ot AR E HiTEp 4%@5% LN A ,M—l%g B %
g’ﬁﬁf

FrtiREL R ¢ R X FF 4 P2k
i &

25 & & 4 47 3088 (benchmark dose soft, BMDS) #xd £ B ZE %% #rB & > B o0 772 %7
HELS TN F o «#ﬁa% VLTS E 0 T ks 47 A B R E T g (benchmark
dose lower bound, BMDL) - # BMDL i&4p § ** NOAEL s * - 34 {7 101-104 " & * £
ﬁwiﬁﬁ%%ﬁﬁ#?%ﬂﬁ&W@ﬁ&%Lwyﬁ-w2w4iﬁ”éFWh?%
B#Ep e Qg iae ;?*\’”]114 TR A wE 2 BMD R IFS 28 e 2 29 B F
*BEBMDL B %= BMD# it 22 X %2 T Fafl s fl~ i~

AL I Z 4 ] R R R F iR O AR TR B - 101 3 104
ERAEHEAEE > 2 BMDL & (mgkg/day) ~ % > 4 ¥ (SF)% %% # £ (RfD)

(mg/kg/day) » =] 5 > 7.61~100 2 0.08 ~ 4¢ 4% 0.61~100 2 0.006 ~ 14 #7+> 0.0036 ~
100 2 0.00004~ i 2z ¥ 0.121~100 # 0.0012~#=4&+> 0.171~100 2 0.0017~ b %% 70.9 ~
1000 % 0.07 ~ #£ =+ 0.433~100 2 0.0043 ~ 7 £ 4c %3 66 ~ 100 2 0.66 ~ fug £ 0.011 ~
100 # 0.00011 ~ = # v 0.86 ~ 100 2 0.0086 ~ # & = 48 ~ 100 2 0.48 ~ ;= = > 0.007 ~
100 =z 0.00007 ~ #ijgc s 6~100 2 0.06 ~ F# = ;= 0.029 ~ 100 # 0.00029 -~ i* Jg F 13~ 100
3 0.13\3%\;’”\28\100& 028~ " A2 2~100 2 0.02 ~ ¥ +5 5100 2 0.05 -
v 2 27> 0.049 ~ 100 2 0.00049 ~ %= 74 ~100 2 0.74 ~ = 45F£ 25~100 2 0.25 ~ i%
>% 16~100 2 0.16~ * 5.4% 4~100 2 0.04 ~ £ # ¥ 0.405~100 2 0.0045- & %% 15~
100 2 0.15-~ %3 % 3~100 2 0.03 ~ 45 4> 0.35~100 2 0.0035 ~ %= 7] 3~100 2 0.03
2 4 k4> 0.46-100 2 0.0046 % 29 fa-Tier | 7 f % * 4§ :#% P~ ¥ 22 BMDL i&>BMDLegpc
/IBMDLcpr, & BMDLgpc /NOAELChr<l PEE 7 Tier Il f 5+ B > i b 'k
Moy E Tier i 5 F 8% P F2 BMDL & » Fiw @<l pF> 732 ADIE - 9
BRGEFEEFRE2ZE 2 (e f? FEFEREFAERE A7 Avp 224 R
% b wﬂ;}m;}zﬁ Bl REET ,ihl FEREFRERS T Z G 35 %(T3)~ &1 Fl(male
and female E2 ~ male and female TSH ~ aromatase) ~ # if "=(LH) ~ % ;& #(FSH -~ T3)% #
s (T)E & BMD & &~ b > HAZERGEFER? S EREF BM “fﬁ Fo
Pir 5 FEiT* 22 BMDL B2 3 385% NOAEL v 5 < 3t 1 ¢f» H b B ZH| P35
Al HERE R —1%1?’# Bo'sEFLRE o lzi&,‘ﬁ_fﬁk‘ﬁ_m T owmit 9 BRNERE G % B
%%%ﬁ@ﬂ,ﬁ%ﬁmwam4%1NWEL@h%%&iﬁﬁﬁNmeﬁ’ﬂ&
Ao Fp G R B BRI FORRP SRR

BE4Es @ AT IR s ARHE
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w3

EARRFFAFTI ALY REARRE LTI RGEERF PSR E B
PR&ER TP EAERE A7 Flet P NOAEL » X £ &% & ADI & £ & i
JEoo B 5 B BcPpdhoae 7 & BMD 445 0 Bl BMDL E#-¢ #— 4 NOAEL & { & £
Mo PP EREFEZFE TG b 'RTFIRL 02 BMDL &~ 3 NOAEL & - p
FERRIT A2 Y BMD 27 ADI 5 » e & & /<& i » NOAEL ~ &
P4 BMDL &3 - 3= % F g8 Y- FiE > 2 A ‘\;_IFL ° {7 BMD
A7 st i et NOAEL 7= B % ADI (& > 8228 NOAEL 3 & 54k 8k @ (1) 41> &
FPREHEXTIRFEE(QEZRAPHEF BtEa R s azEpP HEF [@;ﬁz =
LS () PR E sk EE B NOAEL & > se AV Bt * oM v L3 T HE
(lowest- observed- adverse- effect level, LOAEL) » fe ] 25 > 30 # o i85 — 27 1§ & Al
B A 2% AN E A% Y B8 NOAEL & FF#P~p LOAEL > F]M >+ F £
E&%#Bﬁ;@%#ﬁiﬁ iz NOAEL 2 i1 ADI a3 o BEAAR% F A > o %
BMDL & - iz & USEPA =1 48 £ ¥ European Food Safety Authority (EFSA) Journal B
v LIP3 £ BMDL &2 NOAEL 18 2. 7% 3F £ » European Food Safety Authority(2009)
aim kg B 2L RfD @ (ARfD)F &1 7] NOAEL #2 BMDL & » & a3 M+
ADI @R * NOAEL & » @ 2 4% BMDL & > H38d 5 TR +F3 B3 3 7 %
pAF P2 EERL I PEERY EAT PRl R FERT T PR
A mpi‘%f"«f"“f“ BUPBZ ety 5 Hisdpr o Flpt 2 3§ &% BMDL &k & 51 o gt

B AT AEFZEAL T RY »n BT : AT GR- FERPF BN -8B
BHT B n HEHE - BRT R 0 U2 FPFR MR FI PR BE- T EF
- EAA R EH, R AR £ A R g 0 g BMDL B 275

NOAEL/LOAEL 4 it 4 E &4 :#2 & & ~ KM 2 > Flt* BMDL & -

b

417 101-104 " A ERE AT FHEFRA Y PEHABMBEERL G TR 0 2
102-104 £ 923 "R E F R B -2 gL aw ;Rﬂxj‘u% BT A uE
BMD 7= 28229 % * LZBMDLE » ¥ %~ BMD#&T> 22 ¥ %2>
BELA s A s H P F e TR = %x Ty FRB R FERE
O fls AT S LB o A W4T 1 101-104 T AEH R AT BEEF 0 B F
HAMEERL %G 0 AEHE L1782 @ 3% NOAEL 2.t o> 2= 30 B R Z W & 7
Lz HRE TSGR T M E REFF 24 5% BMD » 47 5838 7 4 47 >
’I—xp P RN ARER N R o J—x; %% # 3= AIC #c & ~ Chi-square residual *

HP@E-#E&iEEZ 5 (DAIC Bcigk | #&iE - (2)Chi-square residual F 4 ¥t/ 3+ 2>
(3)’d PiEd%+ iz 38 p - 101 #:#5% 4 7.8 % » @ 5L NOAEL & (mg/kg/day)
¥ (SF)2 %% # £ (RfD) (mg/kg/day)~ & 5 » #A4> 0.25~ 10 2 0.03 ~ 4¢ xﬂ-ﬁ | 15 ~
2000 %2 0.008 ~ 4v %4 0.22 ~ 100 % 0.002 ~ = % £ ¥ % 3100 2 0.03 ~ &£ % 175~
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100 # 0.175~14 #r+ 1100 # 0.01~3% 7 ¥ 3~100 2 0.03~3#=%5+> 0.06~100 2 0.0006 ~
P.%% 25-~100 2 0.03 2 # =+ 0.5+100 2 0.005- 101 # &7 10 /&% * B % BMD
AfrE o F A F*‘}—'**"B’*’d ﬁxj—*" - BMDL ~ SF 2 RfD 4 %] & » B> 7.61 ~ 100 %
0.08 ~ #¢ l-'l'—ﬁ | 104.43 ~ 500 2 0.209 ~ 4v i%4% 0.61 ~ 100 2 0.006 ~ = & B F % 1924 -
1000 %2 0.2 ~ .+ % 6001 ~ 1000 %2 6 ~ 14 #7+> 0.0036 ~ 100 2 0.00004 ~ 3 7 {¥ 0.121 ~
100 2 0.0012 -~ #4&+> 0.171~100 2 0.0017 ~ B %% 76~1000 2 0.07 % # = > 0.433 ~
100 % 0.0043 -

102 EF?‘%F/’:\’H TR RNEAT Y LE2Z AEHELITE TR NS FEFTA
Ea gaiv, g4 H @5 NOAEL & ~ % > e 47 A E(RfD)E - o 3t #7518 3
B %%L—*I‘i’ﬁ"} R EZPEAERE L ITIELE L R B BLEF LT

| & -F

o

HEizre & £ f7 17 BrRegrird Lo RrRdpP s LA 2ZHE-
b a7 - 27 @ ERE - AEHR LS 785 0 5% NOAEL & (mg/kg/day) ~ % > %
# (SF)2 4+ #| € (RfD) (mg/kg/day) A ] % » + &4+ 0.2+10 2 0.02~ ¥ i£%=5.7 ~ 100
% 0.057~ % #2 7.2~100 2 0.072~ g #= 0.095~10 2 0.009 - %,é\%‘* 5~100 2 0.05 ~
P ® 51002 005~ 5+402~10% 0.02~ % 4]1.85~100 % 0.02~ &=+ 1.3
100 2 0.01~# 5.4 0.9~100 # 0.01~ %5 4] 0.5~100 2 0.005~ f# 44> 1~100 2 0.01 -
>wE 25~100 2 0.03~ F#F 2.1~100 2 0.02 - %= > 0.083 ~ 100 # 0.00083 -
<4 0.1~100 2 0.001 ~ ;= :£ % 8~100 2 0.08 ~ = 4[4 0.025~10 2 0.002 ~ 7 A ¥
1-100 % 0.01~ = v 0.45~100 # 0.005~ # % =+ 125-100 # 0.125~ # #f ¥ 10 ~
500 2 0.02 ‘%'5}%%5’ 300~100 2 3~ 4 5.414~100 2 0.04~ ¥ 5.% 2.2~100 2 0.022 -
Z 5+ 0.02~10 2 0.002 ~ g4+ 0.04 ~ 100 2 0.0004 ~ % 1~100 2 0.01 ~ & M
0.05~10 % 0.005~# 2 105-100 2 0.1 A B¥HE L 78 % > T v s F &2 2
A2z B v ¥ BMDL &-# BMDL & (mg/kg/day)~% 2 8 (SF)% % # & (RfD)
(mg/kg/day) A =] 5 = 42.v] 0.86~100 % 0.0086~ ¥ 4 = 48100 2 0.48~ ;& + > 0.007 ~
100 # 0.00007 -

103 £k~ 175 % A E 3L AV * PE2Z AR ELFTHEH LR BRFFEZTH
B f1ir, 28 s NOAEL & ~ % > faficd 2% %8 (RMD) & - d 3+ #1578 31
AT RF2ZRTHRHTIBY P E AR S AREKEG R E % 35 NOAEL
& (mg/kg/day) ~ % > T8 (SF)2 % & & (RfD) (mg/kg/day)~ %] % » 47 i 4.8 ~ 100
% 0.05 -~ 4535+ 0.05~ 100 2 0.0005~ 7 =2 @k NA(K)~NA-NA~ 7 & § %z
8~100 % 0.08 ~ *5 ¥ [f] 12.5~ 100 # 0.125 ~ Z-# 4> NA ~ NA 2 0.007 ~ £ 24 NA -
NA ~ NA -~ %é%«\ 0.29 ~ 100 # 0.003 ~ =+ 1~100 %2 0.01 ~ 'g( s.f2 20100 2 0.2 ~
I ri+> NA~NA 2 0.0007~ 5 A& 24 NA~NA 2 0.0007 &1+ % ¥ i* 48 NA~NA-
NA ~ -7 % NA~NA~NA- 7 F4c % 1100 2 001~ & B F 10~ 100 2 0.1 ~ #
&3 NA~NA % 0.0036 ~ ;= 5% NA~NA-NA-~ = # #+ NA~NA % 0.0045 ~ ;& &
NA ~ NA % 0.0007 ~ F ¢ g 2~100 2 0.02~ § +% NA~NA-NA -5 3 1.75~ 250
% 0.007 ~ k% ¥ 1100 2 001~:—_$=v'~k 5+100 # 0.05~ F=# 7~100 2 0.07 ~ {*
.471~100 2 0.01~ % ;=% 1-~100 2 0.01~ %% ~ 0.025~100 2 0.0002 ~ :£ ;= % 5 »
100 2 0.05~ #4c 2 £ 20510 %2 005 A BEHE L4785 > 7 L4 FBFK 2 TR
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- p&+ ¥ BMDL & » # BMDL i& (mg/kg/day) ~ % > ix#c (SF)2 %% & & (RfD)
(mg/kg/day) 4 ] 5 = A 4c 4% 66 ~ 100 2 0.66 ~ %# £ 0.011 ~ 100 2 0.00011 -

104 #2%~ 475 % A E 7T AV PE2Z AR ELPFTEH LIRS BRFFEZTH
EWE T, .8 @5 NOAEL & ~ % > ¥z 44 HE(RMD)E - AR #cd 4 &
2% > 3% NOAEL & (mg/kg/day) ~ %= > ta#c (SF)2 %% &£ (RfD) (mg/kg/day) 4" |
oM mpr1-~100 2 0014 ® NA-NAZ2 NA~ =3 NA-NAZ NA- B x%
NA~NA 2 NA -~ i F NA~NA 2 NA ~ Z788% 0.75~ 100 2 0.008 ~ #ijgc s 3 ~ 100
% 0.03~ #E k4 0.25~100 2 0.003~ K% 3~10% 0.3~F* = ;70.2~100 2 0.002 ~ &
¥ 6-~100 %2 006~ = 2 I %>25~100 2 0.03~ 7 A4 2 jf 0.74~100 2 0.007 - ;E%
% 25-100% 0.02~ # 5 25100 2 0.2~ ¥ 5. 413~100 2 0.03~ 7 g &> 0.1 ~
100 2 0.001 ~ # =% 15~100 2 0.2~ %2> 0.2~10 % 0.02 ~ = 4%F4 2 ~100 2 0.02 -
= 4% 0.25-100 2 0.003 ~ ¥ %3 21~100 2 0.02~ %% % 3100 2 0.03 ~ "% s>
6.5~100 2 0.07 ~ = %% 3.1~100 2 0.03 ~ 5. %4% 2~ 100 2 0.02 ~ + 5. 4% 0.22 ~ 100
% 0.002~ »:F % 5100 2 0.05~# %= & 0.9~100 2 0.01-:# ¥ 0.14~100 %= 0.001 ~
2 53% 15100 2 002~ %35 1.2~100 2 0.01 ~ 48 0.625 ~ 100 2 0.006 ~ ¥ /=
ELNA~NA 2 NA~ T 5 & 3~100 2 0.03 ~ &= 7] 25~100 2 0.03 2 & k4> 0.04 ~
100 2 0.0004 % 37 &% * L #2 TR AMMI TREHTH AEHEL 7SS H
BMDL & (mg/kg/day) ~ % 2 ¥ (SF)% %% # & (RfD) (mg/kg/day) 4 %] & Figc s 6
100 # 0.06 ~ 7 = ;= 0.029 ~ 100 # 0.00029 ~ i ¥ F= 13~100 2 0.13~ = % ¥ % %~ 28 ~ 100
2 0287 fA42 F 2-100 2 002~ F 45 5~100 2 0.05~ 7 A #r> 0.049 ~ 100
% 0.00049 ~ %+ 74100 2 0.74 ~ = 45F 25+100 2 0.25-~ iz %% 16 ~ 100 2 0.16 ~
+ 5,45 4~100 2 0.04 ~ E# iF 0.405~ 100 2 0.0045 -~ & %% 15~ 100 2 0.15~ %33
% 3~100 2 0.03~ 454 4> 0.35~100 2 0.0035 ~ i&;= 7] 3~100 2 0.03 2 & k4> 0.46 -
100 2 0.0046 % 17 f8 < je b ik i b TG % 7 v 5 RF 5385k 10 £ HEF BH
%> 12 BMD 2472 % % @ . NOAEL B { £~ &1+ > F]BMD 4 473 £ 7| 2V #E %
FE A A 2he® NOAEL B2 25— MEL - 4pF & » 2R2RL%2HEF
b apF > = 2>& 287 BMD 247> @5 NOAEL E iva— ¥ #* 3 % o ZR%HE K
Bl %A £ BMD A4 E 77 % i 5 @ % NOAEL & 5 B (N £ B #iciE o Tl fiv 2
HAFEEREL 5T REFRPFYES A2 pHip o

NZﬁﬁFﬁ%%ﬁ%i?‘%i?iﬁifﬁw+ﬁﬁﬂﬁ“#%ﬂﬁm$?
Rk SR AT 0 B Ra ¢ 0pd - FR(17B-estradiol, E)ik & & ﬂ9 &Eﬁ - 103
ERTEEFREL A WAl = %‘ S A = T H’LH’Fﬁ - e
S % Bom o v (170-ethynylestradiol, EE) 5 mg/kg/day %g ¥ "% M i3 a S Bl —%
(luteinizing hormone, LH)JE & - = ##35 A P 8w ¢ LHIER - EE B ¥ "8 M0 7
#rig i % (follicular stimulating hormone, FSH) & & - = # #3591 §2 8% ¢ FSHIER -
EE B ¥ 3 4evp < B 57 Epo @ = EHBEEFEFMEER - EE g+ R v ki pE
(aromatase) & PP B 2258 m = EHPIEFENEER cEE & ¥ s 2 #3573 L=
e ;l”@% (triiodothyroxine, T3)ik & it = % 3 SRIEFERHER cEE 2 = BRSSP
Fa e ? ;l”@% (thyroxine, T4)Jk & - EE &g ¥ 3 4 o 5 ¢ 5 © ;l”?'% BB = BRI
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T o104 Eupaap F RESM 3 FE R «E@»F/ﬁ“#%ﬁswgl
foipsk » BE T 0 EE &psgi‘aécl i Ez Je R 0T ¢ & Ff (testosterone, T)
2 LHER - 3o ;I»L%—% (thyroid stimulating hormone, TSH)Jk & » ¥t = & ¢ ;l”?'%
(triiodothyroxine, T3) ~ ¥ ;I»L%—% (thyroxine, T4) ~ FSH % aromatase % Jk & & P' 3¢ 82 58 o
T BB FERE Z EHIOH A ¢ B2 R > 235" K T3~ T4 ~TSH 2
aromatase £ kA > ¥ T-LH %2 FSH 2k R5a PR X - e o AR H 0 A H
€ ’:—.'ﬁﬁ?l“f?ﬁﬁ\?”““ﬁ M“—';{ﬁﬂ;j‘(?» % :g;fpﬁ‘é ta PR, —é%f’?l]i“!"% [N
P+ B T3~ T4~ TSH % aromatase % )k & o
102 & S R B H AT BAGIR H AR R LR ot i BT
Wk HENT o HRAHeF? TRREP zam Mo 103 EAEREF L ES LA
CERIEIES $ = LA C R AN LS 2 T R 2N LR -* RER
% # fr (testosterone propionate, TP) 0.4 mg/kg/day I R S A R
(luteinizing hormone, LH) kR ozt E £ it duR| Flutamide 3 mg/kg/day R &g F 3 4
i ? LHER 5 =2 #8357 B8 57 LH kR - &2 TP 0.4 mg/kg/day & ¥ "% i
#7¢ FSHER @ Flutamlde3 mg/kg/day % = Z &P & P &R e a2 TP 2 Flutamide
$fie % B 77 aromatase (kA AP HEE S = ’,3’-***']5#?—? ERLE A N I

En nu\

B o w;TPigécm;—,?-v‘ &qm;}%}i.e Yt B ¥ > @ Flutamide P28 F 3 e HER -

@ M' [ 2 3 SRUFE MRS Bl F Y TR e LUBE R RIS R AT f‘ 2
& Flutamide 322~ 85 ¢ T3RARRP HRL F Ll @ fu”} R M

)5; » e = 1‘ R K 4o e fu;in B ¥ o iJZ TP 2 Flutamide & = #3572 82 85 57

v ;{H?'%(thyroxme T4)z TSHER - 104 25 f 5 L % »\:Lﬁ SR RBRE FE Mﬁ
i R Lo ;]H;]ué i TR 0 B % Ao 0 RJZ TP 0.4 mo/kg/day & ¥ *% i i
LH ¥ FSH Jk & %+ Eo~T3-T4-TSH-T % aromatase & ' &g 3 5% Flutamlde3mg/kg/day
PIREF M 4en -7 TRR » $#E2-LH-FSH-T3-T4-TSH 2 aromatase % & P &8
B it Ui 4 T3 2 TSH> ¥ E2~T~LH~FSH -~ T4 2 aromatase ¥ & " 38 8 5% ;
¢ R4 T3~ TSH ~ FSH %2 aromatase > % i< T k& » MA| £ W 4@ @ & & "5 i< E2
ER -8 T4 LTHEP P E, 2% T4 LHZ TER » #4 E2-T3-TSH -
FSH % aromatase % k& - & @ 5 » = &H f%‘a,( BrEMRE ;{M?z FEAREE
EPMEEPE Lz FAORM et RT38 TSHER » X0 fI4 T LH “FSH T4 z
aromatase % & f? &g B3 4 FSH 2 aromatase > M T kAR » T4 LH &
PR ;;;éh‘?" 2 T kR > 34 FSH 2 aromatase ¥ k& -
Tier I.
TG F#E#E%P>1E 2 BMDL & > BMDLgpc /BMDLch. 2 BMDLgpc /NOAELChr<l 2=
T Tier 1l 7 f 5 F #Fs%k FERE b e B Tierll = f 5 + ##F% 2 2 BMDL
B b E<LPFE BTHE ADIE o ;f;\ggmh gt breIER o A% AE
ﬂ&ﬁﬁw’@ﬁFWQ%%W&E@%ﬁEL%\ﬁ%?%Eﬁﬂyﬁﬁﬁyﬁé%
lefEod i Tl FREAIT S5HT ’TDJL TP REFRAD S iﬁx
% it fl(male and female E2 ~ male and female TSH ~aromatase) ~ # if #=(LH)~ % /= %
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T2 #a(T)E i & BMD ® B F b G B pEHifE SR B EREF R %
Fm e e A TR R g R ¥ 4R F % 2 BMDL 24 {235 NOAEL »* i
Wl Hepe BERAE) DB FEFFREY R GEFLIL - fq&,ﬁ@_ﬂ_.ﬁ%‘e-ﬁ_a =

it O BRI TR
b

p—

M :#% NOAEL & » H

% 1. '5d %4 4 NOAEL ¥ BMD

b HoapzEam N o+ 32 NOAEL B~ »t i #

TP o kR EERGFR SRR SRER -
Lz p AT 4Eicr BMDL #3515 558 Wi ia i 5

i
Pesticide 'EDC tests (mg/kg/day) Chronic test (mg/kg/day) ’BMDLegpc ’BMDLepc Source
/BMDLch, /INOAELch.
BMDL, BMDL; | NOAEL, NOAEL, BMDL NOAEL
Imidacloprid 3(LH) <10 30(m) 6 3/6 Dir 08/116
(m, f) 60(f)
Iprodione 0.13 0.06 Dir 03/v92
Propiconaozle <15 150(m, ) 4 Dir 03/70
(m, f)
Tebuconazole <15 50(m) 3 EFSA08
(m, f) 150(f)
Triadimefon 0.1(T3) <10 30(m) 28 3 0.1/28 0.1/3 JMPR2004
(m, f) 100(f)
Difenoconazole 100 (m,f) 100(m) 1 Dir 08/69
10(f)
Hexaconazole 150 (m,f) 150(m) 0.5 JMPR1990
15(f)
Prochloraz 16(T) 50(m) 50(m) 1 16/1 EFSA1l
150(f) < 15(f)
Fenvalerate 0.04(m,TSH) <1 5(m) 20(f) 2 0.04/2 JMPR1986
(m, f)
1(f,E2) 1/2
2(m,E2) 212
5(aromatase) 5/2
0.4( f,TSH) 0.4/2
Deltamethrin 0.85(T3) <03 1(m) 3(f) 1 0.85/1 Dir 03/5
(m, f)
0.76(FSH) 0.76/1
Carbendazim 76 2 Dir 06/135
Flusilazole 2.77 0.2 Dir 06/133

'EDC tests: tests for endocrine disrupting chemical
’BMDLepc /BMDLcy, : BMDL for endocrine disrupting chemical /BMDL for chronic toxicity

SBMDLepc /NOAELch: : BMDL for endocrine disrupting chemical /NOAEL for chronic
toxicity

B

i AEHESPTHH BT BRVGERFEFREE g 2
%ﬁﬁﬂ?ﬂ*ﬂ@%ﬁﬁi%ﬂﬁﬂ%%ﬁaﬁ’ﬁ%ﬁﬁ’ﬁi%ﬂﬁﬁﬁkﬁﬁ
0= i& %(T3) ~ %1 f](male and female E2 ~ male and female TSH ~ aromatase) ~ # i "=
(LH) » %= ®(FSH~T3)2 #s. p(T)E# & BMD # & F R 2> BAEHFEFER
7R EREF M R FeoBicE Aok AT o “f%‘- bl R4 Fr 2 BMDL E&
# M3E% NOAEL e+t 1 ¢k » Hipp BERPIS |1 BEEFFHIEY LG E
(LRE N e RER T o WO BRI P FRES R4 BN LT
# 2 NOAEL g% = ** & 14325 NOAEL & » H "2 i o Flpt 5 2 & i+ i 8%

Hirpg 3 kR BERAE -
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Abstract

Benchmark dose soft (BMDS) is developed and improved consistently by USEPA. This
soft supplied the BMDL which is equally to NOAEL in dose response analysis. We carried
out two plans, “risk assessment of widely used pesticides with benchmark dose analysis on
human health.” from 2012 to 2015 and “Studies on the effect of hormone-like pesticides on
pubertal developmental and thyroid function in male intact juvenile/peripubertal rats.” from
2013 to 2015. We set sup BMD analysis manual and finished 29 BMDL values for widely
used pesticides. Also we achieved the 5 BMDL values from 9 suspected endocrine disrupting
chemicals (EDC). Results of BMD plans from 2011 to 2015 with BMDL, SF (safety factor),
and RfD (reference dose) showed that acephate 7.61, 100 and 0.08, carbofuran 0.61, 100 and
0.006, chlorpyrifos 0.0036, 100 and 0.00004, methomyl 0.121, 100 and 0.0012, terbufos
0.171, 100 and 0.0017, carbendazim 76, 1000 and 0.07, fenitrothion 0.433, 100 and 0.0043,
carbofulfan 66, 100 and 0.66, fipronil 0.011, 100 and 0.00011, paraquat 0.86, 100 and 0.0086,
captan 48, 100 and 0.48, methidathion 0.007, 100 and 0.00007, thiodcarb 6, 100 and 0.06,
abamectin 0.029, 100 and 0.00029, iprodione 13, 100 and 0.13, triadimefon 28, 100 and 0.28,
propineb 2, 100 and 0.02, propamocarb HCI 5, 100 and 0.05, chlorpyrifos-methyl 0.049, 100
and 0.00049, propoxur 74, 100 and 0.74, diflubenzuron 25, 100 and 0.25, Etofenprox 16, 100
and 0.16, dicofol 4, 100 and 0.04, flusilizole 0.27, 100 and 0.027, bifenthrin 15, 100 and 0.15,
fenarimol 3, 100 and 0.03, phosalone 0.35, 100 and 0.0035, imazalial 3, 100 and 0.03,
ethoprophos 0.46, 100 and 0.0046. Results of EDC BMDL for 9 suspected EDC pesticides
showed that triadimefon (triiodothyroxine, T3), fenvalerate (male and female 17R-estradiol,
thyroid stimulating hormone, aromatase), imidacloprid (luteinizing hormone LH),
deltamethrin (follicular stimulating hormone, FSH) and prochlroaz (testosterone, T) fit the
model and the others did not. If BMDLgpc /BMDLcy, or BMDLgpc /INOAELcH,. from EDC
Tier | test was small than 1 then the Tier Il test was necessary to run. In the same way if
BMDLgpc /BMDLchr. or BMDLgpc /INOAELch:. from Tier 11 test was small than 1 then the
ADI should be reduced. EDC risk assessment showed that four pesticides were to be
concerned except prochloraz in terms of hormone effects. On the contrary EDC risk
assessment showed that it is safe for these suspected EDC pesticides except deltamethrin in
terms of effect of tissue weight. Based on above hormone effects from these nine pesticides
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are needed to be further investigated.
Key words: endocrine disrupting chemical (EDC), benchmark dose (BMD)
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Abstract

Toxicoinformatics has been an essential tool for setting priorities for toxicity testing.
Databases were firstly developed to manage the enormous experimental data generated by
toxicology studies. Informatics techniques were subsequently applied to identify structural
and physicochemical patterns for targets important for endocrine disruption. A number of
ligand- and structure-based prediction models based on the identified patterns and protein 3D
structures have been developed for predicting interactions with specific targets. Finally,
chemical-protein interaction profiles can be utilized to infer affected functions, pathways and
diseases generating hypothesis for further experimental investigation. Several publicly
available toxicoinformatics tools useful for endocrine disruption research were selected as
follows. Databases of EDKB, EADB and EDCs DataBank were designed to manage data of
endocrine disruption activities and 3D structures. SwissTargetPrediction, PASS,
OpenVirtualToxLab and PharmMapper based on chemical similarity, quantitative
structure-activity relationship, protein-ligand docking and pharmacophore methods,
respectively, are representative systems for target prediction. For the inference of affected
pathways, ChemDIS and CTD provide an automatic tool for the systematic analysis of
enriched gene ontology terms, pathways and disease terms based on chemical-gene/protein
interaction profiles. This work will give an overview of the abovementioned tools for
studying endocrine disruption effects of pesticides.
Key words: toxicoinformatics, endocrine disruptor, database, target prediction,

chemical-disease inference.
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Introduction

Modern high-throughput techniques generate enormous experimental data. The
processing and management of the data is out of the scope of traditional softwares. The
evolving field of toxicoinformatics presents new techniques for the data management, pattern
recognition and prediction. Various online databases were created for the management of
experimental data generated by toxicology studies and served as primary data sources for
pattern recognition and development of prediction models by machine learning techniques.
The underlying patterns of physicochemical and structural properties could be identified for
further experimental investigation. In addition to the patterns useful for better understanding
of the mode of action, the well-established prediction models could largely accelerate
endocrine disruption research by setting priorities for testing and generating hypothesis for
further study.

Despite of numerous published toxicoinformatics tools that are publicly available as web
servers or softwares for general toxicology studies, only a few of the tools are suitable for
endocrine disruption research of pesticides. To give an overview of toxicoinformatics tools for
endocrine disruption research of pesticides, several types of tools were reviewed in this study
as shown in Table 1, including databases, ligand- and structure-based tools for target
prediction, and the chemical-disease inference system. Examples were also given to
demonstrate the ability of the toxicoinformatics tools.

Databases for endocrine disruption research

Among the publicly available toxicology databases, there are three databases with special
emphasis on the endocrine disruptors including Endocrine Disruptor Knowledge Base (EDKB)
(Ding et al., 2010), Estrogenic Activity Database (EADB) (Shen et al., 2013) and EDCs
DataBank (Montes-Grajales and Olivero-Verbel, 2015).

EDKB is a biological activity database developed by National Center for Toxicological
Research (NCTR) collecting in vitro and in vivo experimental data from their own assays and
literatures for more than 3,000 chemicals. Various assays were curated in EDKB including
estrogen receptor binding, androgen receptor binding, uterotropic activity, cell proliferation,
and reporter gene assays. For each record, the chemical structure, name, molecular formula,
CAS number, assay type and results are available with hyperlinks to literature source and
related databases including TOXNET (Fowler and Schnall, 2014) and ChemIDplus
(Tomasulo, 2002). The data could also be utilized to develop QSAR models to predict
estrogen and androgen activity (Devillers, 2009).

Instead of collecting all endocrine related assays, EADB focuses on estrogenic activity
and is also developed by NCTR. There are more than 18,000 estrogenic-activity data points
available in EADB with more than 1,200 binding assays, reporter-gene assays,
cell-proliferation assays, and in-vivo assays in 11 different species. Similar information of
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chemical structure, name, molecular formula, CAS number, assay type, result and hyperlinks
to databases and literatures are included in EADB. Both EDKB and EADB are available as
desktop softwares rather than web services. Users will have to install the softwares to access
the databases.

tebuconazole Q
2D-structure
Synonyms: "folicur”, "ethyltrianol”, "etiltrianol", "fenetrazole”, H
“terbuconazole”, "terbutrazole”, "elite", "raxil" wF T H,
, , , HA——++
Source: tebuconazole is a triazole fungicide used as a seed dressing H v H
-
and spray. i \
H o H N—n
Identifiers: H HH’Q\ &H
N
IUPAC Name: 1-(4-chlorophenyl)-4,4-dimethyl-3-(1,2,4-triazol-1- H H

yimethyl)pentan-3-ol
CAS Number: 107534-96-3 H H
PubChem ID- 86102

InChiKey: PXMNMQRDXWABCY-UHFFFAQYSA-N

Canonical SMILES: CC(C)(C)C(CCCI=CO=C(C=CT)TN @
(CN2C=NC=N2)0

Structural Properties:

Molecular Formula: CqgH22CIN3O
Molecular Weight: 307,818

Pharmacophore Features:
Number of bond donors: 1

Number of bond acceptors: 3
Number of atoms different from hydrogen: 21

Downloads

2D structure (.sdf) G Jmol viewer

3D structure (.sdf)

3D structure (_.mol2) You do not have Java applets
3D structure (.pdb) enabled in your web browser, or
3D structure (.pdbqt) your browser is blocking this

anplet

Figure 1. Tebuconazole in the EDCs DataBank. A) Categories of tebuconazole. B) SMILES is
a string representation of the chemical structure of tebuconazole. C) 2D and 3D structures can
be downloaded as input for target prediction tools

EDCs DataBank is a freely available online database collecting 3D structures of
chemicals complied from the EU list of potential endocrine disruptors and TEDX list. A total
of 615 molecules are available in EDCs DataBank including pesticides, natural and industrial
products, cosmetics, drugs and food additives with hyperlinks to toxicology databases of
TOXNET (Fowler and Schnall, 2014), ACToR (Judson et al., 2008; Judson et al., 2012) and
ToxCast. Four file formats of 3D structure (mol2, pdb, pdbgt and sdf) are downloadable for
each molecule from EDCs DataBank. The structure files could be submitted to webservers
and softwares for target prediction. Figure 1 shows the example page of tebuconazole.

Table 1. Toxicoinformatics tools for endocrine disruption research.

Description URL
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Database

EDKB EDKB collects >3,000 chemicals bioassay data including http://www.fda.gov/Scien
binding to estrogen/androgen receptors, uterotropic ceResearch/Bioinformati
activity, cell proliferation and reporter gene assays csTools/EndocrineDisrup

experimental data torKnowledgebase/defaul
t.htm
EADB >18,000 estrogenic-activity data are available in EADB http://www.fda.gov/Scien
with >1,200 binding, reporter-gene, cell-proliferation and ceResearch/Bioinformati
in-vivo assays in 11 species csTools/EstrogenicActivi
tyDatabaseEADB/default
.htm
EDCs 3D structures of 615 chemicals are curated from the EU http://edcs.unicartagena.e
DataBank list of potential endocrine disruptors and TEDX list with du.co
hyperlinks to databases of TOXNET, ACToR and
ToxCast

Target Prediction

SwissTarget- Prediction is made by searching for similar compounds in http://www.swisstargetpr

Prediction its database consisting of 280,000 bioactive compounds ediction.ch
for >2,000 targets from 5 different organisms
(Ligand-based prediction)

PASS Online QSAR models are available for prediction of >4,000 http://www.pharmaexpert
targets and bioactivities of organic compounds .ru/passonline/
(Ligand-based prediction)

OpenVirtual- Input compounds will be computationally docked into 3D http://www.biograf.ch/dat

ToxLab structures of 16 targets related to endocrine disruption and a/projects/OpenVirtualTo
its binding affinities will be calculated (Structure-based xLab.php
prediction)
Pharm-Mapp More than 7,000 receptor-based pharmacophore models http://59.78.96.61/pharm
er corresponding to 1,627 drug targets are available for mapper

target prediction (Structure-based prediction)

Inference of affected functions, pathways and diseases

ChemDIS ChemDIS integrating databases of PubChem, STITCH, http://cwtung.kmu.edu.tw
GO, KEGG, Reactome, DO and DOLite is useful for/chemdis/
inferring potential affected functions, pathways and
diseases based on chemical-protein interactions

CTD Inference is inferred based on manually curated http://ctdbase.org
chemical-gene/protein interactions with integration of
GO, KEGG, Reactome and MEDIC
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Target prediction tools

The identification of interacting targets is an essential step for characterizing endocrine
disruptors. Although there have been a lot of tools developed for target prediction of small
molecules, the comprehensiveness of target prediction tools is still an unsolved problem due
to the lack of complete data for every gene or protein, i.e. prediction models are not available
for a large number of genes or proteins. Users should carefully interpret the predicted results.
Informatics tools for target prediction can be categorized into ligand- and structure-based
methods according to the utilized information. Ligand-based methods utilize information
concerning only chemical itself without target structure information, while structure-based
methods utilize both chemical and target structure information. Since the target structure
information is scarce, the number of structure-based target models is far less than that of
ligand-based target models. Four tools are selected mainly based on the usability of tools and
availability of prediction models for endocrine disruption-related targets including
SwissTargetPrediction (Gfeller et al., 2014), PASS Online (Filimonov et al.,, 2014),
OpenVirtualToxLab (Vedani et al., 2015) and PharmMapper (Liu et al., 2010).

SwissTargetPrediction is a webserver for ligand-based target prediction. Given a small
molecule, SwissTargetPrediction predict targets by searching for targets associated with
similar compounds from its database consisting of 280,000 bioactive compounds for more
than 2,000 targets from 5 different organisms. The similarity search is based on a measure of
both 2D and 3D similarity. The prediction ability of similarity-based methods is largely
limited by the size of database that only similar molecules could be predicted. Figure 2 shows
the predicted targets for metolachlor.

To better predict unseen molecules, quantitative structure-activity relationship QSAR was
introduced to identify physicochemical and structural patterns for discriminating active and
inactive molecules. The patterns, e.g. a functional group and hydrophobicity, could be useful
for predicting a new molecule with low similarity to training set. The freely accessible web
resource PASS Online is designed to predict more than 4,000 bioactivities and targets of
organic compounds in a ligand-based manner that only chemical structures are required for
prediction. The prediction models of PASS Online were developed by analyzing the
relationship between more than 300,000 organic compounds and bioactivity data. Important
targets and bioactivity for endocrine disruption such as androgen receptor, estrogen receptor,
CYP19A1, antithyroid and endocrine disruptor are included in PASS Online serving as a
useful resource for endocrine disruption research.

In contrast to the ligand-based methods utilizing only chemical information,
structure-based methods incorporate target 3D structures to calculate the fitness of a chemical
to the binding cavity of a target. In that way, structure-based methods enable the prediction of
interacting targets without sufficient known interacting compounds for developing
ligand-based models.
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List of predicted targets Query Molecule General Target Classes

These targets have been predicted using HyC
the method described in

Membrane recepto %
Gfeller D., Michielin O. & Zoete V 27%

Shaping the interaction landscape of HaC

bicactive molecules, Bioinformatics (2013)

29:3073-3079 N CHy
>—\ Kinase
7%
o O cl
S
C

Tmmnfhon Fac 27%

Hy

Retrieve data '@ @

# sim.
Target C‘:‘m“ UniprotID  ChEMBL ID Probability” cmpds Target Class
(3D/2D)

Microtubule-associated protein tau MAPT P10636 a3, 127715 Unclassified
Muscleblind-like protein 1 mBNL1  Qonrse cHEmBL1203317 [l ] 126712 Unciassified
Muscleblind-like protein 2 (by homology) MBNL2 Q5VZF2 -:] 126 /12 Unclassified
Muscleblind-like protein 3 (by homology) MBNL3 QONUKO -:] 126/12 |Unclassified
Monoglyceride lipase MGLL Q9685 CHEMBL4191 -:] 712 Enzyme

Estrogen receptor (by homology) ESR1 possr2 | cHemeros |l ] 15 ;;T;f””“m
Estrogen receptor beta esrz | o273t | cHemezaz | [ ] st ;;i?gf””“””
Tyrosyl-DNA phosphodiesterase 1 TDP1 QONUWS CHEMBL1075138 -:] 5712 Enzyme

Sterol O-acyltransferase 1 SOAT1 35610 CHEMBL2782 -:] 1740 Enzyme
CHEMBL4465 -:] 1740 Enzyme
CHEMBL3142 -:] 16 /1 Ser_Thr Kinase
Mu-type opioid receptor OPRM1 35372 CHEMBL233 -:] 32/20 Membrane receptor
Delta-type opioid receptor OPRD1 P41143 CHEMBL236 .:] 32/20 Membrane receptor
Kappa-type opioid receptor OPRK1 P41145 CHEMBL237 .:] 34/14 Membrane receptor
Nociceptin receptor (by homology) OPRL1 P41146 CHEMBL2014 .:] 33/14 Membrane receptor

* Probabilities have been computed based on a cross-validation. They may therefore not represent the actual probability of success for any new
molecule (see FAQ)

Sterol O-acyltransferase 2 (by homology)  SOAT2

DNA-dependent protein kinase catalytic

subunit PRIDC

Figure 2. Predicted targets for metolachlor from SwissTargetPrediction.

OpenVirtualToxLab, a freely accessible version of their commercial VirtualToxLab
software for no-profit organizations, is a docking-based target prediction software with special
emphasis on endocrine disruption research. Currently, 16 models are available in
OpenVirtualToxLab including 10 nuclear receptors (androgen, estrogen a, estrogen [,
glucocorticoid, liver X, mineralocorticoid, peroxisome proliferator-activated receptor v,
progesterone, thyroid a, thyroid B), four members of the cytochrome P450 enzyme family
(1A2, 2C9, 2D6, 3A4), a cytosolic transcription factor (aryl hydrocarbon receptor) and a
potassium ion channel (hERG). Chemical 3D structure is required for prediction. A remote
computer cluster is responsible for the time-consuming computation. Unlike the ligand-based
methods giving similarity or likelihood score, the docking-based method generate binding
affinity value that could be potentially useful for further investigation. According to the
calculated binding affinity, the interaction between a chemical and a target will be scored as
strong, moderate, weak or no binding. The built-in function of 3D structure viewer can be
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utilized to visualize binding modes. For each chemical, a ToxPot score will be calculated by
combining all results from each target representing its overall toxicity.

PharmMapper is a structure-based target prediction tool consisting of more than 7,000
receptor-based pharmacophore models corresponding to 1,627 drug targets. Pharmacophore is
the spatial arrangement of features responsible for binding to a receptor. An in-house database
collecting 3D complex structures of target and ligand was developed and served as training
dataset for developing pharmacophore models using LigandScout (Wolber and Langer, 2005),
an automatic tool for generating pharmacophore models from 3D complex structures. Given a
chemical, PharmMapper will find the best matching pharmacophore models and output target
information.

Search for Name: |vinclozolin e.g. acetaminophen, DEHP, sibutramine, maleate (maleic acid)
Score: 015-Low v Select proteins above a given confidence [?]
DB version: vd 0 ¥ Select database version

Submit Query

Basic Protein GO Pathway Disease (DO) Disease (DOLite)

Show |10 v |entries Search
Protein Gene Symbol
Description X
X X
cytochrome P450, family 19, subfamily A, polypeptide 1

andr¢ ygen receptor

SUZ12 polycomb repressive complex 2 subunit

insulin-like 3 (Leydig cell)

grutauiurie

estrogen receptor 1

estrogen receptor 2 (ER beta)

Figure 3. The interacting proteins of vinclozolin from ChemDIS. Marked records are
endocrine disruption related proteins including CYP19A1, AR, ESR1 and ESR2.

Chemical-disease inference system

The aforementioned target prediction tools aim to identify interacting targets important
for endocrine disruptions. The subsequent toxicity tests of characterizing clear adverse effects
related to endocrine disruption is still time-consuming. To further accelerate the study of
adverse effects, ChemDIS system is recently proposed to infer potentially affected functions,
pathways and diseases (Lin et al., 2014; Tung, 2015). ChemDIS is a web-based inference
system integrating multiple information resources of PubChem (Bolton et al., 2008), STITCH
(Kuhn et al., 2014), Gene Ontology (GO) (Ashburner et al., 2000), KEGG (Kanehisa et al.,
2014), Reactome (Croft et al., 2014), Disease Ontology (DO) and DOLite (Du et al., 2009;
Kibbe et al., 2014). With the user-friendly interface, only chemical name is required for
inference. Given a chemical, ChemDIS firstly identify all known interacting proteins and
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analyze the affected functions, pathways and diseases by applying hypergeometric tests to
identify significantly enriched terms among the interacting proteins. ChemDIS is designed to
study multi-target effects and is capable of generating testable hypothesis for further
experimental investigation that could facilitate the endocrine disruption study of pesticides.
The analysis results of vinclozolin is shown in Figure 3 and 4 as an example.

Basic Protein GO Pathway Disease (DO) Disease (DOLite)

Show |10 ¥ | entries Search: Ihor‘mone| XI

Type Description Ge’?e Bg Ratio  P-value Adj. P- Q-value

ID Ratio : 2 value 2

TX | X : [7] [7] » [?1

[?] [?]
BP G0:0032870 cellular response to hormone 8/36 490/18229 4.02E-6 2.07E-5 1.52E-6
’ i stimulus : ' ’

BP GO:0010817 regulation of hormone levels 6/36 441/18229 2.04E-4 4.66E-4 3.41E-5
BP G0:0009725 response to hormone 10/36 793/18229 2.08E-6 1.11E-5 8.16E-7
BP GO:0048545 response to steroid hormone 6/36 360/18229 6.72E-5 1.97E-4 1.44E-5

Showing 1 to 4 of 4 entries (filtered from 324 total entries)
Download (Tab delimited file)

Figure 4. The hormone-related functions potentially affected by vinclozolin from ChemDIS.

O Atrazine

f BasicsT Gene [nteractinns""" GEI‘IEST Diseases\]f Comps ‘ Ii|athwa\,rs"|r GO ‘ Exposure 5tudies"|' Referentes""

These diseases are associated with Atrazine or its descendants. Each association is curated ([ marker/mechanism and/or [l therapeutic)
and/or inferred (via a curated gene interaction).

Disease categories [Show chart

Disease category

Association typey
Filter by ’7 Endocrine system disease v ’7

ALL v

1-50 of 177 results.
| | [1]2]3]4]> Next[Miast|

Direct . Enrichment Inference
Chemical Disease Evidence”  Analysis Inference Network Score References
1. Atrazine Diabetes, M| OD@ D 5 genes: ar | CYP19A1 | LEP | MBL2 | SOD2 3.47 4
Gestational ®
2. Atrazine Puberty, Delayed M) [+ 6ol J ) 3 genes: CRH | KISS1 | LHB 3.13 4
3. Atrazine Diabetes Mellitus [M] OD@ D 15 genes: ATPs | CAT | CP| CPTLA | FNL | INS | 2.55 23
IRS1 | KIF1A | MAP3KS | POMC | PPARG | PTGS2 | RACL @
| SIRT1 | S0D1
4. Atrazine Disorders of Sex m ODD D 3 genes: AKRIC | HSD17B3 | LHCGR 2.47 4
Development
5. Atrazine Polycystic Ovary DD D 45 genes: ABCBEG | ADARBI | AKRICS | ANLN | 25.91 11
Syndrome ASPM | BAX | BCL2 | C11ORF30 | CCNE1 | CERSS |

CGB5 | CLDN4 | CYP19A1 | DLG4 | FLT4 | FST | FUT7 |

Figure 5. The inferred endocrine system diseases associated with atrazine from CTD.
Comparative Toxicogenomics Database (CTD) (Davis et al., 2015) is a versatile database
offering useful information and tools for endocrine disruption research. The fundamental
difference between CTD and ChemDIS is the interaction data utilized to make inference. In
contrast to ChemDIS utilizing chemical-protein interaction data from STITCH database, CTD
uses manually collected chemical-gene/protein interaction data from >100,000 selected
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literatures providing a unique toxicogenomics resource. Enrichment analysis of GO, KEGG
and Reactome predicts the affected functions and pathways. For chemical-disease inference,
the enrichment analysis of CTD is based on its own MEDIC terms rather than the DO terms
utilized in ChemDIS. In addition to the inference functions, exposure data is recently
incorporated and visualization tools are developed to improve the usefulness and usability.

Conclusion

Toxicoinformatics is an emerging field generating more and more useful tools. In this
work, we reviewed several selected tools that could be helpful for endocrine disruption
research including databases, tools for target prediction and chemical-disease inference
systems. All of them are publicly accessible and user-friendly as softwares or webservers.
Please note that toxicoinformatics is a powerful tool that has been used for setting priorities
for testing and experimental investigation, however, its prediction may not be suitable for
filling data gaps for risk assessment. It is expected that more toxicoinformatics tools will be
developed for endocrine disruption research.
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	Endocrine disruption
	In 2014, the European Commission Directorate General for  Health and Food Safety was designated to conclusively define criteria for the identification of EDCs for use in European pesticide and biocide law. In 2015, it organized a one-day conference, "...
	內分泌系統 (Endocrine system)是負責調控體內各種生理功能正常運作的系統，其分泌量或功能過多或過少，都將影響生物體的平衡。內分泌干擾物質 (Endocrine disrupters, EDCs)又稱為「環境荷爾蒙」，根據美國環保署 (US EPA)報告中指出，內分泌干擾物質 (EDCs)是指干擾負責維持生物體內恆定、生殖、發育或行為的內生荷爾蒙之外來物質，影響荷爾蒙的合成、分泌、傳輸、結合、作用及排除。日常生活中暴露內分泌干擾物質 (EDCs)，會干擾體內激素 (荷爾蒙)的平...
	內分泌干擾物質 (EDCs)又稱為「環境荷爾蒙」，根據美國環保署 (US EPA)報告中指出，內分泌干擾物質 (EDCs)是指外來化學物質透過影響荷爾蒙的合成、分泌、傳輸、結合、作用及排除，干擾負責維持生物體內恆定、生殖、發育或行為的內生荷爾蒙，。這些物質會由空氣、水、土壤、食物等途徑進入體內，對生物體產生作用，甚至危及後代的健康。內分泌干擾物質 (EDCs)對人體健康之影響，會隨類別、年紀和性別而有所不同。一般而言，人類暴露到內分泌干擾物質 (EDCs)時，以胎兒和新生兒最容易受到傷害。...
	許多內分泌干擾物質 (EDCs)，其結構類似生物體內的激素 (荷爾蒙)，可與天然激素 (荷爾蒙)的受體結合，進而促進或抑制生理反應的效果，例如：多氯聯苯 ( Polychlorinated biphenyls, PCBs等物質可與雌性素受體 (Estrogen receptor, ER)結合，產生類似雌性素的作用；而如：殺蟲劑DDT的代謝物DDE則會與男性激素受體 (Androgen receptor, AR)結合，抑制男性激素作用。但也有些內分泌干擾物質 (EDCs)，其結構不像生物體內...
	目前已知之環境內分泌干擾物質 (EDCs)可分為幾大類，包含：農藥 (如：DDT、有機磷農藥和除蟲菊類農藥等)、多環鹵素化合物 (如:戴奧辛和多氯聯苯等)、塑膠製品 (如:塑化劑和雙酚A)、家用清潔劑 (如:壬基酚)和重金屬 (如:鉛、汞和鎘)。以下將分別介紹幾種已知之環境中內分泌干擾物質 (EDCs)，及其對人體健康的影響。
	一、人造雌性激素” 己烯雌酚”  (diethylstilbestrol, DES)：
	首先，事件為1938年英國醫生所合成的人造雌性激素”己烯雌酚”  (diethylstilbestrol, DES)，在人體中可誘發類似雌性激素 (動情激素)之功能，被醫界認為是仙丹 (wonder drug)，在1940~1970年間至少有3百萬女性服用過己烯雌酚 (DES)，其有許多用途，最早被用來治療婦女之流產和早產問題，進而被廣泛應用於協助產後母親停奶、治療小孩的粉刺、攝護腺癌；在畜牧業上，也大量使用己烯雌酚 (DES)，作為家畜之食品添加劑，以加速雞、牛和其他家畜的生長。由於己烯...
	從己烯雌酚 (DES)的悲劇，人們學到母親暴露到的化學物質能穿透胎盤，干擾胎兒的發育，產生需等到數十年後才看到的可怕結果，這是以往醫界未曾注意到「延遲的長期效應」 (delayed long-term effects)，會到小孩成長到青春期或之後的人生期才發作的效應。更可怕的是，人們不僅需擔憂生下來即顯而易見的畸型，也需擔憂對組織和細胞所造成的隱形影響。
	二、多氯聯苯 (polychlorinated biphenyls, PCBs)：
	多氯聯苯 (polychlorinated biphenyls, PCBs)耐熱性及電絕緣性良好，化學性質穩定曾被廣泛應用於工業上，如熱媒、變壓器…等，1968年日本九州福岡地區曾發生集體多氯聯苯中毒，事後調查出工廠在製造米糠油的過程中使用多氯聯苯做為熱媒脫臭，但因熱媒管腐蝕滲出汙染食用油，稱為「油症事件」。而在台灣於1979年，彰化某一油脂企業在製造米糠油的過程中，不小心將傳熱介質多氯聯苯自加熱管的裂縫中流出，汙染到米糠油，又稱「台灣油症事件」或「米糠油事件」。1979年4月初，台中的惠...
	三、塑化劑”鄰苯二甲酸酯類” (Phthalate esters, PAEs)：
	四、農藥：


