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Abstract: Objective To prepare fisetin (FIT) and B-cyclodextrin (B-CD) derivatives inclusion complexes [hydroxypropyl-B-
cyclodextrin (HP-B-CD), dimethyl-f-cyclodextrin (DM-B-CD), sulfobutyl ether-B-cyclodextrin (SBE-B-CD)] and explore their
inclusion behavior and the water solubility and stability of inclusion complexes. Methods The inclusion complexes of FIT with
HP-B-CD, DM-B-CD and SBE-B-CD were prepared by ultrasonic method. Optimize the best inclusion process with drug loading as
an index. Inclusion complexes was characterized by *H-NMR and 2D-NMR, X-ray powder diffraction (XRD), differential scanning
calorimetry (DSC), scanning electron microscope (SEM), ultraviolet-visible spectrometry (UV-Vis), and Job curve methods; The
water solubility of the inclusion complexes was measured and the stability test was conducted in the simulated human gastric juice
and intestinal fluid environment. Results Nuclear magnetic resonance (*H-NMR and D-NMR) analysis showed that FIT entered
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the HP-B-CD cavity from the small mouth end, and entered the DM-B-CD and SBE-B-CD cavity from the big mouth end. The
solubility of FIT was increased from 0.05 mg/mL to 3.45, 3.70, 4.60 mg/mL for HP-3-CD, DM-B-CD and SBE-B-CD, respectively.
Conclusion The solubility, thermal stability and biological environment stability had been significantly improved after the

formation of inclusion complex.

Key words: fisetin; B-cyclodextrin; inclusion complex; water solubility; stability; solubility

EHER (fisetin, FIT) R TEHITE AHIRS: &
&Y, MEERFLHHE Y K G Toxicodendron
sylvestre (Sieb. et Zucc.) O. Kuntze Hr 2 ELifi k12,
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al; STA449F3 I irAl, (R A ] ; Bruker
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Hic 1)k FF 4 0.012. 0.016. 0.020. 0.024. 0.028.
0.032. 0.036. 0.04. 0.044. 0.048 mmol/L f{1 ik %
X RIER IR AE ORI 365 nm ALl 1S AH
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0.5119. 0.574 1. 0.660 5. 0.747 9. 0.820 3. 0.891 2.
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R ORI RAIENEFTE pH 3.0 0 pH 105 ZHTMA B-CDs {TEMBIREE K
Table 1 Concentration changes of p-cyclodextrin derivatives at pH 3.0 and pH 10.5 in UV-vis spectrophotometric experiments

Tk pHE

WRIE R EE/(mmol-L )

HP-p-CD 3.0

0,0.079 09, 0.112 99, 0.161 46, 0.230 59, 0.329 42, 0.470 60, 0.672 28, 0.960 40, 1.372 00, 1.900 00

105 0,0.079 09, 0.112 99, 0.161 46, 0.230 59, 0.329 42, 0.470 59, 0.672 28, 0.960 40, 1.372 00

DM-B-CD 3.0

0, 0.079 09, 0.112 99, 0.161 46, 0.230 59, 0.329 42, 0.470 60, 0.672 28, 0.960 40, 1.372 00

105 0,0.112 99, 0.161 46, 0.230 59, 0.329 42, 0.672 28, 0.960 40, 1.372 00, 1.960 00, 2.800 00, 4.000 00

SBE-p-CD 3.0

0, 0.112 99, 0.161 46, 0.230 59, 0.329 42, 0.470 60, 0.672 28, 0.960 40, 1.372 00, 1.960 00, 2.800 00, 4.000 00

10.5 0,0.161 46, 0.230 59, 0.329 42, 0.470 59, 0.672 28, 0.960 40, 1.372 00, 1.960 00, 2.800 00, 4.000 00
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Fig. 1 Job plots for fisetin and FIT/HP-B-CD complex at
pH 3.0
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2 REEHEPH3.0(A. C. E) M pH 105 (B D. F) BUEMARD ST EIHIFEHILEIN -7 DN EE E
Fig. 2 UV-Vis spectral titration diagram of fisetin with different cyclodextrin at pH 3.0 (A, C and E) and pH 10.5 (B, D and F)

buffer solution



1 5 1 inese Traditional and Herbal Drugs 1 August Vol. 52 No. 1 * 4801 -
#® 202148 A HE52% H 164 Chi ditional and Herbal 202 1.52 6 80
0.0014 B 5 ¢ ®
0.09 4 e 0081
® L4
e 0
0.06 1 0.06 - ° 0.06 s
<|E < e < e
< gl e ¢ o S L 0041 . o Sk
0.031 - i 0031 @ o iR ) o 5
002{ &°
| .
0 —_————— — o .
0 0.6 1.2 18 0 1.2 2.4 3.6 0 03 06 09 12
HP-B-CD/(mmol-L™?) HP-B-CD/(mmol-L™?) DM-B-CD/(mmol-L 1)
D E F )
0.08 ° L 0.12- [
°
e 0.04 ® ® 5
0.06 ° o’ 0.09 ®
o 0.03 1 ] <
<|( [ ] ST [ Q l 8
= 0.04 o SEEME <|( ¢ £ 0.064 ®
o o iHHLIH so002q ¢ e K o gl
0.02{ @ | -
] 0.01 1 ; o TTHAE 0.03 g ~ HHH
R - (N S U . —
0 07 14 21 28 35 0 08 16 24 32 40 0 08 16 24 32 40

DM-B-CD/(mmol-L ™)

SBE-B-CD/(mmol-L™%)

SBE-B-CD/(mmol-L ™)

3 BEYANFTUNIEEMRE N ZRUSHZKE (A~F FE 2)
Fig. 3 Nonlinear least-squares analysis to calculate thermodynamic changes of complex (A—F same as figure 2)
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FEMRIEE /D 7 ANARE[B-CDs] 15 H 1 FHME, Frifk
22 /N T £5%).

33 BEBEHHITE

331 AN pH {EX B R SIS 06 5 B
Wi G E FEVEVR ORI 5 AR BRI A B A
FEAFAERBEM . sl ey, Sss
TEHI 1. EREEEDITE LU — M R
+*2 FRHEES P-CDs iTEMTE pH 3.0 #1 pH 10.5 FHI Ks
F-AG*<

Table 2 Ks and —AG<for inclusion complexation of fisetin
with B-cyclodextrin derivatives at pH 3.0 and pH 10.5

Tk Kdi(Lmol™)  IgKs  —AGF(kImol™) pH {4
HP-B-CD 3680 3.565 2 20.353 3.0
HP-B-CD 1192 3.0757 17.558 10.5
DM-B-CD 1356 3.1317 17.878 3.0
DM-B-CD 1122 3.0494 17.408 10.5
SBE-B-CD 2726 3.4349 19.609 3.0
SBE-B-CD 746 2.8722 16.397 10.5

Fs X — i FE o] ELHE AR A (R ) o IR TR
ARG TFIIBA ] A PRI, %Ak
SSEEMTERN. — MR E, MORIREAE 2<<pH<<11 I 5
AR, R IR 1)-OH 5% AR 25 1101 1)
AEFL B S HL s s 5 AR 25 oy AN R K VR A
i T ERAYIN K. WK 2 A% pH N 3.0 5 pH A
105 MEE X SRR A EHER, Bl Ko s0>
Ko 1050 2170 B K M 52 W e A7 BB 0 R T 1
X ] RE S ER R AR AR K

KR, BERERSTHN 4 DEREEE
(-OH) B pH BB E, AR
T4, Slabbert Z2618 #iE i B A 254 1) Las
Ty 24 A pKaft, 2 LTRSS 25 M AAS R L
IR LA AL A0 pKa B, HEWT H 2R 5 24
Y A¥E ) 7-OH 1) pKa 4 6.74~7.07; B 3 |- 3'-OH
M1 4-OH ) pKa 4y 8.77~9.02 1 13.20~13.25. 7E
I TR Al B — PRI E RN EE A
7-OH>3-OH>4'-OH>3-0H.

M 4 FTE S IE R I SRR, R E
UL YRR, AR A SRR T, RS
R bR A, FE DI AR R
7% pH 3.0 ¢ pH 10.5 B /KA A HEOR .
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4 FERIETEKPHTFEEMR

Fig. 4 Balance structure formula of fisetin in water

332 A[F B-CDs L& E s 1EEIRT
pH {ELRFFAARNS, 1EHE JLFILAD Csize-fit). JEIR
ULHC (shape-fit) L& HLf VLA C(charge-fit) 3 A~%L
W5 R B R 5 AN [F U B-CDs LA B &%
B, MFE 2 AU pH {EN 3.0 B, & ERE B-3F
BIREAT A Ks 2PN, B Ks: HP-B-CD>
SBE-B-CD>DM-B-CD.

i %, HP-B-CD 11 SBE-B-CD #; DM-B-CD
() Ks e, JRPEATAER HP-B-CD Hh et vl fE
o HEWEESTIVBAEAER Y1, ™ DM-B-CD
BARZMREEMA LR, HA—ERH
s T VRS R 1) 25 i, 5 24 1) 9 TR LB ok 55
—ERREE EHISS T ER AR EE R .
3.3.3 KWILE ((H-NMR 1 2D-NMR) 7341 A
THHFREERYS B-CD AR, &
WFFT AL 1 B R AE TR A AE N 1 TH-NMR
i R4 [ B-CDs [ tH-NMR %8, d1 Tt 5K
WIERAR, 78 D20 WHI A IS 5, TEE
FEEWH H-NMR 3 B rhBE W B I  EE R
JoT U, IX SR I EARITAS RE 025 B AR B R (MK
WK 5 fros, REBURERTE 5 HILAE 6 6.5~
10.0, FMHIRER T155 CGEFTE 63.0~55) &
X 73K

FIT/HP-B-CD .4%): 'TH-NMR(500MHz, D,0,
TMS): J 6.84~10.00 (m, 10H, FIT Ji 1), 3.40~3.90
(m, 100H, HP-B-CD ff] H-2~6 fir & W &AM 2.
3. 6 A, 4.96~5.10 (s, 7H, HP-B-CD ] H-1
Jfi 1), 1.03~1.04 (s, 3H, HP-B-CD {#J H-CH3 i ).

FIT/DM-B-CD & %: 'TH-NMR(500 MHz, D-0,
TMS): § 6.89~10.00 (m, 10H, FIT J#i ), 3.00~3.76
(m, >90H, DM-B-CD [f] H-2~6 {3 fl 2,6-— H 4%
£), 5.94~5.14 (s, 7TH, DM-B-CD ] H-1 Jii 1)

FIT/SBE-B-CD f&4): H-NMR (500MHz,

FIT/HP-B-CD a *
HP-B-CD . .
H-5,6
H-1  H-3
a *
FIT/DM--CD
DM--CD
b * H-Me6
H-Mez‘
H-1 H-35 |
FIT/SBE-B-CD a *
SBE-B-CD
b *
O(CH2):CHS0s
H-356 | OCH,CH,CH,CH,S0;
HL )\ H24
PN | N — e SN
85 6.5 45 25 05

0
a-fla)a b-Uanr ~URIEmE
a-before inclusion  b-after inclusion  *represents the solvent peak
5 B-CDs EBAZRZRFIEIH H-NMR &E (D20,
25 C)
Fig. 5 B-CDs *H-NMR spectrum (D20, 25 °C) before and
after inclusion with fisetin

D0, TMS): ¢ 6.86~10.00 (m, 10H, FIT JiiF),
3.20~3.38 (m, 6H, SBE-B-CD f#] OCH,(CH2)3S0Os,
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2.83 [m, 6H, SBE-B-CD [f] O(CH.)sCH,S03], 1.64 [m,
12H, SBE-B-CD T[] OCH,(CH,)2CH>S0s], 5.09~5.38
(s, 7H, SBE-B-CD ff] H-1 i 7).

£ IH-NMR 5 &, Gl LB 2 i s R I
T SERMIRE H-1 IR AR L], T b
WM SRR ROV R, 4R ER
FIT/HP-B-CD.FIT/DM-B-CD X FIT/SBE-B-CD &
Yt =IO 10 1. A TSt R 5 3%
BRI BL S0, XA LM R N B-CDs
(HP-p-CD. DM-B-CD. SBE-B-CD) Jii T-[{{k 2411
ol 7 e, S5 WNE 3. 4. NER IR, B&

%3 HP-p-CD.DM-B-CD X FIT/HP-B-CD.FIT/DM-B-CD
# 1H-NMR f#4E (0)

Table 3 !H-NMR displacement value (6) of HP-B-CD,
DM-B-CD and FIT/HP-B-CD, FIT/DM-$-CD
P
R ’ FIT/HP-B- FIT/DM-p-
CD &%) CD &%)
H-1 d 491 4.96 5.08 5.13
H-2 dd 355 3.60 3.28 3.34
H-3 dd  3.86 3.89 3.57 3.63
H-4 dd 343 3.48 3.68 3.64
H-5 m 3.70 3.76 3.77 3.76
H-6 dd  3.70 3.75 3.56 3.51
H-Me dd  0.98 1.03 - -
H-Me2 s - - 3.38 3.44
H-Me6 s - - 3.22 3.26

% 4 SBE-p-CD X FIT/SBE-B-CD B4 4940 1H-NMR {ir#%
& (0)

Table 4 H-NMR displacement value (6) of SBE-B-CD and
FIT/SBE-B-CD

)

N, A

af e SBE-B-CD  FIT/SBE-B-CD 44
o y 4.90 4.95

o o _ 3.37

o od 351 3.57

o od B 3.47

Ho5 m 3.69 3.73

e od 362 3.67

H-R1 m 344 352

HR:  m 2.77 2.83

H-Rs m 1.60 Lo

R1-OCH,(CH)3S03  R»-O(CH;)3CH,SO3  R3-OCH3(CH3),CH,S03

HIJE X% HP-B-CD 1) H k2200 8 & AR i ARk
(5 0.03~0.06), j=AIX FhA8 4k, (1) J5 K 7] RS2 HP-B-
CD 7 FHEMEM T A #. [ESEENZE, HP-
B-CD LHI H-3 484k T 60.03, 1 H-5 484k T 6 0.06,
FANIRIRE SR LS R, H-3. H-5 306 T 2RIF
P EN,  H H-3 A2 K H%, H-5 621/ Him,
Zx BT HEWT AR > TR 2l HP-B-CD /)
1 3 E NI RS 7 I B 5 1

WK 3 7%, DM-B-CD MIAHRAL AR &
0.01~0.06, H-3 (50.06) % H-5 (§ 0.01) 41k
R, AR ISR BT el 5, B AR T
B FE LB DM-B-CD Kk o ik N PR RIS 25 i
AR . Wk 4 75, SBE-B-CD HIFHNAL A7 #2738
64 5 0.01~0.06, H-3 Jii+ (6 0.06) % H-5(5 0.04)
AR, S5G MRS AR ZE R o B al 0 %%
Wy TR B E 2@ SBE-B-CD K 33 AR R
FE S AT

AR, @i 2D NMR W85 1al B ik 2E
FHIC, NI T AR5 A4 - [A) 2 [A) o7 L P B 22 T
H.. 7£ NOESY & ROESY 4l Eh45 2 N1
()25 [A) A7 B R BRI AE 0.4 nm 1271, st B Ak ] 77
A 14 NOE 22 XAH K fiAEA SIS HH T H T ROESY
T P AR XA SR T PR RS AR B R L AL
BTN, DR EZ M5 2B EE R,

6-a ‘2o~ | AWIEE T 5 HP-B-CD Z [H LA
41 ROESY 4% & . M ROESY i s LA
E i, HP-B-CD N #BI1) H-3 F1 H-5 Jii 1~ 5%
Zh B B4 H-6 7. 8 il A F H-1 i T8
NOE #H2¢ (FHGUE A B HTBIORED . A FHE SR,
BEER T B 3 A B4 T HP-B-CD =¥
JEE A o

Kl 6-b R T RS DM-B-CD Z 8] ECfz AL
4hf) ROESY 4. M ROESY iEEFnf LA
i, DM-B-CD ZFfIE N H-3 1 H-5 Jii 1 55
b B IR H-6. 7. 8 A5 743 NOE A% (M
K B S HBCKED; SEHERMARH-LBETA
KB NOE AHK. B #H R KM, WA TH B
W A BN T DM-B-CD ZEE A -

Kl 6-c B~ THE RS SBE-B-CD Z[HECA AL
4511 ROESY 4% . I\ FIT/SBE-B-CD B4 Y1)
ROESY ik HafLLFE i, SBE-B-CD 7 fiE N
H-3 1 H-5 i T 5 &+ B o1 H-6. 7. 8
AT NOE ¢ (FHKIE C R HCKED; 5%



4804 » $EP 2021480 #52% H 16  Chinese Traditional and Herbal Drugs 2021 August Vol. 52 No. 16

H-7 H-8 o WHER

&6.\4 V W\

] ] 3

— » S TR = %- o |1
] i

HP-B-CD

DM-B-CD

-

H6M8 ez

° Name.

H-35 -

SBE-B-CD

. / . .

H-3,
9 7 5 3 1 -1
J
6 FIT/HP-B-CD (a)s FIT/DM-B-CD (b). FIT/SBE-B-CD (c) BA&#IHI ROESY &
Fig. 6 ROESY spectrum of FIT/HP-B-CD (a), FIT/DM-B-CD (b), FIT/SBE-B-CD (c) complex
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Fig. 7 Possible inclusion modes of FIT/CDs inclusion
complexes related to key NOESY (<)
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Fig. 8 XRD patterns

TREW) (dv e 2R 2 IR RS 1 17 BR. 22
Bt 7 1540 FIT/IDM-B-CD K3 K X SHRATS (H

BoR T #B, 5EEEZE. DM-B-CD [ffij#
B INIAIAT S0 RARAR I , P O R 0 3R 5 ek 55
64 FITISBE-B-CD MR X S4AiTht (90 Bf
BB B SR EARHE, HAHEES % B A S HEAR
[, ¥i% DM-B-CD 5k SBE-B-CD FIiEH RN T
A

335 #MEHr DSCILA B FIT/HP-B-CD.
FIT/DM-B-CD }% FIT/SBE-B-CD Hcfir 0 &4 # &
PRt 9-A iz, B3 DSC i EHh 4 ()
£ 130.9. 307.6 CALAFIERL IS I AIE, X224
B R AL A g . HP-B-CD ) DSC (b) | 69.
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Fig. 9 DSC analysis curve
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FHVR G 1 DSC 1% 9 W 2 1) 2 I, i85 &40 1) DSC
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WG, 7E 324.3, 369.7 CAab I g, XATfE
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(C) AWM DSC W B £k, #EFERAE 130.9,
307.6 CALHIBFAIEN 2K 1, 73 I B T 315.8(FIT/
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BERXSIWRBZ RERR T A E &Y.
336 TG FIT/HP-B-CD. FIT/DM-B-CD #1 FIT/
SBE-B-CD G&MpvEM @ TG 4t ik
BE— AT . G0 10 iR, B RLE 1219 C
KA Gy R, HP-B-CD KZI7E 329 C A Aimiik,
DM-B-CD KZI7E 248 CL ARk, SR, ©A1H

a

AP R A F AR E Y, FIT/HP-B-CD #
FIT/DM-B-CD &40 5I7E 311,296 C /455t
[F#E 0] LUE ) FIT/SBE-B-CD GL&HWI7E 267 C A
Irff. MBI LI H 2R B 3 AE 300 CLAS,
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b S S R BB . N TG ST LR
W, BRSO ITIE T 3 M-S
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o iR FE 2 s 200 °C, MIAVE: DSC 1 40 #r,
TR EEYA RIFr#adaetE.
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A-HP-B-CD 4% B-DM-B-CDA&R C-SBE-B-CDEKFR a-A[FIFHIKE

A-HP-B-CD system B-DM-B-CD system C-SBE-B-CD system
d-different inclusion complex systems
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a-different CDs b- FIT c-different physical mixture systems
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Fig. 11 SEM micrographs of fisetin with CDs inclusion complexs system

1, PIERERAHER (o), MEREAY GRS
MEAANE, RIHYURIE, % HP-B-CD. &R
MRS RE T HE AL, #3253
FIT/HP-B-CD E.& Y k. [FI#: 1Y), DM-B-CD. SBE-
B-CD St U A G W) Ja 2 2454 Kk AR BOR AR
1, B DU R 5 B-HIRE AT AE VTR B
TaAEY.
3.3.8 AEFINEEST SR EAERE IR TR
B 10 mg f] FIT/HP-B-CD. FIT/DM-B-CD }% FIT/
SBE-B-CD &4 73 il T 3 2% ol &+ # CIR BE
60 ‘C), A 2 mL Z&E1#HIK, FiH: 15 min, ] 0.45 um
JELYE, BUDVRIERRE, ST 363 nm K
NllE AfE, RNEETRE R RGN & &,
itHEEAY FITHP-p-CD. FIT/IDM-B-CD K
FIT/SBE-B-CD I &S R FAA R,

BER=BEMHEALYRRICE YRR

BEMIG R =AY TR/ SLBR 24 R &

Z5E, FIT/HP-B-CD (P-4 %K 3.99%,
WAEYIIFEHN 82.23%; FIT/IDM-B-CD I P&
FH4.19%, WEWFEN 71.58%; FIT/SBE-B-CD
AV EEN 2.20%, EYEEN 80%.
SEIG S5 BT B4 FIT/HP-B-CD. FIT/DM-B-CD
J FITISBE-B-CD [MEEWSZHRIAL, FIREZI M
KRR TR, WENERER AR E, WE
A2 60 A 2RI B FH B TR D 288K, i th
LT ROl <5lR—ERRE.

3.3.9  JKIAMESLES AN FUIE Ik v R A A B3R
ERFR SR A O S IIERE. SRE
N, YIRS (50 png/mL) AHEL,
B R M KB 2 3% HP-p-CD. DM-B-CD Hl
SBE-B-CD FififlffE, BAM MRS 3] T4 3.45.
3.70. 4.60 mg/mL (DAEERIT). &R ER, HiE
=5 B-CD fiTAEWIBCA A& 4 HAT B ik s
X FUR AT B T S A BB 3 T R K
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Fig. 12 Relative values (A/Ao) of fisetin (a), FIT/B-CD
complex (b), FIT/HP-$-CD complex (c) at pH 1.5 (1) and pH
7.6 (1)
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Fig. 13 A/Ao of fisetin (a), FIT/DM-B-CD complex (b), FIT/
SBE-B-CD complex (c) at pH 1.5 (I) and pH 7.6 (I1)
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