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1 The aim of this study was to determine whether BAYw6228 (BAYw), a newly developed 3-hydroxy-
3-methylglutaryl-CoA (HMG-CoA) reductase inhibitor, could suppress an atherogenic process such as
intimal thickening by a mechanism other than lowering the level of serum cholesterol.

2 First, we evaluated the in vitro e�ect of BAYw on the proliferation of vascular smooth muscle cells
(SMC) from various species: Sprague-Dawley (SD) rats, New Zealand (NZ) white rabbits, intimal cells
from Watanabe hereditary hyperlipidemic (WHHL) rabbit and SMC from the new-born human aorta.
The increasing rate of total protein content of these cells was inhibited by the addition of BAYw in a
dose-dependent fashion. In the presence of 2% foetal calf serum (FCS), the value of IC50 was 1.0 mM in
SD rats. 2.1 mM in NZ white rabbits, and 0.3 mM in WHHL rabbits. With human SMC, the value was
0.02 mM in the presence of 10% FCS and 0.2 mM with a mixture of growth factors.

3 Based on these above in vitro ®ndings, we next examined the in vivo e�ect of the agent to determine
whether it could suppress rabbit intimal thickening induced by balloon catheterization. A balloon
catheter was inserted from a peripheral branch of the left external carotid artery to the aorta to denude
the endothelium of the left common carotid artery in Japanese white rabbits. After 12 days they were
divided into control and BAYw groups. The former were subcutaneously injected with saline and the
latter with BAYw 1 mg kg71 day71. Two days after the beginning of treatment, a second balloon injury
was performed to the previously injured left common carotid artery in both groups. After another two
weeks, the left common carotid artery was removed and variously stained. Although the total serum
cholesterol in the BAYw group was signi®cantly lower than in the control (P50.05), the di�erence was
not enough to a�ect intimal thickening. In addition, the BAYw group had a smaller intima/media ratio
than the control group, decreasing to 45% of control (P50.05). By anti-a smooth muscle actin antibody
staining, these intimal thickening areas were entirely occupied by SMCs, and their amount was
attenuated by BAYw. By anti-rabbit macrophage antibody (RAM 11) staining, the number of positive
cells in the intimal thickening was markedly decreased in the BAYw group compared to control
(P50.01).

4 These results indicate that BAYw has an inhibitory e�ect on intimal thickening by attenuating
intimal SMC proliferation and in®ltration of macrophages, suggesting that BAYw could be e�ective in
the prevention of the progression of atherosclerotic plaque-like restenosis after angioplasty.
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Introduction

Percutaneous transluminal coronary angioplasty (PTCA) is a
modern treatment regime of certain coronary diseases. How-
ever, restenosis after successful PTCA is a serious problem that
limits the long-term e�cacy of this procedure, occurring in
20 ± 50% of patients (Faxon & Currier, 1995). The mechanism
of restenosis remains unclear, but it is generally considered
that the denuded intima is exposed to circulating blood ele-
ments and that immediate deposition and aggregation of pla-
telets occurs after PTCA (Wilentz et al., 1991). This occurs
together with proliferation and migration of vascular smooth
muscle cells (SMCs) in the neointima, playing an important
role in the progression of atherosclerotic plaque and the sub-
sequent restenosis of coronary arteries (Popma et al., 1991; Liu
et al., 1994).

Recent studies have shown that 3-hydroxy-3-methylglutar-
yl-CoA (HMG-CoA) reductase inhibitors, simvastatin and
lovastatin, can reduce the severity of arterial lesions and car-
diovascular diseases in addition to decreasing the levels of
plasma total cholesterol (T-Cho) and low density lipoprotein
(LDL) in animals (Kobayashi et al., 1989; Zhu et al., 1992;
Otto et al., 1995) and man (Kane et al., 1990; Mack et al.,
1992). The mechanism by which these drugs inhibit the pro-
liferation and migration of SMCs in the early stages of
atherosclerosis is considered to be by decreasing intracellular
synthesis of mevalonate. Bocan et al. (1994) showed that a
marked reduction in atherosclerotic lesion size with treatment
by HMG-CoA reductase inhibitors primarily resulted from a
decrease in non-macrophage components like SMCs and ex-
tracellular matrix. However, their experiments were performed
with a single balloon catheterization and the e�ect was eval-
uated in connection with improvement of hyperlipidaemia.

We believe that more extensive and detailed studies of the
antiatherosclerotic e�ect of HMG-CoA reductase inhibitors
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are called for. Therefore, we attempted to determine whether
BAYw6228 (BAYw), a newly developed HMG-CoA reductase
inhibitor (Figure 1), might be e�cient at inhibiting the pro-
liferation of SMCs in various species in vitro, and at suppres-
sing intimal thickening in vivo. We ®rst measured the total
protein content of SMCs and then performed two balloon
catheterizations on normal rabbits before and during the ad-
ministration of the agent.

Animal SMC cultures and proliferation assay

In order to obtain SMCs from the aorta of Sprague-Dawley
(SC) rats, of New Zealand (NZ) white rabbits and the intima
from Watanabe heritable hyperlipidemic (WHHL) rabbits, the
explant technique was performed, and SMCs were subcultured
with MEM supplemented with 10% FCS as described pre-
viously (Fischer-Dzoga et al., 1973). After reaching con¯uence,
these SMCs were trypsinized and plated on 48 multiwell dishes
at a density of 10,000 cells cm-2 in SD rat, and 4,000 cells cm-2

in both NZ white and WHHL rabbits. They were cultured with
the above medium for 24 h, then maintained to reach quies-
cence in serum-free MEM for 72 h. After this period, MEM
supplemented with 2% FCS and various amounts of BAYw (0,
0.01, 0.03, 0.1, 0.3, 1 or 3 mM) were replaced for another 48 h.

Human SMC culture and proliferation assay

Human SMCs from the new-born infant aorta were plated at a
density of 8,000 cells cm-2 on 12 multiwell dishes. They were
cultured with SmGM supplemented with 5% FCS for 24 h,
then maintained to reach quiescence in serum-free MCDB131
for 24 h. After this period, MCDB131 supplemented with 10%
FCS and various concentrations of BAYw (0, 0.001, 0.006,
0.01, 0.03, 0.1, 0.3, 1 or 3 mM) was used as incubation medium
for another 48 h. In addition, SmGM supplemented with 5%
FCS and the above concentrations of BAYw were also in-
cubated with the cells for the same duration.

Measurement of protein content and inhibition of SMC
growth

The cells were washed with PBS and then solubilized with 0.1 N

NaOH. Their protein content was determined by the method
of Lowry et al. (1951). The increase in protein content from the
pretreatment stage (seeded) to the control (proliferated) was
assumed to be 100% cell proliferation, and the % inhibition of
SMC growth by BAYw was calculated as follows:

% inhibition=10071006
[(PC treated7PC pre)/(Pc control7PC pre)]

where, PC treated: the value of protein content (mg/well) in the
cells cultured for 48 h with addition of BAYw; PC pre: the
value of protein content (mg/well) in the cells before culture;
PC control: the value of protein content (mg/well) in the cells
cultured for 48 h without addition of BAYw.

Balloon catherization into the left common carotid artery
of rabbit

Male Japanese white rabbits weighing approximately 3.5 kg
were used. They were maintained on laboratory chow diet
(Clea Japan Inc., Tokyo, Japan) and water ad libitum for the
experimental course. In each rabbit, under chloral hydrate
anaesthesia (30 mg kg71), the left common carotid artery was
exposed through an incision in the neck. After a minor inci-
sion in this artery had been made, a 2F Forgaty catheter was
inserted from a peripheral branch of the left external carotid
artery to the aorta, care was taken not to interrupt the blood
¯ow to the left main branch of the external and internal car-
otid arteries. The inside space of the balloon was ®lled with
water, and intraluminal passages with 0.04 ml of water were
done three times to denude the artery of endothelium. After
this treatment, the branch used for the catheter insertion was
ligated and the skin incision closed. On day 12 after the pro-
cedure, the rabbits were divided into control and BAYw
groups, the former were subcutaneously injected with saline,
and the latter with 1 mg kg71 BAYw solubilized in water.
These injections were given daily until the end of this experi-
ment. On day 15, in all the rabbits, the second balloon ca-
theterization was performed in order to produce further severe
intimal thickening through the left common carotid artery. A
2F Forgaty catheter was inserted from another peripheral
branch of the left external carotid artery to the aorta under
chloral hydrate anaesthesia (30 mg kg71). Intraluminal pas-
sages with 0.03 ml of water were done three times through the
artery. Finally, on day 28 after the ®rst balloon injury, after
overnight starvation, the animals were killed and the extent of
neointimal formation in the left common carotid artery was
examined.

Histological analysis and measurement of DNA content
in the left common carotid artery

The left common carotid arteries were rapidly removed and
divided into ®ve cross-sectional pieces at 5 mm intervals. Four
pieces, except for the middle one, were ®xed with 4% paraf-
ormaldehyde for six hours, and these tissues were subsequently
processed for para�n embedding. Cross-sections were stained
with Elastica Masson (EM), and immunohistochemical stain-
ing was with SMA or RAM11 by the ABC method (Hsu et al
1981). The areas of the intima, measured from the internal
elastic lamina to the luminal surface, and the medial layer in
each section of the left common carotid artery were calculated
by a microscopical image analysing system, XL-10 (OLYM-
PUS, Tokyo, Japan). The value of the intimal area to medial
area was the area ratio of intima/media layer (I / M ratio). As
for the ABC method, the sections were depara�nized and
endogenous peroxidase was quenched by a 15 min incubation
with 0.3% H2O2. The sections were then incubated with a
1:2000 dilution of SMA or a 1:50 dilution of RAM11 over-
night at room temperature. Bound antibody was visualized by
the ABC method with 3,3'-diaminobenzidine tetra-
hydrochloride-NiCl2 as chromogen. The number of cells po-
sitive for RAM11 in the neointima was counted under X100
magni®cation in each preparation.

The middle pieces of the left common carotid arteries were
used for measurement of DNA content. Brie¯y, they were in-
cubated at 558C for 24 h in Tris bu�er (50 mM Tris, 100 mM

EDTA) containing 0.5 mg ml71 proteinase K; 2 ml of sodium
phosphate bu�er was added and the solution mixed with
Hoechst dye 33258. Thereafter their ¯uorescences were mea-
sured to determine the DNA content of the tissues.

Serum lipid measurement

Blood samples were taken from the inferior vena cava after the
rabbits had been starved overnight, and serum was obtained
by centrifugation for measurement of T-Cho, triglyceride (TG)
and HDL-cholesterol (HDL-C). T-Cho and TG levels were
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Figure 1 Chemical structure of BAYw6228.
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determined by an enzymatic method, and HDL-C by pre-
cipitation (a modi®ed phosphotungstate-MgCl2 method).

Methods

Materials

BAYw was supplied by Bayer Yakuhin, LTD. (Osaka, Japan).
Minimum essential medium (MEM) was purchased from
GIBCO BRL (Grand Island, NY, U.S.A.), foetal calf serum
(FCS) from Whittaker Bioproducts (Walkersville, MD,
U.S.A.), MCDB 131 and SmGM consisted of MCDB 131
containing 10 ng ml-1 human recombinant epidermal growth
factor and 0.39 mg ml-1 dexamethasone from Sanko Junyaku
Co. Ltd. (Tokyo, Japan), culture plates and ¯asks from Iwaki
Glass Co. Ltd. (Funabashi, Japan), SMCs from the new-born
infant aorta from KURABO (Osaka, Japan), a 2F Forgaty
catheter from Baxter Healthcare (Santa Ana, CA, U.S.A.),
anti-mouse a-smooth muscle actin antibody (SMA) from Sig-
ma Chemical Co. (St. Louis, MO, U.S.A.), anti-rabbit mac-
rophage antibody (RAM11) from Dako A/S (Glostrup,
Denmark), avidin-biotin-peroxidase complex (ABC) kit from
Vectastains (Vector Laboratories, CA, U.S.A.), and Hoechst
dye 33258 from Hoechst Japan (Tokyo, Japan).

Statistical analysis

The mean value obtained for each preparation from one rabbit
was calculated as one datum. The results are expressed as
mean+s.e.mean. The Mann-Whitney U test or non-paired
Student's t test was used for comparisons, and P50.05 was
considered to be statistically signi®cant.

Results

SMC growth in SD rat, NZ white and WHHL rabbits

After the stimulation by 2% FCS for 48 h, the protein content
in the absence of BAYw increased approximately two fold in
SD rats and NZ white rabbits, and three fold in WHHL rab-
bits compared to those from the pretreatment state (Tables 1, 2
and 3, respectively). BAYw inhibited the SMC growth in both
SD rats and NZ rabbits, the IC50 was 1.0 mM in SD rats and
2.1 mM in NZ rabbits. In WHHL rabbits, surprisingly, the IC50

was one-seventh (approximately 0.3 mM) of that in NZ rabbits,
indicating that intimal SMCs from atheromatous plaque have
a higher sensitivity to BAYw compared to those from normal
media.

Human SMC growth

In human SMC, the stimulation with 10% FCS or the mixture
growth factors, in the absence of BAYw, increased the protein
content approximately four fold compared to the pretreatment
values (Tables 4 and 5). BAYw inhibited the SMC growth
induced by these stimuli, but there was an approximately ten
fold di�erence between the IC50 values with the di�erent sti-
muli (10% FCS, 0.2 mM; the mixture of growth factors,
0.02 mM).

Body weights and serum lipids of rabbits after balloon
catheterization

No rabbit died in the two groups during the experimental
procedures. BAYw did not signi®cantly modify the body weight
(control, 3.65+0.04 kg (n=7); BAYw-treated 3.62+0.09 kg
(n=5). The serum levels of T-Cho, TG and HDL-C are shown
in Table 6. T-Cho in the BAYw group was signi®cantly lower
than in the control (BAYw, 16.10+0.92 (n=5); control,
21.57+2.05 (n=7), P50.05). There were no di�erences in the
levels of TG and HDL-C between the two groups.

Table 1 Effect of BAYw6228 on proliferation of rat
smooth muscle cells

Protein (mg/well) Inhibition (%)

Pretreatment 7.18+0.14

Control
BAYw6228 (mM) 0.03

0.1
0.3
1
3

14.72+2.22
14.98+0.70
16.58+0.51
14.36+0.27
11.67+0.36
7.18+0.10

0.0
73.4
724.7

4.8
40.5
100.0

Values represent mean+s.e.mean of three experiments, and
statistical signi®cance was assessed by non-paired Student's t
test.

Table 2 Effect of BAYw6228 on proliferation of rabbit
smooth muscle cells

Protein (mg/well) Inhibition (%)

Pretreatment 3.15+0.14

Control
BAYw6228 (mM) 0.01

0.3
1
3

5.89+0.38
5.89+0.14
5.32+0.18
5.27+0.37
4.13+0.16

0.0
0.0
20.8
22.6
64.2

Values represent mean+s.e.mean of three experiments, and
statistical signi®cance was assessed by non-paired Student's t
test.

Table 3 Effect of BAYw6228 on proliferation of WHHL
rabbit intimal cells

Protein (mg/well) Inhibition (%)

Pretreatment 5.35+0.31

Control
BAYw6228 (mM) 0.03

0.1
0.3
1
3
10

14.30+0.38
12.54+1.29
12.14+0.10
10.13+0.51
7.01+0.58
4.50+0.09
4.80+0.30

0.0
19.7
24.1
46.6
81.5
109.5
106.1

Values represent mean+s.e.mean of three experiments, and
statistical signi®cance was assessed by non-paired Student's
t test.

Table 4 Effect of BAYw6228 on proliferation of human
smooth muscle cells induced by 10% FCS

Protein (mg/well) Inhibition (%)

Pretreatment 0.80+0.28

Control
BAYw6228 (mM) 0.001

0.006
0.01
0.03
0.1
0.3
1
3

3.31+0.29
3.75+0.35
3.67+0.14
4.70+0.64
3.98+0.21
2.87+0.29
1.75+0.00
0.08+0.00
0.08+0.00

0.0
717.5
714.3
755.4
726.7
17.5
62.2
128.7
128.7

Values represent mean+s.e.mean of three experiments, and
statistical signi®cance was assessed by non-paired Student's
t test.
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I/M ratio in rabbits after balloon catheterization

Di�erences in the I/M ratio are shown in Figure 2. Treatment
with BAYw after balloon catheterization resulted in distinct
change in the size of intimal thickening. The BAYw group had
a smaller I/M ratio and intimal area than the control group
(BAYw, 0.29+0.06 (n=5); control, 0.65+0.12 (n=7); and
BAYw, 15.64+3.47 mm2 (n=5); control, 32.01+6.77 mm2

(n=7); respectively, (P50.05). The area of the medial layer
was not signi®cantly di�erent between the two groups (data
not shown). Figure 3 (a and b) shows a typical EM stain in the
control and BAYw groups. The regression of intimal thick-
ening in the BAYw group could be con®rmed by the position
of the internal elastica lamina.

Immunohistochemical ®ndings in rabbits after balloon
catheterization

Immunohistological stainings with SMA revealed di�use
SMA-positive immuno-reactivities throughout in the intimal
thickening layers of all preparations (Figure 3 (c and d)). These
areas were equivalent to the values of the I/M ratios because of
their wide distribution in the neointima. This ®nding demon-
strated that the layers of intimal thickening in this experiment
were composed of proliferated and migrated SMCs, and the
number of SMCs in those layers was clearly attenuated by the
treatment with BAYw.

In addition, immunohistological staining with RAM11
showed scattered immunoreactivity almost exclusively loca-
lized in the neointimal layer in the control group (Figure 3 (e)),
whereas in the BAYw group the immunoreactivity was
markedly less (Figure 3 (f)). Under high magni®cation,
RAM11 immunoreactivity was sporadically detected in the
neointimal layer of the control group, but there was very little
in the BAYw group (data not shown). The number of RAM11-
positive cells in the two groups is shown in Figure 4. In the
BAYw group, the number was markedly decreased compared
to control (BAYw, 1.05+0.53 (n=5); control, 32.46+24.64
(n=7), (P50.01).

DNA content of rabbit carotid artery after balloon
catheterization

Total DNA content from the middle piece of the left common
carotid artery did not di�er between the two groups (control,
0.35+0.03 (n=7); BAYw, 0.39+0.02 (n=5)).

Discussion

HMG-CoA reductase inhibitors are established agents for the
treatment of hypercholesterolaemia (Grundy, 1988; Endo,
1992). Many investigators have shown that HMG-CoA re-
ductase inhibitors have bene®cial e�ects on the regression of
atherosclerosis in animals (Kobayashi et al., 1989; Zhu et al.,
1992; Otto et al., 1995) and man (Kane et al., 1990; Mack et
al., 1992). However, it was considered that the antiathero-
sclerotic e�ect was due to the lipid-lowering properties of
these inhibitors. Recently, Soma et al. (1993) showed that
HMG-CoA reductase inhibitors a�ect an early event of
atherosclerosis in vivo and this e�ect is independent of T-Cho
levels.

On the other hand, it is generally recognized that SMC
proliferation in the neointima is a major event in the formation
of atherosclerosis, including the process of restenosis after
successful angioplasty (Ross, 1986; Meier, 1988; Wissler, 1991;
Popma et al., 1991; Fuster et al., 1992). Although the me-
chanism leading to intimal thickening is complicated and un-
clear, it is well known that, by some action(s), SMCs in the
medial layer might be stimulated and transformed from a
contractile type to a synthetic type, and that even they might
migrate and proliferate into the intimal layer (Austin et al.,
1985; Ross, 1986; Wissler, 1991; Lindner & Reidy, 1991;
Casscells, 1992). Soma et al. (1993) found that carotid arterial
myoctyes in the intimal thickening actively incorporated 5-
Bromo-2'-deoxyuridine (BrdU), whereas this was not observed
in the contralateral sham-operated artery, indicating that
proliferated SMCs mainly contribute to the formation of in-
timal thickening. Their results have led many investigators to
attempt to reduce the incidence of restenosis by pharmacolo-
gical interventions or modi®ed procedures, including the use of

Table 5 Effect of BAYw6228 on proliferation of human
smooth muscle cells induced by a mixture of growth factors

Protein (mg/well) Inhibition (%)

Pretreatment 1.01+0.28

Control
BAYw6228 (mM) 0.001

0.006
0.01
0.03
0.1
0.3
1
3

3.59+0.34
3.43+0.24
3.19+0.20
2.39+0.35
2.39+0.21
0.88+0.16
0.08+0.00
0.16+0.08
0.64+0.16

0.0
6.2
15.5
46.5
46.5
105.0
136.0
132.9
114.3

Values represent mean+s.e.mean of three experiments, and
statistical signi®cance was assessed by non-paired Student's
t test.

Table 6 Serum lipid concentration of experimental rabbits

Control group
(n=7)

BAYw group
(n=5)

P

T-Cho (mgdl±1)
TG (mgdl±1)
HDL-C (mgdl±1)

21.57+2.05
57.43+12.13
6.02+1.41

16.10+0.92
44.17+4.49
4.89+1.00

50.05

Values represent mean+s.e.mean and statistical signi®cance
was assessed by non-paired Student's t test.

1.2

0.0

I/M
 r

at
io

BAYw

P < 0.05

1.0

0.8

0.6

0.4

0.2

Control

Figure 2 The areas of the intima, measured from the internal elastic
lamina to the luminal surface, were calculated by a microscopical
image analysing system, XL-10 (OLYMPUS, Tokyo, Japan). The
value of the intimal area to medial area was the area ratio of intima/
media (I/M ratio) in each group (control group, n=7; BAYw group,
n=5). Results are expressed as mean+s.e.mean, and statistical
signi®cance was assessed by Mann-Whitney U test.
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angiotensin converting enzyme inhibitors (Jacobsson et al.,
1994), calcium antagonists (Franklin et al., 1993), pros-
taglandin E1 derivatives (Motoyama et al., 1994) and suramin
(Asada et al., 1994), and these trials have met with variable
success. As for HMG-CoA reductase inhibitors, lovastatin and
simbastatin have the e�ect of reducing the severity of arterial
lesions and cardiovascular diseases (Bocan et al., 1994). These
HMG-CoA reductase inhibitors, not including pravastatin,
inhibit SMC proliferation by decreasing the content of meva-
lonic acid in the cell, and their functions are independent of
plasma cholesterol concentrations (Soma et al., 1993; Corsini
et al., 1993). In contrast, Yui et al. (1995) showed that pra-
vastatin, if administered before PTCA, may also be useful

against highly stenosed or occluded coronary arteries. How-
ever, from their studies, it is di�cult to extrapolate any direct
e�ect of HMG-CoA reductase inhibitors on SMC growth.

In the present study, we examined the inhibitory e�ect of
BAYw, a newly developed hydrophilic HMG-CoA reductase
inhibitor, on the atherogenic process. First, we evaluated the in
vitro e�ect of BAYw on the proliferation of SMC from various
species, by the measurement of protein content, and demon-
strated that the agent markedly inhibited SMC growth in a
dose-dependent manner in rats and rabbits (Tables 1 and 2).
This e�ect may be elicited by local inhibition of mevalonic acid
synthesis in SMCs. Even in WHHL rabbits, the SMC growth
was typically inhibited at lower doses of BAYw than in control

Figure 3 Cross-sections of rabbit left carotid artery after balloon catheterization. They were treated with Elastica Masson (EM)
stain, immunohistochemical staining with anti-mouse a-smooth muscle actin antibody (SMA) diluted X2000 with PBS, or anti-
rabbit macrophage antibody (RAM11) diluted X50 with PBS by the avidin-biotin-immuno-peroxidase complex (ABC) method; 8%
nickel chloride was used as a counterstain. SMA- and RAM11-positive staining shows black. (a) Control; EM stain. (b) Treatment
with BAYw6228; EM stain (c) Control; staining with SMA. (d) Treatment with BAYw6228; staining with SMA. (e) Control;
staining with RAM11. (f) Treatment with BAYw6228; staining with RAM11. Arrows and arrowheads indicate the position of the
internal elastica lamina and RAM11-positive staining, respectively. The preparations were examined under X16 magni®cation.
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animals (Table 3), suggesting that intimal SMCs from an
atheromatous plaque have a high sensitivity to the agent. In
human SMC, BAYw also inhibited the growth induced by
various stimuli (Tables 4 and 5). It is not clear whether BAYw
reduced the SMC proliferation by inhibiting cholesterogenesis
or by another e�ect on SMC. Further studies are necessary to
elucidate the mechanism of inhibition by BAYw of SMC
proliferation.

Based on these in vitro ®ndings, we then examined the in
vivo e�ect of the agent to determine whether it could suppress
rabbit intimal thickening induced by balloon catheterization.
With regard to the e�ect on T-Cho, although there was a

signi®cant di�erence between the BAYw and control groups,
these values were so low that they can be considered in-
su�cient for in¯uencing the formation of intimal thickening.
In the in vivo study, we observed that neointimal formation
induced by the use of two balloon catheterizations to the
common carotid artery of rabbits was markedly reduced in the
BAYw group as compared with the control group, indicating
that the agent has a direct inhibitory e�ect on carotid intimal
thickening (Figures 2 and 3 (a and b)). Furthermore, as the
lesions were composed mainly of SMA-positive cells, this
suggests that BAYw has a signi®cant inhibitory e�ect on the
content of SMCs in the neointima and the subsequent intimal
thickening (Figure 3 (c and d)). These results were obtained
with BAYw 1 mg kg71 day71, a dose much lower than those
used in studies with other HMG-CoA reductase inhibitors,
such as pravastatin, lovastatin, simvastatin and ¯uvastatin.
Daily doses for rabbits used by Soma et al. (1993), were as
much as 20 mg kg71. Di�erences between the ability of these
drugs to penetrate the SMC is a possible mechanism to explain
their e�cacy of inhibiting SMC proliferation. In addition, the
number of macrophages in the neointima with the BAYw
group was signi®cantly decreased compared to the control
group (Figure 3 (e and f) and Figure 4). Macrophages are
known to induce an in¯ammatory response by producing cy-
tokines such as tumour necrosis factor and interleukin-1
(Tipping & Hancock, 1993), and to induce proliferation and
migration of SMCs (Ross, 1986). Although we could not de-
duce whether the decreased number of macrophages in the
neointima was a cause or a result of the administration of
BAYw, BAYw might possess the ability to suppress intimal
thickening including the regression of SMC content. From
these ®ndings, it is reasonable to assume that BAYw prevents
progression of atherosclerosis including restenosis after suc-
cessful PTCA, in contrast to other HMG-CoA reductase in-
hibitors. In spite of the distinct morphological di�erences, total
DNA content from the intimal thickening was not di�erent
between the control and BAYw groups. This discrepancy
might be a result of the severe injuries from the two balloon
catheterizations.

In conclusion, this study shows that a low dose of BAYw
has an e�ect even on the early events of atherosclerosis and
directly inhibits SMC growth, and that this e�ect is in-
dependent of serum cholesterol levels. BAYw, from its prop-
erties, may be one of the most promising agents for preventing
the progression of atherosclerosis, including complications
such as restenosis after PTCA.
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Figure 4 Number of positive cells with anti-
rabbit macrophage antibody (RAM11)
counted under X100 magnification (control
group, n=7; BAYw group, n=5). Results are
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