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Abstract

The medullary centers of blood pressure regulation have been in the field of vision of
both physiologists and doctors for a very long period of time. This is mainly due to the
abundance of structures and interstructural interactions in the brain stem, involved in
maintaining blood pressure. Advances in research technology open new opportunities these
days to look at this problem from a different angle. Moreover, research of medullary centers

of blood pressure regulation will make it possible to understand better the mechanisms of
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persistent increase in blood pressure, which will create the preconditions for the formation of
new pathogenetically substantiated therapeutic approaches in the treatment of such a
widespread and dangerous pathology as arterial hypertension. Therefore, the aim of this work
was to analyze modern views about the structure and composition of the medullary vasomotor
center, its functions and its role in the arterial hypertension development. To achieve this
goal, the search by keywords: arterial hypertension, baroreflex, NTS, DMN, RVLM, CVLM,
CPA, SHR, LC and analysis of scientific articles from the databases of search engines Google
Scholar, Web of Science, Pub Med was done. Conclusions: 1. The analysis of literature
sources showed that the concept of "medullar vasomotor center” includes a number of
brainstem formations, the most studied of which are the structures of the dorsal complex of
the vagus nerve (the nucleus of the solitary tract, the dorsal motor nucleus, area postrema), the
rostral and caudal ventrolateral regions of medulla, caudal pressor area, noradrenergic
structures of the brainstem, in particular the locus coeruleus, as the biggest of them. 2.
According to literary sources, arterial hypertension is accompanied by the changes in the
morphofunctional state of the above-mentioned structures. The most common mechanisms
are violation of the neurotransmitter composition within the structure and the
neuroinflammatory process.

Key words: brainstem; baroreflex; dorsal vagal complex; caudal ventrolateral

medulla; rostral ventrolateral medulla; locus coeruleus; arterial hypertension.

Introduction: Despite the long history of research, neurogenic regulation of blood
pressure (BP) to this day remains one of the most controversial issues of modern physiology
and pathophysiology. BP in the body is determined by two components: total peripheral
vascular resistance and cardiac output [1]. At the same time, the description of specific central
structures, which can determine the neurogenic vascular tone and cardiac activity, has been
actively pursued to this day since the description of V.F. Ovsyannikov of the fact of
pronounced hypotension from transection of the ponto-bulbar region of the brain in
experimental animals [2]. Since then, the attention of scientists to the brain stem as the
primary center for BP analyzing and its maintaining has only increased. The results of many
experiments on the stimulation or destruction of various stem structures have been
accumulated in order to clarify their effect on BP. The researches resulted in the allocation of
the so-called “medullary vasomotor” center, which included the following structures:
components of the dorsal complex n vagus (nucleus tractus solitarii (NTS), dorsal motor

nucleus (DMN), area postrema (AP)), ventromedial and ventrolateral regions of the
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brainstem, a number of nuclei of the stem reticular formations, in particular the reticular
gigantocellular nucleus (RGN), as well as the noradrenergic structures of the brainstem (A2,
A5, A6 regions). The researchers emphasized that these structures have a complex network of
interneuronal connections with the overlying structures of the central nervous system, such as
the nuclei of the hypothalamus, structures of the limbic system [3]. The neurons of the bulbar
level of the brain stem integrate and interface the function of several systems that maintain the
body's homeostasis, including cardiovascular, respiratory, muscular systems. In addition,
brainstem coordinates the processes of blood circulation and respiration, their conjunction
with heat production, metabolism, and emotional manifestation of the behavioral acts. With
the advent of new research methods in modern neurophysiology, scientists can analyze the
problem of central BP regulation under a new angle, expanding and deepening knowledge
about the mechanisms that underlie it.

Additional relevance to the description of the central mechanisms of BP control is
given by the fact that, according to modern concepts, their dysfunction leads to the
development of one of the most common disabling diseases - primary arterial hypertension
(AH) [4].

Therefore, the aim of this work was to analyze modern views about the structure and
composition of the medullary vasomotor center, its functions and its role in the arterial
hypertension development.

Matherials and methods: analysis of scientific articles from the databases of search
engines Google Scholar, Web of Science, Pub Med search by keywords: arterial
hypertension, baroreflex, NTS, DMN, RVLM, CVLM, CPA, SHR, LC.

Structure and function of medullary vasomotor center. Its role in arterial
hypertension pathogenesis. Baroreflex control of BP and its alteration in arterial
hypertension. Before proceeding to the description of modern concepts of the “medullary
vasomotor center” structure and features of the functional state of its components in AH, it is
necessary to mention the baroreflex regulation of BP. This mechanism of BP control is
activated in response to a wide range of endogenous and exogenous stimuli, which lead to an
acute increase or decrease in BP. Subsequent involvement of a number of stem centers of the
ANS returns BP to normal values through chrono- and inotropic reactions of the heart and
blood vessels [5]. Studies have shown a decrease in baroreflex sensitivity in AH [6]. In
addition, dysfunction of the efferent baroreflex arch, caused by either neuronal degeneration
(autonomic failure) or ganglionic blockade, causes a marked increase in sensitivity to

vasodilators and vasoconstrictor drugs. Now, the studies are underway to determine the
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sensitivity to vasoactive drugs in healthy people and in patients with baroreflex disorders. [7].
To date, the study of baroreflex control of BP is of great practical importance for expanding
approaches to the treatment of resistant AH. Thus, two approaches to reduce persistently high
BP by stimulating the baroreflex have been detailed and are being actively studied:
baroreceptor-activating therapy and endothelial baroreceptor amplification [8].

The role of DVC in BP regulation and morphofunctional changes of its
components in AH. Impulses from baroreceptors, are sent to the dorsal vagal complex
(DVC) - a complex of interconnected structures of the medulla oblongata that includes the
NTS, DMN, and AP. Among them, NTS is the primary afferent link receiving information
from the baro- and chemoreceptors of the aortic arch. Later, this nucleus, being a relay link
between the sympathetic and parasympathetic divisions of the ANS, activates a number of
stem centers depending on the impulses from baroreceptors: with a decrease in their
frequency, the structures of the sympathetic link are activated and the tone of the
parasympathetic link decreases, with an increase, vice versa. The researchers noted a number
of morpho-functional changes in the NTS under AH that relate to impaired neurotransmitter
activity [9, 10], impaired blood supply [11] and neuroinflammatory processes in the structure
[12].

DMN which has close reciprocal links with the NTS is equally important in BP control
as the main effector link of the vagus nerve [13].

Several researchers have convincingly shown that lentiviral stimulation of DMN
significantly reduces BP [14]. Moreover, the high activity of this structure has a
cardioprotective effect, which is especially interesting in the context of the prevention of heart
failure after myocardial infarction [15]. At the same time, the presence of such a pathology as
AH alters the functional state of DMN neurons. Thus, it was shown in the experiment that in
rats with spontaneous arterial hypertension there is an age-dependent decrease in the number
of cardiac preganglionic neurons [16]. Besides several other researchers have established a
violation of the expression of adenosine [17], angiotensin type 2 receptors [18], and an
imbalance in the expression of nitric oxide synthase isoforms [10].

The third structure of the DVC — area postrema is also important in BP control that is
evidenced by the data obtained by Wesley S. Hood et al. Thus, they showed that, in response
to isoproterenol-induced hypotension, the expression of c-fos, a well-known marker of
functional cell activation, increases in the AP [19]. One of the mechanisms for the realization
of the regulatory effect of AP on BP may be a change in the tone of the ANS. Thus, Y.

Abukar et al. in their experiments showed that AP destruction decreases the activity of cardiac
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sympathetic neurons [20]. The study of the mechanisms by which AP controls the tone of the
ANS is currently an urgent task for many researchers. The influence of gas transmitters (H2S)
[21], cytokines (TNF-a, apelin) [22], humoral factors (angiotensin II) [23] on the functional
state of the AP structure in arterial hypertension has already been described. On the other
hand, the presence of a weak blood-brain barrier in this area creates conditions for modifying
the activity of its neurons and exogenous agents. So Marwa E.F Al Mwafy et al showed the
effect of excessive consumption of salt, sugar and fat on the histology of AP [24].

The role of RVLM and CVLM in BP regulation and their morphofunctional
changes in AH. Maintaining the constancy of BP is carried out due to the interaction of two
opposite mechanisms: pressor and depressor. The pressor system of the vasomotor center
includes sympatho-activating neurons, some of which are output reticulospinal neurons, the
axons of which form the descending sympatho-activating pathways of the dorsolateral cord of
the spinal cord; the depressor system includes structures that carry out constant tonic
inhibition of the above mentioned sympatho-activating pathways. These mechanisms are
performed by rostral ventrolateral medulla (RVLM) which realizes pressor effect and caudal
ventrolateral medulla (CVLM) which, along with RGN, provides depressor effect. Their
morphofunctional peculiarities have been described in detail today [25]. RVLM is a region of
the brain stem, the neurons of which are projected onto preganglionic sympathetic neurons of
the intermediate-lateral group of spinal cord cells, from where excitatory impulses are
delivered to the prevertebral and paravertebral sympathetic ganglia and to the adrenal medulla
[26]. In addition to RVLM, a number of structures also carry out descending cardiotonic
impulses: the rostral ventromedial region, neurons of the sutural nuclei of the caudal part of
the brain stem, the A5 group of catecholaminergic neurons in the ventral part of the pons and
the paraventricular nucleus of the hypothalamus [27]. In turn, the above-mentioned CVLM
carries out constant tonic inhibition of RVLM, thus realizing a depressant effect on
cardiovascular innervation [28]. Similar functions, according to a whole series of studies by
Aicher, S. A, are also demonstrated by RGN [25]

RVLM is one of the most studied areas of the brainstem in different pathogenetic
variants of AH. For example, the state of the RVLM apelinergic system has been described in
rats with a primary (SHR) and secondary (L-NAME-induced) AH model [29]. Much attention
is paid to the state of the antioxidant system of RVLM neurons. Thus, it was found that low
levels of Nrf2 expression (a transcriptional regulator of the antioxidant genes expression) are
associated with increased BP and high tone of the sympathetic nervous system in mice [30].

In addition, it has been shown that angiotensin Il implements prooxidant activity in astrocytes
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through a decrease in Nrf2 expression in RVLM of rats with hypertension, while the protector
protein B-arrestin 1, increasing its expression, reduces the intensity of oxidative stress [31,
32]. Moreover, dysfunction of Nrf2 expression in RVLM may be one of the mechanisms of
AH development in obesity [33]. INOS plays an important role in the production of reactive
oxygen species in RVLM under experimental AH [34]. The interesting fact is shown in the
experiment: physical activity can reduce the expression of INOS in the RVLM, which
statistically significantly reduced the SNS activity of experimental animals [35]. Li H.-B et al.
studied more broadly the problem of oxidative stress reducing with the help of physical
loading and subsequently the decrease of neuroinflammation in RVLM in AH. They showed
that physical activity improves neurotransmission, reduces the amount of proinflammatory
cytokines, and restores antioxidant activity in RVLM of animals with AH [36]. Most likely,
the excess of prooxidants in the RVLM structure in AH is only one of the mechanisms of the
increased SNS tone associated with this pathology. For example, Jia-Xiang Wu et al found a
relationship between sympathicotonia and dysregulation of the expression of voltage-
dependent Na channels Nav1.6 in RVLM [37].

On the other hand, the CVLM depressor zone also undergoes morphofunctional
changes in AH. Thus, an increase in the amount of nitric oxide in this region of the brainstem
was described along with decreased sensitivity of baroreceptors in rats with hypertension
[38]. Several researchers have noted a violation of the neurotransmitter composition of
CVLM in AH [39].

The role of CPA in BP regulation and its morphofunctional alterations in AH.
The caudal pressor area (CPA) is also an important part of the brainstem in the central
regulation of BP. The neurons in this area tonically stimulate the activity of RVLM neurons in
a predominantly glutamate-dependent way, since this structure was found to contain mMRNA,
mainly of the vesicular glutamate transporter type 2 (VGIlut2) and the isoform of glutamate
decarboxylase with a molecular weight of 67kDa (GAD67) [40]. At present, the possibilities
of CPA in BP regulation through connections with the chemoreflex and the commisural part
of the NTS are still actively discussed [41]. At the same time, an increased excitability of
pressor neurons in the CPA was shown in rats with spontaneous arterial hypertension, which
indicates a change in their functional state in comparison with control normotensive animals
[42].

The role of LC in BP regulation and its morphofunctional alterations in AH. The
next brainstem structures that maintain BP homeostasis are its noradrenergic nuclei, the

largest of which is the locus coeruleus (LC). LC realizes its effect on systemic BP through the
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effect of norepinephrine on ol, a2, P-adrenergic receptors of brain structures; GABA
(gamma-aminobutyric acid) has been described as the second most common neurotransmitter
in BP [43]. To date, the role of LC in the regulation of autonomic nervous system activity is
well described, that possible mainly due to the presence of interstructural connections of this
structure with the hypothalamus and nuclei of the parasympathetic nervous system [44]. Thus,
in the paraventricular nucleus of the hypothalamus, ol-adrenergic receptors were found
through which an autonomous response to stress is realized, and moreover, inhibitory o2-
adrenergic receptors on GABAergic neurons were found in the same nucleus, which have
projections onto the already mentioned intermediate-lateral group of spinal cord cells. The
latter aspect exactly implements the removal of tonic inhibition of preganglionic fibers of the
sympathetic nervous system and provides its additional activation with an increase in the level
of NA in the PVN. [43]. In addition to the indicated connections with PVN, interactions of
LC with the main efferent links of the parasympathetic nervous system (DMN and nucleus
ambiguous) and the key sympathoactivating structure of the brainstem - RVLM are also
described [43, 44]. Considering such a diverse influence of LC on BP regulation, it is not
surprising that AH is accompanied by pronounced morpho-functional changes in this nucleus.
So, H.R. Olpe et al. showed that the electrical activity of LC neurons decreases in animals
with the DOCA-salt model of AH (based on chronic administration of deoxycorticosterone
acetate), as well as in rats with spontaneous hypertension [45], M. Koulu M. et al established
an increase in the metabolism of catecholamines in spontaneously hypertensive rats [46]. AH
also changes the sensitivity of the o2-adrenergic receptors of LC neurons [47]. The alterations
in peptidergic systems may be the next aspect, demonstrating the mechanisms of changes in
the functional state of the LC in AH. So, to date, changes in the synthesis of serotonin,
galanin, GABA and glutamate, purines, dopamine-beta hydroxylase in this pathology have
already been established [48]. In addition to these substances, researchers are showing an
active interest in the study of the angiotensinergic and nitricoxidergic systems in LC in AH.
Thus, the relationship of the angiotensin system with tyrosine hydroxylase (the key enzyme in
the synthesis of HA) LC has been repeatedly demonstrated [49]. Moreover, angiotensin 2 can
change the functional state of LC neurons also by inducing a neuroinflammatory process
within it with an increase in the content of proinflammatory cytokines (TNF-a and IL-1) and a
decrease in the content of anti-inflammatory IL-10 against the background of activation of the
transcription factor NFkB. D. Agarwal et al explain these changes by the fact that angiotensin
2 ifluences GSK-3B (glycogen synthase kinase-3f), which is a neuron-specific isoform of an

enzyme that induces the formation of pro-inflammatory cytokines NFxB-dependent way [50].
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As for the nitric oxide system in LC, Sh. Lenner et al demonstrated that NO is an important
regulator of tyrosine hydroxylase activity in the experiment by involving NO donors with
subsequent measurement of the enzyme activity [51]. Thus, the following can be
distinguished among the key mechanisms of the morphofunctional activity changes in LC
neurons: neuroinflammatory processes and changes in peptidergic systems in AH.

Prospects for further research and limitations of the review: The problem touched
on is too broad for discussion in one article, in the future, it is interesting to dwell in detail on
the description and study of the interstructural interactions of stem structures that are involved
in BP maintainance, and also to characterize the alterations of these relationships in pathology
(AH). In the authors' opinion, special attention should be paid in the future to the description
of the etiopathogenetic differences in the morphological and functional features of
cardioregulatory stem structures and their interrelationships in AH of various origins: this will
allow us to highlight and focus on the differential approach in the diagnosis and therapy of
AH.

Conclusions: 1. The analysis of literary sources showed that the concept of
"medullary vasomotor center” includes a number of stem formations, the most studied of
which are the following structures: components of the dorsal complex n vagus (nucleus
tractus solitarii, dorsal motor nucleus, area postrema), rostral and caudal ventrolateral regions
of the brainstem, caudal pressor area, noradrenergic structures of the brainstem, in particular
the locus coeruleus, as the largest of them in area.

2. According to literary sources, arterial hypertension is accompanied by a change in
the morphofunctional state of the above-mentioned structures. most often due to violation of

the neurotransmitter composition within the structure and the neuroinflammatory process.
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