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Abstract Endocrine Disrupting Chemicals (EDCs) are chemical substances that disrupt the human hormone
system and extensively damage reproductive, developmental, neurological, and immune functions. There is a
growing need to develop new technology-based prediction systems that overcome the limitations of existing tests
to effectively regulate the management of EDCs. Our study aimed to predict the potential androgenic and
estrogenic activities of 510 domestic pesticides using New Approach Methodologies (NAMs) derived from the
U.S. EPA's ToxCast/Tox21 database. We collected and analyzed in vitro data related to the estrogen receptor
(ER) and the androgen receptor (AR). We also applied EPA's ToxCast pathway models for ER and AR to assess
the agonistic or antagonistic activities of pesticides. Quantitative Structure-Activity Relationship (QSAR) prediction
values were comprehensively analyzed to identify potential estrogenic- and androgenic-active substances. The
NAM approach may be effectively utilized to prioritize high-risk EDCs associated with exposure levels of
pesticides in humans and to determine the requirement of additional animal testing. This suggests the potential
of NAM as a useful tool for risk management of pesticides.

Key words: Androgen receptor, Endocrine disrupting chemicals (EDCs), Estrogen receptor, New Approach
Methodologies (NAMs), Pesticides

N

A > >

W

3 % E]r Feb gl A Aol g 9 vE
ﬂﬁ ) ¢ ¥Ith(Diamanti-Kandarakis et al., 2009).
A =8| (Estrogen Receptor, ER)2} St=2
—r%ﬂ] (Androgen Receptor, AR) 5 T8 SE& T84
7155 WalgromA, A7kt AEiAl 173l Azt 9

N E E2E A2 WS A4 A7, 47 ue
Au

~
s

rr

W8] Ao &2 (Endocrine Disrupting Chemicals, EDCs)y

*Corresponding author
E-mail: jhoh@kitox.re.kr, sjyoon@kitox.re.kr

o & oo ¥o & oo
&1'
é
2“

204


https://crossmark.crossref.org/dialog/?doi=10.7585/kjps.2025.29.3.204&domain=https://kspsjournal.or.kr/&uri_scheme=http:&cm_version=v1.5

M HIHNAMSIZ BB Sof0] LBl 2y oS

A& 2ste 2o A Urk(Jobling and Tyler, 2006;
Zoeller et al,, 2012). T o] 59 A ol 5
Ao Hh AR FoF AdEo] WH Al A FEFS wA
T A= 7 ASH 0= A|7]E] o, EDCs= 288
AE T AAA A B HrpL F83 IARE tiTEL
UTH(Stoker and Kavlock, 2010; Mnif et al., 2011; Kjeldsen et
al., 2013).

7180 54 ke 72 FEAY ol AR =2
H1-E, 71 28 AZF 2] &3] AR Q8 AlEsia 58
21 thAl WY o] F8Ado] Ed] AZIEAL 9)
(EPA, 2024a). ©]&{3t SHAIE FEsl] S8 AEAFHG N
7]++(Organization for Economic Co-operation and Development,
OECD), "]=F 37 B &=!(United States Environmental Protection
Agency, EPA), 53 3}8H=2% (European Chemicals Agency,
ECHA) 5 F8 =4 A7|#e 543372 (Adverse
Outcome Pathway, AOP) 293} 214+ <% (New Approach
Methodologies, NAMs)S €83 EDCs %7} AAE =9
13 2JCHOECD, 2018; EPA, 2020a; ECHA, 2021). NAMs=
34 232 A (high-throughput assays), in silico =2, %
22 7224 B (Quantitative Structure-Activity Relationship,
QSAR) ¥4 T A 7|&S ¥gstH, R she=Z 9
SAAEE A& AR A B71E F e tite R
29 ) tH(Harrill et al., 2024; Holmer et al., 2025).

u]=t EPAE WEH| A& A =2 I3 (Endocrine
Disruptor Screening Program, EDSP)S &3l 1THI(ER,
AR, 13 8 AR AESHE 4 Hrhet 29 (&
Fu-g A 2 8 FF ERDE " BHAEAE 9
Zo]tHEPA, 2022). 53] EDSP 12AloIM = 712 5E4Y
7IRE NS diAsk] fal s =2 AdWHS in
silico 99 =YL AF407 FH&kaL 9t} ToxCast
Pathway =92 Tox21/ToxCast ZZZ1#ol|A 3% ER
2 AR ASHG AR 8 B S Ts= v
&t in virro AN HIoIHE Sqslo, spEHEE o] YRl
ZA 7FsAS =8l 42812 2eo|th(Judson et al., 2015;
Kleinstreuer et al., 2017). ©] 2d& =84 A%}, oA 3},
TEUA W, DNA 23, AAL ®Y, A2 F2] 5 oheksh
e dAE ks, oF 1,80070¢] sietedo] g
23Azgo] FY= St} 20206 P]= EPAE ToxCast Pathway
zdo] EDSP 19719 ER A%, ER A, AR 43
AR A 5 41 A AEHE dAE F des 34

ABIHATKEPA, 2022). &, S3l=7} WAY 3igo] =2
A7 Foke] 79 NAMs 28l g7 a5 <AL
EPAE= 7} stohadel Selabety 5497 NAMse| e
A o2 rlete] AA3S Astal Utk(Sewell et al,
2024).
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J = 54 5 O A 1S dSske 2
|9k 2dolr}, o] 92 ToxCast Pathway 223} &),
Aol 54 HrtE sl FYEE in viro 2 in vivo
e A1Y HolETt 3R G Ao, B4 7
SR E K ED I ot
3t} (Cherkasov et al., 2014). 2 v|= EPA7} FE3t
CERAPP (Collaborative Estrogen Receptor Activity Prediction
Project) 2 CoMPARA (Collaborative Modeling Project for
Androgen Receptor Activity) 5 =4 {8 ZZAEZ 53,
of2] 7iE QSAR Rd9] dE3hs T &l (consensus)
QSAR Edlo] ER ¥ AR &4 oS 98 /ML=t
(Mansouri et al., 2016; Mansouri et al., 2020). ©]& ZZA4]
Edle vl=t 74 & & AlA o2 A7Eol Fofsision,
ToxCast/Tox21 in vitro A1 Hl°o|E|E 7|HtSZ ER ¥ AR
& 52 % 74 /19 QSAR SR HS NS
e 7 mde] oSS Tl W or FATOEA,
shetEde] F2UOR ER 3 AR A, 284, A3 &
3 T WAl 24 7Fe A S 52 5 Al ol e &
QSAR EY oSz Wu Aol 7ot A 713 §
A=9] AA el E-8-%51 QITHEPA, 2024b).

m]= EPA®] ToxCast HoJEJH]o]2~= ER 3 AR E40
thgh ToxCast Pathway =dl€] oF 1.8007 s}8k=4 oS4kt
CERAPP % CoMPARA®IA 7HE¥E ] QSAR =49
o ot 7l Bt A 53k 5 et SR RE Algsto]
WAl B4 Aol -8t &85 ok 2ev
=] FoF Ao thdk NAMs 7]8F Wi A g3 7}
g A ATe obd FEoh, 53] s wokolA 9
AAA A8 AHle ARt ol & AFelx= =
oA AREEE 51070 5o YAIE 3SR, EPAIA A%
&= ToxCast Pathway 29 o] =7k} CERAPP/CoMPARA
el QSAR EY o 5ghs &83sle] ER % AR 24 7+5
AL BAETh =3 ER 2 AR @49 thel ToxCast
Pathway 293} 9+2] QSAR 249 o &gks wlwgto =X,
o] QSAR 299 AFAH IS Hrkeidinh & A7e
NAMs 7|9t 5448 55 848 53 EDCs 371olA
NAMs®| 28 7Fsd3% IS EAated, SlaliAd W7t ol
A NAMs &-8-2 913 Aet4 2AE ArlskaLat sl
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Table 1. Assay information related ER-or AR-activity in Tox21 database

Assay name Description Organism Tissue Cellline  Assay format

ER-related assay

tox21-er-bla-agonist-p2 ER-BLA agonist Human Kidney HEK?293 receptor
tox21-er-bla-antagonist-p1 ER-BLA antagonist Human Kidney HEK293 receptor
tox21-er-luc-bg1-4e2-agonist-p2 ER-BGl1 agonist Human Ovarian BG1 receptor
tox21-er-luc-bg1-4e2-agonist-p4 ER-BGI agonist (with antagonist) Human Ovarian BG1 receptor
tox21-er-luc-bg1-4e2-antagonist-p1 ER-BG1 antagonist Human Ovarian BGl receptor
tox21-er-luc-bg1-4e2-antagonist-p2 ER-BGl1 antagonist (lower agonist) Human Ovarian BG1 receptor
tox21-erb-bla-antagonist-p1 ER-beta antagonist Human Kidney HEK?293 receptor
tox21-erb-bla-p1 ER-beta agonist Human Kidney HEK293 receptor
AR-related assay

tox21-ar-bla-agonist-p1 AR-BLA agonist Human Kidney HEK293 receptor
tox21-ar-bla-antagonist-p1 AR-BLA antagonist Human Kidney HEK?293 receptor
tox21-ar-mda-kb2-luc-agonist-p1 AR-MDA agonist Human  Breast Cancer MDA-MB-453  receptor
tox2 1-ar-mda-kb2-luc-agonist-p3 AR-MDA agonist (with antagonist) Human  Breast Cancer MDA-MB-453  receptor
tox21-ar-mda-kb2-luc-antagonist-p1 AR-MDA antagonist Human  Breast Cancer MDA-MB-453  receptor
tox21-ar-mda-kb2-luc-antagonist-p2 AR-MDA antagonist (lower agonist) ~Human  Breast Cancer MDA-MB-453  receptor

Tox21/ToxCast in vitro H|O|E{ 24

EPA Tox21/ToxCast H|O|EIH|©]2=2] in vitro Hlo|E|E &
5193 Ch(https://tripod.nih.gov/pubdata/). &<F A2 &}t
AL DTXSID At Z=& Hgkslo] W4 E IDE 7|
02 HolHE FE3. tlolEuo] oA AlFstar 9l
dlol] FollX AR 31 ER¥} #d 7+ 67l 87H<] £4
S 25H in virro H°|EE 33 tH(Table 1). 23%;
tlolefu o] 27} Al g3l = M1 I (active/
inactive call) 71520l webA, 7+ FoF YA £ tisiA
TAEEE o] et Aoghs Akt

fo o ff ©N Mg of

ToxCast Pathway 2 C[O|Ef £

EPA Tox21/ToxCast Elo|EjH|o]2~oll 2020 9¢ 3703t
dlo]E ] o] 2 (InVitroDB) 3.3 MAl|A AlFsl= wd A3}
e &3t EPA S13HEA 9] 79, ER 2 AR pathway
rdlo] Aghs 7KL = 1,790 thiste] #4819,
= FekdAle] A, AAE 7L 9= ER 20870, AR
21071 2ol tisl] 415139t ERZF AR 284 2 Z&A|
24 A&+ AUC(Area Under the Curve) %ol W=} EPA
A Aishs 7|Eo R ofgfe o] EFRATH 2 0.1=
24 (active); 0.01-0.1 =34 E7}k(inconclusive); <0.01 =
H] 24 (inactive)

CERAPP ¥ CoMPARA QSAR 24 Cj0O[E| £M

EPA Tox21/ToxCast G|oJE Ho]20llA 2020 99 ¥7HgH
InVitroDB 3.3 WA Algsh= 99 QSAR 2d A3gke
245199tk CERAPP ¥ CoMPARA R9<& &43}4, ER
2 ARl tigh 2H8A|, A, A3} S 8T

(EPA, 2020b). 8}3t=4 5 +5¢
A& AAS L Aoghs 7HAL
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oF 2IX|0f CH&F Tox21/ToxCast in vitro S H|0|E| BN

5F YAlol g ER 2 AR ¥ WA S84 7S
7Vsl7] 91380, 71 EPAS] Tox21/ToxCast o] E]#| o] 0]
=5 in vitro A1EY ZIER FA 85, AR TH 65)E
TR ske] EA319tH(Table 1). ZF A2 2187 (agonist)2t
Z8}A (antagonist) 2435 ThFeF Al X9 (HEK293, BGI,
MDA-MB-453 5)ollAl 713t A3z A5, o] 5 ule
o7 FoF YA in viro WEBIA B4 7S AAF
© 2 BA3ETHFig. 1).

51070 5<F 941 5 ER =& AR A1F do|g7} guE
A= 47 26871 (52.5%)A . ¥FH, ER 2 AR AlE dlo]
7l 25 Qe 9AE 2420 (47.5%)F, A2 F 50%=
Tox21/ToxCast Z2A|Eof|A] AlgJo] 5] ekohe-S &
4 ok ER 2 AR Al 5 170 o]/dell A B4 (active call)
S e o A= 2 13171(25.7%), 14270(27.8%)=
1593, H]EHA (inactive cal)O2 B-FE A= zH7
13770(26.9%), 1267 (24.7%)th. T3 ER 2 AR A&
A 1) o) EAE B v dAE BUIR, 4T
T 5 A B S22 g o oSl wAF 849 et
9 750l des AlAFSH.

Tox21/ToxCast Z2T1#oA 43J%E ER @ AR ## t}
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(ER-related assays)
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Fig. 1. Data distribution of domestic pesticides with in vitro ER
and AR Assay results from Tox21/ToxCast Database. Distribution
of pesticides with available data from a) 8 ER and b) 6 AR in
vitro assays. Out of a total of 510 pesticides, 268 and 247 had
active or inactive values from at least one assay for ER and AR,
respectively. For each ER and AR assay, the number of
pesticides with active ER or AR calls was counted.
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Fig. 2. Analysis of ToxCast Pathway model results for EPA chemicals and domestic pesticides. a) Distribution of AUC scores; b)
Proportion of chemicals by activity classification. Model outputs from the EPA Tox21/ToxCast InVitroDB v3.3 were analyzed. a) Violin
plots depict the distribution of AUC scores for 1,790 EPA chemicals, focusing on pathway models for ER agonists/antagonists and AR
agonists/antagonists. b) Based on ToxCast pathway model classification criteria, chemicals were categorized as active (AUC > 1), inactive
(AUC <0.01), or inconclusive (0.01 < AUC <0.1). The number of chemicals in each category was quantified.
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579 o2 Feert BaE vl JTHEPA, 2022). wEbA,
do] 848 HZ3}3LAF ToxCast Pathway

o] Ao} Bl A4S Eis=g
ER &4& &3 T QSAR 24 (CERAPP) A3&=
gloJejuo]2ollA] 738H(strong), R 5(moderate), 2F3H(weak),

- F&(very weak), H]Z4 (inactive) 522 SHEZ 3
3573770 ste=Adl tigk ER

AUC(Area Under the Curve) %
Aare ol 2255 T F&Al g 24 7FsAol

=00 ojngit}.
EPAS] 1,7907] sletad 5 Fof Aol sfdsle =29 gte
R

AUC H5E ZAlsto], A EPA s13HE4 153 woF Al
IF 7k WiEHA 24 BEE H 28I tFg 2).
AUC A £2E 4% 23, EPA AA| sehador=
ER 7161-x1] oz ol

_>._’,0
o o
mzf”
l

AR 3|, ER 2ZH8A|, AR ZH8-A,
AUC 3% 0.1 0P32 noli= B4o] Bolth 531 AR 484 elsle] A & A7t
S AUC 103 Z3H6 o9 5 BAS wole g, A9, 47 B A5 498 4 Sae Pae
Bhe gHos  SEEd £ WSUrkTble ) AR BHE A2 Pol
N4 B4

QSAR =4(CoMPARA) A= tlo]gju]o] X
Hggo g TEE Y AT, B AT 63,8487 8
=4 dis] AR 2, 28A, AgA &4 oS Az

O
=

%@o] E}./T‘_;,}il-_c,,]oq ou:] ER 716]—]—“ kS Y 2L
A EESIL AATE ToxCast Pathway =9 23}k
ok AAe] AUC B¥E EA3E A3}, AR

R ZH8-A4], AR ZH8A] #2.2 AUC 0.1 o)/

AT
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7]—7(].1“ AE 3
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716111]
+ E¥o] E¥311 UJATHFig. 2a). ToxCast Pathway =4
_/] 2 B4 71l wel, AUC "7F 0.1 o2 AUC > Table 2. Data distribution of consensus QSAR model for ER
0.10] 792 4 (active) ©.&, “0.01 ©]4F 0.1 7]9H0.01 < and AR activity among EPA chemicals
E7}(inconclusive)&, 223 0.01 7|3t consensus QSAR model
No. of Chemicals ~ Agonist Antagonist Binding

AUC < 0.1y o4
(AUC < 0.01)2 "2 (inactive)’ 2.2 H-73F1th(Fig. 2b).

I A3, 1,7907012] EPA §1-6]'€ T RUI7t geE & ER consensus QSAR model
ER 284 9170(5%), ER 2]

Active
25 354 35

B, AFHo =
1870(1%), AR 284 337H(2%) AR % 13%] 17971 (10%)7} Strong
51—/“_& olxQic), Tk AAY] A, F W o= Moderate 116 439 190
EFEeH, o] 5 ER pathway ta]oﬂ}ﬂb ER Z-8A|= Weak 812 748 1,156
PH1.9%), R A9AE R0z gem a0 gug,  Veryweak 1628 1,694 2,836
Inactive 33,156 32,502 31,520
35,737 35,737 35,737

AR Pathway 2@ = AR 2471 1711(0.5%), AR 2%
=4 ??]_i B2 E]o_h:]'(Flg Zb) 0] 9}‘ Total
AR consensus QSAR model

A7} 3970(18.6%)= 24
70|, ToxCast Pathway 249-S 83l &oF Al Fol ,
AR A B4 7Fso] Y BAL 2qedE ¢ Ay, Ao 2,837 12,930 11,544
Inactive 61,011 50,918 52,304
_ o= = 5 Total 63,848 63,848 63,848
gfo| QSAR ZEg &85 FR ¥ AR &4 oS e ’ ’ ’
- 510 = _ Distribution of chemical counts across ER and AR activit

nulo AzEAo Fas A= B y
ToxCast Pathway FrEds 28 A5S 59 classifications for three mode-of-action categories: agonist, antagonist,
= 2! and binding. The CERAPP model classifies ER activity into five

i stet=Zol e ER B :
potency levels: strong, moderate, weak, very weak, and inactive
The CoMPARA model categorizes AR activity into two classes:

active and inactive.

o 43 AT E ngor} Al
AR 84 =& X in viro A OB} e B
93t olg3l 3|2 Bal] 918, CERAPP @ CoMPARA

Table 3. Confusion matrices comparing consensus QSAR model predictions with ToxCast Pathway model
ToxCast model consensus QSAR model
ER agonist ER binding for agonist ER antagonist ER binding for antagonist
ER Pathway Active Inactive Active Inactive Active Inactive Active Inactive
Active 72 18 113 8 8 4 8 4
Inactive 30 1,435 63 1,402 186 1,430 206 1,410
AR agonist AR binding for agonist AR antagonist AR binding for antagonist
AR Pathway Active Inactive Active Inactive Active Inactive Active Inactive
Active 27 3 27 3 153 12 151 14
Inactive 22 1,583 210 1,395 63 1,302 52 1,365




N HIHNAMS)Z RS mo%o] LZHI B 0f: ToCast/Tox2! GO/ X QSAR 2 78t BA 20

7} R (@A MIEA) 318 2 24513 TH(Table 2). Table 5. Data distribution of consensus QSAR model for ER
%8 ER 9 QSAR RUolE 57 % u)9 ot o e and AR activity among domestic pesticides
o2 715519 ToxCast Pathway 293} A7HS v consensus QSAR model for
: domestic pesticides

6}9‘21‘4—(11%1 e 3). ToxCast Pathway .52 2+8-4|9} A No. of Chemicals  Agonist Antagonist Binding
e A50= Alst, el QSAR 22 #48A), A3, ER consensus QSAR model
AY 5 A 7 A2 ATAT ool Wt B ATINE e
QSAR 29S| A84 2L A% IS8 ohlek AT grong
A S AJABAE A BT Moderate

&% 3 (confusion matrix) 2ZE HIHCZE QSAR & Weak 1 3 2
do] o= JS=E I (sensitivity, true positive rate), Very weak 3 11 15
50| % (specificity, true negative rate), 22|32 BAE 3 7}s} Inactive 421 411 408
Ak #4 A3 ER F] QSAR EdlolA] 2gA| o 59 Total 425 425 425
BAE 0.89, 284 o]=2] BAE 0.782 YeR 284 < AR consensus QSAR model
Z9] BA7} JUIFoZ Wit} ER AY S 71502 Active 7 139 112
SF 284 2 ZdeA oZ2] BAE 22} 0.95, 0.77=, 2% Inactive 446 314 341
Oilﬂoﬂ/ﬂ 53] =2 BAE H3h AR 3¢] QSAR 24 Total 453 453 453

M A9 A3A] BFoA =2 BAZF 0.942 vjj$-
=3O, AR A oS3k 71507 3§ 2heA 2 AgHA

o] Z2] BA 94X 247} 0.88, 0.942 £& BAZ H3iTh ER 84 dZ Az, 742 40, 140, 17709] 5k A7}

FTHH o, woF Ao tig ER B AR 84 o5 §e] AEA, AYA, A FHoE EFRENLH, T F
QSAR =d 0412%}; 243 7%, ER Z2aA cﬁ]%%k% g o dAle Rl oR EREJUTH AR 84 dSelxe TN,
T o e S getelof 0}111 ER A% o Z3t2 3 13971, 11271 ] 5o A7 22t 2840, A3, 2 24

IHsk= 740] vigkA sl $HH, AR 49 0i$ QSAR o2 EFFALt o]Hgt FEE= ToxCast Pathway 2E 9
oS3 ToxCast Pathway 29 Ao} w2 UXFS B ER 2 AR &4 o|Z A9} fA1sE AES BT o))

ol AL I A= RO 2 ToxCast Pathway 292} 3He] QSAR &
o] o]27kS £3) HAE] WA ER D AR S 2R S

ToxCast Pathway % 8o QSAR ZHg 0|28 59 X 233t} ol 5 72+ dE 2doM B4 715AS
=4 el 1571 5 YAE Table 601 AAEIITE ER 2 AR
ToxCast Pathway 29| o Zzto] A 3= 5 Al I 7S Hole EZZE #%E(linuron), MEEE

oF 2007 = ASHHolez 5107) FoF YAIE R T & (vinclozolin) % #H|Y2] & (fenarimol) 50| ERIF N oM,
QSAR 299 € 53t& F71=E 4813tk (Table 5). ER 2 OlEL 7IE Aol WAl wEedE ilEe B2
3< dlEsh= ER 99 QSAR R99] o E3tE BAg 59 ER2A £ 95 QSAR dEEIME B 7hs/d0] o
A= 251, AR /4L olS3= AR T2] QSAR 29 =5t

oSS Rk FoF A= 45302 ER1FE ToxCast Pathway % ¥ QSAR Ed3} 7-2 NAMs 7]

s

Table 4. Performance metrics for consensus QSAR prediction model on ToxCast pathway model

Performance ER agonist ER binding for agonist ER antagonist ER binding for antagonist
Sensitivity 0.80 0.93 0.67 0.67
Specificity 0.98 0.96 0.88 0.87
Balanced Accuracy 0.89 0.95 0.78 0.77
Performance AR agonist AR binding for agonist AR antagonist AR binding for antagonist
Sensitivity 0.90 0.90 0.93 0.92
Specificity 0.99 0.87 0.95 0.96
Balanced Accuracy 0.94 0.88 0.94 0.94

Sensitivity (i.e., the fraction of correctly predicted actives among all actives), specificity (i.e., the fraction of correctly predicted inactives
among all inactives), and balanced accuracy (BA; the average of sensitivity and specificity) were calculated for each model.
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Table 6. Domestic pesticide list showing potential ER or AR activity using ToxCast pathway and consensus QSAR model

Chernical Name ToxCast ER ToxCast AR consensus ER (CERAPP) consensus AR (CoMPARA)
Agonist Antagonist Agonist Antagonist Agonist Antagonist Binding Agonist Antagonist Binding

Fenhexamid A 1 Inc A Vw W w I A A
Fenarimol A I 1 1 I \AV VW 1 A A
Pyridaben A 1 I I I I I I A A
Phoxim A I I I I \'AV \AV I I NA
Folpet I I I A I I I A A NA
Acibenzolar-S-methyl 1 1 1 A I 1 1 1 A A
Linuron I 1 I A I I I I A A
Triflumizole 1 I 1 A I 1 | I A A
Azinphos-methyl I I I A I I I I A A
Flusilazole I I I A I I I I A A
Captafol NA NA I A I I I I A A
Vinclozolin 1 1 1 A I 1 I I A A
Fenitrothion 1 1 1 A 1 1 I I A A
Parathion I I I A I I I I A A
Fenthion I I I A I I I I A A

A = Active; | = Inactive; Inc = Inconclusive; W = Weak; VW = Very Weak; NA = Not Assigned. Compounds classified as or having activity
levels of or higher were each assigned a score of 1. Total scores were calculated by summing the results from both the ToxCast and consensus
QSAR models. classifications were excluded from the total score calculation.

=2 A WA =2 A& Aaed 3 ¢ ZAle 2

A9 Aol F-83 =72 B89 5 Qi) olo) wE} nj=

EPA 5 F& A 71A17]2l = NAMs 71&2] 2243} 2 A7E FENEH s AFEEsA Tt Vs
AL 7IsAS 3] 98] R ERAS ded A= e AFAK] “FEHTA B4 o2 7} 71e ATEH
A= AEHo® Fasal vk 2y o8 g o5 7] W3 RS-2024-00400007)7¢] Aol €Jste] o]Fo] 71 A
A 2 AL Ml tisixe o8] F7H A5 Uyt

A7 Bagk AStoltHEPA, 2022). ¥ AFdME U
£ O Z ToxCast Pathway =93} o] QSAR Author Information and Contribution
E@-‘ﬂ o= Ax= 8w B89t B4 A3} ER 2 AR

A4 71sAo] I FF YAE aF o7 238y & Hyun Jegal, Division of Advanced Predictive Research, Korea
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QSAR fﬂ]qJ_t 0] &8 71sAS FUIE AES et 9 orcid.org/0009-0006-5362-8856, Writing-original draft preparation

o}, T3k, o Ao I:Hf‘s_} ER 2 AR 34 =04 EPA and data analysis.
3te] QSAR Y2 &85t A} AR 4 oS3 ToxCast
Pathway 293} =& XS HYOo, ER A3A o=
W] At i e® vol ER A% Sl disiM =
"7V4‘31 A% % Bl dad Zlog Azdnt & ATe
NAMs 7|9k ER 51 AR &4 d|Snde] &8 73S Al

Ao gy 71& AW FAE HAS 5 = 2R Hyun Kil Shin, Division of Advanced Predictive Research,
LH_,_H] A ZANEZ FHrb AAL 7FsAS AA ) Korea Institute of Toxicology (KIT), Senior Researcher, https:/
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