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Reactivity of arterial vessels in the small intestine mesentery to irradiation with a helium-
neon laser before and after NO synthase blockade was studied by means of biomicro-
scopy. Blood flow velocity and vascular diameter increased under conditions of laser
irradiation. During irradiation, arterial vasodilation was inversely related to the initial
diameter. After treatment with NO synthase inhibitor, the dilatory response of vessels to
laser irradiation was completely abolished (arteries, diameter >80 µ) or decreased by 2
times (arterioles, diameter <50 µ).
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Low-intensity laser radiation (LILR) increases the
blood flow rate, causes microvascular dilation, and
improves microcirculation, which determinesstrong
therapeutic effect of laser irradiation in clinical
practice [4,5]. Recent studies showed that NO plays
a role in this process. NO is involved in the reali-
zation of vasomotor reactions [2,4,7]. As differen-
tiated from great vessels, NO has little role in the
reactivity of arterioles [9]. LILR-induced microcir-
culatory changes are associated with the influence
or interaction of various signal substances [3,8].

Here we studied the role of NO in arterial reac-
tivity to LILR.

MATERIALS AND METHODS

Experiments were performed on 52 outbred albino
rats weighing 250-270 g. The animals were anes-
thetized with intramuscular injection of nembutal (5

mg/100 g) and placed on a microscopic stage under
thermostatic conditions. Mesenteric arteries of the
small intestine were studied under normal condi-
tions and during exposure to various factors. The
arteries in group 1 animals were examined after
continuous irradiation with a LGN-108 helium-
neon laser for 10 min (λ=0.63 µ, output power 2
mW). Microvessels in group 2 rats were examined
after injection of a NO synthase inhibitor L-NAME
(2 mg/kg into the femoral vein). Group 3 rats re-
ceived intravenous injection of 100 mg/kg L-ar-
ginine 5 min after treatment with L-NAME. Group
4 animals were irradiated 5 min after injection of L-
NAME into the femoral vein.

The vascular diameter and blood flow velocity
in animals of each group were measured on an
Allegro-MC automatic image analysis system. The
methods of sampling and quantitative biomicro-
scopy were described previously [1,7]. Each ex-
perimental group consisted of at least 5 animals.
The diameter and blood flow velocity in various
arteries of each rat were measured over 3 min after
preparation (control values).
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RESULTS

Laser irradiation markedly affected reactivity of
arterial vessels in group 1 rats. Significant increase
in blood flow velocity over the first minutes after
irradiation was accompanied by typical morpholo-
gical signs. Optical density of blood flow increa-
sed. The peripheral plasma layer near the vascular
wall was narrowed and then disappeared. We re-
vealed the appearance of additional anastomoses
and increase in the vascular diameter (Fig. 1, a-d).

The observed changes were most pronounced
3-10 min after irradiation. The vascular diameter
increased more slowly and less significantly than
blood flow velocity (Fig. 2, a, b). Arterial vaso-
dilation was inversely related to the initial diameter
of microvessels. The arterioles with a diameter of
30-60 µ were most sensitive to LILR. After laser
irradiation, the diameter of arterioles increased more
significantly than that of large vessels. Changes in
the diameter of arteries with an initial diameter of
more that 100 µ were observed 10 min after irra-
diation and did not exceed 12% (p<0.05). However,
the diameter of vessels with an initial diameter of
less than 60 µ exceeded the basal level by more
than 20% (p<0.05). The exceptions were thin pre-
capillary arterioles. The majority of these vessels
exhibited poor response to laser irradiation. Only
6-8 of 18-20 arterioles demonstrated pronounced
responses to LILR. Deviations in blood flow velo-
city and diameter of these arterioles were 10-16%.

High sensitivity of arterioles to LILR was repor-
ted previously. Arterial smooth muscle cells serve
as the major acceptor of laser energy in micro-
circulatory vessels [5]. Differences in the reactivity
of various arterioles to laser irradiation are asso-
ciated with structural and functional characteristics
of the contractile apparatus in these vessels. Recent
studies showed that blood cells play a role of the
acceptor. For example, LILR energy absorption by
leukocytes is accompanied by increased production
of bioactive substances (e.g., NO) improving micro-
circulation [3,4]. However, there are no data that
vessels of various diameters have different sensi-
tivity to leukocyte priming products.

Intravenous injection of L-NAME to group 2
animals was followed by a short-term increase in
blood flow velocity and vascular diameter. The vas-
cular resistance tended to increase, while blood flow
decreased under these conditions (Fig. 2, a, b).
Blood volume in several microvessels decreased
5-7 min after treatment. Lightening and narrowing
of the axial flow were accompanied by an increase
in the peripheral plasma layer near the vascular wall
(Fig. 3, a, b). Erythrocyte flow in small arteries

(10-30 µ in diameter) became granular and was
replaced with the plasma, which resulted in “ligh-
tening” or “disappearance” of vessels.

Large arteries in these rats were less sensitive
to NO synthase blockade. Blood flow velocity in
these vessels remained practically unchanged (p>0.05).
After administration of the test substance, the dia-
meter of large vessels decreased less significantly
compared to that of small arterioles (by 6-8 and 12-
17%, respectively, p<0.05). The observed changes
in vascular reactivity are probably related to vaso-
constriction and increase in blood pressure, which
results from intravenous injection of NO synthase
inhibitor [6]. It cannot be excluded that this process
also involves an endothelium-derived vasoconstric-
ting factor (e.g., endothelin). The effect of this sub-
stance is balanced by NO under normal conditions,
but results in significant vasoconstriction at low
concentration of NO [10]. Vascular tone and blood
pressure are determined by an equilibrium between
the vasoconstrictor and vasodilator effect of vaso-
active substances on smooth muscle cells of the
vascular wall.

Further treatment with L-arginine (group 3) abo-
lished changes induced by NO synthase inhibitor
(Fig. 2, a, b). However, the diameter of large and
small vessels remained below the control value (by
3-4 and 6-7%, respectively).

Vascular reactivity of the microcirculatory bed
in group 4 rats was studied under laser irradiation,
which occurred 5 min after intravenous injection of
L-NAME (Fig. 2, a, b). The diagrams illustrate hemo-
dynamic parameters of arterioles with different dia-
meter, which are exposed to laser irradiation before
and after administration of NO synthase inhibitor.
L-NAME modulated the response of various micro-
vessels to laser exposure. Variations in blood flow
velocity in group 4 rats were similar to those in
group 1 animals (laser irradiation without NO syn-
thase blockade). However, the increase in blood
flow velocity was less significant and did not result
in the vasodilator response. After treatment with
NO synthase inhibitor, the dilatory response of ves-
sels to laser irradiation was completely abolished
(arteries, diameter >80 µ) or decreased by 2 times
(arterioles, diameter <50 µ).

These findings indicate that NO mediates the
response of microcirculatory vessels to LILR. Our
results are consistent with published data that the
laser radiation-induced increase in blood flow velo-
city is followed by an increase in endothelial shear
stress and NO synthesis. NO causes relaxation of
vascular smooth muscles [7]. We believe that vas-
cular reactivity under LILR is determined not only
by NO, but also by other substances. NO primarily
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Fig. 1. Arterial bed of the small intestine mesentery under control conditions (a) and 30 sec (b), 1 min (c), 2 min (d), 3 min (e), and 5
min (f) after laser exposure. Biomicroscopy, ×100.
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affects the arterioles with a diameter < 50 µ, where
we observed more pronounced changes in reacti-
vity in response to combined exposure to NO syn-
thase blockade and LILR.
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Fig. 2. Blood flow velocity (a) and diameter of arterial vessels (b) under various conditions. Diameters: 130-140 (1), 100-120 (2), 60-80
(3), 40-50 (4), 20-30 (5), and 10-15 µ (6).
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Fig. 3. Arteriolar response 5 (a) and 7 min (b) after intravenous injection of L-NAME. Biomicroscopy, ×100.
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