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Preparation and Process Optimization of
Curcumin—Cyclodextrin Inclusion Complexes
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Abstract: In order to improve the water solubility of curcumin (CCN),curcumin-cyclodextrin
inclusion complexes (CCIC) were prepared and the preparing process was optimized. The CCIC was
prepared by grinding method. Microscopic observation method,differential scanning calorimetry,
and infrared spectroscopy method were used to validate the formation of the CCIC. The orthogonal
design was used to optimize the preparation process of CCN. Solubility was a evaluation index. The
optimal condition of these three effects to prepare CCN were that the inclusion of feed ratio was 1:1,
the grinding temperature was 40 “C , the inclusion time was 1.5 h. The solubility of CCN in inclusion
complex prepared by optional condition was (1.72+0.03) mg/mL which increased 3.82x10* times
compared with free drug. The process was stable and feasible. The preparation process was
repeatable and reasonable. It effectively improved the solubility of CCN in the water.
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22 ¥ % (curcumin, CCN) #5572 MAH W AR =5 42
PR ok iy —FHEDBE R MR R PIR B2, HAIEA
A DT s . CON ¥ T B | B A 7 55 A AL
RLILPARE TR CBE, 52, Z2f 3
P, AR AR, (E HBA T R Ry B IS, Hh T
CCN ) 375 fifk B BTG, A HC 17 IR W e oA 52 4, AR IHTH
B A= R T BEAG, BR & T HRHT 245 0 e P
KR ¥ 05 J5 T WY k3 24 W i B PR 5, 4
25 KPR E P B2 25 W 9 AR ) B LA
KO 2 e 1A A B8 e A 1 DL A5 SO T B CCN A
AT A IR WA, 482 v HG 1T IR A ) R T, A 52 6 3
IKEETE AR AR W) AE 25 1R I 1 B 5 DY R — B — PR M K
(hydroxypropyl beta cyclodextrin, HBCD) 44}, #)
HTEZEHRRZRNE-B-HWK T TEEY
(curcumin—cyclodextrin inclusion complexes, CCIC),
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1.1.2  £&AHLE  Monobloc AB204-E B 1 K-,
Fii+ METTLER-TOLEDO 1% #%/) 7] 7= & ; UV-3150
RISy HOC AL . H AR HEA |7 il s DZF-6020
RURCZS TR . LIS S0 A IRA R BT s
il 1% ; DF-101S 7Y 4 B =1 5 m #4796 P4 T
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449C L5 A T BT AN 8 1 s Bt S 25 i 325 A7 B
FE A s WQF=510 { BLrFAR e 2T ANETEAL . il ss —
A ES ) i i s THZ-82 KB TH IR R % 2% . & 35T
SRALAS R il 38 A PR w7

1.2 EWHX

121 4 FMEFHEHmE FEERE CCN 11.1
mg I I i OB WO 8 HAE A 100 mL 1Y £5

1 M5 HE

AR, IF O BER B 2 20 8 47 50 il LA &
WA FH o WU 25 VRORR BR I M AT Bk, DL SRV WO 28
F X R 7E 200~800 nm #1748 AR H 5 CCN 284k
WO | i B R IR+ . B HBCD 3 it i T
P UGB R 25 0 R 7E 200~800 nm
T8N A4 i e iR T TP, K% i I b 3 B
W 10 mL T 100 mL 78 i, MK O BEE S
BREL, MRS, BUZBW 1.2.3.4.5 mlL F
10 mL WA, HTEK O 25 B 20 246 W e
FEA) . LA N 25 6 IR AE 425 nm AR IR
B, LA CCN JiT 2 ¥ B (C) X W 6 B (A) 3F 47 26 1 Il
U5, 20 b v il 2 2 4 v Tl 0 B o s P I 3
F B2 B CCN S BEW, 7E 425 nm I E WG,
PR SRR TR H e H RS % 2k 3 d
E H KG9 B, FRERC & 2  CCIC iE #EE T &
B, B A 10 mL 9 28 BN £ B T 2 %)
B BT mL BRI 9 4 10 mL 2 R
. BUCCN 54 1.1.1.4.1.7 mL T EiR % B
W REVR B 3 AT, O A E A AR
A) o WO IE & FH S BERG B JS , T 425 nm AR E RO
X ENAWNGIVE D E 3 e P2E /b7 o s N 9
1.2.2 CCIC F CCN &&#yml & A EHEL CCIC
W T ORER, BE 10 mL AR, H
CEEMBEREZI RS B R W & B
BEIE M A5 EL, T 425 nm Ab 2 WO EE AR ARRE
118 CCIC 1 CCN 1 &,
1.23 CCIC & & 4oy 5 & R 0F B 7k il &%
CCIC, FBUE & HBCD Jin A > i 2848 K B s 145
TREE 12 A CCN, i1 fin 340 BF % 2 B B[] ) 34 T
e ULTE ] R SR VR 3 K, T 30 CHEZS T4
3 h, HFARENFS cCIch,
124 CCIC ZEH & T2 ®¥H B HH I
(CCN 5 HPCD Wy FE/R I ) .C LA TR E (D F B i)
] 3 3 4 5 90 1 45 52 458 K 1R TR R AR N 5 5%
X4 BE RT3 K R Lo(3%) IE 38 5L 50 Rk
W RE, W& L,
F1 CCICHIEILZHEZEZE-KER
Table 1 Prepare of CCIC levels of factors

K
1 1:1 20 0.5
2 1:2 40 1.0

3 1:3 60 1.5

iRl JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.36 No.11 2017



F L. ¥ EEET Ry Tash Rl

Fie IE 22 LB iR IEA TS, L CON W )80
HEARAR W SRR A5 T2
125 AR E k0 % CCN 5 HBCD # &4 % #
K % FRHL0.2.0.4.0.6.0.8.1.0 mmol HBCD ¥ T
5 mL Z& 1K 1) BRI h i A Gt & CCN, A
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0.004 B fir X 17 1) B ) 4% S5 e Ak Ak O T2 A%
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T AW [F 5 1.2.2 BORE b 35 0 5 W O i
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127 &Mk s UAYNEEA BHMWE
B, ZR I M LA B . O
2235 & 43 S B CCN . HBCD .CCN 5 HBCD # iR
G CCIC TG Wi Be T WlgE . 2278 v 40
Hr & 43 9 Bt CCN HBCD .CCN 5 HBCD % B iR &
P .CCIC #4722 m H i #5341, LU ALO, A S 1,
FHEHEFE A 10 °C/min, BAFHE K 20 mL/min, £1H
T8 [l R -20~350 °C, MUFE N 5 mg, 43 dilic s T
Mgk . 20800 0o B B & 4% CCN HBCD CCN 5
HBCD #FHEAY) CCIC INAGE & KBr FE A, 7E 4 000~
400 em™ N 2N 8 WK, HER K 2 em™
1.2.8 HHEMmMmE S5 Tes KHET CHARMm
[ BE 7= A B RU R CCN A HBCD A9 k24 25 44 11
AL GG W RE AR T BE R A A,

|2 a= i

21 AEmMEgkEs  CON &I OB B
Jei B R AN MO DLIEL 1, P IEl 1 A AT CON 7 425
nm b7 e K%, HBCD Y 2 B2 AE 425 nm Ab
A, A48 CON ME , BT DL EE$E 425 nm
W7 e, LA CON BT i vk B2 (C) X MO BE (A ) i AT
PERNIA, 2 RH J7 FE A=0.149 3C+0.005 8,
R=0.999 9, CCN 7£ 1.1~5.5 wg/mL ¥ & 715 Fil P 5
SRR R AP R W 2, H IR % 2

W2, HIRs % R4 R W% 3, IR 2 Mk 3 ]
DLAE, #WE . B, R EE H N RSD 4 0.91%
0.35% .0.58%; H i RSD & 1.23% .0.47% .0.75%,
K2 AR A E K SF Y R 43 51 99.42% |
100.14% .100.12% ,RSD J3 0.45% .0.92% .1.17% , V.
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Fig. 1 Ultraviolet scanning spectrum of CCN ethanol
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Fig. 2 Standard curve of the CCN in ethanol
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Table 2 Result of the intra—day precision

Jo e e EE 1/ 2/ 3/ FHE/ | RSD/
(pg/mL) (pg/mL) | (pg/mL) | (pg/mL) | (pg/mL)| %

1.09 1.10 1.11 1.11 0.91
3.28 3.28 3.30 3.29 0.35
5.52 5.53 5.47 5.51 0.58

®3 HEKZEENELER
Table 3 Result of the inter—day precision

Jo iR W/ 1/ 2/ 3/ FH{H/ | RSD/
(pg/mL) (pg/mL) | (ng/mL) | (pg/mL) | (pg/mL) | %

1.10 1.09 1.07 1.09 1.23
3.28 3.28 3.26 3.27 0.47
5.52 5.49 5.44 5.48 0.75
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Table 4 Recovery experiment

FESL R/ | AR/ | AR/ | Bl | SFEE | RSD/
(ng) pg i % WEI% | %

122.1 271.40 98.98
122.1 272.74 99.87 99.42 045
122.1 272.07 99.42
155.4 306.90 100.44

150.84 155.4 306.23 99.10 100.14  0.92
155.4 307.57 100.88
188.7 340.39 100.56
188.7 341.06 101.01 100.12  1.17
188.7 339.72 98,79

22 CCIC &1EHI& T ZHEHE
RIS et R AT, LA CCON ¥ i
FEARIR e IR A T A, IERCIIR A R LR
5,77 2204 R L3k 6,
x5 EXHKBHER

Talle 5 Result of the results of orthogonal experiment

o

e AR
(mg/mL)
1 1 1 1 1.08
2 1 2 2 1.49
3 1 3 3 1.76
4 2 1 3 0.85
5 2 2 1 1.55
6 2 3 2 0.83
7 3 1 2 0.76
8 3 2 3 0.40
9 3 3 1 0.28
K, 1.44 0.90 0.77
K, 1.08 1.15 0.87
Ks 0.48 0.96 1.36
R 0.96 0.25 0.59

R6 FAENNER

Table 6 Results of analysis of variance

B 1.42 2 283.60 P<0.05

@ 0.10 2 20.40 P<0.05

D 0.59 2 117.60 P<0.05
R 0.01 2

W Fon(2,2)=9.00; Fyes(2,2)= 19.00

M5 IERLWEE BT AN R B ARk
MR 22 R ek, T DA 4 52 560 19 52 i 5 K,
UAKK R 2 D WHEE I RIFN R R C A itfa], i3
Wi =St INIRE USE SORe teaE R T E S Al
(P<0.05) , 250 45 i K R e ab I, i 4l 45 S i
SERAAE T TR BCDs, B ABRE R LR
11 BB R R 40 C A A BRI 1.5 h 44 R AR
A Jr T2 B\C.Ds FE il % 3 it CCIC, H1“1.2.6
figf B 2 7 P O T 2B AR CCIC WA A B, 49 2 B
AL T7 T2 CON BY¥E 4 (1.72+0.03 )mg/mL,

24 S5 — MBI AL 151 5L 12 A .
P A ¥ B 15 0 22 CCN 5 HBCD A9 A & % 8, 15
#| CCN 5 HBCD JE mitu &9 0y BB FE IR LR 101
I 38 i 1 22 i g6 B0 E T 24 CCN 5 HBCD #9 %k
FEJREE N 1:1 B JE B CCIC A fe KB

1 I 38 56 15 i 45 CCIC M T4 4 .4
BB EE IR R 121, BFES IR EE Ry 40 °C, 43 A i [R]
1.5 h Bl A A B TED 3G A5 RO AR n i B
BE BRI, A RO B R e T SR BRI, AT RE R
T CCIC 7ERGE R T AFRE .
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Fig. 3 Phase solubility diagram of the CCN

i 1€l 3 AT 1 CCN %5 fif B2 6 HBCD 19 38 i iy 384
Jin, CCN ¥ fREEX HBCD W E/ER h EHLk, —FH H
AL FR, HE A y=0.001x+0.000 4,R*=
0.999 4>0.990 0 &y AL %I JE BLALF1 9 1) A2 it i
Fe 101, B A A 3 8 K=RHR /R EE (1-81% )1
5 K=2.50%x10° L/moL,

K. BOBUETE I AE 0~1.00x10° L/moL, £ 45 V-1
FWEK 8K, 95RO A G AR E
M40 A F K K /NTF 80 L/molLl B, T 254 A 1E
O AL AW, AT B VA4S CCN 5
HBCD 04 -4 % %0 K=2.50x10° L/moL, 34 -1
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HRERR R B A YR,
24 BEBENE

52 3% W] CCN 3k 21 7 fi F i 09 15 1] 2 30
min, fZERMALE T T2 6% CCIC H CCN 7EZE 1
K R A B R (1.76+0.02) mg/mL(n=3),
25 BEYHLETE

WO SR R . R WA I g, CCIC
RAFWIEAR , B AN T CCN F1 HBCD (1 fij
PIBRA Y UEIE K T CCIC, 27 i FEig
ULIE 4, CCN FE 175 CH — NI | Sk 245 ) 11 65 il
I , CCN 5 HBCD ¥ FE A W) 16 12 i B2 A I g 44
U TMTAE CCIC H 2 W FR G i £ | 04 R0 0 W Sl 0/ |
W CCN 5 HBCD JE L T &Y., L5t
PG VLR 5, dm e T2 W A5 TS AR 204N X
WAL ) R AIE 2 S Rl O A 0 g 2 A1 5 (W WA e £
R ARSI 2% ), AR B 25 9 5 3R A 2 15 7=
EAER . A W EE b 25 0 R AR i v 1
207 em™ W 2,1 5101 457 .1 2821 153cm™ 14
588 5 B 08055 , 6 B CCIC T .
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Fig. 4 Differential scanning colorimetry analysis
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Fig. 5 Infrared absorption spectrogram

(a) IF 1R & (o)l i
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Fig. 6 Computer fitting conformation

x7 HFHAECCIC BAREHREETN
Table 7 Energy changes of inclusive CCIC according to

the molecular modeling

S AE 855.13 679.94 175.14
iAW) -299.57 -362.17 62.59
A -56.44 -168.99 112.55

YT A g 76.19 76.19 0.00
T A RE 785.96 785.96 0.00
1 R 348.65 348.65 0.00
AE 1E # 41 4 0.29 0.29 0.00

CCIC BB MR 5 v il #5 1 CCIC %M B2, BT LA
T FHRIF S 3 4% HBCD /KA PR B-FRMIRS K1, 38
1 WA X HBCD F1 B-¥R MRS E4T T % 5%, Wi
Bl % HBCD I 3-S5 %, HBCD 4 ¥
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&S T B-WAE LAY ., Fr LA 5 vt 8 L) & WA Y 5 CON A ff 38 KT 3.82x10% %,
HBCD 444 BHiFJEE 1 il 5 CCIC, it A] WL CON il 45 1% CCIC, A K K CCN 1
CCN TEZE MR K i i s fift BE A 4.5%107° mg/mlL, TR BV R
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