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Abstract

Capsaicin (1 nM-1 wM) induced a concentration-dependent decrease in heart rate, coronary flow, aortic flow, left ventricular
developed pressure and its first derivative, dP /dt,,, in isolated working rat heart. The effect of 10 nM capsaicin was mimicked by 0.1
nM endothelin. PD142893 (200 nM), a non-selective endothelin receptor blocking agent antagonized the effect of either endothelin (0.1
nM) or capsaicin (10 nM). We conclude that the majority of the effects of capsaicin in the rat heart are mediated by neural endothelin

release. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Stimulation of primary sensory nerves of the heart by
capsaicin results in an increase in heart rate and coronary
flow in isolated guinea-pig hearts. Regarding the neuro-
transmitters involved, the first evidence favoured arole for
calcitonin gene-related peptide (CGRP) (Franco-Cereceda,
1988). Beyond CGRP, nitric oxide (NO) has also been
shown to contribute to sensory nerve-mediated regulation
of coronary flow and cardiac function, moreover the in-
tegrity of both transmitter systems has been suggested to
be a prerequisite for the ability of the heart to adapt to
repetitive ischaemic challenges in isolated working rat
hearts (Ferdinandy et al., 1997). Nevertheless, the phar-
macological effects of capsaicin in isolated heart of the rat
have not been investigated (Szolcsanyi, 1996). The aim of
the present work was therefore to study the effects of
capsaicin on heart rate and cardiac function in isolated
working rat heart.
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2. Materials and methods
2.1. Ethics

The experiments performed in the present work con-
formed to European Community guiding principles for the
care and use of laboratory animals. The experimenta
protocol applied was approved by the Ethical Committee
of the University Medical School of Pécs.

2.2. Sudy design

Hearts from male Wistar rats (320-350 g) were pre-
pared for working heart preparations perfused with temper-
ature- (37°C) and pH- (7.2) controlled oxygenized Krebs—
Henseleit bicarbonate buffer as described (Tosaki and Hel-
legouarch, 1994). After 10-min aerobic working perfusion,
the hearts underwent various experimental protocols as
follows.

Six hearts were exposed to increasing concentrations of
capsaicin at log increments (1 nM-1 puM). Heart rate,
coronary flow, aortic flow were monitored. Left ventricu-
lar developed pressure and its first derivative, dP/dt,
were also determined. The selected concentration (10 nM:
EC.,) was then used for further studies. Since capsaicin
decreased heart rate, coronary flow and deteriorated car-
diac function, opposite to that would have been expected
from studies with guinea-pig, we hypothesized the involve-
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ment of sensory neural endothelin (Giaid et al., 1989)
immunolocalised in perivascular nerve fibres (Loesch et
al., 1998). Therefore, the effect of 0.1 nM endothelin
(separate group of 6 hearts) was also analyzed on these
variables. In the last series of experiments, 10 nM cap-
saicin (n=6) or 0.1 nM endothelin (n= 6) was co-per-
fused with 200 nM PD142893, a non-selective endothelin
receptor antagonist (Brunner and Opie, 1998). The control
for these series of experiments served those hearts exposed
to 10 nM capsaicin or 0.1 nM endothelin alone (n = 6).
Four hearts were given 200 nM PD142893 to study the per
se cardiac effects of the endothelin antagonists. Five hearts
were excluded from the study due to development of
arrhythmias in response to high concentrations of cap-
saicin, so that atogether 34 hearts entered the whole study.

2.3. Drugs and chemicals

All drugs and chemicals were purchased from Sigma
(St. Louis, Mo).

2.4. Satigtical analysis

The data expressed as means + standard error of means
(SE.M.) were anadlyzed by one-way analysis of variance
(ANOVA) followed by Bonferroni’s t-test (Wallenstein et
al., 1980). Changes were considered significant at P <
0.05.

3. Results

Capsaicin induced a concentration-dependent decrease
in heart rate, coronary flow, aortic flow, left ventricular
developed pressure and its first derivative, dP/dt,,, (Ta-
ble 1). The decrease in these parameters by the selected
concentrations of capsaicin (10 nM) or endothelin (0.1
nM) was similar in magnitude. PD142893 (200 nM), a
non-selective endothelin receptor blocking agent equally
antagonized the effects of the selected concentrations of
either endothelin or capsaicin (Fig. 1). It is worthy of note

Table 1
Effects of capsaicin on cardiac function
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Fig. 1. Effect of capsaicin (A) or endothelin (B) on heart rate (HR),
coronary flow (CF), aortic flow (AF), |eft ventricular developed pressure
(LVDP), and its first derivative (LVdP /dt,,,) in isolated working rat
heart and an interaction with PD142893, an endothelin receptor antago-
nist. The data are means+ S.E.M. obtained with 6 preparations per group.
* Indicates a significant difference between *‘ capsaicin’’ vs. ** capsaicin+
PD142893'' (A), and ‘‘endothelin’’ vs. ‘*endothelin+ PD142893" (B)
values at P < 0.05.
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that the capsaicin-evoked responses were long-lasting after
washout similarly as in the case of endothelin, i.e., the
effects persisted 15 min subsequent to termination of the
washout periods.

PD 142893 at the concentration applied was without
effect on any of the baseline parameters studied.

Data are expressed as means + SE.M. obtained with 6 hearts exposed to increasing concentrations of capsaicin at log increments in each group.
Comparisons were made to the corresponding drug-free values. Abbreviations: HR (heart rate), CF (coronary flow), AF (aortic flow), LVDP (left

ventricular developed pressure), LVdP /dt,,, (first derivative of LVDP).

Concentrations of capsaicin (nM) HR (beats/min) CF (ml /min) AF (ml /min) LVDP (kPa) LVdP/dt,,, (kPa/s)
0 318+ 7 282+3 58.8+ 29 181+01 801+ 83

1 315+ 8 270+ 08 48.0 + 3.0° 176+ 0.3 767 + 23

10 262 + 107 176 + 1.5% 233+ 3.6% 141+09?2 539 + 35%

100 181 + 13?2 145+ 2.1° 124+ 477 121 +1.02 469 + 292

1000 92 + 9% 7.0+3.2% 3.6+20° 2.6+ 1.0° 97 + 28?2

2P < 0.05.
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4. Discussion

The results show that exposure of the isolated working
rat heart to capsaicin results in a progressive deterioration
of cardiac function. It is also suggested that this effect is
underlain by a secondary endothelin release, since (i)
endothelin mimics the effects of capsaicin and (ii)
PD142893 a non-selective endothelin receptor antagonist
almost abolishes the aforementioned capsaicin effects.

Capsaicin-sensitive nerve endings serve as powerful
peptidergic effector sites in several tissues (Szolcsanyi,
1996) including the heart (Franco-Cereceda, 1988) but the
involvement of endothelin in tissue responses attributed to
influences coming from these nerve endings has not been
identified (Maggi, 1995). Sensory nerve fibres operating
with NO and CGRP mediators in the rat heart have been
found essential for the ability of the heart to tolerate
ischaemia (Ferdinandy et a., 1997). In the guinea-pig,
Franco-Cereceda (1988) described a decrease in coronary
resistance and positive inotropy attributed to the release of
CGRP from C fibres in guinea-pig heart. Surprisingly, in
the rat direct stimulation of the heart by capsaicin attained
a marked and abrupt decline in cardiac function possibly
deriving from a conspicuous decrease in coronary flow, a
finding contrary to that would have been expected from
the effects of either CGRP or NO. The controversy at least
in part is explained by a difference in the species, and
differences in the process of sensory neurotransmitter re-
lease in response to myocardial ischaemia and that phar-
macologically provoked by capsaicin in the non-
ischaemic/normoxic heart. Similarly, a contradiction ex-
ists between results obtained by Sigrits et al. (1986), who
found an increased rate and force of contraction by cap-
saicin using spontaneously beating isolated rat atria and
those presented in our work. In the intact heart, coronary
vasoconstriction induced by capsaicin is of dominant influ-
ence on cardiac contractility, whereas in isolated atria
preparations any effect on coronary tone has minimum or
no effect on inotropy.

PD 142893 at the concentration applied blocked but did
not reverse the effect of capsaicin on either coronary flow
or heart rate, similar to other indicators of cardiac function
although the concomitant release of CGRP, NO or sub-
stance P would have been expected to be responsible for
an opposite effect. This may be explained by either an
incomplete blockade of endothelin receptors by the antago-
nist with a substantial residual endothelin effect that
masked the weak positive cardiac effects of the other
sensory mediators or the lack of sufficient amounts of
these latter substances in response to the capsaicin concen-
tration applied in the intact heart. Moreover, it is important
that the blocking effect with lack of reversal was seen at
selected concentrations of capsaicin and the endothelin
receptor antagonist, leaving the possibility that the spec-
trum of sensory neuropeptides released in response to
higher capsaicin concentrations might be different with a

more significant proportion of CGRP or substance P that
might eventually be able to overcome the negative effects
of endothelin.

As far as the mechanism of action of capsaicin in the
heart is concerned, capsaicin opens cation channels gated
by vanilloid receptors in a subset of sensory nerve termi-
nals (Szolcsanyi, 1996). According to the best of our
knowledge, sensory neurons are exclusive for vanilloid
receptor expression (Caterina et a., 1997), thus, endothelin
is probably released by capsaicin from the perivascular
nerve fibres (Loesch et al., 1998; Giaid et al., 1989,
Franco-Cereceda et al., 1991) and produces a marked
coronary vasoconstriction with ensuing deterioration of
cardiac function. However, the present study does not
exclude the possibility of implication of vascular endothe-
lium or endocardium as sources of endothelin. Neverthe-
less, neither endothelial cells nor cardiac myocytes express
vanilloid receptors (Caterina et al., 1997); therefore, the
endothelin releasing effect of capsaicin at least in the heart
is possibly confined to sensory nerve fibres.

In summary, the study provides the first pharmacol ogi-
cal evidence for the involvement of endothelin as new
sensory neuropeptide underlying the effector function of
cardiac capsaicin-sensitive sensory nerves.
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