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Preparation and Evaluation of Folate-conjugated Polymer Micelles

HAN Xue, LIU Jing, LIU Min, PAN Jun, LU Wei-yue*
(Dept. of Pharmaceutical Technology, School of Pharmacy, Fudan University, Shanghai 201203)

ABSTRACT: Folate-conjugated polymer micelles loaded with 9-nitro-camptothecin and paclitaxel
respectively were prepared by film-forming and hydration method with the mixtrure of folate-poly (ethylene
glycol)-distearoylphosphatidylethanolamine (FA-PEG-DSPE) and methoxy-poly(ethylene glycol)-
distearoylphosphatidylethanolamine (MPEG-DSPE) (molar ratio=1 : 100) as the carrier. The results of in vitro
cytotoxicity test showed that the anti-tumor activity of poorly water-soluble anticancer agents could be significantly
enhanced by folate-conjugated polymer micelles.

Key Words: folate-conjugated polymer micelle; 9-nitro-camptothecin; paclitaxel; anti-tumor activity

TP iR S SL AT ZE W) L DNA 36 41 5 1 g
[(Topo I) JHEJT4EHR, ifIEY & DNA &l ™

gt HEA: 2008-12-03

E€WB: WEmBERTIREEIT R (863 il &) (4%
2006AA03Z325) . LT i BHEBOCIUH (%' 074319117)

TEHBRN: ¥ 5 (1983-), L, WLy, i HRNS
A [ VB CL R R TR A0 K IR AR 4 24 R G A

BIEBERA: MHEKA960-), Y, #4%, MAHE LR REit

Tel: 021-54237040; Fax: 021-64178790

E-mail: wylu@shmu.edu.cn

PGB AR Y I R BT PR T 2 Rk 2
S TAEF R AR 3K SuperGen 2wl WF K ]
9- WYL FE MR (9-NC) V- E Ty, ST E
i B RRUEMET, X 22 bl 40 AT BB R
JUH R T R 2, T 2004 47 58 1B i
e (TG R, R i IR N B PR, B
TIGRARM A, BT E G 9-NC 7

2B (paclitaxel, PCL) &N TG EHEY)
FR RIS R —FhpUMIRE 25, IR 2 H TP

232G 5 3G 0E) 5 2G5 0E) 5 251 0E) 5 5 0E) &I G 8E) &I 5N 8E) & 35N 8E) & 35N 8E) & XN 2EY 6B X 2 8D X G D xR oG s oD

S 3k

(1] Heikug, xR DRI LZ o i TT L], 25%5%
#, 2001, 36 (11) : 832-835.

(2] ThpExs, X B, SR TR T AR AR P g
BRI O [T]. 254, 2008, 31(1) 1 63-65.

(3] RI%E, Bk §&, KI5, & B A Hp IR0 2 S opH 48
TR T, 78 T2 B 224K, 2006, 17 (4) : 1-4.

(4] ThHE2S, x| 3, EdA, 5. TUTR B 7 As Hp IR B 43 2
FERER IO [I]: W 2544, 2008, 31(7) : 1065-1067.



T [E % 24 T 44 Chinese Journal of Pharmaceuticals 2009, 40 (8)

« 585 -

SO FUMRE R AN A0 IR AT B I
24 B R 42 1 ) B0 S0 A i g i A T A
PCL AR T/K (<6 mg/L), ke, HREYH]
FIRE 22 Bo b (R AL I S RCR T P 1 v L R
A LI EREM (Cremophor EL) By = A= ik k. #if
Sk Fatk. OB ESEARRN, HAESZ
IR P A AR SR R P K B B A e T,
2 PCL A B %ty AN B S5 1 SURA A R 7,
B T PCL RN IR IR H .
AW HAE R AR R JET 20 4D 90 45
R, B SRR A WA KT AR B U —
R B HBEL M SRR R B [ sk & 1 (PEG) ]
TERANE, Bk R B[ an— ﬁﬁﬂaﬁﬂiﬁﬁﬂa@ﬁz‘@%ﬂﬁ
(DSPE) | JE N A%, #4 IR % - 58 4548 vk X
WHEAMEET T, H*/\%Bcﬂiiml—ﬁ&d\?
100 nm, A& ERE. R, Boethir.
PP B I TSR R, TR m 2R e MR Y)
FIFH RS, AN RN, e R HER LA
PRV ZhRE BRI 2> 7, SCBL SR s 2
RS2 AT — FioBE B IS AA, A5 2 B AR i
Je 40 0 JE 3 T = 308, AR IE W A SURER I . BRIk,
W RIEBRIR AW KR, TR AW A,
i ged 4 ey R g, RT B 2T IR L 2 ik
[ T Y NS A
AWM (FA) -PEG-DSPE (1) 5 H4 %L
&L~ (MPEG) -DSPE (2) ( E/RLL 1 2 100) [#)
TRAYE N BB, R UK AT 20 5 0, 2 0
PEBUIIRI 254 9-NC F1 PCL, ik 24 M IR 1816
BEWR (FA-M-drug), FEXF SRR TR L
VA T8 4 v
1100
80
60
40

20

0 0.5 1 1.5 2
¢/x10mol/L
A

2.5 3

1 {XF5HR

1100 29 5 2 v A € 3 A (€ [H Agilent 24 7] )
PowerWave XS HIfifgkrix ( 5[H Bio-Tek A+ )
380ZLS AUk A ([ PSS AW ) CMI120 & I g
(Philips 227 ) ; FACSCalibur 3 s04H Jg A ( 52[H Becton
v ) .

FA-PEG 3350-DSPE. MPEG 2300-DSPE ( I ik " [
#1); BE2EIIE (fetal bovine serum, FBS) . /N:1MiiE (bovine
calf serum, BCS). RPMI 1640 3% 37 3. ¢ I i RPMI
1640 5325 (Gibeo A7) ) s N-2- ¥ L HEWRIE -N'-2- 2T
(HEPES, &= 99.7%, gz RfrmpHi man);
HIR (e, &> 88%, il Bs 24k LRk 47 bR
A ) O SRR ikt

HeLa 4l itk SGC7901 4iffutk ( H ERF£ BN M ) o
2 FEEER
2.1 BUARPEHIG IR AR E (CMC) W

K IO CHERE . BB R SR 1( 5 2)
MERITCK AW, BilE T, HAESWRT500,
IR BT A . S I E & 1) 10 mmol/L,
pH 7.4 ] HEPES ZZpfy (HBS, R ), 4 1( 5
2) WEEN 0.27x107°, 0.53x10°, 0.93x10°, 1.07x
10°, 1.2x10°, 1.28x10°, 1.33x10° F1 2.67x
10° mol/L, I A 0.014 mg/ml. & 25 ‘C/KH
WG 24 h, 28 0.22 um GUALUEIR R BERR 22
B, IR A PO I8 T IR
WREE, WOk 350 nm, K5I 440 nm.,

A5 171 2 ) CMC 24 1.0x10 ° mol/L i1 0.97x
10° mol/L, 455 ULIE 1. T CMC AL, £WX
PARR AR LA A A e

Nicomp™

Dickinson 23

1100
80
60
a0t
L2
20 >
0 0.5 1 1.5 2 2.5 3
¢/x10mol/L
B

1 1(A) #12(B) B CMC MEMZ (n=3)



. 586 -

i E BE 2 Tk 2% Chinese Journal of Pharmaceuticals 2009, 40 (8)

2.2 B HIH

Sy FN 2 MRS (ERLE T 2 100) 10 A
20 mg ¥ TR, A 9-NC 8 PCL 0.5 mg
() CIEHH, e e 25 R SO Jo s T 1, 43 )
I 10 mmol/L. pH 5.5 &% pH 7.4 () HBS ZZ 1
5ml, 37 ‘C/K# ¥R 20 min, A 0.22 um FFLIEM
I UERR AR, 1T 9-NC 8¢ PCL (1)
H RIS VIR (FA-M-9-NC. FA-M-PCL)

28 R R A WD I R R B A A R A W o
( Bp R hn A\ FA-PEG-DSPE (] MPEG-DSPE IR )
()2t R K Ay, ikl b
2.3 RifE. ¢ AT FIIERS

IO 5 o9 W, H HBS 22 ph i s B¢ &
0.5 mg/ml, HIRLEESCI & RiA% 70 A0 & ¢ Hprs IF
UG S NN L, BB s TSI AR A
(WK 2) .

A: FA-M-9-NC, B: FA-M-PCL
2 HARKRIESTHRIEBE (x40 000)

SEREH, MR IPRAR A%, PR
J321 ~ 24 nm, EFHEMEERY, TARKY
AR RERIY, KA WA AT H. A
JE RS A S A € FAEh —13.2 F1-15.7 mV,
H178 9-NC H1 PCL J5 I ¢ WA A7 rEL MR g A7 ks>
9-NC [ FRAE MG A AAS 1 2 5 W AR ¢ FLAE
~13.0 fi1 -15.4 mV, PCL Il —13.0. ~15.5 mV,
TREFE.ZER (P> 0.05).

24 QERNE A

] HPLC 3 52 9-NC™ 1 PCL™™ (4 4.
9-NC M E Mtk & F J: &i#4E Dikma RP
Cys ¥F (4.6 mmx150mm, 5 um); Azh48 /K - L -

R (55 © 45 1 0.169); A&l K 368 nm; ik
1.0 mV/min; #4%% 20 ul, Wl PCL BAENAH S
L - 7K (52 ¢ 48), KpyEK R 230 nm, sk
PR L.

s 55 B BB RV W 300 pl, N KH B R 8
AH 2.7 ml, WAJE S EC B HOIERE I E, £ 9-NC BL
PCL eI & 2y, 5 HZ 0.22 pm fRFLIE R
1L JE) 9-NC 8 PCL KR 300 pl, [RVEIE,
3 9-NC 8 PCL IR s (B8 2 /. THE AR 1E
MR IR 9-NC [AaLE %4 97.6%, e
Hh4.6%; X PCL B Z A 48.4%, #iwh
12%.
2.5 HulbR4n M v

K HE W 5 Lty (MTT 35 ) B804 2 R
B 405 F1 AAE i 56 5 ) e R R Ui 3 2 ) % HeLa Al
SGC7901 4 i i) 4 i 4 FH o ¥ P9 0 i 983 40 P
10% /M1 (BCS) i1 90% RPMI 1640 1538 M0E
WAEARR R 3 ML L, E 37 C. 5% CO,(HIXHE
J95% ) Higesarh. HIRIRE AL 7.5%10° A / 4L
PR 96 FLEF IR, ERFEM T RIFE 24 h )5,
FERIFW, BN 10% 54 fiE (FBS).
90% i RPMI 1640, HIFEATHFR 24 h )5
FEFEFE, TR 230 N EL RPMI 1640 %
ECRRRE B 25 R B M T R B M B S IR . TS
25, A 9-NC ¥ JE 4 0.001, 0.01. 0.1, 1. 3. 5.
8 Il 10 ug/ml, PCL ¥#KJE % 0.012 5. 0.062 5, 0.125,
0.625. 1.25. 6.25. 12.5 il 25 pg/ml. HENHKEH
W3 APATAL, BIPEX B FL N 5 RPMI 1640
FEgel, REEREFE 48 h JF A 5 mg/ml MTT %
W TR 4 he 7 XEFRWL FRY T IA DMSO
200 ul Jf# 37 CAKE PR G 2 R OS5 5 i,
FHBEFRAXAE 590 nm 05 W6 o

A IC, THA A E RO LA, 3t 53k
I PRSI RI ARSI SR A Vi 2 29 )1 4
AR (EDICS, 5 ), 45N 1.

SERRW, 3 9-NC [ RIE i R A W R A
HI T HeLa 412 48 h J5, ICs, &% 0.005 pg/ml, 0
Tl 96 4t 6 2 (R B8 3 4 0l Sk I RR AR AB M SR G



Hr [ 2 25 Tk Z4E Chinese Journal of Pharmaceuticals 2009, 40 (8)

« 587 -

W 30 £, Wi 9-NC 304 f5. [A#f, # PCL
(YIRS U1 2R 5 0 IS R AV ) Hee La 40 RIS 58 174 e

53 9y R A B A 2 S I R 8 %, ¥ B PCL
(1) 81 f%. X SGC7901 [k 5 th th BL T AH ALY &5

e 3 9-NC 8 PCL 1) - [ A& 1 5 A 1 Jie AR 41 361
SGCT7901 4l Hg A8 K IR 23 93 Ay AH R 1) i i A A&
iR G A 1) 2827 5, Ui 5 291 158,140 £,

% 1 9-NC A PCL {£ T A Fh BB 4RBaAY 1C, & "/ugml' (n=3)

%) P A i 5 P R MRS IR S YIR Ui 25
9-NC 0.005:0.001 (0.02:£0.007) 0.15+0.04 (0.55+0.13) 1.520.76 (3.15+0.75)
PCL 0.18+0.06 (0.130.035) 1.44+0.29 (3.52+0.47) 14.59+2.16 (18.26+4.04)

T VAR AN X SGCT901 41 i AT HeL aZi o () 52 56 K

3 it

K F BB A2 e P e e e 25 ) . 3 T 2R
G, wAEAER 259 9-NC 5 PCL A0
Wo P BRER G W AR ARSI w] 35 S M s I e
J¥ 987 2434 9-NC 1 PCL %of b8 41 i A= K 4 H
R T MR A 3 2R G W e SRR 1v) bR A ) O A
PEo USRI R 2 e s e 98 40 A= SR AS
[, 28 W BB I P 28 24 s AR AN R R P ot T e
i Jeq 24540 5 A W PR 2 A e A IR Al M IR e 0, A
B TR IR B A2 IS RAE AR AR S AR AN b 2 4
B M 28 i A B

SE L

[1] Hsiang YH, Hertzberg R, Hecht S, et al. Camptothecin
induces protein-linked DNA breaks via mammalian
DNA topoisomerase I [J]. J Biol Chem, 1985, 260(27):
14873-14878.

[2]  Amorino GP, Hercules SK, Mohr PJ, et al. Preclinical
evaluation of the orally active camptothecin analog,
RFS-2000 (9-nitro-20(S)-camptothecin) as a radiation
enhancer [J]. Int J Radiat Oncol Biol Phys, 2000, 47(2):
503-509.

[3] Balan G, Timmins P, Greene DS, et al. In vitro-in
vivo correlation (IVIVC) models for metformin after
administration of modified-release (MR) oral dosage forms

to healthy human volunteers [J]. J Pharm Sci, 2001, 90(8):

1176-1185.
(4] &A% 4B IM]L SE st AR BAEHRREE, 2001:
398.

[5]  Sezgin Z, Yuksel N, Baykara T. Investigation of pluronic and

PEG-PE micelles as carriers of meso-tetraphenyl porphine

for oral administration [J]. Int J Pharm, 2007, 332(1-2):
161-167.

[6] Huh KM, Lee SC, Cho YW, et al. Hydrotropic polymer
micelle system for delivery of paclitaxel [J]. J Controlled
Release, 2005, 101 (1-3) : 59-68.

(71 " I, 8 3 SRR PUATE R RUA A 25802 L]
[F 25 R} K 242448, 2000, 31(6) : 443-446.

[8]  Park EK, Lee SB, Lee YM. Preparation and characterization
of methoxy poly(ethylene glycol)/poly(epsilon-
caprolactone) amphiphilic block copolymeric nanospheres
for tumor-specific folate-mediated targeting of anticancer
drugs [J]. Biomaterials, 2005, 26 (9) : 1053-1061.

[9]  Torchilin VP, Lukyanov AN, Gao Z, et al. Inmunomicelles:
targeted pharmaceutical carriers for poorly soluble drugs
[J]. Proc Natl Acad Sci USA, 2003, 100 (10) : 6039-6044.

[10] Zhao H, Yung LY. Selectivity of folate conjugated polymer
micelles against different tumor cells [J]. Int J Pharm, 2008,
349 (1-2): 256-268.

(1] £, DA, e, 55 PR £ R —- Al IR
T IR L T Je R A A IR BT A T ) % (0] tHE SR e 25 A5
JL3CH, 2003, 2 (5) < 817-820.

[12] Sezgin Z, Yiiksel N, Baykara T. Preparation and
characterization of polymeric micelles for solubilization of
poorly soluble anticancer drugs [J]. Eur J Pharm Biopharm,
2006, 64 (3): 261-268.

[13] 2 Ff, B8 RO R I e K AT R St e v
O-fH L =M & 1 [T]. 24554243, 2003, 38 (2) : 124-128.

[14] WangY, YuL, Han L, et al. Difunctional Pluronic copolymer
micelles for paclitaxel delivery: synergistic effect of folate-
mediated targeting and Pluronic-mediated overcoming
multidrug resistance in tumor cell lines [J]. Int J Pharm,

2007, 337(1-2) : 63-73.



