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Abstract

The purpose of this present study was to investigate the effects of endothelin-1 (ET-1) on the systemic blood pressure, microvascular
blood flow velocity and diameter of arterioles and venules of the rat mesentery in vivo. For this purpose, the mesentery was
arranged for in situ intravital microscopic observation under transillumination, and cumulative injections of ET-1(30-2000 pmole/
kg) were infused intravenously through a catheter inserted into the right jugular vein. Infusion of low doses of ET-1(30-125
pmole/kg) induced a slight increase in the systemic blood pressure, a dose-dependent increase in blood flow velocity of arterioles
(20-30 um) and venules (30-50 pm). Diameters of arterioles and venules exhibited no significant change as compared with the
control data. On the contrary, the infusion of high doses of ET-1(250-2000 pmole/kg) induced a long-lasting pressor effect, a dose-
dependent decrease in the blood flow velocity of arterioles and venules. Microvascular diameter exhibited a vasoconstrictive effect
more prominent in arterioles than in venules. These findings suggest that vasoconstriction produced by ET-1 in rat mesenteric
microcirculation may be the causal factor for its potent pressor effect in rats. Moreover, ET-1 may be involved in the regulation
of the blood flow velocity distribution of rat mesenteric microcirculation. Finally, ET-1 may be considered as one of the more

important risk factors which contribute to the pathogenesis of hypertension.

Keywords: ET-1; rat mesentery; microvascular blood flow velocity, Intravital microscope system

Introduction

Endothelin-1 (ET-1) is an endothelium-derived 21-
amino acid peptide, produced a potent and sustained
vasoconstrictive effects on isolated vessels of various
experimental
(Yanagisawa and Masaki, 1989; Yanagisawa et al,
1988). It has been reported that increased rate of release
of ET-1 from the vascular endothelium may contribute

animals through its own receptors

to the pathogenesis of hypertension (Ernesto, 2005;
David, 2005; Pinto-Sietsma and Paul, 1998; Kohno et
al., 1990; Saito et al., 1990), cardiogenic shock, chronic
dialysis and pulmonary arterial hypertension (Nazzareno
et al., 2004; Cernacek and Stewart, 1990), myocardial
infarction, congestive heart failure (Ergul et al., 2000)
and patients that have undergone chronic hemodialysis
(Miyauchi et al., 1991).

ET-1 has been shown to be an extremely potent in
contracting isolated arterial vessels and causes a long-
lasting pressor response when injected intravenously
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to chemically enervated rats (Yanagisawa et al., 1988).
As have been noted previously, a topical application
of endothelin produced either dilation or constriction
of cerebral arterioles in newborn pigs depending in
concentration (Armstead ef al., 1989).

ET-1 was more potent in constricting both arterioles
and venules of the rat mesentery as compared with
norepinephrine (Fortes et al, 1989). However, the
effects of ET-1 on systemic blood pressure as well
as microvascular blood flow velocity and diameters
(arterioles and venules) of the rat mesenteric
microcirculation have not well been documented.
Thus, the aim of this present study was to characterize
the response of the mesentery microvasculature to an
intravenously infused ET-1 (30-2000 pmole/kg) by
a direct microscopic observation using an intravital
microscopic system, a microvascular blood flow velocity
measurement using a ten channel’s dual-sensor method

and microvascular diameters measurement directly on a
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printed image by means of a graphic video printer.

Material and Methods

Animals

Twenty male Wister rats (Charles River, 130-400 g)
were used in these experiments. Each animal was
anesthetized with sodium pentobarbital (Nembutal,
Abbot Laboratories; 50 mg/kg b. w.). The trachea
was incubated to ensure a patent airway, and the right
carotid artery and right jugular vein were cannulated.
The systemic blood pressure was monitored by use of a
pressure transducer (Polygraph system, Nihon kohden)
through a catheter inserted into the right carotid artery.
The rat mesentery was arranged for in situ intravital
microscopic  observation under transillumination
according to the routine procedure. The mesentery was
placed over a transparent plate in a saline bath maintained

at a controlled temperature of 37 °C.

Experimental Protocol

ET-1(30-2000 pmole/kg) was dissolved in 0.05%
albumin solution (peptide Institute, Osaka, Japan) and
infused intravenously through a catheter inserted into
the right jugular vein. The changes in systemic blood
pressure, diameter and blood flow velocity of arterioles
(20-40 pm) and venules (45-65 um) of rat mesentery
were measured simultaneously, 4-6 min. before (control)
and after administration of ET-1.

Microvascular Measurements

The images of microvessel were displayed on a monitor
TV screen at a magnification of about 100-600. The
microvascular diameters were measured directly on
a printed image of microvessel by means of a graphic
video printer (Sony, Tokyo, Japan, and UP-850). The
blood flow velocity of arterioles and venules were
measured using a ten-channel’s dual sensor method
(Sato and Ohshima, 1988), by projecting an image of
the microvascular field onto a screen of the dual sensor
at a magnification of 200-450. The centerline axis of
microvessel image to be studied is adjusted to coincide
with the direction of paired dual sensors. These sensors
detected the brightness changes of sampling points due
to the passing of erythrocytes. The electrical signals of
brightness detected by photo sensors were amplified
and recorded on a cassette data recorder (Teac XR-
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50E, Hitachi Digital Memoriscope VC-810). Off-line
analysis, the blood flow velocity of arterioles and venules
were measured by use of a one bit cross-correlation
technique (62-9300, Osaka Nihon Kagako Kogyo Co.,
Ltd., Japan).

Data Analysis

The results were expressed as mean = S.E., statistical
analysis for significant differences between control and
ET-1 infused was done with Student>s paired t-test.
The significance was assessed at 5% confidence level.
The blood flow velocity and diameter of arterioles and
venules were normalized with their control data.

Results and Discussions

A schematic diagram for examining the mesentery
microcirculation in response to bolus injections of ET-1
(30-2000 pmole/kg) is shown in Fig. 1.

The intravenous injection of each dose of ET-1 (30-
2000 pmole/kg) in an anesthetized rats elicited a rapid
depressor, a transient pressor followed by a long-lasting
pressor as shown in Fig. 2.

The systemic blood pressure was measured at
the phase of long-lasting pressor, 4-6 min. after each
infusion of ET-1. The infusion of low doses of ET-1 (30-
125 pmole/kg) elicited a slight pressor effect (Fig. 2).
Normalized blood flow velocity (% change in blood flow
velocity) of arterioles was (114 = 11% mmHg, Mean +
SE, n = 7) and that of venules was (123 + 7% mmHg,
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Fig 1. Schematic diagram of the experimental apparatus.
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Mean + SE, n = 7) of the rat mesentery as compared with
the control runs (Fig. 3). On the contrary, the infusion
of high doses of ET-1 (250-2000 pmole/kg) produced
a long-lasting pressor effect (Fig. 2). Systemic blood
pressure increased from (128 £ 4 mmHg, n=4 to 165 +
5 mmHg, n =2, at 1000 pmole/kg) (Fig. 2). Normalized
blood flow velocity of arterioles was 44 + 16% mmHg,
n =5, at 1000 pmole/kg, and that of venules was 38 +
12%, n =5, at 1000 pmole/kg of ET-1.

Fig. 4 shows that the normalized diameter (% change
in diameter) of arterioles was 75 + 6%, n = 11 and that of
venules was 91 + 4%, n = 11, at 1000 pmole/kg of ET-
1 as compared with the control runs. Infusion of 1000
pmole/kg of ET-1 caused impairment stasis for a period
of 25 min. in the microvascular blood flow velocity
both in arterioles and venules followed by an immediate
reversal flow. Whereas, the infusion of 2000 pmole/kg
of ET-1 caused a severe damage to the rats, the arterial
blood pressure decreased sharply from its baseline level
and all the tested rats have died.
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Fig 2. Mean blood pressure (mmHg) versus dose of ET-1
(pmole/kg).
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Fig 4. % Change in diameter versus dose of ET-1 (pmole/kg).

The present study demonstrates that infusion of ET-1
intravenously in anesthetized rats was a dose-dependent
response. This response changes from a slight pressor
effect, dose-dependent increase in blood flow velocity of
arterioles and venules with the infusion of low doses of
ET-1 (30-125 pmole/kg) to a long-lasting pressor effect,
dose-dependent decrease in microvascular blood flow
velocity and vasoconstrictive effect more prominent in
arterioles than in venules of the rat mesentery with the
infusion of high doses of ET-1 (250-2000 pmole/kg).

These findings seemed to emphasize the more
important role of arterioles in regulating the mesenteric
microcirculation. Since ET-1 has been reported to
exert its action after binding to its specific receptors
(Yanagisawa ef al., 1988; Yanagisawa and Masaki,
1989), a possible reason for the varying action among
arterioles and venules is the distribution of endothelin
receptors per unit area in the surface of vascular smooth
muscle cells, and it may be higher in arterioles than in
venules.

It has been reported that epinephrine and vasopressin
are shown to produce a vasoconstriction in large vessels
ranging from 100-200 pm in diameter (Saito et al.,
1990). Moreover, a topical administration of ET-1 has
been produced either a dilation or constriction in piglet
cerebral microcirculation, depending on concentration
(Armstead et al., 1989). Moreover, ET-1 has been shown
to be extremely potent in causing vasoconstriction in the
rabbit tenuissimus muscle and hamster cheek pouch
(Ohlen et al., 1989). However, no vasoactive agents so
far respond, other than ET-1 most potently constricts the
small sized microvessel (Homma et al., 1990).
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The present findings suggest that ET-1 may play an
important role in governing mesentery resistance as well
as regulating blood flow velocity distribution of the rat
mesenteric microcirculation. Moreover, the infusion
of ET-1 constricts small sized arterioles and venules
less than 40 um in diameter i.e., ET-1 most potently
constricts the small-sized microvessel. ET-1 may have
an important role in governing and regulating the
mesenteric microcirculation dimensions and resistance.
Moreover, ET-1 may be involved in the regulation
of blood flow velocity distribution of rat mesenteric
microcirculation. Finally, ET-1 may be considered as
one of the more important risk factors which contribute
to the pathogenesis of hypertension.
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