AL

LSEV

IER European Journal of Pharmacology 441 (2002) 173-175

E

www.elsevier.com/locate/ejphar

Short communication

Capsaicin-induced nonneural vasoconstriction
in canine mesenteric arteries

Robert Pérszasz **, Agnes Porkolab ®, Andrea Ferencz®, Tiinde Pataki®?,
Zoltan Szilvassy®, Janos Szolcsanyi®

“Department of Pharmacology and Pharmacotherapy, Faculty of Medicine, Debrecen University, Nagyerdei krt. 98, H-4032 Debrecen, Hungary
®Department of Pharmacology and Pharmacotherapy, Faculty of Medicine,
Pécs University and Neuropharmacology Research Group of the Hungarian Academy of Sciences, Hungary
“Department of Experimental Surgery, Faculty of Medicine, Pécs University, Hungary

Received 30 August 2001; received in revised form 5 December 2001; accepted 11 December 2001

Abstract

Prolonged cold storage (4 °C) of canine mesenteric arteries was used to reveal the role of nonneural mechanisms in capsaicin-induced
vascular contraction. The ECs, values of capsaicin were 3.0 uM, 670 and 104 nM in preparations made fresh, after a 1- or 2-week period of
cold storage, respectively, indicating an enhanced contractile responsiveness of the denervated tissue to capsaicin. A similar exaggerated
contractile response was seen with phenylephrine exclusively after a 1-week cold storage. For fresh, 1- and 2-week cold-stored arteries, the
ECsq of phenylephrine were 248, 38 and 30 nM, respectively. The maximum contraction produced by tyramine was decreased with time. The
results suggest that capsaicin may attain vasoconstriction independent of neural elements. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Capsaicin, the pungent ingredient of red pepper is known
to evoke vasodilatation by liberating vasoactive neuropep-
tides (calcitonin gene-related peptide (CGRP), tachykinins)
from sensory nerve endings (Holzer, 1991). In contrast, the
vasoconstrictory effect of capsaicin is not well understood
and has not been investigated in detail. The phenomenon of
capsaicin-induced vasoconstriction was revealed in various
canine arteries in vitro (Toda et al., 1972) and it was
confirmed by injecting capsaicin arterially into tracheal
vascular bed (Salonen et al., 1988) as well. In spinalized
cats treated with ganglion-blocking agents or after treatment
with a-adrenoceptor antagonists, the rise in blood pressure
evoked by capsaicin injection was not diminished (Porszasz
et al., 1955). These results raised the possibility of a non-
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neural mode of action of capsaicin. Recently, the cloned
vanilloid VR1 (capsaicin) receptor (Caterina et al., 1997)
was identified on sensory neurons and in some brain areas
(Mezey et al., 2000), but not in other tissues. However, the
existence of functional nonneural vanilloid receptors was
also put forward (Bird et al., 1998). The aim of present
study was therefore to analyse changes in isometric tension
produced by capsaicin in isolated arterial segments stored
cold for 1-2 weeks, a method known to destroy neural
elements (Ito and Chiba, 1985; Maggi et al., 1986).

2. Materials and methods

The jejunal portion of canine mesenteric arteries were
obtained from five dogs under halothane—N,O anaesthesia
according to the animal welfare law of Hungary. The
arteries were used immediately or were stored for 1 or 2
weeks in cold (4 °C) Krebs solution. After the period of
cold storage, segments were prepared for the experiments in
the same manner as the freshly prepared specimens. Rings
(5 mm in length) were mounted horizontally on a teflon
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tissue holder (OHO-02-V, Experimetria) between two stain-
less steel wires in 5 ml chamber volume of tissue bath
system (TSZ-04/2, Experimetria). Vessels were maintained
at 37 °C in Krebs solution bubbled with 5% CO, and 95%
O, (pH 7.4) and the passive tension was set to 2 g. Prior to
commencement of the experiments, the preparations were
allowed to equilibrate over 60 min. At the end of experi-
ment, the maximum contraction was evoked by phenyl-
ephrine.

The concentration of agonists, which increased maxi-
mum tension by 50%, was expressed (ECso) and each point
of concentration—response curves was statistically evaluated
by Student’s #-test for unpaired variables.

3. Results

In fresh arteries, capsaicin evoked a concentration-
dependent vasoconstriction from 330 nM to 33 uM (ECso=
3.0 uM, n=7) (Fig. 1). Phenylephrine, an a-adrenoceptor
agonist induced contractions in a concentration range of 30
nM to 3 uM (ECso =248 nM, n=28) (Fig. 2A). Tyramine, an
indirect sympathomimetic agent induced 30.9 + 5.1% of
maximum contraction in a concentration of 33 uM (Fig.
2B). After a 1-week period of cold storage, the potency of
capsaicin and phenylephrine were enhanced: ECs50=670
nM (n=12) and ECs5o=38 nM (n=14), respectively (Figs.
1 and 2A). After a 2-week period of cold storage, the
potency of capsaicin was further enhanced (ECso =104 nM)
(Fig. 1), whereas the effect of phenylephrine remained
similar (EC5o=30 nM, n=7) (Fig. 2a). On the other hand,
after cold storage, the concentration—response curve for
tyramine was shifted to the right with a progressive
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Fig. 1. Vasoconstrictory effect of capsaicin in canine mesenteric arteries. A
significant difference is observed between the fresh, the 1 week cold-stored
and the 2 weeks cold-stored arteries. The dotted lines represent the fitted
concentration—response curves. The ECs, values of freshly used, 1 week
cold-stored and 2 weeks cold-stored arteries were 3.0 uM, 670 and 104 nM,
respectively. The values near to each curve represent the numbers of me-
senteric artery rings used in the experiments. * Denotes values significantly
different from those in freshly used arteries; + indicates values significantly
different from 1 week cold-stored arteries. (* or +)P<0.05; (** or
++)P<0.01; *** P<0.001.
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Fig. 2. Vasoconstrictory effect of phenylephrine and tyramine induced in
freshly used mesenteric arteries and in cold-stored (1 or 2 weeks at 4 °C)
ones. The n values represent the number of jejunal mesenteric artery rings
used. The responsiveness of arterial segments to phenylephrine increased
after the first week period of cold storage. Prolonging the cold storage
period to 2 weeks yielded no further increase in amplitude of the contractile
response (A). In contrast, the vasoconstrictory response to tyramine
gradually decreased with time (B). * Denotes values significantly different
from those in freshly used arteries. * P<0.05; ** P<0.01; * * * P<0.001.

decrease in E.x (Fig. 2B). The latency of the capsaicin
responses at the lowest effective concentration were similar
in the three kinds of preparation, i.e. it was 43.2 £ 5.1 s.
Furthermore, the capsaicin-induced constrictions were also
of long-lasting nature independent of preceding cold stor-
age, i.e. changing the bathing solution was necessary at
least three times until the recovery of resting tension
approximately over an hour. It should also be mentioned
that thoracic aortic rings of the rat were resistant to
capsaicin, but KCI and phenylephrine evoked constrictions
in a concentration-dependent manner.

4. Discussion

In the present study, we demonstrated for the first time
that destruction of the periarterial neural elements by cold
storage (Ito and Chiba, 1985; Maggi et al., 1986) increased
the vasoconstrictive responses to capsaicin, whereas the
effect of tyramine was markedly decreased. These findings
suggest that sensory nerve fibres are not involved in this
vascular response to capsaicin. Previous studies suggesting
a direct vascular effect of capsaicin (Toda et al., 1972) did
not consider the possibility that a sensory neuropeptide with
vasoconstrictive property could release from capsaicin-sen-
sitive afferent fibers (Szolcsanyi et al., 2001). Such a
sensory neuropeptide release can be excluded in isolated
tissues subjected to cold storage for 1 or 2 weeks because of
the destruction of neural elements (Ito and Chiba, 1985;
Maggi et al., 1986). The mechanism of this nonneural
smooth muscle response of capsaicin is not known. Never-
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theless, the fact that it was striking even in a nanomolar
concentration range is suggestive of the presence of non-
neural capsaicin receptors. The nature and cellular location
of these receptors have not been investigated and further
experiments are needed to decide whether the target of
capsaicin is on the smooth muscle or on the endothelium.
Immunoreactive vanilloid VR1 receptor or in situ hybrid-
ization of vanilloid VR1 mRNA have been hitherto identi-
fied only in neural tissues (Caterina et al., 1997; Mezey et
al., 2000). On the other hand [H*Jresiniferatoxin binding
studies indicated a vanilloid receptor site also on the cell
surface of mast cells (Bird et al., 1998). Identification of
these binding sites with the VRI1 receptor or its splice
variants has not been tested. The present functional
approach provides a clue for studying nonneural vanilloid
receptors.
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