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ABSTRACT: AIM  To prepare the nanostructured lipid carriers for cucurbitacin B phospholipid complex.
METHODS  After the preparation of phospholipid complex by solvent evaporation method, the nanostructured
lipid carriers were prepared by emulsion-ultrasonic dispersion method. With lipid consumption, solid-liquid lipid ra-
tio, drug addition and emulsifier concentration as influencing factors, encapsulation efficiency as an evaluation in-
dex, the formulation was optimized by orthogonal test. For the freeze-dried powder prepared by 5% mannitol, the

particle size, Zeta potential, encapsulation efficiency, drug loading, in vitro release rate and in vivo pharmacokinet-
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ic behaviors were investigated. RESULTS  The optimal formulation was determined to be 350 mg for lipid con-

sumption, 5 : 1 for solid-liquid lipid ratio, 45 mg for drug addition, and 1. 0% for emulsifier concentration. Before

and after freeze-drying, particle size, Zeta potential, encapsulation efficiency and drug loading demonstrated no ob-

vious changes. The nanostructured lipid carriers displayed higher accumulative release rate within 24 h than raw

medicine and phospholipid complex. CONCLUSION

The nanostructured lipid carriers for phospholipid complex

can promote cucurbitacin B absorption and enhance its relative bioavailability.

KEY WORDS: cucurbitacin B; phospholipids complex; nanostructured lipid carriers; preparation; emulsion-ul-

trasonic dispersion method
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YRR 10 pL,

2.1.2 HESAR IS R AR Z5 4 g T
IR 0.5 mL, A 1 mL FESEA 5 min,
12 000 r/min &5.0» 45 min, FEEH 0.5 mL BT
10 mL 5, 2%, B,

2.1.3 &MXFRFR HERRES TEHRIRE
HiPE B XIS 15.0 mg, BT 100 mL S&Hi,
EEPEEAAMEREEERE, EASZE, I
e PR — BB 0.05, 0.5, 5.0, 25.0,
50.0, 100.0 pg/mL, fE “2.1.17 W% L&MET
HEREDNZE  DAVES VR 0T Wk B A R AR AR (X)), DT
BoAY A bR (Y) #ATRIEH, B3 5% Y=
2.140 6X+0.036 8 (r=0.999 9), £ 0.05 ~
100. 0 pg/mLyBF N ZAE R R R,

2.1.4 W OEE R R B 0.05. 50.0,
100. 0 pg/mL#H M % B X MG, 78 “2.1.17
Tfe 3 S AR E 6 Yk, AT R B W
FHRSD 23518 0.31% . 0.25% . 0.27% , FHXEE
Fh % R AT
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OIBERSRIET, E 2. 1017 A3 S 0F T g e
FE 6, MAFH A2 B IR FL RSD 4 0.61%, 3°
W2 T R AT,
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A 0.5 mL 25 FAGUOKREE R g gk fk b, 42 “2.1.27
TR Ikl &AL AW, E <2011 TAEESR
PEF SRR, TR EeR, 4558, @K B
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i, BRS8NSR Gk, FHINAZ) 50 mL oK 4
PR, T E 28 Ik 25 TG /K £ T8 T 5% BR A DO Lk
MR, FLASTIRAE i T, BNt R
RAB LT

SRJE, BL50 °CF 1200 o/min FiEFE 4 h 5%
W, 0.22 pm fALIERBEE IS, MR EARE (v),
FE“2.1017 TR SRR E R R B B
WEE (C)), THEIEBEIEE S Y #i= & B &
W, (C,xV), W S5WEHAE B AR
(Wo) MWEITEE SR, 4588, #iFRBEAFR
H(99.82 = 0.13)%, Ji i 4N (40.34 +
0.21)% .
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Beidil 20 mL JAI& VDU 188 WM, JN#E 70 ¢, 1E
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Ja, 0.45 pm fEALIEREL I, BIF5 (2. 13 mg/mL)
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[ Cmgs =) /mygy] x100%  BEEE=[ (myy -
My )/ (Mggrtmyg) 1 x100% , HAfrmg ., £
TN EE R R BT8R S BT
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2, L4 C/h HERTHRZE-10 C, FF4k 36 h,
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F1 EEKFE

Tab.1 Factors and levels

KV A fRFiHE/mg B BRI C 28/ mg D FLILFH/%

1 350 5:1 50 0.8
2 300 4:1 45 1.0
3 250 3:1 40 1.2

F2 AWEITE5ER
Tab.2 Design and results of tests

[Eoass A B C D L E2/%
1 1 1 1 1 86. 12
2 1 2 2 2 83.55
3 1 3 3 3 74.58
4 2 1 2 3 80. 36
5 2 2 3 1 76.95
6 2 3 1 2 72.63
7 3 1 3 2 66. 51
8 3 2 1 3 60. 38
9 3 3 2 1 58.29
W1 81.417  77.663 73.043  73.787 —
Y2 76.647  73.627 74.067  74.230 —
I3 61.727  68.500 72.680 71.773 —
W2 19.690  9.163 1.387  2.457 —
R3I HEDW
Tab.3 Analysis of variance
K B e T2 FAd P
A 2 633. 055 204. 080 <0.05
B 2 126. 544 40.794 <0.05
C(R22) 2 3.102 1. 000 —
D 2 10. 285 3.316 >0. 05
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Fig.1 Particle sizes of nanostructured lipid carriers
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2.7.2 Zeta A7 HURTHIGHEM, ZRMEKIEY 300 000 |

Fike, MEH Zeta AL, S5RILE 2, i EIATAL, ﬁ”mo /

HRTHF Zeta ALK - (9.440.22) mV, Tk oo /\

TJEh- (8.1120.28) mV, ° W s W 200
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Fig.2 Zeta potentials of nanostructured lipid carriers
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Tab.4 Encapsulation efficiencies and drug loadings of nanostructured lipid carriers
e % oL/ A% A%
1 2 3 1 2 3
BT 87.51 88. 12 88.03 88.22 4.23 4.09 4.12 4.15
BT 87.13 86. 89 87. 00 87.01 4.02 3.98 4.07 4.02

(37£1)C, FO,. 1,2, 4,.6,8,10, 12, 24 h
FHFE 2.0 mL, [AIBFANTE 2.0 mL BEA 5, 5E
IR B oA E, SRk R ih g, 455 0 E
3, MR, BB ZG 24 ho N BEUR LN
35.64% ; BEREE AW 24 h P BRI 1R dL AR
R JERE 250 5, Pl RE S A B ik i | 4K
PEER LA 560 Yok g M I R34 E 24 h N R
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Fig. 3 In vitro drug release curves for samples
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Y. WORESHNR I EARIR B, A2hRaE &R
Bil# M 10 mg/kg, T 0.25, 0.5, 1, 1.5, 2,
3.4,6, 10, 12, 16 h HRHEJS # kAU, 1L FE
B THFRRMEME.CE T, 3000 r/min #5053 min,
TRAET-20 CUKEEH

2.9.3 MELSIEWEIS  FEE WIS 200 pL T
BT, A 1.2 mL 2, WIERAT 5 min 5
8 000 r/min 250> 15 min, WHL FW5W, B 2o
FEOE T, 35 CAREEREAIER, 5%H
Y 200 pL ZHEE %, 8 000 r/min 5.0 5 min, KR
T IE A E

2.9.4 ZMEERFE L “2.1.37 T 25.0 pg/mL
HPE B X B R, LNEZE LR BRI 0. 25,
2.5. 5, 10, 12.5. 25 pg/mL, % ki % W B
200 pL, 35 C A ZEME W) LA VLR, A
200 wLZ5 IS, WHEWHRS) 10 min, % “2.9.37
TR ikl sl W, 76 “2. 117 W5 5%
PET R E . DLV W BT s AR bR (X)),
WA A bR (Y) #EATIEIE, BB N Y=
8.459 0X - 5.573 8 (r=10.991 7), 7£ 0.25 ~
25 pg/mL JEFENLMECR R,

2.9.5 EtEFEEE HL0.25, 12.5., 25 pg/mL #i
P B M RS, AF “2. 117 Tk At
TFUERED E, WA E B W E AL RSD (n=3)
BI/NT 10.26% , RS0 %8 R A4F, Bl 28 A
mn LA, T 5 d WELLRAMER, 7 “2.1.17
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T 3% 45 0 T SRR S, AR A AR B 0 AR
RSD 4 3.36% , KUIFHMTES d WRRGEMERLF, #%
“2.9.37 TR Al 0.25, 12,5, 25 weg/mL fit
WA, 78 “2. 117 TEaGs &0 F Sk R 2,
DA SF- 25 A 18105 232 43 5314 90. 62% , 91. 88%
93.87% , RSD 73514 5. 18% . 6.41% . 6.02% .

2.9.6 SR £S5, K4 BN, BIEESY

Cmax\ AUC0~16h\ AUCOW E%%?E*Jr% (P<
0.05), FIReSHBGEZYIRMIERA S, 15—E
FRIE b AT AR HE AR PN RS 5 TS K S ) i o 2%
5, Chus AUCy_ i, AUC,_, B35 THEIRE &
Y (P<0.01), ¢, WEFEIK (P<0.05); SEk
2y WIS G YILEL, GKEEHE R B AR A= )
FIH B3 42 = 3] 200. 41% . 158.22%

K5 HREIBAHFESH (rx)

Tab.5 Main pharmacokinetic parameters for samples (x=+s)

28 X2 JERLZY s E 4 K EER g T AR
C p,g-mL’l 6.61+1.11 9.02+1.73* 19.27+3. 16 *#
L nax h 2.07+0. 45 2.16+0. 61 1.47+0.38**
AUCy. 41 ug-mL" *h 62.85+7.39 79.61+9.23 " 125.96+13. 52 **#
AUC,. pug-mL’l *h 64.03+7.91 82.37+10.16* 130. 48+16. 83 ****
SR R, * P<0. 05, ™ P<0.01; S5BEIEE A9 HLE, # P<0. 05,7 P<0. 01
21 S G2 SO E BT, TS R Wi fE
0 s FAC A R s R A S — )y X
. 1 — 4 ‘*Hk' N .,
o : THA RIS A BA R E Sy il %
s EAK RV 2GR B VP, T — S A
B o FIFHEE
gj IR B RIS A Ak 2 NG R 2 M TR R
N e R T AR 2 RS R R A

t/h

4 R I 2 R R - B i) B 2%

Fig. 4 Plasma concentration-time curves for samples
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KEEHE R BT AARR XS A P PR 2 22 200. 419%

WG 525 W AE— A AR BTV 300 Fh R A7 1 45
LUK (BEFiH) REWERSZ, H#EAEH

PR R R Ja al A AT JRSHE AR T, VAR
Fi 79K S5 R B A oW ZE 1, 3 T gl Kok ¥
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