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Abstract: Medical metal stents inserted to patients with a cardiovascular disease associated with coronary
artery system have relatively increased the survival rate. The development of new stents is, however,
urgently required due to restenosis and late thrombosis generated in metal stents. To solve these problems,
the biodegradable polymers such as poly (lactide— co—glycolide) (PLGA), poly (L—lactide) (PLLA), and poly
(e—caprolactone) (PCL) were mixed with alpha lipoic acid (ALA), which is well known to inhibit the pro—
liferation of neointimal hyperplasia. Subsequently, the ALA~loaded polymers were coated on stainless steel
by electrospray. The drug—eluting behaviors from the coated polymers were investigated according to
kinds and concentrations of polymers, spray rates, and kinds of solvents. The drug—eluting rate from PCL
with the lowest glass transition temperature was the fastest among three polymers and followed by PLGA
and PLLA. The surface roughness increased as the spray rate was increased and also the drug—eluting rate
was affected by kinds of solvents with different boiling point. It is expected that drug—eluting stent (DES)
coated with ALA—loaded polymers can be applied practically for clinical applications by controlling the
behavior of drug release.

Keywords: coronary artery, drug—eluting stent(DES), biodegradable polymers, alpha lipoic acid, elec—
trospray coating.
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AR TEAY] WAEAE

E3le] g9 Wl (occlusion) & Yo = Sl & gauwe
Alguiel I (neointimal hyperplasia) ¥ 82184 (thrombus
formation) el BIEEE Aoz JeiA Yutb okmulE AdE
(drug—eluting stent, DES) &= I tigto 4 S HIE g9 oF
Eo] g IRAE TR FHIE, 34 FHF S EE Y O
ol vighe oFEe] Ao we} WEEhs $5E 2 S 9tk &
dE g FHE B2 Y AP blood compatibility), 2
A, T4, A o) BAEolof sitt olz{sh A A
(biocompatibility) & ©&&k= AEZE poly (actic—co—glycalic acid)
(PLGA), poly (L—lactic acid) (PLLA), poly (e—caprolactone)
(PCL) 53} 22 AR SATEAL AEE 5 ok’ BRaA
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@A 74E31E DESAM= AlEelfA B 1 A9 Haeed
oFZo] g ARRH T QI=ut? B Ao sz & 9F
% @5} 2]Z M alpha lipoic acid, ALA) °FE-S AME3I3ITH
ALAY B8 A2 (arterial inflammation) ¥ A8 22
AEAR 3 FHEEo] FEYAE A ofEZAINA
(atherogenesis) & oF/|sH= AT (chemokine) 1 Z el
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71%5& 8h= Al)EFRIeytokine) & AR 2 o)efst B

7E ALAE 5% Z9 FR72%sR] Az AHES gX9 &

e AP Byo] o)yl 1 FIp} 953 sk

2 dolres ke AHER AN Yaia o8 s 24
< 2Ee AR A} ALA oBS 77 Egtelol vk &
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ME A FE AFEoR AR AHQIEA AEI(SS, 3161
stainless steel, 10X 10 mm?) & §H2 AFoksjalolx Trlsigict.
ARSI 38R poly (L~lactide) (PLLA; Mw=110000 g/mol)
9} poly Jactic—co—glycolic acid) (PLGA; 50:50, Mw=40000
g/mol) = Boehringer Ingelheim (5 o4 U313t} Poly (e—
caprolactone) (PCL; Mw=80000 g/mol)< Sigma—Aldrich (715
oflx] Tl o alpha lipoic acid(ALA) £ (59 F-3eEE(317) ol
Tafjete] ARESIStTE AR RS B3iA717] gt Sl v
=70] tiE E7Z ¥ E(chloroform, HI573: 61.2 ), oHEVE
H(acetonitrile, AN; 81 C), tel&4Hdioxane, DO; 101 C) 1=l
HE#Hso) ER2 Fe(tetrahydrofuran, THF; 66 C)-& Sigma—
Aldrich(#]3) oA i3l sich

USEIR| DEAR| MiE U FolEAL ZEL ARSI SHEAIRIPLLA,
PLGA 9 PCLE 7212 22 ¥ 80 05 wthZ 833 & 2259
(Ultrasonic 2010, Jinwoo) & 143} 1587+ FdshA £33
vl ALAZ] $eke Zhzke] Gallel) -8l 1At U] 10 wta®E %
A3, E7) (vortex) & 308-7F 5 & AME3I9IcL 53], PLGA
EEE2ZE 10 mLel 242005, 05, 1.0 W 30 wt= L85t o}
= TYsH 1587 223} Ast & 7dshA £85It o]
AR AEAF A $BEEE T mUhE sk AU 75
kKVE AR 4845 v KD Scencerld] KD100 &4
ggolE BZ(syringe pump) & ©183k1, HA 3= NanoNCAE
9] A A E ol gBlo] ZASINTE Bgh AVREAL FA] G 24
St RS ATl ows G vXEA] FRlEy) fsid 2=
EXE 10 mlel 0.5 wi%d 5 PLGAE 1, 3 9 7 mL/he] &%
B FHEES0 2550 259 S8 wE AdE &858
7kl wE2=2REH veE R 1ARe] Y nanoparticle)
7} dLsiAl F9EIin flls S22 2R =2381A) ¢ THF
S AN/DO (11 v/v) Z3 80ikE 22 AR8iSiTt.

EHEM Gl ofEakE AE HWY] SS A o meE pRA 98
o] FY71(E—130 ion sputter, 0.1 X0.05 torr, 10 mA, 80 sec)
olgsie] WZ (P & IH ¥ EUFLE A el FARA
}31v17 (field emission—scanning electron microscope, FE—
SEM; Hitachi $—2500C, 15 kV, ¢¥B)-& AMgalgic) =gl sy
W8] AP E (roughness) & E1517] e 9408 Hojg
(atomic force microscope, AFM; Park System XE—100, ) 2]
tapping REE o}&3}o SPsKith T21, H57 577](contact
angle goniometer; DGD FAST/60, GBX, =) & o]-§5}93
PLGASH ALA oFEo)] B2)% PLGA %1l9) Hazhe &4s8gch

In vitroelA ALA S-S 3711 ) s ofge] w3 e SS
AlH-& phosphate—buffered saline (PBS) &ole] zkz} Hxis}o]
37 T2 mRY] Skl 100 rpme) S5 WHBPHEA H2-g 93
Zrk WEATE Bl S84 sampling® @) vlt) Aj2E- PBS
ERoT WABI O 28Ut o WEAIZE YHARE 7B 0.
Z 1 mLA ABE FHsje] UV spectrometerE ©]88}0] 330 nmo]
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Figure 1. SEM images of SS specimen surfaces coated with (a) P
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) Agkl| theild 7SI ALA oFgo] 23kd 1EA}F 8
& A7VEA} AXE ol gslo] AHIE A8 SS AlH| FHESITh
g NanoNCARIA g 382 mA, 30 kV) HlE o185}
o ZBAMpositive DC charge) & L& ¢2311T SSA0x40
cm) BE TEETE AMSIGIE AL Sele] M (At FF,
e 9 8o EH) ¢ AEAR] HF(EEEE)E 2AgeR
H SS Ao RS e AR TEAE 4A IRE F
914Ith Table 12 SS AJ#o) PLGAE FR8 87 A 7142] &
&2 ALA 9FEo] ¥X9 PLGAS #83 ¥He) 48748 &4
3t Anolrk Controld] PLGAS FHe F52 6852 Hua 4
o4 BHg vebior], ALAZE g% PLGA B9 35249 %
TFRe F 7558 $E&l wE HEZRE A vissigick 7211,
PLGARF Z88F Sxiuich= ALA oFBo] ©xig PLGAY F&4t
o] e}t A Uehdit o AR og Agae] ofEe] 10% &
FE wECE AL,

MEGIAM DEXR| R0 UE USUE HE. Figure 12 ALA
QFE-S Y3}z 9l PLLA, PLGA % PCL AR 2848 =
83k SS Al FH9| SEM olulx|E veRd Ziolch PLLAE 8
g}o] gaix uje] PLGAS PCLO wjsia] Edo] okk vf #37]
(rough) AFEIE Hol1l gl HiA PLGAE o) Ads] 7Rt A
g2 5750] 2 Ho] 325 18 = Irk 53], PCLE 7150] &
AARL oA, 7Y A Feie] E(hole) ©] B3I Figure
2% 28% Bl YIS 7EAS Fa1 ALA 2FEo] @xX)g A 7] 1
AZRE WEEE oFE FERES Uehd Zlolth Figure 2014 A 71
Ae] 7RA} % PCLo| e £t 7R wE 28 & & 33
t}, o]#st 0|42, PCL% PLGA % PLLAY fEldol& K (glass
transition temperature, 7y 22 —60, 50 281 67 CTUH
Tyt e s nEAL o] A (free volume) 71 F71817] wie
of oFEe] gZ¢lo] folsiA] FEHE £ WE 0T AEE
th16 3 9] FALEZS 27|39 Blude o, PCLL 48%
& Bgov PLGAS PLLAE 242} 3% gt WEsth 53],
39 o)Fo] PCLo] TR 2719) 1ol vlar s St af
2 AL delx AF3 T AL Wobd gxaie] Augle] uket
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LA; (b) PLGA; {c) PCL loading ALA.
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Table 1. Surface Properties of SS Specimen Coated with ALA-
Loaded PLGA in Different Electrospray Rates

Material Contact angle (°) Roughness (R¢®, nm)
PLGA control 68x1 0.66
1 mL/h’ 75+1 4.68
P
]OI‘;’OCX;/A 3mlL/h 75%1 6.75
) 7 ml/h 74%1 12.60

“Root mean square from AFM. %1, 3, and 7 mL/h mean the electrospray rates
of ALA—loaded PLGA.
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Figure 2. Cumulative ALA amount released from (a) PCL; (b)
PLGA; (¢} PLLA.
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Figure 3. SEM images of S5 specimen surfaces coated with
ALA~loaded PLGA of (@) 0.05 wt%; (b} 0.5 wi%; (c) 1.0 wit%;
(@) 3.0 wt% in chloroform.

~HES F4EY 79 9 ALAYE A% 181

209 (0 ()] nis) Eelo) the ARy it E3A% Bs
A3 e Fo] AFHUT) Figure 58 () FE O @ ©
o 22w 331 QA onXEA AFME ARESIo] T AR
S roughness) & HESISCHTable 1). YHO0R Mg RS
2 92 78 BHS AiF o uig st HEEXE HQl v
QRS Gl A9 o Y AR mag vepdsltt 53], 0=
@S} (@)l Blsf g&&TrF whE Bo® FHo] AR FAVF 1L
2x) ZZonm AAYEE 1260 nmich ool sk (@2 AIA
T 4,68 nm, ZE3L (@) 6.75 nmEHA §E5TIF S8l w
2} gl o] AReldS o 4= Gk T ol fE55kel niet
kg0 57)71 Gepwa) whae 5 gl dio s Al
Figure 62> Z/1EAL A9 §5&550] upE e FAFE
ek Zo|th, mFol 3UAIRE 29 UlellA nisdt ofs
WEAGS Bylo) I o)F WEskke] #irl Qe AL EIF
& 9k @& 1 mL/hel] gk A% Vel 2108, 8855
7} =g ke £y LX) He 2E ¢ 5 At bE

a)—=—| -
100 by o /¥/§ *
- (c) ...... y - ./,~»f”' |
& s0q(d) 4/
n 1 : ]
8 , —
Q 60— / 'J,,--'/ /
2 A "
Z 40 b Py
£ / " 7 ~y
3 ¢ T
© 0] /l /;/ .
P
1d s Y
/=
0 5 10 15 20 25 30

Time(days)

Figure 4. Cumulative ALA amount released from different con—
centration of PLGA: (a) 0.05 wt%: (b) 0.5 wi%; () 1.0 wt%; ()
3.0 wt%.

Figure 5. SEM images of ALA—loaded PLGA: (@ 1 mL/; &) 3 ml/hy () 7 mL/h of flow rate of electrospray. AFM images of ALA-
loaded PLGA: (d) 1 mL/h; (&) 3mL/h; () 7 mL/h of flow rate. The dimension of AFM images is 2X2X0.03 um®,
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Figare 6. Cumulative ALA amount released according to flow
rate of electrospray: {a) 1 mL/h; (b) 3 mL/h; {c) 7 mL/h.
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Figure 8. Cumulative ALA amount released according to different

solvents: (a) chloroform: (b) THF; (¢) AN:DO(1:1, v/v).
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