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Abstract

Introduction: Imidazoline receptors are a group of metabotropic receptors whose activation is
associated with changes in a number of functional parameters, including hemodynamics
(lowering blood pressure (BP), negative chrono-and inotropic effects), metabolic metabolism
(reducing insulin resistance, increasing high-density lipoproteins (HDL) levels) and
hemorheology (antiplatelet activity). In addition, the spectrum of molecular pharmacological
effects of imidazoline receptor (IR) agonists includes anti-inflammatory, antioxidant, and
antifibrinolytic activities.

Materials and Methods: Literature sources were searched using PubMed and Google Scholar
databases, including such article types as meta-analysis, randomized controlled trial, and review.
The inclusion criteria were full availability of data, scientific significance, and relevance of
research.

Results and Discussion: Experimental studies in animals revealed such effects of agonists IR
as a decrease in the degree of left ventricular hypertrophy (LVH) and interleukin expression. The
experience of using agonists IR therapy in clinical practice has revealed its effectiveness in the
treatment of patients with chronic heart failure (CHF) II-1Illof NYHA class II-IIl NYHA with an
ejection fraction of less than 40%, arterial hypertension (AH) and microalbuminuria.

Conclusions: In general, the totality of data available to date indicates a high expediency of including
imidazoline receptors in the repertoire of pharmacological targets, the impact on which can affect not
only soft, but also hard endpoints in the treatment of cardiovascular pathology.


https://doi.org/10.18413/rrpharmacology.11.578
mailto:stepenko@bsuedu.ru
https://doi.org/10.18413/rrpharmacology.11.640
https://orcid.org/0000-0002-7414-7326
https://orcid.org/0000-0003-0346-9835
https://orcid.org/0000-0003-2829-9860
https://orcid.org/0000-0003-2941-0241
https://orcid.org/0009-0001-1841-7088
https://orcid.org/0000-0003-0974-4818
https://orcid.org/0009-0001-2419-8109
https://orcid.org/0009-0004-7208-5055
https://orcid.org/0009-0005-2983-0619
https://orcid.org/0000-0002-7414-7326

78

Stepenko YV et al.: Nonclassical cardiovascular effects of imidazoline receptor agonists...

Graphical Abstract

IR
agonists

IR IR
Thrombosis: ol Remodeling:
*Increased —»| coronary chronic |e— Increase AT 1
fibrin G0 h *Inhibition of
*Platelet heart eart tissue
aggregation disease Vo . 3 ,' failure metalloproteases
endothelial
dysfunction
,
' . IR
d i . arterial \
atherosclerosis )

/—>

/

Inflammation: *Increased
TNF-a, IL-6, IL-18
*Increased matrix
metalloproteases

hypertension R

Sympathetic activity:
IR
agonists

*Increase in OPSS
* Increased vascular wall

rigidity

Keywords

imidazoline receptor agonists, cardiovascular continuum, chronic heart failure, atherosclerosis

Introduction

Despite the widespread adoption of effective methods of precision and personalized therapy, the
contribution of cardiovascular diseases to the overall structure of mortality and disability
continues to increase permanently. The most significant cardiovascular diseases for public health
are grouped into the so-called cardiovascular continuum (CVC). According to classical concepts,
CVC includes such pathological conditions as atherosclerosis, hypertension, and CHF. At the
same time, these conditions have such a close etiopathogenetic relationship that strategic
approaches to their correction are largely similar.

Currently, the main line of therapy in patients with hypertension, atherosclerotic vascular
lesions and CHF is the suppression of RAAS (renin-angiotensin-aldosterone system) and
suppression of catecholaminergic activation. Drugs of the first stage with such activity include:
ACE inhibitors, beta-blockers, diuretics, calcium antagonists, and alpha-1 blockers. The positive
effect of these drugs on prognosis and hard endpoints has been proven in numerous prospective
and retrospective clinical studies. Nevertheless, the search for new (or additional) ways of
therapeutic influence on CVC remains an urgent task. Among others, a pharmacological group
with more than half a century of study — imidazoline receptor agonists-is of particular interest.

Currently, the role of imidazoline receptors (IR) in practical medicine remains quite modest.
For example, the description of the physiology and pharmacology of agonists IR in the 12
edition of Goodman and Gilman is presented in just a few paragraphs (Brunton et al. 2011). This
group is not widely used in medical practice and is used only as an auxiliary antihypertensive
therapy in people with a combination of hypertension and metabolic syndrome, as well as for
emergency reduction of blood pressure (Chan and Morgan 1998). Nevertheless, the most
important physiological role of agonists IR in the regulation of hemodynamics and a number of
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other vital processes allows us to consider them as an important target for the development of
drugs aimed at the treatment of CVC. Here we tried to summarize the available information on
the role of agonists IR in the development and progression of CVC, as well as to analyze clinical
and experimental data on the pharmacological effectiveness of agonists IR.

Materials and Methods

The authors analyzed and selected relevant articles for review for the period from 1981 to 2024.
Literature sources were searched using the PubMed and Google Scholar databases and the Web
of Science/Scopus citation index, including the article type as systematic reviews and meta-
analyses, randomized controlled trials, clinical case descriptions, and clinical literature reviews.
The inclusion criteria were full availability of data, scientific significance and relevance of
studies, and the following keywords were used for the search: imidazoline receptor agonists,
beta-phenylethylamine and imidazoline derivatives, arterial hypertension, metabolic syndrome,
diabetes mellitus, obesity, Moxonidine, Metformin, Rilmenidine, Clonidine, type I IR (IR1), IR
second type (IR2), and third type IR (IR3). A total of 232 articles were found in the above
databases, but according to the inclusion criteria, 181 articles did not meet them and were
excluded from processing and further analysis of the review.

Results and Discussions

Basic information about agonists IR

For many years, IR agonists have been trying to gain their place in clinical practice. If we go
deeper into history, the first recorded ”case-control” clinical trials date back to the 1940s (Bylund
and Martinez 1981; Lowry and Brown 2014; Bousquet et al. 2020). Later, scientists, when
comparing the activity of B-phenylethylamine and imidazoline derivatives, found that there are
different binding sites for both a2-AR and the place of interaction of imidazoline derivatives
with another type of receptor, as a result of which the hypothesis of the existence of some other
receptors with affinity for this group of chemical compounds was suggested (Ruffolo et al. 1982;
Bousquet et al. 1989).

In parallel, the agmatine ligand decarboxylated arginine was discovered in the 1990s (Li et
al. 1994). Since the assessment of the pharmacological properties of agonists IR allowed us to
form an idea of the existence of three different types of these receptors. In particular, it was found
that the antihypertensive effect associated with IR activation is mainly mediated through the first
type of IR (IR1), while the second type of IR (IR2) mediates neuroprotective, anti-apoptotic and
anti-inflammatory effects, and the third type of IR (IR3) is mainly involved in the regulation and
control of various metabolic processes occurring in the body. To date, only the gene encoding
the first type of receptor (IR1) has been cloned, which means that detailed and structural
information related to the domains and molecular organization of these receptors has been
obtained exclusively for IR1. At the same time, as of today, information on the molecular
structure and domain features of IR2 and IR3 is quite scant, since their genes have not yet been
fully identified and cloned, which makes it difficult to better understand their functions and
mechanisms of action (Ernsberger et al. 1995).

To summarize from the above, there are currently 3 types of IR:

Type 1 — localized mainly in the medulla oblongata (pallidum, hippocampus, striatum,
amygdala and substantia nigra), exerting a hypotensive effect, reverse development of left
ventricular hypertrophy and reduction of signs of left ventricular remodeling; in the liver, it leads
to an increase in HDL and a decrease in low-density lipoproteins (LDL) and triglycerides (TG)
levels; on platelet membranes (Bousquet et al. 1984);

Type 2 —widespread in various structures of the central nervous system (CNS), including the
inter-leg and arched nuclei, as well as the pineal gland. In addition, it is found in the brain matter
of parenchymal internal organs, in the large intestine, placenta, urethra and prostate. In addition,
it is present in immunocompetent cells located in the central nervous system, such as astrocytes
and microglia, as well as in platelets, vascular smooth muscle cells, and other tissue structures.
This mechanism mediates neuroprotective activity, including reduction of neuroinflammation
and apoptosis, inhibition of excitotoxicity, and reduction of brain edema. In addition, it has a
pronounced analgesic activity-contributing to the weakening of mechanical allodynia and
thermal hyperalgesia, while simultaneously showing a hypothermic effect (Gongadze et al.
2008);

Type 3 — present in beta cells of the pancreatic Langerhans islets and controls insulin
secretion (Mahmoudi et al. 2018). In more detail, the endogenous ligand is clonidine-containing
compounds (an example is B-carboline), which are involved in the regulation of insulin

Research Results in Pharmacology 11(3): 77-86. https.//doi.org/10.18413/rrpharmacology.11.578


https://doi.org/10.18413/rrpharmacology.11.578
https://pubchem.ncbi.nlm.nih.gov/compound/Moxonidine
https://pubchem.ncbi.nlm.nih.gov/compound/Metformin
https://pubchem.ncbi.nlm.nih.gov/compound/Rilmenidine
https://pubchem.ncbi.nlm.nih.gov/compound/Clonidine
https://pubchem.ncbi.nlm.nih.gov/compound/Clonidine
https://pubchem.ncbi.nlm.nih.gov/compound/Beta-Carboline

80

Stepenko YV et al.: Nonclassical cardiovascular effects of imidazoline receptor agonists...

production and have a positive effect on the integrity of the vascular endothelium. It is also
important to provide an anti-inflammatory effect by activating hemoxynenase-1 (HO-1), which
contributes to the inhibition of lipopolysaccharide-induced production of nitric oxide (NO),
prostaglandin E2 and interleukin-6, which induce a shift in the cardiomyocyte cell cycle towards
apoptosis, remodel the heart muscle, and disrupt the collagen ratio (Morganet al. 1999; Morgan
et al. 2003). With the predominant activation of collagen I and inhibition of collagen III, further
hypertrophic and atrophic processes of the dilated parts of the heart are inhibited (Nguyen et al.
2016).

Pathobiology of CVC

To understand the potential role of agonists IR in influencing the pathological cascades of CVC,
basic information about the key mechanisms of hypertension, CHF, and atherosclerosis is
presented below. Sympathetic activation, ED, chronic inflammation of the vascular wall and
myocardium, and an increase in the pro-apoptotic orientation of cells can be distinguished among
the basic pathological processes involved in the formation of all CVC links.

Endothelial dysfunction

The key and, of course, one of the most significant links in pathogenetic cascades underlying the
development of various forms of cardiovascular diseases is a violation of the physiological
function of endotheliocytes. These cells play a critical role in ensuring the regulation of vascular
tone, as they are responsible for the balance between vasodilation and vasoconstriction, which is
necessary to maintain adequate blood flow and blood pressure. In addition, endothelial cells are
involved in the regulation of the hemostatic system, since they are involved in the synthesis of
various factors in the process of fibrinolysis and platelet antiaggregation. Additionally, these
cells play an important role in modulating local inflammation, since they are able to produce and
secrete both pro-inflammatory and anti-inflammatory cytokines, which provides dynamic
regulation of inflammatory responses in the tissues of the vascular system. Along with this, the
endothelial cell regulates the anatomical structure and morphology of blood vessels, controlling
the synthesis and inhibition of factors that are responsible for reducing proliferative factors,
which subsequently affects vascular remodeling, the development of atherosclerotic plaques, and
other pathological changes in the vascular walls (Li et al. 1994; Chaikijurajai et al. 2020). The
leading humoral factor produced by endothelial cells is nitric oxide (NO) (Bousquet et al. 1984;
Ernsberger et al. 1995; Wang and He 2024).

Direct contact of endothelial cells with the bloodstream means that they are particularly
vulnerable to damage by circulating molecules in the blood, on the one hand, and that they play
a crucial protective” role, on the other hand. The main mechanisms of endothelial cell damage
include inflammatory hyperactivation, oxidative stress, hyperhomocysteinemia, hyperglycemia,
etc. The death of endotheliocytes leads, on the one hand, to an increase in the permeability of the
vessel wall for inflammatory cells and lipids, and on the other, to a violation of hemorheology
and a decrease in tissue perfusion.

Sympathetic activation

The catecholaminergic system also plays a key role in the pathogenesis of cardiovascular
diseases and is an important mechanism that ensures the body’s adaptation to stressful
situations. Catecholamines such as norepinephrine, epinephrine, and dopamine are produced
by the adrenal glands and nerve endings of the sympathetic nervous system. These molecules
are important neurotransmitters that provide increased oxygen delivery to the tissues, which
is achieved by increasing cardiac output and optimizing myocardial perfusion. With the
progression of CVC diseases, an increase in the concentration of catecholamines in blood
plasma is observed. This change occurs as the myocardium is depleted, and its function is
impaired, which is especially characteristic of the development of heart failure. Elevated
levels of catecholamines, although being an adaptive response of the body, can have a
negative impact on the cardiovascular system over time. In particular, sympathetic
activation leads to significant stimulation of vascular endothelial smooth muscle cells,
which contributes to their excessive activity, leading to the formation of active radicals and
triggering the processes of oxidative stress, apoptotic activation of endotheliocytes,
cardiomyocytes, and fibroblast proliferation. Ultimately, all these pathological changes lead
to the progression of conditions such as atherosclerosis and chronic heart failure (Proshaev
et al. 2012; Danilenko et al. 2025).

Remodeling

During the progression of heart failure, a cascade of specific reactions of adhesion and infiltration
of monocytes into the intima is triggered, contributing to hypoxia inside the plaque, which
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ultimately leads to its revascularization and necrosis. Its progressive growth leads to a weakening
of the compensatory properties of the musculoelastic framework of the blood vessel, causing
remodeling and dilation. One of the key processes contributing to myocardial remodeling is
inhibition of tissue metalloproteinases, as well as changes in the expression of matrix
metalloproteinases. These changes lead to a violation of the balance of collagen structures in
myofibrils, which in turn significantly affects the mechanical properties of the myocardium and
its functionality (Maslovet al. 2015). In the context of the renin-angiotensin-aldosterone system
(RAAS), special attention should be paid to the angiotensin 1 receptor (AT1), which plays a
central role in the pathophysiology of various cardiovascular diseases. Activation of this receptor
is carried out through several intracellular signaling pathways, which, in turn, trigger a cascade
of biochemical reactions. Among them, a certain role is played by the activation of the protein
kinase system, which involves NADP-oxidase subunits, as well as various growth factor
receptors. AT1 also interacts directly with proteins that activate signaling pathways such as Janus
kinase 2 and phospholipase C. For example, one of the effects of activating the AT1 receptor is
its binding to filamine A, which leads to actin remodeling and maintenance of the structure and
functions of myocytes, since the actin-myosin system ensures the contractility of the heart. In
addition, AT1 interacts with prostaglandin F receptors, which increases vasoconstriction and,
consequently, leads to an increase in blood pressure. This interaction becomes especially
important in conditions of cardiovascular insufficiency, when redistribution of blood flow and
increased vascular resistance can worsen the course of the disease (Stepenko et al. 2024). It is
also worth noting that the interaction of AT1 with the epidermal growth factor (EGF) receptor
plays a key role in vascular remodeling. This interaction contributes not only to changes in the
structure of the vascular wall, but also contributes to the processes of angiogenesis, which can
affect the mitochondrial respiration of myocardiocytes, including in conditions of coronary heart
disease.

Thus, myocardial remodeling is not an isolated process, but is a complex mechanism
involving many regional and systemic interactions, each of which makes a significant
contribution to adaptation and, often, pathological changes in the cardiovascular system (Kawai
etal. 2017).

Inflammation

Vascular wall inflammation is a complex biological process, mainly initiated by the activation
of pro-inflammatory cytokines. These molecules are not just signaling substances, but have
unique and specific pathways of action that ultimately lead to the development of endothelial
dysfunction. For example, tumor necrosis factor alpha (TNF-alpha) plays an important role in
the pathogenesis of inflammatory processes. It increases the concentration of angiotensin II type
1 (AT1) in the heart, which leads to the activation of a number of pathogenetic mechanisms.
Elevated levels of AT1, in turn, increase vasoconstriction and contribute to myocardial overload,
which can negatively affect its function. In addition, TNF-o increases the activity of matrix
metalloproteinases, which can lead to degradation of the extracellular matrix and disruption of
the structural integrity of the vascular wall, aggravating the remodeling process and contributing
to the progression of cardiovascular diseases. Meanwhile, interleukin-6 (IL-6) is also important
in the pathogenesis of the inflammatory process. It can have a negative inotropic effect on the
myocardium, which is expressed in a decrease in the contractility of the heart muscle. This occurs
through increased regulation of nitric oxide synthetase (NO), which in turn affects the level of
NO in myocardial tissue. An increase in NO leads to activation of cyclic guanosine
monophosphate (¢cGMP), which may weaken the mechanisms of myocardial contraction. It
should be noted that IL-6 reduces the activity of Ca2+ - ATPase in the sarcoplasmic reticulum
of the myocardium. This leads to a violation of the utilization and release of calcium, which is
critical for the normal contractile function of the myocardium. A decrease in free calcium for
contraction leads to a decrease in the strength of heart contraction, which subsequently initiates
apoptotic reactions in the myocardium. This process is activated through the Janus kinase system
(JAK) and mitogen-activated protein kinase (MAPK) (Bousquet et al. 1984).

Thus, vascular wall inflammation initiated by pro-inflammatory cytokines is a
multicomponent process in which each cytokine plays its own unique role, contributing to the
development of endothelial dysfunction and worsening myocardial function. As a result of this
negative interaction, the risks of cardiovascular disease increase, which underscores the
importance of understanding these mechanisms for developing effective therapeutic strategies.

Non-classical effects of agonists IR according to experimental and clinical data

In an experimental model of CHF in hamsters, Moxonidine ¢ demonstrated anti-inflammatory,
antioxidant, and antifibrotic effects by inhibiting TNF-a, IL-1B, NF-KBp65, and iNOS, and
changing the ratio of collagen I/IIl. Simultaneously in the preclinical study of Stabile A. when

Research Results in Pharmacology 11(3): 77-86. https://doi.org/10.18413/rrpharmacology.11.578


https://doi.org/10.18413/rrpharmacology.11.578
https://pubchem.ncbi.nlm.nih.gov/compound/Moxonidine

82 Stepenko YV et al.: Nonclassical cardiovascular effects of imidazoline receptor agonists...

modeling cardiomyopathy in hamsters, Moxonidine had a direct sympatho-inhibitory effect,
preventing left ventricular hypertrophy and myocardial remodeling (Lijnen et al. 2002). The
cardiomyotropic effect of three-week administration of Moxonidine at doses of 3 and 6 mg/kg
was also evaluated in a rat model of CHF, where its antifibrotic and negative chronotropic
activity was confirmed (Alteret et al. 2012). In Honsho et al. (2009), bolus intravenous
administration of Moxonidine to rats, in addition to the basic hypotensive effects, increased the
level of atrial natriuretic peptide in plasma and cGMP in the cytosol, and also led to a decrease
in the degree of LVH and IL-1b expression in the myocardium in the long-term follow-up period.
In the course of experimental work on L-NAME-induced ED in rats, Moxonidine and Metformin
demonstrated a complex effect on the pathogenesis of endothelial-associated diseases, due to the
correction of nitric oxide deficiency. Radwanska et al. (2009) investigated the effect of agonists
IR on rat isolated atria of the heart, and it was shown that Clonidine is characterized by the
greatest positive inotropic effect in the Clonidine-Rilmenidine-Moxonidine series. The
transgenic SHROB rat line with the faK mutation to the leptin receptor shows a triad of
symptoms: arterial hypertension, glucose intolerance, and insulin resistance, but when
pharmacocorrected with Moxonidine, blood pressure, insulin levels, and free fatty acids in blood
plasma were reduced. Similar results were obtained when using Rilmenidine in the above-
mentioned animal model, in addition, triglyceride and cholesterol concentrations were reduced
(Velliquette et al. 2006). In an experimental study on Holtzmann rats, the cardiogenic effects of
Moxonidine were compared when the site of drug administration was changed — this is the 4%
ventricle and the lateral ventricle of the brain (GM). The first route of administration of
Moxonidine — 4" ventricle GM — showed the following effects: a decrease in blood pressure,
heart rate (HR), as well as renal and mesenteric vascular resistance. The second route of
administration, the lateral ventricle of GM, showed other effects than those listed above, such as
a decrease in renal vascular resistance, without changes in blood pressure, heart rate, and
mesenteric vascular resistance (Moreiraet et al. 2007).

In clinical practice, Moxonidine and Rilmenidine are used to reduce blood pressure, while
Moxonidine does not significantly affect the heart rate, unlike Rilmenidine, which exhibits a
negative chronotropic effect due to the activation of the vagus nerve (Siwiket et al. 2000). A
clinical trial of Moxonidine in doses of 0.1 mg, 0.2 mg, and 0.3 mg, conducted in 97 patients
with II-IIINYHA class II-IIl CHF NYHA and an ejection fraction of less than 40%, resulted in
a significant reduction in SBP and plasma norepinephrine levels (Kerckhoven et al. 2000).
During a clinical trial of Moxonidine at a dose of 0.4 mg; 0.6 mg, conducted on 32 patients with
class II-III CHF (according to NYHA) receiving classical therapy: ACE inhibitors, diuretics,
digitonin. Moxonidine at a dose of 0.6 mg reduced mean systemic BP (p <0.0001), mean
pulmonary BP (p <0.01), and heart rate (p <0.05) (Swedberg et al. 2000; Mukaddam-Daher et
al. 2004).

To study the effect of Clonidine on the heart rate, 18 patients with CHF were selected in a
clinical study. The RR interval for sinus beats was 822+125 MS (p=0.001), and the distance
covered during the 6-minute walk test was 1255+359 feet (p=0.042). The study revealed a
decrease in SBP from 139+15 to 119+10 mm Hg; the average value of all RR intervals for 24
hours: 116494 to 130+19 MS, p=0.033; Clonidine improved heart rate variability in patients with
congestive heart failure by increasing parasympathetic tone (Girgis et al. 1998; Dickstein et al.
1999).

Since special interest is paid to RAAS in the application of pharmacotherapy points, it can
be stated that in clinical studies on healthy volunteers, Rilmenidine proves its nephroprotective
effect and normalizing effect on the endothelial hemostasis system. Contraindications to use are
patients with chronic renal failure due to the main route of elimination of the drug (Messerli
2000). In a study by Krespi et al. (1998), patients with hypertension and microalbuminuria were
given standard antihypertensive therapy in combination with Moxonidine, which demonstrated
an effect on renal and endothelial functions. This was due to a decrease in urinary excretion of
albumin, thrombomodulin, and plasminogen activator inhibitor-1, which further improved the
prognosis and quality of life of patients (Karlafti et al. 2013, Maslov et al. 2015).

In terms of the frequency of development of undesirable side effects, Clonidine is almost
3 times inferior to Rilmenidine, as it causes drowsiness, impaired concentration, and dry
mouth in patients. Rilmenidine has proven itself well among the elderly, thereby ensuring
the absence of withdrawal effects, orthostatic hypotension, and metabolic tolerance (Britov
and Orlova 2006).

Conclusion

Thus, the results of Russian and foreign studies allow us to judge imidazoline receptors as
promising targets in the treatment of cardiovascular diseases, the effect on which allows not only
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adequate, but also long-term control of blood pressure, regulate the metabolic profile (reducing
insulin resistance, increasing HDL levels, suppressing lipolysis), improve endothelial function
and normalize hemorheology (Ristovska et al. 2006). Currently, in clinical practice, patients with
cardiovascular diseases, in certain cases, such as emergency pharmacotherapy for hypertensive
crises and when standard antihypertensive therapy is ineffective, are prescribed agonists IR.
Thus, the question of the possibility of including agonists IR in standard treatment regimens
remains open and requires further study. This paper provides evidence of the prospects of such
research.
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