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= 2HEE A7) EAF W o3 A2t o, o] uf AF8-E A= polyether-based polyurethane(“d3EH :
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SR 2 AFHEA, oFEo] IR E 18 BF o] B84 542 SEM, FTIR, H57 4 71, XRD| ]3]
gelstslen, E‘j“*zi‘:—t— oFE GOl 5‘53-’?3 Basdeg & AR

Abstract: Recently, along with technology development of endoscopic equipment, the stent technology has been
developed for the convenience of operation, shortening of recovery times, and reduction of patient's pain. In this study,
paclitaxel-eluting metal stents for treatment of biliary benign stenosis were developed through an electrospray-coating
method. Polyether-based polyurethane (PELLETHANE 2363-80AE") and paclitaxel were coated onto the surface of a
metallic stent and Pluronic F127 was used as an additive. As a result, physicochemical characterization of paclitaxel
via SEM, FTIR, contact angle and XRD techniques revealed the information of solid state of paclitaxel-loaded PU
film. The in vitro release profile showed a slower release rate with a higher content of paclitaxel.

Keywords: stent, electrospray, pellethane, paclitaxel, drug release.
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=

#o Z<l Nitinol 24 2] <}o]o] FERE o]Folxl
Hanaro Biliary Stent™(4]%1%), Hanaro Magic Biliary
Stent(FH ¥ )& AHEStA o™, SHE FR9 AL 4
2] PU(PELLETHANE 2363-80AE®, Dow Chemicals)S
AHE-SFR o, H7HA 24 Pluronic F127(Mw=12600)
Sigma-Aldrich(P] =) Al 4R e, & 4] dimethyl
acetamide(DMAc, Junsei Chemical co.), acetone(AC, Junsei
Chemical co.) T& THstd AH&stadth. Fe=2A 3=
284 (PTX, Genexol®)2 4% AWl 2o A Fruf 5l A&
stk FEEAS 914l acetonitrile, methanol 5 HPLC
FOZ Sigma-Aldrich(F]=H)Z58 Y3+

Mz Y FH|. IEAEA PUS DMAcS AC &3
£ (DMAC/AC (1:0~4:1 viv%)) 20 mLell 2 wt% 2 &3 &}
3 H7HA 24 Pluronic F1278 PU X3 7]F 5 wi%=
A7kt o E9A(DS-RM545, 54173, e=hE o] 83}
of 2A17F &<t AL A EFste] SRIE du gl o
TFOo AR R &S Azt FeFomA

S ACE Ol 10 w%= FL 3k &al et 5, 7] o=k

LA &9 20mLell PU SR} thH] 242} 1.0, 5.0 wi%=
PTX &948 &3 b2 Z-3-I(BRANSONIC® 2510,
Branson, V|=})& ©]-&3}] 37°Co|A 3057F A2t o
At N PTX o LA &4 A x33 T

A7l gk ] B A2 S FH8 A (high
voltage power supply, HVPS, SHV200 30kV/2 mA, Con-
vertech), WE] Al & A] H Z(multi-syringe pump, flow rate:
0.01 pL/h~100 mL/min), *=Z(nozzle, 25G), = E(rod-type
collector), X-Z % A]2~El(X robotic system, 1-axis, moving
stroke: ~400 mm)2. 2 o] Fojx Jom H7|EA} ]2
=9 A= FYEZEYEH 50mm oizl 3ol A 2|} 45
2 AL Ak o] st S49E ] 89 SR,
JEAL g e] Frms) SujRA W) Toll e FEe] ¥
B 545 #Esi

EHSY 2Y. PTXUF EFd ZEA 259 sherA)l
TZ2E gRlst7] falA A& 3 7] (Fourier transform
infrared(FTIR) spectroscopy, FTIR; Model-8300, Shimadzu)
£ ol&ste] ST DEF/ B BRGHE #Es]
2138k Ton Sputter CoaterMCM-100, SEC, 32 A}-&3}]
45mAR 60% 5t 15mme] FAUIE S stlem FA
AA& v 7 (SEM, SNE-3000M, SEC, ¥=)S o] -&3}¢]
100~2000u0 el A A28t 4 X158 Axe HE7
=7 A 2| (Auto Contact Angle Analyzer, Phoenix 300)E
o]-g-stod AFA} ol 3uLe] SHTE o= F
Astth XA 314-dEA (Xray diffractometry, XRD; X-
pert Pro, PANalytical, 7]=})2 53] Z&EA}e] ZA el
ofEo] AAMH B AR TxE AEIeH, XA
CuKo, 2271 9)E 20 2 1.5%min, =70 &5EE 2°~100° 7}
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=
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A7VEALE o] &3 FEH |
A ZAFskSd T
SGEWE JZTHIL PIXVF ZHE RFEY ZdHE
(Hanaro Magic Biliary Stent, ®10x3 cm)i—r‘ﬂ FEE

AES H718H7] 93l pH 7.49] phosphate buffer saline
(PBS) & 5mLoll ~HIES A v, Q1FFH| o8 <t
A1 37°C, 100 rpm o2 WHHSFAA, oF 45+ 52t 44 7|78
E 1mlY AEE Fete] 2T dA Z=vtEIY Y
(high performance liquid chromatography, HPLC System;
1220 Infinity LC Gradient System VL, Agilent) %412 3}

1=

Atk oL SMHMEUEL/SFTE 27 60:40(vv%) Yl
2 THE 5, ARRE] Aol 2eahE 715 o]8ste] 1
E7tEE AAT F AMEEATE PTXS HE: o2

227 nmollA] 242, B0 0] &3 AH-E 5um Eclipse
XDB-C18 Z (150 x 4.6 mm, Agilent, u]%)—f’— ALE-3H4
oW, 42 1.0mL/min, A|EFYFS 20 L= A4 3}

=T %
of B35

21 ¥ EE
B Ao YR P2 288 2 E ke 517

A& 71 2ATFEA, ‘”Pﬂ*i JJrﬂHHL A= A shtz
9 2" EHANAROSTENT™) 5= & A 7252 FH
3 ol A Y 28l E (Hanaro Magic Biliary Stent)]] —4‘1}4\_
AzA o588 LEAE &3 PUPELLETHANE 2363-
SOAE®)S} PTX OF2- Alg-3lo] Thaket 17| 5AF 270 u}
2} Huts oFEHIE 2|l E(covered drug eluting stent)S Al
zstglom, ol WE ~HE I8 QHYgA, FHEA W o
R ER Lt

2 7o) AHgE ol8g EgUw IRARA PU
Extender
—~ 0

\ 0'{'? Hz}IO ﬂ-""@-g'@-'ijl—\o—(cmcuzcuzcwo} i

Soft segment
Hard segment

Figure 1. Chemical structure of PU® polyurethane.
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Figure 2. Schematic illustration of electrospray coating technology.
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Figure 21 3]0} oFEWlE ~RlEE A 25l7] 98] ALe
H A7EAF ARE YElen, PTX k=] ¥£9d
PU 2 &} &A1& A~ E qH I8317] 93)], PTIFEZ
R A2 /\E*]E‘é A & dApAor viEat 2
FE&AS 7|2 SHIE oSS 9
2 AT S cAH R BALst] 45
Az 5k A tH(Figure 3). o] o, ‘?_}Xé
71EAE 2702 A3 16kV, EAA
5°, FAIFYEE 100 pL/min, A2 3]0 —’iT—_-_
S TH(Table 1).

S0 =dHsto| E IY of™Y YIL Figure 49}
Figure 5& &4 W37} 2~dES] I n|jx&
o AR flete] Aot 55, =E7He] 7, %E%t

5] WS AT oA DMAcSH AC &) F-aju] i
st 2 FEY ol A Y 2wl E(Hanaro Magic Biliary
Stent)} M A ¥ bE B Z~EIE (HANAROSTENT™)
ZHIE 5 £ 9] SEM o|W| A& ‘/}E}"“ Zloltt.

DMAc 871 & Ag-8te] 2RIE Friol] A7l 28]
A9S & W, AFole #Lg -4—:01 FEHEY AC &
HET AH o2 H|S5H o] T3 3gAlo] By] uj o,
Ao 57]'6“1] wpe} AEAl gofo] ARIE Wl 2

oX
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o T, Ol

Hi oft [
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=4 o, < FHZE P3|= Hd*o FEAo=
72l -‘%%01 Jﬂré}ﬂ‘}i"”ﬂ A5 22 JeHo BHYs
FER AYo] HAFS & T U Th(Figure 4(a) SHAFIE).

olef] me}, Hl5Ho] FH R e ACe DMAcS] &
F2AAH 5 HIAA7IEA ~"HE BHd 29SS 3 &
SEM °]v|A| & F3l W g E #2313t DMAC ]
AC 3FeFo] 60% ©] PU 2E2}o] E3hd A S0l =, A3
o] =& EHFOENE A &do] FAbE of &0

sHAl EAF

PN w2 R 20| FAslo] 7
Drug layer — | R
Drug layer —
Stent sta ———)- Stert strut—>
ase coat —3 Bane cost —

(a) (b)

Figure 3. Schematic description of the cross-sectional views of a strut
of the drug eluting stent coated with PU; (a) bi-layered matrix; (b)
tri-layered matrix.

Table 1. Experimental Conditions for Electrospray Coating

Solution parameter Electrospray coating

Solvent Polymer 111;3 Distance Volume Voltage
(w/w)  conc.(wt%) (mL/min) (cm) (mL) kV)
DMACc/AC 5 0.1 15 0.5~3 16
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(a) Laser cutting stent
«

Figure 4. SEM morphology of electrosprayed; (a) laser-cutting stent
(DMACc:AC(1:0 v/v)); (b) wire type stent (DMAc:AC (1:4 v/v)).

(a) Laser cutting stent

b) Wire type stent

7
7

Figure 5. SEM morphology of electrosprayed; (a) laser-cutting stent
(DMAC:AC (4:1 v/v %)); (b) wire type stent (DMAc:AC (4:1 v/v %)).
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ZHE 39 PO AEA WirhFigure 4(b). T,
ACS] o] 20% v B3e] 2HE FHe] w1y
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of uwjg} ~HE FHe A FH ol A

AE AT 5 YA
HEHEY., A7 S 53l PTX S5 1 wi%ellA]
10 wi%7kA] k=S gelste] Alxst ~dES] 3H
JElE SEMS T3l #ae A3, 2F a8 259 3
TFAE 50 um(+2)°] A tH(Figure 6, Table 2). B3 PTX
S5t swi%ZkA e AHE ¥ W] 231 dA
(aggregate particle)7} WA F R ¢kgrom njEF 2 Yo
43 EEXHO AS & F AR, 10 wi%
PTX &S AFSalA S A9, 53 dA7E EAlsts o,
A7 ¢F 0520pum 42 & F AATHFigure 7). o] A
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Figure 6. Surface observation on the surface of PU film by SEM
(Scale bar; 50 and 10 um); (a) PU; (b) PU /PTX loaded PU/PU+PVP.

Table 2. Drug loading of PTX-PU Films

Film type Initial PTX loading(plg) in matrix
PU 0
1.0% PTX-PU 50
5.0% PTX-PU 250
10.0% PTX-PU 1000

(c) PTX 10%
(X2000) (X200) (X2000)

(a) PTX 5% (b) PTX 10%

Figure 7. Observation of PTX aggregates on the surface of PU film by
SEM (Scale bar; 20 and 200 pm); (a) PTX 5 wt%; (b) PTX 10 wt%; (c)
PTX 10 wt%.

b A71ARA & 7F mEA S EA YA FHE
IEA HE WellA A% FHE Fol AAY Ao o
AxItt.

Figure 8 717} PU &3 5wt%<] PTX7} $H+-& P
55 FTRE S43 Ago|ry. 5493 245 HH
PTX7} &% PU ZE9] 1722em™2] C=0 ester stretching,
1242 cm™®] COO stretching 59 ¥ 252 A9 714
HFo] TEo] BRI oL}, PTXS] 1644.98 cm 'Ol 4] 5.

= C=0 amide stretching®]t}, 705.82 cm™2] C-H bond
59 9 =7t PU Ml E= X Yol SRS FR1E & 9l
9T} 202

Figure 9% XA IZEA< Pluronic F1273 PTX oF
o] PU Z&°l A7t mE +& J52 ¥stE Yer
W otk PU BE9 A4 960 W HEH7HS UEh
of A oR M =& JEFS e e, 2174
SLEARR] Pluronic F127°] Egtg ol wet 70°2 4 F2}o]
AAsHA FolxlS T = AT T3 254 oFE
el PTX7} Z+ZF 1 wt%, 5 wt% = PUS} Pluronic F1279]

EqE A2A FE HelA dFe] Sheel meb H=

c



Figure 9. Contact angle of PU films; (a) PU; (b) PU-Pluronic F127;
(¢) PU-Pluronic F127/1 wt% PTX; (d) PU-Pluronic F127/5 wt%
PTX.

Zho] zhz} 75°, 83°% THA] S7HE S &

Figure 10> PTX7} $Hf-¥ PU Z 52| XRD =;
Bl Zlo|th PTXSFES] 749 oF 20=12° F-2o| A ZAA
=27 AFEHJQ oW, PU ZEA AHA o A FAFH 9
IEAR IEA] AH HIE JEA] skth 3
PTX - &2 59 4= 54 9 =27F YepA
guenZ FEA WEY X Yo ko] Y FE R
AEA B S E1E A

MESHN DEXIZRE SFEYE 7S, Figure 112 PTX
e S gelste] A71EAN 9 A zE SR "Hx
2"l E(HANAROSTENT™, size: ®10x30mm, thickness:
50 um)E ARE-she] oFEWE AFS v|e Aolth Figure
112] Ao A Hojx| o], T EA g0 FEgego] F7}
el b WEEHE e FHE%t FATS & 5 3
Atk o] AL PTXS F254 FEEA4 0.1 M PBS £
o] th3l g EE 5ugmLo| 2R FES o] F7)gtol
mel AE; wjER 2o Fa|TgAcA PBS &M &
o] A3 LR & EAeLE o] Qs g3E
eI LA Re FEE0] A EA5H, o] F &
dE oFE EXET vEY 2 B B} IF o]F A
H Ze T2E T giltEe] wEHI 47 &8FHA
e FFEL SH Gl TEA EY 2 Yo EA3}7]

=

Q)
=
i

X 58 FEE ~HE Y 167

Intensity (CPS)

20(degree)

Figure 10. X-ray diffractograms of PU covering materials with PTX;
(a) PTX; (b) PU; (c) PU-Pluronic F127; (d) PU-Pluronic F127/1%
PTX; (e) PU-Pluronic F127/5% PTX.
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Cumulative release (%)

0 5 1!‘3 1.5 2‘0 25
Time {day)

Figure 11. The drug release profiles of PTX eluting stents from coat-

ing based on PU; (a) PTX 1%; (b) PTX 5% in bi-layered matrix; (c)

PTX 1%; (d) PTX 5% in tri-layered matrix.
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