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	 The development of cardiovascular diseases is primarily associated with impaired 
activity of ion transport systems that ensure Ca2+ homeostasis in vascular smooth muscle cells. 
Modulation of the function of Ca2+ ion transport systems in smooth muscle cells with biologically 
active compounds allows the development of new approaches to the pharmacological regulation 
of Ca2+-dependent processes in cardiovascular diseases. This article studies the mechanisms 
of the vasorelaxant effect of the isoquinoline alkaloid 1-(3¢-Bromo-4¢-hydroxyphenyl-5¢-
methoxyphenyl)-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline hydrochloride (F-19) on the force 
of aortic ring contraction. It was found that the alkaloid F-19 exerts a concentration-dependent 
(5-100 µM) potent vasorelaxant effect on the force of aortic ring contraction induced by KCl and 
PE. The involvement of the L-type Ca2+ channel in the vasorelaxant effect of the alkaloid F-19 
was investigated under conditions of incubation with its specific blocker verapamil. It was found 
that the role of the L-type Ca2+ channel in the vasorelaxant effect of this alkaloid is minor. The 
effect of the alkaloid F-19 on Ca2+ transport systems in the SR was also investigated. In this 
case, PE and caffeine-induced transient aortic contraction in the absence of Ca2+ significantly 
reduced. At the same time, a decrease in the vasorelaxant effect on aortic contractility was 
observed under the conditions of incubation with the SERCA inhibitor CPA, the alkaloid F-19. The 
vasorelaxant effect of the alkaloid F-19 on rat aortic smooth muscle contractility is mediated by 
several complex mechanisms. The vasorelaxant effect of this alkaloid is provided by inhibiting 
the entry of Ca2+ ions into the cytosol through plasma membrane potential-dependent L-type 
Ca2+ channels and the exit of Ca2+ ions into the cytosol through the SR Ca2+ transport systems, 
and by activating SERCA.
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	 Cardiovascular diseases still occupy 
a leading position in the overall structure of 
morbidity and mortality in the world.1-3 The most 
common pathology of the cardiovascular system 

is arterial hypertension, which is one of the main 
pathophysiological risk factors for the development 
of most cardiovascular diseases.4 The development 
of arterial hypertension is mainly associated with 
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a disruption of Ca2+ homeostasis, which regulates 
the contractile activity of vascular smooth 
muscle cells.5 In maintaining Ca2+ homeostasis in 
smooth muscle cells (SMCs), Ca2+ influx through 
voltage-gated L-type Ca2+ channels and the 
inositol 1,4,5-triphosphate receptor (IP3R) in the 
sarcoplasmic reticulum (SR) plays an important 
role.6,7 Also, participation of endothelium in SMC 
Ca2+ homeostasis and regulation of functional 
activity of blood vessels is considered important. 
Endothelial dysfunction leads to an increase in 
intracellular Ca2+ concentration through a decrease 
in NO synthase activity and disruption of the 
function of the SR Ca2+-ATPase and K+ channels.8 
In this regard, the search for new approaches to 
correcting disorders of Ca2+ homeostasis in SMC 
is currently considered an urgent problem in 
cardiology and pharmacology. The solution to this 
problem will allow the development of effective 
methods for the prevention and treatment of arterial 
hypertension.9 The literature has shown that many 
isoquinoline alkaloids modulate cardiovascular 
diseases,10-12 have neuroprotective,13 analgesic,14 
and other pharmacological properties.15 In addition, 
it has been described that it has a vasorelaxant 
effect on vascular SMÑs.16 Therefore, the purpose 
of this study is to investigate the mechanisms of 
the vasorelaxant effect of the alkaloid F-19 on the 
contractile activity of the rat aortic ring.

Materials and Methods 

	 Animals and aortic rings preparation. 
White rats weighing 200-250 g were anesthetized 
with sodium pentobarbital, and the thorax was 
opened with scissors and the aorta was carefully 
dissected. Aortic vessels were cleaned from the 
upper layer of excess fat using tweezers and 
scissors, and aortic rings ~3-4 mm long were 
prepared. Aortic rings were set up in a custom-
made Graz Glass Tissue Bath, a 5 ml vessel that 
was perfused with Krebs-Henseleit solution (mM): 
NaCl 120.4; ÊÑl 5; NaHCO3 15.5; NaH2PO4 
1.2; ÌgCl2 1.2; ÑaÑl2 2.5; Ñ6Í12Î6 11.5; HEPES 
(ðÍ 7.4).17,18 The Krebs-Henseleit solution was 
constantly aerated using a gas mixture of O2–95/
ÑO2–5% at +37 °C. Aortic rings were attached to 
the cell using two stainless steel wire hooks. During 
the experiment, the international principles of the 
Declaration of Helsinki and the rules of human 

treatment of animals were followed when working 
with animals.
	 Aortic-ring contraction studies. The force 
of aortic ring contraction was transmitted to a signal 
amplifier via a Grass FT.03 mechanotransducer 
(Grass-Telefactor, USA) and recorded on a computer 
using special software (PowerLab, Instruments). 
Each aortic ring was subjected to an initial tension 
corresponding to 1 g (<“10 mN) and incubated for 
60 min before starting the experimental procedure. 
After incubation, experiments were conducted to 
study the vasorelaxant effect of the alkaloid F-19.
Experimental Protocols
	 Aortic smooth muscle contraction activity 
was measured with KCl and the á1-adrenoceptor 
agonist phenylephrine (PE), and the resulting 
contraction was set as 100% as a control.19 After 
the contraction force induced by KCl (50 mM) 
and PE (1 ìM) reached a steady state, we studied 
their vasorelaxant effect by adding alkaloid F-19 
at various concentrations (from 1 ìM to 100 ìM). 
Also, to determine the role of the endothelium 
in the vasorelaxant effect of F-19, experiments 
were conducted on aortic rings from which the 
endothelial layer was mechanically removed.
	 To determine the role of voltage-gated 
L-type Ca2+ channels in the vasorelaxant effect 
of the alkaloid F-19, the specific blocker of this 
channel, verapamil, was used and determined by 
varying the CaCl2 concentration (0.5-2.5 mM) in 
the Krebs-Henseleit solution.
	 The effect of alkaloid F-19 on sarcoplasmic 
reticulum (SR) Ca2+ transport systems (IP3R, RyR) 
was determined by measuring the contraction 
force induced by PE or caffeine in calcium-free 
Krebs solution. The maximum concentration of 
the alkaloid was incubated for 20 minutes and the 
contraction was studied by inducing PE or caffeine. 
The IP3R blocker heparin and the RyR blocker 
ruthenium red were also used. Cyclopiazonic 
acid (CPA), a blocker of this ATPase, was used to 
determine the role of SR Ca2+ ATPase (SERCA) 
in the vasorelaxant effect of alkaloid F-19. In the 
experiments, the vasorelaxant effect of F-19 on PE-
induced contraction force was investigated under 
CPA incubation conditions.
Chemicals
	 Every chemical used was commercially 
available and of analytical grade. Phenylephrine 
(PE), verapamil, EGTA, Acetylcholine (Ach), 
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L-NAME, indomethacin, heparin, ruthenium red, 
and CPA were acquired from Sigma Ltd. Alkaloid 
F-19 (Fig. 1) was synthesized by the staff of the 
Institute of Chemistry of Plant Compounds of 
Uzbek Academy of Sciences. 
Statistical analysis
	 IC

50
 values, which indicate the drug 

concentration needed to achieve 50% of the 
maximum effect (EMax) for contraction or 
relaxation, were derived from concentration-
response curves. These values were computed 
with the sigmoidal curve fitting feature within 
Origin 9.1 software (Microcal, Northampton, 
MA, U.S.A.). The outcomes of experiments, 
carried out repeatedly, are shown as M±m. Here, 
M is the average of the results and m represents 
the standard error. We used Student’s t-test 
to determine the statistical significance of the 
experimental outcomes compared to the control, 
with significance levels set at *p<0.05 and 
**p<0.01.

Results

Vasorelaxant effect of alkaloid F-19 on aortic 
contractions induced by KCl and PE
	 In  prel iminary experiments ,  the 
vasorelaxant effect of the isoquinoline alkaloid 
F-19 was studied on the contractile activity of the 
rat aortic vascular ring induced by a hyperpotassium 
solution. As a result, it was found that the alkaloid 
F-19 at a concentration of 5 ìM attenuated the 
aortic contractile activity induced by 50 mM KCl 
by 8.6±3.8% compared to the control. It was also 

noted that at a concentration of 100 ìM, this value 
was 93.5±3.7%. The IC

50
 value (concentration that 

reduces the contraction force by 50% compared 
to the maximum) of the alkaloid F-19 was 44.6 
ìM (Fig. 2, A). Similarly, in experiments, it was 
found that the alkaloid F-19 reduced the contractile 
activity of the aortic ring induced by 1 ìM PE by 
10.6±3.0% at a concentration of 5 ìM compared to 
the control, and by 94.2±3.2% at a concentration of 
100 ìM, and the half-maximal concentration was 
equal to IC

50
=26.1 ìM (Fig. 2, B).

	 Based on the IC
50

 values obtained, it 
can be concluded that the alkaloid F-19 exhibits 
a stronger vasorelaxant effect on PE-induced 
contractions. It was found that the endothelial 
layer is very poorly involved in the vasorelaxant 
effect of the alkaloid F-19 (Fig. 2, A, B), and this 
was confirmed in experiments with L-NAME and 
indomethacin. From these results, it was observed 
that the vasorelaxant effect of the alkaloid F-19 
is not endothelium-dependent and acts mainly 
through direct activation of the vasorelaxant 
mechanisms of vascular SMCs.
The role of voltage-gated L-type Ca2+ channels 
in the vasorelaxant effect of the alkaloid F-19
	 In this series of experiments, the effect 
of the alkaloid F-19 on the aortic ring in response 
to changes in the concentration of CaCl2 in the 
environment was studied. Cumulative addition 
of CaCl2 under conditions of incubation with 
KCl (50 mM) in Krebs’ solution, which lacks 
Ca2+ ions, led to a concentration-dependent 
increase in aortic ring contraction. Under these 
conditions, it was found that the alkaloid F-19 
significantly reduced aortic contractility in a CaCl2 
concentration-dependent manner (Fig. 3, A). In this 
case, preincubation with 100 ìM of the alkaloid 
F-19 reduced the aortic contractile force during 
the maximal concentration of CaCl2 to 76.6±3.3% 
compared to the control. This suggests that it 
occurs through inhibition of voltage-gated L-type 
Ca2+ channels. To further clarify this, the effect of 
the L-type Ca2+ channel blocker verapamil on the 
concentration-dependent force of aortic contraction 
was compared with that of CaCl2. Verapamil (1 ìM) 
reduced the CaCl2-dependent force of aortic ring 
contraction by 94.9±3.6% compared to control. 
Also, in subsequent experiments, the combined 
vasorelaxant effect of the specific the L-type Ca2+ 
channel blocker verapamil and the alkaloid F-19 Fig. 1. Chemical structure of alkaloid F-19
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Fig. 2. Dose-dependent vasorelaxant effect of the alkaloid F-19 on the contractile activity of endothelium-
positive (E+) and endothelium-negative (E-) aortic rings induced by 50 mM KCl (A) and 1 ìM PE (B). Results 

are presented as a percentage of the contraction triggered by PE (1ìM) or KCl (50 mM). Data are shown as mean	
 ± SEM (n=6). *p < 0.05, **p < 0.01, compared to the control condition.

was studied. In these experiments, it was noted that 
during incubation with verapamil (IC

50
=0.1 ìM), 

the aortic ring reduced the force of contraction 
induced by KCl by 50±3.8% compared to the 
control, and the addition of the alkaloid F-19 
(IC

50
=44.6 ìM) under these conditions further 

attenuated the force of contraction by 28.5±3.3% 
(Fig. 3, B).
	 The results of this study indicate that 
voltage-gated L-type Ca2+ channels are involved 
in the vasorelaxant effect of the alkaloid F-19. The 
additional decrease in aortic ring contractility under 
the influence of the alkaloid F-19 in the presence 
of verapamil indicates the involvement of other ion 
transport systems.
Effect of alkaloid F-19 on IP3R
	 In subsequent studies, PE (1 ìM) in Ca2+-
free Krebs solution supplemented with EGTA 
(1 mM) caused a transient contraction in aortic 
rings. This contraction occurs mainly as a result 
of the release of Ca2+ from the SR into the cytosol 
via the IP3R.20 This reduction was 66.7±4.2% 
of the contractile force of aortic rings induced 
by PE (1 ìM) in normal Kreb’s saline (control). 
Preincubation of aortic rings with the alkaloid 

F-19 (100 ìM) in Krebs’ solution lacking Ca2+ ions 
reduced the force of PE (1 ìM)-induced contraction 
of the SMC from 66.7±4.2% to 24.3±3.6% (Fig. 
4).
	 This result suggests that the vasorelaxant 
effect of the alkaloid F-19 may be related to IP3R 
blockade. To further clarify this, the effect of F-19 
was compared with the IP3R inhibitor heparin 
(10 mg/ml). It was found that heparin (10 mg/
ml) reduced the force of PE-induced contraction 
of aortic rings in Ca2+-free Krebs solution from 
66.7±4.2% to 11.7±3.4% (Fig. 4). The results show 
that the vasorelaxant effects of F-19 and heparin are 
similar, indicating that this is achieved by inhibiting 
IP3R and reducing intracellular Ca2+ concentration.
Effect of alkaloid F-19 on SR RyR
	 It is known that in vascular smooth muscle 
cells, RyR, along with IP3R, is partially involved 
in the release of Ca2+ ions from the SR into the 
cytosol.21 In our experiments, we examined the 
effect of the F-19 alkaloid on RyR activity and 
caffeine-induced aortic contraction. In Krebs 
solutions without Ca2+ ions, the force of aortic 
ring contraction induced by caffeine (10 mM) was 
41.4±3.1% compared to the force of aortic ring 
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Fig. 3. Vasorelaxant effects of alkaloid F-19 and verapamil on CaCl2 concentration-dependent contractions in 
rat aortic rings (A) and on KCl (50 mM)-induced contractile activity under conditions of verapamil (0.1 ìM) 

incubation (B). A-Cumulative dose-response curves for CaCl2 (0-2.5 mM) in aortic rings pretreated with in Ca2+-
free conditions plus KCl (50 mM). B-effect of verapamil on blood vessel relaxation caused by F-19 alkaloid. 

Data are shown as mean ± SEM (n=5). *p < 0.05, **p < 0.01, compared to the control condition

Fig. 4. Effect of alkaloid F-19 and heparin on 
PE-induced rat aortic vasoconstriction in Krebs 

solution lacking Ca2+ ions. Results are presented as a 
percentage of the contraction triggered by PE (1ìM). 

Data are shown as mean ± SEM (n=6). *p < 0.05, **p 
< 0.01, compared to the control condition

contraction induced by PE (1 ìM) under normal 
conditions. In these experiments, it was found 
that preincubation with the alkaloid F-19 (100 ìM) 
reduced the force of contraction of aortic rings 
induced by caffeine from 41.4±3.1% to 21.1±3.4% 
(Fig. 5). 

	 According to these results, the vasorelaxant 
effect of the alkaloid F-19 on the force of contraction 
of the aortic rings induced by caffeine may be due 
to the attenuation of RyR activity. This was also 
proven when compared with the vasorelaxant 

effect of the RyR inhibitor ruthenium red. That is, 
preincubation of aortic rings with ruthenium red 
(100 ìM) reduced the contraction force induced by 
caffeine from 41.4±3.1% to 15.7±4.2% (Fig. 5). 
The results obtained indicate that the vasorelaxant 
effect of the alkaloid F-19 on the contraction force 
induced by caffeine is associated with a decrease in 
the amount of Ca2+ released from the SR through 
the RyR.
Effect of alkaloid F-19 on SERCA
	 To assess the involvement of SERCA in 
the vasorelaxant effect of the alkaloid F-19 on the 
contractile activity of aortic smooth muscle cells, 
its specific blocker cyclopiazonic acid (CPA) was 
used. In the presence of CPA (10 ìM), it was found 
that the maximum vasorelaxant effect of alkaloid 
F-19 was reduced compared to the control. In 
experiments, it was observed that the vasorelaxant 
effect of the alkaloid F-19 on the PE-induced 
contraction force decreased from 94.2±3.2% to 
82.8±4.2% under conditions of incubation with 
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Fig. 5. Effect of alkaloid F-19 and ruthenium red on caffeine-induced contraction of rat aortic blood vessel rings 
in Krebs solution lacking Ca2+ ions. Results are presented as a percentage of the contraction triggered by Caffeine 

(10 mM). Data are shown as mean ± SEM (n=5). *p < 0.05, **p < 0.01, compared to the control condition

CPA (10 ìM) (Fig. 6, A). The results revealed that 
SERCA is involved in the vasorelaxant effect of 
the tested alkaloid. To further confirm this, in 
subsequent experiments, the addition of CPA (10 
ìM) in the presence of verapamil (1 ìM) resulted in 
a transient contraction of the aortic annulus, which 
was 36.7±3.9% compared to the aortic contraction 
induced by 1 ìM PE. Inhibition of SERCA by 
CPA, which reduces the entry of Ca2+ ions into 
the SR, increases the concentration of [Ca2+]

in
 the 

cell and leads to a decrease in the SMC. In these 
experiments, it was found that preincubation of the 
aortic ring with the alkaloid F-19 reduced the force 
of aortic contraction induced by CPA by 23.6±3.6% 
(Fig. 6, B).
	 These results indicate the involvement of 
SERCA in the vasorelaxant effect of the alkaloid 
F-19.

Discussion

	 This study presents the mechanisms of 
vasorelaxant action of the alkaloid F-19 in rat 
aortic rings. We have experimentally demonstrated 
that the alkaloid F-19 exerts a potent vasorelaxant 
effect on aortic rings induced by KCl and PE. It 
was observed that the vasorelaxant effect of the 
F-19 alkaloid was not endothelium-dependent in 
aortic blood vessels, that is, it remained unchanged 
in the conditions of mechanical removal of the 
endothelial layer or in the conditions of incubation 
with L-NAME and indomethacin, in KCl or PE-
induced contractions.
	 Ña2+ ions play a key role in the contraction 
and relaxation of smooth muscles that support 
vascular function, as well as in the control 
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of vascular tone.22 The intracellular [Ñà2+]
in
 concentration is maintained by various Ca2+ 

transport systems located in the cell plasmalemma 
and the SR.23,24 In SÌÑs voltage-gated L-type Ca2+ 
channels play a key role in ensuring the entry of 
Ca2+ ions into the cell and activate the influx of 
Ca2+ in response to membrane depolarization, 
which in turn causes muscle contraction.25,26 In 
our experiments, the alkaloid F-19 significantly 
reduced the contractile activity of aortic rings 
induced by KCl. This suggests that the vasorelaxant 
effect of F-19 may be due to a decrease in the entry 
of Ca2+ ions into the cell by blocking L-type Ca2+ 
channels. This assumption was confirmed by the 
fact that the alkaloid F-19 reduced the force of 
contraction of aortic rings induced by changing 
the CaCl2 concentration in the [Ca2+]

out
 medium. 

These results showed that the vasorelaxant effect 
of F-19 is mediated by the blockade of L-type Ca2+ 
channels. However, the additional vasorelaxant 
effect of F-19 in conditions where L-type Ca2+ 
channels are blocked by verapamil indicates the 
involvement of other ion transport systems.
	 SR Ca2+ transport systems, such as 
IP3R, RyR, and SERCA play an important role in 
controlling the contraction and relaxation processes 
of smooth muscles.27-29 IP3R plays a leading role 
in the release of Ca2+ from the SR into the cytosol 

in vascular smooth muscle cells.30 Therefore, 
in our experiments, we examined the effect of 
F-19 on PE-induced aortic ring contractions in 
the absence of Ca2+ ions. These studies showed 
that the PE-induced contraction was significantly 
reduced by the alkaloid F-19, indicating that 
it inhibits the release of Ca2+ ions from the SR 
through the IP3R. When we compared this to the 
vasorelaxant effect of the IP3R inhibitor heparin, 
we found that they had similar effects. It is known 
that heparin inhibits the release of Ca2+ from the SR 
via IP3R in reducing systems.31-33 In experiments, 
heparin was also observed to reduce PE-induced 
contractions of aortic rings in Krebs solution, 
which lacks Ca2+ ions. Therefore, based on these 
results, the vasorelaxant effect of the alkaloid F-19 
is dependent on IP3R, which inhibits the release of 
Ca2+ ions from the SR and leads to relaxation of 
the aortic vascular smooth muscle.
	 In the absence of Ca2+ ions, [Ñà2+]

out
=0, 

the participation of RyR along with IP3R in the 
contraction of the SMR has been noted.34,35 The 
experiments studied the effect of the alkaloid 
F-19 on the force of aortic contraction induced by 
caffeine in Krebs solutions lacking Ca2+ ions. It 
is known that under the influence of caffeine, the 
release of Ca2+ ions from the SR into the cytosol 
occurs due to the activation of RyR in the SÌÑ.36,37 

Fig. 6. Vasorelaxant effects of alkaloid F-19 on PE (A) and CPA-induced (B) aortic ring contractions under CPA 
incubation conditions. Results are presented as a percentage of the contraction triggered by PE (1ìM). Data are 

shown as mean ± SEM (n=5). *p < 0.05, **p < 0.01, compared to the control condition
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In experiments, it was found that incubation with 
the alkaloid F-19 reduced the contraction force 
induced by caffeine. This is explained by the 
reduction of Ca2+ release from the SR through 
blockade of RyR. These results indicate that RyR 
is partially involved in the vasorelaxant effect 
of the alkaloid F-19.38 This was confirmed by 
comparing the vasorelaxant effect of the RyR 
inhibitor ruthenium red39 on caffeine-induced aortic 
ring contraction. It was found that the effects of the 
alkaloid F-19 and ruthenium red on reducing the 
force of contraction of the aortic rings induced by 
caffeine are similar.
	 SERCA plays a key role in the regulation 
of Ca2+ ions in the SR of the SÌÑ.40,41 SERCA plays 
an important role in ensuring the accumulation of 
Ca2+ ions in the SR, maintaining Ca2+ homeostasis 
in the SÌÑ, and in the process of smooth muscle 
relaxation.42,43 It is known that in studies to examine 
the effect of biologically active compounds on 
SERCA in smooth muscle cells, the selective 
blocker of this pump CPA is used.44 In our 
experiments, it was observed that the vasorelaxant 
administration of the alkaloid F-19 reduced PE-
induced aortic contraction under CPA incubation 
conditions. The reduced vasorelaxant effect of F-19 
may be due to the inhibition of SERCA by CPA. To 
further clarify this, in subsequent experiments, the 
effect of the F-19 alkaloid on transient contractions 
induced by incubation of aortic rings with CPA for 
a period of time was examined. It is known that 
CPA blocks SERCA and inhibits the entry of Ca2+ 
ions into the SR, causing a transient decrease in 
[Ca2+]

in
 in the SÌÑ.45 It was found that preincubation 

of aortic rings with alkaloid F-19 reduced the 
contraction induced by CPA. According to these 
results, the vasorelaxant effect of the F-19 alkaloid 
is explained by its reduction in [Ca2+]

in
 in the CSF 

through SERCA activation.

Conclusions 

	 These studies provided the first evidence 
that the vasorelaxant effect of the isoquinoline 
alkaloid F-19 on rat aortic rings is mediated by 
several complex mechanisms. This inhibits the 
release of Ca2+ ions into the cytosol through 
voltage-gated L-type Ca2+ channels and the SR 
Ca2+ transport systems and is provided by the 
activation of SERCA. The information obtained 

on the mechanism of action of the alkaloid F-19 
plays an important role in the regulation of 
vascular tone. Modulating the function of SR Ca2+ 
transport systems could help develop new effective 
approaches to treating many cardiovascular 
diseases.
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