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ABSTRACT OBIJECTIVE: To prepare Usnic acid self-microemulsion, prescription optimization and
METHODS: Usnic acid self-microemulsion was prepared by emulsification method using mediu

acid glyceride (1:1, m/m) as oil phase, polyoxyethylene hydrogenated castor oil as r@yl
as co-emulsifier. Based on the solubility test and pseudotemary phase diagr ,(eli

(T), drug equilibrium solubility (S),

central composite design-response surface methodology was

co-emulsifier (X,,) in microemulsion formlﬂat me ti

size, drug-loading amount and disso

was as follows as oil phasggratid) of % 3

accumulative dissolution rat@fa

es smgle linoleic

e glycol monoethyl ether

51fy1ng time (¢), light transmittance
d 80 min (Qs mn, Osomn) as evaluation indexes,

optimize oil phase ratio and ratio of emulsifier to

, the optimal formulation was verified, the morphology, particle
self—microemulsion were investigated. RESULTS: The optimal formulation
n Of 2.0; ratio of mixed oil phase, emulsifier, co-emulsifier in the formulation was

©; min and Qs min 0f Usnic acid self-microemulsion prepared by optimal formulation were 1.96 min,

size was 39.4 nm, average drug-loading amount was 4.55 mg/g. Qs mn 0f Usnic acid self-microemulsion reached 99.58% in pH 6.8

phosphate buffer (n=3). CONCLUSIONS: Prepared Usnic acid self-microemulsion is in line with quality requirements.
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25 ) TR B S50 2 M 24 I b A R ) S S v 4y
Ak E] S 141220, 2 HPLC M E 4 . 98% ) 5
PR S R S R (IPMD) R GBI SRR EE
B BR8] T 30y R 20 i) ) 5 BRI IH R T Ve I S v R
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2.1.1 ks j

L

: S‘:pQSapphire C15(250 mmx
4.6 mm, : HEE-[50 mmol KH,PO,- = Z i%
(500: 230, V/V) 5 ik : 1 mL/min; 54NN K -
285 nm; A1 40 °C; PR 10 pl,

2.1.2  HFWAHIAE O R VA AE R RO UA X RE

I A, /D e S e P R T R S R B
126.00 pg/mL AV, BIAS . A 3 A 235 PRI UA
H#5FL 50 mg, BT 10 mL SR, i shA#E RS (TR
500 W, 451 : 40 kHz, R[] ) 10 min, & f# 5 6 B 220,
FE5), 42022 pm FALUE RIS L, L UE W , B A% . 3—:Fl
HPRIRE RV B EFRBURS & UA 1925 11 AL, 7240t

Wl TR A8 S R VA

2.1.3 LR R RS A SR A
HRMER SRV 2 0.22 um Tl FL B DS I, 422,117 30
N EEAPEUEREIE iC eI . g5 R R, A
TRORIDGS BE S VA E 285 nm Y KA S8 AT B MRS, W'
R, 25 FURRE b V5 WFE 285 nm i 1 4k JC B 8 1%
W, FR AR UA B0 TC T80 . BRIeH g% UA 11
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AMEF 3000,
2.1.4 AMRRFE  KEEWHUA X B S i,
A% ) AR T R BE A 1.97.3.94, 7.88., 15.75., 31.50,
63.00,126.00 pg/mL I R I BRHER IR, 4% 2. 1.1 T £
TS FHEREIN A, e SR AR o AT BE i ) T s TR B Sy
BA AR (o) U TET R PNAR AR () A T2 PR [T, 75 [ )4
J R y=6.50x10"x— 11 667 (+=0.999 9) , Z5 F L], UA
TE 1.97~126.00 pg/mL Jii H v 3 [l N 5 0 T AR R A
MIZETER R
2.1.5 AEHERE S RlEC2.1 47K L R
e ) (1.97.31.50,126.00 pg/mL) it UA XF BE S I ?
[M] H N E A A 5 IR, 58 H KSR i 2k 5 d,
ZEH KGR RE . A5 AR L BT TR B A UA K R,
VW H I RSD 42351 1.25% .0.93% .0.65% (n=5) ,
H 7] RSD 43514 0.86 % .0.34% .0.78% (n=5) , &£ W 4
T KGR AT
2.1.6  FRuE My RS R — R A, 40 T
FEIRMCE 1.2.4.8.16.24 hFFFEIAE | 0 R IERIFN . 45
SR IETE ALY RSD N 0.90% (n=6) , 2 B AR 5 18 TR 7E
24 W2 .
2.1.7 EEMREK FRECUA ARCEL6 4y, B0 50
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min, 7% % 5 7 B 22 2 ) %?/7 LT A
7 LI 1]

o, HEREIN E , 10 SR 0 A UA
054%(}1 6), A
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xﬁw R 2 FRICUA XF B i B AR IO A i

*49{53‘ B0y 25 mg, B T 10 mL &, 20 935 I
80% 100% 120 % 1) HARHE BEXG 25 I AAH N HE ) UA Xf
MRS, R s A B 25 #2250, 42.0.22 ummacw%
FECIE 2o, R AR R , 0 S0 A R T LR o g R
80% .100% . 120% Eﬁm&“{%{&ﬁﬁ ] Wi K oy Hsr
100.34% . 100.37% . 99.77% , RSD 4% %l 4 0.97% .
0.60% .0.19% (n=3) , FRBIAJ5 I HERA FEAT & 7 24
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22 UABEZRWHHPHBIHRENE
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() EP A& Hh IR E MBS 76 37 CAKIB IR A5 72 h,
10 000 r/min(E.03242 8 6 cm) B0 15 min, B F 5
HEEMBERE Y kT, 24045 um ALIEREIE L,
IO 2. 1,17 T s S R ERE I |, T H I UA 2 4%
SR A R A LA 1
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Fig 1 Solubility of usnic acid in various excipients
(n=3)
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Tab 1 Factors and levels
o k¥
< 1414 - 0 I 1414
X% 1000 15.86 30,00 .14 5000
X 1.00 12 175 228 250

25 PRER AR R A /N K S AR AT 288 A Rl A X3
HE , BB HER IR 2,
®2 ERRITEER
Tab 2 Design and results of central composite test

5 —Xu% 1 £, min T,% S,mg/g Osins %0 Qivaias T
| 414 228 5 60.00 4337 7437 92.15
2 44.14 122 3 64.83 4202 80.31 87.18
3 15.86 228 1 99.08 5510 76.68 9091
4 15.86 122 3 90.61 5.067 8021 89.82
5 50.00 175 10 4875 3.940 60.98 69.04
6 10.00 175 3 9931 5302 T4.64 9158
7 30.00 250 15 93.54 4935 68.71 99.32
8 30.00 1.00 8 76.89 4533 68.15 74.05
9 30.00 175 2 95.72 4970 8331 96.18

10 30.00 175 2 92.95 4833 80.37 95.00

1 30.00 175 2 95.92 411 81.46 97.28

12 30.00 175 2 9333 4738 78.98 91.72

13 30.00 175 2 94.84 4741 84.47 98.67
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2.7.2 FEFIE LAt TS 05 minOcomn WS E (V) , X,
X,k B A8 & {8 Statistic 7.0 3144, 43 BT & R & 1
BT Z2on 2t A — i O RS . SRR
B, 2. TS Os min\ Qoo min [N 22 TCERAME Ty FEH A R EL(R) 43
j'a'ljjho 424 .0.845.0.975.0.346 ,0.585 , ik 7K PR 1%, i 4%
At 545 A AR R A K T AR R LA RO BT
,H\EILIﬁ KN : Y=betb X +b.Xo b X Xo+b X, +b:X,,
I R R A SR B AT A OC R UL ER 3.
F3 DX ABRPEZSHOBEMFRENBEXRE

Tab 3 Coefficients of regression equations for the re-

sponses
Y 24 R P
by b, b, bs b b
t 40040 0336 -42.154 0.133 0004 11567 07514 <001
T -4.659 2724 80931 0444 0053 17488 0.9904 <001
N 4465 0.001 0701 -0.010  -0.001  -0.035 09862  <0.01
Qs 20.677 1305 52710 -0.080  -0.023 -14955 07336  <0.01
Qs 26.881 1490 49743 0129 0034 -12505 08329 <001

2.7.3 W TEGAE SR Origin 8.0 B4, i 22 AH A

A DA B A 17 TR PR 2 2R DL IR 2.

2 E'ﬁ EH’JHF]F T [E
Fig 2 Response surface diagram of independent va-
riables and dependent variables
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T LT R 2 T R s XA 109% ~45 % 1 L, B X, 1
BT 2 B E X ER S X S i
T s B2 Y X KT 309% 15, S A4 hn i B R R F B
[ X 5, B8 X 0 2 S8R RAR 5 TR, i 2.2”
TR 45 R E W, UA 7 R A 20 S A0 BRI (015 e )
I K, BT DR UA 1347 e ) 2K TR R Pl
I Y X EERE, UA FCELET Os bl X H 3 A0
SerE g 0N, Oso win BIEL X B4 JE TV 2800005 24 X [ 2 B
UA ALY Os win il X, BRI SEHE TS VDN 5 Qo min BE X
AR TINS5 D8N o AE Xo B8 /INIT X B Rt 2 1w TG
FIPE LI 0 B8 1 BRAR R AR K, I ELX 24 4 3%
VSR B Z B, 259 T BE S FE R B RE b 1, R
ﬁtWEET”E%E@;%% WA, MR aRgh IR iR
Feabm, i 2s A A LA e Xl 25% Xk 2, BRAL D5
AR LA BIELAERIAY &7 AR 25% 50% .25 % o
2.7.4 BSUFIRES  4%42.7.37I0 R B T s £ UA
AL, FEEI TS Os min s Qoo win, I LASEINMEL 5 TR AEL
AR 25 [ % , (PR — BLSAE) /TR > 100 % TR /)N
S 75 5% it i B0 A R o /n%E/T t.T.S.
O min~ Oso win SEINAE 55 AN AL P8 RH XG5 25 45170
FNF 3% n=3) , WIS O E@

vahdatlon test ( n=3)

S RSD, % HIHRE, %
1.9 234 161

PRI A4,

- 9 % $7.71 8761 087 259
$,mglg 5n 567 206 369

Qs % 66.56 66.58 263 1.29
Oy % 76.78 76.73 242 367
2.8 BHEAFUANENTHE
MRS 1 g2 A HMEL A 4.5.6 mg 1)

UA JFURN 2, 5 2 HL i [ AL ZLAL IS kiAo 2553k
B, UA JITAEE 23500 4 .5 mg B, UA 7625 11 A L iy
VA1) 23591 A 37 .45 min, FLAL G KA 5> W29k 39.2
40.7 nm. UA AT H 6 mg i}, 3 h P UA Joik 58 0%
fif , FLAL SRR S R R, AR T 02 AL il 4, 25
YITEZs A A LAy s R B i, St . TR
f IS B A LA SRR 22 SR R DL T, LA KR 382Y
N E, IR HEFLI R 2558 5 mg/g.
2.9 UABREANHE

FRECA 56 B4 TR B e A H B Il — R R ST T PR
HIHEE (11, m/m) REIGEACERN . L .2
FEPkE T HIE = A, 7650 COKIBHIRAS)E,
IMAUA, BT 37 CKIGh 2R 5 2L RGE ] 1
—VEW, RIFS UA HiHHL -
2.10 UVAEBRIMESENE

K% PRI UA B IEL 50 mg, A7 347, 4r 3 & F 10
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mL B, 0 B B S 10 min IS R R 40 B
57,4022 wm FALIEREIE L, 42 2. 117 IR 5 vk
UA WETE R, 3 AMR A UA S it . 45588, UA A
FLH UA & 343 91k 4.58 ,4.52 . 4.55 mg/g, “F-34 & &
4 4.55 mg/g(RSD=0.66% ,n=3).
2.11 UA BRELKFEENE

B UA B FLRIKIR R 100155 , 22 0.22 um fFLIE
R I, ASRE T I, 1 9% B RS R 67 e, IR AR T e, R
HEG B HOE A . 45 EBn , UA A AL &K
BT — IERIE 7L . B 5 e WLIET 3.

A

B3 UABRIWESHBEER
Fig3 TEM of Usnic acid microemulsion

2.12 UA BRELMIRIENE

HE 3L UA B Tl 43 31 H M 27K 3 B 100 £5 B
BCCEL , (o SO BE A A O e Hok A% . 25 SR R, 3
HUH UA B ISELRRAR 53518 38.0.40.0,40.2 nm(n=
3), FHPki4E N 39.4 nm (RSD=3.09% ,n=3) ., it %>
M LE 4.

o

RiA% , pm
E4 UABREWREZESTRE

Fig 4 Particle size distribution of Usnic acid micro-

1000

emulsion

2.13 UA BRFLBEINE HENE

KRB REE HAL K UA A 6EL (A4 T 4.55 mg/g
UA)EPE S e, 5405 0.5 g. 7092 250 mL B4k /K |
0.1 mol/L #Y B2 F1 pH 6.8 Wil £h 2% vl ik (PBS) WA H
I8, %38 50 r/min, IR (37 £0.5) °C, 40917 5.10.20,
30.45.60,90,120, 180 min A BUKE 5 mL , 3 [A] i #b & 25
TR S R A, PRV 4 0.45 um TFLUE g 2k, 3F
FEMAE UA & 12, 22 R SNE 2k . S [R5t UA
A L AR SIS i 2 IR 5.

i &l 5 @718, 76 pH 6.8 PBS 1 90 min i}, UA (13 H
E Q90 minﬁ%u 99.58% (n=3) 5 T{ 180 min |j§] UA *%]ﬁ[%
4. UA AL agRIMNg B FFE N 2 $E pH 6.8 PBS A
A BN IE
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Fig 5 Dissolution curves of Usnic acid microemulsion
in different media(n=3)
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UA AL RSP SE , E I UA & R R
& AR TE 2R 25 W) 5 B A BRI, G AR B 25 )
AP R 2 W N GFLFLIR T 258, A R A A i s 2
W, TR, 259 A EFLA 2 25 REER T RS IR A
AR L B oy IR R P st . A UA
I CELTEAS RV R A0 BT R A s 1 58t T 2, LK
0.1 mol/L HY LR A ¥ tH A BTt , 45 min & UA )55 £ B
B TFRE, R R G AW A TR, R AL L
THAEZK AN 0.1 mol/L £R AR HANFRE , 25 AN KT DA B r
LRI Hh R R AR, AR RN B R r I T RE T
FECZY Y 2T 5 T L pH 6.8 PBS M A H

L S A2 A IR E g [
Fpr i, B UA A RO FENEFE
® )

pH 6.8 PBS JiE A
L AW B FLALRE T, IR
i A2 UA S LR e E 259,

o ASORINHFFAF5 B A O EESR 1) UA AL, 7T
NG SEUABTBIZE K 45 25 R G it — DTS TT R et —
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R &AL T A Sal 0.86 mg, AR g &% Hd 5 40.70 mg ., F A 8% H b 85 11.30 mg EL 44.05 mg, HS15 7.95 mg P40 3.8 mg; F %1
Sal-NLCs 2 X B % .57 ¥ 4, 442 4 (81.81 £ 2.60)nm ,PDI 4 0.183 £ 0.042 . Zeta &4 A ( —24.9 £ 3.4) mV, &L 3 F 4 (94.35 £
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Preparation of Salinomycin Nanostructured Lipid Carriers and Formulation Optimization

HAN Cuiyan', JIN Shanshan"*, WANG Xiaoli', JIAN Baiyu', SUI Xiaoyu', CAO Lixin’(1.School of Phar
Qiqihar Medical College, Heilongjiang Qiqihar 161006, China;2.Dept. of Preparation, Beijing Wan
Biological Technology Co., Ltd., Beijing 100000, China;3.Dept. of Orthopaedics, thyst ﬁ ospital

of Qigihar Medical College, Heilongjiang Qiqihar 161041, China)

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.
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