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Preparation of formononetin-2-hydroxypropyl-f-cyclodextrin inclusion complex
and study of its inclusion behavior
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Abstract: Objective To prepare formononetin-2-hydroxypropyl-p-cyclodextrin (FMN-2-HP-B-CD) inclusion complex and to
explore its inclusion behavior. Methods The preparation method of FMN-2-HP-B-CD inclusion complex was optimized by
comparing kneading method, stirring method, and ultrasonic method. The content of FMN was assayed by HPLC. The preparation
technology of FMN-2-HP-B-CD inclusion complex was optimized by orthogonal design taking drug loading capacity as index. The
inclusion complex was characterized by scanning electronic microscopy (SEM) and X-ray diffractometry (XRD). Phase solubility
method was used to calculate the molar ratio between host and guest molecules and the related thermodynamic parameter. The
molecular simulation was processed to investigate the inclusion behavior of FMN and 2-HP-B-CD. Results Using acid-base
neutralization agitation method, the optimum inclusion conditions were: the molar ratio of FMN with 2-HP-B-CD 1 : 1, inclusion
temperature 50 ‘C, and 2-HP-B-CD concentration 5 g/L. The drug loading capacity was (9.42 £ 0.25)%. The phase solubility curve was
A type and the stability constants decrease with the increasing temperature. The thermodynamic parameters showed that the inclusion
of FMN and 2-HP-B-CD is a process of exothermic and entropy decreasing with enthalpy change as the main driving force. Molecular
simulation showed that the 7-OH of the FMN takes the lead from the wider rim of 2-HP-f-CD into the cavity, and forms a hydrogen
bond with the oxygen atom on the 2-HP-B-CD. Conclusion The FMN-2-HP-B-CD inclusion complex prepared by the optimum
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process conditions has good repeatability, which can improve the solubility of FMN. Molecular simulation of FMN and 2-HP-B-CD

inclusion behavior was consistent with the relevant thermodynamic parameters.

Key words: formononetin; 2-hydroxypropyl--cyclodextrin; inclusion complex; inclusion behavior; kneading method; stirring

method; ultrasonic method; HPLC; orthogonal design; phase solubility method; molecular docking method; thermodynamic

THifE® (formononetin, FMN) R4 7-#53E-
4RSS, RS, SN, 4R
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EF, CWENHTIIYE. arvligem. S50, I
JEERTTES, IANEAIRIT B RS . s L
SERERZE S, DRI 432 90, B FMN £E7K
LA, XK 29 T HIG R . AW
R FH K 3 b B BIE AR 2-F2 T4 56 -B- 20 1
¥ (2-HP-B-CD) "1 % FMN-2-HP-B-CD 44,
HERIKEE, TR SR & T2, FExt
HALEHUHI AT IR o
1 EEHH

LG 1200 = RO A, ZEEARHA TR
AF; SZCL-2 BUE B RetE R mE Sy hikeas, X
THEACBHIRAT; LGI-18A AETHEHL, Jbmtld
RIS IR A A PKZ-1 VR IR IR KA,
R S £ BR 2 ] s Sartorius BS110S HL T
K, AR HF I RPFAERAR; LEO 1430VP
FH T RS (SEMD, 48 [ B BLA &) ; Smart 1000
CCD B! X-B & it 94, 485 Bruker A 7],

FMN XFHE 5, 165 111703-201504, 5
25 K E R AT, it HPLC E&E0E H; FMN, Ji
B8 =98%, fit5 C-018-150728, m#lH:Z-BA
YIRHABR A ] 2-HP-B-CD, Myw=1 460, [
Sigma-Aldrich 2~ w]; R, tilall, JbatilSan];
AR, HARFI AT B e,

2 FAEEHR

2.1 FMN EEShEENEL

2.1.1 ARSI S REREUE R FMN Xf
RO, I R A VAR, T SRR 30 pg/mL
PRI FE A i 2 T o WK HEL i S P RS R L 2 mL
T 10mL &, AR ER2ZE, &5, 15
FIFRBEIRFEN 6 pg/mL X HE S IE T

2.1.2  HEASRIERAHE RO E FMN-2-
HP-B-CD &4, &= LB 30 min, H3)
MERZE 10 mL, i 0.45 pm WALIERE, H]% FMN
JREWRE S 6 pg/mL AR AR .

2.1.3 i @iy Dikma Diamonsil Cig
K (250 mmX 4.6 mm, 5 pm); AEFAE (10 mmX

4.0 mm, 5 um); FLBNIAHA HEE-0.1 %R KA (1A
FAUEL 70 ¢ 30); AL RN | mL/min; A58 30 °C
Ry 249 nm; FEFERLA 20 uL; MR E R
2,14 BMERRFLE 7 WO IE S 2 VR ok
FHL 025, 0.5, 1. 2. 4. 8 mL T 10 mL &3,
MR E R B ZIE, 825, FRIREREN 0.75,
1.5 3. 6+ 12 24 ug/mL FIRVIXHE SEw, o
0.45 pm ALY, BEFENE . B FMN WM (V)
XREWRE (X)) FATLRMERE, BEATE Y=
130.71 X+16.272, r=0.999 7, FH] FMN £ 0.75~
24 ng/mL MR R R LT,
2.1.5 KRR BUE. . mRERE 5N
1.5\ 6. 24 pg/mL XS IEVR, 428 “2.1.37 T
NG, S AELLERE 6 Yk, WsE WA, T
HH RSD 4354 0.35% 0.28%- 0.39%. 24. 48.
72 h JEPATERAE, 152 H AR % R, AR RSD 43
WM 0.35%- 0.12%- 0.53%, KWL AEKE 3 R .
2.1.6  [EIWCERBRES 43 A B WU I A IS
&, AR [ 2-HP-B-CD & #1551 1.5, 64
24 pg/mL MK By & 3 ANFTRIRE IR BT
FEAREIRFERCH) 3 4, 1R “2.1.37 TN @il 41k,
e T AN, ARNARE 2815 2 SEPR R, 1T
HECRE . g0 %. F. mIRERCE EICR 739
N (98.13+1.34) %. (98.90+1.07) %. (96.03+
0.79) %, BIFRIREFTAE K.
2.1.7 EEMRE % 2127 TOHEFATH S 6
PRSI, o BIHERE 20 uL, e VETRAN, T
H A5 FMN Jii #7020 RSD 4 0.82%.
2.1.8 FEtkiEe  H “2.1.27 WU ISR
7£ 0. 4. 8. 12. 24. 36. 48, 72 h, 73 HIHEEE 20 uL,
TR IEm A, 4559 RSD N 0.57%. R EMHR AR
7E 72 h WEE .
22 HIEEEFIE

PESCrARaE! o, B Rk, Ak R
ERAEYH & PR AT R 3 BhEEATE, Bt
ARSI LR 3 Pl s B A E -, D=
GE NI ARTHED NP FEAR, Tiiik oA ISR
il 7325

W =0 EW TR R A SR
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220 WREEEY REZ L 11, RS AR
FMN F1 2-HP-B-CD &, Mi&E=E/KHK 2-HP-B-CD
RS, DBEZIKHINN FMN ZFEEWR, B TiiEk
WA TS BORIIR, P IS AR KA A, 0.45 pm
AL IE L Br L R A FMN, AR T, “TAT#
£ 3, MEEZENRN (0.35£0.08) % (n=3).
222 BREFAHEE $254 FMN 5 2-HP-
B-CD ¥ 2 LA 1 1 1, K35 R EX 2-HP-B-CD
BT 788K F, JER 2-HP-B-CD V& F5 % FREL
FMN, #INE| 2-HP-B-CD A+, FIEFEMA 1
mol/L NaOH ¥ 15 H pH 8~9, 50 ‘CHlaIR T
FIHHE 24 h, 25 1 mol/L ThERVA I T 8 pH
R 7, B4R 50 CHiEE 8 h, 0.45 pm AL
Ve UE T B W E FMN, BIE TR, 535
FMN-2-HP-B-CD &%), “FATH 4% 3 18, IS
BN (5.7240.14) % (n=3).
223 E#AE $254) FMN 5 2-HP-B-CD 14
Rz N 101, MERIUGE 2-HP-B-CD A
FMN 75l T 78 18K 50K 42, K FMN 22
WWOZ RN 2-HP-B-CD K&+, #insee,
50 CHHIR F4kSE 74 3 h, 045 pum MALIEREER
BRZLUFES FMN, WIR T PATHI% 3 4, M7
ZiEN (0.55+0.05) % (n=3).

MR ]85 VA BT 5 5L, RRm AN ik
Hil & M EAE YL R e, Higic s oL
P, DRI S0 e R R AN R % FMN-
2-HP-B-CD 54
23 EXREEITAHBEYHIELAERIZ

MG SRR R RG4S
P FESR, EH FMN 5 2-HP-B-CD #)ii &2 th
(A). 2-HP-B-CD Fi&EiKk[E (B). HiHHEE (C) R
EHNEK, FAAERER 3 ANKT, EH L@EY IE
LW HERES, SR AR 1, =P R NE 2.

MR B4 B 7 2 s Rl 4g, 3 AMAER
X} FMN-2-HP-B-CD & 44k 245 & 5200 K /N 73 53l
N A>C>B, Rl FMN 5 2-HP-B-CD i [H&E 2
Eb > 3 PEIEE >2-HP-B-CD i EikfE. A REANH
AR FEMNR R 2E R (P<0.01), NEREEF
MWKz C HEAFRKFREAEREEER (P<
0.05), NFEHMEF R B HEAFIEREVELmM,
RNIREWR R A A WS TR E,
IR e mf e AL O 4% 2208 A BiCs, BILL FMN 5
2-HP-B-CD ¥ &tk 1 0 1, 2-HP-B-CD Jii &=

F1 ExAERITEER

Table 1 Design and results of orthogonal test

w5 A Bi(gL) C/C D(EA) HBUE%
1 1:1(1) 5(1) 30(1) (1) 7.51
2 1:1(1) 10(2) 40(2) ) 6.84
3 1:1(1) 50(3) 50(3) 3) 8.07
4 1:15Q2) 5(1) 40(Q) 3) 4.81
5 1:152) 102) 5003) @) 5.52
6 1152 503) 30(D ) 2.58
7 1:2(3) 5() 50(3) ) 4.57
8 1:2(3) 10(2) 30(1) 0))] 2.29
9 1:2(3) 50(3) 40(2) 3) 2.17
K; 22.42 16.89 1238 15.20
K, 12.91 14.65 13.82 1399
K; 9.03 12.82 18.16 15.17
R 13.39 4.07 5.78 1.21
®2 AESH
Table 2 Analysis of variance
WERIE  WEFTM AmE O FE BFME
A 31.643 2 99.820 P<<0.01
B 2.770 2 8.738
C 6.035 2 19.038 P<<0.05
D (%) 0.317 2

F0>05(2, 2) =19.00 F0_01(2, 2) =99.00

WIEN S g/L, DLASRFERIE N 50 CHET FMN G4
IR o FERTE T 20807 T 500E, SRAMRAR T
S5 FATHI% T 3 it FMN-2-HP-B-CD &4,
I “2.17 U7 E FMN 1, 2R84 ER
(9.42£0.25) % (n=3), VLI ZHI& TZRE1T.
2.4 FMN-2-HP-p-CD B &KL

2.4.1 SEM W% HU&E&E FMN. FMN-2-HP-B-CD
BEY, FSREA RS b E G4, IR e
m e b, RHERE G REE N BT R SR, RS
HE S MEEN KA. SEM A 1 fizn, FMN
SR A (B 1-a), FMN-2-HP-B-CD .44
M= JesE el E (B 1-b)s

242 X H&ATHSNT (XRD) & MF: Cu
BEK o 2R, LK 40 kV, HLYE 40 mA, fiTHH (20D
W 5EJEFE : 3°~50°, 43 70%F FMN, 2-HP-B-CD+ FMN
5 2-HP-B-CD ¥ EIR-EY) X FMN-2-HP-B-CD 4
EWHAT XRD, 45K WK 2 Frzx. FMN 1) XRD
W (] 2-a) W78 FMN A B RRHERT S g (20=
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1 FMN (a) 1 FMN-2-HP-p-CD €1&4) (b) 89 SEM
(x1000)

Fig. 1 SEM of formononetin (a) and FMN-2-HP--CD
inclusion complex (b) (x 1 000)

20/(°)
%2 FMN (a). 2-HP-B-CD (b). FMN 5 2-HP-p-CD 38
SEAY (c) & FMN-2-HP-B-CD €44 (d) A XRD E
Fig. 2 XRD spectra of FMN (a), 2-HP-B-CD (b), physical
mixture (c), and FMN-2-HP--CD inclusion complex (d)

9.79°. 14.86°. 16.20°. 25.12°), UFH FMN Ll g1k
T AAFAE . 2-HP-B-CD (P 2-b) ¥ HI BB & HF
TEATH g, HORAFAEN/INIATS I (20=10.05°,

18.66°. 24.41°), ] HEWTH LLTG 8 TRARSAFEAE s FMN
5 2-HP-B-CD HIERAY (K 2-¢) ] XRD i
TEE BRI FMN BRHIERT 0% Hb3 FMN-2-HP-

B-CD &) (K 2-d) 5 FMN 5 2-HP-B-CD i)

HYEAYIEWE (B 2-¢), KRHAEYFEAE R
FMN [PRHIEATSIE, HIERS 2-HP-B-CD 1L,
(Rl LA FMN B, &N T 2-HP-B-CD A i,
RIJE % FMN-2-HP-B-CD 2454
2.5 SEMEEITANNSIRT
2.5.1 AT MREERIGS SR M A AR I 5 R
F#EE T FMN 5 2-HP-B-CD H&WKFae &%
(Koo 235 E FMN InA—RFKE N 0~10
mmol/L () 2-HP-B-CD 7K¥E#H, i 30 min, T
25 CIEIEIRD 2 h¥R%% (120 r/min) 48 h, B L&
R 0.45 pm FUFLIEREIEL, IR REE MR EL
HPLC WM&, AMmEhEHIRE . BRGSO
30, 40, 50 'C, MHATPATHRAE 3 k. LA FMN K
FE (YD) X 2-HP-B-CD MR I E (XD @47 et 1
H5HT, P IHLAEA R T AR L
Ko, ZERIE 3,

Ke=kSy(1—k)
So NAFIRE N ARFEAE 2-HP-p-CD I FMN R (RI#%
B, k ALE

®3 HRMELR
Table 3 Results of phase solubility

BREIC MR RNE A2 R? Kc/(L'mol™)
25 Y=0.006 X+0.002  0.998 3018
30 ¥Y=0.005 X+0.002  0.998 2512
40 Y=0.006 X+0.004  0.999 1509
50 Y=0.010 X+0.011  0.999 918

EH A VA A FEE SIZ 0 0] 0, B PR RIS VA FE R 15
VNSRS 2SR, R mT DA S AR A
Mz AL, —FHUBEL 10 13 TaE.
TEAFRIFRE R, FMN 5 2-HP-B-CD &1 Kc A
H b O AT RERRET &, BER Ko 2N,

Al RS NI B T, A Ak 2-HP-B- CD A
HéE‘J FMN 332 21 50 Z T 1t 25 3 70 P9 s iz
[ 2 7K AR R,

2.5.2 FMN-2-HP-B-CD H&YIH KNI HSHH
HEP ERMEMRE S E TR FRE TR
FMN-2-HP-B-CD G&WIM Koo RE RS 5]
Kc 04k, HZEHAFEL TR ZREKCR.
AG*=-RTInK
AG*=AH"—TAS®
nK.=—(AH'—TAS*)/RT=-AH/RT+ AS’/R
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MBAEY Koo LA InKe XF 1/T 3478345348
PETTFE: InKc=4 446/T—6.948., %4 ik 4 MAR
REIMLE R, MXANFESHNER 4. BT 15RE
AG. AH". AS" ¥ 4748, i8] FMN 45 2-HP-B-CD
AR RN RE, B UG ARE
REZIRBN . BN TR T RS RS,
FMN #% FR#7E 2-HP-B-CD =/ A, E HERDN,
PR T 68 A A

# 4 FMN-2-HP-B-CD S&¥IHEXRNESH

Table 4 Relative thermodynamic parameter of FMN-2-HP-

B-CD inclusion complex

T/K InKe AGY(kImol™) AH%/(kJmol™) AS%(J-mol™)

298 8.012 ~19.74
303 7.829 —19.46

—36.96 -57.77
313 7.320 —-18.88
323 6.822 ~18.30
253 2 THifl FMN-2-HP-B-CD 47 K2

KT XHREAE 771 7KF BB FMN 5 2-HP-B-
CD @&1T7N. M Autodockd.0 F2f7, T4 H
FH B 2R FOR iy 1 it A% 50925, X FMN 1 2-HP-B-CD
HEHAT 7070 SHERF 2-HP-B-CD 1 NI T,
MRy TR . BFashiEimg, it
1% FMN 5 2-HP-B-CD RAIREMIE B E, F4AH
FMN 5 2-HP-B-CD %55 fig il ¥—5.84 keal/mol ]
MR (E 3), S5 ReBICER R, #5EaE .
FMN 4 2-HP-B-CD K HIAH BAFE 2 =2 [ Ak
(P& DA R Yu AR )y, 3 A S A UE FMN
PL 7-OH #43 M 2-HP-B-CD K H ik NS s,
5 2-HP-B-CD _L W& R IR 1 ANS5
3 g

A58 HP-B-CD AWM LT, JUFIos il
MERE RN, & FDA #EMERIZE 1 ASnT DL ki o5
(1) B-CD fiT:9y. SLuGRu, BRu - A FEE e
$& FMN-2-HP-B-CD ® &Y, HLERF T
RE/E FMN 7EZ8TR/K H 5 IR 1, MIE pH R 255
BRI, FMIN V5 2 34K, 390 FMN 5 2-HP-B-CD
e L, MG N2 & . A A R R S50 E B
FMN-2-HP-B-CD E& YR TE i fe# = FMN (13 Al
JE, AW 2-HP-B-CD 4 FMN 4T ML)
YE TR, KL FEMN J& LA 7 72356 2-HP-B-
CD K M3t N, FMN 43343 Bl 4= B i2F A\ 2-HP-
B-CD I 24, [KH FMN-2-HP-B-CD 3 &4

b o S »
l\ .
[ A
Ve /o”i . 'Y
. ) g ) )
L] N ‘ - [N

\ B -

(¢

a-BEWEHE b TR RE
a-diagram of model of inclusion complex b-diagram

of conformation of molecular docking

3 FMN 5 2-HP--CD WIS % E
Fig. 3 Optimized conformation between FMN and 2-HP-
p-CD

TE R AR 238 I 25 (A e ME RNV v, ERAS B F,
24k N 2-HP-B-CD W JiE, JFEmEss &, e
XTEIRETCR — € MERAER . BEE AL 2
— PR, ARSI AR 6 FMN-2-HP-B-CD
BEVIRIES TEHATERNAL, 7T Rt R IIE
BEVELE. WEYRIEDRI R 2 s
G Rt — D SRR A

AR SEE6 R FH IEAS BT 7L T FMN-2-HP-B-
CD GW&EMHIHI% T, AR ML, 1
FMN 5 2-HP-B-CD # R IEI N 101, BE
N 50 'C LA 2-HP-B-CD i &3k E RN 5 g/L 5%
HTFHTAERHE, REaAYNERZdE. 8
it SEM 5 XRD J7iExt il 4% A& ATRAE, K
BT ZHER T 8. ERAMERELRS 510
PR E 7 FMN 5 2-HP-B-CD #EANRITEE T A
GRS HHNNT )25, HEN FMN 5 2-HP-B-
CD (M2 F B2 UG A8 F EIRE) T I,
BNMERE, H FMN BL 7-OH M 2-HP-B-CD K
Mgt N2, 5 2-HP-B-CD _EIEJE TR 1
N
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