o
R: GTAAGCAGCCACATTTTCCA

F: GGGGCTCCAACAATTGTGGT o
R: CCCTTCCACTGCGCATTCAT

F: GCTACCTGGCACGAGAAAGA -
R: AGAACGGAAGAACATGGCAC

F: ACCCCAACTACTTCCCCAAC 00
R: TCATCGGCAGAGTTGTAGCG

F: TGGAAGGATTGACAGATTGA .

R: AAATCGCTCCACCAACTAAG
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(Bio-Rad Inc., Hercules, CA, USA)S& AF8-3l 213)st%©
o, A& 542 249 H]W= Livak and Schmittgen©]
274G .S o]-8ofo] A4FSHATE (Livak and Schmittgen
2001). Reference gene 2 2= 18S rRNA A& A5
et A2 33| M,

5. S0D 24 &%

BPA =& § tf27 % AATY] sample= HOF 1X PBS
£ 200 uLol A homogenizers ©]-&3l w22} o},
A3} g AL 13,000 rpmOll A 1527 A 25}
AN FHotrt SOD /2 SOD determination kit
(Sigma-Aldrich, MO, USA)E o]-got] A|xALe] Hitdo
wret Y= It Y 2El= xanthine oxidase (X0) 2] E/d ]l
o5l A8/d%E 0,--+= water-soluble tetrazolium salt (WST-1)
o] 2851 water soluble formazan &= (WST-1 formazan)
£ A4 4 Itk SOD+= 0,5 A|718l WST-1 formazan
o] A4S AsAIZIH, o] & F3f soDo] e 54T
= Attt WST-1 formazan< 450 nmO Al SH LA =4
st A2 335 WHESEgloH, microplate absorbance
spectrophotometer (xMark™, Bio-Rad Inc., Hercules, CA,
USA)E o]-8-sto] 2agskaich

BPAL = F X 9 A

rl

9] sample% ol 1X PBS

1.8 -
CuZn SOD b

1.6 {1 | mmmm Mn SOD
& EEER CAT C C
S 14 1 c
»n
§ 1.2 b
g, = a
i 3 b abl
2 101
é a a
= 0.8 4 a a2
¥
Z 0.6 1
=
2 0.4 -

0.2 1

0.0

CON DMSO 0.12 0.6 3

Exposure concentration (mg L)

Relative mRNA expression

Antioxidant response to BPA in the brackish water flea D. celebensis

L0 200 y.L% Uiy homogenizer% o] &3l #+23} 53
o}, #2s} gF 882 13,000 rpmOl A 1527 G E )5}
o] FSA-E Fokeleh. Tl E A2 Bio-rad protein assay
dye reagent concentrate (Bio-Rad Inc., Hercules, CA, USA)
£ o8ttt #FE=2 = bovine serum albumin (BSA)<
AR AZALS] 22 EEZof| wet 96 well plateS ©]
-85to] Raste] SFE 595 nmolA S5

He AdE 3iEor £3¥5131aL, HolE = Hat
(mean) + EFHZ}(S.D.)E BEASHA . BAEA-2 PASW
Statistics 18.0 (SPSS Inc., Chicago, IL, USA) of| A Turkey—Q]
2 o]-85to] ANOVA 242 AAIsHA T 0.0sE Tt &
< pile AR SR fofsirtal B ST

2 I

Mn-SOD%} CuZn-SOD F-71Ate] HAYALL 0.6m
BPA A& H AP A fHA drdo] folstA At

%At (Fig. 1A). CAT 547t°] ¢ 0.6 mg L™ 3mgL™
BPA 'rEo|A A @=L oW W 2 0.6mgL ol
A 23 9 =7 Ytk (p<0.001) (Fig. 1A). Al 57024

(B)

3.0
B GST Kappa
25 = GST Theta c
= Ezz3 GST Mu
be
2.0 A1 :

1.5

1.0

0.5

0.0

CON DMSO 0.12 0.6 3

Exposure concentration (mg L)

Fig. 1. Relative gene expression of (A) Mn SOD, CuZn SOD, and Catalase (CAT), (B) GST-kappa, GST-theta, GST-mu after exposure to
bisphenol A(0.12, 0.6, 3mg L™") for 48 h in Diaphanosoma celebensis. Data are shown as means+S.D. of 3 replicates. Different lowercase
letters indicate significant differences among concentrations, and were determined using a one-way ANOVA followed by Turkey’s test.
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rr

B 0.12mgL™ BPAC] tisiA= ol RE-g-& HolA
iy

GST+= 3719 isoform (GST-kappa, GST-theta, GST-mu)
o] fAA AL AT (Fig. 1B). ©15 % GST-mu
o] Wrdo] 71 w2 59l 0.12mg L™ BPASIA] 28 5
7t Fde Hlow S =Sl 0.6mgL oA 1.5H=
o] 7] = AT WL 7kA] Hdol A fAHe &
& B (p<0.01). BT GST thetat= 0.6mgL™, GST
kappar= 3mgL "ol A] 22 A Fo] foJsHA| 7kt
(p<0.05).

BPA (0.62} 3mgL™")ell 48A17F LeE5l D. celebensis©l| A
SOD 540 &AL 5k YJEH O R Frlole= P B
93\1—4'(p<0.01; Fig. 2). ojuf] & protein Sheko gz g
Hsto] ZHaohe A Hlou AR fogt 2

5 YeRRAE 939keH(p>005).

n o

BPA= BP analogues & 274 oA 714 go] HEH
=l =ioll A AR Hiof w2 sieF E A= Wi BPA
St uphol A= 2.70~50.3 nggdw_1 e (Khim et al.
1999), Al2tE ol A= LOQ (limit of quantitation) 13,370 ng
gdw_li L]'EPX):Q'(Liao etal. 2012). BPA= AA W =4
Tt 44 20.O0™ (Chen et al. 2016), B D S A&
o thsll F/ =5, mutagenicity, 12| 1L estrogenicity's U}
EPATHY. B 31E v QIt} (Alexander et al. 1988; Chen et al.
2002). & Aol A= BPA =4 714 F AMEH AER A
of redsto] 714t ZHE D. celebensis®] 31t} A AH]
of vl & e FAA FEolA ARSI

SODE WAt I Fofl TAE= EYT2F (ROS;
Reactive Oxygen Species) A7 9] A12} Hro] 7] H e o
Sh= Aaolth A4 FAF ol EAIsh: 559 T
ol @2} Cu/Zn-SOD, Mn-SOD, Fe-SOD 5 37| EfY .2
2 R, Cu/Zn-SODE= AlZE el 9]x|oh= ¥,
Mn-SODE= F2 u|EZE=g|otof Yx]gtct (Miller 2018).
CATE SOD g o]% 4% H,0,9 A7 el Hofet
o} 2 A of|A BPAS] 48417 A Zi} 3mg Lo &
TollA SODs®} CAT 32 /o] tixol Hlsf
Ol 715ttt (Fig. 1A). SARRE A3t of B ampd

76 ©2019. Korean Society of Environmental Biology.

% Caenorhabditis elegans®ll BPAE 0.05, 0.5, S, 50, 500, 5000
uMe] FEE A3t A3 HE 5=l SOD-12+ SOD-
4 FARE] Edo] tixwto] Hls] St oH, 2k
TA O] F7HES Feoll oEF )R] o2 FFor e
YT} (Garcia-Espifieira et al. 2018). E8F Kim et al. (2017) 2]
Hilof @2 g4t EWE D, magna®l BPAE 02, 0.1,
SmgL™ 2 2447 A3t At 0.2mg L™ O] FEo|A
Mn-SOD +312k2] o] F7Hgl o™, smg L™ 9] F=of
Al Mn-SOD & catalase 707+2] HAo] F7IsHATE 22
A-FollAl 48A1ZF 2] A3t 0.2, 1mg L' 2] FEOAA] Cu/
Zn SOD2] o] F7Fst3l AL, 0.2 mg Lol A Mn-SOD, 1
mg L' 0] ‘FIEol A catalase FAARS] W@ O] S
=it o2t A7S-2 BrAZE A EA Wofl FY =] &
AT Ao v o] IS HAAte] HES f+
=g Zolet & 4 9tk

GST+= phase 11 tiAtol| Hsh=s 42 sHsHEZ 9
g iAol a2 yeiutbe W84 B2 diAMtES
T4 242 A= Tolst AFEA 9] 4HehA
Ef A FAAZIEY 583 9T St (Regoli et al.
1997; Lee et al. 2008). B Ao A= GST isoform & GST-
kappa, -theta, -mu°ll Tl BPA ko] WE Ud Fd=
ZAFSEITE Fig. 1BOlA] Bz viet Zo] GST-mu] &
o] th2 GST-kappa®t GST-theta ETF L= BPA A &]to]|
A E=A A E T GSTE AF7H] thdRt 2ol A 24
709 isoformo] EASHH, W 7] SoldS Uehdint
a1 &2l A Qltk(Blanchette et al. 2007). GST-mu®] =A+=
shrimp (Contreras-Vergara et al. 2004), Pacific oyster (Boutet
et al. 2004), Icelandic scallop (Myrnes and Nilsen 2007),
rock shell Thais clavigera (Rhee et al. 2008), rotifer (Park et
al. 2018a), copepod (Park et al. 2019)8t 72 SF A=
AE A B vt QIth F Kim et al. (2019)2 &5
AF EHS D. magna®ll 4-nonylphenol (4-NP)¥} BPAE #]
2| &t A} GST-mus HIR3t GST-delta, -sigma, -zeta®]
A7 o] F7kohe = Hsklh AAE2 o2
gt A1+E Fall GST7F 4-NP} BPAS] OJal] fF= A
SHA 2E# 2of btk Wol 714l i Aol AlA|
sttt ZI=E o)l w23 D. celebensisON A GST-mu
= 7P =2 0d S T (Bae et al. 2018). F FF
9] copepods®ll 25 EAZ S W GST-mu 32 &
AL T. japonicusN A= A4S FH4, P. nana°ll A= S7F

[y o 2



80 1
b
>
b
60 - a
g T
]
£
= 40 4
2
=
=
=
20 A
0 ; f T
CON 0.6 3

Exposure concentration (mg L")

Fig. 2. Relative SOD enzyme activity of D. celebensis exposed
to BPA (0.6 and 3mg L™") for 48 h. Data are shown as means+
S.D. of 3 replicates. Control is solvent control (DMSQ). Different
lowercase letters indicate significant differences among concen-
trations, and were determined using a one-way ANOVA followed
by Turkey's test.

o= TS AT (Park ef al. 2019). ©]213t ATH= GST
isoform & -GAA} ¥Ha o] 2pol= 7] A EF & A 5o

QL Wethe AL ogmg

T 7MY B2 B2 AAskE Ao GST-sigma®] T (Park
et al. 2018a, 2019). Rotifer B. koreanus®ll BPAS # 2|t 2
I 6A1ZE A2 & 87H2] GST-sigma F+AFE2] Wdo] I
5 S 7FoFATh (Park et al. 2018b). ESF BPA (0.2, 1, 5mg
L9} 4-NP (0.6, 3, 15 mg L))ol le&H D. magna©ll Al
GST delta, mu, sigma, 12| 1 zeta 707}2] W& HILE &
At Ay} tiFiE B o] kel e, 55 GST-sigma
7t 7V =2 S R ATH(Kim et al. 2019). ©]&
5 GST isoform©] BPAS} 4-NPof| o3t 4812 AEFA
of thet A= ool A Fajt A2 k= S on|et
o}, vt 2 Aol A<= D. celebensis] local transcriptome
database ZF-E] GST-sigmat -omega 25 22| Z3}.
wpeba] % o]F isoform®] HHet 57} A7 B AsHth
SOD 249 5447 = JEA o r o] F7lst
= B0 TEE T (Fig. 2). S7Fe SOD2] 42 A
HeollA 2/d4ta, 53] 0,9 o] f=Hdes ©
1]5tH, BPACY oJsf of7]H AtStAEd A0 Wol7]d e
= SoD9| o] F7Iet o= Yz fARt A3t
2 Peng et al. (2018) 2] A+o|A]+= Asian paddle crab?]]

Antioxidant response to BPA in the brackish water flea D. celebensis

1400 -

a
-
~ 1200
é 1000 T 2
o T
=
g
= 8001
3
g
S 600
:
€ 4004
2
-9
200 4
0 . . .
CON 0.6 3

Exposure concentration (mg L")

Fig. 3. Total protein contents of D. celebensis exposed to BPA
(0.6 and 3mg L™") for 48 h. Data are shown as means=S.D. of 3
replicates. Control is solvent control (DMSO). Different lowercase
letters indicate significant differences among concentrations, and
were determined using a one-way ANOVA followed by Turkey's
test.

0.125,0.25,0.5, 1mgL™' 9] "5k & BPAE A5} 1, 3, 6,
9,1594%t sope] &4 Weks 7%t A B AT
9] haemolymph®l| 4] SOD &/do] F7t=|glom, H%
(hepatopancreas) o A= 0.125 mg L!%=%X9 BPAE 1¢¥
F AR R AE AlQlstal B AdwolA sope] &
go] tizel s S71et As &<lst3ith. BPA]
gt S FFHFHEC] SOD E4 E4 Wsker TE o
T= 79 Aotk 11 9] v A= 7oA BPA =&
k2 SOD &4 ®istof tieh A4 Axte that 2tk ol
£ £9], nematode Caenorhabditis elegans':’ﬂ 10, 25, S0 uM
o] BPAS A2t A7t 50 uM 2] BPA ATl A folgt
SOD2] &4o] Z7FUT} (Tan et al. 2015). TSH T4t 7
F %50 Alburnus tarichi®] PN ZEE vliFsto] 28, 50, 100
uM e BPAE A2 gt A7t 507 100 uM 9] &L 4 SOD
o] &4do] izl Hls) SR AS ST (Kaya
and Kaptaner 2016). ESt o]3gt A7= SOD7} BPA ==
of &fsff WAYsH= B/d4tA Al A Tofgtth= AS on

ARl T, A4, Siat 52 ASHAA A= 4Tt A
&= vAA do. 55 g2 ouxder

Z B9 g JFrRA 7l5S 77 mel] o =
A=l digh S ghre] Wake o AEolA A
c] =2
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1999; Inyang et al. 2010; Edori et al. 2013). H A A o] A
£ BPAE 0.6 3mgL™'= 48A17F A 23t D. celebensisOl]
A & S obgo] fashs ko] HEEH U SA
Ao g FodS HolA= ¢dth (Fig. 3). Squier (2001)
of W2 W SJAAFS DS ASIA 7| G 3]
& 7120l F20] A8t oW +xpHor il
O] S oI 4= ATkl AAIRE HE QlTt. o] 9t f-AFsH
Al Geetharathan and Josthna (2016)01] O]5}H eH|: H
of =2 & (500mgkg™) 9] BPAE A3 of =
of ulef vt T gago] Uetel. ofe} Baisko] A
452 Beac] ofs) WAlsHs SAAtAEo] oJs) gl
S 5 9w, B A¥eke AEd Ao o) ekt
etttk 319l ofuliesto] AHSEEA 5
A ool JL 798 A0 AWl ek T BPA
of oJgt hufAl geko] A|5H= BPA AL 4H=<] bisphenol
O-quinone<> DNA %S ol HAME 9t o] = 214
O = ol oHdS ASAA Al HAE 2 5 L
11 A A 9ot (Atkinson and Roy 1995; Izzotti et al. 2009).
T3t 2 Aol A BPA leEof| oJeh Tl ghero] Wt
7b 55 HEHA| 42 olfEe %t =& 8§ 9
L& 73 o] Q& Ao g wbeh §hH soD ©
WA o] Eobxl Aol A H ol7| ol Hofsh=
T o] St wiz o]l EAE Tl o] ¢Fo] Axte] whe
QZ] o}oPg £ 9l olo 7—]0]1;]-
2 A= =l Hiet BPAS] 4tetE ~E
gl Fael diste] Lotir] $isteq, 714t 285 D.
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fdzre] I Welel sop 24, 123 F T o] ¢
o AU A 2 Y] A9 3mg L BPAC =F
2Afe RE s §27e] wlo] 27 5
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