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Abstract

Blood pressure regulation by 5-HT has proven to be a complex story to unravel. The work by
Cuesta et al in this issue of Vascular Pharmacology adds another layer of complexity by providing
sound in vivo data that 5-HT, through the 5-HT7 receptor, can inhibit the vasodepressor actions of
the sensory nervous system and thereby promote blood pressure maintenance. This interaction of
5-HT with the sensory nervous system is inhibitory, whereas 5-HT is understood to be stimulatory
in other systems. Moreover, activation of the 5-HT7 receptor has been linked to both reduction and
elevation of blood pressure. These interactions are discussed in this mini-review, as are potential
steps forward in understanding the interplay of 5-HT, the sensory nervous system and blood
pressure.
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1. Introduction

5-hydroxytryptamine (5-HT, serotonin) was originally discovered in the blood, and thus its
actions in the cardiovascular system has long been of interest. Decades of research have
revealed that 5-HT alters the cardiovascular system in complicated ways. For example, the
cardiovascular parameter of blood pressure is both decreased and increased by 5-HT,
depending on the site of administration (reviewed in Watts et al, 2012). Work by Cuesta et
al (2014) in this issue of Vascular Pharmacology raises a new mechanism by which 5-HT
could influence blood pressure. Specifically, activation of 5-HT+ receptors inhibits the
vasodepressor effect of the sensory nervous system.
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2. 5-HT and the sensory nervous system

5-HT acts as an inhibitory hormone in the nervous system through presynaptic inhibition of
neurotransmitter release (reviewed in Feuerstein, 2008; Restrepo et al, 2010). This includes
both the sympathetic and parasympathetic branches of the autonomic nervous system and, of
current interest, the sensory nervous system. The neurotransmitters of the sensory nervous
system include calcitonin gene related peptide (CGRP) and substance P (SP). Cuesta et al
isolated the sensory nervous system in the rat through pithing and administration of the
nicotinic receptor ganglionic blocker; blood pressure was supported by administration of the
« adrenergic agonist methoxamine. The spinal cord was electrically stimulated to activate
the sensory nervous system with a resultant decrease in blood pressure. AS-19 is a tetralin
derivative ((29-(+)-5-(1,3,5-Trimethylpyrazol-4-yl)-2-(dimethylamino)tetralin) that has
been accepted as a potent agonist of 5-HT7 receptors (Sanin et al., 2004). AS-19 inhibited
the EFS — induced vasodepression but did not directly inhibit vasodepression caused by
CGRP itself, indicating that the effect of AS-19 was at the level of the stimulated cord and
not at the level of the CGRP receptor. Importantly, pimozide blocked the ability of AS-19 to
inhibit EFS-vasodepression. Pimozide was originally developed as a dopamine D, receptor
antagonist but has high affinity for the 5-HT7 receptor as well as the 5-HT1a, 5-HT2a, alpha
2 adrenergic and DAg receptors (http://pdsp.med.unc.edu/pdsp.php with pimozide as test
ligand; Boublike and Funder, 1984). As such, the conclusion that a 5-HT7 receptor is
assuredly involved would be stronger with use of a more selective antagonist such as
LY215840 or SB269970 (http://www.iuphar-db.org/DATABASE/ObjectDisplayForward?
objectld=12).

The model of the Cuesta work is a pithed, instrumented and pharmacologically supported
rat. If it took these maneuvers to uncover the inhibitory actions of 5-HT at the sensory
nervous system, is this mechanism normally in play? Can 5-HT itself elicit the effects
observed? Our greatest knowledge of 5-HT and the sensory nervous system is in the
inhibition of CGRP/SP release through triptan and ergot-sensitive receptors in the
trigeminovascular neurons and intracranial blood vessels in the treatment of migraine
(Burstein et al., 2005; Silberstein, 2013). By contrast, 5-HT7 receptors have also been
supported to promote CGRP release in experimental models of migraine (Wang et al, 2010).

The role of the sensory nervous system in blood pressure regulation is underappreciated.
Work by DiPette and colleagues as well as other laboratories supports that the sensory
nervous system may act as an important ‘brake’ or dampening system in models of
hypertension. Removal of the sensory system early in development or blockade of the
receptors of CGRP allow blood pressure to develop to a higher magnitude (Supowit et al,
1997). Use of genetically modified animals that lack CGRP also supports the idea that the
sensory nervous system acts to dampen a hypertensive response (Smillie et al, 2014). This
raises a long-standing question as to how 5-HT itself participates in blood pressure
regulation via the sensory nervous system. Circulating levels of 5-HT are elevated in both
genetically and experimentally derived models of rodent hypertension (Watts et al, 2012).
Does this elevated endogenous 5-HT: 1) promote direct vasoconstriction; 2) act as a break
like CGRP by relaxing vasculature (an adaptive response); and/or 3) promote hypertension
by inhibiting the vasodepressor effects of the sensory nervous system? One could argue that
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all of the above could occur, making 5-HT a not so simple target with which to intervene in
the treatment of hypertension.

3. A Paucity of tools to study the 5-HT- receptor

Basic information about the 5-HT7 receptor is described in Figure 1. This receptor was first
cloned in 1993 (Ruat et al, 1993) and identified as a heptahelical receptor with several splice
variants of the C terminus (Gellyncyk et al, 2008; Jasper et al, 1997; Krobert et al, 2001).
The 5-HT> receptor has been predominantly linked with G4 and activation of adenylate
cyclase. The discovery of this receptor helped people solve a mystery as to mechanisms of
5-HT-induced acute hypotension (Terron, 1997). The present study by Cuesta places 5-HT7
receptors in a different light, in that the findings of these authors suggests 5-HT7 receptor
does not promote but indirectly inhibits hypotension. Thus, the involvement of 5-HT
receptors in determining blood pressure becomes more complicated with the location of the
5-HT7 receptor largely governing the response.

AS-19 is the 5-HT7 agonist that has been used to the greatest extent in vivo and was central
to the work of Cuesta et al. LP-44 is another 5-HT5 receptor with a different pharmacophore.
Outside of these two agonists, there is a lack of specific agonists with which to challenge the
5-HT7 receptor. The field has come to learn that compounds such as the 5-HT1 A receptor
agonist 8-OH-DPAT has significant affinity for the 5-HT7 receptor (Eriksson et al, 2008;
Sprouse et al, 2004). Antagonists for the 5-HT receptor are more firmly established, having
been validated in both in vitro and in vivo experiments; SB2699670 and LY215840 have
proven useful drugs in this regard. Pimozide was used in the study of Cuesta and, while
effective in blocking the 5-HT7 receptor, its significant affinity leads one to question
whether antagonism was as specific as could be. This is a standing concern with amines
which can act in promiscuous, non-selective manners at other amine receptors and especially
in amine transporters (Daws, 2009).

4. Future Directions?

The study by Cuesta raises a number of interesting questions.

»  Does a vasodepressor inhibition of the sensory nervous system by 5-HT exist in the
human? There are no solid studies that would suggest this is the case.

» Isendothelin (ET-1) released by stimulation of the 5-HT7 receptor to reduce blood
pressure? Blockade of AS-19 induced inhibition of EFS vasodepression by the ET
receptor antagonist sulfisoxazole is an interesting finding that raises several
questions. ET-1 and CGRP have long been regarded as physiological antagonists of
one another (Labruijere et al, 2013), and ET-1-induced increases in blood pressure
are prevented by the sensory nervous system (Wang and Wang, 2004).
Sulfisoxazole is best known as an antibiotic, and better developed ET receptor
antagonists (atrasentan, for example) exist, the use of which would add more
confidence to this conclusion.
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5. Conclusions

The study by Cuesta et al is an example of rigorously performed whole animal studies, a
laborious effort that is necessary for us to appreciate physiological mechanisms. The
discovery of the ability of 5-HT to inhibit sensory outflow is important because it sheds
needed light on the complexity of the ability of 5-HT to change blood pressure. To ever
consider 5-HT as a therapeutic endpoint means needing to have solid understanding of
exactly how 5-HT works, and the present study adds to this understanding.
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The 5-HT; receptor

Receptor: Heptahelical with external N Terminus,
Cytoplasmic C terminus

Species Splice Variants

Radioligand: [*H] SB-269970, [°*H] 5-carboxamidotryptamine

Agonist: AS19, LP44, 8-OH-DPAT, 5-carboxamidotryptamine

Antagonist: SB269970, LY215840, pimozide

Signal Transduction: Positively with adenylate cyclase (Gs)

Figure 1. Description of the 5-HT7 receptor
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