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Preparation and in vitro cytotoxicity of PTX/LMWH-cys-TOS micelles
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Abstract: Objective  To optimize the preparation of paclitaxel/low molecular-weight heparin-cystamin-a-tocopherol succinate (PTX/
LMWH-cys-TOS) micelles, and to evaluate its pharmaceutical property and in vitro cytotoxicity. Methods Using drug loading rate
and encapsulation rate as indicators, the influence of organic solvent and drug carrier ratio on micelle drug loading capacity were
investigated, and the optimal prescription was optimized. The freeze-drying method was used to prepare micelle freeze-dried powder
injection and investigate their re-dissolution stability. The release characteristics of micelles in different concentrations of dithiothreitol
solution were studied using dialysis method. The anti-tumor activity of micelles on paclitaxel sensitive and resistant cells was studied
using CCK8 method. The concentration of paclitaxel in tumor cells was determined by HPLC method. Results The optimal ratio of
paclitaxel to LMWH-cys-TOS was 1:3.6, using ethanol as the organic solvent. Micelle products with freeze-dried protectants had a
good appearance, and the re-dissolved micelles should be stored at 4 °C, and used as soon as possible. In the release medium of
dithiothreitol, the release rate of paclitaxel increased with the increase of dithiothreitol concentration. When the concentration of
dithiothreitol was 20 mmol/L, the cumulative release of paclitaxel after 36 h was as high as 93%. Micelles could enhance the toxicity
of paclitaxel on drug-resistant cells HCT-15/Taxol and the concentration of the drug in tumor cells. Conclusion LMWH-cys-TOS
micelles can improve the solubility of paclitaxel and achieve targeted drug delivery.
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1 EEFRF
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1 BBUORKEES LMWH-cys-TOS BEMIRE XK
Fig.1 Correlation of fluorescense density of nile red against
LMWH-cys-TOS polymer concentration
2.2 PTX/LMWH-cys-TOS FRREIHI%
221 JRMHISTE F 15mg LMWH-cys-TOS
WAL b mL KR, BERERAT TR IR 2
BEVEWL . it — AR B ORI TR R, TEVKK IR
HOR R SV SR 10 min, ZR 5 4k 24 HE 30
min, ¥ 1200 r/min, JkH 28 EBUETTBRE GG
I, #RJ5 5000 r/min 5.0 28 H BRI EZE,
AURTHE, BI18 PTX/ILMWH-cys-TOS iR K% T
T
222 QWEHFMPLEMME OEFMF: Welch
XB-Cug o il 4 (250 mmX 4.6 mm, 5pum); JishtH:
LJiF - 7K (45 ©55); Kl i : 227 nm; AE i 30 C;
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AR E: 1mUmin; BEFEE: 10 pL. FEEARI—
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H R R ISR B S5 1, FFRioRe B BRI 0.8
mg/mL, K HPLC 2 5 e o S AZ B 1) R ik
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T AR TE L. 3 lE , EAZREAE DMSO.
FH I SR RV A 2 53 ) 9 150, 50, 1.5 mg/mL,
5 DMSO. WEEAHEL, SEAZREAE LT P HOVE R B
Ny BRI AR IR IR A AT A RN R
B K PE A% o
£ 1 TRIBFIXEREARMEII RN ( x+s, n=3)
Table 1 Effect of various of solvents on drug loading capacity

and entrapment efficiency of micelles ( x s, n=3)

pagl BRAZI% FLEF21%
ZHEETE 94+25 39.7+4.9
i 12.3+4.1 453+7.1
7% 185+3.9 67.9+6.4

2.2.4  ZpVBAR LI IR B2 RE s DL
CIEAERET, SR B 238 s F A X e AR A
WAEMBE R MG R IR 2. ATLUEH, b
F R AL TR AR L 2 6] L9 (38 im0 24 R 18
I, AR AE RN TR FoREE SRR
#hn, 454% LMWH-cys-TOS Bi/K It A% 254
A 2R 3G N, (R A% T 25 A R4
B oy T3 2, 20 2 TA) 1 25 ) Ao BH 0 2 8 Sfe ik
K, FEHKIEAZTCES G B2 MRS T,
DR 24 B 3G 0 B TE — e PR S LRI nEZ%, (=
SEA TR 25, A AN B K X3 S AR
PR Z RN, MMl SpE 2z K. &
SN R IR B 24 2R BRI A2 I PR BT 75 VR T R, (R
AR RS INARI A . WRiRE . $%
AfuEEe 3 MTHLEEHIE, KMELEYS LMWH-
cys-TOS W 2aiR bl E N 1 © 3.6,

R2 TEIZHMEAFLLBIZRRIE . BARMBHENT
M ¢ x+s, n=3)
Table 2 Effect of drug-carrier ratio on particle size, loading
capacity, and entrapment efficiency of micelles
( X=s,n=3)

WYEARLLE]  RARmm B W%
1:42 189.6+17 143+26  784+19
1:36 1195409  196+17  763+21
1:30 2346+24 215+16  684%11
1:24 2458+14  235+20  66.3*13
1:18 256.2+3.1 253+09  543+12

225 fEATT  SREEBMALTTHE PTXILMWH-
cys-TOS IR, ENEER2EEA LMWH-cys-TOS H & 1
Eepi 12 3.6, A L EEAE A LA I 24 e ol
2.3 BRFAHAXRMEIHRMNE

B — & & PTX/ILMWH-cys-TOS JIiRHT, WI75#;
2R A E R RN (187+43) %. (77.5+
13.2) %.
2.4 FERAKIZRFN Zeta BBALAINE

R FREL— % ) PTX/ILMWH-cys-TOS i iR
(ORI 590 A BRI VR, MR 22 i K
£ 0.4 mg/mL, 8 R BOERL B 2 A e kAR Al
Zeta HA7, 455 AL 2. PTX/LMWH-cys-TOS IR
[PIRLAR A2 118.9 nm, Z4rEdE%E (PDD & 0.164,
E/NE) PDIAB U A R IR A2 20 A7 LA — . Zeta
HLA72-30.37 MV, R & — MBI E 728, ek
R E A LA s SR AT 4 HE R 30
mV, JR AR 8] (R HE R 7022 BRI, 80K 1) s e
HeF AR BH B O T SR 4R, REIRUT Hb 4R
RPRIRR e B, R THI ¥ 971 B ff 38 T DA BRI IR o
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Fig. 2 Particle size and Zeta potential of PTX/ LMWH-cys-
TOS micelle
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WEOGORAT, 7E 24, 720 HURE, DI5E IRAVE W P52
WL 1Y) o B R 2 AT AR R REA, LA O d IR SRV A
R BRI TR IR R A, %
A IR aEds, $on 5% & I R A IR E
B, W3, FEACTE, BB 240 )5,
TERAIAMLTE B A1, 32 R ARIAR I B S e
A%, HFE 23 CHAMFFINE 24 h, BORKIEZFEM
R R AR, JEHBA R BEER. 72h )5,
1E 4. 23 CHFAFN, B RARARY KA B2 .
T X R iR s E s B2, IR e )
AR RIZAE 4 CHORAF, 1 HZRREH .
#z 3 PTX/ILMWH-cys-TOS BRRAFATMETHERTREM
( x=*s, n=3)
Table 3 Stability of PTX/LMWH-cys-TOS micelle freeze-
dried powder injection ( X s, n=3)
Y%
4 °C 23 C 4 C 23 C
123.1+13 1212+1.1
127.2+1.4 1284+1.8
136.2+1.7 1459+2.1

Fife/nm

t/h

0 100.00+1.40 100.00+1.80
24 98.01+1.20 86.23+1.50
72 87.16*+1.60 61.194+2.40

2.6 RINERIENHE
KBTI E PTX/ILMWH-cys-TOS iR 1]
RAMREUREIE o KR 24 I AR PR 2 S AZ I 1 T i
iR 0.8mg/mL, K& EIRHRER 1mL, & Ti&
s, SRS IENTRE T AT 100 mL & H AR
[ 0. 20 pmol/L. 20 mmol/L — i 48 % 1) s 12
G (pH7.4) THR/NEMA R, TEKIHEIR RS
PR TR, B (371D T, IREE
& 100 YR/min, TETSE e IR 8] A P EURE, R
HPLC £l 2 B T8N S A2 BE R TR B EE, 221
SRR - At gk, R NE 3. fERTA R
NFF, KEEEHAFIERBIR, WHEERET
B FELEBK IR A RZ R, AN R B R R 1) 3R
o EAS R PR R 222 b, 24h Y
BN REVBECR LN 15%, MBEA RHEH
TIRIHERERS, RS RE S R, EE
MR DA & a2 T R, BN T
LMWH-cys-TOS R HIZE1E, FBUEZBERIPOERE
o Bl R PEREIR 3G N, AR
WIS EEPY,  ERIRNE B R FE A 20 pmol/L B,
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Fig. 3 Accumulative release - time curve of paclitaxel from
micelles under different concentrations of dithiothreitol

AZRE 36 h 1) RAVBE IR 19%, 1 i 75 HE I
[R3R BE A2 20 mmol/L B, SEAZEER 36 h 1) R BVRE L
ik 93%.
2.7 RINEREE M

K CCK8 v M 7t Jise A %) N 45 B ¥ 2 fa
HCT-15 fI8etE, FIF it $42 B2 HCT-15/Taxol 1
NNHHE . ¥ HCT-15. HCT-15/TaxoL 4 E 7%, 1%
REBUF MR, #5252 96 FLIR, BFLIMAZ)
5X 104 NHf, E RPMI-1640 £ 77 bl 9% 24 h,
¥ 96 FLARH A R IR, RIS B L
B i 37 1) & PTX/ILMWH-cys-TOS  Ji o () 5 95 3
(LSBT S ) SR R0 =K D 0~1.0 pg/mbL),
Tl FRAE h 4k E 48, 72 h. W ETER
FAFLF I 100 Pl & 10 Pl CCKS8 IR 73R4
W, TEANMuREFRAE R ARSI E 6 h, BRI
450 nm JEWROEREME .. 8t SPSS #fha w5
48. 72 h #IJREH 1Cso {H, WK 4.

Rz 4 PTXILMWH-cys-TOS RRRFNLEFZEEE HCTL5 #0
HCT-15/Taxol 4Affl EAIFM ( x+s, n=3)
Table 4 Cytotoxicity of PTX/LMWH-cys-TOS micelle and
free paclitaxel in HCT15 or HCT-15/Taxol cell
( x*s,n=3)

1Cso/(ng ML™2)

ZH 5
48 h 72h
HCT15+ i # 234.7+19.2 213.6+15.7
HCT-15/Taxol + i 2459+18.6 221.7+216
HCT-15+ %128 267.7+32.6 256.81+45.8

HCT-15/Taxol+ 4428  467.3+31.6™  421.9+40.1™

5 HCT-15+ %+ 4lt: "P<<0.01
P < 0.05 vs HCT-15 + paclitaxel group
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M 4 ha] AR 7E A RE RS ) HCT15 41

Jf AN 24 1) HCT15/Taxol ZHJfi L, PTX/LMWH-cys-

TOS A 1Cs0 A 225 22 57, 1t WA AR e e Ik

JERIT 254, TSR AR 2540/ HCT15 AU

“H g HCT15/Taxol F [ 1Cso 4 ¥ 3% 2 5 (P<<0.01).

2.8 HHAARZNIREE BN E

Y IG FEAI N2 R [|] 2.7 BT J7 3%, (BAE 48,

720 IR NN CCKS8 bk, WeZikianst, F

M2 BRI BEIR ER 22 pP U R R A 3 Ik, RS

MBS, NN 500 L LS, PRELEEA 3 min fi%

A, 3 000 r/min &0 5 min, HX L&, KA

HPLC 1 I IR L, TS B A\ 4

PN R, 4RI S,

% 5 PTX/LMWH-cys-TOS FXRFILAZEEE HCT15 #0

HCT-15/Taxol 4ARIAIEERE ( x +s, n=3)

Table 5 Concentration of paclitaxel in HCT15 and HCT-15/
Taxol cell of PTX/LMWH-cys-TOS micelle and
free paclitaxel in HCT15 or HCT-15/Taxol cell
( x %s,n=3)

L (ng mLY)

ZH
48 h 72h
HCT15+ 5 4053+23.8  423.74+295
HCT-15/Taxol + i # 456.8+43.2  467.9+28.6
HCT-15+ %4212 398.6+31.7  405.7+34.6

HCT-15/Taxol + £ A2 223.84+23.1" 243.74+19.8

5 HCT-15+ A2 BE 4 LA “P<<0.01
P < 0.05 vs HCT-15 + paclitaxel group

EASWEAE AN 1) o Bk BE RIS E 7 2.7 BUR
SCIG L, #F HCT15 A HCT15/Taxol i |, %
WG RN ERERAFREESR, HEK
MR ILA2)5, £ HCT15 W REIRE S E S
£ HCT15/Taxol 40N SEAZERE I EIREE (P<
0.01).
3 Wig

BEEAE N — D2 254, fEimK b
RIFHAEE T2, HTRZMIEEGYT, HE R
PEACHE B A e, JUH R AR AR AR A PR R )
EARBERAS, REHFITFR — MRRMBER .. Fit
SR R AR 1) 370 77 2o 2 v SR A2 I 375 i PR R S B
IFi) 245 245 (1) B L5 A

KHFENTIEME T PTX/ILMWH-cys-TOS i
TE £ AN [RS8 0 5 W T2 110 3 TR 2 4% v A v 1R
T, SRS I R TBC B o R 5 TR P T 3

pIINTIR:Cy | PSR 411 i 00 SZ8: B AP UNY iR S ) & i/ N (974

JE2 2~20 pmol/L, Ty JjftJ3 210 it P 25 I O Pk

N 2~20 mmol/L, 4T RR £h % il h BRI BE R 1)

WEESN 20 mmol/L B, 36 h 1) B AR TR =ik 93%,

BRI cys AF e, A B T IR AE o 40 i

W HTAE FBETR,  I8b 1 290AE IR H AL b () o R

£, AT RS AZ I 2 D
FIFH CCK8 ¥ 5T T PTX/ILMWH-cys-TOS i

WAL BURANM HCT15 AR 2540 HCT15/

Taxol b4 . 7] W, PTX/LMWH-cys-TOS i

TROAT DA ARt e 2 M O i 24 Bl B AN R R &

TG, B 2 A ke 4 P P ot DO AT 0 R v

PEERIGIN T, AT RER R BEA ] P-gp SRR Y

TIRE , /A0 e 24500 S HE R 40 g A1 T 100, SIRiG:

o, PTX/LMWH-cys-TOS #E A\ Ji &g 4t i N 58 )5, 7E

EJRRAEH IR T, ORI MR, PRI

FZBE MR PRI, 3R TT 4R A4 4] FrbJeg i 245 11

TER, @ 7 RERETE . PTX/LMWH-cys-TOS

JREIR L S AZ I S A ) R AR 4G, AT REIE 5 ROR

PA—Fp AR i) 77 AN A K &R B, A

LB PTXILMWH-cys-TOS JRH A 7 HF &

Ml cys & HIDhRE, KIE T P PR E RO,
MBFR AL HERAREGEF ZTR
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