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Abstract : Endocrine disrupting chemicals (EDCs) cause a variety of diseases, such as reproductive diseases, obe-
sity and even cancer, by interfering with the endocrine system. However, in the face of a large number of poten-
tial endocrine disruptors in the environment, traditional in vitro and in vivo assays are difficult to achieve high
throughput screening of endocrine disruptors due to their high cost and time consuming. Computational toxicolo-
gy has been recommended as the screening and predicting method by the US Environmental Protection Agency
(EPA), the Organization for Economic Co-operation and Development (OECD) and so on. Here, we discuss the
application of computational toxicology methods, particularly molecular docking, molecular dynamics simulations
and the developing adverse outcome pathway (AOP), in guiding the screening of EDCs.
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1 B(S (Introduction)
1.1 NPT 5 N T3

WM R G HR HH— R IR W R i A B
KRG Mt EEEN T HIRGSEN RS, Nl
RGMWE T MR LS, ERARRIR 45, 3
BLALFE 3 Ff; 2846 4 R 3K (eicosanoids) , S 143 (ster-
oids) M FL MR AT A W (W2 IRBE R F J5D), U
it 5 HAR M R AR A4S G UG 1R 5 5%
SIE IR BT AR e AR I A A AR L
PETAE LAY, A RIERY], — L )
XL A (bisphenol A, BPA) . £ ¥ 5 £ (polycyclic
aromatic hydrocarbons, PAHs) } — & %1 5% HU 5] 45 119
TR TN M R GE I 7 A 53X W) oL
BFR AN 4344 (endocrine disrupting chemicals,
EDCs), 4T P04 (1) 5 5% 25 38 I A B B O
FTEI0 | I 2R 0 s RN A 28 2R Gy i) XU | L %2
SR AR RE A A A . 4l Attina P RERU A
11,2010 4R R RGN 70 TP B 5 AL 2%
o7 E A= BB (GDP)RY 1.28% , 4 2 170 {23t
T2 [ A5 ) 3 400 1¢36TT, 4 GDP 19 2.33% , N
S3 UM 5 B T 5T A8 AE JE BE
1.2 N T Ry SE g G i B

RO P 43 06 1 e 0 1% 52 3 - B A0 45 AR Sk (in
vitro) FWR N (in vivo)SE 5, A HI S 95 40 455 4t i 18 5
5256 (cell proliferation assays)® | 4 45 % [K 52 56 (re-
porter gene assays)™ | JER: X% 58 S K (yeast two-hy-
brid assays)"” | 45 & 5L 46 (binding assays)® 45, A& PN
I 22 K I AL sh 7 | S 200 A IR P A
FRUEEZ Yy, i F T JUAE K RS L8R B A BT
RN 38 45 o v 3 e 00 G 08 v v AR X B
ERINEAEfEE S Y, UL sh P iR iy il i B R
FERSANAS B AN fh € [ 5 A4 5 (Environmental
Protection Agency, EPA) . [E 37. T4 b 5% B¢ (National
Institutes of Health, NIH)F1E i 5 24 i 4 #1 )51 (Food
and Drug Administration, FDA)%§ 5 %8 1 & E#Y 21
THZE 338 (Tox2 1) I B, SR F iy 38 12 0 16 45 A
2910 000 FHERSE A W FN LG A9 TEVE , o A 23
THIRFE BTy, X T HEER TR0 A5 3 i
HRFFE 45 5 LT 2014 4E &A1

BBl — S P N 3 T A E AR
T EARN ARSI S 45 & . & EPA N 4r i1
Yt 7% 1% Tt H (Endocrine Disruptor Screening Pro-
gram, EDSP)F 2012 4-FF ¢ T EDSP21 i H , >R 2

AR ) i 2 3 - B (Tier 1 A Tier 2)PFILE4)
90 7% U/ 7 R = Ma 7711 B R W A R
SRS RPN S, 90 2 )R R E R E AR
R, g0 1 S EA TSRS
HEAGO 2 I PPAG A I TR0 . BT, B
i 1800 Ak A 73 A AH 3 A1 14 e i T e AR
P (FEZN AL FEMERR 32 1K ER MEV R Z 1K AR 45
B A ST RGO 1 RSN A £ ) © T ED-
SP21 Dashboard [ ¥4 (http://actor. epa. gov/edsp21/)
ARHL
1.3 ML R AREL T T B

PRSMAR N 256 T B RN RE SR IL S 1Y
WA TSN, AHL 2 H A vy B X LAY 42
BRIA #1126 000 000 Ff k443 % (http://www.
cas.org) AT B —Ii vk, I, iR 75 & Ak 220 N 43
AT RN 7 5 119 11 55 75 #H 27 (computational toxi-
cology) " TR B A kiR E A ZE AR
PRGNS AL AL 55 AN [] A 5L i) B3l , T 2
RSN | LT S PR B8 10 A6 5 ) T Pk
BRI AR R TR A A B BOR B 1Y
Jei, 2 EPA 2005 4F BT TR KT A R A
Hh.(» (National Center for Computational Toxicology,
NCCT), 1 TH K AL & W2 v ik,
RIS R B i 2205 B 5 &k Jré 21 41 (Organization
for Economic Co-operation and Development, OECD)
T 2008 4ETF & (315 2 B 4K {F OECD QSAR Tool-
box A4 IEA 3.4 A, IF45 3 % B BUM ALy T
A S A

FE R 45 -8V K & (quantitative structure-activi-
ty relationship, QSAR) J& it - H & Fll & J 1) 11 5 7
PR AR G W A5 il P Ak BT Y 4y
TR A (molecular descriptors) -5 45 & A 2 4, 1%
A FE 2t )R (adverse outcome, AO)EE 7 IHE 2 | 1k 2] Fi i)
H 0 TEAS ) RUBE /Y P 73 0 T L B00E, A% 32 1A 45
AU T SO P AR E AR R G RPN A
HAFRN) s, FRIE PR SR TRV AR
AR | E AR SRR T AL AR A I A FE Y
ST QSAR BFFY 1 ARMEL 1T oK AR,
Fefn Li ST 517 M PRSI 705 51
FARAT IO Y 13 A 40T RlR AT E 7 L
FAN I QSAR BERY K A B+ () MET R IS Pk
FEE ST RAE JEARFAE R s A AR 45
e, W4, QSAR U 4K JE a3
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A0k 15 3] OECD 45 2H 211k ] | 3 T QSAR
TF & (R FE TN X 4 , 4 TEST ,.ECOSAR ,OncoLog-
ic & WAF B Z W . SR, QSAR FEAE Z % T4
P AL >R F 09 53 F HR FF AR A L O B %
ol A 11 24 B2 AR 2 Y

PR T 5 A SR B RE B Ko,
MZ AR E A S Z M A B REEN W R G514
W BAEEAEH, B T 52 RER R
MIBIFFE R N 3 Wb T- Py i i 1) R T B IR %
PRAPSEBGHR 2 LT 5 32 IR G R DR o
B A o W AR A B 43 X6 4 (mo-
lecular docking) Fl 43 F &) 7] % (molecular dynamics,
MDY A N5 T T 5 2 R E S R Bt
BRI ROA AR R MO Z RN, PRI
L T S IS0 [ RENANG = 1B N v B e e VR (YA E
il ,OECD 3£ [H EPA “:4H 4TV T T & A FE45 R ik
1% (adverse outcome pathway, AOP)JIi H Kt KA
HIETROVALR AT A dE A ) R e, R, AR S
W X o3 F X% \MD BEHUFT AOP 45 5 F 250 AL 1)
TR IR N AW T Tk b 00 34T
Ziik

2 FEREMN A (Molecular docking and its
applications)

Gy X R TR AR 5 =2 k25 G s e 2 A1k
S FC AR T ALk ) i AR S ¥ RN 7 [l () i I &R

ERB -E,
(PDB: 2j7y)

(PDB: 2h77)

(PDB: 1nq0)

Girp E R ZARE A A RIS MER E 52 R (estro-
gen receptor, ER) /i # & 5% 1K (androgen receptor,
AR) HIR IR # & 32 1K (thyroid hormone receptor,
TR) Mz Ji i 2 32 1K (glucocorticoid receptor, GR)%¥
TE N A% 3Z A (nuclear receptor, NR), B A 1ABZ I K
PRI IS R I A 2R Bl AR E AR
2R R R | R 8 22 A 52 AR 1) it AR 85 1 i i
B ke (B 1P a2 i R S5 49 %8 v] LASE 28 Protein
Data Bank ¥ % (http:/www.rcsb. org/pdb/home/home.
do) A5 , 2R FH X 42 F1 MD FLUL A5 7 vk i 128 P 49
T AT RER HEH I Z I NI 2k, Xt
TH A B F, 13 £E 77 238 1 [6] U5 2 BL (homology
modeling) ¥4 G Z AR ZE ™ |

G3 R A A B TR FCAR 32 A4 AH TR
FAALHI A BRA% . Nose S FXTHE Ik M 14 A
KW i 1% B 4-(1-adamantyl)phenol A fULE i &
YT, 28 B UE A S HAT AR 5 Y BE R TS R L XX
GEI 4y B ke B, 55 ME U R 25 L, 4-(1-adamantyl)
phenol 132 HES ERa H' Glu353 F1 Arg394 4
FLRRIE A5, D' Ursi S5 5R FH Z2 X 82 09 O i
R TN T 5 ER 221 32 {K (progesterone
receptor, PR)FI AR [AH E.AE ], & BLixX L6 Py 43 3+
P 5 2 AR AR B 2B TS Y SRS
A (ligand binding cavity, LBC)H £~ 24 ik iR 4% ik
Z AR PR T, X TR B il T4, e
HRE S IE N S RS2 AR BB K M LBC, I 2 3R R 57

AR-DHT
(PDB: 1i37)

(PDB: 1p93)

H1 55 BRI EhEE

Fig. I Some of the structures of nuclear receptors (NRs) that have been refined”>*”!
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PSS AR,

1 P94 W T P W 18 A BE ) 1 T R TR A2
A ISR TP 5 A [ A2 4% (9 R EC A FH i 300 7 78
IR 2 5, Yuriev SE5VERXT AR 14 B NR, 35 HL
T A8 ANTEEE T HE I b R 45 R S XY 5 2ot
TR 5 44 NR (945 4 fg , 0 v of
2 AT RRRR DT W7 Ak 5 0 0 A B P9 0 0 T AR
R RO IR R O R L AR R A
A St R R T X B2 & T — 4% 39 A~ A%
NR BYFE/F SPEN, %2 /7 283 10 F 4L & 9 1) 50 3
HA RAFRBE

ST R DL QSAR 454, M £ 4E QSAR
FEAY . Vedani %97 R FH 22 M 4T 2 1 QSAR 454 1
Dy gL T 1 ER 455 e 1 6 4k QSAR LAY,
FEF X 106 Ff g 2030 T4 9 19 0 i | 25 5% r#i5 5)
0.885, R HATRIF TR ERE /], Vedani ] AKX
R EFh B #] AR TR (GR %5 11 MEZAK, I sr
T IET R f & Virtual ToxLab™ 231 4%
TEZSYTF R P A T — S8 ik, i3 147
W R A B R I AR DL 2 e, B AR AE 9 4 b T4
Yy b A 15 BN H RN i i X B2 2
TR B RE™ SR S P RHE AR AR KRR RE L)
ZZ R H 2, 6 2 R T 2 RS R
O TR ELR SR B NI HAR AR Y)SL R

FESEBRN FH 43 6 2 57 A2 AR 245 4 R A A 2k
AISEIRE I EERTARRI RS BB b itk G, o
T RO BRI TR, X 1 45 A RE T IR
GFRAL A S 2 R ES B S T X K B
ARSI A PO, TR — A, e 3 L Y
QSAR FERI 2= PR Y S5 G 3l | 1 AR 1Y) 22 MRS A
SO T XA R A S T BTSRRI S
YIRS )X A A T A T A A 2 5 o mT LA B
Gy TN 1A, 7 A S AR A T

3 HFohAFEIUEE R A ( Molecular dynamics
simulations and the applications)

W& THRHLEOR 1Y & e TS RE I iR T,
T8 1 AR B I A ) R o3 TR R R AR HE
TEPY S G B ) AR IS R R o T P s
SRR TS 2% A 01 U 578 245 5 RO I
)G N AR EAE R R Il — A sh B R 58, LAt
WA o0 Z IRl A B S

MD BT B TARR TR T Z AR E
BCARAS By A8 228 4k, Li 25 ] MD BELAFSE T

AT T B R TR0, R BT 5 ER
7E 2 ns AR T AR REIA BN RS RS, IF B T3040
HER LS YIHE S ER (1 His524 2 MR E L A
B, RH MD B fig & BLER 1 5T Y O B 45 4 M
TP A 1 OB ARAERT . Wang SEPY SR X AR B
ARG LAY A R B 12 S 185E (Helix 12, HI2)TE
MD # it #2 i HA A 2 B 6 B AR AR, A HI2
(AN B A8 A 2 B0 U 3R 0 PR 7 A I DG B, Wang
PR B H12 7 10 ns AEADUER H] Py 3k 2057 i 2 bt
T 0 P 7 A ) FE B AR, L RSO B[R] 5 9 1 5 55
AR,

Ty 52 R & 1 LBC 45 4 155 DA 8k 2
MD HFFEIEE A5 . Martinez 45 it i MD 5 6 % B
THCARZEE TR-LBC 1) 3 Fha] RBikfe, H#& it —
A H B Y\ 5> F 3 J1 2 (steered molecular dynamics,
SMD)RALIRIEC A DA 2% 106 2 i 450 3 12 e AR 235 5 Jis
AME Sy F2 BE %1 Martinez 25 % PRk B TR
A fc ek A S T HI  H2 A1 H3 AbAY3EGE 3, i HL
LA CE KR 53 B 5 A2 AR SR B 7K 43— 422 f i 2k
PRGN, 53— 7, A AR, T
IR 32 1R H12 W07 & kA AR Ak, i AR A
EIELFP AR, R TG N LBC Hik 55 SZ KT8
IR AR ZER R R« 2 B (mousetrap)” £ 4456 1

IR 2 MD AL g3 A O
K H MM/PBSA &, MM/GBSA (molecular mechanics
with Poisson-Boltzmann or generalized Born and sur-
face area) /7 EETHRABCIA-ZIAZE G A HBE AGy;4,,
FHT FUI0 e A 5 32 A 18] 49 45 5 %0 J1 . van Lipzig
ORISR MR TP 5 ER 455 H
FE NSO A5 i 45 5 280 L8, R B 2 R DG &
BIKF] 094, 454 H HBEIRREX 73 THRPIXT Z AR A
[F) AR R L R 1 Martinez 459 43 53+ 3 T L
1A Triac 55 TRa Al TRB A EAEFHAISE & H HIRE,
Bl Triac 5 TRa MI45 A H HAE R E LT TRB, T3X
HOX TRo HAT g FEREFEAE

bR T TR S 2 ARG AR S HAbE
H BRI EAE A, i 530895 R . R4
SEOTON R PN TN A I AR
5T F£ W ER M Z RAEH K KIMH T E, ¥k &
LBC™, F 40 & #2 A BN 5 i i) MD BiF 55t 3%
T, L5 B FAEAL A W) HOIR B R 0 1k 7= 4R
AR EEAEN, PRI R T 5 TR 45
G Re A L oA 2 S 5 TR 45
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I FEHUE R A, L, B IR R Az RS
NI P IES IS U (B ERu R SR S 7/ NS e R TR (EVEE I
SR A S T REHIAS DNA 9455 S5t
FIREAU, 2 MD REBLAE P4 738 DI i 2 L ) B 2
KIETTI] . F3ah 16 MD BLD R &1 )20 1
T2 QMMM & 197735 K BCR R 20 QM i
B, FCA R T MMBEAEL R4 5 % AT Bl T e A AL
FRORERA B2, AT T BE TR AR IC 1A 32 1A 22 1] B A
HAE . WRSSCHAE AT AT R AT QMMM 197512

BRES TR L h PR 2R Y S TTR 4545 S0,
WON BT B2 S8 N 0 I 0 R 0L o 1od 7
AT ZALHIHLE

4 AOP H)& EF1EE ( Development and prospect
of AOP)

Wit R R0 AL T B A B0 AN T TR AL, AOP HE A& &
WA Jrk sk . AOP B2 N7+ J5 sh F 4 (MIE)
MITT IR, B — R 3 8 5 4F (KE) 1 2 8] 5% £ (KER)

R TP ERIE RS TBEN TR 5
HIR IR Rz 28 25 [ (transthyretin, TTR) 256, K

B BIA FH A R(AO) Z A K R AIHELET | 5 AOP
RS MRES IR 1 Frzs . N2 e #7

®1 5BEELFEEE(AOP) BAXMEMEX
Table 1 Definition of concepts relevant to adverse outcome pathway (AOP)"™
i H (Concept) 7E Y (Definition)
22 B0 SIS R0 5 T2 S0 A T 890 15 2 0 K 4 AR ) A 5 DL Vi 4
AOP HO5 2 A T 4705255 2 I 8 L ERE .
HEL R (adverse outcome A conceptual construct that portrays existing knowledge concerning the linkage between a direct molecu-
pathway) lar initiating event (e.g., a molecular interaction between a xeno-biotic and a specific biomolecule) and an
adverse outcome at a biological level of organization relevant to risk assessment.
SEAELWE LY EAEN RIS, 18— RIDCH TR R WA 5 Al R
TG, 2t 2% E A EAT MR A AL A S B E . /E R 205 78 FHPLEE (mechanism of
MOA action) /A [] , VAL B8 50 378 20 5 %) B A RN 5128 () s
YER I3t (mode of action) A biologically plausible series of key events leading to an adverse effect. A sequence of Key Events and
mode of action
processes, starting with interaction of an agent with a cell, proceeding through operational and anatomical
changes, and resulting in an adverse effect. Mode of action is contrasted with "mechanism of action,"
which implies a more detailed understanding and description of events.
16 T SE PRSI A TR B AR A SR A FH O e A A 485 Jm i L LT 3R (W R R T 43, S g 2
KE A EH AR,
PSRl & ) An empirically observable step or its marker, which is a necessary element of the mode of action critical
ey event
4 to the outcome (i.e., necessary, but not necessarily sufficient in its own right); key events are measurable
and reproducible.
S B Z (B A UL R R SEHR ST 5 AR 2 B sl fiell A1) 00, 15 A B S B S AF
BRI T e OGBS TR B ) 2 T 10 AR W A AR A B A % A B o S IR Y
KER WEFIR,
KHEEF KR (key event The predictive or causal linkages between a pair of KEs. KERs, in contrast, are a unit of inference or ex-
relationship) trapolation. They are defined by the biological plausibility and evidence that provide a scientifically credi-
ble basis for inferring or predicting the state of a downstream KE based on the known state of an upstream
KE and the confidence in that inference or prediction is defined by the weight of supporting evidence.
MIE AOP HEE—ASEEHAF 18 SN T 5 2 A R Sy TAREAE I R B AL WA T
AFEIESFM (molecular initiating  The first KE within an AOP representing the biologic perturbation resulting from a molecular interaction
event) between a xenobiotic and a specific biomolecule.
AOP JG WIS P FAEE SR T 2 UK AT 00 L0 T, A 3 28 A4 A s
i
R AO [k

(adverse outcome)

Late stage KE in an AOP representing a biologic perturbation that would be considered adverse in a reg-

ulatory context. These typically occur at either the individual or population levels of organization.
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IR [ SEDBGE (Gene

$¥$+ xﬂﬁ T (Lf-’(halliy)

S 5 Altered I .
ZA{E%%E% yﬁf};ﬁ ngand— a(‘tlvatlnn) qt%r;ﬁ { 5% X ol b\ H i":b' ﬁ'f#éﬁm
(Chemical rtf‘("“ pi(.)r | AR (Dmrupted dg/r;]ll::;:r::lm (Slfjuz(’éture)
hire interaction od X2
and et | | DNAZES | [PUEREE | o, AR | xinion
(DNA binding) Altered signaling) (Altered tissue (Impaired
T function) reproduction) Py
MIE
O E )
) 1
R
L . =y
@ D
KE b_'L ,_'[ KE ]—' —-[ AO ]—-[ A0 ]3 &
<
i KE t
]—OIKE}—-[KE]—'[KE} L ) {AO}—-‘AO]
2 AOP REHRE
Fig. 2 Schematic of AOP
AOPI122: *iﬂmégg’(giﬁﬁf&"
R A ) (Unknown MIE leading o
(Prolyl hydroxylase inhibition) reproductive dysfunction) R 2 E%ﬁ}?fﬁ
N —_——————— _
KE274: e };\r.\ﬁ:gzﬁz,[};h 300: mfoﬁlfﬁs mﬁﬁ:))
I AT o P BEAEOR s SIS
%@ﬁ‘%ﬁmﬁ’}‘ éﬂﬁ?ﬁ?ﬁéﬁmﬂ% g(f[;:-Iezggf ’ f (Reducnj:,*t\lfiy]ﬁ/g}emn \\:}:\
‘ (Reduction, . (Reduction, E, synthesis) Vitellogenin synthesis) | accumulanon) KE78:
\\\\ Testosterone synthesis) V \\)} R
\ / N | FIRE S R
Reduction, Cumulati
KE129: / KE219: KE221: f(ecfl:mltli(it;fo:nd :;;l‘lnillnv;
PRPERRIR SRR R [ gﬂﬁﬁ‘ﬁ =
ﬁi{%_ﬂﬁ / (Reduction, Plasma £, ed P
it / ch
Gﬁn:dgfrgg?ﬁs) T ( w}:allglg],enin) A0360
SRR SR Wk SR, P
(Aromatase reduction leading (ER antagonism leading to P
to reproductive toxicity) reproductive dysfunction) trajectory)

3 HEERZEEBRESHEEFTILA AOP™

Fig. 3 AOP: Androgen receptor agonism leading to reproductive dysfunction

AR FR T SR AR IS A ) K51
] L2 U A8 B RN TE] 2), IR, X AOP
AIBIFS A B T 3RA5 SRS A FE BT B ACR . 98
T3 BTN 5 ¥ S A ST AE X TR0 A T a6 A2 1
BRI ) it b, ot 2 F R IG A B k™, B
HE 45 5 % 12 L FE (Adverse Outcome Pathway
Knowledge Base, AOP-KB: http://aopkb.org/) it & 37,

[731

HORERZ AOP # T & -1 AOP-KB V& It X
B RRAEHE AOP FETH R~ F0 A0
HATC A 1 AOP & 20 4>, Ho L 55 5 MERLE |
T ER HURBR R 52 R SR ARG 5 AN 0l T4
AOP, Villeneuve ™ JF & 31 & & T 4 K MfE ik R 2 1K
WBh RN T 8 FE D) RE ZEELIW AOP(AOP23, 1Al 3
FIER), THRW S 1 3R 2 AR (MIE), 3 B2 | M
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PR A T B IV I3 2R VA IRAIK, 328 v P B
JERE (1A T B iy v B 8 D R 1 U AR AL, B
A L SR B L SR B R e A BV B )
REZTELAMY AO 774E , Villeneuve Z5™A B 4E T AOP
TR ARJEN . (1)AOP N EA L& 71 (2)
AOP JEREHAb ), HAY B2 ] F1Z A ; Q) A
M7 AOP #R i #— R 51 () KE F1 KER #4155 (4)
1 2 M) KE Al KER Y AOP #4 A4 I 25 (5] 2) 12
TN LS A O () SR T 5 (S)AOP & 1] LABE S
BT BT AN AL Y 3 26 J5 0] () 2% 8 A B
FXF AOP fY B A A1 FH

MIE il KE #J& AOP @b A 1] 7 il 4 Al 38 43
T MIE E4 5 A0 B AR, i eI 4 4 4%
PRAGTET R A FIA AO L8, TH M 45+ Fn ik
it 5 MIE Z (8] Ak 3R b A AT — 1 SRR, 26 i
HomUS R TF W QSAR FH4» FRLILET AR, K
RO LML RIHS L MIE HBFFEXT 4, SR,
MIE 5 AO H AR EHBEMMHE LR, EfNZHZED
FAE— KE, I+ H A [F ) MIE 484 1T GE S 20HH [R]
) AO =4 T AOP W44 2) DLRT T Ville-
neuve ™ K B HEL 2R A2 AR UK S AW F BUE E Y fig
ZEALAY AOP S {3l it 0 I8 3R Wk P B A1 [T sl 25 50
T Bl S PRI T 304 B #E M ) AOP(AOPT) ™7 A 58
k38 o ) — 4% AOP 3 iU AE 5 [ i, 22 2% 5 11 38
M IMIE B AOP 45 (& 3), ¥ 54 AO 2
] B X445 O 27, ol A Xof B — BB 2 A 1 000y 7 L
A KRBT ENE,

¥ MIE KE AO 2 [i] H — 51 i $l 2 A5 AU HK
Z kU Al i AOP(QAOP)AY | 245114
{5 3B HEST qAOP 1] LLEEARSM L3045 21 i $icdi , an
PR SZ IS5 530001 /60 qAOP i A5 &, il i £
BVE A Y B ABE UL B T Vs AR 19 P9 3 b PG T
P, B 28 0050 -k h7 O ORI RSF (] gk R AT AT,
AOP-KB V-5 [#fEtH T Effectopedia &k, i i &1k
KE Z[HAY KR, #37 gAOP, H Hij, Effectopedia £5
Heib b T % FE B Bt , {H Beta WA B 8514 © & A (ht-
tp://www.effectopedia.org/), WAL, b A7 HAh R 584
Yy AR A, 40 PK-Sim F1 MoBi #f 5 A7 R 4
) QAOP #5874 ¥4 g AL HL T BET™ . SR 1M, QAOP T
A T IARE AN Z T, BRrd s T & R EL,
HoE TN RE I8 R 2R 40 IE

WESR RT LAFI FHAR SN SE 56 (0 88 , il 1k AOP 151
AT PR IR AT TN 7 12: 5 AOP (45 &

W NN AT e, H52 b, AOP HEA& IF J& 5K 8 T A
QSAR A= Whric ¥ (biomarker) Fl AL AL ) B H 42 v
X H 2 B TR R RN A7 o 2 R DV AT S 52 R
IR LSl T X2 A MD B L R AR TR A S
AOP 1) MIE 5§, KE #HXJ i, 43 Tl 5 AOP 4%
A AT TN R AOP & & i) B BT 95 )5
], SR, BRF H AT AOP 54b Fil 45 W By, i % A
BRI AOP 5L T 7 VL 456 22401

5 S FRE ( Conclusions and prospect)
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