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Safty of Alternatives for Endocirne Disrupting Substances

Chan Jin Park ¥, Woong Kim* and Myung Chan Gye*

Department of Life Science, College of Natural Sciences, Hangyang University, Seoul 04763, Korea

Abstract - Endocirne disruptors (EDs) can cause fertility decrease, developmental disorder, and
even cancer in animals. Until 90’s, EDs were used in various synthetic products including paints,
coatings, detergents, plastics, and plasticizers. Currently, in several countries, the production,
trade and use of EDs or EDs-suspected chemicals have been regulated while activity to screen the
alternatives for EDs including bisphenol-A, phthalate and nonylphenol is active. Although various
toxicity test method was developed and applied for screening of alternatives, however, the safety
of alternatives has been not fully demonstrated. Some alternatives have high structural similarity
with existing EDs, raising the possible risk of endocrine disruption by alternatives. In an effort
to develop the safe alternatives, we reviewed the effects of EDs such as bisphenol-A, phthalates,
nonylphenol and their substituents. In addition, ir-silico analysis for endocrine disrupting

activities of some alternatives was presented.
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dobzkal Qi olF F Aol g 3te of
AN FAO 222} FARE A8 sto] A=A WY
A4A A WEBA 715 WalstA €t ol2%

Hu] A %o & (endocrine disruptors; EDs)o|2} 310, 3k
73 5 HEd 34 sstEdEe] Al S0t 22249
g3ttt st} ‘gz 2rolgtal £87|E gt EDse
HFE SHEZEOEA 222 FARARZ 288t A3,
47159 ASHE oty oha Fdste Ze= dEA 3

=3 = O
2AES
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of A ANAZRLE HEAY d&40 AFol 2 & Uth=
BAZAE EYdoezion, &3 i), A2ddtel 3
MA 3 SAEAZE F= T (Henderson er al. 1993;
Gray et al. 1998).

EDsoll tgt ¢14]2 19629 w|=H9] #o]& ZH<& (Rachel
carson)?] ‘FE9] & (Silent spring)’ < F3 EZZOE A
2 i AXNE S8 4 AS5AY DDTE A3|
A7 AHE L A7 BE A AFEA 2 Aol
AAstg =t ol FstetEdo gt AFAEY] S
Egrok A7} =tk (Carson 1962). Z& 1} 90Ty o]
WAL oled BABFEASE R4S A A
23 A AEUE, 4E TR, 5o, 0| 2ol= Y} 3]
JES 22 =7 777§ 2= 4% S92 AR

UGG 3ol A glo] AHE-E o] fttt. o]

A0
7E]-'C_"C
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519969 Hle FE9] ‘=EURS m]Ef (Our stolen future)’
7b EEEA dAEE & SEHEE &, EDsoll gk Wk
el S EFYezien (Colborn 1996), o] & A7|2
A &2 A 3HA v= G1, d2n 2 AdSES
SA0Z A7 A2 AP Th(Kang et al. 2010).

u)Zo]| A= n|ZE 7 X T A (United States Environmental
Protection Agency; EPA)S S22 EDso| tjgt #4171 #
YE Ut EPAE ZHrAdo] 43t 69% 9 3eHEdS EDs2
A AP, 1996W £ A|ZEZA K 5 H (Food Quality
Protection Act)Z} 284 9+ (Food Quality Protection Act)
of o 7 Forol ATt Az =E FAETE 2AFSA
ot T3 EDs A H Al EAE Y 3] (Endocrine Disruptor
Screening and Testing Advisory Committee; EDSTAC)E -
At AxA, ASA 2 AHA %S £ 5 e FE
EAE9 A JEB|AAo-Gdbo) gt 2L AlFEk
ok E3H EDSTACY &5 2S5 A3 Hix7t U7t
=t o= EDs A 2 AJF o] et AuAE 2l §l
T} (EPA 1999).

S EA ol Rz

¥

+H A (Buropean Union; EU) A
o= Hjs2Rt Al7] EDsoll ti@h S AUzt 1996
g F=olA m=, £, 48 5 459 AE7FES WHO,
OECD, ESF (European Science Foundation), CEFIC (the
European Chemical Industry Council)¥ Z2 7|#=2 A
B7hEo] EDs9) fal4T B3l B §E Eostgo
o, o] A2 FHH Y3 (European Commission; EC)O A]
+ EDsol tfgt A|71E di-§ A= “Community Strategy
for Endocrine Disrupters - a range of substances suspected of
interfering with the hormone systems of humans and wildlife,
Brussels, 17.12.1999, COM (1999) 706 final”& &1} T}
2001499 159t S5 o] t3t £ Z A “on the implemen-
tation of the Community Strategy for Endocrine Disrupters,
Brussels, 14.06.2001 COM (2001) 262 final’& 334 =
g, o] = EiAo|= EDs ¥ @Y tfgetE E£3sta
Atk (Hecker and Hollert 2011). @A}, 2007 &g A13}s}
=74 HE A = (Registration, Evaluation, Authorization and
Restriction of Chemicals; REACH)E 3 EU Y| <7t 1E
ol Az, +YEe Be 24 Hal Ax/sYel ot
S5, B7F 87h AlRst =S stal §lth. REACH Yoll= 1L
93 $2=72 (Substance of Very High Concern; SVHC)o]|
gt Meo HAHES Fol WiHARHE Zgehs 1
AUE L 19 LBHo| AR SEHAY A18H

7] olde] S Fh=RE SRR WA 7)ol A
AHA RS AFSHe A 9Fekstn gtk REACH

© 47 oy AlEE ohYet BE S SAIF o

g %

o5 EA712 2t Qo] AE27RA Y FA F
ottt & 4= 91tk (Jung 2010).

FY A= 19984 EDsol| that =27} AJZkE o] A<l
A7 A ZFE 9Tk (Yeo 2002). 37 2= WWF (World Wild-
life Fund)At2E 7|Hto 2 EDs 222 wEqon, ujyd X

4249 mUHYE S AAANELS AR ek =

UEPS 5o feisieteds udd setedsa fellst
st N, SEER RN, frgE BN, fded
Ay, AEHAY S22 FtAE. AT felistetE
A e e Aot OIE Az 8 sk 8
T ARARA P BIHARAIES GFSekaL 9o 7
ol AFSE A Y B2 AR AlFole ¢ B7h
AE o] AAA] ot Aol dizt o] ARLH, o]
miEol 201349 setEd S5 % F7F 5ol w3 HEEE

EA5=E97M)0l A= 20159HE FHE QL o] =
EUQ| REACH?} AR SEAIEE AFEE o= Azt
1E ol 3et=dS Az 9 sdsts TuljAolA st
49 §% 9 FZ AR FHolA wid dFT FAlell
we Hag ojRsigon, R4 2 A4 5 B
A2E ARolol Bl IAES T Uek.

EDs®] 3ol et 1A oA AAFLR ol &2
of tigt A7} Z3tEoizta glon, 71E9 AEFE JA
ol gAY A2 A5 o8 AFERE A= 9L
tt. 3] gl&Z <] EDs?l Bisphenol A (BPA), phthalates,
Nonylphenols (NPs) 52 2281} A HA|o + Y82
YREE & SRt Fol O FFEel WS 27] f&
of A= &S AFSONA B ol 2o]A] ¢k Stk
SEAITE A A o] RES ST RS 7H4 FAEY wZe] o
3] o]& EDs7} AHEEHIL glom, 2 EHXHZH"HH“ 7]—'—
9] EDs®}t FAFSHAY 59E faldS Uetdo=
H7h i E o] A Sl et -7t A7 = ‘E]-(Song
2012; Kinch et al. 2015). ©&hA] 2 =B FQ EDsQl
BPA, phthalates, NPs2] 34l &3t 2 Z71x 9] AA1e}
A AN ESY d%F 2 I EAL Astgh

lﬂ

>;o
=
d

rPN

[

LA R S 2 B
S QA4lg o] Z PCB, DDT 5
O AHEE FAENLY 3] T=E
PA, phthalates, NPs 5 T3t EDs7} &
o)1 glo] I FAAA AR ARFAIA|
4 Ut (Fig. 1). §3] °|& EDs= T&o|4 o
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Fig. 1. Chemical structures of estradiol and major endocrine disruptors.
%‘ ]:]-00]:?_]: i% %‘i—% 7]'111 9\)]\—9-11] (Vandenberg et al. 'g-_a‘]'—E—E" EDS‘O,] estrogen 33’_%]'3—."%—10: H]Zé/g'Z:!C‘)_]_ k]l}%/;}
2007), =oll s & B= A &7] wzol &4 Fol = oF7Ist] 49 B¢ ATUes, BAAAY AHEsS
<)

Fotol 47142 9L F 4 Uk A0 FelA 9tk 5,

AR ofu et AEA ARt AA 1 g3zt vehd = 9
on, AAZ NPl =28 FAFA vAA QL v T
(embryonic development)©] UEFGTHH= A1AT7} HHEE
7| = Stk (Park ef al. 2010). ©] Qo= EH5F, oJF, 27
5 oMY FESCIA UEUE 713 B, AR o a8l
AR AYATG S 2 oG] oY H2E B HiEE

EDs2 Q1% 202 2453 9Iek. 0|3 EDs] §FL o

= 22192731 §lth(Carson 1962; Colborn 1996).

FFE 1 FF ot d2A Yehted, ol
7|1EAH o2 EDsot AU T2& Abo] 12F [FAHOA H
E73], &3 Q] EDsQl BPAE oA 5 2 2 (estrogen)
ARRE F2F 7HA AAI7F BPA ol =2 EH S o o]
8l B ZAAZH I T2 Z-go] YePdTh(Fig. 2).
2o 7| EAQ g 7ML T2 R T4, FENER

J
© 2 Jeldrth EDsE 322 S ALY (hormone mimics)Z
$3j0] HAH B2E Heur REd 43S S
AU 328 $£839 Agste] T2 R0 93k Hh-go] Yo
YA k== wagitt (Fig. 2). A4S 223} FAHM-S 3t
+ EDsoll =25 0S W 39 3¢ 4Z3}H(feminization)
7F e & s, B astAY faidt B9 el v
El} o] 2 Qlsj o] WAS}7| = e} EstrogenS AT 2R
o2AY QU opfet ATFYS FUFE AT I

st o]Ro] ¢he= ojojd
Lee 2012). AA {5 o83 A
219 o WHBo| ZAHUS HAstGom, 47 1 dhole
AL 2o =2EHQt} stejgte {9-¢ (breast cancer)T}
A A< (prostate cancer)©] B3} T (Soto and Sonnen-
schein 2010).

EDs9] fa4d2 gt Altioll EUHA] &AL oh3 A= o] o]
A71 wiZoll 1 Aol Atk & 4= itk EDs9
E4 F s AAANA AA 2AEHA g3 At =
Aeths Add &R 712 9=4 (persistent organic
pollutants; POPs) 2 #5758 o5 £ Hobof 93 &
T Qlth. 53] Aol @ 7]Hel A9 fAxA o AL
o|#gt EDs7t £A 57| 4% 7|#HEE f{o}7] ofo]E2 2
+ 3l EDsol|l =&57| = gttt AR )=o) 3¢
o] 8] 2 {oA EDs9| UE<l PBDEs7} & TAZ A&
5 o] =gho] Hglth(Colborn 1996; Williams 2012).

Frob71E EZ3dste 4ot - Fa|7]9] EDs k&2 Al
g gy g £ 5 o, AA7| Bl nds
7] wZoll Aglell Hla A2 o= F FIFS WS 5= 5l
Aol Atk & 4= qiot. EDsol| &gt
2T R AR ArsF S
o] 2710 Yehd 22; A4 o] ofote]
oke] - 94 oMol Yehh= As Adx5F ol
2552 &ed] 22 AAo] we TAYE
o] ofyet A7 1S dEAA SES 4
A s, SA4% A A ks 26 A=

2= Qlth(Caserta et al. 2008;
oA o]E EDsoll =&H

2~
;é]_l'“
=
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Fig. 2. Mechanism of hormone (estrogen) receptor-mediated transcirptional activation by normal hormone and Endocrine disruptors (EDs). A,
Hormone receptor-mediated transcriptional activation by interaction between natural hormones and receptors. B, Mimic mechanism
of EDs on hormone receptors. EDs can induce the overstimulation of hormone-mediated transcriptional activation. C, Competitive
binding of EDs to the hormone receptors. EDs can interfere the endogenous hormone action including the hormone-mediated tran-

scriptional activation.

o]F 4= 9tk 2006 WERE Sk FAE] A5 AV
9 A7|7ke] 2 A FAEA O] ©2H 1900~1980A T
Afo] ofopoll A 2H ] X717} 2@ ThE A AR S, dy
HRAAN JA ds DAV BekA = AFE Yo 53]
ofote] L o]fdt AEFo] g A YER 1990 ol =
12A] o] Aol 27& st 239 2713 AFE Bole A
© 2 YT (Park 2006). o] 23t @49 YdE 5 sht=
EDsZ H< & et 425 A4S Hols ololsS o

2 dJ
roa A

N
A} 47 (A7)0l EDs9| A3 2R GARREC = Qe
z7]0] B He Aoz Hojnf W= HPdS 2
ol= AL BAof Hl3 EDsoll =&H= 7ol Skt 2
72 A3 2 9th(Roy ef al. 2009).

EDs HT H]AAFAQ ARt 93-S vA]= Aol
ofyz}t fot] ¥ W FFs vt 2 drd =
W A7zl Baof wEd 3o AY 7957l (atten-
tion deficit hyperactivity disorder; ADHD)o}Fg3} gyl ofF
9] A¥ME HAFste] Blwgk A3 ADHDOFsOAA phthal-
ates TJAFEZ 2] mono-(2-ethylhexyl) phthalate (MEHP),
mono(2-ethyl-5-oxohexyl) phthalate (MEOP), mono-n-butyl
phthalate (MBP) 5] F=7} @5t o}l Hls} X E9ke
o, 527t #2555 otol5Y Bl A7 =4 vE
th MRIZ#O|A & phthalates} | Lo ARdS &l
d 4= %=t ADHDoME9| ¥ 59 FAE HARE 2

3} di-2-ethylhexyl phthalate (DEHP)®] X7} 2 o}5d
42 $AEAT 259 WA SAZ @A e £
93 259L AT, RS, TALN 2L W59}
LS /AL 7HA T glo] §ot7]€] phthalates =&
ADHDZ4 o13tel FuUgdrds e 4 Y3S Hof
ZF31 QIth(Park et al. 2015).

A7) W&o ARE o]59 o]go] FAHIL glow, otoF
gt phthalates tHA| AR E©] EDs tiAl AHEEL Qlct. 314
Tt 735 fAAEL A dE =TT ALEHIT Qo
(Kinch et al. 2015).

2. Bisphenol A (BPA)$}+ ti = A

BPAE H#AQl T2 EA EDs2A], A EFZAE7| 2
A2 epoxy resin, poly carbonate (PC) plastic®] €= 0]
ot ZRHAZHA W BAS WA 6] 3l oAU, d
g AT HEe =ol7] Al E2haE FrleERE
AREE e, PCY ¢ WEdol il T E4= 7t
A3 ol =8, frokd AW, AEE B 879 22 A
€& 193 CD 5 4dg2ez A AAA d9 AME
o} o] Qo= d3g Fo|f, HEA 45 T AL
AEEHE S AEE0] BPAZF AREE T 28y 2
9] ofg] Aol WEr A, APl 28t % 27]
49% L% 5 BPAY fago] A71= 0T (Staples er
al. 1998; Nah et al. 2011; Bae et al. 2012; Rochester 2013)



Alternatives for Endocirne Disruptors 365
Table 1. Toxicological effects of bisphenol A, phthalates, nonylphenols
Name Source / Uses Effects Reference
Bisphenol A (BPA) Water bottles, sports equipment, Developmental and reproductive Rochester 2013

CDs, DVDs, coatings on the inside
of many food and beverage cans,
thermal paper (sales receipts)

toxicity, Metabolic disorder, cardio
vascular disease, depressed immune
system etc.

Di-n-butyl phthalate (DBP)

Butyl benzyl phthalate (BBP)

Di-2-ethylhexyl phthalate (DEHP)

Diethyl phthalate (DEP)

Dimethyl phthalate (DMP)

Di(n-octyl) phthalate (DNOP)
Diisononyl phthalate (DINP)

Diisodecyl phthalate (DIDP)

PVC plastics, paints, ink, cosmetics

Artificial leather, traffic cones,
automotive trim

Food packaging, medical devices,
children’s products

Plastics, aerosol sprays, cosmetics

Rubber coating agents, pesticides,
lacquers, plastics

Plastics, cosmetics, pesticides

Garden hoses, flooring tiles, tarps,
toys, coated fabrics

PVC plastics, artificial leather,
overing on wires and cables

Disrupt reproductive tract
development

Developmental and reproductive
toxicity in rodents

Reproductive toxicity, hyperactivity
disorder

Teratogenicity and reproductive
toxicity

Teratogenicity

Affects the liver and kidneys

Affects the liver, disrupting
estrogenic activity

Developmental disorder

Swan et al. 2005

Singh and Li 2011

Park et al. 2015

Api 2001

Singh et al. 1972

Poon et al. 1997
Chen et al. 2014

Heudorf et al. 2007

Nonylphenols (NPs)

Nonylphenolethoxylate (NPEs)

Manufacturing antioxidants,
lubricating oil additives, detergents,
emulsifiers, solubilizers

Detergents, cleaners, emulsifiers

Aquatic toxicity, metabolic
disorder, cancer, developmental and
reproductive toxicity

Aquatic toxicity, cancer,
developmental and reproductive
toxicity

Bontje et al. 2005

Bontje et al. 2005

(Table 1), BPAE AH§3F Ao SAE& AA4ste 2+
BPA7} §&5 o] 34& 3 AlolA ¥F= & & Aok
= B3/} @35 o] BPA AR8-o] A|$HE ST} (Vandenberg et
al.2007). £3], Ffotel ¢ BPAXZo| gt 9iztido] =2
ok gebE o] I ARgo] A A = it

BPA7} Zt= A fafidoz A% #FAZE A=A
BPAE tjAI5t7] Y&k thekst A=zt Sk 7P WA Al
=4 AL 593 bisphenol A€ E2 21 bisphenol E (BPE),
bisphenol S (BPS), bisphenol F (BPF) 5-2] &-8-0]%it}. A
FE= o183 AtolA BPAZE 271IAFQ FAF ok
y-secretase®] B Adsto] w9 WS Adfst= AL
2 I o, Y 559 BPE, BPFE A2 F o=
ol2]gt @/Fo] YehA] ¢ttt o= BPAZ} y-secretase &
A< Adfstzl sl F 71 wWE (methy)1Fo] BRI,
BPE®} BPFoll= 22 & 7j9f mE &l iAW 7] W&
o] BPAS} 22 7|FRLanr} gle Aoz 48 W R
(Baba et al. 2009). BPS2} BPF2] 3% BPAL} E4Jo] 79
Zol 7]& BPAZ} 2old A A”WA, AEA 4%, PC &

ZhaE 5 22 o AlFel E3EQl diA Fg-o] 7R

AA|Z BPAY {3/do] F2tEn BPA-freed| &l o5
AA7} AH-E 9t 3EA|YE BPA, BPF, BPS7} 7FA 1L Q&
sfotx 227 fAR) o5 BAA A R ATRE
= 7 Aolgkz 9ol A71= ik (Eladak et al. 2015;
Rochester and Bolden 2015). BPF&} BPAE H| W3t =Fof
GE2W invitroo| A F EE BF FEo v st Y
3t JEA T2 2 &4 (anti-androgenic activity)©] E1E A
t} (Satoh et al. 2004). BPAS} 543t R34 BPFE oty
2t BPSOIA GA] FUSHA UERATH(Table 2). 2013 =
WATFHL zebrafishs ©]-§3to] BPSS| f-alidS &<lst
gt BPSE 50 pugL™, 05 gL' 2 22 Heet 3t of
Zof| Hlg] BPSAH 2|7t BFoA vt 4= A8, R
2, HAA Q) @A ol HEEHG e, o] HE FF2 A
U Ati71A] o]oj A& A= YET(Jier al. 2013). 22
HEE AFdAs o] 0.0068 uM)2] BPASL} BPSH &=
zebrafish @] A|/AsHR K9] Al73ddo] 180~240% S71st
o2 B3 BPASF BPSY| 3] 5o 2 A
S A7|st9 e, A FAA (neurogenesis)¥ androgen]
THAE v|Fo] BoE o 7]&] &%l BPAYF BPSY]

ox ox [r
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Table 2. Characteristics of common plasticizers as alternatives to BPA

Limitations

Name Characteristics
bisphenol E (BPE)
property
bisphenol S (BPS)
property
bisphenol F (BPF)
property
Isosorbide

Tritan di-methylterephthalate (DMT)
1 4-cyclohexanedimethanol (CHDM)
2.2 4 A-tetramethyl-1,3-cyclobutanediol (TMCD)

Low-price, BPA-like structure and

Low-price, BPA-like structure and

Low-price, BPA-like structure and

Glucose-derived material, no-toxicity,

Non-androgenic activity, non-docking
activity on nuclear receptors in
in-silico analysis

Estrogenic activity, docking affinity on
retinoid X receptor o in in-silico analysis

Teratogenicity, defect in neural development,
estrogenic activity, docking affinity on
retinoid X receptor o. in in-silico analysis

Anti-androgenic activity, estrogenic activity,
docking affinity on retinoid X receptor a in
in-silico analysis

Elevated price, low efficient as a plasticizer

Estrogenic activity

estrogen I 2§ o]Q]of| androgen X I EF U
Zolgt AISHA T (Kinch et al. 2015). Bisphenol A€ 2] &
Aol et ARYZ 2L in-vitro £EANA BT A+
oA, 17B-estradiol®] 19] g ZF= estradiol equivalency
factorsgt©] BPA, BPE, BPS, BPF5o|A Z+Z} 1.07 X 10_4,
592x107,1.06x107*,1.08x 107" 52 & Uebdt} (Ruan
et al. 2015). o]&3t Zit= BPA JIAAZ AMLHE= EHE
9] o322 E3JF BPAY} H|SHAY 25 B2 £24¢
< HojETh(Table 2). BPS® BPF7} 2H= WiH A {814
o] A&7 A7 =} o]F BPAWAIA o]-§o] A|¢EL
Aot FEA| (thermal paper)2t 2 Hol| 220]= ZGA| Y
785 vhggt A7} §lo] o3 BPALL BPS7} o] 851 §)
T} (Layton 2010; Cao and Popovic 2015; Rocha et al. 2015).

A3ES o83k BPA tA| Aol A o A5 WEH] A
Zoigd anrt gy AAENA dANE Foe
o] AZHQUth(Yang er al. 2011). L5 59 A ER
FE 4ol 75t isosorbided] 79 ARl =L W
A= Hojum, ETAER ofYe} o ZARA| 22 T
AFAE QAT = S AR AYEo] e AR
FERT U} (Lukaszezyk et al. 2011; Rose and Palkovits
2012) (Table 2). 3tAITF 744 A A o] oA o, ko] &
ojg A% E4o| RF35te of7tA= AE A<l BPATA
&2 2o]A] Foh= Aol

A= u|=2] o|A~ERH(Estman chemical company)©]
A 7aste] akstal Qle Eato]eh(Tritan )o] A-Z
BPAT A =4 o] &= gtk Egto]&-2 copolyester 4
A EefAE o R BPAZE AHEEA] S-Sl E 719 BPA
7h 21 Eetago] 2= B4, WEAT A Hold W
TS 7HAAL Qlo] 24, A1F87], oldol§ H, AW 5 o
&gt AlFol BPAS thA|ste] 0] Qlek. £3] Tritans

A3t M|7FA] ©@EFA] (monomer), di-methyl terephthalate
(DMT), 1,4-cyclohexanedimethanol (CHDM), 2,24 4-
tetramethyl-1,3-cyclobutanediol (TMCD) 504 HASZ2E
ojuf oz =2 FALAEIT UEhA] grol BPSY BPFS}
22 iAol gle AR dAAZE B7HEL itk (Zhou
and Ritter 2011; Osimitz et al. 2012). 3}FA|TF estrogen WZ
X §ek AT (MCF-7)E ol 850 Tritang FASH oo
Aol &8t estrogen A (estrogenic activity)= 218 A},
Tritan A T2Z FARRE YEs Ao THEoO
Tritano] HHZF WA} obd 4= Stk 9fZo] A7|= %
o} (Bittner and Yaniger 2012; Rochman et al. 2013) (Table 2).
&5l A Estman©] $Ax8tHA] Tritano] et =22 4
gEE= X Yoy BPATAA Y SHAA o thet S8 &
B3] SAE R Fet th(Rochman ef al. 2013; Ng et al.
2015). Nuclear hormone receptors2} 3}H=27E2] 2] A9l
A% 7HsAS &2l B (TOME2: Inverse Screening:
NR_HUMAN; http://atome?2.cbs.cnrs.fr/htbin-post/AT2B/
SUPERATOME/SelectInvScreen.cgi)s &3 BPA tiA| 44
£ 4~8AE (ER, AR, RXR, PRGR, PPAR)7}9] ZAgE
(pKd)#HE =&dE 2, Tritang 743 GHFAEY
pKdgF2 =& 5 R &ttt ol BPF, BPS, BPE= retinoid
X receptor o (RXRa)oll H3] 22+ 6.1, 5.9, 5.59] pKd@t=
et olch RXRaol th3t retinoic acid (RA)S] pKdghS
7.0°]31tt. RA+= RXRo9 7138 AFH o)A 316ARGSH
$42%E P45 uhd, BPFE= 305TRP $42%S
A5l BPSE 327ALAS} $£4ZA%S 3 Al5al BPE=
327ALA, 316ARGS} =2A%%E FAoe AR AS5EHS
t}(Fig. 3). o] &gt A= Tritan GFAEY TEE F8A
oFo] A Al Ad7HeAS vl A FA|Tk BPF, BPS, BPE
£ RXRa A2 4SS 2 7HsAol Eohe AS 9|8t
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Fig. 3. Estimated 3D structure of retinoic acid (RA) and bisphenols (red lines) complexed with ligand binding domain of retinoid X receptor
o (RXRa) (White ribbons). A, RA-RXRa complex, B, bisphenol F (BPF)-RXRa complex, C, bisphenol S (BPS)-RXRo. complex, D,
bisphenol E (BPE)-RXRa complex, E, magnification of RA binding region of RXRa (ARG316; green lines), F, magnification of BPF
binding region of RXRa (TRP305; green lines), G, magnification of BPS binding region of RXRa (ALA327; green lines), H, magni-
fication of BPE binding region of RXRa (ARG316, ALA327; green lines). Green dotted lines indicate the hydrogen bonds between

ligands and amino acid.

ZE F8AY T2 st Y O
3t in-vivo, in-vitro A7} 3y

3. Phthalates®} oA A

Phthalatese= S228S REEg7 ©HE7] Y3l 0]+ 7
A7 (plasticizer) 24 PVCAFY o] vt s} g7 1 o8] F
Z3] %715} th. Phthalates= 7144 715 2lol|l= A
AA|, LA A, SEA, AR 29 5= e =

ZHA I §lo] ARAIE, HRIE Sta, H2A|, AE5-871, 4F
¥, YokE, SE T YT LLolA 2oy &
a}_/;Q,OH FaeE ﬂﬂ = & H@ E4 ‘Iﬂ—\:°ﬂ ojd
&Zol @ol o]&
QS’iE} 019} 7*3 %% &g % &= E:ILO]’I’— 244

faflidol B A I ARg-o] A= ik

o e
ﬂ” to kx

3
olo

e A, otolgol 3 A
53t phthalates =& 7Fs/do] ¢
=oF 1 qtAI7E o 2t Sl (Kluwe 1982), 1) 3¢
19999 o|F = A9t AE=S HA; F3}ste] 20061l
= Ho= A5t # ]-%% o 0.1% ©]/¢ phthalatesE &
wASHL Jlew, Syl A ERE

Di-2-ethylhexyl phthalate (DEHP), Dibutyl phthalate (DBP),
Benzyl butyl pthalate (BBP)2} Z+2 phthalates”} 0.1%5 %
3k ojHol-g FARESY A E FASHL A (EFEHED H
ZAFECHA T A9 A2F). 2| 87]7] FA] phthalates
HaAI7 7V o] 2ol Bob2 phihalates 7AA 7 2
£ 434S wgste] 20159 79%E DEHP, DBP, BBP2}
22 phthalatesE 33t A&l sl AHES S48k
(=771 AR AT 3 A1F AR, 9 &77]7]
317F, A1, AAF Soll # 47 [A12014-178%, 714.10.31]).
SHAIRE ) FA1 9] Z-9- phthalates 7FaA] off ek ZAH 22l
T+A17} obd DEHP, DBP, BBP 359 $4& & +A|o|7] o
2ol =58 X F FAFIL Utk AAR yeast 232
e o 2 IR o] A o AF (phthalate esters) S5 2] A AER
AAS 18t A3}, Diisobutyl phthalate (DIBP), Ditridecyl
phthalate (DTBP), Diethyl phthalate (DEP) <JA] DEHP, DBP,
BBP —‘-‘—I‘ _n_/\].zs _4 oﬂ/\EEX]]/H KN 71—‘— OE §_}.o1
%) 9ok (Harris e al. 1997; Api 2001). E3F, o] 2EZAl0] Ht
S FAAES E83 microarray A E ol A diisopropyl
phthalate (DIP) ¢ A] DEPS} SAFs 220] | AEZ AL
LA TH(Parveen ef al. 2008). T3, A S 2 o) ZF O

2 FA8ke F w3t GH3 Al 2E ©]83 T-screen B
& 0|43 T4 DEHP, DBP, BBP ¥4t ofyz} dioctyl
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Table 3. Characteristics of common plasticizers as alternatives to DEHP for blood bags

Name Characteristics

Limitations

Tri-(2-ethyhexyl)-trimellitate (TOTM)

Sufficient gas permeability for Oz and COz,
(improve platelets storage) Less likely to leach

Less efficient than DEHP as a plasticizer,
no positive effects on RBC

from plastic than DEHP, Low toxicity and no

aquatic toxicity

Butyryl-tri-n-hexyl-citrate (BTCH)

Shows no toxic effects, equal or superior
technical properties to DEHP, higher resistance

Unpleasant odor, elevated price and the lack
of the possibility of steam sterilization.

to cold stress, reduces RBC lysis to a lesser

extent than does DEHP

Acetyl-tri-n-butyryl-citrate (ATBC)

Used mainly in U.S, shows characteristics that

Elevated price, low efficient as a plasticizer

are very similar to those of BTHC.

Diisononyl cyclohexane-1,2-
dicarboxylate (hexamoll) (DINCH)

Di-(2-ethylhexyl)-adipate (DEHA)

Have structural and technical characteristics
very similar to DEHP, shows RBC stability

Oily liquid with an aromatic odor.

Recent study reported that DINCH’s
metabolite (MINCH) acts as a metabolic
disrupter

Less compatible with PVC than DEHP,
slightly lower toxicity than DEHP

phthalate (DOP) 3t DEHPS} AR (A E=E9] 1/
10000 =) =29 AT EE FARTLE Q’—‘E Aol &
<15 1T} (Ghisari ef al. 2009). DEHP, DBP, BBP= & A7)
Moz b go| 2el BelrE AR o|5E T
phthalates”} Zt= a4 wZoll A= ot dAA S0l
2olal glow, Bk bAdt AN E Estr] {7t 2o

A= it HA, =] X7} ¢l+= phthalates7} obd
adipates (ex. di(2-ethyl hexyl) adipate; DEHA), citrates (ex.
acetyltributylcitrate; ATBC) 5 Z3dt= tohE T4 313}
E4& 0] &% 7taAlE0] phthalates 7FEAE HA|SE7] Al
Z}3) T} (Table 3). SHA|TE A =9 2po]7h A& 1 o5 thAA
T3t 7|2 phthalates 72419} GAFE SIS Hol7| =
shglon, 5/4do] Wt st et o] oA ALY o]H 9
phthalates 7tAA| Rt @2 v]8-S Q=2 3131 Qltk(Nara
et al. 2009; Simmchen et al. 2012). Z <, T-screeng ©]-&3+
¢tol A, DEHAZ} DEHPO} AR & (A2 =229
1710000 =5)9] AT 2R FALETE 2= Ao
%) It} (Ghisari et al. 2009).

Citrates 7| 92| 7}AAZA @A) AFEE L
Citroflex A-4 (acetyltri-n-butyl citrate; ATBC), Citroflex A-6
(acetyl-tri-n-hexyl citrate), Citroflex B-6 (n-butyryl-tri-n-hexyl
citrate; BTHC) 5224 & DEHP-free &|2-8Fof AL
Ak o5 SUBY, FASAH, A4 9 WAEH Sl
A o9 obHE Aoz s Hul ok (Chiellini ef al. 2013)
(Table 3). L2t} o] 59| WEH|A agkat I A7 4
T QA o|FofAA] Fgten, WERA wd SHoA 9 ¢t
AR AEE A” in-vivo, in-vitro @7t T Eojof & A
ojth. ¢FA AFE Tritan®] 799k 0] copolyesters ©]-&

i

& ZhaA7E RaE GAAE B8 4 ke =Fo]
F5 9o (Zhou and Ritter 2011), Tritan2] A A E 93
ol A71E 7FsdE& wiAIE & §ltth. o|% o] ThaA = Q)
e FlA diEol TtaAlE AR A B2 A E o8t
W gA A=EI Qo Aoy A" A
oA HtZ 83 E4S e 2A4E tEs YHE 1A
£ AH85HA] 7] dj&of phthalatesZ 13 F34d-& AT
2 ik AT A2 oA 24 7k2eF 9| hydrogen
chloride, hydrogen sulfide, sulfuric acid, heavy metals, chlo-
rofluorocarbons, polycyclic aromatic compounds, volatile
organic compounds, nitrogen, sulfur dioxides 53 72
qEdsol g H7] il AlEs T8 AFAA gl
E = S0 At FE feide 7ML e
gaEY 22 2Y AES BH=EEE EF
(IARC 2015) EE} g7 Aol kAgk hA|A H
3 AR AES st e AR ASEH
FoF 22 *—lgoﬂﬁ FET Folu LUS o] §E Xﬂ%
dtzo g AEsgol Hojun YA 2d=d
&skA] ¢47] wiwol HHstEAE A A AFez
2EI Yot SHAT oA = 2 HlES BRE S
\on, g kS 98l FHAEEAE (GMO)S o83t
79-7F Wot o]Zlo] &7 o FaFs WA 24 &
2t 3 E 7IA I QI (Alvarez-Chavez 2009). E3H 4]
=oA et A2olzt A= A= oA 1 3tehE

TF27} vH= Zel7] hizel o] Al fafd 4= ok ¢
S 7HAAL Qi

Phthalates7} ZH= Z-o] AA @A A7} o2&
A= Qlth. 714 @Wo] 20o]= phthalates 7}4A] 21 DEHP

o°"

o so _EL

to o r do T

—Elru;‘.i

,9_
=
=
=

i xe

fl
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= 928 84 (blood bag)ol= 2ol=t FETE AA
A FAE Fo Z717F BHRBAS M5 e B
A& 7HA L glol A diAE7] FE9Itt. W&ol DEHP7}

2= 8843 F3l4 AbelollA #3& FAe AT
AL FAFHAE HE HAAE ol&stE= A=t
A& = th(Simmehen er al. 2012). 1 A3t 2D hA 27}
N=lo] @A HLE gtk shA|Rt o] WA GA| &
ol qlo] ehesittar 3 &> glok(Table 2). 7HF @Wol 2
o] &= tiA] 7FAA| 5 3l trioctyltrimellitate (TOTM)
o] %% DEHP¢} fAME 54 7HXHAE {340 glo
PR A= F7 i 2olu glov aEo] ojA F
At E4S W7 AeliA B2 42 2= kL Yok(Sim-

mchen et al. 2012; Shehata et al. 2013). TOTM 2] S4dof T
g A= wiS BT Ao, @A7HA] BaE vl 9
3l ERa®} ERp reporter genes b= Al3EZoA TOTMO]
NAEZA B 2= Ao Z AdHA Qlth(ter Veld et al.
2006) (Table 3). E3F, TOTMS AHgat Sgulo] Ao da
o Btol= fEfstAT A8 B3 Alofli= DEHP, citrates
2AE AHGR ASET Bpdo] HoXe AoR ol
21Tt (Zhao and Courtney 2009). @AY, dioctyl terephthalate
(DOTP)E ©|-&3%t 7]‘—/1\Jﬂ7]' 7]1Z9] phthalatesof A] H2l U
HHA Fojadtet Z4F filde UEtlA oA 2
aE&E Hola 10 (7]& phthalates 7F42A| 2] 80~90%) 7]
£9] DEHP%} DNIPE HA|E = gl= X 7taA= F
813 Stk =i o) A$ LGEEtolA GL300o# oo =
HA AgEen E4& AT GL5000] Folo] s
Aot 2 584 7 kAT AR FaL ot
71& 7ka2A] tiH] 740 134 7k vixpr] gl 7H4
AA o] ol th= TS 7R L Tk (Kim ef al. 2014;
LGchem 2014). Nuclear hormone receptors2} 3FsHE2 719]

AFA A% 75AL EestE W (TOME2: Inverse
Screening: NR_HUMAN)S 53] DOTPS 8 =28 £
445 (ER, AR, RXR, PRGR, PPAR)7+] 23+ (pKd)ZhS
T23E 23, DOTP= &4 d4 &8Al=0l 2dstA &
= Ao = I o]Hg A= 7]& phthalates®] T
A2 24 DOTP7} Hl A AT AL onjsiH, 5 4
W3t in-vivo, in-vitro ATE F3)| AL E2lgfof &

o|t}. Phthalates 7}2 A= A7}, BA SHOA B2 751-
& 27] g2e] o 7}5\Jﬂ§ A A5t = o1H

CE

o_>f.’. ﬂ-l‘O

B2 gAs BES 35 Wy =

#< ol et oBF L AT REYS

AAR A e BHE AZE Tl oIH Ak
o],

4. Nonylphenols (NPs)<} o #| A

NPsE= AHEAA 9] 927} E+= nonylphenol ethoxylate
(NPE)® e} 2 22 2¢th(Table 1). 3FA 7k NPs} NPEs7}
WEEA s st Aol ¥ 2m (Bontje er al.
2005), EU°I A= 2001'd, =1 2] -9~ 2006'd o]l NPs@} NPEs

£ FAFA 4= AAst 0.1% o) Tt EFEES
M8 AAA, 42, HAEY 2 Az, 4, i, B
- A%, e AR FAsk 9&4 A= ol F EF
= AHEEE AU AR AlAIZE Al 2 BeiE T QA o
© ™, sodium lauryl sulfate (SLS)2} 722 SAAASAAA=
o] A EARE 2ol et AAZ 2012 A ] H|= EPAS||A]
+ Design for the Environment (Dtf) ZZ2 132 53) SLSE
=35} 829] NPs, NPEs T 248 25} ch(Table 4).

Table 4. Suggested safer alternatives to nonylphenol ethoxylates modified from ‘EPA report DfE Alternatives Assessment for Nonylphenol

Ethoxylates (2012)’
; Aquatic toxicity
Chemical Persistence Defgradatlon
of concern Acute Chronic Aquatic toxicity

C9-11 Alcohols, ethoxylated (6 EO) VL N H H L
C12-15 Alcohols, ethoxylated (9EO) VL N VH H L
Ethoxylated/propoxylated alcohols L N M M L
Alkyl polyglucose (APG) VL N M M L
Linear alkylbenzene sulfonates VL N H H L
Alkyl sulfate esters (AS)

[sodium lauryl sulfate] VL N H H L
Alkyl ether sulfates (AES) L N H H L
Sorbitan esters L N H H L

% VL = Very low hazard, L =Low hazard, M = Moderate hazard, H=High hazard, VH = Very high hazard, Y = Yes, N=No.
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NPs= AREGA o= Jau HRlEet e ==, &zt
28 H7H| (HEANRE ol &HA2H o] dA A= 2
3l NPs th4l ohFet tiAl A&l o] &= it spA9 27
2ol A R BaA ‘T2 e (dirty laundry, 2011)’,
‘AEX2EHPT o HX]E= FEFHE (A Red Card for sports-
wear brands, 2014)’¢| w29 n|Z23} §HS EF3 o7
uete] Ao e Etsta S, HIEY, A FolA A
APElE Uo]7], oft ks, AW A AR Ze]], dxed &

2 5 AAAL £ BREY FFoA I 3] NPs, NPEs
£ ZUT EDs7F HEHI §lo] 0|59 FFe=RH &
8] BlojuyAl= Zstar Itk NPso| tiAlA] HA 3l
UEHHI Sl SAAREAA S A HWERA ZolE
FetA] gHete ot uel 22 wEASS fsiAL
(DaSilva et al. 2012), &=°ll A= & 5 JoH, A E3)
TR o} ~AEAS G5 =~ Qlth (Messina et al. 2014)

o= =8
(Table 4). 3 AT A A FTA §7|3HE (volatile
FalEZo] vjEE

organic compounds; VOCs)E E33t

dHeAs o‘”?é]' = Utk w2l HA fHEAR Gl
U Fo|A 23t lecithin®t Z3Y 24 $HEZ cocamide
DEAS} Z-& HAAHG/A 7} FAHSAAA Y etz
FES A QIR 7AYol HoX| 1 thE AU
Aot Aol 2= A7 ol oF 7R = FAA A A7t
o]k Agoln, cocamide DEAS] Z-¢- =2 57
E7|= s ?_;ﬁ‘:'_ AR 2o]7]dl =] X7k ok
(IARC 2015). Y79 A% FelEdS Solaz} A E47]
< o83 Ho]'}:lol 2ola gloyt YA AL 100%
AEHECRE TE ¢ §7] HZ 3‘3—7301] ddH s 5
Y EE ST AIZ] HAAHEFAE o] &3 AFeto]
A= St o] B2 A 2t %W]-T'—]'%W]/ﬂ et 5
Y AAHH 945 240 AT FAARE F fAEE
w3 AT M AR U3 B0l ol 4
ol ofA7tA = - A= obth(Moynihan 1996).
NPs= o] Qo= HIE (=8) ¥ 1ot ZetAE H7HA=
= o] &EE4 oj7]9l& styrenated phenol (SP)©] NPs2| of
A2 F3]2L Ut SP= NPs¢F 22 {34 WA g2
HA NPs7}F Zt= 542 7HA L §lo] HRJIE (Z&)# ofY
2} o ZA AFE B W BAA, Z9A, SetaEy 1R
o Ak Fo= o]§o] 7HEstth. @A NPsE thA| s
SP7} theFet Zofoll A 2o]x glow, Sfoli= 33t
oA ‘KUMANOX 3110°0]gt= 0|52 2 7dsto] AJAksH
I Qleh SHA|NE G A oA W B W2 SP
A Aol FalE = Utk $+EHE L §leH (Brooke
2009), NPsHE-2 ofUA|gt £& FroA TR &
A& Uehdithes =&l YEH7|= 5tth(Ogawa er al.

Fig. 4. Estimated 3D structure of prostacyclin and styrenated phe-
nol (SP; red lines) complexed with ligand binding domain
of peroxisome proliferator activated receptor [3 (PPARP)
(White ribbons). A, prostacyclin-PPARf complex, B, SP-
PPARP complex, C, magnification of prostacyclin binding
region of PPARP (CYS249, THR252, THR253; green
lines), D, magnification of SP binding region of PPARf
(THR252; green lines). Green dotted lines indicate the hy-
drogen bonds between ligands and amino acid.

2006). Nuclear hormone receptors2} 3}sH=27E2] 2] A<l
23 71sAS Elst= W (TOME2: Inverse Screening:
NR_HUMAN)Z %3} SLS,SP¢} 8 325 235 (ER,
AR, RXR, PRGR, PPAR) 7t9] A3 (pKd)ghS =&
2}, SLS+= T2E 89 AsHA] g Aer g4y
itk 218} SP= per0x1some proliferator activated receptor
B (PPARB)®N th3ll 8.39] &2 pKd#t2 WEMN Lt PPARP

o A%t Aow ?:ja%{l prostacyclin®] pKdgh-2 8.02
2 1 H A} Prostacyclin PPARBY] 7|34 AZHE A
249CYS, 252THR, 253THRY} 423 FAst= uhd,
SP& 252THRI #aZ%s FAAot= A= S H AT
(Fig. 4). °]8gt A¥}+= NPs9| tiAEZ ] SP7F PPARB Al
SHAGE AH 7HeAo] Eohe A Yuisty, ol59 4
ol ot T2E +8AY 72 Wt 9 o 2 Az
g A3t &t in-vivo, in-vitro A7+ 18P E ojof T A o]
o}

72 £

2 2o Ae tf#HQ1 WERAoEE 2 BPA, phtha-
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lates, NPs©] 74| @33t A @A) o] &5 3= diAA=
of tis) FotE itk A AAHeR FoE Jl= %XM
o2t ols WEB A= =S9 ol&o] A ¥
Alols, ot AR S0l /W= o o853t Tt l
A GA] AFET 3o st SfAd o] A&EFHCE HIE]
T glou, gl uet 7|2 BPA 59 BAI} 2L of
B2 &S UedZI= o AL WEn Aol
B54e Bolza ek webd gAe SRt
| SelEA] oke # 1 dAAl 9FE Aol ohd g 9
o g Rl 7129] AR objet Aj2o] Adsl o
ARl st FAHL b4 Felo] Bad Aoz Aad
o ER R ol fuelx grdE $Hed 5
< FolE W 97 B71 2ol diAA el glof

mln rlr
R

X

A

k%) “‘1°

o

rEL'

48] TE2R gA R n@ Gl gle Edo] ofgt
olAof that 314 L A U3t 3 283 T of

@ Aoltt. o] 2o %1117} S35 Aot AR Sle
o= Z7HA] thoFet BZ oA YEu AN E- o] AZE
I gleks AL A7 2 2499 A w2 714 7A
Holl 71kl HekEn. ojek Z2 AE AE S5
st A AL EANA =E okt 71 HAA v
485 HE BT AFHoopE a4% W,

3 e

FolA &

wgst, 53 ¢4, 271 S5
de LT e A2 & dHA 3
ol Rt WRH AR EE- 1 Wi A gt &l of
A Aol REsto] HRIE, I, AlA, Eet2E Fof &
}%5101 ek, 53] 7HgolA Wi AR =S 24

LB, AIEE AlA 5ol AREE O Al HA =5
‘31‘3]' olF WEB|AGNEZ Y AFAS AAHEA AlA
Z=ode WaH A R=2 o B4 2 AMES FAIs
HAAE E=28t7] AlFskeh. 22u @A7HA] Bad o
ARt TR EoHAsH, o] 59 QUA|of thEt of gk
< @As] mhofstA] ZE A ARgsta ek 2 ol23 o
AAE 5 71&9 WA 24 +22 o2 FASH

2HA e a¥E Ze E40] o] waERHeH, ol
2 2304 7]Ee] 4 & A WER A REE
bisphenol-A, phthalates, nonylphenols ¥ ©|&2] tjA| A7}
AA WA= FFE ghotsta, vobrt AR A A Sl
3t in-silico A& AT OEZN FESH= A A

o o2& A7Iska v ARt 24 T2 AR 7| =S Al

Eo]A Aol &4 (endocrine disruptors)> E-f-
Hol YEHAE
%3

& uA

OPD&VFQJ_V‘LJg_IZi

A5k} st

At At
= ﬂ T= o] =EL 2015¥= xqa(u]qu}&q 1) 9]
AL 2 AT G- A EA S ES A AUAFAY
9] Z]-?—_—% whol 3% o319 (2015M3C8A6A06012996).
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