SN

Journal of China Pharmaceutical University 2013,44(5) :401 —409 401

CYP1 A2 &l 571 7o i 452 BY B9 322 7 B2 ¥ E

gL PER AR

(PEZIRIRS 2R TL A 2B S T SR 5
PRIRZ Y ELE S5 200 5 R SR 5, B 210009)

i E CYPIA2 Ba £ 25 Rt P AL B T 2AE A, 74 CYPLA2 & 3| A4k CYPLA2 Xt 69 J At 25 My ARGH 2 4K, AR
FHRAX B A e R ORE I AR S A e A RS IG5 TR E A S A B SR A X 4 CYPLA2 ] ) R A 47 2
LRk R MG AR E AT R E L, AR AN 674 A Bk CYPLA2 4] i 69 1A 4 3 CYP1A2 Fp4) 7] Befk & |
AT Aok T ARG A, KR o F 5T 4240 25 2L H) %9 77 ik, A1 A Pipeline Pilot #4422 5 @ Sh46 7% L FAM A A2, @ £ 40
HINR G -BLAR L5 F L Ve e A T B CYPLA2 ag 4kl 1 5 F o RABLAR B T R TR0 R 16 A B Arfbodh, 3 & 14 A
Wbt A CYPLA2 I itk , BF L IRJG AT £ B R 25 B B AT 4 6 F0M , - R I 4 AN 2540 & S aRiE 69 CYPLA2 dp4) 50
BLAAAABE A 5f CYPLA2 ) ) A ARAF 69 T 46 A7, "TvA 2 A T CYPLA2 p+h) 7] a9 T .

KEER CYPLA2 ] ) FUR AL AL ; s SH A AL AL ; A Sh AL A2

mESES RII42 XEMEEM A XEHES 1000 -5048(2013)05 —0401 —09

doi:10. 11665/j. issn. 1000 —5048. 20130504

Establishment and evaluation of prediction models for the discovery of

CYP1A2 inhibitors

LI Manhua®, SUN Haopengl'2‘3, YOU Qidongl"z*

' Department of Medicinal Chemistry; Jiangsu Key Laboratory of Drug Design & Optimization; * State Key Laboratory of Natural Medi-
cines, China Pharmaceutical University, Nanjing 210009, China

Abstract CYP1A2 enzyme plays a crucial role in drug metabolism, and its inhibition may cause low metabolic
rates and increased plasma concentrations of the drugs metabolized by CYP1A2, thus leading to drug
toxicity. Therefore, distinction between CYP1A2 inhibitors and non-inhibitors becomes important topic on the early
selection of new drug candidates and drug safety assessment. In this study, a CYP1A2 inhibitor-ligand library was
built with 674 compounds known to possess CYP1A2 inhibitory activity. From the point of receptor-based and
ligand-based view, we have built an automatic screening protocol with Pipeline Pilot, using molecular docking and
pharmacophore modeling methods, so as to predict inhibitors from CYP1A2 inhibitor library quickly and accurately.
The final model predicted 16 target compounds from the library, and 14 of which were CYP1A2 inhibitors. At
last, we used the final model to screen the American Medicine Database, and four drugs were found to possess
CYP1 A2 inhibitory activity. The combination of prediction models can improve the efficiency of CYP1 A2 inhibitor
discovery significantly.

Key words CYP1A2 inhibitors; prediction models; docking; pharmacophore modeling; automatic pipeline
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PRorFh bt JLFTAE 9 A S B Y 14 T A S5 R 1
XFEE T A4S, AWE 5T XS 2 T H R “ Dock Ligands
(Gold) " it , Forp “ Input Control Ligands” % B
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Table 1 Statistical ~ evaluation methods for the CYPIA2
inhibitors” model
Methods Formula

Prevalence (TP +FN)/n

Correct classifacation rate (TP +TN)/n

Sensitivity TP/ (TP + FN)

Specificity TN/ (FP +TN)

False positive rate FP/(FP +TN)

False negative rate FN/(TP + FN)

Positive predictive power TP/ (TP + FP)

Negative predictive power TN/(FN +TN)

K [(TP+TN) = [ ((TP + FN) (TP +
FP) + (FP+TN) (FN + TN))/n]}|/
in=[((TP+FN) (TP + FP) + (FP
+TN) (FN+TN))/n]}

TP True positive ; FP; False positive; FN: False negative; TN : True nega-
tive;n:the number of all compounds

AT (prevalence ) PN T HAR AL i AL
Yy ARG YR e i) e A Y rh i a4
HITATHR 90% , AR 2 AR KR B b 455 AU ) 1F 1 43
KA AT BE 35 82% o WORAT R H K 5 IR
43253 (correct classification rate ) J2 455 Y [X 43 1if 14

F

Alpha-naphthoflavone Ciprofloxacin

Figure 1  Structures of CYP1A2 inhibitors
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P, MaxOmitFeat FHi2AL5 W) SR VF 2 DA R AL B
2, 27 RKIRERAT L2 BT Ak B S
PR SE L, (17 RN B 1 AR
ETFZL S 7= A 255 BIVE L, 07 3678 FIr A R AE &R
W5 R A B 25 % AL IR L, A B Y Al
CYPLA2 it 57 25 55 141 #1931 25 4K 53 5 Principal {8
F1 MaxOmitFeat {H2 355 E 5 2.

245 AT AR (shape ) A U BTG 045 ¥4 36 F
Pk W) CYPTA2 4| 77] ANF,
1.3.3  SHAAEAIIE  AWFST 2GR AR R Y
FEIEM SN Rank {H5 Max Fit {H, Rank {H &
TN 35 258 AT VE PR B2 . Rank {805,
5R0A1 GG T S - RV C RE BRI 1 4 It
LA, Max Fit {035 B 3 TLA I 248 5+
Al 52 ARG I DR E

FANERHT CYPLA2 1 70 BCAA 2 R B e 25 55
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o EEEAE (GOLD Docking) , 31 F| F “ Property Value
Threshold Filter” #5844 73 44 — & 1Y 4T 73 (E i 1%E
R, AT — 25 24 %0141 15 ( Ligand Pharmacoph-
ore Map) . fg Z TN 45 SR K5 LA sd SCHFIE 2k i
(SD Writer) , H. /] DA LA M) 53 4% =X A] 44k £ & T
25 . (HTML Molecular Table Viewer) . A7 A A
SR E ) S TSRO E A I

2 HR5H®

2.1 xR

2.1 1 375 R ATEER 69 % vl A TR AR A 64 7 5T
773 RO X E AL 3 W 45 5 2 ARG 5 2

T — MR R B, Bo iR S 2 AR B 45 A R A

R , U T 3 245 6 U, O A 8 R )

SR AWEST 2100 i 4T 73 s RO CYPLA2 i)

7R S AR R R B Xy o 2l iR T Gold X %
BIPEFPFT 73 R %% ChemScore 5 GOLDScore Xif 114l
FUFIAEA IR 23T RIS, A T4k B dE S Xy
CYP1A2 i 77 55 A 400 4] 750 9 4T 5 B3 K00 S A5 Y 81
A ARUE

PAFT 73 eRABC R AR , A S AN RIS T o fE P
di AL S VIR 2 LA R, LR 2 FTE 3

0251
0201
=]
£ 015f
g
=
& 010t
(=W
0.05
46 34 22 10 -2 =20

ChemScore

— Active; Inactive

Figure 2  Distribution of active and inactive compounds by ChemScore
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Figure 3  Distribution of active and inactive compounds by GOLDScore
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HAAZ XER 53, BB ChemScore FT 73 (E %41 il 77 Y
X4y BE A F GOLDScore $] 431H ; /H GOLDScore
B Hp 40 1 70 1) il 26 AR T ChemScore A5 Bl
e 0] A 2k, 3R] GOLDScore £588Y rp i FH 44
A, 30 550 55 AR 1 550 74 X 42 3% 5 T ChemScore
X
L5 ERTIR GRS AOR, T ARG IX
FRI AR R 0, AT LA ] ChemScore T 43 MR 4L
R SR O, HAR A R AR AR T LT
GOLDScore 773 BRECELA o
2.1.2 AR G S i A AL AT AL AL i 4
ChemScore 5 R H TN AR5 1 i h A6 5 47 3% 313
4>, GOLDScore I FHIN AR A5 1 Ay h A5 7 3L 188
Ao UMEEY 1C VE G S5 br e, F TR SCH2
MG, 43 3% ChemScore 5 GOLDScore
10 B ST R BB R gt 2 280 BRI
%2,

Table 2 Summary of classification into active and inactive compounds

Method TP FN FP TN
ChemScore 125 42 188 319
GOLDScore 116 51 72 435

Table 3 Results of docking modeling using statistical methods

Item ChemScore ~ GOLDScore
Prevalence 0.25 0.25
Correct classification rate 0. 66 0. 82
Sensitivity 0.75 0. 69
Specificity 0. 63 0. 86
False positive rate 0.37 0.14
False negative rate 0.25 0.31
Positive predictive power 0.40 0. 62
Negative predictive power 0.88 0.90
K 0.29 0.53

These values are given in bold for better scores

H1 8 3 W], PSRRI AT R S BA, HEBR
TR SR TE, R AI AT (E B R AF . BRR
BB P PE 33X PS4, GOLDScore #5144
F ChemScore ¥, GOLDScore #5514 1E #ff 4328
HAIAF 82% , C H A ARG (Y DX 43 3 1 59 5 AR
Hil R RE T, HARFI R WARMR (14% ) , PRIIE T 4K
PFRIARK R 3, GOLDScore B X i M4k & W) 1
T EE ) Ry 62% , % A5 P Ak Gy 1% 7L A g

111k 90% . AHELT & , ChemScore BRSP4k &
PR PR G P 0 B0 BE 7 5 A T GOLDScore
BERY WS B4 00 A i VR A5 ) A R, 4
KEBS A VI RIAERT 53 ot i R ) 400, BN AF
i CYP1A2 254 HARKHIE, {E15—4& 1Y /& GOLD-
Score [ k $8EE 4 0. 53, 53CHk[ 11 ] 2D-QSAR
BT % T i 740 24, 15 B GOLDScore 15574 HA7
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T
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AVEHT IR Sk R RS A G S
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CYP1A2 H FHAXHEMNT K .
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Figure 4 Binding model of CHEBI_236408 with CYP1A2
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Figure 5 Pharmacophore of CYP1 A2 inhibitors
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PSR, MK HHAAL A1 HHAA2 BRI
AR ILE 5-C) B2 R 5wtk . 85 e
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Figure 6 Mapping of CYPIA2 inhibitor pharmacophore model
(HHAAL1) and furalylline
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RS NI T2 R FISE T IR AN A R Hh %, 4
T CYPLA2 S ifil 540 H S0 , 3kt 56 T e 14 1) 245
I 2 BB S BC AR A JR , 1 AN RE T
I3 T AR BT BRI

AMFFEAETT i SD Reader fEHHh# A CYP1A2
I FIBCAR L 674 AL G R LB Y
16 A4~ Hr 14 MES Y EA CYPLA2 Hifil 16 M
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WEMERT A (2 A) (MEMRSEATT AR (1 A4S) K2 An
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WAL A P02 5 WL CYPLA2 Jsfil 7, 15684
WYL T X A5 B ( GOLDScore #5E81) 71 24 55 141 5
U (“HHAAL + shape” f5750) (1% 37 f Ak i a2 B0 , ]
DUAE B A 0 CYPLA2 #0500 401, vl ok 647
PO T, 2 B EAT W AE CYPLA2 i 36 4 1)
A5, EE E A f] CYPLA2 i A= A & DDIs,,
AR AR R Ry P, 3 Sl KRRl A B

I

AR SO RS SR A 24 3% S R 45 5 JEE R 1 ST
L35 TR T, R T B — P X A Y i 24 R4 A A
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Table 4 Results of consensus modeling using statistical methods

Methods GOLDScore HHAAL + Consensus
shape model
Prevalence 0.25 0.25 0.25
Correct classification rate 0.82 0.77 0.75
Sensitivity 0.69 0.10 0.01
Specificity 0. 86 0.99 0. 998
False positive rate 0.14 0.01 0.001
False negative rate 0.31 0.90 0.99
Positive predictive power 0.62 0.73 0. 67
Negative predictive power 0.90 0.77 0.75
K 0.53 0.12 0.01
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Table 4 Results of virtual screening by the prediction model established

Indication

Trade name Generic name CAS#
Avandia Rosiglitazone maleate 122320-734
Prilosec Omeprazole 73590-58-6
Lopid Gemfibrozil 25812-30-0
Inderal Propranolol hydrochloride

318-98-9,525-66-6 [ propranolol |

Antidiabetic
Gastric acid depressant
Antihyperlipoproteinemic

Antihypertensive , antianginal , antiarrhythmic

3 Zit5RE

TP B o3 BT T, R 255 4h
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