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Abstract

Transient Receptor Potential V1 (TRPV1) receptor is under investigation for several decades to develop a sensory neuron specific analgesic
substance, but in contrary of the intense effort success is awaiting. A pile of experimental results gathered about the non-neural location of TRPV1
receptor in the last two decades. The physiological role of these receptor locations is not well understood and the pharmacological exploitation is not
elaborated. The present review focuses on the role of TRPV1 receptors in vasoregulation and blood pressure homeostasis including Bezold-Jarisch
reflex, baroreflex sensitivity, sensory neuron dependent vasodilation, endothelial cell mediated vasomotion, arteriolar Smooth Muscle Cell (SMC)
related vasoconstriction and visualization of TRPV1 receptors on SMCs by reporter mice.
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Introduction

The Transient Receptor Potential Vanilloid 1 receptor
(TRPV1) formerly referred to as the Vanilloid Receptor 1 (VR1)
or the Capsaicin Receptor, plays an important role in pain
sensation and can be activated by acidic pH (protons), noxious
heat (over 43°C) and by certain endogenous (anandamide,
12-S-HPETE etc.) and by exogenous substances such as capsaicin,
resiniferatoxin (RTX), piperine and other chemicals [1], for
details
FamilyDisplayForward?familyld=78). It is valid for TRPV1 channels

see (https://www.guidetopharmacology.org/GRAC/
thattheybuild up fromthe following from N to C termini: N Terminus-
Ankyrin Repeat Domain (ARD) with 6 ankyrin repeats-linker
domain-S1-S4 transmembrane domains (TMD)-S4-S5 linker-S5-S6
pore forming TMDs (S6 m-helix)-amphipatic TRP helix regions-C
terminus. Both N and C termini are located intracellularly and the
receptor assembles as tetrameric/homotetrameric complexes [2].
The basis of these discoveries was laid down in the lab of David
Julius by the receptor cloning around two decades ago [3] and it
boosted the research to clarify the role of the TRPV1 receptor in
sensory neuron functions summarized in excellent reviews [4-6].

Culinary usage of chillies and peppers (Capsicum fruits)
originates from ancient civilizations as food additives. The
pungency rate is measured by the subjective Scoville organoleptic

test (Scoville Heat Unit, SHU), thus Resiniferatoxin (RTX) proved
to be the strongest with 16x10° but capsaicin 1000 times weaker
and represents 16x10° SHU but pungency determined by the eye
wiping test showed the opposite order, only around 60% of eye
wipes produced by RTX than that of capsaicin [7]. The capsaicin
containing Hungarian “paprika” pungency level is around 500-
2,500 SHU, which is relatively “weak” compared to the police
grade lachrymatory pepper spray (5,300,000SHU). Nowadays, the
capsaicin content of various spices can be determined objectively
with high performance liquid chromatography [8]. Capsaicin
dissolves very well in ethanol, but milk drinking independently of
its fat content is the best choice to mitigate burn caused by capsaicin

containing spice [9].

It was believed for a long time that TRPV1 receptors expressed
only on neurons (especially on primary sensory neurons) and
participate in nociception and pain sensation [4,5]. The various
extra neuronal expressions started to be studied only in the past
two decades. TRPV1 was described in hypothalamic nuclei involved
in the control of energy homeostasis [10], several human skin cell
populations (e.g. keratinocytes) [11], vascular endothelial cells
[12], vascular smooth muscle cells [13,14], immune cells [15],
hepatocytes [16] and human platelets [17]. Here should be stressed,
that TRPV1 mapping was based on visualization of TRPV1 receptors
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with antibodies generated against it, but Téth et al. [18] reported
that several commercially available rat anti-TRPV1 antibodies
were not selective for TRPV1. Moreover, the visualization of TRPV1
expressed in smooth muscle cells or sensory neurons depends on

the source of the commercially available antibody [18].

The same was found by Sand et al. [19] in mice: anti-TRPV1
antibodies lacked specificity for TRPV1 and they could not find
functional TRPV1 expression in murine isolated endothelial or
smooth muscle cells. Thus, the use of capsaicin as a functional
control on intracellular Ca?* elevation has a great importance. The
possible up and/or downregulation of TRPV1 receptors according
to certain pathological conditions is conceivable as well and the
presence of vanilloid-insensitive TRPV1 splice variants can make
more complex the picture [20]. Other methods, like measurement of
specific mRNA level or the use of TRPV1 KO mice can help to clarify
the role of TRPV1 on non-neural cells. The classical whole living
conscious and anaesthetized animal experiment results become
more important in decision about the relevance. So, the TRPV1
expression in non-neuronal locations will be reconsidered and this
will be supported by new techniques, like the use of Reporter Mice

(a dedicated section in this review).

The aim of the present review is to give a brief overview
of the possible role of TRPV1 receptors in vasoregulation and
possibly blood pressure regulation under physiological and
pathophysiological conditions. Several drug groups and substances
exist in the management of high blood pressure, but the so-called
essential hypertension is not curable and the patients should take
the antihypertensive treatment for lifelong owing to, inter alia,
our insufficient knowledge about the mechanisms involved in
the initiation of high blood pressure. The pharmacology and the
pharmacological exploitation of TRPV1 receptors mightlet us closer
to the proper solution. Considering this goal, TRPV1 receptors can
have function in cardiovascular reflexes, i.e. Bezold-]Jarisch reflex,
baroreflex and can produce influence directly on vessels targeting
smooth muscle cells, endothelial cells and even the innervating
neurons. In the following sections these fields will be touched.

Capsaicin-Induced Bezold-Jarisch Reflex and
Accompanying Haemodynamic Changes

Several decades ago, experiments were performed to clarify
the hemodynamic effects of intravenously administered capsaicin.
Early findings from the 50s and 60s of the past centuries described
in detail the effect of capsaicin on blood pressure, heart rate and
respiration when it was administered intravenously to dogs,
cats and rats. The triad of hypotension, bradycardia and apnea
(Bezold-Jarisch reflex, pulmonary chemoreflex) was evoked after
intravenous bolus injections of ascending doses of capsaicin and
no desensitization to it was described [21]. Bolus injection is
required, because infusion of capsaicin is unable to evoke the reflex.
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Perineural application of capsaicin to the vagal cervical nerves in
cats blocked or highly reduced the triad evoked by intravenous bolus
capsaicin administration, but had no effect on the responses evoked
by phenybiguanide and veratrine, thus the authors concluded that
chemo-specifically different populations of vagal afferent fibres are
responsible for the reflex mediation [22].

ThecommonTRPV(V1,V2,V3)activator,2-aminoethoxydiphenyl
borate (2APB) has been shown to evoke the reflex as well [23].
The effect of 3mg/kg 2APB was comparable to that of capsaicin
administered at a dose of 1ug/kg. The 2APB evoked chemoreflex
was abolished by ruthenium red and attenuated by capsazepine,
indicating the participation of not only TRPV1 receptors but other
receptorial actions of 2APB. Perineural capsaicin treatment of both
vagal nerves (known to defunctionalize TRPV1 expressing neurons)
blocked 2APB and capsaicin evoked pulmonary chemoreflex and
even single-fibre recordings proved the individual pulmonary C
fibre activation by 2APB.

The receptorial site of the reflex arch locates in the
inferoposterior wall of the left heart ventricle and in the lungs.
The vagal nerve serves for both afferent and efferent part of the
reflex. The reflex induced bradycardia and hypotension (which is
considered as Phase I part of the response obtained with capsaicin
administration) generally followed by an increase in blood pressure
(Phase II part). These reactions can be evoked by anandamide [24]
and methanandamide with the difference that both anandamides
elicited a more prolonged decrease in blood pressure (Phase III),
but capsaicin was free of this effect. The rank of potency in eliciting
the Phase I part is capsaicin > methanandamide > anandamide
[21]. Interestingly, after the evoked Bezold-]Jarisch reflex (Phase
I) capsaicin caused blood pressure increment (Phase II) which
remained after the administration of atropine, ganglion blocking
Tetraethylammonium (TEA), or after the spinalization of the animal
[25], thus it was attributed to direct vascular smooth muscle cell
excitation by capsaicin leading to vasoconstriction.

The TRPV1 receptor antagonists capsazepine and ruthenium
red were able to block only the Phase I reflex mediated part of the
blood pressure change [21]. No blocking effect was observed on
the Phase II brief vasopressor effect. A CB1 receptor antagonist,
SR 141716 could block only the Phase III reactions, but Phase I
and Phase II remained intact suggesting that CB1 receptors play
a role only in the prolonged blood pressure reduction, but neither
in the Bezold-Jarish reflex nor in the brief vasopressor effect [21],
the mechanism of which still remained unknown. Even the non-
psychoactive substance of marihuana, Cannabidiol (CBD) could
evoke Bezold-Jarisch reflex with the help of TRPV1 receptors
since this effect was capsazepine (one selected dose of 0.4mg/kg)
sensitive in around 60% [26]. CBD showed instantly developing
tachyphylaxis even after a single dose but it was unable to modify
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the capsaicin-induced Bezold-]arisch reflex and could not evoke a
long-term functional unresponsiveness (with a not proper word:
desensitization) [26].

On the contrary, former experiments were unable to prove
[27].

This controversy might originate from the usage of different

the effectiveness of CBD on pulmonary chemoreflex

anaesthesia (urethane vs. pentobarbital), from different source
of CBD ((-)-cannabidiol (THC Pharm GmbH, Frankfurt, Germany
for in vivo and Tocris Cookson, Bristol, UK for in vitro studies vs.
Sigma 4 Aldrich) and from different doses of administered CBD
(3,10,20mg/kg vs. maximum cca. 6mg/kg (2000ug/rat) with a
very low sample number (n=1!)). Electrophysiological recording of
vagal pulmonary C-fibre single units in anaesthetized mice revealed
the modulatory effect of Tumor Necrosis Factor Alpha (TNFa) on
capsaicin induced TRPV1 activation. TNFa enhanced significantly
the reflex (hypotension and bradycardia), serving the basis of
altered pulmonary reflexes in inflammatory states of the lung [28].
TNFa can act on epithelial cells in promoting the transmigration of
leukocytes via a TNFR1-dependent signalling pathway [29].

To analyse the nature of blood pressure increase after capsaicin
administration, a hind-limb auto perfusion technique was developed
[13]. Earlier, several publications from the laboratory of Eric
Colquhoun proved that intraarterial capsaicin administration into
the perfused hind-limb of the rat using artificial solution with the
help of perfusion buffer reservoir and oxygenation by silastic lung
evoked perfusion pressure increase, but differences were observed
at low or high dose of capsaicin in oxygen consumption [30-32].
They concluded that different types of receptors might exist (VN1
and VN2), but both presumed receptors produced vasoconstriction
with different intensity. These experiments were carried out before
the cloning of the TRPV1 receptor [3]. The blood auto perfusion
of the hindlimb made it possible to analyse the microcirculatory
effects of capsaicin by laser-Doppler technique from the striated
muscle and from the glabrous skin. Capsaicin administered in
this way produced vasodilation in the skin meanwhile a strong
vasoconstriction was observed in the striated muscle and the
perfusion pressure increased. Resiniferatoxin the ultrapotent
analogue of capsaicin, at a dose of 1ug/kg evoked the same effect
in a more pronounced fashion and induced a long-term functional
irresponsiveness for further capsaicin administration [13].

Taking together the results of experiments we can postulate on

the basis of observed blood pressure changes that

A. Phase I is a TRPV1 mediated reflex (Bezold-Jarisch reflex,
pulmonary chemoreflex)

B. Phase II

presumably smooth muscle expressed receptors sensitive to

is TRPV1 mediated with non-neural location

acute resiniferatoxin treatment, but here we should consider
the possibility of endothelin action produced by the involved
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endothelial cells.

C. Phase III is mediated rather by activation of CB1 than TRPV1
receptors; we can consider it TRPV1 independent.

Baroreflex Sensitivity (BRS)

Experimental data show, that TRPV1 receptors are located
in the aortic arch, ascending aorta and in the carotid sinus [33]
and they can be activated by vanilloids and may function as
stretch receptors [34,35]. The afferents from these receptor sites
correspond to Ad and C fibres and they express TRPV1 receptors.
Moreover, these sensory afferents release glutamate from the cells
of Nucleus Tractus Solitarii (NTS) in the vasomotor centre of the
brainstem [36]. RTX pre-treatment deteriorate the BRS especially
over the range of 120-130mmHg. Administration of iodo-RTX
(a potent TRPV1 antagonist) at a dose of 1pmol/kg i.e., 754 ug/
kg i.v, before the baroreflex testing with Phenylephrine (PHE)
and Sodium Nitroprusside (SNP) shifted the baroreflex function
curves upwards in the higher blood pressure range in accordance
with the RTX pre-treatment. Nitric oxide (NO) of sensory neuron
or endothelial origin is able to inhibit the carotid sinus BRS with
unknown mechanism [37], while prostacyclin of endothelial origin
excites the receptive carotid regions and increases baroreceptor
activity over a wide range of pressures in normo-and hypertensive
rabbits [38].

Hydrogen-Sulfide (H,S) is discovered as the third
gasotransmitter besides Nitric Oxide (NO) and carbon monoxide
(CO) [39]. TRPV1 antagonist capsazepine reduced the H,S
facilitated carotid BRS in rats [33]. CHO cells expressing cloned
TRPV1 receptors did not show any Ca* uptake challenged with
NaHS or Na,S [40]. Sympathetic activity enhancement can lead to
the decrease of BRS. It turned out recently, that the western diet can
induce not only higher fasting glucose, insulin and leptin levels and
increased sympathetic nervous system activity, but an increase in
mean arterial pressure, which proved to be more serious in TRPV-/-
mice at the night time, but not in daytime [41]. Thus, the existence
of functional TRPV1 receptors is essential for normal BRS functions.
Moreover, adipose tissue TNF-a levels are higher in TRPV1-/- mice
with western diet intake compared to the wild-type western diet fed
animals and to the controls suggesting a role of TRPV1 receptors in
leptin release from adipose tissue [41]. Detailed investigations are
needed to further characterize the TRPV1 receptor function in the
BRS mechanisms.

TRPV1 expressing sensory neurons innervating the heart are
playing a role in Cardiac Sympathetic Afferent Reflex (CSAR). The
activation of this reflex increases blood pressure and heart rate.
Long-term functional unresponsiveness induced by subcutaneous
RTX pre-treatment swine led to the loss of primary sensory neurons
innervating the heart and projecting to the stellate ganglion and to
the dorsal spinal cord. Without these nociceptive afferents CSAR

American Journal of Biomedical Science & Research 141



Am ] Biomed Sci & Res

was disinhibited and resulted in an elevation in blood pressure [42].
Sensory Neuron Dependent Vasodilation

TRPV1 excitation induce the release of sensory neuropeptides
from sensory neurons, such as CGRP and SP and these neuropeptides
will cause vasorelaxation in arterioles, thus the sensory nerves,
especially AS and C fibres have dual sensory-efferent functions [43].
Perivascular nerves in the skin and the dura mater were shown to
express TRPV1 receptors and to contain CGRP and SP, and have role
in migraine pathophysiology [44]. The capsaicin-induced arteriolar
vasodilation mediated by the innervating sensory neurons do not
need any of axonal conduction. The accompanying neurogenic
inflammation showed no sensitivity to previously administered
1% solution of procaine in the dorsal skin of the rat paw [45].
Electrically evoked (20V, 0.5ms, 2-5Hz, 5min) antidromic excitation
of dorsal roots capable to induce vasodilation in the skin and inner
organs of the rat measured by Evans blue plasma extravasation [46]
and antidromic excitation (10V, 0.1-1.0ms, 2Hz, 15s) of saphenous
nerve of the ratlead to flow increase in the skin measured by Laser-
Doppler flowmetry [47].

Dux and her co-workers reported trigeminal nerve origin
capsaicin-sensitive sensory nerve mediated vasodilation in the
dura mater of the rat when capsaicin was applied topically at the
concentration of 50-100nM, although blood flow decrease (i.e.
vasoconstriction) was observed at micromolar concentration
range (1 and 10uM) [48]. These experiments suggest that multiple
(at least two) mechanisms can play a role in the regulation and
the sensitivity of them to capsaicin is dose-dependent. Dural
vasodilation was observed during supramaximal electrical
stimulation of the trigeminal ganglion, but it was attributed to
capsaicin-insensitive sensory nerves [49], which is in controversy
with formerly discussed observation [48]. The question arises,
what can be the physiological role of such a system over the role
of local regulation? The cell bodies of primary sensory neurons are
located in the dorsal root ganglia and as a pseudo unipolar neuron,
the axon after leaving the cell body splits into two branches, one
extends to the central nervous system and arrives into the dorsal
horn, mostly Rexed’s lamina II of the spinal cord while the other
end extends to the periphery and innervates skin, joints, muscles
and obviously inner organs (involving other Rexed’s laminae
as a relay) [46]. So, in this system, synapses cannot restrict the
direction of electrical propagation, thus theoretically “physiological
antidromic” excitation can arrive from the central nervous system
to the periphery using this possible way of propagation. To test
this possibility neuronal electrical activity was recorded from the
peripheral end of the spinal dorsal root’s central stump. These
neurons were generally silent but a massive firing was observed in

various pathophysiological states such as hypoxia and hypercapnia
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[50]. The relevance of this mechanism is undefined, but the loss of
these sensory neurons excludes the possibility of local and remote

vascular calibre regulation.

Capsaicin administration (0.1-7.0ug/kg) into the superior
mesenteric artery of the dog in situ caused dose-dependent blood
flow increase measured by an electromagnetic flow-probe in the
trunk of the superior mesenteric artery. The authors mention in
a sentence that higher doses of capsaicin (10-160pg/kg) injected
into the same artery could evoke a pronounced decrease in
intestinal blood flow [51]. The well-known cardiotoxic Adriamycin
was able to reduce the capsaicin-induced cutaneous neurogenic
sensory vasodilatation and CGRP release in rats, which might have
an importance and can be indicative of the imminent cardiotoxicity
of the drug in clinical situations [52]. An interesting recent
observation that TRPV1 excitation by high millimolar concentration
of phenylephrine accompanying CGRP release and meningeal
vasodilation [53], but the relevance and importance of this finding
has not been determined yet. Numerous experiments performed
on isolated rat aortic ring preparations showed the relaxing effect
of capsaicin and investigated the effects of metabolic syndrome
induced by high fat diet feeding [54]. Long-term alimentary
capsaicin intake showed an improvement of aortic ring relaxations

in high fat diet-induced vascular dysfunction.

The relevance of these kind of experiments is questionable,
because the aorta is minimally responsible for the maintenance
of high blood pressure, but the peripheral arterioles especially
those supplying skeletal muscles are highly involved. Capsaicin-
induced relaxation of isolated pressurized mice coronary micro
vessels was inhibited by SB366791 (TRPV1 antagonist), L-NAME
(NOS inhibitor), iberiotoxin and Penetrim A (large conductance
calcium sensitive potassium channel (BK) inhibitor) indicating the
involvement of TRPV1, eNOS and BK channels. Marked attenuation
was observed in myocardial blood flow in genetically diabetic
mice. Endothelial denudation (passing through an air bubble in
the lumen of the vessel) could inhibit the vasodilatatory effect of
capsaicin. Moreover, the TRPV1 expression was reduced in the
hearts of diabetic db/db mice [55]. It is worthy to mention that
propofol-induced coronary relaxation was not influenced in TRPV1
KO but only in double knock out (TRPAV-/-) mice [56].

Oxidative stress involves the production of Reactive Oxygen
Species (ROS), which can lead to lipid peroxidation, peroxidation
of w-6 or w-3 polyunsaturated fatty acids in cells producing a,f-
unsaturated hydroxyalkenal products such as 4-hydroxy-2-nonenal
(4-HNE), 4-hydroxy-2-hexenal (4-HHE), 4-oxynonenal (4-ONE). The
normal low level (0.5-5.0uM) of 4-HNE product in cells is required
to maintain physiological cell functions (normal proliferation,
differentiation, antioxidant defense), whereas high concentrations
(around 15-20uM) can lead to toxicity (cytochrome C release from
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mitochondria, caspase enzyme induction and other toxic effects),
and to cell death. Elevated levels of 4-HNE was observed in diabetes
and atherosclerosis and it seemed to be crucial to elucidate its
role in TRPV1-mediated vascular signalling [57]. Oroszi et al. [58]
reported that capsaicin (10-7M for 5min) can induce an increase in
coronary flow and heart rate in Langendorff-perfused guinea-pig
hearts, which was shown to be mediated by endogenous NO and
CGRP production but the source of these mediators was not verified.
TRPV1 channels can be sensitized by injury or inflammation
playing a role in pain sensation and concomitant vasodilation [59],
but it turned out that TRPV1 receptors play a minor role in acute

noxious heat detection [60].

The Possible Role of TRPV1 Expression in Endothe-
lial Cells

It has been demonstrated that endothelial cells derived from
human brain capillaries and micro vessels (HBEC) can express
TRPV1 receptors with coexpression of endocannabinoid receptors
[61] and even the endocannabinoid 2-arachidonoyl-glycerol (2-AG)
can activate the TRPV1 receptors. Moreover, it has been described
that TRPV1 activation increased the expression of protein kinase
A/uncoupling protein 2 (PKA/UCP2) in endothelial cells, improving
mitochondrial function deteriorated by high fat containing diet and
thus reduced coronary artery lesions [62]. Capsaicin rich food could
reduce the endothelial oxidative stress in diabetic mice by TRPV1
mediated UCP2 upregulation [63]. The development of endothelial
dysfunction can be considered as a prerequisite of atherosclerotic
plaque formation, thus maintaining or improving the endothelial
function can be crucial in prevention of cardiovascular diseases and
hypertension development [12,64].

A 4-minute infusion of capsaicin in the dose of 10,20,100pg/
kg intravenously into mice in vivo could increase myocardial blood
flow measured by Myocardial Contrast Echocardiography (MCE).
This flow increase was blocked by capsazepine, L-NAME and was
not seen in TRPV1 KO mice. It is interesting, that the flow increase
evoked by 100pg/kg capsaicin was 1.5-fold less than that of 20pg/
kg capsaicin administration though it proved to be significant
compared to the control value [55]. This capsaicin mediated
relaxation was attributed to endothelial-dependent NO production,
becauseL-NAMEtreatmentorendotheliallayer disruptionabolished
the effect. TRPV1 expression was described in rat coronary artery
endothelial cells functionally playing role in Ca?*-dependent NO
release [65]. The activation of TRPV1 channels in endothelial cells
increases Ca?* influx increasing the phosphorylation of eNOS, thus
increasing its activity and producing a higher level of NO (Figure
3 in review of Randhawa & Jaggi) [66]. The increased level of NO
in the endothelial cells can inhibit the translation of ProET-1 and
also can inhibit the Ang-II and thrombin regulated release of trans-
Golgi vesicles containing premature and matured ET-1 products
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[67]. These experiments let us tend to conceive that endothelial
TRPV1 receptor excitation can lead to more vasodilation instead
of vasoconstriction. However, endothelin in endothelial cells were
identified several decades ago and other laboratories showed the
functional role of endothelin released from endothelial cell layers
(detailed in the next section).

Experiments on the Analysis of Capsaicin-Induced
Vasoconstriction

It was known from the mid of 50s of last century from in vivo
experiments, that in spinalized cats treated with ganglion-blocking
agents or after treatment with a-adrenoceptor blocker, the rise in
blood pressure evoked by intravenous injection of capsaicin was
notreduced [25,68,69] and, therefore, it was attributed to a “direct”
vascular effect of capsaicin. Several other authors strengthened
this view by isolated arterial ring experiments in vitro discussed
by Czikora [70], but it remained without interest for a long time.
Species differences and sensitivity of arteries from different
part of the body were described by Duckles [71] in 1986. Cat
middle cerebral arteries responded with vascular smooth muscle
contraction to capsaicin challenge, while guinea pig thoracic aorta
and carotid artery showed smooth muscle relaxation. The relaxation
was sensitive and could be eliminated by high dose of subcutaneous
capsaicin (in two doses all in all 350mg/kg) treatment in vivo prior

to the in vitro experiments.

Endothelium removal did not influence the capsaicin-induced
vasoconstriction in the cat middle cerebral artery. Duckles
concluded that vasoconstriction is a direct smooth muscle effectand
the observed vasodilation is due to the release of an “unidentified
bioactive substance distinct from substance P” [71]. The classical
artery ring technique was used further to analyse the capsaicin-
induced vasoconstriction. The drawback of this technique is that
only large arteries can be investigated, and it turned out that
some of these large arteries of different species are completely
unresponsive to capsaicin. We tested rat aorta, rabbit auricular
artery, swine mesenteric arteries, but none of them responded to
capsaicin challenge (unpublished observations). One can guess that
the TRPV1 receptor expression is not ubiquiter for all arteries of
different calibre and large species differences can be observed, too.
Finally, we found canine mesenteric arteries for investigation [14].
In these experiments the mesenteric arteries obtained from dogs
were placed into a refrigerator maintained at 4°C in Krebs solution
for one or two weeks with the intention to get rid of the periarterial
nerves [72]. Arteries after this cold-storage produced significantly
more intensive vasoconstriction challenged by capsaicin, although
the mechanism was not elucidated.

Pressurized skeletal muscle arterioles of the gracilis muscle
of the rat and canine coronary arteries were used to characterize

the smooth muscle expressed TRPV1 receptors by some agonists
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such as capsaicin, MSK-195, JYL-79, JYL-1511, JYL-273 and
resiniferatoxin. Capsaicin produced reproducible contractions of
the arteries, but surprisingly, the ultrapotent RTX was unable to
excite these receptors and no vascular response was observed,
however long-term functional unresponsiveness developed and
capsaicin completely lost the effect [70]. Here again should be
stressed, that differences between species and vascular beds may
vary significantly. Hence, Ossabaw miniature swine right coronary
arteries responded to capsaicin challenge with vasorelaxation
in in vitro isometric tension experiments which proved to be
endothelium dependent and could be inhibited by capsazepine
[73].

Inanotherseriesofexperimentsisolated workingratheartswere
used, but capsaicin in the concentration of 10°-10°M induced dose
dependent decrease in Heart Rate (HR), Aortic Flow (AF), Coronary
Flow (CF) and Left Ventricular Developed Pressure (LVDP). The
magnitude of the response evoked by 10®M capsaicin proved to be
around the same evoked by 10'°M endothelin administration. The
non-selective endothelin receptor blocking substance PD142893
was able to reduce the effects of capsaicin and endothelin in the
same manner. In this series of experiments the source of endothelin
was not investigated but the state of art in that time excluded the
existence of TRPV1 receptor expression in endothelial cells or
cardiac myocytes. Endothelin was concluded to be released from
sensory nerve terminals as a sensory neuropeptide [74]. Two years
later the release of endothelin of neural origin induced by capsaicin
administration in the same experimental setup was measured by

radioimmunoassay in the same laboratory.

Endothelin release proved to be dependent of extracellular
Ca?* concentration. Twofold and sevenfold increase was observed
in endothelin release after the administration of 10® and 10"M
capsaicin, respectively. The source of endothelin from endothelial
cells was excluded because treatment with Triton X-100 (considered
as an endothelial cell destructive agent) remained without effect
on capsaicin-induced vasoconstriction of coronary arteries [75].
Ohanyan et al. [76] reported endothelin receptor (ET,) receptor
mediated vasoconstriction evoked by capsaicin infusion in mice
in vivo experiments. The administration of FR139317 as an ET,
receptor antagonist could abolish the vasoconstrictive effect of
capsaicin [76]. Moreover, this capsaicin-induced vasoconstriction
was blunted in diabetic db/db mice. They found that incubation
fluid containing capsaicin could induce the release of endothelin
from cultured endothelial cells in vitro. Endothelin-1 is of an
endothelial cell origin 21-amino acid containing peptide cleaved
from big-endothelin-1 by certain enzymes (endothelin converting
enzyme, neprilysin) [67], and endothelin-1 caused mechanical
allodynia that was sensitive to SB-366791 TRPV1 antagonist [77].

Vasoconstriction can be seen not only in the territory of skeletal
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muscles and in the arterial supply of the gut, but it was described
in a sensory organ such as cochlea. Capsaicin infusion at a dose
of 150nM/min into the anterior inferior cerebellar artery an
immediate blood flow decrease was observed in the cochlear blood

flow measured by laser Doppler flowmetry in Guinea pigs [78].

Pulmonary arteries and arterioles are of a special importance
in the development of Idiopathic Pulmonary Arterial Hypertension
(IPAH), thus the role of expressed TRPV1 receptors in this smooth
muscle cells should be clarified. Cytoskeletal reorganization of
pulmonary artery smooth muscle cells (PASMC) proved to be
TRPV1 dependent during hypoxia-induced cell migration [79].
Song et al. [80] reported that human PASMCs from IPAH patients
occurred to be around 8-times more sensitive to capsaicin challenge
characterized by intracellular Ca** increase compared to the normal
human PASMC samples (IPAH PASMC capsaicin sensitivity: 275uM
vs. normal PASMC sensitivity: 35uM). The phosphorylated CREB
(cAMP response element-binding protein) intracellular level
proved to be higher in IPAH PASMCs as well. lodo-RTX treatment
completely abolished, capsazepine dose-dependently reduced the
capsaicin-mediated increase in intracellular Ca?* concentration of
IPAH PASMC samples, while TRPV1 mRNA and protein expression
levels were increased. From pathophysiological point of view, it is
important to note, that IPAH PASMC proliferation was inhibited by
TRPV1 antagonists [80]. Over the direct PASMC effects of TRPV1
agonists, the anti-inflammatory sensory neuropeptide release
(somatostatin, PACAP) from primary sensory neurons innervating
the lungs should be considered as a modulator of arteriolar

vasomotion [81].

Vascular Locations of TRPV1 Receptors Presented
by Reporter Mice

Amolecular biology technique started to serve the discoveries in
TRPV1 receptor pharmacology recently. Reporter genes in plasmid
form can be inserted into the mouse genome for example gfp and
lacZ producing green fluorescein protein and B-galactosidase,
respectively and these products can be detected by fluorescent
microscopy and with the determination of enzyme activity. Validated
TRPV1-related reporter mice were described recently. TRPV1FLA>
nlacZ operates with human Placental Alkaline Phosphatase (PLAP)
and Nuclear B-galactosidase (nLacZ) controlled by the originally
existing TRPV1 promoter in the mouse genome [82]. Another
model was established with BAC transgenic mice 10 expressing
tdTomato under the control of TRPV1-Cre(Tg(Trpv1-cre)1Hoon,
(developed by Mark A. Hoon) promoter for detection of existing
TRPV1 expressions in sensory neurones [83]. Reporter mice were
applied to prove the functional existence of TRPV1 receptors in
Arteriolar Smooth Muscle (ASM) cells in thermoregulatory organs
such as skin, tongue, trachea and cremaster muscle [82].
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For the first time sex difference was observed with female
predominance in arteriolar TRPV1 receptor expression in urinary
bladder using TRPV1-Cre:td Tomato mice [84]. It is worthy to
mention that capillaries do notexpress TRPV1 [84], which is obvious
if we consider the fact, that the wall of capillaries do not contain
smooth muscle cells. These experiments disclose the possibility of
endothelial TRPV1 expression in endothelial cells of the capillary
bed and makes more complex the functional role of TRPV1
receptors in endothelial cells of different vascular beds. Moreover,
an age-related increase in the expression of TRPV1 in ASM cells was
described and it should be emphasized that young animals (less
than 28days of age) do not express TRPV1 receptors at all. This
age-related change in expression pattern is completely different
from that experienced with TRPV1 receptors located on sensory
neurons. Functionally these receptors mediate vasoconstriction, if
they are excited by capsaicin and this effect was inhibited by the
TRPV1 receptor antagonist BCTC. The physiological role of this
receptors in the urinary bladder is unclear, but considering the
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possibility of inflammation accompanying cystitis (more frequently
observed in female human beings) the excitation of these receptors
can lead to haemorrhage development.

Conclusion and Perspectives

Thepharmacological exploitation of TRPV1receptorantagonists
in the treatment of chronic pain has not been successful yet. All of
the developed compounds failed during the clinical studies because
of the development of unwanted effects such as hyperthermia.
TRPV1 receptors localized not only on primary sensory neurons,
but on vascular smooth muscle cells and even participate in the
chemo- and in the baroreflex. Figure 1 summarises the physiological
processes where TRPV1 receptors can play arole in the homeostasis
of vascular system. As the mechanism of essential hypertension’s
development is not exactly known, thus further investigations are
needed to clarify the role of TRPV1 receptor in the fine tuning of
baroreflex and targeted experiments should be carried out how we
can restore the normal blood pressure exploiting TRPV1 receptors

in this system.
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Figure 1: Physiological processes where TRPV1 receptors can play a role in the homeostasis of vascular system.
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The former experiments using antibodies to visualize TRPV1
receptors should be reconsidered from histochemical point of view
because of the experienced unspecific binding. Mapping of the
receptor in different parts of the body will be complete and more
reliable by using the Reporter Mice technique. Unfortunately, this
technique is restricted to mice, which underlines the importance of
functional tests in decision making process about the relevance. The
experiments using whole living (anaesthetized, conscious) animals
should be not neglected only because of its complexity and even
reliable translational medicine models are a need of sore to develop
just to predict the upcoming drug candidates’ successfulness in
clinical studies.
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