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Evaluation of the Role of Plasmalemma Ca2* Transport Systems
in the Vasorelaxant Effect of the CAM-68 Alkaloid under
In vitro Conditions
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This study aims to evaluate how plasma membrane calcium transport mechanisms—
specifically L-type calcium channels, receptor-operated calcium channels, and the sodium-
calcium exchanger—contribute to the vasorelaxant activity of the alkaloid CAM-68. The
isometric contraction force of the aortic rings was recorded using a Grass-Telefactor FT.03
myograph and analysed with the PowerLab data-acquisition software (ADInstruments).
Findings indicate that the alkaloid CAM-68 exerts an effective vasorelaxant effect on vascular
smooth muscle, which is primarily achieved by modulating intracellular Ca2? concentration.
The CAM-68 alkaloid inhibits voltage-dependent L-type Ca2+ channels and receptor-operated
Ca2+ channels in the plasma membrane. It also attenuates the activity of the Na?/Ca?? exchange
in reverse mode. These effects are associated with the modulation of smooth muscle cell Ca2?
homeostasis and the attenuation of Caz? influx across the membrane.
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Arterial hypertension serves as a primary  and stroke.' Therefore, based on the latest advances
driver of cardiovascular disease and remains a  in molecular pharmacology, developing novel
leading risk factor for both myocardial infarction  approaches to the adequate treatment of arterial
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hypertension is one of the pressing issues in
modern.”* Information on the pharmacological
properties of key vascular targets directly involved
in the pathogenesis of arterial hypertension is
considered of significant importance. In this
case, the primary focus is on elucidating the
mechanisms of pharmacological modulation
of Ca?" transport systems in smooth muscles.
Furthermore, the intracellular Ca?z concentration
performs a significant function in the neurohumoral
governance of vascular tension.* Within vascular
smooth muscle cells (VSMCs), the processes of
contraction and relaxation are primarily determined
by changes in intracellular Caz ion concentration
([Ca’z])).”" Therefore, the influx and efflux of Ca’z
ions through the plasma membrane play a key role
in the regulation of blood vessel tone.** Among
alkaloids, diterpenoid alkaloids are considered
to have the highest antiarrhythmic activity. In
particular, it has been noted that lappakonitine has
strong antiarrhythmic properties. Numerous studies
have shown that diterpenoid alkaloids possess
vasorelaxant properties, and their mechanism of
action is thought to be closely linked to membrane
systems that regulate Ca’z homeostasis.'*!?
In particular, reducing the activity of voltage-
dependent L-type Ca?z -channels and enhancing
Ca’z extrusion via the Naz/Ca?z exchanger (NCX)
are regarded as potential mechanisms of action of
the alkaloids."*"

Therefore, the aim of this study is to
determine the role of plasma membrane Ca’z
transport systems namely Ca’z  -channels, Ca’z
.-channels and the NCX in the vasorelaxant
effect of the alkaloid 1-Ethyl-74,114a-dihydroxy-
6,8,10-trimethoxydodecahydro-2H-3,6a,
12-(epietane[1,1,2]triyl)-7,9-methanoneftho[2,3-b]
azocin-3(4H)-yl-2-(ethylsulphonamido) benzoate
(CAM-68). A thorough analysis of these
mechanisms will provide the scientific basis for
developing new natural vasodilator agents and
innovative approaches to the treatment of vascular
diseases. '

The isolation of CAM-68

Continuing our work on the modification
of the anthranilic acid moiety of lappakonitine
(1), we obtained N-deacetyl-lappaconitine (2)
(83%) using a modified method.'” Reaction 2
with ethylsulphonyl chloride was carried out
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using three methods,'® yielding the corresponding
ethylsulphonamide derivatives 3 in 86% yield.

The structures of the synthesised
compounds 2 and 3 were confirmed using 'H and
BC NMR spectroscopy.

Product 3’s 'H NMR spectrum shows
signals in the high-field region that are indicative
of two methyl groups: & 1.10 (NCH, Me) and &
1.33 (SO, CH, Me). In the 4 3.28-3.40 m, singlets
corresponding to the protons of methoxyl (-OCHf
) groups linked to carbons C-1, C-14, and C-16
were found.d. area. A singlet signal was detected
at 4 10.48 in the aromatic portion of the spectrum,
which corresponds to an NH group.

The carbonyl group carbons, the benzene
ring carbons, and the three quaternary carbons
bound to oxygen are represented by signals in the
BC NMR and HSQC spectra. A signal was detected
at 4 167.30 ppm for the carbonyl group carbon
(C=0), & 141.18 ppm for the C-22 carbon, and &
116.29 ppm for the C-12 carbon in the low-field
area of the spectrum. The higher-frequency regions
showed signals related to carbon atoms bound to
oxygen: a4 58.03 (14-OCHf ), & 56.63 (1-OCHf
), and & 56.24 (1-OCHf ). The carbon atoms 13C
NMR signals show no additional modifications as
compared to 2. These spectrum data were used to
fully identify the structure of the molecule 1-ethyl-
7a,11a-dihydroxy-6,8, 10-trimethoxydodecahydro-
2H-3,6a,12-(epant[1,1,2]triyl)-7,9-
methanonaphth[2,3-b]azocyclo-3(4H)-yl-2-
(ethylsulphonamidobenzoate) (3).

An FT-IR/NIT Spectrum 3 spectrometer
equipped with a frustrated total internal reflection
(FTIR) system was used to record the infrared
spectra. A JNM-ECZ600R spectrometer (JEOL,
Japan) was used to record the NMR spectra for 'H
in CDCI3 solutions at an operating frequency of
600 MHz. The internal standard in the '"H NMR
spectra was TMS (0 m.d.). The internal standard
in the *C NMR spectra at an operating frequency
of 150 MHz was the solvent’s chemical shift
(CDCIf, 77.16 ppm relative to TMS). An Agilent
Technologies 6420 mass spectrometer equipped
with a triple quadruple LS/MS system (electrospray
ionization, ESI TIC Scan, and CAMAG TLC-
MS with an ACQUITY QDa detector) was used
to record the HR-ESI-MS data. Using a variety
of solvent solutions, TLC on Sigma-Aldrich
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plates (Silufol L/W, 10 cm x 20 cm, with a 254
nm fluorescent indicator, Germany) was used to
track the reaction’s progress and the purity of the
chemicals produced. A BOETIUS micro-stolich
was used to determine the melting points of all the
synthesized materials.

Ethyl 74,114-dihydroxy-6,8,10-
trimethoxydodecahydro-2H-3,64,12-(epant[1,1,2]
triyl)-7,9-methanonaphth[2,3-b]azocyclo-3(4H)-yl
2-aminobenzoate (2).

0.884 ml of 1 N HCl solution (30.7 mmol)
was added to 2.0 g (3.4 mmol) of lappaconitine
(1) in 9.4 ml of distilled water. For two hours, the
reaction was conducted in a water bath between 95
and 100 °C. TLC was used to track the reaction’s
development. N-deacetyl-lappaconitine was
extracted using chloroform, dried over Na, SO,,
, and then concentrated by evaporation after the
pH was adjusted to 8 using a saturated solution of
NaHCOf{ . After the precipitate was recrystallized
from methanol, 1.545 g (83%) of colorless crystals
with a melting point of 215-217 °C (methanol)
and Rf 0.45 (benzene:chloroform:triethylamine
4:1:0.3) were obtained.

1-Ethyl-74,114-dihydroxy-6,8,
10-trimethoxydodecahydro-2H-3,6a,12-
(epietane[1,1,2]triyl)-7,9-methanoneftho[2,3-b]
azocin-3(4H)-yl-2-(ethylsulphonamido)benzoate
(3).

2.0 g (3.68 mmol) N- desacetyllappaconitin
(2) was dissolved in 20 ml of dichloromethane and,
whilst stirring at 0-5 °C, 1.43 g (14.1 mmol) of
triethylamine and 0.5 ml (5.28 mmol) of ethyl
sulphonyl chloride were added gradually. The
mixture was stirred for 1 hour at a temperature
of 0-5 °C. The reaction mixture was then stirred
at room temperature for 1 hour (TLC control).
The reaction product was washed twice with an
aqueous solution of NaHCO , and then with a 20%
aqueous solution of NaCl. The CH, Cl, solution
was dried over Na, SO,, ; the resulting residue
was evaporated to dryness and recrystallised
from methanol, yielding 2.0 g (86%) of product
3. C,,H,N,O,S — colourless crystals, melting
point 190-192 °C (methanol), Rf 0.69 (benzene:
chloroform: triethylamine, 4:1:0.3).

'HNMR (600 MHz, CDCL,, 4, ppm, J/Hz):
10.48 (1H, s, SO,NH), 7.92 (1H, dd, J = 8.0, 1.6,
H-62),7.70 (1H,dd,J=8.4,1.1,H-32),7.48 (1H,
ddd,J=8.6,7.3,1.7,H-42),7.04 (1H, ddd, J=8.2,
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7.3,1.1,H-52),3.58 (1H, d, J=11.4,Ha-19), 3.52
(1H, s, 9-OH), 3.43 (1H, dd, ] = 4.9, 1.1, H-19),
3.40 (3H, s, 14-OCH,), 3.30 (4H, br.s, 16-OCH,,
SO,CH,Me), 3.28 (3H, s, 1-OCH,), 3.20-3.11 (3H,
m, H-1,7,10),2.99 (1H, s, 8-OH), 2.70-2.63 (2H,
m, CH CH,, H-16),2.59-2.45 (4H, m, NCH,CH,,
Ha-6,H-14,17),2.41-2.35 (3H, m, H -3, H-5, 13),
2.30-2.23 (2H, m, H,-3, Ha-15), 2.19-2.14 (2H, m,
H,-15,H-12),2.08 (1H, dd, J=12.5, 4.7, H,-12),
2.02-1.94 (2H, m, H,-6, Ha-2), 1.77 (1H, dddd,
J=145,12.1,4.9,2.3, H-2), 1.57-1.54 (1H, m,
SO,CH,Me), 1.33 (3H, t,J =7.4,SO,CH,Me), 1.10
(3H, t,J=7.1, NCH Me).

PC (150 MHz, CDCl,, &, ppm): 167.30
(0CO), 141.18(C-22), 134.67 (C-42), 131.80 (C-
62),122.59 (C-32), 117.90 (C-52), 116.29 (C-12
),90.23 (C-14), 85.25 (C-4), 84.18 (C-1), 82.97 (C-
16), 78.66 (C-9), 75.76 (C-8), 61.61 (C-17), 58.03
(14-OCH,), 56.63 (1-OCH,), 56.24 (16-OCH,),
55.47 (C-19), 51.08 (C-11), 49.90 (NCH,CH,),
49.08 (C-5), 48.69 (C-7), 47.64 (SO,CH,CH,),
46.55 (C-13), 45.00 (C-15), 36.38 (C-10), 31.87
(C-3), 26.87 (C-6), 26.29 (C-2), 24.23 (C-12),
13.62 (NCH,CH,), 8.23 (802CH2CH3).

ESI-MS m/z 635.6562 [M+I]+ (calcd for
C,,H,,N,O,S).

327747

MATERIALS AND METHODS

The trials were conducted on aortic
preparations from white, inbred rats (200-250
grams). The animals were anaesthetised with
sodium pentobarbital, their thoracic cavities were
opened, and the aorta was surgically isolated.
The surrounding connective tissue and adipose
layer were carefully removed, and the aorta was
divided into 3—4 mm-long cylindrical rings." The
rings were placed in a specialised 5 ml organ bath
and perfused with Krebs—Henseleit physiological
solution (mM): NaCl 120.4; KCl 5.0; NaHCOf
15.5; NaH, PO,, 1.2; MgCl, 1.2; CaCl, 2.5; C}
H , Of 11.5; HEPES buffer, pH 7.4). The warmth
within the organ bath was kept at 37 °C utilizing an
LK LAB (Korea) ultrathermostat, and the solutions
were continuously aerated with carbogen (95%
0, , 5% CO, ).”° Each aortic ring was connected
to a Grass FT.03 (Grass-Telefactor, USA) sensor
via two stainless-steel platinum hooks, the signal
was transmitted to an amplifier and recorded
using PowerLab (ADInstruments) software for
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OCH;

N(C,Hs)s,
CH4CH,S0,C],
0-5°0C,

Scheme 1. Synthesis scheme for ethylsulphonamide derivatives of 3-lappaconitine

analysis on a computer. Initially, each ring was
subjected to an isometric force of 1 g (~10 mN) and
equilibrated for 60 minutes. After the equilibration
period, experiments were conducted to assess the
vasorelaxant properties of the alkaloid CAM-68.

All chemical agents (verapamil,
phenylephrine, ouabain) were of analytical
quality and were procured from Sigma Ltd Co.
(St. Louis, MO, USA). The alkaloid CAM-68 was
provided by researchers from the Institute of Plant
Chemistry of the Uzbek Academy of Sciences.
All investigations were carried out in complete
adherence to international ethical standards and
rules concerning the employment of laboratory
creatures.
Experimental Design

Aortic ring contraction responses were
elicited using potassium chloride (KCl) or the
al-adrenoceptor agonist phenylephrine (PE). The
maximum contraction produced by KCI or PE was
taken as 100% as the control.?! Once the resulting
contractions had reached their maximum, the dose-
dependent relaxing effect of the alkaloid CAM-68
was examined.

Assessment of the involvement of L-type
Ca’z channels. To assess the contribution of
L-type Ca*" channels to the vasorelaxant effect
of the alkaloid CAM-68, the preparation was
incubated with the channel-selective blocker
verapamil prior to contraction induction. Once
the contraction had stabilised, the relaxant effect
of CAM-68 was examined and compared with the
responses obtained in the absence of the blocker.
Simultaneously, the function of Ca?z channels was
further established in further trials by adjusting
the CaCl, level (0.5-2.5 mM) within the Krebs—

Henseleit fluid. The function of voltage-gated Ca’z
channels in the mechanism of action of this alkaloid
was evaluated by modifying the extracellular Ca’z
concentration.

Assessment of the involvement of receptor-
operated Ca’*-fihannels (ROCCs). To assess the
receptor-mediated modulation of Ca?* channels
by the alkaloid CAM-68, the preparation was
incubated with phentolamine before PE-induced
contraction. After the contraction force reached its
maximum, the relaxing effect of the CAM-68 was
compared with that of the control.

Evaluation of the participation of NCX.
The effect of the alkaloid CAM-68 on NCX activity
was assessed in Krebs solution without Naz ions,
relative to slowly occurring contractions. The dose-
dependent relaxing effect of alkaloid CAM-68 on
contractions induced by the reverse-mode influx
of Ca®' ions into the cell was studied. Similarly,
the effect of the alkaloid CAM-68 on NCX was
achieved by modulating the Naz /Kz -ATPase.
That is, the relaxing effect on slowly developing
contractions with the aid of ouabain was examined.
Statistical analysis

The contraction responses of blood vessel
smooth muscles were calculated as a percentage
(%) of the maximum contraction value. The IC;,
value was determined relative to the 50% reduction
in maximal contraction on the concentration-
response curve for the alkaloid. The study findings
were derived from n- separate trials and are
shown as M+m, where M- is the average value
and m- is the standard deviation. The information
was evaluated for typical distribution using the
Shapiro—Wilk test and for variance consistency
using Levene’s test. Statistical importance was
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determined at p<0.05 and p<0.01. All computations
were executed utilizing the OriginPro 2021
(OriginLab Corporation, USA) analytical program.
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Fig. 1. Dose-dependent relaxant effect of alkaloid
NAM-68 on KCl-induced contraction of aortic rings.
Data are shown as a percentage of the contraction
caused by KCI (50 mM). Values are mean + SEM
(n=5). *p<0.05, **p<0.01, compared with control
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RESULTS

The effect of the alkaloid CAM-68 on L-type
Ca*-channels

In initial trials, it was observed that the
alkaloid NAM-68 exhibits a dose-dependent
vasorelaxant action on KCl-induced aortic ring
contractions. It was found that the alkaloid NAM-
68 at a concentration of 5 iM reduced 50 mM
KCl-induced aortic contraction by 14.8+3.7%, and
at 50 iM by 92.143.8%. Under these conditions,
the IC, value of alkaloid NAM-68 was 17.9 uM
(Figure 1).

The results obtained showed that the
NAM-68 alkaloid has a relaxing effect on KCl-
induced aortic contractions. From this, it can be
hypothesized that the vasorelaxant impact of the
NAM-68 alkaloid is linked to blocking the L-type
Ca’z -channel and a lowering of the [Ca’z ], level.
In subsequent experiments, the vasorelaxant effect
of CAM-68 in Krebs—Henseleit solution was
analysed by varying the CaCl, concentration,
i.e. with [Ca’z ] , in the range of 0.1-2.5 mM.
Under these conditions, pretreatment with the
alkaloid NAM-68 was found to reduce the CaCl,
concentration-dependent contractile force of aortic

[ Control KC1 (50 mM)
Il v erapamil ¢C, 0.1 pM)
Il V erapamil <CAM-68 (IC, =179 pM)

Contraction force (%)

B

Fig. 2. A-Cumulative concentration-response curves for CaCl, (0-2.5 mM) were constructed in aortic rings that

has been pre incubated in Ca?z -free Krebs solution supplemented with 50 mM KCI. B- effect of verapamil (0.1

iM) on vasorelaxation induced by CAM-68. Values are mean + SEM (n=5). *p<0.05, **p<0.01, compared with
control.



SOBIROV et al., Biomed. & Pharmacol. J, Vol. 19(2), 2025-2035 (2026)

rings (Figure 2, A). That is, incubation with alkaloid
NAM-68 (50 iM) reduced the force of contraction
elicited by the maximal concentration of CaCl, in
aortic rings by 79.7+3.8 % compared with control.
The present effect of the alkaloid CAM-68 likely
indicates inhibition of voltage-dependent L-type
Ca?z -channels located in the plasma membrane. To
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Fig. 3. Dose-dependent vasorelaxant effect of NAM-
68 alkaloid on PE-induced aortic ring contraction
activity under phentolamine incubation conditions.
Data are shown as a percentage of the contraction
caused by PE (1 iM). Values are mean + SEM (n=6).
*p<0.05, **p<0.01, compared with control.
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identify this mechanism, the effect of the alkaloid
CAM-68 was compared with that of verapamil,
a selective blocker of L-type Ca?z -channels. In
experiments, verapamil (1 pM) was found to reduce
the CaCl, -dependent contractile force of aortic
rings by 92.6+3.9% compared with the control
group. These results confirmed that verapamil is an
effective blocker of voltage-dependent L-type Ca’z
-channels. At the same time, the inhibitory effect
of the alkaloid CAM-68 was observed to be less
pronounced than that of verapamil. The combined
effect of the alkaloid CAM-68 with verapamil
was also studied. In experiments, incubation with
verapamil (IC,; =0.1 uM) was observed to reduce
the KCl-induced contractile force of aortic rings
by 50+3.9% compared with control. Under these
conditions, addition of the alkaloid CAM-68 (IC,,
=17.9 uM) was found to reduce the contraction
force by a further 27.5+4.1% (Figure 2B).

The results obtained showed that the
alkaloid CAM-68 attenuates Ca’z entry into
the cell by inhibiting the activity of voltage-
dependent L-type Ca?z -channels. However, under
conditions of blockade by verapamil, the additional
vasorelaxant effect of the alkaloid CAM-68 may
be associated with other ion transport systems.
The effect of the CAM-68 alkaloid on ROCCs

The contraction that occurs under PE-
induced conditions is supplied by Ca*" ions released
from the sarcoplasmic reticulum and entering via
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Fig. 4. Effect of KB-R7943 incubation of the alkaloid CAM-68 on contractions induced by Naz -free Krebs
solution (A) and ouabain (B). The contraction force of the aortic rings was taken to be 100%. Values are mean +
SEM (n=6). *p<0.05, **p<0.01, compared with control.
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receptor-operated Ca?* channels (ROCCs).” In
experiments, it was found that the contraction force
of the aortic ring induced by PE was reduced by
9.543.4% compared with control at 10 iM alkaloid
CAM-68, and by 89.8+3.8% at 150 iM. Under
these conditions, the IC,, value of the CAM-68
alkaloid was 55.4 iM. In later trials, we performed
research with the 4-adrenergic receptor antagonist
phentolamine to examine the impact of the alkaloid
on ROCCs. During phentolamine incubation, the
vasorelaxant action of the alkaloid CAM-68 on the
contractile strength of an aortic sample provoked
by PE (1 iM) was diminished by 34.3+3.9% relative
to control. (Figure 3).

The experiments conducted suggest that
the vasorelaxant effect of the alkaloid NAM-68
is associated with the blockade of ROCCs, a
conclusion confirmed by the results of experiments
carried out in the presence of the a-adrenoceptor
blocker phentolamine.

Effect of the alkaloid CAM-68 on NCX

In the next experiments, the effect of the
CAM-68 alkaloid on NCX was studied. In aortic
rings in Krebs solution without Naz ions, slowly
developing contractions were observed. It is known
that a reduction in the external Naz concentration
promotes the reverse mode of the NCX, aiding
the influx of Ca?z ions into the cell, and this
results in the beginning of contraction.” Under
these conditions, alkaloid the CAM-68 (150 uM)
significantly reduced the contractile force in aortic
rings, with a decrease of 61.6+3.9 % compared with
the control group. We also observed the effects
of these alkaloids in the presence of KB-R7943
(5 IM), a specific NCX blocker. In experiments,
under KB-R7943 incubation conditions, the
contraction of Krebs solution devoid of Naz ions
was reduced from 61.6+3.9% to 32.7+3.7% by
the alkaloid CAM-68 (Figure 4A). The findings
gathered suggest that the vasorelaxant action of the
CAM-68 alkaloid is linked to inhibition of NCX
activity in reverse mode. Additionally, to further
clarify the effect of the alkaloid CAM-68 on NCX,
experiments were conducted in the presence of
the Naz /Kz -ATPase inhibitor ouabain. Under the
influence of ouabain (10 iM), the Naz /Kz -ATPase
activity is reduced, resulting in an increase in
intracellular Naz concentration, which in turn leads
to Ca’z entry into the cell and enhanced contraction
due to the reverse mode of operation of the NCX.
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In this study, the alkaloid CAM-68 (150 uM) was
found to reduce the ouabain-induced contraction
by 68.7+4.2% compared with control. Under these
conditions, incubation with KB-R7943 (5 iM)
attenuated the effect of the alkaloid CAM-68 from
68.7+4.2% to 36.44+4.0% (Figure 4B). Overall, the
results indicate that the vasorelaxant effect of the
alkaloid CAM-68 is achieved by inhibiting the
reverse-mode activity of NCX.

The alkaloid CAM-68 can reduce the
concentration of Ca2?" ions in smooth muscle cells
by inhibiting NCX activity, thereby promoting cell
relaxation.

DISCUSSION

Diterpenoid alkaloids, as natural
compounds that modulate cellular Ca?z
homeostasis, play an important role in controlling
vasomotor functions in vascular smooth muscle by
acting on ion channels, ion transport systems and
signalling pathways.”* Among these compounds,
several diterpenoid alkaloids have been reported to
exert vasorelaxant effects through the modulation
of multiple Ca?z -dependent mechanisms, including
voltage-dependent Ca?z channels, receptor-
operated pathways, and intracellular Ca?z handling
systems. The results collected suggest that the
vasorelaxant effect of the CAM-68 alkaloid is
associated with inhibition of NCX activity in
reverse mode. It is well known that the KCl-
induced contraction in blood vessel smooth muscle
is based on the activation of voltage-dependent
L-type Ca?* channels and the influx of Ca®" ions
into the cell via membrane depolarisation.?*
From this perspective, the significant attenuation of
KCl-induced contraction by the alkaloid CAM-68
indicates that it primarily inhibits the influx of Ca?z
ions through voltage-dependent Ca?z channels.
Such effects are characteristic of many natural
alkaloids and are important in explaining their
antihypertensive and vasodilator properties.”’

The contractile response of vascular
smooth muscle cells is closely linked to the
dynamic changes in intracellular Ca’z levels,
and this factor is the primary determinant in the
regulation of vascular tone.”** The inhibitory effect
of the CAM-68 alkaloid on CaCl, concentration-
dependent contractions has provided a deeper
insight into its mechanism of action. In isolated
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tissue models, contractions induced by altering
the external Ca’z concentration are primarily
dependent on Ca?z flux through the membrane,
and this method is widely used in the evaluation
of Ca?z channel modulators.’®3! In studies, the
contractions induced by the cumulative addition of
CaCl, in the absence of Ca?z ions were effectively
reduced by the alkaloid CAM-68. In the presence
of pre-incubation with CAM-68, the decrease
in contraction amplitude despite an increase in
the external Ca?z concentration indicates that it
directly inhibits Ca?z influx. This confirms that
the CAM-68 alkaloid exerts a functional effect
on voltage-dependent L-type Ca?z channels.
Moreover, we further confirmed this result by
comparing it with verapamil, a specific blocker
of L-type Ca’z channels. One of the interesting
aspects is that even under conditions of prior
blockade with verapamil, the additional relaxant
effect of the CAM-68 was retained. If the effect
of CAM-68 were limited solely to the blockade of
L-type Ca?z channels, such an additional effect
should not have been observed. Thus, alternative
ion transport mechanisms or intracellular signaling
routes might play a role in the vasorelaxant impact
of the alkaloid CAM-68. If the effect of CAM-
68 were limited solely to the blockade of L-type
Ca’z channels, such an additional effect should
not have been observed. Thus, alternative ion
transport mechanisms or intracellular signaling
routes might play a role in the vasorelaxant impact
of the alkaloid CAM-68. This additional relaxation
strongly supports the alternative hypothesis
that CAM-68 targets multiple pathways parallel
to voltage-gated calcium channels, potentially
cross-talking with receptor-operated systems or
intracellular storage release.

In smooth muscle cells, Ca?z homeostasis
is one of the primary physiological processes and is
of crucial importance for maintaining and regulating
vascular tone.*? This is primarily achieved via
receptor-operated Ca** channels, which control the
influx of Ca*" through the membrane and operate
in equilibrium with the sarcoplasmic reticulum.***
In experiments, the alkaloid NAM-68 exhibited
a dose-dependent relaxing effect on PE-induced
aortic contractions. The aortic contraction induced
by PE may be mediated through the activation of
L-type Ca?z channels and receptor-operated Ca?z
channels. Above, we mentioned that the CAM-68
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alkaloid exerts a vasorelaxant effect by inhibiting
L-type Ca’z channels. Subsequent experiments
were carried out in the presence of the 4-adrenergic
receptor blocker phentolamine to determine the
involvement of receptor-operated Ca?z channels.*
In experiments involving phentolamine, the
vasorelaxant effect of NAM-68 was observed
to be reduced compared with the control. Thus,
we can state that the receptor-operated Ca®*
channels participate in the vasorelaxant action
of the alkaloid NAM-68 This can be explained
by the reduced potency of the NAM-68 alkaloid
when & -adrenergic receptors are blocked.
This observation is consistent with established
literature demonstrating that alpha-adrenergic
receptor antagonists partially occlude the signaling
pathways coupled to receptor-operated calcium
channels, thereby limiting the dynamic range
of multi-target vasodilators. Consequently, the
distinct shift in CAM-68’s relaxant efficacy under
phentolamine blockade provides robust functional
evidence that its mechanism of action inherently
involves the modulation of receptor-operated
calcium influx parallel to voltage-gated pathways.

NCX in the blood vessels is an important
transmembrane protein that regulates the
intracellular Ca’?z concentration.* It operates
in two main directions: it transports Ca’z ions
outwards in the forward direction and inwards in
the reverse direction.””* In a Krebs solution devoid
of Naz ions, slow-developing contractions in aortic
rings promote the reverse-mode operation of the
NCX, transporting Ca?z into the cell and driving
contraction.41 Under these conditions, the CAM-
68 (150 iM) significantly reduced the contraction
force, indicating that the alkaloid inhibits Ca’z
influx via NCX. The specific NCX blocker KB-
R7943 attenuates the vasorelaxant effect of the
alkaloid CAM-68, further confirming that this
pathway is primarily responsible. Moreover, in the
presence of the Naz /Kz -ATPase inhibitor ouabain,
the rise in intracellular Naz concentration drives
the NCO to operate in reverse mode, transporting
Ca’z ions into the cell.***! In experiments, it was
found that incubation of aortic rings with the
alkaloid CAM-68 attenuated the contractions that
developed under ouabain-incubation conditions.
Under the conditions prevailing for KB-R7943, the
alkaloid’s effect on the contractions that produce
ouabain is significantly reduced. These results
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once again confirm that the vasorelaxant effect
of the CAM-68 alkaloid is mediated via the NCX
and is associated with inhibition of its reverse-
mode activity. Collectively, the present results
are in agreement with published evidence on the
role of reverse-mode NCX in regulating vascular
smooth muscle Ca?z homeostasis and provide
experimental support for the conclusion that
suppression of NCX-dependent Ca?z influx is one
of the key mechanisms underlying the vasorelaxant
action of CAM-68.

CONCLUSIONS

The CAM-68 alkaloid exerts its
vasorelaxant effect on rat aortic rings through
multiple complex mechanisms. CAM-68 inhibits
the activity of voltage-dependent L-type Ca?*
channels and receptor-operated Ca?" channels,
and also attenuates the reverse-reversal mode of
NCX. These effects are explained by modulation
of intracellular Ca?z homeostasis and inhibition of
Ca’z influx across the membrane. The vasorelaxant
mechanism of action of the alkaloid CAM-68 is
realised through a series of ion transport systems,
manifesting as an important modulator of vascular
tone regulation and potentially regarded as a
pharmacologically promising bioactive compound.
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