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WE: HI #2255 % (curcumin, Cur) KA [E A5 STk 4 (long-circulating solid lipid
nanoparticles , Cur-LSLN) F# 8 ILINME R, i DAZEE A 24, B fi g i H Je i
AR, R P 712 % Cur-LSLN, DU I3 PR Ha AR, 76 50 R 2 25 S kA 1,
HEAT IEAS SERR IRk e Ak U7, e HoRiA . ZetaFLT RN 29040 1 26, LA ) b 00 5% 352 38 25 KA
IE AR RGBT Cur-LSLNIAR SR HOAS . 2558 )45 1) Cur-LSLNCA B — 3K % K
KERTE, THRiAE4105.1 nm, zetaHA7 4-27.03 mv, 330 (90.2342.13) %. RN R
KW, LA AR RL (Cur-SLN) 122 B 2 KRR [ A IR A KAL (Cur-LSLND
FE4 WA B2, B RO RZE R, G Cur-SLNIIRE SO T 14%,  7F24 hAEARASE 4,
1M Cur-LSLN 48 hA TABI5E 4R 8, RINT WIF IR . gk A 2] % [ Cur-LSLN
SERLAR R B e FRAR, 5 B B Cur-SLNAH LG, REAE 29 AR, A PR [ 4 I 4
RORLAF A 3L 38 ] A< i T 9 KON R IR T 5 AR B0 25 W) ) SRR AR v e

KRB LR KARIEARE RARpL; RUs-E A, B

TESES: R4 XERir R A

P F (curcumin, Cur.)e NERHEYIZ 95 (Curcuma longa L) HEHUH—Fy R 59,2 24
LM E By . BRI A PO . BUAAL. PUR. BRIMIRAE 2 (K2 B AT it
HEPEARMG, B RGHIERN R, (T2 EMEE TR, ERINES A, AR
FH ARG b, T PR T 2280 3 I HE ] o ASCHEF G T Cur-LSLN, 9 ks 220 5 B R A [l 4
NEFAPRET, BRAR T 2230 3 5K UM B A SRR it ek, £ T 2230 R I0ARE 1, JF25ilde gk
AN PEG KHE, 2 BRS¢ A M GE K 259070 B0 B (R B B T, 3 B IR N B R 48 1) A
D4, SR A B 70 A 0 T 1) 0T [ 337, 38 I v 24 00 R A R P R 1 LI o AS SO v 1 7
SR B IS T R R B 0 R A U B AL R 2 5, R R AR AN O EE R SR Cur-SLN A
Cur-LSLN M E 3 figd 2 & . ARSI h, A8k AU A VLH % Cur-SLN,  BURIAR RN 3 2200 47
br, KHIEAZ B T 477, FEAE b IEaE En AAS R Lo B AR IR AL RE, DA 3 28 00 $R 5 5t
Cur-LSLN 477 34T TARAL, i T Cur- LSLN FUEARAL T, e HRiAE. Zeta FUAL A2 00326, LA
S HEDUEE Cur-LSLN JEZS, AT Cur-LSLN WASMEBGAL:, 5 AHIN Cur-SLN #HLL, W48
BT, AT RZEEF RG24 R FEHRARE K -
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Mg (25, S S BEIREEIRGE (PCO KU BEIR IR 4L >95%, LiEZAEZnl), i R H it
liis (glycery monostearate, R 4k T A7 B =) REE T bl 4k TR A ), PEG2000-DSPE (H
A PERE NS4, TV U188 ( Fluronic F268 1 [F| Bast/A ), I BHELR (Sephadex G50, #3E
EWTRATD, B GRE D 7 FEN12000~14 000 u, JCRHREADRHARAFD, HAR
I CoyHral, W

2 HAEEHR

2.1 ZEFEFRKEIFE SR KR A F &

IS FH AR 75 Vo £ 22 0 B K PR [ A IR ST Kok . FREXAL U7 B2 K LBl . PEG2000-DSPE
J%Pluronic F-68'& 110 mLyEH /K, A R-E Y5, L SOKAR: FREUE 75 5 Somd I H i, nk
B (75£2) CAEME, KRG PRI AL 75 1 22 5 28 70 ORI Bt ™ A s f e Bt IS 1 H o e, R
ARG . 452 000 rmin BEIBERE T, K INBE R ) AR BE A KA LA 10 mL-min™ 22 A7 3 ik
TN FE AR [ A H o GRS min, A WIFL o A2 P WL & T8 7 U 40 BB AL B 75 5 min
GEADE: 400 W, AR 1s, [ETE: 1s) , WKAKBAZNFELL, 0.22 pmfL R IERE, N
IR AT 210 mLEPAS .

2.2 EHFKBAEIFEERERA KRR G EHENE

A KICHR[S], A SCAE B 1B SRR B I AT B O oy B Ui S AL B (R 22 0 38 S04
I 25 I R LB AT 421 nm AR, A AR E LI TR, BT LAAR S B h, AE
KA H 6 FE R 52 Cur-SLN Al Cur-LSLN ({485 A48 24 7 S SR — 5 4% 25 Cur-SLN
B¢ Cur-LSLN 78O FAE, MoK ZRE AL IF MR 22— iR, 421 nm A0IE HERAMROG R,
WHEARUE N 22 T FE 4=0.240 4 p-0.097 6(R*=0.999 8, p=1.545 ~3.605 mg-L™") 4 Cur-SLN =§
Cur-LSLN "5 & mma 2yt . AR LT 2 20t 55135 % (entrapment efficiency, EE)FI#( 245
(loading content, LC):

EE/%=m w/m xx100%
ma: BNV RPRR T EZ RN R m e ST EE RN AR
LC=m w«/ (m u+m ) x100%
ma: WNERIE AR P LRI R me: FIRIPERRZNAE: ma: NEAMETE.
2.3 EHFRKBEFEIERERAKRRILF UL
231 ZHE R LW B AR AR A R A

I B A K26 8 T T A B AIAL Iy I ZE X Cur-SLN Rid% . A B) R M A e Pt s, o
DBz g Bt A B h 2000 rmin™ s R G AKARRINSEEE S, 4RSEEE 5 min, AR
N 400 W IR 1s, TEK 1s, B 5 ming SRBHE N 25 ¢ « L A4 SR
HH20ge L A Kb W 188 FHE N 15g - L Aih, MR RRE LY 1. 40 24T IE
AR T . FE DN BRI b, EHL 4 ANXFZE DR AR AR AR AR AL d SRR e M
BRI, BUBFTE (4. Zills it (B). BEig/HE (C). Pluronic F-68 [ (D) &N

4
ﬁ%,ﬁﬁﬂ%ﬁ3¢m¥,uﬁ%\@ﬁﬁﬁﬁﬁ%ﬁ,%Lﬁs)Ei&ﬁ%ﬁﬁﬁﬁﬁﬁ,
iR IE 1-3.
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Table 1 Factors and levels of orthogonal design

Factors
Levels A B C D
P C gL m(drug):m(lipid) P o(P188) /(gL
shosshoripi/( g ¢ L)
20 1:50 18 12
2 25 1:40 21 15
3 30 1:30 24 18

Table 2 The results of the orthogonal design on particle size

No. A B C D d/nm
1 1 1 1 1 119.8
2 1 2 2 2 102.1
3 1 3 3 3 98.9
4 2 1 2 3 136.2
5 2 2 3 1 145.3
6 2 3 1 2 151.2
7 3 1 3 2 194.1
8 3 2 1 3 75.3
9 3 3 2 1 155.5
[ 106.9 150.0 1154 140.2
IT; 144.2 107.6 131.3 149.1

11 141.6 135.2 146.1 103.5
R; 373 42.4 30.7 45.6

Table 3 The results of the orthogonal design on EE(%)

No. A B C D EE/%
1 1 1 1 1 91.00
2 1 2 2 2 93.89
3 1 3 3 3 87.68
4 2 1 2 3 94.56
5 2 2 3 1 93.49
6 2 3 1 2 91.69
7 3 1 3 2 93.54
8 3 2 1 3 92.77
9 3 3 2 1 91.53
I; 90.9 93.0 91.8 92.0
II; 933 93.4 93.3 93.0

11 92.7 90.3 91.6 91.7
R; 24 3.1 1.7 1.3

X IEASSE I RIEA T ZE BT AT 0, X TRARR U, % D 3 W K X2 D>B>4>C, Ikt
A R I AL I D3BoA Cro X TALEI AR UL, 5 I ZEM K 1R 2 B>4>C>D, ik
1A I I I A AL 5 N BoA, CoDy o SIS AT A, AL T BB R B A AR K. FEAAEI0%
PAED  FEAGEAI B R ARAR G DU N, FRERIASIR I BARNG OL, BRI A AR br,
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Al 52 S EE Ak U7 K D3BoA Cro BIIE TR iE 520 g oL, m(24) = m(JI§) =1: 40, BRI & N18 g oL,
Pluronic F-68/H & K18 g+ L,
2.3.2 L E KA ARG BT ah KRR Ak J7 il

PEG2000-DSPE I3 X (51 F IR oM . 122 55 3% [ AR IR S Kok e oAb U7 i kil L, 3% PEG
FXF3 1A 2000 () PEG2000-DSPE, PEG2000-DSPE &40 A ABEIRII 3% 4% 5% 6% 7% (x),
IS P FACK 7 2 ) 22 0 B A B BT AA T RO o T 1 22 3 38 AT A [ A IR o 9 KR ) 26
R 4.

Table 4 Effect of molar ratio of SPC to PEG2000-DSPE on encapsulation efficiency

x (PEG2000-DSPE)/% EE/%
3 87.95
4 88.41
5 90.03
6 82.57
7 77.29

SEIGEE LI, ESEKVE I PN, PEG2000-dspe 1R & b R 1K 5%, Cur-LSLN i df K.

LR KAEIR T RAR R AURRE AR Jr . B R 4 IR, SR 4 M ER R K
FEER AR i TR K RORAS L ds 2R RIS e MR B K W R 22, B 2 IR L (4) BRI (B) TR IR i
H#(C)F PG2000-DSPE (1)l fe (D) MR 2, REANRIZRIE 3 MK, il DL F O fiidfats, RAIE
AEBE [Lo(@) I Ab 7 AT AL, SR 25 LK 5. 6.

Table 5 Factors and levels for orthogonal test

Factors
Levels A B C D
m(drug):m(lipid) 2 pposphotipia/(€ L) 2uipia/ (g * L") PG2000-DSPE(mol%)
1 1:50 18 20 4
1:40 21 25 5
3 1:33 24 30 6
Table 6 The results of the orthogonal design on EE(%)
A B C D EE/
1 1 1 1 1 78.27
2 1 2 2 2 82.05
3 1 3 3 3 79.09
4 2 1 2 3 85.91
5 2 2 3 1 83.92
6 2 3 1 2 89.97
7 3 1 3 2 78.50
8 3 2 1 3 74.36
9 3 3 2 1 72.89
Ij 79.80 80.89 80.87 78.36
I 86.60 80.11 80.28 83.51
I 75.25 80.65 80.50 79.79
Rj 11.35 0.78 0.58 5.15

X IEASSC IR R IEA T ZE AT AT 0, X TR, A I F S ) £ IRIBY e 4>D>B>C, Ui l]



555 PIAMREE L TG T A oAb RO I i % S SRR 109

ZyJlEL. PG2000-DSPEM & IR FH & A IR o H S0 B 22 K e ma A RS9 »  FH A & DR 2R 1)
AR L A, DB Cre B R R K20 g « L7, m(Zi):m(l5)=1: 40, BEs/HEH18g-L",
PEG2000-DSPEJ] & J B )I§15%. Pluronic F-68/H# 418 g« L' V14 H/K10 mL.

FH A b e I Ak T o 6 10) 22 38 28 A AR [ AR iR 5T 4 KRE ) A 8 32 04 (90.2342.13) %
2.4 EHERKBEFEFRBERARNHEUEREE
241 5T 5% L Z Cur-LSIN &

K HH3% 4t Hi5% (Transmission electron microscopy, TEM) M%< [ 44 Jg B 4 Kb IR T TE A . Ty
e EEALET, e RE RS KFEREG I Cur-LSLN VRGBSR A Sl ) 5
W A= L e H 2.0%M B IR BN 1 s, FARTERG, BN M LEEARRIE A I
AERLIPIRE SEYSESEE S RINY VAR T /IR I

Fig.1 Transmission electron micrographs (x30,000) of Cur-SLN (Left) and
Cur-LSLN (Right)

242  Cur-LSLN % 42 & K- Hi
U254 1k 022 pm BALIERRIY Cur-SLN. Cur-LSLN ¥ &% FIVES FKFBE 50 1%, A
Nicomp-380 Jtk 5 Wl e Al g Foki it e oy Ao 45 5L LI 2.,
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Fig.2 Particle diameter of Cur-SLN (a) and LSLN (b) by Gaussian distribution
HiP 2 %0, Cur-SLN FJF-HPRiAE0 95.3 nm, 70 HIARE (P1) 5 0.420. Cur-LSLN {1~k
25 105.1 nm, 3 HURE (P1) 4 0458,
243  Cut-LSLN Wy Zeta #, i

$5 AL 5 143 1) Cur-SLN. Cur-LSLN JIE 4K KL, K Nicomp™380 A2 5E {343 51l
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Cur-SLN. Cur-LSLN [ Zeta 7. LK 3,

T ZPW3aBs version 1.89 - NICOMP Particle Sizing Systems = | P[]
File ‘iew Setup Zeta Potential Display Help

=- sledla( s & 2 &E &S EnlE &l T

Zeta Pot'l (mv) ZETA POTENTIAL HISTORY
Run Time
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- = hrminzsec
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20 = EEE== =
E = Count Rate
-a0 Et = 1000
= = 259
-60 = =
= = E Field
E = OFF
-80 =5 =
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Time (sech>
51 Zeta Potentlal Measurement =1
Avg. Phase Shift #Avg. Mobility Avg. Zeta Potential
35.49 radfs .44 MU “19.28 mv
E Field= 10.00 V/CM; Cell V= 4.00; Cell Imax= 1.94 lavg= 1.51
Printout ID: Sample

Gell voltage/Current=4.0 v f 1.50 mA Correlator stopped

TS ZPW3ES Version 1.80 - NICOMP Particle Sizing Systerns — e =)
File Wiew Setup Zeta Potential Display Help
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51 zeta Potentlal Measurement =1
Avg. Phase Shift Avg. Mobility #Avg. Zeta Potential
51.41 radfs -2.01 M.U. -27.03 mv
E Field= 10.00 V/CM; Cell V= 4.00; Cell Imax= 1.41 lavg=1.13
Printout ID: Sample
Cell Voltage/Current=4.0 %  1.15 mA Correlator Stopped

Fig.3 Zeta potential of Cur-SLN (up) and LSLN (down)

AR, Cur-SLN ik 1y 1 B iy, Zeta FEAZ 45 S 4-19.28mv; Cur-LSLN 40 Ak 2= 1
i LA, Zeta A7 45 5 4-27.03mv.
244  Cur-LSLN R 4B 24 45 1

23 EL 1 mL Cur %W Cur-SLN 23 BB EL Cur-LSLN 7» SO B A4S b . Wit S5 & T
/NI B, fEIE 37 °C R 50 rmin AREEBERE o« B N 2E B R K+20%( &) B, 200 mL,
76 37 °C FVATERAR 3 4o Vel ie], BRRERE 2 mL I 5E, [FIAMINSEE . R IR R, B
I B 0.45 pm PRALUENIE U8,  HUSEIEMER 2R AN o BEEIE Cur & &, THEI S 2591
SRR . L BRI TP I BRI Ky 424 nm, ARvfEMMZEh:  4=0.143 3C-0.03 (R*=
0.9992), i % IR IEST 1.485~4.950 mg-L ' )k X R RIF. 458 WK 4.
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=4= cur-solution
== cur-SLN
cur-LSLN

Accumulative Drug Release("o)

10 20 30 40 50
t’h

Fig.4 The release profile in physiological saline +20%( @) ethanol
HP 4 W51, Cur # 6 h RBUEI 97.8%, 113 Cur-SLN 6 h RV 43.09%, 48 h FHK

Ji% 98.07%, Cur-LSLN 6h R2FUEK 38.01%, 48 h HFRETH 95.88%

TR ZE 00, Fe e Ad 7 145 I Cur-SLNAICur-LSLN -4 h B2 8 b, — BRSO AR K 2251,
BIFFAE30% A7 25 R A 586, T R [BAA g 5T 40 KR 2 11 W B PR 24 R T80 | RS 1, il s AT 34
W A4 LA K RE I T B U P2 R e, B2 R A o] REJE PEG KA AE K B R I B | T /K40 )2, W]
A3 R PELLE25 0 BT 8 R W S ] A T e b KR 724 nIEASRR I SE 4, T AR [ 4 Mg S gl Kt
48 hA LB SE RN, P KA B [ A i 50 20 KA A o) 7 38 ] 44 A Jo 4 oKobar B 5 A A i 25 90 11
BAR, AFSEILAE A 25928 R ) A0 P B3 1 R0 A4 ) 25 05 T B e il — 2 5T
3 itig

a. FFL PR SAE IR A g KR, AMERT DL IRILKE 2 BRI AR ISR 2L
IR R A5, 3 o R T 508 A KR Y SR 25 24 5 B A B R R G ) A% E R i 2R 48 (MPS) HU Rl
W, 7T ERCTHE I A Y AR ) 1) R, 5o g KREIEAT PEG 8 i ] LA hn L T e Kk, T I BEL, A
Kk gkid MPS R, GBI MAFER IS (8], Oh 2238 38 TP s S0 Va7 IR U Ak — o 1
o

b. A THRESERACE. KGN &, A5 I 75 ) 2% 22 35 3% 10 (] 44 i
JEAUKRL, DURARFI AL 2 48hs, SR IEAS Bl T A7, A eSSl i AN [R] b A3 KA
RPEL, DA Z R S bt KA IR ] 4 i B g KR Ak 5 64T T A4k

c. AUKNR AR ¢ AL SRR R TR EPEBUIAOE, ¢ AL (B, R Z (Al
FLHE R A S, R ) AN 5 R R SRR O, seab 8 SR W, I PEG2 000 Ji (4 Kok 1
(1) Zeta FLAL TR, ZENHEIE NN, K Cur-LSLN /& R AEE M EE Cur-SLN A& R AR E MEA kg m, H
Cur-LSLN S AT /D, wl R MEI PEG BEAEG KRR B K ZE, P2 A ST AR BEL—
SEREIE L FRAS T 2944 aKon A i 2T,

d. — Mk FHpH 7. 4 R £5 22 1 sl A8 B SR 7K AAHORE TN TORASEAUU AR P 25 41K 28 S AR SN TS
B BT Curdfe i T /K T HAEBRYE 40 P A v 220, 28 S SR B 0 22 Cur e AR 7 H 7K +20%( @) 1) 21
TRAHH 48 hNFEsE HIEMR ORI N, MORSEIG T, 52 1 R0 i AF B Eh 7K +20%( &)1 S BEH
WAEAREIA 5L, B m s A M SR ST S TR A 4

e. ASZIG AR (AR SN TECE AT SRS TR 3 23 BRIV TS 1 474 T Jo ) AR A8 i 125
ZUIRIZN OK L 2 117 W o 245 49 22 I W o T e T P 24 40 ) S [ RE BT 45 SR o LI OB IR RE T80 1122
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Preparation and physicochemical characteristics of
curcumin-loaded long-circulating solid lipid nanoparticles

SUN Dong-ni, WU Ye, NIU Lei, JIN Yun-huan, CHEN Da-wei
(School of Pharmacy, Shenyang Pharmaceutical University, Shenyang 110016, China)

Abstract: Objective To prepare curcumin-loaded long-circulating solid lipid nanoparticles (Cur-LSLN)
and study their physico-chemical properties. Methods Choosing curcumin as the model drug and glycerol
monostearate as the lipid material, Cur-LSLN were prepared by melt-emulsification-ultrasound method.
Taking encapsulation efficiency as an index, the orthogonal design was employed to optimize the
Cur-LSLN formulation on the basis of single factor experiment. The entrapment efficiency, particle size
and zeta potential of Cur-LSLN were evaluated. TEM was used to observe the shape of the Cur-LSLN. The
in vitro drug release was also investigated. Results The results showed that the solid lipid nanoparticles
were spherical or semispherical with an average particle size of 105.1 nm, zeta potential -27.03 mv, and
entrapment efficiency (90.23 + 2.13)%. The in vitro release study showed that both the conventional
Cur-SLN and the long-circulating Cur-LSLN had a burst release in the initial 4 h, followed by a sustained
release with Cur-LSLN exhibiting a better sustained release. Conclusions It is feasible to prepare
Cur-LSLN using the melt-emulsification-ultrasound method. Compared with the conventional Cur-SLN,
the long-circulating Cur-LSLN showed better potential as a carrier for anticancer drugs.

Key words: Curcumin; long-circulating solid lipid nanoparticles; the melt-emulsification-ultrasound
method; physicochemical characteristics
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