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Abstract: Transient receptor potential vanilloid channel 2 (TRPV2) is required for normal cardiac 
contractility. The stimulation of TRPV1 in isolated cardiomyocytes can aggravate the effect of hy-
poxia/reoxygenation (H/R) on H9C2 cells. The knockout of the TRPV1 gene promotes increased 
tolerance of the isolated perfused heart to the impact of ischemia/reperfusion (I/R). However, acti-
vation of TRPV1 increases the resistance of the heart to I/R due to calcitonin gene-related peptide 
(CGRP) release from afferent nerve endings. It has been established that TRPV1 and TRPV2 are 
involved in the pathogenesis of myocardial infarction and, in all likelihood, ensure the cardiac tol-
erance to the ischemia/reperfusion. It has also been documented that the activation of TRPV4 nega-
tively affects the stability of cardiomyocytes to the H/R. The blockade of TRPV4 can be considered 
as a new approach to the prevention of I/R injury of the heart. Studies also indicate that TRPV1 is 
involved in the pathogenesis of cardiac hypertrophy and that TRPV2 channels participate in the 
pathogenesis of dilated cardiomyopathy. Excessive expression of TRPV2 leads to chronic Ca2+-
overload of cardiomyocytes, which may contribute to the development of cardiomyopathy. 
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1. INTRODUCTION  

 Transient receptor potential channels (TRP) represent a 
group of nonselective channels that conduct cations (mainly 
Na+ and Ca2+) [1, 2]. These channels are localized or translo-
cated into the plasma membrane of most of the animal cells 
[1]. In total, there are 28 TRP channels structurally similar to 
each other [1]. Many of these channels respond to pain stim-
uli, heat, cold, pressure, stretching, vibration; while some of 
these channels function as microscopic thermometers [3]. 
Structurally TRP channel is a tetramer, which is embedded 
in the cell membrane and consists of four subunits. Each 
subunit has 6 transmembrane domains and two sufficiently 
extended intracellular regions located at the beginning of the 
polypeptide chain (NH2-terminal) as well as at the end of the 
polypeptide chain (COOH-terminal) [1]. This review is spe-
cifically focused on the transient receptor potential vanilloid  
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(TRPV) channels, formerly named vanilloid receptor (VR) 
[4-6]. The activation of TRPV1 leads to an increase in the 
level of intracellular calcium [Ca2+]i [7]. Here we analyze the 
three types of TRPV channels (TRPV1, TRPV2, TRPV4) 
and the investigations which document their role in the regu-
lation of the functional state of the heart. 
 The TRPV1 has been a widely studied channel which 
was cloned in 1997 by the D. Julius’ group [7]. These recep-
tors are activated by heat (t>43°C) or pH <5.5 and the 
physiological role of these receptors is to convey the sensa-
tions of heat and pain [8]. The TRPV1 channels are ex-
pressed on the different cells, including cardiomyocytes [9, 
10]. More specifically, they are present in the nociceptive 
afferent neural C-fibers innervating the heart [4]. Capsaicin 
has been the most commonly employed agonist of TRPV1 
and another selective agonist of TRPV1 i.e., resiniferatoxin 
has also been employed [11]. Several TRPV1 antagonists 
have also been identified [12]. Capsazepine is the nonselec-
tive TRPV1 antagonist [13-15]. The activation of TRPV1 
leads to an increase in the level of intracellular calcium 
[Ca2+]I [7]. In 1999, the D. Julius’ group cloned TRPV2, 
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which is activated at t> 52°C [16]. Their studies indicate that 
TRPV2 responds to the changes in osmolarity and membrane 
stretch [17]. Transcripts encoding the TRPV2 channel in the 
heart have also been detected [18]. The existence of TRPV2 
channels in cardiomyocytes has also been confirmed by 
other researchers [19]. It has been reported that these chan-
nels are located on the sarcolemma of cardiomyocytes [20, 
21]. An agonist of TRPV2 i.e., probenecid, activates TRPV2 
with EC50 of 32 µM and it has minimal effect on other chan-
nels [22]. Tranilast is a non-selective TRPV2 antagonist [20, 
23] and ruthenium red is non-specific and non-competitive 
vanilloid antagonist [16]. In 2000, TRPV4 was first identi-
fied and characterized as an osmolarity sensitive channel 
[24]. TRPV4 channels are expressed on H9C2 cardio-
myoblasts [25]. 

2. THE ROLE OF TRPV IN THE REGULATION OF 
THE CARDIAC CONTRACTILITY AND VASCULAR 
RELAXATION  

 In 2012, an in vivo study in mice showed that the TRPV2 
activator probenecid, at a dose of 100 mg/kg intravenously, 
had a pronounced inotropic effect, which was recorded echo-
cardiographically [18]. The inotropic effect of probenecid 
could not be detected in animals with the knockout gene en-
coding TRPV2. The TRPV2 agonist did not affect the heart 
rate, the QRS complex or the duration of the PR interval. In 
an in vitro study, the isolated heart was perfused with a solu-
tion containing probenecid (1 µM) for 5 min which increased 
the rate of contraction and relaxation [18]. In a study on iso-
lated cardiomyocytes, the effect of probenecid on the con-
tractility and transport of Ca2+ was studied. The probenecid 
had a positive inotropic effect, increased [Ca2+]i and elevated 
the amplitude of [Ca2+]i oscillations. The thapsigargin, which 
disrupts the accumulation of Ca2+ in the sarcoplasmic reticu-
lum (SR), prevented a probenecid-induced rise in the level of 
Ca2+ in the cell. On the basis of this data, the authors have 
concluded that probenecid causes mobilization of Ca2+ from 
SR by activation of TRPV2 [18]. It has also been 
documented that the deletion of the gene encoding TRPV2 in 
mice results in a disruption of the systolic and diastolic func-
tion of the heart [26]. Furthermore, the non-selective TRPV2 
blocker tranilast blunted the hypertrophic and fibrotic re-
sponses induced by transverse aortic constriction in vivo af-
ter 4 weeks and was associated with improved cardiac func-
tion, but after longer administration (8 weeks) cardiac func-
tion was similar to the control group. In vitro studies showed 
tranilast response was not at the cardiomyocyte level [27]. 
The stimulation of TRPV2 with the TRPV2 agonist pro-
benecid (100 mg/kg intravenously) had a positive inotropic 
effect, which was absent in TRPV2-/- mice. The authors have 
concluded that the activation of TRPV2 was a prerequisite 
for normal pumping function of the heart [26]. In 2014, the 
results of a study utilizing cardiomyocytes of genetically 
modified mice with the deletion of a region of DNA (exon 4) 
encoding TRPV2 were published [28]. This deletion disturbs 
the cardiomyocyte contractility and Ca2+ transport in the cell. 
These data confirm the view that the TRPV2 is necessary for 
normal cardiac contractility. Utilizing knockout mice  
which had the gene encoding TRPV2 deleted have shown 
that TRPV2 channels participate in the cardiac 
 

response to physical activity [29]. In a study that was per-
formed on an isolated rat papillary muscle, it was shown that 
4-α-phorbol-12,13-didecanoate (4α-PDD), an agonist of 
TRPV4, had no effect on papillary muscle contractility under 
isosmotic conditions [30]. It has been shown that 
GSK1016790A, a novel TRPV4 activator, induced circula-
tory collapse in the dogs and rat [31]. However, 
GSK1016790A had no effect on rate or contractility in the 
isolated perfused rat heart [31]. This compound produced 
potent endothelial-dependent relaxation of isolated vascular 
ring segments which was abolished by pretreatment with the 
NO-synthase inhibitor L-NAME, the TRPV inhibitor ruthe-
nium red, and by endothelial NO-synthase gene deletion. 
The circulatory collapse was not abolished by L-NAME or 
endothelial NO-synthase gene deletion and was associated 
with profound vascular leakage and hemorrhage in the intes-
tine, lung, and kidney [31]. Thus, these data suggest that 
TRPV4 is not involved in the regulation of cardiac contrac-
tility. Circulatory collapse, apparently, was a consequence of 
the toxic effect of GSK1016790A. 
 The aforementioned studies suggest that TRPV2 chan-
nels are necessary for normal heart contractility. They also 
indicate that TRPV4 channels are not involved in the regula-
tion of heart contractility. The role of other TRPV channels 
in the regulation of heart contractility in normal conditions 
has yet to be studied.  

3. TRPV2 CHANNEL ACTIVATION INDUCES CAR-
DIAC TOLERANCE TO ISCHEMIA AND REPERFU-
SION 

 The TRPV2 channels also appear to play an important 
role in the pathogenesis of acute myocardial infarction. The 
knockout of TRPV2 gene in mice decreases the cardiac tol-
erance to ischemia/reperfusion (I/R) [32]. Three to four days 
after coronary occlusion, the TRPV2 mRNA levels were 
increased more than ten-fold in the left ventricular tissue as 
compared to sham-operated controls [33]. The authors asso-
ciated this increase in the TRPV2 mRNA levels in entire left 
ventricular tissue with the migration of macrophage (mono-
cytes) to the infarction zone. Indeed, flow cytofluorometry 
indicated that on the third day after coronary occlusion, the 
number of cells that had a monocyte marker (CD11B/C) and 
TRPV2 at the same time was increased several-fold in the 
myocardial infarction. After ten days, the number of such 
cells in the infarcted myocardium was only 2-fold higher 
than the values characteristic for the sham-operated animals. 
In another study, it was shown that the NR8383 alveolar 
macrophages migrate towards the incubation medium of the 
H9C2 cardiomyoblast by exposing cardiomyoblasts to hy-
poxia for 4 hours. However, this migration was significantly 
increased following treatment of macrophages with small 
interfering RNA (siRNA) of TRPV2 mRNA [33]. These 
siRNAs disrupt the expression of TRPV2 on macrophages 
NR8383 and thus, the authors propose that macrophages 
expressing TRPV2 participate in the pathogenesis of the 
acute myocardial infarction by migrating to the infarction 
zone [33]. These studies indicate that activation of TRPV2 
channels increases the tolerance of cardiomyocytes to the 
impact of I/R. 
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4. ROLE OF TRPV1 IN CARDIAC TOLERANCE TO 
ISCHEMIA/REPERFUSION 

 It has been shown that endogenous vanilloid 12(S)-
hydroperoxyeicosatetraenoic acid limits the infarct size 
which has been attributed to the stimulation of TRPV1 chan-
nels on the afferent nerves [34]. Moreover, deletion of the 
genes encoding TRPV1 in experimental animals has been 
associated with the increased production of pro-
inflammatory cytokines and pathological post-infarction 
cardiac remodeling [35]. In contrast, the study of Sun et al 
indicated the negative role of TRPV1 channels in regulating 
the tolerance of cardiomyoblasts in response to hypoxia-
reoxygenation (H/R). The Sun et al reported that capsaicin 
[10], a TRPV1 agonist, during H/R enhances the apoptosis 
of H9C2 cells, increases [Ca2+]i , enhances the superoxide 
production by mitochondria and reduces the mitochondrial 
membrane potential. Moreover, capsazepine (a TRPV1 an-
tagonist) or TRPV1 siRNA attenuated H/R-induced H9C2 
cell apoptosis. The hearts isolated from TRPV1-/- mice were 
resistant to I/R in comparison to the hearts of wild mice. On 
the basis of these contradictory results, it may be proposed 
that the direct activation of TRPV1 channels on the cardio-
myocytes exacerbates H/R-induced injury is mainly due to 
calcium overload and to an increase in mitochondrial super-
oxide production [10]. However, the infarct-limiting effect 
observed in in vivo may be due to the activation of TRPV1 
located on the endings of the afferent fibers, which may lead 
to increase in the release of cardioprotective peptides such as 
calcitonin gene-related peptide (CGRP) and substance P. 
Using TRPV1 gene knockout (TRPV1KO) and wild-type 
(WT) mice, it has been shown that the activation of TRPV1 
channels protect hearts from inflammation and apoptosis in 
I/R injury subjected mice by releasing CGRP from afferent 
nerve terminals [36]. Remote preconditioning-induced car-
dioprotection against I/R injury has been attributed to 
TRPV1-dependent CGRP release [37]. Moreover, it is also 
reported that release of activation of TRPV1 channels during 
remote preconditioning may inhibit the enzymatic activity of 
glycogen synthase kinase-3β (GSK-3β), which subsequently 
may enhance gap junction coupling to produce cardioprotec-
tive effects against I/R injury [38]. A very recent study has 
shown that the activation of TRPV1 protects the heart 
against I/R through up-regulation of the phosphatidylinosi-
tol-3-kinase (PI3K)/Akt signaling pathway [39]. In 2009 
[40], it was shown that TRPV1 agonist capsaicin can reduce 
reperfusion contractile dysfunction of the isolated perfused 
murine heart. Capsaicin reduced the reperfusion LDH leak-
age from the heart. In 2016, it was shown that capsaicin (0.1, 
0.3, 1.0 mg/kg) reduces the infarct size/area at risk (IS/AAR) 
when administered prior to ischemia or after ischemia. Cap-
saicin exhibited a maximum infarct-reducing effect at a dose 
of 0.3 mg/kg intravenously [41, 42]. The TRPV1 antagonist 
capsazepine eliminated the infarct-sparing effect of cap-
saicin. It has been shown that a cream containing capsaicin 
can also exhibit infarct-reducing properties [43]. Cannabidiol 
(CBD), a non-psychoactive Cannabis constituent, is active in 
the functional assays of several TRP channels including rat 
and human TRPV1 [44, 45], and rat TRPV2 [45, 46]. Studies 
have shown that it reduces the infarct size in models of I/R in 
rats [47] and reactive oxygen species (ROS) generation in 
human cardiomyocytes [48]. Among its multiform therapeu-

tic potential in a number of disease states [49], CBD also 
shows beneficial effects in rodent models of myocardial in-
farction [50]. The cardioprotective effects observed in in vivo 
studies appears to be associated with the activation of 
TRPV1 channels located on the afferent nerve endings and 
appears to be unrelated to the stimulation of TRPV1 located 
in cardiomyocytes. Thus, the cardioprotective effects ob-
served in in vivo studies are associated with the activation of 
TRPV1 and these appear to be unrelated to the stimulation of 
TRPV1 located on cardiomyocytes. 

5. ROLE OF TRPV IN CARDIAC HYPERTROPHY 
AND CARDIOMYOPATHY  

 Vanilloid receptors are involved not only in I/R injury of 
the heart, but also in the pathogenesis of hypertrophy and 
cardiomyopathy. It has been shown that the combined effect 
of abdominal aortic constriction (AAC) prior to exposure to 
cold temperature (4°C) for 4 weeks causes cardiac hypertro-
phy and contractile myocardial dysfunction in mice [51]. 
Western blot analysis showed upregulation of TRPV1 in the 
hearts of these mice. The TRPV1 antagonist SB366791 re-
duced manifestations of contractile dysfunction of the heart 
of these animals. These studies indicate that TRPV1 is in-
volved in the formation of cardiac hypertrophy. A study in 
the cultured cardiomyocytes has also reported that activation 
of TRPV1 increased cell size and intracellular calcium level 
effects via of p38 mitogen-activated protein (MAP) kinases 
[52]. 
 There is also evidence that vanilloid receptors can par-
ticipate in the pathogenesis of cardiomyopathy. In 2013, a 
model of dilated cardiomyopathy (DC) caused by a defi-
ciency of δ-sarcoglycan in hamsters was used [20]. Moreo-
ver, the DC model which was used was caused by excessive 
expression of the sialyltransferase in 4C30 mice. In hamsters 
with DC, the expression of TRPV2 in the myocardium was 3 
times higher than the values typical for normal hamsters. In 
cardiomyocytes of hamsters with DC, significant accumula-
tion of Ca2+ was observed after addition of the TRPV2 ago-
nist 2-aminoethoxydiphenyl borate to the medium of incuba-
tion. While no significant increase in Ca2+ was observed in 
the cytoplasm of cardiomyocytes of wild hamsters. In the 
myocardium of human subjects with DC, there was also an 
increase in the expression of TRPV2 [20]. HEK293 cells 
were transfected with a vector containing DNA that encodes 
the NH2-terminal (NT) fragment of TRPV2. This transfec-
tion leads to the internalization of TRPV2, that is, the trans-
port of these receptors from the sarcolemma to the cytoplasm 
[20]. The authors found that the creation of transgenic 4C30 
mice with NT expression leads to a decrease in the number 
of TRPV2 in cardiomyocytes. In these mice, unlike the ini-
tial line of 4C30 mice, DC does not develop and their lon-
gevity was greater than that of 4C30. This is the same effect 
that NT expression has in hamsters with congenital DC. The 
long-term (14 days) administration of the TRPV2 inhibitor 
tranilast into hamsters with DC contributed to a decrease in 
the number of TRPV2 on the sarcolemma of cardiomyocytes 
and improved cardiac contractility parameters [20]. These 
authors hypothesize that overexpression of TRPV2 leads to 
chronic Ca2+-loading of cardiomyocytes, which in turn 
causes DC. 
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 The aforementioned studies indicate that TRPV2 is in-
volved in the pathogenesis of dilated cardiomyopathy, and 
that excessive expression of TRPV2 leads to chronic Ca2+-
overload of cardiomyocytes, which in turn causes cardiac 
dilatation. 
 Duchenne muscular dystrophy (DMD) is a disease that is 
accompanied by degeneration of skeletal muscles due to a 
mutation leading to the lack of dystrophin protein [21]. In 
addition to muscular dystrophy, heart failure and arrhythmias 
develop with DMD. The lack of dystrophin leads to Ca2+-
overload in the cardiomyocytes due to over-stretching of the 
cell membrane [21]. Studies were performed using 
C57BL/10 mice and C57BL/10ScScn-mdx mice with mus-
cular dystrophy [21]. They indicate that osmotic stress 
causes a marked rise in the level of Ca2+ in cardiomyocytes 
isolated from the heart of mice with dystrophy and does not 
significantly affect the level of Ca2+ in the cardiomyocytes of 
wild mice. It has now also been documented that TRPV2 is 
located on the sarcolemma of cardiomyocytes. The number 
of these receptors is 1.5 times higher in mice from the 
C57BL/10ScScn-mdx line than in wild mice. TRPV2 activa-
tors (probenecid and 2-aminoethyl diphenylborinate) in-
creased the level of Ca2+ in the cytoplasm of cardiomyocytes 
in mice with dystrophy, and TRPV2 inhibitors eliminate this 
effect of agonists [21]. These investigations were performed 
on cardiomyocytes, which were exposed to compounds de-
pleting Ca2+ stores in the SR (thapsigargin + ryanodine + 
caffeine). Consequently, the elevation of [Ca2+]i could only 
be the result of the entry of Ca2+ from the extracellular me-
dium through the TRPV2 channels. The rise of Ca2+ in the 
cytoplasm of cardiomyocytes of C57BL/10ScScn-mdx mice 
in response to osmotic stress disappeared after pretreatment 
with antibodies to TRPV2 or TRPV2 siRNA [21]. The data 
presented indicate that TRPV2 is an osmoreceptor whose 
overexpression can lead to Ca2+ overload of cardiomyocytes, 
which in turn can cause cardiomyopathy in C57BL/10ScScn-
mdx mice. In 2016, Aguettaz et al. [53] published the results 
of investigations with isolated cardiomyocytes of wild mice 
and mice with muscular dystrophy C57BL/10ScScn-mdx. 
The stress of stretching was reproduced using micro carbon 
fibres technique. In response to the stretching of [Ca2+]i in 
the cardiomyocytes of wild mice, it increased 20-fold, and in 
the cardiomyocytes of mdx mice, the increase in the Ca2+ 
level was even more significant. Nifedipine, the blocker of 
L-type Ca2+ channels did not affect the rise of [Ca2+]i in car-
diomyocytes after their extension. Streptomycin, the non-
selective inhibitor of ionic channels, reacting to tension, 
completely eliminated the rise of [Ca2+]i. The selective in-
hibitor of these channels, the GsMTx-4 isolated from taran-
tula venom reduced, but did not eliminate the increase in 
[Ca2+]i in response to the stretching. The antibodies to 
TRPV2 completely eliminated the increase in [Ca2+]i in the 
cardiomyocytes of mdx mice in response to stretching, and 
the inhibitor TRPV2 tranilast also acted [53]. The antibodies 
to TRPV2 and tranilast did not affect the rise of [Ca2+]i in the 
cardiomyocytes of wild mice. The authors found that the 
density of TRPV2 is significantly larger in the cardiomyo-
cytes of mdx mice than in wild animals [53]. The data pre-
sented indicate that overexpression of TRPV2 can promote 
Ca2+-overload of cardiomyocytes in mice with muscular dys-

trophy. Such an overload of cells with calcium ions may be 
one of the causes of cardiomyopathy. 
 The foregoing studies indicate that TRPV2 channel can 
function as an osmoreceptor, the overexpression of which 
promotes Ca2+-overload of cardiomyocytes, and it, in turn, 
can lead to cardiomyopathy. 

6. TRPV4 CHANNEL ACTIVATION EXACERBATES 
ISCHEMIC INJURY  

 In 2017, research results in mice that received coronary 
occlusion (30 min) following reperfusion were published 
[54]. The reperfusion time was 24 h. The selective TRPV4 
inhibitor HC-067047 was administered intraperitoneally 
every 8 h, the first injection was done at the time of reperfu-
sion initiation. The HC-067047 had an infarct-limiting ef-
fect, starting at a dose of 5 mg/kg. The optimal dose was 10 
mg/kg. In mice with a deletion of the gene encoding TRPV4, 
the infarct size was 2-fold less than in wild mice. In the 
blood of TRPV4-/- mice, the troponin T (a marker of myo-
cardial necrosis) level was lower than in the blood of wild 
mice. The left ventricular ejection fraction, in contrast, was 
higher in TRPV4-/- mice than in TRPV4+/+ mice. In TRPV4-/- 
mice the apoptotic index was 3-fold lower in comparison 
with TRPV4+/+ animals. HC-067047 reduced the apoptotic 
index and decreased the activity of the key enzyme of apop-
tosis of Caspase 3. In another group, HC-067047 was admin-
istered 1 h after reperfusion, the reperfusion duration was 4 
hours. This study indicated that the blockade of phosphatidy-
linositol-3-kinase (PI3K) and extracellular signal-regulated 
kinase (ERK) eliminated the infarct-limiting and anti-
apoptotic effect of HC-067047 [54]. The infarct-limiting 
effect of HC-067047, when administered 1 h after reperfu-
sion was a surprise. Usually, the drugs are administered in-
travenously 5 minutes before reperfusion. G.J. Gross’s labo-
ratory data have shown that opioid U-50,488 reduced the 
infarct size if it was injected 5 minutes before reperfusion, 
and did not have a cardioprotective effect if it was adminis-
tered 10 s after reperfusion [55]. Consequently, the data of 
these Chinese physiologists require independent re-
examination [54]. At the same time, experiments utilizing 
knockout mice convincingly demonstrate that TRPV4 chan-
nels play a negative role in regulating cardiac tolerance to 
the impact of I/R. In another study, performed by the same 
author's team [25] confirmed the data regarding the ability of 
HC-067047 to have an infarct-limiting effect when adminis-
tered 1 h after the onset of reperfusion. The TRPV4 agonist 
GSK1016790A, on the contrary, increased the size of the 
infarction following Ischemia-reperfusion and resulted in a 
decrease in the left ventricular ejection fraction. 
 The TRPV4 agonist GSK1016790A aggravated the nega-
tive inotropic effect of coronary occlusion and reperfusion 
while the TRPV4 antagonist HC-067047 improved the 
pumping function of the heart. In experiments on the H9C2 
cardiomyoblasts culture, the existence of functionally active 
TRPV4 in cardiac cells has been demonstrated [25]. The 
TRPV4 activator GSK1016790A caused the rise of [Ca2+]i , 
starting at a concentration of 100 nM, the TRPV4 antagonist 
HC-067047 (1 µM) eliminated this effect. 
 Hypoxia-reoxygenation of H9C2 cardiomyoblasts caused 
an increase in [Ca2+]i, and the addition of GSK1016790A in 
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the incubation medium aggravated Ca2+-overload. The in-
hibitor TRPV4 HC-067047, on the contrary, reduced the 
reoxygenation Ca2+-overload. This data indicates that 
TRPV4 is involved in reoxygenation Ca2+-loading of the 
cardiac cells, and the blockade of these vanilloid receptors 
can increase the resistance of the cardiac cells to H/R. In-
deed, it was found that the H/R of H9C2 cells resulted in an 
increase in the concentration of lactate dehydrogenase 
(LDH), a marker of necrosis, in the incubation medium. The 
TRPV4 antagonist HC-067047 (1 µM) contributed to the 
decrease in LDH concentration. The TRPV4 agonist 
GSK1016790A (300 nM), in contrast, aggravated the necro-
sis of the cardiomyoblasts. Survival of the cells, which were 
subjected to H/R under the influence of HC-067047, was 
increased while cells subjected to GSK1016790A had de-
creased survival time. The effect of H/R led to a fivefold 
increase in the number of H9C2 cells in the state of apopto-
sis, GSK1016790A enhanced apoptosis, HC-067047 reduced 
the number of apoptotic cells. It has also been documented 
that hypoxia/reoxygenation (H/R) leads to an increase in the 
number of reactive oxygen species (ROS). GSK1016790A 
enhances the production of ROS, and HC-067047 inhibits 
the ROS formation. The authors obtained data that the H/R 
leads to the opening of the mitochondrial permeability transi-
tion pore (MPT pore).  
 It is well known that the opening of the MPT pore causes 
apoptosis of the cells and that the pore opens by the action of 
Са2+ and ROS [56-58]. The TRPV4 antagonist HC-067047 
inhibited the MPT pore opening while the TRPV4 agonist 
GSK1016790A promoted pore opening MPT, which accord-
ingly affected the apoptosis of the H9C2 cardiomyoblasts. 
The antioxidant N-acetyl-L-cysteine prevented the MPT pore 
opening under the action of H/R and GSK1016790A [25]. 

The presented data demonstrate that events in cardiomyo-
cytes in response to H/R develop as follows: 
H/R → TRPV4 → ↑ [Ca2+]i + ↑ ROS → MPT pore opening 
→ apoptosis, necrosis 
 Moreover, a recent study has shown that the blockade of 
TRPV4 may reduce apoptosis and myocardial injury via the 
activation of reperfusion injury salvage kinase (RISK) path-
way comprising of phosphorylation of Akt, ERK1/2, and 
GSK-3β [54]. GSK-3β is a unique enzyme whose activity is 
decreased on its phosphorylation. Therefore, the study of 
Dong et al showing phosphorylation of GSK-3β suggests 
that inhibition of GSK-3β and activation of Akt along with 
ERK 1/2 is involved in producing cardioprotection, which is 
consistent with earlier discussed studies [38, 39, 54]. The 
data presented indicate that activation of TRPV4 negatively 
affects the tolerance of cardiomyocytes to the H/R. The 
blockade of TRPV4 can be considered as a new approach to 
the prevention of ischemic and reperfusion injury of the 
heart. 

7. INTERACTION OF TRPV1 CHANNELS AND 
CGRP  

 In documenting the role of the TRPV1 channels in the 
implementation of cardiac effects of capsaicin, one also has 
to focus on the role of calcitonin gene-related peptide 
(CGRP). Activation of TRPV1, which is located on afferent 
terminals, causes mobilization of these CGRP from endings 
(Fig. 1). In this case, CGRP acts as a neurotransmitter [59, 
60]. In the study with isolated afferent nerves, it was shown 
that activation of TRPV2 channels also leads to the CGRP 
release (Fig. 1) [46]. The CGRP peptide consists of 37 amino 
acid residues and belongs to the family of calcitonin pep-

 
Fig. (1). Role TRPV and endovanilloid in the neurotransmission in the heart.  
Abbreviations: TRPV, transient receptor potential vanilloid; CGRP, calcitonin gene-related peptide; AC, adenylyl cyclase; PLC, phospholi-
pase C; DAG, diacylglycerol; PKC, protein kinase C.   
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tides. It is represented by two peptides that differ by three 
amino acid residues: α-CGRP, β-CGRP [61]. CGRP is found 
in the gastrointestinal tract [59, 60], heart [62]. CGRP tran-
scripts are also found in the brain [61] and, in the liver [61]. 
The CGRP receptor refers to G-protein-conjugated receptors 
comprised of, CGRP1 and CGRP2 receptors [63, 64]. The 
antagonist of these receptors is the peptide CGRP (8-37) 
[63]. It has been reported that activation of CGRP receptors 
leads to enhanced cAMP synthesis [64, 65], but there is evi-
dence that CGRP receptors are associated with pertussis 
toxin-sensitive Gi/o proteins [66]. Data show that there are 
two CGRP pools: one is coupled to Gi/o-proteins, the other 
is not [66] (Fig. 1). CGRP receptors are widely represented 
in the body, they are present in the gastrointestinal tract [59, 
60], cells of the heart and blood vessels [63-65, 67]. In the 
study with an isolated perfused guinea pig heart, it has been 
shown that capsaicin (1 µM) induces a CGRP release into 
the coronary effluent [62]. Capsaicin-induced CGRP release 
was Ca2+-dependent. Capsaicin-induced the heart rate in-
creases and decreased the force of contractions. The maxi-
mum CGRP content is found in the atria - 30 pM/g, the ven-
tricular content is 10 pM/g [62]. 
 The perfusion of the isolated heart of the rats with a solu-
tion containing CGRP (5 nM) for 5 min before total ischemia 
(30 min) contributed to an improvement in heart contractility 
in the reperfusion period, reduced the incidence of reperfu-
sion ventricular arrhythmias, and the release of the creatine 
kinase (a cardiomyocyte marker of necrosis) into the coro-
nary effluent [68]. The same effect was achieved by perfu-
sion (5 min) of the heart with a solution containing capsaicin 
(3 µM). The CGRP receptor antagonist CGRP (8-37) elimi-
nated the effect of CGRP while the non-selective TRPV1 
antagonist ruthenium red eliminated the effect of capsaicin 
[68]. Similar data were obtained by Randhawa and Jaggi 
[69]. Capsaicin (5 mg/kg) was injected intraperitoneally 40 
minutes prior to cardiac isolation. It turned out that capsaicin 
increases the resistance of the heart to the global ischemia 
and reperfusion. Pretreatment with capsaicin-evoked an im-
provement in the parameters of heart contractility during the 
reperfusion period, and a decrease in creatine kinase release 
into the coronary effluent [69]. 
 The aforementioned studies suggest that the activation of 
TRPV1 increases the resistance of the heart to the patho-
genic impact of I/R due to the mobilization of CGRP from 
the afferent nerve endings. 

CONCLUSION 

 It is concluded that the optimal activation of TRPV2 
channels is necessary for normal heart contractility. How-
ever, excessive expression of TRPV2 leads to chronic Ca2+-
overload-induced dilated cardiomyopathy. The activation of 
TRPV1 may provide protection to hearts by increasing the 
CGRP release from the afferent nerve endings, inhibiting 
GSK-3β activity, enhancing gap junctional coupling and 
activating PI3K/Akt signaling pathway. The activation of 
TRPV4 may negatively affect the stability of cardiomyo-
cytes to H/R and the blockade of TRPV4 may be a new ap-
proach for preventing ischemia-reperfusion-induced myo-
cardial injury.  
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