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 E. BM BRI R-FRNEE-B-IMRS (CUR-HP-B-CD) &), I HHHTIEFA S, 3% RABHE-A Tk
% CUR-HP-B-CD 44, LLHPLC A EH R (CUR) &E; BHIEAREE, UASFEMEEMICE N EA xR,
itk CUR-HP-B-CD BEMIAIHI# T2 RALIDGIE . X SHERATat ot il iiE G 464; MidAHRMELRSRas
Y EEA T Z B AP EZ L, XKL RS RIS RS R INE e T 7% 52, 4R KA
PhEA VR TR, ZEIREE 40 'C. CUR SHANIE-B-IR IS (HP-B-CD) T bl 115 (mg/g). A& 3 h (4 F il
CUR-HP-B-CD &), LIIFAAHRIE 97% WAEWEHEE 99%, HLHETHEENEEROEY, LEMMEIL. 25 C
TREEHM R 10 1 A, MRS AL, R 35 ng/mL. FEMBIRAEER (25~30 'C) AR
TR 50 d JE A I H0N 95%, 11 CUR B2 MIA il . 4518 Ltk 2411l 4 1) CUR-HP-B-CD &%)
EILPELF, T2F8E, R sem CUR VMR KAdE .
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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-B-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.

Key words: curcumine (CUR); hydroxypropyl-B-cyclodextrin (HP-B-CD); inclusion complex; preparation technology; stirring-
freeze-dry method
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Z:35 % (curcumine, CUR) #4283 Curcuma
longa L. B FER57 . 25 BEAFFER B CUR AT Hifi
. Puds I, Préafb. PUHA e, PuXEE.
B PO ML A 3z i) 2 B A U,
AR CUR [WAFST HBaiG K, (HH ALK AR
BERRN, S RE!, AR AR, R T
JIRIKR H o 32N HE-B-FR MRS Chydroxypropyl-B-
cyclodextrin, HP-B-CD) /& B-3A MRS (B-CD) ¥
WIATEY), H5IERHA B-CD AHEL, KA T
B, R EW MR AR, K.
b AT f CUR il HP-B-CD
A, WL, feaitiett, DUERLF
MR FEIL A BAE
1 {XE5HH

RO LR (2478 RAMGIN %S, Breeze 4
T AR, Waters); UV—9100 BV 4 0] W46k
FETE (bR M AR A 7D 760CRT XU A%
AR CRIERT SRR A PR A D
XRD D/max—2200pc %! X SFFEEATHHXCH AR 22k
et LYO—1 BB AR TR (R E e H IR

AT X—5 F g4 (PO R AR PR 2
F]D, HZQ—F160 #5746 (M /RIE T AR HL
FARIF KA R A7 ); DDB—300 223014 i 1 i 5 4%
(LBl E LEs) . CUR XIS (b5 6823-
9802, H [ 2y ah AWl AT E s CUR (it 5
F20050802, g — 5% lARF A #])D, HP-B-CD (1l
RFNREML THBRAFD, HEE (faka, HAb
RN R o Hr i

2 HESHR

2.1 DA EREL

211 KRR HC CUR XN 95% 4
WV, LEP K 200~800 nm HEATH3, CUR 783
K 425 nm A ORI, R LR RHE LB AC b
TEWe, ATt CUR B, DAL E 425 nm 1
RIIE K .

2.1.2 (OE&E @i%AES Scienhome Kromasil
Cis H:(150 mm X 4.6 mm, 5 um), i (25~30 C),
WANAH 9 BE-1%FT7 1R (70 2300, MARBIE 1
mL/min, KK 425 nm, FEREER 10 uL, AMFRVE
. 16 EIRSAT P EIEE L 1.

J—

4t B

8 0 6 12

t/ min

*curcumine

1 CURME® (A). AR B). TAEEY (C) # CUR-HP--CD E&5¥H M (D) #1 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)

2.1.3 MERRFEE  FEEHI CUR X 12.25
mg, BRI AT 100 mL &, 53050
RN 122.5 pg/mL ERE . 2 A BEEH FEEL
0.2, 0.4. 0.8, 1.6, 2.4. 32, 5.0 mL & 10 mL &
e, TR E A R ZIE, 19 BRI 2.45,
4.90. 9.80. 19.60. 29.40. 39.20. 49.00 pg/mL %
B30} L St AT o A W 10 pL 3R CUR R A% 1
SRV, HEREIIE . i CUR BTHRL (Y) Xtk
B (X0 HATENERNE, 13RIH77F Y=13 875 X+
3 146.8,r=0.999 6, & CUR 7t 2.45~49.00 pg/mL
LR RRLF,

2.1.4 K REE & HEFIFREL CUR-HP-B-
CD t&WtfaidsE (L9425 T CUR 5 mg), & T

FREERA, INZRTAGE AR, TN 95% LI
REZIE, P8, 0.45 pm MSLIERIE, 7724
DR, INELUEVOE YRR, RIfE.
2.1.5 EEllESUERELEEYRENITE o
S0 E AT G ot YRR A S, AR s D TR A
FIRAMREHEFE T CUR B, WA
RAEAYE

LA R =AY CUR Jig/CUR Bk i &

14 W R = £ 45 ) S B R /(CUR $30R)H R & +
HP-B-CD i &)
2.1.6  [HICRERE  BUEH CUR-HP-B-CD (§%
CUR 5 HP-B-CD ¥tz th 10 1) masmiks
ZIRE, L84, 400 3 4L, B4l 6 4y, FE4L4: AN
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AR CUR 6] FE 3 VB0C 1 3o B 52 4 )
Jy2.45. 9.80 19.68 ug/mL [fE . . ik 3 P E
WRPERE SO, RETR A 3 5 Ja Fa ST IR A 1)
% 7 VAT AL B S ERE 20 uL, P e U TR AR
THENAS 5, IE v SRR 99.17%1.99.70%
100.13%, RSD 4 0.43%. 0.55%. 0.46% (n=6).
2.1.7 KEEREAL  HURTEIKREA 9.8 pg/mL CUR
XS VE,  A RO SR R 5 IR, A
K4 W TR 2075 RSD 4 0.97% (n=5).

2.1.8 FErERE  H “2.1.47 TUREL 0
TR BCE, RIS I 120 24, 36, 48,
60 72 h WFE AT, WETHTFL RSD 24 0.76%, &AL
R AETAE 72 h WERGE

2.1.9 FEMERE WA AR, % “2.1.47 Hil%
5 AR, SR RO AR AT, WA RSD
$0.56%.

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

220 WS W& M1 0 1 FREX CUR Al
HP-B-CD & &, H/b=ZE1M/K¥KE HP-B-CD 2], 4y
NN CUR, BRI 78 73 AF I BORIPIR , ¥4 R 15
PATHIS 3 4, BARA (42.2040.12) %, BH
YR A (89.23+0.61) % (n=3).

2.2.2 HFEE A HP-B-CD K in A\ CUR
WmEZ e 10 1, IBEESEER (RN
300 W, Sk 40 kHz) 4 h, F 0.45 pm ${LIENE
b, AURT . CPATHIS 3 0y, AR N (5473

0.51) %, WHEMMEN (85.47£0.75) % (n=3).
223 HidEE BB E &1 CUR, bR /K S
B, NN £ s WO R PR — S = P
HP-B-CD (&2 b 12 1), hi/kK 50 mL ¥&1#,
HREHEFE (hig) FFF CUR %0 i\ HP-B-CD
W, AREERCREEUN . SRIEAE TR, WEET
Ko “PATHIE 3 4y, BAEFEN (87.12£0.35) %, 11
EIMCE N (99.34+0.75) % (n=3).,

2.2.4 CUR-HP-B-CD ©W&#Hl# L& ik
ORI PEL AT I % T2k, R AR
(A) HEFEI A (B) F CUR 5 HP-B-CD Jii &Lk (C)
HFESNF, DA (BGE 0.5) A S (B
& 0.5) MLEAED SRR, % LY ERR
BRI TR, T L8k, EAsRK B
MEERWR 1, T7 ST K 2.

T B T RN 25 R A LEEE, % R Z AR
52k R K/ NT A C>A>B, HIk T AR
WEFMN ABCye FZEMNTEREM, KHE C
WEFA AW (P<0.01), KZE A. B
WM LRa EM M AT 2 o el g, deef®:
T 250 AiB.Cs, BIELEVREE 40 'C, SEmH
3h, CUR 5 HP-B-CD JiifsaZ b A 115 (mg/g).
225 BAFIRL  FEOEA R R R R e T
ST A% 3 A T E L5 F 50 i 100.54%
99.05%- 95.14%, “FHIEEZEN 96.58%; HEHIK
KK 99.86% 99.82%. 99.94%, YRR K

F1 LG EXREZITELHER
Table 1 Design and results of Ly(3*) orthogonal test

W5 A/C B/h C/(mgg") D (i%Z%) WEHE /% W /% ZEE
1 40 (1) 2(1) 1:3(1) (1) 67.25 99.87 83.56
2 40 (1) 3(2) 1:4(Q) 2) 83.89 99.93 91.91
3 40 (1) 4(3) 1:5(3) 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
WERE  mMEFIM AmE FA WENE
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 (i5%) 2224 2 Ww Mot D

Fo0s(2,2)=19.00 Fo01(2,2)=99.0

99.87%. flA 2 T IEAC TR T 1K %5 Ui e 4
HILELF, X% L 2aHT.

2.3 CUR-HP-B-CD £ &4H936iE

231 EAOGIEAHE  FREGE R CUR. CUR-HP-B-
CD W&, 2T 95% L ERUK T, EEIL T
TPA 200~800 nm FATHH, L5 RILE 2. AL
F tH CUR 7£ 425 nm BT A Reommee, Hmoionr &
AR E IR K, CUR HARFIRIL (& 2-A)
W2 & I aEwmRlk (B 2-B), diaEwE
ZIE .

200 300 400 500 600 700 800
#EK /nm
A-CUR/95%Z.f# B-CUR-HP-B-CD .54/ 7/K
A-CUR /95% EtOH B-CUR-HP-B-CD inclusion complex / H,O

2 CUR % CUR-HP-B-CD 5414 5N UL St itk
Fig. 2 UV absorption spectra of CUR and CUR-HP-$-CD

inclusion complex

232 X WEATH T Cu-Kod, fisaqdds,
HLIE 40 KV, HLJE 40 mA, FHHE 5°/min, KFE
BT 0.02°, VL 5°~80°, 4%} CUR. HP-B-
CD. CUR-HP-B-CD. CUR 4 HP-B-CD ¥ IEASY)
HHAT X AT AR T, 5 RILE 3. iz X
SFHERATHEE T LA, CUR 1 X S2RAir i Kl ik

B 2R PER 5 AT g HP-B-CD 11 X S 2647
SR} PRI W S ) TR0 7 2 5 LA G e R A

CUR 5 HP-B-CD WELIR-GWMETE Jy —Fh 4 5t
N, CUR MIRFIEUEAAAE, B HARBAS, —
FHANCHYIPIR G CUR-HP-B-CD &4 X SHEkfiT
K%+ CUR Eﬁ%ﬁ CH R, #oREERS T
Z A HAEH, HP-B-CD 2> 7# CUR B4, &

10 20 30 40 50 60 70 80
20/ (°)
3 HP-B-CD (A). CUR 5 HP-B-CD ¥3E;BF1¥] (B).
CUR (C) #1 CUR-HP-B-CD €441 (D) HI
X SH&ATHTE
Fig. 3 XRD patterns of HP-B-CD (A), physical mixture
of CUR and HP-B-CD (B), CUR (C), and
CUR-HP-$-CD inclusion complex (D)

H IR 2R, TE BCE A o
2.3.3 MEAME B CUR ARG, CUR-HP-B-CD
TR BN ML AT 4 s 52 o FHELE R 5 °C/min,
JHE B 25~300 C, M€ CUR & CUR-HP-B-CD
(13955 pii o WMITH CUR (145554 183.6 °C, Merk & 5|+
(K% k183 °C, #£200 “CLA R CUR A E M R 1T
CUR-HP-B-CD & W5 A 167.0~175.9 C.
2.4 CUR-HP-B-CD B &HIH 1 RERE
240 FRUWK O BC R BN E R IEE IR
H, A BEER K R KM SRR 5 CUR-HP-p-
CD @A%Hﬁi%mﬁwkﬁﬁa%éiﬁz (P), JhAHE KA
ML E A 10 10, 455 CUR-HP-B-CD 441
Pt} 3.34+0.02 (n=3).

P=(10 C—Cy)/ Cy
C A BRI 2 PREIRSE, C, h P 5 A 254
SRR
242 MWL K E CUR AT &7
0~40% HP-B-CD /K, & 10 mL &%,
T 25 CHHIRZEY (120 t/min) P4 3 d, HiEH
0.45 pm THALIEMEIER, HRELIEHMH 95% L FEFRE
&R E, AR AN T = . UL HP-B-CD %
TP T IR P AL B, CUR IR ALV Tk A
bR, 2 MHF%&?F‘ ek, kI &R
FILRMAS B H L (K)o

Ky :1=slope / [So(1—slope)]
So k1 25 “C FAAELE HP-B-CD ] CUR WS, slope JRHH%

AXEH PSR 101
G EIL K, g5 R LK 4. AT CUR R MR
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0 0.1 0.2 0.3 0.4
HP-B-CD U540 / %
E 4 25 CT CUR 7£ HP-B-CD 9185 MR EE
(X £5,n=3)
Fig. 4 Phase solubility diagram of CUR in HP--CD
at25 C (X s, n=3)

JEBE HP-B-CD Jis 430 (0~40%) [ i 2k
PRSI, SLAR AR I O B ) Ay B, $30H HP-B-
CD iR JELE 0~40%, CUR 5 HP-B-CD "k
YR EZ A 1D EAEY. 25 CRRET,
Fik [CUR]=4.32X10* [HP-B-CD]—1.71 X107,
r=0.996 0, HAXIIHA 25 CH CUR-HP-B-CD
BAEYMRMILEHEK, 1N 25,
2.4.3 CUR-HP-B-CD & W)7E /K 38 M s il 5 (1)
MsE  FREL CUR-HP-B-CD &%), & 25 mL &=/l
o, K ZEZIEE, 25 CHe 1 48 h, JEM CUR-
HP-B-CD A1) A . R E IR, 0.45
pm FRFLIEIEE I, ISR e, HEEA YR
IR EEFRMIE ML . 455 CUR-HP-B-CD &)
TE/K P B RS E R 35 pg/mL.
244 FREMERE 43 FREC CUR F1 CUR-HP-B-
CD &M i, Bl i o 20 pg/mL [ CUR
LIEVIRORT 20 pg/mL () CUR-HP-B-CD 14 & ) /K ¥
WS 2 e A7 PRSI, 1 A7 T8l i
o SR AR, TR S0 REFEI E, %
s H e, B (25~30 C) AHRNE 50d )5,
- TRE RS e 85 ) CUR LR
(KRB E N 16 pg/mL, CUR-HP-B-CD 447K
VR R A 20 pg/mL; 5 3 S R Y
M5E 2554 CUR SREFH M TR N 0 pg/mL,
CUR-HP-B-CD i & W) /K ¥ Wi 1 iR B2 19
pug/mL, CUR F4&EH 95%. Hknl L, K CUR
il % CUR-HP-B-CD &W))n, BEGE T
ANFEE R
3 g

ARSEEG AN T HPLC A2l CUR (M 71, %

THEWESAT, RE R TR, Bk,
HFEAYH CUR (sl . S ik 5
T OREVE N RENAE, W ELE, AIRR R K.

AW FEH R FH A VR Tk S B A 45 A ) 2%
T CUR-HP-B-CD &4, 4 LEMMAKHIE
R, AR EM TR Z 08T, WhE
PRAL L Z A6 40 C, CUR 5 HP-B-CD Jii it
ZHHR15 (mg/g) CHNFEAEN 0.3 g CURD,
BANE 3 h, # T EH1% T CUR-HP-B-CD 1
G, BERRMECEDIER, SR LE
SEhrA e B EE R L, G H B A R
AEYRRINER N 0.5 Bkiets. LBIF, 1
BFIE 97%, IR CUR #&AR/D>; 4k
(AL S A 2 38 I, DAl i (R AL G e 26 weis 99%,
R MR RN, U T2

AR IEILRY], A ML TR
1B, HSERREIS B 1 1 BeRk
A5 FEATE A WG TR B A4 kL HP-B-CD AN
B-CD, JLAE/KHEMRLEE = HinT OB, 465181
AT A = A S R 35, 7RIS 3B 2485 CUR %
fREERTE O, Sirp AR R A . ik
JROK SE6 A Rt — P

CUR [RERPERR, el P AR REF, K
TS CUR FE7KAH T s B o | N 22,
WA S A BB e e o 12100 P T LLRIEZ5 )
(IR L o

CUR-HP-B-CD &I R RE A W42 = CUR
MR R E M. A SCikIRIE, ¥ CUR sl
TP Blgkst el ge CURMM, Dl s Y
FIH FERE A, (A#ABAEE CUR BB IR I, A
SIS AP EFAM R, Bl EERE
If o ARG M R, S0 I R
BRI, AT LA RIE RS IR . BRI
G MR HP-B-CD AW AT, JL-F JCHs AT
B, & FDA HEME S —ANnT LUk S 1) B-CD
e A5 IR 2 1) A W R P e 2 B2 s
S LB R — 2D SR

S 3k
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