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3D-QSAR study on flavonoids as CYP1A1 inhibitors
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Abstract: Objective To study the inhibitory activity of flavonoids on CYP1Al enzyme by constructing a 3D-quantitative
structure-activity relationship (3D-QSAR) model. Methods The structure-activity relationship between structure of flavonoids and
inhibitory activity of CYP1A1 were observed by Topomer COMFA method. The inhibitory activities of compounds were evaluated
by using the incubation system in vitro, and the results were used for subsequent verification and optimization of the model. The
action mechanism of flavonoids and CYP1A1 was studied by using molecular docking. Results The cross validation correlation
coefficient (g?) of the obtained model was 0.800, the non-cross validation coefficient (r?) was 0.965 0, and the correlation coefficient
(rpred®) Of the external validation was 0.956 7, suggesting that the model was robust and suitable for screening of CYP1AL1 inhibitors.
The model was used to predict the inhibitory activities of nine unreported flavonoids, and the results showed a good correlation
coefficient between experimental and predicted values (r2 = 0.832 8). The results of molecular docking showed that small molecule
compounds could form hydrogen bonds with amino acid residues THR497, ASN222, ASN255, SER116, and ASP313 in CYP1ALl.
This might be essential for the CYP1A1 inhibiting activities of flavonoids. Conclusion The model has good estimation ability and
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stability, which can provide theoretical reference for the design of high activity molecules and new ideas for the development of

novel CYP1AL enzyme inhibitors.

Key words: CYP1A1l,; flavonoids; enzyme inhibitor; quantitative structure-activity relationship; Topomer CoMFA; molecular docking
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Fig. 1 Structures of 50 flavonoids
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Table 1 Structures and plCso values of inhibitors used for modeling
K5 ek BN BACHE ICso/(umol L) pICsoSEhufifl  plCeo Wl{E  J%E
1 flavone — 0.980 6.009 6.00 0.01
2 2'-ethynylflavone 2'-CCH 1.640+0.300 5.785 5.78 0.00
3" 5-ethynylflavone 5'-CCH 1.230£0.250 5.910 6.32 -0.41
4 3"-hydroxyflavone 3'-OH 5.000 5.301 5.32 0.01
5" 4"-hydroxyflavone 4'-OH 18.290 4738 5.13 -0.39
6" chrysin 5-OH, 7-OH 1.290+0.260 5.889 6.29 -0.40
7°  apigenin 4'-OH, 5-OH, 7-OH 5.100+1.800 5.292 5.42 -0.13
8  kaempferol 3-OH, 4'-OH, 5-OH, 7-OH 4.90012.700 5.310 5.10 0.21
9  quercetin 3-OH, 3'-OH, 4'-OH, 5-OH, 7-OH 30.000+6.200 4523 4.49 0.03
10 myricetin 3-OH, 3'-OH, 4'-OH, 5-OH, 5'-OH, 7-OH 34.000+26.000 4.469 4.43 0.04
11 oroxylin 5-OH, 6-OCHjs, 7-OH 0.952 6.021 6.18 -0.16
12 scutellarein 4'-OH, 5-OH, 6-OH, 7-OH 21.700 4.664 5.12 -0.46
13 fisetin 3-OH, 3'-OH, 4'-OH, 7-OH 61.12014.960 4214 4.23 -0.02
14 luteolin 3'-OH, 4'-OH, 5-OH, 7-OH 15.660+2.910 4.805 481 -0.01
15  acacetin 4'-OCHjs, 5-OH, 7-OH 0.100+0.020 7.000 6.62 0.38
16 3'4'-dimethoxy-5,7-dihydro-  3'-OCHgs, 4-OCHs, 5-OH, 7-OH 0.072 7.143 7.23 -0.09
xyflavone
17 wogonin 5-OH, 7-OH, 8-OCHs 0.121 6.917 6.67 0.25
18  genistin 3-OH, 3'-OH, 4'-CHgs, 5-OH 28.000 4553 4.67 -0.12
19 7-methoxybaicalein 5-OH, 6-OH, 7-OCH3 0.641 6.193 6.28 —-0.09
20  2'-flavonepropargylether 2'-OCH.CCH 0.560 6.252 6.30 -0.05
21 3'-flavonepropargylether 3'-OCH2CCH 0.020 7.699 7.42 0.28
22 4'-flavonepropargylether 4'-OCH2CCH 0.650 6.187 6.12 0.07
23 5-flavonepropargylether 5-OCH2CCH 1.600 5.796 5.83 -0.03
24 6-flavonepropargylether 6-OCH2CCH 0.480 6.319 6.14 0.18
25" 7-flavonepropargylether 7-OCH2CCH 0.510 6.292 6.39 -0.10
26  5HTFPE 5-OH, 7-OCH.CCH 0.350+0.060 6.456 6.55 -0.09
27  5H3'FPE 5-OH, 3'-OCH2CCH 0.043+0.003 7.367 7.59 -0.22
28  haicalin 5-OH, 6-OH, 7-GIluA 14.300 4.845 453 0.31
29  wogonoside 5-OH, 7-GluA, 8-OCHs 23.800 4.623 4.85 -0.23
30  a-naphthoflavone — 0.055 7.260 7.00 0.26
31  o-NF2'PE 2'-OCH.CCH 0.063 7.201 731 -0.11
32 o-NF4'PE 4'-OCH2CCH 0.072 7.143 7.13 0.01
33 B-naphthoflavone — 0.046 7.337 7.20 0.14
34" B-NF2'PE 2'-OCH.CCH 0.083 7.081 751 -0.43
35  B-NF4'PE 4'-OCH2CCH 0.041 7.387 7.33 0.06
36"  5,6-pyranoflavone — 0.320+0.110 6.495 711 -0.62
37 6,5-pyranoflavone — 0.150+0.062 6.824 7.15 -0.33
38  7,8-pyranoflavone — 0.270+0.015 6.569 6.87 -0.30
39  5-hydroxy-7,8-pyranoflavone  5-OH 0.110+0.021 6.959 7.04 -0.08
40  2'3'PF — 0.370+0.068 6.432 6.32 0.11
41  32°PF — 2.430+0.870 5.614 5.74 -0.13
42 5H3'2'PF 5-OH 0.720+0.220 6.143 591 0.23
43" 4'3PF — 0.320+0.072 6.495 6.78 0.29
44" 5H4'3PF 5-OH 0.360+0.230 6.444 6.95 -0.51
45  5H76PF 5-OH 0.150+0.030 6.824 6.84 -0.02
46 5H3'4'PF 5-OH 0.140+0.052 6.854 6.84 0.01
47 lanceolatin B R1=H, R2=H, Rs=H 0.076+0.008 7.119 6.87 0.25
48" pongol R1=0H, R2=H, Rs=H 0.690+0.110 6.161 6.52 -0.36
49  pongapin R1=0CHs, R2+R3=0CH:0 0.071+0.008 7.149 7.29 -0.14
50  dehydrosilybin — 0.430+0.040 6.367 6.52 -0.15
T OIRES T, HARINGES T

“*” are test set molecules, the others are training set molecules
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Table 3 Experimental values, predicted values and residual of flavonoids used for experimental verification

75 AR ICs0/(umol L.71) pICso SLIGMH pICso THMIE 5.8
A 4'-OH, 7-OH 1.024+0.174 5.990 5.26 0.730
B 4'-OH, 5'-OH 5.448+1.165 5.264 4.44 0.824
c 5-OH, 6-OH 0.27940.022 6.554 5.95 0.604
D 7-OH, 8-OH 0.9894-0.115 6.005 6.26 -0.255
E 4'-OCHs, 5-OH, 6-OCHs, 7-OH, 8-OCHs 0.110+0.007 6.959 6.96 -0.001
F 4'-OH, 5-OCHgs, 7-OH, 8-CCC(CHa)2 1.266+0.029 5.898 5.63 0.268
G 4'-OH, 5-OH, 7-OCHs 0.228+0.058 6.642 6.47 0.172
H 5-OCHgs, 6-OCHs, 7-OCHs 0.190+0.010 6.721 6.49 0.231
I 6-OCHs 0.352+0.070 6.453 6.10 0.353
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Table 4 Results of molecular docking of flavonoids used for experimental verification

9 G PR AR AN TR WAL 5 R B
1 flavone 4.8375 -1.730 6 0.046 2
A 7,4"-dihydroxyflavone 6.1355 -0.8755 1.3753
B 4'5'-dihydroxyflavone 6.065 8 —0.324 2 1.2139
C 5,6-dihydroxyflavone 6.3112 —2.246 9 2.103 4
D 7,8-dihydroxyflavone 5.580 8 —0.8610 34290
E lysionotin 7.9305 -0.991 8 1.092 4
F isoxanthohumol 8.650 1 -1.770 3 2.8135
G 5,4"-dihydroxy-methoxyflavone 6.494 7 -1.7291 0.744 3
H 5,6,7-trimethoxyflavone 6.592 4 -0.868 5 0.942 2
I 6-methoxyflavone 6.6717 —0.466 7 0.0133
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Fig. 5 Docking mode between reference ligand and CYP1A1 (A), hydrogen bond interaction diagram of compound 1 (B),

compound E (C), and compound B (D) with amino acid residues
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