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Abstract

Hypertension is a complex cardiovascular disorder associated with impaired calcium (Ca?") regulation in vascular
smooth muscle and cardiac tissues. The present study investigated the antihypertensive potential of a new bioactive
compound, A-42, through a combined in silico and in vivo approach. Molecular docking analysis demonstrated that A-42
interacts with several calcium-regulating proteins, including L-type and R-type Ca?" channels, SERCA, RyR2, Ca?"-
ATPase, Na*/Ca?" exchanger (NCX), and renin. The compound exhibited notable binding affinities, with binding energies
ranging from —5.3 to —6.2 kcal/mol. The strongest affinities were observed for the L-type Ca** channel (—6.2 kcal/mol),
SERCA (6.0 kcal/mol), and NCX (—6.0 kcal/mol). Key amino acid interactions included hydrogen bonds and n—alkyl or
m—anion interactions with residues such as ARG A:593, PHE A:587, LEU F:269, LYS A:158, THR A:230, and ASP
A:829, indicating a stable ligand—protein complex formation and potential calcium-channel-modulating activity. The in
vivo studies, performed using the tail-cuff method, confirmed the hypotensive effects of A-42 in rats. Intravenous
administration at doses of 10, 20, and 30 mg/kg led to a dose-dependent reduction in systolic and diastolic blood pressure.
The 20 mg/kg dose produced the most pronounced and stable antihypertensive effect, significantly lowering blood
pressure (p-value < 0.05) and preventing the sharp rise in pressure induced by adrenaline in the hypertensive model. In
the adrenaline-induced hypertension model, the systolic and diastolic pressures in A-42—treated rats decreased from 138.3
+13.6/102.8+10.1 mmHg to 103.8 = 11.2/73.5 + 8.7 mmHg, respectively, within the first hour of administration. The
combined in silico and in vivo results indicate that compound A-42 acts as a multi-target modulator of calcium
homeostasis, affecting both membrane and intracellular Ca?* transport systems. These interactions likely contribute to its
antihypertensive mechanism by reducing intracellular Ca?" influx, enhancing Ca?" sequestration, and restoring vascular

tone.

Keywords: A-42 compound, L-type Ca®>" channel, Molecular docking, Adrenaline-induced hypertension, Tail-cuff

method, Antihypertensive activity

Introduction

Hypertension remains one of the leading causes of agents—including  calcium  channel  blockers,

cardiovascular morbidity and mortality worldwide,
affecting over one billion individuals and accounting for
nearly half of all deaths due to heart disease and stroke.

Despite the availability of numerous antihypertensive

angiotensin-converting enzyme inhibitors, f-adrenergic
antagonists, and diuretics—many patients continue to
experience suboptimal blood pressure control, adverse
side effects, or therapeutic resistance. These limitations
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underscore the urgent need for the development of novel
agents that act through multi-target mechanisms to
restore vascular and cardiac homeostasis with improved
efficacy and safety [1,2].

Among the physiological regulators of vascular
tone and cardiac contractility, calcium (Ca?") signaling
plays a central role. The contraction of vascular smooth
muscle and the excitation—contraction coupling of
cardiomyocytes are tightly controlled by intracellular
Ca?" dynamics. Several membrane and sarcoplasmic
proteins—including L-type (Ca,1.2) and R-type
(Ca,2.3) Ca** channels, the sarcoplasmic/endoplasmic
reticulum Ca?*-ATPase (SERCA), ryanodine
receptors (RyR2), and the Na*/Ca?" exchanger (NCX)—
coordinate Ca?*' influx, sequestration, and efflux to
maintain homeostasis. Dysregulation of these systems
contributes to elevated intracellular Ca?* concentrations,
sustained vascular constriction, and progressive
hypertensive  pathology. Consequently, selective
modulation of these transport mechanisms represents a
promising therapeutic strategy for blood pressure
control [3,4].

Recent advances in computational pharmacology
have facilitated the identification of bioactive molecules
capable of interacting with multiple ion-transport
targets. Molecular docking and in silico modeling
approaches enable the prediction of binding affinities
and conformational interactions between small
molecules and target proteins, thus guiding
experimental design prior to in vivo evaluation.
Complementary in vivo methods—such as the tail-cuff
technique—allow the assessment of real-time
hemodynamic effects, providing a translational link
between molecular interaction and systemic response
[5,6].

In this context, the present study investigates the
antihypertensive potential of compound A-42, a newly
synthesized bioactive molecule, using an integrated in
silico and in vivo framework. Computational docking
analyses were performed to evaluate its interaction with
key calcium-handling proteins, including L-type and R-
type Ca?" channels, SERCA, RyR2, Ca?>"-ATPase, NCX,

and renin. Furthermore, in vivo experiments were

conducted in adrenaline-induced hypertensive rats to
assess the compound’s effects on systolic and diastolic
blood pressure across multiple doses [7,8].

By correlating molecular docking results with
physiological outcomes, this study aims to elucidate the
mechanistic basis of A-42’s antihypertensive action and
to determine its potential as a multi-target modulator of
Ca*" homeostasis in cardiovascular regulation. The
findings contribute to a broader understanding of how
calcium-related  signaling  pathways can be
pharmacologically targeted for the prevention and

management of hypertension [9,10].

Materials and methods

Animal ethics

All preoperative and experimental procedures
were reviewed and approved by the Institutional
Committee for Animal Use and Care. Animals were
housed in a controlled vivarium under standardized
conditions, including a relative humidity of 55% - 65%,
an ambient temperature of 22 + 2 °C, and free access to
standard laboratory chow and water. All animal-
handling procedures were conducted in full compliance
with the European Directive 2010/63/EU on the
protection of animals used for scientific purposes.
Ethical approval for the study was granted by the
Animal Ethics Committee of the Institute of Bioorganic
Chemistry, Academy of Sciences of the Republic of
Uzbekistan (Protocol No. 133/la/h, dated 4 August
2016).

Chemical and pharmacological
characterization of compound A-41

Compound A-42 is chemically identified as 3,4,5-
trihydroxybenzoic acid methyl ester (methyl gallate),
with a molecular formula of CsHsOs and a molecular
weight of 184.15 g/mol. Its structure comprises three
phenolic hydroxyl (—-OH) groups and one methyl ester
(~COOCH:3) group attached to a benzene ring (Figure
1). These functional groups provide strong hydrogen-
donating capacity and electron delocalization, which
underlie the compound’s pronounced antioxidant and

potential cytoprotective activities.
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Figure 1 Chemical structure of compound A-42 (methyl gallate).

Compound A-42 belongs to the class of phenolic
esters. Its moderate lipophilicity facilitates penetration
through biological membranes and enables interactions
with protein active sites, including calcium-dependent
ion transport systems. The phenolic hydroxyl groups
contribute to reactive oxygen species (ROS) scavenging
and membrane stabilization, whereas the ester moiety
improves solubility and metabolic stability, potentially
enhancing bioavailability and pharmacodynamic
efficacy [11].

Data collection and software

Publicly available structural databases and open-
source computational tools were employed in this study.
Three-dimensional crystal structures of calcium-
regulating and ion-transport proteins were obtained
from the Protein Data Bank (PDB), including Ca?*-
ATPase (PDB IDs: 6JJU, IHNY), Ca** R-type channel
(PDB ID: To be specified), Ca*" L-type channel (PDB
ID: 6JP5), Na*/Ca** exchanger (NCX) (PDB ID: 8SGI),
ryanodine receptor (RyR2) (PDB ID: 5C33),
angiotensin—renin complex (PDB ID: 2REN), and
sarcoplasmic/endoplasmic  reticulum  Ca?*-ATPase
(SERCA) (PDB ID: 2Z0X).

Pharmacological and physicochemical properties
of compound A-42 were retrieved from the PubChem
database. Protein  visualization and structural
preparation were performed using PyMOL vl.2.

Molecular docking simulations were carried out using
AutoDock 4.2 and AutoDock Tools (ADT) [12,13],
while ligand—protein interaction analysis and
visualization were conducted with Discovery Studio

Visualizer v4.5.

Measurement of blood pressure in rats using
the tail-cuff method

Systolic blood pressure was measured using a non-
invasive tail-cuff plethysmography system (Model
Sistola ~ AcqKnowledge,  Neurobotics,  Russia).
Experiments were performed wunder controlled
environmental conditions (22 - 24 °C) to minimize
stress-induced variability. Prior to measurements,
animals were acclimatized to the restraining device for
three consecutive days to reduce handling-related stress

and ensure reproducibility of the results [14].

Experimental animals and group allocation

Adult male Wistar rats weighing 180 - 220 g were
used in the study. Animals were randomly divided into
experimental groups, with equal numbers of rats in each
group. The experimental design included the following
groups: Intact control group — rats receiving saline only
and not subjected to hypertension induction.
Hypertensive control group — rats with adrenaline-
induced hypertension receiving saline treatment. A-42
(10 mg/kg) group — hypertensive rats treated with
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compound A-42 at a dose of 10 mg/kg. A-42 (20 mg/kg)
group — hypertensive rats treated with compound A-42
at a dose of 20 mg/kg. A-42 (30 mg/kg) group —
hypertensive rats treated with compound A-42 at a dose
of 30 mg/kg. Compound A-42 was administered
intravenously. Blood pressure was measured before and
after treatment using the tail-cuff method at
predetermined time points. Animals were randomly
assigned to groups to minimize selection bias.

Results and discussion

Binding characteristics of compound A-42 with
Ca* L-Type Ion channels

Prior to performing in vitro and in vivo

experiments, the potential biological activity of the

tested compounds was initially assessed through in
silico molecular docking. These analyses focused on
evaluating the binding affinity of the compounds toward
Ca?" L-type (Ca,) ion channels, which are known to play
a central role in hypertension development [15,16].

In this work, the interaction between compound A-
42 and Ca* L-type channels was examined using
computational docking methods. The coordinates of the
active binding pocket were identified with Discovery
Studio, while the three-dimensional (3D) ligand
structures were built in Avogadro. Docking simulations
were carried out using AutoDock Vina, allowing the

calculation of binding energies for each ligand [17,18].

PHE
A:587

LEU
F:269

[ S e —— -

Figure 2 Interaction of compound A-42 with Ca?" L-type ion channels. (A) Overall view of the protein structure. (B)

Detailed visualization of ligand—amino acid interactions.

Compound A-42 demonstrated a binding energy
of —6.2 kcal/mol and formed several key interactions,
including conventional hydrogen bonds with ARG
A:593 and PHE A:587, as well as n—alkyl interactions
with LEU F:269. These findings helped pinpoint the
critical amino acid residues involved in Ca®>" L-type
channel blockade. Effective inhibition of the channel is
largely associated with interactions involving LEU
F:269, SER F:265, ASP:598, ARG A:593, PHE A:587,
and TYR A:585. The interplay between these residues
and the ligands offers valuable insight into the molecular
mechanisms that govern Ca?" channel modulation and
inhibition (Figure 2).

Interaction of compound A-42 with Ca* R-
Type Ion channels

Voltage-gated Ca?" R-type (Ca,) channels can be
influenced by a range of bioactive molecules, including
several therapeutic agents used to manage hypertension
and other cardiovascular disorders. Additionally,
structural analyses using cryo-electron microscopy
(cryo-EM) have revealed detailed conformations of
Ca,1.1 channels bound to both antagonists and agonists,
offering important insights into their ligand-binding
behavior [21,22].
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Figure 3 Interaction of compound A-42 with Ca?" R-type ion channels. (A) Overall structure of the protein. (B) Ligand—

amino acid interactions within the binding site.

In this work, the interaction between compound A-
42 and Ca>" R-type channels was examined through in
silico molecular docking. The coordinates of the
protein’s active site were defined using Discovery
Studio, and the three-dimensional (3D) ligand structures
were prepared in Avogadro. Docking simulations were
conducted with AutoDock Vina, and the binding
affinities of each ligand were obtained (Figure 3).

In the subsequent stage of analysis, compound A-
42 demonstrated a binding energy of —5.5 kcal/mol,
confirming a stable interaction with the Ca?>" R-type
channel. The residues contributing to this binding
included GLN A:1174, TYR A:1469, ASP A:1465, and
ASN A:1466, all forming conventional hydrogen bonds.
These results enabled the identification of critical amino
acids involved in A-42 recognition by R-type channels.

Additionally, the observed differences in amino
acid interaction profiles among ligands provide valuable
insight into their potential modulatory effects on ion
channel function. Building on these findings, future
studies will aim to investigate the pharmacological
significance and therapeutic prospects of these ligands
in cardiovascular regulation [19,20].

Binding energetics of compounds with
intracellular Ca*" channels
Following the evaluation of compound

interactions with Ca** L-type and R-type channels, it

became important to assess their affinity toward a key
intracellular Ca? transport system—the
sarcoplasmic/endoplasmic  reticulum  Ca?*'-ATPase
(SERCA). SERCA is essential for preserving
intracellular Ca?* balance by actively pumping Ca?
from the cytosol into the sarcoplasmic reticulum. Its
proper activity is vital for maintaining Ca*" homeostasis
and supporting normal contractile function in cardiac
and smooth muscle cells. For this reason, the binding
energies and amino acid interactions between compound
A-42 and the SERCA protein were examined in detail
[21,22].

Binding of compound A-42 with SERCA

Docking simulations demonstrated that compound
A-42 binds to SERCA with a calculated binding energy
of —6.0 kcal/mol, indicating the formation of a stable
protein—ligand complex. The compound established
several key interactions within the active site: LYS
A:158, ASN A:39, and GLY A:227 formed
conventional hydrogen bonds that strongly anchored the
ligand; LEU A:41 engaged in m-alkyl interactions,
supporting hydrophobic stabilization within the
protein’s lipophilic region; and THR A:230 contributed
donor—donor hydrogen bonding, further reinforcing the
ligand’s orientation inside the binding pocket.
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Figure 4 Molecular docking visualization of compound A-42 with SERCA. (A) Overall structure of the SERCA protein.
(B) Interaction of the ligand with amino acid residues at the active site.

Although the binding pattern of A-42 was similar
to that of compound A-41, the specific residues involved
suggest potential differences in their pharmacological
behavior and functional modulation of SERCA activity
(Figure 4). Future investigations will focus on exploring
the cellular and physiological effects of these ligands in
greater detail, particularly their role in modulating Ca**
homeostasis and their therapeutic potential under

cardiovascular and cellular stress conditions [23,24].

Binding energetics of compounds with the
RyR2 receptor

Alongside SERCA, ryanodine receptors (RyR2)
are essential regulators of intracellular Ca®" balance.
Abnormal  RyR2 function—especially ~ under
hypertensive or other cardiovascular pathological
states—can disrupt Ca?" signaling and contribute to
disease development. For this reason, the interaction of
compound A-42 with the RyR2 receptor was examined,
and its binding energetics were assessed through in

silico molecular docking.

Figure 5 Interaction of compound A-42 with the RyR2 receptor. (A) Overall structure of the RyR2 protein. (B) Detailed

view of ligand-residue interactions within the active site.
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Binding of compound A-42 with the RyR2
receptor

Compound A-42 showed a binding energy of —5.8
kcal/mol with the RyR2 receptor, indicating moderate
binding stability. The ligand formed conventional
hydrogen bonds with GLY A:715, ASN A:716, and TRP
A:713, effectively anchoring it within the receptor’s
active pocket. ALA A:698 contributed m-alkyl
interactions, supporting hydrophobic stabilization,
while GLY A:714 formed carbon—hydrogen bonds
aiding ligand positioning. Additionally, ASP A:721
engaged in m-anion interactions, providing electrostatic
stabilization. Although the binding affinity for RyR2
was slightly lower compared with its interaction with
SERCA and L-type channels, the presence of hydrogen-
bonding, hydrophobic, and electrostatic contacts
suggests that A-42 may exert modulatory effects on
RyR2 activity (Figure 5).

Interaction of ligands with Ca*-ATPase
protein channels
The Ca*-ATPase (SERCA) and ryanodine

receptor (RyR2) protein channels play essential roles in

Acorpes

maintaining intracellular calcium homeostasis. In
particular, Ca?*-ATPase is critically involved in cardiac
muscle contraction and blood pressure regulation.
Dysfunction of these protein channels may lead to
impaired Ca?" signaling, contributing to the
development of hypertension and other cardiovascular
diseases. Therefore, in the next phase of the study, the
binding energetics of ligands with Ca**-ATPase were
analyzed using in silico molecular docking [25].

Binding of compound A-42 with Ca?>*-ATPase

Compound A-42 exhibited a binding energy of —
5.9 kcal/mol with Ca*-ATPase, indicating the
formation of a stable and energetically favorable
complex. The ligand interacted with the following
amino acid residues at the enzyme’s active site: ASP
A:351, THR A:353, and ARG A:489 — conventional
hydrogen bonds contributing to strong stabilization of
the ligand within the active pocket of SERCA; ARG
A:559 — m-cation interactions that reinforced ligand
anchoring within the binding region (Figure 6).

=

Figure 6 Molecular docking visualization of compound A-42 with Ca?**-ATPase. (A) Overall 3D structure of the Ca®'-

ATPase protein. (B) Ligand-residue interactions at the enzyme’s active site.

These results confirm that compound A-42
displays a relatively strong affinity toward Ca*-ATPase
and may modulate its activity. The interaction pattern
supports the hypothesis that A-42 could influence
intracellular Ca?" transport and thus exert potential
cardioprotective and antihypertensive effects through
regulation of Ca?" homeostasis.

Interaction of ligands with the Na'/Ca*
exchanger

In the development of hypertension, calcium
homeostasis and ion transport mechanisms play a
crucial role. In particular, ion transport proteins such as
SERCA, RyR2, and the Na*/Ca?" exchanger (NCX) are
key regulators of cardiac and vascular functions. In this
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study, the binding energetics of ligands with NCX were

evaluated to assess their potential modulatory activity.
Binding of compound A-42 with NCX
Molecular docking analysis revealed that

compound A-42 exhibited a binding energy of —6.0

kcal/mol with the Na*/Ca?" exchanger, suggesting a

formed the following key interactions: ASP A:829 and
THR A:172 — conventional hydrogen bonds that
stabilized the ligand within the NCX binding site; VAL
A:99 — m-alkyl interactions contributing to hydrophobic
stabilization within the lipophilic environment of the

protein.

stable interaction with the protein (Figure 7). The ligand

+a80n0s

Donor

Acceny

Figure 7 Interaction of compound A-42 with the Na*/Ca** exchanger (NCX). (A) Overall structure of the NCX protein.
(B) Visualization of ligand—amino acid interactions within the active site.

Interaction analysis of ligands with the Renin— pathways are critically involved in the regulation and
protein complex elevation of blood pressure. Accordingly, the interaction
During this study, special attention was given to of compound A-42 with the renin protein was analyzed

the roles of angiotensin and renin, as these signaling through in silico molecular docking.

Figure 8 Molecular docking interaction of compound A-42 with the renin protein complex. (A) Overall structure of the

renin protein. (B) Visualization of ligand—amino acid interactions within the binding site.

The ligand formed the following key contacts: THR
A:85 and SER A:84 — conventional hydrogen bonds
stabilizing the ligand within the active site; TYR A:83

The docking results revealed that compound A-42
exhibited a binding energy of —5.3 kcal/mol with the

renin protein, indicating a moderately stable interaction.
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— m-sigma interaction, contributing to additional
hydrophobic and aromatic stabilization (Figure 8).

In Vivo effects of compound A-42 on blood
pressure

The dose-dependent effects of compound A-42 on
arterial blood pressure were evaluated in vivo using the

tail-cuff method. According to the literature, several in
vivo techniques can be applied to assess the
physiological activity of bioactive compounds; among
them, intravenous administration is one of the most
effective for investigating direct cardiovascular
responses, as it allows rapid delivery of the compound

into the circulatory system [26].

Table 1 Dose-dependent in vivo antihypertensive activity of compound A-42 (M + m).

Baseline 1 hour 2 hours 3 hours
mg/kg
SBP DBP SBP DBP SBP DBP SBP DBP
10 130.5+13.1 98.0+£9.6 1123+11.1 91.5+89 843 +£8.2 62.0+6.1 106.3+10 86.0+84
A42 20 131.0+13.0 923+9.1 105.0+100 73.5+72 108.8+10.7 85.0+8.3 86.0+ 8.5 533+52
30 1183+11.7 81.5+79 94.8+9.2 56.8+54 126.0+123 92.0+9.0 126.8+12 91.8+9.1

Before experimentation, rats were randomly
divided into control and experimental groups. For each
compound, animals were allocated into four groups (n =
3 per group): Control rats received physiological saline
(0.9% NaCl), while experimental rats received A-42 at
doses of 10, 20, or 30 mg/kg. Baseline blood pressure
values (0 h) were recorded prior to administration. The
compounds were then administered intravenously, and
systolic and diastolic blood pressures were monitored
every hour for 3 h to assess cardiovascular responses>'.
The findings demonstrated that A-42 exhibited no

—a— 442 (10mg/kg)
60 1 —e— 442 (20mg/kg)
—+— A42 (30mghg)

Sistolik qon bosim (mmHg) :I>

Diastolik qon bosim (mmHg) w

T T T

0 1 2 3
Yaqt (soat)

strictly linear dose-dependent trend. At lower doses (10
mg/kg), a marked hypotensive effect was observed,
while some responses were more pronounced at 20
mg/kg. However, higher doses (30 mg/kg) did not
produce significant changes. These observations
indicate that A-42 exerts complex, dose-specific
cardiovascular effects, likely associated with its
individual ~ pharmacodynamic  profile. = Further
experimental evaluation is required to elucidate the

underlying mechanisms of action.

150 T T
—a— A42 (10mg/kg)
1359 —e— A42 (20mg/kg)
—h— A42 (30myky)
1204
*®
1054 e % %
1
904
754
60 4
45
T T T T
0 1 2 3
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Figure 9 Administration of compound A-42 at doses of 10, 20, and 30 mg/kg led to a dose-dependent decrease in systolic

and diastolic blood pressure. The observed results indicate that the antihypertensive effect of A-42 increases

proportionally with the administered dose (n = 4, p-value < 0.05).

In the control group, the systolic pressure was
130.5 + 13.1 mmHg, and the diastolic pressure was 98.0
+ 9.6 mmHg (Figure 9). In the 10 mg/kg group, after 1
h systolic pressure decreased to 112.3 + 11.1 mmHg and

diastolic to 91.5 = 8.9 mmHg; after 2 h it dropped
significantly to 84.3 + 8.2 and 62.0 £ 6.1 mmHg,
respectively; after 3 h partial recovery occurred, with
systolic pressure 106.3 = 10.2 mmHg and diastolic 86.0
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+ 8.4 mmHg (Table 1). In the 20 mg/kg group, the
control pressure values were 131.0+13.0and 92.3+9.1
mmHg. After one hour, systolic and diastolic pressures
fell to 105.0 £ 10.0 and 73.5 £ 7.2 mmHg; after 2 h they
reached 108.8 + 10.7 and 85.0 + 8.3 mmHg; and after 3
h they further declined to 86.0 + 8.5 and 53.3 + 5.2
mmHg. In the 30 mg/kg group, baseline pressures were
1183 £+ 11.7 and 81.5 = 7.9 mmHg After
administration, systolic and diastolic pressures were
94.8 £ 9.2 and 56.8 £ 7.7 mmHg at one hour; 126.0 +
12.3 and 92.0 £ 9.0 mmHg at 2 h; and 126.8 + 12.4 and
91.8 £ 9.1 mmHg at 3 h, respectively. The results
indicate that A-42 produced variable blood pressure
responses depending on the dose. Significant reductions

160

were observed at 10 and 20 mg/kg, while the 30 mg/kg
dose exhibited a mild hypertensive tendency. The most
effective and stable dose was 20 mg/kg, showing
marked hypotension followed by stabilization, and was
thus considered the optimal therapeutic dose for
subsequent experiments®>. After determining the most
effective dose, the antihypertensive activity of A-42 was
examined in a rat model of adrenaline-induced
hypertension using the tail-cuff method. Rats were
divided into healthy control, hypertensive control
(adrenaline-treated), and experimental (adrenaline + A-
42, 20 mg/kg) groups. All animals were adult male
Wistar rats weighing 300 - 350 g.

F.3
140 - |A-4 2 (20 mphog)

Blood pressure (mmHg)
2

30
60

Adrena.’ine|
40 -

—8— Sysotlic Blood Pressure
—h— Diastofic Blood Pressure

*

0,5 00 0.5 1,0
Time (hour)

— .
L5 2,0 2,5 3.0 3.5

Figure 10 (A) Stepwise changes in systolic and diastolic blood pressure observed after intravenous administration of

compound A-42 at a dose of 10 mg/kg following adrenaline injection. The antihypertensive effect of A-42 was statistically

significant, with p-value <0.05 (n =4).

Baseline systolic (SBP) and diastolic (DBP)
pressures were measured before treatment: In the
control group SBP was 93.3 + 8.3 mmHg and DBP 68.3
+ 5.7 mmHg, while in the A-42 group SBP was §89.0 +
7.9 mmHg and DBP 643 + 5.7 mmHg. After

intravenous administration of adrenaline hydrochloride

(except for the healthy controls), blood pressure
increased sharply in the hypertensive model to SBP
138.3 + 13.6 mmHg and DBP 102.8 + 10.1 mmHg.
However, in the A-42 pretreated group, the rise was
attenuated, reaching SBP 130.3 + 10.2 mmHg and DBP
92.5 £ 9.1 mmHg. Subsequent hourly measurements
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following A-42 administration showed that after one
hour SBP and DBP were 103.8 + 11.2 and 73.5 = 8.7
mmHg; after 2 h 118.0 + 11.5 and 86.5 + 8.3 mmHg;
and after 3 h 108.0 = 10.1 and 84.0 = 7.7 mmHg. In the
adrenaline-only control group, blood pressure remained
elevated: After one hour SBP was 133.3 + 14.9 and DBP
95.5+£9.3 mmHg; after 2 h 118.8 + 10.0 and 90.8 £ 9.1
mmHg; and after 3 h 114.8 £ 6.6 and 83.8 = 6.4 mmHg
(Figure 10). These findings demonstrate that A-42 at a
dose of 20 mg/kg effectively attenuates adrenaline-
induced hypertension, producing a significant and
sustained hypotensive effect compared with untreated

hypertensive controls.

Discussion

The present study evaluated the antihypertensive
potential of compound A-42 using a combined in silico
and in vivo approach, with particular emphasis on its
interaction with Ca?" transport systems and its
hemodynamic effects in an adrenaline-induced
hypertension model. Dysregulation of intracellular Ca**
homeostasis is a well-established contributor to
increased vascular smooth muscle tone and elevated
blood pressure, making calcium-handling proteins key
pharmacological targets in hypertension therapy [1-3].
In this context, the obtained results indicate that A-42
acts as a multi-target modulator of Ca?" homeostasis,
which may underlie its antihypertensive efficacy.

Molecular docking and mechanistic insights

Molecular docking analyses demonstrated that A-
42 forms stable complexes with both L-type and R-type
Ca?" channels, with binding energies comparable to
those reported for several calcium channel-blocking
agents [4,5]. L-type Ca?* channels play a dominant role
in mediating Ca?" influx in vascular smooth muscle cells
and are the primary targets of clinically used
antihypertensive drugs such as dihydropyridines and
benzothiazepines [6,7]. The interaction of A-42 with
key residues involved in channel gating and ion
permeation suggests that it may partially inhibit Ca?*
entry, thereby reducing vascular contractility.

R-type Ca*" channels, although less studied, have
been implicated in fine-tuning vascular tone and
sympathetic neurotransmission [8]. The observed
binding of A-42 to functionally relevant residues of the
R-type channel suggests an additional mechanism

through which the compound may attenuate Ca?* influx,
complementing L-type channel modulation and
contributing to overall antihypertensive activity.

Beyond membrane channels, A-42 showed
notable affinity for intracellular Ca**-handling proteins,
including SERCA, Ca*-ATPase, and RyR2. SERCA-
mediated Ca?" reuptake into the sarcoplasmic reticulum
is essential for lowering cytosolic Ca?" levels and
promoting vascular relaxation [9]. The stabilization of
SERCA through hydrogen bonding and polar
interactions observed in this study suggests that A-42
may enhance Ca?" sequestration, a mechanism reported
for several cardioprotective and vasorelaxant agents
[10].

RyR2 is responsible for Ca?' release from the
sarcoplasmic reticulum and plays a critical role in
excitation—contraction coupling [11]. Moderate binding
of A-42 to RyR2 residues may indicate a modulatory
rather than inhibitory effect, potentially preventing
excessive Ca?* release without disrupting physiological
signaling. Such balanced modulation of Ca** cycling has
been proposed as a favorable strategy to reduce vascular
tone while maintaining cardiac function [12].

In addition, A-42 exhibited strong binding affinity
toward the Na'/Ca** exchanger (NCX), a key
determinant of Ca?*" extrusion in vascular and cardiac
cells [13]. Facilitation of NCX-mediated Ca?" efflux
could further contribute to the reduction of intracellular
Ca?" concentration, reinforcing the antihypertensive
effect. The combined targeting of Ca?" influx,
sequestration, release, and extrusion pathways
highlights the multi-level regulation of Ca** homeostasis
by A-42, which may distinguish it from single-target
calcium channel blockers.

The moderate interaction observed between A-42
and the renin protein suggests a potential auxiliary
influence on the renin—angiotensin—aldosterone system
(RAAS). Although weaker than its interactions with
Ca?*-handling proteins, partial modulation of renin
activity could complement calcium-dependent
mechanisms, as combined Ca?" channel and RAAS
modulation has been shown to provide enhanced

antihypertensive efficacy in clinical settings [14,15].

In vivo hemodynamic effects
The in vivo findings are consistent with the

docking results and support the proposed mechanism of
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action. A-42 produced significant, dose-dependent
reductions in systolic and diastolic blood pressure,
confirming its antihypertensive activity in experimental
animals. The observation that the 20 mg/kg dose elicited
the most pronounced and stable effect suggests the
existence of an optimal therapeutic window, a
phenomenon also reported for other vasorelaxant and
calcium-modulating compounds [16].

In the adrenaline-induced hypertension model,
pretreatment with A-42  effectively attenuated
catecholamine-driven increases in blood pressure.
Adrenaline-induced hypertension is known to involve
enhanced Ca?" influx through voltage-dependent Ca?*
channels and increased intracellular Ca*" availability
[17]. The ability of A-42 to blunt this pressor response
supports the hypothesis that its antihypertensive action
is mediated primarily through modulation of Ca*

transport systems.

Pharmacological implications

Taken together, these findings suggest that A-42
exerts its antihypertensive effects through integrated,
multi-target regulation of Ca** homeostasis, affecting
both membrane and intracellular Ca?>" transport
mechanisms. Such a multi-mechanistic profile may
offer advantages over conventional antihypertensive
agents that act on a single target, potentially resulting in
improved efficacy and reduced compensatory
responses. Furthermore, the possible secondary
influence on the RAAS pathway suggests that A-42 may
combine vascular and hormonal mechanisms of blood
pressure control, a strategy that aligns with modern
approaches to antihypertensive drug development
[18,19].

Conclusions
Compound A-42 exhibits

antihypertensive activity in an adrenaline-induced

consistent

hypertension model and demonstrates favorable
interactions with key Ca**-handling proteins in in silico
analyses. While the observed concordance between
computational binding profiles and in vivo blood
pressure reduction supports the involvement of calcium-
dependent mechanisms, the present findings should be
interpreted as indicative rather than definitive evidence
of multi-target calcium modulation. The computational

results primarily serve as a hypothesis-generating

framework, suggesting potential interactions of A-42
with L-type and R-type Ca?" channels, SERCA, RyR2,
and the Na*/Ca?" exchanger. Experimental confirmation
of these interactions will require direct functional
validation, including electrophysiological recordings of
Ca>" currents, isolated vascular smooth muscle
contractility assays under Ca?"-controlled conditions,
and targeted biochemical analyses of intracellular Ca*"
handling. Future studies should therefore focus on
mechanism-oriented experiments, such as patch-clamp
analyses to assess channel subtype selectivity, calcium
imaging to quantify intracellular Ca*" dynamics, and
extended safety evaluations to determine long-term
cardiovascular effects. These investigations will be
essential to substantiate the proposed mechanisms and
to define the translational potential of A-42 as an

antihypertensive agent.
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