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Abstract - Bisphenol A (BPA), known as a typical endocrine disruptor, has been used commercially
and widely for plastics and epoxy resins. BPA-based plastic is used extensively for the production
of water bottles, food containers, CDs, DVDs, and panels that can be applied in construction.
Epoxy resins containing BPA are used for coatings on the insides of water pipes, food cans, and
thermal papers that are used in sales receipts. As its estrogenic effects and other adverse health
effects have published, BPA has been regulated in many countries, and there have been efforts
made to replace BPA. Other bisphenols substitutes such as bisphenol S (BPS) and bisphenol F (BPF)
have been used. Currently, BPS- and BPF-based products labeled BPA-free products have been
widely consumed. Because of structural similarities with BPA, however, these alternatives also
show endocrine disruption effects like BPA, and many studies on adverse health effects of these
alternatives are being reported. In this review, we describe the adverse health effects of bisphenols

and the current status of regulation.
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v] A5 A (bisphenol A; BPA)E= ZEH| 0] E (phthalate),
L= d 5= (nonylpheno) I} 7 xH o2 Fd|=
A Z#E2 (endocrine disruptors; EDs)2 o ZA] H A1} &
g|7}H v o] E (polycarbonate; PC)2] &2 Y8ZE AMgHT}

|

195090 &34 o|F, BPAE =S YEHdol &1L
FHY SHE 2= PCY AR olfHIeH =1, frot
& A9, AFES §71¢ 22 AEEE, CDY DVD, &
8 Wa7tA g2l AREEUT. B3 BPAS e ol F
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Al A= Sy 1Y Wi ZPAZ AHEHY, d4F
YA 2 AHEET ol A" FEAsHA AHEEH 9l
BPAL= QIAo] kFo] WIHstH waba] Al of g
d 7FsAdol 2t 1990 ©|F BPAS] o4 S22 FA}
ZF-g-o] 88 F 1 (Nagel et al. 1997; Moriyama et al. 2002;
Maffini et al. 2006), BPAZ7} Y284 ZHEZAZA AiS
o A5} 9 el Al TEY W 4 24 F% 5
& FURE Aoz nuEYen 1 Aol AFEE 24
o Atk (Staples et al. 1998; Vandenberg et al. 2007; Nah et
al. 2011; Bae et al. 2012; Rochester 2013). £3], ¥-F-°}9
78%- BPA o] o3t WiztAdo] w9 2822 gFokg AlF
of Abgo] AW FA = ch(Braun er al. 2011). BPA AH&-0]
Al w2t BPAS tiAst7] 913 A5 9] Aol &4
3} = 2dch &322l BPA tiA| A= BPASH E4¢] H|5:gt

X op
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Under the low pH and high
temperature conditions.
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Fig. 1. Production of polycarbonate and epoxy resin form bisphenol A.
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Fig. 2. Alternatives for bisphenol A.

H|AHi5 S (bisphenol S; BPS)¢} H]AH| & F (bisphenol F; Itk (Ruan et al. 2015). 2V 2 W ZEA | 4¢3
BPF) 5|t} (Fig. 2). & AEAY A vAHER oo npget hAI7E glof

05L& AHEE A ZE52 BPAY HiE FAIE HatHA & 73] BPSS}F BPFS} 22 Al AlE0] AHE-E L §ltt(Cao
Jo] H|=3}7] W&o BPAZE AMEEE o ZA] H A, PC and Popovic 2015; Rocha et al. 2015; KWEN 2016).

ZetaE, 95 S0 AREHI o ol HAAE AR

St A FES BPA-free AIZLE BT ‘UAT S A= E

L gaetA) e AEoR AAHE A Bt o] 2 =2
E tAAE BPASH B2 fal4o] gl ATdIL A N
O1}(Baba et al. 2009) BPAS} G-AFRH 3}8t 2 wjof o] Luj&HE A9 Fade FAIRS
E A YRu|A ZRERE 7P Roleke o] A7|H BPAS 4322 GAG YHu|A n3zgS 4oz
Ut} (Bladak er al. 2015). T4 AFo|A] o]& thAA FA % glon, BT ER 5287 (estrogen receptor; ER)Y| 2

g

71&2] BPASE frARRE WAl RE7} 5ol 2ol FFe =N, FAAR] A2 EE Yafst] o
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3l ¥&F= oF7IFth(Rubin 2011). E3F ERE oYt
A& 22 4284 (androgen receptor; AR), B 2A| S E F A
A3 5H1AF 4284 Zrul (peroxisome proriferator-activator
receptor v; PPARY), A E2E 4=-8-A (thyroid hormone
recptor; TR), F €]l 0] =X 4>-8-A] (retinoid X receptor; RXR)
2 et 8] (retinoic acid receptor; RAR) 5%
2o N ARG S 2H-sto] ohekdt 8 FFS oF
712t} (Richter et al. 2007; Li et al. 2008, 2016; Montes-
Grajales and Olivero-Verbel 2013; Boucher et al. 2016). B
AE F3H BPAC| =5 ®otolA 2%35tE 5 A7
T IEgo] 9 HAE daefete] dm/de] HuEic
(Howdeshell et al. 1999; Ikezuki et al. 2002; Choi et al. 2012;
Negri-cesi 2015). CD-1 mouse ZAo]] BPAS 2.4 mg kg_l‘?‘j‘
14 1797 Foqdt F o A A7 A5 2o H]
3 AFY F7het 2719 Azt UEbth (Howdeshell
etal. 1999). %W A9 A ar=std dopel Ao &
at 2o BPAZE HEE O] BPA =& Q&5tE WA
o] AAS B olF At (Choi ef al. 2012). {-o17]o] BPA
o =&% ojotoA= AxuFo] IEEUTH(Ashby and
Tinwell 1998; Howdeshell et al. 1999; Durmaz et al. 2014).
4d< 43 Fol BPAS =3A% S o FoFFe] 600 mg
kg™ oAkl A% 27] AAT7E B A (Ashby and
Tinwell 1998). E3F AA| 44|04 84| ofo} Jx&F S}
o] 79 A ofote} ge] 2Ho|A B 834 ugL ' 9 BPA
7t A& Ho] BPASH Ax&F I A4S HoR
o} (Durmaz et al. 2014). AYA v E, AR 5 T4, AT
Wets 9 A7) Aol del JA] BPALHY] Aol B
T 5 %19 ™ (Cobellis et al. 2009; Yang et al. 2009; Meeker et
al.2010; Li et al. 2011; Nah et al. 2011; Rochester 2013), T
B AP A4 U 5L $UY 5 Y= Ao B
H Ttk (Ho et al. 2006; Vandenberg et al. 2007; Yang et al.
2009; Mallozzi et al. 2017). |1 E 0|43 SEAF 0|4 BPA
(200 pgkg " body weightday )S 6027 Eoi3t A3} BPA
o] A4EEY AAZ Ag HAF A AsHrF Ve TH(Liu
et al. 2013). E3F Q17He] AYA AAZE o)A FoA=
BPAE 125 mg¥ 12947 =&AHS o GAEY £ES
225 Ao 2 Yehyth(Wetherill ef al. 2006). CD-1 92
Fol BPAS 3717 =2A17] 3¢ UY 100 pgkg ' oA =
Z I5oA Al F4lo] Yer o (Newbold et al.
2007), AA A-gWHutS 2] A HARRE A3t Ayt o
9] @Al A BPA7F AEE o] A5 2T} BPAY A
A& Ho|al Qlth(Cobellis et al. 2009). o] &= T}l F
7ol (attention deficit hyperactivity disorder; ADHD), &<t

Boll, $&5 22 AAUEeE FAskaL (Ishido er al. 2004,

o o ot

Braun et al. 2011; Harley et al. 2013), 218 5 AEHA
Ao = JFFe uX= Ao 2 B 1Ech(Bae e al. 2012;
Posneck et al. 2014). F& ©]83t 5& AHA 02 pg ©]
28] BPAY =2¥ IFoA oFtY] Bl A4 F
o vla} BAE 1.68] S7HtE =T, A A= BPA &0 3
Z3Hste] gt A5 ASHAIA ofzte] o] date)dEo]
Uehd Aolgt A&stg et (shido er al. 2004). 012} F-AH3}
Al PARRES}E 19] 3~44] A AW AALS At G4
A Bt AA2E AolE FH e AHEY 97% (total
244 samples) o]Arol A B 4.1 ugL'2] BPA7} AZE Y
th(Braun et al. 2011). ] A& 0] &3t ex vivo A A=
0.1~100 uM BPAS] 1587t =& A7 AT BRoA 7]
A o] o3t A% EFol BF Fashe ASE Yehy
BPA =23 A8# 239 4IPS BF ATt (Posneck
et al.2014). 275 0|-&38 OECD 201 A& o|| A& 0.2~200
ug L™ BPAC =& A7) 22k ARE mEeA 27 A
Zo] ZAdl¥ThH(Wang et al. 2011). BPA =22 Q18] YE}
g Qe 43 9IS Table 19 33Tt

BPAY] #3 dFEC] GBAHA T AHgo] FAE7] Al
AP=d FHots BPA &2 Q1S f3 FFo| e 2
Uetd 2o 2 gotr| o] ARgo] AW A5 I th(Vandenberg
et al. 2007). EU& 2004 % 5 4%87] ¥ 274 A3 Dir-
ective 2004/19/ECE &3l Z2tA g A EZ 87|04 BPA &=
3422 0.6mgkg O 2 A, 2010W 0= SapAE
Ao BPA AHE-S FAISHATH At XA Directive
(EU) 2017/898% E3 1t 34| m|qt fob-g Zhtzho A BPA
£Z 8% 3 0.0 mgL oA 2018 E 0.04 mg
L2 73le o golgtn FEEHE v FHolgE
BPAS] Atg-o] FAEAY A8t ¢l ZF vttt BPA
THAl ZFo]7E 9tk 20099 FEoll A= 7k 34 mwE gf
obg A, ol BPA AHE-S FASAL, AT AF € &
28719 7o BPA AFE-S FA|5F= 2 (Ban Poisonous
Additives Act of 2016)0] 2ol =gt 2 o] HL EUS &
U3HA BPA &% 7]&< 0.6 ppm ©|3tE A gL glom,
frobg 2H Folle AHESHA] ZAteE AAS AT (7] 2
|7 - 279 71 9 4, AFkF A LA A2016-
513%). BPAY| i3t A= dR#E Zetag §Foy =2
Aol =eEed EUE 929 BPA /%3S 599
02%=2 Agsts APFAE 20160 TESFAT 20204
o 2438 o Fo|t}(Regulation (EU) 2016/2235). $-& vzt
GgZzoll YA HIHRE AFLEHE 7GR AE
o FAE RS AHoltt. o]& WStk T #F
, 23, f-5AA A AMREl= B A oA BPA7E AEE
UTH(A A 33718 HEA 45 H2aHE e

K2 o rle
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Table 1. Toxic effect of major bisphenols

Substances Type of study (model) Concentration Effects References
Bisphenol A In vivo (CF-1 mouse) 24pngkg™! Developmental toxicity (fetus exposed Howdeshell et al.
to BPA through the maternal is induced 1999

In vivo (ICR strain female
mouse)

In vivo (immature female AP
rat)

In vivo (Wister rat)

In vivo (athymic mouse with
human tumor xenografts)

In vivo (pregnant Sprague-
Dawley rat)

In vivo (Spraque-Dawley rat)

In vivo (Wister rat)

In vivo (Sprague-Dawley rat)

In vivo (Sprague-Dawley rat)

In vivo (Kunming mouse)
In vivo (albino rat)

In vivo (Wister rat)

In vivo (CD-1 mouse)

In vivo (Wister rat)
In vivo (Sprague-Dawley rat)

In vivo (MMTV-erbB2
mouse)

0.1,1,10,100 mgkg™’

600-800 mg kg™
body-weight™
0.02-20 pg 10 L. "' head ™

Administration of BPA
(12.5mg days™) for 21
days detected by high
mass accuracy-liquid
chromatography mass
spectrometry

10 ug kg ™! body-weight™!
day™!

50-200 mgkg™
body-weight™ day”
2-200 pug kg™! body-weight ™!
day™!

0.0005-5mgkg™"
body-weight™ day™

200 mg kg™ body-weight™
day™

160, 480, 960 mg kg ™!
body-weight ™ day™!

10 mgkg ™! body-weight™!
day™!

0.005-500 pg kg!
body-weight™ day™

125,25, 50 mg kg™
body-weight ™" day™!

10,40, 160 mgkg™
body-weight ™! day™!
50-200 mgkg™
body-weight™ day~
2.5-2,500 pg L'

1

developmental disorder)

Premature vaginal opening, decrease of
estrus day, decrease of ovary weight
Premature vaginal opening

Behavior toxicity (Total spontaneous
motor activity in the dark periods (12
hr) of the bisphenol A-treated rats is 1.6
times higher than that of vehicle-treated
control rats)

Carcinogenesis (promote cellular
proliferation rates and tumor growth);
detection of 6.7 ng mL™" blood

Developmental toxicity (neoplastic
prostatic lesions in the aging male,
which may provide a fetal basis for

this adult disease. Impacts the prostate
epigenome during early life, which
suggests an epigenetic basis for estrogen
imprinting of the prostate gland)
Cytotoxicity (imbalanced apoptosis)

Reproductive toxicity (disruption

of spermatogenesis due to meiosis
abnormalities)

Reproductive toxicity (induce
spermatogenesis disorders by decreasing
androgen receptor expression)
Carcinogenesis (potential prostate
carcinogenesis, affect the quality of
sperm)

Cytotoxicity (imbalanced apoptosis of
leydig and germ cells)

Reproductive toxicity (decrease
testosterone level)

Reproductive toxicity (impair insulin
signaling and glucose transport in
testis which could consequently lead to
impairment of testicular functions)
Reproductive toxicity (decrease
testosterone level and StAR and CYP19a
expression levels in testis)
Developmental toxicity (inhibit the
development of ovary)

Cytotoxicity (imbalanced apoptosis)

Carcinogenesis (low doses of BPA
decreases tumor latency and increases
tumor multiplicity, tumor burden, and
the incidence of metastasis; All BPA
doses increase the cell proliferation
index; high doses increase the apoptotic
index in the mammary gland)

Nah et al. 2011
Ashby and

Tinwell 1998
Ishido et al. 2004

Wetherill et al.
2006

Ho et al. 2006

Wang et al. 2014

Liu et al. 2013

Qiu et al. 2013

De flora et al.
2011

Li et al. 2009
El-Beshbishy

etal.2013

D’Cruz et al.
2011

Xietal. 2011

Lietal.2014
Wang et al. 2014

Jenkins et al.
2011
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Table 1. Continued

Substances

Type of study (model)

Concentration

Effects

References

Bisphenol A In vivo (Wister rat)

In vivo (CD-1 mouse)
In vivo (algae)

In vitro (prostate tissue
collcted from CD-1 mouse)

In vitro (yeast two hybrid)

In vitro(Human
subcutaneous primary
preadipocytes)

In vitro (excised adult female
Sprague-Dawley rat heart)
In vitro (MA-10 cell)

In vitro (Human membrane
granulosa cell)

Epidemiological study (sera
from endometriotic women)

Epidemiological study (urine
of prospective birth cohort
of 244 mothers and their
3-year-old children)

Epidemiological study (urine
of 4 to 8 year old girls with
idiopathic central precocious
puberty history)
Epidemiological study (urine
of infertile men)

Epidemiological study
(blood of a human with
breast cancer)

25 pgkg ™' body-weight™!

day™

10-1,000 pgkg™

body-weight™ day™!

0.2-200 pgL™!

1-1,000 nM

l,2,5mgL’]

25uM

0.1-100 uM

0.01-200 puM;
1-100,000 nM

0.02-20 pygmL™! for 48 h

Carcinogenesis (induce hyperplastic duct
and development of neoplastic lesions)
Carcinogenesis (increase ovarian cyst
and progressive proliferative lesions)
Growth toxicity (decrease growth rate of
algae)

Estrogenic effect (increase gene
expression of Estrogen receptor after
BPA exposure)

Antagonistic effect to retinoid X
receptor

Affect on adipogenesis (activate the gene
expression that related with retinoid x
receptor and adipogenesis and such as
PCK1 and CIDEC, FABPS)

Cardiac toxicity (alteration of electrical
conduction in heart)

Reproductive toxicity (increase the
estrogen production and change the
hormone environment of testis by
stimulating CYP11A1 and CYP19 gene
expression via the JNK c-Jun signaling)
Affect gene expression related with

cell cycle progression, cell death and
survival, apoptosis, lipid and steroid
metabolism, mitosis, segregation and
alignment of chromosomes and oocyte
maturation.

Endometriosis (BPA was detected in
51.7% sample cases (30) of total, mean
concentration 2.91 +/— 1.74ngmL™")
Anxious and depressed behavior, poor
emotional control (BPA was detected in
97% of the gestational (median: 2.0 pg
L") and childhood (median: 4.1 ugL™")
urine samples)

Idiopathic central precocious puberty
(ICPP) (BPA was detected only in urines
from ICPP patients, mean concentration
834 pugL™)

Male infertility (BPA is detected in urine
of infertile men, mean concentration 1.3
ngmL™! by interquartile range)

Breast cancer (BPA is detected in blood
samples from breast cancer patients,
mean concentration 13.87 ugL™")

Durando et al.
2006

Newbold et al.
2007

Wang et al. 2011

Richter et al.
2007

Lietal. 2016

Boucher et al.
2016

Posneck et al.
2014

Lan ef al. 2017

Mansur et al.
2017

Cobellis et al.
2009

Braun et al. 2011

Durmaz et al.
2014

Meeker et al.
2010

Yang et al. 2009

Bisphenol S

In vivo (Crj:CD (SD) rat)

In vivo (embryonic zebrafish)

In vivo (embryonic zebrafish)

In vivo (zebrafish)

In vitro (human subcutaneous
primary preadipocyte)

0.6 ugkg ' day™

0.0068 uM

0.0068 uM

0.5-50 pg L™

25uM

Reproductive toxicity (potential
uterotrophy)

Neurotoxicity (hyperactivity disorder by
increasing the neural production of the
hypothalamus)

Reproductive toxicity (affect androgen
levels by increasing aromatase B
expression)

Reproductive toxicity (reproductive
disability and developmental disorder)
Cytotoxicity (alter transcription
activation of RXR in preadipocyte)

Yamasaki et al.
2004
Kinch ef al. 2015

Kinch et al. 2015

Jietal . 2013

Boucher et al.
2016
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Table 1. Continued

Substances Type of study (model)

Concentration

Effects

References

Bisphenol S In vitro (MVLN cell)

In vitro (pig oocyte)

In vitro (GH3 B6 F10 cell)

Epidemiological study
(urine of Human male)

0.0001-5 uM; 0.1 mM
30 pM, 3nM, 300 nM,
30 uM

1075-107M

20-25 mg thermal paper™

Increase estrogenic activity
Reproductive toxicity (disrupt oocyte
maturation by decreasing formation of
the meiotic spindle, supply of maternal
mRNA and expression of estrogen
receptors 0. and § and of aromatase and
cumulus cell expansion; the failure of
tubulin fiber formation, which controls
proper chromosome movement)
Reproductive toxicity (disturbed
estrogen-ER signaling)

Take longer excretion time than BPA

Kang et al. 2014
Zalmanovi et al.
2017

Vinas and Watson
2013

Liu and Martin
2017

Bisphenol F In vivo (Crj:CD (SD) rat) 20-500 mgkg ™' day™ Liver toxicity and abnormal Higashihara et al.
physiological changes 2007
In vivo (Wister rat) 25-200 mgkg™ Reproductive toxicity (potential Stroheker et al.
body-weight ™! day™ uterotrophy) 2003
In vitro (CHO-K1 cell.) 48%X107°M,52x10°M, Reproductive toxicity (high affinity with ~ Satoh et al. 2004
10X107*M AR and acts as an antagonist of AR)
In vitro (human and rodents 10-10,000nM L™ Reproductive toxicity (antiandrogenic Eladak et al. 2015
fetus testis) effect)
In vitro (yeast cell) 0.001-1,000mg L™ Induce significant levels of estrogenic Chen et al. 2002
activity in dose-dependent manner
In vitro (human’s leukocyte) 10500 pg mL™! Cytotoxicity (production of reactive Macdczak et al.
oxygen species) 2017
Bisphenol B In vitro (rat liver SO fraction.) 0.1 mM Reproductive toxicity (metabolical Yoshihara et al.
activation in terms of estrogenicity) 2001
Bisphenol E  In vitro (human adrenal 0.0001-100 pM, Reproductive toxicity (interference with ~ Rosenmai et al.
cortico-carcinoma cell, 0.4-100 uM endocrine system by affecting ER and 2014

CHO cell)

AR)

2ApA3, KWEN, 2016). EU, 1] 3, 98 5 F9 7ot g
2] W AW R F4 @FS E2 2 5HATHTable 2).

2.8 29 5F AR F57, 48 R AAEF

BPAS Salde] that Buvt Zrkskn AV 25
A 7|2 BPASH B1hd 2%} Bl fARE HATE E
(BPE), H|2#|= B (BPB), H|2H= S (BPS), H| A F
(BPF)&} 4-cumylphenol (HPP) 5-¢] BPAS] AR ZA F
= w7 =9t} (Fig. 2) (Pivnenko er al. 2015). AAE o]
£ HAEEEC] AHE AIFSS BPA-free 2 AFOE
AFE-E 2 Q1Th (Grumetto et al. 2008; Cobellis et al. 2009).
BPFLF BPS 45 BPASH 717he BHE 744l 7bg oA
o dAAZ S8 Molv T2 WR ZPA|, S2tag
a83 ZEA g3 AT (Cabaton er al. 2006;
Rosenmai et al. 2014; Yamazaki et al. 2015). 3}A]9F BPA
o FEHOR FANE B2 iAol that o] A=)

o, o] EFEE WRHA aHanrt §lgol Huwgic
(Bilbrey 2015; Kinch et al. 2015; Ruan et al. 2015). €A H]
2950 tigt FA= BPAZE FE ]R3 YXA|E o] T
=5 dAA 9A] EU 818Ha3 4 REACH (Registration,
Evaluation, Authorization and Restriction of Chemicals)©] A]
T4 =2 (Substances of Very High Concern; SVHC)ZE
ERE AL, FASEANES (ChemSec)oll A AlE3t= SIN
(Substitute It Now!) S| AEo] HEZ A7} 2 75H= &3
2 S5AIE Atk (http://sinlist.chemsec.org/). BPBLF BPE & A
BPAS tiAT A A E F3laL ek ABEAY stes
Ao A b]gFo] HEE 21} (Ruan er al. 2011; Pivenko et
al. 2015), BPSY BPFe} Ea] 79 o] ok Qlof A7}
FAHOR gt Agoln] 4o Gl tfFt BT REG
Ho|t}(Tables 1, 2). BPAY 23 FAMAS 714 BPBL}
BPE: JAEEA 8719 A% 7HsAol ASEw 4
A NAERA SARTE Lehich A} BHS A5
93t S9 fraction (rat liver) A3 Z3} BPB+ BPAS} FAlSH
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Table 2. Current state of bisphenols regulation

Substance Source/Use Regulation References
Bisphenol A Plastic products and epoxy resins (water bottles, Registration, evaluation, authorization ~ EPA 2014, USA; ECHA 2017,
sports equipment, CDs, DVDs, water pipes, and restriction are required by legal EU; ME 2016, ROK; CNIS
food and beverage cans, thermal papers, etc.) regulation in major countries such as 2017, China
ROK, EU, USA, China, etc.
Baby bottle and goods for baby (food container) Prohibited in major countries MEFDS 2016, ROK; EC 2011a,
including ROK, EU, several states of EU; FDA 2012, USA; MOH
USA, China, etc. 2011, China; MTS 2013;
KEITI 2014
Food contact materials (plastics, coated can, etc.) ~ Migration limit (up to 0.6 ppm in MEFDS 2016, ROK; EC 2011b,
ROK and Europe; up to 2.5 ppm in EU; MHLW 1959, Japan;
japan), prohibited in France Legifrance 2017, France
Materials for toys Migration limit (up to 0.1 ppm in EC 2014, EU; MFDS 2016,
Europe; up to 0.6 ppm in ROK) ROK
Cosmetics Prohibited in several countries MFDS 2010, ROK; EC 2009,
EU
Thermal paper Suggested to be regulated, will be Chemsec, SIN List; EC 2016,
regulated at 0.2% of total weight in EU
Europe since 2020
Bisphenol S Plastic products and epoxy resins (water bottles, Suggested to be regulated Chemsec, SIN List, EU
sports equipment, CDs, DVDs, water pipes,
food and beverage cans, thermal papers, etc.)
major alternatives for BPA
Bisphenol F  Plastic products and epoxy resins (water bottles, Suggested to be regulated Chemsec, SIN List, EU
sports equipment, CDs, DVDs, water pipes,
food and beverage cans, thermal papers, etc.)
major alternatives for BPA
Bisphenol B Plastic products and epoxy resins (water bottles, - -
sports equipment, CDs, DVDs, water pipes,
food and beverage cans, thermal papers, etc.)
Congener of BPA
Bisphenol E  Plastic products and epoxy resins (water bottles, - -

sports equipment, CDs, DVDs, water pipes,
food and beverage cans, thermal papers, etc.)
Congener of BPA

2ERA A hAIZAS HYon, HPLC 24 A1}, BPB
JAAHE 0] BPAQ}F wl-$ -§A}stohar YHE A T} (Yoshihara er
al.2001). BPE= | AE27 84, r=E2A =849 2
3t 754 o] &5 A th(Rosenmai et al. 2014). W2tA] BPB
9} BPE 94| BPAY} 34 th2x] ¢ JEu4 13 &
A2 9A% 3 Itk (Yoshihara et al. 2001; Rosenmai et al.
2014; Park et al. 2015).

1) HIAT= FO| Fafl et ALE X x| Sig
FAF HjotE o] &3t WA Rl FF M FY
T 9 BPAQ} BPFE &A1 4 BPAL E8 BPFY
Me EA ol4ol UEtUAl &t BPAY B% F 719
2 2Fo] kA2 ERA] (y-secretase)®] &S Thop
y-secretasedl] 93 GEHE= Notch AT AE-S A A A

APz Ql g uh= ubd BPF ¢ WEaEo] 7] o
ol BPARE A7 uljol &ao A o] Fo] YehA] ¢ksk
t}(Baba et al. 2009). 3+H ER, AR, RXRa, TR, PPAR 5 &
Z 224824 (nuclear hormone receptor)2} 3}sHE2 719
2129 At 7HeAS st in-silico 49 TOME2
(Inverse Screening: NR_HUMAN; http://atome2.cbs.cnrs.
fr/htbin-post/AT2B/SUPERATOME/SelectInvScreen.cgi)
B X423} RXRa - I E] =2} At (retinoic acid, RA)2] pKd %k
7.00] ¥]3] BPF: 6.19] pKd < E4th RAE RXRa
o 714 AR 316 Argot F2ATEL FHFE W
W, BPFE 305 Trpet +42%2 JA4sHe 2oz o2
H Atk (Park ef al. 2015). RAE X879 27] @A F
a3t 9% gtk (Colon 1995). @ekA BPF7F RXRa Al

e

N

=

=
SRS wUstel W) GFL A 5ol gon
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2 9 AE e A7 28F Aol HAH =R
ER &A= v AT} 17B-estradiolS 12 39S @ BPA
= 107X 10_4, BPF= 1.08x 1022 BPF oAl BPAY} 5
A3t =29 AT 2R FAEITE QYT (Eladak et al.
2015). Ab T AA 79| gopdaE o83 ex-vivo A
fetal testis assay©l 4] BPF= BPAS} 5YU3t 502 €A
EXH E (testosterone) A& ASHAZoH, Blobe] A
A% HEe 2H-sk= INSL3 dS ASHAZ T (Eladak
et al. 2015). F| & ©] &% FEAANA LA 3229 ©
e #EE AT 99 500mgkg W F 457 =FA7 F
oA A T=E T39 49 T49 F7H7F Yebd=Tl
ol¢} FAlol B4 dinl 7+e] AT 13% o) Skl 1H=
A 7HsAS Bt (Higashihara et al. 2007). A& 11Y 1
A< obA Hol| BPFE v) zHzk 25, 50, 100, 200 mg kg™
Fo A% A A3 FE JEHoE AT
o] A7} Z7k5t%=H| (Stroheker et al. 2003) ©|+&= BPF
7 invivo ZANAE | AERAT GARE HIHE F4A T
QS-S 9ugttt. BPAE of| 9] 23| = (epichlorohydrin)
I} qk-3-sto] o ZA] #%& #4335z BADGE (bisphenol A
diglycidyl ether)7} €t} (Fig. 1). BADGE= ThA] Atal wh-g
3}o] BADGE.2HCI (2 2-bis[4-(3-chloro-2-hydroxypropoxy)
phenyl]propane)©] =<8 BADGE.2HCI2 XA 4
A A& =t (Hammarling ef al. 2000). BPF 9A| BPAS} &
A3t 42 §3 BFDGE.2HCIZ ¥EEth. BADGE.2HCI
¢} BFDGE.2HCI> MVLN A3 4 BPAX ¥ ER 2%
< HolA = ghgteu AR & CHO-K1 A ZF004] AR
7 £& H3p=E Holn| ZAASIE L ARS EA4stsH=
Al AR AL A5 Th(Satoh ef al. 2004). EEE o]&
3t in vitro AF A 0001~1,000mgL™' BPF= 5% o9&
A oA2ERA BA4S Hlen o] BPA H[E £2 At
(Chen et al. 2002). ©]&]o| = BPF= @X44ta A AlZ2=
4 2 FASAEE fdtks A2 HaEh(Rochester
and Bolden 2015; Chen et al. 2016; Maéczak et al. 2017). 2
E£2 02 BPF 9A| BPA THF #3l13 WEH|A atEdol
2} & & ith(Table 1).

BPF= BPS¢} 37 A3 Hi57 AAZHN F2 o
ZA ez AGEHY 55, AFZAAe} 28 E F
203 22F9 WYX Zgo AFR-E ) (Andra et al. 2015;
Rochester and Bolden 2015). Z=Ujo]Al&= 71 Z & o] BPF A}
&o] mu]sl|qt BPF7L ZRA| 2 AR FETE A=
ToZ AR5 9Jth(Moon 2014; Office of Water Works
2014). =1, S, Y&, A= =9 147] A9 H4H
|04 BPA, BPF, BPS7} HEElon, =S A &gt 3
Aol A BPFO =7} 7H w3tttk 53], 34 A2 7

lo

9 BPA %7} B4 144ngL'¢l ¥ BPF: 555ngL”
2 BPARTH 48 &8tk A&A19] % BPF LG AE A&
g A wA7F 2X1E9=d BPF/F HEHA] ok g4t
7, 57T g elA BPFY $A7F A AEH
th(Yamazaki et al. 2015). | 2FE +~=Ho AHlE0] AF
T4 §&% BPFY| FFS W 5 IS AR 94
"ok @A A AAZRA FAZ BPAY gt A7 ZetE
I ARE o] & iAIstaL = A gt A= oFF
u] &3k Holoh. BPF A o7 {8 I 7ol A7
3ot LA A FA7E o] Fo| A A gL Qlew, =A|3t
SPAFRE= (ChemSec)ol| Al A|F8F= SIN (Substitute It Now!)
YAEo] HER A7} 815 s EE2 SA =T (Table
2).

A
il
P
P
T

'..

2) HATE SO| Fall It ALE L 815

BPS¢}t 52 28A ¢l ER, AR, RXRa, PPARy®] thgt
AstgS E2lgt A3 RXRaol Hi3t Kd 2 592 RXRa
of gk RAS A3 (pKd 7.0)Eth RARE WEH|A wed
770l Atk (Park er al. 2015). Abghe] A A 2o A
BPS+= RXR Y] HAFHI-& H3HA X1tk (Boucher et al. 2016).
A2 ERaE A A7 FESHeA |2 A|lZF GHy/
Bs/Fio cell| 4] BPSE 107°~107 M4 B& oJ&Ho=a
AN EZ A S 2 I UA] (extracellular signal-regulated kinase;
ERK)E &35t} o]&=17B-estradiol®] §33}= ERK
A3} U F2F BPSY} estrogen-ER A S HES
n2eFS 9u]gttt (Vifias and Watson 2013). MVLN cell©]]
A ER B4R AT AEZA SALET Y B1E Tt
(Kang et al. 2014). F o BPS (20, 100, 500 mg kg day™')
£ 397t =23 A3 AgFFo] S7FEA AL, BPSeE ER
Arol o] Agto] 89l E it (Yamasaki et al. 2004). A E.2}
T4 fote] QI7to] stFof k== H]AHES 1/10009]
0.0068 uM2] BPSE A5t o Aldshie] A% A4
o] 180~240% 7}t )P FFoet 22 A AST
o] Aol A= Atk (Kinch er al. 2015). A He}u] 4 Hl
opol Al YT 2 Zo| o3 WEo] 2 YAHTZES
s ERo R A= olEnlElA| B (aromatase B) WE
o] BPSY| 93 Z7lste] HAHSER 2§ WFEE BPS
7F ARQ] &40 dFE & 7ol A7I= T} (Kinch et
al. 2015). A|B2t= x| o] BPS 0.5, 5,50 ug LS 2147 =
SXNHE W =l vl v G o =AY 23t
7b Ak, 713 o] Uetid 47141 BPS k&0] A4
8 Astel Aol E st AR FRAHATJier
al. 2013). A FGZAEZ (oocyte)E O] &3t ex-vivo AF 9
A Abge] ARt o k&= FET H2 9 BPS (3,
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30, 300 pM)E =EA7] A, A ARG HFA
(meiotic spindle) 4, ¥A W 24 mRNA, G 29] 8
%, ER ¥ aromatase ‘W& o] FZ5HA Zraste] GEA|ZY
A& Wttt (Zalmanovd et al. 2017). o]#3 AuE
< S5HH BPSE BPAS} THE Hf gl WA AolEd
olg} & 4= itk (Table 1). BPS= @A) BPAS| 714 T3]
o A Aol , theFet ol F3F 7hsAdol BaE oy &
A FAA FA= ¢lal FA AL (ChemSec)ol| 4] A
338}= SIN (Substitute It Now!) listol] HE2 FA7} 8315
= =32 FAH e (Table 2), +H AL (EC)oA
IAIZE BPAS] Algt Al W-gollA BPSell that ZHAl7F 2
Q8ltha B EQTHEC 2016).

BPSE E4J°] BPASH & Zpo|7} gl7] wi&ol| o ZA]
Zl, FAGA A, PCs EetA 8, 7FE A o AHS-E T (Rosenmai
et al. 2014; Pivnenko et al. 2015). 7]1&2] BPART} W3} &
of Zgt Aol o] ETtay B9, AE87] 5 FEste
aodt STt Y 22 ARRHY, o3 AlFES BPA-
free ©t=27} 2094 BPARRE HHg AF o2 FaE o]
Thof] =] 1 T} (Kuruto-Niwa et al. 2005; Bilbrey 2015). 2012
e, v, Y, S A0 =7Ee AWHA A HAHER
=4 23 BPAZL 7H ¥t BPS7F I theo 2 Edth
(Liao er al. 2012). 3=-9] ¢ AWHA Y& B3l ==
g AR vAH =] o] 18.6ngkg” body weightday”'
o2, ul= 126, 8 461, 5 15850t £t} 53] BPA
£ AL 0] &2 v BPSE AEa4go] Wot T o
Q2 ZEIIT (ke er al. 2006). EAREA], /A, 5
T O 7Y FololA A3 BPAS BPS7F HE &
I glen, gl 2ol AEAY AL E5|U BPAE
A8 BPS7} 23| ARE-E3l QITh(EPA 2012; Rosenmai
et al. 2014; Pivnenko et al. 2015). =W 2] A% 2016 4
HE AN 2016 FF vAHE AEAE B o
2 S dEAHQ Wy 34 P uLE 4L P4F
= 3 23709 BPS®} BPA 3FsF ARG Adt 17]9] w3y
I 1719 HPUES A &Jstar 22 BPAY BPS7F A &
2 5.1goA HA 11.3 g HEE 0] H]AHso] oHs] 2
A AREEHIL 1SS EFATH(KWEN 2016). H| A5
< A o] A A AAFAAENA AT =234
5l ¥ & HAdE HEAES AP A A SAE$
H|Au|5o] 7 #9kar 24A17ke]] AR (Liv and Martin
2017). ¥H H]AvlEE T3 HEA G5 520 &2
2 TERAH 48A]7Fo] Ao w7} &W & H|AdHE 5=
7b S7Vstg o, Ado A Ao 15U Fofl AmolA
BPS7} A% = 91t} (Liu and Martin 2017). o]= g BE 3
Fog vlagEe] AUl A7 HEH QAN FFE &

% qeg oiste, gaol BPS AL Aol T B
24g welF grt.

2 g2

BPA: sty gt SetAE LA RE AEE
7], 54 et REE 9% APA|, FEA] T /NG &
o> FH A ARG E o] oyt WA ne anrt B
AEHA Ago] fFAIHIL itk BPAS tiA|EH7] fs o
G EFSo] AREEHIA flon, oy EFo] I 2
2t Z}7] 924 AFgE3 It (Kuruto-Niwa et al. 2005;
Amaral 2014; Bilbrey 2015). BPSY BPF} Z-2 BPA T4
AEL BPAS tigt A9 AHEES R4 d4s 1
SHHAAE FARE E4S 7HA Slo] diAAE dAe &
8] AREEI QAT A EY AL FES] HSH
A ¢k} (Bilbrey 2015; Eladak et al. 2015; Rochester and
Bolden 2015). °]& R sH% BPA AIAES W&H|A
WS ZF o fal FF L 7HeAol &S] A
7153 9lem, BPAET B {3¥ 740l Stk (ke er
al. 2006; Kinch et al. 2015). o]&3t & o wlz} v A=
A PAEZEL EUREACHS A0 HY=o] 747 A
IEE EE2A4 SIN listo] FA= U =] 3% BPS
o} BPF7} 943 79X9 §29T $E% TR ol &
Ha gloh AEAE fE1E Sl Aol AT A7 &
3 dFS LT 7ol don, AeERY I-¥A= &
EFES 5 dA FFS nE 7 ok v A= A
9] BPA iAIRE9] Hade] A7I=AL e v ol HiA
E49 AL A At A=l dEt Y=ol Easitt
T Eot2E 8718 wE7] AT 2R vAYERE
A8t H E (polyethylene terephthalate; PET), Z-Z& 2] AH
(copolyester), &, HFo] L ETAE Fo] SUSHA ARG
T2 Qo (Osimitz et al. 2012). E3F gjH] 2259 =9
A I QP iRt A= g3 FA|A QL B o] HA
of & Zolt}.

¥ 2

H2vE AL BetAE o EA dA6] AgEE o
4ol vj2ulA @B dolch BPATF ToE BefaEe B
.A£87],CD, DVD, 181 A¥@FA AHgHE 2
A7) Soll AL 9lom, BPATE T8 ol EA] HHL
SEB e 24, A4S B 18T 9458 494

X

ox M of
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5ol AHGEIT Itk BPAY) O AERA SALE T THE §
3 Qo] wol BT Q7] wEe] olu] B ol
BPAZH TFAIH T 9lon), BPAY] HAINE 57| $I5) =2
Zol gk WA sob wAsls F7h BPAS] AR A}
$53 Qen], 220 BPSS} BPF/} B8 AE S0 Py
S5 2uE5 Qe S, BPASH Hl%E SHeHz
2ol o] RS T8 BPANY Uiu| A 2ee Qo7
o o] WAANEY §3) FHE olv] B ATES B B
THI Y Aotk B 2704 uaHER) 43 o
3} A AR 71 &staA gt

F

A A

B g7l 20159 ALY ASEAHEL 9%
AR AFALG 9] A he ghol +3H A7 (2015M3C8A
6A06012996).
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