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Summary 
The present study evaluated the impact of neonatal 
administration of capsaicin (neurotoxin from red hot pepper used 
for sensory denervation) on postnatal development of the heart 
rate and ventricular contractility. In the rats subjected to 
capsaicin administration (100 mg/kg) on postnatal days 2 and 3 
and their vehicle-treated controls at the ages of 10 to 90 days, 
function of the sympathetic innervation of the developing heart 
was characterized by evaluation of chronotropic responses to 
metipranolol and atropine, norepinephrine concentrations in the 
heart, and norepinephrine release from the heart atria. Sensory 
denervation was verified by determination of calcitonin gene-
related peptide levels in the heart. Direct cytotoxic effects of 
capsaicin were assessed on cultured neonatal cardiomyocytes. 
Capsaicin-treated rats displayed higher resting heart rates, lower 
atropine effect, but no difference in the effect of metipranolol. 
Norepinephrine tissue levels and release did not differ from 
controls. Contraction force of the right ventricular papillary 
muscle was lower till the age of 60 days. Significantly reduced 
viability of neonatal cardiomyocytes was demonstrated at 
capsaicin concentration 100 µmol/l. Our study suggests that 
neonatal capsaicin treatment leads to impaired maturation of the 
developing cardiomyocytes. This effect cannot be attributed 
exclusively to sensory denervation of the rat heart since capsaicin 
acts also directly on the cardiac cells. 
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Introduction 

Sensory innervation of the mammalian heart is 
represented by viscerosensitive neurons whose cell 
bodies were identified in the nodose and dorsal root 
ganglia C7 – T4 (Hopkins and Armour 1989). In addition 
to their afferent function, i.e. transmitting impulses from 
the cardiac mechano- and chemoreceptors, these neurons 
also release calcitonin gene-related peptide (CGRP), 
substance P and related neurokinins in the periphery, 
thereby contributing to the neuronal control of cardiac 
functions (Rubino and Burnstock 1996).  

CGRP was discovered in 1982 by molecular 
cloning of the calcitonin gene (Amara et al. 1982) and 
since then, its cardiovascular distribution and effects have 
been extensively studied. In the rat heart, CGRP has been 
detected in the nerve fibers supplying atrial and 
ventricular cardiomyocytes, pericardium and 
endocardium. Nerve fibers releasing CGRP form a dense 
network also in the wall of the coronary arteries of 
various species including man (Franco-Cereceda et al. 
1987). In addition, numerous synaptic contacts between 
sensory CGRP-positive fibers and intracardiac ganglionic 
neurons were detected in the guinea pig and mouse hearts 
(Hardwick et al. 1995, Li et al. 2014).  
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CGRP has positive chronotropic and inotropic 
effects comparable to isoproterenol and exerts potent and 
long-lasting vasodilatation (Brain et al. 1985). It even 
might contribute to the regulation of basal coronary blood 
flow (Yaoita et al. 1994). Recently, it has attracted 
substantial research interest as a putative mediator of the 
ischemic preconditioning (Rana et al. 2015, Sun and Pan 
2014). 

The influence of the sympathetic innervation on 
the postnatal development of various aspects of the 
cardiac function has been extensively studied (Protas and 
Robinson 1999, Protas et al. 2003, Sviglerova et al. 
2008). Also, the effect of chemical sympathectomy on 
CGRP-positive innervation of the cardiovascular system 
has been widely investigated (Aberdeen et al. 1992, 
Rubino et al. 1997a). In contrast, data concerning the 
action of sensory nerves on the postnatal development of 
the cardiac functions and sympathetic activity are scarce 
or missing (Rubino et al. 1997b, Kuncova et al. 2005). 

The present study was undertaken to investigate 
the putative interactions between sensory innervation and 
postnatal development of the cardiac chronotropy and 
ventricular contractility. In addition, some markers of the 
sympathetic activity were determined in rats subjected to 
neonatal sensory denervation using capsaicin treatment. 
Capsaicin, the pungent alkaloid of hot red pepper, exerts 
multiple biological effects including cardioprotective, 
anti-lithogenic, anti-inflammatory, analgesic, and 
thermogenic actions (Srinivasan 2016). In the 
experimental practice, capsaicin is used to induce 
selective sensory denervation associated with 94 % loss 
of type C afferent neurons in the sensory ganglia (Nagy et 
al. 1983, Lynn 1990).  
 
Materials and Methods 
 
Animals 

All experiments were conducted in accordance 
with the European Directive for the Protection of 
Vertebrate Animals Used for Experimental and Other 
Scientific Purposes (86/609/EU), the relevant Guidelines 
of the Czech Ministry of Agriculture for Scientific 
Experimentation on Animals and were approved by the 
University Committee for Experiments on Laboratory 
Animals and Faculty of Pharmacy Animal Care 
Committee. Wistar rats of both sexes bred in our 
laboratory were used. Pregnant rats were housed 
individually with free access to food and water. After 
birth, litters were made up of 8-10 pups each. To achieve 

sensory denervation, rats received capsaicin (100 mg/kg, 
s.c.; Sigma Aldrich, Prague, Czech Republic) in two 
doses on postnatal days 2 and 3. Their controls were 
injected with the vehicle only (i.e. saline containing 10 % 
of ethanol and 10 % of Tween 80). 

 
Heart rate, effect of atropine and metipranolol 

The heart rate values were obtained from the 
conscious rats at the ages 10, 20, 30, 40, 60, and 90 days 
(n=8-10 per age category for both control and capsaicin-
treated animals). Rats were placed in a chamber with 
electrodes in the floor that were connected to an 
electrocardiograph (EKG Seiva Praktik, Prague, Czech 
Republic). Animals were left to adapt for 20 min before 
the resting heart rate was measured three times in  
one-minute intervals. To estimate the tonic influence of 
the cardiac sympathetic innervation on the heart rate, the  
β-adrenergic receptor antagonist metipranolol (Hoechst-
Biotika, Martin, Slovac Republic; 2 mg/kg, s.c.) was 
administered subcutaneously after pretreatment with the 
muscarinic receptor blocker atropine (atropine sulphate, 
Sigma Aldrich, Prague, Czech Republic; 4 mg/kg of body 
weight). The effects of injected drugs reached maximum 
values within 5 min and were maintained for >30 min. 
The time interval between atropine and metipranolol 
administration was 20 min. Antagonist-induced changes 
were calculated as the differences between pre-drug 
values and those observed 20 min after the drug 
administration. The values presented in the results 
represent means of these measurements. 

 
Determination of CGRP and norepinephrine tissue 
concentrations  

For quantitative determination of the cardiac 
CGRP and norepinephrine levels, rats at the ages of 10, 
20, 40, 60 and 90 days were used (n=6 in each group). 
Rats were killed by cervical dislocation and their hearts 
were rapidly excised, rinsed with ice-cold saline, freed of 
connective tissue and fat and separated into left atria (LA) 
with the interatrial septum, right atria (RA), and free 
walls of both ventricles (RV and LV). Immediately after 
dissection, the tissues were frozen on the dry ice and 
weighed. CGRP was extracted from pulverized tissues by 
boiling in 10 volumes of 0.1 mol/l HCl, rapid cooling on 
ice and homogenization. After centrifugation, the 
supernatants were neutralized and centrifuged again.  
The final supernatants were stored at -70 °C until 
radioimmunoassay (RIA) for CGRP concentration 
measurements using commercial kits (Phoenix 
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Pharmaceuticals, USA). Norepinephrine was extracted 
from the tissue samples by homogenization in 
10 volumes of 0.1 mol/l HCl and subsequent 
centrifugation. Supernatants were diluted 1:10 with 
distilled water and stored at -70 °C until RIA  
(IBL Hamburg, Germany).  

 
Norepinephrine release 

Control and capsaicin-treated rats at the age of 
60 days were used. Both atria were dissected, sliced by 
McIllwain tissue chopper, pooled and transferred into 
0.5 ml perfusion chambers (n=6 for both control and 
capsaicin-treated atria). Tissues were superfused at a rate 
of 0.15 ml/min with oxygenated (95 % O2/5 % CO2) 
Krebs-Henseleit (KH) solution of the following 
composition (in mmol/l): NaCl 113, NaHCO3 25, KCl 
4.75, CaCl2 2.5, MgSO4 1.19, glucose 11.1, Na2EDTA 
0.029, ascorbic acid 0.289, norepinephrine uptake blocker 
desipramine 10-4, and monoaminooxidase inhibitor 
pargyline 10-2. All perfusion experiments were performed 
at 37 °C and superfusates were collected at 0 °C. After 
a 30 min equilibration period, spontaneous (basal) release 
of norepinephrine was measured in fraction B1, i.e. in the 
course of perfusion by the KH solution containing 
4.75 mmol/l KCl. Then, norepinephrine outflow was 
stimulated by depolarisation with a superfusion fluid 
containing 50 mmol/l KCl, in which the concentration of 
NaCl was reduced by 50 mmol/l, and norepinephrine 
concentration was measured in fraction S1. After  
S1 collection, the same cycle was repeated, i.e. fractions 
B2 and S2 were acquired. In addition, the effect of 
tyramine (10-5 mol/l), a catecholamine releaser was tested 
(n=6). Norepinephrine concentrations in the superfusates 
were determined using radioimmunoassay diagnostic kits 
(LDN, Germany).  

 
Beating rate of isolated right atria in vitro 

The right atria (n=6-8 per age category for both 
control and capsaicin-treated animals) were cut off and 
placed into an experimental chamber with oxygenated 
Tyrode solution (32 ºC) of following composition 
(in mmol/l): NaCl 137, KCl 4.5, MgCl2 1, CaCl2 2, 
glucose 10, Hepes 5; pH was adjusted to 7.4 with NaOH. 
After stabilization period, the spontaneous beating 
frequencies were recorded and analyzed using the 
laboratory system Biopac (Biopac Systems, Inc., Goleta, 
California, USA).  

 
 

Contraction experiments 
The papillary muscles were dissected from the 

right ventricle (n=5-6 per group) and placed into the 
experimental chamber with Tyrode solution, where they 
were attached to an isometric force transducer F30 (Hugo 
Sachs, March-Hugstetten, Germany). The preparation 
was perfused with 36 ºC warm oxygenated solution at 
a constant flow rate (6-10 ml/min). After stabilization 
period (>30 min), the steady-state contractions were 
recorded (stimulation frequencies 3, 2, 1, 0.5, 0.3, 0.2 and 
0.1 Hz). The resting tension was taken as zero. Data were 
recorded using the data acquisition system DiSys 
(Medisoft International, Czech Republic). Contractions 
were measured in arbitrary units (a.u.).  

 
Cytotoxicity assay 

Neonatal ventricular cardiomyocytes (NVCMs) 
were isolated from 1- to 3-day-old Wistar rats using 
standard methods and cultured as previously described 
(Jirkovska-Vavrova et al. 2015). To visualize active 
mitochondria, the culture of spontaneously beating 
NVCMs was loaded 48 h after isolation with 3 μmol/l  
JC-1 probe (Molecular Probes, USA) for 15 min at 37 °C. 
After loading, the cells were incubated in ADS buffer 
complemented with 5 mmol/l glucose and 1 mmol/l 
CaCl2 with 3-300 µmol/l capsaicin dissolved in DMSO 
(final concentration 0.1 %). The fluorescence was 
measured using Tecan Infinite plate reader (Tecan Group, 
Switzerland) at 535/590 nm and 485/530 nm ex/em, 
respectively, in the 30-min intervals for 6 h.  

A sample of the culture medium was taken from 
each well to assess lactate dehydrogenase (LDH) activity 
as an index of the plasma membrane damage and the 
changes in cellular morphology were assessed using  
an Eclipse TS100 inverted epifluorescence microscope 
(Nikon Corporation, Japan) and NIS-Elements AR 2.20 
software (Laboratory Imaging, Czech Republic). The 
control wells were then treated with lysis buffer to 
measure the total cellular LDH level. The activity of 
LDH was assayed as described in Jirkovska-Vavrova et 
al. (2015) and the data were expressed as percent of total 
LDH. 

 
Data analysis 

Results are expressed as means ± SEM. 
Normality of populations and homogeneity of variances 
were tested before analysis of variance (one-way 
ANOVA or Kruskall-Wallis test). Statistical differences 
were tested by post-hoc Fisher's Least Significant 
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Difference test or Mann-Whitney U test, where 
appropriate, using software package STATISTICA Cz, 
version 8 (StatSoft Inc., 2007, Prague, Czech Republic), 
OriginPro 8.5 (OriginLab Corporation, Northampton, 
MA, USA, 2011) or GraphPad Prism 6.00 for Windows 
(GraphPad Software, USA). The results were considered 
significantly different when p<0.05. 
 
Results 
 
Heart rate, effect of atropine and metipranolol 

In the control animals, the resting heart rate was 
high in the course of first three weeks after birth 
(430±10 min-1 at postnatal day 10) and then declined to 

376±10 min-1 at the age of 90 days (Fig. 1A). Denervated 
animals displayed heart rates exceeding 410 min-1 till the 
end of experiments. From the day 40 after birth onward, 
heart rates of capsaicin-treated animals were significantly 
higher than those in the age matched controls (p<0.05). 
The heart rate increasing effect of atropine was 
significantly smaller in the rats subjected to sensory 
denervation in the same time period (i.e. from day 40 
onwards) (Fig. 1B). The effect of metipranolol after 
previous administration of atropine did not differ between 
the two groups at any time point studied (Fig. 1C). 
“Intrinsic” heart rate was significantly lower in capsaicin-
treated animals on postnatal days 20, 30, and 40 
(Fig. 1D). 

 
 

Fig. 1. Resting heart rate (A), effect of 
atropine on the resting heart rate (B), effect 
of metipranolol after atropine administration 
on the heart rate (C), heart rate after 
atropine + metipranolol administration – 
“intrinsic” heart rate (D) in the control and 
capsaicin treated rats. * p<0.05, compared 
to the respective control value. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 2. CGRP concentrations in the heart 
compartments (RA, LA – right and left 
atrium; RV, LV – free walls of the right and 
left ventricles) of control rats aged 10 to 
90 days (A). CGRP concentrations in the 
heart compartments of capsaicin-treated 
rats aged 10 to 90 days expressed in % of 
control values (B). * p<0.05, compared to 
the value at day 10. 
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CGRP concentrations in the heart compartments 
The quality of sensory denervation after neonatal 

capsaicin administration was verified by determination of 
CGRP concentrations in both atria and ventricles 
(Fig. 2A,B). From the age of 40 days, CGRP levels in 
both ventricles did not exceed 10 % of the control values 
and those in the atria represented ∼20 % of vehicle 
treated controls.  

 
Norepinephrine concentrations in the heart compartments 

The absolute values of norepinephrine levels in 
control rats did not change significantly from the 
postnatal day 20 onwards. At the age of 10 days, 
norepinephrine concentrations in all heart compartments 

were significantly lower than in the remaining age 
categories (Fig. 3A). Concentrations of norepinephrine 
expressed in ng/g tissue wet weight varied between 
920±74, 887±89, 383±24, and 284±29 (at the age of 
10 days) and 1589±139, 1485±111, 655±51, and 541±38 
(at the age of 90 days) in the RA, LA, RV, and LV, 
respectively. Although there was a slight trend towards an 
increase in norepinephrine concentrations in the heart 
compartments of denervated rats from the day 40 after 
birth, none of the relative increments reached statistical 
significance. In the capsaicin-treated rats, norepinephrine 
concentrations reached maximally 135 % of the 
respective control values in the LA at the age of 60 days 
(Fig. 3B). 

 
 

Fig. 3. Norepinephrine concentrations in the 
heart compartments (RA, LA – right and left 
atrium; RV, LV – free walls of the right and 
left ventricles) of control rats aged 10 to 
90 days (A). Norepinephrine concentrations 
in the heart compartments of capsaicin-
treated rats aged 10 to 90 days expressed 
in % of control values (B). * p<0.05, 
compared to values in all remaining age 
categories. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Norepinephrine release 
Basal release of norepinephrine from the sliced 

atria did not exceed 0.3 ng/g/min. Norepinephrine  
release was successfully stimulated by KCl-induced 
depolarization in both control (S1=2.2±0.3; S2=1.9±0.2 
ng/g/min) and denervated preparations (S1=2.4±0.4; 
S2=2.2±0.2 ng/g/min). Tyramine further increased 
norepinephrine release to maximally 4.7±0.3 ng/g/min 
(S1 in controls). No differences were noted between 
control and denervated samples. 

 
Beating rate of isolated right atria in vitro 

Spontaneous beating frequencies of the isolated 
right atria ranged from 135±11 min-1 at the age of 10 days 
to 161±6 min-1 at the age of 90 days and they did not 
differ significantly among the groups. Beating rates in 
capsaicin-treated rats were significantly lower compared 

to age-matched controls from day 10 after birth 
(102±9 min-1) till the age of 40 days (130±8 min-1 vs. 
157±5 min-1) and then they were comparable to the 
control values.  

 
Contraction experiments 

Sensory denervation significantly decreased the 
contraction force (CF) of the papillary muscles in 20-, 40- 
and 60-day-old rats at all stimulation frequencies tested. 
CF at stimulation frequency 2 Hz was 41.8±5.2 a.u. and 
5.4±0.6 a.u. (20 days), 52±4.1 a.u. and 13±2.2 a.u. 
(40 days), 62±3 a.u. and 20.4±3.9 a.u. in the intact and 
denervated rats, respectively (Fig. 4). At day 90, this 
reduction disappeared and CF was comparable in both 
experimental groups at all stimulation frequencies tested 
(CF at 2 Hz 73±7.5 a.u. in the control group and 
61±8.4 a.u. in the denervated one).  
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Fig. 4. The dependence of contraction force 
(CF) on stimulation frequency in the control 
and denervated RV papillary muscles of rats 
aged 20 (A), 40 (B), 60 (C) and 90 (D) 
days. Open circles – control rats, filled 
circles – denervated rats. * significantly 
different from age-matched control group 
(p<0.05). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Toxicity of capsaicin to neonatal rat cardiomyocytes 

Capsaicin had profound toxic effect on the 
NVCMs at 300 μmol/l. Almost all cells lost their 
mitochondrial membrane potential (ΔΨm) in 30 min 
(Fig. 5) and at the end of experiment, almost all cells had 
their plasma membrane permeabilized (Fig. 5). Statistically 
significant mitochondrial damage was also seen after 6 h in 
samples incubated with 100 μmol/l capsaicin and at this 
concentration, a marked vacuolization of the cytoplasm 

was seen. The mitochondrial damage was notable also in 
samples treated with 10 and 30 μmol/l, where clear rise of 
green fluorescence was seen after the 6-h treatment, and  
a rising trend is seen in the amount of LDH released, 
although these changes were not statistically significant. 
Notably, samples treated with the lower concentrations of 
capsaicin (3 and 10 μmol/l) showed raised beating 
frequency of the neonatal cardiomyocytes after the  
6-h incubation period. 

 

 
 
Fig. 5. Toxicity of capsaicin on the isolated neonatal rat cardiomyocytes. Mitochondrial membrane potential changes in time measured 
as the ratio of red and green fluorescence of the JC-1 probe (A), the ratio after the 6 h of incubation (B), toxicity (lactate 
dehydrogenase release – LDH) (C) and the micrographs showing the morphology (in brightfield upper panels) and mitochondrial 
membrane potential (lower panels) of cardiomyocytes (D) after 6 h incubation with capsaicin. * significantly different from control 
(*** p<0.001, **** p<0.0001). 
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Discussion 
 
The results of the present study show that 

neonatal capsaicin administration leads to long-lasting 
changes in the heart rate and cardiac contractility in the 
developing rat. Since capsaicin has been repeatedly 
reported as neurotoxin inducing selective sensory 
denervation acting nearly exclusively on the type C nerve 
fibers (Jancso et al. 1977), it is tempting to speculate that 
the function of sensory innervation of the cardiovascular 
system during postnatal development is essential for 
normal maturation of the cardiac functions.  

The cross-talk between the autonomic 
innervation of the heart and developing cardiomyocytes 
has been suggested on the basis of experimental data 
documenting long-term control of cardiomyocyte 
contractility by the sympathetic neurons. Expression of 
proteins related to calcium handling seems to be 
controlled by norepinephrine or neuropeptide Y (or both) 
released from the sympathetic nerve endings (Ogawa et 
al. 1992, Protas and Robinson 1999, Protas et al. 2003, 
Sviglerova et al. 2008).  

In addition, neonatal chemical sympathectomy 
by guanethidine leads to a selective increase in CGRP 
expression in several tissues including heart suggesting 
mutual interactions between sensory and sympathetic 
nerves that might compete for the same neurotrophic 
factors released from the innervated tissues, namely nerve 
growth factor (Aberdeen et al. 1990, Supowit et al. 
2005). In addition, sympathetic denervation in 
newborn rat is associated with a decreased inotropic 
responsiveness to CGRP and hypersensitive response to 
norepinephrine in adulthood (Rubino et al. 1996).  

In this study, CGRP concentrations after 
neonatal capsaicin administration were low in all heart 
compartments till the end of experiments documenting 
successful sensory denervation. At the adult age 
(i.e. 90 days), heart rate of capsaicin treated animals was 
higher than in controls; however, this difference could not 
be attributed to the sympathetic excitation, since the 
effect of non-selective β-adrenergic receptor antagonist 
after previous muscarinic receptor blockade was not 
different between the two groups. Norepinephrine 
concentrations did not differ between control and 
denervated hearts at any of age categories studied  
and both depolarization-evoked and norepinephrine 
transporter-mediated releases of norepinephrine from the 
heart atria were comparable in both groups. All these 
findings infer that neonatal sensory denervation does not 

substantially affect the postnatal development of the 
sympathetic nerves supplying the heart. Unimpaired 
responsiveness of the atria subjected to neonatal sensory 
denervation to isoprenaline and norepinephrine has been 
documented in rats at the age of 14 weeks (Rubino et al. 
1996). Taken together, the impact of sensory denervation 
on the sympathetic neurotransmission does not parallel 
the inversed situation, i.e. sensory hyperinnervation after 
neonatal sympathectomy. 

The impaired ventricular contractility (ages  
20-60 days) and decreased spontaneous beating rate of 
the right atria (10-40 days) in the course of postnatal 
development after neonatal sensory denervation are novel 
findings that might be related to the trophic effects of 
afferent nerves on the maturation of cardiac functions. 
Indeed, CGRP-mediated support of various myocardial 
functions has been documented to date: several studies 
have reported that CGRP in the cardiac afferent nerve 
fibers is the compound responsible for the myocardial 
protection provided by ischemic preconditioning, heat 
stress or progression of the adriamycin-induced 
cardiomyopathy (Zhou et al. 1999, Song et al. 1999, 
Katona et al. 2004). In addition, direct trophic effects of 
CGRP on the endothelial cells in vivo and myoblasts in 
vitro have been demonstrated (Noble et al. 1993, Mapp et 
al. 2012). Chronic CGRP receptor stimulation also 
accelerated maturation of excitation-contraction coupling 
in the cultured myoblasts isolated from newborn mice 
(Avila et al. 2007). Thus, the missing trophic effect of the 
sensory nerves in the course of postnatal development 
could be at least partly responsible for the impaired 
maturation of the cardiac chronotropy and inotropy 
documented in the present study. 

It should be noted that TRPV1 (vanilloid) 
receptors mediating toxic effects of capsaicin (Caterina et 
al. 1997) are not present exclusively on the membranes of 
sensory nerve endings. A variety of non-neuronal cells 
express these receptors, including epithelial cells of the 
urinary and gastrointestinal tracts, lung, prostate, and 
human neutrophils and mast cells (Lazzeri et al. 2004, 
Stander et al. 2004, Seki et al. 2006, Saunders et al. 
2007). Interestingly, transient localization of TRPV1 
receptors has been documented also in the rat 
cardiomyocytes in the course of pre- and postnatal 
development from embryonic day 14 to postnatal day 30 
(Dvorakova and Kummer 2001). Thus, we have 
performed experiments testing direct cytotoxic effects of 
capsaicin on cultured neonatal cardiomyocytes. Capsaicin 
concentrations used ranged between 3 and 300 µmol/l, 
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i.e. those that could be reached in vivo after subcutaneous 
administration of the drug (Zhang et al. 2010) and those 
widely used in experimental practice (Skrzypski  
et al. 2014). Although capsaicin did not significantly 
affect cardiomyocyte viability at concentrations up to 
100 µmol/l, cardiomyocytes treated with lower toxin 
concentrations (i.e. 3 and 10 μmol/l) displayed raised 
beating frequency after 6-h incubation period, suggesting 
some direct effect of the toxin even at lower doses. In an 
experimental cytotoxic study, capsaicin in concentration 
of 50 µmol/l caused decrease in mitochondrial membrane 
potential, increase in cytochrome c release and reactive 
oxygen species generation in neuroendocrine tumor cells. 
These effects were only partly inhibited by TRPV1 
receptor antagonist implying that TRPV1-independent 
mechanisms participate in capsaicin-induced cell death 
(Skrzypski et al. 2014). Thus, the direct toxic effect of 
capsaicin on neonatal cardiomyocytes could contribute to 
its long-lasting effects on the heart functions.  

 
Limitations 

This study was not focused on the potential 
impact of sensory denervation on the parasympathetic 
neurotransmission in the rat heart. A single study reported 
no effect of neonatal capsaicin administration on the 
negative chronotropic responses to pilocarpine and 
carbachol in isolated rat heart atria (Gasparetti et al. 
2002). However, the question of selectivity of capsaicin 
to destroy only unmyelinated afferent neurons has been 

recently raised by Browning et al. (2013). Their data 
indicated that perivagal application of capsaicin induced 
degeneration of the dorsal motor nucleus of the vagus 
nerve and decreased vagal motor responses. Our finding 
of diminished effect of atropine on the heart rate seems to 
support this hypothesis.  

 
Conclusion 

 
Our study suggests that neonatal capsaicin 

treatment causes long-lasting sensory denervation of the 
rat heart resulting in the impaired maturation of the 
developing cardiomyocytes. However, this effect cannot 
be attributed exclusively to missing sensory innervation, 
since the possibility that capsaicin acts directly on the 
cardiac cells and/or the parasympathetic neurons 
supplying the heart cannot be ruled out and remains to be 
further elucidated. 
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