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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 lJi-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.
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SRIR . SREISANRRE, UG KER 4y USEHEH 14
A (2589%), EMIFIIERAR, AL 1%, ixgy
LI F MG N ok TARRHMERE . DRItk 7%
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LW F-BIRE S W-70 RBEMER (Cur-PC-CMD,
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LWHE ESE>95%, BiMaRAEYRY

HIRAH, b5 080321); KEiE (PC, Ji&Es)
$>90%, FHFREBEZNEMRAR, #5 100819);
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0.15~6.00 pg/mL, F A {f5 FEEHEEL 0.5%% 1L
ZLIE 80 R BT R BE IS S A G AR, B TT R 43
WA 4=0.159 8 C+0.001 6, »=0.999 9; 4=0.148 9
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30 000 r/min #0r 2 h 7 B 250, THE AR,
#3 Cur-PC 4r OB I B 304 (90.81+£1.32) %
(n=3) FF7KIr BB 5 B AR B2 L Zeta
LA (S S b A2 RN Zeta FELA, £3 Cur-PC 4 BRI
SEHRIAE R (91.69+12.261) nm (n=3), 1 Zeta
HA7 K (—13.73+4.37) mV (n=3).
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Table 1 Technologies and drug loading of microspheres

prepared by ion gel dropping method (n=3)

N N L S
(mg'mL ) % %
FO 133 2.0 3.0 3.28140.499
F1 4.00 3.0 3.0 5.800+1.127
F2 133 3.0 3.0 2.08340.220
F3 0.4 3.0 3.0 0.84540.052
F4 0.33 3.0 3.0 0.67140.057
E5 133 2.0 3.0 3.00040.170
F6 133 2.5 3.0 2.45940.190
F7 133 35 3.0 2.045+0.173
F8 4.00 3.0 15 5.819+0.051
F9 4.00 3.0 60  6.19940.306
F10 4.00 3.0 9.0 528040267

FO by Cur-CMp; F1~F4 LLE Cur-PC JURIKSEN500; F2. F5~F7
LEE T R TR BE TR 60 F1. F8~F10 LL#E TPP itk B 11 5% )

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 F&—F10

7 (R ILALHE 80-w]4% 80 1 1) [HIFE Culd-— F Ayl
12D A, SR 1 h s, BRI 25%%
T, ARSHERE 30 min, EE, HhUESCEERER, A
DRAKYER G 37 CTE, 15 Cur-PC-CMg. T
AR 2.
233 BETRERITEAL Cur-PC 2 HURH A —
SE I IR, ARG R R PR R
(1) TPP ¥ CEF KBTI LA T ). A )G, 4k
SRR e T, sk, H D B Al il K vk
%5 37 CTHE, 13 Cur-PC-CM. L2441 L% 3.
H Cur BHEDECT 2%065 R 0 T B A=
Cur-PC 73 0, [RIVZ4RAE, P #% 22 2 3 e R M ik
B (Cur-CM).
24 TREKEIHIEHIELLE
241 WERMBZE DUEEKIE ETA, R AR
YK IE R (W), N 0.1 mol/L £h#% 5 mL, RIS,
S EIBGE R S (IR EW 1 mL, FEEE RS 10 mL.
FEA T 0.45 pm PRALIERSIERL 5, % “2.17 Tk
MEZIE (O, THHE#EZE (DL).
DL=CX10X5/ W
3 P 4% Cur-PC-CM (1) T 2 44 F 3 2 &
MK 1~3, B F, Cur-PC-CMg 22 & W]
FA%TF Cur-PC-CMp, Al Cur-PC-CM;. [ Cur-PC

x2 FMUXBEAEMHEIZNHAE =3)
Table 2 Technologies and drug loading of microspheres
prepared by emulsion cross-linking method
(n=3)

Cur-PC/ 7

25%)% 1 /

A HLAE /%
(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 0.35240.001
F5 1.33 1.0 1.2 0.707£0.012
Fo6 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 1.651+0.233
F9 2.67 2.0 1.6 0.546+0.040
F10 2.67 2.0 2.4 0.542+0.021

FO &y Cur-CMg: F1~F4 LL4 Cur-PC UK EINHM; F2. F5~
F7 LLE5eTRE It B (R 5200 F1. F8~F10 LA 7 I8 1 i 2 1)
A

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 F8&—F10

®3 BTERINEINHEIZMNHALE 0=3)
Table 3 Technologies and drug loading of microspheres
prepared by ion gel injection method (n=3)
Cur-PC/  5E%HE /  TPP/

w5 B /%
(mg'mL™") % %
FO 0.133 0.2 0.3  5.386%0.482
Fl1 0.400 0.2 0.3  8.317%0.355
F2 0.200 0.2 03  4.677%0.133
F3 0.133 0.2 03  2.867£0.023
F4 0.067 0.2 0.3 1.600+0.131
F5 0.133 0.1 03  5.108%+0.129
Fo6 0.133 0.5 0.3 1.293£0.055
F7 0.133 1.0 0.3 0.611+0.008
F8 0.200 0.5 0.3 1.9124+0.029
F9 0.200 0.5 1.0 1.927£0.106
F10 0.200 0.5 1.5 1.99340.142
F11 0.200 0.5 20 1.874%0.014

FO 2y Cur-CMy: F1~F4 045 Cur-PC FURIKIE K F3. F5~F7
LU Se SR BE K 52 0 F8~F11 S LL# TPP it ¥k BE () 52 1

FO: Cur-CMy; 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

Y T A A B e SRR 1) o B, 2 R BAAIG
H#&Zims Cur-PC Fl5¢ S0 1) 5Tk i Ll S 21
FKHR (F2~F7), &t 72 : Cur-PC-CMp Y=4.190 9
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X+0.259 6 (#=0.994 6); Cur-PC-CMg Y=0.284 2
X+0.329 (#=0.9899); Cur-PC-CM; Y=4.003 2 X+
0.233 7 (r=0.994 6). M THEEREM S, Lk
AL RN, TPP ISR B0 48 24 5 1 58 T A3 A1R
ZINy ARSI P I 3 2 F M AT AR i FL AL
CWEF, Wb R, R RN ET .
242 WERERAE BEHLEC Cur-PC-CMp 50 i, H
Wekr-~ RO HoRi A, TH kAR 24 (1.1140.08)
mm; Cur-PC-CMg fll Cur-PC-CM; & /K 5 HUE
TIOEHEE 73 KT S 52 R 4%, Cur-PC-CM FRF- 25k 1%
Hh (77.48+19.37) um, Cur-PC-CM [fJFIki4E K
(16.19+4.91) pum.

243 FERIES  HARMBBERSEHMERETIEES,
SER LI 1. AT, 3 BhOT A ek BAT
SEREMERIE, AR AEE 25 Cur-PC-CMp

x60 SE

S-3400N 15.0kV 27.9mm x1.40k SE

FIMAIR L HE RS Cur-PC-CMg 2 [ AN 6
W, ARZFMY; 1 Cur-PC-CM; E M HIAZ fL.
244 ZEHOH (DSC)  HAUERWE AN 5 347
DSC 73#r. TAEZ&AE: FHEEH 30~300 °C; i
M2 30 'C/min; Zx L 8 AU R O
HAECH 99.99%). %74 Cur-PC-CM
DSC K WL 2. I\ DSC B R LLE Y, 2250 254E
176.7 ‘CHAG W W g, [ 2-A F, £ E-T
FREROIK (Cur-CMD) 5 HLIIE &9 7 Al E 166.5.
167.1 ‘CHIMSI MW, [ 2-C H, Cur-CM 541
WRIR S50 SIAE 1705 160.0 “C A 1SS W Fhue,
EWFE RS B 1M 2-A. C 1 Cur-
PC-CM 7 AH M FE Ak 35 To i et B . (6] 2-B 21,
FUA AL R, AR S PI7E 182 CH
5 (I AR, 1 Cur-CM AT Cur-PC-CM 7EAH W

40.0um S-3400N 15.0kV 5.7mm x4.00k SE UUUUT T M00um

El1 BTHEEBNE A AUREZ B) AETHRRIEINE (O HIFRIHIRMEAHEBRIEEE
Fig. 1 SEM of microspheres prepared by ion gel dropping (A), emulsion cross-linking (B), and ion gel injection (C) methods

0 100 200 300 0 100

200 300 0 100 200 300

a- LA b-TAMIK -LHR-RBAMK - ANIRE LM RMNNORGY oL 8 H-BIR S Y- ROk
a-Cur b-blank microspheres c¢-Cur-CMs d-mixture of blank microspheres and Cur  e-Cur-PC-CMs
2 BTEREBBANE (A). FLURECE B) MBTEEEINE (O) HI&MEMIKkR DSC B
Fig. 2 DSC of microspheres prepared by ion gel dropping (A), emulsion cross-linking (B), and ion gel injection (C) methods
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245 ZAMERE (R AHT S TRERI 40 H i it
1T IR 437, YeileR4E: =i, FGEH 4 000~400
em |, AMEEE 4 emt, FHECE 50 IR 0TI
1) Cur-PC-CM 1 IR K3 WL 3, FZERDGIEEE
W 4.

Kl 3-AH, FAMER. Cur-CM AR &)
75 2360 cm™ ' fITHI 1631, 1603 cm™' fITHIA WL
Wk, HERFZAILL, 5 Cur-PC-CMp 5 Wl 2251, J&
HAE 2360, 1603 cm ' BT RIS Cur-CM £F
1511.881276.42 cm ', HLBIR A I7E 1 276.28 cm™!
2R RS, 1723 (A HERRT Cur-PC-CMp,
BTe. HIIFSE, Cur-CM 7 28 E R 21710, T
7t Cur-PC-CMp "', 23 7K WG 2 AW i
Hk.

3-B 1, ZFEMER. Cur-CM RIHLHE &)
72927, 2868 1512 cm™ ' BT e licige, Hai
AL, 1] Cur-PC-CMg {XAE 2 926 cm™ A7 WL,
28681512 cm ' AL KTIAH 2% ;s Cur-CM #£ 1 401.49
em ' G ZEITIE (1400.61 cm D, HUBIES

U I NS IS ISR R U NP |

YR BLAE 1 404.26 con” ' AL, [ BOE SN T 3.5 A
AT, A EAERAT Cur-PC-CMg %) 6. HtbilEsE,
7t Cur-PC-CMg ', ZEZ A MNBENGE AW fd 2y
ek, T LR S PRE A0 T e R ek
Kl 3-C &4 i IR IR A 5 R i B2 5 14 3-A JC
BN, UL TR L 4 Cur-PC-CM, 1AL
ST ARk &ALy RV JC I 2 5%
2.5 Cur-PC-CM EO{RIMNERL
251 BBRZRMNE KI—Ts (M) MK
Bk, BT 10 mL 0.5%% 1L240g 80 1, 37 Claiidi
%, 705, 1. 2. 3. 5. 8. 10, 12, 24, 32, 48h
HUHY, 3000 r/min 250 10 min, 5E#e4 5RE B 5t
BN EAN R 2E (G, WBERTTH 0.5%
FELALEG 80 ke, 44 T A TT 585 o 1) 55 1) RBURE 24
H (O

0,=( Z X 10C,) / (MXDL)
i=0.5

2.5.2 Cur-PC JREWREN EmERBAIET MM
Kl amrbiEH: (1) #KME, Cur-PC-CM; [FIR: 2
AT Cur-PC-CMp, T Cur-PC-CMg; Cur-PC-

e

4000 3000 2000 1000 4000 3000

2000 1000 4000 3000 2000 1000

WeE /em!
a-LWHHE b-AAMIK - LHFREMEEE ARG EEEINBIRGY oL H-BHIRE G- R R
a-Cur  b-blank microspheres c-Cur-CMs d-mixture of blank microspheres and Cur  e-Cur-PC-CMs
3 BTFREBNE Q). FAREE B) MBFERRENZE (O) FIFRRRIKE IR B
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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R4 BFEHER Cur-PC-CMs 89 IR EliLEHE
Table 4 IR spectral data of Cur-PC-CMs prepared by different methods
o WH /em™
" BT B E LI AT B TR AL

LWE 3412.73, 312930, 1626.98. 1602.69. 1510.09. 1400.61. 1278.04. 1232.72. 1204.07.
114520, 1209.47

2 FITRER 3424.85. 2659.20. 2360.17.  3420.10. 292838, 286891,  3424.58. 2659.21. 2360.07.
1631.07. 1604.54, 1385.00.  2659.18, 2360.58. 1630.93.  1631.01. 160424, 138541,
1350.43. 1100.59 1511.67. 1384.76. 135043,  1350.47. 1100.46

1250.21, 1115.95
FEAMBRAZET  3420.69. 2659.38. 2360.86.  3419.06. 2927.43. 2867.88.  3420.61. 2659.28. 2360.12,
FHIHUBR 1630.84. 1602.53. 1511.88.  2659.82. 2359.64. 1630.58.  1630.80. 1602.33, 1511.81.
= 1407.57. 138534, 1349.70.  1513.20. 1401.49. 1384.73.  1407.54. 1385.04. 1349.20.

1276.42. 1233.41. 120628,  1350.50. 1250.47. 1118.51 1276.12. 1233.47. 1206.27.
1150.69 1 150.60

Cur-CM 3421.25. 2658.58. 2360.75.  3422.07. 2927.08. 2869.23. 342533, 2658.60. 1631.09.
1630.99. 1603.79. 1385.11.  2659.03. 2360.65. 1630.94.  1605.45. 1385.19. 1 349.87.
1350.09. 1276.28, 1117.28 1512.05, 140426, 138473,  1272.61. 110625

1350.64. 1250.11, 1117.35
Cur-PC-CM 342271, 2659.63. 1631.17.  3417.93. 2926.82. 2657.64.  3423.57. 2658.71. 1631.12,

1399.93. 1385.14. 1350.22,
1 098.98

2359.22. 1631.04. 1384.84.
1350.65. 1113.74

1399.88. 1385.20. 1349.96.
1 094.98

100

80

60

0., /%

40

20

CMp PR 24 S PR %S, 1 Cur-PC-CM; 12 h
JE IR 252808, Cur-PC-CMg 12 h Ji5 JL P AR 25
(2) 3R 5ER, W/ Cur-PC (R REIR S, 28K
(R TBGE RS (3) Cur-PC TR IR N 25 38 %
T T 5 M 7 FLAGAS B TP AR IR B 2, Cur-PC i
IR 2.67 mg/mL [#4 0.33 mg/mL i}, 48 hff)
ZRRZIHR (Q4) M 28.50%F% % 4.06%; HLE T
BRI, g mAERE NS, N Cur-PC i
HIREEM 4.00 mg/mL 54 0.33 mg/mL I, QO M

t/h
A-ETEIWMAL B-IULASHE  C- T RERIEA L
A-ion gel dropping method B-emulsion cross-linking method ~ C-ion gel injection method
4 Cur-PC REKEMNZEHERBRMHZE (n=3)
Fig. 4 Effects of Cur-PC concentration on Cur releasing (n=3)

68.67%F % 49.42%, AL Cur-PC &R %M
0.400 mg/mL [%%% 0.067 mg/mL I, Qug M 101.29%
B2 77.73%: (4 5 HBR AW T EEREER T
PR, Sk 2o et i 52 650 T 30N 52 R BH Ik
kb, 9 R IBOE F g FLAASIGE R B
2. 12, 48 h 1 O, 43 WM 29.71%F% 4 12.48%, M
46.62%% 4 19.82%, M 50.94%% 5 22.62% (Lb%:
FO FIlF2); & BRI GEANE) WAFTFFK, 2.
12. 48 h [f) O, 7B 53.40%F% % 39.93%, M
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81.26%% 4% 68.78%, M 101.28%#% % 88.35% (Lb
5 FO A1 F3).

253 SREPH TR ZE BRI N
SHTLVEH: (D BAME, Cur-PC-CM; IR 253
FHF Cur-PC-CMp Al Cur-PC-CMg, H. Cur-PC-
CM; Al Cur-PC-CM [1 SR RA AR 58 (2) 3 FhJ7i2:
T, BEIMFEEERE R PR, R R O R
s (3D FEARVFITERIN, FEIRPE I LR
JRCH 2R R R M R RE 55 1 46 7V E A K Cur-PC-CMgs (1)
FERBEEIRIE M 1.0%38 2 2.5%, QO M 36.23%
[ 4 13.54%; Cur-PC-CMp 150 58 bl ot 5 W< 5 A
2.0%H9 42 3.5%, Oug M 73.00%% 42 56.85%; Cur-PC-
CM; e PR IRE N 0.1%38 4 1.0%, QO M
98.26%% 4 68.23%; (4) FRES T-HEEVE GMAE)
M, W& RIE S &G, MoesBEHEk
(IR BGE R AN IS P2 2. 12, 48 h [ O, A
18.10%F% % 16.86%, M 48.40%F% % 45.92%, M
77.52%% % 73.00% C(LL# FO F1 F5).

=2

2.5.4 [ A7) ot o B/ P RO 252 B FORE LI R W)
MEL6 TR LUE H, B BRI AR, A
TPP ()5 BEXT 2500 (PR TEGE e/ s e LA
WVE 5, HmEA R R &, 2R
FETBOE H 1%

255 BME A 45 Zero-order 77 2\ First-
order J7 #£. Higuchi /5 #£ . Ritger-Peppas 77 #£ . Hixson-
Crowell /572, Baker-Lonsdale 77241 Weibull 43 i
%t Cur-CMs Hl Cur-PC-CMs [FJRE U 2 AT 145
BRI £ 3 B A5 & Weibull 23417, BAE T RE WK 5,

3 it
31 Ha=

ALl AIN S, BT RERIER %1 Cur-PC-
CM 225 W1 T LAk, 5 ml ik 5%
b JEENY 1% sLLZMNE, #RE S
L5 SERBE I B OO 32 BATIR 8, L 2k
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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
il i 1R Cur-CMs Cur-PC-CMs
B FECE Zero-order FO: F=16.368+1.569 1, r=0.9107 F5: F=14.666+1.503¢, r=09111
WAL 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 {2, r=0.988 3 F5: 0=0.889+11.508 1'%, r=0.9872
Ritger-Peppas  FO: F=14.921 4%, »=0.9915 F5: F=13.385 "%, »=0.9893
Hixson-Crowell F0: (1—0)"*=0.961—0.01¢ r=0.9605 F5: (1—0)"*=0.964 5—0.090 /, »=0.970 8
Baker-Lonsdale FO: 3/2 [1—(1—0)**]—0=0.004 r+0.002,  F5: 3/2[1—(1—0)**1—Q=0.003 t—0.001,
r=0.997 2 r=0.991 0
Weibul FO: In[-In(1—Q)]=0.693 Inr—2.137, F5: In[-In(1—Q)]=0.711 Inr—2.318,
r=0.997 5 r=0.994 5
FALAZ B Zero-order FO: F=26.596+0.703 t, r=0.6877 F2: F=11.2834+0.319¢ r=0.7327
First-order FO: In(1—Q)=-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 1'%, r=0.863 4 F2: 0=7.652+2.695 ", r=0.8945
Ritger-Peppas  F0: F=25.852 "1, »=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 ¢, »r=0.7416
Baker-Lonsdale FO: 3/2[1—(1—0)**]—0=0.002 t++0.009,  F2: 3/2[1—(1—0)**]—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=0.973 6
B THER  Zero-order FO: F=46.054+1.466¢ r=0.7745 F3: F=36.025+1.373¢ r=0.8161
JEAWL  First-order FO: In(1—0)=-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:
Hixson-Crowell FO:
Baker-Lonsdale FO:

F=45.249 '8, »=0.987 3
(1—0)*=0.882—0.027¢, r=0.9263  F3:
32[1—(1—0)**1—0=0.01 t40.019, F3:

F3: F=34.151 %", r=0.9843
(1—0)"*=0.903—0.016 ¢, r=0.905 8
32[1—(1—0)**1—Q=0.009 ¢+0.003,

r=0.9142 r=0.956 5
Weibul FO: In[~In(1—0)]=0.474 Int—0.625, F3: In[-In(1—0)]=0.458 Int—1.008,
#=0.999 0 r=0.997 5
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