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Abstract

Bromide 1 - (B-phenylethyl)-4-amino-1,2,4-triazolium (Hypertril) has the properties of a beta-blocker and of NO-mimetic, is as-
signed to the IV class of toxicity. All these effects make Hypertril a promising drug for the treatment of cardiovascular diseases. The
aim of this paper was to study the cardioprotective action of Hypertril in terms of the effect on the morpho-functional parameters
of the myocardium in rats with experimental chronic heart failure (CHF). CHF was modeled on 80 white outbred rats weighing
190-220g by administering doxorubicin at a cumulative dose of 15 mg/kg. Hypertril and the reference drug metoprolol succinate
were administered within 30 days after CHF modeling, intragastrically at doses of 3.5 mg/kg and 15 mg/kg. Morphometric analysis
of the cellular structure of the myocardium was carried out on an Axioskop microscope (Zeiss, Germany), in an automatic mode
using a macro program developed in a specialized programming environment VIDAS-2.5 (Kontron Elektronik, Germany). The
administration of Hypertril to animals with CHF led to an increase in the density of nuclei of cardiomyocytes, the area of myocar-
diocyte nuclei, an increase in the nuclear cytoplasmic ratio and an increase in the concentration of RNA in the nuclei and cytoplasm
of cardiomyocytes compared with the group of untreated animals, which indicated the presence of a pronounced cardioprotective
effect in the drug candidate. In terms of such indicators as the density of surviving cardiomyocytes and the content of RNA in them,
the nuclear-cytoplasmic ratio of Hypertril is significantly (p < 0.05) superior to metoprolol.
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Introduction countries. One of the formidable complications, mortali-

ty from which ranges from 10% to 50% in patients with
The beginning of the current millennium was marked cardiovascular pathology, is chronic heart failure (CHF).
by a significant spread of cardiovascular diseases, which ~ Therefore, the development of remedies for the treatment
ranked 2-3 in the structure of mortality in industrialized of these pathologies of the cardiovascular system is an ur-
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gent task of modern medicine. According to the recom-
mendations of the European Community of Cardiology,
diuretics, ACE inhibitors and B-blockers are important
components of the complex therapy of heart failure, es-
pecially after myocardial infarction. However, modern
B-adrenergic blockers do not show adequate efficiency
and require additional combination (ACE inhibitors, di-
uretics, thrombolytics), exhibit side reactions (Bozkurt et
al. 2021). Unavoidable sign of CHF is the cardiac remo-
deling (CR) which is regarded as the pathogenesis com-
ponent and progressing factor. CR includes the whole
complex of adaptive-restructuring processes related to the
geometry, morpho-functional and molecular biochemi-
cal levels of heart organization (Urbich et al. 2020). The
search for optimal remedies for treating CHF, as well as
methods and ways of inhibiting CR, is constantly ongoing.
The foregoing served as a rationale for the creation of a
new drug of the original structure (bromide 1 - (- phe-
nylethyl) -4-amino-1,2,4-triazolium, working title Hy-
pertril) which has NO-mimetic, f1-adrenergic blocking,
antihypertensive, anti-ischemic action and belongs to the
IV class of toxicity (LD, is 683.4 mg/kg with intragastric
administration to rats) (Mazur et al. 2010,2019; Chekman
et al. 2013). SPA “Farmatron” together with the scientific
and technological complex “Institute of Single Crystals” of
the NAS of Ukraine developed a laboratory methods and
technological formulas for the synthesis of the substance
and the production of ampoule solutions Hypertril sub-
stance, for which standardization was carried out (certi-
ficate Ne2, series020213). According to the decision of the
State Expert Center of the Ministry of Health of Ukraine,
Phase 1 of clinical trials of Hypertril was permitted, and
successfully completed. Hypertril is currently undergoing
Phase 2 of the clinical trials as an antihypertensive and
antianginal drug. The aim of this paper was to study the
cardioprotective action of Hypertril in terms of the effect
on the morpho-functional parameters of the myocardium
in rats with experimental CHF.

Materials and methods

Ethics statement

All animal experiments were conducted in compliance
with the guidelines for experimental animal care and use,
ARRIVE guidelines and the guidelines of the Internatio-
nal Association for the Study of Pain, and were approved
by the Animal Care and Use Committee of Zaporozhye
State Medical University. Adequate measures were taken
to minimize animal suffering. All procedures were strictly
implemented by the code of ethics.

Establishment and grouping of rats

The studies were carried out on 80 white outbred rats
weighing 190-220 g, of both sexes, obtained from the
breeding station of the Institute of Physiology named after

A.A. Bogomolets of the Academy of Medical Sciences of
Ukraine. To reproduce CHF, the doxorubicin model was
used (Khloponin 2009), which can be considered as the
most effective, leading to the development of severe and
progressive pathology in most animals. The use of doxoru-
bicin (intraperitoneally at a cumulative dose of 15 mg/kg,
divided into 6 injections for 14 days) leads to a decrease in
the contractility of the left ventricular myocardium, its ec-
centric remodeling and the formation of progressive CHF
in rats. The study used Doxorubicin “Ebewe” 50mg/25ml
(EBEWE Pharma GmbH Nfg KG, Austria). Doxorubicin
was diluted with physiological solution according to the
instructions to 25 ml and injected at a dose of 2.5 mg/
kg (0.125 ml/100g of weight) intraperitoneally 1 time in
two days for 14 days. Hypertril was administered intra-
gastrically once a day at a dose of 3.5 mg/kg (Mazur et al.
2010) in the form of a suspension of 1% starch mucilage
for 30 days after 14-day administration of doxorubicin;
metoprolol succinate - according to the same scheme at
a dose of 15 mg/kg (Khloponin 2009). In the experiment,
there were four groups of 20 animals each - intact recei-
ved 1% solution of starch mucilage; control - untreated
with chronic heart failure (CHF) - received 1% solution
of starch mucilage; animals with CHF receiving Hypertril;
animals with CHF receiving Metoprolol succinate. We
used: Hypertril (substance and metoprolol succinate (Be-
taloc ZOK) - in tablets of 47.5 mg manufactured by Astra
Zeneca UK Ltd. (Sweden).

Morphometric analysis

At the end of the experiment, hearts were removed from
rats under anesthesia (sodium thiopental, 40 mg/kg). The
hearts of the animals were removed, the apical part was
isolated from them, which was placed in a Carnoy fixa-
tor for 24 hours. After the standard procedure of tissue
dehydration and its impregnation with chloroform and
paraffin, the myocardium was embedded in paraplast
(MkCormick, USA). Using a Microm-325 rotary mi-
croscope (Microm Corp., Germany), serial histological
sections with a thickness of 5 um were prepared, which
were then dewaxed in xylene, rehydrated in descending
ethanol concentrations (100%, 96%, 70%), and washed
in saline. For specific detection of RNA, histological sec-
tions were stained for 24 hours with gallocyanine-chro-
mium alum according to Einarson and embedded in a
polymer medium EUKITT (O.Kindler GmbH, Germa-
ny) for subsequent microscopy. The myocardium was
studied using an Axioskop microscope (Zeiss, Germany)
in transmitted light. Using an 8-bit CCD camera COHU-
4922 (COHU Inc., USA) the images of myocardial areas
were entered into the VIDAS-386 computer image ana-
lysis system (Kontron Elektronik, Germany) and digiti-
zed using a densitometric scale with 256 gray gradations.
In each series, about 500 sites from different parts of the
myocardium were examined. The study of morphome-
tric and densitometric characteristics was carried out on
a computer system for digital image analysis VIDAS-386
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(“Kontron Elektronik”, Germany). The image obtain-
ed with the AXIOSKOP microscope was entered into a
computer system for digital image analysis using a highly
sensitive video camera COHU-4922 (COHU Inc., USA)
and digitized on a densitometric scale with 256 gray gra-
dations. Morphometric analysis of the cellular structure
of the myocardium was carried out automatically using a
macro program developed in a specialized programming
environment VIDAS-2.5 (Kontron Elektronik, Germany).
The following indicators were determined: the area of the
nuclei of cardiomyocytes (um?); the concentration of RNA
in the nuclei of cardiomyocytes in units of optical density
(U,,), which were calculated as the logarithm of the ra-
tio of the optical density of the cell nucleus to the optical
density of the intercellular substance; the concentration of
RNA in the cytoplasm of cardiomyocytes in optical den-
sity units (U ,), which were calculated as the logarithm of
the ratio of the optical density of the cell cytoplasm to the
optical density of the intercellular substance; the density
of cardiomyocyte nuclei as an indicator of the number
of cell nuclei per 1 mm? of the area of myocardial tissue;
nuclear-cytoplasmic coefficient as an indicator of the to-
tal area of cardiomyocyte nuclei per 1 mm? of the area of
myocardial tissue. The nuclear-cytoplasmic coeflicient
was determined automatically using the VIDAS-2.5 soft-
ware package (Kontron Elektronik, Germany) as the ratio
of the total area of cardiomyocyte nuclei per 1 mm? of the
area of myocardial tissue.

Statistical analysis

The results of the study were processed using the statisti-
cal software package SPSS 16, Microsoft Excel 2003, STA-
TISTICA for Windows 7.0 (StatSoft Inc. Ne AXXR712D-
833214FANS5). Data were presented as the mean + standard
deviation (SD). Analysis of variance (ANOVA) for normal
distribution or Kruskal-Wallis test for non-normal dis-
tribution was used to compare independent variables in
more than two samples. To analyze the regularities of the
relationship between individual indicators, a correlation
analysis was carried out using the Pearson or Spearman
correlation coefficient. A value of P < 0.05 was considered
statistically significant.

Results

Morphological changes in the myocardium after 14-day ad-
ministration of doxorubicin and the absence of experimental
therapy (45-day follow-up) manifested themselves in pron-
ounced circulatory disorders and significant lytic changes
in some cardiomyocytes and contracture lesions of others.
Morphological equivalents of lytic damage to cardiomyocy-
tes at the light-optical level are the violation of compact pac-
king and rarefaction of myofibrils, pronounced clearing of
the cytoplasm, the formation of foci of “devastation’, mainly
near the nuclei. Necrosis and apoptosis of individual cells
with accumulations of mononuclear cells in these areas was

observed. Circulatory disorders in the form of significant
venous plethora and the development of pronounced inter-
fibre and interstitial edema contributed to myocardial disso-
ciation. Our description of the morphological picture of the
myocardium in experimental animals does not contradict
the results of other researchers working with this model.
Our description of the morphological picture of the myo-
cardium in experimental animals does not contradict the
results of other researchers working with this CHF model
(Khloponin 2009). Analysis of the density of cardiomyocyte
nuclei in the heart revealed a decrease in this parameter (p
< 0.05). A decrease in the density of cardiomyocyte nuclei,
indicating cell death, is due to the cardiotoxic effect of this
doxorubicin and cell death mainly by apoptosis (Muller
et al. 2000). We assume that it is confirmed by studies by
other scientists that a decrease in the density of cardiomyo-
cytes may indicate apoptosis as a result of the toxic effects
of Doxorubicin. As a result of the death of cardiomyocytes,
small foci of cardiosclerosis were formed (Mukhopadhyay
et al. 2009b; Gilleron et al. 2009¢). According to the data
and results of other researchers (Khloponin 2009; Mazur
et al. 2010), mononuclear cardiomyocytes retain the ability
to enter the cell cycle, which ends with karyokinesis, which
leads to a decrease in their number and, accordingly, to an
increase in the pool of binuclear cells. A decrease in the pro-
portion of mononuclear cardiomyocytes may indicate de-
pletion of the regenerative reserves of the myocardium. We
also found a decrease in the concentration of RNA in the
nuclei and cytoplasm of cardiomyocytes, which indicated
an imbalance in the biosynthesis processes in the myocar-
dium. The main role in the morphological rearrangement
of cardiac muscle tissue belongs to the almost complete sup-
pression of intracellular biosynthetic processes as the basis
for intracellular regeneration and renewal of cardiomyo-
cyte ultrastructures. At the same time, in some (few) car-
diomyocytes, the manifestations of inhibition of RNA and
protein synthesis are insignificant, in others, its prolonged
blockade and low level lead to hypoplasia of intracellular
structures, and in others, the synthesis of RNA and protein
is completely suppressed, which is manifested by their pro-
gressive atrophy. In the control group, the most pronounced
phenomena of interstitial edema were recorded. In untre-
ated animals with CHE there was a decrease in the area of
cardiomyocyte nuclei compared with the intact group. A
decrease in the area (atrophic changes) is associated with a
violation of the reproduction of intracellular structures, i.e.
plastic provision of the functions of muscle cells of the heart
as a result of a decrease in protein synthesis under the action
of doxorubicin. These changes against the background of an
increase in the mass of the heart indicated the replacement
of the muscle tissue of the heart with fibrous tissue. Heart
failure, which develops in such cases, can be regarded as re-
generative-plastic failure (Chekman et al. 2013). The main
types of damage to cardiomyocytes in regenerative-plastic
insufficiency include lytic changes with reduction of myofi-
brillar bundles; the main type of cell death is apoptosis. Da-
mage and death of cardiomyocytes are diffuse and in chro-
nic course are accompanied by the development of diffuse
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or small focal cardiosclerosis. The remodeling of the heart
in chronic regenerative plastic insufficiency takes place, as a
rule, according to the dilatation variant, which is the reason
for the development of congestive heart failure (Khloponin
2009; Bozkurt et al. 2021). Modeling of CHF led to a violati-
on of the myocardial histostructure - a decrease in the den-
sity by 21.2% and an area by 23% of the nuclei of myocar-
diocytes, a decrease in RNA concentration in them by 4.5%
with a decrease in the RNA concentration in the cytoplasm
of myocardiocytes by 14.6% compared to intact animals and
a decrease in the nuclear-cytoplasmic index of the myocar-
dium by 81%, indicating myocardial hypertrophy (Table 1).

Table 1. Influence of Hypertril and the reference drug on the
morphofunctional characteristics of cardiomyocytes in experi-
mental CHF.

HF+Me-
) CHF  CHF+Hyper- Chi+tMe
Test item Intact (control) tril, 3,5 mg/k toprolol,
> MERE 5 mg/kg
area of myocardiocyte 12,6£021  9,7+038  13,0£022* 8,4+0,31
nuclei, pm?
density of nuclei per 1 9788208 77114215  9326+296*'  7911+166*
mm? of myocardial area
Nuclear-cytoplasmic ratio 0,640,003  0,12+0,004  0,37+0,003*" 0,11+0,002
RNA concentration in
the nuclei of myocardio- ~ 0,23£0,001 0,210,001  0,25+0,002*' 0,220,001
cytes, EOrl
RNA concentration in the
cytoplasm of myocardio-  0,082+0,001 0,070£0,001 0,103£0,001*"  0,065+0,002 *

cytes, B

* - changes are significant in relation to animals of the control group (p < 0,05); - changes
are significant in relation to the group of animals treated with metoprolol (p < 0,05)

These changes indicated ischemic disturbances in the meta-
bolism of cardiomyocytes, in particular, an imbalance in the
processes of biosynthesis in the myocardium, cell destructi-
on, and increased necrosis / apoptosis. The course adminis-
tration of Hypertril to animals with CHF at a dose of 3.5 mg
/ kg had a significant cardioprotective effect, as evidenced by
an increase in the density of cardiomyocyte nuclei by 21%.
In parallel, in the myocardium of rats with CHF treated
with Hypertril, there was an increase in the area by 34% com-
pared with the control group (p < 0.05). The introduction of
Hypertril also led to an increase in the nuclear-cytoplasmic
index by 2 times (p < 0.05) compared to the same indicators
in the control group, which indicated a decrease in myo-
cardial hypertrophy in rats with CHF receiving Hypertril.
Experimental therapy with Hypertril led to an increase in
the concentration of RNA in the nucleus by 19% and in the
cytoplasm of myocardiocytes by 47% compared to untrea-
ted animals, which indicates the stimulation of transcription
processes and the anti-ischemic and reparative properties of
Hypertril (Chekman et al. 2013; Mazur et al. 2019).

Discussions

Such kind of positive effect of Hypertril on myocardium
morpho-functional parameters in CHF rats is logically ex-
plained by our previous studies. This is due to its antioxi-
dant and NO-mimetic effects. The mechanism of the anti-
oxidant action of Hypertril is most likely associated with

the inhibition of ROS formation by the transmitter systems
- adrenaline and nitroxydergic. Taking into account the re-
sults obtained, it can be assumed that Hypertril not only
inhibits the formation of superoxide radical in the reaction
pair-adrenaline-adrenochrome, but also reduces the for-
mation of cytotoxic forms of NO, normalizing the eNOS /
iNOS ratio (Mazur et al. 2010,2019; Chekman et al. 2013)
and, interacting with NO (spin trap) with the formation
of a more stable radical complex. Numerous studies have
shown that CHF is accompanied by significant violations
of the nitroxydergic system of the myocardium. The dy-
namics of the final NO metabolites in CHF shows that a
decrease in the level of nitrites in the blood and urine is ty-
pical for endothelial dysfunction in cardiovascular patho-
logy, indicating a depression of NO generalization, which is
associated with inhibition of the endothelial NO- synthase
gene, a lack of cofactors for NO synthesisa decrease in the
amount of L-arginine and the main cofactor NOS-tetra-
hydropterin, oxidation of very low density lipoproteins, an
increase in the local concentration of peroxynitrite in the
vascular wall, decrease in antioxidant protection, increase
in endogenous NO inhibitors (Muller et al. 2000). Since
NO is an important mediator of vasodilation, its deficiency
plays a key role in the development of arterial hypertensi-
on, impaired arterial tone, decreased coronary reserve, left
ventricular hypertrophy and the formation of left ventri-
cular diastolic dysfunction. In patients with CHE changes
in the endogenous nitric oxide system were revealed. Car-
diomyocytes express two types of nitric oxide synthases
(NOS): eNOS u iNOS. ENOS activity is regulated by the
contractile state of the myocardium, while iNOS is indu-
ced by cytokines. In CHE, under the influence of ROS, the
expression of eNOS decreases and the concentration of the
necessary cofactors of NO-synthase decreases, and NO de-
ficiency is observed (Cosentino et al. 2002; Belenichev at al.
2021b). The results of several studies have shown that IL-1b,
TNF-a, INF stimulate NO synthesis in cardiomyocytes by
inducing iNOS. However, upon suppression of eNOS ex-
pression and activation of oxidative stress, NO degradation
in the myocardium and in the vessel wall increases due to
its conversion into peroxynitrite under the action of ROS,
as evidenced by an increase in nitrotyrosine (Trujillo et al.
2000a; Octavia et al. 2012). Cytotoxic forms of NO have a
direct toxic effect on the myocardium, activates the pro-
cesses of interstitial growth and fibrosis, which enhances
the negative inotropic effect of NO on the myocardium and
causes geometric remodeling of the heart. In the case of a
further increase in iNOS expression, cytokine-dependent
NO production is enhanced, leading to a decrease in con-
tractility. The switching of the phenotype of fibroblasts to
myofibroblasts is due to transforming growth factor beta-1
(TGF-bl), whose expression is regulated by ROS and NO,
in particular by peroxynitrite, and is associated with the
onset of their expression of smooth muscle alpha-actinin
(a-SMA) and desmin (Liu et al. 2006; Mukhopadhyay et
al. 2009b; Gilleron et al. 2009¢; Octavia et al. 2012). Data
on the connection between the expression of TGF-b1 and
the activity of iNOS and NADPH oxidase were obtained.
(Muller et al. 2000; Mihm et al. 2002a Gilleron et al. 2009¢).
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Figure 1. Hypothetical mechanism of the compound “Hypertril” positive effect on the morpho-functional parameters of rat cardio-

myocytes in experimental doxorubicin-induced CHE.

Increase in the number of myofibroblasts in various fibro-
tic and sclerotic processes in the heart (Mihm et al. 2002a;
Youn et al. 2005; Bien et al. 2007; Tassigny et al. 2008). ROS
and NO in CHF are involved in the mechanisms of initi-
ation of apoptosis, both through the caspase mechanism
and through damage to mitochondrial membranes (Youn
et al. 2005; Liu et al. 2006; Bien et al. 2007; Tassigny et al.
2008; Khloponin 2009; Octavia et al. 2012; Belenichev at al.
2021b). In the clinic and in experimental models of CHF,
an increase in iNOS activity and an increase in the level of
nitrites and nitrotyrosine are observed with decompensa-
ted CHF (Cosentino et al. 2002; Khloponin 2009; Mukho-
padhyay et al. 2009b; Gilleron et al. 2009¢; Belenichev at al.
2021b).Therefore, the use of drugs that have a stimulating
effect on NO synthesis in patients with CHF is sufficient-
ly justified. Some studies in recent years have shown that,
on the one hand, B-blockers have a beneficial effect on the
incidence of serious complications (including general and
cardiovascular mortality) in patients with CHE on the
other hand, there is convincing evidence of the positive ef-
fect of certain B-blockers on the synthesis NO in patients
with cardiovascular disease (Cosentino et al. 2002; Khlop-
onin 2009; Konyakhin 2009a; Mazur et al. 2010; Chekman
et al. 2013; Kolesnik et al. 2014; Ryzhov et al. 2017; Mazur
et al. 2019). Hypertril, being a B1-blocker, has a pronoun-
ced negative chronotropic effect and normalizes heart rate,
the amplitude of the ventricular R-wave and the amplitude
of the T-wave of repolarization in rats with CHE Also, Hy-
pertril reduces the amplitude of the ST segment in rats with
CHE The normalization (bringing to the value of intact
animals) the duration of the depolarization phase (QRS
complex) and ventricular repolarization (T wave) as well
as electrical diastole (TP interval) should be considered
as significant effect of Hypertril from the point of view of
CHEF therapy (Belenichev at al. 2021a). This indicates that

Hypertril application prevents the formation of diastolic
dysfunction. Hypertril reduces disturbances in the myocar-
dial L-arginine-NO-NOS system during myocardial ische-
mia and arterial hypertension. This preparation shows the
unique NO-mimetic properties, increases the expression of
mRNAeNOS and eNOS in the myocardium and vascular
endothelium, thereby compensate NO deficiency, which
explains the mechanism of its cardioprotective properties.
Hypertril enhances the protective effects of NO, increasing
cardiomyocyte resistance to adverse effects by reducing its
conversion to peroxynitrite (Chekman et al. 2013; Mazur
et al. 2019). Hypertril also inhibits doxorubicin-induced
oxidative damage of cardiomyocyte mitochondria (Mazur
et al. 2010; Chekman et al. 2013; Mazur et al. 2019). Thus,
Hypertril is able to inhibit the apoptosis of cardiomyocytes.
Course administration of metoprolol led to less pron-
ounced cardioprotective and anti-ischemic effect compared
to Hypertril. Such indicators as the area of the nuclei of car-
diomyocytes and the nuclear-cytoplasmic ratio in the myo-
cardium of rats with CHF receiving metoprolol were lower
than in the group of untreated animals. In terms of such in-
dicators as the density of surviving cardiomyocytes and the
content of RNA in them, the nuclear-cytoplasmic ratio of
Hypertril is significantly (p < 0.05) superior to metoprolol.

Conclusion

The administration of Hypertril to animals with CHF led
to an increase in the density of nuclei of cardiomyocytes,
the area of cardiomyocyte nuclei, an increase in the nu-
clear-cytoplasmic index and an increase in the concentra-
tion of RNA in the nuclei and cytoplasm of cardiomyocy-
tes compared with the group of untreated animals, which
indicated the presence of a pronounced cardioprotective
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effect in the potential drug. In terms of efficiency, Hy-
pertril reliably surpasses metoprol succinate.
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