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Preparation and quality evaluation of TPGS-modified ziyuglycoside I long-
circulating liposomes
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Abstract: Objective To prepare D-o-tocopherol polyethylene glycol 1000 succinate (TPGS) modified ziyuglycoside I long-
circulating liposomes and evaluate the quality. Methods TPGS coated liposomes were prepared by the film dispersion method. On
the basis of the single factor experiment, the prescription was optimized by Box-Behnken response surface analysis. The drug
entrapment efficiency (EE) was determined by ultrafiltration centrifugation, and the microscopic morphology of liposomes were
observed under the transmission electron microscope (TEM). The particle size, polydispersity, and Zeta potential were determined by
laser particle size analyzer, and investigating the stability and in vitro release of liposomes. Results The microscopic morphology
of TPGS coated liposomes were spherical or quasi-spherical bilayer structure with light blue opalescence in appearance, the particle
size was (95.79 £ 0.81) nm, polydispersity index was 0.048 + 0.007, Zeta potential value was (—38.60 £ 0.97) mV, the entrapment
efficiency was 79.89%, and the drug load was 10.48%. The in vitro release studies showed that TPGS coated liposomes had an
obvious slow-release effect compared with the free ziyuglycoside I solution. Conclusion TPGS-modified ziyuglycoside I
long-circulating liposomes with uniform stability and high encapsulation efficiency were prepared through optimized prescription
and formulation process, which can be used for further research.
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BA%, PHASBULTT FIBARIEEA T, Mk 2 iF 1 &
TR AR T B RE S0 B SCBRE or Y, SR T FL AR
PEZE . RN, PR T H 2 k35D, R
LIE 1000 4E4: 3% E BEHAERRE (D-o-tocopherol
polyethylene glycol 1000 succinate, TPGS) HAH
TRER K 25V iR AL R L JE KA Py 2 T 2%
TR0, TPGS &1 (1) i o A Rl G gk AR P 2 2
Gigrhg, SEK RIS RIS )Y, ASHTF 7T B LE A
TPGS B 28 1 KAGIARE A, Ak ERAE
T2, FERIIES. Rife. Z9WR iRt it
ITRAE, VAVEOY H AR 2 PEAE .
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2.1 HWHIEF I R EERNEL
2.1.1 R SRA HPLC L i 24 14
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WA A ZHE-/K (35 1 65); (AR E 1.0 mL/min;
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M2 T B 2 E
212 LEVMES FEEFOTHIMRE 1O
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HPLC spectrum of negative samples (A),

long-circulating liposomes sample (C)
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ST HUMT R AT TR B (X0 BHTRIERE, Frvk
2N Y=13292X+2.622 8, r=0.999 8. 45 F K,
HMT R TR BIRE 5.0~250.0 pg/mL £ B
LML R,
214 FEEEEE  FE RO E N HUE - 1 XY
MR, & E I EERCHS. Py & (5L 50,
250 pg/mL) 3 AN &R L 10T R SRR 4% “2.1.17
TS E, S HSHRE S R, ELRE 5d, #%52
HW. HIEREHEE. SRNAE. B &3 MR
TR PR RS R H R R N 0.83%
1.17%. 0.92%, HIEFEE L5708 1.47% 1.13%-
0.98%.
2.1.5 nFEECEESE T 0.5 mL AR TARIR
BV 43 R S I ONIE R S T 0 AR
SR I RERE T, P R VRN 5. 50 250
pg/mL P, & BRI TP AT & 3 1
HEREHT, TFEECR. 4R, . 3 ARE
WL T 35 R U2 73 i A 101.14% . 98.72%
99.82%, RSD 4354 1.34%. 1.25%-. 0.58%.
22 HMEE IHNRENESENE

KA 3 B YUEBIR B B 1, K alifh 155
(PIHbAR 2 14% “2.1.17 TR HPLC ik 2% {34
o, M EE. 2RISR A 21 1R
HHCN 91.76%.
2.3 MR I ASRIKRIEIE

K FH TS 2 B0 OV £ BL B AR B T 1
NPT AART TPGS ARG B . K 4b 77 5 1 M Ay F2 7
I. KGffe. IHE ML R E (S A S TPGS)
VRS-l 2 D RAERT, BT T
TR, S AR LIRS, 78 37 CIEIR
KW IR e 78 LS B A AR, FEfEE 1B
RIS 503 B AR TR, SR JE NN pH 7.4 HIBEIR £2
ZEM S mL, 37 CHIE/KA 2h, ROSREEKE
SE4, ARSHIFE A, L 35%IhF CRIh® N 650
W) 87 2 min GG 3s, ARG 3s, MR mi ]
VKR BRIRD, BeZAT R I IR BE, %
TEAE 4 “CUKFE .
24 BEBLENEBIE
2.4.1 IR P EIWCR I BCH] R
AN 166.7. 81.7 37.7 ng/mL FHuM B TR,
M3 AN [ Jo7 B A PV VR P - HL 400 L 28 38 5 0
Erh, 7000Xg B0 20 min, WCEENETR, AN
TG, TR FNEERIE 3 K. KRG 25T

% “2.0.17 BTSRRI T, THEOE TR
Bl mgs® (& D W, ESATEIKRE T
5 2 AU MR A A EOR, (A, RS AT
2 K AR I RE 73 B AR A S5 i 1 245400 o

R EBIEBEIR A R ER A E
Table 1 Determination of adsorption recovery of

ultrafiltration membrane

FEE A 2 T SR /%
(ugrmL ™) HIW 2R BIR HA4X
166.7 83.9 962 968  97.7
81.7 650  100.8 1013  100.8
37.7 40.8 972 99.8 1015

2.4.2 GEFMPAENME BT 0.22 um HEMHE
(111 ST PR VR B 200 pL A EEIE RSO, 7 000X g
B0 20 min, CHHEBUNMFEMESE | mL, %
“2.1.17 WG AT, THEIF S A &=
(ma) o [FIR EUA 2268 8 () Mok S 1R AR B
P “2.1.27 TUNEREREL, MEdwsE, P
ZiE (mp)o NRIFUR R E WA NG 5 =
N oms, AR EAAE LR =

BE R = (m1—m2)/m1

= (m1—m2)/m3
2.5 HgEE I KEREREL SR
251 FARIESES b R 1 KAERE R A
ISR R L, A0 seimd iR R sk
TR EHE S HER R E . TPGS YR &E
Bt 295 KGR o & LU R S A GRES
IhER SRFa]) w2 T KAE3 e B Aok 4 A
R ins- AR

(1) K1 IR 55 IH [ 1 o B Ll T b 2 1 K
TEIA G TR AR RAR R AL e g e [ ib 5 K S
#ifg S100 v 30 mg, TPGS ¥ & H 73N 6%,
Y5 KEBIRRELA 114, 30% IR,
72 mino FEEFREUL T B R, % “2.37
T M2 1R SR AR ) 4 7 v A R A, 5
LRREHIESHEREREL (6 1.4 1.3 1.2
D XAk SR, 5 (k2 &
i, MKGHHRSIHER RN 4 0 18, BF%
B, BRI HE I N T DASRE = g o2 e 1)
FasErE, WD BEN A2 EE, Hid RN
NS E T R AR TR IR A e X356k SRk i S5 H
R R Lo 4 0 1 3T S S BN R S
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*x2 KREHESBERREEWHEE 1 KIEFERE
HEMEHRMNEM (XLs,n=3)

Table 2 Effects of mass ratio of soybean phospholipid to
cholesterol on particle size and encapsulation efficiency of

ziyuglycoside I long-circulating liposomes (X £ s, n =3)

x4 GPEXREWERELLIMGET 1 KEFIERIEK
ZMBEHEMNEE (X£s,n=3)

Table 4
phospholipid on particle size and encapsulation efficiency of

Effects of mass ratio of drug to soybean

ziyuglycoside I long-circulating liposomes (X £ s, n=3)

KERSMERREL W% FiAfe/nm HMEREHERER AER% Fife/mm
15:1 73194048  92.78+0.59 1:20 90.88+1.41  100.53+0.38
6:1 69.891.09  94.7140.65 1:6 76.80+1.45  91.67+0.48
4:1 76251049  93.40%0.11 1:4 76.2510.64  93.40+0.11
311 69.48+1.05 100.21£1.01 1:3 61.67+1.08  107.92+0.24
2:1 68.2110.84 106.31+0.88 1:2 56.30£1.88  126.69+0.64

(2) TPGS Y& A 7 Lbx ik 2 1 K6
IR TR AR AR R AL 6 R i« (] s A o oA A
L1 FH ) £ 25 A, R B FREUAL 7 B 1 O AA
i “2.37 TR HuA S TR SR IR 4% 5 vk 2%
Ak, %5 TPGS Y& H 73t (3% 6% 10%)
SRR FARRAR TG R 5. 4550 (3R 3) R,
4 TPGS Wi & H 40 ELoA 10%K0), A R4,
KRN . ATRER RN TPGS BIlIE A )G, £1E
e R AR R Y K — B KA, /NIRRT 5K ),
BHAE T M AR R A EL S, (R P fRsE, M
RmZAMAaER, BUMERARIRAZRN, FHi, &
¥t TPGS P & E /0 e 10%3E47 B IR R S8 .

&3 TPGS ¥IRMERSEEX M EE 1 KBS RIAK
RINBIFENEM (XLs,n=3)

Table 3 Effects of molar percentage of TPGS on particle
size and encapsulation efficiency of ziyuglycoside I long-

circulating liposomes (X £ s, n=3)

TPGS YR E E /% BEHE/% HLfE/nm
3 7035+1.18  103.2041.10
6 69.47+1.35 100.60+0.58
10 76.25+1.44  93.40+0.11

(3) 255 K G Wl ot & LR sy 28 1 KA
A RE R AR AR R e g RE s [ 5 A 5 H LAt A
TR FH 2 ) 5 S A, RS B PR AL 7 5 1 A )
P “2.37 TR HuA R TG AR A 45 5 i 4% iR
Ak, EHRGMSRKEGHEREL (120, 116,
1240103010 2) SR FARAR AL 2 1 520 o
M2 4 AT50, 255 K SR P o bk i A ks
BAVEE R, MZ405 KGR R E L
M1 22078 1 2 2 B, A ZR AR, mldEat A L
MrE it 1 RIR A TR AT IRk MR . 245 K

AR R L AR N S BT BoRLAR g N, W RE R
PRUONZGWIREECOR, B A 2 HUI LR TR . 2424
PSR GBERRIRELL N 11 200, A, A
WAERIR, HEEEEAE) LR RA L,
WHE T 6~1 D 23 DI, LY S K E R
JFUEEEY 11 4 AT B R ke .

(4) B SR U S T OGP IR B Ak Az
AR A (R 152 Ab Ty v FAd AR 0 P B A )
kA, KRBT R AR, 2 “2.37 T
I i IR AR (4 1 46 D YA o R AR, 5 B
FAAE (30%I0%. 2 min, 35%I7%. 2min, 30%
hE. 3min, 35%IH%. 3 min) X RRAARZ A
BRI, RER (R 5) AlAL, 2 30% A T)
O CIIERN 650 W), A I TF] A 2 min 35021 3
min I, “PEPRARIEDN, SEFRBUA K. 2 35%
HiFEIhE, AR AN 2 min B, JRBARR R
B, RAREUN. REASRRM], R AE R
PRETRAR AR RN ANK, PR P 2o
Th# 35%, FEFE 2 min 4 HE .

2.5.2 Box-Behnken Wi Si[fi4;#r  7EFLE 2R L5
Feah b, WhE TR AR, IR
* 5 BEZGMMMER 1 KEFEREREMSHEEN
=g (Xts,n=3)

Table 5 Effects of ultrasonic conditions on particle size
and encapsulation efficiency of ziyuglycoside I long-

circulating liposomes (X £S,n=3)

AT B/ % $ifE/mm
CRIIEN 650 W)
30%, 2 min 71.85%£0.87 98.324+0.50
30%, 3 min 73.10%£1.27 94.76 :1.18
35%, 2 min 76.25+1.84 93.40%0.11
35%, 3 min 71.62%1.13 94.88 +0.21
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W3 6. @i Box-Behnken Wl W [ 43 BTidsf ok Stk
fE S A ERE R (X)), 295 KRS HIE R &
(X2). TPGS W& H 40t (X3) 3 MHEAREMAT
TG, DA R T KGRI R A (1
R AR AT . SIS R 6.
45l Design expert 10.04 8544347 H3E 00
Eotr. [IATREN Y=77.23—1.03 X;—11.78 Xo+
458 X3—3.61 XiXa+3.39 XiXs+1.12 XoX3—7.37
X2—11.16 X22—3.93 X32, R?=0.983 0. P {HE /R

TR R ML RRRENE, FETRER
T 2R R W 7. BTSSR ATHL X3 XiXas
XiXsy X2 X2 X EEREmMEE, X X2 X E
RIFAER B35 . HARR LA AR aE R
(FgZA WP 2 B i SaTH 28 . BRI P<
0.000 1, TR EZE, HIEMmNES 34 =
Lt RIEE, HOTRERRININ F R 2.86 (P>
0.05) AW, VLHHZ A E 75 FE7E B [ X 3511
PLA O RAE, AR R e

% 6 Box-Behnken LG i% it Fngk

Table 6 Box-Behnken experiment design and results

LIS Xi Xa X3/% Y% | SEES Xi X X5/% Y1%
1 4:1(0) 1:4(0) 6.5 (0) 78.41 10 2:1(-1) 1:6(1) 6.5 (0) 69.76
2 6. 1(+1) 1:2(+1) 6.5 (0) 40.42 11 2:1(-1) 1:4(0) 10.0 (+1) 67.32
3 6. 1(+1) 1:6(-1) 6.5 (0) 71.66 12 2:1(-1) 1:4(0) 3.0(-1 63.33
4 4:1(0) 1:4(0) 6.5 (0) 77.13 13 4:1(0) 1:4(0) 6.5 (0) 75.63
5 4:1(0) 1:4(0) 6.5 (0) 75.43 14 4:1(0) 1:4(0) 6.5 (0) 79.55
6 4:1(0) 1:6(-1) 3.0(-1) 71.04 15 6:1(+1) 1:4(0) 3.0(-1 57.75
7 4:1(0) 1:6(-1) 10.0 (+1) 76.33 16 2:1(-1) 1:2(+1) 6.5 (0) 52.96
8 4:1(0) 1:2(+1) 10.0 (+1) 55.47 17 4:1(0) 1:2(+1) 3.0(-1 45.69
9 6:1(+1) 1:4(0) 10.0 (+1) 75.31
x7 BHXREESRENFESN
Table 7 Variance analysis of entrapment efficiency regression equation
HERR P BEE S B F1id P1E HERE CFHM BHE ¥ F P1E

T 2 285.89 9 253.99 4496 <0.0001 | X 228.55 1 228.55 40.46 0.000 4

X1 8.47 1 8.47 1.50 0.2604 | X2? 524.64 1 524.64 92.88 <<0.0001

X2 1110.38 1 1110.38 19658 <<0.0001 | X2 65.20 1 65.20 11.54 0.0115

X3 167.63 1 167.63  29.68 0.0010 | %% 39.54 7 5.65

XaXz 52.13 1 52.13 9.23 0.0189 | KL 26.96 3 899 286 0.168 4

X1Xs3 46.04 1 46.04 8.15 0.0245 | 4Rz 12.58 4 3.15

XoX3 5.04 1 504 089 03763 | &g§E 232543 16

8.2&

X% 475

3:1 X

B2 LAEHRIGIBIRE0 = YN 2 E

Fig.2 Three-dimensional response surface curve with encapsulation efficiency as an indicator
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HRIE 73BT 25 SR 15 H Hok 21 1 KA IR AR A 1)
e A T 2% E D K 5 e TR T B IR R & L N
4.6 1 1; S RGEERFELN 155 TPGS ¥R
BN 7.8%. ARIE SR 2 AT A J7 BRI
MR aEFE N 79.89% (n=3), FEEFHLME
% 80.59% (n=3), P ERN 10.48% (n=3).

2.6 RIE
2.6.1 WIS HUDE TPGS Bl 21 1

KARIRNR AR B, AR MR 2R — R,

Ho¥s 1 MR AR R AR, BT H
1% BRI 1 G 30 s, I F 3% ST P B WL 22 R I
REIRIERS . 4585w, TPGS &Mir i 2
I KAGINE P REROEBERBRIEXUZZ54, R[]
TEREMER, HamEdds (B 3).

2.6.2 KR} Zeta HALDE  HUIEAARE S, F2:
BT KMRE 10 £ 2 1M R L8 500 keps, KA EOL
7 EE G 5E g R AR AZR . 20 BRPERT Zeta HIAS

Zeta A2 WA R IG E B bR, EER T
Zeta FUALCAXTE KT 30 mV), Bom R H RaEll,
g5 1S TPGS &M I HuA B4 1K AEH R AR )
Kife N (95.79+0.81) nm, ZHELRE%E (PDD N
0.048£0.007, UiEANE BRI IRAR AT LS 5], W]
fit & TPGS FT & A [ PEG BETE MR AR R R T 55
KRS Z, R AR e, B—rEREr2 (F
4), Zeta AN (—38.60+0.97) mV, ¥iHi TPGS
B R T EH G B AT i, e

El 3 TPGS &ifauttis 2+ I KB RIFIESBRE
Fig. 3 Micromorphology of TPGS modified ziyuglycoside I

long-circulating liposomes
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Fig. 4 Particle size distribution of TPGS modified
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2,63 FEMEEE KN E A S IR A A
16 4 CUKFaH, 30 FAEFIEE 104 20, 30 KEL
SR ANUL, 0 e RE AR 1) B 2L RAR AT Zeta
HAL, HERFPEMIEENE. 458 EM, TPGS &ifi
MR 1R RAAAE 4 CHEEFE 30d, B
PRANIRTE AR, A 23— Fae iR
SPHIRIAE PDIL Zeta AL FIZG )R 45 R ILE 9,
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Fig. 5 Potential of TPGS modified ziyuglycoside I
long-circulating liposomes

*8 RERMAEUSH (Xts,n=3)
Table 8 Physical and chemical parameters of liposomes
(Xts,n=3)

F i it /nm PDI Zeta HL7/mV
= R A 93.87+0.32 0.201+0.012 —37.5740.50

TPGS #&MiflgFifA 95.79+0.81 0.048+0.007 —38.601-0.97
SLSCNEIFELN 128.84+0.98 0.181+0.010 —26.54+0.38
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#x9 BERAREMERLER (Xts,n=3)
Table 9 Results of liposome stability (X £ s, n=3)

#d  KifE/mm PDI

Zeta HA/mV G ER/%

0 95.35+0.38 0.168%0.011
10 95.92+0.39 0.191%0.007
20 97.65+0.56 0.192%0.006
30 98.084+0.94 0.196+0.003

—38.17£0.63 77.85+0.77
—36.8410.61 76.301+0.08
—37.4210.17 74.49+0.47
—36.30£0.90 73.98+0.85

AT RE 30 d FasE M R AT
2.6.4 RSNEEIE  CRAENTAEY BUEIIE S
W28 TR AR AR RE G L . R 25 8% U &R
FEA 1.5 mg/mL ffI A 217 1R R4 TPGS &1 1)
kTR T KGR AR Mk 21 T R A% 1
mL, AN E T FENT S . KBTI %
FHIZA 30 mL 7 0.5 mg/mL % 1L1%LHg 80 ) PBS &
Wik (pH 7.4), ¥R FE N (37.0+0.5) °C, LA 100 r/min
MHIRREZ . 25T 0.5, 1. 2. 4. 6. 8. 10, 12,
24, 36, 48 h {UtH 1 mL B8 it i 0.22 pm S8R
THERE AN, FIB RS AR SRR SR R I
FES 259 R SRR 4% Bk HPLC vENE, g A
ST [ 0] 55 259 SRR TICR. (Q), 221l 3
TR 25 .

O=(CiVo+ ”zl CiVi)im

i=1

Vo NBEHA FUEARFR (mL), C Al GRS iy n I I8) S EURE
AR (O 2585 B (mg/mL), ¥ OEUREARL (mL), m
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Fig. 6 In vitro release curve of free ziyuglycoside I,
ziyuglycoside I liposomes and TPGS modified ziyuglycoside

I long-circulating liposomes
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