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Preparation of TPGS-modified artesunate liposomes and their in vitro anti-tumor
activity
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ABSTRACT : AIM To prepare D-a-tocopherol polyethylene glycol 1000 succinate (TPGS) -modified artesunate
liposomes and to investigate the in vitro anti-tumor activity. METHODS  The liposomes prepared by thin-film dis-
persion method were characterized by transmission electron microscopy and particle size analyzer, and the encapsu-
lation efficiency was determined by ultrafiltration centrifugation. The liposomes’ cytotoxicity to human hepatoma
HepG2 cells was evaluated by MTT method. RESULTS The average particle size, PDI, Zeta potential, encapsu-
-10.1 mV, 78.8% and 18.38% , re-
spectively. The liposomes displayed a significant inhibition on HepG2 cells with the ICy, value of 0. 034 pwmol/mL.
CONCLUSION Compared with non-TPGS-modified artesunate liposomes, the TPGS-modified artesunate lipo-

somes prepared by this method afford smaller vesicle size, better stability and higher encapsulation efficiency with

lation efficiency, drug loading of the liposomes were 126. 7 nm, 0. 182,

stronger in vitro anti-tumor activity.
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(PEG1000) Mg Ak p, HRE A T 4k ok i s ik
AT DR AR T 1) — 0 0 H0 oK, 3259
MESR, R A RB B AR, SGE2
YRR, SRS AR, JFRe R AU
IR, BTN TR B R [FRE, EiR
LA PR A SN 4R A PR
F BEL 25 A= YR, O ReAa R0 e A g 448 P
()22 25T 250, DL HAB G 1 7 T B IR AR B A AN
HORARE, R T RERS SRR R

1 T 7 5 B R LE I 25 WS 0 53 A1 LA ok
E, TMiH TPGS &4 g T i B oA IF#0 v, i
ARSI AE LI A AR BA IR FH A U B ORI
HAFRME A RS, EE AN HepG2 41 g ik
TR I 16 PEPEA o
1 XRE5RG
L1 M AR EEAKRHR (LEEw
IAFA RS 7)) 5 Nano ZS90 3t #5422 I i A
(BRI ER AR A 3 PR (FEEH]
Rk AR LA IRAR]) 5 Agilent 1200 = 3508 AH
s Scientz - 11 D 88 75 I 40 ORI (R L i
LML (HARE AR 5 JEM-1400 7 5 L+
Wi (HARRFHRASH) ; RCZ8 AL (1
AR A IRA ) A0 (b
U ATE A A IRAFD) .
1.2 Xz HEIEE (LEREAYEARRG A
BT ; BREBERR. MRREEE, 32 R 1000 44 R
E JEIMR AR (TPGS) (REFRCAEMEARAIRL
A JA4RITE (3£ Hyclone /A F]) ; DMEM 0B
RiFe %k (€1 GRL Gibeo 20F]) 5 MTT, % (I .
HH R, &SR (FKHE Sigma A w); A
HepG2 4iiffitk (P EREBEAIMZE) o BT Ak 2EE
FIEE b B 25 4R A i Ak 2E iR A |l , HPLC
MR kel HAB A 2 Hrat .,
2 HEE4ER
2.1 # &k FRECEPBEAR 100 mg, JH [A
25 mg. TPGS 50 mg """ | & BEMS X I 5 50 mg,
10 mL &%, 45 C ek, A2
A1, FH 10 mL PBS ZZopiik (pH =6.4) KAk,
TR T A K B TR 7 U A e R mE AL D,
450 W= 10 min (&#H7A 3 s, A& 3 s), i
0.22 pm FAFLUERERR TR, BIfS. [F3l4 TPGS K
1B 5 SRR BLAA
2.2 RAEFEE OO “2.17 IFHg ARV, %
SR BE A 5 RAR AR T AL, IR B IR 1

kbl £ 35 ST BT RE AL I TR A R AL
Jo, B TR, 2% B R R U TR 6
10 min, fEZ ARG FOHLT, SR BUAIE & .
ZERILFE TR 1,

x1 EREFELSH

Tab.1 Physical and chemical parameters of liposomes

FE Fift/nm PDI Zeta B {ii/mV
Z PR B 128.1  0.179 -4.2
TPGS &/fifig Bk 126.7 0.182 -10.1
TPGS FRA& i g FifA 166.3 0.220 -5.8
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Fig.1 Results of liposome characterization
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2.3 aFHFae
2.3.1 i &M Capcell Pak C,; MG {0, 3% #i:
(5 pm, 4.6 mm x250 mm) ; FiahtHZHE-0. 1% B
g (65 :35); RS 1.0 mL/min; 4% K
210 nm; FE 30 °C; #ERERE 10 pL'
2.3.2 AR R B BRSO A A A IR
TPGS M AR AE i JE BT 44 0.5 mL, HIEEVE A,
S min BEFL, EARZE 2 mL, RIS AW
(B EARNE) . FR BRI 0.5 mL, &
F10 kDa #ByE L&, 3 000 t/min B> 8 min,
RISl m Il (Y S A 8IE) . s H
PRIBA, Tk 2 BT T8 BRI P X BRI
2.3.3 LEtEAE e “2.3.17 WMEAERMAT,
e W IBORE R R B PR X IR WA
10 pL, AR GGG, Z5RWIE 2, ARz H
PR BUALH 73 AT T & BEBR & A I E
2.3.4 AMERAREE HUS. 01 mg/mL Xf B g i
W, JERE2, 4.6, 8, 10, 12 pL 737, DA
AEANPAER (Y), EmBOYRARAR (X) 2]
493
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D.TPGS A& i g J5i 44 48 6 ¥ E.TPGSH& 1 fig Joi 44 148 38 F.RPEST R

FrAERR £, 2095 FE Y =0.020 42X - 0.224 63
(r=0.9999), 7£ 10.02 ~60. 12 g 7 Fl 9 414
AR

2.3.5 famtike W TPGS (&M AR A& M g it
IR AL R IE S B, 7 “2.3.17 Tifagk
FMFFFO, 2,4, 8, 12, 24 h ibke, MG HE
BEBRIE AL RSD ¥/ T 3.0% , RUIFEWAE 24 h
PR EPE RIS .

2.3.6 REERE CKXEBBRSNE. B,
K3 AN BT, WIS 1 d BELLHERE 6 YR IV T
FURSD 435154 0.30% | 0.10% . 0.33% , FWH
DIRG%5E RAT o BRRFRERE, MASESE 3 d (i
FURSD 435154 0.55% . 0.94% . 0.88% , # W H
DA 5 B R Af

2.3.7 HEEMRE H “2.3.27 WFTEHR&
PERX T IAW, 0.45 wm FFLUEMELE, HEFE 10 L
SyBT, DA 8 3R R Ve AL RSD 43 510k 1.33% |
0.65% . 0.89% . 0.94% , % W i% Jy vk & &t
RA4f,

2.3.8 JmAERMCRREE BCE . . IR 3 AR
WX IR, IMA S AR R 5 mL, AT
10 mL & i, OB O 5.010. 2.505,
1.253 mg/mLiFE W, i 0.45 pm G FLUE B, HEFF
494

10 WL B Z525%, FHnAe Ry 98.91% ,
RSD 4 0.77%

2.3.9 WRRHEELE RS ERL DO IREIA W, R
Mk . . AR3 ADETEWE, &AW1 oL, E
F 10 kDa #83E% , 3 000 r/min 5.0> 8 min, {5
BN 100.72% , RSD Hy 0.23% , 08 H
XF e B R T M, T HE R A
e

2.3.10 AuFENE B TPGS & FIAAE i g it
K% 3 4t /RS 0.5 mL, BT 2 mL &H
H, A LS mL HEE, 60 °C/K¥A R 5 min,
A% B 2 Z) BF, 15 000 r/min 55 .0» 5 min,
0.45 pmfgfLUERLTuE, PEREAHT, e W,
FRHL2 FRRERTIA 0.5 mL, BT 10 kDa 8 B0 5
Hr, 3000 r/min B0 8 min, 0 5E B TS 25 W)
(W), iEaER, AXhER= [ (W-
W) /W] x 100% , &5 W3R 2. 3] i,
TPGS &M i BT A (4 A0 35 36 g T RAE M IR ik, &
BHIZ 5 12000 7 8 BRINE AT B PR AE A C BHSOR

2.4 ARSMEFEM E

2.4.1 LT KEER S5 mg/mL TPGS 1&1fi
JEBTAAR . TPGS & i fig o 1A #1853 1R (5%
NaHCO;) % 3 fiy, #fn 1 mL, & T#E > T &
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Tab.2 Results of encapsulation efficiency determination

%5 FE (IESELT) RSD/%
1 TPGS &g B A 77.19 0.92
2 TPGS &g B ik 78. 90 1.46
3 TPGS 1&g B4 80.97 0.78
4 TPGS A A& il Fi Ak 68. 30 1.02
5 TPGS AAEM R B4 73. 10 1. 66
6 TPGS A A& Hillg Fi ik 66. 02 0.96

14 000 Da By Hr4Ed, [ T B AU HE 2 1,
L 500 mL BRREh i (pH =7.4) RBEU I,
37 C. 100 t/min F #4752, 0.5, 1, 1.5,
2.3.4,.6,8,10, 12, 24 h BtFE 5.0 mL, [RIA}
AR B [ L A A 0T R S IBURE VS T
2 mL, 0.8 pm fALUEREUE R, e OGRS, 23l
et 2.

2.4.2 JjEAEE OREBCH 20 we/mL w5 BE
fik PBS ZEpik (pH =7.4) 500 mL, #H(0.5, 1,
2.4.6, 8 mL, PBS E% %] 10 mL, Fepk 1. 2.
4,8, 12, 16 pg/mL XM GER, BEEEZEA
b md, T 210 nm FEARAIE WOCEE, DA%
W R AR AR bR (X)), WOGEE NI ALDR (Y)
efilbriE £k, 5 REJ5 Y =0.071X +0.001 9
(r=0.999 1), EKYHFEIETE 1 ~16 pg/mL [
WM R R AT 7[R — B 8] SO A T HOE B 35 e B
Brile 6 £, MFSWOEEE RSD 2 0.45% , EKBZT5
FEEVERL, BHEESIEMRENIK S mL, T0,
1.2,4,6,8, 12, 24 h N, WA EE RSD
H0.34% , FRWEWAE 24 h WEEERIF. &
H AIRBTER E RY H AT H RS %5 FE RSD 4351 R
1.27% F1 1.09% , FULIHKG % B R 4f. el
W4y 51 A 98.01% . 98.03% . 98.67% , RSD 43
B4 1.06% . 1.31% . 0.30% .
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Fig.3 In vitro release curves

RARE A, KRB RIWCR R L, Jf H TPGS
AB T Rt S P B8 Sk 8 ) b PR T A T B B
2.5 fEhEFR

2.5.1 FRUEEBONE SRR E B B AR
SEFR (KW, 4 TPGS 6 i R A& A6 i i 1A
ETFMT 5000 r/min FELL 30 min, 7E 590 nm i
KAMMERICRE, 188 A, 5 BURELL ) TPGS &1
FAAEMAG BARTE 590 nm P AN 2 O RE, il
HA, WH K, AR K = (14, -A 1 /A;) x
100% , KB/, BEBUABRERE . 4558, Wi#E Ko
Bk (11.48 £1.54)% F1 (22.18 £2.74)% (n =
3), FW] TPGS &1 5 v 42 = g B A fe e 1
2.5.2 JREFURTER A mE RN #
TPGS &Ml i . TPGS A A& g L 41 4 1ML v
PLLs 1 WBlR G, 37 CTHRAFE2 d, FFERHR
"k, SR UK 4, mETTH, TPGS &1 g it
ORI TCH AR, I A B IR T A 4 kA% A PDI
WA R, R HEAME D RAETRE, M
TPGS &4 f5 v A4 55 i A 1l 37 v A e Pk o
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Fig. 4 Size distributions of liposomes in fetal bovine serum
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1001 Hoflh 2 4112 XATRER T TPGS AT S SR 41 E
80- BV, IR HAMERITEL, 1C,, 7354 0. 063 |
£ 6ol 0.050, 0.034 pmol/mL, LA 25 pg/mL Jfi f il 4
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5% CO, RYANMIES F2 46 T H IURE %, 259 24 vk
BEH 6.25, 12.5, 25, 50, 100, 200 pg/mL, fE
FHEFE] 24 b, Hodr, 25 FUIRBAORT 25 pg/mL J &
e P25 A RIS 6] g 24, 48 72 P
2.6.2  4UESEFHRE RGN YedExHEUE KA,
i g1 1 % 3k v 1) B S 200 BV, HepG2 41 i %%
82 x10*/mL, % 0.2 mL/fLEERT 96 FLAR T,
BETHRATEIR, 12 h Fase 2 hRE, B H
BEMLT X REZH . T BEER 4 . TPGS RAEMi AR T
TRe . TPGS Mg A4, 25 FIR R4, =5 A
TPGS 4, B4k 6 MEFL, LR —anth)E
AN B, PBS BRERUEG, bR LG, &AL
A 180 pL Hrfet DMEM 353738, A 20 pL MTT
W (5 mg/mL, RPZORIEEN 0.5% ), 4k:Ris
4h N0 EFLAEE IR, B A 150 pL
DMSO, ¥z 10 min i ¥ 7053 f# o 7E 490 nm
PR A e AL EE W SPSS 21. 0 ik 2
Bl . AR 3,
®£3 MEENEER

Tab.3 Results of inhibitory rate determination

. %

e —— s fEi
AL 4L

200 94.5 94.0 95.4

100 92.8 91.6 93.0

50 70.5 82.0 86.6

25 53.6 64.3 69.6

12.5 29.7 35.7 48.1

6.25 9.9 12.8 27.3

HIZTT A, 7 H BRER 4L . TPGS RAEHMi g T {4
2, TPGS iR B AR ZE Xt HepG2 4 iy A= K Ay 40 il
PRI AR OC R o M0 24 ho ik, BlE 254
i W R BE m (6.25, 12.5, 25, 50, 100,
200 wg/mL), 3 410l R AW BT, Jf LA
TPGS fEMiiis T A A die iy, 2 WA LA I8 3 1k o8 T
496

t/d

El6 #HPHlgzk (25 pg/mL)
Fig. 6 Inhibition curves (25 pg/mL)
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ARSZG L TPGS 160 75 5 B 1R A5 I 1A ) S Al
KB Ja HORL AR /N, PDI SN, R4,
PG T . o, AR NG R R AT RE S R
F TPGS [RIFHIA 2K M I AT, o e g ik
T fE S AR, BRI T, BT
TN RRE B 7KL

TEREFE ) 45 7 W 0200 B LUK AR 2 2
R EEHE, BRI 100 ~200 nm (IS FHIAA
REK 25 is 26 AR A, 4R 29 e JIE I ik
B, gkt TR 2R, AR SR
IE K AR A G TR, AR T W Rk
WU B AR R BT RN A
AR MR S SR, i EE L 3E o % e 45 7 vk
WU 5 & SRR AR R e ek 22, nTRRSE
1 T B LB R B B L

T BEBR K T A B AR, N TR
FERNBIREIAT R, ARSESR DL PBS SZ byl (pH =
7.4) AR, TR S5 H A -COOH 45
F, SO SRRYE, 16 L IRGE i b B R R S 1
K, 2908400 pe/ml, TiARSMEHRE 9256 oh H R
KITHWE N 10 pg/mL, /N T 3 EHEMHE, 175
BUAEEAE, IR SRR, BAR TPGS &1 i
JEARTE PBS 28 phif b i BRI MR, (B U R0 5%
KB, HIA RIFmRse s, sEEmmmsmeE
TEARTF TPGS AAEMAR T A, 5 A AT A 2 I A1 ¢
WOE S BRI K 37 °C, BT T REOR,
I H BB RR P UEAT T i, (RS AR AR, i
TPGS 3 £, () 3 /K B m B i HoosaKkpE, B8
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HARK B, X AT RESE TPGS A g ot fA %
TSR A A

FEALEF B 53 I AR S TR 11 R
VEPRVETIE . AR, ARA T RRE . o2 it
F) R, T EL AT PR AT R 73 B R B 5 1 25 W)
FEEET 3, 10, 30 kDa HIEMKE, %P3 kDa ANhE
AR 5 10 kDa BONIE S, IF HAEKE I ifF
B I R A BRAOK KL T5 30 kDa 03k 70 i,
— AR INRIAR AR R 2l AR, (A
RTINS FRE, BT AR I A L
XN O A PR O SR, A B B A TR R T L
W, 7e2 AR LB RESE IR IR TR, B R
ESBEIR IR TS AIA O, BRI 2 2 2 A R
SETRANME, WA SEE DA 3 £t YRR R S A4

PROMT IR S SR 7, TPGS M R Bk 20
14 1C.50 Y A% T 8 BRIR ZH Al TPGS RABMGR R Biik
XA T TELL TPGS Hil 5 bt iy, 259
XA E A B s, 1 EL b A PO
FIAMERIE R, 2T LK SO A0 AR, A
A E AR RO R AR R AT 70 H., TPGS 2
L FERT R AR SR KA, A L S E
FRfZEe, S TR AR E N, IFRHNE BALE
ELGELE L aat ChAE SN A 2T 5
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Preparation of moisture-proof resin complexes of polysaccharides from Astragali
Radix and the hygroscopicity

LIN Hao, LI Xiao-fang®, LUO Kai-pei, = YANG Lu, LUO Jia, WU Chao-qun
( College of Pharmacy, Chengdu University of Traditional Chinese Medicine; Ministry of Education Key Laboratory of Standardization of Chinese Herbal
Medicine; Key Laboratory of Systematic Research, Development and Utilization of Chinese Medicine Resources in Sichuan Province—State Key Laboratory

Breeding Base Co-founded by Sichuan Province and MOST, Chengdu 611137, China)

ABSTRACT : AIM To prepare the moisture-proof resin complexes of polysaccharides from Astragali Radix and to
investigate the hygroscopicity. METHODS The resin complexes prepared by static-ion exchange method were
characterized by scanning electron microscope, differential scanning calorimetry and Fourier transform infrared
spectroscope, and the moisture absorption characteristic parameters were measured. In addition to the indices of
resin’ s drug loading and polysaccharides’ utilization rate for evaluation, the polysaccharides’ concentration, resin-
polysaccharides ratio, reaction temperature and reaction time were taken into consideration as influencing factors for
the preparation optimization by orthogonal test. RESULTS  The optimal conditions were determined to be
7 mg/mlL for polysaccharides’ concentration, 2 : 1 for resin-polysaccharides ratio, 45 °C for reaction temperature ,

and 7 h for reaction time, the resin’s drug loading was 149.0 mg/g at the polysaccharides’ utilization rate of
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