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Abstract—A high salt diet leads to a decrease in vascular dilatation to agonists, but the vascular
mechanisms involved in this process are not extensively studied. A group of male Wistar rats at the
age of 3 months was transferred to a high�salt diet containing 8% NaCl (HS) for 3 months, while
the second group received a normal�salt diet with a standard salt content (0.34%) (NS). At the end
of the experiment, the rats were euthanized and the abdominal aorta and superior mesenteric artery
(SMA) were extracted. The vascular segments were placed into a myograph, and the acetylcholine
(ACh)�induced relaxation of the phenylephrine (PHE)�precontracted vascular segments was
measured. A high�salt diet led to attenuate the relaxation of the SMA in a calcium�free solution. In
response to ACh and sodium nitroprusside, a pronounced relaxation of the vascular segments was
observed, while the ACh�induced vascular relaxation in HS rats showed a lower amplitude.
Potassium channel blockers (TEA, TRAM�34, apamine) attenuated the ACh�induced relaxation
of the SMA, but not the aorta. In the SMA of HS rats, a decrease in the relaxation under the effect
of K+ channel blockers was more prominent. Inhibition of the production of endogenous hydrogen
sulfide (H2S) also led to attenuate the ACh�induced relaxation of SMA segments. In SMA of HS
rats, the degree of attenuation of the ACh�induced relaxation against the background of
propargylglycine was larger than in NS rats. The data obtained in the study show that a long�term
high�salt diet leads to a decrease in agonist�induced relaxation of the aortic segments and SMA due
to a decrease in the production of NO by the endothelium. In the SMA of HS rats, a decrease in
NO�mediated relaxation is partially compensated by the increasing role of EDHF in ACh�induced
relaxation. The results of the study also show that one of the EDHFs in the rat SMA is H2S, the role
of which in SMA relaxation increases in HS rats.
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INTRODUCTION

Epidemiological studies indicate the existence of
a link between high salt consumption and human

arterial hypertension [1]. Sodium overconsump�
tion (more than 5 g per day, as defined by the
World Health Organization) quite often leads to
increase arterial pressure (AP) and to form stable
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arterial hypertension. The AP dependence on the
dietary sodium chloride content was also demon�
strated in some animals, for example, in Dahl�sen�
sitive rats, although lacking in Wistar rats [2, 3].

Arterial hypertension induced by a high�salt diet
is a powerful risk factor for a cerebral stroke, isch�
emic heart disease and cardiac insufficiency [4, 5].
At the same time, in vivo and in vitro studies have
shown that excessive dietary salt can cause ana�
tomical remodeling and functional disorders in
small and large arteries, as well as inflammatory
alterations in the microvascular endothelium, even
in normotensive subjects, thus significantly
increasing the risk of ischemic or hemorrhagic
stroke and various ischemic heart diseases [5, 6]. It
was established that in healthy young people a
short�term (for 7 days) high�salt diet (regardless of
the AP value, changes in the body composition,
and fluid retention) worsens microvascular reactiv�
ity by affecting the endothelium�dependent vaso�
dilatation [7]. It is also worth allowing for the
influence of salt load on physical characteristics of
vessels, specifically, their rigidity [8, 9], which is
defined as a collagen/elastin balance in the vascu�
lar wall. It was shown that a high�salt load leads to
increase collagen synthesis and reduce elastin con�
tent, inducing the development of fibrosis which
increases vascular rigidity and thereby enhances
endothelial dysfunction [10, 11].

The vascular endothelium is an important com�
ponent of the vascular wall, which maintains its
homeostasis, including vascular tone regulation.
Under physical (shear stress) or chemical (neu�
rotransmitters, hormones, cytokines) stimulation,
endothelial cells secrete several factors a part of
which has a vasoconstrictor effect while the other
one promotes vascular dilatation [12]. It was
established in numerous studies that vasodilators
synthesized in the endothelium are nitrogen oxide
(NO), vasodilating prostaglandins (PGs), specifi�
cally, prostacyclin PGI2, and endothelium�
derived hyperpolarizing factor (EDHF) [13].

Multiple pathophysiological conditions,
including cardiovascular, renal and metabolic, are
underlain by an imbalance between the amounts
of vasoconstrictors and vasodilators produced by
the endothelium, with the deficiency of the latter
being most common to occur [14]. Some authors
demonstrated that a reduction in the level of NO

bioavailability is a principal manifestation of
endothelial dysfunction in small and large arteries
of rats and mice fed a high�salt diet [15]. Besides,
some evidence was obtained that a high dietary
salt content is paralleled by an impairment of the
endothelium�dependent arterial dilatation medi�
ated by metabolites of arachidonic acid [16]. As
for the role of endothelial hyperpolarization in the
regulation of vascular tone in animals kept on a
high�salt diet, it is necessary to point out that this
mechanism is poorly studied and the data
obtained are equivocal [17]. Félétou and Van�
houtte [18] believe that EDHF�mediated
responses may play the role of the arterial vasodi�
lator reserve under hypertension and some other
pathologies, compensating, at least temporarily or
partially, endothelial dysfunction when NO syn�
thesis (bioavailability) is impaired.

Lastly, it is noteworthy that by now there are
almost no studies addressing the role of H2S in the
regulation of vascular tone in animals being on a
high�salt diet. Meanwhile, it has been recently
shown that H2S exerts plenty of beneficial effects
on the vascular wall, which include a suppression
of oxidative stress, inhibition of inflammation and
enhancement of vasodilatation [19].

The aim of this work was to assess the impact of a
high�salt diet (8% NaCl for 3 months) on the
endothelium�dependent dilatation of isolated ves�
sels [abdominal aorta and superior mesenteric
artery (SMA)] in Wistar rats. Specific goals were to
determine the influence of a high�salt diet on the
individual mechanisms of ACh�induced endothe�
lium�dependent vasodilatation (mediated by NO,
PGI2 and endothelial hyperpolarization), as well
as those realized with the involvement of H2S.

MATERIALS AND METHODS

Experiments were carried out on adult male
Wistar rats aged 3 months and weighing 230–260 g
[Biocollection Center for Collective Use at Pavlov
Institute of Physiology of the Russian Academy of
Sciences (IPh RAS)]. Rats were kept under stan�
dard vivarium conditions, receiving food and water
ad libitum. Twenty rats used in toto were randomly
distributed into two groups differing in their dietary
NaCl content. The group 1 rats received for
12 weeks a high�sodium diet containing 8% NaCl
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in a compound feed (high�salt or HS rats). The
group 2 rats received a standard diet containing
0.34% NaCl (normal salt or NS rats). A high�salt
diet was based on a standard granulated compound
feed with granules sprinkled with a saturated NaCl
solution and dried thereafter. In terms of protein,
fat and carbohydrate contents, as well as nutritive
values, the diets of both rat groups were identical.
Experimental protocols complied with the princi�
ples of the Basel Declaration and were approved by
the Ethics Committee at IPh RAS.

Rats were euthanized by exsanguination under
Zoletil anesthesia (8 mg/kg). After opening the
abdominal cavity, segments of the abdominal
aorta and superior mesenteric artery (SMA), 7–
8 mm wide, were excised. Fat and surrounding
connective tissue were thoroughly removed, and
the aorta and SMA were cut into ring�shaped seg�
ments with a length of 2 mm (19 aortic segments
from HS and 22 from NS rats, 21 SMA segments
from HS and 24 from NS rats). The prepared vas�
cular segments were stored until use in a fridge in
an ice�cold physiological solution saturated with a
gas mixture (95% O2 and 5% CO2).

At the onset of the experiment, vascular seg�
ments were placed into a myograph chamber
through which a physiological saline containing
(mM) 120.4 NaCl, 5.9 KCl, 1.2 NaH2PO4,
15.5 NaHCO3, and 11.5 glucose and saturated
with the same gas mixture was flowing continu�
ously. The solution temperature was maintained
at 37.0 ± 0.1°C, pH of the solution—at 7.4 ± 0.2.
A vascular segment was placed in between two
titanic wires, and using a micromanipulator, the
latter were stretched until the development of a
20 mH passive tension, allowing wires to reach
the resting tension for 30 min. Such a stretch was
optimal to develop a reproducible maximum con�
traction in the solution containing 100 mM KCl
(equimolar NaCl amount was replaced with KCl)
[20]. A contraction elicited by a hyperpotassium
solution was used as a reference to assess the con�
tractile capacity of the aortic and SMA segments.
The contraction force of vascular segments was
measured using a force transducer FORT�10
(WPI, USA) operating in an isometric mode.
From the transducer, information was fed into the
Labmaster block (amplifier + analog�to�digital
converter; IPh RAS) and then into a computer.

Primary data processing was carried by using Lab�
master and Microsoft Excel software programs.

After determining the reference contractile
response in the solution containing 100 mM KCl,
the vessels were bathed in a physiological solution
for 30 min. The presence of intact endothelium in
the vascular preparations was confirmed by
observing the relaxation response of PHE�pre�
contracted vascular segments to ACh [21]. In a
part of preparations, the endothelium was
removed mechanically. To assess the influence of
a high�salt diet on resting tone and remodeling of
the aortic and SMA walls, the contraction force of
the vascular segments was measured after 20�min
perfusion with a calcium�free saline containing
2 mM EGTA.

The subsequent experimental design was the fol�
lowing: after measuring aortic and SMA segments’
tension in hyperpotassium and calcium�free solu�
tions, the vascular segments were washed with a
physiological solution over 30 min. After that, the
bath solution was successively added first with
phenylephrine hydrochloride (PHE, 10–5 M) and
then, upon contractile response entering the pla�
teau phase, ACh chloride at various concentra�
tions (to determine endothelium�dependent
relaxation); finally, the relaxation value was
assessed. To identify vasodilators produced by
the endothelium, the following inhibitors and
blockers were applied: an endothelial NO synthase
(eNOS) inhibitor L�N5�(1�Iminoethyl)ornithine
dihydrochloride (L�NIO, 10–5 М); a cyclooxy�
genase (COX) inhibitor diclofenac sodium salt
(DF, 5 × 10–6 М); a nonspecific K+ channel
blocker tetraethylammonium chloride (TEA,
10–3 М); an intermediate�conductance Ca2+�acti�
vated K+ channel blocker TRAM�34 (10–5 M); a
small�conductance Ca2+�activated K+ channel
blocker apamin (Apa, 10–6 M); a cystathionine�
γ�lyase inhibitor DL�propargylglycine (PPG,
10–4 М). To bind residual Ca2+ in a calcium�
free solution, ethylene glycol�bis(2�aminoethyle�
ther)�N,N,N',N'�tetraacetic acid (EGTA, 2 ×
10–3 М) was added.

All chemical reagents were purchased from
Sigma�Aldrich (USA). Inhibitors and blockers
were added to physiological solution 20 min prior
to PHE application. Immediately before experi�
ments, the reagents were dissolved in distilled
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water at a concentration of 10 mM, and then the
requisite amount of them was added to physiolog�
ical solution. Diclofenac and TRAM�34 were
pre�dissolved in methanol (20 mg/mL) and added
to physiological solution in the requisite amounts
immediately prior to the experiment.

Statistical data processing was carried out using
Microsoft Excel and StatSoft STATISTICA
6.1.478. Distribution normality of the data obtained
was tested by computing a Shapiro–Whilk WW test.
Data were presented as means ± standard error
(M ± SE). Statistical significance of differences was
determined using the Student’s t�test. Differences
were considered significant at p < 0.05.

RESULTS

At the end of the experimental period, the
weight of HS rats amounted to 370 ± 32 g (n =

10), while that of NS rats was 393 ± 21 g (n = 10).
Systolic arterial pressure, as measured in the cau�
dal artery by a tail cuff method was 130 ±
10 mmHg in HS rats and 129 ± 11 mmHg in NS
rats. As follows from these data, a 3�month high�
salt diet had no effect on the body weight and sys�
tolic arterial pressure.

Hyperpotassium solution (100 mM K+) led to a
powerful tonic contraction of the vascular segments.
The contraction force of these segments in HS rats
was indistinguishable from that in NS rats. The
application of calcium�free solution demonstrated
that SMA segments of HS rats retained a larger
residual tension compared to SMA segments of NS
rats. The contraction force of aortic segments in HS
rats in a calcium�free solution also was larger com�
pared to NS rats, but this difference proved insignif�
icant (Table 1). These data indicate an impairment
of the vascular relaxation mechanisms in HS rats.

After assessing contractile responses of vascular
segments, we turned to studying their capability of
agonist�induced relaxation. At the first stage, we
studied the endothelium�independent responses of
aortic and SMA segments in HS and NS rats. After
establishing a stable PHE�induced contraction, the
bath solution was added with sodium nitroprusside
(NP, 10–5 M) [20]. NP induced a pronounced
relaxation of vascular segments. NP�induced aortic
and SMA relaxation in NS rats was somewhat stron�
ger compared to HS rats, however the difference
were statistically insignificant (data not shown).

At the next stage, we studied endothelium�depen�
dent relaxation of vascular segments. The bath solu�
tion was added with ACh in increasing
concentrations (10–9–10–5 М). ACh induced dose�
dependent relaxation of PHE�precontracted vessels
in both rat groups. The averaged data on this experi�
mental series are shown in Fig. 1. In these experi�

Table 1.  Contraction force of vascular segments of rats kept on a high�salt and standard diet in physiological,
hyperpotassium (100 mM) and calcium�free solutions

Group Vessel Rest tension (mH)
Maximum tension 

(K+, 100 mM)
Tension in a calcium�

free solution (mH)

NS Aorta 12.7 ± 0.9 25.9 ± 1.4 9.3 ± 0.7
SMA 10.5 ± 0.7 28.9 ± 1.6 6.8 ± 0.5

HS Aorta 13.5 ± 1.1 28.04 ± 1.6 10.4 ± 0.9
SMA 11.4 ± 0.8 30.4 ± 1.7 8.6 ± 0.8*

The results are presented as M ± SE. * Differences between vessels in HS and NS rats are significant: р < 0.05.

Fig. 1.  ACh�induced relaxation of PHE�precontracted
(10–5 M) aorta and superior mesenteric artery (SMA) seg�
ments in HS vs. NS rats. Results are presented as % of
PHE�stimulated contraction as mean ± SE. Differences
between the same vessels in HS vs. NS rats are significant:
*—p < 0.05.
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ments, relaxation of aortic and SMA segments to
ACh at a concentration of ≥ 10–7 in HS rats was
weaker compared to NS rats. Denuded vessels did
not react to the introduction of ACh to a bath solu�
tion at concentrations of 10–9–10–6 M, while at a
concentration of 10–5 M ACh induced a small�
amplitude contraction (data not shown). It is neces�
sary to point out that relaxation of aortic and SMA
segments in response to ACh application at a maxi�
mum concentration was significantly weaker com�
pared to the NP�induced relaxation of these vessels.

Later on, we studied the mechanisms of endothe�
lium�dependent dilatation of aortic and SMA seg�
ments in HS and NS rats. For this purpose, after
PHE�precontracted relaxation of vascular seg�
ments, the bath solution was added with ACh, and
the dilatation value was assessed. Then, after 30�
min bathing of vascular segments with physiological
solution, an eNOS inhibitor (L�NIO) and
diclofenac were introduced separately or together.
After 20 min, vascular segments were contracted by
PHE, and ACh was added against this background.
In the presence of inhibitors, relaxation of vascular
segments was significantly weaker compared to the
effect of ACh in a physiological solution. Data
obtained in the series of experiments show that a
major vasodilator in the studied vessels of NS rats is
NO which in aortic segments provided up to 86% of
ACh�induced vasorelaxation. A high�salt diet atten�
uated the ability of the endothelium to produce NO:
in aortic segments of HS rats, NO accounted for less
than 60% of the ACh�induced relaxation value. In
SMA segments of NS rats, the proportion of no�
NO�mediated relaxation was 29%, while in SMA of
HS rats it increased up to 47%. The results of this
series of experiments are shown in Fig. 2.

Considering the important role of endothelial
hyperpolarization in dilatation of various arteries in
different animals, as well as the involvement of
Ca2+�activated K+ channels in this process [21], in
the next series of experiments, we used various
blockers of K+ channels: TEA as a nonspecific
blocker of various K+ channels, TRAM�34 as a
blocker of intermediate�conductance Ca2+�acti�
vated K+ channels, and apamin as a blocker of
small�conductance Ca2+�activated K+ channels.
The blockers were introduced into a physiological
solution 20 min before precontraction and subse�
quent ACh�induced vasorelaxation. When studying

aortic segments in HS and NS rats, it was established
that all the K+ channel blockers we applied elicited a
small ACh�induced decrement in the relaxation of
aortic segments. In contrast to the aorta, in SMA seg�
ments of NS rats, TEA, TRAM�34 and apamin led
to a pronounced decrement in ACh�induced relax�
ation. A maximum decrement in ACh�induced
relaxation of SMA segments was observed after the
application of a combination of the blockers
TRAM�34 + apamin. In SMA segments of
HS rats, a decrease in ACh�induced relaxation
after the application of K+ channel blockers was
more pronounced compared to the SMA responses
in NS rats (Fig. 3).

In the recent years, studies of the mechanisms of
arterial dilatation in different vascular regions put
considerable emphasis on H2S, which is conven�
tionally considered as a third gasotransmitter [22].
In the conclusive series of experiments, we studied
the role of endogenous H2S in ACh�induced relax�
ation of aortic and SMA segments in HS and HN
rats. To do this, we primarilly assessed the relax�
ation value of vascular segments in response to
ACh added first to the physiological solution and
then to the solution containing eNOS and cycloox�
ygenase inhibitors. Since a dominant enzyme syn�
thesizing H2S in the cardiovascular system is
cystathionine�γ�lyase (CSE) [23, 24], this solution
was subsequently added with a CSE inhibitor prop�
argylglycine (PPG). The introduction of PPG into
the solution containing L�NIO and diclofenac led

Fig. 2.  ACh�induced relaxation of phenylephrine�precon�
tracted aortic and SMA segments in rats fed a high�salt diet
(HS) and control rat group (NS) in the presence of an endo�
thelial NO�synthase inhibitor (L�NIO) and diclofenac
(DF). Results are presented in % of ACh�induced relaxation
values as mean ± SE. Differences between the same vessels in
HS vs. NS rats are significant: #—p <0.01, *—p < 0.05.
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to a statistically significant decrease in ACh�
induced relaxation. In SMA segments, the action
of PPG was accompanied by a more pronounced
decrease in vasorelaxation compared to that in the
aorta, while in the SMA of HS rats the inhibitory
effect of PPG was significantly larger compared to
the SMA in NS rats (Fig. 4). These data allow sug�
gesting that vasorelaxation induced by ACh in aor�
tic and SMA segments is mediated not only by NO
and PGI2 but also H2S.

DISCUSSION

In the last 20 years, ample evidence has been
obtained that a high�salt diet is closely associated
with a higher risk of cardiovascular diseases inde�
pendently of its effect on arterial blood pressure
[25]. At the same time, it has become clear that in
humans a high�salt diet leads to a functional defi�
ciency of the vascular endothelium, which mani�
fests itself in attenuating vascular reactions to
various vasomotor irritants [26]. In experiments
conducted on animals, it has also been established
that a high�salt diet has a negative effect on ves�
sels, typically disrupting the process of vasodilata�
tion [27]. In these works, when studying the
functional state of arteries in animals fed a high�
salt diet, there were obtained significantly differ�
ent results [28–30]. We suppose that this is due
both to the difference in the experimental objects
(artery’s type, location and size, animal species)
and the diversity of the methods and protocols
applied. The duration of a high�salt diet was also
considerably variable.

In contrast to other works carried out on rats, in
which the duration of a high�salt dies varied from
3 days to 4 weeks [28, 31], in our study, rats were
kept on a high�salr diet for 12 weeks, which, in
our opinion, must have led to pronounced
changes in vascular tone regulation. Since in most
of similar studies of arteries conducted both in

Fig. 3. ACh�induced relaxation of phenylephrine�precontracted aortic and SMA segemnts in rats fed a high�salt diet (HS)
and control rats (NS) in the presence of K+ channel blockers: tetraethylammonium (TEA), TRAM�34, and apamine (Apa).
Results are presented in % of the ACh�induced relaxation value as mean ± SE. Differences between SMA relaxation values in
HS vs. NS rats are significant: #—p < 0.01, *—p < 0.05.

Fig. 4. ACh�induced relaxation of phenylephrine�precon�
tracted aortic and SMA segments of rats fed a high�salt diet
(HS) and control rats (NS) in the presence of an eNOS
inhibitor L�NIO, a cyclooxygenase inhibitor diclofenac
(DF), and a cystathionine�γ�lyase inhibitor propargylglycine
(PPG). Results are presented in % of ACh�induced relax�
ation values as mean ± SE. Differences between the same
vessels in HS vs. NS rats are significant: #—p < 0.01, *—p <
0.05.
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vivo and in vitro there was revealed an impair�
ment of the endothelium�dependent vasodilata�
tion mechanisms, we also paid major attention to
this problem.

Upon completion of a 12�week diet with a 8%
NaCl content, animals’ body weight systolic arte�
rial pressure were measured. A comparison of the
data obtained in HA vs. NS rats demonstrated
that a high�salt diet had no significant effect both
on the body weight and arterial pressure.

When studying a maximum contraction force
of aortic and SMA segments in HS and NS rats,
there were found minimum differences, which
could indirectly indicate the absence or weak
remodeling of the vascular wall in HS rats. How�
ever, the effect of the calcium�free solution
showed a decrease in the ability of the vascular
wall to relax. Maximum differences between vas�
cular reactions in HS vs. NS rats in the calcium�
free solution was observed in studying SMA seg�
ments. The dilatatory effect of ACh on SMA seg�
ments in HS rats was also smaller compared to NS
rats. Previously, agonist�induced remodeling and
reduced reactivity were revealed in small arteries
and arterioles of rats kept on a high�salt diet for
4 weeks [29]. In our study, the reduced response
of SMA segments to the calcium�free solution
may indicate remodeling of the large muscular
arteries in rats kept for a long time on a high�salt
diet.

It is commonly accepted that a major vasodila�
tor produced by the endothelium is NO [32]. In
our study, we first applied exogenous NO, i.e.
assessed endothelium�independent relaxation of
aortic and SMA segments. The introduction of
nitroprusside (a source of exogenous NO) into the
bath solution demonstrated the absence of signifi�
cant differences between the analogous vessels in
HS vs. NS rats. These results are of importance,
because they indicate that a long�term high�salt
diet does not lead to impair the NO�activated
intracellular signaling mechanisms in vascular
smooth muscle cells, i.e. smooth muscle cells
retain a normal reactivity to the effect of NO.

At the initial stage of studying endothelium�
dependent relaxation of aortic and SMA segments,
there were plotted dose�effect curves for AСh
application at concentrations of 10–9–10–5 М. It
was shown that with ACh applied at concentrations

≥10–7 M, relaxation of aortic segments in NS rats
was more than 75%, while that of SMA segments
in NS rats—more than 85% of PHE�stimulated
precontraction in these vessels. Differences in the
reactions of vascular segments of HS vs. NS rats to
the effect of ACh at concentrations ≥10–7 M were
statistically significant. Analysis of the data
obtained for the effect of nitroprusside and ACh on
vascular segments of HS vs. NS rats demonstrated
that long�term high�salt diet leads to impair the
endothelial production of vasodilators in arteries of
different types: both in collector (aorta) and dis�
tributive (SMA) arteries.

As is well known, under physiological condi�
tions, endothelial cells in the vascular wall pro�
duce NO through activation of endothelial eNOS.
Pathogenic factors (which a high�salt diet can be
referred to) lead to express the genes encoding
the synthesis of inducible NO synthase (iNOS)
in a variety of cells, including smooth muscle
cells in the vascular wall [33]. As we aimed to
study the endothelium�dependent vascular tone
regulation, we used L�NIO which is a selective
eNOS inhibitor. The addition of L�NIO to a
physiological solution led to significantly decrease
the ACh�induced relaxation of vascular segments.
A maximum decrease in relaxation was observed
in aortic segments of NS rats, indicating that,
under physiological conditions, a major endothe�
lial vasodilator in these vessels is NO. Aortic seg�
ments in HS rats, in the presence of L�NIO,
demonstrated a smaller reduction in the ampli�
tude of ACh�induced relaxation. A comparison of
these data indicates that the damaging effect of a
high�salt diet on the aortic endothelium consists,
specifically, in impairing the eNOS function.

In SMA segments of NS rats, L�NIO exerted a
significantly smaller inhibitory effect compared to
the aorta, indicative of a smaller role of NO as an
endothelial vasodilator in these vessels. The con�
siderable amplitude of ACh�induced relaxation
against the background of the action of L�NIO
also indicates that under physiological conditions
the SMA endothelium, along with NO, produces
other vasodilators too. In SMA segments of HS
rats, the amplitude of ACh�induced relaxation in
the presence of L�NIO decreased, thus confirm�
ing the damaging effect of a high�salt diet on
eNOS in these vessels.
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Since in some vessels an important role in
vasodilatation is played by endothelium�pro�
duced prostaglandins [34], we studied the influ�
ence of a cyclooxygenase inhibitor diclofenac on
ACh�induced relaxation of aortic and SMA seg�
ments. Diclofenac had virtually no effect on the
relaxation of aortic and SMA segments in NS
rats, indicating an insignificant role of prosta�
noids in the relaxation of these vessels under
physiological conditions. A high�salt diet altered
the ability of the endothelium to synthesize vaso�
dilating prostanoids. In HS rats, in the presence
of diclofenac, there was observed a significant
decrease in ACh�induced relaxation of aortic
and SMA segments, with the effect of diclofenac
being more expressed in the SMA. These data
demonstrate that a long�term high�salt diet
results in cyclooxygenase activation in the vascu�
lar wall. Since diclofenac inhibits cyclooxygen�
ases 1 and 2, it is logical to assume that a high�
salt diet promotes the expression of genes
responsible for the synthesis of cyclooxygenase 2
and the appearance of this enzyme in the vascu�
lar wall [35], thus contributing to the production
of a significant amount of prostanoids involved
in vasodilatation.

Because against the background of a co�appli�
cation of NO synthase and cyclooxygenase inhibi�
tors there was no complete inhibition of ACh�
induced relaxation of SMA segments in NS and
HS rats, our further study was focused on the pos�
sible role of the endothelium�derived hyperpolar�
ization factor (EDHF) in vasorelaxation. The
chemical nature of EDHF is still unidentified. It
is thought that several substances may function as
the EDHF: epoxyeicosatrienoic acid, H2O2, K+,
H2S [36]. Despite the EDHF identity is
unknown, the mechanism of its action is more or
less clear: endothelial hyperpolarization develops
mainly due to the opening of Ca2+�sensitive K+

channels, leading to K+ outflux from cells and the
development of hyperpolarization followed by
relaxation of smooth muscle cells [37]. In our
study, we applied three K+ channel blockers:
TEA, a nonselective blocker of various types of
K+ channels; TRAM�34, a selective blocker of
intermediate�conductance Ca2+�sensitive K+

channels; aramin, a selective blocker of small�
conductance Ca2+�sensitive K+ channels. None

of these blockers led to significant changes in the
amplitude of ACh�induced relaxation of aortic
segments in HS and NS rats, thus allowing the
conclusion that the EDHF�mediated mechanism
of relaxation in these vessels is lacking or is of
extremely low efficiency.

In SMA of NS rats, all three blockers led to
reduce the amplitude of ACh�induced relaxation.
A maximum effect was exerted by a combination
of blockers TRAM�34 + apamin. The data
obtained when studying vascular segments of HS
rats proved to be of greatest interest. In the SMA
of HS rats, the inhibitory effect of each of the
applied K+ channel blocker was expressed far
stronger compared to vessels of NS rats. A signifi�
cant reduction in ACh�induced relaxation of
SMA segments in HS rats was observed when
applying each of the blockers, while the maximum
effect was also obtained by a combination of the
blockers TRAM�34 + apamin. The data obtained
in this series of experiments allow the conclusion
of the presence in the SMA endothelium of inter�
mediate� and small�conductance Ca2+�sensitive
K+ channels. In other words, the EDHF�medi�
ated mechanism of vasodilatation functions quite
effectively in these vessels. It is traditionally
believed that the EDHF�mediated mechanism of
vasodilatation works effectively in small arteries
and arterioles only [38]. Moreover, there is evi�
dence that its efficiency in these vessels is even
more significant than the NO�mediated mecha�
nism [39]. In several works, it was also demon�
strated that intermediate� and small�conductance
Ca2+�sensitive K+ channels are involved in ago�
nist�induced vasorelaxation of the rat SMA [40,
41]. In our study, we obtained data not only prov�
ing the presence of intermediate� and small�con�
ductance Ca2+�sensitive K+ channels in the rat
SMA but also their considerably increasing role in
relaxation processes in the SMA of rats fed a high�
salt diet.

Over the last decade, when studying the vaso�
dilatory mechanisms, much attention was
focused on the third gasotransmitter, H2S [42].
We carried out a series of experiments to find out
the possible role of H2S in ACh�induced relax�
ation of the rat aorta and SMA. It is well known
that diverse H2S�producing enzymes have been
identified in the wall of various arteries, includ�
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ing cystathionine�γ�lyase (CSE), cystathionine�
β�synthase, and 3�mercaptopyruvate sulfurtrans�
ferase. Because CSE is present in the wall of most
of the vessels studied [23, 24], in our experiments,
we used propargylglycine (PPG) as an inhibitor of
H2S synthesis, adding it to a solution already con�
taining inhibitors of NO synthase and cyclooxy�
genase. The addition of PPG led to attenuate
SMA relaxation in NS rats. In SMA segments of
HS rats, a decrease in the amplitude of relaxation
was significantly larger compared to the SMA of
NS rats. PPG had a little influence on the relax�
ation of aortic segments in HS and NS rats. When
comparing the data obtained with the results of
application of the Ca2+�sensitive K+ channel
blockers (the amplitude of relaxation weakening,
its increasing in HS rats), we suppose that in the
SMA of Wistar rats it is H2S that functions as an
EDHF (or one of the EDHFs).

Our results demonstrate that long�term high�
salt diet in rats leads to a restriction of the ability
of the SMA to relax, as well as to changes in the
reactions of arteries to vasodilators. A high�salt
diet causes the attenuation of ACh�induced NO�
mediate relaxation of the rat aorta and SMA,
which is most pronounced in the aorta (Fig. 2). In
the SMA, a diet with a high NaCl content results
in an increasing efficiency of the EDHF�medi�
ated mechanism of relaxation. Apparently, similar
changes in endothelium�dependent vasodilata�
tion in the rat SMA are typical of muscular arter�
ies under a variety of vascular pathologies. It is
well known that under pathological conditions
leading to an impairment of the vascular function
and accompanied by NO deficiency, the role of
the EDHF�mediated mechanism of vasodilata�
tion increases compensatorily [18, 43]. The
results of this study also show that in the rat SMA
the function of the EDHF is performed by H2S,
the production of which increases when animals
are kept on a long�term high�salt diet.
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