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W = Bt EEF(VER) BRRE 28 K45 (SLN) 69 & 7 , - %5 VER-SLN R 2 #AT3F M. F ik R R SUALAR B 5ok 461
% VER-SLN, A L3 5 A iR 0 3647, A5 BE B 0k AR Bg B2 Wik IS 2 A4 00 48 188 A& 855 A 2 A % KW 4, il it iF 30K
I 3F AL SATARAL, B BT VAR 25 & 4542 Zeta wAr L3 F BT MBARI BB EAIEN LT, 2R . 2EH&AFTH
GRS E A 1:75, RAR MR BA b AR A9 N 4 0.6 g, A& IB 188 AEAH 05 g, 2BEAE 4 0.2 g ATHI#F69 VER-SLN shUL
ARE BEESHHEY, FHEZAH(109£17) nm, Zeta /24 (—23+0.91) mV, F3¥H a3 E 4 96.66% , FHHRBEETH227T%,
PRI 25 R £ A, VER R 254k 9 8 h R B3k 74, VER-SLN /K s 4 h BARBRL A 47.2% ,48 h Ti£ 5] 92.9% . #53%:i% 4 Al
kAR R & T AR, SLLAR B 5k ) &-69 VER-SLN R & /46K, 7TiA 248 25 M 25 A e 2 R .
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Preparation Optimization and Quality Evaluation of Verbascoside Solid Lipid Nanoparticles
DING Li-xin, YANG Shan-shan, ZHANG Nan-nan, LI Huan, LI Dong-yang, WANG Li-hong (Pharmacy School
of Jiamusi University, Heilongjiang Key Lab of Biological Preparations, Heilongjiang Jiamusi 154007, China)

ABSTRACT OBJECTIVE: To optimize the prescription of Verbascoside solid lipid nanoparticles (VER-SLN) and to evaluate the
quality of it. METHODS: VER-SLN was prepared by emulsion ultrasound dispersing method. The formulation of VER-SLN was op-
timized by orthogonal design with the entrapment efficacy as index using the ratio of drug to lipid, amount of glyceryl monostea-
rate, poloxamer 188 and fabaceous lecithin as factors. The quality of preparation was evaluated with drug-loading amount, particle
size, Zeta potential, entrapment efficiency, stability and in vitro drug release rate as index. RESULTS: The optimal formulation
was as follows: drugtolipid ratio of 1:75(m/m) ,the amount of glycerol glyceryl monostearate of 0.6 g, the amount of poloxamer
188 of 0.5 g and the amount of fabaceous lecithin of 0.2 g. The obtained VER-SLN was round and smooth particles with average
size of (109 + 17) nm, Zeta potential of ( —23 £ 0.91) mV, average entrapment efficiency of 96.66% , and average drug-loading
amount of 2.27%. VER solution was released completely within 8 h, and accumulative release rate of VER-SLN was 47.2% at 4 h
and reached 92.9% at 48 h. CONCLUSIONS: The formulation is reasonable and stable. VER-SLN prepared by emulsification ultra-
sonic dispersion method is up to quality standard and can reach sustained-release effects.

KEYWORDS Verbascoside; Solid lipid nanoparticle; Quality study; In vitro drug release rate
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A BLAT S G R ORI ) PR R0,

BT (VER) AEEAE M) EZA M2 —0, %2R b &
YYD AR SR, B BRI BUE PR BUME BT
T ARG ZAE RS E AN VER OHfF 95 245 TR EE i
FIGEUR 20y LA R AR v AT B 43 J7 1T, THiX VER-SLN fif
BT, EH A VER L5 L2 BRI % R AR A=
AHZS G 1 2 A4b1 B il 25 VER-SLN, & 7E4 = VER 174K,
FER HAE A P AV R ]

1 w8y
1.1 s

DF-101S SR L S idEas (L TR A R
ri] ) s TGL-16M 55 2 15 V2 R 25 AL (R U0 FUASC S R A B
28w ) 5 1100 7 2% W AR 3% (HPLC) A% (36 [ 24 A W) 5
UV-T57 AN 3 WG B ( RIS B R # AR A R A A ) 5
JEM-2100 32 5 i+ e ( H AR HL T4 1] ) 5 Zeta PALS 15439
2R Zeta LA S KL JE 43 AT AN (25 [ A 6 50 SCALER A W) 5
KQ-600KDE & 2 = M 5 M 7 P i e (R IARE 32l A
FRA W], B2, 400 W, 4% . 40 kHz) .

1.2 K

VER X} B ff (b [ & i 2 i K e iF g B, it 5 .
111530-200706, 40 J3 : 99.5% ) ; VER JFURF 24 (R IB VTR A2
il 70 5 S0 28 [ 7, 2 HPLC AE , 4l 4 98 % ) ; AR IR R
i lR (R E T H AL T, 5. 20110309) 5 7 5 FH 5 i
fig (At mt B AR Y R A BRTTAT A AL, 645 : 20110129) 570
K UD I 188 (7 [E BASF 23 ) 5 HEE (il , K i B B Ak
2R ANA BRA F)) 595 % L FE (il , KH s TR Ak T4 R
YNGR
2 HEEER
2.1 VER-SLN B &

SRR R S Eokdil A . BRI Jr it B s e i e
0.601 3 g, NFAF 70 CAl 2 f5 kKl & FREUY AL J & VER X
WEh 8.1 mg 20 BB 750 HE T 4 fl v B AT R 78 T I g v, TR
A BT A 5 5 FRER0.200 1 g VE5THH S8ERE .0.507 2 g
VDI 188, BT 20 ml FE S HAK A IR A AT, B ALK
FH o KRR AR LA 10 ml/min 2245 8 B AT B2 AR 7] 9
AHHR, 70 °C .2 000 r/min % S73EFE 5 min, H145 0130, K0
L TR U AN AR R AL R 8 min, KKV H,0.45 pm
TRALUEREE L, BI4S VER-SLN, R VER J5URF24 (R 4k 5 v
RS IR R, % R iR 4545 11 SLN,

22 BHRRFHEMNNE

22.1 @GSN gk Agilent ZORBAX SB-Cis(250 mmx
4.6 mm,5 pm) ; A : B EE-/K (70:30, V77) s i - 1.0 ml/min;
R4 331 nm SRR : 10 ply KR 2500 i ILE 1,

222 LMEREE  KEHKEVER YR 5 mg, I BLE
752100 ml i, JREE 40 VER A /0 IR 2 i But
TP 449% 0.1.0.5.1.0.2.0.3.0.4.0 ml, B 10 ml & A, I fise 2
75, il B S TR) J5 1 v i (R 0 B A T o 0 1) R A% o TR
W10 ul, A HPLCAY , #2“2.2.17 Wi T i A4l ig . DA
TR A () XF VER BT v i (o) R4 T2k BT, A5 1) 72
Ny=T146.7 x+2.954 1(r=0.999 1,n=6), Z5HEM, VER Gkt
We B2 7E 0.5~20.0 pwg/ml 3 Bl PN 5 0 [ B R0 (B 2 R A2k
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Fig1 HPLC chromatograms
A.VER control; B.VER-SLN; C. blank SLN

2.2.3 AEEEEEE AR AR P 85(5.0,10.0,20.0 pg/ml)
ok R R A R SR VAT, A 10l #2221 IS 3% A
FELFE L dINEELEUERE B IR, D B RS % B 75225 d 43l ik
FELIGE H ARG 2R . 45 BoR, H PRS2 B 1 RSD 43 310
1.39% .0.74% .0.83% (n ¥4 5) , H A1k % B () RSD 43 51 A
2.54% .0.78% .0.64% (n 341 5) , I EAE 2 i L 4F
224 JAEREIMCRIRES TS H SLNREW 347, 45 1.0 ml,
A3 SIHERG I AR 55 (5.0, 10.0.20.0 pg/ml) 5 4t He B Y
VER % B 5 1.0 ml, #242.2.17 350N f833% 5540 52 VER &
L I RUIARE DR 255 BN ST INEE EDBCR 2 51N
100.4% .101.2% .100.5% , RSD 43 5] 4 0.94% .0.71% .0.88%
(n¥43),
2.2.5 QBRI NE R A O R A
R R 2 AR AR A3 BAR 5 ml, AT i
TEBLLAE I, LLES 242 16 cm 5 000 r/min 2.0 10 min, B
R VE VR 4 2. 2.1 WU €43 2 1IN R Vit 24 W o R VAR T
(WF) ; 7545 5 W I 460 i VER-SLN VR AR, A st 5 e 7
L AR ] A A5 50, B0 IR L 3 R0 7, TR) 96 % SLN
HVER BB HDR B (WT) o 3T 12 R gk 25 5
{1 1 % =(WT — WF)/WT x 100% ; %k 25§ & =(WT — WF)/
WLIPIDx100% (X, WLIPID i B b4 4 4 o v ) o
2.3 VER-SLN@j4bFk

e R R ISR b, PEBCZ I8 i e (A) R I R T
IS (B) A Vb 188 Fe (C) . SR & (D) 4L
R Z, DLELERR PR 88, F Lo (3) IEAS Tk A7 it . R

EACE LR 15 IEAS IR A5 R UL 3R 2, 2t 5 R R 3.
*1 BEER5KTFE
Tab 1 Factors and levels
S
KF A B.g Cyg D,g
1 1:75 04 0.5 0.1
2 1:65 05 0.6 02

3 1:55 0.6 0.7 03

13 2 32 3 LA, A DN ZE AL T3 20 B F2 P C >
A>D>B, H 5 C RINATR VDU 188 FHEX AL Tr (520 4t
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*2 EXHWER
Tab 2 Results of orthogonal test

RRS A B C D %, %
1 1 1 1 1 97.65
2 | 2 2 2 91.75
3 | 3 3 3 89.87
4 2 | 2 3 8430
5 2 2 3 1 83.10
6 2 3 1 2 8775
7 3 1 3 2 9340
8 3 2 1 3 94.26
9 3 3 2 1 94.37
ki 95.09 91.78 96.55 85.04
81.72 85.04 92.14 96.30
3 94.67 93.99 82.12 89.48
R 13.37 8.95 1443 11.26
R3 FENWER
Tab 3 Analysis of variance
JiERB HEFIH Al Hyy F P
A 168.43 2 45.00 14.61
B 15.37 2 10.67
C 350.90 2 3254 38.66 <0.05
D 134.20 2 5.34 11.50

1 Fos(2,2)=19.00;F,0(2,2)=99.00

note: Foos(2,2)=19.00; Fo0(2,2)=99.00
T2E R L (P<0.05) . 45 A ABCD:, Bl m(2y) :m
(I§)=1:75, 15 &K 0.6 g, THIK V1 188 & 0.5 g, &
IR R R 0.2 go
24 SFEIERLE

it R Bl J5 4% 34t VER-SLN, B “2.2” 35 J7 il
FE VER-SLN ff B R makzya . 45878, 3L VER-SLN [
£ B 4> 3 96.07% . 96.58% . 97.34% , S {1 Ky
96.66% (RSD=1.74% ,n=3) ; B Zj & 75l N 2.21% .2.29% .
2.30% , V-3 25 5 H 2.27% (RSD=1.35 % ,n=3) ., fuf}%
5 AR B e ELAH XY, R B b &30 T4 B
2.5 VER-SLN RS 22

1435 i VER-SLN JR B R H B2 KR B 20 5 /5, 2%
) B i £ %, YRR A 2 SR B IS R DL, FAR T, TS
S B EE HIE A . 45 5 IR, VER-SLN 2K BRI 5240k 1,
B A e1415) . VER-SLN A3 5 e 55 14 L IR 2.,

B2 VER-SLN HJiESTHER
Fig2 Morphology of VER-SLN under TEM
2.6 VER-SLN#I{2F0 Zeta i Bl E
FHIE w28 B KA B e LAk Ji il 4% 1) VER-SLN TR B,
FEM 5 VER-SLN RiA5 il Zeta L . 455R 7%, VER-SLN [1)°F-
ki 42 A (109 + 17) nm, Zeta B {2 ( — 23 £ 0.91) mV,

2P 2014 4E55 25 454 3 )
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Fig 3 Particle size distribution of VER-SLN
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Fig4 Zeta potential of VER-SLN
2.7 REMER
HUVER-SLN VRE RIS & , 40 B CE T2 T (25 C) Kok

FI (4 °C) , EEAS R [R] AP S Fe e 8k . 4554, 4 C
I VER-SLNZE 15 d WML PRI , KA [ Zeta HUAEEATD
Ak, R sE VL s WA SR (25 C) R, 7 d N HF etk R, fa
EPERIR R I 4,

®4 REMRKER(n=3)

Tab 4 Results of stability tests(n=3)

BECO M A R Rm ZelfimV AHE % HE%
4 | B 109415 -231081 96.58 227
7 i 124£17 -21£047 94.76 228
15 il 130425 -24£056 9123 203
30 I 139416 -040.77 85.06 201
2% | i 108415 -231045 96.08 225
7 i 169423 -20£051 9442 218
15 i 28911 -1840.14 78.15 157

2.8 HHpERRBEHRENE

A5 % R 3.0 ml i VER-SLN VR B , il A T S5 4k BRAT-1Y
BT (BRI 12 000) , Wik FHANZE 22 5% i A S AT
300 ml B LA A AR P . RIS 25 1 - B N pH 7.4
W R £k 2% v, KIS IR g 37 °C, %53y 100 t/min, 23 9 T
0.5.1.2.4,8,12.24 .48 h JUkE 3 ml, [A] AR 3 ml, BUH )R
FEA 28 0.22 pum (R FLIE AR D8 J5 5 2.2. 1 T (33 2 A4
B, JXF VER-SLN SRS 25 50 EAT 045 5 2R AR Ry i %
%X VER JEURI 25 IR SMB IR . VER J5UR} 265 Fil VER-SLN [ 22
TR 4R VLK 5; VER-SLN SRR S-S T FR L 46 5,

il 5.3 5 AT A1, VER JFURH2 76 8 h i SRR IR LU 3k
F]100% ; VER-SLN 7 4 h () RFUBEHCE N 47.2% , 48 h I A] ik
$]92.9% , n] ), VER-SLN 5 VER J5URN 250 H , HoA B 2 10 28
BEAEH o Weibull B [ r e 42230 1, 3d B O B UL & 44T
VER-SLN IR ZE S A5 Weibul LB 8Y (1 BERICL A
3 it
3.1 RERH R FaEE

ZEH R A IR R H MR AR IR b K. IR M REAE R
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Fig 5 Accumulative release curve of VER and VER-SLN
(n=3)
#®b5 VER-SLN ZMBEHEMUSHTE

Tab 5 Fitting equation of accumulative release percentage

of VER-SLN
i ek r
ELi] 0=02470 1+0.037 54 0965 61
— i) Inf1=0)=—0.048 1 +2.128 5 091258
Higuchi ) 0=0.1698 0" 0962 30
Weibull Bi%) InInf1/(1=0)]=041 31 n—1.806 0.994 74

TR A S, A TE T HE S TR B A Re LA L
Al RE  AER R ke S i LA R A FLAL RE ) |, W N
TLENG T AHE S L 1 5~10 Co T BB G R H I g 109
BN 60 CL BRI IR IR E EFE 70 Co — MO, A5
FLARTR AT SRR AE " SA R 6 1k F & A T LA S i
AR 188,
3.2 HAIXTSLN B30

Zeta BN 5 SLN IR R AR E R R B . — ORI, &
Zeta FLL A Z8 R R ] A HE R VR T R T (B) 558 3R L0800
R R RRE o (R, 2RI (1) Zeta HLALIS , D520 BH A 2%
B A N S5, QNFR R BT B B AE 5 WL T A 4L
EVAT M, A LA T 28 18 /K R B A 5T, 5 ¢ 20 5
7€ VER-SLN HY Zeta HL{v . 45 H 8w, il #7533 #Y VER-SLN
KA UL 7, H Zeta (A (—23 £0.91) mV, 48 X5 {H B
SRS AR 319 VDt 188 4 4 e 2 BELAE L AR &R AT L
3.3 GHRMFAEWNE

R VRPN E T OB R &5 R
7, 4531 VER-SLN P 38 4 i, HE0 AT BEJ& 1A i V0 1 188
X VER B3 SR 30/, TR A5 1l B v 5 A AR KA R
VER /0, BT A 8 22 1 VER B4 355 15 209 KR 1 P4 350 328 ik

ERDENNHNERERR

AT 20134F 12 H 24 H , BME DA RIAEBTZE A2
TESL AT L T 2, 20R 2 DA E RGNS i 4
JRURS: W DA 2R 1, 7 31048 (T L [ ¥R D) Rt AR 7 i s 5
[ v i ] 5 O 28 4 XU Wil (48 ) Pty 1R
b 0 5 6 LA A A P ho o B R B
GRS g%

SR B b 20 A KRG I 2 1 i 4 4 WE AR 110 S it
TAE. B ARG RS W SR TS e B
g E R R HARE I, I gad B 2E A, o] Rl BT
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