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Abstract: Although many researchers have studied the efficacy of paciitaxel (PTX) on many cells during
the last two decades, little work has been reported on the importance of release kinetics inhibiting cell
proliferation. The aim of this study is to examine the release behavior of the PTX on various bio—
degradable polymers such as poly {lactic—co—glycolic acid) (PLGA), poly—L~lactide (PLLA), and polyca—
prolactone (PCL) for drug—eluting stents (DES). The PTX from the fabricated films was released for 8
weeks and the degree of degradation of the films was observed by FE—~SEM. Although the degradation
time of PCL was the slowest, the PTX release rate was the fastest among them and followed by PLGA
and PLLA with the equivalent PTX concentration. It suggests that hydrophobic drug such as PTX from
polymer with low 7 like PCL could be moved easily and released rapidly in body temperature.
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2HIE (stent) = G0} 9SS W) a8 T8l AYsl ¥4 & 9] A 25} 88H0] Qi Cypher®7) 2 WIEZQ) ool B2

 dAH o uel E9hg BgAl S A RO oRlER T
APgERe WA FRlaL ik el 78] SEARIE (bare metal
stents: BMS) & 0|48 wf g jule] &4 og et 3134
(neointimal hyperplasia)©] Yol ¥t |2 sl B8 2 7
Aule)| P2 (restenosis) H3 T FE Fok 317] WiEel, A4
et s3g-E w) gsled epgo] miExls) d7 AHE B =

TTo whom correspondence should be addressed.
E~mail: dkh@kist.re kr

172

Al Ak PTX BB AlERFAv 9] gl DESE 4
27 ]| oA W) AP FEAHER o|43E )
W} §A3) drky Bug v glok

ojg] 7kA A 1EAR] poly (actic—co—glycolic acid)
(PLGA), poly—L—lactide (PLLA) @ polycaprolactone (PCL)<
GeTe} gl Llgh welNke-g 24 dorA] o) whiel)
717t o E AET 5 QMo GEUEE 2P sl ARgske A
o 2 LA utS 9 e TEARE AR 2 AR



GEWE AYES P 1EA FoRNE shadgde 238 UE 173

ofo

E4E VA lolA o)n] ul= FDAS] 5¢1E wol tjefet &
F 9 oJkZoT A4y Qirh PLGAS} 22wy o
Z39) 293 BAEE vt} BElETE A 28T 4 Qo
SRR AR Zhgiar Qlck 53], AHIE FopofA oFEg
72 ERk GRS EE Wik SRR WESP] Al 1At Al
B 2 gosh) 7iEe] ARE ¥HS iR FEEH0)] wjie]
g e 24 9he-S Hasl] As uEAE mEgess 4
Zake W GHE o] 3 AP WA 5 Yk

tist RS BRALE 0145 GBS A ot At B
olFoA D glov, 53] A 1 o)aEls oFERRG Mtk Eb
o] A2 Y% ok S AEHT YT® B3] PTXE gi%d

AR AFEFTIe] G/M71S] g vol AEEAE A}
= R07 duiA] ek olgjdl PTXE o) AL goRT mje-
2 A ZIE ] whiel] R Bololi thkshA A4
I 9}\ q_ 12
A WU $AEY N2F 8 WS Y Taxus™
AHES] A9 100 ugd PTX % 10~25% 54 U&= 3
2 AE) FAE k=] 2183k UnR] 75~90%= B <o) 1l
2 ol AEE IUPY $5 Qloks Ayt dug bl ok E o
£ il o3P B7jeflA AR oF 2 pgl] PTX o] Alg&ks Bt
Erha BEE T gkt o)l o) PTXV) #o s Solzke A%
A B35} B gt YIS v X|of thair] ofe] 2
& A7) WF Fol vk PTXE DESel| A48k e &
Fi} HLE TR Z0) vl S FAjol Yo' AL AT
o} g FEAo]t},

wehr], & Ao AdE AFAE 9] 9§t rxdTE
DES®] Z&37] 218k o8] 7k sy Al 987 PTX
B Wolr FEE AT vh 85 9t YA HE RS
AsE Frreeick

By
i

T

(o]

-

roeS

oo

e

S

Mz U Aok AEsd 518218 poly (actic— co—glycolic acid)
(PLGA 50:50, Mw=40000 g/mol) & poly—L—lactide (PLLA,
Mw=110000 g/mol) ¥ Boehringer Ingelheimol T3},
Polycaprolactone (PCL, Mw=80000 g/mol)< Sigma—Aldrich
oA Pl e BT A (PTX, Genexol®) S Ak d Ao
Tullated ARE3IT): 7R ARSE Pluoronic F127, poly (ethyl—~
ene glycol) (PEG, Mw=3400 g/mol) & dimethyl f~cyclodex—
tring Sigma—Aldrichellx] 7418le] A&tk HPLCE o83
o SFEE A5S W] Hsir ols o ® AMgE ol EYE
9 (acetonitrile) I} SH3 Sigma—Aldricholld] TUsi5ick n
vitro $FEHE AFEE slo] AMES OuEsZ A =(DMS0) ¢
Tween 802 Sigma—AldrichB5E] F]sigich

PTX &5 R2AI 28 HZE. AR 841 PLGA, PCL ¥
PLLA BE& 71 PTX S B8 tEA 3] E22XE o]
1 wt%E 321 3 283N (Ulrasonic 2010, Jinwoo) & ©}83}d 37 €
oA 4037 Afeied TUSH W] FEIS wEAl S e

Sk HETA] £2] et TEAGAS ol Guf s

Ho@z P2 Axd £ 10X 10 mm® 712 APtk BE ) o}
R A8 FEYE Aol EE E T AT 1IFY F
ot AFeE Yy {uiE 4AE) AASG. o, Axd EE
S 20~22 umrk. sk 2 o R 10%9) H7kA| F127,
PEG ¥ dimethyl f-cyclodextring Z42} PLGASE A Sullo]]
=21 ¥ 10%2) PTXE 37sle] oFEa] 184t &8 AEsii
o} In viroollA] PTX S W58 H71817] 918 kol g4
TE2 EES 10%2 DMSO% 0.19%2] Tween 800] ¥3E o] 9l
= phosphate buffered saline (PBS) ol 252+ 94 37 2] wH)
Qi 100 rpme] &2 wikele] FE-g WEAZTE QA7IRE
B YEAES FU1E wpt) MRS PBSE ZoKEL 8T o
& WEAFTh

HEHEN BN PTXV} B9 SiE 1EA Z&9) sla9] 725
3] HAsiA Aah A2 $987] (attenuated total reflec—
tion—Fourier transform infrared, ATR—FTIR; IFS 66 spec—
trometer, Bruker) & ©183}o] S350t PTXE T3l Sl
221 PEo) 2ps) A= E 52 294 X (optical bench type
contact angle goniometer, VCA Optima XE video contact angle
system, Crest Technology) & ]88 3184 Ewo] 3 ulLo)
FHTE wol=dl ¥ SRt FARAARE (field emission—
scanning electron microscope, FE—-SEM; S—4100, Hitachi) <
olgsle] BFO HERAE ERISINT, WEH = AH2 38k
FXE electron spectroscopy for chemical analysis(ESCA;
S—Probe, Surface Science) & AMSI0] 4351590 X4 24
(X~ray diffractometry, XRD; D/MAX~2500, Rigakuw) & %)
TEAE] AR B FAE 2 AYTRE 2RBRle
] X412 CuKo, 27084E 20 2 1%min &S ER 2~30°714]
ZAFsISIT

HEM, AxIFAIEEA (differential scanning calorimetry, DSC;
MDSC 2920, TA Instrument) & o510 PTX S} AEslA s
o g3 B4 RIS AR S A ¥ I wol B
gk zlh 9971 Bl 10 C/min®] £%2 300 T7RR] $:2A121
%, 10 C/ming £E=2 —80 T7R4 AYAIZ] o2 WA} 300 T#
A Feais 48 As-g BEEsit

oFEYlE &5 L 1ER YEOENH PTX WEEsE %7
3] A sink condition& e8IITh BE-E 47 wlo|gel ¥
3 PBSel] B9 3247 (BS—-20, Jeio Tech) oA 37 Colld 100
rpme] SEZ FE] T 8F B AEE PEAFTE AT
HHo® 1 mlA ARE sl a4ds dazetE ) (high
performance liquid chromatography, HPLC; LC 1100, Agilent)
£ o] &3] PTXY HEASS ERIsIith 42 Eclipse
XDB~C18 A& AHg3lian A7) dolt 4.6X 150 mm®, 7]
FA71E 5 ymirk oFE 3O R 60 vol% SPEWVEZT} 40 vol%
FTRTE AMHESINOH 1 mL/ming] $E2 88 F9 Sk
1S "WolFw FEE 60 barolil, UV 3o} 227 nmd =)
PTX$ AFAIZHretention time)2 3.5%0]3ic}

-

Polymer (Korea), Vol. 34, No. 2, 2010



174 HAE -

J MWM%MWMT’

PLGA/M5% PTX

PLGAITEY% PTX

'Jf/k%\//\m\\x //

v

4000 3500 3000 2500 2(;50 1500

Wavenumber(cm™")

1000 5001000 950 900 850 800 750 700 650

Figure 1. ATR—FTIR spectra of two PLGA films: PLGA and 15% PTX loaded—PLGA film.

Table 1. Surface Characteristics of PTX, PLGA, and PTX Loaded-
PLGA

ESCA atomic % Contact angle

Material Cls ng O;s (degree)
Pure PTX 75.9 1.5 22.6 -
PLGA 62.6 - 37.4 65*1
PLGA/15% PTX  69.0 1.0 30.0 77%2

2 H EE

EHEM. Figure 12 22 PLGA 983} 15%2] PTX7}F E0i9]
= PLGA ¥E& ATR-FTIRZ £33 Aotk 15%9) PTX7}H
Lojr} = PLGA BEolxi= 1451 em™olM —CH, 2%, 1646
em Pl C=0 A 77213 709 emleld] C~C Ao zRE PTX
9] EA2 & 5 YUTk® weA, PTXV E8so] Q)& PLGA 2
Bol & AxEEE AT 4 UML) Table 1-& PTX ¥ ©]3lo]
69 PLGA 229 ESCA € ¥=Z 472 Jehd slojh
ESCA 84 Ax}, PTX7F 8§50 9l PLGA Fgokl= 1% 4
27} AEHY T FEo| Y £5°3 PLGA 2= davt 3
257] ggkrh of= PTXUO] A4 g4vl 9o =5 PLGA HEY
o PTX} E4i8he dw)sit) Ack) PTXE C7t 75.9%% 62.6%
9l PLGA SEHT} 2 888 X3RS, 156%9] PTX7L 0lt
PLGA ZE& <78 PLGA HERT} Cy, 92817} 6.4%LF 23T
A&7 432 FaA, PTX7F E0)7F 9l PLGA HE& &5¢
PLGA 2ERT HEZo] Frhe 28 ¢ 4 3tk o]AL PTX
Th FER A4AQl okEoly] i) Awt e g ] mEalE o
#4 PLGARTIE AEZo] o} &4 Velsith Figure 23 2FE0]
EfEo] Sl PLGA BE<] XRD 4A9E vehd Zlolth PLGAE
FAY AR 2 JEA 9P Wi iRt 239y veht
2 ko™ AZE BE PTX 3 PLGA 2N E 10.4%04
VR = PTX ] 9zt gads) Ve elgith ol 71245, 10 1

E2iM, #3498 A2%, 20104
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Figure 2. X—ray diffraction data of PLGA films with PTX,

2|1 15%% PTXE 28311 9l= PLGA HFJel PTXVF 543
Pelg m=A) BdEe] Qlche 2g gt upEbi, B el
= PTX7F 383 ez 124 =] gls ofggr] st 3
58 ApEsio] okedE A%l ARSIt

MEHM DEXIZEE 2| UBYE. Figure 3& HPLCE &3}
of ZHZ O o] PTX7F o189 PLGA HES o84 &%
& vlast Fojth. 853k FEHE A%-E HrIEI%lon, 1445 E
SRS &) Aot U ZE BRIF 4 QISi) o] AE E8)
PLGAW PTXY o] 1504 5% woldsrs e &7}
wEA VeRdrh o] ZxE drgsly] 8] SEM ARlE Bl 3
& BXe REER] dslE vwdiyith Figure 4v 47 TE )2
PTXE $R3ke S PLGA B89 SEM ARlelr) f#g kg
£ A2) SEM ARRlo) 1, QEZL 85 Fek kIS Fo] Aol
Figure 4@+ 5, 0= 10 @ @+ 15%2 2zt the %] o=
o] FfrE] Sl 2 gEo] WESE PE) 7]Fo] AXe Ag
RIS 5, PTX AB7T 2590)7] wgel) o1le] @At 25
ko &9 F5E W] 1 0] 555 PLGAY Vi



50
®
§ 40-
o #
o

30- /
& e
[
? e
g) 20 ) /
> e
g 10+ g .7 /‘//
&) Sy

K Sy S
R AA
04& T T T T
0 10 20 30 40 50 60
Time(days)

Figure 3. PTX release from PLGA films with different loading:
~Mm- 5% PTX, ~4~10% PTX, and —®— 15% PTX.

Figure 4. FE—SEM images of different PTX loaded—PLGA
films: (a) 5%, (b) 10%, and (c) 15%.
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Figure 5 217} Tl& 839 <FE-g XI5l gl PLGA 2§
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oz Qg Ae g Moz Ae 4= Qe wel, 771 v
952 pEA WY A-52 (free volume) 7} Z71517] uiRo] &
9] $75lo] golalA klE Swrh vk & 5 ek Figure
62 10% PTX7F 017 Sl ofe] 7FA 24 BEo 2R el of
292 492 Yehd ZAoltk PCLEYE PTXY) W&Eser} 71
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SAE VERRL o= PCLY 77t —60 C= 50 T PLGASH
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Figure 5. DSC data of PLGA films with various PTX loading.
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Figure 6. PTX release from various polymer films with 10%
PTX: —#— PCL, —4A— PCL/PLGA(50:50), —@— PLGA, and
~¥—PLLA.
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&rvof| A GBS vHE & & Ut olelgh AHE oof| EEh
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Figure 7. PTX release from PCL films with different PTX
loading: —®~ 1%, —A— 5%, and —@— 10%.

Figure 8. FE—SEM images of dxfferent PTX 1oaded PCL films:
@ 5%:; () 10%; (¢) 15%.
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Figure 9, PTX release from PLGA films with 10% additive
loading: —~M— PLGA(control), —A— F127/PLGA, —@— di—
methy f~cyclodextrin/PLGA, and v~ PEG/PLGA.
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