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Preparation of Curcumin Solid Lipid Nanoparticles by Microemulsion Method
LI Nan, LI Xi-jing, WANG Qian(Tianjin Institute of Pharmaceutical Science, Tianjin 300020, China)

ABSTRACT OBIJECTIVE: To prepare the curcumin solid lipid nanoparticles. METHODS: Microemulsion method was adopted
to prepare curcumin solid lipid nanoparticles (SLN) and pseudo-ternary phase diagrams was conducted to optimize the preferable
three-phase microemulsion factors. The optimal conditions were determined, and then hot microemulsion was dispersed in cold wa-
ter to prepare SLN. After the preliminary screening of the factors (emulsifiers, lipid materials, amount of lipids, drug-to-lipid ra-
tio, cold water phase temperature and the holding temperature of microemulsion) by single-factor test, with the index of encapsula-
tion efficiency, the orthogonal test was conducted to optimize the formulation, followed by the verification test. RESULTS: The
best microemulsion was produced at 65 °C with three phases consisting of stearic acid (oil phase), polysorbate 80 (emulsifier) and
ethanol (co-emulsifier) and the K, ratio of 1:4. The optimal conditions for SLN were as follows as curcumin dosage of 50 mg,
stearic acid of 0.5 g, cold water phase temperature of 2 °C, holding temperature of microemulsion of 65 “C. The encapsulation effi-
ciency was 87.73% for solid lipid nanoparticles prepared, drug-loading rate was 7.72% , particle size was (156.9 +2.2) nm, poly-
dispersity coefficient was 0.480, average Zeta potential was —24.8 mV (RSD<<2% ,n=3). CONCLUSIONS: The microemulsion
method to prepare SLN is simple and feasible.

KEYWORDS Curcumin; Microemulsion method; Solid lipid nanoparticles; Pseudo-ternary phase diagram; Encapsulation effi-
ciency; Orthogonal test
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Fig 1 Effects of different emulsifiers on the pseudo-ternary

phase diagram of microemulsion (K,=1:4,T=65 °C)
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Tab 1 Results of indexes determination of SLN prepared
with different emulsifiers, lipid materials, and
amounts of lipids(n=3)

TitH R/ SEASPRIAE ,nm PI

ZetaHifif ,mV

FLEH R4 80 176.2 0.449 -242
RH40 837.6 0.995 -29.4

F68 315.9 0.359 -19.5

REURRE  SRAERRER Hrh 172.3 0.421 -19.5
S 148.9 0.495 -238

WG 263.6 0.614 -274

JeRE,g 0.1 975 0.593 -243
0.25 1427 0.550 -255

0.5 159.0 0.489 -232

0.75 182.6 0.454 -247

1.0 2123 0.574 -22.1

2.6.2 AFEBRBAR IR INALES 80 FLILH], LM BhFl
P Ko =14, 825511 50 mg, [ HoAb bl 5 254 , B2 B
JRRRE , 23591k P B i R T deh G L RS AU R AN BRI , 11 o ]
A 0.5 g, 1l H 5 FL AR WA BT L O 12 10, il £ Cur-
SLN., WlEHi42  Zeta LA RIPL, 225 51T ik FITR AR AR 1F
R R PRI 1.
2.6.3 AFENRHHE  LABEARER M IR, 5 I 5L 80 ¥l Ak
M, CEE R BhFUALH], K= 1: 4, £ 255087 50 mg, [ oAt ]
A BUBRERR IR Y IR 535024 0.1,0.25.,0.5,0.75, 1.0 g, fif
H 5 AR R 110, 145 Cur-SLN., 52 Ri42  Ze-
ta HLO R PLAEL, 45 SRt 6 R TP o A 088 O, A i A K 5
T PIARLTE — 5 Y08 [l P 22 AR A B 3, 8 B — 5 L S T 242 5 o
WO IR B 0.5 g, FEILER 1,
2.6.4 AR DAREASIR NS BTRLRL, 20501 1 5E A 5t
405,10 g, RINALE 80 A FLALH L WE A BhFLALHH], K=
Ls 4, [i 5 HoAt i) 5 260 , e B2 i, M REAR A PLEL. &85
AR B SO B T RO R SR R 0.5 g IPRAR/INVT 1.0
g I AR SAPRE AR, i A PUECLBA R AL T/ 4 . KLAZ AN PHERE
25 R S JROC I B LR, 25 0 LA 1210, IR SO &R
0.5 g, FEILFE 2,
F2 AREZARLIT SLNRZRIZNE (n=3)
Tab 2 Effects of different drug-to-lipid ratios on SLN parti-
cle size (n=3)

feFUH &, ¢ iR (2 i, mg) YRR nm PI

0.5 75 11(0) 186.7 0.479
1:10(50) 158.9 0.448
1:5(100) 189.6 0.396
6:25(120) 267.1 0.452

1.0 75 11(0) 4955 0.527
1:20(50) 4324 0.474
1:10(100) 359.9 0.451
3:20(150) 407.1 0.489

2.6.5 AR KAREE LIRS (0.5 g) MRS KL, 1524
B4 50 mg, B LR 80 JyFL AL, Jok 2B BhFLALF],
Ko=1:4, [& 7 HAth ] £ 244, v K FR A 210,25 C,
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il £ Cur-SLN, 72 kifs  Zeta HLA7 M PUH . Z5 508 AR EE

TE 2 CI, il £ 1 SLNRLAZ FI PUE SE A, HL7E 4 “CTlC i A

L, TEILER 3.

R3 AREGKIBRE BELRIRRERH SLN B &8R4 T
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Tab 3 Results of the indexes determination of SLN pre-
pared with different cold water phase temperatures
and holding temperatures of microemulsion (n=3)

TiH SEHPRIAE , nm PI Zeta U ,mV
BRI, C
2 159.5 0.458 -22.1

10 278.4 0.573 =253

25 4754 0.607 -23.7
AR, C

65 172.3 0.424 -21.7

72 184.7 0.387 -19.2

80 356.8 0.511 -244

2.6.6 fHFLARIRIREE A SRR “2.6.57 0, Fas il S AL A iR
TRLEE A 65 .72 .80 °C, il 45 Cur-SLN, 5 HoARi A% . Zeta HL A7 N
PI{H. 455165 CHII 45 Ay SLNRLAZ AT PIE 4L, HAE4 C
BB AR R, PRI 3,
2.7 EXIRE

HR P 2R ZE I 235 SR A2 B2 Cur-SLN il 4 4~ 2N 3K
R AsE g 18 1t (A) L Cur B2 5k (B) (2 7K AHRLEE (C) AL
PRI (D), BT 4 &K 3K ISR Lo(3Y) , W3 4; LU
EE 1 DL A48 FRIEAL T 2S5, IEASIR 45 R 0L 5, 2243
Mras ke,

Fx4 BEESKFE

Tab 4 Factors and levels

KT e :
A,g B,mg Cc,C D,C

1 0.5 25 2 65

2 0.75 50 10 72

3 1.0 75 25 80

*5 IEXRWER
Tab 5 Results of orthogonal test
Eici A B C D EE,% DL,%

1 1 1 1 1 87.14 7.66
2 1 2 2 2 83.03 8.43
3 1 3 3 3 79.07 5.86
4 2 1 2 3 73.05 3.92
5 2 2 3 1 84.77 6.15
6 2 3 1 2 78.62 5.37
7 3 1 3 2 59.75 1.98
8 3 2 1 3 61.48 4.70
9 3 3 2 1 53.03 2.82

EE K 83.080 73313 75.747  74.980
K, 78.813 76427  69.703  73.800
K; 58.087  70.240 74530 71.200
R 24.993 6.187 6.044 3.780

DL K, 7317 4.520 5910 5.543
K, 5.147 6.427 5.057 5.260
K 3.167 4.683 4.663 4.827
R 4.150 1.907 1.247 0.716

LA EE Fl DL A i i f5bn 0 5 HEA 7 DU AT, b 2201 R 15
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®6 HESWER

Tab 6 Results of analysis of variance

=3 T2l F Wiz P
EE A 1072.466 2 47.790 e
B 57413 2 2.558
C 61.299 2 2.732
D 22.441 2 1.000

R 20.44 2
DL A 25.852 2 33.059 e
B 6.701 2 8.569
C 2437 2 3.116
D 0.782 2 1.000
R 0.78 2

T Foos(2,2)=19.00
NOte:Fo.05(2,2) =19.00

FE IR RN : A>B>C>D; LA R D iR 22 W9k 7
Z i EE R A E RS S . iR A RZE I i (P<
0.05), I, i1 2 AB.C.D M ALAL Ty, B A AR 1) F 14 0.5
g Cur #2554 50 mg 7K AR BE R 2 °C L AR TR IR
65 C.
2.8 EMEAFTHITEIE

SKEARAL J7 32545 3 W T2 96 UE UK , il 4% 3 4t Cur-SLN
FE S, X HOR 48 | Zeta ML {7 . P1 DL EE #4700 5 . 45 % EE.
DL V- )k #2 | PI Fl Zeta H5 A3 /Y - 241 E 43 51 S} 87.73%
7.72% . (156.9 + 2.2) nm. 0.480, — 24.8 mV, & ¥ % [ 4f
(RSD<2% ,n=3),
2.9 Cur-SLNHITEE S5

F4 FERERY Cur-SLN &1 4 CHI1 25 CEIRAE 0.1,
3G MEFE S IRIAR  Zeta A X EE , WAL, 45 H 5k
B INA TS REINRS RS0 T, Tk S AR
B, T T 288K 1.7~21.4 nm, =35 F 2088k 172.8~
260.4 nm; 1fif EE 2 N FEAY % RR R4 TR 1.3% ~18.4%,
FEM T AT 12.5% ~48.7% . FEGhHRAR N BE 22 (LR B 7E
IR T LR TS OL /N, F IR B A R AR S A £

3 A JE AR T AEAE RO RE S T PR AR IR B R R R B 1
HEK, 291K 22.7~72.0 nm; 1] EE 23 PRI &S IR T Y
TRE3.2%~21.7% . FEZEI T RS B LR TLIEY) ,
MERAZFIEE 3K R BT FIr il 0 KR AN A5 76 I At (i)
(3MH -
3 ITig

eI & PR, Z B SLN H 1) 20 5] SR e 26 O vk B
B AR R o BEE 78 R IA5 ) SLN HAP- Bk 42 K
P AR 5 1R A KA TR B4 & 1545 (1) SLN -3
WiAE R PR 2ER o LUJG —F oy i B il 45 1% SLN 483 1R,
Al RE R AR R

SLN (il 8 7 i B 2L i e 2L 203 - 75 0 B
FLk R Ek UL BRI AL DR
TR 75 4 Bl 45 Cur-SLN , 2222 B R E Tl ISR . Cur A5
1115418 80 A1 X} EE Fl DL (9520 . 45 Cur-SLN [ EE il DL
A BB ] BE H BURLAS A K IOk gk 5 Ho
B e o DS R S e i B 2o 1 N o
Rt RAEFFIR N E W% Cur-SLN, LLEE N
FEFRIEAT IE AR, PL 2k Cur JF68 ., L4 % T i 156 A O s g
i, T8 Cur-SLN [ BEAL K 67.4% , H.i THAK R h B HLG
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W E B REREEFAEDIE IS BRyBIRAR G FE TR B ik VORI 188 A H AR, KR a4
EERy AR, BRI AR H R T BARIAA A 188 e M B (R E F-ia4 M 188 e b A 5:1.3:1.2:1,1:1,1:3,
1:5.1:7.1:9,1:11.,1:13,1:15.1:17,1:19.,1:27 . 1:31) J&&RE(60.70.80 °C) A28 (—20.0.20 °C)xF B4R -4k b i %
BB e R AT LR T 2 5 E F R A S AL 2R A B AR R 9 AR SN R VAR B AR BRI TSR . 2R TR
BBk F R ER R E A — R LB ARAIIE mm i hn, B 2 S BRI A 1 1T~ 12T F % £ 42 120
min B 6975 B 3 JE 90% vA b B @R B AR E B LA M E o B F € 60,0 °C 5 2% h 30 min B, BlAR 5 Hk ey s sk A
MRS 1548, B FENEARS AR EFRSTELEFTNERE,

KGR R EEFAK I 188 BRI B &y ik

Study on Preparation and Dissolution Rate of Icaritin-Poloxamer 188 Solid Dispersion
WU Ling(The First Affiliated Hospital of Jinan University, Guangzhou 510630, China)

ABSTRACT OBJECTIVE: To prepare icaritin-poloxamer 188 solid dispersions in order to increase the dissolution rate of icaritin.
METHODS: With poloxamer 188 as the carrier, melting method was used to prepare solid dispersions. By comparing the in vitro
dissolution rates, the effects of the content of poloxamer 188 (the ratios of icaritin to poloxamer 188 were 5:1, 3:1, 2:1, 1:1, 1:
3, 1:5,1:7, 1:9, 1:11, 1:13, 1:15, 1:17, 1:19, 1:27 and 1:31), melting temperature (60, 70 and 80 °C) and cooling tem-
perature ( —20, 0 and 20 °C) on the dissolution rate of icaritin in the solid dispersions were investigated, and the in vitro dissolu-
tion rates of icaritin in its active pharmaceutical ingredient, physical mixture and solid dispersions were compared to confirm the for-
mation of the solid dispersions. RESULTS: The dissolution rate of icaritin in the prepared solid dispersions increased to some extent
as the proportion of the carrier increased. When the ratio of icaritin to the carrier was 1:17-1:27, the dissolution rate of icaritin at
120 min was above 90%. Where melting temperature and cooling temperature were respectively determined as 60 °C and 0 °C after
comprehensive comparison, the dissolution rate of icaritin in the solid dispersions was 1.5 times as much as that in the physical mix-
ture at 30 min. CONCLUSIONS: The prepared solid dispersion has a significantly higher dissolution rate of icaritin.
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