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Abstract

Background: Modulation of endothelial function is a therapeutic op-
tion to reduce some of the significant complications of hypertension.
However, the relationship between endothelial dysfunction reduced
nitric oxide (NO) production, and the development of hypertension
is not fully understood. To establish a potential pathogenetic link be-
tween impaired NO synthesis and hypertension, we investigated the
results of competitive interaction of the substrate of NO synthase, L-
arginine, and its analog, an non-selective inhibitor of NO synthase,
N-nitro-methyl ether-L-arginine (L-NAME), in experimental rats.

Methods: Arterial hypertension was induced in male Wistar rats by
intraperitoneal administration of L-NAME (Sigma-Aldrich) for 4 - 7
weeks. During the last 3 weeks, to a separate group of animals simul-
taneously with L-NAME, L-arginine (Sigma-Aldrich) was adminis-
tered. In animals monitored for systolic and diastolic pressure, the
level of NO in blood samples was determined spectrophotometrically
using a Griess reagent.

Results: Administration of L-NAME for 4 - 7 weeks induced an ir-
reversible decrease of NO content in blood, a reversible increase of
systolic pressure (SP) and diastolic pressure (DP), and an irreversible
increase in pulse pressure (PP). In rats against the background of 7
weeks of intraperitoneal administration of L-NAME, during the last
3 weeks, they were injected with L-arginine, the SP and DP indices
returned to their initial values, PP decreased and the NO content in
arterial blood increased.

Conclusions: The results of the study indicate the presence of residu-
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al endothelial dysfunction (characterized by insufficient NO) after the
correction of hypertension. Therefore, in developing the new thera-
peutic approaches for the treatment of hypertension, it is necessary
to include drugs that, in addition to correcting blood pressure, will
support normalization, and potentiation of endothelial function and
endogenous NO synthesis.

Keywords: Nitric oxide; Hypertension; Endothelial dysfunction;
Systolic pressure; Diastolic pressure; Pulse pressure

Introduction

The etiology of hypertension and its relationship with disor-
ders of nitric oxide (NO) production, the question of whether
dysfunction of the endothelium and a decrease in NO produc-
tion occurs before or after the development of hypertension,
remains unclear. Since endothelial dysfunction is usually ob-
served in various types of hypertension and can be restored
by correcting blood pressure, it is believed that the extrusion
of endothelial function is not a primary cause, but a second-
ary result of hypertension. However, impaired NO-dependent
vasodilation has been shown to precede hypertension in black
patients with normotension and in normotensive offsprings of
hypertensive parents [1]. Although, due to the modest percent-
age of the heritability of endothelial dysfunction, measured as
flow-mediated dilation of the brachial artery, generally, it is
difficult to assert that endothelial dysfunction is a cause of hy-
pertension [2, 3].

The theory of “endothelial dysfunction”, and consequen-
tial insufficient NO production in human with essential hy-
pertension led to the creation of an animal model of human
hypertension where NO deficiency, achieved by both acute
and chronic inhibition of NO synthase (NOS) with arginine
derivatives, induced a significant rise in blood pressure (so-
called “NO-deficient hypertension” in normotensive rats) [4],
and this model became widely used for investigation of the NO
participation in cardiovascular disorders [5].

The mechanism of NOS inhibition by substrate analogs
consists of competitive binding to the enzyme. Reversible in-
hibitor and one of the most frequently used L-arginine sub-
stituents is N-nitro-methyl ether-L-arginine (L-NAME), which
is considered to be a non-selective inhibitor of NOS [6-9] (a
competitive inhibitor of all NOSs having higher selectivity
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to endothelial NOS (eNOS) and neuronal NOS (nNOS) over
inducible NOS (iNOS) [10]). Administration of L-NAME is
also associated with increased production of reactive oxygen
species (ROS) accompanied by depletion of endogenous anti-
oxidants [11, 12]. Under conditions of intensified intracellular
ROS production, oxidation of the tetrahydrobiopterin and oth-
er cofactors needed for NO synthesis leads to the uncoupling
of'the NOS dimer which results in decreased NOS activity. Ad-
ditionally, in the condition of oxidative stress, NOS produces
rather superoxide radical than NO, and oxidative degradation
of NO to peroxynitrite is also possible. Therefore, chronic ad-
ministration of L-NAME in experimental rats is accompanied
by a significant decrease in the synthesis of NO.

Modulation of endothelial function is a therapeutic option
to reduce some of the significant complications of hyperten-
sion. However, the relationship between endothelial dysfunc-
tion reduced NO production, and the development of hyperten-
sion is not fully understood.

To establish physiological and pathophysiological aspects
of NO role in the mechanisms of hypertension, a potential
pathogenetic link between impaired NO synthesis and en-
dothelial dysfunction, we investigated the competitive inter-
action of the substrate of NOS, L-arginine and its analog L-
NAME in experimental rats.

Materials and Methods

Animal models of hypertension

In the study, 13- to 14-month-old (body weight 200 - 220 g)
white Wistar male rats (35 animals) were used. All animals
were kept in acrylic cages with wood shavings in an acclima-
tized room (12/12 h light/dark cycle; 22 + 3 °C) with free ac-
cess to food and water. All animal procedures were approved
by the Animal Care and Use Committee of the Tbilisi State
Medical University and were conducted in accordance with
the “Guide for the Care and Use of Laboratory Animals” (NIH
Publication No. 85-23, revised 1996). All efforts were made to
minimize the number of animals and their suffering throughout
the experiment.

Hypertension was induced with intraperitoneal adminis-
tration of L-NAME (Sigma-Aldrich) (40 mg/kg).

The animals were divided into three groups. 1) Group I,
control group (seven intact rats). 2) Group II, experimental
group (an experimental model of hypertension (21 rats) con-
tained three (Ila, IIb and Ilc) subgroups (seven rats in each
subgroup)): Ila subgroup - intraperitoneal administration of
L-NAME (40 mg/kg) during 4 weeks; IIb subgroup - intraperi-
toneal administration of L-NAME (40 mg/kg) during 7 weeks;
IIc subgroup - intraperitoneal administration of L-NAME (40
mg/kg) during 4 weeks followed by 3 weeks of spontaneous
recovery. 3) Group III, experimental group (seven rats) (intra-
peritoneal administration of L-NAME (40 mg/kg) for 7 weeks,
and from the beginning of the fifth week (weeks 5-7), intra-
peritoneal administration of L-arginine (Sigma-Aldrich) (300
mg/kg) was added).

In control (group I) and experimental (group II (subgroups
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IIa, IIb and IIc) and group III) rats, parallel blood samples were
drawn from the radial artery and brachial vein under anesthesia
with 2% ether. At the end of the acute experiment, the chest
was opened, and the middle part of the carotid artery was ex-
cised for morphological studies.

Blood pressure measurement

The blood pressure (systolic pressure (SP) and diastolic pres-
sure (DP)) of the rats was measured every second day by the
tail-cuff method by equipment “Systola” and oscillograph
(“Neurobotics” LLC, Russia) according to the manufacturer’s
protocol.

Measurement of total NO level in blood

The level of NO, in blood samples was determined by a modi-
fied method of Miranda et al [13]. As the first step, blood se-
rum sample deproteinization was achieved by adding equal
volumes of 0.3 M NaOH to 100 puL of blood serum. It was
mixed well and incubated for 5 min at room temperature. Then
100 pL of 5% ZnSO, was added, mixed well and incubated for
additional 5 min at room temperature. After the incubation, the
mixture was centrifuged at 3,000 rpm at 4 °C for 15 min. An
aliquot of 100 uL of the clear supernatant was then mixed with
200 pL of Griess reagent.

Griess reagent was prepared just prior to the assay and
contained 0.25% VCI;, 0.1% sulfanilamide and 0.05% N-(1-
naphthyl)-ethylenediamine (NED) (Sigma-Aldrich) in 0.5 M
HCI. Reagent blank was the same but contained 100 puL of dis-
tilled water instead of the blood serum sample. The mixture was
incubated for 30 min at 37 °C and absorbance was measured at
540 nm with a microplate reader (Multiclan GO, Thermo Fisher
Scientific, Finland). The standard curve for NaNO, was used to
calculate total NO, concentration in the samples [13].

Morphological study

The carotid artery was cleaned and divided into proximal 1
mm long segments and immersed into the fixative (glutaral-
dehyde 3% in 0.1 M phosphate buffer) for a further 3 h; after
washing in a phosphate buffer, the segments were fixed with
2% 0Os0, in 0.1 M phosphate buffer. Then the specimens were
stained with 2% uranyl acetate, dehydrated through ascending
concentrations of alcohol and embedded in Durcupan ACM.
Three randomly selected segments of the coronary artery were
cut perpendicularly to the long axis. Both the inner circumfer-
ence and arterial wall thickness (WT) were measured under
light microscopy. The inner diameter (ID) and the WT (tunica
intima and tunica media) of the carotid artery were calculated.

Statistical analysis

Statistical analysis of obtained results was performed by the
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Figure 1. Dynamics of alterations in SP and DP in experimental rats. 1: rats with intraperitoneal administration of L-NAME
(40 mg/kg) for 4 weeks; 2: rats with intraperitoneal administration of L-NAME (40 mg/kg) for 4 weeks followed by 3 weeks of
spontaneous recovery; 3: rats with intraperitoneal administration of L-NAME (40 mg/kg) for 7 weeks (4 + 3 weeks); 4: rats with
intraperitoneal administration of L-NAME (40 mg/kg) for 7 weeks, from the beginning of the fifth week (weeks 5 - 7), intraperito-
neal administration of L-arginine (300 mg/kg) was added. SP: systolic pressure; DP: diastolic pressure; L-NAME: N-nitro-methyl

ether-L-arginine.

use of the SPSS statistical analysis program package (version
10.0). The average parameters and their statistical derivations
were analyzed. The difference between groups was evaluated
by Student’s #-test. In all cases, statistical significance was ob-
tained at P < 0.05. To establish the relationship between chang-
es in blood NO, and pulse pressure (PP), Pearson’s correlation
coefficients were calculated.

Results

L-NAME administration results

After 4 - 7 weeks of intraperitoneal administration of L-
NAME (40 mg/kg) to rats (subgroups Ila and IIb), SP and

18

Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™

DP increased by 81% and by 76%. Three weeks after the dis-
continuation of the 4-week intraperitoneal administration of
L-NAME (spontaneous recovery), the indicators of SP and
DP returned to the initial level (subgroup Ilc) (Fig. 1). This
means that L-NAME-induced experimental hypertension is
reversible.

In these experimental groups, the pulse rate had a ten-
dency to increase (statistically insignificant) during 4 weeks
of L-NAME administration (subgroup Ila) and stay at this
level for the next 3 weeks of spontaneous recovery (subgroup
Ilc); after 7 weeks, pulse rate statistically significantly in-
creased by 3% (P < 0.005) compared to the initial level (sub-
group IIb). PP (the difference between SP and DP (SP - DP))
increased by 72% and 93% in subgroups Ila and IIb, respec-
tively, and remained at this level after 3 weeks of discontinu-
ation of L-NAME administration in rats (subgroup Ilc) (Fig.
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Figure 2. Dynamics of alterations of indicators of pulse rate and PP in experimental rats. 1: rats with intraperitoneal administra-
tion of L-NAME (40 mg/kg) for 4 weeks; 2: rats with intraperitoneal administration of L-NAME (40 mg/kg) for 4 weeks followed by
3 weeks of spontaneous recovery; 3: rats with intraperitoneal administration of L-NAME (40 mg/kg) for 7 weeks (4 + 3 weeks); 4:
rats with intraperitoneal administration of L-NAME (40 mg/kg) for 7 weeks, from the beginning of the fifth week (weeks 5 - 7), in-
traperitoneal administration of L-arginine (300 mg/kg) was added. PP: pulse pressure; L-NAME: N-nitro-methyl ether-L-arginine.

2). These data indicate that after 4 weeks of exposure to L-
NAME, rats develop irreversible changes in vascular elastic-
ity (stiffening).

In subgroup Ila (L-NAME administered for 4 weeks),
the NO content decreased by 30% in the arterial blood and
by 23% in the venous blood of rats compared to baseline.
After 7 weeks of L-NAME treatment (subgroup IIb), the NO
content in the arterial blood continued to decrease (by 18%)
(Fig. 3). In subgroup Ilc (3 weeks after discontinuation of 4
weeks of L-NAME administration), the NO content did not
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differ from the control level in either arterial or venous blood
(Fig. 3).

L-arginine treatment results of L-NAME-induced hyper-
tension

In rats of group III, where, against the background of 7 weeks
of intraperitoneal administration of L-NAME (40 mg/kg) start-
ing from the fifth week (weeks 5 - 7) for 3 weeks, they were
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Figure 3. Dynamics of alterations of NO content in the rats’ arterial and venous blood. 1: rats with intraperitoneal administration
of L-NAME (40 mg/kg) for 4 weeks; 2: rats with intraperitoneal administration of L-NAME (40 mg/kg) for 4 weeks followed by 3
weeks of spontaneous recovery; 3: rats with intraperitoneal administration of L-NAME (40 mg/kg) for 7 weeks (4 + 3 weeks); 4:
rats with intraperitoneal administration of L-NAME (40 mg/kg) for 7 weeks, from the beginning of the fifth week (weeks 5 - 7),
intraperitoneal administration of L-arginine (300 mg/kg) was added. NO: nitric oxide; L-NAME: N-nitro-methyl ether-L-arginine.

treated with L-arginine (300 mg/kg), at the end of the experi-
ment, the SP and DP indices returned to the initial level (Fig.
1), and the NO content in arterial blood increased by 29%
compared with the value in animals untreated with L-arginine
(Fig. 3). These data indicate that the combined administration
of exogenous L-arginine with L-NAME provides restoration
of NOS activity, which in turn contributes to an increase in
the level of NO in arterial blood. In this experimental group
(group III), the PP decreased by 18% compared with the values
characteristic for subgroup IIb, which indicates an increase in

20 Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™

the elasticity of the arterial walls (Fig. 2).
Morphological study results

The results of the morphometric evaluation of the geometry of
the carotid artery showed that in control animals, the ID of the
carotid artery was 825 +25.5 um, and no significant alterations
were found in the ID after treatment with L-NAME (subgroups
IIa, ITb and Ilc), or L-NAME plus L-arginine (group III) (Table

www.cardiologyres.org
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Table 1. Morphometric Parameters of Carotid Artery

Groups ID (um) WT (um)
Group I 825+25.5 21.39+0.85
Group lla 832 +22.6 30.21 £ 0.89*
Group IIb 829 +23.0 31.54 +0.85%*
Group llc 828 +26.7 33.53 £3.41%*
Group IIT 827 +245 24.56 +2.45%*

*P < 0.01 vs. controls. **P < 0.01 vs. L-NAME. ID: inner diameter; WT:
wall thickness; L-NAME: N-nitro-methyl ether-L-arginine.

1). The WT (tunica intima + tunica media) of the carotid artery
in control (group I) was 20.09 + 0.85 pum; in animals treated
with L-NAME (subgroups Ila, IIb and Ilc), it was increased by
41-57%; after the additional treatment with L-arginine (group
IT), the WT of the carotid artery decreased by 27%.

Discussion

NO regulates cardiac function through both vascular-depend-
ent (regulation of coronary vessel tone, thrombogenicity, and
proliferative and inflammatory properties as well as cellular
interactions supporting angiogenesis) and independent effects
(the direct effects of NO on cardiomyocyte contractility (fine
regulation of excitation-contraction coupling to modulation of
autonomic signaling (presynaptic and postsynaptic) and mito-
chondrial respiration). This multifaceted involvement of NO is
carried out by complex molecular mechanisms of regulation of
NO synthesis. Disruption of these specific mechanisms or sup-
pression of NOS activity can lead to profound cellular disorders
leading to heart failure [14]. Chronic treatment with L-NAME
commonly is used for the induction of NO-deficient hyperten-
sion. In our experiments, chronic administration of L-NAME
for 4 - 7 weeks induced a decrease of NO content in rats’ ar-
terial and venous blood compared to baseline (Fig. 3), which
resulted in an increase of SP, DP and PP compared to control.
In some experiments, after prolonged administration of a
low dose of L-NAME, paradoxically increased NOS activity
in peripheral tissues, raised endothelium-dependent vasore-
laxation and decreased arterial vasoconstriction were detected,
which indicates that chronic treatment with low doses of L-
NAME may cause animals adaptation and reduce the likeli-
hood or prevent the development of hypertension at all [5, 15].
The mechanism of L-NAME-induced adaptation involves acti-
vation of the transcriptional regulatory protein, nuclear factor-
kB (NF-kB), caused by both a decrease in NO level and an
increase in ROS generation [16], which is usually associated
with an increase in eNOS and iNOS expression [17-20]. In our
experiments, we used a relatively high dose of L-NAME (40
mg/kg) which ensured the blockage of NOS activity even in
case of its possible compensatory excessive expression. Ac-
cording results of our study under 4 - 7 week administration of
L-NAME, NO, (nitrite + nitrate) content decreased by 31-40%
in arterial blood (0.023 + 0.003 nM (control), 0.016 + 0.003
nM (after 4 weeks) and 0.014 + 0.002 nM (after 7 week)) and
by 20-27% in vein blood (0.015 + 0.0015 nM (control), 0.012
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+ 0.0015 nM (after 4 weeks) and 0.011 + 0.002 nM (after 7
week)) (Fig. 3). Our indicators of NO, content in arterial blood
(NO,a) coincide with literature data of the average level of
NO, in peripheral blood [21]. Literature data strongly suggest
that in vivo the endothelial release of NO in arteries and veins
is different [22-24]. NO production is thought to occur mainly
in the arterial side of the circulation. The continuous (basal)
as well as induced NO release from the arterial endothelium
has been clearly demonstrated both in preparations of isolated
arteries and in perfused arterial vascular beds [22, 25]. Isolated
preparations of veins showed much less endothelium-depend-
ent relaxation evidence compared to that in arteries [25]. In
addition, infusion of the potent inhibitor of NO formation, L-
NAME, into the brachial artery induces direct vasoconstric-
tion, but it has no such direct effect on the veins of hand [22,
24]. The venous plasma levels of nitrite are known significant-
ly lower than in arterial plasma (which is consistent with the
results of our experiments - NO content in arterial blood was
50% higher than in venous blood) due to the high lability of
NO (half-life of a few seconds), which degrades to stable me-
tabolites, nitrite and nitrate [23, 24]. The arterial endothelium
plays a critical role in controlling the vascular tone.

The results of our experiments show that 3 weeks after
4 weeks-lasted L-NAME administration (subgroup Illc), L-
NAME-induced increase of SP and DP was reversible and
partially normalized; however, the level of NO in the blood re-
mained low, and PP - an indicator of large artery stiffness [26],
was high. In these experimental groups, the pulse rate during
4 weeks of L-NAME administration (subgroup Ila) had a ten-
dency to increase (statistically insignificant) and stay at this
level for the next 3 weeks of spontaneous recovery (subgroup
IIc); after 7 weeks of L-NAME administration (subgroup IIb),
the pulse rate statistically significantly increased by 3% (P <
0.005) compared to the initial level.

Freshly dissolved L-NAME contained 2% of L-NOARG
and was hydrolyzed with a half-life of 365 = 11.2 min in buffer
(pH 7.4), 207 £ 1.7 min in human plasma and 29 + 2.2 min in
whole blood [27]. In our experiments, L-NAME lasted for a
long time (4 - 7 weeks) that ensured permanent blocking of
NOS activity.

A large number of studies indicate the negative effects of
long-term treatment with L-NAME on cardiac function includ-
ed myocardial hypertrophy and fibrosis [28, 29], decreased
cardiac output, lowered regional blood flow, suppressed angio-
genesis by growth factors stimulation [30, 31], reduced vas-
orclaxation as well as vascular wall thickening [32, 33] and
finally, an increase in mortality in several cases. Disorders in
the heart can naturally increase the pulse rate, to compensate
for any loss of contractility or ejection fraction, which was
manifested in our experiments.

An irreversible increase in PP after 4 - 7 week of L-NAME
treatment indicates the irreversible character of the alterations
of vascular elasticity (stiffening) [34], a decrease in their com-
pliance due to the structural molecular changes in the arterial
wall, including decreased elastin content, increased collagen
I deposition and calcification. Literature data show that 3 - 4
weeks following L-NAME treatment contribute vascular le-
sions, such as perivascular fibrosis, medial thickening and
increase in intima/media or wall/lumen ratios in the mesen-
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teric microvascular beds, arterioles, coronary arteries and
aorta [35]. Elevated stiffness of large arteries along with the
increase of carotid-intima media thickness, and the impaired
flow-mediated dilatation, are considered markers of endothe-
lial dysfunction [36]. After removal of vascular endothelium in
animals, the stiffness of large arteries alters by a factor of 5.6,
suggesting that substances derived from endothelium regulate
arterial stiffness in vivo. The endothelium releases a number of
mediators including NO, which can alter smooth muscle tone,
smooth muscle proliferation, participates in the regulation of
the compliance of arteries walls through modification of the
tropoelastin gene expression [37], inhibits mineralization and
differentiation of the vascular smooth muscle cells (VSMCs)
into osteoblastic cells responsible for the vascular calcifica-
tion [38]. Endothelial dysfunction, characterized by decreased
bioavailability of NO, is a predictor of cardiovascular risk and
outcome, and therapeutic interventions that improve endothe-
lial function also reduce arterial stiffness, which suggests that
NO may itself regulate large arterial stiffness [26].

In the case of the simultaneous action of an inhibitor (L-
NAME) and a substrate (L-arginine) of NOS, the significant
increase of the NO content in arterial blood (but not in venous)
was found (Fig. 3). SP, DP and PP indicators also returned to
the initial level. These data indicate that the competitive sub-
stitution of L-NAME with L-arginine contributes to the resto-
ration of NOS activity, increasing the level of NO in arterial
blood, normalization of arterial pressure, restoration of en-
dothelial function and blood vessel elasticity. Since in the case
of a 3-week respite after 4-week administration of L-NAME
against the background of partial normalization of SP and DP,
the level of NO in arterial blood remained low, and PP re-
mained high; it seems that endogenous reserves of arginine are

22 Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™

not sufficient to complete restoration of blood vessels elastic-
ity and vasodilation. Additional administration of exogenous
L-arginine during the last 3 weeks of L-NAME administration
(we administered a dose of L-arginine that is almost two times
higher than normal cellular and plasma levels of L-arginine
(100 - 200 uM)) not only annihilated the inhibitory effect of
L-NAME, but also provided normalization of NO synthesis
and restoration of vascular elasticity (decrease in PP), which
means normalization of NO-dependent endothelial function.
These data are convincing evidence in favor of the important
role of NO in the normalization of the studied parameters. En-
dothelial dysfunction, characterized by decreased bioavailabil-
ity of NO, is a predictor of cardiovascular risk and outcome
and several therapeutic interventions that improve endothelial
function also reduce arterial stiffness, suggesting that NO may
itself regulate large arterial stiffness [26].

Correlation analysis results show that the overall correla-
tion and its statistical significance between NO and PP levels
(the combined group including parameters of subgroups I, Ila
and IIb) are quite high (Fig. 4), while the correlation and its
statistical significance between NO and PP within groups (I,
IIa, IIb, IIc and III) are quite low (Table 2). This suggests that
the overall correlation is completely due to between-groups
(I, Ia, IIb, IIc and III) correlations, and indicates an indirect
causal relationship between NO and PP levels.

In addition, results of the morphometric assessment of the
carotid artery in animals treated with L-NAME for 4 - 7 weeks
show an increase in its WT (tunica intima + tunica media) by
41-57% (without changing inner diameter) (Table 1). These
alterations had irreversible character persisted for the next 3
weeks after 4 weeks of L-NAME administration.

The results of the study indicate the presence of a patho-
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Table 2. Correlation and Its Statistical Significance Between
NO and PP Levels Within Groups

Groups r P
Group I (control) -0.68 0.06
Group Ila -0.72 0.045
Group IIb -0.7 0.06
Group llc -0.73 0.06
Group 111 -0.75 0.05

NO: nitric oxide; PP: pulse pressure.

genetic link between endothelial dysfunction characterized by
a lack of NO and hypertension. It was revealed that hyperten-
sion is associated with impaired endothelial function, and its
correction (normalization of SP ad DP) is not always accompa-
nied by normalization of endothelial function. Insufficient se-
cretion of vasodilators (NO) causes an increase in the stiffness
of the blood vessels’ walls and an increase in PP, which in turn
contributes to the development of left ventricular hypertrophy
and other serious complications in a living body. In response to
the excess PP violation of the microcirculation of vital organs
(such as the brain and kidneys), extensive tissue damage usu-
ally occurs [39]. Therefore, the therapeutic intervention aimed
at increasing the bioavailability of NO may, therefore, be use-
ful in conditions associated with age-related or premature arte-
rial stiffening during hypertension.

Conclusions

The results of the study indicate the presence of a pathoge-
netic link between endothelial dysfunction and hypertension
and the presence of residual endothelial dysfunction (charac-
terized by insufficient NO) after the correction of hyperten-
sion. Therefore, in developing the new therapeutic approaches
for the treatment of hypertension, it is necessary to include
drugs that, in addition to correcting blood pressure, will sup-
port normalization, and potentiation of endothelial function
and endogenous NO synthesis. However, the potential adverse
effects of NO, including cytotoxicity, immune suppression and
hypotensive shock, should also be taken into account.
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