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Abstract: The inhibition activity of 36 flavonoids against CYP1A2 was determined by our previously
developed in vitro method. The Comparative Molecular Similarity Indexes Analysis ( CoMSIA) approach
was used to probe the quantitative relationships between the flavonoids’ molecular structural descriptors
and their inhibitory activities. A reliable CoMSIA model with the combined electrostatic and hydrophobic
fields was derived with the regression coefficient R* of 0. 948 and the cross-validation regression coefficient
q" of 0.630, separately, which is capable of elucidating the quantitative relationship between the 3D
structural descriptors of the flavones and their bioactivities. Comparing with flavone, the larger 7-7
conjugated system of a-naphthoflavone significantly improved the biologically inhibitory ability. Based on
the core structure of the latter, either electropositive substituents or hydrophobic groups at the 6, 3', and
4’ ring positions or electronegative counterparts at the 5 ring position, can enhance the inhibitory potency
against CYP1A2 according to the CoMSIA contour maps.
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EAVAZE 10 oL B8, EEE T, REHPE-
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L") < 18(1.648 pmol - L™") < 20(1.977 pumol -
L™') < 21(2.323 pmol - L"), i H R 6.4'.3".2’
frBUCER T BRI S ES. T AR
B BR R S U BB, MRS Bk R B 3

. [FI7E A 3 LRI, 6 (R EEBURIE ML S |
73 (i BEREM, 40 7-FEEEE (0.240 pwmol -
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Table 1 The experimental ICs, values (umol - L™") of flavonoids against CYP1A2

3

S0 (o L]
6@:[(\ @ |
5
o (e}

No. Name R, R, R, /pmi(lls-o L-t 95%i:t::vﬁj o
1  o-Naphthoflavone Ciing - - 0. 049 0.033 - 0. 065
2 5,7-Dihydroxy-flavone 5-OH,7-OH - - 0. 054 0.035-0.073
3  Galangin 5-OH,7-OH - 3-OH 0.153 0.097 - 0. 208
4  Flavone - - - 0.234 0.182 -0.286
5  7-Monohydroxy-flavone 7-OH - - 0. 240 0.174 - 0. 306
6  Wogonin 5-OH,7-OH,8-0CH, - - 0.248 0.177 -0.320
7  5-Monohydroxy-flavone 5-OH - - 0.314 0.256 -0.372
8  3-Monohydroxy-flavone - - 3-0H 0.357 0.311 - 0. 404
9  Oroxylin 5-OH,7-OH,6-0CH, - - 0.579 0.456 -0.702
10  Apigenin 5-OH,7-OH 4'-0H - 0.597 0.431 -0.763
11  7,8-Dihydroxy-flavone 7-OH - 8-OH 0. 631 0.499 -0.764
12 3,7-Dihydroxy-flavone 7-OH - 3-OH 0.703 0.612 -0.794
13  7,2’-Dihydroxy-flavone 7-OH 2'-OH - 1.113 0.910 - 1.317
14  7,3’-Dihydroxy-flavone 7-OH 3'-OH - 1. 174 0.923 -1.425
15 Kaempferide 5-OH,7-OH 4’-0CH,4 3-0H 1.265 1.108 - 1. 422
16  6-Monohydroxy-flavone 6-OH - - 1.282 1.095 - 1.470
17 Kaempfero 5-OH,7-OH 4'-0H 3-OH 1. 489 1.225 - 1.754
18 4’-Monohydroxy-flavone - 4’-OH - 1. 648 1.512 -1.784
19  Isorhamnetin 5-OH,7-OH 3’-0CH; ,4’-OH 3-OH 1. 698 1.481-1.915
20 3’-Monohydroxy-flavone - 3’-0H - 1.977 1.651 -2.303
21 2’-Monohydroxy-flavone - 2’-0OH - 2.323 1.851 -2.793
22 Quercetin 5-OH,7-OH 3'-0H,4’-OH 3-OH 2.978 2.428 -3.528
23  Baicalein 5-OH,6-OH,7-OH - - 3. 069 2.661 -3.477
24 7,4’-Dihydroxy-flavone 7-OH 4’-OH - 3.404 2.642 -4.166
25 6,7-Dihydroxy-flavone 7-OH - 6-OH 9. 120 7.235 -11.005
26  Naringenin® 5-OH,7-OH 4'-0H 23.174 18. 065 - 28. 283
27 Lysionotin 5-OH,7-OH, 4'-0CHj,4 - 24. 150 20.121 -28.178

6-CH, ,8-CH,

28 Farrerol® 5-OH,7-OH, 4'-0H 24. 570 19.230 -29.911

6-CH, ,8-CH,

29 Morin 5-OH,7-OH 2'-OH,4’-OH 3-OH 25.410 20. 119 - 30. 701
30 Hesperetin 5-OH,7-OH 2'-OH,3’-0CH; - 25.527 18.526 - 32. 528
31  Alpinetin® 7-0H,5-0CH, - 29. 170 26. 458 —31. 881
32 Genistein® 5-OH,7-OH 4'-0H 31.915 28. 147 - 35. 683
33  Anhydroicaritin 5-OH,7-OH, 4'-0CH,4 3-OH 31. 990 27. 836 - 36. 145

8-CH,CHC(CH, ),

34 Vitexicarpin 5-OH,6-OCH, ,7-OCH, 3’-0H,4’-OCH;  3-OCH, 35. 660 31. 864 —39. 456
35 5,6,7,4'-Tetramethoxyflavone 5-0CH, ,6-OCH, , 4'-0CH, - 40. 580 31.089 - 50. 071

7-OCH,

36 5,6,7,8,4’-Pentamethoxyflavone 5-0CH,; ,6-OCH;, 4'-0CH, - 49. 450 35.238 - 63. 662

7-0CH, ,8-OCH,

*There is not a double bond between the ring positions 2 and 3. *The B ring is linked to the ring position 3
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6-B¥3 FE# W (1.282 pmol - L™',16) 1§ 5.4.3.5
. [ER, B B DR BRSNS EE — &’
B, BN s, 7- 0B H# A (0. 054 pmol - L™, 2) 1Y
MHTEEAUKR T «- 2558 (0. 049 pmol - L™',1),
B RESE Y07 B BN R [E i BURT A B B E A
R

MRS YITE 2 F 3 B9 BRER DUEETT I
BB T BB IR R WK KRS T A P8
S, A0k A Yo B & (23.174 pmol - L7,
26) ., LY #E (24.570 pmol - L' 28) Il E &
(29.170 umol - L™ 31),

HEERRMARETERE WREER
(1.698 wmol + L™, 19) FIi# gz & (2.978 pmol -
L™',22) , SEWA(3-MiKEE, B 3) BRI BE S im /)
FHEE (25 E), Yk R E (31.915 pmol -
L' ,32) fE3EZ (0. 597 pmol - L7',10),
2 CoMFA/CoMSIA #8

%2 B/RT CoMFA F1 CoMSIA AR 4F
SRR AR NG TSR, AR ERIE
EH R GEHER ¢ BHKTF 0.5)%E, B Rx
iz BE L A B K 37 B9 CoMSIA AL B & 1 F
CoMFA # %] CoMSIA BEI Xt R MK LA W HEA K
WFHTEETRIGE S . FERIHIM TAES , EEEAIE
BT R CoMSIA A4tk CoMFA 52| B ILH 45
HrE L R RL2)  CoMFA MR B RG22 5
BB RE ¢ 4 0.373, BAEE R EN 8,
FERXBIEHIH LRI R® 4 0. 967 M4 B HIPRER
ZsH0.183, 5 HEHEF X 97.7, CoMFA #EEI
57 PR 37 T H L 37 R RO R B TR 2 B A

39.9% 1 60. 1% , LEAFH .37 X340 A 30 S M o
FEFEM,

R B k3 i s 384, CoMSIA/S + E A& A
9 ¢° 2 0.512, - F CoMFA %, 7EbEAE b, FH
I ABKG A, T35 CoMSIA/S +E + H AL BA
BIFMET ¥%HR (4 =0.611, PC =7, R =
0.945, F =68.9, s =0.230) , H 37 kg  Hikp g
B, 3 LB Sk 43 B R 12.2% «, 32.2% F155. 6%,
TREA B, X I A RIE R, B
AW TR K (B 55% ) , Bk BE R Tk
Z, LA H R Tk E /D

HEE 3| CoMSIA/S +E + H A i 57 k37 1 51
BRRA 12.2% , BRI )/5 715 B CoMSIA/E + H
BAE, X %2 8 (4 =0.630, PC =8, R =
0.948, F=61.3, s =0.229) A& F CoMSIA/S +E +
H 58, Koo e 5 Mg K 35 B STk 73 318 62. 3%
M 37.7% . XB4~ CoMSIA HERVER LA, B A4k
A%t CYP1A2 B HIfER E BB BUKGME B
HEFHAL, RSP FHBEGWIERB KT 5%,
CoMSIA/E + H F1 CoMSIA/S +E + H %I 7 il g
51 E(q") B E T CoMFA Fifd 3| ARt REL,
FH%HF CoMFA #%  CoMSIA/E +H 1 CoMSIA/S +
E + H 2 R g 7K 3 340 1 3 P 00 52 0, DA TG 2 i A
BU R VER RN TR BB 7 , T LB I 2 B 4k
AYMHEENER. B 1 248 Y5% CYP1A2
00T R TR A e A B e LA
3 CoMSIA B =45 HHE

B 2 & CoMSIA/S + E + H #8I f) =% A¥ %
B, SR TFAESREROLEY o- 28T (1),

Table 2 Summary of the partial-least-squares analyses

Model R? e F s

PC Contribution to the model/%

S E H A D
CoMFA
S+E 0.967 0.373 97.7 0.183 8 39.9 60.1 - - -
CoMSIA
S+E 0.937 0.512 72.4 0.242 6 26.0 74.0 - - -
S+H 0.920 0. 464 39.0 0.283 8 23.4 - 76.6 - -
S+E+H 0.945 0.611 68.9 0.230 7 12.2 55.6 32.2 . -
E+H 0.948 0.630 61.3 0.229 8 = 62.3 37.7 . -
A+D 0.131 -0.146 5.1 0.832 1 - - - 26.0 74.0
S+E+H+A+D 0.940 0.439 62.8 0.241 7 9.8 35.9 24.4 8.7 21.2
E+H+D 0.940 0. 464 63.1 0.240 7 - 4.5 29.8 - 25.7
E+H+A 0.941 0.550 64.1 0.238 7 - 50.8 34.9 14.3 -

R, g, F, s, and PC are the conventional Pearson regression coefficient, cross-validated regression coefficient, statistical F' value,

standard error of estimate, and optimal number of principal components, respectively. S: Steric; E: Electrostatic; H: Hydrophobic;

A H-Bond acceptor; D: H-Bond donor
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Figure 2 Contour maps of the CoMSIA models with the combined electrostatic and hydrophobic fields based on the
biologically inhibitory activities against CYP1A2. Contour plots elucidate the electrostatic and hydrophobic features

in (A-B), separately. In (A), blue (labeled as “ +”) and red (*

=") contours refer to regions where

electropogitive substituents are favorable ( w. r. t. stronger inhibition) and unfavorable, respectively, whereas in
(B), orange (“HO”) or grey (“HI") contours indicate regions where hydrophobic or hydrophilic groups are
favorable. Please refer to the web-version for the alternative color interpretation

& CoMFA/S+E, ¢°=0.373, R*=0.967, s~0.183
& CoMSIAE+H, 7=0.630, 72=0.948, 5=0,229

® CoMSIAS+E+H, g*=0.611 £*=0.943, 5=0,230
T
g
-
=0
-
-
i
£
-2 J
2 -1 0 1
Experimental pICsy
Figure 1  Plots of predicted versus experimental

biological activities for 36 flavonoids. S; Steric; E;
Electrostatic; H; Hydrophobic
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Five-Out, S CHEHLIMER 5 MEAH) ° X XKRR Y
A HFT PLS 4h#7. 30 B H A VLR () 25
F0.615 {0.628, 5MAR L RIEFMHEIT(0.611
F10.630) , M5 — N E iE 3 CoMSIA/S +E + H fl
CoMSIA/E + H S8 i B e 4 T $ .

MEE2A FTLLAE L, R/ ARE, 6.7,
2'.3".4".5" 6" {iL B B TR o AT BUIK €A XM, 7E X
S X I s £ i A (Wn-OH , JE MMFF94 3 fif
A -0.083 le | ) W {444 P63 & 75 $E B AR, L
6.4'.3" 2" (i UL BRIk A PRy IC,fA,
WAL A9 16 .18 .20 .21 ; 2 2 763 & X 5 s iE
WAL E , HF 6- 0P AL BN (16) A9 ¥8 AL LA AP AL
( 3£ MMFF94 #1755 0. 2801 el ) , W o] i3 ik & 49
B4 3 1

1£6.,7.,3.3' 4'.5'% 6 TR LB AW @98
0, XS8R, 156 A 7E 3 X 5| AL K Pk 2 1 2k
(WEE REFF)ARTERR? TROEDTE .
% L HKRER 3 M 55 Ah—1 000 T 35 6- L yS Ak
TN (16) B ¥ R LA AL Y 2 7 fi 39 b4k 23 i i 0
WA, HBALAY 19 #022 B HTE I MR
REHRAP RS, AIHREERETEER.

X F AR HERE (4) ,a- 250/ (1)7ET A1 8
U EEERGERRINBRN. i o« 28 H/W
I CYPLA2 B GRS 1 o0 b7, B K IR o283
N ALEE iR R I K, B4 5 5 CYP1A2 pysk 2t PHE226
K LR, DT - 25 5 I 04 40 L 75 1k KT
FHUCHTN, A2 & (23.174 pmol - L™',26) 7€ 2
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3 fr AAFTE RS  BR T # (0. 234 pmol - L7,
4) WIRA B FLRIR R , J0 I PR BRI

25 BT, HEXET CoMFA 2047 753k , A 3C B8k
39 CoMSIA BRY (35 BRE G MH K ) MURA
FRIFHTIIEES (¢ =0. 630) , T B TR &
YA YRE e R R B R B o R T 2T . 5
BN, BERAA YA Z A E B AR RAXHME A
PrRgAm ] 5 A SCIE/E . MR CoMSIA ARG =
HELE, T LRI RA mAEYE RN TEAH
R TE - ZREW (1) ZAb b, 6.2°.3" 45 ME B
T IE L B A BRAE S A7 b A SRR R B T (03
#); 6.3 4 EMNE FIIMFKER (NFEE) K
RS SRR R B IAER, e
YIBgAm I T  o o-ZR MR T LA Dy CYPLA2 57
RS AL B, BE1T RA X R IR 1
BEMAL, A BT A R A E R CYPLA2 fHTE
XibEia=g7/B
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