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ABSTRACT

This study was undertaken to define the varying responses of vascular smooth muscle to differ-
ent wavelengths of ultraviolet radiation and to relate them to the changes in cyclic GMP con-
tents. The ring preparations of rat thoracic aorta with intact or removed endothelium were irra-
diated with the ultraviolet or visible light (UVR) of wavelengths in step of 10nm between 250
and 500nm from xenon lamp of a spectrofluorometer, and the changes in vascular tension were
recorded. For cyclic GMP assay, the preparations, pretreated with phenylephrine as in the ten-
sion experiments, were frozen after irradiation and homogenated in trichloroacetic acid. The su-
pernatant was extracted with ether and the cyclic GMP contents were measured with
radioimmunoassay.

In the endothelium-intact preparations, biphasic responses, vasoconstriction (UVR-contraction)
followed by vasodilatation (UVR-dilatation), were observed. The maximal UVR-contraction was
observed at 320 nm, while the maximal vasodilatation was elicited at 420 nm. In the endothelium-
removed rings, however, only vasodilatation was observed, with the maximal vasodilatation taking
place at 370nm. The cyclic GMP contents were not affected by the irradiation with 320nm for
30 sec or I min in the endothelium-intact preparations, while it was significantly increased by
380 and 420 nm. In the endothelium-removed preparations, UVR of 370 nm markedly increased the
cyclic GMP contents.

The present study indicates that the increase in cyclic GMP is closely related to vasodilatation
induced by UVR of 420nm in the endothelium-intact or 370nm in the denuded preparations,
whereas it is not involved in the vasoconstriction induced by UVR of 320nm in the intact rings,
and the mechanism leading to UVR-contraction remains to be clarified. These observations sug-
gest that nitric oxide-cyclic GMP system is closely related to the UVR-dilatation in rat aortic
preparation, while it is not involved in the UVR-contraction.
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INTRODUCTION

It has been reported that UVR produce
vasodilatation in various vascular preparations
including porcine coronary artery (Baik et al.,
1994; Triggle and Bieger, 1990), bovine mesen-
teric artery (Karlsson et al, 1986), rat thoracic

aorta (Mikkelsen et al, 1985) and that the
UVR-dilatation is related to the increase in cy-
clic GMP contents (Furchgott e al, 1984;
Matsunaga and Furchgott; 1989). To the con-
trary, UVR-contraction is reported by Karlsson
et al. (1986) and Wigilius er al. (1990). Baik et
al. (1992) in this laboratory also observed a
vasoconstriction, not a vasodilatation, in the in-
tact preparation of rat thoracic aorta upon
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UVR, while the denuded ones responded with
relaxation, and they further suggested that the
UVR-contraction is related to the tissue cyclic
GMP levels, based on the observations that the
contraction was potentiated by ACh and re-
duced by LY83,583, a guanylate cyclase inhibi-
tor (Schmidt et of., 1985). In this study, it was
attempted to define the varying responses of
vascular preparations to different wavelengths
and to relate them to the changes in the cyclic
GMP contents.

METHODS

Preparations

The methods of ring preparations and tension
experiments were as described by Baik et al
(1992). Briefly, Sprague-Dawley rats of either
sex weighing 180~250g were sacrificed and the
thoracic aorta was excised immediately. The
excised aorta was then cut into rings of Smm
in length. To prepare the denuded preparations,
rings were gently rubbed 2 to 3 times with a
metal rod inserted into the lumen of the ring
Ring segments of arteries were mounted in 3 mf
physiologic salt solution (PSS), and the changes
of tension were recorded on a polygraph. The
PSS was saturated with 95% O: and 5% CO:
kept at 37°C (pH 7.4). The completeness of
functional removal of the endothelium was as-
certained by absence of relaxant response to
ACh of the ring precontracted with 10°M PE.

Ultraviolet or visible light irradiation

To minimize the glass interference on the in-
cident light, quartz cuvette was employed in-
stead of glass organ bath (Fig. 1). As the light
source, a 150W xenon lamp of spectrofluoro-
meter was used and the distance between the
tissue and the lamp was 30cm. And a convex
lens made of quartz (30 D.) was placed inbe-
tween to intensify the light. The ultraviolet
light was irradiated sequentially from 250 to
500 or reversely in steps of 10nm for 3 min
each. The UVR did not affect the temperature
of the bath fluid. All UVR experiments were
performed in the dark room lit with a 5-Watt
red lamp. In assaying tissue cyclic GMP levels,

the tissue was irradiated the same way as de-
scribed above.

Radicimmunoassay of cyclic GMP

The cyclic GMP contents were assayed ac-
cording to the method described by Ryu et al.
(1992). Briefly, the rings prepared as described
above were incubated in 3ml PSS in cuvette.
After 2-hour equilibration 10°M PE was added
to the bath fluid. Immediately upon terminating
UVR, the preparations were frozen and were
stored at —70°C until use. Frozen tissues were
homogenized in 1 ml of 10% trichloroacetic acid
at 1~4°C and the homogenate was centrifuged
at 2500xg for 30 min at 4°C. The pellet was
used for protein assay and the supernatant was
extracted 5 times with 4ml of water-saturated
ether. The [*I] radioimmunoassay kits (Du-
Pont) were used to determine cyclic GMP con-
centrations.

To transducer
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Fig. 1. The diagram of ultraviolet or visible
light irradiation (UVR) system imployed
to observe the mechanical responses of
the vascular preparations to UVR. A
ring preparations was mounted in the
cuvette. See text in details.
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Drugs and statistics

Composition of PSS in mM was 122 NaCl, 4.7
KCl, 1.6 CaCl, 1.2 KH.,PO, 15 NaHCO, 11.5
dextrose, 0.026 EDTA and 0.12 ascorbic acid.
Phenylephrine (PE) HCl was obtained from
Sigma, trichloroacetic acid from Fisher Scientif-
ic, and diethylether from J.T. Baker Inc. All
drugs were dissolved in and diluted with dis-
tilled water. Statistical significance was exam-
ined by unpaired Student’s t-test.

RESULTS

Changes in vascular tension induced by ultravi-
olet or visible light

The UVR did not affect the resting tension
of the preparations. In the intact prerations, 107°
M PE elicited vasoconstriction producing ten-
sion of 0.70+0.12g (n=7), and UVR with 250~
320nm produced further vasoconstriction in an

irradiation-time dependent manner and the
maximal tension produced was 021+002g at
320nm. The UVR-contraction was reduced with
further increase of the wavelengths, and the
vasoconstriction was reversed to a vasodila-
tation at 380nm. Then, the longer wavelengths,
the greater vasodilatation became. And finally,
the ring reached the maximal dilatation of 0.10
+0.02g at 420nm. And then, the tension slowly
recovered to the basal level as the wavelength
further increased up to 500nm (Fig. 2). The
range of wavelength to produce contractile
responses was 270~370nm and the range to
cause relaxtion was 410~450nm. The same
biphasic pattern of the tension was obtained
when the UVR was started from 500 down to
250 nm.

In the endothelium-removed rings precon-
tracted by PE, however, no vasoconstriction
was observed. The UVR starting from 250 nm
gradually reduced the 10°M PE-induced ten-
sion, reaching the nadir at 370nm with the
magnitude of 0.16+£0.04g (n=6) as shown in

Changes in Tension (g)

—o— +E (n=7)

250 300 350

400 450 500

Wavelength (nm)

Fig. 2. Responses of rat thoracic aorta preparations to irrdiation of wide spectrum light. The endothe-
lium-intact (+E) preparations show biphasic responses, whereas the endothelium-removed ones
elicited only dilatation. The preparations were preconstricted by 107° M PE. Each dot repre-
sents mean=SEM. Numbers of preparations were given in parentheses. See text in details.
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Fig. 3. Changes in cyclic GMP contents induced
by UVR in the preparations of rat tho-
racic aorta with intact (+E) or removed
(-E) endothelium. All rings were pret-
reated with 10™° M PE. Irradiation was
done for either 30 sec or 3 min at wave-
lengths indicated. Each bar represents
meantSEM. Asterisks indicate signifi-
cant differences from their controls (*p
<0.05, **p<0.01).

Fig. 2. As the wavelengths were further in-
creased, the vasodilatation decreased, and the
PE-induced basal tension was fully regained at
470 nm. The maximal relaxation in the denuded
preparations was not significantly different
from that in the intact ones. The range of
wavelength to elicit vasodilatation was 310~
450 nm.

Effects of UVR on tissue cyclic GMP contents

Cyclic GMP level in the endothelium-intact
preparations without any pretreatment was 81.4
+15.7 pmole/mg protein and that with PE-pre-
treatment was 98.4+13.8 pmole/mg protein. In
Fig. 3, the cyclic GMP contents in the irradiat-

ed tissue was presented in percentage of the
PE-pretreated control. UVR of 320nm, which
produces vasoconstriction in the endothelium-
intact rings, did not produce any significant
change in cyclic GMP contents (145+33% on
30 sec UVR and 126+25% on 1 min UVR).
However, UVR of 380 and 420nm for 30 sec
markedly increased the cyclic GMP contents to
200+30% (p<0.05, n=4) and 252+36% (p<0.01,
n=4), respectively. In endothelium-removed
preparations, UVR of 370nm for 30 sec mark-
edly increased the cyclic GMP contents up to
407+88% (n=6, p<0.01).

DISCUSSION

In this study using UVR of varying wave-
lengths ranging from 250 to 500nm, it was
found that the rat thoracic aorta with intact
endothelium elicited a biphasic response: vaso-
constriction, with range of 270~370 followed by
vasodilatation in the range from 410 to 450,
whereas the denuded preparations elicited only
vasodilatation with range of 310~450, whose
maximal relaxation occurred at 370nm. In the
intact endothelial preparation the peak contrac-
tion was elicited at 320 nm wavelength and the
peak dilatation at 420 nm. Baik et al. (1992) ob-
served, applying UVR fixed at 365 nm, that the
isolated rat thoracic aorta with intact endothe-
lium responded with vasoconstriction, while the
endothelium-removed preparations elicited vaso-
dilatation, and on the bases of further observa-
tions that it is potentiated by pretreatment
with acetylcholine or nitroprusside, but attenu-
ated by LY83,583, they suggested that the vaso-
constriction is related to tissue cyclic GMP and
to the inhibition of EDRF and/or the release
of EDCF.

In disagreement with these reports that UVR
produced vasodilatation and that increase in
cyclic GMP is closely related to the vasodila-
tation in various preparations (Baik ef al, 1994;
Triggle and Bieger, 1990; Karlsson et al. 1986;
Mikkelsen et al, 1985), some researchers report-
ed to have observed UVR-contraction. Karlsson
et al. (1986) reported that contraction may oc-
curs with 300nm or shorter wavelengths, and
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Wilgilius et al. (1990) also suggested that the
differences among the UVR (365 nm)-induced
responses might have resulted from the differ-
ence in the amount of endogenous substrate for
nitric oxide in bovine mesenteric artery.

The wavelengths which elicited maximal con-
traction (320nm) and maximal dilatation
(420nm) as observed in this study are clearly
different from those of other investigators. One
of the possibilities accounting for the discrep-
ancy to be considered is the interference and
distortion of the incident light by the glass
organ bath which is commonly made of double-
lumened glasses with circulating water for
warming. The facts that both vasoconstriction
and vasodilatation occur in the same prepara-
tions according to the wavelengths of UVR and
that the conversion of the responses takes place
within such a narrow distance as 30~40nm im-
plicate the possibility that the differences might
also be caused by subtle discrepancies or inac-
curacies of the apparatus employed in UVR.
Of course, the species and tissue differences
might be of the utmost importance because
porcine coronary artery was dilated by irradia-
tion with the same ultraviolet source which
constricted the rat thoracic aorta as reported
by Baik er af. (1992; 1994).

The increase in cyclic GMP is closely related
to the vasorelaxation in the intact preparations
as well as in the endothelium-removed ones.
However, vasoconstriction does not seem to be
caused by changes in cyclic GMP, that is, ‘de-
crease’ in the vasodilatory intracellular messen-
ger, as expected, because no decrease in the cy-
clic GMP contents were evident, but rather, a
tendency toward an increase was observed with
UVR at 320nm. This suggest that, other than
cyclic GMP, a certain contractile mechanism,
which is closely related to endothelium, might
be activated by UVR of 320nm. The finding
that the maximal relaxation was ‘shifted’ to
370nm in the denuded preparations might im-
plicate the existence of certain contractile
mechanism in the endothelium, which Iis
activated by UVR of shorter wavelengths. It
seems thus clear that the cyclic GMP is not in-
volved in the UVR-contraction. However, this
finding contradicts the observations of Baik er
al. (1992) that cyclic GMP also may be in-

volved in the contraction because the contrac-
tion was potentiated by the guanylate cyclase
activators such as acetylcholine, nitroprusside,
and atrial natriuretic peptide. We have at the
present no evidence at hand to reconcile the
discrepancy. The changes in vascular response
according to varying wavelengths in the
guanylate cyclase-activated conditions as em-
ployed by them remain to be investigated.

Overall, the present study indicates that the
increase in cyclic GMP is closely related to
vasodilatation induced by UVR of 420nm in
the endothelium-intact or 370 nm in the denud-
ed preparations, whereas it is not involved in
the vasoconstriction induced by UVR of 320 nm
in the intact rings, and the mechanism leading
to UVR-contraction remains to be clarified.
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