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Study on the Preparation and in Vitro Properties of Tubeimoside A Long-circulating Liposomes

DONG Yingying!, YU Chenhuan?, YU Bing!, YU Wenying?'(1.Zhejiang Chinese Medical University, Hangzhou
310053, China; 2.Zhejiang Academy of Medical Sciences, Hangzhou 310013, China)

ABSTRACT: OBJECTIVE To prepare tubeimuside A long-circulating liposomes(TA-LC-Lipo), and to study the in vitro
properties of TA-LC-Lipo. METHODS TA-LC-Lipo was prepared by ethanol injection; encapsulation efficiency and in vitro
release rate of TA-LC-Lipo were determined by HPLC; particle size and Zeta potential of TA-LC-Lipo were measured by a
Marlvern Zetasizer Nano-ZS90; hemolysis of TA-LC-Lipo was assessed by visual observation and UV analysis. RESULTS
The optimum prescription was as follows: the concentration of soybean phospholipid(SPC) was 10 mg-mL~!, the ratio of drug to
SPC was 1 : 10, the ratio of SPC to cholesterol was 4 : 1, and the molar content of DSPE-PEG 2000 was 5%. The average
particle size, PDI, Zeta potential, and encapsulation efficiency of the prepared TA-LC-Lipo were 123.0 nm, 0.134, —1.20 mV, and
86.2%, respectively. CONCLUSION The prepared TA-LC-Lipo shows uniform particle size distribution, high encapsulation
efficiency, sustained release, and low hemolytic activity in vitro.

KEYWORDS: tubeimoside A; long-circulating liposomes; in vitro release; in vitro hemolysis assay
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& (PEGylated docetaxel liposome, PL-DOC)5 ¥ if
JI B AR A4 N AN TR S 93 A1 4T, KB PL-DOC
R ik 2 2R R P A e Wk 8 490 (U AR e ) P 5
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Fig. 1 Chemical structure of tubeimoside A

KWK 2.5 N 4] % DSPE-PEG 2000
B E) TA K76 3 I BT A& (tubeimoside A long-
circulating liposomes, TA-LC-Lipo), FXfHAk4k
FEYEREAT %2, M Nt — D0 FL A Ah 4
JE1E F B35 58 Rt
1 UBE5HF

LC-20AT = RO AR LS A (H AR By EE A A )
HI-3 F2 i 0 ) 0 2% O M Bl 52 A28 i A PR A
F]); HJEE Amicon Ultra-4(3 [E Millipore A ],
MWCO=30 K); DK-S22 Hi#IE IR K 5 (LR
ZEI ) HAD-1080 H i 7= 3% 43 (b 5 H B4
IXEAXN R IR A F); Nano-ZS90 FEHiE 7 HrAX
(¥ [H Marlvern A#]); UV-2600A K43 606 B it
(@Y WEY LN E <1 NN

TA(W Z R AR ERAA, #5:
HXTBMG60943; 4li[Z>98%); K& Ui fig(soybean
phospholipids, SPC, ¥ Y FHHRFEAREARA
H), #t5: SY-SI-160101); JIH[# EE(cholestrol, CHO,
H Ak X2, fit5: B41239);
DSPE-PEG 2000( 7 Lipoid » A, #t%5:
588200-2170082-01); TA X & i (H [ 24 i 2E # il
WA E T, 5. 111536-200304; 4 >99%);
FoARARFIE R o pr 4t
2 FESHR
2.1 TA-LC-Lipo K%

K H CBEENEH % TA-LC-Lipo. i % HREL
4b 75 f ) SPC. CHO. TA & DSPE-PEG 2000, /il
NiEEOBEY, fFE2BmE, BIERSEIEEN

FpE BN 26524 2020 4E 4 55 37 55 7 W)

F| pH=7.4 [] PBS &, 1HI(40 C)W I8 #E45
LEESE AR, MRS 0.80, 0.45 pm FFLUERR,
53] TA-LC-Lipo, 4 CUKFH{RAE.
2.2 TA-LC-Lipo (4t J5 ik

AR TS 50 &5 S I 2 2% A O Sk, [ e Ak
J5 K AEIR AR DSPE-PEG 2000 B /R & &N
5%, VARLAR A3 2 91 EN Fads, 1@IdH %2 SPC
WIE. SPC : CHO izl TA : SPC iz Lk, fifi
1% EAR AL T
2.2.1 SPCIKRFEHES 4 lik#¥ SPC KN 5,
10, 15, 20 mg-mL™', [ & HAb &4, &
TA-LC-Lipo » LL i £ A1 B # 2% (encapsulation
efficiency, EE)NIFAEbR, ik & 1& 1) SPC Kk
J, g5 WK 1. 1% SPC #1331, TA-LC-Lipo
[PIkif2 5 BE i #8 K {5 SPC ¥R E>10 mg-mL™!
i, TA-LC-Lipo & 1 AJG% 5 = EDTvE, Uil
SPC ¥R FE R KAR T Bida e AR i, H—R&k
LT, 8 R ARKIAZ>200 nm I, 285 44k 9 IR
W% RGERE, TRLELE 100~200 nm K, ] EAH
B AR A EER I R0, gr A2 R, R ab T
f) SPC ¥~ 10 mg-mL',

%1 SPC % E *f TA-LC-Lipo H% "(n=3)

Tab. 1 Effect of the SPC concentration on TA-LC-Lipo
(n=3)
SPC ¥ & /mg-mL"! Hif%/mm PDI EE/%
5 98.6 0.202 57.9
10 121.5 0.189 80.1
15 189.2 0.268 88.2
20 296.2 0.271 90.8

222 SPC: CHO Jm&E LM iFE 2 ik B
SPC:CHO Fimtbk N 1:1, 2:1, 4:1, 6:1,
il #& TA-LC-Lipo, [& &4k 757" SPC &N
10 mg-mL~", PLRiEA EE APE $a48, THEH A
EHE, 458K 2. MiEL T+ CHO HER
#n, TA-LC-Lipo MRifZ M 2 B K, 24 SPC :
CHO it~ 4: 10, EE ftm.

%2 SPC : CHO ] % TA-LC-Lipo ¥ %" (n=3)

Tab. 2 Effect of the ratio of SPC to CHO on
TA-LC-Lipo(n=3)
SPC : CHO HifZ/nm PDI EE/%
1:1 307.2 0.223 73.2
201 289.3 0.169 79.7
41 122.2 0.198 84.3
6.1 92.5 0.176 77.9

2.2.3 TA :SPC FiEtLHiFiE 2 AlikE TA :
SPC gl N1 :5, 1:10, 1:15, 1:20, #%
TA-LC-Lipo, [ & 4t 77 4 SPC #FE A4 10 mg-mL~,
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SPC : CHO Jiiftt N 4 1 1, LLKIAZA EE NVEMN
fabr, ik GEMZNELL, SR E 3. HBEE
Eb 58 KB, TA-LC-Lipo HUKI4EF1 EE HijE 2 1
K, MiAEEIET 1010 B, EE AEEEB .

EHEIE, LT HANEE N 10,

£ 3 TA: SPC *f TA-LC-Lipo # % (n=3)
Tab 3 Effect of the ratio of TA to SPC on TA-LC-Lipo(n=3)

TA : SPC Bi4E/nm PDI EE/%
1:5 117.5 0.232 68.56
1:10 127.4 0.151 86.07
1:15 189.2 0.168 86.26
1:20 205.3 0.197 86.72

2.2.4 AL JE K TA-LC-Lipo 475 SPC WKJE N
10 mg-mL~'. Zjfgtk 1:10. SPC: CHO=4: 1.
DSPE-PEG 2000 1B /R & &N 5%

2.3 EE & LR @ sr

231 %% @i AN Diamonsil™ Cig
(250 mmx4.6 mm, 5 pum); JiEBIAHA HFEE-7K(65 -
35); Yii# 1.0 mL-min~'; FIUEK 214 nm; FER
30 'C; HEFFE 20 L.

2.3.2 N RSV TRORORE SIS VB EC A AR EL
TA S 5 20.00 mg, T 20 mL & i & H B
BIRIG ERBZE, MRBERIRERN 100 pgmL™" [
TA XFHES . K% & TA-LC-Lipo 1 mL F
20 mL &R, IEEER AR B2, A,
0.45 pm JEME, 15 2R S IE TR

233 FrifEdiZMHIE SR EBIUEE TA
SRR T 10 mL 2, I\ L E AR
B 43 5 5.0, 10.0, 20.0, 40.0, 60.0, 80.0,
100.0 pg-mL~" (175 HE S, B 20 puL 3 A\ HPLC
e 2307 TUREg&NE, BUKEOR
MEAARR, TR (A) AR AT R VE LA, 1545
128 75 FE 4=2 324.2C-1 681.1 (R’=0.999 7), it
] TA 7£ 5.0~100.0 pg-mL~" £k R 4T

234 UEEKEHEERLE AH TA KER
40.0 pg-mL~" [1) TA XJ ISV, HERE 6 IKE,
15 RSD 4 0.72%, UL SAE % R 4T o

23,5 faEtERE  HUEFERER, T 0,
2,4,6,8,12 h #t#F, W€ AR RSD {H4 0.97%,
FUFE M VETE 12 h WERE

2.3.6 EEMRE  HFE—HOKEER 6 1, 1%
“2.3.27 LU iEG&FE IR, ol ERE, D
S RSD N 0.83%, TiH]EE M R,
2.3.7  EICERREE R R — R IR 9 1
RS E AR W B 3 AN TA SR A
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W, & 34, FAWREWEE, RRAGHEE, e
AL RSD A 1.08%, i B [l

2.4 TA-LC-Lipo HJ#ANRAE

241 EE W& @k 8 &0 vk B e
TA-LC-Lipo [¥] EE. #41& £ TA-LC-Lipo fll A Ultra-4
AR O EMWCO0=30 K)#, T 5000 r-min~' &
O 15 min. K BEMGEAT HPLC 40871, i 5EATE
TA & &E(C)). R FEAHL TA-LC-Lipo & & T H
REA FLH AT HPLC 43#r, 53 N8 oA A 1 2
TA & & (Co). WMBLLFAXHHE EE: EE(%)=
(1-C1/C9)x100%, M1FIH EE A 86.2%-

242 JEEWE  $143 1 TA-LC-Lipo Mg 2 4
FOLI B AR . BUE R TRMRE, #H#E
2 min, f#f TA-LC-Lipo 787 W B 7/EHI M Lo H 2%
RS TR e g 2 2 min, BEIEH B T UL, WK
2, A[RHERZEEEAL, KNSR EHA.

100 nm

2 TA-LC-Lipo & 4f ¥.45 B8 B

Fig.2 TEM of TA-LC-Lipo

243 Rifp5 A @I Nano-ZS90 HOGRAR T
HT A E TA-LC-Lipo HIKiAR /3 AT Al Zeta AT . 22
KI5 IE R 3 it TA-LC-Lipo # i kiR
123.0 nm, PDI 4 0.134, Zeta H47°H-1.20 mV.,
il 45 1) TA-LC-Lipo ¥i 4> i 5], W 3.

157 e .............. A s

0.1 1 10 100 1 000 10 000
A% mm

& 3 TA-LC-Lipo &% 2 4
Fig. 3 Particle size distribution of TA-LC-Lipo

2.5 TA-LC-Lipo 1AM BB I 2

2,51 PRAMEIEEIE AL TA-LC-Lipo 1%
“2.3.17 TR g AR RERE N E, DLREE(C) AT
Ak, DAL (A) A ALAR AT R IRNE, 545
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Y #h 28 5 TR A=1 884.1C+45.683(R°=0.999 8), i 1]
TA 7E 0.10~6.00 pg-mL~"' £kt R R IF.
252 IRAMBREEN E KM E TR E K R
TA-LC-Lipo FRFMETRUE &L, 73 7l L TA-LC-Lipo
ATA RS 1 M EEITEN. B AERE
200 mL PBS iR, THHIEIRGACHIRG
(37 °C), [ € ¥63# 75 r-min~' 21T, 25 F 0.5,
1,2, 4,6, 8, 12, 24, 36, 48 h BUF:, X 3 mL,
[F B IS5 B 1 IR RV H A, AL O IR S
WE TAWEE, THERBRBIBE(Q), 4R IE 4.
MBEZ 26 mT W, TA WIRFEZJRTR, 12 h i
i) B AR B e A, BBURIUE N (100.63+
3.79)%; 1 TA-LC-Lipo Bt Zets, 12 h i SRR
R N(42.57+4.61)%, 24 h o B2 th £k dntar #a,
48 h I BFRE I (68.66+4.43)%, W] W, TA-LC-Lipo
TERAN B B ENSRAEA .

120

100 —e— TA solution
—o— TA-LC-Lipo

80
60

BRBERUE %

40

20

o B

0 12 24 36 48

t/h

Bl 4 TA %% % TA-LC-Lipo & SNk th % (n=3)
Fig. 4 In vitro release curve of TA solution and
TA-LC-Lipo(n=3)
2.6 TA-LC-Lipo /&4 i AF F
2.6.1 2%ZLAN MRS EC ] EOHT EF R i N i
SEEPEAAEOLEF . 2 000 rrmin~! &0
5 min, 3 B2 MK AL 5~10 £ 2 1A B ERIK,
BR2RES, T 4 CMHKIESLQ2 000 rmin™)
5~10 min, FF _F3HW, VivE A AR B R K R B e %
2~3 W, B LREBRAFREAE IR W g
0.2 mL, FHAFEIIKMBEZR 10 mL, BI1F 2%4L40
o VR R
2.6.2 WHRMEE BUEERE, W5, $E»
AN TA-LC-Lipo B¢ TA ¥, FAZBE R /KIRS],
EREMAN 2% MRS, LRIET
(37+0.5) CfEI /KB H I E 30 min, HUH 5L
1 800 r-min~! Z.0» 10 min. FIEARE: FHIEBNE
B0 (n, 8 R0 20 i vk B B /> B A i vk B
KRN HAMMAET T, EEREE
H, R\ A S5 KR IR AT A 2%

FpE BN 26524 2020 4E 4 55 37 55 7 W)

it TA AR, W 5.

Bl5 TA % K TA-LC-Lipo % i ff | H 3%

a;—5 ug-mL~! TA #¥; a,—10 pg-mL~' TA ¥ a;-30 ug-mL™' TA &
W ; b=5 pg'mL™' TA-LC-Lipo; b,~10 pg-mL~' TA-LC-Lipo ;
b3-30 pg-mL~' TA-LC-Lipo; FAE—0.9%5Ab#NAM; BH 751K .
Fig. 5 Comparison of hemolytic activity of TA solution and
TA-LC-Lipo

a;—5 pg'mL~' TA solution; a—10 pg-mL~!' TA solution; a;—30 pg-mL™!
TA solution; b;—5 pg-mL~' TA-LC-Lipo; b,—10 pg-mL~' TA-LC-Lipo;
b;-30 pg'mL~' TA-LC-Lipo; negative control-0.9% sodium chloride
solution; positive control—distilled water.

2.6.3 r)ttfEVE I UV X TA-LC-Lipo & TA
VTR AR B AT i — RN Y B RO S
b3, HEAMY HIEETHE 575 nm &b
FEAME), FARMBAKERNT B FIMRE A
R B IF(%)=(4~A40)/(A1-A40)x100%, A; ]9
R BB, Ao ABIPEXT IR OBEE, 4, AFAPE
TR G FE, IR >5%F I A M. 24 TA K
JEAE 10 ug-mL-' B, TA ¥ W0 C H 3™ = I,
VLR S 91.60%; MM iG55, TA W&
15 500 pg-mL~ B, ORI L, RN
2.12%, ZERINE 4.

#F 4 TA-LC-Lipo o TA ¥ i 8 41 i & 1

Tab 4 In vitro hemolytic activity of TA-LC-Lipo and TA
solution

TA B TA-LC-Lipo
R TAREE, WOREE W/ TAVKRE WOLRE Wi/
pg-mL~! A % pg-mL~! A %
1 5 0.091 1.61 5 0.039 0.00
2 10 1.023 91.60 10 0.039 0.00
3 30 1.125  101.45 30 0.048 0.00
4 - - - 50 0.042 0.00
5 - - - 100 0.051 0.00
6 - - - 200 0.067 0.00
7 - - - 500 0.116 2.12

3 Wig
AHFT B £ PEG 1211 1¥) TA-LC-lipo i#1%
R4, X HARSME T AT VR - DSPE-PEG 2000
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A RS PR E R G, A
KAGIER M, 505 Bh EPR 50N 36 hn 25976 i 98
FAL IR & FALS . AR SRR TS BRI 1, TA-LC-lipo
AHEG TA W, RILH T RUF M ERBREAR, —JH
A RE R BUIRAE A2t fE TR 2, Re A A R
WEMTNEREL 57— 5 PEG KEETENE Mk R
T B KA 2 B A 8P 1 25 P9 55 1 . Ahmad
s o E kb 75 B DSPE-PEG2000 AN [7] B8 R 2
H(2%, 5% 8%)%] 1 HLERAAK P B I E F 52 M
RIA A TR 5%, 9WE ML T ks
DR, A HF 9 ] L BE R B A 5%

4, DSPE-PEG 2000 ) FH &%t g B4k A2
E B A ARE EE AR, AT ) EE R
B E s 5%~T%0, AR Rk B i R 1 AR
SRS, XA RESE T UL PEG 43 F M “BS 1R 7
MG “EBRIR” %R, PEG Z)LFREeE
AT, E A R R AP A R s U R R
DSPE-PEG 2000 #&1fiJ5, TA-LC-lipo ) HiLA 2 %}
H¥anT%, HERFRZ PEG 291, nThEik
JE AR SR T30 43 FELAur 1190, 3t H 955 5 e 4
6 5 THT 1) I H At & A A B AE T B W B2 4t 1
Fl 2% 200,

PRAMNAE RIS KB, TA VAR VA P B0,
10 pg-mL~" B [ IR >90%,  FLiz AL 32 222
=R E S 5EYRE ERIE SR RE &Y, e
T AR K LE, 5 B o LA
2, RAFEMPY, Tk TA ASEES A RH E EE AR
ik, TA C&5HEREMLSE, MASHS4
2 PR E S R G A AL A R . Rk, TA
ZNRRAREEE, WA SR RFEE A R R .

K TR B N1 % TA-LC-Lipo,
# LA, #4589 08 R B A B0m 03 Z= A
RUF RSN R AR, RIS B B T TA i I
YEH, 4 TA-LC-Lipo (44 A 245l 2% [ 25 340 5t 28
E T A
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