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Preparation, optimization and in vitro evaluation of curcumin-loaded nanostruc-
tured lipid carriers

KANG Yu-xia'?, LEI Wan'?,  WANG Ji*, WANG Xiao-juan®"
(1. Shaanxi University of Chinese Medicine, Xianyang 712046, China; 2. State Key Laboratory of Military Stomatology; Depariment of Pharmacy, School
of Stomatology, The Fourth Military Medical University, Xi’an 710032, China)

ABSTRACT: AIM To prepare and optimize curcumin-loaded nanostructured lipid carriers and to evaluate in
vitro performance. METHODS  For curcumin-loaded nanostructured lipid carriers prepared by film dispersion
method, single factor test and orthogonal design method were applied to optimizing its formulation and preparation
technology, with regard to indices of particle size and encapsulation efficiency. The morphology was studied by trans-
mission electron microscopy, while the particle size, particle distribution and Zeta potential were determined by laser
particle size analyzer, and the in vitro drug release behavior was investigated by dialysis method. RESULTS The
following conditions were 10 mg for dosage, 2 : 5 for ratio of solid to liquid, 6 min for extraction time and 6.5 for
pH value of phosphate buffer solution. The carriers modified by different ratios of phosphatidylserine (0% , 4% |,
8% and 12% ) were spherical or approximately spherical with homogeneous distribution. The mean sizes were
(212.1 £1.4) nm, (210.5+1.3) nm, (207.6 £1.7) nmand (198.4 £1.7) nm, the Zeta potentials were
(-1.33+£0.39) mV, (-18.01 £0.41) mV, ( -45.31+0.36) mVand ( —45.56 £0.41) mV, the en-
capsulation efficiencies were (85.64 £0.67)% , (86.13 +0.56)% , (88.38 £0.34)% and (88.78 %
0.58)% , and the drug loading capacities were (2.23 £0.03)% , (2.15+0.03)% , (2.19 £0.04)% and

FS B HE . 2015-10-08
E&TE: Bty PRSP ERPHEE (15-2Y021)
EEBN: REH (1989—), %, WitA, WFPLZiRIZEmot, Tel: 15709248232, E-mail: 1039961519@ qq. com
«EEMEE: ERE (1962—), Z, FAEL0, WLAESI, WERARAYILSS P 25FH R, Tel: (029) 84773189, E-mail:
wxjyh231@ fmmu. edu. cn
1011



2016 4£5 A
38 A5

TR %

Chinese Traditional Patent Medicine

May 2016
Vol. 38 No. 5

(2.18 £0.02)% ,

respectively. An obvious slow-release character was observed. CONCLUSION

The obtained

curcumin-loaded nanostructured lipid carriers display a uniform particle size distribution with high encapsulation effi-

ciency and drug loading capacity.

KEY WORDS: curcumin-loaded nanostructured lipid carriers ; preparation; optimization; in vitro evaluation; film

dispersion method; single factor; orthogonal design
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W EX A (& A R 98.9% , dit5 110823-
201405, rhE 2R ETRTIRE) s 2 K EUR
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2.1 EFZFMRIERBARGE S DB BRI
W77 R G RE . BEAR I 22 2R . — IR T
B . R, JIE 0 e R I R 22 0 R OB IR A
Y1, 10 mL G058 A EfE, 55 C T rEeft %k
R HE LA ML, 15 30 T8 00 05 B, 7E
30 CF, Wb ml (pH =6.5) XI55 ¥
JES#EAT 30 min KA, EBTE B A AR BE 10 min,
TR A (300 W) 6 min, fix)5, 0.22 pm
TRALUE R UEBR T, R RAR 4 5],

2.2 aHEwg

2.2.1  HBARREER SRR S RN SR A £ i o
W23 AR NG TR AR AR AL 5 0.5 mL, 35 hin 31 7 S 0
BERC AL, 1000 /min B0 2 min, SRJ5HER A
780.5 mL ZEIR/KVENE 2 min, WA BRI VERDE
W, ToOKOFERFLESR, 78541 nm AN E 1
FEA . FEBRES 0.5 mL, JKZEEMFLER, ik
WEWOERE Ay o T2 90K B 5T 2 AR 1 [l i
[(A/A) x 100% ], =314 K 98.9% , RSD W
0.59% (n=3), TGP T FHER .
2.2.2 OB I ORE X 35 U B 25 W 0
BEE R 2 A A o A B Y 22 R R IR 0.5 mL,
MBS L, 1000 /min 8002 min, SR )55
AT 0. 5 mL ZEIH/K P 2 min, & IFVERR, 0
KBRS, 76426 nm PERAME WG A, o 7
HLO0.5 mL, Jo/KLBERESRS, [FmEWoCRE A,,
THR GO X 22 B R UF R A R, Ak
[ (A, =A,) /A,] x100% , JASSEH494E K 98. 3% |
RSD 4 0.67% (n=3),

2.2.3 SRR I TR X 2 AT A8 K R
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B ENR G YR R RS, nE)
A T, B 0.5 mL i B A o,
1 000 r/min&.0> 2 min, SRJGHEIKAMFE 0.5 mL 2848
JKPEME 2 min, WA FLOCHIR T, ToK OB
FLESS, T8 426 nm P AR I E 22 B R 1 OE
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Fig.1 Elution curve
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426 nm, ZWHEEATIHRZ RN E, WHE 2,
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BH A Y =0.170 2X -0.016 9 (r=0.999 7),
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Fig. 2 Ultraviolet scanning profiles

IR B R WO NR B AR i 0.5 mL, 3 I 2]
fAE G, 1000 ©/min B0 2 min, SR ERRAN T
0.5 mL ZEH/K BEMNL 2 min, WCAEAFA FLOEHER 2,
BT 100 mL F, oK OB FLER, Y,
g, WE WOL B, I RE 22 T R Y BRI O
2.85 pg/mL, # AR AEAR (EE) Mzzya
(LD).
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2.3.1 Wtz AR/ BB EE R LI e AR
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R 22 % R LL 9 53 51 ol 0% . 4% | 8% . 12% .
20% IAKAG R IR, Sl kRl <2017 T, ¥
SR M A 2 Hoki AR . ARG, e HA R,
JrkE “2.2.57 T, Z5RWE L,
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F1 AELGIBERLEBNNE, 2R RHREH

R (n=3)
Tab.1 Effects of different ratios of phosphatidylserine on
particle size, polydispersity index and entrapment

efficiency (n =3)

R Bt 22 2R/ % Bife/nm LR f 2%
0 223.6 0.016 77.98
4 214. 4 0.010 76. 40
8 214.5 0. 044 80. 44
12 194.2 0. 087 78. 48
20 156. 8 0. 089 49. 69

HHN, TEB GBI TE 22 ARG ) 22 3 R 4K
P A8 AT £ T 2Ry PRI, [ S AR T 22
BN 8% , LIRS FIGLES R H G debrok 4T
etk
2.3.2 JRBELEBE [ E HE &M, BLSS, 65,
75, 85 C A BRI B 73 ) i o 22 1 3K AN K IR o A
A, W TNER “2. 17 T, ORI RE 73 A A
HopiAg, RJE, W HAaE R, JrkE “2.2.57
T, s5RIEEK2,
xR2 AEBEEEMNHEZE., ZHOBEHREHENHNT
(n=3)
Tab.2 Effects of different film-forming temperatures on
particle size, polydispersity index and entrapment

efficiency (n =3)

SRR/ C FifE/nm ZOHHMAR  WEHE%
55 196.7 0. 101 82.43
65 198. 6 0. 081 79.13
75 195.3 0. 052 78.38
85 200.9 0. 020 66. 51

HIZR AT, BEE BB L A T, EPRET
RS, aTRERm Tl &, S EE AR bR
KA SEARI G, L, U R R 55 C .
2.3.3 JKAmEE EEHE KM, P15 min,
30 min, 1 h, 1.5 h 7KEHF ] 7050 6 5 2 B Z K
BRI, S AR “2.17 3, Bk AT
S0 ok AR, AR e, e Ha s R, J5 ik
2.2.27 i, RIS,
£33 ARKEHEMHEZE, SHBRRHEEHEHNZN

(n=3)

Tab.3 Effects of different hydration time on particle size,

polydispersity index and entrapment efficiency
(n=3)

KB I ]/ min BiAR/nm ZHEAR  AEHE%
15 193.1 0.133 74. 83
30 199. 6 0.112 79. 02
60 198.3 0. 120 71.77
90 200. 2 0. 140 79.78

1014

HIR AT, KA IS TE Dy 15 min B, f1 3305
ik, TTRERZ 25 RAE S G B /8 o0 4 i, KB A5
4x; 7830 min I, fOEf RN, HARZE KIS,
KA R AL B R T W B AR Ak, oK A i (R i R
30 min,

2.3.4 WARE S REHE S, P36, 9,
12 min 75 I (8] 735 ) 4 22 88 R AOK AR B gk, il
FOTER 2. 17 T, EOGREE 3 A A0 E Ok
B ARG, e AR, JrkE “2.2.57 3,

R4,
F4 TEBHEMENHE, SAYRMREHENZM
(n=3)

Tab. 4 Effects of different ultrasonic time on particle size,
polydispersity index and entrapment efficiency
(n=3)

7 I i3]/ min Kife/nm ZOHHAER  AEHE%
3 258. 1 0. 185 67.63
6 198.3 0.120 64.78
9 188.3 0. 111 54.32
12 176. 1 0. 144 49. 61

SR S| VST TR G DR SR SRR PN
FSENE, Bl B P I R A, P Y R R A
oo LRB T, AR EHILE3 ~9 min, HAK
HOUA THEE— B 5
2.3.5 i [WEHESAM, LS, 10, 15,
20 mg 2 il B R GORNR AR, Hil 4 75
AR <217 T, ORI E RS . SRS,
e HAERR, ki “2.2.57 I, g5RIES,
£S5 TRRABWNHE, SHBRBREHENIZN

(n=3)

Tab. 5 Effects of different dosages on particle size,
polydispersity index and entrapment efficiency
(n=3)
it/ mg i/ nm EZEY {3 2/%
5 181.3 0.053 82.09
10 195. 8 0. 062 87.10
15 239. 4 0.071 54.78
20 187.2 0. 064 51. 60

HIZRATA, 2 i bR AR A B R A RO
Wi oMLY AR 1S mg LU, RAREEIE R, £
BRI KGN 2H7E 1S mg DLEE, A I
AN, B R R, P, Py & 4 il e
10 mg7ety, HAMRAEOUA TRt — %%
2.3.6 FWSHERL BEHERm, 21,
203,205, 2+ 7 [ I 5 2 5 R ARG IR
AR, A kE “2.17 T, BRI ST
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OB AR, AR E, e H B R, J7 ik F ®8 EZKF
“2.2.57 T, FiEIFE6, Tab.8 Factors and levels
x6 AEBERIEMHE, SAHRBREHENZNT K EES
(n=3) A HZi/mg B B C /5 /min D pH {4
Tab. 6 Effects of different ratios of solid to liquid on parti- 10 24 4 58
] T 2 12.5 2:5 6 6.5
cle size, polydispersity index and entrapment effi- Is 26 3 70
ciency (n=3)
36t Biie/nm AR EE/% 2.4.2 IEZIKEEAR MREE 8, RIERZBGT
! N F 8 R TV S S
. o o o WA SR ZIORISTARN, SRR, 2R
2:7 185. 8 0.062 59.90 #9, ITEMTILE 10,

HIZRATAL, [T HEXPRAR SRS, (E X
A BRI B RCSIR R LB, R

®9 EXHRWER
Tab. 9 Results of orthogonal tests

. ‘ . Yi's A $ 2/ mg B WL C A EFA/min D pH {H 15 %/%
FeHE RGN, B B L RIAE 2 5 A 1 1 1 1 1 77.69
W, BN P 5, > 2 2 2 048

S oy 257 vidy ae Y 3 1 3 3 3 68.92
2.3.7 WEMRZEHEEWCRY pH (B [ E KB AT, .y 5 | S s el
LA pH{EiO\ 6.5, 7.0, 7.4 Bﬁﬁé’i?ﬁ%@/ﬁ@% 5 2 2 3 1 41.59
SIS LR AOKAR B s R, Hl&rkiE “2.17 6 2 3 1 2 67.35
I, WORKEES T OONE SRR, AR, Eie X ) ; Lo
BAE, LR “2.2.57 Wi, SR NET, 9 3 3 2 | 43.99
x7 AE pH EHBRENBRIHE, EOHURBREEH K, 78.70 61.43 66. 13 54.42
%E@%ﬁﬂ[‘ﬁj (n=3) K, 56.73 61.47 64.91 67. 40
Tab.7 Effects of different pH values of phosphate buffer Ky 47.57 60. 09 51.96 61.17
. . . . . ky 26.23 20. 48 22.04 18. 14
solution on particle size, polydispersity index and
. k, 18.91 20. 49 21.64 22.47
entrapment efficiency (n=3) ks 15. 86 20.03 17.32 20.39
pH {H AR/ nm ZOBRE EEE% R 31.13 1.39 14.17 12.97
5.0 302.5 0.257 58. 30
6.5 189. 8 0.153 79. 13 K10 HFEHSHK
7.0 192.9 0. 060 62.32 Tab. 10 Analysis of variance
7.4 197.6 0. 037 61.55
k23 SS v MS F BEME
AT, Wi R 2% o i B pHL (i X R 42 2 lfgi i 9?2 f% *
BRI FERE W, pH 6.5 I, KRN, c 57313 2 286.56 3323 .
i HALE R G Y pH (E#F — 21wt f % D 146.84 2 73.42 8.51 -
e 17.25 2 - - _

R, ATREREH TZERRETEFMFET AR
E, FEEEREM, KW, R % I
pH ¥ HITE 6.5 247, BAKIE N A 7 1F i —
L HE,

2.4 ERFIFERAL T R LY

2.4.1 IEAREIT R R R R B RN
VR M 22 W R ARG BB AR AR A B0 4 4>
FESBUENHEMNS, AR (A) . BRI
(B). AR (C) . WM 2 bW ny pH A
(D), HAREREI3 AKFE, #HIELE L (3%)
FATIRL, PSR T Fifil s T2 HEREAKF
W8,

W WHE Fy o5 (2, 2) =19.00,* P <0.05

HI2e 9 ml i, 4% PR 20 A0 B R p R AR Ik ok
A>C>D>B, W#zymmysgmin, HES
BFR], PRURERERRZZ vhids i pH L, T [ 9% L 1Y
S /)N

I 10 AT, 5% 24 8 A 75 Ao ) X R Y
Y EA B EMEZER (P <0.05), #MIEAR
WasR, BT 2 %M AB,C,D,, Rz ath
10 mg, [EWLLA2:5, MBI 6 min, BEIRZE
) pHAE R 6.5,
2.4.3 WFRE ZSABEN T MBS, R
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AT AT 2550, il#% 3 it 28 R YK T2k
i, I EER, SERLE 1, RERTHM, 7
AL T LA T B3R 88.78% , 1 Hix
HERE, KRR BN, U AT
11, METZMES R,

F11 WIEKKEER (n=3)

Tab. 11 Results of verification tests (n =3)

% EH/% Fi2/nm B /%
1 88.42 211.6 2.23
2 89.13 205. 8 2.15
3 88.78 207.9 2.19
Axs 88.78£0.36  208.40x1.85  2.19 +0.04

2.5 EHFFMRIGIEARIACKE R 69 A

2.5.1 JEAFMR AmdEd I il T A5
T, WA R BE NG I5E 22 202 L (] 1 22 B R AN K AR T
AR, R HEEEE TR SR,
FERE SRR I L, T, BT TR S
MR, G5RULE 3, AT, 2ZERYOKIGHR
AN BAAKBRIE RS OGE, RN —,

. y
WS it
. : o
> -
. - .
& %
B.4%WE R 42 R
N ERETEE .o P .
Rk T .. R T -.s'
S PR
9 7 ol -+
R TR SR )
K7 ey 3 .
e lssin s SN s 7 e
'.- L 2 .;"'. '.
S £%47 .i i

) D129 88 Tk 4 S AR
B3 ESHEEE

Fig. 3 Transmission electron microscope images

2.5.2 CRIAEH Zeta ANLAYINE  AE B AL 5 A
T EFMT, Wl ARSI 22 200 H o 22 9%
REYOKIE AR, HEREE PG, ROtk
FEAHTASCIN 22 R 72 Il Zeta FRAS, 45 S ILFE 12,
H BRI A, B AR IR 22 2R LU A BTN, Zeta
PLRBUT Bk H, UL B T A B P2 IR
o CUBEIRMEZZ E R LB R T 8% B, Zeta HIV 4
Tz, W kRIERARE.

1016

R 12 AEBEBLIBRILFIAE. ZHBRE Zeta
BRI (x+s, n=3)

Tab. 12 Effects of different ratios of phosphatidylserine on

particle size, polydispersity index and Zeta poten-

tial (xxs, n=3)

WERRBE 225 /%  Ridd/nm  ZAEFREL HL{ii/mV
0 212.1+1.4 0.006=0.001 -1.330.39
4 210.5+1.3 0.010+0.003 -18.01 +0.41
8 207.6 1.7 0.044£0.002 -45.31+0.36
12 198.4 1.7 0.087 £0.003 -45.56 +0.41

2.5.3 EERMBLEANE  FEmm LTy M

W LEAMET, Wl AR 22 2008 LU Y 22 51

RYURNR A, IE 2B R, J7

%R “2.2.57 Wi, ZERWE 13,

RI13 AEBEMLEBILFINEHEMRASNFIT
(xxs, n=3)

Tab. 13 Effects of different ratios of phosphatidylserine on

entrapment efficiency and drug loading (x =+ s,

n=3)

R Bk 22 282/ % AL EF2R/% /%
0 85.64 £0.67 2.23 +0.03
4 86.13 £0.56 2.15+0.03
8 88.38 +0.34 2.19 £0. 04
12 88.78 +0. 58 2.18 +0.02

2.5.4 RSMREIC DAE 5% A R B R Sk Y
2 5% i (0. 05 mol/L, pH=6.5) 200 mL Jyf
WA B, KO fE R R %, 100 K/min, i
(37.0£0.5) C, WS AN R W AR 22 22 LL A 1Y
BRI 3 mL, 3 AR BT i Y
Prég (8 000 ~14 000 Da) Hr, FEHrIE, 73
F0.5, 1,2, 4,6, 8, 10, 12, 24, 36, 48,
72, 96, 120 h W HUBE UK 2 mL, 0.22 pmfffLIE
PRt g, & TR ETERMINE L E RN T AR, [
10 N5 s M RT3 o G T 1/l N W = RS
R U FE A Y SRR IO . Bt 4 WL IR 4.,

W...
ERBCE = Wi”“ x 100%
IS

{035 25 F N Diamonsil C, 0%+ (4.6 mm x
250 mm, 5 pm); WA O HE - 4% KBS R
(48 :52) 5 PARHA 1.0 mL/ming G
426 nm; PEFEEN 20 pL, A EHEAE . B R
ATMEZHEROWE , JI L E R RS,
To/K LT — ZR 50 o R B AR UEVA WL, 3]
PEREINE o DAR B RARER A IE TR (V) XFH
Frirk s (X) #EATLPERIE, BEHTR Y =
147 945X -8 514.9 (r=0.999 8), FWHLE XL
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0.01 ~4.93 pg/mL Ju Bl N 12 RAFRLMEC R, H
MR RY:, RSD/NF 2%, fFa&A
N E T A IR

55 —u— 0%MBEfEBE L & R

50 ] —o— 4%BEFEBE L TR ¥

o < SRR AR
] —v— 12%BEHREE 2 E R V

= - T T T T 4 T T T T T
4 6 8 10 1220 40 60 80 100 120
t/h

B4 RitBM#ZE (n=3)

Fig.4 Accumulative release curves (n =3)
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