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Abstract: Objective The inclusion complex of vincamine (VIN) and hydroxypropyl-p-cyclodextrin (HP-B-CD) was prepared and
characterized. Molecular simulation method was used to study the formation mechanism of inclusion complex. Methods The
inclusion complex of VIN/HP-B-CD was prepared by saturated solution. The preparation technology of VIN/HP-B-CD inclusion
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complex was optimized by orthogonal design, and taking the drug-loading of the inclusion compound as the index. The stability
constant of inclusion complex between VIN and HP-B-CD was studied by UV-Vis spectrometry titration, and the inclusion ratio was
determined by Job plots method. The VIN/HP-B-CD inclusion complex was characterized by scanning electron microscope (SEM),
X-ray powder diffractometry (XRD), infrared spectroscopy (IR), thermal analysis techniques (TG and DSC), and nuclear magnetic
resonance (1H, 2D NMR). The water solubility of the VIN/HP-B-CD inclusion complex was measured and the stability test was
conducted in the simulated human gastric juice and intestinal fluid environment. Molecular docking and molecular dynamics were
used to study the forming mechanism of supramolecular system of VIN/HP-B-CD. Results Using saturated solution method, the
optimum conditions of inclusion were: 1 : 1 for molar ratio of VIN and HP-B-CD, 40 “C for inclusion temperature, 7 h for inclusion
time and volume ratio of methanol to water (1 : 6) as solvent; Job curve and UV-vis spectroscopy showed that inclusion ratio of
host-guest inclusion complexes was 1 : 1; After VIN formed inclusion complexes with HP-B-CD, its solubility increased from 0.04
mg/mL to 16.5 mg/mL, and the thermal decomposition temperature of VIN increased from 240.5 ‘C to 306.1 C. 'H-NMR and
NOESY spectra indicated that the inclusion complex was formed by the a-ring of VIN entering from the large end of HP-B-CD.
Quantum chemical calculation and molecular docking indicated that the optimal inclusion mode was consistent with the results of
NMR studies. Molecular dynamics studies showed that VIN can penetrate into the hydrophobic cavity of HP-B-CD in water
environment, and the interaction between host and guest was strengthened. The space size of host-guest matched better. Conclusion
The solubility and thermal stability were significantly improved after the formation of inclusion complex with VIN and HP-B-CD.
Hydrophobicity, hydrogen bonding, and van der Waals forces were the main driving forces for inclusion complex formation.
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Table 1 Design and results of orthogonal test

SEI S A B/'C Ch D Y =%
1 1:1(1) 30(1) 5(1) 1:4(1) 0.35
2 1:1(1) 402 72 1:6(2 0.63
3 1:1(1) 50@3) 93) 1:8(3) 0.36
4 1:2(2) 30(1) 72 1:8(3) 0.46
5 1:2(2) 4022 9(3) 1:4(1) 0.33
6 1:2(2) 50@) 5(1) 1:6(2) 0.37
7 2:1(3) 30(1) 9@ 1:6(2 0.36
8 2:1(3) 40(2 5(1) 1:8(3) 0.54
9 2:13) 50(3) 7(2) 1:4(1) 0.61
K1 1.34 1.17 1.26 1.29
K2 1.16 150 1.70 1.36
Ks 151 134  1.05 1.36
R 0.35 0.33 0.65 0.07

£2 FENH
Table 2 Analysis of variance

HzE Wz A H F1E oEN
A 0.020 422 22 2 18.7551 P<<0.01
B 0.018 155 56 2 16.673 5
C 0.073 355 56 2 67.367 3 P<<0.01
D 0.001 088 89 2 1.000 0

Fo.os(2, 2)=19.00
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67.0 C T BRI ., W 1-A B ATE HE A
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Fig. 2 X-ray diffraction (XRD) patterns of VIN (a),
HP-g-CD (b), VIN/HP-B-CD physical mixture (c), and
VIN/HP-g-CD inclusion complex (d)
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Fig. 3 FTIR of VIN (a), HP-B-CD (b), VIN/HP-B-CD
physical mixture (c), and VIN/HP--CD inclusion complex (d)
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4 VIN (). HP-B-CD (b). VIN/HP-B-CD $13REH (c) # VIN/HP-B-CD BEH (d) #I SEM
Fig. 4 SEM micrographs of VIN (a), HP-B-CD (b), VIN/HP-g-CD physical mixture (c), and VIN/HP-B-CD inclusion complex (d)
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AT J5 HP-B-CD i F (AL #5225 Fir
7N, MK L 3, H-3 fil H-Me 4L 2E 07 72
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HR e

2.3 KIENE

2.3.1 Job £kl SRFH Job i 2R iEI 5z VINY
HP-B-CD Wi & it&ELt. KA pH 10.5 KRR
BN-BR IR N G TR BC R RPN FERREE R VIN 55
HP-B-CD MR AR, 4EFiARSRE N 80
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Fig. 5 'H-NMR spectra of HP-B-CD (A) and VIN/HP-B-CD
complex (B) (D20, 25 C)

% 3 HP-B-CD #1 VIN/HP-B-CD EL &40k F (8
Table 3 Chemical shifts () of HP-B-CD and VIN/HP-$-CD
complex

J. , SMa
AbL T
HP-B-CD VIN/HP-3-CD

H-1 d 5.04 4.92

H-2 dd 3.57 3.52

H-3 dd 4.00 3.88

H-4 dd 3.48 3.45

H-5 m 3.82 3.72

H-6 dd 3.82 3.72
H-Me S 112 1.00

0~1 PRI, SR e KRS K 281 nm 4bill &
AfH. SRIGIRIE PR AIBRBOCE ZE (AA) 5&
PR EE IR S B3 2 a0 8 i Job k. WMLz
MR R, HEERAECN 05 I, LR AA
IEB B ik, ATLASH VIN/HP-B-CD B4411)
AL L.

232 BAM-AT WG E L A VIN FREE R
FFAE 0.064 mmol/L, 27% HP-B-CD [k i #£ 0~4.00
mmol/L 21k (HP-B-CD pH & 3.0 #110.5 ¥J°4 0.00.
0.23. 0.33. 0.47. 0.67. 0.96. 1.37. 1.96. 2.80.
4.00 mmol/L) I ZrhiE (pH {H 3.0, 10.5) Al
K-FEE (40D REWBUER . 1 h J5HaEIE %
Ab-AT WIS, BT SEIGPATINE 3 K. HKAMNE
ERCFRZE LK 9 (A-1. B-1), 7EATA S2ie i i,
W) pH EERA KA. RES HP-B-CD It
gEEAL TR A 1 1, AR SOk VARSI A B Y
ANE pH K VIN 5 HP-B-CD B A& YK E H %
(Ke) FIEMETH BN (-AGD Wik 4 FiR.
Kl 9 (A2, B-2) %R /il S E A A RAF
(2T, Ui B LA BRI AT, B VIN 5 HP-B-CD
L LTS,
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Fig. 6 NOESY spectrum of VIN/HP-g-CD complex (D20)
0.024}
0.020} /
Z 0.016f Y
0.012}
0.008} . .
./ \.
02 ' 04 ' 06 ' 08

B 7 VIN/HP-B-CD &M AIEE AR S XHEN
NOESY #x

Fig. 7 Possible inclusion mode and key NOESY
correlations of VIN/HP-$-CD complex
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IIAF] 2 mL K (pH 2128 7.00 1, No2R, IRE

R=[VINJ/([VIN]+[HP-B-CD])

8 VIN/HP-B-CD BLAHTE pH 10.5 ##Y Job Bh%Zk
Fig. 8 Job plot for VIN/HP-g-CD complex at pH 10.5
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a~j: HP-p-CD 0.00. 0.23. 0.33. 0.47, 0.67. 0.96. 1.37. 1.96. 2.80. 4.00 mmol L !

9 VIN ERRER pH AR FMAN HP-p-CD BIEIN-A] MAILHERE (A-1. B-1) MEEMRNFLTHIELER )N

ZRILARZ (A-2. B-2)

Fig. 9 UV-visible spectroscopy titration diagram (A-1, B-1) of adding HP-B-CD to VIN and nonlinear least-squares analysis
to calculate the thermodynamic change of complex (A-2, B-2) in different pH buffer solutions

#£4 VIN 5 HP-$-CD 7£ pH 3.0 #1 pH 10.5 F14Y Ks F1-AG®
Table 4 Ks and —AG<of VIN and HP-B-CD at pH 3.0 and
pH 10.5

B Ks -AGY

pH 1 AR B B
(L-mol ™) (kJ-mol ™)

3.0 BREAZH-ITER 1326 3.122 17.823

10.5  BREREAN-TC /K BRER AN 364 2561 14.618

TR, FH 2 T 7K e e A R B IR R
37 CHA, FH VIN RGN, ek
N 281 nm, Xf VIN 1 A {E#HTIRENE, &0
(12+2) h, Frfas2s-FATIE 3 K.

TER AR 2644 R, VIN KHAEY)
(17 A (B BERT ] AR R LI 10, MR BN T
F %2 HP-B-CD 1EA—F 2%t VIN Bk %k se
7o X pHT7.6 T, 7E0~96h W& A EALLE
1%, 1 VIN 1 A EARLECR, (HEBESR VIN
) A 2 245, #x, VIN/HP-B-CD B&41 A
EN %A A8, B7E 48~60 h, fRMAFH

100
b, 1
b, Il
98
a, Il
<
<
96
a,l
94 +
0 24 48 72

t/h
AN (12+2) h ARTI A B, Ao AR AE

A is the accretion measured at (12 £2) h Ay is the original light absorption
10 VIN (a) 1 VIN/HP-B-CD 144 (b) #£ pH 7.6 (1)
M pH 1.5 (1) FHIHENEREE (A/A) FERTEIZELAihZ
Fig. 10 VIN (a) and VIN/HP-B-CD inclusion complex (b)
relative absorbance (A/Ao) versus time curve at pH 7.6 ()
and pH 1.5 (1)

ZJE T RE . SLIRESREIR, T RTER
PEIERAERRPE SR, VIN 3 HP-B-CD & )5, H
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VIR IA S RS 1S B3 e

25 TR

251 =EMitE BHE T IHERF VINHP-
B-CD H.&WIIE LA . HP-B-CD 5 VIN w44
S5 A SIM A BRI, R EER PM3 U
2, AR AT BRI S A 20 R N AT S5 R A1 A
SREU Ui ghi . 285808, VIN (157 R
K, TEF HP--CD A, H VIN 21
oz HP-B-CD /M Mgk N, {HE HP-B-CD 1]
K a5 AV UL ARG B i v o T R4 E, SR AR ik
BEPR R AW RS (B 1.

fifi C*JE-FHEIREAN VIN 20T M Z Bhi IE 5 [ e
HP-B-CD [, E-ZARZMIIEE H 0.8 nm &b
B AR AR R s B, BEP 530 0.05 nm. SR PM3
T VRN — 25 BT T B 2 - R B A AT B AR
THE ORI RE AR 28 . O T $E Mt h S e 1
¥ 2 A P BE R AR I B A WSS AT PM3 44
tbo [, ¥ VIN/HP-B-CD HL &I )y 2
J7: K)ZN HP-B-CD =)= VIN, KAl ONIOM
[HF/6-31G (d): PM3] J7iEitHIX 2 MaEwE
VIR B e fe, DB — D e e A .

EAL TR F Gauusian 09 A1 58

A

N
(8]

B 11 VIN #A HP-B-CD Z=p2H0 2 Fha] £ AN
Fig. 11 Two possible orientations of VIN in HP-B-CD

Eoniom = Ehigh, model) 1 E(tow, realy — Elow, model)

Eoniom AEEME RIS BER, Ehigh, model N 51 2R R FIRE &,
Etow, rea) AIEJZ B SR R ATAERE, Eqtow, mocen JI IR 2
e

VIN i HP-B-CD 7 Jis s i) # e AR Ak & 12
Fis o AR, XT 2 245Kk, VIN 7£ 0.8~0.3 nm
BAEAME R REE AW PEC, BEEMST 1 R RH
ANIRFER BT R B 2 A R e/ ME n s (0.15 nmD,
AR 2 /E0.2nm (m ) AE AR AT 4 R &
fH. Fi%E VIN BiE—23t N HP-B-CD =, H
FIRTFIF J 50BN IR, BRAe 1 FEgfE 2
REE SR BTt VTSR, BT 1R
1% 2 R E RIS Frit LR 4544 23 SRR A A4 n
5% m.

2 PM3 fil ONIOM 771545 2 1) - K 3
BEVRIFRIA )% SN 5. VIN F1 HP-B-CD
(I A% % 73 79 A 1.80 Debye il 12.56 Debye, 24—
TR E WG IR R A T AR, RAEWIIE
BAE A T A FET - S BEY)
n 145468 N—55.59 ki/mol, L&Y m K44 fe
9-43.75 kiimol, HiFzEMAAEMEGERNAMES
e, Uk, G&Yn BEEAEY m Einfae. &

—7 200}

S

.E L

2 7400

1§

=

S -7600f

(5]

n m
-7800 . . . . . . .
0 02 0.4 0.6 0.8

ZInm

& 12 VIN # X HP-B-CD Z=BzRT R REITHHE
Fig. 12 Potential energy scan of VIN in HP-B-CD

#5 VIN. HP-p-CD REBAYHBEXANFEESH
Table 5 Thermodynamic parameters of VIN, HP-B-CD, and its inclusion complex

b faiE, B AE/ H/ AH/ Gl AG/ S/ AS/ Eoniom/
" Debye (kJ:mol™?) (kJ-mol™?) (kJ-mol™?) (kJ-mol™) (kd-mol™) (kJmol™) (Jmol™*K™?) (Jmol K1) (kJmol™)
VIN 181 803.14 — 805.59 — 612.16 — 648.75 — —
HP-B-CD 1256 -2 360.53 — —2 358.06 — —3126.40 — 2577.03 — —
A5 n 1410 -1613.01 -55.59 -1610.54 -58.07 -2470.80 43.44 2885.33 —340.46 —3010656.83
BAEYm 1270 -1601.17 -43.75 -1598.69 -46.26 -2473.44 40.80 2933.93 —291.86 —3010639.56

AE= Ecomplex - (Ehost+ Eguest) AH= Hcomplex - (Hhost+ ngesl) AG= Gcomplex - (Ghost+ Gguest) AS= Scomplex - (Shost+ Sguest)
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IS AE I N B, B EA YT B R Tt
2. WEY k BABEAREE, FEE D F-FA0N
AA BV EEAETAER . BEY n. m
A B AL 2> B A 43.44. 40.80 ki/mol, iR T AL
HEYNE RS R IR B REATH .

Ak, 2 MEWIRE N E, BT VIN
5 HP-B-CD JERCEL &4 1) 3R BN J78 T I 48 Hin 7] 3K
. &0 E i EAREEY n 5EE5Y m i Eonowm
435 4—3 010 656.83. —3 010 639.56 kJ/mol, [FFE
IEBAAEY n LLEAY m fERS1% L .

SUBETSAH ELAE FH A G A T R P ) K
Bz —, R Gejji ZEPIFN Steiner 252615 A k1)

5E X : C-H-+-O BV K EE /N T 0.30 nm, O-H-+-
O M H K B HAE 0.240~0.250 nm. %4 PM3 J7
EAL )R, VIN 5 HP-B-CD 22 [A] 2 B e pe AL 54
XEABEWE 13 fion, BEY n A 5% C-H--0
RIS, FIKE RN 0.269 nm. &Y m 4 4
C-H---O M &%, “FIKES N 0.279 nm. {EFFE
BRI, EAEYn MEEY m b, FEERIA
O-H---O MEBME K. TR, MWL E
HEEAR IR, BAY n LEEY m BERGE,
HEEY n ME-BARE &6 LR 45
R

252 4rTatEE (AD) 54 73171% (MD) &5

WO RRERMKE (hm)
The blue number represents the length of the hydrogen bond (nm)
13 ZPM3MILEEEY n(n-1,n-2) 5BE¥ M (M-1, m-2) WERRERBINERE
Fig. 13 Optimized structure and hydrogen bonds of complex n (n-1, n-2) and complex m (m-1, m-2) at PM3 level of theory

4 AD 5 MD it — Bt 5t F-BR g G T4
56 1 PR BE R AR B S m B AR B, o VIN X2 2
HP-B-CD %5 i v o X B2 HP-B-CD 1 A RITE 2 44
o MZYMENBCR S F VPR .

W HE HP-B-CD #% &+ R4 4.0 nmXx4.0
nm>x4.0 nm, #% 5 A FEERA N 0.375 nm, AR 55
B . EORTEAS BN 2.5X 108, 3E I $ 5 Tr AL

TEPAT 50 KM R ER,  SE RO 2 il it KA
T VIN/HP-B-CD L& &4 . MD BL AD
R RN AR ZAE IPIEEEY, FIF Amorphous
Cell #iE k) E 1 4 VIN/HP-B-CD fL-&4)F1 500 4
KAFHER G T, REZEEAN 1 glem?®, E&H
COMPASS 7137, #XJaHIH Forcite #ikt MD £
FoHR A NPT R45, BN 300 K, 5K 1 fs,
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20 ps Y BE 1 ALIEE S, NI 10 ns.
AD.MD % 7% F Autodock 4.21%71, Materials Studio
6.0 T2 /7 56 .o

AN 50 YO RAR R 45 AT R, 19
AT EAREICHEEENX (B 14, RIKKEE
etk ke E M E AR, BT VIN ) a R\ HP-B-
CD M5 NN, REEASTH av by ¢ ¥
W HP-B-CD W&, MES VIN 4> P55 Rl F v
HP-B-CD (1] N EE, #x & % VIN/HP-B-CD Eii &
¥, VIN 731 L5 5 HP-B-CD L2347 Y
AR TR 1 NS (0.197 4 nm), WS T

Bl 14 VIN 5 HP-B-CD A FxHEEAER
Fig. 14 Molecular docking conformation diagram of VIN/HP-$-CD

ot G AR R R S =T R S R — 2

15 7~ 1 AD B BH RAEKIE R T &
B (B 15 KT ARER), 0 ns i FRRIAS
F 2 7R 35 S B 1R AR 5K T, VIN RHSEE HP-B-CD Py BE,
B AL () B, B2 T S S B R VIN
S F, MEARIEEA HP-B-CD HEER] VIN 437
BB, AT K VIN 20 T3 R A HP-B-CD
(10 725 e R B 25 HR ke, TR B IR N FR IR S i
F-BARA EAE I IsE Y Bk 2 BB A, MD B,
WERT VIN 4015 HP-B-CD &M= s B
2 [A] UL AC 1

15 SFEIFIFERSTFEPEEIE) VIN/HP-8-CD B & 1198

Fig. 15 VIN/HP-B-CD inclusion intercepted configuration during molecular dynamics simulation

3 Wig

%F VIN 5 HP-B-CD Z A& 4T AitAT T 5L
3 R BT . R WMARBESRI& T VIN 5
HP-B-CD MEL&), KA IEAZ R T aEYM
fils T2, &€& L2208 VIN 5§ HP-B-CD 4%
BIEE 101, 7£40 CHMFTFULRFEE-K (1:6) K
WAGERE 7 he JE A T BRIIA B R AL LA e 7
5, VIN 5 HP-B-CD fERRVEM S N IR AL &7
oz KT, XUl TERME A4 VIN/
HP-B-CD &1 Nt e -

KM XRD. IR, SEM EAE T VIN 5 HP-B-CD

BEATE R E-BARMER . A Bk, 3%
LA W0 - R W) BRI A W) 2 B E 25 04 1 IR 5 OWE
e LGB REER, REESERTEAEYN
TEM . DSC. TG. ¥fif S e s it s £ -
WEPEA THIRER, B KSR
fffasetE, i8] HP-p-CD J2& VIN R IF 254 ik .
KH *H-. 2D-NMR 7341 T VIN 5 HP-B-CD £ &
fREEA 1, H-3 F1 H-Me AT HP-B-CD )k H 3t
H-5 A2/, AR J§ HP-B-CD ) H-3. H-5
ARALEER, ATHEN VIN 52& M HP-B-CD 1K I ik
N BAMBYE A Y1 NOESY #H2% A5 b 75t VIN
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U a Bk HP-B-CD =5 i

BWIHEERT VIN BLE a 35 HP-B-CD
KA NEARTHEMRIER. Wi, ZEE
VAR i GA BAE B R EAT I, B ST R B
B TIET A R SRS A BEA EAE . o Ton
B i e AR 0 S BT R EIR bt
G T FEIR T4 10 ns (13 )54
PG TR IV T EREARRN T, X WK
PR E SGEM R A, R KA B2 B AWK
PREN 12—

ZE R, AHE TR AR AN (Y 7 V20
BTG RE . KRR e Mk AT TR AS, FESE
16 S5 Z A T HP-B-CD Xf ik VIN /K&
PE FRE M BA — L T - A
IR S J5 108 401 250 ) 5 A 808 R IR
IS S [N, AEFFORN VIN 7EEE 27
i KBTI R H et 22, (HISAFE S BN
AR, HET VIN FRIFIGRIRA RN 5 mg. 228
52 %E A 30 mg, {H2 VIN A HF] FH AN R 20000281,
HP-B-CD XJ VIN A= 41) FH FE 1) 5% i A I PR i 23
AR5
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