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Abstract Predicting hepatotoxicity is an important component of safety-related evaluations of drug-like
compounds. Hepatotoxicity is related to the physicochemical properties of drug-like compounds,
especially their structural alerts. In this study, we developed a Bayesian model to predict the
hepatotoxicities of 498 drug-like compounds based on their quantitative structure-toxicity relationships
(QSAR). The devised model predicted the hepatotoxicity of these compounds using 25 structural
descriptors (such as the ECFPG fingerprint) and provided a sensitivity, specificity, and concordance of
97.2%, 86.9%, and 90.6%, respectively. The model also successfully classified the 498 drug-like
compounds by hepatotoxicity. In addition, TOPKAT® toxicity models were used to predict hepatotoxic
effects related to toxicological endpoints (i.e., LDsp, LOAEL) and liver injury-related potentials, such as
Ames mutagenicity, carcinogenicity in male and female mice, and developmental toxicity potentials. Our
results indicate that combined use of the devised Bayesian hepatotoxicity prediction model and the
TOPKAT® hepatotoxicity model could replace experimental safety assessments of drug-like compounds.
Accordingly, adopting the devised Bayesian toxicity model would reduce the time and cost of
animal-based toxicity research by considering the safety and effectiveness of candidate compounds.
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1. M

oJokE, H4 RIS 4AI(107 oA} AHSIRIE 4
7Fe)E MEsks IgolA AdEES A8 R
FAA B7EL gol A=A sHAT, AdEET
AFE7Re] AESH 2ol 2 Qlef 5EAEY AT e
AANA A Aok dl TAZE AtH2l. o2 <ls)
FEAY 235 HEoHA iAot Q1A AEst= Tl
of AgHdE ZA=tHE =AY FFL7T 43.5%~66.7%
2 AAE v S3D. T AR A A B 9
E AFEA] T, FAEoR FHET|E 3t AE &
of, 54 ALsAL JFdLlA LT EEnto|e
(P4 IR A28 HE SEAFNA 45 HolA
ARARE, AA BT LRSS 71FolY AMterE
E4tels & AT F2-8o] Slgich

SEAEC gt &7 4] FAF E F(species)TH
o2 fEE AL R e, KHE2 2007¢
‘REACH’/3Rs[4] (Registration Evaluation and
Authorization of Chemical) AlsFshERT= A0S
Algstant. 5& A AEHES Sehed Bl &8
gk Hat olyzt, tid AFZZAE ‘Horizon 2020
(2014-2020)= &3 71 & 7HLB5) 201695-E 2
Y= ‘EU-Tox Risk project’ [6] B3l & A S4AI
A} A sRME9] 523 thAHEiH(ADME) Hlo]
7} zoke ek 7Rk 59t mdyg J87H4] &
tisteltt. £5], ‘'ONTOX'[7] ZRAEL= 934 B7t&
A IR}EY 2EEA 4 AFAE 75 BHERA =
RIS dEsk= AAHA ZHEote BREAR, 25
22 A A (framework) 501 B&=0] gict o]
o= IFES tAt 5T E4EE I IHEE
Aazet 2A(H, 2k, A7 5) AH(slices)& 80 E
H, AEE AHOZ AUIsH= PrecisionTOX'[8],
RISK-HUNT3R' [9l5= &30 3tetad #aid 7k
5 7l& NdE AYskar Sk

T o2 F8=9l "= 200995E ‘Tox21'[10]
Z=AES B9 19 77t d& dold ZAE(Tox21
10K golB )& Astqrt. ket sshtx, 8%
HE 9 B4 2T Bk ofue}, AdA B7RE A6l
TEE HolBsge] & A=t e ZRuel
22 A 55, A 54 A 4 EsiEE 549
g HYUE HAsto] goluy] HAE gt 9l
ot RE gojg: u=Z 3AHSH(Environmental
Protection Agency, EPA), =3 373 HSANE|9] WAL
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OlEE Bdl 3NHLE AFRtt At ToxCast/
Tox21 HlolEHo|A[11]E 54 HAUS 4,
A9 24, 4 BUER> gt 7]
ol& ol&sle] FAZ &3t ol Al
< ARESHA e SRME 9-A1E9 oL
o] 755tttk B YolrbA, wl=AlE L ok FDA
AAEY B AR A [12] L7 TEo] At
e X2 A8 2EEfE Yote] FXsta Qik H
Hol7bAl, 20229 124 TAE JoFE-aEH, S
B AL AN FEAY AFARGE AAlsta,
H g Al &2 SEHAAEY 55 AAlskSich

3 FUE TBREEE 55 9 B7) 5ol I3 HE,
A4z 9 AP 13243500 97, AT 10E VR
3HEE 55 Aol sl “AdAIE A% QSAR A= A
SMA(2021. =EEAE ) o wet HFEE 285
F2-E4719] A=A A (Quantitative Structure-
Activity Relationship, QSARAIRZ TEA|I TS tiA|
Skl Qlok. A7, FEUAAEE &43F HERF
1r0](2022.12.23.)= 0] T A+ /3ot X eh& =1
Skar Qi

TEHAANEES AE8EES AMSSHA g1 d8E
29| f847 AL Bl AIEHOE QA 7]
g AT @BAIE 75 Ao R £ 4 it
OANEEZ |8 Aol A8 ATER(In vitro assay)[13],
Z7] H(Organ-on-a-chip)[14], 271=0]=(Organoid)
7] FAH15] 5ol 3=, @HIAIRE 7|5 Al Holl=
e ZEY(QSAR BE, ADME/tox & BH 5),
in silico E2RE 719 Z7]|29(Physiome)& |83t Al
E9°14[16,17] 5= 514 HuEd9] oL A5
Sh= 7]eo] Tt SERAAEHCRE B4 Ho]
714 Z3tsto] 55 tEA Ho|EHo|Ae ek
29 =487 5Z(Registry of Toxicity Effects of
Chemical Substrates, RTECS) Ho|E]#|o]~, FDAZ)
oA H24-g Fato] gt dlole#o] A(Human Liver
Adverse Effects Database, HLAED)°|t}18,19]. &}
e 125 7[5k R 93 dl&sk= 71&= OECD
QSAR Z2AEZ F3f /I QSAR toolbox[20-22]
£ ol&sto] 349 44 9 =/l gk SEE(E.
LDso¥} -2 WHpAAREEF 5)7ke] Al4to] 7hssitt. 3t
S 9] E4S decision tree 4] JAFEAGHOZ F
7¥sto] e Class 1, 2, 3 5453l sigsk=
Spex s BRSM= Toxtree[23], U= 24 HSH
(EPAIA AlF3H= QSAR ## T.E.S.T(Toxicity
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Estimation Software Tool)[24] & PreADMEZ k&

o E-REGARULE, SY(EMY, FESY S5)

=]

ol AtoA= AFARA FEAT glo] FDAOA
STNE 7+ 540 2AH 2,8897] FERA-IEE T
ojg|§ &85ttt o] FolA A(saldT F71E FE <
SRE2 A9 2,7807) 2D-sFshRE Aottt
ekt E A/8% 2,7807000= 1,42970 7t H4d0]
= RET 135170 B4 EE EREHIAT
2,78071 Z3HE0lA Hlol At o] 4987 duEAR
T/J9 training set AE2 SIRME 2D-F28} £}
s& EA9] o v]-AMI(Maximum Dissimilarity)
AZR6IE 79 R TS A A9t & o
& 729 1| &3 SRIES TS A= 1 54/
=4 eSS 7 4 HE = A9 18%el 8
Bok= FE 1Fo[t). ofE ol&sto] 4987] kE-FAt
-3E9] 2D-F24 JAg 7Nte R FARE Bdg
71eg A5 7t H4/5F58E Stk
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2.1 oigo| SEPETLE B2 SH At

FDAQ] 7+ &4 A]4] Wo]A(LTKB, Liver Toxicity
Knowledge Base)(27,28]15 &3l 7I¥ <= =4
oeFet FE(. 214g7EA DILL #IAYSE, FEH
AL Z29EeE, Aggs, 23, 228 5)E $45)
Ak E3], LTKB 7t 54 4] Hlo|Aofl= wl= SHE
ZA¥(National Institute of Health, NIH) LiverTox
Hlo|E o] A [29]9] oFRIg7F=/d DILIY 1t &4H(HA
ol QAT &4 HIE, 9 ¥l g5}, It ¥
I 5) ¥ 225k el gt AT} A ERAA
o H4% HE o] 2FE|o] e} E3, LTKB 7H
d A4 Ho]AofA AlAE BESH A4 H-8of]
Mot 2FQIG7HDILD B7F € olE HolH (301
3% A=ol| 5619, Pubchem ID, InChl g4
£ o]8sto] FAe IFES Aot AFTHo=E,
LTKB Z2HES 53 S2€ Hlole FoIM F=fA-
RMES 1t 24 &Y 1, 754 07 2384
2,8897) Hlo|8 HEo| == It 2,8897) HlolE &
Eo|A =9 2D-EAHRERE &5 44S
AL £ gl A #71E FEH Y IgE 552 A9
3t 2,78071 ERHE9] 2D-3FRE A/ttt A48
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H 2,78070 =Y 2D-3EF2E 47 2 HEA
(ECFP4, ECFP6, FCFP4, FCFP6 fingerprint)2] EFY
T E AZ(Tanimoto coefficient)[31] 7|8t o v]&
AHS ARE 7IRke 2 261 2= 670 ANIEQ
training set¥} 571 test sets)® EF3}t) o] FofA
7P ool 2 training set®. 2 3o} T
FAHE 49871 FERASRIES TR Ho]X|
ot QSAREHE 718t 2+ HA/F54E ASsIelH o=
2,78070 F=RAERIEY T2 Y HelE 2T
StA sS4 Hlo]X|Qt HEle] AHEw o} HF AEGH test
sets)oll A A& FEEE /A6 Ygolch. 1A, 7}
T S A= AEFASRIEY IFEW BSA
A ARl £02 419 18%0] Y= training set)S
7KL 2 =4 g BhS ekt

49871 FERAFSRIES AEARE SHEMY(IUPAC
name), SMILES @4]9] sfel2ol #AHE 159
Sh= 1241 W InChlE o]85ty ThEolxl EAHd
InChl Key, 3-& SIHE dlo|E{#|o]A Pubchem ID,
7 54§59 "oy gEA 1, F54 0) FE=
TA5toitt). o] 258 7+ ekg9 2D, 3D-FeFRE A
AJ5tod SDF(Structure Data File) TFIFEHZ F YAt
o, 5 Iprads, 9 x, v, 2 34 2, 38k
o AR, siE] Jdol gt RS ARtk

QRE0]| Zkgoh= AlAIeF 22 AAIEES 2/35k] S,
pH=7.0 24, CVFF[32] ¥4 9 A ZHmolecular
force field)ollA 4987 FE-RA-3IE9] Slottx2
R B3 Ades EAWRHSEARAA,
molecular descriptors)& &85t A5t

= 0
=SS
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22 otgPEERE S A

A5t g2 739 discovery studio EARET
Z7%[33]9] ADME/Tox T2 WEA, ZF &
fA-SRMERITE 2D-3e 2 2 RE F4E3 - TAlH)
A5 T 407 ERSEEY (. 2443 AlogP,
F41HA PSA 5)[34,3517 2570 T E/d0] EAok=
Aoz AHA fragment’} WrFH T2 HAXH3615H
22 dolHE A5ttt o|=2RE 49871 FE-RA-
3RHEY 2D-F8htx Aol Sle 1A dHlolH
(498 molecules x 65 molecular descriptor)&< F
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J& B4 (Principal Component Analysis, PCA)SI3]
AR BAS B0 A HolEE AF v
A2 o2 FEARE 7P & A
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ol X|gt wd 4t okEgAl BB 7 B4 of
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gloto] A4S MR ol 37 %S
el Az 24" G99 ERE, PC1E2 41.3%,
PC2E-E 24.6%, PC3EL 14,4%= 4987 F=-GA}-3}

FE9| shetd FHEELE AstarhFig. 1.
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49871 FERA-IIES 2D-Fett R ERE ALt
:,Lg\_%a] _g],ol-;G Hx] J,]_v,] 7]— E/gﬂ-g] 57;“14 /pcl.:‘-q_
FA(QSAR)E H|o] x|t B El[37,38]S Ealo] 4519
th. H|o] |9k QSAR HEE FojA 4987) FE-GAl-3}
=Y 2B 44 tolHE 7Ete R Tt &
A f-Eol HAE EHAT sii 2AR SEER(E

20| SBILX2EE 7 =M

YR At
Pdlh) P(h)
p(hld) = “Ad 6))
7|4 FEHES) holl thste] hol st ApdEE
p(h)7l FoiAct, 24 hel IAE do] SEEx

p(d [ )} Zo] FofXirta o uf, Ho]X ¢t BE d7t
F7HEo R FojFS o, he] FEEE pth | IE AL
gt
H|o]X|QF QSAR R AR =S FFs7| Y wAt
Zﬁi(leave-one-out cross validation)S &df H°]g
23l B2, HWo]X|Q QSAR EElo] AL Hrlel
03“'4’ AAH O R 49871 FERA-EFES] 7 =4 Tl
olg|Z 57) HZAME(5-fold cross validation)® W
4 PAKL test AER 2o|& 519t F 57 &
SAEZREH Z+ ROC Curve(Receiver Operating
Characteristic Curve)® y& T (Sensitivity)<}
x&2 1-E9|%(Specificity)® 1#A FAL E3}o]
Hlo]Z|et QSAREES] G843} A2 Bl
T3 1 =4 §-FE 20k 7IetE A5k Hel
2-851th. Table 204 Hi= B} o], Ho]x|et &
A9 training setd] WAEE= AR 1797] 7+ F4do] 9l
= dEE 7 540] vt dIET HE(%)<S Yrittk=
o], 98.3%tt. EolkEw= 31970 1t 540] gl e
2k E7g0] ikl &3t A9] Hl&(%)olH, 85.3%UTt.
wabA, 1-5o|EE 7+ 5/440] e e 7 540] |
= 4EE 2R 5% 2 HEWE JF/9E&(False
Positive Rate, FPR)}Z 2Qlu|st= ], 10.0%%ATt w2t
Al RIZEo} Eo|wrt S45 Ho] ARt QSAR EH9] ol
AL oA X Z(Concordance)= 90.0%% Tt
Zitgo =2 H|o|ZQt QSAR REoA 7 54 F-F
£ AAs= 7|&F(Bayesian score)-1.698, 7+ =A4)

629

o wet B k29 2l aFF S/FEH)eE 1t
=49 % 275kt Hlo]X|Qt QSAR EES 7id
skt 4 o?l' training set¥ BZEAY] 5-fold cross
validation setolX] YA, Eolx, DA|&(concordance
rate), YFdE v WA THTable 2). AFAE(-fold
cross validation set)oA AFFEC] 9.44%=
training set 10.0% o} © Aot ¥iHo] Eolk=
AZANE 86.9%% training set 85.3%H T} © opA,
90.6% YAEE ASHENA At Eobxl). F5H 2
& ROC scoreZ H[0]x]9F QSAR EH9] 3o} o
AE =S F7FsloithFig. 3). ATkt FERA-SRE
9 7 54 EA o R wgt £7E 270 2FoIA A
9 20%0ll 7109k FEHQI sFe2(substructure) &
XA R E(topological fingerprint) A|1€9] EXIEA
A1 ECFP (Extended-Connectivity Fingerprint)
3915 &8st AlAstetairh(Fig. 4) O]E o &
FA-SRIES] 2F =40l 71045k F2Ael sfekt2E
gl & & AT, olF FENIIFoA A=Ed
hinZ HHSHARJNGTIELE FdokA] = FE71=2
A% 5) ot= Hol &8 5 Utk

=o0=2 T

E
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2.4 %420| 2D-BBTEZLE AL 45
49871 FE-RAR-BRIES] 2D-BBF R RE] TOPKAT®
(Toxicity Prediction by Computer Associated
Technology) T2 13[40,41]2 Z-&3f0] X5 tjA)
FHBTEYWEEEAANEE LDso, HHFEF), D=
4 7Fs’d(Developmental toxicity potential), =<t
4 95 5 22 5498 BAAY WHoE QA /9
FEE St TAEEL FAHRA 43 H@r ly

g L Y= HeEoks S 1A ke vrdA
4 B 15 Wyl THEY Fspe gugﬂ
o] ARl WS YafstaL Aol B2 B0

T e A=E %7}@:} FDA ATARE ol&Rt TS
4 59 a4 422 7|EHolHERE Ead
A Eo] e 2D-3RIRERE FAY g5
AAils= WAoo g oE ZIE Aoth

TOPKAT® & SFE-RA} 313HE 0] 2D-F% HHTHS
ol-g5to] ARl YA Eli(electrotopological
state atom, E-state)[42], 3% A (shape), HA
Aol 1z EAT BAE V]ogP(SEH2-E9o] BujAS:,

Aapd)0) S 0] 4531 I EXE K transport —
related descriptors)E& F-EZ(substructure) Hi7H
AR FR-FHY] TS EAR OetA T
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SFshEdo] FAMIS 2=, 919 Bt Frol
SARIA Spektz o] BEARAR F7o)A SUg 9
= AT JQol| EAct= Aoltt. ol & |AHS
< 9ugl= AL ottt FEFAEEES st
TZ2 BREFR FONA FRFAMS A-Y =2 09l
A 136 7, §AMdo] S48 19 77k 42 7K
TOPKAT® Z27339] 739 7|2 FDAQ] oJekEi7}
AFAER} =9 E4 Z2 IH(NTP, National Toxicity
Program)ol|A] A3 HlojE| 25 E /L=t ol
9 Ho[H 25 E e 54478 IAES, &E
7|5F Hlo]x|qt meErAlo g ezl E4EHY 125
A 52 71AIERE §itt. o& Bole] 5%t JE 7]
gtog i} kERARSRIES 54 dIEsith43).
TOPKAT® & =9l JLx-E40] WA 2|0 2B of
EFASEEY 54 AES3E AXls

oFE G AR BelTR BAS et BAR
Aot S BAEEA A5 T Sl et sfe

T& 549 719=E ouFith
ALt 9 7= A7 24T 4= A
oh ARl AR Ae, AdddE Sshtze] £4 &
E0°| 716t 7197t EoAal 29 AHAAH,
sfelrxo] E4 gEo| 76 7|9k A
FERA-FFEY d5H 54 2 SR B
I BEARAAEY] 7|9EE F3t Aot o] 7=
o] Y3t 2 0.02F 1.04t019 SHEto s Hgkdnt
542 540] Q= SRMECIA 19 3= 7, &
1 Afol= 09 gez Ay E E4(Linear
Discriminant Analysis, LDA)2.Z H|o|g] X E k&
st} o012 53 A4 A (Decision boundary)E e

Rl 71 =(Fe] 4

¥
ﬁ

o

)

=4

oA HelEE BRlel FASY T8 AL,
ofu, WorEo] SE3H0.0~1.0)0] 0.3u]%to]E 5

“golal, gEgto] 0.70130lH L=/l e FEH
Ab-2RRkEe|t). ot gEgto] 0.30143~0.771%d 4
Soll= BT 949
okl 7heskoich
W, 71& 5497 E lolEHo|Ad gle A=l i
A= FF d= FIHOPS, Optimal Predictive
Space) ATHE B3 FEFAHSFES] TOPKAT”
Fndo] A& 7FedE HEST &S HF A%
37 Woll o, Akt =4 o542 85ttt Bt
Holl, 24 ol& F7t] Holut = Aol JE A5
3% OPSERE Y FEfA-SHE4EY 2D-F2RE
A(EAEH, A2gFH, 25 )Y videhes|

(indeterminate zone)ol &A%t
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2 AZ](mahalanobis distance p-value) &-&3%H=0]
olEste] ALkE =4 ASEe] 8 oFEE 245
o} gkt A AR|9] 58t & Aol &
A A& FE5HA gttt v HA ARs o
W FZtolA T ¥ 2H] AR 18t A
£ 9rlsl= ALoEA,
—1

d(pv) =\ (p=v) Y (u—v) )
A7|A pi= ZF HlolE(raw), v Zt Hlo[H9] Hd-E 9
ujgit}, ol FEA EYAE o]8sio] AZE £F
Stk= Adelth. ol BoiA AdERA-SFES] S5kt
Z7} 71 FDA T= NTP 54549 ol 7] &
7} FR3E Joo]| Q=x|et SARt BleFEo] TOPKAT®
SR o3 & d&o] EHi= ARIAE A
T % SHAA) T £ AT kAT, LRl SHEE
O] TZHAMIL AHkE 0 F TiAl E= BHobA o] A A
HAUET BRst FERA-IRET B #AE
Zkn QA At

ol A4 4987 FEFAF-ERME FolA 1570
FEFAL SRHE(Y, F71E, 18 B doiAe &
golSollA A=A}, o= FDA E+= NTP to]EfH|
oA W Ik txIt fARRE eS| JRVT RES
BRoAY d&E T 4= g7] "iolth ATkt 4987K
FEFASFEC T EAFE= B FFE QD
I Q& HlolEwhe AREEHg7]ol, TOPKAT® mee
Hlo] ek QSAR BE= It &4 R o537t At 2
AQl HwE oA E3ieh o oE SHY /51 &
FE B35he ARE 4837 dEfAL SRES 2
dE#e®, AvEdthi) ¥2F DAY filtering 715
(8 4 A AA A8st] sl =Hsk3ict.
2 Aol #3E A 2 BAE e
discovery studio EAEE T2 TH(BIOVIA 2022
version[33]°14 =35ttt

3.1 U=4/R=Y ZHUXL -

k29| tiAHgolA 7Hd a3t 7]
oM F5E ko] 2t WA FoA
oW thE 248 fiAE: l, diFEY oFE A 2k
AZE(9]l. Cytochrome P450 & thAtOllAl 7H
a3 AR)o] 7oA whe 2 TR EARI 5,

T+ O

oF



Hlo]x|et ®d 7|9t

A TR 1 BY oI5

Table 1. The equation coefficients of properties and their statistics for each principal component on the

molecular descriptors

| Equation Terms PC1 PC2 PC3 Min Max Mean Std. Dev |
Constant -3.085 -0.8796 -0.857 - - - -

AlogP -0.07629 0.2279 0.01741 -9.552 | 12.761 | 2.0577 2.5906

Molecular Weight 0.002445 0.001777 -0.0006761 60.055 | 1550.2 | 362.63 186.63

Number H-bond Donors 0.1832 -0.06297 -0.01853 0 17 2.251 2.6479

Number H-bond Acceptors 0.1281 -0.009962 -0.007976 0 26 5.1406 4.0914

Number Rotatable Bonds 0.05496 0.06393 -0.1124 0 43 4.8635 4.7939

Number Rings 0.1816 0.1465 0.2383 0 9 2.8313 1.8594

Number Aromatic Rings 0.08839 0.1617 0.6045 0 6 1.2912 1.1379

Molecular Fractional Polar Surface Area 1.438 -3.607 0.8894 0 0.894 | 0.2703 0.15437
2o SN BT T, HRUE 5o o2 Bo] L 7R shskd Bkl 7R 4 9= A9} ol

o7 thAbElo] HIE Uehich Be 284, AL Ba
T2 7R FEe T AEES A Fste] AR &
o2 fgo] HAR A & ol S At
CYP EAEo] o8 e thabel Zuke Fasic. of
AT B CYP Jof o) EafiHe =S 245t
< dloll oiA, ke sfttzrt A8 Be AR
Hr} ¢ wo] 2935t} 28A40] oW Ak E3
Agr&o] EorA Tl 2t widAlE 532 23
& ZAEE AF5ko| 311:} Qutzr o 2 oFgjsha A o
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Fig. 1. Human hepatotoxicity scores (179 positives in red and 319 negatives in blue) containing the equation
coefficients for each principle component on the selected 8 molecular descriptors across 498 drug-like

compounds.
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Fig. 2. A comparison of human hepatotoxicity positive (blue bars) and negative (orange bars) drug-like

molecules depicted by their statics for independent variables of the selected 8 molecular descriptors.
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Table 2. The confusion

matrix for prediction performance of human hepatotoxicity across 498 drug-like

compounds
Training set Result
ROC True False False True s o
. N " X Sensitivity Specificity Concordance
Bayesian QSAR model score | Positive | Negative | Positive | Negative
0.989 175 3 47 273 0.983 0.853 0.900
5-Fold Cross validation Result
ROC True False False True - o
L . L X Sensitivity Specificity Concordance
Bayesian QSAR model score | Positive | Negative | Positive | Negative
0.855 173 5 42 278 0.972 0.869 0.906
(@) (b)
- ROC Piotfor BayesianTempMode! (External Test Set prapared_OSAR_1_500_2 sd) o ROC Plot for (5-Fold Cross
e I —_—
095 Jﬁ 0.95 o SO
uLBD! 0.90 »
085 JJ 0.85 _:“rr
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Fig. 3. The Receiver Operating Characteristic Curve for prediction performance of human hepatotoxicity
within (a) training set and (b) 5-fold cross validation sets across 498 drug-like compounds.
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T

G1: 220735655
12 out of 12 good
Bayesian Score: 0.982

AND Enantiomer

G2: 151445186
9 out of 9 good
Bayesian Score: 0.941

G3: 177077903
15 out of 17 good
Bayesian Score: 0.904

G4: 1165022651
7 out of 7 good
Bayesian Score: 0.899

G5:-1242906247
T out of T good
Bayesian Score: 0.899

N

SN

GB: 1279696542
7 out of 7 good
Bayesian Score: 0.899

G7:-1311285389
T out of 7 good
Bayesian Score: 0.899

G8: -1799980005
7 out of 7 good
Bayesian Score: 0.899

G9: -B677309799
41 out of 51 good
Bayesian Score: 0.879

G10: 888054369
13 out of 15 good
Bayesian Score: 0.875

G11: 226796801
16 out of 19 good
Bayesian Score: 0.870

G12: -1101847286

6 out of 6 good
Bayesian Score: 0.870

==

G13: 1412053881
6 out of 6 good
Bayesian Score: 0.870

G14:-978131182
6 out of 6 good
Bayesian Score: 0.870

G15: 2116455019
9 out of 10 good
Bayesian Score: 0.862

G16: -1236483485
18 out of 22 good
Bayesian Score: 0.854

=

G17: -1114776580
14 qut of 17 good
Bayesian Score: 0.840

NH,

G18: -1408385607
5 out of 5 good
Bayesian Score: 0.832

G19: 1435111106
5 out of 5 good
Bayesian Score: 0.832

AND Enantiomer

G20: -1095664289
5 out of 5 good
Bayesian Score: 0.832

HO
HO
OH

B1: 1815582740
0 out of 47 good
Bayesian Score: -2.782

e —

B2- 1405568809
0 out of 45 good
Bayesian Score: -2.741

[ —

oH
B3: 1908328434
0 out of 40 good
Bayesian Score: -2.631

AND Ereromer

/OH

B4: 1205543293

0 out of 40 good
Bayesian Score: -2.631

AND Erersorme

/OH

OH
B5: 74117663
0 out of 38 good
Bayesian Score: -2.584

B6: 694054216
0 out of 37 good
Bayesian Score: -2 559

B7: 462727963
0 out of 25 good
Bayesian Score: -2 204

AND Enantiomer

B&: 2126450592
0 out of 24 good
Bayesian Score: -2 167

B9: 469164993
0 out of 22 good
Bayesian Score: -2 091

AND Erarmome

o

B10: 1815173751
1 out of 47 good
Bayesian Score: -2.089

AND Enantiomer

B11: 2011659532
0 out of 20 good
Bayesian Score: -2.008

T

WY

B12: 1058566827
0 out of 20 good
Bayesian Score: -2 008

B13: 1334400011
2 out of 64 good
Bayesian Score: -1.975

W T

B14: -1750440473
0 out of 19 good
Bayesian Score. -1 963

AND Enantiomer

B15: -519692610
0 out of 19 good
Bayesian Score: -1.963

o~

B16: 1067195438
0 out of 19 good
Bavesian Scors: -1.963

B17: -1365167212
0 out of 18 good

Ba ian ore: -1 91

AND Eractsmar

oH

B18- 250877150
0 out of 18 good
Bavesian Score: -1.917

B1S: -98561723
0 out of 17 good
Bavesian Scors: -1 869

B20: -67879732

0 out of 17 good
Bayesian Score: -1 869

Fig. 4. Bayesian model built with 498 drug-like molecules that features important for human hepatotoxicity
active and inactives
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Fig. 6. Ames mutagenicity classification predicted by TOPKAT® on 483 human hepatotoxicity prediction

results of drug-like compound
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Table 3. Candidate chemicals with carcinogenicity.

CAS No.

Synonyms

Molecular formula

Prediction

80-08-0

dapsone

C12H12N2028

Computed Probability of Mutagenicity : 0.008

Computed Probability of Carcinogenicity :1.000

Computed Rat Oral LDso : 2.4g/kg

Computed Maximum Tolerated Dose (feed/water) : 171.6mg/kg
Computed Probability of Developmental Toxicity Potential : 0.812

86-54-4

Hydralazine

CsHsNy

Computed Probability of Mutagenicity : 1.000

Computed Probability of Carcinogenicity :0.995

Computed Rat Oral LDso : 181.7mg/kg

Computed Maximum Tolerated Dose (feed/water) : 20.0mg/kg
Computed Probability of Developmental Toxicity Potential : 0.072

50-18-0

Cyclophosphamide

C17H15CIN2 0P

Computed Probability of Mutagenicity : 0.921

Computed Probability of Carcinogenicity : 1.000

Computed Rat Oral LDso : 82.3mg/kg

Computed Maximum Tolerated Dose (feed/water) : 3.5mg/kg
Computed Probability of Developmental Toxicity Potential : 0.204

126-07-8

Griseofulvin

Ci7H17ClOs

Computed Probability of Mutagenicity : 0.000

Computed Probability of Carcinogenicity : 1.000

Computed Rat Oral LDso : 289.3mg/kg

Computed Maximum Tolerated Dose (feed/water) : 51.7mg/kg
Computed Probability of Developmental Toxicity Potential : 0.005

50-28-2

Estradiol

CigH2402

Computed Probability of Mutagenicity : 1.000

Computed Probability of Carcinogenicity : 0.910

Computed Rat Oral LDso : 180.9mg/kg

Computed Maximum Tolerated Dose (feed/water) : 93.8mg/kg
Computed Probability of Developmental Toxicity Potential : 0.985

671-16-9

Procarbazine

Ci2H1oN30

Computed Probability of Mutagenicity : 0.000

Computed Probability of Carcinogenicity : 0.994

Computed Rat Oral LDso : 411.6mg/kg

Computed Maximum Tolerated Dose (feed/water) : 2.4mg/kg
Computed Probability of Developmental Toxicity Potential : 1.000

52-01-7

Spironolactone

C24H32048

Computed Probability of Mutagenicity : 0.005

Computed Probability of Carcinogenicity : 1.000

Computed Rat Oral LDso : 10.0g/kg

Computed Maximum Tolerated Dose (feed/water) : 338.1mg/kg
Computed Probability of Developmental Toxicity Potential : 0.000

637-07-0

Clofibrate

C12Hi15ClO3

Computed Probability of Mutagenicity : 0.009

Computed Probability of Carcinogenicity : 0.994

Computed Rat Oral LDso : 2.1g/kg

Computed Maximum Tolerated Dose (feed/water) : 167.4mg/kg
Computed Probability of Developmental Toxicity Potential : 0.022

4342-03-4

Decarbazine

CeH10NsO

Computed Probability of Mutagenicity : 1.000

Computed Probability of Carcinogenicity : 1.000

Computed Rat Oral LDso : 2.6g/kg

Computed Maximum Tolerated Dose (feed/water) : 8.6mg/kg
Computed Probability of Developmental Toxicity Potential : 1.000

60-56-0

Methimazole

CsHsN2S

Computed Probability of Mutagenicity : 1.000

Computed Probability of Carcinogenicity : 1.000

Computed Rat Oral LDso : 202.7mg/kg

Computed Maximum Tolerated Dose (feed/water) : 49.0mg/kg
Computed Probability of Developmental Toxicity Potential : 0.000
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CAS No. Synonyms Molecular formula Prediction
- Computed Probability of Mutagenicity : 1.000
- Computed Probability of Carcinogenicity :0.997
298-81-7 Methoxsalen C12HsO4 - Computed Rat Oral LDso : 765.1mg/kg
- Computed Maximum Tolerated Dose (feed/water) : 39.7mg/kg
- Computed Probability of Developmental Toxicity Potential : 0.000
- Computed Probability of Mutagenicity : 0.000
- Computed Probability of Carcinogenicity :0.999
297-76-7 Ethynodiol diacetate Ca4H3,04 - Computed Rat Oral LDso : 10g/kg
- Computed Maximum Tolerated Dose (feed/water) : 8.0mg/kg
- Computed Probability of Developmental Toxicity Potential : 0.000
- Computed Probability of Mutagenicity : 0.000
- Computed Probability of Carcinogenicity : 0.999
103-90-2 Acetaminophen CgHoNO> - Computed Rat Oral LDso : 1.5g/kg
- Computed Maximum Tolerated Dose (feed/water) : 256.5mg/kg
- Computed Probability of Developmental Toxicity Potential : 0.000
- Computed Probability of Mutagenicity : 0.000
- Computed Probability of Carcinogenicity : 0.888
90357-06-5 Bicalutamide CisH14FsN204S - Computed Rat Oral LDso : 173.6mg/kg
- Computed Maximum Tolerated Dose (feed/water) : 12.9mg/kg
- Computed Probability of Developmental Toxicity Potential : 1.000
- Computed Probability of Mutagenicity : 1.000
- Computed Probability of Carcinogenicity : 0.995
36791-04-5 Ribavirin CsH12N4Os - Computed Rat Oral LDso @ 2.4g/kg
- Computed Maximum Tolerated Dose (feed/water) : 98.8mg/kg
- Computed Probability of Developmental Toxicity Potential : 1.000
- Computed Probability of Mutagenicity : 0.000
- Computed Probability of Carcinogenicity : 0.996
298-46-4 Carbamazepine CisHi2N20 - Computed Rat Oral LDso : 2.6g/kg
- Computed Maximum Tolerated Dose (feed/water) : 39.6mg/kg
- Computed Probability of Developmental Toxicity Potential : 1.000
- Computed Probability of Mutagenicity : 0.000
- Computed Probability of Carcinogenicity : 0.978
68-22-4 Norethindrone C20H2602 - Computed Rat Oral LDso : 5.1g/kg
- Computed Maximum Tolerated Dose (feed/water) : 296.6.1mg/kg
- Computed Probability of Developmental Toxicity Potential : 0.000
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