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ABSTRACT

Background and Objectives : In a recent multicenter trial probucol was found to reduce stent restenosis by im-
proving the lumen dimension. The probucol was administered for 2 weeks before, and 4 weeks after, stenting. The
release of the drug at the site of a vascular injury, via polymer-coated stents, helps achieve an effective local con-
centration. The feasibility of a probucol stent coating in reducing in-stent restenosis was assessed. Materials and
Methods : The probucol loading and in vitro release were assessed using BiodivYsio™ stents, in a 50 mg/mL pro-
bucol solution. After being dip-coated with probucol (n=38), or a control (n=8) solution, the stents were implanted in
8 pigs. Angiography and histopathological analyses were performed 28 days later. Results : The total probucol loa-
ding was 5216 ug/stent, with no release for up to 72 hours after loading. No pig died until sacrifice. On angio-
graphy, the reference and minimum lumen diameters showed no significant differences between the two groups,
with similar diameters stenosis (8.743.68 vs. 13.314.18%, p=0.120). On histomorphometry, the injury scores,
vessel, lumen and neointimal areas showed no significant differences between the groups, with similar areas of
stenosis (23.1+12.39 vs. 25.2+8.22%, p=0.671). The degrees of re-endothelialization, inflammation and smooth
muscle cell proliferation were not significantly different. Conclusion : Probucol can be loaded onto a polymer-
coated stent, and does not release from the stent for up to 72 hours after loading. About 52 ng probucol per stent
does not reduce in-stent restenosis in porcine coronary arteries. (Korean Circulation J 2003:33(11):1028-1035)
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Z2 F2 A”E (polymer—coated stent) & ©]%
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212 Al 54 glo] A F-glell TEke] oFEg 2
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Probucol® AHIE 2& 83(loading amount) R in vitro
release kinetics2 &3

2EIE]] B2E = probucol £859] 242 5719 4
o] 11 mm®] BiodivYsio " DD stentZ o]83}0] 25}
St 9le)z Aetst 50 mg/mL probucol €942 99.9%
HErE g9 10 mLel| probucol 500 mg (Boehringer
Mannheim, Germany) <& “J=-¢lx] £3l|1A1A #Z3}3ick.

2H”HIEES probucol ol 5i7F Bt & Aule] 37] &
of 5%+ Wl ¥ %33} % (ultrasound bath) ©f 302
ZF 2131 YA High Performance Liquid Chromato-
graphy (HPLC) §-& o]-&3}o] A2l 45 3l

Azt wt A”IE A WEERE probucol €88 &
38171 3819, probucole] F-2HE AHIES 100 mL2]
phosphate—buffered saline &e] Y7HF & o8] A
Zitjel| ] o] g-Mefl WEE probucol?] €72 HPLC
WMoz 243tk Probucol] F2 &3 4 W& &
742 3t AM (Biocompatibles Ltd, Farnham, UK) ]
In vitro 484 Al3YE AT

57} 5 Alslglon], It AHE AP BEPS
7129 WS o] gaith!Y A% 3UARE Ad e
2] (25~35 kg) oAl aspirin (100 mg/day) 2} ticlopi-
dine (250 mg/day) & 1% ¥, ketamine (12 mg/kg)
3} xylazine (8 mg/kg) = o5 ARSIl ZAXWIFE
Sk A Qof wEt Al F midazolams F71E 4
Tt vV SEE AT 3 stellA] 2% 1
docaine 0% FARFE ¢ % 5 AeHE Alste] 8
Fr 59 §5%% A8k Heparin sodium 10,000
UE Folsh & s 2542 C—arm (PhillipsAk
BV—-25 Gold) 9] FAlslell T 2Pes Aldsiglck

2HIE A Z7lo)] A”MEE 50 mg/mL probucol £
(n=8) E= Were gz 9 (n=8)°] & syringe®l
57 W7 ] AMA LS A RE SIGitk o] &

[o

AHIEE 27] FoA] 5% F9k Fol Wghge] s
v Solth AEE e 83i0] ok BeE RS

Agst 270 WkEds Aesio] ~RIES $IX|A]7]
1 8~1271%) o w 3023t TS FAAA A
Ql&kdtk ~BlE= o 15 mm, 27 3.0 mm 22 3.5
mm<2| Biodiv¥sio " DD stent (Biocompatibles Ltd.,
Farnham, UK) & ARESIItE ARIE Al F219)2
e Al 3 F T 3ol RIS on, I
2] 2717} 2.5 mm °el =95 ol A&EkiTh
2HIE Al ATE e 29eS At CDell
=3} 7158190, A7E 9AS Philips H5000 DCI
programs ©|-83te] RS SIGitk Ale & AE

U A% T 0] IRE BEHAI AR 47
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< BEstate} § sigich
ZA ] HAR= HFE A1AEIR] Visus 2000 Visual
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AUt WA 55 SAsISItE AHlE dake] WA H3t
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2 o] gsto] Attt it &4 E A5 WS
ArE= &4 AL IEL 399 39 23 o)
7H 739, 37 EELo] 9H A-9) 9 95 A+
A3 GSAE7} AASE A, 27 ARIE ~ES 3
] Ak Yol WAS A9, 3% AEE 79 A
o W3 39 F olgate] FIIBIITE? AHE )
o] A7) A3k (reendothelialization) A== Ak 2|43}
A (kA ofal Ya A= W WHH €] percen-
tages 71502 319 25% ©lsh= 174, 25%° 75%
Aol 274, 75% oVdE 3%) = FrRigek P

MIAABISE HAImmunohistochemistry)
A8 Aol I3 FEE Alxe] T4 A=
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= FGrislr] st 284S SAAIE 3E (prolifera-
ting cell nuclear antigen ; PCNA) 02 23519t 400
Hi-& An|A skl 22 124, 34, 64, 9] WakellA
PCNA o FEE A2e] 5 Ao & HE8 M2
o]l gk v 824 PCNA indexZ AXFeFich

AU A AEZS] 7189 ARs S5 Hste]
L WA 24¢ Modified Movat @4 stgick!? o}
gbA Ty 2418 xylened} alcohol® <223k
F B 60TE 7HE38I8la, WYa-8-& 3= bo-
vine solution®] B ¥ microwave®l] 45%3F A5}
ok 2822 1% alcian blue?} alkaline alcohol,
Musto working solution® & 2|31l 72+ & F3F
ol 32E Fo AL, 1 F Crocein Scarlet/Acid
fuchsin®ll 1+ 7} 5% phosphotungstic acid®fl 5& 7t
S & alcoholic Saffron & 2]l Ao %43
shdale 225 el % (0.3% Ho022] methanol

NS A}g3lo] ZZA o] YAISH= peroxidase =
AAZNIL 10% 73 S oz A9 vSo)4
Ak ApdsiSict 248 a9 WA $ avi-
din biotin peroxidase technique< ©]&3}31 21, DAB
(3.3 diaminobensidine tetrahtydrochloride, Sigma, St.
Louis, MO, USA) &AA1E AM-3HATE

BE At W+ EERE BARIGLOH, oF ek
W] vl MS Window® SPSS—PC 11.0 X2 73S
o]-g-&}o] Student’ s unpaired t—test® 3FIt} pgtol
0.05 m]RIR] 9ol TAEA o= felsirtal Fgsisict

2 0

Probucol®] AHIE 22t &3 % jn vitro release kinetics
50 mg/mL probucol €A Zgjy 2 ~HE
(BiodivYsio"" DD) ol ¥2%1= probucol¢] §3 52+
16 £go1%lal, E=|wel H-2%¥ probucol?] W& oF
B 33 72203744 o] F XA gkrh(Fig. 1).
TN HYEY 2P
gukz]e] FH| el 167] AHETL AFH o7 Al
a1, 28U7kA] AFgst HjA]&= $lUTh Probucol T3}
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Fig. 1. In vitro screening of probucol release from Biodi-
vYsio DD stent.

3.68 vs. 13.3£4.18%, p=0.120) (Table 1).
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12.39 vs. 25.2+8.22%, p=0.671) (Table 2) (Fig. 2).
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Table 1. Quantitative coronary angiographic findings of porcine coronary arteries after probucol stent (Group ) and

control stent delivery (Group II)

Probucol (h=8) Control (n=8) p

Baseline (mm)

Proximal diameter 3.10£0.14 3.03£0.14 0.48

Distal diameter 2.58+£0.25 2.42+0.22 0.25

Reference diameter 2.94+0.12 2.91£0.17 0.73

Post-stenting diameter 3.37£0.12 3.33£0.10 0.62
4 weeks after stenting (mm)

Proximal diameter 3.04*0.15 3.06*£0.12 0.69

Distal diameter 2.63*+0.13 2.49+0.19 0.1

Target RD 2.83+0.22 2.80£0.13 0.90

Minimal luminal diameter 2.68+0.44 2.58+£0.18 0.27

Diameter stenosis (%) 8.74+3.68 13.38+4.18 0.12

RD : reference diameter

Table 2. Histomophometric and immunohistochemistric assessment of porcine coronary arteries

Probucol (n=22) Control (n=25) p
Injury score 1.90= 0.56 1.80+0.63 0.714
Vessel area (mm?2) 774+ 1.04 8.49+2.45 0.386
Internal elastic lamina area (mm?2) 639+ 1.08 6.58+1.99 0.788
Lumen area (mm?2) 499+ 1.44 495+1.71 0.961
Neointima area (mm?2) 1.39+ 0.62 1.63+0.56 0.398
Histopathologic stenosis (%) 23.19+12.39 2522+8.22 0.671
PCNA index (%) 1594+ 1.91 17.82+1.45 0.191
Endothelialization score 30 £ 00 3.0 £0.0 1.00
Inflammation score 1.08+t 0.72 1.16£0.58 0.756
Collagen content in neointima 233 = 4.2 252 5.1 0.538

PCNA : proliferating cell nuclear antigen

1031



o

Fig. 2. Photomicrograph of Hematoxylin/Eosin staining for neointima, Movat pentachrome stain and immunohistoche-
mical staing for proliferating cell nuclear antigen (PCNA). Hematoxylin/Eosin staining, Movat staining and PCNA staining
at 28 days after stenting of control stent (A, B, and C), probucol-Hoaded BiodivYsio DD stent (D, E, and F). Neointima,
histopathologic area stenosis, and PCNA-positive cells were no difference between control stent and probucol-loaded
stent. In Movat pentachrome stain, predominant blue colored proteoglycan with minimal yellow colored collagen are
shown in the neointima of both stented artery. Magnification X40in Aand D, X200in B and E, X400in C and F.

ot Alet AT MES] Fake- A=A ektth(Table 2)
(Fig. 2). & wollx] A8 2ol A3l 24 9
HEE AEE FARBIITE PCNA index® 3718 A4
wetell o] FEt AEL] S22 F ol Fro) gk A}
o7} QSITH15.94+1.91 vs. 17.82£1.45%, p=0.191).
M3EL] 7182 Modified Movat 424 proteoglycan
2 A collagens MO 7 AAE I collagen
proteoglycan®] 3 i A0 7 A gIr). oF
oA AR W AlEES] 71 AdRe] Aol gllvh
(Table 2) (Fig. 2).

1%

2 A7E A7 3 HeAke] shtE A”lAE L Q)
= probucole] Z&H B2k AvE]| & 753l in
vivo BE Aol F2 & T2AR4A] e
2ZEo] Sl 540 ASS Hof FUck 1y qlo=
8%t 50 mg/mL probucol £ 2RE] Z2|v] Hzt

ZEEo]] B2A)71 ok 52 yug probucolS Hi#] TAFE
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T probucol:x A A (lipophilic property) ©|
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RoeEh= ABZoll A AJREQIEE 2Eu B ATl
probucol®] Zgu B2+ A"HEe| ¥& 7153 in vi-
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BiodivYsio™ DD stentel] 52 ©F 52 ug probucol
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XA g35 ~EIE Y2 probucol @i H7] o]§th
= Aojt}. 71&9) %1”03‘?01]’\1 2RIE A G2 ool

GIE 1ol A5 MxEF7]9] & (cell cycle pro-

gression) & axﬂﬁ}oﬁ HET AL o5 TS o
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A3k Q) Fgoelel B2 HS 2HEe] 2

215+ probucol®] HZ3] Q#ESE WEE 7= sl A
& F 45 53 Folgtk gy uA7]s ojHE Aot
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2] probucol& AT Hgo] 7lsslng AHE A% A
ol probucol®] Fof $l°] probucol -2k AHIES] A]
= Foll 45 5] probucol®] W& Fofshs avhk=
T A7 Aotk AR, 2w elA probucol®]
W= ol o] EAlolt). Probucol2 oF 404 W% 60+
ofufjel] ThFEe] oo WEFE TR o5V ahe v
2] 72A1710] A8t BiodivYsio™ DD stentel|A]
oFx] WEo] A9 o]FRA| Skt ol EE|H oA
o] oA W& Fib(diffusion) 7140 &= Ze A
Z¥sba o]#| 2l A0 Z probucol?] A4 Ao in
vitrool|A] Zale 12 ~=lEeA2] probucol?] W&
o PEE mFl ot AzkEnt AR, 2445 pro-
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