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Preparation of curcumine-hydroxypropyl-p-cyclodextrin inclusion complex
and its properties
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Abstract: Objective To prepare the curcumine-hydroxypropyl-p-cyclodextrin (CUR-HP-B-CD) inclusion complex and observe
its properties. Methods The inclusion complex was prepared by the stirring-freeze-dry method and the content of CUR was
determined by HPLC. The preparation technology was optimized by orthogonal test with inclusion rate and yield of inclusion
complex as indexes. The inclusion complex was identified by ultraviolet (UV) spectrometry, X-ray diffraction (XRD), and melting
point detection. The molar ratio between host and guest molecules was researched by phase solubility method. And the oil-water
partition coefficient, apparent solubility, and the stability of aqueous solution were also observed. Results Using stirring-freeze-
dry method, the optimum preparation procedure was: inclusion temperature 40 ‘C, the ratio of CUR with HP-B-CD 1 : 5 (mg/g),
and inclusion time 3 h. The average inclusion rate of the complex was 97%, and the yield was 99%. Results showed that
freeze-dried powder was made into inclusion complex. The 1 : 1 molar ratio inclusion complex of CUR with HP-B-CD could be
formed at 25 °C. The phase diagram was A type with apparent solubility of 35 pg/mL. The content of inclusion complex remained
95% after placing in the natural environment at room temperature for 50 d, while CUR raw material decomposed thoroughly.
Conclusion The prepared CUR-HP-B-CD with optimized technology has good reproducibility, stable technology, and could
obviously improve the stability and the solubility of CUR.
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Z & (curcumine, CUR) N HH 238 Curcuma
longa L. W) FH RS 55 R B CUR HA B
VN 717N 1IN 71 = R AN 1 1 =y SO 7R TN
B PO ML A s 32 i) 2 3 A U,
AR CUR BT HEVE R, (R IR 3 i
BERN, S EARRE!, AR AR, R T
JLIRIR I H o F2 N 2E-B- PR MRS Chydroxypropyl-B-
cyclodextrin, HP-B-CD) & B-*A#IKE (B-CD) [Ff2
WIERTAY), SHEHE B-CD AL, KA T
WEE, AW E W MR IR, KT
A BRI 2T, % CUR #ik HP-B-CD
LAY, BRI AE, e EtE, DMETE L
AL PR
1 54

B X (2478 2EAMELINAS, Breeze {7
W TAES, Waters); UV—9100 B4 r] W70
FEvh (bt A o3 M s 2\ ); 760CRT XOEHRE
ANAT WA R C RIS B R A A R A 7))
XRD D/max—2200pc ! X S ZeATHHCH AR 2 pk
Aot LYO—1 BEAAR G T COR'E A R

ANFED s X5 S e A (DU R m AT R A
F]D, HZQ—F160 G574 (MG /RIE T AR HL
FARITRABR 27 ); DDB—300 £l iH iy, 1 IF 5 5
T %L E L Es) D. CUR XfHESL (Jit'S 6823-
9802, [y AEYH AT E s CUR (it
F20050802, FifF =% ki A D, HP-B-CD (1L
RGN THBATD, HEE (i), HAb
ESHIESPSE I

2 FESHR

2.1 SWAEREL

2.1.1 R RIEEC U CUR RSN 95% 4
FEVA AR, I 200~800 nm #EAT44, CUR 760
K 425 nm WA ECRWOSOE, A DR KAk
TEWe, ATt CUR B, DAk E 425 nm 1
R I o

212 BiEL& (4% FE 4 Scienhome Kromasil
Cis (150 mm X 4.6 mm, 5 um), FiH(25~30 C),
WA I RE-1%F7 1R (70 @300, B E 1
mL/min, R K 425 nm, BEFERE 10 pL, FMRik
EfE. 1E RS Tl B LA 1.

J—

4t B

8 0 6 12

t/ min

*curcumine

1 CURER (A). AR B). TAEEY (C) # CUR-HP--CD E&¥H M (D) 81 HPLC &iL[E
Fig. 1 HPLC chromatograms of CUR reference substance (A), negative control (B),
blank inclusion complex (C), and CUR-HP-B-CD inclusion complex (D)

213 LPERRFE  FEEHI CUR X 12.25
mg, FH BRI AT 100 mL S&)fEH, 453005
TIRIEN 122.5 pg/mL BIBRRE . 590l A BER R HL
0.2, 0.4, 0.8, 1.6. 2.4, 3.2, 50 mL & 10 mL &
i, A E R R ZIE, 19 FUEIR L5 2.45.
4.90. 9.80. 19.60. 29.40. 39.20. 49.00 pg/mL %
HIXE FE AT o A B Y 10 pl _3& CUR &R 51X R
AR BEREIIE . 1 CUR WETHIRL (YD) X ik
B QO $EATENERDA, fSFREHT7RE Y=13 875 X+
3 146.8,7=0.999 6, & CUR 7F 2.45~49.00 pg/mL
LMERR RAF

2.1.4 A E B dl s HEFIFREX CUR-HP-B-
CD &t aidsE (L9441 CUR 5 mg), & T

FREENET, INZEMKE S, FN 95% Ll E
REZEE, RPE, 045 um MALIEMBIE, F24)
VEW, IXELIEMOE MR, RIS
2.1.5 il 5aEFREEYRCERTHE o
SR PRt VRN AR T VAR, AR I s D T AL
FIRAMRIETHEFE S CUR i, RS
FER AP .

4 =4 CUR i /CUR $LkL B

1A YW = 4 1) 92 B B A /(CUR K1 it +
HP-B-CD HERL 5 i)
2.1.6 [FICHERLE HUE R CUR-HP-B-CD (%
CUR 5 HP-B-CD ¥tz b 1 0 1) Inzsiik s
ZIRE, L84y, 3 4, MU 64, MUl Hn
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AANFIFE] CUR S S A 93 1) RS i 94 FE 4331
H2.45. 9.80. 19.68 pg/mL [F5Er. H. A% 3 Fl s &
WK PERE S, BRI 2 e R TR AR S
4% 7 VAT AL B S BERE 20 uL, P e U T AR
THEINAS 5, IR SRR 99.17%1.99.70%
100.13%, RSD 4 0.43%. 0.55%. 0.46% (n=6).
2.1.7 REEWE HBUTERREN 9.8 pg/mL CUR
XSV, A2 RO SR I R 5 IR, AR
P2 I T AR 23 755 RSD 0 0.97% (n=5).

2.1.8 FOEMERE B “2.1.47 TR 14,
T N CE, RO TR 124 24, 36, 48,
60. 72 h #EFE4r AT, WETHTAL RSD 24 0.76%, FRWIfE
RAETAE 72 h WEROE

2.1.9 FHEEMRE AR, iZ 2147 il
5 oy pialah, FR MO SR, I THIAR RSD
$0.56%.

2.2 CUR-HP-B-CD H& 4% &

221 WHEEVL MR Z 1 1 FREL CUR
HP-B-CD ifi &, H/bE MK HP-B-CD 5], 4y
NN CUR, BRI 78 70 F S ORIR , AR T
PATHIE 3 0, BAFEN (422010.12) %, WG
PN (89.2340.61) % (n=3).,

222 EAEME LE HP-B-CD /KW N CUR
WmEZ e 10 1D, REESLEER (ThRA
300 W, #i% % 40 kHz) 4 h, H 0.45 um fLIERE
b, AR CPATHIS 3 0, AR N (5473 +

0.51) %, WHEMEN (85.47+£0.75) % (n=3).
223 HiFEE BREC—E & CUR, bR TEK S
BV, INNHG & BE W, PRI — E
HP-B-CD (2 e 12 1), I/ 50 mL ¥,
AR Ohid) F¥ CUR #GH INA HP-B-CD
W, AREERCREEUN o SRIEAE TR, WEET
o “PATHIE 3 47, BAEFEA (87.12£0.35) %, 11
YRR (99.3440.75) % (n=3).
2.2.4 CUR-HP-B-CD @&WHI#% L&t Rk
IR MU PEE AT I 2% T 2Rk, R AR
(A). HLEEE (B) F1 CUR 5 HP-B-CD Jii Lk (C)
HFESRE, DA R BGE 0.5) A SR (B
0.5 INGAEN BRI, 1% LY FZR
KRBV T E, ST L 2L, EACRE T
MEER WK 1, T7 2N IE 2.

T AT BT RN 2 R A LR, 5 R Z IR
B 45 MR/ NF A C>A>B, Ik 5k
AN ABLCse T EMNTEREN, HE C
MEEEF AWM F R (P<0.01), Kz A, B
TCRERW . LR MM T 22 vl g, deef®:
TE&M N AB.Cs, EIELAEE 40 °C, A
3h, CUR 5 HP-B-CD ifaZztth 115 (mg/g)s.
225 KAUFRL R IEACRIG BTS2 e T
A, £ 3HURE S I A5 430 0h 100.54%
99.05%- 95.14%, VAN 96.58%; HEHIK
KIPHH 99.86%. 99.82%. 99.94%, “FIJUTHE K

R1 L3 EXRERITSER
Table 1 Design and results of Ly(3*) orthogonal test

WL A/C B/h C/(mggh) D (%) WER /% W /% Lra o
1 40 (1) 2(1) 1:3(1) (1) 67.25 99.87 83.56
2 40 (1) 3(2) 1:4(Q) ) 83.89 99.93 91.91
3 40 (1) 4(3) 1:503) 3) 88.40 99.96 94.18
4 50 (2) 2(1) 1:4(2) 3) 69.46 99.90 84.68
5 50 (2) 3(2) 1:503) (1) 87.24 99.96 93.60
6 50 (2) 43) 1:3(1) ) 56.13 99.83 77.98
7 60 (3) 2(1) 1:503) ) 90.31 99.96 95.14
8 60 (3) 3(2) 1:3(1) 3) 65.26 99.86 82.56
9 60 (3) 43) 1:4(Q) (1) 73.19 99.90 86.55
K, 269.65 263.38 244.10 263.71
K 256.26 268.07 263.14 265.03
K 264.25 258.71 282.92 261.42
R 13.39 9.36 38.82 3.61
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Table 2 Analysis of variance
WAERIE mZEITM AWK FE W
A 30.255 2 13.604
A
B 14.602 2 6.566 B
C 251.196 2 112.948 P<<0.01 - C
D (%) 2.224 2 e D

Fo05(2,2)=19.00 Fo01(2,2)=99.0

99.87%. 5 w1 IEASTRE T 5 ks 45

HIUELF, & L 2aHT.

2.3 CUR-HP-B-CD S&HHIIEE

231 EAOGIEAHE FRIGE R CUR. CUR-HP-B-
CD W&, DT 95%LBERUKT, EEi T
T WA 200~800 nm BEATHH, Si KWK 2. AL
F i CUR 7% 425 nm PTG E0mme, s &
HAA R AR K, CUR BARMBWIL (& 2-A)
W2 & T AEw Rk (K 2-B), dHaEwE
ZIE ko

2\
i // \
\
\\ - e \ » A
A T
A 5
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K /nm

A-CUR/95%Z & B-CUR-HP-B-CD i 4#)/7K
A-CUR /95% EtOH B-CUR-HP-B-CD inclusion complex / H,O

El2 CUR % CUR-HP-B-CD €& IMRIT A%
Fig.2 UV absorption spectra of CUR and CUR-HP-$-CD

inclusion complex

232 X HWERATHAHT  Cu-K o #l, fasmfags,

HLE 40 kV, HLHT 40 mA, FAFEE 5°/min, RAF
B 0.02°, VL 5°~80°, 43 5%} CUR. HP-B-
CD. CUR-HP-B-CD. CUR 5 HP-B-CD #H RS
HEAT X AT AR 4T, S5 R 3. bAtix X
STERATH ST LA H, CUR 10 X SRS R
A 2R R0 2 S AT I e HP-B-CD 1 X S kAT
SR P TG B S %) i R A 3 B A TG BB R
CUR 5 HP-B-CD YELIR & WIETE h —Fhi) 5t i)
BN, CUR HIRFIEIERSIAEAE, IR S, —
HICAYELRE s CUR-HP-B-CD .54 X S&kAiT
STEE CUR BIFFEME I R, SRR E% 0T
Z A EAE A, HP-B-CD 47 CUR B4, )b

10 20 30 40 50
201/ (°)

60 70 80

E 3 HP-B-CD (A). CUR 5 HP--CD #1IZ;EF04) (B)~
CUR (C) #1 CUR-HP-B-CD €541 (D) &I
X ST E
Fig. 3 XRD patterns of HP--CD (A), physical mixture
of CUR and HP-$-CD (B), CUR (C), and
CUR-HP-$-CD inclusion complex (D)

G BURAIES 2R, TR BGET A .
233 JEAME L CUR M. CUR-HP-B-CD
T BN B LA AT 4 52 o THEE R 5 °C/min,
TH® G 25~300 °C, Wl CUR J& CUR-HP-B-CD
(4% £ DIFS CUR (5 408 183.6 °C, Merk &5
(R%HE 4 183 °C, ££200 CLA R CUR ffasE M R
CUR-HP-B-CD B.& W) A 167.0~175.9 C.
2.4 CUR-HP-B-CD S5 R*E
241 FUHIK S BE R B E R IE E I R 9
M, ZEFEER K KA, SRR & CUR-HP-B-
CD &R MM K FRE (P, A5 KA
FIEEBI % A 1 10, 45 % CUR-HP-B-CD &4
PAE N 3.3440.02 (n=3),

P=(10 C—Cy) / Cyw
C hKAAHECRI AV PURIREE, C, R AT G KA 258
242 MEREES K& CUR AT — &4
0~40% HP-B-CD /K, & 10 mL &%,
T 25 CHEIRZEY (120 t/min) P46 3 d, Mg
0.45 pum TFLIEMENES, IR 95% LIEFTRE
&R AR B R . LA HP-B-CD %
VPR TR A A R AR AR, CUR )28 IS AR Pl AL
FRPERE, b R ik, Pk A A28 5t
HILR AR EHH (K1)

K, :1=slope | [So(1—slope)]
So A 25 “C FANAEAE HP-B-CD I CUR ¥R, slope HRI%

WARGEH TR R A 101 M
YR EIL K, g5 R LK 4. AT CUR R MR
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HP-B-CD /4 / %
4 25 CT CUR 7£ HP-B-CD HHIHEAREERE
(X ts,n=3)
Fig. 4 Phase solubility diagram of CUR in HP-$-CD
at25 ‘C (X s, n=3)

JERE HP-B-CD JiUE 0 H (0~40%) B I 2k
PERG I, ARG A RE I 9 LAY Al 2, 15080 HP-B-
CD JiiEikJE1E 0~40%, CUR 5 HP-B-CD nJ JEhK
Ym0 1 A Y. 25 CRERIENE T
4 [CUR]=4.32X10"* [HP-B-CD]—1.71 X107,
r=0.996 0, Hx\itH5HAF 25 Cif CUR-HP-B-CD
AV RIS FH K, A 25,
2.4.3 CUR-HP-B-CD & W7E /K o 38 M s fife 52 1)
M€ FRELCUR-HP-B-CD &4, B 25 mL &l
o, KR ZIEE, 25 CHe T 48 h, JEM CUR-
HP-B-CD S & I AT B IR, 0.45
pm FRFLIEE I, ISR E, TR EA YR
HIREEFMF ML . 45 CUR-HP-B-CD &)
TEZK MR S R 35 pg/mLs
244 FOEMEAE 2 5FKE CUR A1 CUR-HP-B-
CD &9y i, We st S A 20 pg/mL () CUR
LA 20 pg/mL ff] CUR-HP-B-CD L& )7k
W 2 e 1A TERE SR, 1 A7 Tl il
o, SRR, TR 50 RIGREI E, %
SR ErE. iR (25~30 C) ARIE 50d 5,
TR RE RS e 2580 CUR LR
[ % 4 16 ug/mL, CUR-HP-B-CD f&47/K
VORI RN 20 pg/mL; M58 SRR S )
W5 25 K CUR SRR BTt W B R 0 pg/mL,
CUR-HP-B-CD U & #) 7K 5 W 1 ot &2 9K FE 24 19
pug/mL, CUR FIREAHN 95%. HILnl i, ¥ CUR
il % CUR-HP-B-CD &5, B E T ILH
AN e
3 g

ASER LT HPLC £l CUR (238 715, 4

JHERME S AT, K%K E. TRk, ks,
ATATAAYH CUR M smilllE. L il 5g
T OGN RBIAE, W B, (HORE I

AHIFFEH R FH A VR T E 5 B 45 A 1 2%
T CUR-HP-B-CD W&, WH L EMMAKHIE
IR, G RLEA EM TR 08T, e
AL T Z A% 40 C, CUR L5 HP-B-CD Jiite:
Z R 105 (mg/g) CHNAEAES 0.3 g CURD,
HAME 3 h, #0214 T CUR-HP-B-CD £
“W. BAERRIEBEYIIER, MiEYeRE
SEhrA e B EE R L, A% B RS EM
WAYMCRIIBES N 0.5 kfitr. SKE,
HHRIL 97%, ULHNFE CUR ®IRD; #4145
(AL PRI LT, AL A S PR S8 99%,
WM BHI RN, A T 208000

FHS IR BETRR T, S R 12 A T
1B, ESERREIS R 10 1 PRk
A HATE A R I iE &4 kL HP-B-CD AN 1
B-CD, HAT/K M i T O, a8 T
WAL B A= AR SE R F, ek 2 AR A CUR ¥
FREERTH T, S R R A B A . ik
TBOR S5 Rt — B 5T

CUR MR, ez PAEMIEREF, A
T4 CUR E7KAH T B i 5 I N 22,
AT S KM EE BB e R 1010, P Al LLRAEZ)
(PR Ik 1

CUR-HP-B-CD & W R RE A W42 = CUR
VR EE RIS e PE . A SCIRIRIE, K CUR il jiE
FARPL Lhgkas e g CURNMM, DR s IRy
FIFH BERGS AR, (HARAEAE CUR (P8 Us . A
SIS A YR B K, BBUATE ST E N
I o BA IR MR, S I R
BRI, T RO RIE RS YICE .. ERRA
A AR HP-B-CD WAL, JLT-Jovs i 0
BiPE, S FDA HEEM 5 —AN 0l LA A 40 (1) B-CD
e . A5 IR 20 DRI B S 25 82
SR LE AU Rt P SRR
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