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Theoretical studies on inclusion complexes of flavonoids with B-cyclodextrin
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Abstract: Objective To investigate the rules of forming inclusion complexes between B-cyclodextrin
(B-CD) and flavonoids. Methods The crystalline structure of 3-CD was used as the receptor. The hydrox-
yl or methoxyl substituted flavonoids were optimized under OPLAS2001 force field. The inclusion com-
plexes were modeled by docking method of Glide in Schrodinger software package. Results The smaller
volumes of groups R, and R, in flavonoids were helpful to forming inclusion complexes mainly in the type of
D model (benzopyran of flavonoid included by B-CD ). The hydroxyl substitute of group R; or R, was also
favorable to forming inclusion complexes mainly in the type of D model. The larger the volumes of group
R¢ or R; were, the more difficult the inclusion complexes could be. Conclusion The substitutions of
flavonoids at various positions by hydroxyl or methoxy! could evidently impact on the production and man-
ner of inclusion complexes with B-CD.
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Fig.1 Structure of B-CD
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Fig. 2 Matrix structure of flavonoid and definition
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Table 1 Substituents of flavonoids

@8 R, R; Ri R Rs R¢e Rs Rg Ry (4% Ri R: Rs R Rs Re R; Rs Re

-H -OH -OH -H -H -H -OH -H <OH 41 -OH -OH -OH -H -OCHs -H -OH -H -OH
-OH -H -H -OH -H -OH -H -H -H 42 -OH -H -OH -OH -OCH; -H -OH -H -OH
-OH -H -H -OH -H -OH -H -H -OH | 43 -OH -H -OH -H -OCH; -H -OH -H -OCH;
-OH -H -H -OH -H -OH -H -H -H {4 -OH -H -H -H -OCH; -H -OH -H -OH
-H -H -OH -H -OH -H -OH -H 45 -OH -OH €H -H -OCH; -H -OH -H -OH
-OH -H -H -OH -H -H -OH -H -H 46 -OH -OH -H -H -OCH; -H -OH -H -OCH,
-OH -H -H -OH -OH -H -OH -H -H 47 -OH -OH -OH -H -OCH; -H -OH -H -OCHs
-H -H OH -H -OH -H -OH -H -OH 48 -OH -H -H -H -OCH; -H -OH -H -OCH;
-OH -H -H -OH -OH -H -OH -H OH [ 49 -OH -H -OH -OH -OCH; -H -OH -H -OCH;
10 OH -H -H -OH -OH -OH -H -OH -H 50 -OH -H -H -OH -OCH; -H -OH -H -OCH,
1 -OH -H -H -OH -OH -OH -H -H -H 51 -OH -H -OH -OCH;-OCH; -H -OH -H -OH
12 -H -OH -OH -OH -OH -H -OH -H OH || 52 -OCH; -H -H -OCH; -H -H -OH -H -H
13 -H -H -OH -OH -OH -H -OH -H OH [ 53 -OCH; -H -H -OCH; -H -OH -H -H -H
14 -H -OH -H -OH -OH -H -OH -H -OH | 54 -OCH; -H -H -OCH; -H -OH -H -OH -H
15 -H -OH -H -H -OH -H -OH -H -OH | 55 -OCHs -H -H -OCH; -H -H -OH -OH -H
16 -OH -H -H -OH -OH -H -H -H -OH (| 56 -OCH; -H -H -OH -H -H -OH -H -H
17 -H -H -H -OH -OH -H -OH -H -OH 57 -OCH; -H -H -OH -H -OH -H -H -H
18 -OH -H -H -H -OH -H -OH -H OH {58 -OCH, -H -H -OH -H -OH -H -OH -H
19 -OH -OH -OH -H -OH -H -OH -H -OH |59 -OCHy -H -H -OH -OH -OH -H -H -H
20 -H -OH-OH -OH -OH -H -OH -H -OH | 60 -OCH; -H -H -OH -OH -H -OH -H -H
21 OH -H -OH -OH -OH -H -OH -H -OH | 61 -OCHy -H -H -OH -OH -H -H -OH -H
22 -OH -H -OH -H OH -H -OH -H “OH | 62 -OCH; -H -H -OH -OH -H -H -H -OH
23 OH -H -H -OH OH -H -H -H -OH [ 63 -OCH; -H -H -OH -OH -OH -H -H -OH
24 -OH OH -H -H -OH -H -OH -H -OH || 64 -OCH; -H -H -OCH; -OH -H -H -H -H
25 -OH -H -H -OH -OH -OH -H -H -OH | 65 -OCH; -H -H -OCH; -OH -OH -H -H -H
26 -H -OH-OH -H -OCH; -H -OH -H -OCH:| 66 -OCH; -H -H -OCH; -OH -H -OH -H -H
27 -H -OH-OH -H -OCH; -H -OH -H -OH || 67 -OCH; -H -H -OCH; -OH -H -H -OH -H
268 -H -H -OH -H -OCH; -H -OH -H -OCH:;| 68 -OCH; -H -H -OCH; -OH -H -H -H -OH
29 -H -H -OH -H -OCH; -H -OH -H -OH (| 69 -OCH; -H -H -OCH; -OH -OH -H -OH -H
30 -H -OH -H -H -OCH; -H -OH -H OH 70 -OCH; -H -H -OCH; -OH -OH -H -H -OH
31 -H -OH -H -H -OCH; -H -OH -H -OCH;ff 71 -OCH; -H -H -OCH; -OH -H -OH -H -OH
32 -H -OH -OH -OH -OCH; -H -OH -H -OH || 72 -OCH; -H -H -OCH; -OH -H -H -OCH; -OH
33 -H -H OH -OH -OCH; -H -OH -H -OCHs;ff 73 -OCH; -H -H -OCH; -OH -H -H -OH -OCHj
34 -H -H -H -OH -OCH; -H -OH -H -OH || 74 -OCH; -H -H -OCH; -OH -H -H -OCH; -OCH;
33 -H -H -H -OH -OCH; -H -OH -H -OCH;|l 75 -OCH; -H -H -OCH; -OH -OCH3 -H -OH -H
36 -H -OH -H -OH -OCH; -H -OH -H -OCHsff 76 -OCH; -H -H -OCH; -OH -OH -H -OCH: -H
37 -H -OH -H -OH -OCH; -H -OH -H OH | 77 -OCH; -H -H -OCH; -OH -OCH; -H -OCH; -H
38 -H -H -OH -OH -OCH; -H -OH -H -OH || 78 -OCH; -H -H -OCH;-OCH; -OH -H -OH -H
39 -OH -H -H -OH -OCHy; -H -OH -H -OH || 79 -OCH; -H -H -OCH;-OCH;-OCH; -H -OH -H
40 -OH -H -OH -H -OCH; -H -OH -H -OH |80 -OCH; -H -H -OCH;-OCH; -OH -H -OCH; -H

1% 62.18.0,7 R, 4351k 58.22.0, 7 R, 2+ 514
21,37, 22 REN BN BRI R RE FE—-ITBAE,
EXERDANRBMOEH RO TERPBRERR
B Y R, F-H, 28 W38 R, »-OH
B, A 26/30 45 # Xt # B2, X-OCH, B £ 765t #
KWLEHAR HRIMTEENEREEENE W,
4 R, R-H B, 20/21 S5y xf &R 2, X-OH B, H
27/37 S Xt R 3N, -OCH, Bf £ 3 Bk W, &
AR ER —#HEXIEANEREEENE
. R, 1R, B P BHY X-OCH,,fH%-H &,
Xt B LI B 45 Hy 3oy Bk 29/62 F 27/58, BRAR K-
OH &, ¢ #: i Th 45 M3 %2 504 18/18 Fa 20/21,
BRAZBMIENRPINEEBRAREENER,

W00 U W
e

. BARREERAT A MRROHR.
BS #AMARAKFR AR WHETARE, X R, -HEt,D BAH S B
A-mode D and its inclusion complex A HEHR L7 44, FHEE R H-105.8
B-mode S and its inclusion complex kJ/mol. 2 R, %-OH &f,D R S R4 5t B
B3 RE5PFMANANNEARATESR 6 M 20, THLE A BEH —93. 7 k] /mol, A Fi B A
Fig.3 Modes for complexes of B-cyclodextrin A B BRI, W R, Wﬁﬁd\ﬁﬂ?*#"&

and flavonoids WX A BB SB,R, W-H ¥k %-OH &,
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Table 2 Interaction energy between flavonoids and B-CD, and distances among defined points

ke e B-0:/A B-O:/A B-Os/A A-O3/A C-Os/A ke  wek B-O,/A B-O,/A B-Os/A A-Os/A C-Os/A
%8 /(kJ - mol!) 7S /(K] molt)

1 -123.8 8.8 4.7 6.3 46 9.4 || 25 -93.7 10.0 4.6 4.8 6.8 1.6
2 -119.6 9.4 4.6 5.5 7.5 2.2 | 26 -128.4 8.8 4.7 6.1 4.4 9.2
3 -120.0 9.8 4.5 5.3 7.3 2.0 || 27 -127.1 8.7 4.6 6.2 4.5 9.3
4 -17.1 9.4 4.6 5.5 7.5 2.2 | 28 -113.3 8.8 4.8 6.1 4.4 9.2
5 -106. 2 9.0 3.6 52 7.0 2.0 | 29 -115. 4 8.8 4.7 6.1 4.4 9.3
6 -98.3 9.3 44 56 7.5 2.7 | 30 -109. 6 89 4.5 6.0 4.3 9.2
7 -119.6 9.2 44 58 7.7 2.8 {3 -113.3 8.6 4.6 6.4 4.7 9.5
8 -120.0 9.2 &8 59 42 9.1 | 32 -107.5 8.9 4.6 6.1 4.5 9.2
9 -115.8 8.8 &5 64 83 3.3 |33 -101.2 8.7 4.5 6.3 4.7 9.2
10 -108.3 8.7 3.3 5.6 7.4 2.5 || 34 -95.3 8.6 4.4 6.1 4.6 9.1
1 -115.0  10.1 45 45 65 15 | 35 -94.9 8.6 4.5 6.2 4.7 9.2
12 -111.2 9.1 45 6.1 44 9.2 || 36 -99.1 89 . 4.6 6.1 4.4 9.1
13 -96.6 9.5 4.4 58 1.7 2.8 | 37 -95.8 9.0 4.6 6.1 4.4 9.1
14 -97.9 9.1 4.6 6.0 44 9.1 | 38 -102. 4 8.8 4.5 6.3 4.7 9.3
15 -87.4 9.8 4.4 4.2 6.2 1.0 [ 39 -93.7 9.5 4.5 5.9 7.8 3.0
16 -88.2 9.9 4.6 50 7.0 1.8 || 40 -74.0 3.5 55 11.2 1.6 6.8
17 -92.0 9.9 46 50 7.0 1.8 |4 -80.3 3.6 5.5 11.2 1.6 6.9
18 -88.7 9.8 44 42 62 L0 | 42 -83.6 5.0 4.6 9.9 7.0 1.8
19 -92.8 9.8 44 42 62 1.0 | 43 774 5.1 49  10.0 3.2 8.4
20 -91.2 9.8 4.5 5.1 7.1 1.9 || 44 -81.1 5.3 4.7 9.9 7.2 2.1
21 -93.7 9.9 4.6 50 7.0 1.8 || 45 -64.4 3.5 55 1.2 1.6 6.8
22 -89.1 9.8 44 42 62 10 | 46 -71.9 5.3 4.8 9.8 3.3 8.6
23 -89.1 9.9 4.6 50 7.0 1.8 || 47 -67.7 5.2 50 9.9 3.3 8.6
24 -90.7 9.8 4.4 4.2 6.2 1.0 '

£3 RAFIRENAHRRNBRER
Table 3 Distribution and docked results of flavonoids
with different substitutents

RRE BATH bk TRk baf: T3¢
-H -OH -OCH; -H -OH -OCH; -H -OH -OCH;
Ri 21 3 29 21 26 0 0 4 29
R, 62 18 0 29 18 0 3 0 0
R, 5 22 o0 27 2 0 3 2 0
R, 21 3 22 2 27 0 1 10 22
R¢ 13 38 29 6 19 22 7 19 7
R 58 19 3 40 7 0 18 12 3
R, 32 48 0 9 38 0 23 10 0
Re 63 12 5 4 2 0 18 10 5
R, 28 38 14 7 3 9 21 7 5

ESFHRETFERFREARTESE NEALE,
HMTFR MH¥EKKOHM, EEHAF 12.6
kJ/mol WK , AR TEREEY .

4R, H-Hot ,DEXAMSER S FI LB 14 F1
64, FHEE 488K —95.8 kJ/mol, 4 R, }-OH
BL,DEAMSHASFIEH 9 F1 184, FHES
fE % —101.6 kJ/mol, 43 % 5 R, EA X UMEH,
HEFI®RAE R K. AEEELSH,R, H-OH #E#
BIERGARS, TRRESERESARMNER.
2.2 EAXBMAMEW: XFTLUE R.Re.Ri\Rs
R, 5 M B EA 80 4 F #-H.-OH,-OCH;

SREAMAMERRE 3. BF R M R.Rs MR,
AL AE X FRAG 0L B, 5000 % R AL B o AT LA IR
B, 0 8 B Th R K O 45 M B, R, F-H L -OH
#1-OCH, B 4> Bl % F 13/28. 50/26, 31/12; Rgs
2-H.-OH F1-OCH, Bt 43 %1% F 85/36.9/22,0/8;
R, 4-H.-OH F1-OCH, & 4+ 51 % F 9/23. 38/10.
0/0, Ry & Ry H-H B X #EX M £ F R 2, H-OH
F-OCH, B X RN £ F R M, R XA EARA
AN TEEER R KR AHBHESR, KR,
M, -HE XN ERRDZ TR M, H-OH 7
-OCH; B X K M £ T 8.2, ¥ 51 & 4-OCH, &
BRERWGX &, RAZMLERRBXREH FE
BAEE.R WERAS R &R, BHEMAE, BWE .

M8 X KE R MR, B-H B, Bt D#&
AMSEXNHNERALIAM 124, FHESEN
—112.9 kJ/mol . % R; #1 R, )-OH af,D X1 S
BEX o7 HR 2834, FHEAERN—95.8
kJ/mol. %4 Rs 1 R, X-OCH, Af,D K f1 S # =,
AHER1T 3B, FHEAER— 958
kJ/mol %5 R T R, M R, thB B/ of, HF F%
HHABFMESE R M R, R-OH i}, 4 F 1
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BFEFMBHREABABEEZE. Ry MR,
H-OCH, B, Ik TRAETEHZRABEK, 4 F
FRERLERERER. AZEKGARENES
8k &R, M R, k-HFF Fa&4,-OH #-OCH,
AEMBABEER.

Y R, H-H i, D B S R 452 3 23 F
174, 48X —97.0 k]/mol, X4 R, #-OH
RL,DEXMSHERXAFHBOM7A, THES
fE%—111. 2 k] /mol , R A-OH HEHF T4 E,
FTEHEMTERFABFYHEEZE. R 5 R, —H,
AEZBANER, B TFRE 2ASBEMNERY,
R sREE5FAENEARBRAENERY . BE
#HFEH.

YR, REFHMRRE B AIIEBER
WEEREHNEW UEABXHE, SR, X-H
BL,DERXMSEXSHER oM N, FHLE AR
% —106. 2 kJ/mol, ¥ R, %-OH Bf ,D &R 51 S #
KXo EHM23 M 154, FPHELRI—97.4
k]/mol, R EZH R, H-HHEAHNTFEE EEH
FTFEREABHBEEZE.

3 itig

ENA AR ETE. AT BFHEN R
FMAEHHNEEEA TURR . EHEKH R, M
R, ZAKXNMEBEEREEHRR BIWEEF
FEE BAWFEEFRARK . Ry ER H—F
HERAEHN FEEAER. R X R BRABKBRH

TREREEY.

B 2S 55 0 TP IR 2K ST otk v SR A SR AR T RA B
PRMIKMEERE. Ri MR ABRBRDMHTE
3t otk e TUIR 3 A B3R K %5 B2 38 K B-OH B,
STFEETEREABFYMHESR. R MR, 7
BN AR TEFEA BFHESELR MR K
-OH B , 8 4+F 15 1 T2 3 ik vl DU A B- 3R 0
ZK. 4R H-OH BHAF FEFHEA BFHHES
B. R, -HR AR FERLEABFHHESE. B
W, ARMBRRERTUERGERE R UK
EEANEL ELXRTERUFAHHLEEE
ZHNTERERAFLHTHFEIN. NERH
BORER, T THERR. ARRE -8
H. 5 TE—- YLK,

t L pd
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B (FAF 8 pH 3.5)(70 + 30) X ¥ 5h 48, A Agilent Zorbax Eclipse XDB-C, {5 i & 4 B , & 3 L W A F
PR UEERFEALEMFR#TEN, ATERANHBEFREL A m/z 306140 (LR EB fl m/z
290124 (4R BIHES). &R WHEERIHEREN 10~5 000 pg/L, r=0.999 0, RER BB Y 2 pg/L,HA.
AEMEM RSD MF 4.2%. Gt EERERU. BRER EATARARLEERNLS¥HA.
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