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W E B RARETRARE MR EA(LN-NLC) & 7 . 7 ik R SUAL-Z8 7 48 % % #1 & LN-NLC, vA 25 iF 1t . K 2.5% 5
AE RIECRAR R & BAERE]) SULH IR A B &, Ak 2 Zeta WAL | 6L 31 5 A 35473+ H 83002 — A4V A 264647, 81
2 & & - ik A AL T, SFH SS AT LN-NLC 69 9h T8 A fedd g b, SR A F A HA5 1:50, K 248505 A & 162.5
mg, &g L 25% , SLAL A ¥ 958.2 mg. F74) LN-NLC #9 #2422 (96.9 £ 3.3) nm. Zeta #4224 (—16.1 £ 0.3) mV ., &3 % 4 (60.1 =
0.9)% (n=3), 5 FAML# FA %742 £ 5 A A 2.47% . —4.55% ., —0.17% ; LN-NLC EH 3,4 °C T Z #1424 30 dJ5 ¥ /2Fn Zeta ¥
(2R R T, LHFAERT 1.2%, %t RARACLN-NLC &7 , A7) LN-NLC A& 14 B 4F .
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Formulation Optimization of Nanostructured Lipid Carriers Loaded with Lornoxicam by Central Compos-
ite Design-response Surface Method

GAO Shanshan, LI Ning, TIAN Baocheng, LYU Qingzhi, SHI Yanan, LI Keke (College of Pharmacy, Binzhou
Medical University, Shandong Yantai 264003, China)

ABSTRACT OBJECTIVE: To optimize the formulation of nanostructured lipid carriers loaded with lornoxicam (LN-NLC).
METHODS: Emulsification-solvent evaporation method was used to prepare the LN-NLC. Using drug-lipid ratio, dosage of soy lec-
ithin, liquid-lipid ratio (proportion of liquid lipid to total lipid) and dosage of emulsifier as factors, the overall normalized value
was calculated by particle size, Zeta potential and entrapment efficiency as indexes was used as comprehensive index. Central com-
posite design-response surface method was used to optimize the formulation and investigate the appearance and stability of prepared
LN-NLC. RESULTS: The optimal formulation were as follows as drug-lipid ratio of 1:50, dosage of soy lecithin of 162.5 mg, lig-
uid-lipid ratio of 25% and emulsifier dosage of 958.2 mg. The particle size of prepared LN-NLC was (96.9 +3.3) nm, Zeta poten-
tial was (—16.1 £ 0.3) mV, entrapment efficiency was (60.1 +0.9)% (n=3), which showed relative error of 2.47% , —4.55%,
—0.17% with predicted value, respectively. The prepared LN-NLC was spherical. It had no obvious changes in particle size and Ze-
ta potential in sealed storage for 30 d in 4 “C, and the entrapment efficiency only declined 1.2% . CONCLUSIONS: The LN-NLC
formulation is successfully optimized, and the LN-NLC has good stability.

KEYWORDS Central composite design-response surface method; Lornoxicam; Nanostructured lipid carriers; Stability

S B (Lornoxicam, LN) J& 5 B2 R 8 (A 5L %
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2h K 45 K4 i 5t 4% A& (Nanostructured lipid carriers,
NLC ) J& 7 [E A S B8 KR (SLN) [ 38 fik 3z 7 & J i
R B LA — 2 LA 8 9 25k SRR A5 B o AR [ AR i S5 i
HRNAGOKGORL . NLCAYE N Z J 4525 RS AR %
Pt a5 R FLAG A v W 2 2l 5 ]k A 2 ) ) Tk U % A
i SR A2 W RS T 5 R AR /N, AT B 5 B R K A AR
FH 505 PR Jo3 o 30 4o B k8 38 B 5 X B JEk: A SR 33
FBEEPERA s AT 25 MR . X Se L #4115 NLC 7
28 J e 23 AT 50 RE T, AR SCRANLCAE N 254
AR, R FH 2R -1 5 & s 45 LN-NLC, is AL ik
11 (Central composite design) - I i/, [i] # (Response sur-
face method ) AL AL Ty, FFPEM H T i

1 #e
1.1 =8

TU-1901 B8 HR-A] LA e BE T (b5t 38 br 8 FH AL
PR/ ] ) s JEOL100CX- 1T 780555 5 B - 55 1l ( H A
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627N F) ) 5 Zetasizer Nano ZS B4 K KT B | Zeta F
DL o3 F i BT A (B[ B JRSCA DD o
1.2 Zy@m5ikH

KGENg (R A R AR #E5:20101012)
LN JFURE 2 (o M T 90 0 B 25 JE R A R A Al L it
20100501, 4 J&F : 99.3% ) s LN X B 5% (370 11 25 47 B 2>
H) L5 120081001, 46 : 99.63% ) ; B LI BL K 80 fifi fig
iR H g R 2582 A Tl e A BRAS | 5 SR 25 B8 H 3
—fig (7% [# Gattefosse 23 H) ) 3 JHI& V0 1} 188 (P188, fif [+
Basf /A ], it 5 : WPC1514B) ; HoAx iR 7 44 4 o B 23
ali, K 7&K
2 AEEHER
2.1 LN-NLCHI#I&

KRV I & 2 45 LN-NLC.  FRAE LN 5B
24 7.5 mg B Ab 7 S RENR R H R K Z 8RR LR LAY
fifs 80 2 PR ZS R H it — g, I A FFEE 3 mL, IN#AE 70 C,
VESRiAH . Rrib )y i P188 T30 mL/KH  IIFZE 70 C,
YE R KA . A3 mL/min 9 38 B2 K K AH 7 ATIAR H , LA
600 r/min % 3B 40 min Ji5 , VKA 1 h, BIf5 LN-NLC iR
B . BUE 7 LN-NLC R, DA 20N R T O 9
B TR T8 45 3] LN-NLC R T o
22 GHEMNNE
2.2.1 XTSI HI A FRECLN XS B4 5.0 mg, &
F 100 mL &, LA pH 7.4 A9 50 mmol/L B R 1L 2% nh
7 (PBS) il i 50 mg/L A XTSI
2.2.2 JAEFEE RAEINMILE I E  7E 378
nm AN E LN BIWIERE (4) o $5 7 1A DG R gk
Fi%5585 0 LA AXHTREHRE (o) A 7 I 404 , 45 [0 5 72
A=0.048 4¢—0.003 6(=0.999 9) , LN K il 5 H ¥4k FE 1Y)
ML N 2.5~17.5 mg/L;5.10.15 mg/L it LN X i i
TR H N RSD 439114 0.13% .0.03% .0.07% (n=5) ,
H 8] RSD 43514 1.22% .1.19% .1.55% (n=5) , [E it 3%
5 91 R (98.26 + 0.68) % . (98.32 + 0.73)% . (98.97 +
0.49) % [RSD 43 %11} 0.69% .0.74% .0.50% (n=3)]; 10
mg/L [ LN X B % 12 h N AR e 3R () RSD
1.03% (n=7) , EE M IXIAIRSD # 0.73% (n=5)
2.2.3 ALEPREME  WE2.107 5T i 4 59 LN-NLC
JRE | mL, il pH 7.4 1) PBS Fi B ) B TR IS (I RE
43 FHE:10 000) H1, F 4 °CF 6 000 r/min (B .0024% . 107
mm) .0 20 min, 2R LA 1] WA EEEE 1T 7E 378 nm
WA AL R 2 KA P LN WO & BRI
B2 . S BUHIAS B9 LN-NLC 1R B GE i, B T 10
mL S, A S LA R 2 20 B[R]V AS 254
i AR R = () S — i 2 e ) /2
W R EEx 10091,
2.3 HIRK Zeta BAIRINIE

FERE S 23 ) B TRIAR 2 LA Zeta HELAV Tth o 38 5
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Zetasizer Nano ZS BI4N AR & | Zeta HL A A48 5% T &
A3 HEASCIN 2 HoRiAE A Zeta HLAV .
24 EBERigit-mEmEmEMR N LN-NLC 4k A
241 REBT AE RS L, BE GRS

BT MR ) R 10% ~30% , 25 R H (m/m) Hy 1
20~1: 80, K & % g F & &y 50~200 mg, & 111 & g
80-P188 L ffil 2y 3+ 1, FLAk 7 4t & 600~1 800 mg 7w [F]
PN JUT il 2% 19 LN-NLC B9 220042 78 130 nm DA H4> 7
B, Zeta AL XHE B R85 . RV B, =
ZCHk[10-12], AR L (X0, % ) AR HE (X.) L K i
JiE A& (X, mg) FLAE A & (X0, mg) 7B B R 2 AR 45 2
BT ERE, AN K E 5 MNKE, EERIAZ(Y) |
Zeta {7 (Y2) A R (v.) A 48 b5 1B B IH—1(E
(Overall desirability, OD) (Y.) , £ Wi & 8 bn 1140 7
k. EZRESKFEREL

*®1 EES5KFE

Tab 1 Factors and levels

LSE
B% -2 -1 0 1 2
X1, % 10 15 20 25 30
X, 1:80 1:45.7 1:32 1:246 1:20
Xs,mg 50 875 125 162.5 200
Ximg 600 900 1200 1500 1 800

2.4.2 BIELE LY.L L HREA R, X XX XN
A B e bR i B S bR AL 0~1.0 2
5] 11 )5 —{H (Desirability ) , X 2% 45 5 V4 — (B >R B LA -

P8, 45 0D, /\ﬁﬂnT:ODz(iljld,-)””ﬁCFPnﬂv?‘éﬁ

o X BB A FE bR (anfu b)) 15 A
T i di= (Y= Yai)/ (Yo — Youin) , A YN SZMNE, Vi 1
Youin 73 5 R A PR PR AR T 232 B B K M fe/IMBL. 2 Y=
Yo W B A 15 2, V<V PR 00 X FHRUE
INER BT AR (Wi A% Zeta BT ) 3T ARANT 1 d =
(Yoo = Y/ (Yoo = Yai) o 4 ¥ > Vo, d=0; 02, Vi<
Yol ,d =1, Kif%  Zeta HLAL AL EF 5 0 BUEYE FEl 431
H:70~130 nm, —25~0 mV .50% ~70% , HHRAXT
BHESERd )G TR ODE., RS Sa5RILE 2.
24.3 ARG M4 R 2 45 3, R FH Design Expert
8.0.6 74, LA Yo R AR & 8 X0 X X X (H A8 s )X Yk
=Xy RS, A I A R Yi=1.074 —
0.029 32X,+22.32X, — 4.738 x 10 ~°X, — 1.052x 10 ~°X, —
0.085 02X.X,+ 1.987 x 10 ~ 'X.X, — 2.483 x 10 ~ °X.X, —
0.112 5X.X,+0.034 76X.X, — 2.175 x 10 ~ XX, + 9.684 x
10X — 86 11X, +2.371 x 10 °X,*+3.271x 10 'X* (R°=
0.925 2,P<<0.000 1), XTiZBIRY AT J 22007, 45 R UL
%3,

P2 3 ] 1, [B] A AR AR ) P<<0.000 1, HLA e B 3%
o KRB P>0.05, T2 5 I T2F 5, Ul B BE
A SH . XXX XX FLXC ST YRR 3
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Tab 2 Central composite design and results

5 X% X Xymg  Xomg  Yioom  HmV K% )
1 15 1:24.6 87.5 900 7530  -220  50.10 0.1589

2 25 1:24.6 875 1500 7690  -63 5629 04124
3 15 1:45.7 162.5 1500 9200 -119 6350  0.5882
4 15 1:45.7 87.5 1500 7398  -100 5395 04194
5 20 1832 50 1200 4964  -113 5440 05107
6 15 1:24.6 875 1500 5270  -114 5741 0.601 5
7 20 1132 125 1200 8402  -11.0 5484 04337
8 20 1132 125 1200 8477  -106 5333 03761
9 25 1:457 162.5 900 8740 177 6180  0.6669
10 25 1:457 162.5 1500 8840 -123 6126 05770
11 20 1132 125 600 9190 177 5190 03496
12 20 1132 200 1200 10090  -147 5920  0.508 1

13 25 1:24.6 87.5 900 7350 -265 5003 0.1144
14 25 1:24.6 162.5 1500 8520 -141 6180  0.6287

15 20 1132 125 1200 7770 -102 5484 04415
16 300 132 125 1200 6740 -103 5570 04967
17 20 1832 125 1200 8432  -113 5418 04159
18 25 1:24.6 162.5 900 10510 -173 5190 03010
19 20 1832 125 1200 7600 -154 5142 03402
20 25 1:45.7 87.5 1500 4861  -111 5122 03324
21 20 132 125 1800 5270 7.0 6440 0.6380
22 25 1:457 875 900 7370 -127 5249 03901
23 20 1:80 125 1200 12840 -74 5800 0.1467

24 15 1:24.6 162.5 1500 7490  -127 5830 05785
25 15 1:246 162.5 900 9960 -172 5004  0.0887

26 20 1832 125 1200 9090  -107 5395 03805
27 10 1:32 125 1200 9430  -141 5540 04491
28 20 1020 125 1200 7160  -11.6 4270  0.0000

29 15 1:45.7 162.5 900 9350  -158 5910 05593
30 15 1:45.7 875 900 9730  -128 5207 03068

K3 AELNER

Tab 3 Results of variance analysis

RERR O EBETAA AmE By F P
] 0.808 248 14 0.057 732 1325117 <0.0001
X 0.001 955 1 0.001 955 0.448 76 05131
X, 0.065 029 1 0.065 029 14.92595 0.0015
X 0.064 804 1 0.064 804 14.874 36 0.001 6
X 0.188 858 1 0.188 858 4334831 <0.000 1
XX, 0.000 254 1 0.000 254 0.058 33 08124
XX 0.022217 1 0.022217 5.099 51 00393
XX 0.022 192 1 0.022 192 5.003 76 0.039 4
XX 0.025 039 1 0.025 039 574728 0.0300
XX, 0152914 | 0152914 3509819 <0.000 1
XX 0.000 096 1 0.000 096 0.022 00 0.884 1
Xt 0.016 078 1 0.016 078 3.690 35 0.0739
X 0.157 080 1 0.157 080 3605439 <0.000 1
X 0.030 479 | 0.030 479 6.99591 0.018 4
X 0.023 762 1 0.023 762 545405 00338
P 0.065 351 15 0.004 357

KA 0.057 733 10 0.005 773 3.788 97 00772
afii 0.007 619 5 0.001 524

HiRE 0.873 599 29

Al L4 2=, R Design Expert 8.0.6 ZX A 7047, B
R I =LA 7 FE R ¥,=0.803 3+23.08X, —4.816 49
107°X, — 1.051x 10 X;+2.204x 10~ XX, — 2.159%x 10 ~°X,.X, —
0.112 5X.X:+0.034 76X.X, — 900.4X," +2.125 x 10 ~ "X’ +
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2.886x10 "X (R*=0.904 2, P<<0.000 1), %I f— i I5i
Xo o Xo X0 B ORI Xo X0 X" R Y A5 i A R 3 XX
XXo XoXo Xo* X0 BRI 8 3 KT

244 RN EEAAS I Y5 X X X X BT LY T
KL 1

021"
| e
16250 < 22500 162,504
32.50 e 13250~ _
102,50 "17.00 102,50 5"

X ’87.5015.00 X X 87.5070.02
A X-X,(X,=1:32,X,=1 200 mg) B. X-X,(X;=20% ,X,=1 200 mg)

el
003y

135000 "~

1050.00 .= 0.03
Xi 900.00 0.02

C. X-Xi(X;=20% ,X;=125 mg)

1 Y.5X X X X, K0 5z T E
Fig 1 Response surface plot of ¥, and X;,X;, X, X,

A TA BT 7E X, A 1:32 X, 1200 mg i, &
Xo B X BTN, YR s o 5 h 1 1B RAT, FE X 20%
XM 1 200 mg B, B35 X (3G K, YA Se 3 K ik /N i)
Hat L, AT SRS Y A N Y A8 IR R UM, 45 SR A A
5N X R 25% , X, K 1:50, X8 162.5 mg, Xi N
958.2 mg.
2.45 ITEE RS IR R R AEACHARA Z I A
HETRY , SRAT A5 48 b i AE OB 5 I AR 40 B oAby, Fc IR
“2.17 TR J7 Bl 45 LN-NLC, W 5 Hoki 42 | Zeta H 37 1
AL, 25 RAR B FE R 99.35 nm., Zeta HL 57 (1) T
AE R — 15.4 mV, £ B (%) 100 {5 N 60% ; A il
LN-NLC HJRiA2 I SEME 4 (96.9 + 3.3) nm, Zeta HELA7
SEMAE R (—16.1+0.3) mV, A5 1 SEE > (60.1 +
0.9)% (n=3) , 5 T AE /4 AH X352 22 50 51 W 2.47%
—4.55% ., —0.17% . £ FaPRAHXT R 22 Py 4 X a5/ T
5% , Ut BHAS T30 I G 7 B TR ADL A5 A0 R Tl 1k % i 81
PEE I, AT T FU A AL LN-NLC &b 5 . LN-NLC i
RIAR AT R Zeta FLAN 20 A7 DLIEL 2.
2.5 ST

T Aok 37 5 L B ZE T I LN-NLC AN W A 4%
/R, LN-NLC £ BRI . LN-NLC #9155 s 55 1 I
3.
26 MTREHEEE

W5 BT 45 19 SHEYR LN-NLC % TRy B T 4 C# AR
1730 d, e AW G S8 A8tk 53R EoR kit
F (189.6 +2.1) nm 4% K (194.3 + 2.9) nm, Zeta H,{v/ F§
(—17.14+0.3) mVZAE R (—15.6 £ 0.2) mV, LI K h
(61.4+0.6)%74 }(60.2+1.1)%. 7£1HMN,LN-NLC
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YR Ty R A% | Zeta L AR AL AN A, AL 35 AT A1
T 1.2% , KW LN-NLC R TR BRI AE 5400 F B R AT

AR E M
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S10 150 000
o ﬁloo 000
o /\ * 50000 A
ot 0
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AKIARSM B. Zeta Hi {3
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Fig 2 Distribution of particle size and Zeta potential
of LN-NLC

s w . |

E
b

3 LN-NLC RyESTEE5EE (x100 000)
Fig3 TEM photograph of LN-NLC (%100 000)

3 Tt

A F LN & —FER 25, K LN A
FLACT M AR b, >R FZLAK -7 70045 & 156 %5 LN-NLC.
NLC A 558 (0 5 T v R B 0o B BT s SR
AL 0% . BT AT R K, T R B T
A5 5 2R FH AT SR O 25 v D L B R A, T LN
ek 25, Ui S 2 AR o A SR FH R o 10
FEALERR ELA TR pRG BRSSO

AW R FH AL - o 19 O Ak il 590 4k T, (HL
LN-NLC % Z AR, ORI i e 550, o
SR FH AL PR 2236 7 32k 6 LIN-NLC 5 o 52 W) S 35 174
PR 2R I o R R K, DADS A il g vk BRI 22 5 B A T
A, I ODEHHE LA IRR LR AR . 455
T, FLACT SR S ks i L 2505 b IR EE X LN-
NLC 5% M) Jip 25 5 38 2 A AR 4005 5 i 7 TRT ARG A, BBAS B A
Y LN-NLC &b )5 .

Zeta LA TR AL AR BUAR R RS M AR5
H1 LN-NLC ) Zeta FLA 26X {7 16 mV 2247, ik i
IR & A R LN-NLC i 7R A H . A P IR
I, LN-NLC MR T 7E 4 CORAF 1A A HAT AP 1

YRR T RS G R A AN R R EE 3G it
LN-NLC1RA W VR TRy R e R A3 in % 190 nm 247,
EH R G IR S TIARSNA K 18, FER B
B A BB ILER A NN 3 SCR R .
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