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Effects of preparation methods and technologies on in vitro characteristics
of curcumin-phospholipid complex-chitosan microspheres

TANG Qin, SUN Xiao-hui, CHEN Hao, XU Xiao-yu, ZHANG Ji-fen

The Engineering and Technology Center of Efficacy Evaluation in Chongqing, College of Pharmaceutical Sciences, Southwest
University, Chongqing 400715, China

Abstract: Objective In order to improve the bioavailability of curcumin (Cur) after ig administration, the curcumin-phospholipid
complex-chitosan microspheres (Cur-PC-CMs) was developed and their preparation method and technology were optimized.
Methods The Cur-PC-CMs were prepared by ion gel method [dropping (D) and injection (I) methods] and emulsion (E)
cross-linking method. The effects of technological parameters on drug loading and releasing rate were compared. The microspheres
prepared by different methods were characterized. Results SEM, DSC, and IR verified that all Cur-PC-CMs prepared by the three
methods were spherical and Cur was distributed in CMs in the form of PC. The drug loading of Cur-PC-CMs prepared by ion gel
method (dropping method) was over 5%, but the size was as large as (1.11 = 0.08) mm with no bursting release and the accumulative
release amount increased smoothly. The smallest microspheres were prepared by ion gel method (injection method), the size was
(16.19 + 491) pm and drug loading was also over 5%. The Cur could be released totally with a weak bursting release. The
microspheres prepared by emulsion cross-linking method had middle size with (77.48 + 19.37) um, while the drug loading was only
about 1%. The bursting release was strong but the release amount was the lowest. The release principals of CMs were not changed with
the existence of PC and all the drug release fitted to the Weibull distribution. Conclusion The ion gel method (injection method) is
more suitable to prepare PC in CMs loading Cur than the other methods.

Key words: curcumin (Cur); phospholipid complex (PC); chitosan microspheres (CMs); ion gel method; emulsion cross-linking method
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Table 1 Technologies and drug loading of microspheres

prepared by ion gel dropping method (n=3)

Cur-PC/  52%¥% /  TPP/

B N B %
(mg'mL ) % %
FO 1.33 2.0 3.0 3.281+0.499
Fl1 4.00 3.0 3.0  5.800%1.127
F2 1.33 3.0 3.0  2.08310.220
F3 0.44 3.0 3.0  0.84510.052
F4 0.33 3.0 3.0  0.67110.057
F5 1.33 2.0 3.0 3.000%0.170
F6 1.33 2.5 3.0 2.45940.190
F7 1.33 3.5 3.0 2.04510.173
F8 4.00 3.0 1.5 5.81940.051
F9 4.00 3.0 6.0  6.199+0.306
F10 4.00 3.0 9.0 5.280%0.267

FO 24 Cur-CMp: F1~F4 b/ Cur-PC FUHIRIZINENT: F2. F5~F7
LLAFE RN R IR FE (520 F1. F8~F10 LLEL TPP iU fE (¥ 540

FO: Cur-CMp; the effect of Cur-PC concentration was compared by
F1—F4; the effect of chitosan concentration was compared by F2 and F5—

F7; the effect of TPP concentration was compared by F1 and F8—F10

7 (R ILALHE 80-w]4% 80 1 1 1) (K IE O lsd-— F Ryl
(LoD g, BieEFlib 1h 5, BRI 25%)K%
TR, AREEFE 30 min, EHE, HUESCETER,
DR KYER G 37 CT, 1% Cur-PC-CMg. L.
AR 2.
233 B RERIEAVE Cur-PC R INAN—
JE RN TR R, WS m IR AR E W
(1) TPP b CEFSKAEMRII LA ). NGBS, 4k
SR —E ), RSk, H />R Aifh KB
%JE 37 CTHE, 15 Cur-PC-CM. TEE&MILE 3.
H Cur BHAZDECT 2%E5 R P TR B AR
Cur-PC 7, [FEERAE, nIH& 200 R e B
K (Cur-CMD,
24 TEREIHI & A AR
241 WERMBZE DUMEKIE ETA, R AR
HHE R (), 0.1 mol/L 1% 5 mL, #8875 .
ST EVHGE RS S VR E 1 mL, FEEER S 10 mL.
P 0.45 pm TALIERSIERL 5, % “2.17 7k
MeZimrs (O, WHEHEZE (DL,
DL=CX10X5/ W
3 BT iEH % Cur-PC-CM [ T 2 4R 2
SR 1~3. BAKIME, Cur-PC-CMg 32 &=H]
BAK T Cur-PC-CMp #1 Cur-PC-CM;. B Cur-PC
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Table 2 Technologies and drug loading of microspheres
prepared by emulsion cross-linking method
(n=3)

o Cur-PC/  7iR  25%I M / W v
(mgmL™") ¥ /% (mLmg")
FO 1.33 2.0 1.2 0.529+0.043
F1 2.67 2.0 1.2 0.996+0.074
F2 1.33 2.0 1.2 0.503£0.007
F3 0.44 2.0 1.2 0.413+0.014
F4 0.33 2.0 1.2 0.352+0.001
F5 1.33 1.0 1.2 0.707+0.012
Fo 1.33 1.5 1.2 0.581+0.016
F7 1.33 2.5 1.2 0.498+0.024
F8 2.67 2.0 0.4 1.6511+0.233
F9 2.67 2.0 1.6 0.54610.040
F10 2.67 2.0 2.4 0.5421£0.021

FO 7y Cur-CMg: F1~F4 W Cur-PC Uik BERURENT; F2. F5~
F7 LR 5e SR8 I B (R 52 0); F1. F8~F10 LA 6771 56— 1 FH 2 1)
S

FO: Cur-CMg; the effect of Cur-PC concentration was compared by
F1—F4; the effect of chitosan concentration was compared by F2 and F5—

F7; the effect of glutaral concentration was compared by F1 and F§—F10

*3 BFERINZHFEIZHMHEAGE =3)
Table 3 Technologies and drug loading of microspheres
prepared by ion gel injection method (n=3)

Cur-PC/  5¢3E¥E /  TPP/

oA WA 1 %
(mgrmL™") % %
FO 0.133 0.2 0.3  5.386+0.482
Fl 0.400 0.2 03 831740355
F2 0.200 0.2 0.3  4.677+0.133
F3 0.133 0.2 0.3  2.867+0.023
F4 0.067 0.2 0.3 1.600+0.131
F5 0.133 0.1 0.3 5.108+0.129
F6 0.133 0.5 03  1.2934+0.055
F7 0.133 1.0 03  0.61140.008
F8 0.200 0.5 03  1.9124+0.029
F9 0.200 0.5 1.0 1.927£0.106
F10 0.200 0.5 1.5 1.993+0.142
F11 0.200 0.5 20  1.874+0.014

FO Jy Cur-CMy; F1~F4 LL# Cur-PC R EEIM5E I F3. F5~F7
LA e TRBE IR JE 52 s F8~F11 g LA TPP iU J3E (1 52 )

FO: Cur-CMjy; the effect of Cur-PC concentration was compared by
F1—F4; the effect of chitosan concentration was compared by F3 and F5—

F7; the effect of TPP concentration was compared by F§—F11

{100 J5R A 38 0 8 SR P LR, 3 2y R RAEALR
H# 2 Cur-PC MIZE 5B I Tk L b S 2
KA (F2~F7), &tEJife: Cur-PC-CMp Y=4.190 9
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FUA AL BRI S P75 182 CH
59 I #RUE, 1 Cur-CM Al Cur-PC-CM £ AH M. ik

C

S-3400N 15 SE 40.0um S-3400N kS TN Y6 0um

El1 BTEREENZE (A AUZEE B) METEEEINE (O &S RMBkR I HE B IEEE
Fig. 1 SEM of microspheres prepared by ion gel dropping (A), emulsion cross-linking (B), and ion gel injection (C) methods
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Fig.2 DSC of microspheres prepared by ion gel dropping (A), emulsion cross-linking (B), and ion gel injection (C) methods



¢ %% Chinese Traditional and Herbal Drugs 3543 % 2 1287 2012 12 A

° 2381 -

JEE AR 341 TR FA 0 H B
245 Z4MEHEE (IRD 38T S TUERI R A e
AT IR 437, HeileRAE: =ik, FiEH 4 000~400
em™', SRR 4em !, RS0 K. K7L
ff) Cur-PC-CM 1 IR K3 WL 3, F2ERDGIEEE
WK 4.

Kl 3-A, FEAER. Cur-CM RIHLHE &
75 2360 cm ' JHITHI 1631, 1603 cm™ ' FHITHIAG L
Wi, HIREEAML, 5 Cur-PC-CMp H I B225), J&
HAE 2360, 1603 cm™ BT MRS ; Cur-CM 7
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AT, 1A FIER AT Cur-PC-CMg %) 6. HtbiIEsE,
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0,=( Z X 10C,) / (MXDL)

i=0.5
2,52 Cur-PC JFE RN 258 ZRAI 2w M
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e

A 1 1 1 ! 1 T
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a-Cur b-blank microspheres c¢-Cur-CMs d-mixture of blank microspheres and Cur  e-Cur-PC-CMs
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Fig. 3 IR spectra of microspheres prepared by ion gel dropping (A), emulsion cross-linking (B),

and ion gel injection (C) methods
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x4 FFHEHIER Cur-PC-CMs B IR Bl
Table 4 IR spectral data of Cur-PC-CMs prepared by different methods
. WE S em!
o BT RRIN AT ATl B TR
LR 3412.73. 3129.30. 1626.98. 1602.69. 1510.09. 1400.61, 1278.04. 1232.72, 1204.07.

114520, 1209.47

ElSEiEEN 3424.85. 2659.20, 2360.17.
1631.07. 1604.54. 1385.00.
1350.43. 1100.59

3420.10. 2928.38. 2 868.91.
2659.18. 2360.58. 1630.93.
1511.67. 1384.76. 135043,

3424.58. 2659.21. 2360.07.
1631.01. 1604.24. 1385.41.
1350.47. 1100.46

1250.21. 111595

3419.06. 2927.43. 2 867.88.
2 659.82. 2359.64. 1630.58.
1513.20. 1401.49. 1384.73.
1350.50. 1250.47. 1118.51

3422.07. 2927.08. 2 869.23.
2 659.03. 2360.65. 1630.94.
1512.05. 1404.26. 1384.73.

3420.61. 2659.28. 2360.12.
1630.80. 1602.33. 1511.81.
1407.54. 1385.04. 1349.20.
1276.12. 1233.47. 1206.27.
1 150.60

3425.33, 2658.60. 1631.09.
1 605.45. 1385.19. 1349.87.
1272.61. 1106.25

1350.64. 1250.11. 1117.35

FEMERTIZEEE 3420.69. 2 659.38. 2 360.86.
LN 1630.84. 1602.53. 1511.88.
“Y) 1407.57. 1385.34. 1349.70.

1276.42. 1233.41. 1206.28.
1 150.69
Cur-CM 3421.25. 2658.58. 2360.75.
1630.99. 1603.79. 1385.11.
1350.09. 1276.28. 1117.28
Cur-PC-CM 3422.71. 2659.63. 1631.17.

1399.93. 1385.14. 1350.22,
1098.98

3417.93. 2926.82. 2 657.64.
2359.22. 1631.04. 1384.84.
1350.65. 1113.74

3423.57. 2658.71. 1631.12.
1399.88. 1385.20. 1349.96.
1.094.98

0./ %
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On!%
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CMp MR 24 2P Aad b 44, i Cur-PC-CM; 12 h
JE B 252808, Cur-PC-CM 12 h 5 JL T AR 2y
(2) 3R R, W/ Cur-PC (R EIREE, 28 EK
(R JEGE IR (3) Cur-PC TR N 2538 %
T TR 5 M 7 LA AZ R P AR IR I 2, Cur-PC i
M 2.67 mg/mL F& % 0.33 mg/mL I, 48 h (]
ERRRZR (Q4) M 28.50%F% % 4.06%; HLE T
BT, HGgmAERE NS, A Cur-PC i
HIREM 4.00 mg/mL %% 033 mg/mL I, QM

t/'h
A-B TR B-FULACIE  C-E TRERENL
A-ion gel dropping method B-emulsion cross-linking method ~C-ion gel injection method
4 Cur-PC REREMZHERBRMIZIE (n=3)
Fig. 4 Effects of Cur-PC concentration on Cur releasing (n=3)

68.67%% 4 49.42%, AL Cur-PC JF iRk
0.400 mg/mL [% % 0.067 mg/mL I, Qs M 101.29%
B2 77.73%; (4) 5 EHER PN e R PE ok
LA, Sk 25l o5 Bt I 52 A W) T 2N e R B I
kb, 3R IBOE F NS FLAASIIE R ]
2. 12 48 h 1 O, 43N 29.71%F% 4 12.48%, M
46.62%% 4 19.82%, M 50.94%% 4 22.62% (Lb%:
FO FI1F2); & 7B GEANED AFTFK, 2.
12, 48 h ¥ Q, 7B 53.40%[% % 39.93%, M
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81.26%[% % 68.78%, M 101.28%[% % 88.35% (Lb
5 FO A1 F3),

253 SEERPHIUEIR T RFRUGE N A
S5HTLVEH: (D BAME, Cur-PC-CM, IR 253
FHTF Cur-PC-CMp Al Cur-PC-CMg, H. Cur-PC-
CM; Fl Cur-PC-CMg, ISR AR 38 (2) 3 PP ik
T, BENSRERE EREIR A, R RO Y
s (3) fEARVFITEEIN, Fo MR R
TR 6 (1) M R B 55 )46 7 VAT K Cur-PC-CMg 1
FEERHE TR E N 1.0%H9 48 2.5%, Ous M 36.23%
%4 13.54%; Cur-PC-CMyp [¥)5¢ Z& i i &k B
2.0%38 5 3.5%, Qs M 73.00%[% % 56.85%; Cur-PC-
CM; HIFERBE R E I 0.1%IE 2 1.0%, Qs M
98.26%% % 68.23%; (4) BB THERIE QAR
M, &SRS EWI5, Moe SRRk
(RO R A IS AT IR : 2. 124 48 h [ O, ZF I
18.10%% % 16.86%, M 48.40%[% % 45.92%, M
77.52%F% 4 73.00% (ELE FO AT FS).

2.5.4  [EAGA) IR IR R/ BN 22 v ORI 5
ME 6 T LUE H, B EERLER S ER, [
TPP ()5 W BEXT 25 W) AR TR A/ s e FLAK
LWVET S, BRI R, 2R
255 FERUMZRIE 43 Zero-order J5 FE First-
order J7 #£. Higuchi 77 #£ . Ritger-Peppas 77 #£ . Hixson-
Crowell J5#£. Baker-Lonsdale 77241 Weibull 43 i
X} Cur-CMs 1 Cur-PC-CMs [¥BE it th 26 BEATHU &,
BRI 23 5 17 Weibull 434, fUA T FE LR S

3 g
31 HH=s

MRS, B RERIETIE I Cur-PC-
CM 225 W18 T LAk, Hir ml ik 5%
by JRERA 1%, L 2ZEFNE, BIREEY
SR P R BN B A RO, H etk
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Fig. 5 Effects of chitosan concentration on Cur releasing (n=3)
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Fig. 6 Effects of amount and concentration of curing agent on Cur releasing (n=3)
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Table 5 Fitting equations of in vitro releasing curves of microspheres
IR PIRFS A Cur-CMs Cur-PC-CMs
B TBEE  Zero-order FO: F=16.368+1.569¢, r=09107 F5: F=14.666+1.503¢, r=09111
A% First-order FO: In(1—0)=-0.040 r—0.0952, r=0.9762 F5: In(1—Q)=-0.035¢—0.0865, r=0.9725
Higuchi FO: 0=1.969+12.021 7, r=0.9883 F5: 0=0.889+11.508 1'%, r=0.9872
Ritger-Peppas  FO: F=14.921 ***, »=0.9915 F5: F=13.385 "%, r=0.9893
Hixson-Crowell FO: (1—0)"*=0.961—0.01¢ r=0.9605 F5: (1—0)"*=0.964 5—0.090 /, r=0.970 8
Baker-Lonsdale FO: 3/2 [1—(1—0)**]—0=0.004 r+0.002, F5: 3/2[1—(1—0)**]—Q=0.003 r—0.001,
r=0.997 2 r=0.9910
Weibul FO: In[-In(1—0)]=0.693 Int—2.137, F5: In[-In(1—0)]=0.711 Inr—2.318,
r=0.997 5 r=0.994 5
FUAZIRIE  Zero-order FO: F=26.596+0.703 ¢, r=0.687 7 F2: F=11.2834+0.319¢ r=0.7327
First-order FO: In(1—0Q)=-0.014 r—0.288 7, r=0.7333 F2: In(1—Q)=-0.004 r—1.116, r=0.746 1
Higuchi FO: 0=18.250+6.062 %, r=0.863 4 F2: 0=7.652+2.695 "%, r=0.8945
Ritger-Peppas  F0: F=25.852 "', »=0.9506 F2: F=11.045 ", r=0.9728
Hixson-Crowell F0: (1—0)"*=0.898—0.004¢, »=0.7176  F2: (1—0)"*=0.969—0.001 ¢, »=0.7416
Baker-Lonsdale FO: 3/2[1—(1—0)**1—0=0.002 t++0.009,  F2: 3/2[1—(1—0)**1—0=0.001 t+0.006,
r=0.793 4 r=0.8114
Weibul FO: In[-In(1—Q)]=0.307 Inr—1.335, F2: In[-In(1—0)]=0.256 Int—2.222,
r=0.9513 r=0973 6
B TBEE  Zero-order FO: F=46.054+1.4661 r=0.7745 F3: F=36.025+1373¢, r=08161
JEAVL  First-order FO: In(1—Q)=-0.3041, r=09121 F3: In(1—0)=-0.073 t—0.269, r=0.9350
Higuchi FO: 0=30.160+12.103 *, r=0.918 6 F3: 0=21.731+11.123 /", r=0.9502
Ritger-Peppas  FO: F=45249 2%, y=0.9873 F3: F=34.151"%", r=0.9843
Hixson-Crowell FO: (1—0)"°=0.882—0.027 ¢, »=0.9263  F3: (1—0)"*=0.903—0.016 ¢, r=0.905 8
Baker-Lonsdale FO: 3/2[1—(1—0)**]—0=0.01+0.019, F3: 3/2[1—(1—0)**1—Q=0.009 t10.003,
r=0.9142 r=0.956 5
Weibul FO: In[-In(1—Q)]=0.474 Int—0.625, F3: In[-In(1—Q)]=0.458 Int—1.008,
r=0.999 0 r=0.997 5
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