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Mo, X %W, HPCD B AROQIEF T, bt HFRIHN 111, AOHERHGEHFH 89.33%.
26.67%, CLAMEKRTOBEMEABH P THS1E. PTHRESE, AAEKTHERTAHR, RETRRAETR
8% (266 C 2318 C) , HEAXSOLAHEZIE RHAN K KLEH, P HPCD RALET F T, LodhiFmk
DPPH #= ABTS &l &1 89 IC;) 2 F KT F T (P<0.05) , A ELEKBTLRAENZS TH 124, REEREX
W, AR 6AEHBF TALLF THRYESHA 31.80%. 66.70%, 50 C KA 15dEHRGESHAH
66.91%- 87.38%. EHt HPCD R4 & T F T o KiEN, CR7F T HARANEHAELEHE, 7 TTERRRRE
PR AR AR R
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Preparation of Water-soluble Rutin/Hydroxypropyl-f-Cyclodextrin
Inclusion Complex and Its Antioxidant Activity and Stability Studies

ZHANG Shengpeng, ZHANG Genyi'

(School of Food Science and Technology, Jiangnan University, Wuxi 214000, China)

Abstract: Rutin has a variety of pharmacological activities, in order to solve the application defects caused by its poor
water solubility. In this paper, rutin/hydroxypropyl-f-cyclodextrin (HPCD) inclusion complexes were prepared by solvent
evaporation method and analysed for structure, solubility, antioxidant activity and stability. The analysis of the inclusion
complex showed that HPCD could effectively encapsulate rutin in a molar ratio of 1:1, and its encapsulation efficiency and
drug loading rate were 89.33% and 26.67%, respectively. The solubility of the inclusion complex in water was 51 times
higher than that of rutin. After complexation, the crystal diffraction peaks of rutin disappeared and the temperature of the
maximum weight loss increased from 266 “C to 318 °C and solid inclusion complex forms showed an irregular sheet-like
structures indicating a successful complexation of rutin by HPCD. The IC of the inclusion complex for scavenging DPPH
radicals and ABTS cationic radicals was significantly lower than that of rutin (£<0.05), and its ferric ion reduction capacity
was 1.2 times that of rutin. The stability study also showed a higher retention rate of rutin in the inclusion complex after
exposure to natural light for 6 days (31.80%, 66.70%) or heat treatment at 50 °C for 15 days (66.91%, 87.38%). The
complexation of rutin by HPCD significantly improved its solubility, antioxidant activity and stability, which could be used
in different environments to exert its health functions.
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T (Rutin) M 44 2285, (LA PR R 5,7,37,4°-
PUFREL-3-ZEFBE BRI, 43F 3N Cy,Hy O 4, 47 F It
610.52 g/mol, J&—FP RAR R ERIATAEY), | IZ AT
ZEF AN FEEE | MRAEREIIAR L 25 b JE L 2R
SCL Rt P T OB LIEBRA 2R 2B P,
FEPUR . BUEE . PuE . RSO U AU RS
PEC, AT R R RS A YITE YR, 2 DR
PR L R R S 24 7 O v BT VAR 1 L AT
Fto BRI, XA EY BT — S R UK
P 2E, TR BRI T N AYE R, Rk, B
T AR P R R RN P R 1A G ] AT

PRS2 B SN T FH e s M Xk
JREE AN, BEHBLS Y, Hdpaa —as ik, B
A NBLK . FRIKIPERD . a-. B-Fi1 p-FR0KE 5351
FH 6.7 F 8 MHIZIHEFEILL AL, B-FARIAGE PRI -y
PEMY FESE HRT T b — R A= 7 HL iz i FH B
WG, 2T/ B-I NS 606 W I S ml A5 T A 5 it
FERTFE 35 157, H B-ERIKS B 4T PSSR AR K
AR RESZ FR, B - PRI A T AR SR 1 =
R o FRDHL-B-FRRIRS (HPCD) S S-FRRPHRS i dkik
A, H B-ERRIRE AT o i 1 7K P A AR B,
XTS5 B-FRIKE AT LA AL 1 A e U 2 B g 1)
BERES, SRmT H /T E N 2T HPCD = T 194k
JE, R G HLFSE S T /HPCD 8045 . GAas
AiE L PR T i R A B S

A S A ZE R T T /HPCD
Y, iz AT AT A W 73R AE, F4
36 (Inclusion complex, IC) BY7KEPE . DrEA LT
P BRI ISE .

1 MRERE
1.1 MRS

FIT (= 95%) . FENFE-B-FARING (= 98%) . WEAH
BREN(AR) . JLKAIHIREE (AR) . EEALEN(AR) . TN
ZEE(AR) | #ifi2 (GR) . /K ZBE(GR) . PRIz
(AR) . T ZHfRE (AR) . LK GIEEL(AR) . &

M2 (AR) | Jo/K =5ALER(CP)  [E5EMIe G4
FRZSH]; AKEEI=IR( = 99%)  dbatfHAdIRHA TR

OS] L,1-T 2RI 2- AR ARl Tl k=X
o3kt 2,2-B0 - (3- L FL- 2RI WEME-6-fi iR ) 4kl
£[# Sigma-Aldrich 23 F]; 2,4,6- =MEREE =B ( =
99%) g T IRFIA PR H
UV-1800 ££4ha] WA E Tt B i) 58
B FRA A FRANF]; ZNCL-GS 240%150 4 13K %
o E PR HRSRHE A R 7] SCIENTZ-10ND %
RTRAL 730 2 A YR 0y 5 B w5 D2
PHASER # X-SF£eitifil  FEEGE 5L AXS AR
5T IS10 B 2T NG5 3E [ Nicolet 23l
TGA2 RSP MpREE)-FER A A R A

Dino-Lite Y2 Wil oGl a4 A7 B2\ H]; SU8100
B kSRR T RMEE B AR St H s
3 K ; Synergy LX fiff #5{¥  BioTeK Instruments;
DHG-9070A FHLIVEIRSB XU T MRFE  _Lihs 23 505
WRARAF.
1.2 EWFHE
1.2.1 HPCD BUREEFAHXT /- FENE RIS
#ik [9—10] 97 I FE VR 20 52 HPCD i B
FIARXT 43 F it o FHZEM KL H] 10, 20, 30. 40,
50 pg/mL A9 1,2-N EEAR# . B 0.4 mL 19 1,2-N
TEEARE T 10 mL HLZE A, SIE 0.4 mL ZFEAE
K TF[FIRE b R A lss -, ki B inA 3.2 mL
BT IR, IR SIJETA 100 °C K H N 3 min, 37,8
FHLAVKES, UEBENN 0.24 mL Y 3% /K-GEH =Bz
W, ST BRVERS], SRIGTRA 25 °C 7K#5 100 min, YRR
iR B 22 20 3, B A B LR A, #1085 min, T
595 nm A0 RE TSGR, 2 thlbnrERT LR, bRy al
H 57 # 4 y=0.2521x—0.0074( R?>=0.9921) ., HPCD
IR [EIRE Y T VEE 595 nm LI 5E g S'G(E (1,2-75 —
B 40 A HPCD) , ARPE 24 =0 (1) 1155 HPCD 1 HU
J¥ (Degree of substitution, DS), ZR G R0 (2) 3k
4 HPCD HY4rF i
DS = 35 XICXFxV)/(1000x76)]
[m—58 % (CxFxV)/(1000 % 76)]
h: DS S HPCD B 1135 2Ry B-B8KE 0
F1; C 2y HPCD M ArdEf & E&3XFn Y 1,2-79
TEERYHE, ng/mL; F O B A N AR ZR Hh HPCD /Y
e BAB K V R B HPCD ¥ W4 FH, mL; 1000
M ng 5 mg Z a5 m S HPCD A4 i i,
mg; 76 2 1,2-PN . EERY AR XS 43 BT 58 A FER N Ak
M5 F B E R o
Meen, = 1135+58 x DS
= M 2 HPCD 437
1.2.2 /M T/HPCD &Y MYEIR SIS AR
P Sk [11] T ERITFREIE O] 45 T /HPCD 4
Y. HETEAERE HPCD 431, Hil45 0.49 mmol/L
i HPCD 7K U 500 mL, 0.49 mmol/L Y T Z.Fi
VW 500 mL, 5775 T ¥ M 218 i A B K B4 1 i
HPCD % H1(35 °C, 350 r/min), & FM 1RG5 1%
PRI B R PO AR, RS 24 h [l R,
ZJEAE 25 °C ., 350 r/min F4EZEtEdE 12 h, HitdEE
hEGE BH G BT . BEFESS AR A WE L 0.45 pm
T UR AR AR A, I BN 7 T /HPCD
WEWIER . OGP RAE—80 C ¥R 12 h, $R
JE LAV ZR T AL T 72 h BIAT 45 3405 9 [E AR
$ HPCD Fp T2 REEESR b 1:1 A9 Lu B 7EmTEE

= (D

A (2
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TRAMS | S KT AN B- PO EL A Wl o5 MOHP TR | R e VRIS - 101 -

Fr IR A&, Wi B 51 A9 T T /HPCD W) BIR & W
(Physical mixture, PM) .
1.2.3 P T/HPCD &5 | 4255 5
SR NaNO,-A1(NO,);-NaOH i a5k i oA
AP T & D5 H 60% 2 B i B il
0.2 mg/mL " T hRER U, UERR O™ T AR UER W
0.04.08.12,1.6,20,24mLF 10 mL &F&H
1, A 50 g/L 19 NaNO, % 0.4 mL, ¥5) 5 e
6 min, JILA 100 g/L /) AI(NO;), I 0.4 mL, #£5]
J& J% B 6 min, Jil 40 g/L i) NaOH % ¥ 4 mL, JH
60% BEREN B Z)E, FRSTCE 15 ming DA T &
HORFE R ES A, D8 A5 HEEWAE 510 nm %
S, DA SR AL bR, 2T W (mg/mL) hy £
A Ao 22 il B o Bl 2R AR fE B 2R 00 1A D B ol y=
11.8475x—0.0161(R?>=0.9992) . {5k R JIT
VA 510 nm ZBWIRE G RE, W APRHEIZR, 1154
G T R

ARYE SCHR [14-15] IR s 69
EDREVE S RN B2 R S R L 1B % s R g IR /Dot B
NaNO,-Al(NO;) ;-NaOH 2 (a5 M 52 3 = T &
7, RIEA G AN (4) TR iR gk 2 =R,

C,xV,
B (%) = Vi

X C, M EEWE W T 05 W BE,
mg/mL; V|, WG WE R AT, mL; M, 2 T 119
14 T, mgo

x 100 D)

C, xV,
M, +M,

K. C, MG WEE W b T R TR R,
mg/mL; V, M A5 YRR, mL; M, & HPCD
PRTAR T i, mg; M, S T IR AR BT AL, mg.

ARYESCHR [16] JrTTFHVREBASE ™ T #% HPCD
LA G AR . 100 mg 2 T FIAHEDS T S =4
EWIEAB AR E T 10 mL 288K, 78 25 °C. 300 1/
min FYREITHEFEK SR PR 60 h, 2.0 FHER TS
i, DA R B M s/ o T i 6is SR i . 2 )il
of 0.45 pm 3ok 8 AR B 2L R W 09 A, H NaNoO,-
Al(NO;);-NaOH i (e v s T &
1.2.4 7T /HPCD ®E-&WAHE VY RIEC
R [17] 895 925 TR VRGP 95 605 400 R AR I e
RIEIT A5 2 A9 HPCD 4 F &, 433 £ 250 mL
ANTFEE SR M JE 1Y) HPCD 7K¥%#E (0~10 mmol/L), [a)H
Hr A 250 mg 7T, RIS ETF 25.0 °C BYRE S
RS ET, DL 600 r/min U EREHERE S 60 h,
Z e RE Al 0.45 um G BB RS JL R IE I T,
JH NaNO,-A1(NO,;),-NaOH & (i M a2 5 Hh T
ThL. AN G AR R EUR, IR A THEA G
PR E HBU(Ks), HE AN

k
Ks=sa-m

WEGE (%) = x 100 A @)

= (5

e Sy /& HPCD ¥e N 0 B T K 9%
fift &L, mmol/L; k JEAHVE R [ iy RbE
G B e A B A B (AG) YA fk e
Ks {EARYE AT (6) HiAE -

AG = —RTIn(Ks) = (6)
2 R &l FHAMAHE %K, 8.314 1/(mol - K); T -y

SEYGTRE (298.15 K)o
1.2.5 P T/HPCD fl&E1E
1.2.5.1 X HA775 (X-ray diffraction, XRD) 435
Xt HPCD. A 1 . &%) WHR-G W) E AR Ak
AT X B it o M, MR 2% A4: Cu 8, Ko %7 55 U5
(1.542 A), B} 40 kV, FFEHE 5°~50°, 264K 0.02°,
1.2.5.2 (HHEMASHLT NGRS (Fourier transform infr-
ared spectroscopy, FT-IR) 435X HPCD. 1 . £
G PIRRR A Y0 BEAAAG AR SEA T L AR 4T A
SGIE ST, 76 4000~600 cm ™! 1 Bl N0 G, 439
oA 4 em!, H 64 IR,
1.2.5.3 #MF 437 (Thermogravimetry analysis, TGA)

B SR ST T B G T T 2, B
HY 2~5 mg FESVBIR T 70 pL M, 547 H A 35 DA
B IERE TS Y TGA AR BV JInFRIR R Y el
A 40~600 °C, FHEIHZE A 10 °C/min, BT FRE R
40 mL/min,
1.2.5.4 JESUMT  fH Dino-Lite Y&2# Wi W 2%
FE S IR SRR AE ; SR FH 34 Fi - i 74 55% ( Scanning
electron microscope, SEM) X4 iy it — 25 <, B+
SRS TORE SR AT PR R S H AR [, IR 24
i, TEELAS ST, A TR AR, AR5 S T
SRR /€70 RN (BB 257 & STIE b SV 1T TGS E
1.2.6 71 /HPCD t&WmdiElLEE
1.2.6.1 DPPH H H3LiEKRAE )1 ARIESCH 715 9F
FHVEVH A ERE S 1) DPPH [t LI ERAE S1 1),
BT T AL BB/ R KRR RE, Tl o T e
5334 5. 10, 20, 30, 40 pg/mL, )5 HL 200 uL k£
il T 1.5 mL BR A CAE H, in A 300 pL ) DPPH
] - TJ0/K Z B (0.1 mmol/L), YRIFIR S, ek
R T IMRIE S50 2. 4. 8. 12, 16 pg/mL, #kE
eI % 30 min, {#FHEFARMYAE 517 nm M B HRIOG
B, Lhgir 2R COVOYERBRTEXT IR, AR A= (7)1
. DPPH H HIEIERER:

1=

ABO)X 100

A (D

K, A, 2 DPPH H i &L 09 W 6 BE O & ¢

ih); B, SHFENL S DPPH H HHZERIOCEE; B, SHFES

FISGEE CINF DPPH A H3%); DPPH H &S REE
JIH 1Cs, FrR o

1.2.6.2 ABTS HHEIERAES RIS SCHR Iy 231

DPPHH HEEBE (%) = (1—
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VPRSI AR Y ABTS PHES T H Hh L7 5 AE
F31B, K 2.45 mmol/L By i B R AP % W i A F
7 mmol/L /) ABTS & %W (v/v=1:1), k¥ I W
12~16 h 138 ABTS W, #R )5 FH LB T KFRE, ff
HAE 734 nm BIOGEEISE] 0.7(£0.02) . BT 0
LAY KGR RS, FERESE T T BHRE 43571
b 5,10, 20, 30, 40 pg/mL, 2 J5 B 200 pL #£ 5T
1.5 mL £ LB, INA 300 ul (19 ABTS IS8R
GHRAT, AR TP T MRSk 2. 4. 8. 12,
16 pg/mL, BHGZ A 30 min J5 4 FHBEFRYAE 734 nm

T ABTS' FI RIS R,

B, -B,
A,

ABTS™ H Ha%i%ﬁ%%(%):(l— )x 100

X (®

b, A S ABTS WO O SRR ) 5
B, AL S ABTS ISR OGS ; By AESH YOG
B (CR$ ABTS); ABTS BHEF H B L35 BRaE 1 /H
IC5, 373
1.2.6.3 #RETIRJFEAEST  ARYE SCHk Iy ik IR AR A
AT AR S R R RE 1Y . O 25 mL BETRSE v
# (300 mmol/L, pH3.6) . 2.5 mL [ = i g ke = %
(TPTZ)-ERRIAEW (10 mmol/L TPTZ ¥ 40 mmol/L
9 HC1 H)FT 2.5 mL 119 FeCl;(20 mmol/L){RA )5 B
3 FARP i85, Srlhil&HeE 5. 10, 15,20, 25 pg/
mL 15T 7K AL S W K HE W, B 100 pl T
96 FLAR 1, BT A FRAP i 100 uL, AR & A
PTHIHES 2.5. 5.00 7.5, 10.0. 12.5 ng/mL, #E'G
JZ % 30 min J5, T 593 nm &b 52 B W G, LA
Ve VENBAEMXTIR . AHEZEH LA FeSO, S RapriE,
PP AS RIS 5 RS T8 RE ) (pmol/L FeSO,), Hi
HERTLR VA7 y=0.0061x—0.0077 (R*=0.9997) ,
1.2.7 7 T/HPCD W&WtEM: s SAa4HR
P T U BE R T KIS W ANE & WKW, i) BT
50 °C HEFEH . ARG R (ER 25 °C), BTG
XM AR cE R . LA B I ST v A
AhAERE 3 A ME A TR, SGAL IR SIS T (AR A
F# 1 d e T U S
1.3 BRI

JITA S5 2T 3 IR, SIS Y E AR
2% (mean+=SE) 7~ . 2R Origin 2021 1EE, 1/
Duncan £ 5 LS AT SPSS 22 S8 3404 %F S 56 4%
AT AT S
2 HRESH
21 HPCDERERAT/SEYNEHE, 85
., BHEE

i 1S, AREEETE T HPCD B9 BUR B2
4.3+0.01, TR A3 I AEXT 43T i o 1384.4+0.6,
e e T Be e BE AR MR Y HPCD ISR T a8

il #& ARSI M. BEYaiEe, i3
5350 89.33% . 26.67%, LA WITEK HR A G5 R B 2
FET S1 A, SRS T AR TP R R B A AR
H 255 (P<0.01), MREAER 30 ik i Pl 45 1
TR R BRI AL S AR 62.92%, 7T
RS T 35 1%, Ui HPCD R H a5 fE
JIRN R A K A RO T 2 T ISR, [RlR
VLA /K J1 42T 5 HPCD AHH 254 1 2 L4l

# 1 HPCD HUE RS YR E A 8255, I
Table 1 Degree of substitution of HPCD and encapsulation
efficiency, drug loading rate, solubility of inclusion complex

e B BEER%) EERO%) TS (mg/mL)
HPCD  4.3+0.01 - - -

T - - - 0.088+0.002
wWEY - 80.33+3.06  26.67+1.53 4.465+0.121"

TE: ** i%%ﬁ@fﬁﬁﬁ#&ﬁ%?ﬁﬁ(kom )5 —FRIN IR A AR T

o 1

PR

2.2 AT/HPCD B&HMRHEAREMR

FEV i R 125 7 FH T OIS G5 0 W E S, e
REALAPRa R w0 RIS REHEWTHE R E A L
B, anE 1 TR, 2T PSR R HPCD ¥R EE 5
T2k e i, AR P2 Higuchi™! g4k 18, H A8 T
Ay B BB T A HPCD JE R SR EEJR L 101 BY6L
By, G, 2T /HPCD A8 ke s B8 Ks
>k 418.16 L/mol, WF5T i = T /- S MitG L &9 i
Ks {H /& 379.4 L/mol™, #5119 Ks {HULH] HPCD 5
PSS AR T R, 5 T IR RIS Y R E,
WFFE 2B, #8528 W BUHAE 100~5000 L/mol = [&] f £
AW A ILBR I P, X T /HPCD £ A 456
HRATIHE A, 2T /HPCD @& Y1 AG=
—14.96 kJ/mol, #1ii H HEE AG N H(H, RUIHIK
71 HPCD &7 T )& H &M,

0.8 y=0.06x+0.1575
R*=0.9991

~ 0.71
0.61
0.51
0.44
0.31
0.21
0.14

5T (mmol/L

0 2 4 6 8 10
HPCD¥¢J¥ (mmol/L)

B 1 7 T/HPCD f& ¥ AR A il £k

Fig.1 Phase solubility curves of rutin/HPCD inclusion complex

2.3 FET/HPCD BL&YINIZRIE

2.3.1 XL E 2 o, FEA T W
X ST th e, ZE4T 57 A (260) 10.34°, 14.84°,
16.68°. 22.03°, 26.14°45 Z2 Kb A7 25 42 11 R BL i AT
g, FEI AT AR LA IARTE A EAE ), HPCD
M) X SHERATHT I ZRARXT G, 7F 12.29°, 18.41°4b45
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TRAMS | S KT AN B- PO EL A Wl o5 MOHP TR | R e VRIS - 103 -

TaTCETEATT I, FHHAR SMATEARP . RS
PIR X BTERATET IR 2B H A T AR A ST 5
W, Ua BH P FRIR A 4 b T T R HPCD oK & 2k 4%
Hro WA X SERATHES HPCD AL, 7€ 13.33°,
18.31°4b5 BE M TG B TEATT S04, AL A o T 19 Ak
RTIGESEATH R, B LA JE I T AP A
PRAET,

‘/_MM\ PR A

10 20 30 40 50
20(°)
K2 T, HPCD, ®&Y) . YIHHEA YN X SH&ATa K
Fig.2 X-ray diffraction patterns of rutin, HPCD, inclusion
complex, physical mixture

2.3.2 AHEREMARRLIANGE AT G 3 s, AT
FE 3332 cm ! 4b A% JE-OH, 2974 cm ™' A1 997 cm™!
A RIS C-H [, 1300~1000 cm ™ A EIESE C-O
FLFAPY, 1645 ecm ™' AbIESE: C=0 FH, 1596 cm ™' 4b
Byl S C=C FR1>!, HPCD 7E 3350 cm™ ' AL A2
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Table 2 Significance analysis of antioxidant capacity of rutin,
inclusion complex, vitamin C (V)
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