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Auel FjEaS w2k 5= gl Ao R AR alpha lipoic acid (ALA) S R34 132411 poly (lactide—co—
glycolide) (PLGA), poly (L—lactide) (PLLA) %! poly (e—caprolactone) (PCL) ¥} &35}5}0] Z7|FA} H}2 02 A
QA 2" B ol FHSITE IHE EARTE oFHEE A 1A TR EE, £E5E 9 809
Lol wEbA] ZARILE FEE S Aol RR(7y) 7 S PCLoA 71 Wk o PLGA, PLLA &A1
HtE 322 390 AP EE 85550 S ulebA SIS AL Sl vlEAe] Alolel osiA eE
ST7FRslES & QISIck o]t R e Aes Eo RN ALAYZE GXE AV atAtE IR oY
F 2RIES A A o] ka3 o R TgiEnk

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 (actide—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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T3lo] Hek #AF (occlusion) & Lo 4= ], T2 dyhEke]
AgUer 32 (neointimal hyperplasia) 3 €434 (thrombus
formation) WHEe] ¥R RO otelA] Ik’ okElE AEE
(drug—eluting stent, DES)+= 71 tjeko &4 F<AEIE o oF
0] Tie 1EAE IR FHIE, 1At TR S w4 Y 1
Zof] uite k=2 el et WErE £55 2ET itk &
HE 3o IR 5242 N A3 (blood compatibility), 22
AT, 573, kA S0 BAE oo} stk olsh A A
(biocompatibility) & W58R= AZ=E poly (lactic— co—glycolic acid)
(PLGA), poly (L—lactic acid) (PLLA), poly (s—caprolactone)
(PCL) 53} 28 AR S A} Akgd 4= Qlek s
SRR st ARSI WA (protein), 719 (chitin),
7|EAH(chitosan) 2} 22 Aald AAnEARe} g2 A5l W
Hel| 23l whEolx] ARl A=A okt BAS v 7 9L
o} A& 7Vt BAS 2 At Azt 7hssit olesh it

o] B4E o)gale] 217] T okEE w2 71 DESE Al
@ % ek

gutr o7 AElE 1EAS FHEY] YA ofe 71X wo)
ARSI Qitk 53], okzo] BRE IEARE F5AE el A
Feap] JahA] A7 EAKelectrospray) W2le] elA] Itk ot
TR (dip coating) ¥ & 712 I8 V&2 33 7E2E 7L
= 55 39 g AL w3t FAE FHE o gloke
S A3 Qi B U AR FHE = Qs T F
(surface—initiated polymerization, SIP)-& 3}8F4¢l ¥-5-23st
FA1g o] g3te] el Iy EERE {7]8ue] At o] 9l
J5k 4= mlo]a® oPe] FAE AT 4 gl FAPde] EAs)
Jell BIalA A7 REAPHS okgo] 9 A}k o] wheE 54
LherlEjelx] e mlo]a 2 I tRkeHA] vk ¢ 9lo] 5 =
< wHol §E5T SEAIES el 45 vher]ElelA] 9 mlo]
A7 TS FUF 1EASS Aol 2 S gl

ARl E3RE DESelM= AlEelra 9 1 A9 daeetd
okZo] 7 ARE T Q= B Aol dlshAlR 2 ol
2 &u} 2]Zo 4 alpha lipoic acid, ALA) °FE-g ARE-3}Th
ALAE 989 95 (arterial inflammation) ¥ S AEIEY} 22
AFEAR Qe FHET o] FHYX= AYR] o ZAA A
(atherogenesis) & oF715R= AE7}e) (chemokine) ¢1 Z#E7}el
(fractalkine) o] WS AABI, # 9 &l F4 Al (ballooning)
S Foke] AR Qg Al A Ak v 5 BS
-9 Walglrk ! wel FFEL (glutathione) ©] AARS E7IA7]
© ALAE Pl EAieks 54 45 A7 54 (detoxifi—
cation) & 7H1L Sl ROt SFERAR-S AN, HSAt0]
Lo} 22 Sshiade AlEESE ol 7ojehks SlsiA
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M2 H AlQE 55 AHOE ARE AEJIEA~ A”F(SS, 316L
stainless steel, 10X 10 mm®)-& &7 ZFokZsalelA] Tasigick
ARG 1582121 poly (L—lactide) (PLLA; Mw=110000 g/mol)
¢} poly (lactic—co—glycolic acid) (PLGA; 50:50, Mw=40000
g/mol) + Boehringer Ingelheim (5%) o4 13}t Poly (e—
caprolactone) (PCL; Mw=80000 g/mol)-= Sigma—Aldrich (7]=})
of|4] Hujgi © ¥ alpha lipoic acid (ALA) & () F-32F% (3H) ol|A]
Tufete] ARgEIITE sl IEARE f3lAZ17] S5k il v
S40] the E2 23X (chloroform, Bl54: 61.2 ), oHAEHE
H (acetonitrile, AN; 81 C), tjo]S+Hdioxane, DO; 101 C) Z18]a1
H Eglslo] =2 Fek(tetrahydrofuran, THF; 66 )& Sigma—
Aldrich (7]=9) el Fofjsiict.

QFSEK| EXIC| HIE X MIlEAL . AR 13241 PLLA,
PLGA % PCLE 217} S8 83%20] 05 wth® a3t 5
(Ultrasonic 2010, Jinwoo) & o183t 167t wdstA E3taial
th ALA9| Sk Zizte] gufjel] galiel 12t tin] 10 wt%® &
dap, =37 (vortex) & 30%7F = & ARSI 53], PLGA
£ EF22YE 10 mLef Z17H0.05, 05, 1.0 2 3.0 wt%= 43i3t o}
= FYA 1683 253 et $ dUstA ZFBI8ITE o]
T AR AL A ] $EEEE T mL/hE skl A 7.5
kVE A3, $545= v KD ScienceAle] KD100 244
ol B (syringe pump) & |83k, AU = NanoNCAE
o] 1A} FRFE olgste] ATk Bgh A7RREAF 9] 854
7} oFE Asel ofwdt EkE wiX=A] ERIs] Qa2
ZEE 10 mLel 0.5 wt%s =1 PLGAE 1, 3 ¥ 7 mL/he] &=
2 Itk §E55 258 STl et At 25 =
7k1o] eE=HE Ues= oFaA]| 1Ake] WieixHnanoparticle)
7} LA FEI Sl SREEFNE 53kelA] ¢l THR
2L AN/DO (1:1 v/v) &5 8vike 22t ARg-8lglch

HEMEPEM gl otgdlE HE HILL SS AP flo IR At dE

o] F87](E-130 ion sputter, 0.1 X0.05 torr, 10 mA, 80 sec)
5 ol gslo] WMEF Py S B F TS s flEiA AR
A7 (field emission—scanning electron microscope, FE—
SEM; Hitachi S—2500C, 15 kV, €4)-& ARSIt T3t F8H
EH A E (roughness) & ERIsH| 34 Az dAnA
(atomic force microscope, AFM; Park System XE—100, 3= 2]
tapping X.=5 ol83to] SAsIIct T8, 452 5747 (contact
angle goniometer; DGD FAST/60, GBX, X&) & o]&3}o
PLGAS} ALA oFzo] @] PLGA 3¥He| HEZLE S48k

In vitrool ALA WSS F7P| 2ai okeo] I™E SS
XS phosphate—buffered saline (PBS) &Mof Z}z} 2#]5}
37 €] wRP] gloldd 100 rpme] $ee wHIPAA RS WEA]
7). WEATS F71] S84 sampling® ) vt} A= PBS
foloR wAEIoH 28U oFES WEAIFITE AT 1AL

Z 1 mLA ABZ F3}o] UV spectrometerZ -85} 330 nmel|
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Boodqeids okilE AHES Alxsh=t] glolx] ARaA
IR F, oFEo] ©XE atAe] F, antAk o] M
AME S 2|0l bRkt #AF St oFEE S W Al
u)x)= gl theld B71sI8Ik ALA oFEo] Eokel A} gl
S A7NRAF AAE 0] 8310] A”E AFQ1 SS Al ZREITE
Sk NanoNCAFA et 374942 mA, 30 kV) 2l o]8a}
o] 258K positive DC charge) & 2ol 943193 SS(A0x40
em?) e IERER ARSI 1AL gole] Mg (EA 4,
5 9 gule] T 9 A7IRAR] RS (EESE) E 2EFeR
M SS AlHe] oS e Al aEAkE JA 2R 5
itk Table 18 SS Al PLGAS 938k 393} A 714]9] &
557 ALA oF2Z0] 99 PLGAS 43t 99 HE21s =4
3+ Ayjolt). Control¢! PLGAES 3 HEZke- 68%% BlwE A&
T S veRien, ALAZE 94E PLGA ERe] H&57te] 3
LS OF 755 G55l whiE A5 A9 nlssisivk T2,
PLGAWF 83t ZdRTR= ALA 9H8o] ©x9 PLGAY H&EZ
o] oRF A vERhEt] o) Ao Age] oFEo] 10% §F
FEIQ7] WO = oJAZIT

MR DERR| R0 ME USWE HS. Figure 12 ALA
okE-S- I3k 9= PLLA, PLGA 9 PCL A% 1845 =
93k SS Al 392 SEM ofw]x& vheERd Zloloh. PLLAY 8]
9o fall% wiito] PLGASH PCLell 3|4 HEdo] ozt o A%
(rough) IS Kol Q= whH PLGAE Ho] Algs] 71355k A
B2 F5o] & Ho 95 ER1E = QIGit) 53], PCLE AH0] &
AAZE- omR|EA|, 7HEH A1) el E(hole) ©] RATE Figure
2% 28 FoF WS 1AL FaL ALA oFzo] PXE Al 71A] i
A2 e EEE oFE AR YR Zlolth Figure 204 All 7
2)9] a2t 5 PCLo] ol S5t 7P wihe s & = 313l
t}. o]2j3t o] 42, PCL¥} PLGA 4 PLLA9] f2]%lo] &% (glass
transition temperature, 7y + 22 —60, 50 Z18]al 67 T2ld]
Tyt E&rE Ak Ule] A4 (free volume) 7+ 571817] WlE
o oF=e] &x|Qlo] golsiA] FaE St whE 1o AlRE
th10 3971A) 9] T RS 7)) Bl S wl, PCLS 48%
£ H3lou PLGAS}E PLLAE 77t 3% H&mt W= Q). 53],
3% o}Fe] PCLo] Tk 2709] aAte] vlaix] ok Se7}
B A& oA st 77k Al sobx] g@RARe] gl wlet

il
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Table 1. Surface Properties of SS Specimen Coated with ALA-
Loaded PLGA in Different Electrospray Rates

Material Contact angle (°) Roughness (Rq‘, nm)
PLGA control 68*1 0.66
1 mL/h” 75+1 4.68
PLGA
10‘7GAL/A 3 mL/h 75+1 6.75
7 7 mL/h 7441 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; (c) PLLA.

T3P} o w2 Wol ¥)7] wligel] i oR ofEoe] o W] e
= Zlo2 o7 o] AnlEHE] 2% nitial burst)> PCL
o] 7F B3-S & 7 Slglom, AlFte] Aol whEbr] Al 7FA] aa
A WESEE 3L EehEs g1 5 ISl

2R S50 w2 UBHE HS. Figure 32 222X 5 ALA
OFE-S wx|Elal Qe ARSI AR PLGAS 783 SS AJH
9] w5 SEM onAE LR A0 F, (a)+= 0.05, ()= 0.5,
©+ 1.0 183 @+ 3.0 wt%s JeraL Stk WA 0.05 wt%
A v Tesl g 3R] e 2 duE gt Sds)
A B g Eo] wWol AH T olel] nlaiA st FA} ot
A= gallE aAke] B7) Beke] Alo|l=rF AR AL B e W
o= S RIS < It WA, A7RREAR e 7St 1.0
wt%2] PLGA = w 7P H&st 2 JeRfSIch Figure 4
289 Bt A3 1148 T ALA oFEo] gXE 7] b 5
T PLGARNE] oFzo] WEs FaRs veRd Zolth Figure
49] (@)= 0.05 wt% == 2715} v|lugs u), 792}l o 87%



ARG TEA A7 EALE o g3t o

of] algshs B o] WEE] Ug-s & Atk (@l 83l (o)
o} (D& AR 1Ak Frt 2 AHE 284 51t 271
ol vlal] 60% = WEEA] okt Wb, 1At st =85S
OFE-S T TR atAle] o] W] ujite] oHEe] W
< A3lstH, 53] 1At I” FAPL gk A= et el
b= o] Auros we] WEEE A0 AlRHh v 7] &
T EES gols) 2 Ay 7R ER] £ 54
3] TP} 1 015 WEE 5] E3lES & < IStk
400 ME UBHE HS. Figure 5= ALA o5& B4
3t Q= PLGA 3124} g8 A7 RAKE ol83lo] s SEM
oA 2N, §E&e| M FPERS vlwdt Zolt) ()= §F
45711, e 3% @ 7 mLhE e Qth @& 455
Z7F D) (@l HlsiM vwa =g How o] AdS] HEsh

15.8kY x1.@0Kk '36.8uvm ’ LS@RKY x aet:"'?:‘."e_.‘,;
Figure 3. SEM images of SS specimen surfaces coated with
ALA~loaded PLGA of (a) 0.05 wt%; (b) 0.5 wt%; (¢) 1.0 wt%;

(d) 3.0 wt% in chloroform.
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e (o) b)ell vlsh o] v AR 3Pk wel A7 oS
23 g2 Fo] A=) Figure 58] (dFE (D& @A (©
o] 8255 3x YA oMAIEA AFME A3l 1 AR
Z(roughness) 2 AESIITHTable 1). Az oz oS a3}
2| k& I FHS JiF o= vl FEsh RERAE Hel RidHe|
FE-S T3 A= g 9 ARl S YeRRILE 53], D+
(@<} (ol vj3] 82557 wE How o] AA T A7) 1
22 Zgon AZHEE 12,60 nmitk ool vlal] (d)2 A4
% 4.68 nm, 12|31 (e) & 6.75 nmEX E5& 7 571l w
2} o] o ARos & 4 ATk 1 ol SEETe wet
W0 7)7h GeAuA] A 5 gl Ao ARk
Figure 6 Z71AF AA]9] §5&50) WE oOF=E TS
eRd Zlofok BrFell 3R @APHS] WellA vlsssl ok
WEATS Belo I o)F WESE st e A ERIE
T A3tk (@ 1 mL/hel theh 7232 e 3107, 82455
7F =g oE ST A HeE s d Ut e
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Figure 4. Cumulative ALA amount released from different con—
centration of PLGA: (a) 0.05 wt%; (b) 0.5 wt%; (¢) 1.0 wt%; (d)
3.0 wt%.

Figure 5. SEM images of ALA—loaded PLGA: (a) 1 mL/h; (b) 3 mL/h; (¢) 7 mL/h of flow rate of electrospray. AFM images of ALA—
loaded PLGA: (d) 1 mL/h; (e) 3 mL/h; () 7 mL/h of flow rate. The dimension of AFM images is 2% 2x0.03 um®.
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T (porosity) & FEe HE FAIT 4 7 vEECE wbdol|, &
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HlalA] Aget vls3ds 7L Qo] aitake] wEst s} ge]
B v)gselA AR o s 12 S LR WhHe]] (a) 9} (b)
© gulje] gt nEAe] 13} Swch wEy) wiiel okt
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Figure 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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o AT JEE walom FE S (@) b)ell HIsiA
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ShE= A WAl o]9] ARENE gvje) vlso] W EARE
ol gt sge]l FEF= A 53] FLIk wHdrE Ae] wd
Zlo] Hopr] =9 AFwHo] AdrhH o= Ao} okze] WER] A7
o= RS vEhlin® -] Fde] 3t ok 7wl
L 2l 9= vtk Zke AskaL ok

25 TS U vortex®t 2535 o] gsie] 2 E3tshd ehd3]
Fafjm, o] Al GG AVRAL o7 RS 2)Fe] e
A T2 At olPdEg 8] T 2 3 IR AR B2
TRz weh APt AEE]7] wigel] EafAst 2ue vER
= 7107 AlE) uebd, floiMel 2ol PLGA, PLLA Y PCL 12
Bapo] 7% ALAZF 9@X¥l PLGA 187k 5% PLGA 1%}
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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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B s 7 oFEE AEIE 71 Qs EARE SidE)
Qe Al o] WA Z3E Bols ALA oFa-S AR
4] A1 PLGA, PLLA @ PCL¥} &8lslo] 718} whal o
2Bl 2’ Al el IR o oFEE A%S 715190
ol APH BHellA AR RE §EEHE S 1Ak F, F
5, A7RAL SEEE el Sl uleh 1 wEe] 7 ERtke.
v, 7 A3} oS 45 PCL, PLGA 72|31 PLLASC® 7k
sh aEAl o] A SE5Te wet Z7RIsIcE ek &
o] HlsHe] webr] oFERE S I YT vHch wEkA,
11 oule]l o avao® WES 4 ol W 1RAF IREA
o7 AR 1A FoldE PLGA, PLGA 55+ 0.05 wt%, 3
TN E 1 mL/h A 7 gl Sels SREEES
AMEBRE 7o) HAYES & 5 A9k olEe AyjEiE oFEE
2RIES AlZsh=d] oe] 7] IRZAS aesiof ah, A=
ool HAo| IR FHS I AHE Fgsithd A o
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