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Abstract

The search for new therapeutic strategies for cardiovascular diseases remains an urgent issue. This study
investigated the effects of the natural compound 6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline hydrochloride (F-36) and
its conjugate with dihydroquercetin, DKV-8, on the contractile activity of rat heart papillary muscle and their molecular
mechanisms. In vitro mechanographic experiments showed that F-36 (5 - 100 uM) and DKV-8 (5 - 40 uM) dose-
dependently increased contraction force by 75.7 + 4.7 and 143.6 + 5.4%, respectively. studies using specific inhibitors
(lidocaine, nifedipine, NiClz, caffeine, and cyclopiazonic acid (CPA)) demonstrated that Na* channels, L-type Ca?"
channels, and sarcoplasmic reticulum Ca?*-ATPase (SERCA2a) play a key role in the observed positive inotropic effect.
Overall, F-36 and its DKV-8 conjugate enhance cardiomyocyte Ca?* homeostasis mainly through regulation of SERCA2a

and plasma membrane ion channels. Their effects were also confirmed under in vitro hypoxic conditions.

Keywords: Ca’>" homeostasis, Cardioprotection, Conjugate, Isoquinoline alkaloid, Papillary muscle, Positive inotropy,
SERCA2a

Introduction

Cardioprotection is one of the priority directions in
the prevention and treatment of cardiovascular diseases,
which remain a major health problem despite significant
advances in therapy [1]. According to the World Health
Organization, the limited effectiveness and side effects
of many currently used drugs contribute to this situation.
Disruption of ion transport systems in the sarcolemma
[2-4].

Ion channel dysfunction plays an important role in
the development of cardiovascular diseases. In
particular, the Na*/Ca?" exchanger (NCX) is a key
regulator of Ca*" homeostasis and cardiac contractility
[5-7]. Under pathological conditions such as
ischemia/reperfusion, increased intracellular Na* leads
to excessive Ca®*" accumulation in cardiomyocytes. In
addition, SERCA2a plays a crucial role in regulating
intracellular Ca?*" concentration and in controlling

myocardial contraction and relaxation [8-11].
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Disturbances in these Ca*'-regulating systems can lead
to c. Furthermore, the Na'/H' exchanger (NHE)
contributes to intracellular pH regulation and is involved
in tissue damage during ischemia and reperfusion [12-
14]. Hypoxia significantly reduces myocardial
contractile force due to impairment of Ca*" transport
systems and Ca?" homeostasis, including Ca?* channels,
NCX, Na'/K*-ATPase, KATP channels, ryonadine
prescription (RyR2), and SERCA2a [15-17]. Therefore,
the study of biologically active substances that can
regulate these mechanisms and provide cardioprotective
effects with minimal side effects is of great scientific

interest.

Material and methods

The study was conducted at the Cell Biophysics
Laboratory of the Institute of Biophysics and
Biochemistry under the National University of
Uzbekistan. Experiments involving animals adhered to
the principles outlined in the international Helsinki
Declaration as well as the guidelines established by the
Council for International Organizations of Medical
Sciences (CIOMS, 1985). The regulations of the
Institute concerning “Bioethics in the Use of Laboratory
Animals for Scientific Research” were strictly observed.

In vitro experiments were performed to investigate
the mechanisms by which Dbiologically active
compounds affect myocardial functional activity,
utilizing a mechanography approach. The contractile
activity of papillary muscle preparations was recorded
using the SI-BAM21-LC mechanographic device
(World Precision Instruments Inc., WPI, USA). In this
setup, the muscle preparation was secured with an SI-
OHO2F attachment, and the mechanical signal was
transmitted via an SI-KG20 piezoelectric sensor to the
SI-BAM21-LCB signal amplifier [18]. The signal was
then converted through the Lab—Trax—4/16 converter
(WPI, USA) and digitized on an IBM PC using the
iWorx LabScribe2 software (iWorx Systems, Inc., USA)
in a digital format (*.iwxdata) for primary mathematical
and statistical processing.

Experiments were conducted using albino rats
weighing 200 - 250 g. Animals were anesthetized with
sodium pentobarbital (40 mg/kg) prior to the procedure.
Under deep anesthesia, the rats were euthanized in
accordance with international ethical guidelines,

initially by cervical dislocation followed by

decapitation. The thoracic cavity was carefully opened,
and the heart was gently excised and immediately placed
into a Petri dish containing Krebs solution.

The left ventricle of the heart was opened to isolate
papillary muscles. The prepared cardiac tissues were
then placed in a chamber filled with Krebs solution with
the following composition (mM): NaCl - 150; KCI - 4;
CaCl, - 1.8; MgCl - 1; NaHCO;3 - 14; NaH,POg4 - 1.8;
C6H1206 - 11.5; pH =74.

In-vitro hypoxia model

To assess the potential cardioprotective activity of
the compounds under hypoxia, rat hearts were perfused
with oxygen (95% 02/5% CO,) in a nitrogen (95%
N2/5% CO;) gas for 60 min, under conditions that
resulted in maximal changes in papillary muscle

contractile activity parameters.

Papillary muscle preparation and statistical
analysis

The papillary muscle (myocardial) preparations
from experimental animals serve as a convenient in vitro
model for investigating the mechanisms of
antiarrhythmic action of pharmacological agents under
both physiological and pathological conditions. The
papillary muscles of these animals typically measure 1.5
- 4 mm in length, and are widely used in experiments
due to their ease of isolation, well-organized striated
sarcomeric myofibrillar structure, robust contractile
activity, and ability to maintain functional activity for
over 6 - 8 h in vitro.

For preparation, experimental animals were
anesthetized with diethyl ether and euthanized via
cervical dislocation. The thoracic cavity was surgically
opened, the heart excised, and the papillary muscle
preparations (diameter 0.4 - 1.3 mm; length 2.5 - 3.8
mm) were carefully placed into a Petri dish containing
Krebs-Henseleit physiological solution.

In these experiments, the contractile force of the
papillary muscles was measured at stimulation
frequencies of 0.1 - 1 Hz and expressed as a percentage
relative to the maximum response. The results represent
the arithmetic mean of 5 - 6 independent experiments.
All data are presented as mean + standard error of the
mean (SEM). The datasets were tested for normality
using the Shapiro-Wilk test and for homogeneity of

variance using Levene’s test. Differences were
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considered statistically significant at p < 0.05. Statistical
analyses of the experimental results were performed
using OriginPro 2021 software (OriginLab Corporation,
USA).

Chemical part

Currently, biologically active compounds isolated
from medicinal plants, such as flavonoids and alkaloids,
are widely used in the treatment of cardiovascular
diseases. In this context, researchers at the Institute of
Plant Chemistry of the Academy of Sciences of the
Republic of Uzbekistan have investigated the effects of
6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline
hydrochloride (F-36) and the conjugate 2-(3,4-

dihydroxyphenyl)-6-((6,7-dimethoxy-1,2,3,4-tetrahydr-
oisoquinolin-2(1N)-yl)methyl)-3,5,7-trihydroxychrom-
an-4-one (DKV-8) [19] on the contractile force of
papillary muscles in rat hearts.

In addition, the effects of various ion channel
modulators and regulators were studied, including the
Na* channel blocker lidocaine (C14H22N>O, Sigma Ltd),
the L-type Ca?" channel blocker nifedipine (C7H1sN2O,
Sigma Ltd), the Na'/Ca*" exchanger blocker nickel
chloride (NiCl2, Sigma Ltd), the RyR2 activator
caffeine (CsHioN4+O,), and the SERCA2a inhibitor
cyclopiazonic acid (C20H20N203, Sigma Ltd) (Figure
2).
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tetrahydroisoquinolin-2(1N)-yl)methyl)-3,5,7-
trihydroxychroman-4-one(DKV-8)

Figure 1 Chemical structure of the conjugate of bilocation and activator, as well as the isoquinoline alkaloid F-36 and

DKV-8.

Results and discussion

Dose-dependent effects of the F-36 alkaloid and
DKYV-8 conjugate

In this context, the dose-dependent effects of the
DKV-8 conjugate, derived from the isoquinoline
alkaloid F-36 and the flavonoid dihydroquercetin
(DHQ), on the contractile activity of rat cardiac

papillary muscles were investigated. It was observed

that F-36 (5 - 100 uM) and the DKV-8 conjugate (5 - 40
pM) exhibited a positive inotropic effect at all tested
concentrations, enhancing the contractile force of the
papillary muscles. The study demonstrated that these
biologically active compounds increased the contraction
force of rat cardiac papillary muscles by 75.7 +4.7% and
143.6 + 5.4%, respectively, relative to the control (set as
100%) (Figure 2).
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Figure 2 (A) Dose-dependent positive inotropic effect of the isoquinoline alkaloid F-36 and the conjugate DKV-8 on

papillary muscle contractile activity. (B) (Under these conditions) The ordinate axis shows the force of contraction of

the papillary muscle, expressed as a percentage of the maximum value, which is taken as 100%. The abscissa axis

represents the concentration of alkaloids and conjugates. Stimulation frequency 1 Hz (t =436 £ 0.5 °C); * —r < 0.05, **

-1<0.0ln=35.

Under these conditions, it was observed that the
DKV-8 conjugate and F-36 significantly increased the
force of rat cardiac papillary muscle contraction

compared to isoquinoline alkaloids.

Effect of F-36 and DKV-8 on Na* channel

During the study, the effects of biologically active
compounds on Na' channels in the sarcolemma of
cardiomyocytes were investigated. Intracellular Na*
concentration ([Na'];) plays a key role in modulating
[20-22].

stimulation of the myocardium activates voltage-gated

cardiac  contractile function Electrical

Na' channels, initiating an action potential [23]. During

the plateau phase of this action potential, Ca?" ions enter
cardiomyocytes from the extracellular space via L-type
Ca?" channels, triggering the release of Ca?" from the
sarcoplasmic reticulum (SR) into the cytosol, which
ultimately induces contraction [24,25]. Considering the
critical role of Na' channels in cardiac contraction,
subsequent experiments focused on the impact of the
tested biologically active substances on cardiomyocyte
Na* channels.

Preliminary experiments assessed the dose-
dependent effects (5 - 30 uM) of lidocaine on papillary
muscle contractile activity at a stimulation frequency of

1 Hz. Lidocaine at 30 uM reduced the amplitude of



Trends Sci. 2026; 23(11): 13312 50f18

papillary muscle contraction by 81.7 + 4.3% relative to (IC50) of lidocaine on papillary muscle contractility was
the control. The half-maximal inhibitory concentration determined to be 15.1 uM (Figure 3).

Contravtion force (%)

0 5 10 15 20 25 30
Concentration (uM)
Figure 3 Dose-dependent effect of lidocaine on papillary muscle contractile activity. The ordinate axis shows the
amplitude of the contraction force expressed as a percentage (%) of the maximum, and the abscissa axis shows the

concentration of lidocaine (uUM) (*—p < 0.05; **—p < 0.01). The stimulation frequency is 1 Hz (t =436 + 0.5 °C); n =5).

To assess whether the DKV-8 conjugate, derived of lidocaine, a selective Na* channel blocker with an
from the isoquinoline alkaloid F-36 and the flavonoid ICsp of 15.1 pM. The results demonstrated that the F-
dihydroquercetin (DHQ), exerts a positive inotropic 36/DKV-8 conjugate enhanced papillary muscle
effect through an increase in intracellular Ca* contraction by 47.8 + 3.6%, 65.2 + 3.4%, and 89.3 +
concentration ([Ca?'];) via activation of voltage-gated 3.9%, respectively, relative to the control (set at 100%)
Na' channels, its effect on the contractile activity of rat (Figure 4).

cardiac papillary muscles was examined in the presence
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Figure 4 Effect of the DKV-8 conjugate, based on the isoquinoline alkaloid F-36 and the flavonoid DHQ, on the force of
papillary muscle contraction in the presence of lidocaine in the medium. The ordinate axis shows the amplitude value of

the contraction force, expressed as a percentage (%) of the maximum. In all cases * —p < 0.05; ** —p <0.01; n = 5.

In this context, activation of Na" channels which, through the reverse mode of the Na'/Ca*

increases intracellular Na* levels in cardiomyocytes, exchanger, enhances Ca?" influx into the cytosol [26-
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28]. This can lead to an elevation of intracellular Ca*
concentration ([Ca*"])) and its storage in the
sarcoplasmic reticulum (SR). These findings suggest
that the effects of F-36 and DKV-8 on papillary muscle
contractility are at least partially mediated via Na*
channels.

Role of F-36 and DKV-8 in Na*/Ca** exchange

The Na'/Ca*" exchanger in the heart primarily
functions to extrude Ca?*" from cardiomyocytes during
relaxation, thereby allowing Ca?" entry through L-type
Ca?" channels during excitation [29]. The remaining
Ca?" ions are largely reabsorbed by SERCA2a. Under
conditions of Na*/K*—ATPase inhibition, the Na*/Ca?"

=
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exchanger operates in reverse mode, which is
considered important for increasing [Ca*']; and
producing a positive inotropic effect.

Based on this, the subsequent experiments
evaluated the effects of the tested compounds on
Na*/Ca?" exchange. In the presence of the non-specific
Na*/Ca?" exchanger blocker NiClz (10 mM), the positive
inotropic effects of F-36 (100 pM) and DKV-8 (40 uM)
on papillary muscle twitch force were 69.4 = 3.8%,
134.3 + 3.9%, and 188.4 + 3.1%, respectively. These
results indicate that the positive inotropic effect of the
F-36 alkaloid is largely associated with significant
modulation of Na*/Ca?" exchange function (Figure 5).

DKV-8 (40 pM)
P e ey -
: 188,4+3,1%!

]

|

NiCl, (10pM) !
69.4+3,8%] |

|
v

Stimulation 1 Hz

Figure 5 (A) Effect of F-36 and DKV-8 on papillary muscle contraction force in the presence of NiCl,. (B) Under these

conditions. The ordinate axis shows the amplitude value of the contraction force, expressed as a percentage (%) of the

maximum. In all cases * —p < 0.05; ** —p <0.01.; n=5.

Based on the results of the studies conducted, it
was determined that the positive inotropic effect of the
isoquinoline alkaloid F-36 and DKV-8 conjugates does

not involve Na*/Ca®* exchange.

Effect of F-36 and DKV-8 on L-type Ca®
channels

In subsequent experiments, L-type Ca?" channels,
which are widely distributed in cardiomyocytes, were
confirmed as the primary pathway for Ca?" entry into the
cell [30]. Based on this, the potential involvement of L-
type Ca?" channels in the sarcolemma of cardiomyocytes

in mediating the positive inotropic effects of the studied

biologically active compounds was evaluated using
nifedipine, a selective L-type Ca>" channel blocker.

Preliminary experiments examined the dose-
dependent effects of nifedipine on papillary muscle
contractility, revealing a half-maximal inhibitory
concentration ICs9 of 0.01 pM. In subsequent
experiments, in the presence of nifedipine (0.01 pM) in
the incubation medium, the positive inotropic effects of
F-36 and DKV-8 on papillary muscle contraction were
524 £ 3.8%, 919 + 3.9%, and 1314 + 4.2%,
respectively, relative to the control (Figures 6(A) and
6(B)).
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Figure 6 (A) Effect of the F-36 and DKV-8 on the force of papillary muscle contraction in the presence of nifedipine in

the medium. The ordinate axis shows the amplitude of the contraction force, expressed as a percentage (%) of the

maximum. In all cases, * —p <0.05; ** -p < 0.0l;n=15

Based on the results of experiments assessing the
effects of the studied biologically active compounds on
L-type Ca*" channels in the presence of nifedipine, it
was found that the positive inotropic effects of F-36 and
DKV-8 on papillary muscle contractility were partially
enhanced compared to the control. These findings
indicate that the positive inotropic effects of F-36 and
DKV-8 Ca?
cardiomyocytes.

involve  L-type channels in

Effect of F-36 and DKV-8 on RyR2 activity

In the next series of experiments, the effects of the
isoquinoline alkaloid F-36 and the conjugate DK'V-8 on
RyR2 activity were investigated. A method assessing
sarcoplasmic reticulum Ca*" ([Ca?>"]SR) levels was
employed, in which the RyR2 activator caffeine (20 uM)
induced a single contraction in unstimulated papillary
muscles [31]. Under these conditions, no post-rest
potentiation was observed during a 30-second pause
after ~15 minutes, which is attributed to the complete
release of [Ca?*]SR into the cytosol by caffeine. In this

setup, caffeine (20 puM) evokes a phasic single
contraction by triggering Ca?" release from the SR via
RyR2 under unstimulated conditions [32].

The caffeine-induced increase in intracellular Ca?*
concentration ([Ca?'])) is mediated by the Na*/Ca?*
exchanger [33,34]. When the
concentration ([Na‘]ow) is set to 0, the Na'/Ca>"
exchanger is blocked, preventing Ca?" extrusion from
the cell. This maintains stable [Ca?'];

extracellular Na*

levels and
contraction force amplitude in response to caffeine (20
uM) [35,36].

Under these conditions ([Na‘]ouw = 0), a single
caffeine-induced contraction of papillary muscle in the
unstimulated state increased the contraction force
amplitude by 37.6 + 5.3% relative to the control. In the
presence of F-36 (100 pM) and DKV-8 (40 pM) in the
incubation medium, the amplitude of caffeine-induced
single contractions increased further to 115.4 + 3.6%
and 141.1 £+ 3.1%, respectively, compared to control
(caffeine-only control set at 100%) (Figure 7).
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The results indicate that the positive inotropic
effects of the studied compounds are associated with an
Ca** These
compounds significantly enhance the amplitude of

increase concentration.

in cytosolic
single papillary muscle contractions induced by caffeine
under unstimulated conditions.

To further investigate these effects, the influence
of F-36 and DKV-8 on sarcoplasmic reticulum (SR)
Ca?" dynamics was analyzed using the rapid-cooling
(RCC) method. this
cardiomyocytes are exposed to rapid cooling of the
incubation medium (+37 — +2°C) for 30 s without

contraction In

approach,
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electrical stimulation [37,38]. RCC is associated with
increased [Ca®']; via RyR2 activation and allows
assessment of both SR Ca** dynamics and changes in
myofilament Ca?* sensitivity. The “peak” observed as a
rapid rise in contractile force upon rewarming of the
incubation medium (+2 — +37 °C) reflects enhanced
Ca? [39,40]. In the
experiments, the presence of F-36 (100 uM) and DKV-
8 (40 uM) increased the contraction force under rapid
cooling by 21.6 + 3.3% and 28.7 + 3.1%, respectively,
16.4 + 3.8%)

myofilament sensitivity

compared to control (control RCC =
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Figure 8 (A) Effect of the F-36 alkaloid and DKV-8 conjugate on papillary muscle contraction induced by rapid cooling
of a myocardial preparation. (B) Under these conditions. Temperature gradient from +37 to +2 °C. The ordinate axis

shows the force of contraction of the papillary muscle expressed as a percentage of the maximum value, taken as 100%

(t=+36+0.5°C). * —p < 0.05, ** p < 0.01 (n = 5).
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The participation of SR Ca?' transport systems
plays a key role in Ca?" homeostasis in cardiac muscle
cells. Based on the results of the above study, we can
conclude that the positive inotropic effect of the F-36
and the DKV-8 on rat heart papillary muscle contractile

activity is very low, indicating that RyR> is involved.

Effect of F-36 and DKV-8 on SERCA2a

In a series of experiments, the effects of
biologically active compounds on SERCA2a activity
were investigated. The sarcoplasmic reticulum
SERCAZ2a plays a critical role in regulating intracellular
Ca?" concentration, maintaining Ca*" homeostasis, and
facilitating cardiac muscle relaxation by mediating Ca?*
uptake into the SR [41,42]. Based on the preceding

100

~1
N
1

Contraction force (%)
n
=
L

IC~=5.6 uM

experiments, the positive inotropic effects of F-36 and
DKV-8 may be related to modulation of Ca?*
accumulation processes in the SR. To test this
hypothesis, the impact of these compounds on
SERCAZ2a was examined.

Initially, experiments were conducted using CPA,
a SERCA2a inhibitor that disrupts SR Ca*" uptake
[43,44]. The dose-dependent effects of CPA on papillary
muscle contractility were evaluated at a stimulation
frequency of 1 Hz. CPA exhibited a negative inotropic
effect, reducing papillary muscle contraction force by
84.2 + 3.6% at a concentration of 15 uM. The half-
maximal inhibitory concentration ICso of CPA on
papillary muscle contraction was determined to be 5.6
uM (Figure 9).

—HE—CPA

8§ 10 12 1

Concentration (uM)

Figure 9 Dose-dependent effect of CPA on papillary muscle contractile activity. The ordinate axis shows the amplitude

of the contraction force expressed as a percentage (%) of the maximum, and the abscissa axis shows the concentration of
CPA (uM) (*—p < 0.05; **—p < 0.01). Stimulation frequency 1 Hzt=+36 £ 0.5 °C; n = 5.

In subsequent experiments, the effects of F-36 and
DKV-8 on papillary muscle contractile force were
evaluated in the presence of the SERCA2a inhibitor
CPA at its half-maximal inhibitory concentration (ICsg

= 5.6 uM). Under these conditions, the amplitude of rat
papillary muscle contraction in the presence of CPA (5.6
uM) increased to 49.8 + 3.4%, 76.4 + 3.3%, and 92.6 =
2.2%, respectively, relative to the control (Figure 10).
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Figure 10 (A) Effect of the F-36 and the DK'V-8 on the force of papillary muscle contraction in the presence of the Ca?'-
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From the results of this experiment, it can be
concluded that the positive inotropic effect of the F-36
and DKV-8 indicates that an increase in the force of
muscle contraction is provided due to the additional
accumulation of Ca?" ions in the SR through SERCA2a
and their release through RyR2.

In-vitro hypoxia experiments

The development of hypoxia caused by impaired
blood supply to the heart is accompanied by a significant
reduction in ATP and creatine phosphate production in
cardiomyocytes. These compounds serve as the primary

energy sources that support the activity of several

membrane ion transport systems, including Na/K*-
ATPase and Na*",K*-ATP—dependent ion pumps [45,46].
As a consequence, the transport and homeostasis of Na*,
K", and Ca?* ions in cardiomyocytes become disrupted,
leading to disturbances in electrical activity and,
ultimately, a decline in myocardial contractile function
[47]

In subsequent experiments conducted under
in the

contractile force amplitude of rat heart papillary muscles

hypoxic conditions, a marked reduction
was observed. Specifically, the contraction force
decreased by 69.4 + 3.8% compared with the control
(Figure 11).
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Figure 11 Effect of hypoxia on rat heart papillary muscle contractile activity. On the ordinate axis - muscle contraction
force, expressed as a percentage of the control obtained under normal oxygenation of physiological solution and taken as
100%. The abscissa axis shows the deoxygenation time of the nitrogen-perfused solution. The drug was stimulated with
a frequency of 1 Gs. In all cases, * —p < 0.05; ** —p < 0.01, (n = 5).

Since the force of papillary muscle contraction is
largely mediated by Ca?' ions, the results of these
experiments suggest that the reduction in contractile
force observed under hypoxic conditions is associated
with a decrease in intracellular Ca?" concentration
([Ca**];) [48,49].

[ Control

In subsequent experiments, the effects of the
studied compounds were evaluated under hypoxic
conditions. It was found that F-36 and DKV-8
significantly increased the contractile force of papillary
muscles under hypoxia by 59.9 +£4.9% and 97.4 + 3.2%,
respectively, compared with the control (Figure 12).

[ JHypoxia (60 minute)

100
75 1
50

254

Contraction force (%)

B Gipoksiva+F-36 (100 uM)
|:|Gipukxi,\'u+DK;;e (40 pM)

=
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2*.‘ . ¥
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.
31,8+4,1%} | 97,4+3,2% " |
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Figure 12 Effect of DKV-8 and F-36 on rat heart papillary muscle contractile activity under hypoxic conditions. On the
ordinate axis - the muscle’s contraction force is given in percentage. Stimulation frequency 1 Hz (t=+36 + 0.5 °C). * —p

<0.05, ** —p < 0.01, (n=5).
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The results of the study demonstrated that F-36
and DKV-8 effectively attenuate disturbances in
papillary muscle contractile activity under hypoxic
Additional the

involvement of this mechanism in the positive inotropic

conditions. evidence

supporting
effects of the studied compounds was obtained from
experiments performed under conditions of L-type Ca*
channel blockade with nifedipine. In the hypoxia model,

Control

incubation with nifedipine (ICso = 0.01 uM) resulted in
a marked reduction in papillary muscle contractile force
to 17.8 + 4.1% compared with the control. Under these
conditions, the administration of the isoquinoline
alkaloid F-36 and the conjugate DKV-8 increased
papillary muscle contraction force to 49.9 + 4.9% and
74.4 £ 3.2%, respectively, relative to the control (Figure
13).
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Figure 13 (A) Evaluation of the involvement of L-type Ca?" channels in the contractile activity of rat heart papillary
muscles under hypoxic conditions by F-36 and DKV-8. (B) The ordinate axis shows the amplitude value of the contraction

force, expressed as a percentage (%) of the maximum. The frequency of drug excitation was 1 Hz. In all cases * —p <

0.05, ** —=p <0.01;n=>5.

These findings indicate that the cardioprotective
effects of F-36 and DKV-8 under hypoxic conditions are
associated, at least in part, with the involvement of L-
type Ca?* channels. Further experiments were conducted
to evaluate the effects of the studied biologically active
compounds on SERCA2a activity in myocardial cells
under hypoxia. Under these conditions, the effects of the
isoquinoline alkaloid F-36 (100 uM) and the conjugate

DKV-8 (40 uM) were examined in the presence of the
SERCAZ2a inhibitor CPA; ICso = 5.6 pM. It was found
that the contraction force of papillary muscles increased
by 28 + 4.6% and 39 + 3.4%, respectively, compared
with the control (where the amplitude of papillary
muscle contraction under control hypoxia conditions
was 19.2%) (Figure 14).
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Figure 14 (A) Effect of F-36 and DKV-8 on the force of papillary muscle contraction in the presence of CPA (ICso —5.6
uM) under hypoxic conditions. (B) Under these conditions. On the ordinate axis - the force of contraction of the

papillary muscle, expressed as a percentage (%). Stimulation frequency 1 Hz (t =+36 £ 0.5 °C; * —p < 0.05; ** —p <0.01;

n=>5).

Analysis of the obtained results suggests that the
positive inotropic effect on papillary muscle contractile
activity, as well as the increase in Ca?* content in the SR,
is associated with modulation of the SERCA2a system

in cardiomyocytes.

Discussion

The results of this study demonstrate that the
conjugate of the isoquinoline alkaloid F-36 and DKV-8
produces a strong and dose-dependent positive inotropic
effect on rat cardiac papillary muscle. The action of
these compounds appears to be mediated by the
simultaneous modulation of several systems involved in
the regulation of Ca®" homeostasis in cardiomyocytes.
The findings indicate that both Na* channels and L-type
Ca?" channels participate in the positive inotropic effect
of the studied compounds [50]. The direct interaction of
F-36 and DKV-8 with plasma membrane ion channels
may also contribute to a reduced risk of cardiac
arrhythmias.

In the presence of the SERCA2a inhibitor CPA,
the inotropic effect of these compounds was markedly

attenuated, suggesting a key role of the SERCA2a
system in their mechanism of action. This property may
be particularly relevant for improving pathological
conditions associated with decreased SERCA2a activity
in heart failure. At the same time, the experimental
results indicate that the Na*/Ca?" exchanger (NCX) does
not play a major role in this mechanism. The
preservation of the effect in the presence of NiCl
suggests that the principal pathway of action of F-36 and
DKV-8 is not mediated by NCX, but rather through Na*
channels, L-type Ca** channels, and SERCA2a.

Furthermore, the results obtained from caffeine-
induced contraction and RCC experiments, which were
used to evaluate the role of RyR2 in cardiomyocytes,
indicate that these compounds do not cause excessive
Ca** release from the SR. This finding is important
because uncontrolled Ca?* release can be harmful under
pathological conditions. Therefore, the absence of
excessive SR Ca?* release suggests that F-36 and DKV-
8 may have a lower arrhythmogenic potential.

The results of the present study demonstrated that
the conjugate of the isoquinoline alkaloid F-36 and
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DKV-8 significantly restored the acute decrease in
papillary muscle contractile force observed under in
vitro hypoxic conditions. Under hypoxia, the
contraction force of papillary muscles decreased by 69.4
+ 3.8%, whereas the administration of DKV-8 increased
contractile activity by 97.4 + 3.2%. These findings
clearly indicate that the studied compounds possess
pronounced cardioprotective properties and can
preserve myocardial functional activity under conditions

of hypoxic injury.

Furthermore, even under hypoxic conditions, the
effects of the L-type Ca?" channel blocker nifedipine and
the SERCA2a CPA remained significant in the
incubation medium [51]. Under hypoxia, depletion of
ATP leads to inhibition of Na*/K*-ATPase activity, F-
36 and DKV-8 appear to enhance SERCA2a activity,
facilitating efficient reuptake of Ca** into the
sarcoplasmic reticulum, thereby reducing excessive
cytosolic ~Ca?*" accumulation and maintaining

intracellular Ca?" homeostasis.
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Figure 15 The effect of biologically active substances on membrane channels.

Conclusions

The combined mechanism of action of the
isoquinoline alkaloid F-36 and the DKV-8 conjugate—
characterized by the simultaneous activation of Na* and
Ca?" channels together with stimulation of SERCA2a
activity—creates an optimal synergistic inotropic effect.
This mechanism may not only enhance myocardial
contractile force but also improve diastolic relaxation
through more efficient Ca?" reuptake into the SR, which
represents an important pathological determinant in
heart failure.

Furthermore, it was demonstrated that the
conjugate of the F-36 alkaloid and DKV-8 exhibits a
strong positive inotropic effect and pronounced
cardioprotective  activity —under conditions of
hypoxia/ischemia. The primary mechanism underlying
these effects appears to involve the regulation of Ca*"
homeostasis in myocardial cells, particularly through
modulation of L-type Ca?" channels and SERCA2a

activity in the sarcoplasmic reticulum.
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