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Abstract

The current study investigated the vasorelaxant and antihypertensive potential of the novel compound F-45 through
a combination of in vitro, in vivo, and in silico approaches. F-45 demonstrated significant relaxation of rat aortic rings
pre-contracted with KCl and phenylephrine, suggesting its capacity to inhibit both voltage-dependent L-type Ca>*
channels and receptor-operated calcium entry mechanisms. At 70 uM, F-45 reduced KCl-induced contraction by 84.0%
+1.3%, while 45 uM of F-45 inhibited phenylephrine-induced contraction by 78.0% =+2.2%. Endothelium-denuded
experiments confirmed that nitric oxide signaling contributes significantly to F-45-mediated vasorelaxation, with a
35.0% +2.4% reduction in relaxation observed after endothelial removal. Molecular docking studies revealed high
binding affinities of F-45 for Ca?>"-ATPase (—8.6 kcal/mol) and Sodium\Calcium Exchanger (—6.8 kcal/mol), supporting
its role in modulating calcium transport. /n vivo experiments using tail-cuff plethysmography showed that 50 mg/kg of
F-45 reduced SBP and DBP from 132.5+12.3 and 94.3+9.1 to 96.8 £9.4 and 65.3 £ 6.4 mmHg, respectively. In the
adrenaline-induced hypertension model, F-45 decreased elevated SBP and DBP from 140.8 + 14.2 and 104.3+10.3 to
90.0+8.7 and 61.5+6.0 mmHg within 2 h. These findings suggested that F-45 is a promising candidate for further
development as a natural antihypertensive agent with multimodal action.
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Introduction

Hypertension continues to pose a major global
health challenge, significantly contributing to
cardiovascular morbidity and mortality. Despite the
wide range of antihypertensive drugs currently
available, their effectiveness is often compromised by
adverse side effects, drug resistance, and limited
efficacy in certain patient populations. This highlights
the urgent need for safer and more effective therapeutic
alternatives. In this context, natural products have

gained increasing attention as potential complementary
or alternative treatments for managing cardiovascular
conditions. Among these, polyphenols, flavonoids, and
tannins are of particular interest due to their potent
antioxidant, anti-inflammatory, and vasoregulatory
effects, which may help in lowering elevated blood
pressure [1,2]. These plant-derived compounds are
known to influence essential vascular mechanisms,

including endothelial function and the activity of
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voltage-gated calcium (Ca?") channels, both of which
play critical roles in regulating vascular smooth muscle
tone and peripheral resistance. Given their central role
in modulating vascular contraction and maintaining
blood pressure homeostasis, voltage-gated Ca?*
channels represent a promising target for
antihypertensive drug development [3,4]. However, the
direct vascular effects and specific interactions of most
natural compounds with calcium transport systems
remain insufficiently characterized [5]. Accordingly, the
present study aims to explore the antihypertensive
potential of F45, a biologically active natural compound,
through a comprehensive experimental framework. By
integrating in vitro, in vivo, and in silico approaches, the
modulatory effects of F45 was assessed on vascular
smooth muscle calcium signaling, systemic arterial
pressure, and its binding affinity to calcium transport-
associated proteins. This multifaceted strategy seeks to
elucidate the mechanism of action of F45 and provide a
scientific basis for its development as a novel, plant-
derived antihypertensive agent.
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Materials and methods

Structure and general characteristics

One of the compounds utilized in this study is a
brominated arylamine derivative, structurally related to
tricyclic agents resembling phenothiazine frameworks.
The molecule contains a 3,4-dimethoxyphenyl moiety, a
bromine-substituted phenyl ring, and a primary amine
group, present in the form of a hydrochloride salt. This
salt form improved the compound’s aqueous solubility
and may enhance its pharmacological profile. The
presence of electron-donating groups (-OCH3) and an
electron-withdrawing  bromine substituent (-Br)
contributes to the molecule’s lipophilicity, membrane
permeability, and potential receptor-binding affinity
(Figure 1). Furthermore, the amino group enables
interactions with biological targets, particularly those
involved in cardiovascular or neuroactive pathways. The
compound’s pharmacological relevance is potentially
associated with antihypertensive, antispasmodic, or
vasodilatory activities. Subsequent chapters will explore
it’s in vivo effects on cardiovascular function using

validated experimental models [6,7].

Br O

Figure 1 1-(2-bromophenyl)-2-(3,4-dimethoxyphenyl)ethylamine hydrochloride (F45).

Chemicals
Adrenaline-hydrochloride, Phenylephrine,
phentolamine, and verapamil (> 98% purity) were

purchased from Sigma-Aldrich (St. Louis, MO, USA).

Animal ethics

All preoperative and experimental procedures
were carefully reviewed and approved by the
Institutional Committee for Animal Use and Care. The
animals were housed in a vivarium under standardized
conditions, including a relative humidity of 55% - 65%,
a controlled ambient temperature of 22+2 °C, and
unrestricted access to water and standard laboratory
chow. All aspects of animal care and handling were
conducted in full compliance with the European

Directive 2010/63/EU, which governs the protection of
animals used for scientific research. Ethical clearance
for this study was granted by the Animal Ethics
Committee of the Institute of Bioorganic Chemistry,
Academy of Sciences of the Republic of Uzbekistan
(Protocol No. 133/1a/h).

Tissue preparation

All surgical interventions were performed under
sodium pentobarbital anesthesia to ensure the animals
experienced no pain. The study utilized thoracic aorta
tissue from healthy adult male Wistar rats, each
weighing between 200 - 250 g. Euthanasia was
conducted via cervical dislocation. Following
thoracotomy, the aorta was carefully excised, with

surrounding perivascular adipose and connective tissues
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thoroughly removed. The cleaned aorta was then cut into
vascular rings measuring 3 - 4 mm in length. These
segments were transferred to a 5 mL organ bath
containing Krebs-Henseleit physiological buffer,
composed of (mM): NaCl 120.4, KC1 5, NaHCOs 15.5,
NaH,PO;4 1.2, MgCl, 1.2, CaCl, 2.5, glucose 11.5, and
HEPES, adjusted to pH 7.4. In selected assays, a
calcium-free Krebs solution supplemented with 1 mM
EGTA was used to assess calcium-dependent vascular
responses. Throughout the experiments, the buffer
solution was continuously aerated with carbogen gas
(95% 0O, 5% CO,) and maintained at 37 °C using a
DAIHAN ultrathermostatic water bath system [8].

Aortic-ring contraction studies

Aortic rings were suspended in a Radnoti
isometric transducer system (USA) using platinum wire
hooks and allowed to equilibrate for 60 min under
standard physiological conditions. Each vascular
segment was subjected to an initial preload tension of 1

g (10 mN). The contractile responses were recorded via
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an isometric transducer connected to a signal amplifier,
with digital data acquisition carried out using a Go-link
analog-to-digital converter linked to a computer system.
Data acquisition and analysis were conducted using
(EULA,
Northampton, MA, USA). For statistical evaluation, the
isometric tension (mN) generated by the aortic tissues

Origin Pro software, version 9 SRI1

was expressed as a percentage of the maximal
contraction [9,10]. The functional activity of vascular
smooth muscle was verified using an experimental setup
based on the method described by Vandier et al. (2002).
The 5 mL organ bath was integrated into a recirculating
system containing Krebs-Henseleit solution (Figure 2).
Bath temperature was precisely regulated via a
thermostatic unit, and the solution was continuously
aerated with a gas mixture of 95% O, and 5% CO,.
Isometric tension of the mounted aortic segments was
continuously monitored using a Grass Instruments
(USA), with data
visualization and recording facilitated by the GoLink

isometric  force transducer

amplifier and acquisition system [11].
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Figure 2 Diagram of the experimental setup used to monitor isometric contractions in isolated rat aortic vascular tissue.

(1) The organ bath (5 mL) is connected to a dedicated reservoir for solution circulation. (2) Krebs-Henseleit solution is

used to maintain physiological conditions. (3) A thermostat ensures stable temperature regulation. (4) The system is

continuously aerated with a gas mixture containing 95% oxygen and 5% carbon dioxide. The aortic tissue is mounted

within the experimental chamber for contraction assessment. (5) An isometric transducer (Grass Instrument, USA)

captures mechanical responses, while (6) GoLink devices handle signal amplification and system integration.

Blood pressure measurements

Tail-cuff plethysmography was conducted using
the Sistola system (Neurobotics, Russia) following a 3-
day acclimatization period to minimize stress-induced

variability (Figure 3). Blood pressure measurements

were taken in triplicate during each session to ensure
data reliability [12]. All experimental procedures were
performed at the “BFM Pharmacology and Screening
Laboratory” and the “Plant Cytoprotectors Laboratory”
of the A. Sodikov Institute of Bioorganic Chemistry.
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Data acquisition and analysis were performed using
AcgKnowledge 4.2 software for the MP150 system
(Figure 3).

Figure 3 The “Sistola” device (Neurobotics, Russia) used for non-invasive measurement of arterial blood pressure in rats

via the tail artery.

Statistics

Statistical analysis and graphical representations
were carried out using Origin Pro software, version 9
(USA). Vascular contractile responses were expressed
as a percentage of the maximal contraction induced by
either phenylephrine (10 mM) or potassium chloride (50
mM). Data are presented as the mean + standard error
from 4 to 6 independent experiments (n =4 - 6). Paired
t-tests were applied for comparisons within the same
group, while unpaired t-tests were used to evaluate
differences between experimental groups. A p-value of

less than 0.05 was considered statistically significant.

Molecular docking “software and databases”

All software tools employed in this study were
freely available for educational and academic use.
Structural information on macromolecules involved in
calcium signaling and regulation was obtained from the
Protein Data Bank (PDB), a globally recognized
repository of 3-dimensional biomolecular structures
[13]. The selected target proteins included the L-type
calcium channel Cav1.2 (PDB ID: 6jp5), R-type calcium
channel Cav2.3 (PDB ID: 7xlq), sodium-calcium
exchanger NCX1 (PDB ID: 8sgi), ryanodine receptor
type 2 RyR2 (PDB ID:  5c¢33), and
sarcoplasmic/endoplasmic  reticulum  Ca?"-ATPase
(SERCA, PDB ID: 6rb2). Additionally, the PubChem
database was used to download reference compounds

and the flavonoid ligands of interest. PubChem
integrates extensive data on pharmacology, molecular
targets, chemical structures, and biological pathways,
and each DrugCard entry includes over 80 data fields
related to small molecules and their protein targets
(Table 1).

Visualization of PDB structures and docking
outputs was performed using PyMOL (version 1.2), a
Python-based
[http://www.pymol.org]. Molecular docking was
conducted with AutoDock 4.2, developed by The

Scripps Research Institute (www.scripps.edu). Docking

molecular visualization tool

inputs and parameter settings were prepared using
AutoDock Tools (ADT), an intuitive graphical interface
designed for configuring and running docking
simulations. AutoDock offers a reliable computational
platform for predicting the binding modes and
interactions ~ between  small  molecules  and

macromolecular targets with known 3D structures [14].

Calculation of inhibition constant (Ki) from
binding energy

In the molecular docking analysis, the strength of
an interaction of a target protein and a ligand is usually
quantified as the binding free energy (AG) in
kilocalories per mole (kcal/mol) [5]. The binding energy
can be utilized to determine the inhibition constant (Ki),
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the binding affinity of a ligand, from a straightforward
thermodynamic formula.

A AGX1,000
RXT

Ki=¢e

(M

where: Ki is the inhibition constant (in mol/L). AG is the
binding free energy (in kcal/mol). R is the universal gas
constant = 1.987 cal/(mol-K). T is the temperature in
Kelvin (usually 298.15 K). The factor 1,000 converts
keal to cal.

Results and discussion

Investigation of the involvement of L-type and
R-type Ca** channels in the vasorelaxant action of
F45

It was well established that 50 mM KCI induced
contraction in aortic smooth muscle primarily by
activating voltage-dependent L-type calcium (Ca®")
channels [15]. The elevation of extracellular potassium
concentration leads to membrane depolarization, which
alters the membrane potential and opens calcium
channels, facilitating calcium influx into smooth muscle
cells and triggering vasoconstriction. In this study, we
investigated the vasorelaxant effects of the F45
compound on KCl-induced contractions in isolated rat
aortic rings. Our results demonstrated that F45 induced
concentration-dependent relaxation of pre-contracted

aortic tissues. Specifically, within the 5 - 70 uM range,

F45 significantly attenuated KCl (50 mM)-induced
contractions, reducing contractile force from
15.0% £ 1.5% to 84.0% + 1.3% compared to the control
(Figure 4(A)). These findings suggest that F45 inhibits
depolarization-induced calcium influx, likely through
modulation or blockade of L-type Ca?" channels on the
vascular smooth muscle membrane. By suppressing
extracellular calcium entry essential for contraction, F45
reduces intracellular calcium levels, thereby promoting
vascular relaxation [16]. To further determine the
specificity of this effect for L-type calcium channels, a
comparative pharmacological approach was employed
using verapamil, a well-known L-type Ca?' channel
blocker. Co-administration of F45 with a submaximal
concentration of verapamil (0.1 pM), which only
partially inhibited KCl-induced contractions, resulted in
an additional 20.0% =+ 1.7% relaxation, indicating a
synergistic or additive effect between the 2 agents
(Figure 4(B)). The ICso value for F45 was calculated to
be approximately 32.90 uM, supporting its
pharmacological potency. In summary, these findings
provide strong evidence that F45 exerts its vasorelaxant
action predominantly by blocking or modulating
voltage-gated L-type calcium channels, thereby
inhibiting calcium influx and promoting smooth muscle
relaxation. Its shared mechanism with verapamil
highlights the potential of F45 as a promising candidate
for the treatment of vascular disorders associated with

calcium channel overactivity.
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of F45 with the calcium channel blocker verapamil. (C) Effect of F45 on receptor-operated Ca®" ion channels. (D)

Confirmation of F45’s mechanism using the a-adrenergic antagonist phentolamine. Data represent mean + SEM, n=3 -

4, p<0.05.

It is well established that vascular smooth muscle
contraction is regulated not only by voltage-gated L-
type Ca?" channels, but also by intracellular calcium
signaling mechanisms, particularly those mediated by
the sarcoplasmic reticulum (SR). Internal calcium stores
and receptor-operated calcium channels (ROCCs) play
a critical role in modulating intracellular calcium levels
and, consequently, vascular tone [17]. To explore the
potential involvement of F45 in modulating receptor-
mediated calcium signaling, we examined its effect on
phenylephrine (1 uM)-induced contractions in rat aortic
rings. Phenylephrine, an a-adrenoceptor agonist,
promotes vasoconstriction primarily by triggering
calcium release from the SR and activating ROCCs on
the plasma membrane. In our study, F45 significantly
contractions,

suppressed  phenylephrine-induced

demonstrating potent vasorelaxant activity. At the
highest concentration tested (45 uM), F45 reduced the
contractile response by 78.0% + 2.2% compared to the
control (Figure 4(C)). These findings suggested that
F45
thereby reduces intracellular calcium levels and smooth

inhibits receptor-operated calcium entry and

muscle contraction [18]. To further elucidate this
mechanism, comparative studies were conducted using
phentolamine, a selective a-adrenoce.ptor antagonist, as
well as known flavonoids that interfere with receptor-
mediated calcium pathways. Phentolamine (10 pM)
alone inhibited phenylephrine-induced contraction by
80.0% + 2.6%. Notably, co-treatment with F45 (35 uM)
and phentolamine led to an additional inhibition of
75.0%+2.2% (Figure 4(D)), indicating a possible

additive or synergistic effect. This supports the
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hypothesis that F45 interferes with a-adrenoceptor-
mediated calcium signaling, likely by blocking ROCCs
and possibly also by inhibiting downstream
mobilization of intracellular calcium stores. Taken
together, these results reinforce the conclusion that
F45’s vasorelaxant activity involves not only the
inhibition of voltage-gated L-type Ca?" channels but
also significant modulation of receptor-operated
calcium influx mechanisms, contributing to its overall
antihypertensive potential [19].

120

A study on how endothelial mechanisms
mediate the relaxant response elicited by A-51

The vascular endothelium plays a critical role in
regulating vascular tone by releasing local mediators,
with nitric oxide (NO) being the primary vasodilator
produced by endothelial cells. When the endothelium is
structurally or functionally compromised - a condition
referred to as endothelial dysfunction (ED) - it becomes
a major contributing factor in the development of
cardiovascular diseases, including hypertension and
atherosclerosis [20,21].
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Figure 5 Relaxant effect of F45 on the contraction induced by Phe 1 uM in the undenuded and denuded of the rat aortic

blood vessel endothelial layer. Contraction force elicited by 1 uM Phe was taken as 100% of control. (*p < 0.05, **p <

0.01; n=5).

Endothelial dysfunction (ED) arises from an
imbalance between vasoconstrictive and vasodilatory
mediators, often initiated by oxidative stress and
influenced by modifiable risk factors such as smoking,
poor diet, and metabolic disorders [22]. A key mediator
of endothelial function is nitric oxide (NO), which is
synthesized in endothelial cells from L-arginine by the
enzyme endothelial nitric oxide synthase (eNOS). The
activity of eNOS is dependent on calcium-calmodulin
and is negatively regulated through its interaction with
caveolin, a membrane-associated inhibitory protein.
Physiological stimuli such as acetylcholine or
bradykinin promote the dissociation of eNOS from
caveolin, enhancing NO production. Notably, low-dose

statins have also been shown to increase NO availability

by disrupting the eNOS-caveolin complex, contributing
to their vascular protective properties [23]. However,
oxidative stress can significantly disrupt this pathway by
increasing the production of reactive oxygen species
(ROS), which degrade NO and thereby reduce its
bioavailability and vasodilatory capacity. Under normal
physiological conditions, NO promotes relaxation of
vascular smooth muscle via the NO/cGMP/PKG
signaling cascade, which lowers intracellular Ca?"
levels, resulting in vasodilation [24]. To determine
whether the endothelium contributes to the vasorelaxant
effects of F45, additional assays were conducted using
endothelium-denuded aortic rings. Removal of the
endothelium led to a significant reduction in F45-
induced relaxation, with a loss of 35.0%+2.4% in



Trends Sci. 2025; 22(12): 10924

8 of 16

vasorelaxant activity (Figure S5). This observation
indicates that the endothelium - and likely NO signaling
- is a major contributor to the vascular relaxation
mediated by F45.

Molecular docking study of F45 with aortic ion
channels

To elucidate the molecular basis of the
vasorelaxant effects observed in vitro, a series of
molecular docking experiments were conducted using
the F45 compound. These simulations aimed to assess
the binding affinity and inhibitory potential (Ki values)
of F45 with several key calcium-regulating ion channels
implicated in vascular smooth muscle contraction. The
docking results provided molecular-level insights
consistent with the functional data obtained
experimentally. F45 was docked against calcium-
handling proteins including L-type calcium channel, R-
type calcium channel (Cav2.3), Ryanodine receptor 2
(RyR2), SERCA (Sarcoplasmic/Endoplasmic
Reticulum Ca?'-ATPase), Ca’'-ATPase, and the
Na'/Ca?* exchanger (NCX). Docking results
demonstrated binding energies ranging from —6.6 to
—8.7 kcal/mol, reflecting varying degrees of interaction
strength. The strongest affinities were observed for
Ca*-ATPase and NCX (—6.6 kcal/mol), suggesting
robust and potentially functional interactions [25].
Corresponding Ki values supported this trend, indicating

high-affinity binding to these targets. These results

support the hypothesis that F45 may exert its
vasodilatory effect in part through intracellular calcium
modulation, particularly via Ca?*-ATPase and NCX,
both essential for calcium clearance and vascular tone
regulation. Docking simulations revealed a binding
energy of —7.8 kcal/mol for F45 with the L-type Ca*
channel, indicating strong affinity and thermodynamic
stability (Figure 6(A)). The compound formed specific
interactions with key residues likely involved in channel
regulation, including hydrogen bonds with ASN F:395
and ASP A:598, a pi-anion interaction with ASP A:598,
and alkyl and pi-alkyl interactions with ARG A:593 and
LEU F:269. These interactions suggest that F45 may
interfere with the channel’s functional core, potentially
modulating its activity and contributing to reduced
calcium influx and vascular smooth muscle relaxation.
F45 displayed a binding energy of —6.6 kcal/mol with
the SERCA protein, indicating moderate affinity and a
stable interaction. The compound formed multiple
contacts with catalytically and structurally significant
residues, including hydrogen bonds with GLU A:40,
PRO A:124, and LYS A:120, pi-anion interactions with
GLU A:125 and GLU A:121, and pi-alkyl and alkyl
interactions with LYS A:141, ALA A:142, and ARG
A:143. These findings suggest that F45 may engage the
active site of SERCA, potentially modulating its activity
and affecting intracellular Ca?" sequestration (Figure
6(B)).
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Figure 6 Molecular docking interactions of the F45 compound with calcium-regulating proteins. (A) Binding of F45 to
the L-type calcium channel, showing hydrogen bonds with ASN F:395 and ASP A:598, and hydrophobic interactions
with TYR F:396, ARG A:593, and LEU F:269. (B) Binding of F45 to SERCA (Sarcoplasmic/Endoplasmic Reticulum
Ca?"-ATPase), highlighting hydrogen bonding and hydrophobic contacts with GLU A:40, LYS A:120, GLU A:125, and
ARG A:143. Bottom panels showed the overall protein-ligand complex structures and binding sites in 3D.

The docking analysis indicated a binding energy
of —6.4 kcal/mol for F45 with RyR2, reflecting moderate
affinity. F45 interacted with functionally relevant
residues including a hydrogen bond with GLY B:710,
pi-anion interactions with GLU A:701 and GLU A:711,
and a pi-alkyl interaction with TYR B:703. Given the
role of RyR2 in intracellular calcium release from the
sarcoplasmic reticulum, these interactions suggest a
potential modulatory role of F45 in calcium-induced
calcium release (CICR) pathways, relevant in
hypertensive pathophysiology (Figure 7(A)). F45

formed a highly stable complex with Ca?"-ATPase,
exhibiting a binding energy of —8.6 kcal/mol, the
strongest among all tested targets. Key interactions
included a pi-cation interaction with ARG A:559, a pi-
pi stacked bond with PHE A:487, and pi-alkyl and alkyl
contacts with LEU A:561, ALA A:516, and LYS A:492
(Figure 7(B)). These results highlight a strong and
possibly inhibitory binding of F45 to Ca’-ATPase,
suggesting interference with calcium extrusion

mechanisms [26].
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Figure 7 Molecular docking interactions of the F45 compound with calcium-regulatory targets. (A) Binding of F45 to

the RyR2 (ryanodine receptor type 2), highlighting interactions with key residues including TYR B:703 (w-alkyl), GLU
A:701 and GLU A:711 (pi-anion), and GLY B:710 (carbon hydrogen bond). (B) Binding of F45 to Ca?*-ATPase, showing
strong molecular contacts such as ARG A:559 (pi-cation), PHE A:487 (pi-pi stacking), and additional hydrophobic
interactions with LYS A:492, LYS A:514, MET A:494, and ASN A:705. The lower panels show the 3D protein-ligand

complex structures and interaction regions.

The docking analysis showed that F45 binds to
NCX with a binding energy of —6.8 kcal/mol, indicating
moderate affinity. The compound established key
hydrophobic interactions with ARG A:63, ARG A:237,
and VAL A:70. Given NCX’s critical role in cellular
calcium extrusion, particularly in cardiac and vascular
smooth muscle cells, F45’s interaction with this protein
supports its potential in modulating Ca*" homeostasis
under hypertensive or stress conditions (Figure 8(A)).

As part of a broader screening effort, F45 was also
docked with renin, a key enzyme in the renin-

angiotensin system. The docking revealed a binding
energy of —7.5 kcal/mol, indicating a strong and
thermodynamically stable interaction. The binding was
mediated by carbon-hydrogen bonding with ASP A:38,
pi-pi stacking and T-shaped interactions with PHE
A:119 and PHE A:124, and pi-alkyl and alkyl
interactions with ALA A:303 and PHE A:124 (Figure
8(B)). This suggests that F45 may also exhibit
regulatory potential in the renin-angiotensin pathway,
providing an additional avenue for cardiovascular

therapeutic application [27].
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Figure 8 Molecular docking interactions of the F45 compound with renin and the Na'/Ca?" exchanger (NCX). (A)

Binding of F45 to angiotensinogen-activating renin, showing pi-pi stacking (PHE A:487), pi-sulfur (MET A:494), pi-
cation (ARG A:559), and additional alkyl interactions with LYS A:492, LYS A:514, and ASN A:705. (B) Interaction of
F45 with NCX, highlighting pi-alkyl interactions involving ARG A:63, ARG A:237, and VAL A:70. Lower panels
display the 3D structural context of each protein-ligand complex.

In conclusion, the molecular docking study
revealed that F45 interacts with multiple calcium-
handling proteins and potentially renin with moderate to
high affinity. Its strongest predicted binding was
observed with Ca?>"-ATPase and NCX, supporting its
proposed mechanism of action in modulating calcium
signaling and promoting vasorelaxation. These
computational findings align with in vitro results and
offer a mechanistic rationale for the development of F45

as a potential antihypertensive agent.

In vivo evaluation of dose-dependent blood
pressure modulation by F-45 using the tail-cuff
method

Dose-dependent blood pressure-lowering effect
of F-45

Prior to the experiment, the baseline systolic blood
pressure (SBP) and diastolic blood pressure (DBP) in
the 25 mg/kg group were 105.0+£10.0 and 78.3+7.6
mmHg, respectively (Table 1). In the 50 mg/kg group,
baseline SBP and DBP were measured at 132.5+12.3
and 94.3+9.1 mmHg, respectively (Figure 9(A)).
Following administration of F-45, blood pressure
dynamics were monitored over a 3-hour period [28].

Table 1 In vivo evaluation of the antihypertensive activity of the F-45 compound.

Baseline 1h 2h 3h
mg/kg
SBP DBP SBP DBP SBP DBP SBP DBP
25 105.0£10.0 783+7.6 98.5+8.9 63.3+£6.2 89.8 £8.7 65.5+£6.2 132.5+12.8 95.8+9.3
F45
50 1325+ 123 943 +09.1 97.5+9.5 70.8 £6.3 97.8 £9.8 66.3+£6.2 96.8 9.4 65.3+6.4
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In the 25 mg/kg group, SBP decreased sharply to
98.5+ 8.9 mmHg and DBP to 63.3 £ 6.2 mmHg within
the first hour. In the second hour, SBP and DBP further
to 89.8+8.7 and 65.5+6.2 mmHg,
respectively. However, by the third hour, blood pressure
values rebounded, reaching 132.5+ 12.8 mmHg (SBP)
and 95.8 £ 9.3 mmHg (DBP). In contrast, the 50 mg/kg
group showed a more sustained effect. In the first hour,

decreased

A 150
F-45 Sistolic (25 mg/kg)

135 4 —e— F-45 Diastolic (25 mg/kg)
1201
105

90

754

Blood pressure (mmHg)

60 4

45

Time (hour)

w

Blood pressure (mmHg)

SBP and DBP dropped to 97.5+£9.5 and 70.8+6.3
mmHg, respectively [29]. In the second hour, these
values slightly decreased further to 97.8 £9.8 mmHg
(SBP) and 66.3 £ 6.2 mmHg (DBP). By the third hour,
blood pressure levels remained stable at 96.8+9.4
mmHg (SBP) and 65.3+6.4 mmHg (DBP) (Figure

9(B)).

F-45 Sistolic (50 mg/kg)
135 —e&— F-45 Diastolic (50 mg/kg)

Time (hour)

Figure 9 Evaluation of the effect of F-45 on systolic (SBP) and diastolic (DBP) blood pressure at doses of 25 mg/kg (A)
and 50 mg/kg (B). Data are presented as mean = standard deviation (n = 4). Statistical significance: p > 0.05.

These results indicated that F-45, particularly at a
50 mg/kg dose, exhibited a significant and sustained
antihypertensive effect. This supports its potential as a
promising candidate for further investigation as an
antihypertensive agent in experimental models of

hypertension.

Evaluation of the antihypertensive activity of F-
45 in an adrenaline-induced hypertensive rat model
In this study, the antihypertensive potential of the

compound F-45 was evaluated using an adrenaline-

induced hypertension model in rats (Table 2). The
experimental design began with the determination of an
effective dose, with 50 mg/kg selected as the optimal
working concentration based on preliminary screening.
Subsequent in vivo assessments were conducted using
this dose. Rats were randomly assigned into 3 groups: A
control group and an F-45 treatment group, each
consisting of 4 animals. All experimental procedures
were carried out under standard biological protocols
[30].

Table 2 In vivo antihypertensive activity of F-45 compounds (M £ m; n =4).

Blood pressure F45,
Control
(mmHg) 50-mg/kg
SBP 106.3 £ 10.5 92.5+74
Baseline

DBP 76.8+7.4 71.8+6.2
Adrenaline SBP 160.5+16.3 140.8 + 14.2
30-minute DBP 119.5+11.8 104.3+10.3
'h SBP 117.8+11.6 101.8+10.0

DBP 98.8+£9.8 77.8+7.6
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Blood pressure F45,
Control
(mmHg) 50-mg/kg
’h SBP 1255+ 12.5 90.0 + 8.7
DBP 100.0 £ 10.1 61.5+£6.0
ih SBP 1193 £11.8 96.3 £8.9
DBP 94.0+9.2 65.0+£6.3

At the start of the experiment, baseline blood
pressure values were measured in normotensive rats:
Systolic blood pressure (SBP) was 92.5 + 7.4 mmHg and
diastolic blood pressure (DBP) was 71.8 + 6.2 mmHg.
Upon administration of adrenaline, a hypertensive state

was induced, with SBP rising to 140.8 + 14.2 mmHg and
DBP to 104.3+10.3 mmHg. Immediately following
this, F-45 was administered intravenously via the tail
vein at a dose of 50 mg/kg, and blood pressure changes

were monitored over a period of 3 h [31].
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Figure 10 Evaluation of the effect of F-45 at a dose of 50 mg/kg on blood pressure in an adrenaline-induced hypertension

model. SBP - systolic blood pressure; DBP - diastolic blood pressure. Data are presented as mean + standard deviation (n

=4); p>0.05.

Within  the first hour, a pronounced
antihypertensive effect was observed, with SBP
decreasing to 101.8 + 10.0 mmHg and DBP to 77.8 + 7.6
mmHg. This trend continued into the second hour,
where SBP dropped further to 90.0+ 8.7 mmHg and
DBP to 61.5+ 6.0 mmHg. By the third hour, a partial
rebound in blood pressure was observed, with SBP
reaching 112.0+11.0 mmHg and DBP stabilizing at
79.5 £ 7.8 mmHg (Figure 10). These results suggest that
F-45 exerts a rapid and potent blood pressure-lowering
effect in hypertensive conditions, followed by a
moderate stabilization phase. The partial increase in
blood pressure observed at the third hour indicated that
the compound may have a short duration of action [32].

Nonetheless, the overall findings demonstrate that F-45
possesses clear antihypertensive activity in an
adrenaline-induced hypertension model and supports its
potential as a candidate for further investigation in the
development of short-acting antihypertensive agents.

Discussion

This comprehensive study provided multiple lines
of evidence supporting the antihypertensive and
vasorelaxant activity of the F-45 compound. /n vitro
findings demonstrate that F-45 effectively attenuates
KCl-induced contractions in a dose-dependent manner,
primarily through inhibition of L-type Ca?" channels.

The synergistic interaction observed with verapamil
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strengthens the hypothesis of shared or complementary
mechanisms. Furthermore, F-45 significantly inhibited
phenylephrine-induced contractions, indicating
interference with receptor-operated calcium channels
and possibly intracellular calcium stores. The additive
effect with phentolamine highlights its role in
modulating a-adrenoceptor-mediated calcium signaling.
The endothelial mechanism was also shown to be a key
contributor to the vasodilatory action of F-45. The
significant reduction in vasorelaxation following
endothelial removal supports the involvement of nitric
oxide (NO)-mediated pathways, likely via eNOS
activation. These results align with known vascular
mechanisms, where NO induces vasodilation by
reducing intracellular Ca* through the NO/cGMP/PKG
pathway. Molecular docking studies provided additional
mechanistic insights, revealing moderate to strong
binding affinities of F-45 to multiple calcium-handling
proteins. The strongest interactions were observed with
Ca?"™-ATPase and NCX, both central to calcium
clearance and vascular tone maintenance. The
interaction with renin also suggested potential
modulation of the renin—angiotensin system. The
alignment of docking results with in vitro pharmacology
underscores the dual membrane and intracellular targets
of F-45. In vivo studies confirmed the antihypertensive
effect of F-45. Tail-cuff measurements showed that the
50 mg/kg dose produced a stable reduction in systolic
and diastolic blood pressure over 3 h. The adrenaline-
induced hypertensive model further demonstrated the
compound’s rapid and potent blood pressure-lowering
effect, although a partial rebound in the third hour
suggests a relatively short duration of action. Together,
these findings provide compelling evidence for the
therapeutic potential of F-45 in the management of

hypertension.

Conclusions

F-45 has been shown to exert potent vasorelaxant
and antihypertensive effects through a multimodal
mechanism involving inhibition of voltage-gated and
receptor-operated Ca?* channels, modulation of
endothelial nitric oxide signaling, and interference with
intracellular calcium regulation pathways. Its high
binding affinity for Ca?>*-ATPase, NCX, and renin
further supports its pharmacological relevance. In vivo

data validate its efficacy in both normotensive and

hypertensive states. These findings suggest that F-45
represents a promising lead compound for the
development of a  short-acting, nature-based
antihypertensive therapeutic agent. Further studies
focusing on its pharmacokinetics, chronic efficacy, and
safety profile are warranted to advance its clinical
potential.
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