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METHODS: Sal-NLCs was prepared by emulsion evaporation-,

ABSTRACT OBJECTIVE: To prepare Salinomycin nanostructyred lipidy Garridts al Cs) and optimize its formulation.
\b e solidification method. Using particle size, Zeta

potential, encapsulation efficiency and drug loadlng as ev? central composite design-response surface methodology
was used to optimize the amount of Sal, tl lipid glyceryl bisstearate to liquid lipid glyceryl octanoate in oil phase,
ratio of surface active agent polyoxyet e\85\castor oil (EL) to polyethylene glycol-15-hydroxy stearate (HS 15), the amount of

polyoxyethylene (40) stecarage (P40), Bhe®morphology, particle size, polydispersity index (PDI), Zeta potential, encapsulation

efficiency, drug n ¥itro release mechanism of Sal-NLCs were investigated. RESULTS: The optimal prescription was as

follows a: , glyceryl bisstearate 40.70 mg, glyceryl octanoate 11.30 mg, EL 44.05 mg, HS15 7.95 mg, P40 3.8 mg.

lates of vancomycin-resistan tentarococci and methicillin- [11] Afafspk, BEA, f 555, & ué'lﬂyk;%q’: A LI e n Ak Ty

resistant Staphylococcus aureus[J]. Naturwissenschaften, Bt KAk A {ﬁtl:}Eﬂ:ﬁ" TR FRAER,2013,29
2007,94(6) : 465-468. (4):351-356.
[7] HbEAe, v, SAMEGE. A B RBT MR 1 FH A RIS ik J ). [12] Xz, FEl, Bk, 5 Bl A rh 2 ik A el &
AN G B 5 ,2015,23(23) : 3535-3537. TFLERRBIFE[]. F B £ 5 4,2016,25(12) :49-53.
[81 X, PgaA: , s i B IR B FEE R [J]. o A% 25, 2010, [13] 3R, Fo%, kI, 5 052 SR ZL B I
32(2):270-272. T FLAR N 35 Bz S B 5% | J]. +E P2 A &, 2013, 38
[9] KYATANWAR A,JADHAV K,KADAM V1. Self micro- (16):2628-2632.
emulsifying drug delivery system (SMEDDS) : review[J]. [14]  BR5, a4 AL B T30 kAR Al 30 B L
J Pharm Res,2010,3(1):75-83. A5 3] A% 25,2016, 38(7) : 1490—-1495.
[10] A3, A4V AT, 5 AR ARMELHIR 4 T2 [15] BB, TS, AE f, & 2 & -200 Ak Ak
WFFE[9).5F B 25 4 ,2012,23(15) : 1375—1377. VU A FLA RG] P B 254 4 & ,2011,46(7):
AJEATE BT FARBRE 4 VR H (No H2015070) 532-536.
R W DGO I 5 AR R DFGE . LI - 0452- CHchs AL 2017-05-17 £ [ A3: 2017-08-28)
2663382 E-mail:heycjy2013@163.com (S SR A )

EZG 2018 42 20 455 3 44 China Pharmacy 2018 Vol. 29 No.3  + 317 «



Prepared Sal-NLCs was round-like and dispersed evenly. The particle size, PDI, Zeta potential, encapsulation efficiency and drug
loading of prepared Sal-NLCs were (81.81 +2.60) nm, 0.183 + 0.042, (—24.9 £ 3.4) mV, (94.35 + 1.50) % and (1.47 £ 0.04) %

(n=5), respectively. 24 h accumulative release rate was (99.81 +3.90)% (n=3). Drug release behavior was in line with Higuchi

model, and relative error of particle size, Zeta-potential, encapsulation efficiency and drug loading to predicted value of model

were all lower than 4% . CONCLUSIONS: Sal-NLCs with sustained-release effect is prepared successfully according to optimized

formulation, and its quality meets the expected standard.

KEYWORDS Salinomycin; Nanostructured lipid carriers; Emulsion evaporation-low temperature solidification method; Central

composite design-response surface methodology; Formulation optimization
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b A SRS TR R R ) G R BRI 2
GO EAT ) IZ BN Y, O T s Sal AR A
W5 K Sal i 5 Sal-NLCs, Jf >R FH A2 a5 % - Wi g T 75
(CCD-RSM) #4714 J5 Ak, , i %5 %2 T i il Sal-NLCs ()
Hifs Zeta AL ALENR B2 A TR

1 w7
1.1 {88

Malvern Zetasizer Nano-ZS90 20 K045 F {57 43 B A%
(&[5 Malvern 2 7l ) ; Eppendorf 5804R #5285 i K 75 it

T 2.1 TRk SRR e e SR el . @
T B, Sal iy H IS E] >4 15.5 min, NLCs fir FH 4Rl
Sal [ JC T4k
2.1.3 PRI S RS % S Sal YR, $— 2 L il
#1451 10.50.70,150 300,500 pg/mL 2 51) J5T 12 Mk 5 1)
PR LRI, 28 0.45 um M TFLIE I L I8 ) , 44 2.1.17 30
T EGESAFIERENE SR TR . DA R R AR A
P (o) (DB TN R PN AR AR () BEA T L P [T U, 45 [0 )9 5 A
y=1004.7x— 11 554 (R*=0.999 0) , &5 F- L1 , Sal £l
Jo R v JE A 2R MY LA 10.08~504.00 pg/mL .,
2.4 KEHES LR BT RE N 50,
250,450 pg/mL [ Sal V&7 , 42 0.45 pum A fFLE B ik
Ja  Fe 2. LR Ak AR 2 , R R “d
H NS B9 H HERE 1R, 2L N [t s
JE 5 LLSE IS 5 ELSE A 1Y ﬁ@ %, R
7,50.250.450 a‘l‘*** Sal i IR H 4 RSD
i@ 0.18% (n=>5) , H ] RSD 43 51 4
14% (n=3) , J5 3 mC453 5124 99.89 %

il % 2@\4 .
EDHL AL R ALY R & R A PR A ] ) s HT 7700 ‘*91 0.$3% .101.13% (RSD=0.21% . 1.00% .0.99% , n=

S A (H A H 374\ ) ; Waters 2 T o
A (3£ [E Waters A H] )
1.2 #m5iRH

ytan Chemical 2~ A , it %5 :
R 0% ) s AUHE g 2 H v B (125 [E Gat-
Ay 5 2 SR MR (2R V5 KLK AR 1k T4
A1) s 2 —FE-15-F2 LM N8 IR (HS15) VRA LM 35 B
JiR i (EL, 7% [€] Basf 28 A ) 5 R4 & # (40) B g 2 Ie
(P40, £ [ Sigma /A H] ) 3 LNF R kol , Jpx 3 k7 dir
ali, K R alifhK .

2 FiEEHR

2.1 Sal E=NEFEMEL

2.1.1 i%sE A%t . ODS Cis(200 mm»4.6 mm, 5
um) 5 it B AH : £ F -7K - DUk R - R (85: 10:5: 0.1,
VIVIVIV) ; 33 « 1.5 mL/min; &0 3% K : 210 nm; A5
30 Cs MR 20 uLo

2.1.2 TIRMIAE KPR Sal sUkH243E 5, DL H
U il A& BT R B R 1 mg/mL Y Sal W, 4 0.45
pm B S Bt B I, #2117 TR (833 S R R AR
E LGSR, BEONE Sal i%S 11 NLCs, & ZJEREHL
J&, LA 3 000 r/min (50024442 11.4 cm) 5.0 20 min, B |
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R, VE AR 5 D3 AR ECRE i AT 1 7 HS 15 EL il
P40, ¥ T3 i afifb oK o, MR KA, 5T n #4248 R
JE o AR RE I EFE TS K AR S 18 i AK AR
R 16 min 5, G 2 vkoK g EfE, 2208,
0.45.,0.22 pum FEALIEBEAR L U85 , B4 Sal-NLCs.,
2.3 TN IERREIIIE
2.3.1 QEPRAEZ R R IE O R A R
A2y EEY, B Sal-NLCs ¥ i & T8 2 0 (R 2
FH°4 10 kDa) 1,10 000 r/min(Z5.002F48 11.4 cm) B0
40 min, I8 TS, & BB S  4%°2. L1 3%
S HEREIE AR B R T Sal B &t , RIS 259
T Wimo HUSal-NLCsIA , & T .0, & L NE
FLJ5 .3 000 r/min (B5.02F42 11.4 em) 2.0 20 min, B |
T, SRR AE , THER Sal & i, RUEA Y & W $%IR
IR Sal-NLCs % ( 9% ) fgk i (% ) , 1
R = (W o — W) /W 5x100% , 25255 = (W oo — W)/
Wi 100% , 2CH W gen R A0 5 A i 2SR o A 1 25 B o 1)
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2.3.2 Fife5 ZetaHi i ¥ Sal-NLCs F 4l {b /K 7 B¢
55, B TR AR A B A A 52 RiAT  Zeta Eﬁuo
24 UL FH

241 R AERE arp R R R EN, X
Sal-NLCs Jii 547 {25 52 M0 42 AR OURE i 2 H- il -~

& T me i He 5] SR TS PR R EL-HS 15 9 HL 451 F1 P40
FiHR , Horh I i e e oy 52.00 mg, EL FTHS 15 FefE
1N 52.00 mg. R, BEEELIRIAE (Y1) \ Zeta FRAL(YS) |
A (Y,) B (Y) FIRAE G, Sal 4 (X)) AU g
% IR -2 22 IR H R A & e (X)) (EL-HS15 & H
(X;) (P40 H 4t (X)) o A A8 it , 72 R0 4% <200 nm , Zeta Hi
P4 XHE >20 mV ALER >T709% 3258 > 1% AT
T, K H Design-Expert 8.0 44, i1 B a5 77 22077,
AR S5ACE 1, AR S R AR 2.

£1 BTESKT
Tab 1 Independent variables and levels
o k¥
AEE 5 -1 0 I 2
Xi,mg 0.60 0.70 0.80 0.90 1.00
X 1.00 1.90 275 3.60 4.50
X 0.05 5.54 11.00 16.50 22.00
X,,mg 0 3.80 7.50 11.30 15.00
#2 EARWIRITEER(n=3)
Tab 2 Central composite design and results(n=3)
o SRS [y
X X Xi X Y,,nm Y,,mV Y5, % Yi, %
1 -1 -1 -1 -1 10370 187 8202 104
2 1 -1 -1 -1 13685  -17.7 7857 1.28
3 -1 1 -1 -1 8105 -124 8212 104
4 1 1 -l -l 94200 446 ﬂf
5 112, “ 0.78
6 -1 “ 0.13 0.76
1 1 q = 59.48 0.75
8 le -242 59.02 0.96
9 1 103.85  -247 39.08 0.50
10 1 106.10  -253 38.47 0.63
11 1 9135  -221 75.96 0.96
12 1 9450  -224 750 12
13 -1 -1 1 I 11265 -244 8357 106
14 1 -1 1 1 11455 -247 82.01 133
15 -1 1 1 1 8740 234 76.36 0.97
16 1 1 1 I 9010 -242 7605 124
17 -2 0 0 0 8825  -23.6 80.27 0.87
18 2 0 0 0 9730 =230 75.85 1.37
19 0 -2 0 0 158.00  -314 67.48 0.98
20 0 2 0 0 90.55  -234 90.34 131
21 0 0 -2 0 10885  -288 89.51 1.30
22 0 0 2 0 10425 -260 89.35 1.29
23 0 0 0 -2 91.05  -241 85.29 1.23
24 0 0 0 2 18895 261 20.88 0.30
25 0 0 0 0 1125 -271 44.65 0.65
26 0 0 0 0 11025 =270 45.11 0.65
21 0 0 0 0 11100 -26.8 44.90 0.65
28 0 0 0 0 110.65  -27.7 45.06 0.65
29 0 0 0 0 11095  -274 4547 0.66
30 0 0 0 0 11040 -27.0 45.14 0.65
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2.4.2 FERIHA R Design-Expert 8.0 34, #d 45 11
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Y, =110.75+2.26X, — 16.86X: — 1.15X; +24.47X, —
1.44X.X, — 2.27X.X; — 295X X, — 0.97XX; + 2.92X.X, +
0.86X:X,—6.86X,°+1.02X," — 3.42X,"+4.95X,*+0.95X XoXo+
1.B5XX.X, + 2.17XXX, — 2.23X.X.X, + 4.72X°X, +
1.40X°X; — 26.12X°X, + 1.93X.X," — 0.96X.X.X-X, —
14.20X°X,'(R*=0.999 9, P<<0.000 1) ;

Yo=— 27.17 + 0.15X, + 2.00X, + 0.70X; — 0.50X, —
0.036X.X;+0.16X.X;+0.23X.X; — 0.54X.X; — 0.076.X.X; —
0.35X:X, + 0.97X* — 0.058X," — 0.058Xy" + 0.52X,* —
0.049X.X.X; + 0.01 L.X. XX, — 0.19X.X:X, + 0.036.X.X..X, —
1.05X°X. 3.13X7°X, L6LX* X, — 0.63X.X.°
0.051X XoXoX+4.01.X°X,"(R°=0.998 9,P<<0.000 1) ;

=35.06 — 3.60X; + 8.21X, — 2.54X; — 16.10X, +
0.78X.X; + 0.88X.X; + 0.95X.X; — 6.28X.X; + 3.32X:X, +
12.55X:X; + 8.26 X" + 8.47X," + 11.10X.X:X: — 3.99X°X; +

116X Xo+13.26X,°X,+2.24X X +0.6 TX, Xo Xo X, — 7.46 X,°X,”
(R*=1.000 0,P<<0.0001);

Y,=0.65 + 0.13X, + 0.082X, — 0.002 5X; w
0.033X.X; — 0.019X.X; — 0.005 625X L+
0.033X.X:+0.18X.X,+0.12X.2 Zéc% 0.028X,*—
0.004 375X.X-X; —40a0 38XX.X, — 0.077X, —

@%{ + 022X, — 0.014X.X2 —

¢ 083)(1% (R*=1.000 0,P<<0.000 1),
‘) YL A A S R R KT 09, PN
F0.01, A RIDL A KA, TR v] B
2.4.3 WANEPLAL AR PR AR e R T P L 1
([N AT B E A R I, AR IS )
BLOIMEEE I AP a0 a0 Sop A A - ATk
=L HA XX Y B . 255 %, Sal-NLCs
BALAL 5 R X R 0.86 mg, X}y 3.6, X, K 5.54, X, 4 3.8
mg, Bl Sal 0.86 mg, AU 5L H K 40.70 mg, 2SR H
JHEE 11.30 mg,HS15 7.95 mg,EL 44.05 mg,P40 3.8 mg.
244 AETFEOUE Fe BRI ALAL 7 AT 4% Sal-NLCs %
W5, KL AR  Zeta UG, AT BTSRRI 20 1L, 25 1 W
3.
HY 2 3 25 S n] 1, A58 b D0 e 25 S 5 U0 {1 %) R %o
BREY/INT 4.09% , BB WA 2 A B Ad vl &
2.5 Sal-NLCs FlF|ZF 1 FRE 22
2.5.1 AMNUIER Il Sal-NLCs AN I , SR % A7
. BU i Sal- NLCs LUK R 10 R5 )5, T i 4R
M, 2% B RR YL R gL o, B B BB, TR E R 2
ﬁ%ﬁ%??u%&ﬁ\ﬁ;,u . G5, Sal-NLCs 4 25 [A
T , Y9513 4, Jon] DR, Sal-NLCs 7 5 Ht 5 UL I 2.,
2.5.2 FifRH Zeta Wi Kz il 5 HE YK 1) Sal-NLCs
fRLAE | 2243 BUHE S (PDI) | Zeta HI AV, 45 5 20 51

0.006 875
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(81.81 £2.60) nm, (0.183 £ 0.042) . (—24.9 £ 3.4) mV 2

20

(n=5). kifth Zeta AL/ LI 3. S5
. 10
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0
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Fife,nm
ARifE
400 000
g 300000
200 000
g
100 000
0
=200 -100 0 100
Zeta Hifi}
B. Zeta HifiL

E3 Sal-NLCsHIHI1R5 Zeta BB L5y 75 &
Fig 3 Particle size and Zeta potential distribution of
Sal-NLCs

253 QERGHEGE KD 5 Uk 1) Sal-NLCs
I A B 2B 2 i, 45 2R 43 I o (94.35 + 1.50) % Al
(1.47+0.04) % (n=5).

254 BRI RSB MNTASIEXT Sal-NLCs ({4
SMNBEZIAT R IATH LS . il R A AR (R R R 258
L B /INT RN BE 1Y 10 % , 1EBSTA Y R R 5. 2% o
W (PBS) HINA T 20% & T F1 6% + — fo¢ J5 A iR 4M
(SDS). HAA&HE:NE N : B Sal-NLCs 7 1.0 mL X
by ryaE T, 91 B T 50 mL B . .
. 7E(37 £2) °C 200 r/min H MY, 35T 0.1,
1o e 10 ol . Lo 2.3.4.7.11.1 15 L, [R] AP A ] {4

0 — —_——
T . @*ﬂéf g P A B
L _ 0% Eﬁ@ﬂk{ﬁ{ﬁi{ﬁ,?‘ 0.45 pm [ FLIE N
Bl BEESETRENNEEE ) oo
Fig 1 Response surface of independent esfnd

HUR D 258 5 ik, 22 R R £, DA i) S A
(x, h) EBURETAE WAL HR (p, % ) UG RSN AR Y

indexes . . e \

\ Sal-NLCs (RSN 24 il £ LI 4, (RS2 BERL L5 45 2R

*®3 Wi @’* .
JLA%%4O
Restl s d verification test -

Zeta L, mV WERE, % B, % 100
1 -24.1 96.02 142
2 78.13 2251 93.67 151 ;} 80
3 82.74 -26.0 94.54 1.52 E o0
4 82.11 -252 92.34 145 E 4
5 8250 240 95.18 147 m‘” .
Tl 81.81 -249 94.35 147

N - 0 T T -

i 81.56 241 92.02 142 ; T 5 A

HNIRE, % 031 332 253 3.5 WA h
- B4 Sal-NLCs{FSMEZHZE (n=3)
Fig4 Release curve of Sal-NLCs in vitro(n=3)
F4 Sal-NLCs{EIMEARBMGER
Tab 4 Release model fitting results of Sal-NLCs in

vitro
fid WE IR R
YRR y=36.475 7143122 86x 06787
- S — A In(1-y)=-75.424 35x+0.571 97 0.890 6
B2 Sal-NLCsiZESTEERE (%700 000) Higuchi &7 y=17.583 0Vx+18.573 2 09183
Fig2 TEM of Sal-NLCs(x700 000) H P 4 F15 4 25 2R 0] R, Sal-NLCs H R W) A7 7E
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T 2 T A ) 45 P A58 SR 5 B — 1 R TR R L
HS15 5 EL & SR i fd:, A5 [8 31 NLCs 19 “ BB
BRI IS A R & ZFE(PEG) 4544 1) P40, P I i
23 3 Fh RIS

YRR T PP 1 R AR R R (A
RNy . A SCHRRGE L 24 Zeta HL A 19 45 5B > 20
mV I, PRI AL THRE A, k42 <200 nm
B, ] DL o O W B A MR A AL, R, f)ﬁ%a_
Sal-NLCs Fif , B2 44 KR bz A2 <200 mn
E>20 mV. [FIWF ffe i % [13]
1% VAL, IBEE A4 {mﬁi U7 15 Sal it

AAIEH Y

[4]

[5]

[91]

(10]

(1]

[12]

7t T Sal-NLCs & &M i 1 i 56 , 45 5%
F ] SaMNLCs Xf CD133 (—Fh 5 B 25 11, g T 4 b
AR ) BRI B e~ 240 L 154 G A ) 26 B I 1 T Sal, S
7N T BRI EEE R E— 5% Sal-NLCs #4717 #8177
BT, AHOCAH 584 0 SR 3R

52 ik

[1] ARAFAT K,IRATNI R, TAKAHASHI T, et al. Inhibitory

effects of salinomycin on cell survival, colony growth, mi-

[14]

[19]

gration, and invasion of human non-small cell lung cancer
A549 and LNM35: involvement of NAG-1[J]. PLoS One,
2013,8(6):669-677.

KA T TR B AR I 1A 5 2 KR, 14 J5
JEMI.F B 25 5 ,2016,27(10) : 1400—-1403.

SOUTO EB, WISSING SA,BARBOSA CM, et al. Devel-

opment of a controlled release formulation based on SLN

[16]

HHEEZG 2018 4F5 29 B4 3

and NLC for topical clotrimazole delivery[J]. Inter J
Pharm,2004,278(1) : 71-71.

el ZEAE, SRR, . RURMENE TSR 22 )
“*ﬁizib}f% [J].% B 25 4 ,2013,24(29) : 2758-2760.

e FFRAE Rt 5 H A B ML P E R
25RHH R, 2004, 35(2) : 113-125.

SRV, XM FRES SR S RO A A A
T AR T2 KL 28 T 20 (3] A% 5 25 52 52 4R, 2012,
28(4):300-314.

W, TH, RIRE, & AR ik e
P RN 5T 40 K 5 A Ak T [0, e T 26 A R S S AR
2012,29(7) :497-503.

NS, B, EBUH, S E A BB AL S -0
TR A AR B Bk A AR Z5 A0 N JoT A 4k 7 [0]. e Fa
HA KR IR, 2015,32(1):7-13.
WKL R A, RO AL RIS S
Y LEN N B R AL Ty (D). e ta 35 R K 32 3R, 2011, 28
( 12) :938-942.

N e T S R g S VA TR Ll
%iB?libKE ﬁ%ﬂaﬁ%ﬁ [J].% B E 25 T 4 % ,2014,45
(11):1042-1045.

RODRIGUEZ PL, HARADA T, CHRISTIAN et\al.
Minimal “Self” peptides that inhibit eatance
and enhance delivery of clence, 2013,
339(6122):974:9 C

ING ZP,NUMPON 1, et al. Dif-

particl
.

rticles in the extracellular matrix ; the effect of

TRI
f
epulswe electrostatic interactions[J]. Biophys J, 2010, 99

(5):1342-1349.
FERNANDES RS, SILVA JO, MONTEIRO LOF, et al.
Doxorubicin-loaded nanocarriers: a comparative study of
liposome and nanostructured lipid carrier as alternatives
for cancer therapy[J]. Biomed Pharmacother, 2016, doi:
10.1016/j.biopha.2016.09.032.
BHISE K, KASHAW SK, SAU S, et al. Nanostructured
lipid carriers employing polyphenols as promising antican-
cer agents: quality by design (qbd) approach[J]. Inter J
Pharm,2017,526(1/2) :506—515.
ZHANG W, LI X, YE T, et al. Design, characterization,
and in vitro cellular inhibition and uptake of optimized ge-
nistein-loaded NLC for the prevention of posterior capsu-
lar opacification using response surface methodology[J].
Inter J Pharm ,2013,454(1) : 354—366.
WANGA M, THANOUA M. Targeting nanoparticles to
cancer[J]. Pharmacol Res,2010,62(2):90-99.

(Wcks 1 493:2017-08-30  f&[n1 F 47:2017-11-02)

(4% 4RI G )

China Pharmacy 2018 Vol. 29 No. 3 - 321 -





