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Abstract

Adenosine is known to inhibit vascular smooth muscle cell proliferation in vitro via adenosine A, receptor activation. We
tested the inhibitory effect of an adenosine A, receptor agonist, 2-octynyladenosine (YT-146), on in vivo intimal thickening
following a photochemically induced injury of the endothelium of rat femoral artery. YT-146 (1 mg/kg/day) was administered
s.c. for the first 3, 7 or 28 days after the injury. YT-146 significantly decreased neointimal area and the ratio of intima to medial
area measured 28 days after the injury, regardless of the duration of administration. These results suggest that YT-146 may
inhibit the early events of neointimal formation. The effect is long lasting and is not reversed even if YT-146 is stopped after a

short course of administration.
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1. Introduction

Vascular endothelial injury is followed by platelet
adhesion to the vessel wall and thrombus formation at
the site of injury. Subsequently, vascular smooth mus-
cle cells may proliferate, leading to intimal thickening.
Such events can promote restenosis following coronary
angioplasty and recanalization (Karas et al., 1991).
Cyclic AMP has been reported to inhibit vascular
smooth muscle cell growth. Thus agents that elevate
(Loesberg et al., 1985; Shirotani et al., 1991; Souness et
al., 1992) or mimic cyclic AMP (Southgate and Newby,
1990) inhibit the proliferation of vascular smooth mus-
cle cells.

Adenosine induces changes in cyclic AMP produc-
tion and modifies vascular smooth muscle cell prolifer-
ation through activation of two receptor subtypes,
known as A; and A,, which mediate inhibition and
stimulation of adenylate cyclase, respectively. Cellular
proliferation in vitro was inhibited by adenosine A,
receptor activation, an effect attributable to an in-
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crease in cyclic AMP production (Jonzon et al., 1985).
Therefore, selective adenosine A, receptor agonists
are expected to have a beneficial effect in controlling
intimal thickening, but such agents have not yet been
investigated.

In the present study, we examined the ability of a
potent selective adenosine A, receptor agonist, 2-oc-
tynyladenosine (YT-146), which has a 17-fold higher
affinity for adenosine A, than for adenosine A, recep-
tors (Abiru et al., 1991), to reduce neointimal thicken-
ing in our newly developed rat model of femoral artery
thrombosis (Hirata et al., 1994). This model uses the
photochemical reaction between rose bengal and green
light to cause endothelial injury, which unlike the bal-
loon injury model does not have any mechanical effect
on the media (Matsuno et al., 1991).

2. Materials and methods
2.1. Animal model

Male Wistar rats weighing 250-280 g were anes-
thetized with sodium pentobarbital (50 mg/kg i.p.).
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Table 1
Neointimal formation in the rat femoral artery after photochemically
induced injury

Irradiated Non-irradiated
artery artery

Intimal area (X 10~2 mm?) 3.3240.30 n.m

Medial area (X 10~2 mm?) 9.66+ 0.44 9.87+0.48

Results are expressed as means+ S.E.M. derived from 9 animals.
n.m: not measurable.

The procedure to induce a transluminal thrombosis
following endothelial injury in the femoral artery has
been described in detail elsewhere (Matsuno et al.,
1991). A part of the right femoral artery was carefully
separated and a pulsed Doppler probe (PDV-20, Crys-
tal Biotech America, USA) was placed on the vessel.
Green light (wavelength 540 nm) irradiation was
achieved by using a xenon lamp irradiation apparatus
(14887, Hamamatsu Photonics, Japan). The light was
directed by an optic fiber positioned about 5 mm above
a segment of the femoral artery proximal to the flow
probe. Under irradiation, the photosensitizer dye, rose
bengal (Sigma, USA) was injected (15 mg/kg) via the
jugular vein. Light exposure was continued until the
blood flow stopped due to thrombotic occlusion of the
vessel. The time required to produce occlusion was
about 10 min. The thrombotic occlusion was followed
by spontaneous reperfusion within the first 24 h.

2.2. Measurement of intimal thickness

Intimal thickening was measured 28 days after the
injury caused by thrombotic occlusion and spontaneous
reflow. The irradiated (right) and non-irradiated con-
trol (left) segments of the femoral artery were fixed by
infusion with 1% paraformaldehyde and 2% glu-
taraldehyde in 0.1 M phosphate buffered saline, pH
7.4. Then, both arteries were removed and fixed fur-

ther by immersion in the same fixative. These speci-
mens were sectioned transversely and stained with
hematoxylin and eosin. The intimal and medial areas
were identified by using a computer analysis system
(Videoplane, Germany).

2.3. Drug treatment

YT-146 (Toa Eiyo, Japan) was administered s.c., at 1
mg /kg /day, using an osmotic pump (Alzet, USA) for
the first 3, 7 or 28 days after thrombus formation.

2.4. Statistical analysis

All data are expressed as the means + S.E.M. Com-
parison between the right and the left arteries was
performed using paired ¢-test. The effects of YT-146
on intimal and medial areas were statistically analyzed
using Dunnett’s multiple range test after an analysis of
variance. Results were considered significantly differ-
ent if P <0.05.

3. Results

The effect of the photochemical injury on the inti-
mal and medial areas in the rat femoral artery is shown
in Table 1. Intimal thickening was observed in all cases
28 days after the injury whereas the medial area of the
irradiated artery was not different from that of the
non-irradiated contralateral artery. Administration of
YT-146 (1 mg/kg /day) significantly decreased the inti-
mal area, without affecting the medial area, as com-
pared with the untreated group (Fig. 1). Therefore, the
ratio of intimal to medial area was significantly re-
duced in the YT-146-treated group. The inhibitory
effect of YT-146 on neointima formation was observed
regardless of the duration of administration after the
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Fig. 1. Effect of YT-146 on intimal thickening in the rat femoral artery. YT-146, 1 mg/kg/day was administered s.c. using an osmotic pump for 3,
7 and 28 days after injury. Results are expressed as means + S.E.M. derived from 9 animals. * P < 0.05 vs. control.
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injury. Treatment for the first 3 and 7 days with YT-146
caused a significant reduction in intimal area, to the
same extent as seen in the 28-day-treatment group.

4. Discussion

Vascular intimal thickening was inhibited by the
new adenosine A, receptor agonist, YT-146. It was
unexpected for us to see a 3-day or 7-day infusion to be
as effective as a 28-day infusion in suppressing intimal
thickening. The results suggest that adenosine, acting
at adenosine A, receptors, may have an important
suppressive role in the early response to injury in vivo.

The inhibitory effect of YT-146 on injury-induced
intimal thickening may be a direct inhibitory effect on
vascular smooth muscle cell proliferation. Adenosine
has been reported to inhibit vascular smooth muscle
cell proliferation by activation of adenosine A, recep-
tors, an effect attributable to intracellular cyclic AMP
elevation (Jonzon et al., 1985). Although the underly-
ing mechanism of growth inhibition by cyclic AMP
remains unknown, elevation of cyclic AMP at the G,
phase of the cell cycle is necessary to inhibit prolifera-
tion, suggesting that it inhibits the progression from
the G to S phase (Loesberg et al., 1985; Fukumoto et
al., 1988). In this study, we found that 3 days of
treatment with YT-146 was effective. It is considered
that the inhibition by YT-146 at the early stage of cell
proliferation in response to injury leads to suppression
of neointimal formation thereafter. This hypothesis is
consistent with the work of Clowes and Clowes (1986)
who have reported that the first 3 days of treatment
with heparin, which inhibits the early entry of cells into
S phase, produced a long-term reduction in vascular
smooth muscle cell mass, resulting in inhibition of
intimal thickening in the injured carotid artery.

Another possibility for the effect of YT-146 is inhi-
bition of the early inflammatory reaction after injury.
The early response to vascular injury is characterized
by migration of inflammatory cells, including leuko-
cytes and platelets, to the damaged vessel wall. These
cells serve as a source of free radicals and growth
factors such as platelet-derived growth factor, which
may provide the stimulus for vascular smooth muscle
cell migration and proliferation. Adenosine has been
reported to have antiinflammatory and antiplatelet ef-
fects through adenosine A, receptors (Kogi et al.,
1991; Cronstein, 1991).

In conclusion, activation of adenosine A, receptors
may have a suppressive effect on vascular intimal thick-
ening in injured artery in vivo.
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