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Effect of Paclitaxel Local Delivery on Neointimal Formation after
Endothelial Denudation of the Rat Carotid Artery

Myeong-Chan Cho, MD', Nam Joo Kwak, MD', Hainan Piao, MD', Tae Jin Youn, MD',
Dong-Woon Kim, MD', Hee Yul Ahn, PhD’, Young-Gyu Kim, MD® and Seung Taik Kim, MD'
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Chungbuk National University, Cheongju, Korea

ABSTRACT

Background and Objectives[] Mechanisms of restenosis following successful coronary angioplasty (PTCA)
are known as vascular smooth muscle cells (VSMCs) proliferation and migration, elastic recoil or vascular
wall remodeling. Paclitaxel whose effect on the stabilization of microtubles leads to cell death is highly
lipophilic, permitting easy pass through cell membrane, and has a long-term antiproliferative effect. This
study was performed to evaluate effect of paclitaxel on VSMCs proliferation and whether locally delivered
paclitaxel can prevent stenosis and neointimal formation in rat carotid artery injury model. Materials and
Methods[] Cultured VSMCs were exposed to sequential concentrations of paclitaxel in vitro, and proli-
feration inhibition was analyzed with *H-thymidine incorporation. Paclitaxel of a suitable concentration was
applied to the endothelium-denuded carotid artery of Fisher 344 inbred rats for 20 minutes. Angiogram and
morphometric analysis of carotid artery was performed after 2 weeks. Results(] *H-thymidine incorporation
in cultured VSMCs was decreased dose-dependently from the concentration of 0.1 pmol/L 2,454+ 149 cpm/
Mg protein) to 100 pmol/L (1,323 69 cpm/pg protein) of paclitaxel by single and 20-minute exposure in the
presence of platelet-derived growth factor (p<0.005). In the absence of platelet-derived growth factor, the
decrement of * H-thymidine incorporation was evident above the concentration of 5 pmol/L of paclitaxel. To
evaluate in vivo effect, paclitaxel (0.1 or 1 pmol/L) was administered into the endothelium-denuded carotid
artery by balloon injury and incubated for 20 minutes. Percent stenoses (32.2+ 9.8%) of paclitaxel-treated
group was less than those (46.3+ 7.5%) of control group on histologic analysis (p<0.01). Paclitaxel-treated
group also had wider lumen on carotid angiogram and less neointimal thickening than control on histologic
examination (p<0.005). Conclusion Proliferation of VSMCs was effectively inhibited and neointimal
formation and luminal stenosis was prevented in rat carotid artery injury model by single, brief and local
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delivery of low-dose paclitaxel. This strategy could be applied to clinical settings for the prevention of
restenosis after PTCA. (Korean Circulation J 2000530(2):198-207)
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Fig. 1. Effects of paclitaxel on rat VSMCs growth with or without PDGF (50 ng/ml) stimulation. (A) The PDGF-
induced growth-stimulatory effects on rat VSMCs were significantly blocked even after 20-minute single
incubation of paclitaxel in all concentrations (0.1 to 100 p mol/L). O p<0.005 PDGF vs Control, *p<0.005 PDGFO
paclitaxel vs PDGF. (B) Effects of paclitaxel in the absence of PDGF on rat VSMCs growth. 3H-thymidine

incorporation was not affected either by lipoid vehicle or by low dose of paclitaxel (0.1 and 1.0 p mol/L). In the
higher concentration of paclitaxel (5 to 100 p mol/L), 3H-thymidine incorporation was significantly reduced
even after 20-minute single incubation compared with control groups (#p<0.0005)
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Fig. 2. Representative carotid angiographic finding performed 2 weeks after carotid artery injury of control and
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paclitaxel-treated group. (A) Diffuse and significant narrowing of the right carotid artery was observed in the
control group. The luminal narrowing was markedly reduced after local delivery of paclitaxel (1 p mol/L) for 20
minutes. (B) Paclitaxel-treated group (nO 12) showed significant reduction in the luminal narrowing of carotid
artery compared with control group (nO 10). *p<0.01 control vs paclitaxel-treated group.
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Control

Paclitaxel

Fig. 3. Cross sections (100X) of the rat carotid artery taken 14 days after balloon injury demonstrate significant
inhibition of neointimal formation and subsequent reduction of luminal narrowing in paclitaxel-treated group.
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00 paclitaxel 0000000 0OO0O00O0O0 00O
0 00000 PTCAD 00O 00O O 00 OO
0 000 O 000.

0000 vSMcsD 000 000 0000 000
0 00 000, PTCAOD 50070%0 000 00O
0 0000 0000 0,000 0000 000 O
00 00000 000 00 0000 000 0 00
00 VSMCsD 00000 00 000 O 0000
0000 0,00 000 000 00 vSMcsO 00
0 00 000 000 OO0 000 000 000 pa—
clitaxel0 000 0OOOO 00O 0000000
00.000, 0 000 00 paclitaxeld VSMCsO
000 00000 00000 00000 00 00
00 00000 000 0 00000 000 pacli—
taxeld 00000 000 0000 PTCAOOO O
000 0000 00 00000 000000 OO0
00 000 0O 00 0000 00000.

o of
0 =

AR

000 0oOoOooo@eTCA)D OOoOO0 30050%
0O 0000 eOOO0OO OOOO oooOo, 0 ooo
000 VSMCsU 000 00O OO0 Ooo oo
0O 0O0.0000 0000 0o oooogoo oo
00 OO0 O0O0O0 OD00Oo oooo PTCA O
00 000 000 0O 000 0boo ogoo. Pa—
clitaxeld tubulinD OO0 (polymerization)d OO
00 00000 O0O0O000 ooooo ooooo
000 00 booOoo ooo ooogo, gooo
0 0000 0000 000 00 ooo O oooo
00 O 000 000 0000, 00000 vsMes
0O 000 invitro D000 OO0OO OO OOO O
00 0000 oogooo oo.

EERTEE

0O OO0 vSMCsO O0O0O0 in vitroOO pacl—
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itaxell OO0 O0O0OO0O OO vsSMCsOh O0OO0O
000 0000, 0000 OO00O oo oo o
00 000000 00000 paclitaxeld 000, O
00000 00000 o0ooo ooo ooogo
0000 0O U0 00 0000 OO0 ooooooo
000000 oo ooo.

2

1) 000 000 0000 vsmcsd PDGF-BB
0000 OO0 O paclitaxeld 0.1, 1, 5, 10, 100
pmol/LD 000 2000 OO0 00 3H-thymi—
dine incorporationd OOO0O OO0 OOOO OO
0 00O (p<0.005), paclitaxeld VSMCsO OO0
0000000 ooooo. PbGF-BBO O0O0O0O O
0 000 Oooo oo, 3H—thymidine incorporation
0 0.1 pmol/LO 1.0 pmol/LO OOO0O 0000
00 000 oood, s, 10, 100 pmol/LO OOOO
0 000 000 ((p<0.0005).

2) 0000 O0O0O00 OOb 20 0 ooo oo
00000 01 pmol/L 00 1 pmol/LO paclitaxel
0 2000 OO OO0 O00O@O12)0 0000 O
0 (5.9t 1.6 arbitrary unit)l 000 (nO10)0 OO
(4.3t 1.4 arbitrary unit)d OO0 OO0 OOO00(@p<
0.05), 000 OO0 paclitaxel 000 (319 11.9%)

0 000502+ 12.7%)0 00 00000 (p<0.01).

3) 000000 000 paclitaxel 0000 000
000 0000 000000, 000 000 000
(195.6+ 56.1 pm)J OO0 OO0 (118.8+ 235
m)J 0000 00000(e<0001), 000 OO0
000 (0.25+ 0.08 mm?)0 000 (0.42+ 0.10 mm?)
0 000 00000 (@P<0.005). 00 000 00O
0000 000(L58+ 050%)0 000 000(1.12
+037%)00 0000 0000 (@P<005), 000 O
0 (% stenosis)l] 0000 46.3+ 7.5%0 000 pa—
clitaxel 00000 322+ 9.8%0 00000 000
30.4% 00000 (Pp<0.01).

4 E:

In vitro 000 00 VSMCsO 000 00000
00000 paclitaxeld 000 00000, 0 000
paclitaxeld 0000 OO0O0OO OO0 O OO0, 20
00 0000 vSMCsO 000 00000 000
0000 00000 0000 000 0000 00
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O O0O0OO0. 00 PTCAD OOO DDOD OO OOO
000D paclitaxelD OO0 O OO OOO0O OO
ooo.

A Cljoo0o0- oooo- 0oo-
ooo.

Paclitaxel- 0

0O 0o0oo@)oooo 000 oooo ooboo ooooo.
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