
45 © 2021 Annals of Medical and Health Sciences Research 

 Original Article Research Article

Characteristic of the Vincanine Relaxing Action on the 
Contractive Activity of Aortic Smooth Muscle Cells
Yulduzkhon Mirzayeva1*, Pulat Usmanov1, Sirojiddin Omonturdiev1, Adilbay Esimbetov2, Shakhobiddin Adizov3 
and Bobomurod Khandamov3

1Department of Cell Biophysics, Institute of Biophysics and Biochemistry at the National University of Uzbekistan, Tashkent, 
Uzbekistan; 2Department of Veterinary, Nukus Branch of the Samarkand Institute of Veterinary Medicine, Nukus, Uzbekistan; 
3Department of Chemistry, Plant Substances, Academy of Sciences of the Republic of Uzbekistan, Tashkent, Uzbekistan

Introduction
At present, all over the world there is a wide spread of 
cardiovascular system pathologies, which occupy leading 
positions in the overall structure of morbidity and mortality 
in most countries of the world. [1] One of the example in the 
development of diseases of the cardiovascular system is arterial 
hypertension, which is considered the leading risk factor 
for the development of myocardial infarction and stroke. In 
this regard, one of the most urgent tasks of modern medicine 
is the development of new approaches to adequate therapy 
for arterial hypertension, based on the latest advances in 
molecular pharmacology. Simultaneously, information on the 
pharmacological properties of key targets of blood vessels, 
with which the pathogenesis of arterial hypertension is directly 
related, is of particular importance. Particular attention is paid to 
elucidating the mechanisms of modulation of Ca2+ transporting 
systems of smooth muscles, the dysfunction of which leads to 
the development of pathological processes in the blood vessels.

In this case, the decisive role is played by violations of the 
contractile activity of smooth muscle cells, which is regulated by 
the intracellular level of Ca2+ ions, supported by Ca2+ transport 
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systems of the plasma lemma and sarcoplasmic reticulum. [2] It 
was found that violations of the contractile activity of smooth 
muscle cells, observed in arterial hypertension, are directly 
related to the violation of the function of their Ca2+ transport 
systems. [3] At the same time, special attention is paid to natural 
biologically active compounds of plant origin, which have a 
wide range of pharmacological effects and specifically interact 
with various types of ion channels. The relaxant effect of some 
diterpenoid alkaloids on the Ca channels of smooth muscle cells 
has been studied. [4] Thus, in the regulation of blood pressure, a 
significant role is assigned to antihypertensive drugs, namely, 
plant extracts in in vitro experiments on the aorta of rats. [5-7]

Plant indole alkaloids characterized by a wide variety of 
chemical structures and a wide range of biological effects, so 
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as known information the class of alkaloids containing in their 
structure the nucleus of indole or its derivatives. More than 4100 
indole alkaloids are known. [8] A significant proportion of indole 
alkaloids also contain isoprenoid structural elements. Many 
indole alkaloids have physiological activity, some of them are 
used in medicine.

In particular, vincanine [Figure 1] has a pronounced relaxing 
effect, which is determined by the presence of specific 
functionally important groups in its structure, has a relaxing 
effect and relaxes rat aorta preparations, previously reduced by 
phenylephrine and hyper potassium solutions.

In this regard, the aim of this work was to study the mechanism 
of the relaxant effect of vincanine. The title compound, 
C19H20N2O· C2H5OH, is an ethanol solvate of an indole alkaloid 
that has been extracted from the Vinca erecta plant. The fused 
piperidine ring assumes the approximate boat conformation, and 
the pyrrolidine ring assumes the shell conformation with one of 
the methylene carbon atoms on the valve. The intra molecular 
hydrogen bond N-HO forms a ring motif S6. In the crystal, the 
molecules of nor fullorocurarine and ethanol are linked in a 
chain in the direction of the c axis through hydrogen bonds N-H 
O and O-H N. [9]

To do scientific work on the all animals care and experimental 
procedures were approved by the animal experiment committee 
of the institute of biophysics and biochemistry of the national 
university of Uzbekistan.

Materials and Methods
In the experiments, isolated preparations of smooth muscle 
segments of the aorta of white outbred rats (200 g-250 g) 
were used. The rats were killed by cervical dislocation, the 
chest was opened, the aorta was removed and placed in krebs 
saline solution, the following composition (mM): NaCl-120.4; 
KCI-5; NaHCO3-15.5; NaH2PO4-1.2; MgCl2-1.2; CaCl2-2.5; 
C6H12O6-11.5; pH 7.4. The aorta was cleaned of adipose and 

connective tissue and cut into segments in the form of rings 
3 mm-4 mm wide. The prepared aortic segment was placed 
into a special experimental chamber with a volume of 5 ml, 
where it was fixed with a silver wire between the rod of an 
electromechanical transducer (FT.03, grass, USA) and the base 
of the chamber. The experimental chamber was perfused with 
oxygenated carbogen (95% О2, 5% СО2) krebs solution at a 
constant temperature of 37˚C. Before the experiment, the aortic 
segments were pre-stretched with a load of 1 g and washed with 
saline for 60 minutes to achieve equilibrium. Contractions of 
the aorta preparations were induced by adding phenylephrine 
(1 μM) or hyperpotassium solution (KCl, 50 mM) to the 
experimental chamber by equimolar substitution of NaCl in the 
krebs solution with it. Calcium-free solutions were also used in 
the experiments, for which Ca2+ ions were excluded from the 
krebs solution, and ethylene glycol-bis-aminoethyl-tetraacetate 
(1 mM) was added to bind their traces. The contractile activity 
of the aorta preparations was recorded using a PIIT amplifier 
(grass, USA) and an endim 621.02 recorder (Germany).

We used phenylephrine verapamil and ethylene glycol bis-
aminoethyl tetraacetate from Sigma (St. Louis, Mo., USA). 
Statistical data processing was done by using the Origin Pro 
7.5 software (OriginLab Corporation; USA). The amplitude of 
contractions was expressed in % of the maximum contraction 
(taken as 100%) induced by phenylephrine or hyper potassium 
solution and was calculated as the arithmetic mean for 4-5 
different experiments. The statistical significance of differences 
between control and experimental values was determined for the 
data set using a paired t-test. P-values<0.05 indicate statistically 
significant differences.

Results
In preliminary experiments, the indole alkaloid vincanine in a 
wide concentration range did not affect the basal tone of the rat 
aorta preparations. These data indicate that, at rest, the studied 
alkaloid does not affect the functional activity of the contractile 
apparatus of rat aortic smooth muscle cells. However, the 
studied alkaloid effectively relaxed the preparations of the 
aorta previously contracted with hyperpotassium solutions, 
has a pronounced relaxing effect [Figure 2]. The relaxant 
effect of vincanine was dose-dependent, and with an increase 
in its concentration, the degree of suppression of contractions 
of aortic preparations induced by hyper potassium solutions 
increased markedly. The relaxing effect of vincanine was dose-
dependent, and with an increase in the alkaloid concentration 
in the range of 10 μM-50 μM, the force of contraction of the 
rat aorta preparation induced by 50 mM KCl decreased from 
15.7%-4.2% to 93.6%-3.6% [Figure 2]. The EC50 value at which 
vincanine relaxed the aortic preparation by 50% was 16.3 μM.

On the ordinate, the force of contraction of the rat aorta 
preparations, expressed in %, of the control obtained under 
the influence of 50 mM KCl, was taken as 100%. The abscissa 
shows the concentration of vincanine (μM). In all cases, P<0.05 
(n=6).

Considering that the KCl-induced contraction of the rat aorta is 
mainly provided by the activation of voltage-dependent Ca2+ 
channels of the plasmolemma of smooth muscle cells and Ca2+ 

Figure 1: Chemical structure of vinkanine.
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preparations [Figure 3].
Discussion

It follows from the results obtained that the blockade of L-type 
Ca2+ channels may underlie the relaxant action of the alkaloid 
vincanine. However, the retention of the relaxant effect of the 
studied alkaloid in the presence of verapamil indicates that, 
in addition to the blockade of L-type Ca2+ channels, other 
mechanisms of Ca2+ transport into smooth muscle cells can also 
be involved in its provision.

Ca2+ channels of the sarcoplasmic reticulum are a structure 
that, in response to depolarization of plasma membranes, 
provides a rapid massive release of Ca2+ from the reticulum 
into the cytoplasm. The released Ca2+ binds to intracellular 
regulatory Ca-binding proteins, which leads to the activation or 
inhibition of various biochemical reactions (more about Ca2+ 
binding proteins and their functions. [13,14] In smooth muscle 
cells, Ca2+ binds to calmodulin, which leads to actomyosin 
activation ATPase for relaxation, it is necessary to remove 
Ca2+ from the cytoplasm, again accumulating it in the cavities 
of the sarcoplasmic reticulum for reuse in subsequent cycles 
of contraction-relaxation or its removal from the cell into the 
environment. In this regard, in order to further characterize the 
mechanism of the relaxant action of vincanine, we studied its 
effect on the contraction of rat aorta preparations induced by the 
α-adrenergic receptor agonist phenylephrine, the development 
of which is provided by Ca2+ entering smooth muscle cells 
through receptor-gated Ca2+ channels.

Ca2+ ions enter smooth muscle cells not only through Ca2+ 
dependent channels, but also through channels controlled 
by Ca2+ receptors, and are released from the sarcoplasmic 
reticulum. In muscles, calcium release is triggered in different 
ways, mainly via ryanodine receptors. In smooth muscle, an 
electrical impulse triggers the release of calcium into the cell 
through L-type calcium channels located in the cell membrane. 
Calcium ions bind to ryanodine receptors and activate them, as 
a result of which the level of calcium in the cell rises rapidly. 
[15] An important role in the regulation of Ca2+ homeostasis in 
smooth muscle cells, along with voltage-gated L-type Ca2+ 
channels, is also played by receptor-gated Ca2+ channels, which 
are activated upon stimulation of α-adrenergic receptors. 

ions coming through them, [10] it can be assumed that the observed 
relaxant effect of vinkanine is possibly realized as a result of 
blocking these channels by it. At the same time, blocking these 
channels and suppressing the entry of Ca2+ ions into smooth 
muscle cells, vincanine, apparently, causes a decrease in the 
intracellular level of Ca2+ ions, which leads to relaxation of 
the rat aorta preparations. To test this assumption, we studied 
the dependence of the relaxant action of vinkanine on the 
concentration of Ca2+ ions in the incubation medium. It is known 
that in solutions that do not contain Ca2+ ions, hyperpotassium 
solutions do not cause contractions of aortic preparations, and 
the cumulative addition of Ca2+ ions under these conditions is 
accompanied by the development of contractions that reach the 
control amplitude at 2.5 mM CaCl2. 

[10,11]

In particular, in the presence of 50 μM vincanine, the addition of 
2.5 mM CaCl2 to the calcium-free solution caused a contraction 
of the aorta preparation, which was 81.9% ± 4.2% less than the 
contraction recorded in the absence of the alkaloid. In these 
experiments, an increase in the concentration of CaCl2 (0 mM-
2.5 mM) in the incubation medium was accompanied by a 
stepwise increase in the force of contraction of the aorta due to 
the penetration of Ca2+ ions through the L-type Ca2+ channels. 
In the presence of the studied alkaloid in the incubation 
medium, the development of contractions in response to an 
increase in CaCl2 was noticeably suppressed. The results of 
these experiments show that the relaxant effect of vincanine is 
associated with a decrease in the level of (Ca2+) ions in smooth 
muscle cells, which, apparently, occurs as a result of suppression 
of their entry through the L-type Ca2+ channels.

To confirm the interaction of the studied alkaloid with voltage-
dependent Ca2+ channels in the plasma lemma of smooth 
muscle cells, we performed experiments with a specific blocker 
of these channels, verapamil. [12] As shown by the results of 
these experiments, verapamil itself effectively relaxes the rat 
aorta preparations, previously contracted with hyper potassium 
solutions, by suppressing the influx of Ca2+ ions into the smooth 
muscle cells of the rat aorta. In these experiments, it was found 
that in the presence of a 0.1 μM verapamil concentration 
corresponding to its IC50 value, the addition of vincanine (15.9 
μM) to the incubation medium further relaxed the rat aorta 

Figure 2: Influence of the alkaloid vincanine on KCl-induced contractions 
of the rat aorta preparation.

Figure 3: Influence of verapamil on the relaxing effect of vinkaninе. The 
force of contraction of the rat aorta preparation induced by 50 mM KCl 
was taken as 100%. Values are mean ± SEM (n=4). *: P<0.05, **: P<0.01 
compared to control.
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In these studies, we found that the alkaloid vincanine also 
effectively relaxes rat aortic preparations under conditions of 
phenylephrine-induced contracture. At the same time, the relaxant 
effect of vincanine was dose-dependent, and at its concentration 
of 3 μM, it caused relaxation of the aorta preparation by 18.2% 
± 4.4%, and maximum relaxation up to 95.6%  ± 3.8% was 
observed at its concentration. Concentration 35 µM [Figures 4 
and 5]. In this regard, to assess the effect of the studied alkaloid 
on receptor-gated Ca2+ channels, we studied their effects on the 
contractions of aortic preparations induced by the α-adrenergic 
receptor agonist phenylephrine. Phenylephrine induces aortic 
contractions, which, in the presence of verapamil, are mainly 
provided by Ca2+ ions entering smooth muscle cells through 
receptor-gated Ca2+ channels.  The EC50 value of vincanin 
under these conditions was 12.9 μM. In additional experiments, 
phenylephrine (1 μM) in the presence of verapamil (0.1 μM) 
induced contractions of the aorta, the force of which was 10.9% 
± 2.3% less than the force of contractions caused by it in the 
absence of verapamil. The addition of the alkaloid vincanine 
under these conditions led to a significant suppression of the 
strength of phenylephrine-induced contractions of the aorta, 
which decreased by 65.4% ± 4% from the control, respectively.

At the same time, the relaxant effect of vincanine under the 
conditions of PE-induced contracture was also observed in 
calcium-free solutions, the development of which is mainly 
provided by the Ca2+ ions released from the SR. As can be seen 
in Figure 5, when Ca2+ ions are excluded from the incubation 
medium, phenylephrine causes a contraction of the rat aorta 
preparation, which is 70.1 ± 3.5% less than the contraction 
of induced phenylephrine in the presence of Ca2+ ions. The 
addition of 12.9 μM vincanine under these conditions led 
to an additional decrease in the amplitude of contraction by 
46.2% ± 4%. The results of these experiments indicate that the 
relaxant effect of vincanine, under conditions of phenylephrine-
induced contracture, is mainly due to its effect on the transport 
of Ca2+ ions through the receptor-driven Ca2+ channels of the 
plasmalemma and their release from the sarcoplasmic reticulum 
of smooth muscle cells.

The results of these experiments show that the relaxant 
effect of the alkaloid under conditions of contracture caused 
by phenylephrine is mainly associated with their effect on 
the transport of Ca2+ ions through the receptor-driven Ca2+ 
channels of the plasmalemma and their release from the 
sarcoplasmic reticulum of smooth muscle cells. The IC50 
values obtained for vincanin were 12.9 μM, respectively. This 
is confirmed by experiments with a blocker of α-adrenergic 
receptors, phentolamine, in the presence of which the effect of 
the alkaloid on PE-induced contractions of the aorta decreased 
by 43.4% ± 4.1%, respectively, from the control obtained in 
the absence of phentolamine [Figure 6]. These results indicate 
that the blockade of receptor-gated Ca2+ channels may also be 
involved in providing the relaxant effect of the studied alkaloid.

These results indicate that the blockade of the receptor-driven 
Ca2+ channels may also be involved in providing the relaxant 
effect of the investigated alkaloid vincanine. Thus, the analysis 
of the obtained data showed that the indole alkaloid vincanine 
has a relaxant activity and relaxes the preparations of the rat 

Figure 4: Relaxant action of vincanine (A) in conditions of phenylephrine-
induced contracture of the rat aorta. The force of contraction of the rat 
aorta preparation induced by 1 μM phenylephrine was taken as 100%. 
(*: p<0.05, **: p<0.01; n=6,7).

Figure 5: Influence of the alkaloid vincanine on rat aortic contractions 
induced by phenylephrine in Krebs solutions not containing Ca2+ 
ions. Records of the alkaloid effects on aortic contractions induced by 
phenylephrine (1 μM) in Krebs solutions without Ca2+ ions. A: Control, B: 
In the presence of 12.9 μM and 35 μM vincanine.
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Figure 6: Influence of phentolamine (10 μM) on the relaxant effect of 
vincanine. On the ordinate axis, the force of aortic contraction, expressed 
as a percentage of the force induced by 1 μM PE, taken as 100% (*: 
p<0.05, **: p<0.01; n=5).
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aorta, previously contracted with a solution of hyperpotassium 
and phenylephrine.

At the same time, the relaxing effect of vincanine was more 
pronounced and was dose-dependent; the relaxant effect of 
vincanine was preserved in the presence of verapamil, and it 
equally effectively relaxed the rat aorta preparations under 
conditions of contracture induced by KCl and phenylephrine.

Conclusion
The achieved data indicate that many mechanisms are involved 
in the implementation of the relaxant action of vincanine, 
including blockade of voltage-dependent Ca2+ channels (under 
conditions of contracture induced by KCl), suppression of Ca2+ 
ion transport through channels controlled by Ca2+ receptors, and 
their release from the sarcoplasmic reticulum (under conditions 
contracture caused by phenylephrine).
According to results of the research there was no doubt that 
these features of the relaxing action of vinkanine are due to the 
presence in its structure.
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